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ABSTRACT: This paper presents, in particular, some results obtained from modeling neural networks of neuro-fuzzy type and the
similarity with the results obtained using neural feed-forward type networks. The application is developed to the level of
organizational management regarding the establishing of a future strategy of a commercial organization. It was designed a neuro-
fuzzy network with five input variables of type technical and economical indicators and an exit strategy type. Solving the problem

was made using Matlab system.
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1. INTRODUCTION

The basic idea based on neural network modeling
consists in applying an accessible methodology that
will lead to very simple networks, but that will
provide very precise predictions[1]. For this
purpose, the attempts of modeling took into account
the following aspects:

-various softwares were used: Matlab and
NeuroSolutions, comparing the results both in terms
of their accuracy, and procedure;

-different types of neural networks were tested,
mainly from the category of feed-forward neural
networks  (multilayer  perceptron, generalized
feedforward, modulation) and neuro-fuzzy;

-five input variables were taken into consideration:
risk factor, x1, compensation potential in terms of
financial results, x2, potential for technological
innovation, x3, competence in market analysis, x4,
competence to sell the products, x5. The proper
ranges of these variables were: x; € [0.1...0.4], x; €
[0.1..0.4], x3 € [0.1...0.3], x4 € (0..0.2], x; €
(0...0.2], these statements corresponding to "low",
"medium" and "high";

-the output variable was the strategy type that has
been defined by combining the values that the input
parameters take, respectively: offensive strategy,
defensive strategy, absorbing strategy, interstitial
strategy and incorrect strategy; the outputs of the
five variables were associated with the numerical
values 1, 2, 3,4 and 5;

-also, other issues have been formulated, with fewer
inputs, respectively the following three cases, with

three input variables each. Case 1 has inputs x;, X3
and X4, case 2 - X, X4 and x5 and case 3 - X3, X4, X5.

Solving the neuro-fuzzy problem was done using
Matlab.

MATLAB, using specialized toolboxes, Fuzzy Logic
Toolbox- FLT creates the possibility of
implementing techniques based on fuzzy logic, using
FUZZY and FUZZYDEMOS. The FUZZY
subdirectory contains function type files, grouped
into categories of functions and operations [2]:

. functions for graphical user interface (GUI);
editing functions for fuzzy inference system (FIS),
membership functions, the rules used, the diagrams
and the associated control surfaces; functions for
generating  FIS  (by); functions for the
implementation of other routines (FIS Sugeno type,
type C-means clusters, etc.);

. operations that relate to the difference
between two membership functions with different
forms (sigmoid, Gaussian, trapezoidal, triangular,
etc.), to the concatenation of matrices, to the mesh of
the FIS's, to the evaluation of the multiple

membership functions etc.

Figure 1 Command window
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Fuzzy toolbox is accessed by typing "fuzzy" in the
command window (Figure 1).

The system displays the FIS type editor, which
processes the corresponding information of the
systems based on fuzzy inference. At the top, the
diagram of the system to be created is displayed; the
entry and the exit are marked (Figure 2).
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Figure 2 ,,FIS” Editor

It should be mentioned that the user can define
multiple input and output variables.

Entering input and output variables is realized in the
following way: in the Edit menu select Add Variable
- Input (for adding input variables) or Output (for
adding output variables) (Figure 3).
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Figure 3 Selecting inputs/outputs

To delete these variables you select the variable you
want to delete and from the Edit meniu and you
select Remove Selected Variable.

After entering the variables, their names are
established: the variable’s box is being selected and
its name is being entered in the Name box.

After defining the name of the input and output
variables, you define the membership functions and
the universe of discourse for each variable. After
that, you select the variable to be configured (from
the Edit menu select Membership Functions) -
Figure 4.

The editor of the membership functions
(Membership Function Editor) (Figure 5) is used to
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create, cancel or modify the membership functions
of the fuzzy system.
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Figure 4 Selecting membership functions
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Figure 5 ,,Membership Function” Editor

Synthetic, defining the
involves the following steps:

membership  function

* from the Edit menu of the Membership Function
Editor graphic interface you select Add MFS;

* in the Membership Functions dialog box you select
the number of membership functions that the
variable can have;

* in the Membership Functions box you determine
the overall shape of the membership functions
(triangular - triumph, trapezoidal — trapmf, bell -
gbellmf, Gaussian - gaussmf etc.);

* the universe of discourse is defined in the Range
box;

* in the Display Range box, the user can choose to
display the entire universe of discourse (in which
case the same numbers as in Range box are entered),
or to display a single sequence within the universe of
discourse (in which case the numbers within the
range displayed in the Range box are entered);



» parameters that define the geometry of the
membership function are set in the Params box-
figure 6.
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Figure 6 Number of membership functions

» for defining the functions, you select them one at a
time and assign them proper names.

To redefine the shape of each function, you select
one function at a time, after which its geometric
profile is selected from the "Type" down list
belonging to the Membership Function Editor
(Figure 7); to clear a function, you select it and from
the Edit menu you choose Remove Selected MF.
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Figure 7 Changing the shape of a membership function

After defining the input and / or output variables,
follows editing the rules for the Fuzzy system:

a you open one of the FIS Editor or
Memberships Function Editor or Editor windows;
Q from the Edit menu you select "Rules"; the

program will display the Rule Editor edit window
(Figure 8). As the rules are written, they will be
displayed.
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Figure 8 "Rule" Editor
To define the rules, you follow the next steps:

> you select the appropriate function to be
edited from the entry list;

> you click on the Add rule button and the rule
will be automatically edited in the upper window of
the rules editor (Figure 9).

To delete / modify one rule, you select it and then,
subsequent, one of the "Delete rule" (for deletion) or
"Change rule" (for change) buttons will be operated.
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Figure 9 Define rules

‘ The rule is added

To view the rules or surfaces, you select from the
View menu one of buttons "Rules" or "Surface"
(Figure 10).
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Figure 10 Selecting viewing rules or surfaces

2. MODELING WITH NEURAL NETWORKS,
NEURO-FUZZY TYPE

To model the relationship between indicators and
strategy, a draft version of the model was to develop
a neuro-fuzzy model [3]. Defining the membership
functions and the corresponding values are the most
important steps in defining the model. After training,
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the structure of the rules of the model is obtained.
When the user changes the input values, the system
automatically generates the output value.

A surface graph showing the relationship between
inputs (indicators) and exit (strategy) is shown in
Figure 1 which illustrates the locations of the fuzzy
inferences, obtained for each variable fuzzy output
(strategies) expressed by the first 2 entries (risk
factor and compensation potential regarding the
financial representative). The fuzzy inference spaces
visually express the dependence of the fuzzy output
variables, towards the fuzzy input variables on all
the support area of the membership functions [4].

Using the neuro-fuzzy model several runs were
made, the aim being to determine the strategy is case
in which different values of the input parameters are
being considered. Table 1 shows the obtained
results. From the statistical point of view, for the 18
considered cases, different strategies have been
obtained: offensive (1), defensive (4) interstitial (8)
and incorrect (5).
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Figure 11 Fuzzy inference systems view
Table 1 Results of neuro-fuzzy model
Case Parameters Resulted strategy
x1 x2 x3 x4 x5
1 0,15 0,15 0,15 0,15 0,15 Defensive
2 0,35 0,15 0,15 0,05 0,05 Incorrect
3 0,15 0,15 0,25 0,15 0,05 Defensive
4 0,32 0,10 0,12 0,15 0,05 Interstitial
5 0,3 0,2 0,25 0,01 0,1 Incorrect
6 0.4 0,1 0,12 0,1 0,1 Interstitial
7 0,38 0,15 0,1 0,2 0,05 Incorrect
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8 0,4 0,3 0,3 0,2 0,2 Offensive
9 0,3 0,1 0,01 0,01 0,01 Interstitial
10 0,15 0,15 0,15 0,2 0,1 Defensive
11 0,25 0,25 0,15 0,2 0,2 Defensive
12 0,3 0,12 0,1 0,1 0,1 Interstitial
13 0,35 0,2 0,05 0,15 0,05 Incorrect

14 0,3 0,1 0,25 0,15 0,1 Interstitial
15 0,3 0,1 0,1 0,15 0,2 Interstitial
16 0,32 0,25 0,15 0,05 0,05 Incorrect

17 0,36 0,28 0,08 0,12 0,06 | Interstitial
18 0,35 0,15 0,15 0,1 0,1 Interstitial

Given the fact that two modeling techniques have
been applied, obtaining neural models with feed-
forward type networks and neuro-fuzzy models, a
comparison between them was necessary, both in
terms of accuracy of results and applied
methodology. Table 2 shows some example of
predictions, pointing out that both models give the
same results.

In the modeling with feed-forward neural networks,
a work algorithm was established, which takes into
account, gradually, the possibilities to improve the
models’ performance. Such attempts were: * testing
different types of neural networks; ¢ designing
various topologies (number of hidden layers and

number of neurons); ¢ considering different sets of
input data as number of entries (5 or 3); « different
coding of outputs, depending on the chosen variant
of modeling (regression or classification); * using
different databases, expanded or collapsed (number
of values); ¢ dividing in different percentages in
training and testing data; ¢ using a different number
of driving epochs.

Under these circumstances, the performances for
training and testing for different models were
recorded, of which the following have been selected
for illustration: MLP (5: 40: 20: 1), MLP (5: 30: 15:
1), MLP (5: 12: 4: 1), MLP (5: 5: 1).

Table 2 Comparison of the predictions made by the neural network
MLP (5: 5: 1) and the neuro-fuzzy model

Experiment Parameters Experimental NN 1\1_3111;;'
no. x1 x2 x3 x4 x5 strategy Strategy strategy
1 0.15 | 0.15 | 0.15 | 0.15 | 0.15 2 2 2
2 0.35 | 0.15 | 0.15 | 0.05 | 0.05 5 5 5
3 0.15 | 0.15 | 025 | 0.15 | 0.05 2 2 2
4 0.32 0.1 0.12 | 0.15 | 0.05 4 4 4
5 0.3 0.2 0.25 | 0.01 0.1 5 5 5
6 0.4 0.1 0.12 0.1 0.1 4 4 4
7 0.38 | 0.15 0.1 0.2 0.05 5 5 5
8 0.4 0.3 0.3 0.2 0.2 1 1 1
9 0.3 0.1 0.01 | 0.01 | 0.01 4 4 4
10 0.15 | 0.15 | 0.15 0.2 0.1 2 2 2
11 0.25 | 025 | 0.15 0.2 0.2 2 2 2
12 0.3 0.12 0.1 0.1 0.1 4 4 4
13 0.35 0.2 0.05 | 0.15 | 0.05 5 5 5
14 0.3 0.1 0.25 | 0.15 0.1 4 4 4
15 0.3 0.1 0.1 0.15 0.2 4 4 4
16 0.32 | 025 | 0.15 | 0.05 | 0.05 5 5 5
17 0.36 | 0.28 | 0.08 [ 0.12 | 0.06 4 4 4
18 035 [ 0.15 | 0.15 0.1 0.1 4 4 4
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The best model was MLP (5: 5: 1), trained at 10,000
epochs, which provided 100% correct answers to the
test. The results were also verified through
formulating a classification problem.

Also, in this case, the MLP model (5: 5: 5), with
binary coded outputs had the best results, 100%
correct answers.

In the considering cases of three input variables (in
different variations) instead of five, the results are
not too good, the percentage of correct answers was
59%, 73% and 94%.

Weaker results have been obtained, especially the
smaller percentages from the previous listing can be
attributed to the removal of significant variables for
some strategies, that, as a result, have been wrongly
classified.

Once again, this modeling is an argument for the
complete case with five entries, respectively, for the
fact that the 5 initial entries determine the
considered strategies (100% correct answers).

3. CONCLUSIONS

Neuro-fuzzy models were designed using the Matlab
system. Under this strategy, the most important steps
are represented by the definition of the membership
functions and the  corresponding  values.
Subsequently, after the completion of the training
phase, the modelts structure of the rules is being
obtained, and then the model can be used to make
predictions for different input data sets.

A comparison between the neuro-fuzzy model and
the MLP neural model (5:5:1) highlights the fact that
the two types of patterns generate identical results.
In these circumstances, the tools that have generated
them are left for comparison, respectively Matlab
and NeuroSolutions. Both are equipped with
specialized software graphical user interface,
choosing between the two methods is up to the user,
depending on the preference and his ability.
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