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Abstract: This work is about a type of fully fuzzy fractional linear programming problem (FFFLPP) in which all of the
objective function (OF) and constraint coefficients and decision variables (DV) are fuzzy numbers (FN). To tackle these
issues, a strategy based on the three ranking function method (TRFM) is offered. We employ the simplex method (SM)
to deal with constraints and the ranking function method (RFM) of fuzzy numbers (FN) to rank fuzzy objective
functions in order to arrive at an optimal solution (OS). It is proposed a computational approach for obtaining an
optimal solution (OS).Finally, to demonstrate the proposed method, a numerical example is provided. The results show
that when using the ranking function method (RFM) to transform fully fuzzy linear programming problem (FFFLPP) to
linear programming problem (LPP) and solved by using simplex method (SM) to obtain the optimal solution (OS), the
proposed strategy provides a superior optimal solution (OS).

Keywords: fuzzy set (FS), Pentagonal fuzzy number (PFN), ranking function (RF), linear programming problems
(LPP), fully fuzzy fractional linear programming problems (FFFLPP).

1. Introduction:

The fractional programming problem (FPP) is a decision-making challenge that arises while attempting to maximize a
ratio that is constrained. The problem of linear fractional programming is now widely used in a variety of real-world
applications, including production planning, financial services, health care, and all engineering fields. Charnes and
Cooper [1] have proposed that the linear fractional programming problem (LFPP) can be optimized. The coefficients of
the objective function, as well as the restrictions and resources, are expected to be correct in such issues. However, the
coefficients are not exact in practice due to measurement mistakes, changes in market conditions, or other uncontrolled
issues (climate, traffic, customers etc.). In this case, it is highly usual for decision makers (DMs) to be hesitant to
estimate their desired level of objective function as well as the problem parameters. In such situations, a decision-
making must deal with doubt and hesitancy. The intuitionistic fuzzy linear fractional programming problem can be used
to simulate these situations effectively. Many researchers have looked into fuzzy linear fractional programming [2-6].
D. Sahoo et al. [7] have studied multi-objective linear fractional programming problem with pentagonal intuitionistic
fuzzy numbers. N. Safae [8] proposed a new method for solving FFLFP has been developed. The authors [9] proposed
a new multi — objective linear programming approach for solving FFFLPP. They also use ranking functions to study the
objective function values with fuzzy numbers [10 - 14]. The goal of this study is to address a type of fuzzy linear
fractional programming problem in which all variables are pentagonal FN. In this research, we investigate the problem
using a simplex technique after transforming the problem to crisp values using three ranking algorithms.

The remain parts of this paper were orchestrated as follow: some basic definitions with respect to the pentagonal fuzzy
numbers are introduced in Section 2. we provide FFFLPP was contained in Section 3. The explained the Fully Fuzzy
Linear Programming (FFLP) Problem with Pentagonal Fuzzy Numbers in section 4. We presents are ranking function
of fuzzy number in section 5.

Shows the algorithm in Section 6. A numerical example is provided for illustration in Section 7. Conclusion is
presented in Section 8.

2.Preliminaries:
We covered the basic concepts of FS and pentagonal FN in this section, which were quite beneficial in this work.
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2.1 Definition (FS): [15]

A FS U is defined by U= {(g, U(g)): g €S, ug(@€E[0,1] }. In the pair (g,(g)), the first member g belongs to the
classical set §, while the second element py (g) belongs to the interval [0,1], which is known as Membership function.

2.2 Definition (PFN): [16]

A FN U is a PFN defined by U = (#, A,4,4, %) , where #, 4,4, 4, # are real numbers and the membership function
ug (g) is given by

0 for g<#
; ((g/:;z) for F<g<h
- A
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3.FFFLPP:[17]
A FFFLPP with PEN can be defined as:
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4. FFLPP with PFEN is defined as [18] :
Max 3 = ¢h
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5. Ranking Functions[19]:

Defining a ranking function F (¥ ) is also an effective way of arranging the items of H (Ap): F(H) » H is
a function that converts each FN into a real line with a natural order.

We define orders on F () by:

iy

v

B, ifandonlyif # (Adp) >H (Bp)
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B, ifandonlyif H (4p) <H (Bp)
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Ap= Bp ifandonlyif H (4;) = H (Bp)

6. Algorithm for solution FFLFPP with PFN:

In this section, we'll show you how to solve a FLFPP using the procedures below:

Step 1: Consider the LFPP in which the objective function and constraints have pentagonal fully fuzzy parameters.

Step 2: Convert the FFLFPP to the corresponding FFLPP, utilize Complementary technique.

Step 3: Using three RF, convert a FFLPP to a crisp linear programming (CLP) problem.

Step 4: To find the best solution to problems, compare three RF with PFN.

Step 5: Using the simplex approach and the Win QSB program, solve the LPP to find the OS, which is the most

efficient solution.
7. Numerical Example:

Consider the

(17,18,8,10,12)w, + (16,19,6,9,11) 1,
(10,12,5,7,9) w, + (9,10,3,4,6) w,

Max 3§ =

subject to
(4,5,3,4,6)w; +(58,3,4,6) w, < (7,144,5,7)
(0,1,2,3,5)w, + (3,5,7,9,11) w, < (11,19,6,7,9)

wq , wy > 0.

Convert the FFLFPP to the FFLPP, utilize Complementary technique
Max 3, = (17,18,8,10,12)w, + (16,19,6,9,11) w,

subject to

(4,5,3,4,6)w, + (583,4,6) w, < (7,14,4,5,7)

(0,1,2,3,5)uw, + (3,5,7,9,11) w, < 11,19,6,7,9)

wq , wy > 0.

MinS, = (10,12,5,7,9) w, + (9,10,3,4,6) w,
subject to

(4,5,3,4,6)w, + (583,4,6) w, < (7,14,4,5,7)
(0,1,2,3,5)uw, + (3,5,7,9,11) w, < 11,19,6,7,9)

wq , wy > 0.

Max 3* = (5,8,3,3,1)w; +(6,10,3,5,5) w,
subject to

(4,5,3,4,6)w, + (583,4,6) w, < (7,14,4,5,7)
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(0,1,2,3,5)w, + (3,5,7,911) w, < 11,19,6,7,9)

wy , wy > 0.
The issue of PLP problem is converted into crisp linear problem (CLP) by using, first ranking function [20] 3(9) =

FHA+2itj+h

< , and the problem is as follows:

_ ftht2itith

3@ = — e (D

Max 3" = 3.833 w, +5.333 w,

subject to

4166 w, + 4.833 w, < 6.833

2.166 wy + 7 w, < 9.666

wy , wy > 0.

Using Win QSB, we can solve the crisp LP problem and obtain the best solution.

w; = 0.0597 |, w, =1.3624 , Max J* = 7.4943 are the solutions.

The issue of PLP problem is converted into CLP by using, second ranking function [20] 3(9) = M , and the
problem is as follows:

G\ _ FrAtitith
3W) = — e )

Max 3" =4x; +58x,
subject to

44w, +52w, < 7.4
22w, + 7w, < 104

wq , wy > 0.

Using Win QSB, we can solve the CLP problem and obtain the best solution.

w,; =0 , w,=14231 , Max J* = 8.2538 are the solutions.

The issue of PLP problem is converted into C LP problem by using, three ranking function [21]3() =
2§+3A+24i+35+24

2 , and the problem is as follows:

24+3A+2i+35+24

3@ = — Y
Max 3" = 12.75 w, + 18.25 w,
subject to

1325wy + 16 w, < 23.25
6.5w, +21w, <325

wq , wy > 0.
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Using Win QSB, we can solve the crisp LP problem and obtain the best solution.
w,; =0 , w,=14531, Max 3" = 26.5195 are the answers.

Let's look at the following table that compares three ranking methods, and it's evident that our, three ranking function is
always maximizing the result.

No. | Ranking Function Transform ranking function optimal solution
1 Ranking Function | | Max §* = 3.833 w; wy = 0.0597, w, = 1.3624 , Max J* = 7.4943
+5.333 wr,
2 Ranking Function Il | Max §* = 4w, + 5.8 w, w; =0 , w,=14231 , Max 3" = 8.2538
3 Ranking Function | Max §* = 12.75 w, wy; =0 , w, =14531, Max " = 26.5195
Il +18.25 w,
8. Conclusion

We solved a pentagonal linear fractional programming problem in this article. We utilized three different ranking
functions to convert pentagonal numbers to crisp numbers. We solve the problem using the simplex approach after
utilizing this ranking algorithm to transform the problem to crisp values.
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