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Software Implementation of an Algorithm for Solving a Dynamic Problem
of Optimal Set Partitioning Under Uncertainty

Purpose. Among various formulations of the optimal set partitioning (OSP) problem, dynamic variants — where
optimization conditions change over time—are of particular interest due to their relevance for real-world applica-
tions. Such systems often operate under uncertainty, which may arise from imprecise or incomplete input data,
vague parameters, or unreliable mathematical representations of system behavior. This study develops a comprehen-
sive mathematical and computational framework for solving dynamic OSP problems under uncertainty. The aim of
the study is to develop software for solving a novel dynamic optimal set partitioning problem under uncertainty,
specifically including the formulation of a numerical experiment, the applied interpretation of the obtained results,
and a comparative analysis of the numerical experiment outcomes with the analytical results of the model investiga-
tion. Methodology. The methodological basis of the study consists of the principles of optimal set partitioning theo-
ry and fuzzy set theory. Modern numerical methods were used to solve systems of ordinary differential equations
necessary for determining the parameters of the dynamic model. Findings. The formulation of dynamic optimal set
partitioning problems under uncertainty allows including fuzzy model parameters and obtaining results even with
incomplete information about the system. The work presents a clearly defined algorithm for solving the problem,
determined by its mathematical formulation. Originality. The proposed models represent a significant contribution
to the development of mathematical modeling, particularly in dynamic and fuzzy problem formulations. Methods
and algorithms for solving the formalized problems are presented, and the results of comparative analysis allow as-
sessing the analytical and numerical advantages of both models and the dynamic approach to solving such problems.
Practical value. The practical value of the results obtained in this study lies in the formulation of a novel dynamic
optimal set partitioning problem under uncertainty, the development of software for the numerical implementation
of the experiment, and the visualization of the obtained results. The formalized mathematical model and the devel-
oped software can be applied to a wide range of practical problems, such as logistics, facility location, partitioning
of communities into administrative service centers, and others.

Keywords: dynamic problem; optimal set partitioning theory; fuzzy parameter; neuro-fuzzy technologies; infi-
nite-dimensional mathematical programming; nondifferentiable optimization; artificial intelligence methods

Dynamic set partitioning problems arise in
Introduction many fields, including adaptive control, logistics,
network planning, and decision support under un-
certainty. In such systems, optimization criteria or
constraints may change over time, necessitating
adaptive partition structures. Input data is often
fuzzy, imprecise, or insufficiently defined, render-
ing traditional deterministic models inadequate.

To address these challenges, hybrid approaches
have been proposed that combine optimization
theory with artificial intelligence methods such as
fuzzy logic, neuro-fuzzy systems, and machine
learning. These techniques allow for the represen-
tation and processing of uncertain information and

Optimal set partitioning (OSP) is a fundamental
problem in mathematical modeling, combinatorial
optimization, and systems analysis. It involves di-
viding a set of elements into disjoint subsets such
that a given objective function is optimized under
specified constraints. Although the classical ver-
sion of the problem has been extensively studied,
practical applications often require consideration
of more complex dynamic scenarios involving
time-varying parameters, incomplete information,
and structural uncertainty.
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enable dynamic adaptation of the partitioning pro-
Cess.

The aim of this study is to overcome gaps in
existing literature: the lack of unified models ac-
counting simultaneously for dynamic processes,
uncertainty, and optimality criteria, and the limited
application of neuro-fuzzy technologies for real-
time partitioning tasks. We propose a hew mathe-
matical and computational framework consisting
of two main phases: neuro-fuzzy identification to
model and reduce uncertainty in input data, fol-
lowed by mathematical optimization to determine
the optimal partition structure under refined condi-
tions.

The method is universal and applicable to clus-
tering, resource allocation, and adaptive decision-
making. It extends classical OSP approaches by
incorporating quantitative uncertainty assessment
and adaptive feedback, opening new perspectives
in applied mathematics, artificial intelligence, and
mathematical statistics.

Purpose

The purpose of this work is the software im-
plementation for solving a new dynamic optimal
set partitioning problem under uncertainty. Within
this overall objective, the following tasks were set:

1. formalization of the new dynamic optimal set
partitioning problem under uncertainty,

2. development of a solution algorithm,

3. software implementation of the algorithm,

4.analysis of the numerical and analytical re-
sults of the study.

Methodology

Dynamic and adaptive partitioning approaches
have been studied in works by Lu [11], Kun Yu
and Xiang Yu [10, 15], Michael A. Bender and
Martin Farach-Colton [5], emphasizing the im-
portance of flexible algorithms in real-world dy-
namic systems. Robust optimization under uncer-
tainty is addressed by Barzegary and Yoga-
narasimhan [3], Cheramin, Hocking and Srivastava
[8, 13], Moresco [4]. Hybrid frameworks and sce-
nario-based methods were proposed by Zvara and
Punyamoorty [16, 12], Zhang [14], Duong [13].
These works demonstrate that integrating dynamic,
adaptive, and probabilistic components leads to
more resilient and scalable models.

The theoretical foundations of optimal set parti-
tioning were established in  works by
Kiselyova O. M. and her school [6, 14], showing
that classical VVoronoi diagrams are special cases of
OSP problems. They developed algorithms for
constructing additive and multiplicative Voronoi
diagrams under fuzzy uncertainty using neuro-
fuzzy technologies [14]. Bulat A. F. proposed
a fuzzy mathematical model of set partitioning
with center allocation and fuzzy element distribu-
tion [6]. These studies provide fundamental theo-
retical and computational tools for modeling uncer-
tainty in partition structure and serve as a basis for
the methodological innovations presented here.

Despite existing achievements, a unified model
combining continuous fuzzy partition structure
with adaptive real-time optimization and uncertain-
ty handling has not yet been developed. This study
aims to fill that gap by proposing a model integrat-
ing continuous and fuzzy representations, dynamic
adaptation strategies, and optimization under data-
driven uncertainty.

The research object is a continuous single-
product dynamic optimal set partitioning problem
with En without constraints, fixed subset center
positions, and fuzzy parameters.

The goal is to develop a new model for this
problem under uncertainty. Tasks include formu-
lating the problem, developing solution methods
and algorithms, and conducting comparative analy-
sis of numerical experiment results.

The work uses optimal set partitioning theory
for problem formalization, numerical methods for
solving systems of ordinary differential equations
(a key component of the model), fuzzy set theory
and neuro-fuzzy technologies for posing and solv-
ing the fuzzy problem, and computer simulation
for obtaining numerical results.

Findings

Problem statement. Let us consider a continu-
ous single-product dynamic problem of optimal
partitioning of a set from E, without constraints
with given locations of subset centers [14] in the
following form.

Let © be a bounded closed Lebesgue measur-
able set in n-dimensional Euclidean space E, .

The collection of Lebesgue measurable subsets
Q,,...,Q, of the set Q< E, (which may include

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2025/342252

60

© E. M. Kiseleva, O. M. Prytomanova, O. O. Kuzenkov, 2025


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)
Hayka Ta nporpec tparcmopty, 2025, Ne 3 (111)

[HOOPMALIIMHO-KOMYHIKALIMHI TEXHOJIOT' I TA MATEMATUYHE MOJIEJIFOBAHHS

empty ones) will be called a possible partition of
this set if (o, =0, mes(@NQ,)=0, i,j=1...N
i=1

(i#j), where N >0 is a given natural number;
mes(-) is Lebesgue measure.

Let us denote by zg the class of all possible
partitions of the set Qc E, into a given number
N of its Lebesgue measurable subsets:

Sh=fw={Q,.. Q"

LNJQi =Q,mes(Q;NQ;)=0,i,j=1..,N(i=]j)}
i=1

Next, let us denote by t,,...,T, the collection
of certain reference points for the subsets
Q,,...,Q, respectively, which we will call the
centers of these subsets:
1, =(",.., 1) e, i=1..,N, and we will

assume that the coordinates of all centers are giv-
en.

This work addresses two dynamic optimal set
partitioning problems: one with fixed centers of
subsets and the other involving the determination
of the coordinates of such centers. The formalized
statements of these two problems will be presented
below.

Formulation of the dynamic problem with fixed
centers. It is required to find a parti-

tionw={Q,,...,Q }e >} of the set QcE, and
c(x, 7, t) =(c (X, T, 1), .0y

Cy (X, Ty 1)), defined ae. for xeQ for a given

a vector function

fixed set of centers T={t,,...,7,}<= Q" and all
t €[0, T], which ensure:

inf F(w, c(,-")
weXN; c()eld (xQX[0,T])

1)

where:

_ (¢ (x,7,) - m(x,7;) + ;) -

F(w,c( )=
0

N
EN

-p(X)dxdt , (2)

subject to the conditions:

N
M:ZAJ fi(ci(x,75,0), 0<t<T;
ot =i
¢(x,7,t)=cy(x,7) i=1..,N, 3
a.e. for XxeQ, with fixed

1, =(",..,1") e, i=1..,N, and the clo-

sure conditions of the system:
N
ZAijzl, j=L1..,N. 4
i=1

Here ¢;(X,t;,t), i=1...,N, are the desired re-
al-valued functions defined on QxQx[0,T],
which for any fixed 1, =(t",...,1") e Q, are
continuously differentiable with respect to the ar-
gument t on the interval [0,T] ae. for
x=(x",...,x')eQ, are bounded and measura-
ble with respect to the argument X on Q for all
te[0, T]. m(x,7), cyu(x 1) are given real-
valued functions defined on Q2xQ), bounded and
measurable with respect to the argument x e Q for

any fixed 1, € Q, forall i =1,...,N (in particular,
m(x,t;) may play the role of a metric on QxQ2).
f.(c;(x,7;,t)), i=L..,N, are given real-valued
Lipschitz functions on their domain; p(x) is a giv-
en non-negative function, bounded and measurable
on Q. a,i=1.. N, are given, usually non-
negative numbers; 0<A; <1, i,j=12,.,N, are

given numerical parameters; T >0 and t, €[0, T]

are given.

Here and henceforth, the integrals are under-
stood in the Lebesgue sense. We will assume that
the measure of the set of boundary points of the

subsets €,,...,Q, is equal to zero.

A pair (@", ¢'(x,1,1)), that delivers the min-
imal value of functional (2) on the set
>oxLy (QxQx[0,T]) subject to constraints (3),

(4), we shall consider as an optimal solution to
problem (1)-(4). In this case, the partition

o ={Q;,...}e > we shall consider as an
optimal partition of the set Q< E, into N sub-
sets, and the vector function
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c (%, 1,t) = (¢ (X, 74, 1), .,
cr (X, Ty, 1)) € LY (QxQx[0,T]) — as an optimal
phase trajectory of the dynamical system in prob-
lem (1) — (4).

From a subject-matter point of view, the inde-
pendent variable t<[0, T] in the given mathemat-

ical formulation of the dynamic optimal partition-
ing problem can play the role of the time variable,

and T>0 and t,<[0, T] are the given final and

initial moments of time in the studied dynamic
process, respectively. Thus, the functions
fi(c(x7,t), i=12, ..., N, in the differential
relations (3), which reflect the dynamics of trans-
portation prices, may have different forms, but the
inflation/deflation model (5) will be used as the
base model in this work.

fiG(x1.0)=d; -G(x7.1);

XeQ,T, =(ti(1),...,ri(”))eQi; (5)

i=1,N,0<t<T.

In formula (5) d;, i=1, ..., N, are given real co-
efficients reflecting the tendency of the transporta-
tion cost of a unit of product from the i-th center to
the consumer to increase/decrease/.

Problem Statement under Uncertainty. In prob-
lem (1)-(2) under conditions (3)—(4) (the crisp
problem), it was assumed that all parameters are
given as constants. However, in practice, the exact
values of these constants are usually unknown or
specified linguistically (fuzzily). Let us consider
the parameters in more detail a,...,a, in the objec-

tive functional (2), these parameters represent
fixed costs for production and transportation tasks.
Depending on the circumstances, fixed costs may
include factory operation expenses, insurance, and
possibly maintaining a minimum number of em-
ployees. These costs are constant and remain un-
changed regardless of the firm's production vol-
ume. However, in many practical production and
transportation problems, the values of these pa-
rameters (fixed costs) depend on numerous real-
world factors not accounted for in the given model.
A model with fixed parameter values ay,.ay

prove to be too «coarse», since in practice, the
known information often consists not of precise

exact parameter values, but sets of their possible
values.

To address uncertainty in specifying parameters
a,...a, In the objective functional (2), we will
consider them as fuzzy variables, which, in turn,
depend on fuzzy factors y = (5,,...,5,) - Such factors
for fixed production costs may include the costs of
production means, labor, natural resources, and
others. Accounting for this additional information
complicates the original mathematical model but,
nevertheless, it may prove to be acceptably more
accurate and adequate because it considers the in-
fluence of additional factors on the parameters
&,y -

To formalize the fuzziness, we will subsequent-
ly use neuro-fuzzy technologies. For this purpose,
the parameters a;, i=1...,N, will be represented
as parameters dependent on fuzzy factors
Vi j=1...,n, in the form of

8 =8 Yy Yn)- (6)

Then the objective functional (2) with fuzzy pa-
rameters (6) can be expressed in the following
form:

T N

J (?\‘(’)!C('v” )) = J.J.Z(Cl (X, T; ,t) . m(X, ‘Ci) +

oqi=l

+8; (Y-, 7n))POO2; (X)dxdt 5 (7)

de ‘MTJk (a)

ay) =+ FeY, x..xY;x..xY,, (8)
D o, (3)
k=1
where:
S, "
P (Y1 Y20 Yn)s
j=1
* Sk K*
Hp, (8) = Ifzpj (Y172, 7n) <1, )
j=1
1, otherwise;

B (v varen ) =W [l () (20)
i=1
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1

i —p¥ 2’
1+[ i k*u ]

i=1..nj=1..s,k=1..L

i (r) = (11)

Solution Algorithm. 1. Set Q we include in n-
dimensional parallelepiped I1, whose sides are par-
allel to the axes of the Cartesian coordinate system.
The parallelepiped IT is covered by a rectangular

rid.
) 2.We set the values of the functions
Coi (X, 7;), 1=1,...,N, from the initial conditions (3)
at the grid nodes.

3. We cover the interval [0,T] with a grid of
step size h,.

4.For each grid node and for each
T;, i=1..,N we solve the Cauchy problem for
the system of ordinary differential equations (3)
over the time interval [0,T] and find the functions
¢ (X,7,t), i=1..,N.

5.We calculate the values of the parameters
a;, 1=1..,N,using the formulas (8) — (11).

6. We define the characteristic function A"(x)
at the grid nodes from step 1 with the obtained
¢ (x,7,t), i=1..,N and the fuzzy parameter
values restored instep 5 &, i=1..,N.

7. We find the minimum value of the objective
functional (2) using the obtained A"(x) and

¢ (x7,t), i=1..,N.

Results of the numerical experiment. This para-
graph presents several pairs from numerous com-
putational experiments conducted for models (1)—
(4) and (9)—(11).

To construct the optimal partition, the domain
Q was covered with a rectangular grid with nodes
@i, ), i,j=1...101. For the obtained points of the
phase trajectory, the transportation cost from each
node was calculated (i, j) set Q for centers 1,

1, . Based on the minimum cost criterion, the node
(i, j) was assigned to the sets Q, and Q, respec-

tively. The accuracy of the r-algorithm, both for
the variables and the subgradient, was the same
and amounted to 10~ *Figures 1-3 show the opti-
mal partitioning of the set of consumers Q,, which

has the shape of a square with side length 1, into
two subsets  with  centers  t,(0.5,0.25),

1,(0.5;0.75) . The set at the bottom of the figures —
Q, ; The set at the top of the figures — €, .

Figures 1-3, a show the optimal partitioning for
exact values at a; = 3; a» = 1. Figures 1-3, b for the
restored values before tuning the fuzzy model at a;
= 2.6246; a, = 1.9613. Figures 1-3, c for the re-
stored values after tuning the fuzzy model at
a1 = 3.0604; a, = 0.9828

a b c
Fig. 1. Optimal partitioning Q over

the time interval [0; 1]
at ¢1=4.6967; c,=5.0451

a b c

Fig. 2. Optimal partitioning €2 over
the time interval [0; 2]
at ¢1=11.9758; ¢,=15.9638

b c
Fig. 3. Optimal partitioning Q over

the time interval [0; 3]
at ¢1=29.7873; ¢,=42.6809

The numerical results of the algorithm's per-
formance are presented in Table 1 at initial values
of variable costs ¢, =2;c,, =1.
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Table 1

Numerical results of the algorithm's

Time For exact For the re- For the
interval, values stored values restored
variable ar=3; before the values after

costs =1 adjustment the adjust-

a1 = 2.625; ment
a=1961 | =306
a» =0.982
[0; 1] F=2.153 F=3.043 F=2.136
c1=4.697 $:=0 $:=0.236 S1=0
C2= 5.045 Sz =1 Sz =0.764 Sz =1
[0; 2] F=6.909 F=17.892 F=6.912
c1=11.976 | S1=0.246 S1=0.446 $:=0.231
C2= 15.964 Sz =0.754 Sz =0.554 Sz =0.769

[0; 3] F=15.699 F=16.639 F=15.749

C1= Sl =0.441 Sl =0.53 Sl =0.434
29.7187 | 5,=0558 | S,=0.47 | S,=0.566

c2=42.681

Originality and practical value

The scientific novelty of the presented work
lies, in particular, in the formulation and formaliza-
tion of a new dynamic optimal set partitioning
problem under uncertainty, the development of
a solution algorithm, the design of a numerical ex-
periment, and the analysis of the obtained numeri-
cal and analytical results. The results obtained in
this study can be applied to solve a wide range
of practical placement and partitioning problems in
a more refined and adequate formulation for ap-
plied needs, particularly in logistics, transportation,
and the partitioning of large community territories
into administrative service centers.

Conclusions

The study is devoted to the software implemen-
tation of the dynamic problem of optimal set parti-
tioning with fixed centers under uncertainty.
A detailed review of existing approaches is provid-
ed, highlighting the specific features of dynamic
formulations of optimal set partitioning problems,
particularly under uncertainty, and emphasizing
their key advantages over classical formulations.
A numerical experiment was conducted, allowing
visual assessment and comparison between crisp
and fuzzy partitioning before and after the tuning
of fuzzy parameters. A comparative analysis was
performed to provide practical justification.

The graphs presented in the study were ob-
tained using software developed by the authors in
Python, based on various values of the model’s
input parameters, some of which were derived
from solving system (3). The results confirmed the
adequacy of the proposed model, and the outcomes
of the numerical experiment allow for a visual
evaluation of the model's validity. Based on these
results, it can be concluded that the dynamic and
fuzzy formulation of the optimal partitioning prob-
lem significantly enhances the adequacy of the
mathematical model and makes it more adaptable
for practical applications.

Time-varying system parameters have a signif-
icantly negative impact on the accuracy of robust
models, but their inclusion in the problem formula-
tion helps mitigate this influence. Further research
may focus on more complex formulations of dy-
namic optimal partitioning problems under uncer-
tainty, particularly in cases involving the place-
ment of subset centers and constraints on network
capacity.
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IIporpamua peaJiizaiisi aJIropuTMy po3B’si3aHHA JMHAMIYHOI 3a/1a4i ONITH-
MAJILHOI'O PO30UTTH MHOKMH B YMOBaX HEBU3HAYEHOCTI

Mera. Cepen pisHHUX (POPMYIIOBaHb 3aJjadi ONTHMAIBHOTO po30uTTs MHOXMHEH (OSP) ocobmuBmil iHTEpec
NIPE/ICTABISIIOTE IMHAMIYHI BapiaHTH, B SIKUX YMOBH ONTHMIi3allil 3MIiHIOIOThCS 3 4acOM, 4epe3 IXHI0 aKTyalbHICTh
JUIsl pealbHUX 3aCTOCYBaHb. Taki CHCTEMH YacTO MPAIOIOTh B YMOBAaX HEBU3HAYCHOCTI, sIKa MOXKE BUHUKATH Yepe3
HETOYHi a00 HENOBHI BXi/IHI AaHi, HEWiTKI apamMeTpy abo HEHaJiiHI MaTeMaTHYHI NPe/ICTaBICHHS TOBEJIHKH CHC-
TeMH. Y LbOMY JOCIIJKEHHI pO3pOo0OIIsiEThCS KOMIUIEKCHA MaTeMaTHYHa Ta O0YHCIIIOBaIbHA OCHOBA ISl BUPIIICHHS
nuHaMigHEX 3a1ad OSP B ymoBax HeBH3HadeHOCTi. METOIO TOCTiIKEHHS € po3poOKa MPOrpaMHOro 3a0e3MeUeHHs
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JUIsl BUPIIIEHHS HOBOi JMHAMIYHOI 3a/adi ONTHMAJIBLHOTO PO30MTTSI MHOXHMH B yMOBaX HEBH3HA4E€HOCTI, 30Kpema,
BKJIIOYarOu (POPMYJIIOBAHHS YHCEIBHOTO EKCIIEPUMEHTY, NMPUKIAAHY 1HTEpIpPETalil0 OTPUMAaHHUX PE3yJIbTaTiB Ta
MOPIBHSUIBHUI aHaJli3 pe3yNbTaTiB YUCENBHOTO EKCIEPUMEHTY 3 aHAJITHYHUMHU pPe3yJIbTaTaMH JIOCITIPKEHHSI MOJie-
mi. Meroanka. MeTooJoriuHa OCHOBA JOCIHIHKEHHS CKIANa€ThCs 3 MPHUHIUIIB TEOpil ONTUMAIBHOTO PO3OUTTS
MHOXHH Ta Teopii HEUIiTKHX MHOXHWH. JIs BUPINICHHS CHCTEM 3BHYAalHUX AU(EpeHIliaIbHUX pPIBHIHB,
HEOOXiTHWX MU BH3HAYCHHS MapaMeTpiB IWMHAMIYHOI MOJelNi, OylIM BHKOPHUCTaHI CyJacHI YHCENbHI METOIH.
PesyabTaTn. QopMyIrOBaHHSA AMHAMIYHUX 3a/1ad ONTUMAIBEHOTO PO3OUTTS MHOXKHH B YMOBaX HEBH3HA4EHOCTI J10-
3BOJISIE BKJIFOYATH HEUITKI MapaMeTpu MOAETI Ta OTPUMYBATH Pe3yIbTaTH HAaBITh 32 HASBHOCTI HEMTOBHOI iH(opMariii
npo cucteMy. Y poOOTI NPENCTaBIeHO YiTKO BU3HAUYEHUH alrOpPUTM BHPIIICHHS 3ajadi, 110 BU3HAYAETHCS i1 MaTe-
MatnyHuM opmyitoBaHHsIM. HaykoBa HOBH3HA. 3aporoHOBaHI MOZEINI € 3HAYHUM BHECKOM y PO3BUTOK MaTeMa-
TUYHOTO MOJISIIOBAHHS, 30KpeMa B JIUHAMIYHUX Ta HEYITKUX (QOpMymIoBaHHSX 3ajgad. [IpexcraBieHo meromu
Ta aJrOPUTMH PO3B'sI3aHHS (QopMalli3oBaHUX 3ajay, a pe3yJbTaTh MOPIBHAJIBHOTO aHaNi3y JO3BOJISIOTH OLIHUTH
aHAJTITUYHI Ta 4YHCENBHI ImepeBard 000X Mojejeldl Ta IUHAMIYHOTO MiJAXOAy A0 PpO3B'I3aHHS TakuX 3aad.
pakTuuna 3HaYMMicTh. [IpakTHyHa 3HAYMMICTD OTPUMAHUX Yy i POOOTI pe3yabTaTiB noisirae y popmyntoBaHHi
HOBOI JUHAMIYHOI 3a[a4i ONTHMAIBHOTO PO30OHTTS MHOXXHMHHM B YMOBaX HEBH3HAYCHOCTi, pO3poOIli MPOTpaMHOTO
3a0e3neueHHs I YHCENbHOI peami3amii eKCIepruMeHTy Ta Bi3yamizamii oTpuMaHHX pe3ynbraTiB. dopmarnizoBaHa
MaTeMaTH4Ha MOJENb Ta PO3poOJIeHe IpOorpaMHe 3a0e3MeueHHs MOXKYTh OyTH 3aCTOCOBAaHi JO LIMPOKOTO Koja
MPaKTUYHHX 33a[a4, TAKUX 5K JIOTICTHKA, PO3MIMIEHHS 00'€KTiB, pO30UTTS rpoMaj Ha aAMiHICTPaTHUBHI LEHTPH 00-
CIIYyTOBYBaHHS Ta 1HIIII.

Knrwouogi cnosa: nuHaMivyHa 3agava; TEOpis ONTHMAJIBHOTO PO3OUTTS MHOXHH; HEUITKUH mapamerp; Helpo-
HEUiTKI TEXHOJIOTI]; HECKIHYEHHOBUMIPHE MaTeMaTH4HEe MPOrpaMyBaHHs; HeaudepeHiHoBaHa ONTUMI3allis; METO-
IV LITYYHOTO 1HTEJIEKTY
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