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In this paper we present a new genetic algorithm that we have called the Genetic Deer Algorithm. This algorithm is based
on the social and reproductive behaviour of the deer and is particularly useful for addressing the problem of Internet route
optimization. We also show the most salient features of the algorithm in terms of convergence. We end by describing its
applicability in terms of the monitoring of traffic between autonomous systems on the Internet.

Keywords: Autonomous Systems,
Genetic Algorithms, Internet, Optimi-
zation, Routing.

1 Introduction

It is well known that the Internet is
a worldwide network made up of mil-
lions of computers of varying types
using a range of platforms, all inter-
connected by communication equip-
ment whose main purpose is to locate,
select, and exchange information from
its place of origin to wherever it may
have been requested, using the same
set of communications protocols
known as TCP/IP [23].

In spite of its complexity, from a
macroscopic point of view the Internet
can be described hierarchically as a
system made up of over 16,000 Au-
tonomous Systems (hereinafter AS)
[14] (a set of IP networks intercon-
nected by routers making up an admin-
istrative entity) which interact in order
to coordinate the delivery of IP traffic.

All these ASs form a dense mesh
of interconnections giving rise to a
routing problem as there may be up to
65,000 source and destination ASs con-
stantly carrying information. As we

62 UPGRADE vol. viil, No. 3, June 2007

have mentioned, one of the biggest
problems of this arrangement is how
to successfully locate and deliver the
information between source and desti-
nation; in other words, the routing
problem.

The inter-domain protocol Border
Gateway Protocol (hereinafter BGP)

[20] was developed specifically for use
in TCP/IP networks and has become
the standard external (or inter-domain)
routing protocol. The purpose of BGP
is to ensure the reachability of IP pack-
ets between source and destination, ir-
respective of route optimization. It is
not, therefore, the BGP’s job to look
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Figure 1: Simplified Diagram of the Internet.

for the global optimal route. This is
due, on the one hand, to the restrictions
imposed on routing policies chosen by
the administrator and, on the other, to
the fact that BGP is a distance vector
protocol and, more specifically, a path
vector protocol (as opposed to a link
state protocol) [3].

Figure 1 shows a diagram of how
the Internet is interconnected. The grey
circles represent ASs; i.e. administra-
tive entities. As we can see in the fig-
ure, the AS exchange routing informa-
tion using BGP. Each AS is made up
of various sub-networks connected
between routers which will use the in-
tra-domain protocol chosen by the ad-
ministrator.

As we have already mentioned, the
BGP protocol allows AS administra-
tors to set routing policies at the edge
routers (see Figure 1). These adminis-
trative policies allow decisions to be
taken regarding route selection, adver-
tisement, and receiving.

The scenario which our research
will focus on is inter-domain routing;
that is to say, routing between differ-
ent ASs which are interconnected by

1 A high capacity line to which other lower
capacity lines are connected by means of
connection points called nodes.
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means of either dedicated links or by
public access points to the Internet.

Thus, in Section 2 we describe a
new genetic algorithm based on the
social and reproductive behaviour of
the deer which we have called the Ge-
netic Deer Algorithm (hereinafter
GDA). In the same section we formu-
late the problem we are addressing in
mathematical terms and show how our
GDA can be used to address that prob-
lem. In Section 3 we set out the most
salient results provided by the appli-
cation of our GDA. Finally, in Section
4 we present the most significant con-
clusions to be drawn from our work
and propose the use of the GDA as a
fundamental part of the structure of an
Internet monitoring entity requiring
the convergence speed of the GDA to
function optimally. To close we dis-
cuss the possibility of extending this
work to other problems.

2 Genetic Deer Algorithm

The model we present is based on
the social and reproductive behaviour
of the deer, which the evolution of the
species has rendered extremely selec-
tive. It should also be noted that re-
cent research work developed by Ahn
and Ramakrishna [1] uses the tourna-
ment selection method, which suggests
that improvements in Genetic Algo-
rithms (hereinafter GA) should lead to

variations on this theme, as both [3]
and [11] demonstrate with the effec-
tiveness of their methods.

The social GA developed in the
above mentioned reference [11] dem-
onstrated that if the selection criterion
is very restrictive and the population
obtained by conventional crossovers
and mutations, with individuals gen-
erated randomly (which he called im-
migrants) a good solution could be
obtained in the first generations. Based
on this behaviour, we developed a new
improved model in which we included
the elimination of local minimums by
incorporating perturbation elements
(we will be looking at this aspect later
in the article).

The problem we address in this
work is that of route optimization in
the Internet, which means that the GDA
needs to know the topology of the
Internet in order to be able to deter-
mine routes between two Autonomous
Systems (AS). To do this the GDAwill
use information generated by the Route
Views (hereinafter RV) project, <http:/
/www.routeviews.com/>, from the
"Advanced Network Technology
Center" of the University of Oregon,
USA. The RV project captures multi-
ple views of the global routing table
which provides the RV routers with
complete routing information by inter-
acting with various ASs distributed
around the world. It is therefore a pow-
erful tool intended capture real-time
information about the global routing
system from the perspective of differ-
ent backbones! and locations around
the Internet. Basically this data pro-
vides complete information about the
routes actually used to reach a desti-
nation node from a source node, han-
dling over eight million routes in the
process.

Focusing in on the subject of this
article, our GDA consists of artificially
reproducing the life of the deer to ob-
tain better routes between ASs than the
ones obtained by the algorithms cur-
rently in use. The model is based on
the social and reproductive behaviour
of the deer which the evolution of the
species has rendered extremely selec-
tive. This routing algorithm should use
the same metric as BGP; i.e. minimum
number of hops.
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2.1 Mathematical Formulation
of the Problem

Using data provided by the Route
Views project in the form of data files
(global Internet routing tables), cap-
tured by means of the collaboration and
exchange of routing tables from a large
number ASs, we obtain the network
topology we need for our model. What
we are looking at is basically a graph
theory problem [2], given that we are
dealing with a communications net-
work made up of ASs (nodes) and
physical connections (arcs). Therefore
the model we propose in this paper is
as follows:

Let M be the set of all nodes, let
V(M) be the set of all the arcs linking
those nodes; i.e. a subset of the Carte-
sian product MxM:

V(IM)c Mx M={(ij)/i,je {1,.,m}} (1)

Thus we have a network or graph
G = (M, V (M)) from which to obtain
all possible paths between any two
points, which we shall assume to be
finite, with cardinality m, and which
we shall identify using the sequential
numbers 1 to m. A necessary condition
is that the network must be strongly
connected. Node i is said to be adja-
cent to another, j, when at least one of
the two arcs (i, j) and (h, k) exists. Two
arcs and (i, j) and (h, k) are adjacent if
i=k j=hi=horj=k

An arc or an edge may also be la-
belled as having a weight or cost C
in which case the graph would be
called a graph with weights or a
weighted graph. In our case cost C_ will
equal 1 since we wish to know the
reachability between two ASs.

Our task was to find a solution to
the routing problem which consisted
of starting out from a source node, vis-
iting another set of nodes, and reach-
ing the destination node, in such a way
that the distance travelled was as short
as possible. It is assumed that each
node is visited only once.

Given a graph G, a path between
the vertices m and m _ is a sequence
of adjacent arcs whose first source is
m, and whose final destinationism _,
that is, a sequence of nodes m, and arcs
Vi My, vy, My, Vo, MV, M
Whose source is the vertex m, and
whose destination is the vertex m

and which contains n arcs v, =
{m.m.,.}, where 1< i <n.The length
of a path is n, i.e., the total number of
arcs.

The adjacency matrix of G corre-
sponding to the above mentioned ver-
tices is a Boolean square matrix of di-
mension n x n, whose element &;; is
such that:

1, if(i,j)ev(M)
a. =
0

]
, otherwise

For any two given nodes, h and k,
the problem to solve consists of find-
ing the shortest path between the
source at h and the destination at k.
Thus, this is the optimization problem:

n n

Min ZZA‘U (3)

i=1 j=1
in which the decision variable

x; €{0,3Vi, j

subject to

_Zn:xh,izl ; zxi,hzo 4

i=1

(an arc emanates from vertex h, but
no arc terminates there)

ani,kzl : Zn:xkvj:O (5)

(an arc terminates at vertex k, but
no arc emanates from there)

Vp=hp=k (6)

(for every path vertex, whatever
"goes in" must be the same as what
""comes out™)

> x, <1 ,Vp=hp=k ()
i=1

(there are vertices that do not form
part of the route)

element i,j of the adjacency matrix
(if there is no arc X, between i and j it
must necessarily be null; if a; =1 it
may or may not be mterestmg to use
that arc).
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In the case of a weighted network
in which the arc (i,j) has associated cost
Cy the function to minimize is

In the problem considered here, ¢,
=1

The set of constraints ensures that
each node appears only once in the
route, that the route is continuous, and
that all the nodes of the network are
connected and none is left isolated.

As we can see, this model is linear
and has an exact solution, but as we have
explained it is an NP-hard problem [10]
with very long computer run times which
means that its exact solution is not feasi-
ble. A problem is NP (non-polynomial)
if there is a non-deterministic algorithm
whose run time is a polynomial expres-
sion in the size of the input; in other
words, run times will soar with the slight-
est increase in the number of variables.
These problems are classified as "easy"
or tractable and "hard" or intractable de-
pending on whether there is a polyno-
mial time algorithm in the former case,
or asuperpolynomial algorithm in the lat-
ter.

This is why heuristic methods tend
to be used to solve NP problems as they
allow the solution space to be explored
so as to find an optimal solution which,
while it may not be the best, is valid
value obtained in a reasonable time. It
is normal for the various classical
methods that have been developed to
solve this type of problem to handle
one solution at a time. However, as
computing technology continues to
improve, the more modern solutions
work with more than one solution at a
time. This widens the solution space
that can be explored and, if the right
solution convergence criteria are ap-
plied, makes it easier to obtain a better
optimal value when choosing an algo-
rithm to solve this problem.

2.2 Description of the Genetic
Deer Algorithm

We use variable length chromo-
somes in which the genes represent the
nodes making up the route between the
previously established source-destina-
tion pair. The crossover interchanges

© CEPIS
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Figure 2: Example of Routing and how it is Encoded.

partial routes from the parent chromo-
somes; the crossover point in both
chromosomes is the same node identi-
fier, thereby ensuring that, a priori, the
new routes are good. Nevertheless, a
function was designed enabling routes
containing some anomalies resulting
from the crossover (routes with re-
peated nodes, etc.) to be "fixed".

The algorithm that we developed
is a bioinspired algorithm which aims
to imitate the way of life of the deer.
This type of algorithm is developed by
faithfully reproducing behaviour in
nature and provides an innovative al-
ternative approach to problem solving.
This new trend in the world of research
into artificial intelligence [4][5][12]
marks a new direction in this type of
developments. All the actual laws of
nature (crossover probabilities, sur-
vival, population, mutation, etc.) are
incorporated into the model.

The GDA works by simulating the
basic characteristics of the life of the
deer. That is to say, just as the deer
strives to evolve in each successive
generation towards individuals that are
more perfect, stronger, and better
equipped for survival, so our aim is to
cause the solutions of the routing prob-
lem to evolve towards an optimal so-
lution.

As we have already said, this prob-
lem consists of minimizing the number
of arcs on the route between any AS
pair. The GA proposed to solve that
problem can be broken down into the
following stages:

1. Representation of the problem.
The GDAs chromosome is made up of
a sequence of positive whole numbers

© CEPIS

representing the node identifiers (ASs)
through which a route passes. Thus,
each position of the chromosome rep-
resents the order in which a node is
visited in the route. The first position
will always be for the source node,
while the last position will be reserved
for the destination node. The chromo-
some encodes the problem including
all node identifiers from source to des-
tination on the basis of the information
on network topology provided by BGP.
In Figure 2 we show a generic exam-
ple.

2. Initial population. The initial
population is generated randomly with
the encoding method explained above.
Heuristic initialization was not used as
it tends to explore only a small frac-
tion of the solution space and never
finds a global optimal solution due to
the lack of diversity in the population
[15]. The gene of the first position en-
codes the source node, while the gene
in the second position is selected at
random from the set of nodes con-
nected with the source. Each time a
node is selected, the chromosome is
analysed to prevent loops from occur-
ring. If this should happen, there is a
function responsible for "repairing" the
route. This process is repeated until the
destination node is reached.

The initial population in the GDA
comprises three generations of | chro-
mosomes each, based on the Internet
topology obtained from the RV Project.
Three generations of possible solutions
to the routing problem are created,
since the females will be fertile from
the second year on, and they evolve in
future generations with the aim of

achieving a better solution. In each
generation, the GDA will discriminate
as to whether the solution generated
corresponds to a male or a female, in
order to provide a faithful representa-
tion of the life of the deer. The propor-
tion of sexes at birth is 1:1, i.e. the same
number of males are born as females.
Each generation represents a year in
the life of the deer. We go on to evalu-
ate the solutions corresponding to this
population by applying the objective
function.

3. Selection of the dominant male.
The dominant male (i.e. the chromo-
some with the lowest cost) among all
the males belonging to generations 3-
8 (generations in which the stags are
ready to mate) is determined using
tournament selection as the selection
operator. In this method the best male
chromosome of a defined set of gen-
erations "fights" against every male
chromosome in that set (generations 3-
8) in turn, the size of the tournament
being 2, as in nature. The best chro-
mosome, known as the "dominant
male", will be the parent of the follow-
ing generation. In the initial population
the dominant male will be in genera-
tion 3.

4. Tournament. Before covering
all the fertile females between genera-
tions 3 and 8, the dominant male has
to fight against all the other males. As
in real life, a stag (a chromosome with
aworse evaluation) may beat the domi-
nant male in a fight; this possibility is
the first mechanism preventing the
GDA from becoming trapped in a lo-
cal minimum. Another mechanism to
avoid local minimums is the appear-
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Figure 3: Example of Crossover.

ance of akiller deer. As in real life, this
circumstance is a remote probability in
our GDA, thereby preventing possible
local minimums. This deer, which we
call the killer, becomes the dominant
male. Another perturbation is intro-
duced into the selection process con-
sisting of reproducing the phenomenon
of interlocked antlers which will lead
to the death of both stags. In this case
we need to find a new dominant male
between generations 3 and 8 and then
repeat the process. The killer deer cor-
responds to a conventional mutation in
which it may be important to escape
from the basin of attraction of a local
minimum because the killer may have
very different genetic material. How-
ever, interlocked antlers would corre-
spond to a milder mutation given that
we simply go to the next best candi-
date. The probability of these phenom-
ena occurring is actually very low. For
the purpose of our problem this is a
good thing as a great effort may be re-
quired to escape from a local minimum
and there is no guarantee of escaping
from the basin of attraction of the lo-
cal minimum. This process would
therefore have a prejudicial effect on
run times.

5. Reproduction (crossover). The
crossover operator used in this thesis
is known as the "n-point crossover". It
allows partial sub-routes to be inter-
changed between the two selected
chromosomes such that each resulting
offspring represents a single route. This

type of crossover produces offspring
with dominant traits. Logically, in ad-
dition to the source and destination, the
two chromosomes selected for the
crossover must have at least one node
in common, though they do not neces-
sarily have to be in the same position
in both chromosomes; in other words,
the crossover does not depend on the
position of the nodes in the chromo-
somes. Figure 3 [1] shows an example
of the crossover process.

The crossover process starts by lo-
cating the crossover points in both the
dominant male and the female. Next,
the chromosome from which the sub-
route is going to inherit (from the
source to the first crossover point) is
chosen at random. The process is then
repeated for each successive pair of
crossover points until the destination
is reached. Sub-routes belonging to
either the dominant male or the female
can be inherited alternately.

As we have mentioned earlier and
as can be seen in the figure above, the
crossover points of the two chromo-
somes may be different in each chro-
mosome. Loops may appear after the
crossover operation. To prevent this
from happening, a subroutine was de-
veloped (recovery function) which
eliminates any loops that may occur
from the route at a very low computa-
tional cost. Figure 4 [1] shows this
process.

The dominant male will cover all
the female chromosomes at reproduc-
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tive age (generations 3 to 8). Thus a
new generation will be created which
will become generation number 1. The
first generation (which already existed)
becomes the second and so on and so
forth. In each pairing there may be a
maximum of 2 offspring and a mini-
mum of 1. The crossover probability
(Pc) is set at the beginning. Based on
the research work of [12][16] and [21],
given that the actual crossover prob-
ability is 0.9, this Pc will be used in
the executions of the case study.

A random number is generated,
Random_crossover, of the interval
[0.1]. If Random_crossover < Pc there
is crossover. In this case all that re-
mains is to determine the number of
offspring.

To do this another random number
is generated, Random_offspring, of the
interval [0.1] with two possible out-
comes:

1. That Random_offspring < 0.95.
In this case only one offspring will be
obtained.

2. That Random_offspring> 0.95.
In this case two offspring will be ob-
tained.

6. Convergence. In order to check
the convergence of the solution, we
compare the best solutions of genera-
tions k and k-1, with the following
possible outcomes:

S.1[>1 Converge
S, <1 Diverge

© CEPIS
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If there is divergence, the best so-
lution of generation k will take the
value of k-1

7. Evolution. Steps 3 to 5 are re-
peated until we arrive at the predeter-
mined number of generations. It has
been ascertained that the ideal number
of generations is 20 since the behav-
iour of the GDA is very selective and
obtains good results quickly.

8. Stopping criterion. As we stated
in the previous paragraph, the GDA
will stop once the predetermined
number of generations has been
reached. Another criterion used is that
of obtaining the same optimal solution
in three successive generations. This
criterion is valid because the problem
to be solved is a discrete variable

(number of hops) whose maximum
value is around 20 hops. In this prob-
lem, given that the idea is to reach a
solution in a reasonable length of time,
the execution of the GDA can be
stopped once a good value has been
obtained even if this value is a local
minimum. However, case studies are
always run for the full 20 generations
to see how they evolve.

The GDA can obtain a good solu-
tion in a very short time. This is be-
cause the dominant male is the best
individual of the whole population and
transmits its genes through successive
generations enabling convergence to
be achieved quickly, even though it
may be a local minimum. In the GDAs
reproduction operation the dominant

male transmits genetic material to suc-
cessive generations which will subse-
quently be passed on to the females of
all generations capable of reproduc-
tion. This means that, as this genetic
material evolves, it becomes increas-
ingly more coincident. Thus, the GDA
provides us with schemas that will be
increasingly longer and of a higher or-
der. This means that with each genera-
tion there will be fewer representatives
of different solutions and, at the very
least, a local optimum will be obtained
quickly.

In order to exit a local optimum and
explore the solution space more fully,
we can use the perturbations — inter-
locked antlers and killer deer — to pro-
vide an escape away from the set of

EHEARAEEE

v
EHEAEEAEE

Crossover point+

CROSSOVER

| 5| 0 | W] ;| V| We| D | Non-feasible

BHEAEZE

Feasible

|3|N23N3|NJ|N2

Ng|D|

Find

and
“lethal” genes

eliminate

Eliminate loops m factible
HEAEEE

factible

Figure 4: Example of the Function that Fixes Invalid Crossover Chromosomes.
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20 0.90 20
GEN Mejor Peor
20 4 rd 107
19 4 35 91
18 4 3 95
17 4 7 il
16 4 3 102
15 4 40 101
14 4 rd 87
13 4 44 93
12 4 3 82
1 4 39 102
10 4 44 104
g 4 45 84
8 4 39 93
7 B 37 58
B B 44 41
5 B 44 30
4 B 33 16
5] B 44 17
0 B 34 8
1 7 28 10
2 8 39 5

N° machos N° hembras Ruta

93 97 2 458 753

104 97 2 488 VA3

104 97 2 458 753

112 97 2 488 VA3

98 97 2 458 753

949 9y 2 458 VA3

113 97 2 458 753

107 9y 2 458 VA3

118 97 2 458 753

93 9y 2 458 VA3

96 97 2 458 753

116 9y 2 458 VA3

81 97 2 458 753

L] 97 4 531 550 133 753
40 97 36 2406 2650 7BS 753
31 S 2 453 753
25 97 52 45 14 785 753
10 97 52 46 14 7BS 753
12 97 52 45 14 785 753
10 97 4 3264 6 265 133 753
14 97 36 190 222 B84 520 25 753

Legend: Crom.= Chromosomes; Generaciones = Generations; Mejor = Better; Peor = Worse;
N° Machos = Number of Males; N° Hembras = Number of Females; Ruta = Route.

Figure 5: Execution of the GDA - Route 97-753.

local solutions towards the global op-
timum. These perturbations introduce
the random factor provided by muta-
tions in conventional GAs, but it
should be noted that, a priori, the ex-
pected behaviour from each type of
perturbation is different. That is to say,
the interlocking of antlers causes the
death of both combatants and it is
highly likely that the candidate for
dominant male, which we need to find
in all active generations, will have
many traits in common with the dead
dominant male, thereby reducing the
probability of exploring new solutions.

Crom. Pc Generaciones
20 0.50 20
GEN Mejor Peor

20 7 40 105
19 7 37 87
18 7 29 106
17 7 45 108
16 7 34 96
18 7 33 a7
14 7 37 97
13 7 ] 87
12 7 34 99
11 7 45 101
10 7 36 104
9 7 45 91
g 8 40 71
7 8 ] 55
B 8 47 39
L} B 42 26
4 8 27 16
3 g8 43 13
0 1 39 12
1 9 42 9
2 10 4 g8

Same legend as in Figure 5.

Whereas the appearance of a killer deer
means that this will be the one to mate
and, therefore, the probability of a set
of solutions in progress being repeated
is more remote, unless we are already
in the basin of attraction of the global
optimum.

3 Results and Functioning of
the GDA

In this section we set out the results
obtained after running our GDA a
number of times. The convergence of
the method is seen to be empirically
proven.

N° machos N° hembras Ruta

95
113
94
92
104
103
103
113
101
95
94
103
B7
49
33
26
18
1
8
1"
12

1907 615 303 11 140 26 1509

1907 B15 303 11 140 26 1509

1907 B15 303 11 140 26 1509

1907 615 303 11 140 26 1509

1907 615 303 11 140 26 1509

1907 615 503 11 140 26 1509

1907 B15 303 11 140 26 1509

1907 B15 303 11 140 26 1509

1907 B15 303 11 140 26 1509

1907 615 303 11 140 26 1509

1907 615 303 11 140 26 1509

1907 B15 303 11 140 26 1509

1907 B15 2738 303 11 140 26 1509
1907 615 2738 303 11 140 26 1509
1907 615 2735 303 11 140 26 1508
1907 615 361 17 485 1833 26 1508
1907 B15 2738 303 11 140 26 1509
1907 615 2738 303 11 140 26 1509
1907 615 2438 9 736 2860 27 25 483 X6
1907 615 2932 303 10 2 4897 26 1609

1807

615 B16 2467 2

Figure 6: Execution of the GDA - Route 1907-1509.
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454

26 1808

As shown in the tables in Figures 5
and 6, the number of chromosomes of
the initial population for each execu-
tion is 20, the number of generations
to be created is 20, and the crossover
probability is 0.9. Each row corre-
sponds to one generation (see column
1) and shows the best and worst result
(columns 2 and 3), the number of ASs
making up the route, the number of
stags and female deer (columns 4 and
5) created, and the best route from a
source node to a destination node. Also
included is a radar graph (right hand
side of Figures 5 and 6) showing GDA

1509

© CEPIS



UPENET

Crom. Pc Generaciones
20 0.90 20
Ndmero de saltos Generacion

Origen Destino mejor ruta mejor ruta Ruta

7 2852 =3 5 724 1734 36 31 322 2B52
2397 1549 = ] 2397 1066 133 134 5 1548

7 1321 5 2] 7 1028 B 1361 4957 1321

a03 4387 4 ] 903 Y24 7 1145 4857

819 2052 3 2] 819 12 824 2052

97 753 3 g a7 2 458 753

2775 751 4 g 2725 300 2 577 3751

513 391 3 g 513 2 1084 3

819 2426 3 g 819 6 1285 2426

1907 1509 53 g 1907 B15 303 11 140 26 1509
2647 35999 53 10 2647 322 321 36 1589 15 3999
2775 1133 4 1 2725 300 12 442 1133

7 2318 53 1 7 11 3B 775 134 1321 2318
97 1875 4 1 a7 2 458 1253 1875

2821 1133 5 12 2821 1036 1035 2 442 1133

N 2426 =1 12 1 14 36 2571 1285 2426

Legend: Crom.= Chromosomes; Generaciones = Generations;
Origen = Origin; Destino = Destination; NUmero de saltos mejor
ruta = Number of hops in best route; Generacién mejor ruta =
Generation in best route; Ruta = Route.

Table 1: GDA Results Summary.

convergence in which the outer num-
bers 0-20 refer to the generation
number and the inner numbers refer to
the hopcount of the best route.

As we can see, in most cases the
GDA obtains a good solution from the
sixth generation on, given that in the
first three generations there is no
crossover of genetic material and there-
fore it would correspond to generation
zero of a conventional GA.

Table 1 shows a summary of results
obtained from a set of executions
among which are the two set out
above.

4 Conclusions

In this paper we have presented a
new bioinspired algorithm (GDA)
which has proved to be an effective tool
for generating optimal routes in the
Internet. This algorithm is based on the
dynamics of communities of deer. The
convergence of the algorithm is fast
thanks to the inclusion perturbation
elements (killer deer and interlocking
antlers) and due to the fact that much
of the genetic material of the dominant
male is passed on.

The references [8] and [9] present
a model for a monitoring entity, called
Observatorio, the purpose of which is
to advise the ASs about changes in their
routing policies in order to improve
Internet traffic. The performance of this
task requires a fast and powerful simu-
lation tool that, after multiple execu-
tions, is capable of reaching conclu-

© CEPIS

sions that will improve global routing.
We present our GDA as the ideal algo-
rithm with which to perform this task.

The authors are working on the
application of this algorithm to Qual-
ity of Service (QoS) and Traffic Engi-
neering related problems in communi-
cations networks. It should be stressed
that the GDA can be adapted to per-
form calculations in weighted topolo-
gies (link cost other than 1), which
makes it ideal for this particular prob-
lem in which link weights are associ-
ated with various QoS parameters. The
problem can also be extended to di-
rected networks.

Future research work may be aimed
at solving optimization problems in the
world of industry. Some of these prob-
lems, such as the problem of the com-
mercial traveller with windows of time
and multiple routes, or the problem of
optimal task sequencing in a job shop,
are modelled with networks whose set
of nodes has a very high cardinality.
In these models the GDA is the ideal
algorithm due to its speed of conver-
gence on the one hand, and its versa-
tility for modelling weighted multidi-
mensional systems on the other. Some
cases may call for the implementation
of hybrid algorithms tailored to the
problem at hand.

Translation by Steve Turpin
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