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This paper addresses a nonlinear linear fractional programming (NLFP) 
problem characterized by parameter uncertainty. To effectively capture 
imprecision in the model, all coefficients in both the objective function and the 
constraints are represented using triangular q-rung orthopair fuzzy (q-ROF) 
numbers (q-ROFNs). The fuzzy formulation is then transformed into an 
equivalent crisp linear fractional programming model through the application 
of an appropriate score function. To solve the resulting deterministic model, 
a novel procedure based on the Fourier–Motzkin elimination technique is 
developed. The proposed method employs boundary analysis and provides a 
straightforward and computationally efficient alternative to classical 
approaches, such as the two-phase simplex method. Finally, a numerical 
example is included to illustrate the effectiveness and implementation steps 
of the proposed solution methodology, followed by concluding remarks.  
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1. Introduction 

Linear fractional programming problems (LFPPs) constitute a significant class of optimization 
models in operations research, particularly suited for real-world situations where performance is 
better assessed through ratios rather than absolute quantities. Such models arise naturally in 
applications including cutting-stock and blending problems, transportation and scheduling systems, 
production planning, and stochastic decision processes. 

In many practical environments, decision variables are evaluated in terms of efficiency measures 
such as cost–benefit ratios, output–input relationships, and productivity indices, where both 
numerator and denominator are linear functions. When the objective is expressed as a ratio of two 
linear functions subject to linear constraints, the resulting formulation is known as a linear fractional 
programming problem. LFPP can be regarded as an extension of classical linear programming, where 
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instead of optimizing a single linear objective, the focus shifts to maximizing efficiency. This 
perspective has also been strongly linked with relative efficiency evaluation frameworks such as data 
envelopment analysis (DEA), which has been widely applied in performance assessment across 
sectors including healthcare, education, banking, aviation, and public services [1]. 

A substantial body of literature has developed solution methodologies for LFPPs, particularly 
through transformations that convert fractional structures into equivalent linear programming 
forms. Early foundational ideas in fuzzy decision environments and fractional programming 
formulations established the theoretical basis for subsequent developments [2–4]. Following this, 
several algorithmic approaches were introduced, including simplex-based procedures and 
transformation techniques grounded in classical linear programming theory [5–7]. Alternative 
solution strategies, such as feasible direction methods, duality-based approaches, interval 
programming extensions, and decomposition techniques, were later proposed to handle different 
structural variations of LFPPs [8–13]. With the increasing presence of uncertainty in real-world 
systems, fuzzy linear fractional programming (FLFP) models have gained considerable attention, 
where imprecision in parameters is represented using fuzzy numbers and solved through 
defuzzification or ranking approaches. Further advancements include fully fuzzy, interval-valued, and 
tri-objective formulations designed to capture lower, middle, and upper bounds of uncertain 
parameters [14-15]. 

In more recent developments, LFPPs have been extended into advanced uncertainty modeling 
frameworks, including neutrosophic and various orthopair fuzzy environments, enabling more 
flexible representation of indeterminate and inconsistent information [16–22]. In particular, q-ROF 
sets (q-ROFSs) and their extensions have attracted significant attention due to their higher expressive 
capacity compared to intuitionistic and Pythagorean fuzzy sets. A wide range of aggregation 
operators, distance measures, and decision-making models have been developed under this 
framework to improve handling of uncertainty in complex systems [23–31]. Further contributions 
include advanced fuzzy aggregation techniques, linguistic extensions, Bonferroni-type operators, 
improved group decision-making strategies, graph-based models, and tensor-based approaches, all 
aimed at enhancing flexibility and accuracy in multi-criteria decision environments [32–46]. 

 
1.1 Research Gap 

Existing literature shows that LFPPs have been widely studied under classical, interval, 
neutrosophic, and fuzzy environments. However, most approaches depend on crisp transformations 
or simple-based and aggregation techniques, which are limited in handling higher-order uncertainty. 
Although neutrosophic and q-ROF frameworks improve uncertainty modeling, their integration into 
LFPPs remains limited, particularly in unified and computationally efficient forms. Moreover, existing 
methods are often iterative and computationally intensive, making them less suitable for large-scale 
or highly uncertain problems. Only a few studies consider transforming q-ROF fractional models into 
scalar forms using score functions with elimination techniques. In addition, the Fourier–Motzkin 
elimination method [47] has not been adequately explored for q-ROF LFPPs, indicating a 
methodological gap in developing boundary-based and efficient solution strategies. Hence, there is 
a need for an integrated framework combining triangular q-ROF modeling with efficient 
transformation and elimination techniques to reduce computational complexity while ensuring 
solution accuracy. 

 
1.2 Contributions to the Paper 

The main contributions of this study are summarized as follows: 
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i. This study investigates a linear fractional programming problem (FPP) under uncertainty, 
formulated as a nonlinear FPP (NLFPP).  

ii. All parameters in the objective function and constraints are modeled using triangular q-ROFNs 
to effectively handle uncertainty and imprecision.  

iii. A score function is employed to convert the fuzzy optimization model into an equivalent 
scalar linear FPP.  

iv. A novel solution approach based on the Fourier–Motzkin elimination technique [47] is 
developed to obtain the optimal solution of the transformed model.  

v. The proposed framework is grounded in boundary-based analysis, making it systematic, 
transparent, and easy to implement.  

vi. Compared with classical approaches such as the two-phase simplex method, the proposed 
method is computationally more efficient and reduces computational burden. 

 
1.3 Structure of the paper 

This section is organized as follows. Section 2 presents the preliminary concepts and foundational 
definitions required for the development of the proposed framework. Section 3 formulates the linear 
fractional programming (LFP) problem under triangular q-ROFNs, establishing the mathematical 
model under uncertainty. Section 4 develops the proposed solution procedure for solving the 
formulated model in a systematic manner. Section 5 provides a numerical example to illustrate and 
clarify the step-by-step implementation of the solution approach. Section 6 evaluates the 
performance of the proposed algorithm by discussing its strengths and limitations. Section 7 presents 
a detailed discussion of the results obtained and their implications. Finally, Section 8 concludes the 
paper and highlights future research directions. 
2. Preliminaries 

 This section outlines the key concepts and fundamental notions associated with q-ROFNs. It also 
describes the basic operational rules and introduces the ranking mechanism employed for their 
evaluation and comparison. 

Definition 1. Consider 𝐻 be a finite set and let 𝜁 be an arbitrary component of 𝐻. A fuzzy set (FS) 

[48], 𝐴̃ on 𝐻 is characterized by the collection 

𝐴̃ = {(𝑥, 𝜇𝐴̃(𝑥)) ∣ 𝑥 ∈ 𝐻}, 
here 𝜇𝐴̃(𝜁):𝐻 → [0,1]. This value represents the degree to which 𝑥 belongs to the fuzzy set 𝐴̃, 

and 𝜇𝐴̃ is known as the MD. 

Definition 2. Let 𝑅represent the set of real numbers. A fuzzy set 𝐴̃defined on 𝑅, characterized by 
a membership function (MF) 𝜇𝐴̃: 𝑅 → [0,1], is termed as a fuzzy number (FN) , [48],  provided that 
the following properties are satisfied: 

Normality: There exists at least one point 𝑥0 ∈ 𝑅for which  𝜇𝐴̃(𝑥
0) = 1. 

Convexity: For any 𝑥, 𝑦 ∈ 𝑅and any 𝛾 ∈ [0,1], the MF obeys 𝜇𝐴̃(𝛾𝑥 + (1 − 𝛾)𝑦) ≥

min(𝜇𝐴̃(𝑥), 𝜇𝐴̃(𝑦)). 

Piecewise Continuity: The function 𝜇𝐴̃(𝑥)is piecewise continuous across the domain𝑅. 
Definition 3. Consider a universe of discourse 𝐻. A q-ROF set [4], symbolized by Δ, is defined as 

Δ = {⟨𝑥, 𝜇Δ(𝑥), 𝜈Δ(𝑥)⟩ ∣ 𝑥 ∈ 𝐻},  where the mappings 𝜇Δ: 𝐻 → [0,1]and 𝜈Δ: 𝐻 → [0,1]denote the 
MD and non-MDs (NMD) of the element𝑥, respectively. These degrees must satisfy the restriction 
0 ≤ (𝜇Δ(𝑥))

𝑞 + (𝜈Δ(𝑥))
𝑞 ≤ 1, 𝑞 ≥ 1, the hesitancy degree corresponding to 𝑥is expressed as𝜒Δ =

(1 − (𝜇Δ)
𝑞 − (𝜈Δ)

𝑞))1/𝑞 . 



Management Science Advances 

Volume 00, Issue 00 (2026) 1-11 

4 
 

 

  The membership space q-ROF set for different values of 𝑞 is presented in Figure 1. 

 
Fig. 1. Diagrammatic representation of q- ROFN 

 
Definition 4. A triangular q-ROFN (TQROPFN) [35]can be expressed as 

Θ̃𝑄𝑅𝐹 = ⟨(𝑎1, 𝑎2, 𝑎3);𝜛, ξ⟩ 
Where the real-valued parameters satisfy 𝑎1 ≤ 𝑎2 ≤ 𝑎3. The MF and non-MF are described 

through piecewise functions defined over the real line: 

𝜛Θ̃𝑄𝑅𝐹(x) =

{
 
 

 
 (

𝑥 − 𝑎1
𝑎2 − 𝑎1

)𝜛, 𝑥 ∈ [𝑎1, 𝑎2),

𝜛, 𝑥 = 𝑎2,

(
𝑎3 − 𝑥

𝑎3 − 𝑎2
)𝜛, 𝑥 ∈ [𝑎2, 𝑎3),

0, otherwise,

 

    𝜉Θ̃𝑄𝑅𝐹(x) =

{
 
 

 
 (

𝑎3−𝑥

𝑎3−2
) 𝜉, 𝑥 ∈ [𝑎1, 𝑎2),

ξ, 𝑥 = 𝑎2,

(
𝑎3−𝑥

𝑎3−2
) 𝜉, 𝑥 ∈ [𝑎2, 𝑎3),

1, otherwise,

 

 
Where 𝜇𝑎 and 𝜈𝑎 represent the highest admissible MD and NMDs, respectively. These parameters 
belong to the interval [0,1] and must satisfy the orthopair condition 

(𝜛Θ̃𝑄𝑅𝐹)
𝑞
+ (𝜉Θ̃𝑄𝑅𝐹)

𝑞
≤ 1 

The quantities 𝜛and 𝜉 quantify the degrees of support and opposition inherent in the fuzzy 
representation (𝜛𝑞 + 𝜉𝑞 ≤ 1). 

Definition 5. Consider two triangular q-ROFNs (TQROPFNs) 

∆̃𝑄𝑅𝐹= ⟨(𝛾1, 𝛾2, 𝛾3); 𝜇∆̃, 𝜈∆̃⟩and  ∇̃𝑄𝑅𝐹= ⟨(𝜆1, 𝜆2, 𝜆3); 𝜇∇̃, 𝜈∇̃⟩ 
The fundamental operational laws for these FNs [35] are defined as follows: 
i. Addition 

∆̃𝑄𝑅𝐹⊕ ∇̃𝑄𝑅𝐹= ⟨(𝛾1 + 𝜆1, 𝛾2 + 𝜆2, 𝛾3 + 𝜆3); (𝜇∆̃
𝑞
+ 𝜇

∇̃

𝑞
− 𝜇

∆̃

𝑞
𝜇
∇̃

𝑞
)
1
𝑞 , 𝜈∆̃𝜈∇̃⟩ 

ii. Multiplication 
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∆̃𝑄𝑅𝐹⊗ ∇̃𝑄𝑅𝐹= ⟨(𝛾1𝜆1, 𝛾2𝜆2, 𝛾3𝜆3); 𝜇∆̃𝜇∇̃, (𝜈∆̃
𝑞
+ 𝜈

∇̃

𝑞
− 𝜈

∆̃

𝑞
𝜈
∇̃

𝑞
)
1
𝑞⟩ 

iii. Division 

∆̃𝑄𝑅𝐹

∇̃𝑄𝑅𝐹
= ⟨(

𝛾1
𝜆3
,  
𝛾2
𝜆2
,  
𝛾3
𝜆1
) ; 𝜇∆𝜇∇, (𝜈∆̃

𝑞
+ 𝜈

∇̃

𝑞
− 𝜈

∆̃

𝑞
𝜈
∇̃

𝑞
)
1
𝑞⟩ 

iv. Scalar Multiplication 

𝛿∆̃𝑄𝑅𝐹= ⟨(𝛿𝛾1, 𝛿𝛾2, 𝛿𝛾3); (1 − (1 − 𝜇∆
𝑞)𝛿)

1
𝑞 , 𝜈∇̃

𝛿⟩ , 𝛿 > 0 

v.  Power Operation 

   (∆̃𝑄𝑅𝐹)𝛿 = ⟨(𝛾1
𝛿 , 𝛾2

𝛿 , 𝛾3
𝛿); 𝜇∆

𝑘, (1 − (1 − 𝜈∆
𝑞)𝛿)

1/𝑞
⟩, 𝛿 > 0 

 

Definition 6. Let Δ̃𝑄𝑅𝐹 = ⟨(𝛾1, 𝛾2, 𝛾3); 𝜇∇̃, 𝜈∇̃⟩ denote a triangular q-ROFN (TQROPFN). The score 
function [35], which is used to assess and compare such FNs, is defined as 

     𝑆𝐶(Δ̃𝑄𝑅𝐹) =
(𝛾1+𝛾2+𝛾3)

8
(1 + 𝜇

Δ̃

𝑞
− 𝜈

Δ̃

𝑞
) 

Definition 7. Consider two TQROPFNs Δ̃𝑄𝑅𝐹 = ⟨(𝛾1, 𝛾2, 𝛾3); 𝜇Δ, 𝜈Δ⟩ and  
∇𝑄𝑅𝐹= ⟨(𝜆1, 𝜆2, 𝜆3); 𝜇∇, 𝜈∇⟩. The comparative relation between these q-ROFNs [35] is established 

through their score values. Specifically, ∆𝑄𝑅𝐹 is regarded as superior (or inferior) to ∇𝑄𝑅𝐹 if 
𝑆𝐶(∆𝑄𝑅𝐹) > 𝑆𝐶(∇𝑄𝑅𝐹)(or 𝑆𝐶(∆𝑄𝑅𝐹) < 𝑆𝐶(∇𝑄𝑅𝐹)).  

The two FNs are considered equivalent whenever their score functions coincide, that is, 
𝑆𝐶(∆𝑄𝑅𝐹) = 𝑆𝐶(∇𝑄𝑅𝐹). 

 
3. Problem Statement and solution concepts 

 A general form of LFPP can be formulated as follows: 

 𝑚𝑎𝑥 𝐹(𝑥) =
𝑃(𝑥)

𝑄(𝑥)
=

𝑐𝑡𝑥+𝜍

𝑑𝑡𝑥+𝜚
 

Subject to 
 𝑥 ∈ 𝛥 = {𝑥 ∈ ℝ𝑛: ℎ(𝑥) = 𝐴𝑥 − 𝑏 ≤ 0, 𝑥 ≥ 0}. 
Where, c, d ∈ ℝn; b ∈ ℝm; A ∈ ℝm×n, and ς, ϱ ∈ ℝ. 
A linear FPP with  fully triangular Q- rung orthopair FN can be formulated as 

(P1)  𝑚𝑎𝑥 𝑍̃𝑄𝑅𝐹 =
(𝑐̃𝑄𝑅𝐹)

𝑇
𝑥𝑗⊕𝜍̃

𝑄𝑅𝐹

(𝑑̃𝑄𝑅𝐹)
𝑇
𝑥𝑗⊕𝜚̃

𝑄𝑅𝐹
, 𝑗 = 1, 2, … , 𝑛 

  Subject to  

𝑋̃𝑄𝑅𝐹 = {∑ 𝑎̃𝑖𝑗
𝑄𝑅𝐹𝑥𝑗(≤,=,≥)𝑏̃𝑖

𝑄𝑅𝐹, 𝑖 = 1,2, … ,𝑚; 𝑥𝑗 ≥ 0, 𝑗 = 1, 2, … , 𝑛 𝑛
𝑗=1 }                                   

Assume that d̃QRFxj⊕ ϱ̃QRF ≻ 0; ∀𝑗,    ∅ = X̃QRF represents the feasible domain. 

Definition 8. The 𝑥𝑗 which satisfies the condition in problem P1 is called a  triangular Q- rung 

orthopair fuzzy optimization solution. Furthermore, if 𝑥𝑗 is a triangular Q- rung orthopair fuzzy vector 

on its feasible domain, then it is said to be  triangular Q- rung orthopair fuzzy optimization solution 
of problem P1. 

Based on the score function definition, P1 is converted into 

(P2)  max Z =
cj
Txj+ς

dj
Txj+ϱ

, j = 1, 2, … , n 

  Subject to  

𝑋 = {∑ 𝑎𝑖𝑗𝑥𝑗(≤,=,≥)𝑏𝑖, 𝑖 = 1,2, … ,𝑚; 𝑥𝑗 ≥ 0, 𝑗 = 1, 2, … , 𝑛 𝑛
𝑗=1 }                                                 
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A triangular Q- rung orthopair FNs are used to represent uncertainty and indeterminacy in 
this problem. They extend the traditional real numbers to handle vague and imprecise 
information, making NLFP suitable for real- world decision- making scenarios where precise 
data may be lacking. 
4. Solution procedure 

   In this section, solution technique to obtain triangular Q- rung orthopair fuzzy solution is 
introduces which is based on the Fourier- Motzkin Elimination Method [47]. 

Step1: Formulate P1. 
Step 2: Apply the score function definition to obtain P2. 
Step 3: Solve P2 using the Fourier- Motzkin Elimination Method [47].  
Rewrite P2 as follows: 

(P3)  max Z =
cj
Txj+ς

dj
Txj+ϱ

, j = 1, 2, … , n. 

Subject to 

    (c𝑗
𝑇𝑥𝑗 + 𝜍)𝑍 − (d𝑗

𝑇xj + ϱ)𝑍 ≥ 0, 𝑗 = 1,2, … , 𝑛, 

   −(c𝑗
𝑇𝑥𝑗 + 𝜍)𝑍 + (d𝑗

𝑇xj + ϱ)𝑍 ≥ 0, 𝑗 = 1,2, … , 𝑛,    

    −∑ a𝑖𝑗xj ≥ −b𝑖, i = 1,2, … ,m,
n
j=1  

xj ≥ 0, j = 1, 2, … , n. 

After having three classes of  xj ≥ 0, j = 1, 2, … , n, combine the inequalities and reduce them one 

by one that’s by iteration. A triangular Q- rung orthopair fuzzy are used to represent uncertainty and 
indeterminacy in this problem. They extend the traditional real numbers to handle vague and 
imprecise information, making LFP suitable for  real- world decision- making scenarios where precise 
data may be lacking. 

Remark 1. In the case of 0 ≥ 𝑑 and 𝑑 is positive, then we have infeasible solution otherwise the 
solution is feasible. 

 

5. Numerical Example 
Consider the following problem 

max 𝑍̃𝑄𝑅𝐹 =
[(7, 9, 11 ); (0.5, 0.3  )𝑞]𝑥1 + [(5, 6, 7 ); (0.3, 0.2  )

𝑞]𝑥2
[(7, 9, 11 ); (0.5, 0.3  )𝑞]𝑥1 + [(3, 4, 5 ); (0.3, 0.1  )𝑞]𝑥2 + [(1, 2,3 ); (0.3, 0.1)𝑞]

 

  Subject to  (4) 
    [(5, 6, 7 ); (0.3, 0.2  )𝑞]𝑥1 + [(7, 9, 11 ); (0.5, 0.3  )

𝑞]𝑥2 ≼ [(18, 20, 22 ); (0.8, 0.1)
𝑞],     

 [(7, 9, 11 ); (0.5, 0.3  )𝑞]𝑥1 + [(3, 4, 5 ); (0.3, 0.1  )
𝑞]𝑥2 ≼ [(17, 18,19 ); (0.5, 0.1  )

𝑞],    
𝑥1, 𝑥2 ≥ 0. 

Step 2: The above problem with 𝑞 = 3, becomes 

   max𝑍 =
4.941𝑥1+3.057𝑥2

4.941𝑥1+2.052𝑥2+1.026
 

   Subject to  
 2.052𝑥1 + 4.941𝑥2 ≤ 15.11,     
 4.941𝑥1 + 2.052𝑥2 ≤ 10.116,     (1) 
  𝑥1, 𝑥2 ≥ 0. 
Step 3: Problem (1) becomes 
   max𝑍 
   Subject to  
(4.941𝑥1 + 2.052𝑥2 + 1.026)𝑍 + (4.941𝑥1 + 3.057𝑥2)𝑍 + 𝑍 ≥ 0,        
−(4.941𝑥1 + 2.052𝑥2 + 1.026)𝑍 − (4.941𝑥1 + 3.057𝑥2)𝑍 − 𝑍 ≥ 0,    
−3.057𝑥1 − 4.941𝑥2 ≥ −15.11,     
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−4.941𝑥1 − 2.052𝑥2 ≥ −10.116, 𝑥1, 𝑥2 ≥ 0. 
The previous problem  can be rewritten as 
   max𝑍 
   Subject to   4.941(𝑍 − 1)𝑥1 + (2.052𝑍 − 3.057)𝑥2 + 𝑍 ≥ 0, 
− 4.941(𝑍 − 1)𝑥1 − (2.052𝑍 − 3.057)𝑥2 − 𝑍 ≥ 0,    
    −3.057𝑥1 − 4.941𝑥2 ≥ −15.11,   (2)  
    −4.941𝑥1 − 2.052𝑥2 ≥ −10.116, 
  𝑥1, 𝑥2 ≥ 0. 

  Now, assume that the bound of  1 ≤ 𝑍 <
3.057

2.052
, then equatins of (2) become 

−𝑥1 +
2.052𝑍−3.057

4.941(𝑍−1)
𝑥2 −

𝑍

4.941(𝑍−1)
≥ 0,   

𝑥1 +
2.052𝑍−3.057

4.941(𝑍−1)
𝑥2 +

𝑍

4.941(𝑍−1)
≥ 0,  

    −𝑥1 −
4.941

3.057
𝑥2 ≥ −4.941,    (3)   

    −𝑥1 −
2.052

4.941
𝑥2 ≥ −2.052,    

  𝑥1 ≥ 0,     
  𝑥2 ≥ 0. 
Eliminate 𝑥1 from the system (3) to obtain 

−𝑥2 +
3.057𝑍

18.1405𝑍−15.0685
≥ −

74.634(𝑍−1)

18.1405𝑍−15.0685
 , 

−𝑥2 + 𝑍 ≥ −10(𝑍 − 1) ,  

𝑥2 −
𝑍

2.052𝑍 − 3.057
≥ 0, 

−𝑥2 ≥ −3.052,  (4)  
 −𝑥2 ≥ −4.941,  
 𝑥2 ≥ 0. 

Equations (4) after eliminating 𝑥2 become 

𝑍 ≥
74.634

77.691
 ,𝑍 ≥

10

11
,  

𝑍 ≤
9.345

7.273
,  

𝑍 ≤
15.105

10.139
,     

−177𝑍2 + 440𝑍 − 228 ≥ 0,  
22.572𝑍2 − 47.042𝑍 + 30.57 ≥ 0,     

It’s obvious that the optimum value is 𝑍 =
9.345

7.273
, at  𝑥1 = 0 and 𝑥2 = 3. 

By utilizing q- rung arithmetic operations, the q- rung orthopair fuzzy optimal solution is 

Z̃QRF = [(
(15,17,19 )

(9,12,14 )
) ; (0.4. 0.1)𝑞] = [(

15

14
,
17

12
,
19

9
) ; (0.4, 0.1)] at 𝑥1 = [(0, 0,0 ); (0.1, 0.1  )𝑞] and  

  𝑥2 = [(5, 6, 7 ); (0.3, 0.2  )𝑞]. 
 
6. Evaluation of the Proposed Algorithm’s Strengths and Limitations 

A primary strength of the proposed approach lies in its innovative integration triangular Q- rung 
orthopair fuzzy analysis, linear fractional optimization, Fourier-Motzkin elimination method, and 
decision-maker expertise. The proposed method integrates a parametric study for efficient search 
space exploration with a linear fractional analysis that ranks alternatives based on the decision 
maker’s (DM) preferences, explicitly including the DM’s judgment in the evaluation. Nevertheless, 
implementing the proposed algorithm in real-world scenarios may involve certain limitations, 
including: 
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The method is limited in that it cannot account for all possible scenarios within the infinite 
parametric space. However, it is important to recognize that no existing approach can effectively 
address problems involving an infinite scenario domain.  

It is not possible to establish a single standardized technique for identifying the scenarios of 
interest to the decision maker (DM), as the DM’s perspectives and weighting preferences differ 
across individuals. 

Several factors must be taken into account, including: (i)  The feasibility of modeling the problem 
via a Fourier- Motzkin elimination method is being assessed, and (ii) The ability  to address the chosen 
scenarios using a Fourier- Motzkin elimination framework and determine their precise optimal 
solutions. 

 
7. Discussion of the results 

    For the q- rung orthopair fuzzy optimum value [(
15

14
,
17

12
,
19

9
) ; (0.4, 0.1)] ,the total maximum 

profit  will be 
15

14
, < 𝑍 <

17

12
and the total maximum profit   

15

14
< 𝑍 <  

19

9
 , the overall levelof acceptance 

or satifcation or the truthfulness is 4%. Also, for the remaining value of the total profit, The MF is 
ϑãTrSFn × 100 where 𝑥 denotes the total profit and ψã(x is given as 

   ψã(x) =

{
 
 
 

 
 
 ϖã (

x−
15

14
17

12
−
15

14

) , for 
15

14
≤ x ≺

17

12
,

ϖã,                                x =
17

12
,

ϖã (
19

9
−x

19

9
−
17

12

) , for
17

12
, ≤ x ≺

19

9

0, for x ≺
15

14
 or x ≻

19

9

   

 φã(x) =

{
 
 
 

 
 
 𝜗𝑎̃ (

x−
15

14
17

12
−
15

14

) , for 
15

14
≤ x ≺

17

12

𝜗𝑎̃,                                   x =
17

12

𝜗𝑎̃ (
19

9
−x

19

9
−
17

12

) , for 
17

12
, ≤ x ≺

19

9

0, for x ≺
15

14
 or x ≻

19

9

 

   
Thus, it is concluded that the total neutrosophic profit lies within the interval 15/14 to 19/9, 

along with the corresponding MF, MF, and indeterminacy degrees. Based on these results, the 
decision-maker can appropriately plan the profit and production constraints. 

 
8. Conclusion and Future works 

  A linear FPP in which all parameters are represented by q-ROFNs is investigated. A solution 
approach based on the Fourier–Motzkin elimination technique is proposed to obtain the optimal 
solution under q-ROF information. The method is computationally efficient, simple to implement, 
and requires less processing time compared with conventional approaches. Furthermore, the 
obtained results can be validated through graphical analysis, the simplex method, and other existing 
techniques. Future research may extend this framework to nonlinear and multi-objective fractional 
programming models within q-ROF environments. The impact of alternative ranking and score 
functions on solution stability and accuracy also warrants further investigation. In addition, the 
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boundary-based solution procedure can be enhanced and benchmarked against advanced 
optimization methods to improve performance in large-scale problems. The incorporation of other 
uncertainty representations, such as interval-valued and hesitant q-ROFSs, would further generalize 
the model. Finally, applying the proposed approach to real-world problems in engineering, finance, 
and supply chain management would help demonstrate its practical effectiveness and robustness. 

 
Acknowledgement 
This research was not funded by any grant. 
 

Conflicts of Interest  
The authors declare no conflicts of interest. 
 
References 
[1] Charnes, A., Cooper, W. W., & Rhodes, E. (1987). Measuring efficiency of decision-making units. European Journal 

of Operational Research, 2(6), 429–444. https://doi.org/10.1016/0377-2217(78)90138-8 
[2] Bellman, R. E., & Zadeh, L. A. (1970). Decision making in a fuzzy environment. Management Science, 17(4), 141–

164. https://doi.org/10.1287/mnsc.17.4.B141 
[3] Isbell, R., & Marlow, W. H. (1956). Attrition games. Naval Research Logistics Quarterly, 3(1-2), 71–94. 

https://doi.org/10.1002/nav.3800030108 
[4] Charnes, A., & Cooper, W. W. (1962). Programming with linear fractional functions. Naval Research Logistics 

Quarterly, 9, 181–186. http://dx.doi.org/10.1002/nav.3800090303 
[5] Pandey, P., & Punnen, A. P. (2007). A simplex algorithm for piecewise-linear fractional programming problems. 

European Journal of Operational Research, 178(2), 343–358. https://doi.org/10.1016/j.ejor.2006.02.021 
[6] Sharma, J. K., Gupta, A. K., & Gupta, M. P. (1980). Extension of simplex technique for solving fractional 

programming problems. Indian Journal of Pure and Applied Mathematics, 11, 961–968. 
[7] Dantzig, G. B. (n.d.). Linear Programming and Extensions. Princeton University Press. 
[8] Tantawy, S. F. (2007). Using feasible directions to solve linear fractional programming problems. Australian Journal 

of Basic and Applied Sciences, 1, 109–114. 
[9] Tantawy, S. F. (2008). A new procedure for solving linear fractional programming problems. Mathematical and 

Computer Modelling, 48, 969–973. 
[10] Borza, M., Azmin, S. R., & Mansour, M. S. (2012). Solving linear fractional programming problems with interval 

coefficients in the objective function: A new approach. Applied Mathematical Sciences, 6, 3442–3452. 
[11] Odior, A. O. (2012). An approach for solving linear fractional programming problems, 1, 298–304. 
[12] Effati, S., & Pakdoman, M. (2012). Solving the interval-valued linear fractional programming problem. American 

Journal of Computational Mathematics, 2(1), 51–55. http://dx.doi.org/10.4236/ajcm.2012.21006 
[13] Pandian, P., & Jayalakshmi, M. (2013). On solving linear fractional programming problems. Modern Applied 

Science, 7(6), 90–100. https://doi.org/10.5539/mas.v7n6p90 
[14] Pop, B., & Stancu-Minasian, I. M. (2008). A method for solving fully fuzzified linear fractional programming 

problems. Journal of Applied Mathematics and Computing, 27, 227–242. https://doi.org/10.1007/s12190-008-
0052-5 

[15] Das, S. K., Edalatpanah, S. A., & Mandal, T. (2018). A proposed model for solving fuzzy linear fractional 
programming problems: A numerical approach. Journal of Computational Science, 25, 367–375. 
https://doi.org/10.1016/j.jocs.2017.12.004 

[16] Narayanamoorthy, D., Jayaraman, P., & Meera, D. (2017). Intuitionistic fuzzy linear fractional programming 
problem using denominator objective restriction method. International Journal of Pure and Applied Mathematics, 
114, 777–789. http://dx.doi.org/10.12732/ijpam.v114i4.8 

[17] Abdel-Baset, M., Mohamed, M., & Smarandache, F. (2019). Linear fractional programming based on triangular 
neutrosophic numbers. International Journal of Applied Management Science, 11(1), 1–20. 
https://doi.org/10.1504/IJAMS.2019.096652 

[18] Elhadidi, A. M., Emam, O. E., Abdelfadel, A. M., & Lotatif, M. (2021). Linear fractional programming based on 
trapezoidal neutrosophic numbers. Applied Mathematics & Information Sciences, 15(5), 571–576. 
http://dx.doi.org/10.18576/amis/150505 

https://doi.org/10.1016/0377-2217(78)90138-8
https://doi.org/10.1287/mnsc.17.4.B141
https://doi.org/10.1002/nav.3800030108
http://dx.doi.org/10.1002/nav.3800090303
https://doi.org/10.1016/j.ejor.2006.02.021
http://dx.doi.org/10.4236/ajcm.2012.21006
https://doi.org/10.5539/mas.v7n6p90
https://doi.org/10.1007/s12190-008-0052-5
https://doi.org/10.1007/s12190-008-0052-5
https://doi.org/10.1016/j.jocs.2017.12.004
http://dx.doi.org/10.12732/ijpam.v114i4.8
https://doi.org/10.1504/IJAMS.2019.096652
http://dx.doi.org/10.18576/amis/150505


Management Science Advances 

Volume 00, Issue 00 (2026) 1-11 

10 
 

 

[19] Das, S. K., & Edalatpanah, S. A. (2022). Optimal solution of neutrosophic linear fractional programming problems 
with mixed constraints. Soft Computing, 26, 8699–8707. https://doi.org/10.1007/s00500-022-07171-z 

[20] Kumar, N. S., & Md. Assarudeen, S. N. (2023). Solving neutrosophic multi-objective linear fractional programming 
problems using central measures. The Scientific Temper, 14(4), 1212–1216. 

[21] Verma, V., & Singh, P. (2024). Neutrosophic linear fractional optimization using fuzzy goal programming. 
International Journal of Modeling, Simulation, and Scientific Computing, 15(8), 2450027. 
https://doi.org/10.1142/S1793962324500272 

[22] Karthick, S., Saraswathi, A., & Baranidharan, B. (2024). Neutrosophic linear fractional programming using 
denominator objective restriction method. Dynamics of Continuous, Discrete and Impulsive Systems, 13, 89–101. 

[23] Zhang, D., & Wang, G. (2024). Q-rung orthopair fuzzy decision-making with multi-source information based on 
compression mapping and inverse score function. Expert Systems with Applications, 242, 122574. 
https://doi.org/10.1016/j.eswa.2023.122574 

[24] Ali, J., Ali, W., Alqahtani, H., & Syam, M. I. (2024). Enhanced EDAS methodology using linguistic q-rung orthopair 
fuzzy Hamacher aggregation operators. Complex & Intelligent Systems, 10, 8403–8432. 
https://doi.org/10.1007/s40747-024-01586-x 

[25] Asif, M., Kattan, D. A., Pamučar, D., & Ali, G. (2021). Q-rung orthopair fuzzy matroids with application to human 
trafficking. Discrete Dynamics in Nature and Society, 2021, Article ID 8261118. 
https://doi.org/10.1155/2021/8261118 

[26] Yang, Z., Li, X., Cao, Z., & Li, J. (2019). Q-rung orthopair normal fuzzy aggregation operators and their application. 
Mathematics, 7(12), 1142. https://doi.org/10.3390/math7121142 

[27] Ashraf, S., Chohan, M. S., Askar, S., & Jabbar, N. (2024). Q-rung orthopair fuzzy time series forecasting technique. 
AIMS Mathematics, 9(3), 5633–5660. https://doi.org/10.3934/math.2024272 

[28] Wan, B., Zhang, J., Garg, H., & Huang, W. (2024). Q-rung orthopair hesitant preference relations and group 
decision-making. Complex & Intelligent Systems, 10, 1005–1026. https://doi.org/10.1007/s40747-023-01130-3 

[29] Farid, H. M. A., & Riaz, M. (2023). Q-rung orthopair fuzzy Aczel–Alsina aggregation operators. Engineering 
Applications of Artificial Intelligence, 122, 106105. https://doi.org/10.1016/j.engappai.2023.106105 

[30] Zhao, Z. (2024). Quasirung orthopair fuzzy linguistic sets and applications. Scientific Reports, 14, 25513. 
https://doi.org/10.1038/s41598-024-76112-7 

[31] Ali, J., Alkenani, A., & Popa, I-L. (2025). Circular q-rung orthopair fuzzy modeling using Schweizer–Sklar 
aggregation. Scientific Reports, 25, 27851. https://doi.org/10.1038/s41598-025-12703-2 

[32] Jana, C., Muhiuddin, G., & Pal, M. (2019). Dombi aggregation of q-rung orthopair fuzzy numbers. International 
Journal of Intelligent Systems, 34(12), 3220–3240. https://doi.org/10.1002/int.22191 

[33] Liu, P., & Wang, P. (2018). Multi-attribute decision-making based on Archimedean Bonferroni operators. IEEE 
Transactions on Fuzzy Systems, 27(5), 834–848. https://doi.org/10.1109/TFUZZ.2018.2826452 

[34] Liu, P., & Liu, W. (2019). Group decision-making using linguistic q-rung orthopair fuzzy numbers. International 
Journal of Intelligent Systems, 34(4), 752–689. https://doi.org/10.1002/int.22114 

[35] Liu, P., Liu, P., Wang, P., & Zhu, B. (2019). Extended group decision-making method based on q-rung orthopair 
fuzzy numbers. IEEE Access, 7, 162050–162061. https://doi.org/10.1109/ACCESS.2019.2951357 

[36] Zhong, Y., Gao, H., Guo, X., Qin, Y., Huang, M., & Luo, X. (2019). Dombi power partitioned Heronian mean operators 
for q-rung orthopair fuzzy numbers. PLoS ONE, 14(10), e0222007. https://doi.org/10.1371/journal.pone.0222007 

[37] Gulistan, M., Pedrycz, W., & Yaqoob, N. (2023). Relationships of q-fractional fuzzy sets with other fuzzy classes. 
Journal of Intelligent & Fuzzy Systems, 45(6), 11695–11706. https://doi.org/10.3233/JIFS-233563 

[38] Rao, Y., Kosari, S., Hameed, S., & Yousaf, Z. (2025). Multi-attribute decision-making using q-rung orthopair fuzzy 
Zagreb index. Artificial Intelligence Review, 58, 153. https://doi.org/10.1007/s10462-025-11149-2 

[39] Bilal, M., Li, C., Alzahrani, A. K., & Aljhdali, A. K. (2026). Fractional q-rung orthopair fuzzy tensor framework for 
dynamic group decision-making: Application to smart city renewable energy planning. Fractal and Fractional, 
19(1), 52. https://doi.org/10.3390/fractalfract10010052 

[40] Qu, S., & Kong, X. (2025). Bonferroni mean operator for p,q-rung triangular orthopair fuzzy environments. 
Symmetry, 17(9), 1422. https://doi.org/10.3390/sym17091422 

[41] Wang, H. A., Zhao, W., & Zheng, J. (2024). Improved q-rung orthopair fuzzy WASPAS method based on softmax 
function. Journal of Soft Computing and Decision Analytics, 2(1), 188–212. 
https://doi.org/10.31181/jscda21202442 

[42] Guliyev, J., Güneri, B., Konur, M., Duymaz, Ş., & Türk, A. (2025). Offshore wind power site selection using q-rung 
orthopair fuzzy COPRAS method. Journal of Operations Intelligence, 3(1), 283–307. 
https://doi.org/10.31181/jopi31202551 

https://doi.org/10.1007/s00500-022-07171-z
https://doi.org/10.1142/S1793962324500272
https://doi.org/10.1016/j.eswa.2023.122574
https://doi.org/10.1007/s40747-024-01586-x
https://doi.org/10.1155/2021/8261118
https://doi.org/10.3390/math7121142
https://doi.org/10.3934/math.2024272
https://doi.org/10.1007/s40747-023-01130-3
https://doi.org/10.1016/j.engappai.2023.106105
https://doi.org/10.1038/s41598-024-76112-7
https://doi.org/10.1038/s41598-025-12703-2
https://doi.org/10.1002/int.22191
https://doi.org/10.1109/TFUZZ.2018.2826452
https://doi.org/10.1002/int.22114
https://doi.org/10.1109/ACCESS.2019.2951357
https://doi.org/10.1371/journal.pone.0222007
https://doi.org/10.3233/JIFS-233563
https://doi.org/10.1007/s10462-025-11149-2
https://doi.org/10.3390/fractalfract10010052
https://doi.org/10.3390/sym17091422
https://doi.org/10.31181/jscda21202442
https://doi.org/10.31181/jopi31202551


Management Science Advances 

Volume 00, Issue 00 (2026) 1-11 

11 
 

 

[43] Petchimuthu, S., Palpandi, B., Rajakumar, K., & Banu, M. F. (2026). Sustainable urban development using q-rung 
orthopair fuzzy MCDM. Spectrum of Operational Research, 3(1), 275–309. https://doi.org/10.31181/sor31202649 

[44] Wu, M., Song, J., & Fan, J. (2024). Q-rung orthopair fuzzy MAGDM model based on evidential reasoning. Expert 
Systems with Applications, 240, 122558. https://doi.org/10.1016/j.eswa.2023.122558 

[45] Erdebilli, B., & Sıcakyüz, Ç. (2024). Integrated q-rung orthopair fuzzy approach for supply chain selection. 
Sustainability, 16(12), 4901. https://doi.org/10.3390/su16124901 

[46] Kaleem Ullah, Noor Rehman, N., & Ali, A. (2026). Business-oriented stock market decision analysis using circular 
complex picture fuzzy sets and advanced MCDM based on the CRITIC–WASPAS method. Journal of Contemporary 
Decision and Science, 2(1), 1-54. https://www.cds-journal.org/index.php/cds/article/view/8 

[47] Tak, P. K., Shekhar, G., Jain, S., & Mangal, A. (2021). Solution of linear fractional programming problem by Fourier-
Motzkin elimination technique. Turkish Journal of Computer and Mathematics Education, 12(14), 621-625. 
https://doi.org/10.17762/turcomat.v12i14.10327 

[48] Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8(3), 338–353. https://doi.org/10.1016/S0019-
9958(65)90241-X 

[49] Yager, R. R., & Alajlan, N. (2017). Approximate reasoning with generalized orthopair fuzzy sets. Information Fusion, 
38, 65–73. https://doi.org/10.1016/j.inffus.2017.02.005 

 

https://doi.org/10.31181/sor31202649
https://doi.org/10.1016/j.eswa.2023.122558
https://doi.org/10.3390/su16124901
https://www.cds-journal.org/index.php/cds/article/view/8
https://doi.org/10.17762/turcomat.v12i14.10327
https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.1016/j.inffus.2017.02.005

