TECHNICAL FACULTY

"MIHAJLO PUPIN"
ZRENJANIN

-
&
2
& Q
o -
@ A *‘\:.:.\ ‘\\
Z % ==, \Q‘\ e\
2l ITROCONEEREBNGCE
&2 % 4 S | N \?’-:"':‘\\“
) ~ BINEORMATIONSTECHNOLOGY 'EDUCATION IQVELOPMENT
ey 2 - Ll N S
Z < e\ | \“
>' : f'.
O ¢
O3
o)
m =
ok =\
2 ‘
74)
(©)
=
.
(=]
el
2]
S
[+ <
.

ZRENJANIN, June 2018



UNIVERSITY OF NOVI SAD
TECHNICAL FACULTY "MIHAJLO PUPIN”
ZRENJANIN
REPUBLIC OF SERBIA

IX INTERNATIONAL CONFERENCE OF

INFORMATION TECHNOLOGY AND
DEVELOPMENT OF EDUCATION
ITRO 2018
PROCEEDINGS OF PAPERS

8

ITRO Coﬁference

IX MEDUNARODNA KONFERENCIJA

INFORMACIONE TEHNOLOGIJE I
RAZVOJ OBRAZOVANJA
ITRO 2018
ZBORNIK RADOVA

ZRENJANIN, JUNE 2018



International Conference on Information Technology and Development of Education — ITRO 2018
June, 2018. Zrenjanin, Republic of Serbia

Publisher and Organiser of the Conference:
University of Novi Sad, Technical faculty ,,Mihajlo Pupin”, Zrenjanin,
Republic of Serbia

For publisher:
Dragica Radosav, Ph. D, Professor, Dean of the Technical faculty ,,Mihajlo
Pupin”, Zrenjanin, Republic of Serbia

Editor in Cheaf - President of OC ITRO 2018:
Vesna Makitan, Ph. D, Assistant Professor,

Proceedings editor:
Marjana Pardanjac, Ph. D, Professor

Technical design:
Ivan Tasic, Ph. D, Professor;
Dusanka Milanov MSc, Assistant

Lecturer:
Erika Tobolka, Ph. D, Professor

Circulation: 50
ISBN: 978-86-7672-310-2

By the resolution no. 142-451-607/2018-01/02, Autonomous Province of Vojvodina,
Provincial Secretariat For Science and Technological Development donated financial means
for printing this Conference Proceedings.

The Conference is supported by the Autonomous Province of Vojvodina

CIP - KaTtanoruszanuja y myOJIuKaIiju
bubnuorexa Marune cprcke, Hosu Can

37.01:004(082)
37.02(082)

INTERNATIONAL Conference on Information Technology and Development of
Education ITRO (9 ; 2018 ; Zrenjanin)

Proceedings of papers [Elektronski izvor] / IX International Conference on Information
Technology and Development of Education ITRO 2018 = Zbornik radova / IX medunarodna
konferencija Informacione tehnologije i razvoj obrazovanja ITRO 2018, Zrenjanin, June 2018.
- Zrenjanin : Technical Faculty "Mihajlo Pupin", 2018. - 1 elektronski opticki disk (CD-ROM)
:ilustr. ; 12 cm

Nasl. sa naslovnog ekrana. - Tiraz 50. - Bibliografija uz svaki rad.

ISBN 978-86-7672-310-2

I. Medunarodna konferencija Informacione tehnologije i razvoj obrazovanja ITRO (9 ; 2018 ;
Zrenjanin) International Conference on Information Technology and Development of
Education ITRO (9 ; 2018 ; Zrenjanin)

a) Madopmanmone rexnonoruje - O6pazoBame - 300pHuIm b) O6pa3oBHA TEXHOIOTH] -
3060pHuIIN

COBISS.SR-ID 324298503

II



International Conference on Information Technology and Development of Education — ITRO 2018
June, 2018. Zrenjanin, Republic of Serbia

PARTNERS INTERNATIONAL CONFERENCE

South-West University ,,Neofit Rilski”
Faculty of Education, Blagoevgrad,
Republic of Bulgaria

SOUTH WEST UNIVERSITY
“NEOFIT RILSKI"

Faculty of Electrical Engineering and Informatics
Department of Computers and Informatics of Kosice
Slovak Republic

University Goce Delcev Stip
Republic of Macedonia

VHUBEPIUTET
- OUE AEAYER*
LiTun

I



International Conference on Information Technology and Development of Education — ITRO 2018
June, 2018. Zrenjanin, Republic of Serbia

THE SCIENCE COMMITTEE:

Dragoslav Herceg, Ph.D, Professor, Faculty of Science, Novi Sad, Serbia — Chairman
Marina Ci¢in Sain, Ph.D, Professor, University of Rijeka, Croatia
Anton Vukeli¢, Ph.D, Professor, Faculty of Philosophy, Croatia

Ion Dzitac, Ph.D, Professor, Department of Mathematics-Informatics, Aurel Vlaicu University of
Arad, Romania

Sashko Plachkov, Ph.D, Professor, South-West University "Neofit Rilski" /Department of
Education, Blagoevgrad, Republic of Bulgaria

Sulejman Meta, Ph.D, Professor, Faculty of Applied Sciences, Tetovo, Macedonia

Marta Takécs, Ph.D, Professor, Obuda University, John von Neumann Faculty of Informatics,
Budapest, Hungary

Nina Bijedi¢, Ph.D, Professor, Applied mathematics, Bosnia and Herzegovina

Viorel Negru, Ph.D, Professor, Department of Computer Science, West University, Timisoara,
Romania

Mirjana Segedinac, Ph.D, Professor, Faculty of Science, Novi Sad, Serbia

Milka Oljac¢a, Ph.D, Professor, Faculty of Philosophy, Novi Sad, Serbia

Dusan Starcevi¢, Ph.D, Professor, Faculty of Organizational Sciences, Belgrade, Serbia
Dobrivoje Mihajlovi¢, Ph.D, Professor, Faculty of Organizational Sciences, Belgrade, Serbia
Kosta Voskresenski, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia
Josip Ivanovi¢, PhD, Professor, Hungarian Language Teacher Training Faculty, Subotica, Serbia

Ivanka Georgieva, Ph.D, South-West University "Neofit Rilski", Faculty of Engineering,
Blagoevgrad, Republic of Bulgaria

Miodrag Ivkovi¢, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia
Mom¢ilo Bjelica, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia
Dragica Radosav, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia
Dragana Glusac, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia

Dijana Karuovi¢, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia

Ivan Tasi¢, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia

Vesna Makitan, Ph.D, Assistant Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia
Marjana Pardanjac, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia
Snezana Babi¢ Kekez, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia
Erika Tobolka, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia

Stojanov Zeljko, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia

Brtka Vladimir, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia

Kazi Ljubica, Ph.D, Assistant Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia
Berkovi¢ Ivana, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia

Nikoli¢ Milan, Ph.D, Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia

Stojanov Jelena, Ph.D, Assistant Professor, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia

v



International Conference on Information Technology and Development of Education — ITRO 2018
June, 2018. Zrenjanin, Republic of Serbia

THE ORGANIZING COMMITTEE:

Vesna Makitan, Ph.D, Ass. Professor, Technical Faculty “Mihajlo Pupin” Zrenjanin, R. of Serbia
- Chairman of the Conference ITRO 2018

Dragica Radosav, Ph.D, Professor, Technical Faculty “Mihajlo Pupin” Zrenjanin, R. of Serbia
Dijana Karuovic, Ph.D, Professor, Technical Faculty “Mihajlo Pupin” Zrenjanin, R. of Serbia
Marjana Pardanjac, Ph.D, Professor, Technical Faculty “Mihajlo Pupin” Zrenjanin, R. of Serbia
Ivan Tasic, Ph.D, Professor, Technical Faculty “Mihajlo Pupin” Zrenjanin, R. of Serbia
Dragana Glusac, Ph.D, Professor, Technical Faculty “Mihajlo Pupin” Zrenjanin, R. of Serbia
Erika Tobolka, Ph.D, Professor, Technical Faculty “Mihajlo Pupin” Zrenjanin, R. of Serbia
Dusanka Milanov, MSc, Assistant, Technical Faculty “Mihajlo Pupin” Zrenjanin, R. of Serbia
Vladimir Karuovi¢, Technical Faculty “Mihajlo Pupin” Zrenjanin, R. of Serbia

All rights reserved. No part of this Proceeding may be reproduced in any form without written
permission from the publisher.

The editor and the publisher are not responsible either for the statements made or for the
opinion expressed in this publication.

The authors are solely responsible for the content of the papers and any copyrights, which are
related to the content of the papers.

With this publication, the CD with all papers from the International Conference on Information
Technology and Development of Education, ITRO 2018 is also published.



International Conference on Information Technology and Development of Education — ITRO 2018
June, 2018. Zrenjanin, Republic of Serbia

INTRODUCTION

Technical Faculty "Mihajlo Pupin" organized, now the traditional, IX International Conference
on Information Technology and Education Development (ITRO 2018), which was held on June
29, 2018.

This year we managed to gather our colleagues, scientists, researchers and students from 10
countries (Serbia, Macedonia, Bulgaria, Bosnia and Herzegovina, Romania, USA, Great Britain,
Albania, Montenegro, Slovakia). Many of them have been participating in the work of the
Conference for many years and practically they are making an ITRO family. With their papers
they managed to present and promote the results of research and scientific work in the field of
information technology in education. More than 40 papers have been collected, which will be
published in the Proceedings of the Conference website too (http://www.tfzr.rs/itro/index.html).

The main course in the work of the Conference was set up with introductory lectures in which
the significance of following topics could be seen:

- Education for modern business and education from the perspective of employers
nowadays when every company is directly or indirectly IT company — lecture with the
topic "Digital transformation of the society — the role of education" was held by Goran
Pordevié, director of the company Consulteer;

- Scientific research work in the field of information technology in education, whose
results were published in one of the world's leading magazines — this novelty at the ITRO
Conference was introduced by PhD Dragana Glusac with a lecture on "School without
walls";

- The latest forms of education and practice of IT experts in the country and abroad — a
lecture on the topic "Finding a space for "making" and digital fabrication in the education
of Serbia" was held by PhD Dalibor Dobrilovi¢.

The other presented papers have cast light on various aspects of contemporary education in our
country and abroad, as well as on the experiences, problems, questions, etc. which are related to
them.

The conference was an opportunity to connect again with researchers and scientists from other
institutions and countries and ask questions about new forms of cooperation and projects that are
relevant to all of us.

The conference was held thanks to the sponsorship of the Provincial Secretariat for Higher
Education and Scientific Research, which also traditionally supports ITRO, as well as the
Faculty, which provided the necessary technical conditions.

We thank everyone for participating and creating the ITRO tradition.
See you at the next ITRO Conference,

Chairman of the Organizing Committee
PhD Vesna Makitan

VI



International Conference on Information Technology and Development of Education — ITRO 2018
June, 2018. Zrenjanin, Republic of Serbia

We are very grateful to:

Autonomous Province of Vojvodina

for donated financial means which supported printing of the
Conference Proceedings and organizing of the Conference.

Vil



International Conference on Information Technology and Development of Education — ITRO 2018
June, 2018. Zrenjanin, Republic of Serbia

CONTENTS

INIVITED LECTURE

D. Dobrilovi¢
FINDING SPACE FOR “MAKING” AND DIGITAL FABRICATION IN SERBIAN
EDUCATION .ot e e e e e e e e e e e e eaeaes 3

SCIENTIFIC PAPERS

A. Velinov, C. Martinovska Bande
CLASSIFICATION WITH ID3 AND SMO USING WEKA ......cccoooviiieiiieeeeeeene, 11

N. Petrovié, E. Terek, D. Sajfert, M. Mjedenjak, S. Miti¢
THE IMPACT OF MANAGEMENT ON THE DEVELOPMENT OF
EDUGCATION ..ottt e et e e e e e et aae e e e e eeeaaraeaeeeennes 18

M. Kocaleva, B. Zlatanovska, N. Stojkovikj, A. Stojanova
APPLICATION OF RUNGE - KUTTA AND EULER METHODS FOR ODE
THROUGH EXAMPLES .. ..ot 21

A. Krstev, L. Beqiri, D. Zlatev, D. Krstev, B. Krstev, A. Donev
APPLICATION OF MACHINE LEARNING IN SOFTWARE ENGINEERING........ 26

S. Ric, D. Graji¢, D. Karuovié, Cs. Szabo
QTQUICK MOBILE APPLICATION DEVELOPMENT........cccoovvviiiiiiiiieeee e, 32

D. Cabarkapa, D. Ran¢ié, 1. Gruji¢, M. Miji¢
TOWARDS SOFTWARE-DEFINED VEHICULAR NETWORKS: RECENT
ACHIEVEMENTS ... e e e e e e e e e e e e e e enaes 37

M. Mijatovi¢, 1. Tasi¢, M. Pardanjac, D.Milanov
THE IMPORTANCE OF THE PARTNERSHIP BETWEEN SCHOOL AND
FAMILIES ...ttt e e e e e e e et e e e e e eeeaareeeeeeennes 43

Z. Ereiz, E. Mesi¢, M. Vujadinovi¢, M. Corluka, N. Bijedi¢
PRESERVATION AND TRANSFER OF WOODCARVING KNOWLEDGE .......... 51

A. Krstev, D. Krstev, R. Polenakovik, B. Krstev

DECISION MAKING USING SEQUENTIAL EQUATION MODELLING APPLIED
FOR PELLET PRODUCTION ....iiiiiiiiiiiiiiiiie ettt 59

VIII



International Conference on Information Technology and Development of Education — ITRO 2018
June, 2018. Zrenjanin, Republic of Serbia

N. Stojkovikj, K. Grezova, B. Zlatanovska, M. Kocaleva, A. Stojanova, R. Golubovski
EULER’S NUMBER AND CALCULATION OF COMPOUND INTEREST ........... 63

S. Sudar, Z. Ivankovi¢, B. Markoski, A. Kostic Zobenica, S. Stanisavljev
ADVANTAGES OF WPF NET TECHNOLOGY IN THE CREATION OF THE USER
INTERFACES IN C# APPLICATION ...oooiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeee e 69

M. Bakator, D. Radosav
DISTANCE LEARNING MODELS AND CERTIFICATION .....ccoooviiiiiiiiiieeeeeen. 73

M. Mijié, I. Grujié, D. Cabarkapa, J. Jevti¢, Lj. Miji¢, A. Mati¢
USING NOTE-TAKING APPLICATIONS IN HIGHER EDUCATION..........c.......... 77

B. Zlatanovska, M. Ljubenovska, M. Kocaleva, L. Koceva Lazarova, N. Stojkovic,
A. Stojanova

DYNAMICAL ANALYSIS OF TWO CUBIC DISCRETE DYNAMICAL
SYSTEMS ..ot e e e et e e e e e e eaa e e e e e eeeeatsaeeeeeeeeannes 82

A. Felbab, D. Radosav, J. Bushati
KNOWLEDGE OF KNOWLEDGE AND IT’S IMPACT ON BUSINESS FAILURE OF
ENTERPRISES BASED ON INNOVATIVE BUSINESS. ..o 87

O. Mladenovi¢, V. Nikoli¢, S. Vlaci¢, N. Simi¢, M. Miji¢
APPLIED EUROPEAN AND NATIONAL INTEROPERABILITY FRAMEWORK IN
THE DEVELOPMENT OF EGOVERNMENT TO THE REPUBLIC OF SERBIA ....92

B. Vukmanovié¢, V. Makitan
INFORMAL LEARNING OF IT STUDENTS ... 96

S. Sudar, Z. Ivankovi¢, B. Markoski, A. Kostic Zobenica, D. GluSac
REALIZATION OF MULTILAYERED SOFTWARE ARCHITECTURE IN
COMPLEX INFORMATIONAL SYSTEM ..o 99

N. Ljubojev, D. Radosav, D. Karuovi¢
THE RISKS OF PUPILS ON THE SOCIAL NETWORKS.........coviiiiiiiiniiieieeee, 103

S. Mihajlovi¢, D. Radosav, Lj. Kazi, N. Simi¢, V. Premcevski
ON-LINE SOCIAL NETWORKS INFLUENCING YOUNG PEOPLE: A CASE
STUDY WITH FACEBOOK IN BANAT REGION OF SERBIA ............cooevinnnnnn. 109

M. Stoj¢i¢, V. Brtka, G. Jotanovi¢, G. JausSevac
ANALYSIS AND RECORDING VEHICLE SOUND USING A SMARTPHONE...113

M. Mijatovi¢, 1. Tasi¢, N. Tasi¢, M. Cockalo Hronjec
COMPUTER NETWORKS AND COMMUNICATIONS........cooeiieeeeeeeeeiieeeeeee, 117

IX



International Conference on Information Technology and Development of Education — ITRO 2018
June, 2018. Zrenjanin, Republic of Serbia

N. Stankovi¢, M. Blagojevi¢, M. Papi¢
COMPARATIVE ANALYSIS OF IT SUBJECTS’ TEACHING QUALITY IN
HIGHSCHOOLS ...ttt ettt et ae e st e et e e s neeenseeennes 121

V. Petrovi¢, D. Glusac, D. Radosav, V. Premcevski, D. Krsti¢
MODEL OF EARLY WARNING AND RESPONSE TO THE THREATS OF
POPULATION DUE TO COMMUNICABLE DISEASES........coooiiieieeeeeeeieeeeenn 122

Z. Stojanov, J. Stojanov, T. Zori¢, D. Dobrilovi¢
TECHNICAL ASPECTS OF TASK COMPLEXITY IN CORRECTIVE
MAINTENANCE: A MODEL AND IMPLEMENTATION .....oovvviiiiiiiiiiiiiiiiiinen, 127

I. Tasi¢, N. Ljubojev, M. Coékalo-Hronjec, A. Lunji¢
PROFESSIONALISM AND ROLE OF TEACHERS IN ACHIEVING THE MODERN

OBJECTIVES OF EDUCATION ..ttt 133
E. Tosheva

CLOUD SOLUTIONS FOR CREATING MIND MAPS USED IN TECHNOLOGICAL
ED U C ATTON .ot et 138

7. Josi¢, N. Tasié
THE POWER OF MEDIA AS A TOOL IN CREATING ETHNIC CONFLICTS .....139

I. Tasi¢, D. Glusac, M. Kovacevi¢, J. Jankov
COMPETENCIES OF PRINCIPLES OF EDUCATIONAL INSTITUTIONS FOR NEW
PARADIGM OF ADMINISTRATION......cooiiiiiiiiiiieeeeeeeeeeeee e 145

G. Skondri¢, I. Hamuli¢

IMPACT OF CHANGES IN THE CURRICULUM ON SUCCESSFUL ACQUIRING
AND FOLLOWING OF THE CONTENT IN THE COURSE COMPUTER
INETWORKS .ot e e e et e et e s e ee e 153

M. Kavali¢, D. Ivin, S. Vlaci¢, S. Stanisavljev
ACCESSING STUDENTS ACCORDING TO THEIR LOCUS OF CONTROL ....... 154

M. Kovacevi¢, I. Tasi¢, J. Pekez, D. Milanov
EDUCATION IN THE LOGISTICS SECTOR IN AP VOJVODINA........ccccovvveeennn. 159

Z. Zeljkovic, D. Musulin Kolarov, J. Stojanov
ENTREPRENEURSHIP IN MATH AND VICE VERSA ......ccoooiiiiiiiiiieieee 165

D. Milanov, 1. Palinkas, E. Terek
THE IMPORTANCE OF LIFELONG LEARNING .......ccooiiiiiiiiiiiiiieieeeeeeeeeeeeeeee, 166



International Conference on Information Technology and Development of Education — ITRO 2018
June, 2018. Zrenjanin, Republic of Serbia

I. Tasi¢, D. Glusac, D. Karuovi¢, J. Avramovié¢
MENTORSHIP IN THE PROCESS OF INTRODUCING THE TEACHER PRENTICE
IN THE PRIMARY AND SECONDARY SCHOOLS.......ccooiviiieeeeeeeeeee e 170

S. Simi¢, V. Brtka, V. Ognjenovi¢, 1. Berkovi¢, E. Brtka
A* SEARCH ALGORITHM AND COMPARISON OF HEURISTICS .................... 171

M. Filipovi¢, M. Pardanjac, S. Moraca, N. Ljubojev, S. Vranjes, J. Barbari¢
PROFESSIONAL DEVELOPMENT OF TEACHERS.......ccccoiiiiiiiiiiceieee, 176

N. Simi¢, B. Markoski, S. Mihajlovi¢ , V. Premcevski, A. Kostic-Zobenica
CREATING VIDEO GAMES WEBSITE ,,GAMES SQUERE* USING MODERN
TECHNOLOGIES ...ttt e e aae e e e e 177

V. Makitan, K. M. Sisak
LEARNING AND EDUCATION IN SMART CITIES .....ccoooviiieeeeeeeeeeeeeeeee 181

M. Radovanovié, V. Nikoli¢, S. Vlaci¢, S. Stanisavljev, V. Premcevski

APPLIED STRATEGIES IN THE DEVELOPMENT OF EGOVERNMENT TO THE
REPUBLIC OF SERBIA ...ttt e 184

XI



International Conference on Information Technology and Development of Education — ITRO 2018
June, 2018. Zrenjanin, Republic of Serbia

Application of Runge - Kutta and Euler methods
for ODE through examples

M. Kocaleva, B. Zlatanovska, N. Stojkovikj and A. Stojanova
Faculty of computer science, “Goce Delcev” University, Stip, Republic of Macedonia
mirjana.kocaleva@ugd.edu.mk, biljana.zlatanovska@ugd.edu.mk, natasa.maksimova@ugd.edu.mk,
aleksandra.stojanova@ugd.edu.mk

Abstract - Differential equations are essential for a
mathematical description of nature. A differential
equation is an equation, where the unknown is a function
and both the function and its derivatives may appear in
the equation. We will concern on second order differential
equation and on the system of two differential equations
from first order. Second order differential equation is an
equation involving the unknown function y, its derivatives
y' and y'", and the variable x. We can solve differential
equation with numerical methods such as Runge - Kutta
and Euler. From literature it’s known that the Euler
method is less accurate than the Runge-Kutta method. In
this paper we examine two examples for differential
equation and we will use Runge - Kutta and Euler
methods to solve them. The examples are solved with
mathematical software Mathematica by graphic
representations and obtaining approximate values in
tables, for better visualization for students who process
these methods.

I.  INTRODUCTION

Most of the differential equations cannot be
solved easy, so then people tried something
different. Instead of solving the equations they
tried to show whether an equation has solutions or
not, and what properties such solution may have.

(1]

Differential equations are essential for a
mathematical description of nature. A differential
equation is an equation, where the unknown is a
function and both the function and its derivatives
may appear in the equation. Newton’s second law
of motion, ma = f is maybe one of the first

differential equations written. This is a second
order equation, since the acceleration is the second
time derivative of the particle position function.
Second order differential equations are more
dilIcult to solve than first order equations. [1]

We will concern on second order differential
equation. Second order differential equation is an
equation involving the unknown function vy, its
derivatives y' and y", and the variable x. Or, we
can define a second order linear differential
equation for the function y with equation

Y'+a (D)y'+a,(t)y =b(1) (1)

21

where a;, ay, b are given functions on the interval I
cR. The equation (1)

(a) is homogeneous if the b(¢) =0 for all t ER;

(b) has constant coe -cients if a; and a, are
constants;

(c) has variable coe -cients if either a; or a, is not
constant [1], [2], [3].

We can solve differential equation with numerical
methods such as Runge - Kutta (RK) and Euler.
We can use the numerical methods Euler and RK
only if the ODE from the second order is
transformed to the system of two ODE from the
first order:

% = [(5,3,(x), 3,(x))
X

dy,

dx

with initial values y,(x,) =, y,(x,)= /.

= g(x, y,(x), y,(x))

The Runge-Kutta methods are an important
family of iterative methods for the approximation
of solutions of ODE’s. This method were
developed around 1900 by the German
mathematicians C. Runge (1856-1927) and M.W.
Kutta (1867—-1944) [4]. The formula for the fourth
order Runge-Kutta method (RK4) is given below
[5]1, [7]. Then the following formulas are

k, :hf(xn’yl,n’yZ,n)
dl :hg('xn’yl,n’yZ,n)

h k d
kZ :hf(xn +5’yl,n +El’y2,n +?1)
h k d
dy=hg(x,+—, ¥, +—. v, +—
2 g( n 2 yl,n 2 y2,n 2)
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d

k2

h
ky=hf(x,+—=,y, +—=,,, +—=
3 f( n 2 yl,n 2 yZ,n 2)
h k
dy=hg(x,+—,y,, +—=,y,, +—=
3 g( n 2 yl,n 2 yZ,n 2)

k,=hf(x,+hy,, +k3’y2,n +d;)
d,=hg(x,+hy,, +k3’J’2,n +d;)
X, =X, +h

1
Vit = Vi +g(k1 +2k, +2k; + k)

1
YVou1 = Vo +g(d1 +2d,+2d,+d,)
where £ is define to be the time step size on the
given interval [a, b] and x, = x, +nh.

If we want to approximate the solution to the
initial-value problem

dy
dx

at x=x, =x,+h , where h is small. The idea

:f(an’),J’(xo):yo (2)

behind Euler’s method is to use the tangent line to
the solution curve through (x,,y,) to obtain such
an approximation. The equation of the tangent line
through (x,,,) is y(x) =y, + m(x —x,), where
m is the slope of the curve at(x,,y,) . From
(2), m= f(xy,¥,)
Y(x) =y, + [ (%, o )(x = x,) [6], [7].

Then the following formula is

equation SO

X, =X, +h
yl,n+1 = yl,n + hf(xa y],n (.X), yz,n (X))
y2,n+l = y2,n + h g('x’ yl,n ('x)’ yZ,n ('x))

where £ is define to be the time step size on the
given interval [, b] and x, = x, +nh.

From literature it’s known that the Euler method is
less accurate than the Runge-Kutta method. The
examples are solved with mathematical software
Mathematica by graphic representations and
obtaining approximate values in tables, for better
visualization for students who process these
methods.

22

II. APPLICATION OF RUNGE - KUTTA AND
EULER METHODS ON REAL EXAMPLES

We will consider two examples for second
order differential equation and we will use Runge -
Kutta and Euler methods to solve them.

Both examples are unsolved task from the book

[8].

Example 1: First task is as follow
y"(x) = xy'(x) = 3y(x) (M
with initial values y(0) =0, y'(0) =-3 and

with solution y = x” —3x.

I I I I I
0.1 02 03 04 0.5

02
04

06

08

121

14+

Figure 1. Geometric presentation of the solution y = x’ —3x for
ODE (1)

In Figure 1 is shown the graph of the solution
y= x” —3x for ODE (1) and for the exact values

in the interval [0, 0.5] by step h=0.05, we obtained
Table 1:

anc

.149875
.299
445625
.592

-0.734375

Table 1: Exact values of the solution y = x’ —3x for ODE 1)

We can use the numerical methods Euler and RK
only if the second order ODE is transformed to the
system of two first order ODE:

{(yl)'(x) =,(x)

, (2)
(7,)'(x) =xp,(x) =3 y,(x)
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with initial values y,(0)=0,y,(0)=-3.

This system solved with Euler’s method with
h=0.05 is presented in figure 2.

Figure 2: . Geometric presentation of the solution with Euler's

Numerical values with Euler’s method for the

0.1

02 03

method

04

system (2) are obtained in Table 2:

Table 2: Numerical values via Euler’s method for (2)

The solution of second order ODE (1) solved with
Runge-Kuta’s method with h=0.05 is presented in

figure 3.

xn vl 2

d. (4 -3.

0.05 -0.15 -3.

g1 —0L3 -2.98
0.15 -0.44925 -2.95493
0.2 -0.596996 -2.90497
0.25 -0.742481 -2.54925
0.3 -0.884944 -2.77349
0.35 -1.02362 -2.68235
0:4 =1or5YFL =2 57575
0.45 -1.28652 -2.4536
0.5 -1.40892 -2.31583

05

02

04

0.6 -

08

14-

Figure 3: Geometric presentation of the solution with RK's method

Numerical values with RK’s method for the

04

system (2) are obtained in Table 3:

0.5

23

Xxn vl '

a. 0. -3.
0.05 -0.149875 -2.9%325
0.1 -0.299 -2.97
0.15 -0.448625 -2.932
0.2 -0.592 -2.88
0.25 -0.734375 -2.812
0.3 -0.873 -2.73
0.35 -1.00712 -2.6325
0.4 -1.136 -2.52
0.45 -1.2588 -2.3925
05 =-1.3795 -2.2

Table 3: Numerical values via RK’s method for (2)

The graphic presentations from figurel, figure 2
and figure 3 are presented on the same 2D system
in figure 4:

04t

06

08

Figure 4: Geometric presentations of the exact solution and the
solution via Euler's and RK's method

From the figure 4, we notice that the geometric
presentation obtained with RK’s method is closer
to the exact solution of ODE (1) than the
geometric presentation obtained with Euler’s

method. The same result is obtained in the
following table 4:
absolute
absolute error
error for for
True Euler’s Euler’s RK’s RK’s
X, values method method method method
0 0 0 0 0 0
0.05 -0.149875 -0.15 0.000125 -0.149875 0
0.1 -0.299 -0.3 0.001 -0.299 0
0.15 -0.446625 -0.44925 0.002625 -0.446625 0
0.2 -0.592 -0.596996 0.004996 -0.592 0
0.25 -0.734375 -0.742481 0.008106 -0.734375 0
0.3 -0.873 -0.884944 0.011944 -0.873 0
0.35 -1.00713 -1.02362 0.01649 -1.00712 | 0.00001
0.4 -1.136 -1.15774 0.02174 -1.136 0
0.45 -1.25888 -1.28652 0.02764 -1.25887 [ 0.00001
0.5 -1.375 -1.4092 0.0342 -1.375 0

Table 4: Comparison of the absolute errors between Euler’s method
and RK’s method for the ODE (1)
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From the table 4, we can conclude that the
absolute error made with the numerical Euler’s
method is smaller than 0.04, but the absolute error
made with the numerical RK’s method is smaller

or equal than 0.00001 for the same considered
interval.

From the graphical presentations and the
considered tables can be concluded that the
numerical RK’s method is better for the numerical

solving of the ODE than the numerical Euler's
method.

Example 2: The second task is mathematical
spiral given with the following system:

{(Jﬁ)'(x) ==y,(x)+y,(x)
(7,)'(x) ==y (x)—»,(x)

with initial values »,(0)=0,,(0)=4.

)

This task has the solution:
y(x)=4e " sinx, y,(x)=4e " cosx.

In Figure 5 is shown the graph of the solution for
the system (3):

02 04 06 08 10 12

Figure 5: Geometric presentation of the solution of the mathematical
spiral (3)

In Figure 6 is shown the graph of the solution of
the mathematical spiral (3) and for the exact
values for y;, y, in the interval [0, 1.2] by step
h=0.2, we obtained Table 5:

0. 4.
0.650827 3.20984
1.04414 2.469862
1.23953 1.81182
1.28932 1.2522
1.23824 0.795064
1.1229 0.43656

24

Table 5: Exact values of the solution of the mathematical spiral (3)

In figure 6 is presented the mathematical spiral
solved with Euler’s method by h=0.2.

4

0.‘5 l.‘O l.‘S
Figure 6: Geometric presentation of the solution with Euler's method

Numerical values with Euler’s method for the
system (3) are obtained in Table 6:

xn vl v2

0 0. 4,

0.2 0.8 3.2

0.4 1.28 2.4

0.6 1.504 1.664
0.8 1.536 1.0304
1 1.43488 0.51712
1.2 1.25133 0.12672

Table 6: Numerical values via Euler’s method for (2)

The solution of the mathematical spiral (3) solved

with Runge-Kuta’s method with h=0.2 is presented
in figure 7.

L L L L L L
02 04 06 08 1.0 12

Figure 7: Geometric presentation of the solution with RK's method



International Conference on Information Technology and Development of Education — ITRO 2018
June, 2018. Zrenjanin, Republic of Serbia

Numerical values with RK’s method for the
system (3) are obtained in Table 7:

xn vl v

0. 0. . 3

0.2 0.8 3.2

0.4 1.24331 2.36331
0.6 1.41028 1.584%¢
0.8 1.38053 0.921225
7 ke 1.22535 0.397554
1.2 1.00359 0.0167703

Table 7: Numerical values via RK’s method for (3)

The graphic presentations from figure 5, figure 6
and figure 7 are presented on the same 2D system
in figure 8:

0. ‘5 1 ‘O 1 jS
Figure 8: Geometric presentations of the exact solution and the
solution via Euler's and RK's method

From the figure 8, we notice that the geometric
presentation obtained with RK’s method is closer
to the exact solution of the mathematical spiral (3)
than the geometric presentation obtained with
Euler’s method. In the table 8 is obtained the result
for the solution y;(x):

Absolute Absolute
error for error for

Euler's Euler's RK's RK's
method method method method

X yl for yl for yl for yl for yl
0 0 0 0 0 0
0.2 | 0.650627 0.8 0.149373 0.8 | 0.149373
0.4 1.04414 1.28 0.23586 | 1.24331 0.19917
0.6 1.23953 1.504 0.26447 | 1.41028 0.17075
0.8 1.28932 1.536 0.24668 | 1.38053 0.09121
1 1.23824 | 1.43488 0.19664 | 1.22535 0.01289
1.2 1.1229 | 1.25133 0.12843 | 1.00359 0.11931

Table 8: Comparison of the absolute errors between Euler’s method
and RK’s method for the mathematical spiral (3)

From the table 8, we can conclude that the
absolute error made with the numerical Euler’s
method is smaller than 0.3, but the absolute error
made with the numerical RK’s method is smaller
than 0.2 for the same considered interval.

Identically as in example 1, from the graphical
presentations and the considered tables can be
concluded that the numerical RK’s method is
better for the numerical solving of the ODE than
the numerical Euler's method.

III. CONCLUSION

Using mathematical software Mathematica for
presenting this examples is more than needed
because they give us a visualization of the chosen
problems. For greater precision on the charts and
accuracy of the results, we take more values for
xn. As we have mentioned above from the
examples we concluded that the numerical RK’s
method is better for the numerical solving of the
ODE than the numerical Euler's method.
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