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In this paper, we consider the difficulties faced by manufacturing companies and their response 
in terms of the emergence of the Extended Enterprise. We argue that the Extended Enterprise 
represents the context within which manufacturing systems research must be conducted and 
we identify what we consider to be the key topics for future manufacturing systems research 
and development. 

1. THE MANUFACTURING SYSTEMS ENVIRONMENT 

Today's manufacturing enterprise operates in a tremendously competitive environment. This 
competitive environment arises from a series of underlying realities viz: 

Global markets 
Customers demanding high quality, low cost and fast delivery of increasingly cus
tomised products - mass customisation. 
The need to develop environmentally benign products and processes. 
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14 Part Two The Extended Enterprise 

1.1 Global Markets 

Changes in the international trading relationships, manufacturing and information technology 
and infrastructure developments are leading to the realisation of the global market. In the past, 
companies operated in local markets, were subject to local cost and pricing structures and com
peted with local competitors. Trading conditions, customs controls and tariffs provided fur
ther barriers to global trade. Today, a vastly superior transport infrastructure, global commu
nications systems, and increasingly open markets (e.g. the recent GATT agreement) have 
changed all of that. 

1.2 The Rise of Mass Customisation 

With the development of hard automation in the early 20th century (the transfer line etc.) the 
age of mass produced standard products began. The relatively low cost of such products 
allowed significant proportions of the population of the western world to acquire consumer 
goods. The development of information technology, and it's application to manufacturing 
technology in the 1960s and 1970s changed everything. Automation based on information 
technology is inherently different to the older "hard" automation in that it is flexible. 
Computer based automation facilitates the production of a wider range of products in lower 
volumes economically. Today we are approaching the stage where "mass customisation" is 
becoming a reality. In short, manufacturers are increasingly required to produce customised 
products at mass production prices. 

1.3 Environmentally Benign Products and Processes 

Society is putting pressure on manufacturers, to create production systems which are neutral 
with respect to the environment. This pressure may take the form of legal regulations, eco
nomic and marketing requirements. 

Today progressive manufacturing companies are developing a total life cycle approach to their 
products. One multinational supplier of telecommunications equipment and services to the 
European market has developed a "Product Life Cycle Management" program which current
ly includes six major activities, namely: design and technology, purchasing of supplies and 
materials, manufacturing processes, waste reduction and energy management, packaging and 
post consumer materials management. This company now includes environmental considera
tions as part of it's supplier qualification process. The "post consumer materials management" 
activity represents a long term challenge but is based on the following ideas : in the near future, 
manufacturing will refurbish and reuse products and recycle as much of their contents as pos
sible; finally companies will source new markets for the recycled material and safely dispose 
of residual materials when necessary. 

Tipnis (1993) makes reference to the "expanded responsibility" of the manufacturer over the 
entire life cycle and talks about the design of products for sustainability. In his view design 
for sustainability provides specific targets for design for manufacture, assembly, service, dis
assembly, and recycling. 
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In Europe, the Council of the European Union has issued several directives regarding the envi
ronmentally sound production, distribution, use and disposal of products. These directives 
include the principles of the civil liability of the manufacturer for environmental damage 
caused by his products, fmancial incentives to achieve effective protection of the environment 
such as taxes on the use of damaging materials, material disposal charges, independent envi
ronmental audits and charges on non-biodegradable materials such as certain plastics. It is 
likely that in the near future manufacturers will be required to recycle obsolete products them
selves or face high public disposal charges. 

2. THE EMERGENCE OF THE EXTENDED ENTERPRISE 

How can a manufacturing company respond to the pressures placed on it by global competi
tion? In the past the response was to make the factory more efficient and responsive by devel
oping CIM (Computer Integrated Manufacturing) solutions. Now, however, the challenge is 
greater and requires that a degree of integration takes place across the whole value chain. 

De Meyer suggests that manufacturing must "see itself as a link in an integrated value added 
chain, whose goal is to serve the customer" (my emphasis). Coming from a very different per
spective, namely that of environmentally benign production, Tipnis (1993) also suggests a sim
ilar view when he subtitles his paper "How to design products that are environmentally safe to 
manufacture/assemble, distribute, use, service/repair, discard/collect, disassemble, 
recover/recycle and dispose?". It is clear that the manufacturing function must look beyond 
"the four walls of the manufacturing plant". Global competition and the emerging pressures 
to develop environmentally benign products and processes, force manufacturing professionals 
to take a broader view. We term this broader view the "Extended Enterprise". 

We believe that the market place to which manufacturing businesses must respond includes:-

Business processes which cross enterprise boundaries to interface with functional areas 
in other companies, for example, product design or manufacturing process definition. 
Supplier/customer integration (people and processes) through interchange of commer
cial/technical data. 

Ability to function effectively as links for information and product in unbuffered sup
ply/distribution chains. 

The ability to network the activities of a number of entities to produce and sell manufactured 
products profitably depends on the relationship of these entities and the communication that 
passes between them. We are accustomed to thinking about this in the context of a single 
enterprise with different departments, Sales, Design, Engineering, Manufacturing, Distribution 
etc. However, within a global market-place, entities from many different enterprises, or enti
ties which in themselves are nominally independent enterprises, relate via a single product to 
produce a designed result. An example might be a merchandising entity recognising a busi-
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ness opportunity and requesting:-

a design entity to design it; 
a manufacturing entity to build it; 
a distribution entity to distribute it and; 
a marketing entity to sell it. 

The implication of such an example is that all the entities can be considered as "flexible" or 
"programmable" within their expertise envelope. 

This view of the Extended Enterprise is represented in Figures I and 2. These figures also 
serve to illustrate the context for manufacturing research and development. In the past the 

emphasis was on integration inside the four walls of the manufacturing plant [See Figure I]. 

Figure 1 : CIM 

Figure 2 : The Extended Enterprise 

CAD/CAM Integration, Integration of Production Planning & Control Systems, the develop
ment of sophisticated manufacturing processes and their control through sophisticated shop 
floor control systems, formed the agenda. Today the emphasis has changed to include the sup
ply chain (integration of the supply chain through EDI & JIT), customer driven manufacturing 



Industry requirements and research issues in the Extended Enterprise 17 

including for example, the integration of manufacturing and distribution planning and control 
systems. In fact this issue of the integration of manufacturing and distribution is a good exam
ple. In the past, the two systems were seen to be quite separate and decoupled by warehous
es and storage points of various descriptions. (See Figure 3). 

Figure3 

Product planning/ 
Production Planning 

{Master) Production 
Scheduling 

Production 
Activity Control 

Marketing 
Planning 

Sales & 
Customer order ........... 

Physical 
Distribution 

Manufacturing Decoupled from Marketing and Physical 

Today with the need to support customization and to realize shorter product delivery lead 
times, we need to develop integrated systems (See Figure 4). 

Production and Marketing Plamlng 

( Master) Production Scheduling and Sales 

Customer-order driven Activity Coordination 

Figure 4 Manufaduring and Physical Distribution driven by Customer Orders. 

The emergence of the Extended or Networked Enterprise is of course facilitated by today's 
emerging computing and telecommunications technologies. EDI is one such technology as 
indicated in Figure 2. (See Browne, Sackett and Wortmann, 1994). 
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3. THE EXTENDED ENTERPRISE-EVOLUTION OR REVOLUTION? 

We believe that this notion of the Extended (or Networked) Enterprise represents in some 
ways, a logical development of much of the efforts of manufacturing specialists over the past 
ten years or so. For the past ten years manufacturing systems specialists have evolved a series 
of approaches to the design and operation of manufacturing systems. In our view, the drive to 
inter enterprise networking represents an extension and a synthesis of many of these approach
es. Approaches, such as MRP, JIT, EDI, WCM, Concurrent Engineering, Lean Production, 
Benchmarking and Business Process Redesign, essentially synthesise into the inter enterprise 
networking model. In this section we briefly outline these approaches and argue that they cul
minate in Inter Enterprise networking. 

The ideas of MRP, originally developed by Orlicky of IBM in the 1960s were important not 
least because they taught us the importance of hierarchical planning and the involvement of 
many department and functions within manufacturing to solve materials planning and control 
problems. Later in the late 1970s and early 1980s, JIT ideas originally developed in the 
Japanese automotive industry, became known in Europe and the U.S. JIT emphasised cus
tomer involvement in the final scheduling of production systems and close co-operation with 
suppliers to achieve quality and timely delivery. Thus already in the early 1980s JIT began to 
focus the view of manufacturing systems specialists on issues outside the four walls of the 
manufacturing plant, viz. customer requirements of timely delivery and supplier involvement. 

In many ways the ideas of the WCM (World Class Manufacturing) school (See for example 
Schonberger 1990) developed from the experience of JIT implementation studies in the U.S.A. 
Issues of continuous improvement, training of people, integration of product design and 
process design to facilitate efficient manufacturing were also emphasised. Hayes, 
Wheelwright & Clark for example identified the key characteristics of world class manufac
turing as follows : 

1. Becoming the best competitor. 'Being better than almost every other company in your 
industry in at least one aspect of manufacturing'. 

2. Growing more rapidly and being more profitable than competitors. World-class compa
nies can measure their superior performance by 'observing how their products do in the 
marketplace and by observing their cashbox'. 

3. Hiring and retaining the best people. 'Having workers and managers who are so skilled 
and effective that other companies are continually seeking to attract them away from 
your organisation'. 

4. Developing engineering staff. 'Being so expert in the design and manufacture of pro
duction equipment that equipment suppliers are continually seeking one's advice about 
possible modifications to their equipment, one's suggestions for new equipment, and 
one's agreement to be a test site for one of their pilot models'. 

5. Being able to respond quickly and decisively to changing market conditions. 'Being 
more nimble than one's competitors in responding to market shifts or pricing changes, 
and in getting new products out into the market faster than they can'. 

6. Adopting a product and process engineering approach which maximises the performance 
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of both. 'Intertwining the design of a new product so closely with the design of its man
ufacturing process that when competitors "reverse engineer" the product they find that 
they cannot produce a comparable one in their own factories without major retooling and 
redesign expenses'. 

7. Continually improving. 'Continually improving facilities, support systems and skills 
that were considered to be "optimal" or "state of the art" when first introduced, so that 
they increasingly surpass their initial capabilities'. Hayes, Wheelwright, and Clark also 
go on to say that 'the emphasis on continual improvement is the ultimate test of a world 
class organisation'. 

Meanwhile the proponents of Concurrent Engineering (CE) begin to emphasise the issue of 
product design time and to research business, technological and organisational themes in order 
to reduce time to market It is interesting that one of the important themes in CE is the devel
opment of standards to support the exchange of products data between the CAD systems of 
suppliers and their customers. The work on CE is of course ongoing within the ESPRIT and 
BRITE-EURAM programmes of the EU and the CALS initiative in the U.S.A. 

EDI technology emerged in the late 1980s. Initially used to support business transactions 
(invoicing, purchase order call oft) between suppliers an their customers, it is now beginning 
to be used to exchange technological product data. Today's most advanced manufacturing 
companies use EDI to exchange production and purchasing information and to support joint 
(with suppliers and/or customers) engineering development teams. The STEP initiative is now 
rapidly moving into industrial practice. Tools are under development to facilitate the use of 
STEP data including engineering data exchange, data storage and archiving across distributed 
databases. 

Womack et al (1990) defmed 'Lean Production' as the successor to mass production. Like 
mass production, the ideas of lean production were initially developed in the auto industry. 
Mass production arose in the U.S.A. in the early 20th century in the Ford Motor Company. 
Lean production developed initially in the Toyota plants in Japan at the end of the 20th centu
ry. Clearly our ideas on Lean Production are still under development. According to Jones 
(1992) the essential characteristics of Lean Production can be summarised as follows: 

1. It is customer driven, not driven by the needs of manufacturing. 
2. All activities are organised and focused on a product line basis led by a product cham

pion, with functional departments playing a secondary, servicing role. 
3. All activities are team based and the organisation is horizontally and not vertically ori

ented. 
4. The whole system involves fewer actors, all of whom are integrated with each other -

330 engineers in the product-development team versus 1400, 340 suppliers versus 1500, 
about 300 dealer principals versus 3600 (to sell2 million vehicles) and 2000 assembly 
employees versus between 3000 and 5500 (for plant assembling 250 000 units a year). 

5. There is a high level of information exchanged between all the actors and a transparent 
and real cost structure. 

6. The activities are co-ordinated and evaluated by the flow of work through the team or 
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the plant, rather than by each department meeting its plan targets in isolation. 
7. The discipline necessary for the system to function and expose problems is provided by 

llT and Total Quality in the plant and supplier and dealer performance evaluation. 
8. Wherever possible responsibility is devolved to the lowest level possible, in the plant or 

to suppliers. 
9. The system is based on stable production volumes but with a great deal of flexibility. 
10. Relations with employees, suppliers and dealers are based on reciprocal obligations that 

are the result of treating them as fixed costs. 

Thus Lean Production addresses Product Strategy, Product Development, the Supply Chain, 
Manufacturing and Product Distribution. Essentially it addresses many issues in the value 
chain which results in a networking of customers, assemblers and suppliers. 

In more recent years Benchmarking and Business Process Redesign have emerged. The cen
tral idea of benchmarking is to decompose a business into it's essential processes, identify 
examples of best practice for each of these practices and then define an approach to achieve 
best practice. Thus benchmarking seeks to improve existing processes. Business process 
redesign (sometimes termed business process re-engineering) offers a more radical approach. 
It seeks to identify each business process, question it's relevance to the achievement of busi
ness objectives and redesign the overall business to incorporate only appropriate processes. In 
fact benchmarking may well be used following business process redesign to identify and 
achieve best practice for each individual process. For a detailed discussion on business 
process redesign and benchmarking see Hammer and Champy (1993). It is worth noting also 
that most of the work on benchmarking and business process redesign was done in the U.S.A. 
Also the software tools for business process redesign come primarily from North America. 

Clearly many of the ideas and approaches outlined here support the manufacturing enterprise 
in it's evolution towards the integrated enterprise model we have defined earlier. However the 
Integrated Enterprise represents a quantum leap for manufacturing systems. The changes 
which it requires are so far reaching that, in our view, research and development work is nec
essary if industry is to be successful in the 21st century. Our view of the topics which require 
research and development effort is presented in Section 4 following. 

4. RESEARCH ISSUES IN THE EXTENDED ENTERPRISE 

Here we will try to present the topics which we believe need to be addressed by manufactur
ing systems researchers, in order to facilitate the emergence of the Extended Enterprise. We 
will identify the topics through five headings, namely : 

Inter-Enterprise Networking 
Concurrent Engineering 
Organisational Learning 
Appraisal Methodology 
Manufacturing Information Systems 
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Further, we will try to identify whether the work to be done is short term, medium term or long 
term. 

4.1 Inter Enterprise Networking 

The extended enterprise is an expression of the market driven requirement to embrace exter
nal resources in the enterprise without owning them. Core business focus is the route to excel
lence but product/service delivery requires the amalgam of multiple world class capabilities. 
Changing markets require fluctuating mixes of resources. The extended enterprise, which can 
be likened to the ultimate in customisable, reconfigurable manufacturing resource, is the goal. 
The process is applicable even within large organisations as they increasingly metamorpha
sise into umbrellas for smaller business units/focused factories. 

The operation of the extended enterprise requires take up of communications and database 
technologies which are near to the current state of the art. However the main challenge is 
organisational rather than technological. Concerns experienced in the flatter organisations 
developed in Computer Integrated Manufacturing type business enterprises such as trust, cred
ibility and project management assume a much higher profile in the extended enterprise. 

Research and Development Qpportunities 

Short Term 
1. A methodology to determine and support the information processes in the extended 

enterprise. This work will build on process modelling but extend beyond the tradition
al single business boundary. It will provide the basis for effective extended enterprise 
operation by defining what information should be communicated and when and where 
decisions must be made. 

Medium Term 
1. Reverse Logistics. Today very sophisticated systems exist to distribute product from the 

producer to consumers. Virtually no systems exist to return products at end of life. 
Procedures and supporting systems and tools are needed to enable product return and 
reuse. 

2. Pre Qualification of Partners. The extended enterprise is a volatile environment; part
ners will regularly join and rejoin a new 'consortium' of enterprises. Pre qualification 
tools to determine entry level and acceptability are required. These need to embrace 
physical process and knowledge work capability. 

3. Architecture for engineering partnership, an abstract representation of an extended enter
prise engineering partnership and associated systems architecture. This would support 
concurrent engineering across the extended enterprise and, through specification to par
ticipating partners, enable realisation of short Time to Market in this environment. 
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LoneTenn 
1. Business and legal framework to facilitate the emergence of transient integrated enter

prises. Issues to be researched, understood and articulated include product liability 
responsibility across the value chain, recyclability issues, ownership of individual enter
prises and products, intellectual property rights etc. 

4.2 Concurrent Engineering (CE) 

The UK CE industrial forum has defined Concurrent Engineering as 'delivery of better, cheap
er faster products to market by a lean way of working using multidisciplinary teams, right first 
time methods and parallel processing activities to continuously consider all constraints'. CE 
must adapt a true life cycle view. This implies consideration of issues such as maintainabili
ty, upgradability, recycleability, use of environmentally benign processes, reuse of scarce 
materials etc. at the earliest stages of design. 

Tools in CE can be broadly classified under three categories; management based encompass
ing such things as team working, project management, and formal methods of geometric 
manipulation of drawings and models. There has been a focus on tools and techniques and a 
lack of research into how, when and in what order to implement them. The extended enter
prise poses special challenges for the realisation of Concurrent Engineering. 

Research and Deyelo.pment OJ>.portunities 

Short Term 
1. New organisational structures for the organisation of concurrent engineering. The dis

tribution of tasks to various members of a product development team is a very important 
issue. A related question is how to create cross-functional task teams in such a way that: 
traditional accounting procedures do not hamper teamwork; 
the reward system can be based on an individual's performance in projects rather than in 
the functional organisation; 
reuse of experience is guaranteed; 
learning is part of the task assignment. 

In general, the transition from a traditional hierarchical organisation to a networking organisa
tion is especially important for concurrent engineering. 

2. Design Tools to Support the Creation of Environmentally Benign Products and 
Processes. Today we design for manufacture and assembly. In the near future we need 
to embrace design for disassembly, design for reduced environmental impact, design for 
reverse logistics, design for reuse and refurbishment, design for a total life cycle etc. 

3. Training Systems for use in extended enterprise rapid configuring teams. Multimedia 
also offers significant potential benefits here. 



Industry requirements and research issues in the Extended Enterprise 23 

Medium Term. 
1. Self analysis of design performance. This includes methodologies and systems which 

prompt the user for information on the design process, map this against established 
benchmarks and offer specific advice of action, consequences, problems, solutions. 

2. Multi function design team support, for use in managing, setting up and participating in 
extended enterprise design teams. 

3. IT tools for the large team environment. Classical CE work has envisaged the compact 
team. Large multi site, multi sub system design problems require a new infrastructure. 
Effective operations requires attention to the design process and information manage
ment and presentation to minimise information overload. Mutimedia may be effective 
here. 

Lon~ Term 
1. Development of a Negotiation Environment in Concurrent Engineering. This environ

ment will facilitate distributed design activity and will manage the interaction between 
designers by facilitating appropriate local action. 

2. The development of design methodologies to incorporate a true product life cycle view 
at the earliest (i.e. conceptual) stage in design. [Long Term, Industry and Research 
Institutes). 

4.3 Organisational Learning 

Competitive advantage is provided by the ability to learn faster than one's rivals. In an envi
ronment of uncertainty training does not equip staff with the necessary manufacturing prob
lem solving capacity either in individual or collaborative mode. The central idea of organi
sationallearning is that organisational capability to deal with changes and uncertainty can be 
fostered, its formal basis defined and best practice replicated and augmented. So in the 
Learning Organisation, 'organisations', including individuals, can learn from experience to 
recognise problems and either solve them or initiate successful solution methodologies. In 
many ways the Learning Organisation adopts the characteristics of a living system. The key 
difficulties with the concept are what constitutes learning and how to embody it and how to 
define problems. It is inappropriate to adopt human learning processes and theories directly 
as a metaphor for the learning which occurs in organisations. 

Research and Develqpment Qp_portunities 

Short Term 
1. Formation of a learning process designed to maintain an organisation's competitive 

advantage, enabling it to selectively customise and develop its own emergent manufac
turing techniques. 
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Medium Tenn 
I. Development of a process for managing learning strategically and tactically within an 

organisation, capitalising on determining the sources of success and failure and hence 
identifying best practice. 

2. Metrics for assessing knowledge generation and use. Knowledge is a key asset of the 
extended enterprise. Today no widely accepted examples exist with which to measure 
this important resource. 

3. Development of a programme of action-learning research in which the process under 
development in the previous item is implemented in up to five organisations over a 2-
year period. This will give the host organisations a chance to be at the leading edge of 
organisational development through sharing the necessary teaming, problem-solving 
and learning skills to implement a strategic learning approach within their organisations. 

4.4 Appraisal Methodology within the Extended Enterprise 

Decision support aid in option planning offers help to managers in making effective and defen
sible decisions about organisation and technology. It concentrates on value rather than mech
anism: on why to change manufacturing systems or establish new ones rather than how to do 
it. 

Economic models for manufacturing organisation assume that the two basic forms of combi
nation are markets and hierarchies. In the Extended Enterprise this analysis needs to be 
revised. Extended enterprises retain the disciplines of the market, yet establish a relationship 
between supplier and customer that outlasts and goes far beyond single commercial transac
tions. 

Investment Appraisal includes a number of related areas of work. The first, concerns the 
explanation of various kinds of manufacturing organisation: why supply chains should be inte
grated within the umbrella of a single firm, how the concentration of suppliers and buyers in 
a particular market can be explained, where economies and diseconomies of scale lie, and so 
on. A second area of work covers the development of decision making tools such as scoring 
and finance models. These are sometimes derived from theories about how people make 
choices, and sometimes rest simply on the basis of their intuitive appeal. The main difficulty 
is that the parameters are difficult to estimate with any degree of objectivity. A further area of 
interest is the analysis of the risk associated with new industrial technologies. Probabilistic 
models are the more traditional approach. In essence they capture the idea that the future will 
take one of a number of possible states, and that a decision maker will choose one of anum
ber of alternative courses of action based on their anticipated payoffs in each of those states. 
Semantic models substitute terms in natural language for both the probabilities of future states 
occurring and for the payoffs. One example of such work is the AMBITE (Advanced 
Manufacturing Business Integration Tool for Europe) project with BRITE-EURAM program 
of the EU. This project is using semantic modelling approaches to analyse the impact of tech
nology investment decisions on the manufacturing performance of an enterprise. 
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Research and DevelQPllWilt Qp,portunities 

Medium Term 
1. A rigorous methodology to determine the basis of partnership in extended enterprises 

should be established. This will lead to a prescription of how industrialists need to con
duct their business in the resulting organisation. 

2. Development of financial value estimating systems. Current financial value estimates 
are too simplistic and do not properly consider growth options. This is particularly sig
nificant in the Extended Enterprise. 

LonaTerm 
1. Risk analysis. The organisation structure proposed requires better tools to assess the 

degree to which qualifications of costs and benefits is subject to error. Simple probabil
ities are less useful than methodologies which address how people react in the face of 
uncertainty and how they act to mitigate the effects of uncertainty. 

2. Value chain costing and appraisal. The combination of environmental and society con
cerns relating to manufactured product life cycles and the extended enterprise is a new 
area. This is likely to have significant impact on the development of competitive and 
responsive extended enterprise operators. 

3. Integrated methodologies. Prescriptive and descriptive models which connect general 
themes such as economies of scope, environmental impact, with the search for new 
investment opportunities, with the metrics by which these opportunities are assessed, 
and the way in which uncertainty about these opportunities can be expressed and man
aged. 

4.5 Manufacturing Information Systems 

The extended enterprise manufacturing system requires channels that convey information from 
one system to another. Without these connections the gains in productivity and flexibility that 
we look for are compromised by mismatches and rigidities at their boundaries. 

One form of this problem involves the integration of existing, proprietary applications that 
have been built on heterogeneous infrastructures: differing machines, operating systems and 
database management systems. We have to retrofit to relatively impenetrable human and tech
nical systems the mechanisms that will make their operation cohesive in an extended enter
prise environment. In particular we have to provide for product traceability and potential lia
bility arising from environmental legislation and value chain costing. 

Distributed database mechanisms offer a potential solution. By presenting the data on which 
applications work in a uniform, self-consistent way we can make sure they share the same 
view of the factory. Where the same data is stored in more than one of the local systems it 
should have the same meaning, if not an identical form, in all of them. The object transcrip-
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tion approach, avoids some of the intricacies of distributed databases. The movement of data 
from one local system to another takes place in complex objects of pre-defmed content. Such 
schemes avoid having to reconcile the different data models and manipulation languages 
underlying the different applications. 
Apart from data infrastructure the extended enterprise, extra enterprise teaming, and prosumer 
product configuration, require new information communication mechanisms. 

Developments in communications technology such as mobile telephones, fax, electronic mail, 
video conference and even express delivery of conventional mail have been widely adopted. 
Advances in computer communications have been driven by the need to transfer data from one 
computer to another. Only electronic mail has attempted to exploit the capability to allow one 
computer user to communicate directly with another user. Multimedia is the combination of 
appropriate communications media to best represent human readable information. It can be 
particularly useful to non specialist users. It allows customer input to the manufacturing sys
tem in a novel way. It allows remote site concurrent engineering teams to hold meaningful 
dialogue. It offers scope for bandwith effective communication of graphical information. It 
is near language independent. 

The potential for multimedia as an extended enterprise user-to-user communications medium 
is largely unexplored. Most of the physical infrastructure required is being put in place. 
Telecommunications utilities are proceeding with the implementation of ISDN services, and 
there is a large base of existing users with demanding communications needs. 

Researcb and Deyelgpment Qm>ortunities 

Medium Teun 
1. Alternative integration methods. Different business situations place differing demands 

on information channel cost, quality, volume, graphical and textural content. 
Methodologies appropriate to these environments need to be readily mapped to the need 
and the implications for business strategy. 

2. Integrating remote applications. Methodologies to resolve inconsistent data meanings 
and structures across the extended enterprise. 

3. Authoring tools for manufacturing multimedia messages. Currently comprehensive 
tools and author expertise are expected, and development time and cost are justified by 
having many receivers and an extended lifetime for every message. This is not appro
priate for a communications application, where there may be one receiver and a short 
message lifetime. 

Lone Teon 
1. Information Systems to support reverse logistics. In the long term it may be necessary 

to track each product throughout it's total life cycle and to maintain data on this product 
to support refurbishment, remanufacturing and ultimately reuse. This presents an enor
mous challenge to information technology. 
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2. Product traceability. The determination of a process to cost effectively allow environ
mentally sensitive product to be tracked in field. [Medium 

3. Product description communication. Methodologies for cost effective transmission and 
control of appropriate graphical, pictorial and textural data to support the business and 
product development process. This would allow best use oflanguage independent mov
ing image technology. 

CONCLUSIONS 

In this paper we have argued that the Extended Enterprise forms the context for today's 
research and development efforts in manufacturing systems. We believe that the developments 
over the past ten years or so in manufacturing systems engineering, including for example 
Lean Production and World Class Manufacturing facilitate the emergence of the Extended 
Enterprise. Finally we presented our ideas on the research agenda for the future in manufac
turing systems. 
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