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ABSTRACT

The objective of this work was to design, develop and evaluate an audit for a
Computer Aided Production Management (CAPM) system. Such systems,
despite their costs of purchase and implementation, find wide application in
industry but there is still considerable debate as to their contribution to the
overall performance of a company.

A variety of possible methodologies were explored. However, it was found that
most of the existing analytical techniques tended to focus on a comparison of
systems with respect to best practice or to require data that a company was
unlikely to have. Best practice is not an absolute measure, nor does it take
account of different company types and their individual requirements. A
flexible methodology, ‘the CAPM Audit’, designed to establish the
effectiveness and efficiency of any installed CAPM system, has been developed.
The audit is a development of the Delphi approach and is designed to establish
the contribution of the CAPM system to the company’s overall competitive
position. In its development, a generic model for any CAPM system was
devised to facilitate analysis without reference to any particular technology,
management mode, or manufactunng control system.

The audit developed (in the form of a workbook) consists of four stages: stage
one establishes the context; stage two determines the underlying architecture of
the system, stage three quantifies the contribution to the company’s competitive
position; and stage four identifies the causes of any failure of the CAPM system.
The design of the audit is such that: it enables a systematic investigation of the
effectiveness and efficiency of an installed CAPM system to be compieted; it
enables the CAPM system’s contribution to the company to be identified; and it
also enables any inadequacies to be determined.




ABBREVIATIONS

AAA American Accounting Association

CAD Computer Aided Design

CAPM Computer Aided Production Management
CIM Computer Integrated Manufacture

CRP Capacity Requirements Planning

DBMS Data Base Management System

DSS Decision Support System

EDI Electronic Data Interchange

EOQ Economic Order Quantity

GT Group Technology

ICA Institute of Chartered Accountants

ISO International Standards Organisation

IT Information Technology

JaT Just-In-Time

MIS Management Information System

MRP Material Requirements Planning

MRP I Manufacturing Resource Planning

OPOC Order Point Order Control

OPT Optimised Production Technology

RCCP Rough Cut Capacity Planning

SADT Structured Analysis and Design Technique
SSADM Structured System and Design Methodology

TPS Transaction Processing System
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1. INTRODUCTION

1.1 Background to the Project

Computers are widely seen as panaceas for many of the problems of
manufacturing. The introduction of Computer Aided Production Management
(CAPM) systems is regularly accompanied by promises of improved sales
performance, reduction of lead-time, improved machine utilisation, etc.
Unfortunately, such predictions are rarely achieved in practice. A consultant
firm, A.T. Kearney[1], presented findings indicating ‘successful’ Information
Technology (IT) users having a return on capital employed of 22.9%, which is
only marginally better than the 19.6% for ‘unsuccessful’ ones. Despite this,
Feeny et al[2] noted a tendency to dismiss as a major issue the provision of
quality information at an acceptable cost. The impetus has been towards the
introduction of new technologies and often, as Marchi[3] noted, these are not
underpinned by a careful analysis of the installed system.

The lack of analysis of installed IT is not helped by the complexity of the task.
As technologies advance, the role of IT may change. For example, the latest
developments such as multimedia, hand-held computers and networking
technologies have the potential to change communications between computers.
In turn, new effectiveness and efficiency criteria may be required. The problem
with many evaluation methodologies is that they lag technological development
and, if applied, could have the effect of reinforcing obsolete effectiveness and
efficiency criteria.

The lack of emphasis on evaluating installed IT does not imply a lack of
evaluation methodology. Seward[4] noted that although many methodologies
have been developed, the emphasis is often on operational efficiency (i.e. doing
things correctly) rather than system effectiveness (i.e. doing the night thing).

1.2 Mission Statememnt

The project’s mission is to develop audit interview and survey techniques for
the evaluation of installed CAPM system effectiveness and efficiency. For want
of a term, such techniques shall be called the CAPM audit.

The choice of the term audit, is meant to denote underlying synergy between the
principles of auditing and the evaluation of CAPM systems. In order to fully
appreciate the project mission, it is useful to review the principles of auditing
and the types of audit.

1.2.1 The principles of auditing

According to the Institute of Chartered Accountants (ICA){s] of England and
Wales, an audit is defined as:

“...the independent examination of, and expression of opinion on, the

financial statements of an enterprise by an appointed auditor in
pursuance of that appointment and in compliance with uny relevant
statutory obligation.”




The American Accounting Association (AAA) Committee on Basic Auditing
Concepts, which states that:

“..auditing is a systematic process of objectively obtaining and
evaluating evidence regarding assertions about economic actions and
events to ascertain the degree of correspondence between those
assertions and established criteria and communicating the results to
interested users.”

The Institute of Internal Auditors (IIA)[6] defines internal auditing as:

“an independent appraisal activity within an organisation for the
review of operations as a service to management. It is a managerial
control which functions by measuring and evaluating the effectiveness
of other controls.” ‘

Definitional semantics notwithstanding; an audit, as Howard[7] indicated, is
fundamentally an investigation followed by some conclusion about some
problem domain. As in any investigatory work, auditing requires a combination
of knowledge and experience. It is also not unexpected that auditing involves an
incremental and iterative process. Thus, auditing does not necessarily lend itself
to cook-book methodology.

On the other hand, auditing is also constrained by the need for objectivity.
Meaning, the auditor must present his or her audit inference undistorted by
emotional bias. Clearly then, some element of discipline is necessary.
Discipline here implies a repeatable or traceable audit process, an audit process
that is properly focused and an audit inference based principally on facts.

With regards to this project, the tasks of audit development are:

a) Defining and/or identifying a system of methods and principles, such that
discipline is injected in the audit process but not to constrain scope for
innovation.

b) The creation of a structured framework in support of the audit process.

1.2.2 Types of audit

An audit can be either statutory or private. Statutory audit implies applications
within the context of either legal statutes, such as the Companies Acts; or
statutes of professional bodies, such as the British Standard Institute's BS 5750.
Private audits or internal audits, on the other hand, are undertaken at the request
of the interested parties. A private audit is, first and foremost, a service to a
client and as such the client has the right to define the scope in which internal
audit is to be applied. The client may decide on either a complete or partial
audit.

The issue of a complete or partial audit relates to the auditor’s independence.
There are numerous parameters of independence but, generally speaking,
independence is about access to data. In a complete audit, the auditor is given
total independence to the extent that he or she is mandated to investigate in any



way seen fit. Partial audits, it follows, are scenarios where an auditor is not
given total independence.

1.3 Project Objectives

The objective of this project is to identify and develop a methodology in
accordance with these broad requirements:

a) The CAPM audit is intended as an investigation of installed CAPM
systems. Paraphrasing the definition offered by Burbidge[8], CAPM
systems are infrastructures utilising digital computer technology to aid the
planning, direction and control of the material supply and processing
activities of an enterprise in such a manner that the labour, plant and
capital are used to advantage.

b) The CAPM audit must be applicable to CAPM systems used in all forms
of discrete manufacturing. By the phrase ‘in all forms’, is meant
manufacturing in both large scale and small scale, and any industry type.

c¢) The CAPM audit must be applicable to CAPM systems of any
architecture. This implies systems being investigated need not be fully
computerised. It also means the audit is not only applicable to a specific
management paradigm, such as Materials Requirement Planning (MRP),
Just-In-Time (JIT) or Optimised Production Technology (OPT).

d) The CAPM audit is to be a private audit and applicable over a varying
degree of completeness (i.e. ranging from partial to complete).

1.4 Thesis Outline

This thesis consists of two volumes.

Volume I of the thesis discussed the issues involved in the development of the
CAPM audit. The development of the audit is characterised by three key phases:
Analysis, Design and Evaluation.

a) In the analysis phase, issues on the problems of auditing (Chapter 2),
scope of a CAPM system (Chapter 3) and, effectiveness and efficiency
criteria (Chapter 4) are addressed.

b) During the design phase, issues relating to the justification for a new audit
(Chapter 5) and structuring of the CAPM audit (Chapter 6) are addressed.

c) Finally, the evaluation phase deals with the application of the CAPM
audit in trial scenarios. The result of the evaluation i1s discussed in
Chapter 7.

VYolume II is a working version of the CAPM audit workbook.




2. THE PROBLEM OF AUDITING

2.1 Chapter Introduction

This chapter describes the problems of auditing from two perspectives:
methodological view and auditor's independence. From a methodological
perspective, the issues discussed focus on the principles of auditing. From the
auditor's independence perspective, issues discussed focus on the pragmatics of
auditing.

2.2 Problems from a Methodological Perspective

Carlson[9] introduced the concept of “impact evaluation” as the basis for the
evaluation of information systems. Impact evaluation is a process of
establishing the relationship between an initiating system (i.e. source of impact)
and a target system (i.e. where impact is directed).

In the context of a CAPM audit, the question of system boundaries must seem
obvious. The “initiating system” ought to correspond to the CAPM system
whereas the “target system” is the manufacturing system. Beyond this
generalisation, however, the exact system boundaries are far from obvious. In
particular, are CAPM users parts of the initiating system or target system?

Carlson[9] further points out that the choice of boundaries is essentially a matter
of conjecture. The choice of boundaries, however, does have implications for
the validity of any inferences from impact evaluation.

To appreciate the implications on validity, it is necessary to note, as the
American Psychological Association[10]] indicated, that there are three types of
validity. These wvalidities are termed ‘Content validity’, ‘Criterion-related
validity’ and ‘Construct validity’.

2.2,1 Content validity

Bohrnstedt[11] describe content validity as:

“.. the degree that one has representatively sampled from that domain
of meaning. "

Simply put, content validity refers to the number of criteria needed to
benchmark the effectiveness and efficiency of a CAPM system. Unfortunately,
there is no single criterion by which a CAPM system can be judged. To a
majority of general managers' cost reduction is deemed the main benefit of
computerisation(see Production[12]). In another survey by Farhood et al[13] on
operational managers' attitude, reduction in cost was considered a less important
benefit than flexibility and quality. Finally in a survey by Kenny and Dunk[14]
of production planners, the results suggested that criteria relating to variance
between planned and actual events took precedence over cost and flexibility
consideration.

Despite these myriad views, there are fundamentally two basic views of
effectiveness and efficiency. Hamilton and Chervany[15] described these views




as either ‘system-resource’ or ‘goal-centred’ criteria. System-resource criteria
relate to the extent of divergence from ‘good practice’ norm. For instance, in
MRP-type CAPM systems, a good practice criterion is the accuracy of BOM.
On the other hand, goal-centred criterion relate to how well system meets
functional criteria. Since CAPM system is concerned with level of inventories, a
useful functional criterion is inventory turnover.

In theory both types of views ought to lead to the same conclusion but this is not
necessarily the case. For instance, from the goal-centred view inventory
turnover may be useful in indicating how well a company manages its
inventory. However, the criterion does not always directly link to the source of
performance. A poor inventory-turn over performance could be equally
attributed to lot sizing or even inaccurate BOM. Hence accurate BOM does not
necessarily lead to good inventory-turn over. In practice, therefore, both goal-
centred and system-resources views are needed:

a) The goal-centred views are needed to quantify the impact of a source.

b) The system-resource views are needed to identify the source of impact.

2.2.2 Criterion-related validity

For current discussion, it is useful to note the distinction between a ‘criterion’
and a ‘measure’. A criterion refers to a phenomenon to be validated. In the
context of the CAPM audit, the criteria of interest relate to the effectiveness and
efficiency of CAPM systems. A measure, on the other hand, refers to a piece of
information (e.g. a number) assigned to a criterion. The information assigned
represents the state of quantity of a phenomenon. Empirical validity is the
extent of correlation between a criterion and a measure.

There are instances where a criterion and a measure may not correlate. By way
of illustration, consider the following examples highlighted by Plossl[16].

a) Direct labour efficiency. This criterion is intended as an indicator of the
extent of wseful output from a labour unit. This criterion could be
calculated from measures of labour output. However, if the measures used
is derived from non-bottleneck labour unit, there can be problem. This is
because any measures that reflect high efficiency in bottleneck resource is
actually a reflect of over production, not necessarily useful outputs.

b) Reduction of direct material cost. A comprehensive measure of material
cost should include cost of ordering, follow-up cost and carrying cost.
However, it is not uncommon to find companies using only purchase price
as a measure of cost. The result is a partial reflection of material cost.

¢) Recovery of investment on machine. Book values are often used to
calculate this criterion. Unfortunately, book values have the effect of
showing a poor return on investment in new machines, thereby obscuring
the recoveries derived from the benefits of flexibility offered by new
machines.



d) Reduction in the complexity of work (e.g. production of report) due to
computerisation. A precise measures for this criterion is very difficult if
not impossible to obtain. Often the amount of paperwork is used (see
Holden and Hall[17]) for such calculation. However, there is no clear
correlation between paperwork and the nature of work. Computerisation
merely changes the nature of work from paper to an electronic medium;
the inherent complexity of work is not changed.

2.2.3 Construct validity

A CAPM audit has to provide more than statements of CAPM system
effectiveness and efficiency; it is necessary also to explain why systems fail.
Construct validity is concerned with the degree of validity in the audit
conclusion. Finding valid explanations for CAPM system failure is not straight-
forward. From many research in these areas, numerous explanations maybe
found. In broad terms, there are two schools of thought on the matter of CAPM
failure.

One school of thought is that the failures are attributable to the way CAPM
systems are used rather than the enabling technology (i.e. software and
hardware). Orlicky[18], for example, noted that CAPM failures are due to the
lack of top management support, poorly educated system users, unrealistic
master production schedules and inaccurate Bills of Material (BOM). Other
researchers, such as Monniot et al[19], have also come to the same conclusion.

The other school of thought is represented by the research findings of Hendry
and Kingsman[20], Hoey et al[21], and Aggarwal and Aggarwal[22]. The theme
behind this school is that the failure of CAPM systems is attributable to the
immaturity of the enabling technology. The following illustrates two classic
conclusions;

a) JIT-type systems are applicable only to repetitive manufacture.

b) MRP-type systems require a priori fixed lead-time estimates, which are
often not readily available.

In considering these two views, one is drawn to the question: which school of
thought is the correct one?

It would appear that neither technological- nor infrastructure-based explanations
on their own present a complete explanation. Take for instance, inaccurate
BOM. True, inaccurate BOM can lead to poor estimation of schedules. But then
what was the cause of accuracy in the first place?

Poor BOM accuracy could have been attributed to a lack of discipline.
However, it could just as well be that MRP was applied in context where
accurate data was genuinely difficult to obtain, such as situations where
customised items are manufactured. In those situations, advance knowledge of
lead-times is not readily available. 1t is, therefore, inaccurate to attribute failure
simply to the failing of the MRP methodology.

The only way in which one is able to provide a correct explanation is to deal




with the problem holistically. A point clearly noted by Rhodes[23], who wrote:

“Many enlightened companies of any kind know that the elements of
successful production management are: to understand the overall
subject; to be able relate it to their business; to contain a desire to
innovate until benefits are perceived; and to apply only what is
relevant."”

2.3 Problems Relating to Auditor's Independence

If auditing were meant to detect frauds, then there is no question of the need for
independence. In the context of a CAPM audit, however, what rationale is there
for independence?

Independence, in the context of CAPM audit, is simply a means to an objective
outcome. Logically, by ensuring that auditors are adequately detached from the
problem domain, an objective outcome can be assured. In reality, as Chambers
and Court[24] noted, complete independence is never a real option for these
reasons.

a) It is misplaced to assume that the client will ever agree to unbridied
access to data in the interest of objectivity. Apart from security reasons,
unrestricted access could impede the operations of company.

b) The fact that a CAPM audit is a private audit implies that it is a service to
the client. Thus, any audit inference itself is not an end but a basis for
further action. Even at the risk of compromising independence, it is
clearly useful for the client be engaged in the audit process.

¢) A definite way of ensuring independence is to delegate the audit tasks
entirely to an outside agency. This approach can potentially be seen as a
threat.

d) Complete independence, without appropriate focus can lead to
overemphasis on trivial issues.

On the other hand, the lack of independence such as engaging the user of
CAPM system to perform the audit has the danger of a less than objective resuit.
Not surprisingly, having invested heavily in a particular system, CAPM users
may be tempted to justify what they have got even if it is illogical to do so.

Inevitably a balance must be struck between the desire for complete
independence and pragmatism.

2.4 Chapter Summary
This chapter raised two questions for this project and they are:
a) How to develop a methodology that will be valid?

b) How to strike a balance between the desire for independence and
pragmatics?

On the issue of methodological validity; this project has decided to approach the
issue of effectiveness and efficiency of a CAPM system in terms of system



depends not on the kind of CAPM system used but how well the company
satisfies its overall business mission. Clearly, a CAPM system should not be
judged in any lesser way.

On the issue of auditor’s independence, this chapter has also noted that the
CAPM audit can gain from client-auditor interactions. To that end, the CAPM
audit will be best served by a framework that will support any such relationship,
whilst maintaining a rational approach which will reveal any shortcomings.




3. DEFINING THE SCOPE OF CAPM SYSTEMS

3.1 Chapter Introduction

Knowledge about a CAPM system depends significantly on the way the system
scope is defined. If the scope of a CAPM system is defined purely in
technological terms, the non-technological factors are excluded. In auditing
terms, problems attributable to non-technological factors could be overlooked.
Also, if the scope of a CAPM system is defined to a particular modus operandi,
such as MRP or JIT, there is a potential of inculcating a fixed mindset and, thus,
a danger of encouraging obsolesces.

One of the requirement of the CAPM audit is to provide a framework to analyse
an installed system as is currently instituted not what the system ought to be. To
fulfil this requirement, a generic CAPM framework was formulated. The
generic framework shall function as a base-line reference for any CAPM system
modus operandi and technological architecture.

The purpose of this chapter is to discuss the thoughts and knowledge involved
in the formulation of the generic Framework.

3.2 Fundamental Management Models

A CAPM system could be viewed from the perspective of operational research.
This perspective suggeststhat a CAPM system is composed of software modules
applying linear programming techniques, inventory modelling and scheduling
techniques for planning and control. While a CAPM system may use some
operational research technique, such as Economic Order Quantity (EOQ), but it
1s too simplistic to assume that a complete CAPM system is simply a straight-
forward application of operational research techniques. In reality, operational
research techniques are more likely to support decision making rather than a
decision making mechanism itself (see Alter[25]). As Gershwin et al[26] noted,
the overwhelming volume of data and the wide variations in planning horizons
in any production management system are likely to present significant
computational difficulty for automated decision making based purely on
operational research techniques.

A CAPM system can also be viewed as a closed loop control system organised
in a functional and hierarchical framework. Hierarchy provides a mechanism
where higher level decisions impose constraints on lower levels as in the case of
the relationship between Master Production Scheduling (MPS) and MRP. The
functional framework provides a mechanism to organise decision making
according to specialisms such as scheduling, inventory management or capacity
management. Unfortunately in an increasingly competitive environment, the
hierarchical and functional framework is demonstrating its fallibility. A
problem with this model is that it offers a sub-optimal solution. The
MRP/MRP II type CAPM system is based on this model. As Flapper et al[27]
noted that MRP/MRP [I merely accepts the current values of manufacturing
variables and then generates plans that are appropriate for the variables. That




means, MRP/MRP II does not address the validity of manufacturing variables
per se. JIT, as Browne et al[28] noted;

“involves the design of the manufacturing system in its broadest
sense, addressing the issues of marketing, sales, product design,
process engineering, quality engineering, plant layout and production
management in order to facilitate JIT production using the Kanban
system.”

Using the Mintzberg’s[29] model of management system, one could view a
CAPM system as a combination of five basic control mechanisms:

a) Mutual adjustment where control is achieved by informal
communications. The so-called Kanban system of JIT is an example.

b) Direct supervision where control is achieved by one person giving orders
to others.

¢) Standardisation of work processes where control 1s achieved through the
specification of work content. This technique is found in JIT’s emphasis
on product design that will minimise problems caused by unnecessary
non-value added activities (see Boothroyd and Dehurst[30]).

d) Standardisation of output where control is achieved through the
specification of results to be achieved.

€) Standardisation of skills where control is achieved through an indirect
approach as in the case of flexible labour in a JIT-type system.

The Mintzberg’s[29] model is a useful mechanism for appreciation of the
concept of both formal and informal control mechanisms. However, it lacks the
framework to explain the roles of computer systems.

A CAPM system could also be viewed as a kind of Management Information
System (MIS). According to Davis and Olson{31];

“An MIS is an integrated, user-machine system for providing
information to support operations, management, and decision-making
functions in an organisation. The system utilises computer hardware
and software: manual procedures; models for analysis, planning,
control and decision making; and a database.”

In terms of modules, an MIS will consists of a Decision Support System (DSS),
Database, Transaction Processing System (TPS) and Users; all of which relates
in the manner shown in Figure 1. The advantage of the MIS framework is that 1t
will provide a way of appreciating enabling technologies and their
interrelationship. However, this model does not offer explanations of how
enabling technologies are used.

3.3 Reviewing Conventional CAPM Systems

The previous section presented a number of models as ways of viewing CAPM
systems and noted that each model, individually, was inadequate. However,
combining the models could offer a much more holistic view of CAPM systems.




The problem was establishing a combined model and for want of a term, the
model is to be referred to as a ‘Generic CAPM framework’

To construct the Generic CAPM framework, conventional CAPM systems,
namely MRP I, JIT and OPT, were analysed. The objective of the analysis was
to uncover elements that were common to all of the conventional systems.

3.3.1 CAPM firom am MRP [ perspective

MRP 1I is actually combination of concepts. Firstly, it is a type of planning and
control paradigm. Secondly, it is a technology designed to facilitate
computation of requirements plans.

As a planning and control paradigm, MRP II production management operates
in a functional and hierarchical close loop framework. A detailed description of
MRP II can be found in texts by Smith[32], Wild[33] and Vollmann([34]. Broadly
speaking, MRP II is organised as modules of Master Production Scheduling
(MPS)¢, Rough Cut Capacity Planning (RCCP), Materials Requirement
Planning (MRP), Capacity Requirements Planning (CRP) and Shop floor
control. These modules operates in this manner:

a) MPS is concerned with the scheduling of end-items and/or final assembly.
There are various approaches to MPS. One possible approach is to simply
forward and backward schedule against cumulative lead-time. Another
approach is to schedule against finite capacity from the inputs of RCCP.
For details further details of RCCP, refer to articles by Anderson and
Ostrenga(35].

b) MRP is concerned with the scheduling of sub-assembly and component
items. The inputs (i.e. end-items schedule) for MRP are derived from the
output of MPS. Hence a hierarchical framework. The typical approach for
MRP scheduling is to identify the assembly and component items against
a BOM, each item is then backward scheduled against planned cumulative
lead-time and/or lead-time calculated from the inputs from CRP, although
other scheduling strategies can just as well apply.

¢) The shop floor control module is concerned with execution of decisions
established at the MRP level. The module will also monitor stages of
execution and feed-back to information to the higher level modules, in
order to flag any exceptions, such as failure to meet planned schedules.

Any MRP [I-type implementation will have a core computational technique
known as MRP. In technological terms, an MRP is primarily a tool for the
calculations of net inventory requirements against a defined BOM. MRP II also
uses other types of computational techniques. A typical range of computational
techniques found in any MRP II-type implementation might include Economic
Order Quantity (EOQ), Lot-for-Lot and Period Order Quantity (POQ) batching
rules. Others might include a range of forecasting techniques such as running

@ 1t is useful to note that the term MPS refers to a type of master scheduling peculiar to
MRP/MRP [1 environment whereas the term master scheduling refers to the scheduling of end-
items and final assembly in any environment.




averages or simple linear regression. For other examples, refer to an overview of
some MRP II implementations by Braiden[36]. The point to note is that from a
technological perspective, MRP II is simply a DSS.

3.3.2 CAPM from the perspective of JIT

A key element in any JIT-based system is the Kanban system. The Kanban
system actually encompasses two underlying concepts. In one respect, Kanban
corresponds to a particular kind of operational scheduling policy based on
mutual adjustment. The other aspect of Kanban corresponds to a form of
scheduling strategy in that work schedules depends entirely on the pace set by
the worker. In the case of MRP/MRP Il systems, work schedules are dictated by
planned due dates.

The JIT approach has implications for process planning in that some kind of
Group Technology (GT) type policy is necessary, if the Kanban approach is to
succeed. GT corresponds to Mintzberg’s[29] concept of ‘standardisation of work
processes’ as a control procedure. Therefore, a holistic appreciation of CAPM
systems should also account for this form of control framework.

JIT also contrast with MRP lI-type CAPM systems in terms of supplier sourcing
policy. In the case of JIT the approach is based on long term relationships.
Through long term relationships, supply scheduling policy can also be achieved
by Kanban or pull scheduling (see Hampton and Cook{37]). The MRP Il
approach is based on the concept of multiple-sourcing and planned due dates.

Kanban also corresponds to a TPS in that it facilitates the monitoring and
execution of work without having to generate transaction records for each and
every work stage. A Kanban can be as simple as coloured balls to enact
transactions (i.e. movement between resources). In the case of the MRP/MRP II
approach, its TPS is used to translate information from a requirements plan into
Job cards, which contain details outlining each and every work stage. The cards
are then transmitted to the job concerned and signed off at the end of each
stage.

The enabling technologies for a JIT-type system need not necessarily be
dissimilar to those used in MRP/MRP II-type systems. For instance, in JIT, the
approach to schedule end-items (i.e. master schedule) is on the basis of a
technique known as production smoothing and mixed model production. For a
detail discussion of this technique refer to the explanation offered by
Moden[38]. Broadly speaking, the technique involves spreading a lot size in
equal demands over a planning horizon thus smoothing out the production. The
mixed model concept involves production of mixed batches of products. The
calculations necessary for production smoothing and mixed model batch sizing
could be achieved by altering the MRP/MRP 11 algorithm to mimic the effect of
production smoothing. This means using the algorithm in MPS and RCCP in an
iterative fashion:

a) Step [ - set out a mixed model schedule on the MPS;




b) Step 2 - use the RCCP module to calculate the capacity necessary to meet
the master schedules;

c) Step 3 - repeat Step 1 until a smooth loading is achieved (i.e. no
discrepancy between MPS and RCCP).

A much more elegant approach is to incorporate a dedicated production
smoothing algorithm into the MPS and RCCP modules directly.

3.3.3 CAPM from the perspective of OPT

The aim of an OPT-type production environment is to balance flow of work; not
capacity (see McManus[39]). To achieve this management policy, it is necessary
to recognise the distinction between transfer lot size and process lot size.
Transfer lot size refers to the quantity of parts to be moved between production
resources. The process lot size refers to the quantity of items a production
resource has to work on before a change of set-up is required. In an OPT-type
environment, the execution of the policy will require a balance between transfer
and process lot sizes, particularly, in the case of bottleneck resources.

To help produce a plan necessary for an OPT environment, one has to calculate
appropriate lot sizes. One approach is to use a DSS with a specialised algorithm
such as that developed by Goldratt[40]. Another approach is to use a DSS
designed to support MRP/MRP II environment but by getting it to mimic the
OPT effect. Details of the second approach is described in a paper by Swan([41].
In broad terms, this involves the iterative used of MRP and CRP algorithms.

3.4 The Proposed Generic Framework
The review of conventional CAPM systems, revealed the following factors:
a) All CAPM systems exhibit a hierarchical framework.

b) It is wrong to assume that technology itself actually defines a CAPM
system modus operandi and the role of technology is simply a support
mechanism.

¢) The closed loop control framework applies to MRP II and OPT systems
but not JIT, which is closer to the Mintzberg[29] model.

Having considered the factors listed above, a generic framework was devised
based on the combination of the management models as listed in the
Section 3.2. This strategy resulted in a proposed CAPM framework shown in
Figure 2.

The proposed generic framework is based on three distinct types of modules:
a) Management modules;

b) Transaction process modules;

c¢) Database records.




3.4.1 Management modules

A management module corresponds to aspects of a CAPM system concerned
with decision making. Using Simon’s[42] model, a decision making process is
characterised by three key phases; an ‘intelligent” phase, a ‘design’ phase and a
‘choice’ phase.

The intelligent phase is concerned with identifying the existence of a problem.
This aspect of the decision process is usually handled by a human with elements
of a DSS (see Pounds[43] and Ewards[44]) to highlightfﬁrtoblem by indicating
discrepancies between a planned and an actual phenomenon.

The design phase is where solutions to a problem is identified and/or devised.
This is most likely to be handled by a human with elements of a DSS to help
simulate consequences of solutions.

The choice phase is the selection of solutions. A management policy may be
incorporated to define the scope of actions afforded to the human, who is
responsible for the choice of solution.

Drawing from Simon’s[42] decision model, the characteristics of a management
module is expected to vary according to:

a) Management policy instituted;
b) Decision Support System (DSS) afforded;
¢) User’s role in decision making.

For a complex infrastructure like a CAPM system, it is unlikely that a single
management module will cover all of its requirement. Drawing from the
definmition of a CAPM system as laid out in chapter one, the management
modules have be identified as common to any CAPM system:

a) Master scheduling. This module deals with matters relating to the
management of end-items and/or final assembly demands and due dates.

b) Capacity management. This module deals with matters relating to the
medium term capacity planning and control.

¢) Process planning. This module deals with matters relating to the planning
and control of routings and set-up times.

d) Requirements planning. This module deals with the management of sub-
assembly and component items demands and due dates.

¢) Supplier sourcing. This module deals with the management of medium-
term relationship between supplier and client.

f) Operations scheduling. This module deals with the short-term planning
and control of due dates and throughput.

g) Supplier scheduling. This module deals with the scheduling of bought-out
items.




h) Engineering change management. As the name implies, this module deals
with the management of engineering change.

The choice of these eight modules is arbitrary but should, nevertheless, form a
useful basis to study the functionality of any CAPM system.

3.4.2 Transaction processing module

A transaction is an activity like the transfer of materials. Often transaction
records are needed to direct, report on or confirm a transaction. A transaction
processing module corresponds to aspects concerned with producing transaction
reports.

In any CAPM system, it is expected that there are eight types of transaction
processing corresponding to the monitoring and dispatching of:

a) production orders;
b) purchase orders;
c) inventory and matenals;
d) engineering change.
The characteristics of each TPS module is expected to vary according to:
a) transaction processing policy instituted;
b) Transaction Processing System (TPS) afforded;
¢) User’s role in decision making.

A transaction processing policy defines the way transaction processing is
enacted. In other words, whether transaction processing is enacted in an on-line
or manually.

A TPS 1s a system designed to support the processing and dispatching of
transaction records. The TPS can be either fully computerised (thereby enabling
on-line transaction processing) or partially computerised (where a mixed
human-machine is used). The user model relates to the individuals who are
responsible for the functioning of the TPS.

3.4.3 The Database

There is a precise meaning to the term ‘data’. A data item refers to the symbols
used to represent facts, knowledge, concepts and instructions of some
enterprise(see ISO[45]). A collection of related data items is called a record.
Data records are held in a database. A database is a repository of stored records.
The enabling technologies for the management of databases ranges from simple
paper filing systems to automated systems known as Database Management
Systems (DBMS).

Any enterprise will require numerous records of data items but in broad terms,
these records can be classified into three main groups:




a) Master records. These records represent information for identification
purposes and are fairly static. The values of in these records do not change
often.

b) Operational records. These records represents information for decision
making and are fairly dynamic.

¢) Transaction records. These records hold data about transactions and are
very dynamic.

3.5 Chapter Summary

This chapter has shown that in order to fully comprehend the complexity of a
CAPM system, its is necessary to appreciate the underlying roles of
technological, human and policy elements that make-up the system. The
purpose of the generic CAPM framework is to facilitate analysis in those terms.

The role of the policy elements (i.e. management and transaction processing) in
any CAPM system is to define the limits of management decisions. In other
words, it defines, for instance, how master scheduling is to be effected
regardless of enabling technology. More to the point, it defines how enabling
technologies are used.

The role of the technological element in a CAPM system is to provide support
for decision making (i.e. DSS), transaction processing (i.e. TPS) and to act as a
repository of information (i.e. database). In recognising the role of technology in
this manner, this avoids the potential error of assuming that characteristics of a
technology actually determines the operations behind a CAPM system. As
indicated in this chapter, a software algorithm designed to enable calculations
of requirements according to MRP principles can also be used to enable
calculation along OPT principles.

Finally, the human elements in any CAPM system constitute the decision
makers in the sense that they are responsible for the acceptance of any plans
(i.e. schedules) generated. Whilst it may be technicaily possible for an
automated decision making process, it is not necessarily what occurs in
practice. Hence, the decision to consider the human users as part of the system
infrastructure.



4. CRITERIA FOR CAPM EFFECTIVENESS AND
EFFICIENCY

4.1 Chapter Introduction

The criteria for CAPM system effectiveness and efficiency, as indicated in
Chapter 2, vary with one’s point of view. In order to cater for a broad church of
view of effectiveness and efficiency, it would be necessary to accommodate all
possible views. The problem is what constitutes ‘all possible views’? More to
the point how practicable would it be accommodate every possible view in the
CAPM audit methodology? '

The approach adopted in this project was not to consider CAPM effectiveness
and efficiency criteria from individual users’ perspectives but from a much
wider perspective. That means, approaching from the assumption that what
ultimately counts in any company’s performance is to achieve a sustainable
competitive position. Whatever the infrastructures incorporated into a company
the aim is to facilitate the achievement of a sustainable competitive position.
Hence the effectiveness and efficiency of a CAPM system have also to be seen
from that perspective.

Having identified the concept of competitiveness as a basis for the effectiveness
and efficiency of a CAPM system, the question is how does one explain the
impact of CAPM on competitiveness?

The purpose of this chapter is to discuss a theoretical framework to deal with
that question.

4.2 The Concept of Competitiveness

4.2.1 Competitive forces

According to Porter[46], the state of competition in an industry is influenced by
four basic forces, which are diagrammed in Figure 3. The collective strength of
these forces is the prime determinant of a company’s profit potential. The basic
forces include:

a) Threat of new entrant.
b) Bargaining power of suppliers and buyers.
¢) Threat of substitute.

New entrants to an industry bring new capacity and the desire to gain market
share. The seriousness of the threat depends on the barriers present. Barriers can
be manifested in several ways, for instance:

a) Product differentiation. Brand identification creates a barrier by forcing
entrants to spend heavily to overcome loyalty.

b) Access to distribution channels. New entrants must secure channels of
distribution. Thus barriers can be established by limiting channels of
distribution.



Suppliers can exert bargaining power by raising prices or reducing the quality of
bought-out items. Companies can become vulnerable to suppliers if they lack
alternative sources or if suppliers have access to more than one customer.
Likewise, buyers can also exert pressure on price, particularly when they can
source from a significant range of alternatives.

Companies selling products with price-performance sensitivity can be
threatened by substitutes with improved price-performance. To counteract the
threat, companies can respond either by differentiation or by matching the new
price-performance equation.

4.2.2 Generic competitive strategy

The preoccupation of each company is finding a position within its industry that
will ensure above average performance. The basis of an above-average
performance in the long run is sustainable competitive advantage. The
significance of any company’s strength and weakness, and its competitive
position, is ultimately a function of its ability to adjust its cost structure and its
ability to differentiate its products.

According to Porter{46], a company can seek sustainable competitive advantage
through four generic strategies; cost leadership, differentiation, cost focus and
differentiation focus. Each of the generic strategies involves a fundamentally
different route to competitive advantage. The cost leadership and differentiation
strategies seek competitive advantage in a broad range of industries, while focus
strategies seek a narrow range.

4.3 Strategic Chains

To be in a position to fully appreciate the competitive position of a company, it
is necessary to identify the mission of a company. An approach to recognising
the mission of a company is to classify it. Two examples of effort to classify
companies are represented by Woodward[47], Marucheck and McClelland[48].
However, these approaches have tended to be too narrowly focused and gives
little or no real indication of a company’s business mission.

For instance, in Woodward’s[47] case, companies are reduced to entities of
either ‘unit’, ‘batch’ or ‘mass’ production. Such descriptors do say something
about the production technology deployed but not the mission of company,
therefore, giving no clue as to what rationale the technology has in shaping a
company’s competitiveness.

Another approach is to classify the company according to its core competence;
that 1s, in terms of product technology such as computer systems or aerospace
systems. Whilst it is true that a company has core competence, the competitive
forces acting on the company are not necessarily uniform. For instance, a
company manufacturing personal computers and workstations will have core
competence in computer systems. However, the nature of competition for
personal computers and workstations is not necessarily the same. Generally
speaking, personal computers are price sensitive whereas workstations are
price-feature sensitive.
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Thus, in order to identify what constitutes the mission or missions of a
company, Ansoff[49], Gilbert and Strebel[50] stated that one must take into
account all the activities that are necessary to deliver a product or service that
meets the expectations of a market. These activities are variously referred to as
‘value chain’, ‘business units’ or ‘strategic chain’. For this project the term
‘strategic chain’ is preferred. Therefore, rather than considering the company as
competing in an industry, one should consider the strategic chain as competing
in an industry.

4.4 The Criteria to Benchmark Competitiveness

It is impossible to define very specific criteria to cover all types -of strategic
chain. A more realistic approach is to use broad criteria. Hill[51] and Garvin[52],
for instance, suggested that a set of benchmarks known as ‘order winning
criteria’. Examples of order winning criteria are:

a) Quality of design. This criterion is an indicator of the required product
features.

b) Quality of conformance. This criterion defines the degree of conformance
to specification as required by the market.

c¢) Delivery lead-time. This criterion defines the time a customer has to wait
between the initiation of a customer order and the receipt of the finished
goods.

d) Delivery reliability. This criterion defines the ability to deliver the product
to within quoted time.

e) Volume flexibility. This criterion defines the ability to satisfy fluctuating
volumes of demand without compromise to lead-time.

f) Design flexibility. This criterion defines the ability to produce product to
customised requirements.

g) Price competitiveness. This criterion defines the ability to command for
product value at a level acceptable to the market.

Order winning criteria provide useful information about the competitive
position of a company’s strategic chain in its chosen market environment.
Those criteria, however, do not indicate if a competitive position is sustainable
or not. Hence, another set of criteria is needed. Drawing from works by Howell
and Soucy[53], the following criteria have been identified:

a) Inventory turnover. This criterion is used to identify the total cost of
inventory incurred by a company.

b) Availability and reliability of suppliers. These criteria relate to
Porter’s[46] point on the power of supplier and the extent to which a
company has effectively lock-in their supplier to its strategic chain.

¢) Production lead-time. This criterion is a useful indicator of a company’s
ability to meet delivery requirements.




d) Utilisation of bottleneck resources and the availability of non-bottleneck
resources. These criteria have implications on inventory and throughput.
As Goldratt and Cox[54] pointed out, maximum utilisation of non-
bottleneck resources results in overproduction whereas poor utilisation of
bottleneck resources reduces throughput efficiency.

For want of a term, the second set of criteria is called ‘manufacturing
liabilities’. The term simply describes the degree of liabilities carried in helping
to establish a competitive position. By combining, order wining criteria and
manufacturing liability criteria an external and internal view of competitiveness
is established.

4.5 Chapter Summary

The argument as presented in this chapter is that the effectiveness and
efficiency of a CAPM system is best appreciated by its contribution to a
company’s competitive position. Also this contribution must be viewed not
from the basis of a company unit but from the perspective of strategic product
chains. The competitive position of each chain is benchmarked by two sets of
criteria; ‘order wining criteria’ and ‘manufacturing liabilities’. One of the
design goals of the CAPM audit is to emphasise these concepts.
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S. JUSTIFYING THE NEED FOR A NEW
METHODOLOGY

5.1 Chapter Introduction

Several candidate methodologies were identified and reviewed in order to
establish if there was justification for a new methodology. The candidate
methodologies were extracted from several sources. Here, it is useful to
distinguish between the terms ‘methodology’ and ‘source’. A methodology is
defined as a system of methods and principles for the auditing of CAPM system,
whilst a source refers to methods and principles that may have relevance to the
evaluation of CAPM system but not necessarily specific to a CAPM system per
se.

The purpose of this chapter is to highlight the strengths and weaknesses of
candidate methodologies and the lessons drawn from them are used to justify
the development of a new methodology.

5.2 The Search for Candidate Methodologies
5.2.1 The Search Method

The search for candidate methodologies had two key considerations:

a) how to ensure a representative sample of sources and, by implication,
methodologies?

b) how to extract relevant methodologies from sample sources?

To ensure a representative sample of sources, the search area was targeted at
several specialist interests; operational research, management theories,
management accounting, and software engineering.

The underlying methodology in each source were extracted through pair-wise
classifications.

5.2.2 An Overview of the Candidate Methodologies

Category 1. This category is represented by sources using the Delphi technique.

Frizelle[55] introduced a CAPM system implementation methodology consisting
of three stages. The first stage facilitates the evaluation of obstacles to the
implementation of CAPM systems. The framework in this stage is based on a
series of structured questions aimed at identifying resistance to change and the
extent of financial resources available to implement change. The second stage
evaluates the installed CAPM system by considering issues of functional
integration and data accuracy. The last stage is structured to enable the analyst &
see the logical trails of previous stages and to use the trails as a basis to identify
one or several scenarios of optimum CAPM systems based on a list consisting
of project management, simulation-type system, MRP, JIT to OPT.
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Platts and Gregory[56] proposed a so-called manufacturing audit approach to
support the development of a manufacturing strategy. Their manufacturing audit
consists of three stages. The first stage supports the evaluation of how well a
company is performing in its market and the threats and opportunities
confronting it. The second stage supports the evaluation of the strength of the
company's structure (i.e. plant layout) and infrastructure (i.e. CAPM systems).
The third stage is designed to enable the analysts to use information from stages
I and II to draw one or several plausible manufacturing strategies.

Rowan and Chatterton[57] proposed a 'production audit' methodology, which
they used to evaluate both structural (production facilities) and infrastructure
(organisation, information system) of a company. The methodology requires a
multi-disciplinary team of specialists to address issues within the realm of their
expertise. An audit outcome is then produced by collating the findings of the
specialists.

Category IL. This category is represented by sources using quantitative
techniques.

Chandler[58] proposed a method for evaluation of the service performance of
computer based information systems. The method involves decomposing the
services of computer systems into activities. A service refers to the outcome
expected by the user; such as, the search for a file. The search for a file is
usually composed of activities like authentication, locating and retrieval.
Performance of such a service is established by comparisons between estimated
(sum of calculated activity times) and actual service cycle times.

Bard[59] presented a method aimed, principally, at analysing the effects of
system automation. The approach involves decomposing a system into sub-
systems. Each of the subsystems is then mathematically linked with a series of
functional criteria, such as costs, reliability and safety. The mathematical link is
achieved by a technique known as non-linear multi-objective integer
programming. The completed model is then subjected to variations in the
subsystems’ characteristics and the effect on functional criteria noted.

In all the sources uncovered under this category, the only direct application of
scientific technique to CAPM audit is by Hicks. His approach to CAPM audit
involves the use of a tool, designed to operate on strict simulation principles, to
test the effects of plant layout, scheduling rules and data update frequencies.
According to the report by Hicks et al[60], the simulation tool has three key
components. The first component consists of modules not dissimilar to those
found in typical MRP-type CAPM systems. This allows a simulator user to
generate production plans. The second component consists of modules
generating random conditions to effect plans generated by the first component.
The third component provides modules to conduct regression and sensitivity
analysis.

Category IIl. This category is represented by sources associated with software
engineering. Software engineering refers to a disciplined approach to analyse
software requirements and the crafting of software systems. Many methods have




been developed. All of these methods have two basic components; a paradigm
and a set of notations.

The function of the paradigm is to enforce an orderly software development
process in accordance with prescribed programming principles. Broadly
speaking, software systems can be sub-divided into three basic paradigms.

a) Logic analysis. An example of the method enforcing this paradigm is
GRAI (see Ridgeway[61]).

b) Structured analysis. Examples of methods enforcing this paradigm include
SSADM and SADT (see Bravoco and Yadav[62])

¢) Object-orientation. Examples of methods enforcing this paradigm include
Coad and Yourdon{63].

The notations, as used in software engineering, function as graphical and/or
textual vocabularies for system modelling.

Category IV. The sources identified in this category represent the use of ‘ratio
analysis’ for information system evaluation.

Buker's[64] work is intended specifically to evaluate MRP II systems. There are
three identifiable stages. Firstly, the method involves identifying outputs
generated by the systems. Secondly, system outputs are expressed as ratios of
real to ideal outputs. Thirdly, the calculated ratios are discriminated on a scale
corresponding to Wright's[65] classification. For example, a CAPM system is
judged to be class A if the overall performance ratio 1s rated at 90% or better.

Matlin[66] propose a method not dissimilar to Buker's[64]. In Matlin’s[66] case,
calculated ratios are compared with an industry ratio. In other words,
determining if a company’s ratio is above or below the average ratio when
compared with a similar group of companies.

Category V. The sources in this category represents techniques which seek to
measure CAPM system compliance to some prescribed norms.

Cook{67] formulated a checklist of best practice criteria, against which CAPM
systems are to be measured. The checklist is deliberately structured to
emphasise the MRP II framework as the best practice.

Hansen and Hill’s[68] proposal was a checklist to enable the evaluation of good
practice in the context of electronic data interchange systems. The checklist
does not apply directly to CAPM systems and it emphasises good practice only
on issues of data accuracy.

Miller and Dunn[69] provided a list of pointers on how to subscribe to sound
MRP principles. Those principles can then be used to establish a good practice
norm.

Category VI. This category is represented by sources that use financial
techniques to evaluate CAPM system.

Keen[70] described an approach to establish CAPM system effectiveness and
efficiency using a pseudo ‘return on investment’ type analysis. The approach
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requires, firstly, operational measures of performance to be defined (e.g.
reduction in costs, due date performance). The values of the defined measures
are then used to decide on a quid pro quo basis, if the cost of CAPM
implementation is justified. In other words, deciding if, say, a 10%
improvement in customer satisfaction justifies a £10,000 CAPM installation.

Primrose[71] proposed a method similar to Keen's[70] in the sense that the value
of information systems is calculated on the basis of return on investment.
However, the former method requires all of the operational measures to be
expressed in monetary form.

Category VIIL This category is represented by sources that seek to establish an
appropriate match between CAPM system type and the context in which they
operate.

Grinwald and Van Der Linden's[72] methodology used a network analysis
technique to typify production or, more specifically, scheduling requirements.
The next stage is to test the different classes of scheduling requirement against
MRP, JIT and OPT using simulation techniques. The system that exhibits the
best result is deemed the optimal solution.

Barber and Hollier's[73] work was concerned with identifying an optimal CAPM
system for each company-type. Their work has two identifiable stages. The first
stage involves applying numerical taxonomy on the following variables:

a) market/customer environment;

b) product complexity;

c) the nature and complexity of manufacturing operations;
d) supplier environments;

€) company structure and manufacturing policies.

The result of the first stage provides a classification of companies. In the second
stage, an optimum CAPM structure is defined by making comparisons between
successtul and unsuccessful companies with each type grouping.

Boaden and Dale[74] proposed a method to evaluate Computer Integrated
Manufacture (CIM). The method is based on a series of structured questions
designed to elicit users' expectations of CIM. The performance of each existing
system is established by comparing the user's expectation and the characteristics
of the system installed.

McGarrie and Kochhar[75] developed a methodology consisting of two stages.
The first stage involves the establishment of the uncertainty, complexity and
flexibility attributes in a given manufacturing system. In the second stage, the
methodology recommends a CAPM system from a range that include Order-
point, MRP, MRP II, Kanban and OPT systems. The selected CAPM system is
one that will satisfy the attributes of the context in which it 1s to operate.




5.3 Analysis of Candidate Methodologies
5.3.1 Method of analysis

For this project, the issue of whether a candidate methodology is appropriate
rests on how well it addresses these questions:

a) Is the methodology flexible enough to cope with the problems in a partial
audit scenario?

b) Does the methodology engage the client in the audit?

c) Does it support the concept of competitiveness as the basis for CAPM
effectiveness and efficiency?

d) Does the methodology address the problem of CAPM systems at an
appropriate level of abstraction?

These questions follows from the requirements of a CAPM audit outlined in
Chapter Two, Chapter Three and Chapter Four.

5.3.2 Result of Analysis

The result of the analysis is summarised in Table 1.

Category L The sources in this category will easily satisfy the criteria on
flexibility and a team-oriented approach. One methodology, by Platts and
Gregory[s6], offers useful clues to enable the evaluation of CAPM systems from
the perspective of their impact on competitiveness. The other methodologies are
lacking in their emphases on competitiveness and how CAPM system can
impact it. However, all methodologies fail in terms of abstractions; they treat
CAPM system as abstractions of either MRP, MRP II, JIT or OPT. The major
problem with those abstractions is that they hide the underlying source of failure
by not recognising that the CAPM system is a complex aggregates of social as
well as technological factors.

Category IL From the perspective of criterion-related validity, one could argue
that quantitative techniques offer a highly objective methodology. Objective in
the sense that quantitative techniques require the use of hard measures that can
be verified. However, the emphasis on hard measures does restrict its
application in a partial audit scenario where access to data may be restricted.

From the perspective of construct validity, quantitative techniques offer a
transparent way of testing constructs of CAPM system failure. Transparent in
the sense that the trail leading to the conclusion of CAPM failure can be traced
and repeated without biases.

The level of abstractions that these candidate methodologies handle is also very
restrictive. Chandler’s[58] methodology restricts analysis to issues of data
accuracy, Hick’s technique[60] is restricted to MRP II type CAPM systems and
Bard’s[59] technique to problems that can be represented in multi-objective
linear programming, none of which meets the requirement of a CAPM audit.
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None of the candidate methodologies dealt specifically with the question of
competitiveness.

Finally, these methodologies are not appropriate for a team-oriented audit
approach. This problem is inherent in quantitative techniques in that they
require highly specialised vocabularies.

Category I These methodologies are useful for the modelling of CAPM
systems in an orderly fashion and they lackf any reference to any particular
technology. They are also generic in the sense that they can facilitate abstraction
of any potential CAPM system to any depth. However, any resulting model of a
CAPM system is severely restricted to the semantics of the modelling notations
and it will require expertise to manage the methodology. This drawback will
likely hinder a team-oriented approach to auditing. In terms of its applicability
to a partial audit scenario, there are no clear criteria to suggest that the
methodologies are inappropriate. What is clear is that the candidate
methodologies lack explicit reference to the issues of competitiveness.

Category IV. These methodologies seemed to provide objective information.
However, unless the ratios are properly dimensioned, the methodology offers
little in appreciating the rationale for system failure or otherwise. Also, the
highly structured procedure makes the methodology inappropriate in partial
auditing scenarios.

Category V. These methodologies raise questions about their construct validity.
Particularly since they are aimed at measuring systemsagainst prescribed ‘good
practice’ benchmarks, one has to ask; what is good practice?

These methodologies could also have the effect of drawing conclusions to a
particular prejudice rather than actually reveal why an installed system has
failed.

Category VI. The methodologies in this category approach the evaluation of
the impact of CAPM systems in monetary terms and will provide an attractive
expression of value. However, getting the information to verify the monetary
value of a system will present a significant challenge in partial audit scenarios.

Category VIL The construct validity of these methodologies is questionable.
These methodologies relies on statistical correlation to establish CAPM system
types (i.e. MRP, JIT, OPT) against company type. This raises two basic
questions;

a) These correlations are established at a very high level of abstraction, so
can they pin-point failure of real life systems?

b) How accurate are the variables used to classify companies?

5.4 Chapter Summary

The search for candidate methodologies revealed alternatives, which fallg into
seven broad categories; Delphi-type technique, mathematical techniques,
software engineering techniques, ratio analysis, ‘good-practice’ benchmarking,
financial analysis, and qualitative optimisation. These approaches, on their own,
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were found to be unsuitable in both methodological and practical terms.
However, they have certain strengths. Hence, the project strategy is to build
upon the strengths of the alternatives identified in this chapter instead of
creating an audit from scratch.
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6. DESIGNING THE CAPM AUDIT

6.1 Chapter Introduction

A CAPM Audit has been created from the principles described in the previous
chapters. The purpose of this chapter is to describe the design decisions
involved in translating the principles into a working framework.

6.2 The Proposed Audit Framework

Lessons from the analysis of the problem of auditing and the exploration of
candidate methodologies suggest a team-oriented approach for the CAPM audit
as the best option. However, several problems were identified in a team
orientated approach. Firstly, there is the problem of delegation. Secondly, there
is the problem of ensuring a cohesive audit process.

To address those problems, it was decided that a four stage audit framework
would be the best basis for a CAPM audit. The four stages are:

a) Stage I - Establish the context;
b) Stage II - System analysis;
c¢) Stage III - Impact analysis;
d) Stage IV - Problem analysis.
A functional model of the framework is shown in Figure 4.

The overall design strategy calls for a workbook-based support mechanism. The
workbook is to consist of worksheets to facilitate the creation of audit trails.
The choice of a workbook-based mechanism is based on two considerations:

a) a framework to facilitate ease of methodology transfer;

b) a flexible medium to ease the creation of audit trails.

6.3 The Design of Stage 1

The design goal called for a framework to help the audit team analyse a
company from the perspective of strategic chains. What the audit team has to do
in this stage is to examine three groups of characteristics associated with each
chain:

a) Group I characteristics relate to sales revenue, contributions, growth
potential, market share and potential competitors. By analysing the
strategic chains in these terms, the intention is to reveal the value of each
chain and, hence facilitate the determination of the weighting of the
impacts which the CAPM system should deliver.

b) Group II characteristics relate to the product position, product structure,
number of components, and the percentage of bought-out items associated
with each chain. The intention here is to reveal the nature of the product
associated with each chain and, therefore, the complexity of the
production management environment.




c) Group III characteristics relate to the organisational structure of the
company. The intention here is to reveal the scope required of the CAPM
System.

Three worksheets have been designed to support the tasks in this stage. The
worksheets are designated 1.1, 1.2 and 1.3. Worksheet 1.1 is intended to capture
information relating to Group I criteria, Worksheet 1.2 that relating to Group II
criteria and Worksheet 1.3 that relating to Group III criteria. All three
worksheets, whilst designed to capture and retain different types of information,
share the same structure. A schematic of the worksheets is illustrated in Figure
5.

Each worksheet consists of a series of rows and columns. Each row defines a
strategic chain based on an identified product family. Each column identifies a
particular characteristic about the strategic chain.

6.4 The Design of Stage I1

The design goal for this stage was for a framework to enable the comparison of
any installed CAPM systems from the perspective of the generic CAPM
framework defined in chapter three. This approach represents a CAPM system
as comprising of management modules, transaction processing modules and a
database.

Management modules. The design strategy here is to explore issues of policies
(i.e. rules on how decisions are processed), DSS capabilities and user
characteristics.

Transaction processing modules. The problems of transaction processing can
frequently be attributed to a mismatch between processing capabilities and the
volume of data to be processed. Therefore, the design strategy here was
facilitate the investigation of transaction volumes, transaction policies (i.€. rules
on how transaction processing is to be instituted) and the capabilities of the
TPS.

Database. The design strategy here is to consider issues relating to the integrity,
concurrency, data accuracy and data independence of the CAPM database.
Using the terms and definitions by Date[76], four criteria are as follows:

a) [ntegrity. This is an indication of the completeness of a database. In other
words, whether a database has completely captured all of the facts and
knowledge it is supposed to represent.

b) Concurrency. This is an indication of a database ability to support
multiple access to the same data value.

¢) Data accuracy. This is an indication of how contemporancous the
database is when measured against the facts the system is supposed to
represent.

d) Data independence. This is an indication of how amenable the database is
to technological changes.

Three different worksheets have been designed to support this stage. The

29




worksheets are designated 2.1, 2.2 and 2.3. In the design of the worksheets, two
design alternatives were explored:

a) Alternative I - Establish a system of worksheets to facilitate graphical
modelling.

b) Alternative II - Establish a system of worksheets to facilitate modelling in
normal English.

Alternative I would have necessitated the provision of graphical notations to
represent the characteristics of any CAPM system. This would require very
significant design effort plus a considerable effort to communicate the syntax of
the sets of graphical notations to the user, thus adding to the complication of
methodology transfer. Since English is a common form of communication,
Alternative II would present less problem for methodology transfer, although it
is recognised that textual input is frequently not exact.

Worksheet 2.1 is designed to hold information relating to the management
modules in a CAPM system. The worksheet consists of six segments to be
completed (see Figure 6). Segment {1} requires the name of the particular
module being examined (i.e. master scheduling, capacity planning, etc.).
Segment {2} requires the name of any product family(ies) affected by the
module. Segment {3} requires a description of the management policy.
Segment {4} requires a description of the DSS that forms part of the module
being examined. Segment {5} requires a description of the user (i.e. decision
maker and support staff) that forms part of the module. Segment {6} requires a
convenient designator (i.e. user define code) to identify the user involve.

Worksheet 2.2 is designed to hold information relating to transaction
processing modules in a CAPM system. This worksheet has seven segments (see
Figure 7). Segment {1} requires the name of the particular module being
examined (i.e. dispatching jobs, monitoring purchase orders). Segment {2}
requires the name of the product family(ies) affected. Segment {3} requires the
number of transactions involved. Segment {4} requires a description of the
transaction processing policy instituted. Segment {5} requires a description of
the TPS. Segment {6} requires a brief description of the user involved.
Segment {7} requires a convenient designator to identify the user involve.

Worksheet 2.3 i1s designed to enable an auditor to note the update interval,
accessibility and record medium of each data record type from the perspective
of a particular CAPM user. A schematic of the worksheet is shown in Figure 8.
Items of information should be presented as follows:

a) Segment {1} will have an indication of the product family(ies) affected.

b) Segment {2} will have an indication of the update interval of record 1
from the perspective of User .

¢) Segment {3} will have an indication of the accessibility of record 1 from
the perspective of User 1.

d) Segment {4} will have an indication of the medium in which record 1 is
held from the perspective of User 1.
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Note that the user designation should correspond with those identified in
worksheets 2.1 and 2.2.

The design of Worksheet 2.3 is restricted to the analysis of ten record types:
a) Item master;
b) Work centre;
¢) Statistical,
d) Master schedules;
€) Requirements plans;
f) Process plans;
g) Inventory status;
h) Shop floor status;
1) Purchase order status;
J) Engineering change status.

This list of record types is considered representative of the basic types found in
any CAPM system.

6.5 The Design of Stage I

The design goal required a framework to enable the exploration of the strategic
chains of a company as the target components of a CAPM system. This means
that the competitive position of each chain is established as the basis on which
the impact (i.e. the effectiveness and efficiency) generated by a CAPM system
is determined.

The competitiveness of each chain shall be benchmarked against order winning
criteria and manufacturing liabilities.

The framework was also required to be designed in such a way that it aliowed
the audit team to use whatever measures, direct or surrogates, which were
available as long they correlated with the criteria listed in chapter four. The
rationale behind this design decision was to attempt to ensure flexibility.

For the purpose of audit trail, the audit team must also quantify the
competitiveness on a standardised scale. The idea of presenting findings on a
standardised scale is to enable the clear communication of the magnitude of
each measure. Several candidate scaling systems were considered. Principally
these were the Likert scales, Guttman scale and semantic differential scale.

The Likert scales, also called summated scales, are commonly used in the social
science research community (see Torgerson[77]). The scaling system consists of
a set of statements which reflects favourably or unfavourably on a particular
attitude. For instance, for this project, a statement like “the company’s
inventory-turn measure is satisfactory” could be formulated and the respondent
could then register if they agree or disagree with that statement. To be more
sophisticated the agreement or disagreement categories can be expanded to




indicate shades of agreement or disagreement. The problem with this approach
1s having to establish the number of statement sets per criterion of CAPM
system effectiveness and efficiency. The number of performance criteria
involved would have entailed very significant design effort.

The Guttman scale is intended to enable the scaling of qualitative data but also
to reduce the effect of inaccuracies caused by distractions or inconsistencies
(see Guttman[78]). For such a scale to work, will require not just one but several
like-minded individuals to provide their binary (i.e. good or bad) responses to a
statement about a measure. The sample of responses will enable the
identification of consistency. However, it will also be necessary to ensure that
any results are not just a product of chance. Thus, the measure will have to be
correlated with one or more control statements.

The semantic differential scale consists of a set of bipolar adjectives with,
usually, a seven point scale between the adjectives (see Osgood[79]). A concept
is presented to the respondent and all that he or she has to do is to mark off on
the scale which adjective is closgest in meaning. For instance, a respondent
could be asked to indicate if the price of goods he is selling is low or high as
compared to the competition.

Clearly, both Likert and Guttman scaling systems require significant design
effort. They also do not facilitate, say, results of order winning criteria to be
expressed in one broad format. The auditor can only view the criteria one-by-
one.

With the semantic scaling system, it is possible to see and deal with multiple
criteria in one broad format, which is very useful in providing clues to possible
coupling in criteria that may exist. Hence, the decision was to design a
worksheet based on the principle of semantic scaling.

6.6 The Design of Stage [V

The design goal calls for a Delphi framework to identify the weakness of the
installed CAPM system. The Delphi framework is a form of structured
consensus analysis. The structured aspect of the framework means that the audit
team 1s expected to substantiate their final result based only on evidence from
the previous stages. The consensus aspect implies a team-oriented analysis.

Initially, it was felt that this stage of the audit could benefit from using the
mechanism found in the methodology of Platts and Gregory[s6]. The advantage
of that format is its ability to enable an auditor to construct multiple correlations
between components of CAPM systems and the competitive dimensions (i.e.
order winning and manufacturing liabilities criteria). The disadvantage was its
fixed structure, which restricts the amount of information that can be held.
Although its design was intended to enable group discussion, the fixed structure
does not allow for alternative views to be captured easily.

For the CAPM audit, it was decided that the design of the framework be based
on the Ishikawa’s[80] ‘fish-bone’ concept. It provides a simple approach to
present the correlation between ‘cause’ and ‘effect’. The fish-bone framework




is flexible enough to enable the audit to accommodate as much detail as
required. Its flexibility would also be such that alternative views on single
causal factors can be captured, thus, making it more natural for group
discussion. Most importantly, the ‘fish-bone’ concept is a relatively mature
framework. It is widely used, particularly in quality control, so it should be
fairly familiar to any potential auditor or client, thereby, easing the use of the
CAPM audit methodology.

6.7 Chapter Summary

It was decided to structure CAPM audit into four key stages. The structure was
designed to ensure that the audit would be manageable in the context of a team-
oriented approach.

It was also decided to support the audit by a workbook. The choice of a
workbook support mechanism is based on two main considerations:

a) to facilitate ease of methodology transfer;
b) to facilitate the creation of audit trails.

The proposed CAPM audit framework is presented in workbook form in
Volume II of this thesis.
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7. AUDIT EVALUATION

7.1 Chapter Introduction

The CAPM Audit was subjected to a series of trial runs. The mission of the trial
was to determine if the audit design goals, as described in chapter six, could be
met in real life scenarios.

The purpose of this chapter is to describe the trial proceedings and lessons
gained from the trials. It is not the purpose of this chapter to present conclusions
about the companies involved in the trials.

7.2 Method of Evaluation

7.2.1 The terms of reference

For the purpose of the trials, six collaborating companies were chosen as case
clients. The nature of the companies is as follows:

a) Client A. This client generates an annual sales turnover of £10m. It has
approximately 200 employees, and manufactures medium scale industrial
bearings.

b) Client B. This client generates an annual sales turnover of £60m. It has
approximately 300 employees, and manufactures large scale cranes and
winches.

¢) Client C. This client generates an annual sales turnover of £450 K. It has
approximately 10 employees, and manufactures a wide range of
customised jigs and fixtures.

d) Client D. This client generates an annual sales turnover of £19m. It has
approximately 300 employees and manufactures fabricated steelworks.

e) Client E. This client generates an annual sales turnover of £15m. It has
approximately 300 hundred employees. Its core businesses are the
manufacture large internal combustion engines and turbines.

f) Client F. This client generates an annual sales turnover of £25m. It has
approximately 200 employees. Its core businesses are the manufacture of
large power transformaters and electrical machines.

The chosen clients were considered ‘worst case’ scenarios for the following
reasons:

a) These companies had complex environments that cannot be described by
simple company or manufacturing classification (e.g. MTO, batch, or
volume). This presents significant challenges in establishing the
requirements for the CAPM system.

b) These companies had highly fragmented CAPM systems in software,
hardware and architectural terms. Hence, it is difficult to classify their
systems within the more conventional categories of MRP, MRP I or JIT.
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¢) These companies had little or no formal strategy for CAPM system
evaluation. This presents a potential problem with the collection of data
necessary for the evaluation of such systems.

The terms of reference for the conduct of the trials were as follows:

a) The whole audit proceedings, from initiation to submission of the audit
report, would be restricted to a period of no more than two months.

b) Access to information would be restricted to that specifically permitted by
the client.

These terms of reference were conditions considered typical of a partial audit
environment.

7.2.2 Trial procedure

The audit was applied according to the procedure described in the CAPM audit
workbook (see Volume IT) in each of the six chosen scenarios. The difficulties
encountered in the application of the procedure were evaluated.

Since the audit is composed of four independent stages, each of the stages was
evaluated according to its particular objectives.

7.3 Evaluating Stage I of the CAPM Audit
7.3.1 Trial objective

This stage of the audit requires the auditor to perform the following tasks:

a) Identify the range of products which each company manufactures, and
then classify the range into families. Each family identified shall then
form the basis of the company’s strategic chain.

b) Establish the relative commercial value of each chain according to the
procedure defined in worksheet 1.1 of the workbook.

¢) Establish the manufacturing complexity of each chain according to the
procedure defined in worksheet 1.2 of the workbook. The completed
worksheet is then expected to provide knowledge of the information
necessary to enable production to be controlled.

d) Establish the organisational infrastructure assigned to each chain as
defined in worksheet 1.3 of the workbook. The completed workbook ts
expected to provide knowledge about the scope of manufacturing and the
management framework (i.e. whether the chains are managed
independently or together).

Descriptions of the procedures associated with worksheets 1.1, 1.2 and 1.3 are
found in pages 1 to 6 of the workbook.

The trial objective here was to identify any difficulties in complying with the
prescribed procedure.




7.3.2 Case scenarios

The trials were conducted under the following circumstances.
Client A. This client has three recognisable product families:
a) Marine bearings;
b) Industrial bearings;
c¢) Ball/Roller bearings.

The products in all three families were made-to-order. The structure of products
for family (a) and (b) are fairly deep (i.e. between 6 to 10 levels in BOM terms).
In the case of (c), the structure is shallow (i.e. 1 to 5 levels in BOM terms).

All products share the same production resources and are manufactured on a
single site.

The client’s management structure is illustrated in Figure 9, which suggests a
common production management framework.

Client B. This client has four recognisable families of product, which are
known as ‘main contracts’, ‘subcontracts’, ‘spares’ and ‘mini stand-alone
business’. The nature of each product varies considerably:

a) Main contracts are Engineer-To-Order (ETO) products with very deep
product structures.

b) Subcontracts are Made-To-Order (MTO) products with varying product
structures (i.e. ranging from very shallow to very deep).

¢) Spares are Made-To-Order (MTO) products with very shallow product
structure.

d) ‘Mini stand-alone business’ are Made-To-Stock (MTS) products with very
shallow product structure.

The client’s organisational structure consists of seven autonomous business
units (see Figure 10). Each unit manufactures a combination of product (a), (b)
and (c). Only one of the unit is dedicated to the manufacture of unit (d).

Client C. This client does not have recognisable families of product. Instead the
client categorises its business according to the type of relationships enjoyed by
its customer. These classifications equates to:

a) Regular customers are those with long term subcontracting relationships.

b) Irregular customers are those with fairly long term subcontracting
relationships.

¢) Rare customers are those with only one-off subcontracting relationships.

All products are MTO type with structures varying from very shallow to
shallow.

All products are manufactured on a single production site.




This client management structure is shown in Figure 11, suggesting a single
management framework for all products.

Client D. This client has three identifiable product families:
a) Steel bridges and other welded fabrications;
b) Beam and column steelworks for buildings;
c) Water storage tanks.
All products are ETO or MTO. All products have fairly deep product structures.

Production is distributed across two independent sites but the management
structure shown in Figure 12 suggests a single management framework for all
products.

Client E. The client’s family of products comprises:
a) Diesels engines;
b) Steam turbines;
c) Spares.

All products are engineered to order. Products in family (a) and (b) have very
deep product structure, whereas (c) has very shallow product structure.

Production is distributed across two independent sites but the management
structure as shown in Figure 13, suggests a single management framework for
all products.

Client F. This client has three identifiable families of products:
a) Power transformers;
b) Electrical machines;
¢) Distribution transformers.

Power transformers and electrical machines are engineered to order, whereas
distribution transformers are assembled to order. All products have fairly deep
product structures.

The client is a confederation of two autonomous business units (see Figure 14).
Each unit has its own separate manufacturing and production management
framework. One unit is dedicated to the manufacture of power transformers and
the other is dedicated to the manufacture of electrical machines and distribution
transformers.

7.3.3 Result of evaluation

The items of information necessary for this stage of the audit were generally
accessible. The only problems encountered were:
a) The identification of product families for Client C.

b) Completing worksheet 1.3
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Point (a). The difficulty of Client C was that there were no clear product
families, which initially seemed to suggest that only one family was involved.
However, on further reflection it was noted that some kind of product
differentiation was in place, except that it was not based on items of
manufactured goods. Instead the concept of product differentiation should be
seen in terms of services provided. This approach could not be detected in the
audit procedure as originally proposed.

Point (b). Worksheet 1.3 requires the auditor to identify a business unit as the
area where manufacturing and production management occurs independently.
The worksheet was designed to assume that a company may have the option of
assigning a number of strategic product chains to a single manufacturing unit or
to assign one unit for each chain. The assumption was appropriate only for
clients A, B, C and F. In the cases of D and E, the assumption was invalidated
by the fact that, whilst the companies had established different sites for
specialised production processes, all of those different sites shared the same
production management framework. Therefore, the concept of a business unit
had to be redefined in the audit.

7.4 Evaluating Stage I of the Audit
7.4.1 Trial objective

This stage of the audit requires the auditor to analyse the CAPM system by
comparison with a generic framework. The audit procedure is as follows:

a) Identify the management modules, transaction processing modules and
database modules of the installed CAPM system.

b) For each of the modules analyse its characteristics as defined in
worksheets 2.1, 2.2 and 2.3 which are provided to support this task (see
pages 7 to 22 of the workbook).

The trial objective was to determine the difficulty of complying to the
prescribed audit procedure.

7.4.2 Case scenarios

The management policies for all of the collaborating companies are as noted in
Table 2. In general most companies had no formal policy for master scheduling,
process planning, and vendor scheduling. However, only one company had no
formal policy for capacity management, and the same company had no formal
policy for requirements planning, An assessment of the hardware and software
provisions in each collaborating company is as follows:

Client A. The CAPM system was based on a combination of stand-alone
Personal Computers (PC) and a Mainframe system. The mainframe supported
MAAPICS. The client’s PC supported in-house developed software, process
planning software and a CAD system. Information on software features were
obtained from informal discussion with CAPM users and observations of system
operations.
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Client B. Like its corporate structure, the client’s CAPM systems were also
fragmented. Each individual unit maintained their own CAPM system. The only
common thread was that all units used a mixture of mainframe and PCs. The
mainframe supported an MRP II-type system (developer unknown) whilst the
PCs supported in-house developed systems.

Client C. The installed CAPM system was a combination of PCs based and
manual systems. The software, in-house developed, supported basic stock
control and transaction processing.

Client D. The CAPM system was based on a collection of PCs, some
networked, the majority being stand-alone. The PC supported a vendor system
known as EFACS and several in-house developed software programs.
Knowledge about EFACS was obtainable from user guides. Knowledge of the
in-house developed systems was difficult to obtain as there was no
documentation and the system developers were not available for interview.

Client E. The client uses a mixture of stand-alone PCs and a Mainframe. The
mainframe supports MRP II-type software modules. The PCs support
‘transaction processing and process planning software modules. The systems
were obtained from separate vendors. '

7.4.3 Result of evaluation

Worksheet 2.1. This worksheet requires CAPM users to supply information
relating to policy and DSS characteristics.

Most CAPM users were unable to articulate the policy element of each module.
One possibility for this could be that the choice of CAPM users was
inappropriate. The other possibility that this could have been due to:

a) A lack of written policy statements.
b) The application of ad hoc policy.

A lack of written policy did not necessarily imply that there was no policy. It
was suggested by the CAPM users that unwritten rules, usually in the form of
‘rule of thumb’, were applied. For instance, in the majority of the cases, a
shortest lead-time policy was instituted for operational scheduling problems and
none of this was noted as official policy .

The trial also noted that ad hoc policies were often applied. Ad hoc policies are
those which are capable of being adjusted according to circumstances. For
example, it was noted that the collaborating companies tended to change policy
when there was a change in a key decision maker.

The problem encountered in the trial was identifying and differentiating
between ‘rule of thumb’ policies and ad hoc policies.

The difficulty of the task of establishing the characteristics of each DSS varied
significantly. In a situation where ‘off-the shelf’ systems were used, it was
possible to rely on user-guides, sales brochures and interviews with vendors to
obtain appropriate information. However, the in-house developed systems




proved problematic because there were no written materials for reference. Even
the users of these systems were not necessarily aware of the capability of their
systems.

Worksheet 2.2. There were considerable problems in supplying measures for
the criterion; ‘number of transactions’. This was partly due to confusion as to
what constituted a transaction.

Worksheet 2.3. The problem at this point related primarily to semantics. For
instance, the audit required the auditor to analyse the ‘statistical records’
component of the client’s database. However, the collaborating companies had
difficulties-in establishing the meaning of the phrase ‘statistical records’.

7.5 Evaluating Stage 111 of the Audit
7.5.1 Trial objective

This stage of the audit requires the auditor to calculate the impact of the
installed CAPM system on the client’s competitiveness. The prescribed audit
procedure is as follows:

a) Identify measures that correlate with the criteria listed in worksheet 3.1 of
the workbook. Then benchmark each measure with an appropriate basis
for comparison.

b) Identify measures that correspond with the criteria listed in worksheet 3.2
of the workbook. Then benchmark each measure with an appropriate basis
for comparison.

(Descriptions of Worksheets 3.1 and 3.2 are in pages 23 to 28 of the workbook).

The aim of the trial was to identify problems experienced in completing this
stage according to the prescribed procedure.

7.5.2 Case scenarios

The trials were applied under the circumstances as summarised in Table 3 and
Table 4.

7.5.3 Resuit of evaluation

The most significant problem encountered during this stage of the trials was to
establish measures for each of the performance criteria within the time frame
which was agreed at the onset of the trials’ terms of reference. With the
exception of client C, the audit team could only sample about 20% of the
required measures for benchmarking for all the other collaborating compantes.
Ideally, a sample size of 70% would offer a more reliable and possibly
statistically valid result.

The key reason for the inability to produce an ideal sample size could be
attributed to the virtual absence of information, in most cases, and therefore the
need for extensive ‘walk through’ analysis. Walk through analysis here refers to
a process of reconstructing data from the raw form. For instance, in the




calculation of inventory turnover, one could produce estimated measures by
investigating the production costs. The limited time frame conspired against
completion of this walk through analysis.

7.6 Evaluating Stage IV of the Audit
7.6.1 Trial objectives

This stage requires the auditor to identify any weaknesses in the installed
CAPM system. The prescribed procedure is as follows:

a) Several independent experts are asked to individually produce their
correlations between the installed CAPM system modules and the
performance criteria (as listed in worksheet 3.1 and 3.2) on worksheet 4.
The experts are constrained to identify correlations based only on
evidence obtained during stage one, stage two and stage three of the audit
and nothing else.

b) Having presented their individual viewpoints, the experts are then
expected to challenge each other and then draw up a consensual view.

The prescribed procedure is detailed in the workbook in volume 2, pages 29 to
30.

The aims of the trial in this stage was to determine any difficulties in the
completing the audit according to this procedure.

7.6.2 Case scenarios

A team of experts, chosen from the collaborating companies, was asked to
complete Stage I'V and their reactions noted.

The team was also asked to respond to a set of structured questions about the
CAPM audit framework. The survey questions (see Appendix A) were
structured to establish their attitude towards a number of factors:

a) Factor A. The ability of the audit to reveal the client’s competitive
position.

b) Factor B. The ability of the audit to help establish the client’s CAPM
system characteristics in a holistic manner.

¢) Factor C. The ability of the audit to help establish the correlation between
the client’s CAPM system and its impact on competitiveness.

The survey involved participants of the audit proceedings, with the expertise as
summarised in Table 5.

7.6.3 Resuit of evaluation

The result of the survey is summarised in Table 6.

The trials indicated that there was a tendency to drift substantially beyond the
scope of the audit. The drift contributed significantly to a perceived miss-match
between Stage IV and previous stages by highlighting problems that had no
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substantive audit trails. The drift could also be attributed to problems of having
to cope with the mass of audit trails generated and the difficulty to draw
inferences within the prescribed time frame. This may also have contributed to
the poor level of agreement (33% of survey respondents) that Stage IV could
satisfy its design goal.

There was also a tendency to debate trivial points, such as which causal factors
ought to be represented with which branch in Worksheet 4.

7.7 Chapter Summary

The design of the CAPM audit appears to be fundamentally sound. However,
lessons from the trials revealed two areas as appropriate for further work:

a) Improve the audit support mechanism (i.e. the workbook) by including
more worked examples.

b) Establish a much more efficient method of enabling audit teams to draw
inferences from highly extensive audit trails.
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8. DISCUSSION

The main deliverable of this project is a workbook-based, Delphi type, CAPM
audit which is designed to evaluate the performance of an operational system.
The CAPM audit was designed to be sufficiently flexible to be applicable to a
wide range of audit scenarios. The results from the trial runs and the
development exercises indicated that the goal is attainable, although the
development programmes were necessarily restricted. The trials also failed to
reveal any significant design flaws, measured against the project’s terms of
reference.

The audit was deliberately designed to enable a CAPM system be judged in
terms of its impact on competitiveness. McFarlan[81], Porter and Millar[82]
have proposed similar methodologies. To really appreciate its uniqueness, it is
necessary to consider the fundamental paradigm behind the CAPM audit.

Firstly, the CAPM audit has been designed to help users to appreciate the
linkage between the detail abstractions of CAPM systems (i.e. management
modules, transaction processing modules and database) with competitive forces.
By approaching the problem from this level of abstraction, it becomes much
easier to translate the audit findings into further actions. In comparison,
McFarlan’s[81] methodology, for instance, deals with the linkage between
information system and competitiveness only in very general terms. It is
difficult, ultimately, to translate his audit results into meaningful actions. The
generic CAPM framework proposed in this thesis also does not involve any
reference to any particular management approach or technology. The auditor is
thus encouraged to adopt a mindset that will not lead to pre-judgement of
CAPM systems. No evidence could be found for the use of this approach in
previous work.

Secondly, in a search for candidate methodologies, no equivalent methodologies
were found within the production management domain. Many publications in
production management deal with CAPM systems effectiveness and efficiency
as a matter of ‘good practice’. The CAPM audit approach presented here which
correlates system with effectiveness, explicitly, is apparently unique.

Thirdly, the CAPM audit was not designed purely on the basis of production
engineering. The design was based on fundamental principles drawn from a
wide range of subject areas including computing, management and works on
competitiveness (see chapters three and four). The resulting audit is thus
capable of bridging the multi-disciplinary factors that are clearly characteristics
of CAPM systems. This, in turn, helps to engender a more holistic appraisal of
CAPM system performance. Many other candidate methodologies, that have
been proposed tend to treat the issues of CAPM systems only from the
perspective of a single discipline; for instance, to consider CAPM systems only
as an operational research problem.
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9. CONCLUSIONS

The objective of this work was to design and test an audit methodology to
determine the effectiveness and efficiency of an installed CAPM system. The
requirement was for a methodology which would facilitate a private audit and
also cope with situations ranging from a partial (with restricted access to
information) to a complete audit.

The 1nitial task was to define the scope of the audit. It was considered that a
valid and useful outcome was most likely to derive from a methodology which
encouraged close co-operation between the audit beneficiaries (the client) and
the auditor. It was further decided that the best approach was to view all CAPM
systems as consisting of three basic types of modules: management modules,
transaction processing modules and a database. This provided a framework
within which the operation of any CAPM system could be studied and avoided
reference to any confining technological or methodological constraints. This
approach also enabled the CAPM system to be described in abstract terms, and
resolved any problems which might have been caused by the pre-judgement of
the value of any system. Finally, it was decided that the most valuable and
useful measure of CAPM system efficiency and effectiveness was the system’s
impact on the user’s competitiveness, which was defined in terms of a
company’s ability to contend with competitive forces.

To develop the audit, a sample of candidate methodologies drawn from
appropriate theoretical frameworks and/or equivalent alternative methodologies
were investigated. In all seven possible approaches were investigated. These
alternative methodologies fall into seven broad categories; software engineering
techniques (i.e. SADT), mathematical analysis of effectiveness and efficiency
(i.e. operational research), Delphi-type techniques (i.e. structured debate),
financial based analysis (i.e. cost-benefits), benchmarking against ‘good
practice’, qualitative optimisation (i.e. prescribing a CAPM system against an
appropriate context) and comparative studies (i.e. ratio analysis). These
approaches were found to be unsuitable in the context of validity and
practicality. The main concern is that many of these methodologies tended to
require the auditor to obtain information that their audit scenarios were not, for
valid reasons, likely to have. For instance, some existing methodologies require
the auditor to supply precise numerical measures such as the amount of paper
generated by the CAPM system. It is usually impractical for any company to
maintain such measures, even if the information was valuable for auditing
purposes.

From the investigation of alternative approaches, it was noted that an
appropriate methodology which would have wide applicability could be derived
from a Delphi approach. This technique promoted flexibility in the audit which
was valuable in that it permitted a range of companies and activities to be
studied. The approach also encourages a collaborative effort in auditing thereby
permitting a wide range of data, experience and views to be obtained. The audit
also draws upon a generic model of a CAPM system which was proposed to
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enable any CAPM system to be described without reference to any particular
technology, management mode or control system.

A workbook based CAPM audit has been developed which is structured into
four key stages:

a) Stage I which is designed to help an auditor establish the context in which
an installed CAPM system operates.

b) Stage II which is designed to help an auditor appreciate the structure and
scope of the installed CAPM system.

c) Stage HI which is designed to help an auditor quantify the contributions to
competitiveness made by an installed CAPM system.

d) Stage IV which is designed to help an auditor derive logical conclusions
about the installed CAPM system performance.

The CAPM audit developed was tested in a series of trial runs. The scenarios
chosen for the trials were meant to be representative of worst cases and
intended, primarily, to be a test of the audit’s ability to cope with a wide range
of problems. Lessons from the trials, which it was found impossible to make
entirely independent, revealed that the proposed framework itself was
satisfactory, and that valuable results relating to the appropriate behaviour of
the installed CAPM system could be obtained. The trial runs did indicate that
there is scope for further improvements to be made, especially in Stage IV.
These are briefly discussed in the chapter on further work.
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10. FURTHER WORK

The design of the CAPM audit appears to be fundamentally sound. However,
lessons from the trials revealed two areas as appropriate for further work:

a) Improve the audit support mechanism (i.e. the workbook) by including
more worked examples.

b) Establish a much more efficient method of enabling an audit team to draw
inferences from # highly extensive audit trails.

These problems areas could possibly be resolved by the use of computerised
technologies, such as on-line help systems, laptop computers and automated
document management systems. Therefore, future work will concentrate on
designing computer-based support mechanisms.
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TABLES

Category
Required feature | 11 11 v \' VI
Is the methodology flexible enough to cope with the  + - + 0 - -
problems in a partial audit scenario?
Does the methodology engage the client in the audit? + - + - - -
Does it support the concept of competitiveness as + 0 0 - - -
the basis for CAPM effectiveness and efficiency?
Does the methodology address the problem of - + 0 0 - -

CAPM systems at an appropriate level abstraction?

Keys:

+ adopting this methodology would have positive influence on required feature

- adopting this methodology would have negative influence on the required feature
0 unsure of influence.

Table 1 - Summary of the Strength and Weaknesses of Candidate Methodologies
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APPENDIX A - Survey Questionnaire

You are required to register the extent of your agreement with the following
statements.

Factor A

Having applied the CAPM audit, I am better informed my of my company’s
competitive position.

Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree

Factor B

Having applied the CAPM audit, [ am better informed of the characteristics of
my CAPM system.

Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree

Factor C

Having applied the CAPM audit, I am better informed of the relationship
between my CAPM system and my company’s competitive position.

Strongly Disagree | Disagree | Neutral | Agree | Strongly Agree
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CAPM AUDIT

Preface

The ability to audit your Computer Aided Production Management (CAPM) system is the
first step in ensuring that your system is used effectively and efficiently.

The CAPM audit, as described in this book, is designed to help you to evaluate the your
installed CAPM system in a formal and structured fashion. The CAPM audit will show
you how to:

e identify the contribution of your CAPM system to your company's competitive
position(s);

e discover the capabilities of your CAPM system.

Preface i
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How to Use this Book

This book is designed to:
o help you evaluate your CAPM system in a structured manner;
o function as a audit trail to as you evaluate your CAPM system.

This audit, it has to be emphasised, is not intended for an individual effort; the audit
requires team effort. Neither should you see this audit as a means to detect fraud. You
should see this audit as a way of enabling you and your staff member to joinly work to
analyse your CAPM system.

There are three stages in the evaluation of a CAPM System:

o Pre-audit stage: Assemblying the audit team. The task in this stage is organise
your audit team by identifying and delegating each team member according to their
appropriate roles.

o Stage One: Establishing the context in which your CAPM system is operating.
The task here is to identify the characteristics of the strategic chains in your
company. Each strategic chain refers to all of the activities necessary to deliver a
product or service that meets the expactation of the market.

o Stage Two: Analysing your CAPM system infrastructure. The task here is to
decompose your CAPM system into appropriate modules and, to note their role (what
are they intended for) and their functionality (how they fulfil their role).

o Stage Three: Performance Analysis. The task here is to obtain measures related to
the degree of competitiveness of each of your company’s strategic .chain; and by
implications the contribution offered by your CAPM system.

o Stage Four: Identfiying the problems associated with your CAPM system. The

task here is to assemble the your information from the preceeding pages, with the
help of your audit team, to derive conclusion(s) relating to your CAPM system.

How to Use this Book i
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Assemblying the Audit Team

An individual shall be appointed for the role of the auditor. This person should ideally be
knowlegeable in both Management Information Systems (MIS) and production
management paradigm (such as MRP/MRP |I, OPT or JIT). The auditor's role is solely to
organisation the team, the proceeedings of the evaluation and the collation of
information.

A complete audit team should comprise of three key groups of individuals:

e Group | - The company’s management team. For this group, get participations of
senior managers from each of the following the departments - Marketing, Materials
Management and Manufacturing.

o Group Il - The user of the CAPM system. For this group, get participation of
individuals involve in buying, scheduling, shop floor activities and inventory control.

e Group Il - Independent experts. This group of people should ideally be from outside
your company; for instance, this group could be represented by external consultants
or relevent academics.

Whilst the audit requires team effort, it is not necessary for the entire team members to
be present all the time. The tasks should be delegated accordingly:

o Members of Group | are needed in Stage Two, Stage Four and Stage Five
» Members of Group Il are needed in Stage Three and Stage Five.

o Members of Group Ill are needed in Stage Four and Stage Five.

Worked Example

Scenario. The company is subdivided to two manufacturing units (to be known as Unit A
and Unit B). The two units are managed by the same senior management team, which
compose of a general manager, marketing manager, engineering manager, production
manager and financial manager. At production control level, only some departments are
shared, others are distributed. The nature of the distributions is summerised in Table 1.
The table indicates that sales, data processing and process planning departments are
responsible for the two units. Each unit main their own production pianning, shop floor,
design and purchasing departments.

The company’'s CAPM architecture is shown in Figure 1.

The assembled audit team. Based on the scenario described previously, the senior
management component of the audit team shall include these agents:

o The marketing manager who is expected to provide the expertise necessary to
complete worksheet 1.1 and the whole of stage IV.

o The production manager who is expected provide the expertise necessary to
complete worksheet 1.2, worksheet 1.3 and the whole of stage IV.

e The financial manager is expected to provide expertise necessary to complete stages
Il and IV.

Assemblying the Audit Team Vit
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The CAPM user component of the audit team shall composed of representatives from

these;

o sales department;

o}

data processing depariment;

o production planning departments (one from each unit);
o stores departments (one from each unit);

o shop floor department (one from each unit),

o processing planning department;

o purchasing departments (one from each unit).

User Designation

Department Unit A Unit B
Sales 1

Data processing 2

Production planning A3 83
Stores A4 B4
Shop floor A5 B5
Process Planning 6

Purchasing A7 B7
Senior Management 8

Table 1 - CAPM user designation

Vi Assemblying the Audit Team
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STAGE | - Establishing the Context in Which the CAPM
System is Operating

In this stage, the task of the audit team is to classify the company into strategic chains
and then analyse each chain. A strategic chain is defined as the activities necessary to
deliver a product that meets the expectation of the martket.

The rationale behind this approach are as follows.

e The competitiveness of a company is not determined by a complete organisation
jostling for advantage in a market place. A company, in fact, occupies several
competitvie position, depending on the range of products or services that the
company offer. Each product or service type (i.e. strategic chain) usually occupies a
particular market segment. For instance, a company manufacturing computers may
have product ranging from mainframes to PCs; the market for mainframe is typically
concern with performance-features sensitive whereas the market far PC is primarily
price-performance sensitive.

e To help concerntrate the minds of the audit team to the fact that the effectiveness and
efficiency of any CAPM system is a function of its impact on a company's
competitiveness. After all, the survival of a company is not going to be dictated by
how well a CAPM system is functioning but whether it is doing the right thing.

Completing Worksheet 1.1
Procedure

Step 1. List each product family down on the left-hand column. A product family is a
grouping of products:

e that compete within the market-place in identical ways;
¢ having broadly similar value-added characteristics.

Step 2. For each family, supply appropriate information for each of the criteria listed in
the commentary.

Commentary

The criteria listed in the worksheet are as follows:

(a) Sales revenue. Supply the percentage of total sale revenue attributed to the
family.

(b) Contribution margin. Supply the percentage of totai contribution attributed to
the family. Contribution is the earnings before interest and taxes.

(c) Growth potential. Indicate if the family is in the market entry phase, rapid
growth phase, maturity phase or decline phase.

(dy Market share. Accurate data in terms of percentage share is preferred.
Otherwise simple ranking will suffice.

(e) Competitors. Indicate alternative products.

STAGE | - Establishing the Context in Which the CAPM System is Operating 1
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The information for criteria (2) and (b) is intended to provide indication of the relative
value of each family. The information for citeria (c), (d) and (e) is intended as indication
of the kind of competitive strategy appropriate to each chain.

Completing Worksheet 1.2
Procedure

As for worksheet 1.1.
Commentary

The criteria listed in the worksheet are as follows:

(a) Product position. Indicate the point at which the customer initiated his or her
orders. The key positions are Engineer-To-Order (ETO), Unique Make-To-
Order (UMTO), Repeat Make-To-Order (RMTO), Assemble-To-Order (ATO)
and Make-To-Stock (MTS).

(b) Product structure. Calculate the number of levels from a representative
engineering BOM. Generally speaking, the product structure equates to the
number of assembly stages involved in the manufacture of the product. There
may be instances where so-called phantom items are incorporated in a BOM.
These phantom items are incorporated in a BOM to reflect intermediate
production stages (i.e. partly machined item) and they constitute a level in a
product structure. For this audit do not count the level occupied by the
phantom level. )

(c) Number of components. The criteria applies to the number of components
per product. Only a rough estimate is needed.

(d) Bought-outitem {(%). The percentage of bought-out items.

These criteria are intended as indication of the uncertainties likely to impact the client's
production activities.

Completing Worksheet 1.3
Procedure

Same as worksheet 1.1.
Commentary

The criteria listed in the worksheet are as follows:

(a) Business umit. Companies are not necessarily organised into a monolithic
entity. A non-monolithic company is usually organised into business units. A
business unit, in this case, refers to an independent manufacturing facility. For
this criterion, supply the name of the unit. This criterion is intended to provide
an indication of the scope the clients’ CAPM system.

(by Manufacturing capability. Indicate the manufaciuring content of design
activity (i.o. percent of labour hours), assembly activity (parcent of distinct in-
house assernbly), rachining activity (paircent of distinct componants made in-
house from raw materials) and inspection (percent of components inspected

2 STAGE ! - Establishing the Context in which your CAP System is Operating
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in-house). This criterion is to provide an indication of the manufacturing
characteristics of each family.

These criteria are intended as indication of the scope of the client's CAPM system
influence.

Worked Example

Scenario. The audit team has identified four product families, namely:
(a) General mbuntain bicycles;
(b) . Professional mountain bicycles;
{(c) Alpha series;
(d) Omega series.

The competitors to these families are Dragon bicycle, Speedy bicycle, and Raylay
bicycle.

All products are made to stocks and their BOM structure is similar to the one shown in
Figure 2.

The first two families in the list are manufactured in Unit A and the second two families
are manufactured in Unit B.

80% of the bicycle components are designed in-house, 100% assembled in-house, 10%
machined in-house, 100% inspected in-house.

Completed worksheets. Examples of the completed worksheets, based on the
sceanrios described earlier, are illustrated in Figure 3, Figure 4 and Figure 5.

STAGE | - Establishing the Context in which your CAPM System is Operating 3
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STAGE ll - Evaluating the CAPM System

All CAPM systems, regardless of MRP/MRP I, JIT, OPT or even proprietary systems,
will have the same underlying architecture. Simply put, the operational characteristics of
a CAPM system is characterised by the variations in each of the following basic
modules:

¢ Management modules;
o Transaction processing modules;
o Database modules.

Management modules. All CAPM systems wiil have eight distinct types of management
modules dealing functional aspects of production management decisions such as
inventory, capacity planning and engineering changes. The eight distinct types of
modules also reflect a three level hierarchical ordering of management demsuons from
long term, medium term to short term planning.

The characteristics of each management module varies according to: the management
policy instituted, types of Decision Support System (DSS) afforded and the experties of
the decision makers (i.e. Users). The task for the audit team is to analyse these key
elements of a management module.

Transaction processing modules. A transaction is an activity like the transfer of
materials. Transaction records are needed to direct, report on or confirm a transaction.
Transaction processing modules are concerned with the production of transaction
records.

All CAPM systems will have eight distict types of modules that correspond to the
monitoring and dispatch of production orders, purchase orders, inventory control and
engineering changes.

The characteristics of each module is varies according to the number of transaction
records to be processed, transaction policy instituted, types of Transacticn Process
System (TPS) afforded and the experties of the human elements (i.e. Users). The task
for the audit team is to analyse those elements of the module.

Database. The database of a CAPM system is a repository of information about the
production management environment. All CAPM system database will have information
classified into three basic record types; Master records, operational records and
transaction records.

The characteristics of each record type varies according to its accessibility, its update

frequencies and database technology (i.e. paper-based, flat-file or DBMS) afforded. The
task for the audit team is to analyse those elements of the database.

Completing Worksheet 2.1
Procedure

Step 1. Consider each family in turn.

STAGE |l - Evaluating the CAPM System 7
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Step 2. Reproduce worksheet 2.1, making sure that the number of reproduction
corresponds to these management modules:

(a)

(b)

(c)

(d)

(e)

(f)

(9)

(h)

Master scheduling. This module covers production -managemant functions
concerned with the scheduling of end-items and final assemblies.

Capacity management. This module covers matters concerned with medium
term expansion and/or contraction of manufacturing capacity.

Process planning. This module covers matters concern with the issues of plant
layout and/or job routing.

Requirements planning. This module covers matters concerned with the
establishment of component and sub-assembly item schedule and material
requirements.

Supplier sourcing. This module covers matters concerned with medium term
relationships between supplier and client.

Operations scheduling. This module covers matters concemed with short term
scheduling and sequencing of production orders.

Vendor scheduling. This module covers matters concerned with short term
scheduling and sequencing of purchased orders.

Engineering change management. This module covers matters concerned
with the scheduling of engineering change request.

Step 3. For each worksheet supply information for the criteria as listed in the
commentary.

Commentany

The criteria listed in the worksheet are as follows:

(a)
()
(c)

(d)

(e)

()

Module. Supply the name of policy module being investigated.
Family{ies) affected. Indicate the family or families being investigated.

Hanagament Policy. Describe the rules or guidelines that express the limits
within which the policy module is allowed to operate.

DSS Characteristics. (i) Supply the name of the software system used. (ii)
Enumerate only the DSS features relevent to the modules being investigated.
(i) Describe the extent of functional integration by noting the users’
accessibility to all DSS features. (iv) Indicate the flexibility of DSS. (v) Indicate
the hardware used under the lable ‘process power'.

User Characteristics. Identify individual(s) responsible for the execution of
policy module, and the level of technical support (e.g. User-guides, training)
afforded.

User Designation. Supply a label, such as serial number, to represent the
users responsible for the policy module being investigated. It is possible that
an individual could have responsiblities for more than one module. With a
user designation, the auditor need not have to rewrite the same detail again.

Note for criterion (d), it is up to the auditor and domain experts to decide on what
constitute relevent features.

The information for these criteria is intended to provide an indication of tne
characteristics of the policy module being investigated.

STAGE !l - Evaluating the CAPM System
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Compieting Worksheet 2.2
Procedure

Step 1. Consider each family in turn.
Step 2. Reproduce worksheet 2.2, making sure that there is ane for each of the following
moduiles:

(a) Dispatching jobs. This module covers activities concern with the release of
production orders to assigned workers and machines.

(b) Shop floor monitoring. This module covers activities concerned with the
recording of production order status.

(c) Dispatching purchase orders. This module covers the activities concemed
with the released of purchase orders to appropriate suppliers.

(d) Monitoring purchase orders. This module covers the activities concerned with
the recording of purchase order status.

(e) Dispatching materials. This module covers the activities concerned with the
release of materials, part or end-item inventories.

" Monitoring stocks. This module covers the activities concerned with the
monitoring of bought-out, part or end-item inventories.

(g) Request for engineering change. This module covers the activities concerned
with the requests for engineering change.

(h)  Engineering change notification. This module covers the activities concerned
with the release of notifications to effect engineering change.

Step 3. In each worksheet estimate number of transactions involved, describe the
transaction processing policy, TPS and user characteristics.

Commentary

The criteria listed in the worksheets are as follows:

(a) Number of Transactions. Estimate the number of transactions to be
processed by the TPS.

(b) Transaction Processing Policy. Describe how transactions are effected.

(c) Transaction Processing System. Identify the TPS afforded for the
transaction processing.

(d) User characteristics and designation. Same approach as worksheet 2.1.
Completing Worksheet 2.3
Procedure

Step 1. Consider each family in turn.
Step 2. Each rows of the worksheet indicates a particular record to be investigated. For

each row, describe the record's update interval, accessibility, and database
characteristics.

STAGE [l - Evaluating the CAPM System 9
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Commentany

The criteria listed in this worksheet are as follows:

(a) Update interval. Indicaie how often data are updated. For instance, daily,
monthly or on exceptional basis (i.e. when required).

(b) Accessibility. Indicate if the record is linked on-line or off-line to the list of
users identified in the policy and TPS modules.

(c) Database Characteristics. Indicate the medium on which the records are
held in a paper-base system, file-oriented system or Database Managment
System (DBMS) oriented system.

Worked Example

Scenario. The company uses a CAPM system with software modules described in
Appendix A and Figure 1.

Completed worksheet. Examples of completed worksheets based on the scenario
described previously are as follows.

Figure 6 shows a completed Worksheet 2.1 for master scheduling.

Figure 7 shows a completed worksheet 2.1 for capacity management.

Figure 8 shows a completed worksheet 2.1 for process planning.

Figure 9 shows a completed worksheet 2.1 for requirements planning.

Figure 10 shows a completed worksheet 2.1 for supplier sourcing.

Figure 11 shows a completed worksheet 2.1 for oberations scheduling.

Figure 12-shows a completed worksheet 2.1 for supplier scheduling.

Figure 13 shows a completed worksheet 2.1 for engineering change management.
Interviews of CAPiM users provides all of the infarmation necessary for worksheet 2.2.
Figure 14 shows a completed worksheet 2.2 for dispatching jobs transactions.
Figure 15 shows a completed worksheet 2.2 for monitoring shop floor transactions

Figure 16 shows a completed worksheat 2.2 for dispatching purchase orders
transactions.

Figure 17 shows a completed worksheet 2.2 for monitoring purchase orders
transactions.

Figure 18 shows a completed worksheet 2.2 for dispatching materials transactions.
Figure 19 shows a compieted worksheet 2.2 for monitoring stocks transactions.

Figure 20 shows & completed worksheet 2.2 for request! for enginsering chango
transactions.

10 STAGE It - Evaluating the CAPM System
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Figure 21 shows a completed worksheet 2.2 for engineering change notification
transactions.

Interviews of CAPM users provided the information necessary to complete worksheet
2.3.

Figure 22, Figure 23 and Figure 24 illustrate completed versions of worksheets 2.3a,
2.3b and 2.3c series.

Module: Master scheduling Family(ies) affected: Al

Management Policy:

End-item and final assembly items are scheduled on the basis of promised delivery date minus
buffer period. The buffer is only an estimate based on the judgement of the policy maker (see
User Section).

DSS Characteristics
Name of software:EFACS

Features: Backward and forward scheduling based on cost constraints or lead-time constraints.

Functional integration: Fully integrated with other EFACS modules.
Flexibility: Dependent on vendor support.

Processing power: Mainframe

User Characteristics User
designation:

A3, B3

Responsibilities: Production pianning department.

User support: No formal policy statement or formal training programme

Figure 6 - 4 Completed Worksheet 2.1 (Master scheduling)

Module:Capacity Management Family(ies) affected: A/

Management Policy:

Capacity management via sub-contracting out. The decision on whether to subcontract out or
otherwise, lies with the discretion of the decision maker (see user). The decision maker may
but is not compel to consult reports of on capacity requirement. The reports reveal capacity
requirement only on a departmental and monthly basis.

DSS Characteristics
Name of software: EFACS
Features: Standard capacity planning techniques, such as RCCP and CRP.

Functional integration: Fully integrated with other EFACS modules.
Flexibility: Dependent on vendor support.

Processing power: Mainframe

User Characteristics User
designation:

A3, B3

Responsibilities: Production planning department.

User support: No formal policy statement or formal training programme

Figure 7 - A Completed Worksheet 2.1 (Capacity Management)

STAGE I - Evaluating the CAPM System 11



CAPM AUDIT

| Module:Process Planning Familylies) affescted: A/l

Management Policy:
Lead times are calculated from standard times (routings not considered).

DSS Characteristics

Name of software: SuperCapae.

Features: Algorithms to calculate lead-times based. Plus, a very limited optimisation algorithm
for routings (i.e. system can workout best roufings between two alternative resources
based on cost and set-up constraints).

Functional integration: Localised system.
Flexibility: Scfiware architecture is system specific.

Processing power:PC

User Characteristies User
dasignation:

6

Responsibilities: Production controller

User support: No forrmal statement of policy or formal training programms

Figure 8 - A Completed Worksheet 2.1 (Capacity Management)

Module:Requirements planning Famil{ies) affected: All

tlanagement Policy:

The MRP approach is used to calculate requirements for stock items valued at more than 15%
(only a guide-line) of the total value contract value. Bulk items are managed on a two-basis.
The lead-times for MIRP caleculations are based on values provided by estimating depariment
but can-be adjusted by the decision maker (see user).

D8S Characteristics
Mame of software: EFACS.

Features: Standard MRP features. Additional features for backward and forward scheduling,
and four alternative .batching rules: multiple of re-order quantity, re-order quantity
plus rounding, minimum quantity, quantity required (i.e. lot-for-lot).

Functional integration: Fully integrated with other EFACS modules.
Flexibility: Dapendent.on vendor support.

Processing power: Mainframe

User Characteristics Usger
designation:

Responsibilities:Production controller.
A3, B3

User support: No formal policy statement or formal training programme..

Figure 9 - 4 Completed Worksheet 2.1 (Requirements Planning)

12 STAGE Il - Evaluating the CAPM System
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Module:Supplier Sourcing Family(ies) affected: Al

Management Policy:
Multi-sourcing and supplier selected on the basis of competitive tender.

NSS Characteristics

Name of software: None
Features: N.A.

Functional integration: N.A.
Flexibility: N.A.

Processing power: N.A.

User Characteristics
Responsibilities: Purchasing department

User support: No formal statement of policy.

User
designation:

A7, B7

Figure 10 - A Completed Worksheet 2.1 (Supplier Sourcing)

Module:Operations scheduling Family(ies) affected: A/l

Management Policy:

Operations schedule is left entirely to the discretion of the shop floor supervisor as long as it

meets required due dates set in the requirements plans.

DSS Characteristics

Name of software: EFACS.

Features: See master scheduling module

Functional integration: Fully integrated with other EFACS module.
Flexibility: Dependent on vendor support.

Processing power: Mainframe

User Characteristics

Responsibilities: Shop floor

User support: No formal policy statements or formal training programme.

User
designation:

A5, B5

Figure 11 - A Completed Worksheet 2.1 (Operations Scheduling)

STAGE Il - Evaluating the CAPM System
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Medula:Supplier scheduling

Familylies) affestad: All

Manasement Poliey:

The purbhaéo orders schedules are based on quoted delivery times from suppliers or

negotiated prior (o tha release of the orders.

Ds8S Cham@t@ris&ics’

Namo ef sofiware: None.
Features:N.A.

Functicnal integration: M.A.
Flexibility: ALA.

Procossing power: N.A.

Usaer Charactoristics

Respongibilities: Purchasing depariment

Usar support: Mo formal policy statement or formal training programms.

User
designation:

A7, B7

Figure 12 - A Completed Worksheet 2.1 (Supplier scheduling)

14
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CAPM AUDIT

Module: Engineering Change Family(ies) affected: A/
Management

Manacement Policy
The acceptance of an Engineenng Change is strictly controlled and subject to departmental
approval and, where appropriate, authorisation by the General Manager.
Customer initiated change.
Subject to the approval of the contracts manager.

Changes are only acceptable on the customer’s acceptance of the full commercial costs
and of any resulting production delays to the full contract.

Engineering, Purchasing or Manufacturing initiated changes.

Subject to the approval of the Engineering Manager and, when the change is requested
to alleviate production problems, the Works Manager.

Changes are only acceptable when they are technically and commercially desirable or
could alleviate manufacturing problems without resulting in a substantial delay to the
production programme. The quality and reliability of the product must not be
compromised. (Judgement rest with the relevant authorities).

Changes which could result in a cost increase in excess of £1,000 or a change resulting
in a substantial delay to the production programme must, in addition, be authorised by
the product General Manager.

DSS Characteristics

Name of software: None.
Features: Not Applicable.
Functional integration: Not Applicable
Flexibility: Not Applicable

Processing power: Not Applicable

User Characteristics User
Responsibilities: Senior Management (General Manager, Engineering designation:
Manager, Production Manager) 8

User support:Policy fully document in Departmental Procedure

Figure 13 - A Completed Worksheet 2.1 (Engineering Change Management)

Module: Dispatching Jobs Family(ies) affected: A/l

Number of transactions: 30 transactions per day (estimated average)

Transaction processing policy: Shop floor supervisor will transcribe each production orders
based on information from process planning department into shop packet. Each packet
represents a job and there may be several packets per production order.

TPS:
Software: EFACS

Features: On-line batch processing capability only

User characteristics User designation

Responsibilities: Shop floor Department A5,B5

User support: No formal policy statement.

STAGE |l - Evaluating the CAPM System
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CAPM AUDIT

Figure 14 - A Completed Worksheet 2.2 (Dispatching Jobs)

Module: Monitoring Shop Floor Familv(ies) affectod: All
Number of transactions: 30 transactions per day (estimated)

Transaction prosessing policy: On completion of each job, shop packets with completion
times noted and then returned fo the shop floor suparvisors who will then logged in-the TPS.

TPS:
Software:EFACS

Features:. On-fine batch processing capability only.

User characteristics User designation

Responsibilities:Shop floor department A5,B5

User support: Mo formal policy statement or formal
training programme

Figure 15 - A Completed Worksheet 2.2 (Monitoring shop floor)

odule: Dispatching Purchase Orders @milyﬁ@ﬂ@_@g@: All

Y ki

| Number of trangactions: 30 fransaction per requirements plan per day

Transaction processing policy: A nrequirement plan is transferred to purchasing department in
printouts. The purchasing depariment will then translate the plan into individual purchase orders
by keying-in data into the TPS

TPSs:
Software: EFACS

Features: On-line processing capability

User characteristics User designation

Responsibilities: Purchasing depariment A7.B7

User support: No formal policy statement or training

Figure 16 - A Completed 'Workshéet 2.2 (Based on Client D)

16 STAGE !l - Evaluating the CAPM System



CAPM AUDIT

Module:Monitoring Purchase Order Family(ies) affected: Al

Number of transactions: 78 per days

Yransaction processing policy: Each outstanding purchase order is flagged. An aggregated
report of the outstanding orders is produced on a daily basis. The system checks for
discrepancies between orders received and orders released.

TPS:
Software: MAAPICS

Features: Facilities for automatic checks of discrepancies between orders received and order
released. Raise outstanding report.

User characteristics User designation:
Responsibilities: Purchasing Department. A7,B7

User support: No formal policy statement or training
_programme.

Figure 17 - A Completed Worksheet 2.2 (Based on Client D)

Module: Dispatching Matenals Family(ies) affected: Al

Number of transactions: 75 transactions (i.e. production order) per requirement plan per day
(estimated)

Transaction processing policy: A requirement plan is transferred in pnint-out form to shop floor
supervisors. The plan is translated into production orders (i.e. job package) by keying-in details
manually into the TPS

TPS:
Software: EFACS

Features: Baich processing capability only

User characteristics User designation
Responsibilities: Shop floor department A5,B5

User support: No formal policy statement or training
programme

Figure 18 - A Completed Worksheet 2.2 (Dispatching Material)

Module; Monitoring Stocks Family(ies) affected: Al

Number of transactions: 100 transactions per day

Transaction processing policy: The production operators are expected to indicate the status
of his job in a fonmn at the end of each day and then hand it back to his/her supervisor.

TPS:
Software: EFACS

Features: On-line batch capability.

User characteristics User designation
Responsibilities: Shop floor department Ab5,B5

User support: No forral policy or training programme

Figure 19 - A Completed Worksheet 2.2 (Monitoring Stock)

STAGE li - Evaluating the CAPM System 17



CAPM AUDIT

Modulz: Request for Engincening Familyfios) eifected: Al
Change } o .

N m@rﬁ_tm_n,sagiénsz, 16 par day (estimated average)

-

Tmmsag_ﬁ_}gwqg@ssﬁng Roliey: Requests. for engineening changes are noted in and submitied
via form. M_650 to- relevant depariments.

IPs:
S@ﬁwam: Mone.

Featuras: None.

User charastoristies User designation
Responsibitities: All (initiators). All
User support:

Figure 20 - A Completed Worksheet 2.2 (Request for Engineering Change)

Module:Engineering change Familyfies) affected:All
nofification )

Numb@;f_ of { transactions: (16 per day) Estimated average.

Transaction presessing peliey: All approvals and rejections are nofed via form 650 to
relevant departments.

TPS:
Sofware: Mone

Features:None

User characteristics User designation
Responsibilities: Senior management 8
User support:

Figure 21 - A Completed Worksheet 2.2 (Engineering Change Notification)

18 STAGE [ - Evaluating the CAPM System
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CAPM AUDIT

STAGE lil - Performance Analysis

The competitive position of each strategic chain is a function of two basic dimensions.
One dimension correspond to a set of order wining criteria. Order wining criteria are
indicators of how well each strategic chain is perceived by its chosen market. The other
dimension correspond to criteria of manufacturing liabilities. Manufacturing liabilities are
indicators of how well each strategic chain is being managed by the company and,
therefore, the sustainability of the chain’s competitive position.

The task for the audit team is to establish the achievement of each criteria against
appropriate benchmarks.

Completing Worksheet 3.1
Procedure

Step 1. Consider each family in turn.

Step 2. For each of the criteria, where possible, find an appropriate measure. Then
compare the measure against appropriate competitive average. The competitive average
could be direct comparison with competitors or based on various independent industry
reports.

Step 3. Plot the findings on the seven-point scales presented in worksheet 3.1. A zero
rating indicates a problematic criterion whereas a seven rating indicate no probiem.
Note, it may be useful in this case of enagage independent experts to help construct
alternative sets of plots and then compare with theirs with yours. Do not accept one set
of plots as a fait accompli.! -

Commentary

The criteria listed in this worksheet are as follows:

(a) Quality of Design. Indicate how well the product matches competitions in
terms of features.

(b) Quality of Conformance. Indicate the extent of customer reject rate, the
number of service call outs or the number of warranty repiacements.

(c) Delivery reliability. Indicate the percentage of total customer orders meeting
agreed due date.

(d) Delivery lead-time. Compare the time a customer has to wait between the
initiation of a customer order and receipt of finished goods with appropriate
competitive average.

(e) Flexibility of Volume. Indicate the extend of flexibility in delivery lot size.
(f) Flexibility of Design. Indicate the extend of customisations afforded.
The audit team is referred to techniques described in a UK Department of Trade and

Industry (DTI) publication: “Competitive Manufacturing: A Practical Approach to the
Development of a Manufacturing Strategy” (IFS Publications, ISBN 1-95423-010-7)

STAGE [l - Performance Analysis 23



CAPWM AUDIT

Completing Worksheet 3.2

Procedure

Same approach as in worksheet 3.1.

Commentary

The criteria for this worksheet are as follows:

(a)

(b)

(c)

(d)

(e)

®

Availability of Supplier. Ascertain the level of switching costs that are likely
to be incurred in sudden change in supplier. '

Reliability of Supplier. Estimate the percentage of bought-out items
delivered in the time, quality and volume required.

Utilisation of Bottleneck Resource. ldentify bottleneck resource and then
obtain indication of their utilisation.

Availability of Non-Botileneck Resource. Estimate the Mean Time Between
Failure (MTBF) for non-bottleneck resource. MTBF is the ratio of average
down-time to the cumulative planned working hours.

Invéntory Tumover. Calculate the -ratio of cost of goods sold to average
inventory. Cost of goods sold is defined as the cost of direct materials, direct
labour, and overhead attached to the units sold. Average inventory is defined
as the sum of beginning and ending inventories divided by two.

Lead time. Calculate the total time it takes to produce a product.

The audit team can use either of the following technique for benchmarking:

(a)
(b)
(©)

Direct comparision.
Industry average.
Independent expert opinions

Worked Example

Scenario. A member of the audit team has complied ratings (see Table 2) as indication
of the performance of the CAPM system against the following criteria.

Completed worlshests. Examples .of completed worksheets based on the scenario
described earlier on are shown illustrated in Figure 25 and Figure 26.

24
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CAPM AUDIT

Product family

Criterion

General Mountain Bicycle

Quality of Design
Quality of Conformance
Delivery Lead-Time
Delivery Reliability
Flexibility of volume
Flexibility of Design
Price

Availability of supplier
Reliability of supplier

Utilisation of Bottleneck
Resource
Availability of Bootleneck
Resource

inventory Tumover

Lead Time

Not applicable
Not applicable
Slightly better than competitor
Slightly better than competitor
Not applicable
Not applicable
Better than competitor
Not applicable
Not appliable
Not appliable

Not appliable

Worst than competitor

Slightly better than competitor

Table 2 - View of an Auditor on the Competitive Performance

STAGE Il - Performance Analysis
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CAPM AUDIT

STAGE VY - Problemn Analysis

The task for the audit team is to identify the problems associated with the system they
have just audited.

Completing Worksheet
Procedure

Step 1. Get all involved to complete worksheet 4 separately. The procedure to complete
the worksheet is as follows:

(a) Consider each family in turn.

(b) Find the most problematic competitive criterion, from worksheet 3.1 and
worksheet 3.2, and indicate it on the head of the fish-bone.

(c)  Under each branch of the fish-bone identify problematic modules and their key
elements (i.e. policies, enabling technology and user).

(d) Repeat the procedure for the all the families involved.
Step 2. Get each member of the team to present and justify their conclusion.

Step 3. Debate the alternative scenarios to find the most plausible.
Commentary

It is left to the discretion of the audit team to establish the links between cause and
effect. The only proviso is that the audit team draw and justify their conclusions only from
the evidence gathered throughout the audit process. The audit should not introduce
threads that are outside the scope of the evidence gathered, unless deemed necessary.

Worked Example

Scenario. A member of the audit team has establish that the following moduless of a
CAPM system are the reasons for the poor performance in the criterion “delivery
criterion”.

(@) Monitoring shop floor.
(b)  Master scheduling.

Completed worksheet. Example of a compieted worksheet based on the scenario
described previously is shown in Figure 27.

STAGE IV - Problem Analysis 29
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CAPM AUDIT

Worksheet 2.1
Module: Family(ies) affected:

Management Policy

DSS Characteristics

Name of software:

Features:

Functional integration:

Flexibility:

Processing power:

User Characteristics

Responsibilities:

User support:

User designation:

Worksheets

39




Worksheet 2.2

CAPM AUDIT

Module:

Number of transactions:

Transaction processing policy:

IPS
Software:

Features:

User characteristics

Responsibilities:

User support:

User designation

Worksheets

41
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Appendix A

The EFACS Package
EFACS is 3 comprenansive. user-fnendly manufacturing

control system. it s desighed to operate »n Many
branenas of Moenutacrurng sstey. A 3 aasily ana
guickly assarmuested nto tha normal workings of the
compeany, yeiding synficent improvemants in etficioncy.
parformance and gprofitstihity. EFACS 15 a moaem.
portanie and flaxibie system usang the atest & software
technigues. It will run on a wide range of MECrocomputers,
MFs-comoutars  and  marWTames wnder tha Unix
ODAT BTN GyEtaeTi.
EFACS is desogned to satusty the large mmority of the
reqEnaments of 8 manufacturmg company. Any specal
- . resutng m avoidance of
V¥ G arud iy A Sy which
much more readly INteqgratedd Mo the CoINPany's
wparetions. EFACS 5 mocular and software <an be
sulectad from the followsg range Parts Master. B of
Matanae, Routing, Rescuices. Work n Progress. Shop
Documenmsbon. Capacity Planmng, Scheduling, Extendad
Schadutng. Costms. MR P. Guotatons, Saes Ordor
Procassng. Purchase Order Processing. Stock Corroi,
Materd Traceabit,. Shop Data Collectionn. Tume &
Attendance. Teraptan  «nks  aw)  Management
Reporting.
EFACS s whitter «n the '’ language whh gives it
portabxity. S0 that soffware rivestment i9 protectnd,
avouding the protlem of beng “lockeo—n" 10 a partcular
harawsre manutacturer. [t also links writh the Informix -
SQi. data basa managemant systerm and athar utdity
software such as Unipe = and Ly,

Menu System

EFACS has a8 usar-friendly. 2asy o cparate mem. systam
JESKEIAD tO Rt tha Newds of 3 wiue valialy of users. ana
with & rumber of unique. practical feswnes.

* Salevton of A menu-onton by Cursor—heys, space bar
of Raying It 3 NUMber Wil arthar COtAN a New Mmenu, 8
IEROrt Or start 8 proceas

* A user-~configurabie ‘quech e systemn snabies
optiong from all parts o tho EFALS system w ba
brought woether onte the ore screen. Ths can be
uSEFUL D CRTTAN ApDRCABONS WILCN requine Movement
batween a numbar of munos

" Tha vew a parucuer user has of the EFACS cystem .
atzo configurable AN inhviduR user will sea onty St
menu optons sppax able to hm This can be especially
USeFU M EMPHMANTTANON PRNEAS. 10 SV PreseMaton
of too many npuons

* A partcular menu OPTRE: MBY DE AXeCuted from any
poNnt by kevmy 19 43 rofarence nombar.

Record Selection

EFACS has powerful m-built query faciibian whech enabio
salecton of & recurd of AOUR by entering swiabie search
critana vnto a screnn. For matance. tha user May wieh
agiect carts where the product group was "BAR™ and
ength was Setweaen 0.95 ana 1 05 metres. Ttus is snply
accampishad by enanng the mformataon onta the Parts
Master data sntry screen and pressing ¢ key The
computer will than select the records concermed and
allow the user to move from ona record to tha other.

EFACS aisa has a query faciity m certam prograins wivch
Wit diSpIay aHtemative records M 2 window o the screen,
enabing the usar to selest from the cpuons gien,

Doy the > leaving the selected
ntormanon Thes fachty b usaful for instance o teta-
sales entry wheare rapwd detect:an of a customer (s
mportant.

SQL

EFACS has » full “Stiutured Query Language™ facdity
wihich adaw s the User to repart arkt to modty aata m tha
EFACS database, 86t t0 PaOrm a wide range of system
functione. Some of ita facitbes are

* Cuput MIDMMaton JIrect ta 3 Creen or Praver with a
comiT.and such 3"
SekCt WO, wpert. 4G wileddtes, Wwousioewer
#rom works orders where woustomer ~ “SMITH™
craer by wdueaate

* Moarfy data on the detsbasm sain 3 commanc such
ast
Update partmaster set urwtprce = wistpnce © 1.06
whare prodgroup = “BART ana uom ~ M ana
umtence > 0.500
This wd parfortn a pnca ncrease for selected parts.
- A cuprahensve fackty for cawm  secusvty  with
commancs such 3s°
Revoke update on partmaster from public:
T SOt LpdB R ON partmaster tO ManNwper, o
Thic enoureos that only USRrs “MaNEer” arv? 3" are
alowed to change any data on the Poarts Master file.
More Cormpios CONstIuGtons are aiso aiowet.
© A full UK trad Fatiity may be apobed to any Hie n the
EFACS dstabase. A full transacton processng tacikty
13 aisa avadatre.
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Informix

EFACS hes on mtnﬂocu 0 the powcrtul o wit-knowe:
QL v Thishooo

SOPRANCOton rehge of faRNTt WIRDFA, SCrEeN QCNCrators
£t titon wheh wll 2000 to mony EFALS Ucars Also
avcichioig infermia nmwhthumcmmmu
lﬁdmrmmwmrbva‘nmmuuvmwmm
] sEmdard sveu:m . T s

§v5€em Managemant

EFALS han a mamedne Rone v ity
whithcontre’s printer cwtua. COHWOrE upAston, CYaEsm
ont dats Beck oo, JALEDRCA WL TSRO, OATCNE Users
£ pey of diska. t ot doto und
mmmmmmaﬁcmu&wmmnmo
o Syctim menagament mnu vory much troroves tha
excy ot parformng hasd v functong.

Help Functions

An-<scroon holp FocRDs are avalihis ot o numtor of
Ervais. DGprasang the 'H kay at moms kwgl rings up @
nop Pwesaags sttt tho particutor memucption. Serondly,
tho EFALS Usar Guids may bo acoescod thisugh te own
mar ond be pagad through on-ocreae. T‘N:rw halp
FOLANNS tRing Wt are ot
POy in V1o SEpitAtanG 20ttwarn. in totot EFACS haoa
comprononsive on-scroen Notp foctity to asaist
tha usae o 8 full I compotont wnoratorkkng of
tha syatam.

EFACS MODULES

PARTS MASTER

Tho Ports Master moduia BrovKRG 3 COmMnon, centrairoed
LOUrce for vitay meTnsf e tuznng aformation, end ig ea by
it athay EFACS moau_:s A oon may ba a purchasans
o, row compar v
or fimoncd pore.

n meny orgenisotions pagorwork maves siowly, [Ching
up orrars gt geRs Thiginav.tabiy ioads t0 MENSGoMant
hovang to moke decisions en poar informatien, which con
ked w tate < ond taza
08 compat Theoo G ce2n bo-neducod by
hovng a suyga souren of Nformohon readiy avalehey

“ €FACS uses a4 ld-charooter  clipho-numiaene ot
Ty

* Produgt group clamahicotion, enshiing accoscing af
parts information Dy Prodst.

* Unik ot maonure. eg, K9 Motros, Each! L-trgs. Bonas,
Sauaic Matfat eic .

4 Cumtormmc OGS AVt CHSNMar pDArY SLmhor mav O
- anteres wheras the part Ny 4 STgie Custarmat

* Normusd - Guantily m which the part s mamtactr $d

* Diranzeona mfofmgncn U as weeth, waath, raghn,
gamotar pacemg factor, wegnt. etc
* hMatorial spaofication and sue.

* Whatnar tme garus HAMERCLLCAC OF Burchased

* CRRnNg rotuErowe Aumoer

* Current und standard materiai, overtead, N unit
costs X

“ Safing prep per unte

* Controder reterence

* A traa.text facility enablas a biock of text 12 ba hold on
1o sainet e pAry NuToar, N tu L cuteut it reguared
an Shop Dacurmantation, Purchasd Ordues sw FFACS
Froa Wwxt may b marpulamd With the systam oo,
EFACS word pracessor softwars or with 4 speiaist
waord processing packege.

* Baspont mudificauyons to the Pares Master modulo.

especaty 10 holt mformaoton garticularty relevant
the usar company. are also aveichio,
* EFACS nan o poworfil gaarch fociity to kocate a
partcdyr past Rcod boacd on R axamplo
dangrecnal rongen, ana short-form part mambers
<l doncrpticne.

° Dsplav parts mforinstion to cereen and to orinter o
vanous tormatn.
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BILL OF MATERIALS
The Bill of Matenais module 5 designed to narxdie parts

and ? ot sub
componants. purchased iterns and raw matgriale. Thess
itsMs can be anked together iNto a structura showmg
e Quantity of each 1terf required at aath awal. 0 3
typicad il of materals StruCuire, A varying range and
QUENDTY OF clokt oarts are requirec to be availabis bafnre
manufacture of a parent part can begn Crce this
& is o the sy then reference
twe assambly part number wii onasbie TmMEkAtE
rafatencez to ba made wtenevar Naeded to ai suo-
Bssembhas, COmMponents ara Mmaterals required for the
assemdly.

T Parent and chid parts arg cnecked agrnst the Parts
Mastee fre.

" Descrptions for both poent and chid parts are
Aisplaved autamarc ally at dats antry tme.

¢ Mumbers of components per parent part are ficatmg

* "Usad-on” reports to screen and printer.

T Automatic ganeraton of 3 serws of manufacturng o
works arriars

* Copy and edit. or delete. whoh structures.

* Replmemant of wne part by anather through aoff
Btructures or selectively.

* Changg Matenais Costs anvl pHNTed rMmanufacturorg
tren ara rafiected to hgher iev 8is BT ough 8 Cost Duda—
up procedure, based either on standard or current
costs.

* Phantorm assemblies may Da craated which require na
HOCR OF 1outirg «iformation.

T AFocaton ana issung of kits of parts, together with
manmtoring of kit snortages

* Brinting of piching &

ROUTING

structioes of parts are used, the Routng modhide
ProViaes information for the Wark m Progress, Capecity

9. S . E Scheduiing, MRP anc
Guotatons teatures ot the system

The Routing moduie assermbles detaded rformatan on

T Part nuLmbar vartfhest by the system to enswre that it
@xists on tha Farts Master File.

* Cperanoanumber atomatic ailv -ncreases 1o fac.ttate
data entry.

* On entry of the parned machine of work centre, the

SYSWRM  AuOMALLEy  dapliyn  the macture

e PpTION

Set-up Bme tor the batcr n mnutes

* The nun-urme cado De for o ver tam numistrs af ters (eg.
per 1 or 10 or 100} or for the v.how batch regacaiess of
REETERY, A% 10 A haat treatment Or VISHeC 10N 0P8 raton
Run-tenes may also be ertered as QUantity par aurkne
or per Nour

AN CuwerIp purcentanpe Lan bu uLed to aliow an
oparation 10 begn before the nrevious cperation Nas
beren complnted.

* Drewmg retererke.

* Aflowance for transfer ume from tna ond of are
operation to the stant nf the Next Operauon.

* Faciity for specifcanon of required shil level on the
Planned machne far the currant operItion.

' A0-character short cescription of the cperaton.

T A Mt uf OIS LaN De hed agdn Gt QAL 2085 JUon.

* An unitTxted Number  of knes G manufactuong

aItNXtons can e hed 8gANSt Sach Opecation and

latar printed on operabon orf Touting cards. The

Matructions frew text may be manpuiated by mtermaiar

extarral word processing suftv are

Altgmative OPeraNICNS  Ir ARGMatve OUtes are

with 3 comph naepe set ot

manufacturng informatean tor eacs aitamatve. Each

stemative operason may be assgned a prefereace

vaiue, which is considared by Capacity Pannaxs.

" Manned sul-cantract work Can be spectied for an

aparaton with 3 fixed and/or it cost

A percentsge quantty ass = alowed aganst an

aparaton

* Allowance 15 MaTe Jor rhe number of Cperstovs
Te@ared on an Operannn.

¥ Reaucod amourt of 0ata entry by cooyng an axstng
part with all manuf a<turing rforMation to @ New part
for subsequent amendmant

* Summary ang detaled “pports on demand to both
aCreens and panters

.

RESOURCES

Sefore the Capacity Aanning and SINATUIEK yMohses of
EFACS can be appiea. the cOMPUrer must have
knowiedoe of bDoth faciory load ana capsoty. The
Rusources module enanius detated informaton @ be
kept on Fi¢ about the various facwors whih affect
capacity. Thus, files are avalabie to Noxt Jetads of shift
and hchday [artems, macrnmes OPeratars, Sechons,
WOk, FOS and fixturss, One of the characterstes of
EFACS 15 the levei of dotai i wiuch :t consgers tems
retating tn faceary capacity. Far axampe. comniox shift
xt holiday patterms May he SPROHRO. with additionat
tacditen for recordng Shoart tenm machce and opeT stor
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blockog. THe usor als0 has tha abkaty o specify whth
machines an oper Ater grouy may ba asskiled to with
prafarance angd shil leveis against each.

¥ Datfirution of comping snift pottems.

* Devfimtion of hokdaye

- Sections IontfKakion, ie. Sroup af Mmathnas.

T B-charector dontiticabon for Madung grouRy anrt
aparator Grouss. .

« Mochine group ond oporator Jroup perfoarmence
factors.

* Mechine and opetator hourky raves (E/howur), for
praduction costing wnd for salas

* Shift and holiday Sofinticms GITOTMINE MSCIWNG And
sparator capacity.

* Mochine non e o
mantanance of hreakdown.

- Oparatwr claasfications as saTters, oparators or
SALtET/ GO TS,

* Oporater maching - Mo wath  praferonc®  feved

compéination performance factor end sudl ioves.

Cprarator non-avoabfity frovn o dota/6re v6 3 deto/

trne.

of ungp

' Bharactes tool kianttic aben

* Too! classification into #g. tool, fixturo. et
* Tao tacabon.

* Tooi avavsblity.

WORK IN PROGRESS AND SHOP
DOCUMIENTATION

The Work in Prograss reothuie khesps track of work on the
shop floor 2% it passas through s vAriowus manufcturng
ateRen. t has two man fies, the Works Oroars Fia ang
the Wark in Frogress Fie.

Tro Works Crders Fila coneains oatass of eoch works
order, wha £ 15 due. the order Quantity. Sustameor end
S0 O

The 'Work m Prograss file nas recoros for aach pb-
operavon, and enables ditaiogt plarning ano monionng
OF the progress cf aach Ich. Actual times arxt costa canie
accrued for 13tar Processng. and tha exact status of oy
OB ran be arcertainad at orry timo

Tha Wark inkrogr v
Coliaction inadhue to asssy i dats entry.

o withy the Data

* Wnrks Qrost Fuoe referencaa by unchee Works Oréar
number.

* Category, wg. Aot started, i progress or corfdate.

Part decnrptch i3 Kisphaved autormaticay. B

Parant works araer m fudd if appicsbe

* Oraer geantity.

* Dun datwe fow tho onckw to ba comnpieted This may ba
sarkad slbsequently.

* Works oroor 'gon £ Stalt 6T date to Orevernt work bonng
scheduind too eary.

——

Customar Lotk ans Justufir GFaet hurrhar

A manuaity S5t 0380 DIruety GIIER

' Salesorder returence. £ 0@ £ask vl te 3 MOrke orue:

8 furedt TtV oI @ SRS crded

4-characier Commnent bre

* Froe test may be beld Agar st Ie ks o ler 10 oe
QUtPUL 0N G SHMOD (KCWNANTATICH ©f TC e uSed a5 3
note-rac

* Warn 0 Droprass Fde 1 retar@ncad By wniks orgder
numbar 33 SpE aton Number

T Operabon state. eq. not SUATed. Net g, Sl Lompieta.
FUNNIIG OF COMEdate

* GQuANNEy D dRted. GUANULY aft usrTiby <o rapped

A don't start BT dato ter the cberaton

> OpSratonIatuSt STATT Qate i Calk wdted Fun the work s
order due date By a BACK -SCrusUlng SUINRSS

* Al routEwy CIThE Bon. 0. CEBMANSH MUMEE? . tn)C Mo,
oar arud run DTes, et are fetore stomateally at
works S entry Gma from e Routng file

* Routirg Nformanor may subsaiownily fe aeeendes for
a particuiar works oruar wrthouwl Aftectng rerarcace
aata or the Rautsg File

" Bhmty b feteh e 1ata gt Faubng HHanmat s Srger K
Aouting Fra for pesations wneh are ot et
wtsrtart

* Faciety to stk any nurnbe e of Bookengs oF machmee ana
TR BLON LITE @A A LfRIrANGeH

* Recordng of LOOKINGS mMay DR Manuaihy maess SHeLt
Gf NG o WTR -ShART Procedise, o BltArTEDL S
may be rolicted authmanldin Shug Floor
Data Cuvection

* Datadent and SulMMary reperes to 7 FEen arkd printer

* Shop documentation 45 roste cara U Sepdrate
CpELALLN CATHS, LOMPIPLS Wtr. TUGITIG T HTBITIRNTR
andt detateqa Manutach.ring NsimuCIons

T Shof cOoFuUmentdUan  GaNaTany bl by sty
FLOUOraR0 bar ook un epch cperatar a3 arg
prudtext an LTANGBIG LrNters,

* Raports tu 4oreen drdd DoOTRT of work mprogress
vatuaton ard remanng work

© SummTary stalis 0 works ordies Ly CUStamoe

* Batcn-souttng fACiiTy BNaERRs o ~Orks G oer 0 be

vt aonist ant allo ang tull RaRETA T s sty

CAPACITY PLANNING

The Capacity Fannrg module tackies one of the
fuhdamentil propians tacdig ManubaLtrng SOusTy
that of now to pran ard Cermrut he -omplexties of
RAGUL BCTUCIE 163y (A5, COCH SOMPOSCn U> & sarwas of
CROrAtions, and LEBINY AMIea resourc Ry, Thres sepsrate
procedures 37w avanotie e capacty pAarsmng. goibme
capaciky planntg and gehivery date astroaton Fnse
caparty PRARNING DIOiLRS AN BTCLrate tossbie ara
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officient manufacturygy plan, infinte capacity plannang s
usaful for oaterming bOtNeNecks. ana dosvary Oate
BSUMMEN Drovides 4 (Ruci IMeans ot arTvexy at reakstc
Jdetvary dates for naw orgders.

Firuta capecdy planming tekes into account tha current
shop floor  situation,  avalability of mecnires  and
cperstars. raqured skt Wvel. operator prefarences.
partormorce  foctors.  ovarteppesy job priority,
aftemative machnao, etc. Settng end nunnng are
$NoAtod 86 SANITAtE SUb-OPETADONS

The mein outputs of firvte capocity planvung aro
componaons of ioad and ity data. ana praj
compiebon dates. The isad/capacity dats wad awheats
ANty LNGAT I CRBr-Utihzd TRBOUITES, OF Whera tha mux of
SQTtErt. OopeIAtors. Machwwes  and  skills  requise
modrfcation. The projected completan datas wai show
when acoers wii reaksticntly bo compirtad This
nformation may G.ffer unacceptably from the due dates
af the arders. Changes can than be mada to due catas,
proritms Wl capacity on a ‘what-if' hams ontil an
ACCRIItDY AN amargas. Dec)sions inay be medes t sub-
CONtract. work overnme. <! re-tran basea on this report.
The aempohass n frite capacity plannming (s enabing
accurate. quantitativa dec-s1on making based on 2 proper
analysia of Ioad A capacity.

The wiinite Vv Rannog o aggrepatas

08zl ONtO Wrks Contres based on works ofder que data

and manufalturnyg tmes. Future over -oed situatiors

may therafore De pradictad.

Debdvary daty s egares rput ot &

YT 53 8 part ranber HKE Guasreety  Fhio ordor e run

20015t the iast fintte C(ANSCITY fun 8t LW IOVES tO (RVE &

best possbie and mealistic detvary date.

A special report B svatsbue 1o INCatt Wikt capacrty

$hortagas Of Madhings, SeTers, or opar ators 8re eiy to

<Cause procuc tion bottenacks.

* Seects Wday as start cate by oafoaut.

* Capaity planning horaen may be sat up to 1000
davsa.

° Optonally igrore OOOratar CPBLY.

* Optionaily gnore skids.

* Set 3 cfonctont bransportaton  LTe between

OPET BLONS.

HIStOQrams 1o Scradm ar printer comoane Capocity with

0ad to whaw maching and operator forward loading.

with ngication of bottlenecks and Lnder- ublization.

¢ Coson g tinte ar 'a:
sioa-by -side against capacity

* Histogram dhsplays scroll forwards and backwaros in
L

© MiStogram hma wuts chosen by drop-oown mant.

¢ Screen or printar reports of projected order status.
where due dates are compared with achievable dates.
thus nighightng cetvery arobiems ar an aarly stage
anet anabbng cormective action o be takan

T Abiity to oparate n wwhaz- mnce 3o that thn effect on
e overald pos,tion ot changing aoger prarmes, aver-
UM, Sub-Lortrattovy rush otders., ot can be
2CCUrately uvaluated

Firnte canacty olannsag imay Be run Jesatrveky with
MR ta provide full MRPYH Facittes

SCHEDULING

Schadubng 13 a Dy -procuct of the finta copacity pannmg
process whefa dotaned alncatons Of machowe amd
operator Cafacity are maca to b Operdtons, The
schathios prochaa  bottee  and  mora realfistic
menufacturing plans than are avsiedle from most
alternative camputer systarrs Usng these schoutdes
ensures that ;obs arn progressead i Aroper profmMy and
usa avadable capacity m an afficient way. If more
whsbiorate schadules are required then thesa dre availaslke
o1 tNQ Extencoed Scheauiang mosue

‘ Schedules may be produced for as many davs farward
as recuered.

* SChedulas W ;thar screen or PRNTer

* Schediuies ¢on be proguced by b, by machae group. by

<Cparatar group. of by Secuon.

Schaduies can be produred on demand tor narticuiac

warks ordars. Imachme groups o° Sperator groups.

The schachues can ba (YOOUKes #3 08N 45 requirea

g« roflect the latest veurk N proQress  and

CADACItY STLaticn

* Sartag and runnang are traated au separate sub-
OpeTAtOnS

* A oGl senedua may be procuced SRowsg the torward
regquaemant far tools, in-bne  wsith  the  feasbis
manufacturing plan produced.

EXTENDED SCHEDULING

The Extended Schadiling modse provioes (7ecoe
SChaduien takng nto aCCount 3 rigng GF FACTONS Sakh 85
206 lateness. ;o DOy, Skiis, preferences, inachne and
SParator LHEZALON aNnd WaTk ¢ CIMGESE Bveis

EFACS Extondan Sctwdiding /S & 5I6C158 techUiue Wineh
tpkes o Account the mmporart fectery invoivied Ty
astablising ar oHcert and optimo! Mt ac hunng plan
Havmg sutn ¢ plan unokies the company to improve
debvery  farforimdrne, IHCreane  ewue  ubihaton,
reduce theoLghput tures and wor< 0 progruss evels, 9
wall a8 Titroducing & rchar lwvsi of management
contral.

T Reconciies confinuyrg onechves Rixch no consuerng
no coonoes imang sile ume. reducing b lalenkss.
avouhng ovec-sadirgg. arks ensueng  that agerator.
machme preterefices arg met Wnere possble.
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* Lpés 2 SpIoe] dynziTes ~gIic RChrogue, wiich enchiny
VaryIG KTRoMANSo to b givan to eath of thosa
ohircbviea,
mrmrentsxfmbncsnb:.\produ:eo. enating tha usar
{0 produmo a nmuimarmqpxuuwhzh gvos amphamia
0 $o factorn af parbeulsr clrrent yrporna.

* Prowvidas 2xmiioit: Short-tarm, ‘mEmATTturing plans of
&Y Btoursly and QUatTY wioch oHAmMAtwe Campntor
Bvuacmn rarchy cioan t3 arhiave.

r can bo nm for as ong A tina AT Uy

roguired. -

¢ Gantk charts w both scrosn argt printy svoable for
Wworks ordars, madthinas cno oparators.

'Usur speoax schcm.-ing remxrecw;nts aro. ofwmn

werd

d-:uz:hmnomm

MHATERIAL REQUIREMENTS
PLANNING

Tho o (MRPY maochido
mommmnairmumcw
sores ond matorely Por. Tintach 4ays. woaks, or montha
chem -uging o f\nv-mwnemwn rmmod Foetors
courTt W planoro
SXIK oroiyrs, uxm:nam ordars, work N DIOGIOsE. works
oraro. Ui of matoniala ann pxisting stock lovels. MAP s
bresiuablc wharo assompliss ar strehres of parts aro
nwotvad, and ports are whoby ar partdy beld in stoch.

Anplicotion ot MARP wi ensure that componant parts ond
mateasks ar avadobls o the correct guanttios ot tho
worract tITRds f0 satisty g mamn manufsctunng plan

* Wortk s Qraars, Master Schodule, 58105 (o ano Work
in Prograca Fion are brolen down by tho b of
matgriale to detafmuns grase mquiremertts.

* Gross 1emEroMmerts arn cardpatad, with gutstonding
purchase grdarg and curront stocks bafora ascartaqeng
tha potanticl tutuic sStwrtege positicn

. W OrGors are recor x

¥ ASnotVe BRtthing rUas are svainbia « datermaing
roCommontod nrdors-

1) Muitinio of ro-wdar quantity.

2)  Remun iy guanLty Phs rounding
) Murerhurn guaittty.

a) Quarttity redqueroit

¥ Work s orars may b iroken down ethar Dy U otus
dams, or by ther estonated compiabon a3es ag gavan
by hnito cpin bty plonTing. 30 Wil have A cofrnsproutng
effoct on tre tnang of matofal ang component
BT U T ieNTt

* Daivary 0ad wnes on marufacaured iterma Moy be

CaOLOtEd from aperaton tires on ne Routng e ano
A USED 2@ T 4G QUL UF iy, Dis read gty
Frorm the Stoch Fia.

Romqfremants roparts (o i ang vnﬂz.-r OWinY

CLITENT ‘StoTH kaveis, GIOSS TROEBEONS, s wn

Graan, g nott reaperN TRt S,

* Roueoramorktad onsor roport wth cnbatly isw on:nm
hgnignted.

© Rovommonded  ordors  for purchancd e
optionaily ba spmica to the P
Ordewen Fli,

- Racenmmd argaro for manufsctured . itemns may

Yy B oppasd gl vtumsworks
Orttorg Fike.

* Meater sonoaisy imms may b2 w temporany ta
memmoomrnbmmhmcmypauw
O tude tiacn Ao,

* ENmaD Hut GmBenanto. sub-asnembics_ dnd '.sov
matonais’ Whathar meowdachaed or puthased e
provedad in tha ngnt quenntics 8t te ngiht UmMes-to
meet tha g - avel manufaefuring pregramma.

moy

COSTING

The EFACS Cosung modus inciudos two tvpes of cootng.
oSt astnUton and job/vanance rosung Tho cost
estmEtLAN routng Ziows en enqusy 10 BI Prucossed
rickiy " and On accurdte gquote gven. Juti/verignice
costhy anatitn rocording of actual contt W GAVIC TR
COMPATRD With fianned Costs and Gma s, if comixnad with
£he DnTo Cogection Mg, FeRUDATR From tra shap flaot
of actuet COMD TN be vIrtuslly Mstantandous provoing

o ¥ up:

* Cost roport 1ob0rsr. 14 L sna
ovarhoaa costs, cndsunand;an Cootsbacat 0 up-to-
daty wrormatmn on Parts Master end Routng Fiko.

¢ Timos thkon Moy bo calousiatnd irectly fromt start ong
finish datostenas, eamg wue sliowance for chitt

¢ hobgaya,  end  maching  and  epamitor
Blockung.

* Surtmary angd detadod roffans tn SCreern of pntas
compare (rannad Fres and Costs with 20 tust LT s and
COSES. 30 provido parforinante MADSUTBMmEnts.

* Works amior, apocalor and maching rostmg showing
Zetus! 2ganst Ao costs,

* Fha aataiey worke ondar CONVIG rEpot SNOw s 1ok,
sisvernract, ardd mater.ad costa both pannoed andt
Berson WO thor with Mzcclansuus expINeas Lo gie o
COMpoTa Coat brachdown For the womms ardcf.

* Enchios Strdt CORt conerad drough presdntaoon of
Afoemotion m asiin tarmaty

* Setung time  and nauwng  Gehes  are  mcordod
~grurately.

Lmhs aroctty \wlh vther EFALS rrcudes.

-

Appandix A




QUOTATIONS

The Gurtabons reoedue 5 0esigred I 2rabe efbhoent
FEROrAUON B¢ Gugtehonra, IICLNEr Mt Maelormg of
RRISTNG ROIIBON, 3and transter of »farmaton tc Sals
Qetars Works Uroers Routmyg and Darts Master Fies

LRGN ACLADITCE SRVEr M ALLMBLYE wWays of Armang at

@ LICa are provees

©USIG WINTEOW . SRALLN 10T ot 4 KISTNG CLSTOMET T o

&7 9uS0Ng part ~mber

Fnthr Jetadt ot a ana uotomer  ncheiig name,

CIMEACT, 1t Tedugaane Numbe: . o3ar uss and SRnvory,

Wrocty AGAMSL gre guOtSton

* Ertmr e parts and couUng «fOn AL SUSINST The
Quatatan

G LAl L NG ITUUt B NSUNG TDLULINY INFDFTNanOn

© Cost pRtMates ‘01 e ©n and fNr 23CH DDRrAtan are

SOWD ON-SCTRED 35 B oute 18 devacued

Blicpw S b ERTERZY Comts

Onaranag: Tosts DRSAG On darvied timas ara wark-

centre saibng ¢ ates.

On-serean distioy O Ltevious works oroers for the

PR concamed, ~th aCtusl manufactueng costs

Shawn JpaInst pEated Costs

' On-scrmen igpilay Of Draviols saks ordecs for the part
CoOnrermat. witr CLLEDRerE QUANtbes. Amtes and
pNCes

T ACTrve 8t & fr Lo Uy SUARYIRG 3 © USTCITRT FPArT IMATOer £
Qantty Miscount 0N the basx unit Setng pree.

* Hokg free text aganst the nuatahior at two diffterent
levels, firstly to Outdut Wrecty Onre Yre customer
@ERAnoN wmd <econdly to serva as a record of
BrOgrasLang achvity

* OutpLt the QuotabonN UNLO 4 prmwer Gf seng qrectly 1o
POUr CUSIDIYeY Erm The COMmpUTRr Dy fox

T On actaptance. MTAnshr v CcusSmmer, addéass. part

mumbor ane couting  AfGrerguor gttt the  man

system

Displav an0 AN Gquetaton “epars Oy Dart number,

CuNtomer ang Status

Moritor scoass rates

Ensute NIt Quotamon management anf conwcl o

LarforThed n on Cioety, afficent mancar.

SALES ORDER PROCESSING

EFACLS Soles Draer Praessang Qeaerates ang Mmantams
S$ES Grders ani nrerfaces st Quotanons, Work i
Progress. Stock Tomrrol, Furchose CGriguer Processng.
Matera) Regarercents Manning and Sales Lecper Tho
YA QBN Ew e e aption tG ansty an or fur from
QRILOY TINCK 1 CrGORE 1 NEnA wOTKE GTST Y (U TRETR A
purchase oromr Sale: rrers Cas et o 26 despatcned 8s
A LAPPRDE OrURE 3T A8 WK TS VoL es arul
SesDStrh AGtes can be rocoret autorratcaly ar
manuagy,  am™1 tan te  wnered  to aadeadual

requeeran

* Sales arcer NLUMbeT Rustomatcaly INCrements.

* Gaxys oraeT 3 rti-itern,

> SpoCifien W st GRlvery A0OIess IRiThers.

T A trig hitting procecure i3 ausiaie to determene

whether sutfcant component stocks Axst tO Make

a6 asuemibhy.

Fast ‘tafa-aea RNtry procodure searchas  For

CUSTOMGT A PIrt MUTDAr uNNG Windows, chechs

custome: Crewit Laisnce, and Makes SIOCK oTIAES

bafore checiung tha sales orsar iem

* Facilitv for schaduad sawes ordets and biancet <ales
orsers.

¢ Agjueyment of existng sales nrders,

* Price Break Fig holds scourt 150 3 part nuneet and
Customer at a Gven quantty iavel

© Qrder €3N 02

O CLSLOMET 8% ajoctronic Mmat

Works orders can b carsesd automatically from a3 saies

oraar wtam

' Comoanson ot DUTTANING Saies oToar Itk and
finished ooods  Stock WIth  recormmarusuony  for

Sertarectly

© Allows for both unagee 2N aver-ashvendas,

© A partcuar despatch May Nchade itéms from vanous
ST organs for thy customar conceinad

° Fourines of mvaece 1 rative anag four snes of nespatch
note nArrative ace afiowwed

* Batth prinang of nvoxes and aavoatTtt: nates. asth
aptisnm extra pronts

‘ SARE Oraar AeSpUtch roCedhur @ UDKITRS S3les orsar,
asivery fa, Uansacton Tie, Stock fie. prepaces
Mmvaices and despaich notes, and posts 10 5808

jaoger.
* Display and prnt saies ordars by SaWws cider numbear.
Part rumber, Lustomer and due dato

PURCHASE ORDER PROCESSING

The Purcnase Order Processing moduie enahies contral
0 be affectsd CVvAr UG IMPOMRENE 1asK Of Drowding

Tparts raCRared t0 maet e maws
Wacﬁxmg programime. AULAMSTX ATOCOULIUS XSt
For PIACEMENt, JRERAKIN AN recHpt Of Burchase orders.
Making the SYSUEM afficent 1 operaticn.

" Purchese orger manber ANNMatcaly morements.

* Pufchase order sg anit- tem.

© Supplier N aNd a7aress depiaved mtomaty Ay

‘4 tmes of rurchase oroer Narstve.

* 3 Inas of pUrChase oraer mm narrative

Urmrivted free taxt agnms? the purthose orders tem

* Emtry of achechied purchase COde s 2wl Ukt
PUM MBS Craars

©UNGEr, OV aNd PIrT 1eCEOt

Returns to suppher

* Purchase order roecemt normally JULGMAati Sty upstas
stack recands
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* Sleudl 18011y 1O 2eabng with sub~antract werk.

* Mudt-—crrancy

* Agtomate GRN generaton

* Doivery addres 15 varobie

 Urut-of-moatune 1 vairiaba,

« Diepioy ond pret prrchass orders Dy part, supplier and
dus aate -

= Forwerd purchating ommitmaeant,

¢ Automatic  plXemont  of  MRP
vurchaso ardars. )

rocomnaracn

STOCK CONTROL

The Stock Control moduia enoidas eccurste  Stock
recoms to be Ropt On tha < S0r, 20 19 O LONE

& whch > a
jargs ctrowunt of datd G stork Lords

Acciirato 3nd nrnoty information sbout stock faveds tg an
onportant faCtor in Answng campeny -affxiancy and
profitch ity The Stock Control modiss Contung up-to-
QI EPOrMETION Gh @AISTING Stock lavos, alncotad 360k,
GUtStENCNg OITars, ead Whas. uscge hd £o on.

Datcited reports ang proviaad on sroecht bvoto omd vaiss,

g in? ora s tr J
Notary, As a ConsOQUNT O ra~oNdarag 8 clocoly a™ed to
sroch ar iai thartisgo sstiationu ang rogic od

mrstocking 19 avestad, amd i general thir two
conficting ¢bicctiven ot pooD gervico and minimal
ventory 8re rotonciery.

¢ Stock nuirber 3 chackod against Pares Mastar Fita,

N 2val stock, guarttity on oreor, f0o steck. allccatad
stock 0nd Miruum ninck pofrruasibio.

* Ro-orogor pont, ro-ordar QUENtItY. raunisig quantity
BNO re-ormiar pOLTY. e wnethar MARP Ot ro-arter
pant control

T Lood tme fAr purchAsad and Mmsrutnd tured toms.

© Usepe poF wank

* Autoreatic procedures for Stock SSuas. (QCINTS, And
adustments

° Fudl audrt tred Sn ad gransactions.

* REPOCTS tO LXIORN aMYY PINLEY BF <TECK STATYS, =tk
vZuatan, arg transcgtion reiory

© Rocomrmanaed  reock  arders  for
rearrectod itvma

* Cammprahcooive stach.ticke feciity 3t owog porptuat
INVONEHFY £ONTr ol 8NN STOCH - ISHE, UCK Ot NUMBONNG.
Facibty. A1 Zonuxinsne of S1eek Court with camputar
physcat 5100k batero contirmation

* ABC analyus

TUSONIRT  yamnt

MATERIAL TRACEABILITY

Tha EFACS Mawmnal fraconbity moduk enchias hu
account to v ke of movement of batchas of stk o
maot the requaaments of Bnooch Stontaarm BSGTS0 A
datesiod trarsacton natory id kept whch ninwa for the

et foaton of. for nstance, ol fimshen govo tems
affacrad by o tpact g MOten 3 B3ICN. A nvanbar ot FFACS
hotiies afq Mtegratad HLiudmy Work sn Progress. Stock
Cotvyw. Puscnana Oroer  Foocassig.  Sakes Oioer
R ussng, Bl of Matenas aivd Shep Dotusmantaton

© Mudtoitern stack meoid with ngue sgnar hatch
rarnear

* WO S ordor comiet KN QErKN 3tes X nave Daboh nuinhar
for HBSOqUEnt Guity Sppvcieal,

* RSNass arver recompt yanerstes anew batch number
With guaity initinlly not approved.

* A quaity ooguronce RrocechrG confirma  pvymeol
stock ovadembty.

T Steach-tohe Faaity appio to batchar,

* Procuctmn of Ceruttcate of Conformuty.

* Frodurton of ropsetion NOtas. -

* Dyopdny vt print 8 traco af USSRes throw a numoer of
avers, both bachwartds from 3 firvehea Hem arat
farward from 3 matond ar Companent eam,

DATA COLLECTION

The EFACS Shap Data Gellacton modus wnapios fost
accurata upnshng of the Werk in Progress and Costing

ar ¢ t wted J
FOthware. on 8 storutard privter, a0 that worke ofdor
numbar, oparation numbors. oporotors.  machnes,
quontities, and o on can al ba enored via bar cods
resaars.

Tha (1atd Cotection modite is Ay nbagratsa with the
root of tha EFACS systan 50 that the Work o Frogress
and Costing aro i 7y

* Ugos an meustry-standand gata coliocuoys terrrenel.

* Up to 255 termmald c2n B0 Connet ted o1 8 rotwori and
zccagcod from ana cEmputor port.

* Tha data cofocton hardwaore qoves for work in
progress martoring, trma and  artevefance. stogik
camrral ont BAKPOkGY erhancamants.

* Auggex) e0sy-to-usd BSr CO0e termunais with soated

OUIMCTIE OF SPENIIMSIC KAYPEU

ROGUCO the Tz ~onNswWYing Gats RMtry OF Cortve itona!

1250wr ORI SYBLOMA.

* Tormmal can gtars 26000 characters i batery
backod momory

> Ract Uma gata Colocton with on-tna v ascaton.

* Shop Flogr wemnats progr o afow tador
rminal rosponan

* Bar-—cosedob bTkots. clock cands, et dre srogucnd by

thg svstom

Cotactod dara s

automoticaty.

t Bas cooan pdintod usng stondars software and IHBMS
Epsari compatiia sy,

* Faratios for Sntoring warks arder DumbDers, 001 aton
NuUMbe? 8, MEC s, OPAratars. qusnntias, etc

aate g ume-stamoed

P, Y
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* Recaro ssue Of a job and S COMPIUNN, and atiow

FYSTOM to CACUDtY trre (BZF/OToNca At fur shfts

hobdays. sttendance. e,

Exception renormng whaca entered tmas takon ae

differant from calcuated trre tffgrances

¢ Coamputer  contmuady  SCans  far  har-codna  dota

recopt.

Work in Pragrona ond Bookirga Fies aro autamastic 2ty

upcantad,

* Report arrort 2nd warmengs to Afror tog for subscquant
APy OF Printing.

TIME AND ATTENDANCE

‘The EFACS Time ara A e moaule
Attandance  with the use of bar-coded cchkaction
tarminaty, and preduces a vanety of raports with an
optional link to o pavralf facikty,

' Bar~oded clock caris can be gecerated using o

standand printer

ingustrial quality data collection termmais are used to

cotiact Q on ang off inf.

* Pam and unpawd treaks are nargiad.

* Flembla tolerance bandmg emund manned start anc
firigh ttmes.

7 Lok to payrof system with stanaans rate phus throaa

aver-tire rates

Whao's in/Wha' out feports avadatieo ro both screen

and prater

© EXCeDtion reportng.

* Manufacturing hours cacuisted frum sttencance and
WOTK-NI-Progress montormg.

«

MANAGEMENT REPORTING

EFACS has a comos L o reportng
Functicn which draws mformaton from ol pares of the
EFACS system tor . anelyzss and ores ior: as
SLMMaty reparts for management pLrPoses.

© Presentation of dsta on guotabmns, sales crders,
purchase orders. work o progress vauaton. labour
Pours werkeo. machine down-time. stock, &ETAD.
ceREpatches, st

- Entrv of buogets wih faciitas D Spread them across

varyng time perads.

Varances agamt oudget.

Usar dafinition of report formats

° Bespuke enhancemant L0 procce detaled reports to
spec:hic user formats.
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