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2.1 THE PURPOSE ASSIGNED TO THE TASK FORCE 

Managers and information scientists, control engineers and others have long 
been intrigued by the concept that one should be able to correlate and use, at 
any one time, all of the information then available concerning an enterprise, 
to systematically improve the operability, profitability, agility, competitivity 
(and many other important characteristics) of these systems. 

Such a desire was, for example, the basis for the development of the 
field of computer integrated manufacturing which is built upon the ability of 
the computer to handle vast amounts of data or information in very short 
periods of time. 

However, although many projects have been initiated in many types of 
industries in recent years to try to achieve these dreamed-of-benefits, the 
results achieved, in many cases, have been disappointing at best. In addi
tion, where successes have been achieved, no clear path for obtaining future 
successes in subsequent applications has become clear. 

The following is an important summary of the state-of-the-field of 
Enterprise Integration (including CIM), and points out what had been 
learned prior to the work of the Task Force as described herein. 

2.2 THE STATUS OF ENTERPRISE INTEGRATION 

An Integrated Manufacturing System solution cannot be bought off the 
shelf; each firm must be involved in devising its own, which explains why 
methodologies must be made available so that CIM systems can be built. 

Designing a CIM system meets with a number of difficulties: 
• The system is extremely complex, so some special techniques must be 

used to understand this complexity in order to efficiently act on it and to 
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define the possible intervention area of every operator related to their 
skills. 

• The system must take into account not only the technical points of view 
but also the economic, social, and human points of view in an integrated 
way. 

• The knowledge which is necessary to design a system cannot be found in 
a single person; designing requires team work. 

• The initial status of the system is not a matter of chance; this initial status 
must therefore be taken into account in order to well understand those 
specific constraints under which the system operates on the one hand and, 
on the other hand, to avoid the redesign of those parts of the system which 
are satisfactory. Because of today's economic situation, this point 
becomes more and more relevant; many industrial systems must evolve 
faster and faster but with as low a cost as possible. 

The term 'methodology' as used here means a consistent set of components 
which are: 
• A reference model globally and generically showing the structure of the 

project system to be studied. 
• One or more modeling formalisms enabling the build up of the model in 

order to study and evaluate it. 
• A structured approach for the overall program leading step by step from 

an existing system to a future system taking into account evolution objec
tives and specific constraints 

• Performance evaluation criteria with which the system can be evaluated in 
relation to several points of view (economics, reliability, etc.). 

Generally speaking, a structured approach or methodology is a set of steps 
to be followed to solve a problem. Within the framework of an integrated 
manufacturing system design methodology, the structured approach must 
cover all of the life-cycle of the integration project which is split into several 
successive stages (analysis, design, development, implementation, and oper
ation). Every step of the methodology must be precisely defined and based 
on a standardized project structure giving the set of actors for which the 
work must be precisely defined as well. 

Defining very precisely all steps which are required to go from concept 
to specification to implementation is essential. During each step some mod
els are built and checked. The consistency of these models and results for 
each step must also be constantly checked [1]. 

As used in the context above, an architecture is any method (drawing, 
model, description, etc.) for giving the structure or framework showing the 
interrelationship of all of the parts and/or functions of a device, system or 
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enterprise. A reference architecture is a collection of the overall generic 
functions, descriptions, or behaviors of many (hopefully all) types of sys
tems and their associated structures or frameworks. 

Thus an architecture, or preferably a reference architecture, should form 
the basis for the development of a device, system or project for carrying out 
an information integration program for a manufacturing or other enterprise. 
The problem remains, however, of: What is the best architecture for such 
purposes?, and How may it be developed? This then was the task assigned 
to the Task Force which developed the report contained herein. 

The above statement characterizes very succinctly the industrial require
ments which needed to be considered by the IFACIIFIP Task Force on 
Architectures for Integrating Manufacturing Activities and Enterprises as it 
faced the task assigned to it by its parent bodies. Thus our task of evaluating 
manufacturing integration architectures must consider not only the 'what' of 
integration but also the 'how' of integration as well. That is, how integra
tion is accomplished in terms of the development of the system, not just the 
overall design of the computer system (for example) needed to achieve inte
gration. 

This line of reasoning is reinforced when one reviews the field of inte
gration architectures. An architecture, as just noted, can be defined as a 
description (model) of the structure of a physical or conceptual object or 
entity. Thus there are two and only two types of architectures which deal 
with the integration of manufacturing entities or enterprises. These are: 
• The structural arrangement (design) of a physical system such as the com

puter control system part of an overall enterprise integration system. 
• The structural arrangement (organization) of the development and imple

mentation of a project or program such as a manufacturing or enterprise 
integration or other enterprise development program. 

All of the reference architectures discussed in this book should therefore be 
of the second type in order to fulfill the requirements voiced above. (It is 
noted in passing that architectures of the first type can well become major 
subunits of architectures of the second type, for instance as examples or 
guides in the functional or detailed design phase of the integration program 
development). 

There were only three major architectures in the open literature which 
were known to the Task Force as of this writing which fall into Category 2 
above. These were: 
• The Open System Architecture for Computer Integrated Manufacturing -

CIMOSA, as developed by the European CIM Architecture Consortium 
(AMICE - a backward acronym) under ESPRIT Projects 688, 2422 and 
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5288 of the European Community. This work was initiated in 1984 (here
after called CIMOSA). [3] 

• GRAI-GIM. The GRAI Integrated Methodology as developed by the 
GRAI Laboratory of the University of Bordeaux in France. This work 
resulted from production management studies initiated at the GRAI Labo
ratory as early as 1974. It has taken its current form since about 1984 
(hereafter called GRAI-GIM). [1,2] 

• The Purdue Enterprise Reference Architecture and the related Purdue 
Methodology as developed at Purdue University as part of the work of the 
Industry - Purdue University Consortium for CIM. This latter work 
started formally in 1989 but bears on the Purdue Reference Model devel
oped in 1986 and earlier work of the Purdue Laboratory for Applied 
Industrial Control dating back to the mid seventies (hereafter called Pur
due or PERA). [4,5] 

These then are the three architectures which were extensively examined by 
the Task Force and which are thoroughly described and evaluated in this 
book. 

It must also be remembered that manufacturing integration is not auto
mation and/or computer application per se, although computers and automa
tion are usually involved in its implementation. Manufacturing or enterprise 
integration, on the one hand, is the collection, reduction, storage and use of 
data (and/or information) from the business entity involved, plus its environ
ment, in order to optimize the operation of the business entity as a whole 
according to the criteria established by that business entity's management. 
On the other hand, it must also include the integration of the raw material, 
intermediate and final product flows, as well as machine organization, to 
further the enterprise optimization possible. In addition, the actions and 
influence of the human staff involved must also be thoroughly integrated 
with the manufacturing or other enterprise operations as well as the informa
tion integration carried out by the computers and related devices. 

2.3 THE RELATIONSHIP OF THE TASK FORCE'S WORK TO THAT 
OF OTHERS 

It is the purpose of this book to define enterprise reference architectures; 
present what they are and what they can be used for; treat their various 
forms; and project the future of the field of enterprise integration as it 
appears in the findings and recommendations developed by the Task Force 
in its investigation. The Task Force believes that it has developed new and 
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important concepts in its work. These are presented herein. The Task Force 
further believes that these concepts, findings and conclusions may be helpful 
to others as follows: 

Information technology experts, who develop and market comprehensive 
business information systems (software or hardware), information systems 
development methods, and software engineering or CASE tools, may find 
guidance on how to complete presently available but unfinished enterprise 
system architectures so that these architectures can become truly generic, 
and therefore applicable to the entire enterprise, and indeed to all types of 
enterprises regardless of the industry or type of endeavor involved. 

The state of the art of enterprise reference architectures is presented here 
in order to allow the owners of proprietary architectures to assess their own 
products in view of this present description of the generic architecture 
requirements. 

Developers of control systems (both hardware and software) will hope
fully find that this book can also give them guidance in a way similar to that 
for the information technology experts. The control engineers situation dif
fers in our view only in that they cover a different subpart of the entire enter
prise domain from the information technologist. That is, they concentrate 
particularly on control system description techniques, methods for control 
system design, and/or tools to support these various methods rather than on 
data handling techniques, data base design, etc. 

Developers and users of life-cycle methodologies in consulting firms, 
standards bodies, or large multinational companies may find our work useful 
to them to help them to evaluate their currently applied methodologies in the 
light of the analysis given herein. This should then help them to formulate 
their own future strategies to allow courses of action which would lead to a 
more complete enterprise integration methodology than those available 
today. 

Policy makers and funding agencies may also find here a set of over
views and evaluations which they can then use for assessing ongoing 
research results. Our results may also be useful for deciding on the future 
research directions they may wish to pursue. 
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Type 2 Enterprise Reference Architectures 
(complete life-cycle methodologies) 

Presentation of data and 
information (user interface) Soft.ware. 

engmeenng 
methods 

Type 1 CIM Architectures (complete control system structures) 

Figure 2.1 Representation of the separate classifications of architectures as used 
in this book. 

2.4 A FURTHER DEFINITION OF THE RELATIONSHIP BETWEEN 
ARCHITECTURES 

Fig. 2.1 presents a diagram which illustrates the way in which the Task 
Force has defined the relative scope of Type 1 and Type 2 Architectures. It 
will be seen that the Type 2, Enterprise Reference Architecture, comprises 
the whole context of the diagram of Fig. 2.1. That is, it presents a life-cycle 
development methodology for all aspects of the enterprise concerned. 

The Type 1, CIM Architecture, on the other hand comprises only those 
aspects involved in the computer-based information technology of the enter
prise, i.e. as noted here, those aspects included under the categories of Busi
ness Processing and Engineering and Control. 
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2.5 MAIN FEATURES OF ARCHITECTURES 

As shown by Fig. 2.1 we have subdivided all enterprise activity into the 
following three areas. 
• The Production Facility 
• Human Organization Including 

Management 
Staff, and 
Production Functions 

• Information Technology (Hardware and Software) including 
Business Information 
Engineering Systems 
Production Management, and 
Control Systems 

What makes this subdivision useful is that it not only reflects distinct bound
aries between the different types of enterprise activity but it also points out 
disciplinary (or cultural) boundaries. Using this division we can easily iden
tify research and development results, vendors' product families, or stan
dards which may be targeting to one or the other of the above areas. 
For example, standards and product families have been developed for the 
integration of business information systems separately from the rest of the 
enterprise and are offered as solutions there because they have a generic 
structure which is applicable to virtually any case which could be consid
ered. Similarly, large control system vendors have standards and product 
families which cover process control, product design, and production man
agement, etc. The pattern is the same: these standards and families of prod
ucts are based on some generic structure which is applicable to virtually any 
case of industrial control and engineering. 

Although many of these generic structures are of use only in such well 
defined subdomains of all enterprise activities as those just noted they are 
nevertheless essential points of departure for the integration of the entire 
enterprise. 

However, in order to realize the full potential of the use of each of these 
separate solutions one has to be able to form a unified structure that enables 
the integration of the information flow between these domains just as easily 
as within the confines of the domains themselves. 

Type 1 Architectures (CIM Architectures) are for example a partial solu
tion to such generic structures (see Fig. 2.1) since they allow the integration 
of the respective information technology regimes, such as business infor
mation processing system products with engineering (CAD, CAM or Con-



16 The concept of enterprise integration 

trol System) products thus describing a complete structure for the computer 
control system of the enterprise. 

Given that either of these domains (business processing or engineering 
control (see Fig. 2.1) can separately define their own respective information 
processing, database, communications and human interface solutions (thus 
structures and standards), a CIM architecture which encompasses the con
trol of all enterprise activities should have a common base rather then two 
separate solutions for the above mentioned subdomains. Type 1 architec
tures (or CIM architectures) as structural descriptions of the complete enter
prise control system must therefore include traditional business processing 
as well as engineering, control and management in order to provide a 
proper solution to this requirement. 

Most CIM Architectures known from the literature are of this Type 1 
Classification and an overview of these is given in Chapter 5 of this book 
(e.g. [4,6] and many others, see references made there). 

It is expected that the increasing drive to comply with open systems stan
dards1 and the adoption of client-server structures, will soon make it possi
ble to establish enterprise-wide communication and processing infra
structures or Integration Platforms which will serve the needs of both the 
business processing and the engineering (engineering control and manage
ment) functions. Such integration platforms have already been developed 
for many of these limited domains. The remaining work is to extend them to 
complete the required overall generic platforms. 

For example, IBM's System Application Architecture (SAA) [7,8,9] is 
such an intermediate platform devoted specifically to the domain of business 
processing. Any such integration platform, as a collection of hardware and 
software solutions, is preferably based on 'open systems' standards, allow
ing configuration flexibility and multi vendor, vendor independent configura
tion of systems. These platforms must include a standard operation system 
interface [10], communication protocols [11,12], a user interface [13,14], a 
database access language [15], remote database access [16, 17], and distrib
uted computing (client server computing) [18,19]. 

As an example of the overall capability desired, the Integrating Infra
structure of CIMOSA [3], which is under development, is intended to be a 
platform for the entire domain. Where practicable the AMICE Consortium 
developing CIMOSA has made a commitment to adopt existing standards 
such as those discussed above to promote these concepts. 

1. Open systems standards include communications, operating systems, database 
access, distributed processing, and user interfaces. 
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2.6 TYPE 2 ARCHITECTURES IN RELATION TO TYPE 1 

However, as is made abundantly clear by Fig. 2.1, the above discussion only 
comprises Item 3 of the list of three given in this section. A complete enter
prise description by our definition must also comprise the integration of all 
human relations and human organizational activities along with those of the 
manufacturing facility, plus those of the computerized CIM system to have a 
completely integrated enterprise. Methods for carrying out the design work 
for each of the three domains are represented in Fig. 2.1 as horizontal 
patches adjoining the respective structural descriptions. Examples which 
may be given are: in the domain of business processing - AID Cycle [20]; in 
the domain of production facility design - methods based on group technol
ogy [21,22,24] and on layout design techniques [23, 25]; in the domain of 
generic software engineering development- see [9, 26, 27]. There are also 
many different methods available for (separately) developing the human 
organization and management aspects of an enterprise. 

An important message which will be derived from a reading of this book 
is that the simultaneous coverage of all of these areas is not yet available and 
that there are as yet only a very few (although quite important) attempts 
known in the open literature to try to develop such coverage. However, 
many groups worldwide are hard at work to correct this situation and impor
tant results can be expected soon. 

We believe that the possibility to build comprehensive design methods in 
each area will accentuate the need for a complete life-cycle architecture to 
coordinate their comprehensive use together in a complete methodology. 
Naturally, such a development cannot be independent from the methods 
already developed for the separate domains as presented above. The sub
stantial investment in these areas makes it necessary for the complete enter
prise reference architectures to include, adopt and adapt these existing 
methods and tools as substantial building blocks in forming the overall com
plete methodology. 

An overall and completely generic Enterprise Reference Architecture is 
thus an umbrella under which each of these separate disciplines and their 
methods can be integrated together with the others needed and one of the 
contributions which this book can make is to point out how such an archi
tecture can be developed. 
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2.7 ORGANIZATION OF THIS BOOK 

Chapters 3-5 present some background and supporting information con
cerning the integration architectures and modelling field necessary for our 
study. Chapter 3 defines the needs and requirements for architectures for 
integrating manufacturing activities and enterprises and thus establishes the 
goal against which our evaluations will be carried out. Chapter 4 presents a 
history of the field. Chapter 5 gives an extensive bibliography and discus
sion of the available architectures and models. 

Chapters 6-8 describes the candidate architectures to be evaluated: 
CIMOSA (Chapter 6), GRAI-GIM (Chapter 7) and Purdue (Chapter 8). 

Chapters 9-18 present the evaluation methods used and the direct results 
obtained. Chapter 9 introduces the background of the methods employed. 
These methods were: a detailed Questionnaire (Chapters 10 -13), its com
panion Short Form (Chapter 15), the answers to these as evaluated in Chap
ter 14; the Direct Mapping- One on One (Chapter 16); and the Matrix of 
Requirements Mapping (Chapter 17). An evaluation of the results obtained 
is presented as part of each chapter. Chapter 18 presents some additional 
observations concerning each of the architectures. Chapters 19 and 20 con
tain our Conclusions and Recommendations. First there is a compendium of 
the Conclusions derived from each of the evaluation methods and our analy
sis of these. Next we present our considered recommendations for the future 
of these architectures and for the development of the field itself. Also pre
sented is a proposal for future work needed to further the field of enterprise 
integration and of architectures describing the field. 

Appendix A contains the history of the Task Force and its work program, 
Appendix B lists its members in the first triennium of the Task Force's exist
ence. 
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