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With the increase in demand for streaming media capabilities across the Internet, the
focus has shifted from traditional client-server to peer-to-peer approaches. Content
Distribution Networks (CDNSs) have aso recently moved from web acceleration to media
streaming. P2P CDNs can be used both as a delivery mechanism and as an independent
network. However, media streaming poses different challenges from traditional content
distribution, such as in-order distribution; and p2p networks use more traffic, and lack
QoS control and measurement. In addition, constraints like a high churn rate and small
upload bandwidths can affect the video playback at the peers. We find that certain
strategies can be used to optimize the streaming experience at the receiving nodes, while
also being scalable and robust to churn. This project presents the experimental results of

MPEG-4 video streaming using different approaches in unstructured p2p networks.
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1. Introduction

Peer-to peer systems consist of multiple nodes spread across a public network and use the
cumulative bandwidth of network participants rather than conventional centralized
resources where arelatively low number of servers provide the core value to a service or
application [6]. In recent years, several systems have emerged for purposes like file-
sharing (BitTorrent, Kazaa), telephony (Skype), media-streaming (PULSE, PPLive,

Cool Streaming), etc. Peer-to peer networks may also be classified according to their
degree of centralization, which may be ‘pure p2p’, i.e. having no central server or router,
where peers perform roles of both server and client; and * hybrid p2p’, where a central
server keeps information on peers and responds to requests for information, [6]. All peers
provide resources, including bandwidth, storage space, and computing power. However,
challenges like scalability, bandwidth-awareness, resilience etc. frequently arise[2].
Thus, as nodes arrive and demand on the system increases, the total capacity of the
system also increases. PULSE [3] isarelated p2p system for unstructured networks,

which places resource-rich nodes close to the source.

In live streaming for events like sporting events, live webcasts, etc. the transmission is
characterized by large number of distributed clients, short ramp-up time between fewest
connected nodes and most connected nodes, and quick network teardown at the end of
the transmission. In such networks, we may either have avideo server which contains the
seed video to be distributed, or a set of one or more peers contributing the video. In
hybrid or structured networks, we frequently need to distinguish between peers such as
super-node [7]. Being a p2p network, the other features of peer-to-peer systems are also
preserved: peers arrive and depart on demand; resource discovery is supported, etc. In
constructing a p2p network supporting video streaming, we consider the case of an
unstructured network for live streaming of mpeg4 video. We use the standard audio-
video interleaved (avi format), and build our own protocols for distribution, peer-
management and stream-management. To implement video playback at the peer, we use
the IBM Toolkit for MPEG4 [5].



2. Design

The design goals for this project aimed to create a flexible, efficient unstructured network
for video streaming. The p2p overlay network consists of all the participating peers as
network nodes. The presence of edges between one node A and another node B is based
on whether or not the node A is aware of node B, and vice versa. In an unstructured
network, the edges are constructed arbitrarily; provided an incoming peer is aware of at
least one node it can proceed to build its peer-list over time. Structured P2P network
employs aglobally consistent protocol to ensure that any node can efficiently route a
search [6]. For this project we consider the case of unstructured networks. A big
chalenge in using unstructured networks is to efficiently transmit from source to

receivers while maintaining transmission efficiency.

Some of the problems that can arise in p2p networks include freel oading, where users do
not share resources, asymmetry and variability of bandwidth over time, jitter in the
packet arrival times and churn. In structured systems, nodes are organized following a
hierarchical tree structure to form an application-layer overlay network [2]. The benefits
of this approach include easy analysis and an intuitive understanding of the data-flow.
Disadvantages include the problem of finding successors for failed non-leaf nodes,
bottlenecks in performance due to low bandwidths at non-leaf nodes and lack of
contribution from leaf nodes. In our approach, we use an unstructured network which
resembles a mesh like BitTorrent. These can be built and on-the-fly node departures have
alesser effect on the streaming performance since the streaming algorithm does not rely
on the structure of the network.

Some of the assumptions that we make are: we do not discard chunks of video that have
already been played. For streaming which may potentialy have an extremely large
bandwidth however, we can consider a sufficiently large window of time for preserving
the packets within which most packet requests may be answered. We consider asingle
streaming session, however, multiple video sessions may be established. To demonstrate,

some of the peersin our experiment may join late or leave early, with their exit handled



gracefully by the overlay network. Peers do not need to recover from packet loss, since
the buffer-time window is adjusted appropriately to facilitate retransmission of missing

chunks.



2.1 General Architecture

The general architecture can be shown by the following block diagram:

Y

Stream Management

A

A 4

Y

Peer Management < System Management

—  Network Interface

Fig 1. General Architecture

The system consists of four modules connected to a network interface:

Peer Management: This module is responsible for managing the peer’ s neighbors,
through peer-join, exchange of buffermaps and node properties, messaging, etc. It isaso
responsible for satisfying requests of the connected peers. The peer-management function
is closely tied to the system management.

Stream Management: Thisisthe set of algorithms that ensures that the stream continues
to function till the end of video-playback. While the video is essentialy broken into
chunks and transmitted via the overlay network, stream management is responsible for



assembling the chunksinto a single coherent stream. It ensures that the video is sent to

the player in order, or that buffering occurs while waiting for chunksto arrive.

Video Player: Video Playback of MPEG-4 video is possible through the use of a set of

classlibraries.

System Management: This module acts as a bridge between the others. It is responsible

for configuring parameters and beginning the streaming sessions.



2.2 Class Diagram

We explain some of the important classes used to construct the system beginning from
the lowest level of detail.

Chunk: This class wraps aunit of video data within a payload field. Chunks are
transmitted between peers during the session. It also contains a sequence number for the

purpose of organizing the data chronologically, and node-data of the sending node.

Node-Data: Instances of the node-data class are passed in messages between peers during
the streaming session. The object encapsul ates the data about the owner-peer such as IP
address, Peer-1D, number of connected nodes and Quality Score. These messages indicate
both the presence and state of the peer, and can be used to detect the departure of peers.

Buffer Map: A buffer map of predefined size BUFFERS ZE is used to store afixed
amount of sequence numbers of chunks. These are the sequence numbers within a
particular window of time. Buffer maps are periodically exchanged so that peers may

know the chunks available at their neighbor peers.

Message: Thisisageneric class that can wrap any object e.g.: of class Node-Data,
BufferMap, or Chunk according to the protocol. It can also wrap primitive types and each
typeis distinguished by means of a Message-1D field. Messages are exchanged between
peers during the session.

Peer-Manager: Thisclassisresponsible for peer management functions such as peer-join
and peer-leave, exchanging status messages and buffermaps. It maintains alist of hash-
tables that store the sequence numbers of chunks of its connected peers. Incoming
buffermaps from these peers are used to create and update the hash-tables. Peer-Manager
also launches a separate multi-threaded TCP server that performs its peer-management

functions.



Quality Score: This class maintains and computes the metrics for any streaming session

which includes the arrival times, jitter, number of out-of-order packets, number of

duplicate packets, peer-uptime, connected nodes at the beginning and end of the session,

etc. The quality score of a peer is aweighted function of metrics. These are written to log

files by separate threads.

Peer: Thisisthe overal classthat controls al the peer functions. It contains instances of

the Peer-Manager and Quality Score classes.

A simplified view of the class diagram with some membersis shown:
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Fig 2. Class Diagram.
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2.3 Knowledge Management

Knowledge management refers to the knowledge a peer has about the local network. In
an unstructured network, a peer is unable to make assumptions about the entire network.
However, we can consider the global network to be an aggregate of several local
networks. Thus, every peer has a neighborhood which defines the peers with which it
may carry out transactions. The peersto which a peer is connected may be divided into
two groups, active peers and passive peers. While a peer is aware of both groups, it
chooses to interact with only one group of peers due to the selection criterialike
QualityScore. Peers may however, move between groups during the length of the session.

The information known to the peer includes:
-Node-Data of connected nodes.

-Buffermaps of connected nodes

-QualityScore measurements at connected nodes

Node-Data are periodically transferred between peers to ensure that the peers are still
online. Since the QualityScore measurements are part of the Node-Data, they are also
transferred periodically between peers. Every node has a history queue, in which afixed
number of chunk sequence numbers are stored. This queue is updated whenever a packet
arrives at the peer. At intervals, the contents of the history queue are used to construct a
buffermap which is sent to the connected peers. Every peer maintains a unique hash-table

for each of the connected peers. When a buffermap from peer o arrives at peer p,, the
individual sequence numbers from the buffermap are updated in the hash-table for P,
stored at P,. Thus P, has an approximately close view of the state of the buffer at D,

and similarly other connected nodes.

Message-passing: Messages, which are serializable objects, are passed between peers
over TCP. Examples of messages include Node-Data request and response, BufferM ap
broadcast, Peer-Join request, accept and reject, chunk request and response, Peer-Info
(which provides information about connected peers), Policy-Tokens etc. A Policy-Token
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for some node N, is stored at N and determines how streaming from N to N, will take
place. The different types of Policy-Tokens include default, even, odd, and none. These
designate all, even-numbered, odd-numbered and no chunks respectively. Policy-Tokens
are normally initialized to default when nodes connect but can be changed by the

requesting node. Consider the following case

P1 P1

1,23.

1,35.

Fig 3a. Without modification Fig 3b. With modification

Although we construct mesh networks, when using a single source the above situation
(Fig 3.a) frequently arises. Assume there is a part of the network in which the following
condition is satisfied: packets reaching P1 and PS5 must be routed through P1. In that case,
astream containing chunks 1, 2, 3... would be duplicated to both P4 and P5. Assuming
P4 and P5 are connected, this would be awaste of bandwidth. We implement streaming
policies between P1 and P4 and between P1 and P5. Thus, P1 sends odd-numbered
packets to P4 and even-numbered packets to P5 (Fig. 3b.). The video streamis
reconstructed and provides good results (Section 4.4 Fig 1).

12



2.4 Quality Score and Measurements

One of the criticisms of current approaches to p2p video streaming is that p2p uses much
more traffic to deliver the same asset [1], increasing the delivery costs for the network
owners. Additionally, it has been claimed that thereisalack of Quality of Service and
measurements. Also, most p2p video streaming applications are limited to the upstream
bandwidth of the uploading peer. Using a multi-thread based model, we measure the
performance of the peers during the streaming session, on the basis of which we make

some useful observations characterizing the system.

During a streaming session, one of the most important characteristicsis the timely arrival
of chunksin playback order. We define jitter as the variation in the packet arrival times.
A constant arrival rate would lead to no jitter, which is optimal. Jitter could be caused by
network congestion, packet routing changes, or unbalanced loads in the network. We
measure jitter for packet p; as the un-weighted mean of the difference in arrival times of
the previous 10 packetsi.e. pi.1, pi-2 ... Pi-10- If each of these times is represented by At;
then jitter Jis

1 10
J=—> At
102t

Assume a new node joins the network. We need to construct the immediate node
neighborhood from a set of peers. Given the set of peersto choose from, we need to
select those peers with high bandwidth and alow churn rate. We aso choose to reward
Peers that have along uptime, low jitter and have contributed more to the stream.
Contributions can be calculated by s, the total number of chunks sent. Quality Score Q.S.
is

Q.S.=wr +w,s-w,J -w,d
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Wherew, W, W, W are weights and », = , <care the running-time, number of
contributed chunks, jitter and number of duplicate packets received respectively. The
weightsw, =1, w, =w, =w, =05 chosen were maintained constant for all sessions.

The Quality Score factor can be used while selecting the node peers as well as while
choosing peers to actively trade chunks with. The BitTorrent protocol uses a tit-for-tat
strategy, which ensures clients send chunks of data back to those clients who contributed
to them. However, strict policies like these can result in suboptimal situations, such as
when new peers join, which have not yet contributed to the system. Thus, we consider the

total number of contributed packets to the network, and not to any single peer.
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2.5 An Overview of Threads

The system can aso be conceptualized as a set of interacting threads of execution. The
Java platform is designed to support concurrent programming, and the Java programming
language provides basic concurrency support. With the increasing use of multi-core
hardware and support for multi-threading in software, we can use concurrency to better
utilize computing hardware resources. Since the Java Virtual machine runs asasingle
process, we can use multiple threads even on single-core systems. The following threads

were designed to execute in parallel at any peer node:

1. Playback Thread: Thisthread is the back-end interface between the media stream and
the media player. The playback thread is launched when the video is opened, and
monitors the available video stream; if the stream is availableit is played, else buffering
time is computed. Thisthread can directly access the media player interface and requires
no manual control once playback has begun.

2. Quality Score Thread: This thread maintains data about events such as packet arrivals,
duplicate chunks, etc. and writes information to log files. It executes concurrently with
other threads and updates statistics like Quality Score. It has an associated QSTimer
thread class that provides timing information that can be written and read or re-read from
logfiles, i.e. datais saved between different executions of the program. This models real-
world streaming more accurately since churn occurs; peers arrive and depart from the

same session while in progress.

3. Sream Server and Stream Server Thread: Thisis athreaded TCP server that accepts
incoming chunks and processes them. For each incoming chunk, a new thread (Stream
Server Thread) islaunched that processes the chunk. Thus, multiple threads can be
independently launched to handle several chunks at atime. Since thisis peer-to-peer

computing, this component performs functions of both client and server for other peers.
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4. Pull and Check tasks: These are background tasks set up to automate the process of

either pulling or checking for missing chunks, respectively.

5. Peer Server and Peer Server Thread: These threads are owned by the Peer Manager.

They are analogous to the Stream server and Stream Server Threads, but used for the

message-passing and knowledge-management functions.
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3. Algorithms

3.1 Peer Management

For the experiment, we designate a single peer, called as video-server, as having both the
seed video as well as being a bootstrap node. The video-server has almost equal
capabilities as other peers but for its ability to begin network construction.

Peer management deals with the algorithms for peer-join and peer-leave.

A peer connectsfirst to the video-server (Peer-1D = 0) and then to other peers. Joining the
network is done in two phases:

Phasel: A new peer p connects to the video-server (well-known IP) with a peer-join
message request. Every peer initially has apriority field (tunable parameter, initialy
priority = 1) that indicates the number of iterations of requests (a single iteration of
requests is defined as all the peersto which it attempts to connect to with the same
priority-value.

The video-server (VS) has minimum and maximum limits on the number of peersit can
accept; if the request from p iswithin these limits it may be accepted. If it islessthan this
limit it may be accepted or rejected with equal probability. A peer-accept or peer-reject
message is sent to p and if-accepted, VS adds p to its peer-list and p adds VS to its peer-
list. VS sends alist of peers F, to p which is asubset of the peersat VS.

Phase 2: The value of priority isincremented. While priority is less than some valueP,
(Py2>4), p attempts to connect to nodesiin the list . Asin Phase 1, the request may be

accepted or rejected with equal probability from each of the nodes. For every iteration of
peer-requests, the priority value isincremented. In order to prevent every request of p
from being regjected, we stipulate that no node may reject apriority = 4 request. This
continues until p has sufficient number of neighbors.

17



Video Streaming Algorithm/ M odes of streaming:

There are various approaches to distribute the streaming media. These can range from
pushing, to pulling, to acombination of pushing and pulling. In pushing, the seed peers
actively disperse the video through the network. In pulling, the seed peer passively
responds to requests for chunks from peers on the network. In the hybrid approach, we
explain our results and observations when we permit both pushing and pulling in the
streaming session. In this project, we aim to measure the performance of push-based
streaming, pull-based streaming and a combination of the two.

3.2 Push-based streaming:

At peer-join time, peers establish some policy by which packets will be pushed to them
from each incoming connection. This may be odd, even, default, or none. In the figure
(fig 4a)) below, Peer P has three incoming edges where odd-numbered, even-numbered
and odd-numbered chunks arrive respectively. It aso has outgoing edges where al, even-
numbered, odd-numbered, even-numbered and all chunks are sent. Those policies
correspond to the nodes to which the packets are incoming.

0 E 0 VS
P1 » P2 P3

NN

P4 e » PS5  l«— P6

Fig 4a. Streaming Policies Fig 4b. Example network

In this mode, the video server pushes content to each of the nodes successively. The
algorithm may be stated as follows:

18



Pushing algorithm at the video-server

In our approach, the video-server (VS) described has essentially the same functionality as
the peers, however, it is also a bootstrap node and contains the seed data (video).

1. Given a video-file at the seed peer (VS) split that file into a series of distinct chunks
C,,Cy,Cynne

2:Seti=0

3: For every chunk C, do

4:35etj=0

5: For every peer P; in the peer-list P,of VS do

6: Extract the streaming-policy F(pj) fromthe policy-list Pol | at VS
7. if P= odd and i%2 = 1 then

8: Transmit C; to pj

9: else-if P = even and i%2 = 0 then

10:  Transmit C,to P;

11: else-if P = default

12:  Transmit C;to P;

13: end if

14: end for

15: end for

At the peer, the following sequence of execution takes place

1: For every received chunk C, do

2:8etj=0

3: For every peer P; in the peer-list P, of the peer, do

4: Extract the streaming-policy F(pj) fromthe policy-list Pol, at the peer
5:if P= odd and i%2 = 1 then
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6: Transmit Cto pj

7. dse-if P = even and i%2 = O then
8: Transmit Cto pj

9: dlse-if P = default

10: Transmit C, to pj

11: end if

12: end for

13: end for

A parallel sequence of execution at the video-server V'S (not shown) handles incoming
requests for packets from peers and fulfils them in serial order. In the push-based
approach, asimilar algorithm as explained above executes at the peers. While peers do
not generate chunks, they forward incoming chunksto all other outgoing nodes
depending on the streaming policy. In addition, a separate thread of execution
periodically checks that the chunks are incoming continuously, else it begins to request
chunks (e.g. to prevent excess buffering time due to missing chunks). Thus, the behavior

of push in the case of retransmissions approximates pull. This happens as follows:
Algorithm to patch the video stream and request retransmission

To playback video, it is necessary to patch the individual chunksinto a stream which can
then be played back by the player. Given a set of chunks with sequence numbers, the
player considers lastPatched as the sequence number of the chunk that can be played last
(i.e. chunks with sequence numbers from 0 to lastPatched have been received. In
contrast, lastReceived is the highest sequence numbered chunk received.

(lastPatched< =lastRecei ved)

1: Set lastPatched = -1 (the sequence number up till which the video-stream has been

reconstructed)

20



2: Let lastReceived be the sequence number of the last received unique chunk with

highest sequence number

3. When thefirst chunk C arrives, invoke the following sequence of execution

4:

5
6:
7

®©

10:
11:
12:
13:
14:
15:
16:
17:
18:

For every unit of time At do:

if lastPatched < lastReceived
Determine the missing chunk

if there exists a peer in the Peer-List FP,which owns that chunk (based on the data

contained in hash-tables) then
Request that chunk from that peer
else
Determine the peer with highest Quality-Score and request from that peer
end if
end if
end for
For every received chunk c with sequence number s, do:
if s> lastReceived, then
lastReceived = s
end if

Attempt to reconstruct (patch) the video streamif and only if the all the chunks with

sequence number Sare present, where lastPatched < S< s

19:
20:
21:
22:

if patched, then
lastPatched = s
endif

end for
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3.3 Pull-based streaming

The pull agorithm takes place with the video-server in a passive role. Peers connect at
will and establish a mesh following peer-join. The algorithm for pull resembles the one

for retransmission during push.

1. Set lastPatched = -1 (the sequence number up till which the video-stream has been

reconstructed)

2. Let lastReceived be the sequence number of the last received unigque chunk with

highest sequence number

3: For every unit of time At do:

4: Find the next chunk sequence number = lastPatched+1

5: if there exists a peer in the Peer-List F,which owns that chunk (based on the data
contained in hash-tables) then

6 Request that chunk from that peer

7 else

8: Determine the peer with highest Quality-Score and request from that peer
9 end if

10: End for

11: For every received chunk with sequence number s, do:

12: if s> lastReceived, then

13:  lastReceived = s

14: end if

15: Attempt to reconstruct (patch) the video streamif and only if the all the chunks with
sequence number Sare present, where lastPatched < S<'s

16: if patched, then

17: lastPatched = s

18: end if

19: end for
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The following diagram is useful in understanding the patching of the stream. If we
initially have chunks 5 and 6 missing in a sequence from 1 to 10, then we need to wait till
chunks 5 and 6 are available before we can patch the stream till the end. Once chunk 6
arrives, it automatically patches the rest to have a complete stream from 1 to 10.

1 2 3 4 7 8 9 10

[
»

Fig 5a. Stream with chunks, 5, 6 missing. lastPatched = 4. lastReceived = 10

1 2 3 4 5 7 8 9 10

[
»

v

Fig 5¢. Chunk 6 arrives. lastPatched = 10. lastReceived = 10
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3.4 A Hybrid Approach

From our observations on push and pull strategies, we inferred that pushing may have
performed worse for reasons like the large number of duplicate chunks or bandwidth
wastage. Nodes having a larger round-trip time from the Video Server could also slow
down the streaming for those with a shorter round-trip time. Also, the overall push
strategy was not very efficient. We aim to determine if it is possible that a hybrid strategy

between pushing and pulling will give results better than those of pull.

In this approach, there will be essentially two flows of mediainto peers:
1: The stream of chunks that is pushed by the video-server
2: The stream of chunks that is pulled by the individual peers from other peers or the

video-server.

Our strategy in the hybrid approach is manifold:

1. To ensure that the bandwidth is utilized effectively, which implies zero or minimal
overlap of chunks between streamsin 1 and 2 above.

2. To reduce the overhead of pushing at the seed peer, thisimplies transmitting to some
and not all peers, for some and not all chunks.

3. To limit the number of peers connected to any node; this would make our design more
scalable.

As we observed the push approach to be slower than pull, at any time we aim to always
push those chunks which have a sequence number greater than the highest sequence-

numbered chunk pulled so far.

This approach has the following changes from the above two:

-To impose a hard-limit on the number of peersthat can connect to asingle peer

-To pull from multiple peers simultaneously and to pull multiple chunks at atime

-To push to some and not all peers. At the video-server, thisis set in limit, which isthe

[imit of the number of peers we may push a given chunk to. We push chunks 0 to 10 to
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all peers, 11 to 100 to half of the peers, 101 to 1000 to one-third the number of peers, and
so on. We do thisin order to reduce the repetitive process of pushing.

-We also dternate pushing between sets of sequence numbers, e.g. we push 0, 20 to 30,
40 to 50, 60 to 70 etc.

Below we explain our algorithm. Let i denote the chunk sequence number. At the video-

server.

1: Given a video-file at the seed peer (VS) split that file into a series of distinct chunks
C,,C,,Cyene

2:Seti=0

3: for every chunk C, do

4. if cdoesnot liein atransmission interval (e.g. 10-20, 30-40, 40-50, etc) then
5: Set | = i+1 and skip transmission

6: endif

7:if (0<i<10 )then

8: Set limit = size(Peer-List)

9: edseif (11<i<100 ) then

10: Set limit = 0.5* size(Peer-List)

11: elseif (101<i<1000 ) then

12: Set limit = 0.33 * size(Peer-List)

13: end-if

14: Set j =0

15: for every peer P; in the subset (0, limit-1) of the peer-list P of VS, do
16: if C, has already been pulled then

17: Seti = i+1and skip transmission

18: else Extract the streaming-policy F(pj) fromthe policy-list Pol at VS
19: if P = odd and i%2 = 1 then

20:  Transmit C,to P;

21: else-if P = even and i1%2 = 0 then
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22: Transmit Cto pj

23: else-if P = default
24:  Transmit C;to P,
25: end if

26: end if

27: end for

28: end for

At the peer, we implement an extension of pull where we pull several chunksin each

interval of time, aslong as we do not already have them. The algorithm is as follows:

1: Set lastPatched = -1 (the sequence number up till which the video-stream has been
reconstructed). Let lastReceived be the sequence number of the last received unique
chunk with highest sequence number

2: For every unit of time At do:

3: Find the next missing chunk sequence number = |astPatched+1

4: For each value of i in (apafel-1<i</aPitei+5

5: if there exists a peer in the Peer-List P, which owns that missing chunk (based on

the data contained in hash-tables) then

6 Request that missing chunk from that peer

7 else

8: Determine the peer with highest Quality-Score and request from that peer
9 end if

10: End for

11: End for

12: For every received chunk ¢ with sequence number s, do:
13: if s> lastReceived, then

14:  lastReceived = s

15: end if
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16: Attempt to reconstruct (patch) the video stream if and only if the all the chunks with
sequence number Sare present, where lastPatched < S<'s

17: if patched, then

18: lastPatched = s

19: end if

20: end for
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4. Performance Evaluation

The system was built with a GUI which could be used to begin the video playback.
Buffering time depends entirely on the availability of chunks to be played. We used a
sample video with a 544 x 304 resolution, with 119 kbps MPEG1 Layer3 audio and 1162
kbit/s MPEG4 video streams, providing for atotal datarate of about 1280 kbit/s. The
selected chunk-size was 100,000 bytes, which for one chunk approximates to about
(100,000* 8)/1280,000 = 0.625 sec of playback. We deployed the system on PlanetLab,
an open platform for devel oping, deploying and accessing services over the Internet. The
software was run on 20 machines over the Internet repeatedly. We present our results
below.
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4.1 Pull Approach

1. Results for the pull agorithm, with number of chunksvs. time in msec. Each of the
nodes is labeled on the right. We note the slower performance of two of the nodes, while
the rest complete streaming between 220 sec and 600 sec. Most of the nodes complete
downloading the file before 300 seconds. The playback duration (not shown) is 225 sec.

Pull 20 — Cornelll
Cornell2
900000 T— Hiitl
800000 1— — Hiit2
700000 | — Msu
$ 600000 - —Nd
£ 500000 - — Orst
g 400000 - Polito
= 300000 - Purdue
200000 Stevens
100000 - Uchicago
UL Uiucl
1 23 45 67 89 111 133 155 177 199 221 243 265 287 309 331 Uiuc2
Packet Umassl

2. For the case of 20 peers, we observe the streaming for the first 50 chunks asin the

figure below, for al peers.

Pull 20 - 50 chunks — Cornelll
Cornell2
600000 - Hiit1
— Hiit2
500000 - e
g 400000 T —Nd
é’ — Orst
QE) D Polito
200000 1 Purdue
Stevens
100000 .
[ — Uchicago
0 T \T T \JTT T T T T T T T T T T T T T T T T T T T rrrrrrrrrr 1rrr 1 11171 7171 UIUCl
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 Uiuc2
Packets Umass1
llmace”
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3. Results for the pull algorithm for 10 peers. From top to bottom, the jagged line is the

playback; the lines below indicate the streaming performance of the peers. The slowest

peer completes at 170 sec. Looking at the difference in slope between the playback line

and the peer-streaming lines, we conclude that buffering would not be required in this

case.
Ten Peers - Pull
300000 1 —— Cornelll
250000 A Cornell2
8 200000 - Purdue
§ ——Uchicago
» 150000 -
= —Umassl
i= 100000 - ——Umass?2
50000 - ——0Unc
0 Wayne
1 22 43 64 85 106 127 148 169 190 211 232 253 274 295 316 Wisc
chunks Playback
4. The first 50 chunks are blown up for the same algorithm.
Ten Peers -pull
45000 1 —— Cornelll
40000 -
35000 - Cornell2
8§ 30000 +— Purdue
[%2] .
= 25000 +——— —— Uchicago
£ 20000 1 —— Umass1
= 15000 1 ——Umass?2
10000 - Unc
5000
0 T ’\/ﬁ\\ rrrrrrrrr1rrr1rrrrrrrr 11111111 rr 1Tl W ay ne
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 Wisc
Chunks —— Playback
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4.2 Push Approach

1. The Push Algorithm, for 20 peers, with Time vs. packets. From top to bottom, the first
line represents een.orst.edu, which does not complete. We then have a set of lines
representing all peers, which complete al at the same time (670 sec) approximately. The
lowest line indicates the linear playback rate, which would have to be shifted up on the

Y -axis to compensate for the delay (buffering).

— Cornelll
Push-20 Cormell2
Hiitl
1600000 i
1400000 — Msu
1200000 - — Nd
1000000 — Orst
g 800000 Polito
I i
= Purdue
6000007 Stevens
400000 - Uchicago
200000 -| Uiucl
0 AT — Uiuc2
1 20 39 58 77 96 115 134 153 172 191 210 229 248 267 286 305 324 Umass1
Umass2
Packets
—Unc

2. The streaming for the first 50 chunks is expanded below. The lowest (straight) lineis

the playback.
. ——Cornelll
Push 20- First 50 chunks
Cornell2
140000 - Hiit
— Hiit2
120000 -
—Msu
g 100000 - —Nd
12} m
= 80000 Orst
(0]
E 60000 1 Polito
40000 - Purdue
20000 -+ Stevens
0 rrrrr rrrrrrrrrrrrrrrrrrrrrr 11111111 T TrTrTl UCthago
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 Uiucl
Packets Uiuc2
Il Imace1
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3. Results for the push agorithm for 10 peers. The first set of lines indicates all nodes

download times. The lower line is the playback.

Push-Ten Peers
350000 7 —— Comnelll
300000 1 Cornell2
9 250000 - T Purdue
< 200000 - > —— Uchicago
£ 150000 - = ——Umass1
= 100000 - 7 =~ —— Umass2
50000 - =~ —Unc
0 Wayne
1 22 43 64 85 106 127 148 169 190 211 232 253 274 295 316 | —— WiscC
Chunks —— Playback
4. Only the first 10 chunks are shown, for the same algorithm.
Push-Ten Peers-Ten Chunks
3888 | - —— Cornelll
Cornell2
6000 -
I Purdue
& 5000 - _
= ——Uchicago
o 4000 y 1
£ 3000 A mass
= 2000 ——Umass?2
1000 - Unc
0 Wayne
1 2 3 4 5 6 7 8 9 Wisc
Chunks Playback
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5. The same graph, with a buffering time now added (top black line).

Time Msec

350000 7
300000 T
250000 7
200000 T
150000 -
100000 -

50000 T

0

Push Ten Peers With Buffering

28 55 82 109 136 163 190 217 244 271 298 325
Chunks

- Playback with Buffering of
31544
— Cornelll
— Cornell2
Purdue
Uchicago
— Umassl

— Umass2

—Unc

— Wayne
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4.3 Hybrid Approach

1. The results of the hybrid approach, for 20 peers, with Time vs. packets. The lowest line

indicates the linear playback rate, which implies all peers would require buffering to view

the video. We note that the number of chunks arriving out of order islarge, and the jitter,

or the difference in inter-arrival times, varies alot. Thisisindicated by the jagged lines as

compared to the smoother linesin the other approaches.

800000 —
700000 -
600000 -
500000 +
400000 -
300000 -
200000 +

Time Msec

Hybrid - Twenty Peers

1 22 43 64 85 106 127 148 169 190 211 232 253 274 295 316

Chunks

—— Cornelll
Cornell2
Hiit1

— Hiit2

—Msu

——Nd

—— Purdue
Stevens
Uchicago
Uiucl
Uiuc2
Umassl
Umass?2

| Inec

2. We observe interesting results for the case of five peers (below). The network has been

graphed to display the connected nodes. In the figure, v.s. is the source node.

VS

P4

Fig 6. Network graph for 5 peers
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3. For 5 peers, the streaming finishes much earlier than the playback time, which implies

no buffering and a fast stream. Thejitter is aso less as compared to the case of 20 peers.

Time Msec

Hybrid Approach - Five Peers

300000 T—
250000 -
——Umassl

200000 -| Wisc
150000 - Uchicago
100000 - y —Wayne

P —— Playback

50000 - e
o 4 I

1 22 43 64 85 106 127 148 169 190 211 232 253 274 295 316
Chunks
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4.4 Other

1. The average streaming rates (average number of chunks, both incoming and outgoing)
for peers on PlanetLab in a streaming session. The modified algorithms (through the use
of Policy tokens for streaming) indicate a more efficient streaming. The hybrid approach
also shows afar lower number of packets transmitted on average.

Peers Average Streaming Rates

1800 ——Push

v

8 1600

= 1400 -

< 1200 . O Push

S 1000 - Push modified = Pul

% 800 - O Push modified

2 600 Pyl modified o Pull modified
Hybrid B Hybrid

S 400 | Pull ybn

< 9

Configuration

2. We plot the number of chunks sent/received with number of peersto see the effect of
increasing the number of peers. The average number of chunks sent/received in each push
or pull configuration, first with 5 peers, then 10, then 20 is shown. The pull agorithm

was more efficient in terms of number of packets sent and received.

Average Streaming Rate vs Peers

4000 7 20 - Push

3500 - @5 - push
£ < 3000 - m5-pull
x O
g .= 2500 010 - push
o (]
w © 2000 | 010 - Pull
D= |
s 5 1500 5 - push W20 - Push
3: “ 1000 - O 20 - Pull

500 5 - pull B Hybrid
0

Peers configuration
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3. Jitter across nodes during a streaming session appears to be relatively constant for push

and largely variable for pull.

Comparison of Jitter
3000 1
<
2 2500
(V]
2 2000
81500 O Push
5 ]
21000 W Pull
= ]
£ 500 A
s 5
S .0 O 0.0 € &2 0D AN N QS e 0
NV RN TP FEL L L@ PSS P
F IR P E YWY L LD SN
st s CF @@ T FF & @
O
Nodes

4. A sample peer’s values of jitter were taken below for each configuration. We observe

that in genera, there are higher values of jitter for push, and lower values for pull and the

hybrid approach. Also, as the number of peersincrease, we find that total jitter also

increases.
Jitter across configurations
3000 - —— 20push
2500 - 20pull
§ 2000 - / 10pull
f 1500 - / ——10push
_E 1000 - y — 5pull
500 - 5push
0 —— Shybrid
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 10hybrid
Readings — 20hybrid
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5. The node neighbors were randomly generated. Sample number of connected nodes for

astreaming session (each pair of values on x-axis represents a different machine).

Connected nodes

?_-3 18 7—

8 167 ]

s 1

- i

38 10

5 2 8

5 5]

S 21

pd 0 - ‘
NN goéb‘\o F E O Iy E S &S
@ @ W R N A FFF TS &S
o@ & IR Q Q° O}Q}A\)&\o N o\o@fzy\)@fo \)0@ \g’b N\

Peer

O Push
HPull

6. The sample throughput at a single peer is shown below for the different tests. We find

that the throughput increases as the number of peers decrease, and that it is largest in the

case of hybrid approach (push and pull) for five peers. On average, pull had higher

throughput than push.

Sample Peer Throughput

3500
3000
2500
2000 -
1500 ~
1000 -

500 A

Throughput kbit/s

os

o 20
m10

PUSH PULL

Configuration

HYBRID
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Conclusions

We observe that in general, pulling appears to be more effective than pushing. In an
unstructured peer-to-peer network, it is difficult for a peer to predict whether neighboring
peers require a newly-received chunk. This increases the number of duplicate
transmissions during a session. To mitigate that, we introduce the concept of streaming
policies, and find that average number of transmissions is reduced. However, an
advantage in unstructured networks is non-reliance on key nodes; any node may fail
gracefully without affecting the remaining nodes. In terms of throughput, we find that
pull again performs better on average. However, the throughput decreases as the number
of peersincrease. In the hybrid approach, we aimed to improve the efficiency of the pull
algorithm by pushing selectively; while this was successful for five peers, it was not as

successful for larger number of peers.
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