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Abstract. In this paper we analyze quantitatively a business model for
the collaborative provision of an advanced mobile data service portfo-
lio composed of three multimedia services: Video on Demand, Internet
Protocol Television and User Generated Content. We provide a descrip-
tion of the provision system considering the relation occurring between
tecnical aspects and business aspects for each agent providing the ba-
sic multimedia service. Such a techno-business analysis is then projected
into a mathematical model dealing with the problem of the definition of
incentives between the different agents involved in a collaborative service
provision. Through the implementation of this model we aim at shaping
the behaviour of each of the contributing agents modifying the level of
profitability that the Service Portfolio yields to each of them.

Keywords: Service Platforms, Business Models, Multi Follower, Stochas-
tic Programming, Video on Demand, IPTV, User Generated Content.

1 Introduction

Advanced data services are customizable and oriented towards the on-demand
and real time delivery. Typically they are bundled in Service Portfolios. Thus
it is important to develop and provide such services in a flexible way. Services
Portfolios are composed of different enablers and basic services provided by a
constellation of actors. Most of the reseach carried out so far has been oriented
towards the technical aspects of such a service provision, while the quantitative
evaluation of business modeling aspects is still in an early phase.

The aim of this paper is to provide a proof of the concept for the economic
evaluation of collaborative provision of a data service focused, for the time be-
ing, on the aspects of economic viability and risk management. We will focus on
the case of the provision of a service composed by the bundle of three different
services given by Internet TV (IPTV), Video on Demand (VoD) and User Gen-
erated Content (UGC). The composed service is used in a particular business
scene, such as a concert.

We will analyze how the architecture of such a service delivery system is
composed, in order to emphasize the elements which are technically relevant
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w.r.t. a business model. At the same time, considerations about the economic
values will be introduced in order to consider a quantitative revenue and risk
management model. Then the model is applied for fine tuning, via the use of a
revenue sharing scheme, the decisions of the service providers about the amount
of service to supply to the service portfolio to be bundled. Such model, has
been tested in earlier work [I] for different configurations of the sharing scheme
resulting in a feasible service portfolio provision.

In this paper we describe an implementation to select of the optimal sharing
scheme in order to make the service portfolio feasible and to deliver the highest
possible return on costs to the agent assuming the role of aggregator. The ap-
proach is based on an aggregator centric business model, described in [§], where
an actor takes the double role of Service Aggregator, offering the service portfolio
to the end user, and Portal Provider that visualizes the contents to the end user. In
our approach we assume this actor to cover the further role of Platform Operator,
offering the tools necessary for bundling the service portfolio. The analysis consid-
ers a general notion of platform, intended as an entity coordinating interactions
between two or more distinct groups of stakeholders [g].

The rest of the paper is organized as follows. Section [2] describes three user
scenarios where the service portfolios are invoked by the end user. The technical
analysis of the provision of each basic service bundling the service portfolio is
done in section Bl to understand the technical bottlenecks of such a provision.
Section [4 describes how the technical constraints, together with business con-
siderations, are mapped in a quantitative model related to the selection of a
revenue sharing scheme amongst the service providers. Section [ discusses the
results of the implementation of the mathematical model. We conclude the paper
and outline the future work in section [Gl

2 Typical Business Scenes

The purpose of this section is to describe three user scenarios, in which the end
user invokes the use of a Service Portfolio composed of the three multimedia
services discussed above, in order to position our problem within a business
point of view.

The first scenario depicts the end user at a concert. Using her device, the end
user can have the concert broadcasted on enhanced TV while, at the same time,
the end user can use the VoD service to retrieve material about the band and
access to UGC directly on the device. In the second scenario the end user is a
tourist using video guides requested as VoD together with UGC in order to read
comments about places to visit, during the trips she may eventually want to
relax watching IPTV or some desired VoD. A third service allows the users to
interact with TV requesting VoD for changing the storyline of a movie, involving
use of forums, chats and other UGC.

These services are provided collaboratively by a set of Service Providers that
can decide to supply their component to a set of Service Portfolios. Their goal is to
select an appropriate group of Service Portfolios that sounds as most profitable.
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We consider the VoD provider to take the role of Platform Operator. Her work is
to ensure that each Service Provider supplies a minimum amount of Megabits per
second (Mbps). Such a coordination is achieved by a wise choice of the revenue
sharing scheme between the contributing actors.

3 Technical Analysis of the Service Portfolio Provision

We assume that all the basic services are delivered by exploiting a high-bandwidth
backbone network such as ATM or SONET [4]. This will allow us to neglect bottle-
necks at the network level (in this case physical layer) and concentrate on possible
constraints in the application layer of the system.

3.1 System Architecture Design

Video on Demand

In the general architecture of a VoD system we have thousands of local distri-
bution networks, delivering audio and video content stored in Video Servers,
connected by a high-bandwidth backbone network.

Video Servers are capable of storing and outputting a large number of movies
simultaneously. Such a storage is done using different kind of supports character-
ized by a tradeoff between cost and number of users that can be served. A Video
Server is composed by one or more high performance CPUs, a shared memory,
a massive RAM cache for content which is supposed to be requested with more
frequency, a variety of storage devices for holding the movies and some network
hardware such as an optical interface (call it for example Network Interface) to
a SONET or ATM backbone. These subsystems are connected by an extremely
high speed bus (at least 1Gb/sec.). The CPUs are used for accepting user re-
quests, locating movies, moving data between devices. Many of these operations
are time critical, and thus they constitute a constraint for the number of services
that can be produced in a given frame time.

We will assume that the VoD provider has constraints with respect to the
number of services feasible for a given time unit, and such a constraint depends
on the capacity of the server. The performance of the system is measured in
Megabits per second (Mbps).

Internet Protocol Television

IPTV uses IP networks to deliver digital TV programming from a central lo-
cation to a base of multiple subscribers. A large IPTV network works in the
follwing way (see, for further discussion [6]). The Super-video Head End (SHE)
receives video signals for national programming from a variety of sources and
in different formats and encryption protocols. Its task consist in decripting the
source format, converting it in a suitable data type and rebroadcasting it to
regional Video Head ends Offices (VHO). When the VHO receives the packets,
it aggregates such a content with the local content encoded and forwards it to the
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Video Switching Office (VSO) which is the phone company’s infrastructure for
delivering video to users. In order to deliver IPTV to the end-user the carriers
plan to use IP multicasting. With multicasting, a single copy of a program is
transmitted through the network and replicated only where necessary. One of
phone carriers’ biggest IPTV challenges will be having enough bandwidth for
both the potential growth in data-intensive high-definition programming and a
growing number of customers (see e.g. [5]). To model the technical process neces-
sary to deliver the IPTV service we will consider in a deeper detail the operations
performed by each of the elements constituting the hardware architecture of an
IPTYV system.

User Generated Content

User Generated Content (UGC) refers to various kinds of media content, publicly
available, that are produced and shared by end-users, whether is it a comment
left on Amazon.com, a professional quality video uploaded to YouTube, or a stu-
dent’s profile on Facebook [7]. For capacity constraint purposes we will consider
only the aspects of UGC including multimedia content, which is characterized
by bottlenecks at the service provider side. We will approximate the architecture
of a UGC system for multimedia content by considering it an extension of the
VoD case, but allowing for the upload of multimedia content by the end-user.

3.2 System Architecture Approximation

The architecture of a system as the one described above is very complex and
the elements involved in the provision of the services need to perform a large
amount of operations. However, not all the operations are considered as critical
for the provision of a Service Portfolio, since modern technology can efficiently
perform most of them. For this reason we have restricted the analysis only to
the operations that constitute a bottleneck in terms of capability to serve a
continuously increasing number of end users. The approximation of the overall
architecture follows the guidelines discussed in [2] and [3], and can be formalized
through a UML class diagram, like the one showed in figure[ll The first element
considered in the figure is a goal, which is a state a user tries to achieve or ob-
tain. What is delivered to the end user is a Service Portfolio, i.e. a collection of
services. Enabler is a functionality used by a service provider to create a service.
Such enablers provide the SP capabilities and consume various resources, which
constitute a constraint on the maximum level of basic service that can be pro-
vided to the Service Portfolio. Class diagrams provide an approximation of the
system architecture for the different providers and highlight the importance of
resources consumption in the service delivery process. To deliver a given service

Fig. 1. A Generic Service Platform Model (source: Zoric, 2008)
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Fig. 2. Class diagram for the VoD case

(e.g. a video or some multimedia content) the server has to be able to provide
a minimum amount of Mbps, which are a function of the number of operations
that the server can perform.

Video on Demand

In figure 2] we identify the relations between the classes of objects describing the
VoD system elements in a four layer architecture: Client Layer, Service Layer,
Enabler Layer and Resources Layer. The Client Layer contains the class of ob-
jects sending the request for a service. The end user is characterized by the
attribute defining the number of Mbps requested. At the Service Layer we have
the video, which is characterized by a the actual number Mbps. The set of func-
tionalities used to create the services, considered at the Enabler Layer is given by
two enablers: content provider and network operator. These enablers provide the
capabilities to build up a service ensuring a minimum amount of Mbps to each
end user, in order to achieve a satisfactory experience. At the same time enablers
consume resources, which are described in the Resources Layer. Let us examine
with more detail the considerations introduced about the mapping between op-
erations performed by the elements of the server and the Mbps delivered. We
will consider, for the case of VoD, a table with four resource-consuming opera-
tions. The same considerations are applicable to IPTV and UGC cases. Namely,
the service produced by the VoD provider is the result of the following main
operations:
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Operation Performed by Bounding measure
accepting download requests CPU Mhz
requesting data CPU Mhz
fetching data Hard Drive rpm
delivering data Network Interface MB

Given the power of each of these elements, there is an upper bound on the
number of operations that they can perform in a particular frametime, bounding
in the same way the number of Mbps that can be delivered.

Internet Protocol Television

The analysis considers the same four layers as previously done. In the Client
Layer we have a group of end users sending a connection request to a set of
different TV channels, which in our analysis are positioned in the Service Layer.
The enablers involved in this delivery are the Content Provider (for the encod-
ing and forwarding processes) and the Context Provider (for what concerns the
context detection for local and customized content) on one side and the Network
Operator (for the physical delivery of data) on the other side. What is done at
the server side now is not so different from the Video on Demand case, except for
the fact that the CPU has to handle the conversion of the source data obtained
from an external antenna or satellite (receiving, decoding and re-encoding in a
suitable format). The VHO performs the same operations as the SHE (receive
and convert source), but it operates with local content. Moreover, it bundles the
local content with the global one. The VSO has the task of demultiplexing the
packets transporting data of different TV channels to different end users.

User Generated Content

As mentioned earlier, the UGC architecture resembles the one for the VoD, with
the possibility for the end user to upload multimedia content to the server. In or-
der to approximate the architecture of such a system we just take as a reference
what is showed in figure 2] changing the class Video with the class Content and
adding the operation loadContent () in the end user class and the operation
storePacket () in the Hard Drive class. The operation getRequest() in the
CPU class can be thought as well as a download request or an upload request.
In the same way the operation forwardPacket () in the Network Interface class
can be thought as a duplex connection: packets flow in both ways.

4 Modelling the Collaborative Service Provision

In this section we consider the model introduced in [I], which aims at achieving
a collaborative provision of a data service via the choice of a revenue sharing
scheme between the providers, taking as input statistcs on profitability of the ser-
vice as well as preferences of the component providers in terms of risk tolerance
and minimum accepted level of profitability.
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The main building blocks of the model are services given by VoD, IPTV and
UGC and indexed by ¢ = 1 : 3 and Service Portfolios defined by the collection
of services provided to the end user in the concert scenario, the tourist scenario
and the interaction scenario which are indexed by j = 1 : 3. The relation between
services and Service Portfolios is described by the coefficients A;; which measure
the amount of Mbps that service provider i has to supply for delivery of the unit
amount of Service Portfolio 5. Thus, a Service Portfolio j can be described by vector

Aj = (A1, Agj) (1)

which describes the amount of Mbps each service provider has to deliver to
provide one unit of service portfolio j.

An end user requests a service portfolio j and generates a revenue v; per unit
sold. We can think v; as a random variable; this means that the price level to
be set in order to keep a given level of demand is uncertain. Randomness is thus
due to uncertainty of user acceptance and demand.

A way to quantify the uncertainty attached to the revenue of each service
portfolio is given by the computation of the risk level associated. In this frame-
work we will consider risk as the non predictability of the unit revenues in order
to have a certain level of demand, and this allows us to use standard deviation,
one of the most established and wide used risk measures in finance, as a risk
measure for the unit revenue. The economical concept underlying such a kind of
analysis is that Component Providers want to choose how many Mbps to supply
to each service portfolio in order to get the highest return on costs possible for
a given level of risk. Increasing the level of risk accepted will result in a higher
level of expected return on costs. We assume that the revenue obtained by a
component provider is a share of the revenue generated by the sale of the Ser-
vice Portfolio. Revenue is proportional to the percentage of Mbps provided to
such bundle with respect to the amount of Mbps necessary to supply a enjoyable
service to the end user.

The revenue v; generated by a unit of Service Portfolio j is distributed among
the actors who participate in the creation of the service portfolio using a vector
of revenue shares

Vi = (71j,-~773j)

Determination of these revenue sharing coefficients is one of the objectives of the
design of the business model for service provision.

Let us consider ¢; as cost per unit of Megabit of service ¢ sent per second
and x;; as the portion of provision capability (Mbps sent over total Mbps that
the provider can supply) for service i dedicated to participation in provision of
Service Portfolio j. We can define the expected return on total costs of the i-th
provider as

v; Vig
55177] Z/’%]lﬂz] Zlfz] (’yz] J 1) + Zia (E o — 1) (2)
(& 'L] i
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at the same way, we can define the standard deviation of the return on costs as

4
R(z;) = StDev(ri(z;)) = StDev | Y rijai; (3)

=1

The problem of the i-th Service Provider is given by finding the best distribution
of her service, in trems of Mbps supplied, amongst the Service Portfolios under
a risk-performance point of view. Following the framework provided by [I] we
define the problem of the i-th Service Provider as

max 7 (2, ;) (4)
subject to constraints ,
Zmij =1, z;; >0 (5)
j=1
R(zi,v;) <R (6)

where we emphasize here the dependence of risk and return on the revenue
sharing scheme ;. To provide a satisfactory experience to the end user, every
component provider involved in the creation of the service portfolio has to pro-
vide a level of Mbps larger or equal to a given treshold. The solution of such
a portfolio problem will be denoted by z;(v;) for all generic actors providing
service i for the Services Portfolio j.

We assume that one of the Service Providers covers a further role of Service
Aggregator. It is up to her to decide the correct revenue sharing scheme in order
to compose the Service Portfolio. Formally such a provider faces the following
optimization problem:

max 7y (21 (7). ) ™)
J
subject to constraints
-Tij('Yj) > mijmin for all i € Ij (8)
Vi € I (9)

where the set I'; can be defined, for example, by

* — Yij *
{vjlvi; € 10,1], E vij = 1} N {vilp; — A < [V Buy <pi + AT}
i Y

Y

where p! is a target for the price of the service i and AT and A~ defines the
tolerances within which she is willing to accept a different price, and

Ij:{i:Aij>0}

The problem defined in ()-(@) presents the structure of a stochastic bilevel
multifollower model.
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5 Numerical Implementation

The previous model has been tested in [I] computing the value of the objective
function (7)) corresponding to different values of the sharing scheme chosen for
a platform service portfolio as shown in the following table.

Table 1. Values of the optimal expected return on costs of the Platform Operator
(also VoD provider) as a function of the sharing scheme weights granted to the IPTV
provider (first column) and the UGC provider (first row)

0 0,474 0,4795 0,485 0,4905 0,496 0,5015 0,507 0,5125 0,518
0,1765 0 0 0 0 0 0 0 0 0

0,182 0 0,2312 0,2239 0,2163 0,2083 0,2001 0,1917 0,1834 0,1760
0,1875 0 0,2239 0,2163 0,2083 0,2001 0,1917 0,1834 0,1760 0
0,193 0 0,2163 0,2083 0,2001 0,1917 0,1834 0,1760 0 0
0,1985 0 0,2083 0,2001 0,1917 0,1834 0,1760 0 0 0
0,204 0 0,2001 0,1917 0,1834 0,1760 0 0 0 0
0,2095 0 0,1917 0,1834 0,1760 0 0 0 0 0
0215 0 0,18340,1760 0 0 0 0 0 0
02205 0 01176 0 0 0 0 0 0 0

The model {@)-[@) has been successively implemented using the commercial
software MATLAB with the aim of finding an optimal solution. We used anony-
mous data units in order to keep it similar to the original problem test. To find
the optimal solution of the model considered at the beginning of the section
we defined a function which takes as input the data necessary to run a set of
mean-variance portfolio optimizations. In particular the input corresponds to
the variance covariance matrix for the Portfolio Services revenues, the prices of
the Portfolio Services, the costs for transmitting one Mbps of service as well as
the risk bounds and the minimum level of basic service to provide to the ser-
vice bundle in order to make the provision feasible. The output provided by the
function is the amount of service supplied by each service provider to the service
portfolio for a given sharing scheme. Such a function is used as constraint for
the upper level optimization which attempts to find the optimal sharing scheme
to provide the highest returns to the platform operator.

The result of the optimization gives an optimal sharing scheme vector of
34,15% to the VoD provider/Platform Operator 17,98% to the IPTV provider
and 47,87% to the UGC provider, with both the IPTV provider and the UGC
provider having expected returns at their minimum accepted level and risk mea-
sure value at their maximum accepted value. The optimal expected return of
the Platform Operator (VoD provider) correspondent to the maximum risk level
accepted by this provider is given by 23,51%.
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6 Conclusions and Future Work

We have discussed the implementation of a model designed to coordinate the
provision of services to bundle a Service Portfolio through the choice of a suit-
able revenue sharing scheme. The solution ensures that each service provider
participates actively in the creation of a customized Service Portfolio and, at
the same time, allows the Platform Operator to obtain the highest possible re-
turn. In the business model evaluated one agent takes the role of coordinator
between the different providers, while other Platform Business Models (see e.g.
[8] or [9]) with different coordination rules require different evaluation methods.
The implementation considers Mbps as the relevant measure for the determina-
tion of the service provision level and it seems to be quite suited for multimedia
contents, but such a measure could not be used in case of service providers not
having bottlenecks linked to bandwidth.

Thus, the model is yet considered at an early stage and not fully operating in
an industrial basis. A possible future extension of the evaluation framework can
proceed in the direction of including different types of contribution models, in
order not to restrict the analysis to multimedia bandwidth critical content. The
model considers as well a set of parameters not always easy to estimate from
market data, a way to simplify the constraints in order to allow for an easier
evaluation of the parameters needed is considered a right step in the path of
merging the academic and the industrial perspectives.
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