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The thesis presents an account of an attempt to utilize expert
systems within the domain of production planning and control. The use.
of expert systems was proposed due to the problematical nature of a
particular function within British Steel Strip Products' Operations
Department; the function of Order Allocation, allocating customer
orders to a production week and site.

Approaches to tackling problems within production planning and
control are reviewed, as are the general capabilities of expert
systems. The conclusions drawn are that the domain of production
planning and control contains both “soft' and “hard' problems, and that
while expert systems appear to be a useful technology for this domain,
this wusefulness has by no means yet been demonstrated. Also, it is
argued that the main stream methodology for developing expert systems
is unsuited for the domain.

A problem-driven approach is developed and used to tackle the
Order Allocation function. The resulting system, UAAMS, contained two
expert components. One of these, the scheduling procedure was not fully
implemented due to inadequate software.

The second expert component, the product routing procedure, was
untroubled by such difficulties, though it was unusable on its own;
thus a second system was developed. This system, MICRO-X10, duplicated
the function of X10, a complex database query routine used daily by
Order Allocation. A prototype version of MICRO-X10 proved too slow to
be wuseful but allowed implementation and maintenance issues to be
analysed.

In conclusion, the usefulness of the problem-driven approach to
expert system development within production planning and control is
demonstrated but restrictions imposed by current expert system software
are highlighted in that the abilities of such software to cope with
“hard' scheduling constructs and also the slow processing speeds of
such software can restrict the current usefulness of expert systems
within production planning and control

Expert System, Soft System Methodology, Production Planning and
Control.
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CHAPTER 1

INTRODUCTION

o

This chapter briefiy describes the background to the project and

presents a rough chronology of the project work.

1.1 BACKGROUND TO THE PROJECT

This section describes the background to the project in terms of
the organizations and people involved in the project and the reasons
for their involvement. The problem situation then encountered during

the project is described in chapter 2.

1.1.1 INTERDISCIPLINARY HIGHER DEGREES SCHEME

This thesis describes a project carried out within British Steel
Strip Products Group through the Interdisciplinary Higher Degree (IHD)
scheme at Aston University. Being an IHD project, it has certain
features which separate it from normal postgraduate research studies.
The IHD scheme was founded in 1968 to accommodate closer co-
operation between the university and industry. IHD projects may be
based in any organization. However, two criteria must be satisfied.
Firstly an IHD project must address a problem of genuine practical
concern to the co-operating organization. Secondly it must provide
sufficient scope and originality to form the basis for research.
The practice within the IHD scheme was for management of the
project to include a supervisory team which would meet regularly to
review the progress of the project. The team would be drawn from both

the co-operating organization and the university.

1.1.2 THE BASIS FOR THE PROJECT

The co-operating organization in this project was the Strip

Products Group of the British Steel Corporation. (By the completion of

-10-



the project it had been renamed British Steel Strip Products as the
British Steel Corporation had by then been privatized.)

The origins of the-project lay in links between the Management
Services departmentﬁof the Strip Products Group and Aston University's
IHD scheme. These 1links led the Management Services department to
consider potential applications of expert systems within Strip Products
Group with the possibility of this leading to an IHD project.

The Management Services department considered the function of
Production Planning and Control (PP&C) as a possible focus for such a
project. 1In particular, the Order Allocation department based at the
Group head offices appeared to provide sufficient scope for an IHD
project. Basically, the Order Allocation department loads orders onto
the production facilities of the Strip Product Group. The Order
Allocation task was considered to be problematical and a likely
- application area for expert systems. The eventual project description
was as follows:-

1. The Strip Products Group owns a complex set of
facilities including Blast Furnaces, BOS Converters,
Concast machines, Hot Strip Mills, Pickle Lines, Cold
Reduction Mills, Coating Lines and a number of Finishing
Lines.

2. Every order taken from a customer, for the purpose of
this project, causes use of a Hot Strip Mill. Thereafter it
causes the use of a combination of one or more of the "down
stream' facilities. It also causes use of “up stream'
facilities but these will be outside the scope of this
project. The combination of facilities appropriate to an
order is referred to as the routing of that order.

3. At any given time because of the orders we have already
taken each of these facilities has a load earmarked over a
period of days/weeks.

4. The problem is to determine the routes appropriate to
the next order coming forward for consideration, how soon
the order might complete any one of the routes, and based
on that how soon we could expect to deliver the required
tonnages to the customer.

5. Much, but not all, of the data describing the load
earmarked for our facilities resides in our computer files
as does the data describing the orders on hand. It 1is
envisaged that a computer system assisted solution may be
feasible. Incorporating present expertise in an "expert

s oy



system™ is also a possibility.

6. One aspect of the project will be to decide on the

criteria to assess the success of the "solution".
Two points should be stressed with regard to this description of the
project task. Firstiy it was required that the problem should be
framed or defined in terms of "criteria of success". Thus the project
task could not be considered simply as the development of an expert
system to computerize some of the "present expertise"™ within the Order
Allocation department. Secondly, the use of expert systems was not
obligatory. Thus tackling the allocation “problem' was the £first
priority. Nonetheless, expert systems were not to be dismissed out-of-

hand. Indeed expert systems were seen as the significant aspect of the

project in terms of the research.

1.1.3 THE SUPERVISORY TEAM

Members of the supervisory team from within British Steel
consisted of the Group Management Services Manager, the Group
Operations Manager and the Central PP&C Manager. The Central PP&C
Manager was directly responsible for the work of the Order Allocation
department and thus took the role of "client".

During the course of the project there was much change occurring
within British Steel. Included in this were changes in the personnel
and the organization of the central Operations Department. By the end
of the project, the position of Group Operations Manager had
disappeared. This led to the Operations Director becoming part of the
supervisory team. Personnel changes affected both the other positions
involved in the supervisory team during the course of the project.
However previous members of the supervisory team remained in contact
with the project work to a greater or lesser extent. These changes in

personnel did not affect the outcome of the project.
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The IHD scheme and the Operations and Information Management
division of the Aston Business School provided members of the

supervisory team from Aston University.

1.1.4 THE AUTHOR'S BACKGROUND

The project work was carriea out bﬁ the author. Given the
comparatively open nature of the project task, the background of the
author may be seen as playing an important part in the framing of the
project task.

The author's original discipline was Mechanical Engineering. This
work gradually involved more and more computer programming eventually
becoming exclusively so and extending beyond Mechanical Engineering
applications. The author had also completed a course of study
encompassing Checkland's Soft System Methodology (1) and had been using
_ Soft Systems Methodology within his work for some twelve months prior

to the start of this project.

1.2 CHRONOLOGY OF THE PROJECT

The project was carried out between October 1986 and September
1989.

The work carried out during the thirty-six month duration of the
project can be roughly divided into four stages as illustrated in
figure 1.1. The first of these stages, covering some six months, was
mainly taken up with an extehsive finding-out exercise covering most
aspects of the operations and sales functions of British Steel Strip
Products.

The second stage covered some twelve months. Most of this period
was involved with identifying the abilities of expert system

technology. The main outcome from this work was a problem-driven

_13_



FIGURE 1.1 A ROUGH CHRONOLOGY OF THE
PROJECT WORK.

1986

STAGE 1 = Flnding out within BSSP.

STAGE 2 — Revlew of expert system llterature.
- Trlal expert system develepments,
= Development of problem=driven
approach for expert system developmant.

— Deflnitlon of project task.

1987
—

STAGE 3 = Revlew of traditlonal approaches to
Preductlion Planning and Contrel.

1988

A

STAGE 4 — Development of twe computer
systems,

1989




approach developed specifically for the development of expert systems
with the domain of PP&C. Also during this period the project task was
defined. e

The third stagé covered some six months. This period was mainly
taken up with work reviewing conventional approaches to PP&C.

The final stage covered the last twelve months of the project.
During this time work was carried out on two computer systems. The two
developments achieved varying levels of success, all contributing to
the conclusions reached through the project work. Since the end of the
project, limited amounts of work has been carried out with regard to

one of these systems.

.



CHAPTER 2
THE PROBLEM SITUATION

The initial section of this chapter attempts to provide a
structured account of the problem situation. 1In this, some detail has
been left out for the sake of clarity. This is followed by a
description of the work carried out to structure this ‘“problem
situation’. The final section discusses alternative approaches which
were considered at this stage in the project as well as briefly

discussing the scope of literature relevant to the project task.

2.1 THE PROBLEM SITUATION

This section presents an account of the problem situation. For the
sake of clarity, it is not an exhaustive account. It attempts only to
provide an appreciation of the situation coupled with enough detail
where required to allow understanding of the work carried out during

the project.

2.1.1 BRITISH STEEL AND BRITISH STEEL STRIP PRODUCTS

This section briefly describes the history and internal

organization of British Steel (BS).

Developments within British Steel

British Steel plc is the fourth largest non-communist steelmaker
in the world (2) and arguably the second largest after Nippon Steel as
the other contenders are conglomerates of separate steel firms (3). It
was formed in 1967 by the amalgamation of the largest steel companies
within the UK to form the British Steel Corporation (BSC).

In 1980, BSC employed 125,000 people and was suffering from
overmanning, overcapacity and a poor economic performance. In response,

BSC undertook a severe programme of demanning and the closing of

-16-
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uneconomic plant while also investing in new plant. As a result of
this, by 1986, the work force had been reduced to 50,000 and BSC was
making a profit. BSC's-performance continued to improve allowing the
corporation to be bfivatized in 1988 becoming British Steel plc (BS).
The act of privatization made little difference to the internal
operation of BS. Rather it marked only a milestone in the changes which
had been sweeping the company since the severe reorganization of the

early eighties.

The Organization of British Steel

BS is organized into five major product groups; General Steels,
Strip Products, Tubes, Stainless and Diversified Activities.
(Diversified Activities mainly manufacture railway products.) As
illustrated in figure 2.1, the first two of these are by far and away

the largest groups. These two groups between them operate'all of the
five integrated steel works within BS. Thus it is that British Steel
Strip Products (BSSP), called the Strip Products Group prior to
privatization, accounts for almost half of BS activity. It was with
BSSP that this project was concerned.

In 1986 BSSP employed 21,000 people, produced 5.7 million tonnes
of steel and had a turnover of almost one and a half billion pounds. In
that year, BSSP's share of the steel strip market was approximately 60%

within the UK and some 1.5% world wide.

2.1.2 AN QVERVIEW OF BSSP'S PRODUCTION AND THE ALLOCATION TASK

The production process of steel strip is first described followed
by an account of developments within British Steel Strip Products
(BSSP) . Finally an overview of the allocation task is given. This
section thus provides background information to allow the functioning

of BSSP to be described in more detail in the following sections.
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The Basic Production Processes of BSSP

BSSP naturally forms a single entity within British Steel. The
production of the various types of steel strip comprise one very large

interactive process, as illustrated in figure 2.2.

The first step in producing sﬁéel strip is the production of slabs
weighing in the order of twenty tonnes each. Liquid steel is converted
into slabs either directly by the continuous casting process or by
first moulding billets from which slabs are rolled.

From slabs, hot rolled coil is produced in a hot mill. Hot rolled
strip varies in thickness from 1.5mm to 12mm. After hot rolling, strip
products can be sold in coil form or in cut lengths. Hot rolled strip
is also sold having first been pickled.

Pickling is normally the first process carried out in a cold mill
where the coil is further reduced in thickness. Cold reduction reduces
the strip to a thickness varying from 0.3mm to 3mm. Cold reduced steel
can be sold in this form as “hard iron". WHen galvanizing steel “hard
iron" is used. Usually though it is annealed to relieve work hardening
caused by cold reduction, and then tempered to impart some hardness
back into it.

Further processing in the main consists of coating the coil with
some form of protective coating. One of two processes can be used to
coat strip with 2inc, hot-dipped galvanizing or electro-plating.
Certain alloys of ziﬂc are also applied using these processes.

A number of other products are termed Organically Coated Steel
(0OCS). Here a plastic coating is painted or bonded onto the steel
substrate which may have already been Zinc-coated.

Tin plating represents another form of coating. Two other

facilities within BSSP carry out what could be called finishing
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FIGURE 2.3 LOCATION OF PRODUCTION FACILITIES
USED BY BRITISH-STEEL STRIP PRODUCTS
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operations. These are the production of narrow strip products and the
production of electrical steel components.

o

This then describes the basic production processes of BSSP. As
tinplate, narrow strip and electrical steel orders are not allocated

centrally within BSSP, they are not of direct concern to the project.

The Production Facilities Used by BSSP

As well as showing the processes involved in steel strip
production, figure 2.2 shows the rough capacities of each process and
the twelve sites on which the capacity is situated. |

The locations of the production facilities used by BSSP are shown
in figure 2.3.° Of the works run by BSSP, all but two of these are
situated in South Wales, Ravenscraig being situated in Scotland and
Shotton being located in North Wales. The twelfth steelworks mentioned,
Lackenby, 1is run by BS General Steels and provided hot rolled products

for the market for BSSP. It is situated on Teeside.

Developments within BSSP

The demanning within BSSP was severe. The workforce at Llanwern
steel works for instance fell from 12,000 to 4,000. Such demanning was
just as severe as that at Shotton and Ebbw Vale where steelmaking plant
was closed down leaving only finishing and coating facilities. Sites
had been closed completely; Gartcosh in 1986 and Velindre in 1989. 1In
both these cases the decision was precipitated by changes in the
market. Velindre for instance was closed because two major tinplate
customers had been taken over by companies who themselves produced
tinplate.

Major investment in new and improved plant during the eightieé

included new and modernized coating lines at Shotton, continuous
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annealing at Trostre, continuous casting, vacuum degassing and
galvanizing lines at Llanwern.

In the main BSSP does not rely on external processing of steel.
One exception is thé use of Lackenby, a steel works run by BS General
Steels, to provide Hot Rolled products for the market. Another
exception is the subcontracting out of Galvanizing work to foreign
steel companies. This ‘Off-shore Galve' is a temporary arrangement
prior to the LLanwern Galvanizing line becoming operational.

Closures and investments were more than a modernization and
rationalization of BSSP. They were also more than a reaction to the
market share available to BSSP. They indicated trends in the strip
products market as a whole for different products and quality of
product (4). It should be stated that the facilities inherited by BSSP
should not be seen as an imperfect combination of capacity and sites.
" The positioning of Ebbw Vale at the head of a Welsh valley may
currently appear ridiculous. But as Warren indicated, in 1936 Ebbw Vale
was seen as a "theoretically optimum location™. Strip steel processing
in Britain had "never been free from the trammels of the past" (5).
There 1is no reason to suggest that this situation will change. Thus
such incidents of closure as well as investment can be expected to
recur.

An Overview of the Allocation Task

The function of concern within BSSP is that of Order Allocation.
Within BSSP, most orders are made to order rather than supplied from
stock. This is normal within strip steel production (6). The orders are
received centrally and it is Order Allocation which controls their
release to the works. That is Order Allocation determine which works
will fulfil the order and when it will be delivered.

Orders released to a works often generates ‘interworks' orders.
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For instance, Shotton works depends on the supply of hot rolled coil .
from other works. Thus an order for cold reduced coil released to
Shotton will result in-Shotton placing an interworks order for hot
rolled coil on, ééy, Ravenscraig. Zinc-coated and OCS orders may
involve a number of interworks orders.

The basis for all operations within BSSP is laid down in the
Annual Operation Plan (AOP). The AOP is developed from sales forecasts
and the production plans of individual sites. It determines quarterly
levels of interworks orders and sales outputs. The completed AOP is
costed and approved by the BSSP board. Allocators are not directly
involved in the production of the AOP.

Allocators are however involved in the production of weekly plans.
These are based on the AOP as well as the actual order 1load, the
backlog of orders at the works, weekly production plans provided by the
works and commercial priorities. It is on the basis of these weekly
plans that the allocators released orders to the works.

As well as controlling the flow of orders out to the works, Order
Allocation provides control over the flow of orders entering the
orderbook. Sales personnel accept orders from customers, promising a
delivery week. Allowable delivery weeks are provided by Order

Allocation based on the queue of orders awaiting production.

2.1.3 COMPLICATIONS WITHIN THE BSSP PRODUCTION PROCESS

The description of strip steel production and the task of
allocation given in the section above is greatly complicated by the
realities of strip steel production. An account of some of the
complicating factors is now given. The effect of these factors on the

allocation task is illustrated anecdotally.
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Sequencing Constraints

The rolling of steel strip requires the sequencing of orders
through the mills. In hqg{and cold mills, such a sequence is.known as a
‘round'. A round represents the production which can be carried out
using a set of rolls. After this,: production has to stop while the
rolls are replaced. The sequence is determined by width and surface
finish. A round is coffin-shaped; starting at a medium width to heat up
the mill, the width can then be increased but then as the edges of the
strip start to mark the rolls, the width is gradually reduced. Also as
the  round procéeds the surface finish of the strip produced
deteriorates.

The sequencing of rounds is not a concern of the allocation
function. This is done at the mill. However, Order Allocation has to
allow rounds to be sequenced. Generally then allocators will be
. conscious of the mix of widths and finish qualities being lbaded onto a
works.

Sequencing constraints cause some types of orders to be grouped
and processed only occasionally. An instance of this is what are termed
"wide weeks". All orders for wide strip, roughly strip wider than
1200mm, are only processed during wide weeks which wusually occur
alternately at Port Talbot and Llanwern. It is the task of allocators
to ensure that wide orders are not launched onto the mills during the

wrong weeks.,

Coating lines run continuously. Sequencing is affected by the type
of coating, the weight of coating (or colour in the case of 0CS), the
surface finish, and the width and gauge of the substrate. The
complexity of the process results in “campaigns' for certain types of

orders in a manner similar to wide orders in the hot and cold mills
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but with the production runs less frequent. The low frequency and the
larger number of upstream processes often means that Order Allocation
progress the ‘“campaign' through the upstream mills to ensure the

substrate arrives on time.

Sequencing also affects steeliﬁaking.. The type of steel and also
the dimensions of slabs affect the sequence of production. A steel
grade is usually specified in terms of mechanical properties, usually
tensile strength or ductile properties specified by some standard, for
instance British Standard BS1449. However making a particular chemistry
of steel will often involve the minimum production of hundreds of
tonnes of steel.

An example of the complications caused by this were the guidelines
imposed by Ravenscraig with regard to steel-make quantities. On one
occasion an order for four tonnes of rather special steel was placed on
Ravenscraig. The minimum steel make to cover this order was one hundred
tonnes. Order Allocation was asked to Jjustify the order. This
justification required an input from the Commercial Department to
decide whether the importance of the order deserved such treatment; it
was a trial order for a Japanese car manufacturer then setting up
production in the UK.

The reorganization within BSSP had gradually caused individual
steel works to be more cost conscious. A year after the trial four
tonne order, Ravenscraig were asking for a minimum three hundred tonne
steel-make requirement. Thus Order Allocation was required to identify
special steel orders and group them into batches. Later still, such
orders were being accepted individually due to the slackening of the
order book. Order Allocation however still checked with Ravenscraig

unless the specified minimum steel make had been achieved.
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So although not generally involved in the sequencing problems
present at mill level, Order Allocation often monitors order loads to
ensure the sequencing._-is not too restricting and sometimes become
involved in more difect control of the flow of production through the
launching of campaigns and the progressing of such campaigns through

the various stages of production.

Quality Control and Capacity Measurement

The unit of steel-making is a "melt". The unit of strip steel
production is a coil. A customer will order a quantity in tonnes and
this will result in the steel being made and coils rolled. But one
tonne of steel does not result in one tonne of hot rolled coil being
produced. Figure 2.2 shows this: the capacities do not add wup. This
complication is coped with in the concept of "yield". One aspect of
yield is due to the realities of the process; the topping'and tailing
of a coil after processing, the extra weight of coating, etc,. However,
yield also accounts for losses due to quality problems.

When producing high quality steel, the quantity of steel made for
the order may exceed the order requirement, thus allowing for the
probability that some of the steel will fail quality control tests and
not be usable for that order. The result is often that the customer is
not provided with the quantity he originally ordered. He may have
ordered fifty tonnes but receive on that order forty or sixty tonnes.
Sometimes an order will not be satisfied with the quantity produced and
part of the order will be remade from scratch.

Material failing quality control is not wasted. The mill will look
for incoming orders for which the coil is suitable. If not, Order
Allocation will look for orders yet to be released to the same end.

Failing this, the coil may be offered to a customer at a reduced price.
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This added complexity within the BSSP operation has a number of
implications. Firstly, the capacity taken by allocated orders cannot be
equated easily to the- quantity of strip specified in the orders.
Indeed, a significaﬁt percentage of orders is fulfilled from material
“downgraded' during quality control.

Secondly, the quantities delivered to customers can exceed the
quantities required by those customers as specified in the orders. Such
over-production has resulted in mills being overloaded with orders by
Order Allocation. The onus is on Order Allocation to identify why a
mill is overloaded. They after all are loading the orders onto the
mills.

A third implication is the general acceptance of the presence of
outstanding orders called "arrears". Arrears do have the benefit of
easing the problems associated with sequencing a mill. Indeed
sequencing constraints can result in some orders being processed early
at the expense of causing arrears. Order Allocation take account of the
levels of arrears when loading the mills.

A final consequence of yield is the existence of stocking
arrangements for important customers to ensure that production
difficulties do not affect such customers. Finished stock is held for
some customers. Others have negotiated with individual works to
maintain levels of ‘in-process stock'; that is the quantity of work-in-
progress as well as finished stock. The creation of stock orders of
this sort is a Commercial task. Being normally high quality products,
the level of such orders can be of great significance .to Order

Allocation.

Beyond the concept of yield is another complication. The unit of

capacity normally used within BSSP is tonnes. In hot and cold mills, a
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‘round' is scheduled not in tonnes but in strip 1length. In coating
mills the area of strip is a better measurement of capacity. Thus an
order book with a high proportion of heavy gauge orders may underload a
mill while a high préportion of light gauge orders may overload a mill.

A further capacity unit is ‘packing units'. Allocators are often
required to ensure that works are not overloaded with orders requiring
“export packing'.

With the exception of OCS orders and ‘packing units', Order
Allocation seldom needs to consider these alternative units of
capacity. When such consideration is required, the infrequent use of

such units of capacity is itself a problem.

The Individuality of BSSP Plant

The author wuses the word “individuality' to cover ways in which
the abilities of mills differed. Most straightforwardly, different
mills cannot produce strip of the same physical dimensions. For
instance Shotton's cold mill cannot produce wide coil. Whether a mill
can produce a particular order is not an operational consideration.
Rather it is a technical decision. Abilities in terms of such things as
width are set out in the Product Manual, a one hundred and twenty page
document published by the Technical Department. This identifies an
order as being feasible, infeasible or whether it should be referred to
the Technical department for a decision.

Although a works' ability to process an order is a Technical
concern, Operations can become involved. Coil weights are an example of
this. Allocators are seen as the source of coil weight information
despite coil weight being a technical concern.

More obviously operational decisions are the decisions to allow a

works to specialize. An instance of this is the use of Port Talbot hot
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mill for long runs while Ravenscraig fulfils the more specialist orders

—

and Llanwern carries out an intermediate role. Another instance is the
Ebbw Vale hot-dipped galvanizing line which specializes in heavy gauge
orders. However even these opera;ional decisions can be initiated by
technical requirements and the decisions concerning on which site to
invest in production equipment to meet such technical requirements.

Even with specialization of this sort, certain orders are more
difficult to produce than others. This is something not reflected in
the Product Manual. Such orders have occasioned works schedulers to
moan that they were being provided with all the difficult orders while
other works were getting all the easy orders, a comment which is
evidently untrue when viewed from Order Allocation.

An example encompassing many of these factors of ‘individuality’
occurred in 1989. Until 1989, Ebbw Vale was the only works capable of
producing IZ, a type of hot-dipped galvanized coating. The lightest IZ
gauge available was 0.55mm although the Product Manual stated that
lighter gauges may be available on referral to Ebbw Vale. Shotton began
IZ coating in 1989, the new facilities being designed to produce IZ for
gauges between 1.2mm and 0.5mm. The operational decision was made that
Shotton would take over the production of lighter gauge IZ leaving the
heavier gauge IZ for Ebbw Vale. A problem arose because two customers
were ordering 0.45mm gauée IZ2 from Ebbw Vale. It was called 0.5mm gauge
as this was the gauge of the coated strip, not the substrate gauge as
is normal practice. Shotton were unable to produce these orders thus
Ebbw Vale had to accept them. This meant Ebbw Vale had also to be
provided with a large quantity of other light gauge orders to allow the
mill to be sequenced. The low yield of such orders resulted in remake
orders being placed. Ebbw Vale again had to provide these. Order

Allocation had to liaise between these mills to overcome the immediate
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problem of completing the orders in hand as well as to push for a
solution to the reasons for the problem; orders were being accepted
which BSSP was not easily- able to satisfy. The solution was eventually
that such orders ﬂould not be accepted, a decision of which the

Commercial Department had to be convinced.

A further point of individuality is that a particular order
specification does not result in identical products from different
mills.

Such differences between steelworks are partially due to minute
variations in the rolling processes. Perhaps a more understandable
example concerned OCS. A great deal of work has been done to achieve
standard colours for OCS coatings. Yet due to variations in the baking
process used to cure the coating, the colours from different works are
still noticeably different. Indeed even to achieve this level of colour
match, the paints used by the different works are intentionally
supplied with variations in composition.

The difficulty matching the colours within OCS stands as a good
analogy for the rolling processes. Just as the composition of the
paint, the exact chemistry of steel is not standardized between works.
The standards by which steel is specified, for instance BS1449, does
not specify the exact chemistry of the steel. Thus variations can exist
between equivalent grade from different steel mills.

This individuality between mills can appear during later
processing of the steel by a customer or by downstream processes within
BSSP. In this manner, these differences could become a concern of the
allocators.

An example of this could be seen at Shotton where Hot Rolled coil

is sourced from three different works. The quantities sourced from each
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of these three mills are laid down by the Annual Operations Plan (AOP).
Ordering coil from the Hot Mills to fulfil Shotton's orderbook is
normally controlled by--schedulers at Shotton who work within the AOP.
However, on occasion, Order Allocation has reason to control the source
of Shotton's Hot Rolled coil more closely. In such circumstances,
differences between coil from different sources can affect the options
open to allocators. For instance, ‘edge cracking' problems at Shotton
when rolling with Llanwern-sourced coil has on occasions prevented an
increase in the supply of Llanwern coil to Shotton. Thus allocators can
find a solution to a problem impractical due to this form of

individuality.

Bottlenecks in Production

Figure 2.2 shows the flow of strip steel through the production
processes of BSSP. The capacity of a steel mill is effectiﬁely fixed in
the short term providing little leeway for coping with variations from
plan. It is then not uncommon for bottlenecks to appear which are not
readily solvable. The allocation task is greatly involved with the
identification of and solution of such bottlenecks.

It must be stressed here that the level of detail shown in figure
2.2 greatly simplifies the process with which Order Allocation has to
cope. More representative of the level of detail is figure 2.4 which
shows the facilities within a cold mill. If a mill is loaded with too
many orders requiring, for instance, inspection, the result will be not
only late delivery, possibly to another BSSP mill, but also possible
storage problems in the overloaded mill. A minor change in the order
mix can be the cause of such a bottleneck. Analysing the order book to
identify all possible bottlenecks of this kind would be a laborious

task due to complications. Complications include, for instance,
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difficulty identifying orders requiring inspection and converting
ordered tonnes into packing units. Further, the capacity of the minor
facilities can depend on-manpower which can be common to more than one
facility. Having been informed of a bottleneck, allocators will be
involved in identifying the scope of the problem and ways of overcoming
it.

A Dbottleneck may have been a problem over a period of time. An
example can be seen in Port Talbot's cold mill inspection line. The
order load on this facility has been monitored by allocators for more
than three years. It appears that the ‘solution' 1is for Order
Allocation to directly prevent the line from overloading.

Figure 2.4, in illustrating a cold mill shows the extreme case.
However all mills include such “minor' facilities to some extent.

One major occurrence which further illustrates the problem of
- bottlenecks occurred in the years prior to 1988. At this stage Llanwern
steelworks was wunable to produce continuously cast steel, called
concast. Concast is of more consistent quality than steel strip made
from conventional ingot steel and this is very evident in the physical
appearance of the steel strip. Customers prefer the concast steel. A
trend was evident that customers were increasingly specifying concast
steel and the possibility existed of the non-concast orderbook
shrinking so much as to adversely affect the Llanwern order load. The
rule was passed that any customer not having previously received
concast would not be offered concast. Even then, orders from such
customers were received from sales offices with concast specified in
the miscellaneous instructions. The concast instruction was ignored by
allocators if the order did not need to be concast and the customer

provided with “"concast equivalent” from Llanwern. Thus the Llanwern
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orderbook was sustained until Llanwern was able to produce concast in

1988.

-

Bottlenecks could“ have more obvious causes than changes in the
order mix. Equipment breakdowns at mills are not unknown. An example of
a major breakdown occurred in 1989.; Probleﬁs with an electric motor in
Port Talbot's hot mill lost some fifty thousand tonnes of production.
In coping with profound losses of production, Order Allocation will be
required to divert orders. In the case of the problem with Port
Talbot's hot mill, the need was to prevent Port Talbot's cold mill from
being starved of orders. In this, the individuality of the mills can be
a major consideration.

Mills closed for holiday weeks but different mills close in
different weeks. While an allocator would be forewarned of a standard
| closure, instances occurred where short notice is given of closures due
to slack order books. 1In these instances, orders can be affected by a
combination of closure and sequencing constraints. When such problems
occur, Order Allocation need to check with the Commercial Department to

ensure that the combined delay is acceptable to the customer.

Controlling Costs

Another consideration with a multi-site production process such as
BSSP run and which should be mentioned is transport costs. Transport
costs are high. An example of this is the benefit to be gained at
Shotton where vessels can dock on site at certain times of the month.
The cost of transporting steel strip to the nearest port would
otherwise be something more than two percent of the sale price of the
steel. Cost is of course part of the reason for the AOP. The AOQP
defines, for instance, quantities of steel to be shipped direct from

Shotton's site.
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So, while the allocation task is required to launch orders to be
available for particular shipping dates, identifying such benefits is
not an allocation function. The allocation task is not therefore
concerned with cost saving per se. It is concerned however with loading

orders on the works to allow the plans of others to be achieved.

The Allocation Task in the Context of Production Complexity

The overview of the allocation task given in section 2.1.2
described the release of orders to the works on the basis of weekly
plans. By carrying out this task allocators involve themselves in a
very complex production process. The process is both complex and
difficult.

Being effectively responsible for the level and mix of work in the
mills, Order Allocation needs to be aware of much of the detail of mill
| operations. Firstly, Order Allocation needs to understand the
implications of its own actions on the mills. Secondly the task of
allocation often results in the allocator becoming what could be called
the interface between commercial and mill problem solving. It is hoped
that these aspects of the allocation task have been adequately

described and demonstrated within this section.

2.1.4 FUNCTIONS AND PROCESSES WITHIN BSSP

The organization of BSSP is first briefly described to introduce
the functions of concern to the project. This is followed by accounts
of the planning processes and the flow of orders within BSSP.
Complications within the sales functions are then described and finally

the allocation task is examined in yet more detail.

The Organization of BSSP

Figure 2.5 presents an organizational chart of BSSP. As can be
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seen from this chart, the three works of BS Tinplate have no connection
with the largest part of BSSP, Strip Mill Products, although they were
supplied with substrate-from them. Thus they are not a direct concern
of the project. Similarly Orb and Whiteheads are of no direct concern.
Further, the three works supplying-Organically Coated Steel (OCS) while
having their own sales function, have had their orders allocated
centrally since a short time before the start of the project.

A complication to understanding the organization of BSSP is that
Ebbw Vale, a Tinplate works, also produces Zinc-coated strip, orders
for such products being obtained by central sales and allocated
centrally. Likewise the majority of the products of Shotton works are
not OCS and are sold centrally, unlike OCS.

Each works has its own Personnel, Operations, Technical and
Finance functions. Indeed, there is little central control over the
works. One area of control is the Annual Operation Plan (AOP) where the
performance of the steel works is set out. Works are also accounted
separately so their economic performance is also a matter of concern to

them.

Figure 2.5 identifies three sales functions, UK General, Export
General and Automotive. These deal with different areas of the market
for hot rolled, cold reduced and Zinc-coated products. With the
inclusion of O0CS, this means that there are four sales functions
providing orders which are allocated centrally.

Beyond these, two other Commercial functions should be mentioned.
Firstly the planning function within_International Planning and Pricing
which identifies market size and projected market share. Secondly
Customer Service exists on all sites to liaise between the customer and

the site. Such liaison is not allowed before an order is allocated to
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that particular site.

Another point which should be made is that works themselves also
carry out some sales functions. Customers are allowed to insist on the
site which produces.their order and many orders carry such a _custpmer
insist. Resulting from this, a particular site might,apfange to carr§h
stock for a particular customer or indeed promote itself to that

customer.

In 1989, Order Allocation and the associated function Production
Planning had a complement of ten, including five allocators and two
planners. The function is located at the Group offices, on the same
site as Llanwern steelworks.

The five allocators specialize by product; hot rolled, cold
reduced, Zinc-coated and Organically Coated strip with the fifth
allocator matching orders to downgraded stock. Also, each allocator is
responsible for obtaining weekly plans from particular works and for
generally liaising with those works.

The planning function is involved in creating the Annual Operation
Plan (AOP) and the weekly plan (known as the Four Week Plan), as well

as monitoring the achievement of the AOP.

Planning within BSSP

The longest term plan of concern to the allocation function is the
Annual Operation Plan (AOP). This sets out quarterly outputs for the
financial year. It can be converted to average weekly outputs as the
number of weeks worked by a mill in each quarter is also specified. The
AQOP is revised two or three times during the year.

The starting point for the AOP is a sales plan. This is compiled
by the planning function of International Pricing and Planning with

inputs from the sales functions of BSSP including tinplate, electrical
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steel and narrow strip. This then represented a market requirement for
all products.

The market requirements are converted into an operational plan by
SMP Production Planners. This defines the quarterly interworks order
levels and mill stock levels. Theplan is then sent to the sites where
more detailed plans are defined to meet the required output. These
plans are then costed on site and returned to the centre for board
approval.

The allocators are not involved in the development of the AOP.
However the AOP has a large impact on the Four Week Plan (FWP) with
which the allocators are involved. Also the AOP remains the only basis

for planning beyond the horizon of the FWP.

The FWP is produced weekly for the next four working weeks. Its
starting point is a plan produced by each site giving their expected
production in those weeks. The production levels can be affected by
stock levels on site and recently achieved production levels as well
as the production levels set out in the AQOP. The sites also provide
data as to the level of arrears and the level of orders already loaded
onto them. The allocators use the plans from site and add to this the
unallocated order book. The SMP Production Planners take these plans to
produce a first draft of the FWP.

The operational problems being tackled by the FWP often impose
major constraints on the sales functions. Thus the draft FWP is
negotiated within a weekly allocation meeting. Present at the meeting
are representatives from the four sales functions and central customer
service as well as the allocators involved. The meeting is chaired by
the Allocation Manager,

The allocation meeting allows direct commercial input into the
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FWP. However, it is little concerned with the levels of new orders
entering the orderbook; more it is concerned with the allocation of the
current orderbook. Explanation of operational constraints is sometimes
difficult to follow and the focus of discussion is not always relevant
to the problems at hand. This the .author sees as understandable given
the task which the allocation meeting attempts to carry out.

The FWP effectively set the capacity for each product from each
site available for each sales function. Works capacity can be altered
by the meeting but not to any great extent. The finalized FWP then
defines levels of orders to be released to the works. This may then
need further Commercial Department involvement to identify priority

orders requiring release.

The achievement of the FWP is not considered centrally within BSSP
_ other than its effect on the order load on the following week. The
works' performance is monitored centrally week by week in terms of
achievement of the AOP, a task which the SMP Planners are responsible
for. The level of production monitored is not in terms of orders
fulfilled or delivered tonnes. It is in terms of processed tonnes and,
as explained in section 2.1.3, this does not directly relate to the
quantities of orders fulfilled, the quantity used in the FWP.
Allocators monitor order release against the quarterly outputs
laid out in the AOP. The works are in this respect not concerned with
orders released to them, but orders delivered by them. Thus to achieve
works quarterly targets, allocators may also be required not to release
too many orders which would result in deliveries the following quarter.
Such orders affect both quarterly output and end-of-quarter stocks.

This work is not assisted by formal planning.
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The Flow of Orders through BSSP

The work that is involved in obtaining and processing orders can
be demonstrated by considering the flow of a UK General order through
BSSP, ‘

Generally order enquiries are feceived by a Regional Sales office.
The customer will specify the required delivery week and in response
the sales staff will “promise' a delivery week. The ‘promised' delivery
week is determined from a set of rules, the leadtime rules displayed on
the central computer. These rules specify the earliest Hot Roll week
and delivery week for all basic categories of steel with further rules
identifying whether extra weeks are needed. Some categories or types of
order will be labelled “refer'. This indicates that the “promised' Hot
Roll and delivery weeks can be obtained by contacting Order Allocation.
The order will then be transmitted on paper to the Group offices at
"Llanwern where the order will be entered onto the central computer. On
the central computer, orders reside in one of three databases depending
on whether the order is a Home, Export or OCS order.

Any order which is new business is referred to the various works
to identify which works can technically fulfil the order. This check
occurs despite the steel having been ordered to a specification. The
reason is that, despite the specification, the steel is still sold as
"fit for purpose'. This can be a time consuming activity; the order
cannot be released until a works has accepted it.

Order Allocation relies on a number of analyses of the oxrderbook
databases. Listings of the unallocated orderbook and recently allocated
orders are produced daily. Also run daily are programmes such as X-10,
a programme which 1lists all wunallocated UK General orders with
incorrect leadtimes. (That is orders with incompatible combinations of

"promised' Hot Rolling week and “promised' delivery week, while taking
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account of work's holidays and wide weeks.)

An order having thus appeared on the orderbook will normally be
allocated a week or —so before the ‘promised' Hot Roll week. The
allocator will schedule the order by defining the “scheduled' Hot Roll
and delivery weeks and releasidg the order to a works. If the
"scheduled' weeks are later than the “promised' weeks, the order would
contribute towards the level of "unallocated" arrears, the levels of
which are monitored by the SMP Planners.

The order is released to the works which will deliver the finished
product to the customer. Once released to this works, the order will be
routed; that is the processing required by the order will be
determined. An attempt would then be made to match the order to
existing downgraded stock. Failing this, works orders will be issued.

The order may involve supply of coil from a different site. For
instance, Shotton works has to be supplied with hot rolled coil. To
obtain this coil, Shotton would enter a second order on the UK General
database specifying the supplying works and required delivery. Such an
interworks order then does not require allocating centrally. Such
interworks orders would be processed by the upstream works as though
the downstream works were a normal customer.

The order will thus be processed by one or more works and
delivered to the customer. Delivered quantities would be recorded on
the central computer. Should the delivery date to the customer be later
than the ‘scheduled' delivery week the delivery would contribute to
"allocated" arrears. As with "unallocated" arrears, levels of

"allocated" arrears are monitored by the SMP Planners.

The above account is still somewhat simplified. One area which has yet

to be mentioned could be described as “commercial complications®.
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Commercial Complications

The most prominent commercial ‘complication' 1is fluctuvating
demand. Historically, fluctuating demand has always affected the steel
industry (7). It affected the various strip products very noticeably
over the length of the project. An example of this was the
disappearance of imported German Galvanized strip from the UK market
in 1988 due to increased demand from German car manufacturers. The
German demand was soon mirrored by UK manufacturers resulting in the
use of overseas galvanizing capacity by British Steel. By 1990 however,
the orderbook had weakened to the point where Galvanizing lines were
being closed for extra holidays as a way of reduciﬁg capacity.

Fluctuvating demand is exacerbated by the demands of steel
stockholders and also by the use of leadtime rules by BSSP as a
mechanism to prevent overbooking. Such use of rules has been criticized
~as a means of order entry control (8). However beyond the workings of
the leadtime rules are other problems. Some customers bypassed the
leadtime rules. In times of overload, orders are placed by some
customers in excess of their actual needs, knowing that they can defer
deliveries to a later date or suspend deliveries indefinitely or just
cancel orders. Some customers are able simply to insist on a delivery
inside the quoted leadtime; prior to privatization, there had been
instances where a customer had used political power to expedite his
orders.

The mechanism to deter such manipulation of the leadtime system
consists of not allocating orders for any customer with excessive
levels of suspended orders. Implementing this mechanism, a mechanism
devised by the Commercial Department, is the job of the allocators.

Prior to the start of the project, the historical mechanism to

control the orderbook consisted of turning down export business during
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an order overload. This mechanism clashed with a policy of expanding
export business and was thus not used from 1986.

As well as the standard Make-to-Order business, other business is
carried out by British Steel. Speedstock and Quickstock are names of
schemes whereby ranges of standard hot rolled and Galvanized strip
respectively are provided on shortened leadtimes. Similarly, Alpha
Stock provides the same service as was provided by Alpha Steel before
it was absorbed by British Steel. Prior to Galvanizing coming on stream
at Llanwern, British Steel sells ‘0Off-Shore Galve'. Although ostensibly
the same product as standard British Steel produced “Galve', it was
treated as a separated product commercially. Order Allocation had to
push for action when the orders for. standard Galve began drying up
while orders for ‘Off-Shore Galve' remained strong. The situation was

operationally nonsensical.

The Allocation Task

Much of the allocator's information is obtained through analysis
of the three databases containing the orderbook. Most of this work
consists of programmes written in C.A.Earl, a database query language.
Maintenance of these programmes is carried out by the allocators and
includes utilities such as order specification decodes. Such decodes
are used by other functions within BSSP.

This maintenance became an Order Allocation duty unofficially.
BSSP's central computer services historically were unable to provide
the maintenance causing allocators to take on the work. Only very
simple analyses, those which require no maintenance, remain under
central computer services control.

Some analysis proved too difficult to maintain. X-10, a programme

which identifies wunallocated orders with incorrect 1leadtimes is
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considered a complicated programme by the allocators. Only two people
in the allocation section ever carry out anything more than the most
simple maintenance on it~. Yet X-10 does not identify orders entered
inside the leadtime. A programme to carry out this analysis proved too
difficult to maintain and was dropped.

As well as programmes run on a daily basis, often programmes are
written in response to a particular enquiry or problem. A typical
example of this was an analysis of the orders placed by Ebbw Vale on
upstream works to identify the volume of orders which would be
requiring capacity on Ebbw Vale's pickle line. Such programmes may be
developed on behalf of Production Planning and Control (PP&C) staff at
the works or in response to some particular problem facing an
allocator.

All plans produced by the allocators are compiled and documented
using spreadsheets on micro-computers. Data obtained from the central

computer is entered manually into these plans.

Allocators spent a significant proportion of their time answering
enquiries which often concern only single orders. Such enquiries can
originate from site or from a sales office. Sometimes answers can be
found by accessing, for instance, the particular order record or the
custpmer file on the central computer. Other enquiries are passed on,
the allocator on such occasions sometimes acting as an advocate for the
enquirer. Other enquiries are of a more general nature concerning

operational information; leadtimes, works holidays, coil weights, etc.

Orders are actually allocated using a utility on the central
mainframe computer. This is a rather primitive utility, the order
number, the scheduled delivery week and the works involved all having

to be entered. Releasing an order is not an infallible process. Thus it
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is necessary to check the orders released against listings of orders
newly allocated to works on the day following release.

Orders can be amended by customers. However amendments can be
overruled by Operations, Technical and other functions within BSSP.
Amendments awaiting clearance are processed using a utility on the

central computer. Allocators are expected to process amendments

quickly.

2.1.5 DEVELOPMENTS IN COMPUTER SYSTEMS WITHIN BRITISH STEEL

This section describes a number of computer system developments
either directly relevant to the allocation task or relevant to the

project task.

A Previous Attempt to Aid to Allocation Task

In the mid-seventies an attempt was made to assist the allocation
task directly. A Linear Programme (LP) was built to allow the best mix
of orders between the different works to be determined.

The programme categorized an order using ninety-nine categories.
The categories mainly defined the ordered product. For instance
category 10 was defined as Hot Rolled Pickled coil with gauge greater
than 6.35mm. The categories were not mutually exclusive. Category 10,
for instance, would also appear as category 3, Hot Rolled coil, as well
as category 1, Hot Rolled Pickled coil. Typically an individual order
would be represented in some seven categories.

Orders in the orderbook databases awaiting release were identified
by their ‘promised' Hot Rolling week and then categorized by the
programme.

Allocators were required to provide a table of maximum capacities
for each category and for each works producing that category. The

values in such tables were not fixed week to week. BAmending the table
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was a tedious task and was the major cause of the system not being used
as intended. This table was the only facility allowing allocators to
control the order mix- between the different works. Within the
constraints of maximum capacities, the LP would consider any order mix
as allowable.

The programme was run overnight. This further constrained its use
as overnight running prevented the allocation policy set out in the
maximum capacity tables from being tested easily.

When run, the programme identified the relevant orders in the
orderbook databases, divided the orders into released and unallocated
and then categorized them. The LP then used the cost of relgasing an
order of a particular category to a particular works to minimize costs
while constrained by previous releases and capacities in the capacity
table. The costs only consisted of transport costs although the
intention was to add other costs.

The programme provided suggested allocations for each order
although the programme could not differentiate between orders with the
same categorization. Listings or totals of the output from the LP could
be printed by works or by categorization. The suggested allocation
could also be used to generate release messages as an alternative means
of releasing orders. These could be accessed as a 1list of order
numbers, scheduled Hot Rolling weeks and works codes. Allocators could
amend the works code prior to submitting the suggested allocation for

actual release.

The programme proved unsuited to the task of allocation in its
intended role. Within a month of its first use by Order Allocation the
allocators had stopped using it due to the tedious task of filling in

the maximum capacity tables and the restrictions imposed by the
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programme only being run overnight. The system was however used for a
number of years to test the actual allocation and to provide a basié
order load analysis. That is, the system was used to monitor the levels
of orders released onto the works and to identify trends in the
orderbook generally. In this role the allocators did not need to fill
in the capacity tables. Such a use was a far cry from its intended
purpose. Further it was at this time the only means of analysing the

orderbook.

Developments in Computer Systems Relevant to Allocation

During the course of the project, new computer facilities became
available. By the completion of the project some use was being made of
these new facilities. However, none of them had by then entered
mainstream use by the allocators.

One of these new computer facilities is called SURE 2 (SUpplier
REsponsiveness system). This system was designed to allow customers to
identify the progress of their orders through the works. It also
provides allocators with the opportunity to identify the actual loads
on the mills in terms of customers' orders.

Another new facility was the availability of the data analysis
language, SAS. However having being available for more than a year SAS
has yet to supersede C.A.Earl for any of the daily allocation
programmes.

The allocators at the start of the project had between them five
terminals for the mainframe and two micro-computers. By the end of the
project, the decision had been made to provide each allocator with a
micro-computer linked to the mainframe. Thus direct input of data from
the mainframe into spreadsheets or other micro-based software will

become viable.
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Finally, most functions used by the allocators on the mainframe
were part of what is called the Order Entry System. By the end of the
project, there was a real possibility that this ageing system would be
re-written providing new functionality. Such a change would greatly
alter .. the allocation task. For instance the system, if implemented,
will allow allocators access to the on-site routing information.

Computer System Developments within BSSP's Production Planning and
Control Functions

The development of PP&C systems at the different steel works
within BSSP is not controlled by any central function. Indeed it was
policy that local solutions should be found to local problems (9).

PP&C systems which were being developed during the course of the
project include a scheduling system for the Ravenscraig concast
steelmaking process, simulation models of the docks and smelting beds
at Port Talbot, a scheduling system for all processes at Shotton works
and a production information system at Llanwern.

The development of these systems was carried out by different
organizations. The first two, at Ravenscraig and at Port Talbot, were
carried out by effectively Operational Research (OR) sections within BS
and coincidentally both used Genetik, a simulation package. OR had
historically carried out much work within BS. However, since the severe
demanning of the early eighties, OR sections have not explicitly
existed within BSSP although this is not so elsewhere in BS. The
Ravenscraig development was carried out by OR staff seconded from
elsewhere in BS while the Port Talbot developments were carried out by
the Industrial Engineering department within BSSP Management Services.

The third system, at Shotton, may not be adopted as it is an
adventurous scheme. It was originally proposed and was being developed

by an external software supplier. It is based generally on Material
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Requirements Planning methods. The fourth system, at Llanwern, was
developed by Llanwern's own computer services department.

-

Expert System Developméﬁts Within British Steel

Much of the justification behind the project was the promise of
expert systems as a problem solving techﬁology. Within Port Talbot,
where the project was originally conceived, expert systems were being
developed within the area of process control and one of these systems
had undergone extensive live trials (10).

Other expert system developments within BSSP included developments
within the area of fault diagnosis at Ravenscraig (11) and the

development of a system to provide technical expertise to sales staff

based on the Product Manual.

Within BS General Steels, a micro-based expert system to assist in
the control a steel smelter had become truly operational while a second
system to advise on the holding of slow moving spares for a steel works
was undergoing trials. A third system had been used to capture the
expertise of operators of a mothballed steel mill. By the end of the
project the mill was still mothballed and thus the system has remained

unused.

2.2 STRUCTURING THE PROBLEM

This section describes the finding out process carried out at the
beginning of the project and the method by which the problem was
structured 1leading to a definition of the task which the project would
carry out.

Structuring the problem included the development of a measure of
performance for the project; the level of unallocated arrears. From

this point, attempts were made to identify the most significant causes
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FIGURE 2.6 CONCEPTUAL MODEL USED TO GENERATE
THE ISSUES SURROUNDING THE ALLOCATION TASK.

A system to load customear’s orders onto the mills
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of wunallocated arrears. As this proved difficult, identifying the
significant causes became itself a major component of the project task.

"

The Finding Out Process

Most of the first six months of the project was taken up in an
extensive finding-out exercise cé;ering many functions within BSSP.
Much of this period was taken in examination of the allocation task.
Allocators were willing to describe their work but they often had great
difficulty escaping from the description of individual cases. They
appeared to find difficulty presenting an overview of their work. Also,
understanding the allocation task was complicated by the use of much
jargon within the task. Jargon included technical, commercial, computer
services and operational terms often loosely applied or abbreviated.

The finding out included visits to two works, Llanwern and
Shotton. The main reason for not including ﬁore works visits was the
differences between the working practices evident from these two
visits. Identifying further differences in working practice was not
believed to be required at that stage given the open ended nature of
the project remit.

Other functions examined included central sales functions, sales

offices and accounts.

Determining a Measure of Performance for the Project

By the end of the initial finding out period, a great deal of
detailed information had been collected. Many difficulties within the
organization had been identified. Yet no central theme was apparent.
The problem situation appeared to be best described as a "system of
problems". Certainly no consensus of "the problem" appeared to exist
except that the allocation function often encountered problems which it

overcame only with difficulty. It was apparent to the author that what
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were perceived as ‘problems' and the ‘“difficulties' involved in
overcoming them varied from role to role within the problem situation.

Articulating this.point could well have led to a consensus as to
what the project should tackle. However, the author took a different
course of action. The remit under which this project work was carried
out had specified that:-

One aspect of the project will be to decide on criteria to
assess the success of the "solution™.

In other words, a measure of performance for the project was required.
The author saw such a measure of performance as providing a statement
of the project task. He thus persevered to determine such é measure of
performance without direct recourse to the stakeholders within the
situation and through such work to achieve a consensus amongst them.

The technique used to determine a measure of performance for the
project had been used previously by the author elsewhere (12). The
technique consisted of using the constructs of Soft Systems Methodology
(SSM) to provide a logical set of activities representing the problem
situation in the form of a conceptual model. Comparing the activities
with the real world situation allowed the significant problems or
issues involved with those activities to be listed. The interactions
between those issues could then be analysed by developing a causal loop
diagram thus allowing the most significant issues to be identified.

The conceptual model and causal-loop diagram developed are shown
in figures 2.6 and 2.7 respectively. The central issue within the
causal loop diagram was quite evident and immediately provided a
measure of performance for the project. That was "untimely steel" or in

the jargon of BSSP, arrears.

As mentioned in section 2.1.4 above, arrears are broken into two

types within BSSP, the 1levels of each being monitored by the SMP
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Planners. “Unallocated" arrears occur when an order is scheduled for
production by an allocator in a week later than that ‘promised' to the
customer. - "Allocated" arrears occur when an order is delivered to the
customer later than the week scheduled by the allocator.

Two considerations pointed fo unallocated arrears as a more
relevant and useful measure of performance. Firstly the total levels of
arrears pointed to both types being significant to the operation of
BSSP. Calculation of the total levels of arrears was a straightforward
process. For the calendar year 1986, the level of allocated arrears was
some ten percent greater than the unallocated arrears giving no reason
to prefer one above the other. Indeed, since that date, the level of
unallocated arrears has always been of the same orxder and often
exceeded the level of allocated arrears.

The second consideration was the causes of the arrears. Allocated
arrears are ostensibly caused by difficulties on site. Throughout the
finding-out process there was never any view expressed that allocated
arrears were significantly caused by poor allocation of orders.
Unallocated arrears, on the other hand, were seen as an inability to
match the order load to the available capacity, something directly
relevant to the allocation task.

The use of unallocated arrears as a measure of performance for the

project was thus agreed by the project team.

Analysis of the Causes of Unallocated Arrears

Having identified a measure of performance for the project, the
author endeavoured to identify the causes of unallocated arrears and
their contribution to the total. This task proved more difficult than

initially expected mainly due to available data.

The figures used to calculate the total levels of wunallocated
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FIGURE 2.8 MODEL REPRESENTING THE PROCESS
BY WHICH ORDERS ARRIVE AT WORKS.
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arrears were obtained weekly by the SMP Planners by a simple analysis
of newly allocated orders with the scheduled delivery week later than
the “promised' delivery-week. This total figure was broken down by
product. No analysis was made within BSSP as to the causes of
unallocated arrears. 4

Initially, the author considered that it would be possible to
identify the most significant cause of unallocated arrears with
relative ease. This belief followed from consideration of the causes of
unallocated arrears for which seven categories were identified. Figure
2.8 provided a simplistic representation of the process by which orders
were allocated. The causes of unallocated arrears could then be
categorized as deficiencies in the outputs represented by the six
arrows in the figure. For instance, orders contravening the “rules'’
would result in an overloaded orderbook. A seventh category can be seen
as being due to the inflexibility of the process. That is adjustment of
the ‘“rules' due to any production shortfall would not be correctable
over the length of the current orderbook.

Of these seven categories, the order entry ‘rules' and the level
of orders obtained contravening the rules were considered by the author
to be probably the major causes of unallocated arrears. It was
considered that other causes could be dismissed 1lightly with the
exception of arrears caused by poor plans and by the inflexibility of
the system. It was felt that quantifying the levels of arrears caused

in such a manner would be required,

Figures for planned capacity and output achieved over the calendar
year 1986 showed long term variations. Such variations, when equated to
shortfalls in production, appeared to give scope for some forty percent

of unallocated arrears to be possibly attributable to poor planning and
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the inflexibility of the system. However such unallocated arrears would
have to be accompanied by allocated arrears caused by the immediate
shortfall in production..-This corresponding level of allocated arrears
was not evident. Actual levels of allocated arrears bore no relation to
the levels expected. ’

The discrepancy between the expected and actual levels of
allocated arrears was not due to allocators reacting to information
other than plans and levels of allocated arrears. Examination of the
data used pointed to the cause of the discrepancy. The production
figures available represented tonnes of throughput. The production
plans used resulted in tonnes of orders loaded. As discussed in section
2.1.3, these two figures did not necessarily equate. The apparent
shortfall in production could be prevented from causing unallocated
arrears by the use of downgraded stock and underproduction in
fulfilling customers' orders. Such practice could have accounted for
all of the discrepancy. Thus the levels of unallocated arrears due to
poor planning and the inflexible system were not identifiable through

analysis of this data.

A second attempt was made to identify the causes of unallocated
arrears concentrating on the level of orders obtained which contravened
the order entry rules. The analysis identified all orders on the
orderbook with delivery leadtimes shorter than that stipulated by the
order entry rules in force at the time the order was accepted. This
data would not directly provide to the level of wunallocated arrears
caused by overbooking. The order entry rules are not applicable to a
number of customers. However it was expected that it would indicate the
order of magnitude of arrears caused in this manner.

The analysis was carried out on orders with Hot Rolling “promised'
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during the preceding ten weeks. The “promised' Hot Roll week was
compared with the earliest week available according to the leadtime
rules in force at the time the order was received. The results showed
that the volume of orders breaking the leadtime rules far exceeded the
level of unallocated arrears. This sitvation was possible due to the
nature of the leadtime rules. The leadtime rules, being capable of
responding only in terms of extra weeks in the leadtime, allowed such
‘laxity to occur without significantly undermining the system as a
whole.

The Decision to Build a System to Monitor the Causes of Unallocated
Arrears

The leadtime system thus proved to be far from exact with regard
to the levels of orders booked. Also the data available concerning plan
fulfilment was not capable of confirming whether or not production
plans were a significant cause of unallocated arrears.

This situation pointed to the need for a more detailed analysis.
The order load would need to be matched directly to the planned
capacity; in effect carrying out a roughcut allocation task.

Such a task suggested the building of a system to monitor the
causes of wunallocated arrears. Firstly the analysis could only be
carried out using current production data as the required historical
data was not available. The use of current data would require the
analysis to be run over a period of time to cope with the intrusion of
short term effects. Secondly.the level of detail required by such
analysis led to consideration of the task involved in carrying out such
analysis. For instance, to identify bottlenecks in capacity, the
analysis would have to consider minor mill facilities such as

inspection lines.
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The question remained whether or not the construction of a system
to monitor unallocated stocks was justified. The main argument was that
the only significant cause of unallocated arrears of which the author
could be confident was the breaking of the leadtime rules. This cause
lay beyond the jurisdiction of the project team. To tackle it, a
greater burden of proof would be required than was then available.

A second reason was that a system to monitor unallocated arrears
was seen as useful even if the project proved successful in reducing
the level of arrears significantly. There was no reason to suggest that
the problem of unallocated arrears would be or could be solved once and
for all.

A third reason was found in considering possible project tasks
given that different causes of unallocated arrears could be found as
most significant. The roughcut allocation task to be carried out by the
monitoring system appeared as a component in many of the possible

project tasks.

The decision was thus made to build a system to monitor the levels
and causes of unallocated arrears. The development of this system, to
be known as UnAllocated Arrears Monitoring System (UAAMS), was approved
by the project team. The development thus then became the first part of

the project task proper.

2.3 ALTERNATIVE APPROACHES TO THE PROBLEM

Prior to embarking on the development of the computer system to
monitor unallocated arrears, UAAMS, it is necessary to consider
alternative approaches to tackling the allocation problem. This section
first considers alternative approaches which could have been taken to

structure the problem. Secondly, literature relevant to the project is
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considered as a possible source of alternative approaches to the

problem.

Alternative Approaches for Structuring the Problem

The use of Soft Systems Methodology to stage a debate as to what
the project should be tackling was‘;ne alternative which was mentioned
above. Indeed, the author was quite prepared for the proposal to build
the UAAMS system to be overruled by a consensus of the project team. It
was considered that such a consensus could have pre-empted the results
from UAAMS, dictating the cause of unallocated arrears which the
project should tackle. Thus the proposal to build UAAMS was not
isolated from the use of a debate as a means of obtaining a consensus
within the project team. The proposal was made more in preparation for
a debate than as an alternative to it.

Another approach to the allocation situation would have been to
analyse the allocation task so as to identify which aspects of the task
were problematical in nature. Such an approach was dismissed by the

author. It has been argued by Checkland (1) that such an approach would

restrict available solutions.

Possible uses of expert systems were also considered at this early
stage in the project and can be seen as an alternative approach to
tackling the problem. As a supporting system for the allocation task
generally, an expert system would need a great deal of understanding of
the production capacities and the production required. Development of
such a system was seen as adventurous although the simpler UAAMS
system, in carrying out a roughcut allocation, was not seen as alien to

such an approach.

Another possible use of expert systems could also be seen in
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reviving the Linear Programme (LP) to provide suggested allocations.
The major reason for its disuse was the need for allocators to fill in
large maximum works capacity tables. As the allocators' only input into
the programme, this had proved far from workable. Using an expert
system to reduce the task required-of an allocator in filling in such a
table did appear to be a useful role for an expert system.

While expert systems did appear useful, the LP itself appeared to
the author to suffer deficiencies beyond the immediate reason for its
disuse. Firstly, its use of costs. Costs were not an input into the
allocation decision. Costs were a part of the Annual Operation Plan
within which the allocators worked. Thus the use of a LP to minimize
costs resulting from allocation decisions did not appear sensible.

Secondly, maintenance of such a LP could have proved a limiting
factor in the operation of the programme. The comparative relevance of
the categories varied with time. Further, the categories would not
remain fixed. Also the costs, even just transport costs, were an
approximation based on percentage levels of interworks routings based
on the AOP. To allow changes in categories without major adaptation of
the LP the author believed that the number of categories would have to
be increased. The LP solution, as discussed in section 3.4.6 below,
relies on manipulation of aggregate order load which would be
jeopardized by the use of too many categories.

The revival of the LP to provide assistance to the allocators was
thus not seen as a necessarily useful approach to the problem. Indeed,
it did not appear to be necessarily tackling the root of the allocation

‘problem’'.

While the allocation function did not appear immediately suited to

being supported by an expert system, this was not so of the SMP
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Planning function. Consideration of this task suggested that the
function then carried out by micro-computers in supporting the planning
task should not be underestimated. An expert system supporting the
planning function would either have to interface with spreadsheet
software, spreadsheets which may.change in layout, or would have to
duplicate the spreadsheets' functions.

Consideration was also given to the decisions made within the
planning process and whether they could be automated or only supported
by an expert system. Through such analysis, the usefulness of expert
systems as a support to the Planning function could be determined.

One point became apparent from considering the possible use of
expert systems within the SMP Planning function. If considered
seriously for development, the task set for this expert system appeared
very difficult. 1Indeed, such a development appeared speculative in
nature. While a means of analysing the efficacy of this particular
expert system solution had been identified, no accounts of similar
approaches to expert system development could be found by the author

within expert system literature.

Literature Relevant to the Project Task

One requirement was to identify methods by which Production
Planning and Control (PP&C) proSlems were normally tackled and to then
consider the applicability of such methods to the allocation task. As
well as this, PP&C literature obviously does not specifically mention
the allocation of orders within a large multi-site strip steel
manufacturer. Given this situation, PP&C needed to be confirmed as
applicable to the allocation task within BSSP.

Much of the justification behind the project was the promise of

expert systems as a problem solving technology. Thus the capabilities
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of such systems required consideration as did the methods by which
expert systems are developed.

The appropriateness of PP&C methods and of expert systems to the
project task is the subject of the next two chapters.

’
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CHAPTER 3
TECHNIQUES AND APPROACHES TO PROBLEM SOLVING IN PP&C

R

The thesis considers the usefulness of expert systems to the
allocation situation. To date, many expert system applications have
been built and some are now in use within PP&C functions; some of these
within the steel industry. However before reviewing expert system
technology and its capabilities, it is necessary to consider
alternative techniques for tackling the allocation situation.

This chapter considers the approaches to and the coverage of PP&C
within the literature. A definition of what is meant by the term PP&C
is followed by a discussion of the nature of the task carried out
within PP&C.

As well as PP&C literature itself, the function of PP&C is also
covered by the literature of Operations Management (OM) and Operational
Research (OR). OM is a wider discipline than PP&C while OR can be
described as a problem-solving discipline.

The literature of OM, OR and PP&C all act as an umbrella for a
wide number of techniques, the techniques often being covered by more
than one of them. The areas of study and the approach to PP&C advocated
by them are shown not to have considered adequately the application of
the different techniques and how to choose between them. Rlso discussed
will be the concept of Computer Integrated Manufacture (CIM) and
relevant work in this field reviewed.

The wvarious techniques are then reviewed. The conclusion is
reached that none of these techniques could be applied to the
allocation task in a straightforward manner. Thus the focus of the

thesis turns to the applicability of expert systems in chapter 4.
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3.1 A DEFINITION OF PP&C

PP&C can be described as the function which provides a production
facility with the plans and schédules required to achieve the desired
sales output. It should be noted that these plans and schedules are not
all destined for the production function; such plans can also be inputs
into the sales function. Plossl, for instance, describes the objectives
of most manufacturing firms as effective customer service, inventory
control and plant operation. He goes on to describe the function of
Production and Inventory Control as:-

concerned basically with providing the information needed

for day-to-day decisions required to reconcile these

objectives in plant operation (13).

PP&C thus does not take customer service as given, which then leads to

input into the sales function.

Another point illustrated by Plossl is the different terms used to
describe PP&C. Plossl, in wusing the term Production and Inventory
Control, simply emphasizes the control of inventory rather than the
longer term planning aspects of the PP&C function; Plossl still covers
the longer term planning aspects of PP&C. The term Production Control
is used by other authors to mean PP&C (14,15).

Differences are not always confined to a difference in name.
Koening's depiction of the organization of a manufacturing firm divides
PP&C between Materials Management and Manufacturing Engineering (16).
The author understands this split as being due to an extension of the
role of Industrial Engineering, described by Prabhu and Baker as being
responsible for the design of PP&C systems (15). Koening, in defining
the scope of Manufacturing Engineering, has extended this Industrial
Engineering role designing the PP&C system to include day-to-day

control of part of it.
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Plossl also attempts to make clear the divide between PP&C and the
function of the "manufacturing people". 1In this, the author would
contend that the divide' is not easily placed. Wight, in stating that
the limit of the PP&C function is to provide "valid attainable
schedules"™ (17) skates over the issue Plossl wrestled with. The level
of detail of the plans and schedules provided to other functions and
the amount of pre-processing of information provided to PP&C 1is not
definable.

Corke defines the objectives of PP&C, or as he terms it Production
Control, as:-

to enable good delivery dates to be offered, and to get
customers' orders completed on time (14).

The divide between PP&C and the manufacturing and sales functions
revolves around the words "enable" and "get". The author would suggest
that the level of detail of this “enabling' will vary from firm to
firm, the level being determined by custom and practice.

The author would like to emphasize here the effect of the placing
of these divides on the conflict of objectives which is widely agreed
to impose on the function of PP&C. The placing of the divides between
PP&C and other functions will determine the ability of PP&C to
manipulate these objectives as opposed to accepting them or negotiating

changes in them.

3.2 THE NATURE OF THE PP&C TASK

PP&C 1is widely seen as a difficult but important aspect of any
manufacturing organization. The benefits to such organizations from
improved PP&C are large. Both Prabhu & Baker (15) and Plossl (13), for
instance, see improved PP&C as "vital" as this can lead to very

significant increases in company productivity. Others, for instance
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Tompkins (18) and Fox (19), see the need for improved control systems
to reduce the costs of PP&C itself.

But often these benefits are not realized. As Barber and Hollier
state:~

Many companies already using computer-aided production

control techniques are not using them effectively and some

have not improved on previous manual systems (20).
The difficulties engendered by the PP&C task are thus highly
significant. Considered here is the description of these difficulties

found within the literature. An underlying question is whether or not

the PP&C literature is relevant to the allocation task.

Conflicts of Objectives within PP&C

Within the literature, many authors describe the essence of the
difficulties which PP&C attempts to overcome. Galgut, for instance, is
emphatic that the problem is due to imprecise information and
inadequate management (21). Fox (19) sees the problem as the need to be
able to adapt so as to cope with complexity and uncertainty.

The complexity and uncertainty are identified in some form or
other by most authors. Some authors continue from this point to
conclude that the PP&C "system" will never be able to cope with all the
problems it encounters (14,15,22,23). Prabhu and Baker (15) suggest the
handling of these problems which PP&C is unable to cope with shows the
need for the "system" to have adequate authority within the company.
Corke (14) similarly sees the need for PP&C to enable wider decisions
and thus to prevent conflicting objectives; the same conflicting
objectives presented above as Plossl's definition of the PP&C function.
Prabhu and Baker (15) also mention the conflict between planning
decisions carried out at different levels within the organization, a

conflict in objectives identified elsewhere (24,25).
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It is not made entirely clear by all these authors that they would
actually endorse the proposition that the conflicting objectives are
the major cause of difficulty within PP&C. However the problems of
conflicting objectives are given prominence in their accounts. For
instance, Prabhu and Baker (15),- while describing the control aspects
of PP&C, state that if this task is ensuring the right quality, cost
and delivery, then the main problem is defining precisely what the word
‘right' refers to.

The prominence of these conflicts within this literature does
match the author's understanding of the importance of such conflicts
within the allocation function. The problems posed by such conflicts
are seen by the author as unstructured or “soft' problems as described

by Wilson (26).

In recounting these conflicting objectives, the literature has in
the author's view fallen short of describing the full richness of the
reality of PP&C. Scudder and Hoffmann (27) are alone in recounting the
"end-of-the-month" syndrome where, towards the end of each month, the
PP&C function is forced to maximize the current month's output at the
expense of the'following month. Customer indiscipline in changing its
requirements or expecting preferential treatment is mentioned by for
instance Corke (14), although the reviews of Ingham (28) account this
issue some prominence. Corke alone countenances the existence of non-
realistic internal delivery dates (14).

Such realities within PP&C can be seen within the allocation
function. They are symptoms of the conflicting objectives discussed

within the literature.

The Nature of Complexity and Uncertainty within PP&C

It was argued above that these “soft' problems encompassing the
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conflicts of objectives within PP&C follow from the inability of PP&C
to cope with the complexity and uncertainty of the production facility.
That is the required objectives could be more easily clarified if PP&C
could maintain complete control over production. So what then is the
nature of this complexity and uncertainty?

The literature does not always cope well with describing this
complexity and wuncertainty. Van Dierdonck and Miller (29) make an
almost theoretical description. Complexity, they say, is a function of
production volume, diversity, repetitiveness and task interdependence
while uncertainty is generated from variations in supply, demand,
production and objectives.

This treatment of uncertainty concentrates on forecasting problems
almost ignoring the problems engendered in data collection. Galgut
describes all such collected data as imprecise (21). Bestwick and
Lockyer describe it as often grossly imperfect (22) while Prabhu and
Baker describe the data as seldom available (15).

The uncertainty then revolves around the failings of data
collection and the inability to forecast future events. Galgut has
shown that the uncertainty is only a problem in that the complexity of
PP&C requires precise data (21).

Turning then to complexity; in the author's view, discussion of
the complexity of a production facility, for instance by Prabhu and
Baker (15) or by Starr (30), suggests that there is a model of such
facilities which the PP&C function should be utilizing; that the number
of orders, items, processes, machines, interdependence between orders
and stages in manufacture define the complexity of a production
facility.

The author contends that it is more appropriate to consider

complexity as the complexity PP&C has to handle to achieve an adequate
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level of control. For instance, the unit of measurement of capacity and
work load is often artificial, selected to satisfy a number of
considerations (14); it-is not pre-ordained.

Further, the author would contend that uncertainty results in
added complexity for the PP&C system to  handle. For instance, the
problems of plans diverging from reality with time, discussed by Corke
(14), can be seen as being a factor of uncertainty. The problem would
be overcome through more detailed or more frequent planning. This would
add to the complexity of PP&C., Similarly a requirement to take account
of arrears (21) or yields (31) can be seen as a factor of uncertainty
causing an increase in PP&C complexity.

A further point with respect to complexity is the inter-related
nature of PP&C problems. Delivery dates, Work-in-Progress levels, batch
sizes, stock levels and throughput times, presented by Prabhu and Baker
as typical PP&C problems (15), are all inter-related.

The complexity and uncertainty of the allocation task thus does
match the descriptions of PP&C within the 1literature, although the
literature often could be described as too clinical. Accounts such as
Mather's (23) are perhaps more realistic, although his use of the word
"chaos"™ is rather strong.

The function of PP&C can thus be described as often problematical.
It should be mentioned that such situations are not unique to PP&C. The
problems faced by Data Processing departments are widely seen in a

similar light.

Reflecting on the Nature of the PP&C Task

The author has argued above that the conflicting objectives
imposed onto PP&C functions can be seen as unstructured or ~soft!

problems. The author has also presented various aspects of complexity
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which PP&C also has to cope with. These aspects of complexity can be
seen as presenting a structured or “hard' problem. The proximity of
these “soft' and “hard'.problems of such profundity within PP&C appears
to the author to set PP&C apart from most other standard funcéions
within organizations. b

Despite this situation, and the importance of the task, there
appears to have been little research into the real-world process of
PP&C. Fox for instance, while investigating the scheduling task within
a Jjob shop within Westinghouse (32) identified that the schedulers
spend some 80-90% of their time collecting data from around the plant.
This figure, found to be mirrored in RAF aircraft repair scheduling by
Grant (33), has not been highlighted by other authors.

In 1979, Gupta reviewed the research into flow shop scheduling.
His conclusions, while rather scathing, are perhaps not inappropriate
ten years on.

The mathematical theory of flow shop scheduling suffers

from too much abstraction and too little application. The

practical use of flow shop scheduling techniques is rare.

This questions their suitability. In spite of 23 years of

research, we know very little about the practical flowshop

scheduling problem except that it is an often occurring

problem. (Research should) be inspired by more real life
problems (34).

3.3 APPROACHES TQ PP&C

The task of PP&C has been defined and the nature of the task
described. Approaches to tackling the PP&C task are covered by such
disciplines as Operations Management, Operational Research and Computer
Integrated Manufacture as well as the literature of PP&C itself. These
approaches are reviewed here. Not covered here are expert systems which
are the subject of the next chapter although some expert system

research is covered here as part of Computer Integrated Manufacture.
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3.3.1 OPERATIONS MANAGEMENT

Operations management (OM) is concerned with the management of
physical resources for production, whether the product be a
manufactured item or a service (35). It thus encompasses PP&C. |

By taking a wider view than PP&C, OM can be seen as a possible
source of input into PP&C. Considered here are the strategic
considerations of OM relevant to PP&C, classifications of production
systems and discussion of the approach OM has towards the use of

different PP&C techniques.

PP&C Strategies from Operations Management

It is widely agreed that the sub-division of the operations
function results in a sub-optimal performance for the facility as a
whole unless some central coordination is achieved. It is also widely

agreed that this problem is central to OM.

While the problems of sub-optimization have been recognized for
some time, recently more emphasis has been placed on the interactions
between corporate strategy and OM (35,36). Thus sub-optimization is now
being seen with regard to the whole organization rather than in terms
of only the operations function. Hill discusses at some length the
"great business divide" and the way objectives differ between
manufacture and marketing (37). He sees the need for manufacturing to
become less reactive and to promote a coherent “manufacturing
strategy".

There 1is general agreement that the effectiveness of the whole is
achieved through the linkage of strategic requirements to the lower
level PP&C decisions. Buffa and Sarin see ‘making operational decisions
strategic' as one of six basic components of a manufacturing strategy

(35). They identify the development of Just-in-Time (JIT) manufacture
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as an example of this and describe the Operations Audit as a means of
obtaining a realistic estimate of the operations function's
effectiveness. Other  similar work includes that by Voss (38) and Van
Dierdonck and Miller (29), the latter specifically with regard to PP&C.

Others are less prescriptive but also identify the need for
measures of performance to identify strategies or objectives (15,36).
Constable and New teﬁper the idea of such strategies with the comment

that implementing strategies of this sort is not easy (36).

Miller tackles sub-optimization within OM by presenting a
breakdown of the functions of OM for the purpose of identifying the
performance of different aspects of the OM functions in a company (39).
In such a way the effectiveness of PP&C functions could be identified
and a decision made as to what areas need improvement.

A more specific view which has been proposed with regard to the
sub-optimization issue is the effect of limitations of PP&C on a
manufacturing organization. Prabhu and Baker identify the need to match
the abilities of an operations function with the needs of the market,
and extend this to matching the complexity of the production process to
the abilities of PP&C to control production (15). They state:-

If production is complex, so too will be the production

control system and levels of staffing required. Production

control procedures are often simplified considerably and
staffing levels reduced through reorganizing what the
manufacturing unit is doing.
Hill agrees with this stance and suggests that such strategy tends not
to be considered during the design of PP&C systems (37). However, some
types of production are linked with the simplification of PP&C. JIT
and Group Technology are instances of this, although Dale and Russell

(40) have concluded that Group Technology is not free from its own PP&C

problems. It should be noted that balancing the complexity of the
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production system with the required complexity for production control
exemplifies the cybernetic principal of ‘requisite variety' (41).

The status of thélbroject was such that the idea of linking PP&C
requirements to an overall manufacturing strategy, which itself
required defining, was impracticaf. Furthér, the author agrees strongly
with Constable and New; implementing such a strategy would be far from

straightforward (36).

Classification of Production Facilities

Since the 1950's, attempts have been made to produce useful
classifications of production systems (36). Consideration is given to
attributes of the product (20,36), the production process (15,35,36)
and stocking policies (15,35,42) to varying levels of detail. Schmitt
et al present a variation on these more usual forms (43).

Most of these classification schemes are conceptually easy.
However, the author should mention one that is not so straightforward.
That is the dichotomy Push-Pull which is often introduced to explain
the Just-In-Time system. The common differentiation between “push' and
*pull' systems, described for instance by Buffa and Sarin (35), is as
follows. Work within a “pull' system is driven by the requirement to
supply down-stream processes. Work within a “push' system is driven by
the presence of jobs waiting up-stream of the process in question. Tddd
(44) has described a successful Pull system as simply being adequately
primed. Pull systems thus rely on a balance between the abilities of
the plant, and the accuracy of the forecast of future demand. The
author agrees with this view and would state that such discussion of
the benefits of Push or Pull as given by Hill (37) are in the main
nisleading.

Some of the work classifying production systems is directed towards
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identifying the most appropriate production control systems. For
instance the classification of batch production. systems of Barber and
Hollier (20) attempts- to identify the most appropriate areas for
computerization. Also Seward et al (45) compare the applicability of
Closed-Loop Material Requirements Planning (MRP) and Hierarchical
Production Planning (HPP). However this work is by no means conclusive.
Barber and Hollier stress that their work does not provide the
definitive computerization program, only an input into the decision-
making procesé. Seward et al, while comparing only two of the available
techniques, appear reluctant to delineate the appropriateness of even
these two techniques positively.

The more usual coverage of such classifications does not consider
the relative appropriateness of techniques. Within OM, the
classifications are not fixed. That is, OM encompasses the design of
the production facility which defines how the facility will be
classified. OM thus considers the facility design options open to an
organization and the general advantages of each (35,36,43) Within PP&C
literature, a similar use of classifications can be seen except at a

more detailed level (42).

Choice of Techniques within Operations Management

In the past, OM was technique-oriented (46). Such an approach has
been defended by Bestwick and Lockyer (22). They consider the problems
within OM as either ‘programmable' or ‘non-programmable'. The
techniques of OM tackle the “programmable' problems leaving management
more time to solve the ‘non-programmable' problems. Within this
framework, the techniques are not treated in isolation. For instance,
with respect to scheduling, Bestwick and Lockyer state:-

It must carry with it the full weight and responsibility of
top management, and consequently must be part of the
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corporate policy of the organization. Scheduling is too
important to leave to the schedulers.

Similarly Constable and New (36), in discussing the various sub-
divisions of OM, conéider the problems which are often encountered
rather than prescribing suitable tg;hniquesf In this respect, the most
relevant charge levelled at technique-oriented OM is that it does not
attempt to identify the most suitable techniques, as levelled by Hill
(46) . Hill sees choosing appropriate techniques as the important part
of OM. However, the choice of techniques made by Bestwick and Lockyer
would be described by the author as pragmatic. The choice is based on
what the authors see as being used and useful. Constable and New in
presenting the problems, are perhaps attempting to structure such a
choice.

Certainly these accounts do not deal with the new technique-based
philosophies which Hill warns of. OM has yet to provide a structure
through which such ghoices could be made. Treatments of these new
techniques mainly describe only the individual techniques in isolation.
Buffa and Sarin (35), for instance, describe four techniques; Materials
Requirements Planning (MRP), Manufacturing Resource Planning (MRP2),
Optimized Production Planning (OPT), Just-In-Time (JIT). But they give
only brief consideration of the differences between MRP and OPT. The
relative applicability of the four techniques is not discussed to the
author's satisfaction. By no means does this coverage of techniques add

to the coverage to be found within PP&C literature.

The Usefulness of Operations Management to PP&C

Given the argument presented above, the author can see little

input into PP&C from OM which would have been useful to the project in

hand.

It must be borne in mind that PP&C is a large sub-division of OM.
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The divide between PP&C literature and OM literature cannot be drawn
definitively. Considered here has been only the wider view afforded by

OM. -

3.3.2 OPERATIONAL RESEARCH WITHIN PP&C
F :

Determining the approach which OR would make to tackling the

allocation problem can only be understood in terms of the developments
which have occurred in OR. Thus an outline of the history of OR is
given followed by an attempt to answer the question “What is OR?' and
coverage of the literature discussing OR methodology. This is followed
by three sections discussing generally the OR techniques appropriate to
PP&C; comparisons drawn between them, their usefulness and accounts of
the work concerned with improving their usefulness. Two further

sections cover ‘soft!' OR.

The History of OR

The History of OR has been well covered in the literature.
Recently, accounts have been given of early OR (47), its inception
during World War Two and spread to civilian use (48) and the effects of
computer developments on the later history of OR (49). The other major
strand to the history of OR is the OR ‘crisis' of the late 1970s
epitomized by Ackoff's paper "The Future of OR is Pést" (50}

The first symptom of crisis within OR was the low implementation
rate of OR work, which had become an issue as early as the 1960s (51).
By this time, OR had become an academic subject, developing and
teaching mathematical techniques, the relevance of which was
questionable (52,53). Developments in computer technology allowed the
increased sophistication of these techniques.

The crisis in OR was more profound in the USA (50) where Woolsey

(54) saw the academic emphasis as the main reason for the crisis.
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Ackoff's interpretation of the crisis was that OR practitioners were
attempting to tackle problems rather than the “mess' faced by their
clients, that problems were being distorted to fit solutions by for
instance wusing optimizing techniques, and were not involving the
stakeholders in the analysis. Ackoff’was not alone nor was he the first
to make such diagnoses.

OR has certainly developed since this crisis. However, OR is still
seen by some as technique-driven and optimizing, such a view being used

for instance by Jackson (55) to promote non-OR techniques.

One development within OR has been the adoption of OR techniques
by non-OR practitioners (52,56-58). due in part to easier-to-use
computing (56) especially micro-computers (57). In this respect, OR has
begun to deliver Decision Support Systems (DSS) rather than answers
(49,59).

Another development has been “soft' OR. This encompasses a set of
approaches developed by, for instance, Eden et al (60), Bennett (61)
and Mason and Mitroff (62) which attempt to cope with the “mess' and
involve stakeholders in the analysis. A similar approach, though not
integral with OR, is Checkland's Soft Systems Methodology (SSM) (1).

The wuse of prototyping within the development of computer systems

is also seen as an approach of OR (49,56).

what is OR?

The OR Commission, reporting in 1986, decided that OR in practice
should be taken to mean anything recognized as such by Society members
(56) . Their findings as to what was thus OR did not directly identify
optimizing or cost saving as the aims of OR in practice. They found
little explicit wuse of mathematical techniques, the approach or

methodology used being described as “pragmatic'. The commission found
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little in the way of a definable methodology.

The main drawback to the health of OR found by the Commission was
that the outside perception of what is OR is restricting the tasks
which OR practitioners are called on to perform.

On the whole the commission suggests that OR in practice is not in

crisis.

In 1953, Morse adopted a similar definition of OR to that used by
the OR Commission, He added the rider that the methods of OR were those
reported in the journals (63). Currently it is strongly evident that
the findings of the commission as to the practice of OR only bear a
passing resemblance to the heavily mathematical content of OR journals.
But there is no reason to believe that practical OR has substantially
changed since the crisis while the literature has not; Dando and Sharp
had made an identical observation in 1977 (64) showing the fundamental
“hard' precept of OR was even then a myth. The author would contend
that while the introduction of such concepts as DSS and soft OR into
the literature is a positive move for OR, the causes of the crisis
still exist. That is the literature does not reflect the reality of OR.
The OR Commission (56), in recommending a new magazine (OR Insight)
aimed at OR practitioners rather than academics, appears to conform

with this view.

OR Methodology

The traditional OR methodology, or the description of the process
of OR, consists of a list of stages revolving around the use of a model
through which a solution can be analysed (65). Such descriptions have

been criticized.

Schwenk and Thomas (66) and Tait (67) suggest that the methodology
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should be wused flexibly and iteratively; Ward describes this as a
learning process (68). Tait also stresses the need to be conscious of
the “weltanschauung' ..driving the analysis; generally that the
constructs of soft OR should not be ignored within traditional OR.

Others have considered how to incorporate soft OR into the
traditional methodology. Woolley and Pidd identified within the
literature what appeared to them to be four “streams' concerning the
first ‘“problem formulation' stage of the methodology (65). The use of
these “streams' they took to be decided by personal preference. One of
these . streams, the people stream, can be seen as using soft OR as a
front end to the rest of the process.

Jackson, rather than accepting the methodology, criticizes it for
not being able to cope with multiple perceptions or complexity (69). To
overcome this he presents a framework of problem types (70). Thus
categorizing the problem would appear to become the first stage in a
wider methodology, this first stage leading on to use of a soft, hard
or other appropriate methodology.

Robins (71) combines soft and traditional OR by considering three
"perspectives' of the process of OR. One is a version of the
traditional OR methodology. The second, the political view, presents
what could be called a soft definition of the problems tackled by OR.
The third perspective considers the models through which the problem
situation is and can be viewed. However Robins (71) describes the
process of OR as "iterative and somewhat messy sequence of steps chosen
during the analysis to satisfy the immediate demands of the

investigation." He is emphatic that OR methodology is not definable.

Description of the process of OR then has yet to fully incorporate

either the soft approaches, or the concepts of prototyping or DSS
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within it. Nor is the difference between providing understanding to the
client and providing a solution adequately represented; both are widely
understood to be valid outcomes of traditiomal OR.

Choosing between OR Techniques within PP&C

's

While description of the process of OR may not have been well
advanced, the other contribution which traditional OR could possibly
provide is in choosing between techniques to use within PP&C. Generally
this 1is not an easy task. Haley has suggested that there are too many
OR techniques for an OR practitioner to cover in such a choice (72).

However some work has been carried out with regard to the
application of techniques within PP&C. Eilon, for instance, has
compared different aggregate planning techniques (73) while Alexander
has identified several such comparisons of different priority rules for
job shop scheduling (74).

The author's criticism is that the work is quite theoretical and
thus not driven by the important aspects of real world problems. Work
by Muhlemann et al (75) for instance showed that the frequency of
rescheduling was a far more important factor than the choice of
priority rule regardless of the criteria of evaluation. The
identification of such an important factor in priority rules is seen by
Fox and Kempf as profound and quite new (76). Such an occurrence
however is not unique. Another instance concerns the Economic Order
Quantity (EOQ) construct. Kingman identified that the assumptions
concerning periods of credit did not match the real situation (77).

Ritzman et al (78) carried out simulation work in an identical
manner to the more standard OR work except that they use a more
detailed simulation and compared different techniques rather than

different versions of the same technique. In doing so, Ritzman et al
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avoid the author's criticism of being too theoretical. Such work is

Irare.

Usefulness of OR Techniques within PP&C

Traditional technique-based OR has been criticized for being too
narrow in outlook (79-81), unable Eo suppoft problems that are not well
defined (82). Thus it is seen as inappropriate for planning and other
high 1level functions within a company (52,62,83). The literature
suggests from this, and indeed a few authors state (69,84), that OR is
a useful approach at only lower levels within the company.

Scheduling (52,62) has been specifically mentioned as being such
an application. But scheduling applications of OR have also been
described as non-existent (85), of 1little value (79) and quite

restricted (25). Even one area of success, that of stock control, has

been criticized as providing only coincidental improvement (77,86).

The Development of OR Techniques for PP&C

The techniques of OR are not then universally seen as useful
within PP&C.

In 1977, Eilon discussed the different views held by academics and
users with respect to PP&C, At the same time Eilon described the
ineffectiveness of the practice of PP&C (87). Eilon's view of the
problem was that PP&C “systems" ossify the process of PP&C, something
not recognized then by academics. While discussing the scheduling task
in 1978, Eilon (88) was less specific as to the reasons for "the
glaring inefficiencies (that) are rife in production systems™. He saw
two possibilities for this; either the theoretical work was misplaced

or the practitioners had failed to exploit this work properly.

There is acceptance within the literature that certain techniques
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are seldom used. One example of this is aggregate planning (89-91).
While all of these authors agree as to the reason why aggregate
planning systems “ossify' the task, they do not propose the same path
to overcome this problem. Nor has the literature yet shown the relative
efficacy of such paths. s

A survey by Oakland and Sohal of UK industry (92) identified only
forecasting and stock control techniques as being used widely within
PP&C, a conclusion which had already been drawn (36). Oakland and Sohal
identified the main reason for other techniques being little used as a
lack of knowledge of the techniques within the companies. Oakland and
Sohal conclude that the need is to overcome this "barrier to
acceptance"” of the techniques (85). However the linkage presented
between the techniques and the benefits from their use is seen by the
author as tenuous.

Heard (93) presents a different perspective of the gap between
theory and practice within PP&C, something he describes as "a
substantial schism". Heard puts the root of the schism as a problem of
communication between practitioners and theorists. He sees the way
forward through structuring the subject such that it can be understood
by both parties. Such structuring of PP&C will be discussed in the next

section.

While the gap, schism or lack of acceptance of traditional
techniques is generally agreed to exist widely across PP&C, the

literature shows widely differing responses to this situation.

Soft OR

The various strands of soft OR grew from the need to involve the
client set in the analysis. Mason and Mitroff (62) for instance

developed an approach to problems, called Strategic Assumption
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Surfacing and Testing (SAST), to overcome disagreements concerning the
basic definition of the problem. Checkland (1), reflecting on the
limits of Systems Engineering rather than OR, found the concept
‘problem' itself needed to be refined. He identified what he termed
unstructured or soft problems in which the required objectivés cannot
be articulated. Thus the resultant development of Soft Systems
Methodology (SSM) does not aim to solve problems. Rather it aims to
improve situations. Similarly, mainstream OR has also developed refined

ideas of problem-solving, for instance by Eden (94).

The soft OR approaches can be seen to lie on a spectrum varying
from “soft' to ‘hard'. Checkland describes such a spectrum (95).
However he does not plot onto this spectrum the soft OR approaches,
rather the various philosophies of approach advocated by the likes of
Vickers or Churchman (1).

The softer approaches, as well as coping with the different views
of the stakeholders, are also highly introspective. The process of
intervention becomes, as Checkland describes it, systemic, and thus is

able to cope better with the organizational ‘mess' (95).

The majority of the soft OR approaches are termed soft in that
they explicitly involve the client set. An example of what the author
would call the most basic of soft approaches is given by Butterworth
(96) where effectively hard constructs are presented to the decision-
maker who, assisted by the analyst, structures the solution path. The
overriding problem being tackled by the analysis remained unquestioned
but unlike traditional OR, the process goes beyond a straightforward
assessment of alternatives (97). |

The inclusion of multiple stakeholders within such processes leads

to processes more generally seen as soft OR. The work of Mason and
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Mitroff (62) and Bennett (61) allows reconciliation of differing
objectives within an ostensibly hard, numerical construct. The majority
of the approaches described as Soft OR (97) appear to conform to this
description.

Ackoff's participative planning (98) can be argued as having not
progressed beyond these approaches on the spectrum. While Ackoff
presents many aspects thaf parallel SSM, he has been criticized for
adopting a goal-seeking model (1). Ackoff in recognizing the soft
‘needs', suggests that a participative approach would achieve a
workable agreement.

The softest approaches are Eden's Cognitive Mapping (CM) and
Checkland's SSM. Both centre around the use of a modelling technique to
explore the problem situation and the views held by the client set.
Both approaches are seen as being developed within the concept of

action research (1,99).

Cognitive Mapping is a process in which causal loop diagrams are
constructed from the views of stakeholders. These diagrams or Cognitive
Maps are combined and amended by the stakeholders, this process being
supported by computer tools. As well as facilitating the circulation of
different views, the process can also be used to work towards a
“"consensual" view (99) which the author assumes to mean a workable
agreement.

Much of the recent work regarding the use of Cognitive Mapping has
been directed towards .strategic planning within Eden's Strategic
Options Development and Analysis approach known by the acronym SODA

(100) .

SSM, rather than wusing a causal loop diagram, uses activity

diagrams. These are derived from a Root Definition which defines an
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objective (26) or purpose for the system represented by the activity
diagram. Comparison between activity diagrams (called conceptual
models) and the real.situation allows learning about the problem
situation. A number of uses for SSM have been developed (1,26).

It has been stated that the-conventional description of SSM has
remained less than precise (101). Certainly the wide ranging uses of
SSM are not covered fully by descriptions of SSM within the literature
(102,103). Such accounts Checkland describes as the generalized
account of SSM (104).

The description of SSM is not straightforward. Checkland stresses
that SSM is a methodology; "a set of guidelines or principles" which
can be tailored to the characteristics of both the situation and the
user. Yet even the highest level description of SSM (103) still appears
in a generalized form rather than an all-embracing description. To the

author, this generalized description of SSM appears deficient.

Concerning the Description of Soft Systems Methodology

In presenting his "bird's-eye view" of SSM (103), Checkland
presents SSM as an evolving methodology. He sums up by presenting a
number of points of overall learning from the development of SSM which
the author now considers. The author would agree that SSM is "a
systems-based learning system". However the author does not believe
that its use "has to be participative"™ although he does accept that SSM
does not constitute a body of "professional knowledge".

Considering these points further, it can be seen that one stage
within the SSM ‘learning system' is the identification of feasible and
desirable change. This stage is usually considered to be a debate,
suggesting an increased level of participation compared with previous

stages. That is an increase either in the number of personnel from the
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problem situation involved or in the detail of discussion with those
personnel. That the stage is identifying organizational feasibility
also suggests this. o=

For the wuse of SSM to be partibipative the author would expect
more than Jjust active involvement during the debate stage. To be
described as participative, the aﬁthor would expect the process of SSM
to either involve stakeholders within the earlier stages of the
approach, or present the earlier learning stages to the wider audience
during the debate rather than just the learning from those stages.

These requirements, which the author sets to define a
participative use of SSM, both become difficult when the use of SSM is
to support some other body of “professional knowledge'. An instance of
this can be seen in the provision of computer systems. SSM can be used
in a participative way to provide a primary task model (26) or to
identify organizationally feasible and desirable systems. When however
this also involves technical feasibility, the technical “professional
knowledge' is best coped with by the professional by considering
himself as within his own problem situation. The organization then
takes the role of an environment for the analysis. In this manner, SSM
can be used to determine actions and involvements with the
organization.

Such use of SSM remains non-participative simply due to the
problem boundary enclosing so few stakeholders. Defining the problem
boundary in such a manner is not considered explicitly within SSM

(105) .

The author had made such use of SSM prior to the inception of this
project within the design and implementation of business computer

systems, as mentioned in chapter 1. Such use of SSM is certainly not
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covered by the generalized description of SSM.

One description does encompass such use of SSM. Checkland (101)
once presented two different modes of use of SSM. Mode 1 equates to the
generalized version of SSM "used to carry out a project" or, in other
words, to tackle a problem within an organization. Mode 2 Checkland
described as the use of SSM to plan and "do thinking" about a project.
This Mode 2 version of SSM can be otherwise described as wusing SSM
within the problem solving system (1) or in other words the problem
boundary encloses only the activities carrying out the project rather
than the activities which the project is acting on.

As well as legitimizing a particular form of SSM, the author sees
this description of Mode 2 use of SSM as of further significance. In
extending the description of SSM beyond the standard ‘generalized'
form, it can be seen as the first stage in the development of an all-

embracing description for SSM.

Implications of OR for the analysis

Much of the OR 1literature discussed above provides little
assistance to the project task. Description of the process of OR has
developed little beyond the traditional pre-crisis description and the
work considering the choice of technique is argued by the author to be

too theoretical.

Soft OR did present constructs of relevance to the allocation
problem. The conflict of objectives within PP&C after all has been
argued above to be ‘soft' in nature. However the complexity of PP&C has
been also argued to be “hard' in nature,

In such situations, the widely agreed role of soft OR would be to
identify some workable consensus through which a traditional hard

approach would be feasible. This is analogous to the generalized, Mode
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1 version of SSM.

The traditional OR approach would be that the area of concern can
be modelled regardless of what consensus is obtained. Indeed the model
would allow the situation be understood and thus hasten a consensus.

The problem the author sees-with the *Mode 1' soft approach is
that traditional models may be necessary to understand the implications
of any discussions. And the “hard' approach would require direction to
prevent the modelling from becoming un-necessarily complex or solution-
driven.

The mode 2 use of soft OR in which the soft constructs are used to
plan and to assist the project does appear useful within PP&C where

both soft and hard “problems' exist side-by-side.

3.3.3 PRODUCTION PLANNING AND CONTROL

While there 1is general agreement that the task of PP&C is
difficult, there is no consensus as to how to improve the operation of
a PP&C system. Many authors are proponents of particular techniques;
Goldratt with Optimized Production Technology (OPT) (106), Wight with
Manufacturing Resource Planning (MRP2) (17), Plossl with his approach
based on control of throughput time (8). Others consider that one
single technique cannot be the solution to all PP&C situations.
Reinfield, for instance, states:-

Any single idea may be very valuable to a firm, or it may

be harmful if used improperly, or even if used at all

(107) .

The question to be answered here is: how does the PP&C literature
assist in identifying these ‘valuable ideas'?

Firstly comparisons between techniques within the PP&C literature

will be reviewed. Then literature covering the structure and

classification of the PP&C task will be reviewed, a structure of PP&C
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being developed from some of this work. Finally, the role of computers

will be discussed.

Choosing between PP&C Téchniques

The advice given by PP&C literature with regard to the choice of
appropriate techniques is often cghtradictﬁry. On the whole comparisons
involve no more than two techniques.

MRP is stated as suitable to production with an "upside down bill
of materials", steel production being stated as an example of this type
of production (17). Indeed, MRP is stated as being "not universal but
applicable to most manufacturing™ (108) or suitable for any
manufacturing involving dependent demand between production stages and
involving discrete items (109). Steel production certainly conforms to
this description. However Haglund concludes that MRP is not needed
within primary metal production (110) while Fiora and Pitzer state MRP
is not appropriate to steel production (111). They describe an
alternative approach used in US Steel based on levels of Work-In-
Progress (WIP) and calculated leadtimes, a scheme also used within
BSSP.

Comparing the relative applicability of MRP and Hierarchical
Production Planning (HPP), the production carried out by BSSP is
certainly capacity rather than sales driven. Thus to- BSSP, HPP is
fundamentally more appropriate than MRP according the Seward et al.
Indeed, BSSP has all but one of the seven attributes described by
Seward et al as the attributes which identify HPP as being more
applicable than MRP (45). Etienne, comparing the applicability of MRP
with methods based on Economic Order Quantity (EOQ) states that EOQ is
more appropriate to industries such as steel (112), contradicting Buffa

and Sarin who see EOQ as only suited to independent demand (35).
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Other authors compare such techniques as MRP, JIT and OPT in this
same manner (113,114). The assumption is that the techniques are
mutually exclusive. Within this assumption, concepts can be transferred
from one technique to the other as Buffa and Sarin describe between OPT

and MRP (35).

This assumption of mutual exclusivity is not made by all authors.
Andersson et al investigate the usefulness of MRP within HPP (115).
Billington et al see a similar coupling of the two techniques but from
an MRP viewpoint rather than from HPP (116). Krajewski and Ritzman see
MRP as a middle level technique with HPP techniques operating above and
simulation below (117). Swann argues that the function of MRP is
separate from the function of OPT (118). Leahy describes the
integration of OPT and JIT techniques (119).

To make sense of such differing coverage of these teéhniques, the
author would argue that there is a need to identify the structure onto

which these authors are placing these techniques.

Structuring and Categorization of the PP&C Task

Large amounts of work have been published presenting structures
for the PP&C task. There is however no standard presentation of this
structure. Many different types of structure can be found. These
include functional sub-divisions (120), taxonomies (20,93,121), 1lists
of PP&C tasks (20,36,110) and diagramatic representations (13,14,25,
39,42) . Other structures are presented representing the structure
imposed on PP&C through the use of a particular technique, for instance
MRP (17) or HPP (122).

If any of these structures can be accepted as a mainstream
representation, one is presented by a number of authors (13,15,123) and

reproduced in figure 3.1. Plossl has stressed that this structure is

~03-



FIGURE 3.1 THE STRUCTURE OF PP&C SYSTEMS
AS MOST COMMONLY FOUND IN THE LITERATURE.
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common to all manufacturing industries although the same elements in
each control system will not always carry the same weight (13).

A more usual approach to this differing emphasis within PP&C is to
categorize the different types of production system and the type of
service offered the customer (28,42,88,124). Even these categorizations

vary significantly amongst themselves.

The importance these authors impart into the correctness of their
structures or categorizations véries. Some authors, for instance Plossl
(13), Barber and Hollier (124) and Heard (93), suggest that they are
presenting the structure of the PP&C task. Some authors may appear to
have identified such a structure. Barber and Hollier do identify their
six company types through the technique of numerical taxonomy. However
the author would suggest that the variables significant within this
analysis may not be those significant to the task of PP&C.

Other authors, for instance Eilon (88) and Miller (39), point out
that the structures presented are not meant to be definitive.

Within the set of those authors presenting definitive models of
the PP&C task, Corke (14) tackles the task of presentation in a
different manner to the rest, although Bennett (125) almost achieves
the same presentation manner. Corke does not present the structure of
PP&C as a model of the PP&C task per se. It is presented as the minimum
necessary set of activities required to achieve effective PP&C. This is
very reminiscent of the use of a conceptual model within SSM, discussed

above as part of “Soft' OR.

A Structure for PP&C

The author has developed Corke's "conceptual model', incorporating
functions presented by Bennett (125) as well as those described by

Buffa and Sarin (35) although the latter reference only discusses job
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shop scheduling when describing such functionality. The resultant
conceptual model (figure 3.2) demonstrates the profundity of the task
faced when trying to structure the PP&C task. As Bennett states,
production control systems are unique. The author would describe them
as profoundly unique. Not only-do the functions within PP&C vary
greatly in importance, so does the connectivity between them, as does
the extend to which PP&C is decentralized. This conceptual model then
demonstrates one aspect of the diversity which the PP&C literature has

been trying to capture.

Implicit within any description of PP&C is a structure of the PP&C
task. Large numbers of authors present structures of PP&C yet their
work does not appear to be cumulative. This suggests that the exact
nature of any structure is not seen as greatly important. Certainly the
differing views of authors as to the correctness of providing
“definitive' structures for PP&C has not appeared as an issue
previously.

The author above stated his belief that a discussion of the
usefulness of the different PP&C techniques requires an appropriate
structure of the PP&C task. The structure developed by the author will
be used below for such a purpose. That such a structure is absent from
most comparisons perhaps reflects an apparent low level of interest . in

extensive comparisons of the different techniques.

The Use of Computers within PP&C

Computers have been in use within PP&C since the 1950s and were
being harnessed effectively by the mid-1970s according to Corke (126).
Despite this assertion and the improvements in computer technology
since then, Corke states that PP&C is still not widely successful (14).

As discussed above he is not alone in seeing PP&C as widely
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ineffective. Corke however sees the role of the computer as making the
PP&C task easier but he stresses the need to grasp the principles of

PP&C. He does not see computers themselves as the answer.

In 1970s Stewart presented four case studies of PP&C computer
implementations (127). Two of fthem héd failed. All four cases
demonstrated difficulties in implementing computer systems within PP&C.
Stewart's conclusions were that computers were not the answer to PP&C.
Options other than computer solutions should be considered as should
the manufacturing policy. By the mid-seventies, Constable and New (36)
saw capacity-free MRP and WIP and stock reporting systems as the limits
to Computer use within PP&C. Other applications, except in special
circumstances, were "best left alone".

These two examples demonstrate the establishment of two issues
with respect to the use of computers within PP&C.

The first issue, the advice as to how to overcome implementation
difficulties, has generally achieved a consensus. Prabhu and Baker (15)
and Rao (128) both state that gaining the support of top management is
essential and identify the need to integrate the computer's
functionality into the operation of the organization. Other authors
echo elements of this view. Plossl sees the principal problem as
obtaining the correct form of data (13) while Reinfield warns that
implementation decisions are frequently driven by exigency and politics
rather than sound judgement (107).

The other area, the understanding as to what is and is not
usefully computerizable, has not achieved a consensus. Some authors
imply that there is no limit to the computerization (13,15). Norquist
(129) sees  "number-crunching' and repetitive work as usefully

computerizable. Further he states that many of the problems caused by
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the use of computers in PP&C could have been avoided through good
planning and common sense. Van Dierdonck and Miller (29) suggest
technical problems can.combine with implementation problems, though
without comment as to the technical limitations. Wight states that
computers can best handle simple repetitive consistent logic.
Sophisticated systems lack transparency, preventing people from
understanding and thus from using the system well. To Wight, "the magic
is in the peoplé" (17) Reinfield sees computers as still causing an

ossifying effect (107).

The Implications of PP&C Literature for the Analysis

The PP&C literature concerned with choosing appropriate techniques
has been shown to be contradictory and not exhaustive in its coverage.
Attempts to structure the PP&C task have been discussed. A structure of
PP&C developed in this regard will be used for comparing PP&C
techniques below.

Computers have become widespread within PP&C. While there is no
agreement as to the effective scope of their use, it is widely agreed
that implementation problems, which would be termed within OR as

"soft', affect the usefulness of implemented PP&C computer systems.

3.3.4 COMPUTER INTEGRATED MANUFACTURE

Computer Integrated Manufacture (CIM) is not straightforward to
define. Boaden and Dale (130) identified ten categories of definitions
of which three seem defensible. These are:-

(1) The integration of Computer Aided Design and Computer Aided
Manufacture (CAD/CAM),

(2) The wider integration of organizational functions,
(3) The computerization of organizational functions,

emphasis perhaps being placed on different words of the name CIM (131).
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Many see the functions of PP&C as being incorporated within CIM
(120,132) . Also a survey has shown that industry also emphasizes the
integration of PP&C functions within the context of CIM (133). However
De Meyer has shown that, within Europe at least, this integration of
PP&C functions, centering on MRP; is not frequently concerned with
CAD/CAM (134). Prabhu and Baker state that developments in CAD/CAM have
been cbmpletely separate from such systems as PP&C systems (15).

Of the three definitions of CIM above, the first can be quickly
dismissed as not relevant to the task in hand.

Concerning the wider integration of organizational functions, the
author has found little within CIM literature which goes beyond the
integration of MRP covered by the MRP and Manufacturing Resource
Planning (MRP2) literature.

Research into the computerization of PP&C has revolved around the
scheduling task. Newman states that within scheduling, the goal of CIM
is  “autonomous scheduling systems' (135); that is, automatic
scheduling. Newman sees expert systems as a necessary component in
achieving this automation. Much of the work Newman refers to does not
consider itself as research into CIM. However it will be reviewed here
under this approach as the motivation for the research 1is overtly
automation.

Two problem solving mechanisms have been used within the research
to automate scheduling, Constraint Relaxation and what could be termed

Distributed Control.

Constraint Relaxation

Constraint relaxation derives from the thesis that not all
constraints and preferences can be satisfied within scheduling. So to

produce a schedule, the constraints and preferences are ‘relaxed' until
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a solution is obtained. Fox (136) has researched into the automatic
relaxation of these constraints to produce schedules for a job shop
within Westinghouse, part of the Intelligent Management System project
(L9).

Fox's research has involved the development of a system called
ISIS. Through this development process, the problem solving method has
been greatly refined beyond the simple application of constraint
relaxation. This research is apparently still on-going (136).

Two drawbacks to using constraint relaxation within Order
Allocation are firstly, the constraints are provided by functions
within the organization with conflicting objectives, a situation
evident to the people working in such functions within BSSP. Secondly,
the wide range of constraints and their relative importance can change
with time; a conclusion made by Fox (136). The author can identify
within the allocation task constraints which could suddenly, with no
previous precedent, inhibit the efficacy of such a system. The author
would suggest that the introduction of new steel-making rules, new
products or new sales policies may necessitate major re-development of

a system using constraint relaxation.

Distributed Control

Distributed control using multiple actors or agents has been
argued as necessary due to the size and complexity of automated
scheduling and because it leads directly to hierarchical control of the
manufacturing process itself (137). It has otherwise been argued that
distributed control allows reactive rather than predictive scheduling
(138).

Buchanan et al (139) are carrying out research into such

distributed control within the context of Alcan's Kitts Green works.
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Three levels of actors maintain a workable schedule through bargaining
and negotiating between themselves, rather than relaxing constraints.
The main objective is to-maintain a workable schedule.

Results from simulated running of the system have yet to be
published. Buchanan has stated that highly coupled scheduling problems
may not be suitable to the approach, suggesting that steel scheduling

is an instance of such problems (140).

Usefulness of the CIM Approach

The research of both Fox and Buchanan et al effectively revolves
around automating the scheduling task. It is thus why the author
reviews them under the heading CIM. The research is as yet incomplete,
with work examining the requirements of the interface between such
systems and the rest of the organization as yet not reported on.

Should automation of the allocation function be seen as the
approach to take, these approaches would be highly relevant. However,
Greenwood's view that CIM is risky needs to be always borne in mind

(141).

3.3.5 SUMMARY

The author has sought approaches through which to tackle the
allocation problem. To this end the author has reviewed above the
literature of Operations Management (OM), Operational Research (OR),
Production Planning and Control (PP&C) and Computer Integrated
Manufacture (CIM). He has considered approaches to designing the
function of PP&C, the structuring of the PP&C task and methods for
choosing between PP&C techniques. Much of this work the author did not
find useful to the task in hand.

The approaches that have been proposed within the literature are

the strategy-driven approach from OM, the model-driven approach and the
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Mode 1 soft approach from OR and two approaches to automation from CIM.
Within PP&C, the approach can be called technique-driven. All these the
author has criticized.

The use of Mode 2 soft OR, specifically SSM, does seem appropriate
though in this role SSM is not seen by the-author as an approach. Also,
the author has developed a model of the task of PP&C; a model of the
minimum necessary activities. This model demonstrated the difficulty in
structuring the PP&C task and was itself not seen as useful for
analysing the PP&C functions of BSSP. However it will be used in the

next section to structure the discussion of appropriate techniques.

3.4 PP&C TECHNIQUES

Reviewed here are the techniques associated with the task of PP&C.
To structure the review, the techniques are first introduced under the
heading of the functions they carry out within PP&C, these functions
being taken from the conceptual model of PP&C developed above (figure
3.2) . Those techniques applicable to more than one function are covered
in a separate section. A final section draws together implementation
lessons from the different approaches.

In discussing each technique, the author generally discusses the
technique's track record and usefulness in a number contexts depending
on the technique's applicability to the task in hand and on the
literature coverage. Thus the techniques covered in the following
sections are considered in terms of their use generally within PP&C,
within the steel industry and within BSSP. The overriding question is,
of course, whether the technique is an appropriate means of improving

the allocation situation.
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3.4.1 TECHNIQUES FOR " CONTROL OF PRODUCTION'

The function “Control of Production' loads orders into the
production facility as.well as determining the sequence in which the
orders will be processed. Techniques developed to produce a detailed
schedule of production thus carrying out both order 1loading and
sequencing.

Much work has been carried out attempting to identify the optimal
solution to the problem posed by the “Control of Production' activity.
In the past, reflection on the usefulness of this work led some authors
to see simulation as the technique through which to achieve “control of
production' (30,142). As the use of simulation extends far beyond this,
it will be reviewed in a later section. The techniques of Constraint
Relaxation and ‘“Distributed Control' are essentially techniques for

“Control of Production' and were discussed in section 3.3.4 above.

Algorithmic and Enumerative Techniques

Algorithmic solutions to the scheduling task were developed in the
fifties but despite a large amount of research have not evolved much
since then (88,143). The limit of such solutions is represented by
Johnson's algorithm (30). This provides the minimum make-span solution
for a problem involving no more than two machines. Special cases do
allow solutions to be found for more machines. However algorithmic
solutions are widely agreed to be inappropriate to  real-world
scheduling problems.

Methods ~ of searching for a solution rather than calculating the
solution have employed Branch and Bound methods to increase the
efficiency of the search but are still too inefficient for real
situations (30). Other search methods are also of limited wusefulness

(142) .
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Optimized Production Technology

In the eighties, a new method for providing an optimal solution
was developed. Originally called Optimized Production Timetable, it is
now called Optimized Production Technology (OPT) and has been developed
quite markedly since its inceptdon (106). Unusually the method of
optimization is hidden within a proprietary software package. As a
result it has come in for some criticism (144). However the general
method through which the optimal solution is achieved is well known.
This revolves around the concept of bottleneck capacity. The method
identifies bottleneck capacities then schedules forward and backward
from the bottleneck.

OPT reduces the need to obtain accurate data and indeed the need
to control closely all processes. OPT also reduces the problem posed by
uncertainty (106). By concentrating on bottleneck operations, the
amount of accurate data and control required is reduced, as are the
effects of uncertainty. However OPT does not provide any counter to the
other criticism of optimization; how to cope with different objective
functions.

Buchanan stated that the usefulness of OPT within BSSP, where
bottlenecks can be widespread and change with time, is small (140).
Expanding on this comment, the fluctuating demand for steel and the
relatively fixed capacities do result in overloads rather than distinct
bottlenecks. Also the use of larger lot sizes, holding stock ahead of
bottlenecks and reducing set-up times, strategies used within OPT, are

not applicable within BSSP.

It 1is now generally accepted that sub-optimal PP&C solutions are
acceptable. The author would contend that once sub-optimal solutions

are acceptable, not only do the objective functions require definition,
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but the target performances also. Further, as the schedule 1is not
achieving the optimal solution it becomes questionable whether it is
scheduling or some other-function that is responsible for any shortfall
in performance.

The acceptance of sub-optimal solutions thus results in major
restatement of the scheduling problem. Any restrictions due to the
operation of an optimizing technique then appear to become highly

undesirable.

3.4.2 TECHNIQUES FOR “ORDER LOADING'

Within the activity ‘Control of Production' some techniques allow
for the decoupling of the ‘Order Loading' function and the sequencing
function.

One technique which can be immediately dismissed is that of Just-
in-Time (JIT). As outlined in chapter 2, the measure of performance for
the project was not immediately concerned with allocated arrears and

mill stock levels. JIT was thus outside the project remit.

Sequencing Techniques

Sequencing constraints imposed on strip steel production were
fully described above in section 2.1.3. The mechanisms used to
decouple the allocation task from the mill sequencing task involved the
use of Work-In-Progress (WIP) held ahead of the relevant process, a
technique also used by U.S. Steel (111). The allocation task then was
required only to balance the order load to enable the sequencing task
and also to launch ‘campaigns' for products for which the use of WIP
was impractical. Thus the sequencing techniques such as priority rules

and batch sizes are not applicable to the project task.
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Order Loading

Two basic approaches can be seen within the literature, optimizing
techniques and techniques which load the highest ranking orders up to
the limits of capacity.

The optimizing techniques involve Mathematical Programming which
has wider application within PP&C than just Order Loading. It is thus
covered in a later section.

The techniques which revolve around the ranking of individual
orders mainly relate to job shops (145-147). These all consider the
delivery date as well as effect on the balance of the shop load.
O'Grady and Azoza (145) are alone in not considering process leadtimes
and thus the routing of production.

No reference has been found to the balancing of order loads in
terms of total “route loads' as is practised within BSSP except as part
of optimizing techniques where particular routes are equated to
particular products. Nor is there comment that the ability to
amalgamate individual orders into routes allows the use of optimizing
techniques. The author has found no reference to the comparative
efficacy of “ranking' and optimizing techniques.

The order loading methods carried out by allocation could perhaps
be improved using either of these techniques. However, as discussed in
section 2.2 above, it was still questionable whether this was the root

of the allocation “problem'.

3.4.3 TECHNIQUES FOR ‘PRODUCTION ORDERING'

The  “Production Ordering' function of course include such
constructs as Economic Order Quantity and other stock control methods
which are not relevant to the task in hand. The one technique of

relevance is Material Requirements Planning.
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Material Requirements Planning

Material Requirements Planning (MRP) relies on two sets of
information about a production process. These are bills of material
(BOM) and the leadtimes of the items in a BOM. Through these
constructs, MRP can be used to convert a sales plan or load into the
load imposed on production. The BOM and leadtimes are constructs of the
"Production Ordering' activity, as is taking account of finished stock.
MRP does not extend to the “Control of Production' or “Order Entry
Control' activities per se, although MRP can be used by these
activities. In other words closed-loop MRP, in which the material
requirements or capacity are altered to produce a workable schedule, is
part of these other activities. However, the process is unguided; MRP
may provide data and structure to the task but balancing the material
requirement and capacity is otherwise unaided by MRP (166,148). MRP is
principally an infinite capacity scheduler (149) and as such is a
"Production Ordering' activity.

Manufacturing Resource Planning (17), known as MRP2, extends MRP
so as to consider resources other than capacity. The closure of the
“loop' is still not assisted.

The level of detail which MRP utilizes can vary. As such MRP can
act within the “Sales/Production Coordination' activity. Plossl (8,13)
and Njus (150) both see the main benefit of MRP in its use to plan
capacity roughly. Wight also mentions “rough cut' use of MRP. But he
sees this as only a preliminary to the real detailed MRP which is used
to monitor and thus to reschedule ‘open' works orders (17); that is,
orders already placed. Thus Wight describes the use of MRP within all
activities of the conceptual model. Plossl presents a contrary view;

MRP should only be used as a “rough cut' planning aid (13).
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MRP is a well known and widely used technique generally in
manufacturing. Yet despite this and the recognized benefits from using
MRP (151), many companies are not achieving them (152) despite the
problems of implementing MRP being well known (153). Indeed the
requirements to implement MRP are widely agreed (151,152,154).

However, beyond the standard "MRP requires top managerial support™
requirement are stronger comments suggesting the “soft' aspect of PP&C
affects MRP implementations. Plossl suggests that MRP has to take
"pressure" (13). Krupp states that at the core of every working MRP
system is a man who refuses to fail (155). Galvin mentions the support
of top management for MRP collapsing under pressure (154). Wight
strongly states that the top management should not just support the
implementation of MRP but should understand the need for it (17).
Others talk of the problem of the “informal system' (156,157) and how
top management must overcome the resistance from this system (152) or
more generally of “human problems' (153) and the need to integrate the
human element (158).

The author interprets these comments as identifying the need for a
soft approach to analyse the perceived and actual roles of PP&C within
an organization. Thus it would be possible to identify the constraints
that an implementation would have to overcome or that the system would

have to work within.

The detailed use of MRP can suffer from what is called
‘nervousness' (149,159). The term ‘nervousness' describes the
occurrence of numerous messages about production diverging from the
detailed plan in some minor way. Plossl is quite definite in warning

against such detailed use of MRP (13).

The equivalent of the BOM and product leadtime are used by the

~109~



Production Planning section of BSSP group office. The planning is not
detailed. Simply, the 1logic of leadtimes and the BOM is used in a
spreadsheet to ensure that the planned “market tons' of the different
products does not overload any mills. Thus “rough cut' MRP was being

used without knowledge of the existence of MRP.

3.4.4 TECHNIQUES FOR "ORDER INTAKE CONTROL'

The literature gives 1little discussion of the “Order Intake
Control' function. Proud has stated that generally within industry, 90%
of late deliveries are due to errors in order intake control (160); if
this is true, the literature is truly out of step with real world
problems. Most work considering the function of Order Intake Control
identified by the author considers the use of mathematical programming.
The area is reviewed by Abad and Sweeney (161). The author considers
this work as too theoretical. |

Plossl (8) states that there is danger in allowing “Order Intake
Control' too much leeway for action when faced with overloads. He
describes “tinkering" with leadtimes as "self defeating and deadly".
P}ossl‘s solution to overload situations lies outside ‘Order Intake
Control'; to work off the overloads when they occur and to minimize
their occurrence through the use of “rough cut' MRP.

Corke (14) provides the fullest description of this function. 1In
most respects, his description of the processes involved are realistic.
Corke does stress the difficulty in overcoming an overload situation.
However the rationale that an overloaded facility is an inefficient
facility is not so convincing in the case of steel production. Also,
the concept that production problems are also commercial problems is
presented only anecdotally. Corke only intimates that the method for

resolving commercial and production differences is rational argument.
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The author sees the production/commercial divide as more central to the

problem and requiring more than rational argument to be overcome.

While the Annual Operations Plan provided some discipline in
"Order Intake Control', the allocation function was required to

determine and maintain order leadtimes to prevent overbooking of orders

above the plan.

3.4.5 TECHNIQUES FOR " SALES/PRODUCTION COORDINATION®

“Sales/Production Coordination' must result in programmes to alter
either capacity or order load. To significantly increase the capacity
of steel production requires long lead times. The production capacity
of the various strip products achievable by BSSP is strongly affected
by major historic decisions rather than current policy (5).

Aggregate planning considers the compatibility of sales and
production plans. The use of “rough cut' MRP within this function has
been discussed above. Most coverage of aggregate planning per se
considers the use of mathematical programming. Such use of mathematical
programming has been said to occur seldom (89,90,91). The usefulness of
mathematical programming requires more consideration than this however.
Because such techniques are usable within other PP&C functions, the
usefulness and 1limitations of mathematical programming will Dbe
discussed separately later.

One area within the literature which will be discussed here is the
use of different levels of aggregation to facilitate coordinated
planning and production control. This approach is commonly called

Hierarchical Production Planning.

Hierarchical Production Planning

Hierarchical Production Planning (HPP) is widely associated with
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mathematical programming and aggregate planning although the author
feels the term HPP has never properly been defined. Hax has stated that
the higher levels of HPP-should be optimizing if possible (162). If the
definition of HPP does not include optimization then HPP would simply
be the formal use of hierarchical planning.

When HPP and aggregate planning are said not to be in widespread
use (89,91), this probably applies to the use of mathematical
programming for this purpose. Of concern to the author is coverage of
the formal use of hierarchical planning of production.

Hax, Meal and Bitran, widely seen as the pioneers of HPP, have
presented a number of accounts of the design process behind HPP.

An early account by Hax in 1976 (162) presents the constraints
which are coped with at different levels of the organization. In coping
with them, the different levels of organization interact with each
other but such activities cannot be combined in a monolithic manner.
Hax then argues the basic characteristics of a PP&C system. Most
importantly, he states that it is "mandatory to adopt an integrative
and hierarchical approach for the overall logistics (or PP&C) system."
The hierarchy is due to the difference in time span between strategic,
tactical and operational decisions. Hax presented a large area
requiring research to assist the design of HPP systems, research
described as "exceedingly ambitious". Inputs into the design procedure
were seen as the structure of decision—makihg carried out within the
organization, the product structure, the available solutions and the
interaction between levels. The interaction between levels included
feedback to higher levels.

This account of HPP research is later quoted by Hax and Bitran as
being "extensive justification"™ for the HPP approach (24,163). However

the design process then described does not pay full regard to the
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earlier considerations. In these later papers Hax and Bitran describe
the hierarchy as if based solely on product structure. However they
state that the hierarchy can be "extended to different numbers of
aggregate levels by defining adequate subproblems." Interactions
between levels were mentioned but separately. There was no mention of
operational structure. In 1984 Meal described the design process as
difficult (148). Indeed the author has found no work extending the
account of the design considerations made by Hax in 1976.

Work or comment which has appeared without reference to Hax
considers aspects of rolling planning horizons (164), the need for
feedback to higher level plans (165) and difficulties caused by high
level assumptions (166). Such work does seem to draw into question
Meal's comment (148) that the HPP hierarchy is "natural" arising from
the different leadtimes needed to execute different decisions.

A number of accounts have been given of HPP designs. The
industries involved are diverse; electric motors (122), paper
production (167), multi-plant multi-product production subject to
seasonal demand (168), aluminium smelting (169), | interdependent
chemical production within ICI (170). All but the first use Linear
Programming for at least one level; the first uses Goal Programming at
all levels.

Only two of these accounts cover more than the solution method
used. Hax and Meal (168) discuss the use of prototyping, the
consequences of the data requirements of the system and the effect of
the system on the decision-makers. Stephenson (170) discusses the need
to implement the system in stages and the need to tailor the system

design to the needs of the organization's decision-makers.

In summary, the literature does not cover to the author's
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satisfaction the definition, the theory, the design process or the
implementation issues of HPP. Egcepting consideration of optimization
methods (which with respect to mathematical programming are considered
below) the author is wunclear as to how to harness usefully the

constructs of HPP.

3.4.6 TECHNIQUES APPLICABLE TO MORE THAN ONE FUNCTION

Two techniques applicable to PP&C find widespread application
within the author's conceptual model of PP&C. These are Mathematical

Programming and Simulation.

Mathematical Programming

Linear Programming (LP) is the most widely used mathematical
programming method. Buffa and Dyer (171) state that there have been
thousands of useful LP applications, being applied in virtually every
organizational function. With regard to the abilities of LP, Starr
demonstrates a wide variety of uses (30). However with regard to the
actual use of LP, others have found little evidence to support Buffa
and Dyer's assertion. Perry and Preston ~found the picture projected by
literature to be that of non-use of LP in production planning outside
the oil industry (172). From their survey of 131 United Kingdom
manufacturing companies, Oakland and Sohal concluded that LP found

very low levels of application (92).

There are a number of drawbacks to using LP within PP&C. The
author considers two in particular here. Firstly, to use LP it is
required that the orders are grouped into homogeneous sets. This is due
to the assumption of divisibility made within LP. Thus LP cannot be
used to sequence orders (142). Integer Programming can be wused to

overcome this problem. However, use of Integer Programming limits the
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size of the problem being solved (142,145,173).

A second drawback with LP is that the solutions from LP always lie
on the boundary of the solution space. That is the equations or
constraints are absolute. The idea behind Constraint Relaxation,
discussed above in section 3.3.4, is that the inclusion of all
constraints in a scheduling problem will result in no solution being
possible. Mathematical Programming methods play no part in the research
into Constraint Relaxation. A development within mathematical
programming is Goal Programming. Linear Goal Programming, as with LP,
solves the problem within linear constraints. However, rather than
using an objective function which is optimized, Goal Programming
considers the deviation from a number of goal functions and minimizes a
weighted combination of these deviations. Thus goals can be used to
replace absolute constraints. In so doing, Gdal Programming overcomes
the problem within LP of having to optimize a single objective function
(174) . Goal Programming has found application in PP&C, for instance by
Tsubone and Sugawara (122). One objection made with respect to Goal
Programming is the difficulty in determining the goals and weightings
to use (172,174). Okinaka, although he does not make clear the exact
technique wused, appears to use Mixed-Integer Goal Programming to
provide schedules for a concaster at Nippon Steel (6). The user was
provided with five objective functions. Achievement of these objectives
for each solution is displayed using a ‘radar chart' illustrated in

figure 3.3.

A number of authors have commented on the efficacy of Linear
Programming, Integer Programming and Goal Programming as well as other
Mathematical Programming methods in the context of their applicability

to specific PP&C tasks (142,145,172,173,175).
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The author would suggest that the usefulness of Mathematical
Programming within PP&C should be considered in terms of the role
carried out as well as specific tasks. Here the author considers
Mathematical Programming as a means of analysing a PP&C function as
well as a means of obtaining day-to-day solutions. In the latter case,
the difference between providing the solution and the role of a

Decision Support System (DSS) is emphasized.

Mathematical Programming techniques have been used as a way of
analysing a PP&C function; that is as a mode of enquiry. Examples of
such use of Mathematical Programming have been described by Ackoff
(176) and by Perry and Preston (172). In both these examples the author
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