N
N

N

HAL

open science

Can Realistic BitTorrent Experiments Be Performed on

Clusters?
Ashwin Rao, Arnaud Legout, Walid Dabbous

» To cite this version:

Ashwin Rao, Arnaud Legout, Walid Dabbous. Can Realistic BitTorrent Experiments Be Performed
on Clusters?. 10th IEEE International Conference on Peer-to-Peer Computing (IEEE P2P’10), Aug

2010, Delft, Netherlands. inria-00494410

HAL 1d: inria-00494410
https://inria.hal.science/inria-00494410

Submitted on 23 Jun 2010

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://inria.hal.science/inria-00494410
https://hal.archives-ouvertes.fr

Can Realistic BitTorrent

Experiments Be Performed

on Clusters?

Ashwin Rad, Arnaud Legout, and Walid Dabbous
INRIA, France.
{ashwin.rao, arnaud.legout, walid.dabbp@snria.fr

Abstract—Network latency and packet loss are considered to distribution by uploading the pieces that have been down-

be an important requirement for realistic evaluation of Pee-
to-Peer protocols. Dedicated clusters, such as Grid’5000do
not provide the variety of network latency and packet loss
rates that can be found in the Internet. However, compared to
the experiments performed on testbeds such as PlanetLab, ¢h
experiments performed on dedicated clusters are reprodubie,
as the computational resources are not shared. In this paper
we perform experiments to study the impact of network lateng
and packet loss on the time required to download a file using
BitTorrent. In our experiments, we observe a less than 15%
increase on the time required to download a file when we increse
the round-trip time between any two peers, from 0 ms to 400 ms,
and the packet loss rate, from 0% to 5%. Our main conclusion
is that the underlying network latency and packet loss have a
marginal impact on the time required to download a file using
BitTorrent. Hence, dedicated clusters such as Grid’5000 ca
be safely used to perform realistic and reproducible BitTorent
experiments.

Index Terms—BitTorrent, Experiment, Performance, Clusters,
Latency, Loss Rate.

|I. INTRODUCTION

A rich diversity in network latency and packet loss rat
have become essential for experimental evaluation of BitTg

rent and other communication protocols used in the Interné}

e

loaded. During the file download, the peers exchange control
messages to select the pieces of the file to upload and the
peers to whom these pieces are to be uploaded. BitTorrent
also allows the users to limit the rate at which data is uptdad
and downloaded. These rate limits allow the users to réstric
the network bandwidth that BitTorrent can compete for dgirin

a BitTorrent session. As the users can control the upload
process by limiting the upload rates, and BitTorrent uses
control messages to decide the connections to upload to,
BitTorrent is inherently different from other TCP based file
transfer protocols such as HTTP and FTP.

Over the years BitTorrent performance has received con-
siderable attention[][9],[[10],[[L1]. As these studies do not
evaluate the interaction between TCP and BitTorrent, the
impact of network latency and packet loss rates on BitTdrren
performance is not known. Network latency and packet loss
introduce aramp-upperiod which is required by TCP to attain
the maximum upload rate that can be achievied [12] [13].
BitTorrent users that limit the upload rate can therefomatli
the impact of TCP ramp-up. Apart from the TCP throughput,
the BitTorrent performance is also dependent on the control
essages exchanged by the peers. The control messages
nerated by a peer can generate a delayed response at a

The need fc_)r such a diversity in network latency and paCkr%?mote peer because of the network latency and the packet
loss rates is because of the heterogeneous nature of the . .
; .losses. The delayed response can affect the various &lgrit
Internet [1], [2], []. The heterogeneity of the Internet is . , . .
; u : used by BitTorrent, such as the peer selection algorithnehvhi
the primary motivation for the creation of testbeds such as :
iS used to decide the peer to upload to. Due to the above
PlanetLab [[}], [b]. However, due to the shared nature of the : .
. réasons, the analytical models for TCP cannot be directg us
PlanetLab platform, the results of the experiments peréam ; .
. .. __to provide the impact of network latency and packet loss on
on PlanetLab are not reprodumbl} [6]. In contrast, deditat .
L . BitTorrent performance.
clusters, such as Grid 500@ [7], not only offer a reprodiecib . S .
: : : In this paper, we use the download completion time, i.e, the
environment but also enable the scaling of BitTorrent exper . ! : : .
. : . : ime required to download a file using BitTorrent, as a metric
iments by supporting a large number of BitTorrent instances .
. . . . . study the impact of network latency and packet loss. In
on a single machine. The primary shortcoming of experiments

. . our experiments, we observe that network latency and packet

performed on clusters is the absence of the diverse networ S
. 0Ss have a marginal impact (less than 15%) on the download
latency and packet loss rates that can be found in the Irterne o X ) :
: completion time of a file. We first study the impact of network
As the impact of the network latency and packet loss qn

) : . : atency without packet loss. Network latency causes nog onl
BitTorrent performance is not knowthere exista dilemma delavs in receiving control messaaes but also TCP ramp-u
while selecting a testbed for the BitTorrent experiments Y g g P-Up-

. - -~ We theref tudy the i t of network lat by studyi
The BitTorrent protocol uses TCP to efficiently distribut © therefore Study the impact of hework fatency by sicying

) ' ) She impact of the delays in receiving control messages and
the piecesof a file to a large number of peers using peer-ta[-?

i . TCP ramp-up on the download completion time. We observe
peer (P2P) connectlonﬂ [8]. The peers contribute to the f[ at the download completion time, when the round-trip time

(RTT) betweerany two peersn the torrent is 1000 ms, is not
more than 15% of the download completion time when the
RTT is 0 ms.

TThis is the author version of the paper published in the Ricgs of
the 10t IEEE International Conference on Peer-to-Peer ComputiE§E
P2P’10) in Delft, Netherlands, on August 25-27, 2010.



We then study the impact of network latency with packe&iCP ]. The control messages generated by uTorrent using
loss. We observe that an RTT of 400 rhetween any two uTP are similar to those that are present in BitTorrent tien
peersand a packet loss rate of 5% does not increase tti@t use TCP. Hence, we believe that the results presented in
download completion time by more than 15% of the downloatlis paper are valid for BitTorrent clients using uTP.
completion time observed when the RTT is 0 ms and theln this section, we first present the various scenarios used
packet loss rate is 0%. We also observe that an RTT of 1000 inghe experiments. We then present the procedure to emulate
between any two peerwith a packet loss rate of 5% canthe network latency and packet loss. This is followed by an
increase the download completion time by more than 15% o¥erview of Grid’5000, the experimental platform we used.
the download completion time observed when the RTT is 0 nr$nally, we present the parameters used while performieg th
and the packet loss rate is 0%. As an RTT greater than 400 experiments.
betweenany two peerds unrealistic, our results show thatA

. X . Experiment Scenarios
for upload rates typically seen in the Internet, the dowdloa , )
completion time is not sensitive to the network conditions VW& NOW enumerate the scenarios used to study the impact of

that can be found in the Internatedicated clusters, such as"€twork latency and packet loss on the download completion
Grid’5000, can be used to perform BitTorrent experiments ime of a file.

The remainder of this paper is structured as follows. The 1) Scenario of Homogeneous Latenbythis scenario, we
network topologies and the technique used to emulate the €mulatea fixed network latency between any two peers
latency and packet loss are presented in Sedton II. We first in the torrent. The fixed network latency, though unre-
present the impact of latency without packet loss on dowhloa  alistic, provides a controlled environment to study the
completion time. In Sectiop ]I, we emulate the same latency ~ impact of network latency on the download completion
between any pair of peers in the torrent. We use this topology ~time of a file. We use this scenario to get an insight
to study the impact of TCP ramp-up and the impact of the 0N the threshold of network latency beyond which the
delays in receiving the BitTorrent control messages on the Network latency affects the download completion time.
download completion time. In Secti¢n]IV, we emulate torsent ~ The scenario also gives the download completion time
to study the impact of network latency when the condition of ~ When the maximum latency between any two peers in
same network latency between any two peers is relaxed. We @ torrent in known. The results of this study can also
then study the impact of network latency and packet loss in ~ Pe used to give the impact of network latency when the

Section[. We finally conclude in Sectign]VI. hosts are geographically distributed and are connected
with links that have negligible packet loss.
Il. METHODOLOGY 2) Scenario of Heterogeneous Latenbythis scenario we

In this paper, we use the terminology used by the BitTorrent ~ relax the condition of fixed network latency to emulate
community. Atorrent, also known as a BitTorrent session ora & more realistic network topology. We use this scenario
swarm, consists of a set of peers that are interested in ¢avin 0 confirm that the results obtained in the scenario of
a copy of the given file. A peer in a torrent can be in two homogeneous latency are valid even when the condition

states: thdeecherstate when it is downloading the file, and of fixed network latency between any two peers is
the seedstate when it has a copy of the file being distributed. ~ relaxed. For this scenario, we group peers that have the
The peers distribute the file in chunks callpiéces a piece same network latency among themselves in an emulated
is further split intoblocksto facilitate the piece upload and Autonomous System (AS). We assume these ASes to be
download. A peer is said tanchokea remote peer if it is fully meshed and that the inter-AS latency is greater than
uploading the blocks of a piece.tfackeris a server that keeps the intra-AS latency; we assume the network latency

track of the peers present in the torrent. For our experiment ~ between the peers in a given AS is the same.
we use a private torrent with one tracker, one initial seed BitTorrent allows its users to limit the upload and download
(henceforth called the seed), and 300 leechers. We use fate. These rate limits restrict the network bandwidth that
download completion timehe time required by the leechersBitTorrent can compete for with other applications such as
to download the file distributed using BitTorrent, as thennet Web browsers. In this paper, we do not place any restrictions
to study the impact of network latency and packet loss.  on the download rate. We set the upload rate limit of the peers
All the experiments were performed using an instrumentd@®m a wide range of values, from 10 kB/s to 100 kB/s. We
version of theBitTorrent mainline client[fl4] on machines use this range of upload rates as Choffaesl. [B] show that
running Linux as the host operating system. The BitTorreRf% of the hosts present in public torrents upload at rats th
mainline client internally uses TCP. We used TCP Cupit [153re smaller than 100 kB/s. In our experiments, we assume
the default TCP implementation for the current series #fie same upload rate limit at all the leechers while studying
the Linux kernel, for our experiments. The latest version dfe impact of network latency and packet loss. We use the
uTorrent, a BitTorrent client, is based on uTP which uses UDPIllowing torrent configurations to set the limit on the uptb
as the transport layer protoc[[l@l?]. As in the case©PT rate of the peers.
uTP has a window based congestion control mechanism. Thd) Slow Seed and Slow Leechets. this scenario, we
design of uTP also ensures that uTP ramp-up is not faster than assume all the peers in the torrent have a low upload
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Fig. 1: iPlane measurements of network latency and loss r .
9 . i y on the RTT estimate of TCR.he machines used can be used to
observed in the Interne®8% of the links have an RTT less than
up to 100 leechers.

400 ms and 99.8% of the links have an RTT less than 1000 ms. 9%1%

of the links have a loss rate less than 0.05, i.e., 5%. ) ) )
each connection, however such topologies are hard to verify

and manage. In this paper we set the network latency and

rate. We also assume the same upload rate at the sBagket loss rates for a particular network device. The netwo

and leechers. We performed two experiments for thidlency between a pair of peers is the sum of the network
scenario; we limit the upload to 10 kB/s for the firsfatency at the devices used; the loss rate seen by a packet is

experiment and 20 kB/s for the second experiment. the loss rate at the ingress interface of the destination.

2) Fast Seed and Slow LeecheBome torrents have seeds,_ W& use the publicly available iPlane measuremehts [20],
that upload faster than the leechers. Public torrents d&dl 10 obtain the values of the network latency and loss rate
also known to have leechers that are capable of hidf emulate. Figur¢]1 shows the distribution of RTT and loss

upload and download rates. In torrents where the sekaje observed in 5 iPlane samples; each sample contains the

favors fast leechers[ 18], these leechers are able mgasurement of a_boﬁt* 10° links. In Figure[1p, we observe
download the file faster than their slower peers. As thelfgat 98% of the links have an RTT less than 400 ms, and

leechers are capable of downloading pieces faster thaf8% Of the links have an RTT less than 1000 ms. We use
Jhese results to emulate a wide range of RTT values, from

peers in their peer-set. We emulate torrents that hadgns 10 1000 ms, between a pair of peers in the torrent. In

a fast seed by limiting the upload rate of the seed fggure[1p, we observe that 95% of the links probed have a

50 kB/s and the upload rate of the leechers to 20 kB/9ss rate less than 0.05, i.e, 5% packet loss. We emulate a 5%
3) Fast Seed and Fast LeecheWe perform these experi- packet loss on the ingress of each interface of the machines

ments to emulate torrents where all the peers are capafdlle studying the impact of packet losses.

of high upload rates. We performed two experiments f@. Experiment Setup

this scenario; we limit the upload to 50 kB/s for the first

experiment and 100 kB/s for the second experiment.

their slower peers, they act like a fast seed to the sl

We performed our experiments on the Grid’5000 experi-
mental testbed[[?]. Grid’5000 consists of a grid of clusters
that are geographically distributed across France. Eamdtenl
consists of several machines connected by a dedicated gind hi
We use the Network Emulation (NetEm) module for thgpeed LAN; these clusters are inter-connected by high speed
Linux kernel [19] to emulate the network latency and packéihks. We performed our experiments ansingle cluster of
loss between the peers. The NetEm module operates betwegial’5000. In this cluster, we observe an RTT of less than
the TCP/IP implementation and the device driver for the ms between a pair of machines when network latency is
network device. In our experiments, the peers used therethemot emulated. Due to the very small network latency and the
and the loopback device to communicate with each other. Thlesence of packet loss between the machines in the LAN, the
NetEm module emulates network latency by en-queuing tbkister does not reflect the network conditions presentén th
packets at the ingress interface and the egress interfage ofiternet. Unlike other testbeds such as PlanetLab, the imesh
network device; packets losses are emulated by dropping thehe cluster are not shared. Grid’5000 thus provides alvtgi
packets at the ingress and egress interfaces. When theslossnd robust platform for performing reproducible experitsen
on the egress interface, due to cross-layer optimizatiems p We scale our experiments by running 100 leechers on a
formed by the TCP implementation in Linux, TCP retransmitsingle machine of the cluster. We performed the following
the packet without considering it as a loss in the network. Test to ensure that the machines can support up to 100 leecher
avoid such retransmissions, we introduce packet losseBeonwhile emulating the desired network latency. We distribate
ingress interface of the network device. 50 MB file in a private torrent with a single seed and a single
A shortcoming of NetEm is that the network latency anttacker. The seed and tracker ran on one of the machines of
packet losses arinherently bound to the network device.the cluster. We used another machine in the cluster to run
NetEm can be used to emulate network latency and lossestfog leechers. We limit the upload rate of each of the peers to

B. Emulation of Network Latency and Packet Loss



Grid'5000 Machine Grid'5000 Machine Maximum Transmission Unit which is typically 1500 bytes

Loapplem Prvife | Leaplbedk PRy | for devices used in LANs. The MTU is set to 16436 bytes
iy iy v for the loopback interface on many Linux distributions. To
[Leecher]@eechef}'{Leechea [Leecher]@eecheﬂ-'{Leechea ensure that the payload length exchanged by the peers does

not depend the interface used by the connection, we set the
MTU on the loopback interface to 1500 bytes. Despite this

D < limit, we observed that a significant number of TCP segments
Ethernet / LAN . \ have a size larger than the MSS negotiated during connection
oL establishment. We observe these large segments because of
TCP Segmentation Offloading (TSO) which is enabled by
default in the 2.6 series (the current series) of the Linuxé&e

Leacher \(Leechert - { Leecher Tracke TCP Segmentation Offloading (TSO) enables the host ma-
[ ][ } { j - Coed chine to offload some of the TCP/IP implementation, such as
segmentation, and calculation of IP checksum, to the nétwor

| Loopback Device Loopback Device

Grid'5000 Machine Grid'5000 Machine device. TSO also supports the exchange of data in frames of
| Tmmmm———n_—u hmnm e, sizes that can be greater that the underlying MTU [22].
Fig. 3: Experiment setupone machine for the tracker and theThe increase in the frame size can result in significant im-
initial seed, and three machines each with 100 leechers. provement in throughput; the improvement depends on variou

factors such as CPU processing power and the amount of
data being transferred]23]. Clusters, such as those gresen
100 kB/s and we vary the number of leechers running onj@ Grid’5000, include hosts that support TSO.
machine from 2 to 100. To study the impact of the number of \we now study the impact of RTT on the TCP payload length
leechers, we monitor the RTT estimate of TCP in the followinghen TS0 is enabled. We use four machines to create a private
manner. All the peers in the torrent use the socket interfaggrent with 300 leechers, one tracker, and one initial seed
of TCP to communicate with each other. Teend method (jstribute a 50 MB file. We assume the same RTT between any
of this interface is used by the peers to send data to othg peers for the results presented in Figlie 4a and Flglire 4c
peers in the torrent. On each call sénd, we sample the we also limit the upload rate to 20 kB/s. Figyrd 4a shows
RTT estimate of TCP by using th&CP_I NFO option of the distribution of payload length for different RTT values
the get sockopt method. Figurd]2 shows the average RT{yhen TSO is enabled: the results present the distributioheof
estimate of TCP when we emulate an RTT of 0 ms, 400 Msayload lengths observed in 5 iterations. We observe that an
and 1000 ms, between the peers; the error bars represgBfease in the network latency between the peers restdts in
the minimum and maximum RTT estimate observed in fi@icrease in the number of TCP segments with a large payload
iterations. We observe that the number of leechers running ngth. This was observed when the MTU was set to 1500
a given machine has a less than 15% impact on the avergggss indicating that TSO can result in payload lengthstgrea
RTT estimate of TCP. than the MTU value specified. Figufe]4b shows the payload
The NetEm module buffers the TCP frames which are angths from the publicly available traces of the Intermaffic
flight for a time period equal to the RTT being emulated. ABbserved in the WIDE backbon [24]; the values presented are
RTT of 1 second (1000 ms) for an upload rate of 100 kBfgom the sample taken on the WIDE backbone on November
would require 100 frames of 1 kB to be in flight. For oupg, 2009. In Figurd 4a and Figufe] 4b, we observe that the
experiments, we use a buffer size ti° frames to support maximum payload length of the packets sent over the Internet
1000 frames of each of the 100 peers to be in flight. is smaller than the maximum payload length observed in
We perform our experiments in a private torrent with ongrid’5000 when TSO is enabled. We observe small payload
tracker, one initial seed (henceforth called the seed), @ndengths in Figurg 4b because hardware support on all the inte
flash crowd of 300 leechers. We distribute a 50 MB file in thiﬁ]ediate devices is essential for exchange of |arge Segments
torrent. For our experiments, we assume that the peersmemgihen TSO is disabled and the MTU is set to 1500 bytes,
in the torrent until all the leechers have finished downlogdi Figure shows the distribution of the payload length for
the file. As shown in Figur§] 3, we use one machine for thfifferent RTT values; the results present the distributign
tracker and the seed. We use three machines for the 3@ payload lengths observed in 5 iterations. We obsente tha
leechers; each machine runs 100 instances of the leechg@fisen TSO is disabled and the MTU is set to 1500 bytes, the
A pair of peers in the torrent use either the loopback int&famaximum payload length is similar to that observed in the
or the ethernet interface to communicate with each other. |nternet.
) ) We set the MTU to 1500 bytes on the loopback interfaces
D. Impact of TCP Segmentation Offloading and disabled TSO on the ethernet and loopback interface for
The Maximum Segment Size (MSS) of TCP specifies thhe experiments presented in the Sec Il and Se@n V.
maximum payload length that can be exchanged over a cdme outcome of the experiments with TSO enabled are dis-
nection ]. One factor that contributes to the MSS is thamussed with the impact of packet loss in Sec@n V.
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1 10 100 1000 10000 download completion timeThe latency increases the download

Payload Length completion time by at modt%.
(b) Payload lengths observed in the WIDE backbone. Maximwayload ) ) ] )
length less than 1500 bytes as TSO requires hardware suppodl the on the plot is the average download completion time in 10
links on a connection. iterations; the error bars indicate the minimum and maximum
, , — download completion time observed in 10 iterations. The two

1F :
08 | 108 m: | factors that can be affected by network latency and cause an

L og | (200ms | increase in the download completion time are TCP ramp-up

8 o4l | and the delays in receiving the control messages. We study
0'2 | ] the impact of network latency on the download completion

time by studying the impact of network latency on these two
0 10 100 1000 10000  factorsin Sectiof 1-A and Sectidh 11}B respectively.

In Figure ﬂi for a given upload rate limit from 10 kB/s
to 100 kB/s, we observe that an RTT of up to 1000 ms
between any two peers does not increase the average download
Fig. 4: Impact of TSO on TCP payload leng8etting the MTU completion time by more than 15% of the average download
to 1500 bytes and disabling TSO ensures that the maximurngzhy! completion time when the RTT is 0 ms. When the maximum

Payload Length
(c) Payload length with TSO Disabled and MTU set to 1500 bytes

length is similar to that observed in the Internet. upload rate of the seed and leechers is limited to 10 kB/s,
Figure[!]i shows that the download completion time increases
[1l. HOMOGENEOUSLATENCY when the RTT is greater than 200 ms. In Secfion |II-A, we

show how TCP ramp-up is responsible for this increase in

In this section, we assume the same network latency lthe download completion time. When the upload rate of all
tween any two peers in the torrent becaubés scenario the peers is limited to 20 kB/s, in Figuf¢ 5, we observe that
gives the worst case impact of a given network latency ftie download completion time is not a monotonous function
a given upload rate limitThe same network latency results irof the RTT. Peers having an RTT of 1000 ms have a lower
the same RTT between any two peers in the torrent becadssvnload completion time compared to peers having an RTT
the sum of the other delays, such as queuing delays at tfet00 ms. We show that this is the impact of network latency
intermediate routers, is less than 1 ms in a Grid’5000 ciusten the delays in receiving BitTorrent control messages in
In each experiment, we choose an RTT to emulate fromSection[11I-B.
wide range of values, from 0 ms to 1000 ms. In Secfion] II-B, An RTT of 1000 ms between any two peers gives the worst
we observed that 99.8% of the Internet links have an RTdase impact of network latency. Figuff 5 thus shows that
less than 1000 msAn RTT of 1000 ms between any twmetwork latency has a marginal impact, less than 15%, on
peers thus gives a worst case impact of the network latertbye average download completion time for the upload rates
that can be observed in the Intern&Ye use a wide range of observed in public torrents
values, from 10 kB/s to 100 kB/s, to set the upload rate limit
of the peers in the torrent; we assume the same upload rate!mpact of TCP Ramp-Up
limit for all the leechers in the torrent. For a given upload The BitTorrent application uses theend system call of
rate limit, FigureI]S shows the impact of the RTT betweethe socket interface of TCP to upload the pieces of a file.
any two peers on the download completion time. Each poiBttTorrent limits the upload rate for a given TCP connectign



of 20 kBIs, 50 kB/s, and 100 kB/s, in Figuff 6, we observe
that ramp-up may be required for an RTT greater than 120 ms,
20 ms, and 20 ms respectively. Hence, for an upload rate limit
in the range of 10 kB/s to 100 kB/s, TCP ramp-up will be
required for an RTT greater than 200 ms. In Figﬂre 5 for an
...................................... RTT of up to 1000 ms, we observe that TCP ramp-up does
0 —T—T ! : not increase the average download completion time by more
<20 40 7090 1_20 190 275 420 550 >1000 than 15% of the download completion time observed the RTT
Time (ms) is 0 ms. ThusTCP ramp-up has a marginal impact, less than
(a) Distribution of the time between successive send systalis at the 1504 on the average download completion time for the upload
leecherswhen RTT between peers is 0 ms. ’ . .
rates observed in public torrents

10 kB/s
20 kB/s
50 kB/s "
100 KB/s

CDF

1 ' B. Impact of Latency on Control Messages
0.8 1 In Figure|}5 for an upload rate of 20 kB/s, we observe that
LDL 06 [ " & 10 kB/s the download completion time is not a monotonous function
O 04 gg Egg " of the RTT. The download completion time when the RTT
0.2 e 100 KBS is 1000 ms is smaller than the download completion time
T — - — L ) when the RTT is 400 ms. We now present the reasons for
<20 40 7090120 190 275420 550 >1000 this behavior. We would like to comment that this discussion
Time (ms) is specific to the implementation of the BitTorrent client we
(b) Distribution of the time between successive send systaifs at the US€d in the experiments and thaese observations may not
leecherswhen RTT between peers is 400 ms. be true for other BitTorrent clients that are available

Fig. 6: Distribution of the time between successive send ONCe every 10 seconds, a seed selects from its peer-set a set
system calls at the leechers (semi-log scafe RTT does not of leechers to unchoke. The leechers are selected basedion th

affect the upload process at the seed and the leechers forugitpad dovx{nload rate and time since the start qf their Ia_lst unchoke.
During an unchoke, the leecher downloading the piece raégues
for multiple blocks of a piece to pipeline the blocks for the
periodically calling thesend system call. The time betweenunchoke. The number of blocks requested is a function of the
successive calls o§end is high when the upload rate isestimated download rate at the leecher. This estimate of the
low. Each call ofsend typically results in creation of a download rate is a moving average and it grows slowly to
TCP segment which is transmitted. If the acknowledgment fattain the rate at which the seed uploads to the given leecher
the transmitted segment arrives before the subsequentfcalThis growth is even slower if the connection requires a TCP
send, then the upload rate of the application does not requiramp-up. The slow growth in the estimated download rate thus
a congestion window ramp-ug ramp-up is required on the results in a slow increase in the number of blocks that are in
TCP connections where the time between successive callshef pipeline at the seed. We observe that this slow increase,
send is smaller than the RTBitTorrent also enables a peeralong with the latency in receiving the block requests, ltssu
to simultaneously upload pieces of the file to many peers iof time periods during which the seed unchoking the leecher
a torrent in parallel. An increase in the number of paralléd idle, i.e., awaiting block requests. If the leecher sibdec
unchokes results in an increase in the time between suegeessaigorithm of the seed is invoked during theiske periods
calls ofsend. This is because the upload rate limit is dividethen the leechewill not be selectedor an unchoke resulting
over the connections used for the unchoke. in an abrupt termination of the unchoke. We observe that this
We present the distribution for the time between successigbrupt termination of the unchoke occurs frequently when th
calls of thesend at all the leechers (over 5 iterations) inupload rate limit is 20 kB/s and when the RTT between the
Figureﬂi; the RTT between any two peers is 0 ms in Fi@re paers is greater than 120 ms and less than 800 ms.
and 400 ms in Figure¢ 6b. For an upload rate of 10 kB/s, in We now show how the abrupt termination of an unchoke
Figure@a and Figure Bb, we observe that the time betweaidfects the availability of pieces at the leechers. Onceeaei
successivsend calls is greater than 200 ms for a significanis downloaded, the leecher can then upload this piece ta othe
number of calls. For these calls, when the RTT between theechers in its peer-set. After the piece download, thehieec
peers is less than or equal to 200 ms a ramp-up shall notdmnds &HAVE message with the piece identifier to the peers in
required. Due to the absence of ramp-up, in Figﬂlre 5 for #@s peer-set. ThelAVE message indicates that the piece can be
upload rate limit of 10 kB/s, we observe that an RTT less thalownloaded from this leecher. In Figtﬂe 7, we use HRV/E
or equal to 200 ms does not increase the average downloaglssages sent by the leechers to show the evolution of the
completion time by more than 5% of the average downloayerage number of pieces (over 10 iterations) that aresdlail
completion time observed when the RTT is O ms. For tha the leechers. For reasons mentioned above, when theduploa
upload rate limit of 10 kB/s, an RTT larger than 200 ms masate limit of the seed and leechers is 20 kB/s, an RTT of 400 ms
require a TCP ramp-up. Similarly, for the upload rate limitbetween the seed and a leecher typically results in the abrup

rates.
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(@) Number of pieces available with the leechers when theadplrate is ASy ASo AS3 ASy ASs
limited to 20 kB/s. AS, 8 ms 40 ms 60 ms | 210 ms| 210 ms
ASo 40 ms 20 ms 80 ms | 230 ms| 230 ms
AS3 60 ms 80 ms 40 ms | 2560 ms| 250 ms
5 200 ' ' AS, | 210 ms| 230 ms | 250 ms| 100 ms| 400 ms
-g $ 150 /- ASs | 210 ms| 230 ms| 250 ms| 400 ms| 200 ms
> .
€38 100 TABLE II: RTT between a pair of leechersRTT between a
%g— ‘ﬁ’ 0Oms e leecher inAS; and a leecher inASs is 210 ms.
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0 1000 2000 3000 4000 IV. HETEROGENEOUSLATENCY
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(b) Number of pieces available with the leechers when theatptate of the
leechers is limited to 20 kB/s and that of the seed is limied@ kB/s.

We now present results to confirm that the observations
made in Sectior[ ||l are valid even when the condition of
fixed latency is relaxed. We relax the condition of same
latency between any two peers by emulating ASes in the
following manner. Public torrents have peers that are sprea

o o . out geographically. A pair of peers in the same AS typically
termination of the unchoke. The abrupt termination reslts po e 4 smaller network latency compared to a pair of peers

an incomplete download of a piece and affects the avaitbilyy, ¢ 5y present in different ASes. For our experiments, see u

of pieces as shown in Figufe]7a. We do not observe abruphrivate torrent with peers distributed in emulated ASes. F
termination of the unchoke when the RTT is 0 ms and whep,, experiments, we emulate an AS using one machine. We
the RTT is 1000 ms. Hence, the average download completigny e the same intra-AS latency and we also assume that the

time when the RTT is 400 ms is greater tha_n the averagg ., ag latency is less than the inter-AS latency. We agsum
download completion observed when the RTT is 1000 mMS. ot all the ASes are fully meshed.

We do not observe abrupt termination of unchokes when we
hf_;\ve a fast seed (upload rate Iir_nit_ed to 50 kB/s) in a torreRt Emulation of ASes
with slow leechers (upload rate limited to 20 kB/s); Flg@ 7 )
shows the evolution of pieces for this torrent configuration AS in the case of homogeneous latency, we use four ma-
We observe a similar evolution for tH#AVE messages when chines in each of the experiments. We use a private torreht wi

the upload rate at the peers is limited to 50 kB/s and 100 kBRJO leechers, one tracker, and one initial seed. We emulate f
ASes: three ASes each with 100 leechers, and the fourth AS

C. Summary to emulate the AS of the seed and the tracker. The four ASes
In this section, we emulated a large range of RTT valuessed in these experiments were chosen from a set of five ASes
from 0 ms to 1000 ms, to study the impact of network latendylS1, ASa, ASs3, AS4, and ASs).
on the download completion time. We use an RTT of 1000 msWe now present an explanation for emulating these five
to give the worst case impact of network latency for a giveASes. In FigureﬂS, for an upload rate of 20 kB/s, we observe
upload rate. We observe that an RTT of up to 1000 ms betwetbat an RTT smaller than 120 ms between any two peers has a
any two peers has a marginal impact, less than 15%, on grealler impact on the download completion time as compared
average download completion time of a file. For an upload an RTT larger than 120 ms. In three of the five ASes, namely
rate of 20 kB/s, we observe that the download completiohS,;, AS,, andASs, the RTT between a pair of peers in these
time is not a monotonous function of the RTT. This behavidhree ASes is less than 120 ms. The RTT between a pair of
emphasizeghat the models for TCP throughput cannot b@eers inAS, is less than 120 ms; the RTT between a peer in
directly used to study the impact of network latency on th&S, and any other peer is greater than 120 ms. Finally, a peer
time required to download a file using BitTorrent in AS5 has an RTT greater than 120 ms with any other peer.
In the next section, we relax the condition of same latenés we use one machine to emulate an AS, peers in the same
between any two peers in the torrent to confirm that th&S use the loopback device to communicate with each other;
scenario of same latency gives us the worst case impacttioé peers use the ethernet device to communicate with all the
network latency. other peers in the torrent. We emulate the latency valuengiv

Fig. 7: Evolution of pieces available at the leechérsency
has marginal impact on the pieces available with the leezher



ASy ASo ASs3 ASy ASs

AS7T | 20ms | 40ms | 60 ms | 210 ms| 210 ms
AS, | 40ms | 60ms | 80 ms | 230 ms| 230 ms
AS? | 60ms | 80 ms | 100 ms| 250 ms| 250 ms
AS) | 210 ms| 230 ms| 250 ms| 400 ms| 400 ms
AS! | 210 ms| 230 ms| 250 ms| 400 ms| 400 ms

TABLE lll: RTT between the seed and the leechers in the
torrent. AS; indicates that seed is placed in as AS with latency

values similar toAS;. RTT between the seed #S; and a peer in
AS; is 20 ms.

4000 f ]

3500 | r}ﬁ q’ﬁ ot ]

Seed in AS'| —a—
3000 | Seed in AS”, —%— 1

Seed in AS’; —o—
2500

AS, AS, AS;
AS of a leecher

Time (seconds)

Download Completion

(a) Download completion time for leechers presentdifi;, AS2, and ASs.
The difference in the average download completion time §s kan 15%.

in Table|] for the ethernet and loopback device while usinga &
machine to emulate an AS. 8w 4000 | ]
) 22 { ot
We now give an example to show how Taﬁle | can beused Eg :I: I{J :[:

, X 6o 3500 ]
to find the RTT between a pair of leechers. The RTT between O 2
a leecher inAS; and a leecher imM.S; is 40 ms (5+15+15+5) EE/ 3000 f Seed in AS’; —a— ]
as the leechers use the ethernet device to communicate with E-E Seed in AS’y —a—
each other. The RTT between a pair of leechersAify is § 2500 AS AS. AS
8 ms (2+2+2+2) as the leechers use the loopback device to 1 3 4
communicate with each other. Tajl¢ Il gives the RTT values AS of a leecher
between all such pairs of leechers. (b) Download completion time for leechers present4s;, ASs3, and ASy.

AQRTT of 400 ms between a leecher 454 and the seed iM.S) does not

For our experiments, we assume that the seed and the tra ncrease the average download completion time by more tbéh 1

are placed in a dedicated AS with no leechers. WeAiSgto

denote that the seed and the tracker are placed in an AS with §
the same latency values akS;. For example,AS] implies E’g 4000 f ]
that the seed and tracker are placed in an AS having the same %g EI,‘{‘ T‘f EP‘}
latency values ad.S;. Tableml gives the RTT values between 3 § 3500 ]
the seed and the leechers. ®o 3000 F Seed in AS' ]
o . 1
EE 2500 Seed in AS'y —=a—
B. Presentation and Discussion of Results g AS, AS, ASq
Figure[8 show the impact of heterogeneous latency on the AS of a leecher

download completion time of a 50 MB file when the upIoai\ _ .
L . c) Download completion time for leechers presentd§;, ASs, and ASs.

rate of the peers is limited to 20 kB/s. The impact of networky rTT of 400 ms between a leecher ihS; and the seed inlS/, does not

latency when the upload rate limit is 50 kB/s is presentedtrease the average download completion time by more tBéf 1

In F|gure[5p. In Flgur€[|8 and F|gurﬁ 9, the X-axis represenltﬁg_ 8: Download completion time of a 50 MB file by leechers

the AS of the leechers present in the torrent, and the i3 given AS when the maximum upload rate of all the peers
axis represents the download completion time in seconds. -I;E 20 kB/s. Despite the wide range of RTT values emulated, the

figure_s present the average _download c_ompletion time O_VerJiRerence in the download completion time is less than 15%.
iterations; the error bars indicate the minimum and maximum

download completion time observed in 10 iterations.

Figure shows the outcome of three experiments WithAccording to TabIEDI, a peer inlSs and the seed iM.S,
leechers inAS;, AS,, and AS3. For a given experiment, the haye an RTT of 400 ms. We observe that the average download
seed was either inlSy, AS, or AS3. Despite the different completion time in Figurd $c is smaller than the average
RTT values between the peers, in the three experimegswnioad completion time observed in Fig{ife 5 for an upload
presented in Figurd Ba, we observe that the difference riste limit of 20 kB/s and an RTT of 400 ms. This shows that
the average download completion time is less than 15%e scenario of homogeneous latency can be used to give a
According to Table[]l, the RTT between any two peers ifyorst case impact of network latency for a given upload.rate
these experiments was less than 120 ms. For the experimegpigen the upload rate limit is set to 50 kB/s, in Figlﬂe 9 we

presented in Figurf Bb and Figurd 8c, a peerlfy or ASs  opserve that the difference in the average download coiaplet
and another peer imlS; or ASs have an RTT greater thantime is less than 15%.

120 ms. Despite the wide range of RTT values, we observe

that the average download completion time in Figlure 8b afid Summary

in Figure is not more thaih5% of the average download In this section, we relax the condition of fixed latency
completion time observed in FigurEl 8a, i.e., when the RT@etween any two peers in a torrent. We observe that an RTT
between a pair of peers is less than 120 ms. of up to 400 ms has a marginal impact, less than 15%, on
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kB/s 400 ms 1457.2 s 14639 s 1476.9
AS of a leecher 1000 ms|| 1466.9s 14705s 16382 5
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Fig. 9: D_ownlc_)ad completion time of_ a 50 MB file by leechers KBl 100 TS 2634 < 3604 < 91090 5
presentin a given AS when the maximum upload rate of all the 1000 ms 8445 s 8654 S 161987 S

peers is 50 kB/sDespite the wide range of RTT values emulated,

the difference in the download completion time is less thaib.1 TABLE IV: Impact of RTT and loss rate on download com-
pletion time.An RTT of up to 400 ms and the loss rate of up to
5% does not increase the average download completion tinmedog

the average download completion time. These observatiahsn 15% of the average download completion time observeshwh

show that theupload process at the peers is not sensitivibe RTT is 0 ms and the loss rate is 0%.

to the variations in the TCP throughput due to the change

in latency These observations also confirm that, for a given )

upload rate among the peetbe scenario of homogeneous When TSO in engbled and packet losses are not emulated,

latency provides an upper bound on the download completit observe that the impact of network latency on the download

time of a file when the maximum latency between any wkgmpletion time is similar to that observed in the case of
peers in a torrent is known homogeneous latency, which has been presented in Sion I

These results show th&itTorrent experiments performed on
clusters that support TSO shall produce results that arélaim

) to those performed on clusters that do not support TSO
We now present the impact of packet loss on the downloa . . .
o : : e now discuss the scenario of homogeneous latency with
completion time of a file. For our experiments, we emulate a

. . cket loss when TSO is disabled. While emulating a packet
5% packet loss on the ingress interface of the loopback . .
X . 0Ss, each packet en-queued by NetEm is dropped with a
ethernet devices of the machines.

In Table @ we present the average download completi(%Obab'“ty controlled by the loss rate. A packet loss resul

. : . o .~ Tetransmission of the packet by the source. The source esduc
time of a 50 MB file for a given upload rate limit and a given . : .
. he congestion window in response to the loss and then ramps-
RTT between any two peers. As in the case of homogeneous. : : . .
: s up its congestion window to attain the desired upload rate. W
latency, we consider a torrent consisting of a one tracke o
observe that for an upload rate limit of 20 kB/s and 50 kB/s,
one seed, and a flash crowd of 300 leechers. We observe
: . ; an RTT of 1000 ms and a loss rate & between any two
the download completion time for the following network . L
" peers does not increase the average download completien tim
conditions. S
o by more thanl5% of the average download completion time
1) Homogeneous latency and TSO is disabM& do not opserved whemeither latency nor packet loss was emulated
emulate packet losses in this scenario. As packet los§&swever, when the upload rate limit is 10 kB/s or 100 kB/s,
are not emulated, this setting gives the outcome g{e RTT between any two peers is 1000 ms, and when the loss
experiments performed on clusters that do not SUPP@He is 5%, we observe that the average download completion
TSO. The results of this scenario are discussed in det@jhe is more than 15% of the download completion time when
in Section[11). _ the RTT is 0 ms and the loss rate is 0%. An RTT of 1000 ms
2) Homogeneous latency and TSO is enablgd do petween any two peers is unrealistic as 99.8% links probed
not emulate packet losses in this scenario. The resq!,t§ iPlane have an RTT less than 1000 ms. HoweaBrRTT
present the outcome of experiments performed withogt yp to 400 ms is realisti@s 98% of the links probed by
emulating packet loss on clusters that support TSO. jpjane have an RTT less than 400 ms. For the upload rate
3) Homogeneous latency with a loss rate of 5% and TSt from 10 kB/s to 100 kB/s, when the RTT between any
disabled We use this scenario to emulate network cofgyo peers is 400 ms and the loss rate is 5%, we observe that
ditions present in the Internet. the download completion time is not more than 15% of the
In Sectionm, we observed the impact of network latencgownload completion time observed when the RTT is 0 ms and
when TSO is disabled and packet loss is not emulated. \gss rate is 0%. In Sectidn JV we observe that the scenario of
observe that for an RTT of up to 1000 ms, TCP ramp-up ambmogeneous latency gives an upper bound on the impact of
the delays in receiving the control messages have a margiaajiven network latency. Therefore, the results presented i
impact, less than 15%, on the average download complet@ble@ show that, for an upload rate limit from 10 kB/s to

time of a file. 100 kB/s,a loss rate of up to 5% and an RTT of up to 400 ms

V. IMPACT OF PACKET LOSS



between any two peers in the torrent has a marginal impadtpact on the download completion time of a file, hence,
less than 15%, on the average download completion time addicated clusters such as Grid’5000 can be safely used to
a file. perform realistic and reproducible BitTorrent experinsent
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