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Abstract: The example that will be described in this paper is
about to present a concrete use of fuzzy logic. It shows
possibilities and certain advantages of fuzzy logic. The basic
idea is to compare the fuzzy and the ordinary search,
thereby pointing out the basic differences in both the
inference and the data processing itself. In particular,
several files of different extensions with 30 cities from the
territory of the Republic of Serbia were given. These cities
will first be loaded and then examined to see if there is a
match to the string entered by user. By examining, we will
see if it is necessary to enter the correct name, as well as how
the fuzzy search works, in this case by using the Python
fuzzywuzzy library.
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I.  INTRODUCTION

Artificial intelligence has evolved in two
basic directions, namely the study of natural
intelligence and the attainment of intelligent
behavior by applying different approaches,
that is, by not applying natural systems. When
it comes to the application of artificial
intelligence, expert systems, robotics and
neural networks are among the many fields.
Perhaps not so well known in the field of
artificial intelligence applications, and quite
important and useful and that this work will
further address, are the fuzzy systems.
Fuzzy logic, occurs in the 1920s, as a
theoretical, "possible” solution. From then
until today, fuzzy has come a long way and
reached the wvery center of artificial
intelligence, and some things have become
almost unthinkable without such solutions.
"Fuzzy-based control systems are used in
many consumer electronic devices to fully
adapt to changes in the environment. Fuzzy
logic concepts and techniques have also been
used profitably in linguistics, behavioral
sciences, disease diagnostics and even market
analysis."[5]

Il. Fuzzy LoaGiCc

Lotfi Zadeh was the first to define fuzzy
logic in 1965. and explained it as "an
ambitious effort to close the gap between
mathematics and the human intuitive way of
thinking, speech and interaction with the
world."[1] Fuzzy logic is a form of artificial
intelligence, i.e. type of logical solution with
multiple values, where they can be any real
number from 0 to 1. In other words, fuzzy
deals with partial accuracy. The value of
accuracy is in the domain of total accuracy and
complete inaccuracies. Fuzzy sets rests on
mathematical principles, but understanding the
stage of the meetings, they rely on the
understanding of classical, discreet sets. An
element's affiliation with a classic, discreet set
is final and determined entirely, i.e. element,
either belongs or not (either has a value of 1 or
0). Fuzzy sets have not seen as affiliation, but
in the degree of belonging. This degree is
derived from the interval [0, 1], namely
belonging to the function that mirrors every
universal set element in this interval of real
numbers. In this way, the system becomes
significantly  adaptive. However, it is
important to make a difference between the
fuzzy sets and the probability. Although at
first glance fuzzy logic resembles a
probability, differences are significant. It is
likely to examine the accuracy of accidental
events, while the fuzzy logic has to deal with
inconclusive and inadequtions. A good
example of such a comparison would be a "tall
man" statement. Namely, that would be the
case for the fuzzy logic, while the probability
would be applied for recurrence and
symbolized by incidental process. We can
conclude that the fuzzy logic is dealing with
the subjectivity of man, whereas the
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probability is more and more objective in
statistics and science.

Boolean Logic Truelfesil

Is Nick Honest?

False/No/0

Extremely Honest
Fuzzy Logic

Is Nick Honest?

Figure 1 Fuzzy and Boolean logic compared

Very Honest{0.85)
Sometimes Honest(0.35)

Extremely Dishonest(0.00)

[11.  APPLICATION CONCEPT

The primary idea of this example is to
compare the fuzzy and regular search. It has
been given several files of different extensions
(.txt, .csv, .docx, .xsIx) with 30 cities from the
area of the Republic of Serbia. It should be
mentioned that the availability of Python
libraries plays incredibly big role when it
comes to development of intelligent systems
such as this one. This application was
developed in Python v3.8 and pip installer
v19.3, whilst versions from libraries such as:
Tkinter, FuzzyWuzzy, docx, xlrd are: 8.6,
0.17.0, 0.8.10, 1.2.0, in order. Based on the
use of these libraries, the cities will be loaded
first, and then questioned whether there is a
match with the entered string. We will be
using Python library FuzzyWuzzy for fuzzy
search. The basic purpose of this library is to
work with the strings, which is also the most
common example of fuzzy. Therefore, this
example relied precisely on this library.

IV. GUIBASE

In order to achieve the desired goal, which
is certainly an adequate input for the user, it
had to contain the GUI creation. In the

example of our application, the Tkinter library
was used to create a graphical interface in the
first place, after which it was given the
appropriate width and height. When an
application runs, the main window is started.
Enabling adequate interactivity was possible
through the Tkinter  function of
Askopenfilename. It opens a window for
selecting the file from which the search will be
done. The window opens by pressing the
“Fuzzy pretraga” (eng. Fuzzy search) or the
“Obicna pretraga” ( eng. Regular search)
button.

V. FUNCTIONALITY

In this chapter, we will describe the features
that were used to make searches of this
application completely usable:

e get_matches (query, limit) - collects the
accuracy match of the input with the
strings from the files. The base of the
function is fuzzywuzzy module process
and it’s function extract(). Parameters:

e query - forwarded by the function
pass_value () in GUI button, or the last
saved value for the query that this
function will process.

. limit - the number of results that will
be shown. On graphical interface user is able
to specify the number on an input field next to
‘Unesite broj trazenih vrednosti’ (eng. ’Enter
the desired number of results’).

e Function city() called to get the array
of cities.

e city () - checks the file extension. So if
the selected file ends, let's say, .docx, it
will open it, and it will put the list of
cities in an array, that will then be
returned (and used weather in regex or
fuzzy search).

e research(query) — regex search
function. Query is passed with
pass_value() function in GUI button.
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Figure 2 GUI and dialog frame

VI. SEARCH RESULTS AND COMPARISON

We came to the final testing and
comparison of searches. On the one hand, we
have fuzzy search for which it was necessary
to provide several parameters as described
above. On the other hand, a "regular" search,
by regex. We will do an example of comparing
two searches over a .docx file. We'll do a
fuzzy search first. As we can see in Figure 3,
the number entered specifies the number of
results that are displayed. This means that the
fuzzy function goes through the whole
sequence, finds matches, and then sorts the
results by largest. So by choosing 4 results we
actually get the 4 best results, shown with their
match percentage. The most results that can be
displayed depend on the amount of data in the
file itself, in our case 30.

.
¥ Fuzy pretraga o *

jaged Fuzzy pretraga I
Obicna pretraga

Unesite broj trazenih wednosti 4

{Jagodina 90} {Kraljevo 36} (Kragujevac 36) {{Novi Sad) 36}

Figure 3 Fuzzy search

Also, it is important to note that the search
fuzzy first of all looks to see if there is an
entire string match. If it doesn't find the whole,
it breaks it down into smaller units and/or
characters. For this reason, as well as the
length of the names of cities, as a result, we

get some cities where the text is not contained,
in our example Kraljevo, Kragujevac, Novi
Sad. Thus, Kraljevo contains j, a, o,
Kragujevac contains a, j, while Novi Sad
contains 0 and a. Jagodina has the largest
match because it contains a complete string in
its name.

Next, we move on to a regular search. We
will enter the same text as for the fuzzy search
and select the same .docx file. As the image
itself shows the result is None the exact match
was not found at all, even though there is a
Jagodina in our file that contains the same
string as the entered text. However, as
Jagodina has a capital letter J and the entry
passes a low caps j, the search throws out that
there are no results. We would get the same
case when typing a space, as the first character
in our entry. The spacing may be followed by
the exact name of the city, however, it is
ignored by the fact that there is no city with
the initial character being the spacing. The
search will only work after typing the required
entry with the correct record, in this case in
capital letters.

This search is not perfect by itself, as it
throws out the coordinates of the string we are
looking for in the file (the file is viewed as a
coordinate system). Nevertheless, although it
can be modified, we have left the original
form, to show all the wvulnerabilities of
ordinary comparisons.
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Figure 4 Regex search with and without first capital letter

We got the same results with other types of
files that can be opened (described above).

The figure 5 shows the most significant
results regarding the differences between these
searches. In addition to the aforementioned
differences when it comes to lowercase and
uppercase  letters and  spacing, one
shortcoming can be observed in the search
fuzzy. Namely, fuzzy search (as well as the

letters §, &, ¢, Z, d. The problem itself lies with
Python, so the application itself should be
specifically tuned for this purpose. However,
in addition to this shortcoming, the fuzzy
search found a result at least when it comes to
larger strings, such as in Figure 5 example 4.
There the only negative result is in the case of
Sa, because by not recognizing the letter §,
only the letter a remains, which is contained in

. . almost ever iven city.
regex search) does not recognize the Latin y g y
A B C D
1 | Redni broj Upit Fuazy pretraga Obicna pretraga
2 "Beograd”™ [Beograd 100] [Bor 60] [Sombor 46) Match(2,9)="8eograd’
3 1 “Be" [Beograd 90] [Beocin 90] [Bor 67] Match(2,5)="8eo’
4 "ogr* [Beograd 90] [Bor 67] [Sombor 60] Match{4,7)="ogr"
5
6 "arandjelovac”| [Arandjelovac 100] [Vranje 75] [Kragujevac 64] none
7 2 “ar" [Novl Pazar 90] [Pozarevac 90] [Zajecar 90) Match(128,130)="ar’
8 "ovac” Arandjelovac 90] [Leskovac 90] [Viadimirovac 90 Match{10,14)="ovac’'
9
10
11 "Uzice® [Uzice 100] [Loznica S0] [Subotica 46) Match{290,295)='Uzice’
12 3 "u* [Krusevac 90] [Subotica 90] [Uzice 90) Match{290,291)="U'
13 "ce” [Novi Bece| 90] [Pancevo 90] [Uzice 50] Match(153,155)="ce’
14
15
16 “Sabac" [Sabac 90] [Poiarevac 46) [Vriac44] none
17 B "3a" [Arandjelovac 90] [Beograd 45] [Jagodina 45] none
18 "aba" {Sabac 86) [Arandjelovac 60] [Novi Pazar 60] Match{287,290)="aba’
19
20
21 5 | *sad" | [NoviSad 90) [Arandjelovac 60) [Beograd 60) | none |

Figure 5 Different results comparing fuzzy and regex
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If we dwell briefly on this result, we will
notice that the fuzzy for cities with the same
degree of match is sorted in the order in the
file. The same case occurred in example 2, the
case of ovac. So, the fuzzy itself sorts the best
results, but the problem can arise when
matches occur. We then need to know the
location of our desired result in the file or
request a larger display volume.

VII. CONCLUSION

Created application whose main task is to
compare searches, where the first search works
on the principle of fuzzy logic, while the
second does not have this possibility, is
another in a series of indicators that makes
fuzzy logic very popular and increasingly
present among computer systems. This
artificial  intelligence  concept is an
indispensable part of all modern technology,
and this time it justified all expectations by
delivering the required results with a fairly
simple implementation of this technology. A
search using fuzzy logic will give the user
significantly better results than a search that
does not have this capability in itself because
of the relevance of the results.
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