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Introduction®
China’s opportunities to build innovative capabilities in the IT industry differ
from those faced earlier by Japan and East Asian NIEs. It has a unique combination of
advantages in a booming market for electronics products and services; the world’s largest
pool of low-cost and easily trainable knowledge workers?; the emergence of sophisticated
lead users and test-bed markets; and policy efforts to strengthen China’s innovation
system. As a late-late comer, it can learn from the achievements and mistakes of earlier
latecomers.
The international environment is also dramatically different. Most important is
the expansion of global knowledge networks. They have extended beyond markets for
goods and finance into markets for technology and knowledge workers (Ernst, 2006a).
This raises two questions that are at the center of this chapter: Does integration
into global knowledge networks facilitate the efforts of Chinese IT firms to develop
innovative capabilities? If yes, precisely what type of capabilities are they developing?
The findings of this chapter can be summarized as follows:

e Integration into global knowledge networks exposes Chinese IT firms to leading-edge
technology, “best-practice” management and sources of knowledge.

e Knowledge about its own markets and production sites helps them to exploit these
opportunities.



e Successful Chinese firms have not attempted to compete head-on with global leaders
through radical innovations. Instead, they have focused on incremental and
architectural innovations that support technology diversification strategies.

e Integration into global networks needs to be supported by a strong domestic
innovation system.

These findings contradict a pessimistic literature that appraises China’s innovative
capabilities as weak.® They also contradict fears, sometimes played up for political
purposes, that Chinese firms could make radical innovations that would challenge U.S.
technology leadership.* A central proposition here is that Chinese IT firms make most
progress in areas that escape the attention of both pessimists and proponents of an

emerging technology threat.

1. China’s Integration into Global Knowledge Networks

China is far more integrated into global knowledge networks than were Japan and
Korea at a similar stage of their development. Formal corporate networks link Chinese
firms to global customers, investors, technology suppliers and strategic partners through
foreign direct investment (FDI) as well as through venture capital, private equity
investment and contract-based alliances. And informal global social networks link China
to more developed overseas innovation systems, primarily in the US, through the

international circulation of students and knowledge workers.

The Role of Foreign Direct Investment

Since 2003, China has become the world’s largest recipient of FDI, overtaking the
US. FDI is nowhere more important than in high technology exporting. In 2005, foreign-
invested enterprises (FIES) produced 58% of China’s total exports, but 88% of high-
technology exports. And Taiwan-owned FIEs produced 60 % of China’s exports of
computers and handsets.

In addition, practically all global IT industry leaders have begun to do R&D in
China (Ernst, 2006a). By 2004, China had become the third most important offshore
R&D location after the United States and the United Kingdom, followed by India (sixth)



and Singapore (ninth) (UNCTAD 2005).> Much of the R&D offshoring to Asia is
concentrated in the electronics industry, with China dominating R&D for hardware.

As for non-equity forms of R&D internationalization (“offshore outsourcing™),
China is now the third most important location behind the United States and the United
Kingdom and ahead of Germany and France. The same survey projects that China will be
a more attractive location for future foreign R&D than even the United States.

Venture Capital and Private Equity Investment

More recently, venture capital and private equity investment have added an
important dimension to China’s integration into corporate networks®. Venture capitalists
in Silicon Valley now often require start-ups to present an “offshore outsourcing” plan as
a condition for funding. This model keeps strategic management functions like customer
relations and marketing, finance, and business development in Silicon Valley, while
moving product development and research work to offshore locations (Ernst, 2006a).

An example is a start-up company in Beijing that specializes in mixed-signal chip
design (Ernst, 2005a). Chinese engineers with PhD degrees from leading U.S.
universities and who have worked as senior project managers in U.S. semiconductor
companies founded the company. It has venture capital funding for developing chip
designs in both China and Silicon Valley. A fully integrated design team in Beijing
develops decoder chips customized for the new Chinese AVS (audio-video signal)
standard. Of the more than 60 engineers in Beijing, 90 percent hold at least Masters
Degrees. Five senior managers based in Santa Clara handle customer relations and
provide design building blocks (the co-called SIPs) and tool vendors for design
automation, testing and verification.

Private equity funding has also rapidly increased. Much of it takes place behind
the scenes, and is difficult to document.” A recent survey estimates that $1,300 billion
has been invested in global private equity, a figure set to rise significantly.®

One of these firms, the Texas Pacific Group (TPG), established a strong presence
in Asia through its Hong Kong-based Newbridge affiliate, well ahead of other leading
players. As discussed below, TPG has played a key role in Lenovo’s acquisition of IBM’s
PC division.

Informal Social Networks



Equally important is China’s integration into informal networks through the
international circulation of students and knowledge workers. It has become intricately
linked to overseas innovation systems through a massive brain drain of its students and,
more recently, through a reverse brain drain that brings returnees and overseas
knowledge workers home.

In 2005, China had more than 61,000 students in American universities, more
than any other country except India.? Associations of US-based Chinese engineers and
managers such as Mount Jade, CASPA and NACSA channel information back and forth.
China is also involved in US-centered professional peer group networks including IEEE
and its many specialized working groups. China’s large diaspora of skilled migrants helps
to diffuse complex and often tacit knowledge about technology and management. Equally
important are “IT mercenaries” from Taiwan, Hong Kong, Singapore, Malaysia and the
Philippines, and more recently also from Japan, the US and Europe. These informal
social networks provide much needed experience and links with markets and financial
institutions, and can become an important source of reverse brain drain.

Defining Innovative Capabilities

An important challenge is to define this concept in a way that reflects globalizing
markets for technology and knowledge workers and the resultant changes in the
international innovation system (Ernst, 2002, 2005b, 2005¢ and forthcoming).
Unfortunately, much of the literature on Asian innovation systems is based on empirical
evidence that predates these transformations. ™

However, it does provide important insights. It demonstrates, for instance, that
distinctive economic structures and institutions offer quite different possibilities for
learning and innovation, and hence should affect the design of innovation strategies.

Specifically, the economic structure (of a country, an industry and a region)
affects a firm’s specialization (i.e., its product mix), its learning needs as well as the
breadth and depth of its capabilities while institutions shape how things are done and how
learning takes place. An important concern is the “congruence” (Freeman, 1997:13) of
different innovation subsystems, which is necessary to create a virtuous cycle of
innovation.

International Knowledge Sourcing



Through integration into global production networks (GPNs), Asian firms have
tapped into the world’s leading markets, especially in the United States, and compensated
for the initially small size of their domestic markets (Ernst, 1997; Borrus, Ernst, Haggard,
2000). It also has provided access to leading-edge technology and best-practice
management approaches. This, in turn, has created new opportunities, pressures, and
incentives for Asian network suppliers to upgrade their technical and management
capabilities and worker skills (Ernst and Kim, 2002).

Asian economies (even the most successful ones), are constrained by weak
domestic research capabilities and a narrow portfolio of home-grown intellectual property
(Ernst, 2002). Hence, they need ways to attract R&D by global firms. In a case study of
Malaysia’s electronics industry, Ernst (2004) demonstrates that attracting foreign R&D
not only compensates for initial knowledge weaknesses. It also helps their adaptation to
abrupt changes in technology and markets. The study concludes that, under certain
conditions, attracting R&D by global firms may catalyze the development and the

diffusion of innovative capabilities ahead of what the market would provide.

Foreign R&D Labs

In considering the roles of foreign R&D labs, it is important to distinguish between
“home-base-exploiting” and “home-base-augmenting” ones (Kuemmerle, 1996). “Home-
base-exploiting” overseas R&D has been around for a long time. It adapts technology
from the company’s home base for commercialization overseas. In contrast, “home-base-
augmenting” overseas R&D in Asia has become considerably more important since the
1990s. It taps into new knowledge from abroad and transfer it back home base
(Kuemmerle 1997: 66) and combines diverse technologies in new products and processes
(e.g., Granstrand, Patel and Pavitt, 1997).

The following taxonomy (Ernst, forthcoming) helps understanding of this topic.
“Satellite” R&D labs, the least developed type, combine elements of “home-base-
exploiting” and “home-base-augmenting” R&D. They are of relatively low strategic
importance. “Contract” R&D labs are the pure-play version of “innovation offshore
outsourcing.” For them, China’s role is to supply lower-cost skills and infrastructure.
Dense information flows link these labs with R&D teams at headquarters and other



affiliates and knowledge exchange is tightly controlled, and highly unequal. The highest
stage, “(more) equal partnership” labs, is reserved for R&D labs of global firms charged
with a regional or global product mandate. For them, barriers to knowledge exchange are
supposed to be much lower, and may eventually give way to full-fledged mutual
knowledge exchange.

Although satellite and contract R&D labs continue to dominate (e.g., von
Zedwitz, 2004; Gassmann and Han, 2004; Li and Zhong, 2003) there are examples of
(more) equal partnerships, especially for the development of China’s alternative
standards in mobile telecommunications, open source software, and digital consumer
electronics (Ernst and Naughton, 2005; Garcia and Burns, 2006).

Governments are playing key roles as promoters and funders of innovative
capabilities. It shows that integration into global corporate knowledge networks increases

the need for strong national innovation systems (Ernst, forthcoming).

A Broad Definition of “Innovative Capabilities”

I suggest using a broad definition, including not only technology knowledge but
also complementary “soft” entrepreneurial and management innovations. Especially
useful here is work on measures of firm-level innovations (Lall,1992; Ernst and
O’Connor, 1992; Rasiah, 1995; Bell and Pavitt, 1995; Hobday, 1995; and Ernst,
Ganiatsos, Mytelka, 1998). The last of these developed the first comprehensive taxonomy
of firm-level capabilities required for production, investment, minor change, strategic
marketing, establishing inter-firm linkages, and major changes. Its emphasis on strategic
marketing is supported by recent case studies of Lenovo and China’s handset industry
(Xie and White, 2004 and 2005) that highlight the roles of distribution channels and close
interaction with end users as preconditions for developing innovative capabilities. Ariffin
(2000) documents the role of minor change capabilities and inter-firm linkages, while the
importance of major change capabilities is emphasized by Amsden and Tschang (2003),
who classified R&D by technological complexity.

Here, | define “innovative capabilities” broadly to include the skills, knowledge
and management techniques needed to create, change, improve and commercialize

successfully products, services, equipment, processes and business models (Ernst,



forthcoming). R&D is important but so are complementary “soft” capabilities. Research

on successful innovations demonstrates that “the technology is the easy part to change.

The difficult aspects are social, organizational, and cultural” (Norman, 1998). In short, in

addition to R&D, | emphasize the following complementary “soft” innovative

capabilities:

e sense and respond to market trends before others take note (“entrepreneurship™)

e recruit and retain educated and experienced knowledge workers who are the carriers
of new ideas

e global knowledge sourcing for core components, reference designs, tools, inventions
and discoveries

e raise money required to bring an idea quickly to the market (the litmus test of
innovation)

e deliver unique and user-friendly industrial designs (especially for fashion-intensive
consumer devices, like mobile handsets)

e develop and adjust process management (methodologies, organization and routines)
in order to improve efficiency and time-to-market

e manage knowledge exchange within multidisciplinary and cross-cultural innovation
projects;

e participate in and shape global standard-setting;

e combine protection and development of intellectual property rights; and

e develop credible and sustainable branding strategies.

Lenovo - Leveraging Linkages with Global Industry Leaders

Lenovo shows how integration into global knowledge networks can influence the
evolution of a company’s business model and its development of innovative capabilities.
This is exposing Lenovo to best-practice management approaches, intellectual tools and
leading-edge technologies. Its recent expansion into global markets has culminated in it
buying IBM’s PC division, opening the door for private equity investors. Implementing
this new business model poses major challenges but also provides new opportunities for

learning. As long as its focus was on the China market, informal social knowledge



networks remained China-centered but “going global” has considerably increased the
pressure to globalize them.

Ownership

Lenovo is a “state-owned, privately-run” company whose state oversight virtually
disappeared since being listed on the Hong Kong Stock Exchange in 1994.* In 2003, the
name Lenovo was chosen as one that could be used without restrictions in global
markets.

The Lenovo Group Ltd. is part of the Hong Kong-listed conglomerate Legend
Holdings Ltd., together with Digital China Holdings Ltd., which focuses on distribution
and services, and Legend Capital, one of China’s leading corporate venture capital
investors.

Liu Chuanzhi, the company’s founder, was influenced by the experience of his
father who, after working at the Bank of China had become a lawyer and moved to Hong
Kong to become a specialist in intellectual property law. In 1984, he found himself stuck
in a low-paid computer scientist position and was frustrated that the institute’s research
was not turned into something practical. His main motivation in founding the company
was to commercialize ICT research.

When Legend was founded in 1984, all the ingredients for creating a successful start-up
company were missing, and there were no established role models for doing this. This
meant starting small, trading in whatever could be sold. Rather than proceeding from
manufacturing to sales and then to R&D, the company had to start as a trading company,
a sequence typical of Hong Kong traders. It focused attention on peculiar features of the
China market. After the mid-1980s, the China market expanded rapidly and by 2005 it
was still growing seven times faster than the US one. And despite the entry of Dell and
HP, Lenovo has remained the market leader for eight consecutive years, with about one-
third of China’s market in 2005.

Lenovo owes its success to having user-friendly products and services, being less
over-engineered and less expensive than those provided by global market leaders with
features that address peculiar needs of China’s markets. Its business model combines:

o familiarity with specific market characteristics and user requirements;



a superior domestic distribution network and information management;

advanced industrial designs;

strong brand recognition;

reliance on a low cost structure; and

access to well-educated and trainable knowledge workers.

Learning From Global Market Leaders

Much of Lenovo’s success came through linkages with global market leaders. It
entered the China market as a distributor of foreign products rather than as a
manufacturer.’? In 1985, the company began to distribute computers by HP, IBM and
AST. Especially from HP, Lenovo learned the basics of modern business management:
“Legend learned to be more sensitive to the market and to market trends, and it learned
the value of working with established procedures (Feng and Elfring, 2004:37).

Lenovo’s current chairman, Yang Yuanging, learned much from his close
association with HP including formal decision-making procedures, the transition from a
functional organization to business units, and the use of performance evaluation and
incentives. Generous share options were used to recruit top university graduates and to
poach aggressive young Chinese executives from leading global corporations. But the
most important lesson was establishing a superior distribution network and the early
introduction of an efficient, IT control system for inventory and accounts receivables.

Another important source of knowledge was contact with Taiwan’s IT industry
including brain-storming discussions at Acer and other leading Taiwanese PC companies
that convinced the company to focus on the China market. In contrast to Taiwan, where a
small market has forced companies to embark on global subcontracting, the China market
was big enough to sustain a brand. It was hoped that the experience gained in China
could be used to develop a brand internationally.

Since 2000, Legend has talked to a group of private equity investors at General
Atlantic, originally looking for advice on how to spin-off Legend’s distribution and
software activities. This resulted in the 2001 listing of Digital China on the Hong Kong
Stock Exchange (Primack, 2006). The chairman of General Atlantic, Steven A. Denning
also serves on the Advisory Board of the School of Economics and Management at



Tsinghua University and this apparently helped to establish contact with Liu Chuanzhi
who as chairman of Legend Holdings, retains control behind the scenes.

For Lenovo’s founder generation, education and work experience was
overwhelmingly China-centered. Among the eight most senior Chinese executives of
today’s Lenovo group, only one, Mary Ma (Senior Vice President and CFO), had studied
abroad and had been in charge of international relations at the Chines Academy of
Sciences (CAS). Another strength of Lenovo comes from its origin as a CAS-spin-off; its
senior managers have retained strong ties to the academic research community. The new
generation of managers has been much more exposed to international networks through

overseas graduate studies, travel and work (Interview Beijing 05 26 06).

Developing Innovative Capabilities

Over time, Legend developed close relations with a set of technology suppliers. In
addition to IBM and HP, this included Intel, Microsoft, Hitachi, Siemens, and Texas
Instruments. It decided to use only the best of Intel’s microprocessors and Intel selected it
as its first strategic partner in China. As a result, most of the company’s executives have
participated in Intel’s organizational training programs.

Another strength is in industrial design and materials. Legend’s success in the
China market owed much to its decision in 1998 to introduce a laptop (the Tianxi model)
for consumers and small businesses, melding a stylish design with performance features
that suited this market.*® It was introduced after two years of work that involved some of
the leading global players in materials, such as GE Plastics and Nike, and well-known
design firms such as Palo Alto-based IDEO and Portland-based Ziba Design.

Going Global

Around 2004, the company realized that it had to expand beyond its China base if it
wanted to avoid a slow-down. Its domestic market leadership was under attack from Dell
and HP, who benefited from support by Taiwanese contract manufacturing partners. This

exposed two fundamental weaknesses:
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e A heavy reliance on China’s price-sensitive and low-margin markets. Together with
insufficient size and limited economies of scale and scope this could squeeze the
company’s profits.

e The limited funds available for developing new products and services and developing
global brand recognition.

With revenues of HK$ 22 billion (roughly US$ 2.9 billion) in 2005, the company was
much smaller than global industry leaders. A telling indicator of the company’s lack of
exposure to global markets was that, as of the end March 2005, only 57 of its 9,682
employees were employed outside mainland China (mostly in Hong Kong).

Lenovo’s response was to develop a distinct global brand and to expand its global
market share.'® The strategy focused on what it saw as the weak spot of global market
leaders and their Taiwanese partners by offering less over-engineered and expensive
products than theirs with performance features that reflect specific characteristics of the
target markets.*® This required gaining insights in how to penetrate the extremely
demanding lead markets (especially the US).

Acquiring IBM’s PC Division

In December 2004, Lenovo bought IBM’s PC division - a move that shook the
industry. This take-over of an American icon, albeit a highly unprofitable part of Big
Blue, provides “the best laboratory in which to study a blended Chinese and Western
management model (McGregor, 2005: 289).

Private equity investors were instrumental in bringing about this deal, the IBM PC
acquisition, by providing information and helping Lenovo navigate stormy US political
waters. According to one source,

“Liu (Chuanzhi) called General Atlantic, and asked for help determining if such

an acquisition would make sense. If Lenovo were to bid and win, Liu told GA, the

private equity firm would be welcomed in as an equity participant on the deal. GA
agreed, conducted due diligence, and told Liu that the acquisition would, indeed,

make sense.”(Primack, 2006)

Lenovo paid US$1.25 billion for IBM’s PC division and assumed debt, which
brought the total cost to US$1.75 billion. Initially, IBM was reported to gain an 18.9
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percent stake in Lenovo, but this soon changed. As part of its acquisition of IBM, Lenovo
received a US$350 million private equity commitment from Texas Pacific Group
(US$200 million), General Atlantic (US$100 million) and Newbridge, TPG’s Asian
affiliate ($50 million). The entry of these new investors will shrink IBM’s eventual share
in Lenovo to 13.4%, down from the 18.9% first reported (China IT Weekly, 1 April
2006). Upon full conversion of preferred shares and after share issuance to IBM, the
private equity investors are expected to hold around 12.4% of Lenovo’s capital.

As a result, private equity investors are now involved “in much of the decision-
making... (and)... are treated as partners instead of like minority investors” (Primack,
2006). It is too early to judge how this will affect the long-term development of Lenovo’s

innovative capabilities.

Implementation Challenges

The challenges of implementing this acquisition are huge: to compete in a
business with slim margins and fierce competition while patching together complicated
supply chains, sales networks and information systems. The new Lenovo needs to retain
IBM Think Pad customers, while developing its own brand.

An equally important challenge is keeping cost leadership. The new company has
four times the revenue of the old Lenovo, but six times the staff cost of the China group
alone and only twice the profit. With one stroke, Lenovo’s workforce more than doubled,
from around 9,000 to almost 21,000. Of those 10,000 originally from IBM, 40% were
then in China and 25% in the U.S. It did not take long for management to respond. The
company soon announced staff layoffs, most of them ex-IBM employees outside China.

Another challenge is bringing together two vastly different work forces, in terms
of demographics and behavior. The average age of Lenovo employees is 27.5 years.
Many senior Lenovo managers are promoted within a few years; some even got three
promotions within a year while IBM executives are older and more experienced. In
addition, IBMers are used to a management style that is highly structured (some would
say “bureaucratic”) and may not be easily reconciled to Lenovo’s peculiar blend of
authoritarian top-down decision-making and Silicon valley-type remuneration packages
for US-based employees.
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A clash seemed unavoidable. The first CEO of the new Lenovo, an IBM veteran, left
after only a few months. The new one, William J. Amelio was hired by TPG. He had
worked in IBM’s PC division from 1979 to 1995 but arguably his greatest attraction for
Lenovo was his position with Dell since 2001 where, as Senior Vice President for Asia-

Pacific and Japan, he had shaped Dell’s aggressive market penetration strategies.

Opportunities

However, this diversity of management cultures could also become a source of
learning. For instance, only 18% of Lenovo’s pre-acquisition revenues came from
laptops, while that share for IBM’s PC division was 60%. For IBM, corporate customers
represented almost 60% of revenues while 83% of Lenovo’s revenues came from small
businesses and consumers. Most importantly, Lenovo expected to benefit from IBM’s
global presence to overcome its lack of experience in overseas markets.

A greater exposure to global networks starts with the top executives. Seven out of
the 15 most senior executives of Lenovo now are non-Chinese, two educated in India,
one in Canada and one (of Greek origin) in Australia. Of particular importance is their
work experience. For instance, Ravi Marwaha, Senior Vice President for Geographies,
has worked in India and Australia. Bill Matson who, as Senior Vice President for Human
Resources, bears responsibility for blending the merged company’s diverse labor forces,
has 24 years of experience with IBM in global human resources management.

Lenovo expects to gain access to a worldwide network of skilled computer sales
and distribution employees who know tax laws and invoicing practices in 66 countries.
The same is true for R&D. After the acquisition, Lenovo’s R&D workforce went from
1,100 to 1,800. This represents about 9.5 % of Lenovo’s total workforce, and about 18 %
of its non-manufacturing workforce.

Noteworthy is the addition of two IBM R&D labs, in Yamato/Japan and North
Carolina. Before the acquisition, Lenovo’s R&D was almost completely China-centered,
with main centers in Beijing, Shanghai and Shenzhen.

Yamato is credited with developing IBM’s highly rated ThinkPad family of
laptops and Lenovo will use this experience on notebook development in addition to its
work on RFID (radio frequency identification) technology. In North Carolina, Lenovo
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decided to invest US$84m in a new R&D campus that will house more than 2,200
employees. This will increase Lenovo’s North Carolina headcount by around 400.%° It
will focus on desktop computers, software, product definition and quality control.

An important part of the takeover agreement is that Lenovo can use the IBM
brand for five years, including the successful “Think” brand. IBM has promised to
support Lenovo with marketing and with its IBM corporate sales force.

In addition, Lenovo can now add around 1,500 IBM patents to its own 1,000
patents. As most of the former IBM patents are registered at the USPTO, this could help
Lenovo to overcome its almost exclusive reliance on patenting in China, and to gradually
internationalize its patent portfolio.*’

Immediate benefits include technical support from IBM R&D labs, access to
global market intelligence and distribution know-how, and learning for further
development of Think Pad laptops. The acquisition of 1,500 IBM patents might also
generate additional income for Lenovo It is an open question, however, to what degree

this will enable Lenovo to strengthen and upgrade its own innovative capabilities.

Assessment of Innovative Capabilities

What specific innovative capabilities have been developed by Lenovo and other
Chinese IT companies? To address this question, I distinguish among incremental,
modular, architectural and radical innovations (Henderson and Clark,1990). I use this
taxonomy to examine why the more successful Chinese IT firms tend to focus on a
combination of incremental and architectural innovations, modular innovations are less

frequent, and radical innovations are limited to state-supported mega-projects.

“Incremental” Innovations

“Incremental” innovations take both the dominant components and architecture
for granted, but improve on cost, time-to-market and performance. They do not require
science inputs but do require skill and ingenuity, especially in what | called earlier
complementary ‘soft” entrepreneurial and management capabilities.

Examples are improvements in the organization of manufacturing, distribution

and support services, like Dell’s “direct sales” model and its integration of factory
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automation and supply chain management. Other examples are new ways of
subcontracting, pioneered by Taiwanese IT firms, like original design manufacturing
(ODM), foundry services (for integrated circuit fabrication), and design implementation
services (Ernst, 2006b). They can also involve continuous improvements in industrial
design.

Chinese IT firms are well placed to pursue “incremental” innovations across all
stages of the value chain. They operate in extremely price-sensitive markets, especially in
China, but also as suppliers to global industry leaders. Hence, they are under tremendous
pressure to improve on cost, time-to-market and performance. These normally can be
achieved through relatively minor changes to the existing product or production process.

Barriers to such improvements are relatively low, as tools and methodologies are
familiar and investments tend to be low and predictable. Most importantly, they build on
existing operational and engineering skills as well as the management of supply chains,
customer relations and information systems.

An example is the set of easy-to-use “Lenovo Care” support tools in the
company’s 3000 series desktops and laptops that provide automatic updates and offer
one-button system recovery. Drawing on IBM’s ThinkVantage technology, Lenovo has
improved these tools with the result that the J-series has gotten reviews as a smart,
versatile and affordable choice for small businesses—one of the few market segments in

the PC industry that display reasonable growth.

“Modular” Innovations

“Modular” innovations introduce new component technology and plug it into a
fundamentally unchanged system architecture. This type has been a defining
characteristic of the PC industry - within each generation of the Wintel architecture
(combining Microsoft’s Windows operating system and Intel’s microprocessors),
specialized suppliers have introduced new component technology, for instance for
memory, storage and display devices (e.g., Langlois and Robertson, 1992; Baldwin and
Clark, 2000). These have been made possible by a division of labor in product
development: “(m)odularity is a particular design structure, in which parameters and

tasks are interdependent within units (modules) and independent across them.” (Baldwin
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and Clark, 2000: 88). One consequence has been the disintegration of the innovation
value chain as well as its dispersion it across firm boundaries and geographic borders,
giving rise to “innovation offshoring” through global innovation networks (Ernst, 2006a).

Although modularity has created opportunities for industrial latecomers the
barriers to it are substantial. High technological complexity requires top scientists and
experienced engineers in different fields. In addition, investment requirements can be
very substantial (around US$3 billion for a state-of-the-art semiconductor fabrication
plant), as are risks of failure.

This probably explains why it is difficult to find “modular” innovations by
Chinese IT firms. Huawei provides a few examples of projects to develop new
component technology that can be plugged into unchanged system architecture. It has
substantially strengthened its capabilities in software development, with its R&D lab in
Bangalore playing an important role.*® Huawei has also invested heavily in the
development of ASIC chips, embedded software and shared platforms for communication
and networking equipment (Ernst, 2006¢). Until recently, its internal semiconductor
design unit supplied no more than 10% of the chips the company needs, a share that is
now expected to increase substantially. After the company had spun-off its independent
chip design company Hi-Silicon, Huawei reported the completion of design projects for
nearly 100 types of ASIC chips, including so-called IP cores for 3G mobile systems.

For Lenovo, an innovation that relies on the introduction of new materials is the
‘roll-cage’ technology developed by the company for its Thinkpad Z series laptops. This
technology provides extra physical protection, by fusing a magnesium alloy skeleton into
the chassis of the laptop. Coupled with the existing titanium exterior, the laptops are

supposed to better survive falls, bumps, and other shocks.

“Architectural” Innovations

“Architectural” innovations are “innovations that change the architecture of a
product without changing its components” (Henderson and Clark, 1990: 9). They use
existing component technologies but change the way they work together.

What enables industrial latecomers to pursue “architectural” innovations? By
definition, latecomers like Chinese IT firms, continue to lag behind industry leaders in
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the breadth and depth of their innovative capabilities. Their strength however is their
familiarity with China’s markets and institutions and exposure to user requirements that
global industry leaders have neglected. Chinese firms might be able to use this
knowledge to penetrate its large mass markets. Doing this requires a change in the
architecture of a product or service but not new components. They can buy these
components from specialized suppliers.

An early example is the development of China’s electronic switching system
HJDO04; the innovation is a system architecture that optimizes the specific features of the
national telecommunications network to match specific needs of the service providers
(Shen, 1999). Other examples are the development of Chinese-language electronics
publishing systems by the Founder Group Company (Lu, 2000: chapter 4), the
development of the unique Chinese video compact disk (VCD) technology, and the
successful transition to Chinese DVD system technology (Lu Fang and Ling Mu, 2003).

Two recent examples of new features being added to existing architectures are
Lenovo’s Tianxi laptop and Huawei’s development of a new integrated IP service
platform, ME 60.

Tianxi laptop (Lenovo)

Lenovo’s Tianxi laptop computer is tailored for private consumers and small
businesses in China. Global firms were uninterested, and for apparently good reasons; in
the mid-1990s, an ordinary PC cost RMB 13,000, the equivalent of one or two year’s
salary for an ordinary family (Feng and Elfring, 2004: 61).

Legend started by developing a home computer for the Chinese family. The
cheapest model, priced at RMB 3,000, did not even have a hard disk. Through trial-and-
error the company found what Chinese consumers wanted. Using Intel’s new Pentium
processors, while global companies still shipped PCs with the older 486 processors to
China, Lenovo provided user-friendly features through in-house design of ASICs
(=application-specific integrated circuits) and add-on cards.

The Tianxi project aimed to provide Internet access at an affordable price within
an attractively designed box. A defining characteristic was its “one-touch-to-the Net”
button that enabled national roaming. Through an arrangement with China Telecom, the
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Internet registration process was dramatically simplified, which meant that users no
longer had to go to the PTT for an account—a process that was famously complicated.
Buyers of the Tianxi received a year of free Internet access and a special pen allowed

Tianxi users to write Chinese-character emails.

Huawei’s Integrated IP Service Platform ME 60

Current IP networks do not offer the security and quality of service that operators
want, while traditional networks are incapable of supporting bandwidth-hungry
multimedia services such as IPTV. Such products need to be aggregated and run over a
common IP core.™® The ME60 is the “Swiss army knife” that does this. Technically, this
system is quite an achievement. As a 10-Gigabit multi-service control gateway,? the ME
is an edge router that sits between the IP core and the access network (which may be
fixed or mobile). It can deliver tailor made products in response to customers’ specific
needs. Such integrated solutions are not widely offered in the network equipment
industry where incumbent industry leaders typically provide standard solutions. In
addition, many of their products provide leading edge technology that exceeds by far the
needs of most users. These high R&D costs necessitate a business model that seeks to
reap economies of scale through “mass-manufacturing” of standard and fairly inflexible

solutions.

“Radical” Innovations

Finally, “radical” innovations involve both new component technology and
changes in architectural design. They require breakthroughs in both architectural and
component knowledge. Examples include the discovery of new drugs, or the invention of
the Internet. In China, an interesting example is the development of the “pebble bed”
reactor that offers the hope of cheap and safe nuclear power stations (“China in Drive for

Nuclear Reactors”, Financial Times, 8 February 2005: 4).

Radical innovations require dense interaction with leading-edge science and
require a broad base of capabilities in a society-top scientists and engineers are needed

who work at the frontier of basic and applied research in a broad range of disciplines.
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In short, such innovations are costly and risky, and failure can destroy even large,
well-endowed companies. They are beyond the reach of most IT companies in China,
with the possible exception of state-supported mega-projects for instance for military and
space projects.

An example is Lenovo’s super computers. The first project was the DeepComp
1800 supercomputer, introduced in 2001, which, based on 526 Intel Xeon processors, was
ranked 51% by 2002 by the Association for Computing Machinery (ACM). This was
followed in 2003 by the DeepComp 6800 model that was ranked 14" worldwide. The
most recent one, the 1000 TFLOPS supercomputer, was started in 2005 and is scheduled
for completion before 2010. It is supposed to be nearly ten times more powerful than the
world’s fastest supercomputer. The underlying rationale was clearly more political than
commercial, as shown from the following quote: “China will need more supercomputing
power in the years ahead to maintain its economic growth and development, China
cannot rely on other countries to develop a supercomputer that meets its needs”
(InfoWorld, 28 July 2005).

In short, for Chinese IT firms, “radical” innovations pose a difficult challenge-
investment requirements are huge and require substantial government support, while
markets are likely to be small. There may however be indirect commercial benefits, as
successful completion of a radical innovation project may help to establish a company as

a serious player and foster its brand image.

Technology Diversification

In short, in addition to “incremental” innovations, a focus on “architectural”
innovations makes more sense for Chinese firms than “modular” or “radical” innovations.
An ability to profit from architectural innovation may seem counter-intuitive, but it
follows from their knowledge of Chinese markets and their capacity to complement
missing pieces through their integration into global networks. A combination of
“incremental” and “architectural” innovations should enable Chinese IT companies to
pursue a strategy of “technology diversification” (Ernst, 2005d). Defined as the
expansion of a company’s or a product’s technology base into a broader range of
technology areas (Granstrand, 1998), it focuses on applied research and the development
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of products that draw on component and process technologies that are not necessarily
new to the world or difficult to acquire.

“Technology diversification” builds on strengths in distribution, supply chain
management and manufacturing and can use experience in providing lower- cost
integrated solutions to customers with limited resources and who require strong support
services. Most importantly, it could enable them to leverage their participation in global

networks.

Conclusions

Integration into global knowledge networks helps industrial latecomer societies
like China by exposing them to best-practice management approaches, intellectual tools
and sources of knowledge on leading-edge technology.

An important finding here is that successful companies have not attempted to
jump into “technology leadership” roles, trying to compete head-on with global
technology leaders through “radical” innovations. Instead, they have focused on
“incremental” and “architectural” innovations that allow them to pursue “technology
diversification” strategies.

This chapter does not address government policies. It is clear, however, that there
is ample scope for policies to help the development of firm-level innovative capabilities
(Ernst, 2005d and 2000). In fact, integration into global knowledge networks increases
the need for a strong national innovation system. The needed policies are very different
from earlier top-down “command economy”-type ones that were characteristic of the
“East Asian development model.”

Such policies can only succeed if they fulfill two conditions: they need to balance
protection of intellectual property rights with incentives for knowledge diffusion to local
firms; and they need to provide a sufficiently large pool of people with the skills needed
to benefit from integration into global knowledge networks. There are no quick fix
solutions. Successful innovations require fundamental adjustments in institutions and
behavior. They take time in any country, and even more so in China, because of the

uncertainty and instability created by its recent transition to capitalism.
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