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FUZZY MULTI-INDEX NONLINEAR TRANSPORTATION 

PROBLEMS 
 

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 𝑎1, 𝑎2, …, 𝑎𝑚, to a system of 𝑛 consumers 

requesting this product in quantities 𝑏1, 𝑏2,…, 𝑏𝑛. The cost of transporting 𝑥𝑖𝑗 

units of the product from the 𝑖 - th supplier to the 𝑗 -th customer is determined 

by the function 𝜙𝑖𝑗(𝑥𝑖𝑗). In this case, the formal model of the problem can be 

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

 𝐹(𝑥) = ∑ ∑ 𝜙𝑖𝑗(𝑥𝑖𝑗)𝑛
𝑗=1

𝑚
𝑖=1  (1) 

And satisfying the constraints  

 

 ∑ 𝑥𝑖𝑗
𝑛
𝑗=1 = 𝑎𝑖, 𝑖 = 1,2, . . . , 𝑚,  (2) 
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 ∑ 𝑥𝑖𝑗
𝑚
𝑖=1 = 𝑏𝑗, 𝑗 = 1,2, . . . , 𝑛, (3) 

 𝑥𝑖𝑗 ≥ 0, 𝑖 = 1,2, . . . , 𝑚, 𝑗 = 1,2, . . . , 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 

𝜙𝑖𝑗(𝑥𝑖𝑗) = 𝑐𝑖𝑗𝑥𝑖𝑗
𝑝 , 𝑝 ∈ (0,1),  𝑖 = 1,2, . . . , 𝑚, 𝑗 = 1,2, . . . , 𝑛, 

 

where 𝑐𝑖𝑗 parameters are fuzzy numbers with the membership function 

 𝜇(𝑐𝑖𝑗) = 𝑒𝑥𝑝 {−
(𝑐𝑖𝑗−𝑐𝑖𝑗

(0)
)

2

2𝜎ij
2 }. (5) 

 

In this connection the objective function takes the following form 

 𝐹(𝑥) = ∑ ∑ 𝑐𝑖𝑗𝑥𝑖𝑗
𝑝𝑛

𝑗=1
𝑚
𝑖=1 . (6) 

 

The problem is formulated as follows: find the set𝑋 = {𝑥𝑖𝑗} 

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 𝛼 ∈ (0; 1)such that the inequality 
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𝑠𝑢𝑝
𝑐𝑖𝑗

𝜇(𝑐𝑖𝑗) ≥ 𝛼holds for all membership functions of the fuzzy parameters of 

the objective function. 

Then, in order to obtain a solution 𝑋 whose degree of non-dominance is 

at least 𝛼, it is sufficient to solve the following mathematical programming 

problem: find the sets 𝑋 = {𝑥𝑖𝑗} and 𝐶 = {𝑐𝑖𝑗} that minimize (6), satisfy the 

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

 𝜇(𝑐𝑖𝑗) = 𝑒𝑥𝑝 {−
(𝑐𝑖𝑗−𝑐𝑖𝑗

(0)
)

2

2𝜎𝑖𝑗
2 } ≥ 𝛼, 𝑖 = 1,2, . . . , 𝑚, 𝑗 = 1,2, . . . , 𝑛. (7) 

 

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 𝛼. 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) = 𝑎𝑖 − ∑ 𝑥𝑖𝑗
𝑛
𝑗=1 , 𝑖 = 1,2, . . . , 𝑚, 

𝐻𝑗(𝑥) = 𝑏𝑗 − ∑ 𝑥𝑖𝑗
𝑚
𝑖=1 , 𝑗 = 1,2, . . . , 𝑛, 

𝑀(𝑥) = ∑ ∑ 𝜇(𝑥𝑖𝑗

𝑛

𝑗=1

𝑚

𝑖=1

) 

 

and then we define  
 

  𝑊(𝑥) =
𝐹(𝑥)+∑ 𝐺𝑖

2(𝑥)+∑ 𝐻𝑗
2(𝑥)𝑛

𝑗=1
𝑚
𝑖=1

𝑀(𝑥)
. (8) 

 

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]. 
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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. 
 

References:  

1. Abd Elazeem, A.E.M., Mousa, A.A.A., El-Shorbagy, M.A., Elagan, S.K. and Abo-Elnaga, 

Y. (2021). Detecting All Non-Dominated Points for Multi-Objective Multi-Index 

Transportation Problems. Sustainability, 13(3), p.1372. 

doi:https://doi.org/10.3390/su13031372.  

2. Ahmad, F. and Adhami, A.Y. (2018). Neutrosophic programming approach to multiobjective 

nonlinear transportation problem with fuzzy parameters. International Journal of Management 

Science and Engineering Management, 14(3), pp.218–229. 

doi:https://doi.org/10.1080/17509653.2018.1545608.  

3. Chhibber, D., Srivastava, P.K. and Bisht, D.C.S. (2021). From fuzzy transportation problem 

to non-linear intuitionistic fuzzy multi-objective transportation problem: A literature review. 

International Journal of Modelling and Simulation, 41(5), pp.335–350. 

doi:https://doi.org/10.1080/02286203.2021.1983075.  

4. Joshi, V.D., Sharma, M., Čepová, L., Alsaud, H. and Kalita, K. (2025). Enhance triangular 

fuzzy parametric framework for solid multi objective transportation problem with split decision 

variables. Scientific Reports, 15(1). doi:https://doi.org/10.1038/s41598-025-10949-4.  

5. Lagarias, J.C., Reeds, J.A., Wright, M.H. and Wright, P.E. (1998). Convergence Properties 

of the Nelder--Mead Simplex Method in Low Dimensions. SIAM Journal on Optimization, 9(1), 

pp.112–147. doi:https://doi.org/10.1137/s1052623496303470.  

6. Mahmoodirad, A. and Niroomand, S. (2023). A heuristic approach for fuzzy fixed charge 

transportation problem. Journal of Decision Analytics and Intelligent Computing, 3(1), pp.139–

147. doi:https://doi.org/10.31181/jdaic10005092023m.  

7. Miah, Md.M., AlArjani, A., Rashid, A., Khan, A.R., Uddin, Md.S. and Attia, E.-A. (2023). 

Multi-objective optimization to the transportation problem considering non-linear fuzzy 

membership functions. AIMS Mathematics, 8(5), pp.10397–10419. 

doi:https://doi.org/10.3934/math.2023527.  

8. Palanivel Kaliyaperumal and Das, A. (2022). A Mathematical Model for Nonlinear 

Optimization Which Attempts Membership Functions to Address the Uncertainties. 

Mathematics, 10(10), pp.1743–1743. doi:https://doi.org/10.3390/math10101743.  

9. Rishabh Rishabh and Das, K.N. (2025). A fusion of decomposed fuzzy based decision-

making and metaheuristic optimization system for sustainable planning of urban transport. 

Knowledge-Based Systems, 324, pp.113823–113823. 

doi:https://doi.org/10.1016/j.knosys.2025.113823.  

10. Shivani and Rani, D. (2023). Solving non-linear fixed-charge transportation problems using 

nature inspired non-linear particle swarm optimization algorithm. Applied Soft Computing, 

[online] 146, p.110699. doi:https://doi.org/10.1016/j.asoc.2023.110699. 

 

The article was presented by Dr.Sci.Tech., Prof., NTU "KhPI" Petro Kachanov. 
 

Надійшла (received) 21.12.2025 

Стаття прийнята до друку 15.01.2026 

Опублікована 27.03.2026 

 



 

Вісник Національного технічного університету "ХПІ", 2026, № 2 (16) 

ISSN 2079-0031 (Print)  ISSN 2411-0558 (Online)  

 

 

 

 
34 

Raskin Lev, Dr.Sci.Tech. 

National Technical University "Kharkiv Polytechnic Institute" 

Str. Kyrpychova, 2, Kharkiv, Ukraine, 61000 

Tel.: (050) 634-30-60, e-mail: topology@ukr.net  

ORCID ID: 0000-0002-9015-4016 

Ivanchykhin Yuriy, PhD 

National Technical University "Kharkiv Polytechnic Institute" 

Str. Kyrpychova, 2, Kharkiv, Ukraine, 61000 

Tel.: (067) 996-83-69, e-mail: iwanywed@gmail.com 

ORCID ID: 0000–0002–3999–6541 

Hatunov Artur, master. 

National Technical University "Kharkiv Polytechnic Institute" 

Str. Kyrpychova, 2, Kharkiv, Ukraine, 61000 

Tel.: (098) 251-31-02, e-mail: gatunovartur@gmail.com  

ORCID ID: 0009-0006-4444-3817 

Prishchepa Ihor, master. 

National Technical University "Kharkiv Polytechnic Institute" 

Str. Kyrpychova, 2, Kharkiv, Ukraine, 61000 

Tel.: (099) 314-29-28, e-mail: ihprishchepa@gmail.com  

ORCID ID: 0009-0009-0143-1519 

 

. 



 

Вісник Національного технічного університету "ХПІ", 2026, № 2 (16) 

ISSN 2079-0031 (Print)  ISSN 2411-0558 (Online)  

 

 

 

 
35 

УДК 004.94 

Нечіткі багатоіндексні нелінійні транспортні задачі / Раскін Л.Г., 

Іванчихін Ю.В., Гатунов А.П., Прищепа I.В. // Вісник НТУ "ХПІ". Серія: Інформатика 

та моделювання. – Харків: НТУ "ХПІ". – 2026. – № 2 (16). – С. 30 – 35. 

Об'єкт дослідження: розглянуто нелінійну сепарабельне транспортну задачу з 

нечітко заданими вихідними даними. Задачу умовної оптимізації перетворено на 

безумовну. При вирішенні використано комплексний критерій, значення якого залежить 

від функцій належності нечітких параметрів задачі. Обчислювальну процедуру 

оптимізації організовано відповідно до методу Нелдера-Міда. 
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