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Abstract:
One of the dominant changes in manufacturing industry is the transformation of companies from a vertical integrated business towards a new generation of network mainly collaborated by customer-solution integrators and specialised manufacturing service providers.  This paper seeks to gain a better understanding of the practical background and theoretical issues behind the emerging phenomenon.  During the last three years, more than thirty companies - based in the electronics, bio-pharmaceuticals, garment, and aerospace industries - have been studied in the UK and China.  Based on the case studies, the paper proposes a conceptualisation for the Global Manufacturing Virtual Network (GMVN) and compares it with other alternative manufacturing systems.  It suggests that GMVN has many distinguished characteristics and therefore can be one of the most hopeful manufacturing configurations based on the cyber space and collaborative infrastructure for the future in which dramatic changes and market individualisation become a normal life..
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The manufacturing systems employed by companies – and the environment in which they operate – have been fundamentally changed by globalisation and collaboration. The global manufacturing virtual network (GMVN) was proposed in 2000 (Li, et al 2000) as a new model for these manufacturing systems and environments emerging in response to the driving forces. This model is distinct from established manufacturing models such as classical vertical-integration, inter-firm strategic alliances, and commodity-oriented free markets.  This paper seeks to analyses main characteristics and implications of GMVN.
Evolution of Manufacturing Systems

The Manufacturing system has evolved from the traditional input-output transformation model into a network-based relationship (Flaherty, 1986; Ferdows, 1997; Shi and Gregory, 1998). The transformation has changed views of manufacturing functions and effectiveness from an orientation of product-based competitive advantage towards a concept of developing strategic network capability and creating higher value through collaborations.

Manufacturing internationalisation used to be recognised as a process of the internalisation of business activities (Rugman, 1980). However, in almost every sector there is now a clear trend in which MNCs, whilst still expanding their operations geographically, are externalising operations by downsizing, outsourcing their non-core business tasks and establishing inter-firm collaborations (Lamming et al, 2000).  It is now generally accepted that, while a company may only own a very small portion of a supply chain, it may, through the retention of strategic resources, nevertheless be able to co-ordinate and integrate the entire chain to ensure competitive products are delivered to its target market.

There are at least three streams of supply network studies roughly representing major characteristics in the area.  All of them raise the same serious challenge to the traditional concept of the firm, especially in the field of ownership and control of resources.  The first stream can be traced back to the traditional inventory models and control mechanisms, which were used to streamline production flows between production stations or workshops.  The second stream of supply network research is quite different, it stems from not only studies in strategic management and organisational behaviour of collaboration and value creation, but also from recent business practices such as outsourcing and focus on core competencies. The industry dynamics (outsourcing, specialisation and collaboration) enable another type of supply network; this no longer simply supports an existing product family but is also able to support new value propositions and new strategic positions in the supply- or value-network (Bovet and Martha, 2000; Doz and Hamel, 1998).  The third stream comes from clustering studies (Piroe and Sabel, 1984, Keeble, 1998; Porter, 1998; Teece et al 2001).  This does not directly link with supply network management, but it does expose many critical characteristics of the networked system, for example the cluster’s contribution to innovation and competition with vertically integrated companies.  

Figure 1 shows the two basic trends in the development of manufacturing systems (interna-tionalisation and externalisation).  This suggests three areas for extending research into developments in manufacturing systems. The first concentrates simply on internationalisation and hence will primarily be concerned with internationally dispersed intra-firm plant networks.  The second focuses solely on externalisation and will be concerned with the devolved supply chain in which manufacturing operations are dispersed through an inter-firm collaborative network.  The third is concerned with both trends together and suggests the need for manufacturing networks which combine the characteristics both of those mentioned above, ie international and inter-firm networks in which manufacturing operations are dispersed geographically and by ownership.  Such networks require a new operational environment to allow manufacturing system to access, optimise and deploy strategic resources. Unfortunately, this third area - internationalisation and externalisation (top-right grid in the Figure 1) requirements has not been explored.  The global manufacturing virtual network (GMVN) concept was proposed in order to explore the potential for the generation of new manufacturing architectures in this context.  

A Research Review of GMVN Study

Figure 2 introduces the main components of the GMVN research.  The GMVN project seeks to tackle three aspects: the characteristics of GMVN as a system; the GMVN environment; and GMVN support infrastructure.  
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As the key issue of the research is to understand the GMVN as an emerging system a methodology based on case study observation has been adopted by the research team.  In the first stage of the project, individual companies in possible GMVN sectors have been interviewed in order to understand their evolution paths and to identify specific GMVN leads.  During the last three years, more than thirty companies - based in the electronics, bio-pharmaceuticals, garment, and aerospace industries - have been studied in the UK and China.  In the second research stage, the research priority shifted from pure company-based case studies to studies balanced more equally on the firm and sector levels.  In the third stage of the project, GMVN network observations (ie of multiple companies collaborating in the same GMVN) will be conducted in order to explore detailed decision processes, collaboration mechanisms and changes in interactive relationships.  Currently, the GMVN based case studies are still being studied.  This paper therefore is mainly to report some interesting findings from the first and second stages of research work.

Industry Observations of GMVN

This section briefly presents four industrial cases in order to demonstrate the fundamental changes in manufacturing crossing many sectors.  The four cases are in different research stages; the material for the first case has been drawn from industry interviews within the supply network and from secondary research, but as yet no primary research has been conducted yet within the principal companies; it is included as it potentially offers considerable insight into the evolving nature of GMVN. The reasons for choosing these cases are to illustrate the popularity and characteristics of GMVN in industry.
Case 1: Software programmer “manufactures” video game consoles 

The world largest software company has involved in the gaming business for some time.  It holds a dominant position in the $1.4 billion PC-game market, especially in the on-line game sector.  Owing to its background as a software company, it had not become involved with the video game console business before 1999.  The case company felt particularly nervous when it predicted that the potential Japanese competitors would soon provide accessibility to the internet in their game consoles and so penetrate its dominant arena.  To respond to the potential competition proactively, it claimed it would introduce its own video game consoles with superior functionality.

Although the case company is very rich, it is never easy for a new-comer, especially one without any hardware production experience and or production capacity, to penetrate an already crowded market.  Mapping the video game supply network, a software company could potentially find its position in the network by providing game programs or even entertainment design-see Figure 3.  In contrast it would be very difficult to establish its own manufacturing capability for a console containing more than 3,000 components in order to  compete head to head against the established giants like Nintendo and SONY. In the early 1990s SONY spent more than four years to building up its capacity to launch its PlayStation console having started from a joint venture with Nintendo.  To win the game, the case company realised that it had to find a new way to build up its capability in order to reduce the time to the market, the costs to final customers, and the risks to itself.  Collaboration seemed to be the only way.

Outstanding functionality was, of course, critical for its new product.  Some strategic components (Figure 4) were tailored to its unique requirements to ensure its console’s superiority.  However, acquiring these components was not really the challenge in delivering the finished goods in a very short time and at an affordable price to its customers world-wide.  By contrast manufacturing and logistics for the 3,000 components were difficult issues for a software company.  The case company initially contacted Gateway and Dell, but was not satisfied, mainly because these companies rarely make anything either.  It then quickly focused its search on the electronics manufacturing service (EMS) providers, to find manufacturing and logistics solutions.

The emergence of EMS is a result of the re-structuring the electronics manufacturing industry.  Most of the traditional vertically-integrated companies or original equipment manufacturers (OEMs), like IBM, Philips, and Sony, have been strategically outsourcing their manufacturing operations by de-merging manufacturing activities and re-focusing on total customer solutions and related R&D, as well as on new technology and marketing.  Outsourced manufacturing from OEMs formed the nucleus for the new group – EMS providers.  They offer a radically wider scope of manufacturing service to OEMs compared to the more traditional “board stuffers”. These fast-growing EMSs have become global players with sales in excess of £10bn.  Top players include Flextronics, Solectron, Celestica, and SCI Systems; at the other end, there are more than three thousands local players clustering in Asia, Northern America and Europe.

EMS providers may start from the relatively narrow scope of manufacturing services, such as in printed-circuit boarder (PCB) assembly or manufacturing engineering development, but then move on to become very aggressively involved in the whole manufacturing chain and then even beyond that towards after-sales service.  “EMS providers are working to offer a complete cradle-to-grave manufacturing solution” (Miscioscia, 2001).  Nowadays, CEMs can promise to an OEM that “you bring us an idea, we’ll manufacture the entire product and ship it directly to your customer” (Labowitz and White, 2001).  A new network between OEM, EMS, designers, component suppliers and distributors are emerging, at the same time, with very dynamic features.

The case company chose one of the leading EMS providers- subcontracting not only all manufacturing tasks from PCB assembly, final assembly, testing and packaging but also most logistics coordination work to it.  The case company holds only some strategic commodities including Intel CPU and Nvidia Graphics chips.  As the chosen EMS has widely dispersed manufacturing facilities, the case company believed it could both satisfy the requirement for rapid ramp-up of volume and serve the world market.  Indeed, with the EMS and the collaborative network support, it lunched its video game console in late 2001, in only half of the time of its competitor’s first trial. 
Case 2: Bio-business is about outsourcing everything except control

The pharmaceuticals industry is unique featuring strong regulation and very expensive R&D.  Every new drug development has to pass through the strictly monitored and time-consuming “pipeline” including pre-clinical trial, three phases of clinical trials and regula-tory approval stages, which usually costs about $500 million and takes more than 10 years.  

Another strange phenomenon in pharmaceutical industry seems to be that, whilst rich giant pharmaceuticals have less innovative power, many innovative ideas spin-off from research institutions, which lack investment funds for incubation and further development.  Multinational pharmaceutical companies usually spend a large proportion of R&D money in the later stage of development in order to reduce risk and this reduces their enthusiasm for expenditure in early stage of exploration and discovery.  However, in the last twenty years breakthroughs in bio-sciences and technology have generated enormous potential for new drugs and treatments for various types of diseases, but funding for development is restricted.  This gap highlights not only new commercial opportunities but also the need for a new business model such as that developed by the case company over the past 8 years

This drug development company was set by a few venture capitalists to tackle significant unmet medical needs and thus create substantial market opportunities and it initially focused on “modern” diseases such as obesity.  Unlike typical start-up companies spun-off from research in Cambridge, it was very good at attracting money, but not- at first- very strong at product development. After two years of trying to fill its pipeline, a very experienced CEO working in a giant UK pharmaceutical was recruited to decide its new product portfolio and to boost the company’s development pipeline. Thanks to his deep understanding on big pharmaceutical companies’ behaviours and drug development, the company very quickly identified another promising disease area- gastrointestinal disorders. 

In the current medical treatment on gastrointestinal disorders including irritable bowel syndrome, inflammatory bowel disease and mucositis, drugs are usually ineffective and cause aside effects, because the drugs cannot be delivered to the disease area.  The company identified and in-licensed a unique delivery technology, which caused drugs to be absorbed in only in the colon, and integrated this with several colonic drug leads from another company to formulate a series of new drugs targeting gastrointestinal disorders.  As a result the company has established a unique position and reputation and now takes more advantage of its specially delivery system by out-licensing it to other colonic disease drug development companies.

Having a clever idea for product and positioning is not sufficient; for all start-ups, it is critical to organise the necessary resources, directly or virtually, to be able to implement strategy.  Because of the CEO and core founders’ strong belief that small entrepreneurial companies are better at innovation,  they adopted a policy of “outsourcing everything except control” rather than building their own innovation capabilities.  The company’s strategy is not to be involved too much in the early stage of research work but to license-in “existing drug candidates or products which are at least at a lead-compound stage in discovery”.  Since trials typically consume rapidly increasing resources as the product is developed, the company’s business concept is to develop the candidates, or products by conducting only pre-clinical trials and then to license them out,; however in some cases it is necessary to take them to phase I, II or even III clinical trials before passing the products down the chain.  This development-phase focus helps the company concentrate its core competence on controllable arenas and dedicate its professional service to them.

Given that even pre-clinical trials consume large amounts of time and money, how can this company of less than 20 people sustain the huge resource requirements?  The company’s outsourcing policy enables it to play a very successful role in its virtual operations.  In the bio-technology sector, as in the electronics industry, professional service companies are emerging e.g. contractual research organisations (CROs), contractual manufacturing organisation (CMOs), and even contractual sales organisations (CSOs).  Because of this emerging innovation infrastructure, bio start-up companies like the case company are now able to manage their virtual drug development pipelines and achieve their ambitious goals – using other company’s resources to achieve their own objectives.  The case company has no laboratory, but can still conduct various types of experiments from animal model constructions and testing to toxicology experiments and analysis.  It has no facilities, but can still provide sufficient samples for healthy-group trials and patient trials.  It does not even have any scientific researchers, but can still carry-out very strictly controlled research and experimental work.  

What the company really has are its strong network connectivity, project management capabilities, and deep knowledge of drug R&D processes including experimental design, proper partner selection, regulatory procedure expertise and effective cost-control mechanisms.  Last year, the company invested a net total of £37.7 million of shareholders' funds in developing its product opportunities.  Because of its good project control ability, the investment in research and development makes up 89% of the total operating costs, this is not only a record for the company but also is a remarkable achievement compared with the industry standard.
Case 3: Leisure garments made by virtual manufacturing 

Like many Chinese entrepreneurs emerging in the early 1980s, the owner of the case 3 company started his garment manufacturing business in a very modest way, but vertically-integrated way – designing, processing and selling all kinds of clothes from suits, jackets to windbreakers.  In 1992, with the popularity of windbreakers and jackets and serious shortage in production capacity, he rented a factory and ramped-up large volume production for seasonal products.  In just that year, he made a fortune and achieved sales of £0.5 million.  More importantly, he quickly realised that he could achieve much faster growth by subcontracting his production to established contractual manufacturers, whilst at the same time developing its own brand name and control selling and distribution in the Chinese domestic market.  Based on these rough ideas, he registered a new company 1n 1994 with £300,000 capital and started his virtual manufacturing adventure.

This company was based in southern east part of China near Shanghai.  It lacked the financial resources to develop its production capacity, but it found that the Pearl River Delta (PRD) region had a very mature group of manufacturing resources, which were very for orders.  It decided to subcontract its production tasks to these contract manufacturers in the PRD region.  It was very challenging work.  Firstly, it needed to have a “breakthrough mindset”.  Traditional Chinese manufacturing industry was so self-reliant and fully vertically -integrated.  Doing manufacturing business without manufacturing capacity was unthinkable for both internal- and external stakeholders.  Secondly, trans-regional integration and co-ordination were also very difficult.  Especially in the early stage, the case company did not have the technology and experience to run this type of virtual network; everything depended upon its entrepreneurial spirit and a good co-operation within the core team .  Thirdly, when the company reviewed its seven years path of virtual manufacturing, it found that it would not have been able to reach its current stage in such short period and with very limited financial resources had it followed the traditional organic development route or pursued a vertical-integration model.  The virtual manufacturing model also helped the company achieve lower operating costs and high flexibility to coping with radically changing fashion and leisure garment markets.

Within only 7 years, the company achieved a net capital £15.4 million, sales more that ten million units, and a turnover £77 million in 2001- based on its network of over 70 contract manufacturers and a nation-wide distribution chain with over 600 stores

Case 4: Microwaves at half of your current cost, if …

The Case 4 Company is a Chinese microwave stove manufacturer.  Its brand name may not be recognisable in the international market, but its actual market share had reached more than 35% in the world market and in excess 75% in Chinese domestic market in 2001.  This company, like case 3, grew very quickly. It started its microwave business only in 1991 and took only four years become the No. 1 in China and another three years to become the No.1 in the world.  Table 1 summarises the key milestones of its development.
The company established its vertically-integrated manufacturing system for the Chinese domestic market, but its strategies for penetrating the international market and for positioning its self in the global supply network are unique.  Leveraging its cheaper labour advantages and the demands for outsourcing from western countries, the company decided to attract more international orders and at the same time to build up its production capacity with more advanced western technology.  In the late 1990s, the company adopted a policy to offer international microwave companies finished microwave goods to their exact standards but at only half of their current ex-works cost.  The condition of the deal was the western companies “gave up” their production facilities which were moved to the case 4 company.  They applied this strategy very successfully - not only with western companies but also with Japanese or even South Korean companies. The CEO of the company summarised the essence of the strategy is that “many European companies used their facility for only six hours per day and four days per week, which was not at all efficient.  When the facilities were relocated to our factory, we could complete their week’s demand in on day and then use their facilities for our own products.… This is our virtual manufacturing strategy to engage with the global value chain by using our comparative advantages.”  From the domestic market perspective, the case company is a normal classical firm; but it exploits its existing resources and offers them to the global supply network.  It pushes very aggressively into existing value chains to and accepts co-ordination of OEMs to secure its position.  It plays the fixed cost game (Ohmae, 1989) by offering a contract manufacturing service to OEMs. 

Table 2: The Key Milestone of the Case 4 Company Development
	1978
	Ten people started a company in Shunde, PRD region, producing down clothes
	1995
	Became No.1 brand in China with 250,000 sales units when Whirlpool acquired Xianhua

	1979
	Sales reached 468,000 RMB
	1996
	Chinese domestic market share reached 50%

	1991
	Sales reached 100 million RMB
	1997
	Overtook Samsung; set up R&D centre in US

	1991
	Decided to sell all down businesses and to make microwave oven for higher value
	1998
	Largest microwave producer in the world with 4.5 million units; held 74% CHN market

	1992
	Introduced Matsushita production technology
	1999
	Attracting MNCs’ orders by offering half cost 

	1993
	Produced 10,000 microwave ovens as an experiment for Chinese domestic market
	2001
	Cloning its successful microwave oven experiences into other strategic business


Discussion of GMVN

The above cases from four different industries illustrate some commonalties across industry sectors.  If we construct a matrix of innovation from both market and technology perspectives, each of these cases can be positioned in one of the four cells (Figure 4).  The cases have several implications.  Firstly, manufacturing collaboration- especially when based on the professional contract manufacturing service providers- is a cross-sector activity. It has fundamentally changed manufacturing industries, inter-firm relationships, and the ways in which companies can compete.  Secondly, collaborative manufacturing, or virtual manufacturing, offers some unique advantages, especially in innovation (by encouraging new-comers with radical ideas) and efficiency (by sharing existing fixed costs).  Thirdly many questions remain concerning GMVN including: its nature, the new managerial skills required to control it and its implications for manufacturing management. 

Is GMVN a new manufacturing system, a new manufacturing environment, something in between them or a combination of both?  The cases indicate that two equally important aspects of successful collaborative manufacturing.  One is the collaboration between two or more companies to forms a new, virtually-integrated network to deliver products/services to customers and value to companies.  If successful, these virtual organisations may evolve into international strategic alliances (ISAs) featuring stable, inter-firm relationships and long term commitment between partners (Doz and Hamel, 1998, Child and Faulkner, 2000).  The second aspect is the existence of a latent business network or, environment, in which, as case 2 demonstrated, every company has its unique competence and is eager to collaborate with other companies in order to form a practical supply chain.  The new environment changes company’s behaviours and makes them more open to collaboration.  This second aspect is usually ignored because it is difficult to analyse and rapidly changing, but it is at least as important as the first.   Figure 6 links these two aspects to present a possible process or life cycle for GMVN – from the existence of a collaborative environment; through an innovative initiative by one of the companies; to the virtually integrated network.  This virtual organisation then adapts and evolves in response to competitive pressures and, in doing so, influences the collaborative environment.  The GMVN concept embraces the whole process rather than just some parts of it and gives manufacturing managers a new perspective on their resources and management space.
For the environmental aspect of GMVN, it is critical to understand the emerging collaborative manufacturing contexts.  From the case studies, several key drivers can be identified.  Perhaps the most important is the need for innovation.  Figure 4 demonstrates the more innovative a sector, the more likely it is that a GMVN type of collaboration will be adopted to cope with the changes.  Secondly, as demonstrated by the four cases, collaboration based on GMVN has another main advantage viz higher efficiency.  It achieves this higher efficiency through sharing existing resources and specialisation.  Because fixed costs are shared between firms, economies of scale and scope are achieved more readily than in the vertically-integrated business model.  Thirdly, specialisation and professionalism encourage learning between different roles, diffusion of best practices and continuous improvement, in particular the new EMSs or CROs can learn technologies and skills from their OEMs.  This new manufacturing environment stimulates innovation and avoids the traditional trade-offs between innovation/ flexibility and efficiency.  Of course, willing to participate the network co-operation is not sufficient for success; each player has to be qualified to collaborate.  The complemetarity and the quality of the skills the partners bring to the collaboration are the fundamental to success.


For the collaborative network aspect of GMVN, a focal firm perspective should be adopted to analyse how to better design, operate and improve it.  For a focal firm, either playing a leading role or being co-ordinated by another company, it is critical to understand its new contribution to the management process.  Based on the cases, a focal company needs at least three essential core capabilities: first, the skills for its role in the co-operative venture; second, the desire and demonstrated ability to co-operate; third, skills for orchestrating virtual resources and for working within virtual networks coordinated by other firms.  These are the cornerstones of GMVN.

Although GMVNs have been observed in several industry sectors, more detailed observations are still needed in order to understand the complete GMVN project life cycle. This will enhance understandings about the detailed system, capability and technology for developing practical guidelines.  It is worth noting that identifying GMVN as system is potentially very difficult. The later stage of GMVN,  as it evolves into an international strategic alliance, is much easier to track.  However, it is important to understand the really core parts of GMVN, including the incubation of the collaboration, the procedure of forming the relationship and the later stage of adaptation in GMVN.  This knowledge will be developed from further studies within more GMVN projects.
Conclusion
The GMVN concept was originally a network of inter-firm partnerships - typically of limited life and evolutionary dynamics - between globally distributed and collaborating companies which agree to co-operate to exploit a particular market opportunity via their core competencies and resources. Recent research  suggests the GMVN concept should be extended to include the pre-partnership environment. From this perspective, the GMVN is a new manufacturing environment as well as a new collaborative manufacturing network system and its dynamics and adaptation abilities are critical for development.
The GMVN, as an environment, provides a unique interdependent community for a group of manufacturing companies. In this environment, each company has its own expertise complementing that of the other companies, and is eager to collaborate with them. Recent outsourcing and subcontracting has accelerated and this trend towards this mode of operation, especially in electronics, bio-technology and fast-innovation sectors.
The GMVN, as a manufacturing system, has distinguishing characteristics for business value development.  In its early stages the mission of a GMVN is to enable innovation to be quickly and cheaply transferred into a successful commercial product. But, in the later stages, it may evolve into either a more efficient enterprise (such as an international strategic alliance), or dissolve to allow the component companies to re-enter the original GMVN environment for future collaboration. This new manufacturing system changes the demands on manufacturing companies.
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Figure 2: Global Manufacturing Virtual Networks (GMVN) Project Research Process and Key Deliverables
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Table 1: Key Feature Comparison between Different Game Consoles
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Figure 4. Case sector characteristics 
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Figure 5. GMVN building blocks and life cycle
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Figure 3.  A network for an integrated game company
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