The FCM Designer Tool

Aguilar Jose and José Contreras

Abstract. In this work we present a tool for the development of Fuzzy Cognitive
Map (FCM). In our proposed tool, the FCM is defined by concepts and relation-
ships that can change during the execution time. Using the tool, we can design a
FCM, follow the evolution of a given FCM, change FCM defined previously, etc.
Our tool allows to use the classical casual relationship defined in [2, 4], or to de-
fine the casual relationships according to the problem modeled, which can be stat-
ics or dynamics, fuzzy or not. In this work, we present the data structures, the
interfaces, and the classes that compose the tool. Additionally, we give some ex-
amples of utilization of our tool in problems where we need define them specific
casual relationships.

1 Introduction

Fuzzy Cognitive Maps (FCM) have been present previously in different works [1,
2, 3, 4, 5]. They are a technique to model system based on concepts that describe
the main aspects of the modeled system, and causal representations between the
concepts. FCM use the theory of fuzzy logic to describe their structure and to infer
answers of the map from input data. These maps have been used in different do-
main for different proposes [6, 8,9, 11, 12, 13, 14, 15, 16].

An interesting domain of study about FCM is in the area of methodologies and
tools to develop them. This area is very important because in the next years it
could expand the utilization of the FCM in different domains. The definition of
methodologies to guide the development of FCM in specific domains is necessary
because this is a complex task and depends on the characteristics of the problem
modeled. The tools help and facilitate the design and the execution of the FCM.
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Recently, different tools have been proposed to model FCM. Some of them are:
the FCModeler tool displays the known using interactive graph visualization [19].
The system also models pathway interactions and the effects of assumptions using
a FCM-based modelling tool. In [20] has been proposed a tool to study the casual
relationships map in multiagent systems, this tool is called Multiagent-Causal
Maps. Other work has been proposed by Amit Roy [21], specifically, it developed
a FCM tool based on Python. In [22] has been proposed a FCM applet to be used
from programs.

In this work we present the FCM Designer Tool. This is a tool in Spanish,
which allows the design of the structure of the maps (the definition of the concepts
and the relationships between them). In this tool, the causal relationships between
concepts can be the classical defined in [2, 4], or we can establish specific casual
relationships according to the problem modeled. These casual relationships can be
static or dynamic. In the case of dynamic casual relationships, they can be based
on logic rules, mathematical equations, fuzzy logic, among others. Additionally,
the inference patterns from a given input to a map can be followed. Furthermore,
using our tool we can stop the evolution of a map during its runtime, of such form
to introduce new information to the map, continue a previous execution, etc. The
FCM Designer Tool is a versatile tool that allows to design, and later to execute,
the FCM. This work is organized as follows. In section 2 is presented the FCM
Designer Tool. Section 3 presents some examples of utilization of our tool, where
we need to define specific dynamic casual relationships.

2 The FCM Designer Tool

In this section we present the data structure, the interface and the organization of
the tool code (classes diagram, etc.).

2.1 The Data Structure

For the representation of the map we have defined a class called Map. The main
attributes of this class are: a set of concepts and a set of relationships (see figures 1
and 9). We can see in figure 1 that each relationship contains a reference to its
antecedent and consequent concepts, this is carried out in order to avoid the utili-
zation of an adjacency matrix, since the execution time for the adjacency matrices
have a complexity equal to O(nxn), where n is the number of concepts. In our data
structure, the runtime is O(m), where m is the number of relationships; in this
way, our tool has a runtime of linear order instead of quadratic order.

2.2 Tool Interface

The application is divided in 4 parts:

e A work area, where we design the Map
e A thread of execution of the Maps
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Fig. 1 Data Structure of the Map class

e A Menu Bar: to access to the general options of the tool
e A Control Panel: to access to the options of design, visualization and execution
of the map.

2.2.1 The Work Area

For the visualization of the map (see figure 2), the concepts are represented by
circles accompanied by their name. Each concept is defined by:

e An initial value

e A name

e A values set that represents the domain of values of the concept.

e A description of the concept

Each relationship is represented on the work area by an arrow that connects its
antecedent concepts with its consequent concepts. Each relationship is defined by:

e A value or weight. When we use static casual relationships, this value does not
change during the map execution. When we use dynamic casual relationships,
it is the relationship weight defined by the experts. This value can be positive
(the value of the Antecedent concept affects directly the Consequent concept)
or negative (the value of the Antecedent concept affects inversely the Conse-
quent concept).

e A reference to its Antecedent concept

o A reference to its Consequent concept

In order to modify the parameters of the nodes or of the relationships, we can use
the mouse to generate different actions (see figure 3). These windows are
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Fig. 3 Windows of the options to modify concept and relationship characteristics

created when the user pushes the right button of the mouse, when it is on a con-
cept or on a relationship. We can see in figure 3 that for each concept is possible
to modify its name, its initial value, the position of the label that contains the
name, and also the description of the concept. In the case of the relationships, we
can modify its value, the position of the label that identifies the relationship, and
also the description of the casual relationship.
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2.2.2 Thread of Execution

For the execution of the map we use a thread of execution, called RunFCM, which
is in charge to carry out the different iterations of the map for a given input, until its
convergence. By default, the condition to stop the execution of a map is given by a
maximum number of iterations equal to 10, but the user can change this value. Also
there is the option to stop the execution of the map when it is stabilized. These
options are shown ahead.

Additionally, using the tool we can define specific casual relationships, accord-
ing to the characteristics of the problem that we like to model. That is interesting
when we like to define dynamic relationships. In the tool, they can have different
forms: logic rules, mathematical equations, fuzzy rules, etc. In the tool, the type of
dynamic relationship is specified in the class Rules, which allows the definition of
each relationship using Java source code. The definition of the dynamic casual
relationships must be codified in this class, which is compiled by the tool before
the execution of the map.

2.2.3 Menu Bar

The general options of the system are: to establish like stopped condition a maxi-
mum number of iterations to be executed, to establish like stopped condition that
the map stabilizes, to select the type of visualization and normalization used on the
map, to save or to load a map, or its execution. These options are accessed through
a menu bar (see figure 4).

Archivo  Vista Ejecucion
Asignar Retardo

Archivo Vista Ejecucidn
Abrir

Guardar INh' T - — Asignar Normalizacidon
Guardar Ejecucidn chivo Sl Ejecucion BiState

Proporcional TriState
MNuevo v Fijo
v Saturacion

Salir sy

Parar al estabilizar
Asignar Maximo de teraciones

Fig. 4 General Menu of the tool

We can see in figure 4 that the “Archivo” menu offers the options: “Abrir” (this
option will load a map from a specified file and will draw it in the work area);
“Guardar” (this option allows saving the current map in some file (its concepts and
relationships, with their characteristics)); “Guardar Ejecucion” (this option allows
keeping in a file the different iterations of the execution of a map, in order to save
these data for their later analysis); “Nuevo” (this option cleans the work area and
creates a new map to begin to work); and finally, “Salir” (this option closes the
current window).
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The “Vista” menu offers two options for the visualization of the concepts in the
work area. The default option is “Fixed”, which indicates that all the concepts
were drawn in the work area with a size of 8 pixels. The option ‘“Proporcional”
would draw the nodes of proportional form to its value, with radios that go from 5
pixels for concepts of value O (zero), to 25 pixels for concepts of value 1 (one).
The “ejecucion” menu offers different types of normalization (possible output
values of the concepts) during the execution of the map; they can be:

e For saturations:

0 ,x<0
S(x)=4x ,0<x<1
1 ,x>1

e In the case nonlinear:

1
S(x)= 1o 0003)

e For bivalent states:

S(X):{O,x<0.5

1,x=20.5

e For trivalent states:

0 .x<1/3
S(x)=40.5 ,1/3<x<2/3
1 ,x>2/3

Where, x is the current value of the concept.

The tool also allows adding a delay among iterations of the map, during its exe-
cution, with the option “Asignar Retardo”. This delay is in milliseconds, and has a
value by default of 0. This option allows visualizing the iterations of the map dur-
ing its execution, in a way that the user has a time interval between iterations to
analyze the map. With the option “Asignar Maximo de Iteraciones”, the tool allows
to modify the maximum number of iterations allowed before stopping the execu-
tion of the map. The windows to modify these options are shown in the figure 5.

£ Opciones de Retardo g@ | £ Opciones de lteraciones g@
Retardo |El Maximo de lteraciones I1U

Aceptar | Cancelar | Aceptar Cancelar |

Fig. 5 Windows for the options of maximum number of iterations and delay
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Another form to stop the execution of a map is using the option “Parar al Esta-
bilizar”. In this case, when the map in the current iteration has the same vector of
states that in several of the more recent iterations, the tool stops the execution of
the map.

2.2.4 Control Panel

The Control Panel has the different controls necessary to design, to execute and to
visualize the map. Figures 6 and 7 show the components of the panel. This panel
is divided in three regions, a superior region to design maps, an intermediate re-
gion of execution, and an inferior region of visualization.

X7 424

Acciones del Ratén

" Crear Conceptos

O Crear Relaciones

(+ Seleccionar Conceptos
" Beleccionar Relaciones
[ Eliminar Conceptos

O Eliminar Relaciones

Ejecucidn:

Py |

Visualizar:

fteracion 0001 /0001

o001

Fig. 6 Control Panel

The superior region of the panel has associate the interface for the option
“CambiaAccionesDelRaton”, and it is composed by 6 possibilities, which indicate
the type of actions that we can assign to the mouse:

e “Crear Conceptos”: it allows adding concepts to the map, pushing the left but-
ton of the mouse when we are in the work area screen. The concepts are created
by default with the name “node x”, where x represents the number of the con-
cept in the map. When we push the right button on some concept, we open the
window that allows modifying the different characteristics of the concept (see
figure 3).

e “Crear Relaciones”: it allows establishing relationships between two concepts.
We need to push on the antecedent concept and later on the consequent con-
cept, in order to establish the relationship.
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e “Seleccionar Conceptos”: with this option activated we can move a concept in
the work area, dragging it with the mouse. Also, we can modify the values of
the concept using the right button that opens the windows of the figure 3.

e “Seleccionar Relaciones”: this option allows changing the value of the relation-
ship and its position, when we push on it with the mouse. For that, it opens the
window to modify the characteristics of the relationships (see figure 3).

e “Eliminar Conceptos”: it allows activating this action on the mouse, so that,
when it is pressed on some concept it eliminates the concept, with all the rela-
tionships associated to this concept.

e “Eliminar Relaciones”: it allows deleting a relationship pushing on the label of
the relationship.

The intermediate region of the panel, which is called “ejecucién”, has associated
the option “Play”. When we press this button, the tool executes the thread of exe-
cution called RunFCM (it executes the FCM that is in the work area, for a given
input). This thread uses static casual relationships by default (see figure 3), but if
the Rules object is not empty, it uses the casual relationships defined in the code
of this object. When the map is in execution state, the button is inactive, and the
label of the option is changed to “Wait”, which indicate that the user cannot do
nothing while the map is in this state.

The Inferior region of the Panel has associated the interface to manage the
visualization of the map. In this region is the label: “Iteracion: x/y”, which indi-
cates that we are visualizing the iteration x of y possible. In order to visualize a
given iteration in the map, we can use the labels: “<<” or ‘“>>" (see figure 6),
which allow to show the previous or the following iteration. Another form to visu-
alize a given iteration of the map is to write the number of the iteration and then to
press the button “ver”, which will show this iteration.

2.3 Main Windows of the Tool

The main window contains all the elements of the tool. The window is divided in
three parts, in the superior part is observed the menu bar, in the left part the con-
trols, and the central part the work area. This structure is typical of many computer
systems. All the elements that compose the main window belong to the MapWin-
dows class, and can be visualized in figure 7: the menu bar, the work area, the
Control Panel and the thread of execution of the map. In figure 7 we can see the
complete interface of the user with the tool.

2.4 Source Code

We have placed the different classes in different packages according to the roll
carried out by them (see figure 8).

We are three main packages, which are the Map package that contains all the
objects that model a map, the Algorithms package that contains all the classes
used for the execution of the maps, and the Interface package that contains all the
classes used for the creation of the windows for the interaction with the user. The
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secondary windows used to change the different options of the tool were placed in
a sub-package of the interface package, called Options.

Now, we are going to describe two classes, for the rest see [10]. They are the
classes used to build the maps in the work area (see figures 2 and 9).
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MapCanvas: it defines a screen with white background, where we design the

map. When this objet is instanced, it is created a ScrolledPanel with the dimen-
sions of the work area (1024x1024 pixels). Additionally, it calls the Movimien-
toRatonEnMapCanvas and AccionesRatonEnMapCanvas classes, which are
classes used to define the different actions of the mouse on the work area.
These actions can be: to create, to modify, to eliminate or to move concepts or

relationships, in the work

area.

Map: it is the class that models the map in the tool. It calls the relation and

concept classes, which are the classes that describe the characteristics of the
concepts and relationships that compose the map.

In a work area we can only build a map in a given moment. With these classes,
our tool defines the screen of the figure 2.

Java.awt.event.MouseAdapter

Jjava.awt.Canvas
\ AccionesRatonEnMapCanvas
MapCanvas
& map : Map.Map + mouseClicked( e : java.awt.event MouseEvent )
& mouseMode : int b & mouseExited( e - java.awt event MouseEvent )
0

4 MapCanvas( map Map.Map )
+ setMouseMode ( mode : int )
4 paint( g : java.awt.Graphics )

d( e . java.awt.event. MouseEvent )

s

1

1

\

N

Movimi

pCanvas

Map

& posicionRaton : java.awt.Label

& conceptList : java.util. ArrayList
& relationList - java.util ArrayList
& dynamic : bool.ean = false

*+ MovimientosRatonEnMapCanvas ( posicion : java.awt.Label )

4+ mouseMoved ( e : java.awl.event MouseEvent )

*+ mouseDragged ( java.awt.event MouseEvent e )

4 bool
Mao ( dyr\amucMI :nm )

‘!oac[nle String , directory : String )
4save ( file : String , directory : String )

Jjava.awt.event.MouseMotionListener

0.*
| Relation Concept
initialConcept : Map.Concept & position : java awt Point
finalConcept : Map.Concept & nombre : String

peso : float = 0.0

dynamic : boolean)
4 drawRelation ( g : java.awt.Graphics )
4 dentro (x:int, y:int): boolean

4 Relation ( initialConcept : Map.Concept ,
finalConcept : Map.Concept ,

& valorinicial : float = 1.0
& valores : java.util LinkedList
€ Comentario : String

% Concept ( x :int, y : int, dynamic : boolean)
% dentro ( x :int,
4 dr.

y - int) : bool.ean
pt ( g : java.awt.Graphics )

Fig. 9 UML Diagram for the MapCanvas and Map classes

Remember that we have said previously that our tool has an execution thread
called RunFCM, which executes the map. It is defined in a class with the same
name. It is in charge of carry out the different iterations of the map, given initial
values to the concepts of the map. The source code of the thread is:
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private void runStatic(){
intc=1;
do{
Java.util Iterator <Map.Relation> itE =
this.mapCanvas.getMap().getRelationList().iterator();
while ( itE.hasNext() ){
Map.Relation ref = itE.next();
ref.getFinalConcept().valorAuxiliar +=
ref.getInitialConcept().getLastValue()*ref.getValue();
/
Jjava.util Iterator <Map.Concept> itN =
this.mapCanvas.getMap().getConceptList().iterator();
while ( itN.hasNext() ){
Map.Concept ref = itN.next();
ref.addLastValue( this.normalization( ref.valorAuxiliar ) );
ref.setCurrentValue( ref.getLastValue() );
ref.valorAuxiliar=0.0f;
/
this.mapCanvas.update( this.mapCanvas.getGraphics() );
try{
this.hilo.sleep(this.retardo);
Jeatch ( java.lang.InterruptedException e ){
System.out.println ( e );
/
this.mapCanvas.getMap().setCurrentlteration( c++ );
this.etiqueta.setText( this.mapCanvas.getMap().getlterationLabel() );
Jwhile ( this.Continue( ¢ ) );
}

3 Example of Utilization

In this section we give some examples of utilization of our tool. In the first case, to
build FCM where the casual relationships are mathematical equations; and in the
second case, where the casual relationships are rules.

3.1 Casual Relationships Like Dynamic Equations

In the first example, we use the FCM proposed in [7] to model a system which con-
sists of a water tank with a valve of input and a valve of output (see figure 10).

» Waler in

bV

Fig. 10 Scheme of the tank level system
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The water enters to the tank from above and leaves the same one by an orifice
in the base. The rate of water input is proportional to voltage V applied to a pump
that sends water to the tank, the rate of exit of the liquid is proportional to the root
square of the level of the water in the tank. The equation for this system is given
by:

dvol _ z 98 v _aH
dt dt

Where Vol is the volume of water in the tank, A is the cross-sectional area of the
tank, b is the constant of the input stream, and a is the constant of the exit flow.
The equation describes the height of water H, like a function of the time.

For the design of the FCM, three concepts were used in [7]: the constant of in-
put stream, called b/A, the constant of flow of exit, called a/A, and the level of the
liquid in the tank, called H. The dynamic relationships are defined of the follow-
ing form [7]:

e The relationship between the constant of input stream and the level is given by
the value of the applied voltage to pump V.

e The relationship between the constant of the exit flow and the level is given by
the squared root of the value of the concept that represents the level.
The resulting map designed using our tool is shown in figure 11.

b/A alA

H

Fig. 11 FCM to model the dynamic system of the level of the liquid in a tank

We can see in figure 11 that exist relationships that feedback each concept, that
is due to that these concepts have a memory property, for example, the values of
the concepts b/A and a/A remain constant during all the execution. The casual
relationship in this case has the following source code (this is the code of the Rule
class in our tool):
static public float computeRelationValue ( Map.Relation relation ){

if ( relation.getlnitialConcept().getName().equals("b/A") & &

relation.getFinalConcept().getName().equals("H") )
relation.setValor ( relation.getDinamicImput() );
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else if ( relation.getInitialConcept().getName().equals("a/A") &&
relation.getFinalConcept().getName().equals("H") )
relation.setValor( -1.0f * (float)Math.sqrt(
relation.getFinalConcept().getCurrentValue() ) );
else
relation.setValor ( 1.0f ),
return relation.getValue();

}

We can see in the code that the first “If** determines if the relationship is between
the concept b/A and H, the value of this relationship is given by the auxiliary vari-
able DynamicImput, which contains the value of voltage V. The second “If” de-
termines if the relationship is between the concepts a/A and H, if it is thus, the
value of the relationship is calculated according to the squared root of the present
value of concept H, the rest of the relationships have a value of 1.

3.2 Casual Relationships Like Rules

In the second example, we are going to use a FCM that have been defined in [17]
to describe the emergent and self-organizing properties in a given multiagent sys-
tem. In this map, a concept can have the following values: High (between 2/3 and
1) when it works correctly; Medium (between 1/3 and 2/3) when its functioning
must be validated; and Low (between 0 and 1/3) when it does not work or work
erroneously. Additionally, they have used, to describe the type of casual relation-
ships, the set of rules proposed in [7]. Some of the rules defined in [7] are:

e If the preceding concept is High and the consequent one is also High then the
relationship is Complete®(1.0).

e If the preceding concept is High and the consequent one is Low then the rela-
tionship is Low™ (0.25).

e If the preceding concept is Low and the consequent one is Medium then the
relationship is Medium’ (-0.5).

e If the preceding concept is Low and the consequent one is Low then the rela-
tionship is Complete™ (-1.0).

This set of rules was codified in the Rules class in our tool. For this example, the
source code of the Rules class is:

public class Rules {
static private boolean isHigh ( float v ){ return (v > 2.0f/ 3.0f); }
static private boolean isLow ( float v ){ return (v <= 1.0f/ 3.0f); }
static private boolean isMedium ( float v ){
return (v > 1.0f/3.0f && v <= 2.0f/3.0f );

}

static public float computeRelationValue ( Map.Relation relation ){
float vinicial = relation.getlnitialConcept().getCurrentValue();
float vFinal = relation.getFinalConcept().getCurrentValue();

if (isHigh ( vinicial ) && isHigh( vFinal ) )
relation.setValor( 1.0f );

else if ( isHigh ( vinicial ) && isMedium ( vFinal ) )
relation.setValor( 0.75f );
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else if ( isHigh ( vinicial ) && isLow( vFinal ) )
relation.setValor( 0.25f );

else if ( isMedium ( vinicial )& & isHigh( vFinal ) )
relation.setValor( 0.75f );

else if ( isMedium ( vinicial ) && isMedium ( vFinal ) )
relation.setValor( -0.5f );

else if ( isMedium ( vinicial ) && isLow( vFinal ) )
relation.setValor( -1.0f );

else if ( isLow( vinicial ) && isHigh( vFinal ) )
relation.setValor( -0.75f );

else if ( isLow( vinicial ) && isMedium ( vFinal ) )
relation.setValor( -0.5f );

else if ( isLow( vinicial ) && isLow( vFinal ) )
relation.setValor( -1.0f );

relation.setValor ( relation.getValue() * relation.getDinamicImput() );
return relation.getValue();

H

In this code, the concepts are labeled according to their values, using the functions
isHigh, isMedium and isLow. The value of the antecedent concept is labeled as
vlnicial, and the value of the consequent concept is labeled like vFinal. Once the
values of the concepts are obtained, we can calculate the value of the relationship
according to the rules specified previously. Once obtained the value of the rela-
tionship, it is multiplied by the DynamicImput variable (it defines the weight of
the relationship established by the experts in [17]).
The specific FCM proposed in [17], designed with our tool, is:

). Agent behavior type

N

!

Indirect Inferaction

Fig. 12 The FCM proposed in [17], designed with our tool
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The meanings of some of the concepts of this FCM are (for the rest, see [17]):

e Self-Organization: It measures the degree of adaptability in a multiagent sys-
tem. The self-organization is an adaptive and dynamic process where systems
acquire and maintain their own structure without outside control.

e Emergence: It measures the degree of system’s evolution through the possibil-
ity of the appearance of emerging properties. Some of the things that could
emerge are temporary and space patterns such as: new collective policies and
norms, cooperation between agents, among others.

e Diversity It measures the homogeneity or heterogeneity of the society of
agents. It is measured by the number of agents of different types defined within
the system

And one example of the results of the evolution (iterations) of this map for one
specific input set of concept values is:

Self-Organization
Emergence
Density
Emotiveness
Diversity
Gathering
Independence
AgentsMumber
= Direct Interaction

=
[=2]

o | — AgregationMechanism
(+)FeedbackMec

Walue of Concept
f=]
(]

0.4 | | == AgentBehaviorType
Indirect Interaction
0.3 | == (-)FeedbackMec
AgentEmocionalState
0.2 T Social Component
] Cognitive Component
0.1p 7 | === Reactive Component
0 [ ¥ . . . —&— Behavioral Component
1 2 3 4 5 6 7 8 9 10

Evolution over time
Fig. 13 Example of the execution of the FCM proposed in [17] using our Tool

In the figure 13 we can see the values evolution of the concepts during the exe-
cution of the FCM, for a given set of initial values of concepts (it is the case of an
emergent and self-organized multiagent system, which is called ideal scenario). In
this example, the system converges for 8 iterations.

4 Conclusions

There are several tools to built and execute FCM. Each one has a specific use (to
study multiagent systems, etc.) or defines FCM with static casual relationships.
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The tool proposed in this work allows the definition of different types of dynamic
relationship. They are defined in a class that must be programmed by the designer
on the class Rules.

The tool proposed in this work requires an expert knowledge about the problem
to study in order to determine the type of dynamic relationships among the con-
cepts, and knowledge about the tool and the language Java to program the specific
relationships of the problem modeled. Future versions of the tools will include a
library of dynamic casual relationships, a library of learning methods [6, 13, 14].
Also, a methodology based on this tool will be proposed for specific problems in
control, economy, etc. [6, 18].
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