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Abstract— The optimization problems for the communi-
cation network have been taken attentions by many related
researchers, such as network designers, network anlaysts,
network administrators. And the use of computer com-
munication networks has been rapidly increasing in order
to share expensive hardware/software resources and pro-
vide access to main system from distant locations. These
network problems have many applications in telecommu-
nications, computer networking, and the related domains
in electric, gas, and sewer networks. Especially, in the
computer networking, LANs are commonly used as the
communication infrastructure that meets the demands of
the users in local environment. These networks typically
consist of several LAN segments connected together via
bridges. The use of these transparent bridges requires loop-
free paths between LAN segments. Therefore, only span-
ning tree topologies can be used as active LAN configura-
tions.

Recently, genetic algorithms have got a great advance-
ment in related research fields, such as network optimiza-
tion problem, combinatorial optimization, multiobjective
optimization, and so on. Also genetic algorithm have re-
ceived a great deal of attention about its ability as opti-
mization techniques for many real-world problem.

In this paper, we attempt to the topology design prob-
lern in LAN with bicriteria which is minimizing the cost
and average message delay using spanning tree-based ge-
netic algorithm, because the interconnection between the
network service centers must yield spanning tree config-
urations. Finally, we get some experiments in order to
certify the quality of the networks designs obtatined by
using spanning tree-based genetic algorithm.

Keywords— Network Design, Message Delay, Spanning
Tree-Based Genetic Algorithm, Local Area Network(LAN)

I. INTRODUCTION

The optimization problems for the communication net-
work have been taken attentions by many related re-
searchers, such as network designers, network analysts,
network administrators according to the scale of commu-
nication network. The use of computer communication
networks has also been rapidly increasing in order to share
expensive hardware/software resources and provide access
to main system from distant locations. These network
problems have many applications in telecommunications,
computer networking, and the related domains in elec-
tric, gas, and sewer networks. Especially, in the computer
networking, LANs are commonly used as the communica-
tion infrastructure that meets the demands of the users
in local environment. These computer networks typically
consist of several LAN segments connected together via
bridges. The use of these transparent bridges requires
loop-free paths between LAN segments[10]. Therefore,
only spanning tree topologies can be used as active LANs
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configurations. Also, as designing the topology of these
computer network systems, one of an important step is to
find the best layout of components to optimize the per-
formance criteria, such as cost, message delay, traffic, re-
liability, and so on. The performance criteria of these sys-
tems are important and are largely determined by nework
topology. We can also address that the network topology
design problem includes two main issues: clustering and
routing. The clustering problem consists of the two issues,
i.e., how many segments(clusters) should the LAN be di-
vided into and how to allocate the users(stations) to the
LAN segment(cluster). The routing problem is defined as
the determination of segments interconnection spanning
tree topology.

Genetic algorithm(GA) has received a great deal of at-
tention regarding their potential as optimization tech-
niques for network optimization problems and is often
used to solve many real-world problems(1}[2]. And there
have been many investigations of GA for multicriteria
problems. GA approach has been reported in many ap-
plications with multiobjective, such as the trasportation
problems[9], the minimum spanning tree problems[8], the
production process plannning problems[7], and so on. The
determination of the optimal LAN topology is a very com-
plicated combinatorial optimization problem and can be
classified as NP-hard optimization problem. Also, when
the topology design problem has two objectives, the topol-
ogy design of LAN is more difficult. Therefore, a heuris-
tic alogrithm that is based on a genetic algorithm gets
attentions. There were several papers proposed with the
methods to solve the network topology design problem
using genetic algorithm. Kumar et al[14][15] developed a
genetic algorithm considering diameter, distance, and re-
liability to design and expand computer networks. Wal-
ters and Smith{16] proposed an evolutionary algorithm for
the optimal layout design of networks with tree structure.
Deeter and Smith[17] presented a genetic algorithm-based
approach to design of networks considering all-terminal
reliability with alternative link options, allowing edges to
be chosen from different components with different costs
and reliabilities. Dengiz, Altiparmak, and Smith[12]{13]
focused on large backbone communication network design
considering the all-terminal network reliability and used
a GA, but appreciably customizes it to the all-terminal
design problem to give an effective and efficient optimiza-
tion methodology. Elbaum and Sidi[10] used genetic al-
gorithms based on Huffman tree to solve the topological
design of LANS.




In this paper, we attempt to the network topology de-
sign problem with bicriteria which is minimizing the cost
and the message delay using spanning tree-based genetic
algorithm. Because of the feature that only spanning tree
topology can be used as active LAN configurations, we
empoly the spanning tree-based genetic algorithm. We
also empoly the Priifer number encoding to represent the
spanning tree, which is capable of equally and uniquely
representing all possible trees[8]. Using Priifer number en-
coding, the memory only requires n-+m—2 on the problem
with n service centers and m users. The objectives of this
paper is to minimize the cost needed to design the net-
works system and also to minimize the average networks
message delay.

II. THE BICRITERIA LAN ToPOLOGY DESIGN

D : service center, () : user

centers: {1,2,3,4,5}
users: {6,7,38,9,10,11,12,13,14,15,16,17,18, 19,20, 21, 22, 23}

Fig. 1. The sample LAN architecture

A. Formulation of the problem

We define the following notations in order to formu-
late the bicriteria LAN topology design considering the
message delay and connected cost as the criteria:

Notation

n the number of service center
m  the number of user to be clustered

U = [u;;]  m X m user traffic matrix where u;;
represents the traffic from user ¢ to user j

T =[t;;] n xn sevice center traffic matrix where ¢;;
represents the traffic forwarded from users
in center ¢ to users in center j

X, n X n service center topology matrix where

x13; = 1, if the centers ¢ and j are connected,

Z155 = 0, otherwise
X, n X m clustering matrix where
Z2:; = 1, if user j belongs to center i,
x2;; = 0, otherwise
X n % (n 4+ m) spanning tree matrix([X; X,])
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1, if traffic from center 7 to center j

af(X) = through center k exists
0, otherwise
1, if traffic from center ¢ to center j
plkd) (X) = passes through existing link
J connecting centers k and [ exists

0, otherwise
Ch the traffic capacity of center k
Bi;  the delay per bit due to the link between
centers ¢ and j
gi the maximum number which is capable of
connecting to center ¢
wy;;  the weight of the link between centers ¢ and j
wa;;  the weight of the link between center ¢ and user j.
And M/M/1 model[4] is used in this paper to describe
a single cluster(LAN segment) behavior. Then we can
formualte the bicriteria LAN topology design problem as
the following nonlinear 0-1 programming model:

min a(X) =

% ;a%+22ﬂw-fu()€) (1

i=1j=1
min (X)) =
n—-1 n n m
IS 3 ST
i=1 j=it+1 i=1j=1
m
s. t. Zitzij<gi, i=1,2,---,n (3)
j=1
n
Zx%j:laj:l:Q?”'am (4)
i=1
LX)<C;,i=12,---,m (5)
where the total offered traffic I' is represented as follows:
n n
r=33,
i=1 j=1

The total traffic at center k, [x(X), is represented as fol-
lows:

i=1 j=1

The total traffic through link (k,1), fui(X), is represented
as follows:

n n

Fa(X) =33t - 650 (X)),

i=1 j=1
k=1,---,n Il=1,---,n.
We can also represent the service center traffic matrix as
follows: T = X2 UX,.
IIT. SPANNING TREE-BASED GENETIC ALGORITHM
A. Representations and Initialization

The genetic representation is a kind of data structure
which represents the candidate solutions of the problem



in coding space. Usually different problems have different
data structures or genetic representations. Here we em-
ploy the spanning tree representation using Priifer num-
ber in order to represent active LAN configurations.

One of the classical theorems in graphical enumeration
is Calyley’s theorem that there are £(*~2) distinct labeled
trees on a complete graph with k nodes. Priifer provided
a constructive proof of Cayley’s theorem by establishing
an one-to-one correspondence between such trees and the
set of all strings of k — 2 digits[8]. This means that we
can use only k — 2 digits permutation to uniquely repre-
sent a tree where each digit is an integer between 1 and
k inclusive. This permutation is usually known as the
Priifer number. For any tree there are always at least two
leaf nodes[18]. Based on this observation we can easily
construct an encoding as follows:

Procedure: Encoding

Step 1: Let node i be the smallest labeled leaf node in
a labeled tree T

Step 2: Let j be the first digit in the encoding as the
node j incident to node ¢ is uniquely determined.
Here we build the encoding by appending digits to
the right, and thus the encoding is built and read
from left to right.

Step 3: Remove node i and the link from 3 to j; thus
we have a tree with £ — 1 nodes.

Step 4: Repeat the above steps until one link is left.
We produce a Priifer number or an encoding with
k — 2 digits between 1 and k inclusive.

It is also possible to generate an unique tree from a

Priifer number via the following procedure:
Procedure: Decoding

Step 1: Let P be the original Priifer number and let P
be the set of all nodes not included in P, which des-
ignates as eligible nodes for consideration in building
a tree.

Step 2: Let ¢ be the eligible node with the smallest la-
bel. Let j be the leftmost digit of P. Add the edge
from 4 to j into the tree. Remove i from P and j
from P. If j does not occur anywhere in P, put it
into P. Repeat the process until no digits are left in
P

Step 3: If no digits remain in P, there are exactly two
nodes, r and s, still eligible for consideration. Add
link from r to s into the tree and form a tree with
k — 1 links.

An example is given to illustrate this kind of encoding.
The Priter number(1 1 2 2) corespondings to a spanning
tree on a five node complete graph represented in Fig.
2. The construction of the Priler number is described as
follows: Locate the leaf node having the smallest label. In
this case, it is node 3. Since node 1 is adjacent to node 3
in the tree, assign 1 to the first digit in the Priier number,
and then remove node 3 and the link (3,1). Repeat the
process on the subtree until link (2, 6) is left and the Prijer
number of this tree with three digits is finally produced.

On the contrary, for the Priier number P = (1 1 2 2),
the nodes 3, 4, 5, and 6 are eligible and P = {3,4,5,6}.
Node 3 is the eligible node with the smallest label. node
1is the leftmost digit in P. Add link (3, 1) to the tree, re-

17

cemnters: {1, 2}
uasers: {3, 4, 5, 63}

Prufer number

Fig. 2. A tree and its Priifer number

move node 3 from P for further consideration, and remove
the leftmost digit 1 of P leaving P = (1 2 2). Node 4 is
now the eligible element with the smallest label and the
second node 1 is the leftmost digit in remaining P. Then
add link (4, 1) to the tree, remove node 4 from P for fur-
ther consideration, and remove the digit 1 from P leaving
P = (22). Because node 1 is now no longer in the remain-
ing P, it becames eligible and is put into P = {1,5,6}.
Then, node 1 is the eligible node with the smallest label,
add link (1,2) to the tree, remove the leftmost digit 2 of
P, and remove node 1 from P. Now P = (2) and only
nodes 5 and 6 are eligible. Add edge(5,2) to the tree,
remove the last digit of P, and designate node 5 is not
eligible and remove it from P. Because node 2 is now no
longer in the remaining P and is added to P. P is now
empty and only nodes 2 and 6 are eligible. Thus add link
(2,6) to the tree and stop. The tree Fig. 2 is formed.

Priier number encoding is not only capable of equally
and uniquely representing all possible spanning tree, but
also explicity contains the information of node degree that
any node with degree d will appear exactly d — 1 times in
the encoding, i.e., when a node appear d times in Priier
number, the node excatly have d 4+ 1 connections with
other node.

Priier number is more suitable for encoding a spanning
tree, especially in some research fields, such as trasporta-
tion problems, minimum spanning problems, and so on.
Also, the verification for the excellence of Priier number
is addressed by Zhou and Gen][8].

From Fig. 2, we can see that all digits of the Priifer
number are the figures of the centers displayed by box. So,
the initiallization of a chromosome(i.e., a Priifer number)
is performed from that randomly generated n + m — 2
digits in range [1,n]. Therefore in a chromosome, the
center is represented but the user does not appear in a
chromosome and only is used as the elements of the set P.
Here suppose the centers are represented by the number
from 1 to n and the users are represented by the number
from n+ 1 to n+m.

sz pm-m—?
P|1|1l1|1|2|212l2!2l313!312|4i4i41515I5|5i5!
pef,2,348, i=12n+m-2

P= 6,7, 8,9 10,11,12,13,14,15,16,17,18,19, 20,21, 22, 23}
Fig. 3. A Priifer number for Flg 1

The representation chromosome for LAN topology
shown in Fig. 1 can be represented by Fig. 3 based on
encoding procedure.




B. Evaluation

The single objective LAN topology problem can easily
be manipulated by calculating the fitness value of each
choromsome according to the objective function. But
with bicriteria LAN topology design problem, we can only
calculate each objective value and can not simply evalu-
ate its fitness value when the objective functions conflict
with each other in practice. In other words, we can not
obtain the absolute optimal soultion but can only get the
Pareto optimal solutions. Here, the Pareto optimal solu-
tions concept is defined as follows:

Definition 1: Given a set of feasible solution S, a so-
lution (X’ € S) is said a Pareto optimal solution(or
nondominated solution) for the bicriteria LAN topol-
ogy design problem if and only if there does not exist
another solution (X) € S satisfying the following
conditions:

¢ (X) < (XY, for all 1 € {1,2}

¢;(X) < ¢;(X'), at least one j € {1,2}
In other words, a feasible solution (X') is called
Pareto optimal if there no exist no feasilbe solution X
which would decrease some objective function with-
out causing a simultaneous increase in at least one
other objective function.

As to the fitness function for survival, we employ the
weighted sums method to construct the fitness function.
Then we use the following evaluation for combining the
bicriteria objective functions into one overall fitness func-
tion and evaluating each chromosome.

Step 1: Convert chromosomes represented by Priifer

number to spanning matrix X.

Step 2: Calculate the objective values(c;(X), 1 =1,2).

Step §: Choose the solution points which contain the
minimum ¢™?(or the maximum ¢***) corresponding
to each objective function value, and then compare
with the stored solution points at the previous gen-
eration and select the best points to save again.

C;nin(t) — Inkin{C;nin(t—l)7 Cl(t) (Xk)}

C;nax(t) _ m’?x{cznax(t—l) , cgt) (Xk)}

1=1,2 k=1,2,---,chr.size
where cf""(t), cf‘axm is the minimum value and the

maximum value of i-th objective function at gener-
ation ¢t respectively, cgt) is the ¢-th objective func-
tion value of k-th chromosome at generation ¢, and
chr_size is equal to the pop.size plus the offsprings

generated after genetic operations.

Step 4: Solve the following equation to get weights for

the fitness function:
min(t)

t .
;=] — , i=1,2
a; .

N = =, i=1,2
i1

Step 5: Calculate the fitness function value for each
chromosome as follows:
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2
eval(Xy) = Z)\ici(Xk), k=1,2,---,chr_size
im1

Step 6: Convert the evaluation value to fitness as fol-
lowing equation:

1

F(Xy) = eval(Xy)

, k=1,2,--- chr_size
where F'(X ) means a fitness value for the k-th chro-
mosome.

As to the bicriteria LAN topology design problem, the
mechanism of evaluation in the proposed genetic algo-
rithm can be briefly explained as follows: the adaptive
objective evaluation hyperplane divides the search space
into two parts. One contains Pareto optimal solutions
and the ideal point which is unreachable, the other only
contains dominated solutions. During the evolutionary
process and under the pressure of selection operation,
the adaptive objective evaluation hyperplane is upated
repeatedly and moved toward the ideal point to enforce
all Pareto solutions get close to the ideal point as much
as possible. Finally all Pareto solutions get to its Pareto
frontier.

C. Selection

In GA, the selection plays a very important role. When
we regard the genetic operation as the exploration for the
search in solution sapce, the selection can be thought as
the exploitation for the GA to guide the evolutionary pro-
cess. The selection used here is the method combined
with the roulette wheel and elitist approach, in order to
enforce the GA proposed to freely search solution space.
The roulette wheel selection which is one of the fitness-
proportional method is used to randomly reproduce new
generation and the elitist method is employed to preserve
the best chromosome for the next generation and over-
come the stochastic errors of sampling. Then we can ex-
press our selection method used here as follows:

Step 1. Calculate a cumulative probability a, for each

chromosome X, (p=1, 2, ---, chr_size).

Step 2. Generate a random real number r in [0, 1].

Step 3. If r < @y, then select the first chromosome X y;
otherwise select the p-th chromosome X, (2 < p <
chr_size) such that ap_1 <7 < ap.

Step 4. Repeat Steps 2 and 3 pop_size times and obtain
pop_size copies of chromosomes.

Step 5. If the best chromosome is not selected in the
next generation, replace one randomly from new pop-
ulation by the best one.

Using this selection process, we can keep the best chro-

mosome from the current generation to the next genera-
tion.

D. Crossover

We employed the multi-point crossover(or called uni-
form crossover). This type of crossover is accomplished
by selecting two parent solutions and randomly taking a
component from one parent to form the corresponding
component of the offspring(see Fig. 4).



selected positiors

Fig. 4. Ilustration of the multi-point crossover operator

E. Mutation

We used here swap mutation which simply select two
positions at random and swap their contents(see Fig. 5).

selected positions

Fig. 5. Illustration of the swap mutation operator

F. Modification of the Chromosomes

Because of the existence of the maximum number which
is capable of connecting on each center, the chromosomes
generated randomly in the intial population and the off-
spring produced by crossover may be illegal in the sense
of violating the maximum number of connection for each
center. There are two strategies to deal with this viola-
tion: the penalizing strategy and the repairing strategy.
For some combinatorial optimization problems, it is re-
ally difficult to give out an adequate penalizing factor for
those illegal chromosomes when the illegality is not eas-
ily measured quantitatively. In this case the penalizing
strategy has the disadvantage that it may never generate
legal solutions and the search process may be stranded in
illegal local optima{l1]. Because it is relatively easy to
repair an illegal chromosome for the spanning tree-based
genetic algorithm for LAN topology problems, we adopt
the repairing strategy to modify the connection number
for center in an illegal chromosome.

Let G be the set of centers whose the maximum number
of connection has not been checked and modified in a
chromosome. If a center i violates the constraint with
the maximum number g; of connection for center 4, this
means that the number of this center in the chromosome
is more than g; — 1. Then decrease the number of the
center by checking the extra center and randomly replace
it with another center from G.

Obviously it is easy to go on with this modifica-
tion method although there are different connection con-
straints on different centers.

IV. NUMERICAL EXAMPLES

The spanning tree-based genetic algorithm proposed
in this paper for sloving bicriteria LAN topology design
problem is implemented in C language and run on a Pen-
tium 133 PC. The performance of this approach is tested
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with the following problem: we employ the problem with
6 service centers(n = 6), 30 users(m = 30), g; = 10,
C; =300, and §;; = 0.1. And it can be seen that the user
matrix U is as follows[10]:

Us Uy 0 Uy 0 U

v, Uz Uy 0 U; O

U__ 0 U1 U3 U1 0 Ul

Uy 0 U Uz Uy O

0 Uy 0 U, Us Uy

U1 0 U1 0 Ul U3

where 0 is the zero matrix and

0 0 0 0 1 0 3 3 3 3
0 0 0 1 0 3 0 3 3 3
Ui = 0 01 0 0 ; Uz = 3 3 0 3 3
01 0 0 O 3 3 3 0 3
1 0 0 0 O 3 3 3 3 0

And the connection costs, i.e., wy;; € [100, 250], we;; €
(1,100], are randomly generated.

The parameters for genetic algorithm are set as follows:
pop.size = 10, maz_gen = 500, pc = 0.4, pps = 0.1 and
experimented by 50 times. The Pareto optimal solutions
can be found at most time which are illustrated in Fig.
6. The obtained solutions is formed in Pareto frontier.
Form the result, we can see the proposed algorithm has a
good performance on the bicriteria LAN topology design
problem.

The Pareto Solutions

*
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Fig. 6. The Pareto Solutions for Example

We used the TOPSIS method proposed by Yoon and
Hwang[19], to determine the best compromise solution
among Pareto solutions. TOPSIS stands for technique
for order preference by similarity to ideal solution, which
is based upon the concept that the chosen aternative
should have the shortest distance from the positive ideal
solution and the farthest from the negative ideal solu-
tion. The detail information about TOPSIS can be ref-
ered in references [2] and [19]. So, in Fig. 7, we rep-
resent the best compromise solution for the Pareto so-
lutions of Fig.6, using TOPSIS method. And the chro-
mosome of the best compromise solution in Fig. 7 is
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centers: {1,2,3,4, 5, 6}

: service center, O :user

users: {7,8,9,10,11,12,13,14,15,16,17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,36}

Fig. 7. The Best Compromise Solution for Pareto Solutions

[6355664152334152532242112646556124] with 1614 con-
nection cost and 0.09935 message delay.

V. CONCLUSION

In this paper, we proposed a evolutionary algorithm by
employing spanning tree-based genetic algorithm to solve
bicriteria LAN topology design problems. We also de-
veloped the method to search for the Pareto solutions.
And our proposed spanning tree-based method is able to
find the LAN configurations, i.e., partition of the users
into service centers and routing between the service cen-
ters, with minimizing the connection cost and the aver-
age message delay. Finally, we try on some experiments
to demonstrate the effectiveness of our proposed method.
Also, the registered Pareto optimal solutions technique
was used to give out the compromise solution and the
TOPSIS method is used to determine the best compro-
mise solution among Pareto solutions. The numerical
analysis shows that the set of Pareto solutions approxi-
mately in nondominated hyperplane of the criteria space.
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