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Introduction
Towards Balanced Automation

The concept. Manufacturing industries worldwide are facing tough challenges as a
consequence of the globalization of economy and the openness of the markets. Progress of the
economic blocks such as the European Union, NAFTA, and MERCOSUR, and the global
agreements such as GATT, in addition to their obvious economic and social consequences,
provoke strong paradigm shifts in the way that the manufacturing systems are conceived and
operate.

To increase profitability and reduce the manufacturing costs, there is a recent tendency towards
establishing partnership links among the involved industries, usually between big industries and
the networks of components' suppliers. To benefit from the advances in technology, similar
agreements are being established between industries and universities and research institutes.
Such an open tele-cooperation network may be identified as an extended enterprise or a virtual
enterprise. In fact, the manufacturing process is no more carried out by a single enterprise,
rather each enterprise is just a node that adds some value (a step in the manufacturing chain) to
the cooperation network of enterprises. The new trends create new scenarios and technological
challenges, especially to the Small and Medium size Enterprises (SMEs) that clearly comprise
the overwhelming majority of manufacturing enterprises worldwide. Under the classical
scenarios, these SMEs would have had big difficulties to access or benefit from the state of the
art technology, due to their limited human, financial, and material resources. The virtual
enterprise partnerships facilitate the access to new technologies and novel manufacturing
methodologies while imposing the application of standards and quality assurance requirements.

In contrast to the more traditional hierarchical and rigid departmental structures, the "team
work" and groupware are being adapted as a pragmatic approach to integrate contributions
from different expertise. Furthermore, as an extension of the concurrent engineering concept,
the team work approach is applied to all activities involved in manufacturing, and not only to the
engineering areas.

The efforts spent on the implantation of high speed networks (digital highways) and on
supporting the multimedia information has opened new opportunities for team work in multi-
enterprise / multi-site / multi-platform networks. This new scenario however identifies new
requirements in the area of distributed information logistics infrastructure, namely the view
integration, view migration, view modification, and view update propagation. Other
requirements are identified in the area of information access control, namely access rights to the
data, scheduling of access, and the control of data migration. Furthermore, today's market
imposes the shorter product life-cycle, the growing demands for customized products, and the
higher number of product-variants, that in turn requires greater flexibility / agility from the
manufacturing process. Although many of these aspects were anticipated years ago by the
academic research, only now they are becoming a reality for the SMEs.

On the other hand, the immense legacy from the past in terms of the manufacturing
-equipments, -infrastructures, -processes, -culture and -skills still plays a major role. The social
questions raised at present on one hand by the growing unemployment number in the developed
countries and on the other hand by the poor economic structure of the developing countries
strongly suggest that in order to achieve balanced solutions, the manufacturing automation
must be considered in a global context.
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The term "balanced automation” as an emerging concept is developed in the framework of the
collaborative research activity between the European Union and the Latin America, within the
two ECLA (EC-Latin American) projects of CIMIS.net and FlexSys. Balanced automation
captures the idea of an appropriate level of technical automation, as opposed to both the pure
anthropocentric or the total automation approaches.

Contributing tendencies. Any approach to the design and implantation of a balanced
automation system must consider, with an appropriate combination of weights, the results and
experiences gained in related recent efforts. The main areas of interest to capture different
dimensions of SMEs and their balanced automation can be categorized into the Technocentric-
aspects, the Anthropocentric-aspects, and the Economical-aspects.

Every one of these categories contains several areas of research. However in most cases the
research in one area is traditionally performed independent of the other areas. As a result, the
design of a balanced automation system often encounters mismatch problem and the need to
reevaluate and modify Existing research results.

Some of the research that is covered by the three categories are listed below:

-Technocentric aspects cover the Information Modeling and Information Integration,
Integrating Infrastructures and facilities, Standards and Reference Models, Intelligent Computer
Aided Tools and user-interfaces, Intelligent Supervision Systems, and Robotics;

-Anthropocentric aspects cover the Social Impacts, Skills and Training, Ergonomic
Workplaces, Human-Machine Interaction, Team Interaction, and Organization of
Responsibilities; and

-Economic aspects cover the cost-effectiveness, quality assurance, both the local and the
global organizational aspects, and the important aspects of the strategies for smooth migration
and transitions from existing systems to more advanced solutions.

So far, some international projects and also some projects with consortia at the national level
have formed forums for melting these efforts. Nevertheless, there is still a prominent need to
stress these aspects, their interrelationships, and the development of methodologies for the
gradual migration from and/or transformation of existing systems, to replace the more classical
approach of "designing completely new systems". Nowadays, opportunities to build new
manufacturing systems are tremendously smaller than the needs to transform the legacy
scenarios.

Main aspects covered by the book. The topic of balance automation, being a new
emerging concept and first "publicized" by the BASYS'95 Conference, is not clearly covered in
all papers included in this book. Nevertheless, many of the basic questions are addressed and
some preliminary results are presented in various chapters. The main aspects included in this
book are:

-Enterprise modeling and organization

-Modeling and design of FMS

-Anthropocentric systems

-Extended enterprises

-Decision support systems in manufacturing

-Balanced flexibility

-CAE/CAD/CAM integration

-Computer aided process planning

-Scheduling systems

-Multiagent systems architecture

-Intelligent supervision systems

-Monitoring and sensors

-Shop floor control
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Areas that need more advances. Balanced automation covers a vast area of research. In
our opinion, certain areas play a more important role and require additional advanced and/or
fundamental research, among which we can name:

-modeling and analysis tools

-team work infrastructure design

-decision support tools

-rapid model prototyping

-migration methodologies

-management of change
Although some of these aspects have been the subject of intense research in the recent past, a
new "rethinking" is necessary in terms of balanced automation. For instance, a migration
methodology must first produce a realistic and comprehensive image of the existing enterprise,
and then use it as a base for the purpose of analysis and diagnosis towards the identification of
less balanced parts of the system. On the other hand, manufacturing enterprises must be
empowered with the capability to cope with the market dynamism. The ability to manage and
represent the effects of market changes within the enterprise provides a strong "mechanism” for
continuous improvement and a potential for survival in today's market. These approaches,
mostly designed for big industries so far, are still in their infancy and any improvement in the
development of either approach sets new requirements and necessary modifications on the
development of the others.

Overview of CIMIS.net and FlexSys projects. In 1993, the Commission of the
European Union launched some pilot Basic Research Exploratory Collaborative Activities
between the European and Latin American academic and research centers. As an exploratory
program, the intention was to evaluate the feasibility of such long distance cooperation and to
investigate the most effective ways of its implementation. Two of these pilot projects are the
CIMIS.net and FlexSys that focus in the area of Computer Integrated Manufacturing.

The CIMIS.net project is focused on research on Distributed Information Systems for
Computer Integrated Manufacturing. The CIMIS.net consortium comprises academic and
research centers from The Netherlands, Portugal, and Spain from EU, and Brazil and Costa
Rica from the Latin America. An aim of the project is to exchange and evaluate experiences in
the following areas:

-Integrating Infrastructure for the distributed industrial systems - the paradigm of federated
architectures.

-Distributed object-oriented information management systems - distributed access,

interoperability, persistency, consistency, and concurrency.

-STEP/Express based modeling of manufacturing applications.

-Experiments on modeling and representation constructs for engineering application -
integration of multiple object views with incomplete knowledge, and the temporal aspects,
namely support for the versions and revisions of design and history, and the time sequence for
the control processes.

-Identification of information management requirements for simultaneous/concurrent
engineering, and specification of the supporting functionalities.

The FlexSys project addresses the Design Methods for FMS/FAS Systems in SMEs. This
project aims at promoting the collaboration in research, development and evaluation of methods
for designing Intelligent Manufacturing Systems. The project involves partners from Portugal
and Germany form EU, and Argentina, Brazil and Mexico from the Latin America. One main
focus of the research is on the control architecture for SME scenarios. The areas covered
include:

- Electronic catalog of CIM components and interactive planning of IMS.

- Manufacturing systems control architectures - distributed approaches.
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- Systems monitoring - multisensorial information measurement and interpretation, diagnosis,
prognosis, and error recovery.

- Support systems including: transputer-based architectures, distributed object-based systems,
simulation of manufacturing systems, etc.

- Distributed factory information and communication systems.

The geographical characteristics of the centers involved in these two projects provide a rich
variety of diversified contexts for research on balanced automation; namely, the developed and
developing countries, different directions in research and technology applied to the industry,
and the diverse cultural and economic situations. The two projects presented a unique
opportunity for collaborative research, in spite of the rather limited financial support received
from EC. Within this context, through joint research, exchange of scientists, technical meetings
and workshops, and the case study missions with some industries, an adequate environment
was created for the genesis of the Balanced Automation concept and the initiative of launching
the international BASYS Conference.

The concept of Balanced Automation Systems - BASYS is already accepted and applied by
research groups outside the CIMIS.net and FlexSys projects. Some of these groups have
significantly contributed to this proceedings. We hope that BASYS '95 will be an important
milestone in the advanced developments in this area of research.

The Editors

Luis M. Camarinha-Matos
Hamideh Afsarmanesh
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The Extended Enterprise - Manufacturing
and The Value Chain

Professor J. Browne,

CIMRU,

University College Galway,
Galway,

Ireland.

Tel : +353.91.750414.

Fax: +353.91.562894.

E Mail : Jimmie.Browne@ucg.ie

Abstract

The Extended Enterprise where core product functionalities are provided separately by differ-
ent companies who come together to provide a customer defined product is made possible by
the emerging integration of computing and telecommunications technologies. These tech-
nologies facilitate the development of competitive advantage by exploiting linkages in the
value chain. If the challenge of CIM (Computer Integrated Manufacturing) was to realize inte-
gration within the four walls of the plants, the challenge to manufacturing systems analysts and
researchers today is to support inter-enterprise networking across the value chain. Changes in
product and process technologies and the emerging pressure for environmentally benign pro-
duction systems and products further enhance this challenge.

Keywords
Extended Enterprise, Value Chain.
1. LINKAGES IN THE VALUE CHAIN

Writing in 1985 Porter introduced the concept of the Value Chain. In Porters’ words “value
chain analysis helps the manager to separate the underlying activities a firm performs in
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designing, producing, marketing and distributing it’s products or services”. Value adding
activities are the building blocks of competitive advantage and the value chain is a set of inter-
dependent activities. Linkages in the value chain define the relationship between the way indi-
vidual value adding activities are performed. Competitive advantage is also achieved by
exploiting linkages, which usually imply efficient information flow and which facilitates the
coordination of various value adding activities. For example manufacturing management has
long recognised the value of efficient data flow between CAD and CAM systems and techni-
cal solutions have been proposed to exploit this linkage.

But of course linkages exist not only within the individual firm’s internal value chain but also
between an individual firms value chain and that of it’s suppliers and distribution channels.
Again manufacturing companies have long recognised this and the Kanban ordering and deliv-
ery system seeks to exploit the linkage between final assemblers and their components supply
chain, to achieve Just In Time delivery.

2. INFORMATION TECHNOLOGY AND THE VALUE CHAIN.

In more recent years the attraction of EDI (Electronic Data Interchange) technology is that it
exploits the linkage between the value adding activities of individual firms in the value chain.
For example, the ability to electronically share CAD data between specialist suppliers and
their customers (the final assemblers of automobiles) in the automotive sector facilitates co-
design, and reduces the time to market for new components and ultimately new cars.

Indeed recent developments in information technology and telecommunications are creating
new linkages and increasing our ability to exploit old linkages. Keen (1991) used the terms
‘Reach” and “Range” to articulate the impact of the new computing and telecommunications
technologies on businesses. See Figure 1 below (taken from Browne, Sackett & Wortmann

: ! ' | Business
rees
Customers----l---;.--_l —--‘maedom
1 1
Suppliers 1 : 1 1
] 1 i
D Y A
Company 1 I |
1 ' !
Naﬁondr..--.- :.--...--_.,
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Divisionp = = m w = p = = =le == d
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1 . ! |
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Messaging Access Process Inte-
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Figure 1 Business and Technology Integration.
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1994a). “Reach” refers to the extent that one can interact with other communications nodes -
in the ultimate it becomes anyone, anywhere. The recent explosive growth of the INTERNET
is testimony to extended reach. “Range” refers to the data and information types that can be
supported, ranging from simple electronic messaging between identical computer platforms to
complex geometric and product data between hetrogeneous CAD systems on multivendor
hardware and software platforms. Clearly the gradual expansion of the reach and range of
these technologies provides opportunities to exploit linkages between value adding activities
within individual firms or enterprises and indeed between firms and enterprises. But of course
the availability of new technology - in this case tele-computing technology - is not sufficient
reason to use it. Unless this technology creates competitive advantage it will not find wide-
spread application.

Recent trends towards “focused factories”, “core competencies”, and the “outsourcing” of
non-critical (in a competitive or critical success factor sense) activities provide opportunities
for the emerging tele-computing technologies. Furthermore the emerging societal pressure on
manufacturers to produce environmentally benign products using environmentally benign
processes requires manufacturing firms to look beyond the “four walls of the manufacturing
plant”. Manufacturing companies must put in place systems which not only manufacture, dis-
tribute and service products but also collect at end of life, disassemble, recover or recycle and
ultimately safely dispose of products. [See Tipnis 1993]. In effect the responsibility of the
manufacturer is extended beyond that of providing and servicing a finished product.

As pointed out by Browne, Sackett and Wortmann (1994b), in the recent past the emphasis was
on Computer Integrated Manufacturing and integration within the “four walls of the manufac-
turing plant”. Today the emphasis is changing to include the supply chain to the manufactur-
ing plant, the distribution chain from the plant to the ultimate customers and increasingly the
end of life disposal or recycling issue.

The extent to which this change in emphasis has taken place can be seen in the workpro-
gramme for research and technology development in Information Technologies of the 4th
Framework Programme of the European Union; the domain ‘Integration in Manufacturing’
has a subsection entitled ‘Logistics in the Virtual Enterprise’ whose goal is to achieve an
‘information logistics’ infrastructure providing the required data at every step of the business
process, to underpin the logistics of the supply and the distribution of materials and compo-
nents’. One of the tasks which has been identified against this objective aims to develop ‘inno-
vative IT-based tools to model the interaction between companies forming the extended or vir-
tual enterprise based on a distributed concurrent engineering and co-design approach, and cov-
ering all aspects of the product life cycle’. [European Commission, 1994a].

Not surprisingly the ‘Industrial and Materials Technologies’ workprogramme of the 4th
Framework Programme shares a similar perspective. In the introduction to subsection 1.5 enti-
tled ‘Human & Organisational Factors in Production Systems’, this thinking is clearly set out
viz; “... Competitive advantage is increasingly derived from dependency and interdependency
between suppliers, component manufacturers, product assembly, distribution, sales and cus-
tomers. The aim is the integration of new human, business and organisational structures as a
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key component of the new form of manufacturing systems, involving close intra-enterprise
and inter-enterprise networking to develop customised products in very short lead times,
whilst fully utilising human skills” [My emphasis; European Commission 1994b].

3. WHAT IS THE EXTENDED ENTERPRISE?

The Extended Enterprise, as suggested above arises from the convergence of a number of
ideas:

1. In many businesses it is no longer possible or indeed desirable to achieve world class capa-
bility in all the key functional areas within a single organisation.

2. Manufacturing businesses recognise the value of the “Focused Factory” and are beginning
to outsource non core activities.

3. Given 1 and 2, it is now possible to provide core product functions separately by individual
enterprises, who come together to provide a market or indeed customer defined value or ser-
vice. Emerging tele-computing technology facilitates this cooperation or networking of indi-
vidual enterprises to meet market requirements.

Davidow & Malone (1992) used the term “Virtual Company” to describe such an enterprise -
“To the outside observer, it will appear almost edgeless, with permeable and almost continu-
ously changing interfaces among company, suppliers and customers”. On a similar vein, the
Chief Executive Officer of Intel (Andrew Grove) compared his business to - “...the theatre
business in New York, which has an intinerant workforce of actors, directors, writers and tech-
nicians as well as experienced financial backers.... By tapping into this network, you can
quickly put a production together. It might be a smash hit ... or it might be panned by the crit-
ics. Inevitably the number of long running plays is small, but new creative ideas keep bub-
bling up”.

The emergence of the Extended Enterprise would seem to be confirmed by the results of a sur-
vey of American manufacturing executives reported by Kim & Miller in 1992. In order to
understand changes taking place in the manufacturing environment, the respondents were
questioned on the issues of globalisation, competition and cooperation and how they intended
to respond to them. Among the programmes they intended to put in place were :

+ Change communication patterns and abilities (identified by 32% of respondents).

* Move production and product development closer to markets (identified by 28% of respon-
dents).

+ Standardise processes and procedures [including ISO 9000] (identified by 26% of respon-
dents).
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» Develop and expand partnerships and alliances (mentioned by 22% of respondents).

* Reengineer the supply chain among suppliers, distribution and sales (identified by 20% of
respondents).

To quote directly from the report :

“The first type of challenge is to design and manage the implementation of physical changes
in the location and responsibility of plants, R&D centres, distribution centres and sales offices.
These changes represent radical changes in the configuration of supply chains. The second
type of challenge is to change or develop new external relationships, with suppliers, cus-
tomers, and partners who interact with the supply chain...

Drucker in his 1990 article in the Harvard Business Review discussed the concept of systems
oriented design, “in which the whole of manufacturing is seen as an integrated process that
converts materials into goods, that is, into economic satisfactions”. He suggested that “a few
companies are even beginning to extend the systems concept beyond the plant and into the
marketplace ...” As soon as we define manufacturing as a process that converts things into eco-
nomic satisfactions, it becomes clear that producing does not stop when the product leaves the
factory.

Bessant (1994) recognises the issue of inter-firm relationships. He sees a move away “from
tight boundaries between firms to blurred boundaries, from ‘arms length dealing’ to co-oper-
ative relationships, from short term to long term relationships, and from confrontational to
cooperative relationships/partnerships”. Rightly however, Bessant distinguishes the emerging
network model of partnerships between firms on the value chain from the vertically integrat-
ed firm - “Whereas earlier, more stable environments allowed vertically integrated firms to
flourish, exploiting scale economies, the increasingly turbulent and fragmented pattern today
requires firms to become focused on distinctive competencies...... The value of networks is
that they.... behave as a single large firm with all the implications for flexible response, close
contact with customers, manageable scale, innovation, etc.”

In an earlier paper [Browne, Sackett and Wortmann 1994b], the extended enterprise was dis-
tinguished ‘pictorially’ as suggested in Figures 2 and 3 overleaf. In the past, the emphasis was
an integration inside the four walls of the manufacturing plant (See Figure 2). Today the
emphasis has changed to include the supply chain (integration of the supply chain through EDI
and JIT) and the integration of manufacturing with distribution planning and control systems
[See Figure 3].

In fact it has been argued, and indeed Figures 4 and 5 suggest that the Extended Enterprise rep-
resents a logical development of much of the efforts of manufacturing systems specialists over
the past ten years or so. Approaches such as MRP, JIT, EDI, WCM, Lean Production,
Concurrent Engineering, Supply Chain Management, DRP, Benchmarking and Business
Process Re-engineering synthesise into the inter-enterprise networking model and ultimately
realise the Extended Enterprise [See Browne, Sackett and Wortmann 1994b].
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4. THE EXTENDED ENTERPRISE ~ A RESPONSE TO THE
ENVIRONMENTAL CHALLENGE

Today progressive manufacturing companies are developing a total life cycle approach to their
products. Some companies are adapting a long term business objective of resource recovery.
Resource recovery seeks to maximize the ability to recover products, components and materi-
als and minimize the need for disposal sites through reuse, recycling, reclamation, resale,
reconditioning and remanufacturing. In the past responsibility for products ended when the
product left the manufacturing plants. Today, the situation has changed radically. The “sys-
tem boundary”, dipicted in Figure 4 overleaf has moved to include post consumer materials
management.

Figure 5 overleaf indicates the current balance between reuse/refurbishment and waste dis-
posal; also a more desirable balance for the future.
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Major electronics and telecommunications manufacturing companies are setting up recycling
plants to process returned products. Hewlett Packard processes 1200 tons of returned com-
puter equipment in Grenoble each year. Sun claims to earn over 6mECU per annum by
reselling old computer parts each year. In Holland, Rank Xerox and Oce disassemble and seek
to reuse where possible returned photocopiers. Recently Alcatel, Siemens and Deutsche
Telekom have announced a joint activity to recycle 12,000 tons of telephones, facsimile and
similar equipment per year.
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To indicate the importance of the resource sustainment issue from a societal and environmen-
tal standpoint, we will use the Personal Computer (PC) industry to illustrate the issues. In
1965 the PC did not exist. Today there are estimated to be 140 million PCs in use in the world
(1 for every 35 to 40 people). By the year 2010, PCs may well outnumber people. Within five
to seven years virtually all current PCs will be discarded. It is estimated that plastics make up
approximately 40% of the weight of a PC. The movement towards portable PCs increases the
volume of hazardous material used in PCs; for example rechargeable batteries. Computer
manufacturers are recognising the trends and are launching ecological programmes. They are
beginning to offer ‘Green PCs’. The PC manufacturers are beginning to realise that a combi-
nation of product takeback, modular design and remanufacturing may offer an environmental-
ly and economically productive path to new product development (RSA, 94, Page 29). The
takeback or resource recovery market is of course in it’s early stages, and today the volume of
consumer products which is taken back is relatively small. The market for secondary products
and materials is emerging slowly. However it’s importance for the future must not be under-
estimated.

Resource recovery, in the sense that it involves the original manufacturer taking responsibili-
ty for the ‘end of life’ disposal of his products represents an ‘Extended Enterprise’ approach.

5. CHALLENGES FOR THE EXTENDED ENTERPRISE.

Clearly the Extended Enterprise involves close collaboration between what were previously
autonomous enterprises along the value chain. This implies thrust and the ability to share
information which might previously have been considered company confidential. The estab-
lishment of such thrust and cooperation/collaboration is not made any easier by the constant
changes which are taking place to individual elements of the value chain, and the impact which
these changes have on the competitive positions of individual enterprises. Consider the par-
tial value chain presented in Figure 6. Assume for the sake of discussion that the contribution
of each element to the valued added of the final product is normalised to 100%. Consider the
following assertions in the context of Figure 6.

Valus
added
High-qualty
w Improved
service
Technologlcal ~100%
‘ developments _’y
- Shorter
channels
no stocks
Cormp-
onert
manu- Distri- End of life
Suppl | facturing , Assemoly | pufon | Sales d;x:snle
Value

S

Figure 6
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1. New materials such as highly-alloyed steel, composite materials etc. are leading to an
increase in value added in material supply. Material costs are rising in the long term, although
in the short term the prices are determined by the general economic conditions and the partic-
ular situation in a particular industrial sector. However, nearly all metals, oil-based products
and minerals are becoming more scarce and therefore more expensive in the long term.

2. The situation with components manufacture is complex. Increased functionality of compo-
nents for example in electronics, results in expensive but high value added components. The
multi-function component eliminates the need for assembly so the value added in assembly is
passed back to the component stage.

3. Assembly is likely to move towards lower added cost also, because much functionality is
already available in the components.

4. Physical distribution will probably involve lower costs if the interaction between the cus-
tomer and the manufacturer becomes more intensive.

5. Improved service around the product will increase the added value in sales and after-sales
activities.

Another important aspect of component manufacturing is a technological trend towards man-
ufacturing systems where the marginal cost of an additional unit is approaching zero.
Miniature products and software products are good examples of this. In fact in general all
knowledgeware including for example books, entertainment, CNC code, multimedia software
have a marginal cost of almost zero. Furthermore many of today’s new products, particularly
electronics, computer, consumer electronics and mechatronics products are dominated by
embedded software.

The situation depicted in Figure 1 represents in macro terms what is happening in the com-
puter industry where the “valued added” has, over the past five years or so, been pushed back
into the components side [hence the rise of Intel and the cooperation between IBM, Apple and
Motorola to develop the Power PC] and forward to the distribution and sales end {and the asso-
ciated rise of Microsoft on the the one hand and Dell AST, Gateway 2000 on the other]. In
effect assembly has become customer order driven, and together with efficient distribution
channels has become a source of competitive advantage - customised products in extremely
short lead times. In fact the computer industry provide an excellent example of the changing
nature of relationships along the value chain, and the need for cooperation between what might
ordinarily be considered competitors - in effect IBM “created” Microsoft in order to “sell”
their original pc. Now IBM compete with Microsoft with their new “WARP” operating sys-
tem. Similarly IBM and Apple competed through their respective “pc” and “mac” products.
Now they cooperate and share the Powerpc processor.
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6. SMES AND THE EXTENDED ENTERPRISE.

SMEs (small and medium sized enterprises) involved in manufacturing seem to fall into two
categories :

1. Those who are component manufacturers and who are largely involved in supplying com-
ponents and assemblies to larger companies and final assemblers. Such SMEs are typically
suppliers in sectors such as the automotive sector and the consumer electronics sector.

2. Those who are producers of finished products, such as SMEs tend to be in the capital goods
business. For example, the vast majority of machine tool manufacturers in Europe are SMEs
as are the majority of producers of moulds and dies.

For category 1 above, component suppliers on the supply chain, the emergence of the
Extended Enterprise presents challenges as well as opportunities. Those who are willing (and
financially able) to invest in developing appropriate systems e.g. ISO9000 accreditation, EDI
links, EDE (Engineering Data Exchange) will benefit from the Extended Enterprise. Those
who are weak technically and financially face tremendous difficulties. An indication of the
extent of the problems and opportunities presented to supply chain component manufacturers
in the automotive sector can be gleaned from a recent article in the Business Section of the
newspaper “Independent on Sunday (1995)” headed “Japanese spur suppliers in two speed
UK”. The article goes on to suggest that “In Britain we are developing a two tier manufac-
turing sector, divided into those that supply the Japanese and those that don’t”. It seems that
the Japanese car assemblers who have located final assembly plants in the UK are putting
tremendous efforts into supplier development - “those companies which get on to Japanese
delivery schedules receive a bonus : a series of on site tutorials in Japanese trouble-shooting
and production techniques. Those SMEs who adopt best practice through interaction with
their Japanese customers are then in a position to bid successfully for work with European car
makers.

1t is also clear that for SMEs located in peripheral regions or in locations far from their cus-
tomers (the final assemblers), there are added difficulties. For example within the European
Union there are concerns that the emergence of inter-enterprise networking and the Extended
Enterprise may lead to a situation where manufacturing enterprises located in peripheral
regions of the EU may be placed at a disadvantage. Advanced telecommunications and com-
puting systems (telecomputing) will certainly facilitate information flow within the EU an
indeed the global economy, but physical geography will continue to place enterprises located
in peripheral regions at a disadvantage in terms of rapid goods flow and logistics.
Paradoxically the availability of telecomputing may well accentuate this disadvantage, partic-
ularly for traditional products which are expensive to transport. Of course for products which
can be transported electronically (e.g. software) no such disadvantage exists and “peripheral”
regions (in Europe, Ireland; in global terms India) can profit from the emerging global econo-
my.
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CONCLUSIONS.

The Extended Enterprise where individual enterprises based on well defined core competen-
cies cooperate to provide customer driven products is emerging. It is facilitated by the avail-
ability of tele-computing technology and is realised as a network of cooperating entities dri-
ven by a defined customer requirement. In the past the challenge to manufacturing systems
researchers was to support integration within the four walls of the manufacturing plant. Today
we must develop systems which support inter-enterprise networking across the value chain.
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Abstract

It will be described a case study in the context of Continuous Education in New
Manufacturing Systems. In the case study the term New Manufacturing Systems will be
restricted to Flexible Manufacturing Systems context. The term Continuous Education will be
analyzed as one six years experience in teaching and researching activities at post-graduation
level at the cefet-pr.cpgei. The education-research program has been developed by adapting
the curriculum to the needs of the development of a software tool for the project and analysis
of Flexible Manufacturing Systems at workstation level. By project it is intended the
specification of the behavioral and structural characteristics of an FMS. The term analysis
means a quantitative description of performance parameters: throughput, sub utilization index,
induced wait times and mean value of pallet's population in storage buffers.

Keywords
Flexible Manufacturing Systems, Manufacturing Automation, Computer Integrated
Manufacturing, Education in Automated Manufacturing

1 INTRODUCTION

The decade shows an increasing number of publications related with Manufacturing
Automation in general and with Computer Integrated Manufacturing (CIM) and Flexible
Manufacturing Systems (FMS) in particular. This growth is due to the proposition of some
interesting problems to administrators, engineers and researcher community involved with the
design, implementation and operation of complex automated manufacturing systems. Such
problems are originated from the need of efficient answers to layout organization, group
technology, scheduling and control questions. The term Flexible Manufacturing System is a
general descritpion of a manufacturing system that is economically renewable when producing
medium size number part types at medium sized volumes. Medium size can range from tenths
to hundreds for part types and from thousands to tenths of thousands for production volumes.
Fig-1 shows the production scope of FMS.
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Fig-1: application scope of FMS

It must be noticed that the final values for the interval for volumes and number of part
types are strongly related with manufacturing similarities of part types. In other words, a great
number of different part types can be produced at high volumes (region A in Fig-1) if there is
great similarity in parts process plans. Region B shows the situation of producing a small
variety of part types with considerable differences among manufacturing plans.

The major goal of a manufacturing enterprise is to be price/quality competitive in the
national and/or international industrial competition. The competitivity is reached by giving a
correct solution to the technical-economical problems posed by the efficient implementation
and control of large scale automated manufacturing system. The problems reach from
controling perturbations in the communication system of the production environment to
developing scheduling routines with real time capabilites. Although the application seems to
be new, the technical tools for modeling and analysis purposes are based on well know
theoretical aspects of computer science. The problems are normally reduced to large size
matrix computation, real time monitoring of systems, efficient graph searching, resource
allocation, concurrence and synchronization of processes.

We consider that the detailed analisys of production systems design alternatives is of
primary importance for efficient final result. The paper describes the basic organization of a
software tool (ANALYTICE) developed for the project and analysis of FMSs together with
the resulting educational program. Both the tool and a recommended educational program will
be detailed. The software is being developed at the Curso de Pos-Graduagdo em Engenharia
Elétrica e Informética Industrial at CEFET-PR. Most of the implementation and some of the
specification tasks has been carried on by under-and graduate students, sometimes as lectures
tasks, sometimes as M.Sc. dissertation. Section 2 describes the principal organizational and
functional characteristics of ANALYTICE. Section 3 describes and discusses the educational
program developed for supporting the software tool.
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2 THE SOFTWARE TOOL ANALYTICE

The software development process started with a functional specification of the tool. The
software should provide functions for the project and analysis of FMSs. An FMS is defined as
a manufacturing system with some degree of flexibility in the manufacturing process. This
flexibility is achieved by the use of NC-controlled machine-tools and automated material
handling system equipment under the supervision of a control program. In our context, project
means the specification of the structural and behavioral characteristics of the manufacturing
environment. Analysis means the numerical description of relevant performance parameters of
the manufacturing system when operating under the restrictions imposed by the project. The
relevant parameters are those normallly related with performance evaluation models:
throughput, induced wait times, index of sub utilization of equipment, mean value of parts and
pallets number in storage buffers, work in process, production costs. The restrictions imposed
by a specific project represent the system's invariant for this design: number and type of NC-
machine-tools and material handling equipment, number of pallets and fixtures, part families,
layout, scheduling policies and control programs.

TYPEs Data Base

Definition of the - Project
, e
TYPEs Data Base |[—* tb

Functions Data Base
(Part definition, families
identification, layout
definition,
scheduling policies,
control programs)

Design Alternatives

Quantitative Analysis by Simulation

Performance Description

of Design Alternatives
@ m (throughput, equipment utilization
. " index, induced wait times, mean
@ value of parts/pallets populations,

production costs)

Fig-2: general functional organization ANALYTICE

2.1  General System Organization

The Definition of TYPEs Data Base environment in fig-2 is supported by definition and
validation modules that allow the structural and behavioral definition and validation of
equipment. Starting from a mental model of an equipment or from a description of a real one
the user builds an abstraction of the equipment in terms of <process>s, <control signals>,
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<responses>, <monitoring variables>, <interaction interface> and <operational parameters>.
The Behavioral Model of the equipment is represented by a user-defined, syntactically system-
directed C-program that establishes the relations among the defined sets of <process>s,
<control signals> and <responses>. After consistency verification the system shows a pictorial
representation of the result (Fig-3) in an interactive environment.

Fig-3: The behavioral model of a robot being validated in ANALYTICE

The user activates <process>es of the equipment model by sending the related <control
signal>. The box or the corresponding <process> turns to on during at time period computed
in terms of the related <operational parameters> (times, speeds, distances). After the computed
period the <process> box turns to off. The value of those variables defined as <monitoring
variables> in the equipment model can be monitored using simulated operation time as
independent variable. The graphics of Fig-3 show the value of operation-state and base-
position monitoring variables. A validated behavioral model is called a CLASS.

It is possible to attach a geometrical and dynamic model to CLASSes in order to have an

animation model of an equipment. Fig-4 shows the definition of the geometric model of the
robot CLASS of Fig-3.
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Fig-4: definition of a geometric model for the robot of Fig-3

A geometric model is defined by aggregating 3-D geometric modeling primitives. Each
primitive is identified for utilization during cinematic model definition. The cinematic model is
based on relations between the set of processes, the set of geometrical components of the
geometric model and the set of monitoring variables of the behavioral model. The geometric
and cinematic models will be validated by simulation. The set of monitoring variables will be
updated by the behavioral model during simulation and the updated values are used at
validation time to animate the equipment geometric components. It is possible to define stored
program and simulate its execution. A CLASS with validated geometric and cinematic models
is called a TYPE.

Equipment TYPE's occurrences can be aggregated to define manufacturing workstations.
The behavior of workstations can be simulated for performance evalualion purpose. Validated
workstation can be stored in the TYPEs Data Base. Manufacturing cells result from the
aggregation of validated workstation TYPEs together with a material handling equipment
recovered from TYPEs Data Base. Fig-5 shows a workstation defined in ANALYTICE by
this aggregation procedure. The simulation at workstation level is driven by the execution of a
control program at workstation level. Programs at this level are basically sequences of control
signal to equipment of the workstation.
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Fig-5 shows a model of a workstation operating at BOSCH/ Curitiba resulting from the
aggregation of equipment The human operator can execute several manufacturing processes,
each corresponding to a specific part family.

Fig-5: BOSCH manufacturing workstation modeled in ANALYTICE

The graphs shows the production rate versus simulated operation for one of the possible part
type.
3 THE EDUCATIONAL PROGRAM

The educational program has been developed together with the software tool. It must be
noticed that at the begin of the process no member of the staff has had any idea about FMS.
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The first goal was to obtain a clear understanding of the terminology and problems that would
appear in FMS context. This understanding was necessary for the proposition of contents of
disciplines and of student's work plans. All students at post-graduation level had a formal
knowledge on data structures, C programming and UNIX operational system.

3.1 Our Trial and Error Approach

The initial research staft was formed by a research leader with Ph.D. level and systems
performance evaluation expertise and three post-graduation students. The first internal
documents show a great effort on terminology and basic concept's understanding and in the
acquisition of an overall view of the relations among concepts. In order to formalize the ideas,
a first publication was proposed to the students, with theme “The development cycle of FMS”’
([1]). The resulting paper presented a top-down proposal of a macro-tasks sequence for FMS's
development cycle: system specification, design, implementation and operation. Each macro-
task in the sequence was detailed, identifying and establishing order relations over sub tasks.
During this phase of the work terms and concepts like machine, process and routing flexbility,
part types, process planning, part families, group technology, manufacturing cells, pallet
types, machine selection, layout definition, scheduling policies, production costs, control part,
MHS, AGV, AS/RS, WIP and production mix, had to be understood, functionally related and
time ordered. A rapid (about five months) system prototype was developed for identification
of future implementation problems.

At the same time the skeletal of a curriculum was establishcd for providing formal
education on manufacturing systems in general and FMS in particular. The guidelines for the
curriculum were the need for mastering specifie topics on manufacturing systems together
with specification and analysis techniques. The normal curriculum of the course was
increased by disciplines on Petri nets ([2]) as formal specification tool, a discipline on
performance evaluation of systems using timed Petri nets ([3], [4]). Two additional disciplines
on FMS topics, one for generic conceptual and organizational definitions and a second
discipline for modeling purpose were offered. Detailed theoretical study of some of the major
problems (layout, control and group technology [5], [6], [7]) arising in FMS context were
proposed as M.Sc. dissertations. A first altempt for a theoretical approach on scheduling
failed.

The specification and implementation of the nucleus of the sortware ANALYTICE
brought some insights on the needs of the educational program. The two disciplines on
manufacturing systems were reduced to the one related to modeling and analysis of case
studies. The students obtained conceptual data over FMS by reading internal documentation
for terminological standardization and external technical publications for conceptual
familiarization ([8], [9], [10], [11], [12], [13]). The reason for reducing the number of
disciplines related with manufacturing systems was the well-known fact that students with
formal knowledge are able to read technical papers on group technology, scheduling
algorithms and concurrence problems in control of FMS. The Petri Nets discipline was
expanded with a review on basic topics of set theory, relations, relations composition,
mappings, equivalence relations, equivalence classes and graph theory.

The advances on the development of ANALYTYCE allowed us to propose new
dissertation themes. A new attempt to simulate scheduling problems ([14]) was quite
successful at theoretical level but failed in producing an environment to validate scheduling
strategies. A more specific approach for simulaling FMS control problems ([15]) brought a



24 Part One Invited Talks

pretty analysis of control specification languages at workstation and manufacturing cells
levels. At that time ANALYTICE helped us to estimate implementation difficulties and
development times for control implementation strategies. The major alternatives were Petri
nets, Grafcet ([16]), Anteriority tables ([17]) and procedural languages. The decision was the
utilization of procedural languages with mechanisms for describing concurrence,
sequentialization and synchronization of processes. Four additional M.Sc. dissertations were
used to develop the themes of production cost's analysis ([18]), modules for geometric and
cinematic modeling of equipment ({19]), modeling and validation of material handling
equipment ([20]) and quality control simulation ([21]). Three additional dissertations are at a
final stage of development: the modeling of a real case manufacturing workstation ([24],
modules for automatic layout definition at manufacturing cell level ([25]) and computation of
the number of machines and pallets necessary to achieving gave production rates ([26]).

The educational program for new students was expanded introducing a second optional
discipline on the topic of performance evaluation using Markov models. Finally, two new
disciplines were offered for both new and older students in partnership with GMD/ Sankt
Augustin: Compositional Data Objects ([22]) and High Level Petri Nets ([23]), dealing with
formal specification and information modeling techniques.

3.2 Analysis of the Implemented Education Program

We believe that the executed education program gave the students a generalist view of the
problems related with the specification and analysis of complex automated manufacturing
systems. It is necessary to complement the program with a pratical experience of four to six
months period in a real industrial environment. For the development of the next dissertations
involving modeling and analysis of manufacturing systems it will be required the acquisition
of real data in the industry. A first attempt in this direction is being made ({24]).

For an education program directed to people already working in the industry it seems that
a review of formal modeling and analysis techniques is necessary. This review can be
executed in parallel with a discussion of topics on new manufacturing systems, working the
relations between the formal techniques and the pratical problems. A second step of the
education program is based on case studies with the utilization of a manufacturing systems
simulator. This two-phases program is depicted in fig-6.

Concepts, therminology and problems Review on formal modelling and analysis of
in new manufacturing systems systems
group technology, layout, scheduling, routing, Petri nets, finite automata, graph theory
control, communication, material handling, costs, performance evaluation, data description
computation of machine and pallets number tools, grafcet

l l
l

Modelling and analysis of case studies

System specification: part types, process plans, equipment description, layout, control algorithms,
scheduling policies, manufacturing plans

System analysls: throughput per part type, equi underutilization index, induced wait times,
mean value of parts and pallets population in system, occupation of buffers,
production costs

Fig-6: Skeletal of a continuous education program in new manufacturing systems
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4 CONCLUSION

It is obvious that the actual education program has been strongly influenced by the software
development needs. It must be noticed, however, that the education in formal disciplines
together with the utilization of the resulting software for modeling and analysis objectives has
brought an automated manufacturing mentality to the students. A program for visiting
automated industries and/or dealers of industrial automation equipment in Europe has been
partially executed by the students, giving some insight into the real industrial environment.
For a modern education program directed to engineers working in a production environment,
the utilization of a simulator of manufacturing system is of primary need. Due to the related
cost and time it is not possible to develop skill in design and alternative analysis working over
real manufacturtng systems. At the other hand, as simulators for complex manufacturing
systems are normally complex software packages, a formal understanding of the objects being
manipulated and of the resulting performance curves is necessary.
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Abstract
The scope of the problem of designing an information and command infrastructure for Small
and Medium Size manufacturing enterprises is explained. The réle of enterprise and industry
modelling during the infrastructure design phase and the role of model execution services are
summarized. An outline of the MI2CI Philippines project shows an approach to demonstrating
and disseminating integrated enterprise and industry modelling know how in support of the
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1 INTRODUCTION

Traditionally, the term infrastructure is used in reference to services in the areas of sanitation,
water, power, transportation, irrigation, roads and telecom. Because infrastructure services raise
productivity and lower production costs they form an important component in development
policies (The World Bank, 1994).

The term manufacturing industry information and command infrastructure (abbreviated:
MI2Cl) is proposed in reference to an information processing and activity control and monitor-
ing system which provides information and control services in support of the operations and
projects of manufacturing enterprises. Actors that are anticipated to involve in the design and
exploitation of MI2Cl services include public-sector industry support organisations, chambers
of commerce, trade associations, industry research and development centers, information and
communications technology suppliers, telecom network operators and enterprises.
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The important réle of small businesses as instruments of job creation and product and
service innovation justifies initiatives to set up information and command infrastructures for
them. Meeting the requirements of small businesses requires one to address key issues such as the
identification of services and exploitation concepts adapted to SME’s needs, the inter-operability
of services, access and ease of use, information protection and confidentiality. Addressing this
amalgam of issues while avoiding the creation of an amalgam of overlapping and incompatible
solutions requires one to construct a global and integrated picture of the problem area prior
to the implementation of the infrastructure services. Systematized information about products,
business and manufacturing processes, markets, technologies, and regulations is needed.

The concepts of genericity and model life cycle proposed in the European Prestandard ENV
400.03 (1990) are indispensable in systematizing information for industries prior to the design,
implementation and particularization of infrastructure services. The second chapter of this paper
proposes three more organizing principles. The life cycle principle: the life cycles of products
and plants are the prime phenomena-flow based and unavoidable life cycles to engineer, manage
and realize. The interflow principle: by articulating the interfaces between executing models on
the one hand and physical operations and/or projects on shop floor and in engineering offices on
the other hand, one can more easily cope with the balance between human work, automation and
information technology. The decomposition principle: decomposing a manufacturing industry
into the generic orthogonal systems plant, team, market and industry allows one to target
services and reduce system complexity. After their introduction, the principles are linked to
enterprise and industry modelling during the infrastructure design phase, and to the design and
execution services.

The MI?CI Philippines Project is the first project in which we try to validate the use of
integrated enterprise and industry modelling know how in support of industrial development.
It is a joint project of De La Salle University, UNU/IIST and the United Nations Industrial
Development Organization (UNIDO). The project assumes that SMEs, to respond to opportu-
nities and changes, and to establish dynamic value-creating partnerships in extended enterprises
(Browne et al., 1994), need to deploy advanced information technology within enterprises as well
as in the business environment. However, it is also recognized that high degrees of automation
are rarely compatible with the socio-economic situation in developing countries, including the
high level of unemployment, low investment and poor bankability of SMEs, and the lack of
human resources. Therefore, to achieve the target of a balanced deployment of human work,
automation and information technology in SMEs, it is necessary for the MI?Cl project to take
up two work packages: a requirements analysis and an applicability study. The requirements
analysis of the metal works industry in the Philippines will guide the formulation of a Philippine
Business Environment Model and help to formulate an exploitation concept for MI2Cl services.
The applicability study will focus primarily on: (a) the particularization of partial and particular
enterprise and industry models from the generic model described by Goossenaerts & Bjgrner
(1994); (b) the implementation of execution services for such models ; and (c) the implementa-
tion of prototype systems for shop floor control and for supply chain operations.

2 PRINCIPLES FOR ORGANIZING MANUFACTURING REQUIREMENTS

The Interflow Orientation
Manufacturing industry and enterprises can be considered as interflow systems in which dis-
tributed information processing systems (computers and humans) synchronize denoted compu-
tational flow with phenomena flow on shop floors and in engineering offices.

The concept of interflow articulates the distinction between computations and physical ac-
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tivities. It builds on concepts in modelling and simulation. The interflows relation between
computational flows — executed by a network of information processing entitities — and phe-
nomena flows — on shop floor and in the engineering office — requires interface channels for flow

synchronization. The three relations ( denoted by the symbols (models) , (simulates) ,

and (interflows)) matter for successive steps in the construction of enterprises and indus-
tries.

The Life Cycle Orientation

The problem scope for which information and command infrastructures are proposed is - in a
bottom-up manner — determined by the life cycles of products and plants. These are the primary
— phenomena flow based and unavoidable — cycles to manage, engineer and realize.

(1) The lfe cycle of a plant is concerned with: (a) Projects which phase a plant and its
products into a market: the gradual introduction of a new plant and its products into a market
(and environment). (b) Operations: a plant will respond to orders issued by customers, by
exploding the orders into plant programme steps, by scheduling and carrying out the (production)
steps, and by delivering the goods ordered. Projects during operations may concern: (i) How to
phase in&out products, equipment and human resources into a plant. (ii} How to improve plant
operations. (c) Projects which phase out a plant and its products: the gradual withdrawal from
use of an old plant and its old products.

(2) The life cycle of a product is concerned with: (a) Its creation in a (virtual) plant system.
(b) Its usage by consumers on the market. Usage of the product may include maintenance, re-
pair, upgrading, etc. (c) Its decomposition — preferably with recycling or reuse of its composing
materials — in a (virtual) plant system.

The Orthogonal Systems of Manufacturing Industry

The focus on (collaborative) labour in the product and plant life cycles and the requirement
of orthogonality for the systems to describe these suggest: First, to make, in an enterprise, a
distinction between “repetitive” operations, to be catered for in a plant model; and “one-of-a-
kind” improvements and innovations to be catered for in projects carried out by teams; Secondly,
when extending the viewpoint beyond the boundary of the enterprise to let extended-enterprise
operations be carried out by so-called virtual plants, and to let extended-enterprise projects be
carried out by virtual teams. A virtual enterprise (or extended enterprise (Browne et al., 1994))
comprises a virtual team and a virtual plant; And thirdly, to consider markets as the contexts
within which enterprises are embedded, and to use the term industry to denote this context
when considering the projects and virtual projects executed in the market (e.g. industrial policy
projects).

The following domains (Table 1) are proposed to organize the objects, processes and issues
in industry (see also Goossenaerts & Bjgrner (1994)) : (a) A team phases in and out a plant
or a product in response to goals formulated by entrepreneurs or other agents of change. A
team refines and enriches the goals into project programmes for changing or making a (virtual)
plant, it schedules and carries out these programmes, finally, it delivers the new or improved
plant, capable of producing goods, with the performance expressed in the goals. (b) A plant
responds to orders issued by customers, by exploding the orders into plant programme steps, by
scheduling and carrying out the (production) steps, and by delivering the goods ordered. (c) A
virtual plant comprises several plant systems which synchronize their operations as if they were
carried out by a single plant. (d) A virtual team comprises several teams which synchronize
their engineering work and decisions as if they would carry them out as a team within a single
enterprise. (e) A market forms the context for the operations of plant systems and virtual plant
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systems. Market regulations (e.g. such as in Company Law and Tax Law) may affect the op-
erations of plant systems and virtual plant systems. (f) An industry forms the context for the
projects of (virtual) team systems. Regulations (e.g. such as in Environmental Law, Technical
Regulations and international standards) may affect projects.

Table 1 Domains for organizing objects, processes and issues in industry

activities operations projects
contezt “repetitive” “one-of-a-kind”
enterprise plant / production | team / projects
eztended enterprise || virtual plant virtual team
environment market / trade industry / (policy) innovation
| desirable condition || leanness agility |

The desirable conditions of operations (leanness) and projects (agility) must be realized in
different contexts: in the enterprise, in the extended enterprise and in the environment as a
whole.

Projects are further classified as follows: (a) Entrepreneurial Projects deal with changes
of enterprise level programmes during the enterprise life cycle (e.g. the introduction of new
products, business process reengineering, investment appraisal). (b) Engineering Projects are
concerned with product life cycle and production processes for the product. Usually they re-
quire innovation. (c) Quality Improvement Projects are concerned with product and production
process improvements. (d) Industrial Policy Projects pertain to the industrial environment as
a whole. Virtual plants result from the successful implementation of projects by virtual teams.
These require an explicit attention for inter-organisational engineering — in the extended enter-
prise — and the (standardized) technology infrastructure it requires.

3 INTEGRATING REQUIREMENTS IN REFERENCE MODELS

The use of enterprise models and reference models as tools for organizing and integrating in-
formation about enterprise processes is well established. See for instance ENV 40.003 (1990),
Scheer (1989), CIMOSA (1993), Spur et al. (1994). Goossenaerts & Bjgrner (1994) introduce
also the concept of industry model. A breakthrough in enterprise modelling for SME depends
on progress in industry modelling: many commonalities between (partial) enterprise models for
SME have their origin in the market rules (the confluence between enterprise operations and
market behavioural rules). The relative weaknesses of SMEs in acquiring know how, capital,
technology and human resources justify industrial policy projects for boosting their develop-
ment. But due to the large number and diverse activities of SMEs it is common that such
projects target a market or sector rather than specific firms.

As to the use of models — and advanced computer-based tools— in support of the operations
and projects of SMEs it is important to consider the particular reality of SMEs, in determining
the kind of activities that should be supported (Bonfatti et al., 1994), and in determining the
approaches to investments (Tucker et al., 1994). The ESPRIT RUMS Project (Bonfatti et al.,
1994) aims at supporting the following activities: (a) verification and assessment of the current
manufacturing organisation; (b) evaluation of technological enhancement hypotheses concerning
production resources; (c) definition of realistic manufacturing and purchasing budgets holding
uncertainty of forecasts in due consideration; (d) production planning with respect to different
time horizons on the basis of a unified model of product and process ; and (e) education and
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training of human resources involved in the manufacturing process.

Enterprise Modelling and Industry Modelling in the MI>’Cl Project

In the MI2C| Philippines Project aspects to be captured in enterprise models and in the business
environment or industry model are as follows:

— The partial and particular enterprise models of the metal work industries should capture in-
ternal technological, administrative and human resource facets and the processes involving them.
Internal technological facets are related to engineering design, product engineering design, man-
ufacturing engineering design (CAD, CAE), process planning, materials and parts processing
(CAM, CIM), quality assurance, waste avoidance. Internal administrative facets include pro-
curement, inventory, order processing, customer service processing, personnel, budgets, accounts,
and cashier. Internal human resource facets include organisation, division of labor, team work,
training, quality assurance, etc.

— A Philippine Business Environment Model should capture ezternal technological, environmen-
tal, requlatory, and resource facets and the services and processes involving them. External
technological facets include supplier profiles, tool profiles, transportation nets, sub-contracting,
standardization, innovation & technology transfer. Environmental aspects include pollution,
environmental impact, material cost. Legal rules and regulations concern reporting obligations,
taxes, labour laws, industry association, standardization, quality assurance & product certi-
fication, etc. Financial services include stockholders, venture capital banks, government loan
agencies, commercial banks, insurance. External human resource facets include workforce pro-
files (available skills, wages, &c.), training opportunities, professional associations.

FEnterprise Modelling
For organizing objects and issues we refer to the orthogonal decomposition. The distinction in
the enterprise between repetitive operations and one-of-a-kind projects allows one to split the
enterprise models into two components: a plant (interflow) model and a team (interflow) model.
These models are related to each other and to phenomena flow. Projects, supported by the team
model in execution, transform the plant model and the physical plant. Operations, controlled
and supported by the plant model in execution, transform material inputs and produce the
products.

Enterprise modelling is concerned with the construction of generic, partial or particular (as
defined in ENV 400.03 (1990)) plant interflow models or team interflow models.

The Construction of a Generic Plant Interflow Model.

A construction of a generic plant interflow model is summarized in Table 2. The first three steps
deal with statical structural properties of plant systems. The fourth step allows one to define
computational flows over instances of the templates (cf. types) in a plant structure. Configu-
rations of such instances can simulate plant operations. The fifth step deals with the interfaces
between a plant system and plant operations. Some remarks to justify the focus of the five
steps in the construction: (1) Materials and the work to transform them are described statically
by means of part templates describing units of material and work templates describing units of
change to material. A Part-Work Structure integrates the information in a bill of materials and
in process charts and describes the parts and works required for making products. (2) Cells
and the orders they send and receive incorporate the division of labour and the coordination
of results. Cell Templates describe cell(s), a cell is a unit capable of sustaining activities/work.
Cf. resource model. Order Templates describe orders. An order is sent by one cell to another
to request the delivery of a part. A Cell-Order Structure integrates the properties described in
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organization charts and in information flow charts. It is concerned with the division of labour
and coordination of results. (3) A Plant Structure results from joining a part-work structure
and a cell-order structure. It integrates the statical properties of a plant. (4) Plant System.
Instances of cell templates and their responses to order instances can simulate the operations
at a shop floor. The term pulse denotes the response by a cell instance to an order instance it
receives. Cf. the order handling process. The term flow denotes the integration of pulses. A
plant system controlled by a model execution system and interfaced to a suitable discrete event
generator, can simulate shop floor operations. (5) Plant Interflow Model. Channel templates
describing interface channels are added to the plant system. Interface channels are used to in-
terface a (executed) plant system to a shop floor. They support synchronization through the
input and output of particular tasks and signals.

Table 2 The bottom-up construction of a Plant Interflow Model

Part-Work Structure (Part Template “:] part(s), Work Template IFI work(s))
Cell-Order Structure (Cell Template E cell(s), Order Template IE order(s))
Plant Structure plant(s)

Plant Systemil [= | plant operations (PuIs response to order instance, Flow operations)
Plant Interflow Model |R |= | plant operations (Channel Template H interface channel)
Plant Interflow System, sync(hronize) cycle

Team Interflow Models
A team working in an (virtual) enterprise aims for improvements or innovations in a (virtual)
plant interflow system. In pursuit of a goal - the sequence of activities towards its accomplish-
ment has not been secured yet — a team will first — during the design&drafting phase — transform
or particularize a plant interflow model (templates, plant structure and plant system consoli-
date the deliverables during this phase) and next — during the construction phase - construct
or upgrade the plant interflow system, by transforming the phenomena flow. In the course of a
project, the composition of the team may change: it is adapting it according to changing project
activities. In contrast, the cell structure of a traditional plant remains static during operations.
Team interflow models in execution support team activities. A generic team interflow model
forms a basis for the implementation of an Integrated Project Support Environment.

b W]

Industry Modelling
The contemporary market is governed by a large and changing collection of regulations and
constraints for the operations of plants, producers and consumers. Coping with the regulations
and their changes requires high costs, especially for SMEs. Therefore the SMEs are expected
to benefit significantly from more integrated and harmonized industry models, the correspond-
ing market-wide information and command infrastructures, and proper model-driven interfaces
between their enterprise infrastructure and the industry infrastructure.

Industry Modelling is concerned with the construction of generic, partial or particular mar-
ket interflow models or industry interflow models. Such models enhance the understanding,
coordination and harmonization of rules and other market information.

A Generic Market Interflow Model

The construction of a generic market (interflow) model parallels the construction of a generic
plant (interflow) model. A significant difference is that the cell-order structure is replaced by
a person-contract structure. Cells (in plants) communicate with each other in a master-slave
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relation, client-to-server, whereas legal persons (persons, companies and public bodies) in a
market communicate (also) as equals, peer-to-peer. Contracts commit two or more legal persons
to carry out, during a certain period, a number of exchanges of products or services (including
labour, money, etc.). They may express terms of synchronization, obligations, etc., e.g. to
incorporate a company a suitable “legal person template” must be selected, this will determine
reporting obligations, and — to some extent — the contracts the company can enter into. The
legal personality and contracts may also be correlated with the products/services which the
enterprise can provide on the market (e.g. banks must be registered in a special commission).

Templates of all legal persons and contracts that exist in a market are joined in a person-
contract structure. This structure includes person templates for the public bodies that — because
of statutory regulations — are involved in the registration and monitoring of (certain) contracts
and exchanges. It also includes contract templates such as for incorporation contracts, labour
contracts (between citizens and companies), etc. (Goossenaerts & Bjgrner, 1994).

Industry Interflow Models
Industry-wide projects such as industrial policy and legislative projects aim at transformations
of a market system or sector as a whole. Such transformations may be planned (or designed) in
terms of particular market interflow models, prior to their implementation.

Qur approach suggests to consolidate the deliverables of industry-wide projects as product,
exchange, person and contract templates, (in a) market structure, (in a) market system, (in a)
particular market interflow model, and eventually, as (in a) market interflow system.

4 INFORMATION AND COMMAND INFRASTRUCTURE SERVICES

The provision of information and command infrastructure services requires (computer network
supported) enterprise model execution services. See CEN/TC310/WG1 (1994a) for a statement
of requirements for such services and CEN/TC310/WG1 (1994b) for an evaluation of some
related initiatives. As to design services, relevant requirements can be sourced from the literature
on computer aided design and project support environments.

In the MI2Cl Project, subsystems of an information and command infrastructure for enter-
prises and industry are classified in accordance with the domain decomposition in Table 1 (IMES
stands for Interflow Model Execution Services and ISDACS stands for Interflow System Design
and Construction Services).

An enterprise information and command infrastructure comprises:

Plant IMES: a plant component which supports the repetitive operations of the enterprise (cf.
enterprise wide information systems built around enterprise-wide data models (Scheer, 1989)).
Plant ISDACS: a team component which supports the innovations and improvements which the
enterprise needs to compete in the market; application packages in a Plant ISDACS may include
an entrepreneuring project coach, an engineering project coach and a quality project coach.

An industry information and command infrastructure comprises:

Market IMES: a market component which supports the repetitive operations at the market; ap-
plication packages in a Market IMES may include material flow monitors, employment monitors,
(value added) taz collection systems, trade and transportation systems, an intellectual property
monitor, etc.

Market ISDACS: an industry (team) component which supports the one-of-a-kind (industrial
policy) innovations and improvements which the industry needs to sustain its competitiveness
in the global market; application packages in a Market ISDACS may include an industrial policy
project coach.
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5 CONCLUSIONS AND FUTURE WORK

The problem domain understanding underlying strategic information and manufacturing tech-
nology projects in industrialised countries in combination with achievements in model oriented
software development, indicate how we can build information technology applications that may
help developing countries to leap forward into the age of sustainable lean/agile supply-based
industries. This paper has introduced the concept of information and command infrastructures
for SMEs and has explained a framework that can guide the planning of the detailed design and
implementation of such infrastructures.

The MI2CI Philippines Project will enable us to further test the conceptual and practical
validity of the proposed approach. Work in the near future should focus on: (a) the deriva-
tion of particular models from generic ones; (b) the elaboration of generic models for markets,
teams and industries; (c) the implementation of the generic models; (d) software tool support
for the derivation, interfacing, validation, execution and evaluation of particular models; and
(e) software tool support for the specification and implementation of interflow models capable
of interflowing with enterprise and industry dynamics.
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Contemporary changes in market structures demands adequate response from Small and
Medium sized Enterprises (SME). The rapid evolution of information-technology offers
new challenges and exiting new opportunities for innovation. The approach presented in
this paper will take the information system architectures of the enterprise as a starting
point. It will be extended middle-out to a meta-level dealing with methodology issues
and to a project level dealing with involved people, activities and results.
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1 INTRODUCTION

It has been continuing difficult for Small and Medium sized Enterprises (SME) to innovate
and to gain the benefits from the area of information technology. The introduction of
innovative information technology is commonly hampered by:

¢ Incompatibility of newly introduced systems with the existing computer infrastructure,
due to syntax, semantic or pragmatic differences.

¢ Rapid changes as SME are pressed the to react because the ever-shorter product-life-
cycles, while IT projects might have a duration that is longer than expected.

e Lacking of professional IT specialists within the enterprise, with possibly as a conse-
quence that individuals carry their personal wishes through in a craftsman culture.

e Limited resources available for starting innovative IT projects.

A challenge of major importance for the future is to enable SME, to master the growing
complexity associated with the effective and efficient use of information technology for
their information-related tasks. To our opinion more attention has to be paid to the
fitting of information-technology within SME. Therefore we need a clear description of
the enterprise architecture, because the concept is surrounded by much confusion and has
yet no standard definition.
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This paper will focus on:
o the contex of various enterprise architectures and their interactions

¢ a methodology that emphasizes a reduction of the complexity to analyse and design
systems for SME

o illustration of the advocated approach and an evaluation of project results in the dutch
agriculture sector.

2 ENTERPRISE ARCHITECTURES

A clear picture of the various architectures and their interactions will improve the planning
and implementation of IT projects. We distinghuish information system architectures
focussing on the business characteristics, information needs, the technology and on the
system applications.

A business architecture establishes a clear understanding of the mission and nature of the
enterprise, reflecting the current management and control concepts and philosophy (e.g.
TQM or JIT). It provides an overview of production, marketing and the logistics of goods
or services. Further, it depicts the units, their employment and related responsibilities.

An information architecture is a personnel and technology independent profile of the
major information categories used within an enterprise. It provides a way to relate busi-
ness functions, data classes, decisions and control.

A systems architecture identifies applications needed to support the information needs
of the enterprise, wheter they are computer based such as databases, expert systems, real-
time microprocessors and spreadsheets, or non-computer based systems such as libraries,
filing cabinets, microfilm, photocopiers or faxes.

The technology architecture consists of the computer infrastructure and digital net-
works that cooperate to provide support for computing and data communication.

Moreover, interactions among the (parts of) business architecture, information archi-
tecture, system architecture and technical architecture takes place as feedbackloops and
feed forward loops. Thereover they cannot be carried out sequentially but they must be
done in parallel, see figure 1. The planning of information systems should be no longer
be separated from the business plan and vica versa.

2.1 Evolving enterprise architectures

Especially the enterprise architectures of SME are strongly influenced by changes in the
market structure and the push of new technology.

Value chain

A value chain represents how businesses are linked to each other by the supply of goods
and services and may be specialized to a product chain. Negotiations and contracts with
suppliers and clients demands for quality of products, processes and information.
Emerging information technology

The processing of information is occupying an increasingly important strategic and eco-
nomic role. For the introduction of emerging technologies in enterprise architecture, access
to a wide range of information is needed.
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Balancing with enterprise architectures

The dashed lines between the 4 architectures depicts the interactions. The already men-
tioned influences of the suppliers and buyers in the value chain and the emerging infor-
mation technology are also included in the next picture.

> demands in the value chain >

system
architecturg

> emerging information technology >

Figure 1 Alignment and balancing the enterprise architectures.

2.2 Reference models for building architectures

For SME the use of reference models appear to advantages. It is often economic impossible
to carry out the whole life cycle of information system development, starting with a
planning study eventually resulting to implementation and maintenance of tailor-made
information systems. Enterprise wide data models are valuable for design [Scheer] (1992).

3 TOWARDS A FLEXIBLE FRAMEWORK

Various frameworks to model information systems have been proposed, among them are
those of CRIS [Olle] (1988), CIM/OSA [Esprit] (1989), Zachman and Sowa [Sowa] (1992).
A more flexible framework should offer help in the adaption of methods to specific situ-
ations in enterprises. Therefore we distinguish three levels in figure 2: the methodology
level, the enterprise type level and the project type level.
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Some distincions with other frameworks are:

¢ Both the number and choice of perspectives is open, in [Meijs] (1994) we extended the
2nd level with a chain architecture.

o The number of aspects is not fixed (as in [Sowa] e.g. data, function, time, network,
people and motivation). This approach facilitates the decomposition and integration
of aspects. Decomposition enables e.g. to split the motivation aspect into goals and

constraints. The system archtitecture may contain templates of Abstract Data Types
(ADT) that integrates data types and operations.

o The level of detail for describing components related to a perspective and aspect can

be refined by hierarchies. Another level of abstraction is introduced by the reference
models that creates extra genericity.

o The stages of the system development cycle do not have a dominant position in the
framework, like in [Olle], because we want to include evolutionary information systems.

methods
technique:

methodology
level

reference
models

project
scenarios

{u‘oject type
evel

Figure 2 A flexible framework.

In the next paragraph more is said about the methodology level. The use of reference
models on the middle level accelerates the planning and implementation of information
technology. We will go in more detail for reference information models, that represent
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generic components for clusters of enterprises. Finally an evaluation of some results at the
project level will be presented, using adapted checklists in composing project scenarios.
See also for project management [Uijttenbroek].

4 METHODS AN TECHNIQUES

There is a growing awareness that method and techniques cannot be applied uncondition-
ally. Specific characteristics and particular circumstances of focused areas in the value
chain of enterprises impact the methodology. Method engineering is considered as the
design a methodology with the definition of steps to be conducted. At the 1st level of the
framework we may recognize for a methodology a set of steps in the form of a triplet:

< SITUATION, DECISION, ACTION>.

The situation referers to the enterprise(s) type with involved architecture(s), and to the
project type level: identified problems, opportunities, involved people and other project
constraints. So the description of the situation can be specified and refined to get an
adequate understanding of the context for taking decisions about needed actions. Action
referes to one or more modelling aspects from the framework. Decisions are related to the
intention of a step and may be atomic or compounded.

Decomposition can be decided to reduce complexity. It is then used to guide the
modelling process. Integration of multiple specification fragments produced by conflicting
basic components ( e.g. relevant data may be modelled as a attribute or as entity type)
may urge for a refinement with a sub-decision of view integration.

The feature of the framework that enables us to integrate aspects, is useful for putting
the next object oriented template belonging to the system architecture into it.

Object ORDER
attributes
lines : set of (ORDER-LINE)
creation_date, delivery_date: DATE
state: {created, delivered, invoiced}
operations
creation : order lines insertionms
delivery : change order state
cancellation: delete order lines
constraints
creation date <= delivery date
delivery date <= invoice date
event
pre-condition [quantity.old > replenishment levell
out of stock
post condition [quantity.new < = replenishment level]
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5 REFERENCE INFORMATION MODELS

5.1 Characteristics

Reference models reflecting genericity are constructed for clusters of enterprises in a
branch. These models need to be valid and stable for a line of business. Decisions
related to control of the enterprise, functions of an enterprise and data classes are impor-
tant components for the definition of so-called reference information models. Dynamic
features may be incorporated by entity life cycle, petri nets, or state transition diagrams.

5.2 Roles of reference information models

o Identification of missing knowledge for learning purposes
For innovation the involved individual employees of the SME are subjected to a process
of change and learning. Effective learning means going through the following phases in
a number of cyclic iterations: conceptualization, experimentation, action and reflection
[Kolb] (1984).

¢ Standardization and as a basis for the development of software packages.

Communication among interest groups is not primarly hampered by technical problems,
but by a lack of broadly accepted definitions of products and processes. Different
classifications and identification of objects may be prevented by unifying reference
models.

Software industry take some relevant parts of the models as a starting point, e.g. the
definitions of entity types and derived indicators. This stimulates standardization of
information technology, for instance the electronic data interchange (EDI).

Selection of software packages.
An available datamodel may be used to restrict the offered packages to a short list.
Functionality of the package is tested by test-set.

Benchmarking.

Measuring the quality of business functions and comparing the actual indicators with
other enterprises in the line of business, one gets a founded opinion about the perfor-
mance of the enterprise.

6 EVALUATION AND RESULTS OF PROJECTS

It is estimated that in the Netherlands there are more than 500 000 SME, which may be
classified into sectors and finally into one of the 600 branches. There are about 100 000
farms in the dutch agricultural sector, most of these farms employs only a few people.
The number of farms belonging to a specific branch ranges from the smallest number for
Mushroom cultivation farms (750) to the highest for Dairy farms (36 000).

6.1 Evaluation of projects in the agricultural sector

During the second part of the former decade several reference information models for the
agricultural branches as dairy, potplant nursery, poultry and fruit were created in the
Netherlands. For each type of farm an reference information model was constructed
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mainly focussing on the data and process aspect, using the Information Engineering
Methodology [Martin]. The construction of the models was a joined effort of the branch or-
ganizations, agricultural researchers and information engineers. Qur evaluation of projects
using these models recommends improvements of the methodology based on the frame-
work of figure 2:

o The branch dimension is tentatively a good top-down criterium for clustering the dif-
ferent types of farms, but there are also branch crossing components on the next level.
We need bottom-up techniques to define generic components that might be reused for
different branches.

o The hierarchical decomposition of the data flow diagrams restricts the usability and
reuse of components in different situational contexts. Related to other disadvantages
for the hierarchical approach, especially for the business archictures, as noted in [Peters]
(1992), this favours alternatives like object oriented techniques

The data definitions of the reference models seems to be used most intensive. They
are for example important for the introduction of EDI, because it might supports the
standardization of exchanging data. However, only little attention was given to some
issues about ownership, legization, maintenance of models.

The decomposition that distinghuises management vs. technical functions results often
in isolated systems for admiministrative applications and real-time computers that
register data of continuous or discrete processes of the enterprise. Alternatively, we
might unify some of the basic elements of both functions by elaborating a bottum-up
approach. Interaction analysis improves the adjustments of selected aspects.

6.2 Project types and their scenarios

In co-operation with enterprises IT research projects are conducted by graduated students
and supervised by the department of computer science.

- Reverse engineering

A software package for the semi-process industry that was installed at a medium sized
enterprise in the food industry. Starting from the systems architecture consisting of sev-
eral modules for purchasing, production, sales and financial administration, an reverse
engineering traject resulted in a data model with Entity Relationship Diagrams.

- A software testing method was elaborated to enable the certification of software for pig
farmers. The testing method uses definitions of entity types and ratios that are derived
from reference information models for pig farms. The information and system architec-
ture demarcates the boundaries of this project.

- Information resource management and security.

The main activities of this project scenario were: exploration of significant concepts of in-
formation resource management and security techniques, interviews with owners of SME,
questionnaires to system managers and finally recommendations for auditing purposes of
the business and technology architecture. The reference model was constructed after the
exploration and validated during the visits to the more than fifty participating enterprises,
that were selected across all branches. Confrontation of the concepts from information
resource management and security techniques and the inventory of bottle-necks resulted
in a handbook for information auditing.



44 Part Two Enterprise Modeling and Organization I

7 CONCLUSIONS AND FURTHER RESEARCH

Reliable and actual information is a key issue for SME. This paper emphasizes in this era
of all pervasive applications of information systems and technology the need for alignment
of the various architectures. The advocated approach, creates a balance between market
needs, via business functions of SME and the emerging information technology. Lessons
learned from conducted projects show:

- how to put into practice the building of enterprise architectures, using the business
functions and data classes defined in a reference models as a starting point.

- reference information models decrease complexity and cost of projects.

- communication and documentation should be well prepared, attention has to be paid to
training and understanding of the involved people.

In the next future new research pojects with empirical results will enrich the methodology
according the presented flexible famework.
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Abstract

A new organisational frame for manufacturing system integrated over one-product
manufacturing is proposed. Integration of a one-product enterprise is realised over a set of
independent cells domain. They are connected by the wide-area-network using multimedia
telematic technology to provide negotiation in real time. This characteristic provides the
possibility to constitute an one-product factory from elements that are localised globally
especially for the manufacturing operations which are information based. In this way a concept
of a global manufacturing is applied. The life time of a one-product factory/enterprise
corresponds at most to a product life time. This organisation form is called One-Product-
Integrated-Manufacturing (OPIM) System. The system is characterised by the factory models
flowing through the product. OPIM System is a physical implementation of a virtual factory.

Keywords
One-Product-Integrated-Manufacturing, virtual factory, distributed manufacturing system,
global manufacturing, factory models flow through product

1 INTRODUCTION

New manufacturing system concepts should provide a start in the XXI century race with
qualitative better performances. Characteristics for the new manufacturing system concept
could be derived from analysis of the manufacturing systems space representation. Considering
this representation, directions of existing manufacturing system concepts improvements start
from Computer Integrated Manufacturing (CIM) concept, placed in the middle of the
manufacturing systems space, and tend to spread in all directions, achieving high flexibility.
This strategy leads to a manufacturing system able to:

1.Manufacture from 1 to 1000 products simultaneously,

2.Accommodate lot sizes from 1 to 1 000 000
covering entire space, figure 1. But, to satisfy 1. and 2. efficiently, the manufacturing system
must be highly reconfigurable leading to the additional requirement:

3.The new generation manufacturing system should reconfigure for a new product

within 1 second, Kim (1990).
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Figure 1 CIM concept, placed in the middle of the manufacturing systems space, tends to
spread in all directions, Kim (1990),.

2 A MULTI-PRODUCT-INTEGRATED-MANUFACTURING SYSTEM -
THE EXISTING CONCEPT

The strategy of spreading the CIM concept over the entire manufacturing systems space, has
some limitations.

First, although systems such as PPC/CAD/CAPP/CAM/FMS/FAS are included in a CIM
system this doesn't mean that they are automated. Only aspects of manipulation and
memorisation of related objects are automated ("Computer Aided” attribute) but the design
functions are still in the human domain. This is a very serious limitation in achieving the target
manufacturing system of the future. It is accepted that the aspect of design automation is
solvable by introducing artificial intelligence concept in CIM systems. In this way we come
about to the concept of Intelligent Manufacturing Systems (IMS).

Second, in CIM and IMS concepts the hardware and software flexibility is an important
issue, but study on organisational structures is not emphasised. However, new studies on
organisational structures present models which we understand to accommodate concepts like
CIM and IMS.

A list of manufacturing system concepts including organisational aspects is given bellow.

ne-of-a-Kind_Production (OKP) Systems , Rolstadas (1991), Mertins et al. (1992),
Vepsalainen (1990).

® Global manufacturing , Mitsuishi et al. (1992), Lalande (1992), Carlson et al. (1992),
O'connor et al. (1990), Horgan (1990).

o The next generation of FMS systems based on_metamorphic machines , Ito (1992),
Yoshikawa (1984).

e A fractal factory and Holonic manufacturing system , Warnecke (1994), Winkler (1994),
e A virtual factory , Kim (1990), Staffend (1992).

All these sophisticated, highly performing models, are based on the paradigm that a
manufacturing system processes products.
We will call this paradigm a Multi Product Manufacturing System, figure 2.
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The figure emphasises the fact that multi-product integrated manufacturing system is
characterised by the flow of products through it.

®) FACTORY 0

PRODUCTS

AfoA FLOW

Dt —~ THROUGH
L _/" \ L FACTORY
PRODUCTS PRODUCTS
(raw material or (final shape or
requirements) services)

Figure 2 Multi-Product Manufacturing : the flow of products through a factory.

All models mentioned above, are always based on the existing hardware structure of one
company. But, using the system for a variety of products means loosing some technical
efficiency because it is clear that each particular machine can be used with maximum efficiency
just for one type of products which employs the maximum capability of the machine, figure 3a.

The conclusion is that, in any case, with a fixed hardware structure a company cannot ever
achieve maximum efficiency. This phenomena is the main reason for introduction of
"metamorphic machines" capable to adapt to any particular product. It is not clear if and how
could metamorphic machine design principles be applied to organisational design.

3  ONE-PRODUCT-INTEGRATED-MANUFACTURING SYSTEM (OPIM)
- THE FUTURE CONCEPT

Multi-product-manufacturing systems are conceived for a variety of products. This means
loosing some technical efficiency of machines when compared to a dedicated system. Full
performance facility is possible through a manufacturing system for a single product, figure 3a.
Thus, we could think of establishing a factory/enterprise just for a particular product, and for a
number of products we would need at least equal number of factories/enterprises, figure 3b.

3.1 Designing / integration of the OPIM system

Under the One-Product-Integrated-Manufacturing (OPIM) concept a new manufacturing
system structure is conceived for every new product. The design and manufacturing processes
for a product should be decomposed in a sequence of particular tasks. The most suitable
resources for each task should be selected. Searching for the resources for task realisation
means selecting the structure elements.

The domain for resources selection is the set of all cells, Putnik (1995), (machine tools,
transportation devices, computers, manufacturing cells) which can realise the necessary
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Figure 3 Facility performance for (a) multi-product manufacturing and (b) OPIM system

manufacturing functions, connected by public communications network, using multimedia
telematic technologies.. To provide optimal choice the domain, the "market" of cells,
candidates, should be as large as possible. If the domain is limited to the set of machines within
an existing factory then the concept will be reduced to a One-of-a-Kind production system or
to a virtual factory.

The complexity of OPIM system design can be illustrated as follows. Let the domain for
OPIM system design be represented as a connected graph (OPIM systems building blocks,
cells, are connected by public communication network). If there exist a manufacturing system
structure which can be defined over the available domain it means that the design task can be
reduced to a task of finding a subgraph, o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>