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Abstract 
 

The tree topology in multicast systems has high transmission efficiency, low latency, but poor 

resilience to node failures. In our work, some nodes are selected as backbone nodes to 

construct a tree-like core overlay. Backbone nodes are reliable enough and have strong upload 

capacity as well, which is helpful to overcome the shortcomings of tree topology. The core 

overlay is organized into a spanning tree while the whole overlay is of mesh-like topology. 

This paper focuses on improving the performance of the application-layer multicast overlay by 

optimizing the core overlay which is periodically adjusted with the proposed optimization 

algorithm. Our approach is to construct the overlay tree based on the out-degree weighted 

reliability where the reliability of a node is weighted by its upload bandwidth (out-degree). 

There is no illegal solution during the evolution which ensures the evolution efficiency. 

Simulation results show that the proposed approach greatly enhances the reliability of the 

tree-like core overlay systems and achieves shorter delay simultaneously. Its reliability 

performance is better than the reliability-first algorithm and its delay is very close to that of the 

degree-first algorithm. The complexity of the proposed algorithm is acceptable for application. 

Therefore the proposed approach is efficient for the topology optimization of a real multicast 

overlay. 
 

 

Keywords: Tree-like core overlay, application-layer multicast, out-degree weighted 
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1. Introduction 

Application-layer multicast has become a very popular research topic due to the lack of 

widespread support for IP multicast and the high cost of infrastructure-based approaches using 

dedicated servers. According to their overlay structures, the multicast networks are classified 

as the tree-like overlay systems [1][2], the mesh-like overlay systems [3][4] and the hybrid 

systems [5]. In a tree-like overlay multicast network, nodes are interconnected in a spanning 

tree and the media information is pushed from parent node to child node and the receiving 

child node replicates and sends packets to other members connected with it. NICE is a typical 

tree-like overlay system, which has a small control overhead and produces low latency 

distribution trees [6]. However the tree-like overlay systems have poor resilience to node 

failures. When a node on a multicast tree leaves or fails, all the nodes receiving media data 

directly and indirectly from it will lose their streaming service. The approach to the mesh-like 

overlay multicast is to organize nodes into a mesh-structured overlay by selecting multiple 

nodes as neighbors to exchange data with. Compared with the tree-like overlay, the mesh-like 

overlay is more resilient against node failures; but it has additional control overhead due to the 

data driven technique and high transmission delay. The hybrid systems combine both 

advantages of the tree-like and mesh-like overlay multicast. In a hybrid-based overlay 

multicast a tree-like overlay is used as the backbone network for high efficient media 

streaming transmission while the mesh-like overlay is used as the non-backbone network for 

enhancing the system’s failure resilience [5][7]. In this paper we focus on the construction of 

the tree-like backbone overlay in a hybrid-based multicast system. Some nodes are selected as 

the backbone nodes which are reliable enough and have good upload performance as well. The 

backbone nodes are organized into a spanning tree. We aim at optimizingthe topology of the 

backbone tree to enhance its reliability and to achieve short transmission delay as well. 

There are some constraints that might be imposed on the overlay construction such as traffic 

cost, link availability, upload capacity, and time delay etc. This paper is mainly concerned 

with the topology optimization of the core overlay network with upload capacity, i.e. 

out-degree constraint. It has been proved that the degree constrained spanning tree problem is 

NP-complete [8]. We propose an optimization algorithm which is the evolutionary 

programming algorithm based on the out-degree weighted reliability. We name it 

ODW-reliability algorithm. There is no illegal tree problem during the evolution. Our 

contributions are summarized below: 
(1) the proposed ODW-reliability algorithm increases the reliability of the core overlay 

tree and achieves short delay at the same time. 

(2) we use the out-degree weighted array as the encoding approach, which is efficient 

because it incurs no illegal solution during the evolution process.  

(3) we evaluate the proposed algorithm and compare it with other optimization algorithms. 

Simulation results show that our algorithm has good performance with an acceptable 

complexity.  

(4) the proposed algorithm could also be used to optimize the topology of a tree-like 

multicast overlay system.  

The rest of the paper is organized as follows. In Section 2 we present briefly previous 

research on node failure resilience of tree-like overlay. In section 3 we describe the topology 

optimization problem for the core overlay multicast tree and give the mathematical model. The 

proposed optimization algorithm to optimize the topology of the core overlay tree is described 
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in detail in section 4. In section 5 we give the computational results which demonstrate the 

effectiveness of the proposed algorithm. Finally the paper concludes in section 6. 

2. Related Work 

The research on node failure resilience of tree-like topology could be summerized into three 

kinds of methods, i.e. Multiple-Pathes, Redundant-Parents , and Reliability-Optimization. 

Multiple-Pathes methods try to send stream data by more than two trees that work 

simutaniously or alternatively. Authors of [9] suggest to use multiple diverse distribution trees 

to supply redundancy in network paths and multiple description coding (MDC). A simple tree 

management algorithm that provides the necessary path diversity and minimizes peak a 

signal-to-noise ratio (PSNR) parameter is proposed. [10] focuses on the problem of reliable 

video broadcasts in optical networks. They propose constructing two disjoint trees to increase 

the network survivability. Since the backbone optical network is considered, the authors use 

Steiner trees to formulate the MIP model of the multicasting. The optimization of [11] covers 

multicast flow arrangement on multiple paths in order to minimize the overall streaming cost. 

It applies a basic hop-constrained spanning tree and capacitated spanning tree problems and 

defines level-constrained multiple trees problem with bandwidth capacity constraints for 

multicast flow assignment in overlay system. In [12], the main idea to provide protection of 

the system against network failures is to establish several (at least two) disjoint multicasting 

trees. The discussion in this paper centers on the problem of how additional survivability 

constraints to provide failure-disjoint trees can make impacts on the operation of P2P 

multicasting systems. 

Redundant-Parents methods provide some backup nodes as parents when a node requests 

its parent. Zigzag[13] is a method for clustering peers into a hierarchy called the 

administrative organization for easy management, and a method for building the multicast tree 

where each cluster has serveral nodes which could be head alternatively. A P2P multicast 

protocol called Nemo is described in [14]. The Nemo offers high delivery ratio without 

sacrificing end-to-end latency or incurring additional costs. The protocol applies two 

techniques: co-leaders to minimize dependencies and triggered negative acknowledgments 

(NACKs) to detect lost packets. [15] proposes a new P2P streaming framework Dagstream 

which produces a structure of peers in the form of a directed acyclic graph (DAG). To assure 

the system resilience each peer keeps at least k parents. Authors of [16] let each non-leaf node 

precalculates a parent-to-be for each of its children rather than let downstream nodes try to 

find a new parent after a node departure. When this non-leaf node is gone, all its children can 

find their respective new parents immediately. The salient feature of the approach is that 

rescue plans for multiple non-leaf nodes can work together for their respective children when 

they fail or leave at the same time. [17] proposes to use multiple cooperative error recovery 

sources, called a minimum-losscorrelation group (MLC group), to help a node that suffers 

from a stream disruption find the lost data while it is looking for a new parent. Considering 

significant spatial correlation in loss among the receiver nodes, authors of [18] propose a 

scalable recovery tree construction scheme scheme distributes some tasks normally handled 

by the sender node to specific nodes acting as repair node distributors. 

Reliability-Optimiazation methods improve the tree reliability by optimizing node position 

in the tree. An important approach to this is to build a short tree. Intuitively, the shortness helps 

to reduce the number of descendant nodes that will be affected by a failed node. An additional 

merit of this approach is that it generally leads to a small average service delay from the source. 

The minimum depth tree is an example of this approach[14][19]. The high-bandwidth-first 
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algorithm achieves minimum tree depth by placing the nodes from high to low layers in a 

non-increasing order of bandwidths[19]. This algorithm achieves a global optimization. In 

contrast to the depth-optimizing approach using the members’ bandwidth properties, another 

approach leverages the member’s time property: if the members’ lifetimes follow a 

distribution with a long tail, then the older members are less likely to leave before the younger 

ones [17][20]. Authors of [21] suggest a reliable overlay multicast tree based on members’ 

sojourn probabilities. Path reliabilities from a source to member nodes are considered to 

maximize the reliability of an overlay multicast tree. 

Each aformentioned methods have its advantages and some common or special 

shortcomings. Protocol overload is a common problem of Multiple-Pathes and 

Redundant-Parents methods[9][10][11][12][13][14][15][16][17]. Reliability-Optimiazation 

methods have less overload but they have other shortcomings such as local optimization[17], 

tall tree[20], large compuation cost[21], and still heavy overload[19]. Our approach is one of 

Reliability-Optimiazation methods, which can optimize depth and realibility at the same time 

with pratical computation cost and not much overload. 

3. Problem Description 

In an application level multicast system, a node may subscribe and withdraw the streaming 

service at any time, which is different from the IP multicast system. For the application level 

multicasting, when the user behind a node on the overlay quits, the node fails. When a node 

fails, all its child nodes will lose their streaming services. For a tree-like overlay network, if a 

node leaves or joins the system frequently, the maintenance of the network is greatly increased. 

In a hybrid-based multicast system some special nodes are chosen as the backbone nodes 

according to their degree and reliability. These backbone nodes are reliable enough and have 

strong upload capacity as well and it is helpful to overcome shortcomings of tree topology. In 

the paper the degree means a node’s out-degree or upload bandwidth. The selected backbone 

nodes could be those whose out-degree is larger than the media stream rate or whose reliability 

is higher than the given threshold. For a real network design the reliability threshold could be a 

given value or be determined by the ratio of backbone nodes to all the nodes in the network. 

Then the selected nodes are used to construct a tree-like overlay multicast with the proposed 

algorithm to provide high quality media stream service. 

An overlay multicast tree can be model as a graph ( , )G V E with n V  nodes and 

m E edges. Let the degree constraint max ( )d k  represent the upload capacity limit of node k 

in an overlay tree T. Suppose that ( )Td k  is the degree of node k in the tree T, then 

max( ) ( )Td k d k . In our study n is the number of the selected backbone nodes. Generally the 

more the layer of a tree, the higher the delay. We limit the depth of the core overlay tree for the 

goal of satisfying delay constaints. The maximum depth of the tree depends on the node 

number and the average node degree. Suppose that aved  ( 1aved  ) is the average node degree 

and l is the depth of the tree (the root node is in the zero layer). Suppose these nodes are used to 

construct a full tree. Then we have 

2 3 11 l l

ave ave ave ave aven d d d d d                                (1) 

According to the geometric progression properties, we have 
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Then l is calculated by (3) 

log [ ( 1) 1] 1
aved avel n d                                                         (3) 

To simplify the computation from (3), we have 

log ( )
avedl n                                                                 (4)  

In a full tree each node is either a leaf node or has exactly aved  children. For the given node 

number, the full tree has the minimum depth. In our study we aim at constructing a stable tree 

to provide high quality media service. The depth of the core overlay tree in our study is given 

by  

log ( ) 1
avedl n                                                              (5) 

which is also the length of the out-degree weighted array in the proposed algorithm. 

Note that a node fails in an application level multicast system much more frequently than a 

link does [22][23]. The reliability of a multicast tree depends more on the path reliability than 

on the link reliability. In our work we consider the node failure as the only cause of loss of 

multimedia information transmission. The reliability of an overlay multicast tree is defined as 

                                                            ( ) ( )a

k S

R T r k


                                                      (6) 

where S is the node set of an overlay multicast tree. ( )ar k is the accumulated reliability of 

node k which is calculated by 

( ) ( ) ( )
k

a

i S

r k r k r i


                                                    (7) 

kS is the node set which contains all the other nodes except node k in the path from source 

node to node k. ( )r k  is the sojourn probability of node k.  

Then the problem for topology optimization of a core overlay tree is described as  

max ( ) ( )a

k S

R T r k


                                                (8) 

subject to                  max( ) ( ),Td k d k k V                                              (9) 

3. The Proposed Optimization Algorithm for Core Overlay Tree 

As aforementioned, evolutionary programming is one of the four major evolutionary 

algorithms including genetic algorithms along with genetic programming and evolutionary 

strategies. The primary difference between evolutionary programming and the other 

evolutionary approaches is that there is no recombination. Mutation is the main genetic 

operator for evolutionary programming, which produces spontaneous random changes to 

generate offspring. In this section we provide our ODW-reliability algorithm to optimize the 

topology of the core overlay tree which is shown in Fig. 1. The main idea of the proposed 

approach includes four components: 1) design parameters calculation, 2) initial solution, 3) 

mutation, 4) selection. Table 1 lists the main variables used in this paper. As shown in Fig. 1, 

the first step is to determine the parameters n and l. n is the backbone node number and l is 

http://www.ask.com/wiki/Evolutionary_algorithm?qsrc=3044
http://www.ask.com/wiki/Evolutionary_algorithm?qsrc=3044
http://neo.lcc.uma.es/cEA-web/classification.htm
http://neo.lcc.uma.es/cEA-web/classification.htm
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calculated by (5) as described in section 2. The second step is to generate the initial solutions, 

then do mutation on each individual to generate offspring. Selection is determinstic according 

to the reliability defined by (6). Those individuals whose reliability is in the top pop_size will 

be selected as the new population. If the termination conditions are not satisfied, continue the 

above procedure. Otherwise, select the optimal one from the current generation which is the 

solution to the overlay optimization problem. Note that the fitness function in the evolution is 

the reliability of the overlay tree defined by (6) and mutation is based on out-degree weighted  

array. The steps in the ODW-reliability algorithm in this research are discussed below. 

 

Design parameters 

calculation (n,l)

Start

Initial population 

generation

Selection 

Termination 

condition satisfied?

Stop

Mutation

New population 

generation 

Y

N

 

Fig. 1. Proposed optimization algorithm 

Table 1. Denotation 

n node number of the overlay tree 

l depth of the overlay tree 

pop_size population size of evolutionary programming 

dav average node degree  

d(k) degree of node k 

r(k) reliability of node k 

rw(k) out-degree weighted reliability of node k 

wi out-degree weighted value for the nodes in the ith layer of the overlay tree 

g generation number of evolutionary programming 

g_max maximum generation number of evolutionary programming 

r reliability ranking of the individual in population 

  standard deviation of Gaussian distribution 

r  weighted standard deviation 

fg factor of evolution generation 

fr factor of individual ranking 
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3.1 Construction of Initial Tree 

Randomly generate an out-degree weighted array 1 2[ , , , ]lw w w w  with the constraints of 

log ( ) 1
avedl n     and (0,1]iw  1,2, ,i l . Suppose that S is the node set of a core 

overlay tree with n nodes and  is the source node in the tree. The initial tree is constructed as 

following.  

Step 1: Select   from node set S and set it as the root node of the tree. Delete   from node 

set S.  

Step 2: Randomly choose a node k from node set S and delete node k from S. Let node k as the 

child node of node  . Note that in our tree construction the root node   is in the zero layer 

of the tree. Then k is in the first layer of the tree. 

Step 3: Randomly choose another node j from S, then delete node j from S. if 

max( ) ( )Td d     , add node j as the child node of node  and j is also in the first layer of 

the tree.  

Step 4: If max( ) ( )Td d     , then j should be added to the second layer of the tree. Select a 

node as node j’ parent node from the left to the right which is in the first layer and which 

satisfies the degree constraint. 

Step 5: For all the other nodes in S, randomly choose the node one by one and add it to the tree 

as done in Step 3 and Step 4. 

3.2 Mutation Operator 

Mutation is the main genetic operation of evolutionary programming. It produces random 

changes in the selected parent and forms new offspring. In general the mutation in 

evolutionary programming is Gaussian mutation. It is clear that good parameter values 

facilitate good performance. In the paper the mutation operator is based on the out-degree 

weighted array which is used to choose nodes to construct new population during the evolution. 

To control the algorithm convergence, the effect of the ranking of reliability in the population 

and evolution generation is considered to control the mutation step size. The mutation operator 

is shown as following: 

Step 1: Generate mutation step size parameters: 

1
_ max

g

g
f

g
                                                                        (10) 

_
r

r
f

pop size
                                                                       (11) 

r rf                                                                                 (12) 

Step 2: For each iw w ( 1,2, ,i l ), generate a random number i between 0 and 1, then  

                                                i i gf                                                                               (13) 

1 max( ,0)i iw                                                                 (14) 

2 min( ,1)i iw                                                                 (15) 

Generate a Gaussian distributed number 

( , )i i rN w                                                                    (16) 
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subject to: 1 2i                                                                      (17) 

Step 3: Let i iw   and iw  is the new out-degree weighted array which is used to produce 

new offspring.  

3.3 New Population Generation 

Note that the proposed mutation changes the out-degree weighted array not the topology of the 

tree. In order to generate new offsprings, we need to re-construct trees according to the new 

out-degree weighted array. The out-degree weighted reliability is defined by (18) 

( ) ( ) ( ( ) 1)w ir k r k d k w                                                  (18) 

The tree re-construction is based on the above out-degree weighted reliability which is 

shown as following: 

Step 1: Calculate the out-degree weighted reliability for all the nodes in node set S  except for 

the root node  . 

Step 2: Sort the nodes in decreasing order according to their out-degree weighted  reliability 

where node   is in the first position. 

Step 3:   is the root node and delete it from the node set S. Select nodes in decreasing order 

of out-degree weighted reliability from S to re-construct the overlay tree which is similar to the 

procedure described in section 3.1. The difference is that in the initial tree construction nodes 

are randomly selected while during the tree re-construction nodes are selected according to 

their out-degree weighted reliability. Therefore nodes with the higher out-degree weighted 

reliability move to the higher positions in the tree. 

The re-constructed trees are new offsprings and now there are 2 _pop size  individuals in 

the current population. The new population is generated as following: 

Step 1: Calculate the fitness value for each individual in the current population which is 

defined by (6).  

Step 2: Sort the individuals in decreasing order according to their fitness values. 

Step 3: The individuals whose fitness values are in top pop_size are survivals.  

Step 4: The new population is made up of these survival individuals.  

4. Computation Results and Discussion 

We generate four node set groups to compare the perfomance of ODW-reliability algorithm 

with random algorithm, the degree-first algorithm , and the reliability-first algorithm. Each 

group is compared from twoperspectives, i.e. tree reliabitliy and transmission delay. The 

difference between the random algorithm, the degree-first algorithm,  and the reliability-first 

algorithm is the node selection strategy. In the degree-first algorithm the node is selected in the 

order of its degree, while in the reliability-first algorithm the node which has maximum 

reliability is chosen first to the source node. All the simulations were performed with 

implementations in C executed on Intel Core i5 (2.27GHz clock). 

The node set groups are the tree-like core overlay networks with different design 

parameters including network size, population size and node capacity. Node propertities are 

generated randomly according to long-tailed lifetime. The details of the test problems are 

available from authors.The property of each node set group is as the followings: 

(1) The first group compares the effect of network size where the network size is 100, 200, 

500, 1000 and 2000 nodes respectively.  

(2) The second group is different in average node degree where the average node degree 
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is 1.69, 2.09 and 3.28.  

(3) The third group is used to studied the influence of average node reliability where the 

average node reliability is set as 0.46, 0.52 and 0.63 respectively.  

(4) The fourth group is to compare the effect of population size on the performance of the 

proposed algorithm.The population size for all the networks is 20 except for networks 

in the fourth group. 

The halting criterion, population size, node capacity are important parameters for 

evolutionary programming performance. There are several halting criteria to stop evolutionary 

programming including generation number, computing time, mininum reliability, maxinum 

depth, and fitness convergence. Mininum reliability and maxinum depth get from computation 

results of other contrast algorithms. Fitness convergence is the key criteria which is the only 

contributing criteria in our experiments. The fitness convergence criterion is to compare the 

improvement of average reliability and optimal reliability with the given threshold. If any of 

the average reliability and optimal reliability is satisfied, the evolutionary programming will 

be stopped. 

Fig. 2 shows the reliability comparison of the proposed ODW-reliability algorithm with 

the other three optimization approaches. It is shown that for all the tested problems the 

proposed algorithm has the best reliability performance which is better than that of the 

reliability-first algorithm. The performance of the random algorithm is the worst. Fig. 2 (a) 

shows that the performance gap increases with the increase of network size. For example, 

when the network size is 200 nodes, compared with random algorithm, the degree-first 

algorithm’s reliability increases by 73.61%. The reliability-first algorithm’s reliability 

increases by 352.54% and the proposed ODW-reliability algorithm’s reliability increases by 

365.66%. When the network size is 2000 nodes, the performance improvement is 774.65%, 

2955.28% and 3208.65% repectively for the above approaches. It is shown from Fig. 2 (b) and 

Fig. 2 (c) that the reliability of the overlay tree increases with the increase of average node 

degree and average node reliability for all the optimization methods. Therefore the core 

overlay tree constructed by the proposed algorithm is more reliable for media streaming and it 

helps to improve the reliability of the hybrid overlay system. As we know population size is a 

key design parameter for evolutionary programming. Results from Fig. 2 (d) show that the 

selection of population size of the evolutionary programming has little effect on the reliability 

performance. Therefore the proposed ODW-reliability algorithm is efficient for the core 

overlay tree’s reliability optimization. 
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Fig. 2. Reliability comparison of the proposed algorithm with other optimization approaches 

Fig. 2 shows that the proposed algorithm improves the reliability of the core network of a 

hybrid-structured application-layer multicast overlay. It is also important to examine the 

quality of service experienced by end users in terms of end-to-end delay. Now we study the 

node’s service delay for the multicast overlays under different optimization approaches. In this 

paper the node’s service delay is measured by transmission delay which is defined as the depth 

of the overlay tree. Fig. 3 is the results of transmission delay comparison of the four 

optimization approaches. It is shown that for all the test problems the degree-first algorithm 

has the shortest transmission delay. As mentioned before the tree constructed by the 

degree-first algorithm selects the nodes with larger degree to the higher position, it is clear that 

it constructs the shortest tree and has the shortest delay. Fig. 3 (a) shows that the larger the 

network size,the longer the transmission delay is produced. For a 200-node tree, compared 

with the degree-first algorithm, the proposed ODW-reliability algorithm’s delay increase by 

14.79%, the reliability-first algorithm’s delay increase by 33.53% and the random algorithm’s 

delay increase by 46.71%. When constructing a 2000-node tree, compared with the 

degree-first algorithm, the proposed ODW-reliability algorithm’s delay increases by 15.37%, 

the reliability-first algorithm’s delay increases by 55.92% and the random algorithm’s delay 

increases by 83.65%. Therefore the proposed ODW-reliability algorithm’s delay is very close 

to the degree-first algorithm,  and it is better than the other two optimization approaches. Fig. 

3 (b) shows that the larger the average node degree, the shorter the transmission delay is 

produced for all the optimization algorithms. The performance gap between the degree-first 

algorithm and proposed ODW-reliability algorithm decreases with the increase of the average 

node degree. Therefore the network size and average node degree are the key parameters for 

the transmission delay of the overlay tree. Note that the average node reliability has little effect 

on the delay of the overlay tree as shown in Fig. 3 (c), which is different from the case of 

reliability optimization. It is also shown from Fig. 3 (d) that population size has little effect on 

the core overlay tree’s delay for the proposed ODW-reliability algorithm. Therefore in terms 

of reliability and delay the population size is not important for our ODW-reliability algorithm. 
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(c) average node reliability= 0.46, 0.52 , 0.63 
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(d) population size=5,10,20,50,100 

Fig. 3. Transmission delay comparison of the proposed algorithm with other optimization approaches 

Although we focus on improving the hybrid-structured application-layer multicast overlay’s 

performance, it is also important to investigate the time cost of the proposed approach. As 

mentioned, network size and population size are two important parameters for evolutionary 

programming, the time cost of the proposed algorithm in different tree-like overlay systems 

are shown in Fig. 4.  

 

100200 500 1000 2000
0

2000

4000

6000

8000

10000

12000

14000
CPU time comparison for different overlay networks

network size

C
P

U
 t

im
e
 (

m
s
)

 
(a) population size =20 



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 6,  NO. 12, Dec 2012            3130 

5 10 20 50 100
0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000
CPU time comparison for different overlay networks

population size

C
P

U
 t

im
e
 (

m
s
)

 
(b) network size=200 nodes 

Fig. 4. CPU time comparison for different overlays with the proposed approach 

Fig. 4 (a) shows that the CPU time increases when the network size increases. But even for la 

arge scale network, such as a 2000-node network, the required time is only 13475 ms. This is 

acceptable for the real network design. Fig. 4 (b) provides the comparison of CPU time for a 

200-node overlay system with different population size. It is shown in Fig. 4 (b) that the larger 

the population size, the more the required CPU time. The CPU time is 90 ms when the 

population size is 5, while it is 9159 ms when population size is 100, which is increased by a 

factor of 100. Note that the population size has little effect on the performance of the core 

overlay tree in terms of reliability and delay, which is demonstrated by Fig. 2 and Fig. 3. A 

small value of population size is advisable when using the proposed method to optimize the 

overlay’s topology. From the experiment results we can find that the proposed 

ODW-reliability algorithm has the best reliability among the four investigated optimization 

approaches and its delay is very close to that of the degree-first algorithm with a low time cost. 

5. Conclusion 

In this paper we address the topology optimization issue for a hybrid-structured 

application-layer multicast overlay system. We first choose some nodes which are reliable 

enough and have strong upload capacity, and use these nodes as backbone nodes. These 

backbone nodes are organized into a tree-like core overlay. The core overlay is periodically 

adjusted by the proposed ODW-reliability algorithm. The proposed algorithm is based on the 

out-degree weighted reliability which incurs no illegal tree problem during the evolution. 

Simulation results show that compared with the random algorithm, the degree-first algorithm, 

and the reliability-first algorithm, our proposed approach greatly improves the reliability of the 

tree-like core overlay. The degree-first algorithm has the shortest delay and the proposed 

ODW-reliability algorithm’s delay is very close to it. The population size is a key parameter of 

evolutionary programming but it has little effect on the performance of the proposed algorithm 
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in terms of reliability and delay. The complexity of the proposed algorithm is measured by 

CPU time. Simulation results show that the required CPU time depends on the network size 

and population size and it is very satisfactory for a real multicast overlay’s optimization. The 

proposed ODW-reliability algorithm can also be used to optimize a tree-like application-layer 

multicast overlay where all the nodes in the tree are selected. 
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