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Abstract.  Peer-to-Peer Video-on-demand (P2P VoD) systems have attracted 
great interest in research community. Many hybrid methods have been proposed to 
provide high-quality video-on-demand services to support VCR-like operations, 
which can scale to large population of users. In this paper, we propose a hybrid 
overlay DONet-AMT, which combines DONet and an adapted multi-way tree. 
DONet is applied to distribute the video segments efficiently. The adapted multi-
way tree consists of two layers: a complete multi-way tree and holder-chain, 
which can support efficient VCR-like operations. Our scheme can ensure that 
every video segment has k (typically k≥4) replicas at least when the number of 
peers is large enough, and thus guarantees high data availability. Finally, the per-
formance analysis shows that  DONet-AMT can provide better VoD services than 
DONet-VoD. 
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1  Introduction 

With the prevalence of broadband Internet access, VoD services over the Inter-
net have become increasingly popular. The traditional client-server architecture 
can hardly scale to a large population of users due to the limited service capacity 
of the servers. Recent years, P2P networks have been shown to be a promising ap-
proach to provide high scalability VoD streaming service[1-8].  

In the P2P VoD systems, supporting VCR-like operations such as jump for-
ward/backward is a great challenge. The VCR-like operations result in frequent 
seeking, and thus can impose great impacts on the viewing quality. We can define 
seeking latency as the interval between the time when a segment is requested and 
the time when the segment is ready for playback. To achieve a high viewing quali-
ty, the seeking latency must be as short as possible. To reduce the seeking latency, 
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each segment has to be fetched prior to its playback time. Thus, the prefetching 
scheme is required to support the VCR-like operations. For ease of presentation, in 
the rest of the paper, we use the terms “client”, “peer”, and ”node” interchangeably. 

Recently, some studies on P2P VoD systems[8-16] have emphasized the sup-
port to VCR-like operations and can handle the random seeks. Most of these stu-
dies have applied a  hybrid overlay. In this paper, we focus on one kind of hybrid 
overlays which combine two overlays: a mesh-based overlay and a tree-based 
overlay. These two overlays have their merits[17]. The tree-based overlays have a 
simple structure, and support efficient query. The mesh-based overlays yield a 
higher goodput to the streaming application than the tree-based overlays. So, A 
hybrid overlay combining a mesh-based overlay and a tree-based overlay to take 
advantage of their merits is a good solution to support VCR-like operations in 
large scale P2P VoD systems.  

The hybrid overlays of this kind  have been explored by some research work[9, 
10, 15].  In these hybrid systems, a video is divided into segments. One prefetch-
ing unit of DONet-VoD[9] consists of several consecutive segments. The super-
chunk in SURFNet[15] has the same meaning as the prefetching unit in DONet-
VoD. DONet-VoD is a hybrid overlay, which combines a mesh-based overlay 
DONet[7] and a multi-way tree-based overlay based on BATON*[18]. SDNet[10] 
is an extension of DONet-VoD, which is more detailed about the underlying me-
chanism. SURFNet[15] is also a hybrid method, which integrates two networks: a 
structured network for search and an unstructured network for information ex-
change. The structured overlay consists of two layers: AVL tree and holder-chain.  

Although DONet-VoD and SURFNet can combine a mesh-based overlay and a 
tree-based overlay to support efficient VCR-like operation, both of them cannot 
guarantee that every prefetching unit has k(k>1, typically k≥4) replicas at least. In 
some cases，some prefetching units may have only one replica, which results in 
low data availability. If multiple peers request these segments, some peers may not 
get the desired segments immediately, which results in high seeking latency. To 
avoid the problem, every prefetching unit should have k replicas at least when the 
number of peers is large enough, which can guarantee high data availability. In-
spired by SURFNet, we proposed a hybrid overlay DONet-AMT, which combines 
the DONet[7] mesh overlay and an Adapted Multi-way Tree overlay. The DONet 
mesh overlay is used as the routine overlay, which is responsible for scalable live 
video streaming and video distribution. The adapted multi-way tree overlay con-
sists of two layers: a complete multi-way tree and holder-chain, which is responsi-
ble for supporting efficient VCR-like operations. Moreover, The adapted multi-
way tree can make sure that every prefetching unit has k replicas at least. Conse-
quently, high data availability of the system is guaranteed. Refer to the above-
mentioned cases, our contributions about P2P VoD as follows:  (1) we propose a 
new hybrid overlay DONet-AMT, which combines the DONet mesh overlay and 
an Adapted Multi-way Tree overlay. (2) our scheme can guarantee that every pre-
fetching unit of a video has k replicas at least when the number of peers is large 
enough. Thus, high data availability is guaranteed. Due to high data availability, 
DONet-AMT can provide better VoD service. 
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The rest of this paper is organized as follows. In Section 2, we present the de-
sign of DONet-AMT model. In Section 3, we evaluate the performance of DONet-
AMT. Finally, we  conclude the paper in Section 4. 

2 DONet-AMT Model 

In this Section, we first introduce the architecture of DONet-AMT. Then we de-
scribe how to construct the adapted multi-way tree overlay. 

2.1 DONet-AMT Architecture 

DONet-AMT is a hybrid architecture (Fig. 1), which integrates two networks: 
an adapted multi-way tree and DONet. The adapted multi-way tree overlay con-
sists of two layers: a complete multi-way tree and holder-chain. The complete 
multi-way tree is based on BATON*[18] which is balanced, and has a limited size 
according to the length of a video. The cost of search in BATON* is bounded by 
O(logmN). Holder-chain is a link-list which groups all peers holding the same pre-
fetching unit together and attaches to a node in the multi-way tree which has the 
same prefetching unit. DONet uses a random gossip algorithm and constructs a 
mesh overlay across the two layers of the adapted multi-way tree. 

In the adapted multi-way tree, the node in the complete multi-way tree not on- 

 
 

Fig.1 The Architecture of DONet-AMT 
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ly acts as a node in the multi-way tree, but also acts as the head of the correspond-
ing holder-chain. As far as the head of holder-chain is concerned, we adopt the 
same mechanism as that of SURFNet. The nodes in the multi-way tree only keep 
the IP addresses of a subset of peers in the holder-chain, namely sample peers, and 
the sampling mechanism is also the same as that of SURFNet. 

Every peer in the DONet-AMT has both a prefetching buffer and a playback 
buffer. Videos are divided into uniform segments. The prefetching buffer of every 
peer has the same size and can buffer one prefetching unit which consists of 
d(d>1) consecutive segments. The playback buffer is used to cache the video seg-
ments for current playing. When a new client enters the system, it may begin to 
view a video stream on demand. At the same time, it can download in advance 
some segments using its residual bandwidth and stores them in its prefetching buf-
fer. The prefetched segments are not selected randomly, but are chosen according 
to the prefetching scheme, which is included in the construction of an adapted 
multi-way tree and is detailed in section B. After the video segments have been 
downloaded completely, they will be maintained during the node’s lifetime.  

In DONet-AMT, DONet is used for efficient video distribution. When the vid-
eo is being viewed sequentially, each peer gets the multimedia streaming from its 
gossip partner. When the VCR-like operations occur, the adapted multi-way tree 
assists the peer to jump to the new playing scene quickly. The adjacent nodes and 
the attached holder-chain would provide the peer with the multimedia streaming 
segments from their prefetching buffers. At the same time, the peer seeks for the 
new partners. After the new partners have been founded, the streaming suppliers 
are switched to the new partners again. 

2.2 Construction of the adapted multi-way tree overlay 
Table 1  Notations 

Notations Descr iptions 
S The VoD media server 
T The multi-way tree 
P The requested video for playing 
Len Length of P 
D Size of one prefetching unit 
R The root node of T 
X A node in T 
HLen The length of a holder-chain 
H The height of T 
m Fanout of T 
N The number of nodes in the tree T 
Level(X) The level of X in T 
Prebuf(X) Node X’s prefetching buffer 
Seg(X) The sequence number of prefetching unit in Prebuf(X) 
Parent(X) Node’s parent node in T 
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To be clear, we adopt the notations including those in DONet-VoD[7] and 

SURFNet[12], which are presented in table 1. The video P has /L Len d=     pre-
fetching units which are numbered from 1 to L sequentially. The prefetching buffer 
of node X is defined as Prebuf(X) with size of d pieces of successive video seg-
ments. The fanout of the tree T is set as even, denoted as a variable m(typically, 

4m ≥ ). The multi-way tree T satisfies these formulas and equations:  

( ) 0Level R = ;                                              (1) 

( ) , ;Level X H X T≤ ∀ ∈                              (2) 

1( 1) / ( 1)HN m m+= − − ;                              (3)  

log ( 1)mH m L= −   .                                  (4) 

The construction of an adapted multi-way tree can be divided into three phas-
es. The first phase is to construct a complete multi-way tree T. The second phase 
is to construct hold-chains and make sure that the length of every holder-chain is 
no smaller than k. The third phase is to prefetch the prefetching unit randomly, 
and join the corresponding holder-chain according to the prefetching unit. 

In the first phase, a complete multi-way tree is constructed as illustrated in Fig. 
2. The height H of the multi-way tree is determined by the length L of the video P 
according to (4).  When T grows fully to the height H, T will form a complete 
multi-way tree and stop growing. Assuming the node X is the ith child of Par-
ent(X). The map relation between the prefetching buffer with the prefetching unit 
can be determined by the rules as follows: 

If ( ) 0Level X = , then    
 ( ) / 2Seg X L=                                                                                             (5) 

If 0 ( )Level X H< ≤ , there are two cases: 

Fig. 2 The First Phase 
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 If 1 ( ) / 2Level X m≤ ≤    , then 

( )

( 2 1)( ) ( ( ))
2 Level X

m i LSeg X Seg Parent X
m
− + = −   

                                    (6) 

  If / 2m i m< ≤    , then 

       ( )

(2 1)( ) ( ( ))
2 Level X

i m LSeg X Seg Parent X
m
− − = +   

                                      (7) 

Seg(X) can be computed according to (5),(6),(7). In the case of Seg(X)=0, we 
adjust Seg(X)=1. In the case of Seg(X)>L, Seg(X)=L. 

Node X can prefetch the corresponding prefetching unit according to the above 
three rules. When the multi-way tree grows to a complete multi-way tree with a 
height H, the tree stops growing, and the first phase finishes. Then, the second 
phase begins to construct holder-chains.  

The second phase consists of  the following steps: 
1)  When a new peer p is coming, it first queries the root node of the complete 

multi-way tree, and retrieves the length HLen of the holder-chain attaching to the 
root. 

2)  If HLen< k and there is no a holder-chain attaching to the root, then the 
peer p downloads the prefetching unit from the root with its residual bandwidth. 
The root becomes the head of the holder-chain, and links the peer p. The length 
HLen of the holder-chain increases to be 2. 

3)  If HLen< k, and there is a holder-chain attaching to the root, then the peer p 
inserts after the root, and download the prefetching unit from one node of the 
holder-chain. The length HLen of holder-chain increases one. 

4) If HLen≥ k, then the peer p queries the first child of the root, and retrieves 
the length HLen of the holder-chain attaching to the first child. If the retrieved 
length HLen< k, then the steps 2),3) executed for the root is applied to the first 
child. If the retrieved length HLen≥ k, the peer p continues to query the second 
child of the root, and the process executed for the first child is applied to the 
second child. The process is iterative until all the nodes of the tree is visited in the 
order of breadth-first traversal. If all the nodes of the tree have been visited and 
cannot find a node which satisfy HLen<k,  the second phase completes. 

In the third phase, the new coming peer will prefetch a prefetching unit ran-
domly. After the sequential number of a prefetching unit is designated by random 
function, the new coming peer searches the complete multi-way tree and find a 
node holding the corresponding prefetching unit in the tree. Then the new coming 
peer inserts after the found node and downloads the prefetching unit from one 
node of the hold- chain. The length HLen of this holder-chain will increase one.  
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3 Evaluation 

In this section, We use two metrics to analyze the performance of DONet-AMT. 
The two metrics are search latency and jump failure. 

3.1 Search Latency 

Search Latency is defined as the interval between the time when a seek or jump 
is performed and the time when a node in the complete multi-way tree having the 
requested segments is found. Hence, the search latency can be in terms of hop 
count for locating the node. In DONet-AMT, the search latency is bounded by 
O(H)+1. In DONet-VoD, the search latency is bounded by O( log ( 1)m m L− )). In 
SURFNet, the search latency in the AVL tree is bounded by O(logL). In VMesh, 
the search latency is bounded by O(logn)(n is the total peers in VMesh). In RINDY, 
the search latency is O(log /Len w   ). When we compute the search latency, we 
make the computing result be an integer which is no less than the computing result. 
Assuming the length of a video is Len=7200, including L=720 number of prefetch-
ing unit, w=10. A comparison result is illustrated in Fig. 3. From the left side, the 
first bar denotes the search efficiency of  VMesh, the second denotes that of 
RINDY, and the third denotes that of SURFNet, etc. We can see the search effi-
ciency of DONet-AMT (m=10) is highest. 

 

 

 

 

 

 

 

 

 

 

Fig. 3  Search Latency   
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3.2 Jump Failure 

DONet-AMT and DONet-VoD both can provide high success rate for jump 
because of the unchanged prefetching buffer.  However, DONet-AMT can avoid 
one type of jump failure that can occur in DONet-VoD. 

In DONet-VoD, some prefetching units may have only one replica. When one 
of these prefetching units was requested by multiple peers at the same time, only 
one peer p containing the replica provides service. The peer p cannot serve mul-
tiple peers at the same time. In this case, the peers that cannot get service in time 
encounter a jump failure. Hence, these peers cannot download video segments 
from the prefeching buffer and have to wait for a long time to let DONet find new 
partners for video segments.  

In DONet-AMT, the jump failure described above can be avoided, for every 
prefeching unit has k replicas at least when the number of peers is large enough.  

4   Conclusion 

This paper has proposed a new hybrid overlay DONet-AMT for large scale 
P2P VoD systems, which integrates two networks: DONet and an adapted multi-
way tree. DONet is used for video distribution. The adapted multi-way tree con-
sists of two layers: a complete multi-way tree and holder-chain. When the number 
of peers is large enough, the adapted multi-way tree can guarantee every prefetch-
ing unit has k replicas at least, which ensure high data availability. Compared with 
DONet-VoD, the seek latency and jump failure of DONet-AMT can be reduced 
because of high data availability.  
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