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Abstract—Applications based on peer-to-peer systems are
oblivious to the underlying Internet topology. Chaotic connections
between peers generate a large amount of traffic crossing
carriers’ borders, causing growth of operators’ costs and have
negative influence on performance (increased download time).

In this paper, Yukka method is proposed to improve per-
formance by localizing traffic on the basis of the operator
and autonomous system related information. YukkaPlugin, an
implementation of the Yukka method in one of the BitTorrent
clients, uses for illustration RIPE NCC database responses
mapping each IP address within Europe into an ISP network
and country. The YukkaPlugin favors peers which are localized
in an area close to a user. Applying the Yukka method results in
shorter completion times achieved by an end-user.

Index Terms—Autonomous System (AS), BitTorrent, download
time, inter-domain traffic, peer-to-peer (P2P) systems.

I. INTRODUCTION

According to a current research study [1], peer-to-peer
(P2P)-related load represents approximately 45-70% of the
Internet traffic. What was first intended to be fun, that is a tool
for file-sharing applications (Napster, Gnutella, BitTorrent),
has now become an important branch of networking, related to
generation of potenially large income. Such systems are known
as overlay networks, forming its application-layer topology,
frequently unaware of the underlying IP topology. P2P file-
sharing systems are only one group of such networks. Others
include multimedia streaming (SopCast), anonymous routing
(Tor), or even Content Distribution Networks (CDNs, e.g.,
Akamai).

The unawareness of the underlying IP network related to
P2P systems causes inoptimality of traffic flows in operators’
networks [2], and is also responsible for undesirable inter-
domain (inter-carrier) traffic generating large costs. Addition-
ally, random connectivity observed in those networks is sub-
optimal in the sense of the performance (download/completion
time) that could be improved if P2P clients are connected
having knowledge of their distance, network characteristics,
geographical or networking localization. It was shown for
the Gnutella network that only 2-5% of existing connections
is formed within the same operator (ISP, Internet Service
Provider), although 40% of users are located inside 10 largest
ISPs [3]. There is much space for optimization.

Operators have given up using unfriendly methods of
limiting P2P traffic and even start to cooperate with P2P
application developers to improve their operation. The main
current research trend related to this problem is to focus on the

localization/optimization of traffic in P2P systems. It consists
in an intelligent choice of application layer neighbors taking
into account underlying IP conditions in the network layer.
It matches topological proximity or operators policies (e.g.,
considering mutual operators’ agreements) with the virtual
links of P2P overlay networks. It is envisaged that at least two
of involved parts interesting of this situation will be satisfied,
that is: operators and P2P clients.

In this paper, we propose a method to localize traffic,
where intervention from the operator’s side is possible though
not necessary, but modification of the P2P application is
required. We take the user’s perspective and focus mainly
on its gain, i.e., the improvement of the download time.
From this standpoint, localization of peers enables potential
improvement of the transfer througput. This stems from the
fact that connections between less distant nodes are less likely
to be prone to congestions and delays. From this viewpoint
it would be useful to choose peers from the same Local
Area Network, then, from the same Autonomous System
(AS), and, finally, the domain (group of ASes owned by
the same operator) assuming that all those groups are in a
relative topological proximity. Yukka, the proposed method,
involves connections with the authority that gives a necessary
information: it localizes the IP address by querying RIPE
NCC (Réseaux IP Européens Network Coordination Centre,
http://www.ripe.net) database. On the basis of the responses,
Yukka assigns an IP address to the related carrier and country.

We focus on BitTorrent, a protocol for file sharing, used for
finding peers that store content searched by an interested user.
It uses a central server, tracker, that is unique for a selected
shared content (identified by a hash number). It is found
owing to a short . torrent file (usually available by WWW),
identified with the shared content to simplify terminology.
Each . torrent file defines an independent overlay network,
known as a swarm. A tracker is responsible for informing a
peer what are IP addresses (and opened transport layer ports)
of other peers having the content associated with a selected
.torrent. For one query, some random group of such peers
is sent to the user. Then, the peers connect and share infor-
mation on fragments of the content they have. As BitTorrent
clients cannot have active uploading connections to all peers
in a swarm, they actively use only a small number of such
connections, where most of them is decided on the basis of
the tit-for-tat strategy where data is sent to those peers, which
offer the best download rate to the local peer. It is also possible



to find more attractive peers to optimize the download, but
this is decided randomly (optimistic unchoking). Localization
methods related to BitTorrent are focused on modification of
this random behavior to suggest potentially attractive peers.

The next section presents the bibliography background for
the problem. Section III introduces the core mechanism of
the proximity seeking in the Yukka method. Next, Section IV
gives details on how it is implemented in the networking
environment. Section V focuses on the performed experiments
that show that the proposed solution, yet very simple, can be
useful. The last section summarizes our approach and details
our concepts on further research.

II. PREVIOUS WORK

A survey on works related to the choice of optimal peers
from the viewpoint of the P2P nodes is presented in [4]. The
earliest reasearch on locality was related to a specific overlay
topology formation and operation due to the proximity-related
data, especialy for structured overlays [5] like for instance
popularly studied Pastry [6]. A solution based on the longest IP
prefix matching was also proposed [7]. A similar but broader
idea, called a biased neighbor selection [8] with a modified
trackers, consists in choosing as many peers connected to the
same ISP as possible. On the other hand, [9] proposes to gain
the information that can improve the overlay formation on the
basis of a DNS (Domain Name Service) lookup correlated with
global CDN information. As clients connect CDN nodes on the
basis of topologically and geographically optimized distance, it
is likely that the peer nodes that would choose the same CDN
node are also closely located. This method neither needs to
modify trackers nor requires cooperation with an operator. It
is realized using a commonly available service (DNS) needing
instalation of a plug-in to Vuze, a BitTorrent client application.

The second large set of approaches is based on a strict
cooperation between ISPs and overlay networks [10]. Two
groups of solutions can be found here, that is locality aware-
ness and network caching [2]. While the latter method can be
performed by an operator alone, the former is done by peers
with the carrier cooperation. Aggarwal et al. [11]! propose
introduction of ‘oracle,” an ISP-owned facility that will provide
overlay client with information that helps to localize P2P-
based traffic. A similar approach, yet more grounded in the
BitTorrent concept is known as P4P [12], where the usage of a
specialized tracker provided for each AS is proposed. A work-
ing group Application-Layer Traffic Optimization (ALTO),
gathering carriers and software companies, has been created
within IETF to consume the efforts performed so far and to
prepare a protocol that can be used between peer nodes and
operator facilities [13]. For those methods we can obtain a
better peer selection accuracy (because operator has usually
a wider knownledge of network topology). However, they
require additional ISPs’ effort.

' They mention a possibility of using a method for localizing peers similar
to our idea, but it is not evolved as the option is apparently treated as a
temporary solution before ISPs can offer specialized services determining to
which AS a selected peer is connected.

The method presented below is a trade-off of those two
approaches. Localization is done on the peer’s side, without
involving ISP and using a more accurate database provided
by RIR (Regional Internet Registry). For better results, oper-
ator can arrange a simple server, which speeds up the peer
introducing process.

III. YUKKA: GENERAL IDEA

As most of trackers generate their responses as a randomly
chosen subset of peers cooperating in a swarm, each peer can
obtain a list of IP addresses (with ports) spread around the
world. Unlike other oracle-like proposals, our method does not
require to modify existing BitTorrent infrastructure. Instead, a
new optional facility YukkaTracker is introduced. It applies
a biased neighbor selection technique. However, the Yukka
method can also work without this facility.

A peer exploiting the method, called here a YukkaUser,
performs localization of each neighbor IP address (sent by
a tracker) to determine if a particular peer exists in a close
area. The localization employs whois protocol offered by
RIR related to a particular region of the world, e.g., RIPE NCC
in Europe or ARIN in North America. Based on information
provided by the RIR database (country, netname, description
and maintained_by fields) the method estimates how far a peer
with a given IP address is. This is performed by computing
the simzelarity value. Algorithm 1 presents how the similarity
value is calculated for users A and B. RfU denotes the value
of field f of the RIR response corresponding to the IP address
of user U.

Algorithm 1: Yukka calculation of similarity

stmilarity «— 0;

: A _ pB A _ pB

if Rdf;scription o Rdescription or Rnemame - Rnemame then
| simuelarity «— 1;

else if R7! =RE then

. “ma in{a inted_by ‘maintainted_by
| similarity < 0.75;

. A _ pB

else lf Rc‘oun{ry - Rcountr’y

| similarity «— 0.5;

then

Each YukkaUser assigns other peers into one of the follow-
ing three groups:

1) littleYukka, if similarity is smaller than 0.5,

2) middleYukka, if similarity is in the range [0.5,0.75],

3) bigYukka, if similarity is greater than 0.75.

littleYukkas are long-distance peers, therefore, they are not
recommended candidates to exchange data. To ensure that the
Yukka method does not adversely affect the download speed,
we let P2P application to contact with them on the native
manner. On the other hand, connections with middleYukkas
and bigYukkas are desired. Hence, Yukka strives to encourage
a user to choose such peers.

Having a small study on geographical localization of mem-
bers obtained from a typical tracker response, we realized
that the average probability that a given peer in a typical
swarm comes from the same country (Poland, here) is quite



small (less than 0.1%). The most popular shared files are
related to swarms consisting of thousands of users spread
around the world. Then, to increase probability of finding local
users, we propose an optional facility known as YukkaTracker.
It performs recurrent tracker queries to browse all peer IP
addresses in a swarm on behalf of its clients, enabling to pick
the most interesting candidates.

YukkaTracker keeps all peer addresses whose similarity
is not less than 0.5. Note that this similarity is calculated
from the YukkaTracker viewpoint, therefore to be useful for
a YukkaUser, it must be located as close as possible to
the YukkaTracker. According to our approach, this facility
should be hosted by ISPs to let its client to receive closest
peer addresses. IP addresses of YukkaTrackers can be ob-
tained for instance, with DNS lookups related to hostname
tracker. Yukkatracker.com.

IV. YUKKA: PRACTICAL IMPLEMENTATION

A practical implementation of Yukka is developed as a Java-
written plug-in to Vuze application to extend its native opera-
tion. YukkaPlugin, a plug-in dedicated for YukkaUsers, consists
of 3000 lines of code. YukkaTracker’s plug-in, called a Yukka-
TrackerPlugin, contains 2000 lines of code. Current version
of the both is available at http://bartosz.polaczyk.com/Yukka.
Now, those plug-ins are aimed for European users as they work
for IP addresses administrated by RIPE NCC. YukkaPlugin and
YukkaTrackerPlugin query the RIR database with IP addresses
obtained from trackers related to the downloaded contents.
Afterwards, once they get new peer addresses, they consult
RIPE NCC again. One may expect that working with small
swarms may cause redundancy of queries. For this purpose,
we introduced a cache storing last 1000 RIR responses.

Once YukkaPlugin finds a user with a high similarity, it
attempts to connect to it as frequently as possible. Its IP ad-
dress is marked as desired and enabled in a favoritism process.
It consists in two actions. 1. In the case of a failed handshake
process, the process tries to connect twice with such a peer in
next 5 minutes. 2. It attempts to replace inefficient connections
(apparently long-distance ones with poor download speeds) by
connections with desired peers.

Unlike in the case of the native functionality, where each
peer has to announce a Vuze-based tracker to be useful, our
YukkaTracker can query other trackers to search on-line peers
in the entire swarm. Every 10 seconds it queries the tracker and
requests for maximum 50 peer addresses. To determine if a
particular peer is placed in proximity, a localization procedure
is the same as in the case of a YukkaPlugin, i.e., Algorithm 1
is applied. Due to the fact that no connection with peers is
involved, YukkaTracker assumes that peers whose addresses
are not sent by the original tracker during last 60 minutes
have gone off-line (left the swarm). Querying the original
tracker and finding peers is known here as Peer Finding.
YukkaUser has two methods to obtain addresses stored at the
YukkaTracker. Firstly, it can open a TCP connection (port
8345) or simply contact the tracker in a traditional way. Such
two options for interfaces facilitate BitTorrent clients which
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Fig. 1. YukkaUser-YukkaTracker communication scheme.

do not implement Vuze’s YukkaPlugin localization method, to
also benefit from the YukkaTracker’s feature. The TCP com-
munication scheme between a YukkaUser and a YukkaTracker
is presented in Fig. 1. In the beginning, YukkaUser initiates a
TCP connection and sends Yukka Request message (1), which
contains only a hash value of a given file. In case when the
YukkaTracker has already registered this file (and is performing
the Peer Finding process for it), it replies with a list of local
peer addresses via Yukka Response message (2). Otherwise,
the YukkaTracker asks for a .torrent file (3) and after
receives it (4), automatically adds given .torrent into the
tracker list. The amount of data that has to be transferred
to determine a peer’s proximity on the YukkaUser’s side is
negligible. By default, the Vuze application asks a tracker
for maximum 50 addresses and the interval between two
announcements is usually longer than 20 minutes. Generally,
the whois response is about 1KB, so each downloaded
file generates up to 150KB of signaling traffic per hour. To
investigate if YukkaTracker requires much more bandwidth, we
examined a swarm with a large amount of users (more than
5000) logging the signalling traffic with the RIR database. It
appeared that such a swarm generates 170 KB of upstream and
10 MB of downstream overhead per day.

V. EXPERIMENTAL STUDY

The benefit of the Yukka method can be twofold: it reduces
the average download time experienced by an end-user and
may decrease the inter-ISP traffic, too. In our empirical tests
we focused on the first feature, as we are able to study
experimentally the client’s perspective only. We believe that
enabling benefits for customers is the only way to make
the proposed approach popular in the real life. Each alleged
improvement of the P2P protocol, which adversely impacts
the user’s performance relieving on the ISP’s revenue, could
be useless due to the fact, that no client is interested in
applying it. In this section, we present results demonstrating
the effectiveness of the Yukka method in a real BitTorrent
network.

A. Experiment Environment

To determine the Yukka’s impact on the average completion
time, we examined different data downloads in two scenarios:



TABLE I
DATA ON TESTED DOWNLOADED FILES

Average swarm size

File type File size (number of peers)
MP3 file (one song) 6MB 2005
Entire music album 186 MB 1560
Disc image of
an operating system (OS) 700 MB s
IEZ 25% |~ -
2235 20% .
£ gz
585 15% - s
58 & 109
g8 g 10% - .
S0 5%l |
<= £
ISP, (2 Mbit/s) ISP, (1 Mbit/s) ISP5 (6 Mbit/s)

Internet Service Provider with the offered download access speed

Fig. 2. Mean improvement of Yukka method for three different Internet
service providers.

1. with a native Vuze operation, and 2. enabling YukkaPlugin.
To compare the native- and Yukka-based completion times we
introduce the improvement parameter [y defined as follows:

tn —ty
tny + 1ty

tn —ty
Iy = 459 =2
2

where ¢y is a native completion time and ¢y is a Yukka
completion time.

A real overlay network is difficult to represent in a labo-
ratory: it contains users behind Network Address Translation,
firewalls and spread throughout the whole world with con-
gested networks, etc. Therefore, we decided to perform exper-
iments on existing swarms with real peers. To study the impact
of different ISPs, we launched tests using Internet access from
selected three operators offering services in Krakéw. In our
experiment we used three types of downloaded files, shown
in Table I. The entire volume of the transferred data in tests
equals 33 GB. It was obtained from 360 separate downloads.
Below, only a fragment of results is presented. The remainder
can be found at http://bartosz.polaczyk.com/Yukka.

B. Impact of an Internet Service Provider

The plug-in was tested while the client used separately
access connections to three different Krakow’s ISPs. We do
not reveal their names, but call them ISP; (an international
operator), ISP, (operating in the Krakéw area only), and ISP;
(a country operator). In Fig. 2 we present the improvement of
the Yukka method depending on three ISPs’ connections.

Firstly, we can observe that there is a considerable dif-
ference of the Yukka effectiveness between ISP; and two
other ISPs. To find the cause, we tested the connections with
the BitTorrent blocking detector [14]. Positive results of the
tests confirm that ISP, throttles BitTorrent traffic (for more
than 90%) when it crosses its network or country (we cannot
distinguish it) borders. In this case, the Yukka method has
a great potential to present its positive performance impact.

Average difference
in download time with

the usage of Yukka, Iy

| | |
MP3 (6 MB) Album (186 MB) 0S (700 MB)

Size of a file

Fig. 3. Mean improvement of Yukka method for three types of file size.

Thus, using the ISP; Internet access connection, the Yukka
method results in 25% completion time reduction. Contrary
to ISPy, ISP, and ISP3 do not tamper with BitTorrent traffic,
therefore, the average improvement is not so high, however,
still oscillates around 2-4%. Furthermore, we noticed that
with the slowest connections (ISP,, 1 Mbit/s) a Vuze client
often achieves the maximum transfer rate independently of the
Yukka usage, thus a potential gain of the proposed method is
limited by the access bandwidth.

C. Impact of a Downloaded File Size

To estimate an impact of the downloaded file size, we chose
to use Internet access offered by ISP, (the least benefical
case) and examined three different files with various data sizes
presented in Table 1. The difference of the dowload time (Iy)
for the Yukka method is presented in Fig. 3. The negative
value means that in fact we did not observe the improvement,
but the deterioration.

It is obvious, that in the case of short downloading times
(related to small downloaded files), the Yukka method achieves
worse results. The YukkaPlugin announces YukkaTracker for
the first time after 60 seconds, thus the remaining time, when
Yukka takes benefit of localization is negligible in com-
parison to entire completion time. Additonally, determina-
tion of peers proximity utilizes some bandwidth. Moreover,
YukkaPlugin determines peers proximity immediately after
tracker’s announcement—only after completion of this pro-
cess, it passes tracker’s response to Vuze. At last, each peer has
to be located before being introduced in Vuze, what in cases
of long RIR database responses can give a negative effect.
Those drawbacks are visible and express their malice only
while downloading small files. For longer downloading times,
the Yukka method seems to be dominating, thus we observe
a positive improvement with larger data sizes.

D. Number of Local Users

To demonstrate how the number of local users affects
the Yukka’s effectiveness, we observed the download time
difference over the 10 hour long test for downloading the MP3
file (again, the least benefical case, yet the largest swarm).
Fig. 4(a) presents a graph of the temporary mean for the
completion time. Fig. 4(b) shows the percentage of local
users over a particular time period in the entire swarm. By
analyzing this example, we can see that there is a strong
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Fig. 4. Study of the improvement of the Yukka method downloading
time for a MP3 file. Temporary mean values are calculated on the basis of
measurements from the preceding several points.

correlation between the number of local peers and the Yukka’s
effectiveness on the end-user side. As we can observe, the
single period, when the Yukka method reports a perceivable
gain in comparison to the native client operation is 8.00-
9.00AM. At this time the number of local users achieves its
maximum. On the other hand, the decrease of closely located
users immediately adversely affects the Yukka’s performance.

VI. SUMMARY AND FURTHER RESEARCH

In this paper, we proposed and evaluated benefits of em-
ploying the Yukka localization method in the BitTorrent en-
vironment. To determine if a given IP address is interesting,
the RIR database response is involved. Choice of local users
is beneficial for ISPs and end-users; as well as, implicitly, the
overlay providers, if present. We performed an investigation
of a real implementation for a Vuze client, a YukkaPlugin and
YukkaTrackerPlugin, in the real Internet environment, using an
Internet access connection from three existing ISPs. It shows
that the proposed method results in a shorter completion time
for end users. We can notice that the final benefit strongly
depends on the amount of proximate peers, data size and
ISP’s policies on the P2P traffic. Overall, the Yukka method
achieved 4.31% of the average improvement of completion
time in our studies. Since most of existing approaches are
investigated with simulations or using laboratory networks, it
is difficult to compare obtained results with those achieved
by other researchers. However, in [9] it is reported that the
average download speed increases by 31% (in comparison
to other peers) but the total end user download time is not
estimated. On the other hand, results for P4P reported in [12]
using real (PlanetLab) environment show about 10-20% of the
download time improvement.

Further work can follow many avenues. The improvement of
the software implementation by involving RIR databases other
than RIPE NCC to enable this method to work worldwide, is
necessary. Moreover, a distributed service of the YukkaTracker,
where responsibilities of querying an original tracker can be
passed to a selected user, picked by a specialized algorithm,
can be developed. On the other hand, estimates how the
Yukka method affects the inter-ISP traffic reduction should
be performed. One may say that the results presented in the
numerical section are achieved due to a larger number of
all introduced peers for the Vuze client (YukkaUser utilizes
addresses provided by original tracker and, in addition, from
YukkaTracker). To investigate this issue, we envisage compar-
ison of our results to the ones obtained on the basis of the
scenario when the YukkaTracker keeps the same number of
peers but the peer picking involves random selection.
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