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Introduction 

The significance of fractional programming 

problems (FPP) is derived from the fact that many 

important problems are based on the trading of 

economic or material values, such as cost/volume, 

profit/cost, and cost/time in both production and 

financial planning. The FPP is defined as a fractional 

linear programming problem when both the 

objective function and the constraints are linear. It is 

crucial for decision-makers to be able to include 

uncertainty and imprecision in their optimization 

models, and this is where the fuzzy fractional 

programming problem comes in. This is especially 

helpful when the available data is unclear or lacking 

in detail, or when different objectives must be 

weighed. Solutions that are both stable and adaptable 

over time can be found with the help of fuzzy logic 

and fractional programming. This can aid businesses 

in making more informed decisions, decreasing 

vulnerability, and increasing efficiency. In addition, 

fuzzy fractional programming can be used in many 

contexts, such as economics, technology, logistics, 

and ecology. Using membership degrees for each 
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variable based on their relative importance, the 

ranking function fuzzy enables the representation of 

uncertain or imprecise data. This allows decision-

makers to account for the inherent uncertainty and 

imprecision in the data, resulting in better 

conclusions. In addition, the fuzzy ranking function 

can help find optimal solutions that weren't obvious 

when using strict linear programming techniques. 

Decision-makers are able to find solutions that are 

strong and resilient to changes in the underlying data 

when they analyze multiple scenarios and assign a 

probability to each one. Bellman RE, Zadeh LA 1 

initially put the notion of fuzzy decision-making, and 

due to its significant use in real-world situations, 

there has been a quick growth in theoretical 

approaches to examine the theory and draw 

beneficial results. Kumar-Das S2 developed a new 

ranking function to solve a full FLPP, the ranking 

function was derived by replacing the non-parallel 

sides of the trapezoidal fuzzy number with a 

nonlinear function. In order to solve fully fuzzy 

linear fractional programming problems, Loganathan 

T, Ganesan K3 proposed a method in which the 

original fractional programming problem was being 

transformed into a single objective linear 

programming problem in parametric form, with all 

parameters and variables expressed in triangular 

fuzzy numbers.  

Linear fractional programming problems with fully 

fuzzy normalized heptagonal fuzzy numbers were 

solved by Alharbi MG, Khalif HA4 using the closed 

interval approximation of normalized heptagonal 

fuzzy numbers. Mitlif RJ 5   recently presented a new 

approach to dealing with triangular fuzzy integers. 

The fuzzy fractional programming problem was 

initially reduced to a fractional programming 

problem as the technique's application. Gupta JD, et 

al. 6 proposed a unique trapezoidal fuzzy number 

ranking function to solve Fully Fuzzy Linear 

Fractional Programming Problems utilizing 

trapezoidal fuzzy numbers as the objective function 

and constraints. We propose the following strategy 

using neat linear fractional programming and the 

simplex method. Mustafa R, Sulaiman N 7 developed 

two innovative ranking function strategies for 

problems in fully fuzzy linear fractional 

programming (FFLFP), where the coefficients of the 

objective function and constraints are viewed as 

triangular fuzzy numbers. Fuzzy values are 

converted to discrete ones with the help of the 

suggested ranking algorithm. Zhang C, et al. 8 

presented a fuzzy credibility-based multi-objective 

linear fractional mathematical programming for 

establishing the link between the agricultural water-

food-environment nexus and crop area planning. 

This technique was created by incorporating fuzzy 

credibility-constrained programming into based 

multi - objective linear fractional programming 

within the optimization model planning. 

The aim of this paper is to show that, the ratio 

optimization problems can be solved in an efficient 

and straightforward manner, reducing computational 

difficulties. Here, we proposed a novel ranking 

function technique depending on the decagonal 

membership function for addressing the FFFLP 

problem with the aid of the development of a 

Simplex method for solving the FFLP problem, 

which enables the optimal fuzzy solution to be 

obtained when all variables are decagonal fuzzy 

numbers. This paper is divided into nine sections. In 

section 2, the simple preface of fuzzy set theory. 

Section 3 proposes a decagonal fuzzy function and 

its (𝜎-cut) function. The ranking function is derived 

in section 4. The fuzzy mathematical operations of 

decagonal fuzzy numbers are shown in section 5. 

Section 6 shows the mathematical model of fully 

fuzzy fractional linear programming problems. The 

fully fuzzy simplex method is presented in section 7; 

a numerical example is given in section 8. Finally, 

section 9 presents conclusions.  

Preface of Fuzzy Set 

This section includes some basic definitions. 

Definition 1: 9 Let 𝒳 = {𝑥} be a set of objects. The 

fuzzy set 𝒜̃ in 𝒳 is defined by the membership 

function ℳ𝒜̃(𝑥), whereℳ𝒜̃(𝑥): 𝒳→ [0, 1], is the 

degree of membership of 𝑥 ∈  𝒳 in the set 𝒜̃ and is 

denoted by 𝒜̃(𝑥)= {(𝑥,ℳ𝒜̃(𝑥))| 𝑥 ∈  𝒳}. 

Definition 2:10 A fuzzy set 𝒜̃ is a fuzzy number if 

satisfies the following conditions: 

 𝒜̃  is a normal fuzzy set if there exists at 

least one 𝑥0 in ℛ with ℳ𝒜̃(𝑥) = 1  

 ℳ𝒜̃(𝑥)  is piecewise continuous. 
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 𝒜̃(𝑥) .is convex if ℳ𝒜̃(𝑥). [ℴ𝑥1 + (1 

− ℴ) 𝑥2] ≥ Min ( ℳ𝒜̃(𝑥1), ℳ𝒜̃ 

(𝑥2)}” 𝑥1, 𝑥2 ∈ 𝑋, ℴ ∈ 

 [0, 1]. 

Definition 3:11(ℴ − 𝑐𝑢𝑡) is the crisp set of elements 

that belong to 𝒜̃ and satisfy  

                     𝒜̃ℴ =
{𝑥 ∈ 𝒳 |ℳ𝒜̃(𝑥) ≥ ℴ, ℴ ∈ [0,1]}. 

Proposed Decagonal Membership Function 

In this section, propose a membership function 

ℳ𝒜𝐷𝑒𝑐̃
(𝑥)  of a Decagonal fuzzy number 𝒜𝐷𝑒𝑐̃ =

( 𝛼1,𝛼2,𝛼3,𝛼4,𝛼5
𝛼6,𝛼7,𝛼8,𝛼9,𝛼10

), whereas 𝛼1 ≤ 𝛼2 ≤ 𝛼3 ≤ 𝛼4 ≤

𝛼5 ≤ 𝛼6 ≤ 𝛼7 ≤ 𝛼8 ≤ 𝛼9 ≤ 𝛼10 ∈  ℛ, and the 

graph function as shown in Fig.1:       

ℳ𝒜𝐷𝑒𝑐̃
(𝑥) =

{
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

0   𝛼1 < 0
(𝑥−𝛼1)

3(𝛼2−𝛼1)
    𝛼1 ≤ 𝑥 < 𝛼2

(
1

3
) (1 + (

𝑥−𝛼2

𝛼3−𝛼2
))     𝛼2 ≤ 𝑥 < 𝛼3

2

3
    𝛼3 ≤ 𝑥 < 𝛼4

(
1

3
) (2 + (

𝑥−𝛼4

𝛼5−𝛼4
))      𝛼4 ≤ 𝑥 < 𝛼5

1      𝛼5 ≤ 𝑥 < 𝛼6

1 −
(𝑥−𝛼6)

3(𝛼7−𝛼6)
𝛼6 ≤ 𝑥 < 𝛼7

2

3
𝛼7 ≤ 𝑥 < 𝛼8

(
1

3
)(2 − (

𝑥−𝛼8

𝛼9−𝛼8
))

(
1

3
) (1 − (

𝑥−𝛼9

𝛼10−𝛼9
))

0

𝛼8 ≤ 𝑥 < 𝛼9

𝛼9 ≤ 𝑥 ≤ 𝛼10

𝑥 > 𝛼10

     

 
Figure 1. Decagonal membership function. 

The (ℴ − 𝑐𝑢𝑡) function is defined as: 

𝒜𝐷𝑒𝑐𝓸
̃ =

{
 
 
 
 
 

 
 
 
 
 𝛼1 + 3ℴ(𝛼2 − 𝛼1)           ℴ ∈ [0,

1

3
]

𝛼2 + (3ℴ − 1)(𝛼3 − 𝛼2) ℴ ∈ [
1

3
,
2

3
]

𝛼4 + (3ℴ − 2)(𝛼5 − 𝛼4) ℴ ∈ [
2

3
, 1]

𝛼6 + 3(1 − ℴ)(𝛼7 − 𝛼6) ℴ ∈ [
2

3
, 1]

𝛼8 + (2 − 3ℴ)(𝛼9 − 𝛼8) ℴ ∈ [
1

3
,
2

3
]

𝛼9 + (1 − 3ℴ)(𝛼10 − 𝛼9) ℴ ∈ [0,
1

3
]

  

Where,  

 (𝑖𝑛𝑓1𝒜𝐷𝑒𝑐𝓸
̃ +𝑠𝑢𝑝3𝒜𝐷𝑒𝑐𝓸

̃ )= ([𝛼1 + 3ℴ(𝛼2 − 𝛼1)] + [𝛼9 + (1 − 3ℴ)(𝛼10 − 𝛼9)])               ℴ ∈ [0,
1

3
] 

(𝑖𝑛𝑓2𝒜𝐷𝑒𝑐𝓸
̃ +𝑠𝑢𝑝2𝒜𝐷𝑒𝑐𝓸

̃ )= ([𝛼2 + (3ℴ − 1)(𝛼3 − 𝛼2)] + [𝛼8 + (2 − 3ℴ)(𝛼9 − 𝛼8)])        ℴ ∈ [
1

3
,
2

3
] 

(𝑖𝑛𝑓3𝒜𝐷𝑒𝑐𝓸
̃ +𝑠𝑢𝑝1𝒜𝐷𝑒𝑐𝓸

̃ )= ([𝛼4 + (3ℴ − 2)(𝛼5 − 𝛼4)] + [ 𝛼6 + 3(1 − ℴ)(𝛼7 − 𝛼6)]        ℴ ∈ [
2

3
, 1]  

Ranking Function 

A ranking function 𝕽(𝒜̃) is a mathematical function 

in fuzzy logic that determines a membership or truth 

value for a set based on the degree to which its 

elements are comparable to a given fuzzy set. In 

order to make informed decisions and better organize 

data, a ranking function might help prioritize certain 

characteristics. A novel ranking function, based on 

the suggested decagonal membership function, is 

presented in this section. 
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𝕽(𝒜𝐷𝑒𝑐̃) = (
1

2
) ∫ (

1

3
)(𝑖𝑛𝑓𝑖𝒜𝐷𝑒𝑐𝓸

̃ +
1

0

sup𝑗𝒜𝐷𝑒𝑐𝓸
̃ )𝑑ℴ            

 

 𝑖 = 1,2,3          𝑗 = {
 𝑖 + 2 𝑖 = 1
𝑖 𝑖 = 2

𝑖 − 2 𝑖 = 3
 

𝕽(𝒜𝐷𝑒𝑐̃)

= (
1

2
) [∫ (

1

3
) (𝛼1 + 3ℴ(𝛼2 − 𝛼1)) 𝑑𝓸

1
3

0

+ (𝛼9 + (1 − 3ℴ)(𝛼10 − 𝛼9) 𝑑𝓸

+ ∫ (
1

3
) (𝛼2 + (3ℴ − 1)(𝛼3 − 𝛼2) 𝑑𝓸

2
3

1
3

 

+ (𝛼8 + (2 − 3ℴ)(𝛼9 − 𝛼8) 𝑑𝓸

+ ∫ (
1

3
) (𝛼4 + (3ℴ − 2)(𝛼5 − 𝛼4) 𝑑𝓸

1

2
3

+ (𝛼6 + 3(1 − ℴ)(𝛼7 − 𝛼6)𝑑𝓸] 

 𝕽(𝒜𝐷𝑒𝑐̃) =
1

36
[𝛼1 + 2𝛼2 + 𝛼3 + 𝛼4 + 𝛼5 + 𝛼6

+ 𝛼7 + 𝛼8+2𝛼9 + 𝛼10] 
 

Fuzzy Mathematical Operations of 

Decagonal Fuzzy Numbers12, 13 

Let 𝒜𝐷𝑒𝑐̃  𝑎𝑛𝑑  ℬ𝐷𝑒𝑐̃ be two arbitrary Decagonal 

fuzzy numbers, such that 

𝒜𝐷𝑒𝑐̃ = (
𝛼1, 𝛼2, 𝛼3, 𝛼4, 𝛼5
𝛼6, 𝛼7, 𝛼8, 𝛼9, 𝛼10

) , ℬ𝐷𝑒𝑐̃

= (
𝑏1, 𝑏2, 𝑏3, 𝑏4, 𝑏5
𝑏6, 𝑏7, 𝑏8, 𝑏9, 𝑏10

) 

 Define the Addition, subtraction, and multiplication 

operations as follows: 

 𝒜𝐷𝑒𝑐̃⨁ℬ𝐷𝑒𝑐̃ =

( 𝛼1,𝛼2,𝛼3,𝛼4,𝛼5
𝛼6,𝛼7,𝛼8,𝛼9,𝛼10

)⨁( 𝑏1,𝑏2,𝑏3,𝑏4,𝑏5
𝑏6,𝑏7,𝑏8,𝑏9,𝑏10

) = 

( 𝛼1+𝑏1,𝛼2+𝑏2,𝛼3+𝑏3,𝛼4+𝑏4,𝛼5+𝑏5
𝛼6+𝑏6,𝛼7+𝑏7,𝛼8+𝑏8,𝛼9+𝑏9,𝛼10+𝑏10

) 

 𝒜𝐷𝑒𝑐̃⊖ℬ𝐷𝑒𝑐̃ = (
𝛼1,𝛼2,𝛼3,𝛼4,𝛼5
𝛼6,𝛼7,𝛼8,𝛼9,𝛼10

)⊖

( 𝑏1,𝑏2,𝑏3,𝑏4,𝑏5
𝑏6,𝑏7,𝑏8,𝑏9,𝑏10

) =

(𝛼1−𝑏10,𝛼2−𝑏9,𝛼3−𝑏8,𝛼4−𝑏7,𝛼5−𝑏6
𝛼6−𝑏5,𝛼7−𝑏4,𝛼8−𝑏3,𝛼9−𝑏2,𝛼10−𝑏1

) 

  𝒜𝐷𝑒𝑐̃⨂ℬ𝐷𝑒𝑐̃     = 

  ( 𝛼1,𝛼2,𝛼3,𝛼4,𝛼5
𝛼6,𝛼7,𝛼8,𝛼9,𝛼10

)⨂( 𝑏1,𝑏2,𝑏3,𝑏4,𝑏5
𝑏6,𝑏7,𝑏8,𝑏9,𝑏10

) =

( 𝛼1∗𝑏1,𝛼2∗𝑏2,𝛼3∗𝑏3,𝛼4∗𝑏4,𝛼5∗𝑏5
𝛼6∗𝑏6,𝛼7∗𝑏7,𝛼8∗𝑏8,𝛼9∗𝑏9,𝛼10∗𝑏10

) 

   ℷ⨂𝒜𝐷𝑒𝑐̃         = (
ℷ𝛼1,ℷ𝛼2,ℷ𝛼3,ℷ𝛼4,ℷ𝛼5
ℷ𝛼6,ℷ𝛼7,ℷ𝛼8,ℷ𝛼9,ℷ𝛼10

)      𝑖𝑓  ℷ >

0 

   = (ℷ𝛼10,ℷ𝛼9,ℷ𝛼8,ℷ𝛼7,ℷ𝛼6
ℷ𝛼5,ℷ𝛼4,ℷ𝛼3,ℷ𝛼2,ℷ𝛼1

)         𝑖𝑓  ℷ < 0 

 𝑖𝑓 0 ∉ ( 𝛼1,𝛼2,𝛼3,𝛼4,𝛼5
𝛼6,𝛼7,𝛼8,𝛼9,𝛼10

)  𝑡ℎ𝑒𝑛 
( 𝛼1,𝛼2,𝛼3,𝛼4,𝛼5𝛼6,𝛼7,𝛼8,𝛼9,𝛼10

)

(
𝑏1,𝑏2,𝑏3,𝑏4,𝑏5
𝑏6,𝑏7,𝑏8,𝑏9,𝑏10

)
=

(
𝛼1

𝑏10
,
𝛼2

𝑏9
,
𝛼3

𝑏8
, … ,

𝛼10

𝑏1
). 

 

Fully Fuzzy Fractional Linear Programming 

Problem (FFFLPP) 14 

 Consider the following FFFLPP problem having 𝑚 

fuzzy constraints and n fuzzy variables: 

𝑀𝑎𝑥 𝜔̃ ≅
𝑛̃𝑇𝑥̃⨁𝛽̃

𝑑̃𝑇𝑥̃⨁𝛿̃
=

𝑁̃(𝑥)

𝐷̃(𝑥)
  

𝑆. 𝑡𝑜 

                𝐴̃⨂𝑥̃ ≤=≥ 𝐵̃ 

                 𝑥̃ ≥ 0̃ 

Where,   𝑛̃𝑇 = (𝑛̃𝑗)1∗𝑛
  , 𝑑̃𝑇=(𝑑̃𝑗)1∗𝑛

 ,  𝑥̃ = (𝑥̃𝑗)𝑛∗1
,  

𝛽̃, 𝛿 ∈ decagonal fuzzy numbers. 

𝐴̃ = (𝑎̃𝑖𝑗)𝑚∗𝑛 , 𝐵̃=(𝑏̃𝑖)𝑚∗1. 

𝑛̃𝑇 , 𝑑̃𝑇, 𝑥̃, 𝐴̃, 𝐵̃ are decagonal fuzzy numbers  

     ∀ 1 ≤ 𝑗 ≤ 𝑛,    1 ≤ 𝑖 ≤ 𝑚 

The Fully Fuzzy Simplex Method 15  

In order to reach the optimal fuzzy solution for 

FFFLP problem, we first need to convert the FFFLP 

problem into FFLP problem utilizing the 

development of complementary method16, then 

adding fuzzy slack variables 𝑆̃𝑖, 𝑖 = 1, 2, … ,𝑚, with 

coefficients equal to zero in the objective function, 

therefore transforming all the inequalities of the 

constraints into equations and construct the fully 

fuzzy simplex tableau as shown in Table 1: 
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Table 1. Fully fuzzy Simplex Tableau 

Basic var. 𝒙𝟏 𝒙𝟐 …  𝒙𝒏 𝑺̃𝟏 𝑺̃𝟐 … 𝑺̃𝒏 R.H.S 𝕽(𝑹.𝑯. 𝑺) 

(𝜔̃ ⊖ 𝑐̃𝑗) −𝑐̃1 −𝑐̃2 … − 𝑐̃𝑛 (0,0,…,0) (0,0,…,0) … (0,0,…,0) 𝛽̃𝑛  ℜ(𝛽̃𝑛) 

𝑆̃1 𝑎̃11 𝑎̃12 … 𝑎̃1𝑛 (0,0,...,1) (0,0,…,0) … (0,0,…,0) 𝑏̃1      ℜ(𝑏̃1) 

𝑆̃2 𝑎̃21 𝑎̃22 … 𝑎̃2𝑛 (0,0,…,0) (0,0,…,1) … (0,0,…,0) 𝑏̃2 ℜ(𝑏̃2) 

⋮ ⋮ ⋮ … ⋮ ⋮ … ⋮ ⋮ ⋮ 

𝑆̃𝑚 𝑎̃𝑚1 𝑎̃𝑚2 … 𝑎̃𝑚𝑛 (0,0,…,0) (0,0,…,0) … (0,0,…,1) 𝑏̃𝑚 ℜ(𝑏̃𝑚) 

 

Using the fully fuzzy Simplex method to select the 

entering and leaving fuzzy variables. The arithmetic 

operations of the decagonal fuzzy numbers facilitate 

access to a new fuzzy tableau (new iteration) of a 

fully fuzzy simplex table. The optimal fuzzy solution 

of the maximum problem is reached, when (ℜ(𝜔̃ ⊖

𝑐̃𝑗) ≥ 0 ) , in the maximization objective function 

and at the minimum ( ℜ(𝜔̃ ⊖ 𝑐̃𝑗) ≤ 0 ).  

Results and Discussion 

Numerical Example. 

The following fractional linear programming 

problem is:  

 𝑀𝑎𝑥 𝜔 =
6𝑥1+5𝑥2

2𝑥1+7
 

𝑠. 𝑡 

          𝑥1+2𝑥2 ≤ 3 

        3𝑥1+2𝑥2 ≤ 6 

             𝑥1, 𝑥2 ≥ 0 

First, the crisp optimal solution of this problem is: 

𝑥1 =
3

2
, 𝑥2 =

3

4
 , 𝜔 = 1.28 , Example 1 in the paper17 

Second, taking the above example with all the 

variables are decagonal fuzzy numbers: 

𝑀𝑎𝑥 𝜔̃ =
(

5  ,6  ,7  ,8  ,9
10,10.5,11,12,13

)⨂𝑥̃1 ⨁(
3  ,5  ,6  ,6.5  ,7
9,9.5,10.1,11,12

)⨂𝑥̃2

(
1,2,4,4,5
6,7,8,9,10

)⨂𝑥̃1 ⨁(
5.5,7,8,9,9.5

10,11,12,13,14
)

  

      𝑠. 𝑡 

(
0.5,1,1.5,2,3
4,4.5,4.6,5,7

)⨂𝑥̃1⨁(
1.5,2,2.5,3,4
5,7,7.1, 9,10 

)⨂𝑥̃2 ≤

(
2  ,3,4  ,5  , 7

 8,9,11,11.5,12 
)  

(
2 , 3 ,4 ,5 ,6 

7.1,7.5,12,13,14 
)⨂𝑥̃1⨁(

1,2,3,4,5
6,7,8,9,10

)⨂𝑥̃2 ≤

(
5  ,6  ,7  ,8  ,9

10,10.5,11,12,13
)  

                                  𝑥̃1, 𝑥̃2 ≥ 0 
Applying the proposed algorithm, the first step uses 

the development complementary method to convert 

the problem to a fully fuzzy linear programming 

problem (FFLPP). 

Let  𝑀𝑎𝑥 𝜔̃ =
𝜔̃1 

 𝜔̃2
  𝑤ℎ𝑒𝑟𝑒,      𝜔̃1 =

(
5  , 6  ,7  ,8  ,9
10,10.5,11,12,13

)⨂𝑥̃1 ⨁ (
3 ,5 ,6 ,6.5 ,7 ,8
9,9.5,10.1,11,12

)⨂𝑥̃2   

       𝜔̃2 = (
1,2,4,4,5
6,7,8,9,10

)⨂𝑥̃1⨁(
5.5,7,8,9,9.5
10,11,12,13,14

) 

∴ ⊖ 𝜔̃2 =⊖ (
1,2,4,4,5
6,7,8,9,10

)⨂𝑥̃1

⊖(
5.5,7,8,9,9.5
10,11,12,13,14

) 

The new form of the fuzzy objective function is: 

𝑀𝑎𝑥 𝜔′ = 𝜔̃1 −   𝜔̃2 

𝑀𝑎𝑥 𝜔′ = (
5  , 6  ,7  ,8  ,9
10,10.5,11,12,13

)⨂𝑥̃1⊖

(
1,2,4,4,5
6,7,8,9,10

)⨂𝑥̃1⨁(
3 , 5 , 6 , 6.5 , 7
9,9.5,10.1,11,12

)⨂𝑥̃2⊖

(
5.5,7,8,9,9.5
10,11,12,13,14

) 

= 

(
5 − 10,6 − 9,7 − 8,8 − 7,9 − 6

10 − 5,10.5 − 4,11 − 4,12 − 2,13 − 1
)⨂𝑥̃1⨁  

(
3 , 5 , 6 , 6.5 , 7
9,9.5,10.1,11,12

)⨂𝑥̃2⊖(
5.5,7,8,9,9.5
10,11,12,13,14

) 

= (
−5,−3,−1 , 1, 3
5 ,6.5 ,7 ,10 ,12

)⨂𝑥̃1⨁(
3 , 5 , 6 , 6.5 , 7
9,9.5,10.1,11,12

)⨂𝑥̃2⨁ 

(
−14,−13,−12,−11,−10
−9.5 , −9 ,−8 , −7 ,−5.5

) 

Then the new problem becomes as follows:  

𝑀𝑎𝑥 𝜔′ = 

(
−5,−3,−1,1,3
5 ,6.5 ,7 ,10 ,12

)⨂𝑥̃1⨁(
3  ,5  ,6  ,6.5  ,7
9,9.5,10.1,11,12

)⨂𝑥̃2⨁  

(
−14,−13,−12,−11,−10
−9.5,−9,−8,−7,−5.5

) 
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𝑠. 𝑡 

(
0.5,1,1.5,2,3
4,4.5,4.6,5,7

)⨂𝑥̃1⨁(
1.5,2,2.5,3,4
5,7,7.1, 9,10 

)⨂𝑥̃2

≤ (
2  ,3  ,4,5  , 7
 8,9,11,11.5,12 

) 

(
2  , 3 ,4 ,5 ,6 

  7.1,7.5,12,13,14   
)⨂𝑥̃1⨁(

1,2,3,4,5
6,7,8,9,10

)⨂𝑥̃2

≤ (
5  ,6  ,7  ,8  ,9

10,10.5,11,12,13
) 

                                  𝑥̃1, 𝑥̃2 ≥ 0 

The second step is to convert the problem to the 

standard form by adding the fuzzy slack variables, 

𝑀𝑎𝑥 𝜔 ′̃ = 

(
−5,−3,−1,1,3
5,6.5,7,10,12

)⨂𝑥̃1⨁(
3  ,5  ,6  ,6.5  ,7
9,9.5,10.1,11,12

)⨂𝑥̃2⨁  

(
0,0,0,0,0
0,0,0,0,0

)⨂𝑠̃1⨁(
0,0,0,0,0
0,0,0,0,0

)⨂𝑠̃2 

⨁(
−14,−13,−12,−11,−10
−9.5,−9,−8,−7,−5.5

) 

𝑠. 𝑡  

(
0.5,1,1.5,2,3
4,4.5,4.6,5,7

)⨂𝑥̃1⨁(
1.5,2,2.5,3,4
5,7,7.1, 9,10 

)⨂𝑥̃2⨁ 

(
0,0,0,0,0
0,0,0,0,1

)⨂𝑠̃1 = (
2  ,3  ,4  ,5  , 7
 8,9,11,11.5,12 

) 

(
2  , 3 ,4 ,5 ,6 

 7.1,7.5,12,13,14 
)⨂𝑥̃1⨁(

1,2,3,4,5
6,7,8,9,10

)⨂𝑥̃2⨁ 

(
0,0,0,0,0
0,0,0,0,1

)⨂𝑠̃2 = (
5  ,6  ,7  ,8  ,9

10,10.5,11,12,13
) 

                                               𝑥̃1, 𝑥̃2, 𝑠̃1, 𝑠̃2 ≥ 0̃ 

The first tableau of the fully fuzzy simplex is shown 

in Table 2 below: 

 

Table 2. Primary table of the fully fuzzy simplex method 
 B.V 𝒙̃𝟏 𝒙̃𝟐   𝒔̃𝟏       𝒔̃𝟐 𝑹.𝑯. 𝑺 𝜽 

𝑨𝟏 

 

 𝝎′̃⊖ 𝒄̃𝒋 

 

(
  −12,−10,−7,−6.5,−5

−3, −1 , 1 , 3  , 5
)  (

−12,−11,−10.1,−9.5,−9
−7,−6.5,−6,−5,−3

) (
0,0,0,0,0
0,0,0,0,0

) (
0,0,0,0,0
0,0,0,0,0

) (
−14,−13, −12,−11,−10
−9.5,−9,−8,−7,−5.5

)  

𝑨𝟐  𝑠̃1 (
0.5,1,1.5,2,3
4,4.5,4.6,5,7

) (
1.5,2,2.5,3,4
5,7,7.1, 9,10 

) (
0,0,0,0,0
0,0,0,0,1

) (
0,0,0,0,0
0,0,0,0,0

) (
2,3,4,5 , 7

 8,9, 11,11.5 12 
) 

5.34

1.7
 

𝑨𝟑 

 

 𝒔̃𝟐 

 

(
2  , 3 ,4 ,5 ,6 

 7.1  ,7.5  ,12,13,14 
) (

1,2,3,4,5
6,7,8,9,10

) (
0,0,0,0,0
0,0,0,0,0

) (
0,0,0,0,0
0,0,0,0,1

) (
5 6,7  ,8 9

10,10.5,11,12,13
) 

3.04

1.83
 

 

Determining the entering and leaving variables by 

the ranking function technique, as follows: 

The entering variable = 𝑚𝑖𝑛{𝕽(𝒙̃𝟏),𝕽(𝒙̃𝟐)} = 

𝑚𝑖𝑛{−1.15,−2.64} = −2.64 

The leaving variable = 𝜽 =

𝑚𝑖𝑛 {
𝕽(

2  ,3  ,4  ,5  ,7
 8,9 ,11 ,11.5 ,12 

)

𝕽(
1.5,2,2.5,3,4
5,7,7.1,9,10 

)
,
𝕽(

5  ,6  ,7  ,8  ,9
10,10.5,11,12,13

)

𝕽(
1,2,3,4,5
6,7,8,9,10

)
} =

𝑚𝑖𝑛{
2.36

1.7
,
3.013

1.8
} = 𝑚𝑖𝑛 {1.37 , 1.66} 

Therefore, the entering variable is 𝑥̃2 and the leaving 

variable is  𝑠̃1. 

The pivot element of decagonal fuzzy numbers is: 

(
1.5,2,2.5,3,4
5,7,7.1, 9,10 

) 

Now, using the operation of the decagonal fuzzy 

number is  as following: 

The pivot row 𝐴2
′ = (

1

2
)⨂𝐴2  , and the other 

rows: 𝐴1
′ = (11⨂𝐴2

′⨁𝐴1), 𝐴3
′ = ((−2/

9)⨂𝐴2)⨁𝐴3 

So, the new alteration of the fully fuzzy simplex 

method is shown in Table 3: 

 

Table 3.  The optimal table solution for the fully fuzzy simplex method 
Ro

w B.V 
𝒙̃𝟏 𝒙̃𝟐   𝒔̃𝟏 𝒔̃𝟐 𝑹.𝑯. 𝑺 

𝑨𝟏
′ 

 
 𝝎′̃⊖ 𝒄̃𝒋 

 

(
 −9.2,−4.5,1.25,4.5,11.5
19,23.7,26.3,30.5,43.5

)  (
−3.7,0,3.6,7,13

20.5,32,33.05,44.5,52
) (

5.5,0,0,0,0
0,0,0,0,0

) (
0,0,0,0,0
0,0,0,0,0

) (
−3,3.5,10,16.5,28.5

34.5,40.5,52.5,56.2,60.5
) 

𝑨𝟐
′ 

 

 𝒙̃𝟐 

 

(
0.25,0.5,0.75,1,1.5
2,2.25,2.3,2.5,3.5

) (
0.75,1,1.25,1.5,2
2.5,3.5,3.55,4.5,5

) (
0,0,0,0,0
0,0,0,0,0.5

) (
0,0,0,0,0
0,0,0,0,0

) (
1,1.5,2,2.5,3.5
4,4.5,5.5,5.75,6

) 

𝑨𝟑
′ 

 

 𝒔̃𝟐 

 

(
−1.1,0.1,1.3,3.3,4.4
5.7,6.3,11.1,12.3,13.5 

) (
−1.2,0,1.4,2.5,3.9
5.2,6.4,7.5,8.6,9.7

) (
−0.2,0,0,0,0
0,0,0, ,0

) (
0,0,0,0,0
0,0,0,0,1

) (
2.3,3.4,4.5,6,7.2

8.4,9.3,10.1,11.3,12.5
) 
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Since 𝕽( 𝜔 ′̃⊖ 𝑐̃𝑗) ≥ 0,   and 𝕽(𝑅.𝐻. 𝑆) ≥ 0, the 

optimal solution is reached. 

∴ 𝑴𝒂𝒙 𝜔̃

=
(
3  , 5  ,6  ,6.5  , 7
9,9.5,10.1,11,12

)⨂(
1,1.5,2,2.5,3.5
 4,4.5,5.5,5.7,6 

)

 (
5.5,7,8,9,9.5
10,11,12,13,14

)

= (
0.21,2.5,1,1.47,2.4
3.78,4.7,6.9,8.9,13.09

) 

The crisp optimal solution using the proposed 

ranking function is 𝕽(𝑥̃2 ) = 1.18, 𝕽(𝑥̃1 ) =

0,𝕽(𝜔̃) = 1.564   is the best solution compared 

with the crisp optimal solution (𝜔 = 1.28 ) for the 

crisp problem in example 1 paper17. 

Conclusion 

In this paper, we have addressed the fully fuzzy 

fractional linear programming problem using 

decagonal fuzziness numbers. This paper is helpful 

in finding solutions to these types of problems. The 

proposed new ranking function technique has been 

effective in selecting the entering and leaving 

variables of decagonal fuzzy numbers in the simplex 

table. Through utilizing the arithmetic operations of 

decagonal fuzzy numbers, a new iteration of the fully 

fuzzy simplex table has been found. The 

effectiveness of the procedure has been ensured by 

the proximity of the fuzzy optimal solution to the 

crisp optimal solution of the same problem. This 

work can be considered a good start to making steps 

to solve various types of fully fuzzy programming 

problems. Since these problems are still in need of 

development, new algorithms that can process large 

problems and return optimal or near-optimal 

solutions in a reasonable amount of computational 

time should be the focus of future work. 

Acknowledgment  

We would like to express our deep appreciation to 

the reviewers of this work and the publishers of the 

"Baghdad Science Journal" for this splendid 

opportunity. 

Authors’ Declaration 

- Conflicts of Interest: None. 

- We hereby confirm that all the Figures and Tables 

in the manuscript are ours. Furthermore, any 

Figures and images, that are not ours, have been 

included with the necessary permission for re-

publication, which is attached to the manuscript. 

- Ethical Clearance: The project was approved by 

the local ethical committee at University of 

Baghdad. 

Authors’ Contribution Statement 

I. H. H. contributed in developing and carrying out 

the study, as well as in obtaining the best possible 

results. I.H. A. took an active role in creating the 

study design, editing the paper, and reviewing the 

final results. The authors improved the overall 

quality of their work by examining their results. 

 

References 

1. Bellman RE, Zadeh LA. Decision-Making in a Fuzzy 

Environment. Manage Sci. 1970; 17(4): 141-164. 

https://doi.org/10.1287/mnsc.17.4.B141  

2. Kumar-Das S. A New Method for Solving Fuzzy 

Linear Fractional Programming Problem with New 

Ranking Function. Int J Res Ind Eng. 2019; 8(4): 384-

393.  https://doi.org/10.22105/riej.2020.220850.1123 

3. Loganathan T and Ganesan K. A solution approach to 

fully fuzzy linear fractional programming problems. J 

Phys   Conf Ser. 2019; 1377:   012040 IOP Publishing. 

https://dx.doi.org/10.1088/1742-

6596/1377/1/012040  

4. Alharbi  MG, Khalif  HA. On Solution of Fully Fuzzy 

Linear Fractional Programming Problems Using 

Close Interval Approximation for Normalized 

Heptagonal Fuzzy Numbers. Appl. Math. Inf. Sci. 

2021; 15(4): 471-

477.  https://doi.org/10.18576/amis/150409 . 

5. Mitlif RJ. An Efficient Algorithm for Fuzzy Linear 

Fractional Programming Problems via Ranking 

https://doi.org/10.21123/bsj.2023.8243
https://doi.org/10.1287/mnsc.17.4.B141
https://doi.org/10.22105/riej.2020.220850.1123
https://dx.doi.org/10.1088/1742-6596/1377/1/012040
https://dx.doi.org/10.1088/1742-6596/1377/1/012040
https://doi.org/10.18576/amis/150409


 

Page | 2402  

2024, 21(7): 2395-2402 

https://doi.org/10.21123/bsj.2023.8243  

P-ISSN: 2078-8665 - E-ISSN: 2411-7986 
 

Baghdad Science Journal 

Function. Baghdad Sci J.2021; 19(1): 71-76. 

http://dx.doi.org/10.21123/bsj.2022.19.1.0071 . 

6. Gupta JD, Jain P, and Gupta G. New Ranking 

Function Introduced To Solve Fully Fuzzy Linear 

Fractional Programming Problems. GANITA a 

journal devoted to Mathematical Sciences. 2021; 

71(2): 29-35. https://bharataganitaparisad.com/  

7. Mustafa R, Sulaiman N. Efficient Ranking Function 

Methods for Fully Fuzzy Linear Fractional 

Programming Problems Via Life Problems. WSEAS 

Trans Math. 2022; 21: 707-717. 

https://dx.doi.org/10.37394/23206.2022.21.83 . 

8. Zhang C, Yang G, Wang C, and Huo Z. Linking 

agricultural water-food-environment nexus with crop 

area planning: A fuzzy credibility-based multi-

objective linear fractional programming approach. 

Agric Water Manag. 2023 ;77: 108135. 

https://doi.org/10.1016/j.agwat.2022.108135 . 

9. Hussein  IH, Mitlif  RJ. Ranking Function to Solve a 

Fuzzy Multiple Objective Function. Baghdad Sci J. 

2020; 18(1): 144-148. 

https://doi.org/10.21123/bsj.2021.18.1.0144  

10. Yass SB, Al Kanani IH. The Estimation of Survival 

Function for Modified Weibull Extension 

Distribution Two-Symmetric Pentagonal Fuzzy 

Number Fuzzy Numbers with Simulation. J Phys 

Conf Ser. 2022; 2322: 1–16. 

https://dx.doi.org/10.1088/1742-

6596/2322/1/012024  

11. Hussein IH, Abood ZS. Solving Fuzzy Games 

Problems by Using Ranking Functions. Baghdad Sci. 

J. 2018; 15(1): 98-101. 

https://dx.doi.org/10.21123/bsj.2018.15.1.0098  

12. Felix A, Christopher S,and Devadoss VA. A 

Nonagonal Fuzzy Number and its Arithmetic 

Operation. Int J Math. Appl. 2015; 3(2): 185-195. 

http://ijmaa.in/index.php/ijmaa/article/view/437/435. 

13. Felix A, Devadoss AV. A New Decagonal Fuzzy 

Number under Uncertain Linguistic Environment. 

Int. J. Math. And its App. 2015; 3(1): 89-97. 

http://ijmaa.in/index.php/ijmaa/article/view/407/406  

14. Muruganandam S, Ambika P. A New Approach for 

Solving Linear Fully Fractional Programming 

Problem. Middle – East. J Sci. Res. 2017; 25(3): 647-

652. 

https://dx.doi.org/10.5829/idosi.mejsr.2017.647.652  

15. Hasan IH, Al-kanani IH. New Ranking Function 

Technique for Fully Fuzzy Linear Programming 

Problems Utilizing Generalized Decagonal 

Membership Function. Int J Math Compu Sci. 2023; 

18(4): 685–695. http://ijmcs.future-in-tech.net  

16. Jaber WK, Hasan IH, Khraibet TJ. Development of 

the complementary method to solve fractional linear 

programming problems. J Phys Conf Ser. 2021; 1897:  

012053. https://dx.doi.org/10.1088/1742-

6596/1897/1/012053. 

17. Deb M, De PK. Optimal Solution of a Fully Fuzzy 

Linear Fractional Programming Problem by Using 

Graded Mean Integration Representation Method. 

Appl Appl Math Int J. 2015; 10 (1): 571-587. 

http://pvamu.edu/aam

  

 

 التامةل البرمجة الخطية الكسرية الضبابية سائجديدة لحل م دالة رتبية استخدام

 اسراء هادي حسن 1 ، أيدن حسن الكناني 2

 قسم الرياضيات، كلية العلوم، جامعة بغداد، بغداد، العراق2

 قسم الرياضيات، كلية العلوم للبنات، جامعة بغداد، بغداد، العراق0

https://doi.org/10.21123/bsj.2023.8243
http://dx.doi.org/10.21123/bsj.2022.19.1.0071
https://bharataganitaparisad.com/
https://dx.doi.org/10.37394/23206.2022.21.83
https://doi.org/10.1016/j.agwat.2022.108135
https://doi.org/10.21123/bsj.2021.18.1.0144
https://dx.doi.org/10.1088/1742-6596/2322/1/012024
https://dx.doi.org/10.1088/1742-6596/2322/1/012024
https://www.iasj.net/iasj/journal/32/issues
https://www.iasj.net/iasj/journal/32/issues
https://dx.doi.org/10.21123/bsj.2018.15.1.0098
http://ijmaa.in/index.php/ijmaa/article/view/437/435
http://ijmaa.in/index.php/ijmaa/article/view/407/406
https://dx.doi.org/10.5829/idosi.mejsr.2017.647.652
http://ijmcs.future-in-tech.net/
https://iopscience.iop.org/article/10.1088/1742-6596/1897/1/012053/meta
https://iopscience.iop.org/article/10.1088/1742-6596/1897/1/012053/meta
https://iopscience.iop.org/article/10.1088/1742-6596/1897/1/012053/meta
https://dx.doi.org/10.1088/1742-6596/1897/1/012053
https://dx.doi.org/10.1088/1742-6596/1897/1/012053
http://pvamu.edu/aam


 

Page | 2403  

2024, 21(7): 2395-2402 

https://doi.org/10.21123/bsj.2023.8243  

P-ISSN: 2078-8665 - E-ISSN: 2411-7986 
 

Baghdad Science Journal 

 

 ةالخلاص

هرت الأخيرة ، ظبسبب هذه الميزة ، في السنوات . مفيدة بشكل خاص في الحالات التي تكون فيها المعاملات غامضة ضبابيةالبرمجة ال

عشرية لحل مشاكل ال ضبابيةيقترح هذا البحث تقنية دالة ترتيب جديدة مع متغيرات من نوع الأرقام ال. العديد من التقنيات لمعالجة عدم اليقين

ريقة طاستخدام الو عشري ، ضبابيجديدة لرقم  دالة رتبيةتعتمد هذه التقنية على إدخال (. FFFLP) التامة ضبابيةالبرمجة الخطية الكسرية ال

ثم  تكميلية ،الطريقة الباستخدام ( FFLP) التامة ضبابيةإلى مشكلة البرمجة الخطية ال  FFFLP بعد تحويل مشكلة. المبسطة الضبابية التامة

الحسابية للأرقام  لعملياتبمساعدة ا. ضبابيةالقيم أرقامًا عشرية  جميع ، والتي تكون فيها التامة ضبابيةيتم حلها باستخدام الجداول المبسطة ال

بيان الطريقة ول. الأمثل ضبابيالوصول إلى الحل ال لحينر الخطوات اكريتم ت. العشرية ، يتم الوصول إلى التكرار الجديد للجدول البسيط

 .الأمثل للمشكلة الضبابي الحلخطوات ايجاد وضح عددي يم مثال يقديتم تالمقترحة، 

 المبسطةقة طريالالعمليات الحسابية العشرية، دالة الانتماء العشرية، البرمجة الكسرية الخطية الضبابية التامة ،  الكلمات المفتاحية:

 الضبابية التامة ، الدالة الرتبية.
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