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Abstract—Many private BitTorrent communities employ Shar- and then banned from downloading, or even expelled from

ing Ratio Enforcement (SRE) schemes to incentivize users to the community. In this way, it is guaranteed that each peer

contribute their upload resources. It has been demonstrated that ,\ides a certain level of contribution to the community.
communities that use SRE are greatly oversupplied, i.e., they

have much higher seeder-to-leecher ratios than communities in ~ The main motivation for implementing SRE is to close
which SRE is not employed. The first order effect of oversupply the gap between bandwidth demand and supply as observed
””de('; SSE is a positive incrfeasedir; the zz\l/efrage ?ownl:)aolling in public communities, where there is significantly more
speed. However, users are forced to seed for extremely long . ;

times to maintain adequate sharing ratios to be able to start demgnd than- supp]y [16]. Thus, .the basic deggn goal of
new downloads. In this paper, we propose a fluid model to SRE is to achieve higher system-wide downloading speeds by
study the effects of oversupply under SRE, which predicts the increasing the bandwidth supply. Several measurement studies
average downloading speed, the average seeding time, and thehave shown that SRE is very effective in increasing supply [8],
aver?gesugga\c/ivcapac_:ity L::ilizz;tionrflor users in cofmmunitiesl thﬁt [15], [16], [21]. For instance, [16] reports seeder-to-leecher
employ . We notice that the phenomenon of oversupply has . _.. . : oo .
two undesired negative effects: a) Peers are forced to seed forratlos. that a.re at least 9 times hlghgr In private communities
long times, even though their seeding efforts are often not very than in public ones, while downloading speeds are measured
productive (in terms of low upload capacity utilization); and b) to be 3-5 times higher. Although apparently the abundant
SRE discriminates against peers with low bandwidth capacities supply of bandwidth leads to high downloading speed, in
and forces them to seed for longer durations than peers with high thig paper we argue that oversupply also has some negative

capacities. To alleviate these problems, we propose four different . . .
strategies for SRE, which have been inspired by ideas in social effects such as excessively long seeding times that are often

sciences and economics. We evaluate these strategies throughinProductive. Previous work has dealt with analyz.ing the pros
simulations. Our results indicate that these new strategies release and cons of SRE schemes from a macroeconomic perspective
users from needlessly long seeding durations, while also being fair [12], [19]. Our analysis considerably expands these works. The

towards peers with low capacities and maintaining high system- -qgntributions of this paper are as follows:
wide downloading speeds.

1) We provide a fluid model of private BitTorrent commu-
nities and we consider two user behavidezy-seeding

|. INTRODUCTION (seed only the minimum amount as required by SRE)

BitTorrent is a popular Peer-to-Peer (P2P) protocol for  andover-seedingseed more than required). We analyze
file distribution. A key of its success lies in its Tit-For- the influence of these user behaviors on the performance
Tat (TFT) incentive policy, which works reasonably well in of SRE. Besides the downloading speed, we consider

fostering cooperation among downloading peers (also known additional performance metrics in our model, namely the
asleecher$. However, TFT does not provide any incentive for average seeding time and the average upload capacity
peers to remain in the system after the download is complete, utilization. These new performance metrics are highly
in order toseedthe entire file to others. Therefore, peers are  relevant to the user experience, but have not been
free to engage in “Hit and Run” behavior, the scenario under  considered in previous studies (Section IlI).
which a peer leaves immediately upon completing a download.2) We show that while achieving high system-wide down-
In recent years, there has been a proliferation of so- loading speeds (theeward of SRE), SRE indirectly
called private BitTorrent communities aimed at incentivizing forces users to seed for extremely long times, during
seeding. These communities employ a private tracker based which their upload capacity utilizations are quite low
method that maintains centralized accounts and records the (the punishmentof SRE). Further, SRE discriminates
sharing ratio of each peer, i.e., the ratio between its total against low-capacity peers and forces them to seed for
amount of upload and download. Community administrators  longer durations than high-capacity peers (Section V).
specify somehresholdabove which all members are required 3) We propose new strategies for SRE that alleviate the
to maintain their sharing ratios. This mechanism is known long and unproductive seeding, while still maintaining
as Sharing Ratio EnforcemerSRE). Community members a reasonable system-wide downloading speed. Further-
whose sharing ratios drop below the threshold are warned more, we show that these strategies also reduce the
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Fig. 1. Over-seeding behavior: the CDF of the sharing ratibpeers in Fig. 2. Unproductive seeding: The CDF of the fraction of igéeding time
BitSoup.org. of peers with sharing ratios smaller than 1 in BitSoup.org.

discrimination against low-capacity peers. We evaluagharing ratios than required. The behavior of such peers may
our strategies using extensive simulations (Sections We triggered by various motivations such as altruism, arelesi
and VII). to be part of the rich elite of the community, or a habit of

storing sharing ratio for the future.
Il. SUPPORT FROM REAL WORLD OBSERVATIONS

In order to support our model and analysis of SRE, iﬁ' Unproductive seeding
this section we present real world observations of a privatelt is clear that in order to achieve high sharing ratios, peer
BitTorrent community, BitSoup.org. In this community, use need to spend considerable amount of seeding time. In tiee cas
are required to maintain sharing ratios greater than 09 over-seeding peers, long seeding times are to be expected
The measurement trace [7] reports the upload and downlda@wever, we observe that even many peers with considerably
amount, as well as the seeding time of each user. In totamall sharing ratios suffer extremely long seeding timesl a
information on nearly 87,000 users and 13,000 torrents wassignificant part of their seeding time is spent idle without
obtained during a period of two months. For more details wa€ing able to upload anything to others. As a consequence,
refer the reader to [7]. they have to wait for a long period until their sharing ratios

Previous measurement studies have already shown the efff& high enough to start new downloads.
tiveness of SRE in boosting the cooperation of users, ingerm Fig. 2 shows the CDF of the fraction of idle seeding time
of high seeder-to-leecher ratios and long seeding timesiga Of peers with sharing ratios smaller than 1 in BitSoup. We can
to high downloading speeds [16], [15], [21], [8]. In additio See that 10% of these peers spend at least half of their gpedin
to these results, we have two further interesting obsemati time idle. It should be noted that Fig. 2 only shows the fiati

as follows. of idle seeding time. It can be conjectured that the fractibn
_ _ _ seeding time that is not completely idle yet still yields ywer
A. Existence of over-seeding behavior low upload capacity utilization, would be much higher. We

Intuitively, the initial goal of users in a BitTorrent commu hypothesize that this problem of unproductive seeding & du
nity is to download files. To achieve this, maintaining a gtgar to the oversupply under SRE.
ratio close to the SRE threshold is sufficient. However, we
observe that not all the users behave like this. As shown in
Fig. 1, more than 4% of the users in BitSoup keep sharing
ratios higher than 0%7and more than 10% of the users keep From the two real world observations described in Section
them higher than 2. This phenomenon of peers seeding mrein this section we propose a fluid model to analyze the
than required and achieving Sharing ratios that are (mu&ﬁects of SRE as well as the influence of different user
higher than the SRE threshold has also been observed in ofpfaviors on the performance of SRE.
communities (e.g., [15]). e

From the above observation we abstract two user behaviér'sMOdel description
for our later analysisjazy-seedingand over-seedingLazy-  We follow a similar fluid modeling approach as in [18],
seeding peers seed the minimum amount required by SRE7], [14] and extend it by including SRE and considering
They represent the users who are download-oriented, ite, wmultiple user behaviors derived from real world observagio
only seed enough to maintain adequate sharing ratios to J&e notation we use is shown in Table I.
able to start new downloads. On the other hand, over-seedingVe consider a private BitTorrent community in which SRE

peers are deposit-oriented, and always maintain (muchjhigis adopted and we divide peers inty different classes
according to their upload capacities. L&t represent the

LIt can be observed that a significant fraction of users haweirgh ratios Upload capacity of peers in claggo simplify the presentation

lower than the SRE threshold. This is because in BitSoup,edsas in other |at 7. = v Uy . Without loss of generality we assume that
private communities, users are not immediately banned #figr sharing ‘ '

ratios drop below the threshold: they are given a certainwamnof time to /1 =~ 72 > =+ > YN—1 > TN = 1. We further assume that the
increase their sharing ratios. download capacity of peers is not a bottleneck.

IIl. A SIMPLE MODEL FORPRIVATE BITTORRENT
COMMUNITIES



TABLE | .
NOTATION OF OURBITTORRENT MODEL the two cases described separately below.

B. Oversupplied

Notation | Definition

F the size of the file shared in a swarm. When there are a large number of seeders and a small
a the SRE threshold. o number of leechers, and seeders cannot always fully utilize
i the arrival rate of leechers in class . .. .
U, the upload capacity of a peer in class their upload capacities, we can characterize the swarners
u;i(t) the average upload speed of a peer in claastimet, supplied Oversupplied is a typical phase for swarms in private

u; for the steady state. o BitTorrent communities. Given the abundance of seeders, it
d;(t) the downloading speed of a peer in clasat timet, . L. . .

d; for the steady state. is realistic to assume that in an oversupplied swarm seeders
xi(t) the number of leechers in clagsat timet, perform most of the uploads. Further considering fiece

@; for the steady state. o availability problent, peers are more likely to download from
yi(t) the number of lazy-seeding seeders in class timet, .

yi for the steady state. seeders rather than other leechers. A previous measurement
si the number of over-seeding seeders in class study [16] shows that in two private communities where the
Ti the average seeding time for lazy-seeding peers in élass  gyersupplied situation exists, ové®0% of the data comes

from seeders. Accordingly in our model we assume that in
an oversupplied steady state leechers do not contributadpl

As mentioned earlier we consider two user behaviors: lazys,aities. The condition for a swarm to be in an oversugplie
seeding and over-seeding. To better understand the eifects@ady state is:

SRE and the over-seeding behavior, we consider an idealized

scenario of a swarm, in which there areover-seeding peers Z NAF < Z(%’ +s)mUnA 3)
with an infinite desired threshold for their sharing ratidhis Z — ’

implies that they stay in the swarm as seeders Indeflnlte\Which specifies that within a time intervaAl the total upload

Lazy-seeding peers in clasgoin the swarm as leechers Wlthvolume thatcan be provided by all seeders is larger than the

?hn arfrllvglhratlae ed dual t?i ‘an tshharlnglratllots etﬂual ;O 0 Aftej;.rtotal download volume required by the; A\; A new leechers
ey finish their downloads, they calculate the sharingosa 'arriving in the same interval.

the_y ha\_/e ach_ieved gnd, if necessary, they seed in this SWarM, such a steady state, once a new peer joins, seeders upload
until their sharing ratios reach the SRE thresheld’hen they to it with their full upload capacities and its download will
Ieaye the swarm. Throughout Fh|s paperwe q_ssumenthatl, be finished quickly. After that, seeders will be idle and wait
which is t.he case for mqst private commun|t|es. for the next upload opportunity. Hence, on average seeders
According to TFT, during the Ieechlng Process peers faV&E\nnot fully utilize their upload capacities, and because o
other peers who have recently reciprocated to them mo e operation of TCPtheir average upload speeds will be

In th|s_ way, peers are ro_ughly (_:Iustered g(_:cordmg to_th_%Foportional to their upload capacities. Lef represent the
capacities, and peers with similar capacities have simil rerage upload speed of a peer in clasghen we have

performance [17], [14]. Letr;(t) and yi(t) represent the u; = yun and the total actual upload volume provided by all

number Of. leechers and lazy-seeding seeders in @I:.msa. seeders should be equal to the total download volume retjuire
particular timet, and letT; represent the average seeding t|m8y all leechers. i.e.:

of lazy-seeding peers in clagsthen the evolution of;(¢) and

yi(t) can be described as: Z MNAF = Z(yi + si)yunA. (4)
dai (1) =\ - i(t)di(t) After the download is finished, a lazy-seeding peer in class
dt Fo (1) i seeds for a period of lengt; until it achieves the SRE
dyi(t) _ zi()di(t)  wil) . th i ih = Tou, itutingy; = AT
- _ i=1.2 .. N reshold, i.e., untity = T;u,;/F. Substitutingy; = \;7; from
dt F T’ R Eq. (2) into Eq. (4) we find
whered, (t) represents the average downloading speed of peers (1—a)S \F
in classi at timet. The termuz;(t)d;(t)/F specifies the rate uy = —== (5)
at which leechers in clagsturn into lazy-seeding seeders and 20 8

yi(t)/T; specifies the leaving rate of lazy-seeding seeders Then,

classi. In a steady statelx;(t)/dt = dy;(t)/dt = 0. Letting

z; andy, represent the number of leechers and lazy-seeding T, = af _ oF _ _ a}svi (6)
seeders in classin a steady state, anf] represent the average i viun  (L=a)yido; Ai

downloading speed of leechers in clasBom Eq. (1) we have:  Given Egs. (3) and (6), we can rephrase the condition for a
swam to be in an oversupplied steady state as:

N = Y diti )
‘ ’ 2The piece availability problem specifies that two connedéethers may

T; F
. . not perform actual download/upload, because they canndt ifiterestin
Depending on the peers arrival rateg)(and the number piec,fjs at each other. P Y 9

of over-seeding peers,), a steady state will be either one of 3BitTorrent uses TCP as the transport layer protocol.




capacity, which is much better than in an oversupplied stead
Zi siviUN S 11— a (7) state (Eqg. (6)).
doNF Further applying Egs. (9) and (10) to Eq. (8), we rephrase
In a private community where the SRE threshold equals the condition for a swarm to be in an undersupplied steady
when s;, Ui, \;, and I fulfill the condition of Eq. (7), we State as follows:

say that the swarm is in an oversupplied steady state. With > siviUn

a relatively small peer arrival rate\{) and a large number S ANF
of over-seeding seeders;), peers will experience very low

upload capacity utilizations and extremely long seedinges.
This situation gets even worse for peers with low capacities
the ratio between the seeding times of two peers is inversely ) . . . ,
proportional to the ratio of their upload capacities)( More- In our theoretical model we consider an idealized scenario
over, over-seeding peers with higher upload capacitieg h&f & Private community where there is only one swarm, and
a stronger influence (proportional tg) on this situation: the we assume that the over-seeding peers have an infinite desire

seeding time incurred by one over-seeding seeder in dastgreshold for sharing ratios. Taking the insights obtaifrecth
(i < N) is equal to that incurred by; (v; > 1) over-seeding our model, in the following sections we perform simulation-

S 1- a, (11)

which is exactly the reverse of Eq. (7).

IV. EXPERIMENTAL SETUP

seeders in clasa’ based analysis by considering more realistic scenarios. We
simulate a private community that contains a number of
C. Undersupplied different files (each associated to a different swarm). Each

We recognize a swarm to be undersupplied if it is ndieer exhibits either one of two user behaviors: lazy-sepdin
oversupplied. We assume that in an undersupplied swarm b8[hover-seed|_nﬁ. At an){ tlmhe a peer czn only gartlupate 'g
leechers and seeders can fully utilize their upload caleacit one swarm, either as a leecher or a seeder. We do not consider

i.e.,u; = U;. This assumption has been validated by previo@?ra”el leechings or seedings, or a combinat_ion of thasees
studies [17], [14]. In this situation, within a tme intefa the 3 Pee! who %Ownéoadsba’?d/‘g_ﬁsee’dsc"es S'm““aﬁer?us.'y
total upload volume thatan be provided by all peers should®@n Pe considered as being different peers, each having

be no larger than the total download volume required by dif” ©f the original upload capacity. In our future work, we
S MA new peers, ie.: will consider the parallel leechings and seedings in which

a peer’s upload/download capacity is dynamically allodate
among multiple swarms.
The simulation starts with 100 initial peers. Each of them

) _ N ) joins a random swarm and is assigned a random number
Peers contribute their upload capacities, hence gainrharhetween 0 and 2 as its sharing ratio, in a way that the average

ratios bof[h in the I(_aeching and the seeding process. At tdg €Bharing ratio for all peers is equal to 1. A peer may start a
they achieve sharing ratios equal to the SRE threshold, i.eqew leeching or a new seeding process if its randomly assigne
sharing ratio is above or below the threshold, which, foydaz
(F/d)U; + T;U;) aF F seeding peers is the SRE threshold, and for over-seedimg pee
@ = F = Ti= U, d; ) is their desired threshold. In this way we have created algtea
. state for the system.
}NheLe(E/dil)Ui_r_ep_reslentsht_he upload volume provided by a The simulation model is based awunds Each round
eecherin class in Its leeching Process. represents a unit of time in which each peer is activated and
With z; leechers,y; lazy-seeding seeders, ang over- may perform some activities, such as initiating new leeglain

zeedllng dgeeders ('jn ;:Iassm a stlegdy stbate, :hel ?Vgrgg%eeding sessions, or uploading and/or downloading data fro
ownloading speed of a peer In classan be caiculated by, q, peers. In each round, leechers arrive according te-a pr

solving the system of equations proposed in our preViOUkwozgssigned arrival rate and they join a random swarm. A new

[14]: Lo C .
. . NYTS peer can start its first download freely, after which it mainsg
d; = (2 Diis + 25 55i(ys +S'7))U'7, (10) a sharing ratio above the threshold. Each peer attempts to
Ti download all files, in random order. We run the simulation
where Dj; (S;;) specifies the fraction of upload speed allofor 2000 rounds and we keep a record of those peers who
cated from a leecher (seeder) in clgs® leechers in clasé finish downloading all the files by the end of the simulation.
in the BitTorrent protocol. All the results represent the average of 5 runs.

From Egs. (2), (9), and (10), we can deri¥g, z;, and We consider three performance metrics, the average down-
y;. Due to the space constraint we omit their derivatioloading speed, the average upload capacity utilizatiom, an
here. However, simply from Eqg. (9) we already hdlie= the average seeding time. The upload capacity utilizatson i
aF/U; — F/d; < F/U;. This implies that in an undersuppliedcalculated as the ratio between the upload speed and thaduplo
steady state, an upper bound for the seeding time of a peapacity of a peer. It reflects system effectiveness inzirij
is the ratio between the size of the shared file and its uplotet upload capacities of peers. The average seeding time is
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calculated separately for peers in different categoriles)azy- in Fig. 3(a), with the fraction of over-seeding peers insirg
seeding and over-seeding peers, and high-capacity and Idsmm 0.1 to 0.9, the average downloading speed is increased
capacity peers. nearly 10 times. However, the disadvantage of oversupply
We always consider a bandwidth-homogeneous BitTorrest more crucial: the average upload capacity utilization is
system unless otherwise indicated. The parameter séttingggnificantly deteriorated and the seeding time is incréase

used in our simulation are introduced in Table II. dramatically. With 5@ over-seeding peers, on average each
peer can only utilize less tha20% of its upload capacity
TABLE II . ; . . L
SIMULATION PARAMETER SETTINGS (Fig. 3(b)). With this low upload capacity utilization, adkers
. have to stay for extremely long times (compared to their
fS_lRE_thfeShO'd 1%7 - Over'?f]f_flfd'”? thfes“)o'd 25 downloading times) to achieve the sharing ratio required by
lie size units Nno. ot fnies (swarms . .
Sioce Size T onit Mo of Tnifial peers 100 SRE_(F|gs. 3(c) and 3(d_)). Ir_1 our experiment v_vﬁh% over-
upload capacity 1 unit per roungl simulation rounds 2000 seeding peers, the seeding time of a lazy-seeding peerriy nea

200 times more than its downloading time, and for over-
seeding peers, it even increases to over 400 times.
V. THE REWARD AND PUNISHMENT OF SRE On the other hand, with a smaller peer arrival rate (which

In this section we show the performance improvement afi@eans a smaller demand) the imbalance is even worse and so
deterioration under SRE. Based on simulations we examitgethe performance. As shown in Fig. 3, when the peer arrival
the influence of several parameters and we conclude the mife decreases from 10 to 1 peer per round, with the same
reasons for the reward and punishment of SRE. fraction of over-seeding peers, the average upload cagpacit
) . utilization is decreased 2-3 times and the average seeidieg t
A. The imbalance of bandwidth supply and demand is increased 2-5 times.

SRE was designed to close the gap between bandwidth de©ur simulation results show that, under SRE, the existence
mand and supply as observed in public communities. Howevef,over-seeding peers makes the swarms oversupplied. As a
under SRE, the presence of over-seeding peers complemnsequence, with a relatively large fraction of over-segd
reverses the situation and in private communities, swaemd t peers and a small peer arrival rate, peers have to seed for ex-
to be extremely oversupplied [16], [15], [21], [8]. tremely long times, though their seeding is not very proigect

In our first experiment we vary the fraction of over-seedinghis is consistent with the our model results presentedegarl
peers, thus generating different levels of oversupply.ifsws  (Eg. (6)).

4We choose 0.7 as the default value of the SRE threshold, avahie is B. The influence of the SRE threshold
used in many private communities [1], [2]. And we choose 2hes default In thi b . | he infl f . h
value of the desired threshold of over-seeding peers. Wiecime that for n this subsection we analyze the intluence of varying the

different values the tendency of this problem would be thaesa SRE threshold. Fig. 4 shows that, which is consistent with ou
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slow peers have better upload capacity utilizations. Webel
~slow peers, wio OSP this is due to the fact that slow peers stay as seeders longer
L ———— than fast peers. Normally seeders can achieve better upload
capacity utilizations, since they are not influenced by tiee
T availability problem.
While fast and slow peers both put all their effort in
8107 03 04 05 os o7 o oo  PArticipating in the community, slow peers need to seeddong
Fraction of fast peers We term this as SRE’sliscrimination against low-capacity
(a) Seeding time (b) Upload capacity utilization peers. Next we show that when there are over-seeding peers,
this discrimination is even more severe.

2) Discrimination is more severe with over-seeding peers:
Similar to the results of previous bandwidth-homogeneous

intuition, when the SRE threshold is increased from 0.2 & 0.€xperiments, Fig. 6 shows that the negative aspects of SRE
the upload capacity utilization is decreased while the myer are more severe with a higher fraction of over-seeding peers
downloading speed and the average seeding time are indrealiferestingly, with the existence &f0% over-seeding peers,
Further, the reward and punishment of SRE are limited whé#st and slow peers now achieve similar upload capacity
the fraction of over-seeding peers is small. This is coestst Utilizations (Figs. 6(a) and 6(b)). We believe this is duefte
with our previous results (Eq. (6) and Fig. 3). fact that both fast and slow peers need to seed. Meanwhile,
Surprisingly, in Fig. 4(a) we see that when there ar&10as shown in Figs. 6(c) and 6(d), when the fraction of over-
over-seeding peers, the upload capacity utilization issased Seeding peers is increased from 03w, slow peers need to
when the SRE threshold increases from 0.2 to 0.8, and th§#d 200 to 500 rounds more than fast peers, while originally
drops when it further increases to 0.9. We believe this is difeey only needed to seed 20 rounds more. In general, slow
to, what we term as, theeeder’s dilemmawith either a very Peers need to seed 4 times as long as fast peers, which is the
small or a very large number of seeders, peers cannot wéfime as the ratio between the upload capacity of a fast and
utilize their upload capacities. The former case is due & t Slow peer. This result is exactly consistent with our model
piece availability problem. When there are not enough ssedérediction (Eg. (6)).
leechers have to exchange data with each other, which is notlearly, the long seeding time, the low upload capacity
always possible since they only hold a part of the entire filgtilization, and the discrimination against low-capaqugers
The latter case is due to the insufficient download demarkgverely deteriorate the user experience in private corrmun
Without enough demand, even though seeders have the Wigs- In the following sections, we propose several stiateg
they cannot find enough leechers to upload to. to alleviate these problems.

C. SRE’s discrimination against peers with limited capiasit VI. DESCRIPTION OF PROPOSED STRATEGIES

Until now we considered only bandwidth-homogeneous In_spired by ideas in social scie_nces _and economips,_ in this
systems. However, would SRE have the same effects eversstion we propose four strategies aimed at alleviating the
a bandwidth-heterogeneous system, and would these effdiggative effects of SRE, which require only a minor revision
be the same on peers with different capacities? We answéfthe original SRE strategy.
these questions by extending our previous experimentsAp Negative taxation

bandwidth-heterogeneous systems. More specifically, me si . . o .
. The idea ofnegative taxatiors that people earning below a
ulate a system with two classes of peers, namely slow and

fast peers. All the other settings are the same as in previ certain amount receive supplemental pay from the goverbmen

. : ;wf As we have already shown, due to the keen competition
experiments, except that the upload capacity of slow peersi : . : .
. L 4 In uploading, peers may seed for long times, but still achiev
1 unit per round and for fast peers it is 4 units per round. . : 2
L . ; : very low sharing ratios. We take inspiration from the coricep
1) Discrimination exists even without over-seeding peers; . . . . ;
i . ) . ) of negative taxation and devise a new strategy in which the
We first consider a private BitTorrent system without over- . o
. . uﬁqload amount of a peer is calculated as its its actual upload
seeding peers, and we change the fraction of fast peers frgmount multivlied by coefficierT defined as:
0.1 to 0.9. The simulation results are shown in Fig. 5. P y '
We see that fast peers barely need to do any seeding _ .
work, but their existence increases the seeding times of slo 7 = max{min{1/SE, 6}, 1},
peers (Fig. 5(a)). This result is consistent with our presio where SR represents the sharing ratio of a peer &g 1
work [13] where we show that high-capacity peers managepresents thenaximum negative taxation degree
to upload considerably more during the leeching process, an It is easy to see that a) whe$iR > 1, 7 = 1, b) when
thus need to seed for shorter times. Meanwhile, consistan) < SR < 1,7 =1/SR > 1,andc)wherSR <1/0,7T =
with our earlier model result, Fig. 5(b) shows that the uglo& > 1. By using this new strategy, to gain the same sharing
capacity utilizations of both fast and slow peers do not geanratio, poor peers{R < 1) seed less and rich peerSR >

much with the fraction of fast peers. However, in generd) seed the same amount as when using the original SRE.
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Fig. 5. SRE’s discrimination: without over-seeding peddSP).
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The maximum negative taxation degree controls the maximutownloads. The new demand generated by these peers helps
negative taxation a peer can get, which alleviates the ttofea to balance the bandwidth demand and supply in the system.
free-riding. Clearly, the definition of “a sufficiently long period” is gai
) vague. Community administrators may choose various values
B. Welfare for the rich like 4 hours, 10 hours, or one day. In our simulations, we
The term welfare for the richis used to describe thesimply assume that it equals the size of the shared file divide
bestowal of grants and tax-breaks to the wealthy [4]. Takidty the upload capacity of a peer. It should be noted that since
inspiration from this concept, we devise another strategy over-seeding peers are deposit-oriented, they still stav
alleviate the long seeding time, i.e., accelerating thelisge downloads only when they have achieved their desired sharin
process of an over-seeding peer by giving welfare to it. Thiatios.
upload amount of a peer is calculated as its actual upload

amount multiplied by coefficientV defined as: D. Supply-based price
According to the law of supply and demand, if the demand
W = max{min{SR, ¢}, 1}, remains constant and the supply increases, the price ofiem it

. decreases and vice versa. We take inspiration from thighnsi

wherey > 1 represents thenaximum welfare degree to devise our fourth strategy, i.e., SRE withpply-based price

By using this strategy, to gain the same sharing ratigne pasic idea is that the price a downloader needs to pay for
poor peers R < 1) seed the same amount and rich peeggwnioading one unit of data should be inversely correlated
(SR > 1) seed less than when using the original SRE. TRgith the supply in the swarm, i.e., the higher the seeder-
maximum welfare degree controls the maximum welfare a pggtieecher ratio, the less a downloader should pay and vice
can get, to prevent the over-seeding seeders from achievipgsa. In this way, in an oversupplied swarm, a leecher pays
their desired sharing ratios too quickly. _ less and potentially achieves a higher sharing ratio by tiie e

In our simulation we choosé = ¢ = 2. We conjecture that of jts |eeching process. Hence it is less likely for it to have
for different values off and , the tendency of performancean insufficient sharing ratio and thus stay as a seeder, which
of the strategies would be the same. indirectly solves the oversupply problem in this swarm. On
the other hand, in an undersupplied swarm, a leecher pays
more and potentially achieves a smaller sharing ratio, whic

In participatory economics, thenaxim of remuneration makes it stay as a seeder with a higher possibility than using
according to efforhas been introduced [5]. Under this schemgpe original SRE. In this way, the undersupply problem igals
people are paid according to the effort they put in rathgfeviated indirectly.
than the amount of contribution. Taking inspiration from gimplified from our model result, i.e., Egs. (7) and (11),
this concept, we propose the third strategy which takes injgs yse theseeder-to-leecher ratiqSLR) as a metric to
account the effort of users in terms of their seeding timegecide whether a swarm is oversupplied or undersupplied.
Previous studies have shown that the effort-based in@ntyommunity administrators can set differeSiL R values as
policy applied in the leeching process improves the syste@e threshold, but we simply assume that whehR > 1
wide performance [20], [14]. We expect the same improvemefie swarm is oversupplied and whéiLR < 1 the swarm is

when this effort-based methodology is applied in a privaighdersupplied. The download amount of a peer is calculated a

community. _ _ . ~ its actual download amount multiplied by coefficightlefined
More specifically, by applying SRE withounting seeding zs:

time a peer can start a new download when either it has

achie\_/ed the SRE threshold or it has seeded .for a sufficie_ntly P = max{1/SLR, ¢},

long time. In this way, peers that were stuck in long seeding

process in oversupplied swarms may leave and perform furtheéhere¢ represents thowest pricefor downloading one unit

C. Remuneration according to effort
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of data, which is used to alleviate the threat of free-riders join other swarms as new leechers, which indirectly allega
our simulation we choose = 0.1. the oversupply in those swarms.

Finally, the best performance in reducing the seeding time
for all peers is achieved by SRE with supply-based price. The

In this section we evaluate the performance of the nesgeding time of both lazy-seeding and over-seeding peers is
strategies proposed in Section VI. The experimental setupréduced by three orders of magnitude. In our view the main
the same as in Section V and results are shown in Figs. 7 da@son for the success of SRE with supply-based price is that
8. it adaptively adjusts the supply and demand in a swarm. When

the swarm is oversupplied, the price for downloading oné uni

A. Higher upload capacity utilization and shorter seedimye  of data is lower and peers can finish downloads at less expense

From Fig. 7 we see that by using any of the new strategie¥hich directly reduces their consequent seeding amount and
peers achieve higher upload capacity utilizations, as agll hence avoids adding more seeders in this oversupplied swarm
smaller seeding times. As shown in Fig. 7(a), when thel@ this way, the imbalance of bandwidth supply and demand
are 40% over-seeding peers the upload capacity utilization i§ mitigated, and the strategy gives a way to escape out of
increased 2-3 times compared to using the original SRE.avhthe seeder’s dilemma as described in Section V-B. A similar
all other strategies have decreasing upload capacityaiitins argument can also be applied to an undersupplied swarm.
with an increasi_ng fraction of over-sgeding peers, SRE W) Tradeoff: slightly decreased downloading speed
supply-based price performs stably. Given any fractionvefro
seeding peers, on average peers can utilize at ledsbtheir

VIl. STRATEGY EVALUATION

By adopting any of the new strategies, while the seeding
total upload capacities while for the original SRE it drops tt'me_'s dramatlpally reduced, asa trade-off, the averagendo :
less thanl% when there ar®0% over-seeding peers. '9ad'F‘9 _speed s decreased (F.|g. (@), hence the dovymigad|
With the improved upload capacity utilization, the averagtéme IS |nc.rease.d. H_owever, given that.'n our _S|mulat|ons we
seeding time is reduced significantly. As shown in Figs. 7( nsider f|les .W'th size equal to 10_un|ts, _th.e increase of the
ownloading time (tens of rounds) is negligible compared to

and 7(c), when there ar@% over-seeding peers, SRE with S
welfare for the rich reduces at ledst% of the original seeding the decrease of the seeding time (hundreds or even thousands

time for both lazy-seeding and over-seeding peers. SRE W%rounds).

negative taxation deals with lazy-seeding peers direcpce C. Reduced discrimination

it achieves an even better performance in reducing thesgedi 14 examine the effectiveness of the proposed strategies in
time of lazy-seeding peers, which is % improvement gjjieviating SRE’s discrimination against peers with liet
compared to that achieved by SRE with welfare for the richgpacities, we repeat our experiments by further consigei

SRE with counting seeding time further relieves lazyyandwidth-heterogeneous system with two classes of peers,
seeding peers from the long seeding process in a more &#ecthst and slow. From Fig. 8 we see thall the proposed
manner. As shown in Fig. 7(b), they only need to seed forgategies effectively alleviate SRE’s discriminationagt
negligible time compared to when using the original SREgy_capacity peers. With 30 over-seeding peers, originally
or either of the above two new strategies. Interestingly, yow peers need to seed 200-500 rounds more than fast peers

applying SRE with counting seeding time, the seeding time gf By applying any of the new strategies, this difference is
over-seeding peers is also decreased (Fig. 7(c)), evemtthoyaquced to within tens of rounds.

they still desire the high sharing ratios as when using the

original SRE. We believe this is due to the fact that with VIIl. DISCUSSION THE CHANGE OF USER BEHAVIOR
lazy-seeding peers finishing their seedings sooner, theadpl It could be argued that the new strategies proposed in this
competition is reduced and over-seeding peers can achipaper may trigger a change in user behavior. Specificalgrsus
their desired threshold more quickly. Meanwhile, when thigom the two classes that we defined, lazy-seeding and over-
lazy-seeding peers are released from the seeding probegs, seeding, might be incentivized to switch their classes utiue
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according to the TFT policy in BitTorrent, in an undersupgli
Fig. 8. Strategy performance in alleviating discriminatiovith 30% over- swarm the upload speed of a peer directly influences its
seeding peers (OSP). downloading speed. If a user sets its upload speed to zero,
it would hardly be able to download at reasonable speeds in

new strategies. It could be conjectured that as a consequeH@derSUpp“ed swarms, which are normally swarms providing

the system performance might be adversely affected. new and pop_ular content. . .
. . Further, private community administrators could set aeoth
However, we note that there is only a very small fraction cg

strategic users in BitTorrent communities [6]. So the likebd RE threshold, which is smaller than the original one, and

. o : . : stipulate that users who cannot achieve the original SRE
of peers changing behavior is quite small. Especially reigar threshold must seed for a predefined time, as well as achieve
over-seeding peers, we argue that in general the posgioflit u P : ime, as w eV

) . . ) he smaller SRE threshold. In this case, the potential ttokea
such peers changing to lazy-seeding peers is quite low. ThiS ~. . :
. . . ree-riders is alleviated.
is because we conjecture that the behavior of over-seeding

peers is motivated by either one or a combination of the SRE with supply-based price

following three reasons: a) Oyer-seedmg peers always wanby adopting SRE with swarm-based price, the only advan-
to be relatively more well-off in terms of sharing ratio a§

compared to average users so that they can be among the “ ?F(?we that users could gain is that they may opt to download
. p ge . y . g ﬁ es which have a lower price. However, this is unlikely to
elite” of the community and gain some potential benfits)

They are altruists who want to help the community as mughappen, since the choice of file to download mainly depends

as they possibly can; and c) They are hoarders who desirllb Users interest in the content, rather than the pricenBve

conserve sharing ratio for “rainy days” i.e., those timeiqus some users might be tempted to download a file simply based
9 y days-l.e., on its price, this would have little influence on the perfonoa

when they feel they might engage in heavy downloadin SRE with swarm-based price, because this strategy is self

activity and m|ght asa result be expelled from the Commum(}/rganizing and will adjust the balance of supply and demand
due to low sharing ratios. tomatically

Nevertheless, in this section we would like to analyze what!
happens if users do change their behavior. We consider each IX. RELATED WORK
proposed strategy in turn and discuss the possible effdcts o

. . Most existing studies on BitTorrent incentive policiesudsc
the change in user behavior.

on TFT and its variations [10], [11], [17], [9], [20], [14].

A. SRE with negative taxation and welfare for the rich ~ To date, only few works have analyzed private communities.
Zhanget al. [21] investigate hundreds of private trackers and

Under SRE with negative taxation, peers with lower Shari.noqépict a broad and clear picture of the private community

ratios gain sh:_;\ring _ratio more easily. Hencc_a, Iazy_.seedlp%dscape Chent al. [8] compare system behaviors among
peers have no incentive to change their behaviors, while- ovi private trackers and 2 public trackers, and they show thei

seeding peers may change to lazy-seeding peers. Similar] : : ) . .
when SRE with welfare for the rich is applied, strategic lazy(Jll¥rerences regarding user viscosity, single torrent evo,

. ; . user behaviors, and content distribution. latial. [15] also
seeding peers could become over-seeding peers, while over-

seeding peers will not change their behaviors perform measurement studies and further develop a model

. . . to show that SRE indeed provides effective incentives, but
The worst case scenario of applying either of these two new

strategies is that all peers exhibit the same behavioreitber ‘s vulnerable 1o collusion. Andradet al. [7] focus on the

all peers become lazy-seeding or all become over-seedingOllynamICS of resource demand and supply, and they show

the former case every member of the community would stltlrﬂat users typically try to increase th.e'.r contr|but|ondm{by
seeding for longer and not by providing more bandwidth to

be forced to maintain a minimum sharing ratio required b e
. . . . e system. However, our paper shows that providing limited
SRE, i.e., every peer would continue to provide a certaiallev . . . L
e . . bandwidth is not the will of users, but it is a consequence

of contribution. This outcome would still be better than the : . . : .

situation in a public community where every peer has thof the oversupply in private communities. While these stadi
P y y P Al focus on demonstrating the high seeding level achieved

5Such as priority in downloading popular files, the posdipilio send by private Commumt'es' _AUthorS n [12] StUdy it from a
invitations to others, etc [1], [2]. macroeconomic point of view and show that such communities



can suffer from problems leading to serious inefficienciegs] X. Chen and X. Chu. Measurements, analysis and modefingizate
Authors in [19] further study these problems in private com-_ trackers. InProceeding of IEEE P2P2010. :

.. . . . [9] A.L.H. Chow, L. Golubchik, and V. Nisra. Bittorrent: Anx&nsible
munities, and they provide a novel mechanism that prodgtive heterogeneous model. Proceedings of IEEE INFOCOMROOS.
prevents the system from seizing. Following their ideas, 0[10] B. Fan, D. M. Chiu, and J. C. Lui. The delicate tradeoffsbittorrent-
paper ana|yzes both the reward and punishment of adoptin like file sharing proto_col design. IFPro_ceeding of IEEE ICNP2006.

. glge L. Guo, S. Chen, Z. Xiao, E. Tan, X. Ding, and X. Zhang. [gle@ments,
SRE based on measurement, theoretical model, and extensi analysis, and modeling of bittorrent-like systems Pimceedings of the
simulations. Further we propose new strategies to alleviat 5th ACM SIGCOMM Conference on Internet Measurem2aos.

SRE’s punishment, which are evaluated to be very effectill D Hales, R. Rahman, B. Zhang, M. Meulpolder, and J.Aueise.
h h si lati Bittorrent or bitcrunch: Evidence of a credit squeeze ittobient? In
through simulations. Proceeding of Wetice2009.

[13] A.L. Jia, L. D’Acunto, M. Meulpolder, and J.A. Pouwelsé&lodeling
X. CONCLUSION and analysis of sharing ratio enforcement in private bigar networks.
; ; _ ; In Proceeding of IEEE ICC2011.

In this W.0rk' with the sqpport of real-world observations w 4% A.L. Jia, L. D'Acunto, M. Meulpolder, J.A. Pouwelse, &nD.H.J.
have provided an ana!ytlcal model t_h_at captures the €SSENCE Epema. Bittorrents dilemma: Enhancing reciprocity or g inequity.
of SRE adopted by private communities. Our model predicts In Proceeding of IEEE CCNC2011. .
the average downloading speed, the average seeding tifhd, Z- Liu. P- Dhungel, D. Wu, C. Zhang, and K.W. Ross. Untimnding

. S . and improving incentives in private p2p communities.Piroceeding of
and the average upload capacity utilization for users in-com |cpcs 2010.
munities that employ SRE. We extend the analysis of SRE6] M. Meulpolder, L. D'Acunto, M. Capota, M. WojciechowsskJ.A.
using extensive simulations to demonstrate its reward and Pouwelse, D.H.J. Epema, and H.J. Sips. Public and privatertaint
. . . . . communities: A measurement study. Pmoceeding of IPTPS2010.
punlshment_. Given the existence of Over'5e§d|n9 user b@havi17] m. Meulpolder, J.A. Pouwelse, D.H.J. Epema, and H.psSModeling
our simulation results show that by adopting SRE, swarms and Analysis of Bandwidth-Inhomogeneous Swarms in Biiotr In
tend to be extremely oversupplied. Under this oversupply,, Froceeding of IEEE P2P2009. .
. . . . L HB] D. Qiu and R. Srikant. Modeling and performance analysibittorrent-
peers aChmV? hl.gh downloading speeds pUt VY!th §|gn|flcant like peer-to-peer networks. IRroceeding of SIGCOMM2004.
tradeoffs, which include low upload capacity utilizatiomsd [19] R. Rahman, D. Hales, T. Vinko, J.A. Pouwelse, and D.18ips. No

; ; ; ; more crash or crunch: Sustainable credit dynamics in a p&pramity.
extremely long seeding times. Under certain scenariosga pe In Proceeding of HPGS2010,

may seed over 1000 time_s_ as long as its downloading timgs] R. Rahman, M. Meulpolder, D. Hales, J.A. Pouwelse, D.HEpema,
while on average only utilizingl% of its upload capacity. and H.J. Sips. Improving efficiency and fairness in p2p systavith

Further, SRE discriminates agalnst peers with low cagmiy, LIRS0 BEes, VSO S0 L e
and forces them to seed for even longer durations. To atkevi In Proceeding of IEEE INFOCOMR010.
these problems, we propose four strategies and the simmilati
results show that they are all very effective. Particula8RE
with supply-based price, while maintaining a system-witgnh
downloading speed, achieves very stable high upload dgpaci
utilization and reduces seeding durations by three ordérs o
magnitude as compared to the original SRE.
We leave the considerations of swarms with different popu-
larities and parallel leechings and/or seedings in whichex’p
upload/download capacity is dynamically allocated among
multiple swarms, for our future work.
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