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Abstract

It has been observed in the past few years that more than 60% of all Internet traffic
is due to by P2P applications. One of the most common protocols is BitTorrent, which
is one of the most effective mechanisms for P2P content distribution. Although
BitTorrent was created for the distribution of time insensitive content, in this work it
is shown that with minimal changes it can support video streaming. There are two
the main reasons that this work is important. First, the ability we have of watching a
video before the complete download of the file, and second, as a consequence of the
first, the possibility to evaluate the quality of the video early and decide if this
particular video is worth spending our time and resources on.

The research was conducted using our full featured and extensible implementation of
BitTorrent for the OMNeT++ simulation environment developed in the Mobile
Multimedia Laboratory of Athens University of Economics and Business. The
implementation includes modifications in the BitTorrent piece selection strategy,
giving higher download priority to pieces that are close to be reproduced by the
player. For this reasonm we had to radically change the original rarest-first BitTorrent
policy. This was achieved by using a sliding window (containing the pieces that are
close to be reproduced by the player), proportional to the file that we download;
within the window, the piece to download is chosen with a variety of techniques.
Whenever a piece does not meet the player’s deadline, we use one of two strategies.
The first is similar to the logic applied in YouTube: when the player finds a piece that
it wants to play but does not have it, it stalls until the piece is downloaded and is
available to the player. The most important metric in this technique is the time that
each user must wait. In the second strategy, when the player finds a missed piece, it
checks how many blocks of the piece have been downloaded and then changes its
operation to examine the type of frame in each block of the piece. If the remaining
blocks are downloaded in time, then the player continues without interruption,
otherwise we calculate the lost blocks as well as their importance. In this technique
we have two metrics; the total missed blocks and the specific blocks missed, as
mapped into frames. Based on these measurements we came up with our results.

Keywords
Peer-to-Peer, BitTorrent, streaming, simulation, OMNeT++, peer, seeder, swarm,

piece, block, swarm, sliding window, high priority set, probability, block loss, missed
blocks, time loss.



NepiAnyn

Ta TeleuTaia xpovia €xel napatnpenBei Nnw¢ navw anod 1o 60% TNnG Kivnong oTo
d1adikTuo opeileTal oTic P2P epapuoyec. Towe To Mo yvwoTO NpwTOKOAAO €ival To
BitTorrent, To onoio €xel €Eehixbei oTov mio anoteAeopaTtikd P2P pnxaviopo vyia
dlapoipacpd apxeiwv. Mapd To yeyovog nwe o okonodg dnuioupyiac Tou egival o
OlauoIpaocuOC apXEiwV, OTNV TPEXOUOd £pyacia KaTapeépApe PE AiyeC aA\ayeG oTo
NPWTOKOAO Tou BitTorrent va To kavoupe va unooTnpi&el kal video streaming. AUo
gival iowg ol onuavTikOTEPOI AOYOl NMou KATI TETOIO €ival APKETA XPNOIKo. MpwTov N
IkavoTnTa va BAEnoupe To video npiv TNV OAOKANPwON TNG ANWNG TOU Kal KATA
OeUTEPOV 0AV GUVEMEIA TOU NpwToU N duvatoTnTa nou pag diveTal gav XpnoTeC av
dev [ag apEoel n noloTnTa Tou video va To anoppiyoups anod Tnv apxn kepdilovtag
£TO1 O NOPOUC kal Xpovo nou Ba xpeialopacTav yia TV Afjwn oAdkAnpou Tou video.

Ma tnv dieEaywyn TnG €peuvac xpnoigonoindnke €va BitTorrent module yia To
nepiBalov npocopoiwong Omnet++, To onoio avanTuxBnke OTO €pyacTnpIo
«Aoupuatwv AIKTUwV Kkal  TMoAupeoikwv  TnAenikoivoviov» Tou  OIKOVOMIKOU
Mavenotnuiou ABnvwv. H ulonoinon nepIAapPBavel TPOMoOMoINOEIG TNV aTPATNYIKN
eMAOYNG KoppaTiwv (pieces) Tou BitTorrent, divovTag PeyaAUTepn NpoTEPAIOTNTA OTA
KOMMATIO €Keiva nou €ival nio KOVTa oTnv avanapaywyn Touc anod Tov player. MNa va
yivel auTtd €npene va €pOoupe o€ avTiBeon Pe TNV NONITIKA Tou rarest — first pe Tnv
onoia AeIToupyei To kKAaoiko BitTorrent. MNa va To NeETUXOUME AUTO XPNOIKOMNOINOAKE
€&va KUMwPEVO napdbupo (TO Onoio MEPIEXEI TA KOVTIVOTEPA OTNV avanapaywyn
KoupaTia), avaloyo Tou PeyEBOUC TOUu apxeiou ANWnG, HEoa anod To oroio EMIAEYETAI
KGBe popda KAMOoIO KOUMATI, HE DIAPOPEG TEXVIKEG. XTA KOMMATIA TA onoia dev EXOuv
ANQPOEi KATA TNV XPOVIKN OTIYHN Nou o player (pTAvel yid va Ta NAiel EpyaoTnKape Pe
OUO TeXVIKEC. H mpwTn TEXVIKA €ival napopold Pe Tn AOYIKr) nou epapupoleTal aTo
youtube kai €xel va Kavel e TO YEYOVOG NwG O player 6Tav QTACEI O€ KAMOIO KOPUATI
TO onoio npénel va naiel aAAa dev eival d1aB€0IPo NepIPEvEl EwG OTou TO {NTOUHEVO
KOUMATI AngBei. Eivar ¢avepd nw¢ €dw Pacikny HETPIKN HAC yid Ta oevapia
NPOCOMOIWONG €ival 0 XPOVOGC MOU XPEiaOTNKE KABE peer TOU OUCTAMATOG Vd
NEPIYEVEL. ZTNV OEUTEPN TEXVIKN KATA TN OIdpKeId nou O1anioTwooUPE Nwc o player
EXEl PTACEI OE KOUPATI TO onoio dev eival diabeaipo, eAEyxoupe nooa blocks anod To
KOMMATI €xouv An@Bei kal n AsiToupyia Tporornoigital Pe Bacn Tnv avTioToixXIon
nAaioiov og block. Av péoa oTo Xpovo nou YIVETal n avanapaywyrn npoAdBoups va
AaBoupe Ta blocks nou unoAsinovrav yia To KOWMATI n AsiTtoupyia Tou player
ouveyileTal xwpic kapia diakonrn evw Oe OIAPOPETIKN MEPINTWON UMNOAOYI(OUME Ta
xapeva blocks kabwc kar Tn onoudaidTNTa TOUC Kal NEPVAUE Kal NMAAI OE KAVOVIKN
AEITOUpPYia. Z€ QUTA TNV TEXVIKA, METPIKA MaAg €ival TO00 TO OUVOAIKO NANBoc Twv
Xapevwv blocks and kabe peer Tou GUOTAPATOG OCO Kal Nola ouykekpipeva blocks
Xxabnkav o€ kABs peer TOU CUOTAKATOC Kal O TI €idn nAaigiwv avTioToixouv. Baoel
aQUTWV TWV PETPIKWY Ba NapouaciacTouVv Ta anoTEAEOHATA TWV NPOCOMOIWTEWY.

AEEEIG KA£1D1G
JuoTnua opoTIYwy, BitTorrent, streaming, npooopoiwon, OMNeT++, XpnoTng,

seeder, swarm, piece, block, swarm, kuAiwpevo napdBupo, high priority set,
probability, block loss, missed blocks, time loss.
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1. Intr ion

In the past few years we have witnessed an explosive growth of the Internet. The
reason for this is the ubiquitous adoption of the TCP/IP protocol stack. This kind of
network simply forwards traffic between pairs of communication end hosts. The
traditional model for content distribution over the Internet was the client-server one,
where information stored in a central server and clients can search for and download
content (e.g. files) from the server. However, in this scheme, the server can become
a single point of failure. To solve these problems, novel p2p decentralized services
were been introduced on the information itself, rather than on the end hosts
providing or consuming it, with BitTorrent being the most well-known of these
services. [15][16]

It has been observed that in recent years more than 60% of all Internet traffic is due
to p2p applications and 27-55% to BitTorrent [2]. From these numbers we can see
the reason that many researchers try to use BitTorrent for multimedia streaming
purposes, despite the fact that BitTorrent was designed in the context of non real-
time exchanges. A lot of proposals for modifications to the BitTorrent protocol exist,
but their simulation based performance evaluation is lacking; simulators do not take
into account the entire protocol stack overhead or retransmissions in the network.

In this work, we aim to address all these issues by presenting a thorough comparison
between three proposed multimedia streaming extensions to BitTorrent (and two
modifications of one extension) with two strategies for dealing with losses, using the
same assumptions and metrics for each protocol based on a detailed packet level
BitTorrent simulator, enhanced with streaming oriented modifications.



2. Classic BitTorrent

2.1. Overview

BitTorrent [1] is a peer-to-peer file sharing protocol used for distributing large
amounts of data and one of the most common protocols for transferring large files. It
has been observed in recent years that more than 60% of all Internet traffic is due
to p2p applications and 27-55% of all Internet traffic is due to Bittorrent. [2]

The benefits of using BitTorrent are many. First, users can distribute large amounts
of data without the heavy demands on their computers that would be needed for
standard Internet hosting. Second, we can achieve bandwidth scalability through the
operation of BitTorrent, thus overcoming the bandwidth limitations of keeping the file
in a server.

Each user can distribute files via BitTorrent, as it plays the role of a file-provider
when it makes a file available to the network. This user is called seeder and the
other users who download from the seeder are the peers. Initially the peers take any
piece that the seeder gives them (that is, a random piece) and after that BitTorrent
allows peers to become a source for the pieces they have. In this manner, each user
will download the file successfully. After that, the peer is able to shift roles and
become an additional seeder, thus helping the overall *health’ of the file.

2.2. Operation

BitTorrent clients like KTorrent, uTorrent, rTorrent are examples of programs that
implements the Bittorent protocol in which we can prepare, request, and transmit
any type of computer file over a network. A peer is any computer running an
instance of a client. There are two main differences between BitTorrent and
centralized solutions:

o BitTorrent makes data requests over multiple TCP connections to different
machines, while in centralized solutions data transfer is typically made via a
single TCP connection to a single machine (server).

o In centralized solutions we download the file sequentially, while in BitTorrent
we download pieces through the rarest-first [11] approach.

These differences allow BitTorrent to achieve much lower costs for the content
provider, much higher redundancy, and much greater resistance to abuse or “flash
crowds” than regular server software. However, while in centralized solutions we can
rise to full speed very quickly (if the network is not overloaded), in BitTorrent we
cannot achieve full speed quickly, because of the TCP connections that must be
established with the other peers so that the client can receive and upload data to
other peers. In addition, a peer will experience the best download speed when it has
a lot of pieces (especially rare pieces) so that it can be an effective uploader.

The most intelligent approach that makes BitTorrent a ‘strong’ program is its ability
to resist the free-rider phenomenon, in which some peers want only to download
pieces without uploading to other users. To make this feasible it uses the Tit-for-Tat



policy, where each user uploads only to peers that have something to exchange; if
this is not the case, the choking mechanism is invoked and the peer stops uploading
to its neighboring peer. [4]

2.3. Creating and Publishing Torrents

The peer distributing a data file treats the file as a number of identically sized pieces.
For each peace, it creates a hash and records it in the torrent file. The hash of a
piece help peers check if they have the correct piece by comparing the hash
numbers. The initial peer that makes available the file to the network is called the
initial seeder, while any other peer that has downloaded the complete file is called a
seeder. [17]

The torrent file in all versions of the BitTorrent protocol has the suffix .torrent and
inside this it has an ‘announce’ section, which specifies the URL of the tracker, and
an ‘info’ section, containing names for the files, their lengths, the piece length used,
and a SHA-1 hash code for each piece, used by peers to verify the integrity of the
data they receive. Torrent files are typically published on websites or elsewhere, and
registered with at least one tracker.

2.4. Downloading Torrents and Sharing Files

In order to download a file via BitTorrent, we first have to find it in the web (in a
page where we can browse BitTorrent files), download it and open it with a
BitTorrent client. When we open the torrent file, the client connect to the tracker that
is contained in the file and after established a connection with the tracker, the
tracker responds with a list of peers participating in the swarm. After that, the client
connects to those peers to obtain the various file pieces. If the swarm is only the
initial seeder, the client connects with it and begins to request pieces.

Clients incorporate mechanisms to optimize their download and upload rates. For this
reason peers download from the other peers through the rarest-first policy, so they
will later have rare pieces to exchange with other peers, so as to avoid being
chocked by the other peers; this is the tit-for-tat policy. While this leads us to a fair
distribution, it has one disadvantage: when new peers join the swarm, they are
unable to receive any data since they do not have data to exchange so they are in a
chocked situation. To counter these effects, the original BitTorrent client program
uses a mechanism called “optimistic unchocking”, whereby the client reserves a
portion of its available bandwidth for sending pieces to random peers in the hope of
discovering even better partners. As a side-effect, this ensures that newcomers get a
chance to join the swarm. [18]

Although swarming scales well and tolerates flash crowds for popular content, it is
less useful for unpopular content. For this reason some peers arriving after the initial
rush might find the content unavailable, since some rare pieces are not available;
they have thus to wait a lot of time until some seed arrives in the swarm, providing
the remaining pieces. Measurements have shown that 38% of all new torrents
become unavailable within the first month. [19]



. BitTorrent M le for OMNeT++

Even though peer to peer content distribution remains one of the most active
research areas, little progress has been made towards the study of the BitTorrent
protocol, and its possible variations, in a fully controllable but realistic simulation
environment. In the Mobile Multimedia Laboratory a full featured and extensible
implementation of BitTorrent for the OMNeT++ simulation environment was
developed [3]. This implementation is briefly described in the following sections.

3.1. The Tracker Protocol/

When we want to use BitTorrent we need to first browse the web and find what we
want. After downloading the torrent file, the BitTorrent client uses the information
included in the .torrent file to connect with the tracker. Trackers are responsible for
aiding peers to discover each other and form a swarm. The .torrent files at most
cases including only one tracker that will help us to download the file, but recent
extensions allow the inclusion of many trackers.

The communication between the tracker and the clients uses a simple text-based
protocol, layered on top of HTTP/HTTPS, using the tracker’s URL stored inside the
metafile. [12] Periodically a client communicates with the tracker and publishes its
progress, as well as its contact details. However, from all the parameters sent to the
tracker, only the IP address and TCP port are crucial. After each such message,
called a tracker request, the tracker randomly selects a set of peers and returns their
contact details in a bencoded dictionary (tracker response). [9]

3.2. The Peer Wire Protocol

The peer-wire protocol provides the core BitTorrent functionality (i.e., interaction
with remote peers). In the following we first present an overview of the protocol and
then proceed with the details of its operation, focusing on the most important
features available in our implementation.

3.2.1. Protocol Overview

When the client connects to a tracker, the tracker randomly selects a set of peers
and returns their contact details in a bencoded dictionary. Then the client tries to
establish TCP connections with each one of the peers in the list. To establish the
connection a three-way handshake is required, to ensure that both ends are
interested in the same .torrent file. After the three-way handshake with every peer
we connect, BITFIELD messages are exchanged that contain the bitfield of each
client (the pieces it has). Based on this the client can determine what pieces it is
interested to received from each peer. [13] In case a peer does not have any pieces,
this would result in the exchange of useless information, and is therefore avoided in
our implementation.

By following the above procedure over multiple peer connections, a client collects
information regarding the availability of the pieces that it is still missing in the subset
of the swarm explored thus far. The next step for each client is to determine what



pieces it is interested in from each peer. If the peer does not hold any piece that the
client is interested in, the clients sends a message NOT INTERESTED. At the
beginning of a connection a client is in choked mode, which means that it is blocked
and does not have the opportunity to exchange pieces. So, the client must wait to
receive an UNCHOKE message from a peer. The decision to unchoke, or not, a client
is made based on several criteria embodied in the choking algorithm: [9]

e Reciprocation: Peers unchoke the clients that provide the best upload rates.

e TCP performance: TCP behaves better when the number of simultaneous
upload is capped.

e Fibrillation avoidance: Frequent (un-)chocking causes data transfers
interrupts that deteriorate protocol performance.

o Optimistic unchocking: New peers are occasionally unchecked so as to
discover potentially better connections. This is also how new peers acquire
their first pieces.

Only when a client is unchoked, it can then start to request data from a peer. When
it downloads a piece, it changes his BITFIELD and informs all the peers in its peer
list, and after that peers may express their interest for that piece.

3.2.2.Connections

A client periodically learns about other peers by utilizing the Tracker protocol and
parsing the peer list returned. The client joins the swarm by establishing connections
with some of those peers. However, as noted in [9], each connection incurs an
increase in signaling traffic, especially for bitfield maintenance via the exchange of
HAVE messages. Thus, our implementation provides configurable lower and upper
bounds for the number of established connections, using the minNumConnections
and maxNumConnections configuration parameters (see Table I).

3.2.3.Piece downloading strategy

The piece downloading strategy refers to the policy followed in the selection of the
pieces that will be requested from a peer. It is an important aspect of BitTorrent as it
heavily affects the diversity of the pieces available in each peer. A low degree of
diversity would result in low interest for a peer’s pieces, thus causing degraded
application performance. We have implemented the two most prevalent piece
downloading strategies: rarest first and random first. Based on the information
gathered during the BITFIELD and HAVE message exchanges, the former strategy
selects those pieces that appear less frequently in a client’s set of connected peers.
This selection is randomized among several of the less common pieces, according to
the rarest list size configuration parameter (see Table I), in order to avoid multiple
peers converging on the same piece. This way, peers download pieces that most
other peers probably want, therefore facilitating data exchange. However, rare
pieces are present only in a few peers, and it is possible that downloading from them
may be interrupted due to a choking decision. Clients with no pieces in their
possession would therefore have to wait for an optimistic unchoking event from a
peer holding the same rare piece in order to continue downloading. The latter
strategy avoids this problem by selecting a random piece which is more likely to be
available from multiple peers, so that a choking decision would not have such an
adverse effect.



3.2.4. Endgame mode

This mode is used by peers that have downloaded most pieces of the file and do not
want to face slow transfers for the last data blocks. A client entering this mode sends
REQUEST messages for each missing block to all peers that are not chocking it.
However in our implementation it does not send these messages to all peers that are
in its peer set since a peer chocking the client will discard the request. In our
implementation a client enters this mode when the number of missing blocks equals
the number of requested blocks.

Parameter Default Value
file size (MB) 700
piece size (KB) 256
block size (KB) 16
DHT port -1
pstr BitTorrent protocol
pstrlen 19
keep alive (sec) 120
have suppression true
chocking interval (sec) 10
downloaders 4
optUnchockedPeers 1
optUnchocking interval (sec) 30
seederDownloaders 4
seederOptUnchockedPeers 1
rarest list size 5
minNumConnections 30
maxNumConnections 55
timeToSeed (sec) 0
request queue length 5
super seed mode false
end game mode true
maxNumEmptyTrackerResponses 5
newlyConnectedOptUnchockedProb 0.75
downloadRateSamplingDuration (sec) 20

Table I: Peer-wire protocol parameters



4. Streaming extensions to BitTorrent

4.1. General

Many streaming extensions have been proposed to support streaming applications
based on BitTorrent. Their basic policy is to modify the piece selection strategy, since
BitTorrent uses either a random first or a rarest first policy, methods inadequate for
multimedia streaming. So the basic question is how we can bypass these strategies,
without returning to sequential downloads. We describe below three answers.

[4][5][6][7]
4.2. Fixed Size Window

The Fixed Size Window (FSW)[7] method uses a sliding window (of a fixed size) for
piece selection. The FSW includes two modifications that allow us to deliver
multimedia data on time. The first modification concerns the replacement of the
rarest-first chunk downloading policy of BitTorrent by a policy requiring peers to
download first the chunks that they will watch in the near future. The second
modification is a new randomized tit-for-tat peer selection policy that gives free tries
to a larger number of peers and lets them participate sooner in the media
distribution.

The window in FSW covers k consecutive pieces starting from the first non available
piece (k is a parameter of the program). The window contains both downloaded
pieces, pieces that are currently downloaded and non requested pieces. Inside the
window, the selection of a piece follows the rarest-first policy, so that the BitTorrent
client will receive rare pieces to exchange later, so to avoid being choked by the
other peers. Pieces for downloading are chosen only inside this window. Note that
the window slides to the right when its first piece has been downloaded. We did not
consider the second modification in our implementation.

4.3. High Priority Set
4.3.1. Classic mode

One problem with FSW is that it does not consider rare pieces outside the window,
which may become useful in the tit-for-tat exchange. Another problem is that by
fixing the window size it limits the choice of pieces as the window fills up, thus
wasting available downlink bandwidth. These problems are solved by the High
Priority Set (HPS) or BiTOS approach [4], in which a fixed size set (the HPS) holds
the next pieces in sequence that have not been download already. In contrast to the
FSW method where a window of size k covers exactly k consecutive pieces, out of
which at most k pieces have not been downloaded, in the HPS method a set of size k
covers at least k pieces in the piece sequence space, out of which exactly k pieces
need to be downloaded or are currently being downloaded.

In the HPS method we can download pieces outside the window, using again the
rarest first piece selection policy, so that we do not waste downlink bandwidth and
have the opportunity to download rare pieces outside the window. This increases the
probability that the client will not be chocked in the future (due to the Tit-for-Tat



policy), by having enough rare pieces to exchange with the other peers. We choose
to download from inside the window with a probability p (which is a parameter of the
program), and outside the window with a probability 1-p, in both cases choosing a
piece with the rarest—first policy.

The HPS is modified whenever any of its pieces completes downloading, as this piece
must be removed from the HPS and added to the Received Pieces Set. This is the
main difference from FSW, as in HPS the window only holds pieces that are currently
being downloaded or have not been requested yet.

4.3.2. Variable probability per piece

In media-streaming applications we want the initial pieces as the buffer starts to
play, so that the player will not stall or skip frames. Therefore we examined some
changes to the basic HPS approach. In HPS we normally download a piece through a
rarest-first selection policy in the entire HPS, while in our modified approach we set a
probability for each piece inside the window. The probability is based on the position
of the piece in the HPS; for piece i, the probability for selection is 1/2', as shown in
Fig.1. Thus, earlier pieces have a higher probability than the latest pieces of the HPS,
since we want to download the initial pieces early; the first piece will be chosen with
a probability of 50%. Each time we want to download a piece we randomly select a
number in the range (0, 1] and compare it with the cumulative probability of each
piece inside the window. If the probability of the piece is higher than the random
number we have chosen, then this piece will be downloaded. This applies only to
pieces in the HPS. If we are to select a piece outside the window, then we use the
rarest-first policy.

The negative aspect of this approach is that we do not use the rarest-first policy to
choose inside the window, a fact that may conflict with the Tit-for-Tat policy: we
may not have any rare pieces to exchange, ending up choked by our peers.
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Figure 1: BiToS extension with probability per group inside the HPS



4.3.3. Variable probability per group

Another variant of the HPS that we examined, assigns a different probability to each
group of pieces, again favouring earlier pieces by assigning group i a probability of
1/2'. After selecting a group, we use rarest-first within the group. The size of the
group is a parameter of the program, and it is calculated as 25% of the window size.
The reason that we separate pieces into groups is to avoid the overhead of
calculating the probability of each piece as in the second approach, while also
allowing the rarest-first policy to be used within each group, in the hope that we may
experience better performance overall. This variant is illustrated in Fig. 2.
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Figure 2: BiToS extension with probability per group inside the HPS

4.4. Stretching Window

The Stretching Window (SW) approach [6] is a mix of the FSW and HPS approaches.
The SW resembles HPS in the fact that it contains (up to) k non downloaded pieces,
but pieces are only requested from within the SW. In addition, the distance between
the first and last piece in the SW in terms of the piece sequence space is bounded by
a limit | > k; hence, the SW may contain up to k pieces, provided these pieces do not
cover more than | consecutive slots in the piece sequence. Other than that, SW
operates exactly as HPS. The differentiation with FSW is only that the size of the
window can be stretched rather than being constant. A parameter of this policy is the
| to be used for limiting the growth of the window.

4.5. An example of the three policies

In this section we describe with an example how the three streaming extensions that
we use in this work operate. As we can see in Fig. 3, we use the same parameters
for the three extensions. With X we represent missed pieces, that is, those that the
player did not have available when it was time to play them. With OK we represent
pieces that have completed downloaded and are available for the player. With D we
represent the pieces that are currently downloading.



In the first part of the picture we see the Fixed Size Window extension. The player is
in piece two, while the fixed size window (which contains four pieces) contains pieces
three to six. The window includes non downloaded pieces, currently downloading
and already downloaded pieces. This is the main difference from the other
extensions, as we include in the window the pieces that have been downloaded.

In the second part of the picture we have the High Priority Set extension. With HPS
we symbolize the window of this extension. As we describe in the HPS section, this
window contains only pieces that are currently being downloaded or have still not
been requested. The size of window is four and contains pieces three (currently
downloaded), four, seven and eight.

In the third part of the picture we have the Stretching Window extension. In this
extension the window contains (as in HPS) only pieces that are currently being
downloaded or have still not been requested, but also the window can grow up to a
bound in the piece sequence space (in this example the bound is five). The window
now contains pieces three, four and seven.

Player Begin End
ﬁ D ﬁ
1 2 3 4 5 6 7 8
Fsw
Player  Begin HPs — > [3]4]7]8] End
1 2 3 4 5 6 7 8
HPS
Player Begin HPS —— . End
1 2 3 4 5 6 7 8
SwW

Figure 3: Example of Windowing Algorithms

This figure shows that HPS provide us with more pieces for download and for that
reason we expect the diversity of pieces in HPS to be bigger than in the other two
approaches. If we include the possibility that we have to request pieces outside the
window, we are sure that we will have rare pieces to exchange later, avoiding to be
choked by other peers (Tit-for-Tat policy). On the other hand, FSW is in the most
difficult situation because piece four is currently being downloaded and piece three is
ot requested yet. In the next step the FSW will only have one piece to request so in



case that this piece is not available, we will waste available download bandwidth,
increasing the possibility of choking. SW is an improvement as on average it has
more pieces to request than FSW.



reaming Pl r Modification

In these extensions to BitTorrent, the player may reach a point where the next piece
has not been downloaded yet. The simplest policy is to simply skip the piece, and
move to the next one, displaying a blank screen for the duration of the piece, but
this policy leads to a large degradation in quality. In this case, the metric of interest
is the fraction of lost pieces. This policy was discussed in [20], so we do not include
this metric in our experimental results. We describe below two other policies.

5.1. Stall Player

The first policy uses the same idea as web based streaming video players, such as
YouTube. When the player does not have next the next piece it wants to play, it
stalls until this piece is downloaded and is available to the player. Despite the fact
that we have to wait until the missed piece is downloaded, we improve the quality of
the video since we do not miss any piece. In addition, we do not miss pieces that
may contain critical information for seeing and understanding the meaning of the
video. In our approach, the buffer actually stalls until two pieces are downloaded, a
modification that helps avoiding multiple stalls. In this approach we do not measure
the missed pieces but the total time that each peer waits for missed pieces, until
these pieces have been downloaded and become available for player, when video
playback resumes.

5.2. Buffer player per block

In the second policy, instead of treating each piece as an indivisible unit of video, we
examine the blocks in each piece and map them to video frames, so as to be able to
playback those frames that have been received. While some of the blocks are being
played, the application may even be able to download the remaining blocks of the
piece. In contrast, in the original mode, if we have thirteen of fourteen blocks but
not the last block of a piece, then the entire piece is characterized as missed, even
though if the player started playing the available blocks, the last block may be
available when the player wants it.

As in the original approach, the player is triggered by an event every x seconds and
asks for the next block (contrary to the classic [20] per piece approach) to play. In
case the player reaches a block that is not available, the block is characterized as
missed, and possibly some other blocks will be characterized as missed, due to their
reliance on the missed block, as explained below. The player stalls for the duration of
the missed pieces. In this approach the critical metric is not the total missed pieces
but the total missed blocks.

Since encoded video has a specific frame structure, with some frames depending on
other frames to be decoded, in order to map video frames to blocks and calculate
their dependencies and therefore the actual losses, we have assumed that the pieces
are structured as follows:



“Analysis” of a piece
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Figure 4: ‘Analysis’ of a piece

Each piece is an MPEG Group of Pictures (GOP), that is, it starts with an I-Frame,
and ends right before the next I-Frame. P-Frames appear periodically between the I-
Frames, each one depending on the previous P or I-Frame. Also, B-Frames appear
between them, depending on the previous and next P or I-Frame.

The most important frame in a piece is the I-Frame, which occupies the first four
sequential blocks (see Fig. 4). Losing even one block from this frames, causes the
entire frame to be missed, even if some of its blocks have been downloaded, whole
piece since I-Frame contains critical information for all the other frames of the piece
until the next I-Frame of next piece. Less important than I-Frame are the P-Frames,
covering two blocks each (see Fig. 4). In case we lose one P-Frame, we cannot
decode the rest. Finally, the B-Frames are less important than the other frames,
covering one block (see Fig. 4). If we lose any of them, we do not miss anything
else, just that frame.

Actually, this is a simplified view of reality, as normally the P-Frames are transmitted
before the B-Frames that depend on them, so as to allow decoding to follow
reception rather than playback, and the final B-Frames also depend on the I-Frame
in the next piece. In our model blocks of a piece are always downloaded in
sequence, which means that whenever we find a missed block, it is impossible to
have received any later blocks in that piece. As a result, whenever we encounter a
missing block, we simply skip the entire remaining piece, stalling the player until the
time comes to playback the next piece.

Despite the simplifying assumptions, by mapping blocks to frames, we are able to
calculate not only how many blocks were missed, but also how many and which
types of frames were lost, providing a more accurate estimation of video quality that
what is possible by relying solely on block-based and piece-based metrics.



6. Experimental Setup

6.1. BitTorrent Simulator

In our experiments we modified our own detailed OMNeT++ Simulator for
BitTorrent, in order to add the necessary functionality for the three streaming
extensions discussed above. Our simulator models not only the detailed protocol
messages exchanged by BitTorent peers and the tracker, it also models all the
TCP/IP messages exchanged, using the INET framework [21], a fact that makes the
results more realistic and stresses protocol performance to its limits. We have used
transit-stub topologies generated by the GT-ITM module, including both core and
access routers. Each scenario was executed 10 times with different random seeds,
thus deploying peers in different ways in the network.

6.2. Experiments

Our results are based on a scenario with one initial seeder and 120 peers (leechers)
in @ swarm, which join the swarm at random times, starting from scratch. This
means that peer joins are incremental, instead of a flash crowd join. The topology
we used consists of four Autonomous Systems (AS) and 192 access routers in total.
Peers access links have asymmetric uplink and downlink bandwidths: 20% have Va
Mbps capacity (uplink/downlink), 40% have 1/8 Mbps, 25% have 2/12 Mbps and
15% have 2/24 Mbps.

The streaming application model was a video player attempting to playback a 256
Kbps video stream. We assumed that the video was encoded in MPEG like manner,
where each group of Pictures (GOP) was mapped to exactly one BitTorrent piece. We
set the GOP/piece size to 224 KB, which translates to 7 seconds of video. In this
manner, a piece that has not been downloaded on time would cause a 7 second loss
in the video in the original player mode, but it will not prevent the next piece from
decoding. In the mode where the player stalls for missing pieces, a piece that has
not been downloaded on time will cause the player to wait for some seconds until
the piece downloaded and be available for the buffer. In the mode where the player
examines the type of block/frame missing, a block that has not been downloaded on
time will cause one or more 0.5 second losses in the video, depending on its position
in the piece. The block size was set to 16 KB. The entire video size was 200 MB,
which corresponds to around 106 minutes of playtime, or 914 pieces in total.

We kept all the default BitTorrent settings unchanged e.g. optimistic unchoke
interval, number of connections per peer, as given in [3]. To make our model
relevant to live streaming, we assumed that each peer will remain the swarm and
seed other peers until the video playback reaches its end, even if the peer has
already completed the video download, i.e. that the peer leaves the swarm at
playback competition. The initial seeder on the other hand remains permanently in
the swarm, thus there is always at least one source for every piece, modeling a video
source that exploits BitTorrent extensions to offload some of the traffic to the peers.



Parameter Value

Video size (in MB) 200
Video Bit rate (in Kbps) 128
Piece size (in KB) 224
Block size (in KB) 16
Num of pieces for prefetch buffering lor5

Window size (% of total num of pieces) 2% or 8%

Probability p (only for HPS) 80% or 90%
Bound (only for SW) 30 or 100
Player Mode lor2
Num of Pieces in group (only for HPS) 25% (of
window size)

Table II: Simulation Parameters

6.3. Simulation Parameters

We assumed that each peer starts by prefetching a few initial piece (either 1 or 5),
as in most media players, in order to provide a satisfactory buffer to the player
before starting playback. During the prefetch period, we use the rarest first policy
but only for the first pieces, until they are all completely downloaded. We set the
base window size k to 2% or 8% of the entire number of pieces (914) for all
algorithms, which in our case translates to 18 or 73 pieces, respectively. The
probability p was set to either 80% or 90% for HPS. The bound | for SW was set to
30 pieces for k = 18 and to 100 pieces for k = 73, therefore SW can grow its window
more than FSW, but not as much as HPS. For the HPS modifications, the number of
pieces that the group can contain is 25% of the window size (HPS size), that is, the
window is divided into four groups. Table II summarizes these parameters.

As explained above, the player uses three modes to deal with missing pieces. In
Mode 1 it plays back the piece in terms of blocks (frames) skipping missed blocks
(frames), in Mode 2 it stalls until it downloads the entire piece, and in Mode 3 it skips
the entire piece (our results do not use this mode).

6.4. Metrics

We used the following metrics for the evaluation of the various proposed BitTorrent
extensions:

e Prefetch time: We measure the necessary time for prefetching the first pieces
of the video file. In other words, the time the user of the video application
should wait for the player to start.

e Download duration: This metric show how much time the entire download



took place; it is interesting to compare this with the (fixed) playing time.

e Wait time: The total time that the player stalls, waiting for some pieces/blocks
that it does not have, so it can download them and the player can
continue. This is valid only in player Mode 1.

e Block loss: A block is characterized as lost if the player reaches it and the
block is not downloaded, leading to a gap in the video; if the missed block
is not the last of the piece then all the above blocks of the piece are
characterized as missed. This is valid only in player Mode 2.

e Frame loss: Each block that we lose corresponds to a frame of the piece. It is
important for us to know what kind of frames we have lost, so we can
understand how good the quality of the video was. This is valid only in
player Mode 2.



7. Experimental Results

In the following we present the simulation results concerning the protocol
modifications presented above.

7.1. Wait time (Player mode 1)

For the variant of the player that stalls on misses (Mode 1), in Fig. 5 and Fig. 6 we
show the waiting for each peer on average, with the window set to 2% of the video
size. With more prefetched pieces the performance slightly improves with all
protocols; the penalty is an increased delay before starting playback, as we will see
in the next section. While all protocols exhibit acceptable performance, FSW works
best in both cases. In all HPS variants (HPS is the classic mode, BP is the per piece
probability and BG the per group probability), the higher probability to download
from within the window works better; among the HPS variants, the one that assigns
different probabilities to each piece works best. On the other hand, FSW and SW
have nearly identical performance, despite the fact that SW can grow its window to
nearly 50% more than FSW.
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Fig. 7 and Fig. 8 shows the corresponding data for a window size of 8%. As we can
see a higher number of prefetched pieces has a beneficial but generally small effect.
FSW is still the best performer, closely followed by SW. Among the HPS variants,
again the one that differentiates probabilities per piece works best, and with a better
margin than before, and generally the higher the probability to download from within
the window, the better.

Looking at both scenarios, we can see that we have much better results with a 2%
window. With a 2% window (13 pieces) all methods concentrate on the immediate
pieces to be played next, while with a 8% window (73 pieces), the player has to stall
more often. Our modifications to HPS work better than the classic approach of BiToS
in terms of waiting time, especially the modification that uses a different probability
for every piece. In both scenarios the HPS variants work better when they are less
likely to download pieces outside the window.

7.2. Block loss (Player mode 2)

For the variant of the player that drops missed blocks (Mode 2), in Fig. 9 and Fig. 10
we show the block loss for each protocol, with the window set to 2% of the video
size. As in player Mode 1, with more prefetched pieces the performance slightly
improves with all protocols, with the disadvantage of an increased delay before



starting playback. The HPS variants work better with a higher probability to
download within the window; in this case, the original HPS works best, followed by
SW, BP, FSW, and BG. In all cases however the losses are less than 0.5%, therefore
the differences are very small.
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Fig. 11 and Fig. 12 shows the corresponding data for a window size of 8%. In this
case see the HPS variants become the worst performers, while FSW and SW actually
work slightly better than in the previous case. The modified variants of HPS (BP and
BG) work better than the original. In this case losses range from less that 0.5% to up
to 0.85%, which is still quite small, but more noticeable.
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Looking at both scenarios, it is clear that the window size is an important parameter.
With a 2% window (13 pieces), FSW and SW actually work slightly worse than HPS
which can grow its window more, and ask for pieces outside the window. With a 8%
window however, FSW and SW have enough pieces to download; there is no need to
ask for pieces outside the window as HPS does, or grow the window too much. In
both scenarios HPS and our modifications works better when it is less likely to
download pieces outside the window.

7.3. Frame loss (Player mode 2)

Here we delve deeper into the analysis of block loss for player Mode 2. As we said in
the previous section, each piece is divided in blocks each one corresponding to a
specific frame. In Fig. 13 and Fig. 14 we presented the frame loss for each protocol,
with the window set to 2% of the video size. The most frames lost were B-Frames,
which are less important than the other frames and influence lightly the quality of
the video. In second place we have P-Frames which have some critical information
for the other P-Frames of the piece and for the next piece. The most important
frames, I-Frames, as we can see have the smaller percentage in loss frames, but in
case of losing one I-Frame we lose the entire piece. The same metrics for a window
set to 8% of the video size are shown in Fig. 15 and Fig.16.
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As we said in the previous section, each time we lose an I-Frame or a P-Frame we
lose all the remaining frames in the piece. But the relationship between frames and
blocks is complex, since I-Frames and B-Frames consist of multiple blocks (4 and 2
respectively). However, the general behaviour follows the previous metric (block
loss), in the sense that the HPS variants are slightly better for a 2% window, but
FSW and SW work better for an 8% window.

7.4. Download duration

As we show in Fig. 17, Fig. 18, Fig. 19 and Fig. 20, the required time to complete the
video is lowest for HPS, slightly more for our HPS modifications and higher for FSW
and SW. While FSW and SW are nearly identical, in HPS and our modifications it
seems that a higher probability to download within the window leads to worse
download time (recall that it also led to lower loss rates in mode 2, so there is a
trade-off here). Since the playback time is 6400 sec, it is clear that all schemes
manage to complete the download well before the playback begins. Note also that
with a larger window, downloads complete even faster. Since clients remain in the
swarm until their player reaches the end of video, there are always plenty of peers to
exchange pieces with, except in the very beginning of the exchange, when everyone
has to rely on the initial seeder; we surmise that the observed losses are mostly due
to these first peers. Finally, the difference between the two player modes in tiny.
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7.5. Prefetch time

The experiments show that the buffering time at video beginning fluctuates between
21 and 35 seconds (average values), depending on the number of pieces we have
chosen to download; Fig. 21 and Fig. 22 shows the data for a 2% window size, while



Fig. 23 and Fig. 24 presents the case for a 8% window size. Note that when only one
piece is prefetched, there is essentially no buffering: it is necessary for the first piece
to be downloaded in order the player to begin anyway, therefore these experiments
show the minimum buffering time. With five pieces prefetched, the user must wait a
little bit longer, around 50% more, hoping for better performance later on, although
the improvements in loss rates are low, as discussed in the previous section.

These waiting times seem to be large, but this is due to the latency from the first
joined peers in the swarm, when there not many sources available, except for the
initial seeder, therefore peers have to wait in order to receive these first pieces via
opportunistic unchokes. Note that the differences between the various protocols
regarding their prefetch delay time before starting are very small in absolute terms,
since the protocol modifications have not started operating yet.
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Figure 21 — Prefetch time for 2% window size (1 piece prefetch)
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Figure 22 — Prefetch time for 2% window size (5 pieces prefetch)
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Figure 23 — Prefetch time for 8% window size (1 piece prefetch)
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Figure 24 — Prefetch time for 8% window size (5 pieces prefetch)



In this thesis we show that with minimal changes BitTorrent can support video
streaming. We have studied three piece selection strategies (plus two modifications
we made in one of these) in two different player modes, leading to the following
conclusions:

e FSW exhibits lower wait times than SW, HPS and its modifications, both with a
2%, as well as an 8% window size.

e FSW exhibits lower block loss rates than SW, HPS and its modifications for
larger windows, but with smaller windows HPS works better.

e Prefetching does lower the block loss rates and the wait time slightly, but at
the cost of adding nearly 10 extra seconds of startup delay until the pieces
are downloaded.

e Regarding download times, HPS is clearly the winner, but since all protocols
complete the download well before the end of playback, this is not as
important as a reduced loss rate or wait time.

e FSW and SW perform nearly identically, therefore the extra complexity of SW
does not seem to be worthwhile.

One other thing that we must say is that one of our modifications (BiToS with
probability in each piece inside the window — BP) works better than the classic
approach of HPS (BiToS) in most cases. The only disadvantage with this modification
is that it does not use the policy of Tit-For-Tat of classic BitTorrent when we need to
select a piece inside the window.



9. Future work

9.1. Adaptation of HPS probability

The adaptation of the probability p which reflects a balance between asking for
pieces inside and outside the HPS, can be triggered by events, such as a deadline
miss. For example, a miss of a piece’s deadline while there are many pieces unplayed
inside the Received Pieces Buffer indicates that the probability p should be increased
in order to give higher priority to the pieces that have shorter deadlines. On the
other hand, if we miss many deadlines and there are no other received pieces and
the download rate is small, this could indicate that the peer is chocked by most of its
peers, because it does not have pieces to exchange. Therefore, the decrease of the
value of the probability can be helpful in order to acquire some rare pieces that the
peer can use as leverage.

9.2. Download missed blocks

Missing blocks is the most crucial affecting streaming performance. We could reduce
loss rate by trying to download the missed blocks that we have, until the player
completes the playback of a partially downloaded piece, and seeding to other peers,
so we can increase the diversity of the pieces and through this the total overall
system efficiency.

9.3. Improve block to frame mapping

The current mapping of video frames to blocks is not very accurate. We need to first
modify the transmission order of frames to reflect actual practice, that is, first
transmit the P-Frames and then the B-Frames depending on them. In this manner,
and assuming that blocks are still being downloaded in sequence, whenever we
encounter a missing block, we can safely mark the next blocks in the piece as missed
and correctly assume that earlier blocks correspond to frames that can actually be
played back.
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