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Abstract. The canonical task of regression analysis consists in studying the problem of estimation and mathematical description
of the influence caused by one or more independent variables (predictors, explanatory variables) on the dependent (explained)
variable. The subject of comparator identification problem is a specific modification of the standard regression analysis problem in
the case when, for some reason, it is not possible to measure values of the dependent, explained variable. However, the problem of
reconstructing a regression polynomial can be solved if it is possible to qualitatively compare the results of experiments and rank them,
for example, in the order of increasing. Taking into account the results of ranking the values of the explained variable in different
experiments, a corresponding system of inequalities is formed. The purpose of the research consists in developing a method for
mathematical processing of the resulting system of inequalities for analytical assessment of the level of influence of explanatory
variables on the explained variable. The method for solving the problem is based on transforming a system of inequalities into a system
of linear algebraic equations. A significant drawback of the known approach to solving this problem consists in the fact that the
resulting system of linear algebraic equations is an underdetermined one (the number of unknowns in this system exceeds the number
of equations). At the same time, the system has an infinite number of solutions, among which there may be an uncontrollable number
of unacceptable ones. The exhaustive search method for finding acceptable solutions is futile. In this regard, the problem of developing
a correct method of comparator identification remains relevant. Another difficulty that accompanies the actual procedure of
comparator identification when solving practical problems consists in the fact that measurements of values of the controlled parameters
are not accurate. The uncertainty that arises in the conditions of a small sample of initial data can be removed using the tools of fuzzy
mathematics. It is assumed that, based on preliminary research, a mathematical description of the corresponding membership function
can be obtained for each of the controlled parameters. As a result, effective approaches to solving emerging problems have been
proposed, based on the use of developed optimization procedures in the conditions of a small sample of fuzzy initial data.

Anomauia. Kanoniune 3a60anus perpecitino2o ananisy noineae 8 00CAi0#CeHHi npodieMu OYiHIO8AHHS MA MAMEMATNUYHOMY ONUCE
8NUBY OOHIET AOO KITbKOX HE3ANeHCHUX 3MIHHUX (NPeOUKMOopie, NOACHIOBANLHUX 3MIHHUX) HA 3071eXHCHY (NOACHIOBATILHY) 3MIHHY.
Tlpeomemonm 3a0aui komnapamopHoi (nopiensanbHoi) idenmuixayii € cneyughiuna moougixayis munoeoi 3adaui peepecitino2o ananizy
Ha 8UNAOOK, KOMU 3 AKUXOCb NPUYUH He € MOICTUBUM BUMIDIOBAHHS 3HAUEHb 3ANENHCHOI, NOACHI08AHOT 3MIHHOI. OOHAK 3a80aHHS
BIOHOBIIEHHSI pecPecCilinoz0 NONIHOMA Modice Oymu po3e'szane, SKWO ICHYE MONCIUBICMb SKICHO20 NOPIGHAHHA Ppe3yTbmamis
eKcnepumenmie ma ix PAaHdICYy8aHHs 6 NOpPsOKY, HANPUKIA0, 3POCMAHHs. 3 YpaXy8aHHsAM pe3yIbmamie PAHNCY8AHHS 3HAYECHb
NOSICHIOBAHOT 3MIHHOL 8 PI3HUX 00CTiOax (hopmyembvcs 6i0nosiona cucmema Hepienocmetl. Mema 0ocniodcents nonseac 6 po3pooeHti
Memooy MamemMamuyHoi 06poOKu OmpumMaroi cucmemu HepigHocmetl 0Jisi AHATIMUYHOT OYIHKU PIGHSL NIUBY NOSICHIOBANbHUX 3SMIHHUX
Ha noscuiosany. Memod po3e'szanHs 3a0ayi IPYHMYEMbCS HA NEPEMBOPEHHI CUCeMU HepIGHOCmel HA cucmemy JIHIIHUX
aneebpaiunux pigHaHv. lcmommuull HeOONIK 8i00M020 Ni0X00y 00 po36'a3aHHA Yiel 3a0ayi noseac 8 Momy, wo OMpPUMAara cucmema
JIHITHUX aneeOpaiuHux piHsAHb € HeOOBUIHAYEHOH (KLIbKICIb HegiooMUX Y yill cucmemi nepesuyye KiibKicmy pieusans). [lpu ybomy
cucmema mMae HezniueHHy 6e3niu po36's3Kie, ceped aKux Modce Oymu HeKOHMPOabO8aHe Yucio Henpunycmumux. Ilepedipuuii memoo
NOWYKY NPUUHAMHUX piuenb be3nepcnekmueHutl. Y 36'13Ky 3 yum 3a80anHs po3poOieHHs KOPEKMmHO20 Memooy KOMRApamopHoi
ioenmucikayii 3arumaemocst akmyanoHuM. THwa ckiaonicms, wo cynpogooAuCye peanvHy npoyedypy KOMnapamopHoi ioenmugikayii
nio uac p036'}l3aHH}Z npakmudHux 3a600Hb, nousaeae 6 momy, wo 6qup108aHHﬂ 3HAYEHb KOHMPOJIbOBAHUX napafwempie He MOuHI.
Heegusnauenicmo, wWo GUHUKAE NPU YbOMY, 8 YMOBAX MANOI 6UOIpKU BUXIOHUX OAHUX MOJice OYMuU 3HAMA NPU BUKOPUCMAHHI
iHcmpymenmapito newimkoi mamemamuru. Ilpu yvomy nepedbauaemvcs, wo Ha NiOCMAsi NONEPeOHix OOCTIONHCEHb Ol KONCHO20 3
KOHMPONbOBAHUX NApamempie mModice OYmu OMpuMaHo mamemamuynull onuc 8i0nosionoi @ynkyii nanexcnocmi. ¥V pesyromami
3aNPONOHOBAHO eheKMUBHI niOX00u 00 pPO36'A3aHHS 3a0a, WO GUHUKAIOMb, AKI IDVHMYIOMbCS HA GUKOPUCMAHHI PO3POONIEHUX
npoyedyp onmumizayii 8 ymosax manoi ubIpKu HewimKux GUXIOHUX OQHUX.

Key words: comparator identification, underdetermined system of equations, fuzziness of initial data, small sample, fuzzy
optimization.

KuouoBi ciioBa: kommaparopHa ifeHTU]IKallis, HEBU3HAYCHA CHCTEMa DPIBHSHb, HEYITKICTh BUXIAHUX JaHUX, Mala
BUOipKa, HEUiTKA ONTHMI3allis.
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Introduction. Comparator regression analysis is a special unconventional version of canonical regression analysis [1,

2] applied in the following situation [3]. Let, as a result of a series of experiments containing n experiments obtained
are corresponding values ¥;,Y,,-., ¥, of a variable describing the process under study (behavior or state of the object

under study). At the same time, each value of the explained variable Y;, j=1,2,..,n corresponds to a set of values of
factors that presumably influence the y . The problem consists in developing a mathematical model that describes the

relationship between the explanatory variables F,F,,....F, and the explained variable Y in the form of a regression
polynomial [1,2]

Y =% +tXF, +%F +.+Xx,F . j=12.n (1)
The desired set x = (x,,x,,...x,) IS calculated using the least squares method. At that, introduced are
1 R, F,.F, Xo A
Ho|t P BB | X (Y]
1 F, F,.F. X Yo

as well as a quadratic criterion J =(HX ~Y)'(HX =Y) for the proximity of the observed values of the
variables Y;, j=1,2,..,n,and the values of these variables, calculated according to the formula [2]
X =(H"H)'HTY )
The problem is solved. Now, for some reason, it is impossible to determine the exact values of the explained variables
Yy B in each experiment, but these values can be ranked, for example, in the in the order of increasing. Then, taking into
account the numbering of variables y , we obtain a chain of inequalities:

Yi <Y, <<V, ®)

Now the aim is to find a vector % , that, using model (1), would ensure the fulfillment of inequalities (3). The problem
formulated in this way is called the comparator identification problem [3-5].
Analysis of known results. Articulation of issue. The following method for solving this problem is known. Using
(3) and taking into account (1), the following system of inequalities is formed [6.7]:
Yo=Y, = (% + %Ry + %R, + o+ X Fp) —
—(% + X Fy +X,F,, +.+ Xy, S
=% (R —F)+% (R, —Fp) +.+ %, (R, — Ry ) <0,
Yo=¥; = (Xo X %Ry, +ot XmFZm)_
_(Xo + X1F32 + Xstz ot X, Fsm) =
=% (F = F) + % (Fp = Fy) 4.4 X, (R, — Ry ) <0,
Yor = Yo = (X + X Fs + % F o+ X, B ) —
_(Xo + X1Fn1 + XZFnZ +o Xy an) =
= X:L(Fn—l‘l - Fnl) + XZ(Fn—l,Z - FnZ) +ot+ X, (Fn—l,m - an) <0. (4)
The resulting system of inequalities is the basic basis for calculating the values of the unknown parameters of the
regression relationship that establishes the relationship between the explanatory variables X;,X,,.., X, and the explained
variable y .
The system of inequalities (4) (by adding a positive variable to each of these inequalities) is transformed into a system
of equalities [8.9]:
X (R —F) + %, (R, = Fp) +o+ X (R — Fyp) + X, =0,
X1(F21 - F31) + Xz(Fzz - Fsz) +.o.+ Xm(FZm - F3m)+ X2 = 0, (5)
X1(Fn—1,1 - Fn1) +X; (Fn—l,z - Fn3) to Xy (Fn—l,m - Fn,m) + X = 0.
Thus, a system of linear algebraic equations has been obtained, and the solution of this system gives
the required set X .
Let’s consider a simple example. Let us investigate a system effectiveness of which y presumably depends on the

values of two factors F, and F, in accordance with the relation
y=xF+XF,.

Suppose that during three experiments the corresponding values of the factors were recorded and compiled into a
matrix
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F, F, 4 6
F=|F, F,|=|8 2|
F, R 10 1
As a result of expert assessment of the system’s effectiveness in these three experiments, their ranking was obtained
as follows: Y; <Y, <Y;, and based on (1), (3)-(4), this allows us to write the set:
Y =X Fy +%F,,
Yo =X F5 +%Fy,
Y3 =X Fy +XFy. (6)
Yo = Yo = (4 Fy +%,F,) = (4 Fy + %,Fy) =
=X (Fy; = F,) +%,(F, - F,) <0,
Yo = Y3 = () Fp + %,F,) — (X Fyy + %,F,) =
=% (Fy —Fy) + %, (Fp, —F;,) <0.

(@)
By means of substituting the numerical values of the factors into (7), we obtain
—4x, +4x, <0,
—2X + X, <0.
By adding a positive variable to each of the inequalities, we transform them into the equalities:
—4X + 4%, + %X, =0, )

—2X% + X, +X, =0.
The resulting system of linear algebraic equations is underdetermined (it contains two equations and four variables)
and therefore it has an infinite number of solutions, for example, this one:
x =05 x,=0,2;, x,=12; x,=0,8.
Solution check:
—-4-0,5+4-0,2+1,2=-2+0,8+1,2=0
-2.0,5+0,2+0,8=0.
At the same time, we should note that the set of solutions of system (9) may also contain solutions that are
unacceptable, taking into account (4), for example the following:
x =02 x,=16; x,=-16; x,=-0,2.
Solution check:
-4.0,2+4-0,6-1,6=-0,8+2,4-16=0
-2.0,2+0,6-0,2=0.

In this solution, the complementary variables X5 and X, are negative, which is unacceptable.

The solution to the comparator identification problem proposed in [8] reduces it to minimization of the quadratic form.
This changes the computational procedure, but does not reduce the risk of obtaining an unacceptable solution. Let us
consider another approach to obtaining a solution to system (5) that satisfies the requirement that complementary variables
be positive; this approach consists in initially setting an arbitrary positive value for these variables A . Herewith, the
system of equations (8) will take the following form:

—4x +4x,+A =0,

2% + X%, +A=0.

The numerical value of the parameter A is arbitrary. Let it be, for example, as follows A =1. The corresponding
system of equations will take the following form:

—4x, +4x, =-1,

—2X, + X, =-1.

Let us solve this system of equations using Cramer formula [10-12]. Let us introduce the following

A= , X = , B= .
21 X, -1 (10)
The system of equations (9) in matrix form is written as:

AX =B. (11)
Let us further introduce
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detA=det(_ 4):—4+8=4.

21
deth —det| |- 144-3
= -1 1) e

4 -1

detA, = det =4-2=2
S

Herewith

_eA 3 75 w3 _2 45
detA 4 detA 4

Let us check

—4.0,75+4-0,5=-3+2=-1,

—-2.0,75+0,5=-1,5+0,5=-1,

which is what was required

The numerical value of the positive parameter A can be chosen in any way. However, if the goal of the research

consists in obtaining a ratio that will distinguish the states Y;,Y,,-., ¥, of the system with maximum contrast, then it is

advisable to increase the value A .

Let us now consider the possibility of improving the described technology for high-dimensional comparator
identification with a large number of states. The specific structure of the mathematical model of the comparator
identification problem makes it possible to reduce its dimension to obtain an approximate solution. This possibility is
based on the following obvious statement.

If A<B, withacertain level of confidence P;,and B <C , with a certain level of confidence P,, then A< C with

a level of confidence P >max{p,, p,}.

Let us use this statement when considering the chain of inequalities (4). It follows from the statement that a pair of
inequalities ¥; <Y, and Y, <Y, can be replaced with a single one, namely Y; <Y;, at the same time reducing the number
of inequalities by one. It is clear that by repeating this technique, the total number of inequalities can be easily brought to
M _ the total number of unknowns in system (4). As a result, by adding a positive parameter A, to each inequality,
obtained will be a standard system of M Jinear algebraic equations with M unknowns X Xoyeey X5y

The problem of comparator identification becomes significantly more complicated if the source data is not accurate.
Let, for example, the values of the factors in the ongoing series of experiments be fuzzy numbers. In this case, we will
assume that by means of using all available numerical information, the membership functions of these numbers are
obtained. It is clear that the described standard method for solving the problem of comparator identification in conditions
of fuzzy initial data cannot be directly applied.

Purpose and Objectives. In accordance with this, the purpose of the research consists in developing a method for
solving the problem of comparator identification in conditions of vaguely specified initial data. To achieve the purpose,
it is necessary to solve the following tasks.

1 Form a correct formulation of the problem of comparator identification in conditions of fuzzy initial data.

2. Justify the quality criterion for solving a fuzzy comparator identification problem.

3. Develop a method for solving the problem of comparator identification under conditions of fuzzy initial data.

Data and methods. Developing a method for solving the problem of comparator identification under conditions of
fuzzy initial data.

Mathematical formulation of the problem.

It is assumed that a series of experiments have been carried out, and in each of these experiments measured are fuzzy
values of influencing factors with membership functions u(Fy), i=12,.,n, i=1,2,.,m. These values of the explained

variable corresponding to each of the experiments are ranked. As a result of this a system of inequalities is obtained (3).
Itis required to find a vector X , that provides calculation of the explained variable, satisfies (3) and optimizes the selected
criterion.

Let us consider the following scheme for solving the posed problem of comparator identification. First, we will select
the type of analytical description of the membership functions of fuzzy source data. Then we will build a mathematical
model of the problem, and on the basis of this model we will form a naturally interpretable and easily calculated quality
criterion for solving the identification problem. To complete the solution, we will develop a methodology for optimizing
the selected criterion.

In practice, solving various problems of fuzzy mathematics, an extensive set of types of fuzzy number membership
functions is used, for example, triangular one, trapezoidal one, Gaussian one and many others. At the same time, recently
the method of constructing membership functions has been increasingly used, this method is based on the approximation

of known types of membership functions by the so-called functions of (L-R) type. Attractiveness of using (L-R) —type
membership functions is explained by two important properties of these functions. Firstly, these functions are easily and
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conveniently defined by a fixed set of numerical parameters. Secondly, in relation to numbers with a (L—R)—type

membership function, a strict system of rules for performing algebraic operations has been developed [13]. To implement
these rules, it is necessary and sufficient to find sets of numerical values of the parameters of the membership functions

of fuzzy numbers - operands. At the same time, in most practical problems it is acceptable to use these (L-R) —type three-

parameter membership functions that have the following form
0, x<m-g,

L(MJ m-a<x<m,

u(x) =
R[x—m

7) m<x<m+f,

0, x>m+p. (12)
where M is the modal value of the fuzzy number, X, & is the left fuzzy coefficient of the number X, g is the right

fuzzy coefficient of the number X .
In the future, while using the generally accepted notation, we will use significantly more concise symbolism (instead

of the cumbersome relation (12)) to describe three-parameter fuzzy numbers of the (L-R) -type in cases where the type
of analytical description of the membership function is specified in advance; and this symbolism is as follows:

y=<mea,f[>. (13)

In accordance with the proposed general scheme for solving the problem of comparator identification, let us introduce

aregression model (1) and a system of inequalities (4). However, unlike the previous one, all components in (4) are fuzzy

numbers. Therefore, all such differences Yi =Y 1=12,.,n-1 are fuzzy. Let’s introduce a set of variables
& =YY, 1=12,.,n=1 and, in accordance with the rules for performing arithmetic operations on fuzzy numbers

of (L=R) type [8], we will calculate the membership functions of fuzzy numbers &;, j =1,2,..,n. We will write down the
corresponding summary of the rules for performing binary operations. Let’s introduce a couple of fuzzy numbers
F=<m,e,f>and F,=<m, a,f,>.
Addition operation:
Z=F+F,=m,a, B >
m=m+m, o =a+a, f,=p+p5;
Subtraction operation:
Z=F-F =m,q,,p, >,
m=m-m, o, =a+ph, B,=4+p5
Multiplication operation:
Z=F-F,=<m,a,,p, >

m, =mm,, o, =mMao, +Mo, —a4,, B, =mpG, +m,[ + 5.05,; (14)
Division operation:
m, :ﬂ' a, = m,e; + Mg, B = ma, +m2ﬁ1.
m, m, (mz +ﬂ2) m, (mz _az) (15)
Next
5]’ =Yi—Yia= X:l(Fjl - Fj+1,1)Jr Xz(sz - Fj+1,2)+
+o+ X, (Fj—l,m - ij).
As far as
Fo=<my e By > Fiay =<Mign @i B >
then
Fi—Fi =00y =<my,a, B >,
My =My —Myyy, Ay =5+ B By = B + s

j=12,..,n-1 i=12,..m
From relation (14), which determines the result of multiplying two fuzzy numbers, we obtain formulas for the result
of multiplying a fuzzy number by a crisp number. Let us write a crisp number X; , using the notation adopted for describing

fuzzy numbers of (L-R) type: X =<X%,0,0>. Then the fuzzy result of multiplying the crisp number X; by the fuzzy

number I;; will be equal to
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X0 = Ay =<y, By >

mAjI X; mrjl’ aAjI = Xi (aji +ﬂj+l,i)'

By =% (B +aj.1;)-
Then
S ZX. i =< Mgy & Bey >

m

méjzle rl" Zx(ajl+ﬂj+ll)

i=1

ﬂ.»;, = in (:Bji +aj+1,i)'

and finally
n-1 n-1 m
§=2.& =20 X =<m.a.,f; >,
j=1 j=1i=1 (16)
n-1 n-1 m
m, =2 m; :szlmm’
j=1 j=1 i=1
n-1 n-1
af: asz Xl(ajl+ﬂj+ll)
j=1 j=1
n-1 n-1 m
ﬂfz ﬂgj = le(ﬂjl+aj+ll)
j=1 j=1i=1 (17)

All analytical relationships required for the formation of a quality criterion for solving the comparator identification
problem under conditions of fuzzy initial data have been obtained. In order to satisfy the normalization condition (6) the

searched (target) set (Xl, Xoyeens Xm) must be chosen so that all fuzzy numbers §,-, j=12,..,n=1, should be non-positive.
It is clear that the requirement of non-positivity of fuzzy numbers &;, j=12,..,n=1, cannot be satisfied if the fuzzy

numbers F;, defining the values fj are defined on an infinite carrier. However, if fuzzy numbers are given on a compact

jiv
carrier, then the problem can be solved. Let, for example, fuzzy numbers Fji have a triangular membership function

0, Fj <my —ay,

F.—-(m: —a.
M’mji _aji < Fji < mji’
a;
u(Fy) =
! (m+ﬁji)_Fji
—— m. <F, <m. + S,
’8“ ji ji ji ji
ji
0, Fji>m;+8;.

In this case, the maximum value of the fuzzy number Fji is equal to My +ﬂji , and the maximum value of the number
Fi—Fi. is equal to My =m;,;+B; +a;.,;. Then the maximum possible value of &; on the set Xj,Xy,..., X is
determined by the following relation

m
éjmax = mxax[z X (mji —Mj; +ﬂji +aj+1,i):|
i1

(18)
Now the problem can be formulated as follows: find a set (Xl, Xy pemy Xm) , satisfying the system of equations
in (mji —mj, +ﬂji +aj+l,i)+A =0,
i=1 (19)
2 X =1 A>0.
(20)
X 20,20 i1=12.,m j=12.,n-1 21)

At the same time, the simultaneous fulfillment of conditions (19) and (21) ensures non-positivity of
ffj, J=12,..,n=1. In the system of equations (19)-(20), the number of unknowns exceeds the number of equations.
Therefore, a preliminary operation of complexing inequalities was carried out to bring the mathematical model of the
problem to a canonical form.
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Practice shows that uncertainty models formed using standard tools of fuzzy mathematics give an opportunity to obtain
an acceptable solution to a large number of possible problems. However, in many real-life situations the nature of
uncertainty is more complex than the usual one. In particular, when trying to describe the uncertainty of demand for fuzzy
numbers with a triangular membership function, it turns out that the values of the lower and upper boundaries of the
uncertainty interval, as well as the modal value of this fuzzy number cannot be determined accurately based on the results
of the source data statistical processing. These values, apparently, are also naturally to be considered fuzzy. To correctly
describe uncertainty in this case, it is advisable to use fuzzy numbers whose membership function parameters are also
defined in a fuzzy way [13]. The resulting numbers are called fuzzy numbers of type 2 (or fuzzy numbers of the second
order, or bi-fuzzy numbers). Correct rules for performing arithmetic operations on second-order fuzzy numbers are
proposed in [14,15]. Let us present those of them that will be used for the binary analogue of the objective function (19)

in the comparator identification problem. Let us introduce a couple of bi-fuzzy numbers F and F, , which are equal to
F=<m,a,p > F,=<m,a,p,>

m, =< mml,ocmi,ﬁ'm1 > a =< m%,oz%,ﬂa1 >,
Bi=<my,a,,pB,; >
m,=<m,.a, B, > a&=<m,a,,pB, >
Bo=<my . a,, B, >.
Then, in accordance with (14),
Z=F-F,=m,a,,p, >
m, =m-—m,=<m,.c,,B, >—
<M &y ﬁmz >=<M, s ﬂmz >,
o O =0 [
ﬂmz = ﬁml +am2;

a,=a,+ f =< mal,aal,ﬂal >+

m, =m, —m,

m,

<My ay, By >=<m, a, B, >
m, =m, +m,,a, =
=q, +ay, B, =B, +PB;
Bo=Ptra,=<m;a,, B, >+
+<m,,a, B, >=<my,a,,p, >
m, =m, +m,,a, =
=ay +aaz,ﬁﬂz :ﬁ/fl +ﬂa2.
The resulting relations define the parameters of the membership function of the bi-fuzzy number fl = Fl— Fz.
Relations for bi-fuzzy numbers &, =F; —F,;, j=12,..,n-1. will be written similarly. Let us now write down the result

of multiplying the number 51 by the constant X, . By means of using (14), it is easy to show that when multiplying a bi-

fuzzy number by a constant, a bi-fuzzy number will be obtained, all the parameters of the membership functions of which
will be equal to the corresponding parameters of the bi-fuzzy factor, multiplied by this constant. Then

A =Gx =< mA’aA’ﬂA >y
M, =<My, X, & X, By, % >
aA =< malxl’aalxl’ﬂalxl >,
By =< mﬁlxl'aﬂlxl’ﬂﬂlxl >

Finally, we obtain relations for calculating the parameters of the sum of bi-fuzzy numbers A, =& X . At the same time

m

m
A:;Ai :;(;xi =<m,,a,, S, >,

A =Gx =< mA.’aAa’ﬁAi >

As far as
=< mm/\i X; Oy, X\ 'BmA, X >,

=< m%l X Gy, X ﬂ%. >,

By, =<My X ap %, By >,
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then

m m
By =< Zmﬁ“ XwZ%\, X2 By % >
i=1 i=1

Now, similar to the previous one, let’s write down the maximum value ¢ i

m m m
Eimax = max[z My X+ B %+ D My X+
i=1 i=1 i=1

m

m
+Y B, % = mxale“mm + B, tmy + By }xi.
=

i=1

Then the problem is formed as follows: find a set X, i=12,.,m, that satisfies the system of equations

m

D0 (Mg, + By, My + By, )+A=0,

i=1 (22)
Y% =1 x>0, i=12.,m j=12.,n-1
i=1 (23)
It is clear that joint satisfaction of conditions (22), (23) ensures non-positivity &, ]=12,.,n=1 which is what was

required.

Discussing results of solving the problem of comparator identification under conditions of fuzzy initial data.
Comparator identification is a method for solving the problem of regression analysis, the purpose of which consists in
establishing the dependence of the explained variable on explanatory variables - factors influencing the explained
variable. The problem of comparator identification and the method for solving this problem have been developed and
applied in cases where, during collection of initial data, it is not possible to measure values of the explained variable, but
results of the experiments can be ranked. The work considers an important practical version of the comparator
identification problem, when measurements of the value of factors in each experiment are not clearly defined. Solving
this problem using traditional methods of regression analysis is impossible. The method proposed in the work reduces the
problem to solving a system of linear algebraic equations, the parameters of which are not clearly defined. For the case
when all fuzzy parameters are specified on a compact carrier, the method provides a solution to a fuzzy system of linear
algebraic equations. The proposed computational procedure has been developed and it can be applied in a situation where
uncertainty in the value of factors is described in terms of second-order fuzzy numbers.

A possible direction for further research consists in developing a method for solving the comparator identification
problem for the case when the initial data are not specified accurately [15].

Conclusions.

1. A correct formulation of the comparator identification problem is presented for the case when the initial data are
specified in terms of fuzzy mathematics. In this connection, to describe the membership functions of the corresponding
fuzzy numbers, functions of (L — R) type are selected.

2. A criterion for the effectiveness of solving the problem is proposed, based on the calculation of the membership
functions of the experimental results.

3. Developed has been a method for solving the problem of comparator identification when the initial data are fuzzy
numbers of the (L — R) type. The proposed method is generalized to the case when the initial data are second-order fuzzy
numbers.
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Abstract. The software development life cycle (SDLC) has seen the evolution of numerous models, each tailored to
meet specific project needs. Among these, the Waterfall Model has been a longstanding, traditional approach,
characterized by its linear and sequential phases. In contrast, the PcD.UcT Model, a relatively newer framework,
advocates for a more iterative and user-centered approach. This paper presents a comprehensive review of the Waterfall
Model, evaluating its strengths and limitations in modern software development. It contrasts these findings with the
PcD.UcT Model, analyzing how its principles better align with contemporary project demands, particularly in terms of
flexibility, user engagement, and iterative refinement. Through this comparative analysis, the paper aims to provide
insights into the applicability and effectiveness of each model, offering guidance for software development teams in
choosing the appropriate methodology for their projects. Since the waterfall development methodology, the key
requirements in system development strategies have shifted from processes to users. Because the process as well as the
customers are both equally important, employing either a predictive or an adaptive methodology is extremely difficult.
The primary goal of this work is mainly combining and then evaluating all the relevant methodologies in order to create
a HydroGIS that accurately automates the complexities of the hydrology process in a HydroGIS environment while
meeting all user requirements.

Anomauin. Kummeesuii yuxn po3pobku npoepamuoco 3abesneuenns (SDLC) 6auue egonioyiro yuciennux mooenetl,
KOJICHA 3 AKUX a0anmogana 07 3a00801eHHs KOHKpemHux nompe6b npoexmy. Ceped Hux mooenb 6000Cnady € OA8HiM
MPaouyitiHum nioXo00M, AKUlL XapaKmepuzyemovcs JHIUHUMU ma nocrioosnumu gazamu. Haenaxu, modenv PcD.UcT,
BIOHOCHO HOBIUWLA CIMPYKIYPA, BUCTIYRAE 3a OibU TMepamusHull i OpieHMo8anull Ha Kopucmysada nioxio. [{s cmamms
npeodCcmasusie KOMIIEKCHU 02150 MOOei 6000CNAdy, OYIHIOIOYY T CUTbHI CIOPOHU MA 0OMEJICeHHs. 8 CYUACHIU pO3pooyi
npoepamtozo 3abesneuenns. Bin nopienioe yi eucnosku 3 moodennto PcD.UcT, ananizyrouu, sk i npunyunu kpauwje
V320001CYIOMbCS 3 BUMO2AMU CYHACHO20 NPOEKMY, 30KpeMa 3 MOYKU 30pY SHYYKOCHI, 3AIV4eHHS. KOPUCMY8AYi8 mda
imepayitino2o 800CKOHANEHHSA. 3a80AKU YbOMY NOPIGHSNbHOMY AHANIZY Y CIAMMmMs MA€E HA Memi Ha0amu po3yMiHHs
3aCMOCOBHOCIE MA eHEeKMUBHOCHL KONCHOT MOO€i, NPONOHYIOUU KEPIGHUYMEO O/l KOMAHO PO3POOHUKIE NPOSPAMHO20
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