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Abstract—This paper proposes an adaptive peer selection fairness, variousncentiveapproaches are used to move peers
strategy in support of fast and fair peer-to-peer file sharing to do contributions [8][9][10]. Among others, the growing
applications. According to specific features of peer duality, the recognition of reputation systems has recently led to a signif-
system server is able to schedule download requests by degrees : . .
of peers’ contributions, and correspondingly assign server peers 'C_ant _reseamh dlmenS|9n. Reputatlon-based schemes ta!«? the
in charge to process requests by degrees of peers’ capacities. Inhistories of peers’ contributions to the system as their decision
addition, several functional extensions, substitute and elimination making processes [11]. Reputable peers should be served in
processes, are further associated to cope with subtle situations high priority and rewarded more resources to compensate for
of service starvation and download blocking, and hence make ynair offering. Our intention then follows this mainstream

the system design robust and amenable. Simulation results the d | t of locati d distributi
exhibit that the proposed mechanisms are simple, but effective in as the development or resource allocation an IStribution

maintenance of service agility, faimess and resource utilization, mechanisms in P2P file sharing contexts.
affected by critical peer churn and free riding problems. By considering dual factors of client peer contribution and

server peer capacity, this paper designs a simple peer selection
strategy for fast and fair P2P file sharing. This proposes
The peer-to-peer (P2P) networking has recently emergedtasnaintain service agility and fairness among peers against
a new variant of distributed computing paradigm for buildingeer churn and free riding. Particularly, the basic idea is to
distributed networked applications. P2P applications genergiadate peer contribution and capacity. Given with request
dominant fraction of today’s Internet traffic that is chieflyworkload, the system server applies a specific peer selection
associated with P2P file sharing applications [1]. In P2§trategy to control the admission and scheduling process to
file sharing applications [2], like Napster, Gnutella, KaZaAguarantee fair and efficient use of resources, yet without
eDonkey and BitTorrent, a peer both requests files from isss of service capacity and system throughput in a system.
peers, and stores and serves files to its peers. An increas&tudrefore, the results of this paper work are summarized as
peer population results not just in an increase of workload, Hatlows. First, the primary work formulates the measures of
also in an increase of service capacity to process the worklgaeer contribution and server capability. In light of indirect-
requests [3]. Henceeer dualitymakes the P2P approach disfeciprocity notion [8], a basic peer selection strategy (BPSS) is
tinguishable from the traditional client/server approach whedesigned to choose server peers to process download requests
clients and servers are distinct so that an increase of cliémtdescending order of peer contribution. Second, the adaptive
population simply leads to an increase of workload, therepéer selection strategy (APSS), extending BPSS with a specific
will the scalability problem and performance degradation arissubstitute policy, can modify peer assignment in response to
Dynamics of peer participatiopeer churninfluences over- traffic dynamics due to peer churn and request workload.
lay design, resiliency and assessment [4]. Peers in a sysfenird, the APSS is associated with specific peer elimination
cooperate to run an application-level overlay network [5] tharocess to cope with possible service starvation and further
provides connectivity, signal messaging, routing, discoveboost the ability of service differentiation and fairness to a
and searching between end hosts that are addressable orptominent extent. Finally, experimental simulations are con-
of IP networks. However, due in part to peers’ autonomy artlicted to assess performance sensitivities in terms of several
mutual dependency, the transiency of peers and its implicatiqggerformance metrics, average download time, ratio of pending
have a great impact on the efficacy of replication, search arefjuests, download count by contribution range. Consequently,
guery mechanism in content distribution [6] this paper presents an adaptive peer selection strategy with
The problem offree riding in a P2P system goes againsseveral auxiliary functions, thus sustaining system throughput,
reciprocal provision of resources among peers. As examingetvice agility and fairness against service starvation and traffic
[7], a large fraction of peer population is deemfeee riders dynamics in P2P networks.
— maximizing their own utilities that are out of proportion to The rest of this article is organized as follows. Section
their contributions to the system. Free riding is irrelevant td mentions the P2P system model. Section Ill designs the
P2P networking, but inherits from P2P participants’ attitudd3PSS, APSS and auxiliary functions. Section IV presents
of mind. To encourage peer contribution and keep serviperformance results. Conclusion is given in Section V.

I. INTRODUCTION
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. Client Property enough bandwidth to this end. This precondition is so applied
Client | —= ibution to facilitate the analysis of bandwidth granularity.
Upload State Selecting dit server peer is a decisive phase before a client
Download State peer starts to download any segment. The system does peer

management by degree of bandwidth utilization. Specifically,
the update and download states of a peer are defined below.

‘ Bandwidth Control @ Definition 1 (upload state) A server peerfalls into one of

download

[ |

A
‘ ‘ Peer Selection Strategy M&\@@annect ;
“ N

three statesbusy normal and leisure A busy peer is unable
to supply any more segments when its remaining upload
bandwidth is less thap. A normal peer is uploading segments
Fig. 1. A P2P file sharing context. to other peers and has remaining upload bandwidth higher than
1. A leisure peer has upload bandwidth higher thabut does
not upload any segment right now.

[I. SYSTEM MODELING Definition 2 (download state)A client peerfalls into one of
. . . . three statesactive sleepandidle. A download state is set as
This section describes a P2P system environment, and spec-: :
- . A active when a peer requests a segment, successfully finds and
ifies bandwidth resource utilization and peer state management . : .

) . .=~ . fegotiates with a server peer to process the downloading. If a
that are in use for resource allocation and content distribution; : : . .

sérver peer is found, but unavailable temporarily, the state is

A. System Environment set as sleep. Otherwise, a peer is idle if no request is pending,

. . . or if no server peer is found.
Fig. 1 shows a centralize, structured P2P system environ- P

ment [2] where the proposal is designed. Specifically, there is alll. PEER SELECTION STRATEGY AND MANAGEMENT

central server that functions tracking and provision services inThis section proposes the peer selection strategies. Section
support of distributing file segments inside a P2P network. fy A formulates the measures of client peer's contribution

tracker server is located in a central server or another dedicaigf server peers grading of bandwidth capacity, both used
host adhered to a central server. It maintains segment mefgifferentiate request priority and assignment among peers.
data repository, segment management, and peer managemsgition 111.B designs a basic peer selection strategy (BPSS).
in the system. Functionally, a tracker provides the volumes gkction 111.C designs an adaptive peer selection strategy
segment meta-data records, each of which includes a segmamiss) that extends the BPSS with substitute policy on peer
index, available location references, and other attributes. Fsignment. Section 111.D further integrates APSS with the

every segment, the tracker records a set of peers that OMghdwidth reclamation method (APSS-E) to guarantee fair

this segment, and classifies them by their download statggndwidth allocation. Finally, the above presents a joint design

Thus, every peer connects to the central server and inquiggSpeer selection and management mechanism against peer
about where any indicated segment can be downloaded. Tgrn and free riding in a P2P system.

server then selects one out of many server peers according to o _

a specific peer selection strategy. With a request reply, a cliéht Peer Contribution and Grading

peer directly connects to its assigned server peer to access theo tackle the free riding problem, the essence of peer
indicated segment. During downloading, the central server carmnagement adopts an incentive-based approach to encourage
monitor the download session and timely adjust bandwidpieers to contribute their own resources so as to get back at
allocation. In addition, the server peer can record downlo&etter performance. Notice that the widely deployed BitTorrent
state of every requested segment, remaining upload bandwidthploys a direct-reciprocity and tit-for-tat incentive to encour-

and uploading contribution into its property profile. age cooperative behavior between a set of peers performing
coordinated exchange of files [12]. However, BitTorrent has
B. Resource Management inherent choking issues, though it can be moderated by the

The P2P system enforces a working premise: the granulartgsociated optimistic unchoking method, thus striking a trade-
of upload/download bandwidth allocation is based on a slotteff [13]. In contrast, this scheme adopts an indirect-reciprocity-
time model; it takes one time slot to deliver each file segmetased incentive approach by referring to historical and accu-
Each time slot has a minimal transfer rateas a base unit mulated contributions of upload bandwidth that a peer has
of bandwidth allocation. Accordingly, a file is divided into avoluntarily provided. Without loss of generality, the measure
number of segments of equal size. of peer contribution is given by a liner formula for the quantity

For simplicity, let a peerP; have uniform upload and that a peer has donated till now.
download band\_/wdth capacities with the maximal data transfer Cy = ULpast X @+ ULnpow % (1 — ), 1)
rate u, respectively. P, can at most offer|u; /| transfer
sessions simultaneously in either download or upload wayhereU L,,,,, is the numbers of segments a peer is uploading
Peers that have remaining transfer rate lower fharll not be now, UL, is the numbers of segments which a peer has
considered requesting/offering any segments until they reclaimploaded in the past, afd< o < 1 is a tunable parameter of

ISBN 978-89-5519-146-2 - 209 - Feb. 7-10, 2010 ICACT 2010



1) Concurrency:Given with a number of pending requests
from a peerP; in queue, the central server has a set of all
segments requested ¥, denoted ask(i). Like the way in
BPSS, for eachS;, in R(i), the server quickly finds out a
server peer fromH (S) for uploadingSy. If R(i) contains
more segments, this process will repeat fill's remaining
download bandwidth is less tham Herein, the processing
sequence of requests R(7) however depends on any specific
schedule, such as first-in-first-out (FIFO), earlier deadline first
(EDF) and high download speed first, etc. Note that the study
of request scheduling methods is orthogonal to this paper work
that rather adopts the FIFO simply as a development baseline.

2) Non-blocking: Following BPSS, there is a critical situ-
ation of download blocking due to "service starvation." This
relative weighting between two terms. Accordingly, the centrgituation — no uploading of any segmesit in R(:) — does
server prioritizes download requests from client peers. ~ hot simply mean that a requested segment is inexistent in

In processing upload bandwidth allocation, a central ser/&€ System. For example, heavy request workload, asking for
decides which server peer to serve a request by considerfifgrce segments, peer churn, and skewed access pattern can
the grading of upload bandwidth capacity that a server pdBduce this situation, whilaraffic dynamicsis considered.

Fig. 2. A basic peer selection strategy.

can provide to its client peers, as given by When all peers owningS, are in busy state and have no
more bandwidth to upload segments, all requests Roi)
Gi = 1;/(ULpow(i) + 1), and G; > p. (2) are blocked until any?, in H(S}) reclaims sufficient upload
bandwidth to take a new request. As examined, BPSS likely
B. Basic Peer Selection Strategy (BPSS) has in poor performance due to service starvation.

The BPSS considers both service fairness and agility in the?f) S.UbSt'tuFef Pollcy.:To resolve this situation, a substitute
i i : dlicy is specified to find a new substitute peérto replace

course of peer selection. Basically, BPSS appoints server pe%r%us eerP, in H(S,) and to take over its ongoin

by peer grading to take request workload scheduled by peer y P " k going

o . . Uploading tasks. A replaced peer can then reclaim more upload
contribution. It sets a minimal boundof available upload and .
. . bandwidth to take another request that asks for some segment
download bandwidth to improve download speed. A reques . . . .
. : ) ; now held byP,. Accordingly, this policy can broadly alleviate
from a client peer of the highest; is handled firstly. Then, . ; ; . .
) : the service starvation with respect to many influential factors
a server peer of the highest;, from a number of candidates er dynamic traffic. The following specifies the substitute
having the target segment, takes this request. Thus, BP y ) gsp

can simply and evenly balance the use of upload bandwicﬂﬁ icy and its procedure (Steps 1-4) in reference to Fig. 3.

capacities among peers and to avoid bandwidth fragmentatiaieP L Let & request;, run into blocking. The central server
scattering over the system. firstly assembles a super set of segments, denotdsl(&s),

; ; P - - hich peers inH (S) are currently delivering.
Particularly, as depicted in Fig. 2, given with a pe@r w X . .
whose dowr?lload bar?dwidth is r?ighergthan P sendg the Step 2 For every segment ii3(Sy), the server tries to find a

central server a requesj to download a segmertt;. With candidate server peer. A peer is qualified as a candidate if it

ari, the tracker generates a peer set, callés,), which is the one with thg highegt; out of all peers that havsy,
includes all peers having: in their local storages. Then, the2nd also its grade is no less thanThen, the server has a set

server selects a server peBr of the highest upload rate in of canqhdazes, deno'Fed @' (B(S))). The one of the highest
H(Sk). If P’s upload bandwidth is not lower thap, the grade In i (B(S)) s chosen as a SUbS.t'tUte server peer
server notifiesP, of its server peerP, in charge. P; will Step 3 With a P,, the central server tries to reclaim some

negotiate withP, for downloadingSy. Else, the server will upload bandwidth to resolve the blocking, checks all its

mark P; 's download state as sleep and push this request bao&ned segments, denoted @4s), one by one. For every

into the request queue. The server will later chelagain if segments; in O(s), if SS. 1S alsq included in3(Si,), It means
ri is valid yet. that at least one peer i (Sy) is currently uploadingS; to

another peer in the system, too. So, the server proceeds to

. . collect the set of client peers that are downloadsgfrom

C. Adaptive Peer Selection Strategy (APSS) peers inH(Sy). Among these client peers, the one with the

The APSS modifies BPSS with functional extensions tfoighest contributiohis chosen as a "passed" client peer.

support "concurrent" and "non-blocking" downloading mecHstep 4 The server instructs a passed client peer to download

anisms. The tie-in "substitute policy” on peer assignment c&ia from P; in place of its original server peer il (S%). Then,

not only sustain fairness and throughput, but also alleviate the _ _ . .
. . . xplanatorily, a passed client peer may get better service after changing

service starvation problem due to dynamic changes of skevqgciE

) erver peer. If &;’s grade is less than its original server peer, the central
access workload and peer churn in a P2P context. server may alternatively check anothBy with lower Cs, but higherG's.
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Fig. 3. The APSS with substitute policy. Fig. 4. The APSS with peer elimination.
the original one can get some uploading bandwidth back, and IV. PERFORMANCEEVALUATION

carry on uploadingS, to P;.

Particularly, Fig. 3 instantiates the use of substitute policy. NS Section describes the simulation and measurement,
Let H(S,) include two peers,P, and P». P; is busy in and evaluates BPSS, APSS and APSS-E in terms of average

delivering S, to P, and S, to another peer, and, is busy download time, ratio of pen.ding requests, and amount_ of
in delivering S; to P, and S, to another peerB(S;) now download segments under different thresholds of bandwidth

includesS,, S,, S5 andS,. The server accordingly determines@Pacity and degree of peer contribution.

H*(B(Sy)) that includes all peers sending any segments K Simulation Environment

B(Sk). Let the server seled®, in H*(B(S)) as a candidate o ) )

server peer. Sinc®, hasS; andSs, the server check& (Sy) The work in this paper has developed a simple simulator
and finds that two client peer®, and P, are downloading based on a discrete and slotted time-based model. The sim-
S, and S; from P, and P, respectively. The server decided!/ator initializes a P2P system that contaims8192 peers.

P, or P,, the one with the highest contribution as the pass&€"Y Peer arbitrarily contains a file out dF820 files as a
client peer. This passed client peer redirects its download frdf Sharing base. Every file is of equal si#e30,000 KB, and

P, instead of its previous server peer. Eventually, eitRgor  CONSists of 10 file segments of equal sine3000 KB. Every

P, in H(S),) now has enough upload bandwidth to serve orR¢€r has uniform upload and download capaciiigassigned
more pending request in queue. by using a normal distribution with;;=100 ando=1. The

minimal threshold of remaining upload/download bandwidth
D. APSS with Peer Elimination (APSS-E) is u, as a percent of;;.

Following APSS, there is a subtle situation that a central The simulation runs in 1000 time units; meanwhile, a peer
server cannot find any suitable substitute server peer, singefree to join and leave the system. Particularly, a new
none of peers inH*(B(Sy)) has enough remaining uploadpeer joins at a random probability;,,=0.005. A peer can
bandwidth. A peer elimination method is further devised teave the system at two different probabilities;,;=0.002
cope with the situation. Basically, this method attempts tshen it is in active/sleep/busy/normal state, jy,;=0.003
pull back or sacrifice some peer’'s ongoing downloading it leisure/idle state. For traffic generation, heavy request
this peer has low contribution, like a free rider. Hence, workload is considered. Every peer issues a new request to
peer with higher contribution can preempt a downloadingccess a file at a random probability=0.1. Correspondingly,
channel for fair resource allocation. Fig. 4 shows the procedut®@ segment requests are generated to perform concurrent
of APSS with peer elimination. By following the previousuploadings/downloadings in a batch. Every peer is assigned a
example in Fig. 3, suppose that the central server canmetuest queue of length=30 to keep its pending requests. In
find out a substitute server peét, to upload a particular addition, a peer’s contribution is increased by (1), in response
Sk € R(i). The server checks all potential server peers io its uploading, as is set in the range of 0£50.15.

H(Sy) and their client peers. Among these client peers, theAccordingly, the proposed schemes are examined in terms
one P, with the lowest contribution is selected to comparef three performance metrics below. Particularly, the first two
with P;. If P;’s contribution is higher tharP,,’s, P; will measures are used to examine service agility and throughput
replace P,,, to use upload bandwidth fron®;, given that among BPSS, APSS, and APSS-E undehreshold variance.
P,,., downloadsS;, from P,. The server victimizesP,,,,'s The last is to examine the effects of the APSS on service
ongoing download, and can instrul},,, to resend a requestfairness against free-riding issues.

for Sk, or alternatively defer its download till another serveAverage download timeneans the average duration from the
peer will become available later. moment at which a client peer sends a segment request till the
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Fig. 5.  Sensitivity to the average download time under variance: of Fig. 6. Sensitivity to the average ratio of pending requests (i.e, intensity of
(baseline:a. = 0.5). dropping requests) under variance o{baseline:a = 0.5).

segment is uploaded by a server peer. C. Sensitivity to Average Ratio of Pending Requests

Average ratio of pending requests the total of pending  This subsection examines the influence of bandwidth gran-
requests in queue to the total of segment requests that all peg#sity on the system throughput in terms of average ratio of
have sent to the system. pending requests. Observe in Fig. 6 that all results by BPSS,
Average number of download segments by contribution rang®SS and APSS-E are fluctuant slightly and very similar. It is
is the amount of segments that all peers in a contribution rangeplained that system throughput is less sensitive to bandwidth
have downloaded to the amount of peers in this range.  granularity under stable request workload. Although a larger
can decrease the total of available server peers for any segment
request, it however shortens the download time. Oppositely, a
smaller 4, enables a peer to have more concurrent segment

This subsection inspects the radical intention of improvinggquests, but it takes longer time to transfer every segment.
service agility and fairness. Fig. 5 illustrates the experimentaemarkably, as compared with BPSS, APSS does not affect
results of average download time attained by BPSS, APSS aystem throughput after applying the substitute policy and
APSS-E. Obviously, APSS, an extension of BPSS with pepeer elimination. This effect thereby supports the reliability
substitute policy, achieves better performance than BPSS. 8cAPSS and APSS-E.
does APSS-E that has similar performance to APSS’s. o

Scrutiny of performance results finds that granularity df- Sensitivity to Average Number of Download Segments

upload/download bandwidth allocation has significant influ- This subsection inspects the efforts of restraining the free
ence on the system performance. As shown, time differengging to maintain service fairness among peers with different
between BPSS and other two increaseg decreases. Explic- contributions. Specifically, peers are classified into respective
itly, a smaller;, means a higher bandwidth granularity, so thelusters according to their peer contributions given with (1).
number of segments which a peer can upload and downloHge average number of download segments in a cluster is
concurrently increases. When APSS with substitute polifigured out after the simulation. Fig. 7 are further derived to
is used, for any segment request, the number of candidai@mine relative performance of BPSS, APSS and APSS-E.
server peers increases implicitly. Thus, a client peer can haveAPSS-E outperforms others in respect of service fairness
more chances to get an appropriate server peer and perfeiid utilization. BPSS with FIFO, as a comparative baseline,
downloading in short time. But, as> 50%, APSS and BPSS l|eads to dlat outcome when the difference between two peers
have similar performance, while the substitute policy can run respective clusters is small, about less thafi of total
in vain because it is not easy to find a server peer of enouglimber of download segments. Relatively, APSS makes a peer
remaining bandwidth to serve a passed client peer. of higher contribution be rewarded more download resources,
Regardless of:, APSS and APSS-E have similar perforthe event which is ascribed to the tie-in substitute policy. For
mance since peer elimination is not meant to reduce the aviaistance, the number in cluster of [35,39]1i$ times that in
age download time. Therefore, high bandwidth granularity catuster [0,4]. In addition to substitute policy, the elimination
augment the effect of substitute policy in APSS and speed opethod is able to further boost the performance to a significant
request downloading with low blocking probability. Namelyextent. Correspondingly, the difference between these two
when every peer can process more concurrent requests, dlusters is expanded to aboRd times. In summary, APSS
effect of elimination in APSS is minor relatively. with substitute policy as well as elimination is amenable and

B. Sensitivity to Average Download Time

ISBN 978-89-5519-146-2 -212 - Feb. 7-10, 2010 ICACT 2010



20

(7]
(8]

mBPSS
OAPSS
mAPSS w/ Elimination

B

(20]

(1]

average number of download segments

[12]

[0.4] [5.9] [10,14] [15,19] [20,24] [25,29] [30,34] [35,39]

peer contribution C;

[13]

Fig. 7. Sensitivity of BPSS, APSS, and APSS with elimination to the
average number of download segments with respect to different clusters of
peer contriubtion (baseling: = 50% and« = 0.5).

efficient, as a result of profitable effects on system throughput
and service fairness, after investigations in this section.

V. CONCLUSION

In this paper, we have clearly accounted for peer churn
and free riding problems that are criticized in P2P networks.
To avoid performance degradation of service capacity and

fairness, we have proposed a peer selection strategy that
performs adaptive peer management and assignment mecha-

nisms. This design is so able to enforce prioritized admission
and scheduling policy and deal with request workload and
upload/download resource allocation in a fair and efficient
manner. In addition, we have examined several implicit issues,
download concurrency and blocking, and service starvation.
Accordingly, supplemental substitute and elimination methods

are designed to resolve these issues well. Experimental results

have manifested that the functionality of the proposed APSS
can not only enhance bandwidth utilization, but offer fair
resource allocation in a dynamic context of P2P file sharing
applications.
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