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ABSTRACT

Some web usage mining algorithms showed the potential application to find the difference among the organizations
expected by visitors to the website. However, there are still no efficient method and criterion for a web administrator to
measure the performance of the modification. In this paper, we developed an AntWeb, a model inspired by ants
behavior to simulate the sequence of visiting the website, in order to measure the efficient of the web structure. We
implemented a web usage mining algorithm using backtrack to the intranet website of the Politec Informatic Ltd., Brazil.
We defined throughput (the number of visitors to reach their target pages per time unit relates to the total number of
visitors) as an index to measure the website’ s performance. We also used the link in aweb page to represent the effect of
visitors' pheromone trails. For every modification in the website organization, for example, putting a link from the
expected location to the target object, the simulation reported the value of throughput as a quick answer about this
modification. The experiment showed the stability of our simulation model, and a positive modification to the intranet
website of the Politec.
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1. INTRODUCTION

To attract a client to open an on-line account in abank may be a daunting task for a bank’ s web developer. Weredized a
simple experiment to measure the website performance in this sense. 12 system analysts from the Software Factory of
the Politec Informatic Ltd. were asked to visit the website of two largest private banks in Brazil (A and B). The aim of
this investigation is to open an on-line account (to reach the web page that contains an application form). On average, a
user took 22 seconds to finish the task on the site of the bank A and went through 3 pages to reach the application form.
For the bank B, the average time to finish the task was 106 seconds. Some of them even took 291 seconds and passed
through 6 pages to reach the target paper. The successful secret of the back A is that there is an attracted banner in its
main homepage as shownin Figure 1.

The successful banner in aweb page may orient the users to access the object page directly. This may be something as
the foraging behavior of ant colonies: ants can find the shortest path between the food sources and their nest 3. While
walking, ants deposit on the ground a substance called pheromone. The pheromone trail allows the ants to find their way
back to the nest (and vice versa). The following trail behavior can give rise to the emergence of the shortest paths®. In
website organization, a suitable design of the link or banner, may equal the effect of the pheromone trail. In this paper,
wetry to study about that relationship.

On the other hand, the web usage mining is encouraging to discover user access patterns and improve the website
organization. Some developed algorithms showed the potential applications in this area. Srikant and Y ang ** developed
an algorithm to find the difference from the organizations expected by visitors to the website. They proposed the idea of
backtrack, expected location and etc. Perkowitz and Etzioni °*° proposed the adaptive website. Some studies have been
conducted on finding interesting navigation patterns using the web utilization miner?, converting the original sequence
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of log data into a set of maximal forward references 2, the web access pattern tree for efficient mining of access pattern &,
and others "2, But there were some limitations in practical implementation. Firstly, there are still no efficient method
and criterion for the web administrator to measure the performance of the website. Secondly, visitor cannot be oriented
to reach the target object directly with intelligent manner on the majority of websites. The error of visitor will aways
take place if aweb administrator does not modify the organization using logs mining results.

Abra sua conta

Fig. 1: The banner in homepage of the bank A: open your account

In this paper, we implement a web usage mining algorithm using backtrack ' to the intranet website of the Politec. We
find some expected locations and illness of the website organizations. After the modification of the links between the
expected locations and the target objects, we propose a model inspired by ants' behavior to simulate the visit sequence
for the website. We define throughput (the number of visitors to reach their target page per time unit relates to the total
number of visitors) *° as an index to measure the website' s performance. We also use the link in aweb page to represent
the effect of visitors pheromone trails *. The link in aweb page as in Figure 1 may be used to represent the effect of the
pheromone trails. For every modification in the website organization, for example putting a link, the simulation reports
the value of throughput to a quick answer about this modification. The experiment shows the stability of the simulation
model, and a positive modification to the intranet website of the Politec. At the moment, our model just serves as the
situation of visitors with one single target page.

This paper is organized as follows. Section 2 shows the concepts of the ant system and proposed simulation model
inspired by ants' behavior to the web usage mining. Section 3 describes the implementation of the web usage mining
algorithm. In section 4, we report the application of the implemented system to the website of the intranet of the Politec
and resume some commendations to the web administrator. Conclusions are in section 5.

2. SSIMULATION MODEL INSPIRED BY ANTS BEHAVIOR

We describe the basic concept of the ant system and introduce the ants’ behavior to develop a new model to measure the
website performance. Using the devel oped algorithm to a simple web structure shows the process of the application.

2.1 Ant system

Real ants are capable of finding the shortest path from afood source to their nest™® without using visual cues®. They are
also capable of adapting to the changes of the environment, for example finding a new shortest path once the old oneis
no longer feasible due to a new obstacle. While walking from the food sources to nest and vice versa, ants deposit on the
ground a substance called pheromone, forming in this way a pheromone trail. Ants can smell pheromone and, when
choosing their way, they tend to choose, in probability, paths marked by the strong Pheromone concentrations. The
pheromonetrail allows the ants to find their way back to the food source (or to the nest) ™.

Schoonderwoerd, Holland, Bruten, and Rothkrantz ** have recently proposed an interesting application of the ant system
to dynamic problems. They developed an algorithm called ABC for routing and load balancing in circuit switched
telecommunications networks. Di Caro and Dorigo *° developed AntNet; the other ant algorithm applied to the route in
packet switched telecommunications networks like the Internet.

2.2 Proposal of ants behaviar-based model to measur e the website performance

In case of website visiting, the situation is worse than ant system at the moment. There is no way of direct
communication among visitors. Some visitors reach their object pages directly and some others do not. The web usage
mining is developed to try to modify the website organization to reduce the visitor's error. But this sequence is not
adaptable as ant system. In this section, we show the simulation to measure the performance of the website based on a



simple website in Figure 2 3. Firstly, we use a simple simulation model. Secondly, we use a simulation model inspired
by ants' behavior for thiswebsite.

2.2.1 The smulation with a smple model

In this experiment, let initial time of the simulation be 0 and time interval generating a visitor be 5 seconds. Each time
when generating the visitor, a random variety is also generated. The probability P1a 2a) to go along the route (1A 2A) is
fixed as 0.3, Ria28) as 0 and Rya oc) as 0.7. The values of 0.3 and 0.7 are obtained from the results of the web usage
mining. If the random variety of the visitor (A(i,t)) is lesser than or equal to the actual probability P(1A,2A), the visitor
goes into network following the route (1A 2A), otherwise along the route (1A 2C). The time token from one page to
another is supposed as 5 seconds.

From the experiment (Table 1), we are able to observe the following results. During 60 seconds, 12 visitors are
generated, 4 visitors go through the network from 2A, 8 visitors go through the network from 2C, 8 visitors reach the
target page (67%), and 4 visitors are still moving within the network (33%). If we define the number of visitors to reach
their target page per time unit associated with the total number of visitors as throughput. The throughput in thiscaseis

67%.

Visitor is generated from here every 5 sec’s

1A
03 07
2A 2B 2C
0.5/\0.5 /\ A

3A 3B 5 6 9 10
Ké A Page 9 is the objective
Fig. 2: The structure of a simple website

Table 1 The simulation with a simple model

Dt=5sec.
Time Path of visitor
5 10 15 20 25 30 35 40 45 50 55 60
t 1 2 3 4 5 6 7 8 9 10 11 12
A(Lt) | 0974 2C -
A(2,1) 0182 | 2A 3A 2A 3B 2A 1A 2C -
A(31) 0.917 2C -
A(4) 0.175 2A 3B 2A 3A 2A 1A 2C -
A(51) 0.435 2C -
A(6,1) 0.778 2C -
A(7Y) 0571 2C -
A(81) 0.210 2A 3A 2A 3B
A(9,1) 0.791 2C -
A(10,1) 0.298 2A 3B
A(111) 0.322 2C
A(12;1) 0.655

2.2.2 Thesimulation with AntWeb, a modd inspired by ants behavior
Similar to the first experiment (Figure 2), the initial time of the simulation equals to 0, time interval generating a visitor
is 5 seconds. At every time to generate the visitor (in this section we call the visitor as ant) a random variety is also



generated. In this paper, we just consider that all of the visitors just want to visit a page as destination (Fig. 2), where9is
the destination page and 2A is an expected point.

In an ant system, the amount of pheromone trail t;(p) associated with link (i,j) is intended to represent the learned
desirability of the choosing page j when in page i *. Ants deposit aamount of pheromone proportional to the quality of
the solutions they produced: the less number of linksin the tour visited by an ant, the greater the amount of pheromone it
deposits on the links. The initial amount of pheromone t;;(0) at iteration p= 0 is set to a small positive constant value or
zero on all links. In our case the initial probability with which an ant(k) chooses to go from the page i to pageji N;%,d
is the destination page that gets from the web log mining. The iteration of simulation, p, is defined during certain
simulation time. Time of simulation, t, is the time within an iteration at regular interval D. mants k =1, ..., m) are
generated during an iteration. As the experiment of section 2.2.1, during iteration (60 seconds), the system generates an
ant in every 5 seconds, and 12 antsin total.

The memory of each ant, the routing table, contains the already visited pages and is called tabu list. The memory is used
to define, for each ant k, the set of pages that an ant located on the page i still has to visit. In the routing table, a
probability value pi,-d which expresses the goodness of choosing j as next page when the destination page isd, is stored
for each pair (d,j) with the constraint:

&p=1di [LN]LjT N N ={N neighbors(i)} 1)

The modification of the routing table A% = [aj (P)]jnij Of the page i is obtained by the composition of the local pheromone
trail values with the local heuristic values as follows:

aj () = [t [hi@1° 7 &{[ta @] [hu @1 * 1T N; 22

where t;(p) is the amount of pheromone trail on the link (i, j) at iteration p. N; is the set of neighbors of the pagei, anda
and b are both parameters that control the relative weight of pheromone trail and heuristic value. hj; = 1iwt; is the
heuristic value of moving from the pagei to pagej:

wtj = |tj + Vi (2.3

where, wt; is the estimated time at the page j; it includes It; the estimated time to get &l of information of the page ] to the
browser at some velocity of the process; and vt; is the estimated time to visit the page j.

The probability with which any ant chooses to go from the page i to page j 1 N;¢ while buildi ng its route at the p-th
agorithmiterationis:
pi'=a;(p) /& a(p)," 1T N 2.4)

whereN;? | N; isthe set of pages in the neighborhood of the page i that the ant has not visited yet.

After an ant has completed his tour, pheromone evaporation on al links is triggered, and then the ant(k) deposits a
quantity of pheromone Dt;* (t) on each link that it has visited:
unl(p) it GDT T(p)
Dt (p) = { (23)
0 if (i,j)T T(p)

where T (p) isthe tour done by ant(k) at iteration p, and nli® (p) isthe number of linksin the T* (p).
Dtij (p) =& Dty (p) fork=1, ..., m, i,j) T T (p) (26)

The addition of the new pheromone by ants and pheromone evaporation is implemented by the following rule applied to
all links.

tij(p) = (1-r ) tij(p-1) + Dtij(p) 27

and fil (0,1] isthe pheromonetrail decay coefficient. While 4, aand fi are respectively set to 1, 5 and 0.5 by Dorigo®.



Using equation (2.1)-(2.7), we devel op the AntWeb algorithm as follows.

(1) Applying the web usage mining algorithm to get the initial probability of the desirability of choosing the page j when
inthe pagei; Iterationp =0;

(2) Within an iteration, at the homepage of the site (root) s the system launches the ant(k) at every time t with a
randomly selected destination page d (in this paper, we still limit in one destination page).

(3) Each ant(k) selects the next hop node using the information stored in the routing table. The route is selected,
following a random scheme, proportionally to the goodness (probability) of each neighbor node and to the local queue
status.

(4) The identifier of every visited page i and the time elapsed since its launching time to arrive at this j-th page are
pushed onto amemory stack Sgg 4 (i) carried by the ant (k).

(5) When the ant (k) reaches the destination page d, it dies (in this paper, we assume, the visitor stops at the destination
page). It deposits a quantity of pheromone Dit; ,-"(t) on each link that it has visited in the tour T"(p) (25).

(6) The system updates the pheromones on the link along the tour of the ant (k). The routing table is changed by
incrementing the probability pifd associated with the page i and page f, and decreasing (by normalization) the
probabilitieﬁpi,-d associated with the other neighbor pages;.

(7) p=p+1, return to step (2) if necessary.

Table 2 shows the form of the result of the application of the AntWeb algorithm. We put a link from expected point 2A
to page 9 (Figure 2). The initial probability P1a 2a) to go aong the route (1A 2A) is 0.3, Pia 2g) is 0 and Py oc) is 0.7.
When t = 5, the ant (1) is generated. Because A(1) = 0.974, it goes along the path of (1A, 2C). When arriving the page 9
(the target object), it deposits a amount of pheromone Dtia 2o(1) = 0.5, and then dies. During 60 seconds, 12 ants are
generated. After an iteration, Dtia 2c(1) = & Dt;j* (p) = 3, and Dtia2a(1) = & Dt (p) =2, k =1, ..., 12. From (2.3) and
(2.5), we have the probability P1a 2a) = 0.4, P1a28) = 0 and Pia o) = 0.6. 4 ants go through the network from 2A and 8
ants go through the network from 2C. 10 ants reach the target page (83%) and 2 ants are still moving within the network
(17%). The throughput in this case is 83%. So, with the new link (2A,9), it makes the web structure more efficient.
Using the devel oped algorithm, we can measure the efficiency of the modification.

Table 2 The simulation with amodel inspired by ants’ behavior
Dt=5sec.

Time Path of visitor

K138

5 10 15 20 25 30 35 40 45 50 55
T 1 2 3 4 5 6 7 8 9 10 11

A(LY | 0974 2C -

A2,0) 0182 | 2A -

A(30) 0917 | 2C -

A(4,0) 0175 | 2A -

A(5,0) 0435 | 2C -

A(6,1) 0778 | 2C -

A7) 0571 | 2C -

A(8.1) 0210 | 2A -

A(9,0) 0791 | 2C -

A(10,1) 0208 | 2A -
A(1L1) 032 | 2C
A(12,1) 0.655

3. IMPLEMENTATION OF ANTWEB

In this section we describe the implementation of the proposed model — AntWeb in four parts: the database of website,
determination of backtracks, main process, and interface of system.

3.1 Database of website



The implementation of the database is based on the real information of the website, which consists of three main tables:
the website, pages and links.

The table of the website consists of the information about the website and web mining result such as the objective
information for that site (Fig. 3). For example, during the last 15 days, the visitors select the statistic results (percentage)
of that page as the objective. Thisinformation is used in the simulation of AntWeb.

The table of pages contains the information of each page in the website: estimated time for download, estimated time for
avisit and the relationship in the website.

The table of links is designed to represent the relationship between the pages, for example, the father and son of the
actual pages. Three are some other kinds of information about parameters of pheromone and the route probability etc.

B estrutura : Tabela [_ O] %]
cd site

nome_pagina nome_pagina_pai
http:#/bsbsen004/cnap/meny_cnap/7_de junho.htm http:/bsbsend04/cnap/menu_cnap/men
http:#/bsbsend04/cnap/menu_cnapfapresentacao 02 htm  hitp:ffbsbsend04/cnap/menu_cnap/men
hitp:/fbsbsen004/cnap/meny_cnapfavaliacan tecnica prop hitp:AbsbserdDd/cnapdmenu_chap/men
hitp://bsbsen004/cnap/mend_cnap/documento de gestao hitp:/bsbsendD4/cnapdmenu_cnap/men
http:#/bsbsen004/cnap/menu_cnap/documento_de gestao hitp:fbsbsend04/cnap/menu_cnap/men
http:#/bsbsend04/cnap/menu_cnap/documento_de gestao hitp:fbsbsend04/cnap/menu_cnap/men
hitp:/fbsbsen004/cnap/mena_cnap/Documentos%20de%2 http:/fbsbserd0d/cnmfmena_cnap/ment
hitp:/fbsbsen004/cnap/meny_cnapfgerencia_de projetos.c htp:/bsbsendD4/cnapdmenu_cnap/men
1! http:/fbsbsend0d/cnap/menu_cnap/menu.htm http:ffimranetfprujetusfmenu_fahrica_Trvj

Registra: I1| { || 1k IH |Hei de 405 (] | H 4

Fig. 3: The intranet website of the Politec
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3.2 Determination of backtracks

To get the initial parameter of the AntWeb simulation, we also implemented Srikant and Y ang's algorithm which is used
to automatically find pages in a website whose location is different from where visitors expect to find them 3. The
implementation of Srikant and Yang's algorithm is divided into three main processes: to filtrate the information of log
file, to construct the table of backtracksand to extract the information of the table of backtracks.

3.3 Themain process
The main process is developed to implement the AntWeb algorithms. There are six principal classes and three interface
classes. Figure 4 shows the diagrams of the relationship among these classes.

The class of the colonial is used to coordinate the ant activities.

The class of the control colonial isused to organize the interactions among the Colonial, Principal Window, Website and
Parameters.

The class of Antsis used to generate ants. All ants will go through a website to try to find their objective page. After
leaving from their homepage (start point), the antswill choice their next page based on pheromone on every link.

The class of the link is used to manage the connection between the pages and save the defined quantities of pheromone.
The class of the page is used to manage the pagesin the website. There are some links to connect every page.

The class of the website is designed to save the references of all pages and the objective pages to the website.



Colonial

Principal Website
(from AntWeb)
X - (from AntWeb) (from AntWeb)
Q}lntervalo s int
delay : int
%name Z¥principal() ®getPagina()
&vtrFormigas $main() @®¥getNumPaginas()
@Website ‘fg‘setHomePage()
Bname2 setObjetivo()
ControlColonial %‘getHomePage()
F®colonial() (from AntWeb) ‘fg‘gelObjeliyo()
®geraFormiga() Bhtempo - int / PachePagina()
@addPagina()
passaTempo()
ddPagi
%‘[otEncontraram() .PControICoIonial() gaddl—.agklna()
%‘atualizaFeromonio() ‘EﬁsetTelaPrincipal() %‘:\/ N '_nt 0
®getNumFormigas() ?‘executaSimulacao() ‘P CAE0
%‘getFormiga() ?’gravaResultados()
Ipad()
rpad() ;
?’mostraCaminhoColonia() Link
Parameters ?‘setArquivoSaida() (from AntWeb)
(from AntWeb) Q}feromonio - double
%alfa : double
Ants
beta : double 1’Link()
%ro : double (O ARSI %“getFeromonio()
Tdelay :int #atualizaFeromonio()
*Parameters() gs”a : ddOUb: P®getProxima()
ta : double
resetParam() ©
%‘setAlfa() Qpaleatorio : double
%‘getAlfa() ‘%atualizou : boolean
setBeta()
ggetBeta() @®ants() Page
¥setRo() @®encontrou() (from Antweb)
PgetRo() [lencontroubj() FetempoDownload : int
%“percorreu() %Otempovisita sint
#passaTempo()

BacktracksList .
(from AntWeb) / %‘escolheLlnk() \?Page()
#@¥moveFormiga() 1’Page()

@voltaFormiga() )
.I’BacktracksList() Eipad() g:gz:::nkéz)
HpPush() @mostraCaminhoFormiga() PoetNumLinks()
FPop() calculaProbabilidade()

?‘getTempoTotal()
PgetProxima()
?‘getFeromonio()
?‘atualizaFeromonio()

?’feromonioDepositado()
P¥getNumPagVisit()
%“getNumLinks()

Fig. 4: The diagrams of the main process of AntWeb

3.4 Interface of system
For an easy application, an interface for user is developed in Java. This interface consists of three windows:. the
principal, registration and parameters windows. Figure 5 shows the AntWeb simulation in testing phase.
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Fig. 5: the AntWeb simulation window

4. RESULTSOF THE ANTWEB SIMULATION

The Politec is a middle-scale information service company with 4200 employees. The Intranet website of the Politec is
with a hierarchical structure. If considering the homepage (http://www.politec.com.br/) as the first level, the second level
consists of 14 directories and 8 links to some special groups (4 shortcut linksand 2 links for other mirror websites of the
Politec). Under the level 3, there are 93 directories in the level 4 that expands to a great number of page (392) in the tree
form. Thelog fileis collected with 40500 visits during 15 days.

4.1 Web usage mining
Using web usage mining to the intranet website of the Politec, we get the following results:

= 17% user’s accesses to the internet website are from the employees of the the Politec;

= Most of the visits is basically for updating of professional profiles and to search the information about training
programs and courses,

= Thewebsiteiswell organized and main links of thissite are also put in a suitable manner.

At the same time, we still find some issues in this site. For example, the page about workflow is organized within the
subdirectory of product_service. But some visitors go first to the subdirectory of resources technology and then
backtrack to the target page. The following isthe report from our system.

Target page: http:/ /intranet/a_politec/produtos_servicos/servicos/workflowl.htm
Current location: http:/ /intranet/a_politec/produtos_servicos/servicos/

Backtrack point: http:/ /intranet/a_politec/resources _technology/

Total visitsto backtrack point: 23

Total visits: 76



There are 30% of visits for information about workflow in the directory of technological resources and the information
actually islocated in the directory of products and services. Consequently, the technology directory should have alink to
the page about workflow.

4.2 The AntWeb simulation

The objective of the AntWeb simulation is to evaluate the modification of the structure of the website from the above
implementation. At this moment we just found only one objective page: http://intranet/recursos_tecnologicos/
relacao_equipamentos/gerencia filial/quadro_geral_maquinas.htm An ant is generated in every 5 seconds; every link
reset with an initial pheromone rate of 1. The pheromone evaporation rates are configured as 1, and the parameters of
both a and b are configured as 0.5 separately. Three cases are studied in the simulation experiments, which are described
asfollowing sections.

4.2.1 Case 1. Oneroutewith 5 linksto the objective page

In this case, the website with the original structure, the position of objective page is located in the 5th level from
homepage (Fig. 6), there is only one possible route to arrive at the objective page through 5 links. Table 3 shows the
simulation results of the throughput of antsfor this structure.

http://intranet/ (homepage)

>

(others)... http://intfanet/recursos_tecnol ogicos/ menu_recursos_tecnol ogicos.htm

)

(others)... http://intranet/menus/menu_relacao_equipamentos_quadro_resumo.htm

)

(others) ... http://intranet/menus/menu_relacao_equipamentos_quadro_total.htm

)

(others) ... http://intranet/recursos_tecnologicos/relacao_equipamentos/gerencia filial/
guadro_total _maguinas.htm

>

(others) ... http://intranet/recursos_tecnologicos/relacao_equipamentos/
gerencia filial/quadro_geral_méquinas.htm

Fig. 6: Oneroute with 5 links to the objective page (case 1)

Table 3. The simulation results from case 1: throughput of Ants

Time (sec) 60 360 660 960 | 1260 | 1560 | 1860 | 2160 [ 2460
Smulation 1 0,00 3472 | 6894 | 7656 | 8373 | 8558 | 8790 | 8981l | 91,26
Simulation 2 0,00 34,72 | 6818 | 77,08 | 8452 | 8346 | 8844 | 91,20 | 90,04
Smulation 3 0,00 3472 | 6667 | 739 | 8294 | 8558 | 8844 | 9028 | 91,06
Simulation 20 0,00 3889 | 6742 | 7969 | 8095 | 8750 | 8898 | 8958 | 91,06

Mean 0,00 39,17 | 67,95 | 76,85 | 82,60 | 86,33 | 88,24 | 89,90 | 90,90
Standar d Deviation 0,00 379 | 247 | 155 | 1,39 | 094 | 084 | 0,71 | 0,49




4.2.2 Case 2: oneroutewith 5linksand another route with 4 linksto the objective page

In this case, the website with the modified structure, the position of objective page is located in the 5th level from
homepage, one route with 4 links is added to the page http://intranet/menus/menu_relacao_equipamentos
_quadro_total.htm. With this modification, there are 2 routes for ants to arrive at the objective page (Fig. 7). Table 4
shows the simulation results of the throughput of ants for this structure.

http://intranet/ (homepage)

v

(others) "™ http://intranet/recursos_tecnol ogicos/menu_recursos_tecnol ogicos.htm
(others) ... http://intranet/menus/

menu_relacao_equipamentos_quadro_resumo.htm

N\

(others) ... http://intranet/menus/menu_relacao_equipamentos_quadro_total.htm

— v

(others) ... http://intranet/recursos_tecnol ogicos/relacao_equipamentos/gerencia filial/
quadro_total_maguinas.htm

—

(others) ... http://intranet/recursos_tecnol ogicos/relacao_equipamentos/ gerencia filial /quadro_ggral_méqui nas.htm

Fig. 7: Oneroute with 5 links and another route with 4 links to the objective page (case 2)

Table 4 The simulation results from case 2: throughput of Ants

Time (sec) 60 360 660 960 | 1260 | 1560 | 1860 | 2160 | 2460
Smulation 1 000 | 4583 | 7121 | 7656 | 8214 | 8654 | 8398 | 89,81 | 9248
Simulation 2 000 | 4444 | 6818 | 80,73 | 8571 | 8590 | 88,71 | 90,28 | 92,07
Smulation 3 000 | 3889 | 7121 | 7865 | 8175 | 8718 | 8952 | 91,20 [ 91,26

Simulation 20 000 | 4583 | 7045 | 8021 | 8452 | 8814 | 8898 | 90,74 | 91,67
Mean 0,00 | 44,31 | 69,47 | 79,19 | 83,51 | 87,12 | 89,03 | 90,74 | 91,69
Standard Deviation 000 | 35 | 223 | 150 | 1,38 | 1,10 | 0,78 | 0,89 | 0,67

4.2.3 Case 3: oneroutewith 5linksand another routewith 2 linksto the obj ective page
In this case, the website with the modified structure, the position of objective page is located in the 5" level from
homepage, one route with 2 |links is added to the page http://intranet/menus/menu_relacao
equipamentos_quadro_resumo.htm With this modification, there are 2 routes for ants to arrive at the objective page
(Fig. 8). Table 5 shows the simulation results of the throughput of ants for this structure.

4.2.4 Theresultsanalyses

From the analyses of the mean throughput of the three cases as Table 6, we have the following conclusions. In case 2,
with the new link from the page http://intranet/menus/ menu_relacao_equipamentos_quadro_total.htmto the objective
page, increase the efficient of ants to visit the website. Within 360 seconds simulation, the throughput is better than the
original case 1, from 39.17 to 44.31 with the increasing of 13.12% (see table 6).



http://intranet/ (homepage)

(others) ... http://intranet/recursos_tecnol ogicos/ menu_recursos_tecnol ogicos.htm

(others) ... http://intranet/menus/

menu_relacao_equipamentos_quadro_resumo.htm

(others) ... http://intranet/menus/menu_relacao_equipamentos_quadro_total.htm

o

(others) ... http://intranet/recursos_tecnologicos/relacao_equipamentos/gerencia_filial/
guadro_total _maguinas.htm

(others) ... http://intranet/recursos_tecnologicos/relacao_equipamentos/
gerencia filial/quadro_geral_maguinas.htm

Fig. 8: One route with 5 links and another route with 2 links to the objective page (case 3)

Table 5 The simulation results from case 3: throughput of Ants

Time (sec) 60 360 660 960 | 1260 | 1560 | 1860 | 2160 | 2460
Simulation 1 000 | 4444 | 69,70 | 77,08 | 8690 | 8814 | 8371 | 9167 | 9207
Simulation 2 833 | 4722 | 7045 | 80,73 | 8651 | 89,10 | 8952 | 91,20 | 92,89
Simulation 3 1667 | 4861 | 72,73 | 81,77 | 83,73 | 8846 | 9167 | 91,90 | 9106

Simulation 20 833 | 4167 | 7576 | 79,69 | 8651 | 8910 | 89,52 | 91,90 | 92,07
Mean 10,83 | 49,58 | 72,54 | 80,08 | 86,31 | 88,97 | 90,39 | 91,59 | 92,48
Standard Deviation 10,15 | 516 | 246 | 201 | 1,16 | 0,82 | 0,85 | 0,63 | 0,81

In case 3, with the new link from the page http://intranet/menus/ menu_relacao_equipamentos_quadro_resumo.htmto
the objective page, increase the efficient of ants to visit the website. Within 360 seconds simulation, the throughput is
also better than the original case 1, from 39.17 to 49.58 with the increasing of 26.58% (see table 6).

Table 6 Three cases of the simulation results analyses (mean)

Time(sec) 60 360 | 660 [ 960 | 1260 [ 1560 | 1860 | 2160 | 2460
Smulation 1 0 3917 | 6795 | 7685 | 826 | 8633 | 8824 | 899 90,9
Smulation 2 0 4431 | 6947 | 7919 | 8351 | 8712 | 89,03 | 90,74 | 91,69
Smulation 3 1083 | 4958 | 7254 | 8008 | 8631 | 8897 [ 90,39 | 9159 | 9248

5. CONCLUSIONS

We propose the AntWeb model, with the support of the ants' system theory, to describe the web organization
performance. The update function of the pheromone trails to describe the sequence of the web visit processis formulated
based on the ant rule: the more the links visited, the greater the amount of pheromone deposits on the link which is used



to generate the tour in the website. We use throughput as an index to measure the performance of the website. The paper
shows the implementation of the AntWeb to an actual intranet website of the Politec.

The AntWeb concerns with the simulation to measure the web organization and also tries to study the visitor’s behavior
using ant system with the dynamic and adaptive manner. In our application, the simulation from three cases shows the
interesting results. In the cases of modified model, the throughput is 13.12% more comparing case 2 with case 1; and
26.58% more comparing case 3 with case 1. It is also observed that the developed model is more sensitive to measure the
efficient of the web organization. In the further research, we will consider the following directions:

. the multi-destination page case;
. the quantitative description of the relationship between the banner and pheromone effect;
" the adaptive modification for the web organization;
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