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1. INTRODUCTION
Networked systems and architectures have a ubiquitous

presence in today’s world. The Internet, electrical power
grids, facilities management networks etc., are just a few ex-
amples of such systems that permeate our daily lives. The
potential for both economic and technological growth offered
by these networked systems have attracted businesses to in-
vest in them, spurring further research. This kind of net-
working research is a fast emerging multi-disciplinary field
that draws from diverse disciplines, such as computer sci-
ence, economics, and sociology - a convergence driven by
the fact that success or failure of a technology depends not
only on its scientific merits but also on many complex socio-
economic factors. Over the years there have been many
network technologies that met their technical specifications,
and yet failed to become economically viable. For exam-
ple, the failure of wide-spread deployment of QoS architec-
tures and solutions in today’s Internet is most commonly at-
tributed to economic reasons, like the lack of user demand,
high operational costs (compared to over-provisioning), and
inter-provider settlement issues. Another such problem is
also being encountered in the migration from IPv4 to IPv6.
The lesson is that in order to develop technologies that
are eventually successful, researchers need to make design
choices which account for different economic aspects, such
as supply and demand side uncertainties, consumer pref-
erences, weight of incumbency, competition strategies, costs
etc. However, in most cases it is often unclear which of these
can have a really significant impact. Therefore, developing
models that include economic as well as technical factors is
of major importance. Additionally, these models can also be
very useful to business strategists, policy makers, and social
planners alike for analyzing questions regarding corporate
and social welfare.

The goal of this research is to identify how various eco-
nomic factors influence design choices and tradeoffs in net-
worked systems and architectures, their deployment and adop-
tion, and thus build a framework for reasoning about choices
and decision-making. This framework needs to incorporate
different models which address specific issues and questions
that network technology providers commonly face, such as,
how can a new network technology compete better against
an incumbent, or how will a new technical capability (e.g.,
virtualization) affect network profitability, etc.?

These questions are clearly far-reaching and multi-faceted,
and in the context of this dissertation, we concentrate on
three basic issues that are important from a network provider’s
perspective. First is the issue of understanding how a provider’s

decisions and actions impact the process of technology adop-
tion, and in particular, the migration from an incumbent to
an entrant technology. A second related issue is that of
choosing what type of network architecture should the en-
trant technology be deployed on, and the third issue is to
understand how the range of functionalities included as a
part of the network architecture affects its profitability and
potential for future innovations. These are the three broad
topics that we consider in our research, and they are briefly
discussed next.

As new network technologies and services become avail-
able, the question that their providers ask is whether these
technologies will be successful. The main challenge faced
by most new network technologies is the weight of incum-
bency, i.e., market penetration of an existing technology
against which the entrant needs to compete. The presence
of a large installed base can give an incumbent an edge even
if an entrant is technically superior. This is because the
benefit that a user derives from using a network technology
grows proportionally with the network size, i.e., number of
other users reachable on it; a feature also known as positive
network externality effect [7]. Network providers have tradi-
tionally relied on converters (a.k.a. gateways) to solve this
problem. Converters help entrants overcome the influence of
the incumbent’s installed base by enabling cross-technology
inter-operability. However, converters can also introduce
performance degradations and functionality limitations, and
may even end up helping the incumbent by mitigating the
impact of its users migrating over to the new technology.
Thus, it is often unclear to the provider as to when and
how converters can facilitate network technology migration.
Additionally, there are also factors like pricing, switching
costs, user preferences etc., which impact the potential for
a successful migration. Having access to economic models
that incorporate these factors will allow providers to quan-
tify these impacts and take actions to improve the chances of
their technology’s success. To this end, we develop a model
for adoption of competing network technologies by individ-
ual users, and use it to analyze the influence of various eco-
nomic factors, and in particular, the role of converters in the
migration from an incumbent to a new technology. Subsec-
tion 2.1 on ‘Network Technology Migration’ provides further
details regarding this model and the insights gained from it.

While the previous topic focuses on how network tech-
nologies compete for market penetration, a related issue for
the provider is to select the network architecture on which
they are to be offered. Providers of these new technologies
or services have to decide whether multiple services should



be deployed on a common network infrastructure through
resource-sharing, or should each service be offered on a ded-
icated network of its own. While the option of sharing re-
sources helps realize economies of scope in set-up costs etc.,
combining heterogeneous services on a single network is not
necessarily the right option because of the increased com-
plexity in managing services with disparate requirements.
Although analyzing these economic trade-offs is crucial, it
is not enough for choosing the right architecture. This is
because an architecture’s profitability is also influenced by
the demand uncertainty of new services. The presence of
uncertainty can not only influence resource allocation de-
cisions but also the very choice of architecture. Moreover,
recent technological trends (e.g., virtualization) which give
providers the ability to dynamically adjust resources in re-
sponse to changes in demand further adds to the decision’s
complexity. Therefore, it is important to analyze how these
factors can affect the choice between the shared and dedi-
cated architecture options. We propose to develop an eco-
nomic model that captures all these different aspects of the
provider’s decision problem. Subsection 2.2 on ‘Shared ver-
sus Dedicated Network Architecture’ will present the model
along with our findings, and discuss how they translate into
guidelines for choosing the right architecture.

The third topic that we address in this research deals with
how much of functionalities or capabilities do providers need
to incorporate in their network architecture. This issue is
particularly important in the context of open network ar-
chitectures where infrastructure providers create the net-
work architecture with built-in functionalities, and service
providers (e.g., Yahoo, Google) use these functionalities to
develop and deploy new services on this architecture for end-
users to access. There is a natural tradeoff between creating
a functionality-rich versus minimalist network architecture.
A network with very little functionality will potentially have
a few services running on it because the cost of developing
these additional functionalities will need to be borne by the
service providers. The limited number of services will also
make the network less attractive to end-users. Therefore, the
fees that the infrastructure provider can charge to the two
sides (service providers and end-users) will have to be kept
relatively low, thus adversely affecting the network’s prof-
itability. On the other hand, if the infrastructure provider
were to invest very heavily in creating a functionality-rich
architecture, then to compensate for these expenses it will
have to charge high fees to the service providers and/or end-
users, resulting in fewer subscriptions and reduced profits.
Additionally, these high fees charged to the service providers
will also discourage them from innovating better functional-
ities of their own, and instead use the built-in ones, irrespec-
tive of their quality. Thus, it seems plausible that the net-
work’s richness in functionality may end up stifling service
innovation. Hence, it becomes important to analyze these
trade-offs within an analytical framework to better under-
stand if and when should network architectures with greater
functionalities be created, or conversely, whether there is an
‘optimal’ level of functionalities that networks should have.
This is a topic of our ongoing work and we discuss the ini-
tial formulation this problem as a two-sided market model
in subsection 2.3 on ‘Minimalist versus Functionality-rich
Network Architecture’.

Before proceeding with each individual topic, we wish to
note that there are two ‘big picture’ questions that are fairly

common across all these topics: (i) how should we account
for technical factors (e.g., technology quality, efficiency, ar-
chitectural flexibility) and economic factors (e.g., user de-
mand, costs, market mechanisms) while making decisions?;
(ii) how do these decisions affect outcomes like network prof-
itability and economic dynamics, such as competition, de-
mand, pricing and costs? The first question requires iden-
tifying the various features relevant to the topic and then
developing economic models that incorporate them. These
aspects will be discussed under the Problem Description and
Model Description subsections of each topic. The second
question requires that these models be analyzed to extract
general economic conclusions and use them to offer guide-
lines for decision making. These will be presented in the
subsection on Key Results for each topic.

2. RESEARCH TOPICS

2.1 Network Technology Migration

2.1.1 Problem Description
Networks, like other technologies, constantly improve over

time as newer and better solutions become available. These
entrant technologies compete against the incumbents they
seek to eventually replace. The Internet itself is an example
of such a technology that competed against other alterna-
tive packet data networks to finally displace the traditional
phone network as the de facto communication infrastructure.
But such successful migration from an incumbent network
technology to an entrant depends not only on the latter’s
technical superiority but also on economic factors, and the
ability to win over the incumbent’s installed base.

The traditional networking approach to facilitate technol-
ogy migration has been the introduction of converters or
gateways. Converters can help a technology to increase its
network externality benefits by allowing its users to connect
with users of the another technology. However, developing,
deploying, and operating converters come at a cost, one that
often grows as a function of the converter’s quality. Further,
converters can play a directionally ambiguous role. On one
hand, converters can help the entrant overcome the advan-
tage of the incumbent’s large installed base by allowing con-
nectivity to it. But on the other hand, they also help the
incumbent technology by mitigating the impact of its users
migrating to the newer technology.

To help network technology providers better understand
how the deployment of converters and other economic fac-
tors influence network technology migration, we develop an
economic model which incorporates these factors (e.g., qual-
ity, externality, price). We consider the utility derived from
network technologies by individual heterogeneous users, and
use it to build an aggregate model for technology adoption
that is consistent with individual rational decision-making.

Next, we briefly discuss how the adoption model we pro-
pose in this work compares to the existing literature. Mod-
eling the adoption of new products and technologies has a
long tradition in marketing. Fourt and Woodlock [13] pro-
posed a product diffusion model in which a fixed fraction
of consumers who have not yet bought the product did so
at every period; this is also known as constant hazard rate
model. Bass [1] extended it to incorporate word-of-mouth
communication between current adopters and potential buy-
ers. These earlier single technology adoption models were



later extended to study the joint diffusion of successive gen-
erations of technologies by Norton & Bass [11]. However, the
focus of all these works is on the aggregate adoption dynam-
ics as opposed to modeling the individual user’s decision-
making process. As a result, these models fail to develop
an understanding of how the consumer decision process af-
fects adoption dynamics and how various economic factors
impact adoption decisions. Only a few models have focused
on individual-level adoption [2], which provide much greater
insights into the mechanism through which rational individ-
ual decisions result in aggregate system dynamics. Due the
complexity of such models, their use has been limited to the
case of a single technology. We have extended these models
to a two technology settings -an essential step towards mak-
ing them suitable for studying migration from an incumbent
to an entrant network technology and for investigating the
role that converters play in that process. Other prior works
that have considered converters in the adoption of incom-
patible technologies include Farrell & Saloner [4, 12], Choi
[3], Joseph et al. [6]. The key findings of these works have
been that network externalities can often lead to multiple
equilibria and that converters can have significant impact
on equilibrium adoption levels. However, these works only
consider static models, that is, they do not incorporate how
heterogeneous user decisions lead to the adoption dynamics,
and hence, do not model the exact convergence path or iden-
tify which one of the several possible equilibria gets realized.
Thus, these models are not equipped to study the dynamics
of network technology migration.

2.1.2 Model Description
The process of migration from an incumbent to an entrant

network technology is governed by the user’s adoption deci-
sions. An individual user joins the network technology that
offers a higher ‘value’ in terms of the technology’s quality,
externality benefits and price. We account for these fac-
tors and their effect on technology adoption through a util-
ity function. For each of the two competing technologies,
the utility function increases with the technology’s intrinsic
(stand-alone) quality and the number of other users reach-
able using it (externality), while it decreases with price. The
utility function accounts for user heterogeneity in their eval-
uation of a technology’s intrinsic quality. The network ex-
ternality benefits that users enjoy from a technology grows
in proportional to the number of users that are using the
same technology as well as those who are reachable through
gateways or converters that their technology deploys. We
note that in our model we consider ‘technology-level’ con-
verters (gateways), i.e., these converters, once deployed, are
available to all users of the technology. The model consid-
ers that the price (fees) that users pay for subscription to a
technology is recurrent because of the service nature of most
network technologies.

A user adopts a technology when it provides a utility
that is both positive (i.e., satisfies individual rationality
constraint) and higher than that of the other technology
(i.e., satisfies incentive compatibility constraint). The users
continuously re-evaluate their technology choices, and can
switch from one technology to another. Since changes in the
adoption decision of one user affects the externality benefits
of other users as well, they all revisit their adoption decision
over time, resulting in the dynamics of technology migration.
This process is commonly captured through continuous time

models, as in [5]. We study the diffusion process in our work
using a similar continuous time model whose solution pro-
vides us with the characterization of equilibrium outcomes
and system stability.

2.1.3 Summary of Key Results
The analysis of the model reveals a number of interesting

behaviors [8, 9, 10]. Some of the main findings are reported
here. Firstly, it shows that the adoption process can ex-
hibit multiple steady state equilibrium outcomes; each with
a specific range of initial adoption levels of the two tech-
nologies. We also find that this behavior may arise both in
presence and absence of converters. Secondly, we find that
converters can help a technology improve its own standing
in the market, and even ensure its dominance while it would
have entirely disappeared in the absence of converters. For
example, a low-quality but low-cost technology may thwart
the success of a better but more expensive competitor by
preserving the ability of its users to access adopters of the
costlier technology, whose usage would then be limited to a
few ‘techno-buffs’. Thirdly, we observe a non-intuitive be-
havior that improving a converter’s efficiency can at times
be harmful; they can result in lower market share for an
individual technology or for both of them. For instance,
high market penetration may depend on the combination of
a cheap but low-end technology with a high-end but more
expensive one to adequately serve the full spectrum of user
preferences. A situation where converters allow the better
technology to gain market share at the expense of the lesser
technology may result in low-end users of that technology
dropping out altogether; thereby contributing to a lower
overall market penetration. Fourthly, we show that while
in the absence of converters, technology migration always
converges to stable steady-state equilibrium; this need not
be so when technologies deploy converters for compatibility.
The presence of converters can create ‘boom-and-bust’ cy-
cles in which users switch back-and-forth between the two
technologies.

The identification of these behaviors allow network providers
to realize the potential impact of various economic and tech-
nical factors, and thus help devise competition strategies for
network migration. Additionally, the knowledge of possible
adverse impact of converters that this model reveals is also
useful in deciding on policy interventions by regulators.

We have also verified using numerical evaluations that the
results obtained from the model are robust to inclusion of
additional cost components like switching or learning costs
and a broad range of variations in the structure of the user
utility functions [10].

2.2 Shared versus Dedicated Network Archi-
tectures

2.2.1 Problem Description
The ubiquity and capabilities of the Internet have led to

a rapid growth in networked services and applications. This
extends well beyond the migration of voice and video onto
the Internet, and has the potential to reach areas either tra-
ditionally not networked or accessible only through dedi-
cated networks, e.g., health-care, infrastructure monitoring,
surveillance, etc. The introduction of such new technolo-
gies and services require the network providers to identify
the right architecture for their deployment, that is, whether



multiple services should share resources on a common net-
work infrastructure, or should each service be offered on
a dedicated network of its own. Both these architectural
choices have pros and cons. The benefits of a shared infras-
tructure notwithstanding, combining services with disparate
requirements onto a single network also comes at the cost
of increased complexity. It often calls for upgrading the
network with features required by the new services. This
cost scales with overall network size, i.e., is borne by ser-
vices with no need for the features. It can also introduce
complex interactions and the need for tracking and trouble-
shooting problems of previously little consequences. There-
fore, assessing the relative benefits of shared and dedicated
networks calls for understanding the trade-off between the
economies of scale and scope that sharing allows, and the
diseconomies of scope it gives rise to.

A model that helps providers to analyze these trade-offs
must capture all the different network deployment and oper-
ational cost components, and how these costs are affected by
the needs of the services. Additionally, it also has to account
for the fact that the actual demand of a new service is ini-
tially uncertain, and so the provider has to allocate capacity
(resources) in anticipation of the demand. But networks are
not the first to face such issues. There is a long tradition of
investigating the trade-offs between flexible and dedicated
resources and their allocation decisions in the manufactur-
ing systems literature. For example, the Manufacturing Pro-
cess Flexibility literature has focused on efficient-plant prod-
uct assignments [14, 15], the effect of process flexibility in
handling demand variability [16], and the optimal resource
planning and allocation in presence of demand uncertainty
[17, 18]. Although the network provider’s problem of choos-
ing between shared and separate networks parallels selecting
flexible or dedicated manufacturing plants, and making the
right capacity allocations, there are key important differ-
ences. First, rather than explore the benefits of a flexible
(shared) plant (network) in dealing with uncertain demand,
our focus is on investigating the impact of various economies
and diseconomies of scope in the cost components. A sec-
ond and more significant difference is that these traditional
manufacturing plant models assume that due to large time-
lag in building new plants, production cannot be ramped-
up rapidly in response to higher than expected demand,
whereas in many networks it is quite feasible to increase
the capacity on a relatively short time scale, and hence ac-
commodate a portion of the excess demand. This ability to
dynamically adjust the network’s capacity through resource
‘reprovisioning ’ is becoming increasingly easy with techno-
logical advancements, such as virtualization [20, 19]. The
emergence of virtualization technology has made the ques-
tion of whether to add a new service on an existing network
or on a network ‘slice’ a more practical one. Besides the
Internet, this capability is also very common in distributed
database networks, cloud computing etc. Even in the tra-
ditional manufacturing sector, flexible manufacturing facili-
ties that can be configured nearly“on-demand”are becoming
more common. As a result, the earlier manufacturing system
models which share some of our structural properties are no
longer applicable. They need to be extended to incorporate
this new technological ability which not only affects the op-
timal resource provisioning decisions, but potentially impact
the choice of network architecture as well.

2.2.2 Model Description
The most basic setting in which the question of network

sharing and all its related economic factors arise is the case
of two network services. The model we develop considers the
case where a network provider has an existing service that
has already been deployed and runs on its existing network.
The second service that the provider wants to introduce is
a new service with an uncertain demand. We assume that
the provider only knows the demand distribution but not
the actual demand that will be realized once the service
is made available. The provider has to decide whether to
deploy this new service alongside the first service on the ex-
isting network, or to create another dedicated network for
it. Additionally, the provider also needs to decide how much
capacity (resources) has to be allocated for the new service
given its choice of network architecture. These decisions
have to be made prior to the actual realization of the new
service’s demand. Once the actual demand is known, the
provider can increase its capacity if excess demand is re-
alized. Downward adjustments are assumed precluded by
contractual obligations. In order to account for different
levels of reprovisioning ability, we introduce a reprovision-
ing coefficient that captures the extent to which the provider
can recoup excess demand, i.e., a value of 0 implies that all
excess demand is lost, while a value of 1 corresponds to an
environment were provisioning is not needed as the necessary
resources can be secured on-demand and without penalty.

The first step of the model involves identifying the vari-
ous deployment and operational cost components. We group
these costs under the categories of fixed costs, variable costs
which grow with the realized demand, and cost of capacity
which grows with allocated resources, and use these to for-
mulate the revenue function for each architectural choice.
The model we develop is generic enough to allow exploring
either economies or diseconomies of scope in the various cost
and revenue parameters. We develop a three stage sequential
decision process to solve the provider’s decision problems. In
the first stage, the provider picks one of the architectures. In
the second stage, the provider decides on how much capacity
to allocate for the new service. The third stage is one where
the new service’s actual demand finally gets realized and the
provider reprovisions resources if necessary to accommodate
excess demand. We solve this model by working backwards
through the three stages, i.e., given the possible realizations
of demand; the corresponding profits are computed in the
third stage. Using these demand-profit relationships, the
net estimated profit for a given allocated capacity can be
computed for each architectural option. This is done in the
second stage, where the ‘optimal’ capacity that generates
the highest estimated profit for each of the two architec-
tural options is calculated. Using these optimal capacity
decisions, the provider can compare the resulting profits for
the two architectures in the first stage, and thus decide to
choose the one with a higher profitability. The details of this
formulation are available in [21].

2.2.3 Summary of Key Results
In this work, we developed an analytical model that ad-

dresses the fundamental issue of network architecture selec-
tion. It creates a reasoning framework that includes not only
factors like the economic relationships among various cost
and revenue components, but also incorporates the impact
of demand uncertainties and resource reprovisioning into the



decision process. We use this model to show that the extent
of (dis)economies in various cost or revenue components can
impact the choice of network architecture. The results illus-
trate the impact that reprovisioning can have on the choice
of network solution, and validates the need for models that
incorporate such a feature [21]. We also found that the ex-
tent of (dis)economies in various network cost components
can significantly influence the choice of architecture, and
when it does so there is usually a threshold value for these
costs where the choice of architecture gets switched. The
ability of the model to help the provider quantify these val-
ues can guide their selection of more profitable architecture.
We are carrying out additional analysis to better illustrate
when, why, and to what extent the ability to reprovision-
ing impacts the choice of shared versus dedicated network
architectures.

2.3 Minimalist versus Functionality-rich Net-
work Architecture

2.3.1 Problem Description
Deployment of new network architectures involves decid-

ing on the functionalities that it needs to provide. The de-
gree to which a network architecture is open to outsiders
and the range of built-in network functionalities available is
critical in enabling the creation and deployment of innova-
tive value-added services. For example, the open Internet
architecture allowed many new applications such as email
and web to be offered which benefited end-users, service
providers and network infrastructure providers. In contrast,
there are relatively few service innovations in the closed tele-
phone networks. Although open network architecture has
its benefits, there are several issues that the infrastructure
providers need to deal with. For example, how to decide
what functionalities need to be built into the network and
what functionalities should be left to the service providers
to develop, should these functionalities be offered a la carte
or in selected bundles for the service providers to choose
from, and how should service providers be charged for the
functionalities that they use, i.e., should each pay accord-
ing to the type of functionalities their service use or should
all of them be charged a flat fee? These question focus on
different aspects of the problem and require slightly differ-
ent models. The scenario we consider in this research is
an open architecture where service providers are allowed
to choose the functionalities a la carte and pay a flat fee.
The decision problem we focus on is for the infrastructure
provider to decide whether this open architecture should be
functionality-rich or minimalist in its design. It is this deci-
sion that determines how the network entices new users and
new services, and thus influences how profitable the network
is and how much social welfare it generates.

2.3.2 Model Description
The description of the model we present next takes the

viewpoint of an infrastructure provider who wants to max-
imize the profitability of the network it owns. A similar
approach may be followed to find the best outcome from
the viewpoint of a social planner or policy maker, etc. The
model we develop considers that the infrastructure provider
creates the network architecture and decides on the amount
of functionalities to add. The architecture is an open archi-
tecture where any service provider can choose a la carte from

the available set of built-in functionalities, or may also add
their own functionalities, to develop and deploy new services
on the network. In return for this, they pay some fixed fee
to the infrastructure provider. The deployed services are ac-
cessed by end-users (e.g., consumers, enterprises) who also
pay a fixed connectivity fee to the infrastructure provider.
This scenario thus lends itself to a classical two-sided market
model [22, 24, 25] where the infrastructure provider is the
owner of the platform which brings together the two sides
of the market, end-users and service providers. Such models
have been previously used in studying net-neutrality issues
[23]. As the regulator of the interaction between the two
sides of market, the infrastructure provider also gets to de-
cide the fees that end-users and service providers have to
pay so as to maximize the profit earned from the network.
But making these decisions requires that the profit or utility
functions for the infrastructure provider, service providers,
and end-users are all accounted for. Next we discuss how
these profit functions are constructed

The profit function for the infrastructure provider is the
sum total of revenues earned from service providers and
end-users, and from which the cost of incorporating the
selected number of functionalities into the network is sub-
tracted. The revenue components are calculated by multi-
plying the number of services/users with the fees that they
pay, whereas the cost component is determined by some
exogenous function which monotonically increases with the
number of built-in functionalities provided, i.e., creating a
functionality-rich architecture is progressively more expen-
sive.

For the service provider’s utility function we consider that
it increases with the number of end-users connected to the
network, while it decreases with the fees charged by the in-
frastructure provider and the cost of service development.
Service development cost is assumed to be an exogenous
function that decreases with the number of built-in function-
alities in the network. This is because if a lot of functionali-
ties are already incorporated by the infrastructure provider
then the service providers don’t incur the cost of developing
them. While on the other hand, if less built-in functionalities
are available then the service providers have to bear these
additional costs. Our model allows this cost to be heteroge-
neous across service providers. As for the service provider’s
revenues, keeping in line with the latest trend in service offer-
ings, our model assumes that providers generate their rev-
enues from external advertisements rather than end-users.
The end-user’s utility function grows with the number of
service providers on the network and decreases with the fees
charged by the infrastructure provider. We also introduce an
additional component in the user utility which captures het-
erogeneity across the users in their valuation of the intrinsic
benefits of joining the network. Heterogeneity across both
end-users and service providers implies that only those users
and service providers who derive a positive utility will join
the network. Hence, if the infrastructure provider charges
very high fees, then many end-users and service providers
may not join the network, which adversely affects the net-
work’s profitability. On the hand, if the provider charges
too less then the expense incurred in adding the network
functionalities may not be recovered. Thus, an optimiza-
tion problem arises for the infrastructure provider, which
we present as a three stage sequential process in our model.

First, the infrastructure provider chooses the number of



functionalities to build into the network. This choice deter-
mines the cost that the infrastructure provider incurs as well
as the cost that service providers will incur in developing
and deploying their services. In the second stage, the in-
frastructure provider chooses the fixed fees to be charged to
the services and the end-users. In the third stage, the equi-
librium outcome for the two sides of the market is reached
and the number of users and service providers that join the
network is realized. As commonly done for optimization
models with sequential decisions, we solve for these stages
backwards. That is, given a set of fees chosen by the in-
frastructure provider, we solve the third stage equilibrium
outcome for the number of service providers and end-users
who join the network. Then for a given choice of number of
functionalities, we solve the second stage problem by calcu-
lating the profit that the infrastructure provider earns from
the equilibrium outcome on the two sides of the market, and
use this to find the ‘optimal’ fees which will maximize this
profit. Lastly, in the solution to the first stage problem, we
find the ‘optimal’ number of functionalities that gives the
highest possible profit for the infrastructure provider. Next
we discuss the direction along which we intend to investigate
this model.

2.3.3 Future Research Agenda
We propose to explore the model developed to understand

how the inclusion of built-in network functionalities affects
profitability, and which conditions influence whether an in-
frastructure provider chooses a functionality-rich architec-
ture or a minimalist design. We also aim to investigate how
the optimal number of functionalities included in the net-
work change if a social planner were to decide it instead of
an infrastructure provider.

Another direction which we intend to pursue is the impact
on service innovation of having an existing version of a func-
tionality that service providers need. Availability of already
built-in functionailities may discourage service providers from
experimenting with better approaches. Thus, a functionality-
rich architecture may even become detrimental to service
innovation. We aim to explore this problem in systematic
way as a part of the proposed framework.
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