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reflects Taiwan’s industrial focus on manufacturing and
Although Taiwan is one of the world’s leading producers of in- 1tS downplaying of services. Moreover, in terms of man-
formation products, it lags behind advanced countries in the appli-  Ufacturing, the emphasis has been placed on the buildup
cation of information technologies. The strength of Taiwan’sindus-  Of physical capital and on mobilization of the labor force
try lies in its low-cost manufacturing capabilities, which in recent  rather than technology. Precipitated by rising wages,
years have been undermined by rising wages. Faced with a massiveTaiwan’s industry entered an unprecedented stage of re-
relocation of production activities to China, the Taiwanese govern- structuring in the 1990s whereby manufacturing activities
ment s trying to prevent the hollowing out of domestic industry by were relocated, en masse, to China. Working mainly as
encouraging local firms to embrace new information technologies subcontractors for international brands, Taiwanese firms
to ;”engthegthffi”.ﬁ 1o r?”'ti”dationa' ﬁ”zs' TheO:_”mati"e aimsat  5ra faced with the immense challenge of preserving their
enhancing the flexibility of production and speeding up responses e . : . .
to the market through concerted actions by brand marketers, parts pOSIt!On In the mt.ematlonal productlon_n_e_twork Wh.IISt re-
suppliers, and assemblers. New technologies underscore newwork-locatl_ng their major manufacturing aCtIV_ItIeS_tO C_:hma'
ing methods that erect entry barriers to protect existing network _1aiwanese firms found that the solution lies in the ap-
relationships. plication of information technologies with the aid of IT
hardware, which they have been good at producing. By
establishing a digital information network, which connects
Keywords digital information system, e-commerce, informationthem to international buyers at one end, and their upstream
technology (IT), network, supply chain suppliers of parts and components at the other, they are able
to create a competitive edge in offering products in atimely
Taiwan ranks fourth in the world in terms of the Iorog:lnd flexible fashion. This competitive edge is underscored

duction of information hardware, but lags behind mo?&’”.a grt'oup OI]; parts and ctorgponertlts ?]qulf[ﬁrs WEO afre
advanced countries in the application of information tecf!"'Ng 0 WOrK In a concerted way 1o share the Tisks o

nologies (IT): both personal computer ownership arfifmand uncertainties within the industry. Each network of
spending on IT products (including software) remain épppllers is unique in terms of membership, work routine,

low levels. This contrast between production and usagBd the way in which production is organized, hence, they
onstitute a barrier to entry that protects the position of

the Taiwanese producer in the international subcontracting
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have to invest in building up trust in order to gain access tiemand for computer-related information services has also
the network and then have to invest in hardware facilitiéscreased, particularly in insurance, transport, and finance
to become part of the Information Web. Finally, they haviedustries.
to invest in software and internal work routines in order to
fully adjust to the system. New technologies thus give extf
protection to the existing relationships between Taiwanese
subcontractors and their international buyers, allowing tfi@iwan has been a major producer of computer hardware,
former to relocate production to China without losing exsut not a major consumer of computer-related services;
port orders. The purpose of this article is to discuss tihevertheless, the structural change in the 1990s has pushed
background of this development and to demonstrate h@aiwan’s economy toward greater consumption of such
the strategy works. services. Taiwan produced US$22,157 million worth of IT

hardware in 2000, ranking it fourth in the world in terms

of IT output, just behind the United States, Japan, and

Infrastructure

BACKGROUND Singapore. In contrast, the number of PCs owned in Taiwan
is relatively small, estimated at 224 per thousand people.
Economic Trends The number is dwarfed in comparison by the 585 per thou-

nd in the United States or 483 per thousand in Singapore.

; : : ise, IT spending also accounts for only a small frac-
from its previous rapid pace of the 1980s, but has nevercWISe, 11 S
theless remained robust. The average annual GDP gro %r:?oml'\;vﬁgrz&igep' slgftzvegroé (;?]Ié’ rtllggg gér(\?ilcjgswrﬁﬁch
rate for 1990-2000 was 6.42%, and as a result of this robQf ’ ' ’

o - aller than the proportions in the major IT-producing
%rggltlz, gfé fr? glct)%én(csoergefr;%slg flr)o m US$8,111in 1990 Ea(;)nuntries of the United States, Singapore, and Japan.

. Low levels of PC ownership and IT spending indicate
the structure of the economy in the 1990s: in particuldfat Talwanese society was not ready to take advantage
f hOJ the new information technologies despite its ability to

the mainstay of economic activities has shifted from t oduce IT hardware for export. The island’s hardware
manufacturing sector to the services sector. Manufactflf~ port.

ing accounted for 33.31% of GDP in 1990, but this shafduction abl(I]:t_y hﬁs’ howe\(/jerr], ?feefn#n(i%rgrglner? bé’ rs-
declined steadily in the 1990s, settling at 26.33% in Zoétbg(\j/vages, an '3 the_ﬁsecorr]m  ha 8 the CSH' ar \F]v_?re
(see Table 2). In its place, the GDP share account%tr(f ucers started shiiting their pro uc'gon to |na¥v e
for by service output increased from 41.76% in 1990 emptlngl :)O cc:jntml;]e to ser\ée as S;‘ co;ttr]act.ors orin-
49.86% in 2000. Among the various service sectors, ret Gfnational bran s. These producers found that investment

trade and finance have contributed most to this growth], "formation technologies in order to reorganize global
With the growing importance of the service sectop'oduction was a good way of preserving their position
ih the international production network. Thus, it is the

linkage to international buyers that drives the diffusion of

In recent years, Taiwan’s economic growth has slow%
i

However, there was a dramatic reorganization

TABLE 1 information technologies in Taiwan. The reasons are as
GDP growth and per capita income follows.
— First of all, as a subcontractor, there is a need to co-
GDP growth rate  Per capita income ordinate with international buyers in terms of production
(%) (US$) and shipping. The revolution in IT hardware production

in the mid-1990s has forced Taiwanese manufacturers to

1990 >-39 8111 restructure their production methods to meet the market
1991 7.55 8982
1992 749 10 502 trends. Key brand marketers, such as Dell and Compagq,
' ' have adopted the build-to-order (BTO) method to replace
1993 7.01 10,964 o e . .
1994 711 11.806 the traditional way.of bundlngto stock. This system entails
' ’ subcontractors being required to produce products accord-
1995 6.42 12,686 . .
1996 6.10 13260 ing to or_ders that are collected instantly on t_he Internet and
' ’ then ship the products promptly to the designated places.
1997 6.68 13,592 .
1998 457 12360 The BTO method reduces the use of warehouses in the
1999 5'42 13’235 supply chain and puts components, parts, and subassem-
2000 5 08 14,216 blies in a state of continuous flux. Subcontractors have

to reorganize internal production in such a way that they
Note. From Monthly Bulletin of Labor Statistics, can effectively coordinate their work with the actors in the
Council of Labor Affairs. other segments of the supply chain. For example, Compagq
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TABLE 2
Distribution of GDP by industry, percent (%)
. Services
Construction
Agriculture Manufacture and utilities Retail Finance Others
1990 4.18 33.31 7.53 14.21 16.71 24.06
1991 3.79 33.34 7.36 14.61 16.25 24.65
1992 3.60 31.70 7.69 14.98 16.96 25.07
1993 3.64 30.56 8.02 15.30 17.56 24.92
1994 3.51 28.99 8.21 15.61 18.96 24.72
1995 3.48 27.92 7.98 16.35 19.26 25.01
1996 3.19 27.92 7.39 16.80 19.50 25.20
1997 2.55 27.80 7.05 17.23 20.56 24.81
1998 2.47 27.39 6.65 17.77 20.36 25.36
1999 2.56 26.59 6.10 18.49 20.35 2591
2000 2.06 26.33 5.62 19.16 20.50 26.33

Note.From Monthly Statistics of the Republic of China, Taiwan.

requires that within 3 days of the placement of an order, ftscturing sector will loosen its ties to international buyers
main subcontractors put together 96% of the componeairsd hence jeopardize Taiwan’s ability to win major ex-
and parts in preparation for production and may often calbrt orders. Several measures have been conceived by the
for the shipment to be made within a week. The so-callgdbvernment as a means of reinforcing the foundation of
“963" operating target can only be achieved with the helfaiwan’s export-order winning capabilities, one of which
of a digital information network that coordinates work bewas to strengthen the “business-to-business” (B2B) net-
tween Compagq, the subcontractor and a large numbemaidrks linking Taiwanese companies to the major multina-
upstream suppliers. tional buyers. Thisis the background of the iAeB program.
Second, growth in foreign direct investment (FDI) since
the mid-1980s has further encouraged the use ofcompuﬁa]ﬁ trv Struct
based communications for interunit coordination withiffrCUStrY Structure
companies. Intranets were adopted by many subcontr@ae distinctive characteristic of Taiwan’s industrial struc-
tors as a means of coordinating work among their opetare is the dominance of small and medium enterprises
tional units in Southeast Asia, China, and Taiwan. Chif8ME). Enterprises with 100 employees or more account
has become a very popular investment area since fbeless than 1% of the total number of business firms in
Taiwanese government decided to allow Taiwanese entéaiwan. The dominance of SMEs presents a major obstacle
prises to invest there in 1991 (Kraemer & Dedrick, 20020 the adoption of e-commerce in Taiwan’s industry. SMEs
The investment boom in China has resulted in a major shidick the financial resources to invest in computer hard-
of production lines from Taiwan to China, underminingvare and software to enable their computer-based trans-
the close ties between Taiwanese manufacturers and tlaetions, and even if computer-based trading systems are
international buyers. Taiwanese manufacturers have camstalled free of charge, they still lack the human resources
tinued to negotiate and process orders in Taiwan, but téh the capability of maintaining them. Furthermore, in
orders are increasingly being serviced by production lingsost cases, rather than the use of a standard package,
located in China. In 1999, for example, 33.2% of the expagtcommerce enabling software needs to be adapted to par-
orders for information products were serviced by factorig¢igular environments inwhich SMEs are trading, thus mak-
in China, 9.3% were undertaken in Southeast Asia, 4.8%iimgy them unaffordable to SMEs.
otherareas (such as Mexico), and only 52.7% were actuallyln order to overcome these obstacles, rather than search-
manufactured in Taiwan (Chen, 2001a). Massive relodag for individual solutions, the Taiwanese government
tion of production to China threatens to turn Taiwaneses advocated a group approach to the adoption of dig-
manufacturers into middlemen whose role will eventutal information infrastructures. The government encour-
ally diminish, hence rendering them expendable (Geradiges SMEs to adopt the new technology in consortium
1995). with large firms, which will often act as their buyers, and
The government in Taiwan is also seriously concernéads initiated programs to subsidize such a group approach
that the imminent “hollowing out” of the domestic manuto the e-commerce solution. The government also offers
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TABLE 3 has recently started to change. The IT industry itself has
Output value of manufacturing sectors, 2000 been active in IT investment to update itself in the new
ways of international trading. Most IT firms are contract

Output value manufacturers for multinational firms, wherein the abil-
Sector (NT$ million) Share (%) ity to receive, process, and respond to new information is
essential to their competitiveness. They also have to inte-

Food 448,326 53 grate themselves into the global production and market-
Textiles and apparel 434,248 51 servicing networks of international buyers and digitization
Chemicals 913,878 . is indispensable in that endeavor.
Petroleum and coal 396,404 4.7 The pressure to adapt to the digital information network
Rubber and plastics 366,846 4.3 was felt by independent producers as well as subcontrac-
Basic metal 795,631 9.4 tors. Acer, one of the few Taiwanese firms marketing its
Metal products 410,113 5.0 own brand, for example, suffered a major defeat in the
Machinery , 406,149 4.8 desktop PC market in the late 1990s because of a belated
Electrical and electronics 3,119,021 36.7  transition to the new information technology. This defeat
Transport equipment 481,140 57 occurred despite its flexible production network, which
Others 717,449 8.5 is based on informal and social peer group linkages, and
Total 8,489,205 100.0 which had worked so well in the past (Ernst, 2000b). Tak-
Note. From Industrial Development Bureau, Ministry of ~ INg advantage of new information technologies, Acer’s ri-
Economic Affairs (2001). vals such as Compaq were able to achieve the same level of

flexibility and product breadth as Acer did, with a higher

various training programs through government-sponsorggeed. The defeat forced Acer to reformulate its organiza-
technology institutes to help SMESs to gain an understartibnal structure to accommodate the IT-based initiatives.
ing of digital information technologies.

Taiwan’s manufacturing sector is more receptive ﬁ‘ Hist fE-C in Tai
e-commerce than the service sector because of its cl§€ 1o 0fY Of E-L-ommerce in faiwan
linkage to the American firms that are leading the drivieor our purpose, e-commerce refers to the use of digital
toward total electronics-based trading. The manufacturinmgormation systems in managing production. By this def-
sector has evolved from a well-diversified structure toinition, the concept of e-commerce was first embraced in
very concentrated one; the output of the manufacturifigiwan in the 1980s by the automotive industry, an indus-
sector in 2000 is listed at Table 3. try operating within several production networks known

It can be seen from the table that due to the rapid exs core-satellite systems. Within each system, an assem-
pansion in the 1990s, the electrical and electronics seder performs as a core firm in consortium with several
now accounts for 36.7% of total manufacturing output; ikey components and parts suppliers, which, in turn, work
contrast, traditional industries have shown a rapid declimeconnection with their own suppliers. Several of these
in their output shares. For example, the textiles and appazete-satellite systems started to wire themselves together
sector accounts for 5.1% of manufacturing output, rubbeith computer terminals, linking with each other through
and plastic products account for 4.3%, and metal produgisblic telephone lines. The main function of the system
account for 5.0%. is to transmit information on work orders, shipments, in-

Within the electrical and electronics sector, IT-relategbices, etc. for the purpose of cross-checking, with the
production plays a central role; in fact, computers and coftew of information being primarily unidirectional from
puter peripherals alone had an output value of NT$959,9fHE core firm to the satellite suppliers.
million in 2000, accounting for 11.3% of total manufac- When the technology for electronic data interchange
turing output, exceeding all of the other manufacturin@EDI) was developed and standardized, the Taiwanese gov-
sectors listed in Table 3. The output value of semicorrnment wasted no time in promoting it, encouraging the
ductors was NT$807,511 million, accounting for an adwutomotive industry in Taiwan to experiment with this new
ditional 9.5%, and for telecommunications equipment téchnology. In 1993, the government began providing sub-
was NT$154,373 million, accounting for a further 1.8%sidies to the three local automotive assemblers in order to
These three IT subsectors together accounted for 22.68%tablish EDI systems within their core-satellite networks.
of total manufacturing output in 2000. A total of 143 automotive-related firms participated in the

The growing importance of the IT industry creates goroject, which adopted international standards with some
environment conducive to the diffusion of e-commercenodifications to address local peculiarities. The main aim
Although Taiwan has not been a major user of IT prodf the pilot project was to develop a model framework
ucts, despite its major role in producing them, the situatidor the local industry. The government later applied the
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pilot version of the EDI framework to other manufacturinghe government will subsidize the hardware and software
industries whereby several variations of models were creeeded for B2B systems that connect firms together, in-
ated to suit specific industry characteristics. By 1998, tienets within a firm do not qualify for such a subsidy.
government estimated that a total of 452 manufacturirdter reviewing the tenders submitted by the industry, the
firms had adopted EDI (Hsu, 1999). At the same time, |6BB chose IBM, Compagq, and Hewlett Packard to run the
cal computer software firms were encouraged to develdproject, and 15 indigenous PC makers, including Acer,
EDI-based management information systems (MIS) aitac, and Asustek, to run the B project.
application software, to provide added value to the new According to the project proposals, 20 Taiwanese sub-
technology. The government also took similar initiativesontractors were to be connected to IBM’s e-procurement
tointroduce EDI into official customs-clearing proceduresystem, 10 were to be connected to Compag, and 12 to HP.
interbank transactions, grocery chains, and the constriitte main purpose behind the design of the A project was
tion industry, with varying degrees of success. to improve the speed of data exchanges in order to coor-
When it became obvious that the Internet would be tli#nate purchasing orders. These subcontractors, most of
new-generation technology for e-commerce, the govemuhich are also participating in the B project, were subse-
ment decided to promote its use by launching a prograjuently connected to their components and parts suppliers.
entitled the “Industrial Automation and Electronic Busiin total, 1800 components and parts suppliers are expected
ness” (iAeB) program. Again, the manufacturing sectoo be incorporated into the B project, the main aim of which
was chosen to experiment with the new technology, bistsupply-chain management (Wu, 2001).
this time, it was the personal computer industry that was
chosen to run the pilot project. Unlike the EDI project,
which was essentially built as a “domestic” network, th
iAeB was intended to be international, and in fact, threE:IEA?ﬁ%TTI:BAIILﬁ$GUMENTS FOR SUPPLY
multinational firms, IBM, Compaq, and Hewlett Packar
(HP), were selected to be the leading firms to establish thecording to the management literature, there are two
Internet-based procurement networks. fundamental sets of factors that determine the extent of
international sourcing: location-specific factors and rela-
tional factors (Bartlett & Ghoshal, 1989; Kotabe, 1992).
Location-specific factors refer to labor, human, and tech-
The Taiwanese government launched the Industrial Amelogical resources that enable competitive production
tomation and Electronic Business (iAeB) programin 1998cross borders, as well as political and economic condi-
whereby tax incentives would be provided for private etions that ensure a stable flow of goods from an offshore
terprises investing in computerization and related techntidcation to the market. Relational factors refer to work-
ogy development, in conjunction with personnel traininipg relationships, trust, and linkages that ensure offshore
to accommodate such computerization. Just as in the castvities can be effectively coordinated with other activi-
of R&D expenditure, under the auspices of the Statute fties in the value chain to provide a competitive product. A
Industrial Upgrading, a certain proportion of this expercountry can invest in location-specific factors, such as hu-
diture can be taken as a tax credit. By December 2000, taan resources development or technology upgrading, to
credits had been granted in 36,293 cases of e-commernt@ke itself more attractive in international sourcing activ-
related investment. ities; it can also invest in relational factors to strengthen its
In addition to tax incentives, the Industrial Developties to multinational firms that dominate the international
ment Bureau (IDB) of the Ministry of Economic Affairscommaodity chains. Taiwan’s iAeB program is aimed at the
alsotook initiatives to construct “model” electronics-basdditter.
exchange systems in the PC industry, where supply-chairMeanwhile, the risk of international sourcing arises
management is emphasized. The aim was to link PC s§®m two sources: one from the demand side and the other
tem producers to their suppliers for the coordination éfom the supply side. The literature has shown that
ordering, production, warehousing, transportation, delidemand-side disruptions often create more damage than
ery, and sales. The model program is divided into A and®ipply-side disruptions, as the damage takes the form of
projects. The A project takes an international system prorexpected costs in expedited shipping, high level of in-
ducer asthe core firm around which the exchanges are to/eatories, and low demand fulfillment (Levy, 1995).
clustered, while the B projecttakes an indigenous producupply-side disruptions are also potentially damaging, but
as the core firm. The model systems are subsidized by they are manageable by conventional means such as diver-
government, at up to 50% of the costs, but technologies adication of supply sources. Moreover, production-related
cumulated in the process of developing such systems ardigruptions tend to decline over time because of learning
be made available for other firms to emulate them. Whitdfects, whereas demand-side disruptions, which are a part

iAeB Program
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of market nature, do not. This implies that a competsuppliers. Compal’s ERP system provides data on its de-
tive production network must find a way to minimize thenand for parts and components for the next 3 months, ac-
demand-side risks. cording to hourly updated information from Dell, and the
The new digital technologies make the demand-sideppliers are responsible for stocking 7-day inventories at
disruptions more manageable because information on tieeir own factory sites in line with this demand projection.
mand fluctuation can be collected and shared between Deivery is to be made once or twice a day to Compal’s pro-
parties involved in the supply chain within a shorter timduction line in Pin-Cheng, about 50 miles south of Taipei,
span. Traditionally, a producer has to forecast the demanith the quantity and specification instructed by the com-
for its product and produce or source accordingly. Wheruter. Transfer of ownership is made upon delivery; before
demand disruptions arise, the producer adjusts prodtitat point, the suppliers bear the entire costs of inventory,
tion or sourcing orders, but the reaction is often piecetorage space, and the risk of price changes. The effect
meal and ad hoc (Borthayre, 1998). Given the new digitaf the BTO method is astonishing. Under the traditional
technologies, a producer can now produce accordingpmduction method, it took 45 days to ship a computer
actual demand rather than to forecast, or at least it caifter receiving the order; the new method has shortened
systematically modify the forecast by taking the most réhis time to several days. The average inventory turnover
cent data on actual demand into account. This leadsfto Compal was 54.6 days in 1995; this was reduced to
so-called “built-to-order” (BTO) production. The essenc®0.9 days in 1999 (Chen, 2001b).
of BTO is that a producer continuously updates its pro- The end result of the new production method has in
jection about market demand by taking new informatidiact been to reduce inventory levels and to pass the burden
into account and adjusting the volume, composition, aofl holding inventory onto upstream suppliers. The entire
timing of production accordingly. In its perfect form, thesupply chain becomes more efficient when the inventory
BTO method completely eliminates inventories and stocksirden is shifted backward because the value of finished
of finished goods, while instantaneously adjusting the flogpods is higher than that of semifinished goods, whose
of the value chain. The key to the success of this methealue is in turn higher than that of raw materials. Hold-
lies in the ability of the production flow to be calibratedng final goods in inventory is so expensive that many
precisely and modified instantaneously, with the burd€é¥C manufacturers prefer their products to be shipped by
often lying with upstream suppliers. air cargo rather than sea lines. Levy (1995), for example,
Minding the new trend of production, many ofdocumented that air freight of personal computers from
Taiwan’s PC manufacturers have introduced enterpriSengapore to the United States costs 10% of the product
resource planning (ERP) schemes to enhance their galue compared to the sea freight cost of just 1%, but the
pabilities in supply chain management, with the aim aost of holding inventories in transit during the sea trans-
improving production efficiency, controlling the flow ofportation phase completely outweighs the advantages of
materials and components, cutting down inventory levetsansportation costs.
and avoiding the risk of price fluctuations in major compo- Under the BTO production scheme, a long supply chain
nents and parts. The ultimate purpose is to accommodatéds the edge over a short supply chain; the long chain
the need of final producers who stand on the front line &f advantageous not only because it can shift the burden
the market and often dictate the chain of production. Faurther backwards to upstream suppliers, thus reducing
example, Compal, a Taiwanese subcontractor working fille value of inventories, but also because it can spread
Dell, switched its production method to BTO in 1995 ahe risks among suppliers at different stages. Moreover, a
the request of Dell (who pioneered direct marketing ddnger supply chain provides more room for adjustment in
PCs). Within the BTO scheme, Compal distributes parisrms of the flow of production should demand disruptions
from the main system and ships them separately to thaddenly arise. Taiwan’s production network, comprised
designated assembly factories where Dell then assemliémany specialized small producers, is a typical example
them into final products according to specific customef a long supply chain in which small fixed capital al-
orders. This method increases the variety of products lows for great flexibility in output adjustments. However,
adjusting the parts attached to the main system and reduttese is also an inherent weakness in a long supply chain,
the risk of price fluctuations that are often associated wittamely, the difficulty of coordinating production activities
key components such as central processing units (CPWsa short time span. The purpose of Taiwan’s iAeB pro-
and random access memory (RAM) cards, which can geam is to ensure that small upstream firms in the supply
inserted at the final stage of assembly instead of beiolgain are integrated into the new production system despite
shipped from Taiwan as a part of the system. their inability or unwillingness to adopt electronics-based
In order to accommodate the new production methdagistics.
Compal established a virtual hub atits company headquar-The new production method, driven by information
ters to coordinate the shipping and delivery of its upstreamchnologies, also provides a chance for Taiwanese
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subcontractors to increase their power in the global prpessible that international brand marketers such as IBM,
duction networks. As Ernst (2000a) argues, the power ldP, and Compaq would have worked out their own B2B
international brand marketers, which he refers to as thgstem even without any initiative from the Taiwan gov-
“flagship” in the global production network, lies in theirernment;itis also quite likely that some Taiwanese vendors
control over the knowledge that is essential to innovaould have been included in that system. The difference
tion, and their capability to coordinate and manage tlleat this initiative makes is that it persuades international
global supply chain. As the supply chain is lengthenditand marketers such as IBM to establish a Taiwan-specific
and extended across many national borders, it becorB2B system with Taiwanese vendors. Although the por-
increasingly difficult for the flagship to coordinate all otal adopted for the Taiwan system may not differ from
the work in the value chain. The difficulty is exacerbateother portals, for example, IBM’s “e-Procurement” por-
by the increasing pressure of speed-to-market as a resallt which is used globally, it is adapted to local pecu-
of shortening product life cycles, where “market” referBarities in term of accounting practices, invoicing, qual-
to all major markets across the globe rather than a singffe control, and the financing of goods in process. The
national market. Under these circumstances, subcontradaptations make sure that the subsystems to be estab-
tors who are capable of providing integrated services lished for the purpose of local accounting or the banking
the flagship will become valuable partners of the lattémdustry are compatible with the main system. Once these
and power in the global production network will thereforgubsystems are established and annexed, the value of the
be enhanced. Information technologies enable an integB2B network established by companies like IBM becomes
tion of a subset of the global production network in whicmore valuable because of the auxiliary support. Consid-
Taiwanese subcontractors play a dominant role. This sring this sunk investment, IBM is therefore unlikely to
set is characterized by multiple, flexible, and short-terneadily abandon this system. If some member has to be
links, which can be connected and disconnected with easenoved because of unsatisfactory performance, there is
toaccommodate demand fluctuations with a minimum casthigh likelihood of it being replaced by another vendor
resulting from idled or strained capacity and manpowerfrom Taiwan.

It is in fact the existence of these small upstream sup-Further value is added to the system by the long-
pliers that provides the foundation of competitiveness festablished working relationships between the procure-
Taiwanese PC subcontractors serving brand marketersnt engineers of IBM, HP, Compagq, and their vendors in
such as IBM, Compag, and the like. Therefore the succ8gswan. For example, the vendors can provide their prod-
of the B project is the key to sealing the bond betweerct roadmaps to the buyers and the buyers can factor this
Taiwanese subcontractors and their brand marketers. Rndermation into their product design. Local procurement
curements by leading American PC firms sourcing imanagers possessing information on both sides can pro-
Taiwan, namely, Compagq, IBM, HP, Dell, and Apple, tovide good advice to Taiwanese vendors by interpreting the
taled NT$25 billion in 2000, a 48.8% increase from theaw information provided by the buyers to enable a better
$16.8 billion worth of procurements in 1999 (IDB, 2001)match up of the product orientation. If some of the ven-
The A and B projects were aimed at preserving the subcalor’s products in the market go wrong, the procurement
tracting relationship after some segments of production amegineers can often detect the likely source of the problem
relocated to China. In orderto do so, the supply-chain maamd offer prescriptions to eradicate the problems based on
agement (SCM) of Taiwanese subcontractors will hatiee accumulated knowledge of their vendors. Because the
to encompass the production lines and parts suppliergprocurement office in Taipei was the architect of the digital
China. In fact, inimplementing the A project, Compaq hgwocurement system, the possible roles and contributions
encouraged its subcontractors to include Kunshan, a magbthe office itself was taken into account and embedded
cluster of Taiwanese PC assembly lines in China, in théirthe system.

SCM networks. The A project was initially designed for procurement
purposes only, but other functions may be added as partic-
: ipants consider them desirable. For example, design col-
ASSESSMENT OF THE iAeB PROGRAM laboration was added to one of the A projects because the
The A project was completed by the end of 2001, whileuyer believed that collaboration at the design stage can
the B project will take a few more years. Although it ismprove the compatibility of the product orientation be-
obviously too early to assess the effects of the iAeB prtween the buyer and the vendors. When a new PC is to be
gram, some preliminary results are observable. First @ésigned by the buyer, one of the vendors may be asked
all, by taking a group approach to the establishment tf design a motherboard or a power supply system for the
the supply-chain management system, the system soremw product. This cooperative design process, which is to
tablished encompasses some local advantages that sbevearried out at the supplier’s own expense, will trickle
to protect local vendors from foreign competition. It islown to production orders and can be easily modified in
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the process of production should the market reaction diffend parts producer to the subcontractor. This is because a
from initial expectations. The design collaboration is ursubcontractor gains power in the global network by pro-
dertaken on an exclusive one-to-one basis, but the partngding integrated services, the capability of which often
involved can be switched from one product area to anotheames from a large size. The data shows that a four-firm
This constitutes a natural entry barrier for new membersoncentration ratio of Taiwan’s PC and PC peripherals
Compared with the A project, the B project is moréas increased almost across the board in the 1990s (Chen
difficult to accomplish because it involves a large numbet al., 2001). Small components and parts suppliers have
of small firms. While the A project was successfully corto build their competitive edge on technological capabili-
cluded at the end of 2001, the B project is still strugglinges just to remain in business, and knowledge transfer to
along with only lukewarm acceptance from the small sughe subcontractor may be necessary to collectively build
pliers. The key problems are a lack of technological capa-competitive product. As the suppliers are also likely to
bility to handle the digital transaction system and a lack bear the burden of holding inventories to accommodate the
awareness of the urgent need for restructuring (Clenderjirst-in-time production system, a strong commitment from
2001). However, for small firms that have already signéle subcontractor becomes necessary. The short-lived links
up, the benefits of digital-based logistics are apparent. Aetween the subcontractor and the suppliers will likely be
though lead times allowed for delivery may be shortenedplaced by a longer term relationship. Technological re-
by the new system, orders become more stable; more iguirements and the willingness to invest in information
portantly, linking up with large subcontractors, such @echnologies, such as the B project, will also weed out less
Compal and Mitac, gives them the leverage they needdompetent and less willing suppliers from the network.
terms of material procurement and financing. A more sta- In the end, electronic commerce may be unable to pre-
ble supply relationship with these major subcontractovent Taiwanese producers from relocating to China as the
gives small suppliers greater purchasing power against rdassion of labor tends to be governed by locational factors
terial producers, which are often larger than themselveélsat cannot be altered by e-logistics; nevertheless, a digi-
If these material suppliers are also signed up to the syal information system may help Taiwanese producers to
tem, the bargaining power of the small components andnimize the financial risks while maximizing the benefits
parts suppliers is smoothed out because of their comnfoom global production. It turns out that although China
linkages to main subcontractors. is a labor haven, it is not a perfect site for offshore sourc-
The banking sector is now displaying strong incentivessg because of real-time logistical difficulties. Studies on
to rely upon the supply chain management systems ddfshore sourcing have shown that some of the most im-
rived from the B project. With the visibility of the pro- portant components of a country’s logistical friendliness
duction flow from materials to final products, banks caare compatible customs and documentation requirements
finance production with a mortgage on the goods in pr@Murphy & Daley, 1994). By this standard, China is by no
cess, which was previously difficult to monitor. In a sensajeans a logistically friendly country. For example, secu-
financial services, which facilitate production rather thanity check procedures in China require that a commodity
directly participating in production, can also be integratdsbund for export sit in the airport for at least 24 hours
into the digital information system to make the whole supiefore it clears customs. Inefficient and unreliable freight
ply chain more efficient. Likewise, transportation servicearriers, both on land and air, often cause logistical snags.
providers directly participating in production can also b&he absence of direct cargo flights between China and
integrated into the system to enhance productivity. A mafiaiwan also hampers any shipments between the two sides
ager at Compag, for example, explained that local truckfthe Taiwan Strait.
delivering products to Compag’s warehouse in Taipei often Restrictive licensing practices in the Chinese markets
left the warehouse with no load. A better-informed systefarther impede the flow of goods from one province to
may take advantage of this unutilized capacity (interviewhe other, disjointing the supply chain. Take Compaqg’s A
April 30, 2001). project as an example. Despite the whole-hearted support
An electronics-based logistical network may also infrom the city government of Kunshan in establishing an
pact the business organization of Taiwan’'s PC industigformation highway between Taiwan and Kunshan, the
Small components and parts producers in Taiwan’s supjgk of real-time logistical support limits the Chinese op-
chain receive little financial and technological transfeerations to the production of stand-alone subsystems that
from major subcontractors (Ernst, 2000a). Arm’'s-lengttan be shipped directly to the final market, such as the
transactions prevail and cooperative links established tdnited States. This limitation, on the one hand, prevents
a particular job are often short-lived. The establishmentwholesale relocation of the entire production network to
an Information Web that provides instantaneous produchina, while on the other hand it encourages Chinese oper-
tion data to coordinate works along the supply chain magions to develop self-sufficiency, which will enable them
even require a knowledge transfer from the componermgentually to compete directly with Taiwan’s headquarters.
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CONCLUSION highest risk of supply-side disruptions, however. Failure

The earlv development experiences of Taiwan's e-cory. communicate information properly, failure to coordi-
y P P Wate activities precisely, or failure to absorb the shocks

merce indicate that the pace of the adoption of digital ”&’dequately at any segment of the value chain can result
formation system depends on IT infrastructure, financ

. : i serious supply disruptions. The system becomes even
industry structure, and network relations. Network rel?ﬁore vulnerable when suppliers themselves have to man-

tions are particularly important in Taiwan where larg ge production across borders, in addition to servicing off-

firms are typically forced to adopt the new form of 'grad_ln hore buyers. This is the daunting task faced by Taiwanese
because they are contract manufacturers for multinatio

firms that are under pressure to deliver products m(;ﬁrz ducers in the PC industry.

timely and more flexibly, while small firms are forced to
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