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The amount of content is increasing in the Internet but the current Internet’s ability to
scale with the growing demand for Internet capacity is unclear. To determine this,
various studies on the future of the Internet have been initiated; including studies on
information networking.

This work utilises value networks and the two-sided market theory in explaining the
current and predicting the future market structure of Internet content delivery. The
formulated value networks and SWOT analysis are used for comparing the different
content delivery models; the client-server model, Content Delivery Networks (CDNs)
and the Content Centric Network (CCN) model. In addition, the market potential for
information networking (CCN) is investigated.

Four two-sided markets in the Internet interconnection layer are identified in this work
and the two-sided analysis predicts the consolidation of CDNs and Internet service
providers (ISPs). However, the number of content providers is expected to rise based
on the two-sided market analysis. The value network analysis shows that the CDN and
CCN models reduce off-net traffic compared to the client-server model for Internet
access providers (IAPs). If the off-net cost for IAPs is reduced significantly, the CCN
model may have a business case. The SWOT analysis comparison based on the
formulated evaluation criteria for content distribution models concludes that most
stakeholders prefer CDN and CCN models, whereas the content provider clearly
favours CCN. The results are valuable in recognising the need for further research on
the information networking’s business model and the feasibility of implementation.
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Sisallon maaréa kasvaa Internetissa ja nykyisen Internetin kyky skaalautua Internetin
kapasiteetin kasvavaan kysyntdaan on epaselva. Taman selvittddkseen lukuisia
tutkimuksia tulevaisuuden Internetista on kaynnistetty, mukaan lukien tietopohjainen
verkko (information networking).

Tama tyd hyoddyntaé arvoverkkoja ja kaksipuolisten markkinoiden teoriaa selittaémaan
nykyiset ja ennustamaan tulevaisuuden markkinarakenteet Internet sisallonjakelussa.
Rakennettuja arvoverkkoja ja SWOT analyysia kaytetaan eri siséllonjakelumallien
vertailemiseen; asiakas-palvelin-, CDN- ja CCN-malli. Liséaksi, tietopohjaisen verkon
(CCN) markkinapotentiaalia tutkitaan.

Nelja kaksipuolista markkinaa on tunnistettu Internetin yhteyskerroksella tassa tyossa
ja kaksipuolinen analyysi ennustaa CDN:n ja palvelutarjoajien kasvamista. Toisaalta
sisédllontarjoajien maaraa odotetaan laskevan kaksipuolisen markkinan analyysin
perusteella. Arvoverkkoanalyysi osoittaa, ettda CDN ja CCN mallit vahentavat
paasyverkon tarjoajien liikennetta muiden tarjoajien verkkoihin (off-net likenne). Jos
paasyverkon tarjoajien off-net liikenne vahenee huomattavasti, CCN mallilla voi olla
markkina-arvoa. Sisallonjakelumalleille laadittujen arviointikriteerien perusteella tehty
SWOT analyysivertailu osoittaa, etta useimmat sidosryhmaét arvostavat CDN ja CCN
malleja kun taas sisallontarjoaja selvasti suosii CCN mallia. Tulokset ovat arvokkaita,
koska ne tunnistavat tarpeen tehda lisatutkimusta tietopohjaisen verkon
liketoimintamalleista ja toteutettavuudesta.

Avainsanat: Kaksipuoliset markkinat, Tulevaisuuden Internet, CCN, CDN, Asiakas-
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1. Introduction

Fundamental changes are taking place in the Inteasethe traffic amount keeps
growing and more and more content is being provideda result, much research has
been done in the field of Internet traffic trendehe most recent Cisco Visual
Networking Index (VNI) whitepaper (Cisco, 2010aslshown that the traffic and video
amount in the Internet is growing with an alarmnage and will keep growing in the
future.

The increasing traffic amount has led to the cadatibn of content sources, i.e.
large Content Delivery Networks (CDNs) and InterSetvice Providers (ISPs) become
even larger (Labovitz et al., 2009). However, whk concentration of content sources
also comes scarcity of data centre and networkatigp#n addition, the interconnection
agreements between ISPs become more complicatathietdditional agreement types
do not apply fully anymore. As a result, the fotias transferred from connectivity to
contents.

Information networking is a new network concepttttrées to solve the current
problems in the Internet. The concept introducesimg based on content names instead
of location of the content (Jacobsen et al., 2009)yee reference architectures have
been developed based on the concept; Content Cé&gtworking (CCN) (Jacobsen et
al., 2009), Publish-Subscribe Internet Architect{RSIRP) (Fotiou, Polyzos and
Trossen, 2009) and Networking of Information (N&t{/hlgren and Vercellone, 2010).
Each of these architectures is being researcheatifferent research projects and the
Finnish Future Internet project’s work packager@an focus is on PSIRP (ICT SHOK
Future Internet, 2007).

In the content distribution market, many marketstewhere one side of the market
is charged while the other side is subsidised, siscthe CDN (Faratin, 2007), portals
and media (Rochet and Tirole, 2003) and streamiegiantechnology (Rochet and
Tirole, 2003). Thus in this work, these kinds ofotgided markets play an important
role in evaluating the market feasibility of diféeit content distribution models.

1.1 Research Question and Obijectives

While two-sided markets exist in different induss;i they have not been widely
recognised. Managers and policy makers do not iginduish two-sided markets or
intentionally use two-sided theory for pricing aredjulations. However, because two-
sided markets should be regulated and priced diftgr from one-sided markets, it is
important to know which markets are two-sided. Oregwalue network graphs is an
easy and clear way to visualise the relationshgie/éen each player in a given market.
Thus the main research questions are as follows:

What are the possible two-sided markets in Intecoetent delivery?
What are the value networks for each technical rivee content
delivery model?



Because this work is done in the Future Internejept, the answers to the main
research questions are used to analyse informatietworking. The following
supplementary question expresses this:

Where is the market potential for the proposed rimftdion
networking models?

To obtain the answers for the above questionsfadif@ving objectives are set for
this work:

= Identify the main stakeholders for each contentvdey model: client-
server, CDN and information networking.

= Identify the traffic transfer between stakeholders.

= |dentify the monetary and non-monetary transfeta/éen stakeholders.

= |dentify costs and pricing faced by Internet sesvproviders (ISPs) and
content providers (CPs).

= |dentify the two-sided markets of client-server, Cand information
networking.

= Compare each content delivery model with SWOT fgjite, weakness,
opportunity, threat) analysis.

1.2 Research Scope

The term Internet content has quite different magsifor different industries and in
this work it is defined as follows:

Internet content is the bits and data packets #natdistributed in the
Internet such as video files, a piece of news ohntam page.

In addition, the terms content delivery and contdistribution are considered as
synonyms for each other and used interchangeably.

Most of the works on two-sided markets have focusedthe two sides of
consumers and service providers, because the fai®een on the services provided
on the content layer. However, in this work theu®¢s on the Internet interconnection
layer and from the CDN'’s perspective the ISPs rethe consumers. Thus the two
sides of the market are the ISPs and the contevidars. A short overview of the
content layer’s two-sided markets is also given.tfother hand, the consumers are
significant for the content providers and thus Waéue network analysis will include
consumers whereas the actual two-sided analystseotnates only on ISPs and content
providers as the two sides of the market.

Several architectures and models for distributiogtent exist in the Internet, three
of which will be investigated in this work; the etit-server model, CDNs and
information networking. Peer-to-Peer (P2P) is as@rominent model for content
distribution, but because the focus is not on coress and the P2P model is not widely
deployed by content providers (Interviews: CP1, JCR4s not discussed in this work.
Out of the three chosen model, the client-servedehwill only be dealt with briefly as
the focus is on CDNs and information networking.



The feasibility analysis is mainly based on the tcasalysis even if the
investigation concludes in finding other criteriar fevaluating feasibility. This is
because the foundation for two-sided markets isdb& structure of a service or
industry. The possible other criteria will be dissed very briefly.

1.3 Research Methods

In this work, two main research methods are adgatditerature review and interviews.
A literature review is used to give a solid backgrd to the two-sided market theory. In
addition, a literature review is used to build arfdation for the interviews regarding
the different content distribution models.

Semi-structured interviews are conducted to discotlee advantages and
disadvantages of the current models used in coutistribution. The interviewees are
divided into three groups; the content providehg Internet access providers and the
data centre providers. In addition, the focus istloe costs each group faces when
distributing contents. The interviews also aimiatling other criteria for evaluating the
current content distribution models. A list of quiess is constructed for each group as
a guideline to the interviews and is shown in AppeiB.

1.4 Structure of Thesis
The structure of this work is presented in Figure 1

1. Introductior

y

2. Backgroun

\ 4

3. Twc-Sided Market Theol

Y
4. Interview:

v

5. Value Networks oContent Delivery Mode

v

6. Content Delivenas Twe-sided Market

'

7. Comparison of Conte Delivery Models

A\ 4
8. Conclusio

Figure 1. Structure of thesis.



The rest of this work is mainly divided into tworfsg The first part consists of the
background research and starts with Section 2, lwhidescribes the technical
background of the work including the interconnectagreements. Section 3 introduces
the two-sided market theory and presents the mattiesh model to support the theory.
Section 4 explains the interview procedure and sans®s the results obtained from
interviews. Section 5 introduces the three contlltvery models and their costs as
well as creates each of their value networks.

Sections 6 and 7 belong to the second part ofrtb&d, which provides an analysis
of the different Internet content distribution mtsdeSection 6 identifies the two-sided
markets in each model and applies two-sided mat@bries onto them. Section 7
compares the results obtained in Section 6 angsemthem.

The final section in the thesis is Section 8 whiohtains the conclusion and future
research proposals. In addition, this work has Appendices; Appendix A gives the
calculations to prove the two-sided market matheamaand Appendix B lists the
interview questions.



2. Background

This work includes many economics and technicahseand concepts, which need
some explaining. This section aims at explainingséh concepts for a better
understanding of the rest of the work. An overviefnthe Internet interconnectivity
principles and agreements are first presented. 3éetion then continues with
explanations of the stakeholders considered in wWosk as well as discusses the
different available content distribution models.

2.1 Internet Interconnection

Internet interconnection and its policies play mpaortant role in this work. This section
explains the structure of Internet interconnectadong with the transit and peering
agreements between Internet service providers.

The Internet (Clark et al., 2008) is a network @ftworks called Autonomous
Systems (ASes). These ASes are administered by eotrahinternet service providers,
corporations and other enterprise providers, usities, government agencies as well
as content providers and other specialized semiogiders. The ISPs offer Internet
access to consumers and enterprises for a moraanyensation. In order for the ISPs
to offer an end-to-end service to the consumetsraonnection between ASes must be
arranged, which means cooperation between ISPsily&io types of interconnection
agreements exist in the Internet; the transit Aedoeering agreements.

Transit is when the lower level operators buy asdesthe upstream operator’'s
whole network (Norton, 2010a). This means thatditaagreements provide access to
all the nodes in the upstream operator’s routitdetand it is the upstream operator’s
responsibility to provide connectivity to the whateernet for the lower level operators.
Peering (Norton, 2010a), on the other hand, is latdsal agreement between two
operators to access each other’'s customers. Notargneompensations are paid by
either of the operators. Peering agreements ardraasitive, which means that the
operators can only access each other’s customemobthe rest of the network.

A combination of the two interconnection agreemeatgether with the ISPs form
the simplified Internet hierarchy followed by tradnal Internet interconnection and is
shown in Figure 2. Tier 1 network operators havkdoverage of the Internet (Laffont,
Marcus, Rey and Tirole, 2003) and do not buy ttassivices from other network
providers (Norton, 2010a). Tier 2 network operatars regional and local operators
that buy the transit service from Tier 1 operatarsgl sell the connection to the
consumers.

The traffic stays on-net from an operator’'s perspedf it stays within its own
network. For example, in Figure 2, when traffisvishin only one consumer group, it is
on-net traffic. Off-net traffic, on the other hand, when traffic traverses to another
operator’s network. From the figure, traffic betwdbe two groups of consumers is off-
net traffic. Due to the interconnection agreements,net and off-net traffic cause
different costs for operators.

The originating network means the sender’s netwdrlle the terminating network
is the network where the receiver resides. Whentrtféc flows from the originating
network to the upper level operators in the hidraitis called upstream traffic. On the
contrary, downstream traffic is the traffic thadvls from the upper level operators to



the terminating network. For example, in FigurevBen a user from consumer group 1
sends traffic to a user in consumer group 2, th#fidrfirst goes upstream until it
reaches Tier 1, then it goes downstream to consgroep 2.

Transit

------ Peering

Figure 2. The simplified Internet interconnection structui@®@hakkottai and Srikant, 2006; Norton, 2003) he

Increase of large content sources and the increageeering trattic, the traditional
hierarchy no longer applies purely to the currenernet (Labovitz et al., 2009). The
more complex interconnection relationships maimglude two new interconnection
types; paid-peering and partial-transit (Clarklet2008).

2.2 Stakeholders

This section explains the different stakeholdenssatered in this work and their roles
in the content distribution market. The stakehadased in this work are content
provider, content maker, data centre provider,rivgeservice provider, Internet access
provider, Internet backbone provider, CDN, consyrsponsor, and advertiser.

= Content provider (CP) has a central database of content and distrilitutes
to consumers through different means of contenveigl. Mainly three
types of content providers exist:
1. Makes own content and distributes it.
2. Buys content from content makers and distributes it
3. Provides a platform for the content makers to ithiste their content
against a small fee or royalty.
= Content maker makes the content to be distributed. A contentenakn
be a separate actor or operate within the conteniger.
= Data centre provider rents server capacity to anyone who needs ihjig t
case the content provider.



= Internet service provider (ISP) offers Internet interconnectivity services
to clients and in this work an ISP can be divideo:i
1. Internet access provider (IAP)is the local network operator or Tier
2 operator (Norton, 2010a), which offers Interratreections to
consumers and content providers.
2. Internet backbone provider (IBP) is a full coverage network
provider or Tier 1 provider.
= Content Delivery Network Provider (CDN) is the actor offering CDN
services. CDN is an Internet overlay, which offedslitional value to the
basic Internet content delivery.
= Consumerin this work includes anyone who uses the contéfieted by
the content provider.
= Advertiser andsponsorare revenue sources for the content providers and
content makers. For compensation, the content geeosior content
makers embed adverts from these actors in thetenariThe main
difference between an advertiser and a sponsbaighe advertiser inserts
adverts only at the stage of distribution whilgarssor includes their
products or brand name already in the stage okobmiaking.

The search actors such as Google and Yahoo thahmequests to content are not
considered in this work for simplicity because tloay exist in any of the distribution
models and do not affect the traffic or monetagnsfers between the discussed
stakeholders.

2.3 Content Delivery Models

For a content provider trying to distribute confesgtveral models exist. The most basic
is the client-server that is employed in the bdsiernet. Cloud and CDN offer a
comprehensive package of services to the contenvidars in addition to the content
delivery. In addition, the P2P model and differeanichitectures of information
networking are also means of Internet content dejiv

Client-server

Currently, the basic Internet is mainly based oe @omputing system model; the
client-server model (Lewandowski, 1998). In thewtiserver model a server or a pool
of servers stores information and services andswassively for the clients to request
them. The client can be any consumer that reqeegices from the server.

The client-server model requires network componémtginction properly. These
network components are located between the cliext the server for structured
communication, i.e. the basic Internet interconinéygt structure. The servers and
clients connect to the Internet access providersy w turn connect to the Internet
backbone provider for connection to the whole meer These together with the
software used in the network form the basic Intem#astructure, which can be used
for content distribution.



Cloud

Cloud computing (Vaquero, Rodero-Merino, Caceres indner, 2009) is a service
for better and easier hardware and software managenClouds are pools of
virtualised resources such as software, hardwatesarvices that can be easily accessed.
The idea of the cloud is to move the infrastructioreahe network, which reduces the
costs of resource managements and offers bettabdits and flexibility.

The cloud offers mainly three services; Infrastooetas a Service (laaS), Platform
as a Service (PaaS) and Software as a Service )(SaasaS a hardware provider
virtualises its resources so that they can be spid assigned dynamically to the
customers. PaaS offers software platforms wheremgscan run on and the hardware
resources required for this service are allocated transparent manner. SaaS offers
software over the Internet as an on-demand sergité&ese cloud services are charged
with a pay per use model and the service leveleageats (SLAS) guarantee the quality
of service.

Content Delivery Network

A content delivery network offers still more comipeasive services than cloud

computing. The CDN was designed as an overlay protéhe basic Internet to provide

better content distribution services. Internet tayex are virtual topologies that reside
on top of the basic Internet and add value to tiberhet by, for example, guaranteeing
the data retrieval and offering load balancing (8Blaand O’Mahony, 2003). The value

added by a CDN are reliability of the network, reeld latencies for consumers, better
throughput and origin server load balancing (Vakalil Pallis, 2003).

The CDN structure does not differ much from theiba&nd-to-end connection;
only an additional stakeholder and network eleneatided into the basic network; the
CDN servers and network (Vakali and Pallis, 2003)is means that the connection is
no longer end-to-end, rather it is divided into t&eparate end-to-end connections:
between the client and the CDN and between the @D the content server. The
services CDNs offer are comprehensive — ranging fetorage and distribution to
hardware and software management — making contdivedy easier for the content
provider.

The CDNs’ business model is to build or rent neksoand to sell capacity.
Content providers pay the CDNs for the servicey thiger based on the amount of
traffic transferred. For the larger content prov&jea direct link is connected to the
CDN for transfer of content. The smaller conterdviders transfer data to the CDN
through an ISP.

Peer-to-Peer
Another overlay to the basic Internet is the peepder network (Schollmeier, 2002),
which consists of distributed resources connectgdhe network. It has the same
network components as the client-server model. drilg difference is that the clients
connected to the network can also act as serveeseah in the client-server model, the
roles of client and server are distinct.

Peer-to-peer networks have two architectures; tiie peer-to-peer and the hybrid
peer-to-peer network. The pure peer-to-peer netwlogs not have any central entity
that controls the communication. In addition, tleswork service level does not suffer



from a removal of one peer. The hybrid peer-to-pegwork, on the other hand, has a
central entity that controls the communication affdrs part of the services.

Information Networking

The current Internet was originally designed aswrlay to the telephone network and
has not had major architectural changes sincedgmbing. It is an end-to-end network
that connects two hosts wishing to communicate e#th other. The routing of packets
is based on the destination and source addregeeabsen et al., 2009) However, with
the increase of content sharing in the Internet, ¢brrent architecture has become
inefficient and new solutions are being developed.

Routing in the information networking concept isséad on what data is sought
instead of where the data is (Jacobsen et al.,)200% concept was first introduced by
Van Jacobsen in a presentation in Google Tech Taik&ugust 30th 2006 (Jacobsen,
2006), where he also identified the problems fdnethe old telephone network and the
current packet-switched Internet.

The information networking concept aims at reaclarsgalable and robust network,
where security and trust are identified as theuiest that need to be implemented into
the information networking design rather than agl-ads. The three reference
architectures are the CCN, PSIRP and NetInf. CCiNNetInf can work as overlays on
any kinds of network topology whereas PSIRP iseartlslate approach to replace the
Internet Protocol (IP) network.

The basic idea of information networking is that tretwork has cache servers that
cache data. The data moves freely in the netwookclblar standards on the existence of
origin servers have been defined yet. If originvees do exist, they would need less
capacity as the data requests do not have to alg@ays/ the origin server due to the
caches. This means cost savings for the conteridano

CCN was proposed by Jacobsen et al (2009) and watksan Interest and Data
packet pair. When Interest is expressed towardse sdetg, the request is flooded out
into the network and when it reaches someone whdhedata, the Data packet is sent
back. CCN can be thought of as the next step flwrpeer-to-peer topology. In CCN,
the data is in the network and can be stored ateamiy that it passes. Thus the
equivalent of routers may cache the data that passeugh it and next time the same
Interest is received, it can reply with the data.

NetIinf (Ahlgren and Vercellone, 2010) has a simitdga to the CCN concept; a
peer-to-peer network with caches within the netwadnkNetInf, the data is stored in
Information Objects (I0s) that can be located amgnehin the network. Each 10 has an
identifier and with that identifier the data canfband and routed to the requestor.

The PSIRP concept (Fotiou, Polyzos and Trosserd)28itns at building a clean-
slate Internet without taking anything as givenadiopts a publish/subscribe model,
where the power is within the receiver rather thaithe sender. The publishers are the
content providers that publish data into the nekwdhe subscribers express interest in
certain data and the network delivers this datdnéon when it becomes available. The
network has rendezvous points (RPs), where the himatcof subscriptions and
published data is done and forwarded. The pubtinathay be cached by intermediate
network components and when more than one subsctibehe data, the data is
multicasted to the subscribers.
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3. Two-sided Market Theory

Two-sided market theory is a relatively new brantleconomics theory compared to
classical economics that has existed for centdr@s the times of Adam Smith and
David Ricardo (Glanville, 2003; p. 5, 386). The taided market or two-sided network
effect is an economic theory that explains the el of firms in markets that exhibit
two-sidedness and is closely related to networkresdities (Parker and Van Alstyne,
2005). Most of the literature on two-sided markatsl network externalities is written
in the past two decades, the findings of which baldiscussed in this section.

3.1 Overview

Many markets exhibit two-sidedness, such as ankehavith complementary products.

For example, the razor and blades market is coresid® be two-sided, since the sales
of one product depend on the sales of the othesthm type of two-sided network is a

two-sided platform, which brings two customer smws$i together. For example, the
credit card industry is two-sided with credit carompanies acting as platforms and
offering services to merchants and card holdersvdvyer, even if a market exhibits

two-sidedness, it might not be a two-sided markeichet and Tirole (2003) defined

two-sided markets as:

Markets with two distinct sides that are interlidkand where not only
the overall price level matters but also the prataucture between the
two sides.

Thus typically, the pricing in a two-sided platforish skewed with one side charged
more than the other. According to Rochet and Tjrtte two-sided network effect is
about getting both sides of the platform on boarthe chicken-and-egg problem. Some
examples of two-sided markets that comply withaheve definition are listed in Table
1, where the asterisk sign (*) shows the side belragged less or even subsidised.

The basic literature on two-sided markets by, feameple, Rochet and Tirole
(2003), Armstrong (2006), Parker and Van Alstyn@0&) and Eisenmann et al. (2006)
has been written from the platform’s perspectivéneil papers concentrate on
describing the behaviour of some typical two-sigatforms as well as developing a
mathematical model for the pricing of a two-sidedrket. This section will describe the
basic concepts related to two-sided markets.

A platform, in computer science, refers to the bdsardware and software of a
computer’'s system and defines the principles orclwvlai computer operates (Pearsall,
1999; p. 1095). This definition is, however, onlgriy true in the two-sided market
literature. A platform is more broadly understo@daamarket place for the two sides of
the market to transact. For example, credit cardpamies provide a means of payment
transactions for merchants and consumers. EvansSahdalensee (2007) divided
platforms into four types: Exchanges, Advertisingysorted Media, Transaction
Systems and Software Platforms.



Table 1. Examples of two-sided markets. (Eisenmann, PaakdrVan Alstyne, 2006; Rochet and
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Tirole, 2003)
Market Platform Side 1 Side 2
PC Operating Windows, Macintosh Consumers Appllcatlon*
Systems Developers
. . Monster, *
Online Recruitment CareerBuilder Job Seekers Employers
Yellow Pages (':I'elepho_ne Consumers* Advertisers
ompanies
Web Search Google, Yahoo Searchers* Advertisers
Video Games Nintendo, PlayStation Players* Gamexs/dlbpers
Shopping Malls Shopping Malls Shoppers* Retailers
Credit Cards Visa, MasterCard Card Holders* Merthan
Real Estate Realtors Buyers* Sellers
Media TV, Newspapers Consumers* Advertisers

Rochet and Tirole (2003) divided the fees thatfptat charges from its two sides
into usage fees and membership fees. Usage fees tefthe per transaction fees
incurred by either side of the platform when a ggstul transaction occurs between the
two sides. For example, in the credit card businesage fees can be understood as the
royalty the merchants have to pay the credit cardpany each time a consumer makes
a purchase with a credit card. Membership feegherother hand, are fees charged for
belonging to a platform. Using the credit card eglemagain, the card holders, in other
words the consumers, pay a monthly or yearly fetheéocredit card company for being
able to use their credit cards.

The Rochet and Tirole (2003) paper mainly discusasage fees thus it
concentrates on prices charged by the platform perdransaction basis. However, the
mathematical model is extended to cover membeilfgleip as well. Armstrong (2006),
on the other hand, mainly assumes a pricing styabédixes prices rather than prices
per transaction. Despite the differences in pricstigtegies, both papers formed the
same pricing structure for the two sides. Both papenclude that the side, which is
less price sensitive, should be charged more tharsitle with higher price sensitivity.
Parker and Van Alstyne (2005) and Eisenmann e(2806) have reached a similar
conclusion without extensive mathematical modellingochet and Tirole also
concluded that the skewed pricing should be pradtlzy two-sided markets regardless
of the market structure, i.e. monopoly platformcompeting platform. The next two
sections explain the underlying reasoning why skeprcing is profitable and in what
kind of situations it can be used.
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3.2 Externalities

An externality in classical economics exists whanaativity affects a third party that
was not involved in the transaction (Glanville, 30(®. 622). Externalities can be
positive or negative: positive externalities areciagb benefits while negative
externalities are social costs. For example, whantipg a flower bush in the yard
brings joy to all the households in the neighboorhat is a positive externality. On the
other hand, if one of the neighbours is allergifiadavers, the planting of flowers will be
a negative externality. Positive externalities e ffield of communications are very
common and it is the main reason why two-sided metarlexist. Several types of
consumption externalities are discussed below (KatzShapiro, 1985).

A direct externality occurs when a consumer purebas product based on the
amount of other users using the same product. kample, consider a customer
wanting to start using a peer-to-peer file shamegwork. The amount of utility this
consumer derives from the network depends on howynmher users are on the
network. The utility users derive from a networllvee higher if the network is large
compared to a network with less users.

The size of the service network gives rise to iticonsumption externalities. For
example, a consumer buying a 3G mobile handsetbeilinterested in knowing how
many other users have 3G mobile handsets becaeseetiwork coverage, service
provision as well as post-purchase services tphiume itself depend on the amount of
existing users.

Related to service provision is the software priovisand complementary products
provision. When deciding on hardware, the consumarost likely going to choose the
one with more existing software developed for itths hardware would be useless
without the software.

All the above examples relate to the size of thistexy customer base, which is
defined as membership externality. To determined¢hevant networks of consumers, it
is important to know whether the different techigiés are compatible with each other.
For communications networks, if a subscriber of onetwork provider can
communicate with a subscriber from another netwodvider, the two networks can be
thought of as one network of consumers. This iscde at present in the telephone
network — telephone users from any network, beabite or land line, can call another
user in any other network. For hardware-softwareketa, the integration has not gone
that far yet. Usually software developed by one gany can only be used on that
company’s hardware (Cusumano, 2008), although soemce software is becoming
more common, which may lead to better compatibiitytechnology. In addition, the
size of service networks is usually restrainedrte service provider only. For example,
if you have a Sonetaonnection in Finland, your connection will onlyosk where
Sonera has coverage.

In addition, usage externalities (Rochet and Tjr@@06) determine how much a
service is used. For example, if a credit card éolbnefits from using the credit card
rather than cash when making a purchase, the nmrehaxerting a positive usage
externality by accepting the card as a payment ogketh

! Sonera is a Finnish operator and is registerederuriceliaSonera Finland Oyj in Finland.
http://www.sonera.fi/.
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The existence of externalities is the main reasby skewed pricing in two-sided
markets exists. Usually to attract the users on side, subsidies or discounts are
offered to them. Because the platforms have thigyato attract large amounts of users
on one side, they can charge the other side faadhess to this side.

3.3 Mathematical Model

Both Armstrong, and Rochet and Tirole have devaldpdependently a mathematical
model for two-sided market behaviour and pricingc&use the models are very similar
with minor differences in assumptions and notatiomly one of them is discussed in
this section: the Rochet and Tirole (2003) model.

Rochet and Tirole have attempted to prove the sédgwieing in two-sided markets
with different market structures and several margeternance forms. Their paper
started with monopoly platforms, which is furtheivided into privately owned
monopoly and a monopoly practicing Ramsey optimading. Monopoly is a market
structure with only one major player offering avéeg aiming at maximising profit
whereas a Ramsey optimal monopolist aims at maxigisocial welfare. A market
structure where many platforms compete for custemier discussed then. The
subcategories for competing platforms are propwyefdatforms and associations. In
addition, some modelling with symmetric and asymiogirices has been made. Based
on the monopoly and competing platforms modelliagyusiness model determinant
was concluded as well as some generalisation ofmibel into membership fees and
usage costs.

Some assumptions and terminology of the paper aaed here. In the paper,
interconnectivity of platform users are assumethéahe same regardless whether the
market structure is monopoly or competitive. Initidd, the demand for the platform
of the two sides is assumed to be log concave.tWhesides of the platform are called
seller and buyer even if the platform’s businesesdnot involve selling or buying.
Prices mentioned below will always be the pricearghd by the platform to the two
sides based on a per usage basis unless othetaied. SThe below explanations will
concentrate on the end results and the detaileemmdtical calculations are provided
in Appendix A.

3.3.1 Monopoly Platforms

Private Monopoly

A monopoly platform is shown in Figure 3. Only golatform connects the buyers and
sellers on the two sides. For example, the Applelieation store is a monopoly
platform for the Apple product users and the appion developers for Apple products.

[ Buyers ]———[ Platform ]———[ Sellers ]

Figure 3. Monopoly platform.

A private monopoly platform aims at maximising d@&n profit. It will choose a
price structure for buyer$’mnd sellers Pso as to maximise the profit function:
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n = (p° + p° -c) D°(p°) D¥(p"), 1)

where @ and D’ are the demand of buyers and sellers, respectiarty c is the
marginal cost the platform endures from each tretima

To maximise profit, the profit function has to barmlly differentiated in respect to
p® and p separately and then the two differential equatimesset to be equal.

pB(DB)

0B = — =5 (2)
pS(D%)’

0= — — (3)

Equations 2 and 3 show the price elasticities ohaled of buyers and sellers,
respectively, which measures the change in quadk#ynanded when the price is
changed (Glanville, 2003, p. 627). By inserting phiee elasticities of quasi-demand of
buyer and seller into the differential equationd aroving the terms around, Equation 4
is reached. It shows that the price structure mioaopoly platform is given by the ratio
of price elasticities of buyers’ and sellers’ demwhan

B
p |

T ST @

In addition, the total price level charged by thenmpoly platform p = H+ p° can
be given by the standard Lerner Index, Equatiori e let the total elasticity of the
two sides to be the sum of the elasticity of the sidesy = n® + n5. The Lerner index
gives the degree of monopoly power a company hasét, 1934).
p—c

1
=- (5)

p n
Ramsey Pricing
Under monopoly, a Ramsey monopolist also exists) wims at maximising social
welfare given the budget balance. Figure 3 alsavsitbhe market structure for Ramsey
pricing. Equation 6 gives the social welfare, whéfeandVS are the net surpluses of
buyer and seller, respectively, for an averagestation. The budget balance is
pB + p5 = ¢ because by definition economically efficient reseuallocation is reached
when the price equals marginal cost (Glanville, 200p. 130-131). Thus when
Equation 6 is partially differentiated under thedfet balance constraint and in respect

to p® andpS, social welfare is maximised.
W = V3(p>)DB(p®) + VE(p®)D%(p®) (6)
Cost allocative efficiency, or Pareto efficiency,reached when the social welfare

changes the same amount regardless of whetheritgeqgb buyer or seller is changed,;
in other words when no one in the platform can kaenbetter off without making
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someone else worse off (Glanville, 2003; p. 158ugl the partial differentials of social
welfare are set to be equal and after simplificgtipeld the Ramsey price structure for
cost allocative efficiency:

VS B VB S
5pF = 5 @

Ramsey pricing by definition means charging momnfrthe side with relatively

inelastic demand when a price is to be raised (Rgn927). From Equation 7 it can
be seen, that the price structure for Ramsey gyigralso dependent on the ratio of the
price elasticities of demand. Thus the mathematmabelling proves the Ramsey
pricing definition and that the Ramsey prices tak® consideration the average
surpluses created on the other side of the platform

3.3.2 Competing Platforms

Realistically no monopolies exist, thus Figure #4wgh a market structure where more
than one platform competes for the consumers. Thditccard industry is a good
example as consumers have credits cards from rharedne company and a merchant
usually accepts more than one credit card comparayts.

Platforn
[ Buyers Sellers ]
Platforrr

Figure 4. Competing platforms. ler

choose the same platform. The prices charged bycdmepeting plattorms can be
symmetric or asymmetric. When prices are symmetinie, platforms charge the same
prices and it can be paralleled to a monopoly ptatfby assuming joint ownership of
the competing platforms. When prices are asymmetre seller has three possibilities
regarding where to trade depending on its bertefjtfrom the transacting with a certain
platform.

The seller will not affiliate with any platform ifs benefit is smaller than the lowest
price charged by the cheapest platform. By assutthiagplatform 1 has a lower price
than platform 2, it can be said that when< p3, the seller will not trade on any
platform.

Sellers trade on both platforms, i.e. multihomethéir benefit is bigger than the
average price of additional demand when multihongngen by Equation 8, i.e. if
b® > b;,. Equation 8 is given assuming still that platfofimhas lower prices than
platform 2 and wherd? andd? are the demand for buyers for platform 1 and 2,
respectively, when the seller multihomes.

. p3d; —p3(DF —dP)

= 8
Y -0 -dD) ©
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When a seller’s benefit is larger than the lowastepbut lower than the average
price of additional demand when multihoming, théesewill only trade on the less
expensive platform. Using the above assumptionlaifiopm prices, the seller with type
pS < bS < by, will only trade on platform 1.

It is further assumed that when sellers affiliatéghwnultiple platforms, it is the
buyer that decides where the transaction takes plHte dependence of a buyer on a
certain seller is denoted by the buyer’'s singlemgmndex of platform i, Equation 9.
The singlehoming index measures a buyer's loyatiy flatform i, meaning the
proportion of buyers that will stop trading whemgibrm i ceases to exist. At the same
time, the singlehoming index measures the proporibuyers who will switch to a
new platform when the seller switches to anothatf@m.

d? +df — D}

c; = ; 1,j=1,2;i #j;0; € [0,1] 9)

dB ’
Proprietary Platform
Under competing platforms, two governance formstexiroprietary and associations.
Proprietary platforms are owned by companies tirat & the highest profit and the
structure is shown in Figure 4. This means thatppetary platforms may have
exclusive ownership over some assets (Kale, SimghRerimutter, 2000), from which
they gain competitive advantage and thus profit. &@mple, the video game console
makers have exclusive rights to promote and seif thwn consoles.

As with the monopoly case, to maximise profit, firefit function, Equation 10,
has to be differentiated partially first with resptop? and then t?.

m = (pf +p} —)Q (10)
By setting the two differentials to be equal, tbkowing equation is obtained:

00 _9Q_ G
pi  p: pf+p}—c’

(11)

whereQ, is the transaction volume for platform 1:

Q, = dB(p®)DS(by2) + DE(P®){DS(pf) — DS(by2)} whenp < p5  (12)
Q = dBdB(pB)DS(Bu) whenp$ < p? (13)

To find the differentials fof,, both Equation 12 and 13 should be differentiated
with respect t@? andp$ and set to equal. By inserting the result into &un 11 and
solving for the prices, the price structure foragietary platform is found:

p® p5 p® mg
P -
0

- —=—0 (14)

B S
pP+pf—c=
v s/ pS 7S
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The result is otherwise the same as in the monopabe, however, the buyer’s
price elasticity of demanda?, is replaced by the own-brand elasticity of demqﬁ’ldln
addition, the seller's demand elasticity, is replaced by an elasticity equivalent to the
own-brand elasticityy® /, which is dependent on the singlehoming index.

Associations

Association platforms, on the other hand, are owednembers of the platform and
run by the not-for-profit organisations shown ingliie 5. Prices charged to the
consumers of an association are set by the memiteles the access charges are set by
the platform. For example, the credit card compariga, is an association which is
owned by the issuing banks and the banks decidkreonsage fees (Visa, 2010).

[ Platforn ] [ Platform ]

| >

Member: ] [ Members

[ Buyers Sellers ]

Figure 5. Competition between associations.

Because the members compete with each other wéhoh platform and the
platform is not aiming at maximising profit, theqe level is set to equal the platform’s
total marginal cosp® + p{ = c + m, where m is the total margin on the downstream
markets. This price setting will maximise the volurthus the transaction volume
functions can be differentiated to gain the pritecdure as in the case of proprietary
platforms. The resulting price structure is als® same, Equation 14.

From the above modelling, it can be seen that theage monopoly’s and
competing platform’s pricing are not efficient. $hé because, the only efficient pricing
model is Ramsey pricing, which was determined thhoueconomic efficiency
conditions and all the other pricing models diffetheir forms from the Ramsey model.

3.3.3 Generalisations
This section explains the business model genetialisabased on the above
mathematical models. In addition, the membershgs fare taken into consideration in
this section and a generalised model for deterrgitie price structure of a two-sided
market is formulated.

Business model

A business model was concluded from the mathematiodels. The prices for buyers
and sellers always move in opposite directions,wlegen buyers’ prices go up, sellers’
prices drop, and the amount depends on their régpadtemand elasticities. When a
marquee buyer, i.e. a large and influential buigepresent, the seller prices rise as the
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marquee buyer increases the seller’s surplus framsécting on the platform. On the
other hand, when captive buyers are present, tler'seprice will fall because the

platform can charge more from the captive buyethaut losing them. Similarly, when

the buyer’s singlehoming index rises, the platf@an charge more from the buyers.

Membership fees

So far, the discussion has assumed membershipafeefixed usage costs to be non-
existent. However, the model can be extended terciinese as well. A new transaction
volume function has been defined to take into atersition the fixed usage co$?sand

y]B for platforms i and j, respectively:
N = Pr(UP > max(0, U)) = d?(p%, N3, p5, N3)
= Pr((b} —p)N} —c? -}
> max [O, (b —pP )N} — B — yﬂ
- NP = (NF,N5) = nP(pf, p3, p5, p3)

(15)

UB and U]-B in Equation 15 give the net utility for buyers phatforms i and |,

respectively. By using the new transaction volumnecfion, a new profit function can
be formulated:

m = (p? + p{ — )NPN? (16)

By differentiating the new profit function just 8kin the previous governance forms,
the price structure that takes into consideratigadf costs is obtained and shown in
Equation 17.

pB _ p> R i: o 17)
ne(L+ny) nS+nB(1+nd) pS nS+ng

pP+p’—c=

Equation 17 shows that the price structure is deégeinon the ratios of elasticities.
On the buyer’s side, the own-brand elasticity isdusThe difference from previous
results is on the seller’s side, where insteadeofi@hd elasticity or own-brand elasticity,
a combination of own-brand elasticity and crosstetdy of buyer demand is used.

3.4 Conclusion

It can be concluded from the above discussions skewved pricing is profitable for
two-sided markets. Here it will be illustrated witho figures, Figure 6 and Figure 7.
Figure 6 shows the normal pricing policies, wheoéhtsides of the market are charged
a price so that the quantity demanded on one satehmas the quantity demanded on the
other side. The revenue in this case is maximisedraitely by both sides and is shown
by the blue areas.

As a result of lowering side 1's price from pl tb,ghe quantity demand for side
1's services has grown. This has lead to side @mahd growing, which is shown in
Figure 7 as a shift of the demand curve to thetrigigure 7 also shows the new
revenues of both sides. On side 1, the red arezsepts the new revenue and the
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chequered blue area is the revenue lost due tdothiered price. On side 2, the
chequered blue area is the same as in Figure éhanméd area represents the additional
revenue gained from the rising demand and the patigrrising price.
Whether revenue is gained or lost due to skewezingridepends on the elasticities
of the two sides; in other words, the slope ofdeenand curves in Figure 6 and Figure
7. In addition, the decision to raise the sidei2epalso depends on the elasticity of the
side 2 demand curve, so that the maximum combiesdnue from both sides is
obtained. Given that the revenue is higher andnasguthat the marginal cost of the
services stays the same, the profit will be maxaahis

Side 1 demand

Price

pl
D1
ql Quantity

Figure 6. Normal pricing.

Side 1 demand

Price

gl gl Quantity
—

Figure 7. Skewed pricing.
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The theory did not only change the pricing struetoi two-sided markets but it has
also affected the policy makers. Wright (2004) geused eight fallacies about two-
sided markets that come from one-sided regulaténs policies. These fallacies deal
with efficiency questions and anti-trust considera as well as fairness of pricing. The
most important findings that two-sided market tlyeoffers policy makers are that
charging one side of the market below marginal dogts not necessarily compromise

market efficiency and that an increase in competithay not necessarily lead to a more
efficient price structure.
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4. Interviews

In this work, expert interviews are conducted tepkn the knowledge of the content
delivery market. This section explains the intemwiprocedure including the schedule
and the number of interviewees. In addition, testion also presents the results of the
interviews.

4.1 Procedure

When doing an interview, mainly three formats canchosen: fully-structured, semi-
structured and unstructured interviews (Robson,2R0Gully-structured interviews
follow a predetermined list of questions in the datermined order. Usually the
questions use specific wording that is not changiding interviews. The
predetermined list of questions in semi-structurgdrviews acts as a guideline only,
the order and the wording of the questions maylteeeal depending on the situation. In
addition, questions may be omitted or added toebedtiit each interviewee. An
unstructured interview can be quite informal and tonversation can develop freely
within the interest area.

This work employs semi-structured interviews arlgtaof the interview questions
iIs shown in Appendix B. The interview questions drgded according to three fields
of expertise; the content providers, the Interrevise providers and the data centre
providers. From each field two interviewees areeceld. In addition, two more
interviewees from the education sector are interga for general information on the
current Internet structure and the information meking functionalities. Thus
altogether 8 interviewees are interviewed and they listed in Table 2 with their
current job title. Table 2 also presents the nameen to each interviewee for
referencing purposed in the text below.

Table 2. Table of interviewees.

Field of expertise Position in company Referencing
Content provider CEO CP1
Content provider Head of Technology CP2
Internet Service Provider Technology Director ISP1
Internet Service Provider E;(;]\éicBeusPirneesSigeSé\?élggr?]teer%y ISP2
Data Centre Provider CEO DCP1
Data Centre Provider Head of Services DCP2
General Information on Senior Research Scientist EDU1

Internet

Information Networking Professor EDU2
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The chosen content providers both offer video siieg as their main content
service, though CP2 also offers other Interneteandn a smaller scale. CP2 is a large
provider, which provides the mainstream videos &GPl is a start-up and aims at
catching niche markets. The smaller company doésonly offer streaming of old
videos but also live streaming of sports games.

Both Internet service providers are Internet baokbroviders internationally.
Nationally, they also offer Internet access sesickSP1l mainly offers services to
corporations such as content providers. In additoath ISPs offer either web hosting
services or CDN services.

CDP2 in the data centre category was an actual ahatee provider while DCP1
offers networking services and Internet data sgcsaolutions. However, DCP1 owns a
web hosting company.

The interviews were conducted over a four-weekagaem the spring of 2010 with
most of the interviews during one week and a feattsced interviews during other
weeks. Each of the interviews was estimated toftasapproximately an hour. At the
beginning of each interview, a short presentatibthe aims of this work was presented
to the interviewees for their better understandaigthe work and to obtain more
relevant answers.

4.2 Results

Because a semi-structured interview was chosernrttex of the questions was changed
quite freely in the interview situations to bettenit the conversation flow. The
estimated time for each interview was an hour.elality, the interviews took from 45
minutes to 1.5 hours. This section presents a suynofahe interview results, which
are divided according to the topics discussed @ ititerviews: content distribution
models, stakeholder cost types, future of conteistridution and information
networking.

4.2.1 Features of Content Distribution Models

In the interviews, the different content distrilmuti models used and considered are
discussed. In addition, the features of each magbpreciated or disliked by each
stakeholder are explained.

The content providers have considered CDN, thaenieBerver model and cloud as
the alternatives for content distribution. In thmeleboth companies have chosen to use a
combination of CDNs and client-server with theirrowr leased servers. The CDNs
play a small part and is only used for live streagnor where large traffic amounts are
expected. The CDN companies that are in use or heen used are Level 3,
TeliaSonera and Akamai. Leased and private searershe main method for content
storage and local ISPs are used for content disipil.

The most important feature of any content provsl@trrent distribution setup is
cost efficiency. The next most important features acalability and reliability.
Flexibility and fast distribution of content are tae bottom of the list. In addition, a
very important feature for the smaller provider ICRvith regard to CDNs or leasing
servers is the lack of investment upfront.

As the content provider’s decision of distributioodel was based on the costs of
each model and the client-server model with eithercontent provider's own, rented or
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leased servers is the first choice of content pleng, it can be concluded that the client-
server model is the most cost efficient choice frdme considered models. From
Norton’s (2008) calculations, it can also be sd&t excluding peer-to-peer, the hybrid
transit/peering, i.e. client-server, model is thestrcost effective for mid to large scale
content providers. In addition, reliability and geaphical coverage are considered as
criteria for choosing the content distribution miodehe client-server model is quite
reliable as the content provider has total contowkr one’'s own servers and
maintenance, which guarantees the service availabBecause in the client-server
model the content distribution can be handled loalldnternet service providers, the
delay and inefficiency due to geographical distang®y not a problem as ISPs are
everywhere.

When the content provider gains more users, sddjabecomes a problem for the
client-server model. This is why the content prev&dwhen they grow bigger also buy
services from the CDN for the most popular cont8calability thus is the main selling
point for CDNs.

A drawback for the CDN service is its high priceairever, the prices of CDNs are
falling and the content providers seem to be happly the current price vs. quality
ratio of CDNs. Another disadvantage of CDNs is gapbical coverage as CDNs do
not have service offerings everywhere in the wdflok. example, in Asia, CDNs do not
have proper coverage [CP1].

Some other features that are missing from the C3Bw/ice include mobile device
enabled protocols, storage of different mobile devifile extensions and user
identification, which directly relate to copyrigptotection [CP1]. For example, now
copyright is protected by geographical regions; esatontent can only be accessed
within Finland. If every user can be identified pgdght can be better protected. The
copyright protection is now left to the responsipilof content makers and if the
content makers do not obey copyright laws, theg ¢@&n be banned from using the
content providers’ service.

From an ISP’s perspective, it does matter whichtertrdistribution model is used.
The client-server traffic does not strain the bagléd network as much as the access
network because according to ISP1, the growth Bhef traffic has slowed to 10% in
2009 due to the increase of video traffic whilerst-traffic has grown by 300%. On the
other hand, CDNs and large server hotels caused tmaffic load around them, which
means they should be placed close to consumers. ri&Rive cloud traffic as transit
traffic, or over peering networks, and pass thaffitr along so it is just like any other
type of traffic.

4.2.2 Stakeholder Costs

An important topic of the interviews is the costpag the different groups of
interviewees face regarding content distributionisSection summarises these costs for
each group.

The main costs the content providers face arigae ftee traffic amount, i.e. Internet
connectivity costs and streaming. In addition, Ci2Ns and server rents also comprise
a large part of the costs. Encoding and other swéiwcosts, human expertise and
infrastructure are also a significant part of thetestructure.

An ISP incurs most of its costs by offering netwodpacity. The costs of building
the physical backbone network are quite signifidantan ISP. In addition, ISPs bare
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costs from transit and peering agreements. Powgsutoption is also a large expense
for ISPs, especially those that offer CDN or welsting services. Some minor costs
arise from customer billing and marketing, etc.

The data centres incur the largest costs from strnature building and
maintenance. These include office and server palte, air conditioning for servers and
Internet connectivity. Some other costs includeorimiation and communication
technologies (ICT) such as firewalls and operasiggtems as well as human capital. In
addition, 18% of ICT sector’s power consumptiorthia world is caused by data centres
(European Commission, 2010) thus energy is a nsgarce of costs. Hardware costs
are no longer a major cost source because thegstoegacity costs are falling.

4.2.3 Content Distribution Market Prospects

The interviewees also talked about the currentardndistribution market situation and
based on it discussed the future of the marketsd@Hadings are presented in this
section.

ISP1 offers web hosting services, which solely emiate on renting servers and
server maintenance. The web hosting sector of dhgany grows twice as fast as the
rest of the company thus they have also consideeedming a CDN. At the moment,
they also rent servers and sell Internet capaoitCDNs. CDNs mainly pay ISP1 a
fixed monthly rate but they can also be chargedHertraffic amount transferred.

The current network keeps growing as the amounbformation grows and the
capacity needs are also growing [EDUL1], requiriagtér Internet connections and
cables. From the current cables only a small péagencan be used to transport traffic
at the speed of 100 gigabytes/s. Thus when theiqaiysottleneck is reached, the old
cables have to be replaced with new ones that @@manodate the higher speed traffic.
Due to this reason, the network capacity cannop kg®wing endlessly, and other
solutions have to be implemented.

According to the ISPs, the Internet is developing ia video or media network.
CDN is now a major player in the content distribatibusiness and the interviewees
believe that without CDN the current Internet woblalve died already due to lack of
capacity. However, the current CDN is not enoughkatisfy the needs with the current
development trend. The current capacity is not ghda watch unicast Internet TV and
because multicast is not available to all the coress, the current CDN model has to
change to accommodate the demand growth. Alteedgitid proper P2P system with
supernodes could be developed or common anycastastés could be agreed on [ISP1].

In addition, ISP1 believes that Google Net will dkeaway from the current
Internet within this decade because the Interneitdi it and filters its services. It
already has the infrastructure available for banggparate network; i.e. mail servers,
domain name servers, etc.

4.2.4 Information Networking
Following the future of the market discussion dre guestions relating to caching and
information networking. The following findings aneade.

ISPs do not do caching; however, the option of iwachs under consideration. In
addition, ISPs are interested in investing in nekwsupernodes for caching data
because it would reduce capacity requirements enbttkbone. Caching used to be
more popular with ISPs before but because the nbmedynamic and becomes stale
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quickly, caching soon became less popular. In amgitadvertising now tends to be
personalised, thus ads cached with the trafficofee user is not valid for another user.
Dynamic content is also a challenge for informatetworking.

It will take time before the majority of routersugacaching capabilities. However,
the development is going in the direction of a ctetgpsemantic network. Take, for
example, the Cisco UCS (Cisco, 2010b) that instafisle servers into its routers. The
blade servers cache content closer to the consuinersnore efficient and feasible and
is a step in the right direction.

On an abstract level, information networking isibaléy a network with CDN
servers everywhere. This gives rise to the questiogther it is enough for Akamai or
another large CDN to locate its servers within el#dh or is having caching capability
on every router really needed [EDUZ2]. Informatigtworking can also be compared to
a data cloud network, which covers the whole Irgern

The content providers think that information netkog is a good idea if it leads to
cost savings. In addition, they think that the cayaequirements at the origin server of
the content can be lowered if information netwogkia really in use. However, they
raised a few challenges that have to be addressidebthe network is viable. Live
video streaming with P2P is challenging becausesthece may stop seeding at any
time. Because information networking is similaiP®P, the same problems can arise. In
addition, because the content is cached withinngte/ork, anyone who has access to
the network can view the content. This may caus&robissues to arise, such as
copyright infringements.

On the other hand, the information networking systeould be more self-
controlling thus requiring less network managem@&hie concept sounds like a smart
idea and it has already been used by AppleTalk evieaich network component is
accessed by its name and not address (Kosiur, 2003)

Despite all the talk about the Internet growing ahd need for new solutions,
DCP1 has not received any signs from the markethenneed for a system like
information networking even though they are in tiedworking business. Thus it may
take ten years for the concept to be widely demloyiewould seem that the network is
going in the general direction of information netiwog but it will be slow. Some
issues have been raised: how will the routers conmcate with each other? In addition,
the possibility that no common standard is providad manufacturers have their own
standards exists, which leads to routers not baiodg to communicate with each other.
This was a problem when the current Internet wagemented.

DCP2 believes that information networking can bthleothreat and an opportunity
depending on how the company reacts to the chargghnology itself is neither bad
nor good; it is only a tool for making business.n@panies also follow the Darwinian
law of evolution. If a company can adapt to theiemmental and technical changes
and make use of the new ideas, it will prosperetise it will die away.
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5. Value Networks of Content Delivery Models

A major part of the Internet is content sharing andny architectural solutions for
content delivery exist. From the five content digition models discussed in Section
2.3, the client-server model, Content Delivery Nateg and information networking
are examined in this section by analysing theitscaad modelling their value networks.
Peer-to-peer and cloud are also alternatives fotecd distribution but they are not
widely used by content providers based on the viger, therefore they are not
discussed in this section. The information on vateévorks and costs are based on
public information as well as interviews. The nesections will follow the general
structure of first explaining the value networkfaftic, monetary and intangible flows
and then explain the weighted arrows separatelgtly,athe cost a content provider
faces in each content distribution model is disedss

5.1 Value Network Notation

The value network notation used in this work isiveEd from Allee’s (2000a) Three
Currencies of Value. Allee’s value network configion defines three key value
exchanges or currencies:

1. Goods, Services and Revenue (Actual goods or &snand the monetary
payments).

2. Knowledge (Strategic information, planning and s knowledge,
technical know-how, etc).

3. Intangible Benefits (Customer loyalty, sense of pmmity, image
enhancement, co-branding opportunity).

In addition, Zhao (2008) has adopted a modifie@gatisation of value exchanges
to better fit the networking context in his work mbile Internet:

1. Services and Goods
2. Monetary Benefit
3. Intangible Benefits (Attention, loyalty, informatip

This work adopts the basic idea of Allee’s confagion but with a few
modifications based on Zhao’s configuration to dresiit the context of this study. The
currency names used in this work are listed andbexgd below.

1. Traffic Transfer
2. Monetary Transfer
3. Intangible Benefits
i. 11: Brand recognition
ii. 12: Loyalty
iii. 13: Information

The biggest difference from the previous configiorat is the first value exchange.
The goods and services offered in Internet cordesttibution is Internet content, which
is transferred as Internet traffic. Consumers,hl@ndther hand, produce Internet traffic
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when requesting Internet content. Thus the firesiev@xchange is named traffic transfer
and each traffic transfer shows the physical liakngen two stakeholders.

Because the value network in this work shows tlearteal connectivity between
stakeholders, process knowledge transfers do msit &x addition, the revenue received
by each stakeholder does not fit into traffic tfansthus the second currency is called
monetary transfer similarly to Zhao’s monetary dgne

The last currency in this work is also called imgfitare benefits. Allee (2000b)
divides intangible benefits into six subcategoriésisiness relationships, human
competence, internal structures, social citizenshmvironmental health and corporate
identity. Trust between stakeholders is part ofrfess relationships and thus one of the
intangibles in this work is loyalty. Zhao includesand recognition within loyalty while
attention is used to describe the benefit receivech advertising. However, in this
work brand recognition replaces attention becauaedorecognition is the consequence
of increased attention. According to Allee’'s (200&finition of intangibles, an
intangible benefit can arise from converting a thlegvalue input into non-financial
assets. Thus gathered information is the third ngitde benefit because usage
information may, for example, increase the level noérketing competence of a
company.

5.2 Client-Server Model

To use the client-server model for content distitoy content providers rent or
purchase servers for storing the content and coesumaccess the contents by
requesting them from the servers. The completesviaiiwork with weighted traffic and
monetary transfer arrows for the client-server nhaglshown in Figure 8. The possible
peering agreements between IAPs are not showreindlue network because they are
not considered in this work.

Content provider resides on the server side. Timteod provider’s internal value
network is shown within the dotted box in Figurelt8shows that the content makers
may not be the content providers. When content make not distribute content
themselves, a one-way traffic flow from the conterdgker to the content provider is
shown. A two-way monetary transfer between the G the content maker exists
because the content maker may pay the contentdao¥or the distribution service
while the content provider forwards the consumegsitent fees to the content makers.

For data storage, the content provider can eitherhyase own servers or rent server
capacity from the data centre provider, thus a raogetransfer from the content
provider to the data centre provider is drawn alfedcentres are used, a traffic transfer is
drawn from the content provider to the server.dditon, the data centre provider can
also provide some usage information and other sesvio the content provider, which
is shown as a transfer of 12 in Figure 8. Otheangible benefits between the content
provider and the data centre provider are trust r@hdbility related benefits in the
relationship or partnership, i.e. loyalty showrl&s

For distribution when using own server, the CP’s\@ervers are connected to the
Internet through the Internet access provider &ednternet backbone provider, thus a
monetary transfer from the content provider boxhe IAP is shown. The IAP then
pays the IBP for the backbone connectivity, whighown as a monetary transfer from
the IAP to IBP in Figure 8. The data centres haaekbone access in their premises and
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part of this capacity is allocated to the serverged to a CP. The data centres pay the
Internet backbone provider for the backbone acessshown in Figure 8 by the
monetary and traffic transfers directly from the & to the IBP.

On the client side, the consumer connects to ttexrat through an IAP, which is
connected to the IBP. Thus the consumer pays tRe Which in turn pays the IBP for
the Internet access. In the own server’s case, eoonsumer requests content from
the content provider, it first sends the requests@wn IAP. If the consumer’s IAP is
the same as the content provider's IAP, the reqoastbe directly forwarded to the
content servers. If the consumer’s IAP does noehdixect connection to the servers,
the request is forwarded through the IBP to theemnprovider's IAP. In the case of
rented servers, the request traffic from consumeum 2 goes through the backbone
directly to the data centre provider. After thevees receive the content request, a reply
with the content is sent back to the consumer. Thishown as the traffic transfers
between the consumer and IAP, the IAP and IBPJAlReand the server, and the IBP
and the server in Figure 8. In addition, a possibtmey transfer from the consumer to
the content provider for the content exists.

In addition, the content provider may have oth&enelie sources than content fees
such as the advertising revenue model and spongsrdh the advertising case, the
advertisers pay the CP for putting adverts on trment, which is shown as a monetary
transfer from the advertiser to the CP. The transf¢ehe adverts to the CP is shown as
the traffic transfer. In addition, advertisers iigeean intangible benefit 11, which stems
from the increased publicity when consumers seadverts. The sponsors usually deal
with the content makers instead of directly witle ttontent providers. The content
makers get sponsorships from companies and theroptovider may either get its
revenue from sharing the sponsorship or throughecdrdistribution fees. The benefit
for the sponsors is the same as for the advertigergublicity and brand recognition.
Though publicity arises from consumers, for simpfiof the value networks, this
intangible benefit originates from the content pdev and content makers.

Weighted Value Network

In Figure 8, the thickness of the transfer lingge@sents the amount of traffic or money
transfers thus lines with the same thickness reptethe same amount of traffic. The
money transferred for the service always has theestickness as the corresponding
traffic transfer’'s arrow. The monetary transfervitn the content provider and the
content maker is not weighted because the amoy@ndis on the charging principles
used between the two and not on network architestun addition, the traffic amount

from the advertiser to the content provider is ma&ighted because the adverts are
transferred to the content provider and storechairtservers thus the traffic amount
from the advertiser does not depend on the amduwdrdent users.

When using the data centre service, the traffiszvbeh the content maker and
content provider and between the content providel the data centre has the same
thickness, which means that all the content thetettnmaker sends to the content
provider is forwarded to the rented servers indai centre’s premises. In addition, the
traffic between the CP box and the Internet backhmovider, the IBP and the Internet
access provider 2 and between the IAP2 and theuwers group 2 are equally large.
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This means that when the consumers in group 2 ségjwata, it is all forwarded
through the Internet access provider 2 to the metebackbone provider, who then
requests the data from the data centre. The rezflidsita is returned through the same
path. It is not important and cannot be known weetthe traffic from the content
provider to the data centre or the traffic betwden CP box and the Internet backbone
provider are the same, thus the traffic betweerClRéoox and the IBP is assumed to be
thicker in Figure 8 for easier comparison betweamtent distribution models.

In the value network, the consumer group 1 reptebenconsumers who are on the
same access network as the content provider wieleansumer group 2 consists of all
the consumers on a different access network tharcdhtent provider and thus needs
backbone connections to reach the content. Duleigad¢ason, the consumer group 2 is
assumed to be larger than consumer group 1. Bea#uee size difference in the
consumer groups, the traffic amount also is difiererom the weighted value network,
it can be seen that the consumer group 1 hasréfis than the consumer group 2. This
also means that the consumers in group 1 as a gaufess than the consumer group 2.
However, it is presumed that individually each aoner pays approximately the same
amount.

When the content provider uses its own servetthallcontent is delivered through
the content provider's own Internet access providsrcan be seen from Figure 8, most
traffic traverses between the content provider &od its Internet access provider. This
is because both the consumers 1's and 2’s reqaedtsontent transfers go through the
Internet access provider 1.

Because the monetary transfer between the act@ande on the corresponding
traffic amount between each actor, the greatestetaoy transfer is from the content
provider to its own Internet access provider (IAPh)e smallest monetary transfers are
the fees consumers 1 pay IAP1 and the content geowlue to its small size of
population. Consumers 2’s payment transfer to Afe2land the content provider are
the same thickness as the amount of traffic it ggae and content it uses. Because the
IAP2 forwards all the traffic consumers 2 gener#te, monetary transfer between the
IAP2 and the Internet backbone provider is the saime as the consumers 2’s fee to
IAP2. Depending on whether rented or the CP’s oervess are use, the monetary
transfer from the data centre and the IAP1 to titerhet backbone provider has the
same volume compared with each other and with dmswmers 2's fee to IAP2. The
monetary transfer from the content provider to tlaga centre for the rented server
capacity and Internet backbone access correspanttstcontent amount stored and
transferred and thus is thicker than the traffamsfer from the content provider to the
data centre.

The size of the intangible benefits 11 and 12 delseon the consumer’s population
size. 12 is only affected by the size of consunggmip 2 whereas |1 is affected by both
the consumers 1 and the consumers 2. Therefosethitkness is the same as the traffic
between the content provider and the Internet acpssvider 1. 12’s thickness is then
equal to the traffic amount going through the Inétrbackbone provider from the
consumers 2 to the data centre. The monetary &andfom the sponsors and
advertisers correspond to the size of their intalegbenefits and hence the arrows have
equal thickness. 13's size, however, cannot bergheted because the reliability, quality
and other guarantees depends on the two comparddgbeir mutual relations.
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Costs

The types of costs a content provider faces whenguhe client-server model are
discussed in this section. The list is compriseskdaon the interviews, the summary of
which is shown in the previous section. The copesyvary depending on whether the
content provider’s operation is large scale or allnbusiness.

For large content providers, the main costs ariem fthe large amount of traffic.
The amount of traffic requires fast Internet corimexs and large capacity, which is
costly. Besides a large amount of traffic, the eahtdata amount stored is also great.
This requires vast server capacity and becausega @ntent provider may have the
benefit of economies of scale, they tend to buhkirtown server systems. In addition,
the larger the content amount, the more encodinth@fcontents into a compatible
format is required. For reliability and better afsales service, larger content providers
tend to use proprietary software or program th&m software rather than use open
source firmware. The server maintenance, licensgs fand programming costs
contribute to the overall expenses.

A smaller content provider often leases serversthnsl the renting cost forms a big
part of their cost structure. In addition, the tntt connection and other infrastructure
investments may become a major expense. Howewversahver leasers also tend to
offer network connectivity, which lessens the ChR&ed for a high speed Internet
connection. In addition, smaller content provideray not have much capital and they
tend to use open source software, which cuts cBstsoding costs are also faced by the
smaller content provider; however, because the atmafudata and traffic is smaller, the
proportion of encoding costs with respect to thaltoosts is smaller.

When the content provider is also the content makeme costs arise from
producing the content. On the other hand, if th&teat provider does not make its own
content and distributes content with copyright petibn, the right for distribution has to
be bought from the owner. Marketing costs may ifisentent providers advertise their
services. In addition, all content providers hawgpmyees, to whom a salary has to be
paid, which incurs human capital expenses.

5.3 Content Delivery Networks

The CDN market currently has over twenty pure-gId3N providers in addition to the
telecommunications operators and carriers that abpetheir own CDNs (Rayburn,
2010). The value network for a content providemgsihe CDN service is shown in
Figure 9. Similarly to the client-server model, twntent makers may not be the same
as the content providers. The revenue models far && also the same as in the client-
server model with advertising, sponsorships anochftiee content and its distribution.

When the content provider uses a CDN, the sameptgsible ways to store data
exist as in the client-server model, i.e. usinyeer the CP owns or rented servers from
the data centre provider. A CP may choose to uie ®®N and the basic Internet for
content distribution, where the less delay serssitiontent is distributed through the IBP.
This is also shown in Figure 9. However, here dhly traffic caused by the CDN is
discussed as the rest of the value network isaheesas in the client-server model.

To connect to the CDN, the CP can connect via dhdAhave a direct link to the
CDN's servers. The content provider pays the CDINcmtent caching and distribution
thus a monetary transfer is drawn from the conpeavider box to the CDN in either



32

case. If an IAP is used, the content provider ghgslAP for the Internet access, thus
both a monetary and data transfer are drawn fractmtent provider to the IAP. The
IAP then forwards the content to the CDN. If thelCbas a direct link to the content
provider, an actual data transfer directly from toatent provider to the CDN exists.
Only one traffic line is drawn from the CP box ®tCDN because it is insignificant to
know whether the content is stored within the datatre or the CP’s own servers.

For consumers, the CDN does not change the flowaffic and payments. The
consumer still sends content requests to its ow dAd pays both the IAP for Internet
access and the content provider for the conterg. difierence is with the consumer’s
IAP, which forwards the request directly to the Ciidtead of the IBP. The CDN
replies to the IAP without asking the content pdevifor the content if the requested
content is cached at the CDN. If no cache for thh@ent is found, the CDN will request
it from the CP as in the client-server model. ¥ tonsumer uses the same IAP as the
content provider, the IAP can directly request tta from the content provider
without going through the CDN.

For the whole Internet interconnectivity, a mongtémansfer from the IAP’s is
received by the IBP. Lastly, intangible benefitsyniee flowing between the content
provider and the CDN, for example, in the form s&ge information.

Weighted Value Network

Similarly to the client-server model, the thickneéshe arrows represents the volume
of each transfer. The volumes of the monetary femssare also equal to the
corresponding traffic transfer's volume. The mongtaansfer between the content
maker and the content provider, the traffic frora #dvertiser to the content provider
and the intangible benefit I3 are not considerethis analysis for the same reasons as
in the client-server model.

Because all of the content that the content pravgisharing is sent to the CDN for
distribution, the arrows from the content maketht® content provider, from the content
provider to the CDN or data centre and from the 1AB the CDN have the same
thickness. The monetary transfer from the conteowigder to the CDN depends on the
amount of data transferred through the CDN thusnbeetary transfer is thicker than
the traffic transfer between CP and CDN. In additithe usage information transfer
from the CDN or data centre to the CP depends emmmount of traffic requested from
the CDN or data centre and thus the 12 transfewarrhave the same thickness as the
content request traffic transfers.

The traffic flow through the Internet backbone igtg similar to the client-server
case. However, because the Internet backbone & ardy by consumers with high
tolerance of latency, the traffic volume is smallean the traffic volume through the
CDN. This also leads to the volumes of monetargdiers into the Internet backbone
provider to be smaller than into the CDN from boflthe Internet access provider and
the CP box. As a consequence, the monetary trafisfarthe content provider to the
data centre provider is thinner than in the clestver case. In addition, usage
information transfer from the data centre to thei€Bmaller. The red lines in Figure 9
shows the lines that have become thinner compar#uetclient-server model due to the
usage of a CDN. However, whether CDN is a feasibelel for CPs depends on the
difference between the amount paid to the CDN hadiecrease in payments to ISPs.
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If the payments to CDN exceed the decrease in patgie ISPs, CPs incur more costs
with CDN and thus it is not a feasible model finatg.

The traffic transfer from the content provider APL is thinner than in the client-
server case because the traffic transferred thrdlighinternet backbone provider is
smaller. However, the traffic between CP and IA®1hicker than the combined traffic
between IAP1 and IBP, and IAP1 and consumer grolyechuse traffic to the CDN
may also be transferred through IAP1. The mondtansfer between CP and IAP1 has
the same thickness as the corresponding trafinstea.

The traffic and monetary transfers between the ¢wosumer groups and their
Internet access providers are the same as in ig@-skerver model because the access
operators’ network size does not depend on thesobuistribution model.

Costs

The costs faced by content providers that use C&yblsliscussed in this section. Just as
for the client-server model, the references fordbsts are the interview results in the
previous section. When CDN is used, it does ndiyreaatter if the content provider is
large or small: the cost structure is the same.

As distribution costs are the greatest expensesoiatent providers, the fees paid to
CDNs are the main contributor to the overall cof#scause the CDNs handle the
content distribution, content providers do not hawéake care of encoding, which cuts
expenses. In addition, the content provider's heercapacity does not have to be
considerable because the traffic amount betweenAReand CP is smaller due to the
CDN. All these cost savings are reflected thelh@&@DN service prices.

The rest of the costs are the same as in the d@ner model. Infrastructure is
needed, to a lesser extent, even if the actuakobmwlistribution is not handled by the
content provider. Content still has to be produaed managed thus the same software,
human capital and hardware costs exist. The degdlopntent has to be marketed and
the distribution right has to be bought from theyaght owners.

5.4 Information Networking

Out of the three information networking architeesirthe CCN architecture is designed
as an overlay to the basic IP network and can ke dmmpared with CDNs. Thus the
CCN’s value network is produced in this section ahdwn in Figure 10.

The value network of the CCN is practically the saas for the client-server model.
The traffic and monetary transfers all stay the esaam well apart from changes in
thickness. The only difference is the addition aicle servers located within the
Internet access providers, the Internet backbooeiger and the network. Due to these
cache servers, not all requests go all the walgdatigin server of the content but may
be answered already by one of the caches.

When the content is first requested, the IAP anB fBrward the request to the
content provider and the content is replied frorihezi the content provider's own
servers or rented servers. When the content flowmigh the Internet access provider,
the Internet access provider’'s cache server sthresontent for the predetermined time
period, after which it is deleted. The same caclpracess is done by all the caching
servers that the content passes en route to tlseicar. The next time the same content
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is requested, one of the cache servers may dinesgily to the consumers if the validity
period has not expired.

In addition, in CCN, the consumers may act as seraed send each other the
content requested. However, this is not shown gufé 10 as all this traffic would still
go through the Internet access provider and mayee #rough the backbone network.

Weighted Value Network

The weighted traffic is mainly the same as with ¢hent-server model with only a few
differences shown as red lines in Figure 10. Th& filifference is the traffic transfer
between the content provider and IAP1, which hassdme thickness as the amount of
content produced in the CCN model and not the siutimeotwo traffic transfers between
consumers and IAPs. This is because once all thiewbhas gone through IAP1 once,
the content are stored in the cache server andeseial the rest of the requests directly
from the cache.

As a result of lower traffic between the IAP1 armhtent provider, the content
provider also pays less to IAP1 for Internet accas$igure 10 this can be seen from
the thickness of the monetary transfer, which ishask as the traffic transfer between
IAP1 and the content provider.

The second difference is the amount of traffic gaimrough the Internet backbone
provider. Due to the cache servers, the trafficngaihrough the IBP has the same
thickness as the amount of content produced instdathe traffic generated by
consumers 2 as is the case in the client-serveremdd a consequence of reduced
traffic through the IBP, the content provider afsy less to the data centre. In addition,
the amount of usage information gathered by tha dantre is also smaller; only the
first requests of contents is recorded as theafete requests do not go all the way to
the data centre.

The difference between the CCN and CDN models ighénthickness of the red
lines shown in Figure 10. In CCN, the red lined wdve the same thickness regardless
of how much more content is requested by consugerkile in CDN the traffic going
through the IBP increases with the amount of corsuequests. In addition, the traffic
between the CP and IAP1 is thinner in CCN comp&re@DN'’s case.

Costs

The cost types faced by the content provider inGB& model are most likely the same
ones as in the client-server model. The differemeg be in the volume of the costs.
From the above value network analysis, it can le@ dkat at least the Internet access
costs are lower in the CCN model than in the clsswer model.

However, if the IAPs have adopted the cache setherjnstallation costs and the
extra maintenance costs may be reflected on tlegnlet access prices charged to the
content provider. On the other hand, it is alscsfiibs that the lowered traffic between
the IBP and the IAP lowers the costs for the IARBich compensates for the cache
server costs. In this case, the Internet access for the content provider may not rise.

The content providers may also be willing to investthe cache servers to be
placed in the network, which will add to the hardevaosts that the content provider
faces. In addition, maintenance costs will arisenfhaving the cache servers.

Because content is cached locally and may be famyt/here in the network, the
network requires a mechanism to map requests tdatee It may be a third party that
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offers this service and it is possible that theviser provider charges the content
provider for the service. In addition, usage stia8son each piece of content, now
provided by the CDN, are required by the conteotiolers and advertisers also in the
case of information networking. It also may be adtlparty that provides this service
and the content providers may be charged for thacge This third party, however, is
not shown in the value network and in informatioetworking, collecting usage
information may be impossible.
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6. Content Delivery as Two-sided Markets

The different ways of distributing content have mégentified in the previous sections
along with the two-sided market theory. This settiombines the distribution models
with the economic theory by first identifying thé&fdrent two-sided markets in each
content distribution model. The identified two-sidmarkets are then categorised into
content and Internet interconnection layers. Ladty each distribution model a cost
analysis is performed on the two-sided marketsefibternet interconnection layer.

6.1 Identification

This section tries to identify the most significawb-sided markets of the client-server
model, CDN and information networking regardlesswdfether they belong to the
content layer or to the Internet interconnectiorefa The identification is based on the
value networks presented in Section 5. Becausevtitde value network is complex,
the identified two-sided markets only take into €ideration a limited piece of the value
network.

6.1.1 Client-Server

The client-server model has mainly two two-sidedrkef platforms; the content

provider and the Internet service providers. Thateat provider has two two-sided
markets and the ISPs have three two-sided markath of them will be discussed here
briefly, starting from the content provider’s twimasd markets. Table 3 shows all the
two-sided markets found in the client-server modgilere the loss leader is shown with
the asterisk (*) sign. Table 3 also shows the pftaif of each two-sided market and
presents a name to each for easier referencing.

Table 3. Two-sided markets found in the client-server model

Platform Side 1 Side 2 Name
Content Provider Consumers* Advertisers Advertisimayket
Content Provider Consumers* Content Makerg Content Provision

Market

Internet Access

. On-net Consumers Off-net Consumers* On-net vs.neff-
Provider

Internet Backbone

i Consumers* Content Providers, ISP Market 1
Provider

Internet Backbone

. Content Providers* Content Makers ISP Market 2
Provider

Content Maker Consumers* Sponsors Sponsorship rlnafke

Advertising Market

The first two-sided market of content providers between the consumers and
advertisers. It is assumed here that the conteovigers bear some costs from
producing or distributing the content. The intewse have showed that content is
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mainly distributed free of charge to the consumeélais the advertising revenue model
is used, which forms a two-sided market. The atkan pay for the advertising space
or time offered by the content providers while tumsumers use the content for free.
The only cost that consumers face is the timedastto the advertising.

Content Provision Market

The second two-sided market of content providerdesveen the consumers and
content makers. Here, it is assumed that the comeaRkers are not the same actors as
the content providers. In addition, the assumptiwet distribution of content incurs
costs to the content provider is still valid. Inistiwo-sided market, the content
providers do not get any payments from the conssjrecause the potential content
fees all go to the content makers. The contentigeos’ revenue is raised through the
content distribution fees charged from the contaakers. This fee can be a royalty
based payment from each content piece distributétdcan be a fixed fee for using the
service. For example, application stores for molhitndsets offer a platform for
consumers and application makers to meet. The awersupay the application makers
for the applications and the application store ikexsea cut from this payment.

On-net vs. Off-net

Based on the interview, it can be seen that traffithin one operator (on-net) and

traffic between several operators (off-net) havéedent costs. This is due to the transit
and peering agreements. Because the marginal tost-lmet and off-net are different

for an Internet access provider, it should chalge donsumers differently based on
whether the traffic stays within the operator oede connection to another operator.
However, consumers pay the same flat rate fee ¢o Itlbernet access provider.

Assuming that off-net traffic exists, this meansttltonsumers are paying a price
between the on-net price and off-net price fothadir traffic, be it on-net or off-net. The

two-sided market following this assumption has rnmé¢ access providers as the
platform. The two-sides are the on-net and offtregffic; this basically means that the
consumers mainly having on-net traffic is subsidjsihe consumers who have a lot of
off-net traffic.

ISP Markets

Laffont et al. (2003) argue that the marginal cotthe originating traffic Internet
backbone operator is different from that of the eréig backbone operator.
Specifically, Laffont et al. (2003) write that & cheaper to send traffic than to receive
traffic from an Internet backbone provider's pexgpe. This is because the operators
have the incentive of passing on off-net trafficsa®n as possible due to hot potato
routing (Ben-Dor, Halevi and Schuster, 1998) argl tlansportation costs are mainly
borne by the receiving Internet backbone operd&ae to this asymmetry in marginal
costs, the Internet backbone providers should ehtrg Internet access providers, who
in turn should charge the consumers more for reogitraffic compared to sending
traffic. However, the consumers pay the same amagardless of the traffic type; i.e.
upstream or downstream. This is another reasontwinsided markets exist.

The first two-sided market having the Internet limmte operator as the platform is
between the content providers and consumers. Bmhcbntent provider and the
consumers pay a flat rate fee to the Internet acpesviders for a certain level of
service regardless of the traffic type. In realitye traffic is mainly upstream on the
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content providers’ side and downstream for the .u$éis would suggest that the
consumer should pay more for the connection. Howethés is not the case, which
means that the marginal costs of transportatiomdsrectly borne by the content
provider and the consumer benefits from this e pricing.

A second two-sided market also follows Laffont étsareasoning: the Internet
backbone provider is the platform and the two salesthe content makers and content
providers. The Internet connection between themrmasnly upstream at the content
maker’s side and downstream at the content progid&ie, though they pay the same
amount for the Internet connection between thens #o-sided market cannot be seen
from the value networks because for simplicity,r@at link from the content maker to
the content provider is drawn. However, it is higpkobable that the traffic actually
goes through at least an Internet access provideoti also through an Internet
backbone provider.

Sponsorship market

In addition, the content maker can also be a piatfavhen content makers do not
handle content distribution themselves but ratter @ content provider’'s services. In
this case, the two sides of the market are sporemdsconsumers. The costs from
making the content and paying the content providercovered with sponsorships. The
sponsors pay the content makers for brand vigitdit their products. The consumers
are assumed to have access to most of the cootenéé¢, thus becoming a loss leader.

6.1.2 Content Delivery Network

Because the Content Delivery Network is an oveofahe basic Internet, it also has all
the same two-sided markets as the client-serverehsitbwn in Table 3. In addition,

Faratin (2007) has recognised one more two-sidetteh&an the CDN model between
the content provider and the Internet access peovibable 4 shows all the two-sided
markets found in the CDN model, where the astgfislsign marks the loss leader of
each market and the cells with grey background m#mi two-sided markets specific or
the CDN model. The platform and the naming of eaatrsided market are also shown
in Table 4. However, only the CDN market is disaeassn this section to avoid

repetition.

CDN Market

In this two-sided network, the CDN provider is th&atform. The Akamai versus
Inktomi (Faratin and Wilkening, 2006) fight overettCDN business dominance has
proved that it is more feasible to charge the aurpeoviders for the service rather than
the Internet service providers. In the Akamai vergiktomi case, Akamai charged the
content providers while Inktomi charged the ISPd @am the end, Akamai won the
competition. Thus, the loss leader in the CDN twded market is the Internet service
provider and the revenue side is the content pesvid

6.1.3 Information Networking

Because the Content Centric Networking architechas the same stakeholders and
traffics as the client-server model, the two-sideatkets in information networking are
also the same. These two-sided markets are shoWwabile 3 of the client-server section.
However, information networking exists only on aotptype level and not all
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functionalities are developed yet thus it is pdssithat new two-sided markets in
information networking may still emerge.

Table 4. Two-sided markets found in the CDN model.

Platform Side 1 Side 2 Name
Content Provider Consumer* Advertisers Advertiditgrket
Content Provider Consumer* Content Makers Content Provision

Market
Internet_Access On-net Consumer Off-net Consumers* On-net vs. @ff-n

Provider
Internet Backbone Consumer* Content Providers ISP Market 1

Provider
Internet B_ackbone Content Providers* Content Makers ISP Market 2

Provider

Content Maker Consumers* Sponsors Sponsorship Marke
CDN Provider Internet Aci:ess Content Provider CDN Market
Provider

6.2 Categorisation

The two-sided markets found in the previous sestioan be categorised into the
content layer and the Internet interconnectionraybe categorisation of the two-sided
markets is made in this section. Before the tweditharkets are categorised, the two
layers needs to be explained.

Figure 11 shows the two layers with examples fraachelayer. The figure is
positioned in an end-to-end manner; at the two eardsthe consumers and content
providers. The drawings between the two ends reptetie network with its services
and stakeholders. The content layer consists ofaipdication and service providers,
such as online content stores and video streamipglications. The Internet
interconnection layer includes the basic Interned all overlay networks used for
content distribution. Some examples of overlay oeks are the CDN and peer-to-peer
networks.

The categorisation of the two-sided markets is showTable 5. The content layer
consists of content providers and content makers pkdforms. The Internet
interconnection layer includes the Internet acaass Internet backbone providers as
platforms. The CDN platform is categorised into th&ernet interconnection layer as
well.
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Table 5. Categorisation of the two-sided markets in the aurdestribution market.

Layer Name

Content Advertising Market
Content Content Provision Market
Internet On-net vs. Off-net
Internet ISP Market 1
Internet ISP Market 2
Content Sponsorship Market
Internet CDN Market

6.3 Analysis

The previous sections identified and categorised tito-sided markets found in the
three content distribution models. In this sectiartwo-sided market analysis will be
made. The main focus of this work has been on rikerriet interconnection layer and
the analysis made in this section has the samessttmwvever, though the two-sided
markets in the content layer are not discussedy thay affect the future market

structure of content delivery. This section is ded into the different two-sided markets
of the Internet interconnection layer because rab#te two-sided markets are common
in all of the content distribution models. The taided analysis will first explain the

reasons why the two-sided markets have emergedartthue onto finding the impact

that they have on the content distribution market.

The following two-sided market analysis considerdyothe costs and traffic
between the players in question and is not takirig consideration the whole value
network. For example, the content provider mostlyikpays the Internet access
provider for its Internet connection to the whoktwork. However, in each two-sided
market, only the cost of a certain link is taketoinonsideration, so the overall Internet
connection cost of the content provider is dividet the cost for connecting with the
consumers, the data centre and the content maker.

6.3.1 On-net vs. Off-net
From the four two-sided markets, the Internet acgesvider platform with on-net and
off-net traffic users on the two sides can be adgwenot be a proper two-sided market.
This is because the consumers producing the oantedff-net traffic can be the same
ones. However, in this work, consumers who produoee off-net traffic than on-net
traffic are assumed to be the off-net consumerdevthe ones producing more on-net
than off-net traffic are on-net consumers. Follayvthis assumption, a valid two-sided
analysis on this market can be made.

The platform in this market is recognised as therhret access provider. Tier 1's
are not included because they do not pay for tb#inet traffic since all traffic is
handled with peering agreements with other Tier 1's
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Figure 11. Content and Internet interconnection layers withneples from each.
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Causes of On-net vs. Off-net

In this market, the same price is charged from lib#h on-net and off-net traffic
producers. However, the on-net traffic has zerogmat cost while off-net traffic is
costly for the Internet access provider to delivecause the Internet access provider has
to pay the Internet backbone provider for the maanection to another operator’s
network. It is because of this asymmetry in marigowsts that the two-sided market
arises.

The asymmetry in marginal costs means that theebrtraffic producers pay a
higher price than the price determined by the nmalgiosts. On the other hand, the off-
net traffic producers may have a price lower thaa grice based on marginal costs of
delivering off-net traffic. This means that the -aft traffic producers are being
subsidised while the Internet access providers geuwenue from the on-net traffic
consumers.

The pricing decision according to classical ecormsntiheories should be based on
the elasticities of the two sides. Given that ttienet traffic consumers are being
subsidised, they are likely to have more pricetelagemand compared to the on-net
traffic consumers. However, it is more likely thilae pricing is the same for both sides
because consumers prefer flat rate pricing and havterest in knowing where the
other endpoint is located.

Impact of On-net vs. Off-net

The main reason why two-sided pricing is practieth increase the willingness of the
unsubsidised side to pay. This is because the digbdiside’s demand increases with
the subsidy, which should be perceived as valueada the other side. However, this
is not the case with the on-net vs. off-net madsethe value on-net traffic producers
perceive will not increase if more off-net traftonsumers joined the network. Some
consequences do follow from the two-sided pricing are discussed next.

Looking purely from an economics theory point odwj the main consequence of
subsidising off-net traffic producers is that theyl produce even more off-net traffic
and that on-net producers will also start to predoi-net traffic. This will lead to more
off-net traffic and less on-net traffic, which casshigher costs and lower profit to the
Internet access providers. If the costs of IAPs t@® high, they might want to limit the
amount of off-net traffic or establish more peeriagreements with other IAPs. In
addition, IAPs may also raise prices for all constsnto cover the rising costs and
declining profit.

In addition, with the decrease of on-net traffibge tmarket may lose its two-
sidedness and become a one-sided market. Togettieth& rising prices, the IAPs
with the highest costs may lose consumers and eaiyntsome IAPs may go out of
business. Alternatively, the IAPs may not be aldepass on the higher costs onto
consumers so the revenue does not cover costhasndd out of business.

Thus from an Internet access provider's point @withe increasing of off-net
traffic has a negative effect and they should ckatige current pricing policies.
However, consumers prefer flat rate pricing witliefnet as the size of each bill is
predictable (Herweg, 2010). This could mean thatttaditional Internet hierarchy and
the transit and peering agreements may not be #& bystem for Internet
interconnectivity. Some alternatives may have to designed to replace the
transit/peering connections.
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However, looking at the Internet growth statistios;net traffic has grown with a
much higher rate than off-net traffic, which mayggest that the on-net vs. off-net
market is not two-sided after all.

6.3.2 ISP Markets

The platform in this two-sided market is the Intdribackbone provider. The two-
sidedness is based on the assumption (Laffont..eP@D3) that the traffic originating
(upstream) and terminating (downstream) backborexabprs face different costs. A
thorough explanation is provided next.

Causes of ISP Markets

According to Laffont et al. (2003), the receivingepator bears most of the costs of
delivering the traffic. In the case of content @hgy the content provider mainly has
upstream traffic while the consumers have downsireraffic. Because the platform is
the Internet backbone provider and the consumarpgfiohas only on-net traffic, only
the consumer group 2 is considered. The assumftaireach customer pays the same
amount for the same level of service still holdshis market, though the consumers 2
should pay more than the content providers accgrttirLaffont et al. This means that
the consumers 2 are being subsidised while theenbmiroviders generate revenue to
the Internet backbone provider.

The two-sided pricing practice seems to be readerssbconsumers are most likely
more sensitive to price changes than the contavigers are because consumers have
less disposable income. In addition, the increaseonsumer volume leads to higher
value for the content providers as will be expldinethe next section.

Another two-sided market following the Laffont étsaassumption is between the
content makers and content providers and alsoBRass$ the platform. In this two-sided
market, the content makers develop content and g#etadthe content provider. No
traffic moves from the content provider to the @mtmakers and because no other
links are considered, the content provider is g@oeiving party in this two-sided market.
Following this reasoning, the content providerstaemg subsidised in this market.

In this two-sided market, it is not clear which esidas higher price elasticity of
demand and which one is less elastic. Thus thestded pricing in this market may be
purely because the same price should be chargethdosame level of access service
regardless of the marginal costs.

Impact of ISP Markets

By subsidising the consumers, the consumers pereceore value from the connection
thus the Internet backbone provider may have mi@#id in its network. If more
consumers want to use the backbone access, |IAPganaynore subscriptions or the
existing consumers may generate more traffic. Asresequence, the content providers
may gain more clients or more advertising revewdsich may lead to more profit.
However, when the Internet access providers’ offinaffic increase, it follows the
same analysis as in the on-net vs. off-net twoesidarket.

If content providers only gain more clients witheobre profit, the content makers
may wish to produce more content to meet the higleenand. More content in turn
might attract more content users and thus moreutoess for both the Internet service
providers and the content providers. With more ooreys, the cycle begins again,
which may continue until the market is saturated.
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If content providers also gain more profit, the tem distribution market may be
perceived to be more attractive and thus new etstraray enter the market. In the
second case, new content providers will continueriter the market until the profit
level has dropped back to the previous level. Hrgdr amount of content providers
will have mainly two effects. The first one invos/€ontent makers, who will have
more choices on who can distribute their conteriticlv may lead to the service fees
declining with the increasing competition. When tbervice fees are lower, more
content may be produced by the content makerstendgame cycle as above is reached.
The second effect concerns the consumers as il lave more choices on where to
get the content.

As a conclusion it can be said that the two-sidecirng in this two-sided market is
beneficial for the Internet backbone providers hesytwill reach higher Internet
penetration. In addition, decreased load on sitigkes is also positive for the Internet
backbone providers. For the Internet access providiee situation may be the opposite
due to the increase of off-net traffic and the pti& threat of going out of business.

When the content provider is subsidised in ISP etaPk more content providers
may enter the market because the new entrants aragipe more value in the content
provision market. As more content providers enter market, the effect it has on the
market is the same as in ISP market 1. The combakiers and consumers will have
more choices of content providers. The same coiuelus reached as in ISP market 1.

6.3.4 CDN Market

This two-sided market has the CDN as the platfdrhe two sides of the market are the
content providers and the Internet access providgrs represent the consumers. The
use of CDNs is beneficial for both the content jmlevs and the Internet access
providers. The content providers do not need toryvabout content distribution or
scalability. The Internet access providers pay temssit fees to the Internet backbone
providers because part of the traffic is distrilbuby the CDN rather than through the
Internet backbone.

Causes of CDN Market

This two-sided market is so far the clearest aemiht prices are charged from the two
sides. The skewed pricing can be seen clearlygnrEi9, where the content provider
pays the CDN for the service while no money is floyvbetween the Internet access
providers and the CDN. In addition, the CDN mayreuéer free peering points into its
backbone network to IAPs. Keeping in mind that lib#h content provider and the IAPs
benefit from the CDN'’s services, the pricing candescribed as two-sided. In this two-
sided market, the content providers generate revdouthe CDNs while IAPs are
being subsidised.

From the Akamai vs. Inktomi case it can be dedutted charging the content
providers is more profitable than charging the mé¢ access providers as Akamai
succeeded in capturing market share while Inktomirbt. This may mean that the
content provider has relatively lower price elastiof demand than the Internet access
providers.

Impact of CDN Market
The lack of monetary transfer between the CDN dedIAPs are compensated by the
intangible network effects between the two. Thisangethat if the IAPs have large
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networks, the CDN will indirectly gain more valuer being connected to the IAP.
Vice versa, if the CDN is large and has lots ofteaty the IAP would gain more value
from connecting to it. This is due to the existent@ositive externalities. Externalities
are the basis for network effect and the positiggvork effect between the CDN and
the IAP will cause the CDN to grow until only on®R is dominant in the market.

In addition, when a CDN subsidises IAPs, it will tennected to more IAPs, so it
has a better reach to the consumers. All contemtigers want to be connected to the
CDN with the largest reach of consumers. As a aqnsece, both more content
providers and more IAPs connect to this CDN. TheNGbay then grow into a natural
monopoly or at least a few large CDNs will domintte market.

When a monopoly exists in a market, mainly two oates can occur; one positive,
the other negative. The positive outcome involves rhonopoly gaining economies of
scale and thus having lower marginal costs. Whengima costs are lowered, the
monopoly CDN may lower its prices to reach econoefiiciency. On the other hand, a
monopoly has the power to set prices as it hasomapetition; thus a monopoly CDN
may raise prices. However, the more likely outcasnen oligopoly situation with a few
large CDNs dominating the market because the gawemh policies tend to prevent
monopolies from forming. The large CDNs may alsom ggconomies of scale and due
to the existence of competition, no one can raigeg.
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7. Comparison of Content Delivery Models

The previous sections identified the content dstion models as well as analysed
them with two-sided market theory. This sectionl wiake a comparison of the three
models; client-server, CDN and CCN. In additione tleasibility of the models is
examined. Lastly, the future of the content disitilin market is discussed.

7.1 SWOT Analysis

This section compares the three content distrinutmdels using the SWOT analysis
method. SWOT (Strengths, Weaknesses, Opportunittegats) (Johnson, Scholes and
Whittington, 2005) analysis summarises the key lb#éias of a company or
organisation and key issues from the market enmemt to determine the
organisation’s competitiveness. This work attempits identify the strengths,
weaknesses, opportunities and threats of contstritiition models. Because no single
company or organisation exists for Internet contiivery models, the analysis is done
from each model’s perspective.

7.1.1 Client-Server

Table 6 shows the SWOT analysis of the client-gemeadel. Some of the strengths of
client-server include reliability of hardware, raaly low deployment prices for the

content providers compared to the CDN, for exampla] availability to everyone

connected to the Internet. However, the weaknesseslack of service quality

guarantees due to the best-effort nature of thént€&net, which include delays and
packet losses. In addition, large and popular cdnteay cause a lot of traffic load
around the origin server.

Table 6. SWOT analysis of client-server.

Strength Weakness

- Basic infrastructure, available for- End-to-end delay

everyone - Packet losses
- Content providers have better | - Best-effort provides no QoS

control over where and who has  guarantee

access to the data - Big and popular files cause large
- Relatively cheap network load, especially on
- Reliable access networks

Opportunity Threat

- May offer more services ontop| - May be replaced by overlays
of the basic network running on top of the basic
network, such as CDN and P2R
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Being a basic Internet architecture has its oppdras and threats, depending on
how the situation is managed. The opportunity eénttserver arises from network
components offering additional services on top h& basic network. However, third
parties, who wish to offer overlays such as CDN®2P networks presents a threat to
the client-server model.

7.1.2 Content Delivery Network
The SWOT analysis made for CDN is shown in Tabl&dalability and offering of a
comprehensive service are some of the key capebilda CDN has to successfully
compete in the content distribution market. In addi CDNs may offer service level
guarantees in the form of service level agreemantsthe content provider's access
network is not strained because the traffic goesctly through the CDNs’ servers. The
main weakness of a CDN is the high prices thahérges content providers for the
service. Some other weaknesses include high treffids on links around the CDN
server and the loss of perfect control of a conpeovider.

The existence of network effects in the CDN madeet be both an opportunity and
a threat, depending on the size of the CDN. Fargel scale CDN, the size may get
even larger due to the network effect and this meganing market share at the
expense of smaller CDNs. As a consequence, onef@w anajor CDNs may see the
opportunity to dominate the market while the smiallBNs face a threat of going out of
business. CDN as an architecture has the advarghd®eing an overlay, which
functions on top of any network, may it be an IRwoek, Ethernet network or even
PSIRP.

Table 7. SWOT analysis of CDN.

Strength Weakness
- Scalable - Relatively expensive
- Service level guarantees - CDN servers concentrate traffig
- Comprehensive service package around them, which strains the

- CP’s network not strained links connected to the servers
- CPs cannot control where and
who has access to the data

Opportunity Threat
- Network effect may produce - Network effect may cause
dominant CDN smaller CDNs to go out of
- As an overlay, works on any business
network; IP or something else | - Consolidation of CDN market

may raise prices
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7.1.3 Content Centric Network

Table 8 shows the SWOT analysis of the Contentri@elNetwork. Scalability is also a
key capability for CCN in additional to being cheapd content centric instead of
location centric. Content centric means also usendly as the data chunks have
meaningful names instead of addresses. In additiencaches may lessen delay and
congestion in the network. The only weakness of G€khe lack of a mechanism to
find data if no nearby caches are found. Floodingsed in CCN to find content but for
finding a data piece that is located far away ia tietwork, flooding may not be the
most efficient method to find data and the netwogy become congested.

Table 8. SWOT analysis of CCN.

Strength Weakness
- Scalable - Flooding to find content may
- Content centric cause problems if no caches arne
- User friendly found nearby
- Networks not strained - Less control
- Less delay - No simple means to collect
- Cheap usage data or other statistics
Opportunity Threat
- CCN can work as an overlay, | - No deploying incentive
thus functions on any network | - PSIRP and other information
- Reduced off-net traffic for IAPs, networking architectures
thus IAPs may be interested in | - Large enough CDN may offer
investing the same level of service as CGN
- Copyright protection; may or
may not be managed well
- Value not in transferring bits
anymore, where is it then?

CCN can also be understood as an overlay, whicmsnéaan function on any network.
Like in the case of CDNSs, this is an opportunitpwéver, if some content centric basic
network architecture such as PSIRP is widely degadpwn overlay that functions with a
similar concept may not be needed. Another thredtides a CDN becoming so widely
connected that it offers the same level of servages CCN would, thus making CCN
obsolete. When the data is cached at the local &8B®ther cache servers, it is hard to
manage the copyright protection unless each indalidile is protected. This may be a
big threat for the CCN. The threat of a new invemtnot being competitive enough for
someone to invest in it always exists; this is aélecase with CCN. However, as CCN
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reduces off-net traffic for IAPs and does not cleatige basic IP architecture, IAPs may
be interested in deploying caches. Lastly, the emntentric concept may change the
network so that the value does not come from mothegoits anymore thus it may take
the revenue source from ISPs if they cannot thinktber ways to charge the clients.
This may lead to ISPs resisting the change intderdrcentric.

7.1.4 SWOT Comparison

The results of the SWOT analysis are collected thedthree models compared here.
Some important criteria gathered from the SWOT ymislare presented in Table 9
together with each distribution model’'s standinghwthe criteria. In addition, an
explanation of each criterion is given in this satt

Cost for CP — The price the content provider hapayp for the service.
Low means less costs while high is for higher costs

Cost for ISP — The price the ISPs have to paytferservice.

Scalability — How scalable the model is when mooastimers use the
service. Low means bad scalability while high stafod scalable.

Delay — The network delay that the packet facesminaversing in the
network. Low delay mean small roundtrip time anghhis large roundtrip
time.

Network congestion — Network congestion criteri@fist where if at all

congestion exists in the network when many conssiaeg connected to
the service and requesting for content.

Accessibility of service — Measures how accessible data is. This
includes the hardware and software operability adl was downtime

guarantees and backup systems.

QoS levels available — Measures how much contrasdthe content
provider have on the quality of service level ircleaontent distribution
model.

CP’s Control over content — Measures how well tbetent provider can
remove, update or modify content as well as gageistatistics.

Copyright protection — Measures how well the conhtproviders can

manage copyright issues.
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Table 9. Comparison of the content distribution models basethe SWOT analysis.

Criteria Client-Server CDN CCN
Cost for CP Low High Low
Cost for ISP Medium Low Medium/High
Scalability Low High High
Delay High/Medium Medium Low/Medium
Network Congestion Arounst’jetrr:/(zrcentral Around CDN servers ngﬁ?cggﬂgi;%;z:
%?/iillfdgls Low High Low
Accessibility of High High High/Medium/Low
Service
CP,Sgg&gﬁ!{ over High Medium Low
SSO%QSQ:] High Medium Low

From the SWOT analysis and the above comparisaesufits, a few conclusions
can be drawn about the content distribution models:

» The highest service fees that the content provideesis with the CDN,

while in client-server and CCN no third party clesgervice fees from the
content provider. CPs pay service fees to thenetesiccess provider in all
three cases.

= A content provider using the client-server modd lvaver degrees of
scalability than a content provider using the CONC&N models due to
server capacity constraints of servers owned bygoméent provider. A
CDN may allocate dynamically more server capaadtthe content
provider when more clients use the service an€CfoN, the content is
cached nearer the consumers thus the origin sieaiis much smaller.

= Delay in the client-server model may become highinduthe peak traffic
hours for popular content. In CDNs the delay ma&p dlecome a problem
if the links to the CDN servers become crowded,tbetCDN can have
several CDN servers dedicated for certain higtitrafeas. In a CCN,
because the content is cached near the consunteseeeral sources may
exist, the delay is of less a significant problétowever, for new content,
some delay may arise when the network is flooddahtbthe data. Thus
delay is the highest in the client-server model lameest in CCN.

» In the client-server model, usually a central arigerver is used, from
where all content the delivered. This is a souoceebngestion, especially
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during peak hours. CDNs may have congestions headrvers as well but
by locating servers containing the same contediffgrent places, the risk
of congestion can be reduced. With CCN, the consecdiched anywhere
in the network that it passes, thus the next régues the area may get the
content from a local source. This reduces congestmsiderably.
However, during the content discovery face, theding may congest the
network. Thus the client-server model has the tegbengestion risks
while the CCN has the smallest congestion risks.

= When using the client-server model, the contentigess have better
control over the hardware and software of theitrifistion system thus the
service is more reliable. CDNs offer service leya@hrantees thus they have
backup servers to handle the distribution if themsarvers fail. This
means that the service should be quite reliable.GGN uses cache servers
for content distribution, which causes one sigatficproblem; the content
provider cannot control the cache servers. Howesexeral sources of the
same data should mean that the accessibility afidlteeis good. As a
conclusion, the reliability of service for the citeserver and CDNs are
good while accessibility to data cannot be guaethteith the CCN.

= Due to the control over the data servers in thentlserver model, the
content provider also has control over who cansgtiee content and from
where. In the CDN, the content provider cannot @ntho has access to
the data servers but a protection mechanism ondselfile can be
implemented. How well the file protection works dags on the
algorithms. In addition, the CDN has contracts v@tPs that can guarantee
copyright protection. CCN relies solely on protentalgorithms and
copyright protection cannot be guaranteed. Thugragipt protection is
best in the client-server model and CDN comesgsod second while in
CCN, it may or may not be good.

7.2 Comparison Summary

So far the content distribution models have beealyard with the two-sided market
theory and SWOT analysis. This section combinesritezview results from Section 4
and the SWOT analysis done in this section to feome conclusions on the prospects
of information networking in the content distribari market. The conclusions are done
from different stakeholder’s perspectives, starfnogn the content provider.

Content Provider

As the interviews have revealed, the most importaature of a content distribution

system from a content provider’'s perspective isdbst efficiency. This suggests that
the CCN or the client-server is the best optiontfa content providers based on the
service fees faced by them in each model.
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The next important features for the content pro@d®e scalability and reliability.
From the two relatively low cost distribution mosleICCN offers better scalability
while in the client-server model better control oWee service provision is achieved,
which may result in better reliability. In terms gtiaranteed QoS, CDN offers the
highest QoS through Service Level Agreements (SLAS)

For the smaller content providers, it is very intpat that no major upfront
investments are made as their funding may be ldnitdus the CDN business model of
monthly payments is ideal for the smaller conterdviers. In the CCN, the origin
servers’ capacity and processing power may not rieede very significant as the
content is cached into the network and only soraiid¢rgoes all the way to the origin
servers. This means that the upfront investmehtaindware and software may not need
to be very high in CCN.

The last feature on the importance list is the fistribution of content. As can be
seen from Table 9, the client-server model hashipeest delay whereas the CDN and
CCN have lower delays. However, the content pragidegard low delay as the least
important, thus it is only used if the other featiare not enough to determine which
distribution model is best suited for content disttion.

From the above discussions it can be seen thafidrg-server model and the CCN
are in a tie situation after considering the maspoartant features. Taking into
consideration fast distribution and low upfrontestments for smaller providers, CCN
ranks better than the client-server model. Thigaritbe concluded that from the content
providers’ perspective, CCN is the best alternatorecontent distribution. However,
the low control of content and service level aslaslunguaranteed reliability may limit
the success of CCNs. In addition, for a contenvipiery offering delay sensitive data,
CDN should perform better in the comparison.

Internet Access Provider

In the interviews, it is mentioned that the clisetver model may strain the access
network. Assuming that the Internet access prowvides not wish to have congestion in
its network, it may be suggested that the cliemteszemodel is not the most ideal for the
IAP.

In addition, the Internet interconnection agreenmiriciples have pointed out that
the Internet access providers prefer on-net traffither than off-net traffic. The
interviews have showed that the growth of off-maffic has slowed while the growth
of on-net traffic is high. This may suggest tha tAPs have intentionally avoided off-
net traffic by maybe switching to architectureshwiss off-net traffic.

From the three content distribution models, the Ciild CCN produce less off-net
traffic than the client-server model. CDNs quitéeafhave local CDN servers in highly
populated areas, thus the traffic does not neegotéo other operators’ network. In
addition, a large CDN may have its own backbon&ast for content distribution and
offer free peering points for IAPs thus no trafsés are paid, which is equivalent to not
having off-net traffic. CCN produces some off-negtffic but for each piece of data,
after the first request, the data will be storedcathe servers within the operator’'s
network and thus later requests do not generateatffraffic.

However, the interviews have also revealed thanthan cost source is the energy
consumption from server halls. In CCN, the IAPs ldoneed to install and maintain
cache servers, which consume more energy and thdisoathe energy costs. It may
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then be argued that a cost saving IAP may not wadeploy CCN and from the IAP’s
perspective, the CDN is a better choice. On theerotimand, if the extra energy
consumption is compensated by savings in the dftnadfic costs, IAPs may want to
invest in cache servers of the CCN model.

Internet Backbone Provider

An Internet backbone provider's revenue arises feating transit services thus if a
model lowers IBP’s transit sales, the model mayh®opreferred by IBPs. Since a CDN
with its own backbone network does not require bhiernet backbone providers’
services, the IBP may not want CDNs to be use@duition, in the interviews, it was
mentioned that the CDNs may cause congestionsemd#twork around the servers.
Thus IBPs may not prefer CDNs to be used by theéetdrproviders. However, IBPs
may enter the CDN market if revenue from selliransit lowers significantly.

Similarly to IAPs, the major cost source the IBRe®m is also from energy
consumption. Thus IBPs may not want to increasedbst by installing and managing
cache servers. However, from the interviews, it ¢e@n seen that the IBPs have
considered caching and would be interested in gepjoit if some challenges can be
solved.

Another large cost for IBPs arises from building tmetwork thus IBPs may not
want to create more infrastructure to meet the grgwlemands of network capacity. A
solution could be to deploy CCN. However, if a netvwide CCN is deployed, less
transit services may be needed and thus the IBRsuiger from it.

For an Internet backbone provider, no clear preidor one content distribution
model is formed. The best alternative depends @enréspective cost savings and
additional costs of deploying each model.

Consumers

For a consumer the content distribution model nyaals no effect. In each model, the
consumer has to pay for Internet access to thenktteaccess provider and a possible
content fee to the content provider. When the adnie time sensitive, the consumer
may want to have the least possible delay in tindgcge In this case, the CDN and the
CCN can provide the best service for the consuhle@wever, during non-peak hours or

for not so popular content, the client-server madaly also provide delay free service.
On the other hand, the IAP’s costs are more ordesstly reflected on the consumers’

prices, thus it would suggest that the consumertepthe same model as the IAP.

Data Centre Provider

A data centre provider rents out data servers yraa who requires server capacity.
The server can be rented to practically anyonectiment provider in the client-server
model, the CDN service provider in the CDN modelasrcache servers in the CCN
model. Thus, for a data centre provider, it alsesdmot matter which content
distribution model is in use.



56

8. Conclusion

This section presents the key findings of the thasid discusses the limitations of the
study and applications of the results. In additiopjcs of future research are proposed.

8.1 Key Findings

On the general level, one of the key findings iattkthe current Internet cannot

efficiently meet the increasing content volume dedhand for network capacity. Thus

modifications to the current Internet or entirelgwn Internet architectures must be
designed and implemented. This work has discovédmex future Internet suggestions
that adopts the information networking concept -NJ@acobsen, 2009), PSIRP (Fotiou,
Polyzos and Trossen, 2009), Netinf (Ahlgren and cekone, 2010) — and one

modification to the current Internet (network wi@®N).

The interviews indicate that CCN and NetInf areiglesd as overlays for the
current Internet while PSIRP is the only cleanesliaternet architecture suggestion. A
closer look on CCN was taken in this work by commmiCCN and CDN as the two
models can substitute each other on the conceletsll

The two-sidedness of the content distribution markay increase off-net traffic,
which is unfavourable for the Internet access mers (IAP), who wish to reduce the
amount of off-net traffic. The performed value netlwanalysis indicates that the CCN
model reduces off-net traffic, especially for tmteknet access providers. This finding
may be the only business case for information neting as IAPs may be willing to
invest in cache servers if they benefit from theestment. However, the exact amount
of benefit from reduced off-net traffic can only ketermined after taking into
consideration the initial investment and the reltincrease in energy consumption
costs. In addition, a network wide CDN with serverthin each IAP’s network should
have the same effect on off-net traffic as the CCN.

The two-sided market analysis suggests that asudt reéf the two-sided pricing in
the Internet interconnection, more content pro\ddeay emerge in the market and the
Internet backbone providers’ network may reach wiclennectivity. In addition, the
two-sided pricing in the CDN market may cause of¥NGo become a monopoly or
oligopoly, which may lead to a network wide CDN eoage. Following these
conclusions, the qualitative two-sided analysis lcarsaid to explain the current market
structure. In addition, it may predict future marlstructure, the accuracy of which
cannot be determined. However, two-sided analgdigity to compare different models
in the qualitative level is not optimal.

The SWOT analysis identifies the criteria to measeach content distribution
model. Based on the criteria, each stakeholdeesepnce of distribution models is
derived. For the consumers and data centre pray/idiee content distribution model
does not affect their market behaviour. IAPs preftérer the CDN or CCN whereas the
IBPs’ preference could not be concluded with thailable information. Lastly, the
content provider prefers the CCN model. This figdmeans that the content provider
may be willing to invest in the cache servers tplaeed in the network.
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8.2 Discussion

This work analyses the two-sided market and valkevorks of content distribution
models. In addition, the market demand for infoioranetworking is explored. In the
process, many assumptions and simplifications a@ento ease the analysis. However,
in real life cases, these assumptions may not leoltdrely since the real world
relationships are much more complex.

This work assumes that the content maker bears smsis for producing the
content. However, with most digital products, tharginal cost of producing one more
product is practically zero. In addition, content\pders are assumed to bear costs from
distributing content to consumers. This is onlytlyairue as content providers do pay
for having access to the Internet but they do reot gpecifically for delivering the
content to the consumer. These assumptions havbBleendhe two-sided market
identification involving the content provider asn-sided platform.

The simplification that the consumers who produasthy off-net traffic are off-net
consumers is made. The same simplification apgdbeson-net consumers as well.
Without these simplifications, the on-net and oft-nonsumers cannot be identified and
thus the on-net vs. off-net two-sided market anslyguld not be possible. Without
separating on-net and off-net consumers, the twlesswould have the same price
elasticity of demand and intentional two-sided ipgccannot be practiced.

This work has ignored the link asymmetry in accessworks. In reality, the
downstream link between the consumer and the letesncess provider has higher
capacity than the upstream link. This asymmetry mmajact be the reason why the
marginal costs of upstream and downstream trafBca#so asymmetric apart from the
hot-potato routing. However, taking into accourd timk capacity asymmetry does not
necessarily change the two-sided pricing in acnessorks.

The two-sided analysis in this work is limited otdythe qualitative analysis due to
the lack of quantitative data. For this reason, tike-sided analysis on the Internet
interconnection layer is limited. In addition, litmg the two-sided analysis on the
Internet interconnection layer and only the linkveen the players in question may
have an impact on the results. For example, comeniders act as platforms in the
advertising and content provision markets and afingrto the two-sided market theory
should predict consolidation of content provideféis opposes the conclusion of
content providers increasing in number based oniritexnet interconnection layer’s
two-sided analysis. The comparison of the distrdsutodels and their feasibility thus
is mostly based on the SWOT analysis and value orktanalysis instead of the two-
sided analysis.

This work has not aimed at finding or formulatingsiness models for the CCN
model. However, CDN'’s two-sided market analysis $laswed that content providers
pay more willingly than ISPs for the service. Tihiay also apply in the CCN case
because it is basically a network full of local CRNDn the other hand, no clear two-
sided market like the CDN market is found from @@N model, which means that the
CCN model does not have a platform that chargegeobproviders or ISPs. In addition,
the CDN provider provides intangible benefits totemt providers in the form of usage
information, which may be the reason why conteowigers are willing to pay for the
service. The CCN model provides no such intandieleefits. This may mean that the
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CCN model does not have business prospects anddliSRdd consider getting into
CDN business.

Despite content providers’ preference for CCN, IS®Kingness to deploy CCN is
more crucial as they control the network locatiomfiere cache servers should be
located. One potential platform could thus be 8¥d if they are willing to invest in the
CCN deployment. ISPs then could either pass tha exists onto consumers or content
providers. Since ISPs include both IAP and IBPjrtBeparate willingness for extra
investments is next discussed.

IAPs’ willingness to deploy CCN can be determingdsbmming up the net benefit
of reduced off-net traffic, extra investments artdeo costs. IBP’s willingness to add
cache servers to its network, on the other handotistraightforward but the following
reasoning provides some stimulus for IBPs to cars@CN. Due to the changes in
network hierarchy and other reasons, the Intermahsit prices have dropped
significantly and is converging towards zero pricfor each Megabit per second (Mbps)
(Norton, 2010b). Since transit revenue has tradltiiy been the major income for IBPs,
now IBPs are shifting to other revenue sources saghproviding CDN services
(Labovitz et al., 2009). Thus IBPs may be openh® possibility of finding viable
revenue models from CCN services.

8.3 Future Research

This work has presented a qualitative analysishef tivo-sided markets as well as a
comparison of content distribution models. The neax¢p would be to apply
mathematical formulation to each model and to figdantitative data on each
stakeholder’s costs, prices and willingness to fiaythe cache servers. However,
companies may be reluctant to share detailed irdbom on their costs and pricing.
Thus methods to estimate quantitative data neeéd formulated.

The profitability of two-sided pricing depends lahg on the existence of network
externalities and thus network effect. The sizehaf network effect cannot be easily
quantified although this information would be beaief for the price setters. In addition,
the extent of the price discrimination and whettter two-sided pricing in a two-sided
market is stable depends on the respective pragigty of each side. Thus it would
also be interesting to estimate the price elagtafidifferent stakeholders.

The CCN model is concluded to be preferred by eunggoviders; however,
whether it is deployed depends on ISPs’ willingnessvest in cache servers. Thus
different business models for ISPs to profit frdm extra investment are important and
research on this subject should be conducted.

The scope of this work is limited to include onhetclient-server, CDN and CCN
models because content providers prefer clienteseamd CDN. Other content delivery
models such as the cloud and peer-to-peer areral@sting research topics thus the
research scope can be expanded to include theaddition, a feasibility analysis can
be performed on PSIRP and Netinf once more techmietails are known of the
architectures.
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Appendix A — Mathematics of 2SM

A.1 Monopoly platforms

Private Monopoly

Total profit is price times the quantity demand#uls the profit function in a private
monopoly is:

T = (p® + p°—c) DE(p?) D3(p%), (A1)

where (§ + p° - ¢) is the total price of both sides minus thegiral cost of producing
one extra product. Dand O’ are the demand of the two-sides; buyers and seller

To find the maximum of a function, it is first daifentiated and then set to equal
zero. Eq. (Al) has two variables and thus to mesenprofit, Eq. (Al) is partially
differentiated with respect to both of the variablg’ and 5, separately:

om 1 )% _

op®  pB+pS—c  DB(pE) (#2)
SV (1S

61‘[: 1 +(D)(p):0 (A3)

opS pP+pS—c  D3(p%)

Because both Eq. (A2) and Eq. (A3) are equal to,zbey can be set to be equal
and by moving the terms around Eq. (A4) is formed.

(DP)D® = (D%)D® (A4)

Elasticity is the percentage change in quantity aleindivided by the percentage
change in price as shown below in equation form:

AQ
o qQ dQ P
Elasticity = AP = @6
P

By substituting the demand and price terms of aapoly platform, the elasticities
of demand of buyers and seller, respectively, anméd and shown in Eq. (A5) and Eq.
(AB).

p°(D®)

P =T (A5)
p3(D%)’

= =t (A6)

By inserting Eqg. (A5) and Eq. (A6) into Eq. (A4)camoving the terms around, the
price structure of a monopoly platform in termgpate elasticity of buyer’'s and seller’s
demand is reached and shown in Eq. (A7).
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Ramsey Pricing

Social welfare of a monopoly platform is the netpdus of all transactions on both sides,
represented byS(pS)DB(p®) andVE(pB)D3(p3).

W = VS(p$)DB(p®) + VE (pB)DS(p®) (A8)

Social welfare is maximised by partially differeattng Eq. (A8) with respect 1o°
andpS, separately:

oW

opB VS(DB) — DBDS = 0 (A9)
A
S = —DSDB + VB(DS) =0 (A10)

Setting the two equations to be equal gives EqljAl

VS(DP)' — D®D® = —D°D® + VB(D®)’ (A1)

After simplification of Eq. (Al1l), the Ramsey pristructure for cost allocative
efficiency is found and shown in Eq. (A12):

A.2 Competing Platforms

The profit function of a platform i competing witither platforms is given by Eq.

(A13).
m = (pf +pf = )Q (A13)

Partially differentiating Eq. (A13) with respect §§ andp? and setting the two

differential equations to be equal maximises prdfite differential equations are shown
in Eq. (A14) and Eq. (Al15).

aTCl an
E=Q1+(p?+p§—c on (A14)
aﬂ:l

1
9Q

—=Q + (¥ +pi-c)— =0 (A15)
P |31
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Setting the two equations to be equal gives Eq6jJA1
0Q, 0Q; Q

pi P prHpi-—c
whereQ; is the transaction volume for platform 1:
Q: = dB(p®)D3(b,,) + DB(p®){DS(p3) — DS(b1,)} when (A17)
p? < p3
Q: = dBdB(p®)DS(b,,) whenp3 < p} (A18)

To prove that Qs differentiable ap$ = p5, both Eq. (A17) and Eq. (A18) is
partially differentiated with respect t§ and the resulting differentials are compared:

0Q, (d®)? (A19)
Eq. (AL7): I pSy — 2
0 dB 2
| 91 _ psy W)
Eq. (Al18): ops 2dB — DB

Because the differentials are the samgis@iifferentiable ap$ = p3.
By partially differentiating @ atp$ = p5 = pS andp® = p8 = pBwith respect to
p? gives:

9Q, _ adP(p® p®)D3(p%)

_ (A20)
op? op?

Setting Eq. (A19) and Eq. (A20) to be equal with E&16) and substituting the
terms with the singlehoming index the own brand elasticity of demangl and the

elasticity of the seller's demanyt gives the price structure of competing platforms
shown in Eq. (A21):

A.3 Membership fees
The net utility of a competing platform is giventiwEq. (A22)

UE = (bf — pP)N — cB — P, (A22)

whereb? is the buyer average benefit of receiving theiserp? is the per transaction
mark-up for the buyek? is the platform’s fixed cost per buyer ayftlis the buyer’s
fixed usage cost.
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For consumers to singlehome to platform i, theitytitonsumers gain from
associating with platform i must be positive andager than the utility from platform j.
Thus the new transaction volume function is showth ®q. (A23).

NP = Pr(U > max(0, UP)) = dB(p®, N§, p§, N3)
= Pr ((b? — pP)N$ — cB —yP

> max[0, (b} — pP)N — c® —yP]) (A23)

SubstitutingN§ andN$ with Nf = DS(pf, NB) = Pr ((bS — p; )NE > ys) gives Eq.
(A24).

NP = (N£,N3) = nf(p?, pi, p3, p3) (A24)
The profit function now becomes:
m = (pf +p} — ONPN (A25)

Partial differentiation of Eq. (A25) with respectt® andp; maximises profit. By
setting the two equations to be equal and subsiifuhe own elasticity for buyer
demandh§, cross elasticity for buyer deman#l, own price elasticity for seller demand
n® and network elasticity for seller demangiinto the differential, the price structure
that takes into consideration fixed costs is olgtdiand shown in Eq. (A26).

B B

B No

p p

p
B S — — —
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Appendix B — Interview questions

B.1 Questions for Content Providers

- Which content distribution models have you con®deand which one(s) do
you use? (e.g. CDN, own server system, rented ssygéem, cloud)

- What was the decision based on? (e.g. cost, rifyalsicalability, other reasons)

- If you used CDN, which company did you use?

o Is there a server within your premises or are yannected to the CDN
via IAP?
o When did you start to use CDN?
- What business model do you use regarding CDNs?
o Do you pay something to the CDN company?
= Are you happy with the price level?
0 Are there non-monetary benefits moving either way?

- What is the concrete technical and business irterfe@tween you and the CDN?

- What do you think is the CDN’s business model?

- What features of CDN are important? List the folilogvin the order of most
important first.

0 Scalability

Reliability

Fast distribution of content

No upfront investments

Flexibility

0 Other feature?

- Is there anything missing from the CDN service?

- Have you faced any problems with your current set{gg. scalability, security
issues, leak of important information, QoS, revenuat covering costs)

- Are you happy with the service in terms of priceysality of service?

- What kind of relationship do you have with advets?

- What kind of costs do you face? Does it depend bichwmodel you use? (e.g.
software, hardware, servers/CDN fees, Internet ectivity, human resources,
others)

- How do you manage copyright issues?

- Interviewees were asked to give comments on vattwwarks drafts.

O O 0O

Caching/Information Networking
- Do you see it as an alternative or complementeacthrrent services?
- Would it change your content distribution model?

B.2 Questions for Internet Service Providers

- From an ISP’s perspective, does it matter, whialtexat distribution model the
content provider uses, i.e. CDN, own server systented servers, and cloud?

o Cost wise?

0 Otherwise?



68

Do you consider CDNs as competitors?
Do you have agreements with CDNs?

o Is there monetary compensation moving in eithexation?

0 Are there non-monetary benefits moving either way?
What is the concrete technical and business iteretween you and the CDN?
From an ISP’s perspective, do you think CDN wilhtioue to prosper? Or will
some other model take over (e.g. P2P)?
What kind of costs do you face? (e.g. backbone ectnity costs, peering or
transit agreements with other ISPs)
Interviewees were asked to give comments on vattiearks drafts.

Caching/Information Networking

Do you currently do some form of caching?
o Have you done it earlier?
Would you be interested to deploy content centeitsvorking?
From an ISP’s perspective, what are the possiblarddges and disadvantages
of information networking?

B.3 Questions for Content Hosting Companies/Data @#re Providers

How do you differ from CDN’s?
o Technically?
o From a business perspective?
What costs do you incur? (e.g. hardware, softwdistribution costs)
What kind of agreements do you have with CP’s?
o What is the concrete technical and business iterfetween you and
the CP?
o Do you charge by bit stored or with a flat rate?
Do you collaborate with the ISP’s?
Do content users get content directly from youvses or through the CP?
o What kind of traffic network is there?
Have you considered becoming a CDN?
Interviewees were asked to give comments on vattiearks drafts.

Information Networking

Would you consider content centric networking aspetition or opportunity?
o Would you switch to it?
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