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Abstract

In the most varied specialties in the health hospital field, health professionals constantly need the main activity to make decisions
in a timely manner and usually do so only in view of the data collected in clinical examinations. This has been the main source to
define in an assertive way even in increasingly complex scenarios, notably in pathologies resulting from cancer cells. In this article,
there is the possibility to present medical specialists with new aid to complement with inputs that add to their final decision-making.
For this, the objective is to use the concepts of artificial intelligence applied in artificial neural networks and propose the use of
paraconsistent logic architected in components of paraconsistent artificial neural networks (PANN) to support specialists in
decision-making.
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1. Introduction

This work presents a set of some artificial neural networks to which paraconsistent logic can be applied at one
stage, usually the exit stage, which helps in decision-making [11]. Then the paraconsistent logic applied as Artificial
Intelligence [4] for decision-making is explained.

1.1. Artificial Intelligence

References must be listed at the end of the paper. Do not begin them on a new page unless this is absolutely
necessary. Authors should ensure that every reference in the text appears in the list of references and vice versa.
Indicate references by [1] or [2] or [3] in the text.

Artificial intelligence (Al) is an area of science that aims to reproduce certain human faculties through devices.
Among these devices, the ones that have been taking on this task are computers, which are reproducing human
behavior related to intelligence [6] through programs.

Research related to Al started after the Second World War and the first work in this area was carried out by Alan
Turing [1], since then much research has been carried out. Defining the concept of artificial intelligence [8] 1s very
difficult. For this reason, Artificial Intelligence [7] [8] was (and remains) a notion that has multiple interpretations,
often conflicting or circular.

The difficulty of a clear definition may come from the fact that there are several human faculties that are being
reproduced, from the ability to play chess, or involved in areas such as computer vision, voice analysis, and synthesis,
fuzzy logic, artificial neural networks, and many others. Initially, Al aimed to reproduce human thought. Artificial
Intelligence [6] [7] embraced the idea of reproducing human faculties such as creativity, self-improvement, and the
use of language. Artificial neural networks Redes Neurais Artificiais

1.2. Artificial neural networks

The artificial neural network (ANN) is a mathematical model developed based on biological neural networks. For
neuroscience, a biological neural network is a series of interconnected neurons [12]. The medium by which neurons
interact with their neighbors usually consists of several axon terminals connected via synapses to dendrites of other
neurons [13]. If the sum of the input signals exceeds a certain critical level, the neuron generates an action potential
(AP), which 1s propagated along its axon, being transmitted, via chemical neurotransmitters or as an electrical signal,
to other neurons.

ANN tries to reproduce the capacity of biological neural networks, including the ability to recognize patterns, learn,
make decisions, etc. Research in the ANN area began in 1943 with the creation of a single neuron[12] model (obviously
the concept of a network did not yet exist), neurophysiologist Warren McCulloch and mathematician Walter Pitts
wrote an article [2] on how neurons [13] could work and for that, they modeled a simple neural network using electrical
circuits.

Warren McCulloch and Walter Pitts created a computational [14][15] model for neural networks based on
mathematics and algorithms called threshold logic. This model paved the way for research on the neural network
divided into two approaches: one approach focused on biological processes in the brain, while the other focused on
the application [1] [2] of neural networks to artificial intelligence [7].

The notion of a network of neurons [12] begins its first steps in 1949, Donald Hebb wrote The Organization of
Behavior [3], a work that pointed to the fact that neural pathways are strengthened each time they are used, a concept
fundamentally essential to the way how humans learn. If two nerves fire at the same time, he argued, the connection
between them is improved.

In 1969, the book written by Marvin Minsky and Seymour Papert makes very strong criticisms of the perceptron,
which created a vacuum in the study of neural networks.
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Since 1982, several events have started that boosted the resumption of the study of neural networks, in 1986 the
multi-layered neural network with perceptron began to be implemented in the backpropagation architecture, in 1987,
the first International Conference on Neural Networks of the Institute of Electrical and Electronic Engineer's (IEEE)
and research on artificial neural networks has continued to grow. Currently, neural networks with multiple layers are
known as deep learning [9][22].

1.3. Artificial neural networks types

Advanced studies in the academy by high-level researchers result in new types of artificial neural networks.
However, some architectures are being widely disseminated such as Feed Forward Network Neural (FFNN) with
Perceptrons [13], Recurrent Neural Network (RNN), Auto-encoder (AE), Variational auto-encoder (VAE), Restricted
Boltzmann machine (RBM), Deep belief network (DBN), Convolutional neural network (CNN) or Deep convolutional
network (DCN), Kohonen network (KN).

The Feed-Forward Network Neural network (FFNN) with Perceptrons [13]: In each neuron, there is a linear
mathematical operation of the type Wx + b, where X is the value of the input data, and W and b are the weight and bias
parameters of the neuron [13]. The result of the operation is passed as a parameter to a typically non-linear activation
function. In this function, there is a trigger threshold, which, if the signal is reached, is propagated to the neurons
ahead. When there are many intermediate layers, it is called a deep neural network [22]. An example is using
information from a blood test to determine the presence of a disease.

Ness Recurrent Neural Network (RNN) network architecture: The hidden neurons of the recurrent neural network
receive the result of the mathematical operation that they performed in the previous time period in addition to the data
from the previous layer. Thus, the RNNs consider a temporal dependency between the input data. Because they have
this characteristic, these networks can model problems with temporal characteristics, such as the weather forecast
given the climate history in a window of the past.

This type of network Auto-encoder (AE) deals with dimensional space: Auto-encoders are designed to represent
the input information in a smaller dimensional space. Therefore, the central hidden layer of this network, which
represents this space, must have fewer neurons [13] than the input layer. The output layer is a copy of the input
information so that during training, auto-encoders learn to represent the original information in less space, but with
enough information to reconstruct the original data. The first half of the network, which compresses the information,
is called an encoder, and the second is a decoder. Auto-encoders can be used both to compress data for storage and/or
transmission and to represent the data in a reduced form so that, for example, another neural network specialized in a
specific task can use them.

The Variational auto-encoder (VAE) network that treats in a probabilistic way: The variational auto-encoder is
similar to the auto-encoder presented above, with the difference that its task is not to represent the original data in a
compacted dimensional space, but rather as probabilistic distributions. Since this network is also trained to reconstruct
the original data, these distributions are usually good ways of representing the nature of the input variables.

The Restricted Boltzmann Machine (RBM) network or restricted Boltzmann machine is a non-circular form of BM,
where there are no interconnections between incoming neurons or between hidden neurons. The main advantage comes
In training, as they can be trained in a similar way to an FFN.

The Deep belief network (DBN) is a stacked form of RBMs or VAEs, where each layer is tasked with encoding
only the layer immediately preceding it. This network trains in a “greedy” way, that 1s, it finds the best local solution,
which is considered sufficient for the application [3] in question, but which does not necessarily represent the best
global solution. As part of the structure involves probabilistic representations of the data, the network can be used to
generate new output data, that 1s, new equilibrium states of a system [4].

The Convolutional neural network (CNN) or Deep convolutional [20][22] network (DCN) or simply convolutional
neural network has a very different structure from those presented so far. In the convolution layers, the information
passes through several filters (which in practice are numeric matrices) with the function of accentuating regular local
patterns, while reducing the size of the original data. The results of various filters are summarized by pooling
operations. In the deepest part of the convolutions, data in a reduced dimensional space is expected to contain enough
information about these local patterns to assign a semantic value to the original data. These data then go through a
classic FFN structure for the classification task. For these characteristics, the most common application [3] of CNNs
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is in the classification of images [16][17][18]; the filters accentuate the attributes of the objects necessary for their
correct classification. A CNN specialized in classifying faces, for example, in the first layers recognizes contours,
curves, and borders; further on, it uses this information to recognize mouth, eyes, ear, and nose; and in the end, it
recognizes the entire face. In addition to images, any information with local regularity can benefit from the use of
CNNs, such as audio for example.

The Kohonen network (KN) is also called a self-organizing map, SOM. It uses competitive learning [9] to classify
data without supervision. The input data are compared with the values of the neurons (randomly initialized) using a
similarity metric, and the connections that represent greater similarity are strengthened. The neurons then adjust to
represent the original data in an even more similar way, "dragging" neurons together in their proximity. Thus, at the
end of the training, the original data can be classified mto similarity clusters in the form of a map defined by the
network's neurons.

1.3.1. Deep Learning Paraconsistente

A paraconsistent Deep [22] Learning Network (DLP) also known as a deep artificial neural network (DANN)
where the artificial neurons [12] are paraconsistent artificial neurons (PAN). NAPs are constructed with paraconsistent
neural units from different families. These unit families have variations of the paraconsistent analysis algorithm. Each
unit has its own characteristics. For example, see (Fig. 1). The following represents the standard paraconsistent unit,
and the rest are built on top of it.
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Fig. 1. DLP scheme.

2. Flowchart application at Paraconsistent Artificial Neural Networks (PANN)

The studies on artificial neural networks, network components, and paraconsistent logic, culminated in the creation
of the flowchart (Fig. 2) to materialize the unification of concepts. So we must use the sequence that starts in the
definition of the “1- Nucleus” which corresponds to the extraction of the characteristics in the specific case of images
[18][19][20], the “Laplacian” type was used with a focus on edge detection. As a next step, data treatment is defined
by “2- reading data” in files (text, images) containing information used by specialists to compose the decision. In view
of these data, the need to “resize” (use% in the RGB primary color scale: Red, Green, and Blue) was observed in the
images according to the need of the scenario when there is high quality (pixel) of images as it reflects the performance
of the artificial neural network. Then, the “4- convolution™ is done specifically in the treatment of images because it
was used as a model of feature detectors (lines, edges). After the image treatment, the specialist's expertise is added
to classify the “5-prognosis™ in each element (image) [19][20]. Now “6-normalization” is applied to standardize all
mputs (text and images) [19] in the artificial neural network, which would be to transform all mputs in mtervals



1754 Martinez Angel Anténio Gonzalez et al. / Procedia Computer Science 192 (2021) 1750-1759

between 0 and 1 to guarantee performance. According to the completion of the stage in the treatment of data (text and
images) [20][21], a neural “7-architecture” (quantity of layers and neurons) is defined according to the complexity
and available computational capacity [14][15].

Paraconsistent Artihicial Neural Networks

act Paraconsistent Artficial Neural Networks )

1. Define Kernel (Characteristics), Image ibraries
and Artificial Neural Networks, Results. Using
Laplacian used to detect edges.

2. Read files in folder

3. Resize Image (interpolation, 10% of the original
image because it has a high number of pixels and
gray scale)

4. Convolution (Al technique) image

5. Read the prognosis - Read the prognosis
(Specialist) associaled with the diagnosis
(images)

6. Normakze (images [0..255] in values between 0
and 1)

7. Define Neural Architecture (layers)

8. Define cutput rules (Paraconsistent Logic)
according o RNAP results

Paraconsistent Artificial Neural Networks Overwiew

9. Set Range (trains 80% - tests 20% or trains.
70% - tests 30%)

10. ¥raining and testing

11. Show Results

Fig. 2. Author. Paraconsistent Artificial Neural Networks Overview

ta

At this point, the study was guided by proposing the use of paraconsistent logic, and thus “8- parameters” were
defined, which are rules for obtaining plausible results. All that remains now is to define “9- tracks” for training and
tests which are commonly used 80% for training and 20% for tests, however, it must be used according to the
performance need. And finally “10- learn” during training by the artificial neural network and “11- display” the results
for analysis.

3. Methodology

Throughout the research bibliography, we sought to fix the concepts of artificial intelligence, neural network, type
of neural network, deep neural network and Families of Paraconsistent Artificial Neural Components. The information
culminated in the flow of a paraconsistent artificial neural network with computational tools (kernel) for image
processing and training and validation techniques in artificial intelligence.

4. Artificial Paraconsistent Neurons and Unit

The paraconsistent analyzer unit should reflect a set of artificial paraconsistent neurons [12] capable of serving a
particular purpose. In general, the paraconsistent artificial neuron can contain at least four possible outputs: False,
True Inconsistent, and Paracomplete. Next, we propose the neuron (Fig. 3) with inputs (1, p2), adjustment factors
and limits, (Fat), and possible outputs (S). This with the possibility of meeting extreme and non-extreme states.

a b
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Fig. 3. (a) lattice symbol within the artificial neuron; (b) Artificial Paraconsistent Neurons.

Currently, the family of units is widely disseminated by preliminary studies and stands out as memory units or as
pattern sensors in primary layers. We have, for example, the Basic paraconsistent Artificial Neural Cell - CNAPba,
paraconsistent Artificial Neural Cell of learning - CNAPa, it has the function [9] of learning and unleaming patterns
that are repeatedly applied at its entrance. And the paraconsistent Artificial Neural Cell for decision - CNAPd, has the
function of making the paraconsistent analysis and determining a decision based [11] on the results of the analysis.
This makes possible the appearance of several new units such as the proposed design (Fig. 4) of the paraconsistent
Artificial Neural Unit - UNAP2.0. This has the function of meeting extreme and non-extreme states.

O
&
&

Fig. 4. Author. Paraconsistent Artificial Neural Unit - UNAP2.0

In the Paraconsistent Artificial Neural Unit - UNAP2.0, it stands out for allowing the treatment of extreme (Table
1) and non-exftreme states. Thus the analysis and support to the specialist can be adjusted to plausible levels during
the analysis.

Table 1. Extreme states.

Extreme states Symbol
True v
False F
Inconsistent T
Paracomplete 1

The non-extreme states (Table 2) in the Paraconsistent Artificial Neural Unit - UNAP2.0 stand out for allowing the
treatment of the analysis at more accurate levels when there is a need to identify trends and results close to the extreme
states 1 supporting the specialist.

Table 2. Non-extreme states.
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Non-extreme states Symbol
Quasi-true tending to the Inconsistent QV—-T
Quasi-true tending to Paracomplete QV—1
Quasi-false tending to the Inconsistent QF—T
Quasi-false tending to Paracomplete QF—=1
Quasi-inconsistent tending to True QT—-V
Quasi-inconsistent tending to false QT—F
Quasi-Paracomplete tending to True QL—V
Quasi-Paracomplete tending to False QL—F

4.1. Paraconsistent Artificial Neural Component Families

The base of the CNAPp component (Fig.7) was fundamental for the creation of the other components that
consolidate the paraconsistent family (Table 3): CNAPa, CNAPap, CNAPar, CNAPCIs, CNAPClse, CNAPpa,
CNAPpd, CNAPd, CNAPco, CNAPdi

Table 3. Some Families of Paraconsistent Artificial Neural Components.

Symbol Description
44 i Name Paraconsistent
o Analytical Artificial
craPa Neural Component
(CNAPa).
S=yg
A
P |
|S\ =g
Fig. 5. CNAPa
o This cell analyzes the
\ 1? input evidence and
C o .
CNAPap converts 1t into a
single result
Fa . controlled by the
tolerance factors.
{ S =ngp
Fig. 6. CNAPa
i i Name Paraconsistent
ﬁ Artificial Neural
C ~
P C ompqnent of Real
Analytics (CNAPar).
| Sa=vr This component presents
F | the actual resulting
evidence in the outp

8=y

Fig. 7. CNAPar
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i " Name Paraconsistent
Artificial Neural

e Component of  Simple
Logical Connection
(CNAPCIs).

This component has the
function of establishing the

- logical connectives
_— between the mput
Fig. 8. CNAPCIs evidence..
i s Name Paraconsistent
| Artificial Neural
[c] Component of Selective
ke Logical Connection
Ise -
(CNAPClse).

This component has the
function of establishing the
maximization or
Maxin minimization functions
between the input evidence,
allowing only one evidence
to pass and canceling the
other with the value 0.5 at
the outpu

e Name Paraconsistent

rﬁq—| Artificial Neural

P Component for
Complementation
(CNAPco).

A This component has the
function of complementing
the favorable evidence,
having the limits
controlled by the tolerance
factor.

¥ Ry

Fig. 9. CNAPCIse

Iy

Fig. 11. CNAPco

5. Unifying concepts Decision-making

In the advancement [10] of researches an artificial neural network, it is understood that they can be added to the
concepts of paraconsistent logic, providing the viability shown in the flowchart (Fig. 1) and with a great capacity to
be applied in the systemic [4] [5] precepts with computational algorithms in their particularity in the components
basic, learning and decision-making[11], as it is possible to obtain the extraction of characteristics in the data made
available both in historical bases and in real-time that can be proposed by viewing patterns to support specialists in
their decision-making.

Preliminary tests with image bases [19][20] made sure that it is possible to advance the study with the unification
of concepts, thus resulting in the UNAP2.0 computational system (Fig.15).
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CONVOLUTIONAL

Fig. 15. Author. convolutional with the image in the database [19][20].

It can be seen that the process is shown (Fig.2) became a reality in computational language (Fig.16). along with
significant training and tests, such as convolutional study and its kernel, layered architecture of the artificial neural
network, and percentage of correct answers in tests compared with diagnoses by specialists.

CONVOLUTIONAL

RESULT

result... 1 expected... 1
Arquive: 95.tif, indice 6, resultado: 1, resposta[l]
interpret_output= [8.58098780833669595]

result... 1 expected... 1

Arquivo: 96.tif, indice 7, resultado: 1, resposta[l]
interpret_cutput= [8.5812234198508221]

result... 1 expected... 1

Arquivo: 97.tif, indice 8, resultade: 1, resposta[l]
interpret_output= [@.5813411899676383]

result... 1 expected... @

=

> DATA BASE
:;E sharpen = np.array((

59 [-1, -2, -1], KERNEL

60 [e, o, @],

[1, 2, 1]), dtype="int")
kernel4 = sharpen

o
(]

Fig. 16. Author. Training and Validation [19][20], such as convolutional study and its kernel.

6. Conclusion

Advanced research spanning centuries conducted by scientists who contribute in a unique way to new technologies, mainly works
that can be used as support in decision-making in several complex scenarios, such as pandemics in which there is a requirement
for specialists with a high degree of knowledge to be used in a timely and effective manner. Given this motivation, a proposal was
made to unify the techniques of neural networks and paraconsistent logic that culminated in the creation of components (Fig. 3)
for artificial paraconsistent neural networks (PANN) and in the overview of their application (Fig.1). With that, the construction
of components proved to be viable, forming a paraconsistent artificial neural network (PANN) with its paraconsistent artificial
neuron (Fig.2) and even enabling a neural computational system (Fig. 15 and Fig. 16) in condition to use the network response
treatment with the paraconsistent logic and thus be able to support experts in decision-making.
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