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Abstract: Cloud computing, which can be described as a technology for
provisioning computing infrastructure as a service, runtime platform as a
service, and software as a service, is considered as a keystone for innovation
in the IT arca. However, a limiting factor to innovation through cloud
computing could be the economies of scale and network externalities that
give more benefits to larger cloud providers. Due to the economies of scale
and network externalities in an oligopolistic environment, a giant cloud
provider can offer resources at lower cost than smaller providers. To
overcome the disadvantage of small clouds, some research proposes
architectures, in which small clouds can federate through common virtual
interfaces. Therefore, academy and industry ask whether the federation of
small cloud providers is economically feasible and can compete with a giant
cloud provider. However, it is hard to solve those problems because the
specifications of a cloud federation and the conditions of cloud market are
unclear. To fill this gap, in this paper, we survey the conceptual background
of cloud computing and the federation of small cloud providers. The results
of this paper are expected to guide how to define the economic problems on
cloud federation and provide constraints to the problems.

Keywords: Cloud Computing, Economic Analysis, Infrastructure-as-a-
Service, Platform-as-a-Service, Software-as-a-Service, Service Ecosystem,
Economies of Scale, Cloud Federation.
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1. Introduction

Cloud is a new paradigm of computing that replaces the paradigm of localized
computing and server client architecture [1]. In this paradigm, a cloud provider
manages hardware and software to provide clients with an infrastructure as a service,
platform as a service, and software as a service through an interface [2]. A client can
resolve its scalability problem by paying for using cloud systems of providers on
demand [3] [37]. Due to the benefit of scalability, cloud has substituted the
conventional computing paradigm (i.e., data centers and software products).

The key to cloud computing is that a cloud provider achieves economies of scale to
reduce its operating cost and enhance the elasticity of services [3]. Besides, a cloud
provider gains benefit from the clients, whose utility show network externalities, so that
two-sided market strategies work [4] [38] [41]. Economies of scale and network
externalities make larger cloud providers to be even stronger. A giant cloud vendor can
offer low-priced services and the large size of the provider attracts even more clients as
the risk of large providers to go bankrupt is low. The revenue from those clients can be
used by the provider to upgrade its facility. In addition to this, it is hard for small cloud
providers to compete with a giant vendor [41]. For this reason, the concept of cloud
federation emerges in academy and in the market. Cloud federation means to “federate
disparate data centers or cloud providers, including those owned by separate
organizations to enable a seemingly infinite service computing utility” [5][37]. In the
federation, small cloud vendors share their resources and clients to achieve the
economies of scale, enabling them to compete better with a giant cloud vendor [2].
Therefore, both academy and industry requires a framework that explains the economic
feasibility of the cloud federation to answer the question whether small cloud vendors
can survive in the market with the relevant technologies. However, it is still unclear
what the market conditions for a successful deployment of cloud federation are and in
what way the cloud provider business models change through the federation of small
cloud vendors.

In this paper, we survey the conceptual background of cloud computing and the
federation of small cloud vendors from an economic perspective. In particular, we
discuss the economic forces that emerge if federation is introduced to the cloud market.
The research questions are: First, what conditions govern the industry of cloud
computing, and what business models need to be executed by a cloud provider? Second,
how does federation change the business models of the cloud industry? Third, what
economic issues arise through the introduction of federation in the cloud industry?

To answer these questions, we depict the technological concepts of cloud federation
and their economic implications. In particular, we survey economic theories relevant to
issues of cloud federation (i.e., theories on the economies of scale and two-sided market
theories), and we discuss the interrelations of cloud computing, federation of clouds,
and market environments.

The remainder of this paper is organized as follows. In the next section, we
introduce the conceptual background of cloud computing and cloud federation. In
section 3, we introduce the economic theories relevant to the cloud federation. In
section 4, we describe the details for designing an economic model of cloud federation.
Finally, section 5 concludes our paper with a discussion of the implications of our
findings.



2. Conceptual Background
2.1. Basic concept of Cloud Computing

Cloud computing is a new paradigm of computing [37]. The National Institute of
Standards and Technology (NIST) defines it as a “a model for enabling convenient, on-
demand network access to a shared pool of configurable computing resources ... that
can be rapidly provisioned and released with minimal management effort or service
provider interaction” [6]. A cloud provider integrates servers into a cluster, and
manages multiple virtual operating systems on a physical system through a hyperviser
[7]. With the help of virtualization and clusterization technologies, the workload is
distributed into cheap small computing units efficiently. Therefore, a cloud provider
can operate its cloud at low operating cost, so that it provides service developers and
end users can obtain computing on demand at low prices [1].

The delivery models of cloud computing vary [45] and, recently, the cloud
community simply refers to them as “XaaS” [8]. The major delivery models of cloud
computing are Infrastructure-as-a-service (laaS), Platform-as-a-service (PaaS), and
Software-as-a-service (SaaS). In brief, laaS providers package computing resources
into virtual machines and cloud communications, while PaaS providers deliver
computing platforms, which application developers can use without dealing with
different underlying system layers. SaaS providers provide access to applications and
databases and manage the underlying infrastructures and platforms [8]. Due to the
XaaS delivery models, cloud computing re-organizes the market of IT services forming
a cloud ecosystem [41]. It makes computing a utility, as electricity did in the early 20th
century [9].

2.2. Federation of Cloud Davids

It has not been discussed in the cloud computing community yet that the factors making
cloud computing successful can also threaten the market structure. The number of
cloud users determines the potential revenue of a cloud provider through the levying of
fees for computing [37]. Economies of scale gives a large cloud provider potentially
more revenue through cost savings than a smaller cloud provider [10]. Therefore, a
large cloud provider, which entered the market of cloud computing, has an absolute
advantage in the competition with its rivals. This situation can be the reason for a cloud
provider to lock in its users by slightly deviating its interfaces and protocols from
standards [7]. In line with this lock-in behavior, small cloud providers face the
difficulty to fulfill users’ adoption criteria for operating their cloud ecosystem (e.g.,
high viability of cloud vendor [38]). Without having many users adopting the cloud
though, economies of scale, which are necessary to survive in the cloud computing
market, cannot be achieved.

To address this problem, computer science approaches suggest to share resources
among cloud providers through a framework with standardized interfaces and
standardized goods [11] [39] [40]. Sharing computing resources across cloud providers
requires the same framework with standardized interfaces for each participating cloud
provider [11]. For example, Cisco designs an architecture (Application Centric
Infrastructure (ACI) [13]) for federating clouds. Another approach for federation is to
insert a meta-framework among clouds that provides all interfaces that exists in other



cloud frameworks [12]. In addition to this, the cloud providers can organize themselves
by finding the best standardized good [39] [40].

Through these efforts, cloud users, accustomed to one cloud service vendor, can
also utilize other cloud service vendors without spending large effort on migrating their
resources to another cloud. In this environment, cloud vendors are free from the strong
effect of the number of users and the economies of scale, as they share the computing
resources with each other. They do not need to captivate users in their own systems,
and they can focus on enhancing their quality of service and reducing their service
prices on the basis of shared cloud resources [12] [39] [40].

The federation idea is mainly developed for competing with large cloud vendors
like Amazon, Microsoft, and Google [13]. It is also for sure that federation gives more
benefit to smaller cloud providers (Davids) than a larger one (Goliath). If a small cloud
provider decides to cooperate with its competitors in a federation, it can compete in the
market governed by an existing giant cloud provider with which they could not
compete without federation owing to the behavior of cloud vendors as described earlier.
This strategic cooperation among competitors is called “co-opetition” [14]. However, it
is not clear whether the interoperability between clouds that the current technologies
enable is economically feasible. Therefore, the cloud computing community needs
discussions on the economic feasibility of cloud federation.

In particular, the federation at different levels of the cloud architecture needs to be
discussed. Federation at the IaaS level means that VMs of one provider can be executed
on the infrastructure of another provider. Federation at the PaaS level means that the
management functions on different platforms are identical and can be accessed via the
same interface. Federation at the SaaS level means that the data input and output of
interfaces are clearly defined and that all interfaces that have ever been offered are
supported until the end of the lifetime of the software. This is extremely difficult. For
example, a Microsoft Word document can be opened in LibreOffice, but the text style
might be broken due to a slight incompatibility.

3. Relevant Economic Theories
3.1. Economies of Scale

Previous literature designates economies of scale as the property that makes cloud
computing attractive [3] [7] [15]. Economies of scale describes the economic
characteristic that the long-term average cost decreases as the number of products
increases in a fixed factor production environment [16]. It is to be noted that the short-
term average cost, which is not considered for the economies of scale, might increase
due to the inefficiency of using large quantities of input. In this case, the short term
average cost shows a U-shaped curve [17].

In case of cloud computing, a large vendor invests a large amount of initial capital
on establishing a computing infrastructure, and operates the infrastructure with
inexpensive electricity and a small number of system administrators [7]. That is, the
fixed cost for providing cloud computing is large compared to the variable cost [37]
[43]. Therefore, economies of scale work strongly for cloud computing.



The effect of economies of scale has been shown empirically in a variety of
industries that require a huge amount of investment on infrastructure [17] [18] [19].
They investigated the effect of economies of scale by measuring the indicator that is
defined as the ratio of the difference of cost to the difference of output. The analysis
results provide the rationale for merging industries or companies. For example, the
integration between TV and radio industries in Japan saved 12% of cost compared to
those provided separately [18]. The integration of Danish hospitals also yielded cost
savings [19]. However, the increase in scale does not always result in a company
benefit. The water infrastructure industry of the UK showed that the cost efficiency
increased when the water industry was separated from the sewerage industry [20].

In theoretical studies, the economies-of-scale property is considered as a linearly
decreasing factor price. The total cost is expressed as the sum of quadratic factor costs
[21] [22], which are different from cost functions that were assumed in earlier studies.
In those earlier studies, factor functions increased linearly according to the factor
quantity. The nonlinearity of the cost function of recent studies makes the cost
minimization problem complex and the profit maximization problem hard to solve.
Therefore, Bayon et al. (2012) introduced infimal convolution to the firm’s
optimization problem, if the economies of scale is at work [22]. In this method, the
smallest cost function is chosen among several cost functions for each segment of the
amount of output, and the profit is calculated for each segment on the basis of the
chosen cost function.

While the economies-of-scale property is considered as one of the most significant
properties of cloud computing, it has not been analyzed in the cloud computing
industry. Economic studies on cloud computing simply assume that economies-of-scale
benefits a cloud provider. They do not prove the economic origin of this property. They
only investigate the effect of the assumed economies-of-scale property on the economic
performance. For example, assuming economies-of-scale, a theoretical study proved the
model that leasing computational resources from clouds saves cost compared to using
on-premise computers [23] [24].

3.2. Network Externalities

Cloud computing providers offers a new platform, on which a number of technology
components complement each other. These platforms exist on the infrastructure level,
virtual machine management level, and the software level [4]. A cloud provider allows
third party agents to utilize its computing resources according to its business model.
Then, the third party agents “create value” with partners and “share the value” through
putting their own service model on top of an existing one or an combination of existing
service models [25]. In this service ecosystem, the role of each company is flexible.
Companies can compete or collaborate with one another, while providing users with
complementary service. Their decisions are based on their own interests (i.e., profit in
case of private companies). Therefore, the platform of cloud computing forms an
ecosystem of business entities that is different from previous business ecosystems, in
which companies needed to develop all new technologies within the company to
compete with its rivals [26] [25].

Previous studies in economics and management science approached the platform
issues from the perspective of two-sided markets, which was prompted by two



economic articles [27] [28]: Rochet and Tirole (2003) designed an economic model, in
which a platform mediates two sides of economic agents to gain its profit from
transactions between the two sides, and the demand of one side responds positively to
the number of agents on the opposite side [28]. Similarly, Caillaud and Jullien (2003)
assumed in their two-sided market model that the utility of an agent on one side
depends on the size of the opposite side as well as on the registration and transaction
fees levied by a platform provider [27]. With the two sided model above, they showed
that there is an equilibrium in the market mediated by platforms and the equilibrium
depends on the registration and transaction fees, users’ price elasticity of demand, and
regulatory conditions. The results imply the feasibility that a few platform providers
can dominate the market and that multiple platforms can compete in a market.

The essence of the two-sided market models is that network effect works across
sides in the market and that a platform provider needs to enable it to make the
ecosystem on its platform work [38] [41].

Network effect means that the utility of an agent depends on the number of agents
using the same technology (direct network effect) or the number of complementary
technologies (indirect network effect) [29] [41]. It governs the market organization and
evolution [30] [29]. To promote the agents on both sides of a platform, a platform
provider should determine the “subsidy side” and the “money side” and charge the
users of both sides strategically according to their sensitivity to price or quality for
harnessing the network effect [31]. The two-sided market approach was applied to a
variety of cases including operating systems [32], information products [32] [15] [31],
the Internet [33], and advertisements [34].

A platform provider provisions its resources to users such that sellers can gain
benefits from the population of users. In general, finding the money-generating side is
complicated [42] [44]. For example, Google Maps provides a service to users and
charges fees to developers, who utilize the Google Maps professionally (i.e., the traffic
from the services of the developers exceeds a threshold). Salesforce.com, however,
charges customers for using its platform, levies fee from an application developer when
it sells its application to customers [35]. Salesforce.com does not charge for
transactions of applications that are offered free-of-charge to users by developers.
Sometimes, platform providers have also to decide whether to share its platform with
rivals, considering its position with respect to multi-homing costs and differentiation
[31].

4. Specifications of Cloud Federation
4.1. Industry Architecture

The key to the newly rearranged computing ecosystem is that cloud clients outsource
computing for providing their services. This way they can concentrate their effort on
their own services, while the former software ecosystem required the computing facility
to be in-house.

The mechanisms applied vary according to the delivery models of cloud services,
(i.e., software-as-a-service, infrastructure-as-a-service, and platform-as-a-service). In
case of software-as-a-service, a client builds up a business relationship with a cloud
provider to utilize the software service provisioned by the cloud provider. In case of



infrastructure-as-a-service, a cloud provider builds a business relationship with any
third party agents to sell its computing resources. The third party agents could be
service providers or simply clients. In many cases, a cloud provider establishes a
specific contract with the third-party agent, if the third-party agent uses the computing
resources for business. In case of personal use, the cloud provider publishes a listed
pricing system and customer agreements (e.g., customer agreement of Amazon AWS].
The mechanism in the model of platform-as-a-service is similar to the one of
infrastructure-as-a-service but more complicated. Clients can be businesses as well as
service users.

Figure 1 (a) describes the competition between two cloud providers in the cloud
ecosystem. Each cloud provider provisions its computation service to clients through its
specific interface in return for their payment. An interesting characteristic of the cloud
market is that a few cloud providers account for the majority of the global market share.
For example, about 24% of [aaS and PaaS services were provided by Amazon. Amazon,
Salesforce, Microsoft, IBM, and Google together provided about 51% of the IaaS and
PaaS services in the 2nd quarter of 2014 [46]. In this environment, any new (small)
cloud provider needs to compete with these large cloud providers. The challenge of the
small cloud provider is that the economies of scale and network externalities support
the large cloud providers.

Figure 1 (b) describes the software ecosystem developed by a federation of cloud
providers. The key to cloud federation is a common interface, through which cloud
providers and cloud clients can access the resources of all cloud providers. With such a
common interface, a third-party agent involved in one cloud platform can utilize the
computing resources of another cloud platform without changing any technical set up.
By doing so, a federation gives benefits not only to cloud providers but also to third-
party agents. From a cloud providers’ point of view, computing resources are not
shared through the common interface as the provider gets compensated for any resource
usage. From an ecosystem perspective, however, clients and service providers can share
resources without investing further capital or changing their business models. This
extension of computing resources and users enhances the economies of scale of the
providers in the federation. The overload of one cloud provider can be moved to
another cloud provider with ease. From the clients’ point of view, they gain the
guarantee of the quality of service without writing additional contracts with multiple
cloud providers. The clients might not even recognize that their request to its cloud
provider has been fulfilled by another cloud provider. Like clients of a giant cloud,
clients of a federation can utilize the computation resources provided by their cloud
federation by paying a service fee.

However, the profits of cloud providers within the cloud federation change. A cloud
provider within the federation saves cost due to the economies-of-scale by sharing its
computing resources and cloud users with other cloud providers of the federation. As
the formation of a federation incurs cost for cloud providers through investments in the
development of a common interface, making contracts with other cloud providers in the
federation on sharing benefits, and establishing procedures on resolving collaboration
issues between providers, joining a cloud federation requires a strategic decision of
cloud providers considering the benefits and costs.
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between a Cloud Goliath and a federation of Cloud Davids.

Through the formation of a federation, cloud providers can share their computing
resources (IaaS), platforms (PaaS), or software services (SaaS) [36] [5]. To investigate
whether cloud federation is a useful effort of small cloud providers to compete with a
giant cloud providers (e.g., Amazon), we discuss three delivery models: laaS, PaaS,
and SaaS. While IaaS has to consider resource allocation, PaaS and SaaS do not.

Table 1. Motivations for cloud federation considering three delivery models (IaaS,
PaaS, and SaaS)

Delivery | Economies of Network

Model Scale Externalities

laaS e A cloud provider can reduce the o The utility of a client does not
cost of maintaining scalability of its change, although the client
service, if a federation is formed. population increases due to the

e A cloud provider can improve the federation of cloud providers.
resource utilization through cloud
federation.
e The cost of each cloud provider for
managing the computation
resources does not decrease,
although they form a federation.

PaaS o A cloud provider does not save the | e The utility of a service developer
cost of provisioning its service, increases, as a cloud federation
although the cloud provider increases the client population.
participates in a federation.

SaaS e A cloud provider does not save the | e The utility of clients and a service
cost of provisioning its service, developers increase, as federated
although the cloud provider clouds increase the enhanced
participates in a federation. service variety and the client

population.
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Table 1 summarizes the analysis result for three delivery models (i.e., [aaS, PaaS,
and SaaS) and two economic mechanisms that govern the federation of clouds. In detail,
it describes how the economic property changes due to the federation from the
perspectives of economies-of-scale and network externalities. Our focus is on the
rationale according to which a cloud provider should form a federation despite of
spending money on the cooperation with its competitors.

In case of IaaS, forming a federation enables a cloud provider to utilize the
computation resources of its partner in the federation. Due to this cooperation, a cloud
provider can reduce the risk of service failure. The federation enhances the scalability
without investments in the infrastructure. That is, a cloud provider can reduce the cost
to maintaining the scalability of its service, as it participates in a cloud federation. At
the same time, the federation can achieve a better utilization of the resources across all
providers in the federation. The cost reduction gives the cloud provider the advantage
in price, so that it is competitive to a large cloud provider. However, the federation does
not reduce the cost of maintaining the computation resources of a cloud provider. A
cloud provider manages its own computation resources independently, even if it is
involved in a federation. Therefore, the scale of resources that a company manages
does not change. Moreover, the utility of a client is invariant though the client
population increases due to the cloud federation. Instead, the utility of a client changes
through the decrease in price, which is due to the cost reduction as we can see in the
discourse of economies of scale.

In case of PaaS and SaaS, the cloud provider’s benefit of forming a federation is
different from the one for laaS. Economies-of-scale do not work in these delivery
models, as a cloud provider does not save the cost of provisioning its PaaS and SaaS
services within a federation. Therefore, the scalability is expected not to increase
through the formation of a federation. Moreover, the cost of managing computational
resources is invariant like in the case of IaaS. The cost of managing the software does
not change through federation as well. On the other hand, PaaS and SaaS cloud
providers gain benefits by forming a federation due to the network externalities on two
sides. The utility of a service developer depends on the client population that it can sell
its service to. Therefore, the utility of a service developer increases according to the
increase in the client population, which comes with forming a federation in the PaaS
and SaaS delivery model. In addition to this, in the SaaS delivery model, a client and a
developer obtain utility through service variety and service quality. Therefore, forming
a federation, which extends the service variety, increases the utility.

5. Discussion and Conclusion

We discussed the rationales that cloud providers form a federation on the basis of two
economic properties: economies of scale and network externalities. The benefit that a
cloud provider can gain from forming a federation varies over the service delivery
model. This is a new result compared to the assumptions made in literature so far.

In case of IaaS, forming a federation is beneficial in terms of the economies of scale.
A cloud provider can reduce the cost to maintaining the scalability of its services. In
case of PaaS and SaaS, on the other hand, a federation enhances the network
externalities because sharing the clients and, for SaaS, sharing the software resources
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between the cloud providers involved in the federation increases the utility of service
developers and the service clients.

Our research is expected to contribute to academia. That is, our results guide
designing economic models for cloud federation to analyze their sustainability. Prior
research has emphasized economies of scale [10] [7] [41], scalability [3] [8] [38], and
network externalities [4] [41] as the keys to cloud computing. However, prior research
did not analyze empirically and theoretically whether these properties give benefit to
cloud providers, cloud clients, and service developers and how much if they do. For
example, a prior study considered economies of scale in its model, just assuming that
economies of scale is a valid economic factor [24]. With our study, we filled the gap by
analyzing the economic feasibility of cloud federation on the basis of the theories on
economies of scale and network externalities. Furthermore, prior research on cloud
federation mainly focused on engineering instead of economics, probably assuming that
a federation among cloud providers will give benefit for sure. However, as the results
of our study showed that the benefit of an advanced technology needs to be analyzed in
detail and verified before they can be assumed in models. Our results showed
significant differences between SaaS, PaaS, and IaaS cloud services.

In the future, we will extend our work by considering further economic properties
that might be at play within cloud federations.

Acknowledgements

This work has been funded by the Korea Institute for Advancement of Technology
(grant no. ITEA2 10014) as part of the ITEA2 project EASI-CLOUDS.

References
[1] Hayes, B.: Cloud Computing. Commun ACM. 51, 9—-11 (2008).

[2] Vaquero, L.M., Rodero-Merino, L., Caceres, J., Lindner, M.: A Break in the
Clouds: Towards a Cloud Definition. SIGCOMM Comput Commun Rev. 39, 50—
55 (2008).

[3] Armbrust, M., Stoica, 1., Zaharia, M., Fox, A., Griffith, R., Joseph, A.D., Katz, R.,
Konwinski, A., Lee, G., Patterson, D., Rabkin, A.: A view of cloud computing.
Commun. ACM. 53, 50 (2010).

[4] Cusumano, M.: Cloud Computing and SaaS As New Computing Platforms.
Commun ACM. 53, 27-29 (2010).

[5] Yang, X., Nasser, B., Surridge, M., Middleton, S.: A business-oriented Cloud
federation model for real-time applications. Future Gener. Comput. Syst. 28,
1158-1167 (2012).

[6] Mell, P.M., Grance, T.: SP 800-145. The NIST Definition of Cloud Computing.
National Institute of Standards & Technology, Gaithersburg, MD, United States
(2011).

12



[7] Babcock, C.: Management Strategies for the Cloud Revolution: How Cloud
Computing Is Transforming Business and Why You Can’t Afford to Be Left
Behind. McGraw-Hill, New York (2010).

[8] Garrison, G., Kim, S., Wakefield, R.L.: Success factors for deploying cloud
computing. Commun. ACM. 55, 62 (2012).

[9] Brynjolfsson, E., Hofmann, P., Jordan, J.: Cloud computing and electricity:
beyond the utility model. Commun. ACM. 53, 32 (2010).

[10] Weinman, J.: Cloudonomics, + Website: The Business Value of Cloud Computing.
Wiley, Hoboken, N.J (2012).

[11] Bermbach, D., Kurze, T., Tai, S.: Cloud Federation: Effects of Federated Compute
Resources on Quality of Service and Cost*. 2013 IEEE International Conference
on Cloud Engineering (IC2E). pp. 31-37 (2013).

[12] Falasi, A.A., Serhani, M.A., Elnaffar, S.: The Sky: A Social Approach to Clouds
Federation. Procedia Comput. Sci. 19, 131-138 (2013).

[13] Bent, K., Burke, S.: Cisco Embraces Amazon, Microsoft With InterCloud
Infrastructure Software, http://www.crn.com/news/networking/240165714/cisco-
embraces-amazon-microsoft-with-intercloud-infrastructure-software.htm/pgno/0/1.

[14] Nalebuff, B.J.: Co-Opetition. Currency Doubleday, New York (1997).

[15] Evans, D.S., SCHMALENSEE, R.: The Industrial Organization of Markets with
Two-Sided Platforms. Compet. Policy Int. 3, 151-179 (2005).

[16] Varian, H.R.: Microeconomic Analysis, Third Edition. W. W. Norton & Company,
New York (1992).

[17] Nam, C., Kwon, Y., Kim, S., Lee, H.: Estimating scale economies of the wireless
telecommunications industry using EVA data. Telecommun. Policy. 33, 2940
(2009).

[18] Asai, S.: Scale economies and scope economies in the Japanese broadcasting
market. Inf. Econ. Policy. 18, 321-331 (2006).

[19] Kristensen, T., Olsen, K.R., Kilsmark, J., Lauridsen, J.T., Pedersen, K.M.:
Economies of scale and scope in the Danish hospital sector prior to radical
restructuring plans. Health Policy Amst. Neth. 106, 120-126 (2012).

[20] Pollitt, M.G., Steer, S.J.: Economies of scale and scope in network industries:
Lessons for the UK water and sewerage sectors. Util. Policy. 21, 17-31 (2012).

[21] Floudas, C.A., Visweswaran, V.: Quadratic Optimization. In: Horst, R. and
Pardalos, P.M. (eds.) Handbook of Global Optimization. pp. 217-269. Springer
US (1995).

[22] Bayon, L., Otero, J.A., Ruiz, M.M., Suarez, P.M., Tasis, C.. The Profit
Maximization Problem in Economies of Scale. ] Comput Appl Math. 236, 3065—
3072 (2012).

[23] Brumec, S., Vréek, N.: Cost effectiveness of commercial computing clouds. Inf.
Syst. 38, 495-508 (2013).

13



[24] Kiinsemoller, J., Karl, H.: A game-theoretic approach to the financial benefits of
infrastructure-as-a-service. Future Gener. Comput. Syst.

[25] lansiti, M., Levien, R.: Strategy as ecology. Harv. Bus. Rev. 82, 68-78, 126
(2004).

[26] Gawer, A., Cusumano, M.A.: Platform Leadership: How Intel, Microsoft, and
Cisco Drive Industry Innovation. Harvard Business Review Press, Boston, Mass
(2002).

[27] Caillaud, B., Jullien, B.: Chicken and Egg: Competition Among Intermediation
Service Providers. Rand J. Econ. 309-329 (2003).

[28] Rochet, J.-C., Tirole, J.: Platform Competition in Two-Sided Markets. J. Eur.
Econ. Assoc. 1, 990-1029 (2003).

[29] Katz, M.L., Shapiro, C.: Network Externalities, Competition, and Compatibility.
Am. Econ. Rev. 75, 424-440 (1985).

[30] Farrell, J., Saloner, G.: Installed Base and Compatibility: Innovation, Product
Preannouncements, and Predation. Am. Econ. Rev. 76, 940-955 (1986).

[31] Eisenmann, T., Parker, G., Alstyne, M.W.V.: Strategies for Two-Sided Markets.
Harv. Bus. Rev. (2006).

[32] Economides, N., Katsamakas, E.: Two-Sided Competition of Proprietary vs. Open
Source Technology Platforms and the Implications for the Software Industry.
Manag. Sci. 52, 1057-1071 (2006).

[33] Economides, N., Tag, J.: Network neutrality on the Internet: A two-sided market
analysis. Inf. Econ. Policy. 24, 91-104 (2012).

[34] Reisinger, M.: Platform competition for advertisers and users in media markets.
Int. J. Ind. Organ. 30, 243-252 (2012).

[35] Baek, S., Kim, K., Altmann, J.: Role of platform providers in service networks:
The case of Salesforce.com AppExchange. Presented at the , Proceedings of the
IEEE Conference of Business Informatics July 14 (2014).

[36] Rochwerger, B., Breitgand, D., Epstein, A., Hadas, D., Loy, I., Nagin, K.,
Tordsson, J., Ragusa, C., Villari, M., Clayman, S., Levy, E., Maraschini, A.,
Massonet, P., Mufioz, H., Tofetti, G.: Reservoir - When One Cloud Is Not Enough.
Computer. 44, 44-51 (2011).

[37] Altmann, J., Kashef, M. M.: Cost Model Based Service Placement in Federated
Hybrid Clouds, Future Generation Computer Systems. The International Journal
of Grid Computing and eScience, Elsevier, DOI:10.1016/j.future.2014.08.014
(2014).

[38] Haile, N., Altmann, J.: Estimating the Value Obtained from Using a Software
Service Platform. GECON 2013, LNCS 8193, pp.244-255. Springer, Switzerland
(2013).

[39] Breskovic, 1., Brandic, 1., Altmann, J.: Maximizing Liquidity in Cloud Markets
through Standardization of Computational Resources. SOSE 2013, International
Symposium on Service-Oriented System Engineering, San Jose, USA (2013).

14



[40] Breskovic, 1., Altmann, J., Brandic, I.: Creating Standardized Products for
Electronic Markets. Future Generation Computer Systems, The International
Journal of Grid Computing and eScience, Elsevier, vol. 29, no. 4, pp. 1000-1011,
ISSN 0167-739X (2013).

[41] Haile, N., Altmann, J.: Value Creation in IT Service Platforms through Two-Sided
Network Effects. GECON 2012, LNCS pp.139-153, Springer, Berlin, Germany
(2012).

[42] Rohitratana, J., Altmann, J.: Impact of Pricing Schemes on a Market for Software-
as-a-Service and Perpetual Software. Future Generation Computer Systems, The
International Journal of Grid Computing and eScience, Elsevier, vol.28, no.8,
pp-1328-1339, doi:10.1016/j.future.2012.03.019 (2012).

[43] Kashef, M. M., Altmann, J.: A Cost Model for Hybrid Clouds. GECON2011, 8th
International Workshop on Economics of Grids, Clouds, Systems, and Services,
Springer LNCS, Paphos, Cyprus (2011).

[44] Rohitratana, J., Altmann, J.: Agent-Based Simulations of the Software Market
under Different Pricing Schemes for Software-as-a-Service and Perpetual
Software. GECON 2010, Workshop on the Economics of Grids, Clouds, Systems,
and Services, Springer LNCS 6269, Ischia, Italy (2010).

[45] Bany Mohammed, A., Altmann, J., Hwang, J.: Cloud Computing Value Chains:
Understanding Business and Value Creation in the Cloud. Economic Models and
Algorithms for Distributed Systems, Birkhéduser, Springer, Autonomic Systems
book series (2009).

[46] Synergy Research Group, http://www.srgresearch.com (Accessed on July 18,
2014).

15



TEMEP Discussion Papers

2010-67:

2010-68:

2010-69:

2010-70:

2010-71:

2010-72:

2011-73:

2011-74:

2011-75:

2011-76:

2011-77:

2011-78:

2011-79:

2011-80:

2011-81:

Kibae Kim, Jorn Altmann and Junseok Hwang, “An Analysis of the
Openness of the Web2.0 Service Network Based on Two Sets of Indices for
Measuring the Impact of Service Ownership”

Bory Seng, “The Driving Forces Underlying the Growth of Total Factor
Productivity in Cambodia, Quantitative and Qualitative Studies”

Michael Maurer, Vincent C. Emeakaroha, Ivona Brandic and Jorn Altmann,
“Cost and Benefit of the SLA Mapping Approach for Defining
Standardized Goods in Cloud Computing Markets”

Khin Swe Latt and J6rn Altmann, “A Cost-Benefit-Based Analytical Model
for Finding the Optimal Offering of Software Services”

Jung Eun Lee, Younghoon Kim, Yeonbae Kim and Donghyuk Choi, “The
Impact of Technology Licensing Payment Mechanisms on Firms’
Innovative Performance”

Dongook Choi and Yeonbae Kim, “Effects of Piracy and Digital Rights
Management on the Online Music Market in Korea”

Tai-Yoo Kim, Jihyoun Park, Eungdo Kim and Junseok Hwang, “The
Faster-Accelerating Digital Economy”

Ivan Breskovic, Michael Maurer, Vincent C. Emeakaroha, Ivona Brandic
and Jorn Altmann, “Towards Autonomic Market Management in Cloud
Computing Infrastructures”

Kiran Rupakhetee and Almas Heshmati, “Rhetorics vs. Realities in
Implementation of e-Government Master Plan in Nepal”

Alireza Abbasi, Jorn Altmann and Liaquat Hossain, “Identifying the Effects
of Co-Authorship Networks on the Performance of Scholars: A Correlation
and Regression Analysis of Performance Measures and Social Network
Analysis Measures”

Ivona Brandic, Michael Maurer, Vincent C. Emeakaroha and J6rn Altmann,
“Cost-Benefit Analysis of the SLA Mapping Approach for Defining
Standardized Cloud Computing Goods”

Kibae Kim and Jorn Altmann, “A Complex Network Analysis of the
Weighted Graph of the Web2.0 Service Network™

Jorn Altmann, Matthias Hovestadt and Odej Kao, “Business Support
Service Platform for Providers in Open Cloud Computing Markets”

Ivan Breskovic, Michael Maurer, Vincent C. Emeakaroha, Ivona Brandic
and Jorn Altmann, “Achieving Market Liquidity through Autonomic Cloud
Market Management”

Tai-Yoo Kim, Mi-Ae Jung, Eungdo Kim and Eunnyeong Heo, “The Faster-
Accelerating Growth of the Knowledge-Based Society”

16



2011-82:

2011-83:

2011-84:

2011-85:
2012-86:

2012-87:

2012-88:

2012-89:

2012-90:

2012-91:

2012-92:

2012-93:

2012-94:

2012-95:

2012-96:

2012-97:

2012-98:

2012-99:
2013-100:

2013-101:

Mohammad Mahdi Kashef and Jorn Altmann, “A Cost Model for Hybrid
Clouds”

Daeho Lee, Jungwoo Shin and Junseok Hwang, “Application-Based
Quality Assessment of Internet Access Service”

Daceho Lee and Junseok Hwang, “The Effect of Network Neutrality on the
Incentive to Discriminate, Invest and Innovate: A Literature Review”

Romain Lestage and David Flacher, “Access Regulation and Welfare”

Juthasit Rohitratana and Jorn Altmann, “Impact of Pricing Schemes on a
Market for Software-as-a-Service and Perpetual Software”

Bory Seng, “The Introduction of ICT for Sustainable Development of the
Tourism Industry in Cambodia”

Jorn Altmann, Martina Meschke and Ashraf Bany Mohammed, “A
Classification Scheme for Characterizing Service Networks”

Nabaz T. Khayyat and Almas Heshmati, “Determinants of Mobile
Telecommunication Adoption in the Kurdistan Region of Iraq”

Nabaz T. Khayyat and Almas Heshmati, “Determinants of Mobile Phone
Customer Satisfaction in the Kurdistan Region of Iraq”

Nabaz T. Khayyat and Jeong-Dong Lee, “A New Index Measure of
Technological Capabilities for Developing Countries”

Juseuk Kim, Jorn Altmann and Lynn Ilon, “Using Smartphone Apps for
Learning in a Major Korean University”

Lynn Ilon and J6rn Altmann, “Using Collective Adaptive Networks to
Solve Education Problems in Poor Countries”

Ahmad Mohammad Hassan, Jorn Altmann and Victor Lopez, “Control
Plane Framework Emergence and its Deployment Cost Estimation”

Selam Abrham Gebregiorgis and Jorn Altmann, “IT Service Platforms:
Their Value Creation Model and the Impact of their Level of Openness on
their Adoption”

Ivan Breskovic, Jorn Altmann and Ivona Brandic, “Creating Standardized
Products for Electronic Markets”

Netsanet Haile and Jorn Altmann, “Value Creation in IT Service Platforms
through Two-Sided Network Effects”

Soyoung Kim, Junseok Hwang and Jorn Altmann, “Dynamic Scenarios of
Trust Establishment in the Public Cloud Service Market”

Lynn Ilon, “How Collective Intelligence Redefines Education”

Ivan Breskovic, Ivona Brandic and Jorn Altmann, “Maximizing Liquidity
in Cloud Markets through Standardization of Computational Resources”

Juseuk Kim, Lynn Ilon and Jorn Altmann, “Adapting Smartphones as
Learning Technology in a Korean University”

17



2013-102:

2013-103:

2013-104:

2013-105:

2013-106:

2013-107:

2013-108:

2014-109:

2014-110:

2014-111:

2014-112:

2014-113:

2014-114:

2014-115:

2014-116:

2014-117:

Baseem Al-Athwari, Jorn Altmann and Almas Heshmati, “A Conceptual
Model and Methodology for Evaluating E-Infrastructure Deployment and
Its Application to OECD and MENA Countries”

Mohammad Mahdi Kashef, Azamat Uzbekov, Jorn Altmann and Matthias
Hovestadt, “Comparison of Two Yield Management Strategies for Cloud
Service Providers”

Kibae Kim, Wool-Rim Lee and Jorn Altmann, “Patterns of Innovation in
SaaS Networks: Trend Analysis of Node Centralities”

Netsanet Haile and Jorn Altmann, “Estimating the Value Obtained from
Using a Software Service Platform”

A. Mohammad Hassan and Jorn Altmann, “Business Impact Analysis of a
Mediator between the Network Management Systems of the IP/MPLS
Network and the Transport Network”

A. Mohammad Hassan and Jorn Altmann, “Disjoint Paths Pair
Computation Procedure for SDH/SONET Networks”

Kibae Kim and Jorn Altmann, “Evolution of the Software-as-a-Service
Innovation System through Collective Intelligence”

Shahrouz Abolhosseini, Almas Heshmati and Jorn Altmann, “The Effect of
Renewable Energy Development on Carbon Emission Reduction: An
Empirical Analysis for the EU-15 Countries”

Somayeh Koohborfardhaghighi and Jorn Altmann, “How Placing
Limitations on the Size of Personal Networks Changes the Structural
Properties of Complex Networks”

Somayeh Koohborfardhaghighi and Jorn Altmann, “How Structural
Changes in Complex Networks Impact Organizatioanl Learning
Performance”

Sodam Back, Kibae Kim and Jorn Altmann, “Role of Platform Providers in
Service Networks: The Case of Salesforce.com App Exchange”

Somayeh Koohborfardhaghighi and Jorn Altmann, “A Network Formation
Model for Social Object Networks”

Somayeh Koohborfardhaghighi and Jorn Altmann, “How Variability in
Individual Patterns of Behavior Changes the Structural Properties of
Networks”

Kibae Kim, Wool-Rim Lee and Jorn Altmann, “SNA-Based Innovation
Trend Analysis in Software Service Networks”

Jorn Altmann and Mohammad Mahdi Kashef, “Cost Model Based Service
Placement in Federated Hybrid Clouds”

Kibae Kim, Songhee Kang and Jorn Altmann, “Cloud Goliath Versus a
Federation of Cloud Davids: Survey of Economic Theories on Cloud
Federation”

18



