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SUMMARY

The present study describes a pragmatic approach to the implementation
of production planning and scheduling techniques in foundries of all
types and looks at the use of 'state-of-the-art' management control and
information systems.

Following a review of systems for the classification of manufacturing
companies, a definitive statement is made which highlights the
important differences between foundries (ie. 'component makers') and
other manufacturing companies (ie. 'component buyers'). An
investigation of the manual procedures which are used to plan and
control the manufacture of components reveals the inherent problems
facing foundry production management staff, which suggests the
unsuitability of many manufacturing techniques which have been applied
to general engineering companies.

From the literature it was discovered that computer-assisted systems
are required which are primarily "information-based' rather than
'decision based', whilst the availability of low-cost computers and
'‘packaged-software' has enabled foundries to 'get their feet wet'
without the financial penalties which characterized many of the early
attempts at computer-assistance (ie. pre- 1980). Moreover, no evidence
of a single methodology for foundry scheduling emerged from the review.

A philosophy for the development of a CAPM system is presented, which
details the essential information requirements and puts forward
proposals for the subsequent interactions between types of information
and the sub-systems of CAPM which they support.

The work developed was oriented specifically at the functions of
production planning and scheduling and introduces the concept of
‘manual interaction' for effective scheduling. The technigues
developed were designed to use the information which is readily
available in foundries and were found to be practically successful
following the implementation of the techniques into a wide variety of
foundries.

The limitations of the techniques developed are subsequently discussed
within the wider issues which form a CAPM system, prior to a

presentation of the conclusions which can be drawn from the study.

Key Words: Foundries, Computer Aided Production Management, Micro-
computer Applications, Scheduling, Production Control
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1. Introduction

1.1 Attitudes and Trends

There have been indications in recent years [1,2,3,4] that the UK
foundry industry is recovering from the depression years of the late
1970's/early 1980's. Indeed the outlook on a world-wide front [5,6]
supports the view that the remaining parts of the foundry industry are

recovering, although the extent of recovery is not yet clear.

The causal relationships between the health of the industry and various
(apparently influential) factors over the last twenty years or so, have
been studied and documented. The interactions between: the industry
and customer requirements; technological advances in other
manufacturing sectors; untimely government/EEC legislation (from a
business point of view, not environmental or ergonomic); social values
and the world-wide recession form the basis of many articles [4,7,8,9,
10,11,12,1%,14]. Many authors admit to the complexity of such
interactions and the subsequent difficulty of understanding the

underlying relationships involved.

Not all parts of the foundry industry have suffered to the same extent
as the ferrous castings sector [15], but the overall output of castings
has been falling for many years [4,11,12,16]. Appendix 2. contains
statistics showing the decline of foundries in the UK and the changes

which have occurred within the pattern of employment.

Reflecting a view of the industry, by the industry, Reynolds and

Stevenson [121 stated that it was at a 'crossroads' and:
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"At this time (1984), the future of castings seems to lie in the
balance, with great technological and economic possibilities

counter-balanced by questions of productivity, labour and the
environment."

Moreover, if the optimism and change in fortunes which McCombe [2]
discovered in a survey of founding in the West Midlands (July, 1985),
is paralleled across the U.K., then perhaps the 'balance’' has begun to

swing positively, in favour of the industry.

A recurring theme, especially since the late 1960's, has been the need
for change, ie, a change in the way those responsible for the
organisation of manufacturing, observe and act on advances in
technology, and apply management techniques and organisational skills.
This implied criticism suggests a lack of research into critical facets

of the industry, relative to other manufacturing enterprises [17,18,

19].

In 1971, Crook [20] pointed out the necessity of re-evaluating
management attitudes and techniques in marketing, production control,

the environment and people (customers and employees).

However, during his address to the Institute of British Foundrymen
(Edward Williams Lecture, 1975), M. Grandpierre [21] suggested that one

of the problems of engineering a change of 'attitudes' was:

"... the psychological resistance to change ... from the shop floor
through to higher management oo

With more relevance to the present study, Niles [22] reported a similar

- 15 -



problem, which he had encountered during the implementation of master

scheduling systems into foundries, viz:

"Changing the people who scheduled the foundry and the managers and
foremen who used the schedule."”

A year later (1984), Kennedy [11] discussed the 'people and technology
interaction' problem and stated that the weakness of much of the
foundry industry was due to the failure of the industry to attract and

retain the 'better' engineers and applied scientists (see also Appendix

2.).

If the industry is recovering and if relative prosperity is to be the
aim, then with fewer foundries, the problem is not one of securing
customer orders for work. Rather, it is producing components to meet

the requirements of both customer and foundry.

This widely accepted view is thought to be achievable through the
adoption of modern manufacturing/organisational techniques and the
application of technology. However, it is suggested that these factors
alone will only be partially successful - the 'key' factor being the

ability and willingness of the people concerned to 'change'.

While it is undeniably difficult for those responsible for the day-to-
day management of a foundry to get involved with 'manufacturing
nouveau', help is available. The main stumbling block appears to be
the 'time-out' required for adequate training. Yet, sufficient
training time/money is essential for the successful application of

technology and must be granted to those involved in implementing new

- 16 -



systems.

The use of independent consultants, especially with the aid of

government grants currently available [23,24], is the most logical step
forward in introducing new developments to those companies with minimal
time and money budgetted for research and development, provided care is

exercised in their choice [25,26,27].

Despite the problems, foundries have been involved; not only with
advances in process technology (eg. Disamatic moulding lines, the v
process, robotics and computerised process monitoring), but also in
improvements in estimating, Jjob costing and 'methoding , together with
improved organisational techniques for manufacture, made possible by

the assistance of computers and associated technology [28,29].

A11 sources (literature, customers and foundries themselves) suggest
that there is a strategic need for a UK foundry industry [2,4,12]
(assuming that manufacturing in the UK as a whole, does not

disappear!).

Therefore, the continued stimulation for research is essential. As
other manufacturing industries (ie. those buying components from
foundries) adopt advanced technology and implement modern methods of
controlling their own organisations (eg. MRP, MRPII, JIT, OPT etc.)

they will become increasingly 'strict' with their suppliers, especially

in terms of:-

. Quality - heralded by BS 5750

The placing of orders/schedules - as demonstrated by the motor

- 17 -



vehicle manufacturing industry and the ODETTE project
Guaranteed 'on-time' deliveries

After-sales service

1.2 The Research Structure

The present study is concerned with the management of production, or
the organisation of manufacturing, with the aid of computers.
Essentially it is a study of the production control function in
foundries, from receipt of customer orders to despatch from the
factory. Currently, this topic is attracting much study in various
manufacturing sectors [30,31,32,33,34] and has acquired the formal name
of Computer Aided Production Management [34]. In line with other
modern terminology (eg. JIT, OPT, MRP etc.), the abbreviation "CAPM'

has become the recognised acronym for this particular field.

Specifically, the requirements for, and the applications of CAPM,
within foundries (15 - 400 employees), of all types, are studied. As
the title of the study suggests, particular emphasis has been placed on

the production scheduling function.

Solutions to production control problems biased towards micro-computers
predominate, since the foundry sector contributing to this research
study has historically [35], had difficulty finding both the time and
money for computer systems development. Despite this, ideas for

computer-assistance have not been curtailed by having to 'think small'.
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It must be stated here that the researcher regards the computer as a

tool, not as a panacea and the accent is on people and technology - not

on computer 'wizardry'.

As one writer stated [%6]:

"The human element in the computer-profit equation is this:
Computers will never replace people - but computers will help
people be more successful in making their business more
profitable.”

The study commences with a review of foundries and their operations,
including the inherent problems facing production controllers. A study
of the literature subsequently provides: evidence of the historical
implementation of CAPM; a review of scheduling theory and practice, and
an investigation into some of the 'packaged—software' solutions,

currently available.

A suggested CAPM approach to foundry manufacturing organisation,
together with a presentation of software proposals for feasible

solutions to defined aspects of production control, form the basis of

further chapters.

The study is completed by a discussion of the use of the software
modules which have been developed during this research and subsequently
installed at the participating foundries. Moreover, an examination of

the areas for further research precedes the presentation of conclusions

which can be drawn from the study.
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2. A Profile of Foundries and their Production Control Systems

2.1 Introduction

The current chapter is devoted to examining the foundry industry by an

evaluation of the following points:

classification of the manufacturing organisations
. types of company and corporate objectives
approaches to production control

. factors affecting the efficiency of production control

Therefore, it prepares the foundations for the research, upon which a
framework for CAPM concepts can be constructed, via the literature
review. A structure for CAPM can then be developed around the proposed

framework, in the ensuing chapters.

2.2 Manufacturing Environments

Several ways of classifying general manufacturing companies have been
proposed in the literature [57,%8,%9,40] and their applicability has
been discussed [41]. The approach adopted by Barber and Hollier [41]
is descriptively superior to many of the other systems referenced, and

serves as a useful preface to the present section.

Their approach involved a cluster analysis of the results from a
survey-questionnaire on production control complexity using numerical
taxonomic methods. The analysis led to the definitions of six basic

groups into which companies could be categorized. The 'group 4'
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classification summary is quoted, in part, below:

"This group was characterized by low product complexity and a very
1OW level of complexity of manufacturing operations. Companies in
this group manufacture a wide range of products mainly to customer
order. Throughput times were short. Very few components were
bought in and labour costs were the major element of product costs”

The summary, is in the author's opinion, the closest (of the six

groups) to describing foundries, indeed, valve manufacturing was

referenced as one of the industries surveyed.

The first sentence of the quote, however, contrasts directly with
general views put forward by authors involved with foundries; that cast
products are complex in terms of both production methods used and
finished product requirements [421. Whilst the latter view was stated
by (mainly) foundry people on foundries, the former quote was part of
an industry-wide survey, taking into account other manufacturing
organisations, producing for example, aircraft, radar-equipment and

machine tools.

Barber's and Hollier's approach would therefore seem acceptable in this

sense, but with the following provisos:

Some foundries can and do cast complex components, not only by
size and weight, but for example, with up to ninety elements
making up parts of the corework for a particular job [21,43,441
Superficially, organising for manufacture in foundries appears
to be relatively simple. Later sections in this chapter look

at the functional problems and put forward the opposite

argument.
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. Increased mechanisation is altering the balance of cost away

from flexible labour to fixed overhead charges

The group classification above, serves to introduce batch production
founding in the UK, but on a more general level it is useful to
consider a second classification system (by production), developed by
Burbidge [45]. The system involved the identification of three main
factors affecting the complexity of production control (and hence the

production method used). The third 'affecting factor' stated, was the:

... variety of different products, components and materials which
have to be produced.”
Within the 'variety' factor, three types of production system were

defined:

. explosive systems
. process systems

. implosive systems

Briefly, explosive systems cover organisations whose final products can
be 'exploded' down through various levels to derive sibling sub-
assemblies and component parts. For example, all assembly industries -
automobile, television, aircraft, etc. Process systems (in their
purest form) generally combine a few materials into one mass to produce
one end product (variety-wise). Process industries include the
chemical, food-processing and glassmaking. Implosive systems differ
from process systems because a variety of end products, or components
"implodes' down to one 'mass’ of a raw materials mix. In this category

lie foundries, and both rubber and plastics moulding companies.
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Combining the two classification systems enables foundries to be placed

quite accurately within manufacturing in general.

In summary; as a basic industry [2,10,!3,15], foundries generally
combine a few raw materials into one mass prior to casting (via several
types of process) a variety of components, or 'primary products’ [46].
A wide range of metal and alloy specifications are cast in an even
wider range of shapes and sizes. The components are mainly made to
explicit customer orders [28,47,48], with little or no assembly work

involved in the final product.

Clearly, there will always be exceptions to the rule in any
generalisation of this nature. Some foundries do produce both to stock
and to customer order [17,49], for example, in the cast bar or tube
sector. Moreover, the absence of assembly work in the end product
suggests that what is conceived as a "traditional' bill-of-materials
(b—o—m) problem does not exist [17,28,46,50], although some 'assembly

work' is necessary at times, for jobs requiring cores.
Despite these few exceptions, the general summary above, provides a

base from which to study production control in the foundries with which

the present study is concerned.

2.3  Companies and Corporate Objectives

"Nowhere is there greater complexity and diversity in manufacturing
than in the foundry industry. Here types of metal and size of
casting promote wide disparity of production method."
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Such a statement [13] is indicative of the problems of developing a set

of production organisation procedures which can be of benefit to many

types of foundry.

A particular foundry may specialise in one specific metal or alloy (eg.
bronze, aluminium or stainless steel), but many foundries work in two
or more metals/alloys, usually on one side or the other of the non-
ferrous/ferrous divide. For example, aluminium and zinc, or spheroidal
graphite iron and grey iron are regular combinations. Occasionally, a
foundry crosses the non-ferrous/ferrous boundary and one or two notable

examples cast components from all the materials listed above.

The type of metal/alloy, size, quantity and quality required determine
the moulding/casting method which is most appropriate to the foundry.
Figures 2.1 and 2.2 illustrate schematically, three types of mould/cast
process. Figure 2.1 depicts the materials which are generally used in
each of the processes, while figure 2.2 presents a general overview of
the production flow through the types of foundry utilising these

processes.

What is not apparent from the figures, is the extent to which the
production is mechanised, semi-automated, or purely manual in nature,
depending on the type of manufact;re concerned (eg. jobbing, batch,
repetition, continuous). Moreover, some foundries provide two or more

mould/cast processes to produce castings to the various specifications

required.
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One way to address the problem of organising manufacture in such a
diverse industry is to consider the 'similarities' of foundries, with
respect to the production control function, whilst clearly

acknowledging the fact that intrinsic manufacturing differences between

types of foundries do exist.

Figure 2.2 illustrates three distinct areas in all foundries, which

production control departments have to co-ordinate. They are:

. the pre-casting stage
. the casting stage

. the after-casting stage

The type of foundry will dictate the level of complexity at any of the
given stages of manufacture. For example, a foundry casting flake and
spheroidal graphite irons may simply fettle, inspect and despatch its
cast components. On the other hand, a non-ferrous, gravity or pressure
die-caster may offer a whole range of after-casting operations,
including heat-treatment, machining, powder coating, anodising, plating
and polishing, prior to inspection and despatch. And similarly, a
steel foundry may offer a comprehensive, but different range of post-

casting operations.

Figure 2.2 also implies the sequence-dependent movement of castings
from one processing stage to another and the ‘cascading' [17] effect

has led to foundry production flow being described as:

"

... a single direction of work flow." [48], or

... the production line in a foundry is uni-directional.” [17]
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The above generalisation, from an ‘ideal-world' situation, does not
cover problems occurring during component production, which lead to the
scrapping and re-working of jobs. For example, the 'inspect -
weld-repair - grind - inspect' cycle in a steel foundry sets up what

can be described as a 'production eddy' from the main production flow.

Irrespective of the type of foundry, most companies have aims to which
any production control system would aspire. Ultimately, the measure of
a system's worth will be in terms of these aims, or corporate
objectives, which are set by the foundries' directors or by, for
example:

"... the triumvirate immediately above him (ie. Production

Controller) - the Sales Manager, the Treasurer and the Plant
Manager ..." [47]

Corporate objectives will vary from company to company, but most
foundries would identify with some, or all of the following [21,28,51,

52,5% | listed below:

maximization of foundry profitability

. the production of quality finished castings

. satisfied customers through the on-time delivery of castings at
the appropriate level of quality and in accurate quantities
reducing customer complaints about servicing to near zero
reducing clerical errors, especially counting errors, to zero

. reducing quality control errors on specifications and
inspection requirements to zero

. order entry to be completed as soon as possible (at least
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within twenty-four hours)
. customer order acknowledgements to be despatched within forty-
eight hours, maximum, from receipt of order

. to free staff, especially managers, from tedious clerical work,

and so enable more timely decisions

Many factors affect the success of a particular company's achievement
of the objectives listed, with or without computer-assistance. An
adequate return on investment will depend on a combination of the

factors listed below:

. Selling price

. Volume of output

. Scrap rate

. Direct labour and material costs per unit of output

. Level of overhead expense

However, before investigating the factors affecting the efficiency of
production control in foundries, it is useful to consider manual
approaches to foundry production organisation with the aid of examples

drawn from ferrous and non-ferrous companies.

2.4  Approaches to Production Control

The present section outlines a pattern of basic disciplines for
traditional, manual approaches to production control. The procedures

from the arrival of a customer's order into the production control

- 30 -



department, to despatch from the foundry will be investigated.

Yates and Fuller [35] identify two 'extremes' between which lie most

foundries' (manual) production control systems.

13

. ... some operate with very informal production control
arrangements based on meeting the demands of customers by
frequent shop floor discussion, ...

. ... while others have highly sophisticated and formal systems
in which the production control department becomes the
nerve centre of the organisation.”

Yet the literature supports the view that there is a commonality of
approach to organisation and procedures and in the problems encountered
[48,54,55]. Therefore, for the purposes of investigation, the
activities within the production control sphere can be discussed under

the following headings:

. Order processing

. Forward Planning

. Detailed Plant Scheduling

.  Shop-floor documentation and monitoring of work in progress

. Management reports/analysis of foundry performance

2.4.1 Order Processing

Prior to the production of jobs a foundry has to decide which Jjobs to
make. Most foundries work to explicit customer orders, which may be
either schedules, calling for periodic guantities of a recurring job
(vatch production), or one-off orders for a specific quantity (jobbing

work). A third type of order pattern involves the semi-continuous or
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continuous production of running lines [17,28,52,56]. Many foundries

work to more than one type of order pattern in their areas of

specialisation.

Where several types of castings are covered by one order form, the
sales department normally allocate an 'internal works order number’
enabling separate identification of each order item. For example, one
works order number may cover the whole customer order, but the addition
of 'item numbers' to each job on the order provides a unique

identification code.

All jobs require process planning and cost estimate documents. These
can exist as combined, or separate documents and vary in the amount of
information they provide. The process planning details may simply be
methods instruction sheets, or 'castings history cards' [48],

containing some, or all of the following:

. Customer name (and number)
. Part (or pattern or die) number
. Names of personnel with previous experience of the job
. Material specification
. Description
. Poured weight/casting weight
. Lead-time or Average make period
. Core (or insert) requirements
Likely scrap weight (or scrap percentage)
. Moulding or casting output rate information

. Number of castings per mould (or shots per die)
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Required after-casting operations/monitoring stages
. Cost and selling price

Pattern status

Standard and actual timing data for operations

ete

Fach time a new customer order is received, foundries have a new design
specification to work to; the estimation and quotation work for which,
is normally required in a matter of days rather than weeks. The
information held on previous, but similar jobs (as defined by various
classification techniques), can be used as 'reference’ data, together
with calculated and empirical data to assess the manufacturing

requirements.

Some foundries also produce detailed 'route-cards’ which list the
operations in sequence, together with instructions, for each work
station involved in the production of the job. The cards usually
detail 'standard quantity' information, that is, the resource quantity
used, in the respective units, for each operation. Lead-times (usually
in days or weeks) for each operation are normally held on the route-

cards, when known.

Notification of incoming work to the production control department is
in the form of several documents relating to the production of the job,
accumulated and subsequently transferred from sales (usually). The pre
-production department order processing activities can take from hours
to days, from the arrival of the customer order; depending on the size

of the foundry, the responsibility of its employees and the nature of
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the work. Nevertheless, all work received by the production control

department should be

A1

... completely defined and cleared for production ..." [47]

Official order acceptance procedures vary from foundry to foundry. For
example, a foundry may hold a daily meeting between, for example, the
works director, the quality control manager and the estimating manager
to decide whether the customer order can be produced in a period
acceptable to both the customer and the foundry. In all cases, to
fulfil customer orders, the production of new, or repeat jobs has to

be co-ordinated with:

i) existing jobs (some of which will already be in production),
customer returns, re-works, re-issues for scrapped jobs and
relevant finished stock supplies (for repeat jobs)

ii) the procurement of materials, patterns, cores (or 'inserts' for
permanent—moulders)
iii) the requirements of the foundry (corporate
iv) the requirements of the customer (eg. delivery date and the

relative importance of the customer to the foundry) .

Such information is derived partly from formal procedures and partly
from 'informal' knowledge. The evaluation of i), above, will determine

whether incoming jobs can be started (ie. cast) and delivered on time.
Traditionally the amount and type of manufacturing capacity that Jobs

require is calculated at the moulding stage in sand foundries and at

the casting stage in die foundries (ie. at the capital intensive
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process stage). Thus, after the gross capacity requirements for
incoming jobs have been determined (in the resource units used by the
foundry), they can then be viewed with respect to the existing work-
load, which is allocated to a foundry's regular production periods
(usually a week in length). Rased on the above technique, the customer

delivery date requirements can be 'vetted' (see also Trinder and Watts

[48]).

The formal procedure above, can be contrasted with the informal
knowledge about a customer, or the availability of suitable labour
normally retained mentally), which are additional, essential

parameters in the evaluation 'equation’.

Via the above procedures, if a particular order is not accepted (ie. it
is incompatible with either customer requirements or foundry management
policy) then alternatives are suggested and re-evaluated until &
compromise, or order rejection results. Once the orders are approved
for production, the production controller assigns one, or more dates

(see below for examples).

casting date
pattern inspection date

delivery date

Providing that all jobs have been defined properly, realistic sample
and production delivery dates can also be assigned for jobs which are

being estimated.
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At some point just before, or just after the above procedure, the
raising of 'customer order acknowledgement' documents occurs. The
responsibility for this procedure falls to the sales or production

control department, depending on the traditional practices of the

foundry.

The size of foundry, the sophistication of their production control
practices and the requirements of customers' orders, will also
determine the amount of works documentation which is subsequently
produced. Where a large number of documents are produced for each
customer order, some foundries have semi-automated the documentation
production task, using masking/duplicating machines. For example, one
exacting, steel repetition foundry produces a minimum of fourteen
documents per customer order, so that all relevant departments are kept

informed.

The production of works documentation leads to the planning,
programming and scheduling functions, which are necessary stages in co-
ordinating the parameters listed above. Most foundries (should) carry
out these procedures, but do so in practice to different levels of

complexity and effectiveness.

2.4,2 Forward Planning

The data obtained from the procedures above, which is supplied to the
planners in a variety of forms (eg. Gantt charts, planning boards,
lists), enables the 'forward planning' of jobs over a finite time

period (or 'planning horizon') extending into the foundry's future.
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Using purely manual methods, forward planning is normally restricted to
identifying each of the jobs planned for moulding or casting in
successive time periods (weekly, sometimes fortnightly), even though
many foundries recognise the need to calculate the load on other major
production sections (eg. coremaking). At this stage, the planner has
to cope with both jobs that are awaiting resources (eg. raw materials)
and jobs that can be started with the currently available resources,
possibly within the same time period. The former category of jobs
cannot be ordered into the shop until a confirmation procedure has been
invoked, indicating that the jobs can go 'live'. For example,
notification from the pattern department that the required patterns

have been procured.

The allocation of jobs to individual time periods constitutes one part
of the forward planning function, however. The use of the information
provided on the documentation and empirical knowledge about the job,
the foundry and the customer, assists the planner in 'balancing' jobs
over the various workstations. Given the clerical capacity, future
potential "bottle-necks' can be avoided, together with the other
extreme of under-utilization of workstations: although any course of
action leading to the achievement of a balanced work-load (by, for
example, combining orders to form economic batch sizes, or to optimize
the use of the melting facilities or labour), will be conducted within

the corporate policies of the foundry.
Communication with other departments (eg. sales) may also assist in

balancing the future work loads on the foundry. The planner knows the

impending work-load over a given planning horizon and therefore can
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highlight potential 'lulls' which are forthcoming on particular

workstations. Moreover, communication allows realistic decisions to be

made concerning the uptake of 'rush' or 'asap' jobs.

Three other potential benefits should be obtained from forward
planning. The raw material requirements, for jobs which have been
planned, facilitates the calculation of forward metal loads, which in
turn allows purchasing to co-ordinate the arrival of raw materials with

planned production dates.

The highlighting of 'overdues' (ie. orders that have passed the due-
date for either production or delivery) is another essential pre-
requisite to foundry operation. Such information allows the planner to

'work-in' the outstanding jobs as foundry capacity dictates.

A third benefit is the pin-pointing of recurring trouble spots. For
example, if a particular section is continuously a source of bottleneck
trouble, then changing the layout of existing plant may contribute to

an improvement in production flow.

2.4.% Detailed Plant Scheduling

Forward planning ('long-term planning') requirements are subsequently
converted into 'short-term' plans, (shop schedules, or work-to-lists)

which relate the forward load calculations with appropriate shop-floor

documentation.

The forward load for a particular period is communicated to the
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foundry, usually a few days in advance of the period-start-date. It
may consist of a list of the appropriate jobs, sorted by section or
metal type, or may simply be the manufacturing instruction cards for
each job, or a combination of both. In drawing up the short-term plan,
the planner will have analyzed the job requirements, including any
scrap allowances on the various production resources and any stocks of

cores/inserts which may be available.

Two detailed scheduling stages are normally identified in foundries.
Scheduling of the moulding or casting sections and scheduling of the
after-casting operations. Short-term scheduling of the moulding or
casting stage consists of extracting from the forward load, a list of
jobs for individual workers or sections to work to. The detailed
schedule is passed to shop-floor supervision (eg. a foreman), who has
the responsibility for organising the period's work on a day-to-day
basis, although in some foundries exact instructions from the planning
department are sent to foundry supervision on a daily basis. Several
factors are taken into account prior to the selection of Jjobs. For

example:

shortcomings from previous days

day-to-day demands from the production control department,
requesting priority treatment for particular jobs identified as
necessary by progressing activities

production efficiency considerations, such as

the hourly usage of metal (melting facility utilisation)
pattern/die changes coinciding with meal breaks/shift changes

balancing the load on the core-shops (sand foundries)
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- matching up of small quantity jobs to ensure adequate mould
utilisation
. to allocate jobs to individual casters (die foundries) so a

full programme of work remains for all personnel throughout the

period.

Much of the data associated with the points above is normally retained

mentally by the foreman.

The second detailed scheduling stage is usually performed by the
foreman and involves the scheduling of the after-casting operations.
Given a number of jobs awaiting work at a particular work station, the
foreman has to decide which of the jobs to tackle next. Such decisions
are based on job priority (signified by due~date), supplemented by
requests from progress personnel, sales and customers. In general,

little documentation accompanies the after-casting scheduling tasks.

A current short-term schedule should be amended as often as is
necessary, during the period, to take into account the work done and
deviations from the schedule. Those foundries with sufficient clerical
resources may advocate a daily issue of the schedule over say a four to

five day period, rather than a weekly one to cover the whole period.

Forward and short term plans dictate the foundry's proposed production
commitments and therefore should be communicated to other departments
(in an appropriate format), for example, to production and sales

managers and to purchasing.
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2.4.4 Shop-floor Documentation and Monitoring of work-in-progress

The media for issuing instructions to the shop varies from foundry to
foundry. Instructions may be raised on cards, at the documentation
production stage, with each relevant card bearing the title of the
department or section it is to inform. Such cards would then be posted
to the relevant departments informing personnel of the imminent arrival

of Jjobs and the action to be taken.

Instructions may also be produced on route-cards which 'travel' around
the foundry with the job - each section obtaining the required
information from the appropriate part of the document. Various
foundries employ both methods and sometimes a combination of both

exists in a given foundry.

On the other hand, small foundries may operate mainly by word of mouth
and use one document to inform several departments. For example, where
cores are not specifically planned, the timely production of a moulding
schedule provides forewarning to the core-shops of the Jjob
requirements. Similarly, the fettling shop is informed by the same

document of what they can expect to receive.

Other departments need forewarning of jobs which are imminent. In a
sand foundry, the pattern shop needs time to check on the availability
of patterns and core boxes, so that the co-ordination of effort to

bring the two resources together at the moulding stage is not hindered.

Shop instructions have another important role: that of informing the
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foundry which job is being produced. As much information as is

required to avoid ambiguity between jobs should be included, taken from

a combination of the following (listed below):

pattern number . customer name

. works internal reference . description

Each day, individual operators, section foremen or progress chasers
report the production or days achievements. Work-booking documents
exist in many forms (see fig. 2.3 for an example of a 'heat-sheet');
indeed one ultimate use for the shop-floor instruction sheets,
described earlier, could be as the basis for returning production
information from the shop-floor. Where separate documents are used,

the three basic sets, most commonly in use, are those listed below:

.  time-sheets, heat-sheets or job tickets (production
department), listing the Jjobs that have been tackled
inspection records, indicating good and scrap components (with
reasons) against each Jjob

. despatch returns, identifying the jobs which have been

despatched.

In many sand foundries, the number of time sheets involved is one.
That is, a 'heat-sheet', recording the production from the mould/cast
monitoring stage. 1In contrast, die or precision foundries may monitor

at 'tooling available', 'cast’, ‘fettle', 'heat-treat' and 'sub-

contract’' stages.

The ability to report and record incidences of batch-splitting, for the
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re-working of jobs, or the economic utilization of resources is

essential in any foundry work-booking system.

Inspection records show the Jjobs that have been passed as good
production, those that require re-working and those that are to be

scrapped, (together with appropriate reasons).

Despatch returns are frequently made up of 'multi-part’ documents.
After despatching a job, copies of the despatch document ('advice

note') are sent to foundry departments and also the customer.

A1l work-booking sheets are normally routed through the production
control department, prior to being sent to various commercial
departments. Production clerks extract the relevant information from
all three categories of sheet, enabling the work-in-progress file, or
work's order cards to be updated as the various production stages
required for the job are monitored. The work-in-progress file and its
subsequent maintenance is one of the most essential control features of
any production organisation system. It also provides quick response
times to customer enguiries about their jobs, the status of which

enables the production controller to estimate the production time

remaining prior to Jjob completion.

Another important feature of work-in-progress tracking is the provision
of 'historical' data. Many foundries require the facility to be able
to record the transactions that have occurred during a job's production
The provision of historical records and their subsequent

sequence.

analysis allows feedback and control of the various aspects of Jjob
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production to be monitored.

Moreover, recent quality requirements,

applied to foundries, as to other component makers (eg. BS 5750), have

greatly increased the need for the latter type of conformation.

2.4.5 Management Reports and Analysis of Foundry Performance

The information which is derived from the work-booking sheets can be
compared to the original production plans in order to highlight areas
where opportunities exist for improvement; for example, in the areas of
existing production procedures and plant layout. Providing the
clerical capacity is available, a performance analysis of a foundry's
practice can be achieved, normally by the drawing up of management

reports. The reports may cover areas such as those listed below:

. the percentage of on-time deliveries (and overdue margins)

. outstanding jobs, grouped by customer and required date
evaluation of the work-in-progress

. scrap analysis by reason codes

. periodic stock (finished and unfinished) level checks

Management reports containing summary information in particular
groupings, or sorted formats, are another essential output when

processing the data acquired from the shop-floor.

Some approaches to manual production control methods in foundries have
been stated. Use has been made of section headings to describe the
'sequence of events' in progressing a job through a foundry from the
receipt of a customer order, to despatch from the foundry. It is worth

remembering, however, that while many foundries will identify with the

- 45 -



procedures outlined, the exact order of execution of such procedures
will vary, as will the detail to which the planning and scheduling

functions are carried out. Moreover, it is common to find departments

'overlapping' in their responsibilities.

Many factors affect the successful practice of production control in

foundries and this subject forms the basis of the next section.

2.5 TFactors affecting Production Control

The overview to manual approaches to production control which has been
presented, reveals an industry that has apparently fewer complications
in its production organisation procedures than are found in other
manufacturing organisations. For example, jobs are mainly made to
specific customer orders obviating the need for forecasting future

sales.

A corollary to making to order is that stocks of finished components
tend not to be held; similarly, the scarcity of 'bought-out' components
contributing to the finished product suggests that a formal inventory
management system, with its associated data-processing requirements, is
not generally applicable. Moreover, a single-level product structure

denies a traditional b-o-m requirement and corresponding 'parts

. 1
explosion .

Taking these factors into account, together with the absence of a firm

master production schedule suggests the redundancy of techniques such
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as 'Material Requirements Planning' (MRP).

A closer study of foundry practice, however, contradicts the above

implied 'simplicity'.

2.5.1 Order Processing Problems

By definition, foundries that 'make-to-order’ rely on customers to
place orders with them. However, irrespective of how efficient the
sales department is, the arrival of orders cannot be reliably predicted
and therefore little control can be exercised on the pattern of jobs
arriving at the foundry (especially in jobbing foundries).
Nevertheless, the influx of customer orders and their acceptance does
form the basis for future load determination, production and delivery
service promises and cost profiles, over a given foundry's planning

horizon.

Job-costing is a vital pre-cursory activity to the acceptance, or
otherwise, of customers' orders since realistic pricing is essential to
the profitable existence of the foundry. And whilst the subject of
job-costing is not one of primary concern to the present study,
ultimately, the production control department has the responsibility of
producing the required products within pre-defined cost limits.

Therefore, some of the factors influencing its activities are listed

below [57,58,59]:

Materials that go into a casting normally are not requisitioned

or purchased for specific jobs.

. In some sectors of the industry, far more material must be made
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ready and poured, as a rule, than is afterwards present in the
finished product.

. When a casting is poured, labour and overheads required for the
melt, pour and shakeout cannot usually be charged to a specific
customer.

. The cost of down-time on the moulding plant, or variation in
the amount of metal required to fill individual moulding boxes.

. In some areas of the castings industry (eg. steel), more than
half of the total cost can be accrued after the casting has

been poured.

Repeat jobs have still to be assessed, as a result of increases in

energy and raw materials costs, labour and rates.

'Variety' may be the spice of life, but in the context of production
control, the larger the variety of end products, the more complex the
control system required. The 'product mix' (i.e. size, weight and
shape of components and the material used) is not unique to foundries,
but few industries experience the same diverse requirements for end

products as (especially) the jobbing and repetition sectors of the

foundry industry.

A further complicating factor is that of order quantity (or 'end-
product volume'). In general, manufacturers who make high volumes-to-

stock are able to create programmes for scheduling 'jobs' onto work-

centres so as to make efficient use of their resources by allowing long

production ‘runs’.
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The points above illustrate one category of factors influencing the

efficiency of a production control system, ie, those that exist as a

result of the nature of the industry. A second category consists of

factors which reflect the limitations of manual procedures. In the
former case, the lack of success in applying 'standard package’
solutions, developed for general assembly-type manufacturing, is
evidence of the inherent differences of foundry practice; whilst many
foundry managers would agree that the major advantage of a manual

system is that it is initially cheap to install.

A common limitation that has been levelled at manual paperwork systems
is that their successful application depends on key personnel and to
some extent on the ability of these personnel to memorize pertinent
facts. The complete understanding of the system is limited to a few
persons which makes the system vulnerable to staff changes [48,49,79].
The 'miracle worker' is a frequently met (and potentially dangerous)

phenomenon in foundries.

2.5.2 Shop-Floor Planning and Control Problems

One of the key roles in any foundry is performed by the person (or
persons) responsible for the forward planning and detailed scheduling
of work, within the imposed timing restrictions. With the clerical

methods available, the forward loading in terms of manpower and

equipment availability is restricted to examining the demand level from

the customers and translating this into a weekly manufacturing
programme for the moulding or casting facilities. Furthermore, the

difficulty of assessing the effect of forward loading on the foundry as
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a whole, particularly between processes which are measured in different
resource units, may lead to bottle-neck situations at various

processing sections within the foundry.

Similarly, detailed scheduling and re-scheduling activities are
frequently based on decisions concerning only part of the total
manufacturing processes involved. This is due in part to the time
required and the complexity of performing manual calculations to
optimize the many criteria, especially where there is a lack of

accurate 'timing' data.

Several other factors hinder the forward planning and detailed
scheduling functions (extending sometimes into the actual production of
jobs). For example: the integration of 'overdue' jobs into the
production plans so as to cause the least disturbance to section loads
which have already been balanced; the inclusion of 'rush orders’'; the
‘yield' factor which has to be taken into account when determining the
required quantities from particular processes, and disruptions produced
by changes in customer demands. These include amendments to the
original order quantity, delivery-date revision, specification re-
evaluation or even cancellation of the entire order. It is often not
possible for a foundry to take a firm stance against this type of

activity, particularly if the customer is the recipient of a large

percentage of the annual output.

The production of jobs to a given programme (or schedule) is also

subject to change especially if the procedures for ordering work into

the foundry are informal. They include procedures which allow salesmen
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to push:

"

... particular 'pet' orders to the top of the list ..." [28],
customers to expedite their own jobs and the detrimental effect of
poorly designed incentive schemes, by which foundry employees are paid.
In addition, variable production capacity of foundry sections, due to
absenteeism and breakdowns, necessitates essential alterations to

current production programmes.

2.5.% Information Transfer Problems

Foundries which produce complex castings (in terms of the core-work
involved) are clearly aware of the problems of co-ordinating the core-
requirements per job, with the existing work-load on the core-shop, to
ensure that sufficient stocks of cores are available at the job
moulding stage. In such cases, the identification of all the core
elements is desirable if not practically feasible, by existing manual

methods.

With coremaking, as with other subsequent processing sections, it is
not sufficient for a production control system to schedule work onto
the appropriate sections. The reporting back of information relating
to the job, in terms of quantity of good components produced, the scrap
quantities and the reasons for scrapping, are essential, if any form of

control is to be exercised. The 1imited (sometimes very) shelf-life of

cores merely exaggerates the difficulties.

Poor feed-back from the shop-floor stems from inaccuracies of data

capture; usually the miscounting of quantities of components passing
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through the monitoring stages and the failure to associate the

components produced with the identification codes adopted by the

foundry.

Normally, the shop-floor recognises the part or pattern number to which
the job belongs. However, where there exist similar jobs, designated
under a similar code number, it is not unusual to find that the wrong
code number has been transmitted back to the production control
department. Another problem is that time-sheets are sent back with
only half of the code number on them. The production clerk then has
the task of establishing the correct code identification before booking

the work into the work-in-progress file.

A further task for the production clerk is the relating of work to a
particular customer order, especially if there are several orders for
the part in question, although the problem can be overcome, to some
extent, by the design and accuracy of the works documentation. Tracing
'split—batches' complicates the work-booking task further, especially

when irate customers are demanding to know the whereabouts of their

order.

The use of data which has been fed-back from the shop-floor, in

conjunction with existing job and methoding details forms the basis of

management reports, normally prepared on a weekly basis. However, the

clerical effort required precludes the provision of anything other than

1imited management information, presented in the form of long lists or

tabulations. Thus, the manager has the task of sorting out the

important from the trivial, prior to taking decisions.
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The above points complete the background introduction to foundries.
Their place within general manufacturing has been discussed and the

diversity of the industry, together with corporate objectives, have

been examined.

Some approaches to production control (manual procedures) have been
considered and many of the factors affecting the organisation for
production have been investigated. However, no attempt has been made
to indicate how individual foundries have manually resolved the
conflicts of interest between themselves and their customers, or their

intrinsic problems in controlling production.
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3, CAPM Philosophy and its Application to Foundries

.1 Introduction

Background literature has already been referenced during the course of

introducing the present study. The main purpose of the research, as

defined by the title of the study, commences with the following

investigation/review.

CAPM is a composite subject, existing as several interacting sub-
systems. To illustrate this point, figure 3.1 shows the functions of
CAPM within general manufacturing, proposed by Corke [30}. The sub-
systems of CAPM required within the foundry environment (described in
section 2.2) are somewhat different to those employed in general
manufacturing and figure 3.2 represents an equivalent, interdependent
set of CAPM functions, which are considered to be fundamental to the

organisation of foundry manufacturing.

The differences between the two CAPM systems begins with how both types
of industry answer the manufacturing question of ‘what to make and
when'. TFor example, greater emphasis is placed on the function of
sales forecasting by companies whose modus operandi is more suited to

the interaction of the sub-systems represented by figure 3,1 (ie.

engineering companies which, in general, assemble component parts to

stock). These companies use various forecasting technigues 1n

conjunction with existing sales orders to produce a master schedule -

from which the outstanding material (and component) needs can be

computed.
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The master schedule can be evaluated, in material terms by an
b4

application of the widely publicized technique of material requirements

planning (MRP), which produces a time-phased plan of 'how much is

required of what, and by when'. Purchase orders for items which are to

be 'bought out' and shop orders for items which can be made 'in-house',

can then be raised.

Ultimately, the combination of manufactured items and purchased

materials and components are processed and assembled into the final
product. However, a highly efficient stock control system is required
to co-ordinate the movement of materials and components into and out of
the works. Figure 3.1 illustrates the 'closed-loop' activity
surrounding the stock file in order to achieve a high level of

inventory management efficiency.

In contrast, whilst few foundries manufacture components for stock,

the majority of foundries do experience continually changinging demands
for components (section 2.5). As a result, the production of a master
schedule is impracticable and therefore they must work from the most
'up-to-date' version of the works order book, to enable an accurate

analysis of the outstanding raw materials requirements.

Raw materials are foundries only 'pought out' items, in terms of the

final component (other purchased items may include, for example, chills

and exothermic sleeves). Consequently, foundry purchasing is normally

limited to a small range of alloys, which precludes the need for an

extensive stock control sub-system - a fact which is conveyed by figure

5.2
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The only realistic way to assimilate the literature relating to CAPM in

foundries is to group the various aspects of the subject under a series
of 'broad headings , rather than try to cover the whole research area

at once. Such an approach is adopted here. A relative comparison of

writers' opinions is then possible, within the context of the work

presented in the current study.

3.2 Subjects for Review

The major categories which evolved from reviewing the literature are as

shown in figure 3.3.

The Implementation of
Computer Technology

Computer Applications
and Packages

C A P M Scheduling Theory and
__________ ‘ Practice

CAPM - A General Review

Figure 3.3 The Literature Classified

The first of the categories investigates the implementation of computer

technology, historically, in the foundry industry and reviews the

choices which face the potential 'system-buyer .

The second category details the applications which have been developed

¥ . 1
i - i
for foundry use. These include references from ~case studies’,
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describing how individual foundry's have

] 3 1]
done it' and an examination

of some of the commercially available packages - which provide

evidence of why some of the accepted CAPM techniques for general

manufacturing are of little use to foundries.

The subJect of scheduling forms the basis of the third category, in
which a theoretical introduction is followed by a review of the

practice of foundry scheduling, as described by the literature.

Whilst scheduling is perceived to have a vitally important role within
foundry CAPM systems, the literature reveals that few foundry
practitioners in the UK have experienced the benefits to be gained from
operating a scheduling "tool'; the reasons for the lack of success in
implementing scheduling packages are investigated in section 3.3.

In addition, it is suggested that a generally applicable scheduling
function must be designed with inherent "flexibility', to enable
several different combinations of criteria to be examined and to be

sufficiently responsive to the type of manufacturing environment which

exists within the foundry industry.

The latter category overviews the extent to which CAPM has been adopted

by industry in general, through the use of several surveys/reports.

3.3 The Literature Reviewed

omputer-Assistance

3.%,1 The Implementation of C

Computer-assisted production control in foundries or, to be more exact,
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the historical development of computer-

assistance, is the subject under

review. The picture that emerges is that CAPM was not generally

available for small to medium-sized foundries until the advent of the

microcomputer as a business tool.

The assumption that a degree of computer-assistance was (and is)
required by most foundries is overwhelmingly supported by the

literature [19,42,49,50,51,54,57,60,61,62,63 .

%.%.1.1 Barly Developments in CAPM

To illustrate the development of CAPM in foundries, it is useful to
consider some of the conclusions of one of the earliest surveys of
computer technology in the foundry industry, conducted in the United

States by Knight [18], in 1967, viz:

i. very few foundries have a reliable base of data which can be
used to develop operating and administrative systems.
ii. the majority of the work done was in the administrative area,

with computer applications being information and/or accounting

oriented.
iii. the cost of developing and implementing a 'system' was

prohibitive for most foundries with less than 500 employees

iv. either each foundry 'does it alone' (as some of the larger

foundries had attempted) or some type of industry-wide effort

was necessary, to be of benefit to all participating foundries.

A comparison can be achieved in terms of availability (ie. cost), by

comparing the third point listed above, with the following statement
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[64] made in 1984:

"Fully interactive computer s
. . ystems can be cost j { £
foundries with as few as 20 employees, cost Justified by

Moreover, further observation uncovers a second level of development.
The type of data processing carried out in the majority of foundries in
the late 1960's is indicated by Knight's second point. The types of
computer system referred to in the latter quote would typically

include:

. an order entry system

. production scheduling

. customer order status evaluation
. core scheduling

. invoicing

. sales forecasting (order backlog)
. cost estimating

. foundry accounts

Hence the areas of implementation have become more identifiable with

the needs of foundries, a feature which figures largely in many

researchers' work.

In the intervening years, three major developments have occurred

bringing about the current level of progress in today's foundry

systems.

Firstly, there has been a gradual increase in the awareness of foundry
, th
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management of the need for improved organisation of manufacturing

(especially over the last few years with the tightening of standards
9

for example, the onset of BS 5750).

Secondly, the rapid advances in micro-computer technology have meant
that data storage has become relatively cheap (and is becoming
cheaper); processing power can be housed in a fraction of the space
required twenty years ago, and a greater variety of hardware and
software is now available - with the emphasis on choosing the software

first.

Thirdly, the interest shown by external 'bodies', apart from the
foundry industry's own technical institutions (including software
houses and consultants), has enabled many smaller foundries to get
involved. There is no doubt that the availability of financial support
for CAPM implementation by means of government grants (eg. BTAS, AMT,

etc.) has accelerated the adoption of CAPM.

The literature reveals a number of case-studies [36,43,44,46,49,51,60,

63,65,66,67,68,69,70,71,72,73,74] which provide firm evidence in

support of the attempts by individual foundries to adopt some form of

computer-assistance (these reflect the 'successes': the extent to which

foundries have been unsuccessful is not so well documented!). All of

the case-studies approached the implementation of a ‘system’ on a ‘do-

it-alone' basis (see Knight's conclusion 1iv, above) and the early

systems (pre- 1970 to mid 1970"s) were largely implemented on mainframe

~computers ('in-house', bureau service or time-sharing), progressing

onto mini-computers as the technology advanced.

- 6% -




Therefore, during this period, unless a foundry possessed its own data-

processing department, had access to the computer when required and had

its own programmers, the actual benefits gained from utilizing a system

were limited. TFor example, using a bureau service/time-sharing

dictated when reports could be 'run off' the system and in many
instances, a foundry would receive revised schedules only once in a

period of several days [51,67].

In 1969, topical reports in the foundry journals of the UK examined the

features which had combined to produce the [19]

1" .

present low status of the computer art in U.K. foundries;'
identifying, among others, the cost of computers, intrinsic differences
of the industry in the UK, disparaging computer applications press and

the lack of stimulation from foundry media [19,56].

A year later, similar reports from Swiss and German sources [58,75],
described the 'mechanism' and some applications of 'Electronic Data

Processing’ (EDP) in Europe, but warned of the dangers of poorly

applied systems.

Thus, an understandably cautious approach was advocated by many papers

[42,48,51,56] reflecting the high cost of the initial hardware

investment and the added cost of developing software. Only those

foundries with sufficient capital resources, together with the 'drive

of highly motivated individual(s) [51,76] were able to take advantage

of some form of EDP.
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%.%.1.2 Initial Generalised Systems

This unsatisfactory situation (eSpecially’ for the typically 'small’

foundries in the UK) was partially addressed in 1972, by the
collaboration between the British Cast Iron Research Associstion
(BCIRA) and Hoskyns Systems Limited (HSL), which performed a study of
the feasibility of developing common, computer-assisted production

control systems for the British Foundry Industry [35] (the second

"approach' observed by Knight).

The primary objective of this study was that foundries should be able
to use a system at a fraction of the cost of developing their own
system. Moreover, of equal importance, the grounds were established
for a commonality of approach towards computer-assisted production

control [55].

Almost in parallel with the work of the BCIRA/HSL, the British Non-

ferrous Metals Research Association (BNFMRA) carried out their own

survey [77], which supported the findings of the BCIRA/HSL study (ie.
the 'commonality of approach' and the need for 'simple’ systems). The

results of the study were projected further [48], proposing that the

approach to organisation and procedures appeared to extend to the

practices employed in the ferrous sector.

Despite this work, the potential 'gains' of using the new technology

were only being realized by a few concerns and in 1974, the first of a

-~ formed under

series of reports was published by ‘Working Group E2

: i - to
the auspices of the Technical Services Committee of the IBF
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evaluate and advise on the use of computers in the foundry industry

[42].

The 'softly, softly' approach to implementing a system was advised
with 'low-risk applications' only (ega scrap analysis) being considered
as first applications, hinting at the need for the hitherto undefined

b4

'modular’ approach to system design.

Thus far, although the literature [1,17,42,49,54,56,63,65,68,78,79]
stated the advantages of computerised systems over the disadvantages of
manual methods, as yet, only the BCIRA/HSL collaboration had resulted
in a basic, standard system for production control [48,501.
Unfortunately, small and medium-sized foundries were not able to afford
the hardware requirements for this system and a scheme was devised
whereby these foundries could "rent' an amount of computer time at a

data processing centre.

To overcome the limitations of the BCIRA/HSL system, the British

Non-Ferrous Technology Centre (BNFTC) developed their own system for

foundry production control during 1974 to 1977. The system operated in

"real-time' and required a minicomputer to run the package. Although

the initial investment in the BNFTC system was about a tenth of that

reported [80] for an implementation of the BCIRA/HSL's system, it was

sufficient to deter the smaller foundries and many of the medium-slze

concerns.

which seemed to determine the potential

The criterion of ' foundry-size’

'user' from a 'non—user' (of CAPM systems), was stated more firmly by a
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survey of more than 200 British foundries [81]
9

in 1974. The survey

revealed that the sige of foundry was the over-riding factor, a factor
9

which also influenced the extent to which a system was used

However, for those foundries who could implement computer-assistance
several options were available in terms of the type of system which

could be purchased, for example:

'‘tailor-made' (bespoke software) systems
. 'packaged' ('turnkey') programmes

o modified, general package solutions

To complicate matters further, the rapid advances in the technology
meant that a choice of automation (in terms of the information
processing capabilities) was available; a system could operate

in one or more of the following modes:

batch processing

. ‘'on-line'
'real-time’
'on-line/real-time’

The new technology was also accompanied by a new set of 'jargon and

the problems facing foundries attempting to select a system were rooted

in understanding how the technology worked and what the computer could

do, quite apart from the justified 'fear of change' [82], which the

technology might bring.

The literature of the late 1970 's/early 1980"'s [17,53,62,63] began to
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address the 'need to know'

aspect and emphasized the areas of foundry
production control practice which should be investigated with a view to

automation, listing among others:

order acceptance and forward plant loading
detailed plant scheduling encompassing the issue of 'work-to'
lists for work-centres

. monitoring the progress of work and taking immediate decisions
concerning modifications to schedules to react to variances
from the planned course of action

. preparation of management reports

3.%.1.3 Micro-Computer-Based Systems

The underlying problem of providing a means for implementing computer-
assistance (apart from a very basic level) in the small to medium-size
range of foundries was not really overcome until the early 1980"'s
(1981/1982). The turn of the decade saw the emergence of the micro-
computer as a viable business tool, sufficiently powerful to process

relatively large volumes of information, rapidly.

Thus, the potential to utilize the assistance provided by computers was

now available to most sizes of foundry, but the problems of choosing an

1 K3 1 . 't
appropriate system still remained. The 'micro’ had emerged, but i

Pf i e.
required it's own applications software if it was to be of us

i i i~ 1, b-o-m
The procedures for controlling production in the multi-level,

i nalysed and
manufacturing industries were amongst the first to be analy

i uch as
"improved' through the evolution of more formal technigues, S
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MRP and 'Manufacturing Resources Planning' (MRPIT)

These techniques had proved practically impossible to maintain by
manual methods, yet were readily adaptable to the type of logical
processing power provided by the computer. However, their application
to the foundry industry was questionable, due to the nature of the
industry (reference section 2.) which in turn affected the suitability
of the available software. MNoreover, as one foundry practitioner

stated [82 ]:

"Immediately you start talking about computers you are likely to be
surrounded by very good specialists who will tie you up in knots."

Such an opinion was not felt in isolation [54,83,84:[ and thus it was

evident that the further education of foundry staff in the 'new’

technology and the further education of computer 'experts’ in foundry

e

practices (and other production control techniques), was required.

e e S

e
e

%.%.1.4 The Present Position

From 1981 onwards, entrepreneurial enterprises penetrated the foundry

software market offering hardware/software and training in the use of

both. Whilst the majority of companies (eg. software houses)

subsequently favoured the more 'rashionable' sector of manufacturing,

that is, the multi-level, b-o-m industries (high volume production/

assembly to stock), a few kept their focus of development upon the

market leader has developed, with a

foundry sector. Of these, & clear

claim of 120 systems in use at the time of writing.
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In effect, packaged software, which would otherwise be provided
ed on.g

‘one-off’ basis costing thousands of pounds, became available for und
er

ten thousand pounds (say £7,500), so that a system - hardware and

software - could (and can) be purchased for an investment of around

£10,000.

Packaged software represents only one of the available methods which
could be used to implement CAPM into the foundry, which is taken from a

list comprising:

. 1in-house systems
. bespoke systems

mini-computer packages (both foundry specific and general CAPM)
micro-computer packages ( " ! ! )
mainframe links

. turnkey approaches
database/code generators

. spread-sheet systems

expert/rule-based systems

Of these, a 'packaged' version of an expert system (as developed for

the medical profession) may prove to be of extreme interest in the next

three to five years. The use of artificial intelligence and ~fuzzy

logic' [85] to overcome the relative inflexibility of traditional

. ! -no"’ T
logic, has enabled users to get more than a simple 'yes-no. &nswe

. i the
Nevertheless, for the small to medium-sized foundry (especially

. re
first-time user) the packages available for micro-computers a
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currently the most cost effective - the more proficient of wh
of which,

impose & few desirable codes of practice for organising productio
n’

rather than totally re-organising the existing procedures

The following section reviews some of the techniques ('computerised
procedures’) which have been applied/suggested to foundries, via the
use of computers and concludes with a brief look at the options which
are available to the potential ‘'system buyer', within the context of

the commercial packages currently available.

3.3.2 Applications and Options

What remains to be done?
b

e

The question aptly provides the aim for the following review, which

surveys the applications and proposals that have been developed for

A e

e

computers in the foundry environment. The objective refers to the

additional research which is required for the continuing development of

However, it

'general solutions' for small to medium-sized foundries.

is necessary first to investigate what has already been achieved.

5.3.2.1 Experience Pre-1972

Some of the first published articles (pre - 1970) to report on “how

they did it' were large, American 'tied-foundries', possessing their
. i 10NsS .
own data-processing departments and main-frame computer installation

: of process
Computer-assistance had been initially employed in the areas P

tion
control (eg. furnace monitoring, spectrography, oxygen consulp )s
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power consumption monitoring, payroll, accounts, sales and estimating/
Imating/

costing.

Examples of such installations [44,65] reported on the use of computers

for order processing, w-i-p monitoring, scrap analysis and scheduling
However the cost of developing such comprehensive systems was not
stated, nor the time requirement or the problems encountered during

implementation (which is also true for most of the articles reviewed).

Articles from 1970/71 [66,67] provided evidence of the two basic
approaches which foundries had adopted in 'going-it-alone'. The choice
of whether a system was to be 'decision-based' or, 'information-based'
was determined by the amount of information which a foundry possessed

on its operations (eg. accurate process times, yield allowances,

machine performances, etc.) and which had been captured, manually, over

a period of several years [60,67,70].

o e

K
Hoe

e

The use of the term 'decision' is perhaps unfortunate, since in

practice, no system was capable of actual decision making. Instead,

the stored information was processed via a pre-determined logic route

to provide a 'solution', as opposed to simply presenting the

information to the user, as with information-based systems.

Whichever type of approach was adopted, the foundries controlled their

which were specifically written

operations by the resulting 'TEPOTtS"
. i ds a

to suit the individual concern's requirements and biased towarcs

. ; red

particular criterion. The Flynn and Emrich Corporation [66] prefer

rather than that of "weight",

the orientation towards "dollar value',
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favoured by other installations.

By 1972, the success (or otherwise) of implementing a system was

recognised as requiring the involvement of all relevant personnel [66

¥

68] and total commitment from the top management hierarchy. Such
comnitment was indeed required to overcome periods of disenchantment

occurring as a result of lengthy implementation times.

For example, in the same year, a published review in the UK [68]
reported that after nine-months development, a system was partially
installed in a small (13%0 employees) foundry which was capable of
producing four reports. An additional eighteen months work resulted in
a more comprehensive system which was totally information-based. In
spite of this, the report concluded that small foundries could justify

the time and money spent on developing a computer-assisted system and

added that

... if foundries were to stay in business they are left w1th no
option but to use the computer as a management tool.

A comparative report from the US, provided evidence [69] of how a small

foundry (105 employees) had utilized the benefits of computer -

assistance. A more sophisticated system was in evidence, enabling the

reformatting, analysis and reporting of information for the functions

of order processing, work booking and report productlon.

. . 'n
Both the case-studies stated that the greatest benefit derived was 1

through the increased ability to quote

the area of customer relations,

h
(and meet) reliable delivery dates. Unfortunately, further
blished
quantitative comparison is not possible through the lack of pu
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cost and time information.

%3,%3.2.2 Subsequent Developments

The support for information-based systems for the ferrous sector in the
UK [50’55] grew with the BCIRA/HSL collaboration which advocated for
simplistic systems, in opposition to decision-making systems. The
details of the system developed by the collaboration are not included
here as the source material is unpublished work, as classified by the

BCIRA.

The non-ferrous sector were also represented, as described by a report
[7’7] in 197%, detailing a common production control framework and how
computer-aided systems might improve on the "current" situation.

Moreover, it was suggested [48] that the main areas of improvement lay

in the production and disemination of information for making decisions,

during

diting orders,

" ... such procedures as accepting orders, expe
(and) meeting changing market demands ...

The package developed by the BRNFTC was similar in design to the BCIRA/

HSL concept, being information-based through the provision of reports,

but it had the advantage of operating in real-time on a mini-computer.

The comprehensiveness of the package dictated the need for a complex

d the user with a

set of procedures, which once mastered, provide

satisfactory tool for computer—assisted production control 1in

foundries.
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The common theme was that whilst the information requirements of
foundries were very similar, the criteria for teking decisions varied
widely. This extremely valid point highlighted the need for
‘flexibility' in the way selected items of information should be

accessed and manipulated if a system was to be of general use

In contrast, a paper published in the Foundry Trade Journal in 1974, of
Swiss origin [60], provided evidence of the apparent difference of
opinion (and development) between European foundries and their
counterparts in the UK - see also [58,75]. The case-study emphasized
the need to record processing times, transport times and storage times
in order to schedule production operations. However, it was also
stated that the cost of a system was a function of the volume of

information which was available for processing.

JR———

In the same year, the first report of Working Group E2 [42] (see 3.%.1)

oo

St

suggested ways in which the computer could be used to assist management

E

to control the foundry. With the high costs of development abundantly

clear, 'low-risk' applications (eg. scrap reporting) were proposed as a

useful introduction to computerisation, following the sequence outlined

in a 'five-step plan'. No reference was made to the feasibility of

creating generally applicable prograrmes, for use in a number of

different types of foundry.

: e in
Essentially, individual foundries were still the prime initiators 1
ici the
the quest for CAPM, which required the participants to survey
e markets with extreme care. Such an approach was

hardware and softwar
] in 1977, whom were confident

adopted by the Dudley Foundry Company [51
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of their existing manual procedures,

but required computer-assistance

to remove the tedium of administration and to improve the intesrity of
grity o

the information being processed.

The system was installed on a minicomputer and the programs were custom
written for the foundry's use to cover the areas of order processing,
forward loading, scrap analysis, plus limited reporting facilities.
The problems of dual and triple responsibilities developed between the
foundry, the hardware supplier and the software house and the
advantages of single-sourcing were subsequently expressed. Following
an initial investment of £25,000 (hardware) and seven months of
programme development, the system went 'live' and ran with limited

success for two years.

A second system was installed on different hardware (costing £70,000)

with further bespoke software, and was claimed to fulfil most of the

foundry's requirements. However, subsequent company closure led to the

e

i

failure of the development of the system on a wider scale.

3.3.2.3 Trends Toward General Solution Systems

Thus far, the literature had revealed a wide, but limited variety of

i i UK
applications of computer-assistance to the foundry industry in the

(also see 3.3.2.1). The attempts at a cohesive effort towards a
ilability of
general 'solution' suffered from the general (lack of) availability

. liers
hardware, the education 'gap' between foundries and computer supp

i individual
and the problems of producing a package to satisfy the 2n

ommon production control structure.

requirements of foundries from a C
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A similar situation was being experi i
perienced in the Us, 4
. summary of the
utilization of computers [54] confirmed that tne variety of syst
systems
implemented there reflected the diversity of the industry. M
« Moreover,
whilst it was acknowledged that:
"... similarities ... exist between a lar
ge-scale captive producti
foundry and a small, closely held, family-ownedgand~o£erazzglon

facilit the problem :
levels.X’ p ems of each must be addressed at different

Accordingly, computer-assistance in the US was reported as being
implemented at different levels, although the lengthy 'lead-times' for
software generated by individual foundries (from 1. to 3.5 years) were

stated as a warning to the unwary, since they opposed the prompt start

of operations.

An equivalent review in 1979 by The British Foundryman detailed the

findings of the re-constituted Working Group E2. The first part of the

|
!
|
report [62] identified the following trends: éi

. the continuing reduction in size of companies which could
effectively use computers had meant that foundries with a
turnover of £0.5M derived benefit from computers costing

£14,000, which provided comprehensive facilities for order

processing, payroll and accounting

there was an increased implementation of computer systems

operating in 'real-time’
the development of process control applications had been been
hindered by the high costs

nt of firms selling expertise in the use of

The developme

- 77 -



o
|
|

computers was increasing

The second part of the report [63] reviewed an application of the BoIRA

JHSL product which had been implemented on a computer installation at a

tied foundry, over a period of two years. The reported costs (both

original and running) ensured that only the larger foundries were
likely to derive benefit from computer-assistance, other than in the

areas of financial administration.

In an attempt to 'bridge' the gap' between foundrymen and computers, a
series of articles [64,74,83,86,8’7], appeared in the journal of Modern
Casting, describing: what the computer could do for a foundry, the

decisions and planning required prior to 'computerization' and reports

on how particular companies had 'done it'.

The call for more pressure to be placed on goftware houses was

supported by a report [57] published in 'Foundry Management &

Technology' (1982), proclaiming that manufacturing software must be

capable of application to a variety of needs. The author stated that

the development of hardware into a more reliable, less costly

instrument had not been matched by equivalent developments in the field

of software design, highlighting that the manufacturing-type software,

. i icall
currently available, had been designed for companies that typically

purchased component parts.

overing the functions of production

The concern for applications ¢

i of the recession.
control was given impetus, ironically, as & result

industry and
The worst effects of the recession had 1eft a much leaner 11
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the emphasis, for those foundries surviving, was on productivit
. ivity and

profitability. The efficiency of the production control syst
em
employed had the most direct effect on these measures ang wa
s
identified as the area which was likely to gain most from the

introduction of computers [1,17,53].

3.%.2.4 Current Concepts Of Computer-Based Systems

In a report on 'Whose foundry needs production control?' [17], the
members of Working Group M62 of the Institute of British Foundrymen
addressed the problem of the lack of analytical study afforded to the
subjects of production planning and monitoring. The tentative
conclusions suggested that production could be controlled via a
computer used by foundrymen themselves, without the need for 'computer

staff’.

The report also included a review of three case-studies, in different
types of foundries, which indicated the developments occurring in

hardware technology, but more importantly provided evidence that at

least one 'packaged-system' had been developed for production control

in foundries, on a micro-computer.

A more recent study [79], in 1984, of the use of computers for

d the use of real-time computer systems

production control, advocate

i i f:
to provide more up-to-date information, for the functions ©

. Estimating and quotation preparation

. Maintenance of records of casting master data
Order entry and acknowledgement printing
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. Re-pricing to reflect changes in metal prices, labour d
, an

overhead cost movement

. Planning of work-loads for moulding and casting work centres

. Printing of operational documents such as moulding tickets and
route-cards

. Recording of w-i-p movements as castings are processed

. Recording of despatches and advice note/invoice preparation

. Historical cost reporting

Preparation of reports on production performance

The concluding remarks urged foundries to place sufficient emphasis on

the specification and pre-planning stages to ensure that the most

effective system was designed and successfully implemented. The use of

generally applicable systems was considered unsuitable, since the
engineering approach to package development 'did not reflect important
aspects of foundry control', however, at least one apparently

successful foundry software package had been omitted from the study.

Taking the literature as a whole, it was evident that the next phase in

the development of micro-computer applications should be directed

towards the functions of production planning, scheduling and

monitoring, in order to assist in the making of better decisions, which

in turn should contribute to increased PrOfitability [242’243]'

. . ; arate
The controversial subject of scheduling 18 dealt with as a sep

. . t
he current section is completed with a brief look a

section, whilst t
hich are available for micro-

the main production management packages ¥

computers.
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3.5.2.5 Packages

Tn addition to the 'packages'

developed by the BCIRA/HSL and the BNFTC,
at least one other foundry package had been developed for use on mini-
computers by 1982. A small, non-ferrous foundry (35 employees) used a
system for production control, payroll and accounts which was
originally developed specifically for the company (Gascoignes Foundry)
[88]. The system was subsequently modified and marketed under the
title of 'FO.COM 42' at a cost of around £20,000, by a commercial

software house (ADS). The package is no longer available.

By 1984, a second, more comprehensive system, had been advertised under
the name of 'FORUM' by Management Information Services Ltd (an

associate company of Foundry Management and Design Ltd.). The package

had been developed over a four-year period and was expected to cost

e

between £35,000 and £50,000, providing the facilities of order

processing, production resource availability, master production

e e

scheduling, advanced scheduling and reporting, metal analysis, progress

reporting and integrated stock control, together with payroll and

financial systems.

The package provided satisfactory facilities for production control

but not at a cost which induced many different types of foundries to
'take the plunge'. The industry required *Jow-cost' competent packages

if the introduction of CAPM was to be on & large scale.

' i 1 surveys
Since 1980, the annual 'Which Computer? production control s v

. : lete)
[25,89,90,91 ,92,93] have provided a concilse (if not comp
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indication of the packaged software available for CAPM

recent survey [93] indicates that the packages which are capapl
pable of

running production control on micro-

The ‘most

computers are becoming more

numerous although the field is reduced when applying the criterion of

'foundry' .

Nevertheless, the current vendors of production control software for

micro-computers fall into one of two categories. Those whose packages

address the light engineering industries, typified by multi-level b-o-m

and large volume assembly (category 1.) and those whom address the

component making industries, particularly foundries (category 2.).

Table 3.1, below, lists the main contenders in each category - the cost

figure is included for reference only, since the modular design of each

package enables them to be sold as a series of units, which are

individually priced (see also Appendix 3,)

Table 3.1 Examples of Production Control Packages Fo

r Micro-Computers

Company Name

Product Name cost (£) Users

Category 1.

Kewill Systems Plc
Safe Computing
Sheffield Micro

Foundry Business Systems Ltd

Vi

Category 2. . + 120 +
Dewtec Computer Systems Ltd Dewtec Multi-User ;ggg 5-10
Management Information Services PC-Forum 7000 + 10-15

6500 + 250 +

Micross
Micro-SaFes 7000 + 88—;88
Planit/Uniplan 7000 + 80-

[
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In addition, the BCIRA
’ have recently releageq a mic
ro-based s
ystem for

Production Plannin
g, at a cost to non-members f g
. - of £300.00 i
gingular price fo e 2, "ok
r the claimed facilities The is a
. author has not
seen a

review of this pack
package to-date, but it is supplied
a8 a program onl
Yy

with no installation support

At least four other micro-computer based packages for f
production control have been reported in the US [64] :Endry

| . gain, no
references to their use in the UK has been reported, to the author's
knowledge. However, the clear market leader is a package advertised b
B & L Systems Inc., of Michigan, whom have 'down-sized' a system whichy

formerly ran on their IBM-3%6 computer

The main di i
ifference in the system design of the packages from the two

L

G i

comprisin
P g each type of package. Category 1. is concerned with the

problem of i
large volumes of mainly dependent component parts, which is

refle i
cted in the commonly found modules (eg. b-o-m, stock control,

trial kitting, MRP, purchase control).

The i
important aspects of the packages comprising category 2. (eg-

detailed scheduling, monitoring w-i-p, performance

capacity planning,
analysi
y31s) are of secondary importance in the industries addressed by

For example, foundry production

t
he packages grouped under category 1.
y limited to just a small range of raw materials

purchasing is basicall
f these few items does not

a
nd therefore, computer-based stock control ©
for performance analysis.

carr 5
y the same importance as a module
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Moreover,

production consists mainly of single-
requirements planning and multi-
irrelevant.”" |79

item products so material
level assembly structures are

In both cases, the primary sub-system requirements, which are of most
importance to the application, forms the basis which most probably
determines the sequence of implementation of the rest of the systen
[94]. For example, MRP depends on bills-of-material, stock recording,
order processing and forecasting modules for its inputs. The amount of
data processing required at this stage, however, is prohibitive to the
majority of foundry applications and therefore, a much simpler

materials requirement module is balanced by more comprehensive modules

addressing different aspects of CAPM (eg. capacity requirements

planning and performance analysis functions), in the packages grouped

—eonmgme

under category 2. %F

|
.
Whilst these general engineering packages are comprehensive/impressive i

in their own right, their basic unsuitability for foundry applications

clearly dictates that first choice should be given to the packages

which have been developed specifically for the industry.

i tl
Of the three packages listed, only the Dewtec system is currently

i i at the
advertised widely, whilst both Dewtec and MIS were in evidence

" i hibition
recent "Foundry '86 International show at the National Exhl
i two packages
Centre, (September, Birmingham). The main features of the two P

are presented below.
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P ~f ORUM is to FORUM wha t Mi cro Sa} N was tO SaFeS t}ha t
C 9 lS,
alte rna ti ve S:V S tem 9 Capa ble Of T llIlIll' ng on &8 mi Cro-

the requirements of "smaller companies"

an

» 1n this case, foundries.

package comprises five interactive modules vigs
$ .

1

5

Foundry Management Package
Production Control
Financial Control

Payroll and Personnel

Stock Control

computer to address

The

For the purposes of production control, a combination of modules 1 and

2 is claimed to provide the following facilities:-

The Dewtec Multi-User system 1is comprised of a

a database system + casting file and reports
welght estimating

cost estimating/re-costing

gquotation preparation/sales order processing
despatching and advice notes

invoicing

scrap reporting and analysis

works order creation

forward loading/production scheduling

or documentation

production programmes/shop flo

production monitoring.

gimilar range of

facilities, including:-

and order details

a database for storing *methodings

- 85 -
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. standard reports angd report generator
weight estimating
cost estimating/re-costing
price/quotations and wordprocessing
works order processing and order acknowledgement
forward loading/production scheduling
preparation of production programmes
works documentation/quality assurance

. statistical process control
production monitoring
advice note and invoice preparation
historical production/despatch records

payroll

No evidence is available to the author on any installations of the
former package (although two installations of the original minicomputer
version have been referenced [95]), whilst the latter system has been
discussed on at least two occasions [17,28]. Both systems are reports

~based and run on a variety of micro-computers (eg. IBM, Apricot, etc.)

3.3.% Scheduling - Theory and Practice

d by some of
The scheduling problem is extremely complex as demonstrated by

j fore, it is
the authoritative texts on the subject [96,97]- There

ific' in order to give &
necessary to move away from ' foundry specific’ areas il
i ting to relate
broad picture of the possible solutions, pefore attempting

ions which have been

i licat
the theory of scheduling to the practical appii

reported in foundry (and other) journals-




It is proposed to demonstrate that no
generally applicable
package
exists for the purposes of scheduling foundry operations ang that t
at the

design of such a package involves g combination of techniques, which i
y which is

strongly influenced by human rules.

So that it is clear what the author understands by scheduling, the
b

general definition, provided by Baker [96], is re-iterated here.

"Scheduling is the allocation of resources over time to perform a
collection of tasks"

Within the general definition, scheduling can also be applied to the
tasks of planning what product is to be made, what resources will be
used to make the product and on what scale, whilst the actual function
of scheduling presumes that all the information relating to the task of

planning, is known.

The literature reveals a wealth of research which has addressed the

problem of scheduling the production of jobs, encompassing the whole

manufacturing spectrum from pure-flow production environments through

to pure job-shop manufacture, of which the following references are but

a few [96,97,98,99,100,101 ’102,103,104,105,106,107,108,109,110,111,112,

113]- The discrepancies between the idealised models studied by

' ! d to a
researchers and the complexities of the 'real-world have le

. : it 11
'theory-practice’ gap [114], the closing of which has traditionally

T ! i nts.
been left to the practitioners 1n real world' environme

i . «ion-making goals
Scheduling theory begins with a translation of decision n g
making restrictions

into an explicit objective function and decision=

ar7

PRI,




, lici constrain ] y ’
% ts 96 ° Brequen t1 y & solu tiOl’l to a schedulln
Xp t s 1 g

problem amounts to answering the questiongs of:

which resources will be allocated to each task

When will each task be performed

Therefore 'allocation' decisions and 'sequencing' decisions have to be
made for a satisfactory schedule. 1In addition, if the set of tasks
available for scheduling does not change over time, the system is
termed static, in contrast to cases in which new tasks arise over time,
where the system is termed dynamic. Static models have received the
most research attention, but have proved to be of little practical
value. Foundries provide good examples of the intractable dynamic
models, where the arrival of jobs, though continuous, is intermittent -

which has stimulated research into 'queuing theory'. The main

o

scheduling techniques which have emerged are:-

1. Network Methods

SU—————
= SN

2. Mathematical Programming

3. Enumerative and Partially Enumerative Methods
4. Heuristic Rules and Simulation

5. Algorithmic Rules

6. Manual Methods

n one technique is common and has been

A combination of more tha

discussed in depth [96].

3.3.3.1 Network Methods

itical Path Analysis (cPA) and

Traditionally, network methods such as Cr



programme Evaluation and Revieyw Technique (PERT)

tools for the planning and scheduling of large, non-repetiti
’ - 1tive jobs.

gcheduling involves the expenditure of resources over a pre-defined
-defined set

of 'activities' or operations, which are subject to certain logical
ca

constraints. The resources are expressed in units of time and th
e
‘lines' of the network, which join up the activities, are proportional

to the time consumed.

3,3.%,2 Mathematical Programming

The determination of an optimal schedule can be formulated as an
integer programming problem, for example, by making use of linear
programming to build a model which is capable of representing a
multitude of constraints. Boolean-type operators are handled by the
introduction of integer variables, usually O and 1. The inclusion of

these variables, however, prevents the use of efficient Simplex linear

programming codes which in turn reduces the 'realism’ of the model. In

a similar manner to CPA, linear inequality constraints may be used to

prevent operations being performed until the previous operation in the

specified sequence is complete.

%.%.%.% Enumerative and Partially Enumerative Technigues

f ible
The effect of the 'combinatorial problem on the number of possl

is demonstrated below. ©Since

ways of scheduling work over resources,

ible
it is not practically feasible to enumerate all the possi

. ial enumeration,
combinations, techniques have been jevised for parti

aiming at optimal or, near optimal solutions [114].

have been regarded ag

e

TSR




The 'branch and bound' technique is an
example of a partiall
¥

enumerative technique, in which a tree
~structure is
generated. The

nodes in the tree constitute the jobs and the branch connectin
g a group

of nodes (which starts from the root of the tree) constitutes i
a unique

schedule sequence. The 'bound' refers to the lower bound, for example,
'makespan time'. Thus, in the build-up of a schedule, at a given node
in the schedule tree will be the opportunity to branch in one of a

number of ways. The choice may be determined by always branching from

the node with the lowest bound value (the 'travelling salesman' problem

provides a good example for the application of this technique [112]).

%.3.%.4 Heuristic Rules and Simulation

The difficulties of scheduling dynamic situations, especially dynamic
job-shops, by analytical means, has led to the use of simulation
models. The output from a simulation is a set of statistics which
describes the behaviour of the model over the simulated interval of

operation. Detailed scheduling decisions are usually produced by

applying 'rules of thumb', or dispatching/heuristic/priority rules,

during the course of the simulation.

For example, the SPT rule (shortest processing time - priority is given

to the waiting operation with the shortest imminent operation time)

es an ] 1 t hilst FCFS - first come
provid an example of a local pri ority rulé, W s CFS ir y
E - at rovi X les of lobal

rule M ith 'stati ' or 'd namic'
Se oreover the rules are termed eltner static Y ’

ilable for scheduling changes

depending on whether the set of tasks ava

with time.




3,%.5.5 Algorithmic Rules

Algorithms (literally step by step procedures) involve th
e matein € arrangement
of in such a way as to minimize & 'ti
ime-baseqd’
scheduling rule - the so-called 'dominant' property. The Al
. e gorithmic
rule can take many guises and is
usually a formal re
presentation of one
of the analytical technigues described. For example, the I
’ e Ignall-

Schrage algorithm [96] which describes the basic branch and b
ound

procedure.

%,%.4 Manual Methods

%.3.4.1 The Use Of Gantt Charts

An example of a manual technique for scheduling is the widely known

Gantt Chart. Similar charts are a common enough sight in foundries,

Pt e

ST

where use is made of peg-boards, or plastic sheets (or even the four

walls of a room) to graphically represent the timing of current job

production. The Gantt chart also provides an example of a combination

of two technigues, since in manipulating the chart, the scheduler is

meking decisions largely based on heuristic rules.

No simple graphic means exists to measure OT describe the success of
the practical application of scheduling in either the engineering
sector or, the foundry sector. The researchers themselves have
table in all but

admitted that the pursuit of optimality remains intrac

[107] (eg. one machin

t as far as manufact

e with a variety of

the 'smallest of problems’
uring

criteria). Moreover, it has been shown tha

i



costs are concerned, th .
’ ere is at most Only a diff .
ok between

the best and the worst pri
priority rules [
115,116

Attention is thus dra
wn back to foundries and the 1
. . . relevant 1i
en v ; ' iterat
provides written evidence of the techni o
ques which have b
een

employed.

The literature reveals that the approaches adopted by foundries ha
ve
been the result of specific applications to inherent requirements
which have been implemented, mainly, on large computers. The pro;lem
| S
of creating a general packaged 'solution' for use with micro-computer
| S
are based in the machine's capability to process volumes of information
and the fact that foundries occupy several niches in the continuum of

manufacturing.

e

Foundr i
y scheduling has not always been conceived as problematical

R

[117].
] The approach adopted by Gillespie assumed that all timing

inf i i
ormation asssociated with operations would be known and a

strai
aightforward back-schedule from the customer's due date would

determi ]
mine when a job had to be started. This type of scheduling alone,

howe
ver, tends to neglect the overall effect of the job on the rest of

the :
foundry in terms of the capacity requirements and the 'flow' of

the amount of manual computation

jobs through the foundry. Moreover,

involved is often prohibitive.

ssisted applications of scheduling

0 .
ne of the first reported computer-a

involved the listing of 'sorted’ information, to assist the Caterpillar

Tractor Company (US 1969) [44]. The problem of scheduling up 10 %2



gifferent castings on a moulding line at any one ti
ime -

eight moulding lines - was pared down to relative simplicity th h
roug

the prin'ting of a daily schedule by pattern set and castings within th
n the

set. Thus, through the use of a set of sorted criteria (ie. types of
. 0

castings within pattern sets) a 'feasible solution' was obtained. which
s

was reported to provide a satisfactory, workable schedule

The type of problem referenced above, in which the ordering of jobs
completely determines a schedule, is a specialised scheduling problem,
and more usually referred to as a sequencing problem. The difficulty
of producing "the best' (or, optimal) solution to sequencing problems
is due to the 'combinatorial problem', which all schedulers face in
such circumstances and to which the literature has provided an apt
name, viz: the 'n jobs/m machines' problem (in the example above, the

'n jobs/m lines' problem).

In theory, the number of possible alternative schedules facing the

scheduler is give by (n!)®, and whilst in practice there are technical

and policy restraints which 1imit the number of alternatives (eg-

meeting due-dates) unfortunately, even the reduced set of feasible

schedules is often too large for complete enumeration.

the problem using

Table 3.2, below, demonstrates the full magnitude of

(so that meaningful

a 'cut-down' version of the example quoted above

sobs could be
numbers can be computed!) and which assumes that all JO0S

processed down all the lines.

and ‘there were




pable 3.2 Scheduling - the Combinatorial Problen

n' jobs m  machines  Alternative Schedules (n!)m
4 1 24
8
2 1,625,700,000
16 4 tens of billions

%,%,5 Applications of Computer-Based Simulation fo the Scheduling
Problem

The interest in foundry scheduling in the UK was underlined by a paper
[52] presented at The Institute of British Foundrymen's annual
conference in 1970, which examined the feasibility of a foundry's i
existing technical people, installing their own computerized scheduling ;} !
and control systems. The author's opted to develop & sequential g

simulation model, based on the neuristic rules used by moulding .

department personnel for scheduling noulding production at a malleable

iron foundry.

Tt was reported that a schedule for one particular grade of irom,

1
established by the programmes governing the model, corresponded closely

have
to that produced in practice. Unfortunately, no follow up reports ha
. A rch.
been found to detail the results of this promising early resea

nvolved with the possible

Not only the UK foundry industry was 1

y to production scheduling: Swiss

application of computer technolog
subject was of

publications [58,60] provided evidence that the



internatlonal interest and in the same year, a r [ ]
’ eport |75 in th
. LIPS ] ;
German journal ‘Giesserei’, described the scheduling of
of capacity in the

foundry industry with the assistance of electronic dat
ata processing

The method of scheduling was similar in concept to that described
above. A 'simulation model' of the plant's characteristics was
developed and subsequently governed by a set of priority rules to meet
a defined objective function. For example, following a 'back-schedule’
from the customer's due-date, if a job was obviously late, the
programme attempted to 'split' the order over a series of machines,
such that part of the order could be completed whilst (say) the

moulding operation for the rest of the job was continued.

In conclusion, the report stated that applications of the programme

were about to be implemented in foundries in Germany, although its

i G et

initial application had been in a Finnish foundry (since German foundry

concerns had considered the programme more useful to the engineering

sector). Virtual elimanation of 1ate deliveries was claimed (after a

'running-in‘' period of twelve months). No cost information was

divulged, whilst the prerequisite for adopting the gystem was the

existance of valid production timing and capacity information.

Yet another example of employing a simulative technique was provided by

The Sibley Machine and Foundry Corporation [67], whom had their foundry

"translated' into a mathematical model which utilised foundry data

production schedules were

captured over a period of three years:

ing and after-cast

received every five days, covering furnace load

: i i their
operation capacity loading, for & finite time period. TO put



achievement into perspective, an observer noted that
avt:

few foundries keep sufficient
records t g A
manual control, much less computerized Zcizzzﬁnef?clent
g.

Clearly, Sibley was one of the 'few', but the observation was supported
e

by other authors [18,42] as being the general case.

In 1974, the Foundry Trade Journal published an article [60] describing
the use of the PSK production scheduling system at the Oberwinterthur
foundry in Switzerland. The sytem took 64 man-months to develop and
was expected to take two years to implement. Characteristically, the

system was based on a foundry model, governed by heuristic rules.

Back in the UK, the consensus of rather mixed opinions on the
desirability of computer scheduling, forwarded by Working Group E2
[42], supported the use of simulation/heuristic techniques by generally

agreeing that a system should be based on the

"

... loading rules used by an experienced human scheduler..."

3.3.6 Applications of Other Theoretical Scheduling Techniques

: i by a
Further stimulation on the subject of scheduling was prov1ded y

i 1d
report [21] which considered the problem of scheduling mou

of a moulding line with

production. The report examined the feeding

jons which weTe plagued by the

cores and identified two extreme situat

combinatorial problem.

H
4
gi
§
!
{
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mThe technique of linear programming was ‘
employed to optimi he 1 '
se the mould

combinations, but a revised schedule wa
s produced only once

a month and

foundry supervision had a 'free choice' on the sequencing of job
Jobs,

providing that the monthly demand was met.

purther case-studies from the US [70] and Italy [71] described the use
of simulative techniques which were subject to various criteria, whilst
one of the first (1978) workshop scheduling packages (SWORD) to appear
in the UK, formed the basis of an interesting application involving the
organisation of the production of malleable-iron chain links for

stock/specific chain orders [49].

The package had been developed for the Department of Industry (po1)

and was designed primarily for the smaller engineering company in a

R

batch/jobbing environment. The system was run via a bureau service (at

Leeds) and after an eleven week implementation period began %0 provide

scheduling information on a twice weekly basis. No clear indications

of how the package functioned was given, but the claimed benefit was in

the area of improving the flow of work through the foundry and chain-

assembly shop.

i tion in
The subject of job-shop scheduling (J5S) had received mch attentio

. 3 lication
the literature [97,98,104,118,119], and in 1978, & direct appli
. £ a wider
of JSS to foundries, using computer—assmtance, formed part ol &

1 1125
end more detailed study of foundry management contro [ J

i i istinct types of
The study addressed the problems of scheduling in two dis
production in a small

foundries - one representing .jObbing/batCh



foundry and the other, batch/long run “
production in g .
gravity die-

casting concern.

The author devised a simulation model to describe the Jobbing/batch
production foundry and a mathematical algorithm (utilizing 0-1 integer
programming) to describe the batch/long run production foundry. The
results of the study were encouraging in the sense that the outputs
from both models were shown to have financial benefits when compared to
the figures which were actually obtained, using the normal procedures

adopted by the participating foundries.

The simulation model was reported [112] not to be totally proven,
nowever, due to a lack of accurate process data for the machine shop,
whilst the number of alternative job choices for the production mix
(linear programming) problem, precluded the determination of an optimum
solution within a satisfactory span of computer processing time. A
"pest' solution was therefore accepted, rather than the optimal,

although the construction of a classification system, as a precursory

activity, was proposed to assist in moving the problem toward a more

optimal solution.

A follow up paper [13), summarized the results of the study and

ges were enhanced as a result of the

reported that the financial advanta

n a mainframe

. s 0
successful transition from running the programmne

computer to a 'low-cost’ micro-computer.

s



3,%.7 The Integration of Manual and Computerised System
_ S

Thus far, the literature revealed that the complexity of scheduli
eduling
foundry operations necessitated a simplification of the 'real 14"
-Wor

situation and in the first instance, it was considered that the

priority rules should be applied to the scheduling of mould production,
which for most concerns is the focal point of foundry operations
[53,64]. The need for 'human interaction' with the 'suggested’
schedules produced by the computer, was also stressed [64], so as to
retain the flexibility which was (and is) available through the use of

manual systems.

The scheduling of after-casting operations is not as clearly defined.
A method which has been suggested [53] is that a list of jobs, ranked
according to priorities (eg. due-date and customer) could be issued and
subsequently expedited by shop supervision. Other work [120] stressed
the potential for deliberately de-coupling pre—casting/casting and

post-casting operations, and theorised on the use of 'buffer stock' as

a 'de-coupling mechanism', in order to assist the development of ' good

schedules' for both mould/cast operations and for post—-casting

operations.

Clearly, the emphasis on getting the computer to do everything was

not a policy advocated by nost exponents of foundry scheduling and the

i i set
use of a model (of whatever sophisticatlon) which was governed by &

y many authors and practitioners. The

of rules was (and is) favoured b

i i i g, but
research into the theoretical <ide of scheduling gtill continues,

s involved at a practical

current literature suggests that the guthor
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level, are now equally concerned with the pla

cstablishment of 'lead-times' [28,30,115, 121

The term 'lead-time’ as used in the present c
manufacturing lead-time experienced in interm
although ‘manufacturing throughput-time' woul

more clear definition.

The problem of production scheduling in foundries is often exacerbated

by uncertainties and variations in the manufa

Tatsiopoulos and Kingsman [115] stated that in intermittent production

systems, manufacturing lead-times are often v
job processing times are usually quite small.

‘move' or transit time between operations as

governing manufacturing lead-times, as witnessed by the speed with

nning of capacity and the

122,123,124 ].

ontext, describes the
ittent production systems,

d perhaps, provide the

cturing lead-times.

ery long, yet the actual
They identified the

the dominating factor

which 'rush' orders can be expedited through a system.

They further identified the method of capacity planning

of work in the shop as important parameters w

manufacturing lead-times and hence the produc

Capacity planning has already received a grea
124,125,126,127] and currently adopts one of

approaches identified by Goddard [127], viz:

resource requirements planning (RRP)

rough cut capacity planning (RCCP)

capacity requirements planning (CRP)

A0 -

hich affected

tion of schedules.

t deal of attention [30,

the three proven

and the backlog



Each technique involves a time-

phased prediction of the resources

required but differs from the others in terms of who uses them and the

amount of detail which is produced.

The two methods of loading each technique have been the subject of much
debate, that is, whether to load the resource to infinite or, its
finite capacity - such that at no point in the resultant schedule is

the maximum stated capacity of any resource ever exceeded [96].

In summary, the problems of scheduling foundries have stemmed from a
combination of balancing fluctuating loads with fluctuating capacities,
a lack of accurate information and conflicting criteria from which to

formulate an objective function.

[

%3.%.8 Formulation of a Workable Scheduling Routine

Published foundry reports have provided evidence of the individual %f

attempts by foundries to utilize the computer for production

scheduling. Many of the systems involved the preparation of production

schedules which were subsequently distributed on a weekly or, even

monthly basis. Yet, their achievement depended on the completion of

schedules from the previous period and the day-to-day events occurring

on the shop-floor. Therefore, the schedules proved [129] to be

unnatainable and had little in common with what was actually

manufactured during the period.

The 1iterature has not provided any real evidence of generally
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applicable methodology for foundry scheduling on micro-computers and it
is proposed that capacity planning and careful lead-time management,
together with the application of heuristic rules to a simulated foundry
‘model’ (however superficial) will provide the means for addressing the
two areas comprising the scheduling problem. That is, the making of
allocation and segquencing decisions. In addition, the feedback of
accurate production information, on a real-time/daily basis is
considered an essential function to the development and execution of

satisfactory production schedules.

%.%.9 CAPM - An Overall Picture

The implementation of CAPM into manufacturing in general has been the

subject of numerous studies since the early 1970"s [130]. At least

twelve studies undertaken over the last ten years have been grouped

[131] into:

. Large-Scale Surveys - [132]
. In-Depth Studies - [76,129]

. Diagnostic Studies - [131]

The methods of implementation have been discussed widely [22,33,133,

134,135], yet the evidence provided by the literature is often

pointing to a large gap between the success and failure

ystems [33,136,137]. Indeed,

pessimistic,

rates of companies implementing CAPM s

research at UMIST in 1984 [33] revealed that 80% of companies gsurveyed

were dissatified with their choice of system.
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The most recent (1986) report on the 'state of the art' in CAPM

 oati .
applications has been compiled by researcher's from the Science and

Engineering Research Council (SERC) [76]. An in-depth study involving
33 manufacturing sites yielded an overall impression that the

implementation of CAPM in the UK was "woefully unscientific", with

users not making full use of the facilities provided by CAPM packages.

Within the context of system design, the findings of the report suggest
that users will clearly benefit from functionally simple packages which
are capable of easy integration. In addition, a programme of further

research is currently been evaluated to address the problems which are

preventing users from perceiving their problems clearly.

Until the time comes when potential users understand completely their
requirements and the software manufacturers have produced packages
which can be quickly tailored to meet these requirements, the "bon mot'

provided by the concluding remarks of a report by Working Group E2 [42]

still holds true, viz:

eans the majority - the

1"

" .. for the less experienced - and that m
motto must be to 'make haste slowly .
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4. An Approach to CAPM in Foundries

4.1 Introduction

The present section addresses the question of:

"What information is required for the organisation of manufacturing in
foundries and how may it be expressed and manipulated within the
constraints which govern foundry practice, in order to meet corporate

objectives?"”

The study of these requirements has led to the development of a
philosophy for the application of CAPM in foundries, which is presented

here within the context of current micro-computer technology.

4,2 An Overview

The overall picture which emerges from the literature review (supported

by the author's discussions with foundry personnel: suggests that the

successful implementation of CAPM in foundries depends on three

factors:-

1. The ability (of a system) to 'mechanise’ the inherent

production control functions required by foundries.

5. The facility to provide several 'levels of sophistication’

in terms of the functions offered for production control,

whilst maintaining a simplistic appearance.

lingness of employees to adapt to new

3, The ability and wil

procedures and revised documentation.
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The underlying conditions which influenced the proposals developed in
the current study reflect the constraints which govern a foundry's
choice of system and take into account the evidence provided by the

literature review.

In practice, the implementation of a CAPM system is limited by cost
considerations which usually stipulate that a system must be capable of
use by existing foundry personnel, albeit with some training, and that
the total cost of a system (hardware, software, installation,
customization, training and maintenance) should not exceed a given

(often very limited) budget.

Moreover, the literature survey implied the need for 'versatility' of
system design, with the emphasis on 'suggestive/informative' systems,

over 'decision-based' systems. Two factors could be identified in

support of information-based systems:-

Firstly, theoretical and practical research has indicated the complex

problems of attempting to pass control of foundry operations over to

executive control by the computer.

Secondly, for the system to make 'good' decisions, all pertinent data

would have to be available to the system. This factor alone, would

impose an intolerable degree of rigidity in any system degigned for

CAPM in foundries and the work involved in collection/maintenance of

information would render the timely meking of decisions, impossible.

At the present time, the only feasible course of action for
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many foundries who propose to implement a system, is to purchase a
foundry-specific software-package 'solution', which in general,
exploits the features which have proved to be common to many types of
foundry organisation. The investment required for such a system is
relatively small (since development costs have normally been spread
over a number of users) provided that micro-computer applications are

sought after.

The following sections describe the types of information which are
integral to CAPM, prior to a presentation of proposals for the 'paper-
less' organisation of manufacturing. The proposals are directed
towards the functions of production planning, scheduling and
monitoring, as opposed to dwelling on the design of a suitable
information retrieval/storage system (database), which has been the
subject of detailed development work by many systems and software-

houses; eg:

"Informix"' ~  Sphinx Limited
‘Retrieve’ -  Sage Business Software

. 'dBase II' and dBase 'III' Ashton Tate

'Paradox’ -  Ansa

'Q & A" -  Paradigm

‘Delta 4' -  Compsoft
. 'DATAEASE' - Sapphire Systems Ltd
. 'Omnis 3' - Blyth Software Ltd

These are just a few of the database management packages currently

available. In addition, most software applications-packages
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incorporate their own database management system which has been

specifically designed for the intended application.

4.3 Types of information

The information which is being processed continuously by foundries can
be organised into basic groups. Further study reveals how one type of
information interacts with another and a system for managing and
manipulating the information for the purposes of production control,

begins to emerge.

Table 4.1, below, identifies the major categories of information which

can be associated with the function of production control in foundries.

Table 4.1 Types of foundry information

Information Type Relative-Activity
Basic Casting/Methoding Mainly Static (Revisions)
Customer Schedules/Orders Dynamic
Work Booking/Scrap/Despatch Dynamic
Foundry Resources Static and Dynamic
Routing/Process Layout Mainly Static
Production Archives Static Transactions
Customer Details Mainly Static

The table is incomplete in the sense that the information required for
a total CAPM approach for foundries (eg. job-costing information) has

been excluded, but it is considered sufficiently complete for the
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purposes of organising and controlling the manufacture of jobs.

A further 'property' may be attributed to the data-types in Table 4.1
which reflects the amount of maintenance a particular category of data
requires, once it has been created. It is an important property and
one that a foundry should consider carefully. For example, are there
time and clerical resources available to keep a system up-to-date, once
it has been set-up? Will there be sufficient keyboard time? The
single-user/multi-user micro-computer environments allow a great deal
of flexibility over these matters and a CAPM system should be capable
of being 'upgraded' from single-user to multi-user, if required at a

later date.

4.%.1 Basic Casting/Methoding Information

Examples of elements of information comprising this category are

expressed in summary form, below (see Table 4.2):

Table 4.2 Basic Casting Information

Element Name Element Name
Pattern/Part/Die Number Description

Customer Account Number Customer Name

Base Metal Grade Metal Grade Specification
Gross (or Poured) Weight Cast &/or Fettled Weight
Castings per Box/Impressions per Die Moulding-Box/Die Spec.
Pattern/Die Details Drawing Number

Typical Batch Production Size Manuf'g Thro'put Time
Core Requirements Production Scrap %

Sales Price Cost

Product Group Category Codes Free Form Notes

Free Stock Job/Pattern Status
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In addition to the information in Table 4.2, the details on each work-

in-progress 'monitoring' point, where components are counted after
processing, should be closely related to the basic casting data, and

would normally be described in terms of the following:

Process Stage Number & Description
. Section/Workstation
. Actual Time

. Standard/Estimated Time

The monitoring points are 'selected operations' taken from a more
complete list of operations normally defined as a route-card or process

layout.

4.3%.2 Customer Orders/Schedules

Unlike the basic casting information, the information relating to
customer orders/schedules can be termed 'dynamic' because of the
frequency of modifications which have to be made to the schedules/
orders, involving changes to quantities, call-offs, specifications and

delivery patterns.

The elements of information comprise those which are required to raise
an order (in addition to those provided by the basic casting details)
and those which refer to the subsequent production of the job. Table

4.3, below, identifies examples from both groups of information.

The left-hand side of Table 4.% describes the additional information

which is required to raise a new customer order/schedule, whilst the
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right-hand side represents the breakdown of work-in-progress, together

with planning and summary information relating to the production

activities surrounding job manufacture.

Table 4.3 Schedule/Order Information Elements

Element Name Element Name

Foundry/Works Internal Reference Production Planning Dates
Part/Pattern/Die Number Work-in-Progress Quantities
Order/Schedule Received/Entry Date Total Cast

Order/Schedule Required Date(s) Total Despatched

Customer Order Reference Total Scrapped
Order/Schedule Quantity Total Returns

Type of Order Total Rectified

4.%.3 Work Booking (Work-in-Progress) Information

The return slips (eg. heat-sheets, time-sheets) which are passed back
from the shop-floor, vary in format and content from one foundry to
another, and provide a number of departments with work-bookings
information. For the purposes of updating the records held by the
production control department, the information typically required, is

summarised by Table 4.4, overleaf.

The information listed in the table contributes to the requirements for

maintaining a further set of records, the 'production archives', which

are discussed, below.
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Table 4.4 Shop-floor Monitoring/Work Booking Information Elements

Element Name

Foundry/Works Internal Reference or,
Part/Pattern/Die Number

Heat Number and/or Cast Code

Employee Clock Number and Shift

Actual Production Time

Booking/Monitoring Date
Production/Inspection/Despatch/Scrapped Quantity
Section, Work Station/Centre

Despatch Advice Note Number

Reasons For Scrap

4.%.4 Foundry Resource Information

Resource information comprises 'static’' elements and 'dynamic' elements
which relate to the capacity loading for that resource over a given
time period (or 'planning horizon'). Table 4.5 lists examples of the

static elements.

Table 4.5 Foundry Resource Information - Static Elements

Element Name

Section, Work Station/Centre

Description

Cost Centre Number

Standard and Current Labour Rates/Std.Time Unit
Scrap Rate

Alternative Resource(s)

Move Time & Units

Set-up Time & Units and Process Time & Units
Resource Units and Capacity Values

Etc.
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The section/work centre does not refer solely to mechanised resources,

1] . ] .
eg. human capacity' constraints can be considered as a resource.

Elements which can be termed 'dynamic' relate to the actual 'loading’
of that resource and consist of gquantity and timing information (eg.

production dates). These elements should be 'updated’' as jobs progress

through the resource.

4.3.5 Routing Information

As foundries in Britain strive to meet the requirements of BS 5750, the
quality control procedures involved will demand more exacting details
on the processes required for component production (equivalent
pressures are seen to exist also in other countries with the
proliferation of legislation covering product liability). Such
information is normally held as part of a route-card or process layout
document. The minimum amount of information which needs to be held for

each distinct operation or instruction, is as follows:-

. Operation Number . Section, Workstation/Centre
Set-up Time . Run Time

Operation Description, or . Quality Control Instruction

In addition, a 'move' time may also be held, together with notes

detailing special requirements; eg. 'non-conforming' items.

4.3.6 Production Archives ('Historical' Information)

In providing full 'traceability', ie. a permanent record of the
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"events' describing the production of a component, the types of

information required are 'derived', rather than manually created.

Table 4.6, below, lists examples of the types of information which can

be associated with this category (the abbreviation 'P.T.D.' stands for

period-to~date).

Table 4.6 Archived Transaction Elements

Element Element

Part/Pattern/Die Number

Foundry Internal Reference
Production/Inspection/Despatch Quantity
Advice Note/Heat Number

Customer

Customer Order Reference
Transaction Date

Shipment Value

Production Section/Stage

Employee Clock Code

Weight of Material

Material

Required Delivery Date by Customer
Scrap Reasons

Cumulative Made
P.T.D. Made
Cumulative Despatched
P.T.D. Despatched
Cumulative Scrapped
P.T.D. Scrapped
Cumulative Returned
P.T.D. Returned
Cumulative Rectified
P.T.D. Rectification

4.3.7 Customer Details

Most of the static information asssociated with customer's details is
of little value to the functions of production planning, scheduling and
control, but the peripheral activities of raising documentation (eg.
customer order acknowledgements, advice note production and invoicing)

provide for a more complete order processing system.
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4.4 Foundations for a CAPM System

Each of the information categories defined in Table 4.1 can be regarded
as a 'database' (or as belonging to a database), which collectively
form the foundations of a CAPM system. A database is defined here as a
group of information which can be manipulated by a set of utilities.
It is assumed that a system would possess the maintenance facilities to

create, amend, delete, enquire and duplicate 'records' of information.

The level of control which can be achieved is a function of: the
number of databases which are being maintained; how 'complete' the
databases are, in terms of the information held within them; the
integrity of the information and the system's ability to process and
present the information in a form which is readily understood by

foundry personnel whilst reflecting sound production control practices.

Database definition, however, is just one aspect of a series of 'set-
up' procedures which a system should support through the provision of
'parameter-driven' software. Such a facility enables the terminology
currently used by a foundry to be incorporated into a system and the
definition of the number of elements of information which are to be
maintained by each database. Most of the set-up details should be
"transparent' to the user, being implemented at the users request

during system initialisation.
An initialisation procedure which is of more direct relevance to the

functions of production planning, scheduling and control, is the

definition of a 'production calendar' within the system. The utility
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should provide the user with the ability to designate calendar days as
'non-working days' (for example, works "shutdown', weekends, public
bank holidays). Moreover, it should be possible to define 'non-working
days' to cover more than a one~year period (taking into account leap-
years!) - thus enabling a contribution towards long-term forward
planning practices. The full use of the calendar is investigated

during the sections dealing with production planning and scheduling.

4.5 Proposals For Foundry CAPM

The preceding sections have presented the types of information which
are required for foundry production planning, scheduling and control
and have briefly described a mechanism for maintaining the information.
The problem of manipulating the information toward an effective CAPM

solution is addressed by the following proposals.

The structure of a CAPM system should reflect the sequence of tasks
which are required for production planning, scheduling and control.
Thus, following the creation of the databases described, a system

should guide the user through the primary activities of:

. order processing/order book maintenance
. production planning
capacity loading and scheduling

the raising of production programmes/works documentation

work bookings

The additional tasks of:
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. creating management reports

- production performance analysis (eg. scrap analysis, delivery
performance, variance analysis of estimated versus actual cost)
. breakdown of job production by employee

. etc.

. « o should be provided and maintained automatically by a system, from

the information afforded by the primary activities.

Fach of the activities is discussed below. Where relevant, sections
are included (eg. 4.5.1) which describe how one set of information
interacts with another, stipulating the conditions which should prevail

prior to certain types of action.

4.5.1 Methoding Maintenance

Following the installation of a CAPM system, one of the first tasks
required of the production control department involves the entry of
basic casting details (for each pattern/die record) into the system so
that the 'computerized records' would have as much information (usually

more, in one collective area) as the existing manual system.

The pattern/die code should be unique for each job and prior to
accepting further details, a system should check to ensure that the
pattern/die code had not previously been entered. Care should

be taken over the 'construction' of the pattern/die number. For many
concerns, the numbers used by the existing manual system can be

transferred to the computerized records; however, an opportunity is
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presented for the classification of patterns/dies, should a company
wish to pursue this course of action. Once they have been identified
to the system, the pattern/die records should act as the 'trigger' for

most of the of the other CAPM related functions.

The removal of records from the system should be possible either
manually, or by automatic means. The latter case would require certain
criteria to be met prior to the deletion of records; eg. a comparison
between the current calendar date and a 'last used' date. Furthermore,
in both cases, up to three validation checks should be made by the

system, before initiating the deletion procedure, viz:-

1. a check to see if any orders, in the current order book, were
for the specified pattern/die

2. a check to see if any routing information had been created for
the pattern/die

3. a check to see if any 'production archive' details were related

to the pattern/die

If one, or more, of the checks failed, the system should advise the
user to remove the necessary records from the appropriate sources

first, before trying to delete the pattern/die record.
It should be possible to link into five other databases from a given

pattern/die record using the 'key' elements, already entered, as links

to the respective modules, for example (Table 4.7):
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Table 4.7 Xey Elements for Information Interaction

'Key' Element Module
customer name ---> customer base
customer number ' - *

> accounts/ledgers
material code -~--> raw material stock records*
pattern/die number ---> routing file
process/monitoring section ---> resource file

* Assuming that these functions were part of a system.

4.5.2 Route-Card Maintenance

It should not be possible to create a route-card if the relevant

pattern/die card has not been created first.

In addition to defining the operations which constitute the route-card,
the system should enable the separate definition of the sequence in
which operations are to be carried out, enabling a foundry to exploit
any flexibility it may have in its manufacturing resources. By
default, the standard routing should be assumed by the system unless

the alternative sequence had been defined.

Assuming that it was possible to define the particular operations which
were also monitoring points, any changes in the normal routing of a job
would then also reflect in the sequence of monitoring points for that

job. Moreover, the 'cyclical' processing of jobs could be catered for.
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4.5.% Resource Maintenance

For every resource in the foundry there is a corresponding 'resource

capacity', measured in a set of units which ultimately can be related

to time.

The resource loading information should also be expressed as a function
of a time-base, ie. as indicated by the resource units (for example
'weekly'). The information would normally be updated automatically
from work bookings and the activities surrounding customer orders/

schedules maintenance (eg. call-off amendment).

Such a facility would provide a 'real-time' enquiry facility on at
least the ‘'key' resource centres of a foundry together with a
potentially powerful tool for planning the flow of work throughout
these (usually identified as 'bottleneck' resources) and other

resources.

4.5.4 Orders/Schedules Maintenance

The same restriction should apply to the orders/schedules database as
imposed on the route-card database. That is, it should not be possible
to enter orders/schedules without prior reference to an existing
pattern/die record. In practical terms, the restriction renders the

raising of an order for which there is no methoding, impossible.
However, three advantages would be derived from the proposed
'restriction’'. Firstly, a minimum amount of information would have to

be entered into the system, facilitating the ‘'batch input' of new
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orders/schedules, consisting of the:

pattern/die number
. customer order reference
. the 'type' of order and the internal reference
. order/schedule/call-off quantity
. required/due date

. order/schedule/call-off entry date

Secondly, by referencing the pattern/die details (which would be
created and stored once only) any duplication of effort is avoided and
therefore the risk of clerical errors being introduced is greatly
reduced. Moreover, the minimum amount of media storage is utilized for

"filing away' the customer requirements.

Thirdly, at the time of raising an order, the system should present

other 'parameters' for consideration by the user. That is, whether:-

a scrap percentage, based on the expected yield, should be
incorporated into the order quantity/call-off

the number of impressions/die, or number of moulds/box (or
plate) should be taken into account

finished components which had not been allocated to a

particular order, should be used

The facility to print off 'customer order acknowledgements' (and
revised schedules) should be an integral part of an order processing
module, but on a batch basis, so that the user can incorporate any

special comments (eg. pattern of delivery) prior to printing.
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For the majority of foundries there exists a close relationship between
the components progressing through the foundry and the customer orders
to which they are being manufactured. The relationship may not be so
apparent on the shop-floor, but one aspect of the production
controller’'s job is to know how a Job is progressing, especially when a

customer enguiry is telephoned through.

The w-i-p and summary information (eg. total moulded) can be stored as
either a separate database or as part of the individual customer's
order/schedule record. It does not really matter to the foundry which
method is adopted by a system, providing the utilities are available to
organise the information accordingly; for example, the provision of
utilities for the purposes of re-allocating/re-scheduling work-in-

progress.

4.5.5 Production Planning and Scheduling

One of the chief aims of a foundry planning and scheduling system
should be to engineer a change from 'heap scheduling' [22] or,
'management by crisis', towards a system which organises the

manufacture of Jjobs in such a way as to:

increase the performance of on-time deliveries
decrease work-in-progress inventory levels
increase productivity by improving the balance between

resources and orders/schedules

Such a system can be achieved without computers, but computer-
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assistance greatly enhances the "tools' which are available to the

planner/scheduler to organise work loads [139}.

The literature review provided evidence of the essential tools for
foundry planning and scheduling, viz: lead-time (manufacturing through-
put-time) management, capacity planning and the application of ‘rules'
to a model of foundry production management procedures. A planning and

scheduling 'model' can be described as consisting of:

establishing minimum lead-times for each product

- profiling the order book: identifying 'overdues', current work
and future or, 'forward' requirements
planning production capacity by time period

. creating production programmes

- Analysing performance: eg. delivery performance

In the absence of a firm master production schedule, foundries require
a schedule of jobs from which to draw a fixed (short—term) programme of
work, even though the schedule will be subject to amendments on a
continuous basis. Provided that the information stored by a CAPM
system is kept up-to-date, the computer can be directed to provide such
a schedule, as frequently as required by the production planners and/or

schedulers, based on the results provided by 'modelling’' the current

foundry situation.

4.5.5.1 Minimum Lead-Time

Ideally, the run-times, set-up times and move-times would have been

defined for all the processes involved in the manufacture of a
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particular job. Then, using the customer's required delivery date and/

or the 'current date', a backward or, forward scheduling procedure
would determine the 'earliest start-date', 'latest start-date',

'earliest finish-date', 'latest finish-date', etc.

Unfortunately, few foundries store the amount of timing information
required for such detailed analysis. Furthermore, for those foundries
with fast throughput times (eg. days rather than weeks) a system has to
respond quickly to limited information in order that the most timely
and useful information is made available for organising the manufacture

of Jjobs.

However, foundries tend to 'know' or, are able to estimate, typical
batch processing times for jobs, which comprise of, for example

(assuming no 'move' time, ie. waiting in a backlog of orders):

pattern shop p days
. coremaking ¢ days
. mould making/casting m days
fettling f days
fotal p+octm+ f days

Therefore, the minimum lead-time, or the shortest possible 'promise-
date' would be the 'total' number of days from the time a firm order

was received.

A '"typical lead-time' can be associated with every job - as one of the

elements of the basic casting details - and used each time an order for
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that job is placed on the foundry. A CAPM system should be designed to
cater for this function, whilst providing a more sophisticated

approach, ie. a 'factored' lead-time which can accommodate differing

order quantities for the same job.

In addition to establishing lead-times, there are other constraints
which have to be considered simultaneously, before taking the decision
to order a job on the foundry; eg. those areas of the foundry which are
known to govern the flow of work through the foundry, ie. the so-called
"bottleneck' sections. Moreover, the impact of new jobs onto foundry
resources should not be considered in isolation, yet only the overall
production picture which is presented by an evaluation of the order
book (firm orders) provides much of the information required for

production planning.

4.5.5.2 Order~Book Profile

For many foundries, computer-assistance provides the only method for
evaluating the order-book in its entirety and a CAPM system should be
designed to provide several methods of obtaining an overall production

picture, taking into account:

who is using the system (and therefore, what the user wishes to

receive from the system)

the level of sophistication which a foundry is prepared to

accept and/or is practically capable of.

For production management, a summary 'backlog profile' or, delivery

schedule, would describe the quantity of undelivered orders by time
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period, beginning in the current time preriod and extending into the
future over a practical time-span ('delivery horizon'). Clearly, the
delivery schedule would be subject to continual change as new orders
were received and old orders were delivered. The CAPM system should be
called on to re-evaluate the order book by sorting the 'balance-to-
deliver' quantities into the time periods covered by the delivery
horizon (eg. weekly 'time buckets'). The number of orders which were
‘past due' (ie. 'late') should also be signified, acting as a 'red

flag' to the production manager that a situation required attention.

The delivery profile report can be taken a stage further to provide a
second summary order-book profile report, which begins to show the
effect of product lead-times on the required-dates promised. For each
order, the system would subtract an appropriate lead-time from the
customer required delivery-date, to arrive at a 'suggested production

date' for the order.

Jobs would be designated as 'overdue' if the calculation produced a
suggested production date which lay in the 'past in terms of the
current time period). A further refinement to the calculation would
take into account any days which had been defined as 'non-working days'
to the production calendar (eg. by adding one day to the suggested-date
and re-testing the suitability of that date. If the revised date

proved unsuitable, the 'loop' would be repeated until the first

'working-date' was found).

Thus, the production manager would be provided with a schedule, sorted

(eg.) by customer and pattern/die number, showing the 'balance-to-make'
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quantities and suggested start-dates for the production of jobs.

So far, the 'profiles' described have not taken into account any
capacity requirements, yet the 'suggested production' schedule would
attempt to predict the load on the foundry (to infinite capacity) for
each time-period, thus providing the production manager with a summary
rough-cut capacity plan which can reflect the product mix. However, to
plan within capacity and to create meaningful short-term schedules, the
planner requires more information about each order which should be
presented in such a way as to enable ease of interpretation and

manipulation.

4.5.5.3 Planning Production with Capacity Constraints

Foundry planners would require a breakdown of the suggested production
schedule, in a format which reflected the criteria normally used for
scheduling jobs. Therefore, the sytem should enable the planner to
select the contents of a 'planning report', incorporating the elements

of information stored in basic casting and order-book 'files'.

Further versatility should be provided by a system to enable a planner
to define a specific 'planning horizon'. Moreover, it should also be
possible to specify the order in which the information should be

presented (the 'sort' sequence), for example:

by 'suggested-date' and process section
by process section and 'suggested-date’
. by material grade and 'suggested-date’

. etc.
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In the first instance, a planning 'report’' should be displayed on the

computer screen - see figure 4.1, below.

Figure 4.1 An Example of a Production Plan

User: XxXXx Function: Production Planning Date: xx/xx/xx

Seq. Internal Pattern Process Material Mould No.of Req'd Sug'd E
C

No. Ref. /Die No. Section Grade /Die Shots Date Date

1 XXXXXX XXXXXX XXXXX XXXX XX b'e XXXXX XXXXX &
2 XXXXX XXXXXX XXXXX XXXX XX X XXXXX XxXxxx B
3 XXX XXXXXX XXXXX XXXX XX XX Xxxxx xxxxx C
Sub-Total =-=> XXX

4 XXX XXXX XXXXXX XXXX XX XX xxxxx xxxxx C

A planner would therefore be presented with a list of Jobs, sorted
(say) by resource section and 'suggested-date', sub-totalling on
change of week - the suggested start-of-production-date should be

calculated as described above, incorporating the production calendar.

The 'E/C' option would enable a planner to 'c'onfirm the suggested
date, or, to 'e'nter one of a planners own choosing, eg. based on the
simultaneous consideration of the potential loading on the process
section, the numbers and type of mould/die required and by utilizing
his/her own knowledge in conjunction with the customer's required
delivery date. If a planner chose to enter a date, the system would

check the entry against the production calendar, before acceptance.
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The sequence number ('Seq No.') should be provided, enabling a planner

to 'batch' a number of jobs together, by the appropriate movement of

one 'line' of the production plan at a time.

Having 'saved' a satisfactory plan, further options should be provided
enabling a planner to view the results of the plan under different sort
categories, eg. material grade and suggested-date. 1In effect, a 'what-

if' facility should be provided by the system.

Ultimately, a production plan would be printed off for confirmation by
the production manager. The print-out format should reflect the
changes made and also incorporate additional information (process
times, core requirements/times, total weight of material) - made

possible by the increased line length.

Furthermore, by accepting the production plan, not only the appropriate
order records should be updated with the confirmed 'planned dates', but
also the associated load-on-resource information, which would be stored
in production-date order, adjacent to the resource capacity information

(section 4.3.4).

To complement the planning procedure described, the system should also
provide the facility for examining the load on particular 'key'
resources (ie 'bottleneck' resources) at any stage during the
evaluation of a production plan. The identification of bottleneck
resource centres is essential since all subsequent planning and
scheduling operations would be governed by the organisation of work

through these key production centres. Thus, assuming a planner had
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batched sets of jobs over several time-periods, the impact on the
resource centres concerned should be graphically displayed at the
planner's command. The resources would still be loaded to infinite
capacity, but where the load for a particular time period (eg, a week)
exceeded the stated maximum resource capacity for that time period, the
system should 'flag' the situation, drawing the planner's attention to
the potential problem (eg. by means of a capacity 'line' traversing the

chart).

Since each 'load-column' would contain summary information of all the
pertinent jobs, expressed in the designated resource units, the system
should also enable the planner to 'enquire' on the jobs comprising a
particular week's load, thus identifying the jobs 'causing' a potential
overload situation. Moreover, the facility to re-plan the start-of-
production-date, for any job, would be essential, providing a mechanism
for balancing the flow of work through the resource. In re-planning
the start of production, any date entered should be subject to a
production calendar ‘cross-reference', to avoid the entry of invalid

dates.

By providing the facility to identify jobs with an appropriate resource
and by 'sorting' and 'storing' the resource loadings for given time

periods, the system should then enable the planner to cope with the

phenomenon of 'split batches'.

For example, if a given weekly load on a resource was found to be 'over
-capacity', a review of the orders comprising the weekly load-total

would identify the job-load composition. If the planner had to split a
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particular batch quantity (and say make

'x' amount this week and 'y'

amount next week) in order to balance the flow of work through the

resources, the system should:

- enable the 'x' and 'y' quantities to be established against a
start-of-production date, respectively
. 'file' the split-batch-quantity, in 'date-order', together with

the internal order reference against the appropriate resource

Any 'confirmed' changes made to the production plan via the load-chart
module would be reflected in the original production plan when the
planner instructed the system to 'return' to the former mode of
operation. However, the system should enable the planner to use the
lcad-chart function without necessarily invoking the interactive

planning procedure (ie. in 'stand-alone' mode).

Using the techniques described above, the planner should be able to
produce a 'short-term' plan for job production, in terms of satisfying
the customer orders, whilst balancing the flow of work through the
resources. Following the acceptance of the production plan, the system
should enable the printing of production programmes ('work-to-lists')
detailing the weekly manufacturing requirements for the foundry, by

production section.

4.5.5.4 Production Programmes

The production programmes would subsequently be handed to the foundry
supervisor whom would sequence the jobs on a day-to-day basis and would

have the responsibility of ensuring that the weekly targets were
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achieved.

4.5.6 Works Documentation

A system should provide the means for producing works documentation
although it should not 'force' the maintenance of this module on the
users, since many foundries can adapt other documentation (which should
be provided by a system) to describe the route of a Jjob. The ability
of a system to complement existing manual procedures also reflects the

necessary flexibility of design.

Whether the medium for producing the documents takes the form of a
"document generator', or consists of a series of 'standard' documents
(or both), it should be possible to select one, or a batch of documents
to be printed either by pattern/die number or works internal order
number. The following list represents a typical set of works

documentation:

. route card

. operation card/batch card
. material requisition card
. pattern release card

. quality assurance documentation

The information printed on the documentation would normally be derived
from the pattern/die register, the order/schedule records and the route
-card records. In addition, the provision of areas of 'free-form
text', for users to convey special notes/instructions should be made

available, for subsequent transfer to the relevant documents during
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printing.

The issue of pattern release documents informs the pattern department
of imminent work. The pattern department can signify the availability
of patterns by returning the document, appropriately 'marked', to the

production control department. Where patterns are supplied by the

customer, stores should use the document to signify when the customer
has delivered them to the foundry. 1In both cases, a job or, pattern
"status’ can be identified which can be 'flagged' against a system's

record of the pattern/die.

Operation cards represent the breakdown of production programmes and
can serve at least two purposes: the first is to inform the operator of
what has to be done and how to do it, the second is for the operator to
inform the production control department of what has been done. Thus,
on completion of a job, the operation card should be signed by the
operator/supervisor and include all relevant work-booking information

for subsequent processing by the production control department.

4.5.7 Work Booking

The modules presented thus far have been concerned with the pre-
production activities of organising and planning for the manufacture of

jobs and the subsequent dispatching of works orders to the foundry.

To provide 'control', it is essential that feed-back from the shop-
floor to a CAPM system is maintained on at least a daily basis,
although preferably on a more regular basis. At the most basic

operating level, the work-booking information can be manually entered
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against the individual order/schedule records held by a system. At the

other extreme, 'terminals' (ie. micro-computers) which are located at
monitoring points within foundries can be used to update a system in
real-time, which provides the most accurate (and most expensive) basis

for subsequent planning and scheduling activities.

Another option is to make use of 'hand-held' terminals with which to
record information from the shop-floor for subsequent transfer to a
CAPM system on a regular basis (of which the author has first-hand
experience). The hand-held units are powered from re-chargeable

batteries and can be easily carried around the foundry.

Periodically, the unit would be returned to the production control
office for interrogation of its 'transaction files'. By transferring
the information from the hand-held machine into the system (normally
via an asynchronous communications cable connected to the RS5232-C
parallel port of the micro-computer) the w-i-p information can be
updated, but only on a batch basis. Any exceptions (eg. badly entered
pattern/die numbers) can be printed out in the form of a report, which

would necessitate manual adjustments to the order and w-i-p records.

The manual version of a batch updating procedure involves entering the
information returned from the shop-floor into a 'work booking module’
which is integrated into a CAPM system and provides the user with the

same alternatives for dealing with anomalies (eg. 'over production') as

the real-time option.

Whichever method is employed, the work-booking module should enable the
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booking of work against either the pattern/die number or the works
internal order number and be capable of accomplishing several other
tasks, simultaneously, in addition to automating the manual procedure
of updating the works order cards. Moreover, the provision for booking
scrap , despatches, rectifications and customer returns should be

incorporated into the method employed.
For complete flexibility, a CAPM system should support all of the
options listed, enabling a foundry to progress through stages of

sophistication when it was considered appropriate.

4.5.7.1 Updating Production Archive/Resource Records

To provide full traceability of the events surrounding the production
of jobs, the system should automatically update the production archives
from the bookings of production, scrap, despatches, rectifications and
customer returns. Each 'booking' should be stored in summary form,
together with relevant details from the pattern/die and order/schedule

records, for later interrogation.

The module should also update the relevant resource records enabling
the loading of new jobs onto production centres, whilst passing w-i-p

onto the next designated resource.

4.5.8 Despatch Notes and Invoicing

The system should provide a facility for the printing of advice notes
and invoices, in a similar manner to the production of customer order

acknowledgements, described earlier. Following the despatch procedure
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a transaction file should be updated with the relevant details

necessary for producing the documents.

At an appropriate time, the transaction file would be interrogated and
unprinted documents could then be 'flagged', which should invoke a
procedure to enable selected documents to be 'prepared', prior to
printing. The ability of a system to provide documents which emulate
the existing paperwork is desirable since it assists in the acceptance
of a system by enabling users to 'identify' with the output from a

system.

4.5.9 Regorts

The provision of information on the current situation and also for the
purposes of comparing predicted and actual events, is essential to the
control of the foundry. The application of the micro-computer to this

chore is one of the areas where time-savings are most apparent.

Without doubt, the most covenient vehicle for performing the necessary

tasks is the provision (by the system) of report generators.

The following list presents some of the features which should be

provided by a system's report generator(s):

. report title

. column headings

. data element definition

. identification of 'key' data elements

. identification of 'sort' data elements
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identification of 'sub-total' data elements

identification of 'total' data elements

the option to create and save 'keylists' (high volume data

processing)
. the option to suppress meaningless data (eg. zero quantity
data)
. the option to print summary information only
. the provision to select 'blank' columns of data to be printed
the provision of a calculator function, enabling users:
« to input their own algebra
. to 'round' figures down, or up
. to subtract a span of time from a selected date
. reports library
. the option to run a 'saved' report, or to re-use the report

"mask' for a different selection of data elements

4.5.10 Production Archives

For production traceability and to provide the production department
with a performance analysis utility, the keeping of production archives

(or 'historical') information, is an essential part of the system.

The information stored within the database consists mainly of
cumulative quantity information and work-booking transactions. Apart
from the initial setting of the cumulative elements, the database

should be extended from the activities surrounding other modules within

a CAPM system.
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Periodically (eg. every six months, or annually), the information
within the historical database would require ‘clearing' from the system
(depending on the capacity of the storage media and the degradation of
the speed of response eghibited by the system). The system should
provide the option of clearing all the information from the database,
or just a part of the information. Whichever option is taken, the
information designated to be cleared from the system should be printed,
prior to deletion, so that a permanent, 'hard-copy' of the information
can be manually archived. The 'cumulative' quantity figures would be
left untouched by this action, but the 'period-to-date’' figures would

be re-~initialised to zero.

Reporting facilities are an essential requirement for this module,
including the ability to link to the pattern/die register. As with the
reports section, discussed above, a report generator should be provided
by the system for the creation of management information and
performance analyses; for example, a report showing the number of

jobs despatched on time (produced by comparing the actual date of

despatch and the customer 'required-by’ date).

The preceding sections have suggested an approach towards production
planning, scheduling and control in foundries, using the assistance

provided by micro-computer technology.

Emphasis has been placed on the need for 'flexibility' to be

incorporated into the design of a system, thus enabling many foundries
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to enjoy the benefits of packaged software. At the same time, the
adoption of a CAPM system will impose a certain degree of
standardization into procedures and the advantages of 'change' must be
communicated and demonstrated to the employees whom will ultimately be

operating the system, at all levels.
Attention is now turned to the presentation of feasible solutions which

address specific functions within foundry CAPM, viz: the functions of

production planning and scheduling.

- 139 -




e . m, o /m, . ’w
;» \,w;/n,,,,\r,,,;g( e
.
.
i /\w,i\\" .
i \;\\n Q",(,( e
..
.

| "”“T’?»i‘?’a‘:’ﬂ .
o

. CHAPTER 5

- 140




5. Approaches to Production Scheduling

5.1 Introduction

The work presented in the current chapter describes practical

approaches to 'levels' of foundry scheduling which have been developed

and installed into several foundries.

Discussions with foundry production personnel (see Appendix 1.),
together with the overall picture obtained from the literature review
suggested that the design of a scheduling system should be centred
around the provision of 'structured' information (ie. information which
has been selected and sorted, etc.) thus forming a basis for executive

decision making.

Moreover, the fact that foundries work to an order-book which can only
be described as erratic dictated that a scheduling and planning system
had to be flexible, and capable of responding rapidly to the inevitable

order-book fluctuations.

5.2 The Scheduling Problem

Foundries often lack reliable time "standards” for individual
manufacturing operations. Where standard times are available, they are
usually confined to the capital intensive "key" operations. As a rule,
the key operations may also be identified as "bottleneck' resources,
ie. resources which limit throughput (assuming that a perfectly

'balanced foundry' does not exist!). Since the bottleneck resources
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determine the flow of work through 'non-bottlenecks'

(a principle of

the OPT philosophy), the foundry scheduling problem can be simplified,
initially, to scheduling the flow of work through defined bottleneck
areas. Such areas are usually identified as coremaking and moulding

(for sand foundries) and casting (for die foundries).

Whilst the bottleneck resources associated with these key areas may be
loaded to finite capacity, true 'backward scheduling' is generally
impractical because the 'after-casting' operations times are either
inaccurate or 'missing'. The problem is exacerbated in 'jobbing'
foundries where a high proportion of the live order-book consists of

jobs for which only 'estimates' are available at best.

However, given the identity of bottleneck resources for each job, the
next stage in co-ordinating the manufacture of jobs involves scheduling
work through these resources. This task usually falls to the person(s)
responsible for planning and controlling production (eg. the production
controller, production planner, production scheduler, etc.) whom will
be referred to as the 'production planner' for the remainder of the

chapter.

5.3 The Production Planner's Problem

The problem of scheduling castings manufacture in any foundry may be

stated as follows:-

«ee.. Given an 'order-book' detailing outstanding customer

requirements, when should the balance-to-deliver-quantities
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be processed through the bottleneck resource(s) in order to

meet the required dates

2600

More specifically, the production planner's task is to produce
production programmes or, 'work-to' lists for the coremaking, moulding
and casting areas (sand foundry), or the casting machines (die
foundries). TFor die foundries it may also be required to produce a
listing of any requirements for cast-in inserts or miscellaneous

additional assembled components.

To accomplish this task, up-to-date information must be on hand,

detailing:

. customer delivery requirements
. replacements
. customer returns
. wWork-in-~progress
lead-time to manufacture castings
. expected scrap rates

available resource capacities

Attempts to manipulate all these factors simultaneously have proved
to be practically impossible by manual methods, but a computer can be
programmed to actively assist in the preparation and presentation of
information, in a form which is readily understood and which can be

used effectively by the production planner.

In essence, the computer-assisted scheduling technigues described
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below, reflect different levels of computer involvement with foundry

planning/scheduling information requirements.

5.4  Scheduling Concepts

The conflicting objectives of balancing the flow of work through key
resource centres, whilst at the same time satisfying customer
requirements for 'on-time' deliveries, ensures that 'ideal' solutions

to scheduling problems are rarely possible.

Moreover, the evidence provided by the literature survey suggested that
entirely computerised solutions to the scheduling problem were not
favoured by the industry, whilst few systems developed for use in a
micro-computer environment were of practical value or, generally

applicable to a wide range of foundries.

These points are addressed in the approach to scheduling adopted here,
which makes use of the micro-computer's effective searching, sorting
and calculating functions for information manipulation, leaving the
production scheduler to apply detailed knowledge to the 'suggested’

schedule which is generated.

In each of the scheduling techniques described below, the initial
computer-based task is to simply identify the production load: ie. by
considering the entire order-book, the balances to cast, or 'mett
requirements' can be determined. The calculation to establish 'nett

requirements' is accomplished in two steps, viz:
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Gross requirements = Customer Orders (discrete orders/schedules)
+ Replacements (internal scrap & customer returns)
+ Samples and Pattern/Die checks (eg. for approval)

+ Make-To-Stock (eg. policy for long-running parts)

The 'nett requirements' or, balances-to-cast are computed from:-

Balance-to-Cast = Gross Requirements (as determined above)
+ Scrap Allowance (to allow for foundry scrap/'yield')

- Quantity Already Cast (Work-in-progress 'stock')

The computed balance-to-cast is finally 'rounded up' to account for the
number of moulds per box or, impressions per die (eg: if the balance-
to-cast turned out to be 267 for a part with 4 moulds per box, then the
number would be rounded up to to 268; ie. 67 boxes; since 'partial-

boxes' cannot be made).

A second computer-based task involves the computation of 'suggested
start-of-production-dates’ or 'suggested manufacturing-dates’, for jobs
which have not been 'planned' (jobs/orders are referred to as "firm'
until they have been given a 'planned' date. Thus, only planned orders

should have their delivery dates confirmed by the foundry). That is:

the suggested manufacturing-date = customer required date - lead time

(where 'lead time' = manufacturing throughput time)

The computers 'suggested manufacturing-date' may also be subject to

automatic revision: eg. a check for this date against specified 'non-

working' days may prove positive, which would result in the revision of
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the suggested date. Normally the procedure is to 'add-a-day' and;re—:

check the revised date, continuing in the 'loop' until an abéeptéble 0

date is found.

The final balance-to-cast figure and suggested manufacturing-date are
used by the scheduling techniques presented below. The difference
between each of the techniques, lies in the degree to which work-
centres are actually loaded by the computer and the relative
contributions required from the production scheduler and the computer,

towards the provision of workable schedules.

5.5 Scheduling Techniques

The techniques developed provide the facilities to:-

. identify (in advance) all 'non-productive-days'
. define resources in terms of nominal capacities
- expressed in appropriate units
. perform rough-cut scheduling
. perform infinite capacity scheduling
perform interactive scheduling

produce production programmes

To assist the description of the scheduling technigues, 'screen dumps'
have been incorporated into the text, which have been taken from a
micro-computer installation (see Figure 5.1, overleaf, for an example
of the hardware). The installation maintains the databases, and the

information associated with the databases, as specified in Chapter 4.
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Figure. 51 Example Of A Micro-Computer
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5.5.1 Production Calendar Definition

The production calendar is the equivalent of the Gregorian calendar
which is used in every day life. By assigning particular days as 'non-
working' days (over a range of years), the user can define works
shutdowns, public bank holidays, etc. for later use in conjunction with

the planning and scheduling functions.

Figure 5.2, below, represents the computer display of the calendar
maintenance function. The user is prompted for a 'year' and a 'month'
and the computer calculates the correct number of days to be organised

against the appropriate weekdays - two months at a time.

e )

USER ¢+ CLIVE {V:184F01Y YFUNCTION: CALENDAR UFKEEF % DATE:26/ 8784
NOVEMBEE DECEMBER
Sun Mon Tue Wed Thu Fri 8at Sun Mon Tue Wed Thu Fri Sat
{ f 2 I 4 5 6
23 4 5 6 7 8 78 9 10 1y 2 13
9 10 11 12 13 14 15 {4 15 16 17 1B 19 20
A
16 {7 18 19 zo 2t 22 20022 23 024 075 26077
23024 25 2p 27 B 29 029 30 3

H [ 3 ’:i
Update Noveaher’s non-work g (’=yes/no
day status {Y/H) ¥: 4 *{’=range on/otf
8§ 2 | 7)'=ond on/ott
1984 y 7’=print
2 'E’=end

-

Figure 5.2 Example of Production Calendar Maintenance
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The functions in the bottom right-hand 'window', enable the user to

define non-working days: for example, by moving the 'arrowhead' to the

appropriate day and "toggling" the '0' key or, by using the parentheses

to define a 'range' of dates. The user is given the option to 'save'

any changes made, which instructs the system to update the calendar

'file', stored on the computer (program listing A4.1 - Appendix 4.).

5.5.2 Production and Delivery Schedules

The scheduling techniques can be accessed from one menu (see Figure
5.3), which represents a sequence of procedures for realising the

planning and scheduling 'model' described in Chapter 4.

4 )

USER : CLIVE  V:BAFOL EFUNCTION: SCHEDULING & FRORS IDATE: 26/ 8/86 ¥

101) Rough-Cut Scheduling
{Mett Requirzaents Scheduling by Customer)

{02} Man-in-the-Logp Scheduling
(Capacity Scheduling by Froduction Week!

{02) On-Line Interactive Scheduling
{Interactive Scheduling by Work Centre:

{04} Print Froduction Frogrammes
{Rork-te Lists)

Option Flease

9 - W,

Figure 5.3 Options Within the Production Planning and Scheduling Model
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The first and second 'levels' of scheduling involve the provision of
sumnary information relating to the backlog of orders (delivery
schedule) and the creation of a rough-cut capacity plan. These are
represented by option "(01)" off the menu shown in Figure 5.3%, which
produces the information selected in the form of a report. To access

the report, production staff enter the following parameters:-

1. a range of customers
2. a date - from which the planning horizon can be calculated
3. the required report (both the delivery schedule and nett

requirements schedule run from the same program)

The program scans through the order book, sorting the 'firm' and
'planned' customer orders/schedules by part number within customer name
and accumulating the relevant 'quantity' figures for each part number:
subsequently, each cumulative figure is allocated to an appropriate

weekly 'time-bucket'.

Selection of the delivery schedule report instructs the program to
place the 'balance-to-deliver' quantities 'into' the time-buckets which
incorporate the customers' required delivery dates, whilst the nett
requirements report places the 'balance-to-make' quantities against the
time-buckets which correspond to a 'suggested production-week', as
calculated by the computer or, to a 'planned production week', which

has been previously defined to the system by the production planner.

Figures 5.4 and 5.5, below, show examples of each report (program

listing A4.2 - Appendix 4.).
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Repart Title
Custoner

Pate Produced
Dates Covered

All Records
¥ 9/85
Entire Orderbook

Custoner Delivery Schedules (Sumary) # Notes

t Report shous the balances to deliver

to fulfil Customer Delivery Schedules

by weeks ending, as indicated.

Customer

¢+ TITEX TOOLS LTD

Part Nunber Description Wdue 12/94 39/94 14/84 22/84 38/84 97/87 14/87 21/87 28/87 84/98 11/38 18/98 Fud. Made
/1372 CRANKED LINK 8 B 398 ] B 258 B 280 188 8 188 188 351
T1/2258 PORT INLET 8 188 858 § B 1420 268 (989 858 8 288 188 8
Sub-Totals —) 188 1158 § B 1478 288 (208 (823 | It 289
Custoner : BRON & SHARP
Part Nunber Description Wdue 32/34 39/84 14/86 22/84 38/84 37/37 14/37 21/87 28/97 34/98 {1/88 18/38 Fud. Made
GHJ-3578 BALANEE WEIGHT L] 8 ] § ] I 3% 1 9 ] B 8 286
GHV-2831 PUMP HOUSING FIN § [} ] ] ¢ 12 15 g I5 [} [ i
6HV-2831/0 FRONT YOKE ] ] ] ] b 1488 1259 1188 933 ] [ ] ]
GR-2713 BACK PLATE (B) § {] ] ] V275 %8 275 158 [ ] L] ]
] ] ] ] § 1487 1S51 1493 1143 ] 8 8

Sub-Totals —)

Cus tomer

Part Number

¢+ MELLINGS LTD

Descriptien

Wdue 32/%6 39/84 14/84 22/84 38/94 87/97

14/87 21/87 23/97 34/%8 11/38 18/88 Fud. Made

RLV8ST

RLVB4TT

PUNP HOUSING 41N

BACK PLATE

250 498 375 588 ] 4

I 4 3B/ 1 ! !

Sub-Totals ---)

285 448 418 525 B J

Figure 5.4 Order Backlog Report
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Report Title
Custorer

Date Produced
Dates Covered

Al1 Records
3 9/83

Entire Orderbook

Suggested Production Schedules

& Notes

t Report shous nett quantities to be made
in order to exactly neet custoner delivery
schedules. At this stage, no attempt has
been nade to ‘batch’ production runs.

Customer + TITEX TOOLS LTD

Part Nunber Description Wdue 32/38 39/84 14/84 23/86 38/36 87/87 14/87 21/87 28/37 34/88 11/88 13/88 Fud.
T1/1372 CRARIKED LINK ] B 256 8 26 184 8 184 [ ] B 184 - 9 8
T1/2258 PORT INLET 1838 B 1494 211 1853 8% | I3 § ] 8 185 § ]
Sub-Totals —=) 1988 81738 211 1239 1878 8 313 8 8 b 289 ] B
Customer + BRON & SHARP

Part Nunber Description

0/due 32/86 39/84

14/86 23/84 38/84

87/87 14/87 21/87 28/37 94/88 {1/88 18/88 Fud.

G1V-3378 BALANCE UEIQHT b b ! ] P 4 ] 8 § i 8 8 8 [
GHV-2831 PLHP HOUSlHé JIN ¢ § ] ] 814 § § 8 § ] ] i ]
§HV-2331/0 FRONT YOKE ] 8 1436 1282 1128 974 ] § 8 g ! 8 8 §
6iV-2915 BACK PLATE (8) ! § 282 258 282 14 4 § 8 8 8 ] § H
Sub-Totals -——} § § 1719 1338 1418 182 ¢ 8 § 8 ] L] ] 8
Custoner + MELLINGS LTD

Part Hunber Description

W/ due 82/34 39/84

14/86 2/864 38/86 47/87 14/87 21/87 28/87 84/38 11/98 18/88 Fud.

RLVEEST PUMP HOUSING 4IN ' b 244 412 388 514 | ! ! L [ | ] i
RLVBSTT BACK PLATE L} § % 42 3% 7 ! ] ] | ! ! ! ]
Sub-Totals —) ] I 388 454 424 543 ] ! 8 | L] ! ] !

Figure 5.5 Nett Requirements Summary
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5.5.3 Production Planning

Option '(02)' off the menu (Figure 5.3) is used
planning aspects of the planning and scheduling
adopted here is based on a manually interactive
loop'), which delegates the sorting and 'number

to the computer, leaving the production planner

to address the capacity
model. The approach
principle ('man-in-the-
crunching' activities

to exercise judgement

and practical experience to override the computer's suggested

production plan.

In order to produce a production plan, the planner enters the 'planning

criteria' requested by the prompts displayed in

Figure 5.6, below.

(01} FRequired Report (&, B or O)
{02} Low Date (DD, MM, YY)

(07) High Date  (DO,MM, YY)

{4} Suggested Wesk Mould & Cast Zection
§11B) Mould & Cast Section + Suggested Dale
1(B} Material + Suggested Date

Any Alteraticns (Y/N) 7

-

USER : CLIVE  V:BEFOL YFUNCTIDN: PRODUCTICH FLAMHING 1DATE: 25/ 8754

(]
122
o

e

Figure 5.6 Examples of Production Planning Criteria
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The information which is located within the order book (ie. firm and

planned orders with 'balance-to-cast' quantities greater than zero) is

grouped according to the criteria specified and the program 'suggests'
a manufacturing-date if the job has not already been 'planned' (as
signified by the presence of a 'planned-date' within the order record).
A date-range can be selected to suit the forward planning requirements

of a particular foundry (program listing A4.3 - Appendix 4.).

The resulting printed report shows the 'suggested' production plan for
successive weeks, although at this stage, no attempt has been made to
consolidate the required production capacity with what is actually
available. Instead, the report quantifies the consequences of it's
suggested schedule in terms of several units of measure: eg. work
hours, number of moulds or shots, value, tonnage and so on, as

illustrated by Figure 5.7, overleaf.

The 'S' against the 'Suggested Start Date', in Figure 5.7, signifies
that the computer has 'suggested' the manufacturing-date, whilst the
'P' defines existing 'plannedwdates'. By scrutinising the production
plan, the planner can accept the 'suggested-date' or, manually 'set' a
revised manufacturing date (ie. by writing on the report). Thus, a
facility is provided for ' job-batching', since the 'same' date can be
set against appropriate jobs, by the production planner. Any dates
that are altered can subsequently be entered against the appropriate

order/schedule using the order-book correction utility, provided with

the database.
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Rezart Tit!

¢ PRODUCTION PLANKING t Notas ;
Sort Sequence i B

HE VARV

R T L]

Date Przduced
vatas Covered

Jat Res. Pare Casting Tota! Na of Bex Cores Tatal  Retal Total Qraer  Required Sugqested
LAFVira b Kuaoer Section Pracass  Bores or or Care  Type, Bross Value Delivery Start .
L{P)lanaed or 2/C, Tise Shots Die Inserts Tises deignt ta Cast Date Bate
NFSKINieY BENCH 0.00 MR ] 0.80 444,00 185,30 26/ 8784 7 bi84
T8F LSS BERCH 0,00 10 8112,38 NG 0.00 a4 203.50 148,00 26/ 6784 37 8184
/P 81247 SENCH 0.00 143 14119,37 ve3 0.90 ERAGE 14 3140.85  1430.06 37/ 5/8¢ &/ 4784
88/P 8115/PT BENCY 0.00 1M 2,8 N 0.90 tm¢ 13078.00  13420.00 28/ 4/84 77 8784
S4/P K020 209 BENCH 0.90 PR3 S S . 0.%0 X[ R 1875.00 30,00 28/ £/84 Y/ 3/34
242 RLVESST BENCH 0.50 12 1412,:8 80 0.5 (w4 254,00 432,00 29/ 4194 8/ 4134
TUF SIS IENCH 0.90 141811235 M0 0,90 (¢ 308.90 234,90 20/ 8734 97 8/34
Sug TOTALS: 0.20 1704 0.50 03308 1A%69.30
P By 2ENCH 0.2¢0 180 p4nig,30 ez .20 LI 130000 4/ Ti34 137 wigh
o9/F  SLIEIPT 3ENCH 0.00 124 i1xil,:3 8 0.59 1328.00  1T140.20 47 7/84 13/ 3794
hetid 28118 SENCY 0.00 FEMERE S0 I T 0.3 m 470,20 2950.00 4/ 7/84 13/ /84
S7:F 0 R020 10 ] 0.99 L7¢ 0.80 NI 2R JEILI0 O 1090.00 &7 T84 147 4/%%
MY SKIiTeT BENCH 0.00 [ M 0.0 0420 17930 572 /84 140 4/38
2 ALvEEIT BENCH ¢.20 il v 0.0 L 308,87 493,00 & TR s/

SU8 TOTALS:

srzzazzzzszsazssasas
SEIF ARl
IF o SKESLT
26/F RLVBET
FE VR
70/f (1385141

BINT

e — 0,00 237 eI e
CoNgE : :
= o

JLE AT
BT
’z]v-.: Blw iy g0

S ML 11y ke i z

W i 3L X3/ e
BN 1750y XY c‘/
!f'f?.u 274 nin s
107030 177 40 g (R V7

xzrrzrzzIsrozy

LT ¢ 7]

. NI ANV
T s (o
2 A 2y z?‘u .'.‘CX feses
S N IS

By o
P70 4iy g7
7K 2 oemyg =
w3y [XRe/e /et
7 u Biu g~
Blu niq g -
B i
R LR Tiu 35

ez

44

<=> STt BONFIRMep

<Tx > e SUGGESTED

.t * OVERRIbE

SCREED

Figure 5.7 A Suggested Production Plan
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5 e - ¢ .
The '"man-in-the-loop’ scheduling approach therefore relies on both man

and machine to turn a suggested production plan, which loads resources

to the infinite capacity rule, into a a feasible production programme

in which resources are loaded to finite capacity.

5.5.4 Interactive Scheduling

The third (and most sophisticated) level of the planning and scheduling

model incorporates:

. the creation and maintenance of a resource database
. the projection of load profiles for specified sections

. the provision of an interactive capacity scheduling tool

The resource database (program listing A4.4 - Appendix 4.) enables
sections, work stations, manpower, etc. to be defined in terms of a
series of resource units so that more than one criterion can be used to

evaluate the effect of particular planning decisions.

The resource profiling module is based on a presentation of the work-
load which is to be routed through the resource for discrete time
periods within a given planning horizon. It is similar in concept to
the production plan in the sense that jobs are sorted according to a
set of criteria and where necessary, & suggested manufacturing-date is
determined by the computer (which is checked against the production
calendar). Whilst the resource selected is still loaded to infinite
capacity, the nominal capacity associated with the resource (ie. as

defined within the resource database) is used by the computer to flag

an overload situation (see Figure 5.8, overleaf).
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The planner is prompted for a set of criteria, which include:

The computer selects the jobs from the order-book which match the
criteria entered and following the 'sorting' of jobs into specific time

-periods, a load-chart is displayed on the monitor, see Figure 5.8.

the section 'code' (eg. SHELL - shell moulding section)

the order category (eg. "p" -

'planned' orders only)

the 'quantity category' (eg. the quantity available to

process as opposed to the order quantity)

the resource units (eg. moulds/week)

a date from which to start the planning horizon

/
USER : CLIVE V:B86F01  $FUNCTION: CAPACITY LOADING CHART $DATE:23/ 9/86 %
783. 4
396,91
FUNCTIONS
408. 4 (0’ GRAPH
J!I = /.‘__
ARE IS
219.9 777 PRINT
797 THEEK
'R’ RESET
'ET END
[ ] [ I I I I ! i i R
0/Due 09/06 16706 23/06 30/06 07/07 14/07 21/07 28/07 04708  WKS 1-10
0-5-10-15-20-25-30 Section ¢ 3 ’ CAPACITY : 100%
SHELL 725 Moulds/Hk
L
-

\

Figure 5.8 Resource Profiling
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Figure 5.8 shows a resource profile for the

'SHELL' section covering

the first ten weeks of g thirty-week planning horizon. The 'first

week ' is designated for 'overdue' Jobs, ie. jobs which the computer has

calculated should have been started in terms of the date entered (from

which the planning horizon was calculated).

A nominal ('one hundred percent') capacity line is drawn across the

chart, so the planner can observe where overload situations are likely

to occur in a given week.

The bottom left-hand window contains the 'range-marker' which shows the
current ten-week period displayed of the thirty-week planning horigzon.
Using the function keys listed in the right-hand window, the planner
can select any ten-week range within the planning horizon and re-

display the appropriate load-profile.

Since the production planner will normally be most interested in those
weeks where overloads have been highlighted, the system provides the
facility to select and interrogate the Jjobs which comprise a particular
week's work: eg. depressing function key '9' "toggles" the planner in
and out of the 'individual-week look-up' mode of operation. Selecting
this mode has the effect of 'freezing' the position of the range-

marker, whilst enabling the planner to select a particular week.

Continuing the example provided by Figure 5.8 (which highlighted an
'‘overload' in the week ending '30/06'), Figure 5.9 shows the functions

of selecting the 'problem week' and displaying the orders making up the

load total (which are sorted first by metal grade) .
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a - ~ |
USER : CLIVE V:B6FO1  SFUNCTION:  CAPACITY LOADING CHART $DATE:73/ 9/84 1

783. 44

FUNCTIORS
*0” OBook
)1! = (‘__

Ly LRt

T PRINT
97 1HEEK

408. 4

BT END

| { | ! | I
B/Due 09706 16/06 23706 30704 07/07 14/07i21/0?128:’07[04/08I HEEK 5

0-5-10-15-20-25-130 Section : 3 | CAPACITY : 100%
!ﬁil“g};Ej SHELL | 725 Moulds/Hk

- J

4 I
USER & CLIVE V:86F01 ¢ Section: SHELL Wk.Ending: 30/06%DATE: 23/ 9/B6
Order Ref: 29/F

Fart Number Customer (12) Metal Price  Resource Units Planned Reg’d
GHV-2915 BROWN & SHAR GRADE 14 3.88 75 26/06/84s17/07/84
RLY003T MELLINGS LTD GRADE 14 4,00 125 26/06/84s17/07/84
428 T03 BUTTERFIELD GRADE 14 2,75 52 2B/06/84s19/07/84

1 of load total = 34,00 : 1 of weekly capacity =  34.73862

AG40 Z01/M LISTERS LIMI LH4 3.00 10 28/06/84519/07/84
1 of load total = 1,349 : ¥ of weekly capacity =  1.37931

SKO2311/PT NCR CIMEG PL NI CR 12,00 475 4/7/84 |s18/07/84

-4

1 o4 load total = 64,10 : % of weekly capacity = 63.51724

EHV-2831 BROWM % SHAR 56 IRON 3.00 25/06/84516707/84

4
1 of load total = .5398 : % of weekly capacity =  0.33172

Load tot: 74130 102 1 of wkly cap.) | Keypad: 0=yes/no , 1=up' , 2=down
Cap, {100%) 725 Moulds/Hx : b: { 5= change, 7=print,9=abort

\_ /

Figure 5.9 Weekly Load Composition
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Where the computer has suggested a manufacturing-date, the date

displayed under the heading 'planned' (in Figure 5.9) is suffixed with

the letter 's'.

A further set of function keys enables the planner to alter the
"planned’ dates which appear on the screen. Thus, the suggested
manufacturing date can be confirmed, or a revised manufacturing date
can be entered (which is checked against the production calendar). The
action of entering a revised date, which moves a job from the original
week to a different week, affects the weekly load composition, such
that when the load-chart is re-displayed the planner can see the effect

of the changes made (see Figure 5.10).

4 )

USER : CLIVE V:B6F0f  #FUNCTION: CAPACITY LOADING CHART $DATE:23/ 9/86 &

785, 44
596,91
FUNCTIONS
408, 4 0’ OBook
;1) = (____
:2) = ___>
219.9 '7* PRINT
97 {HEEK
£ END
T T ; : 1 T T T I l
0/Due 09/06 16706 23/06 30/06 07/07 14707 21/07 28/07 04/08  WEEK §
0-5-10-15-20-25-30 Section : 3 | CAPACITY : 100%
I e SHELL 725 Moulds/Wk
\_ J

Figure 5.10 Example Of Load Chart Balancing
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Using the "what-if' functions provided, the planner can therefore

allocate planned manufacturing-dates' to particular jobs, and attempt
to balance the flow of work through the resource specified. Once an

acceptable load profile has been achieved, the computer automatically

revises the manufacturing dates of all jobs concerned

The planner may wish to review the load profile under an alternative
resource unit (eg. to see if sales targets will be ﬁet) and figure

5.11 overleaf, illustrates the procedure for re-displaying the load-
chart, together with the resulting profile. The interactive scheduling
procedure can be repeated if necessary if the 'new' load profile

demands attention. (Program listing A4.5 - Appendix 4.)

5.5.5 Production Programmes

Following the approval of a production plan, master production
programmes or, 'work-to-lists' can be generated for each work-centre
(or resource). Work-to-lists are only produced for jobs which have
been planned for production and are mainly concerned with the 'key'

resource activities of coremaking, moulding and moulding/casting.

The planner selects the required key resource activity and enters a
'finish-date', which provides an upper limit on the planned jobs to be
selected from the order-book. In this way, a means of controlling the
release of work into the foundry, over (say) a week or fortnightly
period is provided, although revised programmes can be produced as

often as required. The details printed on the resulting production

programmes include technical/descriptive information stored on the
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\
USER : CLIVE V:BAFO!  {FUNCTION: CAPACITY LOADING CHART $DATE:23/ 9/84 %
1. Tonnes/®k : 3.00 |
2.Kilos/Bk : 3000.00
. 3.M/Mc Hr/Wk: 41000.00
783.4 710 ' 4, Moulds/Wk + 725.00
N —%51 650 5.Cast’Gs/Wk: 0.00
. b.5ales §/4k: 0,00
396.91 7.M1d/Pat /Hks 0.00
408, 41 Capacity (1-7) 2:
)2: - ____\/
219,94 70 PRINT
9 {HEEK
E* END
T T T 1 ! T T I I T
0/Due 09/06 16706 23/06 30/06 07/07 14/07 21/07 28/07 04/08  WEEK 5
0-5-10-15-20-725-130 Section : 3 | CAPACITY : 100%
B um SHELL 725 Moulds/Hk
\_ _J
e )
USER : CLIVE V:B&FO1  YFUNCTION: CAPACITY LOADING CHART $DATE:23/ 9/85 %
200424
16920
51 1) -~
152321 L
FUNCTIONS
10427 0’ GRAPH
o= (-~
121 - __>
<412] 3461 3766 77 PRINT
97 {HEEK
*R* RESET
£ END
I ] I ] I I
Q/Due[09/06‘16/06,23/06130/06 07/07 14707 21707 28707 04/08  WKS 1-10
0-5-10-15-20-25-30 Section : 3 | CAPACITY : 100%
Ty SHELL 18500 Sales #/Hk
J
N

Figure 5.11 Load Profiling With Alternative Resource Units
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computer database (see Figure 5.12, overleaf).

Figure 5.12 shows a production programme which covers the 'BENCH' and
'"PIN-LIFT' sections of a foundry. The dotted dividing-line between
each section enables the programme to be separated into individual
lists which can be handed to the supervisors concerned, who can

organise the sequencing of jobs from the production programmes.

Jobs requiring cores (or inserts) can be printed-off in a similar
manner, thus forewarning the coreshop supervisors of the need to

"supply' particular cores by a certain date.

(The production programme computer program is incorporated within

program listing A4.3 - Appendix 4.)

The preceding pages have presented approaches towards the planning and

scheduling functions within foundry CAPM.

Three specific technigques were described, which provide three levels of

production scheduling 'sophistication' in terms of the:

. functionality of each technique
. information that is required by each technique

potential for manual interaction

The discussion which follows assesses the integration of the techniques

into foundries and covers the wider issues concerning foundry CAPM.
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Report Titla  : PROCUCTION PROGRAHMAE § Notas :
Selected Option : Hould & Cast
Date Produced  : 23/ 9/86
B N M fmmw s wwe e e
: o H;C ol -IG e ar angs Efuss Type. ar  Delivery Casting
. aprs. Die Shats  Weignt Inserts Date Date
40/P 1247 BENCH 0.90 286 14110,89 143 5140.83 GRADE 14 YES 277 &/84 &/ 4/84 P
88/P SLLS/PT BENCH 0.00 1342 12012,58 1342 12078.00 LK4 X0 28/ 4/84 7/ 4/38 P
S8/P A020 103 BENCH 0.00 125 18112 123 1875.00 NI CR N 287 6/B4 T/ 4/84 P
24/P RLY869T BENCH 0.00 36 14112,48 12 264.00 Lna L11] 29/ 4784 8/ 4/84 P
e zai DO o e kT
Y Je1iss 35)4(;;{ 0.0 14119,99 148 5.:%0.60 SRADE 4 YES 12/ 7/84 21/ 6/84 P
s et (00 660 I8NI2,88 183 3630.00 LM MO 12/ T/84 U/ 5/84 P
Sup TOTALS: : 0.00 3483 220 3237845
.Internal Reé XNa. Part Casting Tatal Total Bex No of  Tatal Metal Cares Requirsd Planned
. (PYlanned only Nuaner Secticn  Process No of  of Bores  b6ross Type. or  Delivery Casting
. or R/C. Tise  [agrs. Die Shats  MHeight {nserts Date Dace
3/ T1/22%8 PIN-LIET 0.00 877 12:9,8/8 877 7014.00 GRAJE 14 NO &/ &/84 157 5/84 P
8a/? T1/2258 PIN-LIFT 0,00 105 1219,3/8 108 840,00 SRADE 14 NO 1/ 6/84 25/ /84 P
90/p T1/2258 PIN-LIFT 0.90 105 1219,8/8 103 840,00 GRADE 4 NQ 30/ 4/3% 17 6/38 7
89/e TT/2258 PIN-LIFT 0.00 125 12x9.8/8 128 1008.00 GRADE 14 MO 25/ 5/84 1/ /84 P
93/P 4447084 PIN-LIFT 0.00 10 12X12,586 M 187.50 SE [ROW YES 10/ 5/84 47 /847
44/? 3893611 PIN-LIFT 0.00 1848 I2X12,56 462 4930.00 5B IRON YES 28/ 4184 T 4/84 P
82/p 4447085 PIN-LIFT 0.90 13t 12x12.58 3 2455.25 S6 [RON YES 137 5784 10/ 4/84 P
96/P 4442084 PIN-LIFT 0.00 104 12X12,56 2% 1950.96 S& [AON YES 257 6184 12/ 4/84 7
9579 4442084 PIN-LIFT 0.00 104 12112,%8 26 930,00 56 [RON YES 15/ &/84 127 /94 P
21/P GHY-2331/D PIN-LIFT 0.00 1282 12x18,99 12327 23076.00 N1-CR N0 3/ 1784 {2/ /84 P
3/P MEMIS PIN-LIFT 0.00 1392 12X12,46 398 3970.00 SB {RON YES 37 7184 12/ &/84 P
3P A04S 151t PIN-LIFT 0.00 897 14114,99 897 $971.75 GRADE {4 NO 57 7/84 147 &/84 P
81/p 4442084 PIN-LIFT 0.00 1028 12112,56 257 19275.00 S& {RON YES 24/ 7/8% 25/ 6/88 P
80/p 4442084 PIN-LIET 0.00 104 12012,56 26 1950.00 SE [RON YES 1/ 7184 35/ 6/84 2
97/7 4442086 PIN-LIFT 0.00 156 12X12,8% 39 2925.00 SB IRON YES 17 7/84 23/ &/84 P
91/p TT/228 PIN-LIFT 0.00 105 12x9,3/8 103 840,00 SRADE {4 NG 15/ 7/84 1/ 7/84 P
103/P MMV PIN-LIFT 0.90 104 12112,46 2 1950.00 56 [ROM YES 25/ /84 3/ 7/84 P
10277 734617 PIN-LIFT 0.00 104 1211Z,64 26 1950.00 56 IRON YES 25/ 7/84 3/ 7/84 P
8/P 4442084 PIN-LIFT 0.90 208 12X12,58 92 3900.00 S& [ROX YES 1S/ 7/84 12/ 7/84 P
a4/p 4442084 PIN-LIFT 0.00 104 12112,%a 2% 1950.00 S5 IRON YES 1/ 8/84 13/ 7/84 P
143/p 4442085 PIN-LIFT 0,00 104 12X1Z,56 2 19%0.00 56 [RON YES 1/10/84 23/ 7/84 P
83/p 4442086 PIN-LIFT 0.00 104 12X12,66 24 1950.00 56 IRON YES 1/ 9/84 15/ 8/84 P
188/P TT/1372 PIN-LIFT  1226.00 412 250X37° 206 1448.20 S& [RON HOT 30X 1/11/84 11/11/84 R
189/p 1771372 PIN-LIFT 518.00 206 2501373 103 874.00 S6 IRON HOT 801 17/11/84 17/11/84 R
190/ 11/1372 PIN-LIFT  1344.00 448 2301373 224 1792.00 S6 [RCK HOT 30X 20/!1/84 20/11/84 R
191/p 1741372 PIN-LIFT  1542.00 Si4 2501373 257 2056.00 SG [RCN HOT 30X 12/12/84 12/12/84 R
sug TOTALS: 4740.00 10882 5739 113105.50
-

Figure 5.12 A Production Programme
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6. Discussion

6.1 Introduction

The pragmatic approach to CAPM adopted throughout the course of the
research, has led to the development of techniques which assist the

organisation and control of manufacturing in foundries.

Three distinct techniques were described in Chapter 5, which
collectively form a scheduling and planning 'package'. The package has
been implemented in several foundries whom agreed to participate in the

research programme (Appendix 1).

The present chapter first reviews the background considerations which
stimulated the particular planning and scheduling methodologies. It
continues with an appraisal of the subsequent use of the "package' and
establishes the benefits of employing the system, as well as

identifying the limitations.
Finally, an overview is presented of some of the wider issues

pertaining to CAPM systems, which contributed to the development of the

ideas implicit within the current study.

6.2 Planning and Scheduling Methodologies

The rationale underlying the adopted approach to a generalised computer

-assisted production planning and scheduling system for foundries, was

developed from three sources of information:-
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i) an in-depth review of the literature
ii) discussions with foundry personnel

iii) published reviews of several existing CAPM users within the

industry

Specific considerations included the lack of accurate information; for
example 'standard times', especially 'move' times, which are
significant in controlling the throughput of jobs in production systems

of an intermittent nature.

Probably the most notable difference in the adopted approach is the
provision of a facility to evaluate delivery committments in terms of

one or more 'units of resource', other than 'times'.

Such a facility is essential when, for example, measuring the
‘production capacity' of heat-treatment furnaces, or shot-blast
cabinets, etc., where it is meaningless to use resource units of man-
hours or machine hours. That is, different sized castings may require
the same 'run-time' in a shot-blast cabinet, but the physical space
requirements in each case would be very different -~ thus the forward
load for 'shot-blasting' could not be assessed in terms of the

extension of quantities and run-times.

Another example is the loading of, say, a mechanical moulding section
in terms of the number and type of boxes per day. Whilst it may be
possible to express this capacity in terms of moulding hours, the use
of 'moulds per day' is certainly more familiar to foundry personnel.

There are, however, cases with loose pattern work (in which more than
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one job is moulded in a box) in which individual times are not

available and the only measure of capacity would be 'box-type'.

6.21 The Basis For A Workable Solution

It emerged that any 'useable' methodology could not be based on the

capture and maintenance of large volumes of manufacturing data, if it

was going to be applicable to a wide variety of foundries (reasons:
lack or absence of such data; unavailability of staff to monitor and
input the data/revisions, etc.). Consequently, the applications
software was designed to rely only on the information which is readily
available in foundries, thus enabling data to be maintained on a
regular basis as part of normal production department practice, without

adding to the clerical workload.

A "three-level' structure of increasing sophistication eventually
evolved, through which 'user-specified' information (ie. data selected
via keyboard entries) could be sorted and presented for decision making

by the production controller.

The philosophy of having three 'levels' of computer-assisted scheduling
was based on the principle of providing foundry staff with a gradual
introduction into CAPM. The increase in sophistication associated with
each technique, enables the user to 'grow into the system', by

providing a route to more refined (and potentially more accurate and

responsive) scheduling.

At the most simplistic level, the information provided by the package
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enables the production planner to assess the amount of 'capacity' which

is likely to Dbe required to meet the outstanding nett requirements. At

the other end of the scale, the most sophisticated technique provides
the planner with a facility to 'interactively plan' jobs into

production, whilst being made aware of the loading implications of any

planning decisions made.

A11 three techniques are based on the loading of jobs (ie. the 'nett
requirements') onto 'bottleneck resources', to the infinite capacity
rule. This is achieved by the 'subtraction' of lead-times (or,
manufacturing throughput times) from customers' required-dates.
Therefore, jobs are loaded according to the EPPD priority rule

('Earliest Planned Production Date') - see Figure 6.1, below.

Figure 6.1 The Scheduling Approach Adopted By The Present Study

Start of Required
Manufacturing "Lead Time" Delivery
Qo e o e e e > Date

|
|
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|
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6.22 The Use 0f Lead-Time

In the present context, 'lead-time' has the same implication as in
standard MRP systems - namely, the elapsed time from placing the order
(on the foundry) to completion. By subtracting lead-time from the
required delivery date we are implicitly adopting the J-I-T ideal.

Moreover, lead-time is assumed to be the same (for a given job)
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regardless of batch size.

Clearly, lead-time should be viewed as a "company policy" for each
casting. For example, straightforward jobs will have a lead time of 2

weeks; Jobs requiring sub-contract heat-treatment have 8 weeks, etc.

Whilst the lead-time concept has, so far, been used to plan moulding
(the bottleneck operation) it would be relatively simple to associate
move times with other key operations, so that scheduled 'start-dates'
could be related to the moulding date. The step towards practical

finite capacity scheduling would then be quite small.

6.23 Finite Capacity Considerations

In order to balance the flow of production within true finite capacity
planning constraints, a system would require the run, set-up and move
j}ggg_(see Figure 6.2, below) for each operation to be monitored on the
shop-floor and 'fed-back' to the production control department, so that
a system could 'learn' from actual performance. In addition, priority
rules and scheduling constraints would need to be devised and combined
in such a way as to produce an optimal or, near optimal solution. As
evidenced by the literature, such an approach has proved to be
unworkable in the foundry environment, except in the most gsimplified of

cases.

Whilst the finite-capacity methodology may be possible in the

repetition environment, it is highly gquestionable whether the Jjobbing

environment would lend itself to such an approach because of the
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guestimate methoding which accompanies new (and therefore each) job.

A further complication is that of combining, say, the scheduling of

work on moulding sections with the need for 'batch' furnace charges for

particular alloys.

Figure 6.2 A 'Traditional' Approach To Scheduling

Move Time

For Each Operation

The conclusions to be drawn from the various considerations suggested
that a man/machine partnership would provide a 'best solution' to the
problem of foundry planning and scheduling. The philosophy of 'human

intervention' was ultimately adopted in all the technigues developed.

6.3 System Applications and Limitations

The variety of foundries (from both material and mould/cast process
considerations) who adopted the planning and scheduling technigues

presented here, are as listed in Appendix 1.

6.31 The First Level

The 'first level' technique comprises the 'order-backlog' and 'nett
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requirements' reports, which are used by most of the production
management staff. Since the Order-Backlog Report lists the outstanding
'balances-to-deliver', over a planning horizon of 12 weeks, plus the
quantities which are 'overdue', production staff are provided with a
summary of what will be required during the forthcoming weeks and what

jobs need chasing to honour delivery committments.

The Nett Requirements Report enables planning staff to get an overall
picture of the forward load on the foundry, based on the order-backlog
report, plus the identification of jobs which are behind schedule, in
terms of their start-of-production dates. From the summary information
provided by these two reports, production planning staff can request
more detailed information on the required jobs by moving to the 'second

level' technique - the 'planning report’.

£.%2 The Second Level

The Planning Report, which facilitates 'man-in-the-loop' scheduling,

is used extensively by production planning staff to organise the
loading of batches of work onto production centres. The required
criteria for 'sorting' the report is selected by the user: for example,
the planner at Parker Foundry selects jobs to be listed by 'mould
section' and 'suggested-week'. The resulting report is then used to
batch jobs together based on the mould section and the planner's
current knowledge of the foundry. Another common sort-sequence is
"mould section' and 'alloy type' - again in date order. Such a listing

will readily highlight overloads in melting capacity for certain

alloys.
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The "planner’ at Wolverhampton Ironfounders (who is also the Managing

Director!) is more concerned with cored-jobs. In his case, the timing
of core-production/-assembly with mould production is critical,

especially so with the fast throughput times which typify this

particular foundry's production methods.

The extent to which jobs are 'planned', using the procedure detailed in

Section 5.5.%, is dependent on several factors, which include:-

1. How advanced a particular foundry wishes to make its planning
procedures

2. Access to the computer: in a single user environment (which
covers 60% of the foundries listed) the activities surrounding
other CAPM functions are competing for keyboard time. Thus,
the entry of new orders/methods has to be balanced against work
bookings, the printing of management reports, supplying the
planners with the appropriate information, printing off works
documentation, revising the order details in line with customer
amendments and the entry of revised or confirmed production

nmanufacturing dates.

Recent, feedback from production staff suggests that the procedure

for "man-in-the-loop” scheduling could be automated further. It is
suggested that this could be achieved by printing the report to the
screen in the first instance, thus enabling the planners to amend the
timing and batching information relating to Jjobs on a more direct
basis. A print-off could then be obtained and, on further study, other

changes made via the screen prior to printing off the 'final plan’.
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6.33 The Third Level

Before committing the 'final plan' to the foundry, the 'third level'
. technique enables the planners to 'fine-tune' the proposed schedule, by
a consideration of the effects of the decisions made, on various

resources. Thus, the two main ways in which the resource profiling

module is used is as follows:-

1. Simply as a means of 'enquiring’' on the loading of a particular
resource for a given planning horizon.

2. As 1., together with the interactive scheduling facility

The interactive scheduling module can be set-up to provide a resource
profile on a single resource, a group of 'similar' resources or, all
resources for a particular process - eg. the total loading on all
moulding sections within a company. This was achieved by defining
individual resource records (in terms of the resource capacity) within
the resource 'file' in a particular way, as demonstrated by the
following examples for the shell moulding section of a company:-

1. S100 300 moulds/week defines a standard machine

I

2. St100A 300 " " - defines a standard machine with
'alterations'
3. S100AS 250 " " - defines a standard machine with

"special alterations’

4. 8100A? 550 " " - g cumulative resource capacity for
all S100A machines

5. S100? 850 " " - a cumulative resource capacity for

the 8100 section
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Thus the planner could request a load profile for a particular machine

or the resource section in total.

In practice, a limiting factor reported by many foundries was the

time required to survey the key sections, since the load~profiles had
to be produced one at a time (5 to 15 minutes per section depending on
the size of the order-book) and the speed of the micro-computer on

which the software was 'running'.

A further constraint within the module was pointed out by several users
and concerned the interactive scheduling part of the module. The
system did not provide a facility to enable the planner to 'split-
batches' over several time-buckets in order to balance production flow.
Discrete order/scheduled quantities could be handled (ie. 'moved' from
one time-bucket to another) but not the interactive breakdown of these
orders into 'partial batches'. In these cases, the planner had to note
the time periods and the jobs concerned for later manual revision

(facilitated by the order-book 'amend' utility) .

However, within the bounds of these constraints, the planners can, 'at
the touch of a button', review a load profile of a specified work-
centre, under a variety of different resources. Overload situations
are highlighted and the 'interactive scheduling' function enables
production controllers to 'fine-tune' the production plan, which has

been created, initially, via the second-level technique.

Despite the limitations, the overall results of the combined planning

and scheduling 'model’ were encouraging and underlined the practical
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success of the implementation of techniques which were based on the

infinite capacity rule (which also proved to be OPT oriented).

6.4 CAPM - A General Need?

Since the late 1970's, manufacturing industries in general have been
under severe pressure to reduce costs, which has resulted in reductions

in labour employed and a corresponding total fall in output.

The foundry industry has experienced severe reductions in its numbers,
which have been caused by a variety of factors (as listed in Chapter 1)
leaving the remaining parts of the industry in competition to stay in
business. In common with other industries, competitive pressure has
fuelled the search for a strategy for higher industry efficiencies,
with the aim of 'closing-the-loop' around all facets of the procedures

governing order entry to final delivery.

The strategy has become known as Computer Integrated Manufacture (cm).

CAPM is one aspect of CIM (others include CAD, CAM, CAPP, MRP, etc.)
which can be regarded as a centralized and integrated approach to the

organisation of manufacturing operations.

Applications of general purpose CAPM systems in foundries have met with
little success as a result of the inherent differences between

foundries and other engineering and assembly companies (for which CAPM

systems have mainly been developed) .
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This is to a large extent due to foundries being primary industries,
that is, 'component makers' and as such, they tend to experience a very
erratic order book, which reflects the customer's nett requirements for
parts, which are usually revised each time a customer demands
alterations to a schedule. It is therefore impossible for most

foundries to have their own master-schedule which can be 'frozen' for a

period of time.

As a result, the application of widely publicized techniques such as
MRP, inventory control, bills-of-materials, etc. are of secondary
importance (or even irrelevant) to the 'cycle of functions' which
collectively provide a production control procedure for foundries;

which consists of:

 ORDER
/////////”"4 PROCESSING \\‘\\\\\\\\
PERFORMANCE CAPACTTY
ANALYSIS \\\\\\\\\\ ////////// PLANNING
PARTS
REGISTER
////////MAINTENANCE \\\\\\\\\
MONITORING DETATLED
W-I-P SCHEDULING
\\\\\\\\-§““ PROGRAMME w//’//////
TMPLEMENTATION

Figure 6.3 The Cycle Of Functions For The Organisation And Control
0f Foundry Manufacturing

The characteristic nature of foundry operations has more in common with

the principles of the production control philosophy known as Optimised
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Production Technology (OPT™) - although the application of such a

philosophy to the foundry industry, in its present form, is highly
improbable as a result of the copious amounts of accurate information
which are required to augment the system software. Moreover, central
to OPT is "establishing the bottlenecks" - in foundries this is

inevitably moulding or coremaking.

6.41 The Case for Implementing Foundry CAPM Systems

One of the principle reasons for implementing a CAPM system is the
deterioration of manual systems, from the point of view of accuracy and
speed of access, whilst one of the main benefits which should be
identifiable from implementing a system, is the improvement in the

quality of information.

Moreover, the adoption of the J-I-T philosophy by companies which
purchase castings (eg. the automobile industry) is placing pressure on
foundries to adopt new technology (eg. the transmission of information
by paperless means). If the information is to be received in a form
which can be read by a computer, it seems logical that a CAPM system
should be devised which would be automatically updated from the

‘electronic mail' being 'posted' down the telephone lines.

The overall aim governing the implementation of a foundry CAPM system,

however, should be directed at the conflicting objectives which govern

* However, this does not mean that OPT and MRP are incgmpatiblef quite
the reverse in fact, since OPT makes use of order, routlng agd bill-of-
materials information which have to be provided from within the OPT
system itself or, from an external (MRP) system.
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foundry practice, viz:

to provide good customer service: ie. to quote

and stick to acceptable delivery dates

.. whilst at the same time:

keeping finished stock and work-in-progress to a minimum
. keeping the flow of work through the available resources (ie.

manpower and plant) as balanced as possible

Proper use of a CAPM system should provide the necessary basis for
optimising these 'conflicts' - but it must have whole-hearted support

from the 'top down' to be successful.

The overall Production Control function within a foundry CAPM system

should be seen as:

An Organising Function
. A Controlling Function

. A Management Function
... and not simply:

. A Technical Function
Only A Progress Function
A Data Processing Function
The factors governing the success (or failure) of a CAPM installation

are listed in order of importance, below:

- 179 -



. PEOPLE
. Information
. Software

. Hardware

6.42 The Human Factor

A system will stand or fall depending on the people who are operating
it, regardless of how valid the system might be. For successful
operation, a CAPM system requires that foundry managers and staff who
are using the system on a day-to-day basis, possess a comprehensive
understanding of the principles involved. They must fully understand
their respective roles and be aware of the impact they can potentially
have on the system (eg. the consequences of inaccurate information on

work-in-progress movements).

The importance of training foundry managers and staff in the new
procedures cannot be overstressed and it is considered that the area of
'systems training' will develop significantly during the next 2-3 years
to accommodate the increase in the implementation of techniques for
CIM. For example, at the time of writing, the EITB have launched a

series of Awareness Seminars for Foundry Directors and Special Topic

Courses for Operations Staff.

6.43 Information Requirements

The types of information required for a CAPM system have been detailed

in Chapter 4. Summarising, these data may be broadly categorised as

follows:~
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10.

It is

Parts Register

Commercial, Technical and Financial Information
Orders/Schedules

Work Centres (resource information)

Operation Times

Work-In-Progress Monitoring Points ("milestones")
Routing and Quality Control Instructions

Work Bookings, plus scrap, despatches, rectifications

and customer returns
Material Details

Customer Details

vitally important that a foundry teke steps to ensure the

accuracy and validity of the information within the categories listed

above.

6.44

Software Considerations

The software used to develop a foundry CAPM system is of relatively

little importance to foundry managers and staff who are chiefly

concerned with the way in which a system functions. However, within

the context of the present study, the two levels of software which had

a bearing on system development were:-

1.

2.

The common choice of operating s

is currently MS-DOS or PC

The Operating System Environment

The Programming Language

ystem for many business micro-computers

_DOS and was the operating system used during
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the development of the systems described in Chapter 5 (single-user
systems). In multi-user implementations, the system workstations

operated under a network architecture known as Novell NetWare.

The important criterion governing the choice of programming language
was 'transportability': ie. the ability of a language to be compatible

across a range of different micro-computers (within the same operating

system environment).

The version of the BASIC language developed by Microsoft - MS-BASIC -
exhibited this quality and was subsequently used to develop the
planning and scheduling applications, although the final programs were
'compiled', using the proprietary compiler supplied by Microsoft. The
act of compiling the source-code programs had the following beneficial

effects over the original coding:-

1. TIncreased speed of execution time (by a factor
of between 5-10, depending on the application)
2. Reduced program size (in bytes) which
took up less media storage capacity

3, 'tamper' proof programs, once installed at a remote site

6.45 Hardware Considerations

Hardware is no longer considered as the most important part of a system
due especially to the developments in micro-processor technology (circa
1981 /1982) and the subsequent emergence of 'machine-independent

software'.
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The governing factor which restricts the choice of hardware will be the
'budgeted figure' which a company has allowed for a system. Within
this figure, foundries should ensure that the 'ideals' of:

'reliability’, 'proven hardware support availability' and ‘speed of

. ]
operation , are all met to acceptable levels. However, the emergence
of the micro-computer as a 'serious business tool' ensures that

foundries are offered a 'low-cost/low-risk' entry point into CAPM.
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CHAPTER 7
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Future Work

The paths of development which emerge from the results of implementing
systems lie in several directions, although each has a common focus,
viz: the continued profitability of foundries, via the simultaneous

reduction in operating costs, reduction in work-in-progress levels and

increase in productivity.

The present study has concentrated on the technical problems of
developing a workable foundry-based scheduling system which could

operate on low=-cost micro-computers.

The 'future work', within the context of the systems developed, lies in
the improvement of the limitations discussed in Chapter 6 and the
further development of a fourth level of 'scheduling sophistication’
which combines all the above techniques, so that the planner can view

the relevant information in whatever form is required, immediately.

The pursuit of more advanced (and hopefully more accurate) scheduling
methods is to be continued with the emphasis on identifying piece-part
lead-times and process move-times. Moreover, in parallel with this
work, research into improved shop-reporting techniques and methods of
identifying jobs as they are being processed is of paramount
importance.

The wider issues surrounding the implementation of a CAPM system

incorporate people problems, the need for staff training and

organisational problems which affect (eg.) the flow of information from
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one department to another.

It is considered that low-

cost comprehensive training programmes, which

are aimed at the clarification of the principles of production control
(relevant to the industry) should become an integral part of a total
CAPM package and should provide invaluable assistance in overcoming the
problems of system ‘acceptance': ie. by demonstrating that it is in
everyone's interest to work around the information provided and

requested by the system.
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Conclusions

There is a strategic need for a UK Foundry Industry.

The current economic climate has left foundries with no choice
but to increase the economic measures of productivity and

profitability (in order to stay in business within a highly

competitive industry).

The most direct effect on these 'measures' is the efficiency of

the production control system in operation.

The application of computer-assistance to the functions within
production control is considered (by the industry and the
literature) to be the'tool' most likely to improve the efficiency

of a system.

Prior to 1981/1982, practical (ie. useful) computer-assisted
production control methods were only available to those foundries

who could afford the high initial investment for hardware and

subsequent software development.

The rapid technological advances in the computer industry in the

early 1980's, brought about the emergence of micro-computer's

which could be considered as serious business 'tools' (a trend

which is continuing at the time of writing) and thus provided
smaller foundries with a method of implementing computer-

assistance.
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10.

1.

12,

The subsequent development of packaged-

software by

entrepreneurial enterprises (eg. software houses) has enabled

many foundries to adopt computer-assistance in the area of

production control.

At the time of writing, there are three main foundry-specific
packages available in the UK, which address most of the aspects
of foundry organisation for manufacturing, and one clear market

leader.

The emphasis placed on Computer Integrated Manufacture (CIM) by
other manufacturing industries (ie. companies which buy
components from foundries) has put pressure on foundries to adopt

more advanced methods of production management.

Both external and internal stimuli have fostered foundry
interest in one of the functions contributing to CIM, known as

CAPM (Computer Aided Production Management).

The inherent nature of foundry operations challenges the
systematic order of implementation of the sub-systems which form
the traditional CAPM approach (ie: inventory control, bills-of-
materials, MRP, etc.) and is seen to have more in common with the

relatively recent philosophy of Optimised Production Technology
(OPT - definition of bottleneck resources, capacity planning,

detailed scheduling, batch production, etc.).

The adoption of a CAPM system will impose a more 'regimented
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14.

15.

17,

approach to the functions of foundry production planning and

control, if it is properly employed.

The foundry industry is primarily a service industry (ie.
"single-level" component makers, mainly to customers' orders)

with a primary objective of satisfying customer requirements.

The sophistication of the functions of foundry planning and
scheduling, within CAPM, is dependent on the accurate feed-back
of information from the shop~-floor and the existance of standard

times and resource information.

The dynamic nature of foundry production together with the lack
(in general) of 'standard’ information has led to the development
of CAPM systems which are information-based, enabling production
planners to exercise their experience on the 'suggestions'

provided by the system.

The principle of 'information provision' has been extended by the
work presented here, which incorporates labour saving computer-
assistance (sorting and collating of information into a pre-
digested form) and introduces the concept of on-line 'manual

interaction' for the purposes of foundry production planning and

scheduling

The design of packaged software which is applicable to a wide
range of foundries is considered feasible by incorporating

flexibility into the design of system software (ie. 'parameter-
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18.

driven' software).

The 'key' factors in the successful implementation of a CAPM

system are the PEOPLE who are to use the system on a day-

basis (which require adequate training and education).
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Appendix 1

Foundries Participating in the Research

The following foundry personnel were contacted during the course of
the research and subsequently agreed to participate in an evaluation of
the softiware proposals which were developed.
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Appendix 2

Foundry Statistics

The following charts and tables describe some of the changes in the

foundry industry between 1967/68 to 198%/84.

The information is

re-~

produced with kind permission from Mr B. J. Cave - Director of the

EITB.
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Content has been removed due to copyright restrictions
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Appendix 3

A Review of some of the Packages providing CAPM

The following review briefly describes fourteen companies who market
software packages for the Manufacturing Industry. Whilst the review is
biased towards software packages running on micro-computers, a few
mini- and mainframe systems have been included. Where possible, up-to-
date prices are gquoted for each system in pounds sterling, unless
otherwise stated.

Company : British Cast Iron Research Association

Address : Alvechurch Birmingham B48 7QB

Telephone: 0527 66414

Package : Production Planning

Hardware : Z80 microprocessor units and the CP/M operating system

Modules/Facilities

. Planning of up to 40 work centres and 20 metal grades

. Loading up to 40 weeks in advance

. Summary and detailed loading of each resource

. Weekly work instructions for each work centre

. Differentiation between priority, firm and tentative orders or
enquiries

. Arrears reported and re-scheduled

. Information on options available as a result of overloading

Cost : 300.00 (software only)

L o e s . i e 0 S o i i G W o o A e A s e s i G s o U K o S Y e s o S o S S

Company : Computerline Production Management Systems Ltd

Address : 118 Church Road, Addlestone, Weybridge, Surrey, KT15 1SG
Telephone: 0932 55757

Package : MAN-TRAC (MAnagement by Time, Resource And Cost)
Hardware : Machines operating under PC-DOS, MS-DOS and CP/M

Modules/Facilities
1. MAN-TRAC 1 Inventory Control 600.00
2. MAN-TRAC 2 Workshop Scheduling 1200.00
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5. MAN-TRAC 3 Job-Costing 500.00
4. MAN-TRAC 4 Purchase Order Progress 300.00
5. MAN-TRAC 5 Shop Documentation 300.00

Cost : 7500.00 (software, hardware and implementation - 1984 's prices)
1950.00 ~ first year licence fee
500.00 - Annual licence renewal fee

Company : Concept Computer Systems Ltd

Address : Princess House, High St, Bagshot, Surrey GU19 5AF
Telephone: 0276 76303

Package : CONCEPT II - Production Control System

Hardware : DEC

Modules/Facilities

1. Data Base Management 2. Sales Order Processing
%. Forecasting and Planning 4. Inventory Management
5. Production Costing 6. Purchase Order Control
7. Capacity planning and loading 8. Works Order Management

i T i G e e K e e i o ot o o it i i S i G o St e S Wb i o S S S Mo S i o M o e St St s R

Company : Davy Computing Ltd

Address : Moorfoot House, 2 Clarence lLane, Sheffield 33 7TUZ

Telephone: 0742 71201

Package : PRODUX (for jobbing manufacture)

Hardware : Burroughs B25 and XE520 range, IBM PC, ALTOS Multi-user
systems, SANYO range of micros.

Modules/Facilities

PRODUX 1 - Financial Accounts PRODUX 2 - Material Control
1. Sales 1. Stock Control
2. Purchase Ledger 2. Bill-of-Materials
5. Nominal Ledger 3. Routing
4. Payroll 4. Nett MRP
5. Invoicing 5. Sales Order Processing
6. Production Interface 6. Purchase Order Processing
7. Works Order Processing
8. Order Scheduling
9. Financial Accounts Interface
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PRODUX % - Shop Floor Control

1. Shop Floor Documentation

PRODUX 4 -~ Job Costing Control

1. Estimating
2. Actual Costing

Profitability

Variance Reporting and Job

Purchase Order Processing

Sales Order Processing

Work Load Reporting

. Financial Accounts and

4
5
6.
7. Stock Control
8
9

Material Control Interface

: 36, Holloway Circus, Queensway, Birmingham B1 1EQ

2. Infinite Scheduling
3. Rough Cut Capacity Planning and 3.
Analsis
4. W-I-P Valuation and Added Value
5. W-I-P Tracking
6. Load Statements
7. Labour Analysis
8. Material Control Interface
Company : Dewtec Computer Systems Ltd
Address
Telephone: 021 643 8003
Package : DEWTEC Multi-User
Hardware :
Olivetti M24 /28, COMPAQ, RML
Modules/Facilities

Standard Module

Production Control 7250.00

Weight Estimating 500.00
Costing & Estimating 5500.00

Optional Modules

Report Generator

Works Documentation

Production & Despatch Records
Price Maintenance

Advice Notes & Invoicing
Customer Order Acknowledgement

Quotation Module

Job Costing Module
Routing Module

Cost of Sales Reporting
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IBM PC, AT and compatibles, Sirius/Victor, Apricot Xi/Xen

1500.
1500.
1500.
500.
P.0.
1000.

1000.
4500.

500.
1000.

. Time Sheet Entry and Analysis

00
00
00
00

00

00
00
00
00




Company ¢ IBM UK Ltd.

Address : Manufacturing Industry Support Centre, PO Box 31, Birmingham
Road, Warwick CV34 5JL

Telephone: 0926 32525

Package : COPICS - Communications Oriented Production Information and
Control System

Hardware : IBM Mainframes

Modules/Facilities

Customer Order Servicing - Data Management
Customer Order Servicing - Order Management
B-0-M Utilities II

B-0-M On-line II

Inventory Accounting II

Inventory Planning and Forecasting II
Advanced Function/MRP II

Shop Order Release II

Plant Monitoring and Control

10. On-line Routing

11. Facilities Data Control
12. CAPOSS-E¥, Capacity Planning and Op. Sequencing System-Extended

W OOVl —

1%. Purchasing

14. Receiving

15. Product Cost Calculations

16. CORMES -~ Communications Oriented Message System

¥ Pinite Capacity. Schedules activities for due dates based on
priority rules and capacity limitations.

e ptT

e Wit e e o S A A B G i G G e e e o e i i i o el S Gl U e e W e N Gl i ks S Gl e

Company : Kewill Systems Limited

Address : Clive House, Queens Road, Weybridge, Surrey KT13 9XB
Telephone: 09%2 52046

Package : MICROSS Manufacturing System

Hardware : IBM Mainframes

Modules/Facilities

1. Stock Control 950.00
2. Bill-of-Materials 950.00
3. Requirements Planning 950.00
4. Purchase Order Printing 750.00
5. Sales Order Printing 1150.00
6. Production Control 2500.00
7. Shop Floor Documentation 750.00
8. Shop Floor Data Collection 1950.00
9. Job Costing 1500.00
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Company : Marcus Software Systems

Address : 26 Albion Place, Leeds, West Yorks LS1 6JS

Telephone: 0532 434488

Package : MARCOUNT - Accounting Suite and MARFACT - Production Suite
Hardware : Machines running MS-DOS, CP/M-86, CP/M 2.2

Modules/Facilities

MARCOUNT

. Sales Purchase/Nominal Ledgers 885.00

1

2. Sales Invoicing 295.00
%. Stock Control 545.00
4. Job Contract Costing 345 .00
5. Pareto Analsis 125.00
6. Company Forecasting 195.00
7. Project Planning 195.00

MARFACT
1. MRP 450,00
2. B-0-M 450.00
%. Capacity Planning 695.00
4. M/C Scheduling 450.00
5. Stock Control 345.00
6. Sales Order Processing =~
345 .00
7. Purchase Order Processing
%345 .00
8. Statistics 150.00

Company : MIS Ltd.

Address : 38, Albert Road North, Reigate, Surrey RH2 9EQ

Telephone: 07372 45854
Package : PC-FORUM

Hardware : IBM PC and compatibles, Alpha Micro, Olivetti, ICL, Apricot

Apple, DEC, Wang

Modules/Facilities

. Foundry Management Package
Production Control
Financial Control

Payroll and Personnel
Stock Control

Ut N -

Company : MSS Services Ltd

Address : PO Box 31, Worthing,West Sussex

Telephone: 0903 34755
Package : Various Packages

Hardware : Machines running PC-DOS,MS-DOS, CP/M-86, CP/M 2.2, EPSON QX~

10, APPLE II and APPLE III
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Modules/Facilities

1. Stock Recording and Control 300.00
2. Bill-of-Materials 450.00
3. MRP 500.00
4. Production Control 800.00
5. Kitting 400.00
6. Estimating 400.00
7. Standard Costing 400.00
8. Product Costing 400.00
9. Employment Agencies Record Systems 400.00
10. Personnel Manpower Management 400.00
11. Accountatnts Incomplete Record System 800.00

(Module Costs from 1984)

D 4200 G s G2 o i S S i B S T Sl S W e S s e S € Gk Al Gl K G20 b i S e i i S S S e i e S

Company : NCR Limited

Address : 206 Marylebone Road, London NW1 6LY

Telephone: 01 723 7070

Package : IMCS II - Interactive Manufacturing Control System
Hardware : NCR Minicomputers

Modules/Facilities

1. Bill-of-Materials 6. Work-in-Progress

2. Purchasing and Receiving T. Routing

%. Order Processing 8. Master Production Scheduling
4. Sales Anslysis 9. MRP

5. Capacity Planning 10. Inventory Management

e S - - - (s o S K A i e A (2 A A b S s i o W (A M M s P B S B S Sbam

Company : Safe Computing Limited

Address ¢ 89-91 High Street, Leicester LE1 4JB
Telephone: 0533 29321

Package : MICRO-SaFeS

Hardware : Machines running BOS operating system

Modules/Facilities

1. Part Master 8. Factory Paperwork

2. Part List 9. Trial Kitting

5. Stock Control 10. Master Manufacturing Schedule
4. Basic Costing 11. Purchase Order

5. ABC Ananlysis/Perpetual Audit 12. Work-in-Progress

6. Routing 13. Job/Variance Costing

7. Bxtended Costing 14. MRP 15. CRP
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Company : SCICON Manufacturing Systems

Address : Sanderson House, 49 Berners Street, London Wi1P 4AQ
Telephone: 01 580 5599

Package : MANMAN

Hardware : Hewlett-Packard, HP 3000 Minicomputers

Modules/Facilities

1. Purchase Ledger 2. Nominal Ledger

3. Sales Order Processing and 4. Manufacturing Management
Accounting
-~ Order Entry - Inventory Control
- Invoicing -~ BOM/Engineering Design
- Sales Ledger - WIP/Shop Floor Control
- Sales Analysis - Purchasing

- MRP
- Capacity Requirements Planning
- Cost Accounting

Company : Sheffield Micro (Business Systems) Ltd

Address : Victoria House, Rutland Park, Sheffield S10 2PB
Telephone: 0742 680256

Package : PLANIT/UNIPLAN

Hardware : ICL CRS series of microcomputers and ICL PC's

Modules/Facilities
1. PARTPLAN 2. JOB PLAN
- Material Control and Requirements - Job Costing
Planning - BEstimating
-~ Sales Order Processing -~ Scheduling
-~ Purchase Order Processing - Analysis

- Works Order Processing Exception Reporting

- Stock and BOM

- MRP
%. LEDGERPLAN - ACCOUNTS 4. WIPPLAN
- Sales Ledger - Work-in-Progress
-~ Invoicing Analysis - Routing
- Purchase Ledger - Shop Floor Loading
- Nominal Ledger - Capacity Planning
- Payroll and SSP - Tracking
- Multi-Company Option ~ Shop Floor

Documentation

5. INFOPLAN - Report Generator - Links to the above modules
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Apgendix 4

Program Listings

The following program listings are contained within this Appendix:-

A4.1 Calendar Maintenance Program

A4.2 Production/Delivery Schedule Program
A4.% Production Planning/Programmes Program
Ad.4 Resource Maintenance Program

A4.5 Resource Loading Program
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A4.1 Calendar Maintenance Program
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805 FOR I=1 7O 5:1F SETZ(IIC)99 AND TESY(I)<399 THEN 807

B0& IF SETW(I}=%9 AND TESY{2)=99 THEN EFLAG=0 ELSE EFLAG=9:RETURN
807 NEXT Z

BI0 IF VAL(XY$)=0 THEM Yys=» ¥

820 PRINT FNCPS (Y141, X1)® *:IF Yi+1=R+11 THEN PRINT

FRCP$ Y141 X1 CHRS{198) CHR% (194)

830 Il=1:I=1:LR5=0

BA0 IF SEYZ{I%,Z,21)=2 AND LAG=0 THEN EFLAG=2:RETURN

B30 IF (SEYZIZ9,I,113<)1 AND SEYL(I9,Z,110<>2) THEN 890

860 IF SEYZ{I9,7,213{>1 THEN 880

B62 BHILE SEYZ{I9, 1, 11032186V 1(19,2,11)=T:LAG=111=1+]

864 IF I>7 THEN 7=1:B0T0 865 ELSE BOTD 844

865 Ii=I1+1:1F 714 THEW 899 ELSE GOTO B4b

86& WEND

BBO SEYI(I%,1,11)=7:LAG=0

890 1=1+1:1F 137 THEN 1=1:&0TO 895 ELSE GOTD 840

895 Zi=i1+1:1F Z1:6 THEN 899 ELSE GDTO 820

892 EFLAG=0:RETURN

900 REM ti FORMAT DISFLAY &

910 IF 1Y=0 THEN XV$=" " ELSE YY4=RIGHT#{" *+S§TR$(IV),2)
920 IF YX=0 THEN YX$=" ® ELSE VX$=RIGHT$(* "+5TR${YX) 2)

930 RETURN

1000 REM 11 DOWH §%

1010 Y1=Y1+2:1F YI3R+10 THEW Vi=R+10

1020 X¥={¥ (19, FIX{(X1-18) /A1), ¥1/2) ¥X=X¥ (29, FIT((X1-18) /4-1), (¥1-D)/2)
1030 G0SUE 900

1040 FRINT FNCF$(¥1-1,X1)% “:PRINT FNCPS{Y1+1,X1)® o9

1099 RETURM

1100 REN #§ LEFT 3%

1110 ¥1=¥1-4:IF Y1CB+I8 THEN 11=08+18

1120 XY=4Y (19, FINEIXI-1B) 74-1),¥1/2) s YA=XY (19, FIX(0X1-18+4) /4-1) ,¥1/2)
1130 60SUE 900

1140 PRINT FNCPS{Y1¢l,X1+4]% ":PRINT ENCP$(Vi+l,1)®

{141 IF Y1+1=Re11 THEN FRINT FNCPS(Y1+1, X1+4)CHRS(194) CHRS(195)

1199 RETURN

1200 REM 11 RIGHT 11

1210 §1=31+4:IF {13CO+18+74 THEN 11=CR+I6+24

1220 XY=XVL29,FIXCONI-28] /4-1), Y1/ 20 Y R=0Y (16, FIX({01-18-8) /4-1) Y1/ 2)
1730 GOSUB 900

1240 FRINT FACFS (Vie1,X1-4)" sPRINT FACPE(Y1e1,X1)" *°

{281 IF Yi+1=R+1] THEN FRINT FHCP$(Y1+1,71-41CHES (1961 CHRS(194)

1299 RETURN

1300 REM 3% UF 1

1305 Vi=¥1-2: IF Yi<R THEN Yi=R

L300 V=AY 79, FING(X-18) /4-10, ¥4/ VR=0¥ (19, FIKCIS1-18) /a-1}, (Y1423 /2)
50SUB 900

1330 PRINT FNCPS(Y1+3,Y1)" *:PRINT FNCPS(YL+l,X1)" =

1231 IF Y1=R+@ THEN PRINT FNCP$(R+11,X1)CHRS (196)CHRS(156)

1399 RETURN

1400 REM 1% TOGGLE 13

1405 IF XY(29,FIX{(X1-18)/4-1),¥1/2)=0 THEN RETURM

1407 TF SEYZ(29,FIX((11-18)/4-11,¥1/2)=1 OR SEVZ(19,FI1((X1-18)/4-1),Y1/2)=2
THEN RETURN

{410 YES=YES+1: [F FIX(YES/Z)=YES/2 THEN H$=ROFF$ ELSE H$=RONS

1420 1F H$=RONE AND SEV1(I9,FI1({11-18)/4-1),Y1/2)=% THEN PRINT

FNCP$ (R+13,C8+50) "ves  *:60TD 1499

1430 IF H$=RONS THEN SEVI(19,FIX((11-18)/4-1),Y1/2)=9:PRINT
FNCP$(R+13,C8450) *yes  *:PRINT FNCPS(YL,X1}RON$YYSROFFS ELSE SEYZ(I?,FIL((X1-
18)/4-11,Y1/2)=8:PRINT FNCP$(R+13,C8+50)%n0  *:PRINT FNCFS(Y1,11)ROFFSXYS
1499 RETURN o -

T3]
A¥al



1500 REM 3% START RANGE 1t

1305 IF SEYZ(I9,FIX((X1-1B)/4-1},Y1/2)=7 THEN RETURN
L310 TF XYUI9,FING(X1-18)/4-1) ,Y1/2)=0 THEN RETURN
1520 X2=X1-18-1:IF Y2¢C&+3 THEN RETURN

1330 ¥2=¥{sX2=11-1

1332 IF SEYH(I9 FIXUIXI-I8)/4-1} Y1/D) OO THEH 1335

1333 SEYRAT9, FIXC(XL-18)/4-1) \Y1/2)=0:50T=5CT-1: PRINT FNCR$(Y2,X2)"
034 IF SCTEO THEM SCT=0:SETY{SCT)=0:RETURN ELSE SETZ{SCT)=0:RETURN
1535 SCT=5CT+1sIF SCT>S THEN SCT :RETURN

1540 ERINT FNCP%‘“E‘XZEEFED$“’“RrGU*

L350 SETX(SCTI=99:5EYL(I9, FIN({XL-1B)/4-13,Y1/2) =t

379 RETURY

1600 REM 1% END RANGE 11
1603 IF SEYE{IZ FIXI(XI-181/4- 1‘ ‘3f7)=° THEN RETURN
{610 IF XY(1%, FIi{i1-181/4- 11 Y1/72)=0 THEN RETURN

470 XI=N1+2:92=Y
2 IF SEVE{I9,FIXUINI-18)/4-1) ¥1/2)0>2 THEW 1425
3 SEVRIG FIOIIYL-18)/4-1),¥1/2)=0: TCT=TCT~1: FRINT FNCES

523 IF TCT<0 THEN TCT=0:TESE(TCTi=0:RETURN ELSE TESY(TCTi=

TET=TCT+{:IF TCT)E THEN TCT=3:RETURN
1630 PRINT FNCPE{Y2, X2)FRODS®) "REGDS
1640 TEHV‘*FT"“C SEVI(I%,FIX{{XI-18)1/4-11,Y1/2)=2

R HOHTH &1

21=FLARIT/2 THEN RETURN
FLR+13,CBIFREDS"Enter ponth (1-12
:FRINT FNCP4iR+14,08)"10 TO

2 THEN H=Mi-

) { ELSE M=
t0203(5=04 ((J2-17441 1 FOR 1=¢ 70 N-1
i

§=1 10 H(i}:JT d2e1IF FIXOLI2-10/77)=032-1)/7 THEN J2={
I
z
1RETURN
¥ SAYE CHANGES 1
UNT=( THEM RETURN ELSE FRINT FNCR$(R+14 CBISFACE${27):G0SUR 3500
FNCP$(R+13,C81*5ave changes (Y/H) ?
A IHL=1:?D‘=~+'".ZC‘"i+“’.r3”" A)QROIIF TGy AND I$4>"N" THEN 1793
794 IF 1$="N" THEN 1795 ELSE 4 {R+13,08) "Calendar file
updated - TiFRINT FHCPE(R+14,58) "Mt ; ontinue “:GOSUE 20020
{795 COUNT=0:DELY=0:CLOSE: GOSUE 40000: KET!
1796 FEINT FHCFE{R+13, 0B} "Ancther Year (Y’L* 7 "IPRI
FNCPE(R+14,CR15FACES(26)

IF I$="H" THEN £=241:6070 61150
90 BOSUER J000:BFLAG=99:605UB 200:BFLAG=0
0 GOTD 208
REM pivek SORT ( STRING TYFE )} #rtit
010 59%=COUNT:IF COUNT=0 THEN RETURN
020 POY%=0:5WE=5WI\2: IF EWi=0 THEN RETURN
9 FOL=PO%+L
FOY+SWEL) SCOUNT THEN 2020
1(POL){=WL(POY+SRYL) THEN 2030
Wi POL) WL (POY+5RE) 160D 2090

sl
ol =E ——

f—HZ‘FGA SHA THEH 2030
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A4.2 Production/Delivery Schedule Program
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5 REM $INCLUDE: " SHARE’

12 DIM MD(343 MDP{22) MDH{2) MOB(2D)
13 GOSUB 35828 :MACI=MID$(TX3(36),17,1)
15 DI Y(7)!Lﬂ12),NE(&4),PUT(14),STOT(14),GTDT(14)
14 IF MAC3="1" THEN 18
17 WIDTH LPRINT 253:G0T0 19
13 WIDTH *LPTL:",258
19 1F NME3=*" OR DTE3="° THEN CHAIN *PPC”
29 GOSUB 42848
21 GOSUB 14648
22 C/=1:SESVALIMIDS (TH3(28) 153, 1))
27 5Y1=33:501=3: 51 {=1 1= CTHG=9:8DV=18
25 FOR 1=t TO 12:2EA0 L{D):NEXT 1
24 FOR 1= TO 7:READ Y(I):NEXT 1
27 DATR 31,28,31,38,31,36,3},31,36,31,3&,31:
28 IATA 5,6,7,1,2,3, %
38 DEF THCPS(RGIX,CGLH)=CHR$(E?)+'Y‘+CHR$(34*RGU%)+CHR§€32+CBLH)
43 GOSUB 38439
5§ A3 C0L =44 ML= 1S N
68 GOSUB 48923 :iKETS=13:1KEVLEN=1e
73 1F 14=3PACE3{14) THEN 28
75 ROMV=11:00LY=44:605UB é8738
84 G0SUB Z2%48
73 IF FLAG THBM 36
{38 DMY=COMDAT:G0SUB 24088
128 DTEMP=(Y2%18800) +{lai*1882+01
175 GEM &+ CALC, FOR DRTC3 #¢
138 DIF=7-D1:WEL=DD1+DIF
135 IF 7171938 THEM Yi=Yi-173%
143 IF INTEY1/74)=Y1/4 THEN L{2=27
154 1F WEDILEM1) THEM GOSUB 499
148 CWE=(Y1*130581+M1#1E0)+UED BN ## CURRENT W/SHD DATE
145 WEr o=k
170 REM #* ARREARS W/END DATE *#
138 GOSUB 443
185 WELD)=AdD
- 19§ REM #% NE(T 12 W/EMDS TALC, *#
268 FOR =3 70 14
218 WED=WED+?
223 1F WELOLIMD) THEM GOSUB 485
299 WEC1I=(Y 1 #1RBUA)+ (1180 UED
248 NEST I
253 AEM w¢ T i1Y=FOUARD ##
134 REM # MAIN PART OF PROG. *%
33 GOSUB 26B5:REM ## KEY X PROCESS *#
715 GOSUB 1488: REM #* PRINT HEADERS
320 144=9:00@0=4
939 BOSUS 48A@F:RE «¥ 0PI FILES ##
749 GOSUB 42998:3EM 4 NO, ON FILE? #%
353 GOSUB 270E:REM ¥+ READ & UALIDATE #=
240 GOSUB 2988 REM #* SORT-STRING TYPE *#
975 GUSUB 98@8:REM #* COLLATING & PRINTING
389 GOZUB 7284
398 REM:53=" Total Quaniities ---)"+SPACES(LT)
297 REM:FOR 13=1 70 14:5%3=S3+RIGHTSL" LTRSCGTOTCI2) 14+ *, 80 NEXT 13
394 REM:LPRINT STRING3(124,*=") 1LPRINT 54 PRINT STRING$(126,"=") tLPRINT:LPRINT
294 GOTO 438
438 SE4 ## 1ST 4/END DATE CALT, #*
485 V251124
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418 IF M2)12 THEN M2=M2-12:72=Y141
428 WED=WED-L{M1)

438 Mi=M2:Y1=Y2

448 RETURN

468 REM #¢ CALC, FOR 0/DUE DATE %

443 Y2=Y1:M2=M1

478 DIF=UED-7:IF DIF:@ THEN GOTD 3588

488 MZ=H1-1:1F M2¢=8 THEN MZ=12-M2:Y2=Y1-1

498 DIF=L{M2)-{7-WED)

366 AWD=(Y2%18088)+(M2%188)+DIF
518 RETURN

6B X=27:507T0 41158

1688 REM #¢ PRINTING HEADERS ##

1683 TF MID$CKEYS, 1, 10="2" THEN KEY13=LEFT${TX3(5),11) ELSE KEY13=KEY$

1518 LPRINT:LPRINT
1628 LPRINT STRING3(134,"-"3

1625 IF PROG#="2" THEN GOSUB 1498:6070 1476
1638 LPRINT LEFT$(TX346),79)LEFTS${TX3¢7) 25

1648 LPRINT 1D33°

T TKEYISMIDS(TX5(8), 36, A LEFTH(TXS(9),23)

1658 LPRINT LEFT$(TH3(18) 2B)0TEMIDS(TAS(18) 29,56 ILEFTS(TXS (1), 210

1668 LPRINT LEFT$(T{$(12),37)

1678 LPRINT STRING3(134,"-*) :LPRINT

1488 RETURN
1698 REM #% PROGI=2 OPTIN ¥+

1692 LPRINT LEFT$(TX${13),79)LEFT${TX3(14),27)

1893 LPRINT * *1D33%°

2 TKET13 MIDS(TA$(19) 36,4 LEFTS(TXS(163 270

1694 LPRINT LEFT${TX3{171 200 DTESHIDS(TX3(17),29 I8 LEFTH(TX3{(33) ,32)
1495 LPRINT LEFT$4TX$:{18} 79ILEFT${TA3{19),29)

1696 RETURN

2088 REM =x¢ SORT ¢ STRING TYPE ) #¥x

2510 SWY=COUNT:IF COUNT=3 THEM 5$=LEFT$({TX$(28),24):LPRINT 5%:60T0 488
2829 POY=6:94=5802: IF SWi=8 THEN RETURN

2838 POY=PO4+1
2848 1F (PO/+5W) >COUNT THEN 2828

2850 1F AR$(POY%,1)(=AR${PO/+SW4,1) THEN 2830

7040 AP ARCPO, 1) ARCPOL4SU, 1)

2876 SWAP ARS(POY,1) ,ARSIPIA+SWA, 1) :60TC 2878

2888 POA=POY-1
2098 IF PO%-SWEA(1 THEN 2848

2188 1F ARS(P(, 1) )=ARS(POX-SW, 1) THEN 2838

2118 SWAP AR(POY, 1) ,ARCPHI-S44,1)

ZUZ0 SWAP ARSIPIY, 1) ARS(PON-5WA, 1) :60TD 2053

2588 REM %#x CHECK SUFFIX #3#x
2518 FOR ¥=14 TO 1 STEP -i
7526 IF K=1 THEN FL={:RETURN

539 IF MID${D${2),K, 1147/ THEN
2548 IF MIDB{D3{2) K+l , D=MIDB(TA3
2558 FL=3:RETURN
2378 NEXT X
2688 REM *#x KEY & PROCESSING *##

28,17 THEN FL=1:RETURN

2618 KEY$=LEFT${KEY$+5PACES(KEYLEN) KETLEN)
2628 PRINT FHCP$(21 BILEFT3(TX$(34),77)CUFS
2438 HATCH=INSTR(KEYS,*77) : IF MATCH=6 THEN MATCH=KEYLEN

2648 RETURN
2768 REM #¥* READ & VALIDATE ###

2781 PRINT FNCP4(17,48)LEFT$(TX$(37),23) :PRINT FNCP$(17,36)RELY

2785 16/=14/+1:1F 16/RECK THEN RETURN

2715 SRNM=167:6ET #2,5MVA

2715 IF F$(2)=SPACE3(14) DR INSTR{F$(2) ,CHR3(8)) ()8 THEN 2785

2728 GOSUB 18ABA:REM GOSUB 2388
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2723 REM IF FL=1 THEN 2785
738 R=DP(22):605UB 25888
2733 1F D{23)=8 THEW 2785
2738 C=B:FOR ARY=12 TO 11+SE:CM=CH+DP{ARY) NEXT ABY
2737 1F PROG="2" AND (M=3 THEN 2785
2738 IF PROG$="1" AND DP{3)-DP(18)¢=9 THEN 2785
2748 1 LEFTH(KEYS MATCH-1)=LEFT3{D3$(3) MATCH-1) THEN
COUNT=COUNT+1 :ARCCOLNT , 1)=5R ELSE 2783
2778 ARSCCOUNT , 13=RIGHT${SPACES{7)+STR(DOPC1)) (704D3(1)
2858 PRINT FNCP${17,28)14CUP$:60TO 2785
7280 REM #% PRINTOUT PART NUM, & SUB-TOT FOR CUST.CHANGE #¢
9218 GOSUB 9314
9228 S3=LEFT$(TX3$:{21),18)+5PACES(21)
9239 LPRINT STRING$(136,"-")
9244 FOR I3=1 TO 14:F73=STR3{STOTII33}
9258 IF STOT(I32:9999399¢ THEN FT$=STR$(INTISTOT(13)/18082)0+7k"
7268 S3=S34RICHTSISPACES(7)+FT4+4® * \B)NEXT 13
9278 PRINT FNCP${21,85PACESL79)CUPS
9288 LPRINT STRING3(156,"="):LPRINT
9298 FOR 13=1 TO 14:G70T(I13)=0TQT{I3145T0TCI3) :STOT(ID=R:NEXT ]
9295 RETURN
7388 REM #% PRINT OUT PART NUMBER DETAILS #¢
9316 53=" “4PD3+° 400+ °
9328 FOR 13=1 TO 14:FT4=3TR$(POTCIZN)
9322 IF POT{132399999991 THEN FT4=STRCINT(POT{I3)/1088))+%k"
9324 S3=534RIGHTH(SPACES(7)+FT3+* * 30 NEXT 13
9325 IF PROG3="2" THEM 9338 ELSE FT3=5TR$(CCHS)
9327 IF [IMS)2799999! THEN FT3=STR${INTCCCHS/ 138820+ 4"
9328 S3=5%+RIGHTH(SPACE3(7)+FT3+" " 8)
2338 LPRINT:LPRINT 5%
7348 FOR 12=1 TO 14:3T07T¢13)=5T0OTCI3)4PUTCIS) (POTAII=0:NEXT 13
9345 COM5=8
9358 PN=1:RETURN
7466 REM #% PROG3=2 OPTI(N FOR LEAD TIME OFFSET ##
9418
ASUALIMID3CSTRICDI23)),4,2) ) :B=VALIMID$(5TR$(D(23) ) ,4,2) 1 :C=VALIMIDH(STR3(D1Z31)
1 2,23)
2415 IF INT(C/4)=C/4 THEN L{2)=29
9478 REM * USE EITHER 9426 DR 9448 FOR LEAD TIME IN WKS. OR DAYS, RESPECT’Y #
9430 MD24=INTIMD(24) 71 1F MD(24)-MD2478 THEN MD24=INT{MD{243%7+1) ELSE MD24
=INTIHD (247 %7)
9443 REM * HO24=1NTIMD{243) 1 1F MD(24)-MD2428 THEW HDZ4=HDZ4+1
2458 At=A-HMDZ4
9443 IF A1:6 THEH GOTD 7386

9445 C1=C

9447 81=8

9479 Bi=B{-1:1F Bl{=# THEN Bi=1Z:L1=01-1

9408 HD2=HD24-A:41=L{B1-MD2: IF AL{=B THEN A=A+L{B1):G0TO 7470

9499 C=Cl:5=B1

9568 D(23)=(C#18666)+(B#164)+Al

9365 Li2=28

9318 RETURN

9885 REM *%# PRINTING & SUCH LIKE #x#

9818 FOR 18=1 TO COWNT

9820 SRHV=AR(IS, 1)

7838 GOSUB 18A4A

7848 RU=0P(22)

9836 GOSUR zc68@

9348 IF 18=1 THEN CD=DP(!):CD3=04(3):505UB 45008
9978 IF DP(1)=CD THEN 9886 ELSE GOSUB 2268:C0=DP(1):CD%=0%{(3):G0SUB 45866:G0T0
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78886
9886
7898
HUH.
7908
7985
9964
7987
7718
9928
9938
3948
9943
7943
7946
9948
7956
7968
7778
16846
18842
18863

iREM #%GUB-TOT ON CHANGE OF CUST.#

IF PN=1 THEN PD3=D3%(1):DD$=D${4) ELSE ?89@
IF D$¢1)=PD% THEN 9988 ELSE GOSUB 9308:G0TO 9830:REM ¥x 2 DETAILS CN PART
CHANGE #x
12=1
IF PROG3="2" THEN GOSUB 9488
IF PROG3="1" THEN CUM=DP{3)-DP{18):G0T0 991# ELSE 7987
FOR Ti1=12 TO 11+SE:CIM=CUM+DPITY :NEST T
IF D{233<{=WE(I2) THEN POT{12)=POT{12)+CUH:60TO 9945
[2=12+41:1F 12>13 THEN GOTO 9743
IF D{23)UECIZ-1) AND D(23){=WE{12) THEN POT{12)=P0T{12)+ClH: GUTD 2943
GOTO 7928
POT{14)=POT(14)+CUM
Cl=d 1 PPN+
TZ4=1:FOR T1/=5E+1 TO S0¥:CCHS=CTHS+DP 1 I+8E+TZ s T2 =T 204 LiNELT THY
NEXT 18
REM ## FOR ORDER STATUS ##
GET #1,SENCL:GET #2,SRNV:GET #7,SRNA
5070 16818
REM %% READ ORDER ##x
6OTE 9958
FOR JI¥ =170 3

18884 GET #J14, SR

18887

NEXT J1%

18089 GET #7,5RN!

18816
16620
18838
16848
18654
16848
18876
14938
18698
18128
18116
18128
18138
18148
18158

18148
18178
16138
18198
18288
182149
16008
16618
16878
146838
14848
146858
14958
18976
22584

Bi=10i=110%=1 1=l
FOR JI% =170 3

HETRBEALIS TR V]

NECT J1%

FOR J1% = 18 70 26

U331 =MID$(CORD3 ,8%,8)

Bi=0Y+8

NEXT J1%

FOR J1¥ =370 22
DP(J14)=CUS(MIDB(PCTS, 0, 4))

Ci=lii+4

NELT J1U

FOR J1% = 23 70 24

DOJI) = CVS(MIDS(5PTS,6%,4))

Gy: J/.+4

HEXT J1%

FOR J1¥=27 70 34

DEJE=CUSMIDR (5PTS 64,400

G=0744

HEXT J1%

RETURN

REM #¥%% GET SPECIALS FROM SCREEHS FOR DELSCHED ###4
OPEN "R",#13,"MAIN.FIL" 88

FIELD #15,88 AS HS3

GET #13,12

1D33=H1D%(HS3,4,12)

1D43=M1D%{M5% 45,12}

CLOSE #12

RETURN

REM ###xssx¢x GET YES OR NO ANSWER #exxwxxxsss
MAXLY=1 MINL =1 s ROW/=21 : COL=45

50SUB 44988

IF I3=H1D3(TX3(2),2,1) THEN FLAG=1:RETURN

§IF I3=HIDS(TN3(2),4,1) THEN FLAG-B.RETURN
g 60T 22568
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25808
25885
25619
25838
25858
25849
25873
25838
25379
25188
25119
25128
25138
25148
25139
25148
20178
25188
25194
25268
25218
25228
2522

25248
25243
25258

Lvi

26388
26818
24828
24838
26848
26858
24843
24876
26389
26078
26588
24518
26529
26538
26548

26748

] 1F NDYS? GOTO 24574

REM ®#%% TQ READ METHODING FILE swss

GET #6,RNI:${(3)=F$(4) :REM AFORE GET INSERT IF TYPE$="F" THEN

GET #8,R0/
D$(4) = F$(8)
Bi= e T 1Py

FOR 1% =570 17

D3(J1%) = MID$(ROPES,BY,3)

Bi=Bi+8
NEXT J1%
FOR JiX =170 2

DPLST0) = CUSIMIDSCINRS T/, 400

Ci=Ci+ 4
NEXT J14
FOR JiZ =1 T0 22

DI = CUSIMIDSCFPTS T 40

Th=Th 44
NEXT J1%
FOR J12% = 1 70 2

DHCILAY = CUDIMID3CDPTS P8

=P
NEXT J1

FOR J1%=7 T0 8
LI 18-S 09 I1)
NEXT J1%

IF PROG$="2" OR PROG$="1" THEN GOSUE 254&4

RETURN

4
)..!\.,.1.)

REM ##%3% dd/mm/yy --) d/wme

DMY$=RIGHT${STRECDMY) 43

Y1=UAL CHID$C 0TS, 1, 20 0 sHE=VRLCHIDS (IS, 3,2) 1 DO I=VAL IR DS (Y%, 5,200

Y2=11
IF Y1399 THEN GOTD 24868
Ti=71+1968

Sy k%%

or=001 MF=M{:YF=Y1:605U8 26588:U=ND
}

DI=Y(U-7%INTCU 70410
W=7 :605UB 246786

RETURN

REM % SOLVING FOR
NVﬂF‘

FOR If=1 70 H
Il-INT(YF/ABB)

IF Y {H4INTCYF/4) GOTO 2

f188=11 6070 26
,

Cog
4

a7

IF MF=3 GOTD 28594
ND=HD-1
HO=HD+36524 1 # T 1+INT(343,
RETURN

B REM #% SOLYING FOR WEEK

IF Y2=571 THEN 2474

728 FOR 15=1 70 ¢4Y2-10-571)
35 IF SYI+15=4*INTC(SY1+153/4) THEN WiN=h+]

NEXT 15

25%{(F-

HO.

DAY ND. ##

%%

TiND=ND+LOTED NEXT T

198¥11)

IF 72=4%INTOY2/4) AND M13Z THEN la=bi+]

WL OS] ) -(SD1-17+DD]
IF 1243571 THEH 26793

26778 FOR 1i=SM1+1 TO MI-1:WhEN+LO11DNEAT 1]

26788
26778
24880

26818

GOTO Z4349
ME=12-341:11=3M14]

FOR 15=1 TO (YZ-(57141)) :ME=ME+12:NEXT 13

FOR 15=1 TO ME:dEaHLL]

9]
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26620 11=11+1

26838 IF 11312 THEN 1i=1

26848 NEXT 15

26858 FOR 15=1 TO MI-1sWhetdisL{15)NET 15

26868 REM %

26344 IF DIC)7 THEN Wb+ 7-D1

26864 WNSUNH1IREM #% ALLIWING FOR | OF JAN 783 ¥

26888 WNEINT AN/ 7,824) 41

26878 1F W»52 THEN WN=N-52 ELSE GOTO 24888

26875 IF Mi=12 AND =33 THEN Y25Y241

26877 GOTO 24878

26880 RETURN

23008 REM #x%x READ METHOZ.FIL #%s

28819 GET #18,RE.

28820 MOP(3)=CV5(0A3(9))

28838 FOR Ji¥=18 TO 28

28040 HD3{J1X)=DAS(U1H-16)

28858 NEXT J1%

29848 MD123)=0U5(DAS(S))

28070 MD(24)=CV5(DA%(4))

28688 GET #5 RN/

28899 GET #6 R/

28140 HD${2)=F$(5)

28118 MD$(3)=F$(4)

28128 RETURN

39868 REM %#+% HAIN REPORT OPTIONG #x

36818 IF PROGS="2° THEN INSY=38 ELSE INSY=29

38815 PRINT HOCURSBKGDICLSS

3028 PRINT FNCP3i-

2 BIRGNSLEFTS(THS(3), 130ROFFSMIDS (TH3 (D) , 14, SR RGBRISHTTX3(3) 171 CUPS
36836 PRINT FNCP$(-2,7)RONSNMESROFF3LUPS

9848 PRINT FNCP3{-2, 490 RUNSDTESROFFSCUPS

38658 FRINT FNCP$(-2,39)LEFTS(TH3(INSA),268)CUPS

33040 PRINT FNCP3(S,15)LEFT$(TX3(22),1801033"  :"CUP3
33878 PRINT FNCP3(9,15ILEFTS(TH3(23) ,21)CUPS

33675 FRINT FNCF$(11,15)LEFTS(TX8(24) , 14)CURS

33876 PRINT FNCP$(12,15)LEFTS(TX5(25),25)CUPS

33886 PRINT FNCF$(21,21)LEFT$(TX3¢35),25)CUP3

33118 PRINT ROFF3FRGOSCUPS

33128 RETURN

37568 REM #% FORMATTING ROUTINE #%

37565 SDP=NP+]

7540 G=ABSIM)+5419° (~50P) M8=RIGHTS L SPALES (1204 5TRICSENIMI #INTLE) , OP
37528 MyMB+® T +HIDBCSTRY(140-INT(3) ) +*806068” 4, NP) :RETURN
43889 REM #*SENGUIRY SUBROUTINEs##

48618 REM OPENING FILES 1,2,3 & 4

48878 FOR JI% =176 3

46830 FILENAMES = DD$+RIGHTS(STRS(JII+* FIL",9)

43948 OPEN "R® #4171, FILENAMES, 14

46858 FIELD #51%,16 AS FH{J1)

48848 NEXT J1

48842 FOR J17=4 TO &:FILENAMES=HD3+RIGHTSSTR3(I1N) + FIL",5)
48644 OPEN *R®,#J1%,FILENAHMES, 16:FIELD BJIX,16 AS FS(JLD
46864 HEXT Ji¥

48679 GPEN *R®,#7,00%+*0RDER.FIL®,152

48888 FIELD 47,24 AS CORDS,B8 AS PCT$,48 AS 5PTS

48898 OPEN "R®,49,003+*RECORD.FIL® 2

48186 FIELD #9,2 AS REC3

48118 OPEN °R®,H8,MD3+*METHOD,FIL® 248

48126 FIELD #8,14 A5 F$(B),184 A3 ROPE3, !4 AS DPT$,38 A3 FPT$,8 AS INRS,d AS
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DA3L7) 4 AS DAY

48158 OPEN *R",H18,MD3+"METHD2.FIL" 178

48148 FIELD #13,3 AS DAS(1),58 AS DA3${2),58 AS DA3(3),56 A5 DA3I4) 4 A5 DA%(T) 4
AS DABLS) 4 A3 DAS(

48178 OPEN °R® H11,MD$+*CTMETH.FIL*,2

48138 FIELD #11,2 AS HRECS

48183 GET #11,1

46134 RECA=CVIHRECS)

48198 RETURN

42888 REM ¥x¢x ESTABLISH NUMBER OF RECORDS M ORDER FILE #¥¥
42818 GET 49,1

42828 RECY = CVI(REDS)

42830 RETURN

45886 REM ## TO PRINT OUT CUST, NAME HEADING ¥x

45018 LPRINT:LPRINT 103%° @ *;C0%

L B T T — e
45838 LPRINT
45848 S13=" T41D23+T T41D4%+* CHLEFTH(TH3(24) 504"

43838 FOR I4=2 TD 123:513=313+MI03(STRE(WECTA) ), 4, 2047/ +HID$CSTRI(WE142) 4,2)4"
TINEXT 1

45848 513=3134CHRSCIZV+LEFTHITHI{Z7) 4)

45845 IF PROG3="1" THEM Gi3=513+" TtLEFTH(TA$(28) 4147 ©
45878 LPRINT 513

45888 LPRINT STRING$(134,"-%)

45188 RETURN

44888 REM DISMANTLE & DATE

44818 A=INTIC/{0BBRY ;D=0-Ax 14508

44826 B=INTLC/108):C=C-~D#188

448368 D3=LEFTS(5TRI(CI+STRILBI+5TRI(AI+7 N
46848 RETURN

SB888 REM #3x MATCH SUBROUTIHE %

SRE1E RN = RNY +

58828 IF RN, = RECY4D THEN FLAG = 8:RETURN

SHB3G GET #KFY R

SBRda N = F3IKFD

SEASH IF LEFTH(KEY3,H) = LEFT3(RN3,H) THEN bDTU 8479
S8848 GOTO S6618

oBA7R FLAG =

54628 RETURN

55888 REM #%# Read Text File Routine #%

59845

ULES=*§7B07107787441 9478421 47747342447542442792542745R43143243342443543443743843
944844144241541644866147 1528843877

55818 OPEN *R®, 81, "MAINLFIL", 28

55828 FIELD #1,88 AS HUC:

ooH3e CTV=8

5S4 FOR 1¥=1 70 LEM{VLE3: STEP 3

55858 EL=VALIMID$IVLES,[¥,3))

55848 CTH=CTA41

55878 GET HiEL

55858 TA3(CTY =MUC3

55878 MEXT 14

55186 CLOSE 41

55118 RETURN

4B76R MAXLY=5MINLY=8 REM #%# DATE CHANGE ROUTINE s
48710 GOSUB 48986:1F VALUI$)=8 THEN COMDAT=:DAT$="8":60T0 48816
48728 A=INSTR(I$,®/*)11F A=B THEN A=INSTRCI,".%)

48738 IF A=8 THEN 46786 ELSE P3=LEFT3(1%,A-1)

48748 B=INSTRIA+1,13,%/*):1F B=8 THEW B=INSTR(A+1,1%,%.7)
48758 IF B=8 THEN 48788 ELSE 33=MID3(1%,A+!,B-(A+1))
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88748
58778
48758
58778
405a8
56385
59818
46824
408838
46988
48998
61988
41818
81928
41838
41849
818358
51868
41878
$108d
41998
61108
41118
81128
41138
41148
811358
LN

81148
61179
41184
61179
51788
81218
51228

61236 0

61248
41238
81248
81274
41238 |
61278
41364
41318
41329
52468
2814
42928
42938
42044
62858
439938
43799

CHMIDS(13,841,2)

AUALIPS) tB=VAL (BS) 1 0=VAL(CS)

IF B¢ OR BY12 OR A< OR A)31 OR CY99 OR C<81 THEN 48788
COMDAT=(C¥18B8)+(B%168) 43

DATS=P$+° /7 48347 /7403

GOTO 48828

13=0TE3:G0TO 48720

PRINT FNCPS$(ROWY, COLY) DATSCUPS

RETURN

REM INPUT STRING ROUTINE

I§="

PRINT FNCPS (ROWY,, COLY) T$RUNSSPACES (MAXLY-LEN(1$) )ROFF3CUPS
GOSUB 41118

IF ¥=3 THEN GOTO &1848

IF A=13 AND LEN(T$)=HINLY THEN GOTO 41838 ELSE F X=13 GOTO 41868

IF LEM(I%)MAXLY THEN I3=13+A%

5070 41808

IF LENCI$378 THEN I3=LEFT3{I$ LEN{I$)-1)
GOTO 41488

T3=LEFTE {134 5PACES (MY ALY

PRINT FNCP${ROWZ,COLY) I 30UPs

RETURN

REM GET VALID CHARACTER

A3=INKET$:1F A3=""THEN 50TO 41128

X=ASC{AS)

IF 00031 AND X{127) OR #=8 UR X=13 THEN RETURN

IF ¥=183 0R X=27 THEN LLWSE IF PROG3="2" THEN CHAIN"P@-88" ELSE LHAIN®PBZ-

IF %= 247 THEM GOSUB 41288

IF X=184 THEN GOSUB 42883 :LPRINT

IF X=1%7 THEW 50SUR 42088:FOR L=1 TO 18:LPRINTNEXT L
RETURN

REH

REM

FOR J2= & 70 1
WES=WES+ CHRSAB5
HEXT U2

LPRINT WES

NEXT 12

WIDTH 255
RETURN
RETURN:REM "#%xx GENERAL ERROR ROUTINE #xss”

PRINT FNCPS:21,B)T5({4) ;FNCPS(21, 25)ERR;FNCPS(21 , 49D ERL ;CUPS
A3=INKEYS:IF Ad="" THEN slaea

Y=AS0(A31 IF =27 THEN 6115

PRINT FHCP%&ZE,U‘aFﬁLEi(??}LLP&

RESWME

23

REM 'PB2-D (1B - B6FA! - CRE 29/84/1986)°
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860 5

471

i5UR 41000 AFLAR=1

THEN

480 605UE 17000
450 BOSUR 44000
SO0 DOSUR ZA00:REM t3Y KEY ¥ PROCESSING it
ol I8 0
220 b0s EM $¥% OFEW ALL FILES 3y
330 6 REM Y81 HOW MANY ON FILE igy
340 B {EM 13 VERIFY $14
550 5 REM 1¥% SORT ¢ STRIME TYFE } f14
3806 tREM $¥% PRINTING & SUCH LIKE 11t
370 5
L
383 5
390 B03 ““:FEW xzx TETAL PRINT % ZERD VARIABLES $it
500 {=2 !
B0 REM ‘ROGRAMAE PROG 111
810 50OSUE 3 REM ¥%Y SCREEW FOR PRDOGRAMKE GPTION 1ty
B20 ROWE=21:COLY=3B: MAXLY=1: MINLY =11 GO5UR 4093:1F YAL(I$)<1 OR YAL{I%)>3
gz
B30 SEX=VAL{I$):0FT4=LEFT${PROCH(SEY) +EPACES{14), 1401 1F SE%=1 THEN 900
§40 YN§=LEFTS{TX${10), 0
900 REM 3% COREMAKING FROM PRODRAMME PROG (B00-370) fii
G10 TYPES="E":KEY$="7"+SPACES(15)
G20 START=0:5TART$="0":1ROWY=11:C0LY=47:005UE 50700 FINISH=COMDAT : FINISH$=DATS
920 STRRI=041
940 {OTO 470
1000 REM fxp MAIN BODY OF NGRMAL PROGRAM 1t
1o T1FE$-“"E“’U Z600:REM 111 KEY & PROCESSING 3t¢

120 TR%=01 COUNT =0

OSUE 40000:REM 11% OFEM ALL FILES 1%

030 BOSYR 42000:REM 11k HDW MANY ON FILE 1%
{050 GOSUE 2700:REX 131 REED & VALIDATE 11
1060 GOSHE ZS00:REM $3¥ SDRT { NORMAL TYFE ) §1t
1070 5070 56
1100 REM £3% METAL TYPE ( PART OF NORMAL FROGRAM DFTION } i
1110 TYPE$=°G"
1120 6074 500
1200 REM $%% WORK-IN-FROGRESS SUMMARY { PART OF NORMAL FROGRAM CPTION ) ¥it
1210 TYFES="F":GOGUE 24600:REX 11t KEY & PROCESSING 1Y
1?7U 15%=0: COUNTZ=0

1420

2006

mrin By
2010

2020 F

20720
2049
2050
2060
20670
2089
2090

4000”'EE” 1ty OPEM ALL FILES 11¥
LOSE 43:REW xxi TO GET METHOD CUSTOHER NAME f¥x
PEN "R Bh, "6, FIL", i6:FIELD 85,16 AS F§(3)

1
JD STATUS 13
H*:GOSUR Z6O0:REM f4Y KEY & PROCESSING 131

{ STRING TYFE | ¥it
i

23 IF SW%=0 THEW RETURN

P55~507+1

IF (FO%+5HY) »COUNTY TREN 2020

IF AR$(FOY, 1){=AR$(POL+GHL, 1) THEN 2030
SHAF AR(FOZ, 1} AR{POL+SHE, 1

SHAP ARS(FOYL, 1), ARS(POL+54L, 1):60TD 2090
POL=FOY-1

IF POL-SHYISE THEN 2040

- 2%2 -

UNTZ=0 THEN S$=LEFT$(TX${4),26} :LFRINT 5%:80T0 600



POT-54Z, 1) THEN 2030

C«r iyl

)0 IF AR$ (PO, i)}=QR$(
) SHAP ARIFDY, 1), AR (FO7-SKY
; waF AR (FO%, 11, ARS (POL-SHY, 1115070 2080

1% 1tst
10 FUE A-L5 ool STEt -1
520 IF ¥={ THEN FL=1:RETURN
2530 TF MIDS(D$I2) K, 1)<3*/® THEN 7590
S35 IF TYPESMID$ITH$(40),1,1) OR TYPES=NIDS{TX$(40),2,1) OF
TYPES=HIDS (TH3030),3, 1) THEN IF NID$(D$(2),K+l, 1) =NID8 (T{(40) 20, 1) THEN
FL={1RETURY

2340 IF TYPES=MIDS(TX$140),5,1) OR OPY={ THEY IF

HIDS(DE(Z) K+, DVOHIDS (TS 120, 16,1} THEM FL=L:RETURN

2550 IF TYPESCHM I[S\T(‘(4U)‘L‘1\ AND TYPESCAMIDS(TH$(401,7,1) THEH IF
HIDS(D$(2) K+l 1)=NIDS{TH$(40),20, 1) THEN FL=L:RETURN

25a0 1 EE=HIDS(TX${40) 6,1} AND OF3=3 TH N IF

HID${D$1Z} K+],1}= .ID$(TX$&4U‘ 20,17 THEN FL=1:RETURN

2570 FL=0:RETURY

2590 NEAT K

2600 REM f3¥ KEY & 551

2610 KEVH=LEFTH (KEY$+SPACES (KEYLENYT) KEVLENY)

2620 PRINT FACRE(2L DILEFTHITY ) 791 CUPS

2630 MATCHY=INSTRIKEYS,"2°)  IF MATCHY=0 THEN HATCHZ=KEYLENY

2540 RETURN

2700 REM 12¥ READ % VAl
704 FPYNT F”Cp$(17.40
i 3

IF Iél'

17 THEN SELSURLINIDS (X8 (481,15, 1))
12 TO L1#5EY:CUMP=CUMF+DRITLY) sNEXT T1

(PROGS="2" OF PROG

2725 IF OPY=d AND DF(10)3

RN=DF (27)

2740 BO5UB 25000

2741 IF TYPES=HIDS(TX$(40),

2747 IF TYPES=MIDS{T1$(40),

2747 IF (TYRE3=MIDS (TX$130),

YNS=LEFTS(TX$(11),4)) OF SE)
n

$="1" QR OF%=7) AND CUMP=0 THEN 2703
OF{3) THEN 2705

) AND Dé(6+5E%)=CFACES{B) THEN 2705
11 AND ”f°6 =0 THEN 2705
5,10 AHD ({(SE%=% OR 5EY=3) AND
={))
}=
)

2=10) AND (D$(7)=LEFT$(TI$(12),8) OR
DE(Ti=LEFTH{TY 5113),7 OF Ds{7)=LEFTS(TY3${14} 5) OR D${7)=5FACES(B)) THEN 2705
2743 IF TyPES= HTU“Tlﬁ 4“ 5 A:E Of SEZ=2) AND YN$=LEFT${Ti$(14),4)
AND (D%{7)< SLEFTS(THS(13) 8) AND
D%(?)’EHEET$fTV$ 14;{8} AN“ D$(71<>5PACE$(8) ) THEM 2703
E‘ MID${THS140: 5 1) DF TYPES=HMIDE{TX${40} ,7) THEM GODSUE 3000:60TD

{755:RER 1% 5ET DEFRULT DATE (PROG) 1f
,' f“f” THEHN GOSUE 450016070 2708
" THEN 2740

2761 IF (D(SR{ITEME,Z))»0)AND (DISRIITEME,2))>=5TART} AND

(DISRIITEMS, 2) ) {=FINISH} AND (LEFT${KEY$ MATCHZL-1)=LEFT$(D$(KEY+SEY), MATCHY-
LYITHEN COUNTY=COUNTY+1: ARCCOUNTY, 1) =5RNX ELSE 2705

2766 IF TYFE4=RID$(TI2(40),1, 1) O TYPES=RID${T1$(40),2,1) OR

TYFER=HID$ (TX$(40), 3,1} OR TYFES=MIDS{TY$(40) £, 1} OR TYPES=MID$(TX${40),8,1)
THEN DHMY=D{23): GDSUB 27000: DTEMP={YZEL0000) + (ENEL00) +01

2767 IF TYPES=MID${T{5(40},7,1) THEN DMY=D{24+5E%}:605UR

27900: DTEMP=(Y2110000) + (WNE100)+D1

2768 IF TYPE3="" OR TYPE$=MIDS{T¥$(40) 5, 1) THEH DHMY=D{SR{ITEMS,2)):R0SUE
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780

E3

V-J X~ P'J

| £ = ]

[@ m [t =]

‘b‘
2830

“F$‘L““le.l,

noTY
L0

”7’“1'AR$YSDV Té

AF*’CGbHTi(l
E3=

) IF TYF
uUHTK.'
;A» If

Pf¥ EM,—L

T¥{ DDHCE
(TX$(40),72,
1 +RIGHT$(SF
FITE$040),3,

5(4

TYPE$S=H
COUNTY, 1)

‘4( 1o,

IF TYPE DITES(AM 7,
4 (51 4RIGHTS (57
-FIDifT($\iH)‘h

=0 {24} GOSUR
V=NM+RIRH

Sa 27

_,an.

IE TYPEs

HT%

RS {DTEMF],6)

ﬁg*ﬂ
1650
LTV
3000
3010

3024

KE3L
3413
2447
3420 ¥=T J;HLfli}:DP=7'NP=7'EDSUE 37

7!"
AN

) RETURM

IF TYPES="" THEN ARi

grint fncp$il?, 280
REW t¥ FCR PROGRAMS
IF D24+

16
NE
SEX) {30 THEX
<+ THEN DiSE

1=0{23) 0 FL
REM %3y TOTAL FRINT
FOR IL = 1 TO TOTS
ON TOT{I1,2) GOTD
5070 2430

144“ 3

":6070 3840

J440
3439

T O
L}

¥ IER

11100) 401
{23) : GOSUE

4—RI“HTQS {5TRE(EN) ,2)

“TS 4 104 (9)

)+
1) THEN
Al

1) THEN

+5TR
+5TR

1) THEN

1) HEN

GCES (5)+CTRE (DTENPY,
1 'El 2830
{SFACES (7} +5TR$(DF (1}

=i: oro

JUSU

0 VARIAELES 1it

3420,3430

-

S$=LEFTH(85, TOT(IL, 1)) +H§+"
=T0TALLILD : IF 539999995 THEN S=INT(5/1(
2 M$=RIGHTS(SFACES(7)+8TRE(C), 7)1 IF FK=1 THEN
$=LEFT$ (5%, TOTIL, 1)) +RIGHTS{"
NEXT 11
LFRINT STRINGH#{LEN{HD$ig)}+2,"="
STRINGS {LEN(HDS (4) 142, "="];LFRINT
FOf I1=! 70 TCTS

3460

s

4
~Fx

Ld o) Cd O

Jdlo

TETG
v

IETS
W

354“

7::0

G
35964
3‘:7;\

T

«H

4010
4500

70 TOT{IL, 1) =0: 70T

3500 REM
c

0 IF POL-SHAL L
0 IF AR(FDZ,2)7

10 SHAP AR(POY,2),
0 SHAP

ALITL =0

‘I
H
YA

SHAF AR{ F“” "‘HrfF”V+:W

SKAP ﬁEiFUZ,L),AH {(POY+SHL,

POE=POi-1

THEN 3540
=AR (FO%L-SHY
(AR{FDL-SH

FtFﬁd(il.Hp'rdT SR

S$="":RETURN

REM t3i CHECK FOR DATE

STOTAL{IL)=0

RIS

N I5Z0
‘2) THEN

A(L

":7
.u.)

116070 3599

W.,2) THEN 3530

1,2)
$:6070 3580

iny

17 1,E. USER SELECTE

- 234

V:LFRINT LEFT${5%, LEN{HD${A)))

E5{BI+5TRE(DTENF),B)
+FIEH**1‘¢ACE= B‘+QTF$’DTEHD},S)

$(DTENF) &)

&)

11:FLE=0:60T0 3050 E
‘:EGTE 3050 ELSE 3030

W00} FE=1 ELSE FK=0

H$=RIGHTS (M$+"L",7)
LT n}8}+n

D (SEL) kit

FACES (71 +8TRE{DP(1}),7)+D$ (1) +RIGHTS (SFACES {4} +5TRS (DTEHP)

LSE 3020

W0 TF FE=1 THEN M$=LEFT§(H$,8)+"k."

(LPRINT




]
1
|
{

4565 IF AND D26+ ( 22)

4510 IF (D124 ) ¥= (D(26+SEY){=FINISH) AND
(LEFTS{KEYS MATCHZ-1)=L SE HATCHZ-1) ) THEN

COUNTY=COUNT Y+ {2 4R CEUNTE.i;—IRZ:“HY=D(25+SE <} 1BOSUR

27G00: DTEMP=(YZEL0000) + (WHX100)+D 1 AR (COY INTY%, 2)=DTEMF

4315 PRINT FNCP$(17,28) 16%0UPS

4320 RETURN

4500 REM 1% START DATE FOR FROD. FLAN. tt
4614

A=VAL{MIDS (GTR3(D(23)},6,2) ) B=YAL (NID5 (5TR$(D(71)) 4, 2)) 1 D=VAL (MIDS{STRE(D(23))

,2,2))

4613 IF INT{

C/
3620 REN ¥ USE £ R 9440 F Leqa TINE IN WKS. OR DAYS, RESPECT'Y 3
4630 HD24=INTIMD (24301 1F MDIZ4)-MD2430 THEN HDZ4=INT((HD(Z4}17)+1) ELSE MD24
=INT(HD 28347

4640 REM £ MDZ4=INTOND(24)):1F MD{24)-MD2430 THEN MD24=MD 124+
3650 AL=A-MD24

4650 TF AL THEN GOTO 4710

4670 C1=C

4L75 Bi=R
4480 Bi=E{-1: {{=0
4690 MD2=HMDZ4-A:81=L21
700 T=C{:R=F]

4700 DHZ3 = (CH10000) +{BEING)+AL
4715 Li{2)=28

0 RETURN

(0 END
GUOD REM $REpfRysyesivisyess §
IF (TYPE4=MIDS{TI${40) ,E
IF fTVPEE=ﬁID¢fTX514“‘,5.
+LEFT$(" "+LEFT$(D%(3},8)
IF PROBE="{" AND “"IEu.I

1=C]-1
AL{=0 THEN B=A+LY(B1):50T0 4430

¥

4+.__._4

=2 THEN LDTD 6020
8510 IF SR O(ISX,2)<{=4 THEM S$=S4+LEFTS$(D$ISR{ISL, 2))+"
“,17):RETUJN

G020 S4=08+LEFTH{" "+DS(ERIIZL, 2))+" *31:RETURN
§020 Se=53+LEFT3{" "+D$(SR(ISZ.Z)+€SEZ-I))+" *,9):RETURN:REM 143 CAUSE
IS 7:NEED SECTION 5EX-1 kit

7000 REM trgsyepgiysidiyir FLOATING POINT ELEMENTS frttsrsrtizisy

)

7513 IF DRIZ)=0 THEN DR(2)=
7030 IF SROISY, 2Y=37 OR SRI 1-38) :NF=2:[F=7:GOSUER
7y

0:54=58 8+ *:RETURN: RN F
; : 17500: 5554+ N4+"

>‘“ UN CF Iri.EL 78 GD'i
;'5{ 7070, 7080,709G 11n1 . :
7054 fGEUB gaaa: k= fDH“i 711 /WY B0T0 780 ’f" [sigma/0(10)130¢12)
7070 GOSUE 790@'F ISIGMALD{L) ) /FY:IR0TD 7&”“ REM [sigaailiidil
7080 M={DP{Z)40(1))/PY:E0TO 7800 REN [0405110(14)]
7090 M=i{DP(3)- DJI}H\ PELILYY/PYSEOTO 7800 FEM [{D(051-0(24)130(14))
700 M={DROIGIED013 ) /PYGOTO TR00:REN [0124) 19014)]

7120,7130 7140 7150, 7140,7170,7180

7120 R=5£%:5E7=10:R0GUE 7900:Ri=315MA: SEX=R:60SUR 7700:M=((R1-
SIGHAIRD(1)) /PVIGOTO 7600:REM [fleverything after castiliild)]
7120 M=D(2+5E%)$DF(LI+3ES) 1 60T 7B00:REN [(D(27) or 0122} .., OO72))4(0430) or

(350 ... 0N
714U}535UB 8800 M= (DPADF(2) ) §D{2+5E%) sGOTO 7800:REN [sigma ¥ (D(27) or 0(32)
072311
7150 GOSUR 7900:M=(SIGHARD (1)) /WY 6070 7800:REM [sigea ¥ O{11D]
7150 BOSUR 7900:4= ’SIEHAXD(I} ) /7426070 7800 PEF fsigga ¥ 0{14)]
7170 GOSUE 7900:M=D{25) 15IGKA: 60T0 7BOGIREN { \ZEA; al
7180 M=DF(12)4D(3):G0T0 7800:REM [0(30040127) total core tiges ]
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19 IF NMES="" QR DTE$="" THEN CHA
20 60SUR 40000
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10400 RETURN

25000 REM %% READ CAPACITY FILE 1t
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30040 RETURN
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37520 Me=ME+®, "+HIDS(STRE{+Q-INT(Q)1+7000000° 4, NP1 RETURN

il r\ r\

) REM YTEENQUIRY SUBRDUTINE®&t

80020 OFEN *R*,31,MD$+°CARL.FIL*,8

) CIELD #1,8 A5 WEs

40530 OFEN "R°, 47, HD$+°CAPLFILY, 70

40050 FIELD 2,40 AS WS0$,2 AS WSC5,4 AS WS3(1),4 A5
WSE(4),4 AS WS$(51,4 AS US$(6),4 AS WSS(T)

40110 OPEN "R“,QE,MD$+“BTCAF.FIL“,2

40170 FIELD 43,2 A% RECS

=
o3
A4
3

-
s
T
N
=
b5
44
ol
N
X
)

40130

iDi%H
4015“
000 R
5001“

e, LV1(FEC$‘

ot b Bt ] v §
-—4 £

"" m ™M 2: l""l T8 17y

ﬁ IZ MATCH SUBROUTINE 1t

G b

W

5905“ TF rEVi = RH$ THEN GOTD 20079
50050 BOTO 0010
50070 FLAG = |
56080 RETURH
55004 REM 131 Head
55065 VLE$="G7007 11
55010 OPEN "R", 31,
55020 FIELD ;z,eu "
L3 CTE=0

55040 FOR I%=1 TO LEN(YLE$) STEF
SS050 EL=VAL(MIDS O LE$ 1L, 3)
55060 CT4=CTi+l

53070 GET #1,EL

55030 TY${CTL)=HUCS

53090 NEXT 1%

55100 CLOSE #!

S3110 RETURN

1235592600561"

o
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"1HCD$=SPACES (40) tWCDY=0:HC (1) =0:HC {2 =0: UC (31 =0 HC (4] =01 HC (5) =01 WL 6} =0: HC{T) =0



{0Wi=21:
50030 BOSUR &0980
= i1%)

791CLPs

60040 EL=YAL(T¢

U043 IF EL=0 THEN RETUR}

60030 IF EL{2 OR EL:10 THEN BOTO 40020

60080 IF EL=2 THEN ROWZ=3:COLY=26:HAXLY=40: MINLY=0: 605UR 40430
60090 IF EL=3 THEM ROWYL=4:COLY=28:HAXLY=2:HINLY=1:G0SUE 40480
60100 IF EL¥I AND EL<11 THEN GOSUR 40590

40180 BOTO 50020

60430 REN $¥X5TRING CHANGE ROUTINELtf
£0440 GOSUR 60930

60450 WCD$=1%

60350 FRINT FNCP$(ROWZ,COLY)I$® “CUps
50470 RETURN

60480 REM Y3XINT CHANGE ROUTIMEfft
60430 KAYLZ=2 :HAKN = 7!

&0500 ROSUR £0980

S0310 13=SPACES(LEN(IS))

6020 IF VAL(I$) MMAXN OR VALII$) <1 THEN PRINT FN

60300
60530 WCLY=Y
50540 1¢=R1G
£0550 Y3=EPACES (LEN{IS))

60360 FRINT FNCFS(ROWZ,COLT) X" "CUF4
L0570 PRINT FNCPS(RDRZ,COLT) I$*  “CUP$
1580 RETURH

Lilg)
T§("

HOS9L REM
£0595 COLY
50600 REN
AOA10 HIN
bNAZN 1%
60630 IF
B0&ZS IF
b0640 ¥LI
40650 M=
60660 B0

L0680 BR
62630 RETUS

"+5TR$ (WCCLI  HAXLY)

CRe(RONWL, COLYIX$"

60700 WUYL”'B MINLZ=6:REM kt¥ DATE CHAMGE ROUTINE f3f

50710 Da“E EWQ;U
50720 f=1
30 IF ﬁ 3 THE

4= nT 1§ I‘ B*l.:‘
=Ygl (FE) s B=VAL (R$):C=YVAL (L)

.l ) IF Bil OF BX1Z OR AC 1 GF 431 OF C>
50790 COMDAT=(CI10000) +{EF100) +A
60800 DATS=P5+" /" +B%+"/ 408
L0810 PRINT FRCP$(ROWY, COLY)DATSCUPS
60820 DI1y=COMDAT
0820 RETURN
GBSO REM £riDOUBLE PRECISION ROUTINEYXY
0835 505UE 60980

7 IF YAL{I$)=3 1000001 THEN 60855 E
DH(1) = YAL(I$)

0 M=DA{I):NP=3 1 DP=5

30 GOSUE 37500

) FRINT FNCP$(RONZ,COLYIH® °CUPS

(1%,%.")

LSE 40860
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*CUP$: GOTO




INT FNCF$IROWY, COLY) [$RONSSPACES (MAYLY-LEN{I$) )ROFFSCUPS
SUR A111D

X=8 THEN GOTD ££040

1=13 ﬁ‘D LEN{I$) »=MINLY THEN GOTOD 41080 ELSE IF ¥={3 GOT
FOLEM{I$ICMALLY THEN I$=I4+43

TO 61008

LENTI%) 20 THEN I4=LEFT${1$,LENUI$)-1)
£1000

EFT4#(T$+SPACES (MAXLE)  HAXLY)

T FHCP$ (ROWL COLY) I$CUPS

i
g

[aShs

-
fo=]

1)
.<: r~

C,

—

YALID CHARRCTER
Y4:rIF A$="7THEN GDTE 51120

AND X<127) OR X
» DR ¥=27 THEH¥ CLO
47 THEN GOSUR 61200

THER GOSUE AZ000:LFRINT

TH:H GOSUR 62000:FOR L=1 TO {0:LPRINT:HEXT L

(=8 D {=13 THEN RETURN
SE:CHAIN *RO&-00"

o~ o~ O~ O~ O O~ O~ O~ O~ O~ O O O O O O O I O~ O
y pe - . I ST T

= LHFOO0
=070 22

o o O~ O~ o~ 0~
e o

0 TO {58 5TEF Z
+CHRS(ARS(PEEK (121100432} -100))

FﬁINT HES
P HEXT 12
51310 WIDTH 235
RETURN
) RETURN:REM "%i&t GENERAL ERROR ROUTINE f1i¢”

A4=INKEYS:IF A$="* THEN 62020
1=45C1A$): IF 1=27 THEM 61130
2047 PRINT FNCPS{Z{,0)SPACES{7TICURS

§2050 RESUNE
53998 END
43375 REM “Plo-CIIEM 25F2 CRE - 18/04/1736)
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) FRINT FHCPe(Z1,00TY$(4)FHCPS(21, 251 ERRFNCFS (21, 49)ERL CUPS

0 gia00



A4.5 Resource Loading Program
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5 REM $INCLUDE:SHARE”

1B REM ®%x#x (2 #xxus

lo DM ORD(1668),0RD1%(78) ,5P05( 108 ,4) ([LE4052) PRAC1088)

17 DIM MD(24) MD$(3) , Yii7) LAC12) WEET) WS$(7) BLE78) JWE (31D, CHS(38)  DATUM(16,2)
19 DEF FNCPS(ROM, COLY=CHRS(27)+ ™% +CHRS ( 34+ROM) 4 CHRS( {324C0L) '

22 PRINT RNCP$(17,17)° Loading data blocks !

23 5Y1=83:8D1=3:M1=1:5Y8=233:508=3: W =1 :AFLAG=2:PROGI="1"
23 FOR 1=1 70 12:READ L(1)sNEXT 1 ‘

26 FUR I=1 70 7:READ YX{1):NEXT |

27 DATA gl 28,31,38,31,38,31,31,30,31,38,31:

28 DATA 35,6,2,1,2,3,4:
29 FOR =1 70 | REHD LBICTY INEXT I
32 DATA 4 B,L.* v72,-3,-4,1,88 - 3,1,88,-2,-3,-4

33 OPEN "R®,#1 MD$+ RECND. FIL“,E er‘D #1 AS RECNOS

48 FOR I¥=1 TO BP(2):6ET #1,1::0RD%( 1= !VIfRECNﬂi):NEXT I

38 OMY=BP{1):GOSUB 27088 :TART=(Y2+%18B8) +(LiN*188) :605UB

1316 M= YYI=UAL(HIDS (STRS (TART? 2,21

73 RH3=""":REM #* CREATE CHR CLOCKS #»

118 M=1:FOR 1=128 TO 142:F0R 11=1 TO 4:CHSOMI=CHE (M) +CHRSC1D INEXT 11 :M=M+ L NEXT

1
128 FOR 1=144 70 157:FOR Ii={ TO 4:CH3CMI=CHSCM) +CHRSC 1) NEXT 11 Mee 1 NEXT |
138 CH$="":DH3=""1fepys=""

148 FOR I=1 T0 4:CH3=CH3+CHR$E143) :DH3=DH3+CHRS(32) :NEXT ]

141 FOR I=1 70 18: qus—RAN$+CHR$\143) NEXT ]

148 REM # NB'! NOTE THAT YOIV MUST ./. INTO YLEN/-1 EXACTLY *

149 7LEN&-16.XLENX~51.XSTARTX—a.YSTART%-a,xuNI|h=a.101v=3.F’In=e:CTIK=8:CG$=‘"
138

CLOSE:KEYLEN=8:182=R : COUNT=BP(2) 1 YY/=YSTART/ +YLENY s LAG= 1 46=# 1 55=0 : PD=0 : LN=0 : HED
3= ‘:XXZ=XLB£'+8 FIR°:8 FTI=R:H$="":GAL=8:54=0

288 IF CO3$="YES® THEM 278 ELSE CTiY=8

278 GO5UB 4R88u PEM *DP EN FILES#

Z9% GOSUB 11868:1F FLAG(>! THEN CLOSE:G0TO 156

388 IF FTIM=0 THEN R5=17:C5=17 ELSE RS=-1:C5=8

318 FRINT FNCP${R3,C3)"Sorting data ..."SPC{2D)

313 IF FTIM=8 THEN 328 ELSE 338

328 GOSUB 2888:REM #SORT DATA%*

338 GOSUB 98@8 :REM #FROC DATA%*

332 PRINT FNCP3$(-1,8)5PACE$(38)

348 RS=1:G05UB 468:G05UB BBE:REM #DRAW GRAPH:

368 GOSUB 1185:REM #BRUSE*

378 GOSUB 1B06:REM #5AVE ORAPH®

371 PRINT FHCP3{-{ B)SPACES(ZD)

375 FTIM=99:060T0 156

368 X=27:GOTO 41158

488 REM #*x4% DRAW GRAPH FRAMEWORK ##xx#

482 PRINT FMCP3{-1,0)5PACE3(38)BKGDS

485 AFLAG=S

484 IF H3="8" THEW 418

487 IF FTIM=99 THEN FOR Z=-1 TO 15:PRINT PMCF${Z,7)5PACE$(72) :NEXT Z:G0TG 474
418 PRINT HOLINENOCARS

428 PRIMT NOCUR3BKGD3CLSS

438 PRINT FNCF$(-2,8)RON$"

“ROFF3
443 PRINT FNCP3(-2,17)" SFUNCTION: LOADING CHART  %CUPS
458 FRINT FNCP3(-2,B)RONS*USER : *ROFF3CUPS

468 PRINT FNCPS$(- “,66/RUN$ DATE: *ROFF3CUPS
478 PRINT FNCP$(-2,8)RONSNMESROFF3CUPS
488 PRINT FNCP3(-2,71)RONSDTESROFF3CUPS

485 IF AFLAG=99 THEN RETURN '
4998 RY=YY-91CA=XLENAH7 =18 1 M/=8 1 60SUB 448:REM #x DRAW 80X ##
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318 PRINT FNCP3{YY-8, 2000 ULONS * FUNCT 1ONS ™ ULOFF$
11 PRINT FNCPS{YY-7 00408 GRAPH®

512 PRINT FNCPS (V-6 XG0 1Y = (-
13 PRINT ENCP$(YY-5,0C0) /27 = ==
14 PRINT FNCP${YY%-4,XC0)* 77 PRINT®

S13 PRINT FNCP$(YY-3,5CC01°/ 97 {WEEK®

318 PRINT FNCP$(YY¥-2,0C0)*“R* RESET®

317 PRINT PNCP3(YYY-1,0C0*'E* = END®

18 FRINT ENCPS(YY#+1 XLENA+9)'WKS 1-18°CUPS

328 FOR I=1 7O YLENZ:PRINT FNCP$(1 XSTARTY)CHR$(179) :NEXT 1

338 FOR I=1 TO XLEM:PRINT FNCP3{fLEN/  XSTARTY -1+ 1D CHR${194) :NEXT 1

348 PRINT FNCP$(YLENY XSTART) CHR$(192)

368 UNIT={(CCC*138)/18B)/¢YLEN/-1D

365 DIVZ=INIT#DIY

378 NIT2=INIT/18

588 IF CCC=B THEN PRINT FNCP$(21,8)CHR$¢7)FRGD$ Enter a Capacity Figure :
*BKGD3CUPS :RT=21 :LOL=26:MINL=1 :MAX[=5:GOSUB 48988:1F VAL{I$)=8 THEN 583 ELSE
CCC=AL{T3) tPRINT FNCP$(21,8)SPACE${58)CUP$:G0TD 568

378 DIV=DIVZ+{NIT/2)

888 FOR I=YLENA-YDIV-1 TO YDIV STEP -YDIV

681 IF DIV29999! THEN DIV$=RIGHT%(® “+STRICFIX(DIV/1080)) ,4)+ k" :60TD 485
682 IF DIV(I THEN DIV#="0"+HID${STR$(DIV),2,4) 60T 485

603 IF (INSTRCSTR$(DIVY,".")>=§ OR INSTR{STR$(DIV),*.*)=8) THEN DP=5:NP=§ ELSE
DP=3:NP=2

504 M=01Y:505UB 37588:D1V3=LEFT3(H3,5)

483 PRINT FNCP$(I,12DIV3CHRSC138) :DIN=DIV4DIV2NELT |

818 FOR I=XSTARTA+XUNITY TO ALEN-1+{tHITY STEP XINITY:PRINT

FHOPSCYLENZ  1ICHRS(194) sNEXT |

528 V=1:FOR I=XSTART/+1 TO XLENY STEP XUNITY:PRINT

FNCP3{YLEE+1  IIMIDS{STRI(WELVIY (6,204 % /" +MID${STRE(WECVD) 4, 2) CUPS :U=U4 INEXT |
822 PRINT FNCP3{YLEN/+1 ,XSTARTY41)°0/Due®

425 GOSUB 716:REM #* DRAW RANGE FINDER #%

427 PRINT FRGO3CUF$

438 RETURN

448 REM #x#x% PRINT BOX ##x#x

658 FOR I¥%=1 TO XMA:PRINT FNCP${RY,CA+IZ)CHR${194)CUPS :PRINT

FNCP$(RA+ LM, CA+ DO CHR$CL26) CUPS :NEXT T

448 PRINT FNCP${RY,CZ)CHR$(218)CUPS :PRINT FNCP$(RV CA+MA+ 1) CHRE (191 CUPS

478 FOR I¥=1 T0 YMA:PRINT FNCP3CRHIA,CAYCHRSC177) CURS i PRINT

FNCPS (R4 12, G200+ 1D CHR3 (1790 CUPS sNEXT 17

498 PRINT FNCP3(R/+YM/+!,C/)CHRSC192)CUPS (PRINT

PGPSR+ MY+ 1, T 4004+ 1 CHRS (217D CUPS

788 RETURM

718 REM #x%x% DRAW RANGE FINDER #x:#x#

715 RA=11/+2: CA=XSTARTY /=36 : MY=2:GOSUB 448

718 Bi=YYA42: D=3 =34 =2 . GOSUE 448

768 FOR i=1 TO Z:PRINT FNCPSOTYA+2+1,571CHRS(179) :REXT 1

770 PRINT PHCR3(YY/43 X5TART/+1)°8 - 5 - 18 - 15 - 28 - 25 - 38”

788 PRINT FNCPS{YY4+4 XSTART/+RS) RANSSPACES (31-LEN(RANS)-RS)

785 PRINT FNCPSCYY/+3,44)%Section: *jRIGHTS(® “+STR3(0F),2)

784 PRINT FNCPS(YY%+3,59)"CAPACITY + 186%4°

787 PRINT FNCPH(YYitd,44) ROMSCONSROFFS

788 PRINT FNCP$(YY/+4,57IRIGHTS (7 "+3TR$(CCCI, 30" *MIDSLHDSCUCCY) 9, 18)
798 RETURM

308 REM #%##x DRAW BLOCKS *x##x

818 C/=XUNIT/A+]:FLA=3

828 FOR I=1 7D 16

848 NOR=BL(I)/WNIT )

345 1F NOR)3288% THEW NORY=32688 ELSE HORV=IWT{BL(I1)/INIT)

858 IF NORYYYLEN-1 THEN NORV=YLEN/-1 :NOR=YLEN/-1

[F 1]

L]
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BB IF NORv=8 AND BL{13<)8 THEN BLC=2:50T0 898

863 IF BL{I)=6 THEN BLC=1:G0TO 8%%

878 IF NORY=NOR THEN BLC=6 :60TD 898

B8 IF BL(I){}8 AND NOR:{NOR THEN BLC=2:6070 898

398 1F NORY=8 THEN 1i=1:F=BL:{1):GOTO 938

893 IF NORV=YLENY-1 THEN BLC={

988 FOR 1i=1 TO NORY

918 PRINT FNCP$(YLENX-11,C%)CHS" *CUPS

938 NEXT 11

948 F=BL{1)-UNITNORY

758 F=INT(F/INIT2)

932 IF Fi=UNIT THEN F=8

934 IF F{! THEH F=1

735 1F HORA=YLENZ-{ THEN F=8

768 FOR J=1 TO F:PRINT PNCPSCYLENA-T1,C)CHS(I" "iNEXT J

778 FOR 14=CYLENA-{NOR:+BLE)) TO 8 STEP -1:PRINT FNCP3{I4 00" "CUP$:NEXT 14
972 TF BL{D)=8 THEN PRINT FNCP3{YYH-(NORI+BLD) ,THY° *160TD 774 ELSE IF
BL{I) 2999921 THEN PRINT FNCP$(YY:i-{NORV+BLC) ,CXIRIGHT3("
“HSTRECFIACBLLIN/1888) ), 40"k :60TO0 974

773 COD=BL{1):BOSUB 2848:1F COD=8 THEN PRINT PNCP$(YYi-{NOR/+BLCY-

1,04 8 +MID${STR$(BLII) ), 2,4) ELSE PRINT FNCP3{YYY-(NORM+BLC) ,CHIRIGHTSL
"+5TR${COD?,52CUPS

976 If FLA=1 THEN RETURN

988 Ci=Ca+XNITANEXT 1

998 GOSUB {338:REM #* DRAW CAP LINE ##

998 RETURN

1808 REM #x+#% IND, WEEK LDOK UP xs#x#

1861 RH=RS

1892 PRINT FHCP3CYYA-3 2COURONS® 77 1WEEKTROFFS :PRINT FNCP3(YYA-2, X4 SPACES(Y)
1863 PRINT PNCP$YYA-7 200078 DBook" sFRINT FNCPSOY(+] XLENV49) "WEEK "RIGHTS("
"+STR$CRHI 20" "CUPS

1884 PRINT FHCP3(YYA+4 XSTART+RHIRCNSRHIROFFS :PRINT FNCP3 (Y41, 74(RH-
RS)*4IRONSMIDS (STRICWEIRHY) (6,20 +"/ " +MIDS (STRSCWELRHD ) 4, 2)ROFF$:1F RH=1 THEN
PRINT FNCP3(YTA41,74(RH-R5)*8)RINS* 0/ Due"ROFF3

1685 H3=INPUT$(1)

1884 IF (H#="%" OR H3="E*) THEN RETURN ELSE IF H$="7" THEN GOSUB 48088:G0TO 1883
1887 IF H$="{" THEN GUSUB 118:GOTO 1685 ELSE IF H$="2" THEN GOSUB 1913:G0TO
1883

1863 IF (H$="8" AND BL{RH){3B) THEN GOSUB 1828:G0SUB 488:605UB 1198:60T0 1862
ELSE GOTO 1085

1867 GOTG 1883

1816 REH *# MOVE HAT LEFT %

1811 RH=RH-1:1F RH{RS THEN RH=RS

1812 PRINT FNCP3OYYY+d ASTART/A4RH)RUNSFROUSRHIBKODS® *ROFF3FRGDS:6OSUB 189!
1813 PRINT PNCPSOYY4 1 HLERZ#945IRIGHTS("  "+5TR$(RH) ,2)

1814 RETURN

1615 REM #* MOUE HAT RIGHT ##

1814 RH=RH+1:1F RHIRS+9 THEN RE=RS+7

1817 PRINT FHCPSCYYy+4 ASTART/+RH-13RONSBHGDS" "FRGOSRHSROFFS:505U8 1691

1813 PRINT FNCPSOYY/+1 ALER4743IRIGHTS("  “4STR3(RH) )

1617 RETURN

1828 REM ####% DISPLAY [RDERS #x##%

1921 PRINT NOLINSNOCARSMOCURSEKGDSCLE:

1822 FOR PR=1 TO Z:PRINT FNCP${-3+PR,8)ULTHS"

“iNEXT PR

1823 PRINT FNCP$(-2,14)° # Section: °FRGD$COHIBKGDS® Wk.Ending:
YFRGDSHIDS ¢ STRS(WE(RHY) ,§,2)+°/ +MIDF(STRICWELRH)) (4,20 #°CUPS

1824 IF RH-RS=9 AND RS=1 THEN PRINT FHCP$(-2,37)70/Due #*

1825 PRINT PNCP$(-2,B)BKGD3"USER : *CUPs

1826 PRINT FNCP$(-2,47)7DATE:"CUPS
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1827 PRINT FNCF3$(-2,7)FRODSNMESBKGDSCUPS : PRINT FNCP${-2,72)FRGO3DTESBKGDS CUR$
1828 PRINT FNCP$(B,8)ULON$®Part Number Customer{12) Metal Price
Resourcz Units Planned Required®ULOFFSCUPS

1829 PRINT
FNDP%(I?,B)STRING$(41,CHR$(196))tHR$(1?4)STRING$(33,CHR$(i?é))ﬁUPi:COD=BLiRH):AF
LAG=8:GOSUB 2848 :AFLAG=d

1838 IF CUD)??????? THEN H$=RIGHT$(® "+STR$(FIX{COD/18883),8)+°k* ELSE
H3=RIGHT$(* “+8TR$(COIDY , 70

1831 PRINT FNCP$(28 ,80FRGD3 Load tot: M$® :(*RIGHTS("
"+STRBCFIXC(BLIRH)/CCCI*188)),60" % of wkly cap.) *BKGDSCHR$(I179)"
*ULON3“Keypad*ULOFF3®: *FRGD$"8"BKGD3 =display, *FRGD$" 1 *BKGO3 =up,
"FRGD$" 2" BKGD$ "=down®

1832 PRINT FNCP$¢21,8)"Cap, (188) : *RIGHTS(® "+5TR$(CCCH,S)"
“HID$(HD$(UCCH),9,IB)SPAEE$(14)CHR$(1?9)SPACE$(9)FRGD$“5“BKGD$“=P.Dates,
"FROD3*7"BKGD$ =print, *FRGD$*9°BKGDS$ =abort*FRGDSCURS

1833 REM ##%¥x ? QRDERS TO SCREEN ss#xx :

1834 GOSUB {852:1F COUNTI=@ THEM RETURN ELSE LOOP=ORD1{RH):CT=8:5T=1:58=5T

1833 L=1:FOR 02=57 70 LOOP:IF 02=1 THEN MES=LEFT$(AR$(02,8),3)

1836 IF ME3=LEFT$(AR$(02,0),8) THEN 1838 ELSE PRINT FNCP3(L,8)SPC{B8) :PRINT
FNCP$(L,8)BKGD$"Y of load total = "MID${STR${(CT/BLCRH)I#188),2,5)% : ¥ of
weekiy capacity = *{iPRINT USING “HH##H . HHHHH" ;(CT/CCC)*186:PRINT FRODS:L=L+1:1F
LY18 THEN 1841

1837 PRINT FNCP3{L,8)5PACES(38):L=L+1:CT=8:1F L)18 THEN 1841

1636 IF MID$(AR$(0Z,1),72,1)="5" THEN PRINT

FNCRS(L, BIMIDS (ARS{0Z, 1), 1,71 )RINS " s*ROFFSHI DS (ARS(0Z,1),73,3) ELSE PRINT
FNCP3(L,8)AR$(02, 1)

1837 G0SUB 1883:CT=CTHVALIMIDS(ARS(02,1),91 180 ) (ME3=LEFTS{(ARS(02,8) , 31 :L=L+1 1 ]F
L¥18 THEN 1841

1848 NEXT 02

1841 IF L8 THEN 1843 ELSE PRINT FNCP3(L,B)5PC{58) ;PRINT FNCPS$(L,8)BKGDS®Y of
load total = "MIDH(STR$CICT/BLIRH))#1883,2,5)" + ¥ of weekly capacity = ®;iPRINT
USING “#4HHEH, GHHHHT(CT/CCOY*180:PRINT FRGD3

1842 FOR 02Z=L+1 TO 1B:PRINT FNCP$(02,8)SPACES(38) :NEXT 02

1843 IF AG=1 THEH RETURN

1844 G3=INPUT$(D)

1845 IF G$="9" THEN FOR 0z=! TO
LN:5POSL02,8)=8:5P05(02,1)=08:5P05(02,2)=6:5P05¢02,3)=0:5P0S{ 02, 4)=8 :NEXT

02 :LN=8:RETURN

1846 IF (3="3" AND S5=5T THEN YE=8:G0SUB 2264

1647 IF G3="5* AND 53{»ST THEN PRINT FNCP%$(-1,8)BKGD3ULONSCHR$(7)"Re~
Dicplay*FREDIULOFF$CUPS

1848 IF 53="7" THEN L&G=1:0G0SUB 46088 :LAG=6

1649 IF G3="7* THEM GOSUB 1881 EL3E IF G%="1" THEM GOSUB 1871

1656 IF (3="8" AND SG{)ST THEN GOSUB 1894:55=5T

1851 GOTO 1844

{852 REM ssx#sssxseexss GET ORDERS s#x##srssxszzsx

1953 COM=8:D00=0:FOR 92/=1 70 RH~-1:COMCOM+ORDIACOZA) (NEXT 02

1854 FOR 02=1 T0 ORDIY(RH) :SRHE=AR{CGM+02,1) :605UB 18466

1855 R=D/022) :505UB 28388:AR$(02,8)=0%(51+RIGHT3(" "+5TRY LSRN 52

10857 DMYS=AR(COM+02,81:505UE

3308 :PI$=M]03( STRS(DTEMPS) ,6,2) 47/ +H1DB(STRI(OTEMPB) 4,20 +° /" +HIDS (STRE(DTEMPE)
(2,21 1F (D(24+0P)=0 AND PFV(COM+02)=0) THEN PD=! ELSE PD=4%

1853 IF D{22)=H THEN RD3=5PACE3(8) ELSE
ROS=MID$(STRS(D(23)),6,2)+7/*+MIDE(STRE(D(23)),4,25+°/*+MID3(STR$(D{231),2,2)
1857 IF COFF$=°R® THEW DOD=0%(1140P} ELSE IF COFF$="C" THEN DOO=D713) ELSE IF
COFF$="A" THEN FOR 2¥=1 TO OP:DOD=DOD+D/(11+27) :NEXT 77

1848 IF GAL=99 THEN RETURN

1841 M=0(1) :NP=2:0P=5:505UB 37588 : PH3=H3 M=DH(1)#D00 NP=2:0P=3:1F M)7999%! THEN
M=M/ 1886 :GOSUR 37500 :CMS=MIDA M3, 1,7)+7k" ELSE GOSUB 37506 :Chs=its

1047 Ua=D0D:505UB 2772:AR$(0Z,10=03(1)+* “+MIDS(MDS{3) 1,12)04% *403(5)4° *4PH3+*
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"+RIGHT$(® "+5TR3(COD) ,1@)+® 7

1043 AR$(02,1)=ARS(02, 1047 "+PD3+* "4RD3

1864 TF PD{}8 THEN MID$(AR$(02,1),72,1)="g"

1845 DOD=9:NEXT 02

1864 COUNTI=DRDIX(RH) :IF COUNTI=9 THEN GOTU {847 ELSE GOSUB 3508

1887 PRINT FNCP$(21,27)BKGD$" : “RIGHTS$(" *+STRE(CONTL) 30"

"FRGD3"1°CUP$

1878 RETURN

1871 REM #xexs MOUE LP #¥s3%

1872 ST=5T~1:1F ST{! THEN §T=1

1874 60TC 1984

1691 REM #s¥%+ MOUE DGV #x%#%

1882 ST=5T+1:1F STIORDIZ{RH) THEN ST=CRDI¥(RH)

1884 PRINT FNCP$(Z1,33)RIGHTS(" “+STR${577,5)CUPS :RETURN

1885 REM #xx¢% HOLD FOS OF “s° WHILE PRINTIMD %sxx#

1684

LN=LN+135POS(LH, B)=VAL(HID$ (AR3402,8),9,5) ) 1 5POS(LN, 1)=L s SPOSILN, 2)=VALHI D (AR
(02,1),78,2) )+ 1 BBRE+VALMIDS (AR3{02Z,1) ,47,2) ) #188+VAL{MIDS{ARS102,1) ,44,22):5P03
(LN, 43=02

1688 RETURN

1891 REM ##%%¢ MOVE DATE BLOCK ws¥ss

1692 1F H$="1" THEN PRINT FNCP$(YY%+1,7+{RH-

RS+ 1161 BKODSMIDSISTRI(WECRH+ 1)), 4, 2)+7 /" +MID$ (STRS(WECRH+1)) ,4,2)FRGD% ELSE IF
H3="2" THEN PRINT FNCP3{YY/+41,7+(RH-RS-1)%4)BKGD3HIDS(STRS(WE(RH-

13),8,2047 /" +MID3 (STRI(WE(RH-1)) ,4,2)FRGD$

1893 PRINT FNCP$(YYi+1,7+(RH~-
RSI#SIRONSMICSCSTRI(WE(RH) ) (48,2047 /" +MID3(STRI(WELRH) ) , 4, 2)ROFF3

1894 IF (R5=1 AND RH=1 AND H3="1") THEN PRINT FNCP$(YY¥+1,7)RGN3°0/Due*ROFF$
ELSE IF (RS=1 AND RE=2 AND H3="2°) THEN PRINT FMCP3{YY%+1,7)BKGD$*0/DueFRGD$
1695 RETURN

1894 REM *xxxe DISPLAY #xtsx

1897 PRINT FNCP$(-1,8)ULONSBKGD3SPC{18) ULOFFSFRGDS:FOR 02=1 TG
LM:58G5402,8)=0:5P05(0Z,1)=0:5P05(02,2)=8:5P0U5(02,3)=8:5P05{02,4)=8 HEXT
02:LN=6:AG=1 :MES=LEFT${AR$(5T,8),8):CT=0:0=5T~1

1896 WHILE LEFT$(AR$:0,8),3)=HES

1899 CT=CT+VALIMIDS{ARS{0,1),91,18)):0=0-1:WEND

1188 GOSUB 1635:A6=4

1184 RETURN

1165 REM #s+%% BROWSING #s*x¢

1118 R5=!

1128 V=INPUTS 1

1129 IF U3="9" THEN GUSUB {178:66=4

1138 IF V3="1° THEN 50SUB 1178:06=9

1148 1F U3="2" THEN GOSUB {Z78:G6~=9

1145 IF Y3="7" THEN GOSUG 44688

1147 IF U3="9" AND GA=% THEN 50SUB 1688:G0
1148 IF 4="9" AND GA(0E THEW PRINT FHCP3(
1149 1F U2="R* THEN GEND=8:GUSUB 3469
1158 IF V3="E" THEM GOSUB 3188:RETURN
1148 GOTO 1128

1165 IF H$="E° THEN GOSUB 3168:RETURN ELSE PRINT FNCP3{YY(-3,CC0BKGDS® 79/
TWEEK® :PRINT FNCP3OYYA-7 000407 /B" GRAPH™ :PRINT FNCP3YY/+1 XLENA+9) *UWKS
TRIGHTZ(® "+5TRSCRS), 20" -°RIGHTS(" T+S5TR3(R549),2)

1166 PRINT FNCP$(Y-2 SOC0BKGDS® 'R* RESET"FARGDS

1187 PRINT FNCP3YT/i+4,XSTARTZ+RS)BKGOSRANS (PRINT FNCP3(YTA+1,7+4(RA-
RSI*4IMIDS{ STRECWE(RH) ) ,6,20+7/ " +HIDF{STRS(UE(RH) ) ,4,2)FRGD$

1168 IF RS=1 THEN PRINT FNCPS{VY/+1,7)BKGD$"0/Due” FRGO3CUPS

1149 GOTO 1128

1178 REM ## MOVE TO LEFT #%

1188 RS=R5-1:1F RS=A THEN RS=1:RETURN

70 1165
-1

1
83 *Re-6raph”CHR3L7)
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1181 PRINT FNCP$(YYZ+4 XSTART/+R5)BKGOSRANS® "FRGD$

1132 RETURN

1139 REM %% RE-DRAW GRAPH s¥

1198 CH=XUNIT/+1:PRINT PNCP$(-1,815PC(12)

1195 TF LINA=LUIN THEN PRINT FNCP${YYY-LING,7)SPACESCXLEN) ELSE PRINT FNCP$CYTY-
LINA-1,7)SPACES(XLEND)

1198 PRINT FNCP3(YVi+1 XLENA+13)RIGHTS(®  "+5TR$IRS),2)*-°RIGHTS(®
*+5TR$CRS5+9) ,2)CUF$

1288 FOR I1=RS TO RS+9

1288 PRINT

FRCP3 YT+, T BKODSHIDS {STRS(WEL 1)) 4,224 /" +MIDS(STRS(WEL 1)) , 4, 2)FRGD3CUPS
1218 Fla=1:50SU8 348

1287 CA=Ci+AUNITVNEXT |

1289 GOSUR 1358 :RETURN

1298 REM % MOVE TO RIGHT ##

1380 R5=R5+1:1F RSJZ1 THEN RS=21:RETURN

1381 PRINT FHCPS7v4 44, X5TARTA+RS-1)BKGDS" "RANSFRGDS

1382 RETURN

1358 REM #sx% DRAW CAPACITY LINE #sss

1368 LINA=INTCCCC/UNIT) sLINSCOC/UNITIF LINMOYLENG~1 THEN LIN/=YLENG-
LiLIN=YLENE-1

1386 IF LIN-LINA<Y8 THEM DIFFi=CCC-{UNIT#LINA):DIFFI=INT(DIFFI/UNIT2) ELSE
DIFF1=8

1378 IF LINA=LIN THEN I12=YY4-LINA+3 ELSE 12=7V-LINA+3-2
1371 DEF SEG=9

1372 PROA=DIFFI#2 1 PALY=51524(47432)

1374 FOR 19%/=PROVA+PUALY TO PROWA+344+PVALY STEP 32

1376 POKE 194,83

1378 POKE 194+1,1

1379 HEXT 194

1380 OEF SEG=4HF4dE

1378 WE3=""

1488 FOR J2=¢ TO 158 STEPR 2

1483 WU=PEEK(1Z#168+J2) 1 TF WUC44 THEN WU=WU+136 ELSE WU=WU-64
1418 WE3=WE$+CHRS (WL

1415 NEXT J2 .

1426 FOR J2=XSTARTY+2 TO XSTARTA+XLEN/ :=ASCCHID$IUES,J2,1))
1423 1F (W2127 AND W4144) THEN W=id+14

1429 1F W=32 THEN W=143

1428 JF LINA=LIN THEN PRINT FMCP3OMY/-LINA,JZ-10CHR3 (W) ELSE PRINT FNCP3CYYY-
LINA-1,J2-1)CHR$ W)

1458 NEXT J2

1468 RETURN

1518 REM ##ex¢ CALC, FOR DRTES #a#xx

1526 WE(1)=8:D1F=7-01 :WED=DDI+DIF

1538 IF 11986 THEN Y1=Y1-1788

1546 IF INTCY1/4)=Y1/4 THEN UL(2)=29

1550 IF WED:LY(M1) THEN GOSUB 1678

1540 CWE={Y1+16006)+(MIi*{B6)+WED:REM ** CURRENT W/END DATE
1378 WE{2)=CUE

1618 REM ## NEXT 29 W/ENDS CALC. #

1628 FOR 1=3 70 38

1638 WED=WED+7

1448 IF WEDILA(MLT THEN GOSUB 1488

1658 WECT)=(Y1%18886)+(M1+186)+WED

16668 NEXT ]

1662 L442)=28

1465 RETURN

1678 REM #x 15T W/END DATE CALC. ##
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1688 Y2=Y1:M2=H1+1

1678 IF M2)12 THEN M2=H2-12:Y2=71+1

1766 WED=WED-LreHD)

1718 Mi=H2:Y1=Y2

1728 RETURN

1888 REM wx#xx SAVE GRAPH sexss

1885 CLOSE

1888 OPEN "R, #12,7GRAPH,FIL®,278

1881 FIELD #12,8 AS KE3,2 45 5E%,2 AS COD3,4 AS GR3 4 AS GDATS,18 AS LAB3,128 AS
GR1%,128 AS GRZ3

1833 OPEN *R*H13,"GRAPHL.FIL® 2

1884 FIELD #13,2 AS GRECS

1885 GET #i3,1

1384 GRECY=CUI{GRECS)

1988 PRINT FNCP$¢-1,8)"Save load chart (Y/N):

1785 ROW=-1:COL=22:MINL=1:MAXL=1:GOSUB 4B938:1F I3()*Y" AND 13()"N° AND 130070
THEN 1965
1984 IF I3="N" THEM RETURN
1987 IF 1$="7" THEN GGSUB 48A68:60T0 1968
1915 1=t
1928 IF 1528 THEN 1948
1938 GET #12,1:1F KE3=SPACE3¢B) THEN 1551 ELSE I=1+1:50T0 1920
1948 PRINT FNCP$(~1,8)CHR$(7)"File full - Hit any key to continue
“CUP$:GOSUB 28878 RETURN
1931 GRECV=1:L5ET KE3=CON3:LSET COD$=HMKI${LTCL) :L5ET GR3=MKS$:{CLC):LSET
GDﬁT$=HKS$<BP )).LaET LAB$=M1“$\AD$‘NLCM;,9,18).L5ET SE3=MKI$(0P)
2 TEMP$="" TEM3="":E0R I=1 TO

38 TCMP$—TEHP*+MKS$ (BLET) 7 s TEME=TEMS+MKSS(WEC L) ) INEXT 1
1954 LSET GRI$=TEMP3:L5ET GRZ3=TEH$
1956 PUT #12,GRECY
1588 PRINT ulL“’f 1,8)7Load chart saved - Hit any key
"CUPs
1962 GOSUB 268249
194% CLOSE:RETURN
2088 REM #exx# SORT ( STRING TYPE ) #xss
2818 SW/=COUNT:IF COUNT=8 THEN 5%="No matching orders on file*:LPRINT
53:4=241:607C 41{c8
2829 POV=R S=S/N21 IF SW=6 THEN RETURN
2838 PO/A=PI+!
2648 IF (POY+SWZ4) >COUNT THEN 2628
2858 IF ARCPOY,0) (=AR{PIV45WY, 80 THEW 2638
2040 SWAP AR(POA, 1) ,ARIPUA+EA, D)
2862 AP PRACRTY) (PRACPOA+SWL)
2843 SWAP ﬂRD’fPD”) ORDACPOY+ W)
2845 SWAP ARIPOZ,2) ARIPLM+ 22D
2876 SWAP AR{PLY.B) AR(PU/+5WS,#):GOTD 2696
2888 FOU=ROM-1
°B¢B IF PO%-S47{1 THEN 2848

2188 IF AR{POY,62)=AR(POY-54Y 8) THEN 2838
‘XBS SUAP PFACPULY PEACPOZ-540)
2186 SWAP ORDZ(PUY}  ORDALPUZ-SWA)
2118 SWAP AR(POY, 1) AR(POA-SWA, 1)
7115 SWAP AR(PLY,2) AR(POM-SWA, D)
2176 SWAP ARCPCY,9) AR(PDV-S44,8) :60TO 2088
2980 REM #%#x# CONFIRM PLANED DATES 2#xx
2218 ANS=*T:PRINT RNCP$(28,51)FRGD3 8=yes/no "CUP$:PRINT FNCP$(2{,51)"3=
gg?;ggLE?T;RINT FNCP3¢SPUSINL, 1), 83)RONSMIDS (ARS(SPOSINL ,4) 10, 44, B)ROFF3
2217 SRN/=VALIMIDS(ARS(SPOSNL ,4),8),%,5)):605UB 16688
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2218 PRINT FNCP${-1,8)BKGDSULONS " Order Ref: °D3(2)ULOFF$FRGDS
2228 DT$=INPUT$(1)

2238 IF DT3="9* THEN PRINT FNCP${21 ,51)FRBD$"5*BKGD3 =P, Dates, *FRGD3CUPS:PRINT
FNCP$(2B,51)'B“BKGD$“=display“FRGDS:GOSUB 2488 :RETURN

2248 IF DT$="7" THEN LAG=1:605UB 48888:LAG=8:60TD 2228

2258 IF DT$="2" THEN GOSUB 2388:YE=3:60TD 2228

2268 IF DT$="1" THEN GOSUB 2338:YE=R:60T0 2220

2278 IF DT$="8" THEN GOSUB 228d:50T0 2228

2272 IF DT4="5" THEN GOSUB 2968:50SUB 2388 :YE=0:60T0 2228

2275 GOTO 2229

2298 REM #x#xx confirm v/n #¥esx

2281 IF MID$CAR${SPOSINL,4),1),72,1¢>%s* THEN RETURN

2282 YE=YE+1:1F (YE/2)=INT(YE/2) THEN SH8="N* ELSE AN3="Y"

2284 IF AN3="Y" THEN PRINT
FNCP%(SPDS(NL,E),63)ULDN$HIDi(ﬁR$(SPDSiNL!4),1),64,S)ULUFF$:PRINT
FNCP3${28 51 )FRGD$ " f=yes * ELSE PRINT

FNCP${SPDSINL, 1), 830 RONSMIDS (ARS (SPUSCHL, 4) 1), 44, 3)ROFFS 1 FRINT
FNCP${28 ,51)FRGD%" 6=no :

2288 TF AN3="Y" THEN SPOS{NL,3i=9 ELSE SPOS(NL,3)=8

2288 RETURN

2388 REM s#x¥% move down *x¥x#

2318 HL=NL+1:1F NLMN THEN NL=IN

2312 TF SPOSINL-1,1)=8 THEN 2328

2315 TF ANB="N" OR AN3="" OR YE=8 THEN PRINT FNCP3(5P0S(NL-

1,10 83103 {AR${5SPOSINL-1,4) 1) ,44,3)

2329 PRINT FNCP${SPOSINL,1},43)RONSHID3(ARS(SPOSINL,4),1),44,8)R0FF3
322 SEMI=VAL(HIDS (ARS(SPOSINL 4) B) 9,503 1F SRN=4 THEN 2324 ELSE 505UB 186888
123 PRINT F "NCP$*—1A11)ULuN%BkGuiD%(7)ULGFF$F°Gui

24 RETURN

338 REM ###3x moye up *¥¥¥s

343 NL=NL-1:1F NL{! THEN NL=t

45 IF SPOSENL+1,1)=3 THEN 2348

98 IF ANS="N" DR AN$="" OR YE=# THEN PRINT

€

36

z LI L) G (.) a3 fad

PH(SPOSINL+L 1), 83IMID3(ARS(SPOSINL+L (4) (1) ,44,3)

8 PRINT FNCP3¢SPUSINL,1),83)RONSMIDS (ARS(SPOSINL 42 ,1) ,64,8)ROFF%

62 SRN/=VAL{MID3(AR$(5POS(NL,4),8),9,3)0:1F SRN/=8 THEN 2364 ELSE GO3UB 18888
3 PRINT FNCP${-1,11)BKGDSULONSD$¢2)ULOFF$FRGD%

GQHU%

[ ot s  BELAST G B S U 6 B NS I )

(-J it

J SSUR SN |

Jz(_,:)(...‘l

2418 PRINI FNL°$' -1, 8>ULUN$°Savn the confirmed planned dates (Y/N) 7:
VSRACES( 1) FRBDS 1RO=-1:00L=42:MAXL=1 :HIHL=1 1 605UB 48998 1F 13¢™Y* AND 13(3°N"
THEN 2418

2425 BRINT FRGUSULDFF$:IF 13=7Y" THEH GOTO 2424 ELSE 2478

2424 IF HED$="N" THEN 2446 ELSE 2427

2427 IPF?H'T STRING3{184,7-")

2428 LPRINT °USER : "MHE3®  # PLAMNNED DATE CHAMGES # DATE: *DTE3:LPRINT

2429 LDPINT “Original Reyiced”

2438 LPRINT *-===--==-==m=m===m=s-ooos smsmssmsoeoesesoooomoooos :

2431 LPRINT *Order Planned Urder Planned Part
Customer Aty Required®

2432 LPRINT ®Reference Date Reterence Date Number
Date®

2433 LPRINT STRING$(186,*~") {HED3="N"
2448 (2=1:WHILE 0240041

2441 IF 5P05{02,3)=5 THEN 2438 ' ' .
2442 IF SPOS(02,3)=6 THEN 2458 ELSE SRAV/=SP0S(0Z,6):G05UB 18848: Rr/=D%(22) 1 6OSUB

26308 PnH%—D$'°‘ 1024=D( 24+0P) ;D 26+0P)=5P0S(02, 2):60SUB 47508 :G05UB 249
2442 IF D24=B THEN D243=5PACES(8) ELSE

DLé$=HID$( TR$(D24) ,6,20+% /" +HIDF (STRB(DZ4) 4,2 +%/  MIDS(STRS(D24),2,2)
2444 PRI3=7" :PRIS=PANS+® *+DZ63+5PACES(4)+03(2)+" *
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2445 GOSUB 2385:PRIS=PRIS+PTEMPS+™ *+D3(1)+* *+MD3(3)+° *:GAL=99:D0D=0:605UB
1859:564L=8

2444 PRIS=PRIS+RIGHTS(* *+STR$CDODY ,5) ¢
'+MID$(STR$(D(23)),é,2)+'/“+H1D$(STR$£D(23)),4,2)+“i'+MID$€STR$(D(23)),E,BJ:LPRI
NT PRI$

2447 1F SP05{02,3)>8 THEN GOSUE 2494

2443 SPD5{02,3)=15

2438 02=02+1:4END

2433 605UB 2508

2448 PRINT CURPOS3CHRS(33)CHR$(32)BKGDSULANS AT changes have been saved - Hit
any key to continue *SPACES{13)FRGD$ULOFF$:605U8 28028

2478 PRINT PNCP3(-1,8)BKGD3ULINSSPACES( 78) ULDFFSFRGDS

2476 FOR 02=1 TO LN:IF I$=°N* OR (I3="Y" AND SP0S{02,3)=8) THEM PRINT
FNCP3(SPOS(02, 1), 63)MID3{ARS(SP05(02,4),1),44,8) :60T0 2479

2479 NEXT 02

2988 RETURN

2482 REM wwexs OPENING TEMP FILE #xus

2483 CLOSE #14:0PEN "R",H#14,"TEMP.FIL",38

2484 FIELD §14,2 AS TRECS,14 RS PND$,4 AS PDTES,
2483 CLOSE #14:KILL "TEMP.FIL®

2488 OPEH "R 814 °TEMP.FIL®,38

2487 FIELD #14,2 AS TREC$,16 A5 PND3$,4 AS PDTE$,8 AS 5P3

2438 RETURN

2478 REM ##x%% TEMP FILE WRITE BACK #x%#¥

2492 LSET PND$=D$(2):LSET PDTE$=MKS3(D(26+0P)):LSET TRECH=HMKI$(SRN) 1LSET
SP=3PACE3(B)

2494 CTIX=CT14+1:PUT #14,0714

2493 RETURN

2476 REM sxa%x RECALC BLD) VALUES s3xx»

2497 DMY=0124+0F) 150508 278088 :DTEHP={Y2*12008) + (LN+199) +D!

2493 FOR 1%=1 TO LOOP:IF SPOS{02,8)=AR(COM+17,1) THEN 2499 ELSE NEXT 19
2479 AR(COM+I9, 80=DTEMP :PRACCOM+19)=9 RETURN

2588 GOSUB ZB6d

2382 FOR 19=1 70 70:BL{17:4)=8:0RDIX(ITA)=0:NEXT 174

2383 PRINT FNCP3(-1,8)ULONSBKGD3SPC(48)CUPS:GO5UB 9866 :PRINT
ULOFF$FRGD$CUPS :RETURN

) SP3

o
X
wu

2383 REM #x%¢ STRING A DATE ROUTINE #xa¥#

2337
PTEMP3=MID$CSTRI(DI26+40P)) 6,20 +7 /" +MIDS(STRI(D(24+0P2 ) 4,20 47/ +MIDF (STRE( DL 24+
0Piy,2,2)

2593 RETURN

2768 REM *% CALD ATY#(AP ##

2772 M WCCH 50TO 2786 ,2798,25088,2816,2626,2634, 2348
2788 COD={VA*DH(1))/10886:50T0 2836

2798 COD=UA*DH(1):60TD 2658

20688 COD={YA*D(2+0F3)/48:G0TO 2830

2818 IF §(2)=8 THEN COD=Y4:G070 2838 cLSE COD=YA/DX(2):005U8 7846 :WA=C0D:60TD
2858

2828 COD=A:G0TO 2334

2838 COD=1AxD¢1) 6070 2858

2848 REH ¥SPARE#

2858 RETURN

2048 REM *RID DEC PLACES#

2362 CUB=INSTR(STR$(COD),”."):1F CUB(=6 THEN RETURN

7843 IF WCCY=d aND AFLAG{8 THEN 2864 ELSE IF YAL{IMID$(STR3(COD) ,CUB+L,1))34
THEN COD=COD+1

2864 1T WCCY=4 AND AFLAG(:8 AND YALIMID3{STR${COD) ,CUB+L, 1221 THEN COD=COD+1
2845 DOD=FIX(COD) :RETURN

7984 REM w¥xxx CHANGE PLANED DATE #x#3#

2918 MINL=1:MAX[=8:ROM=5POS(NL, 1) :COL=43:605U5
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68788 SPOSINL , 2)=COMDAT : SPOSINL , 3)=3

2728

MIDBCARS{SPOSINL 43, 1) 84, 8)=MIDS{STRICCOMDATY 6,2 +*/* +H1D${ STRECCOMDAT) ,4,2)+°
AP HHIDS(STRE(CIMDATY 2,2

2938 SPOSINL,2)=COMDRT

2999 RETURN

3188 REM #x%x¢ UPDATE THE ORDER BOOK ##¢x¥

3183 1F (0P8 AND GP{d) THEN 3116 ELSE RETURN

3118 PRINT FNCP3{-1,8)FRGDICHRS(7)"Update Order File {Y)es/(R)eset/(Clontinue ?:
*SPACE3(38)

3128 COL=43:R0M=-1:HAXL=1:MINL=1:G0SUB 48988:1F I3°Y" AND I133°R™ AND 13()*7°

AND I$(>"C* THEN 3118

3125 IF 13=F7" THEN GOSUR 488E6:50TO 2iid

3124 IF 1$="C" THEN CO$="YES®:RETURN ELSE (03=""

3138 IF 1$="R" THEN GEND=9598:PRINT FNCP${-1,8)"Re-setting"SPC{45) :505UB

3425 :GEND=9:RETURN ELSE PRINT FNCP3(-1,8)%Sure (Y/N)?:*5PC(58)

3148 COL=12:G0SUB 46788:1F 1300°Y" AND I3(3*N* THEN 3148

3158 IF I$="N" THEN GOTO 3118 ELSE PRINT FNCP$(-1,8)"Updating Order File . . . .

3148 FOR 1%=1 TO C71X

3178 GET #14,1¥

3180 TREC/=CVI{TREC$) ;s PN$=PNG$ :POTE=CUS{POTES)

3198 SRNA=TRECY:G0SUR 18604

3288 D$C2)=PN3:D(Z4+0P)=PDTE:G05UB 15489

3216 NEXT IX

3228 CO3=""

3230 PRINT FNCP3(-1,8)%Update Compiete - Hit any key to continue
*:G05UB ZBA2G:RETURN

3388 REM wxxxx DATCING - YWD --3 YYPMOD ¥xsxs

3313 GOSUB 3324

3320 DTEMPI=(YTE#16RBAI+(MTHE*18R+DY2

3322 RETURM

3324 REM 4% UHAT YEAR 7 ##x

3326 DWYG$=RIGHT$(5TR3(IMYB) 43

3378 YR=VAL(LEFT$(DW783%,2)) s DE=VALIRIGHTS4TMYE3,2) 1 :WNG=VAL(MID3(DWYB$,3,2))
3338 YT5=78

3332 Y2=Y8+1%66

3334 1F Y3{M%INTOYS/4) THEN YEARB=343 ELSE YEARE=344

3326 IF YEARS=344 THEN LX(2)=29

3338 30TE=LEA{YT8-56)-1

3340 CLDB={iNR7)-17-D8)
33427 CPe=50T8+LlDE

3344 IF CPBIYEARE THEN 3348
3344 CT3=0:0He=4

3348 WHILE GNB+L(CTa+1) (CFY
3358 CTE=CT8¢+!

3352 GNB=GNBHLAILTED

3354 WEWD

3358 MTHE=CTE+]

3358 IF CPS-8NB{=8 &ND 507848 THEW GOSUB 3374:60T0 3372
3368 DYB=CPg-GNE

3362 RE=TTE

3364 GOTO 3372

3366 DY3=CPB-TEARS
3348 YTE=TT841

3378 MTHE=1

3372 Li2)=2

3574 RETURN

3376 REM

3378 CPa=LY{1214CPB
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B GOTO 3382

338
3382 MTHB=12:DY8=CPS: YTa=YT8-1
3384 RETURN

3468 REM %wxxx RESET COMPLETELY ¥ewex

3485 PRINT FNCPS(-1,)CHRS(7)*A11 changes will be lost. Ok. to continue (Y/N)?:

3418 ROM=-1:C0L=50:MAXL=1:HINL=1:50SUB 48988:1F ISC3*N* AND I3()*Y" THEN 3419
3413 IF I$="N° THEN 347¢

3428 PRINT FNCP3{-1,B)"Re-setting . . . v v o v u v v s "SPACE${28)

3422 LAG=0:A5=8:55-0:PD=8:LN=0:CT15%=0 :HED$=" *:FIRG=Q:(03=""

3423 FOR 184=1 TO COUNT:GET #11,14%

3426 RESI=CVSIRESIS$) tRESZI=CVI{RES2$) :RESI=CVUSCRES3S)

3427 PRACIEA)=8 AR 16, B)=REST1AR(18%, 1)=RES AR 147, 2)=RES3 : SRN/=RE 52 : 5OSUB
16588 : 0RDACT84)=D4(22) INEXT 14

3428 FOR 16¥=1 TO 78:0RDIX(16:)=0:BL{14X)=0:NEXT 14)

3438 FOR 18%=1 TO 180:FOR 15¥=1 TO 4:5P0OS(I14%,15)=0:NEXT 154 :NEXT 4%

3448 GOSUB 2088:G05UB 9888:1F GEND=9798 THEN RETURN ELSE RS=1:G0SUB 488:GOSUR
89 :G0SUB 2482

3438 FRINT FNCP${-1,8)"Re-<et complete - Hit any key to continue . .
“SPACE$(18) :GUSLR 20028

3478 PRINT FNCP3(-1,8)5PACES(78) :RETURN

3386 REM s SORT ( NORMAL string TYPE ) #sexx

3918 SWY=COUNT1:IF SW‘=B THEN 53="No matching orders on file":LPRINT 5%:6070 138
3928 POV=8:5W/=SW/N2:1F SWY=f THEN RETURN

3338 POM=PI+]

3548 IF (POX+3W7) »COUNTI THEN 3524d

3558 IF ARSLPOY,B){=ARS(PHI+34/,8) THEN 3338

3368 SWAP ARSIPDA,8) ARS(POA+SL,B)

3578 QAP ARECPOL, 1) ARBIPI+SA, 1216070 35378

3388 POV=PT-1

3578 IF POX-SWA41 THEN 3546

3488 IF AR$(POY,8))=AR${PU4-SW4,0) THEM 3339

3618 SUWAP ARS(PIA, ) ARSIPLA-SLEL,8)

3428 SWAP ARS(POX,1),AR${POZ-3WZ,1):50T0 3588

4688 REM *¢ WINDOW CAPACITIES ##

4BB5 R=-1:0=39:WCCH=CYI(WSCS) R =-1:CA=35 iXM/=22:"M/=108 :GOSUB 648

4859 FOR =1 TO 7:M=CU5(W53(2)) :NP=2:DP=3:605U8 37544

4846 PRINT FNCP$(R+Z,C+1IMID$CHD3(2) ,6,13)" "M%

4978 NEAT 2

4875 FOR 2=8 TO {8:PRINT FHCP${R+2,C+1)5PCI22) NEXT 2

4084 PRINT FNCP3(R+18,C+1)"Capacity (1-7) 7

" opadL=1 HIHL= 1 R=7 1 C0L=74: 50508 40988 1F VAL(I3)(B OR VAL(I%))7 THEM 4388
ELSE HCCU=UAL(I$)

4851 IF vaLt1$)=8 THEW GOSUB 48664 :G0TO 4886

4885 1F MIDS(HDS(WECD) ,9,5)="SPARE" OR MID3(HD$(WCCX),9,3)="Spare” THEN 4358
4393 PRINT FNCP3(R+18,C+1)"Re-valuedY/N} 21 *:GOSUB 48788:1F 1342°Y° AND
1$<3°N® THEN 4870

4188 IF I3="Y* THEN 411@ ELSE FT1=B:GOTO 4128

4118 MA4L=9:COL=78:PRINT FHCP$(R+18,C+1)"New value = 71 " :GOSUE 48780:1F
UAL{13)=B THEN 4118 ELSE MEVAL(I$) :CCC=VALIIS) iFTI=99%:NP=2:0P=3:00518

37589 :PRINT FNCP3(R+18,COLIMS

4128 FRINT FHCPS(R+18,C+1)"Alterations (/M) 7: “:MINL=1:MAXL=1:C0L=76:605UB
SB988:IF 13437 AND 15<3"N" THEN 4128

4138 IF 13="Y" THEN 4888 ELSE RETURN

4608 REM ##%## START DATE FOR PROD. PLAN, ¥##xx

4
ﬁiéiL(HID$(STR$(D(23)),6,2)):B=UAL(ﬁ10$(STR$(D(23)),4,2)):C=VAL<HID$(STR$(D(23))
12,210

4615 IF INTIC/4)=C/4 THEN LA(2)=29

4626 REM % USE EITHER 9438 OR 7448 FOR LEAD TIME IN WKS. OR DAYS, RESPECT’Y #
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4638 MD24=INT{MD(24)) :1F HD(24)-MDZ478 THEN MD24=INT{(MD(24)#7)+1) ELSE MD24
=INTIMDI24)47)

4648 REM % MD24=INT{MD{24)):1F HD{24)-MD24)8 THEN MD24=MD24+1

4858 Al=R-MD24

4468 IF AI‘S THEN GUTO 4713

4478 Ci=C

4475 Bi=B

4438 BI=Ri-1:1F BI{=9 THEN Bi={2:C{=Ci-1

4476 HDZ=HD24-A:A1=UM(BI) MD2: IF Al{=8 THEN A=A+U{(B1):507T0 4438

4748 C=C1:B8=R1

4710 D23=(C*1888)+(B*188)1+A1

4715 LH2=28

4728 RETURN

9300 REM swxsx PROCESSING & SUCH LIKE #assxs

9818 PRINT FNCP$:¢-1,8)" of “COUNT® processed.”

9828 Clit=8:00=8:18/=4

7830 18Y=18/+1:CUL=R:IF 184:COUNT THEN GOTO 9878 ELSE PRINT FNCP3(-1,8)18%
9848 IF YALIMIDS{STR$(ARCIZY,81),2,4) 1 VALMIDF(STRICTART) ,2,4)) THEN
RN/=0RD%(18%) 1BOSUR 25088 :UA=AR{ 18, 2) :605U8 2788 : CUMECIMHCOD: CO=C0+1:CUL=Y
2g5# 1F CUU=§ THEN 9878

9845 IF FIRS=8 THEN LSET RESI3=HKS$(AR{IZ!8)):LSET RESZI=HKIS(ARII&L, 1)) :LEET
RESZ$=MKS$LARCIEA, 200 «PUT #11,184

9867 GOTO 7838
9878 1F CUM{B THEN ClM=6

9886 BL{1)=ClM:CUM=8:0RD1%{1)=C0:L00P=C0+1:CO=B:1F [G/42COUNT THEN 9998

93%0 FOR 187=LOCP TO COUNT:RN:=0RDA(18:4):50SUB 238&8

9983 PRINT FNCF3$(-1,8)18%

5913 IF 13/=LOGP THEN WE3=LEFT3(STR3LARIIZL, 810,30 WEEK=NA
9926 IF WE3=LEFT$(STR${AR(IBX,8)),5) THEN 9738 ELSE 7938

9928 [F CUM4B THEH (U=

9932 A/EUALIMIDS(WES, 4.2)):Y9=UAL(MID$4UE$,2,2))

9935 IF (AVAWEEK OR (AVYI=WEEK AND YZ3YY1)) THEN AVA=(Y9-1Y1)#52) -WEEKAVI+2
ELSE A=A WEEK 2

9935 IF AVLT76 THEN 9978

9948 BL{AVY)=CUM:CUM=6:0RDL(AVA)=C0:C0=8

9958 UA=AR(18,2)1605UB 2788 : CUM=CLUM+COD :WE3=LEFTS(STRS(ARCIEX, 8)), 30 :C0=C0+1
9968 IF FIRG=A THEN LSET RES1$=MKS${AR(18%,8)):L5ET RES2$=MKI3(ARLI&!, 1)) :L5ET
RESZ3=MKS3(AR{IGL, 200 :PUT B11,124
9578 NEXT 184

2988 AV/=VALIMIDS(WES 4,2 Y 9=UAL(MIDS(WES , 2,2))

9981 IF (AV/LWEEX DR (AVO=WEEK AND Y93YY1)) THEN A=((Y9-1Y1)432) WEEKAVA 2
ELSE AVM=AVK-WERK:Z

9982 1F AVA:78 THEN 9998

9985 BLIAVA)=C1H:CU=0: ORD 1A I=C0: CO=8

9998 FIR5=79:L00P=4:RETURN

18880 REH #xx#% READ ORDER #xx¥#

10687 GET #1,SMU:BET H2,SRIVIGET #7,SRNVGET #3,5RHX

10619 B=1:il=110=1 k=l

19926 FOR J1 =170 3

18638 D3LJ1)=F3dl)

18648 NEXT J!

18658 FOR J1 = 18 TO 28

18868 D3¢J1;=HID$(CORD3,B,8)

18878 5=B+8

16988 NEXT J1

18898 FOR J1 = 3 70 22

16108 D(J1)=CVIIMID$(PCTS,C,20)

18118 C=C+2

16128 NEXT JI

13126 FOR J1 = 23 70 24
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18148 DUJI) = CVSIMIDS(SPTS,6,4))

18158 G=6+4

16168 NEXT J1

18178 FOR J1=27 T0 34

18188 DCJ1I=CVSCHIDS(SPTS G, 4))

18198 5=G+4

16268 NEXT J1

18218 RETURN

18505 REM ¥+ SHORT URDER READ I #x

16518 GET §7,5RNA:D¢22)=CVT{HID${PLTS,39,2)) RETURN
18488 REM * SHORT ORDER KEAD 11 ¥x

18618 GET #1,5RN(:BET #7,SRN4:CY=19:67=9

10620 DH(1I=F3(1):DYC 2=V TIMIDS{PCTS, 39,200 1D R)=

CYIEMID$(PCTS,1,2))

10438 FOR J4=12 70 21:D%(80=CVT{MID$CPCTS, T4, 20 1 1 Cv=Tiie 2

18648 DCSA+IS¥=CYSIMIDE(SPTS, B4, 400 1 6/4=0+ 4 :NEXT JX
18438 D{23)=CYS{MID$(5PT$,1,4)) :RETURN

11868 REM 2 READ CAPACITIES ##

11818 CN‘=8 1 KF=12:MATCH=BR(3)

11628 GOSUR 50068

11646 GET #13,INX

11842 1F FTIM=8 THEN 11345 ELSE GOSUB 4886:0070 1185
11845 GOSUB 38968

11850 IF F71=99% THEN 11868 ELSE CCC=CVSIWS3{KCCA))
11848 CLOSE #12:CLOSE #13:CLOSE #14

11645 IF CO$="YES® THEM GOSUB 2434 ELSE GOSUB 2482:R
11878 FLAG=1:RETURN

15088 REM »¥¥x WRITE TO ORDER #3x#

12816 TEHP$=""

{3826 FOR J1 = 1 T0 3

15638 LSET F34Jd1) = D${J10

15848 NECT Ji

19858 FOR 5t = 16 70 28

15860 TEMF3 = TEMPS+D3{J1)

15878 NELT Ji

15888 LSET CORD3=TEMP$

15899 TEMP3="*

15138 FOR Ji = 3 70 22

15119 TEMPS=TEMP$+HKI$(DA(J1))

13128 NECT JI

15128 LSET PCT$=TENMP%
15148 TEMPe=*"

15158 FOR Ji = 23 70 2
15168 TEMP3=TEMP3+MKS3
15178 NEXT 41

15173 FOR J1 = 27 70 36

{5175 TEMPS=TEMPS+MIKSH(DII1))

15177 NEXT J1

15186 LSET SPT3=TEMPS

15198 TEMP3=""

15268 FOR J1 = 1 70 3

15219 PUT #di SRL

15229 NEXT J!

15225 PUT #7 SR

15238 RETURN

20668 REM *x#% ANT KEY ROUTINE ###
28818 PRINT FNCP$¢2{,8)°

“CUP$

28878 SH=INKEY$:1F S3="" THEN 20028
28638 1F ASCIS3)=198 THEN GOSUB 61238
20648 RETURN

3
(DIt
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25688
23018
25828
23838
25844
23854
23848
24388
28318
246315
26328
26338
24348
27488
27818
27924
27838
27048
27859
27868
27478
27488
27894
27168
27118
27128

27138

- ~d
—
o
P==3

R IR

0 T SO T TN T NG T o T NG I A B S ST R O B S S
-~ ~d ™~ =~

Jd~J

27448
27458
3664848

REM ¥% GHORT METHOD READ 1 %

BET #8,RNA:CH=1T=

FOR =1 TO 2:DU(J0)=CUTIMIDSCINRS €2, 20) 1 Ti=Cie2
DRCTAI=CVDIHIDS (DPTS P, B) ) 1 FY=PY+8:NEXT 0¥

FOR Ji=1 TO 22:00J0)=CVUSIMIDS CFRTS T4, 42 s Ti=Toa duNEXT J%
FOR J/=7 TO 8:D{J+1B)=CVS{DAS LI 1 INEXT J¥

RETURN
REM *% SHORT METHOD

GET #4,RNLIBET #8,RNGPY=1Td=1100=1

Pi=g

READ 11 #x

FOR J/=1 TO 2:DCJ)=TVIIMIDS(INRS,

DRCTAI=CVDHIDSCOPTS P, 8)) s PH=R+ B NEXT J%

FOR Ji=1 TO 22:D004)0=CV3CHIDS(FRTS T ) 1 1 TU=TU+ANEXT J3
HO${30=F$(4) :0%(5)=MID${ROIPES, !, 8) :RETURN

REM s#% dd/mm/yy --) dime/yy $3%%

1,8
YI=VALIRTDSOOMYS L 230 sHI=VALAHI DS (0MY$, 3,20 1 1 DDI=VALIMIDS{ OHY$, 5,230

DMY3=RIGHT$ (STR3{DMY

Y=il

IF 1199 THEN GOTQ 27848

Ti=Y1+41988

OF=DD1MF=M1:YF=Y1{:005U8 27168:U=ND
)

DI=TALU~7*INT AU/ 7041
lN=8:G0SUB 27218
RETURN

REM #% SOLVING FOR DAY NO. #

ND=DF-1

FOR 1=t TO HF-1:NO=ND+LACTLI NEXT 11

TI=INT(YR/188)

3 IF TRO4=INTOYRA4Y GOTO 27199

IF YF/189=11 60TO 27198

iF HD:S% BOTO 27176

§ IF MF=3 GOTO 27198

ND=ND-1

NO=MD+34524 1+ 1141NT1 365, 20 (YF-188%11))

RETURN
REM #* SOLVING

1IF Y2=571 THEN 27269

(K WEEK HO. =
4

FOR 151 TO ({YZ-13-8YD)

IF 5Y1+15=d#INT((SY1+15)/4) THEN UN=tdN+1

HELT 15

IF YZ{)8Y1 THEW 2721

GOTO 27388
ME=12-SM1:11=EM]+!

FOR 15=1 70 {Y2-(571+1)) HESME+IZINEXT 13

FOR 15=1 70 ME:MHEN+LATD

H=1140
IF 11312 THEN 1t=
NEXT 15

FOR 1321 TO Mi-1:0beide 00197 NEXT 15

REM ##

W INT(LAU/7.824839) 4

IF )52 THEN Wh=WN-52 ELSE GOTD 27438
IF Mi=12 AND WN=33 THEN Y2=71Z41

GOTD 27428
RETURN
REM #% CAP SCREEN ##

§ 1F 01437 THEN WN=Ri+7-D1
§ W= REY #* ALLOWING FOR 1 OF JAN 783 #¢

1
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49 1F (Z=d#INTIY2/4) AND M132 THEN WNELN+L
B U= A0S -{5D1-1)4DD1
f

FOR 1i=3Mi+! TO Mi-DWN=NLACTHEXT T



3864 R7=4:C7

C7=17:AFLAG=79:G0SUB 418:AFLAG=R
36885 WCC/A=CUTCUSCH
JREBE PRINT FNCP$(R7-Z,L7)ULONS*SECTIONULOFF$® 1" CONS
38618 FOR LOOP=1 TO 7:M=CVS(WS${LOOPY):NP=2:DP=5:G05UB 37508
?BB?B FRINT FNCP3{R7-1+L00F ,C7-18)SPACESC{BIMIDSCHDSCLOOPY 4, 25)M8"

30825 NEXT LOOP

30648 PRINT FNCP$(21,8)Select Capacity (1-7, default="RIGHT$("
HSTRECHCCY) ,20%) *CUPS

ggggg ROM=21:C0L=36 tMAXL=2:HINL=0:605UB 40988 :0C/=UALLIS) :IF CT<@ OR CCZLY7 THEN
39651 IF CC/=8 THEN CCY=WCCH:PRINT FHCP3(21,36)STRI(WCCLCUPS

30652 1F MIDSCHDS (T ,9,5)="SPARE" OR MIDS(HD$(CCY),?,5)="Spare® THEN 38658
30853 WCC=CCY

30854 PRINT FNCP3(21,8)SPACES{ 75)CUPS

3655 PRINT FNCP3(21,17)%Any Alterations (Y/N):*CUP$:HAXL=1:C0L=48:505UB
48980 1F 13(3°Y" AND 13()°N® THEN 38855

30656 1F 13="Y* THEN 30848

30640 RETURN

3758 REM % FORMATTING ROUTINE

37585 SOP=NP+i

37518 G=ABS(M)+5410° (~30P) sH3=RIGHTS{SPACESC 123 +STRE{SENIN) ¥INTR)) ,OP)
37528 M=E+®,  HMIDSCSTREC1+0-INT(Q) )+ BEAREA" 4 NP) :RETURN

40885 REM #+$0PEHING FILEG#s+

49818 REM OPENING FILES 1,2,3 & 4

49826 FOR J1 = 1 T0 2

49630 FILENAMES = DDS+RIGHTS(STRSCI1I4+® FIL*,5)

48849 OPEM *R®,HJ1,FILENAHES 14

48658 FIELD §J1,16 AS F3LJD)

48848 NEXT J1

48862 FIR Ji=4 T0 6:FILENAMES=HDS+RIGHTS(STRBCI1I+* FIL*,5)

48844 OPEN "R®,#J1,FILENAMES, 14:FIELD BJ1,16 AS F$(J1)

48065 NEXT J1

48676 OPEM “R®,H7,003+"ORDER.FIL®, 112

48656 FIELD 47,24 AS CORD$,48 A3 PCT3,48 AS SPTS

48996 OPEN R®,#9,0D$+°RECORD.FIL® 2

48188 FIELD 49,2 AS RECS

49118 OPEN R",#8,MD3+"HETHOD.FIL® 234

48120 FIELD #8,16 AS F3(8),184 AS ROPES,16 AS DPTS,88 AS FFT3,4 AS INRS,d AS
DA3(71,4 AS DAB(B)

48138 OPEN *R",#3,008+%3.FIL" 16

4B140 FIELD 43,14 A5 F4(B)

40142 OPEN *R*,#12,°TAPI.FIL®,3

48143 FIELD 412, AS W53

45144 DPEN *R*,H#13,*CAP.FIL",78

49145 FIELD 13,48 A3 1503 ,2 AS USCH,4 AS HS3(1) 4 AS US$(2),4 AS USH(3) 4 AS
WSH(4) 4 A5 WS3(S) 4 AD USH(4),4 AS USSLT)

48146 TPEN *R*,H14,°CTCAP.FIL® 2

48147 FIELD #14,2 AS CRECS

48143 GET #14,1

48149 CRECY = CVI{CRECS)

48158 DPEN *R®,#18 MU3+*METHO2.FIL" 168

4014 FIELD #18,8 A5 DAS(1),56 AS DA%(2),50 A3 DAS(3),58 AS DAB(4),4 A3 DAS() 4
AS DAS(6),2 AS DAS(Y)

43176 OPEN *R*,#11 MD3+RESET.FIL® 16

Ap188 FIELD H11,4 AS RESIS,2 AS RES2S,4 AS RES3S

48198 RETURN

47580 /70 CHAHGE ORDER HUMBER DN CASTING CNLY

47518 FOR K=i4 T0 1 5TEP -

47528 1F ASCINIDS(D3(2),K, 1)) 4> 32 THEN 47543



47538 NECT K

47545 MIDH(DH(2) K, D="p*

47488 RETURN

SB8BB REM %% MATCH SUBROUTINE #¥+

58616 O = O + 1

56628 IF N = CREC/4! THEN FLAG = 8:RETURN

58838 GET HKFY., O

5848 CHS = WSS

58658 IF LEFTS(CONS KEYLEN) = LEFT$¢CNS KEYLEN) THEN GOTO S6478
58848 GOTO 56818

58878 FLAG = 1

56886 RETURN

48888 REM *x¥x+ GRAPH MAPPING #xxex

48818 LPRINT CHRS(27)%3"

48812 LPRINT CHR3(27)°3®

48815 IF LAG{)® THEN 48628 ELSE LPRINT CHR$(27)°B"

48820 DEF SEG=KHFEAS

43625 LPRINT CHR$(1S2)STRINGS(28,CHRE(149))CHRS(153)

48630 FOR 120 T0 23

48045 WES="" 1 FTi3=5"

40658 FOR J2=B TC 158 STEP 2

4848 WUSPEEK(I2¢1 484020 1 1F WUS64 THEN WU=WU4156 ELSE WU=WU-¢d
48878 WES=UES+CHR3(UL)

46828 NEXT J2

48858 FOR J2=! 70 80

4BE95 W=ASCIMIDSIWES ,J2,1))

48897 IF U=32 THEN Wi=32:6070 46118

9699 1F =168 THEN W1=241:G0TO 4811

40488 1F 14123 THEN W1=:GOTO 48116

$8187 1F W=194 THEN W1=145 ELSE IF U198 THEW Wi=144 £L3E
48183 1F W=179 THEN Wi=158 ELSE IF W=219 THEN Wi=132 ELSE If
46184 TF =192 THEN Wi=154 ELSE IF W=217 THEN Wi=155
§8185 2=127:J6=1:FOR J7=1 TO 15 STEF

68184 1F (WEZ4J7 OR W=24J7+1 OR W=Z416+07 OR WRZ41640741) THEN Wi=2+J6

SB187 Jé=Jd+1NEXT J7

48118 LPTI3=LPTI3+CHRI WD)

681268 NEXT J2

68138 LPRINT CHR$(1SBILPTISCHRIC1S8)

68135 IF 112=6 OR (12=2 AND LAG=1)) THEN LPRINT
CHR3(156)5TRINGS( 36, CHR$ L1457 )CHRS(158)

4B1dB LPTI3=""NEXT 12

S8147 LPRINT CHRS{154)GTRING3(08, CHRS (14903 CHRS(1SS

48145 LPRINT CHE3(Z7)7ACHR$(2D)7C

48158 RETURN

48735 MAXL=8:REH #x¥ DATE CHANGE ROUTINE #x¢

48718 GOSUR 4R988:1F VAL(I3)=8 THEN COMOAT=8:0AT3="8":G0T0 60828
$0778 A=INSTROIS,"/*):1F A=h THEN &=INSTROIZ,7.)

46738 IF A=d THEN 66788 ELSE P3=LEFT3(I3,A-1)

$8748 BEINSTRIA+1,1%,7/%)11F B=8 THEN S=INSTR(A+1,13,°.%)
46758 1F B=B THEN 48788 ELSE B3=HID3(13 A+l B-(Atl))

46748 C3=MID3{1%,8+1,2)

66776 A=UALTPE) 1B=VAL(BS) :(=UALICS)

48736 IF 841 OR E212 OR A¢1 DR 4231 OR U399 OR C481 TREW 48788
48798 COMOAT=(C#10046)+(B#1B81+A

4BBRE DATI=P3+*/74f347/"403

48818 PRINT FHCP$(ROW,COL)DATSCUPS :RETURN

46878 13=DTES:PRINT FNCP$(ROW,COLY1%:60T0 48728

48956 REM INPUT STRING ROUTINE

40798 13="° o
41888 PRINT FHCPi(RCﬁ;CDL)I%R&¢$SFACE$iﬁAXL—LEN(I$))ROFr3€UP$
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L3E IF W=194 THEN Wi=i
F =191 THEN Wi=i

147
ca
Jo



41018
41828
41828
41848
41858
41348
41870
41888
41898
51168
61118
o118

61138 %=

41148
61134
61148
61178
s11e8
61198
51268
61238
61248
41258
61268
61278
41258
61298
41344
41319
81324
62868
4z818
"ERL?
62928
62828
42648
42834
63998
43997 R

GOSUR 4114

IF %=8 THEN GOTL 41948

IF X=13 AND LENCI$) »=MINL THEN GOTO 41888 ELSE IF X=13 GOTO 41888
IF LENCI$) (MAXL THEN I3=i3+a3

GOTO 41gea

TF LENCIS) 08 THEN I$=LEFT3(I$ LENUI$)-1)

5070 41a4a

13=LEFT3$C 134 5PACES (MAXL) MAXL)

PRINT FNCP$(ROW,COL) I$CUPS

RETURN

REM GET YALID CHARACTER

A3=INKEYS:IF A3=""THEN G0TO 41128

=A5CIAS)

IF X331 AND X{F1 AND X{334 AND X{337) OR %=8 UR %=13 THEN RETURN
IF %=27 THEN CLOSE:CHAIN “ONLINE®

IF X=194 THEW GUSUB 4iz89

IF ¥=186 THEN GOSUB 42086 :LPRINT

IF X=12% THEM GOSUB 4Z88A3:FIR L=! TO 1@:LPRINT:NEXT L

RETURN

REM

DEF 5EG = &HF3E8

FOR 12 =8 70 23

WE$=""

FOR J2 = 8 TO 158 STEF 2
WES=WES+CHRE(ABS(PEEK 1231
HEXT 42

LPRINT LE2

NEXT 12

WIDTH 233
RETURN
RETURN:REM *#%#% GENERAL ERROR ROUTINE ##x#°
PRINT FNCP$42!,0)° SYSTEM ERROR "ERR* ENCOUNTERED AT LINE
- HIT ANY KEY *CHR$(7)CUP$
A3=INKET$: IF A3="" THEN 6282¢
A=ASCI4%) 1 1F X=27 THEN 41108
PRINT FNCF${21,8)5PACES(79)CUPS
RESUME
END
"(Z (APRICOTE4AB1/E - CRE 27/11/8%)

af+J23-44))
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