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Abstract: The interconnection between Internet backbone providers plays the key 
role during the development of the Internet. However, the asymmetries between 
backbones affect the backbones’ choices in interconnection. This paper presents a 
game model of the interconnection agreement between backbones in case of network 
congestion. We prove the validity that the larger network charges the smaller one 
during interconnection. We also attempt to demonstrate how the asymmetric network 
capacity and the percentage of ICP affect the interconnection between backbones. 
Keywords: Internet backbone providers; interconnection; asymmetry; congestion 

1 INTRODUCTION 

The Internet is a network of networks, owned and operated by different 
companies. Networks’ connectivity significantly affects the development of Internet. 
Because the Internet is structured hierarchically, each network has its unique position 
in the entire network system. IBPs (Internet Backbone Providers) are at the top of 
hierarchy. Most ISPs (Internet Service Providers) connect with each other through IBP. 
And end users and ICPs (Internet Content Providers) access Internet via ISP or some 
IBP. In general, IBPs own or lease national or international high-speed fiber optic 
networks. ISPs only own regional Internet networks.  
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Figure 1.Hierarchy of Internet 

Due to network effect, there exists distinct difference between IBPs, which leads 
to the co-existence of a few large IBPs and a lot of middle and small IBPs in most 
countries. The asymmetric of market structure has made network interconnection 
complex and arguable because of its business nature. 

In this paper we focus on the interconnection incentive and agreement of 
competitive IBPs which host different proportions of content providers and own 
different network size. First, we analyze the influence of interconnection to the 
competition between different IBPs. Second, since the network congestion affects the 
quality of service (QoS) , price and profit of network in different ways , we construct 
a economic model of two interconnected networks to analyze the interconnection 
strategies of them.  

2 THE INFLUENCE OF INTERCONNECTIONS TO COMPETITION 

BETWEEN IBPS 

As IBPs actually compete with each other, the interconnection must affect the 
competition between them. Without the payment of access fee the choice of peering 
capacity would be the only interconnection behavior of IBPs. The investment on 
peering capacity can alleviate the congestion in peering point, and then reduce the 
delay experienced by consumers. However this improvement is accompanied by an 
increase in traffic within the IBP. Hence, a customer of the service experiences a 
decrease in peering point delay but an increase in IBP-network delays. Although the 
consumer can’t really know where the delay occurs, the quality of service provided by 
IBPs is affected. These dynamic factors make the choice of peering point become 
more complex. 

Furthermore, the choice of peering capacity also affects the way in which IBPs 

2490



compete for customers. IBPs differentiate themselves by hosting different ICPs. The 
value of differentiation for maintaining profits in a competitive marketplace is 
reduced by high capacity interconnections. Intuitionally the IBP with the larger 
proportion of ICPs generally will choose the lower peering capacity. 

The combination of congestion effects and differentiation strategies determine 
the value of interconnection to each of the IBPs in the agreement. The IBP that prefers 
lower peering capacity will have the more bargaining power during the 
interconnection negotiation. 

The factors that affect the IBPs’ peering agreement mainly include network 
geographic coverage, network capacity, network size and scope, traffic exchange ratio 
and consumer distribution. We present a two-stage model of two IBPs that operate in 
the same area and compete for customers. Their network capacities are given constant. 
They host different proportion of ICPs. Both the networks and the interconnection 
point are sources of congestion. Customers incur delay costs when accessing content 
on the two networks. There are four kinds of traffic in the Internet: customer to ICP, 
ICP to ICP, customer to customer and ICP to customer. But as the total of the first 
three kinds of traffic are far less than the last one, we will only consider the last one in 
the model. 

3 THE MODEL 

3.1 Demand for access and social surplus 

To simply the analysis, we only consider two IBPs in this model. We assume that 
they host α and 1-α proportions of ICPs, respectively. Let p1 and p2 is the per unit 
time price charged by IBP1 and IBP2 for Internet access price. 

Let the utility of joining the Internet through IBPs enjoyed by consumer indexed 
by r be  

U r p d= − −                                                           （1） 

where r > 0 is a positive benefit of joining the Internet which is uniformly 
distributed in[0,A](A>0). p is the per unit time price charged by IBPs and d is the 
disutility (or dis-benefit) of delay incurred by customers. While r is independent from 
which IBP is providing access, the disutility of delay depends on the degree of 
congestion on network. 

The customer chooses whether or not to get Internet services and he picks the 
IBP that offers him the highest positive surplus. At the equilibrium, consumers must 
be indifferent between joining IBP1 and IBP2; from the indifferent condition: 

1 1 2 2p d p d+ = +  

Let us call δ this ”hedonic” price (Fabio M. Manenti,2003). Only customers with 
r≥δ buy the connection, therefore at the equilibrium there is a total amount of 
consumers xt=A-δ connecting to the Internet. Hence, using (1), the demand function 
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for IBPi is: 

i i tp A d x= − −     i=1,2                                                  (2) 

From the demand function we compute the consumers’ surplus. Total surplus 
enjoyed by consumer of type r when she/he is a customer of IBPi is: 

( ) iCS r r d p= − − i                                                        (3) 

Where pi is given in (2). At the equilibrium, only those consumers with a basic 
willingness to pay r bigger than δ=A-xt join the network. Integrating (3) over all 
consumers who do join the network we derive the consumers’ surplus: 

[ ]
2

2t

A t
tA x

xCS A x dγ γ
−

= − + =∫                                            （4） 

Social welfare is simply defined as the sum of consumers’ surplus and firms’ 
profits: 

ii
W CS π= +∑                                                         （5） 

where πi represents the profit of IBPi. 

3.2 Traffic and Congestion 

Let xi represent the amount of customers who join IBPi. The proportion of ICPs 
hosted by IBPs are α and 1-α, respectively. 

Each consumer downloads a fixed amount of content from every ICP. Then the 
total traffic on IBPi’ is composed by three parts: traffic stays on-net, traffic goes 
off-net, traffic from off-net. Therefore the total traffic of IBP1 and IBP2 is 

( )1 1 1 2 11t x x x x 2xα α α α= + − + = +                                         (6) 

( ) ( ) ( )2 2 2 1 21 1 1t x x x xα α α α= − + + − = + − 1x

1x

                              (7) 

In the same way, the total amount of off-net traffic is given by 

( )2 1pt xα α= + −                                                       (8) 

We use the ratio between traffic and capacity to represent the congestion of a 
network. Then the average delay suffered by an individual of IBP1 and IBP2 as 

( )1 2
1

1 2

1 p

p

tt td
k k

α α
⎛ ⎞

= + − +⎜⎜
⎝ ⎠k

⎟⎟                                               (9) 

( ) 2 1
2

2 1

1 p

p

tt td
k k k

α α
⎛ ⎞

= − + +⎜⎜
⎝ ⎠

⎟⎟                                              (10) 

Given that ki and kp are the capacities of IBPi ’s network and of the peering point 
respectively. 
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3.3 Network costs and network profit 

Network industry has one important character: fixed cost is high but marginal 
cost low; Within certain range, with the traffic increasing, marginal cost decreases 
gradually and approach zero. Therefore we only consider the fixed cost of the network 
in this model. For the sake of simplicity, given that cost per unit of IBP1, IBP2 and 
interconnection point are all θ, which means θ1=θ2=θp=θ. Then when IBP1 peers 
with IBP2, we assume the cost is equally shared between the interconnecting parties 
and IBPi’s profit is 

2
p

i i i i

k
p x kπ θ

⎛ ⎞
= − +⎜

⎝ ⎠
⎟           i＝1，2                                 (11) 

3.4 Two-stage model 

To simulate the interconnection between IBPs better, we present a two-stage 
model in this paper. Because investment in network capacity is a long run decision, 
we assume that IBPs choose their capacities at the beginning of the game and compete 
afterwards. At first stage, IBPs choose interconnection capacities, and IBPs compete 
´a la Cournot to choose the amount of consumers that can maximize its profit at the 
second stage. 

Using the congestion function as (8), (9)and the delay function as (10)into , we 
can get IBP1 and IBP2’s profit is therefore : 

( ) ( ) ( ) ( )2 2

1 1
1 2 1 2

1 1 1 11 1 1
22 1 1

p

p p

k
A x x

k k k k k k
α α α α ααπ θ

⎛ ⎞⎛ ⎞ ⎛ ⎞− − − −
⎜ ⎟= − + + + − + + + − +⎜ ⎟ ⎜ ⎟⎜ ⎟⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠⎝ ⎠

（ ）x k

( ) ( ) 2 2

2 1 2
1 2 1 2

1 1 11 1
2

p

p p

k
A x x x

k k k k k k
α α αα α απ θ

⎛ ⎞⎛ ⎞ ⎛ ⎞− −
= − + + + − + + + − +⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟⎝ ⎠ ⎝ ⎠⎝ ⎠

（ ）2 2k  

We solve the model by backward induction. In the second stage, competition 
occurs given capacities and in the first stage; backbones anticipate second stage 
equilibrium and choose capacities. 

4 SOLUTION AND RESULTS ANALYSIS 

4.1 Solution 

IBPs’ equilibrium outputs given capacities ( )*
1 px k  and ( )*

2 px k  are obtained 

by solving the profit function of first order conditions. Using ( )*
1 px k  and ( )*

2 px k  

in the profit functions of IBP1 and IBP2, we can get ( )1 1 pkπ π=  and , ( )2 2 pkπ π=
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and then the best interconnection capacities can be obtained by solving these two 
equations. In this paper, we will give the results of models by numerical simulations. 

4.2 Results analysis 

(1) Choice of interconnection capacities between IBP1 and IBP2

To meet with the competition status of Internet market in China and simplify the 
calculation, we assume that k1=4，k2=1, α =0.8，A＝10，θ=1. The first three 
parameters represent the network capacities of IBP1 and IBP2 and the proportions of 
ICP hosted by IBP1 respectively. θ > 0 is the marginal cost of installing capacity. We 
let IBP1 ’s network capacity and proportion of ICP are all bigger than those of IBP2. 
We get the relation graphic between the total social welfare and the profits of IBP1 
and IBP2 and the peering point kp. 

 

Figure 2.Influence of Interconnection Point Capacity to the IBP’s Profits and total 
Social welfare 

We can see that the two profit curves are all at first up and then down. This is due 
to the competition between the two IBPs，which illustrates that interconnection will be 
beneficial to both sides. Interconnection boosts the network’s traffic and the number 
of consumers. Consequently both networks’ profits are increasing with it. We call it 
the positive effect of interconnection. However, such an increase is limited. If the 
traffic exceeds the interconnection point capacity, the congestion increases. This will 
reduce the access price and the number of consumers, which will lead to the decrease 
of the networks’ income. We call it the negative effect of interconnection. Under the 
co-existence of both effects , the profits of backbones will rise at first and then 
decrease. The optimal interconnection capacity of IBP2 is larger than that of 
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IBP1,which indicates that IBP2 benefits more from interconnection . 
The total social welfare curve are all unimodal. Because of the existence of the 

cost of interconnection , the interconnection is not the larger the better to the society. 
We will reach two proposition: 

Proposition 1. In a bilateral peering relationship, IBP1 with larger network 
capacity and market share trends to lower peering capacity, and IBP2 trends to higher 
peering capacity. 

This proposition means that network capacity and relative number of ICPs will 
affect the two IBPs’ choice of peering capacity. As network capacity and relative 
number of ICPs of IBP1 are all more than those of IBP2, when the peering capacity 
increases, the shorten of difference between two IBP affects IBP1’s profit more than 
IBP2’s, so the best peering capacity of IBP1 is lower than that of IBP2. 

Proposition 2. The best peering capacity to total social welfare is between the 
best capacity of IBP1 and that of IBP2. 

(2) Possible choice for peering capacity 

In business negotiation, as the capacity it chooses is less than IBP2, IBP1 has 
more advantages. But the choice of IBP1 is obviously not the best one of IBP2, and it 
is not the best choice to total social welfare. How can we change IBP1’s choice? 

The first solution is that the government forces IBP1 to add capacity on peering 
point. Certainly, this peering capacity cannot be fully satisfied with IBP2, because the 
best peering capacity to total social welfare is between the best capacity of IBP1 and 
that of IBP2. This solution makes total social welfare and IBP2’s profit better, but it 
harms IBP1, so this is not a Pareto superior outcome and IBP1 will resist it. 

We can get the other solution from the figure below. In some conditions, the 
increase of IBP2’s profit is much more than the decrease of IBP1’s profit as the 
increase of the peering capacity. IBP2 can pay for the increase of peering capacity to 
IBP1; it will benefit both of them. And the increase of peering capacity make the 
capacity is much close to the best capacity for total social welfare, so it is a Pareto 
superior outcome. 

Proposition 3. In interconnection between different IBPs, IBP2 can pay for the 
increase of peering capacity to IBP1; IBP2 can get more profit than it pays to IBP1 
from this increase of capacity. It will benefit not only the two IBPs, but also the 
increase of total social welfare. 

This proposition is accord with the fact that the smaller IBP pay to the larger IBP 
in interconnection, and give a certain explanation to this fact. Certainly, the fee pay 
for interconnection must be reasonable, too much payment will do harm to IBP2’s 
profit. 
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Figure 3.The profit difference between different kp for IBP1 and IBP2 

(3) Influence of increase of peering capacity to traffic between two IBPs 

Figure 4 describes the traffic between the two IBPs. 
As the peering capacity increases, the traffic flowing from IBP1 to IBP2 

increases rapidly. And the traffic flowing from IBP2 to IBP1 almost keeps the same 
level as before, even decreases slowly when the peering capacity reaches a certain 
level. From this we can see that IBP2 benefits from the peering capacity increases 
more than IBP1. As the congestion on the peering point is lessening gradually, the 
consumer of IBP2 will connect to ICP of IBP1 more actively, and because most of the 
peering capacity is occupied by the user of IBP2, the traffic delay from ICP of IBP2 to 
the user of IBP1 not only get alleviated, but also become worse. Therefore the user of 
IBP1 will not want to connect to the ICP of IBP2. 
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Figure 4.Traffic between the two IBPs 

Furthermore, when kp=0.8, we can find that IBP1’s off-net traffic equals to 
IBP2’s off-net traffic. This kp is higher than IBP1’s best interconnection capacity (0.22) 
and lower than IBP2’s best interconnection capacity (1.57).  

Proposition 4. When IBP1 have more network capacity and host more ICPs than 
IBP2, IBP2’s consumers benefit from the increase on peering capacity more than 
IBP1’s. And when kp equals IBP1’s best interconnection capacity, D12 (the difference 
between IBP1’s off-net traffic and IBP2’s off-net traffic) is negative and increases 
with the adding investment on peering capacity. It becomes zero when kp between 
IBP1’s best interconnection capacity and IBP2’s. 

This proposition shows that why settlement according to the difference between 
IBP1’s off-net traffic and IBP2’s off-net traffic can not be used widely in 
interconnection settlement between IBPs of Internet. 

 (4) The influence of asymmetric market structure to the choice of 

peering capacity 

The relative network capacity and ICP proportion is one of the factors that 
influence the peering capacity. Now we’ll analyze how they influence the choice of 
peering capacity. 

First we change the value of α. that is we change the ICP proportion of IBP1 and 
IBP2. we get the result in table 1. 

First we give some definition: 
BPC: best peering capacity; 
BPCS: best peering capacity for society. 
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Table 1 
The influence of ICP proportion to peering capacity 

kp/x1/x2 α=0.9 α=0.8 α=0.7 α=0.6 α=0.5 α=0.4 α=0.3 α=0.2 α=0.1 

IBP1’s BPC / IBP1’s 

ICP proportion / 

IBP2’s ICP proportion 

0.09/ 

3.5835/ 

0.0745 

0.21/ 

3.1543/ 

0.3054 

0.57/ 

2.848/

0.7964

1.26/ 

2.6009/

1.1519

1.78/ 

2.3287/

1.3366 

2.09/ 

2.0502/

1.4834

2.22/ 

1.7789/ 

1.6176 

2.22/ 

1.5269/ 

1.7419 

2.09/ 

1.297/

1.8551

IBP2’s BPC / IBP1’s 

ICP proportion / 

IBP2’s ICP proportion 

1.59/ 

3.4177/ 

0.9716 

1.57/ 

3.2282/ 

1.0032 

1.45/ 

2.954/

1.0598

1.18/ 

2.5883/

1.1402

0.75/ 

2.603/ 

1.2438 

0.3/ 

1.1673/

1.376 

0.17/ 

0.5492/ 

1.6354 

0.1/ 

0.2014/ 

1.9305 

0.05/ 

0.0463/

2.231 

BPCS / IBP1’s ICP 

proportion / IBP2’s 

ICP proportion 

0.73/ 

3.5027/ 

0.7438 

1.25/ 

3.2353/ 

0.9462 

1.64/ 

2.9612/

1.0848

1.87/ 

2.6636/

1.2113

1.94/ 

2.3468/

1.3425 

1.88/ 

2.0233/

1.4828

1.7/ 

1.702/ 

1.6307 

1.37/ 

1.3749/ 

1.7889 

0.81/ 

0.9717/

1.9906

From table 1 we can get that the best peering capacity increases with the 
decrease of ICP proportion of IBP1. And as ICP proportion increases, IBP2’s best 
choice of peering capacity decreases gradually. This indicates that the best network 
peering capacity is in inverse proportion to its ICP proportion. It is caused by the 
difference of the two IBPs. If one network holds more ICP proportion, it will gain 
much more market power, and the investment on peering capacity can decrease its 
competitiveness much more. And then it will like the lower peering capacity. On the 
contrary, if one network holds less ICP proportion, it hopes alleviates its difference 
with the other IBP by adding investment on peering capacity. Then it will like the 
higher peering capacity. 

Proposition 5. The best peering capacity of IBP is in inverse proportion to the 
ICP proportion it holds. 

Furthermore, we can find that the best peering capacity is between the two IBP’s 
best peering capacity when the difference between the two IBP’s ICP proportion is 
large enough, and the best peering capacity is higher than each of the two IBP’s best 
peering capacity when the two IBP’s ICP proportion are very close to each other. This 
indicates that the close of two IBP’s ICP proportion can make the market become 
more competitive and must alleviate the two IBP’s profit greatly, but at the same time 
it will bring more welfare to the consumer, so it makes the best peering capacity is 
higher than each of the two IBP’s best peering capacity. 

Proposition 6. Competition between two networks can lead to the decrease of 
profit of network, increase of consumers’ welfare and makes the best peering capacity 
is higher than each of the two IBP’s best peering capacity. 

There are some abnormities in table 1. For example, when α changes from 0.4 to 
0.1, IBP1’s best peering capacity is not inverse proportion to its ICP proportion. And 
when α equals 0.5, IBP1’s best peering capacity is larger than IBP2’s. These all 
indicate that the capacity of the network will influence the peering capacity. 

We can get table 2 by changing the relative network capacity of the two IBPs. 
From table 2 we can see that IBP’s best peering capacity is proportion to its 

relative network capacity when it holds more content. This is caused by congestion. If 
one network holds more ICP proportion but the network capacity is lower, the 
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investment on peering capacity directly makes its network become more congested, so 
it obviously trends to lower peering capacity. The best peering capacity of the network 
holds less content is inverse proportion to its relative network capacity. This is due to 
that major traffics of its consumer are originated in the other network, so the larger 
IBP’s congestion can affect its consumer in some conditions. As there are few 
consumers will change network, reducing investment on the best peering capacity a 
little can alleviate its costs. The best peering capacity for society is always between 
the two IBPs’ best capacities of peering point. 

Table 2 
The influence of network capacity to peering capacity 

α =0.8 

kp/x1/x2 k1=4,k2=1 k1=2,k2=1 k1=1,k2=1 

IBP1’s BPC / IBP1’s ICP 

proportion / IBP2’s ICP 

proportion 

0.21/ 

3.1543/ 

0.3054 

0.17/ 

2.6119/ 

0.2747 

0.12/ 

1.9531/ 

0.2188 

IBP2’s BPC / IBP1’s ICP 

proportion / IBP2’s ICP 

proportion 

1.57/ 

3.2282/ 

1.0032 

1.53/ 

2.6473/ 

1.002 

1.42/ 

1.9279/ 

0.9589 

BPCS / IBP1’s ICP proportion 

/ IBP2’s ICP proportion 

1.25/ 

3.2353/ 

0.9462 

1.07/ 

2.6622/ 

0.9154 

0.86/ 

1.9528/ 

0.8468 

Proposition 7. IBPs’ network capacity can also affect the choice on peering 
capacity, when the ICP proportion keeps fixed and the network capacity of larger IBP 
decreases, the best peering capacity for the two IBP will decrease all. 

5 CONCLUSIONS 

During the development of Internet industry, there appears an asymmetry in 
backbone market. It affects the interconnection between IBPs. The congestion effect 
and the differentiation strategies determine backbones’ behaviors of interconnection 
together. We draw some conclusions by analyzing the game theory model of the 
interconnection of two asymmetric networks: the network capacity and the ICP 
proportion of each IBP can all affect the choice of peering capacity. The larger IBP 
(IBP which holds more network capacity and more ICP proportion) prefers to lower 
peering capacity, and the smaller IBP prefers to higher capacity. The second one can 
pay certain to the first so that the peering capacity can become larger. This solution 
not only benefits the two IBPs, but also can improve total social welfare. It is a Pareto 
superior outcome. 

In China, the two dominant IBPs are China telecom and China Netcom. The 
main settlement between different IBPs is the smaller IBP pay to the larger IBP 
(China telecom and China Netcom) and there is No-settlement between different 
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larger IBPs and between different smaller IBPs. We think it is reasonable, but how can 
we protect the smaller IBPs can’t be charged too high fee for interconnection by larger 
IBPs with strong market power? We give some advices for the references to the 
regulatory department: first, various ways for interconnection are offered that makes 
the smaller IBP can have various choices, just like the obliged NAP; second, harder 
accessing competition between different IBPs is needed, it can decreases the fee for 
interconnection charged by the larger IBPs; third, encourage the smaller IBPs 
improving their ICP proportion, try to change the market structure, so that change the 
willingness of the larger IBP, and the last one is the regulatory department should be 
aware that should try its best not to intervene the market, let it develop in the market 
way. 
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