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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.

-8 .

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,
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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, |

- P
—

-
[ - -

- h.

—-— .

: ! : .
NUMBER OF NUMBER OF NUMBER OF
COMPONENTS SUB-ASSEMBLIES  FINISHED- PRODUCTS

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
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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.




3.

3.1,

’ 3.20

- 54 -

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
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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, base