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Abstract—BitTorrent (BT) is currently the main P2P protocol  behavior. We observe that peers using uTorrent can reach on
used for sharing large files over the Internet. It is therefoe average 16% faster download speeds than the users of Vuze.
important to understand the performance characteristics 6 In an attempt to identify the root causes of the mismatch in
existing real-world BT implementations (clients). In this work, d load d . the t lients i d
we measure the download speed of over 10 million BT users over ownload speed, we reverse engineer the two clients in oraer
one month. Surprising|y, our measurements show that the two to infer their individual dESIgn choices. Our Study showet th
most famous BT clients, namely uTorrent and Vuze (Azureus), the two clients differ in two important areas: (a) on how they
achieve different download speeds for the same set of torrén  manage their neighborhood, and (b) on how they distribute
In particular, we observe that uTorrent users achieve 16% fater their upload capacity to their peers. We speculate thatdhee
download speed than users of Vuze in our data set. To shed fth dmi h b '.b d Il of th
light to the cause of this difference, we reverse engineer ¢h O_t e spee m'smat_c can be att_” u_te to some O_ra of these
two clients to infer their individual design choices. Our sudy differences. Evaluating the contribution of each differero
shows that the two clients differ in two important areas: (a)how the download speed is out of the scope of this paper and is
they manage their neighborhood, and (b) how they distribute jncluded in our future directions. We expect our work to show

their upload capacity to their peers. We speculate that the@use na \way for new research in the area of real-world BT client
of the mismatch in download speeds can be attribute to these .

differences. We hope that our findings will open the door for implementations. This is particularly important, esptgiaow

new research efforts to better understand the impact of degn that the two clients are considering to adopt differentspamt
choices in the performance of real-world BT implementatiors.  protocol policies by using both TCP and UDP for their file

transfers 12]. Therefore, research initiatives that can evaluate
|. INTRODUCTION such design choices will become increasingly attractivénin

BitTorrent's popularity and open design has spurred gar future. _ _
number of 3rd party BitTorrent (BT) client implementations The highlights of our work can be summarized in the

These clients provide different interfaces (GUIs) as wall dollowing points: _ _
functionalities to their users. For example, Vuze - a popula ¢ We conducted a large-scale study measuring the achieved
BT client - provides the ability to the user to search for new download speed of many millions of BT users. Our study

files (torrents) and allows users to directly stream videsfib revealed that uTorrent achieves 16% faster download
their computers. Even though different clients offer digfat speed than Vuze for the same set of torrents. For the
functionalities, they all implement the same applicatiayer collection of our data we used the Apolld]] system
protocol; as initially proposed by Cohen et aP].[Due to from Telefonica Research.

the existence and popularity of many implementations,yisda * e reverse engineer the two BT clients and identified
BT swarms exhibit a remarkable “bio-diversity” of coexisting several differences in how they manage their connections
clients. Since all BT clients follow the same applicatiayer with other peers and how they distribute their upload
protocol, they are all compatible and can exchange control_ €aPacity. . . .

messages as well as files with one-another. The remaining of the paper is organized as follows. In

The most commonly used clients today are uTorrdw,[ ¢ll we provide details about the collection of BT data us-
Vuze [L5], Mainline [2], and Transmission13. From all ing Apollo [1]1] and present our_obse_rvatlons on the speed
existing client implementations, our measurement datavshg!iSmatch. In§lll we reverse engineering Vuze and uTorrent

that uTorrent and Vuze are the most prevalent and cover S@ﬂ)d reveal four main implementation differences. We discus
and 25% respectively of all BT users in Pirate Ba@ur work refated work in§IV. We conclude the paper with a summary

here is motivated by the following questiofifre the existing and our future directions ifjV.
cIientfimpIemeIntations ﬁifferent ir: onIyh their inter:fg(;:ch Il. COMPARING DOWNLOAD SPEEDS
extra functionalities? Is there one client that can achitaster :

download speeds than the otherPd answer these questions,A' Experimental methc_>do|c_)gy )
we conduct a large-scale measurement study on the downloaBownload speed estimationTo estimate the speed of a BT
speed of the two most popular BT client implementationgSer for a particular torrent, Apollal]l] uses the following

namely uTorrent and Vuze. Our study reveals a surprisifigethodology. It connects with the peer two times with a
five minute gap. Each time it request thetfi el d that

1A swarm represents a set of online hosts downloading the $itene reports which pie.ces the peer .has at each time instance.
2pirate Bay is the largest web-site providing torrent sedmctetionality.  Apollo also takes into consideration any BTAVE messages



Client | Avg. | Med. [ 30%" pct. | 60" pct. | 70%™ pct. 260 - ‘ ‘ ‘ ‘ ‘
uTorrent | 176 | 90 65 119 165 240 | uTorrent ——
Vuze 151 81 61 106 147 2 ggg [
TABLE | S o
Comparing the speed of the two clients over the entire data set. All & 140 |
reported speeds are in Kbps. 9D 120t
8 100t
. . . . . = 80 r
it receives from the user in addition to what is reported by g oo
the bi tfi el d. The speed of the peer is then calculated as ool
the new pieces (bytes) o_btamed over the time period divided O 12 A 13 A 24 A 15 A 36 A 17 A 10
by the length of the period. The estimated download speed 00:00 00:00 00:00 0000 00100 00:00 00:00
corresponds to the speed of a single BT user for a particular
torrent. Fig. 1.  Average speed in time for the two clients over all ISPs.
Data collection. For each data-collection-cycle (currently 100
one hour long), Apollo analyzes all the BT users that dowhloa 90y
the top-600 most popular torrents of Pirate Bay][ [11]. £ 2
For each BT user, our data collection system records: the @ 60 |
estimated speed, client type (e.g., Vuze, uTorrent, esmn, g ig I
ISP (as Autonomous System Number - ASN). This data- 5 a0l
collection-cycle is repeated for every hour. Our study csve 8 =207
the entire month of August 2009. In the remaining of the L
paper, we present data from one representative week: @&/12/ 095 1 10511 115 1.2 1.25 1.3 1.35 1.4
until 08/19/09. Qualitatively similar results are obsetver Download Speed Ratio (Speedurorren: / SPeedvuze)

other days as well. Our data set contains information frogly. 2. comparing among top ISPs. All ratios above 1 show that
11 millions BT clients from 6,200 different ASNs involved inuTorrent is measured to be faster for that ISP
more than 1,100 torrents.

Fair comparison. To be able to make a fair comparisorthe 70** percentile. This shows that uTorrent tends to achieve
we use per torrent the same sample size on the ISP lewgiiter speeds over Vuze for its fast clients (higher peilest
so that the characteristics of the torrent or the charatiesi compared to its slower ones (lower percentiles). Furthedyst
of the ISP is not biasing the result. Our selection procegs$ this behavior is out of the scope of this paper and is left
is as follows. For eacHtorrent, ASN} pair we select the for future work.
same number of peers for each client (uTorrent and Vuze). Foln Fig. 1 we show the download speed over time for the two
our study, we do not includétorrent, ASN} pairs with less client for a period of one week. The plot shows the average
than 10 users for each of the two clients. If for a particulafownload speed of the peers for each client summarized over
{torrent, ASN} one client has more users than the othegach hour in the data set. As mentioned before§linA,
we select a random subset of the largest client so that fje use the same number of BT users for each client taken
sets we are comparing are of the same cardinality. We repe@ér the same set of torrents and ISPs (ASNSs). In the time
the random sampling multiple times>(10) to verify that series of Fig.l even though diurnal speed variations exist for
we get consistent results. By following this selection @s% both clients, uTorrent is consistently faster than Vuze.the
our final sample of peers from each client (Vuze or uTorren@gmaining of the paper, for each client, we summarize the
have the same overall size as well as identical sample sigesvnload speed using the average value over all BT hosts
from each{torrent, ASN} pair. Using this selection processunless otherwise stated.
the number of hosts per ASN for each client varies from 2) Download speeds for different ISP@ur goal here is to
10,000 up to 80,000 BT users allowing statistically meafiihg answer the following questionsis uTorrent faster than Vuze

comparison. in all ISPs? Is the speed difference the same across differen
_ ISPs?” For the following experiments, we present results for
B. Download speed comparison results the top 30 ISPs in our data ranked by the total number of

1) Overall speed differenceDur measurements show thabbserved BT users. Qualitatively similar results are olesir
uTorrent users can achieve on average 16% faster dowhen we include other ISPs as well. Our measurements show
load speed than users of Vuze. The comparison results #rat uTorrent is consistently faster than Vuze for all ISPs;
summarized in Tablé. On average uTorrent users achievaith Verizon (ASN 19262) being a notable exception. The
176 Kbps while the users of Vuze achieve 151 Kbps ovdistribution of per ISP speed ratio between uTorrent andeVuz
the same torrents and ISPs. The difference is also pressndummarized in Fig2. A ratio above 1 means than uTorrent
in other percentiles of the speed distribution. We see this achieves on average faster download speed than Vuze for that
Table | where we report th&0!", 50" (median),60'", and ISP over the one week in our data set. From the CDF of
70" percentiles of the speed distribution over all peers ovEig. 2 we see that for all ISPs the ratio is above 1. Moreover,
one week. Clearly, uTorrent is faster over a large range we see that for the majority of ISPs>50%) the ratio is
percentiles. In addition, we see that the difference batwee1.13 showing that uTorrent is 13% faster than Vuze. The
the two clients gets higher for larger percentiles. For eplam difference is even higher for 10% of the ISPs where uTorrent
the gap is 6% for th&0*" percentile and rises up to 12% forachieves 30% faster download speeds than Vuze. The only



S50 T A Vize - ] {IP,port} pairs involved in BT are stored in a data base. We
75 /R Y | i R then perform a second pass over the trace and mark as BT
ol L gt L all the flows that have a remotd P, port} in our data base.
Having all the BT flows (UDP and TCP), we can then use

a trace driven simulation and reconstruct the internaksbét
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8T ] of open (active) connections, the upload/download speed of

290 ‘ ‘ ‘ ‘ ‘ - each connection, when a connection is opened/closed, when a
0650 00500 00500 00500 ‘00500 ‘00506 ‘06500 connection is actively sending/receiving payload pagkets

Using this information we can extract internal mechanisms
and parameters for each of the two client. For our study,
we used the most recent versions of the two clients at that
time; uTorrent v1.8.3 and Vuze v4.2.0.4. We used the default
parameters for both clients since we expect most BT users to
do the same. Both clients allow up to 50 open connections to
other peers and have no restrictions on their download speed
Both clients support an automated method to adjust their
upload rate. In uTorrent this functionality is not enabled b
oL ‘ ‘ ‘ ‘ ‘ ‘ default while Vuze enables the auto-rate by default. Evaiga
065" ‘00%0 0606 ‘00%00. 0000 ‘00500 0600 the impact of this parameter to the performance of the two
clients remains an interesting direction of future work.rglo

(b) UPC Broadband: uTorrent is faster than Vuze. . . .
. . . details regarding the automated upload rate adjustmenbean
Fig. 3. Comparing the uTorrent and Vuze clients over two ISPs. .
found in [14], [15].

(a) Verizon: almost identical speeds.

300 [ ' ' ' " Tvuze
280 |- uTorrent

Download Speed (kbps)

Data collection. For collecting our traces we used two
ISP with different behavior is Verizon, where the two clentdifferent machines connected at two different DSL lines of
are observed to have nearly identical speeds 4t)o To the same service (i.e., same download/upload capacities) a
show this visually, in Fig3(a) we plot the time-series of the from the same ISP (Telefonica Spain). At any point in time
measured speeds for the two clients in Verizon. The timgve two computers use a different BT client (uTorrent or
series shows that the two clients have similar speeds V\lith%ze) and download the same torrent over the same time
a clear winner. To contrast this behavior, in Fgb) we show interval. To eliminate characteristics of the DSL line thaght
the behavior of a “typical” ISP (UPC Broadband). For UPGeffect the results, we interchanged which client is runrang
even though the two clients follow the same diurnal pattersach computer over each iteration of the experiment. Each
uTorrent is faster than Vuze for the vast majority of houréxperiment lasted from three to eight hours depending on
over the week. For these two ISPs, our week-long data $gé torrent size and the download speed of the peers. Our
consists of 23k and 24k users per client for Verizon and URGonitoring system automatically terminated all downloads
respectively. Investigating the root causes of this bedrawith  soon as the entire file is downloaded. The actual download
Verizon is an interesting direction for future work. file is then deleted. Only the section of the trace where our
local client act as a leecher is of interest, since we are only

1. HIGHLIGHTING IMPLEMENTATION DIFFERENCES concerned in the download activity of the peers. We collbcte

This section is motivated by the following questidi@an traces over different times of the day, over different days
we identify differences between uTorrent and Vuze than canthe week over two months; July and August 2009. For
explain the observed mismatch in download speedsWards downloading, we always selected a torrent from the top 20
this end we use raw packet traces collected from the twidost popular torrents in Pirate Bay.
clients and reverse engineer some of their basic funcittesal , )
We acknowledge that the code of some BT implementatioRs 'Mplementation differences
(e.g., Azureus) is open and we can inspect the code toFrom our measurements we observed qualitatively the same
understand specific design choices. However, we chooserésults over all our experiments. For presentation puipase
use a trace-driven approach because is general enough tdhieeremaining of the paper we will present specific results

applied to any client. from a single iteration of the trace-collection taken on 8tie
. of August 2009, starting at 6PM Spain local time.
A. Experimental methodology 1) Neighborhood set stabilityThe two clients are different

Reverse engineering Vuze and uTorrent. Initially we in how they manage their neighborhood. In the following ex-
set a client to download a particular torrent and then captyseriments, both clients are set to have at most 50 simulteneo
all incoming/outgoing traffic usingv r eshar k. To identify open connections (default configuration). At any time, were
the BT flows we do a first pass over the trace and used: (a) the set of connected remote peers as rieeghbors of
the deep packet inspection functionalitiesrdfr eshar k and the local peer. We further group the neighbors according to
(b) our knowledge of the listening port of the local host. Alhow long their connection with the local peer will last. In
incoming flows to the assigned listening port are assumedparticular, we group the neighbors in four groups based on
be incoming BT connections. From the first pass, all rematieeir connection duration as follows: (i) below five minutes
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Fig. 6. Comparing the connection termination policy for each client. The

CDFs summarize the inactivity period before a connection gets closed.
Inactivity period is defined as the time-interval since the remote hosts
sent the last packet with payload to the local host.

where we plot the time-series of new opened connections
for both clients. The figure shows the total number of open
connections over 10 minute bins. It also shows how many
connections are initiated by the local peer and how many by
the remote peers. From the time-series we see that overall
Vuze opens more connections than uTorrent. This observatio
agrees with the data presented in Figwhere Vuze has more
neighbors at each given point in time and most of those peers
have a connection duration of less than five minutes. That
is, Vuze opens more short-lived ephemeral connections than
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(b) Vuze.
Fig. 4. Comparing the stability of the neihboorhood for each client.
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b)} Remote’ —— by‘ Remote’ ——

300 byLocal - 300 byLoca uTorrent.
250 250 3) Connection termination policyA very important local
200 200 policy is when to terminate a connection with a remote

peer. Our measurements show that the connection terminatio
is related to when the local peer received the most recent
payload packet from the remote peer. To show this, we do the
T — following. For each connection closed by the local peer, we
25 o 05 1 15 2 25 measure the duration passed since the last packet withgzhylo
Time (Hours) Time (Hours) (not BT control messages) was transfered from the remote
(a) uTorrent. (b) Vuze. to the local peer. We refer to this time interval iasctivity
Fig. 5. New connections opened over time. In the two plots, we also ~ P€riod In our data, the vast majority of control messages
show how many of the new connections are initiated by the local host are transferred using packets of size smaller than 600 bytes
and how many from the remote hosts. The number of connections is Therefore, we mark a packet as containing payload if its size
summarized over bins representing 10 minutes in our traces. . . N .
is larger than 1,000 bytes. The CDFs of thactivity period
right before a connection termination are plotted in Fig.
(short-lived connections), (i) from 5 to 10 minutes, (ifbm The shapes of the CDFs clearly show that the two clients
10 to 15 minutes, and (iv) more than 15 minutes (long-livegave different termination policies. The uTorrent clieiiore
connections). The results are summarized in Bigz=rom the “tolerant” and almost never closes a connection unlessyisst
time-series we see that the two clients have differencesw hopen for at least five minutes. Only 20% of the connections
they manage their neighborhood size. Vuze constantly toiesare terminated before this deadline. On the other hand, Vuze
keep 50 open connections, while uTorrent seems to haverhigReless tolerant and almost 80% of the connections are closed
variability in its neighborhood set. Moreover, uTorrentshaeven before the peer stays inactive for five minutes. Perhaps
more neighbors that stay longer connected than Vuze. Negiis can explain the higher number of connections in Vuze
we present additional clues to support these observations. with life-time less than five minutes (see Fi).

2) Opening new connectionsthe two clients have also 4) Upload bandwidth distribution: Another difference
differences in how they open new connections. At the early how the two clients distribute their upload capacity. To
download stages (roughly the first 20 minutes) both clientseasure this, we slice the trace into small time-slots of five
initiate new connections to explore their neighbors. Aftés seconds and record to how many remote peers each client is
initial stage, the uTorrent client makes new connectiornt wiuploading payload packets in each time-slot. The CDF over
remote peers that send an incoming request and very rartlg entire trace is presented in Fig. The uTorrent client
initiates new connections. On the other hand, even thougkems to be more willing to send data to more remote peers.
Vuze also “discovers” most of its neighbors from its incominOn the other hand, Vuze stays focused to a small subset of its
requests, it constantly initiates new connections oveetitge peers and uploads only to them. The CDF shows that in more
duration of its operation. We show this behavior in Fig. than 90% of the time-slots uTorrent uploads to more than four
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e =t V. CONCLUSIONS AND FUTURE WORK
08 | ‘ Using the Apollo tool 11], we have conducted a large-
scale measurement study involving more than 11 million BT
u oo clients over six thousands ISPs and observed that uTosent i
O o4l on average 16% faster than Vuze. To shed light to the root of
these differences, we have reversed engineered the twisclie
02y - using passive trace measurements and identified diffesence
3 Vuze - { . . N )
ol & . uTorrent —e— in: (a) how they manage their neighborhood size, (b) how
06 1 2 3 4 5 6 7 8 9 10 they discover new peers (open new connection), (¢) when they
Active Uploading Peers decide to close a connection, and (d) how they distributi the
Fig. 7. Comparing the number of active uploading connections. upload capacity. We speculate that the differences in duwachl

speed can be attributed to all or some of the above diffeeence
There are many directions for future work that we plan to

Sursue. In order to evaluate the impact of each implememtati

difference to the performance of each client, we want toaepl

real BT clients in both a control testbed environment as well

over a planetwide testbed such as PlanetLab. Moreover, we

IV. RELATED WORK plan to include additional BT clients (e.g., Transmissioml a

Mainline) to our study.

To the best of our knowledge, our study presents the largest NiS Work does not aim to design the best BT client, but
in scale measurement study on the download speed of ditferkh Pring to the attention of BT implementors and users that
real-world BT client implementations. Other works exptbreSOMe design choices have a significant effect in practicenEv
changes to BT aiming at improving its performand, [ though in our study uTorrent appears to achieve faster speed
[6]. The authors in §] introduced a modified BT client, than Vuze, we do not claim that uTorrent is the way to go.

named BitTyrant. They show that BitTyrant can improve thi/e hope that our preliminary findings will open the door for

performance of existing BT implementations by making bett&€W research efforts to better understand the impact ogdesi
decisions in the upload bandwidth allocation of the peehe tchoices in the performance of real-world BT implementagion

BT modifications presented in BitTyrarg]jand ProbShare§], Ultimately, we see such research efforts leading to thegdesi
can be used to explain the mismatch between uTorrent ddPetter P2P systems.
Vuze and this is an interesting direction for future work. REFERENCES
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We believe that all research efforts presented here canimelp

the evaluation of design choices of real BT implementations

and this is included in our future work.

peers. This number is close to 30% for Vuze. Moreover, t
mode of the distribution for Vuze is four while for uTorren
is six.
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