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Abstract: Cost allocation between interconnected networks is based on measured
traffic flows. This principle, however, does not provide a fair way for sharing costs. In
this paper, a new bilateral model, called Differentiated Traffic-based Interconnection
Agreement (DTIA) for intercarrier compensation is presented. In particular, the
approach aims to determine the original initiator of a transmission by means of traffic
differentiation into two types and to compensate the interconnection costs. Unlike the
existing financial settlements, under which the payments are made based on the traffic
flows, the proposed method suggests costs compensation according to the differentiated
traffic flows. Further, in order to support the described payment scheme, a simple and
scalable traffic management mechanism was designed. The results obtained from the
comparative analysis showed that determination of a transmission initiator induces cost
sharing between all parties and therefore, reduces the interconnection payments
between providers.
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1 Introduction

The Internet is a system of interconnected networks, which are connected either
through a direct link or through an intermediate point, called Internet exchange point
(IXP) to exchange traffic. Historically, the Internet provides two types of
interconnections: peering and transit [1]. Peering is the arrangement of traffic exchange
on a free-settlement basis, called bill-and-keep (BAK), so that the Internet service
providers (ISPs) do not pay each other and derive revenues from their own customers
[2]. Tt is fair and efficient under symmetry of traffic flows, termination charges, and
costs. Under the transit model, a customer provider pays a transit provider to deliver the
traffic between the customers. The outcome of the negotiation process of being a transit
or peered customer reflects on the assessment of the actual cost of traffic exchange [3-
4]. Peering offers several advantages in terms of interconnection costs and quality of
data transmission, but gives access to a part of the entire Internet. According to the
estimates in [5], 80% of the Internet traffic is routed via private peering. In some cases,
however, in order to recover the infrastructure costs, instead of peering with the smaller
ISPs, the larger ISPs offer transit arrangements at a certain rate, providing access to the
whole Internet. In addition to this, new types of interconnection models, such as paid
peering and partial transit, emerged in the market [6].

Traditionally, before interconnecting, a provider calculates whether the
interconnection benefits would outweigh the costs [7]. The simple economic principle
suggests sharing the costs between all parties. The survey and discussion on
interconnection with two-sided benefits are provided in [8-9]. In the case of telephony,
the study [10] argued that both calling and called parties benefit from the call, and
consequently, should share the interconnection costs. In the Internet, under symmetry
of traffic flows, the termination costs are set to zero, since it is assumed that the
termination fees are roughly the same, and a peering arrangement is used. However,
because no termination cost is charged, BAK is considered inefficient in terms of the
cost compensation [11]. Generally, if providers are asymmetric in terms of size, peering
model is not appropriate, since providers incur different costs and benefit differently.

Therefore, if traffic is unbalanced, interconnection arrangement is governed by the
financial compensation in a bilaterally (paid peering) or unilaterally (transit) negotiated
basis to recover the costs of the network. In bilateral settlements, the payments are done
based on the net traffic flow. Considering the Internet hierarchical structure, Internet
backbone providers (IBPs) sell the wholesale services to competitive ISPs. As a result,
in unilateral settlement agreements, a customer provider pays for sent and received
traffic, even though traffic flows in both directions. As cited in [5], it was
recommended to establish bilateral arrangements and to compensate each provider for
the costs that it incurs in carrying traffic generated by the other network. However, the
study [5] argued that traffic flows are not a reasonable indicator to share the costs, since
it is not clear who originally initiated any transmission and therefore, who should pay
for the costs. In other words, compensation between providers cannot be solely
performed based on the traffic flows, which provide a poor basis for cost sharing.

Various aspects of interconnection of ISPs have been analyzed by [10], [12-16].
When analyzing economics of interconnection, existing literature considers intercarrier
compensation based on the flows of traffic. Analytical studies provided in [17-18]



investigated the impact of determination of an original initiator of a transmission on
intercarrier compensation, demand as well as profits of the providers in the case of
private peering arrangement.

This paper follows the problem of cost sharing between providers and presents a
new intercarrier compensation model, called differentiated traffic-based
interconnection agreement (DTIA). The key aspect of the described model is based on
the determination of a transmission initiator by means of traffic differentiation into two
types, referred to as native that is originally initiated by the provider’s own customers
and stranger, which is initiated by the customers of any other network. In comparison
to the existing bilateral or unilateral settlements [3], under which the payments are
based on the traffic flows, this study proposes to compensate the interconnection costs
according to the differentiated traffic flows. In particular, each provider is compensated
fully for the costs that it incurs in carrying native traffic and partially for the costs that
it incurs in carrying stranger traffic. Unlike telephony, the proposed model does not
consider a transmission initiator as a cost causer, who should cover the joint costs.
Instead, all parties share the entire costs.

Further, a simple and scalable traffic management mechanism that supports the
traffic differentiation approach was designed. A similar mechanism only for private
peering arrangements was presented in our earlier work [19]. The major advantage of
the described mechanism is that providers have not to inspect the IP header of a packet
in order to determine how it should be accounted. The proposed mechanism introduces
a membership label, which allows accounting the volume of a particular traffic type.
Hence, a significant reduction in computational costs is achieved by using a
membership label.

Finally, a comparative study of the agreements based on the traffic flows and
differentiated traffic flows compensation was provided. The obtained results
demonstrated that the determination of the original initiator of a transmission reduces
the interconnection payment between networks.

The rest of the paper is organized as follows. Section 2 discusses the financial
settlements between providers. Section 3 describes the motivation for traffic
differentiation. Section 4 presents the design of the traffic management mechanism for
interconnection arrangements. Section 5 provides analytical studies. Finally, Section 6
concludes this paper.

2  Financial Settlements

Generally, providers arrange financial settlements in order to determine the distribution
of the interconnection costs [3], [20]. Before examining financial settlements within the
Internet, we consider the telephony system. As an example, assume the scenario, where
Alice makes a call to Bob. Accepting the call, Bob incurs termination costs to its
provider that should be covered either directly by billing Bob or indirectly by billing
the calling party’s carrier. As cited in [11], “existing access charge rules and the
majority of existing reciprocal compensation agreements require the calling party’s
carrier, [...], to compensate the called party’s carrier for terminating the call”. Thus, an
initiator of the call, i.e. Alice pays to the subscribed provider for the entire call, since
Alice asked to reserve the circuit. In contrast to the telephony example, establishing a
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connection in the Internet does not require any reservation of the circuit. Usually
packets between Alice and Bob are routed independently, sometimes even via different
paths. Therefore, as cited in [12], “it is very important to distinguish between the
initiator and the sender, and likewise between the destination and the receiver”. The
initiator is the party that initiates a call or a session, and the destination is the party that
receives a call. In comparison, the sender (the originator) is the part that sends traffic,
and the receiver (the terminator) is the part that receives traffic.

In telephony, the initiator is considered to be the originator and is charged based on
the transaction unit, namely a “call minute” for using the terminating network. On the
Internet, it might be argued that a TCP session can be considered as a call, where the
initiator of a session pays for the entire traffic flow. However, considering the actual
use of the network resources, financial settlement should be done at the IP level,
accounting each packet of a flow. In addition to this, session-based accounting, which
faces technical difficulties, is more complicated than simple packet-based accounting,
under which the volume of the exchanged traffic in both directions is measured.
Therefore, generally, under unilateral business relationships, providers adopt service-
provider settlements, where a customer ISP pays to a provider ISP for sent and received
traffic, and under bilateral relationship, providers accept negotiated-financial
settlements, where the payments are based on the net traffic flow. For detailed
discussion see [3], [12], [21].

3 Motivation for Traffic Differentiation

The principle that we follow is that both parties derive benefits from the exchange of
traffic and, therefore, should share the interconnection costs. Considering a system
without externalities [3], [22], the costs should be shared based on the benefits obtained
by each party. However, in the real world, it is impossible to measure the benefits of
parties and so to share the costs. If content is not equally distributed between providers,
traffic imbalance occurs, and hence, costs and revenues are not shared evenly. Indeed,
the network that sends more traffic incurs lower cost than the network that receives
more traffic [23]. As cited in [24], traffic flow is dominant towards a customer
requested the content and generates 85% of the Internet traffic. This implies that
inbound traffic is much more compared to outbound traffic of content request.

It was recommended to compensate each provider for the costs that it incurs in
carrying traffic based on the traffic flows. However, according to [5], traffic flows are
not a good meter for costs sharing, since “it is impossible to determine who originally
initiated any given transmission on the Internet” and therefore, provide a poor basis for
cost sharing. Furthermore, providers are unwilling to inspect the IP header of a packet,
since “the cost of carrying an individual packet is extremely small, and the cost of
accounting for each packet may well be greater than the cost of carrying the packet
across the providers” [21].

In order to determine the party that originally initiated the transmission, we
differentiate traffic into two types, referred to as native, which is originally initiated by
the provider’s own customers, and stranger that is originally initiated by the customers
of any other network. Indeed, outgoing traffic of ISP; that is the same as adjacent
provider’s incoming traffic may be i) either a part of a transmission initiated by a
customer of ISP;, ii) or a part of a transmission initiated by a customer of any other



network. In particular, we suggest that a provider compensates the incurred costs 1)
fully, if the exchanged traffic is native, and ii) partially, if the originated traffic is
stranger. More specifically, interconnected networks settle DTIA, whereby each partner
is compensated for the costs, which it incurs in carrying traffic according to the
differentiated traffic flows.

4 Traffic Management Mechanism

The traffic management mechanism for interconnection arrangements, which we
propose, allows recognizing the packet type throughout the network. The key aspect of
the proposed mechanism is the identification the type of traffic based on a two-bit field
in the IP packet header, referred to as the Membership Label (ML).

4.1 Packet Marking by a Transmission Initiator

We assume that all nodes within the network support packet marking, where each node
sets the first bit of the ML field of native packet to ‘7’ and the packet of stranger traffic
to '0’. The assignment of the first bit of the label to ’1’ is done once, when a node
originally initiates a transmission.

A consumer can request a webpage either from a subscribed network or from any
other network. This implies that a transmission endpoint, such as the destination can
belong to the same network as the transmission initiator or to any other network.
Therefore, a packet that appears in the network can be originated either by a local
transmission endpoint or by an endpoint, which is located in any other network. Hence,
we distinguish the location of a transmission endpoint originated a packet with respect
to the network, where the packet appears.

The second bit of the label set to ‘I’ indicates that the endpoint is local, and ‘0’
shows that one is located in another network. The assignment of the second bit of ML to
‘1’ is done once, when an endpoint of transmission originates a packet. Consequently,
an original initiator of a transmission sets the ML field to ‘//’. Table I presents the
description of the four available values of the label, which will be discussed latter in
this section.

4.2  Outgoing Packet Re-marking

It is obvious, that native traffic with regard to one network is stranger with regard to the
other. Hence, it is necessary to differentiate the exchanged traffic between networks. In
order to achieve that we distinguish provider’s border nodes, which are trust boundaries
and maintain connection with an adjacent network, and refer to as the Provider-to-
Provider Border (PPB) nodes. For calculating the first bit of the membership label of
outgoing traffic, a PPB node performs the XOR logical operation on both bits of the
ML label. Obviously, that the PPB nodes set the second bit to ‘0°. Even though packets
within a domain can be marked by any available value of ML, interdomain traffic can
take on only ‘00’ or ‘10’ values of the label (i.e. stranger or native traffic originated by
a transmission endpoint located in any network).

In addition, in order to carry out intercarrier compensation based on the
differentiated traffic (DT) flows, each PPB node keeps two counters (one for inbound
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and another for outbound traffic), which calculate the volume of a particular type of
traffic, i.e. native or stranger with regard to its network. The volume of the other type
of traffic can be easily determined by subtracting the counted volume from the total one.
Table 2 demonstrates the logic of the PPB nodes for outgoing packet re-marking and
for counting outgoing native traffic.

4.3 Incoming Packet Re-marking

As mentioned before, the website requested by a consumer can be subscribed either to
the local network or to any other network. As a result, traffic originated by the endpoint
of transmission (e.g. destination), can be part of a transmission initiated either by the
network’s customer or by the customer of any other network. Therefore, the
identification the type of traffic (i.e. native or stranger) originated by the transmission
endpoint is necessary. For incoming traffic that is destined to the network (i.e.
destination IP address is local), the PPB nodes perform the NOT logical operation on
the second bit of the label and do not change the first bit.

A transmission endpoint does not re-examine the label. It sends response packets
with the same ML field (i.e. the values ‘01° or ‘11’ are copied from the request packet).
It is obvious that incoming network traffic with the first bit set to ‘1’ and destined to the
network is a part of a transmission initiated by its own customers. Table 3 shows the
logic of the PPB nodes for incoming traffic and for counting incoming native traffic.
An example that helps to understand how the described traffic management mechanism
works is described below.

Table 1. Available values of the ML field.

Values of ML Description
00 Stranger packet, originated by the endpoint located in
another network
01 Stranger packet, originated by the local endpoint
10 Native packet, originated by the endpoint located in
another network
11 Native packet, originated by the local endpoint

Table 2. Outgoing packet re-marking and counting.

Input QOutput Counter
00 00 counterl
01 10 counterl
10 10 counterl
11 00 counter]++

Note: counter shows the current value of the counter for outgoing traffic



Table 3. Incoming packet re-marking and counting.

Input Output (Counter)
If destination IP address Otherwise
is local
00 0l (counter?) 00 (counter2)
10 11 (counter2++) 10 (counter2)

Note: counter shows the current value of the counter for
incoming traffic

As an example, consider a model consisting of ISP;, ISP;, and their customers as
well as the transit network ISP;, where each provider calculates the volumes of native
traffic. Assume that a customer of ISP; requests data available on ISP;. Let N/ be the
PPB node of ISP;, which receives a packet marked by ‘//°. Before forwarding it to ISPy,
N1 performs the XOR operation on the ML field of the outgoing packet (i.e. sets the
label to ‘00°), and increases the counter for outgoing native traffic. The PPB node N2 of
ISP reads the destination IP address, however does not re-mark the label (since the
packet is not destined to its network), and then forwards the packet to PPB node N3,
which maintains connectivity with ISP;. N3 node performs the XOR operation on the
outgoing packet label (as a result, the ML value remains the same, i.e. ‘00°) and
forwards it to PPB node N4 of ISP;. N4 node reads the destination IP address, and since
the packet is destined for its network, applies the NOT operation on the label of the
incoming packet (i.e. sets ML to ‘0/’) and forwards it to the destination, e.g. the N5
node. After receiving the packet, N5 sends a packet stream with the requested data,
where the label remains the same (‘07 i.e. stranger traffic, which is originated locally).
The similar procedure follows on the inverse path with only one difference that ISP;
considers the incoming traffic as native, initiated by its own customers.

4.4 Incentive Compatibility

It is well known that strategic agents have an incentive not to be truthful and, therefore,
end-systems or the defined PPBs nodes can perform mendacious packet marking.
However, there are several favorable reasons to adopt our approach. First, we
considered that PPB is a trust boundary, and therefore, its operations can be recorded
and then audited. Second, applying commonly used pricing scheme, such as flat-rate
creates no incentive to the end-systems to perform untruthful packet marking, since it
does not affect fees and quality of service. Finally, interconnection is a long-term and
repeated process, arranged under mutual benefits, and, therefore, sustainable
cooperation between interconnected ISPs is a reasonable and natural solution.
Nevertheless, we intend to address incentive compatibility in our future work.

5 A Simple Benchmark

In our analysis two types of the customers, namely consumers and websites are
considered. Actually, traffic is exchanged 1) between consumers, 2) between websites,
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3) from websites to consumers, and 4) from consumers to websites. Generally, traffic
between websites and from consumers to websites is negligible. Recently, peer-to-peer
(P2P) traffic has increased rapidly. The significant part of the Internet traffic,
comprised of FTP, Web, and streaming media traffic, is from websites to consumers. In
order to investigate the impact of determination of the transmission initiator on the
intercarrier compensation in its simplest way, we focus on traffic exchange 1) from
consumers to websites, and ii) from websites to consumers. Traffic between consumers
and between websites is neglected, since it does not have any significant impact on the
results of the analysis. It is worth noting that according to the proposed approach, a
node in a P2P network can be considered as a consumer as well as a website
simultaneously, since it can act as a server and a client. To simplify the analytical
studies the following assumptions were made throughout the paper:

Assumption 1 Let « (0,)) be a network’s market share for consumers and g (0,1 its
market share for websites. The market consists of only one transit provider and two
customer networks, i and j, where i/, and «, +a, =1, B+p5=1.

Assumption 2 The number of consumers and the number of websites in the market are
denoted as ~¥ and M respectively. Each customer chooses only one provider to join,
because of homogeneity of the services.

Assumption 3 For simplicity, a balanced calling pattern, where each consumer requests
any website in any network with the same probability is considered. Each consumer
originates one unit of traffic per request of website and downloads a fixed amount of
content.

We examine a scenario, in which ISP; and ISP; exchange traffic through the transit
provider ISP;. The amount of differentiated traffic originated from ISP; with destination
ISP, is given by

1 = i, f,NM (1)
td =a, f,NMx (2)

where # denotes the amount of outgoing native traffic (exchanged from consumers to
websites) and 7 the amount of outgoing stranger traffic (exchanged from websites to
consumers) with respect to ISP;. The variable x denotes the average amount of traffic
caused by requesting a website.

Similarly, the DT volumes originated by ISP; and destined to ISP; are given by
te =a,; BNM 3)
£ = at, B, NMix 4)
Here, ¢ represents the outgoing native traffic and ¢ represents the outgoing

stranger traffic with respect to ISP;. The total amount of traffic from ISP; and ISP; are
calculated as

b =10 1) (5)
L =10 413 (6)

Since this paper is not about examining how the access charges are defined,
therefore, we assume for the purpose of simplicity that access charges between



providers are set by an industry regulator and then applied reciprocally. Let ISP; (ISPy)
charges ISP, (ISP;) «i (af)and & () for every unit of received native and stranger
traffic respectively, where a;>b; (af>b'), since the providers compensate partially the
costs of terminating stranger traffic. For the case of symmetric access charges
ai=af=ai=a"=a and bi=bf=b/=b'=b, whereas b=ez and 0.5<e<1. However, in order to
simplify analysis, we fix ¢=0.5. The net interconnection payments from ISP; to the
transit provider and vice versa are denoted by ¢, and ¢, correspondingly:

qi =ati" +bty" (7)
qu=b(t +t) (8)

From (8), it can be noticed that the transit provider is charged based on the rate for
stranger traffic, because it does not have any customers of its own. Similarly, the net
transfers from ISP; to the transit provider and vice versa are denoted by ¢, and
gy respectively:
qu=atl +bty 9)
gy =b(ti" +13") (10)
The costs of ISP; (ISP;) can be interpreted as a composition of two independent

components i) one for native traffic business, and ii) another for stranger traffic
business.

Proposition 1 If a.=a, and p=p,, then the costs of the customer network providers
are the same.

Proof: From the conditions (1)-(4) follows that 7 +s =+ . As a result, using (7)
and (9) it can be obtained that ¢, =g, .

Proposition 2 If a.=a, and p>p,, then the costs of ISP; are higher than the costs of
ISP;.

Proof: Observing conditions (1)-(4) it can be obtained that "+ >+ .
Consequently, from the conditions (7) and (9) follows that ¢, >g .

Proposition 3 If a.>a, and p=p,, then the costs of ISP; are lower than the costs of
ISP;.

Proof: From the conditions (1)-(4) follows that s~ +s <s+s . Hence, from the
conditions (7) and (9), it can be obtained that ¢, <q; .

When o, >e, and g >p,, the following cases for traffic volumes are obtained from
the conditions (5) and (6): 1) #>tx, 2) ti<ty, and 3) #,=t,. The cases 1) and 2) are
analogous to those described above. The last case when =7, is analyzed below.

Proposition 4 If o, >a;, B>p,and ti=t,, thena =4 .
Proof: The result is obtained from the conditions (1)-(6).
Corollary 1 If a.>a;, B>p, and t.=t,, then u =t and 7=ty .

Proposition 5 If a.>«a,, B >p, and t.=t, then the costs of the customer providers
are equal.
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Proof: The result is obtained from the conditions (7) and (9).

Proposition 6 If a.>a, and p<p, then the costs of ISP; are higher than the costs of
ISP;.

Proof: Considering conditions (1)-(4) it can be obtained that 7+« <"+ . As a result,
from the conditions (7) and (9) follows that ¢, <g, .

Table 4. Results of DTIA.

Case a B " " q
| a=a, Bi=p e =ty L=ty qix =q
11 a=a; B> p; <ty >t i >q 5
111 a >a; Bi=p i >ty ti <ty G <q
v a>a; B> p; If r=ey If o=ty G =
\% a>a; B <pB >t <ty G <q

Tables 4 and 5 summarize the outcomes of the analytical studies. Table 4 shows
how the interconnection payments of the customer providers depend on the DT flows.
In addition to this, the results demonstrate the influence of providers’ market shares on
intercarrier compensation.

Table 5. Comparative results of the agreements based on traffic flow (TF) and DTIA
compensation.

Case a, f r t ooy qx 95 9 =95+ 4y P

DTIA TF DTIA TF DTIA TF DTIA TF

La=a;, 05 09 1500 52500 1500 52500 27750 108000 27750 108000 54000 O 1500 216000
Bi=p;

Ha =a, 05 0.9 300 94500 2700 10500 47550 108000 7950 108000 54000

Bi>p, 05 08 600 84000 2400 21000 42600 108000 12900 108000 54000

0.5 0.7 900 73500 2100 31500 37650 108000 17850 108000 54000

0.5 0.6 1200 63000 1800 42000 32700 108000 22800 108000 54000

Ma:>a; 09 0.5 2700 10500 300 94500 7950 108000 47550 108000 54000

Bi=B; 0.8 0.5 2400 21000 600 84000 12900 108000 42600 108000 54000

0.7 0.5 2100 31500 900 73500 17850 108000 37650 108000 54000

0.6 0.5 1800 42000 1200 63000 22800 108000 32700 108000 54000

1500 216000
1500 216000
1500 216000
1500 216000
1500 216000
1500 216000
1500 216000
1500 216000

IVai>a; 09 0.9 540 18900 540 18900 9990 38880 9990 38880 19440 540 77760
pgi>p, 08 0.8 960 33600 960 33600 17760 69120 17760 69120 34560 960 138240
0.7 0.7 1260 44100 1260 44100 23310 90720 23310 90720 45360 1260 181440

0.6 0.6 1440 50400 1440 50400 26640 103680 26640 103680 51840

Va,>a;, 09 0.2 4320 4200 120 151200 6420 159840 75720 159840 79920
B.<p;, 0.8 025 3600 10500 300 126000 8850 140400 63300 140400 70200
0.7 035 2730 22050 630 95550 13755 120960 48405 120960 60480

0.6 0.4 2160 33600 960 75600 18960 112320 38760 112320 56160

1440 207360
2220 319680
1950 280800
1680 241920
1560 224640

[==ielle] (=elel =] [==igehie] [l

9 total costs of the transit provider

= 4qu+4qx —¢q: provider k's profit obtained from interconnection

2
[

The comparison results between the unilateral settlements based on the traffic flows
compensation and DTIA, where payments are made on the DT flows are presented in



Table 5. In order to calculate specific outcomes, we imposed the following parameter
values a=1, x=35, N=100, and M =60. The following observations can be made from
the obtained results. Firstly, in comparison to the unilateral settlement, under which the
customer providers compensate equally, in DTIA the customer provider that sends
more traffic compensates more. Secondly, considering transit provider costs, it can be
noticed that in DTIA, the transit provider along with the customer providers carries the
burden of the interconnection costs. In particular, in contrast to the classical model,
compensations of the transit ISP according to the proposed model are different from
zero. As a result, determination of a transmission initiator induces reduction in the
interconnection payments subsidized by the customer ISPs. And finally, under bilateral
DTIA, the profits of the transit provider obtained from interconnection are decreased,
since costs are allocated between all parties.

6 Conclusions

In this paper we described a new bilateral model, called Differentiated Traffic-based
Interconnection Agreement (DTIA), for intercarrier compensation between providers.
We proposed to differentiate traffic into two types, referred to as native and stranger in
order to determine an original initiator of a transmission for calculating intercarrier
compensation. In comparison to the existing financial settlement agreements, under
which the payments are based on traffic flows, the described model governs cost
compensation according to the differentiated traffic flows. More specifically, each
provider is compensated fully for the costs incurred from delivering native traffic,
which is originally initiated by its own customers, and partially for the costs incurred
from carrying stranger traffic that is originally initiated by the customers of any other
network.

For supporting DTIA, we designed a traffic management mechanism, in which only
border nodes perform packet management. The main advantage of the presented
mechanism is its simplicity and scalability that is a basic requirement for a deployment
in the Internet. In particular, the provider has not to maintain a complex identification
process of transmission initiator and to inspect the IP header of packets in order to
determine and record all subsequent packets of the transmission. Instead, the defined
membership label (ML) allows accounting the volume of the appropriate traffic type
and, therefore, leads to low computational complexity (see Table 1). The logic of the
border nodes for packet marking and counting is demonstrated as well (see Tables 2
and 3).

Our analytical studies showed how the interconnection payments differ to the
existing solution (see Tables 4 and 5). The comparative analysis between the classical
model and DTIA indicated that determination of a transmission initiator reduces the
payments of the customer providers. This is achieved due to the fact that the transit
provider along with the customer ISPs shares the interconnection costs. Overall, it can
be concluded that the DTIA model is beneficial for the customer providers, since it
outperforms the classical model in terms of payments, which are relatively small and
unequal.

12



7. Acknowledgment

The authors would like to thank Kristina Davoian from University of Miinster for her
useful comments and helpful discussions.



8. References

1.

10.

1.

12.

13.

14.

15.

16.

17.

Norton, W.: Internet Service Providers and Peering. Draft 2.5, Equinix White
Papers, 2001.

Courcoubetis, C., Weber, R.: Pricing Communication Networks: Economics,
Technology and Modeling. Wiley, March 2003.

Huston, G.: Interconnection, Peering, and Settlement. Part II, Internet Protocol
Journal, Cisco Publications, 2(2), 2-23, 1999b.

Norton, W. B.: A Business Case for ISP Peering. 2001.

Kende, M.: The Digital Handshake: Connecting Internet Backbones. Federal
Communications Commission (FCC), OPP Working Paper No. 32, Sep. 2000.

Faratin, P., Clark, D., Gilmore, P., Bauer, S., Berger, A., and Lehr, W.:
Complexity of Internet Interconnections: Technology, Incentives and Implications

for Policy. In Thirty Fifth Telecommunication Policy Research Conference
(TPRC), September, 2007.

Laffont, J. J. and Tirole, J.: Competition in Telecommunications. Cambridge, MIT
Press, 2000.

Armstrong, M.: The Theory of Access Pricing and Interconnection. In Handbook
of Telecommunications Economics, Vol. 1, M. E. Cave, S. K. Mujumdar, and I.
Vogelsang, (Eds.), North-Holland: Amsterdam, 2002.

Armstrong, M.: Competition in Two-sided Markets. RAND Journal of Economics,
2006.

DeGraba, P.: Bill and Keep at the Central Office as the Efficient Interconnection
Regime. FCC, OSP, Working Paper 33, Dec. 2000.

Federal Communications Commission: In the Matter of Developing a Unified

Intercarrier Compensation Regime. Notice of Proposed Rulemaking in CC Docket
No. 01-92, April 27, 2001.

Yoon, K.: Interconnection Economics of all-IP Networks. Review of Network
Economics, V 5, 2006.

Laffont, J. J., Marcus, S., Rey, P., and Tirole, J.: Internet Interconnection and the
Off-net-cost Pricing Principle. RAND Journal of Economics, 34(2):370-390, 2003.

Carter, M., Wright, J.: Interconnection in Network Industries. Review of Industrial
Organisation, 1999.

Carter, M., Wright, J.: Asymmetric Network Interconnection. Review of Industrial
Organization, 22(1), February 2003, pp. 27-46, 2003.

Besen, S., Milgrom, P., Mitchell, B., and Srinagesh, P.: Advancing in Routing
Technologies and Internet Peering Agreements. American Economic Review,
91:292-296, 2001.

Davoyan, R. and Altmann, J.: Investigating the Influence of Market Shares on
Interconnection Settlements. In proceedings of IEEE Globecom 2008.

14



18.

19.

20.

21.

22.

23.

24.

Davoyan, R. and Altmann, J.: Investigating the Role of Transmission Initiator in
Private Peering Arrangements. Proceedings of IFIP/IEEE IM 2009, 2009.

Davoyan, R.: DTIA: Differentiated Traffic-based Interconnection Agreement. In
proceedings of ISCIT, IEEE Press, October, 2008.

Stiller, B.: A survey of Charging Internet Services. In Managing IP Networks:
Challenges and Opportunities, Salah Aidarous (Editor), Thomas Plevyak (Editor),
Wiley-1EEE Press, September, 2003.

Huston, G.: Interconnection and Peering. Broad Band Satellite, November 2000.

Economides, N.: The Economics of Networks. International Journal of Industrial
Organization, Vol. 14, no. 6, pp. 673-699, October 1996.

Marcus, J.: Interconnection in an NGN Environment. Background paper for ITU
Workshop on “What rules for [P-enabled NGNs?”, 2006.

Huston, G.: ISP Survival Guide: Strategies for Running a Competitive ISP. Wiley,
1998.



TEMEP Discussion Papers

2009-31:

2009-32:

2009-33:

2009-34:

2009-35:

2009-36:

2009-37:

2009-38:

2010-39:

2010-40:

2010-41:

2010-42:

2010-43:

2010-44:

Nils Karlson, Marcus Box and Almas Heshmati, “Generality, State
Neutrality and Unemployment in the OECD”

Chang Seob Kim, Yoonmo Koo, Ie-jung Choi, Junhee Hong, and Jongsu
Lee, “Consumer Preferences for Automobile Energy Efficiency Grades”
Jongsu Lee, Jae Young Choi and Youngsang Cho, “A forecast simulation
analysis of the next-generation DVD market based on consumer preference
data”

Jungwoo Shin, Chang Seob Kim, and Jongsu Lee, “Model for Studying
Commodity Bundling with a Focus on Consumer Preference”

Yuri Park, Hyunnam Kim, and Jongsu Lee, “Empirical analysis of
consumer preferences for mobile phones and mobile contents in the
presence of indirect network effects”

Jorn Altmann and Juthasit Rohitratana, “Software Resource Management
Considering the Interrelation between Explicit Cost, Energy Consumption,
and Implicit Cost: A Decision Support Model for IT Managers”

Marcel Risch, Ivona Brandic, and Jorn Altmann, “Using SLA Mapping to
Increase Market Liquidity”

Amit K. Bhandari and Almas Heshmati, “Willingness to Pay for
Biodiversity Conservation”

Marcel Risch, Jorn Altmann, Li Guo, Alan Fleming, and Costas
Courcoubetis, “The GridEcon Platform: A Business Scenario Testbed for
Commercial Cloud Services”

Junseok Hwang, Jorn Altmann, and Ashraf Bany Mohammed,
“Determinants of Participation in Global Volunteer Grids: A Cross-Country
Analysis”

Ruzana Davoyan, Jorn Altmann, and Wolfgang Effelsberg, “Intercarrier
Compensation in Unilateral and Bilateral Arrangements”
Ruzana Davoyan, Jorn Altmann, and Wolfgang Effelsberg, “Exploring the
Effect of Traffic Differentiation on Interconnection Cost Sharing”

Ruzana Davoyan and Jorn Altmann, “Investigating the Role of a
Transmission Initiator in Private Peering Arrangements”

Ruzana Davoyan, Jorn Altmann, and Wolfgang Effelsberg, “A New
Bilateral Arrangement between Interconnected Providers”

16



