/34¢ Irb No. %83/09/&5\

LOUGHBOROUGH
UNIVERSITY OF TECHNOLOGY_
LIBRARY

AUTHOR/FILING TITLE

ACCESSION/COPY NO.
0071842 oz

L — k1 A -————————— . —— - — A -

VOL. NO. CLASS MARK

Lodn copy

- .. __000:7842 02

i







AN ANALYSIS OF STOCKING STRATEGY IN-A MULTI-
ECHELON ASSEMBLY SYSTEM BY COMPUTER MODELLING

L S o S S N m e T e M e e e AR A e
e i e L4+ - T

P.D. Laurence

A Doctoral Thesis

Submitted in partial fulfilment of the requirements
for the award of
Doctor of Philosophy of the Loughborough University of Technology

| “August 1984

© by P.D. Laurence 1984,



rwmmm-wwwé

% Loy oo nheery ‘ry
o Lo Ty

i s e

P

[Ty

fgg 0OT$¢2 for. |

i







ACKNOWLEDGEMENTS

I wish to acknowledge the support and assistance given by staff
of Pye Telecommunications Ltd. during the course of the research
work, In particular, Mr. M.A. O'Loughlin who was instrumental in
the definition of .the project, Mr. A.J.Edwardsfor providing the
necessary time and resources to execute the work required, and
Mr. P.K. Crowcroft for his contribution to the structure of the
manufacturing-systems.

Special thanks are due to the staff of the Computer Centre at
Loughborough University of Technology for their advice in the use
of ICL 1900 Fortran and in the many instances of personal inter~
vention to -ensure programs were run.

For their contribution to the structure of the project, advice on the
use of computer simulation and assistance in the preparation of

the thesis, I offer thanks to Dr, J.W. Rourke and Dr. E, Roberts,
both of Loughborough University of Technology, and Dr, P. Nash of

the Department of Engineering, Cambridge University.

Finally, I wish to offer my thanks to my secretary, Mrs. J.C. Blake,
for her valuable assistance in the testing of the program modules,
‘and my wife, Erika for the many hours of typing and retyping the
final thesis. |



SYNOPSIS

The business problem described is typical of the professional
electronics industry, where product customisation is achieved by
assembly to order, but the relatively short delivery lead times
demanded by the market imply a high degree of speculation both in
mateﬁia1_procurement and manufacturing. The research objectives

were to establish a methodology by which the influence of buffer
stocks within the above environment could be observed, with particular
reference to their contribution to delivery performance,

The business environment is analysed in depth, since the combination

of market characteristics, both supply and.demand, with the '
internal processes has resulted in the application of specific

policies and procedures. |

The wide scope of the business system and the complexity of the
~ processes involved argued against the use of mathematical analysis,
favouring a simulation approach,.

The simulation model which was evolved is unconventional in many
respects, but offers several unique possibilities not available
using more established technigues. Fortran was selected as the
programming language, in preference to a specialised simulation
language, due to its relative fiexibility and the need to emulate
closely the detailed planning processes. The model is structured

to include Material Requirements Planning concepts, adapted to
follow the special features of the observed business system. The
model is very adaptable in use, permitting experiments to be con-
ducted at summary level, at transaction detail or any intermediate
‘level. Facilities are provided to redefine external parameters,
sampling profiles, internal parameters and process definitions with
relative ease, providing a broad spectrum of experimental possibilities

Conclusions have been drawn on the most suitable stock policy for the
stated business environment and service level objectives. The
modeiling technique is shown to offer a number of advantages over

the more conventional approaches, whilst permitting statistically
rigourous analyses to be conducted.
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1.

1.1,

INTRODUCTIGN

PERSPECTIVE

During the middle 1970'5, the management of Pye Telecommunications
Ltd. had arrived at an important point in their awareness of sound
inventory control techniques as a means of improving business
efficiency. The computer was well established as a Materials
Management support tool and the formal disciplines required to
operate a data based information system were becoming established.
The actual production processes had, however, remained unchanged
over -a number of years, including the policies governing material
throughput and logical stocking points.

Neither Materials nor Manufacturing Management were convinced
that the existing policies were the optimum, and the techniques
required in the resolution of the problem were not clear,

Discussions between the Company and Loughborough University of
Technology supported the view that the problem was, indeed,
relatively complex and culminated in a proposal to research
further the impact of stocking points in a multi-echelon pro-
duction system with particular emphasis on the relationship
between inventory investment and de]ivery performance,

It was recognised that the scope of the project would have to be
constrained if meaningful results were to be obtained within a

-practical time period and that more than one researcher would

almost certainly be required,

The solution was to view the problem from two perspectives. The
first would be to treat the Company as a "black box", and

analyse in detail the characteristics of the external environment
as viewed from the company boundaries. The second was to look
more closely at the internal operation of the business in
response to the conditions created by the external environment.
The two research objectives would be complementary yet
sufficiently independent to minimise the potential interaction
between the two projects.
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Figure 1.1. portrays the research environment in diagramatic form,
indicating the project boundaries.

RESPONSE TO RESPONSE TO

o) SUPPLIER CUSTOMER
VIEW OF BUSINESS VIEW OF ey || BUSINESS ||~ o
SUPPLIER CUSTOMER
PROJECT A PROJECT B

Figure 1.1, "RESEARCH ENVIRONMENT

The perspective described as Project A would provide a profile
of the supply and demand characteristics that could be used to
evaluate the response of the business system in Project B.

The external environment research was. established as-a Total
Technology project conducted within the Engineering Production
Department of Loughborough University of Technology by Mr., T.
Skelton.

The research defined as Project B is described within this thesis.

1.2, THE COMPANY

1.2.1. Historical Note

Pye Telecommunications Ltd. was formed as a subsidiary of Pye Lid.
in 1946, to offer, commercially, the benefit of two-way radio.

The techhiques were largely pioneered by the parent company

during the Second World War with the famous WS18 set, of which
some 400,000 were made.

The first commercial customer was a local taxi company in Cambridge,
Camtax, who equipped their fleet with mobile radios based on

valve and rotary converter technology. These first products were
developed in laboratories at an old mill at Quy in Cambridgeshire
and manufactured at the Ditton Works p1aht in Newmarket Road,
Cambridge. This plant was extended in 1954 to incliude a new
laboratory block and support services,
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Demand for the commercial application of two way radio was brisk,
~and in 1957 a new plant in Haverhill, Suffolk, was opened. A sub-
stantial part of the product load at the Haverhill plant for a
number of years was 24 channel Admiralty synthesised equipment.

During the 1960's, expansion continued and a further subsidiary of -
the parent company, Cambridge Works Ltd., was asked to act as a
subcontractor for certain products, notably the first range of true
hand portable equipments. The factory already had experience in
producing electronic equipment although largely in the consumer .
market, Over a period of years, the consumer load was transferred
-out of Cambridge Works and the plant became a dedicated Pye
Telecommunications facility.

From its small beginning, the company grew to an employer of some
2500 staff engaged in the full business spectrum of design,
production, sales, service.

A significant factor in the professional electronics industry is
the ability to provide a comprehensive aftef sales service and,
over the years, a network of some 20 main service depots across
the length and breadth of the United Kingdom was established.

It is the total customer support capability which developed such
a strong hold on the home market, where a market share of at
Teast 50% is still maintained. This support is augmented by
aerial sites in prime locations, administered by the company and
available for lease to commercial customers,

The corporate structure of the Group has changed significantly
over thé.past 20 years. In 1963, the existing Pye Ltd. companies
were re-organised into the Pye of Cambridge Group. Further
rationisation took place in 1966, when Pye Holdings Ltd. was
established. Subsequént1y_in 1967, the Dutch mu]ti-national;
Philips Gloeilampenfabrieken N.V., obtained a 60% interest in
the Group. The final consolidation took place in 1977, when
Philips took up the rema1n1ng equity and 1ncorporated the

various Pye companies into the "concern",




1.2.2. Corporate Structure

Philips is a matrix organisation structured geographically and by
product line. A "“national organisation" is established in each
major country in the.world, with specific responsibility for
local sales and manufacturing. "Product divisionai" management,
situated predominantly in Eindhoven,,NetherTands,_determines

the product development and marketing policy, and aTIotates the
manufacturing resources and volumes.

Product Divisions range from electronic components (Elcoma),
through consumer products (white goods, small domestic appliances,
audio, video) to professional products (medical systems, tele-

communications, defence, scientific and industrial instrumentation).

Pye Telecommunications is part of the Telecommunications and

Defence Systems product divisions, steered by the Mobile Radio

Management Group based in Cambridge, and is also a non-quoted
company within Philips Industries Ltd. in the U.K.

The Company differs.from the majority of Philips organisations by
maintaining a full spectrum of business responsibilities, in-
cluding design, manufacture, finance, marketing and after-sales

“service,

A characteristic of the Philips organisation is the segregation

of "Technical" (design, manufacture). and “Commercial* (marketing,
sales, service) functions, the structure dating back to the birth

- of the Philips activities when the two founder brothers defined

their responsibilities. It is rumoured that the technically
minded sibling argued that he could "make more lamps than his
brother could possibly sell”, whereas the commercial argument
was that he could "sell more than could possibly be made". The
interface was the "commercia) store" containing manufactured
Tamps.

The technical/commercial structure survived well during the pre-
and post-war years, but came under some pressure as the markets
migrated from "sellers™ fo “buyers" during the 1960's and 1970°s.
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Theipresent internal organisation comprises a number of tradi-
tional 1ine functions with some Philips specific activities
as shown in Fig. 1.2,

MANAGING
DIRECTOR
S i J 1
MANUFACTURING MARKETING PERSONNEL MATERIALS
-~ MANAGER DIRECTOR 1 .MANAGER - MANAGER
1 3 5 7
TECHNICAL ' FINANCIAL TECHNICAL
EFFICIENCY & ' -DIRECTOR DIRECTOR
ORGANISATION 4 6
~ MANAGER 5 '

Figure 1.2. ORGANISATION STRUCTURE

NOTES:

———

1. Manufacturing includes equipment production, quality control,
test, industrial engineering.

2. Technical efficiéncy and organisation includes central pro-
duction engineering, work study and operations research,

3. Marketing include saTes, marketing, product management and
after sales service.

5. Personnel includes welfare, training and certain administrative
duties. '

6. Technical includes product development, documentation support
and customer engineering.




1.2.3.

7. Materials management includes planning, warehousing,
receiving and purchasing.

Due to the constant state of change in the organisation over the

~duration of the study, the above is shown as representative only,

Products

The product range offered by Pye Telecommunications Ltd. may be
described in overview by reference to Figure 1.3,

The range is described through a hierarchy of six levels,
defined as

Level O - all products

Level 1 ~ Product division
Level 2 - Product group

Level 3 - Catalogue level
Level 4 - Standard variations
Level 5

. =--Sales variations

A further level of definition, which is not normally recognised
for planning purposes since the value and basic specification is
unchanged, includes the absolute definition of customer carrier
and selective calling frequencies.

The designation of major product classification is by the
product division, of which currently eight exist, {See Table 1.1.)

- The majority of products are modular in design, either comprising

physical modules {i.,e, discrete printed wiring or sub-assemblies)
or logical modules (i.e, groups of components Togically sorted
for p1anning'purposes). In each case, a module will represent a
specific single or combination of sales features,

A typical product code sheet is shown in Figures 1.4, and 1.5.

The example is for a mobile product code M294 for installation
into the dash of a vehicle. The product operates over the VHF
frequency spectrum (68174 MHz) and is frequency modulated (FM).
Special versions of the product are reguired in seven export
markets in addition to the standard production model. .Most export
models are only available in certain authorised variations.
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TABLE 1.1.
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DEFINITION OF PRODUCT DIVISIONS

REFERENCE SHORT DESCRIPTION  DEFINITION

73

74

75

76

78

79

80

83

Fixed equipment

High Frequency
equipment

Kits

Link eguipment

Mobiles

Pagers

Portables

Sundries

Transmitting and receiving products
usually in a fixed location used as a
control centre for the operation of a
multiple number of mobile and/or portable
products. Fixed equipment includes certain
adaptors which convert mobiles into fixed
centres, _
A1l products, including fixed and mobile,
operating in the high frequency spectrum
(also referred to as Single Side-Band}.
AY1 products which are supplied in part
assembled form for final assembly over-

-seas. Kits may be CKD {completely knocked

down) which implies component Tevel or PKD
{partly knocked down) at sub-assembly
level.

Transmitting and receiving equipment used

~ for fixed point to point communication.

either . of speech or data. -

Transceivers designed for installation in
vehicles, Mobiles also include adaptors
for installing portable transceivers in
vehicles, _

Portable receivers which may be activated
by radio signals and cause an audible
signal,

Transceivers designed to be carried by
the user either attached to the clothing
or by hand. Portables also includes
adaptors for converting mobile products
into a transportable form by the provi-
sion of a. power source and aerial.
Products designed to complement the

above range of products but not fa1}ing
into a predefined category, including
battery chargers, power units, selec-
tive call mbdu]es, module housings.



FM VHF "M294° FRONT MOUNT
MOBILE RADIOTELEPHONE

Vi284

CATALOGUE |MKT ~ { SALES STANDARD OPTIONS
NUMBER CODE | VARIATIONS VARIATIONS
v
£ g £ z
o
5|2 £ z N
p” £ o« z 3 T G
S10 |w o w o a8 o é g
2512 16| 2 2 %8| 2z
Bl S z 4 o S = 8
21z | | & & & 2z & 7]
11294 s A0 AQ 1
M294 S A0. AD.G6°
M294 S BO BO 1
M284 § BO BO 6
M294 S EO £0 1
M294 S EO EQO 6
M294 S Mt M2 1
M234 S M M2 6
- M284 S PS5 P8 6
M294 R A0 AD 1
M294 R A0 AD 6
M284 vV A0 A0 1
M284 . vV AD AQ 6
M284 © V BO B0 1
M294 = V BO BD 6
M224 bl vV "EO E0 1
M294 Z vV EO0 EQ 6 _
i |olgs] YR B .
- o 0
i R - AR -
' N EAEN b BO e i
M294 &l &15(218] ¢ B0 BO 6 S 5]
MARKET 01 = Standard Preduction
CODE D2 = France {SAQ EQ Only)
’ 03 = West Germany {R AO Only}
07 = Sweden {VAD Only} -
- 10 = Norway (VAO Only 15W Nominal}
- 11 = Switzerland (VAQO Only)
. 13 = Holland
"25 = Austria (VAO Only)
OPTION 1 0 = Less installation items :
: 1 = Standard mount installation items with loudspeaker
2 = Standard mount installation items fess loudspeaker
3 = Facia mount installation items with loudspeaker
4 = Facia mount installation items less loudspeaker
OPTION 2 0 = Nocrystals fitted
1—6 = Number of crystalied channels
OPTION 3 V= 25 Watts (standard test setting for all equipment despatched
less crystals) '
2 = 15 Watts ‘
3 = 10Watts '
4 = § Watts L
EXAMPLE o
CATALOGUE MKT. SALES STANDARD OPTIONS
NUMEEL R CODE VARIATIONS VARIATIONS
M294 01 11101 SAGACY - .1 20 42 11181

Fig. 1.4,

- Product Code Sheet - Part 1
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FMi VHF "M294 FRONT MOUNT

FACING PAGE

1204
28 MOBILE
‘1 OPTION 4 0 = Less front panel (Tech. Sales and Overseas Operations use only)
! i = Standard {Front panel with “Pye" fabel)
' 2 =SMn&uﬂrmmDmmHmVTw"mmu
3 = Fitted with TED1
4 = TEDG fitted
T = Transit panel {non-operational)
HANNEL S = 125kHz
¢ R = 20 kHz (Market codes 03 & 13 only)
SPACING
V = 25kHz
€ = 25 kHz temperature compensated oscillators
EREQUENCY AD = 148—174 MHz
EQ - = 68— 88 MHz
Mt = 105-108 MHz
M2 = 138—-141 MHz
P = 79— 8B MHz
P8 = 96—-106 MHz
NUMBEROF | ‘1 = Single channel
CHANNELS 6 = Up to six channels
A = Up to six channels with automatic Selcall Defeat on
Channet 1
{Refer all orders to Tech. Sales}
OPTIONb 00 = NoPrimary eption
o 20 = Fistmicrophone Type MPH/F
30 =  Fist microphone Type MPR/1
80 =  Fist microphone with integral timer
OPTION 6 42 - =  Standard production
43 = MommtobemﬁmwdwnMnAC2mWU(Opnon1cmm0
onlyl
44 = Mobnetobelnﬂaued:nPZDOPU

Fig.

1.5. - Product Code Sheet - Part 2

1.11.81
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The customer may define the installation items required to
operate the product and how many separate frequency channels are
required. On occasions the customer may purchase and install his
own frequency determining crystals.,

The exampie illustrated has the capability of operating at
different output powers but these must be set by the factory.

The type of front panel must also be specified according to the
associated ancillary equipment,

The above variations, with the exception of Market Code, are
termed Sales variations. Many of these items are at the customer's
discretion and generally do not alter the basic product con-
struction.

Standard Variations will normally have a significant impact on the
structure of the product, and changes from one version to another
are not considered economically viable. The Standard Variations
include the channel shacing (how close each fregquency channel is
spaced from the next), the tranémitter and receiver bands (a band
is a range of frequency over which the product may be tuned without
_changing the component content) and the number of frequency
channels available {(as opposed to actually utilised). Standard
Variations are usually outside the control of the customer since
the operating characteristics are defined by the local Telephone
Authority.

The final group of variations are the Primary and Secondary Options,
These are usually items which are easily accommodated after the
product has been manufactured and are at the discretion of the
customer.

The communication language between the salesman and manufacturing
is through the product code, comprising the Catalogue Number, '
Market Code, Sales Variations, Standard Variations and Options.
One further level of detail is required to fully specify the
product; the operating frequencies, These include the transmitter
and receiver carrier frequencﬁes, determined by a crystal {or
more recently a synthesiser programmed via a Programmable Read
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‘ ' Only Memory) and, if applicable, selective call frequencies
determined by reeds, “twin T's™ or PROMS. Since these freguencies
are customer specific, they are undefined in the product code and
specified only in the customer order.

The flexibility with which manufacturing can react to the demands
of the market consistent with acceptable levels of intermediate
stock is refated Yo the depth of the variation in the manu-
facturing cycle. As a general rule, the degree of flexibility is
as il\ustrated in Figure 1.6, below.

SHALLOW OPERATING FREQUENCY FLEXIBLE
OPTIONS
INCREASING : ' INCREASING
DEPTH SALE VARIATIONS FLEXIBILITY

MARKET CODE/STANDARD VARIATIONS
DEEP CATALOGUE INFLEXIBLE

FIGURE 1.6. PRODUCT VARIATION FLEXIBILITY

1.2.4, Markets

The company is currently structured to recognise four different
market types, each demanding cerfain specialist sales and distri-
bution expertise. The four major markets are:

United Kingdom -~ commercial

United Kingdom ~ Government and forces
Export via Philips Group subsidiaries
Direct export |

The balance of trade between each market type has varied signi-
ficantly over the recent years, targely due to the gradua1
integration into the Philips organisation and the subsegquent
exploitation of established distribution channels. The United
Kingdom commercial market has historically been a successful
and reliable segment, due to the high market share enjoyed,
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the reputation for comprehensive after-sales service and the nature
of the product, which, due to its ability to enhance the client's

~ operating efficiency, has minimised the worst effects of declining
economic growth,

Each major market has a number of features which characterise the
different sales organ1sat1ons and procedures.

The United Kingdom commercial market comprises three main customer
types. The first is the client operating (or wishing to operate) a
small to medium sized communication scheme, typically taxi opera-
tors, farmers, construction companies, doctors, service and repair
agencies. The business is usually placed in reguTak small orders,
starting with a basic scheme (e.g. one base station with about

ten mobile and portable units) and extending as the client becomes
more fami1iar with the medium, or the business grows. The second
customer type is the large national organisation, (e.g. AA,
Securicor, British Road Services) requiring sophisticated communi-
cations schemes, often with customer specific engineering and
usually spanning a number of sales territories. The third customer
type js the area of public utilities, including water authorities,
fuel and power. These customers are similar to the large national
client, with the exception that they are more subject to central
policies and are highly organised in terms of cash resources and
budgets.

The United Kingdom government market differs substantially from
the commercial activity. Business is placed in typically larger
discrete guantities and may be for systems or I‘shopping-h‘s’cs" of
products to extend schemes or hold in reserve. QOpportunities arise
thrOUQh'the tendering process and thus the business may be
described more as reacting to a defined requirement rather than.
StimUTating.a need, The level of business is highly dependent upon
the economic climate and the level of government spending, and the
product will often be tailored to the specific requirement.

Export through the established Philips Group subsidiaries is a
relatively new and expanding activity. Growth is limited by the
technical competence of the subsidiary concerned, since many
organisations may have to supply a range of services from lighting
through white goods to-audio/video. Each subsidiary will normally
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offer a limited range of products, generally in the most basic
form. Only the more established subsidiaries would support a full
systems installation and service facility.

‘Direct export comprises two categorﬁes; business conducted in

areas where no competent Philips organisation exists, and
specialised business in established Philips territories where a
close supplier/customer liaison is required. Eprrt orders are

“typically larger than home market orders and the method of payment

s often a key feature of the contract. Se1éction-of the trading

1.2.5..

territories is a major consideration for Product Management since
entry into a new market will often involve significant changes to
the product specifiéatidn to comply with local P.T.T. (post, tele-
phone and telegraph) requirements, each of which may demand

extensive type approval acceptance trials.

Development of production control systems

The evolution of Production Planning and Control methology in

the company is described here in three stages. The first is the
early computer experience prior to the use of data base facilities.
The second phase is the emergence of requirements planning. The
final phase includes the current development programme.

The computer was first. introduced into the company in the late
1960's, at which time an IBM 360/35 facility was installed on the
premises, The bulk of the Production Planning and Control procedures

were manual, with sto;k being replenished according to historic

usage based on classic (at that time) re-order point theory.

In the eérTy 1970's, the "product structures" cOmprised.decks of
punched cards, organised in groups according to the features or
options. Material procurement for the higher usage value items was
subject to "material releases”, which were bulk manufacturing
quantities authorised by the marketing management. The product mix
was applied by using Judgement and experience and the final plan
presented for procurement action. Gross buying 1ists were prepared
by se]ecting'the card decks for the required features and insert-
ing multiplier cards defining the quantity. The cards, or "quick |
decks", were presented to the computer which éggregated the require-

" ments into a Gross Buying List. The resultant 1ist had to be
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manua11y compared with the on hand stock and orders to determine
the net requirement, from which both purchase orders and delivery
schedules were established.

The most significant advancement in technique came in 1971 with the
déve1opment of the Material Support System and the use of the

DBOMP data base management system. The system was proposed as part
of a comprehensive programme to upgrade the existing business
systems and was the first use of requirement planning techniques

in Production Planning and Control, ‘

This framework, which has been extended and modified over a
period of years, is still the basis of the present operating
procedures, To provide some background to the problem area, the
procedures are now described in some detail and include the
activities with which the production systems relate.

The major re1afionships between each activity are shown in _
'Figure 1.7., which also indicates which functions are essentially
manual and which are computer assisted, '
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" 1.2.5.1. Orders Received Forecasting

The Company has been using a formal orders received forecast as the
prime input to the Production Planning process for about nine years.

The early forecasting procedure was entirely manual, using moving
annual totai (M.,A.T.) data to project forward a perjod of four
quarters. The method was simple and allowed a significant element
of judgement to be applied.

In 1875, a computer assisted forecasting mechanism was introduced,
in which the past 12 months sales history for "trend" business is
projected up to 24 months in the future. Facilities are available
to introduce large order prospects into the programme and to
surmarise the total forecast in a number of ways, e.g. by equipment

and value. Projections are based on a regression algorithm, with
a facility for single exponential smoothing being availabie,
although currently not used.

Various statistics have been used to measure forecast "accuracy",
but this is an area of confusion due to the prob]ems in large
order timing, product mix and other considerations,

1.2.5.2. Quarterly Planning

The equipment "hardware" forecast is used each quarter and is the
basis for compiling the Equipment Quarterly Plans.

Each equipment plan is set at Level 3 (Catalogue number) and
excludes variation codes and options. The plan uses as base data:

known phased manufacturing order load
sales orders received forecast
opening work-in-process (main equipment)
opening finished eguipment stock
previous plan

|}

and projects the forward delivery, off-line and on-line plans
within a number of constraints. The constraints include; reaction
time to changes, projected delivery lead times and stock/WIP policie
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Resource Planning

Each quarter, following the compilation of the Equipment Quarterly

P]ans,'the implication of the total plan is manually evaluated in

terms of deliveries against budget; stock; labour requirements and -
factory order book.

 Due to limitations in-base data, the evaluation is in gross terms

and cannot reflect the activity of each work centre or factory.
Bills of Material

The present bills are essentially Engineering Bills of Material.
Some attempt is made by Production Engineering to restructure
éccording to the manufacturing requirements, although this is not
always possible and is constrained by certain fundamental sysfem
Timitations. :

Options and variations are present within the "top-level” bills of

material, although they are not constructed in modular form.

The development of the fully defined Bi11 of Material includes
three phases:

- Adanced Bil1l of Material (ABOM)
. - New Equipment Bill of Material (NEBOM)
- Full checked status structures

The Advanced Bill of Material conforms closely to the development,
or Engineering Bill of Material described earlier.

The New Equipment Bi11 of Material is the transition between the
Advanced Bill of Material and "checked” status structure. This

reflects the'firming up of engineering data and the restructuring
by Production Engineering and Production Control to support the
manufactufing methods and logistical requirements, At the New

- Equipment Bill of Material stage, the Chief Engineer has full
authorityAto épprové a change to the structure,




- 1,2.5.5.

1.2.5.6.

- 18 -

When a product has been manufactured for a sufficient period of
time that the structures are deemed to be reasonably stable, a
samhle product is selected for full status checking, following

which all prospective changes must be referred to and approved

by the "Change Note Committee",

Customer Order Receipt

Customer Orders received from Sales Depofs, Agents and Customers
are accepted into the Sales Administration'Department. The orders
are checked against the code manual for technical accuracy and |
COmpatibi]ity,_and-are subject to a commercial edit for payment
terms, shipping data, etc. The order is passed to Customer Accounts
for.credit clearance before passing to Central Planning for order
loading, -

The Order Loading Planner searches for the earliest date that the -
order can be delivered, taking account of part delivery requirements.
the availabiTify of merchandise, crystals, etc. When all infor-
mation is available,. the order is entered into Redifon order
processing equipment and a number of copies of the order produced.

- One copy will be passed to the Salesman/Customer as an order

acknowledgement. At the time the order is copied, two cards
(equipment and control) are produced for each equipment on the
order, '

Factory Planning

The order received from the Sales Administration Department is

: COpied;in the Factory Production Control department onto factory

order books by equipment and due dates. Equipment cards are filed
and control cards passed to the factory.

Allocation requests aremade for material to support the customer
order load between 6 and 8 weeks before the due date on a fort-
nightly basis. Certain equipments are designated "stocking” types

and are produced on the assembly line unaliocated to customer
order. These equipments may be allocated to customer orders from
stock,
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Printed circuit board requirements are derived from the factory orde
books and incorporate an element of buffer stocking on the more
common variations.

Coil requirements are based on the gross requirements listing
derived from the quarterly planning procedures, modified against

buffer stock requirements and. economic batches.

Material Procurement

The foundations of the present Purchasing and Scheduling systems
‘were established in 1972, when the Engineering Department formed

a Data Base Control section and created the Part Number Master
and Product Structure Files, This was followed closely by the
stock records and-associated costing information.

The Purchasing and Scheduling sub-systems were infroduced some o
months after the data base was established and operated, essen-
tially, as two.ihdependent systems. In 1977 the proposaliwas: put -
forward_to'integrate the Purchasing and Scheduling'sub-systems' |
into one, which subsequently eradicated the problem of inconsistent
procurement data and contributed largely to a substantial reduction
in technical inventory whilst improving the service level to manu-
facturing.

~Input to the sub-system is the “on-line" data derived from the

Equipment Quarterly Plans. This data, which is applied at catalogue

- Tevel, is converted by the system into full code/option require-

ments by applying sales history mix to the phased plan. The
resultant detail is inspected and modified, if necessary, to in-
corporate any abnormal mix elements (eg. large orders, movement in
mix trends). The plan‘is exploded using a procedure which includes
lead time off-sets and intermediate netting to arrive at a material
requirement pian at component level,

A facility exists to adjust the sub-assembly reguirements to
reflect the balancing of stock/WIP. The resultant nett material
plan is the basis for generating two sets of data for procurement.
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The Nett Buying List provides the Buyer with information on the
phased requirements and their source. The requirements are-
adjusted for buffer stock considerations and on-hand balances.
Static supplier and component data is also avaijab]e, with
suggested alternatives where appliicabie.

‘The buyer makes a decision on the amount of order cover to be |
placed and, using his know1edge.o? the supplier's capability, price,

etc., makes a choice Qf supplier, A purchase history card for

“each part number purchased indicates from whom the part was

purchased'in the:past and the price and quantity,

The purchase history card is accompanied by a punched paper tape
which is used to automatically print the fixed fields on the
Purchase Order on Farringdon automatic typewriters. A byproduct
tape is produced for up-dating the outstanding orders file on
the central computer, |

A copy of the order is passed to Goods Reception for future use.

The computer Buying and Scheduling system produces a call-off
schedule for component requirements, usually on a fixed monthly
basis. The -call-off schedule reflects the same requirements data
as.the Nett Buying List but in. addition recognises the schedule
reaction time (for changes), arrears to scheduTe and outstanding
reject notes. The Schedule provides a firm call-off by month for
the next six months and indicates a tentative requirement for the

“following guarter,

The buyers check the schedules and forward them to the vendors for
acceptance. Any agreed changes are re-submitted to the computer

for schedule corrections. There is no facility to track back any
schedule changes to the effect on the higher level demands,

Material Allocation

Allocation reguests submitted to the computer cause the explosion

of component requirements and the identification of shortages.
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A copy of the "shortages to allocation” report is available for
internal expediting and is summarised for the purpose of external
expediting into a "shortage by supplier® tabulation.

- A decision may be made to releasé the allocation for picking,

]02.5.9’

which causes a picking 1ist to-be generated and subsequently for
the material to be issued to work-in-progress. Shortages remaining

-At this point are raised to “line-hold" status and .advised to
Purchasing on a manual 1ist, ' |

A person from Production Control is resident within the Goods

“ Receiving area-tb_intercept incoming goods and define priorities

as required,
Shop Floor Control,

At equipment level, two monitorihg points track the progress of
praducts through the factory.

The off-1ine point signifies transfer from the main asSemb]y line
into test (for customer equipments) or unallocated commercial
stock, |

The final output point identifies the movement of the equipment -

from final test to the despatch department.

Information on equipment status is summafised on the Status
Report, which is manually compiled each week from the shop

- ‘monitoring documents.

Printed circuit boards are passed to a computer recorded work-in-
process store, thus a byproduct of the stock transaction paperwork
is to update Production Control records,

A close communication Tink exists between the equipment and sub-
assembly areas in the form of "hot lists", for the expedition of
urgent items. ' ' '
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Work has reached an advanced stage in the definition of a computer
system to improve the areas of Customer Order Servicing, including
shop floor monitoring - Telecom Order and Production Information and
Control System (T.0.P.I.C.) ~ through the use of on-line order entry ‘
terminals and shop floor data collection equipment.

‘The final phase of deve1dbment is the Manufacturing Control System. . ‘
The early stages.of'investigation'were:initiated by the author and }
‘the Data Proceséing Manager in 1978 with two - prime objectives; to o
exp1o1t the capab111ty of contemporary computer hardware, in parti-
“cular the enhanced communication facilities, and to make use of the 1
latest Production Planning and.Control facilities with particular o
emphasis of Manufacturing Resource Planning. This early work led to
a fact finding visit to the United States of America, the findings
subsequently being published in a report (Crowcroft and Laurence 1978).‘
This was followed by a detailed Feasibility Study published in 1978 |
{Crowcroft. and Laurence 1979) and the selection of IBM COPICS as the
software solution, The revised pfocedures are expected to become ‘
effective over the period 1982-1984,

~ The study area is concerned primarily with the situation obtaining
under the Material Support System phase, but where significant
differences in the revised procedures exist, they are amplified
where "applicable, |

1.3. PROBLEM DEFINITION

1.3.1. Environmental Considerations

The problem area is defined by further analysis of the manufacturing
system, with particular emphasis on the under1y1ng theory, assumpt1ons
and constraints rather than the detailed systems methodology.

To provide a perspective and improve the clarity the operating
environment has been restated.
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A characteristic of the land mobile radio market is that the
customer expects to secure delivery of his equipment in a relatively
short lead time compared with typical delivery lead timés offered
by the component suppliers, Typically, the customer will require a
delivery within 6-12 weeks of placing an order. Component lead
times currently vary between 8 and 52 weeks, since the Company‘s
policy is to purchase directly from the manufacturer wherever
possib]e'rather than use stockists and suffer a consequential price
disadvantage. The material provisioning is executed by means of

a requirements planning system, based on information derived from
forecasts of orders to be received and current orders in hand,

A generalised schematic of the goodé flow within the standard
products sector is shown in Fig.. 1.8.
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The major flow is indicated by a solid line and secondary flow
is shown by a broken line,

To assist in the clarification of the stock-holding afeas, formal
(i.e. recorded} stock holding areas have been denoted by a double
box, and work in progress areas by a single box,

The formal stock holding points serve a dual purpose. Firstly to
maintain a substantially constant load on the production resource,
and secondly to offer a consistent delivery lead time to the
customer which is shorter than the total manufacturing throughput
time,

The diagram in Fig. 1.8. may therefore be logically transformed as

shown in Fig. 1.9.
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The figures in parentheses are the typical lead times in weeks
through each part of the system, The lead time in stores is the
time required to assemble an issue of material from presentation
of the picking documentation to availability for production and
does not include any element related to buffer stock.

It can thus be seen that the commercial (or finished equipment
stock) will tend to buffer the effects of volume changes and
provide a constant load for the main assembly W.I.P., within
which there will be changes in product mix. Articles held in

the commercial store can be delivered to the despatch department
within the time taken to acquire the customer's crystals (which
determine his operating frequency) and pass through the test
department. Allowance must also be made for the internal planning
cycle, (i.e. the frequency with which orders are matched against
the stock and allocated),
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The printed circuit board (p.c.b.)'and other customer conscious
sub-assemblies are held in a p.c.b. buffer store. A substantially
stable programme in terms of both volume and mix can then be
applied to the p.c.b. manufacturing facility.

“The coil stocks are held mainly to facilitate economic: production
runs. The unit price tends to be relatively low, and the '
machinery often involves lengthy set-up times, thus a simple
_e¢onomic batch quahtity,approach which balances the stock hold-
ing costs against the set up costs can be used.

‘A characteristic. of the product design is that the profile of
part numbers has the form shown in Fig. 1.10, |
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Fig. 1.10. - Part Number Profile

A large number of components (some 20,000) are used.to produce

a smaller number of sub-assemblies (approx. 10,000), These sub-
assemblies are then incorporated into a potentially much larger
number of finished equipment varieties (7> 25,000). The acknow-
ledgement of this're1ationship is fundamental to the design of

the production control procedures.

Combining the consideration of desired delivery lead time,
manufacturing process and product design, the strategic and -
tactical role of the formal buffer stocks may be considered.

Ideally the stock should be held at the point of greatest un-

certainty; the commercial stock point. Assuming that this stock
is sufficient to ab;Brb all volume and mix fluctuations in the
raw customer demand pattern, the rest of the system is comp]éte1y'
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deterministic. Thus the only stocks required to be held are work
in progress. (pipeline) stocks and any "working" stock. due to
economic batching considerations. No additional stocks need be’
held to buffer demand uncertainty.

In-practice, due to-the large number of products and the many .
possib1e variations'within each product, 'such a policy would
resu1t in a massive commitmenkt in commerc1a1 stocks and a high
-r1sk of obsolescence.

For example, the present range of products offered for sale is
354, of which 160 are variant conscious. If all variations,

- including sales, standard and options, were to be offered in
every conceivable combihation, the number -of possibi]ities could
.be in excess of 6 million,

This is based on a "typical" product with the following range of
variations -

CHARACTERISTIC - AVERAGE NUMBER OF VARIANTS

Catalogue number

Market code 4 _
- Sales variations 4 each with 3 attributes
Standard variations 15

Primary options 4

Secondary options 2

Thus, the possible combinationsare 38,880 for each of 160 products
plus 194 non variant conscidus products, or 6,220,994,

In practice the number of fully defined codes does not approach
this number, but is still in the region of several hundred per
product. Therefore, assuming only 100 variations on a typical
product and an output rate of 100,000 products, the mean rate for
each type would be 100 000+ z
The actual number of var1ants s01d is considerably in excess of
100 per product, thus the forecasting and buffer stocking prob-

Tem would be formidable at this level of definition.

or about six units per year.
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The other extreme would be to hold all stocks in the component form,
which would have the effect of an unacceptable delivery lead time to
the customer and a highly variable capacity requirement on the factory.
The minimum lead time would be in the region of 12 weeks and allowing

- for the planning cycle time, would be typically 14 weeks.

1.3.2. Hypothesis

The basis of this work is that a compromise situation exists whereby,
if the stocks-are distributed throughout the sys%em,'a balance may -
be found between the investment in stocks, the cost of over capacity
(or productivity) and the achievement of an acceptable and reliable
customer delivery lead time,

The prime objective of the research project.js to arrive at an
acceptable solution to this problem by means of constructing a com-
puter simulation model of the goods flow system and conducting
experimehts on the model to test various alternative hypotheses.

The model should also brovide the facitity to observe the reaction
of the system to a wide variety of customer and supplier reactions
and quantify the primary and secondary consequences of decisions.

An essential requirement of the model is that it should emulate the
actual manufacturing process rather than the ideal world and should
be capable of evaluating both the existing procedures and also the
revised planning hrocedures under development based on contemporary
requirement planning practice,

1.3.3. Scope

The scope of research may be defined by reference to Fig. 1.11.

CUSTOMER RESEARCH SUPPLIER
PRODUCT - COMPONENT
DE&IVERIES ¢DELIVERIES .

FIG. 1,11, -  Scope of Research
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The research environment is confined within the Company-boundaries.
The customer and supplier ‘are both outside the scope of the investi-
gation and may be described by predefined'observed-characteriStics.
The objective is to analyse the internal operation of the business
structure in response 1o changes in external environment and to

draw conclusions about the rules and'po1icies governing the internal
- performance, which may subsequently be used to establish formal.
-operational po]icies and planning procedures.,

1.3.4. General Applicability - e

The desfgn of the simuTation model should be such that, whilst
addressing -the main research objectives, it is able to be applied
to more general situations. Thus, the structure should, ideally,
accommodate a range of environmental changes. This should incliude:

- Changes to the external environment through the definition of
sampling profiles; ,

- Changes to internal processing parameters;

- Modification of program'1ogic or replacement of logical seg-
ments to reflect more significant differences in internal
procedura]'conditions.

The model should thus be capable of adaptation as the given business
environment evolves, and provide a basis for the evaluation of
similar problems in other business situations.
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2. LITERATURE SURVEY

2:1. PRODUCTION CONTROL AND MRP

2.T.1. History of Production Control

Analytical techniques were first applied to manufacturing problems:
~as’early as the beginning of the 20th century by the American
pioneers F.W. Taylor - the "father of the time study" and the F.B,
and L.M, Gilbreth; team, who developed motion study as a technique.
Work study, the combination time and motion study, became an
accepted part'of the manufacturing research and was developed in
technique and app1ication by such names as H.L. Gantt, D.B. Porter
(New York University), R.M. Barnes (University of Iowa), M.E.
Mundel (Purdue University), G. Nadler (Washington University).

A further dimension was added to the application of scientific
approach to -manufacturing problems by the development of Operational
Research, This branch of science was developed in the Services
during_the Second World War, the first application being the
calculation of the number of casualties from a given bombing raid,
having estimates of the number of planes, types of bomb, etc.
The:study was conducted by Blackett, a physicist and Zuckermann
Professor of .Anatomy at Bifmingham University. The techniqueé

were further refined by Sir Charles Goodeve (Director of BISRA)

for industrial applications. The recognition of Operational

Research was established by the formation of the Operational
Research Society in 1948 and the publication of the first Operational
Research Journal in 1949, | |

‘During the early 1950'5,'Pr0duction Planning and Control was
_becdming established, developing largely from the Operational
Research theories. Production Control was defined (BS1100, 1953)

as follows: "Production Control is the means by which a manufac-
turing plan is determined, information issued for its execution
and data collected and recorded which will enable the plan to be
controlled through all its stages". A wealth of literature emerged
describing the fundamentals of Statistical Inventory Control (SIC),
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ranging from Landy (1950} through Brown {1959, 1965), Prichard
“and Eagle (1965), Magee and Boodman (1967), Greene (1970).

The common thread of all the SIC literature is part-orientation,
in that each part is tonsidered_independent of all other parts'
and the requirement for demand forecasting at component level.

- The first move towards product-orientation and the calculation
of component requirements from the schedule of finished products
was through the use of rudimentory Bills of Material, described
by Vazsonyi (1958), Trux (1968) and New (1973) a§ the Gozinto
(goes into) Chart. New (1973), states that "such a chart is very
useful for rapidly exploding or imploding part sfructufes" but
that it would "clearly become unwieldy if more than, say, about
100 items were involved",

The real breakthrough into the calculation of requirements for
dependent items was the development of electronic computers with
direct access storage, During the 1950's some companies were
making use of mechanical punch card equipment to analyse Bill of
Material card files for.use'in_material gross buying lists and
stores pick Vists, The introduction of direct access storage
computers, such as the IBM 305 RAMAC, enabled far more complex
structures to be exploded than could ever be considered manually.
During the early 1960's a number of companies were pioneering

the use of computers to perform material requirements calculations,
including J.I. Case, Black-and Decker, Perkin Elmer, The term
Material Requirements Planning for the logic of exploding the
product demands through the bill of material to generate the com-
ponent requirements was first used in public in 1970, with the
paper presented to the 13th APICS (American Production and
Inventory Control Society) International Conference by Orlicky,
Ploss1 and Wight (1970), although mention of the technique had
been made earlier by Plossl and Wight (1967}, Wight (1968) and
Everdell (1968).

The contribution of APICS to the body of knowledge in MRP is, in
the words of Wight (1974), "dramatic". He comments that "three
major influences have accelerated the development of a body of
knowTedge in this field:
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1. The American Production and InQentory Contfo]
Society (APICS).

2. Operations research,
3. The computer.

APICS was formed-in 1957.-By'improving-communications among

‘professionals and its support of education, publications and
seminars, it has done a great deal to advance the state of the
Carth, B | |

._fMatéfiaT Requirements Planning is, today, the.recogniéed technidue

for the control of dependent demand items. Wight (1970), however,
is critical of the emphasis on SIC in the past by observing

“that the number of pages written on independent.demand-type
inventory systems'outnumbers the pages written on material requi-
rements planning by over 100 to 1. The number of items of inventory
that can best be controlled by material requirements planning
0utnumbers those that can be conirollied effectively by order
point'in about the same ratio..It is a sign of the adolescence

~inour field that the literature available is in inverse proportion

‘2.1.2.

2,1.2.1,

to the applicability of the techniques®.

Material Requirements Planning

Overview

_The history of MRP is described by Plossl (1980), one of the

veterans of MRP. Reference is made to the first published example -

‘of the technique in 1744, showing the bills of material and quan-

tities of components required to construct a Frankiin Store. He
suggests that the first textbook to include any information on MRP
is Plossl-and Wight (1967}, followed by articles by Wight (1968)
and Everdell (1968). Reference is also made to the unique contri-
bution to MRP knowledge by the so-called "MRP Crusade", sponsored
by the American Production and Inventory Control Society in the
early 1970's.
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There is little doubt, however,'that'the.sihg1e most significant
. contributor to knowledge on Material Requirements_P]anning (MRP) -
is Orlicky. In 1961, at the Tractor Plant in Racine, Wisconsin,
a project group was established under the direction of Dr. |
Orlicky, who was then Director of Production Control, to design
~ an advanced MRP -system to replace the'existihg punch card based
~facility. The original system was implemented on an 1BM 305 '
RAMAC computer with some 15m characterS'df disk storage. This
- system was .crude because of .the storage limitations, and the
movement of another tractor plant to Racine presented data volumes
which precluded any'attempt at @ regenerative MRP system. The
system was only capable-of prov1ding support to common material
and all unique parts were handled manually. The system was sub-
~ sequently re-implemented on an IBM 1410 computer, Which was
capable of supporting considerably more disk stofage.

The technical application of MRP is well documented by IBM,

who produced, in 1972, a series of eight manuals on “"Communications
Oriented Production Information and Control System” (COPICS) on
‘the concepts of closed Toop manufacturing controi. It is only
recently that IBM have undertaken the development of application
software to support the COPICS manuais, but they have, neverthe- _
Tess, been widely quoted reference'materia?.

 The technique of MRP is most completely described by Orlicky
(1975), who has a strong bias towards the logic of MRP rather
than the application. The emphasis is on the Master Production
Schedule and the development of material plans rather than
"closing the loop" by effective capacity planning and control.
‘The descripfion of the MRP logic is excellent, as is the treat-
ment of bills of material, in particular'as applied to option
conscious products.

Ploss? (1973) is less rigourous technically, placing more emphasis
on the use of MRP as a management tool and its relationship to
capacity planning, priority control and capacity controi.
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This view is further enhanced by Plossl and weich'(1979) in a
text aimed specifically at top management. T

New (1973) provides. a clear, easily digestible text on the
principles of MRP, using simple manual examples to back the theory.

‘The text concentrates on the requirements calculation and the
~appTlication of buffer stocks and Tot sizes. A.unique feature of

the text is a'chapter:on'the re1ation$hip‘between MRP -and cellular

-manufacture. The téxt does, however, have the disadvantage of
“understating the’key nature of the Master Production Schedule,
"~ the Tink w1th resource p]ann1ng and the importance of realistic

tead times..

It is interesting to note that, despite the enthusiasm and
publicity accorded to MRP in 1971 by the "MRP Crusade® discussed
by Ploss1 (1980}, the publication by Starr (1972) has no single
mention of the techniques of MRP, notwithstanding the central |
theme being the synthesis of production systems.

Bills of Material

The Bi1l of Matgrié)-is the heaft'of the MRP system, providing the

. mechanism for requirements calculation and describing the logical

assembly of'the'product;-New (1973) notes that “if a company seems
to have too many_bil]s-of-maferial-for reasonable implementation
it is almost certain that their product structure will enable some
degree of 'modularisation' to help". |

The first reé11y_comprehensive:artic1e on. "structuring the bill
of material for MRP" is by Orlicky, Plossl and Wight (1972). The

‘problems of structuring complex option conscious products are

described in detail and an -attempt is made to establish a standard
set of terminology for the process involved. Bourke (1975)
proVides a useful set of .guidelines for implementation but avoids
the theoretical stfucturing considerations.
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The sources of information on structuring the bills of material are
limited, most being case studies of specific applications. Garwood

(1970) was one of the first papers to introduce the modular product
approach. Hoffman (1977) extends the modularisation discussion into
the use of a "product model data_bése“ to support order promising,

option forecasting and final assembiy scheduling., Problems en-

countered in highly complex products are'discussed'by Langenwalter
(1976), who adopts a decision table approach and Gangopadhyay et al

(1978) who favour a modification to the basic bill of material
structure to ease the problem. '

The subject of engineéring change as addreéséd by MRP is‘discussed
by Andrew (1975), including the various te¢hniqUes‘that may be
applied.

Lot sizing

Lot sizing, or the determination of economic batch sizes and their
relationship to MRP is discussed widely in both the standard texts

‘and in specialist articles. Berry (1972) provides an overview of
‘the applicability of lot sizing techniques to MRP and compares the

relative performance. Orlicky {1975) lists the most widely
recognised approaches to lot sizing. as:

- Fixed order quantity

- Economic order quantity (EOQ)
- Lot for lot

- Fixed period requirements

- Period order quantity (POQ)

- Least unit cost (LUC)

- Least total cost (LTC)

- Part period balancing (PPB)

- Wagner - Witin alogorithm

He further draws a distinction between "fixed" and "variable"
order quantities, and "static" or "dynamic" usages. Examples of
each method are discussed, as does New (1973), who also provides
a summarised comparison of the performance of each algorithm.
Wight (1974) further discusses the application of “discrete lot
sizing” in dependent demand systems and provides a management
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perspective on the place.of economic order sizes in MRP systems
stating that “"getting the right quantity at the wrong time does

-not accompiish anything." Welch (1956) argues that, from his

observations, most applications of E0Q, were not the "most
economical®, just "more economical than intuitive methods®.

‘The use of dynamic lot sizing teéhniques is discussed by Krohp’

et al (1979) and Chang and Inoue (1977). The problems of Yot

2.1.2.4,

2.].2.5.

'sizing at several Tevels in a multi-level MRP system are examined

by New (1974). Karine (1980) offers a possible solution with the
“Uniform Order Quantity" approach. '

Safety Stocks

The role of safety stocks in MRP systems is an integral part of
the standard texts. New (1973) develops the method of calculating
safety stock, but tends to bypass the question of applicability
of such stocks. Wight (1974) draws a clear distinction between

the requiremehts:of-independent_demand and dependent demand items,

arguing that safety stocks should only be held at the Master

~Schedule tevel. OrTicky (1975) further suggests that "Safety stock

(at item level) is part of the stock replenishment concept and as
such has no legitimate place in an MRP systema.P1ossl'(1973) propo-
ses that safety stocks should be carried at only the "high and Tow
levels”, implying sound capacity planning and a dynamic priority
technique. A balanced overview of the applicability of safety
stocks is provided by New (1975), who a1so explores the effects

in a multi-level planning system.

Forecasting and the Master Production Schedule

The Master Production Schedule is an essential-element in an MRP
system, yet its true importance was not apparent in the early
texts on MRP technique. Everdell (1972) provides an insight into
the true role of the Master Production Schedule (MPS) in MRP
systems and New (1973) emphasises the need for realism in that
the MPS must reflect “what is actually expected to happen not
what the production manager or director would Tike to see happen®.

Orlicky (1975) provides a comprehensive view of the development

~ of the MPS from the Production Plan and defines the links with
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Resource Requirements Planning and the Final Assembly Schedule.
Mather_and Ploss1 (1978) describe the objectives of Master
Scheduling;

- To provide top management with a means to authorise manpower
levels, inventory ‘investment and cash flow, giving them a
real handle on customer service and profitability,.

- =~ To provide a mechanism to co-ordinate Marketing, Manu- .
facturing, Engineering and Finance activities so they all.
work together to achieve a common'perforﬁance'objective.

- To provide a device to reconcile the needs of Marketing with
the capabilities of Manufactur1ng

- To provide an overall measure of how well each major
function in the business is able to make a sound plan and
then execute it,

- To provide input data to programs developing detailed
material, capacity and financial requirements.,

- To provide a means to make a more reliable deliﬁery promise
to customers and evaluate the specific effects of changes in

~delivery schedules.

Wight (1974) provides some examples of Master Scheduling in
different types of business and develops further the aspects of
"managing the Master Schedule". This is discussed further by
Ploss1 and Welch {1979), who emphasise the need for management
to define the Master Schedule policy.

Because of the wide variety of business types, the application of
Master Planning theory is equa11y varied. Berry et al (1979)

have produced a series of case studies which attempts to define
the characteristics of successful MPS applications across a

range of MRP users.

A number of articles on the application of Master Scheduling
have been appearing since 1975, many of which have been compiled.
by APICS (1977) to provide a useful reading base for system
designers. Articles may be classified as basic techniques -
Ling and Widner (1974), Maranka {1976), Malke (1976) - case
studies of specific MPS applications - Ulberg (1975), Visagie
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(1975), Spampaui (1975), Kohankie (1976) - and the strategic
application of Master Scheduling - Conlon {1976), Orlicky {1975),
Wilkerson (1976), Bobeck and Hall (1976), Brenizer (1977),

Steele (1975).

Forecasting in an MRP environment is viewed in quite a different

perspective from that of the statistica]-inventory control

'exponents..0r1icky.(1975) suggests that, although there have been

improvements'in-forecasting over the‘past decades . as far as
sophistication of teéhnique"is concerned,~1mp?ovemént in fore-
casting effectiveness has been "rather modest"., Wight (1974)
argues that, although most companies have to do some forecasting
"there is no such thing as a reliable forecasting technique",
Wight also draws a clear distinction between "intrinsic" and
"extrinsic" forecasting. Ploss] (1973) comments further on

this theme and quotes his view of the five basic characteristics
of forecasts: '

"1. They are always wrong.

‘2. They need -two numbers (i.e. an estimate of the forecast
accuracy).

3. They are more accurate for families of products than
individual items. |

4. They are less accurate far into the future.

5. They are no substitute for calculated demand.”

The technique of forecasting has, therefore, become secondary to

the evaluation of the effects of poor forecasts and the provision
of facilities to respond more rapidly to new forecasts. Fore-
casting is seen to be an integral part of the MPS development

-and maintenance procedures, a view which is confirmed by Gaylord

(1977) and Leach (1977). Odnards (1978) further discusses a
number of the points raised and deals specifically with the
problem of uncertainty at the Master Schedule.

Net Change and Regenerative Systems

There are two types of MRP systems found in practice; "regenerative"

and *net-change". Regenerative systems are the most universal
and work on the principle that the full planning hierarchy is
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periodically regenerated from the MPS through all structure
levels, Thus, all active inventory records and bills of
material are accessed, resulting in a re-statement of each
inventory plan., Typi¢a11y, regeneration is carried out monthly
or weekly, usually resulting in a large volume of printed
output. Regeneration is, however, argued to be relatively
efficient, since certain data-processing optimisation may be
performed. It could also be argued that such optimisation may
be mandatory, since the regeneration of a full set of 1nvent0ry |
'pTans will often require a dedicated-mainframé computer for
periods in excess of:15-20.hbur5'per run,

Net change systems are based on exception replanning and are
ﬁsua?ly transaction oriented, in that each transaction (egs.

stock receipt, MPS change, unplanned disbursement, bill of
material change) is processed to completion, any secondary
transactions being placed in a temporary file for further pro-
cessing. Net change systems are far more responsive than rege-
nerative since replanning may take place more frequently
(typically daily) and are intrinsically exception oriented, thus

~ focussing the planner’s attention on the required actions. Net
change is said to be more "nervous" than regenerative because

of the higher frequency of‘replanning,'but this could be argued to
be a system management problem rather than a technical Timitation.

‘Net change systems are acknowledged by the major software vendors
to have a distinct edge over fegenerative, particularly where
large volumes of data are processed, It is jronic that, although
both techniques were developed at about the same time, the
regenerative mode was exploited more actively., The net-change
method was created.by the team headed by Dr. Orlicky in J.1.

Case as the'only possible solution to the probTem of hand]fng

the volumes of data required to operate the tractor plant, The
relatively slow development of net-change is almost certainly
due to the significantly greater technical problems involved in
maintaining the integrity of the system data files. |

The logic of both regenerative and net-change systems is excellent-
1y described by Orlicky (1975), who argues strongly in favour-of
net-change, It could, however, be argued that there is some bias
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when considering his early experiences and'his=ackhow1edged"

position as the creator of net change. A'more concise view

of the net-change/regenerative comparison is given by New (1973).
who suggests that "net-change systems have considerable
advantages and should be the eventual goal. However, a company
contemplat1ng an initial system should start with ‘the

- regenerative approach“ ‘This view is based on the enhanced data -

2.1.2.7.

'1ntegr1ty ang- management skill demanded- by net-change whereas:
.regenerat1ve systems are more. to]erant and have -a degree of
-“se]f purg1ng“ capab111ty.

' 0r1icky (1972) provides an introduction to the concepts of net- .
- change and offers a more rigorous technical description in the
‘seminar material re-produced by IBM (1976).

Management Issues

The 'scope of MRP has expanded steadily over the recent years
from the basic Material Requirements Planning, which was essen-.

tially a requirements calculation mechanism, to a comprehensive
business pTanning technique. To accommodate these changes, the
‘term MRP has been developed to MRP 11, and rédefined as
‘Manufacturing Resource PTahhinga The -scope of Manufacturing

Resource Planning includes the consideration of capacity in
addition to material and embraces plannihg and control in a
closed loop system. The view of MRP has also evolved from a
technical facility to a management philosophy. The discussion
and treatment of management 1ssues is therefore a key feature .
in MRP related 11terature.

wight'(1974) argues that there is a ABC relationship in'systemé

imp1ementation,'where-the "computer part of the system is the C

~item". He further defines the system data and its associated

integrity as the 'B' item, and ‘the people part of the system

.as the 'A' item. Both the B and A elements may be classified as '

management 1ssues.
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2.1.2.7.1. Record Accuracy

‘ Record accuracy refers to the integrity of the system data and
‘ S master files. The two most significant problem areas are acknow-
' Tedged to be stock record and bill of material accuracy.

A'significaht volume of “Titerature has been produced on the
_importance'and éch1evement of stock'recqrd;éccuracy. Both Wight
- (1974) and Ploss1;(1973) suggest meﬁhodsyof_enhancing'stock '
'récord—atcuracy,-while soUnd;,practicé1 ekpefience is offered by'_
Brooks- (1977) and Anderson (1977),

The techniqde of cycle counting, which is a pre-reQuisife of an
inventory record accuracy improvement: programme, is described
by Hablewitz (1977) and Tallman (1976).,

Compared to stock record accuracy, bill of material accuracy has
received little attention., This fact is quite surprising since,
_ élthough-a stock record error will only affect one item, a bill
-of material error will often cause erroneous data to appear
against at least two records. Bill of material errors are also

- more difficult to detect and require more interfunctional con-
census to correct. Orlicky states that the "hi11 of material
must be accurate and up to date" but offers no practical advice
~on how to achieve this end. The emphasis in most standard texts
is the structuring of bills of material to represent the
manufacturing method, and the associated accuracy problem is badly
neglected, - '

2.1.2.7.2. Group Technd?ogy

The re]ationship.of production methodology to MRP is attracting
some attention, the most significant area being its applicability
to Group Techno1ogy or cellular production systems. New (1973,
1977) has researéhed this area and describes the combination
Maffectionally” as SCRAGOP (Short Cycle-Requirements And Group
Organised Production), based on a “special form of MRP inlet
control and Group organisation of the production facilities".

Suresh (1979) further supports the combination for certain
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manufactﬁring processes and demonstrates impressive'case_resu1ts.
Further description of the MRP-GT combination is provided by Hsu
(1978), Mahany and Tompkins (1977) and Sata et al (1978).

2.1.2.7.3, Financial Planning

‘The extension of MRP into business p!énning is evident from the
literature now emerging on budgeting and cost control. The
Production Plan is the Company operating plan and is the
inStrumént for the acquisition of material, Tabour and tooling.
The Production Plan also provides the best estimate of shipping:
‘levels and income, In-a mature MRP environment, the Production
Plan is the basis for, and merges into, the flexible budget.

Bobeck and Hall'(1976)'provide a good introduction into the
potential of the Master Schedule as a financial management tool
and- in particular develop the argument for sophisticated simu-
lation capability to enhance the decision making process. Campbell
and Porcano (1979) develop further the theme of the *MRP budget",
both in the preparation of the budget and the subsequent per-
formance and variance reports used for ana?ysis and control,

Financiél model1ling has been used for a number of years as a tool
to- aid the development and maintenance of financial budgets. The
re]ationship between the MRP system and financial modelling is
described by Jagetia and Patel (1979), who discuss the tangible
results achieved following the implementation of an "integrated
‘annual planning and budgeting sales, production and inventories

procedures.”

2.1.2.7.4. Implementation

Wight (1974) describes MRP as a "people" system, This implies the
development of an effective and skilled multi-functional team as
part of the implementation plan. Nicholas (1980) describes the
techniques that may be employed to create an effective systems
development team, placing great emphasis on the proven "working”
approach., The more critical problems, however, are not in the
development phase, but in the post-implementation period. According
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to Orlicky (1975) "that most serious obstacles to MRP systems
success 1ie outside -the system boundaries. The problems must be

- solved not in computer hardware and software but in peOpIe,'their
attitudes, habits and knowledge level”, Belt (1979) further

- develops the theme with particular reference to McGregof {1960}
and the Theory X/Theory Y concept. The behavioural aspects of
imp]ementatioﬁ are also discussed by White {1977), Blasingame
and Weeks (1981), and Wacker and Hi]]s'(1977).

Practical quides to imp]ementation*problemsfare'given by Jones
(1978), Hay (1978) and Rose (1978). | | -

2.1.2.7.5. Performance Measurement

The vast majority of publications on the subject of MRP concentrate,
understandably on the design and implementation phases and ignore
the. probiem of maintaining a healthy system. Accountants argue
that you can not control without first establishing a measure,
and this is as true for MRP performance. Laurence (1981) concludes
that "a well designed MRP system can pfovide substantial benefits,
These benefits can only be quantified and realised by effective |

i management of the system;'which implies méasurement and control
of the key performance indices”. This is linked back to the original
justificatidn-process and the degree of success in implementation.

An introduction to performance measurement is given by Grieco
(1980), but the content is shallow with limited scope. A more
comprehensive guide to system {rather than business) performance
is provided by Edson (1978), while some new business performance
measures are suggestéd by Higgins (1980}, |

2.1.2}8. Dﬁstribution'SyStemS'

" The technique of requirements planning is not confined to
manufacturing systems. New (1973) describes the dependency in
‘distribution networks and introduces the concept of "time-phased
forecasts"., Orlicky (1975) describes in detail the "time phased
order point® technique and argues its supefiority over statistical
order point theory,
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Distribution Requirements P]énning (DRP) brings together the
Time Phased Order Point theory and the inter-level dependency
by replacing the product structure with the distribution net-
work., Martin (1980) describes the mechanics of DRP as applied

to a complex pharmaceutical company exemplifying the shared
logic between MRP and DRP, Whybark (1975} introduces the con-
cept of DRP as an MRP derivative, withlstenger and Cavinato
(1979) further defining DRP and providing some mathematical
analysis of performance. Their argument is that "an integration
of inbound and outbound physical flow activities is necessary
for true Togistical efficiency". Historically, companies have
attempted to bridge the gaps organisationally (Materials Management {
Logistics Management) but these ambitions often failed through
Tack of proventéchniques;The-integration of MRP for the
supplies/factory interface and DRP for the factory/market inter-
face provides the missing link.

2.1.3. Comparison of SIC and MRP

The movement away from Statistical Inventory Control (SIC) to
Material Requirements Planning has been remarkable, due largely
to the success of the MRP Crusade and the criticism that SIC
received from the early MRP proponents. The basic distinction
between the two approaches was formulated by Orlicky in 1965,
~who proposed the concept of dependent versus independent demand.
"Demand is defined as independent when such demand is unrelated
to demand for other items ..... Independent demand must be
forecast”. "Demand is defined as dependent when it is directly
related to, or derives from, the demand of another inventory
item or product ,.... Such demand can, of course, be calculated ....
and should not be forecast”. |

“New (1973), in describing the application of MRP in the field of
production and inventory control, states that "a requirements
planning system can always be used in place of a re-order point
system".

Fortuin (1977) takes a Tess extreme position and attempts to
categorise the situations in which MRP 1s "impossible",
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The analysis is based on the pre-requisites and assumptions
stated by Orlicky {1875, p.41) and a number of cases are sub-

" sequently cited where certain of the pre-requisites are apparently

not met. It would appear from the text that the author draws con-
clusions from certain assumptions that would not now be considered
valid, -

a) It is suggested that, if the data processing costs outweigh
‘the inventory savings by introducing MRP 1in favour of SIC,
'MRP would be "impossible", rather than "unwise",

- b) If the demand on the master schedule is irregular-and
~frequently occurring, it is proposed that SIC should be used,
presumably in preferance to the Time Phased Order Point '
technique (Orlicky 1975, p.36), which provides additional time
phasing and rescheduling capability to the basic SIC
facilities.

c) The use of MRP when the Bill of Material is not known with
~certainty, wildly varying yields are experienced or items_
presenting counting problems are also cited, Each of these
items is addressed by Bolander and Taylor (1982), who
recognise the above symptoms in the process industry and
recommend a slightly modified MRP framework.,

Fortuin {1978) further compares MRP and SIC by analysing a single
echelon model, demonstrating that for the simple case results are
similar.

It is acknowledged, however, that "MRP has advantages that cannot
be expressed in money" and that, as the number of levels is
extended, MRP becomes increasingly superior.

It can be concluded that MRP is substantially superior to SIC
and that, with some effort, the basic pre-requisites of MRP may be

satisfied thus enabling many of the cited benefits to be obtained.

Period Batch Control

A critique of literature relating to MRP is not complete without
reference to Burbidge (1980), who argues that manufacturing




- 45 .

managemehtsshod]dexamine_their'MRP System and "make the few.
simple changes which will convert it to Period Batch Control”,

The arguments presented are-not fully conclusive, as can be seen
from the series of criticisms published in the Production
Engineer during the period December 1980 to March 1981,

" The author suggests that, due to- the very nature of the MRP concept
being a "multicycle ordering system", poor system performance

will result. This will be evident in high stock and work in pro-
gress investment, high material obsolescence, poor response to

'seasonality, unpredictable swings in stock investment and machine

foading, incompatibility with Group Technology concepts and compii-

- cated, expensive, uncontrollable systems. Most of the symptoms

2.2.

described have been addressed in recent MRP literature within the
broad subject of "managing the MRP system". It has been success-
fully proven by many Class A MRP users as defined by Wight (1974)
that all of the above symptons will be addressed by a well designed
closed loop MRP system with a defined Master Schedule policy, and

that MRP can direct management attention towards the optimisation

of the production process.

Wight (1974) describes MRP as a "simulation of the real world”, It
therefore follows that if the MRP system is designed to simulate
the actual production system, the results achieved are, ultimately,
limited only by the physical constraints of the production system.

DELIVERY . PERFORMANCE

The objective of the study was to observe the internal performance
of the manufacturing system, rather than analyse in depth matters
relating to the definition and measurement of delivery performance.
For completeness, however, some discussion on applicable sources
of information relating to delivery performance is included,

Sources of information may be viewed as either qualitative or
quantitative, the former addressing the impact of. delivery per--'
formance on both business and national economic performance ,

and the latter deriving quantitative conclusions about the
measured delivery performance of a given manufacturing system,
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The most‘comp1ete example of qualitative literature is Paulden
(1977). A number of actual case studies are used to support the
main arguments and much of the advice is simple yet practical.
Further advice on the improvement of delivery performance is

- of fered by Atkin (1981) who again cites the results of a specific
.case studyQ-

Paulden's work seems -to have been inspired in pérf.by thé survey
_conducted on behalf of the British Institute of Management by

‘New (1976). The report is confined to the United Kingdom and
covers-a number of topics in addition to delivery performance. The
conclusions of the survey,"howéver, leave no doubt that delivery
performance is a major fai]ing across British industry. The report
quotes that only one plant in five delivers in excess of 90% of
their orders on time, and one plant in four delivers more orders
late than on time. The conclusion is that "either work flow in
most companies is very badly managed or there is a chronic shortage
of effective capacity across the industries.represented".

Both Paulden and New have assumed the prime measure of delivery
performance as the proportion of orders delivered on or before
time. Voss (1980) suggests a number of alternative methods for
performance measurement in make to order plants and offers a full
explanation on their deriviation and applicability. Fogarty and
Hoffman (1980) also Tist a range of performance measures, but
include a number of instances relating to the deliver from stock
plant} The need for customer service objectives consistent with
the market need is emphasised, as is the choice of appropriate
measurement techniques. o '

A gquantitive analysis of customer service level is given by Buffa
and Bryant (1980) for-a deliver from stock plant. A model is
described, which predicts the expected logistics costs associated
with a given customer service level objective and offers manage-
ment a tool to assist in the establishment of inventory policy.




2.3, SIMULATION , . ‘

2.3.1. Perspective

\ | As background to the survey on simulation theory, a perspective on
' . the specific app]1cat1on was derived, addressing two main o
cons1derat1ons. '

a) the nature,of the project; |
b) the facilities available.

A number of guidelines were then establiéhed, aimed at-conttolling
the scope of the project and achieving the stated project
objectives. ‘

The study 1is classified as an Industrial Project, therefore the
emphasis is placed on the analysis of the business problem and the
application of the simulation technique as an analytical tool,
rather than a detailed study of simulation techniqugs.

A fundamental reguirement was fhat the computer hardware and soft-
ware facilities available at Loughborough University should be
employed unless subsequently proven to be impractical, This re-
guirement was based on the expected cost of external services and
the relative convenience of local facilities énd experience,

The decision to use local facilities, however, established clear
‘boundaries within which the choice of simulation software could be
made. Firstly, the ICL 19045 at Loughborough supports CSL as the ‘
only dedicated simulation 1anguage Secondly the computer has limi-
tations in terms of capacity and speed, thus favouring the more
efficient languages. Finally, the computer utilises the George
Operating System, which has proven high performance in the
execution of Fortran programmes.

Recognising these factors, the literature  survey relating to
simulation techniques and languages was not intended to be
-exhaustive, but was supportive to the main area of application.
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2.3.2. Technigues

The number of papers on specific aspects offcomputer stmulation
is vast, probably because certain aspects lend themselves to
‘rigourous mathematical analysis and many of the earlier users of

- - simulation were. mathemat1c1ans or stat1st1c1ans. The ava11able

| literature which g1ves a comp1ete overview. is, however, re]at1ve]y
Timited. '

fAmong the. f1rst 1ntroductory books on simutation ‘was Tocher (i963)
who suggests that computer s1mu1at10n techn1ques are derived from
‘three sources:

a) the theory of mathematical statistics;

b) the demands of applied mathematicians for methods of solving
problems involving partial differential equations;

c) the "new science" of Operational Research,

The text starts with basic sampling theory and random number
sources moving into some general simulation models, with parti-
cular emphasis on the queue problems; A brief overview on the
design of experiments is given but the probTems'of variance
reduction are not adéquate]y covered. at this summary level.

One'df the most complete texts on simulation is Naylor et al (1966),
.who offer the following definition: '

"Simutation is a numerical technique for conducting experiments'on
a digital computer, which involves certain types of mathematical
and logical models that descr1be the behaviour of a business or
economic system (or some component thereof) over extended periods
of real time";'Ironically, although the only example in the text
on the subject of Inventory Systems is of re-order point, the
above definition is as true for MRP as it is for simulation,

'A1though'the book is a general text, a number of subjects are
covered in some degree of detail, thus offering a good working
‘knowledge of the technique. Subjects covered outside the scope
of standard statistical theory include: |
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pseudo-random number generation

]

simulation languages
-model verification-
variance reduction
ana]ysié'of results,

A further, in depth, treatise on the theory of random number
generation and tests for randomness s g1ven by Jansson (1966). -
Although some previous knowledge of number‘theory is implied, -

- the text is 1nVa1uab1e for the deSigher of - pseUdo-random generat-
“ions in particular from the more widely. used statistical
d1str1but1ons.

' Specific texts on the various simulation languages. are too numer-
ous to include in an overview analysis, however, the most popular
languages are described by reference to Kiviat et al (1968),
Gordon (1961), Buxton and Laski (1962) and Forrester (1961).

- Mize and Cox.(1968)_emphasise the mathematical theory of simu-
Jation more than the previously mentioned'genEral texts but also
offer good advice on the cohstruction of the simulation models,
including the'pkoblems of starting conditions and équilibrium.
The methodology for the design'of simulation'experiments is a
useful framework, and checklist for the simulation practitioner.

Comparison of Simulation Languages

The choice of simulation language for a specific application is
limited, as explained by Teichroew and Lubin (1966) -~ "Usually

the user will be forced to use a simulation package made available
by his tomputing facility... The computer centre management
naturally tends to choose a package that is available for the
installed computer and its operating system. If there is any choice,
it will choose one that is consistent with its operating ph110—
sophy and for which the implementation is easy". '

Krasnow and Merikallio (1964) describe the services provided by
General Simulation Languages, discussing both the "discrete"
exampies and the "continuous” (DYNAMO) as described by Forrester
(1961). Four discrete languages are described in detail;
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SIMSCRIPT,'Confrol and Simulation Language (CSL), General

Purpose System Simulator (GPSS) and SIMPAC. The authors tend to
favour SIMSCRIPT and CSL for flexibility and power for modifying
system state, although they argue that, for certain app11cat10ns,
both GPSS and SIMPAC of fer some advantage.

Tocher (1965) contentrates on the discrete languages and compares

the structure.and performance of nine packages, adding SIMULA,
ESP, GSP, MONTECODE and SIMON to the languages described by

Krasnow and Merikallio. Tocher observed that, with the exception
~of 'C3L, all other languages. are available on one type of machine

on1y. The anaTyses and compar1sons included are comprehens1ve
but. assume a:prior knowledge of s1mu1at10n theory and some degree
of pract1ca1 experience. The choice of language is "most likely

to be resolved by what machine is available to him (the

experimenter)... For occasional use, a simple language, which
is easy to understand and learn, may be more valuable than one
of the sophisticated languages which have many facilities, but
by the very nature of these extra facilities, becomes more
complicated to use and understand”.

Kraénow and Merikallio (1964) suggest that-futﬁre developments

will address- this problem by the evolution of spec1al General

Languages which may be modified by -a spec1a1ist to prov1de a
unigue’ user oriented simulation language for the specific
application, -thus maintaining the ease of use whilst dramatically
broadening the scope of application.,

'CONCLUSIONS

The two prime areas of interest are the application of Manu--

facturing Resource Planning technigues and the use of simu-
lation as an analytical tool for the evaluation of manUfacturing
system. The background information on delivery performance is to
provide some pershective to the business problem and demonstrate
the lack of fundamental research in the area. |

The discussion on the Manufacturing Resource Planning technique
leads to a number of associated conclusions.
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a)'The amount of formal Titerature on MRP compared with
Statistical Inventory Control is as yet limited, but is being
added to at a significant rate, due largely to the impetus
created by APICS. ' |

b) The literature tends to be qualitative rather than analyti-
cal, due to the rapidly increasing compiexity of multi-
“echelon systems.- | | |

~¢) Some comparisons of performance between MRP and SIC systems
"have been conducted, but_the'examp]es'have, necessarily,
been trival and therefore, inconclusive,

d} The boundaries within_which MRP may be appropriate cannot
easily be defined, since the technique has been extended
into Distribution Resource Planning at the supply interface
and process control (computer aided manufacturing) at the
‘production control interface,

e) Simulation of the Production Plan as an important management
tool is a reality, although few actual examples have yet
been described. ‘ '

The conclusions on the simulation techniques and choice of
language are more succinct. A compromise should be sought, taking
account of a number of factors, the significance of which will
depend on the circumstances:

- the computer facilities available {size, speed)

- resident simulation software available |

- prior knowledge or experience of the language both by the
researcher and the computer support staff.

- applitabi]ity of the available languages to the business
problem area.

The most significant factor arising from the literature is the
Tink between MRP and simulation. New (1973) suggests that many
business probliems may be'ahalysed by use of an "MRP-Tike" model,
but "the existing simulation packages available do not allow
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overall evaliation of systems. where several levels are involved...
the only answer to this problem'1ies in simu1a£1ng a company's

own requirements planning system step- bynstep“. To perform this
task there appear to be two choices:

(i) use the same MRP programmes as the “live" system and
proyide some form of execution software to simulate the
. periodic activities.

(i1) write some special programmes which are similar in 1og1c
to the "Tive" systems.

The former option-has certain advantages in that the logic is,
‘necessarily, identical, but has a number of disadvantages.

- 1t may be difficult to run the same programmes with more than
one data base;
- the run cost is likely to be high;
- new_programmes have to be written for the execution
* simulator. and must be logically compatibTe;
. - modifications to the existing programmes to test various
hypotheses would be complex and risky;
. = the programmes are probably more comprehensive than required.

The latter option resclves most of the above constraints but
introduces some new considerations, including:

- compatibility in processing 1bgic between the "1ive" system and
the model;

- the time and expense 1nvo1ved in wr1t1ng and validating an
independent model;

- the final choice will, again, depend on the present system
facilities and other special circumstances relevant to the
researcher, |

Orlicky (1975) provides a checklist of further research into MRP
related topics based on his own experience.

1) Thedry
- Manufacturing lead time
- Safety stock for independent demand items
- Links between the MRP system and execution subsystems
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2} Just1f1cat1on
- App11cab111ty of material requ1rements plann1ng
- Costs of an informal system
3) System Design
- Design criteria for d1fferent business env1ronments
- Bill of Material modularisation
- A]ternatwves in the treatment of optional -product-
feature data
4) System Impiementation and Use
- Analysis of implementation problems
- Master Production Schedule development and management
= QOperational aspects of MRP system use
5) Education _ |
- Curr1cu1a des1gn and teaching too]s

It is apparent from a review of the points raised, that many
topics could be analysed with the help of a’'simulation model.

A specific company model‘WOu1d, as- a minimum, permit- concliusions
to be drawn'relating to the local application; a more general
model would provide valuable guidelines to the designers,
implementers and users of future MRP based business systems.

The survey relating to de11very performance was included
specifically to review measurement technigues., It can be con-
cluded, from the references.g1ven, that -the most widely used
measure, and the one most easily understood, is the proportion
of orders delivered on. or before time. This should, therefore,
be included as a prime method of measurement. However, since
‘the literature is critical of its ability to portray the profile |
of achieved deliveries, a secondary measure such as average
lateness should also be considered.
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RESEARCH METHODOLOGY

PROBLEM APPROACH

The Problem Definition states that the production system will be
analysed by'meanS'of computer simulation téthniqués to provide in-
formation which will assist in arriving at a stock distribution
decision. | S ' |

The research:phaseé were'dériVed‘djrectly from this definition
according to the following logic: o

Phase 1 Further definition of the Production System to provide

' a framework for the development of the model.

Phase 2 Acquisition of data defining the system variables.
~ Phase 3 Detailed design of the simulation model, including

, the choice of simulation language and model validation,
Phase 4  Design of the simulation experiments and the subsequent
execution of each experimeht.
Phase 5 Analysis of.expefimenta1 results,

Each phase was conducted substantially in the sequence described,
except for the data acquisition task which, due to the extended
timescales involved, was undertaken in para11e1 with the model
design activity.

THE PRODUCTION SYSTEM

The Production System is defined here as the integrated planning and

~execution activities. The planning activities have been described in
the development of production control systems (Sect, 1.2.5.), which

embrace also some of the execution activities associated with the

~ physical goods flow. A more detailed explanation of the goods flow .

is described within the problem definition (Sect. 1.3.) indicating
both the flow of material between formal stocking points and the
strategic role of each stock point.

The two concepts can be combined in a single representative model,
which links the planning {information activities) with the execution
(goods movement) activities. This general model is shown below in
Fig. 3.1, |
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The model has been simplified by treating the production process as
one level only, thus ignoring at this stage the intermediate work

in progress and stock points between the component and commercial
stock points., Excluding the'intermedﬁate’leve]s does not detract from

‘the logic whiist enhancing the clarity of the model.

The p1anning activities start with the_pféparation of the Commercial
Plan, which describes the- expected deliveries ‘to customers from
- commercial stock and-the. resultant stock. repienlshment plan. The

Production Plan describes the planned product10n rate through work

~in progress which-will service the Commerc1al P]an and maintain the

desired level of commercial stock. The interface between the

" Commercial and Production Plans is the point of reconciltiation bet-

ween the requirements of the commercial activity and the capability
of the production- activity. The term reconciliation implies the
métching_df the two sets of information and any conseguential feed-
back and adjustment of either plan,

The Production Plan defines the resoﬁrces required to service the
required activity level including labour, machines and material.
The Material Plan is derived from the Production Plan but requires

~reconciliation with any expected supply constraints and compensates

for any differences. between the actual and required levels of com:
ponent stock. The Procurement Plan is the mechanism for creating

the schedules which request material deliveries from the supplier,
taking account of items in the receiving department prior to registra-

“tion into stock.

The supplier schedule is the prime 1ink between the planning and
execution activities, since it controls the subsequent delivery of
material to the receiving department.

The execution activities which define the goods flow operate in’
‘the reverse sequence to the planning activities, Material received
from supp1ier5'is-regf5tered into the receiving department prior

to verification and movement into component stock. Components are
subsequently moved into work in progress according to the Production
Plan and completed products are registered into commercial stock for
sale-and despatch fto the customer,
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The Production System cannot be fully described without defining the
timing of activities. The timing-app}icable to the process described
in the present system (Sect. 1.2.5.) is as follows:

Quarterly

Prepare new Orders Received Forecast

Prepare Commercial Plan

Prepare Production Plan - _
- Generate Mater1a1 -and Procurement PTan

Monthly _
Monitor actual activity against plans

Monitor stock levels against targets
Adjust plans as necessary.

Weekly

- Determine customer order requirements
. Determine stock replenishment requirements
~ Establish manufacturing orders

Continuous

Receive customer orders

Receive material from'supp1iers
Re1ease]manufacturing orders

Register goods movements

deliveries of products to customers

receipts of goods from manufacturing

issue of material to manufacturing

transfer of material from receiving to stock
receipt of material to receiving.

Timing in the context of both the model and the actual production
system has two meanings; it determines the frequency with which
each activity is executed and it defines the absolute time that
information is derived for the purpose of comparison or reconcili-
ation {also known as "cut-off" times at the end of each discrete

period},
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The core of the planning activity is the "Equipment Quarterly Plan®,
This process logically embraces both the Commercial and Production
Plans, thus ensuring a total reconci]iation. The Equipment Quarterily
Plan includes four separate time phased pians, each of wh1ch is linked
‘through a series of relationships, The plans comprise:

the. orders received forecasts |

the 'delivery plan (or "pfoduction to the allocated" from stock
or work in progress)

the manufacturing plan (or "off-1ine plan")

1

the material plan (or "on-Tine plan"),

-The orders received forecast is prepared in quarterly increments by
projecting the previous twelve months of actual orders received in-
formation, The trend forecast so derived may be modified to refiect
changes in market conditions or specific large order'opportunities.

Each product plan is :manually derived according to the format shown

in Fig.'3.2. Plan gquantities are aggregated and calculated in
quarterly (13 week) values.

- B/F Q1 Q2 Q6

Orders carried forward | 0cF@ | ocF1 | ocr2 |} |} ocFs
Current order load coLg | coL1{ coL2 COL6
Orders received forecast NN ORF1 | ORF2 ORF6
Production to be allocated Ny PAT | PA2 PAG
Finished equipment stock FES@ | FEST | FES2 FES6

0ff-1ine plan RN OFP1 | OFP2 OFP6

Work in progress WIPG | WIPY | WIP2 WIPH
On-Tine plan RN NP1 | onp2 ONP6

Fig. 3.2. - Equipment Quarterly Plan
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The values carried forward are the quantities valid at the time

of reconciliation (i.e. the end of the prior quarterly period).

The orders carried forward at the cut-off time is the sum of the
current order load for all future periods including any outstanding
customer.orders from the previous period"(overdue orders).

 The relat1onsh1ps which T1nk each p]an where “q" is the quarter

T 'number, are

IOCF(qsl) + ORF(q) ? PA(q)'

~é)'0CF(q) =
b) FES(g) = ~FES(q-1) + OFP{q) - PA(q)
g) = WIP(g-1) + ONP(q) - OFP(q)

¢) WIP(

The final definition of the plan is achieved by the application of
rules, which describe constraints within which the plan must be
prepared, |

(1) The stock is p?énned to be at a level of one half of the
maximum authorised.
(ii) The work in progress is planned to be equivalent to two weeks
worth of production output,
(ii1) The’de]ivery plan, or production to be allocated, cannot be _
~ " less than the current order load for the period.
(iv) The current order load for the opening period cannot fall
below six weeks worth of de11very p1an. _
(v) Changes to the'previous material plan must conform to pre-
defined rules, o

For examp?e- .

If ONP(3) < 50 then 0NP(4) ONP(3) x 5

If 50 < ONP(3) < 250 then ONP(4) < ONP(3) x 2
If ONP(3) > 250 then ONP(4) < ONP(3) x 1.5

(vf} Changes in the manufacturing plan must comply with the rules
governing the ability to increase or decrease the direct labour
requirement, ' |
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When the Equipment Quarterly Plan is-finalised it becomes the basis
~for two depehdent plans; the weekly delivery -plan and the weekly
off-line.plan, ‘Both are extensions of the quarterly va1ues, using.

- simple ru]es to determ1ne whether the rate is continuous or in
discrete mu7t1p1e batches each per1od "The week1y deluvery plan 4s

'r-fsubsequently used. as the base for order” Tloading, and the weekly off«
-311ne p]an provides .the. master plan for ‘the material planning calcu- - -

Tation in addmtxon to contro?11ng the re1ease of - manufactur1ng
rorders. '

‘The requirements ca]cu1étion-f0116ws Matéria]_Requirements Planning

Togic as deScribed'in'the standard;texts, with the exception that the

open manufacturihg orders are not time phased. Thus, the existing

system may onIy'be regarded as a tool for'material'planning and does -~

not of fer any assistance to manufacturing in the task of priofity
“maintenance through the re-scheduling of manufacturing orders.

The plan for sub-assembly manufacture is relatively decoupled from
~the main_requirements_pTanning'1ogic. Nett requirements are derived
from the requirements calculation, 'these subsequently being extended -
by applying economic batching criteria to arrwve at a sub-assembly
weekly programme.

The nett requirements at component level are passed to the Purchasing
and Scheduling sub-systems, where two activities'are_undertaken.
Proposals are prepared for the placement of purchase orders, by
‘aggregating the gross requiremeht over the purchase lead time nett
of the outstanding order balance., The buyer is then able to review
the recommendations and select the appropriate supplier before con-
ffirming'the purchase order. Supplier schedules, which identify the
discrete material - call-off within the open purchase'prder, are pre-
pared from the nétt-éomponent requirements within the constraints

imposed by the schedule response time (i.e. the time required by the'

supplier to respond -to a requested change in schedule).

The activities undertaken each month are limited to monitoring

and review of the two prime plans; delivery and off-line. The deli-
very blan may be modified to accommodate variances of order intake

to the original forecast, the result of which is either a change

in de1iVery period or finiéhed equipment stock, Changes in off-line
plan may be required to recover a failure to achieve p]anned output
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" in a prior period or to 1imit the investment in assembled inventory.

In addition to the equipment plans, each sub-assembly programme is
reviewed each month to correct any unplanned change in sub- assemb]y
~stock level.

. The Qh1y-weék]y schedu1ed=activity'is thé.preparation of manufactur-

‘-_ ing‘Ordersjéccordihg;to'the~w¢ek1y[p1aﬁs.;SUbéassemb1y orders are
.prepared and released strictly as-defined by the sub-assembly
'_programme; D S S

ZEqu1pment orders are: prepared accord1ng to. the week]y equ1pment pro- :
‘gramme, however, the detailed. content of each ‘order must include a
“definition of ‘each customer -and stock rep1en1shment requirement. The
inclusion of customer or stock orders depends upon the mode of manu-
fécture, which may be make to order only, make to stock only, or

mixed production. The inclusion of customer orders in mixed production
mode is within a pre-defined forward horizon,-since customer orders
may not be delivered substantially before the promised due date.
Under-utilisation of the manufacturing order is made up with a stock
‘order of the.mOSt suitable'yariety. ' |

- A11 other act1v1t1es may be considered cont1nuous, ‘'since they do not
conform to any pre-defined t1m1ng. Such act1v1t1es are norma]]y
termed transact1ons, and include:

a) the receipt of customer orders;

b) the 1oading'of customer orders against the delivery plan;
¢) the receipt of material into receiving;

d) transfer of materiaT from receivihg_to stock;
~e) issue of materiaigtd manufacturing; _

f) receipt of sub-assemblies and products to stock;

.g) transfer of products from stock or assembly to test;

h) transfer of products to despatch function;

i) despatch of customer orders;
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Customerstypicel1yorder a mix of products for simu1taneous deTiVery-
as part of a communication "scheme®. The orders are received into a
processing pipeline where technical and commercial audits are per-

- formed prior'to-assigning the delivery date. In describing the
production system, the customer order prof11e is an essential factor:
1nf1uenc1ng the total system performance The relationship. between
-the production view of. the customer -and the - customer order may be
described as- shown in F1g. 3 3.

=
~ CUSTOMERS =7 L)

/N Item 1... )
Tl |item 2.4 :>@@
ORDERS |||=">{1tem 3... Item 1.4 —

!

-~ Number -of Number of .~ Which product How many

. - orders/week? order lines?  type? ‘products?

Fig. 3.3. - Customer Order Definition

The establishment of a‘delivery date,.a1éo termed order loading,

is performed by matching the product requirement with the capacity
“available for sale derived from the delivery plan, The order may

be classified as a "part shipment permissible" order, or a “no part
~shipment" order. For the "no part shipment" case, all items have to
be delivered together and will thus be assembled in the despatch _
warehouse prior to delivery. To minimise the investment in inventory,
each comprising product should have the same. factory due date. Part
shipment orders may be delivered in batches, although in many
instances certain groupings of products or delivery priorities are _
‘requested by the eustomer to facilitate his installation programme.
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Material received from suppliers is conﬁrolied primarily by the
delivery sChedu1e, which establishes the requested (and usually
acknowledged) delivery date. Variations from the schedu]e date,
which is a fixed calendar date ‘in each month, will occur due to:

- the normal time spread considered by the supplier to be
acceptable. 1
.= the -degree of expediting performed on the component
- the stability of the released schedules )
- the intekna]rpbntrol'procedures exercised by the supplier

- variability in shipping.tjmes,-espec1a11y on imported goods
- other random elements associated with the supplier (e.g. total

arrears, strikes)

This process may be demonstrated by reference to Fig. 3.4.

Q1 | Q2] Q3| q4 | a5 ™1 VARIANCE pj—~———== RECEIVING

: _ EXPEDITE

'Fig; 3.4. - Receiving Process

Two de]ivery=profi]es are apparent; the first representing the unex-
- pedited mode and the second in an expedite mode.

The profile will have the form as shown in Fig. 3.5. where the
probability density function is influenced by each of the above

-mentioned factors,

RELATIVE - f DUE DATE
PROBABILITY
' |
[
!
I
i
1
A
LEAD TIME
Fig. 3.5. - Representative Receipt Profile



- B4 -

The effect of expediting may change both the mode and the shape of the
profile, the probability density function being influenced by factors
describing the "success of. expedition® in addition to the previously
described factors. '

Items registered into receiving are checked to ensure'that.the
correct parts have been received, that the receipt conforms to the
delivery schedule, the quantity advised is correct and that the
quality is acceptable}‘Qua1ity_checks are‘to'prefdefined Acceptable
Quality Levels (AQL) using sampling techniques.-Norma]]y, unless
there is-a critical production hold, a reject sample will cause the
" rejection of the complete batch. Items in receiving are shown in the
computer files as "pending inSpectioh".

The probability that an item will pass inspection is dependent upon
two‘factors: the‘probability that a reject exists, and the proportion
. found faulty given that a reject has been detected.

 Material accepted into stock is located and registered into a pre-
assigned stock Tocation, with bulk items being randomly located,
The stock receipt updates the physical stock balance on the customer
files.

Preparation of a manufacturing order, also called a material issue,
will cause the component parts to be allocated in the computer

- stock files, If the required service level can be achieved, a pick-
ing list is prepared identifying the comprising components. When all
items have been picked and -assembled for production, the picking list
is returned to the computer to cancel the allocation and downdate

the physical stock balance.

Completed sub-assemblies are returned to stock and the stock files
are updated, These .items are then available for re-issue,

Products made for stock are onily partially completed and'tested, to
aveid an excess of duplicated tasks, Stock products are subsequently
allocated to customer orders and passed to the test department for
completion, Products assembled to customer order pass directly’
from the assembly to the test department.
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Fach work in progress department may be described as shown in
Fig. 3.6, ' '

TO STOCK/

-  QUELE PROCESS
FROM STORES TEST

TIME 1 TIME

N

REPROCESS
. ?

REPROCESS
CTIME

Fig. 3.6. - Manufacturing Process

The queue represents the independent manufacturing facility; for sub-
assemblies all types may be considered to share the same facilities,
‘but different products do not share common facilities. Sub-assemblies
are produced for stock only, whilst products are manufactured either
to customer order or stock. The queues will therefore be described
~differently as shown -in Fig., 3.7.

SUB-ASSEMBLY “PRODUCT
' S

Item OQuantity Product R

A 10 Customer Qty

B 30 X -5

C - 40 ¥ 3

- - Stock 10
Fig. 3.7. - Manufacturing Queues

The process time is a fixed minimum time required to manufacture
each product, including preparation and move times. The reprocess
activity represents the quality audit which may result in further
time required to correct a detected fault.
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The process descr1bed is: app11cab1e to both assembly and test
operations.

Tested products are moved to the despatch department on completion

where they are marshalled pending a despatch decision. If the
customer order has achieved the part delivery criteria, the order
(or part order) is despatched.

DATA ACQUISITION -

:Introduction

The model is required to simulate as'faithfu11y'as possible the real

~world, and yet be sﬁmpie enough to draw both gquantitative and gquali-
‘tative conclusions about the behaviour of the business system. This

implies that the data, in particular the. characteristics of the
probability density functions resident in the model, must be repre-
sentative of the real world in profile, although not necessary in
scale.

The data may be classified as describing the product, the customer
(or orders), the supplier or the manufactur1ng process.

Product Definition

‘The requirement in terms of product definition is to represent the

essential characteristics and yet retain a high degree of control
over the operation of'the model.. Background to the development of the
product definition profi]é_was'provided by an analysis conducted
by‘the_author and the Information Systems Manager in preparation for
a survey of Manufacturing Systems in the U.S.A. (Crowcroft and
Laurence, 1978). ' '

The results were subsequently published in the Manufacturing Control
System Feasibility-Study (Crowcroft:and'Laurence, 1979), the relevant
statistics as at September 1979 being as follows:

Number of End Products

The company define their products by divisions as follows:




A tota] of'354 prodUcts is available for sale, of which 160 are variant

3.3.2.2.

3.3.2.3.

3.3.2.4.
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Fixed Equipment (73), High Frequency-Equipment (74), Kits (75),
Link Equipments (76), Mobiles (78), Pagers (79), Portables (80),
Sundries (83). ‘ | _ o

A Targe number of variants.are possible within each product type,
for example: channel spacing, frequency, channe1 capacity, m1crophone, _

handset, front mount1ng, boot mounting, hand held, body worn, etc. Can

A seventeen digit code defines the spec1f1c comb1nat1on of options

“for- each equ1pment. o _ Co - o . ' 5

conscious. The remainder are anc111ar1es (e.q. battery chargers) or -
standard merchandise. ' '

Item Master File Records

The Item Master File contains 35,236 records, classified as follows:

Purchased items . : 21,341
Purchased items with free issue 1,298
Made-in  items 12,597

| | 35,236

_Bi11s'of Material

The Product Structure File comprises 175,800 structure records, The
structures are essentially.engineering bills of material with

-facilities to determine stores issuing'characteristics examples
'be1ng “do.not allocate, breakdown further, bulk 1tems, advance

'ISSUE-

The average structure depth is 7, with a maximum capacity in the
system of 14, : o

Items per end Product
The number of items in a typical product (M201) is 1846. This number

comprises 544 different part numbers, of which 91 are made-in _
assemblies, 4 are free issue assemblies and 449 are purchased parts. -
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o 3,3.2.5. Discussidn

The volume of data present in the real world is far too complex for
meaningful analyses to be made. The data base used by the model has
to be sufficiently manageable to demonstrate control over each item
and must be repfesentative of ‘the various conditions.ehcountered.'This
_w111_inc1ude=mu1tip1e-structure'}eve]s,'a-mix‘of_common and unique i
_ parts,;tfansient'(or'non?stocked) assemb1ies:and a range of unit |
* values. The final strUcture_of the model data-base, as described in
Section 3;4;5.2., was_therefore to include four-?ina1'produtts, three
of which.contain a ‘high degree of commona]ity.~Each product or assemm- - |
bly may compfise up to five components. Six sub-assemblies are used,
one “of which 1s.a trénsiént item. A tdtallof“thirteen_purchaSed parts
‘are incorporated into the structure. The format of . the data base and
the. structures selected offer a wide variety of combinations of unique
and common {tems to enable in depth analyses to be conducted. Dupli-
- cation of item types has been kept to a minimum to avoid redundancy
and over-complication. |

-3.3.3. Customer Data

Information describing the ordering pattern_and the structure of the
~customer order has been drawn from a number of independent sources.-
Each source is described further with a summary of conclusions.

3.3.3.1. Commercial Order Servicing (COS) System

The company has been active for a number of years in the definition
and developmént-df an order processing system. Part of the process
of developing a Technical Specification was the establishment of
business volumes as a means of defining file sizes and operating

. costs.

The study, which was conducted over a period of time between Tate
1979 and early 1980, was in three phases. The first phase comprised
the detailed. analysis of a full week's worth of customer orders

in the Order Processing Department forla number of independent weeks,
selected to represent & variety of business activity levels, The
~results of each survey were then consolidated and further verified in
the second phase by the systems analysts by means of random samples.-
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The final phase was to verify the results and add new. parameters,
again from observation of representative periods of activity. The
| _ final results are published in the Customer Order Servicing System
‘ » Technical Specification, dated November 1980, the relevant extracts

’ _ being: |
_ , | ‘
- Total number of .orders. per annum 7500 - 8500
- Average lines per order 3.75

- Total orders on file at.any time 15000 - 8000
2 3.3.3.2, Manufacturing'Contro1 System (MCS) ' -

The Feasibility.Study,for‘the Manufacturing Control System contains |
a Company Profile, based on observations taken by systems develop-

ment staff over the period August/September 1979, Statistics
re1ating:to customer order profiies have been extracted as follows:

- Total number of orders per annum - 7200 | |
- Ratio of home/export orders . 4 :1 . |
.~ Number of item Tines per order
1 item - B0%
1 - 3 items 80%
1 -6 items 92% _
- Proportion.of part-shipment orders 25%
- Number of Radio Systems orders (in |
addition to Standard Products above) 590
- Order amendments |
.~ total {of standard_produtts orders) 41%

- affecting manufacturing - 28% ‘
- affécting-de]ivery (total). : 8%
- affecting delivery (in manufacturing) 2% ‘

radio systems. 88% |
3.3.3.3. Research Results

A research project was conducted by Skelton (1977) with the
objectives:

a) To record and analyse the orders received by the Company, as
far as sales history allows, '
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b) To identify the salient features of orders received with a

_ view.to creating a general image of the custamer.

c) To identify patterns and distributions of. demand for the
Company's-pkoducts, which may be used to‘mode1 demand in a
digital computer simulation.

The results of the 1nvest1gat1on are the most comprehens1ve stat1st1cs
ava11ab1e and are suffwc1ent1y r1gorous in their analysis to

provide a su1tab1e base for quantified Customer Data. The relevant
factors have been extracted for further comment.’ |

3.3.3.3.7, Weekly Order Intake

The weekly order intake rate for the years 1973 to 1977 is shown
in Table 3.1., with an extrapolation of the annual rate. |

YEAR WEEKLY MEAN INPUT RATE =~ ANNUALISED RATE

1973 181 9412
1978 24 6448
1975 126 6552
1976 192 . - -9984
1977 209 - 10868

43264

‘Table '3.1. - Weekly Order Input Rate

The mean annualised rate‘ovef'fivéfyears is 8652 orders per'annum;
'3.3.3.3.2. Number of -Amendments

The ratio of amendments to orders was observed for the period

January 1976 to May 1977, 1nd1cat1ng that 34% of orders are subject

to amendment

3.3.3.3.3. Order Intake Distribufion_

The distribution of orders per week was recorded as shown in
Table 3.2.
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YEAR  QUANTITY OF  INTERVAL  FREQUENCY OF  f.y  (y-y)  f(y-y)?

ORDERS VALUE {y) OCCURANCE (T)

1973 70 - 89 80 1 80 -100.4 10080.,2
, 90 - 109 100 } 00 - 80.4 6464.2
| 110 - 129 120 3 360 - 60.4 10944.5
i 130 ~ 149 140 5 700 - 40.4 8160.8

150 « 169 160 8 1280 - 20.4 3329.3
170 - 189 180 9 1620 - 0.4 1.4
190 -~ 209 200 15 3000 19.6 5762.4
210 - 229 ' 220 6 1320 39.6 9409.0
230 -~ 249 240 2 480 59,6 7104.3
250 -~ 269 260 1 260 79.6 6336.2
9200 67592.3
Summary for year: no=180.4 o= 36.4 %= 0.20
1974 70- 89 80 1 80 - 46,4  2153.0
“90 - 109 100 3 300 -~ 26.4 2090.9
110 - 129 120 n 1320 -~ 6.4 450,6
130 -~ 149 140 7 980 13.6 1294.7
150 - 169 160 3 480 . 33,6 3386.9
| | | 360 . 9376.)
' Summary for year: B= 126,4 o= 19.4 g: 0,15
975 70~ 8 . 80 2 160 - 48.4  4685.1
- 80 - 109 100 9 900 - 2B.4 7258.0
110 - 129 120 17 2060 - 8.4 1199.,5
130 -~ 149 140 13 1820 11.6 1749.3
150 - 169 160 7 1120 31.6 £989.9
170 - 189 180 1 180 51.6 2662.,6
190 ~ 209 . 200 1 200 71.6 5126.6
642 ‘ 29672.0
Summary for year: o= 128.4 o= 24,4 -E= 0.19
1976 70 - 89 80 1 80 -104.6  10941.2
a0 - 109 100 ] 0 - B4.6 0.0
110 - 129 120 1 120 -. 64,6 4173.2
130 - 148 : 140 4 560 - 44,6 7956.6
150 - 169 160 6 960 -~ 24.6 3631.0
170 - 189 180 19 "3420 0 - 4.6 402.0
. 190 - 209 200 10 2000 15.4 2371.6
210 - 229 220 9 1980 35.4 11278.4
230 - 249 240 2 480 - 55.4 6138.3
9600 46892.3
Summary for year: N= 184:6 o= 30,0 £¥= 0:16
*0n1y 6 months data available for 1974
Table 3.2. - Distribution of Number of Orders Received/
Week :




3.3.3.3.4, Items per Order
The number of item lines per order was recorded by month for the
“period September 1973 to March 1977. This was summarised in the
frequency h1stogram shown in Fig. 3.8.
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Fig..3.8. -~ Number of Items per Order

3.3.3,3.5. Order Quantity Distribution

Distributions of item order qdantities were recorded for a variety of

- product types. Six products have been selected, based on a mix of

home market (MFGAM, M201, WI5AMDS) and export based (MF25FM, MF5FMDS,
W15FMDS) products. These are shown in Table 3.3, which also indicates
the total number of occurrencesof each item quantity for the six pro-
ducts and the relative frequency of each quantity.

The profile has been simplified for subsequent analysis by the selec-

tion of nominal values to represent a range of order quantities. For
example the order quantity range 4 to 7 has a weighted value of

(4 x 6,57 +5x4.77 +6 x 5,30 + 7 x 1,97) / 18.61 or 5.1, The nomi-
nal value has thus been selected as 5.

A histogram based on the nominal values is shown in Fig. 3.9.
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ORDER PRODUCT /FREQUENCY RELATIVE| o, {PROPM,
| oqry.  EFZSFM[RFERTOS MFOAN[TZ01 [W1SFFDS [M15ANDS| TOTAL|FREQ.E | VALUE] %
i 1 M7 { 175 | 303 | 268] 260 | 1161 2284| 31,92 1] 31,92
2 . 86 51 | 167 {141 118 530 1093 15,27 2 | 23.58
[ 3 33 66 | 12 | 62{ 42 280 595 8,31 |
| 4 31 34 74| 57| 45 229 470|  6.57
5 27 | 37 | 49| 52| 29 147 | 38 4.7 5 | 18.61
6 32 29 67 | 60} 36 155 379|  5.30
7 8 16 271 18] 17 55 | 1,97
8 13 15 211 171 19 50 135 1.89 1
9 5 7 121 N N 31 771 1.08
10 - 35 24 34 | 311 57 103 2841 3,971 10} 12.59
M- -15F 35| 35 | 63] 46 63 | 152 |  404| 5.65{ |
16- 20) 20{ 20 | 26| 40{ 40 | 7 252 3.52
21- 25§ 24 22 19] 241 16 48 53|  2.14
26~ 30| 16 14 91 13} 15 28 95| 1.33 | 25| 8.6
31- 35 7 10 9] 10 3 9 481  0.67
36- 40 7.1 19 3{ 10| 6 23 68 0.95
- 45) 4 10 2 8 3 8 351 0.49
46- 50 28 13 64 10| 14 16 87| .22
51- 60 7 2 9 2 14 37| o.521 50 | 2.86
61- 70) 4 0 0 6 6| 0.22
71- 80 5 2 5 6 23| 0.4 ;
81- 90 1 1 0! 12 2 0 6F 0,22 | 4
91- 100§ 14| 14 0 W 8 3 56| 0,78 | 100 | 1.85
101- 200 4 8 3] N 9 4 39 0.54
201~ 300 2 4 0 1 1 1 9| 0.13
301- 400 2 1 0 0 0 1 4| 0.06
401~ 500 0 0 0 0 0 "0 0 -
501~ 600 2 1 0 0 1 0 4| o0.06 | -
601~ 700 0 0o |0 1 1 0 2| o0.03
| 701- 800 1 0 0 0 0 0 1| 0.0
Dl so1-900] o 0 of of o 0 o] -
. 901-1000 | - 1 0 0 0 0 0 1| 0.01
1 1001 + 0 ] o| of o 0 1| 0.0
] <=7156
Weighted Quantity = 8.418
Table 3.3. =~ Order Quantity Distribution
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Fig, 3.9, =~ Order Quantity Distribution

3.3.3.4, Other Sources
3.3.3.4.1, Product Popularity

The relative volume of orders received for each produtt is
published internally by the Marketing Services Department in the |
form of a "Top 30" profile., The statistics relating to the years |
1973, 1974 and 1978 have been reproduced in Table 3.4, for comparison.

|
Statistics are also maintained for the volume of main unit sales, |
the appropriate values being: :

1973 66264
1974 62967
1978 53688

1t should be noted that the "Top 30" products include certain items
that would not be classified as “main units",




1973 1974 : 1978 TOTAL
gy .

RANK PRODUCT qQTy % OF EST.T0OT.| PRODUCT QTy % OF EST.TOTJ PRODUCT |- QTY % OF EST,TCT.| QTY % OF EST.TOTJ % CUM
1 1 WIBANDS 9753 11.5 WISAMDS 8131 10.8 MF 6AM 10106 15.5 27999 12.4 12.4
2 | MFSFVD 8117 9.5 MFBFM 5228 7.0 M201 5738 8.8 16083 8.5 20.9
3 [1F25THM 7940 9,3 WI5FMD 4840 6.5 MF25FM - 4528 7.0 17308 7.7 28.6
4 11EFD 359 6.3 MF25FM 3176 4,2 MF5FM 3273 5.0 11808 5.2 33.8
5 1 W304AM 3277 3.8 M201 2738 3.7 AZCO 2017 3.1 8032 3.6 37.4
6 { PGTAM 3002 3.5 PFZUB 2673 3.6 VR200 1632 2.5 7307 3.2 40.6
7 1 PF2ANB 2663 3.1 PGIAM 2587 - 3.4 MHT 1533 2.4 6777 3.0 43,6
8 | MFBAM 2359 2.8 W30AM 2367 3.2 Me202 1332 2.0 6058 2.7 . 45,3
9 | MF5U 2107 2.5 MFEU ‘ 2347 3.1 M206 1283 2.0 5737 2.5 43.8

10 { FF2/3FMB 2012 2.4 PC1 2081 2.8 PF2AMB 1265 1.9 5358 2.4 51.2

1% {PFEUH 1956 2.3 MF 5AM 2077 2.8 PC1Y 1251 1.9 5294 2.4 53.6

12 1 WI5AMB 1922 2.3 PF2AMB 1702 2.3 PF2UB 1226 1.9 4850 2.2 55.8

13 | praue 1626 1.9 PF2FMB 1681 2.2 PGIAM 1043 1.6 4350 1.9 57.7

14 | PF2/3FMH 1405 1.7 Mz201 1554 2.1 BC10A 1024 1.6 3084 1.8 59.5

15 | T30AM 1375 1.6 PGIFM 1480 . 2.0 P5002 . 3005 1.6 386l 1.7 61.2

16 {R17AM 13317 1.6 PF5UH 1420 1.9 PFOT 972 1.5 3723 7.7 62.9

17 1SSB130M 1101 1.3 WISAMB 1409 1.9 FSC5 - 946 1.5 3456 1.5 64.4

18 | PF2uUB2e 1036 1.3 SSBI3OM |* 1348 1.8 PESR 943 1.4 3377 . 1.5 £5.9

19 | FFIR 1021 1.2 TI0AM 1265 1.7 SSB130M C 931 1.4 3217 1.4 67.3

20 | PFIT 1004 1.2 WesFM 1001 1.3 ATC0457 900 1.4 2505 1.3 68.6

21 1 T30 973 1.1 PFIR 997 1.3 WISUBL 899 1.4 2868 1.3 69.9
- 22 {W15FMB 937 1.1 PFIT 876 1.3 MFE5U 892 1.4 2805 1.2 7i1.1

23 |W25FVB 934 1.1 PFZUB2e 968 1.3 PF8 885 1.4 2785 1.2 72.3

24 tPFSUH2e 784 0.9 RI7FM 950 1.3 ATO0245 850 1.3 2604 1.2 73.5

25 [R78M 771 0.9 T30FM 922 - 1.2 ATQ0249 860 1.3 2553 1.1 74,6

26 [R18FM 744 0.9 PF2FMH 881 1.2

27 {W15/20U 711 0.8 R18FM 834 1.1

28 | PF2UH 631 0.7 R412 831 1.1

25 |RBAM 625 0.7 Ta12 821 .. 1.1

20 §PFEUH 610 0.7 PF2EMBAA 800 1.1

Sub-total 68147 80.0 60089 80.3 47348 72,9 168094 74.6 74.6

Assumed - 0 '

B aetion | & 80% b o7su

Approx. : : .

Total 35000 75000 65000

Table 3.4, - Product Popularity
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Discussion

The various surveys. conducted have taken place at different points of

time and with significantly different depths of analysis. The research

conducted by Skelton is the most formal and detailed; and has there-
fore been taken as a prime source. The remaining studies have been

used to corroborate findings rather than establish the base statistics.

Number of Qrders

The total order input rate is shown by Skelton to vary from 6448 per

annum to 10868 per annum over the period 1973 - 1977, with a mean

- of 8650 orders per annum. This compares with the Commercial Order

3.3.3.5.2,

Servicing'survey'in 1979 of 7500 - 8500 per annum, and the Manufactur-

ing Control System Survey, also in 1979, of 7790 {including Radio

Systems). The latter two results are compatibie and compare favourably -

‘with the research results, taking. consideration of the different points

in time and the observed business cycles., The value is well within
the 1imits observed over the period 1873-1977. It seems reasonable

- to assume thét, with a constant business volume and no change in the

cdstomer'buying habit, a rate of around 8500 orders per annum is

typical,

Order Intake Distribution

The profile of order intake per week is shown in Table 3.2. This
has been further analysed to derive the variability of the number of

~ orders around the expected value,

For the four years shown, the following parameters have been derived.

YEAR MEAN RATE/ STANDARD DEVIATION  VARIANCE  CO-EFFICIENT OF

= sl (0;2)  RIRTEH(]
1973 180.4 36.4 1325.3 0.20
1974  126.4 | 19.4 375.0 0.15
1975 128.4 24.4 593.4 0.19
1976  184.6 30.0 901.8 0.16
Total |

155.0 28,3  3195,5 0.18

Period
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Thus, the co-efficient of varialion of the order input rate approximates
to 0.18 for the total period observed.

4

Number of Item Lines per Order

The number of item lines per order shows some inconsistency between.

surveys. The average number of lines suggested by the Commercial

Order Servicing Survey is-3.75, The ‘Manufacturing Control System
Survey does not quote an average, but this may be.derived approx1mate1y-
from the statistics: quoted Extending the given data.

Proportion of orders with

1 jtem : 50%
2 - 3 items _ 30%
4 - 6 items - 12%
>6 items 8%

Taking the minimum point, where greater than 6 is defined as equal
to 7, and assuming that the weighting is even for each interval, the
number of items, N is at least

= (1 x 0.5) + (2.5 x 0.3) + (5 x 0.12) + (7 x 0.08)
= 2.4

The data obtained by Skelton summarises all orders received for the
period 1973 - 1977 and provides a full profile by absolute number
of items.. The mean number of items is given by

= (1.x .503) + (2:x ,184) + {3 x ,13) + 4 x ,068) + (5 x .046)
+ (6 x ,028) + (7 x .02) + (8 x .012} + (9 x .008) + {10 x .00%)

The profile may be compared to the Manufacturing Control System Survey

by changing the values to the Manufacturlng Control System base as

follows:




~further consideration.

3.3.3'5I.4. ‘
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NO OF TTEMS MCS SURVEY - SKELTON ANALYSIS

1 0.50 - 0.503
2 -3 0.30 0.314
4 -6 0.12 0.142
> 6 0.08 0.041

1.00 1.000

The last two results are sufficiently close to consider the Skelton
analysis, which provides more detail, to be a reasonable profile for

Order Quantity

For the six products selected,:a similar pattern of quantity is
observed, with some minor differences based mainly on market type.

The amplitude modulated products (AM) are predominantiy sold in the
home market, where there is a tendency towards the support of small
customers requiring individual equipments, This is due to two factors;
the facility to lease products through an affiliated finance company,
and the market penetration provided by the regional sales offices,

'Frequency.moduTated_products (FM), which have a lower share of the

home market, are predominantly an export product and portray a

number of different market related characteristics. Firstly, the
export market is supported through agents and distributors rather

than direct sales, thus the ordering pattern as seen by the parent
company comprises a prdportion-of stock orders, often in "rounded"
quantities of 10, 50 or 1000. Secondly, the small customer is unlikely
to buy directly from the U.K., so many of the small orders will go

‘to the agent or distributor,

A further characteristic which may be observed is that, although
there is no distributor network in the home market, certain major
customers will tend to place regular orders for either new or
replacement schemes in large quantities, again often rounded to
convenient quahtities. The actual occurrence of discrete quantities
of 50, 100, 200, etc. is almost certainly higher than indicated,

" since many orders for large schemes with special customer engineering

content have a small number of products split from the main item
guantity for evaluation in the complete system test, thus showing an
apparent "non-preferred” quantity for the main item.
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Thus, a number of conclusions about the order quantity distribution
may be drawn.

a} Thedistributionis not continuous, poriraying a number of
"preferred" quantities. |

b} The distribution for each product type shows a high degree of |
cons1stency, although there is some distinction between home }
market and export products.

¢) The bias is towﬁrds small order. quantities,'with more than
half of the order items requ1r1ng a quant1ty of three or less ‘
products, :

3,3.3.5.5, Product Popularity

The raw data contained in Table 3.4, has been further analysed to
derive a representative profile for each product type. ‘

The proportion of total unit orders is difficult to define, since

- the definition of a product is not precise (e.g. ancillaries,
merchandise, sundries) ‘
~ some items in the catalogue are rarely ordered ‘
- - orders are received for special adaptations of products
(e.g. PF2FMBAA - 1974) -

The only statistics available for the number of units in total is |
for main units only, (i.e. transceivers, excluding ancillaries and
merchandise}. The values for the above periods are: ‘

1973 66264
1974 62967 1
1978 53668

‘A further volume of approximately 25% is the assumed value for the
balance of unit volume. Thus, the total volume has been estimated as: l

1973 85000
1974 75000
1978 65000
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‘ Using the above assumptions the proportion of each product hds been
estimated, and a sum for all three years has been derived. The

cumulative proportion of each rank position has also been derived
and displayed in Fig, 3.10,

s SR S
, Cumulat1ve %

100

24 2? ;SZ“QENO.;oﬁ Products

Fig. 3.10. - ‘Product Popularity Profile

|
1t should be noted that the reasonableness of the volume assumption has
minimal effect on the result since
a) a 100% error in the volume balance will have only a 20% effect
on each proportion,
b) the shape of the profile will not be changed.

An important diétinction at this stage is that product popularity has
been defined as total volume sales per product, rather than the proba-
bility of an item being ordered regardless of quantity.
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3.3.4. Supplier

3.3.4.1 L)

The supplier characteristics relate to the performance to specified
due dates, and their response to items returned for re-work. The~
statistics relating to supplier performance have been extracted from
studies conducted by Skelton (see Sect10n 1.1.) as: pairt of 'a parallel
research project. -

Delivery Timeliness‘Profije

Observation of a sample of dé1ivery batches suggested that some 60%
of deliveries of scheduled items could be identified against a
specific schedule batch and that a further 20% were part deliveries
against a specific batch. A further 14% of deliveries could be identi-
fied as eroding outstanding backlogs, or arrears, to schedule. The
full analysis is shown in Fig, 3.12, -

Delivery timeliness statistics have been recorded for those items
identifiable against schedule batches, amounting to 80% of all
scheduled items in the sample.'The results are summarised in the
histogram shown in Fig. 3.11.
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Fig. 3,11. =~ Delivery Timeliness Profile




Total Sample
|

Scheduled Items "Non-scheduled Items.
(431) | (131)

79% 14%

- Deliveries which were Deliveries which were Excessive and

identifiable, by : identified as eroding advanced deliveries
quantity and timing, ° backlogs
with the schedule
requirements
75% 5% 79 21%
Delivery quantity | -~ Deliveries eroding Single delivery
meeting total ~ backlog require~ .of a large quan-
period requirements ments where pre- tity which
: : sent and future covers foreward
requirements exist requirements.
Delivery quantity | Deliveries erod- Spurious deli-
‘meeting part of ing backlogs very where no
period require- where no future schedule or
ments requirement backlog exists
exists in 6 schedule
periods.
60% 20% 10% | 3% 5% 2%
Fig. 3.12, . - Breakdown of Observed Deliveries

from Suppliers
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3.3.4.2. Shortage Duration

The duration of shortage batches was recorded as shown in Table 3.5.
~and has subsequently been displayed in histogram form in Fig. 3.13.
and 3.14,

The results indicate that, for the sample observed, 84% of shortage
“items were cleared within eight weeks of detection,

NUMBER OF WEEKS RELATIVE PROBABILITY OF SHORTAGE
- DURATIOR {n) FREQUENCY DURATION EXCEEDING n WEEKS

1 224 78%

2 15% 63%

3 17% 46%

4 12% 34%

5 9% 25%

6 3% 22%

7 3% 19%

8 3% 16%

Table 3,5. -  Shortage Duration Data
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3.3.4.3. Receiving Inspection Lot Rejection

The proportion of batches rejected in goods receiving due to quality

failure was recorded as in Table 3.6.
WEEK PART- TOTAL ~ ~ TOTAL " NO,OFBATCHES TOTAL RATIO (%)
T REJECTION REJECTION FAILED INSPECTED

5 0 51 51 989 5.1

6 0 47 47 1037 : 4.5

7 0 25 25 797 3.1

8 4 16 20 - 775 2.6

9 3 33 36 838 4,3

10 2 22 24 671 3.6

n 2 19 21 733 2.9

12 5 24 29 856 3.4

13 0 18 18 751 2.4
14 4 27 31 618 5.0

15 6 24 30 872 3.5

16 1 23 34 852 _ 4.0

17 8 13 21 670 3.1
18 3 21 24 800 2.7

19 2 23 25 479 5.2

20 5 27 32 828 3.9
21 0 40 40 855 4,7

22 0 10 10 618 1.6

23 5 14 19 509 3.7

24 1 26 21 _629 4.3

61 503 564 15277 3.7
Table 3.6. ~ 'Recéiving Inspection Lot Rejection

When presented in histogram form as in Fig. 3.15, the profile conforms
closely to a normal distribution with a mean of 3.7 and standard
deviation of 1.0. '
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Fig. 3.15, "~ Reject Batches

Further'analysis of the inspection history cards indicated a far |
lower reject rate on electrical components of 1.6%, suggesting that
mechanical parts, which tend to be supplied to company specification,
are subject to a far higher production of rejects.

3.3.4.4, Resupply Times

Batches which had been rejected back to suppliers had the re-supply
time monitored, The profile observed for a sample of 159 batches
was shown in Fig, 3.16.

By obsefvation, the profile may be approximated to a truncated
normal distribution with a mean of 6 and co-efficient of variation
of 0.3, over the range 0 - 12 weeks.




~ Fig, 3.16, - Re-supply Profile from Suppliers

3.3.4.5, Discussion

The data associated with reject proportionlcontains a mix of total
and part batches. The policy relating to incoming inspection is :
that any batchwhich is subject to sample inspection and is found
to contain evidence of poor quality is rejected in full., The part
batches indicated in the survéy are items which, because of their
critical nature, have had batches split to clear shortages and
keep production flowing. This is not an accepted company potlicy,
more a reflection of the real world attitude towards maintenance
of production output.
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3.4. SIMULATION MODEL

| 3.4.1. General Design

The objective in constructing a model which emulates the internal
operation of the company is to observe in detail the impact of
external factors on the business process -and draw conclusions
relating to policies, rules and procedures. This implies that the
model design should be sufficiently detailed that close comparisons
may-be drawn between the simulated and the real world. In the
extreme situation, the model becomes as complex and difficult to
analyse as the actual situation, in which case nothing is gained.
The model should, therefore,'be constructed to include all the primary
processes ‘involved in the business system but should be reduced in
scale. Such reduction in scale should still allow positive conclusions
to be drawn about the full scale process.

The model may be viewed as comprising three elements; planning
routines, execution routines and statistical outputs.

- The planning routines must be capable of representing the logic
and procedures of the existing systems. This includes the computer
facilities, the clerical prbcedures and the "human evaluation"
elements, Each activity or event within the planning cycle is time
dependent, in terms of the frequency of occurrence and the sequence
in relation to other activities. '

The core of the planning routines is the requirements planning logic
as described in the Material Support System. The model is required
to faithfully emulate this system, since any broad assumptions

about the logic may disguise characteristics which significantly
influence the total system behaviour,

The most complex paris of the planning process that must be defined
are those subject to human evaluation. In this case, the logical
thought process must be described and any existing policies or
rules stated in systems terms.
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The execution routines in the actual situation occur across a
continuous time frame. A major consideration in the model design is
to determine how this continuous process will be simulated. Three
different approaches are possible,

a)

Quasi-continuous

The model accepts and processes each transaction as if it were
received in real time. This choice is highly complex, since

_ account must be taken of the time to process each transaction,

the dependency between transactions and the ability to measure
the key parameters. The sampling profiles have to be stated

4n time rather than quantity format (i.e. inter-arrival times)

and such data is often difficult to acquire. A disadvantage

in computer modelling terms is that each programme will be
accessed so many times that a meaningful simulation experiment
may be impossible.

Smallest planning increment

The model processes blocks of transactions in batches rather
than discrete transactions with a periodicity equal to the
smallest planning increment (e.g. weék). Since the planning
process 1s also the decision making process, no impact on

system performance should result from bypassing a decision point,
Operéting'in batch mode assumes either no depéndence between
different transactions or, where dependence exists, transactions
can.be combined in a common batch, The two major advantages

of the smallest planning. increment approach is that system com-
plexity may be minimised and processing performance optimised}

Interim increment

A smaller time increment than the smaliest planning increment
(e.g. 1 day) is a further alternative. The model complexity is
simpler than the quasi~continuous since some form of batching
is performed, although some difficulty may still be experienced
due to the translation of sampling profiles into very small
time increments, The processing time to complete a similar
simulation experiment will be cons{defably greater than the
smallest time increment approach, although not necessary a
factor of the time ratios (e.g. 5:1 in the examples given)
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‘since not all events occur each period. The main advantage of an
interim approach is to obtain more knowledge of the system per-
formance as specific situations develop. This may, however,
imply far more detailed examination and emulation of the actual
processes than the smallest plahning increment option.

Taking account of the above factors and the specific objectives of
the simulation model, the decision was taken to design the model in
the smaliest p]ahning increment mode, This will result in the
greatest processing efficiency but should still allow the fundamental
problems to be addressed without'sacrifitihg;important‘détai1.

Statistical outputs should be in two forms. The first should provide
a specific set of results from each simulation experiment such that
the effect of changing system parameters may be quantified, The second
should allow the behaviour of the system to be observed over the span
of the experimental'timescale, in order to understand any abnormal
;onditions, cyclic effects or sub-system inter-actions.

A requirement of the model is that it should not only simulate the
present situation, but should also permit alternative procedures to
be evaluated. The model should, therefore, be constructed in logical
modules to enhance the ease of programming,'clarify the procedures and -
facilitate model vaiidation and testing. Comprehensive diagnostic
facilities are required both during initial system des1gn and 1in
Tater logic changes.

Computer Facilities

The choice of'computer facility upon which to develop and run the
simulation model was an important decision which significantly
influenced the design and effectiveness of the final solution. It is
apparent from the description of the business system that should be
simulated, that the required model will be complex and almost
certainly consume a Jarge amount of computer resource. These consi-
derations led to two important conclusions, Firsf?y, the facilities
should be conven1ent to use with a fast turn round of submitted jobs,
so that the model could be developed in an effective manner, Secondly,
the computer facilities should be inexpensive, since.the development
and execution of a large scale simulation model can potentially con-
sume massive quantities of computer resource.
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The choice, in practical terms, was three way.

(i) Use the local Loughborough University fac1]1t1es,
(ii) Use the larger Manchester University facilities which are
compatible with Loughborough, for executjon but develop -
7 as much" as possible locally;
(iii) Choose a Targer, more efficient, installation, such as
Cambridge University, but forfeit the convenience and
support of the local facilities.

Preliminary estimates of the size of the program ‘suggested that the
local facilities would be sufficiently large. This factor, with -
the major advantage of convenience of use, fast program turn-round,
experienced local support and probable high execution costs, resulted
in the decision to use local Loughborough University facilities.

The option. to transfer to Manchester University facilities if the
size estimates were too low was available if required,

The choice of computer facility limits the availability of simu-
lation programming language, a point which is discussed 1ater in
-detail.

The computer hardware available for the development and execution
of the simulation model were as shown in Fig. 3.17.

- The main computer for both the program = development and execution
was the ICL 1904S*, Programs and data files were stored initially
on punched cards, but were subsequently transferred to on-line disk
storage due to the 1ncreas1ng risk of read errors as the program
vo]ume expanded,

For convenience, when all the programs were on disk file, program

editing was performed by using the file edit routines available on
the ComputerrTechnology "Modular 1" by Tinking to the ICL 1904S*,

Access to the Modular 1 was either by local terminals or by using

remote terminal via a dialled line, |
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ICL 19045*

EDS8 | Cafd Reader
Disk 192K x 2000 cards/
60M.char | 24 bit-words min.

[ Line Printer
1350 Lines/
min.

| Eps 60
Disk
60M;char

16 bit words

-7 i
Dialled Line
Remote Terminals
Fig. 3.17. -~ Combuter'Hardware Configuration .

The programs were written in ICL 1900 Extended Fortran and run
under the GEORGE 2L MK4F Operating System. Programs were compiled by

~ ‘the ICL compiler ¥ XFAT MK6C and consolidated by #CPCK.

3.4.3.

Details of the execution efficienéy arediscussed in‘Sebtion 5.3.3.

Simulation Language

It was evident from the Literature Survey (Section 2,3,) that one
of the most significant factors determining the choice of simulation

‘1anguage is the range of simulation software available to the experi-

menter and the type of computer hardware. This point was raised by
Tocher (1965) and subsequently re-inforced by Teichroew and Lubin

(1966). The study of simulation language, therefore, enbraced only
three alternatives.
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a) General Purpose System Simulator (GPSS II)
b) Control and Simulation Language (CSL)
¢) General Purpose Language (FORTRAN)

The last two were available on the local ICL 19045* facilities,
whilst the first alternative implied the use of an outside computer
available to Loughborough University research projects (e.g.
Cambridge University).

GPSS 11

The concepts defining the General Purpose System-Simulator are
described'by'Gordon (1962). The principle of GPSS is'that'entitiés,
defined as "transactions", move through a sequence of "blocks”
through simulated clock time. Thus, a transaction may be OriginatEd,
pass through a sequence of blocks, and finally be terminated , These
blocks describe the interaction between the transaction and a
facility (e.g. machine, store) through statements such as HOLD:
SEIZE: RELEASE: STORE: ENTER: LEAVE

Thus the mode? may be structured to represent the fTow of an element

through a seguence of processes or waiting lines, Time is controlled
by a clock with equal time increments. Statistics are gathered by
obsering'the contents of a QUEUE block or measuring time elements
with MARK or TABULATE blocks. Transaction flow is primarily con-

“trolled by a further group of blocks designated LOGIC; GATE; LOOP

and COMPARE. Other blocks which control the model execution include

INTERRUPT; PREEMT; RETURN; MATCH; SPLIT; ASSEMBLE and SAVEX.

CSt

Control and Simulation Language (CSL} described by Buxton and Laski

- {1962) ‘is a direct descendant of the General Simulation Program

(GSP)'developed by K.D. Tocher and his colleagues at the United Steel
Companies, a later version being described by Tocher and Hopkins
(1964),

The CSL 1angUage is primarily designed to offer a convenient means of
constructing and operating upon sets. The system is described in
terms of CLASSES of ENTITIES; SETS OF ENTITIES and ARRAYS, The
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operation of the model will move.entities, which may be defined.as
specific members of sets, between the established sets and arrays.

Classes of entities may be provided with T-CELLS, which contain time
~data. The CSL executive_wi]l_scan-a11 T-cells to locate the minimum

value, A11'T4ce115;are then reduced by this amount and control is

transferred to the first activity in the program. Thus the time

intervals within the model are variable.

The language s particularly powerful when it is required to observe
the behaviour of various entities.through-complex;sequences. For ex- .

~ample, a TRUCK may be in TRANSIT or LOADING. Conditions may be set such

3.4.3.3.

that TRUCK X cannot move into TRANSIT unless a DRIVER is available.
Fortran

The use of a.genéral purpose language,- such as FORTRAN, fdr simulation
provides a very high degree of flexibility in the model design, but
requires.very careful and detailed design if Jogical or sequencing prob-
lems are to be minimised. The compiler will include very powerful

_diagnostic or error chécking routines related to the use of the

language, but cannot be of use in checking logical errors, or capacity,
rule or sequence violations. Any diagnostics related to these points

" must be recognised and "built-in", In addition, certain facilities

3.4.3.4,

available to most special purpose 1anguages,.such as distributiqn
sampling and output formatting must be specially written,

Discussion

The availability of local facilities which support only FORTRAN or CSL
led to a preference for these languages over GPSS II, unless some over-
riding constraint was evident in the former languages. Thus CSL would be
selected in preference to GPSS II, although one of the major logical
considerations, the timing mechanism, makes GPSS Il a more suitable
choice for the specific problem,

It appéars, from analysis of the production system, that the model
should not relate to specific items, which have to be labelled and pro-
gressed, In generé1, all items, whether component sub-assembly or
equipment, should be considered "free" within the system until

finally 1linked to a customer brder. We are more concerned with the
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-manipulation of BATCHES of items and the batch SIZE than with the
individual item. Thus, many of the advantages of a special purpose
- language would be lost in this context.

In addition, it is much.easier to emulate the rather complex decisions .
relating to the setting of, for example, the guarterly plan para-
meters, with the help of a general purpose language such as Fortran;

A further consideration in the choice of language is that it must be
gasy to re-structure the model, or parts of the modél, in order to
experiment on various corporate strategies. A requirement is that
the model- should adapt .itself to the ;hanging-nature_of the company,
and that the experiménter would be able to make use of the model over
the passage of time. Thus the Tanguage selected should either be
simple to understand and-adopt; or a generéT1y accepted and widely
used example; - |

The decision to use CSL for the main execution logic augmented

with FORTRAN for the planning segments was considered, but eventually
rejected due to the incompatibility between the timing mechanisms
described in the:production process outline and the CSL operating
logic,

The final choice was to adopt FORTRAN in preference to the general
purpose languages. The main arguments in favour of FORTRAN were:

(1) the high proportion of compiex planning logic required in
addition to the execution logic;
(i1) widespread knowledge and acceptance of the language;
(i1i1) the proven efficiency of ICL 1900 extended FORTRAN when used
with the GEORGE 2 Operating System.
(iv) scope for extension of the model or transfer to other computer
hardware and operating systems .at a later date if required,

3.4.4, Diagnostic Facilities

A Targe scale simulation model demands a very high level of diagnostic
support both during the development and experimental stages, such
facilities being a key feature of the model design.
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Four diagnostic modes may be identified as shown in Fig. 3.18.

MODEL MODEL
~DESIGN EXECUTION
LIBRARY ‘
DIAGNOSTICS. A B
CUSTOMISED -
DIAGNOSTICS o D
Fig. 3.18. . - Diagnostic Modes

The Eequirements for diagnostic facilities during the design and .
execution phases are very different. The design phase demands vali-
dation of the programming Jlogic and powerfui'trace facilities to
isolate logical errors. Additionally, special routines are required
to monitor the “reasonableness" of system variables, particuiar]y
where abnormal parameters may lead to program Tooping. This phenomenon
is most 1ike1y in the planning routines due to the plan optimisation
proceddres-which reguire extensive program jteration. Such diagnostic
facilities are required both at the initial design phase and for any
subsequent logic or parameter changes, -

The execution phase requires a different form of diagnostic facility. |
The modeller must be informed of special circumstances encountered
‘dufing the execution of a simulation experiment. which may invalidate
the experimenta1'resu1ts. This would include abnormal data streams or
inadequate file sizes causing biassed performance indicators. The
modeller must also be capable of examining the experimental perfor-
mance both at detail and summary level, For example, a specific
simulation experiment may yield results that are significantly at
variance with the trend, The capability of increasing the level of
definition of the output statistics at the discretion of the experi-
menter is a benefit in the analysisof such situations.

Diagnostic facilities may be both intrinsic to the programming
language, compiler and cperating system, or may require development |
into the application program logic. The former have been arbitarily
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designated as "library diaghostics"; whilst the latter have been
termed “customised diagnostics". Library diagnostics include the
faciTities offered with the ICL 1900 FORTRAN IV and the George 2
operating system. These include:

a) compilation diagnostics, which identify errors in the
definition of the Fortran statements; '

b) execution.errdrs, which specify errors encountered during
" the execution of the Fortran programs. Examples include over-
- flow conditions, illegal variable .values and array subscript
errors. '

-¢) diagnostic traces, which enable the program statement con-
ditions immediately preceeding an execution error to be ana-
lysed in detail. Traces are at two levels, Level 1 identifies
the program segments accessed prior to the error condition and
Level 2 provides a history of each executable statement and
the specific values assigned at the execution time. Trace
Tevel 2 has-a 51gnif1cant impact on the program execution
efficiency, and is norma11y'used only during program develop-
ment and testing.

Customised diagnostics were developed to accommodate the development
and execution conditions previously described.

a) Error condition diagnostics, which are on1y'activated when
an error condition is encountered during execution. Examples
of such errors include incompatible data in the system files
and out of range system variables. Most error conditions are
considered .catastrophic and cause the execution to be terminated.

b) Routine execution diagnostics permit the experimenter to trace
the system performance at various levels of detail, The faci-
Tities are time dependent, so that the level of detail may be
varied at-pre-defined times through the- simulation experiment.
This facility is required to limit the volume of system output
without constraining the level of transaction detail available.

The diagnostic levels available for selection are shown in Table 3.7.
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LEVEL DEFINITION ' DESCRIPTION

1 Detail diagnostics/ Warning messages and detailed
warnings variable status _
2 Transaction details/ Warning messages and report.on
Cwarnings _ - - every major transaction
3 - Weekly summaries/ Warning messages and summaries of
warnings system performance and major file
| _ .- status-at weekly intervals _
-4 Monthly summaries/ As (3) except monthly rather than |
warnings weekly intervals =
5 Quarterly summaries/ As (3), except quarterly rather
warnings _ than weekly intervals
6 Run summary/1n1t1a] ~ -Final summary of run performance _
conditions and display of initial conditions
' | only :
7 Run summary only - Final summary of run performance
- only

Table 3.7. - Diagnostic Levels

The choice of level is dependent upen the nature of the simulation

experiment and the validity of the model. For example, if modifications

‘are made to the model logic, the lowest level diagnostics will be

required to validate the changes. General performance may be monitored
at a level of 5, but if the dynamic or cyclical performance is being
bbserved, a level of 3 or 4 may be required. Due to the dynamic

nature of the model, Tevels 6 and 7 have limited benefit at the present
level of program definition. These levels have been defined to permit

‘the subsequent application of a post-processor at a later date,

which would ‘store the periodic performance indices and perform some
statistical analysis in summary form. This aspect is discussed

- further in Section 6 - Recommendations for Further Research,

Surmarised Program Description

Introduction

The simulation program was developed from the overview described
in Section 3.2. - The Production System,

Following the concepts prev10us]y descr1bed the programs may be
classified as:
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- planning segments
~ execution segments
- reporting segments

The bounds of the model.are shown with reference to Fig. 1.8.
' and are . designated by the ring encompassing the schematic.

Thus, the only exogenous variables (or independent variables) are:

a) the customer demand (i.e. the receipt of an-erder), which is
basically a "non-controllable" exogenous variable, '

b) the supply of material (in¢luding crystals) and labour, both of
which are “controllable® within certain definable limits.

A wide variety of status variables describe .the state of each
element of the system., In this case they relate mainly to the levels
of inventory at each stage of the process,

The endogénous.vafiab]es are the dependent or output variables of
the system. In the physical sense, these are sales to a customer

(or customers) but in our model we are seeking data also on total
inventory investment, production-efficiency (or utilisation) and

customer service, |

‘The model is completed by the definition of operating characteristics
and identities, which define the manner in which the system variables-
are processed,

The operating characteristics are hypotheses which relate the
endogenous and status variables to the exogenous variables. Such
characteristics take the form of a probability density function where .
a stochastic process is involved. One example in the model is the

~ time to process a batch of sub-assemblies. This comprises a fixed
element related to the work backlog in the department, and a variable
element representing such factors as internal departmental scheduling,
processing times, inspection failjures, etc,

The identities are the definitive'relationships that exist within
the system, examplies being:
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a) New order book = old order book + orders received - deliveries;

b} New stotk level = old stock level + receipts - issues;

¢) Stock value = quantity x unit value.
3,4,5.2, Planning

‘The planning segments vepresent the major difference between the
"conventional” simulation model and the approach using MRP logic.
The majority of-simu]ation‘experiments are involved in the execution -
of a set of conditions pre-defined by the modeller, -and such con-
ditions will not vary significantly throughout the life of a single
~simulation experimeht._Examp1es include simulations of warehouse |
operation, supermarket‘check-outs,_transportation systems, In such
cases, the execution logic is the major part of the program. The
objective of thisresearch is to observe the planning process and
the results as observed by the execution of the plans. Thus the |
planning logic is a significant proportion of the simulation program
and, -since. it represents both standard rules and human interpretation
of information, is the most difficult to simulate.

The actual production system is based on Material Requirements _
Planning logic. The model has to reflect the process involved accord-
ing to the rules and policies governing the real.WOrld situation,
Table 3.8, indicates the type of rules or relationships to be con-
sidered and the degree to which they may be defined.

TYPE OF RULE DEGREE OF DEFINITION

Coded in MRP Programs ‘Precisely defined

Program parameters
(e.g. lead times)

Planning rules | _
Planning pelicies Discretionary

Table 3.8, - Planning Rules
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The planning segments of the system comprise the following functions:

sales forecast
production plan
master schedule
material plans
capacity plans

The sales forecast is the weakest 1link in the simulation model
s1nce, in the: profess1ona1 electronics industry, a major input to
the: forecast 1s known -market conditions and large order prospects.
It would be feas1ble to make some attempt to emulate this situation
‘and this is discussed .further in Section B. “Recommendations
for Further Research, The decision to derive a sales forecast from
the sales history with no adjustment for extrinsic factors was con-
sidered acceptable at the first stage of model development, and a
simple linear regression algorithm was adopted. The program accepts
sales history for the previous twelve monthly periods and projects
the forecast sales for the next six quarterly periods. '

The sales forecast is the primary input to the Production Plan,
Status information concerning the current order commitment,
finished equipment stock and work in progress is projected by using
the sales forecast, previous productien plan and rules governing the
permissible changes to plan, '

The production planning logic and the relationships involved are
described in detail in Section 3.2. -~ The Production System.

The simulation model must prepare the plan as described but is con-
strained by the inability to overview the full planning horizon,

To minimise this constraint, each period is planned consecutively
with the planned production rate being increased in steps until the
required rate is reached. The model is able to respond to zero demand
in any forward period and ensure that stock and work-in pr0gress are .
consumed under these circumstances.

The Master Production Schedule is derived by converting each
quarterly period in the Production Plan into weekly periods. The
~mode] recognises the gross manufacturing quantity required each
quarter and either selects a fixed number of batches in the period -
or continuous production according to the volume réquired. Two
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schedules are prepared for further processing; the‘manufacturing

~plan (i.e..off-]ine output) which is used as the input to the
material planning process, and the delivery plan (i.e. production to
be .allocated) which formsthe .basis for customer order promising;

~ The héart'of the planning is the material requirements calculation.
The logic employed is & simulation of the actual procedures and
programs used and therefore does not fully conform to "standard" MRP
program packages. The most significant differences are the treatment
-of safety stock and open_orders; and the néttjng“of intermediate sub- -
~ assembly stock. The planned safety Stock, specified in number of
weeks, is treated as safety lead time, thus the requirements are off-
set by'a'factor comprising manufacturing lead time plus safety stock
weeks, The "available" on-hand is considered to be free stock plus
work in progress (i,e. scheduled receipts) and is not time-phased. The
~ technique is requirements.calculation rather than requirements planhing,
since no facility exists to schedule open manufacturing orders.

~ Sub-assembly stocks are not in practice included in the requirements
calculation but a "nett adjustment® is applied following manual cal-
culation. Since the result is comparable to the normal multi-echelon
netting logic, this facility has been included.

The efficiency of the model execution is dependent upon the reguire-
ments planning or "explosion® logic adopted. The technique employed
is a simple regenerative exampTe using low level codes to facilitate
the level by level requirements aggregation.

The model must bé'capab]e of reflecting the behaviour of components,
sub-assemblies and equipments when considered in terms of product i

~mix variability and component commonality. The product structure is
contained in the Item Master file as a "used on" matrix as shown in |
Fig. 3.18. ' : :

The structure is considered sufficiently representative of the real
world to permit meaningful conclusions to be drawn from the simu-

Tation experiments withqut‘excessively complicating the model and
resulting in uneconomic computer run costs. {See Section 3.3.2. -

Product Definition.)
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SUB-ASSEMBLY . COMPONENTS
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_ ] A Type 1 S . : T 1T 1
Products | AType 2 | 1.~ 1 b1
AType 3 | . 1 1 b1 -
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Fig. 3,18. - Product Structure Matrix

The final stage after calculation of the nett requifements for each
item is the preparation of a supplier delivery schedule, The require-

~ments are compared with the existing schedule, noting that no changes
- are permissible within the supplier reaction time (also called
~schedule response time).

The complete p]ann1ng cycle is repeated each quarter, the main outputs

being:
~ the de11very, or order ‘loading plan
- the manufactur1ng -plan for each product and sub-assembly

- the delivery schedule for each purchased part.

An important assumption in the model relates to the material

- procurement procedure. It is assumed that the supplier is able to

respond to any.ehanges.in requirement within the constraints‘estab11shed
in the Production Plan. The purchase order, therefore, acts only as

a contract and does not influence the vendor's ability to supply,
regardless of purchase lead time. This assumption may merit further
validation to ascertain the degree of 1ndependence assoc1ated with

a given group of production p]ann1ng rules.
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It has been demonstrated from the treatment of manufacturing orders
that the existing procedures-do not conform to accepted Material
Requirements Planning logic. This is also evident in the treatment

of sub-assembly-schedules, The requ1rements ca]culat1on is executed _
-each quarter, which, in .a re]at1ve1y short de]1very lead time env1ron-
ment (6 10 weeks) demands some form of 1nter1m manufacturing schedule
adjustment 1f stock and serv1ce Tevel is- to be managed This is '

‘ accomp?1shed within the procedures for sub- assemb1y planning, wh1ch

_:pre ~date the 1ntroduct1on of the Mater1a1 Support System. A sub-:

' ;assemb]y schedule is der1ved from the gross quarterly. requ1rement of

-sub-assemblies and "economic" batch sizes are calculated using the
"Classical Ecohomic.Batch.Quantity Formula" described by New (1978) - -
and many other standabd inventory control texts. These quantities'are
recalculated each quarter-from the requirements data generated by the
material requirements calculation. Each .month a sub-assembly schedule .
is established by using the economic batch quantity and re-order
frequency as a base, and adjusting the preliminary schedule to main-.
‘tain the p1anned level of safety stock, It should be noted that this
procedure does not influence the prev1ously established component
de11very schedules.,

A further activity which takes place on a monthly cycle is a review
of the order loading plan to take account of the level of finished

- equipment stock and the performance to the manufacturing plan. The
model simulates the procedures used to maintain the Tevel of finished'
equ1pment stock but does not, at this stage, compensate for
var1ances in performance to plan.

‘Summarising the planning proeedures, there are two levels of formal
‘planning; quarterly and-monthly.:The quarterly procedures are the -
primary'plahning process and. establish the de1ivery, manufacturing

~and material plans for the future 18 months. An interim review each
month adjusts the sub-assembly program .and the delivery plan to
maintain the planned level of safety stock. and compensatesfor any back-
order situation.

3.4.5.3..Execution
The execution segments of the system can be viewed in two perspectives.

The first is the flow of material from supplier to customer, and the
second parallel activity is the flow of customer orders through the
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system. The two streamsmerge at the point of customisation of a
manufactured equipment.

The order cycle commences with the generation of the customer. order.
This is effected by "constructing" the order by sampling from a
sequen¢e of representative probability density functions. The method
chosen was considered more realistic than providing an independent
order stream for each equipment and permits observation of the
-behaviouriof the complete order, particularly significant in "no
part[shipment'permissible?_conditibns, The sequence of-order con-
‘struction is shown in Fig. 3.19.

* Determine number of orders this week (= N)

f

» Select next order number

_ *Determine if part shipment permissible
Repeat
N times  *Determine number of items on order (= M)

—— Select next item number
Repeat *Determine product type

M _ : .
times  *Determine product guantity

Fig. 3.19. . - Construction of Cuétomer Order

Each of'the a;tivities-marked_'*' are supported by:a‘sampling
distribution derived from actual observed data,

Generated orders are retained within a file called the order
processing "pipeline” prior to the application of the delivery date.
The order Joading process compares the order requirements with the
‘balance available for sale, taking account of the longest lead time
product for "no-part shipment" orders. The application of the_de]ivéry
date completes the order definition and causes two files to be up-~ -
dated; the Order Book which is organised by product and the Order
Placed File which is organised by customer order reference.
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Orders remain in the files in open status until the normal equipment
allocation time. At this point the decision is made to either take a
stock equipment to satisfy the order, or to manufacture the product
from. sub-assemblies and components. The facility is available to

-~ select one of three modes of manufacture:

1. Make to customer order only - no stock is planned.

2. Make to stock oh1y'4 orders_aré allocated to finished equipmént-
stock, -

3. Mixed:mode, where the decision at any moment is based on the
“equipment stock levels.

If sufficient free stock eXists,-orders will be designated fexa
stock” status and the allocated stock value for the product will

be augmented. Orders selected for manufacturing are placed in an _
allocation file. The batch quantity for allocation is determined as
two weeks worth of production, based on current rules., If insufficient
_customer‘orders are available for allocation within the allocation
horizon, the balance will be made up with a.batch of stock products.

Sub-assembly allocations are independent of customer orders, the batch
- size and timing being dependent only on the manufacturing schedule.

‘Allocation batches of both products and sub-assemblies cause the
comprising components to be allocated in the stock file., If a negative
free stock condition arises on any component, the offending delivery
batch or batches -will be subject to expediting action. The success
of the expediting effort is determined from a sampling profile and
influences the proportion of outstanding'1eadtime that is reduced.
It is assumed that any subsequent expediting effort will have no

effect. . '

When the allocation has reached the release date, determined by
sampling at the time the batch was estabiished, an attempt at.
issuing the component parts is made, The component»serVice level is
- measured at this point, If all of the components are available, the-
physical stock and allocated stock records will be reduced and the
comprising customer and stock orders moved into the~manufacturing'
line queue. ' '
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Orders, both product and sub-assembly, are moved from the Tline
queue according to: '

a) the minimum process time defined;
- b) the priority rules selected;

c) the manufacturing rate per week.

_'-Priority.rulescare'eithehj"first-inffirst out” or by due date. The
" due date option causes the queue to be sorted before processing.

Stock orders, on leaving the line quédég-wi]T céuée;physicaT stock
“to be augmented. Customer orders are transferred to the test work
 in‘process,.or test quéue. The test queue is_a1so,suppjied by orders

- in “ex-stock" status. Orders which have been given "ex-stock" status
will be moved into test if physical stock of the product exists and
the time_is sufficiently close to the due date.

A1 orders in test will be moved to "despatch" status according to
_ thé-same-rU]es as -defined in the "on-1ine" condition, except that
the delivery plan rather than the manufactufing plan is used to
“determine the maximum despatches for the period;

Orders remain in "despatch® status, or commercial stock until the
part shipment rules are satisfied. If the conditions afe met, the
order will be sh1pped the delivery performance stat1st1cs augmented
and the system files reset as: appropr1ate.

The mater1a1 cycle. commences with the supp11er schedule derived
'through the quarterly planning procedures The actual material
- receipts are determined by applying the observed supplier delivery
performance profile to the unmodified schedule using a sampling
histogram. This new schedule is-augmented by an estimate of the
deliveries assoc1ated with the outstand1ng schedule arrears, again
defined by a samp11ng histogram,

Material receipts.are subject to a quality check to determine:

a) the probability that a reject exists;

b) the proportion of rejected items, given that a reject is
present. '
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If the rejected proportion is greater than a pre-defined proportion,

the complete batch will be returned to the supplier. Alternatively
only the reject proportion_wi]] be returned. The re-schedule

period for returned batches is determined from a sampling histogram.,

Items pass1ng the incoming mater1a1s quality. audit will cause the
phys1ca1 stock to be augmented by the accepted quantity.

~The reporting segments permit'certain of the system'fi1es and per-

formance indices to be: output dur1ng the execution of a simulation

_experament The vo]ume of output 15 dependent upon the diagnostic

1eve1 selected

The files:that are available for reporting include:

the item master file (PNMF)
the orders placed file
the equipment order books
the system queues
- allocation
. =.on=line
. = test

The standard performance reports relate to:

stock valuation
-deTivery performance
service level
delivery lead time

The reports are discussed in detail in Section.3.4,5.6, -

Program Control

Program cohtrol-segments comprise the remainder of the simulation
model, The first example is the establishment of initial conditions,
at which time the status of certain system variables are defined
{e.g. opening order book, previous manufacturing plans), and the
experimental parameters are set. The parameters over which the
experimenter has control include:
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- diagnostic level
- mode of manufacture (stock, order, mixed)
- priority rules L
« minimum order book (Weeks)
- nominal-order book (weeks)
- =-.schedule response'time (months)
- planned buffer stock - (weeks)
- finished equipment stock
- sub-assemblies '
© - components
- capacity utilisation factor
" - orders received trend parameters by product
-'product ‘mix proport1ons
-~ the simulation experiment run time

The sampiing tables are a]llestab1ished_as data segments in the
model and can only be changed by modifying the appropriate program
-statement, The random number streams are, howevér; avai]éble to the
experimenter. | '

-The random number-générator'adopted'ﬁs a standard-mu]tiplicative
.congruential example as defined by Naylor et al (1966). Twelve

random number seeds are maintained, thus permitting twelve independ--
ent random number streams to be generated., The random number generator
" is capable of offering antithetic streams if desired (see Section
4,3.3.). For certain sampling'distribufions, the program logic has
been modified such that a zero seed will bypass the stochastic process
and return.a predefined constant.

The “<initial conditions-of the system files are established by reading
in the starting order book .and building all the dependent files from
this data, inciuding status data {e.g. component allocations). This
ensures that all files are compatible at the start of the simulation
experiment.

The timing mechanism comprisés timing cells which are decremented each
logical week. The primary cells are the weekly counter, which defines
the simulation period, the monthly counter which initiates the monthly
activities and the quarterly counter which initiates the quarterly
activities, The secondary cells are contained within the system queues
(allocation, Yine and test) and control the appropriate execution logic.



3.4,5.5, Summarised Flowcharts

Description. '

‘MAIN PROGRAM

Gp

Set run
parameters
Ny
Set initial
conditions

Quarterly
Routines

Monthly
Routines

.
-

Weekly
Routines

: X

" Reset
Timers

N End

AN ——(top)

The flowcharts of the priméry brogram segment are indicated with the
name of the program module where applicable, Full details of each -
segment may be found by referencing Appendix B

- Program

Segment Name

STOCKMODEL

QTREVENTS

MONTHEVENT

WEEKEVENT
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QUARTERLY ROUTINE

(ca11 QTREVENTS)
Y

Reset System
' files

v

Recalculate :
Product Mix Trend

]!
Establish new
Forecast

v

Establish
Production
Plan

Print Plan

T
Establish

Weekly Plan

!
Establish
‘Material

Requirements

v
Establish
Batch Sizes

$
Establish
Supplier
Schedules

Y
Determine
Material Input
. Pattern

Segment Name

QTREVENTS

QTRRESET

- TREND1
'FORECAST

.QPLAN

QPLANPRINT

- WEEKLYPLAN

EXPLODE

EBQ

- SCHED

RECEIVE



MONTHLY ROUTINES

Segmént[Name

"(CALL MONTHEVENT) - MONTHEVENT

r

Determine
‘Sub-assembly : SUBPROG
Program .

Reset Order | :
History File ONRESET

|Calculate Stock
Valuation

STOCKVAL

Print
“Item Master

PNMFPRINT

Establish '
Order Loading LOADPLAN
Plan

:

. Reset
Month Counter
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WEEKLY ROUTINES

Segment Name -

(CALL WEEXEVENT) - WEEKEVENT

Determine
Diagnostic Level

‘

- ‘Generate
Customer Orders

- ORDERS

Print Orders
Pipeline

PLNPRINT

¢-:
Load Orders
to plan

Y

Expedite
Shortages

T

. Receive -
Material
Create

Manufacturing ALLOCATE
Order

-

Issue. ‘
Material ISSWIP

g ¥ .
Manufacture " OFFLINE
¥
Allocate - \
Finished FESALL
Products '

-

Despatch
Products

LOAD

EXPEDITE

ARRIVAL

DESPATCH

Print Item Master | * PNMFPRINT




3.4.5.6. Outputs

The execution of a simulation experiment produces a wide spectrum
of output information, dependent upon the diagnostic level selected.

Diagnostic output is in the form of either warning messages or 1ist-
ing of transactions. The efficiency and cost of a simulation
experiment is dependent upon the level of diagnostic selected,
therefore low levels should only be used by exception.

The experimental output comprises reports on the key performance
statistics, the frequency of reporting being also dependent upon
the diagnostic level.

a) Stock Valuation
Each stock holding area is valued at the close of each month
irrespective of diagnostic level.

The number of components or products in each stock category is
derived from the stock status within the Item Master File with

~ the exception of commercial stock. To derive the value of each
category, the formulae described in subroutine STOCKVAL are
used. Commercial stock units (i.e, products awaiting despatch)
are derived by a search of the orders placed file for all
items in "despatch" status. '

A typical monthly stock valuation report is shown in Fig. 3.20.

$TOCK VALUES FOR MONTH 5
COMPONENTS = £125433

SUR=ASSEMBLIES = £ 93047

WORK IN PROGRESS = £ 83892
EQUIPHMENT STOCK = £ 20577
TEST N.1.P. = £ 29484
COMMERCIAL 'STOCK = £ 7633

TOTAL STOCK VALUE = £ 360066

Fig. 3.20, - Monthly Stock Valuation Report




\
b) Component Service Level |
The frequency of calculation and reporting of service level of
components issued from stock to manufacturing is dependent on
the diagnostic level selected, Statistics derived within a
quarter are cumulative for the period, therefore the most
reliable value is the quarter ending statistic.

- The service level is defined as the proportion of items
available compared with the quantity required at the time an
allocation is made.

Items required - Items short x 100%
Items required

Service level =

A sample service level report is shown in Fig. 3.21.

SERVICE LEVEL ACHIEVED

ITEM NUMBER ITENS REQUIRED ITEMS SHORT | SERVICE LEVEL

100,00

Fig. 3.21. -~ Component Service Level Report

RW6FB73 - 78 - ‘ 0 100,00
RU10034 24 ) | 100,00
BT49863 s 0o 100,00
PP42906. | 15 0 100,00
PN50006 ' 12 0 100,00

" PN10638 o3 0 100,00

- PN10639 B 12 0 100,00
PN56043 - 1 0 100,00
PN6IT4GS | 24 0 100,00
ET12345 2 0 100,00
FU40000 . 5 0 100,00
FY25000 5 0 100,00
FS66000 10 0 100,00
TOTAL ' 146 0
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c)_Delivery Performance - . .
The product delivery performance is measured at three levels.

(1) Equ}pment 1eve1 ~ the performance of actual de11very
=;date compared w1th due. date 1s measured and reported

trfii) Item 1eve} - the performance of the. delivery date of the ;t
- _1ast product despatched aga1nst a specific order line/
~sdue date comb1nat1on 1s measured and reported

- -;.(iﬁi) Order 1eve1 - the performance of the date that the 1ast -
. item on-the order is- de11vered compared with the due date
is measured and. reported ‘For part shipment orders 1t 1s__f
:assumed that all items for a spec1f1ed due.date must. be
fava11ab1e before delivery may ‘take p]ace.

"The-dé]iVery'performance'is_presented in three ways:

- the number of deliveries achieved compared with the due
date (+/- weeks) is presented_for-further-ana}ysis'if
requ1red _ :

. the- proport1on of de11ver1es ach1eved on or before time/
© within 3-weeks of due date/w1th1n 6 weeks of due date. :

- the average lateness, which is defined as

7.tk
_ N
where =/ = average lateness
ny = number of deliveries in week t
L = lateness of week .t .
© N = total deliveries = 23 ny
| =20

Delivery performance is reset and- cumu1at1ve1y ca]culated
through each quarter.

‘ A'samp1e delivery-performaoce report. is 'shown in Fig. 3.22.
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d) Lead. Time Achieved
‘The promised delivery ]ead time at the point of order 1oad1ng is
presented for further analysis if required. A samp]e lead time
report is shown in Fig., 3. 23
o -~ This report has been included as the faqiiity:is available in-the
' | ' ‘modél.-However,lno conclusions . using the lead time infor-
mation have-be§n drawn;‘ | | |
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Fig. 3.23. - - Lead Time Report

- 3.4.5,7, Sampling Profiles

The sampling profiles used -by the simulation model are derived
from the real world data described in Section 3.3. - Data
Acquisition.

The range of data within the model has necessarily been scaled

down from the actual situation to permit a meaningful analysis

of resuits. This is most apparent in those characteristics which'
have a direct impact on transaction volumes. Thus, the number of =
praoducts and components ‘have been substahtially reduced, although
the rate of orders received for a typical product has been maintained
at approximately the actual order of magnitude, |
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Mod1f1cat1on of the camphng profiles to: eva1uate chanoes in the
environment are feasible but care must be taken since certain
chariges will cause file size constraints to be exceeded or may result
in excessive]y long experimental run times. |

- The orders rece1ved prof11e for- each’ preduct - is- dependent upon four
“factors: ' ' ' ' ' '

“the- rate of order 1nput

~ the number- of 1tem hnec per order

the prcduct specified on each item line -
“the gquantity of each item line

The observed number of orders per week is 155 with a co-efficient
of variationof 0.18. This value is based on a sales catalogue of 354
products, of which some 20% are inactive (or are rarely ordered _
special variants of products for certain customer groups), leaving
-approximately 260 active products, |

~ The number of products in the model is only four, but ‘s intended to
represent a scaled -down view.of the actuzl system Two views of the
scaling factor are poss1b1e

(i) the ratio of order volume is the same. as the ratio of products
for the active product range, being a factor of 4:260 or 1:65.
‘This assumption does not ‘take account of the fact that many
of the 260 products are rarely ordered.

(i1) the ratio df-ofder volume is the-same as the ratio of products
contributing'to'BO%'of the sales volume, being a factor of
4:28 or 1:7. This assumption was considered unrealistic, since
it would -result in an order volume per product considerably in
excess of the actual situation.

A compromise was selected, whérebyuthe order volume was 5.0 per week,
' being.a'sca?ing faCtor”of 5:155 or 1:31, but compensating for the
reduced number of products by increasing the co-efficient of variation
from 0,18 to 0.30.
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 This approach, it will be seen,-generates data volumes which are
within the file size constraints of the model and- prov1des a realistic
v1ew of the orders received patterns.

The number of items- per- order- selected for.the model is based on
the ‘survey proport1ons but adjusted to reduce the emphasis on
:single item 11ne orders. This decision was taken because many of
- the: single item orders in practlce tend to.be the uncommon product
‘types and also because ‘of  the- ‘adverse effect on model file sizes..
“The - small d1fferences between the model. and .actual proportions
~are unlikely to affect the general model performance other than
to:margina11y influence the "no part.shipmeht".order'performance.

' ‘The comparison between the survey and model proportions is shown
“in Table 3.9.

NUMBER OF ITEMS  SURVEY PROPORTION  MODEL PROPORTION

1 0.50 | 0.35
2 0.18 o 0.30
3 0,13 | 0.20
4 0.07 | 0.10
‘5 ~0.05 . 0.05
5 007 —

1.00 1.00
Table 3.9. -  Number of Items per Order

The mean for the survey of 2. 25 compares w1th the model mean of
2.10. ’

The profile is.de5cribed in the model. as a cumutative form of the
frequency histogram shown in the table.

The prdbabi]ity that a product will be required for a given order
Tine is dependent upon its relative popularity, This has been
described in Fig, 3.10. To abtain a representative profile for
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the'mode1,'the,tdb 80% volume has been scaled back to the number of
products in the model as shown in Fig. 3;24. |
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Fig. 3.24.. - Product Popularity and Relative Contribution

The contribution of each 0f the four products has been derived
from the relative contribution of each group of eight products
as shown and the cumulative values have been derived by obser-
vation as indicated. The comparison of these results with the
model profile is shown in Table 3,10,
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PRODUCT - RELATIVE  CONTRIBUTION % CONTRIBUTION * MODEL

- 8 MODEL
1 32 3 41 40
2 55 23 29 25
3 68 13 17 20
4 8 10 k) s

78 - 100 ' 100

% Note that products 3 and 4 are- transposed 1n the program coding
within the model.

Table 3.10. - Product Popularity*Profilé

The: prof11e has been rounded to convenient 5% values and is he1d
in the mode] as a cumulative frequency h1stogram.

It has already been shown that the quantity of each item line cannot be
‘described'by a continuous-disfribution; due to the practice of order-
ing jn-logical or "rounded" gquantities. The decision was, therefore,
taken to define-the order quantity as a frequency histogram with

- discrete permissible order quantities. The statistics displayed in
Table 3.3. can be restated in ranges of .quantity as.shown in Tab]e 3. 1.

SAMPLE MODEL
ORDER QTY | WEIGHTED | RELATIVE 'ORDER | RELATIVE
RANGE | MEAN | FREQUENCY |  |QUANTITY | FREQUENCY
1 1 32 1 10
2 - 3 2 23 2 15
4- 7 5 18 5. . 25
g-15| 10 13 10 20
16 - 40 25 9 25 | 15
41 - 80 50 3 50 10
81 100 2 100 5
100 100

Table 3,11, - Order Quantity Determination
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The expécted order-quantity of the sample is 8.73 compared with the
model value of 17.40. The profile in the model has been biassed towards
higher order quantities because, as previously discussed:

- many of the small order sizes are for the less popular varieties;
- the predominance of small orders in the model would dramat1ca11y
increase .the f11e space -and - exper1menbilrunt1mes.

The final definition'df-the_customer order .input is to determine
whether part shipment is permissible, The statistic has been derived
directly from the ManufaCturing Control System survey, where the
ratio of part shipment to no part shipment orders was observed as
-1:3, This profi]é is held as a cumulative frequency histogram in the

" model.

A further group of profiles relate.to the supply of material ‘into
the receiving depariment.

The profile of material receipts has been shown in Fig, 3.12.
‘This is compared in Table 3.12, with the profile contained in the
mode].

TIME ACTUAL MODEL
PROPORTION PROPORTION
T-4 0.4
Late T-3 2.0 2
T -.2 504 ‘
T-1 14.0 14
On Time. {T) 41.0 - 40
Early { T+ 29.8 30
100.0 : 100

‘Table 3.12. ~ Material Receipt Profile

The material receipt profile shown is for normal material input and
is maintained in.the model as a cumulative frequency histogram. Since
the model cannot accept actual receipts in "negative" time, all
arrears to schedule at the end of each period are re-scheduled into
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future periods. This profile is difficult to compare with the real sifu-
ation, since the duration of actual shortages rather than the arrears
to schedule, which often do not materialise as shortages for some weeké,
are monitored. The profile adopted in the model, therefore, is based on
personal assumptions rather than measured facts. It has the form shown

in Table 3,13, and is held in the model as a cumulative frequency
histogram,

RESCHEDULE TIME (WEEKS) ~ RELATIVE FREQUENCY
R R IS -5

2 15

3 | 50

4 15

5 5

100

Table 3.13.

Arrears Input Profile

A further profile that was considered impossible to derive from exist-
ing data is the effect of expediting on the actual receipt data. An
aigorithm has béen-deve]oped'to indicate the relative importance of the
various factors involved and is explained in the program description
'(Appendix B). The logic.is based on a "success" factor, which is used
to determine the pr0portion of the outstanding lead time which may be.
reduced through expediting action. This factor is held in the model as
‘a cumulative frequency histogram according .to Table 3.14.

FACTOR RELATIVE FREQUENCY
! - 5
10
15
20
25
15
10
100

~ S N oW N

Table 3.14, - Expedited Input Factors

Thus, if the outstanding lead time is 8 weeks and the factor 4 is
sampled, the due date may be advanced by 8/4, or 2 weeks,




Goods entering the receiving department are subject to a receiving
inspection based on sampling procedures, The actual procedures are

{e.q. the availability of inspection eguipment). The information
available for the items actually inspected indicates an approximately
normal distribution of reject proportion with a mean of 3.7% and a
co-efficient of variationof 0.27. The proportion of partly rejected
batches was 11%. (Section 3.3.4.3. - Receiving Inspection Lot
Rejectionj. ' '

The 1ogic adopted in the model is a two step process as described in

‘the program summary {Section 3.4.5.3, - Execution). The probability

that a reject exists i; given by a cumulative frequency histogram with
a probability of 20%. The proportioh found to be reject is then deter-
mined from a normal distribution with & mean of 4% and a co-efficient
of variationof 0.3. '

When items are rejected, a certain Tead time must elapse before they

' -are corrected and re-delivered by the supplier. The re-supply profile
- as shown in Fig, .3.16. has been approximated to a truncated (i.e. no

©3,4.5.8.

|
|
|
|
|
|
~ dependent ubon the supplier, the commodity and'other factors, '
|
|

negative values) normal distribution with a mean of 6 weeks and co-

efficient of variation of 0.3.'(Section 3.3.4.4, - Resupply Times).

The final profile describes the length of time which e1apses between
the authorisation of a material request from stores and its delivery

.to the production department, Due to the limited number of products

selected, it was not considered realistic to simulate a queue in this
area, A lead time of -approximately 8 days is the norm in practice,
which has been simulated by a normal distribution with a mean of 8 and
an assumed co-efficient of variatien of 0.3. ' '

Validation Techniques

The problem of model validation is complex, especially in a
simulation model with such a scope of planning:and executional
routines, Naylor et al (1966) states that "the problem of validating.
computer simulation models is indeed a difficult one because it in-
volves a host o? practical, theoretical, statistical and even
philosophical complexities™. No straight answer is given to this
problem other than: ' '
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- test how well the simuTated values of the endogenous variables
compare with known historical data.

- check how accurate are the simulation model's predictions of
behaviour of the real system in future time periods.

‘A-number of methods for verification are postulated, including
'“synthet{c apriorism“, “ultraempiricism". and. "positive economics”,
- A1l are based on economic.models and do not necessar11y apply in-
. the case of & spec1f1c bu51ness model as. descr1bed

In the context of the simulation.mode1-defined'in this chapter,

the primary question is whether the processes. described are
sufficiently close to the real world and the assumptions sufficiently.
realistic to provide a reasonably high expectation that the model

will behave in a manner similar to the real world under the conditions
defined. |

Va?idatibn; therefore, was approached in two steps. The first step was
“the definition of each program segment, which had to conform both in
‘logic and timing to the actual process. This could only be achieved
through a detailed knowledge of the processes 1nvo1ved both through
observation and exper1ence.

The second step was the critical evaluation of experimental results,
with particular emphasis upon the evolution of results through each
planning sycle, to ensure that the outputs were "acceptable”.
Acceptable in this context means within a range of values that may be
considered reasonab]e to expect under the experimental conditions
chosen.

The first step was the most difficult to achieve, especially in

those segments emulating the planning process. In this case, Planners

in the b]ant Were'askéd, "would this plan be acceptable to you given

the parameters defined". The verdict, without exception, was that.

the planning procedures were a reasonable and acceptable simulation
of the actual process.

The second step embraces both the individual execution transactions
and the aggregate effect of all transactions as the model moves
through time. Observation of sample simulation results led to a number
of conclusions. '
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(i) the model is stable under a wide range of paramefer changes;
(i1) ‘experimental results lie well within the range of acceptability
of knowledgeable materials -management practitioners.

The final confirmation of the verification process was to derive
"norms”; to which the ekperimentﬁl-resu1t5-shou1d\conform; The

norms ‘were derived by observing the actual situation-and'applying!'
the processes, rules and parameters to the data used within the .
simulation model, This was considered a key gyantifiable validation
_techniqde.and,js)described-in detail in Section 3.4.5.9, - Normative
‘Stock Levels. | .

3.4.5.9. Normative Stock Levels

The normative levels of stock are based on the current plan obtain-
ing, and will thus be dynamic over a period of time. To enable a
simple view of the normative levels to be taken, a theoretical
approach based on the simulation model parameters has been adopted.

“This argument. is based on a steady state condition with zero trend
applied to the orders'reteived generator, Given such conditions,

the ‘average level of plan will tend to conform to the orders |
received level over a long period of time,

The expected volume of business for each product type can be
derived from the orders generator parameters.

Quanfitx
- The expected quantity of each order is obtained from Table 3.11.
as follows: ' '

'QUANTITY  PROBABILITY  PRODUCT

0.10 . 0.10
2 0.15 10.30

0.25 1.25

0 0.20 2.00
25 0.15 3.75
50 0.10 5.00
100 0.05  _5.00

Expected quantity = 17.40




- 128 -

Number of Items o _
The expected number of order line items is derived from Table 3.9.

NO. OF ITEMS  PROBABILITY  PRODUCT

T 0.35  0.35
2 0.30 0.60
3 0.20  0.60
— 4 0.10 0.40
5 . 005 . 0,25
“Expected number of items = 2,20 —

¢ i ———
_—_——

Number of Orders .

The total number of customer orders generated each week is defined
“in Section 3.4.5.7. as being normally distributed with a mean of

5.0 and co-efficient of varialionof 0.3. Thus the expected number

of orders = 5,0, |

- Total Volume per Week

- The total.volume of products required each week is the product of
" the expectéd quantity per item, the number of item lines per
~order and-the number of orders.

.Expected total volume per week
= 17.4 x 2.2 x 5.0

1)
—
\t=}
—
-
=

o
=====

Product Mix _

The product mix is derived from Table 3.10., and specifies the
product type to be assigned to each order item line, Thus, the
totﬁl-vo]ume_may be allocated across the brodutt*range'according
to the expected product mix.

PRODUCT  ~ PROBABILITY EXPECTED VOLUME

MF 6AMO1 0.40 76.56
MF 6AMO2 0.25 47.85
MF 6AMO3 0.15 28.71
AC15PU 0.20 38.28

191.40
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It should be noted that the app1icat16n of trend as defined in the
model does not alter the total business level but re-assigns
the product mix shown above.to the previously determined volume.

Having established the volume of business for-each end product,
‘the gross requirement for each comprising sub-assembly and com-
ponent may be derived by reference to the product structure
relationships. This-may .then be extended by the cost parameters
for the various stock categories to determine the base week1y
values. ' ' '

'Thexderivation of unit value is explained in Appendix B
These are summarised below, where
' M = basic material cost
L = basic labour cost,
Component value

=M
Sub-assembly w.i.p. = 1.2 + 2,5L
Sub-assembly stock = 7,2 + 3.5L
Equipment w.i.p. = 1,2M + 2.5
Equipment ‘'stock: = 1.2M + 3.0L
‘Test w.i.p. = 1.2M + 3.3L
Commercial stock = 1.2M + 3.5L

The determination of average weekly usage value for each
category is illustrated in Table 3,15,

The normative Stock levels may be determined as équiva1ent weeks
-worth of throughput and subsequently converted into monetary
values, The basis for deriving the Tevel for each category is now
indicated. ' '

Components

The total comﬁonent stock can be regarded as the sum of three
elements: buffer stock, supplier 1ot sizing and allocated stock,

The buffer stock is the planned value of safety stock in weeks,
input to the model as a run parameter. If "a" is the buffer stock-
parameter in weeks and "r" is the weekly demand, then the buffer
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*KOTE: 1 Sub-Assembly AT22000 not stocked
2 3 Week Manufacturing Lead Time
3 4 Week Manufacturing Lead Time

SUNMARISED REQUIRENENT GROSS REQUIREMENT / WEEK GROSS COST |. . UNIT VALUE £ . AVERAGE WEEKLY USAGE £'0CO
REF ITEM FOR | AT EXPECTED VOLUME WEEKLY | ELEMENTSE|  S/A | S/A | EQUY TEST| EQU| coP| S/A- | S/AL EQUp  TEST) EQU
HF 6AM01| MEEAMO2| HEEAROI| ACISPU) MFEANOT] NFGAMOZ] NFEAMO3[ACISPY | REQT | ' MATL LAB| STOCK| WIP | WIP | WIP | STOCK sTock|  wip]l wip} o wip | sTOCK
1| PSRN0 . 76.56 76.56 | 53 12 93.6 | 103.2| 99.6 7166.0 | 7901.0 | 7625.4
2 | MF6RHO2 47.85 47.85 | 53 2 93.6 | 103.2 99.6 4478.8] 4923.1| 4768.9
3 | MFERIO3 28.71 28.71| 53 12 93.6 [103.2] 99.5 2687.3| 2962.9 | 2859.5
4 |AC15PY 38.26 | 38.28| 25 5 42.5 | 46,5 45.0 1626.9 | 1780.0 | 1722.6
| 5 |AT12325 1 1 1 76,56 | 47.85 | 28.71 153,12 25 5 |47.5 | 42.5 7273.21 6507.6 " *2
6 |ATIZ367 ) " | 76.56 76.56 | 25 4 {44,0 | 40,0 . 3368.6| 3062.4F ‘ *2
7 |ATze0 3 47.85 47.85 1 25 4 |46.0 {40.0 2105.4] 1914.0 *2
g8 | AT12802 1 28,71 28.71] 25 4 {480 | 40,0 | 1263.2] 1148.4 *2
9 | ATz7896 ‘ 1 38.28 | 3828 | 12 2 |21.4 |19.4 - 819.2| 7426 . N N L
‘ 10 | AT22000 1 38.28 | 38.28 9. 1|13 {133 * 1 | 509.1 *3
1 |Rwsss73 | 3 3 3 229.68 1143.55 | 86.13 859.36 | 1 _ 459.4
12 |RUIC034 1) 1 76.56 | 47.85 | 28.7 153,12 1. ' 153.1
‘ 13 |BT49es3 i 1 1 76.56 | 47.85 | 28.7M 153.12 | 18 2756.2
14 | Ppazsos 1 1 1 3 | 76.56 | 47.85 | 28,71 (114,84 | 267.96 ? 268.0
15 | PiiS00CE 1 1 47.85 38.28 | 86.13 1 86,1
16 |Pu16638 1 "28.7 28.71 1 28.7
17 [ PH10539 5 191.40 | 191.40 1 191.4
18 | PNsE0s3 1 : 76.56 76.56 1 76.5
19 |Preg7As 1 1 1 76,56 | 47.85 | 28.7 153.12 1 153.1
20 |eTi2zes 1 38.28 | 38.28 5 229.7
21 {Fyl0000 1 1 1 © | 76.56 | 47.85 | 28.7 15392 | 22 3368,6
22 |FV23000 2 2 2 153,12 | 95.70 | 57.42 306,24 3 918.7
23 }F$66000 1 38.28 | 38.28 | 110 ' 382.8
Cresang e PER 19072,4.14029.6] 13880, 1 15959.0 | 17582.0 | 16976.4
GROSS ASSENBLY 445727

Table 3.15. - Calculation of avefagé week1ly Usage Value ‘ ‘

S 44444_‘444_____4_____________________________________________________________________________;__i_____________________L_________;______________________________________;______J
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stock element
S1 = axr eeemaranine (1)

Supplier batches relate directly to the schedule quantities (except
in the case of reject quantities, which may be regarded as relatively
insignificant), thus the mean stock level attributable to supplier |
ot sizing | '

52-.= ‘Z'X'r' . st st vanssneas (2)

The-va1ue-bf-a]]ocatedistock\(note that buffer stock is planned free
stotk) is re1ated‘td‘the-frequency of disbursemeﬁts.”Stock d1sburSe-
ments are attributable to demands for equipment manufacture which are
‘stheduled -in two week Tots each two weeks, and sub-assembly manufacturé.
which are batched according to "economic batch guantity” rules. It

will be shown (cf. Sub-assembly Stock) that the weighted cycle time
-for sub-assembly batches is 2.6 weeks. Since sub-assemblies consume

1.5 times the component value of equipments, a weighted cycle time for
both equipment and sub-assembly demands -has been selected as 2.3 weeks.
Thus the mean stock level attributable to demand lot sizing

S; = LI5xr ceernvenrees (3)
The total component stock is thus the sum of the three elements
S, = Sy 5% S

axr+2xr+ 1,156

r{a + 3.15).

- Thus, given the weekly demand value, the total component stock may be
expressed as a function of the buffer stock weeks selected.

Using the data displayed in Table 3.15. where the usage value of
component” stock is £9072.4 per week, the stock value for a selection
of buffer stock parameters may be dehived; as:in Table 3.16.

BUFFER PARAMETER TOTAL STOCK STOCK VALUE

(WEEKS)
0 3.15 28578
2 5,15 46722
4 7.15 64868
6 9.15 83012
8 11,15 101157

Table 3.16. - Component Buffer Stock Weeks versus Value
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Sub-Assembly Stock

The sub-assembly stock level .is dependent upon three factors;
the ot sizing of input batches, the buffer stock rules, the
level of allocated stock.

The Tot sizing for each stocked part is dynamic over the life
of a simu]étion experiment, however, the expected lot size and
~ number -of batches may be derived from the average demand data
~in'Table 3,15, This may then be interpreted. as shown in Table
3.17. below to give the weighted cycle time beétween batches. The
formula used to derive the “economic batch quantity" is that used
in the soubroutine EBQ and described in Appendix B, |

I1TEM QUARTERLY ~ NUMBER OF © BATCH ~ CYCLE -

~NUMBER  DEWMARD ~  BATCHES ~  SIZE  TJIME (WKS}) a xb
Gl B -
AT12345 1990 13 153 1 153
AT12347 995 6 - 166 2 332
AT12801 622 4 156 3 468
-AT12802 373 4 93 3 279
- 'AT27896 498 3 166 4 664
-AT22000. . *~Non-stocked-assémb1y *
Tac 730 < (a-b)=1895 ‘

Table 3.17; - Sub-Assembly Batch Parameters

The weightedgcyc1e time is given by

bt = 2la:b) | everrneeen (8) ‘
a2 :

= 2.6

Thus, the average stock value in weeks attributable to input
batches is. b'/2 = 1.3 weeks.

Equipment batches are allocated each two weeks, thus the average
value of allocated stock is 1 week.
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The total sub-assembly stock is, therefore,

r(b + 1+ 1.3)
r(b + 2.3)

[¥a)
1}

Where r is the demand rate/wéek and b is the number of weeks of
planned buffer stock.

Using the data.in Table 3.15., ‘the relationship between planned |
buffer weeks and stock va1ue may be determ1ned as shown in
Teble 3.18. below,

-PLANNED BUFFER “TOTAL STOCK.  STOCK VALUE
g ) R

0 2.3 - 34109
2 4.3 63769
4 6.3 93429
6 - 8.3 123089
Table 3.18. -  Sub-Assembly Planned Buffer Weeks versus Vaiue

_Assemb1y Work in-Progress
The normative level of assembly work in progress is the sum of
equipment and sub-assembly stock.

The equ1pment batches are based on two weeks worth of forward
requirement expected to be issued at the point at which the work

in progress level has dropped to less than the planned lead time,
Since the sub-routine is activated weekly, it will not normally fall
below the lead time less one week. A mean value of Tlead time less
one half of a week is therefore assumed. The level of work in
‘progress related to equipments is

F(L - 0.5 + 1.0)
r(L + 0.5) [P ()

(¥ ]
n

where L is the manufacturing lead time
r is the production rate per week.




- 134 -

Sub-assembly issues are controlled by'the sub-assembly schedule
contained within SUBFILE, which in turn is derived from subroutine
SUBPROG. The value of work in progress is, as for equipments, the
sum of the manufacturing lead time plus one half of the issue cycle
time. The weighted issue cycle time (cf. Appendix B ) is 2.5
weeks, hence the mean level of sub-assembly related work in
progress is ' | |

S, = r(1+ 1;é5) | C reerieneens (7)

The normative work in progress stock may now be der1ved from the -
data in Table 3,15,

1TEM TYPE Lmo mML.U%EVMM STOCK

o ' PER WEEK . VALUL

mms) '(WEEKS) T "I

Equ1pment 2 2.5 15959 39898
Sub- assemb]y 3 4,25 . 12632 53686

Sub-assembly -4 5.25 1252 - 6573

| ' ' 100157

3

‘Table 3.19, -~ Elements of Assembly Work in Progress

Test Work in Progress

The value of test work in progress is nominally two weeks worth

- of throughput but it should be noted that the control exercised
by the model is very 1nd1rect the actua1 level being the result
of input from assembly work in progress, allocations from equ1p—

ment stock and output to the delivery plan. '

Based on the- above-assumption of two weeks worth of throughput,
test work -in progress vaiue is

St = 20r srsresnninan (8)

From the data given in Table 3.15. the normative value of test
work in progress is 2 x 17582 = £35164,
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Finished Equipment Stock

Since production output is a combination of customer orders and
stock, the level of finished equipment stock is geared to three -
factors:

- Production build rate
= Number of -customer orders in production build
- Number of customer orders allocated. from. stock

This is shown pictorially in Fig. 3.24. below,

~Test

Finished

Equipment- ENNSNSNN [::i>>'Test'

Rate -

Cust . _ tock Orders .

Fig. 3.24. - Finished Equipment Stock Movements

The level of finished equipment Stock_is determined by the

differéntial rate of stock build to stock withdrawal. If the
production rate:is 'A', the stock build rate is 'B', the

- customer order build is 'C' and the allocation rate is 'D', then

A = B+C . . LRI B B S N B B (g)
if the customer order loading rate is 'E', then

E - C+D At SO EO PRSP (]O)

e, (1)
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‘Under steady state conditions, the Joading rate is equal fo the

production rate and the stock input equals stock allocated. Any
underload against the production plan will cause stock to increase
and conversely, overloads will reduce the stock level. Thus,
control of equipment stock is in the order Toading mechanism.

The rate of order loading is determined by subroutine LOADPLAN,
Two factors are taken into account: overdue orders and excess
stock. Assuming that overdue orders and stock excess will not
occur simultaneously, the stock Tevel is determined by the stock
calculation, where free stock is balanced against the mean

-authorised stock level, One_element of the normative level of
- finished equipment stock is therefore |

Sf = o x'f/Z RN YR NE NN (12)

where f is the maximum authorised stock level in weeks.

. The second element contributing to the normative finished equipment

stock is the number of products allocated to customers but not yet

‘moved into test, Subroutine ALLOCATE searches for orders due up to
six-weeks ahead when allocating equipment stock (i.e, increasing
the number. of allocated products and thus reducing free stock).
Note that allocated stock is still physical stock. Of the six

weeks ahead, three weeks are accounted for by the transfer of
products into test work in progress by subroutine FESALL, which
searches for orders due up to the current week plus two, The
balance of three weeks is the time planned for allocated stock
status.

The volume of allocated stock is a function of the proportion of
orders being allocated from stock rather than being made to order.
This proportion is difficult to determine but, in the extreme, if
stock is a1ways available, the mixed mode operation will tend

to make to stock mode, The Tevel of allocated. stock then tends to
four weeks worth of throughput.

It should be noted that, due to lack of formal stock management
poticy, these procedures cannot be easily validated in the real
worid,
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- The relationship between the number of weeks of authorised stock
and the resultant stock value may therefore be derived from the
data in Table 3.15. and is portrayed below in Table 3.20.

AUTHORISED MEAN ALLOCATED TOTAL STOCK

STOCK (WEEKS) TEVEL - ITOCK VALUE
'(WEE?S’) TFJEER'S ) (WEE“S NE

o 0 * 3 3 * 50928

2. 1. 3 4 - 67904

4 2 3 5 7 84880

* NB: In make to order mode, the allocated stock and total
stock are zero.

Table 3.20. - -  Planned Equipment Stock versus Value

Commercial Stock

. The normative level of commercial stock is dependent upon the _
ratio of part shipment to no part shipment orders, the number of
weeks of phasing and the delivery performance. Given that the
planning is directed towards achieving 100% delivery performance,
the normative stock should only be based on items kitted in
preparation for despatch.

The :derivatiom of the normative level from the base déta is
highly complex. To determine the number of weeks of delivery
and. the expected quantity for each delivery, we have to know

a) the product type

b) the rate for each product

¢) the proportion of the delivery ﬁ]an already committed
d} whether part or no part shipment

e) the size of each order jtem

For ease of analysis, a typical week from the orders placed file.
was selected for study. The file chosen for analysis was Week

29 of an experiment with mixed mode, 4 weeks equipment and sub-
assembly buffer stock and 8 weeks component buffer stock, with
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ORD DELIVERY WK/QTY RRD DELIVERY WK/QTY {1 ORD | DELIVER WK/QTY
1o, 0, : MO, -
sl 413} 2] 1 514132111 514|321
51 211 4 186 1 2
66 40 2 Il 54 5
5 || 87 2 317
5 10 ‘118 |25 | 7
59 25 {29 ] 25
2 - 10 5
25 2 | 60 5
24 3118 4 |l 30 2 7 |18
50 50 25 10 [11 {61 |18
47 10 |15 10 || 61 ]
82 5 1 50
5 | 32 50 1
5 5 || 62 1
39 451 5 5 |l 63 5
77 10 {| 33 713 21 8
2 5 7 125 |18
43 5 |1 34 1 || 64 2
55 13 |25 |12 10 119
313{305|11 435 41 1 165 7 {18
10 134 {19 146 | 1 | 69 10
78 51 5136 2 |l 70 5
25 || 37 19 (251 6 || 71 10
56 5 [t 40 2 2
144 5 218
57 25 5 172 10 140
3|22 || 42 2 2
2144 ' 2 73 5
67 5 15 115 |25 |25 | 20 10
16 [ 19 2 2
2 Il 45 2 1| 74 5
10 || 46 25 175 2
79 317 5 37 163
58 23 |27 10 | 15 5
25 i 48 5 | 76 5
68 2 75125 25
2 i 43 1 {80 25
83 10 25 1 & 5
: 2 5 13 |40 140 | 7
- |25 |f 50 5 ] 88 1
30 [39 )31 | 52 5 | 89 : 10
<143 7 25 16 [40 |40 | 4
84 2| 8 11|14 ]
85 2§ 53 . ]
TOTAL - 18 91 228 771 1330
HUMBER 2 6 12 36 128
MEAN 9,0 | 15.2 19.0 | 21.4 10.4

Table 3.21, - Orders Placed File Analysis
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zero trend. Order prof11e characteristics were. as described in
Section 3.4.5.7.

The data summarised in Table 3,21, indicates for-each order the
number of items, the number of delivery batches and the quantity
per batch.

The weighted mean cost of a product has been derived as shown
in Table 3,22, below, |

* PRODUCT * MATERIAL LABOUR FSP * - PROPORTIONAL x.
COST - COST (X)=x DEMAND = y

MFGAMOT 53 . 12 105.6 0.40 42,24
MF6AMO2 53 12 105.6 0.25. 26.40
MF6AMO3 53 12 105.6 0.15 15.84
ACI5PY 25 5  47.5 0.20 9.50
| | CTOTAL = £93.98

~* Note: The FSP, or Commercial Stock.Value, is calculated from
 the relationship given in Appendix B.

‘Table 3.22. - Weighted Mean Product Cost

The data in Table 3.21. indicates the total quantities due for
each delivery week. If these values are now divided by the total
number of orders, the profile of a "typical" order may be derived.
To arrive at the expected value of commercial stock, each delivery
batch must be multiplied by the number of weeks in stock, noting
that items with only one delivery week will be despatched
immediately. The proportion of part to no part shipment orders
must also be considered, since no part shipment orders are des-

patched  in weekly baiches and will not be held in despatch status
{under 100% order satisfaction conditions). These extensions are
summarised in Table 3.23, below.
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TOTAL  TYPICAL WEEK OF TIME'IN ~ * VALUE IN DESPATCH
- DESPATCH

QUANTITY QUANTITY DELIVERY L (£)

]~ (n/60) THEERS] NN
18 0.30 5 4 - 84,59
91 1.52 4 3 1321.41

228 3.80 3 2 535.68

771  12.85 2 1 905,73

1330 22,17 1 -0 0
| TOTAL VALUE = £ 1847.41

~* Note: The value in despatch is the product of the typical
| quantity x the 'time in despatch extended by the
weighted unit value (£93.98) and the proportion of no
part shipment orders {0.75).

Table 3.23, - Value in Despatch per Typical Order
~ The expected -value in commercial stock is therefore the product of
the typical order value and the expécted number of orders per

week as given in Section 3.4.5.7.

5.0 X t . Y RN NN NN NN (13)
5.0 x 1847.41

SCS

H
| ]
0
[aN]
(7]
~7

o e

The assumptions taken in deriving the normative level of commercial
stock are significant, and are restated for clarity.

a) Deliveries are according to the quoted due dates.
Earlier or later deliveries will result in excess commercial
stock costs, .

b) Phased deliveries are over. consecutive weeks. ,
Observation of the model indicates that this is a reasonable
assumption.

c) The order placed file used for analysis is typical.

By observation of item (a) above, it is clear thattﬁe:“expected"
value derived is the minimum achievable level. '
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3.5, EXPERIMENTAL DESIGN

The definition, qonstruction, validation and execution of the
‘simulation model all contribute towards the search for a solution
to the research problem as defined in Section 1.3, '

The3primary_resear¢h'objective is to establish a deeper understand-
ing of the impact of safety inventories on the .customer service
level and derive a compromise which WOuld provide an acceptable
customer service level with a minimum- 1nventory investment. The.
simu1at10n experiments were structured to sat1sfy this main objec--
tive while, at the same time, providing. secondary. indications of
the main factors 1nf1uenc1ng the performance of -the system.

The parameters over which the experimenter has direct control are
as follows: '

a) Manufacturing mode (make to order, stock, mised)
b} Priority rules (due date, FIFQ)
'c)-Minimum order book (weeks)
d) Nominal order book (weeks). |
e) Delivery schedule response time (months)
f} Finished equipment buffer stock
g) Sub-éssemb]y buffer stock
h) Component buffer stock
i) Capacity utilisation
j) Ordérs received trend
Additionally, the profiles of each probability distribution

function (p.d.f.) used for sampling may be changed by modifying
the DATA statements in the Master program.

The profiles concerned include:
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) Normal (unexpedited) mdteria1 receipt spread from due date
) Expected receipt date for material arrears
) Degree‘of success of expediting effort
-n) Proportion of receipts with reject quantity
) Number of items rejected, given a reject exists
) Reschedule lead time for rejected quantities
) Issue lead time for components (pitking time)"]
r)} Mean number of-CUstomer orders per week. | |
~s) Number of item lines per order
t) Choice of product for an order line -
~u} Choice of quantity for an order line
v) Proportion of “part shipmeht" to “no.part shipment" orders

' Experimenté may be rep?icated by repeatihg a simulation run with
identical parameter selection and initial conditions, by substitut-
ing one (or more) random number generator seeds. Antithetic segquences

'.“ may also be generated by repeating runs with negative seeds.

Sample simu]ation experiments indicated that, if costs were to be con-
_téined, a compromise would have to be reached between the number and
_duration. of the experiments and the statistical precision of the
results, | ’

‘The maximum core available to users.of the Loughborough University
ICL 1904 S* was limited by the Computer Centre management to 100,000
words. The actual resource required by the model as described, inciud-
.ing compression of integer -and logical values, was 100,096 words. _
-Execution of the model thus resulted in the computer.CPU being totally
dedicated for the duration of each experiment. For this reason,
-experiments were scheduled for overnight processing, with a maximum

of two experiments each night. Further, the eguivalent commercial cost
for a simulated five year period exceeded £150, suggesting that, how-
- ever desirable, replication should be contained to a minimum level.

A priority list, therefore, had to be established to achieve the best.
compromise between experimental efficiency and benefit.

PHASE 1 was a series of experiments with the twin objectives of
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- providing a quantitative answer to the stock location problem;
- testing the ability of the model to perform rigourous,
statistically meaningful, experiments,

Thus, the prime interest is the effect:of.planned'buffer stocks at
each formal stock point.on: customer servite_level'and inventory invest-
ment. Three factors must be considered:
_ ~ planned safety stock: of components

- planned safety stock of sub-assemblies
5"p]anned safety Stdck_of_finished eQuipment;

A1 other parameters must remain;conétant; This phase was executed as-
a 3-factor analysis: . , full factorial but without repli-
cation, '

The objective of PHASE 2 was to verify that the model was capable of
accepting standard variance reduction techniques. Identical expériments‘
were conducted in terms of parameters and initial conditions, firstly |
with replication and -secondiy with antithetic sequences.

‘PHASE 3 was to provide an indicative view of the effect of certain |
parameter changes, without the same degree of statistical reliability
as Phase 1. The experiments chosen were:

a) Effect of manufacturing mode on delivery performance
'b) Effect of component buffer stock on service level
: c) Effect of different priority ru1es on inventory 1nvestment and |
delivery performance |
d) Relationship between commerc1a1 stock and de11very performance
-e) Effect of changing capac1ty utiTisation factor on inventory
1nvestment and delivery performance
f) Effect of introducing trend into the orders received pattern
g) Observation of Tong term cyclic effects. _ |

- The experiments described were considered sufficient to prove the
validity of the model, satisfy the primary research objectives and
provide further insight into the dynamic performance of the model.
Many other experiments were COnsidered,possib1e with the existing
model design, some of which are discussed in Section 6 - Recommen-
dations for Further Research.
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-4, RESULTS

4.1, INTRODUCTION

It has been argued in Section 3.5, - Experimental Design, that ihe
structure of the simulation experiments should be such that the
maximum results may be obtained with an acceptable expendituré on
computer resource. The strategy adopted should support the main

" research objectives and, . as previous]y.discussed,'shoqu permit
indicative results to-be obtained in the'séconda;y-interest-areas.

It was concluded that, wherever.possibie, a set of éxperimehts
~should be structured in such a way that a number of analyses could
be conducted on the results accofding to the specific research
parameters selected. It has been assumed that, since -all of the
secondary experiments are independent, the multiple use of
results across different experiments would not introduce any
biassed conclusions. |

The full 'series of experiments conducted is shown in Table 4.1, -
Experimental Parameters, where in each case any specific parameter
under investigation is identified for clarity.

The diagnostic level for each experiment was set to provide

monthly summaries of all output statistics, although only quarterly
values were recorded for further analysis. Each experiment was

for apprdximately-ije years of simulated timé,_of which the first
6 - 9 months was discarded 1o allow for the establishment of a

near steady state condition,

Each simulation experiment:demonstrated the normal cyclical
nature of the business system where'the.period of the apparent
cycle was simi]af for each instance, It has therefore been -
assumed that the statistical mean of all observations over the
"steady state" horizon is a reasonable means of performance
comparison if an integer number of cycles is included. The
validity of these assumptions are evaluated in the discussion

of results, (Section 4.4.7.).




) ORDER_BOOK | RESP. BUFFER UTIL — TRenD e
WOOE | PRICRITY 15 om. | TIMe [EGU.] SU.| GOWP.| % | PROD.1] PROD.2| PROD.3| PROD.G| Run pate | OBSERVATION
5 0 s | 0] 214 4] s | 09| 00 | 00| 0.0 | 0.0 | 05118 Stock mode
i D 6 b1l 214 | 0! & (05| 00 | 00 0.0 | 0.0 { 16.11.81. | Buffer

i 0 5] w!] 24| a| & | 05| 00 | 0.0 00 | 0.0 | 30.70.8 Buffer
Y D s | 10| 2|4 4 g | coo5| 0.6 | 0.0 | 0.0 [ 0.0 | 31.10.8] 3uf fer/RN1/Varios
M D 6 1w | 2]a]| 2 g | 0.05| 0.0 | 0.0 | 0.0 | 0.0 | 13.11.81 Buffer
M D 6 | 0| 24| o] 4] 09| 00 |00 0.0 | 0.0 | 06118 Buffer
M D 6 | 10| 24| a| 8 | 1.05] 00 {00! 0.0 | 0.0 | 10.12.81 | Utilisation
r D 6] 10 210 4 8 | 0.85| 0.0 | 0.0 | 0.0 | 0.0 | 07.11.81 Buffer
M o s | 10 20 ] o] 8 ] 095] 0.0 | 0.0 ]| 0.0 | 0.0 | 28138 Buffer
M 0 s | 10| z{o |l ol 4 {ocwes| o0 | 00 00 | 00 | 2538 Byffer
M D 6 | 10 210 0| o | o0 00 | 0.0 | 0.0 | 0.0 | 21.11.8 Buffer
5 D 6 | 10] 20 &) a8 | 095] 0.0 | 0.0 0.0 | 0.0 | 14718 Stock mode
0 D 6 10] 270 al 8 | 095 0.0 0.0 | 0.0 | 0.0 | 10.12.8 Order mode
Y D 6 | 10| 214 | 4| &8 | 1.0] 00 | 00| 0.0 | 0.0 | 10,7281 Utilisation
0 D 6 | 10| 2|2/ 4 g | 0.5 c0o | 0.0 | 0.0 { o0 | 25.11.81 Buffer
i D 6| 101 212 | 2| 8 | o 00 | 00! 00| 0.0 | 21118 Buffer
t D 6 | 10| 2|0 | 2 g8 | 0.95] 6o | 0.0 | 0.0 | 0.0 | 25.11.81 Buffer
v D 6 | ol 2{21] o 5 | 0.95] 0.0 | 0.0 | 0.0 | 0.0 | 26.11.8) Buffer
r D 6 | 0] 22| & | 4 | o0s| 00 | 6.0 0.0 | 0.0 | 26.11.8 suffer
M o | 6| 10f 210 | 4| 4 | o095 0.0 | 00 | 0.0 | 0.0 | 2611.8 Buffer
M D 6§ | 10| 2141 2 4 | 0,95] 0.0 | 0.0 | 0.6 | 0.0 | 08.12.81 Buffer
i D 6| 10| 212121 4 | 0| 00 [.0.0] 0.0 | 0.0 | 23.71.8 Buffer
M 0 6 | 10l 2{a 1l 2| 4 | aes| o |00 0.0 | 0.0 | 27.11.8 Buffer
M D 6 1 10| 2210 s | ole5| 0.0 | 0.0 | 0.0 | 0.0 | 01.32.8] Buffer
M D 61 10| 24| 2] o] ocles{ 0.0 | 0.0 ] 0.0 | 0.0 |01.12.8 Buffer
! D 6 | 0] 212 | 4] 0 | 095 0.0 | 0.0 | 0.0 | 0.0 | 20.11.81 Buffer
i D 6 1 101 20| 4| o | o095 0.0 | 0.0 | 0.0 | 0.0 | 02.72.8 Buffer
M D 6 | 0l 214 | 2| o 0es| 0.0 | 00 | 0.0 | 0.0 | 02.12.8 guffer
M D s | 0] 22121 o o05f 00 | 0.0} 0.0 | 0.0 |o01.12.8 Buffer
M D 6 | 10| 210 | 2 0 | ole5| 00 | 00 | 0.0 | 0.0 | 03.72.8] Buffer
! D s 1 101 214t o | o] ows] 0.0 | 0.0 ] 0.8 | 0.0 | 03328 Buffer
M D 6 10| 220 o | 05| 00 | 00 | 0.0 | 0.0 | 04.12.81 Buffer
M D 6 1 10| 2|4 | & | & | oio5| 0.08|-0.02| 0.0 | 0.0 | 08.12.8 Trend
" F 6§ | 0] 214 )4l 8 [ o095 00 ] 00 | 0.0 | 0.0 [ 11128 Priority rule
f D § 1 10| 24| 4 g | 1.00| 0.0 | 0.0 | 0.0 | 0.0 | 05.72.8] Utilisation
i D 6 | 10| 21at &l & | oes| 0.0 | 0.0} 0.0 | 0.0 | 11.12.8 RK4=-ve RN3
t D 6 | 10| 2z |44 g | oies| 0.0 | 0.0 | 0.0 | 0.0 | 11.12.8] RN3
M D s | 10| 214 {4 8 | 095] 00 [0 | 0.0 | 0.0 | 05728 RN2=-ve RN1
Notes: Mode - M = Mixed Priority - D = Due Date
S = Stock F = FIFO
0 = Order

Table 4,1. - Experimental Parameters
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The detail of the recorded results is included in Appendix A,
only the summaries being shown in this section.

PRIMARY EXPERIMENTS

Effect of planned Buffer Stock on Delivery Performance = .

A series of 27 experiments was conducted to evaluate the effect

of varying the p1annéd_buffer stock values of component, sub-
assembly and finiShed-equipment.stock. A11.eXper{menta1 conditions
other than buffer stock values were constant across the series,

The results were analysed as a three-way analysis of variance,
with each factor having three levels. The analysis was, there-
fore full factorial without replication.

Analysis of variance is an accepted and widely understood technique
for the evaluation of statistica]-exbefiments. Further discussion
of the theory was not considered appropriate. to this test. Ana-
lysis of variance theory and application is fully explained by
reference to Hoel (1966); Graybill (1961) and Li (1964).

Simulation experimenis were evaluated by use of a computer

- program offered by the Philips time-sharing service - "Call-20".

The-hrogramme is designated "BPL:ANOVAN" and is descfibed in.the
Call-20 users manual.

The results from the simulation experiments associated with the

buffer stock evaluation were exhibited in preparation for the

analysis of variance as shown in Table 4,2,
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COMP = | COMP = 4 - COMP = 8

EQU | EQU EQU JEQU | 'EQU | EQU| |EQU |EQU | EQU

=0 =2 |=4 | (=0 |=2 [=4 [ |=0 |=2 | =4
o0l (x5 L3 35| |l 2s | t0f {1322 6
0l | s |3 fse] || ||| | 20! 9
o 31 {30 | 20| ] 28] 23} 7] |12 ]9} s

* RP File Number S _ -

Table 4.2, - Simulat1on Exper1ment in Relation to Analys1s '
' .of Variance _

As defined above, the factors are as follows:

Factor 1 = Planned equipment buffer
Factor .2 = Planned component buffer
Factor 3 =" Planned sub-assembly buffer

Six analyses were performed, being the effect of planned buffer levels
‘on delivery performance observed at.equipment, part-shipment order and
no- -part-shipment order detail, each measured by the proportion deli-
vered on or before time and average lateness. Note that, in. the
following analyses, proportions are shown as percentages.

- 4,2.1.1. Equipment performance/proportion on or before time

The results observed from the simulation experiments are shown in

Table 4.3.
COMP = 0 oM =4 | COMP = 8
EQU | EQU | EQU| | EQU | EQuU| EQU] | EQU | EQU | EQU
=0 | =2 | =4 =0 | =2 | =4 =0 [ =2 | =4
Sus |

- 57.2 |57.1 |71.5 [60.4 |64.1 [69.8] {60.6 |62.3 [69.6

U1 ) 59.0 {66.8 |75.3| 164.1 |65.6 | 71.6] 60.0 |67.4 |69.0

- 60.6 |70.4 |77.2} 169.8 |77.8 176.9] 169.9 {75.5 |80.7

Table 4.3, - Eguipment/Proportion Results Summary
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These data were then presented to the analysis of variance program,
with the results as in Table 4.4,

LINE VARIANCE* SUM OF = DEGREES OF MEAN
N0, TOMPONENT SQUARES FREEDOM  SQUARES

557.10

1 2 278.60.
2 2. 38.78 2 19,39
3 12 57,03 4 - 14,26
4 434,00 2 217.00
5 13 34,33 4 8.58
6 23 - 45,13 4 11.28
7 123 25.94 8 3.24

CTOTAL  1192.3 26
GRAND MEAN = 67,79

* 12 means component of factbrs 1 and 2,
Table 4.4, - Equipment/Probortion_Ana1ysis

It is apparent that factors 1 and 3 have a major effect, with
some small effect from factor 2. To further analyse the components,
a pool was formed of lines 3, 5, 6 and 7, having:

sum of squares =162.4
degree of freedom: = 20
mean squares = 8,12

F-Ratios were then tomputed as follows.

a) Main effect
‘Error term pool
F-Ratio 34,30 {degrees of freedom = 2,20).
The probability of the F-Ratio being exceeded by chance = 0.00%.

Tine 1 (equipment factors)

b) Main effect
Error term pool
F-Ratio 2.387 (degrees of freedom = 2,20)
The probability of the F-Ratio being exceeded by chance = 11,75%.

line 2 (component factor)

%
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¢) Main effect line 4 (sub-assembly factor)
Error term poo]
F-Ratio 26.72 (degrees of freedom = 2,20)

The probab111ty of the F-Ratio being exceeded by chance =0.00%.

It can be.concluded that.bqth equipmeht‘and-sub-assemb]y buffer

stocks have a significant effect on equipment delivery performahce
as measured by the proportion delivered on or before time. There is
evidence of some effect of component buffer stocks, but the F-Ratio

~test does not show it to be statistically significant.

4,2.1.2.

Paft“Shipment Order Performance/Propoftion.on or before Time.

The results of the simulation experiments:are shown in TabIe 4.5,

oM =0 | COMP = 4 COMP = 8

EQU | EQU | EQU | [ EQU | £qQU | £QU | | EQU | EQU | EQU
=0 | =2 | =4 | [=0 | =2 [=4 [|=0 |=2 | =4

| 08| | 53.7[56.8|72.7| | 62.5]61.6|68.5| |-62.2]63.2 68.4

081 62,0 | 64.4| 74.2 | 63.8) 6a.8] 67.6 | | 56.5 | 66.9] 66.5

S| | 63.al67.8)69.4] |68.3]78.7{73.5( | 68.1|73.9]77.9

Table 4.5, - - Part Shipment Order/Proportion Summary

The analysis of variance indicated the results shown in Table 4.6.

LINE VARIANCE  SUM OF - DEGREES OF "‘MEAN SQUARES
NO. TCOMPORENT SQUARES TFREEDOH -

161.50

1 1 323.00 2

2 2 8012 2 20.06
3 12 62.19 4 15,55
4 3 303.60 2 151.80
5 13 65.504 4 16,39
6 23 80.39 4 20,10
7 123 65.49 8 8.19

TOTAL 940.4 26
Grand Mean 66.64

TabTe 4,6, - Part Sh1pment 0rder/Proport1on Ana1ysus o
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Pool creatéd with lines 3, 5,'6, 7 -as "line 8.
8 Pool 273.6 .20 13.68

F-Ratios were then calculated as follows.

a) Main effect . line 1} (equipmeﬁt”factor)
Error-term .pool :
-F-Ratio 11.81 - (degrees- of  freedom = 2,20)

. The probabi]ity:bf the F-Ratio being exceeded by chance = 0.04%.

line 2 (component factor)

~ b) Main effect
Error term pool
-F-Ratio 1.466 (degrees: of freedom = 2, 20)
The probability of the F-Ratio being exceeded by chance = 25.46%

line 4 (sub-assembly effect)

c) Main effect
" Error term pool
F-Ratio 11.70 (degrees of freedom = 2,20)
‘The probabi1ity‘of'the'F—Ratio being exceeded by chance = 0.06%.

Thus, for the part shipment case, both the equipment and sub-assem-
bly factors indicate a highly significant effect, whilst the com-
‘ponent -effect on delivery performance is not statistically signi-
ficant. '

"4,2.1.3. No Part Shipment Performance/Proportion on or before Time.

The simulation results are shown in Table 4.7.

COMP = 0 =4 | COMP =

EQUT EQU] QU [EQUT EQU ] EQU] [ EQU | EQU | EQU

..0 :2 = = :2 = ] ) 0 _2 =
SUB| | 45,71 45.6] 63.4] |48.5| 55.8].62.8] | 48.4]51.2{62.3
SUBI | 51.1| 57.1| 67.9] |50.7| 54.2| 57.7] | 47.4]58.4]59.1
2901 | 51.3] 61.5| 66.4] | 60.9{ 67.9| 68.8| | 60.8 | 64.6 | 73.6

Table 4,7, - No Part Shipment Performance/Proport1on
: Summary
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 The analysis of variance of the observations is given in
Table 4.8,

LINE VARIANCE SUM OF DEGREES OF MEAN
NO.~ COMPONENT SQUARES FREEDOWM ~ SQUARES

1 768.10

1 2 384.00
2 2 20,66 2 10.33
3 12 50.93 4 12,73
4 3 522,30 2 261,70
5 13 49.08 4 12.26
6 23 120.80 4 30.20
723 51.98 8 6450
Total 1583.8 26
Grand Mean = 57.89
Table 4.8, - No Part Shipment Performance/Proport1on
: Analysis

"Pool created with lines 3,5,6, 7 as line 8.
8  Pool 272,820 13.64

F-Ratios were calcuiated as follows:

a) Main effect line 1 {equipment factof)
Error term poo?
F-Ratio '28.16 {degrees of freedom = 2 ,20)

The probability of the F-Ratio being exceeded by chance = 0.00%.

b) Main effect
Error term pool
"F-Ratio 0.7575 (degrees of freedom =2 20)q
The probab111ty of the F- Rat10 being exceeded by chance = 48, 18%.

Tine 2 {component factor)

c) Main effect
Error term pool
F-Ratio 19.15 (degrees of freedom = 2,20)
The probab111ty of the F- Rat10 being exceeded by chance = 0.00%.

]ine 4 (sub-assemb1y factor)

u
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The results when observing no.part shipment orderiperfOrmance as
measured by the proportion delivered on or before time demonstrate

- a similar pattern as for both equipment and part sh1pment perfor-

T 8.2.1.4,

mance, except that the component effect shows even less stat1st1cal'
s1gn1f1cance '

Re1at1onsh1p between Lateness and Proport1on de11vered on- or |
before T1me._ L

“The re1afionsh1p bétween the two methods’bf'meéedring delivery per-' _
formance was observed by d1sp1ay1ng graphaca]?y some: sample re5u1ts_l
from a series- of simulation exper1ments.

To-obtain-a Spread of'values, three experiments wefe se]ected, with
different but overlapping sets of results as shown in Table 4.9,

SET| RUN | RP STOCK PARAMETERS
NO.{ NGO, ! FILE - EQU. | SUB.ASSY. | COMP.
4| 8 - & |4 8
21 7110 | 4 0 4
n 4 0 0 4
Tab]e.4.9.‘ - Lateness versus -Proportion Experimenta1
' - Parameters -

The sample shown on the scatter diagram in Fig., 4.1., showing
the "no part sh1pment“ resu1ts was superimposed by a visual

*1ine of best fit", The assumption was made that the % on or _
before time cannot exceed 100 thus the negative’ lateness. segment -

s likely to be asymptot1c to the 100% 11m1t




% on or before ' R R
time - . _ . | ‘
—r— [ 100 o Rps
~ - . @ RPI0
. 5"@\@ o A RPH4
-’S}WLSO_ | : . _
i} @m e : o
Jcmb\.- o o
40 B R em e i A&
A o
|20 -
10 0 o 20 3.0 |
' Lateness (weeks)
. J
- Fig. 4.1, - Relationship between Lateness and Proportion
S delivered on or before Time, ‘
Two 1mportanticharacteristics”are evident from the displayed results. ‘
Firstly, there is a large spread around the visual line of best fit,
~indicating that the confidence intervals around any derived mathe-

matical relationship are likely to be fairly wide, particularly in
the area of special interest..Secondly,.giveh extreme conditions
such as very early or late deliveries, the curve tends to f]atteh,.
thus making any assumed réiationship unreliable, It was, therefore,
concluded that, to maintain consistency in the main experimental
programme, only one measure shouid be-pafsued; Since the proportion
‘delivered on our before time is the more widely accepted, this has
been selected for all further analysis. |
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4.2.1.5, Delivery Performance/Buffer Stock Relationship

The results of the preceding analyses of variance éach'lead to a
'simiIar-concTusion; that de]ivery'performance_is predominantly
dependent upon the planned eqUipment-énd sub-assemb1y buffer-stocks,
and the effect of component buffer stock is comparatively insignifi-
cant. This conclusion is consistent with .logical reasoning, since

- the more remote the stock is.from the de11very p01nt the more
decoupled the .interaction between. stock and mix. fluctuations. This

is evident by observation of F1g.1.9. , which demonstrates the

‘_.theoketical foje‘of;eaCh buffer stock. The indications from the

_ theoretical model imply that mix variations resulting from a stoch-

astic orders received pattern will be evident at both the equipment
and sub-assembly stock points, Processes further “upstream“ are not
difect]y linked to the orders received profile, but are periodically -
replanned accobding to the aggregate effect of order mix over a
period of time, It can be assumed that order mix has a d1rect impact
on delivery performance, since a regular order ' |
mix would result in stable plans and a high delivery performance
and conversely, highly unpredictable order mix would result in
unstable plans and erratic delivery performance - the degree of
instability being a factor of the actual buffer stock and the
delivery lead time. It is therefore considered reasonable to assume
that, if effects of product mix are absorbed at. the delivery end of
the process, the influence of buffer stock on de11very performance
will behave in a s1m11ar manner,

‘The re1atiVe insignificance Of_the_component-buffer stock as a

- contributory factor to de1ivery'performance-is-an“important con-
clusion and leads to a'second Tevel of-aﬁa]ysis; the evolution of
an approximate mathematical. mode?.

To develop a measure of the absolute contribution of both the
equipment and sub-assembly planned buffer stocks on delivery per-
formance, the results at each level of component buffer were con-
sidered replications and were pooled, the mean values then being
analysed by means of a multipie regression model. The use of this
technique assumed that the effects were approximately linear over
the observed range of values.




a) Equipment Performance

Equipment Buffer (weéks)

Table 4.10.

0 2 4

57.2 57.2 71.5

0 60.4 64.1 69.8
60.6 62.3 69.6
u=59.4 u=61,2 u=70,3
59.0 66.8 75.3

2 64.1 65.6 71.6
60.0 67.4 69.0
u=61.0 M=66.0 M=72.0
60.6 70.4 77,2

4 69.8 77.8 76.9
69.9 75.5 80.7
A=66.8 M=74,6 M=78.3

Pooled Equipment Performance Results

1t can be seen by observation of Fig. 4.2., the assumption of
linearity is only valid for the non-extreme cases. For further
analysis to be meaningful,

parameters may be selected,

only limited ranges of buffer stock
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‘The mean values were assigned as shown to'thexnu1t1p1e regression
regression table below, where:

Xy = equipment planned. buffer
Xo = sub-assembly planned buffer
y = delivery performance value (pooled)
n 1 7 '8 9
X4 0 2 4
Xo 0 2 | 0 _ 4 0 4
-y }59.4]61,0 {66.8}61,2 |66.6 |74.6 |70,3 [72,0 [78.3

Using the terminology described by Walpole (1968), the sample
‘regression equation for two independent variables may be expressed
in the form

—

Yy a¥Xp = byt Byxy + byx,

1 _
and each set of observations satisfies the relation
Yi % bg T Dyxgy +by¥py * e

The Teast squares estimates of-bo, b1 and b2 are obtained by
solving the simultaneous linear equations

~ Dy * by 2 Xqq * by STt
. . =

i=] 1=1

o n. .2 ., n _ L
b 2 xqi * by I K B AT gy = T X

n n ’ n ) 2\« . n
b0 F toi TR E it TR X T Xt

For the values shown above:

%E: X149 T

18 %g% Xpq = 18 %E%'x]iXZi =3 2 8. =76
is= i=
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Substituting these values in the model equaiions.

610.2
18boj+ 76b].+ 36b.2 1287.2

9b0 + 18b] + 18b2

18b, + 36b, + 76b, = 1278.0

(2)-(3) -40by - 40b, = 9.2 |
b, - = 0.23+ b,
() -18b§-+:36b] + 36, . 1220.4
(3)-(5) . 40b,  =57.6
S S
From (4) . by = 0.23+1.48
o W
From (5) b, + 2(bi + 52) = 67.8
b, = 67.8 - 2(1.44 + 1.67)
L
Thu;,

Yx1,x2 © 61.58 + 'l.67x-I + 1.44x2

fequipment buffer stock
sub-assembly buffer stock

"

where XT

%2

1)

(1)

(2)
- (3)

(5)

(6)

(7)

&
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b) Part Shipment Performance

Equipment Buffer (weeks)

0 2 4
53.7 56,8 72.7
Sub-assembly 0 62.5 61.6 68.5
Buffer (weeks) 62,2 63.2 68.4
M=59,5 w=60 .5 M=69,9
62.0 64,4 74.2
2 63.8 64.8 67.6
58.5 66.9 66.5
A=61.4 u=65.4 M=69.4
63.4 . 67.8 69.4
4 68.3 78.7 73.5
68.1 73.8 - 77.9
M=66,6 M=73.5 M=73.6

Table 4,11, -~ Pooled Part Shipment Performance Results

The compoéite relationships are shown in Fig, 4.3,

% on oy BT S
. before time | _ _ |

noi
g

| IO A e L
'@' i:_ . @e—— Sub-assy =
| L. . @— — Sub-assy =

A R T N A R

Lo ":f': | 'j‘% A ‘E”f'i"(Equipmént Buffer (Weeks)
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Transforming into the multiple regression table:

n 1 2 3 4 7 8

X1 0 0 2

Xo 0 2 4 0 2 4
Yy 159.5]61.4166.6|60.5|65.4.173.5 169,9 169.4 |73.6

Thus;

9 9 B
= - = = : = = 2 =
ORI T8 i T8 gyt % o = 76
9
%E: 2 . i & & - 1og7
X21 = 76 'i=] yi 599-3 i=]X]] 1250 4 1=1 Ziyi ]247“

Substituting the values in ‘the model equations:

9, + 18b, + 18b2' = 599,8 cereeneens (1)

18b + 76by + 36, = 1250.4 I )
]8b0+ 36b1 + 76b2 = ]247'2 . E RN BN BN BN B BY BN BN W (3) V

| by = 0.08+b, .e.ee.... (4)

“2x{1) 18b, + 36by + 36b, = 1199.6  .......... (5)

(3)-(5) - 40b, = 47.6
2g===::=$=l;lg S (6)
From (4) bT = 0,08 + 1,19
| bT =.].27 ’ --ovocooll'(7)

mmmSoSERRE=

From (5) by * 2(b] + b2) = 66.6

b = 61.68 trrasraere (8)

e 1]

Yyqs¥g = 61.68 + 1.27x; + 1.19x

= equipment buffer stock

2

=
e
®
=
@
>
vl
'

Xo = sub-assembly buffer stock
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¢) No Part Shipment Performance

Equipment Buffer (weeks)
0 : -2

Sub-assembly
Buffer (weeks)

45,7 45,6 63.4
48.5 55.8 62.8
u=47.5 u=50.9 u=62.8
51.0 57.1 67.9
50.7 54,2 57.7
u=49.7 u=56.6 u=61.6
51.3 61.5 66.4
60.9 67.9 68.8
u=57.7 u=64,7 u=69,6

Table 4.12.

% on or
- before time

Pooled No Part Shipment

Performance Results

 The composite relationship is shown in Fig. 4.4.

H- ~ - SuB-dssy

a- ”“J'_Sub~assy -2
cx_m.;__ Sub-assy =0

4
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Transforming into the multiple regression table:

nt 1] 2l 31 al s s 8
;] 0l 0f o] 2] 2)2|a]4
2

y |47.5(49.7157.7|50,9|56.6(64.7162.8161.6]69.6

Thus;
.'%E: Xq: =18 %E: Xo: = 18 ,%;: X:qXo: = 36 [
i=T 11 71 4=1 %21 T U0 =1 M1%ed i=1 *14
=2 L =, . 521.1 y - 1120.4
=1 %24 i=1 Y5 T el 42T MYy
=1 xéiy1 = 1103.8
Substituting the values in the model equations;
9b0+]8b]+ ]Bbz = 52]-] Per e s e (1)
180, + 76by + 36b, = 1120.4 evrenens (2)
18b, + 36by + 76b, = 1103.8 crevrenses (3)
(2)-(3) * 40by - 40b, = 16.6
b'i = 0‘42 + b2 ‘........liil (4)
2x(1) 18b_ + 36b; + 36b, = 1042.2 ceeenssens (5)
(3)-(5) 40b, = 61.6 -
| b, = 1.54 verevneens (6)
From (4) : b] = 0.42 + 1.54
b = ]lgﬁ . srerr e (7)

From (5) b, + 2(by + by) = 57.90

vreererses (8)

or
H
o
o
»
W
o

Thus,

Ty = 5090+ 196, + 1.54x,
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It has been shown from the foregoing analysis that a mathematical -
relationship between delivery pérformance“and planned buffer stock
levels can be derived, but that the relationship is approximately
linear over only a 1imited range of buffer stock values. Extreme

conditions, such as zero planned buffer.stbck,_result in a increasing-

1y non-1inear-re1ationship,'both for equipment and sub-assembly
conditions. A probable explanation is that, as the planned buffer

stock is decreased, the buffer point becomes “tfansparent“, passing -

on the task of absorbing mix variations to the "“upstream" work in

- progress processes. Thus, an absolute minimum delivery performance

4.2.2.

4,2.2.1,

may be observed, being a function of the residual test, main
assembly and.sub—assembiy work in progress,

Effect of p]anned Buffer Stock onStock Value.

The same series of experiments used to evaluate the effect of planned
buffer stock on delivery performance was further examined to investi-
gate the relationship between the planned buffer stock parameters

and the observed stock value, The results as derived from the
analyses of variance are now described, |

Effect of planned buffers on'componeht stock value.

The results obtained from the series of 27 experiments are displayed
in Table 4,13.

COMP_= @ - CoMP. = 4 . COMP = 8

T EQU | EQU | EQU EQUT EQU | EQU EQU] EQUT EQU
=0 =2 =4 1. =() =2 =4 . = =2 =4

SUBL | 41.0 {42.2( 42.6| |{74.8]68.6 |65.8] |101.11104.1 [105.4

44.6 1 43.2) 47.3 71.6 72,9 |74.5| |109,7[109.6(104.3

45.2 {42,5] 41.7) | 71.9]66.3 | 70.5| |106.6(104.7(109.7

Table 4,13, - Planned Buffer/Components Stock Value Results
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These data, whén-preéented to the analysis of_Variance‘program,
yield the results shown in Table 4.14,

LINE  VARIANCE - SUM OF  DEGREES OF  MEAN
NOT~ TOMPONENT 3SQUARES TFREEDOM —  SOUARES

10.04

1 2 5.02
2 2 17810.00 2 8904.00
3 12 11.65 4 2.91
y 3 48,26 2 24,13
5 13 10,59 4 2.65
6 23 16.23 g 4.06
7 123 72.10 8 9.01
TOTAL  17978.87 .26
GRAND MEAN = 73.53
Table 4.14, - - Planned Buffer/Component Value Analysis

The definition of factors is as for the previous set of analyses.

Planned equipment buffer

Factor 1 =
Factor 2 = Planned component buffer
Factor 3 = Planned sub-assembly buffer

It is immediately evident that, as expected, the planned component
buffer has a highly significant effect, and that the only other

~ factor with any .appreciable significance is possibly the sub-assembly
effect. To test the significance, a pool was created of lines 3, 5, 6
and 7.

‘The pool hadnthg.fbllowling atiributess .

Sum of squares = 110.6
Degrees of freedom = 20
. Mean squares = 5,529

F-Ratios were then computed as follows:

a) Main effect
~ Error term pool

F-Ratio 0.9082 (degrees of freedom = 2,20)

The probability of the R-Ratio being exceeded by chance = 41.93%.

line 1 (equipment factor)
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b) Main effect
Error term poo]l
F-Ratio 1610 (degrees of freedom = 2,20)
The probability of the F-Ratio being exceeded by chance = 0.00%.

line 2 (component factor)

¢) Main effect Tine 4 (sub-assembly factbr)
Error term pool
F-Ratio 4,364 (degrees of freedom = 2,20)

The probability of the F-Ratio being exceeded by chance is 2.67%.

)

There is, therefore, evidence that, although no apparent effect of
planned equipment buffer exists, there is some influence duecto
planned sub-assembly buffer, albeit very small when compared to the
planned component buffer effect.

Assuming that this planned sub-assembly effect is minimal, the
results may be pooled as follows:

Planned Component Buffer (weeks)
0 4 8
Component -
Stock Value | 43.4 71.1 106.1
{Mean) .

- This simulation result may be compared with the theoretical normative
component buffer stock value as shown in Fig. 4.5,

oo i I

,Coﬁponeht",ﬁwpnf_d
Stock Va]ue

gimitated
<~ Theoretical

[miso .HHW.L'I;W,.ﬂ”jJM;HEij-

i it

o . ¢+ . 4 1 8

Planned Component Buffer_(weeks)

Fig..4,5, - Planned Component Buffer Effect on Stock Value.




- 165 -
4.2,2.2. Effect of planned Buffers on Sub-Assembly Stock Value,

The simulation results are shown in Table 4,15,

COMP = 0 CoMP = 4 __comp =

EQU | EQU| EQU| [ EQU | EQUT EQU| [TEQU | QU EQU
=0 b= fzaf 120 {=2]<a| |=0|=2]-¢-
SUBY a1 |48 |4e.5| | 43.3 [44.6 [ 43.7] [43.7 [40.6 | 46.2

SUBI | 48.2 |50.4|49.4] |52.5|56.1)54.0] |48.9 |51.7 |51:8

65.2 |168.7 | 66.5 62.8 |70.1}65.9 64.4.172.2 | 61.0 |

Table 4.15. - Planned Buffer/Sub-Assembly Stock Value
Results

The results frdm applying these data t0'the'ana1ysis of variance
program are shown in Table 4,16,

CLINE VARIANCE  SUM OF  DEGREES OF  MEAN
 N0.  TOWPONENT SQUARES FREEDOM —  SOUARES

1 41.63

1 2 120,82
2 2 11.30 2 5,65
3 12 11,17 4 2.79
4 3 2353,00 2 1176.00
5 13 67.85 4 16.96
6. 23 28.01 4 17.00
7 123 39.47 8 4.93
TOTAL 2552,40 26

GRAND MEAN = 53.86

Table 4.16. - Planned Buffer/Sub- Assemb]y Stock Va]ue
Analysis

The F-Ratios were evaluated in two steps. The first was to pool all
the interactions to observe the main factors and the second was to
observe the two predominant components.

1. Pool created of lines 3,5,6 and 7, with

Sum of squares = 146.5
Degrees of freedom = 20 _
Mean squares = 7.325
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F-Ratios were then computed as follows:

a) Main effect
Error term pool
F-Ratio 2.842 (degrees of freedom = 2,20}
The probability of the F-Ratio being exceeded by chance = 8.20%.

Tine 1 (equipment factor)

b) Main effect Tine 2 (component fattor)
Error term pool .
F-Ratio 0. 77]6 (degrees of freedom = 2,20)

The probability of the F-Ratio being exceeded by chance ='47.56%.

f

¢) Main effect Tine 4 (sub-assembly factor)
Error term pool
F-~Ratio -160.6 (degrees of freedom = 2,20)

The probability of the F-Ratio being exceeded by chance = 0.00%.

2. Pool created of lines 2,3,6 and 7, with S
Sum of squares ="89,95 - '
Degrees of freedom 18
~ Mean squares 4,997
The F-Ratios computed were as follows:

Tine 1 (equipment factor)

a) Main effect
Error term pool
F-Ratio 4,165 (degrees of freedom = 2,18)
The probability of the F-Ratio being exceeded by chance = 3.26%.

b} Main effect
Error term pool
F-Ratio 3.394 (degrees of freedom = 2.18)
The probability of the F~Ratio being exceeded by chance = 3.10%.

line 5 (equipment/sub-assembly effect)

There is evidente,that the sub-assembly stock value ‘is influenced by
both the planhed equipment buffer stock and the combined effect of
equipment and sub-assembly planned buffers, The most s1gn1f1cant
effect, however, is the planned sub-assembly buffer. '

Assuming that the equipment and combinéd effects are insignificant
when compared with the planned sub-assembly buffer. the resu]ts may
‘be pooled as shown,

-
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Planned Sub-Assembly Buffer (weeks)
0 2 4

Sub-assembly
stock value 43.8 51.4 66,3
(mean)

The simulation result may be compared with the theoretical normative
“sub-assembly stock value as shown in Fig. 4.6,

Non Tinearity may be attributed to.the fact that the equipment and
combined effects may not be totally ignored.

jSub-ass'embly"jgf'{i:.ff:‘i;fiiiﬁ.ﬁ:
stock value | ool
£'000

f{fmfmifo N S o
o “5f“?ff" zPlahned Sub-assembly Buffer;(weeks)

Fig. 4.6. - Planned Sub-assembly Effect on Stock Value
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4,2.2,3, Effect of Planned Buffers on Work in Process.

The results of the simulation experiments are shown in Table 4.17,

COMP =0 COMP = 4 CoMP =8 |
equ| equf equ| | equl Equl Equ| | Equ] Equ] Equ
0| =2| =4 || 0| =2 =4|]|=01]2z2]-¢=4]

U1 | e5.2{ 88.6| 85.7 | | 86.7| 85.2] 8s.2| |86.7}85.8{90.0
|SU8) 1 e7.8] g6.2| 90.4| | 85.3| 83.7( 83.9( |93.6|87.6 |86.7

SUB 11 90.3] 95.7) 92.5] | 91.7] 87.8]100.0] |90.4]87.7.)97.7
_ Table 4.17. - Planned Buffer/W.I.P. Value Results

These data, when presented to the analysis of variance program,
yield the results shown in Table 4,18,

- LINE  VARIANCE SUM OF DEGREES OF  MEAN
. NO. COMPORENT  SQUARES  FREEDOM - SQUARES

1 1 44.44 2 22.22
2 2 9,44 2 4,72
3 12 41,41 4 10.35
8 3 182,80 2 91.42
5 13 53,06 4 13,26
6 23 35.56 4 8.89
7 123 _70.35 8 8.79
TOTAL  437,1 26

GRAND MEAN = 88.97
-Tabie 4.18, --- Planhed BUffer/W.I.P. Value Analysis
Where the components are defined as before.
There is evidence of some effect due to both sub-assembly and
component buffer stocks. To analyse these further, two pools were

created, The first, which has been called pool 1, was created from
the interactions; lines 3, 5, 6 and 7. Thus, pool 1 has:

sum of squares = 200.4
degrees of freedom = 20
mean squares = 10.02
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F-Ratios were then computed as follows:
a) Main effect

Error term
F-Ratio

1ine 1 (equipment factor)
pool 1 '
2.218 (degrees of freedom = 2,20)

Probability of F-Ratio being exceeded by chance = 13.49%.
b) Main effect = 1ine 2 (component factor)
Error term = pool 1
F-Ratio - = 0.4712 (degrees of freedom = 2,20)
_Probability of F-Ratio being exceeded by chance = 63.10%.

c) Main effect Tine 4 (subeassémbly factor)
Error term pool 1 ‘
F-Ratio 9,125 (degrees of freedom = 2,20)

Probabiljty of  F-Ratio being-exceeded by chance = 0,15%,

There. is no evidence that the component factor has any effect on the
w.i.p. value. This was therefore incorporated into a new pool, to fur-
ther analyse the interactions, where pool 2 comprises lines 2, 6 & 7,
with sum of squares = 115.4 '

- degrees of freedom 14
mean_squares 8.2

1

-The F-Ratios computed were as follows:

- d) Main effect
Error term poo] 2
F-Ratio 2.697 (degrees of freedom = 2 ,14)
Probability of F-Ratio being exceeded by chance = 10.22%.

line 1 (eguipment factor) |

II

e) Main effect
Error term pool 2 .
F-Ratio 1.256 (degrees of freedom = 4,14)
Probability of F-Ratio being exceeded by chance = 33.28%.

Tine 3 (component/equipment effect)

f) Main effect
Error term pool 2 _
F-Ratio 11.10 (degrees of freedom = 2,14)
Probability of F-Ratio being exceeded by chance = 0.13%.

line 4 (sub-assembly factor)




g) Main effect.
Error term
F-Ratio

It can be concluded from the above results that the planned sub-
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Tine 5 (equipment/sub-assembly effect)

pool 2
1.610 (degrees of freedom
Probability of F-Ratio being exceeded by chance

4,14)
22,67%,

assembly stock has a significant effect on the work in process value.

There:is some:evidenee'also'of:an effect from planned equipment

buffer stock, but this is not considered significant,

'The grand mean of the analysis of variance shows a work in progress
value of £88,970., This may be compared with the theoret1ca] normative-

value of £100 157.

4,2.2.4, Effect of_p1annedtBufferston Equipment Stock,

The results of the simulation experiments are shown in Tabie 4.19.

COMP_= 0 COMP = COMP =
equ | equ equ] [ equ T Equ EQU EQu| Equ | EQU
=0 {=2 | =4| |=0 J=2|=8] |=0}=2|-=4
SUBY 139.1 156.4 | 60.6] [42.9 |60.8 [64.2] 143.2]67.4 |72.4
SUB1 142.6 |61.0 | 68.0] [48.7 [57.0 [71.6] [57.2]54.9 [83.3
SUB1 lag.a J60.7] 84,9 |[50.4 |62.9 |88.5| |[50.5]62.7 |84.0

'Table 4,19,

Planned Buffer/Equipment Stock Value Results

These data, when presented to the analy31s of variance program,
yield the results shown in Table 4,20,
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LINE VARIANCE  SUM OF  DEGREES.OF MEAN
NO.~ TOMPONENT SQUARES TFREEDOM ~ SOUARES

1

2

3

4

5

6

7

1 3574.00
2 155.80

12 33,43
3 423,30
13 351.10
23 76.37
123 149,10
TOTAL 4763.10

~ GRAND MEAN = 60,94

1787.00
77.90
 8.36
211.70
87.78.
19,09
18.63

N
mlm-h.nm.nmm

Table 4.20, - . Planned Buffer/Equ1pment Stock Value
_ Analysis

‘A pool was then created from Tine numbers 3, 6 and 7, where:

the sum of squares = 258.9
degrees of freedom = 16
mean squares =

16,18
The F-Ratios were then compUted as follows:

Tine 1 (equipment factor)

a) Main effect

Error term = pool .

‘F-Ratio = 110.4 (degrees of freedom = 2,16)

‘Probability of F-Ratioc being exceeded by chance = 0,00%.
b) Main effect = 1ine 2 (component factor)

Error term = pool

‘F-Ratio = 4,815 (degrees of freedom = 2,16)

-Probab111ty of F-Ratio being exceeded by chance = 2,31%.

¢) Main effect Tine 4 (sub-assembly factor)

Error term = pool
F-Ratio = 13.08 (degrees of freedom = 2,16)
Probability of F-Ratio being exceeded by chance = 0.04%.

- d} Main effect line 5 (equipment/sub-assembly effect)

0.59%.

Error term = pool
F-Ratio , = 5.426 (degrees of freedom = 4,16)
Probability of F-Ratio being exceeded by chance =




S 172 -

From these results, it can be seen that both the main components of
planned equipment, sub-assembly and component buffer stocks, and the
combined effect of planned equipment and sub-assembly stocks have a
significant influence on equipment stock value.

The degree of significance of the combined effect renders a comparison
between the theoretical and'observed simulation results relatively in-
valid, However, the evaluation is shown below given the above limi- -
tations,

Planned Equipment Buffer {Weeks)
0 : 2 4

- 41.7 61.5 65.7

s 49,5 57.6 74.3

Sub-Assy | 50.1 62.1 858

~ Table 4.21, - Mean Equipment Stock Value

The: simulated results are compared with the theoretical normative
equipment stock Tevel as shown in Fig, 4.7,

1
e

e e PR R .y '"‘"‘."“'Q""-'--T'----";' - ...__...;_-T_;‘,.,,,—.V_E._..._._‘m..u".__....:-.,AV,Y'.;_:.—»--—FVI I-_L.,.‘f ‘__.1
-Equipment -1 i oo l il j”ﬁ”_;;}4yﬂg:‘@,ljgﬁ_; o
Stock Valuef - © .- TR TE NG I i SSRGS IS s
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§_ e -
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e e S BV A Tt R EELLS FET S S S P (R R S b
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1 : i L : ! ‘

A e Sub-assy =

1
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N é.éo. i TS BT R é_ﬁ___;_J Sub-assy =

H]
o

Sub-assy
o

0~ : .2 | 4 ST
' bt oo planned Equipment Buffer (Weeks)
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Fig. 4.7. - Planned Equipment Buffer Effect on Stock Value
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4.2.2.5. Effect of planned Buffer Stock on Test Work. in.Progress.

The results obtained‘from the 'simulation experiments are shown in
‘Table 4.22.

CONP = 0 “cow =4 | [ com-8

EQU | EQU | EQU| | EQU | EQU | EQu] | EQU | EQU | EqQU

=0 | =2 | =4 =0 | =2 | <4 0 | =2 | =4
SUB| 196 20.7 | 23.8] |20.8 | 24.0 |23.4] |20.7 [23.7 |24.1
SUB| | 940 | 26,1 |27.7| |22.4 |25, 25,6 {231 25.6 | 26.6
SuB 22.0-'27;1- 20.0| [25.1]25.1 | 30.5| |24.9]25.5 |28.1
- Table 4,22, - Planned Buffer/Test.w.I.P. Vaiue ResuIt§

These data, when presented to the analysis of variance program,
yield the results as shown in Table 4.23,

_LINE  VARIANCE ~ SUM OF  DEGREES OF ~ MEAN
NO. ~ TOMPORENT  SQUARES  FREEDOM  SQUARES
1 1 65.28 2 132.64
2 2 1.28 2 0.64
3 12 5.06 4 1.27
4 3 75,17 2 37.58
5 13 7.24 4 1.81
6 23 - 5.19 4 1.30
7 123 _15.6] 8 1.95

TOTAL 174.83 26

- GRAND MEAN = 24,49
~Table 4,23, - P]énned‘Buffer/Test W.I.P. Value Analysis

A pool was first created of line numbers 3, 5, 6. and 7. This pool,
called pool 1, had

sum of squares = 33.11
‘degrees of freedom = 20
mean squares = 1,655

To test the component effect, line 2, the following F-Ratio was
computed:



- 174 -

Main effect = Yine 2
Error term = pool 1 _
'F-Ratio = 0.3868 (degrees of freedom = 2,20)

Probability of F-Ratic.being exceeded by chance = 68,42%.

Since this factor exhibited no significance, a new poo1 poo] 2,
was created with line numbers 2, 3, 6 and 7, where pool 2 had:
sum of squares : = 34, 39
degrees of freedom .= 22
mean squares 1,563

n

1]

F-Ratios were then calculated as'foilows:

a) Main effect Tine 1 (equipment factor)

Error term = pool 2

F-Ratio = 20.88‘(degrees of freedom = 2,22)

Probability of F-Ratioc being exceeded by chance = 0.00%.
b} Main effect = line 4 {sub-assembly factor)

"Error term = pool 2 '

F-Ratio = 24,05 (degrees of freedom = 2,22)

‘Probability of F-Rétio being exceeded by chance = 0.00%.

Both p1anned equipment and sub-assembly buffer stocks show a highly
s1gn1f1cant effect on test work in progress.

To explore these effects further, the cdmponent factors were con-
cluded - as 1ns1gn1f1cant and the exper1ments pooled as shown in
Table 4.24,
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Equ=0  Equ=2  Fqu=4
.19.6 20.7 23.8
Sub = 0 20.8 24,0 23.4
20.7 23.7 24.1
MF20.4 ©pe22,.8  we23.8
a0 24,1 27,7
Sub = 2 22.4 25.9 $25.6
| 23.1. 25,6 24,6
M=23.2 AM=25.2 - M=26.0
. 22.0 271 29.0
Sub = 4 25.1 25.1 30.5
24.9 . 25.5 28.1
M=24.0 MF25.9 MF29,2
Table 4,24, - Pooled Results of Test w.i.p. Experiments

The mean values were then analysed by multiple‘regression'as shown
below, where '
Xq = equipment planned.buffer

X5 = sub-assembly planned buffer
y =.test work in progress value
n i 2 314 15 17 1.8 9
Xy 0 0 0| 2 2 2 1 4 4 | 4
X,| O 2 4 2 R 4
1y |20.4}23.2|24,0]22.8]25.2]25.9] 23,8 [26.0 | 29.2
Thus;
9 9 : 9 - 9 .
=T - =, - ke, =36 =22 .
T R L S I = e Fr T = R TR
= %2 =76 = =.2zo 5 = Xy:¥s = 463.8 = X,.Y: = 465.,2
2i =1 ¥ 2 3=T K1Yy A B R '

Substituting the values in the model equations:

ézo.s, e iveesnnenes (1)

9b, + 18by + 18, =
18b, + 76by + 36b, = 463.8 | cirrieneen (2)
18b, + 36by + 76b, = 465.2 N )
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(2)-(3) 4Qb1 —:40b2 | -1.4

b'l = b2 - 0.035 [E N X R NN RR N (4)
2-(1)  18b, + 36by + 36b, = 441.0 teeeeneees (5)
40b, = 2472 |

Eg=:===2;222 | fesrenenn (6)
From (4) by =0.605 - 0,035

EJ::::S;EZS o seRaesER S (7)
From (5} bo + Z(b] + b2) = 24.5

b, = 24,5 - 2.35 |

by = 22.15 U £:))

B

~ Thus, the test work in progress value is given by the relationship

where xq = planned equipment buffer (weeks)
Xy = -planned sub-assembly buffer (weeks)

The grand mean of the test work in progress as derived from the
analysis of variance is £24,490, compared with the theoretical

normative. level of £35,164 and a base value, assuming no effect

4,2.2.6.

of equipment and sub-assembly buffer_(as-deriyed.above).of £22,150,

Effect of Planned Buffers on Commercial Stock.

The results obtained from the simulation experiments are shown
in Table 4.25.
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COMP = 0 T COMP = 4 | cow =8
EQu| Equ| EQu| | Equ| Equ| Equ| | Equ| Equ| Equ
0| =2 | =4} |=0]|=]=< =0 | =2 | =4
00| [30.2}30.1 [19.3| |36.5)28.7|18.8] |33.3]26.1] 20,0
01 [22.0[19.219.3] (32.3(19.0{20.5[ {32.0]20.4]26.7
B! [1e.6| 22.4 [20.6 | [21.0]19.0|20.0| [19.6{19.0{19.4
Table 4.25. -  Planned Buffer/Commercial Stock Value

Results

Applying these data to the analysis of variance program yields the
results shown .in Tab]e;4.26.

LINE  VARIANCE SUM OF - DEGREES OF  MEAN
NO.  COMPONENT SQUARES FREEDOM SQUARES

1 1 202.70 2 101,30
2 2 - 13.54 2 - 6.77
3 12 59,87 4 14.97
4 3 206,80 2 103.40
5 13 215.00 4 53.76
6 23 48,17 4 12.04
7 123 0.5 8 1.32
TOTAL 756,64 26
GRAND MEAN = 23,39
Table 4.26.. -  Planned Buffer/Commercial Stock Value

Analysis

Pool 1 was established from the interactions by tak1ng line number
3, 5, 6 and 7. Pool 1 has

sum of squares = 333.6
degrees of freedom = 20
= 16.68

mean ‘squares

F-Ratios were then computed for the main components as follows:

1]

a) Main effect Tine 1 (equipment factor)

Error term = pool 1
‘F=Ratio = 6,076 (degrees of freedom = 2,20)
Probability of F-Ratio being exceeded by chance = 0,87%.
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b) Main effect
Error term pool -1
F-Ratio 0.4058 (degrees of freedom = 2,20)
Probability of F-Ratio being exceeded by chance = 67.18%.

1]

Tine 2 {component factor)

c) Main effect 1ine-4-(sub-assemb1y'factor)

Evror term - = pool 1
F-Ratio . = 6,200 (degrees of freedom = 2,20)
= 0.80%-

Probability of F-Ratio being exceeded by chance

“There is evidence, from observation, that the equipment/sub-assembly
combination may have some significance, It has also been established
from the above results.that the component factor has'no significance. .

Pool 2 was therefore created from lines 2y, 3,76 and 7, where pool 2 has:
sum of squares = 132.1 - '

18

7.340

‘degrees - of freedom
mean squares

A further set of F-Ratios was then computed.

d) Main effect Tine 1 (equipment factor)

Error term = pool 2
‘F-Ratio =.13.81 (degrees of freedom = 2,18)
Probability of F-Ratio being exceeded by chance = 0,02%.

e) Main effect Tine 4 (sub-assembly factor)

Error term = pool 2 :
F-Ratio = 14.09 (degrees of freedom = 2,18)
Probability of F-Ratic being exceeded by chance = 0.02%.

line 5 (equipment/sub-assembly effect)

f) Main effect

Error term = pool 2
F-Ratios = 7.324 {degrees of freedom = 4,18)
= 0.11%.

Probability of F-Ratio being exceeded by chance

It can be concluded from the above results that the éommercial stock .
is influenced strongly by planned equipment and sub-assembly stocks,
and also the combined effect of the two stock categories,
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If the two effects above are discarded, the grand mean of the
~analysis of variance, value £23,390 may be compared with the
theoretical minimum value of £9237, based on 100% delivery performance.

4,2,2.7. Effect of planned Buffers on total Stock Yalue.

The results of the simulation experiments are shown in Table 4.27.

COMP =0 | covp =4 |1 comp =g

eui EQu| Equi | Equl Equl Equl [ Equl Equ] Equ|
0| =2 4] =0 =2| =4|| =0 =2| =4
200l 256.2|280.8[280.4] |303.1311.9(313.9| | 328.8{347.7 [358.1
SUBl 269.2|284.2|302.0] |312.8|314.6]330.2] | 364.5]350,9|377.3
2| 2%0-8[317.1{335.5| [322.8(331.1|375.5| | 366.4]371.8399.9 |

Tabie 4,27, - Planned Buffer/Total Stock Value Results

Tﬁe-data; when presented to the analysis of variance program, yield
‘the results shown in Table 4.28,

LINE VARIANCE = SUM OF  DEGREES OF  MEAN
. COMPONENT  SQUARES FREEDOW —  SQUARE -

1 1 4057.0 2 2028.0

2 2 22730.0 2 11360.0

3 12 241,1 4 60.3

4 3 5781.0 2 2890.0

5 13 963.8 4 240,9 |

6 23 276.5 4 69,1 '

7 123 ‘301,88 37.7 |
TOTAL 34351.3 6 |

GRAND MEAN = 325,5

Table 4.28. - Planned Buffer/Total Stock Value Analysis

A pool was first created of the interaction components, lines 3, 5,
6 and 7, where pool 1 has;

sum of squares = 1783.0
degrees of freedom = 20
mean squares = 89,16




- 180 -

- F-Ratios were then computed for .the main components.

a) Main effect Tine 1 (equipment factor)

Error term = pool 1
F-Ratio - _ = 22.75 (degrees of freedom = 2,20)
Probability of F-Ratio being exceeded by chance = 0.00%.
b) Main effect = Yine 2 (component factor)
Error term = pool 1 |
F-Ratio = 127.5 (degrees of freedom = 2,20)
Probability of F-Ratio being exceeded by chance = 0.00%,
c) Main effect = line 4 (sub-assembly factor)
‘Error term = pool 1 '
F-Ratio = 32.42 (degrees of freedom = 2,20)

Probability of F-Ratio being exceeded by chance = 0.00%.

There is evidence, from observation of the computed results, of some
effect from the combined equipment/sub-assembly factors. A second
pool, pool 2, was therefore created from lines 3, 6 and 7, where;

the sum of squares = 819.5
degrees of freedom = 16
mean squares = 51,22

- F-Ratios were then further computed as follows:

d) Main effect line 1 (equipment factor)

Error term = pootl 2
 F-Ratio = 39.60 (degrees of freedom = 2,16)
Probab{Iity of F-Ratio being exceeded by chance = 0,00%.
@) Main effect: = line 2_(component factor)
~ Error term = pool 2
F-Ratio = 221.,9 (degrees of freedom = 2,16)
Probability of F-Ratio being exceeded by chance = 0.00%.
~f} Main effect = line 4 (sub-assembly factor)
Error term = pool 2
F-Ratio = 56.43 (degrees of freedom = 2,16)
= 0.00%.

Probability of F-Ratio being exceeded by chance
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g) Main effect 1ine 5 (equipment/sub-assembly effect)_

Error term . = pool 2 _
F-Ratio = 4,704 (degrees of freedom = 4,16)
Probability of F- Rat1o being exceeded by chance = 1.06%.

The results indicate that, apart from the main effects of each _
planned stock category, there is a s1gn1f1cant contribution due to the
combined effect of. planned equ1pment:and-sub-assemb]y buffer stocks.

4.2.3. Relationship between Delivery’Performance‘and Stock InVestment..'

The results of the experiments linking déliverynperformance and stock
value to the planned buffer stock parameters suggest that some
relationship between‘de11v9ry performance and stock investment may

be derivéd,.within-the bounds set by the stated assumptions.

Firstly, given

Xy = equipment planned buffer {weeks)
X sub-assembly planned buffer (weeks)
Xg = component planned buffer (weeks)

t

it is possible to derive an expression for the total stock investment.

If linearity can be assumed over the limited ranges stated, the
“results of the simulation experiments described in Section 4.2.2.
may be expressed as follows:

H

Component stock value, 40.0 + 7.5x

v
Sub-assembly stock value, V: = 42,5 +'5.6x2
wofk in progress stock value, Vw = 89.0
Equipment stock value, Ve = 47.5 + 6. 75x1
Test work in progress value, Vt = 22, 15 + 0. 57x1 + 0, 61x2 _
Commercial stock value, ch = 23.4

Where all values are in £'000. The total stock investment
VioT is the sum of all stock categories, where

v

TOT

= 264.9 + 7.3x) + 6.2%, + 7.5x, . vees (1)
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Further, the relétionship between deélivery performance and planned. |
buffer stock'weeks has been derived as follows, taking the eguipment
performance case, ' '

Equipment pérformance (%), Po = 61.58 +‘1.67x1'+ 1,44, .00 (2) |

2

It has been proven that the effect of p1anned‘componeht buffer stock :
'3qn delivery performance is iinsignificant. Equation (1) may therefore
be simplified by selecting, for example, Xy = 8 and substituting,

VTOT =_324‘9.f 6{2X2 +'7-3X] : . . .coo-ooooo(B)

If we now take the two extreme cases, where x, = 0 and x; = 0 |

a)‘x2 =0 -
' VTOT = 324.9 + 7;3X1 . : ' ..cooooof|(4) _‘
Py = 61,58 + 1.67x; | | eecasnsas(5) |

. 3

- From (4) N
Xy =;VT0T - 324.9 ‘

7.3 | S |

Substituting in (5)

P = 61.58 + 1,67 (VTOT - 324.9) |
_ - -
Pe = 0.23VT0T ‘-]3015. . oauootouoo(ﬁ)

OF Vpgr = Po/0.23 + 57,17 where Voo is value in £'000,

e Y Ay ———
(3t I S F 4 TS 5 1§

b) x] :O . ‘ . ‘ ,
VTOT =.32409 + 6.2X2 . - .o-uontcoo(?)
P, = 61.58 + 1.44x, verresness(8)
From (7)

XZ = VTOT - 324.9

|
\
|
3
6.2 |
\
\
\
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Substituting in (8) _
P = 61.58 + 1.44 (V - 324.9)
e W T0T

Pe=0|23vTOT- ]3-]5 trers e (9)

Or‘ VTOT:: Pe/0023 + 57.]7 * l.‘..l....l("o)

*Note that the element shown is approximately the value of
component stock (i.e. 7.5x3)

- The equations (2) and {3), substituting the va]ﬁes for %13 X9 in
the range 0-4, are shown in Fig. 4.8,

Total Stock | | il

| : HETARN
: S E R S I T SN [ EA St
Nalue o o L SRR
Sl o B T L . ;
15000 -.380 oo A S
AR B e VAR
I SRR F ol IR
P ’ P HR H
360 L R R
pha bl S A r
RIS N g ) IR .
360 i 7450 S N
BN L il ¢TI TN S B
15 g 3 R Do z
I r IR A 2nE
o SRS SUNEN ST S S
. SRR R BT £ |
' i HEEI R H Ll el MRS CUS T S I S
N | ' % ' ) ) . N
! S UPCESURS A SO S S USSR UUURTOS SHR IR SO St
S A S ﬁ.! |
; : ‘ 1 o ‘

T 1

60 - 6 o 70 = 75

,i ' 'E“””?"”?fﬁ‘f;”ﬁ Delivery Performance %
| ' [ : . : . ! . . .

Fig. 4.8, ~ Total Stock Value vs Delivery Performance
A number of conclusions are apparent from the foregoing results,
1} The actual range of delivery performance influenced by the

changes in planned buffer stock is limited when compared with the
minimum delivery performance with zero planned buffers, i.e.
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Minimum equipment delivery performance = 61,58%
Range (for planned sub-assembly/equipment buffers
of 0/0-to 4/4 weeks) = 61.58 - 74.02%

2) The residual stock value of:£264,900, which is uninfluenced by
the planned buffer levels, is substantial compared with the
variable element. For example, within the range selected where

RIS
_ Osg}xzzg;4
0O xy=c8

the variable é?ement-ranges from 0 to £114,000,

- 3) From the observed performance, the cost effettivenesSfof sub~
~assembly planned buffers on incremental delivery is exactly the
same ‘as for equipment planned buffers,

'4) The observations are only valid over a limited range due to the
assumption of linearity, which is certainly not valid as extremes
are approached. Thus, the expression (10) above must not be
used to extrapo1ate the stock investment réquired to achieve 100%
delivery performance, '

4.3, VARIANCE REDUCTION TECHNIQUES

' 4.3.1.§Methods

Two variance reduction techniques were introduced for evaluation;
rEplicated'experiments using different random number streams, and
antithetic experiments performed by 1ntroduc1ng negat1ve seeds
into the random number generators.,

The simulation model is designed to utilise up to twelve random
‘number streams by the introduction of a non-zero seed for each
stream. The starting seeds are contained in a series of files named
RN*, where the '*' identifies the file number. The inclusion of the
selected file number in the initial run parameter definition causes
the appropriate seed file to be selected.
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4,3.2. Replication

The -majority of simulation experiments were conducted with file RN1,
To evaluate the effect of replication, a further experiment was con-
cluded using a second file RN3, The random number stream seed values
are shown in Table 4.29. ‘

FILE - RNl ~ RN3
1 . 36893 . 69831
2 29431 20963
3 12345 = 312717
4 62915 43821
5 24671 66095
6 42913 38219
7 24091 16141
8 3967 23843
9 14823 82437

10 33241 64331

N 19629 50047

12 - 24603 16839

Table 4,29, - Random Number Seeds - Replication

4,3.3. Antithetic Pairs

The application of antithetic pairs is discussed by Taha (1976),

who provides some practical arguments for the use of the technique.

Antithetic random numbers over the range 0-1 are complementary,

such that if x; is the first randop'number,‘then Xo, the antithetic
. partner is given by

Thus, if one experiment is conducted with a given random number

~stream, any bias (e.g. consistently high numbers} may be removed
by using a second stream of antithetic numbers and averaging the
two experimental results. '

The generation of an antithetic stream has been achieved iﬁ the
model by the introduction of an identical but negative seed into
the random number generator, Observation of the program description
.given in Appendix B will demonstrate this facility.
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To estimate the effect of introducing antithetic random number
streams, two further experiments were conducted, using negative
random number seeds for all twelve streams. The values are as
shown in Table 4.30.

FILE © " RN2 RN4 '
(-vé RN1)  (-ve RN3)

1 ~36893- -69831

2 -29431 - -20963
'3 -12345 =11217
4 -62915 -43821

5 -24671 -66095
6 -42913 - -38219
-7 -24091 -16141

8 - 3967 -28843

9 -14823 -82437
10 -33241 -64331. -
1 -19629 -50047
12 -24603 -16839

Table 4,30, . ~ Réndom Number. Seeds - Antithetic Pairs
4,3.4. Results

The summarised results of the four simulation experiments are shown in
Table 4.31., in the columns headed "Observed Values". It has been
‘assumed that an analysis of the effect on stock value alone is ade-
‘quate to demonstrate the éffects of variance reduction.

Four secondary results were obtained by pairing the observations into
two replicated means and two antithetic means. The group mean,
being the mean of -all observed values was also calculated.

To provide an estimate of the total variability, the co-efficient of

variance of each value from the group mean was calculated to minimise
the effect ‘of bias. The sum of the co-efficient of variances was then
considered a reasonable estimate of relative variability between sets.

It can be seen that the replicated experiments result in a variability
factor considerably lower than the average factor derived from the
observed values. It is not, however, less than the best observed set,

The results using antithetic pairs indicate a significantly lower
variability factor than achieved through replication and also better
than any single observed set.




Observed Values-

Mean of Pairs

Stock Values RpP3 RP49 RP5C RP48 RP8/RPSG RPAS/RP4E RP8/RPAS APBQ/APAS Group
= {RN1)  (RN3}  {~veRN1} {~veRN3) ! {Antitheti¢} (Anfithetic) {Replicated) (Replicated} Vean
Component 109.7 96.8 08,2 113.7 167.0 105.3 103,3 109.0 106.1
Sub-assembly 61.0 64,7 75.4 58.0 68.2 66.1 62.6 1.7 67.2
Work in process 97.7 90,1 83.7 82.7 85.7 a1.4 93.9 33.2 93.6
Equipment 84.0 88.6 95.3 82.9 89.7 85.8 56.3 88.1 B7.7
Test 28.1 29.8 34,4 .29.5 31.3 29.7 2%.0 32.0 30.5
Commercial 19.4 17.9 ~27.1 22,4 23.3 20.2 18.7 24.8 21.7
Total 3J9o.9 387.5 430.0 409.1 415.0 398.3 383.7 419.6 406.6
Co-efficient * l
of Variances from
Group Mean = g ) l ‘
Component 0.1221 ¢.8152 0.0340 0,.5444 0.00568 " 0.0068 0.0765 0.0765
Sub-assembly 0.5720 0.1339 1.0006 0,0095 0.0164 0.0764 0.3083 0.3083
YWork in process 0.179 0,1309  (.0000 0.0087 - 0.0454 0.0434 0.0013 - 0.0013
Equipment 0.1561 0.0092 0.6586 D,2627 0.0433 0.04323 0.0223 ’ 0.0223
Test 0.1889 0.0181 0.4987 . 0.0328 0.0210 0.0210 . 0.0738 0.0738
Commercial 0.2435 0.6654 1.3438 - 0.0226 0.1165 0.1305 0.4277 - 0.4277
Total 0.1104 0.8972  1.3467 0.0154 0.1715 0.1715 0.4124 0.4124
2 155729 2.6679  4.8825 08961 0.4189 1.3223
Average 2.5049

Table 4,31, -

Results of Variance Reduction Experiments

-8t -
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Effect of Manufacturing Mode on Delivery Performance

The group of experiments used to examine the effect of manufacturing - |

mode are shown in Table 4,32,

FILE NUMBER

L RP3 RP8 RP16 RP17 RP12
MODE STOCK ~ MIXED  STOCK = ORDER  MIXED .
Planned | Equip. 4 4 0 0 0
Buffers | Sub-assy 4 4 3 4 4

Component 8 8 8 8 8
Component { 107.1 109.7  101.7 120.6  106.6
Value | qub assy | 64.6  61.0  66.1  89.9 4.4
Jwip 96.4  97.7 90.5  83.4  90.4
Equipment 95.3  84.0 45.3 0.0 50,5
Test 30.4  28.1 21.9 34.0 24.9
| Commercial| 16.4  19.4 14.5 16.6 19.6
Total 410.2 - 399.9  339.9  344.5  356.4
Delivery | Equip. % 81.5  80.7 85.9 83.9 69.9
| perfor- | A - |0.0500 0,0031 -0.2550. -0.3900  0,0063
mance PertSMP | y7.2 77,9 793 748 68.
4 0.1763 0.1381 -0.0688 0.0238 0.0781
No part ' :
ship 3 742 73.6 80.4 79.6 60.8 |
L 0.2544 0.2744 -0.1031 -0.0313 0.2325
Component Service | ' | _
1 oves o |.99.65 99.81  99.91 99,99  99.68
Table 4.32. - Effect of Manufacturing Mode
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It should be noted that the term “make to order" in the context of
the manufacturing system described implies final assemb]y {0 order,
since sub-assembly manufacture is decoupled from the -actual customer
orders. |

The.experiments were sub-divided into two groups; the first with a:
‘planned equipment stock of 4 weeks and the second with a planned
equipment stock of zero.

a)'PTanned equipment stock - 4 weeks.

Only two experiments were conducted, one in make.to_stock mbde
and the second .in mixed mode. Make to order mode with a finite.’
level of planned equipment buffer is not a valid condition.

'Comparison of the two experiments indicates no:appreciable
differences, either in stock value by category, or in the
achieved delivery performances. .

b) Planned equipment stock - zero.

ATl three manufacturing modes Were observed with a planned
equipment stock of zero; make to order, make to- stock and mixed.

A comparison of the effect of each mode on stock value shows no
appreciéb]e difference, except in the case of the actual equip-
ment stock value, where in the make to order mode no stock is
generated. ' |

The effect.on‘achieved delivery performance in the experiments as
recorded are more significant. A]though there is no appreciable
difference between the "pure" make to order or make to stock

| examples,,the mixed mode indicates a significantly lower per-
formance, This effect is evident when observing either the
proportion delivered on or before time, or the average lateness.

It can be seen that the component service level was consistent
for all experiments considered, thus indicating similar supply
conditions across each example,
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4.4,2, Relationship between Component Buffer Stock and Service Level,

The component service level as derived from the delivery performance
group of experiments was displayed as in Table 4.33,

COMP = 0 COMP = 4 CoMP = 8
EQU] EQU| EQU| | EQU] EQU] EQU| | EQU] EQU| EQU

=0 =7 =4 =0 =2 =4 =() =7 =
SUBI | 91,67(91.53 [88.89{ |99.18(98.51(99,32| |99.90|99.82 [99.90
SUBI | 92,58]90.76 [90.94| {98.64 [98.61(98.88| [99.76(99.87(99.85
SUB 1 90.91|88.51 {89.15] 198.3198.40(99.16| |99.68[99.73{99.81

Ay = 90,55 fy = 98.78 Ay = 99,81

Table 4;33. . = Component Buffer Stock and achieved
Service Level (%) :

The service levels as shown indicate no discernible interaction bet-
ween the sub-assembly and equipment planned buffer levels and the
achieved component service level. The results were then pooled to
provide an estimate of the mean service level for each planned com- -
~ ponent buffer level. The means were then shown-graphicaT]y as in
Fig. 4.9,, the Tine joining the means being an estimate of the
service level profile. '
Service - - | : ! .
Level .
}Achjeveq1oo i
(%Y
RO 8 .

l-

S R
________,__1__.

Tt 9

R

0 » : 4 8 ‘ ‘
' ' ' P]anned‘Component Buffer Stock {Weeks)

Fig, 4.9, =~ Service Level/Planned Component Buffer Stock
Profile _ _
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The profile derived.is a typical variation of that discussed in
standard inventory control literature, and is referred to by New
(1973) as the "service level/inventory trade-off curve",

Effect of Priority Rules

As a standard against which the priority rule effect could be
measured, the experiment with RP8 was selected in which the priority

rule is set to "due date". The experiment was then repeated with

RP38 in which the conditions were identical except for the se]ection
of "first-in-first-out" (FIFO) priority logic,

The results are shown in Table 4,34,

STOCK VALUE £000 | DELIVERY PERFORMANCE
CATEGORY | DUE DATE| FIFO| | CATEGORY | DUE DATE| FIFO
Component 109.7 | 107.8] | Equip. % 80.7 |80.6
‘Sub-assembly 61.0 | 63.3 " Lateness 0.0031{-0.0006 |
W.1.P. 87,7 | 9631 | part ship % 77.9  |78.3
Equipment 8.0 | 85.3 " Lateness 0.1381] 0.1206
Test 28.1 | 25.8 T
Commercial 19.4 | 17.1] | Mo partship® | 73.6  |73.5

4.4.4.

Table 4,34, - Effect of Priority Rules on Stock and
: De11very Performance

The results for all categories for both étock and delivery performance'
show no d1scernab1e d1fferences, with the observations being sig- | '

.n1f1cant1y within the experimental limits established by the

variance reduction groups (section 4.3.).

‘Relationship between Commercial Stock and Delivery Performance

The relationship between commercial stock and delivery performance
was observed by selection of the group of experiments relating to
delivery performance. These are shown in Table 4,35,
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RP

NO.

Planned Buffer (Weeks)

Comp.

Sub.

Equ.

Commercial

Stock

Delivery Performance (%)

Equip.

Part Ship

No Part Ship

13 8 0

22

21
20

12
19

0O O O o O 0 o
H S B oY O OO
a2 O SN O DN

33.3
26.1
20.0
32.0
20.4

-26.7

19.6
19,0
19.4

60.6
62.3

60.0
67.4
69.0
69.9
75.5
80.7

69.6

62.2
63.2
68.4
58.5
66.9
66.5
68.1
73.9
77.9

- 48.4
51.2
62.3
47.4
58.4
59.1
60.8
64.6
73.6

Table 4,35, -

Commercial Stock Relationship with Delivery
Performance

The results for the part shipment order pérformance were selected
for graphical presentation against the commercial stock value as

hown 1n F1g. 4,10,
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Fig. 4.10,

i Commercial Stock (£'000)

Estimate of Commercial Stock and Delivery

Performance Relationship

Assuming that. the relationship is approximately Tinear over the range
shown, the regression line was calculated and plotted as shown.
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If an estimate of the regression line is given by:

;yx = a+ bx
:then,
b. = n:l%] X{Y§ = ?‘f—{x}) %%)
n% X.IZ.;.(% x1>2 .
a =y~ bx
~ For thg data‘given, :
%%3 X:¥s = 14351.2 'g?:.x;-= 216.5 gﬁ: ¥; = 605.6
i=1 774 i=1 i _ =17
%f% x;% = 5462.7
y = 67.3. _ X =.24.1

ib = 9 x 14351.2 - 216.5 x 605.6
9 x 5464.7 - 216.52

= 129160.8 - 131112.4
49182.3 - 46872.3 -

H

- 195].6 .
2310.0

— e e
_—moaer

a =y~ bX

= 67.3 +0.845 x 24,1

oS ETS oS EZEmRESTE==
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Where 93 is the estimated delivery performahce as the commercial
stock x is varied, '

An alternative view of the relationship, where a delivery performance’

- of 100% is assumed to equate to £9.2K commercial stock, (see

4.4.5.

‘normative Stock levels - Section 3.4. 5'9 ), has .been:shown by the
curved line “estimate", which is a visual “best-fit" between the
.observat1ons. Observation of the two. a1ternat1ve approaches suggest

that the visual "best f1t" 1s probab]y a better est1mate than the
regression- 11ne based on an assumption of 11near1ty. - '

'Effect‘bf changing Capacity Utilisation Factor

The'inf1uence of the capacity utilisation factor oh the model per-
formance is shown by observ1ng the resu1ts of the exper1ments
d1sp1ayed in Table 4.3b.

STOCK EFFECT ~ DELIVERY PERFORMANCE

Utilisation Factor Utilisation Factor

Category —ggsT 7.007 1.057 1.10] | C3t90"Y F—GTo8T ~1:.00 | 1.087 110

Component | 109.7(107.8/109.2[107.7| | Equip.% 80.7! - . 80.2 80,21 76.8

Sub-assy | 61.0(.61.4! 63.8{ 55.6 "

W.I.P.

. . 0.0031{-0,0131 | 0.0238(0.0550
97.7| 98.0| 98.4| 99,0 | bateness . |

Equipment | 84.0| 85.1] 85.7| 0.6/ | TE NP 77,9 77.0| 77.0f 71.3

Test

Commercia1. 19.41°17.8( 19.0) 27.4 | lateness

Total

28.1} 25.9] 26.5 27.6 |
part ship| 9.1381] 0.1544 | 0.1556|0.3344

399,91395,91402.0{398.0! | No part - | o
| ship % | 73+6| 72.9| 70.8] 67.6
‘No part ' :
ship 0.2744| 0.2438{0.3363[0.5919
. lateness. | ) :
RP NO 8 {39 [ 11 [ 18 || RPNO .8 39| N 18

Table 4,36, - ~ Effect of Capac1ty Ut111sat1on on Stock Value and
' De11veny Performance :

-From observation of the recorded values, the result. of changing the

capacity utilisation has no discernable effect on the stock value,
either in total or by category.

The result on delivery performance is, however, a distinct deterio-
ration of performance as the capacity is increasingly constrained,
across all categories of performance measurement.




‘De1iVefy§.”f T TR R
Perf. 1o ]

4.4.6.

- 195 -

The effect on delivery performance is shown graphically in Fig. 4.11,
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Fig. 4,11,

The profiles show that the effect is limited up to the point of

marginal capacity overload, beyond which there is an apparent abrupt
deterjoration in delivery performance.

Effect of QOrders Received Trend

One experiment was conducted with trend factors introduced into the
orders received generator, Two products were selected to observe the
effects of trend, one with a positive factor and the second with a
negative factor. The results were then compared with the control

experiment to evaluate the magnitude of any appareht variations.

The results are shown in Table 4,37., where the control experiment
was conducted with parameter file RP8 and the trend experiment used
RP37, where a trend of +4% per quarter was introduced into Product 1
and -2% per quarter was introduced into Product 2. |
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It'should be noted that, due.to the design of the orders generator,
the introduction of trend does not alter the aggregate orders
received volume, since only the probability of one product being
selected in favour of the remaining products is affected.

_STOCK _VALUE $'000 ___ DELTVERY PERFORMANCE

'CATEGORY ~ZERO -} TREND CATEOGRY |- ZERO TREND
TREND _ | TREND
| Component | 109.7 | 110.8| [Equipment % | 807 77.7
. Sub-assy  _ 61.0 | 62.7 " Lateness 0.0031 |0.1131 |
w.r;p. ' - 97.7 95.7 Part Sﬁ1p fatenesé ' O.¥§é? 0.22&?
| Equipment 840 9%.5) No Part Sh1p % 73.6 68.8
Test - 28.1 25.1 oo " Lateness 10,2744 |0.6113
Commercial 19.4.1 23.4
Total . 399.9 | 390.3

4.4.7.

~ Table 4,37. - Orders Received Trend Results

The stock values in all categories but one show no discernable
variance between the control experiment and the one conducted with
trend introduced. The equipment stock value, however, shows some
evidence of an increase, although this is still within the spread

experienced in the experiments associated with variance reduction,

all of which were subject to identical parameters with the

 exception of the trend factor, :

" The delivery performance in all categories. does not vary substantia]?y

from the control experiment and all observations lie within the

_extremes recorded in the variance reduction exper1ments.f

Long Term Cyclic Effects

!

The cost and time required to conduct each simulation experiment
required run time restrictions to be platéd on the main vo1ume_0f
experiments. To verify that the time horizon selected was not

biassed and to observe the behaviour of the model over a more
extended period an experiment over a ten year simulated time horizon .
was conducted, The parameters chosen were identical to the control-
experiment using parameter file RP8.
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The results, which are shown fully in Appendix A, have been
displayed for clarity in four separate graphs.

“Fig. 4.12. - Component and sub-assembly stock value

Fig. 4.13. - Work in process -and test value ‘ _ |
Fig. 4,14, - Equipment and commercial stock value _ |
Fig. 4.15. - Total stock value. |

' |
Observation.of the stock value over simulated time provides some

useful indicators on the model performance_and thus the real world
behaviour.

a) There s no evidence of any long term trends introduced by the
~model under the specified experimental.;onditipns.

|
\
\
\
\
b) A c]ear cyclical pattern is apparent in all stock categories. '
Since the orders received pattern selected was stable, it must
be assumed that the cycles are self-induced by some form of
positive feedback in the planning procedures,
\
\
\
|
|
|

¢) The time frame selected for,the'primary‘and secondary experi-
ments of weeks 53 - 248 inclusive approximates closely to two
full cycles, thus supporting a-primary experimental assumption.

d) The component stock appears to be the leading factor in the
cyclical series, If the peaks in component stock value are taken
as reference, the stock categories are shifted in phase as

follows:
|
Component = Reference (0) . B
Work in process =+ 7 weeks ' ,
Test =+ 20 weeks '
Commercial = + 20 weeks |
Sub-assembly = 4+ 26 weeks
Equipment = No regular pattern
Total stock value = + 13 weeks

|
|
An explanation may be that, as component stock becomes plenti-
ful, material issues are released into work in process. without
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shortages, . thus causing a "ripple effect” ‘as the value moves. .
through sub-assemb]y stock, equipment work in process, test
and despatch. .

' e)[Each stock category indicates. certa1n special charater1st1cs._
These have been summarised in Table 4. 38.

STOCK - CYCLICAL = RELATIVE  CONTRIBUTION -

CATEGORY - PATTERN ~ MAGNITUDE = 7O TOTAL
- Component . Regular  Very large . Large
' Sub-assembly ‘Regular Medium Medium
'Nofk;in;proceSS- ‘Very regular - Small Medium .
- Equipment ..Faikly-regu]ar Very Jarge Large
- Test -~ - | Irregular Medium: “Low
‘Commercial . Irregular Very large Very low

Total ‘Reégular Large - N/A
| Table 4.38. - Cyclical Attributes

Thus it can be seen that the component and equipmeht stock categdries

“contribute. mainiy to the fluctuations in total stock investment and

therefore merit further investigation of the causes of the observed

- variations. The dramatic bu11d up of component stock in the
. simulated week. 235 is particularly signficant, being approximately

4.5,

double the normative value, The most 1ikely cause is the abnorma11y
Tow totaljstock in week 209, since the planning system attempts

to recover the planned buffer levels. As all stock categories are
low, the inventory tends to arrive at the component point beyond
the schedule reaction time, )

The irregularity of the equipment stock value could be explainéd
by the probability that, in the mixed mode condition, products are
switching from “make to order” to "make to stock" mode, this caus-

-ing large variations in allocated stock during the transition.

MODEL EFFICIENCY

The resources required to execute the described model are shown in
Tahle 4.39. '




L

RP NO. START TIME END TIME ELAPSED TIME CORE OFF-LINE RESQURCES | RUNNING COST COMMERCIAL ¢

(hr/m/s) | (kr/m/s) (hr/m/s) | (WORDS) | OUTPUT (LINES)|  USED () COST ()

3 00/d2/57 | 02/19/02 1/36/05 100096 7646 | 85046 | 72.25 159.45
7 14/37/42 | 16/00/28 1/22/46 " 7650 84705 71.96 158.82
8 00/154/43 01/25/17 1/10/35 " 7879 84797 72.04 158.99
9 02/57/32 04/00/01 1/02/29 ; 7890 83661 71.07 156.86
1 05/28/26 | 06/56/10 1/27/44 noo ) 7552 . 80687 63.54 151.27
1) 02/12/36 | 02/58/53 | 0/46/17 " - 7381 80682 68.54 151.27
12 00/50/31 02/12/33 1/22/02 " 7852 | 80430 68.33 150.80
i3 07/05/43 | 08/34/47 1/26/58 " 7708 81409 €9.15 152.64
1 04/07/47 05/55/27 1/47/40 " 7480 " 81331 §9.09 152.49
15| 04/10/3] 05/31/05 1/27/35 o - 7564 £0430 €3.33 150,80
15 02/43/49 | 06/49/38 |  3/05/49 " 7552 81314 69.08 152.46
17 05/26/01 05/49/38 1/23/31 " -7 87038 | . 73.94 163.19
13 06/49/40 | 07/44/05 | 0/54/25 o 7551 80809 63.65 151.51
19 05/17/55 | 06/51/51 1/33/56 " 7642 84692 71.95 | 158.79
20 02/45/56 | 04/10/28 1/24/32 o 7642 84998 72.20 .1 155.33
21 05/55/29 | 07/33/01 1/37/32 . 8229 86704 76.66 162.57
22 04/26/16 | 05/50/48 | 1/28/32 " - 7410 80955 68.78 151.79
24 05/54/5) 08/03/2] 1/09/30 oo 7552 81040 | 68.85 . | 151.95
25 | 03/47/57 " 05/17/52 1/29/55 " 7689 81956 69.63 153.66
26 00/41/07 01/40/57 |  0/59/50 " 7323 81636 69.40 © 153,16
27 23/12/46 | 00/41/05 1/28/2] " 8076 82549 70.13 154.77
28 02/41/20 04/32/44 1/51/24 n 7655 84341 71.65 158,13
29 01721757 | 02/41/18 1/19/21 o 7889 . 84982 72.70 159.34
30 21748/31 23/41/36 1/53/05 " 7874 85595 72.72 160.49
31 00/50/39 | 02/24/13 1/33/34 u 7872 84818 72.06 159.03
32 02/24/15 | 03/58/59 1/34/44 " 7877 - 84918 - 72.14 159,22
33 23/27/3¢ | 00/50/38 | <1/23/04 " 7645 . |. 8452 71.82 158,51
3 00/19/21 01/38/16 1/18/55 " 7873 85639 72.75 160,57
35 04/08/21 05/36/34 1/28/13 " 7876 84419 71.72 158.28
36 02/09/33 | 03/47/55 1/38/22 " 7882 83564 71.33 167.43
37 07/02/24 | 08/32/2] 1/29/57 . " 7574 81243 §9.02 152.33
38 08/01/37 10/14/11 2/12/34 " 7559 81421 69.17 152.66
39 04/15/36 | 05/03/17 | 0/47/3 " 7558 81289 60.06 152.41
48 04741749 | 05/33/08 | = 0/51/19 " 7550 81067 68.87 152,00
49 03/04/45 | 04/41/46 1/37/0] o 7322 81729 69.43 153.24
50 03/27/42 | 04/15/43 | _ 0/48/01 " 7550 82111 69.76 153,95
AVERAGE 1/26/32 100096 7663 83027 70.37 155.67
TOTAL 2533.28 5604.18

Table 4.39. - Computer Resources utilised

- L0¢ -
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The design of :the computer“programs resylted 1h-a‘constant'main'
- memory requirement of 1000396 words. This value is highly significant,
_since this exceeded the 1imit set by the Computer Centre management:
as available for user-application. programs. This Timitation
established .the maximum dimensions of the data files and subsequently
the experimental data volumes. It should be noted that some reduction
in main memory requiremeht‘cou1d'have been achieved by the use of
'LCOMMON or EQUIVALENT 'statements. The decision to maintain the
B independence of the: memory allocation was taken since it was only
| considered viable to overlay workflTes, ‘and ‘thesé only represent
~a very small proportion of the tota1 f11e_space‘requ1red.

”ThéfpossibiTity of reducing the main memory.requirement, or alterna-
tively ihcreasing the system file dimensions,fby‘transferr1ng
certain files to the secondary storage media (disk storage) was not
considered appropr1ate due to the 1nev1tab1e 1mpact on run t1mes as
result of ‘the 1nput/output accesses, -

“The actual experimental run time varied from 46 minutes to 3 hours

05 minutes, with a mean of 1 hour 26 minutes., Since the total amount -
‘of resources USéd_was substantially constant, it.can be concluded -
that the wide variation in runtime was due to the presence of other
.éonflicting-demand\on'thekcomputer'resoUrce.: ' |

The off-1ine output of apprOximately 7500'1ines-représents the

- requirement for a five year simulation experiment at diagnostic
Tevel 4 (monthly summaries only). Increasing the diagnostic detail
to Tevel 3 or beTow*Significant]y-1nf1uence5~the amount of off-line’
. output- generated. For example, when conductihg detailed tests at
level 1, two boxes of single part 11st1ng paper were requ1red for

a simulated one year period.

The commercial cost'of?conducting each experiment averaged 1155,
resulting in a total of £5600 for the series of the experiments
described, This total excludes cumulative cost of developing and
testing the program modules. The three factor, three level full
factorial group of experiments account for £4185 of the total cost.




5, CONCLUSIONS .

5,1, INTRODUCTION .

The results obtained from the simylation experimentspermit conclusions
to be drawniabout'the'business_sy;tem behaviour, the model performance
and the applicability of the techniques employed. This section has
been structured into three main-discussidn"areas,;in descending order..
of priority. The first area is the impactsof;planned-buffef'stock on
the business system behaviour, leading to recommendations on the-
‘policies that should be adopted. The second area concentrates on an:
analysis of the simulation model'va1idity ahd‘any genefa] conclusions
that may be drawn from'the approachiédopted. The final discussion
4includes general conclusions or indications derived from observation -
“of a number of.the_secondary experiments,

5.2, BUFFER STOCK DISPOSITICON

5.2.1. Component'Buffer Stock

The results of the simulation experiments have shown that the influence
-of the p1énned.compdnent bUffer_étock.level on delivery performance
observed at the despatch point is insignificant when'compared'with the
influence of the downstréam stock points, inciuding test work in
process, finished equipment stock, assembly work in process, sub-
assembly sthk and sub-assembly work in process, The role of -the
component buffer stock within the business system described can
therefore be considered as being. predominantly its.primary'task of
“minimising the effect of suppTy disturbances on the production process.

An important distinction at this point is that gomponent buffer stocks
‘are planned . to provide-protectibn against predictable, or necAJrang,
supplier irregularity. The parameters within the simulation model
were selected to demonstrate a reasonable supplier performance pro-

" . file under normal conditions. No allowance was made in the model
for unpredictable supplier failure, for examp]e,'the-effeét of a
strike, a tool failure, or lack of capacity. Buffer stock is not
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intended to address these problems and may, in some cases, aggra-

" vate the underlying cause by increasing the supplier work-load. Such

situations are resolved by regular monitoring of suppl1er perfor- -
mance and manual adjustment of the Master Production Schedule or
intermediate Inventory P]ans to alleviate the,prob1em.

The isolation of the component buffer stock 1nf1uence is- sign1f1cant
since it allows further 1mportant conclus1ons to be derived. '

1t has been shown that the impact of product mix;on the  component

. stock within the formal replanning events is negligible. The dis-

bursement of stock to the work in'progfess_areas will, therefore,

* tend to be prédictab1e thus minimising the need for buffer stock at

the. component. level to absorb demand. uncertainty., The component stock

will, thus, represent only the three elements;

- cycle stock dependent upon the frequency of supp1y
{normatly monthly);

- reserved stock represénting the allocated production orders;
- buffer stock dependent upon the degree of supplier uncertainty.

Analysis of component buffer stock may therefore be directed towards

-~ the dptimisation of supplier performance as seen from the production

5.2.2.

interface, and the best compromise between component stock invest-
ment and supply system‘performance may be derived by selectively
buffering each component accbrding to the supp]ier reliability. Such
analysis may be executed in 1so1at1on of ‘the demand influence, since
it "has been.shown that there: 1s no’ s1gn1f1cant interaction.

Sub-assembly: versus Equipment Stock
The discussion and conclusions regarding the impact of sub-assembly
and equipment buffer stocks on delivery performance are based, in

“the first instance, on the simulation model results, A subsequent

discussion will establish the validity of the simulation results in
the actual business system and argue the practical significance,
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The most important resu]t'df-thE'simuiation Experiments'is the con-
clusion that;'under the stated experimental conditions, there is no
significant difference between the influence of planned sub-assémb]y .
and planned equipment buffer stocks on delivery performance, parti-
cularly when related to stock investment rather than equivalent
weeks of throughput

_JThis.tonc1usion_is.vaiid for .the experimental conditions selected,.
but may differ if other operating parameters are established. Both.
the planned level of test-work_in‘pfocess,and,assemb1y work in
‘process will influence the relative importance of each buffer stock;
-since‘increaSed work -in process investment'w111-decrease the sensi-
Ctivity of de]ivery*performance_tOrplanned buffer changes, the de-
creased sensitivity being*more apparent the further upstream the stockl
. exists relative to the delivery point. The conditions selected were,
however, based on.existihg policies and were considered representative.

The selection of. a buffer'stock.policy, therefore, is more dependent
upon- strategic considerations:rather than purely financial, The
evaluation must include, for example:

a) the increased obsolescence risk of customised products;

b). the reduced'flexibiTity'to-changes in demand pattern as
products are completed to a higher level;

¢} the need to offer competitive1y-short delivery lead time to
certain customers;

d) the réquiremént‘to achieve a high quality performance by
incorporating a number of sub-assemblies into final products
for quality control checks with a minimum delay;

e) the need to provide a constant work flow through the
assembly and test departments by storing further added value.

The first two items argue for holding stock of sub-assemblies only,
whilst the last three favour finished equipment stock.
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A general conclusion which addresses both the financial consider-
ations and includes the strategic arguments is as follows.

1) Stock should be held at the sub-assemb]y point as a general -

principle, to- max1m1se manufactur1ng f1ex1b111ty and reduce

: obsolescence risk,

The lead time to finally assemble a customised product must be

-as short .as possible, given the. constra1nts of “the manufactur-
.ing system. This implies certain investment .in. assembly and
test technology to minimise equipment 'set-up and reduce

"economic batch" sizes. In this way, the final assembly can

“respond rapidly to mix changes- and short delivery lead times

- can be offered where appropriate.

3)

The need to store added value in the final assembly and test

‘departiments must be minimised. This can be achieved by a number

of‘comp1ementary practices,

- respons1ve order promising to achieve a constant delivery
plan; '

. = short manufacturing lead times and minimal set-up times

between batches;
- reduction of labour intensive activities by improved design
and selective automation.

Where it -can be demonstrated that additional sales may be

generated by an "ex-stock" de11very of standard products, it
may be valid to hold certain items in fully assembled and
tested form to take advantage of these opportunities. Exper1ence

'shows, however, that the need for very short deliveries is

Timited, since:

. . = new customers require a re1at1ve1y Tong lead time to

establish a freguency allocation from the Telecommunl—
cations controlling Authorities. .

- existing large customers generally are sufficiently

- mature to pre-plan their requirements;‘ |

- agents and 'group companies are normally able to extend

their stock replenishment proposals into the manufacturing .

planning system,
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Present marketing estimates place the volume of business which
may benefit from such strategic stock at less than 15% of the
~total turnover, g

Stock of finished products can only be effective if the frequency
_customisation lead time is very short, a condition which may
be achieved by

- final crysta) insertion and tuning at the latest poss1b1e :
moment (e.g. the service depot).
- use of synthes1sers which may be readily: programmed at
| -short. not1ce. ' _
- purchase of crysta]s on a very short de11very 1ead t1me,
usually at a premium price,

It is not reasonable to assume that an absolute measure of the
effect of stock investment on delivery performance can be derived
from the simulation resylts. -Conclusions may be drawn, however,
about the general behaviour, which can: prOV1de a better understand-
-ing of the actual business system,

An approximate relationship between the total stock value and the
- equipment delivery performance has been derived according to the

5.2.3. Cost versus Delivery Performance : :
- experimental assumptions stated.

- for the conditons )

0<% €4
Xq = 8

where P, = equipment delivery performance (%)

Yro1 _
' equipment buffer stock {weeks)

sub-assembly buffer stock (weeks)
component buffer stock (weeks)

>
-
L]

£

“total stock value (£'000)
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Oue to the increasing non-linearity of the fundamental relationships,
the expression is valid for a limited range of buffer stock values
but becomes less valid under extreme conditions.

The experimental results show that. an approximately linear relation-
ship can be derived over a limited range, and that an actual value

for incremental delivery performance may be derived.

CIf the results are observed'in-further-detail, it can be seen that,
as the planned: buffer stock is varied through the two extremes,

equipment delivery performance varies from 61,58% to 74.02% and
stock value ranges from £324,900 to £378,900. Thus a 1% change in

- detivery performance 1s effected by a 1.24% change in total stock

1nvestment

It has been shown in Section 3.4.5. that the model structure and data

‘selection represent a reasonable, scaled down, version of the actual

business system. It can, therefore, be concluded that the proportional
relationship derived above is an acceptable estimate of the real world
stock investment/delivery performance behaviour.

Impact . of Human Intervention

‘The simulation mode} has been structured to include simple priority
~ rules, such that ‘manufacturing queuves will be sorted on either a

f1rst-1n-f1rst—0ut or a due date priority. The real world rules are
far more complex and will often vary as_either'policies or c¢ircum-
stances change. This-particu]ar aspect should be considered further,
since it has some s1gn1f1cance in the interpretation of the s1mu1at1on

" results.

Delivery performance has been a highly visible management performance
index for the past few years. This visibility, and commitment to
a-high level of customer satisfaction has yielded dramatic improve-
ments in measured results.

The monitoring of delivery performance is the responsibility of the
Order Control department, who constantly review priorities and apply
pressure as required to meet their pre-defined objectives. The two
primary objectives are:
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(1) maintaining the value of- the invoiceable shipments;
(i1) achieving the delivery performance targets.

The two objectives are, to a large extent, in conflict since maximum
invoice value may be attained-by concentration on a few large orders,

“while delivery performance statistics may -be enhanced by'shipping

5.2.5.

a large number of small orders.’

In practice, a working compromise is struck between the two require-
ments, the resu]t'being7that invoice value receives the greatest
attention, while delivery performance may still be achieved by the
se]ection' of a.suitable portfolio of small orders.

The simulation model is not sensitive to order size and thus will

not dynamically adjust to maximise the measured delivery performance.
The effect of applying selective human intervention of the “unex-
pedited" business model will be to increase the measured delivery
performance, the degree of influence being dependent upon the.
specific management objectives at any time.

Assumptions/Validity

The value of the conclusions reached is directly influenced by the

va]idity of the simulation -model as a true representation of the

“actual business system and the reasonableness of the assumptions

made, The validity of the simulation model is dependent upon the
accurate portrayal of the process and the reasonableness of the
data, both of which have been addressed in Section 3 - Research

‘ Methodology.

‘It can be concluded that the model does provide an adequate repre-

sentation'of:the general business behaviour, given normal operating
conditions. The model is unable to portray abnormal conditions, such
as catastrophic sdpply failure or extreme customer behaviour, nor
does it address the changes .in internal policies or priorities that
arise from periodic management intervention in the process. Such
limitations do not detract from the value of the model, since such
situations may be introduced once a good understanding of the normal
situation is obtained. |
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An evaluation of the-data-épplicabi]ity is more complex, since the
model is necessarily a scale version of the actual environmenti Every
attempt has been made to provide consistent scaling factbrs, whilst
maintaining the simplicity required for rational evaluation of the re-
sults and remaining within the constraints imposed by the data file
sizes and computer run-times permitted, Some allowance should, how-
ever, be made for the possible bias that may have occurred by
increasing the expected product guantity.

5.3. SIMULATION MODEL - | :

It has been-shown that general purpose simulation Tanguages were not
_considered .appropriate tools for the evaluation of the stated business
prob1em. A different‘approach was adopted, taking advantage of the
flexibility of a.genera17purpose programming language, FORTRAN, and.
subsequently emulating. the MRP logic. Since the plausibility of the
experimental-conclusions is influenced directly by the appropriate-
ness of the techniques adopted, some further conclusions on the model
.performance are now derived.

5.3.1, Statistical Significance

It has been shown'that.the.model'is valid and thus able to provide a
basis. for statistically rigourous experimentation, within the con-
straints of the computer resource available.

A total of twelve probabi]ity density functions are incorporated into
the model design, each of which is. sampled by use of an independent
random number stream. To enable certain influences to be isolated;
many of .the stochastic processes may be readily converted to deter-
ministic by use of a zero random number seed. (Note: This facility
has not been demonstrated in the expériments described).

The most rigourousutest'for the model was the three factor experiment
for the evaluation of buffer stock significance. The results per-
mitted analysis .as a full factorial analysis of variance without
replication, demonstrating the value of the model as an analytical
tool. Further, variance reduction through the use of antithetic ran-
dom number streams and multiple replication have been demonstrated,
both techniques performing as expected.
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The validity and statistical significance of the experimental'resu1ts
are also dependent upon the performance of the random number generator.
It should be noted that the program was derived from a standard IBM
library routine and has been subject to tests and found to be satisfac-
tory. There is no evidence of bias in the experimental results obtained,
however, attempts to achieve quantifiable statistical significance
-should be preceded by a. va]1dat1on of the pseudo-random number streams
using, for example, the recommended: tests suggested by Nay]or et al
(1966). '

~ 5,3.2. Scope -

‘The model is, necessarily, a simplification of the real world processes.
It attempts to provide'én-accurate representation of the actual busihess
syStem and in so doing has to compromise between the conflicting con-
siderations. |

- the need to emu]éte the total business system, from supplier
‘1o customer;
- - the selection of reasonable. probab111ty density functions to
" represent historical observations;
- the regquirement to provide a realistic, yet simple, emulation
of the human decision making process where rules are not apparent;
- - the need to scale data consistently within the constraints
imposed by the. computer resources.

The primary objective is to provide a comprehensive view of the
aggregate system performance, rather-than -an in-depth analysis of

-ahy individual process, However, the structure is such that any
-sub-process may be isolated if required for further evaluation,
examples beiné the receiving process and the effect of work in

process quality performance. Further definition and analysis is

easily accommodated, but the need must be weighted against the overhead
in cbmputer run time and cost.

The lowest level of definition within the model is a weekly summary
of'transactions-through each business sector, Results are monitored
at this level, but normally are not recorded due to the substantial
volumes of printed output that would result.
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The model may, thus, .be used in-twd quite different ways. Thé first,
by selection of a high diagnostic level, permits the evaluation

of the aggregate system in response to parameter orcohdiiion;hanges,
where long term results may be readily compared., The second is the
ability to perform a detailed study, at transaction level if

transaction without influencing the model behaviour over the long
term. - '

~ The structure of the model permits chahges to. be introduced to any
one, or all, of the three significant factors,

1. Environmental changes, either in the form of the supplier or
the customer profiles.

2. Parameter changes within the modei, reflecting changes in
management policy.

3. Process changes Within the model, indicating a fundamental
change in the business system,

5.3.3. Efficiency.

The simulation model as described is relatively inefficient in
computer resource terms. The design is such that all programs
and files are held in main memory during execution time to avoid
the problem of disk access time, and yet a five year-éimulation
experiment requires a dedicated processor for over one hour,

The lack of model efficiency was a signficant constraint during
both the design and experimentation phases. The limitations in
main memory directly determined the file sizes permissible, and
hence the scaling factors required to reduce the data volumes.

The run time and thus the cost of each‘experiment did not permit

the range of parameter selection and repiication that were réquired
for statistical significance to be attained for any of the “"secondary
experiments"”.

' required, at any pre-selected time during the simulation experiment. -
- The low diagnostic -level will cause the reporting of each operational =
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The conditions under which the model was executed were, however, less
than optimum. The ICL 1904S is, by current standards, a very limited
- and slow processor. Execution of the experiments on a contemporary
- processor, for example an IBM 3031, would result in eXecution times
of -ten minutes or less with significantly more main memory available
for system files if required.

5.3.4, Language .

The decision to use a general purpose programming language, FORTRAN,
“was taken because of the limitations of the specialised simulation
langUages;when'working at the detailed level required. It has been
shown that FORTRAN is a viable programming language for the type

of model considered, albeit with two significant limitations.

The first limitation is the handling of files. The use of FORTRAN
led to problems in maintaining consistent data between fi]es,
redundant file space and complicated programming logic. The second
limitation, compared with the use of specialised simulation languages,
was the significantly greater time reguired to structure a model
and the need to design certain logical diagnostics that would be
native to a simulation language. - | '

The positive features of FORTRAN, howeVer; outwe%ghted the probTems
- encountered. The main aspects are restated below: :

- it would not have been possible to emulate the MRP process
conveniently using either a time or event driven simulation
language, due to the problems of introducing the product
structure.

- FORTRAN was offered on the computer facilities available and
permitted an easy transfer to a larger facility had this been’

‘required,

- more expertiée for the resolution of programming problems was
available for FORTRAN than for simulation languages, and
subsequently; the model could be more easily adapted by other
experimenters if required,

- FORTRAN is well proven and relatively efficient when used
under the GEORGE operating system which also offers powerful
diagnostics and trace capabilities.
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5.3.5. General Applicability

- Observation of the simutation model demonstratesithe potential. to
address a more general situation than the specific business area
selected. (See Section 1:3.4,)

Conceptually, the modelling technigue adOptéd may be employed to model
any complete business system, or sub-~system, within the ability to
define the rules and processes. The definition and development time-
scales would, however, be extremely long and such an approach is un-
likely to be-cost effective in a commercial environment. ' |

Practically, the model can be considered as representative of a typical
“multi-echelon manufacturing assembly environment. Thus, with minor
changes to the parameters and probability distribution functions, many
similar business environments may be simulated. Further small changes
to certain rules and procedures can also be easily accommodated, thus
increasing the general applicability of the technique. |

The modular structure of the simulation programme also allows a further
- level of differentiation. Replacement of an existing subroutine with

an alternative version will permit a completely different process to

be emulated, without necessarily impacting on the residual model

structure. This facility is of value, not only in adapting the tech--

nigue to other environments, but also to demonstrate the effect of

changing certain processes in the existing simulated environment.

The approach adopted- retains the view of the full business system., A
similar concept, but With a much more limited scope and ability to
tailor to a given environment is discussed by Carlson (1979}. The’
technique, however, of using MRP as a simulator, ié supported by his
study.

5.4. GENERAL CONCLUSIONS

Observation of the behaviour of the simulation model under certain con-
ditions reveals a number of important characteristics of the business ‘
system which, although not always gquantified, are sufficiently signifi-
cant to warrant a critical examination of many of the actual operating ‘
policies and procedures. . |




5.4.1. Cyclic Effects

There is clear evidence that the rules applied to the planning of

material requirements, in conjunction with the delay times observed

within the business system, Tead to a prenounced cyclic behaviour,

Although this phenomenon haslbeen displayed only for the inventory

values, a 'similar pattern may be seen-in the observed delivery
performance, : '

- The cyclic effects may be reduced by'a number of complementary
changes to the existing policies.

‘a) The total plgnning system should be integrated, such that all
elements of inventory, including sub-assembly stocks, are '
included in the requirements planning,

b} The planning frequency should be increased from quarterly to
weekly, to permit changes in business volume or production
effectiveness to be followed more closely.

c) The fequirements planning system should be used as the mechanism
for production scheduling in addition to material planning
“to ensure a single, integrated operating plan.

5.4,2, Manufacturing Mode

There is apparently little difference between the measured delivery
performance for the make. to order or make to stock modes of manu- '
~ facture, If the system is operated in mixed mode, however, the _
achieved delivery performance is significantly lower. This effect
is explained by the continual switching between modes as stock is
rep]ehished or depleted since, if stock were to continually exist,
the "pure" stock mode would result, The effect during the transition
is for delivery priorities to be confused at the expense of service

level. There is evidence, therefore, that clear guidelines governing
the mode of manufacture are required to avoid the mixed mode pheno-
mena.
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Priority Rules

There is no evidence from the experimental results that the delivery
performance is influenced by the choice of priority rule, This result
appears contrary to-?ogicé? reasoning since, using the "Due Date" rule,
overdue orders would be placed at the top of man&facturing.priority
list and move quickly through fhe-system; The choice of model logic,
however, places constraints on the minimum throughput time since the
time moves forward in’ one week - increments, Thus, a product cannot pass
through both assembly. and teét in-the same week.»Thisfeffect, therefore,
1imits the value of'the priority rule experiments. - '

It should also be noted that the same constraint on throughput'time may
also marginally lower the measured delivery performance.

Relationship between Commercial Stock and Delivery Performance

A relationship between the observed delivery performance and the value
of'commercia1 stock has been suggested. This indicates, predictably,
that as the delivery performance improves the value of stock awaiting
order completion diminishes. It has been proposed that the relation-
ship 1s non-linear, exhibiting a minimum value of commercial stock

‘at the 100% delivery performance point.

The extrapolation shown, however, assumes ideal conditions. It may
be argued that, under normal business conditions, the achievement of
a near 100% delivery performance would require a substantial pro-
portion of products to be delivered into commercial stock in advance
of the scheduled due date. The effect would be to increase the value
of commercial stock as more products are advanced, due to subsequent
imbalance in achieved completion dates. | '

It would, thus, be argued that the value of commercial stock would reach
its Towest point.at a value in excess of the theoretical minimum, and
would then increase as the delivery performance further improves. Ob-
servation of the results suggests that this point may have been reached
in the simulation model at a value of around £9,200 (see Section 4.4.4.)

Since both the delivery performance achieved and the value of com-
mercial stock are relatively independent, each being the result
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of a number of causal influences, the derivationof a definitive
relationship is considered inappropriate.

Effect of Capacity Utilisation

There is clear evidence from the experimental results that the
availability of excess capacity does not significantly improve
delivery performance. The contrary effect, however, of constrain-
ipg'the available capacity indicates.a "knee" in the de]ivery

performance/capacity utilisation relatibnship,.beyond_which the

delivery performance deteriorates rapidly.

‘The -range of-capacity?uti]isation selected for experimentation

was limited, therefore further quantification was not attempted.
More extensive evaluation, including an estimate of the cost of
excess capacity, would certainly be beneficial as a further measure
of the cost of delivery performance attainment,

Effect of Orders Received Trend

There is no evidence to suggest, given the experimental conditions

- of a moderate trend introduced in the product mix within a con-

stant overall volume,'that orders received trend has a quantifiable

effect qn‘achieved delivery performance,

It is not feasible,-gfven the very limited scope of experimentation

involving trend parameters, to draw any general conclusions on the
effect of orders.received trend. Logical reasoning would indicate
that, under more extreme conditions of trend involving both product

-mix and volume, quantifiable effects shou1d'be apparent. Further

experimentation into these phenomena is, therefore, recommended.
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~ the structuring of experiments that the modelling technique offers
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RECOMMENDATIONS FOR FURTHER RESEARCH

-INTRODUCTION

-areas firstly in priority order to complement the results described

It is evident from the discussions related to the modeT design and

enormous potential for furthér productive research. This section
indicates the scope available by organising the potential research

earlier, and secondly in ascend1ng complex1ty from a model modifi-
cation viewpoint,

EXPERIMENTAL DESIGN

Variance Reduction Techniques

It has been shown that the simulation model permits the use of both
replication, by using alternative random number seeds, and anti-
thetic sequences by the introduction of negative seeds.

Many of the secondary experiments were indicative rather than con-
clusive, due to the limited number of simulation experiments using
the, variance-reducfion techniques available. Although the costs for

each experiment are not trival, a number of the secondary experiments
certa1n1y warrant more detailed ana]ys1s.

Long Term cyc]ic Effects

"A single éXample of the long term cyc11C-perf0rmance was conducted;

again due to the cost and timescale involved. The main consider-
ation was to demonstrate that the model is stable over the long term
and that selection of the first simulated five years is a reasonable
compromise between the cost of experimentation and validity of the

. results.

There is, however, scope to examine the Tong term cyclic effects in
more detail. There is evidence to suggest some form of damped
oscillation may be present, and if this is so the structure of

the planning process may be 1ntroduc1ng an element of positive
feedback.
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‘Analysis of the model using cohtro] theory may lead to certain

modifications of the p1ann1ng procedure to m1n1m1se the cyc11c
nature of the stock- prof11es.

External Parameters

0f the parameters that ere‘determined-by ménagement policy, two

-are accessible as input:parameters; planned order book in weeks

and supplier response time. Both were pre-defined ih_the described

- simdlationIeXperiﬁentS'to.ref1e;t_theeexisting;po]icies.

Management has been reluctant to change these parameters in practice

‘due to the long lead time required to determine the impact. The .

simulation model will permit the long term effects to be observed
without any practical risk involved,

Internal Parameters |

A further set of parameters is- embedded in the model design, since
the specific business prob1ems did not requ1re access to these items
and pre-definition at the data input stage would have caused greater
tomplexity. A number of significant internal parameters are worthy
of further evaluation, some of which are as follows:

(i) The planned work in process level in weeks is defined both in
the planning rules and in the order reléase decision process.
A .series of experiments to demonstrate the effect of modify-
ing the planned work in process levels is indicated, since it
has been shown that the “"residual" stock investment is far
greater than that influenced by planned buffer stocks.

(11) The ru]es-épp]ied to the treatment of eguipment stock were
assumed, since there was evidence in the actual business
environment of several different practices. The model offers
scope to modify the timing of -equipment allocation to customer
order and hence to potentially reduce the allocated stock
investment. The probabie effect of such action on delivery
performance and aggregate stock investment may be considered

 prior to a policy decision, -
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(111) The planning constraints used to -assist in the preparation of
- the equipment quarterly plan are heuristic rules which have
been developed over time and evolved through experience. An
evaluation of the‘sensitivity'of'thé bﬁsinessfsysteh to
different planning rules would contribute to the establishment
of policies which minimise the response time to forecast:
~changes consistent ‘with acceptabie stock  investment and
delivery. performance. ' '

*6.2;5.'ProbabiTityrDistribution Functions

The probabi]ity'distribution_functions'describing certain business
~.attributes have been selected to represent, as closely as possible,
the real world conditions. Scope exists, however, to predict .the
11ke1y effect of changes in the environment so that remed1a1 action
may be considered prior to a trend being observed. The most import-
ant characteristics are the customer ordering profile, the supplier

delivery profile and the reject re-supply pattefﬁ.

The order'charactéristics-permit selection of five parameters; the
- ~number of orders per period, the number of items per order, the

product selected, the quantity of each prodUct ordered and whether
part'shipmeﬁt'is permissible. The model permits trend to be intro-
duced on one or all products within a fixed business level. Further

~_evaluation of the effect of trend would be desirable, particularly

‘the reaction of the system to rap1d changes 1n trend under different l
p1ann1ng constraints,

~ Changing the_part shipment rules will effect both the stock invest-

" ment -and the measured delivery performance. Any proposed change in
poTity must, -however, be're1ated to the willingness of the customer
to pay the invoice, or the resu]t is to move value from stock to
debtors, :

The material receipt profiles are dependent upon two factors., The

first is the supplier reliability and the second is the internal’
inspection procedure, Supplier re]iabi]ity can be influenced by care-
ful supplier screening and improving the dialogue between the
procurement function and the supplier. Since the supplier unreliability
is addressed by component safety stocks, there is scope for an
evaluation of the potentia? benefits that m1ght accrue through more
effective procurement po]1c1es.
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The inspection procedures have heen emulated'as'closely as possible
according to rules as available. Inspection policies are, however, sub-
ject to regular review as the type of component evolves through'tech-
nical change and management responds to current thinking. The structure
of the model permits a range of policies to be evaluated, but only in
terms of component service level, No facility has been introduced to
represent quality failure detected at the work in process stage, al-
thodgh-this faci]ity could be incorporated with minimum effort.

Vendor re-supply data was difficult to acquire and thus may not be
fully reliable. This is because in many instances a rejected batch -
can lose its identity and be aggregated into other scheduled delive-
ries, There exists the potential to examine the sensitivity of the

~system to re-supply Teadtimes and evaluate the potential benefits of

6.2.6.

a more visible form of re-supply controi.

Product Definition

The master files accessed by the simulation model include the
product definition, which comprises item data (e.g, description,
value) and the product structure,

The product definition file as described includes four finished
products, which. are represented through four structure levels;
finished product, two levels of sub-assembly and component. There is
no Timitation in the model on the number of items at each level or
the number of levels apart from the physical file s1ze def1n1t1on.

It should be noted, however, that an increase in the item master
file implies a similar increase in many other files, the most s1gn1-_
ficant of which, in terms of volume, is the equipment order book,

The product structures upon which the simulation experiments were
based, included a mix of common items to a number of products and
unique items to single products, There is, therefore. the p0551b111ty
to observe the performance at the component level of the common .
compared to the unique items in response to orders received trends,

Further analysis of the reaction of each type of component may iead
to a better understanding of safety stock requirements and the risk
of potential stock-outs.
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6.3.1.

MODEL DESIGN

The simulation model was: constructed essent1a1]y to assist in the
resolut1on of a specific business probliem, Subsequent1y, it has

been' proven that the. technique adopted has a far wider application =
than: 0r191no&1y ant1c1pated The model.construction has, however, been
constrained to permit some fac111t1es in.excess of the basic require~
ments without mov1ng too far from.the main objectives.

:There is' a great deal of potent1a1 in the basic mode] as described _

to enhance the operational eff1c1ency and 1mprove the 1nterface
between the model and experimenter.

Interactive Analysis of Results

The model presentiy'outputs diagnostics, performance indices and
statistics according to the diagnostic level selected. The programs -

-may be easily mod1f1ed to permit easier interpretation of resu1ts in

two stages.

' The‘first-stage-would be to prepare an output file <into which all

results at detail level would.be written. It would then be possible
to select a series of programs which could interrogate the file
accord1ng to the particular needs of the experiment. A second'stage

would be to create some interactive programs which would permit
 the experimenter to make enquiries on the output file at any level of

detail. Thus, for example, any abnormal condition at summary level
‘could be investigated through on-1line interrogation of the output

file at successive levels of detail. Such facilities would avoid =
several costly simulation experiments at. dlfferent diagnostic levels

to isolate a specific event.

Model enhancement as. described would reguire extra file space but
would improve the model efficiency since no print statements would
be included in the program. The main benefit would, however, be to
the experimenter, who would have access to far more performance
data than presently available.



6.3.2. Logic Changes

The model was-constructed to emulate as closely as possible the
~actual bhusiness system. The modular structure, however, permits

- a) Intreasing'the_regeneration.frequency.'

b)

modifications to be made to the logic which may be . used to evaluate
poss1b1e changes to.the bus1ness process;

.?Examples of mod1f1cat10ns that could prov1de a greater understanding
of the process. 1nc]ude the following:

A major limitatipn of the process is the quarterly regeneration,
- which is primarily used for material planning. Production

scheduling is a largely'manUalg supporting procedure.
_Increasing the rééeneration frequency to monthly, or possibly
week?y, offers the opportunity to generate the production
schedules directly from the planning process and react faster
to forecast changes.

Master Schedule,

Due to the 1nfrequent rep1ann1ng per1od1city, the Master

; Schedule is only notional. Changes to the delivery plan and
order loading sub-routines cou1d be ‘made which would be closer
- to the concept of a true Master Schedule. Thus, the production

and material schedu!es wou]d be based on actual orders and

~ forecast as the order load evolves, and order promising wou]d

be Tess speculative,
Net-change.

The two changes described above would be sufficient to move the

- system from a material planning tool to a fair]y_standard MRP
‘model, The potential improvements in business system performance

that might be expected from the intraduction of, for example,
the Manufacturing Control System, could be evaluated in
advance, including sample rules and policies.
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A further enhancement would be the modification of the
requirements planning logic to observe the net-change planning
procedure, It should be noted, however, that major mbdffications
- might be required, since the net;change-1ogic'assumes that
any system change'(é;gs;'bill of material change, Master
- Schedule change, material rejected)'would cause a replan,

d) Order Generator,

The orders réceivéd'generator.a1]ows typical customer orders”
o be presented to the model, but with certain limitations.
-,TWb,wrelative1y.simpie,,enhancementS'to the orders received

“generator, would permit a wider scope of ana1ysis;

(i) The fabi]ity to introduce trend into the volume of
business could be achieved by incrementing the average
number of orders to be generated each period.

(i1} The trend generator at product level presently only
-accommodates linear trend. Replacement of the linear trend
with a pre-defined profile would enable a typical pro-

- duct 1ife cycie to be observed.

- (111) Large orders are at present inadequately represented.
It is possible to provide a separate large order
- generator, but this should include the poséibility to
Tink ‘to the forecasting module according to certain .
heuristic rules.

" 6.4, EFFICIENCY -

It has been shown that the simulation model is relatively inefficient
in its present-fofm;'To make best use of the technique, the exe-
cutional efficiency should be improved by "tuning* the program

and selecting a more su1tab1e host computer.

The programs_ described are logically sound but do not make best
use of the computer resource available, Selective reprogramming can
potentially increase the utilisation of main memory and signifi-
‘cantly ‘reduce the run-time,
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Modification of the programs as suggested is, however, an extreme!y'

“time consuming process, since an intimate knowledge of the logic

within each segment is assumed. A safer and faster alternative is to
transfer the programs to a more appropriate host computer. The.

ICL 1904S* is a slow machine by modern standards as can be seen by
comparison with, for example, an IBM 370/158,

ICL 19045* . 1BM 370/158"
. Main memory 96K words - - 1024K -~ 8192K
_ 256K words ** 8 bit bytes
Cycle time 500 nS 80 nS
Full add time 1,90 uS 10.08 uS

ok one}Word is 24 bits

Thus, the IBM 370/158 is up to 20 times faster than the ICL 1904S*.

Even greater potential is offered by moving away from the large
mainframe to ardedicated‘persona]'computer. It would be possible
to execute the programs on a 16 bit micro-computer with 256K bytes

“of internal memory and obtain the advantage of 1nteract1ve program -

control and output analysis.

EDUCATION

Education in a complex logistics environment is always constrained,

“since it is difficult to experiment in-a live situation due to the-

Tong lead time before the effects of decisions are observed and the
inhevent risk,

The modelling technique described offers an excellent vehicle for the

observation of the production and logistics processes without risk.

- In its present form, selection of a low diagnostic level permits a

detailed examination of the underlying transactions, and transfer to
a micro-computer would provide even greater training potential.
Modern MRP packages are normally supplied with a test data base and

~ training aids, but do not facilitate the introduction of sampling

.distributions or "free running" over an extended time period. A model

of the proposed facilities with the sampling and execution logic des-
cribed, can be developed into a valuable education and training aid to
complement the facilities provided with the MRP package.




The use of an MRP model as an educational tool has been shown by
Carison and Glaser (1975) to be a viable technique. The concepts
- can be exploited more fully by using the model described in this
work, since the scope has been extended tothe business boundaries
with the external environments.
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APPENDIX A

EXPERIMENTAL RESULTS

The summarised results of each of the simulation experiments are
shown, be1ng extracts from the reports produced durlng each
-computer run, .

" In ecach case, the header displays. thE'parametefs"uti1ised for the
particular. experiment and the Run Parameter (RP) Flle containing
the externa11y variable parameters.

" A time frame of sixteen periodS'of thirteen weeks, shown.as,the
'RANGE, has been selected to derive the mean values of each observed
result over the steady state horizon. {See section 4.,4.7.)

‘The final schedule indicates the results obtained from a selected
experiment with RP8 continued over a ten year simulated horizon
to observe the nature of the cyclic effects,




DATE: 5.11.81 MODE: MAXE TO STOCK PRICRITY: DUE DATE RP FIIE: 3 AT NUMEER: 1
PARAMETERS CCMPCNENT SUB-ASSY EQUIPMENT UTILISATION: TREND:
BUFFER: 8 BUFFER: 4 BUFFER: . 0.95 0.0/ 0.0/ 0.0/ 0.0
R STOCK VALUE £'0060 DELIVERY PERFCRMANCE cap,
b8 ’ _ EQUIPMENT PART SHIP N0 PART SHIP SEXV.
Ny WEEK cop SUB STK WIip EQU STK | TEST |[COM STK |TOTAL % TATENESS % LATENESS % LATENESS | LEVEL
e ‘
E . :
14 $6.2 , 85.8 88.8 0.0 31.3 g.0 302.0 0.0 0.00 0.0 0.00 0.0 0.00 100.00
27 105.9 80.2 87.2 51.4 15.7 11,0 351.3 17.4 1.39 11.1 1,93 44,4 1,22 100.00
. 40 132.4 26.9 106.3 | 37.7 23.8 14.0 411.0 1 100.0 { ~0.83 160.0 § ~0.84 100.0 | ~0.88 100.00
™~ 53 100.1 §9.4 115.7 98.2 25.6 14.7 443.8 80.7 | ~0.31 92,1 | ~0.21 85.1 | ~0.13 -100.00
' :: 66 86.7 64.7 92.9 | 159.9 22,3 9.5 443.0 98.7 { ~0,57 87.% | ~0,14 100.0 } ~0.51 99.37
N 75 86.4 39.1 81.7 127.4 16.7 16.6 388.0 82,4 | -0.32 52,8 0.23 71.4 - 0.0 100,00
™~ 92 77.0 .1 70.7 74.5 108.8 ig.2 32.0 381.3 94,5 | ~0.,52 20.0 0.57 87.8 { ~0.10 100.00
E: 105 104.7 61.5 76.5 58.4 46,2 11.1 358.5 59.0 1.95 71.4 1.27 45.5 2.65 100.990
~J 118 | 49.5 47.7 111.1 101.0 24.4 5.8 339.5 63.4 1.17 72.3 £.98 53.3 1,63 28,92
I~ 131 103.8 64.4 8z2.1 110.3 36,1 23.0 418.7 7€.9  ~0.02 Bl1.0 0.26 64.6 0.29 109,00
N 144 127.6 59.3 102.7 120.4 25,7 1 8.2 444.9 76.1 | -0,04 64.4 ; -0.02 50.0 0.27 , 99,582
:: 157 114.9 56.5 113.0 88.0 32.3 14.9 419,5 92.7 1 -0.34 88.7 | ~0.28 89.3 | ~0.21 100,00
M~ 170 97.2 76.0 85.6 63.8 36.6 5.5 364.7 %6.0 | -0.31 94.4 1 -0.19 %0.6 | -0.13 100,00
~] 183 56.3 61.0 87.3 122.0 28,1 13.4 368.1 77.9 ; -0,22 80.7 | -0.10 §1.5 | -0.30 89,40
t: 196 90.1 53.5 69.2 105.8 16.6 30.5 365.7 £8.5 0.43 38.5 0.77 46.0 0.92 98,10
) 209 120.0 66.3 70.2 80.2 24.8 11.2 372.6 96.8 | ~0.36 87.2 | -0.13 93.¢ { ~0.23 160,06
Aol 222 157.5 59.9 1156.5 45.9 36.9 ] 6.7 423.3 75.6 | -0.07 69.6 {~0.02 78.9 | ~0.13 160,00
235 185.0 55,0 133.6 29.6 55.5 3.3 492.8 [ 75.2 | -0.,03 92.7 | ~0.11 66,2 0.15 100,00
N 248 1%6.1 89.2 120.5 1C4.6 40.2 26.7 537.4 84.9 | ~0.16 8l.5 | ~0.06 79.0 | ~0.07 99,11
261 : '
274
= 1712,9 ]1034,2 [1543.0 | 1524.3 486.2 | 262.1 |6562.8 11303.3 0.80 1234.9 2,82 1186.7 4,07 1594.4
}i 107.1 64.5 96.2 95.3 30,4 16,4 410.2 gl.5 0,0500 77.2 0.1763 74.2 0.2544 99,63

NOTES:

- 6E¢ ~



DATE: 16.11.81 MODE: MIXED PRICRITY: DUE DATE RP FITE: 6 N MIMBER: 2
PARRMETERS COMPONENT SUB-ASSY EQUIPMENT UTILISATION: TREND:
BUFFER: 8 BUFFER: O BUFFER: . 0.95 ¢.0/ 0.0/ 0,0/ 0.0
R STOCK VALUE £10090 DELIVERY PERFCRMANCE cove.
A ECOUTPMENT DPART SHIP WO PART SHIP STRV.
Nl WEEK | COMp SUB STX | WIP BOJ STK | TEST  {COM STK{ TOTAL % TATENESS % LATENTSS % LATENESS | LEVEL
a _
E
' 14 96.2 85.8 88.8 0.0 31.3 0.0 302.0 0.0 0.00 0.0 0.00 0.0 0.00 100,00
27 106.6 51.0 92.5 47.8 19.1 11.4 328.3 18.5 1.40 14.3 1.82 44.4 1.33 100,00
40 163.9 41,2 93,4 25,2 27.2 | 24.7 375.4 88.1 | -0.42 92,7 | -0.34 93.6 |-0.40 100.00
N 53 129.4 64,2 77.7 70.3 23.5 17.3 382,3 81.3 | -0.17 79.6 ] -0.11 74.5 0.04 100.00
Q: 65 87.4 62.0 77.5 132.2 21,4 15,3 395.7 76.2 | -0.23 73.2 0.02 70.2 | -=0.08 100.00
:h 79 84,5 47.0 - 60.1 106.7 22,0 18.8 339.1 92.4 | -0.44 B5.1 | -0.11 87.2 | =0,21 1090.00
N 92 97,1 36.8 99.5 40.2 32.0 19.5 325.0 74.3 § ~-0.10 66.7 0.18 60.3 0.21 ~100.C0
~ 105 85,8 36,2, 87.2 47.9 11.7 5.6 274.5 65.3 0.19 70.2 0.23 63.2 0.24 100.00
:j 118 77.8 44.5 94,0 72.9 5.2 7.3 202.9 75.9 0.58 85.0 0.48 75.0 0.57 98,79
~1 131 78.6 32.0 75.1 83.6 19.6 13.7 302.6 58.8 1.99 21.3 3.06 453.5 2.79 100,00
E: 144 129.7 41.9 90.5 83.2 16.1 14.2 375.7 45.0 0.87 52.4 0.79 40.0 1.06 100.00
~J 157 114.1 40.7 103.3 105.4 15.4 14.6 391.5 59,7 0.17 73.8 {-0.26 52.9 0,41 100.00
N 170 100.5 42.0 97.7 88.2 28.3 32.2 388.9 80.8 | ~0.01 64.4 0.27 75.5 0.23 100,00
Q: 183 111.3 56.2 85.7 60,2 32.1 29.9 375.4 74.6 | -0.01 76.6 0.00 61.9 0.26 100,00
] 196 56.5 33.0 98.4 79.9 24.4 | - 30.4 322.6 66.2 0.24 © 61,9 0.45 62,0 0.38 100,00
™~ 209 91,8 32.7 65,1 51.5 32.5 10,2 283.9) 75.8 | ~0.10 72.1 §-0.05 55.2 '} 0.24 100.00
Qj 202 132.3 42,1 85.9 30,3 23.7 21.4 335.7 44.1 0.48 58.0 0.28 40.9 0.59 100.00
N 235 178.4 61.7 124.9 43,9 38,0 19.8 471.6 58.0 0.45 62.5 0.38 46.3 0.69 100,00
N 248 130.9 66.1 119.8 57.2 38.6 ) 50.2 462,9 85.9 | ~0.17 92.2 | -0.25 86.6 |-0.09 90,66
261 : ‘
274
= 1686.2 739.1 |[1440.6 | 1158.6 385.5 | 320.4 | 5730.31} 1114.3 3.74 1095.0 5.36 ©97.2 7.35 1598.45
}1 105.4 46,2 90,0 72.4 24,1 . 20.0 358.1 69.6 0.2338] 68.4 0.3350 7 62.3 0.4594 99.90

NCTES:

- ov2 -
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DATE: 30.10.81 MCDE: MIXED _  PRIORITY: DUE DATE FP FILE: 7 RON NUMBER: 3
PARMNYETERS COMPONENT SUB~ASSY EQUIPMENT UTILISATICN: TREND:
BUFFER: 4 BUFFER: 4 BUFFER: 4 0.95 | 0.0/ 0.0/ 0.0/ 0.0

R STOCK VALUE £'000 : DELTVERY PERFORMANCE CoME,
A ‘ EOOTPMENT PARD SHIP NO PART SHIP SERV.
Nl ¥vEEK | oo | suB sTK | WIP  |EQU STK | TEST |COM STK { TOTAL % | LATENESS % ] LANTENESS % | LATENESS | LEVEL
G .

14 96.2 85.8 88.8 0.0 31.3 0.0 302.0 0.0 | 0.00 0.0 0.00 0.0 | 0.00 100,00

27 £5.1 80.2 87.2 48.3 15.5 14.4 320.7 { 19.4 1.34 14.3 1.82 44,4 1.33 99.65

40 91.5 96.8 106.3 46.9 21.1 30.5 393,21 88.6 | -0.46 §3.0 | -0.49 89.4 | ~0,34 100.00
] 53 84.1 89.4 115.7 92.1 26.0 15.1 422,4 82.5 | -0.15 71.8 G.00 75.9 | 0,09 99,59
a €6 53.7 64,4 95.1 160.2 24.2 14.5 412,1 78.4 | -0.27 66,0 0.02 68,2 | -0.07 99.02
:: 79 64.7 59.1 81.7 124.1 24.4 12,3 | 366,31 72.5 l-0.12 51.2 1 0.29 51.0 0.39 100,00
N 82 49.5 70.8 | 74.5 108.9 16.7 { 24.0- | 344.4 89.3 | -0.21 83.7 0.58 84.2 | 0.05 99,46
~J 105 £6.4 53.2 85.8 54,2 43.3 13.8 316.7 50.4 2.2 45.1 2,22 37.9 2,91 100.00
:: 118 s7.1 49.0 109.5" | 104.9 23.5 10.2 354.2 64,1 1.05 71.1 0.93 53.3 1.60 94,69
131 45.1 59,0 99.1 130.5 27.6 24,1 385.3 83.0 {-0.24 82.6 | -0.04 75.0 0.03 98,45
] 144 77.2 1> 60.4 97.0 125.2 27.3 f . 11,2 399.4 85.3 | -0.33 82.1 { ~0.33 75.6 [ =0.10 98,80
t: 157 71.3 47.¢ 119.2 107.2 31.0 5.8 382.3 90.7 1 ~0.35 91.4 | -0.29 90.5 | -0.19 99.51
3 170 ¢ 55.8 55,3 91.5 80.9 36.3 29,9 349.8 95.4 | ~0,50 79,0 { -C.08 90.7 | -0.26 100.00
] 183 41,3 51,5 77.6 85.4 29.0 | 25,5 | 310,31} 76.6 |-0.19 79.3 0.00 63.0 | 0.33 99,08
t: 196 70,0 54,1 85.2 61.9 15.3 29,6 | 316.1 73.1 0.21 85.6 0.47 53.9 0.67 99.04
Ly 209 94,8 68.3 104,56 36.4 37.4 25.8 367.2 92.5 | -0.48 100,0 | -0.45 85.7 | -0.43 100.60
~J 222 | 115.7 86,2 107.9 22,7 42.8 23,1 398.3 | 53.9 0,65 67.7 | 0.38 55.6 0.76 109,00
S 235 102.4 76,4 140.6 62.2 £2,3 17.8 441.6 53.7 0.72 54,7 0.64 44,8 1.05 99,569
E; 243 79.6 109.7 114.9 58,7 41.4 37.5 i 441.8 89.7 1-0,39 94,21 ~0,29 95.2 | ~0.19 99,16

261 :

274

= 1128.7 | 1054.7 |1599.9 |1416.5 488,5 | 320.2 |6008,211231.1 1.61 1175.5 4,95 1100.5 5.64 1586, 49
}i 70.5 £5.9 100.0 88.5 30.5 20,0 375.5 76.9 | 0.1005 73,5 | 0.3093 68.8 0.4130 99,16

NWXILS:
Rl




 PRIORITY: DUE DATE

- 2l -

CATE: 31.10.81 MODE: MIXED R° FILE: 8 RN NUMBER: 4
PARAMETERS COMBONENT SUB-ASSY  BOUIEMENT UTTLISATION: TRED: '
-BUFFER: 8 BUFFER: 4 BUFFER: 4. . 0.95 0.0/ 0.0/ 0.0/ 0.0

R STOCK VATUE £'000 DELIVERY PERFORMANCE cop.
A EQUIPMENT PART SHIP NO PARD SHIP SERV.
w! wEsk { CoMP  {SUB STR| WIP |BQU STK | TEST [COM STK | TOIAL 3 | LATGESS 3 | TATENESS 5 T IATeESS| LEVEL
G
7

14 96.2 85.8 82.8 0.0 31.3 0.0 | 302.0 0.0 1 0.00 0.0 | 0.00 0.0 { 0.00 160.00

27 | 105.9 80.2 87.2 | 48.3 15.5 | 14.4 | 351.5 | 19.4 | 1.34 14.3 | 1.82 sa.4 | 1.33 100,00
| a0 | 132.4 96.9 | 106.3 46.9 21.1 | 30.5 | 432.0 | 88.5 | -0.46 93.0 | -0.49 89.4 | -0.34 100. 00
<y 53 | 100.1 go.4 | 115.7 | 92.0 | 26.0 ) 15.1 | 438.4| 82.5 1 -0.15 71.8 | 0.00 | 75.9 | 0.09 100. 00
NS 86.7 64.7 99.9 | 160.2 24.2 | 14.5 | 450.2{ 78.4 | -0.27 66.0 | 0.02 63.2 | -0.07 99.51
] 7ol 6.4 59.1. | 81.7 | 124.1 24.4 | 12.3 | 388.1| 72.5 | -0.12 51.2 | 0.20 51.0 | 0.39 100.00
N 92 78.7 {  70.7 74.5 | 108.9 16,7 | 24.0 | 373.6 | 89.3 | -0.21 83.7 | 0.58 84.2 | 0.05 100.00
™~ 105 | 108.6 53.2 | 85.8 54,2 43.3 | 13.8 | 358.9| S0.4 ] 2.21 45.1 | 2.22 37.9 | 2.01 100,00
NELE 71.8 49.0 1 103.9 | 104.9 |} 23.5 | 10.2 | 353.3 | 64.1 | 1.05 71.1 | 0.93 53.3 | 1.60 ¢8.55
Ny 131 93.7 60.6 96.5 | 130.3 29.1 | 24,1 | 434.2 | @3.0 | -0.24 80.4 [-0.02 72.2 | 0.06 100. 00
:: 144 | 116.8 46.6 | 110.3 | 124.5 26.0 | 20.9 | 445.2 | 77.5 | ~0.23 75.6 | -0.24 70.0 | 0.00 100,00
3 157 94.8 53.4 | 118.3 { 89.1 20,5 | 12.1 | 388.2 | 91.0 | -0.63 96.3 |-0.50 92.1 1-0.46 100. 00
~N 170 87.6 57.2 94,8 74.1 24.4 | 13.7 | 351.8 | 97.3 | ~0.60 100.0 |-0.43 98.2 |-0.48 100.00
Y 183 83.1 55,8 82.1 77.3 29.2 | 12.5 | 340.0 { 97.2 [ -0.50 100.0 |~0.31 92.3 |-0.31 100.00
\ 196 73,6 69.6 §0.4 5%.5 19.0 +25.8 324.0 84.8 0.00 66.7 0.15 69.6 0.26 100,00
N 200 | 108.1 49.5 70,9 36.8 26.7 8.3 | 300.3{ 81.5 { ~0.28 97.1 |-0.40 77.8 | -0.07 100.00
@: 222 | 197.2 61.0 84.2 36.3 22.5 | 18.3 | 419.6 | 63.3 | 0.51 8.3 | 0.20 53.7 | 0.71 100.00
(] 235 | 205.7 | 75.3 | 136.1 9.3 6.9 | 17.5 | 520.7 | 87.9 {-0.19 87.0 1-0.07 89.5 |-0.14 100.00
228 | 161.9 61.4 | 127.9 26.2 | 57.3 | 66.8 | 501.5 | 89.8 | -0.30 85.9° |-0.21 91.7 |-0.15 98.93
] 261 : _

274

< | 17509 | 976.5 l1s63.0 |1343.7 | 449.7 {309.9 |6398.0 (1290.5 | 0.05 (1246.2 | 2.21 [1177.6 | 4.39 | 1596.99
Jil 109.7 61.0 97.7 84.0 28.1 | 19.4 | 399.9 | 0.7 | 0.0031 | 77.9 | 0.1381°) 73.6 | 0.2744 99.81.




DATE: 13.11.82 MODE: MIXED PRIORITY: DUE DATE 'RP FILE: 2 RUN NUOMEFR: 5
PARAMETERS COMPCNENT SUB~-ASSY EOUTPMENT UTILISATICN: TREND:
BUFFTR: 8 BUFFER: 2 BUFFER: . 0.95 0.0/ 0.0/ 0.0/ 0.0
R STOCK VALUE £'000 DELIVERY PERFORMANCE COMP,
A B0 L PV PART SHIP Mo DA SALP SERV.
N| WEEK coMp SUB STR| WIP U STK | TEST |(COM STK | TOTAL % LATENESS g TLATENESS 3 LATENESS | LEVEL
G . .
E
14 95,2 85.8 88.8 0.0 31,3 0.0 302.0 0.0 0.00 0.0 0.00 0.0 0.09 100,00
27 116.5 61.2 87.0 47.8 19.0 11.4 342,.9 | '17.9 1.41 14,3 1,82 44.4 1.33 100.00
40 160.8 75.6 69.5 35.8 30.5 24,6 396.9 §2.7 | ~0.45 97.7 | ~0,36 91.5 { ~0.36 100.00
~ 53 121.4 65,2 119.7 .68.0 26.0 22,2 422.4 85.1 | ~0.38 3.9 | -0.19 78.2 | -0.07 100.00
Q: 66 87.2 47,8 91.6 141.,8 22.1 14.5 404,9 79.6 | ~0.24 74.1 | -0.C5 79.6 | -0,07 100.60
) N 70 79,5 34.6 84,1 101.7 21.3 14.0 335.1 71.2 | ~0.19 51,3 0.28 49,1 ] -0.28 100.00
o a2 84,3 49,1 1. 70.1 91,2 22.4 14,0 330.7 79.4 | ~0.16 77.5 | ~0.20 63.8 0.04 100,00
~J 103 88.4 53,0 | 69,2 58.1 26.2 8,7 305.6 84.6 | ~0.42 76.8 | -0.20 67.3 | -0.04 100.00
t: 118 54.5 39,4 84.7 53.4 28.4 14,2 274.7 78.8 | -0.26 74.6 | ~0.11 71.1 | -0.03 89,42
N 131 99.7 29,7 61.7 83.5 9.1 14,3 298.0 99.7 | -0.72 100,00 { ~0.50 100.0 {-0.43 100,00
] 144 85.9 34.6 72.1 89.2 8.3 31.0 321.1 37.9 0.20 952.9 | -0.71 82.4 0.24 89,51
N 157 105.1 36.6 79.0 121.7 6.5 12.5 362.4 52,6 6.01 £3.2 4.58 50.0 5.39 100,00
N 170 133.0 57.5 89.9 115.2 26.2 53,1 475.0 37.5 4,89 3¢.3 5.73 16.1 7.61 106.00
:: 183 115.8 75.7 84.9 94,7 .1 39,5 45,4 456.,0 63.7 1,21 48.0 2.06 62.9 1.42 100,60
NS 196 82.5 65.8 112.2 84,3 37.1 i0.1 392.0 64,0 ¢.10 T 63.2 0.11 62.9 G.18 99,52
\W 209 77.9 47.9 73.0 60.9 33.2 22.6 315.5 67.7 0.04 45,7 0.60 54,8 0.35 99,45
222 130.8 56.4 54,1 33.7 28,2 74.0 377.2 52.8 1.59 71.4 1.80 41.5 3.12 100.00
:E 235 166.4 70.0 116.5 28.7 30.1 34,1 445.8 50.7 1.80 48,6 1.86 35.7 2.93 100.00
>> 248 155.6 64,8 123.6 107.0 28.7 | 41.2 520.9 49.0 1.09 56.9 1.10 25.0 z2.12 99.75
2561 : ‘ ’ :
274
= |°1668.0 828.1 { 1386.4 | 1333.1 392.9 [ 426.7 | 6037.1 {1104.3 { 14.59 1064.4 16,17 945,4 | 21,04 1597.65
}1 104.3 51.8 85.7 83.3 24.6 26.7 377.3 £9.0 0.9119 66.5 1.0106 59,1 1.3150 99,85

NOTES:

—Eba-



]

DATE:  6.11.81 MODE: MIYED PRIORITY: DUE DATE RP FILE: 10 RUN NUMBER: 7
PARAMETERS COMPCNENT . SUB-ASSY EQUIPMENT UTILISATION: TREND:
BUFFER: 4 BUFFER: 0 BUFFER: 0.95 0.0/ 0.0/ 0.0/ 0.0

R STOCK VAIUE £'000 DELTIVERY PERFORMANCE cQP,
A POULPTENT DAL GHIP NO PART SHIP SERY,
il WEEK oo | SUB STK | WIP | BQU STK | TEST |OOM STK| TCTAL % | LATENESS % | LATTNESS LATENESS | LEVEL
IG

14 96,2 85.8 88.8 0.0 31.3 0.0 { 302.0 0.0 | 0.00 0.0 | 0.00 0.0 } 0.00 100,00

27 97.5 51.0 92.5 47.8 19.1 11.4 | 319.1{ 18.5 | 1.4 14.3 | 1.82 44,4 | 1.33 100.00
5 40 ) 109.8 41,2 93,4 25.2 27.2 | 24.7 | 321.3 ] 8s8.1 | -0.42 92.7 | -0.34 93.6 | -0.40 100.00
N 53 94,2 62,4 77.7 70.3 23.5 17.3 | 347.2} 81.3 | ~0.17 79.6 | ~0,11 74,5 | -0.04 109.00
N 66 51,8 2.0 .| 77.% 132.2 21.4 15.3 | 360.1 1 76.2 | -0.23 73.2 | 0.02 70.2 | -0.05 99.51

N 79 63.1 47.0 60.1 106.7 22.0 18.8 | 317.6 § 92.4 |-0.44 85,1 |=0.11 87.2 {-0.21 100.00

N 92 54,9 | . 36.8 99,5 40.1 32.0 19.5 | 282,81 74,3 | -0.10 66.7 | 0.18 60.3 { 0.21 99.52
Q 105 63.4 36.2 87.2 47.9 11.7 5.6 | 252.1 65,3 | 0.19 70.2 | 0.23 63,2 0.24 97.88
] 118 41.3 35.8 | 100.9 72.9 6.2 7.3 | 265.5{ 75.9 [ 0.58 85.0 | 0.48 75.0 | 0.57 95.97
~N 131 52,9 32.0 75.1 83.6 19,6 | 13.7 { 277.0 | 58.8 | 1.99 21,3 | 3.06 45,5 § 2.79 $9.40
TQ 144 §3.5 41,9 80.6 83.2 16.1 14.2 | 329.5 ) 45.0 | 0.87 52,4 0.79 40,0 1.06 1¢0.00
N 157 64.2 40.7 101.3 | 105.4 15.4 14.6 | 241.7 ] 59.7 | 0.17 73.8 | -0.26 52.9 | 0.41 98.81
Q 170 69.2 42.0 a7.7 88.2 28.3 | 32,2 | 357.6 | 80.8 |-0.01 64.4 | 0.27 75.5 | 0.23 100.00
) 183 70.1 56.2° 85.7 60.2 32,1} 29.9 | 334.2 | 74.6 |-0.01 76.6 | 0.00 61.9 | 0.26 100.00
‘Q 196 49.2 33.0 98.4 79.9 24,4 § 30.4 | 315.2 | 66.2 | 0.24 61.9 | 0.45 62.0 | 0.38 99,08
Ny 209 48.4 32.7 5.1 51.5 32.5 | 10.2 | 240.4 1 75.8 |-0.01 72.1 {=0.05 55.2 | 0.24 100.00
N 222 80.5 42,1 85.9 30.3 23.7 21.4 | 283,91 44.%1 | 0.48 58,0 | 0.28 0.59 100,00
oy 235 | 103.7 54.2 1 131.6 48,9 | 38.0 | 19.8 | 396.2 | 58.0 [ 0.45 62.5 | 0.38 0.69 98,99

248 :

261 N

274

= {1100.2 | 699.0 {1427.7 ]1026.5 | 373.8 | 294.9 |5022,3 |1116.4 | 3,49 |1095.5 | 5.89 1004.2 | 6.96 1589,16

}1 68.8 43,7 89,2 64.2 23.4 | 18.4 313.9 | 69.8 { 0.2181 | 68.5 | 0.35681 0.4350 99,32

- e -



RUN NUMSER: 8

DATE: 10.12,81 MCDE: MIXED PRIORITY: DUE DATE FP FIIE: 11
PARAMETERS CCMPCRENT SUS-ASSY BEQUIPMENT UTILISATICN: TREND:
BUFFER: 8 BUFFER: 4 BUFFER: . 1.05 0.0/ 0.0/ 0.0/ 0,0
34 STCCK VALUE £'000 DELIVERY PERFORMANCE CovP.,
by EOUIPMENT PERT SHIP O PART SHIP SERV.
N | WEEK covp SUB STK wWip EQU STK | TEST |COM STK| TCTAL % LATENESS % LATENESS % LATENESS| LEVEL
\5
14 96.2 85.8 88.8 0.0 31.3 0.0 302.0 0.0 [ 0.00 0.0 | 0.00 0.0 0.00 100.00

{127 105.9 80,2 87,2 48.3 15.5 14.4 351.5 19.4 1.34 14,3 1.82 44,4 1.33 190.00
~  40-j 132.4 89.0 113.4 46.9 21.1 30.5 433.3 88.6 | -0.4% 93,0 (~0.49 83.4 | -0.34 1c0.00
t: 53 101.1 B4.9 119.7 92.1 26.0 15,1 437.0 82,5 | -0.15 71.8 0.00 75.9 0.09 100.¢0
e 66 86.7 64.7 99.9 160.2 24.2 14.5 450,2 78.4 | =0.27 66.0 0.02 £8.2 ) -0.07 99,351
b 79 86.4 56.8 83.8 124.1 24.4 12,3 387.9 72,5 | -0.12 51.2 0.29 51.0 0.39 100.400
i 92 78.7 62.7 81.7 108.9 16,7 24.0 372.8 89.3 §-0.21 83.7 0.58 84,2 0.05 100,00
:: 105 108.6 53.2 85.8 54.2 43.3 13.8 358.9 50.4 2,21 45,1 2.22 37.9 2.91 100.00
M~ 118 72,1 47.5 | 107.7 100.8 24,0 10.2 362.3 64.1 1.05 71.1 0.93 53.3 1.60 98.55
E: 131 104.4 64.7 87.1 121.7 27.2 24.8 430.0 87.1 | -0.43 20.2 }-0.36 83.3 | -0.22 100.00°

144 113.1 42,5 1i6.1 129.6 22.3 16.6 440.1 90.7 §-0.35 86.1 | -0.35 78.6 | ~0.10 100.00
:: 137 112.7 51.3 105.1 24.5 28.2 12,1 403.7 91.4 | -0.37 91.2 | -0.32 83.3 | -0.17 29.02

170 93,0 79.2 63,7 68.8 34,7 13.4 354.9 94.92 | -0.36 91.8 {-0.20 22,9 §-0.43 100.00
:q 183 83.1 62.9 85,9 73.3 26,5 11,6 343.3 95.7 | -0.47 92.9 1-0.29 g2.3 [-0.25 106.00
t: 196 283.0 £3.8 g4.1 57.5 21.9 28.9 340.3 | 79.6 0.09 - 63.4 0.32 £9.2 0.46 100.00
N~ 209 115.9 6C.2 79.6 37.9 24.8 20.0 338.4 87.8 | -0.42 82.9 {-0.23 78.1 | -0.09 100.00 .

222 173.3 70.0 106.7 22.4 28.9 20.5 421.9 66,3 0.25 89.8 | -0.06 50.0 0.67 100.00
E} 235 203.8 66.8 152.7 78.4 29.3 25,3 556.3 64, 0.32 - 60.8 0.43 48.5 0.88 98,04

248 : :

261

274

= 1747,3 1020,2 (1575.0 {1371.3 423.5 | 303.6 [6422.2 1283.5 0.38 1231.7 2.49 1133.1 5.38 1596,12

}L 109.2 63.8 98.4 85.7 26.5 19.0 402.0 20,2 0.0238 77.0 0.1556 70.8 0.3363 99.76

NOTES:

- Gy -



jpRTE: 7.11.81 MODE: MIXED PRIORITY: DUE DATE RP FILE: 12 RUN NUFRER: 9
PARMMETERS COMPONENT SUB-ASSY BEQUIPMENT UTTLISATICON: . TREND:
BUFFER: 8 BUFTER: 4 BUFFER: 0 . 0,93 0.0/ 0.0/ 0.0/ 0.¢C
3 STOCK VALUE £'000 DELIVERY PERFORMANCE _ P,
A - ECUIDMENT PART SHIP NO PART SHIP SERV,
| WEEK COMP SUR STK | WIP EGQU STK | TEST  [COM STK | TOTAL 3 TATENESS % LATENESS ) LATENESS] LEVEL
G
E .
14 96.2 85.8 £8.8 0.0 31.3 0.0 302.0 0.0 0.00 0.0 0.00 0.0 0.00 100.00
i | 27 122.1 80.2 87.2 11,2 25.0 8.8 334.4 34.2 0.70 22.2 1.30 61.1 0.44 100,00
=~ 40 104.7 96,9 106.3 15,0 24.1 29,5 376.5 68.4 0.03 79.4 { -0,12 67.4 0.26 100,00
™~ 53 80.4 88.1 102.2 93,0 20.1 6.3 390.0 73.9 | -0.14 71.9 0.03 63.3 0.18 109.00
Eq 66 110.9 61.7 56,7 96.8 20,2 27.2 373.5% 74.3 0.01 60.0 0.28 57.5 0.40 100.00
\W 79 95.3 54,9 81.0 66,6 16.3 17.9 321.9 80.5 | -0.30 72.3 | -0.02 71.2 |'-0.04 100,90
B 92 . 74.8., £2.8 78.9 55.5 26.0 24.3 322.3 80.0 | ~0.19 78.1 | ~0.12 74.5 | ~0.04 100.00
:j 105 84.1 65,9 76.1 31.0 25.2 14.0 296.2 79.6 | -0.32 €2.8 | -0.04 65,4 0.00 100.00
] 118 77.6 58.9 95.0 28,9 22.0 24.7 307.2 75.7 | -0.15 80.7 | -0,11 75,7 | -0.03 160.090
~ 131 129.3 47.3 95,2 49,2 17.5 6.3 44,7 65.8 0.22 84.6 0,03 54,8 0.39 100,00
S~ 144 120.1 52.8 98.8 54,9 12.7 9.9 349.2 65,4 | =0.08 74.1 | =D,09 61.0 0.12 150,00
F: © 157 108,2 64.8 93.0 42.8 30.2 22,6 361.5 £6.6 0.01 70.8 | ~0.02 50.8 0.40 100.00
170 g§7.4 { 79.5 67.3 52.5 27.9 9.7 324.3 83.8 | ~0.47 89.4 | -0.21 97.8 | -0.47 100,00
:j 183 62.5 44,5 74.2 86.0 28.6 9.5 305.3 | “78.4 | -0.,25 73.5 [ -0.09 67.9 0.00 97,20
I~ 196 99.5 66.3 78,6 48.4 24.5 23.0 340.3 62.5 0.32 20,8 0.70 37.8 0.70 97.93
:: 209 145.9 62.3 90.1 34.1 32.0 30.7 395.0 76.6 | ~0.08 85.7 '} -0.29 56,7 0.27 99,70
] 222 159.3 61.9 125.8 15.4 34.9 25.5 422,8 33.2 0.80 38.6 0.57 - 25,9 0.97 100.00
A1 235 | 165.9 61,1 126.8 38.1 36.8 33.0 461.6 40,3 0.67 31.3 0.75 44,3 0.61 100.00
261
274
= [1705.9 {1029.6 1446.0 | 808.1 399.0 { 314.1 [5702.3 1118.0 0.10 1090.90 1,25 972.0 3.72 1594,83 .
}1 106.6 64,4 90.4 50.5 24,9 19.6 356.4 69.9 0.0063 68.1 0.0781 60.8 0.2325 99,68

NOTES:

- 9ve -




| DATEZ: 24.11.81. YODE: MIXED PRICRITY: DUE DATE . RP FILE: 13 RUN NUMBER: 10
\ : :
| PARAMETERS COMPONENT SUB-ASSY EQUIEMENT . UTILISATION: TREND:
| BUFFER: 8 BUFFER: 0 BUFFER: 0 S 0.95 0.0/ ¢.0/ 0.0/ 0.0
| _
| R : STOCK VALUE £1000 DELIVERY PEFFORMANCE cop.
| A - . EQUIPMENT PART SHIP NO PART SHIP SERV.
N| WEEK | CcOMP | SUB STK] WIP | BEQU STK| TEST {COM STK| TOTAL % | LAIENESS 3 ] LATENESS % | LATENLISS | LEVEL
G : -
14 96,2 5.8 88.8 0.0 31.3 0.0 | 302.0 0.0 | 0.00 0.0 | 0.00 0.0 | 0.00 100.00
27| 108.6 51,0 92.5 11.2 25.0 8.8 | 295.1 | 34.2 [ 0.70 22.2 | 1.30 61.1 | 0.44 100.00
<q 20 | 137.B 41.2 93.4 5,2 22,5 | 23,7 ] 323.7 | 66.8 | 0,10 85.3 | -0,12 58.1 | 0.37 100.00
N 53 | 102.6 44.4 86.0 72,4 13.8 | 18.0 | 337.2 | 67.1 | 0.07 66.7 | 0.11 54,4 | 0.37 100.00
t: 66 93.5 28.3 69.4 66.9 23.0 | 24.6 | 305.7 | 64.1 | 0,24 56.0 | 0.40 52.1 | 0.63 100.00
E: 79 | 121.2 30.4 81.6 13.3 20.1 ] 16.1 | 282.6 | 66.0 | 0.05 52.3 | 0.52 51.0 +{ 0.49 100,00
\ 92 76,2 30.7 105.3 19.6 25.1 36.1 293.0 66.7 0.00 63.8 0.40 56.9 0.35 100,00
t: 105 84,1 62.6 74.4 34.7 15.1 7.5 | 278.4 | 71.5 | ~0.06 74.5 | 0.04 64.0 | 0.22 100.00
118 66,9 46.3 86,0 | 35.6 24,3 1 19.8 | 278.8 | 73.7 | -0.09 69.2 |} 0.08 65.6 | 0.31 99,31
Q 131 71.5 41,3 61.8 77.3 1¢.9 14.6 277.5 €4.8 .21 85,7 | -0.09 54.6 6,79 100.00
Q 144 102.3 19.6 76.5 83.7 11.5 5.2 298.9 65.9 1,38 70.6 1.29 47.8 2.00 100.00
N 157 | 126.6 31.9 87.0 83.0 13,1 | 26.5 | 380.1 | 56.9 | 2.22 82,6 | 2.79 41.7 | 3.08 99,48
Q: 170 | 100.5 39.2 | 103.8 58.8 29.7 | 54.9 | 386.9 | 40.3 | 2.35 45.1 | 2,24 27.6 | 2.93 100,00
t] 183 69,7 43.3 82.7 37.1 30.1 | 26.4 | 280.3 | 49.3 | 0.46 70.9 | 0.09 33.3 | 0.76 100,00
194 72,7 36.3 94.2 32.1 21.2 35.9 293.4 68.5 0.48 59.5 Q.78 58.8 0.97 99,62
E: 209 { 100,7 51.6 70.6 19.5 29.6 | 298.5 | 300.5 | 65.3 | 0.62 55.6 { 0,89 44.0 | 1.44 100,00
Ny 222 | 156,2 74.9 74.9 9.7 25.8 | 80.2 | 421.6 | 39.5 | 1.45 37.5 | 2.87 29.4 | 2.79 100.00
N 235 | 144.3 75.7 | 129.0 42.8 16.1 | 113.7 | 521.6 { 43.8 ! 2.65 50.0 | 5.94 34.7 | 4.49 100.00
248 '
261
274
S 1617.8 | €99.7 |1386.6 | 691.7 | 331.7 |532.7 [5260.2 |970.2.|12.13 995,3 {18.23 774.0 121.9% 1598, 41
},l 101,1 43.7 86.7 . 43,2 20.7 33.3 328.8 60.6 0.7581 62.2 1.1394 48,4 1.3744 99.90

WOTES:

- [be -



DRTE: 25.11.61 | MODE: MIXED PRIORITY: DUE DATE RP FILE: 14 RUN NOMBER: 11
PARMMETERS COMPONENT SUB-ASSY EQUIPMENT UTTLISATION: TREND:
BUFFER: 4 BUFFER: 0 BUFFER: - 0.95 0.0/ 0.0/ 0,0/ 0.0
R STCCK VALUE £'000 DELIVERY PERFCRMANCE covp.
2 - T LPIENT PART SHIP NG PRRy SHIP SERV.
M| WEEK | COP |SUB STK| WIP | BQU STK | TEST |COM STR| TOTAL T | LAENEGS| ® | LATENESS|{ 8 | LAJENZSS| LEVEL
G .
E
14 | 9.2 | 85.8 | 85.8 0.0 | 3131 0.0} 302.0] 0.0 | 0.00 0.0 | 0.00 0.0 | 0.00 100.00
27 | 98.0 | st.o | 925 | 11.2 { 25.0{ 8.8 | 286.4 | 34.2 | 0.70 22,2 | .30 61.1 | 0.44 100.00
0| 1140 | 4Lz | 934 5.2 | 22.5| 23.7 | 300.0 | 66.8 | 0.10 85,3 |-0.12 58.1 | 0.37 100.00
53 | 68,7 | 44.4 | 86.0 | 72,4 | 13.8 | 18.0 | 303.2 | 67.1 | 0,07 66.7 | 0.11 54.4 | 0.37 | 99.60
i: 61 67.9 | 28.3 | 69.4 | 66.9 | 23.0 | 24.6 | 280.1 | 64.1 | 0.24 | 56.0 | 2.12 52.1 | 0.63 100.60
Ny 79 | 68.7 | 30.4 | si.6 | 13.3 | 20.1 ) 16.1 § 230,1 | 66.0 | 0.05 52.3 | 0.52 51.0 | 0.49 99,11
N 92 | 5751 30.7 | 105.3 | 19.6 | 25.1 | 36.1 | 274.4 | 66.7 | 0.00 63.8 { 0.40 56.9 | 0.35 99.15
N 105 | ss.97f e26 | 744 ] 347 | 15.1 4 2.5 | 250.2 | 7L.5 |-C.06 74.5 | 0,04 64.0 | 0,22 98.50
N o118 | o410 | 4004 | 9103 | 35.6 | 24,1 | 19.8 | 252.3 | 73.7 |~0.09 €9.2 | 0.08 65.6 | 0.31 98.62
Q: 131 | 51.1 | 41,3 ] 6L.8 | 77.3 | 10.9 | 14.6 | 257.2 | 64.8 | Q.21 85.7 |~0.09 54.6 | 0.79 96.17
Y 144 | 791 | 1906 | 76,5 | 837 | 115 { 5.2 § 2757 [ 65.9 | 1.38 70.6 | 1.29 47.8 | 2.00 99.23
N 157 | 93.0 | 339 | 927} 3.0 | 131 26.5 | 342.2 [ 56,3 | 2.22 | 526 | 2.79 41.7 | 3.08 99.43
N 170 f 136.3 | 3%.2 | 103.8 | 58,8 { 29.7 | 54,9 { 402.7 | 40.3 | 2.35 45,1 | 2.24 27.6 | 2.93 99.82
N 183 | 58.3 | 43.3 | 82.7 | 37.1 | 30.1 | 26.4 1 277.9 | 49.3 | 0.46 70.9 | 0.09 33.3 | 0.76 92,39
N 295 | ss5.1 { 36.3 | 4.2 | 32,1 | 2L.2 | 369 | 275.8 | 68.5 | 0.48 59.5 | 0.78 58.8 | 0.97 93.11
N 209 | 60.0 | 51.6 | 70.5 | 19.5 | 29.7 | 28.5 | 259.8 | 65.3 | 0.62 55.6 | 0.89 44,0 | 1.44 99.63
N 222 | 11006 | 5.0 | 75.0 9.7 | 25.7 | 79.4 | 375.3 | 37.9 | 1.50 34.4 | 2.91 29.4 | 2.85 100.00
N 235 | 99.0 | 75.3 | 128.9 | 37.8 | 16.5 {1345 [ 492.1 | 41,4 | 2.62 58.3 | 5.14 36.5 | 4.33 99.82
248 - -
261
274
= {11962 { 693.5 [1387.5 | 686.7 | 332.1 |552.7 |4849.0 | 966.2 |12.15 [1000,5 {19.19 | 775.8 [21.89 | 1386.83,
J5\ 74.8 | 43.3 | 8.7 | 429 | 20.8 | 34,5 | 303.1 | 60,4 | 0.7594 | 62,5 [ 1.1994'| 48.5 | 1.3681 | 99.18

- 8¢ -



RN NUMBER: 12

DATE: 21.11.81 MODE: MI¥ED PRICRITY: DUE DATE - RP FILE: 15
PARAMETTERS COMPONENT SUB-ASSY BQUIEMENT UTILISATION: TRIZD ¢ '
BUFFER: O BUFFFR: O BUFFER: 0 0.95 0.0/ 0.0/ 0,0/ 0.0
R STOCK VAILUE £'000 DELIVERY PERFORMANCE QOMP.
A : _ EQUIRMENT ‘ PART SHID N0 CART SHIP SERV.
N1 WEER cap SUB STK| - WIP EQU STK | TEST |} COM STK | TOTAL % TETENESS |- 5 TATENESS % LATENESS | LEVEL
G
B
14 56,2 §5.8 2g.8 0.0 31,3 0.0 302.0 0.0 0.00 g.0 0.00 0.0 £.00 100.00

. 27 96.6 51.0 82.5 11,2 25.0 8.8 285.1 34.2 0.70 22,2 1.30 51.1 0.44 99.69
I~ 40 50,9 41.2 93.4 5.2 22.5 23,7 236.9 66.8 0.10 85.3 { ~0.12 58.1 0,37 95,22
:: 53 53,4 57.4 | - 72.7 72,4 13.8 18.0 287.7 67.1 0.07 65.7 0,11 54,4 0.37 88.98
N 56 57.0 23.9 72.2 69.0 23.0 24.6 269.6 61.1 0.27 52.0 0.44 45.8 0.69 99,33
™~ 79 37.5 45.7 69.9 721.3 22,31 11.6 208.5 55.4 0.14 53.3 0.51 51.0 0.49 89.25
N g2 30.5 36.9 |.100.2 23.1 18.3 31,9 250.9 6.6 0.14 63.0 0.30 48.0 0.44 87.40
:: 103 39.9 53.8 83.1 41.4 15.3 22,9 256.5 56,9 0.69 66,7 0.60 51.0 0.76 82.55
Ny 118 21.1 46.1 72.8 { - 57.0 { 11.91 - 7.2 216,0 §8.1 0.40 69.1 0.55 55.2 0.33 91.35
\\ 131 29.0 44.3 £5.1 79.5 14,2 11.8 243.9 £5.2 0.61 71.1 0.71 52.9 1.18 89.87
N 144 36.7 44.2 82.8 79.5 | 7.7 10,4 271,2 46.0 1.04 47.4 § -0.89 36,4 1.39 84.724
Q: . 157 67.9 40.0 91.9 45,3 17.5 42.1 04,7 44.8 1.13 49.0 1.20 31.4 1.71 87.95
g\ 170 45.9 2.1 94,9 34.1 26.1 11.8 244.9 61,4 0.56 72.7 0.36 56.1 0,83 94.52
\\ 183 36.7 46.5 77.8 28.9 19,93 23,2 233.0 66.2 0.26 66,7 0.27 47.2 0.69 95,38

196 33.3 29.6 50,2 13,9 27.1 24.3 218.4 40,9 0.67 26.7 1.07 16.1 1.13 91,22
:U 209 15.0 41.4 81,4 9.6 22.5 46.8 216.7 66.6 | 0.14 67.7 g.12 48.0 0.75 £5.78
N 222 38.9 28.4 91,8 110.5 19.7 64,7 253.9 41.6 1.43 31.4 2.77 45.7 2,60 88,99
NS 235 61.7 46.8 122.9 25.0 22.1] 107.5 | 386.0 36.2 | - 2,67 38.7 4,97 33.3 4,75 94,67

248 ) ‘ -

261

274

= 655.4 658.3 11362.9 625,7 313.91 482.5 | 4098.8 | 915.9 | 10.32 859.8 | 14,75 730.6 §18.99 1466.70

}1 41.0 311 85.2 39.1 19.6 30.2 256,2 | 57.2 0.6450 53.7 0.9219°] 45.7 1.1869 91.67

NOTES:

- 6¥¢ -



PATE: 14.11.81 MODE: MAKE TO STOCK PRICRITY: DUE DATE RO FILE: 16 RUN NGMEER: 13
SAPRMETERS COVPONENT SUB~ASSY FOUTEMENT UTILT '
SATTCH: NDs
EUFFER: @ BUFFER: 4 BUFFER: 0 0.95 R 0.0/ 0.0/ 0.0/ 0.0
R STOCK VALUE £'000
_ DELIVERY DERFORMANCE 3
% o | ‘ —EIIPVENT DART SHiD %O BART SEiP (s:%*g'
: ©® {SUB STR| WIP |EQU STK| TEST |COM STK | TOTAL % | LATENESS| . % | LATEESS . % | LATENESS | LEVEL
1 14 9621 85.8 | ss.8 0.0 | 31.3 o | :
1| ez | e | e 0.0 | 3.3 _lg.g 202.0 | 0.0 | 0.00 0.0 0.00 0.0 | 0.00 160.00
] 40 | 1047 | 96.9 | 106.3 251 seel Tos | 3l | S5 503 | 0134 79 | om0 100.06
N @] 17| e 106 mo ) 268 ) ) 5 | 0. 6.5 | ~0.34 87.2 | —0.06 100,00
N R ) ) 7.7 | 3e0.51 92.6 | -0.38 67.7 1 0.12 87.0 | -0.22 100. 00
N g °. ) 6.7 | 98.5 19.0 | 22.7 | 2%6.7| 8.5 | -0.37 75.5 | -0.02 72.3 | - .
2 53.2 80.8 65.6 15.7 5 : . 03 100 90
Q) 9 , ) 18.5 | 325.11] 95.2 | -0.43 84.9 | -0.09 6.2
N 92 74.9.1 56.5 81.7 | 42.8 | 24.6| 19.7 | 300.21 5.0 : . e [ o3 To0 00
2 . .8 ] 24, ) ) .0 | -0.55 90.2 | -0.41 -
Q %gg ggg ggg gg.g ::gi gg.;f 3.6 | 272.5] 97.1 | ~0.49 91.7 | -0.25 gg'g —8'§g igg'gg
) ) ) ) ) 6.3 | 277.21 91.2 | ~0.43 90.9 | - . 27 .
N 131 | 10.2 | ea7 | ec.s | se.a | 14 ) i BEEE o e s
IR O 58, 24.71 12.¢ ) 341,41 77.5 | -0.19 92.1 ] -0.13 66.7 | 0.03 100. 00
N ) ) 8.4 { 54.9{ 16.2] 6.2 | 367.31 81.3 | -0.09 60.4 ] 0.1 . .
| ) ) ) ] X .19 74.3 | 0.06 100.00
N 157 | 0.9 | 524 | 9.6 | 30.3 | 202 215 { 3127 89.3 | -0.29 84.9 | -0.26 ;
5 : ) ) ) 91 -0. 85.5 | -0.07 99.49
) 170 0.4 { 64.8 | 78.0 1 50.5 ] 18.21 8.5 | 230.4] 90.8 | -0.70 | 100,01} -0.5
g ) ) ) . ol -0.50 | 10000 | -0.51 100.00
N 183 67.5 65.1 93.4 42.4 24.5 6.2 | 299.0 ] 95.4 | ~0.46 81.8 .
i 6 . . ) ) ) ) 8| -0.12 96.7 | -0.40 100.0
N 196 5.7 | 6.5 | 93.2 |- 54.9 1 18.61 28.7 | 327.5| 85.7 | ~0.02 92,31 0.21 62.8 | 0.30 | :
§ 203 108.9 41.7 | 88.7 28.2 | 27.10 21.8 | 316.3] 94.3 | ~0.43 89.7 | -0.24 85.2 | ~0.22 igg.oo
22 146.0 22.0 9.4 15.2 | 24.5 8.1 | 362.2] 58.4 . 21 o RS g
 1s, . . . ) 0.41 58.2 | 0.33 58.8
235 | 197.0 | 79.6 | 123. ) : 03 ey
N 235 | 71 37.2 1 30.9| 28.4 | 496.7{ 43.5 { 0.60 317 { 0.76 37.0 | 0.72 99.59
261
274
1627.6 | 1057.0 | 1447. . ' :
= 0 7.6 ) 7240 | 350.7| 2312 [5437.8 |1374.3 | -4.08 [1268.9 | -1.10 |1266.0 |~1.65 | 1598.50
101.7 3 99.
Ju 66.1 0.5 | 45.3 | 2L.9| 4.5 | 3399 | 85.9 | -0.2550 | 79.3 | -0.0668 | §0.4 |~0.1031 | 99.91

NOTES:

- 04¢ -



DATE: 10.12.81 MCOE: MAKE TO ORDER - PRIORITY: DUE DATE RP FILE: 17 RON MIMBER: 14
PRRAMETERS CONPOVENT SUB-ASSY EQUIBMENT UTTLISATION: TREND -
BUFFER: 8 BUFFER: 4 BUFFER: 0.95 0.0/ 0.0/ 0.0/ 0.0
R STOCK VALUE £'000 DELIVERY PERFORMANCE coME.
A B TPMERTY PART SHIP NO PART SHIP SERV.
Nl vEER | co | SUB STX| WIP | EOU STK [ TEST (COM STX | TOTAL D IATENESS % LATENESS % | LATENESS | LEVEL
G
E .
14 95,2 85.8 88.8 0.0 31.3 0.0 302.0 0.0 0.00 0.0 0.00 0.9 0.00 100,00
] 27 129.8 £57.3 |- 92.6 0.0 25.6 14,6 330.0 41,7 0.57 25.9 1.22 61.1 0.61 100.00
:; 40 125.1 92.2 100.3 0.0 24.4 12,6 354,7 89.1 | ~0.25 96.8 | -0.32 82.6 0.02 100,00
Q: 53 101.3 108.4 70.6 0.0 53,9 13,3 347.5 82.6 | -0.43 65,7 0.08 73.1 | ~0.08 100.00
66 129.9 72.5 60.6 *0.0 31.6 13,6 308.3 94,9 | ~1.49 85.7 | -0.20 %0,2 [ ~0.63 100.00
79 96.3 69.0 90.0 0.0 27.0 {. 29.6 311.9 94.7 } -0,21 76.1 0.22 92.5 .| -0.23 100.00
N 92 94,9 80.8 85.6 0.0 27.8 18,2 306.4 96,1} 0,79 83.7 | -0.21 92,2 { ~0.43 100.G0
~ 105 103.5 91.8 78.3 0.0 24,7 11,6 309.9 87.6 | ~-0.35 79.3 0.04 75.9 | -0.04 100.00
;j 118 78.5 83.6 74,9 0.0 24,4 22,7 284.0 71.3 | ~0.22 4.3 0.23 69,2 0.05 100.00
o 131 86.3 63.3 64.7 0.0 | 31.0 5,4 255,7 91.7 | -0.58 78.1 | -0.13 83.3 | -0.22 100,00,
N 144 104.8 81.7 76.4 0.0 23,7 15.8 302.3 91.8 | ~0.80 81.3 | -0.15 96.9 | ~0.41 100,00
N 157 123.7 90.4 75.5 0.0 22.0 15.6 327.3 g0.0 | -0.75 83.3 | -0.42 77.3 | -0.07 100,00
~ 170 130.6 89.4 105.,0 0.0 29,1 18.9 373.0 60,5 0.16 54,2 0.56 49,2 0.51 100,00
~ 183 102.2 103.6 74.8 0.0 27.1 18.3 326.0 85.6 | -0.49 55.6 0.24 73.1 0.04 100,00
™~ 196 127.0 99.0 £B8.6 0.0 27.4 27.4 349.5 |. 73.9 | -0.27 67.4 0.1% 70.8 0.46 100,00
:j 209 177.5 94.8 89.0 0.0 43,0 14,7 419,1 72.3 0.29 85,2 0.07 65.9 0.55 100,00
L 222 202.8 97.9 98.4 0,0 51.0 8.4 458,4 80.3 | -0.06 66.7 0.25 95,4 | =0.07 100,00
‘ :ﬁ 235 146.2 115.5 121.5 0.0 76.1 18,9 478.3 81.5 0.00 72.9 | -0.04 85,7 0.05 99,91
248 : :
261
274 .
:E; 1929.7 | 1438.9 [1334.2 0.0 544.2 [ 265.0 {5512.5 [1342.9 | -6.24 1197.3 0.38 1274,3 | -0.50 1559.91
Jk 120.6 89.9 83.4 0.9 34,0 16.6 344,5 83,9 | -0,3900 74,8 0.0238 79.6 | ~0.0313 | ©9.99 )

- 152 -




oATE: 10.12.81 MODE: MIXID PRIORITY: DUE DATE RP FILE: 18 RUN NUMBEER: 15
PARRMETERS COMPOWENT SUB-ASSY ECQUIBMENT UTILISATICON: TREND:
BUFFER: 8 BUFFER: 4 BUFFER: 1.10 0.0/ 0.0/ 0,0/ C.0

R STOCK VALUE £'000 , ' DELIVERY PERFORMANCE covp,
A : TULPVENT PART SHIP NQ PART SHIP SERV.
N| WEEK | COMP | SUB STK| WIP |EQU STK | TEST |COM STK | TOTAL % | LATENESS % | LATENESS % | LATENESS | LEVEL
G
. :

14 96.2 85.8 88.8 0.0 31,3 0.0 302.0 0.0f €.00 6.0 | 9.90 0.0 | ©.00 100.00

27 105.9 £0.2 87.7 47,1 16.2 14.4 351.5 19.4 1.34 14,3 ] 1.82 44,4 1.22 100.C0
ES 40 138.0 79.5 112,3 47.8 20.6 25,5 423,7 89.3 | =0.48 93,2 | =0.50 £9.4 |-0.34 100.00
N 53 107.8 79.1 112.0 92.6 27.5 16.5 £35.6 81,9 { -0.13 70.7 | -0.02 77.8 | 0.02 100.00
:: 66 86.0 66.6 97.1 163.0 21.7 17.2 | 451.7 84,3 { -0.39 78.0 | -0.20 77.8 {=0.02 99.50
N 79 85.8 52.1 | - 84.8 129.3 14.8 17.3 384.1 72,7 | =0.19 46.5 0.35 49.0 0,39 100.00
N 92 67.5 51.0 80,7 76.5 42.7 1 30.2 358,7 81.0 | ~0.27 77.8 | -0.03 74,5 | -0.02 100,00
N 105 97.2. 50.6 86.8 55,3 24.0 4.3 318.3 57.7 0.21 61,1 0.33 50.0 | 0.38 100.00
N iis 62.9 45.5 106.8 91.6 15.8 1.6 331,2 { 69.5 0,28 81.4 0.09 58.1 0.61 99,19
:1 131 105.5 64.6 78.0 105.2 29.6 15.5 | 398.4 | 72.5 | -0.02 55.3 0.16 60.5 0.32 100,00
:: 144 122,90 39,4 113.8 117.3 24,2 8.9 426.5 80.2 | 0.01 51.0 0.63 73.0 0.05 99,62
] 157 107.3 52.8 | 101.6 90.3 27.8 26.1 406.0 93.3 | -0.58 100.0 | ~0.65 90.0 | ~0,40 100,00
~ 170 75.5 50.4 103.7 89.7 1 26.5 10.1 356.0 97.3 | ~0.59 100.0 | ~0.41 91.7 | ~0.50 160,00
~ 183 76.6 52,4 72,3 102.8 |- 30.0 11,8 346.9 96,8 | ~0.48 89.5 | -0.18 96,2 |[-0.38 a7.83
™~ 196 104.2 48.5 79.4 40.9 35.8 26.7 335.5 45,6 1 Q.53 33.3 0.87 22.5 | 1.05 100,00
:: 209 143.3 68.2 78.0 21.6 26.8 58,0 | 396.0 | 75.6 | 0.05 81.3 1 0.19 65.6 0.78 100,00
Ny 222 [ 155.6 40.6 116.8 19.3 32.1 ] 75.6 44,0 81.0 0.56 82.4 | 0.75 73.9 2.13 100.00
E: 235 1 180.6 46,6 | 149.8 46.8 42.2 93.7 559.6 50.4 2.37 40,0 3,97 31.9 | 5.40 100,00

248 .
261
274
= [ 1723.7 §88.9 [1583.9 |1290.0 442,1 | 439.0 }6368.2 {1229.1 0.88 1141.5 5.35 1081.9 9,47 1596.14
S 107.7 55.6 29,0 80.6 27.6 27.4 398.0 76.8 | 0.0550 71.3 0.3344 67.6 0.5919 93,76

- 292 -




DATE: 25.131.81 MCDE: MIXED PRICRITY: DUE DATE RF PILE: 18 RUN MIREER: 16
PARRMETERS COMrONENT SUB-ASSY EQUIRMENT UTILISATION: TREND:
BUEFER: 8 BUFTER: 4 BUFTER: 2 - 0.95 0.0/ 0.0/ 0.0/ 0.0

R STOCK VALUE E£°000 DELIVERY PERFCIMANCE covp.
A EQUIPM?NT PART SHIP NO PART SHIP SRV,
N1 WEEK COMP 5UB STK WIP EQU STK | TEST |COM STK | TOTAL 3 IATENESS % LATENESS 3 LATIMESS | LEVEL
G

14 96.2 85.8 88.3 0.0 31.3 8.0 302.0 0.0 0.00 0.9 0.00 0.0 0.00 100.00

27 122.7 80.2 -87.2 31.8 17.2 18.1 351.8 3.0 0.90 24,1 1.34 53.9 0.54 1p0.00

49 112.2 %6.2 106.3 38.5 149 32.7 401.5 77.0 | -0.20 88.% | -0.36 71.1 0.11 100.00
SS 53 85.2 106.7 88.6 83.8 31.3 24.0 419.7 §2.0 0.16 66.7 0.14 40.8 G.52 100,00
NN 66 97.1 53.2 77.9 120.6 18,1 17.5 382.5 71.3 0.12 59.6 0.54 58.7 0.43 6%.52
:q 79 82.1 £3.2 83.5 38.3 2L.3 25.6 338.0 86,4 | =0,33 86.1 { ~0.05 80.8 | -0.13 109.00
N 92 99.6, 54,2 T 8L.7 62.0 18.5 13.0 328,82 79.6 | -0.26 72.1 | ~0.02 69.4 | ~0.02 100.00
:: 103 8s8.1 59.1 82,7 36.6 20.7 3,3 280.5 92.4 | -0.45 93.8 { ~0.25 87.5 | -0.25 100.00
N 118 73.2 62.1 97.7 45.2 24,7 20.0 322.9 82.9 1 -0.30 83.3 | ~0.26 76.0 0.07 99.51
~N 131 78.4 64.2 77.3 81.2 -~ 20.4 12.4 333.9 84.1  ~0.37" 97.1 | ~0.34 76.7 | -0.10 loo.00
:: 144 59.4 50.5 103.0 90.5 21.4 9.0 333.7 93.6 | -0.45 92.2 { -0.39 89.7 | -0.31 99.5%4
~] 157 83,3 49,8 4 75.6 82.3 10.9 10.1 317.1 91.9 | ~0.57 94.3 | -0.60 84,7 | -0.42 100.00
S 170 155,0 71.2 68.1 60.3 24.8 26.6 406,1 75.6 | ~0.11 83,3 | ~0.02 70,0 0.10 100.00
:: 183 71.3 62.7 164.1 54.0 33.8 7.7 333.6 87.8 | ~0.18 g9.1 | ~0.11 76.5 0.06 97.82
~ 196 22,6 69.6 75.7 66.0 [ 22.8 24.7 357.3 65.3 0.20 64,7 0.38 35.9 0.67 100.00
i~ 209 143.8 gl.5 76.2 45,1 29.7 13.7 300.1 72.2 | -0.11 54.1 g.32 45.5 £.42 1¢0.00
N 222 153.2 g0.1 106.8 18.3 42,6 24.7 425.8 49.0 0.41 51,90 0.35 47.7 0.49 100.00
:: 235 162,68 107.9 31.4 40.1 43.3 15.8 461.1 32.0 0.68 23.7 1.11 33.3 0.78 100.¢0
I~ 248 138.7 119.0 112.6 59.6 26.0 5.5 507.4 75.5 | -0.09 71.4 ¢.12 57.1 0.31 99.28

261

274 -

= |1674.6 { 1155.1 {1402.9 | 1003.9 409,3 { 303.6 | 5948,6 [1208.6 | -1.65 1182.5 0.92 1034.3 2,62 1595,67

}J, 104.7 72,2 87.7 62.7 25.5 12.0 371.8 75.5 1 ~0,1031 73.9 0.0575 64.6 0.1638 99.73

-

-~ €52 -

NCTES:




DATE: 21.11.81 MODE: MIYED PRIORITY: DUE DATE RP FILE&: 20 RN NOMBER: 17
PRARRVETERS COMPCHENT SUB-ASSY EQUIPMENT UTILISAIION: TREND: :
BUFFER: 8 BUEFER: 2 BUFFER: 2 0.95 0.0/ 0.0/ 0.0/ 0.0
R STCCK VALUE £'000 DELIVERY PERPORMANCE CONE.
A BT PMENT PART SHIP NO PART SHIP RV
N WEEK coMp SUB STX WiP EQU STX | TEST | COM SIX | TOTAL % LATENESS % LATENESS % TATENISS | LEVEL
G
E .
14 96.2 §5.8 88.8 c.0 31.3 0.0 302,0 6.0 0.00 4.0 0.00 0.C 0.00 100.00
27 116.2 61.2 87.0 31.3 17.7 19.1 332.4 31.0 0.50 24,1 1.34 53.9 0.54 100.60

et 40 149.0 75.% 69.5 27.0 27.6 1 29.8 378.5 72.5 0.02 82,92 § ~0.03 68.1 ¢.23 1p0.00
P 53 101.9 60.7 118.2 59.1 31.7 7.1 378.6 64,7 0.06 73.0 0.03 46,6 ©.45 99.56
:; 66 103.8 38.1 73.1 83.9 23.8 17.1 339.7 79.0 }-0.20 73.6 .00 8l.4 | -0,19 99.54
Q: 79 99.2 46.5 64.1 43.6 27.8 19.¢9 301.1 49,2 0.49 59.4 0.44 23,11 1.08 100.00
I~ 92 97.7 51.0 80.4 28.0 20.4 10.8 288.4 78.0 | -0.04 52.6 0.19 63.3 0.33 109.00
t: 105 99.1 55.7 78.9 35.9 8.9 8.8 297.4 92.1 | -G.52 24.3 { -0.40 91.7 | ~D.46 160.00
~ 118 66.8 46.4° 83.5 63.1 22.1 19.9 301.7 £0,9 |~0.30 82.4 1 =0.18 64.7 | -0.06 92,07
:: 131 85.5 37.3 62.5 £8.8 1.3 17.8 303.3 70.9 0.14 €2.1 0.21 62.5 0.34 160.00
I~ 144 117.0 33,5 81.3 83.1 16.9 5.9 342.8 51.6 0.76 40,5 0.88 52.2 0.91 100.0C0
3 157 128.7 41.7 84.6 68,3 15.4 18.3 356.9 55.5 0.21 56.3 0.38 50.0 0.41 100.00
i~ 170 138,9 67.1 . 71.8 47.9 32.7 29.6 388.1 55.4 0.27 59.6 0.30 54,1 0.41 100.00
t: 183 7l.8 45.1 110.7 50.1 30.5 18,3 326.5 77.1 {~0.04 79.0 0.02 72.7 0.11 1G60.00
~ 156 1067.6 42.4 81.6 48.3 36.1 42.8 358.8 76.5 |-0.02 59.5 0.35 66.7 0.33 100.00
™~ 209 110.0 49.2 86.5 53.7 26.0 17.5 242.9 78.9 1-0.15 70.0 0.190 62.9 0.28 100.00
t] 222 122.4 61.4 88.5 15.4 38.3 25.53 388.6 50.9 0,41 55.3 0.32 49,0 0.35 100.900

235 1z9.1 72,9 114.1 33.0 32.0 44,9 436.0 60.0 0.81 74.4 0.07 51.1 1.33 100.0C

248 127.7 77.8 122.4 70.6 25.8 38.7 462.9 57.3 0.77 7L.7 0.23 42.6 1.50 98,72

261

274

= |1754.2 825.8 [1402.2 877.8 409.7 { 325.9 {5613.7 ]1078.0° | 2.65 1070.7 3.30 934.6 7.13 1597.89

/Li_ 109.6 51.7 87.6 54.9 25.6 20.4 350.9 67.4 0.1656 66.9 0.2063 | 58.4 0.4456 99.87

NOTES:

- ¥4e -



mATE: 25.11.81 MODE: MIXED PRIORITY: DUE DATE RP FILE: 21 R NUMBER: 18
{PARMMETERS COMPCMENT SUB~ASSY " EQUIDMENT UTTLISRTION: TREND 2
BUFFER: 8 BUFFER: 2 BUFFER: . 0 ) 0.95 0.0/ 0.0/ 0.0/ 0.0
R STOCK VALLE £'000 DFLIVERY PERFORVANCE coMp,
3 ‘ BOULEMENT PART SHIP RO PARY SHIP SELV.
N WEEK | Ccop SUB STK | WIp PO STK | TEST [COM ST TOTAL 2 TATENESS ) LATENTSS % IATENESS | LEVEL
G
B ¢ -
14 96,2 85.8 88.8 0.0 31,3 0.0 302.0 6.0 0.00 0.0 0.00 0.0 0.00 . 100.00
27 116.2 61.2 | - 87.0 11,2 25.0 8.8 309.4 34,2 0.70 22.2 1.30 61.1 0.44 100.00
40 142.6 75.6 69.5 13,8 18,9 33.4 353.8 73.6 | -0.01 £2.4 | ~0.09 73.9 0.15 100.00
EE 53 87.9 55,3 115,3 66.4 24,1 16,2 370.3 78.3 | =0.21 83,3 | -0.17 63.5 0.13 99.62
I~ 66 105.2 42.4 68,2 70.4 21.2 8.7 | 317.1 75.8 | ~0.11 75.9 0.10 57.8 0,22 100.00
Qq 79 85,5 49.4 73.1 29.7 16.9 14,2 268.8 75.2 | ~0.09 62.2 0.22 72,6 | 0,04 160,00
P az 94.3 46,7 86,3 21.5 24,5 14.8 288.1 69.5 | ~0.12 75.7 | -0.19 62.5 0.19 100.00
t: 105 28.8 51.3 85,4 28.7 22.9 18.8 297.1 78.5 | ~0.25 76.9 6.00 57.5 0.15 $9.55
~ 118 67.9 45,0 82.2 32,6 18.6 14,1 260.3 76.6 | -0.11 72.7 0.05 67.5 0.13 99,17
~4 131 96,4 37.0 61.4 73.9 9.0 15.9 293,6 77.8 0.31 94.3 1 ~0,23 7i.4 -1 0.87 100.00
:: 144 113.2 28.7 93,4 78,4 12.4 30,9 358.0 51,7 2.19 45,5 1.48 43.5 2.87 100.00
~] 157 145,8 56.5 81,1 108,.0 11.6 23.8 426.9 40,2 2,98 47,1 2,71 27.0 3.76 100.00
~d 170 150.8 69.9 79.5 87.3 25.1 18,7 431.3 44.3 2.12 35.3 2.73 25,0 3.12 100,00
k\ 183 75,6 56.1 113.0 43.1 34.5 36,9 359.2 42,9 0.76 46.0 0.74 21,0 1.37 99,57
:: 196 s1.7 45.8 90,7 68.7 23.0 37.4 320.3 52.9 0.56 37.5 0.92 42,5 0.88 59.05
~] 209 112.7 43.3 82,7 42,1 26,3 48,7 355.8 75.8 0.07 68.6 D.34 53.6 0.89 100.00
NS 222 176.9 50.4 105.2 11.8 26.5 82.0 £52,7 63.8 1.28 61.7 1.02 54,0 2.66 -160.00
:: 235 146,7 53,8 125.4 43.1 46.4 93.0 513.3 26.9 2.55 28,1 4,12 25.5 4,6% $9.71
N 248 134.1 55.7 153.1 110.2 26.8 | 39.5 509.3 30.5 1.78 25.0 2,81 12.9 3,69 99,41
261
274 -
©o= 1175445 782.3 |1497.0. | 915.9 369.8 | 512.6 {5832.1 | 960.7 { 13,71 935,83 { 16,65 757.9 | 25.24 1596,08
,LL 109.7 48,9 93.6 57,2 23,1 32.0 364.5 60.0 0.8569 58,5 1.0406 47.4 1.5775 99,76

NOTES:

- §G¢ -




PRICRITY: DUE DAIE

DATE: 26.11.38 ODE: i N '
. §.11.81 MODE: MIXED RE FIIE: 22 RUN NOYSER: 19
PARAMETERS BCOI‘PCLWE;'FL\TI' 6 BSmUmSSY BEQUTPMENT UTTLISATION: TEEND s
TTER: R: O BUFFER: . 2 : 0.5 0.0/ 0.0/ 0.0/ 0.0
i ] STOCK VALUE £'000 DFLIVERY PERFORMANCE CoP
_ . ) BEOUILPMENT FPART EHIP NO PART SHIP SE.RV:
g WL covp SUB STR viIep EQU STK TEST CoM STK | TCTAL 3 LATENESS % TLATENTSS % LATTNIISS I.EVEL
74 | 96.2 | 8s.8 | ss.8 0.0 | 3131 0.0 | 302.0 | 0.0 | 0.00
X ) X ) ) X 0.0 | 0.00 )
s 27 | 106.6 | 51.0 | 92.5 | 3.8 | 17.2} 19.1 | 318.1 | 3.0 | 0.9 24.1 | 1.34 sg g g'gi %gg'gg
:; gg %gé.g ié'g gg.g ég.% §9.7 29.0 | 345.6 | 74.6 | -0.02 86.1 | -0.06 7005 | 0.20 100.00
) ) . ) .71 25.4 | 2361.1 | 3.1 | 0.27 55.7 | 0.13 . ) .
) 66 | 87.0 28.5 | ©5.3 | 96.5 21.1 ) 28.1 : : . S oo
N & | o | ms . ) ) ) 346.5 | 77.1 | 0.14 68.9 | 0.60 56.8 | 0.77 95.15
N ) 0. 203 | 53.0 | 20.3] 39.9 | 328.9 | 82.9 |~0.26 86.1 | ~0.20 21.2 - 0.00 100.00
N 92| 77.7 | 326 | 1061 | 4l0 | 227 20.6 | 300.7 | 78.6 | -0.39 70.7 | -0.12 2. . .
Y 105 | ©9.3 | 44.3 | s88.8 { 47.6 | 12.4] 7.8 | 296.2 | 71.5 | -~0.0 . i Lot ot 10900
N 105 | @3 | a2 | oes 4T . ) 2 9 10,07 75.7 | ~0.02 71,8 | -0.08 100.00
N . 33. 93. ) 13.0] 2.7 | 279.6 | 76.3 | -0.10 72.7 | ©.14 64.5 | 0.13 98. 77
N 131 | 662 | 36.6 | 57.3 | 110.4 | 10.1| 19.4 | 299.9 | 95.5 |-0.57 97.2 | -0.31 35.7 {-0.24 0.
::‘ igg igé.g 2;.2 gg.g igg.g %i.g §3.g 324.7 | 76.4 | 2.65 71.9 | 2.56 53.1 | .64 %gg'gg
. ) ) ) . g, 447.8 | 40.3 | 6.36 42, - : '
N 170 | 1631 |, 641 | Sl | 12609 | 30.7 | 28.9 | 484l | 217 | 5.10 54 | s | 125 | 596 | 100,00
:: %gg ;3.; ig.g zg.g 22.; 28.7 1 48.7 | 358.0 |°32.1 § 1.50 35.5 | 1.98 13.6 | 2.46 100. 00
. ) 9 ) 39.3 | 28.7 | 285.8 | 34.2 | 1.57 18.4 | 1.63 20.8 | 2. :
269 | 935 | 23.6 | 738 ! 376 | 282 22.1 | 274.1 4 619 | 1.37 R . g g
§§ 22 | 169 | 515 | 813 | 201 | Z2.6 | 2.0 | 3683 S.7 | o7t | 756 |02z | 5 | aos | 100000
N 235 | 1. ) 38 | 405 | 272 | 288 | 44l | 533 | 127 61.5 | 0.82 3.6 | 2.12 100.00
261
272
=7 11665.3 | 649.4 1373.2 |2079.1 | 378.4 | 417.9 |5562.9 | 996.6 {19.76 1017 }19.61  |819.2 28.64  |1597.15
Ak | s | osos | oess | 67.4 | 237 | 2617|3477 | 623 | 1.2350 | 63.2 | 1.2256 | 512 | 1.7900 | 99.82

- 92 -
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DATE: 26.11.81 MODE: MIXED PRICRIIY: DUE DATE "~ RP FIIE: 23 RN NUMBER: 20
PARAMETERS COMPCHNENT SUB-ASSY EQUIPMENT UTILISATICN: TREND:
BUFTER: 4 BUFFER: 4 BUFFER: 2 _0.95 0.0/ 0.0/ 0,0/ 0.0
Ry STOCK _VALUE £'000 DELIVERY PERFCRMANCE COMP,
A EQUTPMENT PART SHIP KO PART SHIP 'SERV.
N} WEEK cap SUB STK WIP EQU STK § TEST | QOM STK | TOTAL % LATENESS % | LATENESS ) LATENESS | LEVEL
G
E
14 26.2 85.8 28.8 0.0 31.3 0.0 302.0 0.0 0.00 0.0 £.00 ¢.0 0.00 100.G0
27 92.4 80.2 87.2 31.8 17.2 19.1 327.8 3l.0 0.90 24.1 1.34 53.9 0.54 29.€8
SS 40 71.0 26.9 105.3 38.5 14.9 32.7 360.3 77.0 | ~0.20 28.9 0.25 71.1 0.11 100.00
] 53 70.4 106.7 88.6 83.8 31.3 24.0 404.9 62,0 0,16 66.7 0.14 40.7 0.52 99.11
:: 66 75.9 53.2 7.9 120.6 16.1 17.5 361.3 71.3 0.12 52,6 1.51 58.7 0.43 99.04
N 79 46.2 63.2 _83.5 58.3 21.3 29,6 302.1 1. 86.4 | -0.33 86.1 | ~0.05 g0.8 -0,13 98,25
n 92 35.5 .| 54,2 81.7 62.0 18.5 13,0 264.7 79.6 | ~-0.26 72.1 ¢y =0.02 9.4 | -0.02 97.39
p: 105 76.2 67.3, 74.2 36.6 20.7 3.3 278.4 82.4 | -0.45 93.8 | ~0.25 87.5 j-0.25 97.45
~1 118 39.2 64.1 95.8 45,2 24.7 20,1 289.0 2.9 | ~-0.30 83.3 1 -0.26 70.0 0.07 87.05
~ 131 45.1 64,1 81.7 81.4 18.9 21.2 312.3 gi.6 1 -0.32 100.0 | ~0.38 76.7 | -0.03 96.87
E: 144 47.8 57.3 98.9 84,8 22.8 7.4 319.0 85.0 | ~0.38 85.2 | ~0.30 83.3 | -0.31 95.41
~] 157 65.2 49.6 81.4 78.9 16.7 12.7 304.5 86.4 | -0.44 87.1 { ~0.52 82,9 | -0,.14 100.00
i~ 170 95.2 65.6 8l.3 59.4 33.4 | 25.4 380.2 90.5 | -0.28" 87.5 | ~0.05 86.5 | -0.08 88.53
E: 183 44,9 71.9 82.7 59.7 33.9 13.5 313.6 80.7 § -0.09 86,2 | -0.07 74.0 0.20 96.55
N 1¢6 £6.3 55.0 85.0 67.6 21.7 22.4 318.0 73.7 0.04 £9.7 0.21 44.7 0.53 99,14
209 86.9 76.7 g7.8 41.2 33.7 6.7 332.9 77.7 | =0.12 67.4 0.14 58.8 .24 93.66
:q 222 102.7 84,3 93.3 31.7 35.9 22.5 375.3 64.0 0.13 75.9 0.C0 61.5 0.11 10G.00
S; 235 91.9 9l.9 . 92.6 57.2 36.6 31.5 401.7 54.0 0.59 50.0 0.67 39.1 0.80 100.00
2438
261
274
355: 1060.4 1122,0 ) 1404,7 | 1006.9 401.1 ) 303.5 [5298,2 |1245,2 | =2,13 1258.5 1.02 1085.7 2,05 1574.50
/kl 66.3 70.1 87.8 62.9 25,1 19.0 3311 77.8 | ~0,1331 78.7 0.0638.! 67.9 0.1281 98,40




_pAIEs 26.11.81 MODE: MIXED PRIORITY: DUE DATE RP FILE: 24 RN NUIMBER: 21

CARMMETERS COMPONENT SUB~ASSY EQUIPVENT . UTILISATICN: TREND:

- 8G¢ -

BUFFER: 4 BUFFER: 4 BUFFER: 0 . 0.95 0.0/ 0.0/ 0.0/ 0.0
m STCCK VATUE £'000 DELIVERY PERFCRMANCE COMP.
1= EQUIPMENT PART SHIP N0 PARL SHIP SERV.
| WEEK COvp gUB 5TX Wip EQU STK | TEST |COM STK | TOTAL ) LATENESS % LATERESS % LATENESS | LEVEL
o .
. 14 96.2 85.8 88.8 0.0 31.3 0.0 302.0 0.0 0.00 0.0 0.00 0.0 0.00 100.C0

27 92.4 80.2 §7.2 1.2 25.0 8.8 304.8 34,2 0.70 22,2 1 1.30 61.1 0.44 95.71
EE 40 67.4 96.9 106.3 15.0 24.1 23.5 339.2 68.4 £.03 79.4 | =0.12 67.4 G.26 59.73
a 53 £3.6 g8.1 1p2.2 23,0 20.1 6.3 375.2 73.9 | -0.14 71.9 0.03 63.3 0.18 99.60
N 66 89.1 61.7 56.7 $6.8 20.2 27.2 351.7 74,3 | 0.01 60,0 C.28 57.5 0.40 100.C0
:: 72 55.3 54,9 . 81.0 66.6 16.3 17.9 292.0 80.6 | ~0.30 72.3 } -0.02 71.2 |-=-0.04 $8.97
P~ 92 51.7 . 62.8 78.9 55.5 26,0 24.3 229,1 80.0 ) -0.19 78.1 | ~0.12 74,5 {~0.04 98.60
t: 105 76.6 65.8 76.1 31.0 25.2 14.0 283.7 79.6 | -0,32 £2.8 [ ~0.49 65,4 0.60 99.17
~) 118 47.9 58.9 90.1 28.9 22.0 24.7 272.4 75.7 | -0.15 0.7 | -0.11 75.7 [-0.03 93.08
Ny 133 64.9 47.3 95.2 49.2 J17.5 6.3 280.4 65.8 0.22 84,6 0.03 54.8 0.39 97.58%°
N 144 £6.0 52.8 98.8 54.9 12,7 9.9 315.1 69.4 | -0.06 74,1 | -0.09 61.0 g.12 ©99.47
:; 157 59.3 64.8 83.0 42.8 30.2 22,6 312.6 66.5 £.01 70.8 | -0.02 56.8 0.40 . 97.97
t: 170 57.0 73.1 73.0 52.5 27.9 9.7 293.2 93.8 | ~0.47 89.4 | -0.21 97.8 | ~0.47 . 98.57

183 41.7 40.9 77.5 86.0 28.6 9.5 284.2 78.4 | ~0.25 73.5 ) -0.09 67.9 a.60 82.72
N 195 56.0 59.8 84.5 | - 47.5 25.4 23.0 296.2 62.7 6.32 29.8 0.70 - 37.8 0.70 . 96.28
:: 209 102.0 €2.3 90.1 34.1 32.0 20.6 351.% 77.5 | -5.11 §5.7 | ~0,29 60.0 0.20 99,70
N 222 115.2 61.9 128.8 15.4 34,9 25.5 381.8 32.8 0.81 40.0 0.02 27.1 0.85 99.80
E: 235 114.3 |- 52.0 135.1 36.4 38.8 |  55.3 431.8 37.8 .71 33.3 0.74 41.7 0.63 99.79

248 '

261

274

:EEE: 1150.0 | 1004.0 | 1467.3 80%5.6 401,9 | 336.3 |5164.7 [1117.3 0.12 1093.4 0,24 973.9 3.65 11573.0

[ /l)_ 71.¢ 62.8 91.7 50.4 25.1 21.9 322.8 69.8 0.0075 68.3 0.0150 60.9 0.2281 98.31




r

MODE: MIXED

DATE: 4.12.81 PRIORITY: DUE DATE RP FILE: 25 RN NUMBER: 22
PARAVETEES CCOVPCENT SUB-ASSY EQUIBMENT UTILISATION: TREND:
BUETER: 4 ‘ BUFFER: 2 BUFTER: 4 0,95 0.0/ 0.0/ 0.0/ 0.0
R STOCK VALUE E'000 DELIVERY PERFORMANCE ‘ P,
1A ECUIPMENT PARY SHIP NO PART SHIP SERV.
N] WEEX comp SUB STK wip EQU STK [ TesT @ (CCM STK { TCTAL % LATENESS % LATENESS L% LATENESS | LEVEL
G
B .
14 96,2 85.8 £8.8 0.0 31.3 0.0 302.0 0.0 0.00 0.0 0.00 0.0 0.00 100.00
27 g6.1 61,2 §7.0 47.8 19.0 11.4 322.5 17.9 1.41 14.3 i.82 44,4 1.33 100.00
‘: 40 120.7 75.6 69.5 35.8 30.5 24.6 356.8 89.7 { -0.45 97.7 | -0.36 91.5 |-0.36 1¢0.00
\\ 53 85.9 65.2 119.7 68.0 26.0 22.2 386.9 85.1 | ~0.35 28.2 | -0.19 78.2 |-0.07 97.99%
N 66 75.9 47.3 91.6 141.8 22.1 14.5 393.6 79.6 | ~0.24 74.1 1 =0,05 79.6 [-0.07 99.01
Ej 79. 45.8 34.6 gd.1 101.7 21,3 14.0 301.5 71.2 ] 0,19 51.3 0.28 49.1 0.28 100,00
h\ 92 S8.9 47.1 72.4 90.7 22.0 14.0 305.2 79.4 | ~0.16 77.5 1 =0.20 68.8 | 0.04 96,93
~] 105 66,2 52.9. £9.6 57.6 26,2 8.7 281.2 g84.6 | ~0.42 76.8 t ~0.20 67.3 |-0,04 99.53
$\ ils 40,5 37.2 85.1 51.3 28.4 14.2 256.8 78.8 | -0.26 74.6 | ~0.11 7i.1 -0.03 99.40
N 131 58.9 .26.9 0.7 82.9 11.1 21.2 261.6 92.9 | -0.52 100,01 ~0.45 86.4 |-0.18 140,00
N 144 81.4 40.4 71.4 90.1 5.4 22.5 311.2 74.6 0.26 89.7 | -0.31 56.5 0.87 1¢0.00
\ﬁ 157 95.3 59.9 81.0 108.5 12.6 8.4 365.7 37.7 3.36 50.0 3.37 20.0 4,07 99.73
N 170 124.9 64.1 - 85,4 101.3 22.5 17.0 415.1 32.6 2.79 18.8 2.98 11.4 3.70 loG.00
:j 183 58.0 73.4 97.2 46,3 49,6 45,9 371.3 49,5 0,58 51.0 0.76 24.6 1.25 99.66
k# 196 30.8 £9.3 80.0 356.7 50.6 30.3 297.1 71.4 0.36 8.3 0.33 47.2 0.8 93,12
N 209 57.6 44.9 69.1 52.¢9 28,0 15.3 267.7 74.7 0.27 55,6 0.92 43.5 1.52 . 98.73
222 €3.%9 49,5 96,0 32.2 24.8 12.2 278.6 70.4 0.1i% 60.9 0.33 67.3 0.24 98.%0
~] 233 127.9 75.2 110,2 47,1 29.2 42.1 431.8 73.3 { =0.02 46.0 0.51 60.9 0.28 99.06
248 )
261
274
= |1l92.8 864,0 | 1343,0 | 1144.9 .| 410,3 | 328.1 | 5282.7 {1145.5 5.20 1081.8 7.61 923.4 112.48 1582.08
/LL 74.5 54.0 . 83,9} 71.6 25,6 20.5 330.2 71.6 0.3250 | 6€7.6 0.4756. 57.7 0.7800 - 98.88

- 692_



RP FILE: 26

DATE: 28.11.81 MODE: MIXED PRIORTTY: DUE DATE RUN NUMRER: 23
[PARAMETERS COVPONENT SUB~-ASSY EQUIPMENT CTILISATION: TRED: ‘
BUFFER: 4 BUCTER: 2 - BUFFER: 0.95 0.0/ 0.0/ 0.0/ Q.0
R STOCK VAILUE £'000 DELIVERY PERFORMANCE Covp.
Py EQUIPMENT PART S5H1F [ NO PART SHIP SERN.
Wl wEEK | coe | sus sTK| wWIP  |DQU SIK | TEST |CoM STK | TOTAL % | ATEWES| & | LATEESS || % | LATENESs | LEVEL
s .
g
14} 9.2 | 858 | 8s.8 0.0 | 31.3{ 0.0 | 302.0| 0.0} 0.00 0.0 | ©0.00 0.0 | 0.00 100.00
27| 95.1 | L.z | v87.0 | 313 | 17.74 19.2 { 312.3{ 31.0 { 0.90 24,1 | 1.34 53.9 | 0.5% 100. 00

Nl 40| 1147 | 75.6 | 69.5 | 27.0 | 27.6| 20.8 | 344.2| 72.5 | 0.02 | 82.9 | -0.03 68.1 | 0.23 100.00
N} 53] 68.3( 60.7 | 118.2 | 50.2 | 31,7] 7.1 | 345.0 | 64.7 | 0.06 73.0 | 0.03 46.6 | 0.45 96.93
Nl s61 92.5 1 281 ] 73.1 | 839 | 23.el 17.1 [ 328.4 ) 73.0 | -0.20 73.6 | 0.00 81.4 | -0.19 99.08
N 79 ] 447 | 465 | 64l | 43,6 | 27.8 | 12.9 | 246.5 | 49.2 | 0.49 59,4 | 0.44 23.1 | 1.08 03,88
N ez | ss.3.| 10 | so.a | 280 | 2004 10.8 | 246.0 | 78.0 | -0.04 59.6 | 0.19 63.3 | 0.33 100.00
Noo305 ] 7404 | 557 ] 789 | 35,9 | 18.9) 8.8 | 272.6 | 92.1 | -0.52 94,3 | =0.49 51.7 | -0.46 160,00
N 18] 4si2 | 0.5 | es.o | €31 | 22.1f 19,9 | 283.5 1 80.8 | -0.30 82,0 | ~0.18 64.7 | ~0.06 97,12
N 131 44,4 | 37.2 | 511 | 87.9 | .18.3| 15.9 | 2547 | 69.3 | 0.32 66.7 | 0.27 56.3 | 0.66 97.75
N 1s4 | 771 ] 3208 | 7401 | 8s.1 | 1007 12.7-) 2925 | 56.9 | 1,34 46,5 | 1.12 59,1 { 1,23 99,31
N 157! 957 | 4908 | 76.8 | es.1 ) 12,9 141 | 337.5 | 46,9 | 1.98 45.2 | 2.17 34.2 | 2.61 100.00
N 170 9s.a | 613 | 99.2 | 67.3 | 28,9 | 15.5 | 367.5 | 48.1 | 1.22 42,9 | 1.29 26,4 | 1.89 99.45
N) 183 ] 58,7 | 8.0 | 94.0 : 36.3 | 38.9] 38.0 | 354.9 | -72.9 | 0.06 75.9 | 0.02 9.0 | ©.36 99.62
NG 196 | 349 | 77.5 | 9.3 |- 70.7 | 29.9{ 32.5 | 33¢.9 | 9.9 | 0.24 71.4 | 0.29 60.4 | 0.60 93,48
N\l 209 | 53.8 | 8.9 | 743 | 59.0 | 34.3| 26.0 | 306.4 | 68.4 | 0.1 36.7 | 1.00 45.2 | 0.81 97.94
Nl 222 { 885 | 511 | 90,0 | 2807 | 362 25.1 | 319.7 | 438 | 0.43 47.3 | 0.35 39.2 | 0.49 99,37
Nl 2351 119.0 | 71,7 | 118.3 | 48.4 | 32.0] 10.6 | 400.0 | s57.7 | 0.52 78.6 | 0.26 49.1 | 0.8 98.86

248 :

261

274

=T | 1166.6 | 897.4 |1340.2 | 912.1 | 414.4 | 303.8 [5034.3 |1050.2 | 5.78 l1036.0 | 6.82  |se7.8 | 10,84  |i577.79

Ju 72,9 | 56.1 { 83.7 | 57.0 | 25,9 19.0 | 314.6 | 65.6 | 0.3613 | 64.8 | 0.4263 | 54.2 | 0.6775 | 98.61

- 092~




NATE: 27.11.81 MODE: MIXED PRIORITY: DUE DATE RP FILE: 27 RN NUMBER; 24
PARNETERS COMPONENT SUB=-ASSY EOUIPMENT UTILISATION: TREND:
EUFFER: 4 BUFFFER: 2 BUFFER: 0 0.95 0.0/ 0.0/ 0.0/ 0.0
R STOCK VALUE £'000 DELIVERY PERFOBMANCE - covp,
A EOULPMENT, PART SHIP NO PART SHIP SERV.
N | WEEK | ooMP | SUB STK WIP | EQX STK | TEST |COM STX | TOTAL % | LATENBSS % | LATENESS | % LATENESS | LEVEL
e ' .
Eo
14 96,2 85.8 88.3 0.0 31.3 0.0 302.0 0.0 0.00 0.0 0.00 0.0 0.00 100.00
27 96.1 61.2 87.0 11.2 25.0 8.8 289.3 34.2 0.70 22.2 1.30 61.1 D.44 100.00
<j © 4D 111.6 75.6 £9.5 13.8 18.9 33.4 322.8 73.6 | ~0.01 82.4 | -0.09 73.8 0.15 100.00
53 63.8 56.3 115.3 66.4 24.1 16,2 335.2 78.3 | =0.21 83.3 | -0.17 §3.5 0.13 85.40
Q: 66 91.1 42.4 68.2 70.4 21.2 8.7 302.0 75.8 | -0.11 75.9 0.10 57.8 0.22 99,62
N 79 29.8 49.4 73.1 29.7 16.9 14.2 213.1 75.2 { -0.09 62,2 0,22 72.6 0.04 97.42
N 92 57.5 .1 46.7 86.3 21.5 24.5 14.8 251.3 69.5 | ~0.12 75.7 | -0.19 62.5 0.10 99,27
N 105 58,7 51.5 86.4 | 28.7 22.9 ig8.8 267.0 78.5 | -0.25 76.9 0.00 57.5 0.15 87.29
N 118 54.1 39.1 87.5 32,6 18.6 14,1 246.0 76.6 | 0,11 72.7 0.05 67.5 0.13 98,75
N 131 45,8 35.8 59.0 73.9 9.0 15,3 238.8 78.2 0.21 94.3 | -0.26 71.4 0.52 98,85
:: 144 55,9 33.7 93.2 78.4 12.8 20.0 2¢4.0 51.0 2.30 48,4 1.16 43,5 3.00 89,74
N 157 97.0 49,7 83.1 109.0 10.6 27.8 377.1 39.8 2.62 47,1 2.24 25.0 3.44 99,76
N 170 89.5 71.8 79.9 90.5 23.7 15.9 371.3 45.9 2,11 38.8 2,61 24.5 3.14 100.00
N 133 49,6 46.7 $5.0 42,4 35.3 25.2 294,2 42,9 0.87 51.0 0.71 25.0 1.47 g7.18
N 196 55,7 46.9 84.4 30.8 29.5 25.3 272.7 55.3 0.65 56.1 D.61 35,0 1,20 95,73
) 208 82.8 €2.6 Bl.3 21.1 28.5 43,1 324.8 62.4 0.69 55.6 1.22 38.7 1.94 100.00
R\ 222 122, 65,3 100.6 il.1 25.6 99,3 427.3 70.3 0.37. 62.0 1.26 56,4 0.28 100.00
N 233 79.8 63.3 161.9 59,6 36.7 1 125.4 466.7 53.0 2.82 38.7 4.97 36.8 6.25 29,23
248 :
261
274
= 1145.0 839.8 [1365.,2 | 779.9 358.8 { 516.5 | 5005.3 j1026.3 | 11.74 1021.1 | 14.44 811.6 [22.16 1578.25
}i. 71.6 52,5 85.3 48.7 22.4 32.3 312.8 54.1 0.7338 63.8 0.9025° | 50.7 1,3850 98,64
NCTES:

-19¢ =
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DATE: 01,12.81 MODE: : 25
MIXED PRIORITY: DUE DATE _ R® FILE: 28 RN NERBER: 25
TARMETERS ggmt ?O.)TJETNT 4 ?%%S{?Y o ) ECUIEMENT UTTLISATION: . . TREND :
: : BUFFER: 2 _ 0.95 0.0/ 0.0/ 0.0/ 0.0
i STOCK VALUE £'000 ' - DELIVERY PERFORMANCE covp
: . EQUIPMENT PART SHIP NGO PARD SHIP .
‘é WEEK covp SUB 8TK wip EQU 5TK TEST oM §TK | TOTAL % LATENESS % TATENTSS % - LATENEES i%
g .
14| 9.2 | 85.8 | 8s.8 0.0 | 31.31 o©o.0 | 302,061 0.0 '
3 ) ) ) ) ) 0.00 6.0 | 0.00
ig 1322 ﬁg ggz gé§ gg 19.1 | 309.5! 31.0 | 0.90 24.1 1.24 sg'g ggg igggg
) ) X : ) 29.9 | 318.3] 74.6 | ~0.02 3 - . : .
9] uet a2 ] s 2 i 6.1 | =0.06 70.5 | 0.20 100.00
N ) ) ) .8 30.71 25.4 | 326,80 63.1 | 0.27 67.5 | 0.13 47.3 :
N 57.7 28.5 80. 2 $6.5 | 21.1] 28.1 | 312.01 77.1] 0.14 . X R e,
1 79 | 2001 | 4207 | e0.1 | 4403 | 30.7) 42.3 | 262.1] 78.6 | -o. s | 030 S 0753
N =N ) i 6 | ~0.07 68.9 | 0.20 65.3 | 0.18 97.93
N 2 .. . . ) A1 17.8 | 276.0| 65.4 | ~0.04 60.0 | 0.09 52.7 | 0.31 .
105 67.2 59.1 76.5 47.8 17.9 8.8 | 277.3] 72.9 | -0.04 61.4 "0 . ; oo
Ny 18 | 527 | 49.6 | 880 ] 68.2 g.21 12.2 | 279.00 70, ) eyl as iy 5 a5
N g | s1| o8 e i ) ) 0l 70,5 | 0.05 63.3 | 0.37 61.3 | 0.32 37.49
N ) i 1.2 1 95.9 | .14.7) 16.3 | 254.4) 62.1 | 0.47 67.5 | 0.82 | 54.6 | 0.76 .38
y 122 | 79.3 | 434 | 907 | 922 | 160 29.0 | 350.5) 55.4 | 0.54 63.2 | 0.61 . : 55,25
N 157 | el | 417 | w05 | 87.9 | 19.4] 5.5 | 316.0 . i : 057 el e o
LT Ll L7 005 ens . 5 | 316, 62.5 | 0.04 70.4 | =0.07 71.7 | 0.02 98.86
N ) ) ) ) 39.0{ 51.0 | 339.5| 86.6 | -0.23 84.0 | ~0.06 79.4 | o0.04
Y 183 | 40.4 | 46.1 | 67.1 | 85.0 | 29,50 134 | 260.5] 77.8 | ~0.16 78.1 | ~0.03 . . iy
3 196 | 55,9 | 27.7 | 761 |- 351 | 27.8) 1407 | 297.3] 0.3 | o1 : 5 | s000 | o.63 57,09
: : ) ) ) 57.1 | 0.31 50.0 | ©.63
209 | 355.3 | 48.2 | 86.4 | 19.5 | 20.9] 49.8 | 283.11 66.2 | 0.4 . A
. ) A ) ) ) .46 76.7 | 0.00 75.0 |~0.33
222 £4.7 44.2 78.3 24.7 16,81 65.7 | 316 . ) A
k\] 222 | 96.7 | 462 [ 8.3 ) ) . 4l 1901 s.24 28.6 | 5.20 12.8 | 7.23 99. 80
N ) i i 43.1 | 24.6% 64.7 | aa2.0) 42,11 3.36 22.2 | 718 22.6 | 6. )
235 6.3 : . X X 6.23 9g. 42
NEEL 13 to.1 | 1153 | 67.6 | 48.3| 141 | 425.8| 550 | 1.38 47.1 | 1.71 47.8 | 2.85 99,21
274
= {10971 {712.2 [1363.0 | 973.0 | 383.5| 458.8 |4989.7|1025.7 | 11.52  [984.9 |17.41  |892.2 |20.34  [1576.23
n 6.6 | 466 | 85.2 | 60.8 | 20.0| 28.7 | 31.9| 641 0.700 | 616 | 1.0881 |55.8 | 12713 | 96.51




FAIE: 01.12.81 MODE: MIXED PRICRITY: DUE DATE RP FILE: 29 RUN NMBER: 26
PARAMETERS CCMPCNENT SUB-ASSY EQUIFPMENT UTILISATION: TROD:
BUFFER: 0 BUFEFER: 4 BUETER: 4 0.85° 0.9/ 0.0/ 0.0/ Q.0

R STOCK VALUE £'000 DELIVERY PERFGRMANCE o,
M . ECUIPMENT PART SHIP NO PART SHIP SERV.
N | WEEK P SUB STK Wip 3 STK | TEST | COM STK | TOTAL 3 LATENESS % LATFNESS % IATENESS | IEVEL
G
=

14 86.2 85.9 88.8 0.0 3.3 0.0 302.0 Q.0 0.00 - 0.0 0.00 0.0 0.00 100.00

27 83.6 20.2 87.2 48.3 15.5 4.4 329.3 19.4 1.34 14.3 1.82 44.4 1.33 99.33

40 39.2 26.9 106.3 46.2 21,1 30,5 [ 340.9 88.6 | -0.46 23.0 ¢ -0.49 €9.4 ; ~0.,38 $5.50
“Q 53 47,1 89.4 115.7 92.1 26.0 15.1 385.4 82.5 | ~0.15 71.8 0.35 75.8 0.09 g6.18
N 66 40.5 64.7 94,9 180.2 24,2 14.5 359.0 78.4 | =0.27 86.0 0.02 €8.2 | -0.07 95.61
Q: 79 20,5 56.2 84.4 124.1 24,4 [ 12.3 322.0 72.5 1 =0.12 51.2 0.29 51.0 {-0.3% 94,14
N 22 26,1 69.3 .69.3 108.9 16,7 24.0 314.2 §9.3 | -0,18 83.7 Q.58 84.2 Q.05 83.87
N, 105 49,6 59.0 84.9 47.3 42,0 13.8 296.7 52.2 2,21 43,0 2.16 41.4 2.68 97.64
\\ 118 23,2 64.3 93.4 102,9 19,1 12,2 315.3 63.1 0,81 68.8 0.6% 50.¢ 1.22 78.47
\\ 121 25.0 £3.6 80.8 104.4 35.2 30.8 339.7 92.1 | -0,3z 75.8 | =0.18 87.5 | =0.086 §5.09
N 144 42.2 47.3 100.9 111.3 21.3 7.8 330.8 85,0 | -0.07 62,8 0.41 74.5 0.09 84,73 |
N 157 48,4 44,7 109.4 73.9 24,5 17.5 320.4 82.9 § ~0.34 83.5 1 -0.28 73.5 |-0.09 85.64
N 170 52.8 53.8 69.8 68.7 23.9 12.2 280.4 28.4 | ~0.34 95.7 | -0.33 £0.5 1+-0,24 93.36
N 183 42,5 5%.4 85.8 61.2 26.7 7.6 283.1 97.7 | -0.45 92,2 | -0,30 100.0 | -0.35 91.82
N 196 30.9 64.2 80.5 36.4 . 36,6 29.3 | 277.8 85,1 | ~0.15 " |. 75.0 0,02 79.1 {-0.05 85.33
N 209 54,8 69.4 83.4 £0.3 32,5 13.8 319.1 72.2 | -0.09 51.9 |- 0.33 50.9 0,29 92.78
\\ 222 50,8 70.4 100.5 36.6 43.8 46.9 349.2 63,8 0.15 70.9 0.04 50.0 0.53 21.82
:: 235 85,7 84.4 120.8 65.7 37.0 21.8 395.4 36.2 1,12 63.6 0.52 42.0 1.54 82.58
Fh 243 47.5 104.5 100.8 105.1 30.6 50.2 438.7 74.3 | =0.01 £5.0 0.70 54.1 0.84 91.98

261 ‘

274

:E? 667.6- ) 1064,6 1480,3 ]1353,1 463.6 | 329.8 |5367.2 [1235.,7 .| 1.80 1109.9 4.92 1061.9 7.54 142644

/LL 41.7 66.5 92.5 g4.9 29.0 20.6 335.5 77.2 | "0.1125 69,4 0.3075 66.4 0.4713 89.15

- €92 -




DATE: 30.11.81 MODE: MIXED PRIORITY: DUE DATE RP FILE: 30 RN NUMBER: 27
PARAMETERS COMPCRENTT SUB-ASSY - EQUIPMENT UTILISATION: TREND:
. BUFFER: 0 BUEFER: 4 BUFFER: 0.95 0.0/ 0.0/ 0.0/ 0.0
R STOCK VALUE £'000 ' DELIVERY PERFORMANCE oM,
2 _ ECUIRMENT DART SHIP NC PART SHIP SERV,
N WEEX caxp S8 8TX WIP EQU STK | TEST |CCM STK| TCTAL % LATENESS 3 LATENESS % IATENESS | LEVEL
G
E .
14 96.2 85.8 28.8 0.0 3L.3 0.0 302.0 0.0 0.00 0.0 0.00 0.0 6.00 100,09
27 83.6 | 80.2 87.2 1.3 17.2 19,1 319.0 31.0 0.50 24,1 1.34 53.9 0.54 99,37
40 40.5 96.9 105.3 38.5 14.9 32,7 329.8 77.0 y -0.20 88.2 | -0.36 71.1 ¢.11 24,05
K: - 53 31.9 76,1 118.7 83.8 31.3 24.0 365.9 62.0 0.16 66.7 0.14 49.7 0.52 77.97
Et 66 53.5 64.6 67.6 115.5 17.2 17.5 340.0 78.9 | -0.02 69.2 Q.37 67.4 0.28 98,54
N 79 20.7 55.7 85.8 50.5 22.6 29.6 264.9 86.4 | ~0.23 86.1 0.00 0.8 | "0.00 92,00
N 92 . 13.7 51.4 86.0 - 58.9 18.5 3.0 241.4 79.6 | ~0,26 72,1 1 -0.02 9.4 | ~0.02 78.22
t: 105 41.5 64.7. §4.2 29.1 15.1 4.8 239.3 93.2 { -0.35 89.1 | -0.13 87.0 | ~0.20 85.54
\\_ 118 39.9 53.6 82.6 38.3 25.4 11.8 | 261.7 } 63.2 0.24 62.5 0.33 €6.7 0.25 87.68
QE 131 23.0 61.3 85.2 70.8 19.0 15,7 285.0 89.3 ) -0.24 20.6 | ~0.16 83.¢ { -0.10 85,65
\\ 144 52.5 75.8 110.1 69.5 14,4 10.8 333.0 53.1 0.79 51.0 0.69 44,1 1.00 96,22
\\ 157 58.8 79.2 110.1 9l.6 12.3 10.7 362.7 45.2 0.95 57.1 C.67 26.5 1.47 28.02
\\ 170 37.2 70.0 104.9 48.9 41.2 43.2 345.5 8c.8 | -0.19 80.9 0.13 83.2 | =0.09 91,44
:: 183 28.0 54.8 68.5 6%.5 30.0 17.3 268.7 70.6 | -0.06 73.9 0.09 63.6 .21 83.52
N 196 35.1 64.0 73.2 44,1 24,7 17.5 258.6 75.7 0.17 © 5B.5 0.46 66.7 0.46 83.49
K\ 209 £5.7 52.9 96,2 61.1 |- 32.9 20.% 332.4 83.4 1 -0,11- 86.1 | -0.28 71.4 0.21 B5.14
: EE 222 £3.2 86.3 73.8 27.2 43.8 64,0 389.1 43,7 |- 1.14 37.8 1.35 32,7 2.02 $5.45
N 235 80.3 95.1 | 131.9 37.9 36,7 28,2 411.1 37.3 1,42 27.9 1.60 24.1 2.07 89,31
:5 248 30.1]  92.8 129.0 ©70.5 43.3 28,4 385.0 73.6 0.09 75.0 0.08 70.3 | 0.16 §7.98
261 ' '
274
:§£: €80.1 | 1098,9 |1530.8 971.2 434,01 338,1 | 5074.3 |1126.0 3.50 1084.5 5.32 984.5 g.24 1416,17
}LL 42.5 68.7 95.7 60.7 27.1 22,4 317.1 70.4 0.2188 67.8 0.3325 61.5 0.5150 88,351

NOTES:,
ks,

- v92 -



DATE: 02,12.81 MODE: MIXED PRIORITY: DUE DATE RP FPILE: 31 RUN NUMBER: 28 -
PARANETERS COMPONENT SUB-ASSY BOUTPMERT _ UTTLISATION: TREND :
BUFFER: 0 BUETER: 4 BUFFER: 0 0.85 - 0.0/ 0.0/ 0.0/ €.0
R STCCK VALUE £'000 DELIVERY PERFORMANCE com,
A EQUIPMENT DARY SHIP RO PART SHIP SERY.
N WEEK CoMP SUB STK WIP B STK | TEST | COM STK | TOIRL % LATENESS % LATENESS % LATENESS | LEVEL
G . .
E
14 26.2 g5.8 85.8 0.0 31.3 0.0 302.90 6.0 0.00 0.0 £.00 0.0 Q.60 - 100.00
27 83.5 80.2 87.2 1.2 25.0 8.8 296.0 34,2 0.70 22.2 1.30 6l.1 0.44 99,42
| 40 38.9 96.9 106.3 15,0 24.1 29.5 310.6 69.4 0.03 79.4 | ~0,12 67.4 D.26 93.50
N\ 53 29.4 i01.1 87.9 °3.0 20.1 5.3 337.6 73.9 | ~0.14 71.9 0.03 63.3 0.13 73.05
i: 66 58.6 89.3 66.3 82.5 20,2 27.2 321.2 74.3 0.01 60.0 0.28 57.5 0.40 99.18
N 79 £2.4 54.5 70.1 45.6 15.9 17.2 246.3 80,5 | -0.23 72.3 0.1l 73.1 j.0.04 88.81
\\ g2 50.6 56.8 | "87.2 34,9 14,7 21.1 265.3 75.3 | -0.24 76.2 1 -0.28 72.3 | -0.17 95.30
QQ 105 38.0 71.4 77.2 30.8 13.1 10.2 240.8 82.6 | -0.33 83.7 1 -0.20 81.3 | ~0.21 54.28
§§ 118 20.5 45.0 118.0 46,5 15.9 8.3 254,2 34.2 0.12 56.1 0.16 60.0 0.17 83.84
§Q 131 47.8 65.8 Q3.1 57.2 14,9 13.4 292.3 | 56.8 .54 63.2 0.37 42,1 ¢.82 03.92 }
Ny 144 55.8 46.7 102.7 82.0 16.8 6.6 310.7 59.4 0.13 67.2 €.10 52.1 0.11 - 92,72
QE 157 40.6 55.1 103.5 £3.5 12,1 18.7 295.5 65.1 1 ~0.05 © 741} ~0.22 50,0 ¢.27 91.22
Ny 170 43.2 44,9 81.0 46.5 22.7 14.4 257.8 532.3 0.63 £8.9 g.22 53.5 0.63 95.20
QQ 183 22.0 58.5 82.3 33,2 25.5 7.5 230.1 63.8 0.17 3.6 F 0.23 £1.8 0.29 96.36
\\ 1296 28,6 69.0 70.5 44.2 |- 27.6 24.3 264.1 57.3 0.41 56,4 Q.54 24,2 1.00 83.64
Q& 209 43.4 50.8 104.6 60.0 28.6 32.1 319.7 61.4 0.46 54.8 0.97 3e,1 1.67 89.30
\\ 222 62.0 85.1 90.6 20.3 36.0 32,4 326.4 41,0 0.56 44.9 0.46 44.8 Q.43 95,45
\\ 235 " 82.6 70.3 117.6 17.8 35,0 45,9 369.2 42.8 0.82 62.0 0.26 34.0 1.13 80.33
2} 243 52.8 107.5 892.5 25,8 32.8 10.0 321.4 1 27.3 1l.61 40.0 0.92 7.3 2.22 95,20
261
274
EE: 723,3 | 1043,8 [1445,1 790.9 351,9) 297.3 | 4652.6 | 968,87 4.47 1014.4 3.95 820.4 8.38 1454.50
/LL 45.2 65.2 90.3 . 49.4 22.0) - 18.6 | 290.8 £0.6 0.27%4 63.4 0,246% | 51.3 0.5613 20.91

- §9¢ -




DATE: 02.,12.81 MODE: MIXED PRIORTTY: DUE DATE RP FILE: 32 RUN NUMBER: 29
BARAMETERS QOMDCIENT SUB-ASSY ECUTPMENT UTILISATION: TREND 2
BUFTER: 9] BUFFER: 2 BUFFER: i .95 0.0/ 0.0/ 0.0/ 0.0

R STOCK VALDE £7000 DELIVERY PERFORMANCE covp,
A . ) ECUIRMENT PART &HIP ND PART SHIP SZRYV.
N covp SUB STX YP EQU STK TEST QoM STK % LATENESS 3 IATENZSS % LATENZESS LEVEL
X : :
B ’ .

96.2 85.8 B85.8 0.0 31,3 g.0 0.0 0.00 0.0 0.00 0.0 0.00 100.C00

94,4 6l.2 87.0 47.8 19,0 11.4 17.9 1.41 14.3 1,82 44.4 1.33 99.65%

58.0 75.¢ 9.5 35,8 30.5 24.6 89,7 | ~0.4% 97.7 -0.36 91.5 1-0,3% 26.01
?: 56,2 65,2 119.7 68.0 26.0 22.2 85.1 -0.35 88.9 -0,19 78.2 «-0,07 90.76
§§ 37.2 46,7 £88.7 142,.2 21.7 13,6 70.0 -0.11 64.9 0.09 77.3 0.02 95,66
N 27,91 45.1 | 70.5) ‘94.0 | 22.8| 49.8 83.4 | -0.34 73.8 | ~0.02 73.6 |~0.04 94.96
K\ 43,1 28.4 80.6 80.2 27.4 11.0 73.8 -0.02 74,4 -0.08 52.3 0.52 81.59
E§ 50.7 51.0 3.6 45.5 32.5 13.5 56.9 0.21 54,7 0.32 44.0 0.56 93,52
QQ 19.9 54.0° 67.6 55.3 27.4 10.0 68.3 0.30 67.3 0.38 65,7 0.29 - B7.83
\\ 28,7 38.0 83.9 86.7 25.4 15.8 83.3 -0.19 §5.3 0.03 71.9 0.06 89.04
\\ 04,4 38.4 101.7 105.4 17.4 10.¢ 66.3 { =0.01 73.2 0.02 55.3 (.08 82,77
\ 54.3 | 64.0 | 20.3] 8s.3 | 20.3! 10.4 92.0 | -0.30 94.4 | ~0.39 81.5 {~0.17 97.07
\\ 40,9 66.3 95.6 46,2 41.4 42.6 77.9 ~0,02 21.0 G.14 72.4 0.14 91,34
Q: 32.0 40.9 78.5 95.6 27.9 6.1 £5.6 0.32 64.3 0.48 50.0 0.85 £§8.15
N 6.01 40.7 | 63.0| 49.1 | 25.6¢ 24.2 93.2 | ~0.40 78.6 | €.00 7.2 |-0.18 78.29
N 66,5 34,5 71.5 25,6 22,6 | 20.2 85,2 { —0.22 81.4 | -0.14 78.3 |~0.13 °g.74
\\\ 63.7 | 42.3 | 9.8 2.3 | 18.8] 11.0 603 | 0.33 53.6 | 0.39 0.4 | 0.27 94.61
\\ 71.3 68.5 146.5 38,1 27.7 24,6 60.8 0.31 74,1 ~0,.04 53.3 0.38 81.67
;: 6d4.4 65.0 130.0 45,2 5B.3 23.5 82.7 -0.13 77.9 | =-0,04 84.5 0.00 88.70

157.2 789.6 1445.6 1087.7 443.2 308.5 1204.8 | ~0.62 1187.8 Q.95 1085.9 2.58 1455.00

47.3 49 4 20.4 63.0 27,7 19.3 - 75.3 -0.0388 74,2 0.0594 - 87.9 0.1513 0,94

- 99z -




DATE: 01.12.81 MODE: MI¥ED PRICRITY: DUE DATE R FILE: 33 RO NIRMBER: 30
PARAVETERS " COVPONENT SUB-ASSY EQUIPMENT UTILISATION: TREND:
BUEFER: 0 EUFFER: 2 BUFFER: 2 . 0.95 0.9/ 0.0/ 0.0/ C.0
|
R STOCK VALUE £'000 DELIVERY PERFCRVANCE coMp,
A TOUIPMENT PART SHIP NO PART SHIP SERV.
N} WEEK | COMP | SUB STK | WIP | EQU STK | TEST |[COOM STK| TOTAL § | LATENESS % ‘T’LATENESS % | LATENESS | LEVEL
G .
E .
14 $6.2 85.8 88.3 0.0 31.3 0.0 | 302.0 0.0 7 0.00 0.0} 0.00 0.0 | 0.00 100,00
27 94.4 61.2 87.0 31.3 17.7 4 19.1 310.6 | 31.0 ] 0.90 24.1 1.34 53.9 | 0.54 $9.67
40 57.3 75.6 £9.5 27.0 27.6 29.8 286.8 | 72.5 | @.02 82.9 | -0.03 €2.1 | 0.23 96.67
Q: 53 40,2 60.7 1 118.2 59.1 31.7 7.1 7 316.2 [ 64.7 | 0,06 73.0 { 0.03 46,6 | 0.45 §9.47
Q: 66 49.2 38.1 73.1 '83.9 23.8{ 17.1 285.1 | 79.0 | -0.20 73.6 | 0.00 81.4 | ~0.19 93.16
N 79 32.1 46.5 64.1 43.6 27.8 19,9 | 225.0 | 49.2 ! 0.49 59.4 | 0.44 23,1 | 1.08 89.89
] 92 24,2 ] 51,0 80.4 28.0 20.4 10.8 | 214.9 | 78.0 | -0.04 59.6 0.19 63.3 | 0.33 84.10
N 105 46.4 53.0 8l.3 31.8 23.2 7.4 243.2 | 91.3 | =0.51 94.3 | -0.38 93.8 | -0.46 85.77
QQ 118 20.9 44.5 77.7 65.9 19.4 19.3 | 247.7 | 80.0 | -0.34 80.0 | -0.16 67.7 | ~0.18 79.44
N 32.5 41.5 57.7 88.8 11.3 18.1 249.8 [ 70.9 | 0.14 58.6 | 0.24 59.4 | 0.38 94.37
N 29.4 39.3 72.5 88.1 19.6 6.0 254.9 1 50,9 | 0.81 20.5 | 0.90 52.2 0.87 $9.18
§Q 157 53.6 34.4 96.5 68.3 3.9 17.1 283.8 1 58.4 | 0.28 56.0 | 0.48 62.2 ] 0.24 06.54
170 59.7 74.1 62.4 46.2 32.3 ] 36.8 311.6 { 50.9 ] 0.56 50.0 0.58 39.7 | 0.84 . 97.55
QQ 183 23.3 37.3 | 104.5 54.6 29.4 ) 13.2 | 262.4 ) 55.2 ) 0.43 €1.2 | 0.27 42,9 | 0.71 89.29
Ny 196 36.4 29.6 82.2 | ° 76.8 17.2) 38,5 | 280.5 7 74.3 | -0.05 58.6 | 0.38 47.1 | 0.50 83.58
bd 209 77.7 45.9 £8.6 35.1 25,2} 17,0 271.2 1 75.1 § ~0.06 €3.4 | 0.32 63.6 | 0.24 97.13
222 71.9 49.7 | 114.0 23.1 25,11 33,9 317.8 { 60.3 1 0.24 76.1 { -0.02 57.1 | ©.27 95,24
Eﬁ 235 44,9 73.5 120.1 51.1 28.3 23.6 341.6 | 74.0 | 0.56 74.3 | 0.45 £0.0 1.20 92.86
ts 248 57.4 86.8 106.4 { 131.1 36.7.4 21.8 440.2 | 56,2 { 0.37 51.2 { 0.78 53.1 | 0.69 39.56
261 ‘ :
274
=_ | 690.6 | 806.9 |1379.7 | 975.5 | 386.0 | 307.6 | 4546.6 [1068.4 | 2.74  (1029.8 § 4.51 913.2 [ 6.97 1452,23
}1, 43.2 50.4 $6.2 61.0 25,11 19.2 | 284.2 66.8 J 0.1713 | 64.4 | 0.2819 | 57.1 [ 0.4356 99.76

=~ {92 ~




PRIORITY: DUE DATE

DATE: 03.12.81 MODE: MIXED RP FrI1E: 34 O NOMBER: 31
PARAVETERS COMPONENT SUB-ASSY EQUIPMENT UTILISATION: TREND: '
BUFFER: 0 BUFTER: 2 BUFFER: ‘ . 0.95 0.0/ 0.0/ 0.0/ 0.0
RI STOCK VAIUE £'000 DELIVERY PERFORMANCE op.
A ECUIPMENT PART SHIP NO PART SHIP SERV.
Ny WEZK jas iy SUB STXK wIip EQU STK TEST (COM STX | TCTAL % LATENESS % LATENLSS % LATENESS LEVEL
G _ _
E ’ .
14 96.2 85.8 88.8 0.0 31.3 0.0 | 302.0 0.0 | 0.00 0.0 | 0.00 0.0 | 0.00 100.00
27 94.4 61.2 §7.0 11.2 25.0 8.8 | 287.6 { 34.2 [ 0.70 22.2 | 1.30 61.1 | 0.44 99,70
40 57.3 75.6 63.5 13.8 18,9 33.4 | 268.5 { 73.6 | ~0.01 82.4 | -0.09 72,9 | 0.15 99,65
NEE! 36.6 56.3 | 115.3 66.4 24,11 10.2 | 308.2 | 78.3 |'-0.21 83.3 | -0.17 63.5 | 6.13 86.97
\ €6 48.8 41.5 66.5 £9.4 22.2 22,2 270.6 73.6 0.04 72.2 0.30 53.5 0.42 97.58
QQ 79 30.7 37.6 78.3 35.0 16.4 1 15.5 | 214.5 | 74,9 | -0.04 60.0 | 0.31 64.7 | 0.25 88.89
N 92 34,2 48.5 -84.0 18.9 19.2 ] 14.5 | 219.3 !} 71.9 | ~0.08 76.6 | -0.13 65.2 { 0.09 §8.49
\ 185 43.3 55.4_ 91.9 20.7 17.9 8.7 237.9 71.5 0.07 58.3 0.29 77.4 0.00 28,70
QQ 118 21.8 39,2 77.7 20.1 22541 12.0 { 2314.3 | 67.9 | 0.09 66,7 | 0.30 J1.0 | 0.10 88.36
Ny 131 25.9 32.2 59.3 72,0 16,31 14.9 | 220.6 { 61.7 | 0.65 79.3 | 0.21 51.5 | 1.12 94,43 I
N 144 42.6 33.5 78.6 65,5 11.9 6.2 | 238.3 | 62.8 | 1.60 65,0 | 0.95 52,4 | 1.67 92.00
Q: - 157 §9,9 46.9 80.5 57.8 0.8} 21.3 | 276.4 } 48.5 | 1.78 47.6 | 1.64 39,0 | 2.37 97.97
Ny 170 43.8 48.9 93,8 50.0 31,21 290.8 | 302,6 | 53.1{ 0.83 40.4 | 1.08 42,4 | 1.15 93.37
N 183 32.6 43.5 82.2 27.4 37.7 1 39.1 | 267.5 | 45.6 | 0.48 68,0 | 0.14 36.7 | 0.76 95,90
\ 126 3.9 52.4 82.6 27.8 - 27.4 39.5 268.6 61.2 0.42 55.3 0.95 56.8 0.57 21,70
Q: 209 33,3 45.1 72.4 33.4 32.2 6.1 | 222.4 1 s1.5 | 0.32 73.2 | 0.10 48.2 | 0.63 95.90
N 222 79.5 49.0 77.9 19.3 33.07 23.9 | 282,71 36.0 | 1.40 52.0 | 1.00 32.6 | 1.85 96,83
\ 235 71.9 62.5 145.2 40,2 22.4 52.86 394.7 33.2 1.40 33,2 1.32 26.9 1.75 93,35
5; 248 70.0 74,2 | 113.,7 38.1 38.0 ] 33.0 | 367.9 ] 22.5 | 0.66 56.5 | 0.35 34.3 | 0.82 90,83
261 :
274
= | 713.8 | 771.8 [1404.9 | 682.0 | 383.2| 351.5 |4307.2 | 944.2 7| 9.41 992.6 | 8.64  {816,1 |13.48 1481.32
}1_ 44.6 48,2 87.8 42.6 24.0 22,0 269.2 | 59.0 0.5881 62.0 | 0.5400° | 51.0 | 0.8425 92.58

NCTES:

- 89¢ -




PRIORITY: DUE DATE

DATE: 03.12.81 MODE: MIMFD ®® FILE: 35 RN NUMRER: 32
PARMYETERS COMPONENT SUR~-ASSY EQUIEMENT UTILISATIONS TREND:
BUFFER: 0 DUFFERS 0 BUFFER: 0.953 0.0/ 0.0/ 0.0/ 0.0
R STCCR VALUE £'000 DELIVERY PERFCRMANCE covE.
a - TOOL PN PART GHLP NO PART SHIP SERV.
N covp SUB STK| WIP | EQU STK | TEST | OOM STK | TOTAL Z TATENRSS 3 TATENEGS & | LNLENESS | LEVEL
5
96,2 85.8 88,8 0.0 31.3 0.0 302.0 0.0 0.00 0.0 0.00 0.0 £.00 100,00
96.6 51.0 92.5 47.8 19,1 11.4 318.3 18.5 1.40 14,2 1.82 44,4 1.33 299 64
52.9 41,2 53.4 25,2 27.2 24,7 264.5 88,1 | -0.42 92.7 | -0.34 93,6 | -0.49 85,29
Y; 59.4° 64.2 7.7 70.3 23.5 17.3 312.3 81.3 | ~0.17 79.6 | -0.11 74,5 0.04 91,63
N 39,1 60,2 79.1 132.2 S 21.4 15,3 347.3 76,2 1 -0.23 73.2 0.02 70,2 | -0.06 96,59
Q: 41,4 45,3 70.0 97.3 22.0 18,8 294.5 92.4 | ~0.41 85.1 | -0,11 87.2 | -0,19 29,22
N 33.1 32,8 110.1 31.5 29.9 24,2 261.6 77.2 | -0.17 67.3 0.17 63.5 0.17 83,89
45.0 45.0 73.1 40,1 11.6 5.2 220.0 76.3 | ~0,02 84.8 | -0.15 70.0 0.20 97.44
QQ 20.5 47,0 75.9 66.0 11.7 8.7 229.7 68,2 0.30" 77.8 0.07 76.7 0.23 83.62
Q: ‘ 28.0 29.0 72.8 77.0 10.0 9.7 227.5 59.3 0.47 37.0 0.78 50.0 0.75 54,58
N 36.8 37.3 92,7 79.4 22,0 16,0 284.1 62.3 0.26 £3,3 | -0,22 42,4 0.61 83,22
N 48.5 53,9 87.0 63.9 15.5 26.3 295.1 31,8 | -0.57 95,7 { ~0.55 £9.4 | -0.35 83.70
\\ 33,7 59.7 80.8 58.9 30.8 21.6 285.6 82.2 | ~0.19 90.9 | ~0.32 77.6 | =0.09 84,00
\\ 29.5 33.1 54.8 67.5 29,2 9,1 223.2 2.7 0.04 75.6 n.18 73.3 0.20 83.02
N 50.6 43,7 0.4 30.8 24,3 17.7 237.4 29.7 1.59 22.5 2.29 15.4 2.19 53,89
FE 48,6 44,3 73.3 40.3 26.1 25.6 259.1 74.6 0.07 75.0-| ©.10 50.0 0.80 97,41
66.2 43.% 98,5 23.5 31,7 28.3 281.7 58,6 0.28 51.3 0.49 44,4 0.5% £3.69
N 51.8 59.6 139,2 51.1 31.6 45.3 378.5 58.9 .39 69.2 0.26 51.6 | 0.56 86.25
;: 49,2 77.7 114.9 40,0 38.7] . 18.6 339.2 82.0 | =0.21 95,3 | ~0.48 77.4 { -0,10 89.26
681. 4 776.4 [ 1371.4 969.8 380.0 | 308,7 | 4486.8 [|1143.7 1.43 1163.7 2.42 1013.6 5,52 1422,17
42.6 48.5 85.7 60.4 23,8 19,3 280.4 71.5 | 0.089%4 72,7 0.1513 63.4 | 0.3450 88,89
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DATE: 04.12.81 o
MODE: MIXED PRIORITY: DUE DATE PP FILE: 36 '
: RUN NUMBER: 33
PARMVETERS COMPCNENT SUR-RSSY EOUTEMENT TREND
BUFFER: : crrme '
TE 0 BUFFER: 0 BUFFER: 2 UTILISATION'O 95 e
0. 0.0/ 0.0/ 0.¢/ 0.0
R 1]
A STOCK VALUE £1000 |
i . DELIVERY EERFORMANCE
; oo | SUB STR | WIP | EOU STX | TEST |COM STX | TOTAL s e AR sz
: | T | WIS | % | IALEESS T e ingm
14 | 9621 ss.8 | ss.8 ‘ | - ‘
. ] ) 0.0 31.3 ; '
14 | %2 | .8 8 ) 0.0 | 302.0] o0.0] 0.00
21 | 9.6 | 510 93:.2 2.8 | 17.2 19.1 | 308.1 ] 31.0] 0.90 2?1(1J oS Yol 6% R
o] e az ) e ) 19.7 1 29.9 | 255.2 ] 74.6 | ~0.02 . Soe o I By
§ 66 | $3.5 31.0 68.7 §3=§ ggg 53'4 09,4 | 629 | 0.27 22% -g-gg €3 | 02 5
N 523 310 8.7 2.4 ) 2 f 296.9 | 0.9 0.27 ) 11 oee 22.70
NI R 2.0 | 27.9| s1.7 | 263.0 . pralil sl oo 5.
3 . : : 0.9 1 0. .89 . 98.70
§ 22| a2 o 785 Zj.g 8.5 | 0.0 | 230.6 | 67.5 »o.ég gg'g o 50 e | o5 o0 o
% }1}3 ggg .6 | 787 | 445 20.7 14913 3;29 59.1 | 0.23 60.0 g'gg 232 8'33 5 es
1 : . ) ) . ol 63, ) ; ; o
NI R R R R R :
| xilE ’ 31 26L5 | 8.9 | 0. ) ) 0l o013 77.55
§ i;g 5.6 | 46.7 73:3 | Zgg ggg ggg 338.0 | 44.5 ogg ek ggg ggg 113 55 98
\ 55.2 3.5 | 7990 458 ) ) 263.1 { 55.3| 0.58 71.4 ) . 5 o3 00
163 13.0 . 20,6 | 11.3 | 199.4 - . oo e by
S 196 | 30.2 ggg ggg 12; %gg 27.3 | 2007 g?zg ggé ggg _g'gi e -0'23 322?
222 28.0 61.9 . ) . o8 | Bl ses : : : o2 | 1 3
NI 28 ) 93.9 14.3 14,2 | 69.5 | 301.8 . - Al oS 102 : Slod
N & .5 | 4z |1l | 4.9 | 26.0 | 108 a1 | 301 2s0 | 2| a2 o | 1 0.6
28 L9 1130.0 | 20.4] 17.9 | 402.8 : IR 2ol o 5.9
30.81 3.40 26.4 | 3.3 ' oAt
. ) .38 12.6 | 6.80 56.19
= | 673.7 | 684.9 {1417.8 | 903.1 | ' '
) 330.5 | 481.4 14493.3 | 914.3 1 12.15  [909.4 | 14.56 |7
e _ i 29.1 | 23.44 | 1464.52
.2 42.8 88.6 56.4 7
X . 20.7 | 30.1 | 280.8 | 57.1
. . . 0.7594 '
56.8 | 0.9100 | 45.6 | 1.4650 | 91.53

NOTES:
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DATE: 038,12.81 MCDE: MIXED PRICRITY: DUE DATE FP FILE: 37 RUN NUMBER: 34
PAFAMETERS COPCHENT SUB-ASSY EQUTPMENT UTTLISATION: TREND:
BUFFER: 8 BUFFER: 4 BUFFER: 4 0.95 . 0.04/-0,02/0.0/ 0.0
R STCCK VALUE £'000 DELIVERY FERFORMANCE cop.
A EQUIPMENT paRT SHIP NO PART SHIP SERV.
N} WEEK carp SUB STK WIP EQU STK | TEST | CCM STX | TOTAL % LATENESS % LATENESS|. & LATENESS | LEVEL
G :
E .
14 96.2 85.8 88.8 0.0 31.3 0.0 302.0 0.0 0.00 0.0 0.00. 0.0 0.C0 100.00
L 27 105.9 80.2 37.2 48.3 16.4 15.8 357.8 18.9 1.36 14.3 1.82 37.5 1.37 100.00
\\ 40 132.4 96.9 106.3 48,5 21.4 23.3 428.7 89.4 | ~0.43 80.95 1 ~0.50 85.4 | -0.35 100.00
\V 531 100.1 89.4 115.7 | 106.9 24,1 17.5 447.7 81.1 | -0.14 72.5 | -0.02 75.0 0.00 100.00
\\ 66 84,7 64,7 99.9 158.53 24,6 18.1 4590.5 89.5 1 ~0.3% 72.6 0.04 7¢.2 | -0.19 99.51
Ql 7% 89.6 €0.6 83.6 100.7 14.3 7.6 356,3 77.8 | =0.22 66.6 0.14 65.5 0.18 100,00
92 84,7 45.1 90.8 90.5 19.7 12.4 347.2 78.1 1 ~0.30 60.0 0.15 77.8 | =0.17 100.00
Qﬁ 105 87.2 59.3 72.8 106.9 21.0 3.5 350.5 83.2 | -0.15 80.4 f =-0.13 75.0 | ~0.03 100.00
\\ 118 78.1 54.5 79.6 124.1 14,0 0.7 351.1 56.4 G.30 62.8 0.21 37.5 0.53 100.00
N 131 103.4 47.2 Bl.5 111.2 26.1 1.1 385.5 81.5 | -0.08 74.5 0.11 75.0 0.19 100.00
\\ 144 129,9 41,7 92.8 122.7 13.3 11.3 411.5 81.2 | -0.26 78.6 | ~0.14 76.5 | -0.15 100.00
\\ 157 128.6 56.1 79.4 75.4 29.7 12.8 382.0 95.2 | =0.41 98.0 | -0.47 96,5 | ~0.35 99,53
\\ 170 1i5.2 48.5 105.¢C 74.5 33.9 7.8 384.9 78.9 1 ~0.02 83.3 0.10 70.6 0.10 28.79
\\ 183 84,5 54.9 106.4 78.5 38.3 21.8 384,2 88.3 | -0.47 94,2 } =-0.50 . 91.1 | =0.31 100.60
\\ 196 107.2 65.7 g2.8 55.7 23.7 24.6 366.7 72.4 0.23 71.8 0.31 61.9 0,36 100.00
t: 209 121.6 54.6 94.9 79.9 22,2 45.9 420.1 38.5 0.88 59,1 . 0.36 21.7 1.61 99.56
\\ 222 176.4 73.0 102.8 85.9 30.7 93.5 562.2 B4.4 1,05 75.9 3.10 64.2 3.49 98,72
&“ 235 149.0 87.2 130.6 97.4 45,3 56.2 565.7 64.1 2.17 48.8 4,49 47.5 4,87 100.00
248 ' '
261
274
:25: 1772.6 | 1003.4 {1531.7 |151L.3 402,31 373.7 |6244.,3 |1242.7 1.81  |11%0.0 7.25 1101.1 9.78 1597.11
fLL 110.8 62.7 95.7 94.5 25.1 23.4 |-390.3 77.7 1  0.1131 74.4 0.4531 68.8 0.6113 £e,.82

NCTES:

i Y




oATE: 11.12.81 MODE: MIXED PRICRITY: FIFO RP FILE: 38 RUN NIMBER: 35
PARDYETERS COVPONENT SUB~RSSY EQUIPMENT UTTLISATION: TREND: :
BULFER: 3 : BUFFER: 4 BUFFER: 4 0.95 - 0.0/ 0.0/ 0,0/ 0,0

R STOCK VALUE £'000 DELIVERY PERPFOFRMANCE covp,
A SCUTEMENT PART SHIP NO PART SiOIP SIRV,
N WEEK covp §UB STX WIP EQU STK | TEST |[COM STK | TOTAL % LATENESS % LATENESS % LATENFSS | TEVEL
G
E .

14 26.2 85.8 g8.8 0.0 1.3 0.0 302.0 0.0 0.00 2.0 0.00 0.0 0.00 106,00

27 1C5.9 80.2 87.2 4B.3 15.5 14,4 351.5 19.4 1,34 14.3 1.82 44.4 1.33 100.00
?; 40 132.4 96.9 106.3 46.9 21.1 30.5 434.0G 88.6 | =0.46 83.0 1 -0.45 §2.4 | ~0.34 100.00
\\ 33 100.1 g9.4 115.7 92.1 26.0 15.1 438.4 82,5 | ~0.15 71.8 0.00 75.2 0.05 100.Q0

66 86.7 64.7 93.9 1ed.2 24.2 14.5 450.2 78.4 4§ =0.27 66,0 0.c2 8.2 1 -0.07 99,51
th 79 89.4 59.1 . 81.7 124.1 .24.4 12.3 388.1 72.5 1 ~0.12 51,2 0.29 51.0 )}, 0.,39 100.00
\\ 92 78.7 70.8 74.5 108.9 16.7 24.0 373.6 89.3 ] -0.21 83,7 0.58 84.2 0.05 100.00

105 108.8 53.2 83.8 54.2 43.3 13.8 358.9 50.4 2,21 45,1 2,22 37.9 2.91 1G0.00
EQ 118 71.8 49.0 103.9 l04.9 23.5 10.2 383,32 64.1 1.05 71.1 0.93 53.3 1.60 98.55 |
\\ 131 3.7 £0.6 96.5 130.3 29.1 24,1 434.2 83.0 | ~0.24 80.4 | -0.02 72.2 0.06 100.00
\\ “144 116.8 46,5 110.3 124.5 26.0 20.9 445.2 77.5 | ~0.23 75.6 | ~0.24 70,0 0.00 100.00
\\ '157 94.8 53.4 118.3 g9.1 20.5 12.1 388.2 91.0 | ~0.53 96.3 | ~0.50 92.1 | ~0.46 100.60
\\ i70 87.6 57.2 94.3 74.1 24.4 13.7 351.8 97.3 | -0.60 100,00{ 0,43 98,2 | -0.48 100,00
\\ 183 83,1 55.8 82.1 77.3 . 29.2 12,5 340.0 97.2 1 -0.50 160,00} ~0.33 2.3 | -0.31 100,00

196 73.6 69.6 80.4 55.5 18,0 25.8 324.0 84.8 0.00 66,7 0.15 69.6 0.25 100.00
\\ 209 108.1 43,5 70.5 36.8 26.7 8.3 | 300.3 B1.5 | ~0.28 97.1 | -0.40 77.8 | =0.07 100.00
QQ 222 187.3 61.0 84.2 36.3 22.5 18.3 419.6 63.3 0.51 68,3 0,20 53.7 0.71 100,00
NY 233 05,7 75.3 13%.1 48.3 26.9 17.5 520.7 B7.9 | ~0.1% 87.0 ' -0.07 §9.5 | ~0.14 100.00

248 ‘

261

274

:EE: 1725.4 | 1032.1 1541.4 | 1364.5 413.5 | 273.6 | 6330.5 11289.3 { -0.01 1253.3 1.93 1175.3 4.20 1598.06

/LL 107.8 63.3 96.3 85.3 25.8 17.1 - 395.7 £0.6 | ~-0.0006 78.3 0.1206 73.5 0.2625 29.23
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DATE: 05.12.81 MODE: MIXED PRICRITY: DUE DATE RP FILE: 39 RUN NUMBZR: 36
PARMMETERS COMPONENT . SUB~A5SY EQUIEMENT UTILISATION: TREND:
BUFFER: 8 BUFFER; 4 BUFFER: 4 . 1.oo 0.0/ 0.0/ 0,0/ 0.0
R STOCK VALUE £'000 DELIVERY PERFCRMANCE 0.0 12
A EQUIPMENT . PART SHIP NO PART SHIP SERV.,
N{ WeBEX cop 8B STXK Wip EQU STK  TEST COM STK TOTAL % LATENESS % LATENESS % IATENESS | ILEVEL
G
= ‘
14 96,2 85.8 88.8 0.0 31.3 0.0  302.0 0.0 0.00 0.0 0.00 0.0 0.00 100.00
.27 | 105.9 80.2 87.2 48.3 15.5 14,4  351.5 | 19,4  1.34 14.3  1.82 4.4 1.33 100,60
Ny 40| 132.4 93.0  109.8 46,9 - 21.1 30,5  433.7 | 88.6 ~0.46 93.0 ~0.49 89.4 ~0.34 100.00
“\ 53 | 100.1 87.0  117.8 92.1 26,0 15,1  438,1 | 82.5 ~0.15 71.8  0.00 75.9  0.09 100.00
QQ 66 86.7 64.7 29.9  160.2 24.2 14,5  450.2 | 78.4 -0.27 66.0  0.02 68.2 ~0.07 99.51
'\\ 79 86.4 57.9 82.8  124,1 24.4 12,3 388.0 | 725 -0.12 51.2  0.29 51.0 -+ 0.39 100.00
N 78.7.  66.5 78.3  108.9 16,7 24,0  373.1 | 89,3 ~0.21 83.7  0.58 84.2  0.05 1100.00
Nj 105 | 102.6 53.2 85.8 54,2 43,3 13,8 358.9 | 50.4 2.21 45,1 2.22 37.9 2,91 100.00
N 118 71.8 45.2  107.4  104.7 23,7 10.2  363.0 | 64,1  1.05 7.1 0.93 53.3  1.60 98.55
N 131 93,7 60,6 96.5  130.5 28.9  24.8  434.9 | 83,7 -0.25 84.4 -0.07 75.0  0.03 100.00
NI 124 | 1168 45,5  111.3  131.1 20.4 15,6  440.8 | 76.6 -0.22 75.6  ~0.27 74.4  -0.05 100,00
N - 157 94.8 53.4  118.3 88.8 28.0  11.1  3%4.5 | 95,6 ~0.42 94.3  ~0.36 90.2  -0.26 100,00
N 170 87.6 57.2 94.8 77.5 28.0 6.5 351.6 | 94,5 -0.56 95.9 -0.31 98,2 -0.67 1060.60
QQ 183 83.1 53.2 84.4 79.5 25,1 13.3  338.5 | 97.8 ~0.51 100.00 =~0.25 92.6 -0.26 100.00
\\ 196 73.6 66.7 3.1 42.2 22,3 41,6 329.4 | 82,2 ~0.25 - 72.7  0.05 §0.0  0.22 100.00
\\ 209 { 108.1 49.3 71.1 40,2 19,9 20.9  309.5 | 80,7 -0.25 90.0 ~£.17 = 78,6 ~0.04 100.00
N] 222 | 1e1.3 57.5 87.4 36.6 23,0 17,5 419.3 | 64.2  0.21 52,9 0.20 59,5 0,19 100.00
Ny 2357 205.7 71.5  139.5 43,4 38.7 12,5 51i.2 | 82.7 -0.01 84,0 0,10 7.4 0.11 100.00
248 : ‘
261
274
: .:§§: 1725.4  982.4 1568.2 1360,9  413.7 284,2 6334.7 [1283,8 -0.21  1231.7 2,47  1165.8  3.90 1598.06
}J_ 107.8 61.4 98.0 85.1 25,9 17,8  395.9 | 80.2 ~0,0131  77.0  D0.,1544° 72,9  0.2438 99.88

- gl



pATE: 11.12.81 MODE: MI¥ED PRICRITY: DUE DATE RP FILE: 48 RN NUMRER: 37
EARNMRS COMPONENT SUB-RSSY EQUIPMENT UTILISATICN: TREND :
BUFFER: 8 BUFFER: 4 BUFFER: 4 0.93 . : 0.0/ 0.0/ 0.0/ G.0

R STCCK VALUE £'000 ‘ DELIVERY PERFORMANCE : COP.
A 1 BQJJIPMENT PART SHIP NO PART SHIP SERV.
N WEEK cop SUB STX WIir BCQU STK | TEST (CCM STK { TOTAL % LATENESS % LATEXMESS § | LATENESS | LEVEDL
G

14 26.2 85.8 £8.8 0.0 31.3 0.0 302.0 0.0 0.00 0.0 0.00 0.0 ¢.00 100.00

27 118.8 79.5 90.7 62.5 9.6 5.3 387.5 15.2 1.4 26,5 1.29 20.0 2.20 99.67
w 40 133.1 98.0 82.7 46,2 26.4 20.8 422.1 94.2 | -0.48 85.7 { ~0.14 g8.0 { -0.28 100.0C
% 53 108.9 82.9 118.3 54.0 27.90 15.9 407.9 81.6 | -0.20 64.4 0.18 70.2 £.19 100.00
N 56 75.4 71.9 91.0 101,7 27.0 19.4 386.3 76.7 | =0.07 74.3 0.14 65,9 0.09 96,55
\ 73 102,7 70.4 79.6 72.1 28.8 47.% 401.3 78.1 | -0.17 57.9 0.34 72.6 1 ~0.05 100.00
\ 52 132.8 58.7 79.3 | 110.7 13.9 16.7 412,0 £3.3 0.22 51.6 G.48 42.9 0.76 100.00
\ 165 113.9 5L.1 96.2 110.9 35.6 23.4 431.1 83.0 | -0.24 93.6 { ~0.39 94.7 { -0.39 1¢0.00
N 118 68.4 62.3 84.0 103.3 30.2 22.5 371.0 87.4 |} -0.32 93.0 | -0.33 86.5 | -0.31 99.52
) 131 87.2 44.2 60.8 76.0 27.6 B.5 304.3 87.8 | -0.08 55.2 0.43 62.5 0.31 98.21
N 144 132.7 47.8 82.0 56.0 _1%.6 15.8 354.0 47.3 C.58 31.1 D.76 25.0 1.04 160.00
N 157 169,3 44.5 107.7 43,4 40.1 19.7 424.8 | 84.3 | -0.06 6%.1 0.18 © 8l.8 8.02 160.00
N 170 221.9 56.2 118.1 27.5 30.6 37.6 491.9 75.8 | ~0.09 70.4 0.08 73.5 0.00 160.00
§ 183 159.7 97.4 101.1 57.4 42.1 36,3 493,9 87.9 | =0.38 89.8 | ~0,36 83.6 | -0,22 99,32
N\ 196 76,7 93.9 122,2 106.8 39.3 23,8 472.7 45.8 C.49 28.1 0.88 37.90 0.77 160,00
\' 209 52.1 8l1.7 105.3 164.2 35,2 14.2 452.8 81.7 | -0.10 76.5 0.15 68.8 0.08 100.00
N 222 62.8 £5.9 73.5 129.8 32.2 17.0 381.2 91.5 |} ~0.44 89.8 | -0.24 85.1 | -0.32 ©7.02
N 235 116.5 60.2 81.0 66.4 15.9 18.4 338.3 74.4 | -0.03 38.6 0.34 66.7 0.00 100.00

248 :

261

274

Z 1819.1 | 1087.6 |1482.8 | 1326.4 471,3 | 358.9 |6B45.6 [1241.2 [ -1.37 1089.13 2.51 1113.8 1.69 1590.62

/u' J_ 113.7 Lg68.0 92.7 82.9 29.5 22,4 409,1 77.6 | -0,08586 68,1 0.1569 £9.6 0.1056 . 99.41

MOTES:  As run numbser 4 (RP8) with different and antithetic random number streams - taken from ™4 which is negative RN3,

"
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naTE: 11.12.21 MODE: MIXED FRICRITY: DUE DATE RP FILE: 49 FUN NBER: 38
DRRAETERS COMPONENT SUB-ASSY BEQUIBMENT UTIT.ISATION: TRED:
BUFFER: 8 BUFFER: 4 BUFFER: 4 . 0,95 0.0/ 0.0/ 0.0/ 0.0
R STOCK VALUE £7000 DELIVERY PERFORMANCE oM.
B TIIERENT PART SHLl T KO PART SHIP " SERY.
Nl oweexk | ocovp SUB STK{ WID | BEQU STK | TEST {COM STX | TOTAL ) K LATENESS 2 LTRSS % TATENESS | LEVEL
el
b .
14 86.2 85.8 83,3 0.0 31.3 0.0 302.0 0.0 0,00 0.0 0.00 0.0 0.00 100.00
27 90.6 85,3 { . 83.5 52.6 16.1 2.7 332.7 19.3 1.33 14.3 1.71 45.5 1.00 99,67
N 40 52, 69.8 91,2 66.4 33.0 14.6 337.0 75.7 0.04 80.7 | ~0.03 57.4 0.30 100.00
Q: 53 £9.7 63.7 77.6 26.8 23.7 35.7 362.2 89.9 | -0.36 76.3 0.08 85.4 | -D.32 100.00
66 80.2. 54.7 76.4 63.9 27.4 16.6 325.3 92.0 | ~0.45 89.8 { ~0,27 80.5 | =0.02 100.00
i: 79 94,0 55.0 79.3 37.7 29,4 17.7 314.2 86.7 | ~0.21 85.1 | =-0.19 78.4 | ~0.0% 160,00
N a2 105,7 69.7 74.8 21.9 36.7 16,0 324.8 { 62.5 ¢.19 67.7 0.13 54,8 0.36 160.00
Q: 165 108.5 51.0 105.5 32.4 32.9 17.6 347.8 76.9 0.06 78.3 0.02 63.5 0.25 100,00
N 118 165.6 60.5 53,4 43.5 27.6 26.3 422.9 89,9 1 =0.25 82,8 | -0.22 95.1 | -0.37 99,28
N 131 144.5 £5.9 i21.6 47.9 47.7 20,9 458.6 72.7 0.18 77.1 0.11 53.9 0.48 10,00
Qj 144 97.6 76.8 123.1 54,4 43,9 13.9 414.6 73.4 0.01 67.4 0.19 66.3 0.15 100,00
- 157 83.4 85.3 94,2 158.2 19.4 5,2 446.7 92,4 | -0.42 88.9 | -0.08 82.4 1-0.24 99_48
:: 170 87.4 68.4 g4. 151.3 26,6 25.2 443.1 95,1 | -0.30 88.9 | -0.21 84.9 | ~0.15 100.00
\ 183 49,8 73.0 77. 99.5 31.1 15.1 345.5 2¢.3 | ~0.45 100,01 ~0.32 93.9 | ~0.47 99,03
N\ 196 72.3 54,6 70. 124.1 20.0 14,9 356.2 70.2 0.19 80.7 0.00 £9,2 0.19 © 69,50
N 209 102.8 54,9 6.6 137.4 9,1 5.1 § 385.0 62.7 0.77 64.4 0.96 47.2 1.25 100.00
N 222 135.8 53.2 93.6 152.3 18.1 15.9 470.9 77.9 | -0.22 70.8 0.00 83.7 | -0.28 99_57
NY 235 £8.5 63.3 96,5 133.6 45,7 13,7 243.4 75.6 0.01 56.8 0.35 66.7 9,27 100.00
248 '
261
274 .
:gg: 1548.8 | 1026.9 | 1442.2 | 1417.3 477.2 | 286.4 . 16199.2 l1283.9 | -1.42 1262.7 0.55 1163.3 1.34 1596.86
/LL 96.8 54,2 90.1 88.5 29.8 17.9 387.5 80.2 | -0.0398 78.9 0.0344 72.7 0.0838 29,80
|

MOTES: As run number 4 (BPS) with different random momber streams - taken from RN3.
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DATE: 05.12.81 MCDE: MIVER PRICRITY: DUE DATE RP FILE: 50 RN NUMBER: 39
PARRMETERS COMPCNENT SUB-ASSY EQUIPMENT " UTILISATICN: TRIND:
EUFFER: 8 BUFFER: 4 BUFFER: 4 0.95 0.0/ 0.0/ 0.0/ 0.0

R STOCK VALUE £°'600 DELIVERY PERFCRVANCE VP,
A : : . EQUIPMENT PART SiHIP NO PART SHIP SERV.
N{ WEEK VP 5UB STIK WIP EQU STK JTEST - [CCM STK | TUIBL % LATENESS % LATIIESS % LATENESS } IEVEL
G
= N

14 26.2 85.8 88.8 0.0 31.3 0.0 302.0 6.0 0.060 0.0 0.00 0.0 0.00 100,00

27 84.0 7.9 107.3 42,5 15.4 5.3 326.4 23.6 1.00 34.2 1.05 60.0 0.40 99.69
N 40 84.0 20.4 88.0 42.7 30.4 37.5 380.2 93.4 | -0.58 94,6 | -0.32 28,5 |+0.37 100,00
:t 53 101.5 80.1 68.3 35.1 32.7 23.8 341.5 78.1 0.03 60.4 0.26 64.3 0.36 100.00
N 66 144.9 6.6 58.1 47.9 15.8 7.9 375.2 7G.4 0.01 86,1 | -0.14 77.8 0.14 100,00
Q 7 116.5 96.6 85.3 102.5 31.5 15.0 447.4 53.3 0.16 - 62,5 0.13 54.3 {:0,46 99.18
N 92 107.8 85.9 95.9 75.3 - 52.5 40.7 458,1 78.9 1 -0.23 66.7 0.02 §0.7 [-0.16 99,16
QJ 105 84.7 £4.6 104, 8 91.¢ 25.6 19,7 411.2 £3.4 0.18 76.3 | -0.16 48.3 0.66 95.60
N 118 74.6 66,2 91.5 93.2 35.3 23.7 384.5 g4.6 | -0.11 70.8 0.19 73.2 0.07 97.11
:: 131 121.7 64.0 103.2 §8.5 31.0 16.4 424.8 52.8 0.97 35.4 1.37 43.3 1.40 29,59

144 122.1 62.4 94.7 166.2 20.5 69.5 535.4 39.8 0.59 61.5 0.72 46.2 0.82 99.29
Q: 157 108.0 74.1 100.0 102.7 41.6 31.7 458.7 70.2 1.37 61.2 2.21 58.1 3.45 100,00
R: 179 141.1 50.0 106.86 91.9 35.7 25.0 450.3 63.7 1.40 54.8 2,23 54.6 2,22 100.00
Ny 183 133.7 98.9 100.3 62.4 54.2 27.7 482.2 68.0 0.33 82.1 0.13 54.2 0.77 100.00
N 196 98.7 75.2 132.8 111.3 44,8 26.1 488.9 40.7 0.83 38.5 0.97 22,0 1.25 99.18
:q Z209 83.8 87.1 84.2 142,86 31.5 21.6 450.8 70.0 0.05 60.0 09.27 72.7 0.132 100,00
\\ 222 | 76.3 57.8 89.0 143,56 30.8 26.6 424.1 63.1 0.07 76.5 | ~0.24 51.2 0.28 95,93
ZE 235 62.3 §1.0 €5.8 121.2 36.7 10.1 357.2 49.5 0.74 57.7 0.58 29.0 1.11 98.46

248

261

274

:E: 1666.7 | 1205.9 {1423.5 { 1525.1 | 550.6.¢ 433.0 |[6880.5 |1069.9 5.81 1045,1 8.22 918.4 [12.60 1584.50
| -

/LL 104,2 75.4 93.7 95.3 34.4 27.1 430.0 66.9 0.3631 65,3 0.5138 57.4 0.7875 52,03

NOTES:

As run muber 4 (RP9) with antithetic random rmumber streams - taken from RN2 (negative RN1).
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SUYIA QIALYINWIS OL HIAO 8dY HLIM INIWIY3IAX3

DATE: 31.10.81 VOCF: MIXED PRIORITY: DUE DATE RP FILE: 8 RUN MIMEDR: 4
PAPRMETIRS » COMPOMENT SUB~-ASSY ) EIIPVERNT UTILISATION: : TREXD:
BUFTER: - 8 BUEFER: 4 BUFFER: 4 0.95 0.0/ 0.0/ 0.0/ 0.0
STOCK _VATUE £7000 : : DELIVERY DETFORMANCE o,
ECUTPMENT PART SHIP ¥ PART SHIP SRV,
WEEX, coMe SUB STK WIP BQU STK| TEST |COM STK| TOTAL % LATENESS % LATENESS % LATIZIESS | LEVEL

14 26.2 85.8 83.8 0.0 31.3 0.¢ 3H02.9 0.0 } 0.00 0.¢ 0.00 ¢.0 0.00 100.00
27 105.9 80.2 87.2 48.3 15,5 14.4 351.5 19.4 1.34 14.3 1.82 44.4 1.33 100.00
40 132.4 6.9 106.3 45.9 21,1 30.5 434,0 g88.6 [-0.46 93.0 | ~0,49 89.4 |~0.34 163,00
53 wo.l 89.4 115.7 2.0 26.0 15.3- 438.4 2.5 |~0.15 71.8 0.00 75.9 0.09 100,00
66 86.7 64.7 23,9 160.2 24,2 14,5 450.2 78.4 1~0.27 66.0 o.02 €8,2 | -0.07 99.51
73 86.4 59.1 81.7 124.1 24,4 12,3 2es.1 72,5 |=D.12 51.2 £.29 51.0 .39 100.00
92 78.7 70.7 74.5 108.9 18,7 24,0 373.6_ 1 89.3 [~0.21 e3.7 0.58 84.2 0.05 100,00
108 108.6 53.2 3, 85.8 54.2 43,3 13.8 358.9 50.4 2,21 45.1 2,22 37.9 2,91 100,00
118 1.8 49.0 103.9 104.9 23.5 10,2 353.3 64.1 1.05 7.1 0,93 53.3 1.60 98.55
121 93.7 60.6 96.5 130.3 28,1 24,1 434.2 83.0 (-0.24 g0.4 | ~0.02 72,2 0,06 100.00
144 116.8 46.6 110.3 124.5 26.0 20,9 445.2 77.5 |1-0.23 75.6 1 -0.24 70,0 Q2,00 100.00
157 94.8 53.4 11,3 83.1 - 20.3 12,1 3e8.2 91.0 [~0.63 96.3 1 -0.%0 92.1 |~0.46 109.00
170 87,6 57.2 94.8 74,1 24.4 13,7 351.¢ 37.3 1~0.60 100.0 | -0.43 8.2 {-0.48 100.00
183 83.1 53.8 82,1 77.3 - 29.2 12,5 340.0 97.2 [-0.50 100.¢ 1-0.31 92.3 [~0.31 100,00
196 - 73.6 62.6 8.4 B5.5 19.0 25.8 324.0 84.8 0.00 66.7 0.15 69.6 0.26 100.00
209 i08.1 49.5 70.9 36,8 26.7 8.3 300.3 81.5 [-0.28 97.1+1-0.40 77.8 |~0.07 180,00
222 197.3 61.0 84,2 6.3 22,5 18.3 419.6 63.3 Q.51 68.3 0.20 53,7 0.71 180,00
235 205.7 75.3 136.1 4%.3 36.9 | 17.5 520.7 87.9 |-0.19 '87.0 |-0,07 89.5 {~0.14 100,00
248 161.9 61.4 127.9 26,2 537.3 66.8 501.5 89.8 [-0.30 85.9 [-0.21 91,7 1-0.13 98,93
263 78.4 111.4 167.8 811 31.7 13.2 423,7 £3.1 1-0.25 70,0 §-0,05 80.0 |-0.,09 100.00
274 110.0 80.6 75.3 134.1 23.4 21.7 445,2 83.6 {-0.05 76.5 0.12 63.6 0.67 100,00
287 85.6 62.7 82.6 11z.2 30,8 15.1 389.0 79.6 1-0.10 33,6 0.27 - 73.3 0.09 106,00
300 €3.0 48.4 100.7 104.0 19.2 3.1 322.4 88.6 |~0.57 89.1 {-0.54 85.7 [=0.49 98.38
313 96.9 50.4 £7.6 113.5° 15,6 8.4 352.4 97.9 }-0.52 96.4 )=~0.,25 97.9 [~0.34 99.46
326 100.0 §7.5 67.7 131.0 11,8 34.5 392.5 64.5 0.52 68,0 0.24 61.5 0.92 100,00
339 104.5 5.6 90.2 84.9 25,8 8.8 349.8 G8.4 G.51 71.9 0.19 52.0 0.74 $9.60
352 115.9 55.3 87.2 24.7 35,9 39.6 357.8 63.8 0.52 55.3 1.57 53.8 0.67 106,00
365 107.7 59.1 102.4 52.5 30.0 38.2 356,0 53.8 1.50 32.5 2,35 34,2 4,54 98.26
378 149.9 74,2 112,86 62.0 31.1 14.3 444,48 51.6 1.19 57.9 2.58 51.1 1.76 98.48
391 7.3 25.0 107.40 33.2 41.7 8.0 3az.1 72.3 0.07 74.3 0.09 53.1 0.34 99.61
404 86.1 87.1 86.9 _72.5 21.9 3.9 355.4 gl.3 {-0.01 62.5 0.42 69.0 0.19 - 99.55
417 86.7 64.5 §c.2 94.3 36.1 19,4 381.3 80,0 |-0.10 56.4 0.36 4.2 .03 100.00
430 85.2 60,9 74.8 75.7 28.4 8.7 333.7 €3.0 Q.11 69.4 0.18 54.9 0.33 100,00
443 75.7 60.5 71,8 41.4 45,3 13.3 308.1 7.3 0.05 63.6 0.27 71.1 0,24 100,00
456 55.8 44,0 91.4 47.0 31.7 3%,.% 309.7 71.8 0.21 70.6 0.25 74,4 0,36 92.00
469 80.4 48.9 75.2 1 507 . 14.9 31.9 309.1 76.3 0.88 51.6 2.10 63,4 1.66 99,62
482 109.2 64.7 71.8 65.0 - 23.9 38.0 372.7 62.1 3.4% 77.4 0.58 40,5 5,51 100,900
495 127.0 72.% 95.5 78,7 2.4 34,5 438.1 71.8 3.86 . 54.8 N 56,0 5.86 100.00
503 1235.6 79.2 117,2 67.3 34.9 34.4 458,5 28,1 3.65 41,5 4.83 26.5 6,37 §9.73
521 57.4 68.1 110.1 52.4 44.4 24.7 357.2 85,6 |~0.30 78.3 1-~0.09 81,3 |-0.,16 58.83
534 75.4 65.0 90.4 50,0 33.7 40.7 355.3 84.5 {-0,32 33.0 |-0.26 71.7 0.02 98,51
547 icl.o 50.1 70.0 18.7 21,2 22,2 ) °283.2 42,5 0.76 27.3 1.0¢ 28,2 1.19 100.00
560 128,2 43.3 100,001 23,0 11.7. 16.6 31,2 70.8 ¢.41 €2.9 [-0,28 62,2 0.96 1cC.00

- LLe -









