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Abstract

The new economy is the result of the information revolution, of shrinking and ever more powerful computers, and the emergence of an efficient, ubiquitous and invisible communications infrastructure. It is characterised by three distinctive attributes: it is global, it favours intangible things - ideas, information, knowledge, relationships, and it is intensely inter-linked. As more and more organisations prepare to "go digital", only few of them really seem to recognise what implications this transition will have on their business processes and on the organisation as a whole. The transformation involves much more than setting up a digital infrastructure and requires even more than the ability to enter into a virtual collaboration with other partners. Organisations need to become “smart”, i.e. knowledge driven, internetworked, dynamically adaptive to new organisational forms and practices, learning as well as agile in their ability to create and exploit the opportunities offered by the digital economy. The article considers technologies and trends towards inter-operable tools for organisational agility and flexibility based on distributed business operations. The European Commission has been supporting these developments through its various research programmes since the early 1980s. Besides the notable research and technological development (RTD) achievements, important progress has also been made in the area of standardisation and through consensus building between the research and business communities in Europe. It is further recognised that technology alone will not be able to sustain the creative potential of the digital economy if the socio-economic, the legal and regulatory frameworks are not adequately taken into account. 

1 Introduction

The Information Society is creating unforeseen opportunities as well as challenges. These are made possible by the relentless advance and convergence of information, communication and content technologies. The challenges are driven by competitive market forces and facilitated by governments’ efforts to generate new, more fertile, international legal and regulatory frameworks. The result is an uncertain, highly dynamic, risky and potentially rewarding environment for old and new organisations (profit and non-profit) in regions, sectors, and society in general. 

During the industrial revolution enterprises changed dramatically from closely-knit rural communities to a core of structured and independent urban organisations. In the 1980’s and 90’s these became more global and collaborative, and this transition was encouraged by fiercer competition, the introduction of information and communication technologies (ICTs) and the rapid emergence of the new business paradigm of an economy that is "turning digital". This shift in paradigm, is giving rise to new types of internetworked organisations. These organisations are virtual in concept, highly flexible, dynamic, and capable of leveraging the power of network technologies to meet customer demands for high added-value products and services in a global market.

However, technology is only an enabler. The challenge facing organisations that want to form "virtual" partnerships is not in building the actual partnership, but in using it to its potential. On the technical side, these developments have been facilitated by rapid advances in telecommunications, open networks, like the Internet and the Web, inter-operable distributed object-oriented technologies and platforms, like CORBA and Java, as well as by interactive multimedia services. But as more business is done electronically, critical business processes are gradually shifting from corporate internal and protected environments to open networks. The issues involved are therefore complex and inter-related and cannot be solved by technological means alone. 
2 The Digital Economy: Technologies, Standards, Trends

The technologies that helped shape the Information Society are characterised by four distinct features: First, they facilitate connectivity and enable the emergence of a network environment; second, they are inter-operable and facilitate collaboration and organisational "boundarylessness"; third, they increase the quality of communication and information flow, and fourth they tend to become invisible and ubiquitous. The digital economy is the direct result of the above features which is created by relentless effort in R&D, standardisation, and policies towards liberalisation and self-regulation. This new economic paradigm will not be without effect for organisations as they strive to turn their business operations "digital".

2.1 Electronic Business Technologies and Inter-operability Standards

Technologies and standards for inter-operability are key to electronic business. The most relevant of these are presented and discussed in this section [1].

2.1.1 Open Internet Standards and Technologies

The open Internet standards that emerged in the last decade are based on protocols that initially had been developed under the client-server network model. As a result of this and due to the rapid acceptance of object-oriented (OO) technologies, different OO frameworks emerged. They offered a high degree of distribution and scalability but relied on proprietary protocols. However, the rapid development of Internet technologies and their use in many applications, drove many of the vendors to develop distributed OO platforms on top of the open Internet standards. A typical example for this is the well-accepted OMG
 CORBA-IIOP protocol that “sits” on top of the TCP/IP (figure 1). In order to support distributed applications under Java, Sun developed the RMI protocol for Java applications which provides similar functionality as the IIOP. At the same time, Microsoft’s COM model was extended to support distributed applications. This activity led to the Distributed-COM (DCOM) model. DCOM and RMI are proprietary distributed OO-protocols that support seamless deployment of remote objects and are used in Microsoft and Java applications accordingly. However, due to the increasing need for inter-operability and easy integration, the Java and CORBA world moved forward to a harmonisation of protocols. Very recently a RMI-IIOP specification was proposed. According to this proposal, Java objects can easily deploy remote objects, not depending on Java or any other programming language. 

At the time OO platforms and protocols had reached a certain level of consensus and maturity, the hypertext transfer protocol (HTTP), a new simple Internet protocol emerged. Due to the rapid success and wide acceptance of HTTP and the Web, and with regard to the huge industrial support for the extended Mark-up Language (XML
), a new generation of open and simple service access protocols appeared, the Simple Workflow Access Protocol (SWAP
) supported by Netscape, and the Simple Object Access Protocol (SOAP
) supported by Microsoft. 
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Figure 1: Open Internet standards [1]

Although a mature distributed OO infrastructure is in place and ready to be used, there is no clear way on how to incorporate back-end systems into the web, to provide dynamic content,  i.e. content that is related to the data and processes stored/provided by the back-end system. The web currently operates with static web site skeletons where data are being displayed. However, the provision of dynamic hypertext mark-up language (HTML) pages and the separation among the presentation view (HTML) and the data/functional view (Enterprise Java Beans and business objects) is not possible on a large scale. To solve these problems, a set of technologies has been proposed recently. The most dominant and acceptable ones being, Java applets, Java servlets, Sun’s Java Server Pages (JSPs), Microsoft’s Active Server Pages (ASPs), and the extensible Style-sheet Language (XSL). Java applets are one of the most successful technologies proposed under Java and a key reason for the acceptance and dominance of Java
. Applets enable a seamless integration of software applications written in Java into web pages. They provided the rather passive web pages with interactive features and enabled thus the development of a large number of innovative services and applications. The most significant problems with applets are limitations regarding security, distribution and programming language dependability. Java servlets came as a solution to applet problems. They offer good integration of server- centric developments and a seamless deployment of back-end systems and modules. However, weak points are their limited interactivity, an unclear way to separate the presentation from the functional view, a dependency on Java, and the availability of commercial web browsers that have a Java servlet engine incorporated. Recently, however, significant developments towards servlets have been done in comparison with existing traditional CGI approaches. Servlets and applets are more flexible and dynamic than CGI and will dominate web-centric developments in the coming years.

The World Wide Web Consortium (W3C) proposed the concept of extensible Style Language (XSL). XSL is used for specifying how XML data can be represented as HTML pages. It is a language that converts XML data into HTML pages following specific presentation rules, e.g. tables, headings, bullets, etc. Given the fact that XML can be used for structuring data, XSL can be used for presenting them on different data terminals, with different display capabilities and different abstraction levels as HTML pages making use of the well-introduced web browsers. Thus XML-data which are stored in applications can be presented without change of the data structure, only of the presentation format, thus accommodating to the infrastructure that is available to the user. Although both, XSL and XML, are open, generic concepts, and help solve the problem of presentation and functional view, they miss the important link to the existing distributed OO platforms. To remedy this deficiency, it will be important that Java and other programming languages support XML and XSL inside their particular frameworks. It is therefore to be expected that XML and XSL will be supported by ASP, JSP, or servlets in the coming years.

2.1.2 Middleware Services

Due to increased needs for inter-operability, distribution, integration and rapid development, a new generation of middleware services emerged. These services are not end-user related services, but provide fundamental support to other application-oriented services, like the naming service for the location of resources within an organisation, the security service for authorisation and access control regarding the use of resources, the actual transaction service, the event notification service, and messaging services for the transportation of messages across objects in a distributed manner.

Following the harmonisation activities between Java framework/RMI and CORBA framework/IIOP, it is anticipated that middleware services, provided under both frameworks, will be easily deployable by both. This approach is expected to lead to a radical market adoption of RMI/IIOP middleware services and applications. However, XML, as stated above, will make the things more complicated. But for both, the Java and the CORBA framework, harmonisation activities towards the utilisation of XML within their respective middleware systems have started. Microsoft strongly supports XML and open Internet standards and has recently announced a new generation of products with full XML capability. 

Existing middleware services have followed the methodology originally proposed by OO systems. However, another approach to developing and integrating distributed applications is via the use of messaging systems. Messaging systems were initially proposed as an alternative way to solve inter-operability problems. Most of those systems, however, are based on the old client-server concept. The first generation of systems made use of the open Internet standard TCP/IP. In order to use messaging systems, two parts are very critical, the envelope and the content of the message. The envelope contains the co-ordinates of the receiver and other related information like the send-time, while the content describes the type of request and any type of input/output parameters. Most of the messaging systems rely on their own proprietary approaches for envelope and content structures. This has led to an increase of inter-operability problems in distributed systems. 

Common OO middleware platforms understood the issues very well and tried to harmonise their frameworks towards this direction. This led to the specification of the CORBA Messaging Service which will be incorporated into the CORBA 3 framework, based on IIOP. At the same time, under Java a new API for messaging systems was proposed, the Java Messaging System (JMS), based on TCP/IP. Both proposals aim at offering inter-operability across different vendor message products. It is anticipated that messaging services will be incorporated into common services and middleware services so as to be used by any type of OO application.

2.1.3 Distributed Business Processes 

Taking advantage of the concept of distributed components and objects that can autonomously be developed and deployed, a new generation of business systems has been announced. The basic idea is to create a middleware of components and modules, in a similar manner as the naming service, which can be used by developers at product development. This approach makes use of the good technological advancements of OO technologies and offers increased inter-operability, scalability, distribution features while it reduces radically development time. 

The initiative to develop functional business modules started in 1995 and continues until today. In 1997, the Object Management Group (OMG) started first discussions on “business objects and components” and proposed the idea of a common business facility that could serve as “glue” to business objects making them work. However, political and technical differences amongst its members did not enable OMG to offer a consistent and useful specification. 

At the same time, Java Beans was developed which can easily be used for the construction of graphical user interfaces. The success of Java Beans drove the developments towards Enterprise Java Beans (EJB), of business objects that live and function within a container that provides basic life-cycle operations for EJB management and at the same time ensures inter-operability within underlying frameworks like Java 2 and CORBA. The acceptance and the momentum of EJB is high due to the fact that they provide all the functionality of Java and at the same time simplify the way to develop, integrate and re-use EJBs and existing legacy business modules. 

Based on these concepts, intra-domain business systems can be easily developed independently of the underlying middleware services. The objective again being reduced development time and increased performance, scalability, distribution, inter-operability, re-usability, and autonomy. Significant vendors, like IBM, Oracle, SAP, and others have already announced support for EJBs. However, not many EJB-based business systems are operational and thus the real behaviour of EJB systems needs yet to be demonstrated. 

2.1.4 Intelligent Agents

Although OO middleware services improved the performance of business systems and opened new ways to develop applications, the degree of flexibility, autonomy and intelligence that they offer is limited. The distributed nature of the web, the increased complexity in information filtering and organisation led to the introduction of intelligent mobile agents that roam the Internet on behalf of their user and perform activities in an intelligent and autonomous way. 

The idea of mobile and intelligent agents was proposed in the early 90’s and is still in its infancy. Significant RTD activities have been focusing on the intelligence part, the communication language, the transportation and mobility aspects having reached a certain level of maturity. As far as intelligence is concerned, certain agent communication languages have been proposed. The most dominant one being FIPA
 -Agent Communication Language (FIPA-ACL), which is built on top of the Knowledge and Query Mark-up Language (KQML) which was a previous successful de-facto standard. ACL provides the fundamental way of writing and exchanging messages amongst agents.

It is expected that mobile intelligent agents will be objects that will live and function with an inter-operable distributed OO platform like CORBA and Java Virtual Machine (JVM) and will have the possibilities to migrate from one physical location to another. The migration service and the life-cycle management of agents will be seamlessly provided by the platforms. The agent paradigm is not competitive to the traditional OO one, but on the contrary, it complements current systems. It is an alternative service that can be deployed by the agent/object programmer and provided by the OO platform. 

2.1.5 Workflow Management Systems

Workflow management is one of the areas that, in recent years, has attracted the attention of many researchers, developers and users. For the users, it has finally made commercially available tools and functionality for which there has been an important demand for quite some time. Concepts such as computer supported co-operative work, the paperless office, form processing, co-operative systems, and office automation, have been delayed decades, in some cases, for the technology and know-how required to implement real systems. The technology has been provided by advances in networking, object-oriented distributed platforms and the know-how gained from business process re-engineering techniques. 

And while these concepts were becoming a reality, the demand for solutions capable of integrating all the information resources of organisations has been increasing at a surprising pace. If there is any proper characterisation of the information resources of any modern corporation, it is as a collection of widely heterogeneous, largely distributed and loosely coupled computing environments. The decentralisation of the corporation, the decentralisation of the decision making, the need for very detailed information about every-day activities as well as the emphasis on client/server architectures, the relevance of federated systems and the increasing availability of distributed processing technology (WWW, CORBA, RMI, DCOM, Java, and recently agents) are all trends that indicate that the days of monolithic, centralised information processing are over. 

But to make this a reality first there must be a way to implement large and heterogeneous inter-domain distributed execution environments where sets of interrelated tasks can be carried out in an efficient and closely supervised fashion. This is where workflow management systems come in to the picture. In general workflow management systems are used to co-ordinate and streamline business processes.

The rapid acceptance of distributed OO systems fostered the development of distributed workflow systems. Initially, the workflow management area was very fuzzy and segmented in terms of definitions, concepts, interfaces and underlying services. The work of the Workflow Management Coalition (WfMC
) helped in identifying, clarifying and specifying the key aspects of workflow systems. WfMC is an industry-driven body that worked consistently the last years to promote workflow technology, to ensure inter-operability among products and systems and to establish clear relationships with other standardisation bodies like the OMG. Recently, a common workflow management facility standard has been proposed and accepted by the OMG. This standard has been submitted by WfMC members. It is anticipated that in the coming two years both standardisation bodies will have similar standards and frameworks on inter-operable OO distributed platforms. The workflow facility specification will be a common middleware service that will be used by different objects in an inter-operable way. 

Despite the harmonisation activities among the workflow systems, certain problems remain open. One of the problematic areas is cross-organisational workflow systems for dynamic and non-dynamic virtual organisations. Another challenging area is combination of intelligent mobile agents and workflow systems. Finally, another potential active area will be the integration of workflow management system with existing business object concepts and methods like EJBs. In addition to that, the relationship of workflow systems with the emerging open standard XML is very fuzzy. WfMC is trying to address this issue. A new initiative has emerged, the integration of XML with workflow management systems. 

2.1.6 Electronic Commerce Protocols

Although business systems can easily deploy distributed object-oriented technologies for rapid product development, still the tight method invocation model of OO systems in relation to massive dependencies on underlying middleware services does not facilitate loosely coupled, cross-company business. Massive support of XML from significant vendors, XML-related standards like the Document Object Model (DOM), XSL as well as harmonisation and integration activities between Java and XML, provide a solid basis on which future inter-operable business systems may be built upon. SWAP and SOAP provide therefore the basis for a new generation of application oriented XML-based protocols.

Organisations wishing to fully exploit electronic commerce will have to integrate their web processes with their normal business processes. This means linking to their existing legacy systems. Existing enterprise systems are likely to have electronic commerce links to their trading partners using Electronic Data Interchange (EDI). Organisations have devoted efforts to agreeing standard EDI trading messages which enable them to exchange a wide variety of information with business partners. Systems developed to process these EDI messages are reliable, secure and link directly with the existing enterprise systems. In most industrial countries, business-to-business EDI covers about 40% of trade information with an estimated growth of 30% a year exchanged electronically. On many occasions alternative solutions to EDI, in its EDIFACT form, have been put forward.  Some offered interesting features, such as the replacement of the ISO-9735 representation by a model based on the more efficient ASN.1 representation.  In the face of the slow spread of EDI, mainly in small and medium-sized companies, the CEN/ISSS Electronic Commerce Workshop European XML/EDI pilot project was set up, based on emergent XML technology, which provides more potentiality than HTML. This latter approach offers very attractive features not only through its own technology, but endeavouring at the same time to integrate the results already obtained with EDI [2]. EDI and the web are complementary perspectives on electronic commerce and the challenge is to fully integrate and exploit them both. XML allows structured information to be stored as web pages. But it is necessary to know what the information means and this implies clear definition of data elements and their relationships. EDI has spent many years creating these definitions. A combination of XML and existing EDI disciplines [5] offers a great opportunity to integrate electronic commerce on the web with existing enterprise systems using tried and tested interfaces. Failure to grasp this opportunity will lead to duplicate developments and incompatible systems which may, in turn, slow down the growth of electronic commerce [6].

2.1.7 Virtual Product Technologies 

The industrial relevance of virtual product technologies is increasing as companies move from a document-based to a data-driven engineering culture. Various business sectors have implemented virtual product technologies. The methods and tools used in industrial practice vary from simple product data exchange to product data sharing based on product data management (PDM) systems. The trend is to make use of the big potential of virtual product technologies, in particular with respect to establishing co-operative development practices and design processes using concurrent engineering methods that cover the complete product life cycle.

Virtual product technologies make use of product data based on an integrated product model (e.g. stored on an STEP database), and middleware architectures like CORBA, that serve as a platform for the integration of heterogeneous application software systems in the various life cycle phases of a product. The aim is to define product relevant data only once and to use them in subsequent activities. Basic to the description of the integrated product model is the Standard for the Exchange of Product Model Data (STEP, ISO-10303-1) and its modelling language EXPRESS (ISO-10303-11) [8]. 

Since the performance of computer-aided product development systems (CAx) has increased dramatically, product model data are generated and used in a number of successive design steps such as CAD-CAM or CAD-NC (numerically controlled, manufacturing), technical product documentation, CAD kinematics, CAD dynamics and CAD-ERP (enterprise resource planning). Digital mock-ups are generated from a product structure and the 3D CAD geometry and allow the simulation of assembly and disassembly, the simulation of product installation as well as geometry-driven analysis. Virtual prototypes are enhancing digital mock-ups by adding physical data to the geometry of the product. They are used for analysis and simulation of multi-disciplinary product behaviour. The virtual product as such combines the performance of virtual prototypes for analysis and the simulation of a complete product behaviour. These technologies can be used for the simulation of shop floor activities, such as the planning and co-ordination of capacities, resources, material and information flow. 

Due to increased requirements to make use of product models throughout the development stages of product design the management of product data in the various business processes becomes more and more important. PDM systems are therefore used in combination with systems for product development and design. At any integration level, the processing of PDM data needs to be performed on the basis of a common data model which is offered by STEP. An OMG task force has developed PDM Enablers [9], a standard that enables PDM systems to interface to each other in a distributed object-oriented environment (e.g. CORBA). Meanwhile the ISO 10303 suite of standards, STEP, provides a number of standards for information exchange for many industries such as aerospace and automotive. As part of this ISO work industry consortia have created an information model for the exchange of PDM information, called the STEP PDM schema. Both, the OMG PDM Enablers and the STEP PDM Schema have some aspects that overlap and some aspects that are complementary. The harmonisation work was able to better define and resolve the issues involved.

There are still problems to be solved, e.g. the long-term archiving of product data, as well as the management of product data throughout the whole product life cycle, which are of particular significance to many industries.

2.2 Technology Trends

The electronic business requirements of organisations in the digital economy are diverse and complex and the technological capabilities are still emerging. However, from what was said above, the following technology trends emerge, 

· TCP/IP will become the ubiquitous network protocol for open Internet transactions, with HTTP as the protocol for web-related transactions. Due to the lack of network protocol in the area of mobile terminals, it is anticipated that the Wireless Access Protocol (WAP) will play a similarly significant role;

· Java, due to its platform independence, is expected to become a unified framework with various underlying middleware services and business sector related components;

· Distributed object-oriented platforms and middleware services will become more stable, offering better performance, scalability and distribution, the most dominant platforms being the Java and the CORBA frameworks;

· The rapid acceptance of Enterprise Java Beans raises expectations that this technology will play a decisive role in providing the basis for distributed business applications under a single administrative domain;

· In the area of workflow systems the concepts, framework, architecture and interfaces proposed by the Workflow Management Coalition are the most stable, well-accepted and concrete;

· Mobile intelligent agents have significantly changed the way distributed systems are working. All mature agent platforms are based on Java and take advantage of the Java framework, which is the most appropriate one for mobile agent applications and systems. The intelligence of agents will be part of their internal architecture. The role of XML in defining ontologies, i.e. the beliefs, knowledge and expectations for agents will be significant, as well as standard ACLs.

· Due to the advent of XML, messaging middleware systems have gained much attention recently. From the existing ones, the Java Messaging System (JMS) seems to be the most favourable because it is integrated into the Java framework and harmonisation activities with CORBA 3 will raise their deployment probability;

· XML also plays a significant role in specifying open Internet value-added protocols for e-business applications. However, most of the proposed XML-based standards are industrial activities focusing on market dominance. The efforts devoted to agreeing on standard EDI trading message structures and content should not easily be thrown overboard; 

· Although standardisation efforts under STEP in the past tried to solve the inter-operability problem on applications level, key developments, like standardised product models and application protocols, as well as the modelling language EXPRESS, have triggered virtual product development applications for product life cycle management.

2.3 Socio-economic Issues of Electronic Business

The European Commission has, through its RTD Programmes, supported very actively technological developments and standardisation efforts as mentioned above, and has accompanied these with relevant policies, legislative measures and socio-economic analyses. 

The emergence of e-business, virtual organisation forms, and the digital economy, as key constituents of the Information Society, needs to be explored in its entirety by involving organisation science, economics, law, the social sciences as well as by developing an appropriate policy framework. However, due to their unique characteristics a range of issues, other than technological, are beginning to emerge which threaten to inhibit their implementation. The transition towards a global information society requires a regulatory framework involving co-ordinated legislative initiatives, self-regulation, and international agreements.

Socio-economic research relevant to the above issues is currently ongoing in various contexts [10], [11], [12]. The 1999 workprogramme of IST contained an action line, II.1.1 - "New Perspectives for Work and Business", which focused on socio-economic research on networked organisational structures, such as virtual enterprises, based on benchmarking, econometric models, new statistical indicators, technology foresight, legal issues such as liability and intellectual property rights (IPR) protection. The IST workprogramme for the year 2000 bundles major socio-economic research activities under cross-programme action 7 - "Socio-economic Analysis for the Information Society" which aims at studying the interplay between a broad range of technological, human, social, economic, environmental and policy issues that critically impact effective use and adoption of new IST solutions and at developing novel approaches aimed at identifying and quantifying the many new facets and trends of the Information Society and the emerging digital economy [13].

Esprit project PRODNET-II, for example, considered virtual enterprises also with respect to their sociological and socio-organisational implications and developed a set of recommendations for an anthropocentric application of related technologies in novel organisational contexts [14]. Esprit project ELSEWISE focused on the use of virtual enterprise technologies in building and construction and investigated also relevant socio-economic effects on society [15].

2.4 Legal and Policy Aspects

Legal and policy-related activities so far focused on issues like security, privacy, IPR protection and electronic trade [16], [17]. However, issues related to new and flexible organisational forms, e.g. virtual organisations, are gaining more attention now. The point of departure in identifying the legal challenges involved here, is to consider the fundamental characteristics of virtual organisations (VOs). To begin with, the VO is a co-operative alliance, often between entities with individually distinct legal identities, which come together to exploit a particular business opportunity. The VO provides participants with a framework to share risks and returns of bringing new products and services to market. The key actor in the development of a VO is the “business integrator” whose role is to identify new market opportunities, draw together skills and expertise necessary to exploit them, identify appropriate partners and establish a common communication infrastructure to facilitate VO operations.

Issues regarding the internal operation of a VO, the relationships between the different partners, and those regarding the way in which the VO deals with the external business environment are not well distinguished and may even be inter-related. The legal challenges stem from the fact the VO appears to be a single entity but may not have a legal identity. Therefore, questions arise as to the definition of liability with respect to third parties. This underlines the necessity for a consumer protection framework as well as appropriate contractual arrangements between the VO and potential suppliers. Conditions regarding termination of contract by the customer and liability for goods produced are needed. Given the fact that the virtual organisation is both dynamic and temporary, questions arise as to the extent and duration of liability, and where conflict on IPR issues may arise, what recourse partners may have in law and, what procedures would have to be followed given the diversity amongst national legal frameworks. Also, with VO partners dispersed geographically and operating under diverse national legal frameworks, the question of differing taxation regimes and accounting practices needs to be considered as does compliance with employment and health and safety requirements. 

At a workshop on the legal issues concerning virtual organisations held in Brussels recently [18], it was recognised that an essential difficulty with regard to the current legal framework is that the development of the digital marketplace is moving much faster than the abilities of regulatory bodies to respond. To facilitate convergence between them, it was suggested to encourage inter-disciplinary approaches like techno-legal research towards technical solutions and practices, like virtual legal disputes resolution, or appropriate digital ways of contract preparation and set-up in order to encourage collaboration. 

A number of EU directives are in force or will come into force soon which seek to address some of the issues, in particular, pertaining to protection and privacy of data, electronic signatures and electronic commerce. A range of other issues are currently under consideration.

2.5 The Contribution of the European RTD Programmes

As already mentioned above, the European RTD Programmes have played a substantial role in supporting the development of key technologies and applications relevant to the Information Society. Key to the emergence of the digital economy are RTD efforts in electronic commerce and electronic business on the basis of virtual organisation concepts. Concurrent engineering [19], computer-supported collaborative work (CSCW) and product and process data modelling technologies played an important role in these achievements. The ACTS [20] and Telematics [21] programmes were successful in setting up strong CSCW pilots. These and other activities provided the first steps towards remote working (including telework) and distributed collaborative engineering. Virtual enterprise concepts were, until 1998, strongly coupled to Esprit [22].

40% of organisations participating in Esprit projects are user industry enterprises. In total 65% of participants are industrial companies. User-supplier collaborations, often with large companies as users and SMEs as suppliers, were growing. A number of Esprit projects, 15%, aimed to work on international standards [23]. The thinking behind this is that the ICT marketplace is moving more and more towards the adoption of standards. Competitive advantage lies with those who lead in standards development. The European RTD programmes have helped European companies to move from followers to leaders in the evolution of standards in many crucial areas.

Facilitating electronic commerce and in particular the emergence of new electronic business paradigms based on the distributed enterprise concept have been a priority within the European Commission’s RTD Programmes over the past 5 years. The 1997 workprogramme of Esprit [22] contained explicit support actions for virtual enterprises, under "networked multi-site applications" in the domain of High-performance Computing and Networking, under "innovation for business pilots" in the Technologies for Business Processes (TBP) domain, and under "management tools for the agile enterprise" of the Integration in Manufacturing (IiM) domain. Until 1999 RTD support was concentrated mainly in the Esprit programme and its international co-operation branches INCO and Intelligent Manufacturing Systems (IMS - [24]). More than 50 industry-led projects receiving more than 80 million Euro of support (shared cost funding, 50% industrial contribution) were set up [25] under the 4th Framework Programme, i.e. between 1994 and 1998. Within Esprit-IiM, and in addition to regular consultations with industry, a number of user group reference projects were established which brought together major industrial users of IT and the vendor community. The common aim of these projects was to set long-term targets for, and give direction to, the research efforts of the IT industry in order to meet a well formulated industrial need. The user group reference projects dealt with the automotive and aerospace industries (AIT [26]), the process industries (PRIMA), and the construction or large scale engineering industries (ELSEWISE [27]). Of similar impact for the furniture industry was project FUNSTEP [30]. The AIT initiative was successful in setting up 22 RTD projects funded under Esprit and Brite-Euram and had major impact on standardisation developments (e.g. CORBA, STEP, PDM Enablers, WfMC). The projects were (some of them are still ongoing) operating concurrently within a harmonisation framework. Of particular relevance to the distributed enterprise is the work performed under project AIT-IP [31], which set up an open integration platform, based on standards like STEP, CORBA 2 and MMS. The integration platform specified the interfaces and the services for inter-operable business applications, such as virtual product applications (design, simulation, analysis, configuration management, etc.), workflow management and electronic commerce. 

In the IST Programme [13], which emerged as an integrated programme from the previous Esprit, ACTS and Telematics programmes, the perspective changed from "virtual enterprises" to include all types of virtual organisations, profit and non-profit alike. In Key Action II (New Methods of Work and Electronic Commerce) under the action line "Dynamic Networked Organisations"
 and the action lines "Smart Organisations" and "Dynamic Value Constellations", with some additional contribution on network efficiency in Key Action IV (Essential Technologies and Infrastructures), the focus is on "virtual organisations". 12 projects, directly related to the VO concept, were launched as a result of a first call for proposals in 1999.

The RTD Programme on "Competitive and Sustainable Growth", in its workprogramme for 2000 [32], dedicates Targeted Research Action 1.7 to the extended manufacturing enterprise.

3 The Digital Economy: Smart Organisations 

The technological developments described above are turning business upside down. The new economy is "digital" in the sense that the principles governing the world of the "soft" - the world of intangibles, of media, of software, and of services - will soon command the world of the "hard" - the world of atoms, of matter, and of physical work [33]. Organisations that want to participate in it have replaced bytes for bricks. 
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Figure 2: Collaborating smart organisations (including virtual organisations and value networks)

As more and more organisations prepare to "go digital", only few of them really seem to recognise what implications this transition will have on their business processes and on the organisation as a whole. The transformation involves much more than setting up a digital infrastructure and requires even more than the ability to enter into a virtual collaboration with other partners. Virtual organisational forms are thus only one element of what is required from organisations in the digital economy. 

The implications of the above trends for organisations have led to a proliferation of adjectives applied primarily to enterprises, among others, the agile enterprise, networked organisation, virtual company, extended enterprise, ascendant organisation, knowledge enterprise, learning organisation, smart organisation. The definitions all have their nuances, deriving from the emphasis on one or another combination of the aspects above. Ultimately, however, they all point to the need to respond to the changing landscape of the digital economy in dynamic and innovative ways (fig. 2). The term "smart organisation" is therefore used for organisations that are knowledge-driven, internetworked, dynamically adaptive to new organisational forms and practices, learning as well as agile in their ability to create and exploit the opportunities offered by the new economy.

The constantly changing customer and market opportunities in the digital economy ensure that there can be no single universal formula for describing the smart organisation. Steven Goldman et al. [34] describe four strategic dimensions of agile behaviour that is crucial to smart organisations. These are,

· Customer focus;

· Commitment to intra- and inter-organisational collaboration;

· Organising to master change and uncertainty;

· Leveraging the impact of people (entrepreneurial culture) and knowledge (intellectual capital).

3.1 Characteristics of the Digital Economy

The new economy is characterised on the one hand by the digital framework in which it is embedded, and on the other, by a new set of rules and values which determine the behaviour of its actors. The actors are business and non-profit organisations as well as other dynamic market players, i.e. individual and corporate consumers (fig. 3). At its centre lies the electronic marketplace which offers new and various opportunities for business, brokerage and electronic interaction of any sort. Smart organisations are actors that are internetworked, i.e. inter-linked on various levels, on the information infrastructure level, (i.e. via intranets), on the organisational level (e.g. by having abandoned the steep hierarchical structures of the past and replaced them by networked cross-functional teams, see also section 4.4), and on competencies level (e.g. knowledge networking).
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Figure 3: The digital economy

The word internetworked is taken to mean that an organisation is networked, but that it is highly inter-linked with others in its business processes and interactions over the Internet [35]. The emergence of the Internet and technologies related to it have led to new ways of interacting and inter-linking between individuals as well as between organisations. Some characteristics [33] are, 

A networked structure. Nodes and connections are the basic ingredients of networks, and they grow in complexity exponentially with the growing number of their nodes. Adding intelligence to the nodes enables a network to reach levels of unforeseeable smartness. The number of possible interactions and options grows exponentially. 

Self-reinforcing mechanisms. In a networked environment, small efforts can lead to large effects. Networks need to achieve critical mass to make them worthwhile. Mathematically, the sum value of a network increases as the square of the number of members, which means that adding a few members can dramatically increase the value of the network for all members, which then acts as a generator for growth.

The law of abundance. Value is created through the opportunities inherent in the potential for relationships in a network. The network economy rewards the plenitude open systems offer more than the scarcity of closed systems, which means that the larger a user community becomes, the more value a network-enabling product has. The incentive for commercial vendors to give technology away will happen only when they realise that there is more to gain from adhering to open standards than from maintaining a unique competitive advantage.

Pricing. If goods and services become more valuable as the become more plentiful, and if they become cheaper as they become valuable, consequently, the most valuable things of all are or become those that are ubiquitous and free. 

The network creates new identities. Standards underpin identity. They enable options, relationships and the creation of trust. They become "social" instruments in a network economy.

Virtual space. In a network environment spaces aren't bound by proximity. The advantage of spaces is rooted less in (non-geographical) virtuality and more in their unlimited ability to accommodate connections and relationships. Network technologies therefore do not eliminate intermediaries, they are a "cradle" for intermediaries, since by definition, every node on a network is a node between others. The more connections there are between members in a net, the more intermediary nodes there can be. Everything in a network is inter-mediating something else.

Transformation, change, messiness. Sustainable innovation is the result of persistent dis-equilibrium between chaos and order. A network economy resembles an ecology of organisms, inter-linked and co-evolving, constantly in flux, deeply tangled, ever expanding at its edges.

Relationships. Relationships among more than two persons can be structured as hierarchies or as networks. In the absence of plentiful information (e.g. on the battlefield) the most intelligent way to construct and to manage a complex organisation is via a hierarchy. However, when information is plentiful, rank is replaced by peer competence (see fig. 5). Since a relationship involves at least two members investing in it, its value increases exponentially as fast as one's investment. Smart organisations recognise the synergies inherent in multi-faceted relationships with customers and collaborators. The network is the structure that thrives on relationships.

3.2 Smart character – Smart Behaviour

To understand an organisation’s character and provide insight into why it behaves as it does, it may be appropriate to use metaphors to underline the key issues. Such metaphors are widely used in the field of Organisational Development, a field defined by French and Bell [36] as,

“…a top-management supported, long range effort to improve an organisation’s problem solving and renewal processes, particularly through a more effective and collaborative diagnosis and management of organisational culture…”

In Organisational Development, the organisations of the industrial age were seen as highly mechanistic systems. These machines evolved to cope with an environment that was, generally speaking, stable and predictable. The organisation as machine exhibited the following characteristics [37],
· A degree of task differentiation and specialisation;

· Reliance on hierarchy to co-ordinate tasks;

· The tendency for top management to regulate and control the flow of information through the organisation;

· An emphasis on vertical interactions;

· Insistence on loyalty to the organisation and top management;

· High value placed on internal, (local), knowledge, experience and skill;

· One-to-one leadership style.
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Figure 4: Management in a mechanistic system

The metaphor of “organisation as machine” clearly has limited relevance to smart organisations in the digital age, where the economic environment is constantly shifting. Perhaps a more appropriate metaphor would be to view organisations as organic systems. In contrast, the organisation as organism is characterised by the following,

· A continuous reassessment of tasks and assignments through interaction with others;

· A network of authority, control and communication based on expertise and commitment to the overall task rather than on hierarchical roles;

· Tendency for communications to be much more extensive and open;

· Communication style and pattern that is both lateral and diagonal as well as vertical;

· Greater emphasis on commitment to the organisation’s tasks, progress and growth than on obedience and loyalty;

· High value placed on expertise relevant to the technological and commercial milieu of the organisation;

· Leadership style with emphasis on consultation, interpersonal and group processes.
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Figure 5: Management in an organic system

Whilst this view of organisations as living organisms does seem more appropriate to the nature of the smart organisation, it fails to illustrate the fact that in a networked economy, the roles of “superior” and “subordinate” are becoming somewhat blurred.

In the networked economy, businesses are communities not properties, [38]. Communities of partners, or associates, who share a vested interest and common purpose. The smart organisation recognises the value of partner contribution and uses it for the good of the community. The smart organisation, unlike its counterpart during the industrial age, does not seek to control its environment but recognises that any such attempt would at best, fail, and at worst, stifle the creativity and imagination necessary to support innovation. In the digital economy, all markets are global and participants are free to focus and re-focus their commitment as they see fit.

Communities are a set of relationships, a shared asset, created by the investment of its members, [39]. They depend on human interaction, individuals sharing information and experience, something that is only possible where there is a high level of trust. The smart organisation realises that trust is a key issue in determining the success of relationships in the digital economy and seeks to prove it, in the way it interacts.

3.3 Smart Resources

In the digital economy, the foundation for value creation is no longer primarily focused on tangible assets. Unlike the traditional organisation, a machine of the industrial age where value creation was largely derived from investment in tangibles such as plant and machinery, smart organisations leverage the power of smart resources to identify and develop new opportunities. Information technology offers two capabilities. Firstly, like new plant and machinery, it allows an organisation to manage and control business processes more efficiently, but more crucially, it allows the organisation to achieve a greater level of understanding of the fundamental basis for success. But that is only part of the picture. A key driver in the evolution towards the digital economy has been the coming together of information and communication technologies. For the smart organisation, traditional obstacles to information sharing, such as functional boundaries, and geographical location, are no more relevant. Like a delicate organism adapting to its environment, the smart organisation is adapting dynamically to new market constellations and changing customer preferences.

A core characteristic is the growing reliance on intangible, or smart, resources as a means of creating value. They have both the capability to co-ordinate the flow of information so that the right information is accessible to those who need it, but also the capability to share resulting knowledge and use it effectively. In this way, successful organisations in the digital economy will be those that consistently create new knowledge, disseminate it widely among their stakeholders, and quickly embody it in new technologies and products. In other words, smart organisations leverage smart resources, to innovate.
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Figure 6: Organisational knowledge creation

The initial challenge in moving towards the smart organisation is that, to leverage the power of knowledge, one must know where to find it and once found, know what to do with it. Knowledge can be either explicit or tacit [40], [41]. In the case of the former, knowledge is formal and systematic and thus easy to capture, store and communicate. Tacit knowledge on the other hand is personal, a combination of experience and intuition, and as such, the organisation’s ability to capture and communicate it is heavily dependent on the individual owner’s commitment to the organisation and to its need to generate value from it. In this sense, a great deal of trust and loyalty between the individual and the organisation is necessary.

To leverage organisational knowledge including its tacit dimension Nonaka and Takeuchi [41] suggest the process illustrated in fig. 6. It contains four steps,

Socialisation. The initial stage in the process begins with the transfer of an individual’s knowledge, both tacit and explicit, to another. This happens when individual A observes and imitates individual B’s actions. Tacit knowledge is transferred.  

Externalisation. Individual B translates what has been learned into a form, which can be communicated to others in the team. Tacit knowledge is made explicit.

Combination. The team assimilates and codifies this knowledge by incorporating it into a new product or a standard procedure. Tacit knowledge becomes accessible to others within the organisation.

Internalisation.  The experience gained, expands the tacit knowledge base of those who use what has been learned and the organisation moves to a higher level on the learning curve.

The organisation’s resources are smart because they can be leveraged to generate innovation. Managing knowledge is a core competence among smart organisations. They consider it as an asset. Stewart [42] uses the term "intellectual capital" to denote the collective brainpower that comes in the form of knowledge, information, intellectual property, experience. In the digital economy knowledge becomes the primary raw material and result of economic activity. Intellectual capital may be in three distinct forms, i.e. as, 

Human capital, that can leverage organisational competence (through knowledge sharing and the existence of efficient learning cultures within the organisation);

Structural capital, which is inherent in an organisation but needs to be assembled, packaged, promoted, and distributed within it;

Customer capital. Smart organisations treat the customer as partner and capitalise on the wealth of  customer knowledge in the digital economy by means of trust-enabled relationships with customers as co-creators for new products and business.

The importance of relationships is another crucial factor. Whereas increased productivity was the “raison d’être” in the industrial age, in the digital age, where information is in abundance, building relationships, and networks to facilitate them, is a key factor for success. Connectivity breeds relationships. In the networked economy, where everything and everyone is, or can be, connected, relationships are a powerful source of value creation. In the industrial economy, relationships were limited in scope and important only in so far as they contributed to increased productivity. With ubiquitous network technologies there is little limitation to the nature and scope of relationships. 

When relationships are fostered via networks, roles become blurred. As Alvin Toffler illustrates [43], the distinction between producer and consumer diminishes as consumers begin to play an important role, i.e. in product development. The smart organisation focuses not on mass production but on mass customisation (fig. 7). For the smart organisation, customers, suppliers, shareholders, regulators, (and even competitors), are all stakeholders, making a meaningful and positive contribution to achieving its vision.

3.4 Smart Networking 

Most organisations are not designed, they grow. As already mentioned above, there are several studies which draw on biological analogies to describe organisation phenomena. But not all organisations adapt equally well to the environment within which they grow. Many, like dinosaurs of great size but with little brain, remain unchanged in a changing world. In the digital economy the law of survival of the fittest will evidence its relevance to organisations as it does in the biological domain.

Charles Handy [44] remarks that the old understanding of alliances with suppliers, consultants, retailers and agents is changing into new types, i.e. stakeholder alliances with suppliers, customers and employees, as well as alliances with competitors. As no organisation today can afford to remain an "island entire unto itself", every organisation is a network of other organisations. No discussion of structure can therefore rest content with the inside of the organisation.

Newly proposed organisational metaphors include terms like adhocracy
 [45], cluster organisation
 [46], network organisation
 [47], [48], and organisational marketplace
 [49]. All these new concepts share certain common characteristics, like flatter hierarchies, dynamic structures, empowerment of individuals, high esteem of individuals' capabilities, intellect and knowledge. Although they gain importance in the network economy, they cannot be considered a panacea to cure all management ills.

Fig. 7 illustrates the evolution from the stable, rigid and hierarchical organisations of the industrial age towards the flexible ("smart") organisations of the digital age. But how does the smart organisation look like in terms of organisational design? 

[image: image7.wmf]RESOURCES

customer driven

service-enhanced

customisation

supplier driven

mass production

tangible

scarce

intangible

abundant

Traditional

Organisations

VALUE

Virtual

Organisations

Smart

Organisations

internetworked

,

knowledge-driven,

agile

extended, 

flat, flexible

monolithic, vertically

integrated, rigid


Figure 7: The evolution of smart organisations

Despite the proposed new models, the basic duality between bureaucracy/hierarchy and network/task force structures remains. Nonaka and Takeuchi argue that while for most of the 20th century, organisational structure has oscillated between these two basic types, what is necessary for knowledge-driven organisations today is a smart combination of both. They propose the concept of the hyperlinked organisation
, that is able to maximise corporate-level (hierarchical) efficiency as well as local flexibility (networking) as it grows in scale and complexity. Like a hypertext document, the hyperlinked organisation is made of interconnected layers or contexts, i.e. the business system, the project teams and the (corporate) knowledge base. Its key characteristic is the capability to shift contexts. The bureaucratic structure efficiently implements, exploits, and accumulates new knowledge through internalisation and combination (fig. 6). The project teams generate (via externalisation) conceptual and (via socialisation) sympathised knowledge. The efficiency and stability of the bureaucracy is combined in this model with the effectiveness and dynamism of the task force or project team. Moreover, they add another context, the knowledge base, which serves as a "clearinghouse" for the new knowledge generated in the business system and the project team contexts. In addition to that, the hyperlinked organisation has the organisational capability to convert knowledge from outside the organisation by being an open system that features also continuous and dynamic knowledge interaction with partners outside the organisation [41].

3.5 Smart Competencies

For most business organisations, large and small, strategic partnerships have become central to competitive success in fast changing global markets. As many of the skills and resources essential to a company's future prosperity lie outside the firm's boundaries, and outside management's direct control, strategic partnerships are not an option any more but a necessity. Smart organisations today have the ability to conceive, shape and sustain a wide variety of strategic partnerships. Hence the challenge: the "capacity to collaborate" needs to become a core competence of the organisation [50]. 
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Figure 8: Internetworked organisational and collaborative models

Organisations involved in partnerships are held together because of perceived mutual benefits. Value-adding partnerships provide organisations with the flexibility and opportunities for innovation, through a synergistic combination of previously separate resources, positions, skills and knowledge sources. Partners benefit also through learning and internalising of new skills, in particular those which are tacit, collective, and embedded and thus hard to access by other means. Finally, partnerships turn competitors into allies and providers of the complementary goods and services that allow new businesses to develop.

There is a variety of strategic goals that organisations may pursue by entering into co-operation with others, such as, 

Resource optimisation. Sharing investment with regard to infrastructure, R&D, market knowledge, etc. and the sharing of risks;

Synergy creation by linking complementary competencies (i.e. to offer customers a solution rather than a mere product or service);

Achieve critical mass in terms of capital investment, shared markets and customers;

Increase benefits. Achieve shorter time-to-market, higher quality, with less investment.

Organisational teaming is a process through which organisations arrange their capabilities in a flexible way by building upon their ability to define and re-define multiple cross-functional and inter-organisational (virtual) teams as needed. It involves a variety of managerial practices and organisational forms that enhance and maintain collaboration on the basis of collaborative business practices, concurrent engineering technologies, and team-building methodologies. 

4 Conclusions

In this paper we tried to draw a descriptive picture for the emerging organisational paradigm under the name "smart organisation" which in essence is a collection of proposed models, ideas and concepts which are relevant and of growing importance in the new economic framework that is being shaped by Information Society technologies. Many of its features are not yet evident, but we believe strongly that organisations in future will have to be smart in various respects. The unprecedented opportunities offered by Information Society for individuals to relate with one another, work, and do business in a digital environment will change the ways organisations relate to each other and to the individuals that are key to their core competencies, the basis of their new "raison d'être". As technology is moving into invisibility, by becoming user-intuitive, though indispensable, a similar evolution may be expected for organisations in the digital economy. These will undoubtedly be there, but they will become invisible, smart though, and ubiquitous, but focused on the individual and his well-being.

5 References

[1] Ouzounis, V.K. (2000), Emerging Technologies, Standards and Trends for Virtual Enterprises, Report to the European Commission, Information Society Directorate-General, C2.

[2] Gibon, P., Clavier, J.-F., Loison, S., (1999), Support for Electronic Data Interchange, in: [4], pp. 187-208.

[3] Camarinha-Matos, L.M., Afsarmanesh, H. (1999), The Virtual Enterprise Concept, in: [4], pp. 3-30.

[4] Camarinha-Matos, L. M., Afsarmanesh, H., (eds) (1999),  Infrastructures for Virtual Enterrises. Networking Industrial Enterprises. IFIP TC5 WG5.3 / PRODNET Working Conference for Virtual Enterprises (PRO-VE'99), Porto, Portugal, 27-28 October 1999, Boston: Kluwer Academic Publishers

[5] XML/EDI - the e-Business Framework, http:/www.geocities.com/WallStreet/Floor/ 5815/; Electronic Commerce Interest Group XML/EDI - EDIFACT, http://www.w3.org/ECommerce/Overview-xmledifact
[6] Till, R. (1998), Electronic Commerce: Business Opportunities and Case Studies, in: [7] pp. 237-244.

[7] Timmers, P., Stanford-Smith, B., Kidd, P.T., (eds.) (1998), Electronic Commerce: Opening Up New Opportunities for Business, Macclesfield: Cheshire Henbury.

[8] Considerable work is done in the US by the international industry/government consortium PDES, Inc., http://pdesinc.scra.org/, and in Europe via ProSTEP association, 

http://www.prostep.de/english/e_ev_rahens.html
[9] PDM Enablers White Paper to the OMG in Response to OMG Manufacturing Domain Task Force RFP1 Joint Submission, http://www.omg.org/docs/mfg/97-09-01.doc/
[10] VO-Net is focused on theoretical and empirical research related to Virtual Organisations, Virtual Teams, Network Organisation and Electronic Commerce; http://www.virtual-organization.net/
[11] Journal of Computer-mediated Communication, http://jcmc.huji.ac.il/, in particular volume 3, issue 4, http://jcmc.huji.ac.il/vol3/issue4/
[12] An overview of finished and ongoing IST projects is available at http://www.ispo.cec.be/serist/
[13] Information Society Technologies (IST) Programme, Workprogramme 2000, European Commission, DG Information Society, Brussels, http://www.cordis.lu/ist/
[14] Moniz, A.B., Urze, P. (1999), Socio-organisational Requirements for a VE, in: [4], pp. 77-94.

[15] Damoradan, L., Hansen, J.R., Hassan, T.M., Olphert, C.W. (1999), Impact of Large Scale Engineering Products and Processes on Society – The ELSEWISE View, in: [28], pp. 63-70.

[16] Julia-Barcelo, R. (1998), Proposal for a Directive Establishing a Common Framework for Electronic Signatures: An Overview, in: [7], pp. 63-70.

[17] Meinköhn, F. (1998), Electronic Trade of Intangible Commodities: A Technological and Legal Challenge, in: [7], pp. 82-86.

[18] Banahan, E., Banti, M. (1999), Report on Workshop on Legal Aspects of Virtual Organisations, Brussels, 30 November 1999, http://www.ispo.cec.be/serist/


[19] Fan, I.-S., Filos, E. (1999), Concurrent Engineering: Esprit-supported R&D Projects in a World-wide Context, in: [29], pp. 177-189.

[20] Advanced Communications Technologies and Services Programme website, http://www.uk.infowin.org/ACTS/
[21] Telematics Applications Programme website, http://www2.echo.lu/telematics/
[22] European Strategic Programme for Research in Information Technologies (Esprit), (1997), Building the Information Society, Workprogramme 1997, European Commission, DG III - Industry, Brussels, http://www.cordis.lu/esprit/
[23] Esprit (1989), The Review of ESPRIT 1984-1988. The Report of the ESPRIT Review Board, European Commission, DG XIII - Telecommunications, Information Industries and Innovation, Brussels.

[24] Intelligent Manufacturing Systems Initiative (IMS), http://www.ims.org/
[25] Filos, E., Ouzounis, V.K. (2000), Virtual Organisations. Technologies, Trends, Standards and the Contribution of the European RTD Programmes, International Journal of Computer Applications in Technology, Special Issue: “Applications in Industry of Product and Process Modelling Using Standards”, forthcoming.

[26] Advanced Information Technology (AIT), http://www.ait.org.uk/
[27] Mitrovic, D., Hunter, I. Male, S. (1999), Characteristics of Networked Enterprise in Global Construction, in: [29] pp. 447-454.

[28] McCaffer, R., Garas, F. (eds) (1999), eLSEwise: European Large Scale Engineering Wide Integration Support Effort, Engineering Construction and Architectural Management, Special Issue, 6 (1), ISSN 0969 9988. 

[29] Wognum, N., Thoben, K.-D., Pawar, K. S. (1999), Proceedings of ICE’99, International Conference on Concurrent Enterprising, The Hague, The Netherlands, 15-17 March 1999, Nottingham: University of Nottingham, ISBN 0 9519759 86.

[30] Jardim-Gonçalves, R., Sousa, P.C., Pimentão, J.P., Steiger-Garcão, A. (1999), Furniture Commerce Electronically Assisted by Way of a Standard-based Integrated Environment, in: [29], pp. 129-136.

[31] Ducroux, F. (1999), The IT Integration Supporting the Extended Enterprise, in [29], pp. 137-145.

[32] Competitive and Sustainable Growth (GROWTH) Programme, Workprogramme 2000, European Commission, DG Research, Brussels, http://www.cordis.lu/growth/
[33] Kelly, K. (1998), New Rules for the New Economy, London: Fourth Estate.

[34] Goldman, S.L., Nagel, R.N., Preiss, K. (1995), Agile Competitors and Virtual Organizations. Strategies for Enriching the Customer, New York: Van Nostrand Reinhold.

[35] Kalakota, R. (1998), Joined at the Bit. The Emergence of the E-Business Community, in: Tapscott, D., Lowy, A., Ticoll, D. (eds) (1998). Blueprint to the Digital Economy. Creating Wealth in the Era of E-Business, New York: McGraw Hill.

[36] French, W.L., Bell, C.H. (1990), Organisational Development, New York: Prentice-Hall

[37] Burns T., Stalker, G. (1961), The Management of Innovation, London: Tavistock Institute.

[38] Handy, C. (1997), The Hungry Spirit, London: Hutchinson.

[39] Dyson, E. (1998), Release 2.1. A Design for Living in the Digital Age, London: Penguin Books.

[40] Polanyi, M. (1966), The Tacit Dimension, London: Routledge & Kegan Paul.

[41] Nonaka, I., Takeuchi, H. (1995), The Knowledge-Creating Company. How Japanese Companies Create the Dynamics of Innovation, New York: Oxford University Press.

[42] Stewart, T.A. (1998), Intellectual Capital. The Wealth of Organisations, London: Nicholas Brealey.

[43] Toffler, A. (1981), The Third Wave, London: Pan Books.

[44] Handy, C. (1999), Understanding Organizations, 4th edition, London: Penguin.

[45] Mintzberg, H. (1980), Mintzberg on Management: Inside our Strange World of Organisations, New York: The Free Press.

[46] Mills, D.Q. (1991), Rebirth of the Corporation, New York: John Wiley & Sons.

[47] Imai, K., Itami, H. (1984), Interpenetration of Organization and Market, International Journal of Industrial Organization, no. 2: pp. 285-310.

[48] Foy, N. (1980), The Ying and Yang of Organizations, Grant McIntyre.

[49] Williamson, O.E. (1975), Markets and Hierarchies. Analysis and Anti-Trust Implications, New York: The Free Press.

[50] Doz, Y.L., Hamel, G. (1998), Alliance Advantage. The Art of Creating Value through Partnering, Boston: Harvard Business School Press.



















































































































































































































( The views expressed in this paper are those of the authors only and do not necessarily reflect the position of their respective organisations





� Object Management Group, OMG, � HYPERLINK http://www.omg.org/ ��http://www.omg.org/�


� Extended Mark-up Language, XML, � HYPERLINK http://www.xml.org/ ��http://www.xml.org/�


� Simple Workflow Access Protocol, SWAP, � HYPERLINK http://www.omg.org/ ��http://www.ietf.org/internet-drafts/draft-swenson-swap-prot-00.txt/�


� Simple Object Access Protocol, SOAP, � HYPERLINK http://msdn.microsoft.com/xml/general/soap_v09.asp ��http://msdn.microsoft.com/xml/general/soap_v09.asp�


� Java Framework, JMS, EJBs, Servlets, JSP, Java 2, � HYPERLINK http://www.omg.org/ ��http://java.sun.com/products/�


� Foundation for Intelligent Physical Agents, FIPA, � HYPERLINK http://www.wfmc.org/ ��http://www.fipa.org/�


� Workflow Management Coalition, WfMC, � HYPERLINK http://www.wfmc.org/ ��http://www.wfmc.org/�


� in the 1999 workprogramme of IST [13]


� Alvin Toffler's word, built on theoretically by H. Mintzberg [45], to being a challenging array of projects, task groups, committees and experts 


� D. Quinn Mills [46] sees the effective organisation being made up of large number of self-contained "clusters" which may be called projects, business units, task forces etc., co-ordinated by a central cluster which administers the business as a whole


� which operates essentially without, or with only minimal, formal authority or "order giving" hierarchies [47] and is crucial to organisational success as its effectiveness is inversely proportional to its formality [48]. It needs a spider [46], not a chairman; a list of members, not a set of by-laws; groups,  not committees; phone numbers rather than buildings


� the internal market organisation that internalises the market mechanism as a transition from hierarchy [49]


� They call it in fact the "hypertext organisation"
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