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Abstract—This paper discusses the structure characteristics
of China’'s TD-SCDMA industry alliance from complex
network perspective. We use the basic two parameters—
average path length and clustering coefficient to do the
analysis. Results show that comparing to the different types
of complex network, China’s TD-SCDMA industry alliance
has relatively high clustering coefficient and low average

path length, implicating the obvious *“small-world”
characteristic.
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l. INTRODUCTION

In the globalization and network economy era, with the
complexity of technology, high risk of innovation, asingle
company becomes difficult to have all the possible
resources of the innovation activity. As no organization is
an island [1], networks of collaborative relationships
among firms and other institutions are widely recognized
as an important organization form of innovative activities
[2], and inter-organizational relationships are seen as long-
term oriented arrangements between organizations (firms,
ingtitutions, agencies, etc) [3]. Thus, the research of
innovation begin to focuses topics on innovation networks
——networks emerging from firms decisions to form
strategic alliances aimed at learning and producing new
knowledge [4], and inter-organizational cooperation
which can be extremely effective in increasing the
circulation of tacit knowledge, and in creating possibilities
for afirm to acquire knowledge outside its boundaries [5].
Researches in strategy and organizational fields are
making use of perspectives like resource dependence
theory, transaction cost economics, game theory, and
social network theory, this paper analyzes innovation
networks on the basis of complex network perspective,
and take one of most typical technological alliance
networks case— — Chinas TD-SCDMA Sector as an
example. The analysis results show the characteristics of
Chinds TD-SCDMA Industry aliance and provide
implication of proposals for the development of aliance
networks.

Il.  THEORY BACKGROUND

A. Complex Network Theory

With the development of society and information
revolution, the complex network behavior of artificial and
nature networking needs more and more comprehension.
Nowadays, researchers spend efforts to seek the general
characteristic of networks in different fields such as
telecommunication network, electric network, biology
network, and social network, and the complex network
theory provides a suitable analysis perspective [6]. Table |
summarizes the brief history of the development of
complex network theory.

TABLEI. BRIEF HISTORY OF COMPLEX NETWORK THEORY

Time Cyeare Figire -
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1959 Fordos & Renyic
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Source: Wang Xiaofan, Li Xiang and Chen Guanrong. Complex Network and Its
Application. Beijing: TsingHua University Press.

But networks are inherently difficult to understand, the
complexity of network systems is composed of structural
complexity, network evolution, connection diversity,
dynamical complexity, node diversity, and meta-
complication [7]. Particularly, the most basic issues refer
to the topic on structural with two parameters. average
path length and clustering coefficient.

1. Average path length

The average path length (which is the same as
characteristic path length) is related to the nodes and sides
of a network. The distance (geodesic) of two nodesi and |
in a network is defined as the number of sides in the
shortest path that links these two nodes. Thus, the average
path length L is defined as the average value of reciprocal
distances to every two nodesin a network, see formula (1),

that N represents the number network nodes.
1

L=—"——3d
+N (N +1)Z g

(2)
2. Clustering
In a network, suppose one node i connects the other ki
nodes which are called the neighbors, and these nodes are
composed of a cluster. Among the ki nodes, the maximum

number of possible sides is equals toki(ki =1 /2 The
rate of actual number of sides among the ki nodes (Ei) and
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the maximum number of possible sides is defined as the
clustering coefficient, represented by formula (2).
Ci = 2E /(k(k - 1)) 2

From the geometry characteristic, the formula above
equals to formula (3) which is the standard weighted
overal clustering coefficient measure[8], [9].

3* (number of triangles in the graph)

number of connected triples ©)

This paper utilizes the two basic characteristics of
complex network measure——average path length and
clustering coefficients to analyze the technological aliance
networks.

Clustering,, =

B. Srategic Alliance

Strategic alliances are voluntary arrangements between
forms involving exchange, sharing, or co-development of
products, technologies, or services [10]. Researchers have
already discussed aliances in various kinds of sectors such
as textiles sector [11], semiconductor sector [12],
biotechnology sector [13], [14], pharmaceutical sector [15],
steel sector [16], and chemicals sector [17]. As a unique
organizational form of networks, organizationsin aliances
are dready embedded in their broader “network” of
economic and socia relationships [18]. There are two
complementary perspectives of researches in alliance
network analysis, namely actor level and network level,
seetablell [19].

TABLEII. A TYPOLOGY OF INTER-ORGANIZATIONAL NETWORK

RESEARCH

Dependent Variable or Cutenme Faoaa

network-level

network analysis is one of typica
perspectives in analyzing the relationship of aliance
members and structure of aliance network Melissa
Schilling (2007) studies the 11 alliance networks of sector-
level and concludes that firms embedded in alliance
networks that exhibit both high clustering and high reach
will have greater innovation output than firms in networks
that do not exhibit these characteristics [20]. This paper
focuses on the China' s TD-SCDMA sector aliance, one of
typical sector aliances of China's telecom-equipment
industry, and utilizes the Melissa Schilling analysis
perspectives from two parameters——average path length
and clustering coefficient in complex network to discusses
the structure characteristics of alliance.

ctions-

IIl.  TECHNOLOGICAL ALLIANCE NETWORKS OF
CHINA’STD-SCDMA IDUSTRY

A. Industry Context

The development of China's TD-SCDMA industry is
followed by the rise of China's telecommunications
equipment manufacturing industry. See figure 1.

In years of development, the telecommunications
equipment manufacturing industry has always highlighted
the importance of leveraging indigenous innovation

capability, implementing the national innovation strategy,
gradually improving the industrial sector structure, and
upgrading technology. At present, China's
telecommunications equipment manufacturing industry
has emerged a number of big companies with international
competitive advantage such as Huawei, ZTE and other
enterprises. Their development is based on innovation and
present business innovation model of China's
telecommunications equipment manufacturing industry.
Seefigure 2.
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Figurel. Industria output value of China stelecommunications

equipment manufacturing industry

Figure 2. Thetechnology innovation theory and “5+1” business model
of communications equipment manufacturing

In April 1997, the International Telecommunications
Union (ITU) sent 3G technological standard collection
letter to countries, and determined the schedules and
formation steps of international three generation wireless
communication standards. All proposas must be
submitted before June 30th, 1998. In this international
context, Chinese government paid high attention to this for
participating the international competition, and established
3G Wireless Transmission Technology Assessment and
Coordination Group composed of experts in the field of
wireless communications. Datang Group, leading the
drafting of a combination of WCDMA and CDMAZ2000
technology merits, raised the TD-SCDMA technology
standard. Under the driven by China Standards Committee,
TD-SCDMA technology standard are authorized as one of
three international standards by the Internationa
Telecommunication Union in May 2000. Thus, relying on
international standards certification, on October 30th, 2002,
TD-SCDMA Industry Alliance Conference was held in
Bejing. Datang Group, Soutec, Holley, Huawei, Lenovo,
ZTE, China Electronics, China Putian, eight companies as
sponsor, co-signed a commitment " promoter agreement” to
the development of TD-SCDMA industry, achieving the
first country’s international standards with independent
intellectual property rights [21]. With 10 vyears
development, Chind's TD-SCDMA industry experiences
high speed development.

B. The evolution of core technology of TD-SCDMA

Technical standards for industry and international
competitiveness have become increasingly important.
Relying on a strong market, China aso plays an increasing
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important role of technical standards for international
competition. These attempts include Enhanced Versdtile
Disc (EVD), Intelligent Grouping and Resources Sharing
(IGRS), Audio, Video Coding Standard (AVS), and Time
Divison Synchronous Code Division Multiple Access
(TD-SCDMA) standards [22]. Standards have positive
economic effects. They include promoting market
efficiency and expansion, fostering international trade,
encouraging competition, lower barriers to market entry
and faster diffuson of new technologies, protecting
consumers from unsafe or unsubstantiated products, and
enabling  interoperability among products  [23].
Standardization is often a process of building an aliance
surrounding a particular technology, especially at the
international level. The generation of TD-SCDMA has
experienced the development and evolution of technical
standard, and now it becomes an important part of
technical standards for international communications
industry, figure 3 describes main 3G standards evolution
of international communications mdustry
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Figure 3. main 3G standards and their evolution

TD-SCDMA, standing for Time Division-Synchronous
Code Division Multiple Access, is one of the three main
international communication standards (the other two are
WCDMA and cdma2000). TD-SCDMA integrates the
technical advantages of CDMA, TDMA (FDMA), and
show superiority about high spectrum efficiency, low
power control, and multiple communication interfaces.
These help TD-SCDMA standard achieve full application
of the signal frequency, the coordination of symmetrical
and asymmetrical data channel, the reduction of multi-
interference, and high-frequency signal transmission
dynamics.

IV. NETWORKSANALYSISOF CHINA'STD-SCDMA
INDUSTRY

A. Network Structure

In avery general way, a network is a set of nodes and
the set of ties representing some relationship, or lack of
relationship, between the nodes [24]. Up to the year 2010,
China's TD-SCDMA industry dliance has absorbed 78
organization members, covering the whole industry chain.
Among them, Datang Mobile, Holley Group, Huawe,
Lenovo, ZTE, Potevio, China Electronics Corporation, and
China Mobile are aliance board members. Table 11l
summarizes the aliance members according to the
industry chain positions.

TABLEIII. NETWORK MEMBERS OF TD-SCDMA INDUSTRY
ALLIANCE

of TD-SCDMLA .

Tesvine . Datang Mobils, Zw, ZCTT, Starboint CETCA1, Rising

ijsztlng =ystem o

Detmme Micbil comba, ACE CEC, youls.a

““We then describe the r network structure of China' s TD-
SCDMA industry adliance by using social network
software UCINET®6.0. Nodes represent alliance members
and links represent relationships. We define that two nodes
have direct links if one node publishes or notices the
relationship on website or written materials. By collecting
data from each company’s website, two biggest search
engines in China—baidu and google, and China's TD-
SCDMA industry aliance’ s website, we get links referring
to technology transfer agreement, strategic cooperation
agreement, equipment supplier agreement, intellectual
property sharing agreement, joint R&D activity product
tender agreement, project cooperation agreement, OEM
agreement and company affiliated relationship, terminal
application agreement, business merger contract. All the
data collected refer to the year 2002 (China s TD-SCDMA
industry aliance established) to 2010, and information of
members joining in year 2009 and 2010 are eliminated
because of the time lag of secondary data. The network
dlianceisseenin figure 4.

Figure4. TD-SCDMA industry alliance network

Under the description of Fig.4, China's TD-SCDMA
aliance are composed two parts with most of members
participating in the core component and the other 8
members are isolated with few aliance activities.
Equipment manufacturers like DTM, TDT and Potevio,
terminal companies like CHINA MOBILE, HW, PTAC,
alcatel-shell have more links in aliance meaning that these
organizations are more active in cooperation and
participation. Other members are al joining in the aliance
network at different extents.

B. Network Characteristics Analysis

1. Average path length

We use UCINET software to calculate the index of
average path length according to the formula (1). Table IV
shows the results. The average distance of China's TD-
SCDMA industry dliance is 2.344 which is very small
comparing to the different types of complex networks
listed in literature [25] of Newman's research.

TABLEIV. INDEX OF AVERAGE PATH LENGTH
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2. Clustering coefficient
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We caculate the index of clustering coefficient
according to the formula (2), (3). Table V shows the
results. The clustering coefficient of overal graph of
China's TD-SCDMA industry aliance is 0.402 which is
very relatively large comparing to the different types of
complex networks listed in literature [25] of Newman's
research.

TABLEV. INDEX OF CLUSTERING COEFFICIENT

[Tmde= = [~atu=—

0 402

| ©~verall graph clustering cocfficient |

Sveighted Overall graph clustering cocfficient | O 252

In addition, we caculate the node clustering
coefficients of some board members of alliance and the
results are shown in table VI.

TABLEVI. INDEX OF CLUSTERING COEFFICIENT
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V. CONCLUSION AND IMPLICATION

From complex network perspective, this paper
analyzes China's TD-SCDMA industry alliance network.
By establishing the network structure of members (nodes)
and their relationship (links), we analyzes the two basic
characteristics— — average path length and clustering
coefficient of complex network. The average path length
of China's TD-SCDMA industry alliance is 2.344 and the
clustering coefficient of overall graph of China's TD-
SCDMA industry aliance is 0.402. By comparing to the
different types of complex networks listed in literature [25]
of Newman's research such as scientists cooperation
network, WWW network, internet network, traffic
network, neural network, protein network, and so on,
China's TD-SCDMA industry alliance has high clustering
characteristic and low average path length. According to
the complex network theory, the small-world characteristic
of China’'s TD-SCDMA industry alliance is obvious, and it
facilitates the information flowing, knowledge transferring
and innovation spillover in the whole industry alliance.
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