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Abstract  Since application layer multicast (ALM) relies on the terminal hosts to forward multi-
cast data, if the node fails or quits from the multicast tree, its descendants cannot receive the data
any more. Thus, it is important to propose an efficient recovery algorithm for the ALM tree to
improve the efficiency of data multicast. Aiming at this problem, this paper presents a hybrid

partition-based method for ALM tree’s recovery, named HPLR (a hybrid partition based method
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for loss recovery), which is based on the heterogeneity of node performance. In this algorithm,
the service capability of nodes is defined as the ratio of the number of descendant nodes to the
length of the root path. The multicast tree are divided into the center area and the marginal area
according to the defined service capacity. Each of the two areas has its own recovery method so as
to achieve a balance between computational overhead and time overhead. Since the nodes in the
center area have stronger ability for forwarding data, the failure of such nodes will cause interruption
for their descendants to receive data. Therefore, aiming at the failure of the center area node,
this paper proposes a forward-based multicast tree reconstruction strategy HPLR-CD (a hybrid
partition based method for loss recovery- core domain). In this strategy, the backup parent node
has already designated for its child nodes before it fails, and the affected node contacts the backup
parent node to recover the data transfer. The HPLR-CD algorithm avoids the time cost of the
backup parent node when the node is lost, and can quickly reconstruct the multicast tree to
improve the efficiency and performance of the multicast. Since the nodes in the margin area has
weak ability for forwarding data, aiming at the failure of the margin area node, this paper proposes a
backward multicast tree reconstruction strategy HPLR-MD (a hybrid partition based method for
loss recovery- margin domain). When the node fails, the affected nodes are in contact with the
grandfather node to restore the multicast connection. The HPLR-MD algorithm avoids calculating
the computational overhead of the backup parent node for all nodes, and minimize the change of
the topology caused by the node failture in ALM tree. The simulation results demonstrate that
the cumulative percentage of HPLR algorithm is greater than that of contrast algorithm NICE and
BFN in the same rejoin delay. When the cumulative percentage reaches 100% , the rejoin delay of
HPLR algorithm is averagely 0. 16s less than that of BFN algorithm, and 0. 24s less than the
NICE protocol. The mean rejoin delay distribution of HPLR algorithm is between 1.05s and
1. 4s, and its fluctuation range is smaller with the increase of multicast size. And the mean rejoin
delay of HPLR algorithm is less than the contrast algorithm under the same multicast size. In
addition, since HPLR algorithm adopts hybrid multicast recovery strategy, the total amount of
control packets required to maintain the multicast tree in the same scale by the HPLR algorithm is
about 50 KB less than the Yang algorithm.

Keywords application layer multicast; partition based method; hybrid; loss recovery; HPLR
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cost(e(v; yv;)) for any v ,v; €V

maximum degree degun. (v;) ;

available degree deg,.; (v;);

Initialize DSS={¢; |¢; € children(v,,.,)};

Initialize BPS=V — (v, } —DSS—
{uldega, (W) =0}

il mapCeisp) s ¢ € children(u,,, ), p is ¢;”s backup

parent

PUR

1. WHILE DSS# & DO 2~10

2. select e(cj.v;) . where ¢; € DSS, v; € BPS, such

that cost(e(c;sv;)) is the smallest among those ¢;’s

and v; " s;

2 i 2018 4F
3. map<C(cjsv;);
4. set v; as ¢;’s backup parent;
5. degree(v;) =degree(v;) —1;
6. IF (deg..; (v;)=0) DO 7
7. BPS —wv;;
8. DSS —c;;
9. IF v € (desc(c;) U {c;}) and deg,.; (v;) >0 DO 10
10. BPS <y,

11. END WHILE

12. RETURN map
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{
disconnect v; 3
remove v; from children List;
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}

2. SendMessageToChildren(DROP_NOTICE) ;

3. SendMessageToGrandfather(POLL_REQUEST) ;
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k=min(deg..; (vi—1) ,n);
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have the minimum delay with v, ;

connect these nodes with v, ;;

remove these nodes from desc(v,) ;
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}
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Background

Traditional unicast communication mode needs to create
a separate data transmission channel between the client and
the server, but the model cannot meet the requirements of
the current multimedia data on the transmission efficiency.
The emergence of IP multicast solves the problem of low
efficiency, this is because the IP multicast changed the
Internet based on the design principle of unicast, which needs
to change the existing network infrastructure, leading to the
slow progress in global deployment.

Due to the defects existed in the IP Multicast which limits
the development of its own, Francis and Zhang separately
proposed the Application Layer Multicast (Application Layer
Multicast, ALM) in 1997 and 1998. Its characteristic is that
without changing the existing network infrastructure, the
terminal system can implement the functions of data forwarding
and replication. So the ALM is easy to deploy. So far, there
have been a lot of application layer multicast protocols
successfully applied, for example, YOID, Narada, HMTP,
NICE, etc.

This paper mainly studies Application Layer Multicast
aiming at the high stability and low latency of application
layer multicast tree construction algorithm and high efficiency
of application layer multicast tree recovery algorithm. This

paper presents a hybrid partition based method for loss

recovery (HPLR) in ALM. In this method, we redefine the
server ability of node, and divide the tree into two parts
according to node’s server ability. Each part of the tree has
its own recovery method respectively, so as to achieve a
balance between computational overhead and time overhead.
Aiming at the failure of the central area node, this paper
tree reconstruction

proposes a forward-based multicast

strategy HPLR-CD. In this algorithm, the backup parent
node is searched for its children before the node fails, and the
affected node contacts the backup parent node to recover the
data transfer. Aiming at the failure of the margin area node,
this paper proposes a backward multicast tree reconstruction
strategy HPLR-MD algorithm. When the node fails, the
affected node is in contact with the grandfather node to
restore the multicast connection, thus restricting the change
of the topology caused by the node exit event to the multicast
tree in the local scope.

The simulations demonstrate that the HPLR algorithm
can effectively reduce the rejoin time and control overhead
after the nodes leave. This paper was supported by the
National Natural Science Foundation of China (61370108,
61672257, 61170017, 61272112) and the Natural Science

Foundation of Hubei Province (2016CFB145).





