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but the complexity of maintaining a stable tree is high due to 
the peer churn.  

In mesh-based approach, In order to provide robustness 
against peer churns and to meet the streaming bandwidth 
requirement, peer joins to the overlay network by selecting 
some other peers as neighbor. In this method video is divided 
into some pieces named chunk, and peers transfer chunks to 
each other usually by requesting (pull) missing chunks from 
its neighbors. Mesh-pull is based on the buffer map exchange, 
because of which a child knows exactly the packets that each 
parent has, and can explicitly pull packets from each of them. 
Some of these systems for live and on demand video 
streaming are Cool Streaming [10], BASS [11] and PP Live 
[12]. Mesh-based P2P streaming systems have low 
complexity in construction and maintenance of the overlay 
network and also they are more robust against peer churn in 
contrary to the tree based systems. Therefore, we focus on 
mesh overlay, which can achieve resilience to peer dynamics 
and is easier to implement. 

Some of systems like PRIME [13] and Hy Stream [14] 
use a combination of pull and push based approach. In these 
systems first video chunks are pushed to child neighbors in a 
tree structure, and then use pull approach to complete 
missing chunks. To achieve the best of both tree and mesh 
approaches, also in some works like [15], [16] and [17] 
hybrid tree-mesh structures are proposed. In [15]at first 
streaming uses mesh structure, but after it a tree built over the 
mesh. This tree is built from the peers that they spend bigger 
than a threshold time in the system. 

It can be seen that for better use of system resources in 
order to enhance the quality of service, various ways of peer 
organization in overlay are proposed. Some of systems like 
P2Cast [8] and P2PVR [9] pay attention to playback offsets of 
peers, and some like [13] pay attention to the peer's spent time 
in the system.P2PVR [9] sorts all of the peers into a list in 
accordance with their playback offsets. Specifically, peers 
with a larger playback offset are placed toward the beginning 
of the list (i.e. closer to the streaming server) while those with 
a smaller playback offset are placed toward the end of the list. 
Authors in [18] also pay attention to the peer's upload ability. 
Authors in this paper, with theoretical calculation, conclude 
that to achieve the best quality of service and optimum use of 
peer’s resources, the peers with better uploading ability, must 
be located closer to the CDN servers. 

In this paper we propose a distributed improvement 
mechanism for mesh-based P2P VoD streaming. In this 
mechanism we try to optimize the use of resources by 
propose a new method to locate peers that they can do more 
upload closer to the video servers with awareness to their 
playback point. 

The rest of this paper is organized as follows: In section 
II we present our proposed mechanism.  The performance 
evaluation of the proposed mechanism is provided in section 
III. Finally, the paper is concluded in section IV. 
 

2. The Proposed Mechanism 
 
2.1. Problem Analysis 
 
In this paper we use this principle: "to improve the quality of 
service, the peers that have more upload bandwidth (or more 
contribute to others), should be located closer (lower hops) to 

servers". Using this principle in addition to improvement in 
topology by efficient use of the network resources such as 
peer's upload bandwidth, incentive the peers to contribute 
more. In VoD streaming in addition to uploading bandwidth 
and measuring of contribution of peers, we also need 
attention to playback point of peers. Assume in a mesh 
structure peer A has bigger upload bandwidth than peer B, (A 
has more potential for contribution than B), and peer B is 
closer to server, but playback point of B precedes A, if we 
change location of A and B, peer B might experience 
discontinuity in watching video, because of changing 
location it may not be able to receive video chunks on time. 
Probability of this event is increases with increase of the 
distance between playback points of A and B. However when 
this distance isn't large, the probability of peers experiencing 
discontinuity will below. So if we want to locate peers that 
have more upload bandwidth, closer to the servers, we 
should tradeoff between the difference upload bandwidth and 
difference playback point of peers. 
 
2.2. The Improvement Mechanism  
 
In this subsection we explain our improvement mechanism. 
The following Summarizes improvement mechanism 
process: Neighbor peers exchange required information 
among themselves, such as playback point, share upload 
bandwidth and distance to server (in hop), then each peer 
compare its own information with its neighbors. Assume 
peer A is a neighbor of peer B. if A shared more upload 
bandwidth than B (more enough) and B was located in lower 
hops to server, and playback difference of them was not large 
(small enough), A was requested B to exchange their places, 
and if B accepted, then A and B interchanged their neighbors. 
This process is repeated periodically, so this mechanism 
doesn't stop and uninterruptedly Strives to locate those peers 
which have more contribute, close to servers. Also especially 
when the network has churn, this mechanism continuously 
repairs the negative effects of churn (by always trying to 
locate more contributing peers close to servers all the time). 
Another advantage of this mechanism is that it is distributed, 
and does not have any overhead on the servers. 

The steps of improvement process of our mechanism are: 
1) Finding candidate neighbors for exchange places. 2) 
Selecting the best neighbor from candidate neighbors and 
sends the improvement request to it. 3) If the neighbor is in 
agreement with the request (if all condition are right, it 
agrees with the request), the two peer interchange all their 
neighbors between each other. (All neighbors of A become 
neighbors of B and all neighbors of B become neighbors of 
A.) 
 
2.2.1.  Finding candidate neighbors to exchange 
places 

 
Each peer sends this information with buffer-map message to 
all its neighbors periodically: distance from server (in hop), 
contributed upload bandwidth and playback point. Each peer 
compares this information to its neighbors periodically. In 
our improvement mechanism each peer to find candidate 
neighbors for exchange places, consider these parameters: 1) 
the distance between neighbor and server must be lower than 
the distance between peer and server (in hop). 2) Difference 
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between peer and its neighbor in contributed uploading 
bandwidth should be greater than a minimum value. (Upload 
bandwidth of peer must be greater than its neighbor). 3) If 
the playback point of peer and its neighbor have a difference, 
the difference between peer and its neighbor in contributed 
uploading bandwidth, must be greater than the value that the 
tradeoff line specifies. 

For exchange places of peers in mesh structure we should 
be do suitable tradeoff between the difference between peer 
and its neighbor in contributed uploading bandwidth on one 
hand and the difference between playback points of peer and 
its neighbor on other hand. That is why we define a line and 
trade off on the slope of this line. This line distinct the 
minimum difference between peer and its neighbor in 
contributed uploading bandwidth as function of the 
difference between play back points of peer and its neighbor. 
As it can be seen in figure 1, if the playback point of peer is 
precedes its neighbor, (and upload bandwidth of peer is also 
greater enough than its neighbor) it can select this neighbor 
as a candidate. But if the playback point of peer’s neighbor is 
precedes it (that usually it is happened), to select this 
neighbor as a candidate, the difference between peer and its 
neighbor in contributed uploading bandwidth (upload 
bandwidth of peer must be greater than its neighbor) must be 
greater than the value that the line specifies. In figure 1, the 
difference between contributed upload bandwidth (Do CUB) 
is calculated from equation 1, and the difference of playback 
points (Do PP) is calculated from equation 2. If the point of 
(Do CUB, Do PP) of peer and its neighbor is located in the 
gray area of figure 1, then exchange places with this 
neighbors, is permitted, otherwise would be non-permitted. 
 
Do CUB= CUB peer – CUB neighbor         (Kbps)         (1) 
 
Do PP= PP neighbor – PP peer          (second)         (2) 
 

For example in figure 1, both black and white points have 
same difference between upload bandwidth, but the 
difference between playback points of black point, is greater 
than the threshold specified by the line, therefore cannot 
carry out exchange places for this point. 
 

 
 

Figure 1. The tradeofflinethat uses in our mechanism 
 

If there are more than one candidate neighbors, then peer 
must select one of them and then start interchanging 
neighbors operation. If there is not any candidate neighbor, it 
means that this peer has not priority to get closer to the 
servers. Finding candidate neighbors is repeated periodically, 

but when a neighbor was selected, and then an interchanging 
neighbors operation started, finding candidate neighbors 
stopped and it would not run until the end of this operation, 
and when an interchanging neighbors operation ended, then 
finding new candidate neighbors started again. 
 
2.2.2. Selecting the Best Neighbor Among 
Candidate Neighbors  

 
When a peer finds more than one neighbor as candidate 
neighbor, it must select the best of them for interchanging 
neighbors operation. For this purpose, each peer uses scoring 
to its candidate neighbors. This score calculate according to 
equation 3. 

  
Score= Do CUB- Do PP                                       (3) 
 

Finally the neighbor with the highest score can be 
selected as the best candidate for interchanging neighbors 
operation. 
 

 
 

Figure 2. interchanging neighbors operation 
 
2.2.3.  Interchanging Neighbors Operation 
 
As it can be seen in figure 2, after peer a selecting one 
neighbor like B to exchange places in the mesh, peer A sends 
improvement request to B. When B receives the message 
from A, if there isn’t any error with the request message 
(requester must be neighbor of it and etc.) B has to send a 
positive response to request message, except following 
conditions: 

1- When peer B does an improvement process with one of 
its neighbors, before this process ends, it doesn’t start 
another process with others, and doesn’t accept any request 
from others to start improvement process. 

2- When peer B interacts with the video such as jump 
forward, before completing interaction operation it doesn’t 
start and doesn’t accept request to start any improvement 
process. (Especially if use clustering topologies, jump 
operation may change the cluster of peer). 

If Peer B agrees to improvement request, then it sends 
improvement response message to A and with this message it 
sends list of all its neighbors. But if peer B doesn't have the 
conditions of accepting request, it sends improvement deny 
message to A. If peer a receives improvement deny message, 
then it terminates this interchanging neighbors operation (and 
improvement process) and starts new improvement process 
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again. If peer A receives improvement response message, 
then it sends acknowledgement message to B and with this 
message it sends list of all its neighbors, but if there are 
errors or change conditions (such as A jumping forward) it 
sends improvement deny message to B. after A sends 
acknowledgement message to B, it can send change place 
request message to neighbors of B. also when B receives 
acknowledgement message, from A, it can sends change 
place request message to neighbors of A, but if it receives 
improvement eny message, it terminates this interchanging 
neighbors operation. 

In our mechanism in order to specify the end of one 
successful improvement process and manage improvement 
processes, we define a period time parameter. This parameter 
determines the time between the two improvement processes 
for a peer. So if a peer wants to start new improvement 
process, from the beginning of previous process, more time 
than an improvement period, must be passed. This time starts 
after receiving improvement response message (for peer A in 
above) and receiving gacknowledgement message (for peer B 
in above). 

When from start of an improvement process more time 
than an improvement period, passed, peer can start new 
improvement process, and also can accept to an improvement 
request. When receive a change placer quest message, 
neighbors of two side of improvement process (for example 
neighbors of A), disconnect from previous neighbor 
(disconnect from A) by sending disconnect message, and 
connect to other side of improvement process by sending 
change place response message (connect to B). 

After receiving change place response message, each of 
peers A and B (two sides of improvement) add sender to the 
list of their neighbors and send acknowledgement message to 
it. Thus an improvement process reaches the end and after 
ending their period time, peers A and B can be ready for the 
next improvement process. We also notice to the following 
points in our mechanism: 

1- In the above steps, peers may interact with video such 
as jump forward or exit from system, so peers in each of the 
above steps should consider these problems. 

2-  Peers that receive change place request message, in 
two conditions accepted this request: 1) If the other side of 
improvement process is one of its neighbors 2) Else if it has 
empty connection and can accept new neighbor. 
 

3. Performance Evaluation 
 
For performance evaluation of the improvement mechanism, 
we simulate a complete pull-based Vo D system. We 
evaluate quality of service parameters such as discontinuity 
and distortion in the case of using and don't using our 
improvement mechanism at differences condition of system 
and also study the incentive effect of mechanism. In addition 
it, we also try to find trade off points for screw parameter 
such as slope of line (in figure1) and the improvement period 
time. 
 
3.1. Simulation Methodology 
 
To perform evaluation of our mechanism through network 
simulation, the OMNeT++ v.4 [19] with INET framework 
[20] for simulating TCP/IP networks in OMNET++ and Over 

Sim [21] for simulating P2P systems in OMNeT++ are used. 
Physical topology was generated using Georgia Tech Internet 
Topology Model (GT-ITM) [22] tools with 28 AS (backbone 
router) and 28 access router per AS in top-down mode and 
with all drop-tail queues. For this simulation we designed a 
hybrid CDN-P2P structure for streaming Vo D As shown in 
figure 3, this system uses central tracker to create special 
mesh structure. In this structure peers are organized in 
clusters based on their playback point.  

Each cluster has 2 direct links to the server. Peers can get 
neighbors only from one cluster. Since, peers can jump 
forward or backward on video. Peers arrival process is 
Poisson distribution with mean inter arrival time of 2 
seconds. Each peer selects upload bandwidth with uniform 
distribution between 350 Kbps to 2 Mbps and downloads 
bandwidth between 1 to 4 Mbps and delays between 15 ms to 
20 ms. For streaming video, neighbor peers exchange their 
buffer-map to each other (like Cool Streaming).  

We use adaptive buffer-map exchange mechanism [23] to 
decrease bandwidth overhead. By using this mechanism, 
peers can buffer all video chunks and efficiently reduces 
bandwidth overhead. To balance the chunks request, each 
peer requests chunks from their neighbors with awareness to 
their upload ability. Because of randomness of P2P systems, 
all simulations are repeated 4 times for the Verbose ARD 
Talk sample video trace file from [24] and all the peer’s 
outputs are averaged for each scenario.  

Table 1 shows the rest of our simulation parameters. The 
most important parameters in showing efficiency of our 
mechanism are quality of service parameters such as 
discontinuity and distortion. 
 
3.2. Simulation Results 
 
In this section we first try to find trade off quantities for 
slope of tradeoff line (in figure 1) and improvement period 
time. Then evaluate quality of service parameters in the case 
of using and not using our improvement mechanism at 
different conditions of system. At the end we study the 
incentive effect of proposed mechanism. 
 

Table 1. Simulation parameters 
 

 
3.2.1. Finding Trade off Values for Parameters 
 
To find tradeoff points, we change values of slope of tradeoff 
line and improvement period time then compare the results. 

Parameters Value 
 

Number of peers 
 

200 
Maximum packet size  1000 Bytes 
Video codec   MPEG4 Part I 
Video FPS  25 
Number of frames in GoP  12 frames 
Length of films 30 minitues 
Sturtup buffering 12 s (300 frame) 
Average video bit rate   512 Kbps 
Chunk size 1 frame 
W (in equation 3) 0.5 
Simulation duration   800 second 
Number of CDN servers  4 
Mean neighbor size of each peer 6 
CDN servers upload bandwidth 10 Mbps 
Size of each cluster 15 peer 



The CSI Journal on Computer Science and Engineering, Vol. 10, No. 2 & 4 (b), 2012                                                                                      24 
 
The best result has the lowest discontinuity, and distortion. In 
this set of experiments, peers remained in the system once 
they had joined, and don’t have any interactive action with 
the video. In figure 4 slope of line is variable, it can be seen 
that when slope of line increases from zero to 0.25; 
discontinuity and distortion become lower. But when slope 
of line increases up to more than 0.5; discontinuity and 
distortion increases with a gentle slope. It seems from figure 
4 that the best values for slope of line are quantities between 
0.25 and 0.5. 
 

 
 

Figuer 3. Schema of designed system. 
 

In figure 5 Improvement Period Time is variable, it can 
be seen that when Improvement Period Time increases from 
5 second to 35 second, discontinuity and distortion doesn’t 
change much, but when improvement period time increases 
up to more than 35, discontinuity and distortion increase. 
 

 

 
 

Figure 4. Discontinuity and distortion as function of the 
slope of tradeoff line 

 

 
 

Figure 5. Discontinuity and distortion as function of 
Improvement Period Time 
 

It seems from figure 5 that the best values for 
Improvement Period Time are quantities below 35 seconds. 
Also we know if lower quantities for Improvement Period 
Time are selected, the overhead of mechanism increases, but 
figures 5 shows that the overhead of our improvement 
mechanism doesn’t much effect on quality of service 
parameters, even it runs every 5 seconds. However in 
selecting the value for this parameter, we must pay attention 
to round trip delay of messages, and also this depends on the 
condition of congestion in the network. It should select big 
enough that when an improvement process start, after it 
doesn’t ended, other process doesn’t start. 
 
3.2.2. Performance Evaluation in Stable 
Environment 
 
In this set of experiments, all of the peers remained in the 
system once they had joined, and don’t have any interactive 
action such as jump forward and played the video 
continuously from the beginning to the end. In this section 
we change the number of peers in the system from 50 to 250 
and evaluate quality of service parameters in the case of 
using and not using the improvement mechanism. 

In figure 6, we show the evaluation of quality of service 
parameters as function of the number of peers. It can be seen 
that by using our mechanism, we can achieved very 
significant improvements in quality of service parameters. 
 
3.2.3. Performance Evaluation in Dynamic 
Environment 
 
A further series of experiments was performed to investigate 
the robustness of the improvement mechanism to dynamic 
peer interactions such as jumping forward and exit. In the 
first 200 second of the experiment, all of the peers performed 
playback only. From the 200th second to 800th second and 
with uniform distribution, in the first experiment between 0% 
and 90% of the nodes were randomly a jump forward, and in 
the second experiment between 0% and 60% of the nodes 
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were randomly exit. The average discontinuity and    
distortion of the all peers were measured all along the 
experiments. 
 

 

 
 

Figure 6. Discontinuity and distortion as function of number 
of peers 
 

 

 
 

Figure 7. Discontinuity and distortion as function of 
interactive 
 

In figure 7 and figure 8 the evaluation of quality of 
service parameters as function of the percent of interactive 
and exit peers are shown. It can be seen in figure 7 that by 
using our improvement mechanism, our system is robust. 
Although when the percentage of interactive peer is bigger 
than 70, quality of service reduces, but usually this 
percentage of interactive don’t happened.  

It can be seen in figure 8 that our improvement 
mechanism, against the peers’ exiting is somewhat robust. 
And also the quality of service is much better than when 
improvement mechanism is not used. 
 

 

 
Figure 8. Discontinuity and distortion as function of percent 
of exit 
 
3.2.4. Evaluation the Incentive Effect of 
Proposed Mechanism 
 
Our improvement mechanism also can incentive the peers to 
more contribution in video streaming. To prove this 
statement it is enough to show that "by using our 
improvement mechanism, peers that share more upload 
bandwidth, experience better quality of service". For this 
purpose we classified results of peer's quality of service 
parameters based on their upload bandwidth, and then 
averaged each class and showed in figure 9 and10 as function 
of classes of upload bandwidth. In these figures shows this 
results in the case of using and not using the improvement 
mechanism. It can be seen that with use improvement 
mechanism, peers that share more upload bandwidth, 
experience better quality of service. So we can conclude that 
our mechanism can act as an incentive mechanism too.  
 

 

 
 

Figure 9. Discontinuity as function of peer’s shared uploads 
b and width 
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Not e that the shared upload bandwidth that is used is in this 
Figures is the maximum band Width that peer shared, and it 
is different from the bandwidth that consumed. 
 

 

 
 

Figure 10. Distortion as function of peer’s uploads b and 
width 
 

4. Conclusion and Future Work 
 
This paper has presented a distributed and continuous 
improvement mechanism for performing on-demand video. 
This mechanism which is applied to achieve optimum use of 
system resources, proposed a new method to locate the peers 
that they contribute more upload bandwidth, closer to the 
servers, it do this with regard to the playback point and 
shared upload bandwidth of peers. The servers are not 
involved in the mechanism and mechanism run only in peers. 
The results of performance evaluation of the proposed 
mechanism show that our mechanism efficiently enhanced 
the quality of service parameters, and the mechanism is 
robust in dynamic environments. The results also confirmed 
that the mechanism can acts as an incentive mechanism. 

We are currently extending this work along several 
dimensions. First, we are evaluating our system performance 
in scenarios where the distribution of outgoing bandwidth is 
in the presence of free-riders and we are tuning our 
mechanism to punish free-riders. Second, we are working to 
enhance our overlay topology by comparison between 
performances of several topologies. Third, we also are 
studying to reduce the server stress of our system by trade-
off between quality of service, and server stress. 
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