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Abstract 6 E

In recent years, open source software which is a ty a orm 0 innovation has
become an important business mode in software i |n ovatlon process of
fr

open innovation in software products is qwte ) o onal manufacturing
industries. Taking Linux operating system as the reSee ch sa e innovation process of
open source software is studied based on kno e mapp g |ch is made by Citespace.
The study shows that technical standardsa nology orms of open source software
innovation. User participation is an e e wa knoWledge transfer of open source
software innovation. Innovative sou |mp intermediary of open source software
innovation. i
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1. Introduction Q \,

Open source sofX;e software with its source code made available and
licensed with @%n which cdpyright holder provides the rights to study change and

distribute the re to e and for any purpose [1]. The development of open source
software is typical ope vation for open source can effectively match the widely
distributed technical r es with market demand, making it become an important way to
development softwageNgthnology [2]. In recent years, open source software is increasingly
been promoted an used in the worldwide. Linux operating system breaks the monopoly
of PC ope@stem of Microsoft. Apache accounted for half of the market of web server

software. is becoming the most widely used database system in the world.

SuccessNinthe marketplace demonstrates that open source software is not only the change
of @ ent thinking and technological development in the software development history,
but al$g’a successful business model. China's software enterprises are lagging behind foreign
companies in technology base and innovation resource. Open source software provides
valuable technical opportunities for the rise of China's software industry, especially the
system software. However, the innovation process of open source software products are
significant differences from the traditional software products which is in urgent need to carry
out in-depth study.

The paper is organized as follows. Based on the state of the art in innovative measure
indicators by screening the relevant literature, scientific literature is chosen to be the indicator
to measure the open innovation in software industry. Then taking Linux operating system as
the research sample, knowledge mapping about the innovation in Linux operating system is
made by Citespace and analyzed. Finally, the results are summarized and discussed.
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2. Literature Review

Open source software is open-source software and rose in the 1980s. Open source software
became an emerging industry quickly for its new forms and competitive [3]. Osterloh and
Rota suggests that open source software is an information product, user-driven innovation and
highly modular design, but it does not achieve sustainable development just through
integrated innovation [4]. Research on open source software main includes the motivation of
open source software innovator, innovative organization and processes of open source
software projects, competitiveness of open source software [5]. The source codes of open
source software are open and any organization or individual can innovate. Therefore, open
innovation theory is an important theory for open source software innovation.

Since the 1990s, the increasingly fierce global competition encourages e
integrate internal and external technical resources to improve product devel p speed and
reduce development risk [6]. Chesbrough and Vanhaverbeke inted ou n innovation
accelerate technological innovation and |ndustr|aI|zat|on h making/use of inflows and
outflows of knowledge [7]. Neyer further pointed ou h?p n nn t s consists of three
types of participants; they are the internal core i aIIy a research and
development department, internal edge innovators ~ incl rketlng production and
other departments, external innovators WhIC Iudes uEe |str|butors suppliers and

competitors [8]. Toivonen put forward that a aI kn ge-intensive business services,
users are major participants intechnologi vatlo software industry [9].

In recent years, technological mnox»%T ins ndustry has gradually attracted the
close attention of domestic schol nologlgz vation and application innovation are
necessary to achieve leap-for evelopme hina's software industry [10]. Wang and
Gao prove that the expected future income (%ne innovation is the fundamental reason for
enterprises to participat n sour é@y ent based on the open knowledge disclosure
theory [11]. Liu and C a@nalyzed 3&; teristics of technological innovation of all kinds
of different scale so?N? compagigs using contingency table and bring forward that the
innovation of ente shou pt)to the regional innovation environment and expanding
business scal y is n fit to technological innovation [12]. According to the
innovation proce analybg tructured and object-oriented software development methods,
Gao and Feng propose tages in innovation of software development method [13].

3. Methodolog

3.1. Knowl apping method

The s re industry is a typical knowledge-intensive business services (KIBS) and the
inn@n process involves a number of organizations and individuals. Freel put forward that
highlyyskilled employees is the typical characteristic of KIBS, which usually include
scientists, engineers while other users, suppliers and universities are the important external
source of the KIBS [14]. Due to the diversity of the innovators in the software industry, it is
difficult to statistic the R&D and patent data related to the software product innovation. The
empirical research of KIBS accomplished by Hipp demonstrated that journals, conferences
and other external explicit knowledge are the important information source in technological
innovation [15]. Journals and other scientific literature help enterprises to clear the direction
of innovation and enhance the absorptive capacity [16]. There scientific literature was
selected to measure the open innovation in software products.

For the inheritance of scientific literature, the scientific literature expresses their
recognition of the stock of knowledge through references, which citations reflect the process
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of innovation and diffusion of technical knowledge [17]. Therefore, citation analysis methods
have been an important quantitative measure method in technology innovation and diffusion.
However, with the accelerated development of science and technology, it is hard to analyze
the huge amounts of data with the traditional statistical analysis tools.

Citespace is developed by Professor Chen Chaomei of Drakes University using the Java
language, which can be applied to diverse, time-sharing and dynamic literature co-citation
network analysis. Citespace realized depth analysis of literature. Chen and Hu reveal the
emerging field of regenerative medicine through Citespace analysis [18]. Zhao and Wang
explored the status quo and hot topic in ubiquitous computing using Citespace [19]. Wu and
Huang put forward the method of tracking and analyzing the changes of technology
applications through analyzing the changes of the scientific literature over time [&OWough

text mining, Citespace clarify the intrinsic link between literatures and vis display
citations between literatures, thus providing analytical tools for the inn(@\ process of
open innovation in software products. \ °
3.2. Analysis tools

The most obvious difference between tradition@ovatl pen innovation is that
enterprises should take advantage of the inter d external 1roOvation information when
they develop new technologies [21]. Ope atlorf Ionger confined within the
enterprise and the innovation mformatlo so be from outside of the enterprise.
Internal and external innovators in v ocess also make open innovation
process presents different charac r| There |s necessary to select the appropriate
indicators of knowledge mapp&qg& asure he I ovators and the innovation process so as
to explore key factors that play important rojle the open innovation process.

Citespace reflects the dua betwee rch front and its intellectual base. If we define
a research front as thesst the art C|alty, what is cited by the research front forms
its intellectual base hen suentlflc literature become the indicators of open

innovation, the sci mrama s for the outcome of open innovation and the citations

represent the @ e informa obtained in the open innovation. In the timelines view
generated by pace, h front is the output of open innovation in different phrases
and the citations are th ators and their contribution in open innovation. The evolution

Betweenness ¢ metric and burst detection algorithm are two algorithms adopted in

of research fronts ov reflects the open innovation process.
Citespace to ?dsgéén terms of research front concept and highlight potential pivotal point of

paradigm shi r time [22]. Time zone view is generated to display research fronts and the
shift proc different research fronts. According to the research goals, time zone of co-
Clt on Linux is generated to analyze the process of open source software innovation.

%e zone of co-cited authors on Linux is generated to discuss characteristics of
participants of open source software innovation. Then the characteristics of process for open
source software innovation are summarized.

4. Data Analysis

4.1. Sample selection

Linux is a Unix-like computer operating system assembled under the model of free and
open source software development and distribution. The defining component of Linux is the
Linux kernel, an operating system kernel first released 5 October 1991 by Linus Torvalds.
The source code of the Linux operating system is completely open to the outside world.
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According to the General Public License (GPL) agreement, anyone can be free to modify and
redistribute the Linux. Linux Internationalization Initiative advocated by Sun, IBM and Linux
Standard Base is responsible for providing a common, international applications platform for
the different Linux distributions to facilitate the development and operation of Linux.
Comparing with Windows operating system developed by Microsoft, the Linux operating
system has a more stable structure system, a higher level of security and low price. Therefore,
the Linux operating system do not win the support of database software developers such as
Oracle, Informix, Computer Associates, Sybase and IBM, but also win the favor of the
hardware vendors such as DEC, Apple, Intel and so on. In addition, the Linux operating
system also play important roles in the field of embedded system, telecommunicatiogs, cluster
computing, and network security. The innovation of the Linux operating syste ':&yén by
organizations and individuals all over the world. The Linux operating sys ’:n‘? typical
representative of the software products, which provide valuable samples fo@ th analysis

of open innovation process in software products. \ °

4.2. Data collection Q
The innovation of the Linux operating system inrst i Mby Linus Torvalds. In
1991, Linus Torvalds studied at the University WIsinki began e develop its own operating

system which was called the Linux kernel la the fir, sion of Linux was released in

September, which is widely regarded as inning.of the Linux operating system. Since

then, the organizations and individual diff Q%r s of the world continue to promote

the innovation activities of the Li u&raﬂng%ﬁ . Therefore, 1991 was selected as the
t

start for the data collection in&& ature. For that the information of scientific literature
citation of 2012 not yet to statisti comp@, 2011 was selected as the end for the data

collection in the literature. \%
Web of Science devel y Tho euters is one of the most important databases to
access global acade rmation. The database contains the references cited in papers and

makes an indicatoth them rding to the author, source and publication. A typical
representative e¥Science Citation Index-Expanded (SCI-EXPANDED), Social Science
Citation Index ¥8SCI) a @p; and Humanities Citation Index (A&HCI) are three typical
citation databases. For t pose of the study is to measure the innovative features of Linux,
SCI-EXPANDED d was selected as the download platform.

According to ti&ﬁvation process of Linux operating system, we selected the “Topic =
Linux” as search strategy and search the data on the platform of SCI-EXPANDED database.
The time rangdgs-iimited from January 1, 1991 to December 31, 2011. The document type is
English . Finally, 2399 literatures were collected as research data. The date of

@August 18, 2012.

dow?a
4.3. Knowledge mapping analysis

Based on the above research, research data was imported into Citespace V.2.2.R1. We
specify 3 as the length of a single time slice and the data from 1991 to 2011 were divided into
7 time slices. Top 30 cited articles of each time slice were selected as analysis objects and
selected articles in each time slice were no more than 100. Then we operated Citespace and
draw the Timelines of co-cited articles on Linux. After that, the nodes in the knowledge
mapping were divided into 17 clusters through the function of clustering in Citespace. There
are 143 nodes and 313 links in the figure of timelines of co-cited articles on Linux and the
value of Mean Silhouette is 0.8659, which indicate that the clusters are divided properly and
articles in each cluster are closely related. The value of Modularity Q is 0.7356, which
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indicate that the knowledge mapping well reflect the clusters in the scientific literature and
easy to identify the pivotal points.
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Figure 1. Time zone of&@red a.rt@‘gs on Linux

The analysis of clusters list from ce sho he field of flexible graphical user
interface and nuclear mlcroprobe w s before 1990. Then the hot topic
shift to the field of computer p n, soft @ir vironment and monitor between 1990
and 1995. After that, the f|e asymme twork and differentiated services router
become the focus. Since 200 business ellng of Linux has become hot research field.
The shift of research foc dlffere%‘&e slice is coincided with the actual innovation

process in Linux. T mnova on ®f the Linux operating system is mainly driven by a
number of profe53|ers and‘%cmnovation mainly focused on solving the technical
problems of the ahical useﬁ@rf e and does not pay attention to the market demand.
Then with theort of vendors such as IBM, Oracle, and Sybase, business become the
innovation focus of the Lweraﬂng system.
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Figure 2. Time zone of co-cited authors on Linux
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Figure 2 shows that there are three pivotal points with the highest centrality value. As table
1 shows, core articles are An Architecture for Differentiated Services written by Blake and
published in 1998, Jini Technology Core Platform Specification written by SUN Micr Inc and
published in 2000, and RRC Protocol Specification written by ETSI and published in 2001.
The centrality value of Linux Myths written by Micr Corp and published in 1999, Java
Remote Method Invocation Specification written by Sun Micr Inc and published in 1998, and
Running Linux written by Welsh and published in 1995 are 0.03. The top 6 pivotal points
includes individuals, enterprises as well as Standardization Organizations. And besides Linux
Myths, the other points which play important roles in Linux innovation are all technical
standards or technical specifications. o

Table 1. Core articles of time zone of co-cited articles on in??
£

Author Year Artigles, \ ,
Blake S. 1998 An Architecture%rentme&\?es
SUN Micr Inc 2000 Jini Technolo tfo ation

ETSI 2001 RRC Pro ification
Micr Corp 1999 Linux M xa
Sun Micr Inc 1998 Java mo ethod Invgcation Specification
Welsh M. 1995 Ru mux
There are 22 burst points in the tlmeI co -cited art Ies on Linux. The highest burst
value is 8.19, which is the Understa e L| nel written by Bovet and published

in 2005. The book plays a particu pr0m| e in the turning point of the Linux
innovation. Besides it, four auﬁ% burst Va e between 5.00 and 5.99; eight authors’
burst values are between 4.00 and other authors’ values are between 3.00 and
3.99. Above all, all the point Q&Ividuals which means individuals play more
important roles in th\(@pomt ofi ation in Linux operating system.

5 DISCUSSIOD
5.1. Technical standards chnology platforms of open source software innovation

Time zone of co-cit icles on Linux shows that technical standards provide technology
platforms for opemsinpovation in software products. For instance, An Architecture for
Differentiated Serviges defines architecture for implementing scalable service differentiation
in the Intern ]. Jini Technology Core Platform Specification provides the source code
and specifi s for Jini technology [24]. RRC Protocol Specification is the radio resource
allocatioQ protocol for the access network (UTRAN) and user equipment (UE) in the third
ger’%n mobile communication system [25]. These technical standards and specifications
ensuréythe compatible between open innovations of Linux operating system and other
software or hardware technology or product, so as to promote the open innovation in software
products.

Technical standard refers to a series of files with mandatory requirements or guidance, the
contents of which include the technical details or requirements, and its purpose is to allow the
product or service meeting certain safety standards or market access requirements. Technical
standards codified accumulated technical experience and formed the basis of new technology
generated. When innovation is regarded as generation and diffusion process of new
knowledge, technical standards become a strong support for innovation [26] . In the process
of open source software innovation, technical standards reduce the adverse effects of path
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dependence. Meanwhile it provides a public technology integration platform for enterprises to
integrate dispersed technical resources to achieve innovation.

5.2. User participation is an effective way to knowledge transfer of open source software
innovation

The research sample involves enterprises, standardization organizations and individuals
and so on. Burst of articles on Linux show that the burst nodes in the open innovation of
Linux operating system are all individuals. Knowledge transfer of open source software
innovation achieve through user participation. For example, Understanding the Linux Kernel
authored by Bovet enable users to know better of the data structures, algoritgms and
programming of the Linux Kernel which promote the user innovation of Linu indi
that the burst in the open innovation of Linux operating system is mai alised by the
individual, which means that user innovation dominant the open in \% in software
products. %ﬂ @

In the context of open innovation, global |IQUIdIt@{e I r rces has greatly
promoted the rapid growth of new knowledge, w, mngly difficult for a
single enterprise entirely on their own to compl uct innovation. In the
process of open source software innovation, dlffer nt types of users with different
application background and strong technolo fer c ies, they could quickly realize
the information search and matching an e know, creation and transfer. Therefore,
User participation is becomlng an &a@/ owledge transfer of open source
software innovation. Lakhani a tforw%b the feeling of creativity of individual
users is the most powerful po open inndyation [27]. The original innovator of the
Linux operating system is experienced and ssional technical users, and they tend to be
the leading users of the Lin peratin WhICh have fanatical dedication to improving
the Linux operating systemyThey oft stantly seek new solutions to satisfy individual
special needs. Schr Prigl Suggest that leading users have more knowledge and
consumption expe . SO always with stronger internal control capabilities and
innovative Spl an ad e new products [28]. Therefore, user innovation becomes
important mno on forn& en innovation in software products.

5.3. Innovative soci n important intermediary of open source software innovation

Time zone of ed authors on Linux shows that the innovator of the Linux operating
system reali%@ virtualization cooperation. And the analysis of the time zones of co-cited
X demonstrates that the virtualization cooperation promote the open
innovati inux operating system. von Hippel point out that the innovative society refers
of interconnected personal or corporate, and the personal or corporate in the
netw exchange information through face-to-face, electronic or other means [26].
Therefore, the open innovation process of the Linux operating system indicates that
innovative society is an intermediary of open source software innovation.

Participants in open innovation process will face many problems such as Arrow
Information Paradox, unequal status of technology buyers and sellers, confirming the
effectiveness of information source and fostering bilateral market. In the open innovation
process of Linux operating system, the innovative societies are mainly composed of users.
Baldwin and Clark point out that the efficiency of user innovation societies is higher than that
of the single manufacturer-centered innovation model [29]. Uses with different technological
background in innovation can improve the efficiency of innovation [30]. As an important
intermediary of software product innovation, innovative society establish contacts among
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open source software innovators and provide technical support services, thus solving above
problems in the open innovation process.

6. Conclusion

With the open innovation has gradually become an important form in software products,
the paper measure the process and innovators of open innovation with the indicator of the
scientific literature and the open innovation process in software products are studied. The
study shows that technical standards are technology platforms of open source software
innovation. Open innovation in software products should be supported by  technical
standards. User participation is an effective way to knowledge transfer of oWurce
software innovation. User innovation is an important form of open innovatio ftware
products. Innovative society is an important intermediary of open@ software

innovation and the driving force of open innovation in softw. qmodu%
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