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The impact of information technology on business, economy and society cannot be examined without an analysis of the profound changes in the productive structure of global capitalism. In the electronics industry, a new model of outsourced manufacturing has emerged as the centrepiece of globalized production networks: Contract Manufacturing (CM) or Electronics Manufacturing Services (EMS). This form of network-based mass production is closely linked to the disintegration of the value chain and the emergence of the “Wintelist” (Borrus and Zysman 1997) model of competition and the rise of “fabless” product design companies in key sectors of the IT industry. In contrast to the general perception of the “informational economy” (Carnoy et al 1993, Castells 1996) as service- or science-based, the rise of the CM-model demonstrates that manufacturing still matters in the "new economy" (Cohen and Zysman 1987). This development also highlights the interaction of new information networks with the restructuring of production, work, and the global division of labor in technologically advanced industries.

In this paper, we want to take a closer look at the restructuring of production and commodity chains in the assembly of IT-hardware (such as computers, internet switching and telecommunications hardware) and the development of information networks, the Internet in particular. Based on recent debates among political economists, industrial sociologists and geographers, the changes in the productive system of the IT-industry will be analyzed as longer-term shifts in the "social division of labor" (Storper/Walker 1992, see also Fröbel e.a. 1977, Henderson 1989, Gereffi 1999) in a core sector of  advanced capitalism. We start from a (1) general explanation of the Contract Manufacturing model and (2) a brief discussion of the developing division of labor between brand-name firms and their contractors, including the organization of work at the shop-floor and the global production networks of the industry. (3) Following this, we discuss the related development of new forms of E-commerce in electronics, and (4) the impact of the current recession in the IT-industry on the development of IT-based production networks. Our conclusion (5) will also briefly sketch some future research issues.

1.) Contract Manufacturing in the “Wintelist” IT-Industry

Contract Manufacturing is one of the fastest growing segments in the IT-industry. Growth rates have been averaging 20-25 per cent per year during the 1990s, the current recession in the IT-industry has interrupted the growth but most likely not ended it. According to industry consultants Technology Forecasters, the global market volume in the year 2000 was $ 88 billion. The leading players of the industry, most of them former small subassembly companies, were hardly known a decade ago. In the year 2001, the biggest firm had annual revenues of more than $ 15 billion. Market concentration has been developing rapidly with five companies of North American origin (Solectron, Flextronics, SCI, Celestica and Jabil Circuits) emerging as the key players. The names of these companies are unfamiliar even to many insiders, since CM-providers do not post their brand name on any product. The Los Angeles Times, therefore, called the EMS-industry a system of “stealth manufacturing”.

Contract manufacturing integrates a wide array of productive functions pertaining to circuit board and hardware assembly, as well as product engineering at the board and systems level, component design, process engineering, parts procurement, product fulfilment, logistics and distribution, and after-sales services and repair or sometimes installation services. From the standpoint of the labor process, these functions can be grouped around the design and assembly of printed circuit boards and related components, the final assembly of systems (called box-build) and logistics and inventory-related work (Lüthje, Schumm and Sproll 2002). Contract manufacturers are serving a growing range of product markets from Personal Computers and servers, over Internet routers and switching gear, to communications equipment (especially mobile phones), consumer products such as computer game or television sets, industrial and automotive electronics, as well as space and aircraft electronics.

The wide range of manufacturing services and products that contract manufacturers provide distinguishes them from traditional subcontractors, or “board stuffers”, in the electronics industries. Whereas such firms perform labor-intensive assembly processes strictly controlled by the brand-name owner (also called OEM), CM-companies develop and manage complex production processes, often cross-national in scope (Sturgeon 1997 and 1999). Contract manufacturing is also different from more sophisticated sub-supply arrangements in the IT-industry, particularly from Original Design Manufacturing (ODM). As opposed to contract manufacturing, ODM-companies own the design of the product that is supplied to OEMs and sold under their brand name (as typical for computer monitors or for notebook computers supplied by Taiwanese manufacturers to flagship companies like HP, Compaq, or Dell).   

Contract manufacturing is closely related to the new forms of specialization in the IT sector, characterized by the generalization of vertical disintegration and the commodification of an increasing array of IT-products, previously being offered as part of larger computer and communications systems (Ernst and O’Connor 1992). The term for the ruling duopoly in the PC-industry, “Wintelism”, has become an analytical concept for the generic forms of corporate organization and market-control in the vertically specialized computer industry (Borrus and Zysman 1997, Borrus 2000). The leading industry players are focusing on the engineering and design of key-products in highly specialized market segments. Their mission is the definition of new product markets through the development of breakthrough technologies and their rapid commercialization, creating control and economies of scale in the respective market segments.  The “PC-revolution” of the 1980s, in which merchant producers like Apple or Compaq together with Intel and Microsoft in the microprocessor and software field became global industry forces, and the subsequent emergence of the networking equipment industry led by Cisco, epito​mizes this development (Lüthje 2001). A most significant element of this shift is the fact that an increasing number of vertically integrated OEMs have been embracing the rules of Wintelism (Lüthje, Schumm and Sproll 2002).

2. Changing the Social Division of Labor

Wintelism as a mode of competition and market control, and Contract Manufacturing as a form of manufacturing, are highly complementary. With regard to the production process, the profound changes in the intra-sectoral division of labour are characterized by the following “stylized facts”:

(1) The once tightly integrated value chain has become commodified, i.e. most IT-products are complex commodities, assembled from traded parts and components supplied by various industry segments. The control of the time-cycle of new technologies and products has become the chief problem of manufacturing organization in the industry;

(2) As market control has shifted away from assemblers towards product definition companies (Borrus and Zysman 1997), product innovation is increasingly de-coupled from manufacturing. 

(3) In contrast to Fordist and also “Toyotist” industry models, there are no “focal corporations” (Sauer and Döhl 1994) that coordinate the value chain through their own manufacturing operations. The “supplier pyramid” governed by large-scale final assemblers (as in the auto or TV-industry) is replaced by networks of interacting industry segments. Hierarchy is defined by the flagships ability to control technology development in key market segments; and

(4) The acceleration of technology and product development has produced enormous instability across the value chain. Rapid expansion through the creation of new product markets is accompanied by old-style cycles of overproduction and surplus capacities – a situation which is at the core of the current slump in the high-tech industry.

a) New Relationships between brand-name companies and manufacturers

The hallmark of the contract manufacturing industry is a new type of relationships between brand-name firms (OEM) and their contractors in manufacturing, resulting from vertical specialization in the most advanced sectors of the computer and telecommunications industry. The brief history of the CM-industry during the 1990 reflects the trend of vertical disintegration (for an in-depth history of the early stages see Sturgeon 1997 and 1999). The birth of contract manufacturing was marked by IBM´s entry into the PC-market in 1981 when Big Blue contracted the assembly of the motherboards to a no-name manufacturing company, SCI of Huntsville, Alabama. In Silicon Valley, some of the vertically specialized newcomers in the computer and network equipment industries, Sun and Cisco in particular, teamed up with specialized contractors like Solectron (a former solar energy company) or Flextronics who subsequently became the leading players of the new industry. The relationships between vertically integrated OEM in the U.S. and Europe rapidly developed during the second half of the 1990s. This happened mainly through the acquisition of entire plants through contract manufacturers, such as IBM´s card assembly business in North Carolina and Texas, or Texas Instrument´s Customer Manufacturing Division, which also included sales of related plants in Europe and Asia. In 1997, Swedish telecommunications manufacturer Ericsson was the first European OEM to sell off entire production units, followed by Europe´s largest electronics producer, Siemens, who sold an important server manufacturing facility in Germany in 1999 and several other PC- and mobile-phone plants in 2000. The current slump in the IT-industry has been producing a new round of outsourcing deals, this time lead by Alcatel of France and, once again, Ericsson (Lüthje, Schumm and Sproll 2002).

The rapid expansion has brought about a highly differentiated spectrum of outsourcing relationships, emerging from various corporate strategies and traditions as well as from nation- and region-specific manufacturing practices (see table 1). For “fabless” technology definition companies as Cisco, 3Com or Microsoft (for its X-Box game console), contract manufacturers perform full-scale system manufacturing which may include every aspect of PCB-assembly, system integration and testing. Vertically integrated OEM-companies maintain similar production relationships through their outsourced plants, often in competition with their own remaining facilities. Vertically specialized mass-producers in the computer industry like Dell, Compaq or HPs Computer Systems Division, who still consider final assembly as an important interface with the customer, use contract manufacturers for the large-scale manufacturing of printed circuit boards or pre-assembled product kits. In addition, such companies outsource systems assembly in key foreign markets, mostly to medium-sized local contract manufacturers (as practiced, for instance, by Compaq in Germany or in China). It should be noted that the major OEMs from Asia – Japanese keiretsu and Korean chaebol in particular – have been relatively reluctant to use contract manufacturing in their core region. Sales of major assembly operations to CM-companies until very recently mostly occurred in foreign markets outside Asia.

Table 1: Types of OEM-CM Integration

Fabless company  - minimal final assembly and testing (Cisco, Sun ...)
Full-scale manufacturing and supply-chain-managent (engineering – logistics)

Full-scale outsourcing of product lines and/or plants (IBM, TI, Siemens ICM ... )
Full-scale manufacturing and supply-chain-management – Plant conversion

Large-scale final assemblers with high volume outsourcing of key-components
(Dell, Compaq, HP CSD ...)
Mass-production of key-components
(dedicated lines)

Customized final-assembly in key-markets (Compaq, Dell, HP PCD in Europe and Asia)
Final assembly (box-build)
(includes local CM-partners)

Still open: keiretsu and chaebol-strategies 
e.g. Sony/Solectron, Acer/Solectron, Mitsubishi/Solectron


Institut für Sozialforschung – Projekt „IT-Kontraktfertigung“ - 2000

b) Vertical Re-Integration among Contract Manufacturers

As table 1 demonstrates, the generalization of contract manufacturing is producing growing diversity and thereby increasing heterogeneity in the shape of production networks. The trend towards large-scale manufacturing co-operations of high diversity fosters vertical re-integration on the part of contract manufacturers. Major CM have acquired specialized design and manufacturing capabilities in components and software as well as in supply-chain-management and logistics. A company like Solectron owns sophisticated technology subsidiaries in the field of ASIC- and chip set design. Flextronics has built a global business unit in the design and manufacturing of printed circuit boards, the company is also developing a telecommunications networks servicing unit, following acquisitions in this field from Ericsson (Flextronics 2001). The rationale behind this vertical integration are traditional economies of scope, a trend also reflected by the transition of fully integrated manufacturing units from OEMs which also include classical manufacturing support functions like tool-and-die making. With regard to the IT-sector as a whole it can be said, that vertical specialization “at the top” (among OEMs), is matched by vertical re-integration at the level of standardized manufacturing processes.

c) The shop-floor: New patterns of work organization in manufacturing

The specific role of contract manufacturers as “global supply chain facilitators” as well as the problems of integrating an increasingly complex division of labor is also engendering profound changes in the labor process and in shop-floor management practices. Contract manufacturing is producing a pattern of "flexibilized" manufacturing work with some common characteristics across the industry and its different locations. The defining elements of this form of work do not result from basic innovations in manufacturing technology, although large CM-firms can be considered leaders in the use of advanced PCB assembly equipment and IT-based supply chain management. Basic work procedures – automated and manual PCB assembly, systems assembly, and warehouse and logistics jobs – are standard and well-known throughout the electronics industry. The CM workplace is not very different from traditional electronics manufacturing operations, the predominance of state-of-the art manufacturing environments in mid-sized to large plants sets working conditions apart from traditional board stuffing shops.

The unique characteristics of manufacturing work in the CM industry rather result from the nature of integration into the global value chains of the IT-industry. Some basic characteristics of CM-work can be summarized as follows: 

· “Work without a product”: as CM-plants do not manufacture their “own” products, quality management and workplace control has to be refocused on customer orientation. Manufacturing has to be organized as "service work";

· Relatively low wages with high variable proportions: as most CM-plants are located in low-cost areas, manufacturing wages and benefits are rather modest, and bonus-oriented pay-systems (including stock ownership and options) have to ensure customer orientation;

· Labor flexibility: The constant and very rapid change in production volumes is managed by an extensive use of various kinds of flexible employment.

· Quality management based on restricted teamwork: in most plants there is an ideology of “team orientation”, but no formal structure of work groups etc., as known from team concepts in other industries; and

· A heavy reliance on women and minority workers: as in most areas of electronics manufacturing, the majority of the manufacturing workforce is female. In the U.S., in California in particular, the workforce is mainly recruited from ethnic minorities in disadvantaged labor market positions.

CM companies pursue strict standardization of the labor process to ensure uniformity of work procedures on a global scale. Common processes are developed as a distinguishing feature of the CM-model, designed to offer a uniform interface for OEMs seeking global one-stop-shopping for manufacturing services. Solectron, a two-time winner of the prestigious Malcolm Baldridge Award for state-of-the art quality manufacturing, is using the Baldridge certification criteria as a tool to trim the practices in every plant word-wide along a set of company-wide common processes. For similar purposes, Flextronics has a materials management concept developed by consultants under the name Demand Flow Technology (DFT) which includes uniform work prescriptions for every manufacturing workplace world wide.

Under such policies, however, we can observe highly divergent manufacturing practices across plants and regions. As we have discussed at length elsewhere (Lüthje, Schumm and Sproll 2002), in the U.S., we clearly see a low-wage/high-flexibility model, the hallmark of which is the sometimes extremely high proportion of temporary manufacturing workers in CM plants. In German and Swedish plants there is a higher degree of work integration, more sophisticated automation practices, and also a stronger role for unions and legal employee representations (such as works councils in Germany). Union wage standards are widely accepted, even in non-union plants, although there is an increasing tendency toward concessionary bargaining and a surprisingly widespread use of temporary labor.

These differences, not surprisingly, reflect the general environment of industrial relations in the U.S. and the respective European countries. The co-existence of different work practices under strategies of globalized quality management reflects the limits to standardization and centralization of management control. This is reinforced by the continuous acquisition of manufacturing assets from OEMs; the growing variety of outsourcing relationships is reflected by a growing diversity of technologies and work practices at the shop-floor. All this points to the well-known fact that manufacturing know-how cannot easily be transferred across different regions and nations, since it is rooted in specific local traditions of work, education, and technological learning. The CM-industry is a particularly striking example here, since uniformity in working procedures - sometimes characterized as a McDonalds approach to manufacturing - is exposed as a defining element of the business model.

d) Transnational Production Networks

Through their continuing acquisitions CM-companies act as transnational network builders, assembling a variety of plants with different manufacturing practices in specific national and global markets. Contract manufacturing, therefore, can be characterized as a mode of integrating, coordinating, and regulating diverging economic, social, and cultural conditions in global production systems (Lüthje, Schumm and Sproll 2002). In 1996, the leading contract manufacturer, Solectron, had about 10 locations world-wide, today there are almost 50. In a distinctive way, CM-companies strive to build a presence in every region in the triad of the capitalist world-economy, combining operations in the lead economies with mass manufacturing in developing countries of the respective regions. For North America, Mexico has emerged as the prime low-cost location, for Asia Malaysia and China (the latter already hosting the largest number of CM-plants around the world), and for Europe Hungary, Poland, Czechia, and Romania.

As in other segments of the IT industry, globalized just-in-time production is transforming older international divisions of labor based on the transfer of manual assembly processes with simple technologies in the “Third World” (cf. Fröbel, Heinrichs and Kreye 1977). In contract manufacturing, technologies and processes in developed and in developing countries are rather similar. “Full-package production” (Gereffi 1999) in low-cost locations is supported by the global standardization of work procedures pursued by major CM firms. A certain hierarchy between locations, however, is defined by three elements which have been typical for the development of most transnational CM-networks during the 1990s.

(1) The lead position that Product Introduction Centers (PIC) in developed countries play in prototyping and in the ramp-up of new product lines towards volume manufacturing. This implies inequality in the distribution of engineering capacities and the access of plants in low-cost locations to advanced engineering know-how within the global production system. It also implies a greater relative significance of skilled labor in strategic plants in developed economies;

(2) The location of specialized products with high diversity in manufacturing requirements and low volumes (low volume/high mix) in developed countries vs. standardized mass production (high volume/low mix) in low-cost locations; and 

(3) The concentration of specialized units in the design and manufacturing of critical components in developed countries.

This international division of labor is exemplified by the development in Eastern Europe. The built-up of CM-capacities took off around 1997 and peaked in 2000/ 2001 before the current slump in the IT-industry. The rapid shift of Western European OEMs towards fully outsourced manufacturing models was the driving force behind this development. In a very short period of time the leading Contract Manufacturers built plants, mostly in greenfield locations (see table 2). Most of these plants, which by mid-2002 together employed roughly about 18.000 workers, perform high-volume manufacturing especially of consumer products like PC, printers, or mobile phones for the entire European market. Printed circuit board assembly, basic hardware assembly and final product configuration are the main functions of theses operations. The geographical proximity to the major Western European markets permits product delivery by truck to the distribution centers of customers and retailers within a time-frame of 24-48 hours.

The production sites in Eastern Europe are integrated into the global chains of production and parts procurement of OEM- and CM-companies. This is particularly true with regard to the supply of electronic components as microchips, pre-assembled motherboards, raw printed-circuit boards, electronic displays, and passive components like resistors or coils, which are mostly sourced from Asia. Components procurement is usually managed not by the local plants but on a centralized base, governed by large-scale contracts between CM-companies and OEM-customers.

Within this geographic division of labor we see highly complicated chains of production emerging for individual products. The case of mobile phone production for a major European OEM, which we studied recently, may help to illustrate this point. The OEM has shifted the entire manufacturing of this product to a major U.S. CM. The CM is managing the basic manufacturing, product fulfillment (final assembly, software application, and testing), and the logistics for the European market. To this end, the CM is operating a huge fulfillment center in Hungary with a capacity of seven million handsets per year. This center is receiving the manufactured handsets without software (“dummies”) from a factory of the CM in China. The Chinese operation is handling the assembly of the printed circuit boards and of the handsets, including supporting functions like the manufacturing of plastic enclosures. The highly complex printed circuit  boards are sourced from the CM´s PCB-manufacturing facility in China, with some engineering support coming from the CM’s operation in Germany. The dummy-handsets are shipped to the Hungarian fulfillment center by aircraft, where the operating software is applied according to the orders from telecom operators or retail chains. This task, again, is of high organizational complexity, as each handset has to be equipped with software in the language for the country of destination and the specific requirements of each operator and retailer. After being packed in boxes, the handsets are finally delivered just-in-time to 15 different European countries, a process run by a Dutch trucking firm under a long-term contract with the CM.

Table 2: Manufacturing sites of the 5 leading CM in Eastern Europe (09/2001)

Company
Hungary
Czechia
Poland
Other
Products

Solectron



Romania
PCBA         

Solectron
Budapest



System assembly

Flextronics
Zalaegerzeg



PCBA, system assembly

Flextronics
Sárvár



PCBA, system assembly
Industrial park with suppliers

Flextronics
Tab



PCBA, system assembly

Flextronics
Nyíregyháza



PCBA, system assembly

Flextronics

Brno


PCBA, system assembly

Flextronics


Gdansk

PCBA, system assembly
Industrial Park
(under construction)

SCI/Sanmina
Tatabanya



PCBA

SCI/Sanmina
Pecs



Enclosures

Celestica

Rajecko


PCBA, system assembly

Celestica

Kladno


PCBA, system assembly

Jabil
Tiszaujvaros



PCBA








Source: Company information (Internet)
PCBA = Printed Circuit Board Assembly

3.) Holding the pieces together: Information networks, E-Commerce, and the manufacturing value chain

The changes in the social division of labor in IT-hardware manufacturing engender enormous challenges for the organization of manufacturing value chains. Information networks play a prominent role in the integration of labor processes in the highly flexibilized and globalized environment of the contract manufacturing industry. Along our analysis above, the basic challenges can be summarized as


· integration of highly diverse manufacturing cultures and conditions of production between OEM and CM and across a networks of plants with sometimes very different organization and work practices;


· management of an increasingly complex organization within contract manufacturers, as related to the vertical re-integration of the production system of individual companies;


· organization and control of a service-oriented manufacturing environment;


· integration of global production processes along very different conditions of production in various regions and countries.

Contract manufacturers have been at the forefront of developing new IT-based models of supply-chain management. Apart from more traditional EDI-based systems of data exchange, leading contract manufacturers were at the forefront in the implementation of Internet-based forms of supply-chain and manufacturing management. However, the real organizational changes associated with the Internet have to be assessed in the context of the existing practices of supply-chain and shop-floor management. Here, our observations are pointing to a highly diverse picture.

a) Internet-based factory models

Only few companies have developed Internet-based integration of manufacturing and ERP-systems. Full-scale “virtual factory”-relationships seem most advanced between “fabless” OEMs and CMs (see Table 1). Cisco´s manufacturing organization can be considered a leading-edge model. The assembly of Cisco routers, switches etc. is integrated into an order and resource planning system which is entirely based on Internet-standards. Major contract manufacturers are part of this arrangement. They also manage delivery and repair services, offering a seamless interface to the Cisco customer. A major CM is operating a manufacturing plant fully dedicated to Cisco product lines. The virtual integration of this plant into the Cisco organization has to be secured by a sophisticated control system for manufacturing data on the part of Cisco and through a high degree of personal interaction between engineers of both companies, supported by the physical proximity of the respective operations in Silicon Valley (Roberts 2000).

However, plants that are operating within an Internet-based “virtual factory” framework do not differ significantly in their work organization from more conventional ones. Given the high degree of control over manufacturing data that existing IT-networks offer to OEMs, tighter control of the shop-floor through Internet-based data networking does not seem very likely. As opposed to traditional subcontracting arrangements, OEMs clearly tend to leave the management of the labor process to their manufacturing partners. The most important impact of the Internet on shop-floor conditions, therefore, may probably be indirect: the expansion of e-commerce related configured-to-order manufacturing is likely to increase the pressure to flexibilize work and employment (Lüthje/Schumm/Sproll 2002).

As can be observed in many consumer goods industries, e-commerce-based direct sales strategies impose enormous organizational challenges on traditional assembly, warehousing and logistics work. For instance, PC world-market leader Dell´s Internet-based ordering system (Dell/Magretta 1998) dramatically increases flexibility requirements in final assembly. As each computer product has to be configured to customer order, manual assembly work is making a remarkable comeback in computer plants. Dell´s assembly operations in the U.S. almost entirely rely on manual labor with relatively low formal skill requirements. In Europe, some of the most successful indigenous contract manufacturers as well as high-end OEMs like Hewlett-Packard are using similar practices. One contract assembler for consumer PCs in Germany is operating almost entirely on the basis of manual labor (drawn from local a labor pool in an electronics industry center in East Germany with an average unemployment rate of 17%; Lüthje/Schumm/Sproll 2002).
The role of Internet-based virtual factory models, however should not be over-estimated. Most OEM-CM-cooperations are functioning on the basis of IT-networks which are not specifically operating on Internet-technology. Our example from mobile phone manufacturing cited above may illustrate this. On the part of the OEM, the whole process is controlled through the OEM´s ERP system, which has a design and supply chain management system specifically developed for mobile handset manufacturing. The CM’s ERP-software has been adapted to work with the OEM’s system, allowing comprehensive monitoring of order, quality, and delivery data for each individual handset in every stage of the manufacturing and logistics chain. For this purpose, each handset has a bar-code label, allowing built-to-order manufacturing from the basic assembly processes through the final stages of product fulfillment and delivery. Given the enormous costs as well as the reliability requirements in such a system, a migration to Internet-based networking architecture is likely to happen more slowly, perhaps as part of a general remodeling of the OEMs ERP-system.

The longer-term impact of the Internet, however, may emerge from the role of contract manufacturers as “global supply chain facilitators”. As we discussed, the specific organizational know-how of transnational EMS-firms is in the integration and coordination of different work practices and production cultures within world-wide production systems. Internet-based manufacturing promises to facilitate this function because it requires the definition of uniform interfaces between manufacturing procedures in different plants and locations. The multiple options of customizing IT-networks within a uniform architecture makes the Internet ideal to deal with different types of customer relations, production cultures, political and social regulations. In this perspective, probably the strongest driver for Internet-enabled network architectures are economies of scale derived from flexibility in standardization.

b) Procurement and electronic market places

Of special importance here is the procurement of electronics components and parts. Contract manufacturers have developed sophisticated know-how in managing this portion of the value-chain and exert considerable buying-power. Parts and components are either purchased by contract manufacturers on behalf of their customers or by OEMs themselves. Contract manufacturers have also relationships with global electronics parts distributors like Arrows or Avnet. Local sourcing of parts and components, as already mentioned, remains relatively limited, usually restricted to non-strategic items like cables, sheet metals, or plastic parts. The calculation of prices, volumes, and availability of part-supply is essential to the CM industry. The problem is complicated by the cyclical nature of most component markets. 

Electronics parts markets sprang up in the year 2000 at the peak of the Internet-boom. The two most important ones were The High Tech Exchange, which encompassed major computer and chip-manufacturers (among them HP, Compaq, Hitachi, Samsung, NEC, and, from the CM-side, Solectron; EN May 8, 2000), and E2open.com with strong participation from major players in the telecommunications and networking field (Ericsson, Hitachi, LG Electronics, Matsushita, Motorola, Nokia, Nortel, Philips, Seagate, Toshiba and, again, Solectron). Supported by technology from IBM, i2, and Ariba and with financing from major investment banks like Morgan Stanley, E2open boasted a combined parts purchasing volume of 200 bn $ per year (NYT May 30, 2000). The concept of both projects is mirroring e-market initiatives in other industries like Covisint in the auto industry or Chemplorer in the chemical industry, which include major manufacturers, e-commerce software companies, and telecom network operators.

c) Integrating purchasing and design

As part of the development of e-market places, contract manufacturers have been actively supporting new Application Service Providers (ASP) in the electronics design field. Their software concepts go beyond mere part-trading. Design-ASPs develop database systems which integrate parts purchasing with the design process and product introduction at the assembly-line level. Start-up companies like Silicon Valley-based Spin Circuit are promoting data-exchange systems for the design of printed circuit boards and hardware, bringing together OEMs, parts producers, distributors, and contract manufacturers. These design gateways promise seamless interfaces between product designers, manufacturing engineers, and parts suppliers who all will become part of a single internet-based exchange system. Design engineers may even be able to change their product lay-outs according to the cost and availability of parts tracked in online-databases. Some contract manufacturers are heavily supporting start-ups in this field because early participation seems to offer the opportunity to control crucial nodes in global Internet-based manufacturing networks. 

The future impact of the integration of component design and trade on supplier networks and on manufacturing and engineering work is still difficult to assess. The suggestion seems plausible, however, that global electronics parts and component markets will foster the de-localization of sourcing relationships which is already characteristic for the contract manufacturing industry. On the labor side, we may expect substantial rationalization of engineering work, an increased separation of product and process engineering, and a diminished role for personalized cooperation between product and manufacturing engineers within local industry-networks. In qualitative terms, engineering work may become still more oriented towards non-technical, commercial factors like cost and parts availability. It may also mean increased competition for engineers in developed countries from outsourcing of engineering work to low-cost regions. However, such a development will mainly reinforce existing trends, since contract manufacturers are actively making use of local engineering talent which in some locations, especially in Eastern Europe, is widely available.

4.  Managing the crisis: supply-chain-management and global over-capacities

The developments described above mark profound changes in the production system of the IT-industry which seemed hardly conceivable few years ago. However, the dynamics of vertical specialization and re-integration under the auspices of Wintelism is also creating new potentials of crisis and massive economic and social risks (Lüthje e.a. 2002). As the current recession in the IT industry illustrates dramatically, contract manufacturing is at the center of the restructuring of key-industry segments engendered by enormous over-capacities in computer, data networking and telecommunications equipment. Contract manufacturers seem to be among the prominent victims of the crisis.

The unexpected stagnation of growth rates, which became visible in 2001 (see above), indicates a massive rupture in the ultra-rapid growth pattern of the 1990s. However, the slowdown seems to be only temporary in nature, as the recession is also accelerating the outsourcing of manufacturing on the part of brand-name firms. Recent developments such as IBM's sale of most of its PC manufacturing capacities to Sanmina-SCI (WSJ 01/11/2002), the acquisition of Hewlett-Packard´s PC-factory in France by the same contract manufacturer (FT 01/19/2002), or the transfer of large-scale manufacturing assets from Lucent to Solectron including major plants like the one in North Andover, Massachusetts, seem to justify the expectation of further growth.

Before this background, the role of contract manufacturing in the regulation of industrial over-capacities becomes particularly visible. As in most other industries, over-capacities in IT-systems manufacturing are structural in nature and global in scope. In IT, this development has become particularly pronounced as the massive influx of speculative capital has enforced technological progress and market-cycles. Latent over-capacities have been built up in almost every segment of the industry, particularly driven by the acquisition of plants in industrialized countries and by the expansion of mass-manufacturing capacities in low-cost locations in Asia, Mexico, and Eastern Europe (Lüthje 2001).

Since 2001, the major contract manufacturers have suffered heavy losses and declining revenues. The leading companies had to take massive restructuring charges for plant-closures, over-priced acquisitions, and inventory excess (FT 06/21/2002). At the same time, large-scale job-reduction programs and plant closures were carried through. Lay-offs mostly affected volume-production sites in low-cost areas in the U.S., such as Texas, the Carolinas or Georgia, in similar areas in Europe (Scotland and Ireland in particular), and even more so the newly established manufacturing complexes in low-wage countries like Mexico, Malaysia, or Hungary (FT 10/26/2002). Loans of some very large CMs were downgraded to junk bond status.

One particular source of financial losses were the huge inventories of electronic components which contract manufacturers held on behalf of their customers. These components were either purchased directly by the manufacturers and built into the assembled products, or they were owned by brand-name firms or parts distributors and assigned for use and inventory management to the manufacturing service companies. The complicated arrangements in this field produced what a well-known consulting firm aptly called  a "supply chain disaster". In many cases, the ownership of excess inventory was indeterminable. Both sides, contract manufacturers and OEM-customers, tried to leverage their respective customers or manufacturing partners to take financial responsibility for significant amounts of excess parts and components (EN 04/09 2001). Few details became public, but market data indicate that contract manufacturers had to bear the major portion of the excess. According to iSuppli, a well-known consulting firm, at the peak of the crisis, during the third quarter of 2001, contract manufacturers held about 49% of the global inventory excess in semiconductors estimated at 5,9bn $ globally (EB Asia 03/2002, EN 03/06/2002).

At every end of the production chain, OEM and CM have reacted with massive restructuring of their supply and purchasing operations. This process is put forward within the context of highly publicized mergers in key industry sectors intended to reduce global over-capacities, as in the case of the recent take-over of Compaq by Hewlett-Packard. Major OEM companies have been centralizing their relationships with contract manufacturers across various corporate departments and product lines. In order to counterbalance the growing bargaining power of large contract manufacturers, some first-tier OEM have started to establish key accounts for their relationships with contract manufacturers, resulting in the selection of a small number of preferred CM for world-wide operations (2002 interview data).

Contract manufacturers on their part are further centralizing supply chain management. Solectron recently announced a sweeping reorganization of its global purchasing organization, designed to overcome inefficiencies caused by the rapid growth of recent years. According to company sources, responsibility for purchasing decisions will be shifted away from individual plants or customer specific teams to a company-wide organization, as already practiced by other competitors (2001 interview data). The target is a radical cut in the number of key suppliers and concentration at the global and the regional level (with purchasing organizations for North America, Europe, and Asia). About 250 suppliers are targeted to make up about 80% of Solectron´s purchasing spend of roughly 14bn $ annually, down from 550 in recent years. The supply chain organization is developing company-wide schemes for supplier evaluation, bidding, and purchasing procedures. This standardization is considered crucial for the broad implementation of web-based supply chain tools, with the intention to lift the proportion of web-based purchasing procedures from 35% to 75% of the overall purchasing volume (Carbone 2002).

The slowdown in the IT-industry and the related centralization of supply-chains has also impacted most B2B-projects. According to a study by A.T. Kearny in 2001, out of the 17 public exchanges which were announced in the electronics industry during the year 2000 few have reached strategically relevant trading volumes. Almost 80% of the companies that have committed to an exchange have yet to transact any volume outside of pilot activities (EN 08/06/01). According to this and other accounts, the reasons for this development at least in part are structural. In an industry dominated by large trading partners with close, direct relationships and high visibility, the benefits of bringing together multiple buyers and sellers are not apparent. One consequence has been that major OEMs like Dell and CMs like Celestica have refocused their B2B-strategies on the development of private exchanges with direct connections to suppliers and customers (EN 09/03/01).

At the same time, the re-centralization of supply chains inside and between major OEM and contract manufacturers is likely to further complicate the development of industry-wide supply chain standards (as promoted by industry consortiums like Rosettanet). Inside the industry, there seems to exist a widespread consensus that a sweeping overhaul of the supply chain organization is needed, however, there is no consensus on the questions of how this should be achieved and who should do it (Spiegel 2002). The major problem seems to be that contract manufacturers and OEM are connected very closely but the "downstream" integration of business processes towards parts suppliers, distributors and smaller component producers is lacking. Supply chain integration at this level seems to be much more complex - not only for the greater diversity and number of participants but also because the global production networks of the vertically specialized IT-industry include scores of small and mid-sized companies in newly industrializing countries, especially in Asia. So far, only very few initiatives have been launched to integrate this element of  the supply chain into what is called the "seamless" web of global production (for a discussion of this question and the related problem of knowledge transfer in global production networks see Ernst 2001 and the recent special issue of "Industry and Innovation", edited by Ernst and Kim).

5.  Some Preliminary Conclusions

In this paper we have traced the relationship between new models of mass production the context vertical specialization and information technology networks. Our findings support the observation, that information technology is not a driver of organizational change per se but part of a complex shift in the social division of labor which ultimately is related to the demise of vertically integrated mass-manufacturing as prevalent in the era of Fordism (Lüthje 2001). In this context, information technology and Internet-based models of supply chain management in many ways do facilitate and support vertical specialization (cf. Cohen e.a. 2002).

However, our analysis also points to the double-sided relationship between "fragmentation and centralization" (Ernst/O`Connor 1992) in the IT-industry, i.e. vertical specialization and the global re-consolidation of  production chains. Contract manufacturers have emerged as major actors of re-centralization. In a certain sense, vertical specialization "at the top" of IT value chains (i.e. the trend towards "fabless" product definition companies) is matched by vertical re-integration "at the bottom" (i.e. of manufacturing assets). In the context of the Wintelist IT-industry, CM act as integrators of vast manufacturing networks but do not have the capacity to control product development and thereby market cycles.

Many of the instabilities and economic risks of the CM model are rooted in this specific constellation. The current trend of re-centralizing supply-chain management is one strategic answer. As we have discussed, this trend is also likely to favor further centralization of e-commerce networks in electronics component trading. There is more research needed to support this thesis. Beyond the question centralization vs. decentralization this set of problems points to the very fundamental question of how the architecture of e-market places is constructed by complex networks of corporate actors and their interaction in global market places (see Bar 2001).  This research would also have to address the problems of regulation and co-ordination inherent to systems of network-based mass production (such as Wintelism in the IT-industry), which has not been examined systematically in the international academic debate so far. With regard to E-commerce networks, one central question could be how standardization along the supply chain could be supported by strong public standards and institutions. 
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