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Abstract 
The parallelized $le transfer protocol (P-FTPJ is a 

novel network resource aware parallel technique for im- 
proving file transfer performance on the Internet. Be- 
fore starring the parallel file transfer sessions, it consid- 
ers tJw available resources in the network (available band- 
widih) and at the $le servers (memory and CPU utiliza- 
tion). n e  client dynamically changes the file portions be- 
ing dowloaded from different file servers by monitoring 
the FTP JOWS and derecting slow servers and congested 
links. Early experimentation on Planet-Lab [ I ]  for a sin- 
gle P-FTP client suggests that the download time can be 
reduced by more ihan 50% f o r  large files. In this paper, our 
goal is to evuluaie whefher P-FTP can be widely adopled 
within ihe Internet. To this end, we have carried out a 
sinzulation-based study to investigate rhe perfonnance of 
P-FTP when it is adopted by a Iarge user base. We find 
that, by virtue of its self-tuning capability, P-FTP contin- 
ues EO exhibit improved performance even with inany si- 
multaneous clients. Our results also demonstrate that in- 
troducing a large number of P-FTP users has no adverse 
effecr on the performance perceived by users of the tra- 
ditional single server file transfel: We attribute this im- 
provement to the fact that P-FTP dynamically adapts rhe 
parallel sessioits in response to changes in network state 
and server resources. This illusfro?es that P-FTP is highly 
scalable and is hence suitable fo r  widespread deproyment 
in the Internet. 

1 Introduction 
File transfer is one of the most commonly used applica- 

tion over the Internet today. Large files require long dura- 
tion of time to download. As a result, they are highly sus- 
ceptible to congestion that results from the high network 
dynamism that is prevalent in the Internet. This can result 
in a further increase in the download delay due to bottle- 
neck links along the download path. Numerous studies of 
Internet traffic characteristics have shown that file size dis- 
tributions are heavy-tailed (21. This implies that a signifi- 
cant number of large files are downloaded over the Internet. 
Hence, it becomes important to reduce the download time 
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for large files. In recent years, numerous research efforts 
have addressed the issue of reducing the file transfer du- 
ration for large files on the Internet [14, 5 ,  61. All these 
approaches assume the presence of multiple mirror servers 
with replicated content. The download time can be signifr- 
cantly reduced by concurrently retrieving different parts of 
the file from different servers. Experimental analysis and 
simulation studies have shown that these approaches show 
significant reduction in download times from the perspec- 
tive of a single client. However, the parallel download- 
ing techniques have raise concerns among a group of re- 
searchers who believe that large depIoyment of such tech- 
niques may be counter-productive and the single client test 
results may not be valid for large number of users. Their 
main concern in this regard is that if a large number of 
clients use parallel download methods then, the download 
delay will not reduce as significantly as it does when tested 
for a single client. Moreover, they claim that due to the 
initialization of more file transfer sessions, the load on 
the file-servers and the network will increase. Hence,'the 
clients not using parallel download techniques will suffer 
from poor performance. 

In 171, we have proposed a parallel downloading tech- 
nique, called Parallelized File Transfer Protocol (P-FTP) 
for reducing the download time of large files. Our tech- 
nique proposes the use of multiple download sessions with 
different FTP servers to download disjoint portions of a file 
in parallel. The P-FTP approach is based on the idea that 
the parallel use of avaiIable resources may enhance per- 
formance for resource intensive applications such as large 
file transfers. However, an important distinction between 
P-FTP and similar parallel download approaches proposed 
elsewhere, is that P-FTP considers resource availability in 
the network as well as at the mirror servers, before starting 
the file sessions. Moreover, our approach can dynamically 
adapt to the changing conditions of the servers and the net- 
work during the file transfers. We claim that due to the 
consideration of these issues, the large scale deployment 
of the P-FTP technique is practical and scalable. More- 
over, all P-FTP clients enjoy better performance and will 
not influence other clients who are not using this approach. 
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In our prior work [7, 81, we have demonstrated that P- 
FTP shows significant improvement in terms of download 
time for a single P-FTP ciient. In this paper, our goal is 
to evaluate whether P-FTP can be widely adopted within 
the Internet. To this end, we have carried out a simulation- 
based study to investigate the performance of P-FTP when 
it is adopted by a large user base. This paper makes the 
following important contributions: 

The study shows that even with a large number of si- 
multaneous P-ITP users, the performance of the P- 
FTP clients is better than the users using the tradi- 
tional single server download approach. 

Secondly, our experiments indicate that the impact on 
the servers and the network is minimal due to the self- 
tuning ability of the P-FTP. 

The paper also presents convincing evidence that if a 
large number of users are downloading files using P- 
FTP, there is no detrimental effect of the performance 
of other clients who are downloading files from a sin- 
gle file server using the traditional file transfer ap- 
proach. 

The rest of the paper i s  organized as follows: Section 
2 provides a brief description of the work related to the 
P-FTP approach and the issues concerning its large scale 
deployment. Section 3 summarizes the P-FTP approach 
in a nutshell and also briefly describes the implementation 
results obtained with P-FTP . Section 4 discusses few fea- 
tures of the P-FTP approach that makes it suitable for large 
scale deployment. Section 5 provides a detailed discussion 
of the simulations carried out to study the effect of large 
scale deployment of the P-FTP approach. Finally, Section 
6 concludes the paper and provides some future work op- 
tions. 

2 ’ Related Work 
There are numerous approaches that use the idea of 

multipIe simultaneous connections to reduce the download 
time for large files. A few approaches that use the client- 
server paradigm are ([14], [6] and IS]). However, none of 
these approaches consider network and server resources as 
a parameter to influence the selection of the mirror servers, 
prior to the start of the download process. On the contrary, 
network parameters such as available bandwidth and end 
to end delay are the basis for the mirror server selection 
in our approach. Few other approaches that propose par- 
allel downloading ( [9 ]  and [ll]), require either a change 
in the operation of the server or change in the contents en- 
coding method. In contrast, the P-FTP approach does not 
require any support from the infrastructure and has been 
tested with traditional FTP server implementation. 

Grid-FTP [19] is designed for grid environments by ex- 
tending the basic FTP to enable terabyte transfers in grid 
systems. It adds new modes and commands to the ba- 
sic FTP standards, Grid-FTP is specifically designed for 
the Grid environment and for its working requires the FTP 
servers to supporl the Grid-FTP protocol. In contrast our 
P-FTP approach uses standard FTP and is designed to work 
on the existing client-server model of the Internet. 

Many peer-to-peer (PZP) applications ([ 121, [13], [16] 
and [ 171) provide the advantage of simultaneous partial file 
download. Firstly, the P2P approach is limited in the sense 
that the P2P application program must be running OR all 
machines sharing the files. Secondly, unknown machines 
must be trusted to ensure that the received file is not cor- 
rupt. Our approach is different as it works with standard 
FTP implementations. However, note that a special P-FTP 
client is implemented on the user’s machine, 

From the point of view of this paper we are mainly con- 
cerned with the research efforts that discuss the large scale 
deployment of parallel downloading approaches. Koo et 
a1 [3] presents analytical and simulation results to show 
that parallel downloading approaches impact servers and 
the network significantly. Gkantsidis et a1 [4] compares 
the performance of three parallel downloading techniques 
in large scale deployment scenario with simulation. The 
latter has shown via simulations that by introducing many 
simultaneous parallel downloading clients in the network 
other clients experience degradation of performance. . 

3 ParalIelized File Transfer Protocol (P- 

The details of the P-FTP approach are published in 
[S, 71. In this section, we present a brief overview of this 
approach. Interested readers can refer to [S, 71 for further 
details. 

The P-FTP approach invoIves having a special P-FTP 
server running within the client’s Autonomous System 
(AS). This server is capable of communicating with the 
file servers located anywhere in the Internet and of mea- 
suring network parameters. As opposed to traditional FTP, 
P-FTP client first contacts the P-FTP server when a par- 
ticular file is to be downloaded. The P-FTP server then 
selects a set of suitable file servers from which the file can 
be downloaded in parallel. This information is sent back 
to the client which then initiates parallel file transfer ses- 
sions. In addition to this, the P-FTP server also sends a list 
of backup file servers that will be contacted by the client 
if there is congestion in the network or some particular file 
server stows down. This makes our technique capable of 
dynamically adapting to the changing network conditions. 

The P-FTP system selects the file severs based on their 
utilization and the network path quality. A server’s utiliza- 
tion depends on the server load, which includes its CPU 

FTP) 
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and memory utilization. The path quality is determined 
by such parameters as available bandwidth, round trip 
time and packet dropping probability. However any other 
network-related characteristic can be used. A database of 
these parameters is maintained and regularly updated in or- 
der to improve the P-FTP server's response time. All avail- 
able servers are ranked based.on these parameters. The P- 
FTF' server selects a subset of these file servers for the file 
transfer. The selection limitation is the available bandwidth 
between the client and its Internet gateway. A number of 
file servers are selected in such a way that the aggregate 
P-FTP flow does not produce congestion at the clients ac- 
cess link. Given this information, the P-FTP server deter- 
mines the respective file portions that can be loaded from 
the selected file servers. This information is then sent to 
the client. 

The client is able to dynamically adapt to changing net- 
work conditions. We focus on two such conditions: con- 
gested common links and the file server's throughput. Our 
client can detect servers that are sharing a common con- 
gested link on their path to the client. The connections to 
such servers are terminated upon successful detection' and 
new connections with the backup servers nominated by the 
P-FTP server are initialized. Moreover, the throughput of 
the file servers, relative to themselves, is regularly moni- 
tored to detect low-performing file servers. The file por- 
tions to be downloaded from slow servers is reduced. The 
client starts new sessions with the backup servers to down- 
load the remaining file portions. 

The P-mP approach has been tested on the Internet us- 
ing the Planet-Lab infrastructure 111 and the results are pre- 
sented in [SI. The empirical results show at least 50% 
improvement in download time when compared to a tra- 
ditional file-transfer approach. Moreover, download time 
measured with the P-FTP approach shows significantly less 
standard deviation than download time measured with a 
traditional single server file transfer approach. The small 
standard deviation of download time for the P-FTP ap- 
proach is another advantage of the approach which enables 
files to be downloaded in a predictable range of time. 

4 Large Scale Deployment of P-FTP 
As discussed in the earlier section, the implementation 

results of the P-FTP approach show significant improve- 
ment in terms of the download time for the P-FTP clients. 
However, it is important to note that these results were col- 
lected from the perspective of a single client. The nat- 
ural question that follows is whether one would expect 
simiIar performance improvements if a large number of 
ciients were downloading files using P-FTP. Another is- 
sue that needs to be addressed before P-FTP can be widely 
deployed on the Internet is the effect of P-FTP on other 
clients not using this approach. It is of paramount impor- 

tance that the large user base of P-FTP clients does not 
affect the performance of other clients who are download- 
ing files using the traditional single client approach. Our 
main goal in this paper is to answer these questions and 
to highlight the fact that P-FlT can indeed be suitably de- 
ployed on a large scale in the Internet.' To this end, we have 
carried out a rigorous set of simulations and analyzed the 
results. However, before we present the simulation andy- 
sis, we first discuss some of the important features of the 
P-FTP approach, which we believe are the key factors that 
make it suitable for large scale Internet deployment: 

1. The P-FTP server selects the most suitable file-servers 
for the clients at the time of the request. The size 
of file portion downloaded from each server depends 
upon the network characteristics of its path to the re- 
questing client. Hence, the most responsive servers 
are selected for file transfer and larger file portions 
are downloaded from the server with more resources. 

2. In case of heavy demand for any file in a small time in- 
terval, the P-FTP server tries to distribute load among 
different set of file servers. In that case the servers 
with less available resources are also nominated for 
file transfers. 

3. The clients access link is usuaIly the bottleneck for 
the complete path between the client and the servers. 
Hence, minimum number of parallel sessions are 
started by the P-FTP client depending upon the avail- 
able bandwidth at its access link. The P-FTP clients 
with very small access bandwidth download all files 
from a single server. 

4. In case of congestion the number of parallel file trans- 
fer sessions are reduced to ease congestion. 

5 .  The P-FTP approach is suitable and recommended for 
large files only. 

5 Analysis and Simulation Results 
In this section, we study with the help of simulations, 

the effect on the network, file-servers and the clients when 
a large number of P-FTP clients are present in the network. 
Ideally, we would have liked to perform Internet experi- 
ments similar to the ones conducted in [SI using PlanetLab. 
We are interested, however, in considering scenarios with 
large number of clients and we also desire to provide more 
control and repeatability than would be possible using In- 
ternet experiments. We have, therefore, conducted a set of 
ns-2 simulations as described beIow. 
5.1 Simulation Topology 

A network topology consisting of 100 routers and 10 
file-servers was generated with Boston University Repre- 
sentative Internet Topology Generator (BRITE) [ 181. The 
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