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Abstract - Video-on-Demand(VoD) is one of the most popular media streaming which attracted many researchers’ attention. 

VMesh is one of the most cited works in the field of the VoD system. VMesh is proposed to solve the problem of random 

seeking functionality. However, a large number of the DHT(Distributed Hash Table) searches in VMesh is sill the main 

problem which needs to be solved. In order to reduce the number of the DHT searches, the clustered segment index(CSI) 

scheme is proposed. In this scheme, the video segments are divided into clusters. The segment information of the video 

segments, which are clustered into the same cluster, are stored in the same clustered segment index that can be searched by 

using the hash key. Each peer also can request the required segments by using this clustered segment index. The experiment 

results show that the number of the DHT searches in the proposed scheme is less than that of VMesh even in case of peers 

leave and join the network or peers perform the fast forward/backward operations.
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1. Introduction

Video-on-demand(VoD) becomes one of the most popular 

media streaming services nowadays. As the internet becomes 

available everywhere, the demand for scalable and high 

quality VoD is also becoming a standard expectation of the 

users. Peer-to-peer(P2P) video streaming is one of the most 

popular works which can be used to solve these problems. 

P2P systems are distributed systems in which each node 

has equivalent functionality and without any centralized 

control or hierarchical organization[1]. 

How to disseminate the video segment among peers is 

very crucial in P2P VoD system. Many works have proposed 

different structures in order to disseminate the video 

segment among peers efficiently such as [2-6]. The most 

popular structures which attract many researchers’ attention 

include tree-base, mesh-base, and hybrid structures. 

Moreover, finding the location of each peer which stores the 

specific segment is the heart of those structures. The most 

recent techniques which are used to find the location of the 

peers include central directory server(CDS), the distributed 

hash table(DHT), Gossip, etc. 

VMesh[4] is one of the most popular works which used 

DHT to search for the location of the peer which stored the 

video segment. VMesh is a distributed P2P VoD streaming 

scheme which supports random seeking functionality. Unlike 

other traditional works which based on ‘cache-and-relay’ 

mechanism, VMesh uses user’s hard drive to store the video 

segments instead of sliding window buffering to help handle 

user interactivity efficiency and to help reduce complexity. 

In VMesh, each peer stores a number of video segments at 

its local storage and keep a list of peers who have the 

previous, next and current video segments. By following 

those lists, its children can quickly find the peers which 

store the next and previous video segment. If compare with 

other traditional works, VMesh achieves a better low startup 

and seeking latency under random user interactivity and 

peer join/leave. However, the number of DHT searches in 

VMesh is very large because a peer, which stores the 

specific segment, needs to keep three lists of peer pointers: 

the next segment, the previous segment, and the current 

segment lists which can be obtained by using the DHT 
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searches. Each peer, which stored the video segment in it's 

local storage, needs to use the DHT searches at least three 

times in order to obtain those lists, except the peer which 

downloaded the first and last segments that only need two 

DHT searches. Moreover, when the list is updated, the 

update is needed to do in every peer which stored those 

lists. Thus, if the peers leave and join the network 

frequently, the number of DHT searches will be increased. 

In order to reduce the number of DHT searches, the 

clustered segment index(CSI) scheme is proposed. In this 

scheme, the video segments are divided into clusters. The 

number of the segments in a cluster is depend on the 

predefined cluster’s size. When a peer download a video 

segment from the video server or other peer to store in its 

local storage, this peer needs to register its segment 

information, which contains the peer's IP address and the 

segment’s number, to the clustered segment index. Hash 

key is used to find the peer which stores the clustered 

segment index of this segment in the DHT network. To 

retrieve the video segments, each peer uses the hash key to 

find the clustered segment index of the video segment, and 

requests the segments from the peers which registered its 

segment information to this clustered segment index. In this 

case, the peer can request several segments from several 

peers by only searching for the clustered segment index in 

the DHT network one time if those segments belong to the 

same cluster. To show the efficiency of our proposed 

scheme, we compare the performance of our scheme with 

the existing scheme in VMesh.

The rest of this paper is organized as follows. Section 2 

will talk about the related works. The clustered segment 

index management will be discussed in Section 3. Finally, 

the performances evaluation and the conclusion will be 

presented in Section 4 and Section 5, respectively. 

2. Related Works

Finding the efficient algorithm to locate the peers is very 

crucial in the P2P VoD network. Many existing algorithms 

have been proposed; however, most of those algorithms 

have the advantages and disadvantages which are needed to 

improve. Some of those researches include in [4], [7-8]. In 

VMesh[4], each peer contributes its storage as part of the 

distributed static cache manages by a DHT-based overlay 

network. Each storage peer in VMesh needs to keep three 

lists of peers: the previous, the next and the current video 

segment’s lists. In order to obtain those lists, each peer, 

which stored the video segment in its local storage, needs 

to use three DHT searches, except the peers which 

downloaded the first and the last segments that only two 

DHT searches are needed. Also, a peer which requests a 

video segment from video server or from other peers to 

store in its local storage needs to use one more DHT 

search. Thus, if each peer can store t segments in its local 

storage, the number of DHT searches is t times. After 

finished download the video segment to store in its local 

storage, each peer needs to register its segment information 

to the DHT network so another t times of DHT searches 

are needed. Moreover, when a list is updated, all the peer, 

which stored this list, is also needed to update. Therefore, 

the number of DHT searches in VMesh is very high, which 

need to improve. 

P2VoD[7] is organized into tree-base structure that 

organizes each video session tree into layers. One of the big 

disadvantages of P2VoD is: it is not support fast forward / 

backward operations. PeerStream[8] used flooding-based 

algorithm to distribute the video segments to the peers. 

Using flooding-based algorithm has some disadvantages such 

as lacks of scalability because of the exponentially increasing 

communication cost, messages can become duplicated in the 

network, and so on. 

[9] is the preliminary version of the proposed scheme. In 

this paper, we have updated and extended some parts of 

the old version.

3. DHT-Based Live Video Streaming System

3.1 Overview

The proposed clustered segment index scheme for P2P 

VoD service on virtual mesh overlay network is built over 

DHT network as shown in Fig. 1. There are two layers in 

this figure. The top layer is the clustered segment index 

management layer which arrange into DHT structure. Each 

peer in the DHT network can be used to store the video 

segment and the clustered segment index. The clustered 

segment index contains a list of segment information. The 

segment information consists of the segment’s number and 

its peer’s IP address, thus each peer can use this segment 

information to look for the peer which stored the 

required segment. 

The bottom layer is the storage and delivery network 

layer. This layer shows how video segments transmit from 

the video server to the peers or from the peers to other 

peers. As illustrated in this figure, the video server 

transmits the video segments to some peers in the network, 

then the received peers retransmit the segments to other 

peers.
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Fig. 1 Clustered segment index scheme for P2P VoD 

service on virtual mesh overlay network

The details processes of this system are:

Firstly, the video server send the video segment to 

some peers in the network.

Then, after receiving the video segment, each peer 

creates a hash key and send its segment information 

to store in the clustered segment index of this 

segment by using this hash key. 

After that, the peers which not yet receive the video 

segment request the clustered segment index of this 

segment by using the hash key. This clustered 

segment index contains the segment information, 

which can be used to find the peers which stored the 

required segment. 

Finally, a peers can request the missing segment 

from the other peers. The peer can request the 

video segment for playing or for storing in its local 

storage. In case the peer downloads the video 

segment for storing in its local storage, this peer 

needs to register the video segment information to 

the clustered segment index in the DHT network in 

order to share this segment to other peers. 

3.2 Clustered Segment Index

In order to create a clustered segment index, a video 

stream is divided into segments which identified by the 

sequence numbers(S0, S1, S2, ..., Sn). Moreover, all of the 

segments are stored in the clusters as shown in Fig. 2. The 

number of the segments in a cluster depend on the 

predefine cluster’s size(Cs). Each cluster can be identified by 

its clustered segment number(C0, C1, C2, …, Cm). Those 

segments can be clustered into the specific cluster by using 

Eqs. (1). The example of assigning the segments to the 

clusters is illustrated in Fig. 2. In this case, the size of the 

cluster is set to 3. 

  


(1)

where Sj is a segment number and Cs is a segment size.

Fig. 2 Clustered segment index

After assigning the segments to the clusters, the segments 

are disseminated to some peers in the DHT network. Each 

peer, which stored the video segments that belong to the 

same cluster, generates its segment information(segment 

number, IP address) and send to stores in the same cluster 

segment index by using the DHT method put(Key, Segment 

Info). The key refers to the hash key which is created from 

the video information, the clustered segment number, and the 

SFC mapped coordinates as shown in Fig. 3.

Fig. 3 Hash Key

The video information refers to the information relates to 

which channel this video belong to and what the program 

of this video is, which can be identified by its ID. The 

clustered segment number is the cluster’s number in which 

the segments is belonged to. A space filling curve(SFC) 

mapped coordinates[4] is used to identify the network 

location of each peer in the network in order to find the 

parents with the close network location.

3.3 DHT Register and Search Scenarios

The process of registering segment information to the 

DHT network is shown in the Fig. 4. After peer finished 

downloading the video segment to store in its storage, the peer 

generates the hash key and uses this hash key to find the 

target node which stores the clustered segment index of this 

video segment. Then, the DHT method put(Key, Segment Info) 

is used to send the segment information of this video segment 

to store in the clustered segment index. The clustered segment 
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index will store the segment information which consists of the 

segment number and the IP address of the peer which stores 

this segment. Moreover, a peer will store the specific segment 

(i.e. segment i ) only one time, thus there will be no duplicated 

segment information in the cluster segment index. For 

example, if peer A and peer B store the same segment 

(segment i ), the segment information of both peers are 

different due to its IP address. After receiving the cluster 

segment index, a peer can use the missing segment number to 

find segment information in the list. Thus, by referring to this 

segment information, the peer can find the appropriate peer to 

request the missing video segment. 

Fig. 4 DHT register scenario

Every peer which join the DHT network can be a target 

peer. The target peer is used to store the segment 

information of the video segments that clustered into the 

same cluster. The number of the segments which store its 

segment information in the clustered segment index is 

depend on the size of clustered segment. 

For example, in Fig. 4, the clustered segment’s size is set 

4, thus the segment(S4-S7) is belong to the clustered 

segment number 2(C2). The peer P5 is the target peer of 

the clustered segment index of this cluster C2; therefore, 

this peer stores the clustered segment index that contains 

the segment information of segment 4 to segment 7(S4-S7).  

The DHT search scenario is demonstrated in Fig. 5. As 

shown in this figure, the peer P1 needs to obtain the 

segments(S4-S7) for playback, thus this peer is searching for 

the clustered segment index of those segments by using the 

DHT method get(Key). The key refers to the hash key 

which can be generated by using the video information, the 

clustered segment number, and the SFC mapped coordinates. 

Because the clustered segment index can store more than 

one segment information of the same segment(i.e. if there 

are three peers store the segment i, there will be three 

segment information store in the cluster segment index), the 

round robin scheduling is used in order to make sure that 

all the peers which register in the cluster segment index 

are equally served the incoming request. In this case, the 

number of peer served the incoming request will be 

counted. Thus, the peer which has the smallest number of 

serving the request will serve the incoming request. 

Fig. 5 DHT search scenario

In case more than one peer have the smallest number of 

serving request, the peer which stay at the higher position 

in the list will serve the request. Also, the newly registered 

segment information will be inserted to the top of the list. 

Therefore, if there is a new incoming request after the 

segment information is registered to the cluster segment 

index, the newly registered peer will serve the request. 

Because the segment(S4-S7) clustered into the same cluster, 

the peer P1 only needs to search for clustered segment 

index of those segments one time. The peer P1 can use the 

segment information of the required segments which stored 

in this clustered segment index to find and send the 

request to the peers which stored those segments. After all 

of the segments are received, the peer P1 can look for the 

next segments (S8-S11) by requesting the clustered segment 

index of those segments. The processes of requesting the 

segments(S8-S11) are the same as that of the segments 

(S4-S7).

3.4 Number of DHT Searches

In this paper, the video segments in the same cluster are 

stored and managed by only one DHT peer. Also, other 

peers which need those segments, can obtain the segments 

directly from the parent peers without any link between 

each segment as well as the DHT search for each segment 

in the cluster. The number of DHT searches of the 



기학회논문지 65권 6호 2016년 6월

1056

Fig. 6 Number of DHT searches

proposed scheme can be calculated as the following:

  


  (2)

where   is the clustered segment size,   number of 

video segments, t is a peer’s storage capacity, and n is the 

number of peers.

As shown in the Eqs. (2), only one DHT search is needed 

for retrieving the video segments from the same cluster, 

and requesting a video segment from video server or from 

other peers to store in its local storage also need to use 

one DHT search. Thus, if each peer can store t segments in 

its local storage, number of DHT searches is t times. After 

peers finished downloading the video segment to store in 

its local storage, those peers need to register its segment 

information to the DHT network. Therefore, another t times 

of DHT searches are needed. In order to evaluate the 

proposed scheme, we compare the number of DHT searches 

of this scheme with the number of DHT searches of VMesh 

[4].

In VMesh, only the first playing segment is used the DHT 

search when retrieving the video segment. After that, the 

link lists(next, previous, and current lists) can be used to 

retrieve the next and previous segments. However, each peer, 

which downloads the video segment to store in its local 

storage, needs to use DHT search at least three times in 

order to obtain those lists. If k peers download the same 

video segment to store in its local storage, each of those 

peers need to do the DHT search 3 times (3k times for k 

peers). For all the video segments( ), the DHT search 

operation needs to perform 3k–2k times(minus 2k 

because for the first segments, only the current and the next 

segment lists are needed, and for the last segment, only the 

current and previous lists are needed). Also, the same as in 

our propose scheme, when downloading the video segments 

to store in its local storage, 2t times of DHT searches are 

needed. Thus, the number of DHT searches can be illustrated 

as following:

     (3)

where k is the number of peers which store the same video 

segment in its local storage,   is the number of video 

segments, and n is the number of peers.

4. Performance Evaluation

In order to evaluate the performances of the proposed 

scheme, a simulation program has been developed. In our 

experiment, the video length is set 7200 seconds or 120 

minutes. The video is divided into segments that the size of 

each segment is 45 Mbytes, and the video bitrate is 1 

Mbps. Thus, one segment can be played 360 seconds or 6 

minutes. Each peer can send the video segment to 2 peers 

at the same time and can store two segments in its local 

storage. The number of nodes join and leave the network 

are set to the exponential distribution with mean value of 1 

percent and 0.5 percent of the total nodes every minute, 

respectively. 

For VMesh, the number of peers, which stored the 

segment in its local storage, is also very important for the 

performance of the system. If the number of peers is too 

large, the number of DHT searches is also increased 

because after download the video segment, each peer needs 

to register the segment information to the DHT network 

and also need to search for the next, previous, and current 

lists of the stored segment. If the number of peers, which 

stored the video segment in its local storage, is too small, 

those peers will not have enough bandwidth to serve the 

requested peers. Therefore, more server’s bandwidth is 

needed. Moreover, the number of segments which store in 

the peers’ local storage also depend on its popularity[4]. 

The more popular segments are stored in more peers’ local 

storage than the less popular segments. However, in this 

experiment, the popularity of the segments are not take into 

account because we only want to compare the number of 

DHT searches between our proposed scheme and VMesh. 

Therefore, in this experiment, each segment is equally store 

in the peers’ local storage. We run each experiment five 

times and report the average as the final experimental 

results. 

Fig. 6 shows the comparison of the number of DHT 

searches of our proposed scheme(CSI) and that of VMesh 

without peers leave and join the network and each peer 

also do not perform the fast forward/backward operations. 

The number of DHT searches in VMesh is more than that 

of CSI, and the gap of the different is become bigger when 
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Fig. 7 Number of DHT searches(peers leave and join)

Fig. 8 Number of DHT searches(fast forward/backward 

operation)

Fig. 9 Number of DHT searches(fast forward/backward 

operations with peers leave and join)

Fig. 10 Number of DHT searches(fast forward/backward 

operations with peers suddenly leave and join)

the number of peers, which plays the video, is increased. 

For CSI, the number of DHT searches is decreased if the 

cluster’s size is bigger. However, if the size of the cluster is 

big, the number of segments information stores in the 

clustered segment index will also become bigger. Thus, it 

will take longer time to search for the required segment 

information in the clustered segment index.

As illustrated in Fig. 7, even in case of peers leave and 

join the network, the number of DHT searches of CSI still 

better than that of VMesh. In this experiment, the new 

peers join the network with the exponential distribution 

with mean value of 1 percent of the total peers. 

At the same time, there are also some peers leave the 

network with the exponential distribution with the mean 

value of 0.5 percent of the total peers at every minute.

For the fast forward/backward operations, as demonstrated 

in Fig. 8 and 9, the number of DHT searches of VMesh is 

also more than that of CSI. Fig. 8 shows the number of 

DHT searches of VMesh and CSI in case each peer perform 

the fast forward/ backward operations without peers leave 

and join the network, and Fig. 9 with the peers leave and 

join the network. In this experiment, each peer performs the 

fast forward/backward operations ten times. The fast 

forward/ backward operations are done randomly in the 

range of the start of the video to the end(random [0, 

video’s size]).

The number of VMesh’s DHT searches is suddenly 

increased while the number of DHT searches of CSI is 

gradually increased when the peers leave and join the 

network and each peer performs fast forward/backward 

operations. The number of DHT searches of VMesh is 

increased very fast because when the peers leave or join the 

network, the update need to do in the lists of all peers that 

have the current, the next, and the previous lists of the 

related segments, i.e., the current lists of all peers which 

stores segment i (the segment that stored by leave or join 

peer), the next list of all peer that stored the segment i-1 

and the previous lists of all peers that stored the segment 

i+1. On the other hand, for CSI when peers leave or join 

the network, only the clustered segment index of the related 

segment, i.e., the clustered segment index of the segment 

which stored by the leave or join peer, is needed to update. 

Moreover, in VMesh, if the number of seeking segments(the 

number of seeking segment is the seeking distance from the 

current play point position divide by the segment size) from 

the current play point position is greater than log(M) (M is 

the size of DHT search key space), the DHT search is 

needed. Therefore, if the users do long fast forward/ 

backward, the DHT search is needed. In CSI, the DHT 

search is only needed when the number of seeking segments 

is greater than the cluster’s size. Thus, the number of DHT 
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searches can be reduced if the cluster’s size is bigger. 

Fig. 10 shows the number of DHT searches when peers 

are suddenly leave and join the network. Peers join and 

leave the network with the exponential distribution of 20 

percent and 10 percent, respectively.

The exponential distribution is the probability distribution 

that describes the time between events in a poission 

process, i.e. a process in which events occur continuously 

and independently at the constant average rate which is 

appropriate for our simulation that the user may join and 

leave the system at anytime and independently from each 

other. If compare with Fig. 9, the gap of the different 

between CSI and VMesh in Fig. 10 are bigger. Thus, CSI is 

far better than VMesh when the peers are suddenly join 

and leave the network.

5. Conclusion

In order to reduce the number of DHT searches in VMesh, 

the clustered segment index scheme for P2P VoD service on 

virtual mesh overlay network is proposed. In our proposed 

scheme, instead of using the current, next, and previous 

pointer lists, the clustered segment index is used. In this 

scheme, the video segments are divided into clusters, and the 

segment information of the video segments, which are 

divided into the same cluster, are stored in the same 

clustered segment index. The clustered segment index is 

stored in one of the DHT peers that can be searched by 

using the hash key. In order to request the video segment 

from the storage peer, each peer can use the segment 

information which consists of peer’s IP address and segment’s 

number. The clustered segment index stores a list of the 

segment information, thus each peer can use this clustered 

segment index to search for the peers that store the required 

segments. 

The performance evaluation results show that the number 

of DHT searches of our proposed scheme is less than that 

of the VMesh even when the peers leave and join the 

network or perform the fast forward/backward operations.
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