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Introduction 
There are a variety of ISPs according to their size, measured either by the number of subscribers or by the 
network size. In particular, there exists a type of ISP known as Internet backbone providers (IBPs). IBPs 
transmit data over large regions of the world using long-haul fiber-optic cables. They pick up the traffic 
generated by ISPs as well as that of their own customers and carry it over long distances, connecting to 
each other and exchanging data at multiple points. 

Regardless of their size, all ISPs need interconnect each other in order to provide the universal 
connectivity which is demanded by Internet users. ISP interconnection usually takes one of the following 
two forms: peering or transit. The term peering is used generically to refer to Internet interconnection 
with no financial settlement, and it is based on equality, that is, ISPs of equal size would peer. Transit is 
an alternative arrangement between ISPs and IBPs, in which one pays another to deliver traffic between 
its customers and the customers of other provider. The transit relationship is a provider-customer one. 

There is a wealth of studies of ISP interconnection which model the ISP behaviour from the 
point of view of microeconomic theory. Most studies use the game theory as the basis of the analysis, and 
many of them make symplifying assumptions on the implementation of the service provision, such as 
Crémer (2000) and Laffont (2003). There are a small number of studies, however, which explicitly model 
the service provision, such as Wang et al. (2008). Our contribution belongs to the latter.  

In addition, most studies assume that the web is the only application over the Internet; it has 
shown to be false. Peer-to-Peer (P2P) file-sharing applications have reached a level of popularity among 
Internet users such that the volume generated by such applications presently represents a significant 
portion of the overall Internet traffic. Hasslinger (2005) reports measurement results for the components 
of the Internet traffic mix in Europe in 2003-2004. Based on the evaluation of TCP ports, more than half 
of the traffic is attributed to P2P applications. In addition, the P2P traffic portion becomes even larger 
when observed at application layer, e.g. from 50% to almost 80%.  

Therefore, there is a need to model ISP behaviour under the presence of P2P applications. 
Garetto et al. (2007) model the service that an ISP provides to P2P users. Our contribution extends the 
Garetto’s model in a competing scenario. 

The paper explicitly models the ISP service that is provided to users that run P2P applications 
and it analyses the behaviour of two ISP which compete for P2P users in a local market. The ISPs have 
agreed to peer each other and each ISP has purchased transit service from one or more IBPs. 

The quality of service received by the P2P users, as well as the equilibrium prices and market 
shares that the competition game would yield are computed by means of our model. 

Finally, our work has shown, at this early stage, that peering is beneficial for both ISPs but that 
one ISP can obtain benefit when transit capacity is provisioned by the other ISP, thanks to the ‘free 
riding’ effect caused by peering.  Anyway, the ISP which provisions its transit capacity always gains 
competitive advantage. 
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Model 
We study the scenario shown in Figure 1, 
where two ISP compete for providing service 
to n users in a local market. Each ISP obtains 
transit service from one Internet Backbone 
Provider, which offers a capacity of Bd

1 and 
Bd

2. And the ISPs agree to peer through 
unidirectional capacities named Bp

1 and Bp
2.  

Both local and Internet users are 
assumed to run only P2P applications, which 
may correspond to a scenario where ISPs 
reserve capacity for this sort of applications. 

We model the service that the P2P 
users receive as the queue system that is shown 
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in Figure 2, which 
enhances the model 
developed by Garetto
et al. (2007). The 
figure shows the three
ways of satisfy
object requests by
peers: from the sam
ISP, from the other 
local ISP –which is th
basic addition of o
model in comparison 
with Garetto’s one– 
and from the Internet
(IBP). 
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We model the 
service provided by 
the transit links and by the peer links as M/G/1-Processor Sharing systems, and we assume that link 
capacities are dimensioned such that all four links are fully utilised, which is consistent with our 
assumption of capacity reservation for P2P users. 
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The quality of the service is computed as the probability that an object request by an ISP user is 
satisfied (σi). 

From microeconomic theory, the user preferences are modeled by means of the utility function, 
which is proposed to be related to the quality of service as follows: 

( )1log +≡ iiU βσ  
Each ISP receives a service income and incurres in costs. Both incomes and costs are referred to 

a given period of time. Each ISP uses flat rate charging and charges a fixed price pi to all its users. 
Acording to Norton (2002), ISP interconnection costs are of two kinds: (1) transit costs, which comprise 
an initial startup cost and a traffic related cost; and (2) peering costs, which are fixed costs related to the 
deployed equipment at the interconnection site. 

Given the fully utilized links assumption, the ISPi obtains a profit given by the expression: 
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Finally, we model the interation between the two ISP and the n users by means of the game 
theory. Following Wang et al. (2008), we choose an extensive game with perfect information of the type 
multi-leader-follower game, which generalizes more popular formulations such as the Stackelberg game 
(Osborne, 2003). 

In our game, the leaders are the ISPs, which, in the first stage of the game, fix their prices p1 and 
p2. In the second stage, the followers, which are the n users, choose the ISP according to both the utility 
and the price. The preferences are the profit, for the ISP, and the net surplus –which is the diference 
between the utility Ui and the price pi – for the users. The Nash equilibrium for this game is achieved 
when ISP profit are maximised subject to the condition that users do obtain the same net surplus from 
either ISP. 

Problem solution and experiments 
The Nash equilibrium equations can be solved as an optimisation problem and equilibrium values for the 
prices p1 and p2 and for the market share can be obtained. 

We have solved the equations for different parameter configurations. Specifically, we have 
focused on the effect of the provisioning decisions made by each ISP. Each ISP can provision both the 
transit link and the peering link. These decision may improve the quality of service and therefore 
either/both attract users from the competing ISP or/and rise prices; and eventually profits may rise. 

We will present the results of the following experiments: 
1. Both ISPs’ provision strategies are identical. 
2. One ISP uses its transit capacity to gain competitive advantage. 
3. One ISP uses its peering capacity to gain competitive advantage. 
4. One ISP uses its transit capacity to gain competitive advantage and the competing ISP uses its 

peering capacity. 
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Conclusions 
The following conclusions can be drawn at this early stage of the research: 

• Peering is a ‘win-win’ strategy for the competing ISPs, since both user satisfaction and profit 
improve for both ISPs. 

• Unilateral transit provisioning allows gaining competitive advantage, although the competing 
ISP may obtain an indirect profit –an effect which can be identified as “free riding”. 

• Unilateral peering provisioning allows gaining competitive advantage,  
• When one ISP provisions its peering link and the competing ISP provisions its transit link, 

within the range of values covered by our model, the latter ISP would gain competitive 
advantage. 
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