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Abstract 

Study of the Evolution of Service Networks 

 

As IT technology develops, a new business model which motivates consumers to 

participate in innovation is arising with software-as-a-service (SaaS), which provides 

utilized software via Internet.  Previous studies investigated the structure and 

evolutionary pattern of networks and found the relationship between network 

characteristic and innovation performances, but only focused on internal mechanism.  

Therefore, in this thesis the effort of a platform provider to motivate the participation of 

third-party developers and users are investigated.  Conducting the conceptual 

background study, the growth, feature of hubs, and the openness of the network was 

studied with the empirical data gathered from Salesforce.com AppExchange and 

Developer Market.  The results show that platform provider contributed to the growth of 

service network in the initial periods and that the third-party providers take more roles 

later periods. 

  

Keywords: Software-as-a-Service, Salesforce.com, Service Networks, Open 

Innovation, Platform Leader, Collective Intelligence. 

Student Number: 2011-23443 
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Chapter 1. Introduction 

1.1 Motivation 

As IT technology advances, a new business model which motivates consumers to 

participate in innovation (e.g. Web 2.0) is arising.  Today, software venders provide 

software-as-a-service, which software users utilize remotely by Internet.  The SaaS 

paradigm appeared and developed with the commercial computing (i.e. punched-card 

electric accounting machines) in the middle of 1950, but declined with emergence of 

personal computers.  Now, the SaaS paradigm is prominant again with the rise of cloud 

computing which varies from computing resource service such as Amazon S3 to 

enterprise management applications such as Salesforce.com (Campbell-Kelly, 2009; 

Cusumano, 2010). 

One of the most important features of today’s SaaS implementations is that a SaaS 

provider attracts the end users as “collective intelligence” into the software innovation 

(Lévy, 2010; Weiss, 2005).  To do so, the SaaS provider provides developers and end 

users with the marketplace on which they exchange the innovation output.  For example, 

Salesforce.com, a customer relationship management software service, published its 
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platform named as Force.com, in order that users can utilize customized CRM 

environment in their development of new service (http://www.salesforce.com).  

Developers can create a new service on their demand with “developer environments, 

resource, tools, documentation and contents” that Salesforce.com provides by adding the 

developers’ own value (http://developer.force.com).  In the service system, the 

innovation is performed by the developers with their need as well as by the share of 

innovation resources of SaaS vendors, and the benefit from the innovation is also shared. 

Software users and developers interact with each other in the marketplace, and their 

interaction is represented with a “service network” (Altmann, Meschke, & Mohammed, 

2012; Henneberg, Gruber, & Naudé, 2012; Maglio, Srinivasan, Kreulen, & Spohrer, 

2006).  A service network is defined in a variety of ways, e.g. an extension of value 

chain from service providers to users (Altmann et al., 2012), and the combination of 

services for a new service (Kim, Lee, & Altmann, 2013).  In this thesis, a service 

network is defined as a set of nodes and links, which represent the software services 

created by developers who utilize the marketplace which a SaaS provider opens, and a 

developer’s co-installation of the software services, respectively.  The service network 
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characterizes the complementary relationship between the services such as associative 

support of service to users’ requirements. 

1.2 Problem Description 

The prior research studied the network structure and evolution of the service 

networks to understand the pattern of innovation by collective intelligence.  The prior 

studies on innovation of service networks (Hwang, Altmann, & Kim, 2009; Kim et al., 

2013) follow two research designs.  One of the research design investigates the structure 

and evolutionary pattern of networks (Newman, 2001; Valverde & Solé, 2007; Wagner & 

Leydesdorff, 2005), and the other design is finding the relationship between network 

characteristics and innovation performance (Granovetter, 1973; Grewal, Lilien, & 

Mallapragada, 2006; Krackhardt & Stern, 1988). 

In prior researches an assumption is hidden that the service network evolves into a 

complex structure only by the internal mechanism.  For example, preferential attachment 

for scale-free structure is the heterogeneous link distribution of many real networks 

(Albert, Jeong, & Barabási, 2000).  The model is growing every time step with new 
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nodes which is connected to existing nodes.  This model produces a power-law 

distribution of node degree, which can give the network a small diameter.  Another 

example is small-world structure, which is generated by rewiring the links of a regular 

network (Watts & Strogatz, 1998).  The small world network generated by random 

rewiring is both highly clusterized and small in diameter. 

However, the prior research rarely cares for the effort of the platform provider for 

promoting the service network evolution by collective intelligence.  It is common in real 

business that a platform provider of the service system strives for an environment in 

which the system’s self-organization by users and developers is successful (Gawer & 

Cusumano, 2002).  For example, Google and Apple both managed to create successful 

ecosystems around their smartphone operating systems by providing the open application 

marketplaces which allow third-party developers to create and distribute their 

applications (Hilkert, Benlian, & Hess, 2011).  To govern this ecosystem, they made 

many efforts to attract third-party developers who regard technical documentation, 

availability of development-tools, communication with end-users, availability of 

distribution channel, and technical standards as important features of ecosystem.  
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Therefore, innovation studies of service networks should consider the effort of platform 

providers as well as the activity of developers participating in the platform to explain the 

exact features of the SaaS innovation with collective intelligence. 

1.3 Research Objective 

The research objective of this thesis is to investigate the effort of a platform provider 

to motivate the participation of users and developers in the collective innovation within 

its service ecosystem in the perspective of networks. 

1.4 Research Questions 

In order to achieve the research objectives, a network analysis was implemented in a 

case of software innovation system that utilizes collective intelligence, i.e. 

Salesforce.com.  Salesforce.com provides a platform on which users and developers can 

install and run applications, and a marketplace in which they can exchange the 

applications.  Developers create and modify applications and release the applications by 

listing them on the marketplace after revision of Salesforce.com.  A service network is 
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formed when developers install the application to create new applications.  In this 

network a node is an application released in the marketplace by the developers, and a pair 

of applications is connected when a developer installs the two applications on its own 

Salesforce.com platform. 

The main question of the research is what a platform provider endeavors for 

promoting the growth of software innovation ecosystem.  To answer this main question, 

the following three questions are raised about the difference of network position of the 

platform provider and the other developers releasing their application in the service 

network: (1) Does the platform provider release a number of applications to motivate its 

application exchange market? (2) To what network position does the platform provider 

embed its applications? (3) What role do the applications released by the platform 

provider take on in the innovation? 

1.5 Research Outline 

The remainder of this thesis is organized as followings.  The next chapter 

introduces the conceptual background of Salesforce.com, a case of service network.  It 
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includes cloud computing and Software-as-a-Service, service ecosystem of 

Salesforce.com, and open innovation and collective intelligence.  Brief information 

about the CRM software company, Salesforce.com, and its application marketplace, 

AppExchange, is also demonstrated in this chapter.  Moreover, the chapter interprets the 

basic concepts of social network analysis.  It involves real network structure such as 

small-world and scale-free networks, their evolution model, and indicators measuring 

network position like centralities. 

Chapter 3 demonstrates how to gather the empirical data from the open data source 

of the study case, AppExchange and Developer Market in Salesforce.com.  Also, this 

chapter describes the process to transform the raw empirical data to network data, and 

defines the indicators to measure the network position and network structure.  Network 

position of a node is measured with degree centrality and betweenness centrality, and the 

indicators are used to analyze the network structure through degree distribution and 

betweenness-degree centralties map.  Moreover, Krackhardt and Stern’s (1980) E-I 

index is modified to measure the openness of the platform provider. 

Chapter 4 illustrates the analysis results to investigate the research questions 
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according to the indicators defined in Chapter 3.  The analysis is performed in three 

ways: network growth, the features of hubs and the openness of the platform provider.  

The result of network growth says that Salesforce.com released more applications than 

the other developers in the initial periods.  However, its share of release gradually 

decreased, so the other developers dominated the application market in the last periods.  

The results on the features of hubs show that the service network has four hubs, and the 

hubs are released by the third party developers.  Finally, the result about the openness of 

the platform provider reveals that the applications released by Salesforce.com are 

connected more with the applications released by the third party developers than the other 

applications of Salesforce.com. 

The analysis results suggest that the service network was led by the platform 

provider in the initial periods and the third party developers gradually took more roles in 

software innovation on the platform, and the service network is currently evolving 

through the vigorous participation of third party developers as collective intelligence and 

their cooperation with the platform provider.  This conclusion is summarized in Chapter 

5. 
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1.6 Contributions 

The conclusion of this research raising the importance of a platform provider’s effort 

in the initial periods of operating the platform gives both academic and practical 

implications.  The conclusion of this research orients the interest of innovation studies of 

service networks into the role of a platform provider in the innovation through collective 

intelligence.  The prior research emphasized that service networks evolve into complex 

structure (e.g. scale-free and small-world topologies) by user developers (Albert et al., 

2000; A.-L. Barabási & Albert, 1999), and that the network position in the complex 

network is related with innovation performance (Tsai, 2001).  However, the prior 

research misses the role of a platform provider in the service network.  The results of 

this research reveal that a platform provider strives for motivating the evolution of a 

service network especially in the initial periods.  The results raise several issues 

concerning innovation in service networks, including the effect of the platform provider’s 

effort on the success of the platform, and the conclusion provides platform leaders with 

the necessity for endeavoring to motivate the users, or the user-developers, to participate 

in the innovation on its platform. 
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Chapter 2. Literature Review 

2.1 Cloud Computing and SaaS  

Cloud computing is a service that customers can rent storage, compute, and use 

network capacity from a company that provides its resources using its data center and 

making it available via the Internet (Smith, 2009).  Cloud computing is a new computing 

paradigm provided as a service in which consumers are able to customize computing 

infrastructure over the network (Youseff, Butrico, & Da Silva, 2008).  In cloud 

computing, the ability of service-composition enable service providers to aggregate 

existing services and create new services by allowing customized solutions and changing 

distribution models (Leimeister, Böhm, Riedl, & Krcmar, 2010). 

The data center for hardware and software is called a cloud and it can be divided in 

three types.  If a cloud is paid for, an amount of usage to the general public from an off-

site third party provider who shares resources via the Internet, it is called a public cloud 

(Armbrust et al., 2010; Rimal, Choi, & Lumb, 2009).  When a cloud is made of internal 

data centers of a company or an organization without the restrictions of network 
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bandwidth, security exposures and legal requirements, and not available to the general 

public, it is called private cloud.   A cloud could be hybrid when the cloud is mixed 

with the public and private clouds. 

Information Technology (IT) software is one of the necessary goods for modern 

enterprises, but the high cost for IT innovation is a barrier to startup companies (Qu & Ye, 

2010).  Cloud computing is a solution to eliminate this barrier by changing the 

computing product to service that companies can purchase and utilize it on their own 

demand.  The cloud computing model provides new opportunities to consolidate 

individual component services to create value-added, complex services based on cloud 

computing platforms provided by platform providers and new roles can be found in cloud 

computing. 

When something is delivered to the end user as a Service, it is called X-as-a-Service 

(XaaS), and X can be software, hardware, platform, infrastructure, data, business, desktop, 

framework, organization etc (Rimal et al., 2009).  The most popular three XaaS among 

these are Software-as-a-Service (SaaS), Platform-as-a-Service (PaaS), and Infrastructure-

as-a-Service (IaaS).  SaaS is a multi-tenant platform which commonly provides 
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applications based on common resources and database.  Examples of SaaS are 

Salesforce.com, NetSuite, Oracle, IBM, and Microsoft etc.  PaaS provides innovators 

with all the systems and environments which are the womb for innovators in which they 

can develop, test, deploy and host applications on clouds.  A service of computer 

infrastructure on cloud is called IaaS which is beneficial because of usage-based payment 

scheme and lastest technology.  Examples are GoGrid, Flexiscale, Layered Technologies, 

Joyent and Mosso/Rackspace etc. 

Salesforce.com is one of the biggest Customer relationship management (CRM) 

companies which provide their service as SaaS.  Salesforce.com is a platform provider 

and application provider which hosts third party developers to participate in its 

infrastructure (Qu & Ye, 2010).  Third party developers create and modify their 

applications, or the environment for innovation, on the platform of Salesforce.com by 

collaborating with the other developers.  Users can customize and utilize a number of 

applications on this cloud based platform to fit their needs of CRM solution. 
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Figure 1. AppExchange of Salesforce.com 

 

2.2 Service Ecosystem 

A Web service ecosystem is a logical collection of Web services in which customers 

consume services through variable distribution and delivery channels (Barros & Dumas, 

2006).  In web service ecosystems, a measure of its success is how well a service is 

connected with others.  The first beneficiaries of open marketplaces of web service are 

innovative companies such as Salesforce.com, StrikeIron and Grand Central.  These 

companies integrated enterprise application developed by the other software developers 

using XML and Web service technology. 
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Figure 2 describes the innovation ecosystem of Salesforce.com.  The ecosystem 

consists of all involved services and solution suppliers such as platform provider, 

application provider and end users.  Developers can code with testing and deployment 

tools with which Salesforce.com provides.  Salesforce.com can absorb the most fitting 

software components from third party developers which encourages further growth 

through integration with other components. 

 

 

Figure 2. The Ecosystem of Salesforce.com 

 

In Salesforce.com AppExchange market, Salesforce.com provides the platform to 
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both customers and developers.  Customers pay Salesforce.com for using the platform 

and developers can use the platform for free.  However, the developer edition and 

customer edition of the platform have some differences.  The developer edition has 

limitations in its data storage, file storage, API request number, number of application, 

and bandwidth (wiki.developerforce.com), while the customer edition does not.  

Developers develop application based on this platform, and they decide whether to 

release this application free or charged. Before they list their application on the 

marketplace, the application should pass the security check which Salesforce.com 

provides.  If they publish the application free of charge, Saleforce.com checks the 

security for free.  However, if the developer wants to sell the application, they need to 

pay $5,000 for the first security check and $2,500 annually to keep their application listed 

on AppExchange, the marketplace of applications created on the Salesforce.com platform.  

Developers can be users of the applications created by the other developers, and reuse and 

combine the applications for their innovation.  In this case, they also pay for the charged 

applications to other developer who developed the application.  Among these developers, 

there is Salesforce Labs which is the developer’s account of Salesforce.com.  It develops 
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and releases the applications to motivate the participation of third party developers. 

2.3 Open Innovation in Service Networks 

 Social Network Analysis  2.3.1

Modern social network studies started with the questions what real networks look 

like and how the networks are formed.  One of the pioneers is the experiment on the US 

citizens to measure their social networks (Milgram, 1967).  In the experiment of 

Milgram (1967), he sent letters reading the destination to 500 randomly chosen people 

living in the United States of America and asked them to transmit the letters to their 

friends who are most likely to know the destination.  The experiment result shows that 

the letters are received through only five to six intermediaries in average.  Six links 

between a certain pair of US citizens is very small comparing to its population; there were 

about 200,000 people in the US in 1960s. 

By the late 1990s, some statistical physicists investigated the structure of real large 

networks and their evolution with the favor of advanced computation power.  They 

found that the real networks are not homogeneous according to the assumption of 
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network studies that networks are almost homogeneous (Albert, Jeong, & Barabási, 1999). 

The hyperlink network of World-Wide Web, for example, is scale-free and there are few 

hubs connecting a majority of nodes which has only few links, and these hubs make the 

network small world (Albert et al., 1999).  Barabási and Albert (1999) proposed a 

preferential attachment model, in which network grows and a new node prefers the node 

with the large number of links.  Watts and Strogatz (1998) proposed a random rewiring 

model in which the self-organization from a regular network by random rewiring 

produces a small world network, in which nodes are highly clustered but the distance 

among them are not so large in average. 

The inhomogeneous networks whose degree distribution decays by a power function 

and dominated by a few hubs are called scale-free network (Albert et al., 1999).  The 

scale-free topology appears in a variety of real networks including academic collaboration 

networks (A. L. Barabási et al., 2002) and Web service innovation networks (Hwang et al., 

2009).  Scale-free networks are surprisingly tolerable against random failures, and the 

diameter of these networks increases rapidly (Albert et al., 2000) . 

Innovation studies considered that the network position could affect the innovation 
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performance if the network structure is inhomogeneous (C. Freeman, 1991).  One of the 

most popular techniques of measuring network position is using centralities: Degree, 

betweenness centralities, and closeness centralities (L. C. Freeman, 1979).  These 

indicators measure how deep a node is embedded in a network.  Degree centrality is the 

number of links that a node has with its neighbors.  Betweenness centrality is based 

upon the frequency with which a vertex falls between pairs of other vertices on the 

shortest path or geodesic linking them.  Closeness centrality is the inverse of the sum of 

distance of a node to the other nodes in a network. 

The network position of a node is identified with the centralities.  For example, in 

the prior research, Everard and Henry used degree centrality and betweenness centrality 

to examine a pattern of interlocked directorates among the top 50 e-commerce firms and 

analyzed how this network is different from the network of other dominant firms (Everard 

& Henry, 2002).  Granovetter (1973) called the links connecting the nodes which has 

low degree, but high betweenness centralities which has weak ties, and proposed that the 

weak ties play an important role in innovation.  Kim, Cho & Kim (2012) used a map 

spanned by degree and betweenness centralities to investigate the systematic pattern of 
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innovation strategy.  The effect of network position is also dependent on the context of 

innovation.  The central position gives high performance if the innovator has good 

capacity for absorbing the innovation resources (Grewal et al., 2006; Tsai, 2001). 

 Open Innovation and Collective Intelligence 2.3.2

Open innovation is a new trend of innovation introduced in early 2000s.  In open 

innovation, an innovating company invites the third party innovators in its innovation to 

aggregate the innovation resources out of itself (Chesbrough, 2003).  This is an 

economic way comparing to the old style of innovation in which a company must possess 

all the innovation resources on its innovation process from R&D and commercialization.  

The leading companies in Information Technology (IT) gained their position with the 

open innovation strategy.  For example, Intel focused on developing and upgrading 

Central Processing Unit (CPU) and opened its interface in order that the third party 

innovators access to the core technology.  In this way, Intel grew in the innovation 

“ecosystem” in which its partners utilize Intel CPU as a platform and the platform’s value 

increases as the partners develop complementary goods (Gawer & Cusumano, 2002). 
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In the open innovation environment, the success of the innovation relies on the 

participation of the third party developers in the innovation on the basis of platform that a 

leading company provides.  That is, the “platform leader” provides its platform on 

which the third party developers can access and reuse the innovation resources and 

collaborate with each other (Gawer & Cusumano, 2002).  Further, the platform leader 

utilizes its partners as “collective intelligence” to achieve the innovation with low cost in 

efficient and effective way (Lévy, 2010; O'reilly, 2007).  Then the platform leader gains 

benefit from the commercial side while it gives up benefit in the side for collective 

intelligence (Cusumano, 2010).  Gloor et al. (2009) called utilizing the third party as 

collective intelligence “Wisdom of Crowds.”  Also, they introduced a new set of social 

network analysis based algorithms for analyze the Web and social networks by 

visualizing the social networks, semantic mining, and analyzing the text of the social 

networks (Gloor, Krauss, Nann, Fischbach, & Schoder, 2009). 
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Chapter 3. Methodology 

The service network describing the ecosystem that Salesforce.com provides, which 

was described in Chapter 2, is analyzed with several social network analysis indicators.  

The analysis is accomplished with the following three steps: First, the information of 

Salesforce.com applications and developers including which application they installed 

on its platform was gathered from the open platform for exchanging applications that 

Salesforce.com provides.  Second, a service network was defined as a set of 

applications and their co-installation, and the definition was applied to the gathered data.  

Finally, the service network was analyzed with two indicators measuring network 

position (i.e. degree and betweenness centralities) and one index describing the 

openness of the platform provider to the other application developers.  The focus of 

the network position analysis is on identifying the characteristics of network position of 

applications released by Salesforce.com, distinguished from the one of the third party 

developers.  The openness of the platform provider was measured with a modified 

version of E-I index designed by Krackhardt and Stern (1980). 
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3.1 Data Sets 

The empirical data of the analysis was gathered from the open platform of 

Salesforce.com.  The information of application specification was gathered from the 

marketplace of Salesforce.com, AppExchange (http://appexchange.salesforce.com).  

AppExchange is a marketplace of applications of Salesforce.com that customers can 

purchase and download applications they need and developers can upload and sell their 

applications under the control of Salesforce.com.  The information includes the list of 

applications and each application contains information of provider, released date, pricing, 

categories, reviews and rating.  Among them the information used in the analysis is 

application name, the provider of the application and its released date.  A sample of the 

gathered data is shown in Appendix 1.  

The information of application co-installation by a user-developer was gathered 

from the platform for developers, provided by Salesforce.com 

(http://appexchange.salesforce.com/developers).  The data involves developers’ name 

(i.e. their Salesforce.com account) and the applications each developer installed in its 

system.  A sample of developers list is described in Appendix 2. 
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3.2 Definition of a Network  

In this thesis, a service network is defined as a set of nodes and links, which 

representing the applications operating on the Salesforce.com platform and the co-

installation of the applications in a developers system, respectively.  According to the 

empirical data set gathered from AppExchange, each node of the service network is 

identified by its name, and it involves two attributes, or the application developer and its 

released date (Appendix 1). 

In this thesis, it is defined that a pair of nodes is linked when a developer install 

both of the nodes in its system.  Figure 3 shows an example of building links between 

applications.  On the left side of Figure 3, there are four applications (i.e. App 1, App 2, 

App 3 and App 4) and two developers (i.e. Dev A and Dev B).  Dev A installed App 1 

and App 2, and Dev B did App 1, App 2, App 3 and App 4.  By definition, App 1 and 

App 2 are connected because Dev A installed the two applications.  And, App 2, App 3 

and App 4 are connected with each other because Dev B installed the three applications.  

Therefore, a service network is formed like the right side of Figure 3.  A sample of 

network links between applications is described in Appendix 3 and the application 
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network is visualized with UCINET in Appendix 4. 

 

 

Figure 3. Building a Service Network from Salesforce.com AppExchange Data 

 

3.3 Measures of Network Position 

 Centralities 3.3.1

Centralities indicate the network position of nodes.  There are a variety of 

centralities including degree and betweenness centralities (L. C. Freeman, 1979).  The 

degree centrality of a node measures the number of nodes connected with the node.  It is 

most intuitive and simple way to measure how deep the node is embedded in its network.  

According to Nieminen’s (1974) notation, the degree centrality Cd (pk) of the k-th node pk 

in a network with size n is defined as: 
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          (  ) = ∑  (  ,
 
     ) ······················································· Eq. (1) 

 

 (	·	, ·	) represents the link between two nodes pi and pk.   (  ,   ) = 1 if and 

only if    and    are connected with each other,  (  ,   ) = 0 if and only if    and 

   are not connected.    (  ) is large if node    is directly connected with a large 

number of other points.    (  ) = 0  if a node is totally isolated from contact with the 

other nodes. 

Betweenness centrality, which is based on the number of geodesics, is also a popular 

indicator for measuring network position (L. C. Freeman, 1979).  It is the number of 

shortest paths passing through a certain node among all possible shortest paths, and 

implies how much the node mediates the other nodes.  Similar to the definition of degree 

centrality, the betweenness centrality CB (pk) of node pk is defined as 

 

          (  ) = 	 ∑    (  )
 
 ,    ·················································· Eq. (2) 

 

Here,    (  ) is the ratio of the number gij (pk) of geodesics between any combination of 
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nodes pi and pj passing through node    to the total number gij of geodesics between any 

nodes pi and pj. 

 

          (  ) =
   (  )

   
 ··································································· Eq. (3) 

 

By definition, CB (pk) is 1 if all the geodesics pass through node pk and 0 if there is 

no geodesic traversing node pk. 

Figure 4 is a sample of the service network of Salesforce.com consisting of seven 

nodes, four nodes (i.e. p1, p2, p3 and p4) of which are released by Salesforce.com, and the 

remainder (i.e. p5, p6 and p7) are released by the third party developers.  In this graph, for 

example, the degree and betweenness centralities of p4 and p6 are CD (p4) = 3, CD (p6) = 2, 

CB (p4) = 4.5 and CB (p6) = 1.  A sample of a degree and betweenness centralities of co-

installation network of Salesforce.com AppExchange is described in Appendix 5. 
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Figure 4. Example of the Service Network of Salesforce.com AppExchange 

 

 Degree Distribution 3.3.2

The distribution of degree centralities in a network is used to measure the topology 

of the network, while the degree centrality of a node is used to identify the network 

position of the node.  The degree distribution is represented by the frequency P(CD) of a 

certain degree centrality value CD.  If a network is regular, the degree distribution is 

P(CD=Ĉ) = n and P(CD≠Ĉ) = 0 when each node is directly connected with Ĉ nodes.  If a 

network is random, the degree distribution is like Gaussian and the network topology can 

be characterized by the average of the degree centralities.  

According to empirical network analysis in prior research, the degree distribution of 

many large, complex networks is scale-free (Albert et al., 1999).  The frequency of 
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degree in scale-free networks is represented by a power function: P(CD) ~ CD
-γ.  The 

degree distribution in log-log scale decays by a negative linear function: 

 

        log  (  ) ~ −  log     ··························································· Eq. (4) 

 

Because the noise is considerable in the high degree centrality area due to the low 

frequency in that area of a scale-free network, the cumulative degree distribution is 

proposed to analyze the scale-free topology (Newman, 2005).  The cumulative degree 

distribution is the frequency of the degree centralities larger than a certain value.  The 

formula of cumulative degree distribution in log-log scale is equivalent to that of degree 

distribution because the integration of a power function is also a power function: 

 

        log  (   )~ − ( + 1) log    ··················································· Eq. (5) 

 

If the degree distribution is exponential, i.e. P(CD) ~ exp(-βCD), the degree 

distribution in log-lin scale decays by a negative linear function: log  (  )~ −    .  

And, the integration of the exponential degree distribution reduces the noise at the high 

degree centrality area and does not change the formula like the scale-free network: 
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         log  (   )~ −     ······························································ Eq. (6) 

 

 Centralities Map 3.3.3

Centrality map is the space scaled by betweenness and degree centralities, in which a 

node locates according to its betweenness and degree centralities (Figure 5).  The 

centrality map is used to identify the network position of nodes.  The network position 

of node is classified into four categories: hubs, cores and bridges.  First, a node with 

both high degree and betweenness centralities is a hub, which connects the entire network 

in short distance (Albert et al., 1999).  Second, a node is a bridge if its betweenness 

centrality is high but its degree centrality is low (Everard & Henry, 2002).  Third, a node 

with high degree centrality but low betweenness centrality is a core.  A core could locate 

at the center of a cluster, but it does not connect the entire network. 

The criterion dividing the categories is flexible.  If the degree and betweenaness 

distributions of a network are Gaussian, the criterion for the classification could be the 

median, average and the 4th quartile can be used.  If the distribution is scale-free, on 
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the other hand, the nodes with largest degree and betweenness centralities could be 

selected. 

 

 

Figure 5. Betweenness-Degree Centrality Map 

 

3.4 Openness 

A real network usually consists of nodes whose attributes are inhomogeneous.  The 

nodes which have the same node attribute is called a subgroup, or a group in short (Kibae, 

2011).  Krackhardt and Stern (1988) developed a simple index, what is called E-I index, 

measuring the openness of the subgroups in a network.  A link between any two nodes 
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in a network is distinguished into internal and external links.  Internal links IL represent 

the links between the nodes belonging to a same subgroup, and external links EL the links 

between the nodes belonging to different subgroups.  With the internal and external links 

Krackhardt and Stern’s E-I index is defined as: 

 

         = 	
     

     
·········································································· Eq. (7) 

 

The index score ranges from -1.0 to +1.0, and increases as there are more external 

links in a network.  The index score is -1.0 if all the links in a network are internal.  On 

the other hand, the score is +1.0 if all the links are external.  The score is 0 if the number 

of internal links is equivalent with the number of external links. 

The E-I index is modified to analyze the openness of one subgroup to the other 

subgroups, and this modified E-I index is called the group E-I index (Everett & Borgatti, 

2012).  In this modification, internal links are the links among the nodes involved in a 

specific subgroup, and external links the links connecting the nodes in the subgroup with 

the nodes out of the subgroup.  In Figure 4, for example, internal links are the links (p1, 
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p2), (p2, p3), (p3, p4) and (p1, p4) connecting the nodes p1, p2, p3 and p4 belonging to 

Salesforce.com category.  And external links are the links (p4, p5) and (p3, p7) connecting 

the nodes in Salesforce.com category and the nodes out of the category.  With the 

internal links ILi and external links ELi for a chosen group i, the group E-I index EIi for 

group i is defined as: 

 

        = 	
       

       
  ·········································································· Eq. (8) 
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Chapter 4. Analysis Results 

4.1 Descriptive Analysis Results  

According to the data of application co-installation data gathered from 

Developers’ platform, 74 developers published their installation information among 1000 

developers registering in the developers’ platform.  The 74 developers utilized 205 

applications which are released by the other developers to create new applications.  The 

number of developers of the 205 applications is 99. 

The application list gathered from AppExchange describes the application 

specification of the 205 applications, including the provider, the pricing policy, service 

categories and released date.  During the study period, from July 2005 to April 2013, the 

number of released applications increased ceaselessly.  Among the 205 applications, 74 

applictions are provided by Salesforce Lab, the developer account of Salesforce.com.  

However, the contribution of Salesforce.com releasing applications decreases gradually, 

while its contribution was higher than the initial periods. 

Figure 6 shows the trend of the contribution of Salesforce Lab and the third party 

developers to releasing applications.  The number of applications released by Salesforce 
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Labs (SFL) steadily increased from 9 in January 2006 to 28 in January 2008.  On the 

other hand, the increase of the number of applications released by the third party 

developers was tardy in these periods.  The number of applications released by the third 

party developers was 4 and 16 in January 2006 and January 2008, respectively.  

However, the release by the third party developers boosted around January 2009 and their 

contribution surpassed the number of applications released by Salesforce Lab in April 

2010.  The numbers of applications of the third party developers were 24 in January 

2009 and 127 in February 2013 and those of Salesforc Lab were 36 and 74 in the same 

periods. 

 

Figure 6. Growth of the Service Network of Salesforce.com AppExchange 
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4.2 Results of Degree Distribution 

The analysis results of cumulative degree distribution are described in Figure 7 and 

Figure 8.  Like the degree distribution analysis achieved in the prior research (Albert et 

al., 1999), Figure 7 describes the relation between the degree centrality score and the 

number of nodes not less than score in log-log scales.  The result shows that the 

cumulative degree distribution seems to decay by a linear function in log-log scales.  

The ordinary least square (OLS) regression for two variables was applied to testing if the 

cumulative degree distribution in log-log scales fits to a linear function.  The slope of 

the function is -1.0412, the t-test statistic of slope is 0.000, and the adjusted R2 is about 

0.799.  The results say that the correlation between the two variables is very significant.  

The explanation power, or adjusted R2, is large comparing to the statistical analysis in 

social science, but is small comparing to those in natural science. 

The analysis results of cumulative degree distribution in Figure 7 suggest that the 

service network could be scale-free.  However, the graph shows an extraordinary feature; 

the degree distribution is concave below.  It implies that the cumulative degree 

distribution could decay by the other function instead of a power function.  Therefore, 
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the cumulative degree distribution is drawn again in log-linear scales. 

 

 

 

Figure 7. The cumulative degree distribution in log-log scales 

 

Figure 8 depicts the relation between the degree centrality score and the number of 

nodes with degree centrality equal to or larger than the score in log-linear scales.  The 

cumulative degree distribution in the figure looks decaying by a linear function except the 

five outliers whose degree centrality is larger than 55.  The OLS regression of the 

cumulative degree distribution in log-linear scales except the five outliers produces the 

slope, the t-test statistic of slope and the adjust R2 0.0347, 0.000 and 0.993, respectively.  
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The results imply that the degree distribution of the service network fits to an exponential 

function with higher significance and explanation power than the power-law model if the 

five outliers are ignored. 

 

 

Figure 8. The cumulative degree distribution in log-linear scales 

 

The outliers are “Inside View Free,” “Conga Composer,” “Mass Update And Mass 

Edit From List View,” “Appirio Cloud Sync for Google Apps,” and “Field trip.”  The 

attributes of these services are various.  First, the service categories of these applications 

are Sales Intelligence, Document Generation, Admin & Developer Tools, Email & 

Calendar Sync, and Admin & Developer tools in order.  Second, the developers 
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releasing these applications are InsideView, Conga, Salesforce Lab, Appirio and Qandor, 

respectively.  Finally, their released dates are August 2006, November 2009, June 2009, 

November 2011 and November 2010.  Therefore, it is hard to identify the factors 

determining the central nodes in the service network. 

4.3 Results of Network Position Analysis  

Figure 9 depicts the nodes in the service network of Salesforce.com AppExchange 

locating on the map spanned by betweenness and degree centralities.  The five outliers 

in Figure 8 are clearly deviated from the other nodes in the betweenness-degree 

centralities map.  The network positions are divided by the two lines at CB = 1600 and 

CD = 55.  Four of the five outliers occupy the hub position, both degree and betweenness 

centralities of which are higher than those of the other nodes.  They are “Inside View 

Free,” “Conga Composer,” “Appirio Cloud Sync for Google Apps,” and “Field trip.”  

The remainder of the outliers is a core, which has high degree centrality but low 

betweenness centrality.  It is the node representing “Mass Update And Mass Edit From 

List View” released by Salesforce Lab.  The nodes except the outliers locate in the 
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position with low degree and betwenness centralities, and there is no node in the bridge 

position.  The applications released by Salesforce Lab do not show significant difference 

in their position from those released by the third party developers. 

 

 

Figure 9. Betweenness-Degree Centralities Map 

 

The results show whose applications dominate the service network.  The 

applications locating at the hub position are what were released by the third party 

developers.  And, a majority of applications are released by the Salesforce Lab, the 

platform provider.  That is, the service network is led by the third party developers while 

the platform provider released a lot of applications to promote the network to be active.  
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This is desirable according to the design of a service ecosystem depicted in Figure 2, in 

which the platform provider invites the user-developers in the innovation as collective 

intelligence.  Providing the innovation environment of the platform provider by 

releasing the applications was success to attract the developers to participate in the 

innovation. 

4.4 Results of Openness Analysis 

To analyze the openness of the platform provider, the group E-I index was calculated.  

Table 1 is the summary of the internal links within and the external links over Salesforce 

Lab.  The service network consists of 2247 links as a whole.  Among them, 397 links 

connect the applications both released by Salesforce Lab, and 1060 links connect the 

applications one of which is released by Salesforce Lab and the other of which by the 

third party developer. 

According to the definition of group E-I index defined in Section 3.4 and the number 

of links described in Table 1, the group E-I index EISFL for Salesforce Lab is calculated as 

0.455. 
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             = 	
           

           
=

        

        
= 0.455 ······································ Eq. (9) 

 

The group E-I index score is positive and considerably high comparing to the range 

of the group E-I index, -1.0 to +1.0.  The result suggest that the applications released by 

Salesforce Lab are connected with roughly three times as many applications released by 

the third party developers as the applications released by Salesforce Lab.  That is, 

Salesforce Lab is considerably open to the third party developers. 

 

Table 1. Links over Salesforce Lab 

Type of links Number of links 

All the links 2247 

External links over Salesforce Lab (ELSFL) 1060 

Internal links within Salesforce Lab, (ILSFL) 397 
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Chapter 5. Conclusion 

5.1 Outlook and implications 

In this thesis, network analysis was achieved for the service network of applications 

linked by their co-installation relation, gathered from Salesforce.com AppExchange and 

Developers’ platform.  The analysis results suggest that the effort of platform provider 

for attracting the third party developers takes an important role in the evolution of its 

service network.  Salesforce Lab, the developer account of the platform provider, 

released about one third of applications on its platform.  Many of applications released 

by Salesforce Lab were linked with the applications released by the third party.  It means 

that the Salesforce Lab’s applications are complementary to the applications of the third 

party, so that they increase the utility of the applications of the third party developers.  

Finally, the applications released by the third party developers dominate the service 

network instead of the platform providers.  In the results, four hubs are the applications 

released by the third party.  This implies that the platform provider does not gain the 

performance in the service network though it contributes much to the network evolution. 

The results give both academic and practical implications.  In academic perspective, 
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the findings in the thesis orient the service network studies into the effort of platform 

provider to motivate the participation of the third party developers.  The prior research 

of innovation in network approach emphasizes that service networks evolve into complex 

structure by the third party’s participation in innovation as collective intelligence.  

Further, it is basically assumed that the network evolution is governed by internal 

mechanism such as preferential attachment and random rewiring (A.-L. Barabási & 

Albert, 1999; Watts & Strogatz, 1998).  In this assumption, a platform provider does not 

contribute the network evolution except it provides with the platform and manages it to 

work properly.  However, the results of empirical analysis in the thesis show that the 

platform provider also contribute to the network evolution as well as the platform 

management, and the contribution motivates the third party developers to participate in 

the innovation on its platform. 

The academic implication above is also practical for platform providers in 

managerial perspective.  In the current models of software innovation using collective 

intelligence, the roles of a platform provider is separated from the role of the third party 

developers.  According to the model, the third party developers share their innovation 
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resources, reuse and recombine them for innovation, while the platform provider prepare 

the ecosystem in which the developers work.  However, the platform provider’s 

preparing good ecosystem, e.g. the ecosystem according to the open innovation allowing 

the third party’s access to core technology of platform provider shown in Gawer and 

Cusumano (2002) does not lead certainly to the success of innovation by collective 

intelligence.  The empirical analysis results of the thesis show that there is the 

participation of platform provider in the innovation in early periods in order to motivate 

the third party developers. 

5.2 Limitations 

This thesis re-orients the interest of innovation studies on service networks evolving 

by collective intelligence to the effort of platform provider.  However, it has several 

limitations due to the concentration only on finding the effort of platform provider in the 

service network evolution.  Most of all, the findings require more rigorous analysis in 

detail.  The results propose that there are hubs, but the thesis does not give common 

factors giving the nodes the hub position.  It is also important to validate if it is common 
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that a platform provider contributes directly to the innovation on its platform and if its 

desirable contribution is related with the success of innovation on its platform.  To 

resolve these limitations, network analysis should be implemented in more cases. 
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Appendix 1: Sample of Application List 

App Name Provider Released Date 

AccountNewsFeed SalesforceLabs 1/30/2008 

ActionPlans-v3-Unmanaged-EE,UEandDE SalesforceLabs 6/4/2010 

Activities(Lite)forChatter RadialWeb 6/27/2011 

Adobe®EchoSign:GlobalElectronicSignatureService EchoSignfromAdobeSystemsIncorporated 10/6/2006 

AffiliationsfortheNonprofitStarterPack Salesforce.comFoundation 10/15/2010 

AJAXTools SalesforceLabs 1/31/2007 

ApexTutorialsWinter'12 SalesforceLabs 12/1/2011 

AppExchangeDashboardPack SalesforceLabs 9/4/2007 

AppirioCloudSyncforGoogleApps Appirio 11/29/2011 

AttachmentManager SalesforceLabs 3/19/2007 

AutoCompleteComponentforSalesforce SolcomInternacionalS.A.deC.V. 6/27/2011 

BarcodeZone ApexCloud 2/14/2011 

BirthdayReminder InteractiveTies 3/11/2009 

CampaignMembershipReport SalesforceLabs 1/8/2006 

CampaignTimelineCalendar SalesforceLabs 2/26/2007 
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Appendix 2: Sample of Developer List 

User Installed Applications 

Garry 

Polmateer 

Action Plans  Conga Composer   

Haribabu 

Amudalapalli 

Activities (Lite) for Chatter Find Nearby   

Digvijay 

Singh 

Apex Tutorials Winter '12  Chatter Combo Pack - 

Managed 

  

Mustafa Turab 

Ali 

Appirio Cloud Sync for 

Google Apps 

CMSForce 2 Geopointe: Mapping&Geo-

Analytics  

 

Bruno Lube Barcode Zone TuBarcode by Scout   

Dave 

Affentranger 

Campaign Call Down 

Manager 

Simple Quote v1.0   

JoAnn 

Culbertson 

Create Opportunity & Quote Visual Workflow Getting 

Started Pack 

Graphics Pack  Marketing 

Calendar  



55 

 

Appendix 3: Sample of Link list 

Source App Target App Num of Apps Developer 

Action Plans Conga Composer 2 Garry Polmateer 

Activities (Lite) for Chatter Find Nearby 2 Haribabu Amudalapalli 

Apex Tutorials Winter '12  Chatter Combo Pack - Managed 2 Digvijay Singh 

Appirio Cloud Sync for Google Apps CMSForce 2 3 Mustafa Turab Ali 

Appirio Cloud Sync for Google Apps Geopointe: Mapping & Geo-Analytics  3 Mustafa Turab Ali 

CMSForce 2 Geopointe: Mapping & Geo-Analytics  3 Mustafa Turab Ali 

Barcode Zone TuBarcode by Scout 2 Bruno Lube 

Campaign Call Down Manager Simple Quote v1.0 2 Dave Affentranger 

Create Opportunity & Quote Visual Workflow 4 JoAnn Culbertson 

Create Opportunity & Quote Graphics Pack 4 JoAnn Culbertson 

Create Opportunity & Quote Marketing Calendar Free 4 JoAnn Culbertson 
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Appendix 4: Applications Network 

Apps by Salesforce Labs 

Apps by Other providers 
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Appendix 5: Sample of Network Position Analysis Results 

AppName Provider DegCtr BtwCtr 

FieldTrip Qandor 87 2317.309 

CongaComposer Conga 86 2976.175 

MassUpdateAndMassEditFromListView SalesforceLabs 79 248.5531 

AppirioCloudSyncforGoogleApps Appirio 76 2312.737 

InsideViewFREE InsideView 60 3094.161 

CloudConverterforForce.com ModelMetrics 47 568.4163 

MassDelete SalesforceLabs 45 600 

EtheriosEasyPage-PageGenerator Etherios 43 394.804 

GroupMaster SalesforceLabs 42 395.2192 

FindNearby-Accounts,Contacts,Leads-Managed,PE/EE/UE/DE SalesforceLabs 41 502.4574 

LinkedInSalesNavigatorforSalesforce LinkedIn 38 487.2074 

FliptopSocialProfiles:LinkedIn,TwitterandFacebookProfiles Fliptop 37 370.8345 

MassUpdateContactAddress X-SquaredOnDemand 36 346.7169 

LeadScoring SalesforceLabs 36 569.8625 

TimbaSurveysbyAltimetrik Altimetrik 35 286.8271 
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Abstract (Korean) 

IT  발  소 자들이 직  신에 참여하도  촉진하는 새 운 

즈니스 모델이 떠 르고 있다. 이는 인  통해 맞춤  소프트웨어를 공

하는 Software-as-a-service (SaaS)  출 과 함께 발 하고 있다. 이  연구

들  트워크  구조  진  , 트워크 특 과 신 과  계를 

연구하 나, 내부 인 방법에만 초  어,  3자 개발자들과 사용자들  

끌어들이 는 플랫폼 공자  노  고 지 않았다. 라  본 연구에

는 트워크 면에  스 생태계 내  집단 신 안에 , 플랫폼 공

자가  3자 개발자들과 사용자들  참여를 촉진하  해 들인 노  연구

한다. 배경 개  소개한 후, 스 트워크  장, 허  플랫폼 공자

 개방  일즈포스닷컴  AppExchange  Developer Market에  얻  실증

 데이  분 하 다. 분  결과에  플랫폼 공자가 초  스 트워

크  장에 여하 며, 후에는  3자 공자들이  많이 참여하고 있는 

것  보여 다. 본 연구는 학  면에  집단 지  통해 신에  

스 트워크  진 를 촉진하는 플랫폼 공자  역할  나타내고, 산업  

면에  플랫폼 리 들에게 그들  스 생태계를 진 시키  해 는  3

자 개발자들과 사용자들  참여시키  한 노  해야  시사한다. 

 

주요어 : Software-as-a-Service, 일즈포스닷컴, 스 연결망, 픈 

이노베이 , 플랫폼 리 , 집단 지  

학  번 : 2011-23443 
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