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Object of research: a nonlinear separable transportation problem with fuzzily specified
input data is considered. The conditional optimization problem is transformed into an
unconstrained one. The solution process employs a composite criterion with its value dependent
on the membership functions of the fuzzy parameters. The computational optimization
procedure is organized in accordance with the Nelder-Mead method.
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Introduction. Numerous problems in engineering, economics, military
science, sociology, and other fields lead to a uniform model consisting in finding
a set of two-index decision variables that minimize an additive nonlinear
separable objective function subject to a system of linear constraints on the
variables. For example, consider the problem of minimizing the total cost of

transporting a homogeneous product from a given set of m suppliers who have

the product available in amounts a4, a,, ..., a,,, to a system of n consumers
requesting this product in quantities by, by,..., by. The cost of transporting x;;
units of the product from the i - th supplier to the j -th customer is determined

by the function ¢;; (xi j). In this case, the formal model of the problem can be

written as follows: find the set X = {xi j}, that minimizes the objective function

F(x) =X, 30 éij(xip) (D

And satisfying the constraints

Z’;:lxij = a;, [ = 1,2,...,m, (2)

© Raskin L., Ivanchykhin Y., Hatunov A., Pryshchepa I., 2026

30



BicHuk HauyioHanbHo20 mexHiyHo20 yHisepcumemy "XII', 2026, Ne 2 (16)
ISSN 2079-0031 (Print) ISSN 2411-0558 (Online)

Zﬁlx”:bj,j=1,2,...,n, (3)

x;=20,i=12,....mj=12,...,n 4)

The resulting problems are successfully solved using a methodology
based on decomposing the original two-index problem into a set of single-index
problems [1]. At the same time, significant difficulties arise when the
parameters of the objective function (1) cannot, for objective reasons, be
precisely determined and, accordingly, must be described, for example, in terms
of fuzzy mathematics [2 — 7]. Let us consider a methodology for solving such
problems in the special case where the parameters of the objective function in a
two-index problem are fuzzily specified [8].

Data and methods. We formulate a mathematical programming problem
with an additive separable nonlinear two-index objective function with fuzzy
parameters and linear transportation-type constraints (2) — (4) [9].

Let, for definiteness, the components of the objective function (1) be of
the following form

gbij(xl-j) cux”,pe(Ol) i=12,....mj=12,...,n,

where ¢;; parameters are fuzzy numbers with the membership function

i) C(JO) 2
H(Cij) = exp{ Q} (5)

20'11-

In this connection the objective function takes the following form

F(X)=Zl 12 =1CijX l] (6)

The problem is formulated as follows: find the setX = {xl- j}
that minimizes (6), taking into account (5), and satisfies the constraints (2) — (4).
The traditional methodology for solving such problems consists of transforming
the original fuzzy mathematical programming problem into a crisp one as
follows [4—6]. Let us choose a number a € (0; 1)such that the inequality
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sup/,t(ci j) > aholds for all membership functions of the fuzzy parameters of
Cij
the objective function.

Then, in order to obtain a solution X whose degree of non-dominance is
at least @, it is sufficient to solve the following mathematical programming
problem: find the sets X = {xi j} and C = {ci j} that minimize (6), satisfy the

constraints (2) — (4) and, in addition, the constraints

e
u(ej) =expi—+——=L~t>a,i=12,...mj=12,...,n. (7)

Zoizj

The drawbacks of this approach are fairly obvious: the increasing
dimensionality of the problem, possible distortion of the original problem, and
the lack of definiteness in choosing the parameter a. In this regard, an
alternative procedure for solving the problem (2) — (6) is considered.

We formulate the following composite objective function. First, we
introduce

Gi(x) =a; — Z;lzlxij, i=12,...,m,
Hi(x) =b;j —¥Z1x;5,j = 12,...,n,

M(x) = i Zn: p(xi;)

i=1 j=1
and then we define

FOO)+XE, G () +3]; H (x)

W = = . ®

It is clear that reducing the values of the terms in the numerator of W(x)
and increasing the values in the denominator will lead to a decrease in (8), as
required.

To optimize the proposed objective function, it is suggested to use an
efficient optimization procedure based on the Nelder-Mead method, which is
described in detail in the literature source [10].

32



BicHuk HauyioHanbHo20 mexHiyHo20 yHisepcumemy "XII', 2026, Ne 2 (16)
ISSN 2079-0031 (Print) ISSN 2411-0558 (Online)

Conclusions. A method for solving nonlinear separable transportation
problems has been developed and implemented. The computational procedure
has been extended to the case where the input data are fuzzily specified.
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OO0'exT MOCIIIDKEHHS: PO3INISIHYTO HENiHIiHY cemapa0enbHe TpaHCHOPTHY 3ajgady 3

HEUiTKO 3aJaHAMH BUXITHAMH [aHUMH. 3agady yMOBHOI ONTHMI3amii MEpeTBOPEHO Ha
6e3ymoBHy. [Ipy BupilIeHHI BUKOPUCTAHO KOMIUIEKCHUI KPUTEPii, 3HAUEHHS SKOT'O 3AJIC)KUTh
Bil (YHKIIA HaNe)KHOCTI HEUITKUX mapaMeTpiB 3amadi. OOYNCITIOBANBHY TPOLEAYPY
ONTHUMI3aIlil OpraHi30BaHO BiAMOBIAHO 10 MeToay Hemnepa-Mina.
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