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Abstract

This research provides a detailled account of Open Source Boft(@SS)
development in the context of developing countries (DCs) by erplthie specific case of
Chinese indigenous Linux design and development. It builds an intiohacy,
socio-technical, analytical framework from the perspectives@&nce and technology
studies (STS), in particular the social shaping of technol8@f}, infrastructural studies
and international technology transfer. It also covers the fdflgEzonomic analysis, policy
studies and development studies. The research investigatesdéptation process of a
unique OSS with infrastructural features — Linux in the context of Ghyr@onducting case
studies on both embedded Linux and platform Linux products developed b@hwwese
Linux providers.

Drawing upon the concepts developed in the SST perspeatigieinfrastructural
studies, this research addresbeth the dynamism and continuity OfSS. In order to
avoid the shortcomings of existing social scientific study on @&Sapplied social and
biography of artefacts (BoA) approaches to examine the evolutid@hisfese Linux by
mapping out the key actors, investigating the linkages betwesm, and probing deeply
into the intricate interplays among these actors over time.

A detailed longitudinal and contextual analysis has been ukelertdarough a
qualitative historical case study of the evolution of both Chireabedded Linux and
platform Linux from 1998-2008. The empirical data reveals thaldbal adaptation and
further innovation of Chinese Linux is a ‘generification’ process, i.eoeggs of design and
developing generic Linux solutions for diverse local users. rEtieally, the understanding
of the socio-technical interfaces of the software (seekitentifying, categorising local
users/intermediaries, as well as collaborating with keyeptagssociated with the particular
software) are central elements for software technologysfiearand local technological
capabilities building.

The findings also throw the light on the crucial importance of igoaent role in



providing incentives and institutional measures for Linux tatagm in China. In particular,
it highlights the challenges concerning the socio-technical fapges of infrastructural
software, like Linux OS (operating system) and the particudevance to DCs as
technology adapters.

Finally, this study throws light on the policy and practioe €hina’s future Linux

development, and the implications for other DCs.
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Chapter 1 Introduction

1.1 Focus and Scope

Over the last decade, open source software (OSS) has attkédeeattention from not
only the business communities, but also governments, in particulavetogimg countries
(DCs). The understanding of OSS phenomenon however, was theorised fr@inlthe
social scientific studies conducted in developed world, in paatiche United States. The
researchers have probed deeply into the managerial structu@&So€ommunities (Demil
and Lecocq, 2006; von Krough and Spaeth, 2007), the reasons for programmers
participating in OSS design (Bonaccorsi and Rossi, 2003; Canifdéll- and
Garcia-Swartz, 2009), the licenses of OSS (Edwards, 2005; von Kamalg8paeth, 2007),
and the competition between OSS and traditional proprietarywasef by building
mathematic models (Hicks and Pachamanove, 2007; Economides and &asa006),
etc. There are also some studies related to the open source mowvetnerdontext of DCs.
They paid most attention to the benefits that can be reaped bymewpiing and applying
OSS (Cook and Horobin, 2006; Camara and Fonseca, 2006; Pan and Bonk, 2007). We argue
that existing social scientific research on DCs’ open soomaeement is over-simplified
and based on a naive view: a globally designed OSS can easipplied in a context of
DC.

However, the open source movement in DCs can be seen as tnemamiprocess of
global open source movement, in which most overseas-designed &338ansferred from
abroad and adapted in the context of DCs. From a perspective oafiteah technology
transfer, transferring technologies is not a simple spattale; instead local adaptation of
technologies in DCs requires a great deal of efforts, batinieally and socially (Shen,
1999; Hobday and Rush, 2007; Gallagher, 2006). Apart from the roles lofotegy
transferors and transferees, other actors such as R&D agtwernment, and financial

agencies are also crucial for successful technology transfer.



Consequently, one shortcoming of research design for existingstfd@SS in DCs
IS that it focuses mainly on OSS implementation, and theref@dooks the local design
and further innovation process. The other shortcoming is thddrtlaeler social context in
DCs was nearly neglected. There are many non-technicaéetenhat cannot be changed
by OSS suppliers and users, which resulted in unpredictablérienand dynamics
surrounding OSS adaptation. These two shortcomings of the methodolivgroawork
create an unsatisfactory understanding of the open source movementontéxe af DCs.

Furthermore, in DCs, the reality is that the OSS is intradlticehe domestic market
with government backing. However, there is a dichotomy on governimtrention:
government should not issue any particular policy to support @85government should
involve in the open source movement by employing wise meadurissphenomenon calls
for further and deeper research on government intervention.

In order to tackle shortcomings and examine the government ralewaresearch
framework is needed, which can link both OSS design and implatieeniprocesses in
DCs over a long-term, and address the social elements in a broader.context

The objective of this study is not about the ideology behind the s@&ce movement,
but the uptake of OSS in the context of a DC. The study illestr@hinese indigenous
Linux evolution as case studies, and gives a detailed account on the procesaptiscmn
and further development. In particular, attention is given tetipplier's strategy and effort
for cultivating the ‘generic Linux solution’ for Chinese local users. Tésggarch is based on
two empirical cases: one is Linux developed in China as an ogemtstem (OS) for
embedded computing system (Chapter 4); the other is Linux adaptegeasgral-purpose
OS - platform Linux for traditional computers, such as PC and seoveputers (Chapter
5).

Drawing upon the social shaping of technology (SST) perspectiveK@maie and
Wajcman 1985; Williams and Edge 1996), an inter-disciplinary methodalogamework
is built, in order to carry out this study through a longitudimal aontextual analysis of

Chinese indigenous Linux evolution (chapter 3). Both the interplaygeba suppliers and



other social groups and the broader context in which Chinese Lirdesigned and used
are taken into account.

This introductory chapter introduces the terms of OSS and Limd,cantinues to
introduce the social and technological context of this study by Yortkcribing the
Chinese traditional socialist economic and science & techno{8&T) systems and
China’s later transition. This discussion is followed by an angtion of the historical
background of Chinese OS development. Finally, this chapter endstrbgucing the

structure of this thesis.

1.2 Open Source Software and Linux

Software is a computer program which offers a set of instructions tmwtoomputers’
operations. It is written by humans but implemented by computerBasahe software
exists into two forms: source code and object code. Sourceicodéten in a computer
language which is readily human-readable for experienced progemObject code is the
machine-executable form which is binary code (a sequence @$ aed ones) compiled
from source code. The machine code is difficult for human to redd@translate into
source code as well (Lerner and Tirole, 2005; Miller, 2002). Forengiece of program,
source code can be regarded as the knowledge which is considered a valoahbte,resre,
inimitable, and non-substitutable and that contributes to sustaipetiiie advantages. By
this premise, source code is a scarce resource under mnotiegtits developer. Traditional
proprietary software firms make profits from selling sofievao they must protect their
intellectual property rights and maintain the trade secretsoef the software works to
prevent others from copying or modifying the software. Most supladay keep source
code as a secret during software distribution and only provide users withcmgjec

In contrast to the traditional proprietary software, O®88bées the user and fellow
computer programmers to access and modify the source codetoPtfier emergence and
clear success of OSS projects, it was assumed that aemaquir to voluntarily contribute

one’s innovation to the public goods would destroy the incentive to irmawvat inevitably



lead to market failure. However, OSS communities attra¢ctedisands of voluntary
programmers to participate and make contributions to OSS developmenhnovation.
Some OSS has become the competitive alternatives to proprisaétware, such as
GNU/Linux, freeBSD in the OS field, Apache in the web seamea, OpenOffice in the
office productivity suite domain, MySQL in the database field, etc.

OSS has nowadays been widely adopted in various fields and esu#trieport from
International Data Corporation (IDC) — “European End-User Sur2®d5 Spending
Priorities, Outsourcing, Open Source, and Impact of Compliance” sh@ats/8.3% of
firms adopted OSS into their business life. Walli, Gynn aod Rotz (2005) reported that
87% of their surveyed companies in the United States weng @8S. In Asia, Linux
accounted for 14% of servers and 5% of PCs in 2004 in the AsifiePregion (Ghosh,
2006).

One extremely interesting phenomenon is that many powerful multinationgrisesr
(MNEs), like Hewlett-Packard, IBM, Intel, Novell, Oracle, BASun Microsystems,
LENOVO, etc. joined the forces in making significant investnmenpromote OSS (Shen,
2005b). For example, IBM developed hundreds of open source pr@agiag from OS to
complementary application software; Sun Microsystems shiftell tiew version OS —
Solaris v. 10 to open source strategy. In addition, Microsoft releasecalggieees of source
code as OSS.

Not only did firms pay attention to OSS, but also governments hsatreray interest in
the deploying of OSS. According to a CSIS’s (centre for gifmtnd international studies)
publication, there were 265 policy initiatives towards open scanmend the world by the
end of 2005 (CSIS, 2006). At present, OSS is widely employed in thec mdator in
developed countries, €.9.79.3% of 995 public sector organisations in t8uUfltties have
employed open source software by the end of 2004 (FLOSSPOLS GowérSomwey
2005). Furthermore, governments in the developed world have also amhdesearch on
OSS development. For example, the European Commission granted €10 @ euitbs to

the Qualipso project (under the EU’s sixth framework) which isollaboration between



four countries from the EU, China, Japan and Brazil (http://liftes/node/250 and
http://www.qualipso.org/).

Additionally, both government and local business entities in DEscammitting to
developing OSS to suit their own purposes. Take China for exampiee iwith China’s
software industry development strategy, some Chinese domestipancies and MNESs,
encompassing IBM, Hewlett-Packard, Intel, Novell, Red-Flag2@%China Standard
Software Co. Ltd), Kingsoft, etc. formed the “China Open So@Bofware Promotion
Alliance” to encourage the development of China’'s OSS induk&gafd, 2005; Marson,
2005); over 30% of Chinese Linux income has come from government @noeoir since
2003; the Chinese government also invested in a great numberathepeojects on OSS
related technology R&D, in particular Linux and open source office suite.

Linux perhaps can be seen as a representative for OSS inD@myin traditional
OSS literature, in particular from a social science petisged.inux is a loose term. Some
research is only based on the ‘Linux kernel’ which is a core compohémux OS; others
regard Linux as a whole OS. Strictly, Linux does not refer tompteted OS but a
well-defined OS kernel. The kernel is the central componentoafputer OS, which
schedules tasks, including the execution of end-user applicationlotgtialg a computer's
system resources to the programs in execution. It can be thoughthef laridge connecting
the application software to the hardware of a computer. Theatkfaitctions of the kernel
are handling process management and scheduling, inter-processimoatian, device
Input/Output, and memory management for OS (Casadesus-Masanehemavat, 2006;
Lee and Cole, 2003). Apart from the kernel, an OS consists ofates@mponents or
modules, like user interface, system tools, network toolspiters, etc (Valimaki and
Oksanen, 2005; Camara and Fonseca, 2007). Therefore, Linux OS thdyrsticald be
called GNU/Linux since it is a combination of software componfots “Free Software
Foundation” and the Linux kernel developed by Linus Torvalds (Varian andr&h2@03).
This research examines the process of adapting Linux in tmegehcontext as a whole OS

which is ready to be adopted by Chinese users.



1.3 Context — China in Transition

Drawing upon the experience of the Soviet Union, China establishadyhdy
centralized planned economy system in the 1950's. This econ@tgnmsgoncentrated the
resources of the whole country to facilitate on the devedmprof heavy industries by a
planned resource allocation system, when China was a csgitadle economy. Although
the planned system made remarkable achievements in the devaiagnt&hinese heavy
industries, its weaknesses were also apparent over time, such asdlistdustrial structure,
poor work incentives, and low allocative efficiency (Lin, Gad Li, 2002). Under the
traditional highly centralized planned economy system, the maowgacsupply and
consumption of products were under the control of government, tadremarket demand
so that technological innovation was neglected without maidkeipetition. Furthermore,
all the research institutes and universities were establligred controlled by the
government. Their research projects were completely orghrasel financed by the
government, which focused mainly on theoretical research.résudt, both the enterprises
and research institutes/universities paid little attentiomaoket demands. Concentrating
much on theoretical research resulted in a gap between indusdryesearch institutes and
universities.

China therefore, decided to reform its national economyesysly introducing market
mechanisms when the third Plenary Session of the Central teenof the CPC
(Communist Party of China) was held in Beijing in 1978. A major aibje of economic
reforms is to promote dynamism in the technological innovasigstem. In 1985, the
Chinese government published “Decision on the Reform of the Sciencéeahdology
Management System”. The Decision was seen as the begiohi@binese science and
technology (S&T) reform which continues today. Based on the pagetes’ experience of
reform, CPC Central Committee and State Council announced “Beasi Accelerating
Science and Technology Development”. This document emphasis@dgbeant role of
S&T in economic growth and further recognised the priority positibmformation and

communication technology (ICT). It also encouraged indigenous eng=piosconduct



research & development (R&D) activities according to madieenands, and establish close

ties with research institutes and universities.

1.4 Government Role In OS and Linux

Development

China’s government has a long tradition in intervening in indigenouse§e&arch and
development. Chinese public research institutes and universtdeted developing OS in
the 1960s. For example, the GX-73 OS developed for Aerospace GuagnMpeasuring
Fleet and the YHOS (Yin-He OS) for the Galaxy-I (Yin-HeShpercomputer. However,
these indigenous OS development projects were initiated and gy the Chinese
government under the traditional planning economic system (Wan@).Zlde purpose of

designing and developing them was either for scientifieaieh or specific hardware



platforms, rather than for the mass market. Therefore,halieSe indigenous OS products
were too advanced for Chinese consumers because they were noatibEmwith
mainstream computer hardware structures, such as the most pé®@ilarchitecture. From
a marketing perspective, this is the main reason why Chirs'mé@rket was dominated by
foreign proprietary products.

Since China’s “9th Five Year Pl&n(1996-2000), IT attracted much attention from the
government. Some government agencies established their own wabsitdect, exchange
and publish information. In order to provide more convenient servaresitizens, the
Chinese government initiated a series of projects to develgpvernment systems.
Influenced by a slogan created by the Chinese government —nfginndustrialization

through informatisatioff, both stated-owned and private enterprises began to apply

1 Influenced by the success of Soviet Union's Figar¥lans, China introduced her own Five Year Plan
from 1953 in order to boost national industries.

2 The term ‘informatisation’ is one of a most comnweord used in China, which means the modernization
of China’s IT infrastructure and applying IT in i@ss sectors of national economy.



information technology (IT) to their business processes. Soontakdnformation industry
was perceived as the fundamental industry of the whole national economy.

The software industry is the core of the information industry &sdforceful
development bears great significance. Software is charactegisgtbng penetration: it can
be applied in all traditional industries and sectors obnatieconomy. As a result, software
can accelerate the renewal and upgrading of industries andvienproduction efficiency
considerably. By acknowledging the pivotal role of the software tngu€hina is
committed to establishing an independent software industry.

A need to develop a self-controlled OS was recognised by both €hinftivare
industry and the Chinese government. Chinese users, in pargoukmnment users, on the
one hand put forward more rigorous requirements for informaticurig and on the other
hand expressed distrust in the existing information system, wivah based on
‘black-boxed’ OS provided by foreign companies. Professor Ni (199@niarsmember of
the central government think-tank, suggests that the informagiouriy of a computer
system is subject to the security of the OS on which the whole systeruilt.

Nevertheless, China’'s software technology, and higher educatioonmputing and
software R&D, has lagged far behind western countries. Both malige software
enterprises and public research institutes and universagt intellectual property (IP)
on any OS, and their software R&D activity was merelythohito applied research. All
these factors are inevitable barriers for developingliaceetrolled OS. Therefore, the
Chinese government and indigenous software enterprises decidedetop own OS based
on Linux.

| conducted a qualitative study of the Chinese government poliocwesrds Linux
(Chapter 6). This research tries to understand the role of lige€® government in
supporting indigenous Linux, the detailed administrative measuresedday government
and the wider implications which can be drawn from this studgdeernments in DCs. By
drawing upon the concepts of infrastructure studies, | introducetktime‘infrastructural

software’ to provide understanding of social elements embodiadspecial type of OSS —



Linux. Platform Linux can be regarded as an infrastructure beitazese be developed as a
shared resource to support various computer-based applications aadhifeving the
informatisation of China. For DCs, developing Linux requiresng government support
by linking players and coordinating their resource in order to desjpropriate Linux

products for local user communities and competing with foreign products.

1.5 Research Questions

Based on the introduction above, the following research questions baen
developed: the first group of research questions is designecestigate the dynamism and
complexity of Chinese Linux’s adaptation and innovation, map the awors involved
and the interactions between these actors; the second group obmpidstiuses on an
academic debate in which one voice is against any governmtendntion in the open
source movement, while the other side favours government suppeerdtOSS; the last
question is about the implication of Chinese Linux adaptation, wtinhbe drawn on by
other DCs.

1. How has Linux adapted in China’s broader context?

(1) Which struggles and tensions did the Chinese supghees through the
development of Chinese Linux? Which strategies did they use toeetiaoh to deal with
these problems?

(2) How did the Chinese socio-economic context and institutiomahgements
influence the way in which Chinese Linux was adapted and developed?

2. What is the role of the Chinese government in Linux adaptation andpienxzit?

(1) Are government interventions necessary for Chiesex adaptation and
development?

(2) What are the political measures adapted by the Chinese gomPnme

3. What are the wider implications that other DCs can dram f£hina’s experience

in relation to adapting an infrastructural OSS into their local envirortment
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1.6 Structure of the Thesis

This thesis is divided into eight chapters. Chapter 1 proadgsneral introduction to
this thesis.

Chapter 2 selectively reviews the OSS literature ancudses the issues which are
associated with our study on OSS, as well as the literdtom Technology Studies area,
aiming to form the basis on which to build a research framewdrik. dhapter points out
that social scientific research on OSS development in BEHllilacking and the long-term
evolutional history of OSS needs to be further discussed. In ordemnie fthe analytical
framework, the review of Technology Studies is driven by a contm adopting the
concepts and theoretical tools developed from the SST pekgpanfrastructural studies,
and technology transfer.

Chapter 3 describes the research design and the methodology stlthisFirstly, it
elaborates an integrated analytical framework and thetavage it, as well as the rationale
of case selection. Secondly, this chapter presents the degetioal and process by linking
the research questions. The chapter ends with a discussiow @b ltonduct field work in
China.

Chapter 4 examines the historical data of Chinese embedded Lineloglaent. It
starts with the general background which provides details for stateling the particular
technical features of embedded systems and OS. The remaimitigns are organised
according to the biographical stages of embedded Linux by whicirevable to trace the
development history of Linux and explore the interactions between &ggrplin milestone
projects over time. The aim of this chapter is to demons#aadletailed account of the
generic Chinese embedded Linux solution development in relationstapipdier’s ambition
and strategies.

Chapter 5 presents the biography of another type of Chinese indigkimuxs —
platform Linux. It illustrates how the Chinese supplier CS2C mathahe dynamics and
tensions surrounding the platform Linux development as an infcaste in China.

Although Linux is transferred in China as a generic OS, the lpbgraf Chinese platform
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Linux shows that the supplier still requires addressing thécpkat local work practices
and everyday life in order to compete with foreign proprietary @&y generic platform
Linux solutions are designed to fit various user groups. This ahalste shows that the
Chinese government played an active and crucial role in everyapiugal stage of
Chinese platform Linux localisation and further innovation.

Chapter 6 explores the initiatives and administrative messofethe Chinese
government to support indigenous Linux, in particular platform Linux. Tdhiapter
uncovers that government supporting measures varied over timé, reflected a learning
process of policy-making.

Chapter 7 is an analytical chapter. It links the empirieglearch findings to the
theoretical framework and concerns of this study, and thermiseethe main findings. It
discusses that the adaptation of Linux is a ‘generificatiarcgss in which suppliers have
to deal with particular requirements of Chinese locataubg employing different strategies
over time. As a result, understanding and categorising useve|lass enrolling them in the
design is an essential element for local technological capedbilbuilding, in order to
transfer foreign software successfully. Additionally, thie raf the Chinese government is
also important for Linux adaptation. At each biographic stage, tliee€e government
issued different policies and employ different measures ‘oufaLinux development.
However, not all of these policies and measures weretigded his research therefore also
suggests that the government should choose wise polices.

Chapter 8 is the final chapter which presents the overarchimgjusion of this study.
A few limitations that resulted from the research intsrestésearch strategy and data
collection of this study is discussed. The reflections on thesitations can make
contributions to the possible future research. This chapter @iesents the wider
implication which draws from the case studies both for Chifwdigre S&T policy-making

and for OSS development in other DCs.
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Chapter 2 Literature Review

2.1 Introduction

Chapter 2 describes the intellectual context of this studyuding the academic
debates on existing OSS literature and theoretical tookdbais the research framework
adopted herein. Generally, this research spans two main disgipdireas: OSS studies and
technology studies. Section 2.2 reviews the mainstreamtliteraelevant to the social
science study of OSS and explores the academic debates tel#tedempirical cases of
Chinese OSS - Linux adaptation and development. Section 2.3 is focuseteceds
literature from technology studies. First, this section ememithe range of relevant
approaches within technology studies, especially the idea oB8&ESICT (social shaping
of information and communication technology) perspectives, and deaiaing and the
BoA approach. Second, it addresses the conventional perspectives canalytical
approaches toward infrastructural studies and ends with Hueisdion of international
technology transfer and local indigenous technological capesbiliection 2.4 discusses
the current academic debates and empirical theoretidshtioms as the bases for research

questions presented in Chapter 3.

2.2 Open Source Software (OSS)

2.2.1 ldeology behind the open source movement

The open source movement emerged in the context of softwarepesebecoming
overprotective of their work, as associated knowledge tends &mnclosed in the software.
The advocates of the open source movement claim that restribe use of software and
not sharing the source code is unethical (Schmidt and Schnitzer, Z6@3¥eology of the

open source movement can be traced back to hacker ethics. Thehaekisrs in
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Massachusetts Institute of Technology (MIT), which is known ascthdle of hacker
culture (Linus, 1998), believed that sharing information wastaevaind that there existed a
moral duty to disseminate one’s knowledge in the form of compubgrams and to further
develop the infrastructure where the programmes are used. Astathesumade the source
code of their software available to fellow members of twmputing community
(Nikulainen, 2004) and knowledge sharing was established as emtiasfoundation for
the open source movement.

In contrast to proprietary software which keeps the source sedet, OSS is the
software for which the source code is open; it is theref@eyfravailable to the public:
everybody has the right not only to use the software, but alsgtémd it, to adapt it to
individual needs, and to redistribute the original or modifieflwswe to others. OSS
involves a copyright-based license to keep private inteliéqitoperty claims out of the
way of both software innovators and software adopters whileeagame time preserving a
common software code that everyone can access (O’Mahony, 2003). Open source, by nature,
opens its development process and operation to a variety wiwige knowledge centres
or ideas that could potentially improve the innovation, and then beriefin boundless
distributed knowledge (Awazu and Desouza, 2004). In relation to OSSofdmesit,
knowledge sharing comprises a wide range of exchanges among pelepdes revolving
around a number of epistemic tasks such as bug fixing, code writevg;feature
implementation and the like (Kuk, 2006).

OSS communities consist of people who contribute to the public gb@iS8 by
writing code for the project. These contributors can diseilthieir works widely and

essentially without cost via the Internet (von Krough and von Hippel, 2006).
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2.2.2 Actors’ strategies in and governance structur e

of the open source movement

Motivations of OSS developers

Any developer can make returns from investing in or developindititaal
commercial software using a regime of intellectual propegiyts. On the contrary, OSS
licenses guarantee the source code of OSS is freelyableaieverybody has the right not
only to use the software, but also to extend it, to adapt ite&t msers’ own needs, and to
redistribute the original or modified software to others. idlenarray of studies has dealt
extensively with the question of the incentives and motivatibas lead individuals to
make contributions to OSS.

The phenomenon of voluntary developer’s contributions to OSS pragegtpuzzling
and fascinating subject that has spurred numerous theories. igctmdvon Hippel and
von Krough (2003), participants in OSS development obtain private ib&oeh writing
code for their own use, sharing their code, and collectively bonitng to the development
and improvement of software. These private benefits havetlsgkto intrinsic or extrinsic
rewards (Kogut and Metiu, 2001). Intrinsic rewards are relatedlttoism and gift
economies (people receive satisfaction from gift-giving, eafyean OSS communities,
where they feel a kind of ‘kinship amity’) and ‘fun’ challendegpen source programming
sometimes is regarded as an artistic satisfaction assdavith solving complex computer
problems) (Zeitlyn, 2003, Sanders, 1998).

However, it is very unlikely that intrinsic motivation mighe sufficient to explain the
behaviour of people who have devoted considerable resources ofrdnatellect into
OSS development (Bonaccorsi and Rossi, 2003). The need to customisepaodei
software to meet developers’ particular requirements ismbst frequently cited reason
related to extrinsic incentives (Raymond, 1999; Hextedl, 2003; Frank and von Hippel,

2003). Lerner and Tirole (2002) develop theoretical frameworks by iagofbour
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economics in their most cited paper. They suggest that the atiotivof voluntary
participants in open source projects is a ‘signalling incentidech encompasses ego
gratification and career concern. The ego gratification imwestems from a desire for peer
recognition. The career concern incentive refers to a programmargsaldifficult problem,
or writing and sharing high-quality software in the public domain,ethersignalling
exceptional abilities to the outside world. Peer recagmittan result in better job offers
from current or prospective employers, invitations to participat®mmercial open source
projects, or easier access to the venture capital markettingtame’s own business.

Consistent with the theory of the signalling incentive, Dalled David (2003)
reinforce that the signalling incentive was not an induceneeall tontributors, but only to
sophisticated users and IT professionals working on technically tamp@nd sophisticated
modules, and to those project entrepreneurs initiating impatahprevalent open source
projects. Likewise, Robertst al (2006) verify that extrinsically motivated contributors
provided more substantive contributions to the project than thasdogers motivated by
intrinsic incentives.

Schmidt and Schnitzer (2003) find that some programmers devote time to de@Jop O
as part of assignments from their employers. Some Linuxhiigtsh suppliers, like Red
Hat, provide products and service that are complementary riox Lbut that are not
efficiently supplied by the Linux or other OSS communities. In om@guarantee that their
commercial products and service are complementary to OSS fittnesdnave an incentive
to invest in the development of OSS. Thus, Red Hat gains access to anarketras Linux
becomes more widely adopted. Similarly, some IBM developersre¢tsived payment to
develop OSS. Due to also being complementary to Linux, various IBMIeware began
to be run on non-IBM equipment, which generated significant softwaenue for IBM

(Capek, Frank, Gerdt and Shields, 2005; Campbell-Kelly and Garcia-Swartz, 2009).

Governance structure

Research has revealed that distributed contributors worldwide participated in
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open source projects in various ways according to their sdiverterests (Frank and
Jungwirth, 2003; Koch and Schneider, 2002). As a result, open sourcetptee often
been described by the media as anarchical communities, whigrdmapted researchers to
examine the governance structure of the open source projects.

The structure of open source projects is depicted as antelieed bazaar’, as
opposed to the ‘cathedral’ of typical commercial business prodweliagenent, in Eric
Raymond’s manifesto — “The Cathedral and the Bazaar” (1999). Ipaper, Raymond
states that the bazaar offers a superior model for softakevelopment because the
‘software crisi& can be solved in effect. In the decentralised bazaar mdugk is no
central administrative authority with which to negotiate tls® software development is
self-organising: the modular nature of open source softwaregsognables any group of

individuals and organisations worldwide to develop software diwerse purposes, to

® The tasks of adding new features, adding supporidw hardware devices and platforms, system gunin
and defect fixing, all become more difficult asyatem ages and grows.
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contribute debugging efforts, as well as to provide resultsetgotiblic under certain open
source licenses (Raymond, 1999; Tovalds, 1999; Evers, 2000). For exampbe hbs a

small and compact kernel that implements the basic operasikg saich as recognising
input from the peripheral, sending output, managing files and diregton the disk, and
controlling peripheral devices. The system capabilities caextended by independent
modules to meet particular jobs. Therefore, one group of develogenrsork on the Linux

kernel while other groups develop the modules, allowing a mnttifonal system without
interfering with each other.

However, the bazaar metaphor is criticised by authors whossties OSS
development is not completely decentralized to this to extrd@ime existence of a mixed
model (bazaar and cathedral) can be identified in OSS pnojasagement (Bezroukov
1999; Connell 2000; Demil and Lecocq, 2006). Connell argues that ther lzeszrted by
Raymond does not exist. In fact, open source projects use strangl centrol, which is
crucial to their success. To support his viewpoint, Connell (20@@}rated Linux as an
example: Ltinus Torvalds made all major decisions, assigned subsystem to auftedt
people, resolved conflicts between competing ideas, and inspired hisefsliohre Linux
projects were built by single, strong architects with lots d&b.h€athedrals were guided by
one person, over many years, with inexpensive help from legions arsioBezroukov
(1999) emphasises that large projects like OS projects eethat the core of the system
(kernel) develops in a highly centralised (cathedral) fashiothe meantime, the activities
of developing add-on features and application modules are classifiedl@nging to the
decentralised (bazaar) model. Some kind of hierarchicaltsteu@nd coordination is
necessary for carrying out open source projects while preveotikigg or abandonment.
Thus, a credible leader or small core group of developers typically steggfevare design,
identification of crucial problems and appropriate solutionsvel as the release of new
software versions (Lerner and Tirole, 2001, 2003; Bonaccorsi argd, R683; von Krough

and Spaeth, 2007).
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2.2.3 The diffusion of OSS

The growing research on diffusion of OSS has mostly focused oméwoareas: the
network externalities and the competitive dynamics betweena@8$8ommercial software
vendors.

Software, in particular OS, is a networked technological produhtbiting strong
effects of network externalities (Bresnahan, 2001; Brynjoifssnd Kemeter, 1996; Cowan,
1992). Network externalities arise if there is a proportionddtiomship between the
adoption of a product by current and potential customers: increasgdicm benefits
existing users and increases the incentive to adopt. The softvaaket is characterised by
both direct and indirect network externalities: the former iegpthat users can obtain more
benefits from using a software product with an increasing numhmhef users purchasing
and using the same or compatible software; indirect netwaekralities is associated with
compatibility, which refer to the utilities that users derfue@m using a software, which
increases as more plentiful complementary application satigaavailable in the market
(Katz and Shapiro, 1985; Economides, 1996; Schmidt and Schnitzer, 2003).

Bonaccorsi and Rossi (2003) explain the widespread diffusion d& @S an
environment dominated by established proprietary standards. Gon¢hband, they find
that diffusion of OSS contradicts the theory derived from econamatysis of standards,
which states that the diffusion phenomenon is subject to the path depeaentock-in
effect (Arthur, 1994). On the other hand, the authors state ti@eeffdiffusion of OSS in
an established software standards dominated market greatlpddepa the sources of
network externalities, such as critical mass of consumdeo (see Bresnahan and
Greenstein, 1999). Developing a model to study the competition betwearsource and
proprietary software in the market with an emphasis on the mmmae, Lin (2007)
suggests that the significant portion of users with high sskithich enable them to
customise the OSS to satisfy their needs is the key condliio@SS surviving in strong
networks where externalities influence the market. Analydatg from multiple sources on

a specific OSS — Freenet development, von Krough, et al. (2003) taives critical mass
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of user-contributors may sustain OSS innovation. The existeramrgdatibility is not only
identified as an important reason for achieving criticalsndsisers of OSS products, but is
also a pivotal factor affecting network externalitiesO&S directly. In contrast to the giants
in the software market who have already achieved networkneters for their products
and sustained market dominance by limiting compatibility with otineducts from rivals,
OSS can enhance its network externalities by offering broad cimtipas (Hicks and
Pachamanova, 2007).

Because OSS and commercial software are likely to contiinceexist in the software
market, the direct competition between the two paradigms haiveeéce fair amount of
attention. Kuan (2001) analyses the competition between propriatatyopen source
software by modelling the decision of agents choosing betweemdsgftware and
producing software based on OSS. He finds that the OSS would be ahoable if the
agents were programmers. Bitzer (2004) investigates the@ue$twhy some commercial
proprietary software producers support OSS development and othart. dihe level of
support tends to be related to the level of heterogeneity betweeevitlegbd products and
OSS. For example: the firms producing software with low hetemigeto Linux, such as
proprietary variant of UNIX which have same or similar comdsa network protocols, file
systems, etc. to Linux would like to support Linux, while vendors witekeloped
software with high heterogeneity to Linux, like MS-Windows do not supportx.
Casadesus-Masanell and Ghemawat (2006) analyse the compbétiseen OSS and
proprietary software in a dynamic mixed duopoly with demand-satailey. They suggest
that if this demand-side learning is strong enough, then OSS wiilgher quality and will
replace conventional software eventually.

Mustonen (2003) finds that monopolists supplying commercial propristftware
face the constraints in the programmer labour market and dtioypdtom a substitute
OSS in the consumer market. A sufficient low implementation cb©SS is crucial for
competition with proprietary software: it compels the monopolisetiuce the price of its

product, and generates entry barriers to monopolists in certairetrg@gments. On the

20



other hand, Economides and Katsamakas (2006) investigate the compbkétiveen
proprietary systems (e.g. MS-Windows) and a system based on apee platform (e.g.
Linux) both in the platform market and applications market, and shatmhe proprietary
system most likely dominates market share and profitab#ityeen though the cost of
switching to Linux is zero. This finding explains Microsoft's daamce in the OS market:
the demand for Windows is larger than the demand for Linux beédicsesoft controlled
most of the significant applications (such as Office productadgtfyware and PC games) for

users.

2.2.4 OSS license and corresponding business model

A software license comprises the permissions, rights andctiests imposed on
software use. Under a software license, the licensee is permitted he lisensed software
in compliance with the specific terms of the license. Softigenses are classified in two
main types: proprietary (closed source) and open source.

Proprietary software is typically licensed under veryrrgste conditions, which only
offers the right to use a piece of software. To protect léutelal property rights and
maintain trade secrets in the software industry, incumberitgdie the software as closed
source. In general, any copy, distribution or modification on softwaogbgifien (Edwards,
2005; Schmidt and Schnitzer, 2003). The main income of traditional praprisoftware
vendors comes from license sales.

There are around 60 approved open source licenses (opensource.org). tAhremgs
GNU GPL (General Public License) is the most common anuiatese license under
which Linux and over 80% of open source software are releasgth¢Borsi and Rossi,
2003; Johnson, 2002). It allows people to obtain the source code, asswvielluse, copy,
modify and distribute the software freely under the originahBee GPL is characterised by
a viral effect in the sense that any program incorporating-cd&Rered source code is
required to license under GPL as well (www.gnu.org). However, the Vieat éfas incurred

criticism and scepticism. The viral effect of GPL maydlda consumer welfare loss by
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encouraging the development of two incompatible networks (SchmidSehnitzer 2003).
Consequently, the OSS should be covered by a liberal licenseasuBlsD (Berkeley
Software Distribution). Casadesus-Masanell and Ghemawat (2Qfi6) #rat the GPL has
not been tested in court yet (also see Lerner and Tirole, 200Ballty,yrsome companies
have removed all GPL code and many other commercial companiesblegun using
multi-licensing models to avoid GPL violations.

In contrast with GPL, some other permissive open source disdile the prevalent
BSD exemplify a more liberal license to source code. The B®nse distinguishes itself
from GPL by allowing derivative work to be distributed undetifferent license, even a
proprietary license. Therefore, it allows individuals or firms &ppropriate and
commercialise derivative work, and to distribute the modificationtoasd source.

Research on comparisons between commercial proprietary liceasegtive GPL
license and permissive OSS licenses from the perspedtimariet competition, product
innovation and corporation strategy, uncovers that it is diffitouthow that certain licenses
are superior to others because the adoption of licenses is dependém internal and
external environment of the corporation (West, 2003; Edwards, 2005; méuast@003;
Valimaki and Oksanen, 2005).

Since OSS vendors cannot generate income by using traditional fagpseftware
licenses, they must find other means to make a profit bastitb aralue that is provided to
the customer. Certain types of hybrid business models are subjegen source licenses
(Hecher, 1999, Schiff, 2002). The emergence of a hybrid business modeh wh
commercially provides complementary services and products tleatnet supplied
efficiently by the open source community, such as packaging, cansyltmaintenance,
updating and training has been widely adopted by new entrants ifthare industry
(von Krough and Spaeth, 2007; Bonaccorsi, Rossi, 2003). This model isaégmitable
for the restrictive GPL. Most GPL/Linux vendors such as Ratland SuSe in the desktop
and server segments rely not on the profits that software generates, butexethes from

charges for the services they provide (Wu and Lin, 2001). Lavffevese companies,
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including IBM, Oracle and Sun, not only support Linux development, but cdée their
proprietary enterprise application software run on Linux (Bit2804; Leibovitch, 1999).
These distributors and systems integrators who participateeiopen source community
show convincing credentials by providing their customers wiflegise and demonstrating
sufficient technology at software development, which helps thetmacatbusiness
opportunities.

A variant of the hybrid business model is based on the permissive open soureslicens
This model enables the independent proprietary applications ysidns tools to be
developed, run and even sold with proprietary licenses &dfiliaith the OSS (West, 2003).
In this respect, some commercial software vendors develop db#ware on top of an
existing permissive licence (e.g. BSD) OSS. For instance,eAppilt a kernel of its Mac
OS X OS - ‘Darwin’ based on FreeBSD and kept the source open, thieuspen source

movement saved Apple substantial sums in development investrhid@tensuring steady
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compatibility and on going improvement from BSD open source commurniltiies said,
the most valuable parts, the graphical user interface of Mac OS X arescoaliy licensed

by Apple (Deignan, 2001).

2.2.5 Government policy to OSS

Governments in both the developed and developing worlds have adofibcit
policies to foster the open source movement and encourage the demioyimnOSS in
public administration. At present, open source software is widelployed in public
sectors, e.9.79.3% of 995 public sector organisations in 13 EU countréespese source
software in 2004 (Glott and Ghosh, 2005); in China, over 30% of incomne @hinese
Linux came from government procurement from 2003 to the present dagyy Ma
governments have begun to conduct research on OSS. Examples imduBarbpean

Commission investing the Qualipso project with € 10 million anddhimese government
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launching a series of “863 Progranfihd&ey research projects on Linux-based system
development.

The reasons for governments’ positive attitude toward open source softrg@ageveral:
governments can reduce the procurement costs, prevent vendon,laskpport local
software industry, and solve security issues (Waring anddbtks, 2005; Applewhite,
2003; von Krough and Spaeth, 2007).

However, free-market advocates, proponents with a libertarizkglmund of the open
source movement, distrust the government interference and treatebgbvernment should
not interfere with the software market except for antitrust palifRaymond, Taylor, anet.
al, 2000). In contrast, the academic evidence is mixed. On the one hartdpfribs

academic economists are sceptical about government suppO$®fbecause there has

4 In March of 1986, to meet the global challengese technology revolution and competition, four
Chinese scientists jointly proposed to acceler&i@&s high-tech development. The Chinese leader Mr
Xiaoping DENG approved the National High-tech R&B&amme, namely the 863 Programme. This
programme intends to stimulate the developmentiedaced technologies in a wide range of fieldgtier
purpose of rendering China independent of finaridilgations for foreign technologies.
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been no market failure in the software market. Evans (200B}spout that the software
industry has worked extremely well without government intergardnd cites the software
industry of the United States as an example. He furthanglthat GPL licensed software
should not be supported by governments owing to its viral nature, widald damage

incentives for firms to invest in innovation. Schmidt and Saleni(2003) propose that
making decisions on software development should be left to #nkein At the same time,
there is no need for the government to sponsor specific open software by means of
direct subsidies because the development of most softwavelimglOSS, is applied R&D
as software products normally have well-defined technicalifes to fulfil the needs of
potential user groups. Therefore, the development incentive fovagefis provided by the
market. What is more, after analysing the competition betwe&s @nd proprietary closed
source software under the conditions of strong and weak networkseféspectively, it is

found that government intervention which promotes the public procaterh@pen source

products, and forces the public sectors and government agents to @§3oynay damage
the social welfare benefits discussed earlier (Schmidt ahdit3er, 2003). Ultimately, due
to losing market share, proprietary software vendors are likeipcrease their product
price and build compatible barriers to OSS.

On the other hand, Shapiro and Varian (2003) argue that open sourcenplat
software (like Linux) should be adopted by governments becautetethnically superior
and open nature as the adaptation of it in the public sectoiug@er greatly affect the
economic development of a country’s entire software industry. Comid/aneént (2005)
studied three types of government intervention widely proposed mny mauntries: (1)
mandated adoption — the government obliges public agencies, schoolsiardities to
adopt OSS; (2) subsidy to adoption — the government provides money toneossf they
adopt OSS; and (3) information provision — the government infoomsueners who were
uninformed about the existence and features of OSS. In thisalesa®st consumers are
presumed uninformed consumers, in particular those who are lesstisadsand have

higher search costs in the mass market segment. The redlsan@SS providers normally
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have fewer financial resources to advertise than traditiormgdrietary software suppliers,
due to no license fees. Through Comio and Manent’'s numerical simulafioohsr

conditions with and without network externalities, the subsidiesrtisnM@SS always reduce
social welfare while the measures of mandated adoption &wdhation provision enhance
welfare. Furthermore, Comio and Manent also recommend thatrgoeet intervention

should guarantee a level playing field rather than picking outwineer. That is, the
government should not espouse mandated adoption since it is saeinasisive measure
damaging fair play in market competition. Providing knowled§eDSS to uninformed
consumers in the mass market can simply put them in the bégirpts choose, and leave
them free to adopt their favourite software according ta theeéds (Comio and Manent,

2005).

2.2.6 OSS in developing countries

Since technology holders in the developed world have sought to stremethaology
protection in developing countries, the latter face great ymessom the International
Intellectual Property (IP) regime. The beneficiaries of rentr IP protection are
Multi-National Enterprises (MNEs) which have a large numifetechnologies under IP
protection in developed countries. The International IP reggmegarded as an obstacle for
DCs improving indigenous technological capabilities, and thus enilhiEs to dominate
the market in DCs (Colman and Nixson, 1994). This means that, BClecked into a
dependent relationship with the developed world (Shen, 2005a). To bribgslinto the
same IP regime, the developed has implemented a serieseefregts on trade related
intellectual property rights (TRIPS).

Due to the lack of core software, such as OS in the softmariet, DCs depend
greatly on the MNEs in the developed world. Once users in DCallindNE’'s owned
property software, they are forever forced to pay for aghgg or to buy new versions. To
ameliorate this disadvantageous position, DCs, have begun to embra&Sthe O

The context of DCs is largely distinct from developed coestivhere most OSS
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design, development and innovation takes place. DCs not only lagcémomic
development but also in technology development. Another significantctéastic of DCs
is their domestic software market domination by the gianteptafyom the developed world.
Therefore, it comes as no surprise that the studies on OSS iarB@=minly focused on the
benefits which DCs acquire by drawing upon OSS. It has been teitdteat there are at
least four outstanding elements: affordability, adaptability, indepeedamd security.

(1). Affordability. The economic benefit of selecting OSS gueprietary options is
the most significant issue. It is an inevitable issue that ofothe research papers address
(see Bokhari and Rehman, 1999; James, 2002; Ksheteri, 2004; Cook aiihH2806;
May, 2006; Pan and Bonk, 2007 etc). The proportion of proprietary softwdhe total
cost of the whole computing system has greatly increasedémtrgears; sometimes the
cost of software even exceeds the price of the computer hardiwathis respect, if DCs
choose OSS they can save much money on software expenditure bezalgall of the
OSS can be downloaded freely and legally from the Internet witheptihg a license fee.
Therefore OSS helps DCs solve the international and domesiital dilivide without
infringing upon intellectual property rights (Cook and Horobin, 20@éneks, 2003; von
Krough, and Spaeth, 2007; Salvador, Sherry and Urrutia, 2005).

(2). Adaptability. OSS can be customised and adopted faiyhgpecific local needs;
the availability of source code provides important and obvious tatyes (Camara and
Fonseca, 2006; Ksheteri, 2004; Kogut and Metiu, 2001).

(3). Independence. Like other high-tech fields, the foreign softw@ets have
acquired a nearly monopolistic position in the DC software makke¥eloping software
based on OSS is seen as an efficient way to escape softea@poly from foreign
software companies (Cook and Horobin, 2006; von Krough, and Spaeth, 2007; James
2002).

(4). Security. In order to keep trade secrets, the proprietétwase firms today only
provide users with an object code, which means that bugs andsecoblems are hard to

perceive and remedy without accessing the source code. ThasQfenerally distributed
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with human readable source code so that the conventionalasefthwag and ‘intentional’
backdoor can be identified and fixed (Camara and Fonseca, 2006; rkst@ld; Pan and
Bonk, 2007).

A large body of literature on open source software and Linux in Chtnkae same
time has moved on considerably (Cao, 2005; Da, 2005; Gao and Xie, 200£063pL.i,
Lin and Xia, 2005; Ni, 2005 and 2006; Shen, 2005a and 2005b; Pan and Bonk, 2007; Qian,
2995; Shi and Liu, 2005; Zhang, 2006). China has a huge software marks#toitly has
over 100 million personal and enterprise users, but also has asumtamands in
e-government which is generally in its infancy in Chin&ug, the Chinese software
industry, is strongly focused on domestic products rather than prowgpagt outsourcing
services, like India (Annual report of science and technologgldement of China, 2002;
Tschang, 2003). Besides the above four benefits, Linux was seegraat opportunity to
build China’s own software industry (Li, Lin and Xia, 2005; Ni, 2@0& 2006). What's
more, a conventional belief in China is that the open natul@S8 — the access to the
source code, as well as the transparency of the developmentrables the domestic
education and training of IT professionals (Liang, 2006; Pan amdt,B007; Zhang, Sun,
Guan, 2006). However, most open source or Linux related Chinesddite is published in
newspapers and IT magazines rather than academic journals. Thes=Ghihers seem to
be animated by a partisan spirit and hype, as well as focaseduch on the benefits of
reaping OSS. Furthermore, the open source movement in Chinded®wttention from
international academic community. There are only few Englisherpagliscuss the
successful side of applying OSS in China, and no paper addrdagubres of applying and
developing OSS in China and what lessons can be drawn from thesesfaihd experience

(Li, Lin and Xia, 2005; Pan and Bonk, 2007).
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2.3 Technology Studies

2.3.1 The Social Shaping of Technology (SST)

SST developed in Europe and the United States in the lastidrades addresses both
the content of technologies and the process of innovdtitias been progressively used
as apowerful conceptual and analytical guide to the study of technologjuding
information communication technology (ICT) (Sgrensen and Willi@®82). SST has
emerged from a critique of a deterministic approach which skat technology
development could be taken for granted to meet social and economic needs, and thus merely
be concerned with the social impacts of technology (MacKemdieVe¢gjcman, 1999). In
contrast to deterministic views, the SST school claims #@tnblogy does not develop
simple compliance with a predestined inner technical logic @maruic rationality. In every
stage of generation and implementation, technology is confrontédvaitous technical
options and each of these options represents different istemrestimplications for certain
social groups. In this respect, the options selected are depeasrdertt only technical
considerations but also on social factors. The final choicevémyestage of technology
development determines the direction or path of the next roundhofdi®gy development
and/or innovation. A particular technology therefore is a sqmiatuct which is the
outcome of negotiation between technical, social, economic, anatatidtements, and the
interplay between different social groups within the specifintext (Williams and Edge,
1996; MacKenzie and Wajcman, 1999). The social shaping approach dexeimpge of
valuable conceptual tools and analytical models to improve therstadding of the
relationship between technology and society. This section regevesal approaches under
the SST framework, i.e. social shaping of information and commntioncéechnology
(SSICT), social learning and biography of artefacts (BoA), whirehemployed to build the

research framework of this study.
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Social Shaping of Information and Communication

Technology (SSICT)

A growing body of research has addressed the social and ecomotois fshaping the
development and use of contemporary ICTs, in particular the softeemaology. A rich
range of studies have been conducted to capture the charsstéma@ire systems and their
complexity of development and innovation process, including the cireamputer-aided
production management, modification of software packages, andprsgeresources
planning systems (Williams, 1995; Dutton, 1996; Clausen and Williams, 19@¢k,
Stewart and Williams, 1999; Pollock 2001; Pollock et al. 2003 ddmplex interaction
between ICT supply and use proliferated throughout the process imiG\ation, and has
not been adequately recognised before (Williams, Stewart ko#t, 2005). Developing
sophisticated software for the consumer market requires atbt&ihowledge of the
preferences and practices of users. Take accounting softwaexdomple, where such
programming requires not only IT professionals, but also clos@aboohtion with
accountants and experts in several fields. The reason ighénhat-depth knowledge of the
rules and requirements of accounting must be considered alongside the good computing.

The claims to universality of ICT, which suggested new techrnmabgpfferings
emerging from technology supply, would provide finished solutibas ¢ould be readily
and widely applied to a full range of uses. However, the nafifgrent users may have
different perceptions of ICT and its utility. For example, thainmpurpose of applying
computer systems in everyday home life are word processlngaton, entertainment and
so forth, while applying computers in organisations is to signpl#fta processing, improve
working efficiency, reduce costs etc. Further, applying compugteisis in an organisation
always faces difficulties since the structure, decisi@king process and many other
practices of various organisations differ greatly. Develogirgeneric system which takes
into account the context and characteristics of all types @naagtions is an impossible

mission. As a result, the universality of ICT will alwdyes challenged by the diversity and
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specificity of the social contexts of application and uskCaf (Williams, Stewart and Slack,
2005; Williams, 1999).

There is a dichotomy of ‘into’ and ‘out’ in software developmerdtegy; on the one
hand software supply attempts to design more ‘society’ intodfteare, but on the other,
tries to design ‘society’ out of the product according totthde-off between utility and
price. The former refers to customised solutions which wesggoed for specific contexts
of use and/or particular users, the latter is the diseqgpiication or generic software that
can be applied to ordinary use and/or the user in broader sdfirggter and Williams,

1996; Williams, Stewart and Slack, 2005).

Social learning

In the mid 1990s, scholars from technology studies proposed the conceptialf ‘soc
learning’ (e.g. Rip, Misa and Schot, 1995; S@rensen, 1996). The core idea ofesooialg
emerged from intellectual traditions of economic history, sughlearning by doing’
(Arrow, 1962) and ‘learning by using’ (Rosenberg, 1982), and evoluti@tanyomics —
‘learning by interacting’(Andersen and Lundvall, 1988). Borrowing thdyeconcept of
social learning, together with the existing insights from sostaping of technology
(MacKenzie and Wajcman, 1985; Fleck, 1988; Williams and Edge, 18p6)opriation of
artefacts (Pacey, 1983), and domestication of technology (Sdwetsitirsch and Morley,
1992; Lie and S@rensen, 1996), Williams et al (2005) enrich thal $e&rning framework.
They criticised earlier supply-centred perspectives in teolggotiesign and proposed an
appropriation-centred view, as well as further elaborating ttieearole of the various
players, including technology developers, users and other laagrplin the innovation
process, by conducting an empirical research — the “Social Learning in Miitii(&1M)”
project, funded under the European Commission’s Fourth Framework frogrdn the
social learning perspective, the concept of ‘appropriationteohnology is replaced by
advanced domestication because the term appropriation has beén uagdus levels in

technology studies, ranging from firm level, sector lei@lcountry level. Therefore,
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appropriation has no dominant definition and general analytical mdtgyddlrhe term
‘domestication’ here denotes the process of exploring andifgitdchnical capabilities,
attributing meanings, and developing practices with the techyaloggrated within local
social conditions (Williams, Stewart and Slack, 2005).

Unlike the traditional industrial technologies, ICTs penetratieonly all the fields of
national economy but also the everyday life in the community ande.hdine user
acceptance and demands of new ICTs have become more éoititedhnology developers
since social practice is increasingly integrated intoaglication of ICTs. Following the
social shaping perspective, social learning once again highligbtsntricate interplay
between the suppliers and users. The suppliers of new produttthetaR&D activity
with limited information about users and their needs. The usérsiser needs emerge and
change in different phases of product development, through an irderpoicess between
suppliers and users (Williams, Stewart and Slack, 2005).

The social learning perspective also provides a framewihkwhich to rethink public
policy making. In the last several decades, technology polidiegted by countries have
been influenced largely by the view of determinism. Earliehrielogy policy is based on a
simple linear model and technology-driven views, which focused oteth@ology supply
side only. It generally took the utility of finished technoldgy granted, which presumed
that a technology or artefact is well defined and developed imnadvas a feasible solution
for meeting consumer needs. Thus the main task of policy is ponesV products and
services to build demonstrators with which the new technatogid be more attractive for
customers, and further help to cultivate a sufficient aaitimass of users. A negative
consequence is that the traditional technology policies overlookepivb&l role of use

and user.

User in social learning perspective

In the early 1980s, Fleck from SST School recognised the impaodiantf users and

introduced the concept of ‘innofusion’ to elaborate the innovation pdoas the studies
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of social shaping of industrial technologies (Fleck, 1988). &ha tnnofusion criticises the
traditional ‘linear models’, which suggest that innovation oaket place in the technology
supply side, as if the well-developed artefacts are invemtdlel laboratory to fit users’
needs readily and could be diffused to users through the markeeviigwnany users’
needs and requirements are not understood in advance, but discoveliadogparated
during the processes of technological design, trial and explorats. User organisations
can be seen as a laboratory in which suppliers must collalvathtasers to understand the
functionality of technology by learning users’ actual requiresiedthe subsequent
implementation and use of technology, therefore, contributesctmology design. The
technology innovation is a multi-cycle process, whereby innovatiotinc@s during the
stages of implementation and use.

The social learning perspective echoes the idea of innoftisarihe users engage in
technology design and innovation. The creation and evolution of ezpation (Vedel,
1994) of users and uses are a central concern identified in (StdWart and Hyysalo,
2008). In designing, the artefacts do not simply develop with phatifunctionality. Some
explicit and tacit conceptions/understandings must be developeellaalout the kinds of
use that may be attempted, about the identity of users and abardntiext of use (van
Lieshout et al., 2001). Social learning perspective criticis®s goliticized views of
prevalent social shaping perspective and constructivigliestuof technology which
highlight the interests and values of particular actors (nbrriize designer in the supply
end) with more power in designing. The actual user is treated as a pasgient who was
configured (Woolgar, 1991; 1996) and whose features were inscribedt{AkB92; Akrich
and Latour 1992) into the artefact according to designers’ pdrs@periences, expertise,
and presumptions (Cawson, Haddon and Miles, 1995). Research startingthiiiom
perspective may have a negative result in that this iewodnt is restrictive or out of line
with the actual users because the users and their vailgksbe misconstrued. These early
accounts portray a linear procedure within which the relatedingolvement materialised

into artefacts by the designers so that the users hae@ littfluence on the
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artefact/technology.

However, the social learning perspective acknowledges thaensyskesign, in
particular the initial design, is based on incomplete knowledgertaiaty and inconsistent
views about potential/future users and their settings. Althougtiesigner always seeks to
prefigure the users and then constrain the way in which tbfaetris used, the actual users
are still flexible since new meanings may be endowed dufieg domestication of
technology, i.e. using the product in ways not anticipated by desigesy, (B994). In this
respect, the design is not a one-off act, but is part of aativterseries of activities,
informed by early hypotheses about the user and use, further eepiiion and testing in
the process of innofusion, and feedbacks from appropriation of ¢chadiegy (to future
artefact design).

The empirical cases of the SLTI project reveal that tlewkedge of user involvement
is much more complex in practice. Williams, Stewart and ${a0k5) indicate that there
are many difficulties for acquiring such knowledge, like the extent of supsesrlinkages,
uncertainties within new product designing, timeliness ofktievledge of existing users,
uncertainty about identity of future users, difficulty inesssng users in private space and
others. In order to involve the user, the designer or developermyapyethree main types
of intellectual resources: direct user involvement, constructmnsisers and indirect
evidence about users. Studies in the last decade develop ew@miquies (e.g. market
research, user panel, and so on) by which developers are able tdirgat information
about users (Akrich, 1995; Williams, Stewart and Slack, 2005). Howeveseoioes pitfall
of such involvement is the high cost making these methods imptabbicanewly
established firms with limited financial budgets. In the cdssbeence of direct knowledge
of users, many designers construct users by drawing upon the perspeaénce, expert
knowledge, and evidence in existing product markets. The potergaknesses of these
two types of methods are salient as well, because thedsaifiusers and their contexts are
easily neglected by experts (e.g. I-methodology described by Oudshmbirech (2003)

and Akrich (1995)). Also, the information extrapolated from exispirgfduct markets may
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no longer be applicable in a context where a product is updated and changed rapidly.
In a nascent market which is fraught with the unpredictalfitechnological change,
market organisation and user’s uptake, as well as ladomtict between potential users
and suppliers, collecting knowledge and understanding the context of use
extraordinarily difficult for technology developers due to thgnmasetric distribution of
knowledge between them (Williams, Stewart and Slack, 2005). StanduHyysalo (2008)
define the term of ‘intermediary users’ or ‘intermediarits’refer to the organisations
adopting a technology for their customers or employees. Alldtidtees and functions of
intermediary users are associated with knowledge creatiors)atian and dissemination
(Bessant and Rush, 1995; Howells, 2006), in the sense which theylar® aitay the
facilitating, configuring and brokering roles to bring end ugesties supply-side innovation

efficiently.

Biography of Artefacts (BoA)

This study is also inspired by the concept of ‘Biography d&facts (BoA)', which
was developed recently by researchers in University of Edinl{@gltock and Williams,
2009; 2010): drawing upon the concepts of “social learning” and “iniofusf the SST
perspective, researchers were able to study the technologjopeent and innovation
temporally by mapping the main actors and their interactionsBbletheory can be seen
as the supplement of traditional SST theatrical tools, hhwoids the pitfall of viewing
design studies as a one-off job and focuses on the developmennhandtion process both
temporally and longitudinally (Williams and Pollock, 2011).

There is a substantial body of work on information system studgt of which has
been conducted by either impact study or implementation study. Thetistpdyg refers to
the research into the social and economic impact of adopting ésgengormation system
or packaged software. The impact studies are based on a ssppiiespective and probe
how the technology offerings solve the problems encountered by riggarpwork practice;

it sees design and implementation as separate individual phasésus ignores the role of
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organisational users in the process of technology implementation amef funrtovation.

In the past, implementation study (especially the singleérsgiementation study) was
regarded as an efficient tool for studying packaged softwdtian. This method enables
researchers to capture rich local pictures of interactmieeen software suppliers and
users, and the outcome of immediate implementation. However, sitggleglementation
studies focus narrowly on either a particular stage of teobwoldesign and/or
implementation, or a single site where innovative projdedalace, and therefore provide
no means to examine how the packaged software solution evolvetimegKoch, 2005,
William 1997).

By studying the ERP (Enterprise Resource Planning) systeamad community of
scholars found that implementation of the enterprise-wide systBERP not only engaged
with IT artefact, but also enlisted social actors (suppliersers, intermediaries or
consultants) and social elements, such as the implementatiordgmeseand practice in
user organisations (Orlikowski and lacono, 2001; Koch, 2005). In order ta@rbetter
understanding of ERP implementation, the research methodology sivallfrom prevalent
single site studies to multi-local studies (Scott and Wa@@3; Kallinikos, 2004; Koch,
2007). What's more, implementation study is characterized as smorbtenedium-term,
depending on the temporal frame adopted by the researcher, whitdilyyends in several
months or a couple of years after the technology implementation.sush, the
implementation study cannot provide understanding of how complex orgamidat
packages, like ERP are developed as generic packages, lserethodology does not
consider of the ‘innofusion’ effect — new design and innovation psoisesonducted after
the technology implementation, by drawing upon feedback from usertcPand
Williams (2010) express dissatisfaction of this relativélgrsterm study: the timeframe of
research needs to extend to a longer-term, because the consegakrteehnology
implementation may be unfolded after a long time, even decadess@e Williams and
Pollock, 2011).

Pollock and Williams (2009) develop the concept of BoA to desthiéenteractions
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among actors over different sites and time frames. Buildmé§leck’s ‘innofusion’ (Fleck,
1988) and ‘spiral of innovation’(Fleckt al, 1990), the BoA perspective also attempts to
trace the ‘accumulated history’ of technology and describe hmwhistorical context
continues to influence the shaping of the technology. It draws attetithe way in which

a technology extends from one place to another, in order to esdroiv it is adopted and
refined according to the needs of each new place.

BoA perspective also redresses the limitations of the aetdred framework, such as
the early ANT theory (Williams and Pollock, 2011). From thewaeint of ANT scholars,
researchers should follow the actors so that studies couldloctagsites and times (Callon
and Law, 1982; Latour, 1987). Focusing on actors, however, has incuitieidnc from
some scholars, because this method concentrates on the actors whiadavwelation to
technical issues, thus overlooking other actors, as well gteati@g historical and
institutional elements which sustain the technology developmailir{ikos, 2004). Once
the researcher’s view shifts from the ‘local’ to ‘globalel, the BoA concept is useful in
providing a more ‘context view’, ranging from local technology def#igplementation to a
broad ‘macro-level’ that includes many issues the local swataust take into account
(Morrison, 2002; Williams and Pollock, 2011).

By analysing organisational software packages at diffdvimgfraphic stages, Pollock
and his colleagues demonstrate how a generic system can erfterge local
implementation and development (Polloekal, 2003, 2007). In the information system
development field, the conventional insight of STS is that the egpstem is designed and
developed for specific work practice and site so that éxisemely difficult to transfer to
other contexts (Webster and Williams, 1993; Finchman et al.,, 1994j., B£897;
McLaughlin et al. 1999). This contradiction between generic and fepeoes exist in
reality, such as ERP systems. These systems are nad gaheric or global solutions
because they have already travelled to various indussegprs and countries. This
phenomenon also draws attention by STS scholars, but they tend soofodhie effort of

software localization: the way systems are transferraieto user settings. Pollock et al.
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(2007, 2009) argue that current STS pays much less attention tiogigeneric solutions
from a supplier’s view. They also develop the notion of ‘geratibn’ to elaborate the
process in which suppliers design solutions to work across context by meansayfiegnal
range of strategies to struggle and negotiate with user eegems. During the process of
generification, a strategy called ‘accumulating functionailgyadapted by system suppliers
during thebirth stage. In this stage, suppliers must establish close itiesndividual user
organisations, in order to match their local specific requerdmn and accumulate
functionality of systems. As the functionality of a systenefigsiched and the user base
grows, the biographical stage of a system moves fortaiibsequent stage. Suppliers
begin to consider designing generic solutions and shift fronvidwdil users to a more
public design environment — a larger extended user community. Segpligris stage, use
other strategies (such as management by community, manageneamtéyt, management
by social authority, segmenting the user base) to ideaifiysmooth diversities, as well as
capture collective requirements. The final stage of sofwmckage’s biography ihe
future in which suppliers develop more than one template for implememtiagsame
process so that the system can have additional flexibility to fit tgeparticulars’.

Such a generification process can also be found in the growttoraEmporary
complex information systems — e-infrastructures. E-infrastreatuconsidered as a global
or generic solution offer for sharing information across the baiesdabetween
organisational groups (Pollock and Williams, 2010). E-infrastracmerges from an
isolated system originally designed for a specific user grand use. To be an
e-infrastructure, the isolated system inevitable experierecegenerification process
(Hyysalo, 2010). Some of the articles in a special issue pudllishelournal of the
Association for Information System on e-infrastructiume2009 (Edwards et al. 2009) probe
how e-infrastructures cope with local diversities during pinecess of e-infrastructures
growth. An underlying theme in all the articles is that any mgrastructure must reach an
installed base or user base, as well as match the geraticefe of human habits and work

practice (Edwards et al. 2009). One of the crucial moments rafstnficture consolidation
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and growth is that the infrastructure can be adapted to a broadixt from the place
where it was designed. This moment shows an evident geagafiqrocess, and is full of
negotiations between system builders and actual users: dysilelers must compromise or
make appropriate trade-offs between a number of conflicting gpalsicularly either
between catering to specializations and meeting larger comymoe#&ds, or between
diversities and universalities.

In Pipek and Wulf's study on e-infrastructure, authors identify #ha of the tensions
in e-infrastructure development is the management ofgbeaommunity and dealing with
the relation of the particular and the generic (Pipek and Wulf9)20Dhe long-term
e-infrastructure — WATERS system is an appropriate examptéelbirth biographic stage,
the system was designed by individuals — computer scientistsypiied service for other
participants — hydrologists. In this case, all requiremengady users were accommodated
into the system. With more and more intended users partitpdti the system
development, however, it was impossible to design WATERS tohnaltchydrologists’
individual needs. In order to support the community’s long-term relsetasks, the
computer scientists had to search for similarities betwikérydrologists’ requirements and
only the generic requirements were taken into account in tdredavelopment stage. In the
future stage, with the environmental engineer community beconmtended users,
WATERS would serve both communities. By conducting a surveyh@é new user
community and recognizing the similarities of both communitiegaesh requirements, the
developers realized some research data and functions (templated)ectrelated as generic
features for both user communities. However, the result ofuneey also showed that
particular environmental engineers wanted access to diffatatabases, which also
required additional software technologies. In order to allow tlebility in the search
function, the system was tailored so that the particulaarelsers can find data according
to specific measures or variables of interest.

Ure et al. (2009) review the experience of various eHealth projectal{i@rids)

development in the UK and similar development processes sarbalidentified in their
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work. The authors state that all the project teams had abwvdén diversity — interests
(normally competing) from researchers, clinicians and ontoloystedopting strategies, in
order to develop data infrastructures in eHealth. They illigstrat the BIRN (Biomedical
Informatics Research Network) project employed an open strategpen access to
encourage user participation and collect the knowledge abouttdatdsioutes and format
in the birth stage. In order to balance the diverse preferehcser groups and stable
semantics of data infrastructure, the project team managersbidy in the later stage. Such
compromise was made after the prototype has been demonstratetctans at different
sites. In the future stage of biography of BIRN, the project teaparated a fairly stable
core according to the generic features of various user comesurpreference. Some
particular attributes of data would be created in accordantte ledal uses and work
practices of the specific domain.

The contribution of BoA to this study offers a guideline to follow, alhidentifies
specific and particular moments in the evolving process oftaware package. The more
important the utility of BoA is, the more it identifies braghical expectations associated
with the characteristics of software package, and furtbeeals how the technology
suppliers design the software based on their understanding of cudgtmmdeof these
biographical expectations). However, adopting the BoA framewastudying immediate
actions within a long-term duration of technology’s life cyideproblematic, in that it
requires researchers to generate a trade-off between #uttbeand depth of study (Pollock
and Williams, 2009). The large-scale software technology, forariost may be
implemented in many loci with specific local features.Hé tresearchers conduct very
detailed short-term temporal study on every locus, the longitudindly would become
extremely expensive. The researcher, therefore, must chooBeulparmoment(s) to
conduct detailed qualitative study by setting convincing critetiah as the accessibility of

case and profound design/implementation fragment.
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2.3.2 Infrastructure studies

The SST perspective and related theoretical tools, in pkmtithe BoA framework,
supply an analytical framework to understand the dynamics and contiegeduring
software and e-infrastructure development over time and aratifféoci. As discussed
above, the ‘growing’ of e-infrastructure (Edwares al., 2007) faces the same issue as
developing generic organizational software package — catavirtiget diversity of users’
requirements and consequently pursuing generification, in order rto agooss sites and
contexts. The research object of this study — Linux, is a spgenthbf software with some
features of infrastructure. The concepts of infrastructurdiest can help the researcher
understand the broader context in which Linux evolved, extract thaatbastics of Linux,
and identify the most important dynamics and tensions surrourtiéngvolution of Linux
in China, participating actors and intricate interplays betwesm.th

The word ‘infrastructure’ has been widely used in the lastdaeades, with reference
to the technical structures or physical networks suppofti@gaciety, such as railroads and
highways (Summerton, 1994), electronic power network (Hughes 1983ndn{Edwards,
et al, 2009), and so forth, as well as the services facilitatinggto@momy (Edwards, 1998;
Edwardsgt. al 2009; Fomin and Blechar, 2005).

The retrospective studies from a STS perspective shovathiafrastructure is grown
from isolated systems designed and controlled by a buildee @he system is established
locally, it may extend to other places, domains or contexts bgdterprocesses of transfer,
adaptation and growth. In order to achieve such technology transfommatt only the
technological elements, but also the social, organisationtitutitnal and political factors
embodied in the system may be required to change. Assemblingdibpaeate elements
tightly together is a long-term, complex and large socio-teehmimject in which these
elements are required to mutually adapt and adjust (Jaaksah,2007). In this sense, the
dynamic created during the process of infrastructure growth isedeis ‘reverse salients’
by Hughes (1983; 1987), which refers not only to intractable tealhproblems, but also to

the legal, political, social, or cultural problems involved. Toleitson of reverse salients is
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required for the entire system to work or to grow. In the pasgdies on infrastructure
development, the government and other national-level instituti@yzgblcritical roles in
identifying and shifting reverse salients. (Hanseth, 2002; Jaetsad2007).

The successful formation of infrastructure originates froompetitions between
isolated systems developed by builders in a technical regirpart Arom one system
beating out all the others directly, the competition can alse$sved by the creation of
‘gateway’ technologies or social arrangements that peibhese systems to interoperate.
The gateway, therefore, is seen as another dynamic which dmbiegeneous systems to
link or merge into networks and internetwork (Edwagdsl, 2007).

Another important dynamic is path-dependency. Jackson and his colled@ratinors
(2007) point out that the cumulative nature of infrastructdeaklopment, together with the
technical and social elements tightly tied to it, led tth plependencies (also see Hanseth,
2002). Once the solution/infrastructure is established, shifting toexratbrnative solution
is costly and difficult. The path dependency here is related ttothen effect of choices
among competing technologies. The most cited example is the QWERTY kewioainds
not the best keyboard layout but has remained in place for degatletoday (David.
1985).

For achieving an effective alignment of coupled technical andalsetements,
researchers have gradually recognised the importance of maneginticipated problems
and tensions which arise during the course of infrastructurgndesd implementation,
whether these are technical or human (Hansetd, 2006, Ure eal., 2009; Pollock and
Williams, 2010). Although the tensions identified by actors are nagdhee, and might be
varied on grounds of different infrastructures (Ribes and Finholt, 2802 are always
inevitable contradictions between infrastructure developetsntions and complex and

diverse uses (Ciboret al, 2000; Lawrence, 2006).

Infrastructural software

In order to understand the nature of OS, such as Linux in this shalgoaduct this
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research, a new concept, ‘infrastructural software’, is herelydunted.

The computer, as a physical machine consisting of visible hardiwarseless without
software. The software transforms the physical machineaintyriad of special purposes
virtual machine. The OS, in this sense is the foundational component/softp@y which a
large parts of users’ activities are based. This reBasses the term infrastructural software
(which also appears frequently in Chinese government formal official dots)e refer to
the OS. As the low-level software system, OS on the one hathe, isost basic component
for computers/terminals. The OS integrates the heterogeneousn&defor computers,
which includes not only technical components but also organisational aatledenients to
implement the specific purposes of users. On the other hand, $heen@bles the
foundational functions for computers: computer system-intra-systea ed@hange and
information communication, i.e. transferring data between menmatyesks and rendering
output onto a display device.

However, an OS is not necessarily an infrastructure. In the eb€hinese Linux
development and adaptation, both embedded and platform Linux is examined. The
embedded Linux is developed for embedded equipment with specific loeal us
requirements and special hardware framework so that itresgai great deal of technical
effort in customised development. The embedded OS must be tailormampsctly as
possible: only the programmes and components that are associdtddnattonality and
hardware are retained, and others must be peeled from OS adameididue to differences
of functions and hardware between various embedded equipments| tkeealembedded
OS, an existing embedded Linux is difficult to port to another embedastligir Any
difference leads to expensive technical efforts, and eve®@$&das to be designed from
scratch. As infrastructural software, the embedded Linux [Hekwility to travel to other
contexts as infrastructure.

On the contrary, the platform Linux was developed as infrasteidor Chinese
government purposes. It is seen as the software system to salppbipplications within

the whole Chinese society. The rationale is that the oridimaix is developed as a
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general-purpose OS and supports all kinds of applications andoiumetf computers and
more complex computing systems. In other words, platform Linuxa®wast and common
resource for all traditional computers used as the basie-iftfrastructures (e.g. Internet
and e-Science) as well as other computer-based traditionaktmictures (e.g. traffic
control system in road or rail system). The platform Linux floeeeis supposed to port to

another domain, user organisation or context easily.

2.3.3 Technology studies from a developing country

perspective

Modern technology is so important for all countries that it isidensd to bring about
expeditious economic growth and good quality social welfare (Madanmdéhanar and
Kumar, 2005). The capability of developing technologies is not homoogty distributed
around the world. The production of advanced technology and knowledgegédy la
concentrated in the developed world so that international techntiagsfer is the most
preferred route to attain access to advanced technologies andeateghnological
capability by DCs with limited R&D resources, which shortehe technological gap
between the developed and developing world (Lin, 2003; Putranteardtéloore, 2003).
This point of view is demonstrated by successful expergemtenewly industrialised
countries in which technology transfer efficiently facilisatbe increase of productivity and
technological capabilities of local economies. Simultaneoustysfin the developed world
are normally willing to transfer their advanced and lategirtelogy to DCs to establish a
quasi-monopolistic position with which to make significant retufhiu, 1995). The
long-term significance of technology transfer is the possilbfitseplicating knowledge and
applying broadly, beyond the boundaries of the firm originally invchlvi@ order for
transferees to assimilate, adapt and improve upon the origotaidlegy from abroad
(Shen, 1999).

The formal modes of technology transfer between two economic orgamésa

generally include direct foreign investment, joint ventureedi sale, turnkey projects,
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license and patent authorisation, technical agreements, among @heraret al, 1999).
These modes have been classified into three categories b{18&M): transfer of capital
goods, technological, engineering and managerial services; etraokfthe skills and
know-how to operate and maintain the technology; and transfémeoknowledge and
expertise for implementing technology development.

In respect of international technology transfer, dependencyidteepropose that the
control over the technology is reserved within the developeddvgarithat DCs are locked
into a dependent relationship with developed countries. Gabayo (199@s®uttat there
are two types of technological dependency: mutual and asymnigteécterms of mutual
dependency refers to a country that plays a role as bothemgicgnid supplier in technology
transfer, that is, when a country imports advanced technology dbroad while pursuing
its own technological development. The transferred technology eda@émcomplementing
local technology resources for further development. Againstbnigdrop, technology is
supposed to modify and integrate into a local developed systewottdynand efficiently.
As a result, the country achieves internal technology developamhtthus has the
possibility to export new technology. In the sense of asymmetperdiency, transferred
technology is usually used as it is without any assimilatalaptation and modification.
This situation occurs when a country has insufficient technologagaédbility to develop
and localise the transferred technology. As might be expected, repshidency enhances
independence between the transferee and transferor, as well as asitolibe transferee’s
technology development. In contrast, asymmetric dependency préventansferee from
acquiring know-how and mastering transferred technology, and thestferegthens the
dependent relationship of transferee on transferor. The techralleguation in most DCs
takes the latter form of dependence. From a perspective dbgment studies, the biggest
challenge of technology transfer exercises is to satisfy the fioe foreign know-how while
taking measures to minimise technology dependency. Developingnodig¢echnological
capability is one of the pivotal conduits to the measures abovésasdo an essential

condition for sustainable development (Huq, 2004; Paukatong and Paul, 2006).
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This transfer is a complex process but not just a simplehgsirty behaviour.
Transferees generally have to devote substantial effodsdimnilate, adapt, and improve
upon transferred technology. These behaviours are related to techrappadplity, which is
a wide term and essentially comprises the ability to selgdise, adapt, improve, and
finally to further develop technology. Even mundane local activiliee plant layout,
quality control, maintenance, and process optimisation may calubstantial capability
building when technologies are transferred. The same techndogften employed at
widely differing levels of efficiency in different DC#any of these differences can be
traced to varying levels of technological capabilitiedhim lhost DCs (Lall, 1993). Therefore,
the effectiveness of technology transfer is subject to the levredligienous capabilities.

A few typologies of technological capabilities are definedlighmt of the diverse
perspectives and purposes of researchers (Desai, 1984; Lall,LE282t al. 1988; Shen,
1999). This research considers that the two-level typology propos&théary is the most
suitable categorization to study technological capability irs.DXChierarchical relationship

between technology transfer and technological capabilities is showruire Hig

Developed Countries Technology Transfer Developing Countries

Capital goods Managerial

| service Engineering —

service. Low-Level
Technological Skills and know-how for Technological
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Figure 1: Relationship between technology tranafet indigenous technological capabilities
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This typology divides technological capabilities into low- anchHayel: the former
refers to the capabilities which implement and manipulaterssfierred technology, while
the latter is in relation to further technology innovation (Shen, 1999yoitides a clear
picture which echoes SST perspective and innofusion — foreign mausfeechnology
adapted into local context, and then innovated further dicgpto developer’'s/adapter’s
new understanding of local users’ requirements and broader contéasinDCs. The
low-level technology encompasses identifying and purchasing suttiinology, as well
as for operating, maintaining, repairing and adapting the temymofor increased
production and efficiency. What is essential is that DCs need iigpétuch as properly
qualified manpower) to assess competing technologies on their owts raedi to select
those that are found to be most suitable under the circumstange 1891). Lall (1982)
indicates that the completed transfer of knowledge andsskelquired for fully
understanding and controlling the technology cannot be achieved in atisteoneriod
because the tacit knowledge (e.g. R&D processes, technol@dicels and experiences)
cannot be transferred with a new technology even though it contiesawfull set of
blueprints and manuals. Consequently, the low-level technologigabitity is an essential
condition for effective technology transfer. The technology femee with low-level
capability, however, would not be likely to move beyond the cureafinblogical level as
defined by the transferor. Due to deficiency of high-level tedgichl capability, it is
liable to result in dependencies for DCs during the intesnatitechnology transfer for the
reason that future technology upgrading would rely heavily on the foreign supplier

High-level technological capability enables the transferemréate new products, new
processes, new designs, and even new technologies. It regeitestinology transferee to
participate, involve, and learn the technology development acti®elset of learning
mechanisms consisting of in-house learning ability and the alditgxploit external
mechanisms is the most crucial element for high-level teoggatapabilities (Biggset al,

1988; Desai, 1984). To archive efficient technology transfemieigent of the developed
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world, DCs should not focus merely on efficient assimilation ahnelogy in the
short-term, but on the ability to create and innovate basechonsférred technology (Liu,
1995). The capability of innovating technology and creating technalogimwledge is
crucial for DCs to shorten the gap between them and developedriesurthrough
technology transfer.

Ample evidence has established a strong link between internatiohabtegy transfer
and building indigenous technological capabilities building. On the one hdathational
technology transfer from the developed world can be an impostaunce of building
indigenous technological capability in DCs; on the other, $effic indigenous
technological capability is perceived as a prerequisitestmcessful technology transfer
(Cusumano and Elenkov, 1994; Kumar, 1999; Kim, 1999; Lall, 2000; Madanmonhan, 2003).
Successful technology transfer and technological capabilitgling not only result from
in-house technical efforts, like duplicative imitation througlverse engineering and
corporate R&D, but are also influenced by external socio-econtamtors. A sufficient
local knowledge base is of importance for both technology traasfitocal technological
capabilities building. Training of local manpower is necesdary understanding and
assimilating transferred knowledge, so a comprehensive edutatigstam is required
(Grieve, 2004; Kim, 1999; Reddy and Zhao, 1990). Another conduit to accunaulate
knowledge base is achieving effective basic and applied robsegarogrammes in
universities and public research institutes (Kim, 1999; Madu, 1989)umiversities and
research institutes in host DCs, therefore, are importantsafctiotechnology transfer and
indigenous technological capabilities building. The government o BGnother crucial
actor (Gallagher, 2006; Liu, 1999; Madu, 1989). From the experience oflyNew
Industrialised Countries in East Asia, like South Korea, KifQ) suggests that the South
Korean government has reformed their university education frachitgg-oriented to
research-oriented, for cultivating specialists in variousnsitie and engineering areas.
Furthermore, the South Korean government took the initiatimedsnaeasures to deepen

national R&D capabilities, such as establishing governmeptrels institutes, as well as
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encouraging universities to conduct basic research and rezsa#rchers by the means of
financial support. Besides the leading role in improving the systedomestic education

and training (also see Hobday and Rush, 2007; Gallagher, 2006; Madu, 1989), the
government’s selective intervention should focus on retainindibaral economic
environment, protecting domestic infant industry, controlling fpradirect investment, and
providing infrastructural institutions and service (Grievep£2 Hug, 2004; Lall, 1993;
Noland and Pack, 2003). Being aware of the active role of governamehtiniversities and
research institutes, as well as the linkages of technotaggferees (normally firms) with

the above main actors within the local economy, are criticakefitrancing capabilities
(Hobday and Rush, 2007; Kumat,al, 1999; Lall, 1993; Wei, 1995).

The technology transfer literature criticises many socral aconomic analytical
approaches that treat all types of technology as an absinéitt, detached from any
political and economic drivers and social contexts, irrespeofitheir individual natures,
and pays little attention to the way that it is used in a dpemtio-technical context and
circumstance. Different technologies interact with human soaietjfferent ways and at
different socio-technical interfaces (Shen and Duan, 2007). Foipéxa@®S software is an
infrastructural technology, which unlike many discrete technefodiias strong network
effects (Bresnahan, 2001; Brynjolfsson and Kemeter, 1996; Cow&g).19 requires a
critical mass of users and interoperability or other netwtidces to survive and to sustain
its position in the market. In other words, the more users trathessoftware, the more
application software will be developed to port on this inftacttre and the more valuable it
becomes to each user. To switch from one OS to another is costjysnbecause of the
cost of the software itself, but the cost of the entirdesysconsisting of many other
technologies, such as middleware and application software, and maswamces who are
maintaining the system. These lock-in effects (for instamteroperability benefits) may
well turn the initial choices of users intte factostandards creating barriers to entry for
newcomers. A technology as such is a socio-technical ensemipker( 1995) and

moreover a living thing, the further development of which is arimge between the
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technology and the specific socio-technical environment.

From the perspective of SST, Shen (1999) defines the ternafriaghof technology’
to portray the adaptation and further elaboration of technology develbpmesite of the
transferee/adaptor in a DC and ‘indigenous technological dajesbigained by the
transferee which may well be different from those of thwhrielogy supplier/developer.
Technology transfer is not a simple spatial movement prorestead technology needs to
be adapted to fit into the local context. The social value attthieal presumptions of
technology embodied when it was developed in a developed country in thengyesot fit
the socio-technical environment in a transferee country in &welaping world. The
adaptation of an infrastructural technology like OS softisi@so a marriage between the
technology adapter of a special site and the global devel®pe adapter’'s self-assigned
binding with the developer community may not have the consent orteeeawareness of
the developer site in the early stages. However, it maggehalongside the continuous
development of the infrastructural technology, depending on the weigtite network
branch that the adapter is creating and taking under control.

In general, the government role is pivotal to adapt an infietsiral technology like
OS software, if it is considered of public interest. Itriger for a DC, as there is often an
asymmetry in technology capabilities between the adapter laeddéveloper from
developed countries. However, just how the government can bestrpkffeative role in
supporting indigenous technology development and creates an effeasivieitional
structure, is still highly debated (Gallagher, 2006; Hobday and Rush, 2007; Huq, 2004; Lall,

1992; 2000; Madanmohan, 2003; Noland and Pack, 2003; Pack, 2000; Shen, 1999, 2005).

2.4. Summary

According to the above two sections of literature review ors @8d the area of
technology studies, the gaps between existing theorieseality gradually become lucid.
The first group of gaps is related to OSS. Firstly, the exidttegature cannot provide

sufficient understanding of the open source movement in the contBxifThe reason is
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that a new research methodology is needed to examine the desigmp@lementation
process of OSS in the context of DCs. Secondly, there stdl debate on government
intervention in OSS development. The second group of gaps is asdothat field of
technology studies. On the one hand, social learning perspeni@ed from the research
conducted in the EU countries. It needs to extend this approacltdotext of DC and
further explores how the actors interacted with each other in tredo@text. On the other
hand, the software technology transfer and corresponding local tedleablogpabilities

building is under-researched.

2.4.1 Open Source Software

Limitations on existing OSS literature to DCs

It is noteworthy that the theories on the OSS reviewed inggmhbing of this chapter,
are generalised from the relevant research in developed iesurithese theories may not
provide adequate understanding of the open source movement in develogthgravahe
mainstream social scientific researches conducted in develspdd, the open source
movement is the process of OSS development and innovatimonmmunities: these
researches studied and provided understanding of the motivatiorgogfammers
participating OSS communities and contributing their abilityOSS development, the
administrative structures of OSS development, and the liceh€@SS. However, the users
in DCs are different because most of them have very linitetthical knowledge, which is
compounded by the obvious language barriers. This is why the grembimagen source
projects are controlled and administrated by the communitidgeideveloped world. The
open source movement in DCs’ context, hence, is not the ideology behiopetheource
movement (such as the process of OSS development and govearathtke structure of
communities) but the uptake of OSS.

According to the open nature of OSS and its development priocdsseloped world,

many authors predict and reiterate the benefits to DGsapimg OSS. The starting point of
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these authors is taking the use of OSS for granted — as if the OSS wouldlie &uitaost
of the needs of users in DCs. Like peer researchers in ctietries, nearly all of the
Chinese authors also had a naive view of OSS (including Linux), ughtblat the Chinese
users would automatically adopt it owing to its technical supsti@nd then benefit from
its implementation. It is obvious that these social scientatk an efficient research
framework to study OSS in DCs due to the disciplinary divismost of researchers were
from business schools, investigating the economic and manageriatnpance of OSS
implementation in DCs. The BoA researchers (Pollock and aiili 2009) critique this
kind of ‘impact study’ because it lacks critical concerfigusing only on the benefits
generated by using OSS; characterising as short-term stubies concentrated on the
immediate performance of OSS implementation; ‘black boxingldhg-term evolutional
history of OSS as well as ignoring the broader social contdrere the OSS locally
developed; overlooking the social and political elements which cannot belemhby OSS
developers and local adapters.

Take China as an example, where the uptake of Linux has not beatural and
smooth process. There were over ten indigenous Linux providersvénatfounded in a
rather short period of time after 1998, when Linux was introduced himaCwith
government backing. In the subsequent two years, however, manhgsef players left the
stage because they encountered various problems, notably an raperopodel for
business that could sustain the finance of the Linux industry. Gtheies reveal that the
suggested benefits to DCs are far from straightforwardexample, Shen (2005b) points
out that the affordability of Linux became rather irrelevenChina due to local specific
social settings, such as rampant software piracy (also see Kshetrgradoli, 2006).

Therefore, these issues give rise to many empirical and comatequestions.
Empirically, who were the actors during the Chinese indigenausxLdevelopment and
how have they interacted with one another? What have beenaihechallenges during
Linux development and how have they been tackled?

Conceptually, how does the local technological capability gketbéshed? How does

53



the OSS adapt into the local context of DCs? How does the erpertontribute to further
technological development? What are the key challenges fert®@illy reap the benefits

of the OSS that were not envisaged initially?

Government intervention in OSS development

A debate win mainstream OSS literature regards goverrsnsapport towards the
OSS. Based on the studies conducted in developed world, the proponeatspdrntsource
movement (Raymoncet. al 2000), political scientists (Evan, 2002) and economists
(Schmidt and Schntizer, 2003) share the opinion that the governhwuit sot provide
support towards OSS. By contrast, Shapiro and Varian (2003) and CadhiManent
(2005) propose that a selective public support policy will enhtiresocial welfare (also
see Part Il, FLOSS FINAL REPORT, European Commission, 2002).

Governments in DCs, like Brazil, China, India and some countri€®utheast Asia,
adopted many policy initiatives to favour local open source moveridéaly wished to
acquire benefits by the means of involving domestic open sourcenmeot directly and
aggressively. The authors who studied OSS in DCs acknowledgeivbel role of
government in local OSS development. They indicate thagtvernments in DCs must
lead the introduction of OSS because of their crucial rofgueshasers, technology drivers
and policy-makers (Cook and Horobin, 2006; Li, Lin and Xia, 2004; Ni, 2052006).
Camara and Fonseca (2007) further stress that OSS in dexgel@iions needs strong and
wise policies to be successful and furthermore, need government funding ablee vi

Ultimately, is government intervention necessary for thenogource movement in

DCs? If so, what kind of state intervention or measure is workable?
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2.4.2 Technology studies

Social learning in DCs

Social learning stems from the empirical studies in the dpedl world, in particular
EU countries. It has not extended to DCs so that a DC context hgstrim#en taken into
account. A reality in DCs is that on the one hand, the local temydepends largely on
foreign ICT products. On the other hand, the dominant position of foqgigducts is
entrenched owing to the technology dependency and lock-in effect. Mamyngents in
developing world have tried to break the monopoly generated lgygfoproducts and
further build their own indigenous ICT industries by adopting polioyerigge tools.
Therefore, the role of government in developing economies matlygr more important in
the social learning process. In addition, indigenous technology suppliers conaéintiace
more difficulties than their counterparts in developed world dugneodack of industrial
bases, finance resources and commercial experiences. Szaviaing perspective is a
state-specific tool so that its extending to the DC context nedp enrich its theoretical

framework.

Technology transfer in DCs

The traditional technology transfer perspective provides an iamornsight to
understand technology innovation in DCs, and analyses the procexslofelchnological
capabilities building. However, it was developed to accoumt the innovations in
manufacturing and industrial technologies, such as heavy chenaigadsjobile, steel, and
semi-conductor industries. There are sharp differences beineestrial technology and
ICTs, in particular the software technology. Unlike the usarsnost transferred industrial
technologies are normally organisational users in a spécifiain, the users of ICTs could
be personal users in the mass market and organisational users in editeypptiomains.

Computer software has been widely applied in all sectors,,aregenisations, and
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everyday home life. This context where software has been dppllEroader, and the way
to software is diverse than industrial technologies. The umuigesaof user acceptance and
user demands of transferred software technology/knowledge asequamtly far more
salient because of the diversity of users’ requirememid #he extremely intricate
interactions between suppliers and final users in the markehemore, software also has
a stronger effect of positive network externalities than indlisécanologies: the spreading
of software is subject to user base and its compatibilitcdmplementary computer
software and hardware.

It is clear that there is a gap between the traditionbht@ogy transfer and the process
by which software technology/knowledge is accommodated in DGs. Jdp prompts
several on going questions: How can the software technology/kigeviadapt in the
context of DCs? What is the process by which DCs can build lineal technological
capabilities? Who are the main actors in the process of hgitdese capabilities, and what

are the links between them?
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Chapter 3 Research Design

3.1 Introduction

This study sets out from a tradition of technology studies, incpkt the SST
perspective. The SST framework has been developed as arisuifgimhry theoretical
framework with which the black-box of Linux and its development poe£hina can be
opened up by means of both conducting detailed temporal implementatioes saundi
examining the evolutional history of Linux longitudinally. Insteadeafving technology as
an exclusive preserve of scientists and engineers, SST seekddress the intricate
interactions between social and technical features withgiven context. This study is
based on the case study method of the social shaping approaclssesidie specific
socio-technical system within which Linux development takesepla@ps out the actors
involved in China’s Linux development, explores the interplay amaajets, and analyses
the local institutional mechanism which supports and regulates Linux gevehb.

Section 3.2 describes the related framework, methodology and dasigrell as the
choice of research strategy. In section 3.3, we present détatiool methods that have
been adopted, and both the techniques and processes of analysisddeplihye study.
Section 3.4 discusses the experience of conducting data @oll@ctChina, and explores

the ways to manage difficulties during the process of data colecti

3.2 Research Design

3.2.1 Framework and methodology

A large part of traditional mainstream literature abouftware development,
implementation and use was informed from the perspectiveropater science, business

studies and economics. These studies led to fragmental undergtaom the grounds of
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limited knowledge base and disciplinary division. As a resulheav and effective
methodology is needed for better understanding of the relationsiwpdretechnology and
society, in particular the influence of broader social strastuthe behaviours of the main
actors and the interactions between them (Pollock and Williams, 2008).

The research frameworks of current social scientific ssudin OSS can be divided
into technology design/development studies and snapshot/impact stlidesgormer is
conducted from a technology-supply perspective, which discusses theamgdestues in
the innovation process of OSS e.g. the personal and commeatightions involving OSS
innovation, the governance structure of OSS projects and commuttiegrevalent OSS
licences and their impact on innovative work etc. This rebefaaenework overlooks the
users in the mass markets, and therefore is influenced undulrebyigion of OSS
communities and promoters. The latter has a taken-for-grantedver-optimistic view on
OSS implementation and use — as if users would be amenable ¢th $wwiOSS from
proprietary software and benefit from its adoption. As reviewedeiction 2.2.6, many
academic authors, especially those from DCs, claim that @8%) helped users to save
procurement costs, escape the dependent relation from propsetamare companies,
break the software monopoly, and so forth. As Pollock and Willi&@de8) point out, the
snapshot framework normally considers a rather short timefraftee the emerging
technology (in fact, the full benefits and costs of adopti®® Wvill be unveiled after years,
or even decades). There are also uncertainties during themepiation of OSS. The work
and use practices embodied in the OSS may be very diffgittnthe proprietary software,
which could lead to implementation failure. This is reflectedabseality that OSS still
accounts for a small market share, though the procurement scaatigh lower than
proprietary software. Moreover, two prevalent research designsaameworks are keen to
concentrate on either technology design/development or the imgadecbnology
implementation and, therefore, lack the alignment betweehntémgy design and
implementation, as well as neglect the broader local conighih which OSS is developed

and used.
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In order to provide better understanding of the open source phenomenon &nd OS
design and use, a new research methodology and framework isdneedemedy the
shortcomings of prevalent frameworks. Therefore, we need treriibls and concepts
which can address:

1) short-term dynamics surrounding OSS implementation in spsdii@and moment,
in particular the collision between users’ requirementssaumpliers’ product development
strategies;

2) a long-term evolution in which OSS travels across the boiasdair organisations,
industries and sectors; and

3) the broader local context encompassing institutional arramgeeronomic and
social elements.

This study builds a research framework by drawing upon the corufe&T, SSICT,
BoA, social learning and infrastructure perspectives. SST an@TSBrovide critical
accounts to remind us to avoid any deterministic view in teolggahnovation studies, as
well as to couple the technology design with its implementaticridem (Williams and
Edge, 1996; MacKenzie and Wajcman, 1999). Like many other technoladtjes,
development of Linux always faced many design choices, which nothampened in
Linux communities but also took place in the laboratories of cawiatd_inux suppliers
and in Linux implementation and use. Besides technical consideratimmssacial,
economic and institutional factors are also elements for pattermng.L

The BoA is an emerging research framework addressing thesitaltinalysis, paying
attention to technology design and the implementation cyclecaudihg on the interaction
between design and use. It also stresses the historigak<ia particular both the pre- and
post- implementation stages) by integrating longitudinal and xi@leviews. This study
employs BOA in a rather loose way so that attention is givethgatechnology design.
Giving attention to design and development from a technology suppenspective does
not mean that we are going to ignore the OSS implementation anfihesenderstanding

of OSS implementation and use could help us to explore supplienrstiesign choice. By
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employing BoA perspective, the research framework of this stadyg the OSS innovation
taking place in ‘micro-, meso-, and macro-’ levels: the ‘maevel normally encompasses
the issues (such as institutional arrangement, economic andt ml@rkents etc.) that could
largely influence the OSS innovation, and could not be controltechanged by suppliers
and users; the ‘meso’ level, in this research, is seemeasotio-technical regime in which
many actors, including OSS suppliers, government, public resaasttutes/universities

and so forth interact with each other to build a technical knowlédge for OSS design
and innovation; the ‘micro’ level, finally, is the place wddhe interaction and learning
mechanism take place between OSS suppliers and users/intermediaries.

In relation to the objective of this research, a sociahleg perspective is adopted for
investigating the mechanisms and processes by which OSS suppién® learn through
interactions with other social groups, in particular the locatrugn micro level. Social
learning perspective acknowledges the importance of locély dtimowledge (von Hippel,
1994) from user end and draws attention to the role of intermed{&vi#iams, et al, 2005)
who are able to bridge the gap between OSS suppliers and esdbyseollecting and
collating knowledge, and transforming it to OSS suppliers. Althosgcial learning
emphasizes the mutual shaping of technology and society, thisratidly focuses on the
shaping of Linux in China’s local context.

As we defined Linux as infrastructural software in section 2.3.2, design andpiegel
Linux for local Chinese users will face similar dynamics and angdle as developing other
infrastructures. With the concepts of infrastructure swidiwe are able to understand
China’s local context and identify the dynamics and challengaswding localisation
innovation of Linux.

Following the tradition of the SST perspective, a double methodolagjgaoach is
adopted in this study: on the one hand, it seeks to explore thdedeaccount of
technological development processes. It is made possible byiomatliactor-centred
approach at the micro-level — following the technology suppliessscdifferent loci and

over time. The actor-centred perspective helps us to identigigp@sctors who interacted
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with technology suppliers in implementation sites during the long-texalhnology
evolution. It also highlights the way in which technical elemehé&ps and are shaped by
social elements through interacting with each other. On the loéimgl, this methodological
approach addresses the influence of broader structural aoddaisfactors. It helps to
understand the context in which the technology innovation takes plackurthier
emphasises the role of government and the institutional strusfw@enational innovation
system for technological development.

This research adopts case study as the research stratagyically, a case study
approach is most suitable for this research. There are exasting materials about Linux
development in China, such as data about Linux sales, and the reamigwofits
generated by Linux providers etc, as well as government offici@aiments (reports and
policies). However, they are static data or results gerain period of time, so none of
these materials show what has happened during such a time pedoithesefore cannot
answer the research questions. Instead, a case study apprabthtis help to reveal the
Chinese Linux development process in which we can find the madrsaand their
interactions. Theoretically, case study is a popular researthodhén the area of STS.
Many prevailing conceptual perspectives and theoretical franks, such as the SST
perspective, social learning, BoA, etc are developed andhedriby employing detailed
case studies.

The pattern of technology is largely influenced not only byerurbut also by
historical events and contexts (Pollock and Williams, 2080)owing the social shaping
studies tradition and the notion of biography, we trace dbeumulated history’ of a
special kind of OSS — Linux, focusing on the changes of suppfiretegies and other
actors’ actions inside various sites over time. In this seseténg up a time scale for the
case study is important. Linux was introduced by suppliers in 19pBadsby the Chinese
government. Both embedded Linux and platform Linux were adapted aweredlto the
Chinese market in 1999. Figure 2 was developed to show the timeofthée evolutional

history of Chinese indigenous Linux.
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Development
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Time line

The Evolution of the Chinese Indigenous Linux

Figure 2: The evolution of the Chinese indigenous Linux

3.2.2 The selection of case study

| decided to conduct the case study on a firm level because fientiseafinal nodes for
Linux entering into the software market, as well as beingpthees where most R&D
activities were carried out. Furthermore, Linux providerstlagekey actors who have direct
links to all other main actors, such as academia, users, government, etc

Initially, 1 planned to examine all powerful Linux providers in Chingoftware market
so that | could conduct a comprehensive case study on Chinese Linug.ma@stream
Linux providers are Novell and Red Hat from overseas, and two dorhé@sux suppliers:
Red-Flag and CS2C. Novell and Red Hat are the most famous Linmo fvorldwide,
while CS2C and Red-Flag started Linux businesses nearly oneaftearLinux was
introduced to China in 1998. CS2C and Red-Flag are part ofedhe few indigenous
survivors in the fiercely competitive market, and both becaroéitgiole from the end of
2004. According to the data from IDC (International Data Corpmratand CCID (China
Centre for Information Industry Development), CS2C and Red-Flagtta only two
indigenous Linux companies among the five largest Linux providethima’s market, and
their Linux products accounted for over 40% of market share from 2006.

I had hoped to make explicit comparisons between domestic andnfpreigders on

their Linux design and development. However, the strategy of coraparstween cases
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has been shifted towards a single in-depth case study afemakeilot interviews. This
decision was made largely due to the feasible accessibiliChinese suppliers and poor
availability of access to foreign providers. Both CS2C and Rag-Wkere glad to offer me
the opportunity to conduct field work and collect data. Anotherofaist that the main
business of foreign Linux providers, such as Red Hat and NowgejSwas focused on
Linux sales in China before 2005. They offered very limited sesyisuch as system
consulting, solution providing and technical support to Chinese.u8era result, their
products were not well adapted in the Chinese market becaudacdked ties to local user
groups.

In accordance with the existing literature, | initially intetide conduct case studies
with two units: Linux desktop version and Linux server version. Howeafer pilot
interviews, | regrouped the research units. Linux is a widely @®dn the fields of
desktop PC, server, and embedded systems in China, and evendsttbethe world. In
light of the traditional Chinese category method, Linux desktapserver versions fall into
the category of platform Linux, while the embedded Linux is another émdimt group. |
adopted this category directly since it covered all apphicadreas of Linux, in particular
the embedded area which has been neglected in most social scientifictre$éamux.

Based on the later two research units, | chose CS2C assdwrech object in platform
Linux and Red-Flag in embedded Linux. Both CS2C and Red-Flag were eengag
developing Chinese platform Linux from the very beginning. Howeliey, later changed
their initial technological directions because of the fiemrket competition from both
foreign proprietary OS providers and indigenous Linux developers. CSZibged some
notable platform Linux solutions which were not only frequentlgoreed by Chinese
publications, but also received attention from overseas. For exa@BRC designed and
developed Happy Family PC solution for Chinese rural usetéch was the first
customised Linux-based desktop solution in the world. Thereforesthigion received
acknowledgement from the World Bank because it is regardedfeasible solution for

solving the global digital divide. Even though Red-Flag stilltkdggivering platform Linux,
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the supplier also showed stronger technical and market powtrei embedded field.
Red-Flag is currently the largest indigenous embedded Linux prpwdd its products
almost dominate some embedded application fields, such as thes€hottery machine

industry.

3.3 Data Collection and Process

According to the methodology of this study, which is informed by S&hdwork and
related theoretical tools — social learning and BoA, bothofiist and contemporary
perspectives are taken into account in this case study, wieemt the longitudinal and
contextual data has been collected. The time period of thesttabeis from 1998, when
Linux was introduced to China’s software market, to 2008. During thise&0-gvolving
process, the detailed temporal implementation projects awesaldied. As described in
2.3.1, not all implementation projects would be examined in defais study only
examines the important projects and moments — milestone projbitis had significance

to the next generation/version of Linux.

Chinese Linux development (1998-2008
Longitudinal data

O Actor 1
Actor 2
Actor 3 . .
Actor 4 Milestone Projects
) Contextual data
Actor n

Figure 3: Longitudinal data and contextual data
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3.3.1 Data source

The questionnaire, interview and content analysis of documentseaneot common
data-gathering methods in social science studies (Blaikie, 2@82@)the questionnaire
method will not be employed in this research design. On the one hdik& cmmmon
social science studies, this research is focused on the speasfic of Chinese Linux
development by employing an interdisciplinary framework. The isaget a new social or
business phenomenon so detailed statistical data has been aredyyed by Linux
suppliers and other third-party organisations, e.g. consulting corspameé related
government departments. All the data, such as sales volume of s#es,growth/decrease
rate, the percentage area of Linux applications (personal usever-side application,
embedded system and so forth) form the basis for research. ohddliti the method of
conducting a questionnaire is a costly and time consuming proodstherefore it was
considered too expensive for this study. Furthermore, the statitzaobtained directly
from Linux suppliers or other third-party organisations is jikied be more reliable and
precise than the data gathered by a PhD student.

On the recommendation of Yin (1994) on the use of multiple sourcesdenee, |
chose the triangulation approach: the primary sources are@i@éwwercomplemented with

documentation.

Primary data

In light of the specific characteristics of this resbadesign and the nature of the
interview questions, | set up two steps in the interview process: thstéipstvas conducting
open-ended interviews with the top management of both CS2C and RednFtader to
grasp the bigger picture of Chinese Linux development. On tha, bags able to explore
the milestone projects, which helped identify the interviewieesthe second step of
personal interviews. For the interviews, | adopted the sémnitured interview technique

recommended by Easterby (1991), whereby the researcher is able toriapigbe with the

65



interviewees and reduce their reluctance to respond openly. Ins€hiaéition, the manner
of semi-structured interview avoids a rigid question/answecgss, and expresses respect
to interviewees. For the interviewers, the semi-structurethoad allows the researcher to
manage the interviews more easily. It acts as a remindée interviewer and interviewee
to stay within the topic, since it provides a structureclWwhiesearchers can follow, and
offers flexibility to expand the interview content as necessary.

In total, 44 interviews were conducted and each of theradagpproximately 60-90
minutes. The 18 interviewees who were selected from thestfiegt interviews are from
software industry, various user groups, policy research instintademic community and
policy-making groups.

Most interviewees were interviewed more than once. Geneyadigking, both Chinese
platform Linux and embedded Linux development are complicated procegkeseveral
detailed cases to be examined. It is difficult to collect adeqgdata through a single
interview owing to time constraints. Another reason for itmééd number of interviewees
is that the indigenous Linux providers, including Red-Flag and CS2Ctypical SMEs
(Small and Medium Enterprises) so they have limited stafeémh department. Take the
manager in the embedded Linux department of Red-Flag for examplatesiiews took
place. His responsibilities are managing the development ¢easisting of less than five
software engineers, coordinating the relationship between the endbeidde department
and the company, communicating with customers, and even participatihg product
R&D and technical tasks directly, if necessary. The managgrei staff member with the
longest experience in the embedded department because the ITyimglabaracterised by
high personnel mobility. Due to the better salaries, softwarmess are likely to transfer
to MNEs once they have accumulated enough experience through eve mojects. The
manager, therefore, is the only interviewee who can provide eassto the interview
questions regarding both the detailed development history of RgdeRibedded products

and the processes of specific milestone projects.
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Interview design

Interviews from China’s software industry

Interviewee Related details Interviews
VP (Vice President) 1 of | Strategies and development of embedded 2
Red-Flag product.
The cooperation between Red-Flag and 1
ISCAS
VP (Vice President) 2 of| The government policy. 1
Red-Flag
Manager in embedded | Detailed development story of embedded 2
department of Red-Flag | system
SinoData SN2000 and SN3000 cases 3
The cooperation between Red-Flag and 1

ISCAS

President of CS2C

General development story of Linux platform 2

product, especially in early stage.

Government policy and support 1
Support and Server The product line of CS2C 1
Director of CS2C
Senior Product Manager| Detailed development story of Linux :
in R&D centre of CS2C | platform product 1
Sailing project 1
Haier project 1
China Construction Bank (CCB) project 2
Director of CS2C & The cooperation between CS2C and BUAA 1
BUAA (Beijing Government policy, in particular the 1
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University of Aeronautics
& Astronautics) Joint
Laboratory, Professor in

Software School in

government funded research project

BUAA
President of Red Office | Government policy to open source softwarg 2
(Chinese open source | and Linux
office productivity suite
developer)
Staff of Open Source The role of Chinese Linux in Intel’'s Open 2
Technology Centre, Intel Source ecosystem.
Total: 9 25
Table 1: Interviews from China’s softwacustry
Interviews from user communities
Interviewee Related details Interviews
User 1. Why did SinoData choose Red-Flag 1
CTO, SinoData embedded Linux
(embedded Linux user) | Development stories of SN2000 and SN3000 1
lottery terminals.
User 2: Beijing Government Software Procurement 1
Deputy Head of Beijing | Sailing Project
Science & Technology
Commission (platform
Linux user)
Director of Beijing Sailing Project 1

Software Industry

Productivity Centre
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(platform Linux user)

User 3: Happy PC desktop Linux-based software 2

Manager of PC system

department, Haier

(platform Linux user)

Total: 4 6

Table 2: Interviews from user communities
Interviews from policy researchers in government affiliated unstit
Interviewee Related details Interviews

Prof. Guangnan Ni China’s government policy to Linux 1

(fellow of China academy The limitation of existed policies 1

of engineering). Future programme for supporting Chinese 1

Participating all Linux Linux

related policy-making

Dr. Wang, China’s government policy to Linux 2

Associate professor in | Evaluation of past and current policies 2

CASTED (Chinese

Academy of Science ang

Technology for

Development)

Mrs. Xu Government software procurement policy to 1

Professor in CASTED | Chinese Linux

Department Director of | China’s government policy to Linux 2

IPC (Intellectual Property

Centre)

Director of Guangdong | The China’s national policies 1

Linux Centre Local (Guangdong province) policies 1
The implementation of the policies 1
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Total: 5

13

Table 3: Interviews from policy researchers in government affiliastitute

The detailed interview content

According to the development history of Linux in China, | set prétlaind birth stage,

early development stage, and growth stage for both platform Linux and embedded Linux.

The platform Linux of CS2C

Development of platform Linux in Ching

Interview Guideline

Pre-birth and emergence 1999-2001

What was the context and motive in which
entered the Linux field? What was interpretatio
of CS2C on Linux? How did CS2C assume the
use and users and then formulate its concept g

Linux? How did CS2C interact with other social

CS2C

-

groups, such as user, government, complemeritary

software providers, as well as academia, to

develop generic version?

Early development 2002- 2005

What were the reasons that lead to the forki
desktop and server version from the original
general Linux package? How did CS2C interac|
with other social groups in developing Linux
desktop and server version respectively? How
the customised project — Sailing project feed b3

to its generic solution?

ng of

i

did

hck

Growth and future 2006-onwards

What is the context within which CS2C durre
develops Linux? How did the customised proje
— Haier Happy Family project and CCB project

feed back to its generic solution? How did CS2

nt

C
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interact with other social groups? What's the

strategy of CS2C in desktop and server produd

t?

Table 4: Interview content for platformux

The embedded Linux of Red-Flag

Development of embedded Linux in Chin

a Interview Guideline

Pre-birth and emergence 1999-2001

What was the context in which Red-Flag
entered the embedded Linux field? How did
Red-Flag formulate their concept of embedde
Linux product? What did Red-Flag learn from
other social groups within their product

development?

d

Early development 2002-2005

To cultivate product, how did Red-Flag inté
with other social groups? What did Red-Flag
learn within the customised project — SinoDal

SN3000 lottery sale terminal?

pract

a

Growth and future 2006-onwards

How did CS2C interact with other social

groups? What's the strategy of Red-Flag

currently and in the future?

Table 5: Interview content for embedded Linux

The Chinese government policy to Linux

In the case study of Chinese Linux development, the role of govetnamel the

administrative measures to support indigenous Linux are changedcordance with

different stages of the Chinese platform Linux development trajectory

Development of platform Linux in Ching

Interview Guideline

Pre-birth and emergence 1999-2001

And what kind of measures did government

What was the role of government agei®s sta
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adopt?

Early development 2002-2005 Did the government change their role? If so,
and what new administrative measures did the

government employ?

Growth and future 2006-present What are the strategies and policies of
government at this stage? In particular, what af
the new tools and measures adopted by the
government? Are past government policies and

measures relevant for Chinese Linux

the future?

development? What should the government doji

Table 6: Interview content for govegntpolicy

Secondary data

Content analysis of documentation will be adopted in this rdsesrsecondary data
sources. Documentation is not only used for setting the contexnhtiview, but also
employed as evidence to validate the interview through a thathgn of data sources
(Remenyi, 2000; Yin, 1994). The documentation consists of the functionaiptiess of
Linux products, reports on user requirement analysis from suppléer-pased records of
meetings between suppliers and users, internal email betweeniesipghd users,
government policy documents, articles on third-party newspapegazimes, academic
journals, Internet content etc.

In order to examine the social-technical network of Linux developntiee user is the
key actor to be accessed. However, adopting Linux, in particulaliogimg platform Linux,
is still a controversial issue for the users who have alreaipted Linux. The Linux
suppliers therefore implied that they were unwilling to facilitaigeas to their all clients. In
order to tackle this problem of accessibility, on the one hamid to link these users via

other conduits, such as private networks and academic larkshe other hand, some
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internal official certificated documentation was employed asleommts to interview data.
There are a great number of Linux implementation projects fingnsigpported by various
Chinese central and local R&D funds. Some of these projatd, as the Sailing project
and the CCB project, are identified as milestones for Chihaiux desktop and Linux
server respectively. However, not all target individualghef user organisations can be
reached smoothly due to a variety of reasons, such as the higmskdlity of the IT
industry, the political sensitivity, commercial secrecy. 8therefore, the detailed official
reports submitted by user organisations to the financial providegsvernment and/or
public R&D funds, are a very important source to remedydhk bf accessibility to user
organisation in person. Some chapters of the reports of botlaithrey project and the CCB
project in different stages were obtained from relevaswemiment agencies. These
documents elaborate the projects from a user perspective. 7Tghles a big picture of the

links between research questions and the source by which we are ablectalatdle

Research Questions Sub-Question Data Source

1. How has Linux adapted ip (1) Which struggles and 1. Personal interviews with
China’s broader contexts? | tensions did the Chinese Linux suppliers and local
supplier face through the | user groups.

development of Chinese 2. Documentation: functional
Linux? Which strategies did| descriptions of Linux

they use to enable them to | products, user requirement
deal with these problems? | analysis and reports from
Linux suppliers, records of
meetings between supplierg
and users, internal email
between suppliers and users,
and internal government

reports submitted by users.

(2) How did the Chinese 1. Personal interviews with
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socio-economic context ang
institutional arrangements
influence the way in which
the Chinese Linux was

adapted and developed?

Linux suppliers, user groupg
academic researchers, and
policy researchers.

2. Documentation: academ
papers, articles 0
newspapers, magazines, g

Internet content.

c

2. What is the role of
Chinese government in
Linux adaptation and

development?

(1) Are the government
interventions necessary for
Chinese Linux adaptation

and development?

1. Personal interviews with
Linux providers, user
groups, staff from other IT
companies, and policy
researchers.

2. Documentation: academi
papers and internal
government reports

submitted by users.

)

(2) What are the political
measures adapted by Chind

government?

1. Personal interviews with
bdanux providers, user
groups, staff from other IT
companies, and policy
researchers.

2. Documentation:
government policy
documents, academic pape

articles in newspapers,

magazines, and the Internef.

'S,

3. What are the wider

implications that other DCs

1. Personal interviews with

Linux suppliers, policy
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can draw from China’s researchers, and member of

experience in relation to policy-making team.

adapting an infrastructural 2. Documentation: academif

OSS into their local papers and articles on news

environment? paper, magazine, and
Internet.

Table 7: Research questions and data source

3.3.2 Data process

The interviews were either voice-recorded or handwritten andteally transcribed.
All the interview data from different respondents was prieskin historical sequence. | did
not accept all that the interviewees described as the without taking their background
into account. For example, the CS2C and Red-Flag treated eactastimain competitors
in the platform Linux market. The interview data from the st&ffoth companies had to be
interpreted against the interviewees’ background, in partitacontent regarding a rival.
Furthermore, nearly all the interviewees did not like to tfestate the drawbacks or the
negative sides of government policies; instead they tendetnpdy this. At time
interviewees’ responses were unclear and it required intatiore of their responses to
understand their viewpoint. Combining the interview/primary dath @documentation and
other secondary data enables us to construct the qualitativeicaistdevelopment of
Chinese Linux.

A triangulation of interviews and documentation was employed. Thentsaation
generally serves to increase the interview reliabbifytriangulating the data sources (Yin,
1994). However, the documentation retrieved from public media, ircylartthe Internet,
cannot be regarded as wholly reliable data without checkingligity. As a result, another
checking process is used in this research. Some of the imteesevere given drafts of my
working papers which summarised the data from both interviegsdacumentation for

feedback if they were relevant to their area of expertise.

75



Some working papers in Chinese which are organised by both previensewing
data and the data collected from public media were sent to #wiéawees who have

relevant experience and expertise to verify the authenticity.

3.4 Conducting Field Work in China

3.4.1 Accessibility

To all social scientific studies which employ case studhes accessibility of the case
is of primary importance.The best case should be the one from which we can learn the
most and we can spend the most time W{fbenzin and Lincoln, 2003). Accessibility in
this case study means both accessing the objective orgamssadind interviewing
individuals.

One of the difficulties that can impede the research isigailisensitivity. As the
Chinese government adopts administrative leverage toolsrtageall aspects of social life
in China, the role of government is an inevitable feature fdakscientific studies. In this
case study, the government plays a very important roleeirdéfrelopment and spread of
indigenous Linux because of national interests, such as breaking the moreymigtgd by
foreign companies, protecting domestic software industry, etc.tdjie of policy and
measure towards Linux will be sensitive to researchers,rticgar those who come from
abroad. In addition, Beijing hosted the 29th Olympic Games inmidelle of 2008. The
Chinese government treated the year of 2007 and 2008 as an extsensitive period. In
the subsequent year of 2009, four staff in the Shanghai offideedib Tinto Group were
accused of bribery and espionage. These two political affait® Iy request of accessing
government officials to conduct interviews, to be denied outright.

Another difficulty is business sensitivity. Normally, somepasdents, in particular
interviewees in for-profit organisations, have no interest masacientific studies which

are regarded as leading no direct profit growth in China. Hatlieg same foreign
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competitor, the relations between major indigenous Linux supplide, CS2C and
Red-Flag, should be co-operators on marketing level. However, itg i®éhat these two
Linux providers treat each other purely as competitors in the stammearket, especially in
the government procurement segment, so interviewees from RedRth@S2C were

unwilling to answer some questions in detail in order to retain commeatifilentiality.

3.4.2 Managing the difficulties

As described above, conducting field work in China may produce prebtEm
accessibility for researchers coming from foreign countrestd different political systems,
cultures and context.

An ‘encircling’ strategy was adopted to cope with the politgensitivity. The S&T
policy researchers in affiliated research institutesosegnment agencies, such as the IPC
(Intellectual Property Centre,) and CASTED (Chinese AcadenScience and Technology
for Development), were chosen as the alternatives to indivighnadrnment officials. The
S&T policy-making process in China is a collective decisiokinga process, which
involves not only the government officials but also the top nationarexm their research
fields. Prof. Guangnan Ni (FCAE Fellow of China Academy of Ergjing) in the Institute
of Computer Technology of CAS, is a participant who is fullyoived in all of the OSS
related policy-making processes. As a fellow academic ne&tsea Prof. Ni was happy to be
interviewed..

Regarding business sensitivity, establishing trust is giviemity in China (Fukuyama,
1995). Based on my experience, there are three steps to achisveTtre first step is
establishing contact via authentic conduits. Personal linksobiteuge importance for
generating contact and even further links via existing connedfi@arsy, 1995). Drawing
upon my supervisor’s private links, | established contact with G8RCIPC directly. With
the assistance of my supervisor, | obtained opportunities to cétedeflag via the ISCAS
(the largest shareholder of Red-Flag) and CASTED via theutesof Science, Technology

& Society, Tsinghua University. The second step is generdi@gnterviewee’s interest.
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Before entering field work in mid 2007, | completed several wgykpapers regarding
every aspect of Chinese Linux development based on literaturewreand previous
research. One paper has been published in an international conf@eoagct.al, 2007).
As a result, | was able to connect quickly with everyrinésvee and could even present my
papers to the interviewees, according to their expertise. mak fiut not least step was to
establish a rapport with interviewees (Peng, 1999). There ida@hohese saying:Learn

to be a right man before doing right thing order to achieve that, | shared not only my
Linux related knowledge which was mainly accumulated from Engjtestature, but also
the knowledge and experience beyond this research, such as pexpamance in Europe

and my hobbies, with interviewees.
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Chapter 4 The Qualitative Historical
Development of Red-Flag Embedded Linux

4.1 Introduction

This case opens the process of Chinese embedded Linux systenoewlthin the
context of China. The focus of the chapter is to understandtridteges employed by
Chinese embedded Linux technology supplier — Red-Flag, in order twitledhe tensions
between diverse user organisations’ requirements, the inteotioleveloping a generic
solution, and the sources of knowledge and skills for building ugeheric features of the
solution.

This chapter is organised according to the evolutional stafg&ed-Flag embedded
Linux. It begins by discussing the generation of the embedded produetrimaChina and
the technical differences between embedded computer systems nedil-geirpose
computer systems. The technical features of embedded computmsate the clue to
demonstrating the requirement of establishing close ties betveanbedded system
suppliers and their clients, which also is the basis for urathelisty the complex interplay
between suppliers and clients.

Sections 4.3 describes the emergence of Red-Flag and tlesteawblutional stage of
embedded Linux product: the pre-birth and emergence stage. In tlisthagevelopment
strategy adopted by Red-Flag catered to all the user requiterm whole Linux-based
solution design, in order to accumulate knowledge of user applisatiatifferent domains.
At technological level, supplier made the first attempt toectllgeneric features of
embedded Linux design and development, though this attempt was sedeaatblenlater.
As a result, the product strategy shifted from developing embdesidation to providing an
embedded Linux customising service and an EDK.

Section 4.4 elaborates the events that happened in the early develgpaye of
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Red-Flag embedded Linux, including the financial support from theeShi government
and a milestone project — design embedded Linux for SinoData SN-308fy Ietiles
terminal. In this stage, a shift on supplier’s developmentiegfyavas made from catering to
all user requirements to catering to the ‘generic’ user reauents on Linux. The latter is
characterised as the requirements which have market pbteatiéunctions can be applied
across the boundaries between different domains, as well as some updatedehar

Section 4.5 portrays the development process of Red-Flag embedded rithex i
growth and future stage, in which the supplier faced mamsides that forced supplier to
shift to new strategies on both customer management and product developmemagRed-F
this stage, divided customers into two categories: leading castand normal customers.
The former are the customers who wanted to work with suppliesgertd money on new
function development. The latter are the users who wanted to develop embedted byl
their own and were willing to spend limited money for their embéeqgufeject. In order to
match the needs of the latter customers, Red-Flag developneriogesolution —
‘DevsPartner’ which enables users to tailor embedded Linux basedinstream hardware
framework and functionalities, and also to develop generic applicattuth as video
playing, due-screen displaying, etc. If the knowledge and fund¢tiomplates in leading
users’ customised projects were seen to have a geneticefea potential market, they
would be uploaded to DevsPartner.

The chapter concludes with a summary and brief discussion in section 4.6

4.2 The General Background

4.2.1 The influence of government policy

The birth of the Chinese indigenous Linux occurred in a contexthich a large
potential market was constructed by the Chinese government.
The Chinese government showed great interest in Linux sinceve& afanthusiasm

swept across the world in 1998. The first government organisédageom Linux was held
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on 19 August 1998, with participants from the Ministry of Scier@ Bechnology, the
State Information Centre, CAS (Chinese Academy of Sciera®), some indigenous
software companies. It provided a formal place for actors ofrgment, academia and
industry to express their understanding on Linux and GPL (GeRetdic License). Six
months later, another official seminar named “Linux and China’swaaé industry

development” was organised by the Ministry of Science and TemfydParticipants from
industry and academia analysed the underlying negative impadtsheeats of market
dominance caused by foreign OS companies on China’s economy, technolbggres

industry and national information security. They further appealedetelap a Chinese
indigenous OS based on Linux. Linux hence was regarded as an aleeroaforeign

proprietary OS.

In the seminar on “China’s opportunities provided by Linux developmieelt in
April 1999, Mr. Guanhua Xu, the Vice-Minister of Ministry of Scienand Technology
announced that Linux-based indigenous OS was listed on the statersafevalopment
special plan. The first government official document on whichgembus Linux was listed
is “The Guide for Current Preferential Key Sectors oftHigch Industrialisation” issued
by The State Development Planning Commission and the Ministryedinblogy and
Science in July 1999.

“.....According to local and general specific situations, the govemm and
administrative departments at all levels shall support the Heggh Industrialisation projects
which were listed on the guide by the means of making pré&repolicy and
investment....... ”

Later on, the Ministry of Information Industry restated the goventisiestrong
supportive attitude to indigenous Linux development and deployment in twosetinéars
organised at the end of 1999 and 2000.

Due to the fact that the applied areas of Linux were gdyediVided into
embedded/micro computers and conventional computers (i.e. PC and), sE€iieese

policy documents stated explicitly on Linux OS for both types of comput€he Guide
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for Current Preferential Key Sectors of High-Tech IndaBiation” listed embedded OS, in
particular indigenous embedded Linux as a key sector among allet83&sswithin the
guide. By acknowledging the high coupling of embedded OS and specificdéatbe
product/equipment, the Chinese government also issued prefepatités for supporting
IC (Integrated Circuit) product design and manufacture. On 24th 2008, “Several
Incentives for the Development of the Software Industry andntigtry” (2000, No.18
Document) was promulgated by the State Council. Apart from theses on supporting
embedded Linux, several important issues associated with IC indiestelopment were
also identified in the No.18 Document. For instance, the actual sntaxnof the enterprise
which is engaged in IC design and manufacture would be reduced tooB8%47% by
means of a tax rebate and refund from 2000-2010. From the first ypeofitdbility, the
newly established IC enterprise would be exempt from incametthe first two years and
additionally be allowed a 50% reduction in the 3rd to 5th years dbcument also
suggested that government would support R&D activity of IC png&s through financial
subsidy. Another important issue was the high priority attribtdedomestic products in

government and state-owned enterprise procurement.

4.2.2 Technology specificities of computer systems

and their OS

In order to present the evolutional stories of Red-Flag embedohect bnd CS2C
platform Linux (as described in Chapter 5) explicitly, this sectis set to clarify the
technical differences between embedded computer systems anchtcmmalecomputer
systems, which helps to understand the design and implementatibeseftwo types of
Linux OS.

Early computers were expensive and used for numerical congoutadi large-scale
equipment since their invention in 1946. They were generally depositegbecial
computer rooms until the emergence of the microprocessor ih9fHgs. Microcomputers

with microprocessors then were rapidly applied to variodddfief life due to small size,
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low cost and dramatic rise in processing power and functign&iime microcomputers
were embedded within programmable controllers to implementutietions of intelligent
control. In contrast to traditional general-purpose computer systéweng, were called
embedded computer systems.

An embedded computer system is a special-purpose computer sysieatatkto one
or a few specific tasks. It is usually embedded as part ofiasddEmbedded systems span
all the aspects of modern life and are widely applied tdietss of manufacturing industry,
telecommunication systems, transportation systems,consumer elecétmnic

Both the hardware and software of embedded systems must be bptiesgned, in
order to avoid redundancy. The hardware configuration is subjetetpdrformance of
whole embedded system. Unlike the genera-purpose computer systdmightipeocessing
speed and power of the processor are not the principatdaicr embedded systems. The
power consumption, size, cost of an embedded processor and the reqgtsrefnspecific
applications must be also taken into account. An embedded systesnaby run with
limited computer hardware resources, for instance limited mgraorall or non-existent
keyboard and/or screen.

An embedded software system is generally burned into the maxhigryEven though
the processing speed of processor and memory volume are contniatiblated by
semiconductor technology development, the hardware resources laregstiied highly
scarce in most cases. Therefore the optimal embedded sydkerforchigh quality source
code because shorter code length of programmes leads to higher running speeds.

The technological requirements and technology development direstiembedded
computer systems are distinct from conventional general-purposgutamsystems. The
technological requirements of general-purpose computer systeroBaaeeterised by high
speed and high volume numerical computation, its technology directiateveloping
higher bus speed and larger storage volume. While the techrablogguirement of the
embedded computer system is the high intellectual control capatoilibbjectives, like

embedded equipments, its technology development direction is providingr reliability
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and performance.

In the literal sense, an embedded OS is an OS for an embedded arosytém with
dedicated and specific applications. General-purpose OS is dedmngéeneral-purpose
computers to implement multi tasks and cannot match the rigoomsgaints of embedded
system thanks to different technological requirements. The embe@®& must be
optimizing designed to seek an extremely compact size accotdinthe specific
applications and hardware framework of an embedded product/equipmenuskd for
programmable microcontrollers with limited system resoustethat its kernel is smaller
than general-purpose OS.

In contrast to general-purpose OS, some embedded OS also haueneeal-
performance constraint to meet. In the case of multiple teshkisedded computer systems
must guarantee the timeliness and validity of taskcaoraance with their implementing

priority. They require specialized scheduling algorithms aniinaptdevelopment of OS to
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respond to particular events.

4.3 The Pre-birth and Emergence of Red-Flag
Embedded Linux (1999-2001)

4.3.1 Red-Flag Software Co. Ltd

CAS is the core unit to building the Chinese indigenous computertigdbacing the
economic and technological blockades generated by Western counthesfirst 30 years
of the establishment of P.R. China (1949-1979), CAS developed indigenoymiteom
equipment and OS independently, and made significant contributions @hthese “Two

Bombs and One Satelliteproject and to the national economy. Due to the fact that the

® During 1964-1970, China successfully explodediriss atomic bomb, hydrogen bomb and launched first
satellite sequentially. ‘Two Bombs and One Satlfitoject is regarded as the core of cutting-exiience and
technology for national defence by China’s CommiuRerty Central Committee, which built China’s own
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Chinese market was almost monopolised by foreign OS productsGiiica’'s reform and
opening-up in 1979, the Institute of Software in CAS (ISCAS) hawducted further
research on OS, as well as participated in most domesticelatd research projects
founded by Chinese national and local R&D funds from the natié{aFite-Year Plan” to
“9™ Five-Year Plan” (1980-2000). In the 1990s, ISCAS developed lots oé-tmaje
application computer systems based on UNIX; additionally, it aeHiesuccesses in the
research on information security, parallel applications imildiged/clustering environment,
and embedded electronics and communications products by applying Linuxn@®tgwen
the research findings of Chinese character processing, inforregcurity and so on, the
ISCAS released Red-Flag Linux distribution in 1999.

Red-Flag Software Co. Ltd is a wholly independent commercialvad enterprise
with a strong government background. It was formally establigedSCAS and

NewMargin Venture Capital in June 2000. The CCIDVS (China r€efuor Information

scientific research capabilities. (http://www.cpicehorg/images/2010-09/26/content_11348027.htm)
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Industry Development Venture Capital) became the thirdesiodédter of Red-Flag in 2001.
Apart from ISCAS, the other two shareholders have an extrestetng government
background. The NewMargin Venture Capital represents theegtserof Shanghai
Municipal Government, the National Development and Reform Corunisand the
Ministry of Commerce. CCIDVC is a direct affiliate of ti@hina Centre for Information

Industry Development which is the commercial arm of the Ministry of in&bion Industry.

4.3.2 The background for birth of Red-Flag embedded

Linux

Potential market segments

“We believed that the embedded system would have broad market psasp€bina,
and Linux would be definitely suitable for an embedded system disete¢otinical features.
What's more, the high customisable nature of Linux makes it valoegl for embedded
systems than for other application fields.

e¥ipresident of Red-Flag

Early knob-based analogue control systems no longer matched the deofiathe

Chinese industrial control field. High system complexity andligént equipment required
more applications to be loaded and more peripherals to be connéstatie cost of
microprocessors and microcontrollers fell, the 3C (Computer, Goneation and
Consumer Goods) product developers in the consumer market, startbgbigm new
intelligent and numerical customer terminals which had therfesitof smaller size, easier
control and higher extendibility to various applications. An embedgestem with high
reliability and stability is the principle basis for abomeelligent control equipment as well
as consumer electronics and appliances. In contrast, the China’s PC and agtets were

almost dominated by a few foreign proprietary OS products; buenhizedded system
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market was rife with dozens of OS. In this respect, thereavggmod market opportunity for

Linux.

Technology accumulation

The accumulated technological experience in OS R&D is anatta@n reason for

Red-Flag developing embedded Linux. As the vice president of Red-Flag explained

“ISCAS provided a strong technology base for us. Drawing on the pasirales
findings of open application systems development, and the expef Chinese OS R&D,
we were able to conduct embedded Linux R&D easily and rapidly.

Linux is a monolithic kernel, where the modules of scheduling, file system, katgjor
memory management, device drivers and so forth are integra¢etlydirith the kernel and
run in kernel space. The monolithic kernel architecture ggamave system response time
and CPU utilisation rate due to the use of minimal time asduree for generating
communications between internal integrated components. Howeverrgjge daount of
code of monolithic kernel is not suitable for embedded systerichwiormally have small
memories and limited hardware resources. By contrast, micrékeraecomputer kernel
which provides the basic mechanisms needed for implementing ann®Ssoch as
scheduling, address space support and inter-process communication. Sipe oe
microkernel reduces the amount of code running in kernel spaaadeethe device drivers,
protocol stacks, file systems and user interface are oedt@n user space. Many engineers
believe that running application code in user space is morelecald easier to debug so
the development process is easier and the code is moreblporfehe microkernel
consequently is characterized by smaller size and is nuitabke for embedded systems
than a monolithic kernel. In the mid-1990s, before the establishofidRéd-Flag, ISCAS
conducted a series of research on modifying original Linux kemedhe microkernel
architecture, in order to make it suitable for embedded applications.

The embedded systems were initially applied in nationahdefand military fields in

China. ISCAS developed lots of embedded systems for militaryr@hec equipment, such
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as weapon control systems, radars, communication equipmemis|l @& aeronautics and
space equipment. Some of above military embedded systems we@ dasLinux.
Moreover, ISCAS also undertook basic research on embedded Linutefgutpose of
industrial control, although none of above products eventually enteredatiet due to
national security reasons, e.g. the national defence, tharcbsindings and experiences

are valuable for Red-Flag embedded Linux.

4.3.3 The emergence of Red-Flag embedded Linux

Along with the blooming of global Internet application at the endhef 1990s,
embedded systems were not confined to industrial control appficdbiut spread to
consumer electronics and portable devices. Owing to its loty together with the ability
to be modified easily, Linux became a major alternative t@tbprietary OS in the field of
embedded application.

Red-Flag made a detailed evaluation on popular embedded Linux produathy.init
There was a big technological gap between foreign supplretsRad-Flag. Purchasing
mature components and technologies was perceived as the most ecbsohtan for
Red-Flag due to the financial limitation and time pressure. Theagea in the embedded
department recalled,

“In order to bridge the technological gap, and save the costs of R&D amed ttie
strategy of our embedded OS was that we would not develop the shnm@agies which
have been available on the market

For reasons such as safety and usability, some embedded applibatienseal-time
computing requirements. Linux, however, is not a real-time OS althoughanredremely
rapid response time for many applications. Extending Linux to be aw&Sgiven top
priority in Red-Flag Embedded Linux development. There wexe tiypes of real-time
embedded Linux solutions: one was modifying the kernel directlyptther approach was
applying a third-party patch — a Loadable Kernel Module.

After a feasibility evaluation according to existing technalalgcapabilities of both

89



Red-Flag and ISCAS, Red-Flag estimated that the time tofynibxi original Linux kernel
to a real-time OS would take a minimum of 12 months. The delieéryRed-Flag
Embedded Linux would lag far behind the schedule, and the company woulchdoge
market opportunities. Red-Flag therefore, signed a six-yearacbnthere it obtained the
patents of a real-time Linux kernel and a real-time SB#ft(vare development kit) from
RedSonic, which is a real-time embedded Linux solution provider in the United.State

Early embedded systems were for industrial control or induatritamation purposes,
which have a simple or no user interactive interfacedevite. However, the GUI (graphic
use interface) and user operation content gradually became intpaganumerous
embedded systems have been employed on consumer electronics, sués gpdrEbnal
digital assistant), mp3 players, and smart phones. The X-Windgstens which is
normally adopted by general-purpose Linux to implement GUI and user-ggmnitol
functions, is unsuitable for embedded Linux on account of its ldrge Red-Flag thus
chose the MicroWindows as the windowing system for its embedded Linux.

The rise of the World Wide Web makes web browser an essewotiaponent for
user/network terminals. Red-Flag introduced ViewML to its embetideck at the end of
1999, which is an open source web browser for embedded Linux.

The Chinese character input from the numeric keypad was ama¥etechnological
challenge for Red-Flag. Unlike traditional QWERTY keyboard$h\26 English-character
keys, some mobile devices, such as most cell phones only have numericsk@yeaefore,
a Chinese input system which enables users to input Chihascters on number keys is
necessary. In 1999, Red-Flag established a technology alliatiteQaode Information
Technology Ltd., which is located in Hong Kong, to acquire the Q9 inmtiersly The Q9
input system complies with National Chinese Character &etdard GB18030-2000,
National Chinese Character Component Standard GB13000-1, and NatiomaseChi
Character Input Standard GB/T-18031-2000. It provides Pinyin input, striuttpra and
all other popular input methods in the Chinese speaking world for nukegpads.

Purchasing strategy accelerated the product delivery timd-FRg divided the
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potential market into two segments: industrial control field and consunudroglies market.
Red-Flag identified that the digital set-top-boxes and mobifeitails would be promising
in the consumer electronics market. Therefore Red-Flag Hadnits first version of an
embedded Linux solution for the digital set-top-boxes, PDAs and smart phones ve$pecti
based on its own assumptions regarding possible users andThgegirst version of
Red-Flag Embedded Linux which was delivered at the end of 1999 idclud®mpact

Linux kernel, LibC (C standard library), and various application software

4.3.4 Early generation (2000-2001)

Entering the embedded system market was not a smooth proc&edfétag since it
lacked detailed domain knowledge of potential customers and ersd-Asea special OS
serving one or more dedicated tasks, embedded OS cannot be desigeddally as
standard packages, but must be customised with regards tbcspser requirements and
working environment. Small size is normally a primary concermast applications so
modifying, tailoring and testing Linux kernel to fit user nee@se key steps for embedded
OS development.

The first version of embedded Linux developed by Red-Flag was ti@ea
conceptual product or internal prototype. The embedded OS is atwagked with specific
applications and hardware. Lack of direct user involvement waarrger for developing
Red-Flag embedded OS in the beginning.

At first, Red-Flag sought to explore customised contracts wigryeembedded
product and solution provider it could. This strategy was employevioreasons. Firstly,
Red-Flag could get close to the user organisations and thusstamdetheir requirements
and end-user experience. This enabled Red-Flag to compilelagcet of users’ needs and
accumulate development experience in accordance with thisogatal Secondly, the
embedded OS has a close relationship to hardware. The compitetsambly and debug
methods of embedded OS are subject to the hardware arcletelctusrder to enhance

embedded OS’s compatibility to hardware, a supplier must acthérspecification and
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technology index of the hardware. However, hardware providers alidyed their
customers to access this core technological information. rAsudt, theoretically, the more
contracts Red-Flag got, the more chance it obtained the tediradl knowledge of the
hardware. Furthermore, the desktop and server departments ofdgeddfe in the red at
that time since the foreign proprietary OS had dominatecliieese general-purpose OS
market. The embedded department had to desperately generateerdee company
survival.

Fortunately, the prominent reputation of ISCAS helped Red-Flagomexpharket
opportunities. In this stage, Red-Flag needed to develop its embeuhdedfiom scratch
based on different application requirements. Every contract wascgaie project: some
embedded Linux were developed for PDA, some were tailored forldigitéop-boxes, and
some for products. Diverse specific applications were &gesdcwith different hardware
architecture and devices, and therefore led to a big distinctiaeincomplexity of
embedded Linux. Peripheral requirements were also varied, fiamges the user input
devices ranged from QWERTY keyboard, numerical pad, remote control etc.

Unlike general-purpose OS, embedded OS cannot be delivered to users as &g&eneric
or be downloaded directly from the Internet. As a result, aesgbal reference site —
existing embedded product or equipment is a pivotal factor kmloeng market
opportunities for embedded OS suppliers. The early contracts hequkBI&y to build up

its product image and reputation.

Two Early Projects — T&W and Shengli Projects

The first customer who signed a contract with the Red-Fldipdded department was
Shenzhen T&W Electronics. T&W Electronics is a broadband texingiquipment supplier
in China. T&W Electronics intended to develop a new model of dligiatop-box, which
would not only have the traditional functionalities of audio artkeidecode, but also
provide a function of Internet access.

As recorded by Red-Flag, T&W Electronics initially requifRdd-Flag to provide a
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whole product solution which included both the embedded softwértan (i.e. Linux and
application software) and hardware structure design. With theewbaolution, T&W
Electronics was able to directly transfer the concephefliroadband digital set-top-box
into the product. As a software provider, Red-Flag, however, ethithat they had no
expertise or experience in hardware structure design. Afteries 0f negotiations, T&W
Electronics and Red-Flag reached a consensus that Red-Fladeoelpped a total system
solution for T&W Electronics because T&W Electronicsiheo capability in developing
embedded software.

Unlike the applications developed for PCs or servers, embeddedatippls employ a
unigue development mode called host/target approach. In this apprioacmpmlications
which were written on a PC or workstation were to be drelcan another computer. The
former computer system is the host, the latter where thegmoge ran is called the target.
If the host and target were two different types of machinespeaial compile approach
‘cross-compile’ would be called for. The reality is that masigrammes are developed on
an X86 architecture computer, while the target is normally non-s@ttecture. In order to
execute embedded software including OS and applications on targetw acompile
environment has to be set up on host and a correct compiler musetiedelccording to
the target hardware platform. Similarly, a debugger is éatanh the host. It can control the
execution of the programme on the remote system and retimdgemation of its
implementation over a serial port or network. Setting ug #mbedded application
development and running environment, as well as further completindetinggging and
testing tasks, required special and professional skills.

However, Red-Flag immediately found that porting its concegnoriedded Linux to
the set-top-box directly was an impossible mission. The featofethe conceptual
embedded Linux were rife with the supplier's own assumptions andlyt had basic
functionalities such as GUI, digital audio and video decode. Ashagdware structure was
employed and a new function of Internet access was introduced,cabhttie embedded

Linux had to be re-designed and re-tailored to match thefsppobduct. Three months
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later, a brand new Red-Flag embedded Linux-based solution was ekliterT&W
Electronics.

It is noteworthy that Red-Flag received strong technical suppmr  ISCAS in this
project, in particular the embedded applications development. ¥anpde, the EPG
(electronic program guide) which is a key component of usetrallimy system was
cultivated by the research staff of ISCAS. A microweb gewas introduced into the
software solution with which the end-users were able to adogN and Internet on GUI.
The design and development of EPG was organised as an acpdperi@and published in
the “Journal of Computer Science and Technolo@yugust, 2001) by the authors from
ISCAS.

Soon after, Red-Flag won another contract from Nanning Shenglinceci&
Technology. The situation faced by Red-Flag was the samp e iT&W Electronics
project. Red-Flag was asked to provide a whole softwardi@oléor a PDA product.
Because of the specific functions of business, entertainmedt vareless network
connection of this PDA, Red-Flag similarly was unable to ajiplgonceptual version of
PDA embedded Linux. Additionally, this project could not draw upon #eldpment
experience of the previous T&W project since these twiepi® were largely distinct in
hardware architecture and functionalities. Red-Flag, therefoae, to develop this
embedded Linux starting from scratch.

From the Shengli PDA project, Red-Flag was aware that moditainals require
better image quality than traditional embedded equipment in huamapeter interaction.
However, the existing windowing system that Red-Flag employedcroMindows was
unable to provide GUI with high image quality. This was perceiae a limitation to the
extendibility of Red-Flag embedded Linux. In order to increasesldping flexibility,
Red-Flag signed a cooperation agreement with Trolltech in July Zédlltech is a leading
cross-platform GUI system provider in Norway and its produ@t/Embedded provided
both a high quality GUI and a framework for graphic interfapplication development.

The cooperation between Red-Flag and Trolltech was restrictashlyoto the technology
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field, but also expanded into the business area. In accordancehwittgteement, firstly
these two companies would develop Red-Flag embedded Linux for mobileatsrand
other embedded equipment based on Qt/Embedded GUI system; secondiadqreduld
become the only business agent for Q/Embedded products in Chirdly tihie two
companies would establish a Qt/Embedded technique centre ia @hihRed-Flag would
provide technical support and training for Chinese users for using Qefhad.
Nevertheless, the size of Qt/Embedded is too big for some enbdddex
applications (varying from 700KB to 7MB according to the spec#pplication), in
particular when the function of Chinese character display andwgmitoaded. Against this
backdrop, it normally ran on high-end embedded products due to its higmsysource
consumption. To explore the low-end market, Red-Flag ported Mini@hith is one of
the earliest and most famous OSS in China, to its embedded Linbe game year. As a

LGPL licensed OSS controlled by a Chinese community, MiniGUI suppa@at®us
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Chinese character sets and popular Chinese character input medgiddly. MiniGUI is
suitable for the embedded equipment which had very limited hardesoerces and low
requirement in image quality because the size of MiniGUbrily around 500KB after

compiling.

SinoData Lottery Sales Terminal

Developing embedded Linux for SinoDatmttery sale terminal was a key project for
Red-Flag and generated a considerable amount of income (over £800l08@gase study
is mainly focused on SinoData SN-2000 and SN-3000 lottery sahéntds. This section
will describe the design process of the SN-2000 project andntBeactions between
Red-Flag and SinoData. The details of SN-3000 project will heedted in section 4.4. It

is also noteworthy that the feedback from SinoData and acctedulachnological

® SinoData is a lottery solution provider locatedity of Shenzhen, which currently occupies thgdat
share in China’s lottery solution market.
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experience had a profound impact on Red-Flag embedded Linux development.

Introduction to China’s welfare lottery industry

Along with the establishment of China’s Socialist Market Economy Systéima also
started to reform traditional central-controlled social amlf administration in the mid
1980s. The China Social Welfare Lottery Committee for RaiBungds and China National
Welfare Lottery Issuance and Administration Centre were botimdied in 1987. The
national welfare lottery market was divided according to tbeipcial administrative areas.
To regulate the local lottery issuance, the provincial Welfapttery Issuance and
Administration Centre was founded in every province, autonomous region and mliigicipa

The bloom of China’s lottery market was facilitated by pater, IT and network
technology development. In order to avoid lottery fraud, a computer edhaitery sales
system, consisting of a data centre and thousands of salesalstmias employed in 1995.
Technically, there were three evolutional stages of thigesysoffline, semi-hotline and
hotline.

Offline refers to the lack of network between the lottales terminals and the data
centre. The sales data of every terminal was sent to thecelatre by floppy disk or other
external storage devices daily, at the close of business.

Semi-hotline lottery sales system indicated a system ighnthie sales data of each
terminal can be uploaded to the data centre via a network. ldovkg data transmission is
not real-time, and is done after business hours every day. Conipatex offline system,
network replaces the movable and portable storage devicessérihotline system
provides more security than offline does.

The hotline lottery sales system is the most advancednsystevhich the terminals
and data centre are connected all the time. The data foy #ee@saction is sent to and
stored at the data centre, as well as feedback torthinte via a real-time mechanism. The
security risk is efficiently covered because no datastired on the local terminal.
Employing the hotline technology, the sales period of every draaxtended as long as

possible. Applying the hotline system consequently is seen awaheo significantly

97



increase sales because according to research conducted bilae National Welfare
Lottery Issuance and Administration Centre, the sales madheodaly when the lottery
takes place accounts for at least 50% of the total sales of ew®ry dr

The first hotline computer lottery sales system was impheaein Lotto. Lotto is the
most popular lottery product in the world, and was introduced by Shiawgiifare Lottery
Issuance and Administration Centre in 1999. The Lotto enables thaegaim select ‘n’
numbers from ‘m’ options actively. The new Lotto was acceptedChinese lottery
gamblers rapidly in 2000. Following the steps of Shanghan@aeasing number of similar

centres in other provinces decided to apply the hotline sales systsuiog local Lottos.

SinoData SN-2000 V2.0 project

As a special financial tool, welfare lottery is styctinder the control of the Chinese
government: its issuance and sale are exclusively contrbije@hina Welfare Lottery
Issuance and Administration Centre which is a public organisatithorgsed by the
Ministry of Civil Affairs. Instead of issuing to the wholeountry, as most European
countries do, the issuance and sale of Chinese welfare Istterganised in province-level
administrative divisions. Therefore, government procurement is the roeasure for
purchasing computer managed lottery sales systems. Governmemteprent is in line
with the ‘winner takes all’ principle, which means the whole tgtgales system in one area
including the data centre and sales terminals, is generally provided Eynone

Jiangshu Province Welfare Lottery Issuance and Administratiemr€ decided to
issue a Lotto named “Jiangshu Wave” and upgraded its commateaged lottery sales
system to the hotline system at the beginning of 2001. According tidtimg document,
the new sales terminals must meet three basic requireméntsupport Ethernet
communication; 2. have real-time processing capability; 3. ha@Jh (Graphic User
Interface).

SinoData SN-2000 lottery sales terminal, which was based on@#)$atched none
of the above basic requirements. Therefore SinoData had to devap sales terminal -

SN-2000 V2.0, in order to enter the bidding.
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Making comparisons among embedded Linux, Windows CE, embedded UNIX and
other OS, SinoData chose Red-Flag embedded Linux as the OS foI-2808 V2.0. In
contrast to the foreign proprietary OS, Red-Flag embeddadkltiad the lowest price for
not only the OS itself but also providing technical support dpplication software
development and hardware design. Government policy was anotken ffiea making this
decision. According to the No.18 Document mentioned in section 4.2.indlgenous
software products, in particular the OS, had top prioritygavernment procurement.
SinoData believed that employing an indigenous OS would helN#2080 V2.0 to win
the bidding.

Every province-level Welfare Lottery Issuance and AdminisinaCentre normally
develops several new lottery products for every year sontihedded Linux for SN-2000
V2.0 was required to design with high extendibility for fetapplications. The products,
even the same model of product developed for different provitoesome extent are
distinct. Take Lotto for example, Lotto in a given province negliigamblers to select 5
numbers from 15 options, while Lotto in another province may require/thatnbers are
selected from 36 options. SinoData thus expected that their SN-2D@0wWobuld be a
generic solution, instead designed only for “Jiangshu Wave” Lattthi$ respect, different
application software is able to be loaded on the same termiacakding to market
demands.

Comparing T&W Electronic and Nanning Shengli projects, a uniqserd the
SN-2000 V2.0 project is that SinoData only asked Red-Flag toafeeetbedded Linux for
its sales terminals. SinoData wanted to develop theyatigplication software by using its
own team because it is familiar with lottery domain knowledwkiatended to apply for a
software patent for its lottery application products. As th@nager of the Red-Flag
embedded department recalled:

“The lottery application software is the core competenc&inbData so that the
manager of it wanted to keep it as a trade secret. Therefore Sinoatieeckus to provide

an EDK (Embedded Development Kit) for its application developiment.
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Under the circumstances of selling different types of Iptiera rather short period of
time, real-time processing capability is necessary fass@rminals. The real-time Linux
kernel and a real-time SDK (Software Development Kit) bodghtn RedSonic, were
incorporated into the OS of SN-2000 V2.0 and a EDK (Embedded Develogfitgnt
provided to SinoData.

Red-Flag built the EDK based on the GNU toolchain that playeitabrele in the
development of applications for embedded systems. In computerestégnts, a toolchain
is a collection of computer programmes/tools for creating pragesfsoftware. A typical
toolchain consists of a text editor for editing source codensiter for translating source
code to machine executable programmes, and a debugger for sestinrdebugging the
programmes and source code. The EDK supplied by Red-Flag had twadcatai in
contrast to the original GNU toolchain. On the one hand, in ordedtmeehe complexity
in application development process, a simulator was develophdwhich the system
running environment in target computers can be simulated in hostsasaalththe
development stages are able to complete in hosts. On the ntinelr taking the
programmers’ habit into account, the interface and command ofcGmpiler of EDK are
analogous to Borland C++ compiler which is the most popular compidethe software
engineers would be familiar with Red-Flag’s EDK in a short time.

As well as providing the EDK to SinoData, Red-Flag wae aéxjuired to provide
service — technology support for application software developments@&hike was pivotal
for this project since it was the first time that SinoDapplied Linux. Red-Flag helped the
SinoData’s software engineers solve all the Linux relatethlems, and also offered two

EKD training programmes for them.

New product strategy

In early stage, the manager in the Red-Flag embedded depauimaenstood that it is
difficult to develop a generic solution for embedded systems beaduheir own unique

technical features. As a result, Red-Flag wanted to etgtia ‘generic project development
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method’ by drawing upon what had been learned from users and pastgragthe vice
president of Red-Flag explained:

“At the beginning, we thought that there may be a lot of similadtiesng different
embedded solutions, even though these embedded equipments are adoptederfieigs
or have distinct users and uses. For example, every solutioasstiee same Linux kernel
and file system; and some features and functions of solutions mayp@é#ied to a yes/no
choice, i.e. having a network feature or not, having user interactiamty having audio
function or not, having video function or not, having GUI or traditional THxtual User
Interface) etc. Once the above features and functions wengifidd, all solutions normally
go through the same process: tailoring Linux kernel, developingcapioin software, testing
and debugging:

Later, in particular after the SN-2000 V2.0 project, Red-Flag found ekiary
embedded system is a unique project. Even the tiny uniquenessmbadded system may
generate large differences during the design and development pocEsise GUI design
for example, GUI system was employed in light of the hardweseurce and customer
requirements in graphic quality. However, the technical fesitofra variety of GUI systems
are not the same. Although both MiniGUI and Qt/Embedded are GUI systems,dhmyliar
on distinct graphics engines. MiniGUI is based on SVGALib and LihG#&hile
Qt/Embedded is built on framebuffer. Employing MiniGUI or Qt/Embeddesubject to
the graphics engines supported by tailored Linux kernel becausertsugppdifferent
graphics engines required Linux kernel to be tailored imséndt way. To minimise the
kernel size, Red-Flag cut the redundant parts off from thenatiginux kernel on ‘trial and
error’. It was obvious that the GUI design would create high coditpléor embedded
solutions development. Moreover, there are over 100 types of @RUshipsets used for
embedded systems. Hardware architecture is another constraint tactailpile, and debug
Linux kernel. All these steps are distinct under differemtivare conditions. In theory,
there are thousands of ways to tailor Linux kernel under thetamaif two different GUI

systems and 100 CPU and chipset architectures. If other &i@die@vices and applications
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software were taken into account, the complexity of Linux kerngeldpment would
increase greatly.

In order to provide a sophisticated embedded system, Red-Flag adaimiliar with
the domain knowledge of various industries. However, learning domainléahgevfrom
customers is time and energy consuming because embedded equipmer¢rhapmied
widely in many fields and industries since the end of 1990s. RedHéd no means to
reach the customers in every industry, and also had no finaogipbrt to conduct such a
big market survey.

Maximising profit is another reason for Red-Flag changingtiginal market strategy
of providing an embedded system. After adopting a catching-ugegyrahere was no
obvious technical gap between Red-Flag and foreign embedded Linuxegusoirid2001.
The vice president of Red-Flag pointed out:

“Having the best human resource in software engineering and reseagelther with
purchasing and studying the most advanced embedded Linux technologies from
international outstanding companies, the Red-Flag embedded Linux can been degmrde
one of the most competitive products in the whole world.

The local customers in the fields of traditional electriggiliance manufacturing and
consumer electronics production generally lacked technologiqabdaly in embedded
system integration. They required Red-Flag to provide a whole embegskem instead of
only an embedded OS. However, the Chinese indigenous product gemezalfit low price
from the perspective of the Chinese customer so that the gfi€ed-Flag embedded
system is only one-fifth of the price of foreign products. Theae minimum profit in some
early contracts for Red-Flag because learning the domain kahgevlfom customers
accounted for two-thirds of project time and a large pathe cost. The costs of human
resource and the time consumed on embedded system design and deveiwpmeunth
less than those used in this learning process.

After the SN-2000 V2.0 project, Red-Flag perceived that the congieatggy should

be shifted in both technological level and product level. Theoflealtivating the “generic
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project development method” was abandoned because there is o wgfement it until

Red-Flag had a large development team and accumulated suffecipetience from
hundreds of projects. Learning from the SN-2000 V2.0 project, Redshlfigd its product
strategy from providing the embedded Linux-based solution to suppyimgedded Linux
and EDK. In mid 2001, Red-Flag launched ControlLinux and EDK 1.0. The fasreer
general term used for Red-Flag embedded Linux product, whichreéddoi be customised,
while the latter is based on the EDK developed for SinoData.RéweFlag EDK 1.0

provides a friendly platform with which the users are abledéwelop embedded
applications according to their actual requirements and knowledgs. few product

strategy meant that Red-Flag was thus freed the costs of studying domaiadgewl

4.4 Early Development Stage (2002-2005)

4.4.1 The recession of Linux industry

Red-Flag and the whole global Linux industry were experiencing antdouvfrom
2002 to 2004. Red-Flag’'s embedded department was the only profitablendeyarefore
2002. The staff in the embedded department accounted for two-thirtie staff of the
whole company in 2001. However, the size of the embedded departmeht capidensed
to two staff in 2002, as contracts had shrunk.

A representative contract at this stage is the Sansuhg§ SCH-i519 project. The
Samsung MITS SCH-i519 was a shining product in China, releasectab&d 2003. It was
the first smart phone based on Linux, supporting CDMA network amyiding
photographic function in China. In this project, Red-Flag did not lihet role of Linux
development, but provided technology support for Samsung in applicatice®plaent,
and further offered training programmes for other third-psofyware providers who were
willing to develop applications for SCH-i519. Red-Flag was eadgetake part in some
general embedded application software design and developmeimistéorce the games) on

account of the giant position of Samsung in the global mafisctecalled by the manager
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in the Red-Flag embedded department:

“Samsung is a world-class mobile phone provider so Red-Flag would defatitalst
attention from other embedded equipments manufacturers through lthlsocation. It was
a precious opportunity to build up our product image and reputation in tiedsed field.
Therefore we had to try our best to participate in this projectnewve embedded
applications software developmeént.

However, the SCH-i519 project didn't help the Red-Flag embedded aepanmuch
because the progress of Chinese infrastructure constructiofawhehind the embedded
intelligent terminals development at that time. In this stélge T&W broadband digital
set-top-box faced a vital problem, which was low connection rate.VOR (Video on
Demand) function required not only special video and audio computersebut also the
video and audio contents (such as classical music and moviex) stoithese servers. A
dilemma was that the broadband service providers could notl dffercost of servers and
contents unless more users bought these services; and the ladkootind audio content
was the main barrier for users purchasing these servicesheBgame token, sales of
Shengli PDA and Samsung MITS SCH-i519 were far lower than esghethe connection
fee at the beginning of wireless internet service was dpige, which directly led to low
sales of mobile terminals.

Simultaneously, most embedded product manufacturers were disposk/eiop
embedded systems themselves. Lower price was their primaiyati@i to deploy Linux.
The vice president of Red-Flag pointed out:

“Source code of original Linux and tailored embedded Linux is availais the
Internet freely, and source code of some embedded applications can beattwanéasily
as well. Therefore they believed that developing an embeddedhsyesh be done simply by
recruiting one or two software engineers to modify the available source’ code.

Furthermore, instead of cooperating with professional Linuxrgmses, small-sized
embedded product providers chose Linux workshops as their partneraoifshops are

normally established by full-time college students. Unlikendi, these workshops can
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utilise the equipment and computers in the university’s laboradod/in addition, have no
cost of company operations. Therefore the prices of their products amgetiefnuch lower
than branded products.

Although facing the downturn, Red-Flag did not stop its R&D reseamchmbedded
Linux and EDK. Their research focused mainly on improving thetmme performance of
Linux kernel and enhancing the technical competency of EDK. Collabgraith ISCAS,
Red-Flag succeeded in applying for around 4 million RMB (equal 6®,880) funding
from the government for its embedded technology R&D. The goverrmgnamis helped the
embedded department keep technology competency and product moving on, but more
importantly provided financial support for running the department during 2002-2003.

Both the top management of Red-Flag and the embedded departmerddotisg the
embedded contracts would come back in the future. The lack of qui@iigineers was an
important challenge faced by Chinese embedded products providetise vice president
of Red-Flag recalled:

“By our estimates, the number of Chinese engineers who had cagpmbéitnbedded
Linux and solution design was less than 500 in 2004.

Owing to the high complexity in embedded Linux kernel tailoring, thiéezided
product providers who tried to develop embedded Linux using their owneengifound
that time consumption and pecuniary costs were much higher thamd¢kemptions. They
therefore began to consider cooperating with third-party priofegsLinux enterprises,

such as Red-Flag.

4.4.2 Financial support from government

In the Chinese central government official document of “Thed&ubr Current
Preferential Key Sectors of High-Tech Industrialisation” &@mel No.18 Document, both
Linux and embedded system were listed as key fields whichstreragly supported by the
government. In order to reinforce policies specified in No. 18 Decwnthe State Council

promulgated “the Action Plan for the Rejuvenation of the Softwadastry (2002-2005)”
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(2002, No. 47 Document) to re-emphasise the priority of Linux and embeddethsps
Chinese software industry building.

Four government founded projects on embedded Linux research were kewlerta
collaboratively by ISCAS and Red-Flag. The first researciept was “The Development
Mode and Algorithm Research on Real-Time system” which isyapkoject sponsored by
National Natural Science Foundation of China (NFSC) under thet 8&896250-3. This
project made comparative research on popular real-time Linuxelserand further
improved real-time performance by modifying original Linux kerimela new way. The
researchers and engineers developed a new Linux kernel whighaisles for large-scale
real-time application through this project. From 2003-2004, ISCAS and Red-Flagdedce
in applying another two research projects: “Research on idHybask Scheduling
Mechanism in Real-Time Systems” and “An Investigation into the Opfliassit Scheduling
Feasibility Analysis and Software Implementation for ReatdiSystems”. They were
founded by 863 Programme (National High-Tech Research and Developareiof Ehina)
under Grant 2001AA113201 and NFSC under Grant 60373053 respectively fTes
projects focused on the algorithm of task scheduling for tremirostances when multi
real-time tasks, and/or real-time and non-real-time tasksxisted. Moreover, these two
research projects also looked into the way to modify Linux kemebyrder to realise the
new hybrid task scheduling mechanism. Soon after, the currenprdsilent of Red-Flag,
former Professor of Institute joined another 863 Programme smmhsmsearch
“Component-based Embedded OS and Development Environment” (Grant
2004AA172050). This research largely enhanced the portability of embediciexi and
therefore facilitated the application of embedded Linux systems indHesm

In China’s S&T research system, the research findings andtpajenerated from
government founded projects belong to the government agencies. inmfdeilitate the
research findings and patents entering into the market ragidlse tgovernment agencies
therefore normally commission the organisations who undertoogrtject to manage the

commercialisation of the research findings. As a result, tbeareh findings of the four
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projects mentioned above were acquired by Red-Flag directly, areused for enhancing

the firm’s technology competency.

4.4.3 SinoData SN-3000 lottery sales terminal

Background

The lottery industry in China is characterised by high iprefhich resulted in the
emergence of illegal lotteries. There are two types of illegariptillegal local government
lottery and private lottery. The former refers to theelgttwhich is issued and sold by local
government rather than the China Welfare Lottery Issuance anchthaiion Centre or its
affiliated branches. The latter is the lottery issued ardl mdately by an individual person
or organisation. In order to regulate the lottery market, Chiroesgral government
formulated administrative regulations and adopted measurasmgtsten the control of the
national lottery industry; additionally, they required every proe-level Welfare Lottery
Issuance and Administration Centre to develop more new lgiteducts in order to attract
gamblers.

In 2005, local Welfare Lottery Issuance and Administration Cestegted to develop
a new lottery — Keno. Keno is one of the popular lotteries in the globaylaterket, and is
normally sold in places of public entertainment, such as bars and quifes shops etc.
Keno's draw takes place frequently (minimum every threeitaes), and the prize of every
draw is small. The sales terminals for Keno normally have stratrmedia functions, for
example enabling the lottery gambler to watch cartoons and hesegapk music when the
draw takes place. But the multimedia function was not takenaictount in designing the
last version of Chinese sales terminals. Therefore, lots of locéM/¢lottery Issuance and
Administration Centres decided to purchase new lottery salemsdsm

SinoData was ranked the second largest lottery solution prani@®04. Its SN-2000
V2.0 terminal was seen as a successful product, which helpeB@&a win contracts in six

provinces, and over 18,000 terminals were sold. The high technology capability ofaged-Fl

107



and the good experience with the past cooperation were two keynsetimt SinoData

chose Red-Flag as a collaborator in its SN-3000 development.

The tensions between Red-Flag and its customers

The customers of Red-Flag embedded Linux were embedded systemstdmseg
and/or embedded solution providers. They always required high flexgoldyfunctionality
so that the specific local applications can be loadedyeddtdwever, embedded OS
providers generally concentrated on how to optimise and taitmngact Linux kernel
because their embedded Linux often faced conditions of limited beedwsources. The
manager in the embedded department of Red-Flag commented:

“In the stage of embedded solution design, the hardware is the téstt® be
considered in light of budget. The second step is designing the coriceptbedded
applications based on the local requirements of the system. Thetdgstis making a
decision about which OS should be selected. Hence, embedded OS provieleitydeave
little space to negotiate with their customers because the haedavat applications have
already been fixed by embedded product provitlers.

One of the tensions in SN-3000 stemmed from the realisation afatb@on playing
function. Considering the existing lottery sales terminalsk lat multimedia function,
playing cartoons became a principal requirement for the seegnal procurement. The
SN-3000 had to match this requirement as a basic function askeeBmoData would lose
the qualification to bid, which also meant Red-Flag would losedmnéract. However, the
procurement bidding document did not clearly define the termradaraplaying, such as
content, format, and display mode of cartoon.

SinoData decided to implement the cartoon playing function by emmgioylash
technology. Flash is a popular multimedia authoring tool withclwvithe designer and/or
developer is able to create multimedia documents, includingdhient of text, graphics,
audio, animation, video etc. Compared to traditional animation designegl aisjraphic

library of advance programming language (such as C++ angl, Jdaah animation offers
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better graphic quality and playing fluency. Furthermore, tghflanimation design requires
lesser computer skills, hence the learning curve for a beginrteoris s

The initial idea of SinoData was to integrate the operatiteyface/window of lottery
sales and the window for cartoon playing into one screen. These indows were
supposed to be easily switched by sales clerks. In accordanceivailba®&’s initial idea on
display requirements, Red-Flag perceived that an upgradingnhak lkernel from version
2.4 to 2.6 was necessary. Although the Linux kernel 2.6 was releabedesmnd of 2003 and
had already been applied to many platform Linux products, i.e. desktog Bnd server
Linux, the kernel of Red-Flag embedded Linux was still version 2.dusecit could match
all customers’ requirements before the SN-3000 project. Withathiel development of IT
technology and media technology, the Linux 2.4 kernel was too old tdlasdyymedia files.
The Video4Linux system in 2.6 kernel was modified and upgraded so ¢éhaewh kernel
would support the newest media file playing. Upgrading embedded Linux| kermiee
newest version was not a smooth job for Red-Flag. Its softersgmeers had to amend
previous methods in kernel tailoring and modify the EDK as wilte there was a range
of new mechanisms adopted in Linux 2.6 kernel.

After Red-Flag upgraded its Linux kernel, SinoData changedittaliidea because it
conducted a market survey. It found that operating lottery saleglayidg the cartoons of
the lottery draw on the same screen would lead to conflicubedhe lottery sales had to
be stopped whilst the cartoon played. The conflict was incompagibte would damage
lottery sales directly. Consequently, SinoData modified the haedggpecification of the
SN-3000 to have two independent screens: one for playing lottery aiviemations; the
other for lottery selling.

Dual-screen display was not an emerging technology; some dicpiaydesign and
manufacturing firms had succeeded in developing this technologyhfaoduvare design, i.e.
integrating two display units into one chip. However, implenmgntiual-screen display
from a software perspective was a challenge for Red-Flag. In tradi@afchitecture, the

interactive mode of computer and operator is based on a siagiens Additionally,
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traditional window systems were never concerned with grgirement of dual-screen
display. Another challenge was that the operator’s actions @n smeen must be caught
precisely otherwise operation distortion would be caused and furteak the whole
system down. As the manager in the embedded department of Red-Flag described:

“On our internal project estimation meeting, we perceived thatag a technical
challenge for us. There was no way to acquire existing technotogy dpen source
communities, and even to purchase solution from other software compdoresver, this
challenge had to be conquered in at most two months otherwise the pvbet for
SN-3000 would lagged behind the schedule so that SN-3000 would missethe &ttend
bidding”

In order to help SinoData win the procurement bid, Red-Flag madiecigion to
develop dual-screen display technology from a software pergpesten though the R&D
cost would significantly exceed the initial budget. Red-Healieved the benefits generated
from this technology development would be much more than the pecuniary cost.

“In our cooperation with SinoData, the R&D cost is met by SinoData.-BGER won
the procurement bid, SinoData would pay us in accordance with the aofaostallations.
Although the actual R&D investment would exceed the cost that &m@omised to pay
Red-Flag if we developed the technology for dual-screen displaystilventended to
develop this technology because we would be the first company toidoheoembedded
application field. Therefore, our reputation could be greatly enhanced. Wéevdsb this
technology could help us expand market opportunities because its applicauld be
ported to other embedded produtts.

The embedded engineers of Red-Flag spent five weeks developimydhsecreen
display technology. A mechanism named “device abstract inteateelayer” was inserted
between the display hardware driver and graphic engine. With mhechanism, the
dual-screen display function could be achieved on SN-3000.

The prototype of embedded Linux was delivered and ported to the hanolatioem

of SN-3000 in three months. Nevertheless, at the following testage, Red-Flag found
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that the CPU of the prototype SN-3000 was not able to accommabeéaseftware system.
The task of playing Flash cartoon took up to 72% CPU resource andpfiieation
programme for lottery selling consumed 17% so the CPU resoasesved as system
redundancy for coping with system emergency was not enough. Aslia ttes CPU was
always overloaded which caused the system to be down during thendgst. The most
direct and easiest solution to this problem suggestedebyHRag was to upgrade the CPU.
Understanding that this upgrading would generate additional cosENF@000 and lead to
a higher final price which was a barrier for the procurenigdf Red-Flag had two
suggestions for SinoData: either upgrading the CPU or abandolaisiy ¢artoons, instead
developing a cartoon programme by utilising C graphic libransifoData refused to
upgrade the CPU, the cartoon programme would enable SN-3000 to matcarttien
playing requirement in procurement documents, even though the graudlity and
flexibility of C cartoon programmes were not as good ashFRlaémation. Making a careful
comparison between the two solutions suggested by Red-Flag, &nebantually
substituted VIA PD 10000 CPU for the original one.

Soon after, a new function of SN-3000 was suggested by SinoData. &chtitat the
screen used for animation playing was suspended most of ticsudse the average
frequency of every draw is 10-12 times per hour. SinoData hopedhin SN-3000 could
play video advertisements in the spare time. This value-added functigessed a different
technical requirement for Red-Flag. As pointed out by the neainafjthe embedded
department of Red-Flag:

“Technically, the lottery draw animation is a Flash file devetopg SinoData or local
China Welfare Lottery Issuance and Administration Centre. But ilke férmat of
advertisements is video file. The implementation measure and &clogic behind them
are completely differerit.

Although SinoData acknowledged that VIA PD10000 CPU had poor video decoding
performance, they still required Red-Flag to realise this fmcfrom a software

perspective because SinoData were unwilling to upgrade @RW again. However,
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Red-Flag insisted that SinoData should upgrade the CPU to VINIGGh integrated a
MPEG2 hardware decoding system. Red-Flag claimed thdtattevare decoding system
would provide better video quality than any software decoding system would.

“We believed that there was a tendency in semi-conductor techrgegppment, for
the video and audio system to be integrated into CPU, in partitdatow-end CPU, like
the CPU for embedded systems. We are able to tailor our emtbkoide to be compatible
with a software decoding system, but this Linux kernel and tadhapproach will be
discarded in two years at most on account of rapid developmeseraf-conductor
technology. It is unworthy to be investing in this requirement from SindData.

-Manager of the embedded depatirRed-Flag

Due both to Red-Flag's solid position in the Chinese embeddedtindusd the
positive cooperation experience from SN-2000 V2.0, SinoData upgraded Bigifr@m
VIA PD10000 to VIA C3 again, as suggested by Red-Flag.

Another problem emerged as the MPEG2 hardware video decodingpfunétVIA
C3 had not been activated for Linux. Generally, there were twtigmuone was that VIA
develop a Linux patch for its C3 which enabled the Red-Flag Lininvtike the MPEG2
decoding system of the CPU; the other was that VIA prowddertical documentation and a
development kit to Red-Flag so that Red-Flag is able teadetthe decoding function. In
reality, however, VIA would help in adopting neither of above sohgibecause Red-Flag
IS not its customer. The requirements of Red-Flag arrivétAatinally through SinoData,
because SinoData is one of VIAs largest customers. Thasis the routine way that
Red-Flag connected to hardware providers in customised prdimigver, VIA is located
in Taiwan. There are differences between China’s and Taiwaeléectual property related
laws, therefore VIA did not want to provide detailed technmalduct documentation to
Red-Flag. As a result, Red-Flag supplied the embedded Linuxogedefor SN-3000 to

VIA, and the tasks of verification and activation were completed by VIA alone
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Managing the tensions

It took around eight months to design and develop an embedded Linux fdd0BN-3
The actual investment for customised service was about 194,000 (RMED00), which
exceeded the original fee paid by SinoData (SinoData paid 100,000(£ME00) and the
remaining was invested by Red-Flag). Four formal face-te-fereetings involving
Red-Flag and SinoData were held during these eight months, areinéné were sent and
received by the manager of the embedded department of Red-Flag.

In the SN-3000 project, Red-Flag perceived that like all thené€3ei indigenous
embedded system integrators and solution providers, SinoData hagrdiaslems which
resulted in low efficiency and slowed down progress in embedded Lewelapment. As
the manager of the embedded department of Red-Flag recalled:

“Weak project management capability and technology capability are tlaé vit
weaknesses of SinoData. These two problems not only damaged tlo¢ swbgdule, but

also led to various additional costs.
Weak project management capability

SinoData did not have a project management team, and thetafied efficient
inter-organisational communication and intra-organisational coorinatechanism. The
embedded department’'s manager of Red-Flag explained:

“All of the software engineers in Red-Flag have at leastat®’'s degree from ISCAS
which is the top software educational and research institut€hima. Except the top
management and financial department, all middle level manageatil atd department
managers are promoted from software engineers. Our developmemnegegand software
project management therefore is strictly according to thecgpla of software engineering.
From our viewpoint, the project management of SinoData was inschecause it didnt
even have a project management team. | had to always connethavi@TO of SinoData
directly because | could not find the right person to discussdétailed content of the

project’”
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The software department of SinoData had initially arrangedotmect with the
Red-Flag embedded department. Owing to the lack of softwareogewent technology
onffor Linux, all the problems arising during the testing prosessald be fed back to
Red-Flag immediately by the SinoData development team. Howeler,ptoblems
associated with hardware and devices were too complex to bed swleeely by the
communication between Red-Flag and SinoData’s software depérifiaée the hardware
compatibility, for example, small default components such as resstanccapacitance did
not weld onto the Chinese indigenous hardware and devices in ordeduoe cost.
Although these hardware and devices had passed strict tesBi@SnWindows and UNIX
running environments, they could often not run on Linux. The lack ahal default
component could lead to a loss of signal or cause problems in sjgudirenisation on
Linux. The best way to solve these problems was for SinolDataeplace these hardware
components. Nonetheless, the SinoData software department couttbrdibate with the
hardware department in solving this problem because they w#re same administrative
level. The manager of the embedded department of Red-Flag pointed out:

“The SinoData hardware department rebuked that the software departaenio
right to require them to replace the hardware. They furthainokéd that the hardware they
purchased had no problem so the software department and Red-Flagtowwiot up and
enhance the system compatibility.

This kind of internal conflict was reported to SinoData®O by Red-Flag because the
CTO have sufficient authority to coordinate both hardwaresaftsvare problems. In order
to make communication more efficient between Red-Flag and Sinod3ateell as organise
the project related departments more optimally, Red-Flag $frenggested SinoData set
up a project management team for SN-3000 project.

“The relationship between SinoData and us is co-dependence on SN-3000 @roject.
contract was not a one-off contract, instead it was a stratedatioaship. The profit
Red-Flag generated from the embedded Linux is subject to theasademt of the SN-3000

terminals. Thus we must help SinoData to enhance its project management teipabili
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-Manager of Red-Flag'vedded department

Weak technology capability

“Uncertainty generally resulted from incomplete evaluation on teahspecification.
However, in the stage of user requirement analysis, our customeraliprwasnt clear
about what kind of embedded OS they wanted, and they couldnt even defiembiezided
product clearly sometimes.

-Manager of Red-Flag'vedded department

SinoData had no staff to deal with the specific duty of uggrirement analysis. From
a supplier’s perspective, the user requirement document provided bystomer was quite
brief. The customers generally described the hardware platfodrthe function of its
embedded solution or product ambiguously because they did not know how tibedesc
these requirements from a technical perspective. TherdRwme;Flag had to provide a
technical consultant service which helped its customer toeréfie technical specificity of
embedded product.

In the SN-3000 project, playing animation is a necessary functi®8. (Fames per
second) is one of the most important indexes for animation and pldging, which is the
measurement of the frequency (rate) at which an imaging dewicduces unique
consecutive images. Nonetheless, SinoData did not state theeregui on FPS for
animation playing function because they did not know if FPS suéable for SN-3000.
This original function requirement proposed by Welfare lgttdssuance and
Administration Centre was forwarded to Red-Flag directhheuat any detailed technical
description. To tailor embedded Linux for SN-3000, Red-Flag must understandhthieaéc
index of all functions of the whole system, which SinoData shbel clear about. Thus,
Red-Flag helped SinoData to define the FPS of animation and simygestions in
animation design. For instance, there is a free version of Adiaisé player for Linux.
However, this free version Flash player is too old to plesy Flash files developed on a
newer version authoring tool. Red-Flag, therefore suggested SmdBsign and develop

the lottery draw animation on a lower version tool to avoid such problem.
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Red-Flag insisted that SinoData must upgrade the CPU fe30BN twice owing to
SinoData’s inaccurate evaluation on CPU processing capafitigy. CPU in prototype
SN-3000 is not able to accommodate the task of Flash animatgmglbecause it
consumes too much CPU resource. Later, SinoData proposed a newnfufctuimeo
playing for SN-3000. To acquire satisfactory video playing quaRisg-Flag persuaded
SinoData to upgrade the CPU again. As the manager in the embeduetindat of
Red-Flag recalled:

“Based on the contract, application software development and hardwarermplatfo
design are not our tasks. However, SinoData lacked related technologyilitgsabwe had
to provide such a consultancy service to them. There were martipadidiasks generated
for us when SinoData changed its ideas. Every time SinoData upgthde@PU for
SN-3000, we had to re-tailor, re-compile, and re-test the embedded dgoaxding to the
new CPU:

Apart from receiving direct technical support for applicasialevelopment, SinoData
also sent their applications development team to Red-Flag to spuymbedded
programming and multi-threaded programming during the SN-3000 project.

The SinoData SN-3000 lottery sales terminal won the governmenirproent bids in
12 province-level administrative areas, such as Jiangshu, Shandaogjnbi Hainan,
Tianjin and Shenzhen. Furthermore, the SN-3000 was exported to some SoAsiaa
countries. According to the statistical data of China’s lptiedustry, SinoData was ranked
as the largest lottery solution provider in China from 2006th\Whe successful sales
achievement, Red-Flag eventually generated over 1 million REMBO0,000) profit on
SinoData’s SN-3000 project. This project was regarded as & foadduilding Red-Flag’s
potent reputation in embedded field. Red-Flag became the langkgénous embedded
Linux provider soon after. Technically, cultivating embedded LinuxSiHr3000 not only
helped Red-Flag to boost technical accumulation and technology athemicéut also

enabled SinoData to innovate new applications, and further created new v&ueioata.
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4.5 Growth and Future (2006-onwards)

4.5.1 The bottlenecks

In 2006, the top management of Red-Flag recognised that there eszeals
bottlenecks slowing down the embedded department development. Ceheresident of
Red-Flag indicated:

“After cooperating with SinoData in the SN-3000 project, we staiereview the
development history of our embedded department and its produbts lzdinning of 2006.
Several obstacles for he embedded department future's developareritientified. These

technical and commercial obstacles originated for both us and the externaltriarke

Technology upgrade

The first bottleneck is that the Red-Flag embedded Linux hggdagince the Linux
2.6 kernel was released at the end of 2003. The kernel tailoringyatainsdeveloping
experience of Red-Flag was mainly based on the previous Linux 2él.kRed-Flag had
tried to adopt a new kernel to develop their embedded Linux in the SN-3000 prajedér
to fit MEPG2 playing requirements. However, Red-Flag's exgstexperience only
addressed the video playing section. There were still manymeghanisms that were
introduced into the 2.6 kernel. A new modular mechanism enables etalyiligras every
component of kernel has been defined independently so that componentsreatifigel or
deleted separately, without affecting others. Apart from rtieification on the video
playing mechanism mentioned previously, a new ALSA (advanced Linux sound craiete
mechanism offers better audio playing performance for the 2.@&lkéfarthermore, new
kernel provides better compatibility with hardware and deyigegarticular the newly
released products like storage media with larger size, 6€BW, USB 2.0 transport
protocol and so forth.

Since employing a new scheduling algorithm, the response time &f tas
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implementation in Linux 2.6 kernel has been remarkably reducedisimespect, the new
kernel, therefore, is treated as a real-time OS kernehdoektent that it fits into the
real-time constraints of all civilian applications withouatyahird-party patch or additional
modifications on kernel. On account of this new feature, Red-Flag did not plaena ¢xé

contract with RedSonic regarding the patent of real-time Linepneéd technology and
real-time SDK, which were bought by Red-Flag in 2001, in order tedgrthe real-time
deficiency of previous Linux 2.4 kernel.

As a result, Red-Flag perceived that the Linux 2.6 should beduded to its
embedded Linux in order to keep its leading technology capability inaGheémbedded
industry and save costs on buying patent as well. The new ReefRlzgrdded Linux had
better compatibility, real-time performance and multimediacfions. However, it was
obvious that Red-Flag still had to conduct research on Linux 2.6 kiermelvance, and
subsequently modified its EDK to fit the new mechanisms mux.i2.6 kernel. It was not a
smooth process. As the manager of the embedded department of Red-Hed:recal

“Making a decision to upgrade the kernel of our embedded Linux is ivgoiesBut
the implementation process is time and energy consuming. What édneess the
additional financial support and human resource since my departmeiitstap ongoing

projecs.”

Human resource

There is a uniqgue phenomenon in Red-Flag, which is that every prodejpartment
has two development teams. One team consists of full-timg sthile another is a
temporary development team comprising of the researchers andrapdgate students of
ISCAS. The embedded department has five staff, among themetierseftware engineers.
ISCAS has a special embedded computing laboratory with seesegrchers and students
to help Red-Flag.

However, a dilemma emerged: there was a lack of human resmusxplore more

market opportunities. On the one hand, more and more embedded solution pra¥ider
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had attempted to develop embedded Linux by themselves or by cooperdtingimix
workshops, began to actively explore cooperation possibilities véthFrag, as Red-Flag
gradually built its reputation in China’s embedded industry. Mostthese solution
providers’ previous R&D projects were not successful becamdedded OS development
requires specific professional skills, but there was mdegsional training programme on
embedded Linux technology in China. The Linux workshops, which werblisbtd by
full-time college students, normally dissolved with the studgmégluation. That is to say,
the after sale service cannot be guaranteed. On the other haral, tlncChinese
government gradually adopted more measures to support indigenousfidm various
aspects, rather than focusing mainly on Linux R&D, the direchéiiah support for Linux
R&D was reduced significantly from 2006. Red-Flag was awareréuatiiting employees
to enlarge its development team could generate heavy findmaidens in the future.
Moreover, the size of the temporary development team is subjdwe number of research
projects and students of ISCAS so it would not be enlarged significantly.

It is common sense that the more projects the embedded depantmientook, the
more profit they made. Nevertheless, lack of human resourcedefastely a barrier
limiting the embedded department in project acquisition. Red-flagys had to make a
necessary trade-off between the number of on-going customigedtgrand the capability

of conducting projects.

Additional costs

In customised embedded projects, the customers’ requirementsalbenarre too
vague for Red-Flag to understand easily. The reason is that custicherot clearly know
what kind of embedded system they required. Therefore Red-Flagalhporstarted the
project by providing technical consultancy services from wilehcustomers are able to
make out their exact requirements from a technical perspeeind Red-Flag is able to
ascertain the necessary information. Playing a role of damsdervice provider, Red-Flag

proposed suggestions on both hardware selection and application eafavatopment. In
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addition, these customers’ requirements were not consistent. @ust@ivays like to

change their requirements according to new market surveys.midyishappen before or
during the design and development process, and even during the systiam stage. All

these consultancy service and requirements changes resulted itionaticcosts for

Red-Flag. The manager of the embedded department of Red-Flag claimed:

“In most embedded projects, we are OS provider, technical lcamisservice provider,
and project management leader. All the services are free except OS dewtldenkeave to
understand the detailed requirements from our customers becthes®S is unable to
develop without this necessary information. The project managenoferthe whole
embedded solution should be the task of our customers. If our custoaee clear their
own requirements at the beginning, and had sufficient capability in rrapaige whole
project, at least half of the time and pecuniary costs could be saeethéréfore would

have time to take more projects and generate more ptofits.

Developing technology and experience accumulation

Red-Flag employed two distinct product strategies for thebeelsled Linux at the
stage of pre-birth and emergence, and the stage of early deesloprapectively. At the
beginning, Red-Flag provided the whole embedded system solutionts foustomers,
which included embedded Linux and embedded applications. But Red-Flag found that every
embedded solution has its specific application context so Miaely to study domain
knowledge from customers. In order to save time and energy, RgdsWwitched to a new
strategy of providing customised embedded Linux and an EDK. The &f2Kled the
customers to develop embedded applications based on their rezptiseand domain
knowledge.

Both earlier strategies of Red-Flag were characterisediftpmisation. Pivotal factors
for customised projects are developing experience, and technologagbility
accumulation. The accumulated experience and technology contributdly goesards

subsequent projects. However, as Almeida and Kogut (1999) sutjgesist experience
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and technological knowledge was difficult to codify, being taditiyd by participants in
project development.

Red-Flag noticed that such experience and capabilities whiohmste from past
projects cannot be cumulated and materialized efficiently lsecatithe high mobility of
software engineers. The vice president of Red-Flag pointed out:

“Our junior software engineers are likely to move to foreigitvsare companies after
participating in two or three projects, since those companies witee attractive salaries
and better positions. As a result, the experience and knowledge datedniitom past
projects would be lost as experienced engineers leave. The humtai flighit became an

obstacle for the development of every product departrhent

4.5.2 A solution: generic embedded Linux developing

toolkit

All of the four bottlenecks mentioned previously stemmed ftioenearlier embedded
product strategies of Red-Flag, when providing customised prodastsreated as the only
business for the embedded department. The embedded department thus $tankeat the
possibility of developing a generic Linux solution. As the mandgethe embedded
department of Red-Flag recalled:

“The turnover and net profit of our department sustained a higledee rate every
year. The ratio of net income per employee of our departmeanked top place in the
whole company. However, | realised that our turnover and profit woulqungb rapidly
with the limited resources, unless there is a generic aerfgir distribution in the software
market place.

Later, in a feasibility report of generic embedded Linux-basddtion, the manager
wrote down the following text:

“From 2000-2005, our customers were embedded solution providers. Thexpares
and have sufficient professional domain knowledge of their own industiey like to

develop applications by themselves since the IP (IntellectogleRty) issue has been paid
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more and more attention in China. However, our customers were umabtevelop
embedded Linux for their solutions because they lacked knowledge indrahitecture
and related Linux technology. Therefore, they needed specialiseamisesd service from
us’

Based on this detailed feasibility report, Red-Flag repostiioit® place in the
embedded market as a service provider rather than a sofpmaweler in 2005. The
embedded department abstracted the Linux kernel tailoring methodxardence from
past projects and blended them into a generic tool kit namedsEartner’, with which
every customer is able to tailor Linux kernel, develop embeddedx, and develop
embedded applications according to the specification of the custoendoedded solution.
DevsPartner is seen as a saviour for solving the shortdgen@n resources in customised
project development. In addition, there are many small embeddechatenivith limited
budget in the market. Red-Flag had to ignore these small {xapethe past because they
could not generate profit for Red-Flag. The emergence of DewePavould help Red-Flag
to enter this market niche. DevsPartner has two main fusctionux auto-generating, and

the provision of IDE (Integrated Development Environment).

The function of Linux auto-generating

Embedded Linux development not only requires expertise in softwdneolegy, but
also involves professional hardware knowledge. Unlike the compatdware for PC or
server, the hardware adopted in embedded equipment is geneesdigned for
special-purpose and employed in specific areas. The embedded sistelmpers must
clearly understand all the parameters of the hardware betmysare required to set up the
file system and tune the parameters manually in most casesxBmple, embedded
product normally has special display hardware and peripheralsdé@\edoper therefore
must set up the display resolution ratio and refresh rate nhanimal linking the
specifications of the display peripheral. Any error may dantagehardware directly. In

addition, the OS for general-purpose can be developed as arptatftependent system
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which could support nearly all mainstream CPUs. However, fiestand numbers of CPU
which are applied in embedded equipment are far more than the &lepted in PCs and
servers, so there is no mainstream CPU for the embedded prgdabttype of CPU has a
unique instruction set, which makes them incompatible with each. dthe developer
therefore is required to consider the CPU platform in embedd®ax development.
Concerning the IP issue, not all hardware manufacturers suppdiledettechnical
information in the manuals. Where technical information or thenméa acquire it is
lacking, the development experience is indispensable.

In contrast to the proprietary OS, one of the advantages of Lisusnabling
third-party developers to tailor and modify its kernel and compsndiit there is no
authoritative document and validation tool to explain the intersuigdslity and relativity
between the components of kernel so the trial and error methbd isnly way to start
tailoring and modifying, although this method consumes much time angyehreorder to
develop compact Linux kernel for the embedded system, the libréniek are unrelated to
the functions would be removed from the kernel. However, this work has to be implémente
gradually: the library is removed one by one, and each stephaustlowed by stability
testing. The reason is that the tacit logic relations existed atheripraries: some libraries
must be retained since they are tacitly linked to the riggawhich are necessary for
functions. In this situation, the developers’ experience is importantlas we

Understanding the technical logic and index is the basis ifouxLtailoring and
developing and Red-Flag extracted this knowledge from its ragtcts. Except for the
hardware platform’s specific requirements, Red-Flag found the¢ tive similar functions
between previous projects although their customers have comedfsparate industries.
Red-Flag believed that there is a trend whereby future embedalgucis would have more
and more similar functions. In the SN-3000 project, the functibdsia-screen display and
video advertisement playing are able to easily port to andhks terminal. In fact,
Red-Flag has already ported these functions to POS (PoinSal¥) terminals in

convenience stores. In the past, the embedded solution providéesl ltheir products to
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basic functions for the reason of cost control. For example, thesbbk product had the
basic functions of video signal controlling and decoding, as welinsacting with
end-user by remote control, in contrast with the sales termihahwonly requires the
function of sales data processing. Along with the developmentwipater hardware
technology and semi-conductor technology, today's embedded CPUs havel sgnes
more process capability than the CPUs in the past, integiate and more functions on a
single chip, and provide support for more devices and peripherals. Acbtrge resulting
from technology advances is that the price of CPU and stonagé has plummeted. In
this respect, the embedded solution providers noticed that troalugis must integrate
value-added functions and provide wide extendibility in order teivaiin fierce market
competition.

Technically, the development processes of every customised erdbpduject of
Red-Flag are the same: analysing the whole embedded sysbem hfardware and
application software perspectives, designing OS (Linux), and a@wgl testing
programmes to test the response time and system resource.elopiley DevsPartner,
Red-Flag firstly re-composed the development process intaadepieces; secondly, it
categorised these pieces according to two conditions of harglasficrm and functionality
requirement; and finally, it assigned the testing programme for @osgible combination.

In order to enable junior developers to complete the processnoédeled Linux
tailoring, developing, compiling and finally testing, Red-Flag glesdl a ‘Linux OS
auto-generating wizard’ based on a graphic window interface. Tdreréwo sub-menus
grouped in the main menu in accordance with the two conditions of harémwdrsystem
function. In the sub-menu of the hardware platform, the developerabdeeto select
different options according to the CPU, mainboard chip set,ajigf@vice, network device
and other hardware or devices of the embedded product. Whileoihearsub-menu of
function definition, options such as animation playing, video and audimglayc can be
chosen in light of the functionality and software featurethefembedded product. After

receiving the auto-generated instruction from the developdrjnax-based software
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solution will be generated as expected.

The function of providing IDE (Integrated Developme  nt

Environment)

The Red-Flag EDK 1.0 is a set of tools used for embedded appisaevelopment.
On the basis of EDK 1.0, Red-Flag developed the function of providhg for its
DevsPartner. Since Red-Flag made a decision to stop purcliasingal-time Linux patent
from RedSonic, the mechanism for real-time realisation it BDD is modified on the
grounds of new Linux 2.6 kernel. However, the purpose for developing?@emer is not
for providing a new EDK, but to supply a tool with which the custenage able to deal
with all the processes of embedded applications development, @aiigut or with little
technical support from Red-Flag. The function of providing IDE las hew features,
shown as follow:

1. Supplying a means of establishing customisable cross-compitivigonment for
embedded application development. The differences between varitis &d hardware
architectures have been taken into account. Thus this featurdesrthle users of
DevsPartner to establish a reliable cross-compiling phatieasily by just clicking mouse
buttons under the step-by-step instructions. Developers can alsot/@rport existed
cross-compiling environments between different computer machines.

2. Providing separated wizards for various embedded applicatiortopgment, such
as for the development of graphic interface, hardware drased library. Programme
templates (source code of some applications) are supplieglaswhich are abstracted
from past development experience accumulated in the whole embeddetindapalhe
aim of this feature is to save on cost and energy for applicationodenasit.

3. Providing a strong support environment. DevsPartner integravédfacompile and
test libraries with high use frequency in embedded system dewethbpithese libraries
normally are employed in the processes of compiling and testindet@iled technical

documentation is prepared for developers as well.
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4. Supplying testing environments not only for embedded applicatiensséives, but
also for the whole embedded system. The process of establshesiing environment
generally is done manually so it requires sophisticatdls.skhere are three steps: the first
is to write a piece of programme named ‘boot loader’ to endigetarget machine to
self-boot; the second step is to set up a communication module witlh il host
computer is able to connect to the target the machine thrBtigernet or serial line; the
final step is to upload testing and debugging tools to target neaétaim the host. These
steps usually take a couple of days to be completed. Furtlerimothe case of the
embedded product which applies to automation controlling, there is naydfgpktion and
screen; the developers are required to write additional progearto control the
communication mechanism for the breaking testing programme axiéhdethe error
information back to the host as a series of numbers. Therefoderstanding this
information requires adequate development experience.

With DevsPartner, the developers do not need to set up a testimgnment manually,
but simply connect the host machine and target computer bynEther serial line. A
testing channel will be invoked and the pre-installed testinig todl be uploaded to the
target machine automatically according to the previouscgehs of developers. All the
numerical error information will be fed back to the host,chiéal with corresponding text

explanations.

4.5.3 A new market and product strategy

Market strategy

Red-Flag DevsPartner 1.0 was delivered to the market &etfianing of 2007. It was
regarded as a leading innovation in China’s embedded industry andepmd a new
business model for Red-Flag since it is able to be sold on fhwas® market without
contradicting GPL license. As the vice president of Red-Flag indicated:

“DevsPartner is not purely an embedded OS, instead it is agraméel platform for
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Linux-based embedded system development. We have the IP on Linux atatiegeand
IDE although a Linux kernel is supplied as part of DevsPartner. Ttrereve are able to
generate profit from selling the license of DevsPartner. -Rad also provides
corresponding professional training for our DevsPartner custorhers.

With DevsPartner, Red-Flag’s embedded department started to dividastomers
into two categories: leading customers and normal customerdoither are the embedded
product providers who have a leading position in the market sohéamnbrmally have a
stable turnover. The leading customers have both plenty of domairedumy and strong
commercial and technological capabilities. In this respectr thading position always
pushes them to explore new market opportunities by proposing new coacdptieas of
applications. Red-Flag is required to provide customised cesr\itechnical consultant
service, customised embedded Linux and Linux technical support} feading customers
because their projects are generally both large-scale arel. yem the perspective of
Red-Flag, establishing long-term cooperative relations withrigaclistomers is necessary.
On the one hand, providing customised service is the best way dopioiit; on the other
hand, developing customised projects for leading customers misffigient conduit to
gaining knowledge and accumulating technology. The normal custoefergo the small
and medium sized embedded product providers. Their projects araljeseall-scale
with limited budget. The strategy of Red-Flag is that it helpsmal customers to build

sufficient technological capabilities to utilise DevsPartner, by iofjeraining programmes.

Product strategy of DevsPartner

Red-Flag adopted a special product strategy for DevsParther.mBnager in the
embedded department of Red-Flag explained:

“In order to comply with market strategy, our product stratky DevsPartner is that
we only support the mainstream hardware and functions we selectesiigomiarised from
past projects.

There are thousands of hardware and devices which availal@mbzdded equipment
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and products. For Red-Flag, it is too costly to support all the lamedand devices, so the
supporting list of DevsPartner only covers the mainstream haedmaich must be easily
purchased in the domestic market. On the other hand, neatheatustomers have their
particular requirements for the functionality. It is also ingiole to fulfil all these local
requirements through DevsPartner. Furthermore, in order to kegmterm cooperation
with leading customers, Red-Flag believed that the hardwatdumction supporting list
should not be actively expanded otherwise some leading customersingialti develop
embedded system using DevsPartner.

In case hardware and function requirements of normal customersicarin the
supporting list of DevsPartner, Red-Flag would persuade them tgyehheir original
designs to comply with what DevsPartner provided. As the mariagdre embedded
department of Red-Flag pointed out:

“For example, some small- and medium-sized embedded product providdes! to
apply some vintage hardware components in their products due to finaociatraint.
However, compatibility with old hardware is a significant probl@amLinux because the
downward compatible issue is ignored by the international Linux conynuvhich
controlled the development direction of Linux kernel. Sometiméseiten impossible to
help our customers to solve this kind of problem by modifiadxLkernel because the
necessary technical information of the vintage hardware is ngeloavailable. Therefore,
we will advise them to adopt the hardware which DevsPartner supgorted.

However, this strategy does not mean that Red-Flag would nodnea the
functionality of DevsPartner. On the contrary, Red-Flag hgh hegard for cooperation
with leading customers. Leading customers are always witbndevelop new industrial
applications or deploy new designs on hardware platforms. Dueitdghding position in
the industry, the normal customers will generally follow ttstéps. Once a hardware or
function is perceived as a promising design and can be accepiedasstream industrial

application, it would be integrated into the DevsPartner.
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4.6 Summary

In this chapter, we presented the historical development oFRgdembedded Linux
which was divided into three stages: pre-birth and birth seayéy development stage, and
growth and future stage. Red-Flag adopted a different strategy for ageh st

In first stage, Red-Flag focused on customised embedded Linux-balsgihnso
provision. This strategy was adopted because their clierkedagufficient technological
capabilities to develop embedded systems. The benefits of offemgdded solutions
were significant. On the one hand, Red-Flag could acquire detailesird&nowledge from
its clients, which also helped it to accumulate developingresqee for further innovation
in embedded Linux. And on the other hand, early customised preyectesimportant for
establishing an industrial reputation.

Simultaneously, Red-Fag had intentions to build a ‘generic’ wayder to develop
embedded Linux-based solution by drawing upon the past development experience.
However, such a generic way of development proven to be infedsibl® the diversity of
user requirements, particular applications and various harde@rgonents which are
closely associated with Linux developing.

In the second stage, Red-Flag switched its strategy frorelafgng embedded
solutions to providing embedded Linux and EDK. The process of dolieahd learning
domain knowledge of customers was regarded as too costly for |&gpdd€cause it had
been time and energy consuming. With more successful projectl&edame to be in a
more powerful position to negotiate with the clients from tbain technical perspectives.
Once the particular user requirements on functionalities cdwezae framework were
regarded that they could be applied across the boundaries betmbedded products or
application areas, Red-Flag would develop them.

In the last stage, Red-Flag developed a generic embedded sigstelmpment suite
DevsPartner, with which the users are able to tailor its Liaod applications. The
customers of Red-Flag, therefore, were divided into two groomsnal customers and

leading customers. The former are the target users\efH2etner. The latter play a leading
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role in its industry and generally have capabilities in comdgdhnovative R&D in new
application and functionality. Red-Flag hoped to establish close tinksading customers
and provide customised projects so that the developing experieseg dia selective new
functionalities could become new elements for DevsPartner further tnmava

The government actions were crucial during the first and sestaggks. Firstly, the
central government encouraged ISCAS to establish a commexcidl - Red-Flag.
Secondly, the government financed plenty of research projmcenfbedded Linux R&D.
Thirdly, the government explored a large potential market dmbedded Linux by
promoting Chinese IC industry development.

The support from academic entitySCAS was another critical factor for Red-Flag
embedded Linux development and innovation. The institute not only alloedd-Rg to
utilise research findings and results from previous researjecs, but also provided

human resource to support Red-flag conducting customised projects.
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Chapter 5 The Qualitative Historical

Development of CS2C Linux Distributions

5.1 Introduction

Designing and developing an OS for a general-purpose computemsigstiargely
different with embedded OS. The general-purpose OS is supposedpplize in various
fields with complementary application software. In this resphet platform Linux was
treated as an infrastructural software for the informamisaf the whole Chinese society by
Chinese policy-makers. In contrast to embedded Linux, the adaptati@spraficplatform
Linux would face more challenges in practice, such as the ddnifipawith third party
complementary application software, end-user lock-in effect etc.

Chapter 5 seeks to explore the local adaptation process ofyfotensferred
general-purpose OSChinese platform Linux supplied by CS2C, and investigate the
historical events that happened in the evolutional process.clifger demonstrates how
CS2C managed to deal with local specific requirement and baitrigel inux solutions for
various user groups.

Guided by BoA concepts, this chapter is organised in accordaritéheibiographical
history of CS2C platform Linux. Section 5.2 introduces the gérsekground of the
platform Linux supplier and the emergence of CS2C (CS&S) phatfdnux. In the birth
stage, CS&S developed their early platform Linux productsdbasea foreign transferred
Linux - Red Hat Linux 7.2. The development strategy is focusing on thegalosnt local
user requirement enhancing the Chinese language performance, in order to ebntiveat
language barrier for Chinese users.

Section 5.3 presents the development story of CS2C platform Linukeimext
biographical stage early development stage. In this stage, government users b#wame

first user group for CS2C platform Linux. By obtaining feedback frasers, CS&S
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categorised users into two groups: desktop users and server ugetlevElbpment strategy
adopted by CS&S accommodates particular local user requirgmémt instance,
developing desktop Linux according to some features of MS-Window, as well aspirgel
DWDAS solution with which government server users are ablotstruct websites for
e-government projects.

Section 5.4 describes the development process of CS2C platformihigtmwth and
future stage. As more user groups participated in platform Lingigmiethe supplier
designed generic platform Linux solutions for different user growjk particular
requirements respectively. The development strategy employ&@EB¢ is ‘Standard and
Variants’ in this stage. This strategy is applied to botlktdpsand server Linux: supplier
developed standard versions of both types of Linux as generic Gl tbe personal and
organisational users in the mass market. Furthermore, CS@Calsloped some variant
version solutions which included both Linux and application modulesgecific user
groups, in order to deal with the diversity of the user groups’ work and usegsact

The chapter concludes with a summary and brief discussion in section 5.5

5.2 The Pre-birth and Emergence of CS2C Linux
(1999-2001)

5.2.1 The general background

The history of CS&S in OS development

As the earliest Chinese enterprise engaging in OS development, CS&$ [Gtional
Computer Software& Technology Service Corporation) has beeressful in developing
China’s first generation of self-controlled secure OS, nathedCOSIX 1.X series during
China’s “8" Five-Year Plan” (1990-1995).

Being aware that Brazil has developed a self-owned OS in 198%ijnPZeng, the

vice minister of Ministry of the Mechanical and Electroimdustry and the director of State
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Planning Commission, organised several official seminarardey the necessity and
possibility of developing an independent intellectual property @8. participants reached
a consensus that China should develop an indigenous OS due to the reufsirem
national information security and also for computer industry developri@erefore, the
Ministry of Mechanical and Electronic Industry launched a UMBsed OS development
project financed by Electronic Industry Development Fund. China Cemg@chnical
Service Corporation and China Software Technique Corporation (theofporations who
merged as CS&S in 1990), the key holding enterprises of Ministriylathanical and
Electronic Industry, undertook COSIX OS development projects. Tearsylater, the
project was listed as a key project in th& F8ve-Year Plan”.

The State Planning Commission, which is the administratjea@ for compiling and
auditing the State Five-Year Plan, adopted a flexibleegtyabn the intellectual property of
software during the development stage. In order to achieve indepémeé#actual property,
the initial development strategy of COSIX complied with inteomatl standards, but
developed an OS separately with existing counterparts. Usudr a strategy, although
CS&S had purchased the source code of UNIX System 5 Releasen4AT&T, the
developers and engineers were forbidden to access the sourcducodethe design and
coding process. COSIX 1.0 was delivered in 1993 and passed the goveewvaleation
organised by the Ministry of Electronic Industry (split offrfr Ministry of Mechanical and
Electronic Industry in 1993) and CAS (Chinese Academy of Sciehlmyever, repetitive
development of matured technology is inevitable because the wfsuedependent
intellectual property was heavily stressed. Furthermore, IXO80 had serious
compatibility problems because it had been developed within an isetatednment.

In the second stage, the State Planning Commission switch&iXCd&velopment
strategy from the whole independent intellectual properfpdasing on local application,
such as the application of Chinese character, security, harddapgability, and so forth. A
forking of COSIX products emerged in 1995: COSIX 1.1 was the ssmce$ COSIX 1.0

that focused mainly on Chinese applications, such as a simplifiete$e character set
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standard, Chinese character card and corresponding Chinese itippdsn€0OSIX 2.0 was

a completely new OS development based on freeBSD. Although COSIX 1.1 and COSIX 2.0
were considered as great successes in the technical realdware adaptability still had

fatal limitations with the rapidly developing computer hardwiadkustry. As a result, the
expectation of commercialising COSIX 1.1 and COSIX 2.0 was not realised.

The commercialisation of COSIX series OS was thus given progrity in the
following “9™ Five-Year Plan” which was started in 1996. The State Planrimgn@ssion
granted a two-year key project named ‘indigenous open systétware platform” to
continue supporting COSIX development. The following COSIX 1.3 andIX@3 made
significant progress on Chinese GUI and hardware adaptabili§&SQGf&gan to explore
pushing their COSIX products onto the domestic market, which \gastla first market
promotion behaviour for indigenous OS in China. Software compatjthibbyever, arose as
a new obstacle for the application of COSIX. Without sufficiasérs, the application
software providers were reluctant to provide technical sigpo€OSIX. As the former
vice president of CS&S and current president of CS2C reflected:

“COSIX series products were designed and developed for server applicatithrat see
had tried to seek cooperation with Oracle, one of the largest databéseae providers in
the world. But Oracle expressed that they had no interest in XCO$ to its limited market
potential. ”

Finally, COSIX OS were applied by only a few industry applicetjdor example, in
the telecommunication sector, iron and steel industry, and militecisidn systems, as
these users were giants in China’s domestic market and rioag) hough commercial or

technical capability to solve software compatibility and hardwdaptability issues.

COSIX business of CS&S in transition

CS&S was established in 1990 by the merging of China Computer Taetlarvice
Corporation, with China Software Technique Corporation. Being a whabdte-owned

high-tech software company, CS&S operated under the directrdbguleof the State

134



Ministry of Mechanical and Electronic Industry and later, in 1993, Mimistry of
Electronic Industry.

On 14 November 1993, the third plenary session of the 14th CPC (Comairtjsof
China) Central Committee issued “Decision of the Central Céi@endf the Communist
Party of China on Some Issues Concerning the Establishment @ottialist Market
Economy”. The transformation of state-owned enterprises’ operateapanisms and the
establishment of modern enterprise systems were identifiechgmtant conditions for
building a socialist market economic structure. CS&S waglliagea pioneer enterprise for
this reform. Seventeen business divisions were graduallyicasted as Limited Liability
Companies until 1997. With the restructuring of Chinese central mgoest and the
dismissal of Ministry of Electronic Industry, CS&S becambatding enterprise of China
Electronics Corporation (CEC) which was constructed by skegaterprises affiliated with
Ministry of Electronic Industry in 1989.

In 1998, the “8 Five-Year Plan” discontinued support and funding of COSIX series
OS development. Prior to this, all the OS related projectsriatk@® by the division of
foundation software in CS&S were initiated and financially suggotty government
agencies. These projects excluded commercialisation ancttingrkdealing only with the
technical issues. In this respect, CS&S was more like a lsgsmesearch institute than a
commercial organisation. With the reform of state-owned entegri€S&S became a
wholly independently operated commercial software enterprise althdtugvas still
state-owned. The market issue was therefore soon put ondhdaagrhe former general
manager of the division of foundation software in CS&S and oupeesident of CS2C
recalled:

“Indeed, the development of an OS is a technical challenge, but tipettom from the
foreign software giants in the market was much more difficultus since we had less
experience in OS commercialisation because our past efforts were nessfutt

From lessons learned from the commercialisation of the CO3%in the “§'

Five-Year Plan”, the division of foundation software realised slgport from hardware
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and complementary application software providers was esseotiadnf OS. However,
China’s computer and software industries were in the stag-staghat time so both the
hardware and software markets were mainly dominated by foreigpanies before 2000.
To explore market opportunity, CS&S decided to adopt an open attitude dmgnfor
counterparts. A new policy in indigenous OS development was imgofreign
technologies and then building own self-dependent products based on thenmeWw
COSIX OS would be divided into COSIX 64 and COSIX Linux, developedigh-end
industrial users and for SMEs and personal users, respectively.

CS&S signed a cooperative contract with Compaq. According to theacgnEompaq
would open the Kernel and key technologies of their 64-bit @&164 UNIX to CS&S.
Based on support from Compaq, CS&S was able to develop COSIX 64 agcoodi
Chinese domestic hardware and software source, as well ggjthieements of local users.
The features of COSIX 64 were inherited from Tru64 UNIX, whisdant that over 5600
complementary software applications for Tru64 UNIX could be portestity to COSIX
64. As an OS developed for industrial application, COSIX 64 igydedi for the Alpha
computer, which is good for high performance and scientific computationg with the
performance of X86 architecture computers improving dramatidiiéy,share of Alpha
computers in the high-end computer market has been completptyreth by X86
computers in recent years. Although COSIX 64 was not a suok€Sf CS&S gained
fresh knowledge in user requirement analysis, project marsageiguality management,

and market promotion from this cooperation with Compag.

5.2.2 The emergence of COSIX Linux

The birth of COSIX Linux OS

As the largest state-owned software enterprise, CS&S Hiadrslations with several
agencies of both Chinese central and local government. Thesengewtragencies are

administrative departments of CS&S, from when the company refofmadcial sponsors
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for research projects, and in particular the customers of CEE8.S attended all the
seminars mentioned in section 1.1 of this chapter as the repteseiof China’s software
industry. It acutely grasped that indigenous Linux would be supportedglstrby the
Chinese government. Therefore, if CS&S decided to develop indigémouws, it would
easily obtain a variety of support due to its state ownerstuipast cooperation experience
with government agencies. Moreover, government policies would aerehuge potential
market, in particular the government procurement market for Chinese Linuglir€htor of
division of foundation software in CS&S and current president of CS2Catedic

“Unlike all the OS developed by us before, Linux is a “regéneral-purpose OS
because it is able to be ported to most of the mainstream hardvwzdnigeatures, but not for
specific computers architectures, like COSIX 64 for Alpha computgr The international
Linux communities moreover, would provide endless technical supports™for us

CS&S released COSIX Linux 1.0 on the basis of Red Hat Linux 7ZBdeptember
1999. It can be seen as the Chinese version of Red Hat Linux 7.2 for the reason thgt the onl
differences were in the application of Chinese charact&a.d the division of foundation
software in CS&S and current product manager of CS2C recalled:

“We wrapped a Chinese application layer to the Red Hat Linuxwhi;h included a
simplified Chinese user interface, Chinese input method andspameing font library. The
development of COSIX Linux 1.0, in fact is a rebranding process of Red Hat Linux 7.2.”

The Linux kernel and components were developed by western prograname
hackers so that they didn't originally support Chinese disptayagplications. The foreign
Linux distribution providers did not have the capability to develoamé€se Linux as well.
Accordingly, Chinese application is a natural market nicinedomestic Linux suppliers.
CS&S bought the Intelligent ABC Chinese input method from Beijfaggning Chinese
Information Processing Ltd, which is a very powerful and popafautimethod in China. It
has been integrated within MS Windows, IBM AIX, and Apple M& &3 a basic Chinese
input method so that most Chinese computer users are famillamiélligent ABC. In the

meantime, CS&S signed a contract with Founder Electronics tonoatdhorisation for
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employing its Chinese font within COSIX Linux 1.0. Founder Electronics is the tops&hi
font libraries provider in China and its products have been pibkedainstream Chinese
word processing software, including the Microsoft Office Produgtisiiite.

In line with the initial product strategy of COSIX Linux, ‘to toa the requirements of
all kinds of users’, CS&S designed and developed COSIX Linux lasga omnipotent
aggregation of various functions so that it could be utilise@rimompassing a variety of
industrial and PC users. CS&S believed that Linux on the one handdgmomost
convenience to users: for example, a user option for a computer iwlaohnected to the
Internet to switch its role from server to PC easily withiie need to re-install a desktop
OS, and vice versa. On the other hand, only one R&D team and cusenviee team were

required, reducing costs.
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The development strategy of COSIX Linux

Chinese application was the essential task for all domigsticx providers. A fierce
debate soon arose regarding two technical measures forngdhisi Chinese application.
One of the technical measures is called plug-in ‘Chinesigatibhe idea behind it is to
construct a Chinese platform through a kernel-independent plug-in prograrith which
users can read and input Chinese characters. The other meakeneelsChinesisation,
which modified the Linux kernel directly and loaded Chinese fontrijfli@the kernel. The
former is considered an orthodox way to realise Chinese appficsihce several Chinese
plug-in platforms have been popular solutions for MS-Windows, UNIX atariSdefore
Linux introduction to China in 1998. The latter is a novel approachchieve Chinese

application with open Linux kernel.

" This word is created and accepted by the Chineféeare industry, which refers to the way to impéarh
Chinese application in foreign software.
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CS&S adopted a traditional plug-in Chinesisation mechanism in @@8I1X Linux
1.0 because they thought that modifying the kernel may generapgadive effect on
system stability. However, unlike those OS with matured (iké MS-Windows), lots of
Linux operations must be done on console interface (command lineagerA problem
for COSIX Linux 1.0 is that the performance of a Chinese piugrogramme on console
interface was not good as it was on GUI. As a result, CS&fptad kernel Chinesisation
measures to their COSIX Linux 2.0 which was introduced to the markkine 2000. A
so-called Unicon mechanism was integrated to the 2.0 versiochwitludes a kernel
patch used for loading a Chinese font module to kernel. With bnite kernel could
support double-byte character sets so that the East Asian ehsyamich as Chinese,
Japanese, and Korean, can be displayed and inputted on the consoleinterfac

Owing to historical and regional reasons, Chinese has more thaiodingstandard.
These standards are normally incompatible with each other. FRonpéx, Traditional
Chinese character (BIG5 character set) cannot be displayeecttpron a Simplified
Chinese (GBK character set) OS. An improvement of COSIX Linux &¥idged support to
both GBK and BIG5 by a character code converter.

COSIX Linux 3.0 was delivered in 2001. Apart from integrating the Be} Linux
kernel, CS&S continued to enhance the performance of Chinebeaipp. COSIX Linux
3.0 provided Chinese descriptions for all system tools (commamdspnsole interface,
which enabled users to understand the way to manipulate the sysfetine parameters to

configure the system.

5.3 Early Development Stage (2002-2005)

Animated with an enthusiastic ‘open’ spirit, like other Chinlgiseix providers, CS&S
distributed their install disk of COSIX Linux for free. As the former manayg the division
of foundation software in CS&S and current president of CS2C explained:

“At that time, all the Chinese Linux providers seemed nevérawe taken revenue and

profit into account. We drew upon all the public channels to distributeLowrx product
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without any charge. For instance, we patrticipated at most of Linux and opmesvents in
China, which were extremely popular from 1999 to 2000. The more ofraw install disk we
sent out at Linux events, the more successful we felt. Isgbatrthe Linux business in China
should not be evaluated by profit at that crazy time.”

However, after the collapse of NASDAQ and the Internet bulil®000, most
Chinese Linux suppliers, including Blue-Point which was listed &&DNAQ, announced
quitting the Linux related business. A reality recognised by tineiving Chinese Linux
companies was that Linux is a business for them and they mustagemeofit from
developing Linux to sustain company operations.

Even though CS&S greatly enhanced the Chinese performanceifc€@®IX Linux
distributions, these three early versions of COSIX Linux cdh Isti seen as Chinese
versions of Red Hat Linux 7.2. CS&S did understand that getting d¢msend-users,
studying their requirements, and improving their products based okntvdedge from
end-users is the most important conduit to further developing tEXCLinux. But there
was no real end-user in China because Chinese users hathdlemhin foreign OS. The
former manager of division of foundation software in CS&S amdeat president of CS2C
recalled:

“From a perspective of marketing, CS&S spent most of time digtrdpiinux install
disk but did not track the users who were willing to sample Lexealised very late that the
some of the distributed Linux disks were never installed, lmnditinstallation rate of Linux
for the rest of the disks was extremely high, so we lostpgpertunity to cultivate the user
market.”

Studying and imitating international Linux distributions was thegarded as an
efficient way for COSIX Linux development. Although COSIX Linuxtdisutions were
developed based on Red Hat Linux, CS&S still kept downloading angisartplother
Linux distributions from the Internet, because every Linux disiobutas its own features
and development strategies from the perspectives of both technitapplication issues,

e.g. some stressed security features, some focused on usatilisgrae emphasised server
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performance. A former staff member in division of foundation samftwin CS&S and
current product manager of CS2C indicated:

“The development strategy of Linux kernel and components was ¢temtaold decided
by international communities. Additionally, the foreign Linux pradgearticipated actively
in the communities, and their products had more end-users than ours.r lapiion,
international mainstream Linux distribution represented the newest ateshtechnical and
application issues. We downloaded the newest versions Linux, read the handimobks,
analysed newly-added features. In order to understand the user expepanceyvelopers
furthermore acted as users by installing and operating those Linux distribttions

Understanding that domestic users and foreign users wstnectlin their user habits,
levels of computer skills and attitude to open source, CS&S introduced COS8IX fitistly
to their staff, and then to university students through campus etgver, these users
were either IT specialists or students in engineering sgbjedto were greatly different
from end-users in the mass market with less IT skillsré&fbee, their feedback was not
what CS&S desired. COSIX Linux 1.0 - 3.0 can be seen as expeinmatucts from
today’s viewpoint because the gulf between local end-user arIXCOnux are still
distant. This situation did not change until the Sailing Projgddch was initiated and
founded by the Beijing government. It was the first time CS&% ¢ose to user

organisations and systematically studied the requirements of ergliishe mass market.

5.3.1 The Sailing Project

Beijing government procurement on indigenous Linux

On 24 June 2000, “Several Incentives for the Development of thee®e Industry
and IC Industry” (the No.18 Document) was promulgated by the &atencil. Two
important issues identified in the No. 18 Document relabe@Hhinese indigenous Linux.
One was the document reaffirmed that state funds for science and ogghwolld support

the R&D activity of key software technology. The indigenous §M8h as Chinese Linux,
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was included on the list. The government procurement measureamghber issue.
Indigenous software should have priority in government procurementt \fielg had the
same price/performance ratio to foreign counterparts.

A dilemma was faced by indigenous Linux at that time: on thehanel the supplier
could not improve the Linux product without users and their feedlmackhe other hand,
the current indigenous Linux would not have real users without imprave The
government procurement policy was seen as the only remegbntrate a user market at
that time. As the Deputy Head of Beijing Science & Technology Commissiorepgant:

“Government procurement policy shows the governments detelioningo support
indigenous Linux for both Chinese software enterprises and users.”

The People’s Government of the Beijing Municipality was thest fiChinese
government agency to add indigenous Linux to their procuremerdt lttie end of 2001.
Initially, the indigenous software encompassing Linux and ofifige ®nly accounted for a
small part of their procurement plan: most of the softwaoelymts for procurement were
from Microsoft.

In the first round of negotiation, Microsoft expressed cleardy they wanted to sell
MS-Windows XP OS bound with MS-Office suite, otherwise thelsimgice of the OS
would be quite high. In order to prevent piracy, MS-Windows XPtbdxt activated on the
Internet and Microsoft had a set of mechanisms to monitor amputer that installed
Windows XP. According to the security feature of the governmanariet, the Beijing
government proposed that they wanted to buy MS-Windows 2000 instehé okwest
introduced MS-Windows XP OS because they believed that onlineagmtivmight
generate security risks. In the second round of negotiation, Mftienied the proposal of
the Beijing government. Microsoft only agreed to sell MS-Winslo{#? to the customer, as
well as the online activation measure, and price was not abgotiAs the Deputy Head of
Beijing Science & Technology Commission recalled:

“The lower price is one of the reasons that we bought indigenous.Lifinux has no

licence fee so its price is much lower than proprietary OS. Anothsomethat we decided to
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abandon Microsoft’s products was their arrogance, which was dengadtheir monopoly in
China’s software market. ”

Finally, all Microsoft’s products were excluded from this promeat and all software
purchased by the Beijing government was indigenous Linux and offitee 8801 copies
of Linux were bought on 2Becember 2001, among them were 1,401 copies of COSIX

Linux.

The Sailing Project

The users in the Beijing government complained that there bigr gaps between
indigenous Linux and MS-Windows in usability and functionality. As the director gihBei
Software Industry Productivity Centre recalled:

“The users in Beijing government are not PC specialists or Linux enthusiasysyiant
an easy-to-use OS like MS-Windows.”

Therefore, Beijing Software Industry Productivity Centre, whiclansaffiliation of
Beijing Science & Technology Commission, approved and launchefaiting Project on
18January 2001. The goals of this project were to solve the uggtiiblem for Linux
products purchased by the Beijing government, and further promotdaptation of Linux
in office applications. This project also had strong support fromstfiniof Information
Industry, Ministry of Science and Technology, and the State Council Inforn@tiice.

Over half of the purchased Linux was COSIX Linux, so CS€£5 one of the most
important participants among 18 organisations within the SaMimject. The two main
tasks of CS&S were simplifying the Linux installation procasd improving its usability,

as well as solving the document printing problem.
Simplifying Linux installation and improving usability

The installation of MS-Windows series products is just aenait clicking a mouse
for users. The system installation is completed in a graplEdaete by mouse control. The

hardware installation and configuration is set aside untilr d&ftie OS installation is
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completed. To the user familiar with the MS-Windows instaltaprocess, the installation
of COSIX Linux is much more complex and requires users to msgpéisticated IT skills.
The installation of COSIX Linux was carried out in command-limerface, and hardware
installation and configuration had to be done during the installatmreps. Therefore the
user was asked to input commands by typing the keyboard to pespeific installation
tasks and hardware installation. A former staff member indikision of foundation
software in CS&S and current product manager of CS2C pointed out:

“Like its predecessor — Red Hat 7.2 Linux, the COSIX Linux has 14igteyssallation
and each step requires users to type commands from the keyboarderiamd, some
operations for installation are very strange to Chinese usel® w&re familiar with
MS-Windows. Take hard disk partition task for example, Chinese nsemally want to
format the specific partition where Linux is installed, and keep the datiaoiher partitions.
However, the default for Linux formatting function is to format all the disk partitions.”

CS&S finally realised that most Chinese users abandoned befoxe the installation
was completed. It therefore made great efforts to simgiéylLtinux installation. The new
system installation task for COSIX Linux employed a visuapyic interface, and every
installation step had detailed Chinese descriptions and instracffhe main tasks to users
during system installation were hard disk partition and network configuratioreghef the
tasks could be done automatically with default setting. Theweae installation and
configuration was removed from the system installation protedkis respect, the COSIX
Linux installation was seen to be as easy as MS-Windows.

MS-Windows series OS products are compatible with nearihalpopular hardware
devices. They are able to identify the model of specifidware automatically, as well as
provide instruction to users so that they are able to instatidirect drivers. The hardware
installation and subsequent configuration tasks requires dsg lar even no, IT expertise.
The user just has to select the “NEXT” button by clickingrtimaise. In contrast, installing
hardware in Linux environment is extremely difficult. Due to thek of a hardware

identification tool, the user has to clearly understand the &k specification of the
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hardware before installing the drivers. The user is then reqtaredit text files and type
commands in a console interface in order to complete the dnstadlation. To implement
and optimise the hardware performance, the subsequent task wasrgaconfiguration.
The configuration tools in traditional Linux are not collected &zo&kit and can also only
be implemented on a command-line interface. To a user in the makst with less IT
skills, configuring COSIX Linux is very hard.

CS&S developed a control panel, which is a big tool-kit integyénardware detector
and system configuration tools based on a graphical interfake.iff@rnet configuration
for example, with a graphical network management tool, not only isstieable to obtain
the general information for driver installation, but also taelitional operation of typing
English configuration commands is transferred to a GUI based impesat that it can be
completed by clicking the mouse, as in MS-Windows. The Linux usercugxperience
the convenience which was only provided by MS-Windows in the past.

Being aware that the main tasks of users in Beijingegament were office affaires,
and knowing that users were hoping that the COSIX Linux would hmoied and
modified according to MS-Windows system operation style, CS&S imsprahe file
explorer components. The new graphic interface based file exptm@gnised and loaded
Windows partitions automatically, provided file and print sharinth womputers installed
with MS-Windows in the network neighbour, and provided a “My Fitdtiér to store files

etc.

Document printing

MS-Windows series OS products integrated a powerful printer geament system.
The printing function is assimilated into a GDI (Graphic Revinterface) module so that
the information regarding the printer can be obtained by invoking ther@biile.

Linux is a UNIX-like OS so its printing system was origethfrom UNIX. However,
a standard printing API was lacking from UNIX systemsg¢sidifferent UNIX had unique
printing systems for historical reasons. Each UNIX systharefore required specific

printer drivers. This is why lots of printer providers stoppesieloping drivers for UNIX
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systems. Similarly, the UNIX’s deficiencies regardintaek of standard printing APl and
printer drivers were inherited to Linux.

Text file printing, in particular public document printing, waseoof the most
important requirements for government users. The official documentfier eublishing or
internal exchange purposes has a rigid format. In contrast t@viM&ws, the document
format controlling function of Linux is weaker; hence the forraatl layout of printed
document are different to what the user sees on sahd&t's more, the printer configuration
task is too intricate to be completed bysophisticated users. In order to solve this inbuilt
problem, “improving printing management and configuration” was listedaakey
sub-project of the Sailing Project.

The difficulty of printer configuration was greatly reduced by introducingaadware
detector, and substituting a graphical based printer confignréol for the previous
command-line tool. To solve the problem of the printing effect, the printegrdsvegarded
as a pivotal. However, Chinese printer providers, such as L€gENDVO) and Founder,
did not develop drivers for Linux. As the current product manag€Sa@C and former staff
member in CS&S explained:

“A printer driver for Linux was the key for solving the printingplem. We believed that
if the printer providers develop drivers for COSIX Linux, tieet steps would be simple. But
the situation was not what we would have ever thought........

CS&S reached the Chinese printer providers through thgn@egovernment by
seeking their cooperation and suppdkt. that time, nearly all of the Chinese branded
printers were OEM products based on foreign products. Thersirwere developed by
foreign companies so that drivers obtained by Chinese printer previgtre in binary code
instead of source code. Another fatal problem was that the @hiDE8/ printers and
corresponding foreign printers were different in appearance dtieetsale strategy of
foreign companies. As a result, the Chinese suppliers did not khewtype of
corresponding foreign printers for their OEM products, and furtbee could not compile

drivers for COSIX Linux due to there being no source code.lfeordasons mentioned, the
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Chinese printer suppliers could not offer any support or help to CS&S.

CS&S decided to adopt a ‘walking-around’ strategy which meanewaolg their goal
by using an indirect route. CS&S modified the Linux printing systeechanism, which
enabled users to invoke the printers shared by network neighbours wheamputers

installed with an MS-Windows OS.
Sailing Desktop Linux and COSIX Linux 3.1 Desktop

Based on all the improvements from CS&S, Red Flag, School of Confeitnce of
BUAA (Beijing University of Aeronautics and Astronauticsidaso forth, a new OS called
Sailing Desktop Linux was delivered to the Beijing government®dune 2002. As the
director of Beijing Software Industry Productivity Centre recalled

“Compared to COSIX Linux 3.0 we bought before, the new Sailing Desktop thaau
improved greatly in usability and user-friendliness. We organised aiti@udor the new
delivered Linux and the conclusion was that the Sailing Desktop Lintch@asthe majority
of government OA (office automation) application requirements.”

The Sailing Desktop Linux was installed on the terminals of gweent OA (office
automation) systems in various Beijing government agenadie$, as Beijing Municipal
Administration Commission and Beijing Discipline Inspection and SupervisiosaBur

In the same month, CS&S released COSIX Linux Desktop 3.1 OS. eJiikk
predecessor, the COSIX Linux Desktop 3.1 focused only on the desktogatipps, in
particular OA applications, so that all the components and serfic server applications
were excluded. It had a specific potential end user — the unsogiedtieser in China’s

mass market.

The forking of COSIX Linux

The Sailing Project was the first opportunity for CS&Seaah the real end-users and
understand their assumptions of Linux. The aim of the project wasnltance the

performance and improve the usability of Linux to reach the OA requirement.
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To be designed as a general-purpose OS, the earliest thremyasCOSIX Linux
1.0-3.0 integrated the components for all potential applications, enceinpaesktop and
server applications. Based on the feedback from users iBdijiag government, CS&S
recognised that the performance of COSIX Linux was poorer ttiaswihdows in desktop
application because the large size of COSIX Linux used muchdisk storage space and
the services for server application wasted too much systeaurce. Accordingly, all the
components and services for server application were removed from Ssliktpp Linux.

After the Sailing Project, CS&S realised that the requemesr and assumptions of
personal users and server users of OS are quite distinehan@OSIX Linux should be
developed as two product lines in accordance with the two types of user.

Firstly, the personal user paid attention to usability andfasedliness of the OS, but
the server user was more concerned with stability and perfioenalo achieve
high-usability and user-friendliness for the former, developadsto introduce new features
and functions, such as a friendly GUI (Graphic User Interfacepvenient system
management tools etc. However, these features may haeel tisk stability of the OS
unless they were tested strictly by engineers, and in partitested by the users in the
mass market as black-box testing. Therefore, the preferandeequirements of personal
users may be contradictory to those of server users.

Secondly, Sailing Project expressed that Chinese chamcieessing and printing is
one of the most important content factors for desktop applicationhBuydrinting function
normally is not necessary for nearly most types of servers aparttfeopminting server.

Last but not least, the usage of PC and server determinedealiraguirements for
hardware adaptability and software compatibility. For hardwedeptability, the personal
user normally requires that the OS is compatible to mostredtdevices, such as printer,
web camera, external storage media, and so on. In order to achieve stabildguaity, she
server user, however, seldom allows external devices to cowornie server. In respect of
software compatibility, the server user requires that theifD&upled seamlessly with

mainstream server application software, such as databases,ewate software, mail
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service software, network administrative tools, and so on. Addityoti@ey require tuning
tools to optimise the performance of the application softwalereas personal users
generally hope that the OS is able to support as much apmplicaiftware as it can, in
particular entertainment applications.

According to the understandings of user requirements for PC amdr,s€S&S
released COSIX Linux products for both the PC user and server user redpegtinewest
and fastest strategy’ was adopted for COSIX Desktop LimexQS would use the newest
released Linux kernel, components and functions. A more consensttiaegy was
employed on COSIX Server Linux development. In order to fulfil #guirements for
providing uninterrupted service, COSIX Server Linux was inditeeemploy stable kernel
and components. Only when the new functions developed for desktop Linux had prov
that they would not damage the reliability of the whole systemd could really help to
improve the usability for server users, were they added to COSIX Sénver L

As mentioned above, CS&S released COSIX Desktop Linux 3.1 in June @02,

COSIX Server Linux 3.1 soon after.

5.3.2 New start for COSIX Linux

The market generated by government and the support from

government

The Government On-Line Project was initiated by China TelecddT,CS(State
Economic and Trade Commission) and the information administratpegrtdgents in more
than 40 government ministries from 1999. Its core mission wassé information
technology to help all levels of government to transform themse from an
administration-oriented to a service-oriented mission. Accordinbé statistical data from
CNNIC (China Internet Network Information Centre) on 2005, 90% difistny and
province levels and 80% of city and county levels of government set ugbifiebsites.

The “Law of the People's Republic of China on Government Peoeamt” was
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adopted by the Standing Committee of the National People's Congrdssie 29, 2002. It
constitutes the legal framework regulating public procuremeima\iour in China. The 10
clause states clearly that government procurement shgkttalomestic commaodities,
engineering works and services, with only a few exceptions. Timeehs later, State
Council promulgated “the Action Plan for the Rejuvenation of thew@o#t Industry
(2002-2005)" (2002, No. 47 Document) to re-emphasise the priority ofxLinu
government procurement and state science and technology funds supportidg to the
Ministry of Finance, the total amount of government softwareypement had reached 100
billion RMB (£10 billion) in 2002, the procurement amount related toGogernment
On-Line Project accounted for 35 billion RMB (£3.5 billion).

Both the laws and regulations, and the Government On-Line Pggeetated a huge
market for domestic IT enterprises. The strong government backgrodredade-ownership
of CS&S was one of the important reasons why their products foundrfan the list of
government procurement. Following the first software procurenme@001, the Beijing
government launched subsequent procurement behaviour in theyd¢lamseof 2002, 2003
and 2004. The indigenous Linux products were not restricted to desktop versions as in 2001,
but expanded to Server Linux Products. CS&S was one of the Linux emspfdir the
Beijing government.

In order to spur and support R&D capability in indigenous software fingisome
departments in China’s government issued their own finantaaspthese most famous
plans included North Software Base by State Development PlaGaimgnission, National
Software Base by national Torch Plan, and the National 863 dPnoge Accomplishment
Industrialisation Base. Once an indigenous software enterprisésied in one or more of
the above plans, it would get financial support from the correspgndovernment
department. After the Sailing Project, CS&S became a meofltbe above three support

plans.
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The strategy of desktop Linux development

CS&S always treated the government as its largestanalrk the desktop segment,
they sought to provide complete OA solutions for government users.

In order to facilitate Linux-based indigenous OS development iordance with
Chinese users’ habits, and further develop a desktop OS to nhmetctequirement of
e-government, the Ministry of Science and Technology initiate@yasoftware project
“Desktop OS and lIts Affiliated Environment” with funds frohet863 Programme in 2002.

CS&S is one of the Chinese Linux suppliers to undertake this R&D project.
Compromising for users

Drawing upon the experience of participating in the Sailing BrofegS&S was aware
that end-users had never taken the technical issues into accoantheshcared about was
the usability. Like all Linux providers, CS&S had to generatefippto survive in the
domestic market. Understanding that Chinese users are unsopguistisars and their use
habit has been locked-in to MS-Windows, the development strate@yO&IX Linux
Desktop is ‘accurately compatible with MS-Windows OS’. The tewwcurately
compatible’ means minimising the difference between Linux and Ntgkdws on GUI and
the way users operate the OS. Therefore, all end users who werarfaiitii MS-Windows
were able to switch to Linux without starting a new learmingye. As the former manager
of the division of foundation software in CS&S and current president of @$gl@ined:

“The reality in China is that MS-Windows series of products alndosbinated the
desktop segment of the OS market and accounted for over 90% market sharenghessr
lock-in effect and lower level of IT skills of end usergmgined that any OS wanting to enter
this area cannot avoid compatibility to MS-Windows. Otherwiseemiteusers in the mass
market would not accept it.”

In order to enhance usability for Chinese users, CS&S found thastential step
should be to make the system functions visible to the user. Asireglay the product

manager of CS2C:
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“From our point of view, the menus of MS-Windows are theaengs for system
functions, which provided a conduit for users accessing these fun¢tiowsver, the system
functions of Linux are distributed in various locations and fiad® that they are hard to find
by users.”

Referring to MS-Windows, CS&S redesigned the desk interface eordanised the
“start” menu and “control panel” for their COSIX Linux 3.1 angdc&essor versions.
Additionally, COSIX Linux added similar icons for the menus and fonstithat users
accessed frequently in MS-Windows, such as “my computer”, “my dausimeénetwork
neighbour”, “file explorer”, “control panel” and so forth. The uswith experience in
operating MS-Windows were thus able to find the functions and appfhisathey were
looking for easily on Linux GUI.

In addition, the pages of foreign websites were designed andbpegein light of
international standards. These web pages are browser and OS indépdndeaatter what
kind of browser used, the web pages displayed on screen are theBusinthe Chinese
programmers are used to developing web pages using Microsafts and technology.
With the purpose of accelerating access speeds, arlargeer of the Chinese web pages
were further optimised for Microsoft IE (Internet Explorerpwser. The layout and format
of these web pages would be abnormal when accessed by brouderassMozilla and
Firefox, on Linux. CS&S had to develop some patches for COSIX Linux ke sare that
the Chinese web pages developed and optimised for Microsoftoltd be correctly
displayed on COSIX Linux.

In line with the aim of and with funding from the 863 ProgrammeSIXOLinux
Desktop 4.0 was delivered to the domestic market and passed thieraodjanised by

Ministry of Science and Technology.

Criticism from international Linux communities

All the improvements regarding enhancements to the usabilitinok incurred heavy
criticism from international Linux communities. The contributorsinternational Linux

communities are sophisticated users and IT professionals whiopede inux to fulfil
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their own needs for function or enjoy technical challenges. Anatiwtivation for their
contribution to Linux is the signalling incentive which stems frandesire for peer
recognition. Therefore, developing and modifying Linux for unsophistietddisers, such
as developing easy-OS management and configuration tools, agldpey friendly GUI,
led to poor technical satisfaction and peer recognition. The reasoisfa that developing
such features only reflects the understanding of market and, uséner than showing
programmers’ talents in programming and technical capabilities.

The International Linux communities are flourishing and have sogmif influence on
the whole Linux realm. Most of the foreign end users of Linux anendienthusiasts and
contributors, who are favourable to open source software angtaaitehe features of
Linux. They complained that any improvement made by Chinese dewlspeuld
coincide only with international technical standards rathen tinging to make Linux
compatible with given proprietary OS or technologies. Consistemitly proprietary
elements would ultimately contradict the free nature of Linuxlfina

Apart from the critique on China making Linux compatible with MS-Windetrategy,
international Linux communities always ignored the contribution mad€Hhiyese Linux
developers. The Chinese character display and input functionsniodugeen taken into
account by international Linux communities because the coder of Linux kernel and
components projects are not Chinese, and further they have no medaalinfy with
Chinese characters. To adapt Linux in China, this task had to be l@orChinese
commercial or individual developers. Although CS&S and other Chibesex suppliers
dedicated themselves to improve the performance of Chineseampis, new problems
and requirements ceaselessly arose with Chinese Linux developra&at.solving the
Chinese code problem for MP3 files as an example. A strong mettia entertainment
function is necessary for Linux to attract end users. PlayiR§ audio files is seen as a
very basic function for PCs. MP3 files generally consadtanly of audio code but also a
piece of literal information for describing the audio, such asxime, the author and album

of a given song. According to international MP3 coding standardjténel information
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was coded in line with UTF-8 standard. That is the reason why dfiy8Jcoding standard
is supported by the mainstream international Linux distributionsueer, the GB2312 and
GBK Chinese character sets are national standards in Chitlaas most of the literal
information of MP3 files is coded to comply with these two set€hina. As a result, the
information of MP3 cannot be displayed correctly on Linux. The Chihésux providers
certainly should fix this problem by developing a plug-in programmetteir Linux
distributions.

Nonetheless, the programmers in international Linux commanitienot care about
foreign languages other than languages in the Latin phylum. TI281zBand GBK are
treated as the only regional language standards, so all fm®viements on Chinese
applications are excluded from Linux development, even though they arenworivior

Chinese local users.

The strategy of server Linux developmen t

In the desktop area, the technological advantages of Linux imésible because of
the unsophisticated feature of Chinese end users and their locked-in €ffetits. contrary,
many powerful server mechanisms of UNIX are inherited by Lir@ecver has higher
requirements in network performance and security than PC. Liagxperfect network
compatibility which supports nearly all popular network protocols.aAdINIX-like OS,
Linux has a more mature and securer network management mechaeatisrally inherited
from UNIX. Most server application software is integrated itie mainstream Linux
distribution, including the COSIX Linux 1.0 and its successors. Theiefdnux can be
used for server OS with very few accommodation tasks. Asrnaef staff member in the
division of foundation software in CS&S and current product manager of CS2arnedl

“Like the international mainstream Linux distributions, COSIX Linaxxd later COSIX
Server Linux integrated a powerful web server software - Apdealmthermore, nearly all
Linux distributions have the components providing various netwemkices, like the FTP,

E-mail, Telnet, and so on. We can say that once a Linux systenujis #e computer can be
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used as an Internet Server. ”

In the Beijing government procurement projects launched in 2002, 8@scaopi
COSIX Linux were purchased as server OS. They were running orsevedrs, database
servers and mail servers. After that, COSIX Server Linux 3.1 won the biddihg Bkijing
government procurement again in 2003. Both COSIX Desktop Linux anerSeinux
have been applied in the OA system of 44 agencies of the Beijing governnoen2@03.

Being the capital, the Beijing government has far greatendinh and manpower
resources than all other local governments in IT applicatitmwever, the government
agencies in small cities or counties have a major task, uhdeGovernment On-Line
Project, to establish official websites to publish infaiora Consequently, CS&S found
that what the government user really wanted was not mereBSarbut a total solution to
sustain official website development, operation and maintenaheeCDSIX Server Linux
was just an affiliation of this solution. However, CS&S soon tiedtt providing website
solutions for individual government agencies was time andygrm@nsuming. At the same
time, the sale amount of COSIX Linux was limited. Therefoi®&E decided to provide a
generic website solution based on COSIX Linux. On the one hand, weeeetoo many
business opportunities to be captured by CS&S due to lack of man@owl time. A
generic website solution would bring more contracts. On the bdnadl, one of the core
businesses of CS&S is developing Linux, rather than providingtamised website. The
more generic website solutions sold, the greater the sales that CD8kXgenerated.

Many governments made the majority of investment on computer hardaval
devices in the initial stages of the Government On-Line Etojather than focusing on
website development and subsequent maintenance. Unlike wehatepteent, which is a
one-off project, maintaining a website is a long-term job.dditeon, customers may pay
solution providers for developing a website, but they have tatainiand administrate the
website themselves. To implement a basic function of infaomapublishing for a
government website, the administrator needed to develop or edifib web page on a

local computer, and then update it to the web server mdéitmal administrative way. For
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instance, there are three steps for publishing new information.irshetép is developing a
new web page for the information; the second step is edhimgndex page to add a new
hyperlink referring to the new page developed in the first dtepjast is updating both
index page and uploading the new page to the server whemnwethste is stored. A
sophisticated administrator is normally required for website mante.

However, not all levels of government agency have their owrsigeadministrators
so a number of government websites were called dead sitesjng to a web site without
any updating after development. Moreover, many government websgeseparated from
government intranet so the government staffs were unabifgeract and provide services
to people online. Instead of establishing online images, the dimalof the Government
On-Line Project was to realise e-government and provide aen@mnt online service for
people. All levels of government accordingly had a new reqeinéto upgrade their server
system and set up a dynamic website.

In accordance with the dilemma of the higher technical requirememntd
unsophisticated staff, which government agencies faced regasdibngage development
and further maintenance, CS&S developed a Linux-based solution nBWHIAS
(Dynamic Website Developing and Administrating System). Trstegy broke down the
whole website into several objects so that the user/develeperable to manage every
element of each webpage separately, no matter how large and compiebpage is. With
DWDAS, all the tasks of website developing can be done by siniigking the mouse.
This solution included some templates for webpage desigingell. As a former staff
member of the division of foundation software in CS&S and cumpesduct manager of
CS2C recalled:

“Some of our government customers told us that they had been complaining because the
design of their webpage was too awful to comply with the image okangaosnt agency. For
example, too many photos or flash files were loaded on the indpageshwhich slowed down
the access speed. To help customers to design appropriated webapddagher establish

good online images, some good webpage templates were integratad euthDWDAS
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drawing upon the experience of browsing hundreds of government websi@m®igm
countries. All the customers then had do wais just fill the contenthatieiplates.”

The DWDAS contained an information publishing system, which wgasl to publish
and/or edit government affairs information, laws and regulatiom& fhree steps of
information publishing in a traditional approach were no longerssecg in DWDAS. A
user/administrator can publish public announcements and news, assvedit the content
of existing web pages by just typing words in a background managaystein. The
complexity of website maintenance was greatly reduced so thmhgovernment staffs
were able to maintain websites in their spare time. fagraer staff member of the division
of foundation software in CS&S and current product manager of CS2C pointed out:

“The staff’s tasks in information publishing include author, audénd administrator.
The information publishing system of DWDAS provides a windowdaicgefor them
separately so that they can complete their task by inputting vesrdécking the mouse
under a certain authority.

The website developed by DWDAS could be connected to the governmemtetnt
network or OA system. As a result, the website would be matchledpecific functions of
the particular government agency. The website thereforesedaihe interactions between
people and government staff: on the one hand people are serveaovdmyrgent staff
without visiting their office in person; on the other hand, peopée able to provide
feedback to government agency.

Government websites generally have a great amount of publisteechation so that
in the past visitors always spent lots of time finding histodesh. The DWDAS provides a
searching engine component for websites, with which visitoralaeeto locate what they
are interested in easily and quickly.

In summary, the technical requirements of website developemdmihistrator are
significantly reduced by employing DWDAS. In term of website daeping and
constructing, the efficiency of an unsophisticated user of DWDASIdvbe higher than a

professional with traditional website development tools, whike website maintenance
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tasks become quite easy for an unsophisticated user.

The Establishment of China Standard Software Co. Lt d.

(CS2C)

Before 2004, Linux business only accounted for a small pateofvhole of CS&S,
and the division of foundation software had not generated enough itcdreak even the
operational cost of Linux development. Most of CS&S'’s profit was nfie application
software development, industry solutions and related servisésipn. However, all of the
above profitable businesses are related to MS-Windows OS prodgctsresult, CS&S
realised that seeking further cooperation with the internati software giants, like
Microsoft would be an effective approach, leading to rapid development.

In November 2003, CS&S terminated its contradictory relatigh Wiicrosoft in the
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OS area, and became one of the global strategic cooperation pastnificrosoft.
According to a memorandum of cooperation, CS&S would develop solutior@ghfoese
customers based on Microsoft .net platform and MS-Office. Atstiree time, Microsoft
would supply their newest technology, provide training programmesoftware engineers,
and offer outsourcing contracts to CS&S.

In order to strengthen connections to Microsoft, the foundation softixston was
peeled off from CS&S, to establish CS2C collaborating with CEThina Electronics
Technology Group Corporation) and ECICT (East China Institut@afiputer Technology,

NO.32 Research Institute of CETC) in 2003.

8 Microsoft CEO & President Steve Ballmer visitedit@hin the June of 2002. The State Development &
Planning Commission of the Peoples Republic of €8DPC) and Microsoft signed a memorandum of
understanding (MOU) to begin the largest joint SHweign software industry cooperation in Chinadenthe
Memorandum Microsoft invested 6.2 billion RMB (£6&21llion) in China during 2003-2005. The Chinese
government believed that signing of this MOU wilive a significant impact in attracting foreign istraents in
China, expanding the export of software and rel&éfgatoducts and the import of advanced technobgied
management experience from abroad. In order toeimeht this MOU, Microsoft signed a memorandum of
cooperation with CS&S in 2003.
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The whole COSIX Linux business of CS&S and an indigenous offite susiness of
ECICT comprise the core business and products of CS2C. CS2C wountthue
developing Desktop Linux and Server Linux distributions with the nemd¥r NeoShine,
as well as solutions based on NeoShine Linux distributions. ThETEGIHfice suite was
seen as a beneficial supplement for the new NeoShine Limirdss by integrating as an

OA desktop solution for government users.

5.4. Growth and Future (2006- onwards)
5.4.1 CS2C desktop Linux

Happy Family Project

Some Chinese computer manufacturers, such as LENOVO and Acer,deadgpe of
double-mode PC in 2002. The core idea of a double-mode PC is thatcaseoperate the
PC like an electronic appliance, which means some functions camphlemented without
starting the OS. With double-mode PCs, unsophisticated users, ewesethavith no skills
in operating a PC, are able to enjoy the entertainment functions of a PC.

As the largest in China and the fourth largest white et appliance manufacturer
in the world, Haier made a decision to enter the PC business in Bathg extremely
fierce market competition in China’s PC market, Haier andatsperative partner — Intel,
who was promoting GAPP (Government Assisted PC Program) in QHeajfied that
China’s rural area is the next large potential markettfier PC business. Therefore they
established a Rural PC Laboratory to conduct the R&D on PCshioes® rural users in
2005.

After designing and constructing the hardware structure foutlaé PC, named Happy
Family PC, the next step was software solution designing aredogenwent. However, Haier
specialise in electronic appliance and consumer electrdesigning and manufacturing,

while it has neither a software development team nor experiéor software solution
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development. Haier consequently decided to outsource the softalatiors project to a
professional solution provider at the very start. Haier speat twnths in selecting a
software solution provider and eventually signed an outsourcing comiith CS2C. The
project manager of Haier Happy Family PC explained:

“There were three reasons for selecting CS2C as the softwaréasn provider for our
Happy Family PC. The first reason is the lower price of Linux. As ther&dligt focused on
Chinese rural users, the price is the first problem that had to ba fakeaccount. In China,
the cost of computer hardware is very low so that the licéresdor proprietary software
including OS, office suite and entertainment, generally accounts for half oftéhedst of a
PC. Deploying open source software would definitely reduce theotdtappy Family PC
significantly. The second, users in rural areas have not been locked ME8-Windows as
Chinese urban users have. As a result, using Linux as the OS would maticoriheir use
habit, which is non-existent. The last reason is that CS2C can custbeiiskinux products
to match the unsophisticated features and requirements for function&l@hinese rural
users.”

CS2C had become one of the four global strategic partners oiniitha Linux area in
April 2004. Before the new CPU and chipset products were detivier the market, Intel
would provide them to CS2C for testing purposes. In order tcagtee their hardware is
compatible with CS2C Linux perfectly, Intel also provided a laggantity of technical
support as well. The Happy Family PC is based on Intel hardviatferm so that CS2C
face no problem in hardware adaptation.

Before sending user requirements to CS2C, Haier first conductedy grofessional
market investigation in two villages. As the project managjedaier Happy Family PC
recalled:

“By contrast to our presumptions, the price of the PC is not teergiml factor for rural
users who are willing to buy a PC. What they really care about is how tbarsgwhat they
can obtain by using it.”

According to the market research data, Haier found that thereewgnts of rural
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people vary according to different ages. For example, thesedderinterested in medical
treatment related information, while the adults care about isinesses, and children are
eager for educational resources. Haier thought that HappyyFB@ilshould fulfil all the
requirements of the rural users at different ages.

Besides the traditional multimedia module, Haier believedttiesoftware system of
Happy Family should include an education module, an agriculturahaton module and
a module to provide medical treatment knowledge and informationedver, the system
should also have a friendly GUI and be easy to use.

In the user requirements provided to CS2C, every detail wassaddreHowever, not
all detailed requirements were able to be implemented by C&2@e product manager of
CS2C pointed out:

“We acknowledged that detailed user requirements were veryhsipfe we didn't need
to spend time in understanding their presumption and/or help thera théir ideas. However,
some of their requirements were too detailed to be matchetlyeasthey are described. With
respect to these requirements, we have negotiated with Haier timaes. That's the reason
why the final software system of Happy Family PC is different from the origigairements
from Haier in some ways.”

Users in Chinese rural area are characterised by feweor no IT skills so one of the
purposes of the software system of Happy Family PC is toetiadlrural users to operate
a PC easily. In the original user requirement, Haier hopedh®& Ul could be represented
in a cartoon style. The GUI should look like a room and the functiodutas be
represented by certain objects. For example, a desk referfeel éducation module. When
a cartoon puppet controlled by the user moved to the desk, then théimduoadule is
invoked. But CS2C could not realise this requirement as Hagdredj because it was not
good at animation development. As a result, the function modules designed as
different icons on the GUI. Users are able to invoke the afiplichy clicking these icons.
Although the final solution is not exactly what Haier descriliedas finally accepted by

Haier because the purpose of easy-usability was realised in CS2Csrsoluti
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Regarding the entertainment module, Haier definitely hopedathghe mainstream
media format files would be able to be played on Happy kaP. Owing to the
intellectual propriety issue, CS2C provided two options to Haiee @ption was that only
the media files without intellectual property should be supporteHdppy Family PC. If
the user demands to play media files with intellectual prgptrey would have to buy
responding players and decoding libraries themselves. The othen ops that Haier
bought the players and decoding libraries so that CS2C coudd time requirement of
playing all mainstream media format files. Haier finally pickedftinmer option.

Furthermore, some information, like the agricultural knowleddecation knowledge,
medical treatment knowledge, was supposed to be stored on locabRBat users were
able to read the information by accessing application modulé€SS2€, the only approach
to obtaining the information was to collaborate with professioriatmation providers. In
addition, the size of the information largely exceeded the $ittappy Family PC's hard
disk. Therefore, only information that is considered to bessssxl most frequently was
stored on the hard disk. As the product manager of CS2C described:

“We acknowledged that the software solution would be perfectidrid requirement for
collected knowledge and information could be met. But Haier had to acceptgmessions

due to the financial budget. ”

The final soft solution for Happy Family PC

The software solution for Happy Family PC included two GUIs: ena iraditional
interface of CS2C NeoShine Desktop Linux; the other is a atwiginterface for the rural
users with few or no skills in operating a PC and accessaintbrnet. With a navigation
interface, the user has no need to input the web address wtedshy English words, but
just clicks the icon of function modules and then the local and orsmrce will show on
screen.

Four function modules are designed and integrated into the soffelatmn of Happy
Family PC.

The first one is Agricultural Information Platform. This moduleadually the search
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engine for the database of a website which is an affiliatiothe Chinese Academy of
Agricultural Science. With this module, the user is able to obtatessary information
regarding pest prevention and control, planting and breedinghan@hinese agricultural
products market.

The second module is Distance Education Platform. The situati@hina is that
education in rural areas lagged far behind the development adtemiuim urban regions. In
light of the market research conducted by Haier, most samples indicat@thild education
was one of the most important reasons for buying a PC. With tdsll; children in rural
area can access the same educational resources as childmdran regions. In order to
realise this module, CS2C cooperated with K12, which is one of thefamastis websites
providing education resources at primary and high school level.

The third is the Medical Treatment Platform. This moduleesnsas a remedy for
backward rural medical conditions. Users, in particular the alder, can study health
knowledge by accessing the Internet. In some areas, ruralcaseagcept an online service
provided by hospitals.

The last module is the Multimedia Entertainment Centre. Ussrsplay media files,
such as film, music, and photographs stored on hard disk, disc andstottagre medium
directly without running Linux. At the same time, the screen can lzbassa TV set to play
cable TV programmes through the integrated TV card.

This CS2C NeoShine Desktop Linux-based software solution achievedrkable
market success along with Haier's Happy Family. Over 400,00i<ap the software
system were sold with Haier Happy Family PC in 2006. They akswo the attention of the
World Bank in an exhibition organised by the Union Nation at theoér2®05. The World
Bank soon initiated a worldwide promotion for rural PC, and Haléajgpy Family and its

software solution was cited as a successful example for other devetopimtgies.

165



New product strategy on Desktop product

Learning from the Happy Family Project

The business model of generating profit has long been a diffimitem for Chinese
Linux providers. Despite strong Chinese government support through publiareremnt
and financial subsidies, indigenous Linux only fulfilled the basiguirements of OA.
However, there are barriers for widely deploying Linux fovgrnment OA. In order to
achieve specific working purposes within administrative systefasthe Internet or
government Intranet, some special software packages arempeddy, and are required to
be installed under the instruction of, superior administradigencies. For example, the
Ministry of Finance required its subordinates to install custon@sedunting software with
which the standard accounting data could be transformed into an edcfgpt@at and
transferred smoothly between the ministry and its subordinatésndzuly all of these
specific software packages were developed for MS-Windows. stippliers of these
application packages normally distribute nationwide, and most of drensmall-sized
enterprises. Porting this specific application softwareitant platform was not only time
and energy consuming, but also led to additional pecuniary costs. Thierprekteeded
the responsibilities and services which Chinese Linux enseprivere able to undertake.
For this reason, MS-Windows products are still the most pretv&&S products in the
Chinese government OA system.

Furthermore, lacking complementary application software iaralksktop application
fields, there is still a wide gulf between Linux and MS-WindowssTs the most important
reason for low installation rates and high uninstallation ratedesktop Linux. As the
president of CS2C pointed out:

“Besides direct support from government, Linux also benefited fyjorernment

support in developing indigenous office productivity suites. Thelitgatbid functionality of
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indigenous office suites are very similar to MS-Office silitbat’s the reason why Linux can
fulfil the basic requirements of OA. However, both the number andygoflitnux application
software in other areas is less than the applications for MS-Winddvs shortage of Linux
application software could be remedied efficiently, if we focused dmuieess of providing
customised desktop Linux or the solution based on it for usgravepecific requirement in
functionality or systems operation.”

Learning from the Happy Family project, CS2C realised thatistomised strategy
would exert the open features and customisable advantag@sugfto its maximum. Not
all customers required a versatile software system andtl@$; may have just limited
requirements and purposes for a PC. In this respect, only open sofireare, like Linux,
can be developed according to the exact idea of developersrsr Tihus, CS2C began to

explore customised products based on traditional desktop Linux distribution.

The production of customised Linux desktop

According to the strategy in developing a customised dedktopx product, CS2C
released a Linux-based Hotel PC solution in cooperation with that ®all Group. Both
noticed that there was a big gap between hotel information rearesry and the actual
requirements of the customers in hotels. On the one hand,trecarkpetition for the hotel
industry became more and more fierce; therefore, hotels hapligeraent to deploy IT in
their business processes to reduce operation costs. On thehatigr the customers,
including tourists and business travellers, had a requiremean fimformation service. The
Hotel PC solution was installed on the PC in every room andinedtapecific modules
regarding local delicacies, local tourist attractions andis@pots, shopping areas, weather
conditions etc. Furthermore, the traditional entertainment modulevatal in Haier’s
Happy Family project, such as video on demand and online games, hdeenadgnored.
Around 500 copies of Hotel PC solution were pre-installed on the @®fgatomputers in
2006 and 2007.

At the same time, CS2C signed another contract with Bluestapravide a

Linux-based solution for Bluestar Elder PC. Taking the featiretder users into account,
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besides the traditional entertainment module and the featussyfusability for the elder
user without IT skills in operating a PC, two new functiohslardwiring Input and Magic

Magnifying were added into the solution for Elder PC.

5.4.2 CS2C server Linux

The first phase of CCB Project

CCB (China Construction Bank) established on 1 October 1954, is ofe ébur
state-owned commercial banks in China. At the beginning of the 199CB, began to
apply IT within the core business and construct a networkiti@mslearing system for the
whole bank. Apart from the network for the whole bank, regionaséetion networks have
been established in 210 cities since 1997.

The UNIX OS was widely deployed in the information systemshoh&s finance and
accountancy sectors. Like other state-owned commercial banig,al3G installed SCO
UNIX as the OS for PC and Server computer at all branchsleébng with the rapid
development of the IT industry, some drawbacks of SCO UNDéwerceived. Take the
hardware adaptability issue for example, the users of SCO Uitied a problem in that a
lot of newly released hardware cannot be recognised by the CfoiseeSCO stopped
upgrading its UNIX products. The problem is the same with thepathility of newly
delivered software. The task of expanding new business isedinby these technical
drawbacks so CCBSB (China Construction Bank Shanxi Branch) wamietd to replace
their existing UNIX based business system with a new financiai@olut

Based on past lessons in choosing a proprietary OS, CCBSB hmdkedision of
choosing indigenous Linux for their business system. As the direttbe Department of
Science and Technology CCB Headquarters commented:

“On the one hand, Linux can be customised according to the spédiriincial
applications. As a result, the components and modules that wereelabédr to our

applications can be removed off from Linux. The system thus would ghee $iiability and
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performance. In addition, Linux is supported by all the internationahstiam software and
hardware suppliers in the server application field so that we dondl i@&vorry about the
compatibility problem. On the other hand, we believed that Linux communitied prouide
continuous support to Linux innovation and development. Choosing foreign paoprie
software indicated that a dependent relation to foreign companies isagetheWe have been
suffering from applying SCO UNIX not only because of the high cost pfottisicts and
services but also the SCO company stopped providing technical supgdapgrading its
products. Finally, financial security is another important concitat we must take into
account.”

The project of replacing SCO UNIX with indigenous Linux in the bemknter system
of CCBSB obtained a financial subsidy of 30 million RMB (£3 millidrgm the key
software application project in the 863 Programme, namely ‘Réwe Demonstration of
Indigenous Linux OS Applied in Financial Areas” in July 2003.

Rather than deploying traditional PC-Server architecturénéncounter system, the
CCBSB adopted Terminal-Server architecture. It meant tkeaietiminals on counters were
only input/output devices of one or more servers. In contrast tertmeof PC, the terminal
has no independent hardware and software. Through an Ethernet netwsekes port
cable, the terminal can invoke a user interface for the cooptrator from front banking
server, with which all the operations are completed on the servetiydirec

In line with strict security requirements, the task of sitg application software
from SCO UNIX to Linux was to be completed by CCBSB. Accordinghéodontract with
CCBSB, CS2C was required to provide server Linux for the cowysem, and Linux
related technical support, such as solving hardware adaptalitityp@viding complete
system testing. In order to accomplish application softwaieching, CCBSB also asked
CS2C to supply the necessary technical knowledge for softwarmdogewvent under the
Linux running environment. There was no detailed user requiremevitipd to CS2C, but
a brief description of the application mode and structure of the countemsyst

CS2C spent five weeks developing the customised Server Linul@G&SB, which

169



contains a running environment and development environment. The fowasea tailored

compact minimal-sized Server Linux for running the softwardesyswhile the latter

contained more software packages and libraries, which are osegblication software
development and porting. The user is able to take options regaheisg at the beginning
of system installation. The product manager of CS2C explained:

“In light of our experience in software development, more soétywackages lead to
less stability of the system. Therefore, we tailored amahOS for the daily operations of
CCBSB. For instance, all the GUI related libraries and componargsut off because we
were aware that their terminals are character-based interfaneaddition, they have a
printing requirement so that a complete printing system ismethi Other packages and
libraries, like editor, grammar checker, complier, testing to@d,anguage library and so
forth are used for application software development, but have latore to application

running, so they are kept only in the development environment.”

Hardware adaptability task

After delivering the Server Linux package, the next crutsdk was hardware
adaptability. CCBSB were unwilling to change or upgrade anyiegibrdware devices so
the hardware adaptability would be the most time-consuming taskS@cC. There are
some special hardware devices designed and developed foridingmalication purposes.
However, they only provided drivers for the SCO UNIX. CS2C floeechad to make them
compatible with Linux.

The adaptability task for a special printer, called a bankbadkf@m printer, was a
good example. Unlike most of the banks in Western countries, Chbedes do not
provide bank statements periodically for their customers.h&llhistorical transactions are
printed on a bankbook which is kept by the customer. In addition,eaiustomers served
at the bank counter are required to fill in special formatiétes on a slip and then sign
their signature. Therefore, the printing function of a coumtgninal is limited to bankbook
or table printing only. However, the printing mechanisms of Linux@NéX are distinct.

In the previous SCO UNIX based counter system of CCBSB,dimat and layout of
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bankbook and bank slip were preset by an independent software pagkédgédn Linux
environment, this printing function is controlled by the printévedr As a result, CS2C had
to solve this problem to avoid printing chaos.

Another problem faced by CS2C was to enhance the adaptabilityaX ko vintage
hardware. The CCB was one of the earliest Chinese entertwisgply IT to its business
and operations so some of the hardware was outdated. However, Kamed did not
provide compatibility to these vintage hardware devices. In dmdeave costs, CCBSB
hoped to keep these old hardware devices, therefore CS2C had tg thedifnux kernel
or develop plug-in programmes for old hardware adaptation. As the produnager of
CS2C pointed out:

“Every terminal is linked to the front banking server through a sepiert cable. During
the system testing process, we found that counter terminals andetiker could not
communicate with each other. We accordingly checked the OS, appl&aftiware, hardware,
and the cable respectively and carefully. We eventually relalise reason was that the
international technical standard of series ports had been updatéldasohe existing cable
could not establish communication on the updated Linux. The easiesiorsolas
substituting these cables with new ones. But CCBSB had thousatdisaifles so they asked
us to solve this problem by making modifications to our Linux system.”

There are some problems which are unable to be solved by tms wieenodifying
Linux. For example, a standard server mainboard normally haseneas ports, while the
front banking server needed to link more than two termifidlgs a special device called a
multi-user card was employed, which provided additional series portshe server.
However, there were four suppliers of CCBSB’s multi-used ccording to different
procurement time periods and none of them had developed drivermipr. In addition,
technological advances meant that the series port connectiomdaad substituted by
Ethernet since it offered much faster data transforming speedniltieuser card for series
port cable connection was therefore about to quit the markittaatime and only one

supplier still manufactured this product. Facing this problem, GCB&d to purchase
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additional multi-user cards from this provider to replacepituelucts manufactured by the
other three suppliers. CS2C was required to develop the sifieerLinux based on the

source code supplied by this supplier.

Porting application software

Porting application software refers to switching the application ao&wnning on the
previous SCO UNIX platform to Linux. Besides the application saféwdeveloped for
financial applications there is also a good supply of supportifiyese, such as database
and middleware. Substituting Linux for SCO UNIX required not oalyditional
development for application software porting, but also a requiren@ solve the
compatibility problem of Linux and the supporting software. As ghgect manager of
CS2C stated:

“Porting application software should have been a very easy task for SBCB
Theoretically, they just needed to recompile the source cotlee afpplication software in
Linux environment. Practically, however, the porting process was mobth. We had to
provide technical support to ensure success of the porting process rénashce the
capability of Linux to the supporting software.”

Being a UNIX-like system, not all of the mechanisms of Liawe the same as SCO
UNIX. For example, thousands of grammatical errors were foutiteisource code of the
application software on the Linux environment. As a result, this sazode could not be
compiled to machine executable programme/software. In orde®this problem, CS2C

modified its grammar checker of Linux based on the features of UNIX.

CS2C-BAA Joint Laboratory

The CCB Project was the first that applied indigenous Limu& huge and complex
application system. As a result, the project managementnn@sabs owing to the lack of
relative experience in coordinating such a complex project whkeveral actors were
involved. As discussed above, the compatibility problem wasngah this project. Neither

the project managers of CCBSB nor the software engine€@S2€ were able to work out
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a solution efficiently in the case of compatibility probkerihe resultant measure was that
the project manager assembled the technicians of all provmersneeting to investigate
the reasons leading to the problems and to figure out the remethe poduct manager of
CS2C explained:

“Before the compatibility problems were solved, we had to stommgwing jobs.
However, not all the factors that caused the problem werecegsd directly with Linux.
For instance, a problem might have resulted from a capacitor omtieboard. But CS2C
was required to take part in all the meetings because technical suppawitching to
Linux was our responsibility. If we knew the factors that causegtoblem in advance, it
would not be necessary to stop all of our work.

Attending such meetings was perceived as time and energy dogsimnsome cases
so that CS2C decided to establish a special technical suppaorttee help the project
manager of CCB and the engineers from software and hardware psotaderecisely
locate the roots of the compatibility problem in the later stage of @& R¥oject.

In order to save time and pecuniary costs, and without affetitengchedule of the
whole project, the strategy employed was to explore cobdioor with external public
R&D resources. The School of Computer Science in BUAA which hdsdpte-eminent
academic and industrial reputation in software system testsgchosen as a partner. The
head of the school expressed a positive attitude to the profgdbkéd oooperation. As the
professor of BUAA and R&D director of CS2C pointed out:

“Cooperating with industry in R&D is our pressing task because the gogatiR&D
funds only support the R&D projects with specific commercial palerti other words,
product commercialisation has become the key criterion for ssitteR&D project
application since 2000. As a result, establishing cooperation links V@G ould not only
help us to apply for projects from government R&D funds but alsdderav conduit for
commercialising our R&D findings.

A temporary team, which consisted of engineers from CS2C andrechees and

postgraduate students from BUAA, was set up rapidly. Besidesnof support to CCB
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project development, they would also supply continued support to furtigeades of the
CCBSB system. Several months later, the temporary team bebarformal department of
CS2C, named the CS2C-BAA Joint Testing Laboratory.

CS2C found that most of its customers had no clear idea onpthtemtial computer
servers, especially from the technical angle. Some of thternass were willing to buy a
complete computer server from computer manufacturers, whilesoteeded to buy
hardware components to build a server. The hardware adaptabilitfptbelzcame one of
the inevitable issues to applying Linux, in particular for thosedimgltheir own servers.
What's more, various Linux distributions are different to somerdgxalthough they are
based on the same kernel. As a result, the hardware and sgftedoets which claim to
support one Linux perfectly may not be smoothly ported to anotheix iithout local
tuning. The task of the joint laboratory is to provide decisigoport from a technical angle
for the customers of CS2C - testing in advance the compatibitid reliability of the

application software and hardware which the customer wants to purchase.

Developing administrative tools

In the last round of system testing, CCBSB suggested that admimistrative tools
were necessary for enhancing the system maintainability. For example ,dase of system
abnormality, there should be some monitoring and testing tools tothssgststem engineer
analyse the problem, as well as providing the solution. The prodanager of CS2C
recalled:

“We have noticed that usability is a very important featorettie user. Even though we
developed some administrative tools for our product referring taviBeWwindows, we still
have no idea of the meaning of usability to actual users and what we should do forhusers. T
requirement of CCBSB to develop administrative tools, therefeas seen as a new idea for
us to enhance usability. We grasped the idea that these tools coulddxzttpall server Linux
products.”

A set of log management and analysis tool were developed cordamce with

CCBSB's requirements and integrated into other Server Linux pigdDOSIX, later. The
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information of system running would be recorded as system logs so thastidra syngineer
is able to check the historical data in the case of system abnormality

The whole project was accomplished in October 2005. CS2C solvedsaisted
CCBSB to directly solve thousands of technical problems. TRRGCNeoShine Server
Linux completely replaced the SCO UNIX of bank counter systemsver 700 local
branches of CCBSB. Inspired by the CCBSC experience, another twangaolavel
branches — CCBHB (China Construction Bank Hainan Branch) and BQEB®%ina
Construction Bank Shanxi Branch), as well as a city level bra@CBQB (China
Construction Bank Qingdao Branch) applied NeoShine Server Lintheinliank counter
systems in 2006. Since 2006, the successful experience hagrbessted to the whole

CCB system.

The second phase of CCB Project

In order to improve the efficiency of business processes, C@8ddearters launched
the DCC (Data Centre Consolidation) project also which obthfinancial support from
the 863 Programme. The investment for implementing the DCCcprbem the 863
Programme reached 40 million RMB (£4 million).

In the existing multi-level architecture, every local bramclequipped with a front
banking server to provide service to all the terminals withe same local branch. For the
cross-province transactions, for which data must be processedhighiest servers located
in CCB’s Headquarters, all the data has to transfer upward frefindnt banking servers to
the highest level server, in off duty time. Then the data processed iighlestievel servers
will be sent to the appointed front banking server. As altregureal-time service for
customers is not available.

According to the vision of the DCC project, the previous flmartking system in local
branches will be upgraded and all the front banking serverscal branches will be
integrated into a province level branch. The terminal indbal branch, therefore, invokes

the service from the cluster directly at province levele Efficiency of transaction data
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exchanging is significantly improved by this way. Take crossipoavmoney transfer
within the CCB system for example, the transaction genetatik at least 24 hours to
complete. After implementing the DCC project, real-time cross-previmeney transfer can
be achieved. As the director of Department of Science and Teckro®B8 Headquarters
said:

“Drawing upon the DCC project, the efficiency of our transactions has beeovieapr
greatly. In this respect, we are able to offer a better and more rapittedor our clients.

The DCC project resulted in new technical requirementsS8CGCNeoShine Server
Linux. Firstly, higher terminal management capabilities weleddor. The maximum
number of terminals which Linux can be linked to was 256. However, kgpRed their
server could manage more terminals in the new data integigtstem. In addition, higher
stability was required as well. In the past, if any abnoroaturred with a server in a local
branch, at most 8 terminals connected to this server would beedfféa the new system,
however, any crash of a server may paralyse hundreds of tesnmraategion or city, rather
than a local branch. CS2C recommended an ‘8+2 architecture’ B f@Cestablishing
server clusters at province branch level. The 8 representétl mignary servers for
handling daily transaction from terminals in a given region,levttie 2 indicated two
backup servers, which would become primary servers to recédataland services when
failures were detected on one primary server.

Secondly, the providers of application software and databaseasefivere changed in
the new system. For this reason, CS2C had to make effortsnprove software
compatibility again. CCB headquarters decided to pick Oraclebasgato replace the
Informax 7.2 database. As mainstream database software, @etelease is perfectly
compatible with all Linux distributions. In order to completelyiavfinancial risk, CCB
required CS2C to show the certificate issued by Oracle nfirgothat CS2C NeoShine
Server Linux is entirely compatible with Oracle databaseducts. However, Oracle
headquarters stopped issuing such testing certificates fonak distributions because the

cost for Linux testing generally reached millions of USD year. Drawing upon private
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contacts, CS2C finally obtained a testing report issued bgl®©f@hina. As the product
manager recalled:

“A college classmate of mine was the senior staff in Oracle Chimaugh him, CS2C
asked Oracle China to run a system testing for our Linux and eseport to certify that
our Linux is completely compatible with Oracle database softivare.

Thirdly, according to the regulations issued by the central barthofa — People’s
Bank of China and internal controlling and management regulation€CGH, CCB
headquarters plan to develop a counter monitoring system for ritbeircounter front
banking system. CS2C not only provided strong technical supporthtorsystem
development, but also modified Linux to provide a service fontbeitoring system. With
the special service, all the actions of keyboard and mouse eperathe terminal could be
captured and stored in an area by employing the integrated log management tool

The new integrated front banking system based on CS2C NeoShuse Seux was
first established in CCBLB (China Construction Bank Liaoning Branch) jpmeSeer 2007.
By the end of 2007, the new system has been ported to CCBAB (ChinauctostBank
Anhui Branch), CCBQB (China Construction Bank Qinhai Branch) and HFECBChina
Construction Bank Henan Branch). The plan of CCB headquarters waalltttiad CCB
province level branches would employ the new system from 2008 anplahisvas to be

accomplished by 2010.

The Strategy of CS2C NeoShine Server Linux

At this stage, CS2C divided their Linux server product custom&rsgwo categories:
industrial customer and normal user. The former refers t@e-Eimpd leading industrial
enterprises. Due to the specific applications and strict operatiandards, CS2C is
normally required to provide a customised server Linux as the lmasiness system for
these enterprises. The latter category of customer is e who will apply NeoShine
Server Linux on its server computer to implement some ordiaakgtsuch as email server,

web server etc.
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The industry solution based on NeoShine Server Linux

Chinese indigenous Linux providers have been in a weak situatime sheir
establishment because they were faced with high pressured tmngesm foreign giants
in the market. These Linux providers had to try their best to &llfihe requirements of the
large-sized industrial customers. As the project manager of CS2&iredl

“It is difficult to persuade industrial customers to change thgitial idea in China.
Unlike the international software giants, Chinese OS supphegsnot strong enough to
negotiate with industrial customers.”

Drawing upon the successful experience of the two-phase CCBcipr§j&2C
recognised that industrial applications may provide a new magdrtunity for its Linux
business. On the one hand, the industrial application will help G&2Gprove usability
and enhance the compatibility of their server Linux. As lovell@katform software, an OS
has to not only be adapted to the special hardware device sbutealcompatible with the
application software. Once a Linux-based industrial applicatiore@rsucceeds, CS2C is
able to port their server Linux and development experience to atistwmers in the same
industry easily and directly. Relying on its successful expegienthe financial area, CS2C
obtained contracts from China Universal Asset Management lzantyBai Stock Exchange
in 2007 and 2008, respectively. On the other hand, the development expenérsmmme
user requirements can be fed back to the CS2C NeoShine Liner ggopducts. For
example, the CCB project helped CS2C to collect and understané¢h requirements, in
particular the maintainability requirements. Therefore tbaesponding improvements
made in the CCB project, such as log management and analysisgwere integrated into
all the CS2C NeoShine Server Linux products. Last but not lemkistrial customers

normally have huge budgets so their contracts would generate much profit for CS2C

The CS2C NeoShine Functional Linux Servers

Apart from the server Linux-based industrial solutions, CS2C dds@loped some

functional Linux server products. They integrated specific funatiodules to help users to
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easily and quickly construct application servers, such as webrsemail servers, database
servers, file servers, proxy servers etc.

There are commercial and technical reasons for CS2C adoptingsttategy of
developing functional server Linux products. Commercially, NeoSBemer Linux is a
standard distribution originating from international Linux commaesitiAccording to the
GPL, with which Linux is licensed, any person is able to obtamutifreely so that it is
impossible to generate enough profit from selling it. As the prothastager of CS2C
explained:

“The GPL states that Linux and its source code are availableyf so that the market
access of Linux business is extremely low for profit-orientganisations. Providing services
is one of the business modes in the West, but only veGhieese users are willing to pay for
the Linux service. This situation forced us to make value-addezlogenents to Linux in
accordance with market segments.”

Technically, NeoShine Linux server comprises Linux kernel and opemceso
components. It is normally hard to reach the actual requiremehtprofessional
applications completely without system configuration and performamoegt tasks. At the
same time, it has low maintainability and usability sitieese issues are generally ignored
by the International Linux communities. In this respect, Linux sepphave to provide
improvements to remedy the maintainability and usability problem.

The product line of NeoShine Functional Server Linux consistsmabdEmail Server,
Linux Database Server, and Linux Enterprises Application Server.

The idea of Linux Email Server came from the Governmenti@nMroject presented
in section 2. At the early stage, the government focused mainkebsite development so
that government staff generally used a public email sepnaeided by portal websites, or
rented an email server from an ASP (Application Service i@eoy As email gradually
became perceived as an ordinary and efficient way to geneoanmunication between
government agencies, as well as between government agency @pld, ghe task of

establishing an independent mail server was put on the ageradlddwels of government.
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However, they faced two main challenges during the establishohantemail server. One
is associated with the email server application softwaosethe administrator, it was hard to
choose the email server application software from variousrpton the market when
taking the compatibility with Linux and system stabilityardccount. Moreover, system
configuration and maintenance are highly complex, which calls fajuade experience.
The other challenge was that the email server, in partitotathe government, required
extremely high security therefore a powerful firewall wasessary. Acknowledging these
two challenges from previous government users, together wadgmesing that the email
server would be adopted widely in various industries and erdespiCS2C developed the
NeoShine Linux Email Server to help the administrators of potenisgomers to establish
an email server rapidly and easily. The email server aijgit software was integrated into
the NeoShine Linux Email Server. Not only was the compatibility of Linux and seraer
software optimised, but also the complexity in system configuratnd maintenance was
reduced significantly, since many steps were designed to conapitetmatically. It has a
management tool named Webadmin with which the administrator éstaldomplete the
main system maintenance task - email backup on a web pagerdihg email server
system security, a powerful firewall has also been intedranto NeoShine Linux Email
Server. The firewall has two main functions. One is providingdrapeed in email text and
attachment anti-virus scanning; the other is that this éilleis able to detect and deny
service attacks from hackers.

The NeoShine Linux Database Server is perfectly compatille ali the popular
foreign and domestic database software. CS2C firstly subrigtedrver Linux distribution
to the mainstream database software providers for testimgpgmrs and ran the system
testing in the joint testing laboratory established withABlU Database configuration and
tuning are extremely complicated tasks which require abundantiegpend corresponding
experience in light of different database software. CSBSiracted their expertise and
experience and materialised them as tools in its NeoShin [Database Server. With this

administration assistant tool package, the administrator cotldrehoose an automatic
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configuration option according to preset parameters or pikrtiinual mode, where most
of the tasks of database configuration and tuning are possibtertplete using the graphic
instructions provided by the NeoShine Linux Database Server.

The NeoShine Linux Enterprises Server is designed for implemgerdgutine business
operations. It integrated the administration tools of NeoShimex Database Server since
database software is one of most important components fdouteess system of every
enterprise. Drawing upon the feedback from the CCB projects, GHB¢ developed
additional tools for server system performance and stability anahgsigell as maintenance.
The tools were designed to not only record the historical data system log and show
current data of the system resource usage, such as the eesb@eU, hard disk, network
and memory, but also to provide an analysis mechanism to helpisttlators to inspect
and examine the reasons for low system performance and sgsdshes based on the
system log. Furthermore, over 100 system check points were getdipe system
automatically. Additionally, the information and data of systemeck points will be
recorded as a system healthy log. The system can send stésnslgealthy log back to
CS2C periodically, according to the customer’s subscription. Theosufeam of CS2C

will therefore be able to help the customer to analyse and avoid potgstehserrors.

5.5 Summary

In this case, we present the process of platform Linux adpjti China’s distinctive
context. Its innovation process reflected suppliers learning gsodoe seeking and
identifying users, as well as understanding Chinese user preferencegurahrents.

At very beginning, in order to develop Chinese indigenous Linux, CS&®pls
translated the original English version of Red Hat Linux into g&neHowever,
international Linux distributions were designed for keen users mdronally are the
enthusiasts of OSS. The reality in China was that there wamriet for Linux because the
users in China’s mass market have been locked in commerojtietary OS, such as

MS-Windows, UNIX etc. The Linux providers, therefore, had no waynaferstanding the
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features of Chinese users and then collecting their requirerrentsler to achieve the goal
of being dependent of foreign countries, the Chinese governmemalarieneated a market
for Chinese indigenous Linux by the means of government procurement.

In the second stageearly development stage, CS&S had the opportunity to reach its
first local user- the Beijing government through the Sailing Project. From thdldack of
the Beijing government, CS&S realized that the personakofiisers are different from
organisational users in many aspects, for example a friendlyddcument printing etc so
it divided its Linux distribution into PC version and server version.

At the final stage, CS2C switched its strategy on PC Lifroxn focusing on
government office users to concentrating on a niche market. dingoto the features of
users in local niche markets who had little or no IT ski#sy requirements on computer
system upgrading and limited functionality, CS2C began to exph@eopportunities to
cooperate with PC providers, such as Haier and Bluestar, to pravioheix-based desktop
solution. On the server end, drawing upon the feedback from the CQ&ctpréS2C
delivered functional Linux servers for organisational/busiivechsstrial users. These server
Linux distributions had corresponding management tools for speeifiers application,
which had greatly simplified the tasks of installing, tuning and maimigiserver systems.

This study also showed that the government interventions on platforx were
more powerful than on embedded Linux since its development faced ahallenges.
Chapter 6 will examine the role of the Chinese governmentnglu@hinese Linux

development.
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Chapter 6 Chinese Government Policies

towards Linux

6.1 Introduction

OSS (Open Source Software) has attracted attention from lyaherprogrammer and
academic communities, but also from governments. In respeadvefrgnent intervention
in the software market, the free-market advocates, proponéhta libertarian background
of the open source movement, and most of the literature, in particolaoraic literature, is
sceptical about justifying forms of government interventiorthia software market (Jeff
Taylor; Raymond et al., 2000; Evan, 2000; Schmidt and Schnitzer, 2003;0 CGordi
Manent, 2005). By contrast, a significant phenomenon is that dozeggm/@fhments and
municipalities from all continents have passed or proposed expttidies fostering the
open source movement and encouraging the deployment of OSS in quirbiitistration.
The US government agencies, like National Security Administration,ridegat of Energy,
Federal Aviation Administration, and US military have been ti&amers of Linux from
the early 2000s. The French government contracted with Mandrakesoftrease the use
of Linux in mid 2002. In May of 2003, Munich city government switchigentire network
to Linux from MS-Windows. For the purpose of cutting expenseEtivepean Union has
required that OSS should be systematically considered in potd@irement, since the
spring of 2003. Moreover, many DCs, such as China and Brazil have é&¢&wemost cited
successful cases of adopting policies to promote OSS effectivelglias

The Chinese government started efforts to develop OS since.1Pé@sto the
traditional planning economic system, the government have begingka critical role in
all the indigenous OS R&D projects. These projects werenggd and financially
supported by the government, administratively. All the OS productthbagkplicit purpose

of scientific research, and were developed for specific haededahitecture; therefore the
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commercialisation issue has never been taken into accounheAbeginning of 1990s,
CS&S which is a state-owned software solution provider begdeuelop OS for users in
the mass market. However, this commercial activity graatly influenced by a concept of
‘Completely Independent Intellectual Property Rights’. As altethe programmers had to
start R&D activity from scratch: writing every line obde from the beginning rather than
utilising existing foreign software technologies. Once the progastdelivered, it already
lagged behind market requirements due to the longevity of R&IX i§ the reason why
China’s software market, especially the OS segment has beeanatiednalmost completely
by foreign proprietary companies. Before Linux entered Chinaisket, MS-Windows
products from Microsoft were installed in over 95 percent ofn€e desktops; the
high-end OS market was taken by foreign UNIX and MS-Windowsvels With the
number of computers increasing rapidly and IT technology gradpaltgtrating into all
sectors of the national economy by the mid 1990s, the Chinese gonemacegnised the
importance of self-controlled OS, not only to the indigenous soétwalustry but also to
the whole national economy.

The Chinese government showed great enthusiasm and interésturrsince the
wave of enthusiasm swept across the globe in 1998. In a tradli@rinese way, the
Ministry of Information Industry and Ministry of Science andcfieology organised four
retreats regarding Linux future development in China during 1998-1%39dd% the policy
makers, representatives from domestic software indastidyacademic fields were invited
to participate. In contrast to their foreign peers, the unifasice from Chinese academia
was that Linux offered a powerful opportunity for China to develop lacsetrolled
mainstream OS, establishing a complete software industry,uatierf catching up in the
global software technology race by the means of access toenaatdrsophisticated Linux

source code.

6.2 Chinese Government Policies toward OSS

In 1999, indigenous Linux was formally listed on “The Guide for CurRreferential
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Key Sectors of High-Tech Industrialisation” announced by bothState Development
Planning Commission and the Ministry of Technology and Science. wéssthe first

official policy on which the indigenous OS products, including Linad #s integrated

application environment were listed explicitly (see chapter 5.5tbpn after that, the
Ministry of Information Industry stated that Linux would be givewernment support. The
official document and announcement from Chinese central governmenthveeindicatives
of government’s attitude to support Linux and the decision on develapsedf-controlled

OS based on Linux.

The State Council promulgated “Several Incentives for thgeldpment of the
Software Industry and IC Industry” (2000, No.18 Document) and “the Actian fer the
Rejuvenation of the Software Industry (2002-2005)” (2002, No. 47 Document) in 2000 and
2002 respectively. Both polices stressed that National R&D fundingdvebrdngly support
key foundation software R&D activity. The OS was listed firstthe catalogue of key
foundation software.

The Ministry of Information Industry in addition stated that thevelopment of
Chinese OS products is the most important R&D task for Chinfdsmation industry in
their issued “Outline of IT Industry in “IOFive-Year Plan” (2001-2005)”. Another crucial
government agency related to indigenous OS R&D is the MinistryScience and
Technology. The Ministry, together with the National Development &Reform
Commission, the Ministry of Commerce, the Ministry of Informatiadustry, and the
National Standardisation Administration, issued “Implementation Notion Further
Improving the Capability of Technological Innovation for Dome&aftware Enterprises”
in 2004. The aim of this policy was to promote and improve the donesgiibility of
technological innovation in the fields of foundational softwarteh as OS and large scale
database management system. According to this document, the “8@8nfraj (National
High-Tech Research and Development Programme of China) coatimieMinistry of
Science and Technology will set up an independent Key SoftwaljecPto support

foundational software R&D. In order to gradually establish an inadkp#nsoftware
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industry, supporting application software for Linux was put on thedayerhe decision of
supporting indigenous Chinese OS R&D was re-emphasised in “Tinen&laOutline for
Mid-Term and Long-Term Scientific and Technological Developmenanring
(2006-2020)" which was released by the State Council. Even thougix bas not been
mentioned clearly in all of above government policies, thetydalthat Linux has obtained
first priority in public procurement and state fund supporting. ifiigortant role of Linux
in Chinese indigenous OS products was clearly specified inh*fégh Industrialisation
Programme in “1% Five-Year Plan” (2006-2010)” which promulgated by the National
Development and Reform Commission in 2007.

According to the case study of Chinese Linux development,dleeof government
and the administrative measures to support indigenous Linux areechangccordance

with different stages of the Chinese Platform Linux developmenttoaje

Time Administrative Measures Policies
The Pre-birth and Subsidy to Linux R&D “The Guide for Current
Emergence of CS2C Linux Preferential Key Sectors of
(1999-2001) High-Tech Industrialisation”

“Several Incentives for the
Development of the Software

Industry and IC Industry”

“Outline of IT Industry in
“10th Five-Year Plan”

(2001-2005) *

Public procurement “Several Incentives for the
Development of the Software

Industry and IC Industry”

Early Development Stage | Subsidy to Linux R&D “the Action Plan for the

@D

(2002-2005) Rejuvenation of the Softwar

Industry (2002-2005)"
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“Implementation Notion on
Further Improving the
Capability of Technological
Innovation for Domestic

Software Enterprises”

Public procurement

“the Action Plan for the
Rejuvenation of the Softwar]

Industry (2002-2005)"

@D

“Law of the People's
Republic of China on Public

Procurement”

Subsidy to adaptation

Standardisation

Growth and Future

(2006-Onward)

Strengthening software IP

protection

“Relevant Issues about the
Pre-sale installation of
Official OS Software in

Computers”

“Issues on the Pre-sale
Installation of Official OS
Software in Computer and
Office Device Purchased by

Government”

Linux education and training

) “Notice about Establishing
Linux Technology Training

and Promoting Centre”

Enhancing the compatibility

with software and hardware

“The National Outline for
Mid-Term and Long-Term

Scientific and Technologica
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Development Planning

(2006-2020)”

Subsidy to Linux R&D

“High-Tech Industrialisation
Programme in “11
Five-Year Plan”

(2006-2010)"

“The National Outline for
Mid-Term and Long-Term
Scientific and Technologica
Development

Planning(2006-2020)"

Public procurement

“High-Tech Industrialisation
Programme in “11
Five-Year Plan”

(2006-2010)”

“The National Outline for
Mid-Term and Long-Term
Scientific and Technologica
Development

Planning(2006-2020)"

Standardisation

“The National Outline for
Mid-Term and Long-Term
Scientific and Technologica
Development

Planning(2006-2020)"

Table 8: Chinese government policies and administragasures
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6.2.1 Cultivating the domestic market

“Linux is superior to Windows technically, so that providing mankegntive is the
most important supportive measure for its success in China. Thengwmtr therefore
should purchase and apply indigenous software, including the indigenous Linux
distributions.”

-Prof. Guangnan Ni

Generating market by policies

For the segment of platform Linux, which includes Linux desktop versiorLismuok

server version, the government is one of the most important customersder to improve

® The government is the first user for Chinese ptaifLinux; government procurement accounted 55-60%
for annual Volume of Sales of Chinese platform kimuring 2002-2005, and accounted around 35-40% for
annual Volume of Sales of Chinese platform Linuxiniy 2006-2009.
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the efficiency of office activities and the decision making,eakls of government agencies
trended to apply IT in their routine office tasks. The a@hitir application in government
agencies is OA, which is a general term including a widgeaf applications of computer,
communication and information technologies in office environments tite integration of
office information functions, including word processing, data ggsing, graphics, desktop
publishing and e-mail. Automation has changed not only the governmecé @ibrk
environment, but also every concept and way of work, with thil rd@velopment of
network technology and increasing construction of informatiomsifucture. The meaning
of automation therefore has expanded from internal office to ektenv&donments. The
Chinese government began to focus on how to provide and improve gewérsenvices,
transactions and interactions with citizens, businesses, and othasfagavernment. China
Telecom, SETC and information administrative departments in thare 40 government
ministries and commissions initiated the Government On-Birggect in 1999. The market
size of the government user was huge, with increasing annual investment.

Regarding the embedded Linux segment, the No.18 Document identifiedl sesaes
for promoting the IC (Integrated Circuit) industry, e.g. IC designraadufacture firms will
have a 14% discount during the period of 2000-2010, while the newlyligstab IC
enterprises would be exempted from income tax in the first twesyend allowed a 50%
reduction in the 3rd to 5th years. Furthermore, IC product R&D desyisuch as product
design and software design will obtain subsidy from the governrmesiead of being a
direct customer, the government has generated a huge potentiat foarembedded Linux

by encouraging IC enterprise development.

Public procurement

The OS is characterised by network externalities so thaffiaient installation base is
the pivotal factor for diffusion of OS (Bonaccorsi and Ra2803; also see Bresnahan and
Greenstein, 1999). Public procurement is a popular measure adoptg/dryyment in

order to gain critical mass of users.
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In accordance with No. 18 and No. 47 Documents, Chinese indigenous software,
including indigenous Linux of course, has priority in public procurement.

“The computing system which is invested in by government should aitholigedous
software system under the same performance/price rgtim.18 Document)

“Regarding standard government software product and service proearem
indigenous software should have priority in public procurem¢NbD. 47 Document)

The “Law of the People's Republic of China on Public Procurénparssed by the
Standing Committee of the National People's Congress in 2002, stated @tlebause:

“Public procurement shall target domestic commodities, engimgeviorks and
services, except for a few exceptidns.

Beijing municipality government was the first Chinese govemragency to purchase
2,801 copies of indigenous Linux distribution, including COSIX Linux and Rag-Enux
as their desktop OS in 2001. In the following two years, Beigogernment not only
continued to buy desktop Linux from indigenous firms, but also to gradymgly hinux to
its various servers. Such an example is Pinggu Districteiifn®, which has become a
successful case in substituting currently-installed M8daws OS with indigenous Linux
desktop distributions. There are 3,800 PCs out of 4,680 PCs in 188esgehd®inggu
District which had installed indigenous Linux distribution up to 20050Agnthem, 1,232
PCs had installed Linux and 2,568 PCs had installed dual OS, i.e. both Lmdux a
MS-Windows (Wu, 2005).

Moreover, the ministries of Chinese central government begpuorthase and apply
indigenous Linux from the end of 1999. For instance, former StabedBuic & Trade
Commission purchased hundreds of Red-Flag Linux for their Gfesyand PCs; CS2C
Linux database server is adopted in the official document trasgmisystem of Central
Commission for Discipline Inspection of the CPC (CommunistyPaftChina); CS2C
Linux mail server won the contract from United Front Work Depantmof CPC Central
Committee; and etc.

Following Beijing government and central government, all leg€lscal government
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started to purchase a large number of indigenous Linux copiesofwtructing their
e-government project. There are hundreds of successfulciroge far, for example,
indigenous Linux has been applied in Guangdong Nanhai e-government project, Guangzhou
Huangpu District e-government project, Zhongguancun Science Rankeeament project,
etc. In accordance with the market data from the larGastese IT consultant - CCID
(China Centre for Information Industry Development) Consulting, share of public
procurement in China’s domestic Linux market has always ateddior over 30%, and for
at least 50% share in the Linux desktop segment since 2002, hamalsGlomestic Linux

market is significantly growing annually.

6.2.2 Subsidy

Subsidy for Linux R&D activity

“The National Planning Commission, Ministry of Finance, Ministnsoience and
Technology and Ministry of Information Industry should invest rtheichnology
development funds to foundational software R&D ... The national funds iEmc&c&
Technology development will strongly support R&D activitiedoohdation and/or key
software which included OS, database management system, information semteity, S
embedded system” (No. 18 Document)

In order to guarantee sustaining financial support to softwadesiry, No. 47
Document issued in 2002 declared:

“A total of 4 billion RMB (£400 million) will be invested in the wafe industry
during the period of 10th Five-Year Plan (2001-2005). The Information Texhno
Development Fund of Ministry of Information Industry, the 863 Programitey
Technology R&D Programme, and The Innovation Fund of Medium or Small &cadc
Technology Enterprise of Ministry of Science and Technology, ydlisthnology R&D
Fund of National Planning Commission etc. will invest at |8dsillion RMB (£300 million)

into software industry. The other 1 billion RMB (£100 million) willgoevided by Chinese
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central government directly, from 2003 to 2005.

All the earliest versions of Chinese indigenous Linux distidoutn fact were just
foreign Linux distribution wrapped with a Chinese application packigeto the lack of
requirements of local users. From an application perspectiv8eifieg government users
found that Linux distributions purchased from CS&S and Red-Flag ifirhgprocurement
project were not mature enough for their OA requirement. eTlera large difference
between the operation styles of Linux and their previous indtall& products (e.g.
MS-Windows). Furthermore, Linux had compatibility problems with existinstalled
applications software and hardware devices. Aiming to improvepérormance and
enhance the functionality of indigenous Linux to fit local governmesgr's working
environment, Beijing government initiated and funded the Sailimge&r The project
greatly improved the usability and user-friendliness of Linuxwelf as provided much
better Chinese applications. In contrast to their original coghesnew versions of both
Red-Flag Linux and CS&S Linux were evaluated as acceptable Qdtiqis for basic
government office applications after the Sailing Projectis Wias the reason why the
Sailing Project has become the most cited example of a stidcEssnese government
financial sponsored project.

With support from the 863 Key Software Project, both CS&S (C3#2d) Red-Flag
completed the R&D projects on desktop OS in 2004. In lightsef wequirements and
development experience accumulated from the past, the twx lsuppliers developed a
windows-like GUI, improved the Chinese application performancedified the
adaptability to USB external devices and finally deliverkeirt newest desktop Linux
(COSIX Linux v4.2 and Red-Flag Linux Desktop v4.0) in the same yeacdordance
with the “The National Outline for Mid-Term and Long-Term &tific and Technological
Development Planning (2006-2020)", the 863 Key Software Projecsulastituted by the
“Core (core electronic component), High (high-end generic chip, GPU), Foundation
(foundation software, like operating system) Key Project” i0@M®s Prof. Guangnan Ni

pointed out:
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“The strongest ever financial support to foundation software willrbeiged by the
Core, High, Foundation Key Project. The expected official investrimerfoundation
software R&D and application could reach 1 billion RMB (£100 million) ewetgndar

year. Both CS2C and Red-Flag were the only two OS providers irstisg Core, High,

Foundation Key Project.

Subsidy for Linux adoption

There is another type of subsidy which the government funds havéopaadsumers
for adopting indigenous Linux. As government users became the first group of camstimer

indigenous Linux, some different levels of government, in partidhka government in the
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Chinese western poverty af®areceived subsidies to pay partial or all procurement
expenditures from central government funds.

Knowledge and information is the most important resourcedon@mic development
nowadays. The production, transmission and acquisition of knowledg@&fanuation are
significant to regions and countries (Hu, 2002). With the spreadefcomputer, the
Internet is becoming the rapidest and most effective way to racamd communicate
information. The term ‘digital divide’ has become one of the mosingis$ issues in the last
10 years, referring to the gap between people with effectosesa to digital and
information technology and those with very limited or no accesdl.atack of financial
budget is one of the reasons leading to the digital divide AHou, 2002). Furthermore,

low cost is the issue mentioned by advocates of OSS so thgirgpPISS is a remedy for

10 Most of Chinese mountain regions are in Westerim&about 64.8% of the total mountain and 56.2%
of the hilly land are in western region, as well72s8% of the western region is covered by the ranrand
hilly land), which is an obstacle for developingdbindustry and agriculture in Western province€lina.
There is 62% of the total poor people are in Chénesstern region, and this percentage kept inergasi
according to National Bureau of Statistics of China
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bridging the international and domestic digital divide withoutikirey intellectual property
rights (Camara, and Fonseca, 2007; James, 2003; Ksheteri, 2004; May, 200605
Sherry and Urrutia, 2005).

To bridge the Chinese domestic digital divide, the Migisif Science, Ministry of
Education, Ministry of Information Industry, Ministry of Agricutey and other ministries
and departments of central government launched the “NarrowigitaDDivide-Western
Mission Project” in 2002. The aim of it is to develop appropridt products and apply
them in the western provinces according to the local economicoament. Taking the
depressed economy condition of the western provinces into accourgntre government
decided to provide financial support for this project through86® Programme. With the
financial aid, Linux NCs (Network Computers) have been appliecganiy all the county
level governments in the western region, including the Tibet district.

The fact that Linux has the third largest share of the gkdyaker market shows that it
is competent for use in all kinds of server applications. Nesteds, Linux was only
installed on secondary systems in China, although a wide rangelusdtriyn users have
already applied it before. The reason that Chinese organigkindustrial users were
unwilling to deploy Linux in their core business systems isttiere was not any successful
demonstration. As Dr. Ge Wang, researcher in CASTED indicated:

“Even though the indigenous Linux has been evaluated as a qualified GBvéass
there are still no Chinese enterprises adopting it in core busisgstems. As a result, some
state R&D funds have to supply financial aid to encourage Chinese’users.

In order to build the confidence of applying Linux on core businegsrmmyshe 863
programme has been sponsoring a demonstration project in the financial inchestrgG63.
The whole project is divided into two main stages. The maianisgtion to undertake the
first stage was CCBSB (China Construction Bank Shangxi Branch) which planneitcto sw
the OS on all the counter terminals in the branches of Shanxnpeg¥rom SCO UNIX to
CS2C Linux Server. The first stage took 15 months to complete this switdhStivestalled

on counter servers in over 700 local branches of CCBSB switchedS&m UNIX to
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CS2C server Linux. According to data from CCBSB, the efficiencybudiness and
transaction process increased 20% when adopting CS2C Linux arstithated operation
costs of CCBSB in 2005 was reduced by 50 million RMB (£5 milliarjich led to 200
million RMB (£20 million) profit increase compared to 2004. Inspibgdthe data from
CCBSB, the CCB headquarters made a decision to promote CS2C aiauxitier spread
in the whole CCB system. In the subsequent year, two provinckdeveches, CCBHB
(China Construction Bank Hainan Branch) and CCBSB (China GQmtistn Bank Shanxi
Branch), as well as a city level branch, CCBQB (China Cocstm Bank Qingdao
Branch), adopted CS2C Linux Server in their counter systems.

To provide better customer service as well as to reducedheanance cost, the CCB
headquarters decided to conduct the second stage — DCC (Data Censdidation)
project at the end of 2004, planning to reconstruct the integhatetdbanking system. A
huge Linux installed server cluster at province level branes wubstituted for the
distributed front-banking servers in local branches. The ainthefsecond stage was
“developing indigenous platform Linux-based solutions for the @izrfield”. The result
of conducting the DCC project would greatly enhance the digabi transaction data
processes and provide a more rapid service for CCB customees8d3 Programme
granted another 40 million RMB (£4 million) to support the DCQquio The experimental
DCC system was first installed in CCBLB (China ConstrucBamk Liaoning Branch) in
September 2007. By the end of the same year, the new systebedadorted to the
CCBAB (China Construction Bank Anhui Branch), CCBQB (China Constnudank
Qinhai Branch) and CCBHB (China Construction Bank Henan Brandt®.nEw system
was gradually employed in the 38 province level branches of CCB from 2008 - 2010.

The demonstration effect of CCB projects finally reached dkpectation of the
Chinese government. Relaying the successful experience inindwecibl area, CS2C
obtained contracts from China Universal Asset Managementl@anthBai Stock Exchange

in 2007 and 2008 respectively.
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6.2.3 Enhancing the compatibility with software and

hardware

The spread of a given OS is subject to the quantity and theygotomplementary
applications, as well as the variety of hardware devicds wiitich it is compatible. The
economic term for this refers to indirect network extetieslieffect (Katz and Shapiro,
1985). In order to make indigenous Linux distribution usable for Chinese users, inlgarticu
office users, the Beijing Science & Technology Commissi@mtgd the Sailing Project. In
phase | of the Sailing Project, the compatibility of indigenausit. with hardware, such as
printer devices, were greatly enhanced. The main task &alieg Project phase Il was to
solve the compatibility problem between indigenous office suite MS-Office suite, and
further optimise the performance of indigenous office suited) asdRed Office and WPS
for indigenous Linux. The government realised that the applicabfiware is a pivotal
factor for the spread of indigenous Linux so that the indigenouseddfiite was listed as
foundational software soon after the Sailing Project. Take RiticeQuite for example, it
received a great deal of R&D funds from both central governamghBeijing government.
Its compatibility to indigenous Linux has always been stre#sedhe CEO of Red Office
pointed out:

“In line with the software public procurement policy, both indigendnsxLand Red
Office won a lot of government contracts. The compatibility of ReeOS8uite to
indigenous Linux therefore became an important evaluation criteoioallfthe 11 national
and local R&D projects undertaken by our company from the 2001 (Sailing Prdject).

Before 2005, government investment was focused on office applicatibynsThere is
a gap between indigenous Linux and other complementary software and hardware.

“The indigenous Linux should have link to not only office suite,alaat other
indigenous software because user groups other than just office siseuld be taken into
account:

-Prof. Guangnan Ni
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“The low compatibility of indigenous Linux to application software mijuire users
to spend much time searching appropriate application software for tivixLIf the Linux
suppliers could recommend and/or provide solutions for users girestire users may be
attracted by indigenous Linux.

-Mrs. Xe, researcher in CASTED

“There are lots of Chinese computer manufacturers who wantedtsehinux as
their pre-installed OS due to the lower cost. However, most of Himandoned their
original plan because of hardware adaptability probléms.

-Dr. Ge Wanggaasher in CASTED

The Ministry of Science and Technology approved granting a kejgqirof “10"
Five-Year Plan” State Key Technologies R&D Programme “ladigis Foundational
Software Platform System Development and Application” in RO)5. The goal of this
project was to construct an open architecture based indigenous foonabaoftware
platform system by drawing upon the R&D results of past dtténologies R&D
programmes and the 863 Programme. The whole project was dintdets sub-projects,
which were dedicated to the fields of development strategy, standard amgl iagtllectual
property, key technology, application demonstration, education and training, and so forth.

In light of market characteristics and users demands, C®2@erated with other
software enterprises, as well as universities to undedak of the sub-projects, “Research
on Key Technology and Integrating Technology of Indigenous Foundationbhegef
Platform” (under grant 2005BA112A02) as a leading role.

Three major tasks have been achieved in this projectlyFi@$2C conducted R&D
activity in hardware adaptability. After this, indigenous Linustidbutions were compatible
with 204 computer servers, 96 PCs, 79 printers, 7 scanners, 34 tt88estlevices and 4
NCs. Secondly, CS2C carried out a series of R&D projects fyowe the software
compatibility of indigenous Linux, in particular with indigenous dasabaoftware,
mid-ware, and office productivity suites. The last taslk waegrating foundation software

platforms for several defined application areas.
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This project developed seven solutions which consisted ofdndigs Linux desktop
and server versions, indigenous branded Server and NC products, and imgligenou
complementary software. The solutions passed strict testingclineled high reliability,
performance, and functionality. The software interpretabilibych is long been a plague
for Linux was solved effectively as well, which meant thatth# components of the
solution were interchangeable. This enables customers t@ @olution for an application
system directly according to their working environment, and tieejonger have to solve
software compatibility and hardware adaptability problems. Sehen solutions based on
indigenous foundational software have been deployed successfully inietde of

e-government, agriculture, education and medical care and health.

6.2.4 Standardisation

Linux distributions differ in accordance to the specific intentiodefelopers, though
they are based on the same kernel. Some focus on security laitity,stad others focus on
the ease of use and friendliness.

As we know, the cost of switching to Linux from proprietary €8sisted of not only
pecuniary costs but also user learning costs. Sometimes téreidamuch higher than the
former, particularly when the users are familiar with the Gtyle of proprietary systems
and the way to operate them. A problem arose in China sincelilse & well as Chinese
display and input system of various indigenous Linux distributiares not completely the
same, which definitely increased the learning costs for end-users.

Today, users normally customise a variety of standard compomémta solution to
meet their specified working methods and requirements. The oaaiiignal thus is one of
the salient characteristics of contemporary intricaddnology, especially for ICT. Another
dangerous problem is that indigenous Linux distributions are incorfgatith each other.
For instance, in order to attract more consumers, LENOVOIase@ special software
named “LENOVO Image Studio”, with which the user is able to print pistarelocuments

with special display effects. In contrast to Red-Flag Linwhictv is able to invoke the
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software and its function completely; CS2C Linux, another populagéndus system, can
only implement the basic printing function. Consequently, a uniformmdatd for
interoperability between all Chinese Linux distributions ha®imecan essential issue (Ni,
2005).

At present, all the Chinese Linux vendors are SMEs with & vpesition in the
software market. Consequentlyda factoindustrial standard is unlikely to form through the
market competition mechanism in China. In order to regulate marriters, the Ministry of
Information Industry originated an official Linux standard group to condie Linux
standardisation project in 2004, which was financial supported byg&BeProgramme
several months later. The members of the group came from goveragencies, academia,
and industry. They were CESI (China Electronic Standardisatioitubeytof Ministry of
Information Industry, ISCAS, Red-Flag, CS&S, SUNWAH Hi-Tech,. éd@ao and Xie,
2004). The main task of the group was to develepurestandard through which to ensure
the consistency in operation, development and API (Application Rnogireg Interface) of
indigenous Linux. The draft of “Linux Application Programming Ifaee (API) Standard”,
“Linux Desktop OS Technology Standard”, “Linux Server OS TeatmpolStandard”,
“Linux User Interface Standard” and “Embedded Linux Technology Stahdaed

submitted in the beginning of 2005.

6.2.5 Strengthening the software IP (Intellectual

Property) protection

The higher license fee of proprietary OS is not a sigmitigssue for China owing to
rampant piracy. Ironically, the dominant position of foreign propmetaS in China’s
software market is benefited by the spread of illegal copefgRaikes, who was Microsoft
Business Group President, announced in 2007,

“If you're going to be a software counterfeiter, then please copy aghlly use
Microsoft products.

In order to create a good environment of software intellectwgdepty protection, to
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maintain the order of the computer market and software eahaik impel the independent
innovation of software, and promote the sound, continuous and speedy derdloprine
software industry of China; the Ministry of Information Industiational Copyright
Administration, Ministry of Commerce and Ministry of Finanaceeunced the “Relevant
Issues about the Pre-sale installation of Official OSv&o# in Computers” in April 2006,
the symbol of the starting point of China’s software copyriglolvement. The notice
regulated that all the computers manufactured within the terofaBhina must be installed
with an official OS at the time of ex-factory. After fouays, the “Issues on the Pre-sale
Installation of Official OS Software in Computer and Officeevize Purchased by
Government” was issued by Ministry of Information Industry, Nwlo Copyright
Administration, Ministry of Finance and Government Offices Amlsiration of the State
Council. The two mandatory policies have been also treatetheasopportunity for
promoting the deployment and spread of Linux in China.

The price of foreign proprietary OS is a significant proportbra computer’s total
cost, and the proportion has been gradually increased in recenflyeaost of indigenous
Linux distributions is about 5 Yuan RMB (£0.5), which is far cheapan tthe popular
MS-Windows series OS products even purchased in bulk. Trying to tdowg the PC
price, some PC manufacturers accordingly choose indigenous Linbg pseinstalled OS
thanks to no license fee. As Dr. Ge Wang in CASTED pointed out:

“In the past, some indigenous PC manufacturers which focused on thstidome
low-end market didn't provide OS for their products because of the cosuess a result,
their customers generally installed illegal copies of Windo8so® their PCs. With the two
compulsory policies, one the one hand the software piracy phenomenomeaqirklented
efficiently; on the other hand, these indigenous PC manufacturersmy@meed to choose
indigenous Linux distribution as their pre-install OS since thst @ Linux could be
ignored finally’

Millions of indigenous Linux copies were installed on branded RC2006. For

example, all 23 types of DELL desktop and notebook pre-installed Red-Flag Linothek

202



Chinese mainstream Linux provider, CS2C, signed several OEMactstivith PC

manufactures, like Founder, Great Wall, etc.

6.2.6 Linux education and training

To entrench its competitive position in China, Microsoft becaigerously involved
in China’s educational projects. In the June of 2002, Microstdblished official linkage
with top universities in China by launching the “Great WadnP". Microsoft played an
important role in the curricula design, course teaching, and texthaokilation in the
software schools of the top Chinese universities. Microsoft dRelseAsia, Microsoft's
fundamental research arm in the Asia Pacific region, providescial support for the

construction of at least five computer fundamental courses, radiZoosoft core and new

11 According to MOU signed between The State Develpnd: Planning Commission of the Peoples
Republic of China and Microsoft, Microsoft promisadinvest at least 200 million RMB (£20 milliorg t
support Chinese software education system durifg-2005.
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technologies courses.

By contrast, Linux knowledge and expertise had been ignored in theegghi
educational system before 2005. The core contents in computeesduosn primary
schools, high schools to universities (except Computer Sciendd aeldted majors) were
all directly based on Windows systems or in Windows running enviahiZhang, Sun
and Guan, 2006). For non-computer science major students, they wkee loc the
MS-Windows OS products and complementary applications. It wasvéelieo be a
significant barrier for the spread of Linux to unsophisticateetsugn the mass market.
According to Prof. Guangnan Ni:

“The syllabus in China’s primary and middle school clearly requiresdfuatents must
learn operating MS-Windows and MS-Office. As a result, the followmnmgpuating
education in universities had to be based on Microsoft products.

In addition, Linux expertise is generally listed as an optional cpuaskeer than a
compulsory course, for Computer Science and IT related majorsost Chinese
universities. There is a lack of programmers who mastered tarhnologies and
architecture of Linux (Zou, 2004). In accordance with gradually astng demand for
Linux systems, analysts estimated that the China markiebevighort of millions of Linux
specialists and graduates in the next five years (2008-2013yihg flne disadvantages of
backwardness of Linux development, solving the problem of Linux in ni#onal
educational system and professional training therefore becomesainy task for the
Chinese government (Zhang, 2006).

“The China’s educational system ought to serve national innovation system. On the one
hand it should cultivate users or potential users for indigenous Liwminich has been
received a large quantity of state R&D supports; and on the other hiasidould provide
adequate human resource for indigenous Linux innovdtion.

-Dr. Ge Wang

In July 2005, Ministry of Education and Ministry of Science and Tedgyolssued

the “Notice about Establishing Linux Technology Training and Promafiagtre”. The
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document stated that the a National Linux Technology TrainingPamahoting Centre will
be established in 40 key universities and the open source softerdgent is required to be
emphasised during IT education. Two important issues were idédntifne is to provide
short-term part-time training programmes for software engsnesd the other is to teach
Linux expertise to college students at undergraduate and Magédr There is a trend that
Linux expertise has gradually become a compulsory course, whufgigary software
based technology has become the optional course. The ‘Zhejiang rowauel’ is the
most successful example in Linux education. The Education Departmenhejiing
province helped Linux enthusiasts in local universities to edstablifPA (Leadership of
Open Source University Promotion Alliance), which is the fiigtix community initiated
by college students in China. Besides providing differenideseLinux related modules to
the college students no matter what major they are studiedlx Was listed as the content
in NCRE (National Computer Rank Examination), which is one of rtiest useful
qualifications for a starting career in all areas.

The closed nature of proprietary software limited the stisdéo understand the
mechanism and thinking behind the code. As a result, proprietary sothased university
education and training programmes will only strengthen the dependmmcgertain
technology provided by firms. Introducing Linux expertise to the uniyeesducation
system provides updated code and research objects for the shajerihg in a computer

science related area, and further cultivates the capability of seftmaovation.

6.3 Negative Effects of Government Policies

6.3.1 Public procurement

There are two limitations on public procurement. Firstly, ploticy maker lacked
experience in issuing policies. The Ministry of Finance and Minisf Information
Industry issued “Implementation Measures for Public procuremeroftware (Draft

Version)” in 2005. The original aim was to regulate the publicymeroent behaviour. The
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software in the Chinese market was grouped into three caggorthis official document:
indigenous software, non-indigenous software with priority in peuent, and
non-indigenous software. However, the document did not state the miiffebetween the
former two categories in procurement so this problem arose duhieg policy

implementation. As the general manager of CS2C stated:

“The document should state implicitly that the indigenous softviana@lds have first
priority in public procurement if the performance of indigenouswsoft reached the
requirements of government useérs.

Prof. Guangnan Ni had more radical expression in this case:

“This document broke the Law of the People's Republic of Chindutntic
procurement since the law only defines two categories: indigenodisnan-indigenous
software. In all other countries, furthermore, there is no tben of ‘non-indigenous
software with priority.”

Several months later in the same year, the “Implementatiorsies for Public
procurement of Software (Draft Version)” was recalled.

Secondly, it is difficult to evaluate this measure pratlyid@cause there is no official
statistic data on the proportion of indigenous Linux in the whole OS for public proaitreme
While the foreign proprietary product still won lots of governimeontracts due to the lack
of a solid system to monitor its implementation in public procurentemt example, the
Beijing government who was the first user of indigenous Linux purchased M&Ws XP

in 2004.

6.3.2 Standardization

Two main problems existed on both membership constitution and the gprotes
teamwork standardization. Firstly, there was no foreign compimesoftware company
among the twenty six formal members. In light of the status @u€hina’s software
industry and Linux development, Chinese users inevitably adoptdédrfaremplementary

software. As a result, the foreign providers of mainstreamptementary software, like
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database providers, mid-ware providers should have been ingitedrticipate in Linux
standardization. The second problem is that the user group waslexkdtom the Linux
standardization. Take embedded Linux standardization for example, the emheddeiedis
a system designed for specific applications. There are thasigdntechnical differences
resulting from the real requirements of function and consideraif cost control even
amongst users from within the same industry. It is impossiblevielafza sensible standard
for embedded Linux merely based on the developing experience of Linux mies@ad
some complementary software firms since these participeamsot take all the user
requirements and application conditions into account. The embeddedstamaard should
be established for various specific areas, such as foropeBdx, lottery terminal, numeral
control, etc. This can explain why there was no any feedback divehdrafts of the Linux
standard submitted in 2005. The Core, High, Foundational Key Pdigeprovide further

financial support for the indigenous Linux standardization from 2009.

6.4 Summary

The western mainstream OSS literature held the opinion thajavernments should
limit their roles in supporting OSS over the traditional propriesoftware (Evans, 2000;
Schmidt and Schntizer, 2003; Comio and Manent, 2005). However, mydessamters
the dominant view of the established literature on OSS, whitfaiggovernment support is
an efficient way to facilitate the spread of infrastrugk®SS — Linux. In China’s social
context, especially at the time when Linux was first introdugegernment support was
extremely important. For example, the government provided up-frontcfalasupport to
the Chinese Linux R&D in the earliest stage of the developrbeiseme the first user for
indigenous Linux by the means of public procurement and played agaleatch maker
between R&D and industries and between industries for setting sland&ith the
government support, Linux has been adapted into Chinese environmenturamet f
developed to a great extent. The companies, such as RedAdla@S2S, have not only

survived and but also flourished.
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Chapter 7 Analysis

7.1 Introduction

The primary concern of this research is to understand the opere snavement and
OSS adaptation in DCs. Even though a large body of literature onsopere movement
and OSS has been published during the last decade, the magmty/fsbm the context of
the developed world, in particular the United States. Theareseobjective of existing
literature is the moral principles and ideology of OSS, inclutiiegemergence of OSS, the
incentives of contributors, the governance structures of€@@8®nunities, OSS licenses etc.
This research on the social discourse of OSS provides a goodstanmdéeng of the
economic and political rationales embodied behind the open sourcemmot in the
developing world: the loosely connected OSS communities with ¢fffesrent governance
structure; the strong support of companies which competed withmibreopoly of
proprietary software; the powerful intelligence and manpower resswustaining OSS
development and innovation. However, empirical investigation of @IXCs is lacking;
the existing literature focuses mainly on the benefits acqbyddCs — as if the adaptation
of OSS was taken for granted.

The aim of this chapter is to analyse the empirical reBeindings presented in
chapters 4-6, link them to the theoretical framework and thigiwt bn the central concern
of this study. This research gradually unfolds the evolutional psogeChinese indigenous
Linux and examines the implications for other DCs. My findings ia agreement with
theories of STS, especially from a SST perspective, thaixLhas to be adapted to the
socio-technical network and the broader social and economic context in China.

Section 7.2 describes the biographies of Chinese embedded andnplatfox by
discussing the development strategies adopted by two Chinese frionigers, the social
learning process in every evolutional stage, as well as the infdwérthe broader context in
which Chinese Linux is designed and used. The biographies riaatghe adaptation of

software like Linux is a process of ‘generification’. Unlikieetexisting international
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technology transfer literature mainly addressing manufactanpindustrial technologies,
understanding, categorising users/intermediaries and enrolling them intarsofiesign are
crucial elements in local technological capabilities for softwanester.

Section 7.3 analyses the government role in Chinese LinuxadidaptThe adaptation
and further development of Linux as an infrastructural OSS netjiEtrong government
intervention because only the government is able to bridge gxebgdween the key actors

and also coordinate their fragmented resources.

7.2 Biographies of the Chinese Linux

This section discusses how social elements shape the develagn@@rihese Linux,
which resulted from different strategies adopted by the two Ghinesix providers in both
the international and domestic socio-technical context whesedperated. From a SST
perspective, this research looks into the interactions betwéenredt key players in the
specific context of China and provides an analysis of how the tegraghies of Chinese
embedded Linux and platform Linux have been derived from suppliers’ aperaand

strategies.

7.2.1 The biography of Chinese embedded Linux

According to the technical features, an embedded system normaallyigid physical
constraints on system size, power consumption, computational dgpat®hl-time
performance, dedicated functionality, hardware framework, etcomtrast to large-scale
software packages which can be designed for sectors (suétPasdmbedded systems and
their OS must be coupled tightly with specific equipmentproducts. They are normally
catered for specific local contexts and work practicesussomised software (packages).
Each embedded OS, e.g. embedded Linux, is unlikely to be ported to apaitiact
without considerable effort and expense. Different products,exed the same product
with a tiny difference in functionality or hardware component, feag to the redesign and

redevelopment of OS from scratch.
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As shown by the empirical data we investigated in Chapt&ed;Flag explored its
own ways to develop a ‘generic’ solution for embedded Linux-basednsydtvelopment.
This solution enabled embedded product suppliers to tailor Linux bagedioown needs
and local settings. In order to design embedded Linux efficiently;FRey always faced a
tension between the need to cater for local user requirenmehth@need to develop global
solutions driven by economic and financial performance. By presetiie qualitative
evolutional story of Red-Flag embedded Linux, this study examines hewsupplier
tackled this tension. Figure 4 was developed to illustratebithgraphy of the Red-Flag

embedded Linux system.
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Figure 4: The biography of embedded Linux system

Drawing upon the BOA theory, we have traced the evolutionalriiistoembedded
Linux for a decade (1998-2008). By revealing the complex interptmtsieen the
technology supplier and other social groups, we have opened the blaskdfoketh
longitudinal history and particular moments or projects.

This study has investigated three biographic stages of Reddfhbedded system:
pre-birth and emergence, early development and growth and future Awgeding to
Figure 4, Red-Flag embedded Linux emerged from a conceptual proifluatorspecific
features to match any existing embedded product and equipmerdditally grew to a

‘genuine’ embedded Linux-based system in order to meet some locl. heehe earliest
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stage, the knowledge of functionalities’ development had been eddwrthe supplier by
catering for all local user requirements. Once Red-Flag embediaed further evolved to

the “early development” stage, the supplier focused on embedded priovision and also
developed EDK for users. The final evolutional stage of Reg-Elabedded Linux was
defined by delivering a generic embedded system development sollitian generic

solution is not an embedded system or OS which could be applaidor a given sector or
niche, rather it is a software package that enables #retagailor embedded Linux and

develop functions for embedded products.

Dynamics and Tensions

From the biography of Red-Flag embedded Linux, we find that dkigonal history
reflected the process of generification — developing a geselution. Thus, the supplier
always faced tensions from developing generic solutions &dows local contexts. As a
result, Red-Flag had to deploy various development strategmeartage these tensions and
make trade-offs between technical, social, and economic requirements.

Unlike designing large-scale organisational software pmpeskathe supplier must not
only concern the functionalities of the embedded system (e.@aé¢he user operates the
embedded system), but also take the embedded hardware into accaudérito design
and development optimal compact-sized OS without redundancy. Thgotradivay to
develop an embedded OS is that the suppliers (or organisations) wsér strong R&D
capabilities must design the OS for every individual embedded product or equipmesg. R
of the visible resource, like source code was no longer coadid®r high importance;
whereas the invisible resource, for instance the tacit knowledigsigning and developing
experience, became crucial for future projects. Due tortiieedded systems being widely
adopted in various working fields and everyday life, new functisase required to be
added gradually to equipments or products. However, unlike the dredittomputing
(software) system that is capable of introducing new functignlly simply applying

software packages without modifying the OS (like installinge®RP package to computer
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servers), embedded system generally requires redevelopmetiteoDS because existing
embedded OS might not contain the necessary programmes and comfmrgupporting
a new application software.

By linking the empirical case of Red-Flag embedded Linux predentChapter 4, the
supplier adopted two main development strategies in lighteotebhnical and economic
problems arising from the biography of embedded Linux. The early defetdeLinux
development strategy caters for all requirements of the ithdil user. Adopting this
strategy could help Red-Flag to solve finance shortage preplemquire domain
knowledge of different applying fields and establish a convincéfigrence site in the field
of embedded software. The later development strategy is dthERg developed selected
users’ particular requirements only if these requirement® wegarded as particularly
generic requirements — having market potential (i.e. can beed@uross application fields
and areas) and being able to contribute to a generic packagesPdbmer in further
development.

Although these two development strategies are similar tpriteess of generification
revealed by the study of complex large-scale enterprisevaeftpackage (Pollock et al.,
2003), in practice this decision-making process was not smoethRg had to consider
technical, financial, economic and social factors and raat@mpromise between them. In
order to solve the tension between developing a generic solumiboatering for the local
context, Red-Flag also adopted two different strategies. Howthese two strategies
focused on developing an experience rather than functionality, dd Wweln the case of
complex large-scale package. The early strategy attemptdubtract generic knowledge in
designing and developing embedded Linux-based system from the fiastisad projects.
However, the supplier found that there were too many options in iolgobsrdware
component and detailed functionality for customers’ embedded prodesigndAny tiny
differences between embedded products would lead to an enormanisakandertaking.
The subsequent strategy of generification was to deliver n@rigeembedded system

development suite — DevsPartner. By offering a training progie, small- and
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medium-sized clients are able to complete all the stepewloping a whole embedded

system which included tailoring embedded Linux and developing application packages

7.2.2 The biography of Chinese platform Linux

Platform Linux is a general-purpose OS which leaves great scope for fantdqaation
into new contexts from a technical point of view: it is suppogedupport all of the
mainstream software applications and hardware, while the glhyastraints in system
size, power consumption, CPU processing capability and so on argriegent compared
with embedded Linux. In this sense, platform Linux is originally desigand developed as
a generic package for all kinds of users and local contexts.

Based on the case elaborated in Chapter 5, the main challendgésinese platform
Linux suppliers are how to bridge the gap between the original hifthxgeneric technical
features and the particular requirements of local users.stiidy took one of the famous
Chinese Linux suppliers — CS2C as an example, and illustratedatheCS2C designed
globally developed standard Linux to fit the Chinese local comtedtspecific niches. In
order to give a clear picture of the Chinese platformukievolutional process, Figure 5

was developed to show the biography of Chinese platform Linux.
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Figure 5: The biography of platform Linux
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As shown in the diagram above, the Chinese platform Linux originfated an
international distribution as a generic OS. It soon evolved into iy dsvelopment stage,
in which a general version was forked and delivered as desktsjpnr and server version
in light of mainstream application areas. The last stage tigaésd in this study is
characterised by further differentiation, by which CS2C a@czdter desktop Linux and
server Linux for different (personal) user communities and eseapplication areas

respectively.

Dynamics and Tensions

In order to provide explicit understanding of the dynamics andaesisvhich are rife
in the process of Chinese platform Linux adaptation and innovatignstudy developed
the term ‘infrastructural software’. The literature reviaw?2.3.2 explains this term by
linking the concepts and theories of infrastructure studies.

The infrastructure developers cannot entirely eliminatd ltigarsity in work practice,
but have to change their technology which was designed accordinige toriginal
assumptions on work and use practice. To the term of infrastrustftalare, such as OS,
the local work practice is the way the user operates thea®®iell as the way the user
implements functions through the application software packagesled on the OS. In this
premise, a successful OS must manage very well the ugdrer@ents in operating habit
and interoperability between OS and application packages.

The Chinese platform Linux started from an assumption that the local tiom@ina,
where Linux is expected to be embodied and used, is the same aslapeéwuntries, in
particular the US and Western EU. Like all other Chinesent.idevelopers, CS2C simply
translated a foreign Linux distribution into the Chinese languagkreleased it to local
mass market in the earliest development stage. Howevestithaisgy was problematic due
to the fact that China’s reality behind this assumption vaasrfore complicated. OSS,
including Linux, are designed from a ‘one world fits all’ viewe thpen access strategy

allowing collective and collaborative knowledge acquisition, irstegn and achieving
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standards (Metcalfe, 2007; Fellet al, 2007; Ureet al, 2009). There were nearly no
Chinese mass users, and only very few Chinese softwaneeengjiand scientists involved
in the international Linux community, so the supplier had no mearascadiring the
knowledge of local user practices. With the Chinese governbemudming the first user
group for Chinese platform Linux, a tension, thereby, was exposed between thedigaddar
work practice represented by globally designed Linux and Chinad-$pecific aim and
practice.

The local practice is largely influenced by a common dynamidnivastructure
development — path-dependency effect. Path dependence (Arthur 19@8hmological
change means that past events have a large impact on futaleptieent. Switching to
Linux from the existing OS may involve various economic and political issues

There are two forms of path-dependency related to use and supply kedsser end
path-dependency creates a user locked-in effect where ansgststandard will be more
attractive when it has built up a sufficient installed bagerbeother competitive products
do. From the perspective of economic studies, this phenomenon is referdicect
externalities, which elaborates the relationship between cuwsentand future adoptions.
Users can obtain more benefits from using a software producawiiincreasing number of
other users purchasing and using the same software. Gersgalking, the larger the
installed base the system or standard has, the higher switbshdghe users pays. Apart
from user habits in using the OS, path-dependency also stronglgsafipthe applications
running on Linux: the layout of menus and the mode of operations of ctepati
applications are sometimes very different from applicationsimgnon MS-Windows; for
example, once users are familiar with MS-Office suitecWhis only compatible with
MS-Windows family, they will be reluctant to adopt other officétess to process routine
work. In this sense, the user habits on application softwaresatsench the existing user
deeply with MS-Windows. In making a shift to Linux, users haeedeextreme difficulties
due to the deep path-dependency effects. To PC users, the locked-in effibetted by the

user’s habits in using a given OS and operating the applicativwasefrunning on this OS.
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To business or industrial users, switching to Linux implies pepueigoenditure not only
for purchasing a service from Linux providers but also for porlmgpl specified

applications to a Linux environment. The local specific applicatiarere generally
customised and developed for specific organisation tasks réther being standard
packages, e.g. the official document printing for government users. Becahsalofrtinant

position of proprietary OS products in China’s software magpaticularly MS-Windows,

most of these customised applications were originally developed imgiemented in a
MS-Windows environment. The reality is that not all existing @usied application
software could be modified to be compatible with Linux because slewelopers of these
applications may not still be in business.

Another type of path-dependency effect shown on the supply end is ¢hhitdine
design decisions of technology are largely influenced by éugsidns in the early design
phase. In the case of Chinese platform Linux evolution, tiis fof path-dependency is
heavily dependant on the development of complementary productothiéeOS products,
Linux itself can be treated as a gateway to assemble heterogs devices and software
packages together with the specific purpose computer. In ordetetyrate these technical
components together, seamless interoperability is a sticking. foigtalso known as the
indirect network externalities, in economic terms. In order niegrate the technical
heterogeneous components, the OS interacts with the applicaftarare and hardware
devices via the API (Application Programming Interface) aimbds respectively. However,
the incompatibility between different OS products, like Linux &m8-Windows having
different APIs, gives rise to additional costs for the compleEry product providers who
are willing to develop products for both OS products. The complemyentaplication
software is a prominent example since it is directly latien to the user application. The
dominant market position of MS-Windows in China’s market genertiiesde facto
industry standards on which the quality and quantity of local Chimggécation software
for MS-Windows are based, to a much greater extent than for Linexel@ing

complementary application software for Linux, which only accountsafemall market
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share, means that the providers will have difficulty being comiadly successful. Only
when the new-coming Linux accumulates a sufficient installeseforitical mass of users
will the complementary product providers be willing to provide coibjhigy to it. The
existence of complementary products in this sevise, versa,s the key for achieving a
critical mass of users.

In order to deal with the dynamics and tensions arising during #tfonph Linux
adaptation and innovation, CS2C employed two distinct developnmatdgies over time.
The first strategy attempted to enrol local users in soéwdesign and collect their
preference on Linux, due to the fact that there were no Chineseingbe mass market
except a few enthusiasts in universities, who deployed Linuxciieanic research or for
‘fun’. With more user groups participating in the design, CS2C deweel platform Linux
for all user requirements in order to enrich the featurégnaftionality and easy-operability
so that CS2C platform Linux could compete with prevalent MS-WidiomChina’s mass
market. The later development strategy was ‘Standard and Vadahts'. To the desktop
OS market segment, CS2C sought to match the niche marketadbe overlooked by
foreign OS providers. In contrast to the personal users in the magst, who had been
locked-in by MS-Windows, personal users in niche markets norrhallly particular and
specific requirements which required customised serviceswdnade software solutions
encompassing both Linux and basic application software. Apart from Liwesebased
software solutions, CS2C also provided standard desktop Linux foe€ghmass users. To
the server OS market segment, CS2C delivered severdiofwalcserver Linux on grounds
of the dedicated computer server application areas (with adpeptimisation tools to
guarantee compatibility with mainstream server applicatiarkgges) and also supplied
standard server Linux for general server application. Adoptisgstnategy helped capture
universal elements learned from both international communities amgpetitors and
domestic users. On the one hand, CS2C therefore could design staimdarébLcompete
with other commercial OS in China’s mass market by intagraipdated core technical

elements which have evolved and changed over time (i.e. new compandrafyorithms
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are frequently introduced to the Linux kernel by the international Linuxmaonity). On the
other hand, it matched the purpose-specific work and use practiceatgenerofits for
sustaining company operation by means of offering customised service.

It is noteworthy that the case study of Chinese platformutipainted a picture in
which software also experienced a process of generificatiolikenany generic software
packages that have been studied (like ERP which were ogdifi@m an isolated system
implemented in a single site, extended to multiple sites, and furtheldadhtebther sectors
or segments), the generification process of Chinese platfanox lrepresents a reversed
orientation: it archived generification by differentiation. Tdr&ginal Linux is supposed to
be a type of generic solution for all sites of computer andapplications. By
acknowledging the characteristics of Chinese local usersisgxlin order to compete with
foreign OS products, CS2C designed and developed platform Linuxerslssub-generic
solutions. Some functions that catered for specific-purpose uses anticgs were

modularised, as well as reused in the next version of products.

7.2.3 Role of the user in Linux adaptation and furt  her

development

As discussed in 2.4.1, existing social studies of OSS in China foaudy on the
performance of employing OSS in a local context. These existirties indeed point out
that there are some challenges in employing OSS, as wtieasportance of technical
innovation. However, the process of generic OSS, like Linux evolutiemains
understudied. This study investigates the innovation behaviourhieosuppliers’ side.
Section 7.1.1 and 7.1.2 illustrate the ways by which Red-Flag 88& @hanaged tensions
between their intentions to design products and users’ local neettee course of
developing generic Chinese Linux solutions, while in this sectienwill focus on
suppliers’ processes of learning from local users by linking Hraileg dynamics across the

biographical stages.

218



Enrolling local users — user representation buildin g

From a social learning perspective, some novel ways to use software adiezimbto
the context where they have been used rather than pre-designedsoftweee providers.
In this respect, identifying, understanding, categorising and involvaoa) isers is essential
to develop generic software packages.

An embedded system is a computing system designed to perform anesroall
number of dedicated functions. It normally runs with limited comphaedware resources:
little memory, small storage, special or non-existent keyboaradmascieen (Ganssle, 2000).
Small size is a primary concern in most applications to keggware expenditure low,
which requires the technology provider to rigidly modify and tailer OS in accordance
with the user’s local needs. Owing to this customised featoreed@ded systems therefore
required any embedded Linux, like many other embedded OS productsiiskbdormal
and tight supplier-user linkage. Through this linkage, the supptietdd build user
representation easily. In the case of Red-Flag, the local ceitomvolvement in the
embedded Linux design was necessary from the very beginning, sibeslded Linux is
not an independent product, but it has to tightly couple with the emiedde
equipment/product in the sense that it is geared to a specific user group.

However, this case also demonstrates that building user fatsenrs not a one-off
job, but a process which is full of uncertainties. In the fived development stages,
Red-Flag focused mainly on knowledge acquisition which is fedtas conducting as
many user implementation projects as possible.

At the very beginning, the representation of user and use vegylduilt based on
supplier’s own assumptions. Red-Flag adopted a catch-up strategyidimal Linux was
not designed for embedded applications so Red-Flag had to makefigitsit@ modify the
original Linux kernel and develop components for implementing embeddetichatlities.
Red-Flag bought several up-to-date technologies and componentgtbaivailable in the

international market, such as a real-time kernel patch, Chinese inpadsettc.
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This conceptual embedded Linux, however, was soon found to be unsuitabkef
needs. The pre-designed features and functionalities werediatelg challenged by local
users’ embedded products. As a result, Red-Flag had to carry sgHcostomisation which
required the supplier to design and develop embedded Linux from sdmtasach
customised project. By experiencing this painful process;HRagl explored the possible
generic features of their knowledge of designing embedded Linux. ifstisaftempt of
generification was generated from interaction with user orgtois in early projects,
which showed that Red-Flag built the user representation by enrmtabusers directly.
The first attempt was not successful due to the factRbdtFlag realised it was impossible
to accumulate a solid knowledge base for generating generiopeent, just as too many
varieties of hardware framework led to the unpredictable codityl@gn embedded Linux
design and development.

As Red-Flag embedded Linux evolved into the growth and future, dtageupplier
changed its learning approach. Based on the extensive knowledgeatgd from related
local adaptation projects in earlier stages, the supplierhsaiogcontinue the aim of
developing generic solution because of the economies of scaleefhised that Red-Flag
to reconstruct its relationship to user organisations. Hyyssiiody on the biography of an
ICT application indicates that the technology would have edblato a stage in which the
supplier sought standardisation by coordinating user’s expectationsaldy 2006). In
practice, Red-Flag’s early passive way of learning wpced by an active manner: taking
the extensive knowledge acquired from past projects and the aetiomuwf power and
reputation (successful reference site) as a basis, Rgdebldd be actively involved in
embedded product design on the user side. This change enabled Reul-&éaglbp a
generic solution without passively accepting user local requents which may challenge
their standard solution. Red-Flag delivered a generic embedded Lirutiosdhat is a
complex package for generating embedded Linux and embedded applicatisnzadkage
is an aggregation of developing knowledge on selected functions amuefeaf past

projects.
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Platform Linux, on the other hand, was originally developed as aigestdution for
the mass market so that the process of bringing usergiatiuct design may be more
complex in practice than embedded Linux. From a social learnirgpgmive, direct
linkages between designer and user may be absent or rather weak in tfentase market
products (Williams, Slack and Stewart, 2005). The case of CS2@orpiatlinux
development shows that the representation of local user andrnaséhe manners of local
user engagement, vary according to the biographical stage mégehindigenous platform
Linux.

At very beginning, the user representation in platform Lidesign is achieved by an
indirect manner — translating a foreign Linux copy to a Chiwvession directly so that the
representation of user is extrapolated from existing foreggms. Chinese local users in this
sense were neglected in the design of Linux due to the fadhtrat was no local market
for Chinese indigenous Linux — lacking keen users who are preparemploy Linux.
Furthermore, the Chinese government (like many other coumriesth developing and
developed world) had a rather over-politicised view on Linux, dineeggovernment hoped
to develop an independent OS based on Linux to replace the foreigno@®ts so that
China could rapidly be independent from foreign companies. As 4, rémutime constraint
was also another reason for Chinese Linux developers neglectihgdecs. All features of
Red Hat Linux which catered for foreign users were inherite@higese indigenous Linux.
Nevertheless, users are extremely heterogeneous (Willatawart and Slack, 2005): the
foreign users of Red Hat Linux at that time were Linux esitdais, computing specialists,
college students in science and engineering fields (parficutee computer science and
electronic engineering subjects), with very different expiecta and requirements to the
users in the Chinese market. As a result, this version of &hinaux in reality cannot fit
the needs of Chinese local users.

In the later stage — early development stage, CS2C built ezpagisn of user and use
by both the direct manner which is based on a selected group of-ugevernment user,

and an indirect conduit according to the competitor — Microsoft. dliergment is the first
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user group for Chinese indigenous Linux so they are naturallyrgiiéotcal users involved
in Linux design and development. The government users, in partibelaffice users, are
heavily locked in the existing MS-Windows in the aspects of bgttesr manipulation and
application implementation. Based on the feedback gained from affees in Beijing
government agencies, CS2C modified the way to operate Linux ésusimplifying the
Linux installation process) and improved the functionalities of Lifeig. enhancing the
official document printing function). Be aware of the realitgttinost of the potential users
in China’s mass market are familiar with MS-Windows, C3@eloped the GUI of its
later Linux in light of MS-Windows.

The government user could be seen as the selected user withlgarequirements in
document processing and printing, like many other office users.eowone of the
difficulties in building user representation is the ‘représéveness’ of a selected user
group; this issue is in connection with the validity of inforimafed back from government
users. Unlike discrete software packages, platform Linux ieldped as an infrastructure
so that there is a bilateral relation between user’s ugtallecomplementary products. The
empirical evidence shows that CS2C greatly improved useropesgbility of Chinese
Linux, in the sense that local users who locked in MS-Windows are able to use Lityix easi
However, the case also shows that the direct information dabeugovernment user of
indigenous Linux cannot be a reliable basis for extrapolatiors. freblem is not reflected
by Linux itself, instead by the context where user applies Chinese indigeimows L

In this way, the government created a market demand and offerguiblic sector as
the first user/buyer. Yet, the case also demonstratesntn&xperience of designing Linux
for the government was not successful for the whole madsetraecause CS2C did not
fully understand how other users in the mass market use platform Linux.

In the last biographic stage, CS2C built the representatiarsesf and use based on
intermediaries. One of the crucial issues during Chinesmptat.inux development is that
compatibility between OS and complementary products. The functiesatif computer

systems are subject directly to the hardware devices anctajypl software. Platform
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Linux, like many other OS products, plays as the bridge toratiednardware and specific
applications together to fit the needs of users. However, thesijvef users about their
context and the way they used computer systems resulted in tipdeommtary hardware
and software becoming the bottleneck for growth of Linux as iméretsire to support the
‘informatisation’ of the whole of society in China. This phermon is also known as the
indirect externalities effect in economic terms.

In order to solve this problem, in particular at the desktop eB@CCengaged with
intermediaries (PC companies) to develop Linux-based softwarésslior niche markets.
These intermediaries segmented the intended markets, itéerphe requirements of the
end-users in the target market by conducting market research, and providingjray beek
this information to CS2C. In this respect, the CS2C is ableutld user representations
around the evidence of actual users via an indirect mannethéitserver end, the
government shifted its strategy from being a direct user combined strategy, providing
subsidy to adoption of Linux, in order to attract organisationatibas/enterprise users. In
other words, CS2C could build user representation with governmemy.pBliom the
feedback from both phases of the CCB project, CS2C began to undehstatiee system
management tools would reduce the users’ work in configuring anéhiathating the
software system for computer servers.

The case of the Chinese platform reveals the importandecaf users and their
representations in Chinese indigenous Linux design and development #halss that
CS2C do not have sufficient capability to configure their taugers, due to the existing
user lock-in effect generated by MS-Windows, and solve the probfecompatibility
between Linux and complementary products. In order to favour indigenious las

infrastructure, both the government and intermediaries played activeusal ooles.

Intermediary user

As computers were introduced across organisations and sectdrgeared to support

an increasingly wide range of complex and variable organisdtamtivities and everyday
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life (Friedma, 1998; William, Stewart and Slack, 2005), it waseexely difficult to collect
knowledge and preferences of the end users on OS. Although the€mdgenous Linux
providers acknowledged that the end user is the most imporéantrig source for Linux
design and development, they seemed to have no means for cglieétirmation about
end-users and enlisting them in the Linux design process, due to #hecelas direct
linkages.

According to the cases, the ‘users’ involved into both Chinese entheddeplatform
Linux design are not the direct end-users, but the intermediamg wgdch are the
organisations that adopted Linux as the OS of their embedded prdtiketSinoData
lottery sales terminal) and computer products (e.g. Haier Heppyily PC), or for their
employees (such as the Sailing project and CCB projects). fiteemiediary users
configured not only the content of technology, but also the work pescind everyday
uses. They are also the bridges gathering knowledge about enditmesigting and
conveying the information collected from end-users into techrieahs for Linux
developers. In this respect, they can be seen as the ‘broftersstablished ties between
the everyday life usage, organisation practices, and the Linux supipirergation efforts.

In the case of Chinese embedded Linux, the customers of Red-Fggdphan
extremely pivotal role as brokers. The customised featuresnbedded Linux results in
that there is no embedded OS that can be purchased separdtedyniass market. The
lottery sales terminal projects show that SinoData wabrihieer between embedded Linux
provider and the end-users. According to the understanding of tbwsers wanted to use
the lottery terminals, SinoData configured the content of embedidec by setting rules
and regulations on the use of the lottery sales terminal.

In the case of Chinese platform Linux, it is a general-purp&asdit is supposed to
be developed as an infrastructure. However, there is no limlebe supplier and end-users
because of, on the one hand, the user lock-in effect created lyistiag dominance of
MS-Windows, and on the other, the diversities of individual, misgdional and industrial

users and their complex contexts. In the desktop segment, thiopievhas to rely on
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brokers — PC companies. The brokers/intermediaries identifeedrid-users in local niche
markets and collected and translated their needs in techaioad. With this knowledge,
CS2C was able to understand the particular requirementgiofisaiser communities and
design generic Linux-based desktop solutions for them. For instancejento develop
Happy Family PC, Haier sent a research team to a vibageconducted comprehensive
surveys to collect the (generic) particular needs of ruratsuand to understand the
application context in which the computer was to be used. Haiemieted this raw
information into detail which was provided to CS2C later. In the cA&S2C server Linux,
the intermediary user, CCB, adopted Linux to replace outmoded BOR as OS of its
core business system. CS2C had to work closely with CCB tondesid) develop server

Linux because only CCB clearly understood the needs and operations of therend-use

User in local technological capabilities building

The traditional technology transfer literature, such as (1&B2), Huq (1991), Shen
(1999) etc. argued that there is a need for indigenous techradlagipabilities in the
adaptation process of foreign transferred technology. Their obselowever, focused
mainly on manufacturing and industrial technologies, whereby the taaldirsy of
indigenous technological capabilities building was associaiiddtie technologies that had
been studied, such as the ways to identify and select approfe@taologies and
components, operate, maintain and repair machines, the in-house Ré&hlibafor future
technology development, etc. Furthermore, researchers paid muctioatt® the actors
who were directly involved in the process of technology transey, joint funds,
technology transferors and transferees, R&D players, etc. Thes u¥ industrial
technologies were studied as the technology transferees itiddrobtain a high-level of
productivity, improve better product quality, manufacture new product, se forth by
applying advanced technologies. There is a big distinction betwe®ning users in
industrial and manufacturing technology, and software technology.tfEinsferees of

transferred software are indigenous software entergiee$ders whose goal is making a
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profit from selling software or providing related softwarevese to local end-users. As a
result, the role of the user who will use the software procagtsn independent player in
software transfer is more complex and needs to be paid particularcatteytiesearchers.
This study reveals that adapting globally designed Linux im&s a process of
generification — developing generic Linux solutions for local s1sEne analysis of the two
types of Chinese Linux’s biographies shows that Linux supplierptediadifferent
development strategies to make the trade-off between unitersald diversity, i.e.
suppliers’ intentions of developing universal solutions and uspegific work and use
practices. Suppliers must enrol users/intermediaries into a@ftwlesign by building
representations of use and user through a social learning probessfore, the supplier’'s
capability of identifying, understanding, categorising of locars/intermediaries, as well
as enlisting them in software design is a crucial elemertedhnological capabilities

building.

7.2.4 The broader context — challenges for adaptati  on

Another key issue which is to be discussed is the influent¢keobroader historical
and institutional context in which Chinese indigenous Linux was embaited|oped and
used. According to a SST perspective which is the maingéotall and theoretical base for
this study, particular choices made by suppliers during technolleyglopment and
innovation are associated with social, economic and politicalgs3unes section seeks to
explore how Chinese socio-economic factors and institutionahgement shaped Chinese
Linux by drawing upon the concepts of infrastructure studies.

Developing infrastructure is a large and complex socio-techrpcaject, and
uncertainties and challenges are inevitable and cannot beedar@s advance. Drawing
upon the term ‘reverse salients’ (Hughes, 1983), which referfigontost significant
problems during the process of infrastructure growing, this stiehtified three dynamics
for adapting and developing Linux in China:

The first dynamic is associated with social, organisationad #egal issues.
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Transferring Linux, whether internationally or nationally, to a meganisation, domain, or
context is a mutual adjustment of not only technical, but alsadonon-technical elements.
As indicated in chapter 1, China is experiencing the tiiansfrom a traditional highly
central planning economic system to a market economic systhioh started in 1979.
Under the Chinese traditional central planning economy, the tigdasd public R&D
resources were separated with no institutional links betthemm and enterprises had little
interest in R&D, since the output and selling of products had peemed and controlled
by government. Simultaneously, universities and research iastitotused mainly on the
research of their academic interests. Since all of thetarel projects were funded by
(local and/or central) government, there were occasions in whechovernment played the
role as coordinator for R&D projects.

Given the background mentioned above, the two main domestic Linuxdersw
Red-Flag and CS2C were strongly influenced by the Chinesddrediplanning economy.
Red-Flag was founded mainly by a traditional academic insttu8CAS which is one of
the earliest public institutes conducting academic researctsdn Ghina. CS2C was split
from the largest state-owned software company — CS&S, whose OS graguetnormally
funded by government and characterised political or sciemtifipose in the past. As a
result, both suppliers lacked the knowledge of users and markdt had very little
experience and capability to commercialise products. MoreovetCGS a firm had to
concentrate largely on application research for surviving irfinee market competition,
so it lacked the capability in basic research, such aandsa software algorithms, system
testing and so forth.

The second dynamic faced by China in developing Linux is the gateway
(interoperability). Many OS products are proprietary softwaoe they are normally
incompatible with other platforms for both hardware devices pptications. To the extent
of interoperability between the heterogeneous OS (e.g. between [amukes and
MS-Windows), it is very difficult to establish a gatewayasd the owners of proprietary

software agree to share their technological secrets. The dtgateway in this case study,
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therefore, refers to the gateway between different Linux tedydistributions).
Technically, Linux products are developed by different providaset) on the same Linux
kernel. However, the components chosen for building Linux distributitas be distinct.
For example, there are many options for Linux to choose a GUi, ai6GNOME, KDE,
FVWMO95, etc. The layout and the way to operate these Linux distributiop$reen one to
another. This is one of the barriers for Linux spreading in Chinhat¥/ more, the
application software designed or optimized for a given Linuxibigion may not work
perfectly on others. The interoperability consequently, is a keplgm between Linux
distributions.

The third dynamic is the effect of path-dependency. As we discuisséd.2, the
path-dependencies on both user and supplier ends stem from the local markatant

In this respect, the selected development strategies erdplbyetwo Chinese
indigenous Linux suppliers not only reflected their understanding af lwork and use
practices, but also worked to fit the Chinese specific &bntend dealt with the
socio-economic dynamics surrounding the software development.

The case studies conducted by this research favour the governmemnimoerin OSS
development through a rich empirical data pool in chapters 4, 5, ahde6growth and
formation of infrastructures requires heavy government tmes, encompassing both
pecuniary and institutional. Besides, China’s ongoing transitiorcafia@ny leads to the
co-existence of both the traditional planning economy and markebet. As a result,
government is still a key player in reconstructing socib#teal regimes, building network
for R&D and commercialization, and regulating market order.

Although the cases of Chinese embedded Linux, platform Linux and gowdrnme
policies were presented separately in three chaptersewobation process was discovered,
whereby the macro environment, socio-technical regime and midresn{software design
and implementation) evolved. The macro environment is largefiyenced by the
government policies by which government intentions of developingsetfolled OS and

promoting its deployment are embodied. The government intervention in the scicad
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regime and micro niches directly created and spurred thal iaitd potential market for
indigenous Linux by linking the public research resources, supplersisers. By this way,
Red-Flag and CS2C could be seen as the selected technology devébopegage with
co-created micro niches, due to their previous experience in $ehi®& development,
accumulated technological capabilities and state-owned background.

With support from the government, the suppliers and Chinese ptdsiearch
resources, which were separated in the traditional planning e@sgstem, built a new
socio-technical regime by means of systematically intexg@nd cooperating during the
transition. Facing fierce market competition from foreign camuial OS products, the
establishment of a new socio-technical regime denoted thaufipdiers are able to fit local
users’ needs and facilitate the growth of micro niches.

Drawing upon the experience of past implementation projects (micro nicheslylde
and CS2C recognised the features of local users, and theimwdnlise practices through a
social learning process. For the software suppliers, it iofary importance to manage
their customer relationships and adopt strategies to condimasefdesign collaboratively
with users, which means to comply with the idea of ‘innofusion’.

The case studies obviously show that the government’s policirghakas not a static
process, but reflected a learning process. The internationaiomslawith foreign
governments and enterprises (e.g. the United States and Mifras well as the lessons
learned from the establishment and performance of socio-tethegome and micro niches,
are the elements which were taken into account in the new foéking process. In this

respect, a new mutual co-evolution loop re-starts again.

7.3 The Role of the Chinese Government

As discussed in the literature review chapter, the computtreisnfrastructure of
traditional infrastructures and the most recent informadtifrastructure. Drawing upon the
theory of ‘virtual infrastructure’ or ‘second-order infrastiwre’ (Jacksonet al, 2007), this

research identified that the OS is the infrastructural swéwef the computer. The principle
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tasks of computers are about data: how to get it, how to shhmi to store it, and how to
apply it to specific tasks. Infrastructural software implated the most basic data
management for computer machines.

From the perspective of infrastructural formation (Hanseth, 2Diksonet al, 2007;
Edwards, et al, 2007), infrastructural software is not genuine infrastructuteraidy,
although it has some features of infrastructure. In the emprasg of platform Linux
development, Linux is just a software package as an isoltstm (Hanseth, 2002;
Jacksongt al, 2007; Edwardset al, 2007; Edwardset al, 2009) before growing genuine
infrastructure (Edwardst al, 2009). It must compete with other alternatives in the Chinese
market, as well as on the global market. With the Chinese mugfageveloping Linux as
genuine infrastructure in China, it faced vast challengesrdrdics and intentions, such as
path dependency effect. Government plays a powerful and ackevén dealing with these
challenges. The formation of infrastructure can be divided meetstages: local isolated
system building; system transference to other contexts or dgmams$ system
consolidation. The government role is explicitly important in the iIratia final stages.

At the first stage, only the government has the capabilitypléam and manage
large-scale and long-term infrastructure projects. From thepeetive of economics, many
modern infrastructures are like- or quasi-public goods so that dakyor government
support, in particular public investment. For example, the UK sp@ib million to
promote E-Science from 2001 to 2006, and US National Science Foundats#) (N
established a cross-directorate Office of Cyber-Infrastractgpending $175 million
annually to promote new projects throughout the natural and so@alcesi There is no
doubt that governments would be willing to build an independent and afferdab
infrastructure. The development of Linux was financially supplolig some states, in
particular the DCs, like China, for the sake of reducing procureotst and independency.
The empirical data of this research also shows that theonipfmance supplied by
government is a crucial resource for supporting Chinese Linux R&D.

Government role is also of central importance in the congigidaphase of
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infrastructure development. Graham and Marvin (2001) identiffed term ‘modern

infrastructural ideal’ to elaborate the phenomenon of infrastreicconsolidation in the
middle decades of the nineteenth century. Following this loginymational governments
not only invested in all or most of the infrastructures, but atswigied relevant services,
for example, the road and railroad system, electronic systente@pmhone network. In
developed countries in Western Europe and US, some infrastrueteresbuilt privately

but under public oversight by regulatory government agencies. Adaptid developing
Linux as infrastructure calls for enormous investment and resource inpuggdelnment

has enough power to assemble and coordinate the fragmented restmurgase supply

chain.

In the specific cases of Chinese Linux development, the obsersaif government
policies and measures are divided into two main categoriefly,Fstgpporting Linux R&D
by pushing R&D to commercial entities (e.g. like Red-Flag an2lGy@&nd providing direct
financial support to Linux R&D; and secondly encouraging user inuodve into Linux
design and development (such as government procurement and subdidgieg axoption),
configuring the user (e.g. adopting anti piracy strategy and offedogation and training
for Linux), and issuing gateway — technical standards to enafdeedif Linux distribution
to be interoperable.

However, my case studies further point to the importancehefappropriateness of
tools and means adopted by government in different developmeps.siagy misuse of
these tools may result in problems. Take government procurdoneaxample, due to lack
of local users, the Chinese government had to become therfdsbrdy user for Linux
desktop systems initially. This policy did help the companigsutbthrough in their early
stage of operation before the Linux market was establishedit lalgo led to serious
problems. The indigenous Linux providers, in particular Red-Flag GREC (CS&S)
treated each other as rivals in government contracts, réthercompeting with foreign
giants. This is also contrary to the government expectationemhaing foreign OS,

particularly MS-Windows. Additionally, this policy did not reatlp the uptake of Linux
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in the mass market. Although the public sectors are obtmédy and use Chinese Linux,
the users didn't actually use it. Later, the governmemhéshto switch its sole role from
market controller to market coordinator.

During the process of policy making, the Chinese governmetizaeathat the
measures made according to the traditional ‘technology push’ gensigch as supporting
technology R&D and artificially creating a market demand/égoment procurement) were
insufficient for software adaptation and development, in partictilar infrastructural
software. The wide spread of Linux was subject to many other|sath economic
elements, and the interplays amongst other key players, i.lctlaiser and public R&D

resource.

7.3.1 Supporting Linux R&D

Supporting the R&D

Nearly all the research papers from the perspective of the developel pasticularly
the United States are against the various government measuseibsidy. Schmidt and
Schnitzer (2003) pointed out that the government should ressédt i subsidizing basic
research only because it has too many uncertainties to gatciah incentive from
commercial companies. The development of most software prodiather close or open
source, is applied R&D which has well-defined potential userd predictable R&D
outcomes. Therefore, software product R&D investment should be provided imatket.

From the Development Economics perspective, the market defeesiy of DCs is
insuperable. Therefore, cultivating the enterprises is one of thetaskis for government in
DCs besides establishing market systems and improving thaemtfy of resource
allocation (Wang, 2000). Software products, like other high-tech ptedare characterized
by high-investment, high-return and high-risk. As a new OS,dbeltrof Linux adaptation
and development has too many uncertainties — the costs and risksixfdevelopment

may exceed expected benefits (Wang, 1997). The venture investmerdnimset had not
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been established completely and/or matured at the startage sif Chinese Linux
development. The Chinese government therefore issued invesiniiinancing policies
(see chapter 6) like the role of venture investment in dpedliacountries, to supply
indigenous Linux R&D.

Supporting the R&D could be seen as subsidies to Linux providers. gcingbliers
facilitate delivering product to market and improve their pragluctder the condition of
limited financial budgets at the very beginning, the governmemdefd a series of R&D
projects to some indigenous Linux suppliers, such as Red-Flag $&8,Qvhich are the
most successful indigenous suppliers today. For example, theseabhinese Linux
distribution was developed under financial support from the governferihermore, the
Sailing Project presented in chapter 5 and 863 key projectsktogeLinux development

mentioned in chapter 6 are two further examples.

Providing incentive for cooperation between industr y and

public R&D resources

According to the cases of both embedded and platform Linux development
demonstrated in Chapters 4 and 5, a problem faced by ChinesenimaligLinux suppliers,
like Red-Flag and CS2C, is the shortage of human resoungartioular software engineers
in their product development teams. In order to sustain and fuetiteance the R&D
capability, the Linux suppliers had to borrow technical capabfliom public R&D
resources, such as research institutes or universities.

Kim (1999) and Madu (1989) pointed out that the R&D research programmes
conducted in universities and research institutes provide one of the concaitsinaulating
a knowledge base which is the source for local technological cagstilitilding.

Nevertheless, the universities and research institutes Veegely separated from
industries in the Chinese traditional central planned economyinggthis backdrop,
universities and research institutes had little interestniderstanding market demands

because all of the finance for conducting research was sugligdvernment, and R&D
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research programmes were purely for academic or scieptifiposes. Similarly industrial
organisations, had no need to co-operate with academic organissitioasthe pattern,
volume and technology of products were predominately and stdotyrolled by the
government but not the market, so that any development by thdriadasyanisation was
in response to government directives. Nearly all of theleasch outcomes had been
shelved. To facilitate commercialization of research finglingd further enhance national
competitiveness, the Chinese government initiated a top-down Rydlers called
Industry-University-Institute Strategic Cooperation at beginninghef China’'s economy
transition (Bai, andet. al 2007). According to government policy, a new evaluation
mechanism was adopted in all institutes and universitieghviteated government funded
research projects with the same weight as academic pidiicihe evaluation mechanism
is not only the criterion for staff promotion but also for egiag employment contracts.
Except for a few government funds which only focused on basic cbsedl levels of
government funding regarded the commercialization of resdardings and expected
products quota as one of the most important factors for assfatapplication. This policy
drove institutes and universities to actively establish tight liaksdustry.

The two cases reflect different types of co-operation betywabtic R&D resources.
Red-Flag is a spin off from ISCAS. There were two collabomaimodes that have been
elaborated in the cases. The first is that ISCAS provided an embedded computizaigtabor
including corresponding research staff and postgraduate students to Resld&tagh@orary
development team. The T&W broadband digital set-top-box projectetadled example
for such collaboration. The other mode is that Red-Flag acquiredrcésfindings from the
institute to enhance its technological competency. For example,3S@8ertook many
government funded R&D research projects aimed at improvingetildime performance
of the Linux kernel. Some of these projects cooperated with Repkelcause it provided a
conduit for the commercialization of research findings.

Previously, CS2C was the Linux department of CS&S (China Nat®otiware &

Service) — the largest state-owned software firm in China.dEpartment was established
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as an independent firm dedicated to Chinese Linux related basim&003, collaborating
with another state-owned corporation — CETC (China Electromichfiology Group
Corporation). CS2C and School of Computer Science in BUAA, combinedréiselirces
to establish a Joint Laboratory in software system testungng the CCB project. The
cooperation between CS2C and BUAA continued after the projecthandint laboratory
was firmly incorporated within the CS2C as a department. The leadoint
laboratory-Professor Yuging Lan from BUAA was employed asR&® director of CS2C
as well. Normally, there are 8-10 computing postgraduate ressardénts from BUAA
whose research was based on the CS2C Linux system. Apart frondipgotechnical
support for system testing during the CCB project, the labgrateo developed a series of
testing tools by means of carrying out R&D research. Thestang tools played important
roles for later projects because system testing is/atep for all customised projects and

new products R&D.

7.3.2 Linking Linux providers and users

Bridging the gap between Linux suppliers and local users

In Chinese traditional central planned economy, the comnfieatian of technology
was never taken into account. The utilitarian view of sciemtktechnology development
resulted in China’s strategy of technology development being daediriat technology
determinism for a long time (Shen and Williams, 2005; Williamd &dge, 1996). One
consequence of such a utilitarian view is that most usersusesl are neglected in the
innovation process; their potential contributions are played ddaib dnd Williams 1999).
As a result, the linkage between technology development and users isvedker

Government procurement, as well as providing subsidies to LinuxZatah R&D,
and user adaptation are two steps in linking the Linux suppliesiatal users. Public
procurement is the most direct measure in creating loced teChinese indigenous Linux.

With the help of public procurement, the Linux providers not only iggarofit to sustain

235



their business but also understand the features of Chinase Aiseording to the features
understood about the users, the Chinese government also provided subsidies fo&Dnux R
with which the Linux providers are able to improve their Linux progluot match the
Chinese user preferences. To spread Linux more widely, the Clgoesenment also
granted subsidies for Chinese Linux adaptation to attract inglusseérs to apply Chinese

Linux.

Education and Training

Public Procurement

Linux Suppl ::: -
Chaiﬁpv

Subsidies to user

IP Protection

Government
*  Measures

Figure 6: Government measures for linking suppliers and users

Public Procurement

From the case study of CS2C (chapter 5), the first impbicatif Chinese public
procurement helped the indigenous Linux firms to acquire actealraguirements. The
spread of Linux desktop in China is not a technology problem saitotde solved by
Linux suppliers individually. To make Linux available for every ii&lsie user, the first step
is to collect and understand adequate detailed user eegpnis. As late-comers in China’s
OS market, indigenous Linux providers had to treat survival as theirglanasks from the
very beginning. However, they were unable to collect user prefeseand requirements
because there was no existing link between the companies and local usdisn&ltjdiney
could not afford market surveys to understand local usersodiaek of financial budgets.
In summary, they had no understanding of their users’ requirementsedlitg in China
was that Linux distribution cannot become widely used unless iavailable and

user-friendly to Chinese users, but it will be difficult tcapdto local user needs without
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advance knowledge of user preferences. Only the governmempra@éde the remedy for
this problem by creating markets and usage for indigenous Udistribution. The Beijing
government is the earliest local customer for indigenous Ldistibution. Apart from
signalling its strong support from the Chinese government, the proentebehaviour
created the first group of users who represented the perssaralin China’s mass market.
The indigenous Linux distribution providers began to recognize that asioge
user-friendliness, like improving Linux simplicity and ease ofrafien rather than Chinese
application, was the only way to attract domestic mass users for broadessu

The second benefit of public procurement was helping tortied inux supply chain
vertically. The Linux supply chain refers to the verticasteyn consisting of low-level
hardware, Linux OS and high-level applications running on Linux. Theimeship
between the Linux supply chain and user is positively interdepen@anthe one hand,
Linux will not be chosen by the mass user unless it has suoffi@pplications and
compatible hardware; on the other hand, the indigenous Linux providensnabde to
persuade application software and hardware suppliers to develagatipps and hardware
drivers for their Linux distributions without a sufficient ing&itibn base. The government
software procurement project has become the biggest mankefhina since the
Government On-Line Project was launched in 1999. Once the goveragemties made
the decision to adopt Linux, the software and hardware suppliertd viawe strong
incentives to develop applications and drivers for Linux ithstion. For example, the
government fund launched an 863 key project to organise domestic Linvelogers,
mainstream hardware devices and PC manufacturers, and application softiesopets to
improve the interoperability between them and further integal solutions for industrial

or government usage.

Subsidies to user

To spread Linux from a limited market (government marketpttwer sectors, the

involvement of users from other domains is essential. Noneshesept for the
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government application, industrial or business users will be anddihge market for
indigenous Linux. Furthermore, if the applications of indigenous Linuse vienited in
government applications only, the Linux providers would not have dgedepaofits from
market competition to sustain its operation, and would always hega dependent on
government support. However, Chinese local industrial and lagsineers were still
reluctant to adopt Linux in their core business system althdwglntigenous Linux has
been widely applied in the public sector. Adopting Linux in cousiness systems was
regarded as highly risky, unless there is evidence to justdy indigenous Linux was
secure and stable enough for business applications. Consequer@ijrnibee government
put the task of pulling industrial or business users to Linux apiplitabn the agenda. The
method picked by government is the subsidies to the users whwiling to apply
indigenous Linux in its core business systems. The two-stage [f2qjBct presented in
chapter 6 is seen as the most successful reference of indigénoxspplication in China.
Not only did the firms in the finance industry follow CCB to adophux, but also
industrial and business user in other fields such as postacesetvain and surface
transportation, telecommunication, energy and electricity, methca and health industries,

etc. applied Linux.

Configuring user

Linux education and training

From a STS perspective, including infrastructure studieBntdogy transfer and local
technological capability building, knowledge base is one of piViaigtbrs. Against this
backdrop, not only sophisticated software engineers but also norewsl insthe mass
market are of importance for development and deployment of Chinese Linux.

However, Microsoft was already involved in the IT educationesyghrough its Great
Wall Plan so Chinese IT and software engineers were lockadthe technological regime

of Microsoft. As a result, the Chinese software industry wouldedgpon foreign
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technology. The measure of introducing Linux knowledge to both thee&dihigher
education system and professional training system thus weffeative tool for solving this
problem.

In order to bridge the digital divide, computer application educates carried out in
some primary and secondary schools, and all universities throughowat This universal
education was mainly based on the products of Microsoft, likeW#lows and
MS-Office. This phenomenon resulted in the users in China’'s madetbeing locked-in
to MS-Windows. It is difficult to persuade existing users tadfer their OS from
MS-Windows to Linux owing to solid user habit and high switching carststder to break
the monopoly generated by foreign proprietary OS and to spread indsgemux, the
Chinese government decided to cultivate potential users fuxLiThe project conducted
by Zhejiang province is considered as the most successful caseina. The education
department in this province introduced Linux knowledge to NCRE (NatiGoanputer
Rank Examination). The qualification certificate is one of theessary conditions for
starting a career in most government agencies and somenatidgtiral companies in China.
Therefore, more and more college students will study Linux dgtivecording to the
statistics, there are over forty thousand college studeritbéjiang Province who passed
Linux knowledge based NCRE up to the summer of 2009. Inspired by the expdrem
Zhejiang Province, Beijing, Shanghai, Guangdong Province, etc. ased liLinux

knowledge as the content of their local NCRE.

Strengthen protection of software IP (Intellectual Propery)

Compounded by low income and proprietary software’s ever-increaestg, a high
proportion of software products in China are illegal copies.rAdteering the WTO, China
has been obligated to provide adequate anti-piracy enforcementdaelmedy and prevent
software piracy.

Two compulsory policies required all computers purchased by goeetragencies or
sold in China territory to have pre-installed legal copies of anA@Sough the government

did not specify that all PCs needed to install Linux, neverthelesfedtively helped Linux
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in the market. The foreign and domestic PC manufacturers goitldigenous Linux
distributions for their PC and server products due to its lowst. &Vhat's more, picking
indigenous Linux is perceived as supporting domestic software corapamdeindustry so
that it will help the PC manufacturers to build a good busingagagon in the Chinese
market. The sales of Red-Flag and CS2C Linux have both reacHiethsf copies since

2006.

Bridging the gap between Linux suppliers and

complementary technology providers

Like all other OS products, Linux is the platform for the vehobmputer software
system. It is the bridge that links hardware devicessaedific application software. In this
respect, the success of Linux in China requires that it traxe higher interoperability to
complementary software and hardware devices. Establishing aentatuix supply chain
thus is treated as an important task by the Chinese government.

However, most Chinese local complementary software developers and leaddwiae
manufacturers had only developed products for MS-Windows OS due tmritgant
position in China’s market. Supporting Linux meant additional R&D scdst these
complementary technology providers. In order to tackle this obst@ti@ese local and
central government used financial leverage to support & sarigrojects. For instance, in
order to match the OA application requirements, the Beijogignment supported not only
indigenous Linux and office productivity suite development, but atspraving the
interoperability of Linux to office suite and hardware devicesh as printers through the
Sailing Project. Another example is the "Bive-Year Plan” State Key Technologies R&D
Program - “Indigenous Foundational Software Platform System &awent and
Application” which is aimed at improving the compatibility binux with indigenous

computers and application software, and further developing system salutions
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Figure 7: Government measures to build Linux supply chain

7.3.3 Establishing gateway - Interoperability

Tracking back to the growth history of existing infrastructtiie,competition between
the technical regimes behind the various isolated systewetoged by respective builders
was an inevitable issue. Other than one system beating dbeaithers, this competition
can only be resolved by the creation of ‘gateway’ technolagieocial arrangements that
permit all these systems to interoperate.

The APIs (Application Programming Interface) of the @as OS products are sharply
distinct from each other so that they have different computaring environments. Both
the hardware profiles and application software packagesagedefor these heterogeneous
systems were incompatible. To be grown as genuine infrastrucheeinfrastructural
software, including Linux and other alternative OS product® isither eliminate other
alternatives or have a gateway to permit compatibility. el the reality is that they are
competing in a global software market; there was neithsuaessful winner in the
technical realm nor a gateway to enable them to be compatiileeach other. The
gateway which provides interoperability between heterogeneougr@isicts may not be
developed in the future because users of computers are ablaréoand exchange data and
information through an existing gateway — a set of stamddinternet protocols on
application level.

As discussed in section 7.2, the interoperability of variouseSk indigenous Linux
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distribution and application is one of the main challenges forldgwg Linux as an
infrastructure. The Chinese government organized indigenous Liproviders,
complementary software developers, hardware device manufactyngolic research
institutes and universities to formulade jureLinux industry standard. Technically, with a
standard, the hardware drivers and application software cdavedéoped once and run on
every indigenous Linux platform without any modification. CommelGied uniform
operating style and GUI for all Chinese Linux distribution couldedasrning cost and time

for the users who are willing to switch to Linux.

7.3.4 Discussion

As infrastructural software, Linux was developed not solely bsketdorce, but also
by government initiative in China because of public interelftcédmputers have to install
an OS to implement specific functions. Therefore informatiorurigcand economic
concerns of OS are important factors for the users. The indigémaus distribution was
the solution for eliminating these two concerns. On the one hand, the securitf ask®S
can be inspected and removed by users, in particular the goveranteimdustry users,
since the source code of Linux is open; on the other hand, the asesawe much of the
cost because Linux distributions have no license fee. The e@madvantage of Linux is
seen as the remedy to bridge the domestic digital divide by the Chinesergener

Infrastructural software is characterized by strong netwedernalities. Katz and
Shapiro (1985) propose in their paper that the network externalities give demand-side
economies of scale. Software products have much higher R&D loostsith lower and
fixed marginal costs. In another words, once particular softisadeveloped successfully,
manufacture, distribution and delivery would be cheaper if they ievthe market (Shen,
2005b). The average total cost of a software product willae as the production increases
so that the software industry shows supply-side economies tf ssawell. Both
supply-side and demand-side economies of scale will result brahanonopoly. As

discussed in the above sections of this chapter, the spread \&idpdeent of Linux is
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subject to the quality and quantity of complementary hardwareppidation software. As
a result, a supply chain which consisted of hardware metouéss, Linux providers and
application software suppliers is necessary for Linux. Howdvennonopoly generated by
foreign OS suppliers will be the impediment for Linux supply chauilding. From the
perspective of development studies, breaking the monopoly generatéoreign OS
providers, protecting the domestic software market, as allencouraging market
competition, are all important duties for the Chinese government.

Perfect and symmetric information is essential for optinegsurce allocation. In
reality, private producers of information have a vested isténckeeping it for their own
consumption because the cost of information acquiring, transmittch@xtracting is quite
expensive. For this reason, the private market is unlikefyravide an adequate supply of
information (Stiglitz, 1986). In China, Linux is limited to a dhmange of users because it
was primarily designed and maintained by IT specialists andgnogers individually, and
thus only addresses the requirements and interests of thésesmmoal users. Furthermore,
investment in market promotion for a new coming software proghuroetimes exceeds its
direct R&D cost, in particular at the start-up stage of run@ingusiness. In contrast to
commercial software companies, like Microsoft who spend hundredéllmins of dollars
in advertising expenditure in China, Chinese indigenous Linux suppbeesless financial
resources to advertise their Linux products to China’s masket Chinese consumers in
the mass market therefore were uninformed of the exisatéhe characteristics of Linux
distribution. Comino and Manenti (2005) stress that the lack of aasgeon the existence
of OSS is a significant feature in the mass market segfeistphenomenon would lead to
unfair market competition. The government preferential pol@iebmeasures, in particular
the public procurement, enable Chinese users in the masg tealbeeome acquainted with

Linux by various conduits.

243



7.3.5 Rethinking policies from a Social Learning

perspective

The policies and measures adopted by Chinese government to sulypaoxt
development as infrastructure could be categorized into tves aner time: the early stage
is the phase in which Linux was established as an isolateghsyst China’s market; the
later stage is the competing phrase. The corresponding pdhtieshges in the early stage
were to protect the infant technology, which included the stipgfotinux R&D with
enterprises by providing upfront finances and create an earigetnay government
procurement. The measures employed latterly consisted of a breadsrdd policies being
introduced in the course of developing Linux as an infrastructora tontext specified
local system. The detailed measures created and strengthendidks between Linux
providers and other main social actors, as well as buildingavaufable external
environment.

When the indigenous Linux providers initiated development of thairux.
distributions, the government interventions were focused largetgatmological issues —
supporting Linux R&D. The policy-makers optimistically believedt timaigenous Linux
would be able to replace foreign OS products rapidly and grdfeasfrastructure applied
in all sectors of national economy, on account of its techrddahntages in security,
architecture, satiability, and so forth. The user in the docesrket will tend to apply
indigenous Linux inspired by the signal of government procurementettwthe studies
on the dynamics and tensions highlighted during the process of develoig@nmationally
transferred Linux as infrastructure in China uncovered that Léanxiot be adapted strictly
from top-down planning and is highly dependent on social considerationsrighml aim
was unsuccessful as the MS-Windows OS products were stitidseprevalent OS for the
PC, and accounted for the largest share in the server market segmemnainT@fs problem
stems from the Chinese traditional ‘technology push’ policy whiak i&rgely influenced

by the view of determinism (Williams, Stewart and Slack, 2006g idea behind Chinese
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policy-making was affected by a linear model of innovation whiels a one-way flow of
technology innovation: developing from R&D behaviour to finished actsfand diffusion
to the consumer through the market. A negative consequence lof asunodel of
policy-making was that the user and its practice were aeglen the innovation process
(Tait and Williams, 1999).

It does not imply that earlier policies and measures faileiead they were not
enough to support infrastructure for development and growth. From al $eaining
perspective, uses and outcomes of Linux were not simply inscribte idesign of the
product (on the supply side), but depended equally upon the way theys&lectively
taken up, adapted and incorporated within the practices of individuals and groupsvétor
the Linux adaptation as infrastructure depended largely om¢hédocio-economic context
and other actors, like a range of firms supplying complementahndogies, research
organisations, government, and users. Developing infrastructahaldiegy was a complex
undertaking which required the policy-makers to take the lsand economic factors, as
well as the main actors and their active interplays intm@tt. The empirical cases show
that the technological advantages of Linux did not lead to masketess naturally.
Problems faced during building Linux as infrastructure includell tdccomplementary
technologies and technological capability building mechanismexisting user locked-in

effect on foreign OS products, and rampant software piracy.
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Chapter 8 Conclusion and Wider
Implications

8.1 Introduction

This final chapter presents the overarching conclusions ef study, linking the
academic debates and theoretical limitations reviewed in eh&ptwith the analytical
content presented in chapter 7. It further examines how relevant’€taxperience in
supporting indigenous Linux is to the main policy issues and concerns of oteer DC

This study criticises the research framework employed by Isscientific research
into OSS phenomenon in DCs. Mainstream OSS literature dteiedDCs are able to
benefit from adopting and developing OSS, in particular Linux. Howeklier, résearch
finding is informed by a naive methodology — for example the procunteraad
implementation of OSS in DCs is taken for granted, whidbased on an assumption that
globally designed OSS fits the local contexts of DCs and is riadpcal deployment.
Furthermore, the prevalent research model separates the desigmogementation of OSS;
it focuses instead on the economic and managerial performaademting OSS according
to the technical advantages of OSS. This shortcoming resuttsdisciplinary divisions —
researchers who study OSS phenomenon in DCs from a traditiog# slisciplinary
approach, such as economic analysis, law studies and so on te teadt development
process of OSS as a ‘black-box’. There is no enquiry into thitead realm — mirroring
the reluctance of engineering and other technical discipline®rgage seriously with the
social dimensions of their works. The single disciplinary mest8ve adopts a rather
de-contextualised snap-shot approach to study OSS in DCs, whiclh@w@sphasis on a
single site implementation of OSS at a particular moment.dardo mend the limitations
brought about by the single disciplinary approach, a SST perspeceveployed for this
research. SST provides an interdisciplinary approach to uaddiisg the complex social

phenomenon associated with the design and implementation process of OSS.
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To overcome the shortcoming of single site implementation and-tehortresearch,
this study particularly employs the theory of Biography of Axtes (BoA) developed under
SST perspective, which is an analytical tool for multi-sitglementation and long-term
life-cycle studies. Following the tradition of SST, this studgoateveals the intricate
interplays between actors and intermediaries in technolodggridésiplementation and use

by using a social learning perspective.

8.2 Conclusions

The objective of this research was not to focus on the idesl@ghind the OSS as in
much existing literature; it probed, instead, into the uptake ohfaastructural OSS —
Linux in the context of China.

This research echoes the SST perspective, that the adlamhtiinux in China faces
various context-specific challenges. The major suppliers in Liadaptation are
economically-oriented, which is very different from the philosophg aleology of the
international Linux community; the Chinese end-users are not @8Busiasts and
therefore are not concerned about the spirits of the open soureamenaty the Chinese
government sees Linux as an alternative OS to foreign ptagriproducts and the policy
makers hoped to substitute foreign products with indigenous Linux. Td&ston the
biographies of both Chinese embedded Linux and platform Linux providevithences of
how these actors with different purposes reach consensus incgsoletions design and
development in a long-term process.

The findings of this study provide insights into two kinds of gensoftware package
design for enriching the BoA perspective. Unlike large-scalitware packages, such as
ERP, PDM and e-infrastructures which have been studied by Bbélass, embedded
Linux and platform Linux have their own technological specificities. The Derurs€ is not
a pure OS that could cross the boundaries between various embedd=atiapg@reas, but
a complex software solution for tailoring embedded Linux and dewveopimbedded

applications. Although the process of generificiation was sinbdathe ERP and PDM
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packages, through accumulating functionalities according to diviexsa practices,
standardising functionalities and delivering generic solstidtased on standardised
functionalities, the generic embedded Linux solution is achiavedrore abstract way. It
takes place through extracting knowledge of developing functigsaiind tailoring Linux
on grounds of specific hardware frameworks, and further, masargthis expertise as the
functions/templates of generic solution. The generification gsoad platform Linux
represents a reversed orientation, which originated fromeggfotransferred generic Linux
and was achieved by differentiation afterwards. The generioptatinux is defined and
redefined due to the fact that suppliers gradually understanddhleuser and use through
learning processes.

This study also provides understanding of software technologydrambe traditional
technology transfer literature that focused mainly on manufagtuelated elements,
cannot explain the software technology transfer phenomenon owindeiediftechnology
specificities. For example the software, in particular ti& r&her than limits to a given
domain or area, can be applied in various fields and industrigbeFuaore, its application
iIs subject to the network externality effects. These phenorreheate that software
technology transfer had to take the broader local context (eg. diversities,
complementary technologies, political power etc.) into account. d&garch findings
demonstrate that the adaptation process of transferred softwemgenerification process.
The transferred software was normally applied in a localexbrof one organisation or a
group of mass users as the first step. The next step is that suppliers tiedielgign a more
universal solution, with the purpose of matching the diverse nexgants of all users (or
larger groups of mass users) by reusing the accumulated knovadadgexpertise. In this
premise, the local end-user is of crucial importance to satadaptation. In order to build
sufficient indigenous technological capabilities for adapting aritldudeveloping software
technologies which are developed elsewhere, the following pdnaisics be taken into
consideration:

1) a good understanding of the socio-technical interfaces — ttendseplementation
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of technology of the software in question;

2) the way to apply the software to local environments to meet user, aedds

3) the abilities of collaborating with main players associated thitparticular
software, e.g. in the case of Linux, the core Linux community in the world, the
complementary application providers and the intermediaries/end-users, e

In response to the issue that government intervention should be ekétade OSS
development, this study confirms that the role of governmeargdessary for the adaptation
and development of Linux in China. It augers that the governmemvémtion is needed to
compensate for some of the failures of Chinese market maeohsuduring the transition, in
particular to take responsibility for reducing some ofribgative social consequences that
may be produced by global market forces, like the monopoly genergtedrdign
companies and the lack of awareness of OSS.

We also articulate the idea of ‘infrastructural softwemeexplain the social dynamics
surrounding OS design and development. Adapting and developing Linuxastrudtural
software in the contexts of DCs requires seamless networisk technology providers,
public R&D resources, complementary technology providers and usensgelh as the
integration and coordination of their resources. Furthermore, taguthe software market,
by means of providing anti-privacy laws and strengthening the tepcbi Linux
knowledge in higher education institutes, is essential for Liogalladaptation as well.
Additionally, in light of the BoA perspective, the social, organaal, and institutional
factors in the macro-level of context in which Chinese indigenonexLivas embodied,
developed and used, are difficult for technology suppliers andluseas to change. Thus,
only the government has commercial and political powers to giggrshe success of Linux
adaptation. This study specially analyses the diverse pobridsmeasures which were
employed by the Chinese government to meet the expectation of degeldpux as
infrastructural software. We argue that the public procurement and &iandardisation are
not completely efficient, which should be refined by policy-mak&v&h reference to

suggestions for future policy-making, the Chinese government shousd e relations
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between global developers, such as Linux community and local dewel@gzewell as
organise local developers as one camp in order to compete with foreign projsoétanre
companies.

Drawing upon these research findings, the research may offer suggestions for
Chinese Linux players and wider implications for other DAstli, this research shows
that, in such a globalised world, to ensure the success of ,Lgsaamless collaboration
between actors along the supply chain is required. This collaboiatiseeded not only
within the national boundaries of the network, but also in thenat®nal domain as the
gap between Chinese actors and international community hindefgrtter development
of Linux. Given the difference in ideologies between them, a good stadding of one
another is important to overcome the barriers (e.g. lock-iacsff which are deeply
entrenched and to enable a united front (having an affordable @8ticularly relevant to
DCs). Secondly, Linux players in other DCs may learn lessons@fuimese experiences to
speed their expansion of Linux in local markets. The governmentien DCs particularly
can also look to the issues regarding different tools/méarsipport Linux adaptation

activities in different stages, tied to their specific social exdnt

8.3 Reflections on the Study and Future

Research

Apart from the analytical, theoretical and empirical value to§ tstudy, a few
limitations are also needed to be mentioned in this section. Tilvesgions are associated
with research interests, data collection and the reseaaomeWwork. The reflections on
limitations could make contributions to possible future research.

The primary concern to this study is to provide better understandihg open source
movement in DCs by conducting a case study in Chinese O®%#da and innovation.
Following a SST tradition, we focused on suppliers’ developrsieategies and innovation
processes. The reasons for stressed OSS development mainly tHeonsuppliers’

perspective are that a detailed empirical investigasastill lacking, and current literature
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draws attention to the implementation and use of OSS in DCs. ifldiokfocus does not
mean that the implementation of OSS is not of importance. Wetse theoretical tools
(such as the BoA and social learning under the SST framewerk)carefully to build a
research framework for this study.

This study selected two Chinese domestic Linux suppliers aarcbsebjects. The
decision stemmed from the high accessibility of enterpribesugh which we were able to
collect the necessary data for investigating the Linux deweént process. However, the
reality in China is that there are three main foreignuki suppliers competing with
indigenous enterprises in software market, and Linux products frese foreign suppliers
account for around 50% of the local market share. Conducting taBesson indigenous
Linux products using these terms of reference may incurdiioits on the explanation of
foreign Linux adaptation and development in China’s context. Our ¢adeess provide
detailed data on indigenous Linux development and the socio-econominssihdional
context of China. As a result, this study could be treated edotimdation for future
research to test the local adaptation and development of foreign brandgd Li

As we indicated above, this study takes the implementation andfuseaux into
account by adapting a theoretical tool — social learning. Aicgedscal users is still
problematic because of various reasons, such as personnel moksiitgdsusensitivity and
even political sensitivity (particularly for state-ownederprises). Because of this, we have
to employ an ‘encircling’ strategy to collect data on the prastof implementation from
suppliers and/or from a secondary resource — reports or documdids Wy users. This
strategy, however, may draw critiques from social scientfsearchers, because these data
cannot be seen to be completely reliable — data are lizadyer stress the positive side of
implementation and ignore the possible side effects.

This study examines two types of Linux application, embedded Lindxpkatform
Linux, in order to supply comprehensive insights into Linux’'s adaptati@hinnovation.
Nonetheless, there are many general themes that remain undepddvdue to the fact

that researchers must make trade-offs between depth and wia$hisTa common and
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inevitable challenge for researchers, especially for PhBests who have to balance time
constraints and study scope. These themes (for instance, the lb&glelescribed in the
Red-Flag case, the relationship to the international Linux commimi§S2C case, etc.)

merit further investigation in future research.

8.4 Wider Implications

8.4.1 Policy implications for China’s future Linux

adaptation and development

This research shows that the Chinese government has playged inportant role in
the adaptation and development of Linux in China. According to a lomgdexrernment
policy document on national S&T development —“The National Outnéviid-Term and
Long-Term Scientific and Technological Development Planning (2006-20@&@)Chinese
government will continue providing substantial support to corevaog, including Linux
development for the next ten years. There are two points whak wverlooked by
policy-makers in this document to which attention should be paid.

Firstly, the global and local perspectives are both importaintix evolves as a
complex assemblage of global and local elements emerging iocasgrin which the
generic offering (emerging from the Linux community) is embodiedaitiqular purposes
and appropriated in the context of China. However, the policgdapting Linux addresses
much on a local level. Like most OSS, Linux is designed and aleelat a global level,
controlled by an international community. From a perspective abintdogy transfer and
reshaping of technology, most of the OSS communities are locateveloped nations so
their contexts are very different from those of DCs. The opercsouovement in the eyes
of scholars in the developed world is driven by the virtue of kedge sharing and moral
duty of knowledge dissemination. Thus, the social value and technicaipptsns of OSS
may not fit the socio-technical environment of the developingdvdthe programmers and

companies in DCs, like China may have different incentiveadiopting and developing
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OSS. Lack of proficiency in English and heavy economic pressueesha barriers to
Chinese programmers in joining the mainstream international @S&®ork. Without
involving the international Linux community, the requirements from Gl@nesers are
excluded from the design and development of global Linux.

The case studies also show that the process of adaptation atapoerd of Linux in
China have embodied the rationale of Chinese developers and uerstie specific
social, political and economic contexts. Thus the outcomes of Lpnodtucts are largely
context specific. This is an obvious difference between tiggnat spirit of hackers in the
US, or the rationale of Linux development as an OSS project arabjbetives of China.
Discrepancies are more or less inevitable since the Ghinagonal S&T policies are
interested greatly in local adoption — making globally developed Laayt to the Chinese
context. In contrast, the main concern of the international Linux comntynis technical
issues rather than its commercialisation and actual apiplis. To illustrate this, the
indigenous Linux developers complained that their contributions onfyimagliLinux were
excluded by the international communities. The foreign advocates mthdsiasts in
international Linux community indicated that the Chinese developersids not modify
Linux locally to mimic their main adversary — Microsoft. In thisspect, the Chinese
government should make a trade-off between the aspects of deatates and local
context, and provide incentive to encourage researchers and Rgibeers to participate
the international Linux community.

Secondly, from the perspective of infrastructure studiesteavga is extremely crucial
for Linux. The two main Chinese indigenous Linux distributions ara aseneterogeneous
systems to the extent to which not only the GUI and operations of differents€liranded
Linux distribution are distinct. But there are also interopetghbiroblems between them
(e.g. some hardware drivers and complementary application sefteaeloped for CS2C
Linux would not be completely compatible with other Chinese Linux distributiohjhése
factors are the obstacles for Chinese users in applying maigeLinux. Standard is one of

the major gateways, through which the complementary productopeveland users are
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capable of bridging these gaps. As discussed in the above sétiostandardisation of
Chinese indigenous Linux was not completely successful. A main reai@nfact that the
two main Chinese indigenous Linux providers — Red-Flag and CS®2(€ d@ach other as
rivals, rather than partners oomestic market. In order to resolve this divergence, the
government should not limit its role on standardisation, but should egeod@mestic
Linux providers to cooperate further in conducting R&D projects. g Ipegjects should be
mainly in connection with the user, such as developing frie@dls and improving easy
operation in a standardised way, as well as consistently takegnteroperability of

complementary products into account.

8.4.2 Implications for other DCs

This research highlights the importance of major playershvied in Chinese Linux
development, such as suppliers, the government, public R&D resoundessexs, as well
as the seamless linkages between them. However, the expemEnChinese Linux
adaptation indicates that the international Linux community ie afsother key player
which has been overlooked by Chinese players. The cultural andda=oldifferences
between Chinese providers and international Linux community rddunlten the one hand,
a gap between Chinese players and the international Linux comnilimigyphenomenon
emphasised the dependency of Chinese players to internatiomax community,
especially to platform Linux. The reason is that the contdbsgtimade by Chinese Linux
providers (although not entirely) were generally ignored bycttramunity. On the other
hand, the Chinese players may face context specific chefiefegg. lock-in effects). To
DCs, the key players may not have incentives to estalitiks to the international Linux
community because they have their own motivations on Linux. Fonuestavhile the local
Linux suppliers focus mainly on Linux localisation and generating econbemefits, the
local users care about the applications of Linux rather thamieal issues. Meanwhile
some governments could be concern about technology independency. In order to involve the

core technology of Linux development, DCs governments should providepsjspe
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measures to encourage local suppliers and users to paetigipthe international Linux
community.

From the viewpoints of many DCs, software industry might bring oppities for
leapfrogging because DCs have advantage of backwardneshé@aon, 1962; Brezis,
Krugman, and Tsiddon, 1993). As late-comers, DCs can draw on twndefrom the
development experience of developed countries, and accelht®logy development by
skipping some stages of development. A dangerous reality it DCs focused on the
technical successes, while neglecting the broader socialxtant¢he developed world
where the technology was designed and developed successfullyesaslt, players in DCs
have a narrow view on technology innovation — as if technicalteffand economic and
political demands are the only elements for technology development and ionovat

This empirical case of Chinese Linux uncovers a broader comtbidh is also
important to Linux adaptation and innovation. Nevertheless, suppliersisangd have no
means to change some social and economic elements. What gaveganedo is to
restructure some elements of the local context by issuingigmliand employing
administrative measures. They are the most pressing tisksfacilitating DCs’
technological progress. Therefore, a lesson that can be drawntHi®mesearch for the
governments in other DCs is that S&T policy making shouldomd¢ focus on technical
issues, but also take the construction of the external environmentdotmac

The Chinese government has acted as a director of change s/dexdply rooted from
the tradition of intervening between S&T and economy developmestn Brviewpoint of
development studies, the software markets of DCs have beery meambpolised by
international giant players from the developed world. OS is@ saftware technology not
only at the heart of the information technology industry but also itpbfor the entire
national economy. Without core software, technology would furtheretieiiye dependency
of DCs to the developed world. In this respect, the Chinese gogatnimas a specific
policy of choosing Linux and directing its development as a sutistitto foreign OS

products. However, not all DCs have the same level of goverrfiomrg as China, so they
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may only act as coordinators of change. In this premise, tmegirasv upon the experience
of Chinese Linux development and adopt more liberal approaches totsppar such as
offering technology training, supplying information to the market] @ncouraging the

cooperation of intra-organisations (e.g. R&D institutes and Linux firms).
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Appendix — Sample of The Transcript of A

Interview

Date 25/4/2008

Interviewer: Yinhua Zhou

Interviewee: Mr. Naiping Han, President of CS2C

Interview goal: The general development story of CS2C/CS&S platfanoxLin particular
the background of early products.

Time: 30 Mins

Interview guideline

1. Why did CS&S decided to develop Chinese Linux dstion in
19997 And what was the background at that time?

2. In recent ten years, CS2S made great achievemendgveloping
Chinese Linux. Can you describe the developmernedi@y of
CS2C/CS&S platform Linux?

3. Why did CS&S develop server Linux? Please tell details and

describe the background.
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Transcript

Yinhua Zhou (Y):

Can you introduce the general history of CS2C/CS&S Linux?

Naiping Hang (H):

It is a long story. CS&S started conducting R&D in operatindgesyqOS) for market in
1989, before | joining CS&S of course. Firstly, CS&S bought tbenke and all source
code of UNIX system 5 Release 4 from AT&T. Secondly, develomag of CS&S wrote
every line of code because the company stressed the intallpotperty issue according to
the available source code of UNIX. At present, | feel this idea is not areeffivay: CS&S
could simply translate the UNIX in Chinese version and deliver toritiemarket. There are
two reasons: on the on hand, CS&S have the full license to modifyedistribute the
original UNIX from AT&T; on the other hand, the development of safevand computer
hardware product are extremely rapid in market, once the catypledeveloped CS&S

UNIX was ready to release, the product had been outdated.

Y:

So far, we reviewed something about the CS&S in developing OSebmfking decision
to develop Linux. | would like to know the story about CS&S Linux.

H:

Sure! The emergence of Linux provides a good opportunity not only for @hi@&s
developers, but also for our country (China). Drawing upon the opecescade of Linux,
we would be able to develop Chinese version for domestic eseily, and therefore
generated commercial earnings. To the country, it is a goodavegntrol core software,
such as OS, as well as catch up foreign countries in OS and software R&D.

Although CS&S heard about Linux in early 1994, we didn’'t conduct anip R& Linux
until 1999. One of the reasons was that some multinational sef@vet hardware giants,

like IBM, Oracle, Sybase, Intel, Sun Microsystems, etc gragyaibvide compatible
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products for Linux. The other reason, and the more important reasonhaaour

government also was interested in Linux.

Y:

On regular basisthe government will support Linux as well, right?

H:

You are right. Our government would support all the products, in partithe high tech
products which they are interested in. The government normally vpoaldde money for

product R&D, as well as buy these products through public procurement.

Y:

That’s an interesting point. Then | would like to know the details apovgrnment policies
towards Linux later. Please continue the story from 1999.

H:

At the beginning of 1999, the related department in government an@resgerin software
and computer industries had a dichotomy on whether we should develop eChines
indigenous Linux products. The voice from one side was that we dewlelop security
plug-in running on MS-Windows in order to solve the security conceridle\the open
nature of Linux might incur attach from hackers. Another gitle are advocate of Linux
claimed the backdoor and security vulnerabilities of Linux cdéldsolved easily because
the international Linux community has strong technological capabiBut the
MS-Windows OS is a ‘black box’ for users so that it's extrerhelyd to develop plug-in for

it.

Y:
CS&S must be the advocate of Linux.
H:

Yes. As the biggest state-owned software company with onerei@ R&D experience on
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0S, CS&S attended the Linux related seminars which were heldebgovernment. We
found that developing indigenous Chinese Linux not only was in litretive government

future goal, but also helped the company to win government contracts and gerofitate pr

Y.
How about the market reaction to Chinese Linux product?

H:

Before 2001, all the domestic IT media treated Linux as the mostiging product in
domestic market. And if any IT media didn't mention Linux, then thédia would be
outdated. Domestic software companies also show over-enthusiasm orptoduxts — as
if with the delivery of Chinese Linux, the companies could servimake money and
expand. There were over ten indigenous Chinese products since 1998s ®icie Point,
Longshin, Xteam, CS&S, Red-Flag, etc. All the Chinese suppaieigely cooperated with
every IT newspaper and magazines by the means of offeregg lfmux disc with
paper-based IT media. The criterion by which people judged the suofekinux
companies was how many free copies had been sent. With the collapses ef imitbhte at

the end of 2000, Chinese software industry and IT media were cooled down in 2001.

Y:
Can | say the first stage of Chinese Linux was a crazy stage?
H:

Yeah, you can say that.

Y:

So, what's the next?

H:

Beijing government Linux procurement is a key must be mentidBeijing government

bought 6001 copies of Chinese Linux from CS&S and Red-Flag, among v@t&S
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accounted for 51% share. However, the users in Beijingrgment found that these Linux
products were very difficult to use. For instance, document pginsi the last but the most
important step of government office procedure. But there avasmpatibility problem
between the existed printers and indigenous Linux. To make the EHimas< usable on

government desktop computers, Beijing government initiated ‘Sailing®toj Jan, 2001.

Y:

Can you explain more details about compatibility problem between printer aume/?Li

H:

Ok! Some prevalent domestic branded printers are not congatill with indigenous
Linux. However, these products were bought by different departmentBeijing
government through government procurement in order to support donpstier
companies. We tried to contact the suppliers of these printershdyutould not provide
any help about this case. The reason is that the suppliers dige'ith@ source code of
printer drivers since they bought the whole engineering solutiendesign and hardware
framework of printer, as well as the driver) from forempmpanies. It required extra cost

for use to solve the problem. Therefore, Beijing government decided &1 mweR&D.

Y:

Except for the printer problem, is there any other problems?

H:

Yes, we had to take the easy-operating into account. For examma@ procedures of
installing Linux were very complicated for users which requipedfessional IT skills.

However, end users normally don’t have these skills so thatrie@ to simplify the

installing procedures. With a new GUI menu, users are ablestalli Linux and tune the

hardware configuration by clicking ‘NEXT’ button and doing some simply choice.
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Y:

Can | know more details about the Sailing Project?

H:

I'll arrange our senior manager in product department to ymetlater, or perhaps next

week. He also joined the Sailing project and knew everything about the wbjetp

Y:

Thank you very much! Can you tell what was you learned from Sailing project?

H:

The most important lesson we drew from Sailing project iswigatound users of desktop
and server applications are distinct. Their requirements dezedif as well. For example,
the desktop Linux could apply the newest Linux kernel, while thees&inux must apply
old one due to computer server stresses system stabilityer3anux also had to deal
with large volume date process and storage so that it esgRAID (this function has been
popular on desktop computer in recent two years) or network staragiéohs. While the
users of desktop Linux required high compatibility between OS and vaperysherals,
like printer and USB disk. At the same time, desktop Linux muppart mainstream
entertainment software as well. As a result, CS&S decided to develop ar desktop and

server application respectively.

Y:

What's the strategies for desktop Linux development then?

H:

CS&S and later CS2C noticed that it is very difficult compeih MS-Windows OS in
domestic market. It reflected by Linux has less applicatioftware, particularly the
entertainment software that MS-Windows so that we decidextts on the domestic users
with special or specific requirements. We cooperated with domn@&ii companies to

develop customized desktop solution. PC companies normally used namsiaedware
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so that there is no more compatibility problem. In addition, usdlsspiecific requirement
would also require less software functions. This strategyfestafe and our first contract
was ‘Happy Family’ project. I'll ask the senior manageproduct department to provide

details to you.

Y:

Ok. So how about the development strategy of server Linux?

H:

According to our experience in both product R&D and marketirgproposed a concept of
‘functional server Linux’. These products are based on genenatrskeinux, and also
provide special mechanisms and tools to optimise the whole sefsyatem. Such as, Data
Server Linux has extra component by which user do not need toheigiatabase software
by complex manual procedures as before. All the tuning tasks beuldne automatically
when user tells the OS about specific name of the databésere. The idea of functional
server Linux was emerged from China Construction Bank projethwil an on-going
large scale government funded project. Again, I'll also askptbduct manager to accept

your interview and provide details of what's you need.

Y:
Thank you very much. Your information is extremely important for my PhD refsea

H:

No worries. I’'m going to meet somebody now so that I'll see ya@u. IHtyou need any help
or assistance, please feel free to contact me.
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