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Abstract
Overlay multicast is an emerging technology for
next generation Internet service to various groups of
multicast members. It will take the place of
traditional IP multicast which is not widely deployed
due to the complex nature of its technology. The

overlay —multicast which

effectively  reduces
processing at IP routers can be easily deployed on top
of a densely connected IP network. An end-to-end
delay problem is considered which is serious in the
multicast service. To periodically optimize the route
in the overlay network and to minimize the maximum
end-to-end delay, overlay multicast tree is
investigated with genetic Algorithm. Outstanding

experimental results are

obtained which is
comparable to the optimal solution and the tabu

search.

1. Introduction

Overlay multicast is highlighted as an alternative for
providing multicast services on the Internet [1,2, 3, 4,
5, 6, 7, 8]. In overlay multicast, data packets are
replicated at end hosts. Each multicast member is
responsible for forwarding the packets. Thus, overlay
multicast does not change the network infrastructure

but performs forwarding at each end host. The logical

tree structure of overlay multicast is built to form an

overlay multicast network regardless of the
underlying physical Internet.

An important practical problem in this paper is to
determine how to construct a multicast tree which
minimizes the maximum end-to-end delay. There are
a number of studies on overlay multicast services in
recent literature, mostly due to the efficiency of
overlay networks. [6] proposed a heuristic multicast
routing algorithm for overlay networks that optimizes
the access bandwidth usage at the Multicast Service
Nodes’ (MSNs) interfaces, while satisfying the end-
to-end delay requirements of applications.

The rest of the paper is organized as follows. In
Section 2, we formulate the construction of overlay
multicast tree that minimize the maximum end-to-end
delay. In Section 3, a genetic algorithm is introduced
to solve the multicast tree. The performance of

suggested algorithms is analyzed in Section 4 with

conclusion in Section 5.

2. IP Formulation of Overlay Multicast Trees

We want to find an overlay multicast tree that
minimizes maximum overlay delay for all multicast
members. To guarantee the quality of data delivery

path, the packet processing ability of each member
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node is also considered with a degree bound.
Therefore, this problem is formulated into a degree-
bounded minimum delay spanning tree.

Consider a graph G = (V,E) where V is the
set of multicast nodes and a source and E s the set
of links which constitute a full-meshed overlay
network. A node me€V represents a multicast
member that wants to receive services from the
source. If no path exists between the source and the
multicast member m , the ftree recovery is
impossible. By assuming at least one path between

the source and node m, the failed multicast tree is

recovered to connect every multicast member.
m . . .
Let x; be a binary variable to represent a link

(i, j) that is employed for a path between the
source and multicast member m . If link (Z, j) is

employed to connect the source and node m, then

x; =1. Otherwise, x; =0. Then, the following

relations hold for every node including the source §.

m m _
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Let ¥, be a binary variable to represent the

adoption of link (,)) for paths in the overlay

multicast tree. Then, the following equation holds.

x; <y;, forallmeVandi# j

The above constraint represents that link (7, ) has
to be selected in a tree to create the path between the
source and multicast member m .

Now, we consider the degree constraint of a
multicast member node. By letting W, be the degree

constraint of node 1, we have

forallieV

N7 +D Vi SW,

i i
To build up a spanning tree with » member nodes, we
have

2y =n-l,

J#i

forallieV

Our objective in the multicast tree is to minimize

maximum overlay delay for all end hosts. By letting

d;; be the link delay and Z be the maximum end-

to-end delay, we have the following equation to
minimize Z .

Zdl.jx,;' <Z,

(i,))eE

forallmeV

Note in the above expression that the link delay in an
overlay network reflects number of hops in the
corresponding physical network and the processing
time at each physical node. From the above
discussion, we have the following binary integer

programming formulation.

Minimize Z
subject to
Zdﬂx;’ <Z forallmeV
(iRE
Zx;‘ —ij'.',.'-“-l forallmeVandi=s

J=i J#i

m mo_
qu —Zxﬂ =
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m Mo
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JorallmeV andi=m

J#i J=t

X <y, forallmeVandi# j
ZyUJrZyﬂSw,. forallieV

J#l J#i

Z)’,}»zn_l forallieV

=i

x, v, €101}

The above overlay multicast tree construction is a
well-known degree bounded minimum spanning tree
problem, which is NP-hard [9, 10]. Considering the
NP-hardness of the overlay multicast tree problem,

the proposed linear integer programming may not be
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effectively solved by any conventional optimization
techniques. We consider genetic algorithms as a
promising solution procedure for the above tree

recovery problem [11].
3. Genetic Algorithms

Genetic algorithms, which are based on the genetic
process of biological organism, are adaptive methods
and they may be used to solve search and
optimization problems [12]. Fitness value, which
represents chromosome’s performance, is used to
determine whether the chromosomes survive or not in
next generation.

In this section, we will look over genetic
operations that are used in genetic algorithms by its
step.

3.1 Tree Representation

To represent an overlay multicast tree as a
chromosome, encoding scheme is required. One of
the classical and popular encoding scheme is priifer
encoding, which is node and link based encoding
scheme and it represents n nodes with n-2 digit.

One disadvantage of priifer encoding scheme is
limited locality. By any one change in the tree, priifer
number can be changed dramatically [13].

[14] suggested determinant encoding which is
node-based encoding scheme and it represents n
nodes with n-1 digit. In determinant encoding, nth
digit in chromosome represents the node that node »
connect to. [14] shows that determinant encoding
outperforms than priifer encoding in MST problem.
3.2 Initial Population

Initial population procedure is performed at the
beginning of the genetic operation and generates
initial trees. In this paper, two methods are used —

Random Population and Breadth-First Population.

Random population is the method which assigns
random number in an array so that it can be decoded
as an overlay multicast tree. Breadth-First Population
(BFP) is based on the assumption that if the node-to-
node delay in the network is same, parallel
transmission will perform better than series
transmission. BFP makes full use of upper level
node’s degree, and gives higher priority to the node
which has higher degree. BFP procedure is as follows.

First connect source to nodes, which have
minimum source-to-node delay, among highest
degree while source’s degree constraint is satisfied. If
the nodes which have highest degree are exhausted,
the left degrees are assigned to the second highest
degree nodes. The nodes, which are connected to the
source, connect with the remainder with the same
way. This procedure continues until the node-to-be-
connected 1s exhausted. For diversity of tree, each
node is selected with probability 0.7.
3.3 Selection

In selection procedure two parents are selected to
perform crossover operation. In this paper, two
selection procedure is used — tournament selection
and ranking selection. In tournament selection,
randomly chosen two chromosomes are compared
and better one is selected. In this way, two
chromosomes are selected so that crossover operation
can be performed. In ranking selection, good
performing chromosome has higher selection
probability. In this paper, we use linear ranking
selection, which increase = selection probability
linearly as rank increase. [15] shows that tournament
selection has better time complexity than linear
ranking selection, while they have identical
performance.
3.4 Crossover & Mutation

Two parents which are selected by above operation
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generate two offspring by crossover operation. In this
paper, we use one-point crossover and uniform
crossover. One-point crossover, which is one of the
most widely used crossover operation, randomly
choose one point of two parents, and swap the
fragment.

In uniform crossover, each node is changed with
probability 0.5.

Each offspring generated by crossover operation is
mutated with very low probability, such as
0.1%~1%[15]). In mutation operation randomly
choose two nodes of an offspring and swap in a
selected offspring.

3.5 Repair

When performing crossover operation, offspring’s
degree constraint can be violated because fragments
of different chromosomes are mixed. In that case
discard degree-violated offspring and perform
crossover operation again. And when performing
genetic operation, cycle and tree break can happen
and they happen at the same time. Figure shows an
example when cycle and tree break happen.

When the cycle and tree break happen, discard the
offspring and perform genetic operation again.

3.6 Overall Genetic Algorithms procedure

Based on the genetic operation explained above,

we will describe overall genetic algorithms procedure.

The fitness value of a chromosome is maximum end-
to-end delay of overlay multicast tree. The minimum
fitness value of chromosomes represents the fitness
value in a generation. First, create 100 . initial
populations - with BFP. Second, select two
chromosomes with tournament selection. Third,
perform crossover operation to the selected two
chromosomes in the second step. Fourth, each
offspring 1s mutated with probability 0.01. From the

second to fourth steps construct one generation. The

generation is terminated when there is no
improvement in best fitness value in a generation for

cumulative 100 generation.
4. Computational Results

Computational results of the proposed genetic
algorithms shows the gap between proposed genetic
algorithm and CPLEX and Tabu search.. CPLEX[16]
and tabu search[17] are employed to compare the
solutions. Due to the exponential growth of the
branches in the process of CPLEX, it fails to obtain
the optimal solution even with a running time of
10,000 seconds for networks with 30, 50 and 100
nodes. With 10 nodes problem, the proposed genetic
algorithms generated optimal solutions in all cases
with 10 nodes. With 30 and 50 nodes respectively the
average gap from the upper bound by CPLEX is 3%
in 30 nodes problem, and no difference in 50 nodes
problem. For the network with 100 nodes CPLEX
experiences memory problem and fails to generate a
solution. Proposed genetic algorithm shows better

performance from 0 to 4% than tabu search.

10 30 50 100

(GA-TS)/TS 000 | -0.02 | -0.04 | -0.04

(GA-CPLEX)/CPLEX 0.00 0.03 0.00 N/A

5. Conclusion

An end-to-end delay problem in overlay networks
1s considered for next generation multicast service in
Internet. To minimize the maximum delay from a
source to multicast group members, overlay multicast
tree is constructed on the overlay network. The
problem is formulated as a degree bounded minimum
spanning tree which is a well-known NP-hard

problem.
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A genetic algorithm is proposed to solve the
problem. For each step of genetic algorithm,
computational results are used to compare various
operations. Genetic operations are chosen to increase
the performance and decrease the complexity of
operation. An iterative operation for generations
create better chromosome.

Computational of the

experiments proposed
genetic algorithm are performed for overlay networks
with 10, 30, 50 and 100 multicast nodes. Outstanding
performance is illustrated by the proposed heuristic.
The average gap from the solution by CPLEX is
within 3% in problems with 30 and 50 nodes.
Solutions for problems with 100 nodes are also
obtained in a reasonable time while those of CPLEX

are not available due to memory problem.
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