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Abstract

BitTorrent has been one of the most effective mechanisms for P2P content distribution in
recent years. Although BitTorrent was created for distribution of time insensitive content, in
this work it is shown that with minimal changes BitTorrent can support streaming. The
importance of this streaming capability is that the peer may have the ability of watching the
video before the complete download of the file. This way, the peer can evaluate the quality
of the video content early and decide if this particular video is worth spending time and
resources.

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, in contrast to the original rarest-first
BitTorrent policy. This was achieved by using a sliding window containing the pieces to be
played next and by awarding them a higher download priority than the rest of the remaining
pieces. Whenever a piece does not meet the player’s deadline, it is considered as missed and
it is not downloaded. In the simulation scenarios missed pieces for each peer are counted;
this is the most critical parameter for proper video streaming, and with this metric we came
up with our results.

Key words

BitTorrent, video streaming, peer-to-peer, module, Omnet++, simulation, peer, seeder,
piece, block, swarm, sliding window, high priority set, buffering time, missed pieces, piece
loss, bit rate.
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Hepiinym

Ta tedevtalia xpovia to MPpwTtokoAAo BitTorrent €xel e€eAiyxBOel otov mio anoteAecpatiko P2P
UNXOVLIOUO yLla Slapolpacpo apxeiwv. NopoAo mou 0 oKomog SnULoUPYLaC TOU TIPWTOKOAAOU
adopoloe SLOVOUN TIEPLEXOUEVOU XWPLE XPOVIKOUG TIEPLOPLOMOUC, OTNV tapouoa gpyacia
vivetal eudaveg OtL pe elayloteg aAlayeg to BitTorrent pmopel va umootnpiel video
streaming. H onupaocia t¢ tkavotntag umootnplenc streaming lval O0tL 0 Xpriotng £XeL tTn
Sduvatotnta va mopakoAouBnoesl éva video mpwv amd tnv oAokAnpwon tng ANYng Ttou
opxelov. EmumpooBeta, o xpnotng Umopel va afloAoynosl tnv molotnta tou video TOAU
VWIS Kal va armodaolosl €AV TO CUYKEKPLUEVO apXeio afilel Tov XpOVO Kal TOUG TOPOUC TTOU
€odevovtal yLa xapn tou.

Mo tnv dte€aywyn tng €peuvag xpnoomnolitnke éva BitTorrent module yia to meptBaiiov
npooopoiwon¢ Omnet++, To omoio avamntuxbnke oto Mobile Multimedia Laboratory tou
OwovopwoU Mavemotnuiou ABnvwv. H ulomoinon meplAapPAavel TPOTOTOLROEL OTNV
oTPATNYLKA €TAOYAG TwV KOpMoTwwyv (pieces) tou BitTorrent, amovépovtag vdnAdtepn
TpoTEPALOTNTA ANYNG OTA KOPMATLO EKEIVA TTIOU €lval KOVTA OTNV avamapaywyn Toug amnod
Tov player. H uhomoinon onwg neplypddnke, Epxetal oe avtiBeon pe tnv apxikn rarest-first
ToAwtiky tou BitTorrent. H aM\ayn tg KAQAOOLKAG QUTAG TIOALTIKAG, ETULTEUXONKE UE TNV
Xpron €vOog «KUALOMEVOUu TopaBupou», TO OTOL0 TEPLEXEL TO KOVILWVOTEPA OTNV
avamopoywyr KOUUATLa. 2ta Koppdtia autd divetal uPnAoTeEPN MPOTEPALOTNTA EVAVTL TWV
uTtoAotmwv. Ta KOPATLO Ta oTtola 8ev £xouv AndOel KATA TN XPOVLIKN OTLYLLI TIou o player ta
xpetaletal ywa va maiouv, yapoaktnpllovtal wg «YopEva» Kol otapotdasl n Stadkaoio
ANYPnc Toug. Ita oevapla TPOooUoiwong BACLKY LETPLKN €(val TA XOUEVO KOUUATLA Yol KAOE
peer TOU CUOTHUATOG. MPOKELTAL YLl TNV KPLOWWOTEPN TAPAUETPO, 000V adopd to video
streaming KoL L€ QUTHV TNV UETPLKA KATEANEQ OTA AMOTEAECUATA TG EPYOOLAC.

A€EeLC KAEWSLA

BitTorrent, video streaming, oUotnua opoTWHwyY, module, mMPwTOkoAAo, Omnet++,
npooopoiwaon, xpnotng, peer, seeder, piece, block, swarm, kuAiopevo mapdabupo, high
priority set, buffering time, missed pieces, piece loss, bit rate.
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1. BitTorrent

1.1 Overview ™

BitTorrent is a peer-to-peer file sharing protocol used for distributing large amounts of data.
BitTorrent is one of the most common protocols for transferring large files, and it has been
estimated that it accounts for roughly 27-55% of all Internet traffic (depending on
geographical location) as of February 2009. [2]

The BitTorrent protocol allows users to distribute large amounts of data without the heavy
demands on their computers that would be needed for standard Internet hosting. A
standard host's servers can easily be brought to a halt if high levels of simultaneous data
flow are reached. The protocol works as an alternative data distribution method that makes
even small computers (e.g. mobile phones) with low bandwidth capable of participating in
large data transfers.

First, a user playing the role of file-provider makes a file available to the network. This first
user is called a seeder and its availability on the network allows other users, called peers, to
connect and begin to download from the seeder. As new peers connect to the network and
request the same file, their computer receives a different piece of the data from the seeder.
Once multiple peers have multiple pieces of the file, BitTorrent allows each to become a
source for that portion of the file. The effect of this is to take on a small part of the task and
relieve the initial user, distributing the file download task among the seeder and many peers.
With BitTorrent, no one computer needs to supply data in quantities which could jeopardize
the task by overwhelming all resources, yet the same final result—each peer eventually
receiving the entire file—is still reached.

After the file is successfully and completely downloaded by a given peer, the peer is able to
shift roles and become an additional seeder, helping the remaining peers to receive the
entire file. This eventual shift from peers to seeders determines the overall 'health' of the
file (as determined by the number of times a file is available in its complete form).

This distributed nature of BitTorrent leads to a flood like spreading of a file throughout
peers. As more peers join the swarm, the likelihood of a successful download increases.
Relative to standard Internet hosting, this provides a significant reduction in the original
distributor's hardware and bandwidth resource costs. It also provides redundancy against
system problems, reduces dependence on the original distributor [12] and provides a source
for the file which is generally temporary and therefore harder to trace than when provided
by the enduring availability of a host in standard file distribution techniques.
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1.2 Operation ul

A BitTorrent client is any program that implements the BitTorrent protocol. Each client is
capable of preparing, requesting, and transmitting any type of computer file over a network,
using the protocol. A peer is any computer running an instance of a client.

To share a file or group of files, a peer first creates a small file called a "torrent" (e.g.
MyFile.torrent). This file contains metadata about the files to be shared and about the
tracker, the computer that coordinates the file distribution. Peers that want to download the
file must first obtain a torrent file for it and connect to the specified tracker, which tells
them from which other peers to download the pieces of the file.

Though both ultimately transfer files over a network, a BitTorrent download differs from a
classic download (as is typical with an HTTP or FTP request, for example) in several
fundamental ways:

e BitTorrent makes many small data requests over different TCP connections to
different machines, while classic downloading is typically made via a single TCP
connection to a single machine.

e BitTorrent downloads in a random or in a "rarest-first" [13] approach that ensures
high availability, while classic downloads are sequential.

Taken together, these differences allow BitTorrent to achieve much lower cost to the
content provider, much higher redundancy, and much greater resistance to abuse or to
"flash crowds" than regular server software. However, this protection, theoretically, comes
at a cost: downloads can take time to achieve full speed because it may take time for enough
peer connections to be established, and it may take time for a node to receive sufficient data
to become an effective uploader. This contrasts with regular downloads (such as from an
HTTP server, for example) that, while more vulnerable to overload and abuse, rise to full
speed very quickly and maintain this speed throughout.

The strength of BT lies in its ability to resist to the Free-Riders phenomenon, in which selfish
peers choose only to download the file without uploading. BT uses a Tit-for-Tat policy, where
each peer chooses to upload to its peer as long as it takes something in return. If the
neighbor peer behaves selfishly the Choking mechanism is invoked and the peer stops
uploading to its neighboring peer. [4]

In general, BitTorrent's non-contiguous download methods have prevented it from
supporting "progressive downloads" or "streaming playback". However, comments made by
Bram Cohen in January 2007 suggest that streaming torrent downloads will soon be
commonplace and ad supported streaming appears to be the result of those comments.
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2. BitTorrent Module for Omnet++ 2

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. This implementation is briefly described
in the following chapters.

2.1 The Tracker Protocol

Typically, the distribution of a new file [14] with BitTorrent starts by publishing a .torrent
metafile; this metafile is distributed to peers using an out-of-band channel, usually by
posting the metafile on a web page. Among other information, a .torrent metafile contains
the tracker address, file size, piece size, and the hashes for the file pieces. Trackers are
responsible for helping peers discover each other so as to form a swarm. In most cases, each
.torrent metafile is served by a single tracker; the trackerless approach employs Distributed
Hash Tables (DHTs) for decentralized peer discovery. Clients communicate with the tracker
via a simple text-based protocol, layered on top of HTTP/HTTPS, using the tracker’s URL
stored inside the metafile. During the download phase, each client communicates with the
tracker and publishes its progress (in terms of total bytes downloaded/uploaded), as well as
its contact details (e.g., IP address, TCP port, identification info). These parameters are
passed from the client to the tracker using the standard HTTP GET method [14]. Note that
most of the information announced by the client is for statistical purposes; only the IP
address and TCP port of a client are crucial for the tracker. After such a message, called a
tracker request, the tracker randomly selects a set of peers and returns their contact details
in a bencoded dictionary [10]. Since each tracker request provides the contact details of a
client to the tracker, the tracker can return such details back in its replies. In this manner,
over time the peers discover increasing subsets of the swarm.

2.2 The Peer-wire Protocol

The peer-wire protocol provides the core BitTorrent functionality: interaction with remote
peers. In the following an overview of the implemented peer-wire protocol is presented and
then some details of its operation, focusing on the most important features available in the
implementation.

2.2.1 Protocol overview

After contacting the tracker, a client attempts to establish TCP connections with the peers
listed in the tracker response. Upon connection establishment, the two peers exchange
HANDSHAKE messages in order to verify their peer identities and ensure that they are
interested in the same torrent metafile. This handshake is then followed by an exchange of
BITFIELD messages that contain the bitfield of each client, which is a bitmap denoting the
availability of each piece at the client. Based on that information a client can determine
whether it is interested in one or more pieces offered by the remote peer. By following the
above procedure over multiple [15] peer connections, a client collects information regarding
the availability of the pieces that it is still missing in the subset of the swarm that has
explored using that information. Based on this information, it then decides which pieces to

10
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request from each peer. In general, if a peer does not hold any pieces that the client does
not already hold, a NOT INTERESTED message is sent to that peer to indicate the lack of
interest for its data. At the beginning of a connection, peers are assumed not to be
interested in each other’s pieces by default. Although at this stage a client knows the peers
interested in, it cannot make any requests yet as data cannot be exchanged until the remote
peer actively permits this by sending an UNCHOKE message. This means that each client is by
default blocked, or, in Bit-Torrent parlance, choked by the corresponding remote peer. The
decision to choke or unchoke a client is made based on several criteria embodied in the
choking algorithm [10] of the protocol:

Reciprocation: Peers unchoke the clients providing the best upload rates.
TCP performance: TCP behaves better when the number of simultaneous uploads is capped.

Fibrillation avoidance: Frequent choking/unchoking causes data transfer interruptions that
deteriorate protocol performance.

Optimistic unchoking: New peers are occasionally unchoked so as to discover potentially
better connections. Moreover, peers are thus given the chance to acquire their first pieces.
When a client is unchoked by a peer, it starts sending REQUEST messages, each asking for a
specific block of the selected piece. The peer sends back the requested data using PIECE
messages. Upon completing the downloading of a piece, a client informs via HAVE messages
the peers that it has established connections to. These peers update the bitfield for that
client and may then, potentially, express their interest for that piece with an INTERESTED
message.

2.2.2 Connections

A client learns about other peers by employing the Tracker protocol and parsing the peer list
returned by the tracker. The client then joins the swarm by establishing connections with
some peers. However, as noted in [10], each connection incurs an increase in signaling
traffic, especially for bitfield maintenance via the exchange of HAVE messages.

2.2.3 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 at each peer. A low degree of diversity would result in
low interest for a peer’s pieces, thus causing degraded application performance. The two
most prevalent piece downloading strategies, Rarest First and Random First are
implemented. Based on the information gathered during the BITFIELD — HAVE message
exchange, the Rarest First 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 1), 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 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 (see Section 2.2.1) from a peer
holding the same rare piece in order to continue downloading. The Random First 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.
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2.2.4 Queueing

As mentioned above, REQUEST messages refer to specific blocks of a piece. This facilitates
fine-grained data exchange by enabling the queueing of data requests. As common piece
sizes vary from 256 KB to 1 MB [10] or even larger, per piece requests would result in a
multitude of redundant packet retransmissions in the event of a choking decision during
piece transfer. A window-based queueing mechanism is employed for these requests;
otherwise propagation delays would dominate the total download time. The implemented
gueueing policy includes a generic queueing mechanism in which the user can specify the
exact size of the queue. In this mechanism a client may send to a peer up to REQUEST
QUEUE LENGTH (see Table 1) REQUEST messages for blocks. Once a PIECE message has been
received, the client may send the next REQUEST message. Once a piece has been requested
in its entirety, if the request queue is not full, the client chooses another desired piece from
that peer’s bitfield according to the piece selection strategy (see Section 2.2.3) and starts
sending REQUEST messages for its blocks.

2.2.5 Endgame mode

The endgame mode addresses the problem of slow transfers for the last data blocks of an
exchange, since at that stage most pieces have been downloaded; therefore the degree of
parallelization is low. In this mode the client sends REQUEST messages for each missing block
to all peers that are not choking it, as opposed to a single peer. Another unclarified aspect of
the endgame mode regards the entry condition. In this implementation, the client enters
this mode when the number of missing blocks equals the number of requested blocks,
meaning that all missing blocks have been requested. This feature can be turned on/off
using the END GAME MODE configuration parameter (see Table 1).

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 supression true
choking interval (sec) 10
downloaders 4
optUnchokedPeers |
optUnchoking interval (sec) 30
seederDownloaders 4
seederOptUnchokedPeers 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
newlyConnectedOptUnchokeProb 0.75
downloadRateSamplingDuration (sec) 20

Table 1: Peer-wire protocol parameters
12



3. Video Streaming

3.1 The Uses and Benefits “!

The Internet provides users many ways to access video files online. The traditional method
involves downloading a video file just like a user would with a regular document or a picture
file. The user must wait for the download to finish, then open and view the video. Streaming
videos, however, let users view a video as it is being downloaded from the Internet.

Streaming video technology is useful for real-time and on-demand requests. A common use
for streaming videos is for viewing movie clips. Many movie studios provide previews or
trailers of their upcoming film features through streaming video clips. Also from the
entertainment business, music labels use this technology to stream music videos for the
public.

Streaming videos are also used in the field of education. Pre-recorded lectures are available
from many university and educational websites. This allows students to view and listen to
lectures over and over again.

For all the advantages of streaming videos, there are also limitations and disadvantages. For
videos to be delivered quickly to a user's desktop for viewing, two things have to be
considered: the size of the video and the Internet bandwidth available to the user.
Compressing videos can normally sacrifice their quality, and a small bandwidth normally
results in choppy video playback. Another drawback to the availability of streaming videos is
the increase in network or Internet traffic.

3.2 Video Streaming using BitTorrent =

Although multimedia streaming networks have similarities with BitTorrent swarms,
BitTorrent in itself is not suitable for multimedia streaming since it does not account for the
real-time needs of streaming applications. While highly successful in large-scale content
distribution [16, 17, 18], traditional BitTorrent [19] has one major drawback when it comes
to video-on-demand (VoD): the viewer has to wait for the whole video to download before
he or she can start watching the video, because BitTorrent splits the file to be downloaded
into pieces that are downloaded in a non-sequential rarest-first order [10]. Also, the tit-for-
tat policy forces too many peers to wait for too long before joining the swarm.

To alleviate this problem, research [4, 7] has suggested applying the rarest-first piece
selection only within a small window that slides through the file to be downloaded. In order
to implement this kind of “windowing”, only minor changes to BitTorrent clients are needed,
and the modified clients are compatible enough to be used for downloading data from
standard BitTorrent swarms.

3.3 Related work

Two different approaches have been proposed for utilizing BitTorrent in multimedia
streaming and video-on-demand. The server-assisted systems such as BASS [8] and PONDER
[20] combine BitTorrent with a traditional server in order to alleviate the server load.
Another approach is modifying the BitTorrent piece selection strategy. BiToS [4] utilizes a
piece selection algorithm in which a sliding window called “the high priority set” slides
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through the file to be downloaded. Shah and Paris [7] have also proposed using a similar
sliding window. Finally, Savolainen, Raatikainen, and Tarkoma [6] suggested an adaptive
window solution, or, as they call it, stretching window.

The purpose of this thesis does not include adding a streaming server, so | followed the
second approach by changing the piece selection algorithm (see Section 2.2.3). By comparing
the three available propositions, | came up with the most suitable algorithm to implement
for the BitTorrent Module for Omnet++.

» Shah and Paris [7] propose a sliding window algorithm, which is depicted in Fig. 1.

e Fixed size window: contains the next w chunks to be consumed by a client
0 window size remains unchanged
e Chunks that arrive after their scheduled playback deadline are dropped
e Downloading pieces located ahead of the current window is not allowed
0 all window pieces must be downloaded before the window can move
e Using rarest-first policy to select pieces from the sliding window

peers request chunks from the current
wutial ‘-\'i;t'l\f.m'-‘ window range using BT 's rarest-first policy

I'

window slides if the beginning chunks not
chunks are recerved ' / recerved vet
. Sy :
recerved chunk

window slides every E.‘Ii.!‘.'Ln.‘]x-mtrﬁuﬁ

[ [[T]

scheduled playback ume

mtiSt( chunk
. plavback delay

Fig. 1. Sliding window algorithm

» BiToS [4] introduces the term High Priority Set (HPS), which works similarly to the sliding
window described above and is illustrated in Fig. 2. The main differences from the sliding
window algorithm are that in BiToS the window moves when a single window piece is
downloaded and that pieces are not selected only from the HPS, but requests are made
for pieces outside the window as well.

e The peer chooses with some probability p to download a piece of the video stream,

which is contained in the High Priority Set and with probability I p a piece outside
HPS.
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Fig. 2. BiToS approach for supporting streaming in BitTorrent

In both of the previous algorithms, the beginning point of the window is defined as the first
piece that has not yet been downloaded but has not missed its playback deadline. Both
solutions also define a window size, measured in number of pieces. The difference in
window definition between the two is that, when calculating which pieces are within the
window, the fixed-size window algorithm counts both the arrived and non-arrived pieces,
whereas BiToS only takes into account the non-arrived pieces, which means that the
distance of the first and the last piece in the BiToS window can grow large in certain
circumstances.

» The stretching window algorithm [6] has a critical difference from the sliding window: it is
not of fixed size. The three propositions are illustrated in Fig. 3.

e Adaptive size of the window: the bound b constrains the distance between the first
and the last piece in the window, so the window adapts its size according to b.

0 The stretching window algorithm has two different maximum sizes that are
enforced simultaneously: the BiToS-like “maximum number of non-arrived
pieces in the window” and the fixed-window-like “maximum absolute
distance between the first and the last piece in the window”.

e In the stretching window algorithm pieces are always requested from within the
window.
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Fig. 3. Windowing Algorithms

BitTorrent is based on Tit-for-Tat policy; each peer chooses to upload to its peer as long as it
takes something in return. If the neighbor peer behaves selfishly the Choking mechanism is
invoked and the peer stops uploading to its neighboring peer. As a result, each peer must
have some rare pieces to exchange to avoid being choked. For that reason, | believe that
BiToS [4] approach is more suitable for BitTorrent streaming, because it does not constrain
the piece selection inside the window and that leads to high piece diversity. In conclusion,
my implementation of streaming for the BitTorrent Module for Omnet++ is very similar to
the BiToS approach.
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4. BitTorrent Module modifications
4.1 Piece selection strategy for video streaming

As mentioned before, the selection strategy for video streaming is very similar to the BiToS
approach [4], which is illustrated in Fig. 2.

In the implementation there is an entity called High Priority Set (HPS), which contains the
pieces of the Video Stream that have not been downloaded yet, are not missed and are soon
to be reproduced by the player. Thus, these pieces have higher priority to be requested over
the remaining pieces. This set has a fixed size of pieces and this size is a system parameter. A
piece in this set can be in the following states: Not-Requested or Currently-Downloading.

In the selection process, the peer chooses with some probability p to download a piece of
the video stream, which is contained in the High Priority Set and with probability 1 — p, a
piece from the remaining — and not missed — ones. It is actually a coin toss with probability p
for HPS and probability 1—p for non-HPS.

After a piece is downloaded, the piece is removed from its current set and joins the received
pieces (Download Complete function in Fig. 2). At the same time, if the piece was in the High
Priority Set, the next in order piece is added to the High Priority Set from the remaining
pieces. For example in Fig. 2, piece 12 will move to the High Priority Set if any of the
currently-downloading pieces becomes downloaded. In this way the cardinality of the High
Priority Set remains fixed. The pieces within the sets do not have to be consecutive since the
pieces are not requested in order.

4.2 Buffering time

An initial buffering delay is needed for proper streaming. The player waits until the first
pieces of the file are downloaded and then starts playing the video, while the rest of the
pieces continue the download process. In my implementation, the parameter notifying the
player on how many pieces must wait to be downloaded, is set to five (5), but can be
changed by the user in the simulation .ini files.

By increasing the initial buffering time we can achieve a significant decrease of piece loss
and therefore better streaming performance.

4.3 Video Player

The implemented entity that acts as a video player; waits for the buffering time to end and
then starts playing the pieces one by one in sequential order. The player is triggered by an
event every x seconds and asks for the next piece to play. The parameter x can be set by the
user in the .ini files and it actually represents the streaming bit rate (e.g. how many seconds
does a 256KB piece need to be played).

While the player keeps asking for the next piece, if a requested piece is not available
(downloaded), then the piece stops downloading (if already requested) and joins the missed
pieces set. By counting the size of this particular set, for every peer participating in the
simulation scenarios, we acquire very important knowledge about streaming performance.
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5. Simulation Parameters
5.1 Swarm size

The number of peers participating in the swarm is a crucial parameter for the overall
performance of the BitTorrent protocol. In the simulation scenarios | tried different swarm
size values in order to see if the protocol would work as expected: more peers > better
performance.

5.2 Piece size

BitTorrent allows piece sizes as small as 32 KB, the default size being 256 KB. Table 2 shows
the values used for the simulation scenarios. A smaller piece size leads to a shorter initial
buffering time. Smaller piece size means that the window size in kilobytes is smaller, and
thus a smaller amount of data needs to be downloaded before the first piece in the window
has arrived and the window can move forward. However, a small piece size also leads to
larger .torrent files, because the .torrent file includes a hash for each piece. Another concern
is that the number of requests for pieces and announcements of received pieces increases,
causing an increase in overhead. A decrease in throughput can also be seen when moving to
smaller piece sizes. On the other hand, by using a larger piece size the overhead and the
.torrent file size are decreased, but this could lead in huge piece loss rate, which is far worse.

5.3 HPS size

The size of the High Priority Set is crucial for streaming in BitTorrent. In the BiToS approach
[4], as well as in my implementation, the HPS size is expressed as a percentage of the total
number of pieces that the file is split to.

By using a really small size of the High Priority Set, peers do not increase the diversity of the
pieces because they tend to download the same pieces due to the small size of the set. This
results in low parallelism in downloading, which stalls the downloading process and results
in low streaming performance. On the other hand when the size of the list is large (>20%),
the peer downloads pieces based on their rareness, without considering their deadline, so
we are closer to the original BitTorrent, which is not suitable for streaming video. In other
words, the optimal size of the High Priority Set must capture the pieces that will be needed
soon for the playback and at the same time is large enough for the rarest first piece selection
mechanism to work properly. Table 2 shows the values of HPS size used for the simulation
scenarios.

5.4 HPS probability p

The probability p can have an important impact on the performance of the Streaming. Large
values of p guarantee that the pieces that will be reproduced soon, will be requested for
downloading earlier than the rest of the pieces of the video stream. On the other hand, this
could lead to a situation in which the peer chooses to download pieces that most of the
peers have. Therefore, the peer wouldn’t have any rare pieces to exchange and
consequently would be choked by most of the peers according to the Incentive mechanism
of BT. Apart from this, rare pieces that are currently available might not be available in the
future. For example, peers that have these pieces might leave the network or fail. Hence, by
acquiring these rare pieces before they become extinct we can increase the QoS. [4]
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5.5 Video bit rate

The issue for video bit rate is choosing an acceptable compromise between two opposing
goals: high bit rate offers better video quality but might cause significant piece loss issues
and on the other hand, low bit rate can guarantee a smooth streaming process but no
guarantees about the video quality.

Table 2 shows the values for bit rate that were used for the simulation scenarios. As
mentioned before the player is triggered by an event in every x seconds and plays the next
piece in order; the player actually plays one piece of the file in x seconds. By choosing x = 7
sec with piece size of 256 KB, the bit rate is about 300 Kbps. Furthermore, by using x = 7 sec
with piece size of 128 KB the bit rate is about 150 Kbps and so on.

Parameter Value
file size (MB) 200
swarm size 60,120, 180
piece size (KB) 64,128, 256
block size (KB) 8, 16
HPS size (%) 2,3, 8,20
HPS probability 0.8, 0.9
video bit rate (kbps) 150, 300
timeToSeed (sec) 360

Table 2: Simulation Parameters
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6. Simulation Results
6.1 Simulation metrics

The most crucial parameters for video streaming were used as metrics: Buffering delay and
Piece loss. The initial buffering delay was common in most of the scenarios; except for the
first 2-3 peers entering the system, the rest had to wait from 7 till 27 seconds. The first peers
entering the swarm cannot find many seeders so, naturally, they end up with delay time
from 230 to 260 seconds. Piece loss as a metric is more interesting because it cannot be
predicted so easily and will be discussed in detail in the simulation scenarios below.

6.2 Scenarios - Graph description

From a total of 56 simulation scenarios, | chose to introduce the most interesting ones,
grouping them together so as to point out the most interesting conclusions. The following
graphs show the best working simulation parameters for video streaming in the BitTorrent
Module for Omnet++ [3]. Every scenario is described in the CDF graphs by the following:

e Swarm size, expressed by the number of participating peers

e The parameter x (see Section 4.3) for the seconds needed for a piece to be played by
the player (or in other words, the streaming bit rate)

e HPS size expressed as a percentage of the total number of pieces (e.g. 2hps 2> 2%
HPS size)

e Piece size, expressed in Kilobytes (e.g. 128piece > 128 KB piece size)

e Block size, expressed in Kilobytes (e.g. 16block = 16 KB block size)

e BitTorrent indication means that the scenario ran with original BitTorrent approach
(no HPS, no coin toss, just rarest-first BitTorrent protocol)

e Time indication in the end of the description means that additional buffering delay
was added in the particular scenario (e.g. 360sec - initial buffering delay + 360
seconds)

The CDF graphs show the peers percentage on the vertical axis and the piece loss
percentage on the horizontal axis. Since the swarm size had 3 different values depending on
the simulation scenario, peers percentage was the more appropriate approach. Piece loss
(%) indicates the number of missed pieces as a percentage of the total pieces of the file.

6.3 Piece size
® For large values (256KB) the window is not flexible enough, missed pieces occur more
often

® For very small values (64KB) the increased overhead reduces the number of
successful pieces
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6.4 Block size

Pieces are divided into blocks; each piece gets downloaded block by block; as a result block
size can affect the download process. In our case (Fig. 5) there is not much difference, when
the block size is 8 KB or 16 KB. There is a slightly decrease of missed pieces when using 8 KB

block size.
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Fig. 5. Block Size scenarios
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6.5 Swarm size

As we can see in Fig. 6, the swarm size does not seem to affect much the piece loss rate. This
probably has to do with the fact that peers do not join and leave the swarm as they would
do in a flash crowd scenario. In the simulation scenarios, peers were entering and leaving the
system with a steady rate and that is probably the explanation to what the CDF graph on Fig.
6 is showing. A slight decrement of missed pieces is noticeable as the swarm size gets bigger.
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Fig. 6. Swarm Size scenarios
6.6 HPS size

The CDF graph on Fig. 7 leads us to some really interesting observations about the HPS size
and streaming performance relation:

e The original BitTorrent is unacceptable for video streaming

e Alarge HPS size (20% of the file size) is the worst case scenario, close to original
BitTorrent

e The BiToS [4] recommended HPS size (8% of the file size) is far away from the optimal

e A small HPS size (2%) is obviously the best choice when dealing with large files
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6.7 Buffering delay

As mentioned before, by adding an initial buffering delay we can significantly improve the
streaming performance. Figure 8 confirms the above: the bigger the initial buffering delay,
the better for the system’s performance.
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6.8 Video bit rate

Figure 9 depicts the minimal piece loss when reducing the bit rate by half. The quality of the
video though gets significantly lower as we can see in Figures 10-11. The low bit rate
scenario can be used on time-sensitive applications, which do not demand high video

quality.
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Fig. 10. 300 Kbps bit rate snapshot

Fig. 11. 150 Kbps bit rate snapshot
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6.9 Overview

Figure 12 shows an overview of the most interesting simulation scenarios.

Depending on file size, modifications can increase streaming quality
The original BitTorrent mechanism is clearly unsuitable for streaming
For large files, a small HPS (on the order of 2% of the file) works best
Increasing the buffering delay leads to lower loss rates

Reducing the bit rate of the content leads to lower loss rates
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Fig. 12. Simulation scenarios overview
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7. Comparison with related work

Shah and Paris [7] in their paper P2P Multimedia Streaming using BitTorrent, used similar
parameter values and metrics with these described above. Comparing their results with
mine can lead to useful conclusions about the video streaming performance of the
BitTorrent module for Omnet++.

Success ratio: This metric represents the playback continuity defined as the number of
pieces that arrive before a scheduled playback deadline over the total number of pieces in
the video file. Success ratio is used to quantify the performance of the P2P multimedia
streaming network.

Peer-to-Peer Multimedia Streaming Using BitTorrent
150ME file size, 256KB piece size, 100 swarm size, 60sec delay
Piece Selection Policy Success Ratio
Rarest-first policy {original BitTorrent) 23.6%
Sequential policy 8.1%
Sliding window and rarest-first policy 83.3%

Table 3: P2P Multimedia streaming using BitTorrent results

BitTorrent Multimedia Streaming Module for Omnet++
200MB file size, 120 swarm size, 7-27sec delay
Piece Selection Policy Success Ratio
HPS (8% of the file size) — 256KB piece size 91.59%
HPS (2% of the file size) — 256KB piece size 93.88%
HPS (2% of the file size) — 128KB piece size 95.64%

Table 4: Video streaming for BitTorrent module for Omnet++ results

» Peer-to-Peer Multimedia Streaming Using BitTorrent
® Best case scenario success ratio (average): 83.3%

» BitTorrent Streaming Module for Omnet++
® Best case scenario success ratio (average): 95.64%
® Could reach 99% for 150Kbps streaming, or 97.84% by adding 360sec buffering
delay
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8. Conclusions

In this thesis we show that with minimal changes BitTorrent can support streaming. The
presented findings showed that, by carefully optimizing streaming parameters, a decent
level of performance can be achieved, while leaving the original BitTorrent tit-for-tat
mechanism intact. The parameters described below are optimized for streaming large video
files (>100 MB):

e Video Streaming operates more efficiently with 128KB piece size and 8KB block size

e The recommended HPS size is 2% of the file size

e The possibility p to choose a piece from the HPS, should be near 0.8

e We could significantly increase streaming performance by adding an initiative buffering
delay or by decreasing the streaming bit rate

® Larger swarm size increases streaming performance

In comparison with Shah and Paris, “Peer-to-peer multimedia streaming using BitTorrent” [7]
while using similar parameters, it is shown that this approach works significantly better. An
important reason for this performance difference is the use of the featured and extensible
BitTorrent module for Omnet++ [3], designed and implemented in the Mobile Multimedia
Laboratory of Athens University of Economics and Business, which was extended to make
this thesis possible.

This research, in contrast with others, is not altruism-dependent. Although peer altruism, in
terms of seeding, is desirable and can significantly improve streaming performance, it is not
needed for proper streaming. The simulation results have shown that seeding while
watching the video is enough for this approach to have a decent streaming performance.
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9. Future work
9.1 Adaptation of HPS probability p

The adaptation of the probability p 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 doesn’t 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 Missed pieces decision
Missing pieces is the most crucial factor affecting streaming performance. We could reduce
piece loss rate by choosing not to “throw away” pieces that have been downloaded in a

large proportion. When a piece meets its deadline and it is not fully downloaded we could
check how many of its blocks we already have and decide if the piece can be played or not.
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