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ABSTRACT

Over the past decade, China has witnessed a rapid growth in its information and
communications technology (ICT) sector. The subject of this thesis specifically focuses
on the telecommunications infrastructure equipment industry in China. This sector is an
interesting one to study given that some of the leading domestic companies have mostly
emphasized developing their own capabilities in product development, rather than calling
upon formal technology transfers through foreign direct investment (FDI) initiatives. A
significant challenge faced by local firms, however, is that foreign equipment
manufacturers possessing deeper technological resources dominate their domestic
market. Nevertheless, Chinese enterprises have recently begun producing high-end
equipment such as core/backbone routers and DWDM optical transmission systems. The
basic question this thesis seeks to answer, therefore, is how can Chinese companies
become technologically competitive within the high-end segments of the telecom

equipment market?

A case study methodology was used to address this question, focusing on two leading
domestic firms: Huawei Technologies, a privately owned company, and ZTE Corporation
(Zhongxing), a state-owned enterprise. The findings show that four factors have
contributed to the competitiveness of domestic firms. Firstly, they are able to
successfully leverage the configurational nature of communications technology.
Secondly, the substantial investment made by the case study firmis to develop their own
R&D capabilities has enabled them to become ‘close followers’ of the world
technological frontier. Thirdly, the global trend towards a less vertically integrated
equipment industry has produced a base of suppliers from which Chinese firms can
procure world-class component and subsystem technologies. Lastly, the role of the
Chinese government has been instrumental in building technological capabilities at the
national level and expanding market demand. Reciprocal arrangements and performance
requirements established between government and domestic firms have encouraged the
latter to upgrade their technological capabilities.



These combined observations provide a perspective on firm competitiveness in high tech
industries that is somewhat different to the models proposed under ‘second mover
advantage’ theory. Furthermore, the analyses made of technology acquisition at the level
of the firm highlight the importance of independent development (where possible),
compared to FDI, as a vehicle for technological development within late industrializing
economies.
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1 Introduction

My initial interest in the topic of this thesis arose from wanting to understand how a late
industrializing country such as China has been able to successfully develop a high
technology sector. The Chinese telecom infrastructure equipment industry revealed itself
to be a particularly interesting case to investigate because of the considerable challenges
faced by domestic firms. These include the task of acquiring technological capabilities in
a very technology-intensive industry, and competing against foreign companies with a
dominant and entrenched position in the Chinese market.

One of the initial sources of inspiration for this research was a book by Xiaobai Shen —
The Chinese Road to High Technology (Shen 1999). His work was particularly relevant,
as it is the only study that analyzes in depth the acquisition of technological capabilities
by Chinese firms for the production of telecommunications equipment. At the time of his
initial research (carried out in 1992), digital switching systems were considered to be the
height of telecommunications technology in China, and his research focused on the
different experiences and strategies of Chinese firms in acquiring this particular
technology from abroad. Since then, the field of telecommunications technology has
seen an explosion in the types and uses of equipment including mobile, optical and data
communications products and systems.

Another dramatic change that has occurred has been the dominance of foreign firms,
particularly in the high-end communications technologies. Therefore, I wanted to bring
Shen’s research up to date by understanding how far Chinese firms have evolved since a
decade ago, and what strategies, if any, they have employed to become competitive. In
particular, the main question I set out to answer was how can Chinese companies
compete against foreign firms in the high-end segments of telecommunications

equipment?

Given the time constraints, [ decided to tackle the question of competitiveness from a
technological standpoint. This is because the possession of relevant technological
capabilities is a requirement for entry into the lucrative high-end market for this type of
equipment. Preliminary research on the industry revealed that certain Chinese f{irms had
managed to manufacture products of a very advanced standard. Therefore, three
hypothescs were proposed to explain how domestic firms have achieved their current
level of technological capabilities, and how they might use these strategies to
successfully competc against their more advanced foreign counterparts:

H1 Heavy investment in internal R&D capabilities is increasingly becoming an
important drivi. ¢ force behind the success of certain Chinese companies.

H2 Chinese firms are leveraging the ‘configurational’ nature of communications
technology to avoid the need for costly investment of resources in building
technologies from scratch.



H3 International supplier relationships established by Chinese companies have had an
important impact on their technological, and hence commercial, competitiveness.
The availability of — and ability to purchase — technologies from international
sources has been an enabler for Chinese industry.

Research Methodology

A case study methodology was designed to test these hypotheses. The objective of these
case studies was to look at the question from the perspective of the firm. This was seen
as the best way to understand the detailed process of technology acquisition. Information
for these case studies was collected through performing semi-structured interviews in
China throughout the month of January 2001 (see Appendix 1 for the list of interviewees).

Two domestic companies were used as subjects for the case studies: Huawei
Technologies and ZTE Corporation'. Interviews were performed with managers and staff
from these companies as well as those in other domestic and foreign firms in China. This
was done in order to obtain both a firm-specific and a sector-wide perspective on the

1ssues.

Thesis Structure

Chapter 2 begins by introducing some basic concepts and frameworks that are useful in
understanding the acquisition of technological capabilities. Because foreign companies —
be they suppliers or competitors — have an important impact on the Chinese industry,
Chapter 3 covers the telecom equipment sector from an international perspectiv.:. This is
also used as a basis from which to draw some key implications for Chinese firms that are
referred to in later chapters. Chapter 4 specifically looks at the telecom equipment
industry structure in China, and also provides some background on the origins of the
sector and its key players. Chapter 5 discusses the impact that Chinese government
policies have had on the domestic industry, particularly with respect to technological
catching up. Chapter 6 presents the two case studies that are the focal point of this thesis,
examining in detail the R&D processes and supplier relationships of Huawei and ZTE.
Chapter 7 synthesizes and analyzes the findings of the previous five chapters in order to
answer the above hypotheses and thesis question. Chapter 8 draws some wider
conclusions from this research with respect to theories of development in late

industrializing countries.

! Also known as Zhongxing.
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2 Theoretical Concepts of Technology Development

This chapter discusses some of the basic concepts and definitions relating to
technological development at the level of the firm. It specifically looks as the issues of
technological capabilities, learning, and innovation as they apply to firms in late-
industrializing economies.

2.1 TECHNOLOGY AND LEARNING

What is Technology?

In order to understand technological change in the context of a late-industrializing
country such as China, it is necessary to gain a basic grasp of what “technology” itself
means. The term “technology” refers to both a collection of physical processes that
transforms inputs into outputs, and knowledge and skills that structure the activities
involved in carrying out these transformations. A good definition of technology is
provided by Linsu Kim (Kim 1997), whereby “technology is the practical application of
knowledge and skills to the establishment, operation, improvement and expansion of
facilities for [the transformation of inputs into outputs] and to the designing and
improving of outputs therefrom”.

An important part of technology is d:fferentiated, tacit, ever-changing and often firm-
specific knowledge, accumulated in the process of design, investment, production and
marketing (Shi 1998). However, although technology is often firm-specific, it may also
have the quality of public goods in that firms benefit from the general stock of
technological knowledge. In modern societies, technological knowledge is well
articulated and may be codified in the form of blueprints, prototypes, instructions and
designs which can be easily understood by experts. Even when technology is not
codified (such as skills and know-how), it can often be learned through personal
exchange, learming by doing and watching, and other means. Furthermore, firms can
learn from other firms through various channels such as reverse engineering or
technology licensing. These issues will be further discussed below.

Technological Capabilities, Absorptive Capacity, and Learning

Kim (1997) provided the tollowing succinct summary of what “technological
capabilities” mean:

The term *“technological capability” refers to the ability to make effective use of
technological knowledge in efforts to assimilate, use, adapt, and change existing
technologies. It also enables one to create new technologies and to develop new products
and processes in response to a changing economic environment. It denotes operation
command over knowledge. It is manifested not merely by the knowledge possessed, but,
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more importantly, by the uses to which that knowledge can be put and by the proficiency
with which it is used in the activities of investment and production, and in the creation of
new knowledge. For this reason, the term ‘“‘technological capability” is used
interchangeably with “absorptive capacity™: a capacity to absorb existing knowledge and
in turn generate new knowledge.

Both Kim and Amsden (2000) define technological capabilities according to three
categories: production, investment and innovation capabilities. These are further
explained in Table 2.1. Although “technological capability” is used to describe a firm at
one point in time, the term “technological learning” refers to the dynamic process by
which companies acquire technological capabilities.

Yizheng Shi (1998) further elaborates on the issue of technological capabilities by
arguing that strategic planning demands a certain level of technological knowledge and
understanding of current technological developments. Developing countries therefore
need properly qualified manpower to assess competing technologies on their own merits
and to select those that are found to be most suitable under the circumstance. Moreover,
the recipient’s knowledge about the technology concemed will be an important factor
influencing its bargaining strength, e.g. the information it has about alternative sources of
supply, the resources it prepared to expend on getting such information, and,
paradoxically, how much it knows about the knowledge it is buying.

2.2 DEFINING RESEARCH & DEVELOPMENT: IMITATION OR INNOVATION?

Because of the highly technical nature of telecommunications equipment, one of the
major themes that pervades the discussion of technological ‘catching up’ by Chinese
firms is the nature of research and development (R&D) that they perform. Therefore, in
order to help the reader navigate through the various references to R&D undertaken by
the firms studied, it is necessary to establish what the term really means in different

contexts.

Imitation

Invariably, industrializing countries have begun their paths of technological development
through imitating foreign technologies. This includes both legal and illegal imitation, and
differs according to the amount of effurt needed to develop these products (depending
upon the maturity of the product and the ease with the technology can be acquired).
Schnaars (1994) provides a useful classification with which to analyze the type of
imitation undertaken by a firm: counterfeits; knockoffs or clones; design copies; creative
adaptations; technological leapfrogging; and adaptation to another industry.

Counterfeits and knockoffs are both examples of duplicative imitation (counterfeits being
illegal whereas knockoffs are generally legal). Duplicative imitation does not necessarily
require specialized investment in R&D and information channels. Nevertheless, because
in some cases the product technology cannot be obtained through simply looking at the
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Table 2.1 Technological Capabilities

Production Capability

Production Management — to oversee operation of established facilities
Production Engineering — to provide information required to optimize operation of established facilities,

including the following:

thbh b -

6.

Raw material control: to sort and grade inputs, seek improved inputs

Production scheduling: to coordinate production processes across products and facilities

Quality control: to monitor conformance with product standards and to upgrade them
Trouble-shooting to overcome problems encountered in course of operation

Adaptations of processes and products: to respond to changing circumstances and increase

productivity
Repair and maintenance of physical capital, according to regular schedule and when needed

Investment Capability

Manpower training — to impart skills and abilities of all kinds

Preinvestment feasibility studies — to identify possible projects and ascertain prospects for viability under
alternative design concepts

Project execution — to establish or expand facilities, including the following:

1.
2.

4.

5.

Project management: to organize and oversee activities involved in project execution

Project engineering: to provide information needed to make technology operational in a particular

setting, including the following:

a. Detailed studies (to make tentative choices among design alternatives)

b. Basic engineering (to supply core technology in terms of process flows, material and energy
balances, specifications of principal equipment, plant layout)

¢. Detailed engineering (to supply peripheral technology in terms of complete specifications for
all physical capital, architectural and engineering plans, construction and equipment
installation specifications)

Procurement (to choose, coordinate, and supervise hardware suppliers and construction

contractors)

Embodiment in physical capitai (to accomplish site preparation, construction, plant erection,

manufacture of machinery and equipment)

Start-up of operations (to attain predetermined norms of innovation capability)

Innovation Capability

The skills necessary to create new products or processes, the type of skills depending on the novelty of the
new technology.

A

Pure science: the seaich for intrinsic knowledge

Basic research: the search for radically new technology

Applied research: the search for differentiated products

Exploratory research: the search for refinements of differentiated products

Advanced development: the search for optimum manufacturability of refined products

Source: Amsden (2000).
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production process involved, it must be acquired through other means. At one extreme
lies reverse engineering, where the production involved may be a novel combination of
highly standardized technological elements. In this case, reverse engineering efforts may
result in the identification of those elements and the nature of their combination, resulting
in an economically successful imitation. At the other extreme, the technology may be so
idiosyncratic and firm specific (or the technological capabilities of the imitator so poor),
that substantial help is required by means of a formal technology transfer from the
originator. In both cases, considerable internal capability is needed to identify the nature
and source of relevant technology, to negotiate its transfer or reverse-engineer, and to

assimilate it'.

Design copies, creative adaptations, technological leapfrogging and adaptation to another
industry are creative imitations. Creative imitations aim at generating similar products
but with new performance features, and involve activities such as benchmarking and
strategic alliances. In addition, these types of imitation involve leamning through
substantial investment in R&D.

Innovation

Innovation can be defined as a pioneering activity — rooted primarily in a firm’s internal
competencies — to develop and introduce a new product to the market. As the first firm to
establish itself in the market an innovator benefits from ‘first mover advantages’ that are
unavailable to imitators’. However, an important insight that is useful to the context of
this thesis is that the distinction between innovation and imitation can be blurred. Many
skills and activities required in reverse engineering have easily been transformed into
activities called ‘R&D’ as a firm approaches the world technological frontier. Kim
(1997) describes this with respect to the Korean industry:

Reverse engineering involved activities that sensed the notential needs in a market,
activities that located knowledge or products which would meet the market needs. and
activities that would infuse these two elenent into a new project. Reverse engineering
also involved purposive search of relevant information, effective interactions among
technical members within a project team and with marketing and production departments
within the firm, effective interactions with other organizations such as suppliers,
customers, local R&D institutes and universities, and trial and error in developing a
satisfactory result. Skills and activities required in these processes are in fact the same in
innovation processes in R&D (emphasis added).

This insight helps us understand the nature and implications of R&D within firms in late-
industrializing countries (such as those studied in this thesis). Thus, although R&D may
be defined in the majority of these cases as relating to reverse engineering activities, they
may substantively approach certain types of innovation efforts undertzken by ‘first

' Duplicative imitation conveys no sustainable competitive advantage to the imitator technclogically, tut it
supports competitive edge in price if the imitator’s wage cost is significantly lower than the imitatee’s.

* These include image and reputation, brand loyalty, an opportunity to pick the best market, technological
leadership, an opportunity to set product standards, access to distribution, experience effects, and an
opportunity to establish an entry barrier of patents and switching costs (Kim 1997).
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movers’. This view is also echoed by Shi (1998). Shi states that the process of
unpacking, mastering and assimilating imported technologies requires firms to solve
numerous problems, the answers to which are not always provided by the supplier of the
technology. Therefore, he argues, the assimilation and reproduction of technology itself
involves a process of technological innovation, to a greater or lesser degree.

Amsden er al. (2000) propose a system of classification in order to draw international
comparisons of R&D activity. This is summarized in Table 2.2. The classification
follows the five types of innovation capabilities outlined in 7able 2.1: pure science; basic
research; applied research; exploratory development; and advanced development. This
system is designed primarily to compare R&D activities of first movers and therefore
does not incorporate the features of R&D relating to imitation and reverse engineering
discussed above. However, this framework is still a very useful one to use for guidance
on assessing the type of R&D undertaken by firms in late industrializing economies (even

if it is imitative).

2.3 THE SOCIAL SHAPING OF TECHNOLOGY

One of the key ideas used in this thesis relates to the theory on the Social Shaping of
Technology (SST), as applied by Xiaobai Shen (1999) to the early telecommunications
equipment industry in China. Shen draws upon SST theory to analyze the acquisition by
Chinese firms of the capabilities to develop switching systems for telecommunications
networks. Because he uses SST theory within the context of telecommunications
equipment production, it is useful to review these ideas in order to draw from them later

in the analysis.

The theory behind the Social Shaping of Technology was developed as a reaction to the
linear models of technological innovation which saw this process as a one-way flow of
information, ideas and solutions from basic science, through R&D, to the distribution of
finalized products through the market to consumers. In essence, SST stresses the fact that
certain technologies can be flexible enough to be ‘shaped’ by users, and this shaping is
influence by socidl, economic and technological aspects of the host environment.

SST sees complex modemn technologies as heterogeneous assemblages that are capable in
principle of being reconfigured in their implementation and use. In particular, an
important feature of information and communications technologies is their
configurational nature, whereby the combinations of both standard and customized
components are configured to meet specific needs.

All this translates into the fact that, when a firm seeks to develop a product which
exhibits the characteristics just mentioned, it is able to make certain choices over what to
develop itself (and thus learn how to design), and what to simply purchase (and thus
leave as a technological ‘black box’). The particularly configurational nature of
telecommunications technology suggested by Shen means that a firm can combine
components it has learnt to design with those purchased from suppliers (for which
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Table 2.2 New Typology of R&D Characteristics

6.0 Pure Science 6.1 Basic Research 6.2 Applied Research 6.3 Exploratory 6.4 Advanced
Development Development
Search for Intrinsic knowledge New knowledge for Differentiated product Prototype in a system Prototype for
radically new “on paper” manufacture

marketable product

Research objectives

Uncover new scientific
principle

Same as 6.0 but with
(unknown) application
to gain monopoly rents

Transform, variate and
re-apply known
application

Implement concept as
engineered system

Reduce costs,
uncertainties of
manufacturing

Output Concept-based IP Product-based IP for Differentiated product Detailed product design | Manufacturable product
(papers, patents) transfer to 6.2, 6.3 for specific market or prototype
(papers?, patents?)
Time horizon Infinite/long-term Long-term Medium/short-term Short-term Immediate
Techniques Scientific, experimental | Same as 6.0 Scientific techniques (New) engineering Same as 6.3 plus testing,
and mathematical (formulation of design tools, including Quality Control
techniques equations, algorithms) simulation
Interaction of Both in unexplored Same as 6.0 but limited | Uncertain with respect Application of known Surprises from
technique/problem space space under study to extension or tools to known problem | manufacturing
application into new variabilities
system
Qualifications and PhD in fundamental Same as 6.0 plus BS/MS/PhD fresh Same as 6.2 but PhD Same as 6.3 plus
skills science, mathematics or | nianagement experience | recruits but with unnecessary people-related

engineering

and oversight

experience, up-to-date
training

management skills,
process know-how

Size of effort

Depends on piece of
knowledge under study

Scale economies related
to whole product;
critical skill mass;
specialization and
integration

Smaller critical mass
appropriate for
exploiting niche hand-
me-down from 6.0

Scales up with size of
the system

Related to production

Location of activity:

Near skills (in academic
or other liberal research
environment)

Near skills

Near market (sufficient
skills)

Near production (or
market?)

Near production

Source: Adapted from Amsden, Goto and Tschang (2000)




domestic firms may not have the technological capabilities to produce themselves).
Thus, not only can a producer of telecommunications equipment potentially ‘punch above
its weight’ in terms of technological capabilities, but it can also choose which of these
capabilities to master (as well as when to do so). This insight has implications for late-
industrializing countries such as China both in terms of technology strategies at the level
of the firm, as well as government policies seeking to develop national industries.

Shen classifies the potential for local shaping of foreign technology by latecomer firms
according to their form, scale and complexity. He therefore distinguishes between three
types of technologies: discrete technologies; systems technologies; and configurational

technologies.

e Discrete technologies. Are stand-alone technologies designed to carry out specific
and common functions independent of context. An example is a word processor or
computer-controlled machine tool.

o Systems technologies. These typically relate to a wider range of activities than
discrete technologies, and are thus more tightly linked to particular application
settings. Typically, system technologies need to be adapted for use in developing
countries in order to fit them to the their different requirements and circumstances.
System technologies tend to be rather rigid in their construction and may be difficult
or costly to adapt, an example being certain telecom switching systems”.

e Configurational technologies. These technologies match the complexity of systems
technologies (in the range of applications they can be used for), but are designed to
allow great flexibility in development and application. Development costs are
reduced by drawing upon existing components technologies which can be selected
according to the particular uses of the final product. This makes it more flexible for
developing countries to reconfigure such solutions to their local needs and exigencies.

According to Williams (1997), information and communications technologies (ICT) in
particular are increasingly taking the form of configurational technologies since both
modular design and the use of open standards can facilitate the substitution of internal
components. The selection of components and design for flexibility in application can
make it easier to adapt them to meet the specific needs of a wide range of users. SST
theory suggest that, because foreign technologies can be locally configured (in the
developing country) to meet local criteria — such as being suitable for local production
and local markets, using local resources, etc. — configurational technologies extend the
scope for recipient-side innovation.

? Such as the System-12 public digital switching system described by Shen (1999).
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3 An International Perspective on the Telecom
Equipment Manufacturing Sector

3.1 INTRODUCTION

In order to place the strategies employed by Chinese telecom equipment companies — and
the government policies designed to foster their growth — in their proper context, it is
necessary to first consider the dynamics of this industry in the West where it is more
established. This chapter therefore deals with the international models of industrial
structure within the telecom infrastructure equipment industry. The relevance of looking
at these models also comes from the fact that most, if not all, of the large OEMs in these
industries are direct competitors of domestic firms in the Chinese market. Furthermore,
some of the major component suppliers in the industry are either beginning to establish
supplier relationships with Chinese firms, or starting up operations within China.

The material discussed here will focus on the optical equipment industry and the
router/data networking industry, which are the main focus of the two case studies
examined in Chapter 6. This chapter also looks at the wireless equipment industry since
this is a major area of growth for Chinese companies and is useful in later drawing
conclusions from a sector-wide perspective.

3.2 OPTICAL COMMUNICATION EQUIPMENT

Figure 3.1 shows a simplified version of the supply chain structure within the optical
communications equipment industry. The optical equipment industry is broadly divided
into two segments: the OEM systems providers, who manufacture entire pieces of optical
systems and equipment, and the component suppliers, who design and manufacture the
specialized components needed by the former. As can be seen from the diagram, certain
companies are both systems providers and component manufacturers. Appendix 2a
presents a diagram illustrating the network of relationships between component suppliers
and systems providers.

As will be explained below, there are five major trends currently occurring within the
optical equipment industry:

Industry consolidation;

an active components sector rapidly sprouting new entrants and new products;

an emphasis on manufacturing skills and expertisc as a key to success;

better component integration being offered by suppliers to the systems providers; and
less vertical integration, with a cleaner separation between optical components
suppliers and systems providers.
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Figure 3.1

Photonic Supply Chain (Public Companies)
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Optical Systems Providers

The ‘Big Three’ optical systems providers are Nortel, Lucent and Alcatel which occupy
33%, 13% and 11% of the global market, respectively' (Merrill Lynch 2001). Table 3.1
lists the major systems providers and their market shares, for all optical systems

categories combined.

Table 3.1 Global Market Shares of Publicly Traded Optical Systems Providers

Company’ Ticker Market Share
Nortel Networks NT 33%

Lucent Technologies LU 13%

Alcatel ALA 11%

Fujitsu 9%

Tellabs TLAB 6%

Marconi MONI 5% _
NEC 5%

Cisco CSCO 4%

Ciena CIEN 3%

Siemens 5%

Other’ 8%

- Adva

- Corvis CORV

- Ericsson ERICY

- Hitachi

- Osicom

- Redback RBAK

- Sycamore Networks ~ SCMR
" Companies under ‘other’ are ordered alphabetically.

Source: Morgan Stanley Dean Witter (2000)

Nortel has made a series of acquisitions over the past years which include both smaller
competitors with desirable technologies (Cambrian, Xros and Qtera) and components
manufacturers (Core Tek) (Merrill Lynch 2001). Alcatel is another among the three
whose operations also include component manufacturing, although this is in the form of a
subsidiary —~ Alcatel Optronics — which also supplies other systems providers with
components. Of the smaller systems vendors, Hitachi also includes a component
manufacturing division which is well regarded despite the fact that the company has a
small share in the systems market (Merrill Lynch 2001).

Given that key breakthroughs in optical technology occur at the component level (see
below), systems providers seem to have adopted either of two strategies in order to
compete. The first is typified by Sycamore Networks, which is to leverage the work of

' Nortel has a 51% share for terrestrial DWDM and 30% for SONET/SDH systems. Lucent leads the
market in Asia-Pacific with a 25% market share of the WDM market and 15% of the SONET/SDH market.
These figures do not include submarine optical systems. When included, Alcatel takes second place overall
with a 20% market share (as it leads the submarine market with a 41% market share). Merrill Lynch

(2001).
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several component suppliers and then to add value — and product differentiation — mostly
through system level architecture and software. The second strategy, followed by Nortel
and Ciena, is to use some in-house components to provide advanced level functions while
outsourcing to others for the non-differentiating features. The most proven method to
date is that of Nortel (given its success). However, industry analysts believe that, as the
industry matures, component suppliers become stronger (in technology and
manufacturing), and the need for intensive R&D increases, it will be harder for strictly in-
house component shops to compete (Merrill Lynch 2000a).

Sycamore Networks: Example of an Qutsourcing Strategy

A key strategy of Sycamore is to outsource component development and manufacturing,
while directing its energy on software, intellectual property and marketing. Sycamore
purchases components from suppliers such as Corning and AMCC, and purports to work
closely with its suppliers to develop the needed components. They do not place
restrictions on their suppliers to limit sales of co-developed components to other
companies. Aithough Sycamore may lose some competitive advantage because of this
strategy?, it is believed that they are able to win with time to market and by being able to
purchase many piece-parts at commodity prices (Merrill Lynch 2001).

Sycamore also outsources the manufacturing of its systems, which has helped them scale
up without enormous capital investments. In order to do this, Sycamore has enlisted
contract manufacturers such as Jabil Circuit and Celestica to assemble, test and ship its
systems. Although some early hiccups were reported as the manufacturers ramped up the
assembly of their products, it is believed that the processes are improving (Merrill Lynch

2001).
Core Competencies: Software and Systems Engineering

The core competencies of optical systems providers are in systems engineering and
software engineering — not component or even module manufacturing. Software, or ‘soft
optics’, that is integrated around the optical systems is what differentiates competitors’
products. A portion of the software acts as the ‘brains’ of the network element, while
other functious include databases for storing user information, communication protocols,
and network management systems. Arguably the most intensive engineering activities
relate to software development (Merrill Lynch 2001).

Optical Components/Modules Suppliers

Component companies play a critical role in supporting the optical equipment supply
chain. It is at the component level that many technological breakthroughs have been
achieved, such as EDFAs, tunable lasers, AWGs and RAMAN amplifiers, which are the
crucial building blocks for the systems providers. By incorporating these key ‘enabling’

? Although this may have helped the company’s rapid growth, a possible draw-back of this is a lowered
zuility to differentiate its products from the competition.
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technologies into their product portfolios, systems providers can offer the technical
capabilities within their equipment which is demanded by their service provider

customers (Merrill Lynch 2000a).

The leading component suppliers, and their respective market shares, are JDS Uniphase
(28%); Nortel Optoelectronics (27%); Lucent Microelectronics® (13%). Table 3.2
provides a summary of the publicly-traded component manufacturers and their market
shares. The leading companies support strong product portfolios and it is believed that,
as the component arms of the systems providers become more independent, they will
introduce more competition into the merchant market for components (Merrill Lynch

2000a).

Table 3.2  Publicly Traded Optical Components Suppliers

Company’ Ticker Market Share™
JDS Uniphase JDSU 28%
Nortel Networks NT 27%
(Optoelectronics)
Lucent Technologies LU 13%
(Microelectromcs)m

_Corning GLW 10%
ADC Telecom ADCT 9%
SDL Inc” SDLI 5%
Alcatel ALAC 5%
(Optoelectronics)
Hitachi HIT 2%
Stratos Lightwave STLW 1%
Alliance Fiber Optic AFOP -
Products
Avanex AVNX -
Bookham BKHM -
Finisar FNSR -
Luminent LMNE -
New Focus NUFO -
OCPI OCPI -
Oplink OPLK -

Companies are ordered by market share, when this information is available (from Merrill Lynch 2000a).
A dash (‘-*) indicates companies whose market share is not known but which are smaller publicly
traded players, 1n which case they are listed alphabetically (from MSDW 2000b).

™ Recently floated as Agere, its new name.

""" Acquired by JDS Uniphase.

.

Source: Merrill Lvnch (2000a) and Morgan Stanley Dean Witter (2000b)

JDS Uniphase is viewed as the most competitive in the component space as it supports
the broadest product portfolio in the business, including both ‘passive’ and ‘active’
components. The ‘spinouts’ of the systems providers are still primarily focused on
‘active’ components and have a concentrated customer base with the respective parents

3 Now known as Agere, it has been recently floated as a separate company.
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representing a substantial portion of sales’. Corning’s Photonics business has
significantly broadened its portfolio of active and passive components like EDFAs. It has
also benefited from the need of the systems providers to have an alternate component
supplier (Merrill Lynch 2000a).

The future holds a growing number of new entrants in the components business, many of
which are on the [PO track (see Appendix 2b).

The Strategic Role of Components

It is believed that innovation in optical networking will be driven by components and it is
these suppliers who will enable the technologies for the systems providers. Mernll
Lynch (2000a) claims that the optical component suppliers are “closer to science” than
any other communications equipment sector, and possibly more than any other IT sector.
Components are thus the key enablers of more wavelengths, faster data rates, longer
optical reach, and more flexibility at the wavelength layer”.

Industry Trends

One of the significant trends in this sector is the separation of component manufacturing
from systems provision. There are numerous players within the optical components
industry. Several of the large systems providers are now spinning off their internal
component arms as separate business entities who will join the ranks of pure-components
companies. Examples of this are the spinning off of Lucent Microelectronics, and the
establishment of a tracking stock for Alcatel Optronics® (Merrill Lynch 2000a).

Although a division of labor between systems and components manufacturing is
becoming evident, component manufacturers are providing more integrated modules to
their systems customers (rather than just raw components). Driving this trend is the fact
that newer systems companies such as Sycamore, ONI Systems and other start-ups are
relying on component suppliers to provide greater integration, further up the value chain.
Currently, a greater degree of outsourcing of component manufacturing by systems
companies is occurring, and it is predicted that component companies will also become
more module-level suppliers (MSDW 2000a). A further stage in the division of labor is
expected to produce three types of companies in the optical industry (Merrill Lynch

2000a):

* DS Uniphase, however, supports Lucent and Nortel as the largest customers, representing less than 40%
of sales combined, with the balance from a number of systems houses as well as other component
manufacturers.

5 It was Southampton University’s EDFA that enabled the beginning of the optical revolution. It was also
Nortel's ability to make 10G componentry that has given it substantial leadership in core optical networks.
The ability to amplify, combine, separate, control, switch and measure wavelengths are what will fulfill the
future technological leaps in optical networking (Merrill Lynch 2:00).

¢ Industry analysts propose three reasons for this trend. The first is that component companies need their
own equity in order to take part in mergers and acquisitions, which is of strategic importance within this
industry. Secondly, becoming an independent public entity provides companies with stock options which
are essential for retaining talent. Thirdly, market valuations for independent component companies are
much higher than those which are attached to parent companies.
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e Hardware development by component/module suppliers
e Manufacturing assembly by outsourcing companies’
e Software and systems development by optical systems companies

The impact of greater reliance by systems providers on their suppliers is that the latter
will have to provide broader product lines (in order to offer a greater integration role), or
provide platform technologies that can be used to integrate discrete devices. In order to
boost product lines, a wave of consolidation has been occurring in the components sector
led by JDS Uniphase and Comning. JDS Uniphase has acquired 11 companies at a cost of
USS 60.6 billion between June 1999 and July 2000, including SDL Inc (Merrill Lynch

2000a).

R&D will be key to component suppliers as these companies are expected to become the
originators of breakthrough technologies which ultimately impact the performance of
optical systems. Mermill Lynch (2000a) believes that the importance of R&D is
increasing as the industry matures and that this will ultimately lead to two types of
innovators, very large innovators and upstart innovators. Very large innovators are the
likes of JDS Uniphase and Coming as well as the in-house divisions of Lucent and
Nortel. Upstart innovators are the newer companies with a limited set of new products,
which could ultimately be the mergers & acquisitions targets of larger companies.

In the optical systems sector, systems providers are continuing to diversify their product
lines in order to tap into new high-growth markets and to leverage their existing
technology and customer bases (MSDW 2000a). For example. Sycamore announced the
integration of Sirocco’s edge and access switches into its own management system, and
ONI Systems unveiled a new regional transport product.

Technology Trends

Although demand for SONET/SDH systems will continue, their use is moving to the
edge of the network. Taking their place are DWDM systems which are considered more
efficient for optical communications®. The market for DWDM systems is expected to
increase dramatically over the coming years as demand and product features increase
(Merrill Lynch 2001). The major DWDM systems providers and their respective global
market shares are Nortel (51%); Lucent (9%); CIENA (9%); NEC (8%); Alcatel (6%);
Sycamore (4%); Cisco (3%); Fujitsu (3%); and the remaining 7% is distributed among
smaller players (Merrill Lynch 2001).

7 Already, JDS Uniphase has been outsourcing some of its manufacturing to Celestica, a contract

manufacturer.
$ SONET/SDH is an older technology, whereas DWDM is a newer method of optical transmission which

has not yet reached maturity (especially in terms of the software used to ensure system stability and
maintenance).
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Other cutting edge products being developed and marketed include optical cross-connects
and optical switches. The North American market shares for optical cross-connects are
CIENA (50%); Tellium (19%); Sycamore (19%); Cisco (6%); and Lucent (6%). Optical
cross-connects are a more mature product, whereas all-optical switches are still under
development.

Other Issues
Talent Scarciry

Scientific, engineering and manufacturing talent is the most scare resource in the optical
industry as it has not been able to keep up with the enormous growth witnessed in the
past years (Merrill Lynch 2000a). The industry requires people with relevant Masters or
Doctorate level degrees and few schools are able to produce them. According to Merrill
Lynch, the battle for talent will necessitate companies to provide equity incentives (stock
options), offer the prospect of working on cutting-edge technology, and provide attractive
working conditions.

The importance of Manufacturing

In spite of leading science and products, it is the ability to efficiently and effectively
manufacture optical components which sets companies apart. In particular, given the
large demand, it is crucial for companies to have scalable manufacturing capabilities.
The following issues need to be addressed in order to achieve this (Merrill Lynch 2000):

Design for manufacturability in R&D

Physical manufacturing space

Sourcing and training manufacturing personnel at reasonable cost
Sourcing, installing and maintaining manufacturing equipment
Sourcing materials and other basic components

Use of mechanization and automation

Process engineering

Use of outsourcing at appropriate times

The labor-intensive nature of manufacturing optical equipment (due to the current
inability to automate) is encouraging companies to open facilities in low-cost countries
such as in the Far East and Mexico. One example is JDS Uniphase, which is establishing
a manufacturing base in China’. Due to the technical difficulties of achieving efficient
manufacturing, many companies view their processes as trade secrets and are unlikely to
share them with third party manufacturers (Merrill Lynch 2000).

® See Chapter 4.
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3.3 INTERNET ROUTER EQUIPMENT

The manufacturers of Internet routing equipment fall within a broad range of companies
classified under networking equipment providers (sometimes referred to as ‘data-
communications’ equipment). This type of equipment includes routers, LAN/WAN
switches, media hubs, etc. — all of which are integral parts of the Internet infrastructure.

Over the past two years, the Internet router category has changed considerably, with the
emergence of three separate sub-segments of the market (MSDW 2000b):

e (Core Routers. These are used in the backbone of the networks. They are developed
for maximum throughput and capacity.

e FEdge Routers. These are used for line aggregation such as broadband (DSL and
Cable) and corporate access (T1, T3, OC-3). These routers have smaller footprints
and highter interface densities and flexibility.

e Service Routers. These are used by telecom carriers to deliver services to customers.
They are generally smaller boxes with a greater amount of application software.

The technology employed for core routers is the most advanced due to the capabilities
needed to handle vast amount of data at high speeds.

Internet Router Vendors

By far the market leader in all router categories is Cisco Systems. 7able 3.3 shows the
other market contenders in two broad categories: the general edge/service routers and
‘next generation’ core routers. In the first category, Nortel is the main second contender
(through its acquisition of Bay Networks). In the second category, Juniper Networks is
the only other company with serious market share'®.

Table 3.3 U.S. Market Shares for High-End ‘Next Generation’ Internet Routers

Company Ticker Market Share
General Edge Routers Next Generation (Core) Routers
Cisco CSCO 89% 69%
Nortel/Bay Networks NT 4% -
3Com 1% -
Juniper Networks - 30%
Avici - 1%
Other 6% -

Source: Merrill Lynch (2000b) and Morgan Stanley Dean Witter (2000b)

' The reason that market share in next-generation core routers is less tilted towards Cisco is that customers
for these types of routers — namely telecom carriers — customarily employ ‘second sourcing’ as a policy.
That is, ensuring another source of supply for router equipment in order to decrease price and ensure
adequate supply. This therefore provides an opportunity for other entrants to build market share.
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Cisco Systems

Cisco is the dominant supplier of the routers and switches that run the Internet. One of
the most remarkable attributes of Cisco is its unparalleled record of acquisitions - a total
of 71 acquisitions between 1993 and 2000 (MSDW 2000b). Each of these acquisitions
have been strategic in that they have generally brought three types of benefits to Cisco:
(1) entry into new, lucrative and fast-growing markets by instantly acquiring a range of
marketable new products; (2) technological expertise through the assimilation of the
target companies’ engineers and in-house R&D; (3) more management talent by
integrating target companies’ managers into the company structure.

Cisco is not known within the industry for producing breakthrough technologies on the
strength of its in-house capabilities. It is, however, expert at acquiring them by buying
companies''. A look through the list of assimilated companies reveals that eight of these
acquisitions were 1n the area of router technology, some of which specifically related to
either software or ASIC development — the two key technologies for router systems

producers.

Within the broad definition of networking equipment, Cisco has a relatively diversified
product range (see Table 3.4). Recently, it has also entered the optical equipment market
through several acquisitions (see Section 3.2 above).

Table 3.4 Cisco’s Market Share for Selected Products (N. America)

Product Category C3Q00 Share

Ethernet switches 59%

Low-end routers 88%

Mid-range voice routers 93%
_High-end routers 95%

Gigabit routers 70%

Cable - CMTS 64%

Remote access 27%

SONET/SDH muxes 5%

Core ATM switches 19%

Source: MSDW (2000b)
The Importance of Software and ASICs

Two key elements of intellectual property involved in router production are the software
and AS/Cs (Application-Specific Integrated Circuits). Advances in ASIC technology
undertaken by router manufacturers have been responsible for important improvements in
router performance. These ASICs are highly proprietary and a substantial proportion of a

*! Judicious company acquisitions have become one of Cisco's core competencies, along with the ability to
rapidly integrate the newly-acquired products into its sales channel. Traditionally, the most important
currency in making these acquisitions has been the offering of its highly-valued stock (stock options are
also an integral part of employee incentive schemes along with clear lines of accountability).
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vendor’s intellectual property is contained within them (BT Alex.Brown 1999a). Both
Cisco and Juniper have in the past acquired ASIC development teams (MSDW 2000b).

Similarly, creating the operating system software'? for the router has been a key
differentiator in the market and has contributed much to Cisco’s success. It is believed
that, despite the important role of advanced ASICs in the router’s functioning, the success
or failure of individual products is largely determined by the robustness, feature richness
and cleanliness of the vendors’ routing software (BT Alex.Brown 1999a). Furthermore,
certain companies such as Avici are making their software interoperable with that of
Cisco and Juniper in order to sell to customers who already have an installed base of
equipment from these companies (MSDW 2000b).

Technology Trends: Today's Core is Tomorrow's Edge

The requirements of Internet infrastructure are drastically increasing. This poses a threat
to equipment vendors whose products could face obsolescence in a matter of months as
bigger and faster products are introduced. In the router market, products that are
originally introduced as core routers are inevitably moved to the edge as technological
advances in core networking are implemented.

Router Components Suppliers

Many component suppliers for router equipment are similar to those generally used
within the IT and electronics industry. The extent to which router vendors rely on them
depends upon their internal capabilitiss. For example, Avici outsources several
components, including its proprietary ASICs, from single or a limited number of sources.
Examples of components purchased include optical components, field programmable gate
arrays, and a variety of ASICs (MSDW 2000b). With respect to ASICs, larger
companies such as Cisco may purchase entire ASICs design houses, as described above,
thus obviating the need to source them from suppliers.

Because of the recent boom in Internet infrastructure construction, supply of certain
components has been constrained. In such conditions, some of these components are at
times subject to allocation (MSDW 2000b).

3.4 MOBILE INFRASTRUCTURE EQUIPMENT

Mobile telecommunications”’> is an R&D-intensive, rapidly evolving sector with
numerous companies, large and small, involved in the development, manufacture, and
marketing of equipment and services. The mobile infrastructure equipment markets are
dominated by a relatively small number of large OEMs who have the size, financial

2 Operating Systems run the router hardware and allow it to effectively operate within its network

environment.
13 Also referred to as wireless, cellular, or PCS.
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strength, global reach and technology leadership to maintain a strong presence in regions
throughout the world. Mobile service providers contract with OEMs to plan,
manufacture, integrate, install, and in many cases to manage their mobile networks.

Although the OEMs manufacture a number of subsystem products for use in their
networks, an array of independent subsystems suppliers provide the OEMs with hardware
that is complementary and/or competitive to their internal capabilities. It is believed that
many large systems providers will turn to outside vendors for more of their subsystem
productsH (BT Alex.Brown 1999b). However, the dominance of the OEM in the mobile
infrastructure market remains paramount (BT Alex.Brown 1999b). Figure 3.2 shows a
schematic of the mobile infrastructure supply chain.

Figure 3.2 The Mobile Communications Industry Structure

P! Service
—» Providers
E OEMs B l
Consumers
A4 L
> Subsystem
—— Suppliers
T > Wholgsalers
/Retailers
Component
Suppliers
> Distributors
Device and Reps
Suppliers

> Distributors
and Reps

Source: BT Alex.Brown (1999b)

' Less frequently, the network operator will also purchase individual components directly from a
subsystem provider.
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Mobile Infrastructure Systems Providers

There are five leading OEMs in the mobile infrastructure market: Ericsson, Lucent,
Motorola, Nokia and Nortel. In addition, there are several regional and second-tier
OEMSs such as Siemens, Alcatel, Hughes Network Systems, NEC, Hitachi, Fujitsu,
Samsung, Hyundai, and LGIC. :

Ericsson is the market share leader globally based on its leadership in two important
segments, GSM and TDMA (where it holds the top position in both)'*. Nokia has also
gained market share in the GSM market (it is number two), based in part on its
dominance of the GSM 1800 segment'® (BT Alex.Brown 1999b).

Lucent is strong in CDMA (number one position) and TDMA (number two position),
which are the largest digital standards in the U.S., but has been less active in international
markets. In the case of Motorola, it has been a pathfinder in the mobile industry and has
won significant GSM and CDMA contracts. Although Motorola has had problems due to
its lack of an internally manufactured switch, it is addressing these issues through closer
partnerships with Alcatel and Cisco, who supply them. Nortel has also been a significant
player in all digital standards, and recent reports are that the company’s mobile
infrastructure business is gaining momentum (BT Alex.Brown 1999b). Table 3.5
summarizes the major OEMs and their respective market shares.

Table 3.5 Mobile Infrastructure Market Shares (all standards combined)

Company Ticker Market Share”
Ericsson ERICY 32%

Motorola MOT 17%

Nokia NOK 12%

Lucent LU 11%

Nortel NT 8%

Other - 20%

Based on percentage of global installed base.

Source: BT Alex.Brown (1999b)
Technology Trends: Third Generation Networks

The major OEMs (and their suppliers) are developing new mobile network equipment for
the advent of third generation (or ‘3G’) wireless communications. 3G is based on a new
communications standard (of which there are several competing versions) which allows
the transmission of greater amounts of data. Although many networks will upgrade to 3G
via an intermediate ‘2.5G’ standard, technologically speaking it is a large step-change in

' GSM is the largest digital standard accounting for over 50% of all global cellular/PCS subscribers. GSM
is deployed exclusive of any other digital standard in Western Europe and is the most widely deployed
standard in China. TDMA is a smaller, but rapidly growing standard in North and South America.

'® GSM systems deployed at 1800 MHz, the European equivalent of PCS frequencies in the U.S.
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the industry and has necessitated much R&D effort and cooperation among OEMs,
suppliers and telecom carriers.

Mobile Infrastructure Component and Subsystems Suppliers

Component and subsystems suppliers exist as either independent companies or business
units within the large OEMs. Furthermore, there are several privately-owned companies
appearing on the market with new component and subsystem technologies which will be
particularly useful as networks evolve to 3G. Table 3.6 shows a selection of the leading

suppliers and their principal products.

Table 3.6 Mobile Infrastructure Components and Subsystem Suppliers

Company Ticker  Main Products

Digital DMIC Leading independent manufacturer of point-to-point wireless microwave

Microwave communications systems. Products include microwave radios for low,

Corporation medium, and high capacity applications, available for a wide range of
frequencies and transmission capacities.

Powerwave PWAV  Designs, manufactures and markets ultra-linear radio frequency power

Technologies amplifiers, which are integral components of wireless communications base
stations in cellular and PCS networks.

QualcommInc. QCOM  Developer and manufacturer of digital wireless communications products
and services based on CDMA digital technology. Major business areas
include CDMA phones, ASICs, technology licensing, and satellite-based
systems. Recently sold its infrastructure segment to Ericsson. Is a leading
provider of CDMA chipsets for phones and base stations.

Tekelec TKLC A leading supplier of innovative network switching solutions and advanced
diagnostic systems. Tekelec's Eagle platform is designed to meet the
complex requirements of the converged IP/SS7 network and traditional SS7
networks, enabling wireline, wirless and IP network operators to deliver
intelligent network services.

Conductus - Develops, manufactures and markets electronic products based on High
Temperature Superconducting (HTS) Technology. It has developed HTS
filters for wireless base stations. The company also undertakes contract
research programs, mainly for government.

Illinois - Develops, manufactures and markets high performance front end equipment

Superconductor products for the wireless market based on its proprietary high temperature

Corporation superconductor materials. It is focussing on tower-mounted HTS filter
systems capable of operating under harsh conditions. In May 2000 it
acquired Spectral Solutions Inc. (SSI).

Metawave - Provides capacity enhancement solutions to the wireless industry. It

Communication
Corp.

designs, develops and