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Abstract : A supervised genetic algorithm ( SGA) is proposed to solve the quality of service ( QoS)
routing problems in computer networks. The supervised rules of intelligent concept are introduced
iInto genetic algonthms ( GAs ) to solve the constraint optimization problem. One of the main charac-
teristics of SGA is its searching space can be limited in feasible regions rather than infeasible re-
gions. The superiority of SGA to other GAs lies in that some supervised search rules in which the
information comes from the problems are incorporated into SGA. The simulation results show that
SGA improves the ability of searching an optimum solution and accelerates the convergent process

up to 20 times.

Keywords ; supervised genetic algorithm; supervised search rules; QoS routing

Genetic algorithms (GAs) can deal with
complex optimization problems better than
traditional optimization techniques''>’. The use of

GAs tor optimization tasks has become popular with

the constant development of new algorithms,
theoretical achievement and novel applications™*'.
GAs aim at understanding computational systems

and developing more robust and efficient ones for

[4]

solving complex real-world problems Some

researchers solved routing problem with improved
which were

genetic  algorithms proved to be

feasible'® .

support the quality of service (QoS) requests. To

The networks require the route to

support the requirement of extensive oS, routing
the
characterize the network with indexes, such as
delay, bandwidth, packet loss rate, and cost” ',
Thus, the routing problem based on QoS can be
converted to the optimum-searching problem that

algorithm needs complicated matrix to
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satisfies several objective functions simultaneously,
and it is proved to be NP-complete problem'> ® .

GA is suitable for solving NP problems.
However, GA is not able to bias efficiently the
search towards the feasible region in the constrained
search spaces. In real-world problems, it is difficult
to design operators that avoid constraints entirely
while still being effective in locating useful feasible
solution'”!

The purpose of this paper is to present an
approach in which most time is spent on searching
in feasible regions rather than infeasible regions.
The constraints are transformed into the search
rules. The unique characteristic of the proposed
supervised genetic algorithm (SGA) that differs
from other GAs 1s that there are some techniques
which can be built into SGA, and guarantee the
SGA to search in feasible space. Here, SGA arises

from the investigation of real-world QoS routing

* Supported by China Postdoctoral Foundation ( No. 2005037529 ) , Doctoral Foundation of Education Ministry of China
( No. 2003005607 ) and Tianjin High Education Science Development Foundation ( No.20041325).
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problem, which will be described in detail in
Sections 2 and 3, and in Section 4 we analyze the
feasibility of the proposed SGA and compare it with

other GAs.
1 QoS routing problem

QoS routing 1s composed of cost, bandwidth,
packet loss rate, and delay””'. The QoS routing
problem focuses on finding a set of routes satistying
these factors.

We model the topology network structure with
undirected graph G = (V, E), where V is the set
of network nodes and E is the set of bidirectional
links in the graph. The aim of routing selection is to
search for the optimal path while satisfying the QoS
requirement between the source and the end nodes.
Associated with each edge [, € E, B([l;) is the
bandwidth capacity, D(l;) the delay, W([,) the
cost, and E([,) the error rate.

The routing request ¢ of a single destination
consists of source node, destination node and QoS
request which includes bandwidth capacity B

cost W , and delay D .

the error rate is almost 0 and the delay is small

Y

error rate L, In general,
when the signals transmit in the optical fibers. We
should consider the error rate and the delay of the
nodes. The following conditions must be satisfied.

Delay produced by the middle nodes from
source to destination nodes 1s

D, = ZD(Z,:}.) (j 1s middle nodes,
lijEEu
(1)

including destination node)
The total error rate from end to end must satisty

the following formula;
(1 -L) = H(l - L(1;)) (j is middle
vy
(2)

nodes, including destination node)
The cost from end to end is

w, = Y W(l,)

& &

(3)
where [, € E,, E, is the selected route, E, C E;

D (1) is the handling delay of node j; L () is the
loss rate of node j; W (/) is the cost of link /.

2 Routing optimization based on SGA

2.1 Coding and decoding mechanisms of SGA
The

the success of GAs'*. The simplified binary coding
details were described in Ref. [9].

genetic representation will be crucial to

Assuming that

the network has N nodes and L = (/) ,,, represents
the topology network matrix. Except diagonal
elements, each element corresponds to the likely
existing link [, evidently, [, = .
located in the matrix corresponds to the link [, from

The element [,
node i to .

1,
[, = {0

by

if [; exists in the topology network ;
otherwise.

(4)

The routing problem can be described by

N-dimensional binary routing evolution matrix, A =

(v;) vxn» and each element of the evolution matrix

corresponds to the link v, from node i to j, located

on row ¢ and column j.

1, 1f the optimal route includes
V; =« link from node i to j; (5)
L), otherwise.
Similarly, the link elements that are not

located in the selected route are set to 0. We set the
values of the diagonal elements as 0, thus the value
of v, presents whether the link [, from i to j is
selected.

The decoding of this genetic algorithm maps
the /N-dimensional matrix to the representation of
binary array. Therefore, the optimal state in the
genetic evaluation routing matrix represents an
optimal path from the initial source node to the final
determination node. For example, there are 6 nodes
in the topology of optical fiber communication
networks; the matrix A can represent a route from

a, to ay.

The route 1s @, — a, — a, — a; — a5 — aq.
01, iy
L=()y={= 0 = hl
'y Ly 0

“rO0 1 0 0 O O

@“0 0 0 1 0 O

A =%0 0 0 0 1 O

a0 01 0 0 0

a0 0 0 0 0 1

a-0 0 0 0 0 O-

It 1s obvious that each route can be represented
by a matrix. The binary string representing a route is
in the

matrix. Evidently, only if it includes link [, in the

the concatenation of rows (or columns)

network topology structure, i.e. [, = 1, the element
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a, in the evaluation routing matrix may take I.

Because the elements in the link matrix
represent the real link from node 1 to j, the
inexistence of links are always set to constant O.
Values of the diagonal elements are always 0. Fig.
| gives the example of the direct encoding scheme of
this routing problem. In general, the matrix of the
network topology and the route matrix are sparse.
The useful information is stored in the non-zero

elements.

(011000\
1 0 01 1 0
" I 00110
O I 1 0 0 1
O 1 1 0 0 1
\O0 0 0 1 1 0/

(b) Network topology matrix

(a) Network topology

/01 1 0 0 0y /01 0 0 0 0Oy
0 00 1 1 0O 0 00 0 1 0
0O 00110 0 00 0 0 0
0 0 0 0 0 1 0 00 0 0 O
0 00 0 0 1 0 00 0 0 1
\0 0 0 0 0 0/ \0 0 0 0 0 0/

(¢) Upper triangle matrix (d) Route matrix

Fig.1 Network topology structure and its representation
with matrix
Since the topology network structure 1is

represented by the undirected graph G = (V, F),
we only need to represent the upper triangle of the
matrix which is given by Fig. 1 (c¢) to reduce the
chromosome length. The element [, indicates the
presence or absence of a connection from node i to
the topology
confirmed, and the O's will be determined. We can

J.  Once network structure 1s
reduce the length of the chromosome more by
getting rid of the 0’s. Similarly, the routes can be
Fig. 1(d)

shows a route from node 1 to 6, where the element

incorporated into such representation.

indicates the presence or absence of a selected
connection from node 1 to 6 in the route.
2.2 Establishment of evaluation function

The evaluation function is as follows .

I N N
E =502

=1

2
wajyij - Wu,) +
|
N N

IS e, - (D, —d)) +

=1 j=1

2007

H.ov oA :
?[HH(] _vtj/‘l'ij) — (1 "'L,,,,)]
(6)

The selected fitness function is

1
k= 7
E, +1 (7)

where F, G and H denote the weight coefficients of

three constraints; ¢, u, and w, denote the delay,
signal error rate and costs, respectively, which can
be obtained by measuring network as the vital index
L,, W, and d, are designated by

i i’ !

of routing; D

(QoS.

2.3 Supervised rules and
operator

supervised mutation

A good search operator should increase the
lobal =

globa :
also indicate the importance

finding a optimum

L 10]

probability  of
No-free-lunch theorems
of incorporating problem-specific knowledge into the
behavior of the algorithm. The supervised rules and
supervised mutation operator are used as search
operators to ensure searching in feasible space.

the coding methods, the
constraints for the QoS problems are described by

From above

the following inequation or equation:

N
g =1 - 2‘%}30
ey

i = 1,2, N:j=172, N
N
g, =1 - 2% = 0
i=1
i = 1,2, Nyj=1.2, N
N-1 -1
83 — zzaij_ a’jizo
1= =2
t =2, N-1;;=2, - N-1

(8)

It is easy to transform the above constraints
into rules for supervising search operator and
mutation operator. The new concepts of SGA search
methods are as follows.

Definition 1 (Search rule) The nodes (except
source and destination nodes) must be the inceptive
node of the next link, if it is the arriving node.

Definition 2 ( Preference rule) The destination
node and the source node have the priority to be
selected over other nodes when a node connects
many nodes among which there is a destination node
or source node.

Definition 3 (Supervised mutation operator

and regeneration) An integrated chromosome can
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be divided into 2 parts from the select position in
which the bit element value must be 1, as called
supervised mutation operator, different from the
traditional mutation operator which randomly flips
bits
mutation can occur at each bit position in a string

some of the in a chromosome. Traditional

with some probability. However, the supervised
mutation operator must occur at those positions
Then the selected

part will regenerate the rest part by obeying the
We call this

where the bit value must be 1.

search rule and preference rule.
process regeneration operator.
2.4 Realization of SGA

Performing specific routing algorithm is as
follows.

(1) Present route delay matrix %tij} , cost
matrix {w;} and loss rate matrix {u;! as the
information of delay, cost and loss rate of current
link, respectively. Translate current matrices to
three items.

(2) Generate the initial population matrices
P,(P,,t = 0) and translate current matrices to
three items according to the above rules and
operators. By using fitness function, the fitness of
all solutions in the colony is evaluated and the best
one is labeled.

(3) Create offspring population P, from
parent population P, according to the rules and
operators of SGA. The fitness of all solutions in the
colony 1s evaluated and the best one 1s labeled
compared with the former if the former generation
exists, then choose the better one as the best one of
current generation.

(4) Rule of stopping testing. If it is satistied,
stop; otherwise, t = ¢t + 1, turn to (3).

3 Simulation analysis of SGA

Fig. 2 and Fig. 3 show two examples of the
network system topology ' °'. One consists of 6
nodes and 8 edges, and the other consists of 13
nodes and several edges connecting the nodes.
Each of nodes and edges is denoted by parameters.
The elements between brackets are error rate and
delay, respectively. Cost marks are given on the
side of edges. |

Example 1 Employing the network topology
structure as shown in Fig. 2. Perform routing from
the source node a, to the destination node a.

Population dimension is set to 10, and coefficient

HE( I{} q., “4} HHL{_ I“ _1‘ U.S)

(.3

a (107, 0.3) a (10 %.0.1)

Fig.2 Topology structure and parameters of Example 1

03(10 °. 0.2)

09(10°°. 0.1)

.8

12010 °.0.3)

1OC10 7, 0.2)

0.3 0.4

05(10 . 0.2)

08(10 " ,0.2)

0.5
0110 %, 0.7)

02(10 %, 0.5)

Fig.3 Topology structure and parameters of Example 2

F=6G=H = 100. the SGA

proposed above, we can obtain the global optimal

By employing

solution as early as in the first generation.

Example 2 Employing the network topology
structure as shown in Fig. 3. Perform routing from
node 01 to 10, and the size of the population 1s set
to 40. We can obtain the optimal path, and through
several simulations the mean number of generations
to gain optimal solution is 3.

Tab. 1 and Fig. 4 show experimental results
obtained with SGA. The data clearly indicates that
the genetic eras of SGA are less than those of other

GAs'® ¥

Tab. 1 Simulation results of SGA and other GAs

Mean genetic era

Example Population
| SGA Improved GAlY CGA
] 10 ] 4 15
2 40 3 62 627

The results presented in Fig. 4 illustrate the
benefits of SGA compared with CGA and other
SGA the
convergent speed greatly. The results of simulation
validate that SGA can find the optimal path from

Inereases

improved GAs because
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initial source node to final determination node in a
single run. This algorithm can search out the
optimal routing under limited time for the problem.
To take an in-depth analysis, the simulation of SGA
can also be employed in a large-scale network,

which contains more than 100 nodes.

1.0

i

2

o 0.8

- -

2 = SGA

4 0.6 ¢ Improved GA

= s CGA

g 04

= 0.2

E

<

Z 0 1 1 L 1 L

0 100 200 300 400 500 600

Genetic era

(a) Whole 600 genetic era

1.0

0.8 |
" 5OA

¢ [mproved GA
s CGA

0.6

0.4

(0.2

Normalization fitness function

0 20 40 6() 80 100
Genetic cra

(b) First 100 genetic era
Fig.4 Normalization fitness function vs. generation

4 Conclusions

In this paper, the supervised rules of
intelligent concept are introduced into GA. We
propose the SGA by incorporating the routing
problem-specific knowledge into the behavior of GA
and using the
supervise the searching process. SGA diminishes
decision space and searches in feasible regions

The proposed

information from problems to

rather than in infeasible regions.

method can solve the routing problem in
communication networks with several QoS
constraints. The results of simulation venfy its

superiority over other GAs . This algorithm is so

Vol. 13 No.1 2007

independent that it does not rely on any specific

network which ensures it extensive applicability in
network systems.
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