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ABSTRACT

In this paper, we consider the problem of matching users for multimedia transmission in peer-to-peer (P2P)
networks and identify strategies for fair resource division among the matched multimedia peers. We propose
a framework for coalition formation, which enables users to form a group of matched peers where they can
interact cooperatively and negotiate resources based on their satisfaction with the coalition, determined by
explicitly considering the peer’s multimedia attributes. In addition, our proposed approach goes a step further
by introducing the concept of marginal contribution, which is the value improvement of the coalition induced
by an incoming peer. We show that the best way for a peer to select a coalition is to choose the coalition
that provides the largest division of marginal contribution given a deployed value-division scheme. Moreover,
we model the utility function by explicitly considering each peer’s attributes as well as the cost for uploading
content. To quantify the benefit that users derive from a coalition, we define the value of a coalition based on
the total utility that all peers can achieve jointly in the coalition. Based on this definition of the coalition value,
we use an axiomatic bargaining solution in order to fairly negotiate the value division of the upload bandwidth
given each peer’s attributes.

Keywords: P eer-to-peer (P2P) network, multimedia P2P, peer-matching algorithm, coalition value, propor-

tional bargaining solution.

1. INTRODUCTION

P2P multimedia applications (e.g.,'®) have become increasingly popular and represent a large majority of
the traffic over the current Internet. One of the unique aspects of P2P networks stems from its flexible and
distributed nature, where each peer can act as both server (e.g., seeder) and client (e.g., leecher), i.e., providing
one peer’s contents to other peers, while simultaneously receiving other peers’ contents.* This characteristic of
P2P networks makes them particularly desirable for multimedia streaming to generate and distribute multimedia
content (e.g.,>19). While the above mentioned multimedia streaming systems over P2P networks have been
successfully developed, the focus of P2P for multimedia is on developing efficient streaming solutions, and not
on determining how peers should collaborate.

Alternatively, a general file sharing application such as BitTorrent!! can be deployed for multimedia content
sharing, while providing solutions for peer selection strategies as well as addressing the problem of free-riding.
BitTorrent systems deploy a tit-for-tat algorithm (or choking algorithm) to select the peers with which they
want to exchange files.!'!12 Based on this algorithm, a peer only considers the contributed upload rates of
the other peers. Then, it selects a fixed number of peers that provide the highest upload rates to it, and in
return, it uploads its content to these contributing peers.'! While this algorithm favors peers with high upload
rates, it does not consider the exact upload rates which a specific peer derives from its matching peers, as it
implicitly assumes that there is no reluctance for peers to provide their entire upload bandwidth. Moreover,
as this algorithm has been developed for sharing a general single content file (e.g., Linux software package),
it does not efficiently consider the simultaneous sharing of multiple multimedia files and does not consider the
availability or preferences of the peers for certain multimedia content. Hence, this tit-for-tat algorithm does not
reflect the reciprocal behavior of peers. Self-interested multimedia peers would like to derive higher multimedia
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quality by downloading at high rates while uploading their content at lower rates, as the upload bandwidth is
the most precious resource of a peer' and can be used to establish additional connections to other peers.

In this paper, we develop a solution for matching peers that is complementary to the aforementioned ap-
proaches, and can be used to form the alliances (connections) between peers. We consider the peers’ satisfaction
induced by the achieved quality and the peers’ penalty due to the cost for content sharing. The other major
aspect of P2P networks is that their survival depends on the contributions (i.e., shared upload bandwidth and
content) of peers. Hence, peers in P2P networks need to decide how much upload bandwidth should be shared
with other peers and with which peers they want to associate themselves. Therefore, we can model this problem
as a game with autonomous and rational players, each having the goal to achieve a higher utility.

We focus on the cooperative interactions of peers. The cooperation in P2P networks has been discussed in the
literature (see e.g.,'*1%). To study the cooperative behavior of peers, we deploy coalition game theory'® in order
to design a peer matching policy by explicitly considering the peers’ multimedia characteristics and available
resources as well as the characteristics of P2P networks. In the coalition game theory, players cooperate with
other players and make coalitions to achieve higher values in terms of the commonly achieved utility. The
participating players will eventually benefit from fairly dividing the value, which is achieved by the coalition,
among themselves. Hence, we propose a framework in which peers form coalitions and negotiate how to divide
the achieved utility by the coalition. For a fair division of the value, we use a well-suited proportional bargaining
solution (PBS)'7 that can successfully model the unique features of multimedia transmission over P2P networks.
Note that the proposed peer matching policy can also enable us to implement a system that prevents the problem
of free-riding.

This paper is organized as follows. In Section 2, we propose a framework for multimedia transmission over
the P2P network and abstract a peer’s attributes. Then, we define a utility function and discuss the cooperative
behavior based on the achievable utilities. In Section 3, we model this problem as a coalition game and provide
an algorithm that describes how to form coalitions. Then, we use axiomatic bargaining solutions as a tool for
value-division. Simulation results are provided in Section 4 and conclusions are drawn in Section 5.

2. MODELS FOR P2P MULTIMEDIA USERS
2.1 System Model

We assume that the investigated P2P network in this paper is a type of overlay hybrid decentralized system
model,* where all peers in a network are connected to a central directory server which holds all the network
information of registered peers (e.g., Internet protocol (IP) address, connection bandwidth, etc.) as well as the
available content information (e.g., files, multimedia content, etc.). The central directory server updates the
above mentioned information and provides it for peers which request it in order to join a coalition. Peers then
make use of this information to associate themselves with each other in order to exchange multimedia content.
A typical hybrid decentralized P2P architecture is shown in Fig. 1.
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Figure 1. An architecture of hybrid decentralized P2P network.

In P2P networks, since the upload bandwidth (rate) is the most precious resource,'® the peers incur a cost
by contributing their upload bandwidth to other peers. However, the contributed upload bandwidth is the only
resource that can improve other peers’ utility. To resolve this conflict, peers interact by adjusting their upload



bandwidth. Hence, it is essential for a peer to select other peers with which it can cooperatively interact, and
make coalitions. Then, the peers in a coalition achieve a common utility, called the value of a coalition, and they
fairly divide the coalition value based on their contributions to the value. The proposed framework based on the
overlay hybrid decentralized P2P system is portrayed in Fig. 2.
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Figure 2. The proposed framework for multimedia transmission over an overlay hybrid decentralized P2P network.

2.2 Peer Modeling

The peers in a P2P network can be characterized by their possession and demands,'® '8 their content popularity
and preference,!? 20 available bandwidth!3:2! as well as the cost for upload.'? ® Moreover, a minimum download
rate for a demanded multimedia content is required to successfully decode the content.?? Hence, we abstract the
attributes of peer i as

A; = {PiaDiapzp7piDvLiDszU’R]T§fvci}- (1)
P; and D; denote possessed and demanded multimedia content of peer i, where P; = {P;,..., P;p,/} and
D; = {Di,...,D;p,|} are the set of possessed and demanded multimedia content ordered by peer i’s popularity

factor pf} on the jth possessed content P;; € P; and preference factor pﬁc on the kth demanded content D, € D;.

They are assumed to be characterized as Zﬁf pf} =1 and ZLDJ ph =1for0< pZ, ph) <1, respectively. The

preference factors denote the preferences on demanded content, which are defined as
pit, > pil, € Dy = D, for Dig,, Dy, € Dy, 2)

where D;, = D;i, denotes that peer ¢ prefers the content D;x, to D;g,. Hence, pﬁ > pg > > pr)Di‘ for all 7.
LP and LY represent the maximum download and upload bandwidth of peer i, which is typically LY < LP. In
this P2P network, we assume that peers are trying to download content from other peers in the order of their
preference factors. Hence, we can define the matched peers based on their content as well as their preferences.

DEFINITION 2.1 (MATCHED PEERS). In a P2P network, any two peers m and n are matched if Dy,; €
P,, and Dy, € Py, for Dy,; € Dy, and D, € D,,.

Finally, the minimum rates Rﬁ_‘i € R;iq for the downloaded multimedia content D;; are required to suc-
cessfully decode it. If this condition is not satisfied, a peer cannot decode the downloaded multimedia content,
achieving no wtility. c; is the unit of the cost for upload rates. We will discuss the utility concept and define the
utility function in the following section.

2.3 Utility based Peers’ Cooperative Interactions

In this paper, it is assumed that one peer’s utility improves as it can download its desired content at an increased
multimedia quality and it decreases due to the cost for uploading its multimedia content to other peers.!?
Specifically, Q(R) represents the achieved quality given the allocated rate R for multimedia applications.??
Hence, we define the utility function of peer ¢, which is downloading the demanded content D;; at rate Rp,,
and providing upload rate Ry, to other peers as:

0, if RD,;k < RTDei,
pikQi(Rp,,) — ¢iRy,, otherwise,

U(Rp,. Roy) = { 3)



where p; denotes the preference factor of peer 7 on the multimedia content D;; € D; and a non-negative constant
Rgi represents the specific minimum required rates to decode the video sequence.

Based on the definition of utility, we analyze the cooperative interactions of peers sharing multimedia content
in a P2P network. Since an incoming peer interacts with several matched peers in a coalition, we focus on a
general one-to-many peers’ interaction. Let C; = {1,..., N} be the coalition of peer 1 with its (N — 1) matched
peers. Since peer 1 focuses on downloading its most desired content, while sharing its possessed content Py, the
utilities of the peers in the coalition are expressed as

Uy=pu@i| > Ru,|-a| >, Ru,|. (4)
1€C1\{1} 1€C1\{1}
U, = pijQi RUM + Z RU“ — ¢ RU“ + Z RU” , for alli € 01\{1}, (5)
leC;\{1,i} leC;\{1,:}

where p;; denotes the preference factor of peer i on the jth demanded content D;; € Py, and Ry, (> R})eg)
denotes the upload rate of peer 1 to peer i. The expression of B\ A for two sets represents the relative complement
of A in B. Since peer i is associated with peer 1 as well as other peers in its coalition C;, the achieved utility of
peer i depends on the upload rates Ry, provided by peer 1 and Ry,, provided by the other peers | € C;\{1,4}.
It also depends on the provided upload rates from peer i to the associated peers. We assume that peer i sustains
its already established connections and provides only the remaining upload bandwidth to peer 1.

Since every peer needs to achieve at least a minimum utility (i.e., zero utility), (4) and (5) can be rewritten
as

€1 (Zzecl\{u RUu)

RUil Z max RBEI(II,QII - Z RU117 (6)
P11 leCI\{1,i}
pijQi(Ru,,; + (1,3 Bow
RUil < < ( - EC:»ZGCI\{L } - ) - Z RUil = RJ[\J/{-?X’ (7)
v 1eC;\{1,i}

for all i € C1\{1}. (6) can be expressed using RY/4X in (7) as

€1 (ZleCl\{l} RUu)

J:fU?.’1 Z max RTDelql,Ql_l Z R%flx £ Rglfl’ﬂ (8)
b1 leCI\{1.i}
Therefore, the upload rate Ry,, can be expressed as
Ry, = 0;- RE + (1—6;) - Ry M, (9)

with variable 6; (0 < 6; < 1). Note that R%fx is a function of upload rates Ry,, from peer 1 to peer ¢ and
parameters of peer i in coalition C; (i.e., upload/download rates in its coalition C;). Railn is also a function
of upload rates Ry,,, | € C1\{1} from peer 1 to its peers in coalition Cj, and coalition parameters of peer
I, 1 € C1\{1}. Therefore, by substituting (9) into (4) and (5), the achievable utilities in coalition C; can be
expressed as a function of peer 1’s upload rates to its coalition peers given the other coalition parameters.

Hence, it can be concluded that if the feasible upload rate pairs satisfying (7) and (8) can be found, the peers’
cooperative behavior finally benefits all the participating peers in this cooperative interaction. Therefore, it is
essential for peers to form coalitions that enable peers to interact with each other cooperatively. The remaining
question is hence how to negotiate an agreement for determining the upload rates of all peers after making
a coalition (i.e., determining 6 of each peer). In the following sections, we resolve this problem based on the
game-theoretic approach from axiomatic bargaining theory by mapping this problem to a bargaining set-up with
N players.



3. VALUE BASED COALITION FORMATION
3.1 Coalition Game Modeling

In this section, we describe how the interactions of peers in a P2P network can be formulated and modeled based
on the coalition game. A coalition game consists of a finite set N (the set of N peers) and a function v that
associates a real number v(C) (the worth of C) with every nonempty subset C' of N (a coalition).'® For each
coalition C, the value v(C) is the total utility that can be obtained by cooperative interactions of coalition peers
and is available for division among them. We define the value of a coalition C' as

U(C) = Z Ui(RDik ) RUi)? (10)
ieC

where Ry, € {Ry,|0 < Ry, < LY} and Rp,, are feasible upload rate and download rates for the content Djj,
respectively, and they are results of each peer’s cooperative interactions with other peers. The basic idea of this
definition is that peers will eventually benefit by making the coalition, which is obvious for peers in this P2P
network because peers can obtain utilities only by being associated with other peers and sharing their possessed
multimedia content.

Since the value of a coalition is defined as the total achievable utility in the coalition, the value increases only
when matched peers join the coalition and the peers interact with each other cooperatively. This peer-matching
mechanism is implemented based on the concept of marginal contribution.'® The marginal contribution of peer
i to any coalition C' with i ¢ C' is given by

Avi(C) = v(C U {i}) — v(O). (11)

Hence, the marginal contribution represents the coalition value improvement as peers join the coalition. Thus,
free-riders, for instance, obtain no utility since they are not matched with coalition peers and obtain no available
bandwidth for downloading their desired content (i.e., they cannot join a coalition as their marginal contributions
are not positive).

Note that we assume that if an incoming peer joins a coalition, this does not decrease the achievable utilities
of the coalition peers already located in the coalition, since only the remaining upload bandwidth of the peers can
be used to negotiate with the incoming peer. If there is not enough residual upload bandwidth to negotiate, this
coalition is infeasible and a peer will not join this coalition. The process for the value-based coalition formation
is summarized as follows.

1. Initialization: A peer requests the information about the coalitions of matched peers from the central
directory server. Then, the peer obtains the set of coalitions C.

2. Feasibility Check: A peer examines the existing coalitions C to which the peer is interested to cooperate
and computes the feasible set of coalitions Cp.

3. Coalition Selection Process: The peer selects the coalition C* that can provide the highest utility among
the feasible coalitions.

4. Join a Coalition: The peer joins coalition C*.

3.2 PBS based Coalition Value Division

In this section, we deploy the PBS!7 to divide the commonly achieved utility of a coalition to its members fairly
and optimally.

DEeFINITION 3.1 (PBS). A function F is the PBS if there are strictly positive constants p1,...,pn such that
for every feasible utility set S and the minimum utility point d*,

F(S,d) = A(S,d)p,

where p = (p1,...,pNn) and A(S,d) = max{t|d+tp € S}.
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Figure 3. An illustrative example for PBS. PBSs of two peers with p = (p1,p2) in two different feasible utility sets S’ and
S, where S C §', are illustrated.

In this paper, the vector p is called the inter-peer utility comparison ratio vector. An illustrative example for
PBS is shown in Fig. 3

To model the problem as a bargaining problem, the feasible utility set S and the disagreement point d need
to be identified. First, the disagreement point is the zero utility, d = 0. Moreover, a feasible utility set S ¢ RY
is the set of all the utility points that can be obtained by the cooperative interactions for the upload rates. For
this analysis, we assume that peer 1 interacts with the other (N — 1) peers in its coalition Cy. Thus, the feasible
utility set S can be expressed as

(o )

where Ry, = {RU11|0 < Ry,, < LlUleeC1 Ry, < Lllj}v Ry, = {RUu‘O < Ry, < LlU7RUl1 + Zhecl Ry, <
LV} foralll (2 <1< N), and

RU“ S RUIHRUZI S RUZUVI} s (12)

U= |Uy|Rup+ Y. RupRuy + Y. Roy | oo

leC>\{2} leC2\{2}
Un | Ruy + Z Ry, Ruy, + Z Ruyy, : (13)
leON\{N} leON\{N}

Since the solution needs to be optimal (in the sense of Pareto optimal) and yield higher utilities than the
disagreement point, a set B C S, called bargaining set, can be constructed by cooperative behavior of peers.
Hence,

B={0SN{X|X>dforall X eR"}}, (14)

where 0S denotes the boundary!” of the feasible utility set S. The inter-peer utility comparison ratio vector p
can be defined based on coalition peers’ contributions to a coalition as it represents the weight of incentives for
their contributions. For example, if the popularity of content is considered as the contribution to a coalition,
the vector p = (p1,...,pn) can be defined as p; = ﬁ (ZleMi pﬁ), where M; = {l| Dy; € P;}, to represent
the average popularity factor in the coalition. Alternatively, if a P2P network regards the upload link quality of

*d is also called the disagreement point.'”



peers as their contributions, the vector p can be defined as p; = LY, i = 1,..., N. Therefore, the PBS for the
bargaining problem (S, d) is uniquely determined as

X*=(X7,...,X§N)=Fpps(S,d)

on the set B given the vector p. The corresponding value of the coalition N = {1,..., N} is expressed as

N
o(N) =D "X (15)
i=1

Note that the value is also uniquely determined by PBS. Hence, given the vector p, the unique utility pair
selected by PBS from the bargaining set is optimal from the achievable utility perspective. Therefore, the PBS
can be interpreted as a proportional division scheme for the each peer’s marginal contribution to a coalition
given the inter-peer utility comparison ratio.

Based on this interpretation of the PBS, an incoming peer that wants to join a coalition will choose the
coalition that provides the largest utility after the division of the value given the vector p of the associated
bargaining set. This provides a coalition selection algorithm for an incoming peer in a P2P network, and it is
presented in Algorithm 1.

Algorithm 1 Coalition Selection Procedure

Require: Information about existing coalitions and peers for an incoming peer ¢ in a P2P network from the
central directory server.
1. Find set of coalitions C that include matched peers.
2. For each coalition C' € C, find set of feasible coalitions Cp = {C|v(C U {i}) > v(C) + v({i})}.
3. For every C' € Cp, calculate marginal contributions Av;(C) = v(C U {i}) — v(C).
4. Choose the coalition C* € Cp that provides the largest division of marginal contribution: C* =

arg maxXcecy {Avi(C) 'pi/z‘li‘l pl}'

4. SIMULATION RESULTS

In this section, we provide simulation results of the proposed framework for matching peers for multimedia
transmission over P2P networks. We implement our P2P system similar to the PlanetLab platform,'! which has
been implemented developed using an instrumented version of the official BitTorrent implementation. We assume
that each peer has their multimedia content that will be appropriately encoded (e.g., H.264/AVC encoder) and
streamed using novel P2P technologies such as.? 10 We assume that currently 1000 peers are registered with the
central directory server.

4.1 Coalition Selection based on Marginal Contribution

In the proposed multimedia P2P network, since there can be several coalitions that fulfill their requirements,
incoming peers need to select one of them to join. Since the division of marginal contribution based on the
PBS becomes the achievable utility of peers in the coalition, peers choose the coalition that provides the largest
division of marginal contribution. In this simulation, we focus on two representative coalitions (C; = {1, 2,3}
and Cy = {4,5}) and investigate the effect of the coalition selection in terms of the achievable utility. As an
illustrative example, we consider three incoming peers (I;, ¢ = 1,2, 3). The attributes of the peers in the coalitions
and the incoming peers are shown in Table 1, Table 2, and Table 3, respectively.

Note that the values of both coalitions are determined by the PBS with the vector p = (1/3,1/3,1/3) for C;
and p = (1/2,1/2) for Cy as illustrative examples. As we discussed, this vector can be adaptively set based on
the goal of the coalitions. The marginal contributions and the corresponding achieved utilities are determined
by the PBS given a vector p.

Simulation results are shown in Table 4 and Table 5 (MC=Marginal Contribution, AU=Achieved Utility,
V=Coalition Value). In Table 4, both coalitions consider that the incoming peers’ contributions are the same



| P, [ D; [ LV [Kbps] [ p7 [ e [B/Kbps| | Utility

Ay Foreman, Coastguard, Akiyo | Mobile 720 0.3 1.9x 1073 19.36
Ay Foreman, Coastguard Stefan 580 0.2 ] 21x1073 19.36
As Foreman, Coastguard Mobile 400 0.3 2.2 x 1073 19.36
Coalition Value 58.08
Table 1. Peer’s Attributes in Coalition 1
I P, [ D, [ LV [Kbps] | o8 |  [dB/Kbps] | Utility
Ay Foreman, Stefan Coastguard 533 0.5 1.5 x 1073 20.20
As Foreman, Stefan, Akiyo Mobile 311 0.5 1.0 x 1073 20.20
Coalition Value 40.40
Table 2. Peer’s Attributes in Coalition 2
H P; ‘ D; ‘ LY [Kbps] ‘ pg ‘ ¢; [dB/Kbps|
A, Mobile Foreman 600 1 1.0 x 1073
Ap, Mobile Akiyo 500 05[] 1.0x1073
Ay, || Coastguard | Stefan 500 05| 1.0x1073
Table 3. Incoming Peers’ Attributes
Coalition 1 (C1) Coalition 2 (Cs)
P \ A% \ MC [dB] \ AU [dB] P \ \Y% \ MC [dB] \ AU [dB] || Benefit [dB]
I [ [1/3,1/3,1/3] | 82.41 | 24.33 811 | [1/2,1/2] | 56.26 | 15.86 7.93 0.18
Iy [1/2, 1/2] 77.84 19.76 9.88 [1/2, 1/2] | 56.56 16.16 8.08 1.80
I - - - - [1/2,1/2] | 58.70 | 18.30 9.15 9.15
Table 4. Marginal Contribution of Incoming Peers.
Coalition 1 (Cy) Coalition 2 (Cs)
P \ \Y \ MC [dB] \ AU [dB] 9] \ A% \ MC [dB] \ AU [dB] || Benefit [dB]
I || [1/2,1/2] | 77.84 19.76 9.88 [1/2,1/2] | 56.56 16.16 8.08 1.80
I || [1/4, 3/4] | 69.04 10.96 2.74 [1/2,1/2] | 56.56 16.16 8.08 5.34

Table 5. Marginal Contribution of Incoming Peer 2.

to existing coalition peers (i.e., p has the same weight components). Based on the coalition selection algorithm
in Algorithm 1, incoming peers gain benefits of 0.18dB, 1.80dB, and 9.15dB, respectively, by choosing the best
coalition. Note that peer 3 achieves no utility in C since it is a not matched peer to any of the two coalitions.
The results can be easily extended to any number of peers.

The coalition selection algorithm becomes more important when the coalitions consider the incoming peers’
contributions (i.e., p can have different weight components), which is determined by the goal of the coalition.
Table 5 shows that incoming peer 2 can increase its utility benefit by choosing C; if p = (1/2,1/2), while
it benefits by choosing Cs if p = (3/4,1/4) is deployed. Hence, we conclude that the incoming peers should
select the best coalition based on the largest division of marginal contribution and it can be implemented by the
coalition selection algorithm.

4.2 Comparison with tit-for-tat Strategy

In this section, we compare the proposed coalition based upload bandwidth sharing strategy with a tit-for-tat
strategy which is deployed in a P2P system such as BitTorrent.!! To compare both strategies, we assume that
there is no cost for providing upload bandwidth in coalition based bandwidth sharing strategy, as the tit-for-tat
strategy does not consider it. Moreover, since the tit-for-tat strategy focuses only on the downloading rates
from other peers, the utility in the proposed solution is defined as the downloading rates. The inter-peer utility
comparison ratio vector is determined based on the download rates. We also assume that the maximum number



of parallel uploads for a peer deploying the tit-for-tat strategy is two, as peers have the maximum number of
parallel uploads in the leecher state.!! The number of parallel uploads can be differently determined based on
the peer’s available upload bandwidth. In addition, peers do not guarantee to sustain their already established
connections, as the tit-for-tat strategy does not guarantee them. In the following simulations, a peer creates its
coalition with sequentially joining 11 peers, and bandwidth negotiation is performed in each round (i.e., when
peers join or leave the coalition). The peer is downloading Mobile video sequence and the maximum upload
bandwidth is 850 Kbps, which is the highest upload bandwidth among coalition peers. Note that all peers in the
coalition provide their maximum upload bandwidth, which is assumed to be constant in this experiment, as no
cost is imposed for providing their upload bandwidth.
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Figure 4. Peers in each coalition for different strategies (PBS and tit-for-tat (TFT)) over time (rounds).

Mobile \ Average Download Rates \ Average PSNR \ PSNRax \ PSNR,,in \ PSNRyax — PSNR,;n

PBS 723 Kbps 29.9 dB 32.6 dB 26.5 dB 6.1 dB
TFT 443 Kbps 26.6 dB 32.1dB 21.6 dB 10.5 dB

Table 6. The Achieved Quality with Different Strategies

The simulation results are shown in Fig. 4, Fig. 5, and in Table 6. Fig. 4 shows the number and index of
peers in selected coalitions (coalition 1, 2, and 3) over time (rounds). The corresponding download rates and
the achieved quality of peer 1 are shown in Fig. 5 as an illustrative example. At the first 6 seconds (the first
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Figure 5. Download rates and the achieved quality for different strategies (PBS and tit-for-tat (TFT)).

round), the download rates (and hence the achieved quality) of peer 1 are the same for all the strategies (i.e.,
TFT and PBS) since the number of coalition peers are small (in this example, two peers (peer 2 and peer 3)
are associated) and they provide their maximum upload bandwidth to peer 1. However, as more peers join the
coalition and they create their own coalitions, download rates of peer 1 vary. Since the tit-for-tat strategy allows
peers to maintain a fixed maximum number of parallel uploads with peers providing the highest upload rates,
its download rates can be smaller than the proposed coalition based bandwidth sharing strategy (i.e., PBS).
Moreover, due to the fixed number of parallel uploads in the tit-for-tat strategy, other peers can choke this peer,
leading to significant loss of download rate and quality (e.g., the peer is choked by peer 2 and 3 at 20 second
and at 50 second (round 3 and 5)). However, PBS does not abruptly deny to provide upload rates. Rather, it
enables peers to scale the upload rates smoothly, leading to graceful changes of quality.

5. CONCLUSION

In this paper, we consider the problem of matching peers for multimedia P2P networks and identify strategies
for fair upload bandwidth division among coalition peers. We propose a coalition selection algorithm based on
the concept of marginal contribution, which enables peers to choose the best coalition, where peers can achieve
the largest utility. Moreover, this algorithm can prevent free-riders from joining the coalitions, thereby not
allowing peers to join a coalition unless they increase the coalition value. After peers make coalitions, the value
of the coalition is fairly divided among participating peers based on the PBS, while exactly considering their
contributions to the coalition. Simulation results show that the coalition selection algorithm plays an important
role for incoming peers to achieve higher utilities and the PBS can manage each peer’s upload bandwidth,
providing rewards (in terms of utility) proportionally to their contributions to the coalition. Moreover, it is
shown that the proposed coalition-based peer matching strategies can enhance the performance of existing P2P
systems (e.g., BitTorrent) by efficiently dividing the available bandwidth based on the multimedia utility impact,
thereby outperforming a simple tit-for-tat strategy.

REFERENCES

“Napster, http://www.napster.com.”

“Gnutella, http://www.gnutella.com.”

“KaZaA, http://www kazaa.com.”

S. Androutsellis-Theotokis and D. Spinellis, “A survey of peer-to-peer content distribution technologies,”
ACM Comp. Surveys 36, pp. 335-371, Dec. 2004.

5. J. Li, “PeerStreaming: A practical receiver-driven peer-to-peer media streaming system,” Tech. Rep. MSR-
TR-2004-101, Microsoft, 2004.

-



7.

8.

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22

. Z. Xiang, Q. Zhang, W. Zhu, Z. Zhang, and Y.-Q. Zhang, “Peer-to-peer based multimedia distribution
service,” 6, pp. 343-355, Apr. 2004.

Y. Chu, A. Ganjam, T. S. E. Ng, S. G. Rao, K. Sripanidkulchai, J. Zhan, and H. Zhang, “Early experience
with an internet broadcast system based on overlay multicast,” in Proc. of USENIX, 2004.

H. Deshpande, M. Bawa, and H. Garcia-Molina, “Streaming live media over a peer-to-peer network,” Tech.
Rep. 2001-30, Stanford Univ. Comput. Sci. Dept., June 2001.

. X. Jiang, Y. Dong, D. Xu, and B. Bhargava, “GnuStream: A P2P media streaming system prototype,” in
Proc. of 4th International Conference on Multimedia and Expo, July 2003.

Y. Cui, B. Li, and K. Nahrstedt, “oStream: asynchronous streaming multicast in application-layer overlay
networks,” 22, pp. 91-106, Jan. 2004.

A. Legout, N. Liogkas, E. Kohler, and L. Zhang, “Clustering and sharing incentives in BitTorrent systems,”

Tech. Rep. 1-21, INRIA-00112066, Nov. 2006.

B. Cohen, “Incentives build robustnessin BitTorrent,” in Proc. P2P Economics Workshop, (Berkerly, CA),
2003.

J. Li, P. A. Chou, and C. Zhang, “Mutualcast: An efficient mechanism for content distribution in a peer-
to-peer (P2P) network,” Tech. Rep. MSR-TR-2004-100, Microsoft, Sept. 2004.

K. Lai, M. Feldman, I. Stoica, and J. Chuang, “Incentives for cooperation in peer-to-peer networks,” in
Workshop on Economics of Peer-to-Peer Systems, (Berkeley), June 2003.

L. Penserini, L. Liu, J. Mylopoulos, M. Panti, and L. Spalazzi, “Cooperation strategies for agent-based P2P
systems,” Web Intelligence and Agent Systems Journal , 2003.

M. J. Osborne and A. Rubinstein, A Course in Game Theory, The MIT Press, 1994.

E. Kalai, “Proportional solutions to bargaining situations: Interpersonal utility comparisons,” Fconomet-
rica 45(7), pp. 1623-1630, 1977.

D. Qiu and R. Srikant, “Modeling and performance analysis of BitTorrent-like peer-to-peer networks,” in
ACM SIGCOMM 04, pp. 367-378, Aug. 2004.

J. Chu, K. Labonte, and B. Levine, “Availability and locality measurements of peer-to-peer file systems.,”

in ITCom: Scalability and Traffic Control in IP Networks, July 2002.

Z. Xu and L. Bhuyan, “Effective load balancing in P2P systems,” in Proc. 6th IEEE Int. Symp. on Cluster
Computing and the Grid (CCGRID °06), pp. 81-88, 2006.

K. Sripanidkulchai, A. Ganjam, B. Maggs, and H. Zhang, “The feasibility of supporting large-scale live
streaming applications with dynamic application end-points,” SIGCOMM Comput. Commun. Rev. 34(4),
pp- 107-120, 2004.

. M. van der Schaar and P. A. Chou, eds., Multimedia over IP and Wireless Networks, Academic Press, 2007.



