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ABSTRACT

This dissertation shows that the engineering
information system (EIS) is the primary integration
mechanism ir.computer integrated manufacturing. The EIS
has been defined by creating a functitJlla.1as well as an
information model. These mOdels are the initial steps
in the process of implementing an EIS by means of a
database management system. The modelling of the EIS is
defined within a work brealcdown structure for elM
acquisition which is applicable to any elM project. The
impact of the scope OJ ~!Mand the changes this
requires are also defined. It is also shown that for an
ente:':'priseinvolved in the manufacture of complex
systems it is more beneficial to introduce elM in those
areas outside the area of factory automation, The
complexity of the EIS information model is such that it
has not been po~sible to construct it manually.
Automated tools should be used to c:r:eat:ethe EIS
information model.

.
f

c

iii



To my wife, Christel and our children, Matthew
and Jennifer, for our joint futures.

c

iv



ACKNOWLEDGEMENTS

My sincere appreciation to my colleagues, Phil Fourie,
AndyMacgregor.and Mark Hill, for their con'cributions
and encouragement over the year's.,

I

~
I

\

I

c

v



CONTENTS

section Page

DECLARATION
ABSTRACT
DEDICATION
ACKNOWLEDGEMENTS
CONTENTS
LIS'!'OF FIGURES
LIST OF TABLES

ii
iii
iv
v

vi
x

xiv

1 INTRODUC,!Il:ON 1

,.

1.1 The Problem statement 1 I

1.2 The Sub-Problems 1

1.3 The Hypotheses 2

1.4 The Delimitations 2

1.5 Assumptions 3

1.6 The Importance of the study 4

2 A REVIEW OF THE RELATED LITERATURE 5

2.1
2.2

A Computel':Integra,ted Manufacturing oveI:view
The Scope of Computer Integrated
ManufactuLring
Initiati}lg computer Integrated Manufacturing
JUstifyi'ng 'computer Integrated Manufacturing
Planning for Computer Integrated
Manufac1;urinq

5

7

11

12
16

vi



section Page

The organizational Impact of Computer
Integrated Manufacturing
Conclusions from the Literature Review

23

2.7 25

3 CIQl!PUTERINTEGRATED M&WFACTURING F,OR 27
COMPLEX SYSTEM MANUFACTURE.

3.1 .A Complex System 27
3.2 Complex System Manufacture 18
3.3 Computer Integrated ManUfacturing foz' 29

i
Complex System Manufacture

I

~
!

'ICOMPUTER INTEGRATED MANUF,ACTURING 31
ACQUISI'1:.ION.

4.1 Acquisition Strategy 31
4.1.1 strategic structure 32
4:.1.2Project management 32
4.1..3 Systm engineering 32
4.2 Design strategy 32
4.2.1 Alternatives 32
4.2.2 The Design Objective 35

C 4.2.3 Evaluation of Alternatives 38
4.3 The Work Breakdown Structure for 39

computer Integrrn.tedManufacturing
Acquisition

4.4 Technology ISSUes in Computer Integrated 42
(' Manufacturing

4.4.1 Engineering workstations 42
4.4.2 High speed networks 42

vii



section Page

4.4.3 Numerical processors
4.4.4 Departmental minicomputers
4.4.5 Application specific software
4.4.6 ~eripherals
4.4.7 Integration with existing systems
4.5 organizational Requirements
4.5.1 Acquisition
4.5.2 Operation and support
4.S Advantages of the proposed system
4.6.1 Flexibility
4.6.2 Availability
4.6.3 Industry standards
4.6.4 Security
4.6.5 Productivity
4.6.6 Applications

46
47
47
47
47
48
48
48
49

49

50
50
51
51
54

5 THE ENGINEERING INFORMATION SYSTEM
IN COMPUTER INTEGRATED MA'N'UFACTURING.

55

5.1 Defining -theEngineering Information System 55
5.1.1 Marketing 56
5.1.2 Development 56
5.1.3 Production 60
5.1.4 Product support 60
5.1.5 Quality assurance 61
5.1.6 Configuration management 63
5.2 The Role of the Enginee:ing Information 65

System in computer Integrated Manufacturing
5.3 creating the Engineering Informat.ion System 66

66
66

5.3.1 Architectur~
5.3.2 Models

\fiii

II



section Page

5.3.3 Technologies
5.4 An Engineeriug Information system Model
5.4.1 The functional model
5.4.2 The information model

69
72
72
74

6 SUMMARY AND CONCLUSIONS 86

6.1 Summary 86
G.2 Conclusions 93

APPENDIX A A WORK BREAKDOWN STRUCTURE 94
FOR CIM ACQUISITION

APPENDIX B A COMPUTER SYSTEM COST 104
)1EE'FECTlVENESS MODEL

APPENDIX C A SCHEDULE OF APPLICATIONS 116
APPENDIX D CREATING IDEF DIAGRAMS 119
APPENDIX E A FLTNCTIONAL MOP~L OF 124

INTEGRATED MANUFACTURING
APPENDIX F A FUNCTIONAL MODEL OF A 155

QUALITY SYSTEM
APPENDIX G A FUNCTIONAL MODEL OF A 168

CONFIGURATION MANAGEMENT SYSTEM

C REFERENCES 174
BIBLIOGRAPHY 178

ix

\)



LIST Oli'FIGURES

62

3.1 A elM system for CSM

Page

1

9
10
13
19
21
21

30
,

36
,

40

43

45
52

Figure

1.1 The scope of a elM project

2.1 The IDEFO function block
2.2 The IDEF1 entity block
2.3 The profit - productivity relationship
2.4 Technology planning environments
2.5 The IDEF author/reader cycle
2.6 The IDEFO hierarchy of diagrams

4.1 The three schema architecture
4.2 'l'hework breakdown structure for

CIM a.cquisition
4.3 An inter-building network
4.4 An intra-building network
4.5 The effect of computer architecture

on productivity

c

5.1 Conduct an integrated manufacturing
enterprise

5.2 Integrated manufacture of products
and services

5.3 Assure quality of products and services

58

59

5.4 Manage configuration of products and services 64
5.5 Models in the information system life cycle 67
5.6 The IDEF modelling context 73
5.7 The resulting BCNF entity-relationship diagram 83
5.8 Modelling the real world 84

x



t
I

Figure Page

Al elM acquisition 95
A2 Project management 96
A3 User requirement 97
A4 System engineering 98
A5 Design elM system 99
A6 Design applications 100
A7 Develop elM syst~m 101
A8 Procure elM system 102
A9 Implement elM system 2.03

I Bl Cost effectiveness 105I
I B2 System effectiveness 105
fI'

B3 Life cycle cost 112 i

i

Dl Define the basic activities 120
D2 Establish the inputs and outputs of the 120

activities
D3 Identify t;'le controls on the functions 121
D4 Identify the mechanisJ11Gthat perform the 121

activities
D5 Identify the entit:Iclasses 122
D6 Establish the reJ..itionshipsbetween the 122

central entity «Laas and all others
C D7 Establish rela c.ionshipof all other entity 123

classes to thel central entity class
D8 A full IDEFI diagram 123

El A-O Enterprise Top 125
(: E2 AO Conduct an integrated manufacturing 126

enterprise

xi



Figure

E3

E4
E5
E6

E7
E8
E9
EIO
Ell
E12
E13
E14
E15
E1.6

E17
E18
E19
E20

c

Fl
F2

1"3

F4

F5

F6

F7

Gl
G2

A2 Integrated manufacture of products and
services
A21 Manage integrated manufacture
A22 Market products and services
A23 Develop products and services
A231 System engineering
A2311 Manage system engine€lring
A23I2 Define a system
A232 Product development
A233 Production development
A234 Develop logistic support
A2341 Develop supply support
A2342 Develop ope:r.atiol13.lsupport
A24 Produce products and seJ~vices
A241 Convert inputs to products
A242 Deliver Services
A243 Procure goods and services
A25 Support products and services
A252 Provide follow-on support

A-O Quality Top
AO Assure quality of products and services
Al Assure quality of quality system
A2 Assure quality of concept
A3 Assure quality of definition
A4 Assure quality of conformance
A5 Assure quality of performance

A-O Configuration Management Top
AO Manage Configuration of Products and
Services

xii

Page

127

129
131
133
135
136
137
138
139
140
141
143
145
147
149
150
152
153

156
157
159
161
163
165
167

169
170

fd, '



Figure Page

G5

Al Identify configuration items
A2 control' configuration of products and
services
A3 Verify configuration of products and
services

171
172

G3

G4

173

c

(,

xiii

flI,
,~, '



LIST OF TABLES

Table page

2.1 elM benefits
2.2 The impact of elM on capital budgeting
2.3 The four stages of strategic management

14
15
20

5.1 Information system life cycle phases
5.2 Zero normal form
5.3 First norIDc\ 1 form
5.4 Second normal form stage
5.5 Third norm:.1 form stage
5.6 Boyce-eodd normal form stage

75
78

79

80
81
82

c

xiv

Mu



1 INTRODUCTION

1.1 The Problem statement

computer Integrated Manufacturing(CIM) in the
manufacture of complex systems has three aspects,
namely, the strategic issues, the acquisition of a
computer integrated manufacturing system and operation
and support of computer integrated manufacturing
systems. In the acquisition of systems the major
application areas can be defined by computer aided
engineering(CAE), computer aided design (CAD), computer
aided manufacture(CAM) and engineering information
systems (EIS). Of these the engineering information
system is potentially the most difficult yet most
rewarding area to define, create and implement.

CIM IN COMPLEX
SYSTEM MANUFACTURE

OPERA~ION «
SUPPORT

ISTRATEGIC
ISSUES

ACQUISITION

c
Figure 1.1 The scope of a CIM project

1.2 The Sub-Problems

a) computer integrated manufacturing in the manuf~cture
of ~omplex systems.

b) Acquisition of computer integrated manufacturing
systems.

1



c) The engineering information system in computer
integrated manufacturing.

d) Defining the engineering information system.

e) Creating the engineering information system.

1.3 The Hypotheses

a) The major computer integrated manufacturing benefits
in the manufacture of complex systems are achieved in
the pre-prcduction stages of the product life cycle.
(Project ~anagement, system engineering, concept
design, detail design and production planning.)

b) Acquisition of the computer integrated manufacturing
system occurs within the strategic framework of the
corporation and must be addressed holistically to
ensure tha.tthe ultimate benefits of computer
integrated manufacturing are aChieved.

c) The engirleering information system is the means
through which true integration of applications, people
and systems is achieved.

c 1.4 '1'heDelimitations

a) The study will not cover· industries other than those
involved in the manufacture of large, complex systems
such as aircraft, ships or other similar systems.

b) The study will not address the need for strategic
management, a pre-requisite for computer integrated

2
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manufacturing, or the operational and support issues in
computer integrated manufacturing except where these
must be addressed as part of the acquisition process.

c) The study will not attempt to define specific
hardware or softwa:J.:efor use in a computiex integrated
Danufacturing system. The det ..iled needs within
application areas vary from industry to industry and
b~tween companies within the same industry.

d) The study will only address the areas of CAE, CAD
and cru~ in-so-far as these areas interact with the EIS.

1.5 Assumptions

a) The need for computer integrated manufacturing to
increase productivity in manufacturing is accepted.

b) The social impact of computer integrated
manufacturing is not an issue for complex system
manufacturers.

c) The author's experience and research are relevant
and applicable to a broad spectrum of manufacturers.

c
d) No specific staff or fundi.ng limitations exist,
implying an ideal environment. In real life the
implementation of computer integrated manufacturing
systems is governed by the funding available as well as
the capability of the staff assigned to the task.

3
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1.6 The Importance of the study

By describing the introduction of computer integrated
manufacturing into organizations manufacturing complex
systems, a comparison can be made with the theoretical
proposals as described in the literature as well as
other experiences in different industries. A practical
and detailed generic breakdown of what to do and how to
do it can assist both managers and implementors to
estimate the scope and magnitude of the work for their
own organization to successfully implement computer
integrated manufacturinq.

l In addition, the definition of a generic model for an
engineering information system can be used as the basis
for development of company specific systems, easing the
integration of the application iSlands available from
vendors of computer integrated manufacturing systems.
The financial/organizational impact of introducing/not
introducing computer integrated manufacturing can be
estimated for similar organizations. The role and
requirements for a system integration function can be
established.

,,

c
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2 A REVIEW OF THE RELATED LITERATURE

2.1 A Computer Integrated Manufacturing Overview

The term Computer Integrated Manufacturing (ClM) was
first coined by Joseph Harrington in his book with the
same title, published in 1975.(1)Harringtons'
perception of CIM was the linking of areas of
manufacturing that used computers by computers. This
would enable better communication of information and
commands, more rapid and thorough consideration of
alternatives and the making of better decisions. with
the advances made in computer technology since that
'time the ideal of an automated "Factory of the Future"
has come closer to being a reality.

Much work is being done in this field and one of the
first issues to be addressed is the definition of CIM.
As can be seen from the following quotations no
uniformly accepted definition exists and it is doubtful
that there ever will be one.

"The tools, organization and interconnecting
relationships that enable a manufacturing enterprise to
gain the benefits and market advantage necesS',aryfor it
to thrive and prosper. Ii (2)

"The use of computer and information/ communication
technologies to effectively integrate all of the ;

- engineering/design functions
- manufacturing planning fUnctions

5
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- equipment/process technologies
- manufacturing control processes
- management functions

necessary to convert

- raw materials
- labor
- energy
- information

into a high quality, profitable product, vdthin a
reasonable amount of time. ,,(3)

A clear unambiguous definition of CIM is called for if
confusion and md.sunder-s'candi.nqare to be avoided.
Attempts have been made to provide a single, global
definition of CIM but as yet none of these appear to
have gained any measure of broad acceptance. The
detailed definition of CIM is a function of the
industry under discussion and even of the individual
enterprise within an industry.

In the USA a number of public projects related to elM
have been completed or are in progress. (4) Amc...'ngthese
are the following ;

a) Integrated Computer Aided Manufacturing (ICAM)
intended to improve the sta'te of the art of
manufacturing automation.
b) Computer Aided Manufacturing - International (CAM-I)
directed at advanced factory management.

6
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c) Manufacturing Automation Protocol (MAP) aimed at
setting up standards for local area networking in
manufacturi.ng.
d) Initial Graphics Exchange specification (IGES) for
data exchange between CAD systems.
e) Advanced Manufacturing Research Facility (AMRF) for
integrating advanced manufacturing systems.

In Europe the ESPRIT project is aimed at applied
research and standards setting for aspects of CIM
perceived to be cz-Lt.Lca.l. to the EEC countries. A great
deal of work is also being carried out in Japan and in
the Eastern Bloc countries.

2.2 The Scope of computer Integrated Manufacturing

The scope of elM is not ~ixed, no clean boundary
existing between elM and non-elM enterprise functions.
Some definitions of elM see it solely in terms of shop
floor automation, others see it only in areas directly
involved with products while others include all
enterprise functions in their view of elM. No one view
is "correct" and in reality the scope of elM is a
f~nction of the industry and the culture of any
particular enterprise.

c It is proposed that thr~e views of CIM exist, the user
view, the technology view and the enterprise view. (5)

The user view is characterized by the demand for
information, while the technology view considers the
supply of information which is made possible by the use
of new technologies. The enterprise view considers the
other views I but also addresses the integrat:ion and
consistency required by the enterprise as a whole.

('
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In parallel to ~he three views of eIM is a proposal
that three drivers of eIM exist~ namely technology,
economics and social pressures. (6) The technology driver
is the consequence of the advances and reduction in
costs of computer related technologies. The aconcm i.c
driver is the result of the globalization of markets
calling for large increases in manufacturing
productivity so as to remain competitive. The social
pressure results from the tendency, specifically in
first world industrialized nations, to the post-
industrial society. More employment is being created in
service industries and fewer people wish to work in an
industrial or factory environment.

The need for a uniform, easily understood, definition
of eIM w'ithin a particular enterprise or organization
is crucial to the successful introduction of eIM. Such
a definition needs to be communicated in an easily
understoC}d, clear and rigorous manner, so as to avoid
any confusdon or misunderstandings. Various modelling
systems exist, some ptrovLd.i.nq for functional modelling,
others for aata modelling. All have constituencies in
terms of where they find the most favpur. (7) As an
example the Yourdon-De Marco syste:m is widely used in
the data processing industry.

c
The systems all have different strong points but also
weaknesses such as ambiguity, lack of integration and
lack of clarity. Realizing these drawbacks, the US Air
Force contracted for the development of a technique to
be used in the representation of the functional. and
information structures of aerospace manufacturers. (8) In
addition a means for the simulati.on of such enterprises

8



using a computer-based stochastic simulation system was
developed. The system, known as the IDEF system (IeAM
DEFinit:ion)I is being widely used and has been
successfully transplanted into non-aerospace
manufacturing environments.

CONTROL

INPUT OUT.PUT
FUNCrION

MECHANISM

Figure 2.1 The IDEFO function block
c

The IDEF system provides the ,tools to graphically
represent the functional structure of an organization
(IDEFO) (Figure :.1), to establish the information/data
relationships between functions (IDEF1) (Figure 2.2)
and then to simUlate the dynamic functioning of the
organization (IDEF2). (~)such techniques assist in the
establishment of a uniform, unambiguous, rigorous and



clear definition of eIM for a particular enterprise, a
pre-requisite for successful eIM development and
implementation.

The pl~thora of eIM definitions as well as various
proposed scopes has made for difficulty and confusion
in the comnlunication of the concepts of eIM. The
proposed three views of elM, user, technology and
enterprise, are complimented by three drivers of eIM
vizo technology, economics and social pressures. With
all these available alternatives the need for a clear,
uniform definition of eIM for a particular enterprise
is apparent. The JCDEFmethodology provides a means for
establishing a c.Leaz, rigorous definition of eIM that
is easily underst.ood for any system or organization.

1:1 RELATION

c

l:M RELATION

M:N
ATTRlBUTE

RELATION
ENTITY CLASS

M:l RELATION

10
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2.3 Ini tiating computer Integrated M..,nufactu.ring

Most people find themselves in the initiation stage of
a eIM Programme without havina explicitly intended so.
If all Clf the critical factoi.. ..lrenot addressed in the
initiation stage, it can be expected that numerous
difficulties will be experienced during later stages of
the eIM Programmes. Although it is agreed by the
autihor-sof a number of articles that certain conditions
are necessary for the initiation ~f a eIM p~ogramme, no
clarity a~'unanimity exist as to what they are.

c

In another article the author contends that middle
managers are the best suited to act as agents of
change. (11) He bases this contention on the fact that
they are close enough to the technology to undez-atiand
the specific demands that it makes. Furthermore, with
years left in their careers, many would want tio be
associated with successful innovative activities.
Middle managers are also felt to form the comnmnication
backbone of the company and are proposed as ideal
mediators between "young" professionals and "Clld"top
management.

Top manaqement; understanding and compr-ehensLon is often
stated as being a critical factor for initi~ting any
activity such as eIM. It is proposed that this is a
fallacy that is used by many people as Q reason for not
doing anything. (10) Generally top management decisions
are made based on faith in an individual manager and
not necessarily from a true understanding If all the
issues involved.

, ., ...
, "
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In contrast to this, in another article, it is proposed
that the middle manager will be "squeezed out" in the
restructuring that will occur as a consequence of
eIM. (12) Fewer levels of management will be required and
enterprises will become leaner and more competitive.

At the stage of CIM initiation it is proposed that
certain critical tactors should be addressed. Of these,
the support of top management is often stated as being
essential. In another proposal it was felt that middle
mana.rez s are best suited as CIM initiators. In
contradiction to this it was stated that the ranks of
middle management would be reduced by the
organizational changes brought about by CIM. Other
factors such as early policy statements and user
involvement were also discussed.

2.4 Justifying computer Integrated ManUfacturing

Justification fCJrany large capital expenditure is a
difficult task and it is made more so When the success
of that expenditure depends on changing the wayan
enterprise functions. The need for p1:'oductivitygains
in the "real" Wealth producing secto:r:sof the economy,
the extractive and manufacturing sectors, cannot be
denied. (13) However, Ls this need for the producti vity
gains brought by CIM a SUfficient justification for
implementing CIM ?

\

The major need for using some or other justification
technique is the necessity of deciding between
alternatiVe projects or routes. Without a detailed
financial analysis the risk exists that one may obtain
an inadequate return on the capital invested. One might

12
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also invest in a project that does not represent the
best possible application or one could avoid investing
when it would be better to do so.

Three approaches to elM justification are evident from
the literature. (14)(15)(16) The first is the familiar
cost/benefit approach, the second the "strategic
Framework" approach and the third is faith or no
justification at all.

Productivity improvement is the primary elM objective
and to be able to improve productivity one has to be
able to measure it. Productivity measurement allows one
to monitor historical. productivity performance and its
impact on profits. FUrthermore one can evaluate the
feasibility of business plans in terms of the changes
in productivity levels required. (17)

Profits = productivity + Price Recovery

Productivity = capacity utilization +
Efficiency

Figure 2.3 The profit - productivity relationship

c To improve the cost effectiveness of manufacturing, one
must increase productivity. The relative contribution
to productivity inc;reases by labor, capital and
technology in USA manufacturing industries has been
shown to be smallest for labour, then capital and
largest for technology. It is apparent that the wise
application of technology can provide large
improvements in productivity.'_;

13



Predictions as to the potential benefits of elM are all
generally positive. The results of one of the surveys
carried out by Ingersoll Engineers are as follows: (18)

(Table 2.1)

Table 2.1 elM Benefits

BENEFIT AMOUNT
Reduction in Engineering Design costs 15-30%
Reduction in Overall Lead Time 30-60%
Increased product Quality 2-5 times
Increased capabilities of Engineers 3-35times
Increased Producti"lity of Production 40-70%
Increased Productivity of capital Equipment 2-3 times
Reduction 01 work in progress 30-60%
Reduction of Personnel Costs 5-20%

These figures in Table 2.1 would seem to indicate that,
although significant cost savings can be made, the
major elM benefits are primarily intangibles such as
quality, engineer capabilities and overall
productivity.

c

The standard cost/benefits analysis addresses three
factors, namely technical, operational and economic
feasibility. Historically the major emphasis has be~n
on economic justification with little or no difficulty
in the technical and operational areas. elM
justification is very different since the major
critical areas of success are people, will they work
it? (i.e. Operational), and tecnnology, will it work?
(i.e. Technical), prior to even considering economic
justification.

14



It is felt that the usual capital budgeting assumptions
preclude the evaluation of elM projects by standard
means as shown by the following table. (19)

Table 2.2 The impact of CIM on capital budgeting

CRITERIA STANDARD CIM
SYSTEMS SYSTEMS

Application Areas Narrow Broad
Iii Benefits

Capabilities of Known
I

Developing
Equipment
Costs aud Benefits Quantifiable

I
Harder to
quantify

Best perflon to Manager
!

CIM pr.oject
suggest Iii evaluate Concerned Tealll
Appraisal of Case by Case Part of
Request.s CIM Plan

The process of cost justification usually consists of
the following activities:

c

- a forecast of differential cash outflows is made
- a forecast of differential cash inflows is made
- the net cash flow by year is established
- the net cash flow is discounted by the cost of
capital so as to determine the Net present Value or
Internal Rate of Return (Discount rate at which the net
value of inflows exactly equals the value of outflows)

(' The common pitfalls in using this technique to evaluate
elM investments are:
- evaluating capital expenditure proposals versus

15
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business building strategic investments
- overlooking indirect cost reduction
- using excessive discount rates
- underestimating the residual values of eIM equipment
- relying on a single conclusion when a range of likely
outcomes would be more appropriate.

Justification of eIM investments is felt to be
difficult, given the scope and nature of eIM
requirements. The need for justification is apparent
when looking at the costs of CIM. Few, if any,
organizations can automate overnight and hence the
major function of justification is to distinguish
between alternatives.

Three approaches to elM justification are apparent, the
cost/benefits ap~roach, the strategic framework
approach and "faith" or no justification at all. Since
one of the primary goals of elM is productivity
Lmpr'ovement;the need to measure producti vity is
apparent. The recorded benefits of elM are impressive
but do )I1",~t:cepresent all of the automation failures
that hav~ occurred. It is also felt that the standard
capital budgeting techniques are not suitable for
evaluating elM investments and the pitfalls in using
these techniques are highlighted.

2.5 Planning for computer Integrated Manufacturing

The major task facing any enterprise that has decided
to embark on a eIM programme is that of eIM planning.
To plan successfully requires preparation in terms of
organization, procedures and methods. The primary goal
of ClM planning calls for the use of formal, structured

16



planning techniques that are both easy to understand
and rigorous.

The planning that occurs in most corporations is
planning related to cash flm", profitability and
product mix. Most manufacturing planning is justified
in terms of cost/benefits and the tendency is to
appease top management by justifying improvements on
the basis of rapid short-term returns. (20) It is
proposed that better results could be achieved by
having a total integration framework over a long term
planning horizon. projects could be justified within
this framework, allowing for the approval of projects
which in isolation are not feasible but are important
to future projects.

Very little system planning is done ?t manufacturing
facility level. (21) The most common approach used is the
blind adoption of the latest technology with the
assumption that the potential benefits will be
obtained. If the systems approach is adopted within a
planning framework then succ2ssful integration of
manufacturing functions requires that one knows and
understands them. The importance of a common definition
of elM cannot be overemphasized in this process.

c The major requirement specified by most authors when
discussing elM planning is the need for strategic
planning. The elM strategy should support the
Manufacturing Strategy which in turn should support -C.he
co'rpcrratie Business Strategy. It is felt that strategic
planning time horizons are a function of the particular
industry and hence it is not the :time scale over which
planning is done but the nature of the planning that

c
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makes it strategic.

Various routes to achieving a focused manufacturing
enterprise are proposed in the literature. One proposal
is that the example of the Japanese should be followed.
By merging long and short term planning, avoiding false
dichotomies such as cost versus quality and integrating
specialized objectives into a consistent and coherent
programme they achieve focus. (22) Job definitions should
be broadened such that long term goals take priority
over parochial specialization.

Another, more specific, proposal is that there are ten
steps to ClM, namely ; (23)

1. Prime the corporate culture for change
2. Clearly define expectations
3. Establish a project team
4. ldeintify ClM champions
5. car-ry out detailed environmental analysis
6. ldeintify the technologies that a particular

strategy requires
7. FOI~alize operating policies
8. Establish working partnerships with suppliers
and vendors

9. Follow a sound, proven implementation policy
10. Track and report progressc

As obvious as these steps may seem very few
organizations appear to take all of them when embarking
on ClM or ClM related projects.

various environments within which technology planning
occurs are felt to exist. Different techniques and
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philosophies are called for in the different
environments. The particular environment in any
particular organization must be identified prior to
carrying out any planning. (24) The following diagram
shows the various environments with respect to each
other and to "diffusion" (a measure of deployment) and
"Infusion" (a measure of impact).

rSystem
Diffusion
(Deployment)

FEDERATION
(Critical Success
Factors)

COMPLEX
(Eclectic)

TRADITIOliAL
(stages of Growth)

BACKBONE
(Business System
Planning)

system Infusion (Impact) ~
'~olectic - choosing, accepting freely

from various sources.)L ~

Figure 2.4 Teeonology Plan~ing Environments

c

Although many authors state the requirement for
strategic management it is not always clear as to what
is meant by the term. It is proposed that there are
four stages to strategic management. Few people are
explicit in defining which stage eIM requires.
Generally stages cannot be ~kipped and it is felt that
the majority of businesses never leave the early stages
of strategic manaqement;,(25)

The tools of project management such as Gantt charts,
networks and resource scheduling are felt to be
inadequate for eIM planning. (26) project management can
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f
only be applied once it has been decided what to do,
how tc do it and when to do it. computer based
simulation techniques are proposed as providing the
necessary capabilities for ClM systems.

Table 2.3 The four stages of strategic management

stage Value system
1. Financial Meet the budgei;

planning
2. Forecast based Predict the future

planning
3. Externally orientated Think strategically Jplanning
4. strategic Management Create the futul~e

As mentioned previously the inadequacy of ex.is't.Lnq
techniques prompted the US Air Force to fund the
development of a system for ClM planning. The s~ystem is
known as lDBF (lCAM Definition) and was developed by a
group of aerospace manufacturers specifically for
aerospace manufacturing. (27)(28)(29)

c

The technique is used by means of an author/reader
cycle (Fig.2.5) providing for continuous peer review of
all work to ensure quality and reduce errors. Thle
reader corrects syntax, clarifies terminology, checks
consistency and assures completeness.
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CONTINOUS PEER REYIEW OF ALL WORX

TO ENSURE QUALITY AND REDUCE ERRORS

A READER

• CORREC!S SYNTAX

• CLA.RlFIES TERMINOLOGY

• CHECx.s CONSIstENCY

• CHECx.s COMPLETENESS

• ASSURES ACCURACY

Figure 2.5 The IDEF author/reader cycle

MORE GENERAL

1
MORE DETAILE.'

/
This dIagram is
the "parent" of
this diagram

-'----=--
Figure 2..6 The :~DEFOhierarchy of diagrams
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The lDEFO diagrams are arranged hierarchically with
successive levels of decomposition providing greater
levels of detail. (Fig.2.6) lDEFl builds on the
functional model and deals with information and data
modelling of the system. lDEF2 is a computer based
stochastic simulation package which uses the functional
nnd information models as inputs to the modelling and
S _'l1ulationof systems or organizations. This allows for
extensive "what-if" type analysis and hence the impact
of possible system changes can be predicted much more
accurately. The graphical nature of the systems assists
the ease of understanding as well as the creation of a
common definition of elM and manufacturing in general.
The technique has been successfully transplanted and
used in non-aerospace environments, providing both
simplicity and rigor in communicating how an
organization or system functions. )

A model of a future system does not tell one how to
create that system. Other techniques must be used to
establish the short and long term projects required to
do so. It is proposed that work sessions with
operations line managers must be the forum in which
major projects are identified and prioritised. (30) To
improve the producti vity of such sessions the aut.hov
proposes that the Nominal Group Technique be used. This
consists of asking three basic questions:

What do we do right:
What areas can be improved?
How can the improvement be achieved?

Once projects have been identified within an overall
elM programme the ranking of the individual projects
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must be done. A technique proposed is that of
opportunity matrices. Individual technologies or
projects are rated according to thei.rpotential impact
on the criteria used to measure a particular
organizations' success. Only at this stage, after
projects have been identifi.ed and prioritised, can the
techniques of project management be used.

eIM planning is a major task and certain tools and
techniques are needed to carry it out. Most planning
done is of the short term cost/benefits type and very
little "systems" planning is ever done at the
manufacturing facilities level. The eIM planning should
support the manufacturing and business strategies of an
organization. To achieve ).~ocusin manufacturing it is
proposed that certain Japanese practices could be
adopted. One of the issues affecting planning is the
environment in which it takes place and four gener.ic
planning environments were defined. strategic
management was felt to consist of four phases with most
businesses never leaving the earlier phases. Once
system planning has been done using techniques such as
IDEF, projects can be identified and the techniques of
project m~nagement can be applied.

2.6 The Organizational Impact of computer Integrated
Manufacturing

The potential of eIM will be achi~ved by people, not
technology. If the human aspects of eIM are ignored
there can be little chance of a successful eIM
prog!'t.1mme.The major impact of eIM will be in the way
people work, calling for higher levels of skill as well
as multiple skills. The role of middle management will
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also change from that of supervisory/control type
functions to a. ·training role. (31) 'J':t ..3 impact: on top
management will be significant with organizations
having to move :more people with manufacturing
backgrounds into senior positions since they understand
the requ-l.rementsof elM more readily.

The massive changes wrought in moving to elM will call
for retrain":"'~lgo:fvirtually the entire w(')rkforce. Once
the transi'cion has occurred, continuous training will
be required to keep up with the rapid technological
innovation taking place. Projections mdde of the
training require.d indicate tha·teach worker/manager
will spend four to six hours a week in training by
~990. The training to be given will be defined, guided
and controlled by middle management. The training r.'lill
be so sp~cific to anyone plant that only the local
managers will be in the position to monitor training
quality and content. The cost of thi~ training during
the transiti.c'\to elM is estirna'tedto be five to ten
percent 'Ofthe total capital cost of the transition.

c

Projections made in various studies of employment in
the USA indicate that, as a percentage of the total
work forcer employment in manufacturing dropped from
thirty percent in ~947 to 2~.7% in ~978 and is
projected to be between two and five pE:':::e.antin the
Year 2000. (32) Reduction in the work force "'ill come
mainly at the expense of unskilled workers and hence
also first l1.ne supervisors. Shortages of skilled
workers and engineers will only be avoided if suitable
education and \,:rainingis carried out. (33) Present
industrial and academic programmes a~~ felt to be
inadequate in fulfilling the elM training requirements.

(\
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It is proposed that joint industry/ academic programmes
could ne a solution to this training problem. (34)

Industry could provide equipment and expertise while
the faculties do mass training of industrial staff and
manufacturing engineering students.

People are the key to elM and throughout the
restructuring brought by elM the "people " issues must
be continuously f'ddressed. The change.s needed and
caused by elM will mean a vast amount of training and
retraining. Employment in manufacturing h~proj ec·ted to
fall, yet there will be shortages of ;:;killedpeople.
Joint industry/academic progrClmmes are proposed to
provide all of the training requirsd in 'the transition
to elM.

r

Conclusions from the Literature Review

a) A clear definition of elM must be established for
any specific elM ~rogramme.

b) The scope of elM is a function of the industry type
and culture of any enterprise.

o

c) In. init:iating a elM programme it is crucial t.o
define reasonable expectations and to cover all of the
elM critical functions.

d) Justification :>felM projects is crucial. for
establishing priorities and so distinguishing between
alternative projects.

e) elM planning calls for formal, structured planning
techniques that are both easy to undarstand and
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rigorous.

f) 'I'hehuman aspects of ClIo![must continuously be
addressed in a ClM programme if it is to succeed.

r

o
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3 COMPUTER INTEGRATED MANUFACTURING FOR COMPLEX
SYSTEM ~~FACTURE

3.1 A Complex System

A complex product system is typically made up of tens
of thousands of components arranged in sUb-systems
within the product system. The product system in turn
generally forms a small part of the overall user
system. The number of systems built is also often low,
ranging from three or four (ships) to hundreds
(aircraft) and thousands (armoured vehicles) •

f
The life cycle cost profile of a complex system is
typically divided as follows :

10-12% in Research and Pevelopment
28-30% in Production
60-70% in operation and Support

The number of systems produced per life cycle phase
varies from zero for systems such as ships to aome+h Lnq

like the following for aircraft and other vehicles :

o

Experimental Development Models
Engineering Development Models
Pre-Production Models

1-2 systems
2-6 systems
4-10 systems

(\

A complex system is most often built to order and J.s
subject to strict specifications. The n.umber of people
involved per phase is typically as follows :

Research and Development - hundreds
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Production
operation and Support

- thousands
- thousands

In the research and development and production phases
many trade-offs are necessary to achieve the desired
performance. Co-ordination and integration costs are
high and component records produced in this phase often
have to be kept for 30 to 50 years after delivery. In
the operation and support phase field use records have
to be kept to provide logistics feedback to the design
fUnction.

3.2 complex System Manufacture

f
An enterprise involved in complex system manufacture
(CSM) can be defined both in terms of the products as
well as the functions it carries out. Typically within
such an enterprise marketing, development, production
and product support are the core functions while the
supporting functions of finance, personnel and
information services as well as the manaqemerrc

p:t'ocessesmust exist. Typically CSM is divided into
several life cycle phases as follows :

Concept Phase
Validation Phase
Full Scale Development Phase
Industrialization Phase
Produ~tion Phase
Deployment Phase
Operation Phase
Phase-out Phase
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The primary output of the conceptual phase is a
functional baseline, typically in the form of a
specification. From the validation phase an allocated
baseline consisting of specifications and related
documents is created. The production baseline is the
corresponding result of the full scale development
phase and is, in essence, the 'build-to' requirement.

3.3 computer Integrated Manufacturing for Complex
system Manufacture

r

The primary requirement in complex system manufacture
is for integration and co-ordination, not automation.
The integration called for is thai:of people and
processes, not hardware and machines. The output from
the eSM process is primarily information, information
based on copious amounts of data that are ideally
stored and accessed by means of computer. with the
volume of the data being so large and the nature of the
data being so diverse the essential problem in
designing a elM system for eSM is the ownership and
control of the data.

o

The other feature of CSM that changes the elM design
approach is the large need foz..highly skilled resources
in all phases of the life cycle. The use of computers
and related technologies to leverage this scarce,
highly skilled resource pool is more easily jUstified
than the r,eplacement of a less expensive production
type resources with extremely expensive automated
systems s'1.chas robots and automatic guided vehicles.
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The greater impact of earlier life cycle decisions
implies that one of the major objectives of any system
should be to improve the decision making in the earlier
life cycle stages. This is achieved by providing
better, more up to date information, timeously. A major
requirement of any system handling the information
flow, especially when 'fast-tracking' is that the
system be responsive yet rigorous in managing change.

The areas defined in Figure 3.1 below are not all
equally important and the focus for a CSM enterprise
should be on those functions falling under the
following bz'oad categories ;

f
computer Aided Engineering (CAE)
Computer Aided Design (CAD)
Computer Aided Manufacture (CAM)
Engineering Information Systems (EIS)

o
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COMPUTER INTEGRATED MANUFACTURING ACQUISITION

4.1 Acquisition Strategy

The risks that exist for an acquisition project of this
nature can be grouped as follows :

Financial ris'k incurred in purchasing hardware
and software that is or becomes inappropriate.

Technology risk that arises as a result of
technological change, both obsolescence and
teething problems.

f Time scales a.rerisks associated 'tvith the lead
times in procuring hardware, training users and
the project milestones.

operational risks are a result of poorly defined
user requirements, changing user requirements,
inappropriate systems and inadequate training.

Resistance to change, when the users themselves
are threatened by arid feel negative towards the
implementation of the system. This situation could
occur due to insufficient education and lack of
training. However. ma~agement commitment to the
effective use of the system and training of their
staff can prevent t.his situation occurring.

c' To address these risks and to minimize their effect the
following steps have to be taken.
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4.1.1 strategic structure
A eIM strategy in support of the Business strategy must
be developed. This will ensure that the system acquired
will fulfill the real business requirements of the
company. A top management steering commi.ttee should
guide the development and implementation of the elM
strategy.

4.1e2 Project management
The acquisition of the computer facilities must be run
on a project ba.sis. This will provide the tools,
reporting and control structure needed for success.

4.1.3 System engineering
The use of system engineering tools and.techniques
addresses the problem ho.l.s ..~tically such that successful
system development can occur.

4_2 Design strategy
4.2.1 Alternatives
Four primary information systems acquisition strategies
exist. The first is the Ad Hoc design, or no strategy
at all. New systems and technologies are introduced in
reaction to some external pressure such as client
demand or user crisis. Inevitably this approach results
disjointed,'" "'.y designed systems which ultimatt;ly
consume a great deal of money an produce very poor
returns. Many manufacturing systems have evolved in
this manner as corporate MIS functions have reac-:ed to
pressure from manUfacturing to provide something other
than accounting systems.

The second strategy could be described as the function
or organization driven design. The focus of this
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approach is linked very closely to the organizational
structure of a company. Each function attempts to
create the perfect system for themselves without
consideration for the broader company requirements.
What results is aptly described by the term "Islands of
Automation". For example, the design function acquires
a CAD system without the necessary CAM capabilities
required by the manufacturing group.The sum of the
local optimum solutions throughout the organization
generally is far from an optimu~ solution for the
company as a whole.

o

Technology driven design is the third alternative
design strategy, taking two distinct forms. One of
these involves the single minded pursuit of the
fastest/ latest/ biggest available systems regardless
of the real requirements. Again this is far from cost
effective and management disillusion soon sets in as
diminishing returns are received for ever higher
expenditure. The other form of technology strategy is
characterized by a policy of only purchasing a single
brand of technology. This often occurs in an
environment where the corporate MIS function has been
pushed into supporting functions other than the
classical business systems. An advantage to this
approach is that the hardware is typically more easily
supported and fewer difficul' ies are experienced when
attempting to link systems.

I

~

The danger in this single source avproach is the wide
spread notion that if two applications exist on the
same hardware platform they must be integrated. This
almost never true and physical integration does not
imply any degree of logical integration. With the
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advent of open systems and international standards in
almost every area of hardware and software technology,
the benefits of single sourced solutions are rapidly
being obviated. In essence, hardware has become a
conmodity and should not be the primary driver of any
systems acquisition proj·ect.

Data driven design is the fourth strategy alternative.
It entails the establishment of a logical data
structure for allenterprise or some sub part of the
enterprise. Defined in terms of independant data
standards, it is employed to write specifications for
software procurement or development.

f'
The logical data model is derived from a top down
function or activity model of the enterprise. Using
bottom up techniques such as data normalization the
information requirements identified in the activity
modelling process are consolidated to form a logical
data lllodel.

)

This data model is then used to evaluate software
packages for compatibility with the data
standards/requirements. It can also be used to specify
requirements for software development projects where no
suitable software packages exist.

I',,,} Data statistics such as volume, usage and timing are
derivable from the combination of the a _·tivityand data
models. These statistic play an important role in
quantifying the requirements for hardware such as
processing power, storage device siz,es and
communication requirements. It is almost a prerequisite
to succeasrul.distributed systems design to establish

34

(;



such data measurements.

4.2.2 The Design objoetivt9
The design objective adopted is the creation of a high
performance computing environment which supports a
single system view of:

- individual information
- project information
- divisional information
- corporate information
- computing resources.

I

f

To reach this goal we shall adopt the three schema
architecture as a basis for the global system design.
The main elements of this approach are:

Information Architecture
What the user sees;

35

Control Architecture :
"Meanings" or relationships that transform facts
into information;

Computer Systems Architecture :
Where data/facts are physically stored;

()
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The three schemas that correspond to these
architectures are:

- External Schema
- Conceptual Schema
- Internal Schema

These schemas can best be described by the following
diagram: (Figure 4,.1)

THREE SCHEMA ARCHITECTURE

g iii )

/.
<, iii~- ...........

-F;acts"

ii-Information ..
...._,[li/

6l'~ iii.=~0
Extern2.1 Conceptual Internal
Schemas Schema. Schemaa

Figure 4.1 The three schema architsctura
On line data access technology such as the high speed
networks planned for in the system design allow the
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~hree schema archItecture to llfilled. The
capability exists for any authorized user to define an
information requirement (external schema) that can
subsequently be routed through the conceptual schema to
data located an any computer file (internal schema). As
long as developers of internal schemas ensure that
there is a route back to the conceptual schema, and the
creators of external schemas do the same, complete data
transparency exists.

The conceptual schema is the key to the success of the
system. It is up to the controlling group to develop
and maintain the conceptual schema and to ensure that
the standards and procedures necessary to maintain it
as an active control are developed. The cQnceptual
schema provides the data standards necessary to run a
data driven enterprise.

Incorporated into the project plan are three major
activities that lead toward5 aefining and setting up
the conceptual schema. a)Functional system design
(IDEFO) leads to b)data modelling (IDEF 1) which in
turn results in c)database design.

\

"

(

I

o

The results of these three activities are, a)user
information requirements, b)control structures needed
to control the source, destination and s;,tatusof aL,'
data and t~ transform it into usable information and
c)the physical location and.storage of various data.

!
, \

(,

These outputs wi] 1 then clearly defj,nethe three schema
architecture which will allow the development or
acquisition of applications to satisfy the user
requirements. The high speed rletwcrk1.'planned in the
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design will allow the three schema architecture to be
implemented. Each department/cell can store the data
they generate within their own cell, and it can be made
available to other users via the neblork and the
conceptual schema. The conceptual schema can therefore
provide a 1 at.form 011 which to build a configuration
:management ·.1dchange control system.

4.2.3 Evaluation of Alternatives
A cost effectiveness model for computer systems has
been established. The details of this model as well as
the definitions of the terms used can be found in
Appendix B. Using this madel as a basis, a user value
system can be established for ever.y application area.
The value system should not be used to at.tempt to
design a syst.em but only to differentiate between
alternatives once these have been established.

A short-list of alternative hardware configurations and
application packages is established by the project
team. These alternatives must meet prerequisites that
are established by the project team and management. The
prerequisites are typically similar to the following ;

Use of industry standards where applicable;
Stability and growth of all vendors;
Local vendor support and maintenance;
system openness allowL. g for integration;

()

The short list of hardware/software will then be
evaluated by the users by means of the value system and
they will then decide as to which alternative to
proc.'reo If no suitable system is available for
prc ....01 .... ement, a user system requirement document must be
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compiled and a system levelopment project initiated.

4.3 The Work Breakdown structure for Computer
Integrated Manufacturing Acquisition

When attempting to address a elM project it is
essential to define the work required very carefully
since the scope of any such project is so large.
Typically a five year plan should be established, yet
it.is extremely difficult to get management commitment
in terms of funding for such a long period of time.

A further problem arises when it is realised that a elM
project team of thirty or more people with various
skills is l.~!quiredfor a project such as the one
depicted illFigure 4.2. The difficulties associated
with getting and keeping the type of skills required
for a elM project are by no means minor. The ideal
project member has both engineering and computer
qualifications as well as at least five years of
experience in engineering computer applications.

(I

Obviously every project would be different but all
would follow the work breakdown scrucbuze (WBS) in
Figure 4.2 to some extent. The project management leg
of the WBS is self explanatory but the other elements
require some explanation.
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SYSTEMS

SYST~M
ENGINEERING

USER
REQUIREMENT
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IMPLEMENT
S'YSTEMS

GLOBAL
DESIGN

Figure 4.2 The work breakdown structure for CSM elM
ac:quisj\, t;'on

Whensuch a project is initiated it is very rare to
find a compl.et;e definition of eithel:' the project scope
or the use.r requirements. A great deal of the initial
work involves setting boundaries for the project as
well as ,facilitating communication with and between the
users to assist them in defining their requirements of
any sysbiim.

While the scope is being defined by means of the
proj ect manaqement;and user requirements elements the
system engineering and elMS design elements can be
initiated. The system engineering activities involve;

a) sy~;"temdefinition
b) configuration definition and management
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c) technical performance achievement
d) operational feasibility elements

System definition entails an analysis of the
requirements, a functional analysis and allocation for
the system, trade studies between alternatives and
finally, the synthesis of a system solution.

Under the configuration element the specification of
the system as well as general configuration management
of the definition is carried out.

41

Risk analysis and management, technical performance
measurement and performance verification comprise the
performance achievement element.

To establish the operational feasibility of the system,
integration of engineering specialties as well as
system effectiveness and life cycle cost modelling is
performed. In addition the logistic support and
produceability analyses are also carried out under this
element.

o

The ClMS design e l.emerrc covers the functiona.l
modelling, data modelling and database design as well
as computer systems design, the establishment of
policies and procedures, infrastructure and education
and training. The applic~tion design element is one of
the elements that would be tailored to suit a
particular project. In this model it is broken down
into the areas of computer aided engineering (CAE),
computer aided design (CAD), computer aided manufacture
(CAM) and the engineering information system (BIS).



The elMS development element would also be tailored
depending on the software purchased or developed and
the customization required of purchased software. The
procurement element is also highly modifiable depending
on the specific site and covers all those functions
related to software and hardware procurement.

The final element, that of implementation, is crucial
to the success of a elM system. If inadequate
preparation of facilities and staff has taken place the
elM system will immediately be seen in a bad light. The
effect of this could be so bad tha't it ultimately leads
to the failure of the system or portions thereof.

4.4 Technology Issues in Computer Integrated
Manufacturing

4.4.1 Engineering workstat..i.ons

()

Each user will have access to a stand alone engineering
workstation and software that suits his specific
application. Each user will have his own hardware and
software available on local disk. Systnm performance
will therefore not be affected by the number of users
on the system at any time. The 32-bit processing pO"l~r
of each workstation will ensure a consistently fast
response time. The high resblution graphics and wide
range of application software available will ensure
that every userls needs are-satisfied.

4.4.2 High sp~ed networks

A diagram illustrating the logical communications via
high speed networks appears in Figure 4.3. All
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engineering workstations, minicomputers and mainframes
will be networked, thus allowing transparent
information access across all departments.

UARKETING ,. SUPPORT
CONTRACTS SERVICES

. • kbl(F1bre-opt1o bac ~ne)

LOGISTICS ENGINEERING PRODUC'l'ION
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Figure 4.3 An inter~building network

,.,~

The connection solution most suited to the topology of
the site and the nature of the applications is the IEEE
802.3 standard, commonly known as Ethernet. The use of
fibre optic media is proposed in order to enhance
security and also to eliminate susceptibility to
lightning. Within each building, a multi-port repeater
will be used to split the single fibre optic input to
six copper outputs. (Thin Ethernet cabling). ~he
network is expected to operate at ten megabits per
second.(_!

This wi.llprovide for.ease of communication between the
major groups involved·. The network design includes a
fair amount of expansion possibilities. Each multi-port
repeater can be exchanged for a fibre optic hub, which
will provide a network in each building equal to the
size of the entire currently proposed network.



Within these buildings there are teams of technical
specialists using the same applications and sharing
most of their data in a cellular fashion. These c~lls
will be linked via the token ring network system. The
cells within each building have various amounts of
computing needs. Typically a cell may 3nge from one
engineering work station and a dot matrix printer to
thirty engineering workstations, '~ocomputers,
printers, plotters, laser printers ~tc. However, the
logical system and network design remain exactly the
same regardless of the size ~f the cell.

communication requirements of a typical cell :

- communications betwee).
pc's within the cell.
- Communications between the cell and ot.her

workstations and

cells in the building.
- Communications between the cell and other
cells in other buildings.

c

Figure 4.4 shows the logical system and network design
within a typical building. Computing cells are
connected to the multi-port repeater via thin Ethernet
cabling and an file server. The cells therefore
communicate to any other cell or device in the network
via the multi-port repeater.
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Figure 4,,4 An intra-building network

communication within each cell is achieved by use of a
token ring network. This extremely fast network allows
the common data within the cell to be transparent to
all users. Each ring network or cell includes an file
server. The file server's functions are:

o

- Provide a gateway between the Ethernet
network and the token ring network.
- Physical storage of the cell's common data.
- Numerical Processing in the case of
computational intensive applications.
- Allows connection of multiple peripherals.

In some cases a super mini computer/mainframe is also
connected to the multi-port repeater for numerical
processing. The mini computers and mainframes are
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connected to the Ethernet network using TCP/IP
protocols. (Industry standard). The workstations can
access these mini/mainframe computers via the file
servers and th~ Ethernet network.

At the system level all peripheralS and other network
resources such as numerical processing are av~ilable to
authorized users. Furthermore, although the system is
distribu~ed, it is logically one single file system or
data base. This facilitates the configuration
management function as well as providing access for all
to a single product data base.

4.433 Numerical processors

r Super minicomputers with large amounts of processing
power will also be linked to the network. These
computer's are to be used to run computational intensive
tasks. Thus, a user wanting to perform a large finite
element modelling task can download the task from his
workstation to the numerical processor. His workstation
is then released to perform other functions while the
computational intensive task executes in the
background. These super minicomputers are to be used
solely to run applications normally resident on the
engineering workstations. In other words, the super
minicomputers are intended to increase the processing
pow'er of the department's workstations.
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4.4.4 Departmental minicomputers

Mini computers that run applications not resident on
the elM workstations will also be linked to the
network. These "independent" minicomputers will not
increase the processing power of the department's
workstations but will be able to pass data to and from
the workstations. An example of this type of
application is the electronics design and simulation
mini computer.
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4.".5 Application s)pecific software

r

A list of suitable software has to be compiled
following the study of the user requirements.
Information on the ~elevant packages should then be
made available to the users in order for them to decide
on alternat.~.es.. Eventually a range of software can be
made available to the users that satisfies their needs
and can be supported by the system administrators. See
Appendix C for a typical list of applications.

4.4.6 Peripherals

o

peripherals such as printers, plotters, digitisers,
tape readers/punches etc., will be provided to the
users. These peripherals will have a network ID, and
can therefore be accessed by all users. Expensive
peripherals can also be shared between departments.

4.4.7 Integration with existing systems.

Information transfer between existing systems and ·the
proposed new system is made possible via the netwol:-k.



The network design allows communication to occur'
according to accepted industry standards such as
TCP/lP, Ethernet IEEE ~02.3 etc.

4.5 organizational Requirements

4.5.1 Aequisitiou

The acquisition of the ClM system should be tackled as
a project with a delLicated project team of the
necessary seniority, experience and training being
established. The composition and size of the project
team can naturally vary with the varying demands of the
different project phases.

r A project steering committee should be formed with
representatives of senior management from each
division. This will aid the project team to operate
successfully, as the nature of the project requires
access and communication across divisional boundaries.

4.5.2 operation and support
The correct operating environment for workstatiop~ and
minicomputers is vital to ensure maximum syst~m
availability. A central group of specialists will be
required to oversee the operation and support of the
entire system as well as any sYfltem level applications
or functions such as configuration management. This
group would typically consist of the following

1)
() 2)

3)

4)
~A

System Manager and secretarial service
A system administration group
System software specialists
System hardware specialists
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5) Project system administrators
6) Networks and communications staff
7) Applications specialists
8) Development project teams and project managers
9) Data Base Administrators
10) A maintenance workshop and staff

In addition to this central group, in every major
functional area (depa~tment or division; there will be
a system administrator for the local systems as well as
operators to support the users witn system tasks such
as backups, plots and the Li.ke, General:·':(,t .=
application specialists will be lucated ~n the areas
where they are most needed.

49

4Q6 Advantages of the Proposed sy~tem

The advantages of the proposed solution are

4 ~el Flexibility

c

In a broad elM environment such as a ~omplex system
manufacturer it is difficult to accurately determine
the user re~uirements. The elegance of a distributed
computing environment such as the one proposed in this
document lies in the ability to easily alte.r the system
as user requirements change. Workstations can be moved
between depart:ments and buildings with mjnimal effort,
and can be rec,onnected to the network in another
physical location.

Incremental expansion costs are also kept to a minimum,
as any expansion is simply a matter of acquiring extra
workstations and conn.r.:ctingthem to the network



f

c

(,

infrastructure which will already be present. This is
in contrast t.omainframe ;:'asedsystems where large,
expensive incremental steps, (ie. another CPU), are
required.

As the workstations are stand alone units{ frequent
technological upd:lting of the equipment is possible and
can be performed on a modular b?~is without affecting
the rest of the system.

4.6.2 Availability of the system

The dedicated 32-bit CPU in each 'i"orkstatiol1ensures a
fast, predictable respC;:1setime. Thp uaer is therefore
not affected by the number of users on the system at
any time. In the event of the network temporarily no~
being available for maintenance or other reaeons, each
user can still proceed with his own s~-·:.:cificcomputing
functions. In essence, the event of tot~l system
failure can never occur.

Maintenance of the workstations is very simple. The
faulty workstation is removed and replaced by a
workstation in working order from a maintenance pool.
When the faulty workstation has been repaired, it is
simply swopped back again.

4.6.3 Industry standards

The ~ystem design is such that it adheres to a wide
range of industry standards. This will facilitate the
connectivity of future hardware and intp-gration of
future software. It also allows the users to chee-se
software from a long list of available application
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software from various vendors.

4.6 ..4 Security

Another major advantage of a distributed computing
system is security. From a 3trategic point of view,
there is no Ole building or computer that houses all
the companies computing resources and data. if any
building were to be damaged by lightning or destroyed
by any other means, the system could still function
without being ser.io~sly affected by ~he loss of
resourC3S in that building. Backup tapes of the
destroyed section of the system can be loaded onto
workstations in other buil~.ngs and the affected
departments could proceed with their functions.

4.6.5 Productivity

The prin:lal.'Yob]ective of the system to be designed is
the Lmpr-cvement; of produ·..::tivity in UH~ desi'::{nand
production of complex systems. To achi('>'V'a this
objective a number of difif rent app.rcachcs ":0 the
system design are poas LbLe , all with advantages and
disadvantages.
These major categories of computing are:

c
- Centraliz;ed computing (Mainf.t'amebased)
- Departmental computing (Mini computer
based.)
- Distributed or End User computing
(Netwol.ked work stations)

The effect that these. computing environments would have
on productivity played a major role in the design
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process.

In an engineer ins:com.p....':ingenvironment productivity
has two ma'jor eLemorrcu, individual productivity and
work group produc~ivity. Individual productivity calls
for predictable high performance, a customized
environment and solution specific applications. Work
group productivity on the other hand calls for a single
file system, communications across products from
various vendors, group productivity tools and
applications integration.

To prov'ide a comprehensive solution, both individual
and group productivity must be addressed without
conflict or compromise. Unless both the individual and
the work group are addressed simultaneously then gains
Made in either area are negated. Alternative system
aTchitectures can be characterized as in Figure 4.5

o

tGROUP
PRODUCTIVITY

MINI/MAINFRAME
ARCHITECTURE

I ~NGINEERING
RK STA~:ON

NETWORKED
MINI/MAINFRAME
ARCIUTECTURE

CLUSTERED
PC
ARCHITECTURE

INDIVIDUAL PRODUCTIVITY

Figure 4.5 The effect of computer architecture on
prod~lctivi ty
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The matrix demonstrates the effect of various computer
system architectures on individual and group
productivity :

The mini/mainframe architecture performs well on group
productivity because the file systems are designed on a
single system which permits excellent group sharing.
However, they are low on the individual axis because of
the individuals need for a predictable high performance
environment. This is the largest drawback of these time
shared systems.

Clustered PC's and workstation architecture have the
exact opposite effect on productivity. The individual
enjoys the benefit of dedicated processor performance,
while the group sharing needs are compromised due to
the layered nature of their communication technology
and its inherent drawbacks. These are added cost,
administrative overhead, increased response time,
security, etc.

The networked mini/mainframe architecture suffers the
worst of both worlds. Th~aaccess ccmpLex.i,ty and the
administrative expense of multiple file systems are
needed to do justice to the group's needs, while the
variable performance characteristics of shared
processor performance do not meet the needs of the
individual.

The engineering workstation system p~arfonns excellently
on both axes. Stand alone workstations allow individual
productivity gains, while the transparent file/data
access provided by high speed networJ\csand a single
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file system boost group productivity. The following
attributes make the engineering workstatiun system
outstanding for engineering computing

- dedicated 32-bit power
- high resolution graphics
- high speed networking
- transparent communications across products
from different venders
- flexible system configuration
- incremental growth paths
- support of industry standards

Based on the preceding discussion, one can see that a
major benefit of the proposed system is increased
productivity in the design and manufacturing computing
areas.

4.6.6 AppJ.ications

A wide variety of software is available on the proposed
systems so allowing for solution specific applications.
In addition, the nature of the system allows for the
integration of applications, thus minimizing the need
for conversion programs and data duplication. One of
the system requiromEmts which is simplified by the
proposed design is 1:hat of configuration management.
This is due to the fact that the proposed system
supports a single logical view of all data on the
system.
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5 THE ENGINEERING INFORMATION SYSTEM IN COMPUTER
INTEGRATED MANUFACTURING

5.1 Defining the Enqineerd 0.9' IlL~formation system

The primary distinction between ~he engineering
infonnation system (EIS) and the other systems within
an organization is the nature of the information within
the system. The EIS Ls concerned primarily ~rith data
which defines a product in terms of its form, how it is
made and how it is supported. Product information is
not of a financial or time nature although the costs
and schedule for.the establishment of the information
must always be known.

The initial definition of the product is in terms of
the need that it has to fulfill and even at this early
stage the EIS can be implemented to support the process
of needs definition and interpretation. Ultimately this
user requirement is transfo~~ed through the system
engineering and design processes into a development
baseline.

It is in these definition phases that the EIS plays a
major role, culminating in a product definition that
can be produced and deployed to satisfy that initial
customer requirement. During the production phase the
EIS plays a supportive role·in defining and managing
changes as well as recording the liasbuilt"
configuration of the product. In the 1eployment phase
the EIS role is reduced but still monitors field
performance data and incorporates any ch~nges made in
response to this information.
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The processes that crea1:e and use this data are broadly
defined by the following areas of activity ; (See
Figure 5.2 - Integrated Manufacture of Products and
Services)

5.1.1 Marketing

Definition
Th"se ~::::tivitiesdirected at satisfying needs and
wants through exchange processes.

Tb'asub functions of marketing relat.e to defining and
interpreting market requirements through the execution
of client relations, market research, markLting
planning and execution and contract management. One
result of these activities is the creation of a
requirements baseline which in turn forms the starting
point of the development process.

5.1.2 Development

c

Definition
The design, definition and qualification of, a
product, the processes necessary to produce the
product and the items and procedures necessary to
support the product.

The development process consists of four primary sub
functions, namely system engineering, product
devel.opment.,production development and product support
develClpment. In the first stages of the development
process, system engineering, as defined here, takes
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place;
The applicati~n of scientific and engineering
efforts to;
(1) transform an operational need into a
description of a system configuration which
best satisfies the operational need according
to the measures of effectiveness;
(2) integrate related technical parameters
and assure compatibility of all physical,
functional and technical program interfaces
in a manner which optimises the total system
definition and design;
(3)integrate the efforts of all engineering
disciplines and specialties into the total
engineering effort.

r

These activities are followed by the engineering
development process which entails the design,
definition and qualification of a product. Once a
product is defined the process then moves on to
developing th()production of the product I resulting in
the design, definition and qualification of the
processes and equipment required to produce a product.

o

The third of the development activities is that of
product support development. This involves the design,
definition and qualification of the equipment,
documentation and procedures required to support a
product in use in the field.

57



\...

r-

cD tzj
::t ....
g-~.a 11
11 cD.... U1
(/l •
Q) ;-0

o
0
I:'

~n
rt
III
jj

....
t;$
rt
CIl

U1 ~
OJ 11

~
rt
cDno
1:1
III

~
Hi
PIn
rt
~
11....
.g

,-

'" c )

IUSEO A'l': AU'l'II01l :KALIL P. n. OA'l'.I:::l0/11/00 x WOIlKING !lEADEH 1)1\'1'1' coor: '1';1PIlOJEC1':EIS IlEV.9/1/09 DnAF1'
COHPANY:IHl' HECOMMENOEO

NOTES 123456709 PUDI.ICATION A-O I: I
---'
!

Harkel: Inforruatio\ Cl C2 /orderS/IlFP's IIcporl::..;/ ~
(,/(/ No l:ifici. iOil!'

! h Irt ,
t ' - -Rcpods/ nCL)°7!.ll...v Notifications /~

MANAGE " .... 01
1M Management
ENTEIl1'1l15E dj1:'~ctivcs Pr.OOllCt

,..--- .... 1 /Cont:..;

Material s I Hanagem~t /L,':
Procurable direci:ivd~ Product:..;/

Items~. t servicc,l

IM OF l
I ....·0211 I>-- Pll(JDuC'rS &

SERVICES 1 111/~~!~::~~.r I>-- 03
21-- ) ConL:ract

KPM Orde documonun

C'.hnnge-r
Reques!: ./ I sunronr AN-. --

I ... 04
I2 "'1 1M 11""ono1.1}:unuf

E«TERllnln~

anrI ol.her

/crvices outputs

NOPE: ITITLE: flUHlIEIl:

I JUS/AO __ CONDUCTAN INTEGRA'l'ED Hi\NUFAC'rUIlING EN'l'E!ll'llrSE Kl'B3 --'==

~,"



(1) I:d
~ .....
ri' 'g(1)

~
11
(1)

11..... Ul
F III

Q) ....
n
0
~p,
~
0
rt
r,J
tI
.....
~
(1)

11l lQ
00 11

III
rt
(1)
P:

i
,

l:f
IIIg

0
HI
III

1

0

f!
11

~
.....
~
IQ

I
, )....

--
USED 1\'1': nuruon :KALII.. 1".n . 01\'1'1:::1 0/ I 1/00 X HOnKING I\EI\I)ER I)l\'n COtl'!'J,,:X'!': 1<.1'112

pnOJECT :EIS IlEV.'J/l/09 DMF'l' D(;OHPAN'i :IHt' HECOMMENDED

NOTES : 1 2 3 4 5 6 '1 11 9 PUOI.ICI\TION 1\-0-, - --
Harkel: IrlfOeDliltiO\ Cl C2 Orders/REP's lIeport!J/

b.

~

//1/ Notificatio(w

! ,,- Heparts/ "
f /V Notification::;

nep(J~!,l

I HANl\GE
/~,

" ~ 01
1M Milnilgemcnl:
ENTEn1>IlISE tlj't~ctive::; Pr.oduct

,--- .... 1 ",Coutu
Milterial & Hilnilgem~l: /1/
Procurablu direcl:ivdf---

t
, l'rm1t1cl:n/

IteJlls~ Service:1

1M OF .' ;1
11-~ , ~'O2- .... l'nODUC'l'S &

SERVICES Delivery
! l>- 03

2 1 ={' ,/documenkn
)contrnct

RPM Oeoe ooculIlcn\:u

C'.lUlOge--r-
Reques!:

/ [Slll'POlI'r AN ....04
.... 1H

I

12 ((( EN'l'lmPIlISE I
t'inunclal3 )Fun s --- and other

/erviccs outputs

NODE: Tr'fLE: Iuuansn:
EI5/1I0 CONDUCT AN IN'rEGnl\'l'ED HJ\NUFI\C'rllll1NG EN'rEllPllXSE l<P1l3 I-



~-

~
""',,-i~r

I'D bj
(I) ..... IUSED AT:

~ ~
..... t1
n (D
tl)
I'D 01

•
N

H
tj
rt
(D

ILl
Ii
JII
rt
(D

P-

I:!
JIIg
HI
ill
(1
r+s::
11
(D

o
HI

Ul
\D

,-

-e

AU1'lI0R :lu\LI L l.'. n.
PROJECT :E1S

COHPANY:IHL'

HOTES : 1 2 3 4 5 6 7 a 9

DA'fE:lO/l1ioa IXIWOnl\H1G IIU!:ADEll DA'rt1 oCO!'l'l'I::X'l': 'KPllJ

REV.9/1/o9 DRAFT •RECOMMENDED

lAO
CJ

l'UDL1Cl\'fION

j I _ prOmD~i~I;1i
Harke I: ~.1 i i -- -----~-- Prcxlucl: 8,...1 products &. ~ -- sorv Lee

...-1 I-~ survf.ces 2 --, detlniti<l"s

I I --~03Develop __ 1 _

rill 1-...1~~~~~.~::r-'1. 1 t l' J 1 ~~~~~~~
1

- Produ:::e -~ ordep
1
04

-- -10- products &.IQ _
services ,

<I I. I" I I l'roducts). Suppor:.:--
I products

,1-.... services

r--'"
'C~----------l C6t 1 T2 C2 T3 C3 N C<I T5 C5 I '1'6 Reports I

Manage 1M I I I I Plnns
of products' T ) ) -- 'I ...
&. services 11 t I I 1 01

'1'1

rio-

11-1-1 1

Procurable
items

'd
Iiog.
n
rt
to

~
P-

Products
I2-I-1 I I I I 1---

Procured
items

&. j--'j--'" 05

51-1 t t f'ecxlback
Support 1M --

___ ,_j 1 -,.. of producl:!l __ ,
&sc~~iccu '

/L_ 6--)1
Services

I Items for
,, ~ approval

Tl'l'LE: NUMIIEJt:NODE:

£I5/'A2 IN'fEGlll\'l'ED HANU1:'AC'l'UREOF' PllODUC'r5 AND SE!1.VICES I{PIH [ ---'

,,):'"



r

f.Q tzj
CJ) ....
~ 'g
1-'. 11Q (D
CD
(4 0'1

~

U1
I.D

USEO J\T~ -. I, '"C";1I01.l :KALIL
PROJECT :EIS

1

'~OM[ll\NY :IHP

NOTES : 1 2

OATE:lO/l1/08 X WORKING
nEV. r; / t /69 --I-O-RA-r-T---~--------~

1'.D. oCON'l'£X'l': 'KP1l3n."i\OEll 01\'1'1:

RECOMMENDED -----------~~
l'UDLICJ\'fION

CI
3 <1 5 6 7 0 9

:n.i:f-1H--'l-·2! C2

l
.1_ T3_.C__3_._

of pcoducbn ---- .....-
& ser:viccs

1

Promol:ion i

-----·1--- -- -- -- -- ---10- 0;'

product t
scrv Lce
ucf.initiclIs

--1------1---- -- --- ---- ------)- 03
l

cc
T5 C5 '1'6 Ilcp{)ds

I
l'lilon

!--.:-----I--- --,,----1---,,---1---- ...
01

_:IC4

J
&

3 -, 1
produce ---~

10-products 8.
ser:vices

<I

~
----- -- ...

Market '2t-_, T'lr-I-----I-----,.... products ...
services

,---'--_'_-'-----.
Develop~---·--~-I---------I------I-...products
fiervlccs

Productn
Service!;

1_,..-__--.,_1__ __ ocdepl04

Sp~~:~~5 s - 1t'roouct!l
1-----·1-- -- ....05

servi ccs 5hi r-----''"---'_F_'e_cu.,.ba ck
l'rocured Support 1M ---'
items_______ 1 1 1-----1-----1-----1---- .../'-----1- -)10- of pcoducuu --,

l Items for _ . &Sel.VICeS_ 6--,,-\1
appcova L , 1,----- ~-~-~--~--------~--------~------.~~-------------.-__/Ser:vices

procurable
il:ems!l--I·-----I---------~---I------I-----r

12- - ------1--------1----1-----1----1-----pro<lucl:s

NODE:

EIS/l\2 IN'fEGllA'l'ED HANIJlo'AC"l'IJREOF l>RODUC'rS AND SERVICES 1<1'04 I~-------------~------------------------------------~----------------~
TI'rLE: NUMllEll;



I

o

5.1.3 Production

Definition
The processes and procedures designed to transform
a set of input elements into a specified output
element.

The sub functions of production are production
planning, production control, production demonstration
and testing, production method development,
fabrication, assembly, installation and testing.

5.1.4 Product support

Definition
A disciplined, unified and iterative approach to
the management of and tec:hnical activities to

(l)Integrate support:.considerations into
system and equipment. design.
(2)Develop support requirements that are
related consistently to readiness objectives,
to design and to each other.
(3)Acquire the required support.
(4)Provide the re(~ired support during all
product life cycle phases at minimum cost.

Major sub functions of t.heproduct support process are,
logistic support analysis, SE/ILS management, SE/ILS
engineering, maintenance, support equipment design,
supply support deve Lopmerrt , transportation, personnel
and training, creation of;'technical publications and
preservation, packaging, packing and marking of the
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product.

Two areas which are often not explicitly addressed but
form an integral parr. of all of these processes are
quality assurance and configuration management.

5.1.5 Quality assurance
(see Figure 5.3 Assure quality of products and
services)

Definition
To ensure the suitability of a product in terms of
ef ectiveness, life cycle cost, fitness for use
and customer satisfaction.

f

o

The quality aSSurance process has four primary foci,
the quality of the concept, definition, conforman~e and
performance oL the product. Most quality assurance
activity is directed toward assuring the quality of the
conformance of a product to the specifications. Quality
of concept is generally addressed by means of market
research and product trials, leading into the quality
of definition activities such as design reviews,
modelling and analysis. Quality of performance is
involved with the collection, ~nalysis and reporting of
field failures, leading to improvements to existing and
future products.
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5. 'J.. 6 confiqu,ration management

(See Figure 5.4 Manage configuration of products and
services)

De:finj.tion
A discipline applying technical and management
principles to:

(1) Identify and document functional and
physical characteristics of hardware and
software.
(2) Control changes to these characteristics
(3) Report change processing and
implementation status

r

Three of the four configuration management sub
functions are ongoing activities while the fourth,
configuration audits, is carried out randomly. The
three continuous activities are configuration
identification, configuration control and configuration
status accounting

o
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5.2 The Role of the Engineering Information System in
comput*~ Integrated Manufacturing

The primary objective of the EIS is the integration of
development activities by enhancing the coordination of
these activities. This can be achieved by integration
of the information flow within and between the
development activities. other forms of integration such
as control integration and material flow integration
can be used but in the area of development activities
the most effective is the integration of information
flow.

r
The EIS is required to integrate the activities of
large design teams, improve the management of
engineering data, provide fast, accurate communication
and increase development productivity.
To do this the EIS eliminates the duplication of
development data but also increases the availability of
development data to those who need it. In addition, the
data is secured by the EIS with only authorized staff
having access to the data.

c

The EISt apart from b6ing a repository for many
different applications' data, has to also provide the
tools and utilities to carry out the following
functions. These are preferably automated and
essenti~lly transparent to the user of the system.

File and Data control
Process control
configuration ManLgement
Notifications
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Archiving
Maintenance of r~lationships
Fil~ conversion and communication
Control of non-electronic data

The benefits to any enterprise with an EIS are nump.rous
with some of the major benefits being a reduction in
development times, an improvement in product quality,
reduction in costs and greater control over processes,
designs and changes.

5.3 creating the Engineering Information system

5•3•1 Arch:i.tecture
Any information system requires the definition of an
architecture or design philosophy for the successful
creation of the system. The three schema architecture
is accepted as the most flexible and successful
approach to adopt and it is 'theone proposed for the
definition and creation of an EIS.

5.3.2 Models
The use of models in information systems development
has become widespread but not every modelling technique
provid~s the desired rigor.

()
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MODEL U ~/

DESIGN
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Figure 5.5 Models in the information systems life
cycle

Any choice of a model or models to use should be made
considering the environment of the system and its end
objectives. Not all modelling methods will provide the
desired solutions. Diagramming techniques are important
and, if selected carefully, can have a tremendous
impact on the development of an information system.
They assist in establishing a clear, rigorous yet
easily understood definition ·of a system and so improve
the quality and accessibility of a design. In some
advanced systems the design can be decomposed to the
point where automatic generation of software can take
place.
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The approach used in this system is the creation of a
functional model of an engineering information system
based on the IDEFO model discussed in Chapter 2 and
Appendix D in the dissertation. This allows for the
definition and decomposition of the functions and
information flows of a t~'pical EIS for an integrated
manufacturing enterprise.

From the functional model an information model known as
IDEFl is derived. This model is based on the entity -
relationship-attribute data model. The entity-
relationship-attribute model is a starting point of the
software system life-cycle.

In Table 5.1, the stages in any EIS definition are
presented. In this model it can be seen that various
data models are used at different stages in the life
cycle. The corpr...rate entity model. defines the high
level scope of the entire enterprise and does not
contain vast amounts of detail. The business entity
model presents a more detailed, thorough representation
of a particular aspect of the enterprise activities
such as the EIS or the financial information systems.

At the functional or application level the data models
represent the logical data requirements of an
application such as CAD or MRP. At this point the
models lose their system independence since the
physical data models represent the hardware and
software specific implementations of the functional
data models.

(\

In the further life cycle phases no new models are
created but the fUnctional and physical modelS are used
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and maintained right through to the point of disposal,
assisting in the migration to a new system.

5.3.3 Technologies
In addition to the functional and information models
there are other requirements for the successful
creation of an EIS in the areas of corcpccLnq,
communications and databases.

The advent of the personal computer and engineering
work stations has seen a dramatic change in the price
performance factors of computing. The mini and
mainframe computers no longer stand as central
repositories of data and processing capability and in
engineering environments the shift to distributed end
user computing is progressing t'asterthan just about
anywhere else.

With both the processing power and storage capacity
they require on their desks as well as high resolution
graphics, the engineer today is very much more involved
in the information technology than before. The
implication however, of the distributed end user
sysceras , is that networks have had to improve
significantly to provide both the performance and the
low'cost linkage between many disparate systems, from
PC to mainframe. The use of fibre optic technology is
becoming widespread and the network management role is
becoming all the more important.

The EIS places some unique pressures on a database
management system (DBMS) as result of both the volume
and the nature of the transactions that take place in
an engineering environment. Some of the requirements
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the EIS places on a DBMS are

size
A typical integrated manufacturing enterprise with
fully electronic systems would require approximately
twelve billion words of data on line and about nineteen
billion words of data available within ten minutes.

Speed
For on line database applications studies have shown
that sUb-second response should be maintained if the
operator/user productivity levels are to be k~pt high.
This however can obviously only apply to simple
transactions and not to complex non-key searches or
calculations.

Heterogeneity
The EIS environment is such that multiple types of
hardware and even of DBMS's must be expected to exist
and any integrative system must cope with this
heterogeneity and the communications load that this
implies.

c

Security
security of the data in the EIS has many aspects but
the major issues are the integrity of the data,
controlled access to the data by authorised
applications and the recovery of the data in cases
where system failures do occur.
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Distributed
Any advanced manufacturing environment today has many
computer sites and computers disseminated throughout
its facilities. To integrate such an environment calls



for distributed databases to support the distributed or
end user computing.

Text and Graphics
The EIS should ultimately have the capability to manage
and display not only textual information but also
graphical information. This will entail a level of
capability not found in today's D'commercial" databases.
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The benefits of using a DBMS for an EIS are numerous
but the primary ones are ;

The DBMS simplifies and standardizes access to data by
both applications and use£'s. This has large time and
cost benefits when creating new applications as well as
cross training staff.

If a suitable DBMS is selected easier hazdwaze

migration can take place without major disruption of
applications and data access.

Data independence is achieved when one is no longer
held hostage by a particular application because of the
amount of data one has stored in a proprietary file
system or DBMS used by that application.

By defining a data model and controlling it the
accuracy of development data can be significantly
improved. Along with the improvement in accuracy one
can reduce data redundancy, so improving the integrity
of development data.

The major DBMS structures that exist today are the
hierarchical, the network and the relational databases.



5.4 An Engineering Information System Model

The object oriented database is receiving a lot of
attention in specialised area~ ~ut the relational
database structure appears to have developed to the
point where it can replace all others. Virtually aLl
existing engineering databases are based on a
relational DBMS and tainly all new systems will have
a relational DBMS as their core.

504.1 The functional model
The diagrams in Figures 5.1 through 5.4 represent the
top levels of three distinct models. The primary model
is that of a complex system manufacturer (CS~)t as
modellea by the author, focussing specifi~ally on the
areas of concern within an engin~ering information
system. The other models are complimentary and
represent the quality and configuration management
systems within the CSM. trbe complete mOdels can be
found an Appendices E, J:.~ and G rIC'·pectiv~ly .

Method
The models were created by means of work sessions
conducted by the author with the various elements of
the company. The first lev01s of the model were derived
from sessions held with the senior management of the
company who were trained in the use of the technique.
Once -thehigher levels were completed illdraft form the
various functional areas of-the company Were involvedt
in turnt in work sessions varying in length from as
little as fO!lrhours to as long as five days.
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Each first time work session was initiated with a
discussion of the purpose and future of the work that
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was to be done. This placed bo'ch the technique and its
results in perspective for the people in the work
sessinn. Figure 5.6 was often used to represent this
graphically. Once the initial IDEFO models were
established the IDEF author/ reader cycle was
established and used to minimise the time spent in
joint sessions where these were not required for any
other reason.

IDEFO
I

JORGANIZATION
CHANGE

I
I

----'!J- IDEFl

1CONCEPTUAL SCHEMA

rJ
INTEGRATED I~ORMATION SYSTEMS

~COMPUTER INTEGRATED MANUFACTURE

1

---!:Iw> REVISED
IDEFO

A MORE EFFECTIVE
~---------------'~M1U~FACTURING

COMPANY

Figure 5D6 The IDEF modelling context

Once an acceptable functional model had been
established for an area it was then used as a basis for
both discussions on the organizational structure of
that area as well as the information and information
system requirements of the area. Those processes that
~iere identifi,ed as being both necessary and suitable to
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computerise were then identified.

~.4.2 The information model
creation of the info"t'111ationmodel commences with the
decomposition of the i~formatlon classes, identified in
the functional model, into entities. Entities being
defined as the people, places, events and things that
are of interest in any particular enterprise. The next
step in this process is to identify the attributes
which comprise the entities and then, from these
attributes, identify the primary key (unique
identifier) of any entity. (See Appendix D)

The la~t step in this process is the establishment of
the business rules and relationships amongst the
entities, resulting in the identification of alternate
keys, foreign keys and referential constraints. The
means by which this process is driven is the activity
of data normalisation.

I~.

! .~
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Data normaf i.sat.Lonis a process carried out to ensure
that each piece iQfreal world information appears only
once in the enti,tymodel. '£hiseliminates redundancy in
the model, the applications built on the model and,
ultimately, in th.e functions using the system.
Normalisation is a means of non-loss decomposition and
is carried out in stages, each corresponding' to a level
of normalisation known as a normal form.

There are six normal forms of interest to real world
applications and each normal form exists within the
context of the preceding normal form. For istance, to
satisfy X normal form an entity must be in X-I normal
form and meet so:me additional constraint. Each normal
form has a definition as presented on the following
pages.
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1234 COOPER 10 SALES 7788 JONES 10 SCOPE 10/9/88 100

20 ANALYSIS 20/9/88 100
30 TEST 20/10/88 J.50

7788 JONES 20 SUPPORT 7000 SMITH 10 SCOPE 10/9/88 200
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.l 30 TEST 20/10/88 150
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FIRST NORMAL FORM (lNF)

Every attribute must have a single value for any occurrence a
it's entity at anyone point in time.

Table 5.3 First normal form stage

EMPLOYEE
EMPNO EMPNAME DEPTNO DEPTNAME MNGR MNGRNAME
1234 COOPER 10 SALES 7788 JONES

7788 JONES 20 MARKETING 7000 SMITH

7800 COOPER 10 SALES 7050 PHILLIPS

ASSIGNMENT
EMPNO PROJNO PROJNAME STARTDAT'E BILLRATE

1234 1.0 SCOPE 10/9/88 100
30 TEST 20/9/88 100
40 HANDOVER 20/10/88 150

7788 10 SCOPE 10/9/88 200
20 ANALYSIS 15/9/88 250
40 HANDOVER 20/10/88: 200

7800 20 ANALYSIS 15/9/88 150
I
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SECOND NORMAL FORM (2NF)

Every attribute must depend on the entire
identifier of it's entity for it's value.

Table 5.4 Second normal form stage

EMPLOYEE
EMPNO EMPNAME DEPTNO DEPTNAME MNGR MNGRNAME

1234 COOPER 10 SALES 7788 JONES
7788 JONES 20 MARKETING 7000 SMITH
7800 COOPER 10 SALES 7050 PHILLIPS

ASSIGNMENT

o

E:r-1PN'~IPROJNO START DATE BILLRATE
1234 10 10/9/88 100

30 20/9/88 100
40 20/10/88 150

7788 10 10/9/88 200
20 15/9/88 250
40 20/10/88 200

7800 20 15/9/88 150
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Third Normal Form (3NF)

-~

Every attribute must not depend on anything except
the unique identifier of it's entity for a value.

Table 5.5 Thirn normal form stage

EMPLOYEE
EMPNO EMPNAI'1EMNGR MNGRNAME
1234 COOPER 7788 JONES
77a8 JONES 7000 SMITH
7800 COOPER 7050 PHILLIPS

ASSIGNMENT
EMPNO PROJNO STARTD1~TE BILLRATE
1234 10 10/9/88 100

30 20/9/88 100
40 20/10/88 150

7788 10 10/9/88 200
20 15/9/88 250
40 20/10/88 200

7800 20 15/9/88 150
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Boyce-Codd Normal Form (BCNF)

Every determinant must be a candidate key.
See Figure 5.8 for an example of the entity
relationship diagram.

Table 5.6 Boyce-Codd normal form stage

EMPLOYEE DEPARTMENT
EMPNO EMPNAME MNGR
1234 COOPER 7788
7788 JONES 7000
7800 COOPER 7050

DEPTNO DEPTNAME
100 MARKETING
200 SALES
300 PRODUCTION
400 LOGISTICS

ASSIGNMENT

o

EMPNO PROJNO STARTDATE BILLRATE
1234 10 10/9/88 100

30 20/9/88 100
40 20/10/88 150

7788 10 10/9/88 200
20 15/9/88 250
40 20/10/88 200

7800 20 15/9/88 150
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Fourth Normal Form (4NF)
The entity must not contain independent multi-
valued mappings ,.

Fifth Normal Form (5NF)
An entity must obey no symmetric constraints other
than between candidate keys.

PROJECT
Projno

J.1rojname
S ,heduled via

Staffed by ~ j
ASSIGNMENT
Deptno (FK)
Empno (FK)
Projno (FK)
Startdate I
Billrate _j

Generally, where existing relational database
technology i.sbeing used it is very unusual to need to
progress beyond the Boyce-Codd normal form.

DEPARTMENT
Deptno
Deptname

Hade

I
lP of EHPLOYEE

{"De"ptno (FK) I
IL~_~~~E_m~p_n_o ~~ .

Empname J-:
Mngr (FK) I

I
I
I

I I
I I
I It~__ ?_r.!.?-_g~_~__~t

I
o

. ._)
Figure 5~7 The resulting BCNF entity-relationship
diagram.
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As can be seen from Figure 5.7, the entity-relationship
diagram can grow rapidly to the point where creation
and maintenance of the model become extremely difficult
without the use of automated tools of some sort. In any
enterprise level model sixty ·toseventy entities can be
identified fairly quickly. As the process of
normalization is carried out this numLer grows rapidly.
By working at a lower level, corresponding to the
application level, a more focussed, controllable model
can be derived. As is reflected in Table 5.1, this is
the general progression of any information systems
project adopting these techniques.

Function
Hierarchies

o

HOW THE TECHNIQUES .
MODEL THE REAL WORLD

EVENTS
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No one technique is used in isolation and it. :i:£!. the
combination of techniques as represented in Figure 5.8
that imparts the true strength of the proposed
approach. Other techniques such as dataflow diagrams,
state analyses, entity life histories and action
diagrams all combine to fill out the modelling and
analysis of a system. All of which leads to
fundamental, rigorous and ultimately cost effective
integration of syst~ms, resulting in truly computer
inte~-ated manufacturing.

~..
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6 SUMMAR~ AND CONCLUSIONS

6 • 1 summa.ry

r

A.comp.l.exsystem is defined by many things but is
generally a system which comprises many components
w'bile tl1lenumber of individual units built is low. The
compLex system has a distinct life cycle with
different, clearly defined phases. Often prototypes of
t:hesys1:em are builtin the development phases to
rnini1ilis,=the risks Lnvc: ved. The number of people
involved also varies from phase to phase with typically
:sn.veralhundred being Lnvo l,ved in development phases
and sevleral thousClnd in production and oper-at.Lona.l,
phases.

~~ocreate and support a complex system an organisation
1:.ypicallyhas four core functions, namely marketing,
development, production and support. An organisation
that produces complex produces and has these four
functions can be defined as a complex system
manufacturer.

computer integrated manufacturing for complex system
manufacture is shaped by the requirements of CSM which
are primarily the need for coordination and integration
of information. This is especially true in the
formative phases of the co~plex system life cycle. In
these phases the staff involved are primarily highly
skilled, scarce resources and the decisions made with
regard to the product have the greatest impact on
product cost and effectiveness.
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I.tis therefore appa.rent that a great need exists for
timeous, accurate information in these early life cycle
phases. The distinction between data and infoL~ation is
important to define here as the provision of
information is predicated on the availability of data.
A datum can be seen as being a fact and a meaning. A
fact without context or meaning is not a datlxm.
Information exists when a datum exists and there is a
need for that datum. This indicates the transient
nature of information since it is only while a need for
it exists that a datum is information.

The fluid nature of the operating environment in the
development phases of a complex system also imposes the
need for any systems used in these phases to be able to
cope with continuous change. The computer related
systems of primary importance in these phases ar.e,
computer aided engineering (CAE), computer aided design
(CAD), computer aided manufacturing (CAM) and the
engineering information system (EIS).

When acquiring a CIM system there are many risks that
are faced before a successful system is established.
Although these risks will vary from project to project
and are often not directly controllable it is possible
to minimise them by adopting certain techniques and
approaches in the acquisition project.

The eIM acquisition must firstly form part of the CIM
strategy developed for and supporting the company's
business strategy. It must also be addressed as a
project and the tools and techniques of project
management applied. Further to these steps it is
essential to make use of system engineering practices
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to ensure that an holistic approach to the acquisition
is adopted.

The information systems within ClM must be developed
according to an architecture which results in flexible
yet cost effective systems. Such an architecture is the
three schema architecture as specified by the ANSl-
SPARC committee. The three schema architecture provides
for the treatment of data as an asset whereby the user
applLcatid.onsare buffered from the physical computer
s;ystemsby means of a central control or logical
achema ,

f

:Cnthe work breakdown struc·ture established for ClM
1:here are three major elements which result in the
c:reation of a conceptual schema. These are the elements
()ffunctional modelling (lDEFO), information modelling
l[lDEF1)and database design.

other elements of the work breakdown structure deal
~lithproject management and user requirements
definition, common to any project. The system
engineering and elMS design elements deal with the
architecture related activities while the other
elements are related to the design, development,
procurement and implementation of hardware and software
systems.

o
1!~ fUrther parameter in the elM equation is that of
t:echnology. .A elM project's success is often predicated
on the success of a certain technology or combination
of technologiesu Some of the major areas of concern are
end user computing, communications and distributed
heterogeneous applications. The crux of the problem is
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the integration of personal computers, mainframes,
minicomputers and peripherals at both the physical and
logical levels.

staffing of such an acquisition project is difficult
and the correct mix of engineering and computer staff
must be found for any specific project. In the
operation and support of a eIM system a unique mix of
system s·taff and application specialists must be
established. This group must be continuously focussed
on the global purpose of the systems they are working
on to prevent the fragmentation of the systems into
isolated islands of automat50n.

The advantages of adopting such a structured approach
as described here can be seen in the results obtained
by such systems. The systems are highly flexible and
available yet adhere to industry standards while
providing high le.vels of sec1.7,rit.y.The net result is
that a tremendous gain in productivity is achieved in
those areas which have tradit:.onully not seemed
amenable to any improvement Elfforts.

As the core of any eIM system it is necessary to focus
on the engineering informaticm system. It is defined to
be a system that contains data related to the
marketing, development, production and support
functions as well as quality and configuration
manaqement; data. The engineex'ing information system is
also seen as an adjunct to the areas of computer aided
engineering, computer aided design an.d computer aided
manufacture.
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Creating the EIS under the three schema architecture
ensures that· a flexible and effective system can be
created at low cosc . This is particularly so since this
approach allows for phased implementation of
applications without any penalty. Modelling of the EllS

is crucial to this creation process. The choice of
models and diagramming techniques is important since
not all techniques can provide the solutions desired.

The IDEFO technique for functional modelling is used to
establish the EIS functional model while the IDEFI or
entity-relationship-attribute model is used for
information modelling. The IDEFI model is the most
appropriate point to ini'tiate the software system
development life cycle.

f

The software development life cycle is characterised by
three phases, an analysis phase, a logical phase and a
physical phase. The IDEF diagrams are prerequisites for
the analysis phaae ,

.~

cl
I,

The EIS is bound by technology limitations in three
areas, viz. comput.Lnq , communications and database
management systems. The computing field has been
revolutionised by personal computers and the advent of
end user computing. Each user controls his own
processing and storage as well as having access to
other computri.nq, storage and output resources.

A prerl9q"<lisite for true end user computing is
communication, communication of such a nature that it
becomes essentially transparent to a user where any
data or application is physically located. Acc.ess to
remote devices and data should be as if they were
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present on the users own disk.

Unique pressures are placed on a database management
system by the EIS. The nature of the EIS data and
transactions are such that. they are not comparable to
the usual database applications. The EIS database has
to be both large and fast yet also provide high levels
of security in a distributed, heterogeneous
environment. The database management system should also
be able to deal with both textual and graphical
information. The benefits of using a DBMS fc)rcreating
the EIS are that the access to data is simplified,
hardware migration is more easily undertaken and data
integrity is much improved.

A functional model of the EIS has been created with two
supplementary models, those of quality assurance and
configuration management. The model is placed in
context by indicating how it is used prior to embarking
on a modelling session. The EIS is placed in context by
modelling the enterprise top down and hence indicating
the interaction between the EIS and the other systems
in the enterprise.

The functional model, once established to sufficient
detail, forms the basis for the definition of the
information requirements within the enterprise. 'l'he
information entities (arrows in the IDEFO diagrams) are
easily identified to create'the IDEF1 diagrams.
The EIS is entity rich and although it is possible to
establish a single entity-relation-attribute model it
quiCkly becomes so complex and difficult to read that
it is essentially useless. It is far better to
establish many smaller entity-relation-attribute
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diagrams, each appropriate to a specific user view or
application. The combination of the many smaller models
creates a mosaic of views, ultimate'ly defining the
entire global EIS entity-relation-attribute model.

To do this manually is possible but extremely laborious
and probably highly inaccurate. l-t is essential to use
an appropriate tool which maintains all the links and
references within the model automatically. This ensures
both the integrity and completeness of the model so
created.

Which tool to use is dictated by the specific project
selection of a database management system. In some
instances it is possible to generate the database
automatically from the model by defining the data
dictionary for the database management system.

The final step in the creation of the EIS is the
definition of the applications which supply and use the
data within the EIS. This process is much simplified by
the existence of the database prior to the application
development or procurement.

o
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6.2 Conclusions

a) A complex system manufacturer should first adopt elM
in the areas of the enterprise prior to the shop floor.

b) elM acquisition should be handled. as a distinct
project and system engineering principles applied in
the acquisition process.

c) The lDEF modelling technique should be used to
define elM system.

d) The information systems implemented as part of the
ClM system should comply with the three schema
architecture.

e) The engineering information system should be defined
to function as an integrator of the related areas of
CAE, CAD and CAM.

f) The engineering information system should be
implemented by means of a da·tabase management system.

g) The engineering information system information model
should be a composite of all the smaller user and
application information models.

h) The information models should be created and managed
by means of automated tools, preferably linked to a
database management system.
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COST EFPECTIVENESS
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Figure Bl cost effectiveness
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DEFINITIONS

1. SYSTEM EFFECTIVENESS
A measure of the extent to which CI. system may achieve a
set of specific mission requiremen·cs.

1.1 AVAILABILITY
An expression of the probabiljcy that the system is
operating satisfactorily at any time, when used under
stated conditions.

1.1.1 ~~INTAINABILITY
The extent to which a system facilitates the correction
of deficiencies.

1.1.1.1 MAINTENANCE
Activities carried out to pre-empt failures and hence
to keep high availability.
1.1.1.2 REPAIR
Activities carried out to restore a system to its
original condition after a failure has occurred.
1.1.1.3 SKILLS & MANPOWER
The number of men and the levels of their skills
necessary to achieve the desired level of availability.

c
1.1.1.4 EFFORT TO TROUBLESHOOT
The effort required to establish the cause of a failure
once it: has occurred.
1.1.1.5 ALLOWABLE DOWNTIME'
The maximum amount; of time that a system may be
non-operational once a failure has occurred

1.1.2 SUPPORTABILITY
A measure of the extent to which a system facilitates

106



c'

backup and logistical activities.

1.1.2.1 HARDWARE
The level of internal and external capability necessary
to ensure the desired Le.ve L of hardware availability.
1.1.2.2 APPLICATIONS
The level of internal and external capability necessary
to ensure the desired level of software availability.

1.1.3 MODIFIABILITY
A measure of a systems ability to incorporate changes
once the
desired c! nge has been decided upon.

1.1.3.1 FLEXIBILITY
A measure of a systems ability to perform different
missions to the desired level of performance.
1.1.3.2 EXPANDABILITY
The measure of the extent to Which a system facilitates
the enhancement of it's capabilities.
1.1.3.3 PORTABILITY
A measure of the ease with which applications can be
carried out on other systems.

1.1.4 ACCESSABILITY
A measure of the probability that a user will find an
access point to the system available at a particular
time.

1.1.4.1 NUtmER OF POINTS
The number of access devices re~~ired to obtain the
desired availability.
1.1.4.2 PLACEMENT OF POINTS
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The positioning of the access devices relative ,tothe
potential users.

1.1.5 RELIABILITY
The probability that a system will perform
satisfactorily for at least a given period of time i{,\r'tm

used under stated conditions.

1.1.5.1 HARDWARE
The performance levels required of the hardwa!.e Df a
system to ensure the overall system availability.,
1.1.5.2 SOFTWARE
The performance levels required of the software of a
system to ensure the overall system availability.
1.1.5•3 DATA
The performance levels required of the data of a system
to ensure the overall system availability.
1.1.5.4 SECURITY
The performance levels required of the security of a
system to ensure the overall system availability.

......

1.2 CAPABILITY
A measure of the system's ability to achieve the
mission objectives, given the system condition during
the mission.

() 1.2.1 HUMAN PERFORMANCE
A measure of the quality and quantity of work or effort
of the human element of a system.

1.2.1.1 ERGONOMICS
The environmental factors effecting the physical
performance of the human element of the system.
1.2.1.2 INTERACTION
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The interaction betw'een the human and the other
eLement.s of the system.
1.2•1.3 SKILLS
The levels of knowledge and training required of the
human element of the system to attain the desired
performance.

1.2.2 RESPONSE
The period between the initiation of an activity or
function and the satisfactory execution cf that
activity or function.

1.2.2.1 PRO:ESSING
The processing speed of the system or subsystem central
processing unit.
1.2.2.2 PERIPHERALS
The speed at which system peripherals such as disc
drives perform.
1.2.2.3 NETWORKS
The speed at which instructions and information are
carried through the system.

1.2.3 ACCURACY
A measure of a systems capability to provide outJ;uts
sufficiently precise to satisfy their intended use.

(\

1.2.3.1 FLOATING POINT
The precision level required of numerical values used
by applications to achieve the necessary level of
accuracy.
1.2.3.2 ALGORITHl1S
The applications and hardware algorithms must provide
sufficiently close appzoxi.natLcns to satisfy the
overall accuracy requirement:s.
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~.2.3.3 RESOLUTION
The level of hardware and software driver resolutions
must be such that sufficiently accurate results are
produced.

1.2.4 CAPACITY
A measure of a systems capability to accommodate the
volume of activities desired by the user.

1.2.4.1 STORAGB
A sufficiently large amount of primary and sec:!ondary
storage as required by data and applications.
1.2.4. 2 TRAFFIC
The system must provide the necessary capac Lt.y to
handle all the data and informa1t:.iorl.transf·ers.
1.2.4.3 PROCESSING
The system must provide suffic::itmtprocessing capacity
to accommodate the volume of 1rlOrkat .anyone time.

1.2.5 APPLICABILITY
A measure of the extent to which a system satisfies the
applications desired by the user.

(,

1. 2 • 5 • 1 WHAT

The system must provide the user with the tools and the
data to do what he wants to do.
1.2.5.2 HOW

The system must provide capabilities that allow the
user to work illthe manner which desires.
1.2 •5 •3 WHEN
The system must provide the user with the capabilities
~nd the information When he wants them.

1.2.6 SECURITY
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A mec.sur'e of the extent t()'which a system satisfies th.e
security requirements of i:heuser.

1.2.6.1 PHYSICAL
The control over access t()the phyS',icalcomponerrt.sof
the system.
1.2.6.2 DATA
The control over access and ch.anging of data.
1$2.6.3 SOURCE
The control over the origin of components of the
system.

1.2.7 PHYSICAL
The physical limits, constraints and reql1irements the
user places on a system.

1. 2 •7.•1 ENVIRONMENT
IJhe sensitivity of the system or components of the
system to the operational environment of the system.
1.2 •7 •2 VOLUME
The volume occupied by the system or components of the
system.
1. 2•7 •3 ¥..ASS
The mass of the system or components of the system.
1.2 • 7 • 4 LAYOUT
The arrangement of the physical cQmponents of the
system.

()
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2. LIFE CYCLJE COST
The t:otal cost. Clf a sy'stem t:hrough all stages of the
system life.

2.1 ACQUISITICJN
The costs of a system in the acquisition phase of its
life.

2.1.1 MANAGEMENT
The acquisition phase management oC("'lsts.

o
2.1.1.1 EDUCATION AND TRAINING
The costs of providing education and training for
staff.
2.1.1.2 PROJECT MANAGEMENT
The cost of mana~ing the acquisition project.

()
2.1.2 DEVELOPMENT
The cost of research and development during the
ac~~isition phase of the system life cycle.
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2.1.2.1 DESIGN
The cost of designing a system to fulfill the user
requirement.
2.1.2.2 EVALUATION
The cost of development test and evaluation of
potential solutions to the requirement.

2 .1.3 PR0CUREMENT
The cost of obtaining all of the components of a system
and of implementing these components as a system.

2.1.3.1 MATERIAL
The cost of the physical components of a system
including software.
2.1.3.2 FACILITIES
The cost of the fao i.L.ties necessary for the
implementation of the system.
2.1.3.3 FINANCE
The cost of money used in acquiring the system
components.

2. OPERATION AND SUPPORT
The cost of the system during the operation and support
stage of the system life.

2•1 MANAGEMENT
The management costs of this phase.

(,

2.1.1 EDUCATION AND TRAINING
The cost of education and training during this phase.
2.1.2 MANPOWER
The manpower costs of managing the system.

2.2 SYSTEM SUPPORT
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The cost of providing the support necessary to ensure
the system mission is satisfactorily carried out.

2.2.1 MAINTENANCE
The cost of maintaining the system to ensure that the
desired system availability is achieved.
2.2.2 EXTERNAL SUPPORT
The cost of the exter.nal support including manpower
required to ensure system performance.
2.2.3 INTERNAL SUPPORT
The cost of the internal support including manpower
required to ensure system performance.

r

2.3 OPERATION
The operating costs of the system
2.3.1 ENERGY
The cost of energy consumed in accomplishing the system
mission.
2.3.2 CONSUMABLES
The cost of items consumed in accompli ~ing the system
mission.
2.3.3 DEPRECIATION
The cost as a result of the depreciation of the system
components.
2.3 ..4 INSURANCE
The cost of insuring the system adequately.

o
3. PHASE OUT
The cost of changing to another system and moving away
from the existing system.

.. >,

3.1 RESALE
The resale value of the system or components of the
system •
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3.1.1 DEPRECIATION RATE
The book value pf the sysJ,"emas a result of the rate of
depreciation.

3.2 INFORMATION TRANSFER
The cost of transferring information from the old
system to the new system.

o
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APPENDIX C

SCHEDULE OF APPLICATIONS

This list is typical of those functions identified for
a complex system manufacturer outside of the blsiness
and production scheduling and control SYGtems

o
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IAPPLICATION IPRIORITY I+-------------------------_.,--+--------+

(\

1. CAD MECHANICAL (2D)
3-D DESIGN
SURFACES (SCULPTURED)
SOLIDS (B-REP & CSG)
FEM/FEA LINK
Ne - 3-AXIS
NC - 5-AXIS
PIPING
DATA EXTRACTION
MASS PROPERTIES
LOFTING
CAD DATA TRANSFER
BOM
INTERFERENCE CHECKING
CMM LINK/PROGRAMMING
NESTING
ELEC. DISCHARGE MACHINING

2. KINEMATICS
ROBOTICS
ERGONOMICS

3. CAD - ELECTRICAL
DATA EXTRACT
LOOMING
BOM

4. CAD - ELECTRONTC
5. FEA ON NUM. PROC.

PRE AND POST PROC.
6. FLOW MODELLING:

AERODYNAMICS TYPE
ENGINES TYPE
INCOMPRESSIBLE

7. THERMODYNAMICS
8. MATERIALS & SUPPLIER

DATABASE

"

10. CMM: LINK
9. CAi:-'P/GROUPTECHNOLOGY

11. JIG AND TOOL DESIGN

117



o

12. PROJECT PLAN & CONTROL
13. I~\ffiNTORYCONTROL
14 .MRP LINK
15. ILS LINK
16. CONFIGURATION MANAGEMENT
17. PHOTOPLOTTER LINK
18. PCB NC DRILLING M/C LINK
19. DIGITIZER INPUT
20. SCANNER INPUT
21. FLA'l'BEDPLOTTER LINK
22. GEAR DESIGN
23. COMBUSTION SIMULATION
24. CONTROl, S'.STEM DESIGN
25. MACHINABILITY DATABASE
26. TOOLS & CUTTER INVEN'rORY SYS
27. DNC COMMS
28. HVAC / ECS
29. HYDRAULIC SYS'!EM DESIGN
30. PNEUMATIC SYSTEM DESIGN
31. ELEC. DESIGN RULE CHECKING
32. BASIC LOAD / STRESS CALCS.
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APPENDIX D

CREATING IDEF DIAGRAMS

o
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Figure Dl Define the basic activities

BASIC PRODUCTION FUNCTIONS

PtA..\"
PRODUcrrON

Pll.OVIDtiJE.
M.-"TElUALS
ltESOURCES

PEJlFOR.'t{
PRODUC!ION

Figure D2 Establish the inputs and outputs of the
activit ies

PRODUcr ,--~ __ -.,
DESIGN PRODUcrION PUJ."'I

PLA.'i
PRODucnON

PROVIDE
MAT'ElUALS
ltES<)URCES

PRODUctP!;R.FOR."t{
n.ODl1cnoN

I BASIC PRODUCTION FUNcrIONS -- INPUTS AND OUTPUTS
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Figure D3 Identify the controls on the functions
PRODUct JUQOlREME.,rs

I
PRODUCT I T PROOt:CTIOS pu...>f
DESIG:i pu...~ I'IPRODUCTION, i---

PRODUCTION PLA."!

PROVIDE
MAn:.RLUS
ltES0 UltCES

RESOUliI.C:ES

PRODUCTION PUN

!
PRODUCT

PEltFOR.'I£
PliI.ODUCTION

Figure D4 Identify the mechanisms that perform the
activities

PR.ODUCT REQU1R.EMEl'ITS

PRe ')UCT .....-_--=-1 __ -,
DESIGN PRODUcnON 1'LA."C

PLAN
l'ItODUcnON

PltODUCI10N PIA.."!

1PLANNERS
I MATE:llU.S

!RESOU~CESP'RQvtDE
MAIE.RLUS
RESOU'RCES

pL ...."CNERS t t B~R.S PR.OOUCTIO~ PUN

!
PRODUCTPERFOR.'rf:

PRODCCTIO~

IDENTIFYING THE MECHA.."IISMS

J.

ltESOUltCES I
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Figure D5 Identify the entity classe~

IDENTIFICATION OF DATA ENTITY CLASSES

IPROD. DESIGX I

~momx i I

Figure D6 Establish the relationships between the
central entity class and all others

l------
PRODUCI I

PROD. DESIG::-f
B

RELATIONSHIPS
ENTI

DEVELO
FOR

PROD. RZQ.l
0>

PED 'V\
S}.TIS

PROD. PL.\.'{ I

! mOURCE I I
<s-; lU:QUIR.ES

n
u

ASED ON
~ MAn~!1

REQUIRES

BETWEEN THE PRODUCTION PLAN
TY CLASS AND ALL OTHERS
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Figure D7 Establ.ish relationship of Cl.llother entity
classes to the central entity class

I
I

PROf.'. R.EQ. 1I
r-----., <> r0

PRODUct 1 DEVELOPED ~ RESOURCE I
FOR/HAS SATISFIESI

f SATISFIED llY <r-; REQUIRESI
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I
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~
f

I

IPROD. DESIGN II

I

,

'v\. MArLltlAL I
:BASED ONI REQUIRESI

HAS REQUIRED BY

RELATIONSHIP OF ALL OTHER CLASSES TO THE
PRODUCTION PUN CLASS

Figure DB A full IDEF1 diagram
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APPENDIX E

A FUNCTIONAL MODEL OF INTEGRATED MANUFACTURING
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Entities identified as notes on Figure E3

T1 : Business plan, Sales plan, Orders, Financial
authorization, Policies and directives, Progress
reports.
T2 : User requirements, Technology, Product life cycle,
~ricing policy, ROI, Budgets.
T3 : Plans, Schedules, Directives, CP's, CAR's, WA's,
Resou:r:ceavailability.
T4 : Product definition, Schedules, Quality
requirements, Requests, Requisitions, MPS, MRI.
T5 : Planned spares levels, Planned product levels,
spares usage, Delivery history, Usage profiles.
T6 ~ Service requests, Management directives, Financial
authorizations

o
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Entities identified as notes en Figure E4

'fl : Master production schedule, Production plans,
Resource plans, Material requirements plans, capacity
requirement plans, project plans, Reports.
T2 : Schedules, Budgets, Work authorizationsn
T3 : Manufacturing directives, product definitions,
service definitions, MRI's, Production information,
concessionjdeviationjCP information, Requisitions,
status reuorts.
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Entities identified as notes on Figure E5

T1 : Fund requirements, Marketing strategy, Reports,
promotions, Business agreements, Company loading.
T2 : Technology objectives, capacity requirements,
Product strategies, Adverising, Demonstrations, Shows,
Media.
T3 Marketing plans, actions
T4 Project objectives,
T5 User requirements, Existing technology, Product
life cycle, competitors, Pricing policy, Turnover
targets, ROI, Budgets, Market'needs, Promotion policy.
T6 : Orders, RFP's, contract feedback, Product
performance feedback.

I
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Entities identified as notes on Figure!E6
T1 B,C,D,E specifications
T2 Product definition
T3 Production definition
T4 Product support definition
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1i;trH..ties identified as notes on Figure E13

TI
T2
T3

T4
T5
T6
T7
T8
T9
TID
TIl
T12
TI3

f Tl4
TIS
TI6
Tl7
Tl8

(,

PME and Support equipment data packs
specifications and catalogs (lists)
Reliability and maintainability breakdown
ILS Plan
Development l-IPS1 Progress feedback (order, return)

: Clien~ store systems
: Approved IPC developmen~ specification

Specificc 'ions
Expected usage profile
Codification documents
II Cards
PPPM process master
PPPM data pack
Product/item PPPM manual
RBO, Development supply support MPS
Facility specifi~ations, Information system
IMPCjIPC specifications
specifications, data packs, Client supplied items
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En~ities identified. as notes on Figure E14

Tl : Development specifications, Training concepts, T&E
plan
T2 Curriculum (Objective Pyramid)
T3 Manuals, Data packs
T4 Manual manufacturing and acceptance specifications
T5 : Training manual specifications, PME
T6 Training manual data packs
T7 Training aid specificationsr PME
T8 Training aid data packs
T9 MPS, Client instructors,'PME, Feedback to FRACAS,
Consumables/spares/equipment BOM
Tl0 : Trials manuals, trained personnel

t)
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Entities identified as notes on Figure E15

Reports
Budgets

Scrap, Progress
Production plan, Development, Technology,
Departmental operational, capital

Orders/Requests : capital equipment, Fixed assets not
capitalised, Sub-contracts, Refurbished products,
Development/technology projects
Production Information : Standard times, set-up times,
Machine use, Progress, Percentage scrap, Lead times
services: Measuring, Supply of ; tools, fixtures,
gauges, Consultation
Measurement Reports : calibration, QUalification, Final
inspection, In progress
Engineering data pack ; Engineering drawings, BOrn,
specifications for special processes, Classification of
character~stics
Change Proposals
Concessions (difference from spec. has occurred)
Deviations (difference from spec. will occur)
Production equipment : Tools, gauges, fixtures
Product specification :
Assembly operation books : Assembly instructions, Gauge
numbers, Assembly sketches, packaging instructions
Build History book: Concessions, deviations, Final
inspection results
NC Data pack: APT and program listing, Progress sheet,
CP's
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Entities identified as notes on Figure E16

Tl Components, Scrap, Scrap reports, Requests
T2 components, Measurement reports, statistical data
T3 Requisitions, Gauge requirements, Assembly
equipment requisitions
T4 : Build history, Assemblies, concession/deviation
appli,.:ations
T5 : Packaged, preserved, packed and marked products,
Delivery notes, Shipping instructions
T6 : stock records
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Entities identified as notes on Figure E18

Requirements definition : Clarify requirements, Request
drawings and specs, Establish quality requirements,
Prepare RFP.

151

Contract Definition Proposal negotiation, Quote
evaluation, Pre-contract negotiation, Prepare
sUbmission, Place order

Contract administration

Vendor quality assurance : Product acceptance, Vendor
survey and selection, Vendor audits, services,
CPjConcessionjDeviation requests and evaluations

Tl Request for drawings and specifications
T2 contract, Order
T3 : Submission, Feedback to client, Approved invoices
T4 Acceptance certificates, Preferred vendors list,
Application for CPjConc/Dev.
T5 : Production stock, Updated stock records, Goods
received vouch.:ar

c
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Entities identified as notes on Figure E20

T1 Approved change proposal, Updated data packs
T2 Activated spares MPS, Follow-on supply support
plan
T3 Exceptional usage repcrt, Training repurt
T4 : Activated training MPS, Trainillg plan, Trained
people
T5 : Updated/modified product

(,
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APPENDIX F

A FUNCTIONAL MODE~ OF A QUA~ITY SYSTEM
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Entities identified as notes on Figure F2

T1 : SABS 0157, SABS 0159, contractual requirements,
Policies and procedures
T2 : Reports, certificates, Definitions" Needs, CP's,
CAR's, Recommendations.
T3 : Review reports, Change proposals, Rejected
specifications, Accepted specifications
T4 : Review reports, Drawings, Operation books,
Approved B,C,D,E specifications
T5 : Conformance review reports, Rejec..tedproducts and
services, Approved products and services, Change
proposals
T6 : Change proposals, Performance revie'!,.;reports,
Certified field performance information
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Entities identified as notes on Figure F3

Tl : Corporate quality policies and procedures, system
definitions, Needs analysis, Planning
T2 : Internal audit report summaries, ~AR'sr CPts,
Q.P.E. Review reports, Q.S. review reports,
Recommendations
T3 : Cp's, Recommendations, status reports, Evaluation
reports
T4 : Human resource certification and qualification
requirements, Human resource capability and
aVailability reports, Human resource training needs,
H.R. performance reports
T5 : CAR records, Build history, Scrap and defect
report-s, concession and deviation r.eports, Inspection
reports, Vendor performance reports
T6 : Internal audit reports, In'ternal surveillance
reports, Vendor survey reports
T7 Audit reports, Quality cast reports
T8 : SABS standards, Policies, contractual requirements
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Entiti~s identified as notes on Figure F4
Tl .: WA planning, Quality Programme plan, Quality
plans, Project plans, SEMP
T2 : Quality assurance provisions, Test specifications,
Test instructions
T3 Test repor-e.s,Surveillance reports
T4 Unaccepted test results, ulans, methods, Accepted
test results, plans, methods

o
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Entities identified as notes on Figure F5

T1 : Work authorizations, Quality programme plan,
Quality plans, Operation books, Quality element plans,
Vendor quality plans, uIn process" inspection and
gauging plans, Production quality plans, Assembly
quality plans, Quality data acquisition plans, Quality
data analysis and management reportir.gplans

T2 : Operation books, Quality assurance provisions,
Acceptance norms, Test specifications and instructions,
Inspection methods and procedUres, IMT equipment
specifications, IMT equipment calibration
specifications and procedures, "In process I! quality
control requirements, spe's, Quality requirements list,
Approved vendor list

T3 : Test results and reports, Dooumerrtied evidence i

Bui.ldhistory

T4 : Verified : Vendor selection, Measurement systems,
Process designs, Plans, Specifications, Tests, Methods,
Processes, Models, Analyses

T5 : Qualification reports for ; Gauges I' Processes,
products, Methods, and Build history

'1'6 : Change proposals, Cor:rective action requests,
Review reports, "Released" definitions



('

on

NOTES : 1 2 3 4 5 6 7 0 9

Dr.'l'J::20!12!00 I_':IHOIlKING' IHElI()Ell D~:r~ 0
REV. 9ft 09 Dnh~r

-----
RECOHHENOBlll

._j]l'UnLI~ AD
II
[J

....
~
01

CON'!'EX'!': 1'U1<3

o
USED AT: AUTIlOll :PAUL KAr.IL

l'ROJECT :QUhLITY

COMI.'ANY:IHL'

'l'G
'--1- 06

o

---_ .._-----_ ..-

NODE: NUHUEIl:

I QtJhLI'l"l/ h4 lISSUIlE QUAT.I'l'Y m' CONFOIlHlINCr~ 1'111<I [, _._j

Clt'r"! Cl C3 C.I' r," Ollali I:y cs MOl

C l'b 1'1'3 I T!) QlIal~l:y nil eli ,:1. 'a ~ cal:e I ." I rc<]u~rcmenl:s I rcqluccmcnl:sI-
t
and . rc<]tl1remcnl:s 'l't

1HT equi , qualify I- 01

Processe . 1..--
Mel:hoos Inspecl:,
12 j -10- measure 1--------1 1

61-1 and tesl: ~ I---It- 02
Product.. nat s 2 Data "-'---~
Services '1-Record

I3 I- and I I I 'r3
Conformance certificates r-I- dcmonatra~f I I-OJ
Data control booku -. r--"t_,,'--_--,
6H data . ReleaDe

\, naloa!le &. and
certification certify
data

It

'1'2

'1'4
I I-I 1-1---1- 01

41 1 t t l
I\.nalYDe
and

,,' I evaluate
5

·TI-05
Autllt-

6

nnd
uucvey

bj....
~
11
~
bj
0\

~
Il1o

~
to
to
P
Ii
~

s
PI........
~
o
HI

oo
!j
HIo
~
~c
~



T4 certificates, Release fotes

Entities identified as notes on Figure F6

Tl : Recalibrated IMT equipment, Requalified processes
and methods

T2 : REP0RTS ; Laboratory, Test, Inspection, Scrap and
Defect I Ql·,arantined/accepted/rejected materials,
Products, Services, Reject notes

T3 Build history

F

T5 : STA'rUSREPORTS ; concession/Deviation, CAR, CP,
6M, Yield performance, Qflality costs, Vendor
performance, Process, QU:l"antine

166

T6 : CP's, CAR's, Audit reports, Survey reports, AAE
Status reports

T7 : Quality requirements, Quality standards, Design
definition, SABS 0159

T8 : Concessions, Deviations, Procedures, Quality
requirements, SABS 0157

o
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APPENDIlt G

A FUNCTIONAL MODEL OF A CONFIGURATION MANAGEMENT ~YSTEM
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