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INFORMATION SUPPORT OF MODELING FOR NONLINEAR DYNAMIC SYSTEMS
BY COMPETITION OF SPECIES

In the work the software toolkit for simulation modeling of nonlinear dynamical systems is de-
veloped and described. A class of tasks related to the competition of species is considered and has an
applied value in natural, social, economic sciences, and others like that. Information support allows
for qualitative research and analysis of systems on the models Lotka-Volterra, Jacob-Monod, Holling-
Tanner. For their realization, one-and multi-step numerical methods are used. The software toolkit is
equipped with visualization elements, in particular 2D and 3D graphics.

Keywords: nonlinear dynamical system,, qualitative research, Lotka-Volterra; Jacob-Monod;
Holling-Tanner.

Y pobomi po3pobrerno ma onucano npocpamuuil iIHCMpYMeHmapit Oas iMIMmayiiHo2o MOOeuto-
BAHHA HENIHIUHUX OUHAMIYHUX cucmeM. Pozensinymo knac 3a0ay, sAKi 8IOHOCAMbCA 00 KOHKYPEeHYil
8UOI8 Ma Marms NPUKIAOHe 3HAYEHHs Y NPUPOOHUYUX, CYCNIIbHUX, EKOHOMIYHUX HayKax, mowo. Iu-
Gopmayitine 3abe3neyents: 0036018€ NPOBOOUMU AKICHE OOCHIONCEHH MA AHANI3 CUCEM HA MOOESAX
Jlomxu-Bonemeppu, Kaxoba-Mouno, Xoaninea-Tennepa. [{nsa ix peanizayii 3acmocosano 00HO ma
bazamokpoxoei uucenvhi memoou. I[Ipoepamuuil incmpymenmapiti OCHAWEHO eleMeHmamu 8i3yaniza-
yii, 30kpema, 2D ma 3D epaghixoro.

Knrouosi cnosa: wneniniiini ounamiyni cucmemu, sxicHe docnioxcenus; Jlomxa-Boremeppa,
Kakoba-Mono,; Xoaninea-Tennepa.

Formulation of the problem

For modeling complex dynamic systems (DS) and processes is used to special software. There
are a large number of software tools available for this type of task, such as GPSS, AnyLogic, Matlab,
and many others. As you know, each of them has its own advantages and disadvantages, in particular,
in the majority they solve a very wide range of tasks, have a powerful visual interface, but are quite
expensive software, and in the case of free access (for example, the environment GPSS) solve a li-
mited class of tasks. For the educational process, the need to study and research dynamic systems is
quite relevant, so the development and creation of software tools to work with them is undeniable.

Analysis of recent research and publications

As a rule, mathematical models in the form of differential equations and their systems,
integral-differential equations, etc. are used for analytical description of dynamic systems [1—3], so
numerical methods are generally used to solve them, for example: Runge-Kutta methods of different
orders and their modifications, the Adams-Bashfort method and others. There are quite a number of
papers devoted to numerical methods, for example [4], so the authors do not dwell on them separately.

It is known that the main components of nonlinear dynamic systems are: stability theory, dy-
namic chaos theory, ergodic theory, and integrated systems theory [5, 6]. Obviously, these components
represent an entire scientific layer that cannot be grasped in one work, so the authors narrow the field
of nonlinear dynamic systems and consider systems of competition of species. Note that nonlinear
dynamic systems (species competition, in particular) are of sufficiently large applied value and are
used in biology and medicine, economics and ecology, sociology and social sciences, etc. [5—8]. Ma-
thematical models of such systems allow to quantify the status, functioning and dynamics of popula-
tions, their interaction.

Formulation of the study purpose

Dynamic systems research is known to be possible using appropriate software products, some
of which are described above. The purpose of the work is to create software that allows to obtain nu-
merical solutions of DS using separate classes of numerical methods and has a visual interface. The
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software contains a plugin system, each of which is a dynamic model that has its own data (model
name, model formulas, its description, coefficients names, model roles, initial values of roles and pa-
rameters) and a numerical resolution algorithm. The main task of the work is the design and develop-
ment of software tools for simulation modeling in order to study nonlinear dynamic systems of compe-
tition of species.

Presenting main material

As you know, an integral element of modeling is a description of the structure and function of
the system under development. Here is a list of structural elements that make up the system, the rela-
tionship between them and their functions:

1) working with external data. Ability to export the results of the program as a report for easy
viewing and saving of settings in a file for further loading into the system;

2) work with plugins and dynamic models. Downloading plugins, that is, downloading .dll (for
Windows) files from a special plugins directory into the system for further processing. Carrying out
calculations with certain parameters passed to the plug-in instance, returning the calculation results for
further processing in the system;

3) visualization of results. The results of the work after the calculations should be displayed in
certain types (2D time-population diagram, 3D graph, results table, phase portrait of the system). It is
possible to review the performance results for all or some of the numerical integration methods to
perform calculations and research;

4) display controls. In order to work with the program, you must arrange the controls so that it
is clear how to work with it. Main elements: Integration Control Panel (Beginning, End and Step Inte-
gration, Selection of the Dynamic Model), Panel of Initial Population Determination, Odds Panel (Af-
ter Model Loading, It Fills Initial Values), 2D and 3D graphics, phase portrait, results table.

Mathematical support. Without limitation of judgments, the following nonlinear dynamic
models are considered in the work: Lotka-Volterra; Holling-Tanner; Lotka-Volterra with logistic
amendment; Jacob-Monod and Voltaire's “predator-victim-victim” (table 1).

Table 1. Mathematical models used in the work

Mathematical model of a dynamic system Model options
Lotka-Volterra model: x — the number of victims;
dx y — the number of predators;
—=x(a-Ly) . S
dt o — the birth rate of the victims;
dx £ — the victim's meeting probability with the preda-
=y &) o,

y — the birth rate of predators;
6 — the ratio of reduction in the number of preda-

tors.
Lotka-Volterra model with logistic a — the birth rate of the victims;
amendment: b —the meeting of victim's rate with the predator;
dx b 2 ¢ — the birth rate of predators;
dr (a=by)y-ax d — the ratio of reduction in the number of preda-
dy 5 tors;
o (—c+dx)y—ay o — the attenuation factor.
Holling-Tanner model: x — the number of victims;
dx X X y— the number of predators;
—=rl-—|x—-wy -
dt D+x r,s,K,D,J — positive constants.

dy Jyj
Y=
dt S( X 7
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Continue of the table 1.

Jacob-Monod model: V' — the absorption rate;
dx _ Vy K — the saturation factor;
4t K+ v x Y — the number of bacteria per unit
nutrients.
dy__1 W
dt YK+y
Model Volterra “predator-victim-victim”: aj,a, — the birth rate of the victims;
dxj _ apx;—bx;y b;,b, —the meeting of victim's rates with the preda-
dt tor;
dx; ¢ — the predator mortality rate;
—==ayx;=byxyy o
dt d;,d, — the fertility of predators.
d
7); =—cy—dx;y+dyxyy

Note that without limitation of judgment, in the work are implemented of numerical methods
of solving systems of differential equations are implemented: the Euler method; the fourth-order
Runge-Kutta method; modified Euler method and Adams-Bashfort method. They are well known, do
not require further explanation and are described in detail in the literature, for example [4].

Results of numerical experiments. As noted earlier, the software supports a plug-in system,
benchmarking numerical integration methods, and generating work reports [9].

Let us dwell on a detailed overview of the program. During the program download, the pro-
gram logo is displayed - the program starts and the welcome window (fig. 1).

Dynamic Models o w
File
Graph 30 Graph Table About model Hettmas
. Begin: | 0,00 years =
End: |0,10 years S
Step: 0,010 yea =
[2 variables] Hollng-Tener made

b L

Coefficents
Coet.r (1}
| 1,000000
b
t Coel. s (5)
o L L " 0.250000
] 1 2 F] 4 5
Duration, years Coet K ()
Y\_30 graph i # wran f
M ;a — 7.000000
ethed
[ Il e Euter meshod [0 [ 4tt-eter Runge-Kuth method Coef. D (D)
[C1 [l A modified Evler mathod  [7] [l Adama-ashfort Mathod 4th order 1,000000
Coel 1 1)
Population size 0.500000

Vidiens 1,0 species
5 Coef. w (w)
Fredaors | 1,0 speces 1.500000

Fig. 1. The main program window

The main window is divided into several separate segments, corresponding to certain actions.
One of the main panels in the program is the panel for selecting the model and adjusting its parameters
(Fig. 1 top right). In order to improve and speed up the work of the software, all models are loaded
before the main window appears. As defined earlier, the model is a plug-in, which is a special file that
complements the program's capabilities. The plugins have a .dll extension (for Windows systems, un-
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der Linux kernel operating systems, the .so extension for macOS - .dylib). The customization panel
also allows the user to configure numerical integration options, such as changing the start and end
times of simulation simulations.

The next panel that is present in the program is the coefficient panel (fig. 1, bottom right). By
default, classic variants of their values are offered after the model is selected.

The central place is to the work area (figs. 1, 2), which displays the results of work with the
selected model. The panel stores the elements (visualization panels) in separate tabs. The graph shows
the process of changing species populations over time. The abscissa shows the duration in units of
simulation (for example, years), and the ordinate axis is represents the number of each species at a
given moment.
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Fig. 2.2D graph of results

The software interface contains is a selection of numerical methods of the integration. As you
know, each method has its own order of accuracy, so it is possible to perform a comparative analysis:
switching them on or off at the same time. For clarity, methods are depicted in their colors. When
working with graphs it is possible to move with the mouse in the graph, in addition, if necessary, you
can reduce or enlarge parts of it. Without limitation, consider the model of the Lotka-Volterra (fig. 2).
The solution is obtained using Runge-Kutta method the first-order (that is, the Euler method).

It is possible to construct a phase portrait of the system (fig. 3) on the example of the same
Lotka-Volterra model. For models with three roles it is possible to construct 3D graphs (fig. 4).

The software allows you to perform qualitative research and analysis of models.

In particular, the use of software tools for the Lotka-Volterra model allows two stationary
points to be obtained:

1) the number of predator and victims in populations is zero (x=0, y=0);

2) the number of predator and victimsis x=y/f,y=a/p.

An analysis of the stability of stationary points shows that the first one (zero) is a saddle and
the second one is a focus [5]. The Indicator Lyapunov exponent for focus is purely imaginary, so it is
impossible to conclude from a linear analysis that the stability or instability of focus is impossible.
However, for the Lotka-Volterra equations, there is an integral of motion that shows that the phase
trajectories are closed curves, within which there is a focus [8].
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The main feature of the Holling-Tanner model is that the oscillations are ultimately determined
by the limit cycle of the phase portrait, which can be stable at s <#(K — D +2)/ K(D +1) . It determines

the amplitude of oscillations, which are set in a stationary mode of the system. In this case, the oscilla-
tions can either dampen over time and increase, while approaching stationary oscillations [8].
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Fig. 3. The portrait of the system phase

For the Lotka-Volterra model with a logistic correction, the information system will give three
points of equilibrium. An additional parameter in this model allows to control the damping of oscilla-
tions (oscillations) of the model.
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Fig. 4. 3D graph of simulation result
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Fig. 5. The window of the save

of the report

As it is easy to see, with these model parameters,
the oscillatory process in it obviously dampens and a long
equilibrium is established between the number of popula-
tions of predators and victims. The phase portrait acquires a
steady focus, the shape of the phase portrait indicates a
rather small linearity of this system. Therefore, the oscilla-
tions resemble a damped sine wave. Where @ <0 an unst-
able focus is formed and the oscillations begin to increase.

The steps of storing data step by step for further
use and analysis are presented in fig. 5, 6.

The general description of each model, the descrip-
tion of its parameters, the phase portrait and its qualitative
analysis are in a separate tab “About model”.

The created software product enables: to carry out
simulation modeling with models, choosing different me-
thods of numerical integration; adjust model parameters
and get experiment results; provides qualitative research of
models and their analysis.

It should be noted that an operating system installer
has been created to work with the software.
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Fig. 6. The table of results

The user can choose not only the way to install the software product, create and display a
shortcut on the desktop, the language of communication (Ukrainian, English, Russian), but also the

operating system bit.

Conclusions and prospects for further research
Scientific direction nonlinear dynamics of complex systems, including species competition, is
of practical and applied importance in both humanities and natural sciences. Qualitative research and
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analysis of such systems is impossible without the use of information technology. An information
support system for simulation modeling is created in the work; structural and functional features of the
information system are described; conceptual design and design of its logical model; system software
(C ++ programming language, Qt framework) described; its mathematical support (nonlinear dynamic
models and numerical methods) is presented. The created software of simulation modeling of systems
of competition of species, in particular, can be useful in the study of complex dynamic processes in
different subject areas: economic, social, environmental and others, or in the educational process,
which is confirmed by work [10].
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IHOOPMAILIMHA MIATPUMKA MOJEJTIOBAHHS HEJIHIMHUX
JUHAMIYHUX CUCTEM KOHKYPEHIIII BU/IIB
Kopotka JLI., PorT O.C.

Pedepar

VY poGoti po3pobIeHo Ta ONKMCcaHO MPOTrpaMHKKA iHCTPYMEHTApild AJS IMITAIllHHOTO MOJEIIO-
BaHHS HENTIHIMHUX JWHAMIYHUX CHUCTEM. PO3TisiaeThcs Kiac 3ajad, sKi MOB’si3aHI 3 KOHKYPEHIIIE0
BuiB. Taki 3a/aui MarOTh MPUKJIAHE 3HAYCHHS B MPUPOJHUYKX, COMIATbHUX, CKOHOMIYHUX HAyKax
tomo. [HdopmariitHa miaTpUMKa TO3BOJISE 3MIMCHIOBATH SIKICHE JOCITIDKEHHS Ta aHali3 CHUCTEM Ha
monensx Jlotku-BonbsTeppu Ta 1 Mmoaudikaiiiii, XKakooa-Mono, Xomtinra-Tennepa. s ix peanizaiii
BHUKOPHUCTOBYIOTBCSI OJTHO- T4 0araTOKPOKOBI YHACEILHI METO/IH.

IIporpamMuuii MPOAYKT MICTUTH IUIATIHU, KOXKEH 3 HHUX MPEICTaBISAE COO0I0 TUHAMIYHY MO-
JIelTb, siKa peanizye o0UHCITIOBaIbHUIN aNTOPUTM Ta IHAWBIAyallbHI AaHi: Ha3Ba MOJENI, MoJaHHs Qop-
MYJI MOZIeN, ii omuc, Ha3BH KOCQIIIEHTIB, HA3BU MOJEICH POJIeH, MTOYaTKOBI 3HAYCHHS IS MapaMeT-
piB Ta poneil. CTpyKTypHUMU elleMeHTaMu Ta (PyHKIISIMHU iHOPMAIIIITHOT CHCTEMH €:

- po0oTa i3 30BHIIIHIMH JaHUMH: EKCIIOPT PE3YJIbTATiB IPOTrpaMu Y BUIIISAI 3BITY;

- po6oTa 3 TariHaMu Ta JUHAMIYHHUMHU MOJETISIMU: 3aBaHTaXeHHA (ailiB 3 pozmmpenHsM .dll
(mampuxiaz, amst Windows) 3i CrielliafbHOTO KaTalory «IUIariHW» B CUCTEMY UIS TTOJAITBIN0T 00pOOKH;

- o0YHCIIeHHS 3 TICBHUMH NIapaMeTpaMu, SIKi TIepelaloThesl eK3eMILISIPY TUIariHa, TOBEPHEHHS
pe3yabTaTiB OOYUCICHD AJIs IOAANBIIOT 0OpOOKH B CUCTEMY;

- Bizyauizalis pe3yJbTaTiB: Micis 00YHCIeHb Bi0OYBaeThCS BimOoOpaXkeHHs pe3ynbraTiB (2D-
JliarpaMa 4Jac-TIOMyJIAIlis, TPUBUMIPHUH Tpadik, TaOIUI YUCENBHUX PE3yIbTaTiB, (a30BHHA MOPTPET
CUCTEMH);

- BiJOOpa)keHHsI €IEMEHTIB YNPaBIiHHA: MaHeNb IHTErpyBaHHsI, aHEeNb OYaTKOBUX BXiJIHUX
JAaHWX Ta Koe]imieHTiB BiAMOBIHOT Mozei, BikeT Bisyam3amii (2D ta 3D rpadika, ¢a3osi moptpe-
TH, TaOIUIISI Pe3yIIbTATIB).

[Ipu po3pob1i nporpaMHOTo iHCTpyMEHTapito 0yJI0 BUKOHAHO KOHUENTYyaJbHE MPOSKTYBAHHS
Ta MPOCKTYBaHHs HOro joriuyHoi mojeni. OnucaHo cucTeMHe mporpaMHe (MoBa nporpamyBanus C ++
Ta (hpeiimBopk Qt) Ta MaTeMaTHIHE 3a0€3MEICHHS.

CrBopeHuit mporpaMHUN MPOAYKT IMITAIIITHOTO MOJIEIIIOBaHHS KOHKYPEHIIii BU/IIB MOXe Oy TH
KOPUCHHM IPU BUBYEHHI CKJIAJHUX JUHAMIYHUX CUCTEM Y Pi3HHX NPEAMETHHX 00JIACTAX Ta B HaBya-
JHLHOMY TIPOTIEC.
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