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Abstract—Classical content sharing applications like BitTor- networks has attracted considerable research inter¢6}[[A]
rent can not be directly used in wireless ad hoc networks. When the content replication problem is still in its first steps.
adapting them to these constrained networks, one faces two main BitTorrent [1] is the most known P2P content replication

problems. On one hand, exchanging content pieces with far nodes - A
yields an important routing overhead. On the other hand, it is protocol that optimizes the data transfer plane. Previtudies

necessary to send some content pieces to far nodes to incredse t fOCUS on tuning BitTorrent algorithms to wireless netwotts
diversity of information in the network, which fosters reciprocity =~ ameliorate a specific performance metric without considgeri
and parallel exchanges. In this paper, we study both of these g|| the metrics jointly. Some of them [2] aim to ameliorate th
problems and propose a joint solution for them. Unlike uni-metric global download time by reducing the routing overhead. In

approaches, our solution considers relevant performance metrg fact. th d idea is t K | trat
together as throughput, sharing and routing overhead. We defia ac., e propose Idea Is to ma g pegrs only Concqn ra_ e_on
a new neighbor selection strategy that balances between sharingtheir nearby neighbors. We show in this paper that if this is
and diversification efforts and decides on the optimal scope of done, the replication burden is unequally distributed agnon
a node. It also considers the diversification incentives problem. peers and that there is a poor transmission parallelism in
Through extensive simulations, we prove that our solution realizes the network. This is contradictory to the goals of BitTotren
both better download time and sharing ratio than uni-metric . .
solutions. and is not adequate to wireless ad hoc networks. In another
previous work [3][4], we propose to replicate the initiakede
|. INTRODUCTION of the content at the edge of the network in order to increase

The proliferation of wireless devices (Laptops, PDASthe diversity and improve the parallelism. Although these

. olicies register better download times and point to some

Smartphones, etc) motivates end users to connect to each™ = = - .
.. . . _new directions, they are limited to some specific cases that
other to form spontaneous communities. A wireless mulfi-ho . . ..
X . need to be generalized to illustrate clearly the relatignsh
network of devices, rendered possible by the use of ad hgoc o .
. : etween content replication, user performance, fairness a
routing protocols, can be a good opportunity to share somé

contents (data, audio, video, etc) among the members of &veerhead on the underlying network. On one side there is a

. ) . . ; need to diversify the content in the network to improve user
same community without using any established infrastrnectu . . . .
. erceived quality and enforce fairness, and on the othey, sid
As the resources of a wireless ad hoc network are scarce gnd

o IS diversification is costly because of the multi-hop nogit
shared among nodes, the application used for content ghar : . .
) L he optimal balance and the way it should be reached are still
should not rely on any central service and must divide the

replication effort fairly among the members of the commjanitnOt clear.

. . ) . . In this paper, we study in depth the routing overhead and
while reducing the overhead on the intermediate nodesrggrvi ; : . .
o o . o content diversity problems. We observe that one is facieg th
as relays. Considering this, file sharing applications das . : ) ;
; —Jollowing dilemma:How can one reduce the download time
on the peer-to-peer (P2P) paradigm are the best candi

ate : L .
solutions for the following reasons. First, they have beepmw lle haymg_ enough parallel_trapsm|SS|ons in the network
a?d a fair distribution of replication load ? How can one

in a few years, the_ _most_ popul_ar appl_lcatn_)r_]s in the Interngoost fair sharing by diversifying pieces of the contenhauit
and users are familiar with their functionalities and feesu . : , ST
ncreasing the routing overhead Qur objective is to come

Moreover, a P2P file sharing solution like BitTorrent [1 : L : X
k . g p with a joint solution for the routing overhead and content
decentralizes the data transfer plane using the multiegogir . . . .
iversity problems. We mainly want to increase the sharing

concept and provides enough incentives to encourage fair o - . .
. . g . opportunities and have a minimum download time while not
sharing. It is thus mandatory to have the same principles in . . . : o
. : ; averloading the network.We consider in our investigatiba t
wireless environment because nodes will tend to save dspaci

. : -1 Tealistic case where peers, unless they have the entirertont

and energy. Furthermore, multi-hop wireless communioatio : .
- . (called leechers in the former case and seeds in the latter
consume resources in intermediate nodes and so there iS a : ) - .
. . case), have no incentives to participate to the diversifinat

strong need for reducing the routing overhead. . .

- S : of the content. As in BitTorrent philosophy, leechers arfyon
Whereas efficient content localization in wireless ad hac : s . .
Interested in sharing the content with other peers having ne

OThis work has been supported by the ITEA European projeckparéence parts of the Co_ntent to reCiprqcate_' _On_ly seeds are generous
sharing in mobile communities (ExpeShare). enough to participate to the diversification of the contemt f



the purpose of improving global performance. outgoingactive TCP connections are allowed by the protocol.

We propose a new neighbor selection strategy that distifike corresponding neighbors are called effective neighbor
guishes between two main efforts of peer-to-peer file sharifhey are selected according to tlbhoking algorithm of
application: the sharing effort and the diversificationogff BitTorrent. This algorithm is executed periodically andnai
First, we try to answer the following questiollVhat must at identifying the best uploaders. Once the choking period
be the importance of the sharing and diversification efforexpires, a peer chooses to unchoke the 3 peers uploading to
? Our first finding is that the sharing effort must be done ihim at the highest rate. This strategy, caltiédor-tat, ensures
a narrow area around each peer otherwise this results inraniprocity and enforces collaboration among peers. Now to
important routing overhead. We study in this work the besliscover new upload capacities, a peer chooses randomly a
scope of sharing that minimizes the routing overhead. On tfamurth peer to unchoke. All other neighbors are left choked.
other side, the diversification effort is aimed to increase t When unchoked, a peer selects a piece to download using a
entropy of information in the network to boost parallelismspecific piece selection strategy. This strategy is cdibedl
That is why the diversification area should be taken widearest first Indeed, when selecting a piece, a peer chooses the
than the sharing area. It is clear that diversification isyvepiece with the least redundancy in its neighborhood. Rarest
costly and that this effort must be done less frequently thdinst is supposed to increase the diversity of pieces[8].
the sharing effort. We study in this paper the impact ©fA wireless ad hoc networkis an infrastructureless wireless
the diversification zone and propose an efficient strategy foetwork. There is no base station or central administration
scheduling sharing and diversification connections of a.peblodes of this network operate both as routers and hosts. The
Another important question we address is the approprigdetermination of the next hop for a packet is solved by the ad
neighbor selection strategy while the diversification effo hoc routing protocol (e.g. DSDV [10]) which ensures optimal
We prove by comparing different strategies that choosirgith computation in a distributed and adaptive way. Unlike i
randomly a peer in the diversification scope is the best wayired networks, the resources of a wireless ad hoc network
Finally, and as stated before, we only implicate seed nauesaire scarce and shared among nodes. When an end-user sends
the diversification effort since they are volunteering tedse data packet, some other end-users necessarily consume from
the content and so they do not wait for any return from oth#neir capacities and energies to deliver it to the destnati
peers. Our solution pays attention to balance the load lgudDther end-users suffer from the transmission interference
among the different seeds in a diversification area. )

Using our extension of the NS-2 network simulator [9f- Scenario and Methodology
and realistic network realizations, we prove through esiten ~ We start from the BitTorrent protocol and consider the
simulations that when using our neighbor selection styategnteresting case where all nodes of a wireless ad hoc network
BitTorrent realizes both better download time and bettarshare interested in sharing the same content. We want to
ing ratio than its classical Internet version. It outperierin all understand the performance of BitTorrent in this challeggi
regards other solutions limiting the scope of the neighboth dense case before moving to more sparse torrents. Indeed,
without diversifying pieces. We can also do better downloaghen the torrent is dense, the routing overhead on peers is th
time and better sharing ratio than when replicating theexint maximum since on one hand the volume of exchanged data
at the edge of the network. is large, and on the other hand any packet sent over multiple

The remainder of this paper is organized as follows. Sectibops will steal bandwidth from all intermediate nodes which
Il presents the background of our work and the methodologye also peers. Note that a packet relayed by a node at the
of our investigation. Section IIl studies the routing oveal routing layer is not seen by the applications running in this
problem and Section IV mitigates the content diversity promode, in particular the BitTorrent application. Furthermo
lem. Section V presents in details our solution. Section We consider that the nodes are fixed and randomly distributed
summarizes our contribution and gives some future dirastio in the plane in such a way to form a big connected network.
This means that content diversity cannot be obtained withou
sending data to far away nodes. We leave the study of a
A. Background mobile scenario for a future research, but note for now
« BitTorrent [1] is a scalable and efficient P2P content replithat if nhodes were mobile, their movements would help in
cation protocol. Each peer shares some of its upload cgpaditcreasing the entropy of information in the network, makin
with other peers in order to increase the global system eapé#tte scenario less challenging. Lastly, we consider thaesod
ity. Peers cooperating together to download a content formhave access to a routing table, which can be provided by a
sharing overlay calledorrent To facilitate the replication of proactive ad hoc routing protocol (e.g. DSDV).

the content in the network and to ensure multi-sourcing,ea fil In our investigation, we proceed with an experimental
is subdivided into a set of pieces. A peer having all pieces approach using the NS-2 network simulator [9]. In fact,
the file is called aseed When the peer is downloading pieceswe extend NS-2 by implementing a tunable BitTorrent-like

it is called aleecher Among the members of the torrentmodule allowing content sharing in wireless ad hoc networks
neighbors are those with whom a peer can open a TCP connéainly, one can change the neighbor selection and piece
tion to exchange data and information. Only four simultarseoselection strategies of the BitTorrent client and measure

Il. BACKGROUND AND METHODOLOGY



the resulting performance. In addition to the data transfer
plane, our module implements a peer discovery mechanism
on each peer. This mechanism emulates for the BitTorrent
client the existence of a centralized tracker providing iithw
the list of torrent members. As we focus in this work on
the data transfer plane, the optimization of the membership
management mechanism is out of the scope of this paper.

Furthermore, our module profits from the existing NS-2 D opeor e teigboiood

modules to ensure wireless communication and multi-hop Fig. 3. Download time per peer vs. scope of sharing

routing of packets. Figure 1 gives an idea of the per-node

layered architecture of the system that we are simulating. scope. On one hand, one can notice that the download time
increases with the number of hops to the seed for all values
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NefghborselectonPics selecin of the sharing scope. This is mainly due to the fact that the
— e achievable throughput of TCP decreases considerably with
the number of hops in a wireless ad hoc network. Peers
i far from the seed got most if not all of the pieces of the
E reles commmienton content in multi-hop via other peers. On the other hand, the
classical version of BitTorrent has the highest downloatkti
Fig. 1. Per-node architecture because of the routing overhead and the degradation of TCP

The wireless ad hoc network that we are simulating consigierformance in a multi-hop environnement. One needs to
of 50 nodes randomly distributed in #0m x 80m square limit the sharing scope to a small value, say for example one
area. In our simulations, we discard all the realisationsr&h or two, to obtain the best performances. Figure 3 cons@iat
the topology is not connected. Nodes connect to each othigis observation by showing the average download time
using the 802.11 MAC Layer with the RTS/CTS-Data/ACkover all nodes as a function of the scope of sharing. This
mechanism enabled. The data rate is set to 11 Mb/s and figire shows an amelioration in the download time when
wireless range to 50m. The ad hoc routing service is ensungés sharing scope is reduced. In fact, the routing overhead
thanks to the DSDV proactive protocol [10]. At the beginnings minimal when the scope is the smaller, otherwise pieces
of each simulation, a random node is chosen as the seedbicontent will be forwarded by intermediate nodes at the
the content and the other nodes are leechers. The contenbigting layer without profiting from them at the BitTorrent
a 100 Mbytes data file that is subdivided into 1000 piecelgyer, which incurs lot of overhead on these nodes. Moreover
All peers start downloading the file at the same time (a flaghiditional transmissions are needed later on to send the sam
crowd scenario). The BitTorrent choking period is set to.40pieces to these intermediate nodes. Another importanorfact
. THE ROUTING OVERHEAD PROBLEM is thgt th_e throughput of_TCP is better over short dist_ances
The first question we address is about the optimal neighbar}OI n th!s case, more pieces O.f data can be sent during the

choking time slot. One can see in the figures a slightly better

selection strategy for P2P content sharing in wireless ad hoain for a scope of two hops compared to a scone of one ho
networks. We start in our investigation from the classicd b P P P b

version of BitTorrent and we vary the scope of the sharinggg tlfs]ofl;%? ttE:rt?Ncl)shzoﬁzsrgl;ﬁllggvsoﬁcr)?eeideimht:?)(ras fc\;\:m;z
area of the peers. This scope represents the maximum~ ' nop €19 Y
eads to a better sharing and a better forwarding of pieces. A

number of hops between peers authorized to exchange pie?ﬁ:‘s. . S
: . . the same, the routing overhead is still small so that we can
The version deployed in the Internet, called later classica

. . otice an overall gain. Unfortunately, for scopes largemth
version for short, corresponds to a sharing scope equakto . . )

. . wo hops, the routing overhead becomes important to kill any
maximum number of hops in the network.

gain from having more neighbors.

2000
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1000 ot IV. THE PIECE DIVERSITY PROBLEM

1200} In the previous section, we have shown that decreasing

o o Sl the scope of sharing ameliorates the download time. In

g this paragraph, we try to answer the following questiBgs:
ET— | limiting t_h_e scope of sharing, are we |ImI'FIng th_e sharing

B orcant wih hmbtsct sevpe 1 ok opportunities between nodes ? Is there fair sharing among
. . Number of hops to the inital seed them in this case ? Is there a piece diversity problem ?

Fig. 2. Download time per peer vs. number of hops to the initial seed \When the sharing scope is very limited, the pieces of the
Figure 2 plots the average download time of the conteabntent will mostly propagate from the initial seed to the

per peer as a function of the number of hops of that pefrthest nodes in a unique direction via other nodes in

to the initial seed node for different values of the sharingetween. Far nodes do not have original pieces to provide

Average download time (in s)

o=




to upstream nodes that are closer to the initial seed. Th&br large scopes of sharing, for instance the classicabBitT

is why, nodes fail to reciprocate data with each other, amdnt case, the sharing ratio is still lower thénbecause the
hence, the load of sharing is not equally divided among thenouting overhead is important and the number of pieces that
In general, the farther the nodes are from the initial seed tban be downloaded during a choking slot is very small, mainly
less packets they will have to send. Moreover, there will bghen the number of hops between neighbors is large.

no diversity of pieces in the network. The same pieces wfio, there is a trade-off between diminishing the routing
propagate from one neighborhood to another, which can rierhead and increasing piece diversity in the networkurféig

result in a fair exchange. 5 plots both the sharing ratio and download time averaged ove
all nodes vs. the scope of sharing. From sharing perspsctive
il Ipp— .ﬁ.‘?;?fé?;‘{éﬁi;ﬁ one can notice that it is useless in our settings to incrdase t
O P et wih Mt Scepe 1 s ] scope beyond 5 because of the degradation of TCP throughput
os = with the number of hops. From download time perspectives,

0.4

the best is to limit the scope to a very small value as two

hops to limit the routing overheadCan one do better ?

In the following section, we proove that this is possible by

decoupling the sharing effort from the diversification effo

14 Mainly we introduce a new algorithm to increase the divgrsit

of pieces in the network at a limited routing cost, and in

. o parallel we limit the sharing scope to two hops in order not
e — to overload the network. This way we can do better than the

° simple small scope case by having better diversity of pieces

and hence more parallel transmissions and better reciproci

At the same time, we are better than the simple large scope
4 0z case in terms of sharing because we can diversify pieces in

600 _l" 01 the network to improve sharing, but without suffering from

| the routing overhead problem.

_ _ _ Scope of the neighborhood o V. SOLVING THE DILEMMA
Fig. 5. Sharing ratio vs. number of hops to the initial seed In the two previous sections, we presented two problems
To strengthen this claim, we plot in Figure 4 the sharingjated to content sharing in wireless ad hoc networks. We ar
ratio as a function of the number of hops to the initial seed f‘Pacing the following dilemma: On one hand, decreasing the
the same simulations used in the previous section. Thergharécope of sharing ameliorates the download time but it result
ratio between a coupléi, j) of peers is defined asi;; = jn a very weak parallelism in the network due to a lack in
%ﬁj’%‘) whereD;; is the amount of data that nodéias piece diversity. On the other hand, increasing the scope of
downloaded from nodg during the torrent lifetime. This ratio sharing increases the diversity of pieces in the network, bu
measures the magnitude of the reciprocity between two nodgsthe cost of more routing overhead which yields to worse
A value nearing null means a one-way propagation of dagewnload time. In this paragraph, we present our solution
The fair sharing ideal case is obtained when the sharing rafp this dilemma. Our objective is to come up with a joint
is equal to 1. From Figure 4, one can observe the followingolution for the routing overhead and piece diversity peais.
« The sharing ratio increases slightly with the number of hops designing our new neighbor selection strategy, we totk in
to the initial seed. In fact, far peers can reciprocate soata dconsideration the following points:
with other far peers having almost the same distance tostHgata transfers between distant peers suffer from very poor
seed because they can both receive some different piecegperformances in wireless ad hoc networks. Hence, a leecher
different paths. The farthest the nodes are from the seed tas no incentives to send pieces of the content to far nodes as
more of these different paths exist. But the diversity otcpie they will not be able to serve him back with a high throughput.
is still low as the dissemination is done in a unique direttioMoreover, leechers that are far from the initial seed hasse le
« When one decreases the scope of sharing, the sharing ratiginal pieces to provide them to nearer leechers. Corisigle
decreases dramatically. The cases where the scope is sehi) we decided that in our neighbor selection strategly on
one hop or 2 hops yield the lowest sharing ratios, which caeeds send pieces to far peers. Indeed, a seed is a volunteer
be explained by the fact that pieces propagate like a wayeer that serves others without expecting any return framth
from the initial seed to the farthest nodes. The resourcéiseof The leechers have more incentives to concentrate on peers
network are not fully used since nodes wait for pieces tov@rrilocated in their close neighborhood provided that there are
to their neighborhood and rarely have original pieces te proriginal pieces to share with them.
vide to their neighbors. The P2P sharing application behavdf all seeds send pieces to far nodes at the same time,
then like a simple piece relaying protocol that ignores lpelra the routing overhead will be again important and we will
transmission abilities of the network and the distributimin loose in performance. In our solution, we subdivide the @iec
the load among peers. diversification effort among seeds both in space and time.
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Fig. 4. Sharing ratio vs. number of hops to the initial seed
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« If a seed can not send a complete piece to the selected péerOptimal diversification-neighbor selection strategy

during the choking slot, the gain in diversity will be nulhse In this paragraph, we look for the best strategy used
the smallest unit that a peer can share with others is thepiegy seeds to select leechers in their diversification areas
In our solution, we limit the scope of diversification of seedat time slots. The goal is to maximize the sharing ratio
to the number of hops allowing the transfer of a compleighile minimizing the average download time. Let's note
piece. Pieces are spread in other parts of the network by otfige sharing scope of a seed &s and its diversification
peers becoming seeds and deciding to stay in the torrent. scope asS;. Searching the optimal strategy, we define a
i ) parametric general probability distribution to tune thecleer
A. The neighbor selection strategy selection and we study, through simulations and by varying
« In the leecher state peers concentrate on their nearbyhe parameter of the distribution, the impact of the diffiere
neighborhood. The scope of sharing is fixethops as it is strategies on the torrent performances. Indeed, we model th
proved to be the best regarding the routing overhead ans-traprobability to select a peer located /athops from a seed in
fer performance. A leecher maintains 4 simultaneous actiig diversification scope §; < h < Sy) as follows:
outgoing connections. The 3 first connections are dedicated

to best uploaders among peers in the sharing scope and the ) — h* 1
fourth connection consists in an optimistic unchoke allayvi d N

to discover new upload capacities and the bootstrap of the Z Nl

sharing. The fourth peer is chosen randomly among leechers 1=8,+1

within the sharing scope. The selection is done at the end o;] N is th b ¢ | d ah q
each choking time slot. Except the limitation of the scope fghere v 1S the number of peers locate ops anda

two hops, this is globally the classical BitTorrent algionit IS a parameter of the probability distribution. The sum of
for Ieechérs this probability function over all peers in a diversificatio

. In the seed state peers dedicate their 3 first connections t§'€@ IS clearly equal ta. By settinga to 0, one can obtain
serve leechers within their sharing scopes (sef)toThese the uniform probability distribution where peers are stldc
are the connections dedicated to inject the content in thdh the same probability independently of their locatiéor
network by starting from the small sharing area. The fourf@rge positive values af, the probability to select the farthest
connection of a seed is mainly dedicated to diversify piecB§€rs becomes close toand that to select peers near to the
in an area wider than the sharing one. This area is calléged amost nuII..For large negative valuesaofone gets
the diversification area of the seed and contains all pedi§ OPPosite case; the seed diversifies pieces over peaes clo
not belonging to its sharing area and that are located af%lt: This parameten covers then a large set of strategies
distance lower than the diversification scope. The scope #1d its optimal value should point us to the optimal leecher
diversification is determined by observing the range of gieS€!€ction strategy to use for diversification purposes. @éks
transmissions (see paragraph V-D). Paragraph V-C studées this optimal value next by the help of extensive simulations
optimal way to choose a leecher in the diversification area an

paragraph V-B shows how the fourth connection is used when B so0
there is more than one seed within the diversification area. <
£
= 600
B. Dividing the diversification effort among seeds g
. . . . g r
Sending pieces to far nodes engenders an important routing S 0
. ogn . . > New choking strategy with=-20 ===
overhead. Hence, the diversification effort must be divided £ 200 New choking strategy witt=-1 —¢—
. . . . = ! 1=
between all seeds both in space and in time. In our solution, < B,TN”ei“”cﬁ_?,gfn';%izé?éz%ﬁ(ﬁ'z&%aé 'E"m
. . . . Iy . 3 X itTorrent with limited scope 0pS) @
each seed is responsible of its own diversification areas;Thu S 4 & 5 10 12 14
the network is subdivided into regions and a single seed does _. Number of hops to the initial seed

ig. 6. Download time vs. number of hops to the initial seed
not have to serve the whole network. Moreover, when there are g P

many seeds within the diversification scope of each other (fo
example when other peers finish the download and decide to
stay), our solution reduces the routing overhead of thetliour
connection of each of them dedicated to diversification by
the number of seeds in its diversification area. This is done
as follows. The seed pauses for a number of slots equal to
the number of seeds in its diversification area between every

800

BitTorrent with imited SCOpe (2 hops)mes
Concentrating diversification on edge peers
BitTorrent with the new choking strate

700

\r
Y

Average download time (in s)
[o2}
8

two diversification time slots. During the pause, the sead ca 400

. . . . . . -20 -15 -10 -5 o] 5 10 15 20
serve leechers in its sharing area. This scheduling is tegea . Value of the parameter
periodically and follows the evolution of the number of seed Fig. 7. Download time vs. o

In this way, the total diversification overhead is kept canst  Figure 6 plots the average download time as function of the
as there are more and more seeds in the network. number of hops to the initial seed for different values of the
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700 ‘ Average download time on all Nodes=— ' o8
@ Auetae shafing fato on all nodes 107 considerably and the download time worsens. For large diver
g ™\ 1os § sification scopes, again the sharing ratio and download time
3 \ os £ worsen for the simple reason that TCP becomes unable to send
E r—— 04 g entire reusable pieces far away from the seed. It is cledr tha
% 500 19§ in our settings a diversification scope arouttl hops away
2 v Zi < from each segd Iead; to best pe'rforman'ces both from download
time and sharing ratio perspectives. This should be the$arg
20 s 1 ot parmed” 20 scope where entire content piece could be sent. As a retselt, t
Fig. 9. Sharing ratio and download time vs. o diversification scope must be fixed so that it does not exceed

the range of pieces. To support this in practice, the seed can
parameter. Figure 7 draws the average download time ovedapt its diversification scope up or down by measuring the
all peers as a function of the parameterFor large negative number of pieces that it can send during a choking slot to
values ofq, the download time is maximal and tends to théeechers located at the edge of the diversification area. We
one obtained without diversifying the pieces (sc@pe Figure leave this online adaptation for a future research.
5). For large positive values af, one can obtain a better VI]. CONCLUSIONS AND PERSPECTIVES

performance since there is the introduction of some dityecdi In this paper, we study the routing overhead and piece

pieces in the network but the.conc.e'ntrgtion is only on _lemh%iversity dilemma and propose an efficient neighbor sedacti
located at the edge of the diversification area. This is belQWaieqy that minimizes download time while maximizingrsha
the optimal because of the routing overhead and an inefficigRy onnortunities. Our proposed choke/unchoke algoritsm i
spatial distribution of pieces. Our main observation it tha practical and does not make any assumption on the cooperatio
value of a equal to 0 gives the best performance. Indeed joechers. We prove through extensive NS-2 simulatioas th
for this optimal value, seeds dls_trlbute_ pieces uniformly i, nep, using our neighbor selection strategy, the downlaad ti
the network and then boosts fair sharing among peers §Qdgiitorrent is 30% of the one obtained with the classical
transmission parallelism while having a reasonable aeeragysion of BitTorrent andi5% of the one obtained with the
routing overhead. Figure 8 plots the sharing ratio as a fonct o gjon without diversification of pieces and a sharing scop
of the number of hops to the initial seed for different valuegy 5| 199 As for the sharing, the load is better distributed

of the parameter. Figure 9 presents both the average sharing,,ng peers in our version, and so the average sharing ratio
ratio and the average download time over all nodes as functig, ;|

of the parameter.. These figures prove that the best choicg, i
of a is 0 as it also results in the best sharing ratio. Indeeg,
large negative values @f means no diversification of pieces
and then the lowest sharing ratio is recorded, whereasrfigela REFERENCES o
positive values. one can obtain a better sharing ratio bait ] BitTorrent protocol. http://wiki.theory.org/BitToentSpecification.
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