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Abstract

The paralielized file transfer protocol (P-FTP} is a
novel network resource aware parallel technique for im-
proving file transfer performance on the Interner. Be-
fore starting the parallel file transfer sessions, it consid-
ers the available resources in the network {(available band-
width) and at the file servers (memory and CPU utiliza-
tion). The client dynamically changes the file portions be-
ing downloaded from different file servers by monitoring
the FTP flows and detecting slow servers and congested
links. Early experimentation on Planet-Lab [1] for a sin-
gle P-FTP client suggests that the download time can be
reduced by more than 50% for large files. 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. We find
that, by virtue of its self-tuning capability, P-FTP contin-
ues to exhibit improved performance even with many si-
multaneous clients. Our results also demonstrate that in-
troducing a large number of P-FTP users has no adverse
gffect on the performance perceived by users of the tra-
ditional single server file transfer. We attribute this im-
provement to the fact that P-FTP dynamically adapts the
parallel sessions in response to changes in network state

and server resources. This illustrates that P-FTP is highly -

scalable and is hence suitable for widespread deployment
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 [2]. 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, 6]. All these
approaches assume the presence of multiple mirror servers
with replicated content. The downlead time can be signifi-
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 paraliel download-
ing techniques have raise concerns among a group of re-
searchers who believe that large deployment 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 dve 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 {7], 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 paralfel use of available 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 conditicns of the servers and the net-
work during the file transfers. We claim that duve to the
consideration of these issues, the large scale deployment
of the P-FTP technique is practical and scalable. More-
over, all P-FIP clients enjoy better performance and will
not influence other clients who are not using this approach.

Authorized licensed use limited to: IEEE Xplore. Downloaded on October 30, 2008 at 00:19 from IEEE Xplore. Restrictions apply.



In our prior work [7, 8], we have demonstrated that P-
FTP shows significant improvement in terms of download
time for a single P-FTP client. 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:

o The study shows that even with a large number of si-
multanecus P-FTP 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.

o The paper also presents convincing evidence that if a
large number of users are downloading files using P-
FTF, 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 is 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 snitable 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 numercus approaches that use the idea of
multiple simultaneous connections to reduce the download
time for large files. A few approaches that use the client-
server paradigm are ([14], [6] and {5]). 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 [11]), 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, [t 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 support 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 (P2P) applications ([12], [13], [16]
and [17]) 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 on 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
al [3] presents analytical and simulation results to show
that parallel downloading approaches impact servers and
the network significantly. Gkantsidis et al [4] compares
the performance of three parallel downloading technigues
in large scale deployment scenario with simulation. The
latter has shown via simulations that by introducing many
simultaneous paralle! downloading clients in the network
other clients experience degradation of performance. .

3 Parallelized File Transfer Protocol (P-
FTP)

The details of the P-FTP approach are published in
[8, 7]. In this section, we present a brief overview of this
approach. Interested readers can refer to [8, 7] for further
details.

The P-FTP approach involves 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 slows 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
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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-
FTP 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-FTP approach has been tested on the Internet us-
ing the Planet-Lab infrastructure [1] and the results are pre-
sented in [8]. 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
similar performance improvements if a large number of
clients 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-
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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. Qur
main goal in this paper is to answer these questions and
to highlight the fact that P-FTP 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 analy-
sis, we first discuss some of the important featres 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.

. Incase 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.

. The clients access link is usually 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 ail files
from a single server.

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

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

§ 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 [8] 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 below.
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) [18]. The
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file servers, the clients and the P-FTP server were con-
nected to a randomly chosen router. The clients connect
to the file servers using the Full-TCP model of ns-2. Back-
ground load was introduced into the network using on/off

UDP flows at random paths of the network. The simula-
" tions were conducted with three different number of clients
depicting three level of load in the network; 1} 100 clients
as low load, 2) 200 clients as medium load, and 3) 300
clients as high load. All the results were collected at steady
state and average values are shown in the results.
5.2 Simulation Methodology

In our experiments we compare the download delays
perceived by clients that use the following two download
techniques:

1. The Single Download technique (SDT) clients down-
load files using TCP/IP protocol sunit from a single
file-server. Two approaches were used to select the
file-server for SDT file transfers, the random selec-
tion (SDT-R} and the selection of the geographically
closest server (SDT-L) from the client.

. The P-FTP clients send a request to the P-FTP server
before starting the file download process. On receiv-
ing the request, the P-FTP server calculate the file por-
tion values for the selected file-servers on the basis of
the information maintained in the database. During
simulations, the database only consisted of informa-
tion about end to end delay between the clients and
the file servers. The file server utilization information
was not available during the empirical evaluation of
the P-FTP approach [8]). Hence, to keep the simula-
tion scenario close to the real world experience, we
did not consider file server utilization during the se-
lection process of the file servers. However, by in-
cluding this information the file server selection pro-
cess would be improved and the download time for the
P-FTP clients would reduce further. New monitoring
agents were designed for NS-2 to measure the end-to-
end delay between the file servers and the clients at
predefined intervals. The file download time for the
P-FTP clients was measured from the instance the re-
quest was sent to the P-FTP server to the instance the
complete file was received at the client. This is to in-
corporate the delay due to the message passing among
P-FTP server and the clients in file download.

The inter-arrival time between the file transfer requests
were chosen randomly for every request of each client. For
accurate comparison of the download techniques, it is very
important that the behavior of the clients is independent of
the approach being used for file transfer. As a result, the
request inter-arrival time is kept independent of the down-
load technique and the download delay.
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5.3 The Effect of Increasing Load

The first set of experiments were conducted to mea-
sure the file download time for the P-FTP and SDT clients
for low, medium and high load. During simulations both
clients randomly chose a file size between 1-10 MBytes
to download. Figures !, 2 and 3 show the file download
time for different files for the P-FITP and SDT approaches
under different load conditions. Under all type of loads the
download time for the P-FTP clients is much lower than the
download time for both type of the SDT clients. One can
readily see that the difference in download time increases
with the file size. The results show that the P-FTP approach
is more effective than any of the SDT approaches. More-
over, the P-FTP approach reduced the download delay of
the large files more significantly than the small files. The
download time for SDT-L and SDT-R was almost same for
all load types with SDT-L always performing a bit better.

The load increase influences the performance of both
the approaches. To study this effect in greater detail, we
calculate the percentage increase in download time for P-
FTP and SDT-L approaches when number of users were
increased from 100 te 200 and 300 respectively. The re-
sults are shown in figure 4. The base value for the calcu-
lations was the download time of the respective approach
with 100 users. Figure 4 shows that the impact of the load
on both approaches was almost similar. Figure 5 shows
the mean percentage increase in the download time for the
P-FTP, SDT-L and SDT-R approaches. The mean increase
in download delay for SDT-L and P-FTP for medium and
high loads (200 and 300) was almost the same. This in-
dicates that an increase in load degrades the performance
of both the approaches in a similar manner. The mean in-
crease in delay of the SDT-R approach was higher for 300
users. This is possibly due to the fact that the randomly
selected server in this approach could be geographically
distant from the client and under high load this could in-
crease the download time considerably. 1t is important
to point out that the performance degradation of the P-FTP
approach with increase in load is similar to what one would
expect with any other application in a similar scenario. The
effect of load increase on the P-FTP approach is not a dis-
advantage of its large scale deployment but is the inherent
behavior of any application. Any application would exhibit
a similar trend, i.e., the waiting time would increase with
an increase in load. It is especially important to highlight
the fact that the increase in download time with P-FTP is
not an exponential function of the load, but is rather some
form of linear function. This implies that the saturation
effect is not as severe and hence indicates that P-FTP is ac-
tually quite scalable. This set of experiments also convinc-
ingly shows that the performance of the P-FTP clients is
significantly better than the traditional file transfer clients,
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even when large number of users adopt the respective ap-
proach. Thus, P-FTP is highly scalable and suitable for
large scale Internet deployment,

5.4 The Number of File Transfer Sessions in the
Network

The total number of file transfer sessions in the network
were counted at different instances of time during the sim-
ulations described in previous section. The network con-
nections were counted by summing the TCP sessions at all
file servers. The average number of connections were cal-
culated for every ten second interval. Figures 6, 7 and 8
show the average number of connections in the network
for low, medium and high load for the P-FTP and SDT-
L approaches. The figures show that the average num-
ber of file transfer sessions were almost the same for both
the approaches at different loads. The P-FIP clients ini-
tiated more file transfer sessions but the duration of these
sessions were shorter than the sessions initiated by SDT
clients. Hence, the average number of connections in the
network remained same. However, for P-FTP the number
of connections fluctuated more than that for SDT-L.

It is important to emphasize that the P-FTP approach
calculates the optimal number of parallel sessions for a file
download on the basis of the bandwidth of the access link
which connects the client network to the global Internet.
This is due to the fact that the access link is almost always
the bottleneck link along the end-to-end paths between the
client and the file servers. Increasing the number of paral-
lel sessions beyond the optimal value does not decrease the
download delay. In fact, this increase can have a detrimen-
tal effect on the performance since it increase the number
of connections in the network and at the file servers, The
P-FTP approach, hence, minimizes the number of parallel
file transfer sessions. As a result, the average number of
file transfer sessions started by the P-FTP clients are al-
most always equal to the number of connections initiated
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by the same number of traditional clients.

5.5 The Effect on File-Servers and Other Users

The P-FTP approach is based on the initiation of mul-
tiple file transfer sessions by the clients to accelerate the
download process. In other words, the P-FTP clients initi-
ate more short file transfer sessions as compared to a single
long file transfer session by the traditional clients. Hence,
there are more connection initiation requests handled by
the file servers when users use the P-FTP approach. In this
set of simulations we intend to study the effect of P-FTP
on the file-servers. We also investigate if there is any per-
formance degradation observed by users of traditional file
transfer when a large number of P-FTP clients are simulta-
neously downloading files. For the latter set of experiments
we use real data obtained from the logs of FTP transfers.

The processing time of the file transfer initiation request
at the FTP server was calculated on a Pentium 3 machine
with 256 MBytes RAM. The processing time was the time
from the instance the file server received the request to the
instance the server started sending the data to the client.
This included the time required for TCP session establish-
ment, FTP session establishment, change of directory re-
quested by client (if applicable) and the disk seek time
for the position-in file from where data needs to be sent
to the client. A Pure-FTP server implementation {10] was
installed on the test machine, Multiple P-FTP clients re-
quested for random portions of different files from the FTP
server. The processing time of 50,000 requests was cal-
culated. The average processing time for a single request
was 50 msec. The effect of already established FTP con-
nections on the overall response time of the request was

- also studied by sending different number of simultaneous
requests to the server. For every connected client the pro-
cessing cost increased by approximately 2-3 msec. The
difference in processing time of a P-FTP request from that
of a SDT request is due to different number of already es-

tions {Medium load}
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tions (High load}

tablished connections at the file servers in each case. In
case of all P-FTP clients the number of connections in the
network and at the file server are more than the case of all
SDT clients. Figure 8 shows that the maximum number of
simultaneous connections for P-FTP was 85 for high load
and that for SDT was 55. On average each of the ten file
servers have 3 more connection in case of P-FTP, which
adds a delay of 6-9 msec to the processing time of the P-
FTP request as compared to the SDT request. However,
one can readily observe that this small difference in pro-
cessing time does not produce any noticeable impact on
the download time of both approaches discussed in the sec-
tion 5.3. The above mentioned tests show that the P-FTP
approach can produce extra load on the file servers when
large number of clients are using this approach. The excess
load is in the shape of extra file transfer initiation requests
by the clients. If there are large number of P-FTP clients
requesting for new connections to the file servers, the ex-
cessive load can degrade the performance of the file servers
and all the users using those file-servers may get affected.
We have considered this factor and hence, restricted the
P-FTP approach for transfer of large files only as: firstly,
the large files constitute a small ratio of total downloads
on the Internet, and secondly, the download time of large
files is reduced significantly when downloaded with P-FTP.
We have performed some simulations to study the effect of
these factors.

For the study of the file size distribution pattern, we
have studied the logs of all FTP transfers in the school of
Computer Science and Engineering of UNSW
for one week from 1st June 2004 to 7th June 2004. The
total users of the school network are almost 3,500 and the
log files contained information about more than 2,000 FTP
transfers. From those logs we were able to come up with
the file size and frequency distribution for FTP transfers
for the users of CSE. Figure 9 shows the ratio of file sizes
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transferred with FTP during the first week of June 2004.
The figure shows that less than 10% of the files were larger
than 1 MByte. We consider these files which are greater
than ! MByte as large files and all files smaller than 1
MByte as small files for further discussion.

Simulations were performed for this real world file size
distribution (taken from figure 10) with 300 clients (heavy
load) where only 10% of the files were larger than 1
MByte. The following three cases were used for simula-
tions:

1. Case 1:- All files were downloaded with SDT-L. ap-
proach.

2. Case 2:- All files were downloaded with P-FTP ap-
proach.

3. Case 3:- Large files downloaded with P-FTP and
small files downloaded with SDT-L approach.

The downlcad time measured during simalations for the
.above mentioned three cases is shown in figure 10. By
comparing the results of figure 10, it is clear that:

1. The download time of small files was slightly im-
proved with P-FTP approach as compared to the tra-
ditional approach. When the small files were down-
loaded with P-FTP (ALL P-FTP in figure}, the change
in download time was very smail as compared to
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when they were downloaded with SDT-L (ALL SDT-L
in figure),

. Large files were downloaded in significantly less time
with P-FTP as compared to the traditional approach.
The difference in download time of large files was
significant when downloaded with P-FTP (ALL P-
FTPP-FTP + SDT-L in figure) as compared to the
SDT-L approach.

. If only the large files were downloaded with P-FTP,
the download process of the small files did not get in-
fluenced. The download time of small files was the
same for P-FTP + SDT-L and SDT-L cases. This
shows that the download delay of the large files can
be reduced considerably with P-FTP without affect-
ing other downloads.

From the results of figure 10 it is evident, that by restrict-
ing the P-FTP approach for large files we accomplish two
goals: 1) The burden of extra file transfer session initia-
tions on the file servers is minimized, and 2) the large files
are downloaded in reduced amount of time without affect-
ing the download process of other files.

Therefore, we propose that the P-FTP approach is suit-
able for transfers of such large files. When only the 10% of
the files are downloaded with the P-FTP approach then the
excessive load on the file servers is very low. This small
extra load on the FTP servers, which are usuvally dedicated
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machines, can be justified against the gain in the download
time for the P-FTP clients, Secondly, the P-FTP server tries
to distribute load among different set of file servers during
intense load conditions so the impact on every server is
minimized.

6 Conclusion and Future Work

Parallelized FTP (P-FTP) is a novel network resource
aware parallel downloading technique for improving the
performance of file transfer. This paper addresses im-
portant issues which are related 1o the feasibility of large
scale deployment of the P-FTP approach. A rigorous sim-
ulation based evaluation is presented to highlight the im-
portant properties of P-FTP which make it suitable for
widespread deployment in the Internet. In particular, the
two key features that distinguish P-FTP from other paral-
lelized download schemes are: (i) the network aware selec-
tion of file servers and (ii) its ability to dynamically adapt
to the changing network conditions. We conclusively show
that the download time for P-FTP clients is significantly
lower as compared to traditional clients, even when large
number of simultaneous clients are present in the network.
Secondly. the effect on the network and the file servers is
mimmized due to the self tuning ability of the approach. In
addition, by restricting the use of P-FTP for downloading
large files only, we also show that there is no degradation
in the perceived performance of other clients who are using
the traditional single server file transfer techniques.

As part of our future work, we are currently develop-
ing large-scale experiments for carrying out similar tests
on PlanetlLab. The design of a scalable mechanism for P-
FTP database initialization and maintenance is under way.
Finally, the issues involved in the deployment of P-FTP on
maobile nodes are also being investigated.
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