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A Classification and Configurations of International Manufacturing Network
Abstract:  This paper introduces a classification of international manufacturing systems and identifies typical international manufacturing network configurations, based upon an in-depth case study of twenty multinational corporations.  The paper not only focuses on the new definition and architecture of manufacturing system but also addresses the typology process and its result – configuration – of international manufacturing networks.  It argues that typology is a fundamental analysis approach for understanding complex systems and provide a novel insights and contributes to theory for both industry and academia.  The configuration model can provide a holistic and rich view representing a consistency of multi-dimensions in the network system.  
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Introduction

Manufacturing internationalisation and globalisation of multinational corporations (MNCs) have attracted much attention and transformed manufacturing systems towards globally distributed and coordinated network from the traditional single site model (Flaherty, 1996; Ferdows, 1997; Shi and Gregory, 1998).  The new organisation of manufacturing activities has fundamentally changed the concept of a manufacturing system and its strategic capabilities and managerial mechanisms.  But, in contrast to other disciplines, along international dimension, Production/Operations Management and Manufacturing Engineering have not fully prepared for the changes from research and knowledge building perspectives.  For many people in the field, as the manufacturing strategy (Skinner, 1969) bridges manufacturing system design and market demands and competitive priorities, manufacturing globalisation is actually believed as simple as just implementing the strategy process worldwide.  In another word, people doubt, except some new geographically related varieties, in term of strategy and its process, if there is really serious difference between the classical manufacturing strategy and a global manufacturing strategy.

On the other hand, international business and strategic management have not involved into operational activities and business process although foreign direct investment (FDI) starts from manufacturing operations and it should be recognised as the core of international business and strategic management.  Historical, methodological, and many various reasons cause a huge gap between two different arenas of international business and operations management.  A series of key questions have not received enough answered yet, such as:

· Can academics model international manufacturing system to represent its complexity and dynamics in a more understandable way?

· Besides the issues of new locations, logistics, global sourcing, and strategic alliances, how can a company rationalise its existing manufacturing resources worldwide effectively so that the company as a whole is stronger than the sum of its parts?

· How many options do networks have to effectively configure the systems and satisfy strategic requirements?

· Does a company have to trade off between its wider dispersion for local responsiveness and higher integration for efficiency?

· In general, what should manufacturing systems do to support a company's international development?

These critical issues in international manufacturing strategic decision and network design have tended to be neglected in manufacturing research (Anderson et al, 1989; Lawrence and Rosenblatt, 1992; Miller and Roth, 1994; Shi and Gregory, 1995; Boone, 1996; Prasad and Babbar, 2000).  Current manufacturing strategy research is to some extent constrained by the conceptual boundaries of manufacturing system concepts.  Indeed the above network issues are a serious "missing link" between corporate strategy and the manufacturing function.  

New models and perspectives are required to understand the nature of international manufacturing networks and strategic decision process.  The networking characteristics of international manufacturing systems involve many new and wider perspectives covering, for example, a factory like a node of a network, its geographic dispersion, horizontal coordination, and vertical positioning and integration become equally critical as its own characteristics.  The new research focus on such networked factories should benefit not only manufacturing and operations management but also strategy process, business globalisation and organisational behaviours more generally.

A system classification can fundamentally help understanding and representation of the complexity and dynamics of international manufacturing.  As manufacturing crosses the borders and becomes global operations, its managers not only face new environments and challenges and need new strategy thinking, perception, and vision about manufacturing systems, but also need more robust model, framework and process to formulate the strategy and make the transformation happen. 

In organisational studies, there are two principal approaches – typology and taxonomy – for classification of systems (Meyer, et al., 1993).  In manufacturing study field, both approaches are widely used and attract increasing attentions (Bozarth, and McDermott, 1998).  But from a strategic manufacturing point of view, typologies oriented from conceptual derivation (Hayes and Wheelwright, 1978, 1985; Womack, et al. 1990; Doll and Vonderembse, 1992; Ferdows, 1989, 1997; Shi and Gregory, 1998) are adopted more often than taxonomy oriented from empirical deviation (Miller and Roth, 1994; Vereecke and Dierdonck, 1998).  Theoretically, there are increasing arguments about theory building and testing based upon these two different approaches.  

Seeking to tackle two basic problems, this paper focuses on a classification of international manufacturing systems and exploration of a generic way analysing a complex system.  The following parts of the paper are divided into four main sections.  The first section reviews the relevant literature, especially emphasising on international business system and an adoption of typology in system analysis.  Following the research design and process section, the third section summarises the conceptual model of the network typology by highlighting two indicators and dynamic map of international manufacturing network configurations.  The final section discusses and compares the different typology systems adopted in international manufacturing systems, and reviews the typology methodology itself.

Literature Review

International Manufacturing

In international manufacturing research, the international manufacturing system is, as Ferdows defined (1990), a network of factories.  Each factory plays different strategic roles in that network.  "Analysis of factory networks provides a fresh perspective and yields a few insights."  Behind the different patterns of the networks, there are two basically distinctive business strategies determining the network construction.  Hout, et al. named these strategies as multi-domestic strategy and global strategy, and suggested that:

To succeed, an international company may need to change from a multi-domestic competitor, which allows individual subsidiaries to compete independently in different domestic markets, to a global organisation, which pits its entire world-wide system of product and market position against the competition. (Hout, et al., 1982)

There is a widespread belief in manufacturing that, if a company masters manufacturing strategy and plant design, the strategy can be applied no matter where the manufacturing is located or distributed.  Sprague (1990) represented this principle as a series of decision grids by which the markets could be identified and served to construct an effective international system, basically according to Skinner or Hayes and Wheelwright's classical manufacturing strategy.  Also following the same principle, DuBois et al. (1992) studies the relationship between international manufacturing configurations (IMCs) and the classical manufacturing strategy.  They find four key manufacturing performance priorities -- efficiency/cost, quality, dependability, and flexibility -- which, in addition to three other key variables -- market orientation, experience and product characteristics -- play important roles in the development of IMC strategies. 

However, when the company tries to gain more synergy from global manufacturing co-ordination and integration and applies a global strategy, the classical principles of manufacturing strategy becomes less effective.  As Whirlpool CEO David Whitwam mentioned that "being an international company -- selling globally, having global brands or operations in different countries -- isn't enough. ... The only way to gain lasting competitive advantage is to leverage your capabilities around the world so that the company as a whole is greater than the sum of its parts" (Maruca, 1994).

An increasingly common view is that a truly global company operates not only on a worldwide basis, but also co-ordinates its activities across national border.  'Global' therefore refers not only to geographic scope but, more importantly, to the cross-border integration/coordination within the company (Fleenor, 1993).  Since the coordination mechanisms can include many choices in terms of the degree of vertical integration with other function departments and the range of horizontal co-operation with other manufacturing sites or factories, the international manufacturing systems and operations are very complex. 

Hout et al., (1982) studied several global competitors' strategies, and found that the key successful factor is to rationalise the product lines and their manufacturing and distribution system to gain economies of scope from the global scale.  Strategically positioning the manufacturing facilities is very critical for global players to access the markets and gain the global efficiency.  Kogut (1985) and Porter (1986) built this idea into the value-adding chain concept, and suggested the global companies needed to disperse the value-adding chain geographically to access the most appropriate resources and, at the same time, to get the economies of scale.  

System Configurations and Classifications

International manufacturing networks are complex system with different objectives (Ferdows, 1989, 1997) and constructive elements (Shi and Gregory, 1997, 1998).  Traditional management research methodologies like survey or causal relation analysis are very difficult to deal with these multiple dimensions and especially interactive relationship.  This is because that these interactive elements cannot be picked and chosen independently in the way "a shopper picks vegetables at the market".  "Rather, these and other elements of organisational design should logically configure into internally consistent groupings" (Mintzberg, 1979).  Therefore, the terminology – configuration – has been adopted as a better way of concisely representing an organisation or a system, because it could "get all together" including spans of control, types of normalisation and decentralisation, planning systems, and matrix structures (Mintzberg, 1979; Miller, 1986).

In the organisational configuration literature, there are two principal approaches: as conceptual typologies and empirical taxonomies (Meyer, et al., 1993; Miller, 1996).  Table 1 summarises the characteristics of the two approaches and their relationships.  

In the manufacturing field, both approaches are widely used, but, from a strategic manufacturing point of view, typologies are adopted more often, such as the product-process matrix (Hayes and Wheelwright, 1978), the four stage model of manufacturing development (Hayes and Wheelwright, 1985), and manufacturing evolution models (Womack, et al., 1990; Doll and Vonderembse, 1992).  Miller and Roth on the other hand have conducted taxonomy research about manufacturing capabilities (1994).  

Table 1: Comparison of Typologies and Taxonomies in Organisational Configuration

	
	Conceptual Typology
	Empirical Taxonomy

	Characteristics
	•
sets of configurations are conceptually derived;

•
well informed by theory and draw distinctions and relationships of conceptual importance.
	•
sets of configurations are empirically derived;

•
uses methods like numerical taxonomy and assortment of clustering algorithms and hypothesis testing techniques.

	Strengths
	•
memorable, neat and evocative;

•
inspired synthesis and strong sense of conceptual aesthetics

•
invoke contrasts that facilitate empirical progress;

•
show each type in thematic and interesting ways with important conceptual, evolutionary or normative implications
	•
more firmly based on facts or, at least, on quantitative data;

•
large sets of variables and sizeable samples can disclose important empirical regularities;

•
well executed taxonomy can uncover reliable and conceptually significant clustering of attributes.

	Weaknesses
	•
classification schemes appear thin and arbitrary;

•
either too few components, or make few serious attempt to show how and why these components are inter-related.
	•
lack of theoretical significance;

•
unreliable and unstable results with conflicting and ambiguous findings;

•
too heavily depend on mathematical techniques


Sources: adapted from Miller (1996) and Meyer et al., (1993)

In international business studies area, typology was more popularly adopted to represent different strategies in internationalisation.  Henzler and Rall (1986) present these different visions and dilemmas into their global/local matrix (Figure 1).  Prahalad and Doz (1987) develop an very similar tool called "Integration-Responsiveness (IR) Grid" (Figure 2).  "The IR grid provides us with a way of capturing the pressures on a given business -- pressures that make strategic coordination and global integration of activities critical, as well as the pressures that make being sensitive to the diverse demands of various national markets and achieving local responsiveness critical."  They illustrate the difficulties of balancing global integration and local responsiveness, and of constructing manufacturing system capable of supporting both features.
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Porter (1986) also put two critical dimensions -- geographic dispersion and coordinated interdependence of international manufacturing operations -- together leading to a simple square figure with his terminology – configuration and coordination of activities.  Porter's framework provides a good platform to illustrate the complex situation of the international manufacturing although he focuses on general considerations about corporate global strategies and does not really give detailed demonstration of international manufacturing networks.  Especially, the platform's two dimensions -- dispersion (configuration) and coordination -- can be a fundamental for classifying networks into several typical patterns integrating strategy, network structure and dynamic mechanism consistently.

It is of value to note the term 'configuration' used by Porter.  He here generally means the condition or degree of company's geographic dispersion or location, rather than the same term used by Mintzberg (1979), Miller (1986) and this paper to represent a holistic pattern of international manufacturing operations.

Research Gaps

Manufacturing systems in companies, in contrast to their image of "nuts and bolts" or even "millstones" in a decade ago, have become a strategic concern for business success.  They plays a major role in business process re-structuring and capability development.  Yet manufacturing systems are facing enormous challenges, especially in current global economy.  Challenges are brought about by:

· Global development opportunities:  As international communication and exchanges extend, the global market is emerging, which integrates different national preferences into a core entity and presents this as a non-differentiable market requirement.  At the same time, political and free-trade regionalisation and rapid economic growth in some developing countries have driven TNCs towards regional or global coordinated strategy from "multi-domestic" oriented strategy.

· Global competition environment:  The reality of global competition means not only an increase in the number of competitors in world-wide but also a qualitative change in the nature of competitive advantage.  Many companies have sought to achieve lower cost, higher quality, faster product introduction, greater flexibility, and shorter delivery time, all at the same time.  Under the new rule of global competition, companies therefore pay more attention to their core capabilities and new manufacturing paradigms to create a proactive competitive influence.

· New technology and philosophy:  New generations of communication and transportation technologies are creating the possibility for companies to organise their world-wide operations more effectively and efficiently.  Manufacturing systems are also increasingly expected to fulfil new requirements for learning and innovation while manufacturing technologies are more increasingly seen as an integrated value-adding process than a sum of individual tools and techniques.

These changes are causing manufacturing managers and engineers to face increasingly difficult system design and operations management issues to satisfy the new challenges within classical concepts of manufacturing systems.  Manufacturing engineering and (P/O M) are therefore experiencing a rapid change in the system concept from factory focus towards a corporate international factory network.  The global radical environment challenges existing manufacturing systems but contributes wider platform for restructuring them through networking, rationalising and co-ordinating.

From the above literature review, international manufacturing development and its strategy and systems are neglected by manufacturing engineering and P/O M to a great extent, which stagnates both industrial and academic development.  The areas of weakness include:

· Lack of detailed observation and analysis about international manufacturing networks:  Even for separate patterns of networks, there are few detailed studies to illustrate strategic mission, architectures, elements, configurations, capability, mechanism, managerial skill requirements, and their relationship with environment.  Because of the shortage of empirical observations in manufacturing system, theoretical generalisation becomes very difficult and weak.

· Lack of systematic research on international manufacturing networks: although there have been some scattered observations on networks and their strategic functions, industrial people still have no general picture which can demonstrate the main network alternatives; and academically, there are no established systematic analysis process.  Typology and configuration models are usually attacked as simple two-by-two matrix sold by consultants.

In summary, there is still a "missing link" between manufacturing systems and the corporate strategy.  So there is a need for better understanding of network attributes and requirement for new theoretical knowledge to underpin a practical methods to help businesses create and realise international manufacturing networks. 

Research Design and Process

The aim of a research work presented in this paper is to understand and represent international manufacturing networks in a holistic way of using the configuration approach suggested by Mintzberg (1979) and Miller (1986).

To achieve this aim, a research procedure is designed and illustrated in Figure 3.  As there is no existing detailed descriptions about international manufacturing systems, the research work has to start from exploratory observations in MNCs to understand background of global transformation, key decisions of global manufacturing strategy, and major levers of transforming system towards the strategic destination (Phase I in Figure3).  Although there are just three case studies in the first phase, it generates very rich understanding about details of global manufacturing transformation process in terms of driving forces, key strategic responses, effective levers for changing system, main barriers and managerial skill demands in the transformation.  In data collection process, the process mapping technique is used to record all relevant events, key decision and results.
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Figure 3. Research Design: Objectives, Process and Main Outcomes

In Phase II, preliminary conceptual model is developed to structure the international manufacturing network.  The model mainly includes network system constructive elements, transformation environments and outcomes.  Since the data collection is basically to follow the transformation of manufacturing globalisation in a format of process mapping technique, data analysis is relatively easier to identify key levers of network transformation than general exploratory case observation.

The preliminary conceptual model helps not only theory building but also model re-testing and enriching through more deep case studies.  In Phase III, six more cases are investigated by following a more structured process and more focusing on network element validation, system attribute enrichment, transformation process investigation, and strategic tool identification.  The Phase III therefore is a bridge between theoretical development and process design investigation.

The outcomes of the Phase III are tested and enriched conceptual model of the networks and another preliminary model and tools about global manufacturing strategy process.  In the Phase IV, based on enriched understanding of international manufacturing networks, key dimensions are identified to classify the networks and eight typical network configurations are emerged from the global manufacturing platform with the key dimensions.  The Phase IV embodies system models and other relevant tools in a strategy or assessment process workbook which can be practically used in manufacturing strategy formulation.

In Phase V, the workbook including all relevant theoretical models and tools are practically validated in action research.  In this research work, another eleven MNCs are involved further testing work through either a comprehensive process implementation or partly using for an assessment.  In this action research period, theoretical models can not only validated but also enriched or modified although the scale of modification is much limited.

Research Findings

Building Blocks of International Manufacturing Network

Taking the example of Case 4 Company's globalisation, it explains the approach identifying or verifying the network constructive elements.  Reviewing the experience of internationalisation of its main product line ZTK in Case 4 Company, there was no well-rationalised international manufacturing network at all in the early 1980s when ZTK was becoming the best-selling medicine.  "The basic strategy at that moment", the company's group manufacturing strategy manager reviewed, "was just to penetrate all possible markets with manufacturing support without concern about its duplication costs, simply because ZTK's manufacturing costs only take less twenty percent of its sales".  This strategy soon allowed the company to become the most wide dispersed pharmaceutical manufacturing system, but at the same time, the most duplicated system for one kind of drug.  Before its manufacturing re-configuration, many ZTK manufacturing factories in different countries were like Indian or Pakistan site with fully self-sufficient manufacturing systems solely controlled by regional or country management authority, so that each manufacturing system operated totally independently even though ZTK is a global product and its manufacturing process was patented and shared in the group.

Facing serious global competition and the pressure from expiration of patent protection in later 1990s in its strategic markets, the company realised the necessity to rationalise its world wide manufacturing towards more efficient, specialised, excellent performance, and integrated network.  The first step of the manufacturing system transformation was to segment ZTK's manufacturing process into three fundamental stages -- primary manufacturing for bulk of medicine, secondary manufacturing for drug formulation, and third manufacturing for packaging and labelling.  This segmentation broke down self-sufficient supply-chain targeting on each region or country market.  The second step was to rationalise and optimise three stages of manufacturing world wide.  The segmentation also theoretically developed an opportunity to analyse the missions of different manufacturing process stages and discuss the pros and cons of vertical integration and horizontal coordination in future manufacturing network facing changed competition rules and requirements.  The third step was to transform the original country-based manufacturing into a vertically integrated supply chain network on a world-wide platform. 

In Case 4 company's vision, according to ZTK's experience of internationalisation and transformation, its corporate manufacturing will be a still widely dispersed but much stronger integrated network system.  The early stage of manufacturing will be highly centralised, only two site duplicated in the world, for ensuring quality, environment protection and high efficiency.  The second or formulation stage is relatively centralised based on either strategic regions or manufacturing technology specialisation or both.  The final stage, as closer relation with regional or national markets, will be more driven by presence in local markets.  As in Figure 4, the transformation from (a) to (b) can achieve economies of scale by reducing duplication in early stages of manufacturing which have highly capital intensive and complicated infrastructural requirements.  

On the other hand, the new network still can keep wide presence in its market to gain "citizenship" and various kinds of benefits in host countries through dispersing its ends of supply-chain.  From the figure, the factories in different stages can be seen to be increasingly homogeneous in terms of product, manufacturing process and managerial process from which internal sharing and learning mechanisms can be more easily estimated and embodied. 

From the experience of Case 4 company's manufacturing transformation and demonstration of Figure 4, the following changes can be easily identified, which makes two types of manufacturing system distinct.

· Factory - The most important changes at factory level are adoption of narrower span of manufacturing process to focus on technology speciality, expertise, excellence, and homogenisation of factories in the same stage of process.

· Integration - Case 4 company's factories have been changed from originally independent and local market oriented systems towards a globally vertically-integrated network starting from highly centralised primary manufacturing to widely dispersed packaging processes.  

· Coordination - The homogenous factories strengthen the horizontal coordination in terms of knowledge sharing, performance benchmarking, best practice and technology transfer, and capacity complementary within the network.

· Location - Each factory's location, combining with detailed analysis about its different stage of manufacturing process, has been carefully designed to optimise the synergy of the network in terms of access to various kinds of strategic resources and achieving higher efficiency.  

· Dynamics - As the major architecture was changed, operational mechanisms of the manufacturing system were of course also changed from originally regional control towards more group coordination, which implies new dynamic mechanisms and infra-structure.

In summary, detailed observation on manufacturing system transformation can help the identification of constructive characteristics of the system.  The elements that were changed during the transformation can be recognised as the determinants of the new network and major levers to transformation.  Figure 5 generalises a basic process to identify the network constructive elements during industrial case studies.  Of course, every lever has different contribution to network transformation.


 EMBED Word.Picture.8  


Figure 4. Illustration of manufacturing system transformation in Case 4 company.
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According to the process suggested in Figure 5 and nine cases’ data, Table 2 compares the differences between pre- and post transformed networks' constructive features and summaries the key elements determining the features.

From the Table 2, especially its summary, the key elements determining the network features can be identified.  The network geographic dispersion and coordination between the dispersed factories in the network can be recognised as the most critical attributes representing international manufacturing networks.  The structural elements have the main levers re-structuring the networks, for example factory characteristics, geographic dispersion including location and the degree of factory scatter, coordination along value-adding chain and/or between brother or sister factories.  The infra-structural elements can leverage system learning and knowledge sharing, transfer, responsiveness within the network, daily operational planning and control mechanisms, and information systems.

Many managers argued during the case studies that the elements cannot be used to adjust or transform a network in an individual way but must be altered in a holistic way.  Besides understanding the constructive elements and their individual characteristics, it is therefore more important to comprehend the various kinds of relations between them.

Consistency of the Constructive Elements Shapes the Network Configurations

Network consistency includes two layers of meanings -- the top one defines the compatibility between strategic objectives and the holistic network system; and the foundation is about the harmony and congruence between constructive elements of the network.  The top layer attracts more attention from strategic managers and researchers; but the fundamental layer is neglected, to some extent, to fully explore the harmonious relationship between elements.  From the case studies, the consistency of elements can be clearly identified.  More importantly, perhaps it can be seen that the internal consistency structures the elements compatibly into a cluster and then make this cluster present distinct functions or capabilities.

It is obvious that, after transformations towards more globally coordinated manufacturing networks summarised in Table 2, the cluster of Case 1, 2, 4 and 8 companies has a very different structure from the another formed by Case 3, 5, 7 and 9 companies, in terms of manufacturing dispersion and, more importantly, vertically and/or horizontally coordinated mechanisms.  The former cluster represents a pattern with much stronger vertical integration along the value adding chains (Case 4 and Figure 2 show this feature).  The later cluster, similarly, also represents another pattern with more horizontal coordination between the homogeneous factories (Case 5 illustrates this characteristics).  In each cluster or pattern, the choice and propriety of the elements are basically the same, shown from Table 2.

Mintzberg supposes that this kind of clustering is a very general phenomenon in organisations, and elements of organisational design should logically configure into internally consistent groupings (1979).  Miller et al.'s research also demonstrates that business performance and organisational consistency (named "configuration" by him) can strengthen one other, and finally almost every company will be "trapped" by a cluster to sharpen its capability in competition (1993).  Therefore, the clustering or pattern forming is natural result of a system consistency.

Table 2. Major Driving Levers for the Network Transformations
	Case Companies:
	Int'l Mfg. Network Transformations
	Major Driving Levers for the Network Transformations

	
	Transformation

(1984 – 86)
	to increase geographic dispersion of manufacturing to access cheaper labour resources and reduce costs

	Case 1 Company
	Transformation

(1988 – 94)
	to disperse manufacturing more widely to access strategic markets in developing countries

	
	Transformation

(1995 – 99)
	to vertically integrate dispersed factories to reduce the duplications and exploit each national mfg capabilities

	Case 2
	Transformation

(1988 – 94)
	to vertically integrate the manufacturing chain, strengthen horizontal coordination between factories in same stage of the chain, and keep strategic presence in the markets

	Company
	Transformation

(1995 – 2000)
	to develop new mechanisms to stimulate the factories to have more understanding about customers' demands to develop further market opportunities, increase network/factory flexibility and learning ability

	Case 3

Company
	Transformation

(1992-95)
	to develop global products and standardise group's manufacturing system in terms of process, facility, and operational mechanisms; to strengthen learning and sharing of the best practices in the group.

	Case 4
	Transformation

(1982-92)
	to take advantage of the best selling global product through geographically aggressive expansion into strategic markets with manufacturing investment, but without horizontal coordination between the factories, and local factories are duplicated

	Company
	Transformation

(1992-95)
	to globally integrate the vertical supply chain and optimise the architecture of the networks through centralising the bulk of medicine process, specialising and regionalising formulation, and widely dispersing the packaging process.

	Case 5

Company
	Transformation

(1994-Now)
	Based on its globally compatible products and manufacturing processes, the company is seeking to strengthen the coordination between not only headquarters and factories but factory them-selves, and exploit each national site's special capabilities and  integrate them in the network for better competitive performance

	Case 6 

Company
	Transformation

(Since early 1990s)
	On the basis of autonomous subsidiaries world widely, the company seeks to more technology and core business processes support from the headquarters technology centre to its factories, which includes globally homogeneous manufacturing process module development and transfer, best practice identification and sharing, learning mechanism adopting in the factories

	Case 7 Company
	Transformation

(1994-1996)
	to reduce manufacturing duplications from national oriented systems towards strategically regional oriented systems, and, at the same time, homogenise regional manufacturing systems, standardise manufacturing and management processes

	Case 8 Company
	Transformation

(Since early 1990s)
	to integrate existing independent factories along the vertical supply chain; the factory dispersion is depended on strategic market, mainly in developed countries; and change most factories product lines and manufacturing resources

	Case 9 Company
	Transformation

(Since early 1990s)
	to adopt the focused manufacturing strategy and develop itself production system emphasising on continuous improvement; after the model factory's success, the company transfer the production system to every local factories and adopt new learning mechanism at the network level.

	Summary
	Structural

Elements
	•
Factory Characteristics (include product and mfg.)
•
Geographic Dispersion of Factories

•
Vertical Integration along value-adding chain

•
Horizontal Coordination (homogenisation or sharing)

	of the nine

case studies
	Infra-structural 

Elements
	•
Learning Mechanisms (sharing, best practice, C.I...)

•
Exploitation of National Manufacturing Capabilities (identification and integration in the networks)

•
Network Operational Mechanisms (responsiveness, flexibility, planning and control, network loading...)

•
Organisational Support (relationship with head-quarters, organisation structure, information system..)




International Manufacturing Network Classification

In summary, the internal and external consistency is a network attribute but also strategic requirement.  Distinct clusters emerge as the elements harmonise towards a internally compatible core.  Mintzberg and Miller presented the clustering as configuration representing the holistic and consistent characteristics of an organisation.  To understand the synergy of the networks and further exploit it must, at first, have a better knowledge about the clustering characteristics or configurations of the international manufacturing networks, on the base of the network's constructive elements and relationship.

Detailed analysis on the cases, based on the dispersion and coordination in each block on the platform, can make evident seven typical configurations of international manufacturing networks.  Table 3 presents more detailed information and definitions about the network configurations, and is populated with examples from other literature references (Flaherty, 1986; Mair, 1994; McCormick and Stone, 1990; Taylor, 1991; Maruca, 1994) and the studied case networks.  

Under the globally coordinated strategies, there are two typical global network configurations attracting most interests of MNCs:

· The geographically dispersed and vertical integrated value-adding chain (GMC3) reflects a drive to access the most favourable resources through appropriate location of nodes (Porter, 1986). because of each node of its VAC can access most favourable resources.  Case 1, 2, 4, and 8 companies provide good examples of this configuration.  Very like the global exporting networks (bottom-right block) losing their global-covering power, GMC3 is also challenged by its limited presence and sensors in local markets.

· Geographically dispersed and horizontal coordinated factories (GMC4) provides the ability to replicate and deliver a synergy advantage from a shared common infrastructure/mechanism in the network (Flaherty, 1986).  Currently favoured by service industries such as McDonnell's and KFC, MacCormack et al (1994) argue that this model will proliferate and help companies focus more on competence.  The Case 2 shows this trend but the problem of increased duplication of manufacturing facilities and potential to damage efficiency remains.

Case 4 Company combines advantages from GMC3 and GMC4 by centralising and/or specialising up-stream manufacturing operations (bulk medicine and special formulation processes) and localising or tailoring down-stream operation (packaging) based on local market demands.  It is a balance or optimisation between higher efficiency, control security, market accessibility, and higher responsiveness to various kinds of changes.  

Besides optimising the structure of the networks, most companies in the case studies are also keen on fostering a dynamic mechanism to promote learning and sharing between networking factories.  This can provide unique and protectable future competitiveness.  Case 6 company pushes this strategy so hard that it eventually hopes to transform manufacturing system into a new pattern entitled as "global-local" or "glocal" manufacturing networks.  This new global-local manufacturing configuration (MMC3) has different strategic functions from either the multi-domestic manufacturing configuration (MMC2) or other two global integrated/coordinated configurations (GMC3 and GMC4), seeking strengths from local autonomy and global synergy.  Some authors also introduce the same idea (Mair, 1994; Taylor, 1992). 

The global-local (or glocal) manufacturing configuration comes from the ideal intention combining both multi-domestic autonomy and globally coordinated synergy together into a system.  This combination is particularly important and attracts wide discussion and various kinds of suggestions (Porter, 1986; Prahalad and Doz, 1987; Bartlett and Ghoshal, 1991; Yip, 1994).  But, it has always been a big problem to transfer this ideal intention to some kind of operational systems.  One main reason is that business strategists are more familiar with the trade-off style of decision, rather hopping between extremes than pursuing a balanced position (Porter, 1986).  Another reason clearly is that all global players still need some time to learn from either hopping or keeping stable.  Some companies, as ABB, Honda, and Case 6 company as mentioned before, trying hard to find a satble and balanced approach way.

From the case studies and literature reference analysis, there are two main routes to the glocal configuration.  One of them can be observed in some Japanese companies.  They used to be very centralised and coordinated by their Japanese headquarters in terms of products, manufacturing technology, and management processes (Bartlett & Ghoshal, 1989), which established their unique style of internationalisation and actually led the current manufacturing globalisation (Yip, 1996).  But, to penetrate and permeate more foreign markets, some Japanese companies felt that their traditional centralised global approach was not enough.  They therefore seek more adaptation in local manufacturing sites and more efficient feed-back to the headquarters but without losing the valuable coordination heritage.

On the other hand, some European companies are converging towards the glocal configuration from another direction.  Building upon strong tradition of  autonomy in local daughter companies, many European companies have a totally different way from Japanese companies in their  internationalisation and growth (Bartlett and Ghoshal, 1989).  But, facing globalisation, like Case 6 company, some of them choose the more difficult route of pursuing globalisation meanwhile maintaining their heritage of local autonomy and adaptation.

International Manufacturing Network Configuration Map

To provide a concise visualisation of the complex network systems, it is essential to develop a systematic way to illustrate networks.  Figure 6 presents a configuration map to demonstrate several critical attributes of the network configurations and their linkages, especially, their evolutionary foot-marks.

From this configuration map, each position with its structural and evolutionary relationships can be seen clearly.  The platform is divided into four blocks and each has two types of network configurations, as demonstrates.  

There are two kinds of main thresholds between the blocks.  From vertical -- geographic -- point of view, the gap between regional centralised factories and multi-national or continental system is from both geographic and cultural distances which trigger off many very different issues in management.  On the horizontal dimension, different intentions and strategies on inter-dependence and coordination cause the separation between the blocks.

To present the differences of two configurations in one each block, the horizontal dimension of each block is defined with the manufacturing mobility judging the effectiveness and swiftness of transferring some kinds of manufacturing technology or system.  For example, the mobility of GMC4 has better potential than GMC3 because of homogeneous manufacturing system and standardised main business processes.  And generally speaking, the wider dispersed manufacturing operations, the more manufacturing mobility companies need to posses.

Table 3. Classification of the International Manufacturing Networks

	
	Coordination Conditions in International Manufacturing Network

	
	Multi-domestic Orientation
	Global Orientation

	The Degree

of Factory

Dispersion
	Multidomestic oriented strategies are characterised by manufacturing system tailoring to the local market and having autonomy.  Therefore the co-ordination is weak in network and factories are independent.
	Global oriented strategies are featured with integration and coordination in networks.  The interdependence is developed from either designed system structures or dynamic operational mechanisms.

	World

Wide

(or Multi-National;
	MMC3: Global-Localised (Glocalised) 

Manufacturing Configuration
Glocalisation means global localisation, which is the maximum of multinational-lisation.  This strategy is strong market and local management resource oriented and autonomy focused.  But, some Japanese companies, like Honda (Mair, 1994) and Mitsubishi (company file), are adopting this strategy.  The competitive advantages could be generated from taking full advantage of local resources, especially, national characteristics to have real adaptability, in terms of quick responsiveness and special service, and network synergy, in terms of product R&D, capability and culture fusion, from the autonomy. 
	GMC4: Global-Coordinated

Manufacturing Configuration
Its mfg. is dispersed world-wide with homogeneous strategy --separated facilities and shared product, technology and operation mechanism.  Generally, the configuration includes global product and standardised process and managerial mechanisms.  The network disperses its nodes globally to access the markets.  McDonard and KFC could be good examples.  Many automobile component firms also try to follow this path.  When company more focuses on its core competence and adopts advanced manufacturing technology, the factory could be more integrated and easier to be distributed like KFC restaurants.

	or Multi-Continent) Dispersed Factories


	MMC2: Multidomestic 

Manufacturing Configuration

Its plants disperse in some or a lot of countries with no or weak linkage.  The network is designed for accessing to corporate strategic points including markets and/or production factors.  Basically the plants have more autonomy in product, process and management.  In many cases of merge and acquisition, the companies have this type of configuration if they don't adopt a coordinated strategy to transform the networks.
	GMC3: Global-integrated Manufacturing Configuration

The corporate value-adding chains (VACs) or supplying chains are dispersed in many countries to access to the most optimised resources, markets and strategic capabilities according to the corporate strategic intentions.  Contrast to GMC4 integrating its VAC in a factory, this configuration distributes VAC vertically and centralises each stage of process to reduce the duplication of mfg. facilities.  Coke Cola production network can be a good example.

	Regional

(or Continent Focused)
Dispersed Factories


	MMC1: Regional Un-co-ordinated 

Manufacturing Configuration

Its international manufacturing disperses centrally in only one region (Europe, Far East, Northern America...) and the plants are tailored to the local country or regional market.  There are no coordination between the plants.  As the culture is very similar in the region, there is no serious problem for manufacturing transfer.
	GMC2: Regional Exporting Manufacturing Configuration

Its int. mfg. is focused in a   region but its products could reach the global market based on its regional coordinated mfg. network in the region and global product development.  More and more Glaxo's new products are manufactured in such type of network to centralise their quality control and economies of scale. 

	Domestic

(Home Country) Based Factories
	It does not belong to the inter-national manufacturing networks because it has no transnational manufacturing operations.
	GMC1: Home Exporting 

Manufacturing Configuration

It centralises mfg. in home country but usually has a global logistic system. Its product lines could cover the global market.  Boeing jet and Rolls-Royce car are examples.




Figure 6. International Manufacturing Network Configuration Map
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Discussions

Different Classification Systems

Classification of a complex system like an international manufacturing network is quite subtle.  The same observed objectives, in different environment, can require different sub-groupings.  Table 4 summaries several influential classifications for international manufacturing systems or business organisations, from which it is clear there are no single definitive insights and perspectives.  Approach to classification are dependent on the purposes of analysis and perspective on manufacturing systems.  It is very difficult to tell which classification is better or more representative.  Table 4 sets out the major approaches to classification and weakness for comparison with the configuration approach selected for this research.

Table 4. Different Approaches of Classification for International Manufacturing

	Representative People
	Objectives of Classification
	Criteria of Classification
	Characteristics of Classification
	Weakness of Classification

	Porter (1986)
	To present key dimensions of international manufacturing
	•
Dispersion (Geographic configuration)

•
Coordination
	•
2 dimension grid 

•
4 strategies and organisations

•
Transformations
	•
Only for business or int'l strategies

•
No concern about mfg systems

	Henzler and Rall (1986)

Prehalad and Doz (1987)
	To present the dilemma about global integration & local adaptation in international manufacturing
	•
Need for Integration or Globalisation

•
Need for local adaptation or Responsiveness
	•
Grid focusing on relation between organisation and market requiring

•
Mapping firms and industries
	•
Not suitable to present int'l mfg. networks 

•
Too process oriented but structure oriented

	Dicken (1986)

de Meyer and Vereecke(1994, 96)
	To present the relation between product & process
	•
Product focus
•
Process focus
	
Concisely present integration relationship
	
Lack of geographic dimension

	Bartlett and Ghoshal (1989)
	To present different patterns of int'l business organisations
	Multiple; mainly:
•
Coordination

•
Cultural issues

•
History/heritage
	•
Rich integrated patterns

•
Good linkage of strategy & org.
	•
Lack of structure analysis

•
Not specific enough for mfg.

	Ferdows (1989,97)
	To present different strategic roles and positions of factories in int'l mfg. networks
	Factory's role in:

•
strategic reasons of int'l mfg.

•
competences of factory
	
Identification of factory's position, role & required resources in the networks
	•
Focus on factory rather than int'l mfg. networks

•
Weak representi-tive on complexity

	Bartmess 

and 

Cerny 

(1993)
	To present the importance of geographic location, especially proximity to coordination and capability develop.
	Geographic Proximity

•
current degree

•
need for
	•
Map to decide mfg location, especially proximity of inter-functional depts. and external co.

•
Very practical
	•
Too simple for networks, esp., coordination relationship

•
Proximity is not so critical

	Collet (1994)
	To present the choice of the network configurations
	multi-criteria
•
Product

•
Process

•
Geographic
	•
Matrix including three dimensions

•
Eight typical int'l mfg configurations
	•
Too complicated to practically classify networks

•
Less holistic

	International Manufacturing

Configuration

in this research
	To present

network configurations by their typical  structures
	Two attributes:

•
geographic dispersion

•
interdependent coordination
	Two dimension map presenting seven typical network configurations and their evolutionary relationship
	•
Some subtle in coordination mechanisms as they cover many issues

•
Some hybrid configurations


In this research, new knowledge development about international manufacturing networks is driven by a requirement for knowledge which can help effective and efficient decision making.  This requires that the classification and typical configurations of the networks have characteristics which are concise, clear, and synthetic.  From the case studies and literature review, geographic dispersion of factories and coordination relationship between factories indeed can be the most important parameters representing the networks.  Porter's model (1986) can be very powerful to demonstrate the differentiation and characteristics of the networks.  The problem with his classification approach is a lack of focus and application to international manufacturing systems.

Porter's model can be adapted into not only an analytical platform on which networks can be classified and presented with its main features -- dispersion and coordination -- but also related or determined attributes such as duplication and/or specialisation, centralisation and/or independence/ autonomy, vertical integration and/or horizontal homogenisation, inter-dependence and/or responsiveness/adaptation, and so on.  The following section will introduce a dynamic picture of the configurations and their transformations on the platform.  Since each dimension has its own logic sequence or relation, distinct from Collet's matrix and other people's more descriptive criteria (Ferdows, 1989; Dicken, 1986; de Meyer and Vereecke, 1994), the platform provides greater representative power demonstrating static and dynamic characteristics of the network configurations.

The international manufacturing network (IMN) configuration classification provides a more complete and visual picture, and its dynamic configuration map provides a new and important medium between managers and academics.  Some case companies have used it as a self-assessment tool checking their international manufacturing configurations and potentials, competitors' positions, and future trends.  The classification approach can be seem to be successful from those points of view.

The Real Meaning of Configuration Theory to Manufacturing

Configuration theory provides another way to analyse organisation by emphasising the holistic characteristics and functions of systems rather than isolating their elements (Mintzberg, 1979; Miller, 1981; Meyer, et al., 1993).  A configuration identifies a consistency between a system's structural and infra-structural elements and externally presents a set of distinctive functions and potentials.

But, currently, the theory pays too much attention to the argument about classification methodology (Meyer, et al., 1993; Miller, 1996) rather than detailed analysis of the key parameters or attributes for classification; too much to the type of configurations rather than dominant attributes and their internal mechanisms forging configuration.

This research provides many empirical examples to demonstrate not only some typical configurations but also implications of analysing key attributes driving various kinds of networks towards a few clusters sharing similar structural architecture, dynamic mechanisms, and capabilities.  From international manufacturing network configurations analysis, coordination between factories can be the most important parameter to distinguish global networks from general international networks.  In contrast with the classical organisational coordination mechanisms (Martinez and Jarillo, 1989), new global manufacturing network coordination mechanisms, as Table 5 illustrates, appear to demand much wider involvement of all manufacturing activities and more complexity.  Classically organisational coordination mechanisms are only small part of the network coordination levers.  And from the view point of configuration consistency, the product and process coordination are much stronger forces determining the choice of other coordination mechanisms including learning and network capability building.

It is clear however that hybrid can exist.  Companies seeking particular sets of characteristics from a network might actually seek to design in the benefits of more than one "stated" configuration.  Even in these hybrid cases, however, the configuration approach allows a more systematic approach to network design and more accurate prediction of network capabilities.

The configuration theory highlights the benefits of a configuration approach in realising the complexity of complex patterns.  The key configurations set out show how these configurations have both superficial and representational power and are reinforced by their ability to capture the characteristics of major manufacturing company networks and their transition through different strategies.  It is essential to realise that the purpose of classification is to understand representative attributes and implied capabilities of each configuration rather than specifically put active network into some artificial pigeonhole.  Therefore the key issue for better analysing and identifying configuration is to fully understand the network transformation and its background.

In summary, the concept of configuration of international manufacturing networks represents a pattern of the international manufacturing network system.  It is clear that network configurations are mainly influenced by network structural elements from the case studies.  At the same time, this implies that configuration has a determination about the infrastructure elements and operational mechanism because of consistent requirement by the system.  Therefore, the network configuration is a holistic "host" and concept for representation of the international manufacturing networks.  It not only represents the structural groupings in terms of dispersion and co-ordination but also, more importantly, demonstrates capability or potential patterns which can be characterised as resource accessibility, thriftiness ability, mobility, and learning ability.  The configuration concept can very effectively and efficiently bridge between the strategic requirements from corporate or SBU level and network architecture during network system design.

Table 5. Comparison of coordination mechanisms 

between general organisation and international manufacturing networks
	The most common mechanisms of coordination*
	Int'l mfg. network coordination mechanisms

	Structural and formal mechanisms:
1. Departmentalisation or grouping of organisational units, shaping the formal structure

2. Centralisation or decentralisation of decision making through the hierarchy of formal authority.

3. Formalisation and standardisation: written policies, rules, job descriptions, and standard procedures, through instruments such as manuals, charts, etc.

4. Planning: strategic planning, budgeting, functional plans, scheduling, etc.

5. Output and behaviour control: financial performance, technical reports, sales and marketing data, etc., and direct supervision.

Other mechanisms, more informal and subtle:

6. Lateral or cross-departmental relations: direct managerial contact, temporary or permanent terms, task forces, committees, integrators, and integrative department.

7. Informal communication: personal contacts among managers, management trips, meetings, conferences, transfer of managers, etc.

8. Socialisation: building an organisational culture of known and shared strategic objectives and values by training, transfer of managers, career path management, measurement and reward systems, etc.

* Source: Martinez, J. I. and J. C. Jarillo, "The evolution of research on coordination mechanisms in multinational corporations", JIBS, 20, Fall, 1989, pp492.
	Product level (more structural oriented)

•
Multi-local, or global product, or global plat-form with customising modules

•
Product Life Cycle (PLC) and Compatibility between generations of product

Manufacturing process level (more structural oriented):

•
Differentiated or identical in a same stage of manufacturing processes (horizontal): 

- process technology

- facility

- advanced degree of technology

•
Loose or close integration along a vertical manufacturing value adding chain:

- span of the chain

- capability or qualification of integrated nodes

•
Optimisation of the horizontal and vertical networking relations (like Case 4)

Managerial process level (more infra-structural oriented):

•
Organisational coordination mechanisms (as left hand column summary)

•
Learning mechanisms between factories (bench-marking, identifying the best practices, integrating, and sharing knowledge)

•
Exploitation of national manufacturing capabilities 

•
Strategic capability building mechanisms: system training and learning




Classification Methodologies

Typology or taxonomy usually is another term for a generic classification.  But, in the areas of strategic management and organisational studies, they represent two different approaches (Bailey, 1995; Doty and Glick, 1994; Rich, 1992).  Organisational typology has proved to be a popular approach for thinking about system architectures and strategies.  However, it has also been criticised for developing simplistic categories instead of theories.

From this research work, three major differences between typology and taxonomy can be realised in their processes.  First, the timing of empirical data involvement is different in the processes, which implies unfairness to criticise typology as a pure conceptual classification.  Second, the characteristics of classification outcome are quite different.  Third, the scientific testing mechanisms are different.  Figure 7 presents these major differences.

[image: image6.png]



Figure 7.  Comparison of typology and taxonomy processes

The effectiveness of two approaches depends on research objectives, which indicates each approach has its strength and weakness.  Both of them can have equal contributions to scientific research.  But the contributions can be in different stages of theory development.  Typology has stronger power to explore an unknown world, to generate insights and new visions, and to build a theory.  Taxonomy has more objective observation power to capture empirical data, to adopt a structured way analysing the data, and to test a theory and at  the same time generate integrated groupings.

Conclusions

International manufacturing networks are concisely defined as a multi-nationally dispersed factory systems which can be recognised consisting of two principal groups -- multi-domestic manufacturing networks featuring strong autonomy and local responsiveness, and the global manufacturing networks with strong coordination and synergy.  

Based on the case analysis, the network constructive elements are identified and divided into structural and infra-structural groups.  Many international manufacturing companies transform their networks through structural lever adjustment to achieve effectiveness and radical re-structuring.  However, it is also found that some distinguished companies (like Case 2, 4, 5, and 6) are trying the infra-structural levers to increase extra-function beyond the structural support.  This kind of transformation, at its early stage without radical restructuring, is slow for deliver new functions but very difficult to copy.  Bartlett and Ghoshal (1994) argue that senior managers must pay more attention to the infra-structural issues like processes rather than structures of organisation.

To understand detailed network characteristics, the networks are classified into seven typical configurations by two principal dimensions - geographic dispersion and inter-dependent coordination.  It is very clear that more and more TNCs are transforming their international manufacturing system from traditional multi-domestic networks towards globally coordinated networks.  Seeking synergy and coordination between factories are widely accepted objectives to develop the new generation of manufacturing system.  This is also true for few truly international players, such as Case 6 and ABB companies.

Typology approach is used to identify network configurations.  The preliminary case studies and further conceptual model testing enhance typology objectiveness.  As a generic process of typology, it is believed that empirical testing of the conceptual hypothesis are critical.  This research explores different ways to deep the testing.

The international manufacturing configuration map is developed to demonstrate the dynamic transformations and linkages between the network configurations, which is also used as a tool analysing existing situations and future trends in the industrial case studies.
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Figure 6. A Classification of International Manufacturing Networks and A Map of International Manufacturing Network Configurations
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Figure 5. Identifying the network constructive elements


through network transformation observation
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Figure 2. Integration-Responsiveness (IG) Grid







Figure 1. Global / Local Trade-off Matrix
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