
• 

rite tures 
or 
Enter rise 

Peter Bernus 
Laszlo Nemes and 
Theodore J. Williams 

~ t: IFAC t> It') 
lLiJ CHAPMAN & HALL 0 ~a1, 



A rchitectures for Enterprise 
I nteg ration 

Pe t er Bern u s, Laszlo Nemes 
and Theodore J. Will iams 

The 1990s have seen many large-scale efforts to transform companies into more agile 
and efficient global enterprises. An important lesson from the efforts in computer-integrated 
manufacturing and other businesses has been that enterprises-like any other system - need 
to be properly designed and that methods to do this should become widely available and 
publicised. Architectures for Enterprise Integration describes the latest methods to guide 
enterprises and consultants, managers and technical personnel through a complete life-cycle 
of enterprise development. 

This book is based on the findings of the IFIP/IFAC Task Force and presents a state-of-the-art 
review of enterprise architecture, including: 

• analysis and comparison of the three major architectural frameworks and 
methodologies; 

• identification of the strengths and weaknesses of each methodology to enable users to select 
the approach which best suits their needs; 

• a road map for the development of more complete methodologies by using 
existing ones. 

This book is essential reading for all practising engineers and researchers in manufacturing and 
engineering management and will be of special interest to those involved in CIM and enterprise 
modelling and integration. 

p . 

Peter Bemus is the vice-chair of the IFIP/IFAC Task Force for Architectures for Enterprise 
Integration, and is a Senior Lecturer at the School of Computing and Information Technology at 
Griffith University in Brisbane, Australia. Laszlo Nemes'> is .. ~ chief research scientist at the 
Commonwealth Scientific and Industrial Research Organization, Australia, leading the Intelligent 
Manufacturing Research Program. Theodore 1. Williams is Professor Emeritus of Engineering 
and Director Emeritus of the Purdue Laboratory for Applied Industrial Control at Purdue 
University, West Lafayette, USA. 

Also available from Chapman & Hall 

Enterprise Modelling and Integration 
Principles and applications 
Fran~ois Vemadat 
Hardqack (0 412 60550 3), about 400 pages 

Modelling and Methodologies for Enterprise Integration 
Edited by Peter Bemus and Laszlo Nemes 
Hardback (0 412 75630), about 400 pages 

CHAPMAN & HALL 
London ·~Iasgow . Weinham . New York· Tokyo Melbourne· Madras 

ISBN 0-412-73140-1 

~ III II 
9 780412 731402 > 



Architectures for 
Enterprise 
Integration 

Edited by 

Peter Bernus 
Griffith University 
Queensland 
Australia 

Laszlo Nemes 
CSIRO 
Victoria 
Australia 

and 

Theodore .J. Williams 
Purdr1e University 
Indiana 
USA 

Published by Chapman & Hall on behalf of IFIP and IFAC 



Published by Chapmau & Hall, 2-6 Boundary Row, London SEI 8HN, UK 

Chapman & Hall, 2-6 Boundary Row, London SEI 8HN, UK 

Blackie Academic & Professional, Wester Cleddens Road, Bishopbriggs, 
Glasgow G64 2NZ, UK 

Chapman & Hall GmbH, Pappelallee 3, 69469 Weinheim, Germany 

Chapman & Hall USA, 115 Fifth Avenue, New York, NY 10003, USA 

Chapman & Hall Japan, ITP-Japan, Kyowa Building, 3F, 2-2-1 Hirakawacho, 
Chiyoda-ku, Tokyo 102, Japan 

Chapman & Hall Australia, 102 Dodds Street, South Melbourne, Victoria 3205, 
Australia 

Chapman & Hall India, R. Seshadri, 32 Second Main Road, CIT East, Madras 
600 035, India 

First edition 1996 

© 1996 Peter Barnes, Laszlo Nemes and Theodore J. Williams 

Printed in Great Britain by TJ Press Ltd, Padstow, Cornwall 

ISBN 0 412 731401 

l\part from any fair dealing for the purposes of research or private study, or 
criticism or review, as permitted under the UK Copyright, Designs and Patents 
Act, 1988, this publication may not be reproduced, stored or transmitted, in any 
form or by any means, without the prior permission in writing of the publishers, 
or in the case of reprographic reproduction only in accordance with the terms of 
the licences issued by the Copyright Licensing Agency in the UK, or in 
accordance with the terms of licenses issued by the appropriate Reproduction 
Rights Organization outside the UK. Enquiries concerning reproduction outside 
the terms stated here should be sent to the publishers at the London address 
printed on this page. 

The publisher makes no representation, express or implied, with regard to the 
accuracy of the information contained in this book and cannot accept any legal 
responsibility or liability for any errors or omissions that may be made. 

A catalogue record for this book is available from the British Library 

Printed on permanent acid-free text paper, manufactured in accordance 
with ANSIINISO Z39.48-1992 and ANSIINISO Z39.48-1984 (Permanence 
of Paper). 



Contents 

List of contributors xiii 

Preface xiv 

Acknowledgements XVI 

1 Introduction 1 

1.1 Enterprise Integration: the next generation of manufacturing 1 

1.2 System building principles 2 

1.3 Methodologies and the enterprise as a product 3 

1.4 Major projects 5 

1.5 References 8 

2 The concept of enterprise integration 9 

2.1 The purpose assigned to the Task Force 9 

2.2 The status of enterprise integration 9 

2.3 ;I'he relationship of the Task Force's work to that of others 12 

2.4 Further definition of the relationship between architectures 14 

2.5 Main features of architectures 15 

2.6 Type 2 architectures in relation to Type 1 17 

2.7 Organization of this book 18 

2.8 References 18 

2.9 Further reading 20 

3 The needs of the field of integration 21 

3.1 The needs of the field of integration 21 

3.2 The needs of EI beyond those of an architecture 24 

3.3 Why do we need an enterprise reference architecture? 26 

3.4 References 30 



Contents 

List of contributors xiii 

Preface xiv 

Acknowledgements xvi 

1 Introduction 1 

1.1 Enterprise Integration: the next generation of manufacturing 1 

1.2 System building principles 2 

1.3 Methodologies and the enterprise as a product 3 

1.4 Major projects 5 

1.5 References 8 

2 The concept of enterprise integration 9 

2.1 The purpose assigned to the Task Force 9 

2.2 The status of enterprise integration 9 

2.3 The relationship of the Task Force's work to that of others 12 

2.4 Further definition of the relationship between architectures 14 

2.5 Main features of architectures 15 

2.6 Type 2 architectures in relation to Type I 17 

2.7 Organization of this book 18 

2.8 References 18 

2.9 Further reading 20 

3 The needs of the field of integration 21 

3.1 The needs of the field of integration 21 

3.2 The needs of EI beyond those of an architecture 24 

3.3 Why do we need an enterprise reference architecture? 26 

3.4 References 30 



1 

VI Contents 

4 State-of-the-art on models, architectures 
and methodologies 32 

4.1 Basic concepts and definitions 32 

4.2 Early works on models of advanced 
manufacturing systems 34 

4.3 Methods for designing advanced manufacturing systems 35 

4.4 Recent works on models larchitectures within ESPRIT 38 

4.5 Recent ClM concepts and developments in the USA 45 

4.6 Models developed by IBM and Digital 48 

4.7 Architecture Works, Asia-Pacific area 51 

4.8 Simulation models 52 

4.9 Object-oriented approaches for ClM 53 

4.10 Recent methodology development in the GRAI Laboratory 54 

4.11 Summary 56 

4.12 Bibliography and References 56 

4.13 Further reading 59 

5 Some important articles 
'ft. about enterprise integration 60 

5.1 NIST 61 

5.2 ClMOSA 61 

5.3 ISO/TC-184/SC5IWGl Reference Model 62 

5.4 GRAl Laboratory, University of Bordeaux 62 

5.5 Purdue 63 

5.6 Case-Western Reserve University 64 

5.7 CAM-I 64 

5.8 Nippon Steel Corporation 65 

5.9 Society of Manufacturing Engineers (SME) 65 

5.10 International Business Machines Corporation (IBM) 65 

5.11 American Society for Testing and Materials (ASTM) 66 

5.12 Carnegie-Mellon University 66 

5.13 Digital Equipment Corporation (DEC) 66 

5.14 Honeywell, Inc. 66 



5.15 Industrial Technology Institute (IT!) 

5.16 The PROCOS-AIS system 

5.17 SI Groups - Loughborough University, UK 

5.18 SOFfECH, Inc. (ICAM) 

5.19 University of Twente, The Netherlands 

5.20 DoD materials and other architectures 

5.21 Additional models recommended for study 

5.22 Publications of general importance 

6 A summary of the CIMOSA 
reference architecture 

6.1 CIMOSA and its associated constructs 

6.2 Enterprise integration - the solution 

6.3 Management of change 

6.4 Scope of enterprise integration 

6.5 Enterprise engineering and operation 

6.6 Coexistence with heritage/legacy systems 

6.7 Business benefits 

6.8 Enterprise modelling and its requirements 

6.9'J\MICE project 

6.10 CIMOSA approach 

6.11 System life-cycle 

6.12 Enterprise integration 

6.13 CIMOSA overview 

6.14 CIMOSA modelling framework 

6.15 CIMOSA system life-cycle and environments 

6.16 CIMOSA integrating infrastructure 

6.17 Applying CIMOSA - a summary 

6.18 Summary of architecture and concepts of CIMOSA 

6.19 References 

6.20 Further reading 

Contents 

67 

67 

67 

67 

67 

68 

68 

69 

70 

70 

70 

71 

72 

73 

74 

74 

75 

76 

76 

78 

80 

82 

82 

88 

90 

94 

96 

98 

99 

vii 



viii Contents 

7 The GRAI-GIM reference model, 
architecture and methodology 

7.1 The global model 

7.2 The decision center model 

102 

103 

111 

7.3 Modelling formalisms in the GRAI-GlM modelling framework 112 

7.4 Principle of the GRAl-GIM structured approach 113 

7.5 The modelling framework 114 

7.6 Modelling formalisms 116 

7.7 Validation between models 117 

7.8 GRAI-GlM structured approach 120 

7.9 Initialization phase 122 

7.10 Analysis phase 122 

7.11 Design phase 123 

7.12 Implementation phase 123 

7.13 A summary of how to use GRAI-GlM 123 

7.14 Conclusion 125 

7.15 References 126 

· 8 An overview of PERA 127 

8.1 A structure for PERA 127 

8.2 Description of the concept and definition layers 129 

8.3 A system of nomenclature 132 

8.4 The place of the human and organizational architecture 134 

8.5 Development of the implementation of the CIM system 142 

8.6 Summary of overview as related to manufacturing 142 

8.7 Enterprises and the architecture 142 

8.8 Expansion of PER A to cover any enterprise 143 

8.9 ClM system implementation -
PERA and the Purdue Methodology 149 

8.10 Using the implementation procedures manual 152 

8.11 References 160 

8.12 Further reading 161 



Contents IX 

9 Introduction to the evaluation methods used 162 

9.1 Method 1 - Questionnarires 162 

9.2 Method 2 - Mappings, one on one 162 

9.3 Method 3 - Mapping against a set of requirements 163 

10 Evaluation questionnaires 164 

10.1 Architecture 165 

10.2 Modelling 171 

10.3 Methodology 175 

11 Evaluation questionnaires for CIMOSA 179 

11.1 Architecture 179 

11.2 Modelling 186 

11.3 Methodology 191 

12 Evaluation questionnaire for GRAI-GIM 195 

12.1 Architecture 195 

12.2 Modelling 202 

12.3 Methodology 207 .. 
13 Evaluation questionnaire for PERA 211 

13.1 Architecture 211 

13.2 Modelling 217 

13.3 Methodology 221 

14 Analysis of questionnaire results 224 

14.1 Architecture 224 

15 Short form evaluation questionnaire 235 

15.1 Answers to short form questionnaire for CIMOSA 237 

15.2 Answers to short form questionnaire for ORAl-OIM 238 

15.3 Answers to short form questionnaire for Purdue _ 239 



x Contents 

16 Techniques to map the architectures 
directly against one another 240 

16.1 Some initial observations 240 

16.2 A comparison of views (semantic problems) 241 

16.3 Mapping against other architectures 242 

16.4 Mapping of GRAI-GIM against CIMOSA and Purdue 249 

16.5 Introduction to the GRAI-GIM mapping 253 

16.6 Definitions 257 

16.7 Mapping of GRAI-GIM onto CIMOSA 258 

16.8 Mapping of GRAI-GIM onto Purdue 265 

16.9 References 279 

17 Mappings against a matrix 281 

17.1 The matrix of requirements or needs 281 

17.2 Rationale of the matrix presentation 282 

17.3 Eliminate unwanted combinations 285 

17.4 Development of the matrix form 286 

,17.5 A way to situate a generic architecture in the matrix 290 

17.6 A set of matrix form evaluations 296 

18 General observations in comparing candidate 
architectures 310 

18.1 Comments on the modelling framework of CIMOSA 310 

18.2 Comments on the IMPACS modelling framework 310 

18.3 Generic, partial, and particular building blocks 311 

18.4 References 316 

19 Conclusions and summary of findings 318 

19.1 General conclusions 318 

19.2 Specific conclusions regarding each candidate architecture 320 

20 Recommendations for future work 324 

20.1 General Recommendations 324 

20.2 Further development of each architecture / methodology 326 



Contents xi 

20.3 A combination of existing architectures 328 

20.4 Funding and cooperation 329 

20.5 Future roadmap for the promotion of enterprise integration 329 

20.6 A proposal for future work for the Task Force 330 

20.7 A proposed scope for any desired continuation of the 
Task Force 331 

20.8 References 332 

Appendix A The background of the Task Force 333 

1.1 Background IFAC/IFIP Task Force 333 

1.2 Some observations made at the earliest workshop meeting 334 

1.3 Scope and work program for the Task Force 334 

1.4 Suggested products of the Task Force 335 

1.5 Immediate work program 335 

1.6 Requirements for a Reference Architecture to be used as a set of 
evaluation criteria 336 

Appendix B Members of the Task Force 
Index 

337 

340 



List of contributors 

Peter Bernus (Griffith University, Australia) 
David Chen (Bordeaux University I, France) 
Guy Doumeingts (Bordeaux University, France) 
Hong Li (Purdue University, USA) 
Laszlo Nemes (CSIRO, Australia) 
John P Shewchuk (Virginia Polytechnic, USA) 
Jakob Vlietstra (AT&T Networks International, the Netherlands) 
Theodore J. Williams (Purdue University, USA) 
Dick Zoetekouw (AT&T Networks International, the Netherlands) 



Preface 

This book is the result of the joint efforts of many people who have worked 
together over the past three years (1990-1993). A group of manufacturing 
engineers, computer scientists and information technology managers formed 
a Task Force in 1990 to study, compare and evaluate the different available 
architectures for enterprise integration which were in the open literature. 

This joint working group was formed under the auspices and sponsorship 
of the two major international federations on automation and on information 
processing. These federations were the International Federation of Auto
matic Control (IFAC) for automation and the International Federation for 
Information Processing (IFIP) for the latter field. The basic task assigned to 
the Task Force was to study the available architectures and make recom
mendations for the future identifying one existing architecture as best. Fail
ing to do this, the second best option seemed to be to build on an existing 
system by supplying the apparently missing capabilities. It was recognized 
that as the last resort it might be necessary to specify a whole new architec
ture from the characteristics of several of the others. The Task Force 
reported its findings in the predecessor report to this book. 
• A summary of the report of the Task Force was presented at three sepa
rate major conferences of IFAC and IFIP during the second half of 1993. 
From the response generated there it was felt that the contents of the detailed 
study report would be of interest to many people, hence this book. Industry 
could find this book useful when determining the best methods to be used to 
help integrate their manufacturing operations. Researchers both in industry 
and academia should find it a valuable source of reference when investigat
ing new areas of research and when comparing their present or proposed 
activities with the current state-of-the-art. 

Although is not a textbook as such it does, hopefully, contain enough 
information for the reader to understand the main principles and methodolo
gies of the integration architectures described. Thus, the book should also 
find its way to the desks of university staff and students. 

Integration is, and will continue to be, a key factor in building and main
taining comprehensive enterprises. What we provide here is the state-of-the~ 
art of the methodologies required for use by everybody who is interested in 
expanding his/her knowledge in that field. 



xv 

We would like to encourage all readers to report back any omissions or 
errors in the book. 1 We also welcome suggestions on how to improve further 
editions of this book when we have occasion to add our new results to the 
existing material. 

A complete list of the membership of the Task Force is given in Appen
dixB. 

The Editors 

1. See http://www.cit.gu.edu.au/researchigroups/eilerratum.aei.htmIon the 
World Wide Web. 
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A summary of the CIMOSA 
reference architecture 

J. Vlietstra 

6.1 CIMOSA AND ITS ASSOCIATED CONSTRUCTS [1] 

The ESPRIT project AMICE1 has developed an Open System Architecture 
(CIMOSA) for the manufacturing industry. The main goal of CIMOSA is to 
support process oriented modelling of manufacturing enterprises and to pro
vide execution support for operation of enterprise systems based on those 
models. Emphasis in CIMOSA is on modelling support for business users2 
rather than for modelling specialists . 

• ' 6.2 ENTERPRISE INTEGRATION - THE SOLUTION 

Enterprise integration has to provide for flexibility of enterprise operations 
and efficient use of enterprise assets. Therefore, a modular approach to inte
gration is the most promising one. This is an approach which models the 
operation as a set of cooperating processes exchanging results and requests 
(events) between themselves. Only the exchanged objects need to have a 
representation which is common between partners. This minimal unifica
tion of objects, together with an integrating infrastructure for hiding hetero
geneity, can readily cope with enterprise integration. The CIMOSA 
approach enables integration of both reengineered and existing systems. 

1. AMICE: European Computer Integrated Manufacturing Architecture (reverse 
acronym) 

2. Business users (or business professionals) are all those people with responsibili
ties for particular business processes. Business users are: technical staff, admin
istrative staff and all levels of management. 
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6.3 MANAGEMENT OF CHANGE 

Companies are not always organized for the use of fast decision making pro
cesses. Departments are still managed according to their own subgoals 
rather than working toward the overall enterprise objectives. Responsibili
ties are still structured in one dimensional hierarchies which mix responsi
bilities for enterprise assets with those for enterprise operations. Matrix 
organizations are still a rather theoretical concept. In addition, the decision 
making process in many companies is still based on traditional information 
processing, that is, information gathering with 'paper and pencil,' on request 
and from inconsistent sources. This process is defined from the view of a 
rigid management hierarchy and is very prone to severe inforination losses. 
The process is very time consuming and often yields only insufficient or 
even wrong information and decisions. To achieve 'real time' operational 
flexibility, delegation of responsibility and authority are needed to allow 
people to make changes as they are required rather than going through a 
hierarchy of many levels for decision sign-offs. Ease of access and more 
efficient use of information will enable the delegation of more responsibility 
and authority. 

Therefore, active management of change is the most significant future 
requirement for successful enterprise operation. This means recognizing 
and reacting to external changes as early as possible and defining and imple
menting the internal modifications to their response. Business process 
reengtneering and simplification as tasks of enterprise engineering are pre
requisites for enterprise integration. 

Decision support is an essential part of the management of change. This 
implies a timely access to the right information and the distribution of the 
decision making process results to the right places. Decision making 
requires clear and explicit knowledge about the relevant business processes 
and their contents (information, resources, responsibilities and authorities), 
a definition of alternative solutions, and an analysis of their impact on the 
total enterprise operation. Therefore computer simulation of potential solu
tions is a requirement for future decision support systems. 

CIMOSA provides decision support through its up-to-date models (iden
tification of relevant information, analysis of alternative solutions and prop
agation of verified decisions) and ease of business process reengineering. 



6.4 SCOPE OF ENTERPRISE INTEGRATION 

Industry needs an implementation strategy in which an existing, semiauto
mated enterprise can steadily progress in discrete steps towards ClM. The 
manufacturing plant must continue to operate day by day, but, at the same 
time, incorporate changes in the direction of both automation and integra
tion. Since it is impossible to purchase all of the components required for 
realizing an enterprise environment from a single vendor, standards are 
required to insure the correct interworking of components from multiple ..... 
sources. 

In addition to its capital investments, the enterprise's knowledge about its 
business and technical processes is one of its most valuable assets, often dif
ferentiating it from its competitors. The integration of this internal knowl
edge with the external one arising from other sources (e.g. trade 
associations, de facto standards, formal standards) is vital for an enterprise 
trying to remain competitive and cost effective. 

Enterprise operation also consists of internal and external parts. Internal 
operation of an enterprise is that set of business processes needed to market, 
develop, manufacture, distribute and sell products and to administer and 
manage the operation itself. External operations which are coupled to the 
internal ones cover relationships with suppliers, customers, financial institu
tions, government agencies, etc. The main focus of enterprise integration is 
on internal environments. However, relations to the external environments 
and their impact on the internal operation have to be made visible as well. 
Only if these dependencies are known and have become part of the business 
model can the impact of changes be fully evaluated. However, more 
detailed modelling is required for internal operations than for external ones. 
Whereas the control flow of internal business processes is needed even for 
simulation of alternatives, identification of shared information and depen
dencies is mostly sufficient for modelling the external relations. 

Information technology hardware makes it possible even today to install 
very large networks of computer systems with an almost unrestricted perfor
mance and processing capability. However, the ability to handle the vast 
amount of information needed and existing in the manufacturing enterprise 
and to process the right information, for the right purpose, at the right time 
and in the right place is still a major problem. 

CIMOSA provides means to describe in a consistent way both internal 
and external enterprise operations and their information needs. In addition, 
it dearly distinguishes between model engineering and model use and 
defines in its system life-cycle a formal engineering release for operation. 
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6.5 ENTERPRISE ENGINEERING AND OPERATION 

Enterprise evolution leads to a continuous need for enterprise integration. 
This is a need to be fulfilled by new engineering tasks concerned with main
taining and extending enterprise operation efficiency and flexibility. There
fore, enterprise integration has to be conceived as a modular approach 
structuring and modelling the business into manageable units (processes) 
which cooperate with each other according to identified needs and sharing 
information on request. Only with the enterprise modelled as a set of coop
erating processes rather than as a large monolithic entity can changes be 
implemented and operational modifications and extensions be made in 'real 
time.' Only then can sufficient operational and organizational flexibility be 
achieved. 

Information Technology (IT) based integration support for business 
model engineering provides: 
1. Definition of business process flow of control and information needs. 
2. Definition and organization of enterprise assets (resources and informa

tion). 
3. Definition and organization of enterprise responsibilities and authorities. 
4. Maintenance of business models (modifications and extensions) by the 

business user. 
The set of business processes which make up the enterprise operation have 
to operate and interoperate in a highly efficient and flexible manner. To 
assure'bperational flexibility and efficiency an easily accessible knowledge 
of the operation has to be provided through up-to-date business models. 
Better structuring and modelling of the enterprise operation will hide pro
cess complexity and thereby improve decision making and business man
agement. 

Operational flexibility will be greatly enhanced by the direct use of mod
els for operational control and monitoring. Business changes will be imple
mented and validated in the model and directly released for operation. 
Improved enterprise logistical control and superior asset management will 
also contribute to operational flexibility and efficiency. 

IT based integration support for business model execution provides: 
1. Evaluation of impact of change and alternative solutions (model simula

tion). 
2. Model based operation control and monitoring. 
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6.6 COEXISTENCE WITH HERITAGEILEGACY SYSTEMS 

New system components, reengineered according to new paradigms in mod
elling still have to interoperate with the existing parts of the enterprise oper
ation. With an average life time of about 12 years for Mainframe 
applications [2] there will be many years of such coexistence. 

Therefore, any new methodology and technology used in enterprise 
operation has to provide means for interoperating with the existing world. 
The most promising approach to achieve interoperability between incompat
iblc systems is through the use of information objects shared between dife 

ferent parts of the system. With this approach agreement on common 
representation is only necessary between partners sharing the same objects. 
This enables the identification of classes of information objects according to 
their degree of sharing in terms of private, common or public use. This is 
the approach taken also by people working in artificial intelligence (AI) and 
on the development of ontologies (generic theories of common aspects of 
reality). 

CIMOSA provides solutions for the enterprise integration of both reengi-
neered and heritage systems. . 

6.7 BUSINESS BENEFITS 

Enterprise reengineering and process simplification are tasks which will 
coordinate enterprise evolution as well as improving enterprise performance 
in general. In the IT arena the availability and sharing of information 
between different business areas as well as the common use of computer 
services will reduce operations costs, but more importantly it will improve 
operational quality and flexibility. Providing relevant information in real 
time to the decision makers will enable a faster reaction to different market 
changes (markets on goods, services, knowledge, technology and money). 
It will also help to base enterprise strategies on real life facts rather than fic
tions. 

CIMOSA will provide benefits for enterprises by: 
1. Improving enterprise operational flexibility and efficiency by the reengi

neering and simplification of business processes. 
2. Supporting the management of change by evaluation of alternatives 

through the simulation of operations. 
3. Improving operational flexibility and efficiency and reducing operational 

costs through better business management (people, process, resources, 
information). 
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4. Reducing lead times through the sharing and reuse of relevant informa
tion, modelling building blocks and system components. 

6.8 ENTERPRISE MODELLING AND ITS REQUIREMENTS 

Enterprise business modelling is a prerequisite for successful enterprise 
integration [3]. However, enterprise operations have to be well understood 
and explicitly described and presented in order to identify inconsistencies 
and incompatibilities and to analyze their consequences. Alternative solu
tions can then be modelled and evaluated through simulation. Also enter
prise modeling has to meet the requirements of a number of different users 
in their day-to-day operations. Therefore modelling has to be based on busi
ness objectives and must describe the operation in terms of its related func
tionality and dynamic behavior (control flow). 

Enterprise modelling should not be done as a one time all encompassing 
venture. A modular structure will allow for evolutionary model building 
and model maintenance. However, to assure consistency, all modules have 
to be parts of, derived from and linked to a common model. These submod
els must meet specific user needs for optimising and structuring certain 
aspects of the operation without being constrained by a huge model. Levels 
of abstraction are needed to support strategic, tactical and operational plan
ning and decision making. Again, all levels have to be abstractions from the 
same.lJnderlying model. 

Model engineering needs heavy IT support to enable the creation of con
sistent and easily maintainable and extendible models. The users have to be 
guided through the model engineering process by providing them with an 
identification of those reusable building blocks already known to the system. 
Ease of maintenance is needed to adapt models in real time to the changing 
internal and external environment as well as to enable the evaluation of 
alternatives to the existing situation (,as-is' versus 'to-be' models). 

Unlike other approaches CIMOSA allows the users to model different 
parts of the enterprise separately and to integrate them later. CIMOSA pro
vides a modular approach (domain process) for business modelling by iden
tifying three modelling levels (requirements definition, design specification 
and implementation description) and four views (function, information, 
resource, organization) as part of an open set. 
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6.9 AMICE PROJECT 

The goal of the AMICE project is to develop an Open System Architecture 
for CIM (CIMOSA) which will facilitate continuous enterprise evolution 
and make needed operational improvements manageable while at the same 
time providing a strategy to protect current and planned investment in an 
enterprise's asset base. Such an architecture will become the base for con
sistent and maintainable enterprise engineering and operation support and 
thereby be the cornerstone for an industrial infrastructure for industry wide 
use of information and supporting technology. 

CIMOSA provides a consistent enterprise model building and mainte
nance methodology and an integrating infrastructure for model engineering 
and execution support. CIMOSA is based on a process oriented modelling 
approach describing all enterprise activities in a common way. Such activi
ties include manufacturing processes on the shop floor as well as manage
ment and administrative processes. 

Validation of the concepts has been carried out in various case studies in 
consortium member companies. The work has led to inputs into the stan
dardization of the modelling and integrating infrastructure. The latter takes 
into account current work on standards like OSI (Open System Interconnec
tion), ODP (Open Distributed Processing), etc. Standardization has been 
achieved for the Modelling Framework by a European PreNorm [4] which 
has become the base for the work on international standardization in ISO TC 

• -184/SC5/WGl. Project results are summarized in 'Open System Archi
tecture for CIM' [5], several publications by project members [6] and a 
recent private publication by the ESPRIT Consortium AMICE [7]. 

CIMOSA is a prenormative development effort aimed at guiding and 
supporting users and vendors in enterprise integration as well as in the 
development of compliant products which will ease enterprise integration. 
It will be usable in an evolutionary mode starting with enterprise model 
engineering and decision support and moving gradually into new modes of 
enterprise operation and management. To further verify CIMOSA goals and 
objectives the project concentrates on feasibility studies of the implementa
tions of CIMOSA models and the Integrating Infrastructure which prepare 
the project for a future implementation of an industrial pilot. 

6.10 CIMOSA APPROACH 

CIMOSA provides a framework for guiding CIM users in enterprise system 
design and implementation, and CIM vendors in system component 
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development. It provides a descriptive, rather than a prescriptive methodol
ogy supporting the system life-cycle. CIMOSA does not attempt to provide 
a standard architecture to be used by the whole manufacturing industry, but 
rather a reference architecture from which particular architectures can be 
derived which will fulfill the needs of particular enterprises. 

The reference architecture provides constructs for the structured descrip
tion of business requirements and for CIM system design and implementa
tions. CIMOSA compliant entetprise systems will support organizational 
and operational flexibility, extensive use of multidisciplinary enterprise 
information (knowledge) and graceful system integration. 

Through the business modelling framework a generic modelling concept 
is provided which is applicable to enterprises in many industries. This is a 
modelling concept which will vastly enhance communication and interoper
ability via Information Technology within an enterprise, as well as between 
different enterprises. Model execution in heterogeneous manufacturing and 
IT environments is supported by the implementation of an integrating infra
structure. 

CIMOSA supports new paradigms in enterprise management, thus 
enabling the explicit description of entetprise processes at different levels of 
abstraction for use for strategic, tactical and operational decision support. 
Decision support is developed through the extensive simulation of alterna
tives and through the evaluation of decision impacts on all relevant parts of 
the enterprise. Specific definition of responsibilities and authority will 
allowtfor the deferring of decisions in time and for the reduction of the num
ber of management levels in order to enable a flexible and efficient enter
prise operation. 

Applying CIMOSA modelling methodology results in complete descrip
tions of enterprise domains and of their contained business processes includ
ing their relationships to external agencies (suppliers, customers, 
government regulatory bodies, etc). This enterprise model is stored on and 
manipulated by the relevant information technology base of the entetprise. 
CIMOSA allows the modelling of the entetprise to be done incrementally 
rather than by following an overall top-down approach. It structures the 
enterprise operations into a set of interoperating domain processes exchang
ing results and requests. Several different views of the manufacturing enter
prise content and structure are required to satisfy the needs of the different 
users of such an architecture. CIMOSA provides the necessary constructs to 
enable these multiple views to be created and manipulated by those users 
who have specialist knowledge of their particular field but who are not 
experts in IT. 
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6.11 SYSTEM LIFE-CYCLE 

Enterprises are very complex undertakings which can be rendered more 
manageable by structuring their complex operational domains into a set of 
interoperating modules and its time domain according to a life-cycle con
cept. CIMOSA employs the concept of domain and business processes for 
its modular structuring and those of system and product life-cycle for the 
time domain. 

Product life-cycle is a well known notion which is used to structure the 
different phases of a product's life. Within a given manufacturing enterprise 
many such product life-cycles exist - one for each product - which gives 
rise to a set of overlapping life-cycles as shown in Fig. 6.1. In order that the 
tasks associated with each step of the product life-cycle may be executed in 
a controllable manner, enterprises define the procedures to be followed. 
These normally take the form of company standards, work instructions, pro
cess sheets, etc. Different parts of the organization may be responsible for 
different phases. For example 'use' and 'maintain' is normally a 'client' 
rather than a 'supplier' task. . 

This principle of the life-cycle can be extended to the enterprise system 
or parts thereof (domains). While today's business processes are in opera
tion, their successors may be in the process of implementation. Strategic 

.. 
Marketing Design 

Manufacture 
Distribute Use 

requirements release sell maintain 

Product A 

Marketing Design 
Manufacture 

Distribute Use 
requirements release sell maintain 

Product B 

Marketing Design 
Manufacture 

Distribute Use 
requirements release sell maintain 

Product C 

Figure 6.1 Overlapping product life-cycles. 
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Figure 6.2 System life-cycle. 
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business plans under development today will set the stage for the systems 
implementations of tomorrow. Thus in an analogous way to products, the 
enterprise system which creates those products goes through a system life
cycle of development and use (operation) as shown in Fig. 6.2. 

The tasks of the enterprise system life-cycle are concerned with the defi
nition, description, creation and updating of the procedures and system com
ponents which govern and support the tasks of the product life-cycle. Thus 
product and system life-cycles are intimately interrelated. This relationship 
between the product and system life-cycles is summarized in Fig. 6.3. 
Whenever it is required to define a new or revised process supporting some 
part of a product life-cycle it will be necessary to carry out the tasks belong
ing to one or more phases of the associated system life-cycle. The opera
tional"phase of the system life-cycle is the execution of the relevant product 
life-cycle phases themselves. Thus by assigning enterprise tasks to one or 
the other of the life-cycles it is possible to structure the workings of the 
enterprise into enterprise engineering and operation and so render more 
effective the management of change. 

Requirements ~ System 
design life-cycle 

Implementation 

Marketing Design Manufacture Distribute Use 
requirements release sell maintain 

operation 

/lit maintainance 
Product life-cycle 

Figure 6.3 Relationship between system and product life-cycle. 
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6.12 ENTERPRISE INTEGRATION 

From the foregoing it will be recalled that enterprise integration has to be an 
ongoing process rather than a one time effort. The level of integration 
should remain a managerial decision and should be open to change over a 
period of time. Hence, one could find in some parts of a CIM enterprise a 
set of tightly coupled systems and elsewhere a set of loosely coupled sys
tems according to the choices made by this particular enterprise. 

The need to implement multivendor systems both in terms of hardware 
and software and of easy reconfigurability requires the provision of standard 
interfaces. To solve the many problems of the industry, integration has to 
recognize this and proceed on more than one operational aspect. The 
AMICE project identifies, and addresses, three levels of integration cover
ing the aspects of physical systems, of application and of business integra
tion (see Fig. 6.4). 

Business integration _____ ---~ 

Knowledge based decision support 
Automated business process monitoring 

Production and process simulation 

Application integration --------:-:: 

Portable applications distributed processing 
Common selVices and execution environment 

Common (shared) data resources 

r- Physical system integration ----_.--' 
Inter system communication, network 
configuration and management 

Data exchange rules and conventions 
Physical system interconnection 

Figure 6.4 The levels of enterprise integration. 

CIM evolution 
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6.12.1 Business Integration 

Business Integration is concerned with the integration of those functions 
which manage, control and monitor business processes. These are functions 
which provide for supervisory control of the operational processes and in 
tum coordinate the day-to-day execution of activities at the Application 
level. The modelling of business processes and of their interrelations and 
the use of the resulting models for decision and operational support is the 
key to business integration. 

6.12.2 Application Integration 

Application Integration is concerned with the control and integration of 
applications (applications in the dataprocessing sense). This means there 
has to be interoperation between applications and users (human beings as 
well as machines) and the supply and removal of information through inter 
and intra system communication. Integration at this level means providing a 
sufficient Information Technology infrastructure to permit a system wide 
access to all relevant information regardless of where the data reside. 

6.12.3 Physical System Integration 

Physical System Integration is concerned with the interconnection of manu
facturing automation and data processing facilities (that is, join CAD to 
CAM,' provide for flexible manufacturing cells, implement computerized 
scheduling, etc.) to permit the interchange of information between the so 
called 'islands of automation' (inter system communications). 

Dictated by the needs of the individual enterprise this interconnection of 
physical systems was the first integration requirement to be recognized and 
fulfilled. This need has led to a number of information technology concepts 
becoming well accepted standards in this areal. 

1. For example: OSI (Open System Interconnection); MAP (Manufacturing Auto
mation Protocol - an OSI implementation for the manufacturing shop floor). 
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6.13 CIMOSA OVERVIEW 

To satisfy the above issues of Management of Change, of Flexibility and of 
Enterprise Integration, CIMOSA provides three interrelated concepts: 
1. Modelling Framework (Reference Architecture, Particular Architecture, 

Enterprise Model). 
2. System life-cycle and Environments (Engineering and Operation). 
3. Integrating Infrastructure. 
CIMOSA recognizes previous efforts in enterprise integration especially in 
the manufacturing industry and draws from the experience already gained in 
enterprise modelling and computer systems integration. Some of the efforts 
which have been of particular importance for the development of enterprise 
integration are given in Reference [8]. 

6.14 CIMOSA MODELLING FRAMEWORK 

The CIMOSA Modelling Framework provides the necessary guidance to 
enable end users to model the enterprise and its associated CIM system in a 
coherent way. The CIMOSA modelling approach is based on a reference 
architecture from which Particular Architectures and Enterprise Models can 
be developed. The structuring and decoupling of user concerns from the 
implementation constraints provided by the framework contributes to enter
prise flexibility. 

The Modelling Framework provide a structure which clarifies the rela-
tionships between the parts which make up the enterprise operational system 
(Information Technology and Manufacturing Technology Components) and 
the methods and software tools which are required to describe, simulate and 
operate such an industrial system. 

When modelling an enterprise there are many aspects and viewpoints to 
be examined that cannot be structured in a one dimensional framework. 

. CIMOSA identifies a three dimensional framework offering the ability to 
model different aspects and views of an enterprise (see Fig. 6.5 ): 
1. The genericity dimension (Building Blocks) is concerned with the degree 

of particularisation. It goes from generic building blocks to their 
aggregation into a model of a specific enterprise domain. This dimension 
differentiates between the Reference and Particular Architectures. 

2. The modelling dimension provides the modelling support for the system 
life-cycle starting from statements of requirements to a description of the 
system implementation. 



Models 

CIMOSA modelling framework 83 

Reference 
architecture 

Figure 6.5 The CIMOSA modelling approach. 

3. The view dimension is concerned with system behavior and functional
ity. This dimension allows the user to work with submodels representing 
different aspects of the enterprise (function, information, resource, orga
nization) . 

6.14.1 CIMOSA reference architecture 
fJ. ;. 

Within the Modelling Framework, CIMOSA provides the CIMOSA Refer-
ence architecture. It resembles a catalogue of reusable building blocks 
which contains generic building blocks and aggregations of generic building 
blocks (Partial Models) applicable to specific modelling needs. See Fig. 6.6. 
User Oriented Generic Building Blocks are provided for: 

Behaviour 

Function 

Information 

Resources 

Domain and Business Proces~, Event, Proce
dural Rules, Objective, Constraint 

Enterprise Activity, Functional Operation 
(input/output for function, control, resource), 
Objective, Constraint 

Enterprise Object, Object View, Information 
Element, Resources: 

Capability, Functional Entity, Resource Unit, 
Cell 
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Organization: Responsibility, Authority, Organizational 
Unit, Organizational Cell 

IT Oriented Generic Building Blocks complement user building blocks sup
porting IT system design and implementation description. Such building 
blocks are Schemas, Transactions, Configurations and specific Functional 
Entity types representing the Integrating Infrastructure. 

Partial Models are aimed at particular types of enterprise domains or 
even types of enterprises. Such partial models are created using the set of 
generic building blocks. Such partial models will be provided by vendors to 
be used as macros to enhance the model building process and as imple
mentable components for system implementation. 
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./ Resource view ~ Resource viev'Resource view /" 

Information view?lnformation view; Information view'" 

./ Function view ---::::::-Function view:/Function view./ ' / 
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V description description description 
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.... .... 

Figure 6.6 Overview of the CIMOSA architectural framework. 
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6.14.2 CIMOSA particular architecture 

The structuring of particular enterprise domains follows the framework of 
modeling levels and views. In the Process/Activity/Operation approach an 
enterprise is seen as a collection of interrelated but nonoverlapping domains, 
which are subsets of the enterprise business. Enterprise engineering is con
cerned with requirements, design and implementation of enterprise opera
tions. 

Enterprise operations are defined in two distinct levels linked to each 
other by events: 
1. A network of event driven cooperating domain processes 
2. An explicit description of the functionality and behavior of the individual 

domain processes presented as a network of enterprise activities/func
tional operations initiated by events and driven by an explicit set of pro
cedural rules. 

The network of domain processes may consist of CIMOSA and non
CIMOSA domain processes, that is, domain processes with or without an 
internal CIMOSA structure. This approach provides a potential solution for 
the enterprise integration of heritage systems. Figures 6.7 and 6.8 represent 
the two levels of such structuring. Fig. 6.7 shows a set of domain processes 
cooperating on shared objects (results and events). One of those processes 
is detailed in the following figure demonstrating the engineering process of 
decomposition (top-down) leading to a network of enterprise activities. It 
also shows the use of function aggregation (bottom-up) into Business and 
domAin processes. Decomposition can be either into business processes 
representing lower level behavior or enterprise activities representing func
tionality. For a system design enterprise activities can be further decom
posed into functional operations which relate this functionality to enterprise 
resources for execution. 

6.14.3 CIMOSA enterprise model 

According to the structure provided for the particular architecture, CIMOSA 
models capture business knowledge globally as networks of domain pro
cesses and also as enterprise activities representing detailed local functional
ity and as business processes representing intra process behavior. 
Identification of all the inputs required and the outputs produced (informa
tion, control, resource and organizational) will be done for each of the dif
ferent parts of this functionality. Modelling is done through the instantiation 
of generic building blocks or partial models. 
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Figure 6.7 Network of domain processes (DM = domain, DP = domain process). 

Within an enterprise, tasks (domain processes) are usually organized into 
subtasks (business processes, enterprise activities, functional operations) 
which need to be realized to achieve the business objectives. Within each 
domain (unsolicited) real world happenings and requests (events) to do 
something will occur which will trigger domain processes. Domain pro
cesses can also have exchange with domains external to the enterprise. To 
represent tasks and actions performed within an enterprise CIMOSA forces 
users to think in terms of 'processes', 'activities' and 'operations', where 
operations define the lowest level of granularity to represent tasks per
formed within an enterprise. The level of detail to be described in the model 
is at the users discretion and not dictated by CIMOSA. 

Model modifications can be made via a domain process' internal and 
external behavior and its functionality. Internal changes will be made 
through modification of internal control flow and/or functionality, changes 
in external behavior will be modelled through modifications of its external 
relations (interoperation with other domain processes). 
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Figure 6.8 Internal structure of a domain process. 
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The CIMOSA modelling approach includes and extends previous functional 
modelling approaches [9] already in use in industry or being considered by 
standardization bodies. These recognize essentially only the concept of 
activity (also called function). 

CIMOSA differentiates between 'as-is' and 'to-be' modelling. 
Modelling of an existing implementation will start with a bottom up 
description of the current operation. Abstraction from the 'as-is' description 
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and modifying the operation would lead to a requirements and design of the 
'to-be' model and analysis of its intended behavior. No specific 
methodology has been prescribed by CIMOSA thus leaving freedom for 
iterations as required between decomposition and aggregation as well as 
between modelling levels. 

6.15 CIMOSA SYSTEM LIFE-CYCLE AND ENVIRONMENTS 

To support its modelling concept, CIMOSA defines an enterprise system 
life-cycle and the corresponding environments in which the relevant life
cycle processes can be executed. These environments contain: (1) a 
dynamic definition (a model) of the life-cycle tasks in the form of a set of 
processes; (2) a set of resources providing the functionality required to carry 
out those tasks and (3) a set of common services providing system wide sup
port for the execution of processes. This concept decouples the engineering 
of the enterprise's system(s) from the day-to-day enterprise operations. 

In order to permit the processes for one task within the Product Life
cycle to be designed/updated without interfering with the execution of cur
rent operational tasks, CIMOSA provides two mutually independent, but 
interrelated, environments (see Table 6.1). 

Table 6.1 CIMOSA life-cycle and ellvironments 

,----------------------------------------------------------
Life-cycle Environment 

system enterprise engineering 

product enterprise operation 

Model executed 

engineering 
implementation modcl 

particular 
implementation model 

I. The Enterprise Operational Environment in which products are devel
oped, produced, marketed and sold, orders are issued and received, bills 
are paid and invoices submitted to customers in accordance with the pro
cesses defined for the enterprise's Product Life-cycles. 

2. The Enterprise Engineering Environment in which particular enterprise 
domains are modelled (including the simulation/evaluation of alternative 
solutions), built, validated and released for operation in accordance with 
the processes defined for the enterprise's system life-cycle (except for the 
system operation phase). 
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In both cases life-cycle processes are defined by a CIMOSA compliant 
model. In the case of the enterprise operations environment this model is 
user created so as to be unique to the particular enterprise. The model of the 
enterprise engineering environment is usually constructed by the IT vendor 
and then customized to the user's needs. Conformance to the CIMOSA 
Model Creation processes and the CIMOSA Model Consistency rules 
ensure that the end result is a CIMOSA compliant model (see also Table 
6.2). 

Table 6.2 Service entities of the Integrating Infrastructures service provided 

Entity Execution of enterprise model 

Business According to business rules 

Presentation 

Information 

Common 

System management 

Homogeneous access to humans, 
machines, software applications 

High level of consistent information 

System wide homogeneous data com
munication 

Management of CIMOSA environ
ments 

CIMOSA defines the basic phases of the System Life-cycle in terms which 
are independent of the modelling methodology employed. CIMOSA does 
not populate the System Life-cycle with a set of unique processes but leaves 
it open for tool vendors to define their own various proprietary methodolo
gies in a CIMOSA compliant model. Thus alternative models (tool sets) 
will exist for the system life-cycle to reflect different modelling methodolo
gies (e.g. waterfall, fast prototyping, concurrent engineering, etc.) for creat
ing CIMOSA conformant enterprise models. 

For example, the creation and execution of a CIMOSA compliant pro
cess involves the following basic tasks: 
1. Identify the business domain 
2. Select relevant building block types from a catalogue of CIMOSA build

ing blocks 
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3. Customize the selected types by adding enterprise specific parameters to 
make instances of the building block types 

4. If required install and describe any additional resources 
5. Release the enterprise model which contains the instances, into the oper

ational system 
6. Add, at execution time, technical parameters and logistic variables to a 

copy of the released instances (create occurrences). 
CIMOSA proposes a formal engineering release of the enterprise model at 
the phase-over from the engineering to the operational environment. 
Changes to be made to the operational system have to be implemented, vali
dated and documented in the engineering mode rather than in the opera
tional mode. Only then can a sufficient engineering discipline be introduced 
into the enterprise operation and only then can model consistency be 
assured. This release process acts as a 'bridge' between the system and the 
Product Life-cycle. 

It should be noted that emphasis in CIMOSA Enterprise Engineering is 
on model maintenance (update, modification, extension) rather than on 
model creation. The latter is seen as a one time affair, whereas the former is 
a continuous task for redefining the model contents. Only if the model con
tinues to reflect the reality of the enterprise operation will the use of model 
based operation control and monitoring and decision support become a real
ity. 

( 

6.16 CIMOSA INTEGRATING INFRASTRUCTURE 

CIMOSA copes with heterogeneity by providing the CIMOSA Integrating 
Infrastructure (lIS). This lIS provides a structured set of system wide ser
vices thereby avoiding redundancy of function in the enterprise's systems. 
By making use of these generic services the application systems in the 
CIMOSA Environments need no longer contain the specifics of the data 
processing environment. This provides increased portability and flexibility 
of the application systems and reduces the maintenance tasks considerably. 

The lIS supports integration by providing homogeneous access to system 
components. The services of the CIMOSA Integrating Infrastructure 
address the problems of Application Integration. The lIS supports model 
execution and engineering through a set of five generic service entities (see 
Fig. 6.10). It also provides a unifying software platform to achieve integra
tion of heterogeneous hardware and software components. 

The CIMOSA Integrating Infrastructure is tuned to the execution of 
CIMOSA models. Triggering of domain processes invokes the Business 
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Entity which will process the request and which will initiate the creation of a 
domain process occurrence and its subsequent processing by other services 
according to the nature of the event. The services of the Business Entity 
will schedule resources and execute functional operations through the Pre
sentation Entity. It will also provide and remove information via the Infor
mation Entity. Communication across the entire system and the needs of 
system management are provided by the remaining two entities (Common 
and System Management Entity). 

The AMICE project defines functionality of the liS services but its 
implementation is under the discretion of the IT vendors. The liS may be 
implemented according to any standard or proprietary solution which pro
vides the expected functionality. Access to the different services is specified 
by interfaces or protocols. Therefore, depending on the degree of software 
integration, the liS software may be a very small extension or a large soft
ware packet added to the vendor system software. 

The liS provides a structured set of common System Wide Services that 
will avoid redundancy of functions in any CIM system. By offering these 
services system wide in a uniform manner the basis for required integration 
is created. The role of the IIS is to provide the computer integrated part of 
CIM, meaning that the integration is achieved through Information Technol
ogy, i.e. computers. 

The liS provides for a set of specified services to control and integrate 
the definitions in the implementation model of a CIM architecture and the 
reSOl!lfCeS (humans, machines, applications, etc.) performing these functions. 
The services will: 
1. Isolate the application programs from the data processing and business 

environment 
2. Operate system-wide and not require the architectural modules using 

these services to have any knowledge of their location and/or distribution 
3. Provide common protocols allowing the humans, machines and applica-

tion programs to interact with the IIS in a uniform way. 
The System Wide Services appear to the user of the service as a single ser
vice across all nodes of the system. The user doesn't have to know how and 
where the service is provided. Within the services of the liS one can distin
guish three sets of services. 

Function related services include all those services that are related to 
enterprise functions. These services manage the control and execute the 
enterprise activities. They provide the Integration of Functions. 

Information related services include services that support the information 
processing activities of the enterprise. They deal with locating, accessing, 
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Figure 6.9 Overview of all the services within the lIS. 

storing and maintaining the consistency of information. These services pro
vide the Integration of Information. 

Communication related services include the services required for the 
control of Intra- and Inter-System Communication. They provide the Inte
gration of Communication. 

Fig. 6.9 provides an overview of the IIS. The three sets of services that 
were first mentioned will be detailed hereafter. 
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The Function Related Services provide a common functional control ser
vice that integrates all functions of the enterprise along business processes 
oriented towards the result of the enterprise. The system wide business pro
cess management services (see Fig. 6.9) uses both resource and organiza
tional views of the architectural model and contains human entities, machine 
entities, and application entities which are interfaced to the architecture via 
System Wide Front End Services through front-end protocols (see Fig.6.1O). 

Three Management Services have been defined for the proper function
ing of the enterprise: 
1. The business process control services which manage and control the 

business processes of the enterprise on a system wide basis. 
2. The Activity Control services which manage and control the execution of 

the activities in the enterprise on a system wide basis. 
3. Resource Management services which use the resource information of 

the implemented model and occurrences of the business processes to 
schedule the resources and the business processes on a system wide 
basis. 
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The purpose of the Information Related Services is to manage the storage 
and retrieval of data on a system wide basis where the clients don't need to 
know how and where the data is stored. The services further provide system 
wide data consistency and information context. 

The System Wide Data Service provides for the location of information, 
consistency of data, management of schema conversions and control of 
requests for data. It also provides for storage and retrieval of data through 
Data Management. The System Wide Data Services handle all requests for 
information from clients. The Data Management has only one client; the 
System Wide Data Services. Data Management interacts with the support
ing functional entities (business entities, information entities, presentation 
entities and human and machine entities) for the storage and retrieval of data 
and caters for the further completion of the schema conversions., 

The purpose of the Communication Related Services is to allow all 
implemented functional entities to communicate with each other on a sys
tem wide basis. These entities do not have to have any knowledge of where 
the other entity is located and how the locations communicate with each 
other. There is no difference between inter- and intra-system communication 
for the user of this service. 

System Wide Exchange Services will provide an adequate service 
needed to implement access, agent and external protocols occurring among 
information related services and function related services, while factoring 
out.as many as possible of the issues of synchronous communication. 

Communication management, finally, has one client only: the System 
Wide Exchange Services. It interacts with the supporting implemented enti
ties to send and receive data based on the concepts developed in the Basic 
Reference Model for Open System Interconnect (ISO 7498). 

6.17 APPLYING CIMOSA - A SUMMARY 

Fig. 6.11 illustrates the use of CIMOSA. The reference architecture pro
vides the constructs (Generic Building Blocks) and standardized processes 
(Partial Models) which are used to create and maintain the particular enter
prise model and to implement the lIS. The enterprise model describes the 
Product Life-cycle processes (domain processes) of the particular enterprise 
and their interrelations. These processes are composed of enterprise activi
ties and functional operations. Resources are selected from vendor cata
logues or from the installed enterprise base. 
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Figure 6.11 Creation and execution of CIMOSA models. 

Model creation, implementation and maintenance are part of the engineering 
environment and follow the System Life-cycle concept. Model execution is 
concerned with the processes of type Product Life-cycle. These processes 
are performed through the utilization of relevant resources which are identi
fied in the different processes as resource inputs of the enterprise activities. 
Model execution is initiated by events which represent real world happen
ings like receiving a customer order or identifying a due date. Any event 
will start execution of at least one domain process (see above). 
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Model based operational control and monitoring requires a consistent 
and up-to-date model of the operation. Therefore, modelling has to be done 
by the people responsible for the operation and authorized to modify and 
adapt the particular part of the model according to negotiated and accepted 
needs and opportunities. Knowledge about interrelations and the impact of 
change have to be made known to the parties involved in the engineering 
phase and prior to release to operation. Therefore analysis and evaluation of 
change is an important part of model creation and maintenance and has to be 
employed by all the people involved in enterprise engineering. Assignments 
of responsibility and authority in the engineering environment are very 
important and have to be made with a clear understanding of the conse
quences involved. 

6.18 OVERALL SUMMARY OF ARCHITECTURE AND BASIC 
CONCEPTSOFCIMOSA 

Today the manufacturing industry is faced with a rapidly changing business 
environment. Varying market demands require frequent operational and 
organizational changes in the individual enterprise. CIMOSA therefore 
enables the user to describe his enterprise from two distinct standpoints: 
1. The Business Environment as seen by the business user 
l The Physical Environment (the manufacturing and Information Technol-

ogy implemented in the enterprise). 
The prime goal of CIM and enterprise integration is to use Information 
Technology to integrate the enterprise operations. CIMOSA achieves this 
by linking the enterprise activities and functional operations into a dynamic 
state network, thus integrating the activities and the resources performing 
them. Fig. ·6.12 summarizes the contents and use of CIMOSA in its two 
environments and the relations of its three major concepts with one another 
and the real enterprise world. 
1. Modelling Framework 
2. System Life-cycle 
3. Integrating Infrastructure 

CIMOSA provides a reference architecture in its modelling framework 
for the specific description of a particular enterprise. The architectural con
structs of CIMOSA guide the CIM business user in the creation and mainte
nance process to obtain and maintain a consistent system description. These 
constructs will also guide CIM suppliers to develop, produce and market 
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products which will fit the defined user requirements and comply with the 
implemented system. 

The architectural constructs provided for the description can be viewed 
as the semantics for a manufacturing enterprise description language. This 
approach constitutes a completely new method for manufacturing system 
development. The method allows the end user to define, to prototype, to 
design, to implement and to execute the business according to his needs. 
The architecture also defines the necessary support environment for devel
opment and execution. 

CIMOSA facilitates a System Life-cycle which guides the user through 
model engineering and model execution. Starting with the collection of 
business requirements in a Requirements Definition Model, the System 
Life-cycle carries the user through their translation into a System Design 
Model and finally, to the description of the implemented system (System 
Implementation Model). These phases are followed by a model release for 
operations and model execution for operational control and monitoring. To 
derive the system description all specific constraints of the particular enter
prise are taken into account in the Design Specification Model. Model 
maintenance is a very important part of the System Life-cycle as well. 

Model engineering and model execution are supported by the CIMOSA 
Integrating Infrastructure. The Integrating Infrastructure provides a set of 
generic services which process the released enterprise model and provide 
access to information, connect to resources and handle exceptions through 
reference to identified responsibilities and authorities. This infrastructure 
also hides the heterogeneity of the underlying Manufacturing and Informa
tion Technology. 

The ESPRIT Consortium AMICE has developed CIMOSA and has vali
dated its concepts in various case studies in its member companies. Valida
tion work has also been done in other ESPRIT projects which will also lead 
to development of partial models in specific industry areas and particular 
modelling aspects. The project itself will further verify CIMOSA through 
industrial pilot implementation. Work on prepilots in enterprise modelling 
and model based operation control and monitoring has been started. Results 
from this work will become available in 1993. 
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Figure 6.12 Overview of CIMOSA concepts. 
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