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Abstract

In this paper, we propose a method of solving the fully fuzzy linear fractional programming
problems, Express all the parameters and variables are triangular fuzzy numbers. Convert all
the triangular fuzzy numbers in their parametric form, we convert the fractional programming
problem in to a single objective linear programming problem in parametric form. We put new
fuzzy arithmetic and fuzzy ranking, we obtain the optimal solution the given fully fuzzy linear
fractional programming problem without converting to its equivalent crisp linear programming
problem. A numerical example is provided to illustrate the efficiency of the proposed method.
Key words: fractional programming, triangular fuzzy numbers, parametric form, fuzzy
arithmetic, fuzzy ranking.

AMS classification: 03B52, 90C05, 246636

1 Introduction

Linear fractional programming is a ratio of two linear functions, is optimized.
Its applications is used several fields such as production, financial, corporate, health
care etc. Bellman and Zadeh proposed the concept of decision making in a fuzzy
environment. Subsequently, Many authors discussed the FLFPP. e.g. Chakraborty
and Gupta, Li , Mehlawat et.al, Mitlif et.al, Muruganandam et.al, Nachammai et.al,
Pop et.al, Sanjay Jain et.al, Stanojevic et. al, Das et al. have proposed more
methods for solving FLFPP. Safaei et.alsolving FLP problems with fuzzy goal and
fuzzy constraints in two-dimensional space by geometric approach. Pop and Stancu
Minasian represent the variables are triangular fuzzy numbers and solving FFLFP
problems.
In this paper, we consider the fully fuzzy linear fractional programming
problem (FFLFP). First, the FFLFP problem is reduced into a fully fuzzy linear
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programming (FFLP) problem and then expressed in its parametric form. We propose
a simplex type algorithm for the solution of fully fuzzy linear programming problem
without changing to an equivalent crisp problem. In section 2, we give some basic
definitions and notations along with some preliminary results to be used in subsequent
sections. In section 3, we talk about fully fuzzy linear fractional programming problem
and present details of the solutions method to solve it. In section 4, we present a
numerical example to illustrate the efficiency of the solution approach developed in
this paper.

2 Preliminaries

Definition 2.1 A fuzzy set a defined on the set of real numbers R is said to be a fuzzy
number, if its membership function a: R — [0, 1] has the following characteristics:

(i) ais convex, (i.e.) @(Ax;+ (1 —A)xp) >min{a(xy),a(x2)},A €[0,1],for all x1,x; €
R
(ii) a is normal, (i.e.) there exists an x € R such that a(x) =1

(i) a is piecewise continuous.

Definition 2.2 A fuzzy number @ on R is a triangular fuzzy number if its membership
function @: R — [0, 1] has the following characteristics:

X—dadi

;o a1 <x<ap
az —dai
~ a3 —Xx
Cl(X): a a ) a2§x§a3
342
0, otherwise

We denote this triangular fuzzy number as @ = (ay,a;,a3). We use F(R) to denote
the set of all triangular fuzzy numbers defined on R.

= (ai,ap,a3) € F(R) can also be

Definition 2.3 A triangular fuzzy number da
represented as an pair 4 = (a,a) of functions a(r),a(r), for 0 <r < 1 which satisfies the

following requirements:

(i) a(r) is a bounded monotonic increasing left continuous function.

(ii) a(r) is a bounded monotonic decreasing left continuous function.
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(iii) a(r) <a(r),0<r<1

It is also represented by a = (ag,a.,a*) where a, = (ag —a),a* = (a—ap) are called
the left fuzziness index function and the right fuzziness index function respectively.

a(l)+a(l)
)

For an arbitrary triangular fuzzy number a = (a,a) the number ag = (

is said to be a location index number of 2.

2.1 Ranking of Triangular Fuzzy Numbers

Several approaches for the ranking of fuzzy numbers have been proposed in the
literature. An efficient approach for comparing the fuzzy numbers is by the use of
a ranking function based on their graded means. We define the magnitude of the
triangular fuzzy number a by

. a* +4ap—a, at+a+ag
R - () - ()

Consider any two triangular fuzzy numbers

a=(a1,a2,a3) = (ag,ax,a*) and b = (by,by,b3) = (bg,bs,b*) in F(R) we have

(i) @ > b if and only if R(a)
(ii) 4 < b if and only if R(a)
(iii) @~ b if and only if R(a@) = R(b)

2.2 Arithmetic Operations of TrFN

Ming Ma et. al., analyzed fuzzy computation based on location index, fuzziness
index functions. The location index number used ordinary computation and the
fuzziness index functions used the lattice guidelines which is least upper bound in
the lattice L. let a,b € L, we derive @V b = max{d,b} and 4Ab = min{a,b}. If any
two triangular fuzzy number a = (ag,a,a*),b = (bg, bs, b*) and e = {+, —, x, =}, the
computation operations on the fuzzy numbers then

deb = (ag,a,,a")e(by, by, b*) = (ageby,max {a,, b,},max{a*, b*})
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3 Fully fuzzy linear fractional programming problem (FFLFPP)
A general FFLFPP is given by

LEX+ 0

L% + By

Subject to ) &;%j <b;, i=1,2,3,....m

j=1
and % = 0, for all j=1,2,3,...,n.

maxz =

We assume that, dij,l;i,éj, and %j are TrFN for eachi=1,2,3,...,mand j=1,2,3,...,n.
The general fully fuzzy linear fractional programming problem is expressed in matrix

form as e
- X+ a
maxz = — _
dx+f
Subject to  AX < b,
and X = (),

where A = (éij)(mxn)’i = (21,22,23,...,?{11),5 = (61,62,63,...,Bm) and
EZ(EI>627637"'7GH)7 _
&:(al,&z,&g,...,&n),&,ﬁ EF(R)

It is assumed that the denominator is positive for all feasible solution.
3.1 Conversion of fuzzy linear fractional programming problem into fuzzy linear

programming problem

==
2>
Pl

to the LFP cannot be found.
Now we can convert the above LFP into an LP in the following way assuming that

B #0.

3.2 Transformation of the objective function

Multiplying both the denominator and the numerator of maxz = (ST — by B,
where B # 0.
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We have

Hence F(y) = py + &.

3.3 Transformation of the constraints

b, we have,

From the above equations we finally obtain the new LP form of the given LFP as
follows:
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4 Numerical Example

A company makes two products A

rupee to the rate function.

and B. Added a permanent rate of around 1

Profit(around)/ per Rate (around) Row Man-
Products
unit per unit material(pound) hours(daily)
A 5 5 3 5 hours
B 3 2 5 2 hours
Available 15 10 hours

Compute how many products A and B should be produced in order to maximize
the total profit.
Solution: The mathematical formulation of the FFLFPP is:

N §)~(1 —i—éf(z
maxz = —m—=——=
5% +2%,+1
subject to 3%+ 5%, < 15

§)~(1 +2)~(2 < 10

%1,% > 0.

Applying the proposed algorithm, the FFLFPP is transformed into an equivalent
FFLPP as
max ? = 57 + 37,
subject to 7851 + 35, < 15

5551 +225, < 10

)717)72 Z (~)
That is maxZ = (3,5,7)y1 + (2,3,4)9>
subject to (76,78,80)y; + (34,35,36)y, < (11,15,19)
(53,55,57)§1 + (21,22,23)§, < (9,10, 11)
and y17)~,2 > 6
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Express this FFLP in its parametric form as

MaxZ =(5,2—-2r,2-2r)§;1 + (3,1 —r,1 —1)¥>
subject to (78,2 —2r,2 —2r)§; + (35,1 —r,1 —1)§2 < (15,4 — 4r,4 — 4r)
(55,2—=2r,2—-20)§1 + (22,1 —r,1 —1)§, < (10,1 —r,1 —71)
and §1,5, > 0.

The standard fully fuzzy linear programming (FFLP) problem into its parametric
form is Maxz = (5,2 —2r,2 - 2r)§; + (3,1 —r,1 —1)§2 + (1,0,0)3; + (1,0,0)3;

subject to (78,2 —2r,2 —2r)§; + (35,1 —r,1 —1)¥2+ (1,0,0)8; = (15,4 — 4r,4 — 4r)

(55,2—2r,2—21)§1 + (22,1 —1,1 —1)92+ (1,0,0)3, = (10,1 —r, 1 —71)

and §1,92,51,5 > 0.

The initial fuzzy basic feasible solution is
§1 = (15,4 —4r,4 —4r),5, = (10,1 —r,1 —1).

S (5.2—2r2—-2r) | 3,1—r,1—r) | (0,0,0) | (0,0,0)

CB yB XB Vi 2 §1 5
(0,0,0) | %5 | (15,4—4rd—4r) | (78,2—2r2—2r) | (35,1—r,1—r) | (1,0,0) | (0,0,0)
(0,0,0) | & (10,1 —r1—r) (55,2—2r2-2r) | (22,1=r,1—r) | (0,0,0) | (1,0,0)
Z (0,0,0) (0,0,0) (0,0,0) | (0,0,0)
(Zi—¢) (=5,2—-2r2—-2r) | (=3,1=r1,1—r1) | (0,0,0) | (0,0,0)

Here leaving variable is §, and entering variable is ;.

Initial iteration
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G (5,2—2r,2—2r) B, 1—r1-r) (0,0,0) (0,0,0)

3 yB XB 1 y2 ) )
Gl—r1-1) | » | (043,4—4r,4—4r) | (2.23,4—4r,4—4r) | (1,4—4r,4—4r) | (0.03,4—4r,4—4r) | (0,4—4r,4—4r)
(0,0,0) 5 | (0.57,4—4r,4—4dr) | (5.97,4—4r,4—4r) | (0,4—4r,4—4r) | (—0.63,4—4r4—4dr) | (1,4—4r,4—4r)
2 (6.69,4 —4r,4—4r) | (3,4—4r,4—4r) | (0.09,4—4r,4—4r) | (0,4—d4r,4—4r)
(z—5) (1.69,4 —4r,4—4r) | (0,4—4r,4—4r) | (0.09,4—4r,4—4r) | (0,4—4r,4—4r)

Since all the (Zj -

optimal iteration

&) = 0, current solution is optimal.

Hence we get 7| ~ 0 and 7, ~ (0.43,4 — 4r,4 — 4r)

Next, by the proposed algorithm we find the values of X;,%, using the transformation

(

1,%) =

_ _Gum)B
1—d(51,52)

[(0,0,0),(0.43,4 —4r,4—4r))(3,1—r,1—7r)

That is (f] ,fz) =

= (X1,%) = ((0,4 —4r,4 — 4r),(3.07,4 — 4r,4 — 4r))

=X = (0,4 —4r,4—4r) and X = (3.07,4 —4r,4 — 4r)

(0,0,0)—[(5,1—r,1=r)(2,1—r,1—1r)][(0,0,0),(0.43,4 — 4r,4 — 4r)]

Substituting these values in the original linear fractional objective function, we have

5121 + 3)?2

5(0,4 —4r,4 —4r) +3(3.07,4 — 4r,4 — 4r)

maxZ

T35 4206 1 5(0,4—4rd—4r) +3(3.07,4—dr4—4r) +1
= maxZ = (1.29,4 — 4r,4 — 4r)

=(1.29,4 —4r,4 —4r)

We get the optimal solution of the given problem as maxz = (1.29,4 —4r,4 —4r) with X; = (0,4 —4r,4 —4r)
and X, = (3.07,4 —4r,4 — 4r)
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Value of r maxZ Value of r maxZ Value of r maxZ

r=0 (—2.71,1.29,5.29) r=0.72 (0.17,1.29,2.41) r=0.82 (0.57,1.29,2.01)

r=025 | (-=1.71,1.29,4.29) | r=0.74 | (0.25,1.29,2.33) | r=0.85 | (0.69,1.29,1.89)

r=05 | (—0.71,1.29,3.29) | r=0.75 | (0.29,1.29,2.29) | r=0.90 | (0.89,1.29,1.69)

r=0.68 (0.01,1.29,2.57) r=0.78 (0.41,1.29,2.17) r=0.95 (1.09,1.29,1.49)

r=070 | (0.09,1.29,2.49) | r=080 | (0.49,1.29,2.09) | r=1 (1.29,1.29,1.29)

Optimal solution for different values of " r "

Methods maxz
veeramani et al. (0.53,1.27,9)
Pop et al. (0.4,1.28,11)

Stanojevic-Stancu Minasian method | (0.4,1.3,11)

Safaei method (0.4,1.28,11)

Proposed Method maxZ for r € [0.68,1]

Comparison with other methods

5 Conclusion

We have proposed a new method for the solution of fully fuzzy linear FPP without reducing to its
equivalent crisp form. From table 3 , it is evident that the proposed method gives flexibility to the decision
maker to choose his preferred solution whereas the other method does not give such facility to the decision
maker. Also from table 4, we see that the proposed method gives vagueness reduced results comparing with

other methods.

References

[1] Bellman RE and Zadeh LA, Decision-making in a fuzzy environment. Management Science, 17(4),
B-141,(1970).

[2] Borza M,Rambely AS and Saraj M, Solving linear fractional programming with intervals coefficients in
the objective function-A new approach , Applied Mathematical sciences, 6(69),3443 —3452,(2012).

[3] Chakraborty M and Gupta S, Fuzzy mathematical programming for multi-objective linear fractional

programming problem. Fuzzy sets and systems, 125(3), 335-342, (2002).

(I").Iournal of Computational Mathematica Page 118 of



2456-8686, vii(i), 2023 : 110-119
https://doi.org,/10.26524 /cm166

(4]

5]

(6]

7]

(8]

191

Das SK and Edalatpanah SA, A general form of fuzzy linear fractional programs with trapezoidal fuzzy

numbers. International journal of data envelopment analysis and operations research, 2(1),16—19,(2016).

Das SK, Mandal T and Edalatpanah SA, A new approach for solving fully fuzzy linear fractional
programming problems using the multi-objective linear programming. RAIROOperations Research 51

(1), 285-297, (2017).

Das SK, Edalatpanah SA and Mandal T, A proposed model for solving fuzzy linear fractional

programming problem: numerical point of view, Journal of Computational Science,25, 367-375, (2018).

Das SK, Mandal T, A new model for solving fuzzy linear fractional programming problem with ranking

function, Journal of applied research on industrial engineering, 4(2),89-96, 2017.

Ganesan K and Veeramani V , Fuzzy linear programs with trapezoidal fuzzy numbers. Ann. Oper. Res.

143, 305-315, (2006).

Li DF and Chen S, A fuzzy programming approach to fuzzy linear fractional programming with fuzzy

coefficients, J. Fuzzy Math. 4, 829-834, (1996).

[10] Mehlawat MK and Kumar S, A solution procedure for a linear fractional programming problem with

fuzzy numbers, Adv. Intell. Soft Comput. 130, 1037-1049, (2012).

(IIDJournal of Computational Mathematica Page 119 of



	1 Introduction
	2 Preliminaries
	2.1 Ranking of Triangular Fuzzy Numbers
	2.2 Arithmetic Operations of T r F N

	3 Fully fuzzy linear fractional programming problem (FFLFPP)
	3.1 Conversion of fuzzy linear fractional programming problem into fuzzy linear programming problem
	3.2 Transformation of the objective function
	3.3 Transformation of the constraints

	 4 Numerical Example
	5 Conclusion

