GOCE DELCEV UNIVERSITY - STIP
FACULTY OF COMPUTER SCIENCE

ISSN 2545-4803 on line

BALKAN JOURNAL
OF APPLIED MATHEMATICS
AND INFORMATICS
(BJAMI)

T

e kLA

YEAR 2019 VOLUME II, Number 2



GOCE DELCEV UNIVERSITY - STIP, REPUBLIC OF NORTH MACEDONIA
FACULTY OF COMPUTER SCIENCE

ISSN 2545-4803 on line

BALKAN JOURNAL
OF APPLIED MATHEMATICS
AND INFORMATICS

BALKAN JOURNAL

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

(BJAMI)

YEAR 2019 VOLUME II, Number 2



AIMS AND SCOPE:
BJAMI publishes original research articles in the areas of applied mathematics and informatics.

Topics:

1. Computer science;

Computer and software engineering;

Information technologys;

Computer security;

Electrical engineering;

Telecommunication;

Mathematics and its applications;

Articles of interdisciplinary of computer and information sciences with education,
economics, environmental, health, and engineering.

PN R WD

Managing editor
Biljana Zlatanovska Ph.D.

Editor in chief
Zoran Zdravev Ph.D.

Lectoure
Snezana Kirova

Technical editor
Sanja Gacov

Address of the editorial office
Goce Delcev University — Stip
Faculty of philology

Krste Misirkov 10-A

PO box 201, 2000 Stip,
Republic of North Macedonia

BALKAN JOURNAL
OF APPLIED MATHEMATICS AND INFORMATICS (BJAMI), Vol 2

ISSN 2545-4803 on line
Vol. 2, No. 2, Year 2019



EDITORIAL BOARD

Adelina Plamenova Aleksieva-Petrova, Technical University - Sofia,
Faculty of Computer Systems and Control, Sofia, Bulgaria
Lyudmila Stoyanova, Technical University - Sofia , Faculty of computer systems and control,
Department — Programming and computer technologies, Bulgaria
Zlatko Georgiev Varbanov, Department of Mathematics and Informatics,
Veliko Tarnovo University, Bulgaria
Snezana Scepanovic, Faculty for Information Technology,
University “Mediterranean”, Podgorica, Montenegro
Daniela Veleva Minkovska, Faculty of Computer Systems and Technologies,
Technical University, Sofia, Bulgaria
Stefka Hristova Bouyuklieva, Department of Algebra and Geometry,
Faculty of Mathematics and Informatics, Veliko Tarnovo University, Bulgaria
Vesselin Velichkov, University of Luxembourg, Faculty of Sciences,
Technology and Communication (FSTC), Luxembourg
Isabel Maria Baltazar Simées de Carvalho, Instituto Superior Técnico,
Technical University of Lisbon, Portugal
Predrag S. Stanimirovi¢, University of Nis, Faculty of Sciences and Mathematics,
Department of Mathematics and Informatics, Nis, Serbia
Shcherbacov Victor, Institute of Mathematics and Computer Science,
Academy of Sciences of Moldova, Moldova
Pedro Ricardo Morais Inacio, Department of Computer Science,
Universidade da Beira Interior, Portugal
Sanja Panovska, GFZ German Research Centre for Geosciences, Germany
Georgi Tuparov, Technical University of Sofia Bulgaria
Dijana Karuovic, Tehnical Faculty “Mihajlo Pupin”, Zrenjanin, Serbia
Ivanka Georgieva, South-West University, Blagoevgrad, Bulgaria
Georgi Stojanov, Computer Science, Mathematics, and Environmental Science Department
The American University of Paris, France
Iliya Guerguiev Bouyukliev, Institute of Mathematics and Informatics,
Bulgarian Academy of Sciences, Bulgaria
Riste Skrekovski, FAMNIT, University of Primorska, Koper, Slovenia
Stela Zhelezova, Institute of Mathematics and Informatics, Bulgarian Academy of Sciences, Bulgaria
Katerina Taskova, Computational Biology and Data Mining Group,
Faculty of Biology, Johannes Gutenberg-Universitit Mainz (JGU), Mainz, Germany.
Dragana Glusac, Tehnical Faculty “Mihajlo Pupin’, Zrenjanin, Serbia
Cveta Martinovska-Bande, Faculty of Computer Science, UGD, Republic of North Macedonia
Blagoj Delipetrov, Faculty of Computer Science, UGD, Republic of North Macedonia
Zoran Zdravev, Faculty of Computer Science, UGD, Republic of North Macedonia
Aleksandra Mileva, Faculty of Computer Science, UGD, Republic of North Macedonia
Igor Stojanovik, Faculty of Computer Science, UGD, Republic of North Macedonia
Saso Koceski, Faculty of Computer Science, UGD, Republic of North Macedonia
Natasa Koceska, Faculty of Computer Science, UGD, Republic of North Macedonia
Aleksandar Krstev, Faculty of Computer Science, UGD, Republic of North Macedonia
Biljana Zlatanovska, Faculty of Computer Science, UGD, Republic of North Macedonia
Natasa Stojkovik, Faculty of Computer Science, UGD, Republic of North Macedonia
Done Stojanov, Faculty of Computer Science, UGD, Republic of North Macedonia
Limonka Koceva Lazarova, Faculty of Computer Science, UGD, Republic of North Macedonia
Tatjana Atanasova Pacemska, Faculty of Electrical Engineering, UGD, Republic of North Macedonia






CONTENT

Natasha Stojkovikj, Mirjana Kocaleva, Aleksandra Stojanova, Isidora
Janeva and BiljanaZlatanovska

VISUALIZATION OF FORD-FULKERSON ALGORITHM .........cccccoeeuviiiiniieicrneiniciennns 7
Stojce Recanoski Simona Serafimovska Dalibor Serafimovski and Todor

Cekerovski

A MOBILE DEVICE APPROACH TO ENGLISH LANGUAGE ACQUISITION ................ 21

Aleksandra Stojanova and Mirjana Kocaleva and Marija Luledjieva and

Saso Koceski

HIGH LEVEL ACTIVITY RECOGNITION USING ANDROID SMART PHONE
SENSORS —REVIEW .......ooiiiiiiiiiiiiieieitieie ettt ssesassoses 27

Goce Stefanov, Jasmina Veta Buralieva, Maja Kukuseva Paneva, Biljana
Citkuseva Dimitrovska

APPLICATION OF SECOND - ORDER NONHOMOGENEOUS
DIFFERENTIAL EQUATION WITH CONSTANT COEFFICIENTS

IN SERIAL RL PARALLEL C CIRCUIT .......ccoovitiiiiiinicinicieineicineeiesesesseseesesesseesessesesessesessesenne 37
The APPENAIX .....coiiiiiieieieee ettt ettt ettt es 45
Boro M. Piperevski

ON EXISTENCE AND CONSTRUCTION OF A POLYNOMIAL SOLUTION
OF A CLASS OF MATRIX DIFFERENTIAL EQUATIONS WITH
POLYNOMIAL COEFFICIENTS ..ottt aesese s sesenenes 47

Nevena Serafimova
ON SOME MODELS OF DIFFERENTIAL GAMES ...ttt eeeeeeeeeaeeseseeeneene 55

Biljana Zlatanovska
NUMERICAL ANALYSIS OF THE BEHAVIOR OF THE DUAL
LORENZ SYSTEM BY USING MATHEMATICA.........cccocostriniicncinieieiseeeieeeieseesenens 65

Marija Miteva and Limonka Koceva Lazarova
MATHEMATICAL MODELS WITH STOCHASTIC DIFFERENTIAL EQUATIONS........ 73






The Appendix

In honor of the first Doctor of Mathematical Sciences Acad. Blagoj Popov, a
mathematician dedicated to differential equations, the idea of holding the "Day of
Differential Equations" was born, prompted by Prof. Ph.D. Boro Piperevski, Prof.
Ph.D. Borko Ilievski, and Prof. Ph.D. Lazo Dimov. Acad. Blagoj Popov presented his
doctoral dissertation on 05.05.1952 in the field of differential equations. This is the
main reason for holding the " Day of Differential Equations" at the beginning of May.

This year on May 10th, the "Day of Differential Equations" was held for the
fifth time at the Faculty of Computer Sciences at "Goce Delcev" University in Stip
under the auspices of Dean Prof. Ph.D. Cveta Martinovska - Bande, organized by
Prof. Ph.D. Biljana Zlatanovska.

Acknowledgments to Prof. Ph.D. Boro Piperevski, Prof. Ph.D. Borko Ilievski
and Prof. Ph.D. Lazo Dimov for the wonderful idea and the successful realization of
the event this year and in previous years.

Acknowledgments to the Dean of the Faculty of Computer Sciences, Prof.
Ph.D. Cveta Martinovska - Bande for her overall support of the organization and
implementation of the "Day of Differential Equations".

The papers that emerged from the "Day of Differential Equations" are in the
appendix to this issue of BJAML
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NUMERICAL ANALYSIS OF THE BEHAVIOR
OF THE DUAL LORENZ SYSTEM
BY USING MATHEMATICA

Biljana Zlatanovska

Abstract. The Dual Lorenz system as a system of differential equations was obtained [1] and its dynamical
analysis was done in the paper [2]. In this paper, by using Runge-Kuta method via mathematical software
Mathematica a numerical analysis of the behavior of the Dual Lorenz system for a finite time t (as in the paper
[3]) will be made. From the papers [1] and [2], the main role in the behavior of the Dual Lorenz system has the
value of the parameter r, therefore the numerical analysis of the Dual Lorenz system will be made via changing
the parameter r so that: we will change the parameter r and the parameter 6 and b will remain fixed, we will
change the parameters r and ¢ (or b) and the third parameter b (or o) will remain fixed, or we will change all
three parameters in parametric space (o,r,b).

Mathematical Subject Classification: 65L06, 65L07.

1. Introduction

Dynamical systems as systems of differential equations are studied extensively in numerous
mathematical literature (for example [1] — [15]). The behavior is often analyzed via graphical
visualizations with using numerical methods (see [3], [4], [5], [6], [7], [8] and [9]).

The Dual Lorenz system is a nonlinear autonomous dynamic system and it is obtained in the
paper [1] by the following form

Xx=0(y—x)
y=x(r—z)—-y (1.1)
Z=—xy—bz
o,r,b>0
where X, ),z are real functions from the real argument ¢ It has three fixed points O(0,0,0) ,
O,(Jb(1=7),Jb(1=7),r 1), Oy(—/b(1—7),—/b(1—7),r 1) for 0<r<l and one fixed point
0(0,0,0) for >1.

From [1], for the Dual Lorenz system (1.1), appropriate characteristic equation in the fixed

point O(0,0,0) is given with

A+D)[AV +(c+DA+o(1-r)]=0 (1.2)
for >1. For 0<s<1 all roots of this equation (1.2) are negative. The characteristic equation in other
fixed points O, (\/b(1—7),\[b(1—7),r —1), O,(—Jb(1—7),—b(1—r),r —1) is given with
A +(c+b+D)A* +b(c+r)A+20b(r-1)=0 (1.3)
for 0<r<1. The characteristic equation (1.3) does not have purely imaginary roots.

In the paper [2] a dynamical analysis of the Dual Lorenz system (1.1) was done where the
following conclusions are obtained:

e For 0<r<l1, the Dual Lorenz system (1.1) has unstable fixed points O; and O., but for t—o0,
the trajectories of the system (1.1) are most likely to weigh to the fixed point O;

e The Dual Lorenz system (1.1) does not have chaos, when 0<r<1. For 0<r<1, the Dual Lorenz
system (1.1) has a stable fixed point O. But, for »>1, the fixed point O is the unstable fixed
point;

e For r=1, the fixed point O appears as a subcritical pitchfork bifurcation point for the Dual
Lorenz system (1.1).
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In this paper, the numerical analysis of the Dual Lorenz system (1.1) done in the same way as the
numerical analysis of the Lorenz system in the paper [3] for a finite time z. The numerical analysis of
the Dual Lorenz system (1.1) is made with the mathematical package Mathematica, which
numerically approximates the solutions of the system by the method of Runge — Kuta. The three fixed
points for the Dual Lorenz system (1.1) will exist when the parameter 0<r<1, therefore its numerical
analysis will be made via the changing of the parameter 0<r<1.

We will consider the following cases:
1. The parameter 0<r<1 is changing, the other two parameters ¢ and b are fixed. This is the case when
the parameters are changing along a line in the parametric space (o ,r, b);
2. The parameters 0<r<l and o (or b) are changing, the third is fixed. This is the case when the
parameters are moving in a plane in the parametric space (o ,7, b);
3. All three parameters 0<r<l1, ¢ and b are changing. This is the case when all three parameters are
moving in the parametric space (o ,r, b).

For the solutions x = x(¢), y = y(¢), z = z(¢) of the Dual Lorenz system (1.1) only 2D graphs
will be given because the software Mathematica does not give a good 3D graph (x(¢), y(¢), z(¢)). On
2D graphs of the Dual Lorenz system (1.1), the red color correspondents with x = x(¢), the green color
correspondents with y = y(f) and the blue color correspondents with z = z(f). Regardless of the above
cases, for =0 the curves x = x(¢), y = y(t), z = z(¢) always start from initial values xy=x(0), yo=1(0),
zo=2(0) in 2D coordinate systems Oxt, Oyt, Ozt respectively.

In the paper [2], we proved that the Dual Lorenz system (1.1) does not have chaos for 0<r<I1.
For improving the conclusions of this paper the graphical visualization of the solutions of the
characteristic equations (1.2) and (1.3) when 0<r<1 will be given.

2. Numerical analysis of the behavior for the Dual Lorenz system (1.1) when the parameter
0<r<1 changes

When the parameter 0<r<l changes and the parameters ¢ and b are fixed, it moves in a
straight line in the parameter space (o,7,0). For small the time ¢, the instability of the Dual Lorenz
system (1.1) close to the fixed points O; and O, can be seen when the parameters are changing in the
following way:

- 0<o<l, 0<b<1, 0.9<r<1;
- 0<c<l, b>1, 0.65<r<l1.

Example 1: The parameter r is changing from 0.9 to 0.95 by step 0.01. Let 6=0.5, »#=0.6 and the
initial values x,=0.1, y¢=0.5, zy=-0.5.
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Figure 1: The solutions x(2), y(¢), z(f) of the Dual Lorenz system (1.1) in 2D coordinate system

Figure 1 shows the graphical visualization of the solutions x(z), y(¢), z(¢) of the Dual Lorenz
system (1.1) and it is obtained the picture that the solutions x(¢), y(¢), z(¢) are away far from 0.

Next, the graphical visualization of the solutions of the characteristic equations (1.2) and (1.3)
when 0<r<1 will be presented in Fig. 2:
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a) the solutions of the characteristic equation (1.2) b) the solutions of the characteristic (1.3)

Figure 2: The graphical visualization of the solutions for the characteristic equations (1.2) and (1.3)
Figure 2, a) shows that all solutions of the characteristic equation (1.2) are negative numbers. Figure
2, b) shows that the two solutions of the characteristic equation (1.3) are negative numbers and one
solution is a positive number.

3. Numerical analysis of the behavior for the Dual Lorenz system (1.1) when the parameter r
and o (or b) change

When the parameters 0<r<1 and ¢ (or b) are changing, the third b (or o) remains fixed; then they are
moving in a plane in the parametric space (o,7,b). For short time ¢, the instability of the Dual Lorenz
system (1.1) close to the fixed points O; and O, can be seen when the parameters are changing in the
following way:
- 0<o<l1, >0, 0.8<r<1 (when the parametric ¢ and 0<r<1 are changing and the parameter b
remains fixed);
- o>1, b>1, 0.65<r<1 (when the parametric ¢ and 0<r<lI are changing and the parameter b
remains fixed);
- but, small subintervals exist for 0<r<I, >0, large b (when the parametric 0<r<1 and b are
changing and the parameter o remains fixed).

Example 2: The parameter » is changing from 0.9 to 0.95 by step 0.05 and the parameter o is
changing from 0.7 to 0.8 by step 0.05. Let »=0.6 and the initial values x¢=0.1, »¢=0.5, zp=-0.5.
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a) »=009,c=0.7 b) »=09, =0.75

=

d) 7=0.95. 6=0.7 &) r=095.0=0.75 ) r=095,0=08

Figure 3: The solutions x(¢), y(£), z(?) of the Dual Lorenz system (1.1) in 2D coordinate system for #&[0,10]

In Figure 3 the graphical visualization of the solutions x(z), y(?), z(f) of the Dual Lorenz system (1.1) is
shown and the picture that the solutions x(?), y(?), z(¢) are away far from 0 is obtained.

Next, the graphical visualization of the solutions of the characteristic equations (1.2) and (1.3)
when 0<r<1 in Fig. 4 will be presented, for the different value of o:
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b) the solutions of the characteristic equations (1.2) and (1.3) when 6=0.75
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Figure 4: The graphical visualization of the solutions for the characteristic equations (2) and (3)

Figure 4 a) shows that all solutions of the characteristic equation (1.2) are negative numbers (the
picture on the left), but the two solutions of the characteristic equation (1.3) are negative numbers and
one solution is a positive number (the picture on the right) for 6=0.7. In Figure 4, b) and c) identical
results are shown.

4. Numerical analysis of the behavior of the Dual Lorenz system (1.1) when all three parameters
are changed

When all three parameters are changing, then the three parameters are moving in the
parametric space (o,7,b). For short time t, the instability of the Dual Lorenz system (1.1) close to the

fixed points O; and O, can be seen in some small subintervals for 0<r<1 close to 1, >0, about
b=0.05.

Example 3: The parameter r is changing from 0.9 to 1 by step 0.05, the parameter ¢ is changing from
0.5 to 0.6 by step 0.05 and the parameter b is changing from 0.04 to 0.06 by step 0.01. Let #&[0,8]
and the initial values t xy=0.1, y,=0.5, z;=-0.5.
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a) r=0.9, =0.5, b=0.04 b) =0.9. =0.5. b=0.05 c) =0.9. 6=0.55, b=0.04

d) =0.9, 6=0.55, b=0.05 e) r=0.95, =0.5, b=0.04 f) »=0.95. ¢=0.5, b=0.05

g) =0.95, 6=0.55, b=0.04 h) »=0.95, =0.55, b=0.05

Figure 5: The graphs in 2D coordinate system for #&[0,8]
In Figure 5 the graphical visualization of the solutions x(?), y(¢), z(¢) of the Dual Lorenz system (1.1) is

shown and the picture that the solutions x(¢), y(¢), z(¢) are away far from 0 is obtained.
Next, the graphical visualization of the solutions of the characteristic equations (1.2) and (1.3)

when 0<r<1 will be presented in Fig. 6, for the different values of ¢ and b:
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a) the solutions of the characteristic equations (1.2) and (1.3) when 6=0.5 and »=0.04
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b) the solutions of the characteristic equations (1.2) and (1.3) when 6=0.5 and 5=0.05
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c) the solutions of the characteristic equations (1.2) and (1.3) when 6=0.55 and 5=0.04
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Figure 6: The graphical visualization of the solutions for the characteristic equations (1.2) and (1.3)

Figure 6, a) shows that all solutions of the characteristic equation (1.2) are negative numbers (the
picture on the left), but the two solutions of the characteristic equation (1.3) are negative numbers and
one solution is a positive number (the picture on the right) for 6=0.5 and »=0.04. In Figure 6, b), c)
and d) identical results are shown.

Remark: In Figure 2, 4 and 6 the graphical visualization of the solutions of the characteristic

equations (1.2) and (1.3) are shown when 0<r<1 which are in accordance with the proofs, which are
presented in the paper [2].
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5. Conclusion

For the Dual Lorenz system (1.1), the explicit solutions are not known, therefore in this paper
its behavior is analyzed with the Runge-Kuta method. The Runge-Kuta method gives us a geometrical
visualization of the Dual Lorenz system. The Dual Lorenz system (1.1) does not have chaos and its
behavior is the opposite of the behavior of the Lorenz system. The behavior of the Dual Lorenz
system (1.1) was described in the papers [1] and [2], where appropriate proofs were given. The result
from the numerical analysis of the Dual Lorenz system (1.1), which is made in this paper, is in
accordance with the presenting of the proofs in the papers [1] and [2].
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