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Abstract

In the present paper, the study of fully fuzzy linear fractional programming problem
(FFLFPP) using graded mean integration representation method is discussed where all the
parameters and variables are characterized by trapezoidal fuzzy numbers. A computational
algorithm has been presented to obtain an optimal solution by applying simplex method. To
demonstrate the applicability of the proposed approach, one numerical example is solved.
Also to check the efficiency and feasibility of the proposed approach, we compare the results
of examples by applying crisp numbers, triangular fuzzy numbers and trapezoidal fuzzy
numbers.
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1. Introduction

Fractional programming (FP) was studied extensively in the middle of 1960s and early 1970s
of the last century in the literature (1962, 1970). In many practical applications like stock
problems, ore blending problems, shipping schedules problems, optimal policy for a
Markovian chains, sensitivity of linear programming problem (LPP), optimization of ratios of
criterion gives more insight into the situations than the optimization of each criterion (1988).

To study the efficiency in different fields such as education, hospital administration, court
systems, air force maintenance units, bank branches, etc., fractional programming solves
more efficiently the above type of problems (1978). FP problem, which has been used as an
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important planning tool for the past decades, is applied to different disciplines such as
engineering, business, finance, economics, etc. FP is generally used for modelling real life
problems with one or more objective(s) such as profit/cost, inventory/sales, actual
cost/standard cost, output/employee, etc.

Charnes and Cooper (1962) showed that the linear fractional programming problem (LFPP)
can be optimized by solving a LPP. Bellman and Zadeh (1970) has proposed decision making
in a fuzzy environment. S. H. Chen (1985) has discussed operations of fuzzy numbers with
function principle. Chen and Hsieh (1999) has studied the graded mean integration
representation (GMIR) of generalized fuzzy numbers while Chen et al. (2006) has used some
concepts of GMIR of L-R type fuzzy numbers. Nachammi et al. (2012) have studied fuzzy
linear fractional programming problem (FLFPP) by metric distance ranking. The present
authors (2013) have discussed FLFPP by signed distance ranking where variables and
parameters are characterized by triangular fuzzy numbers (TFN).

The objective of this paper is to deal with a kind of FLFPP where all the variables and
parameters are trapezoidal fuzzy numbers (TrFN). In this paper an attempt has been made to
develop an algorithm for solving FLFPP based on GMIR of fuzzy numbers.

The paper is organized as follows: Section 2 outlines the definitions and preliminaries of
TrFN and its arithmetic operations. In section 3 we have discussed the methodology of GMIR
of TrFEN based on fuzzy set theory. In section 4, we first recall some basic notions about
FLPP and FLFPP in which a theorem based on conditions of fuzzy optimality is presented.
An algorithm is developed which gives the computational procedure for optimal solution of

FLFPP. Section 5 demonstrates two numerical examples to illustrate the above algorithm.
Section 6 discusses the main results and conclusions of this paper.

2. Definitions and Preliminaries

We review the fundamental notation of fuzzy set theory initiated by Bellman and Zadeh
(1970). Below, we give definitions and notations taken from Zimmerman (1983).

Definition 2.1.

If X is a collection of objects denoted generally by x, then a fuzzy set A in X is defined as a
set of ordered pairs:

A={(x, ,Ltg(x)): X €E X} :

where pz(x) is called the membership function of x in A. The membership function maps
each element of X to a membership grade (or membership value) between 0 and 1.

Definition 2.2.
A fuzzy number A is a convex normalized fuzzy set on the real line R such that:
(i) itexists at least one x, in R with pz(x)=1, and

(if) uz(x) is piecewise continuous.
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Definition 2.3. Trapezoidal Fuzzy Number

A fuzzy number A= (a, b, ¢, d), a< b <c <d(a,b,c,d>0)issaid to be a trapezoidal
fuzzy number if its membership function is given by:

0, x <a,
(ﬂ, a<x<h,
b—a

,ug(x):{ 1, b<x<cg,
Lﬂ, c<x<d,

d—c
, x >d.

(=}

1 (x)

v

Figurel: Trapezoidal Fuzzy Number 4 = (a, b, ¢, d)

Remark:

If b = c, the trapezoidal fuzzy number reduces to a triangular fuzzy number as shown i

Figure 2. It can be written by a triplet (a, b, d).

0 a b=c d x'

Figure2: Triangular Fuzzy Numberﬁ:;a,b,d}
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3. Methodology
3.1. Graded Mean Integration Representation Method
Chen and Hsieh (1999) introduced graded mean integration representation method based on
the integral value of graded mean a-level of generalized fuzzy number.
First, we describe generalized fuzzy number as follows:
Suppose, 4 = (a,, a,,as,a,; w,) is a generalized fuzzy number. It is described as any fuzzy
subset of the real line R, whose membership function uz(x) satisfies the following
conditions:

(@) uz(x) is a continuous mapping from R to the closed interval [0,1],

(b) ps(x) =0, —o0<x<ay,

(©) uz(x) = L(x), is strictly increasing on [a4, a,] ,

(d) ,LLA(X) =Wy, Az =X =ag,

(e) uz(x) = R(x), isstrictly decreasing on [as, a,],

() na(x)=0, a, < x < oo,

where 0 < wy, < 1and a4, a,, a; and a, are real number. Also this type of generalized fuzzy
number be denoted as A = (aq, a,, as, as; W) r-

When w,=1, it can be written as A = (a4, a,, as, as) .z

Secondly, by graded mean integration representation method L~!and R™'are the inverse
functions of L and R, respectively and the graded mean a-level value of generalized fuzzy
number A = (al, az, a3, a4_; WA)LR

a(L™ (@)+R™ (@)
5 .

Then the graded mean integration representation of 4 is P(4) with grade w, , where

waa(l" (@) +R™ (@)

P(A)= *—wit with 0<a < wy and 0<w, <L.
0

When w, = 1, the above generalized fuzzy number A is considered as trapezoidal fuzzy
number and is written as A = (a4, a,, as, a4) g

Therefore,

a,+2a,+2az+a,

P(4) = ;
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Figure 3. The graded mean a — level value of generalized fuzzy number 4 = (a,, ay, as, as; ws) iz

3.2. The fuzzy mathematical operations under function principle

Function principle is proposed by Chen (1985) to be as the fuzzy arithmetical operations by
trapezoidal fuzzy numbers. This method is more useful than the extension principle (1999,
2006) for the fuzzy numbers with the trapezoidal membership functions.

We describe some fuzzy arithmetical operations under function principle as follows:

Suppose, 4 = (a;,a,,as,a,) and B = (by, by, b3, b,) are two trapezoidal fuzzy numbers.

Then,
1. A® B =(ay+by,a;+byas +bs,a, + by).
2. A~®§ == (albl, a2b2’a3b3, a4b4).

3. -B= —(by, by, b3, by) = (—by, —b3, —by, —by).

4. Aeé:(al_b4,a2_b3,a4_b2,a4_b1).
l_pi_ (L 111
5. E_B _(b4'b3'b2'b1)'
{ o) o (M 92 % G
6. AQ B== bs’ s’ by’ by "
7. Let, A €ER,
For > 0, A ® A = (Aal,laz,/‘la3,/‘la4),

FOI’ < 0, /1 ® A = (/1a4, ﬂ,ag,ﬂ,az,/lal),
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where a4, a,, as, a,, by, by, b3 and b, are all non-zero positive real numbers.
3.3. Signed distance ranking of Triangular fuzzy number
Yao and Wu (2000) proposed a signed distance ranking to rank fuzzy numbers.

Let, A=(a4, a,, as) be a triangular fuzzy number of L-R type then

R(A) — a1+222+a3l

4. Fuzzy linear fractional programming problem
4.1. Definition

Fuzzy linear fractional programming: The general format of fuzzy linear fractional
programming problem (FLFPP) may be written as:

Max Z(x) = 255,
subject to the constraints:

Ax=b,x>0,
where x€ R™, ¢,d € R™,A € R™", b € R™, &,f €R.
With the additional assumption that the denominator is positive for all feasible solution.
4.2. Definition
Initial basic feasible solution:
Let xz be the initial basic feasible solution such that

Bxz =b = x5 = B71D, x5 >0,

s

P

where B = (by, by, ..., by).
Further let 2 = ¢zxz + @ and 22 = CszE + E’

where ¢z and dy are the vectors having their components as the coefficients associated with
the basic variables in numerator and denominator of the objective function respectively.

4.1. Theorem (Conditions of optimality). [Swarup et al. (1997) and De and Deb (2013)]

A sufficient condition for a feasible solution to a fully fuzzy linear fractional programming
problem (FFLFPP) to be fuzzy optimum is that Uij >0 for all j which the column vector 5J-
in A is not in the basis B .
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Proof:

Let the fully fuzzy linear fractional programming be stated as follows-

(21}
AN

X+
x+

Max Z(x) =

Q
=N

subject to the constraints:

Ax=band x>0
where Xx€ R™, ¢,d € R",A € R™" b € R™, &, €R.

Here we show that for any 5j and A notin B at least one u; > 0.If possible let all G; < 0,
(i=1,2, ..., m). We have the fuzzy basic feasible solution to this FLFPP is

AT (1)
i=1

Suppose that we add and subtract 0a ; (@ is any scalar), then we get

i Xqb, — 03, +08, =b | @)
Since -
03, =630, @3)
we have , -
> %ah -6 0,5 + 0 =b |
i=1 i=1
3" (X, @, )b, + 08, =b
i=1
When & >0, we have iBi—éﬁij >0 . Since by assumption, U;; <0, (i=12, .., m.

Therefore, (X —§l]ij),---,(>~(8m—§ﬁmj) and @ is a fuzzy feasible solution for all & >0.
Thus, the set S is unbounded, which is contrary to our hypothesis of regularity. Hence,
u; >0.

4.6. Definition

A fuzzy basic feasible solution x, to fuzzy linear fractional programming problem is called
fuzzy unbounded solution if for at least one j, for which Uij <0 (i=1,2,.,m), 71- —Ej and

'z'j —Ej are negative, then there does not exist any optimum solution to this FLFPP.
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Algorithm for solving fully fuzzy linear fractional programming problem by simplex
method:

The steps for the computation of a fuzzy optimum solution are as follows:
Step 1:

First consider the variables and parameters of the example as fuzzy number like trapezoidal
fuzzy number.

Step 2:
Check whether the objective function of the given fully fuzzy linear fractional programming
problem (FLFPP) is to be maximized or minimized. If it minimized then we convert it into
a problem of maximizing it by using the result,

Min 7= - Max (-1).
Step 3:

Check whether all 5, (i=1, 2, .., m arenon-negative . If any one oft;i IS negative then

multiply the corresponding in equation of the constraints by -1, so as to get all BI (=12 ..,
m) non-negative.

Step 4:

Convert all the in equations of the constraints into equations by introducing slack and /or
surplus variables in the constraints. The costs of these variables equal to zero.

Step 5:

Obtain an initial basic feasible solution to the given problem in the form YB =B™ and put it
in the third column of the simplex table.

Step 6:

51
5_ 1L 51_x =~ 52 _ 4 P
Compute ZZ?, where Z° =CgX; +a and Z° =dgX; + .

Step 7:
Compute the net evaluation Zj (0=1,2,..,m), where

X 251 =~ 152
A =Z°(Z; —¢;))-Z(Z;" —d)).
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Here, (Zjl—é“j) and (ij—aj) are calculated by using the relation 'Zjl—(?j =C5y;, —C, and
~ 2 ¥ 7 o~ I
z;"—d; =dgy; —d;.
Step 8:
Examine the sign Kj (using the method of GMIR method):
Q) Ifall (z,-C;)> 0, then the initial basic feasible solution X5 is a fuzzy optimum

basic feasible solution.
(i)  Ifatleastone (Z;—C;) < 0, proceed to the next step.
Step 9:

If there are more than one negative A ;» then choose the most negative of them. Let it be A,
forsomej=r.

Q) If all §, <0, (i=1, 2, .., m) then there is an unbounded solution to the

r —

given problem.

(i) If at least one y, >0 (i=1, 2, ..., m), then the corresponding vector y, enters
the basis y,.

Step 10:

Compute the ratios
K. . o~
{~—B',yir >0,i :1,2,---,m}
yir
and choose the minimum of them. Let the minimum of these ratios be =2 . Then, the vector
ykr

yk will leave the basis y,. The common element Vkr which is in the k" row and " column
is known as leading or (pivotal) element of the table.

Step 11:

Convert the leading element to unit TrFN by dividing its row by the leading TrFN itself and
all other elements in its column to zero TrFN by making the use of the relations:

?ij =yij—¥§7ir, i=12,...m+Li=k,and
ykr
?kj =ﬁl j2011121“'1n'

kr
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Step 12:

Go to step 6 and repeat the computational procedure until either an optimum solution is
obtained or there is an indication of an unbounded solution.

5. Numerical Example
Example 1.

Solve the following linear fractional programming problem:

6x1+5x;
2x1 +7
subject to the constraints:

Max z =

X, +2x, <3,
3x; + 2x, <6,

X1,%5 = 0.
Solution:
Tablel: Initial Iteration:
€ 6 D 0 0
d; 2 0 0 0
CB dp g 11 y2 | Yz | ya |
0 0 T3 = 3 1 2 |10 3
0 ) Ty =0 37 2 0 1 |2 —
2=0]22="17 ::_J]- — -b -5 0 0
=0 22—d; | 2 |0 |00
A 421 [ -35 | 0 0

Here A; < 0, so x4 leaves the basis and x; enters the basis.

Table 2: The next iterated simplex table is:

¢; § 5 0 0
d; 2 0 0 0

cR dp g |y | w2 | ys | ys |

PR I= —T | 3

6 2 = 2 1 5; 0 l} 3
=12 ]2=11 ]2 —¢; | O -1 0| 2
S 12 2 I 7
Z = 11 ,d.'lj- — I’EJ '[]' 3 U 3
A O -=2771 0 14

Here A; < (), so x5 leaves the basis and r- enters the basis.
g
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Table 3: The optimum iterated simplex table is:

¢ 6 5] 070
d; 270070

. dg rp yr [ y2 | ys | ya | T
5 0 ty =13 | 0 = | =
6 2 n=3 | 1]0[|=]3
=2 12=10]z2—-¢ [0] 0] =] %
z =131 Z—-d; |00 |51
A, HERERE:

In the optimum iterated table, all A;= 0 and the problem reaches its optimality. Hence, the
optimal solution is x; = %:1.5, Xy = % = (.75 and

Max Z* = 2X = 1.28,
40

Now the above problem can be solve by fuzzified version as followed: By taking triangular

fuzzy number:
. (567)%,+(3,56)%;

Max z = (1,2,3)%,+(5.5,7,8.5)

subject to the constraints:

(0.5,1,1.5)%, + (1.5, 2, 2.5)%, < (2,3,5),
(2,3,8) % + (1,2,3)%, < (5,6,7),
%1,%, 2 0.
Solution: The initial iteration table is given below:

B

<z (5.6,7) (3,5,6) (0,0,0) (0,0,0)

- (1,2,3) (0,0,0) (0,0,0) (0,0,0)
Cp dy Xp %) ¥ ¥ Vs X

Vi
0 0 % =(23.5 (05,1,15) | (1.5.2.2.5 | (0.1,0) (0,00) | (83,7)
0 0 55“4 = (5:6:7) (2,3,4)‘ (1,2,3) (0,0,0) (0,1,0) (4.6,2,3.8) -
z 77 3;1 —C::
=(0,0,0) :(5578.| 7 7 (-7,-6,-5) (-6,-5,-3) (0,00) | (0,0,0)
5)

7 =(0,0,0) 2L (-3-2-1) | (0,00 (0,0,0) (0,0,0)

Ao (-82,-42, (-69.5-35,- | (0,0,0) (0,0,0)

4 -86) 63.5)

f

In Table 4, E] < 0, so X, enters the basis and X, leaves the basis by using
Min [d(4;1, Ap)]= d(j1)= 31,

Min [dG22,2E2)]= d(2B2)= %,.

V12 P22 V22
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Therefore, (2,3,4) is the leading element. Now convert this element as unit triangular fuzzy
number and all other elements in the column as zero. The new iterated simplex table is given
below:

Table5: lterated Simplex Table:

€. (5,6,7) (3,5.6) (0,0,0) (0,0,0)
d.- (1,2,3) (0,0,0) (0,0,0) (0,0,0)
€p g,g- Xp B ¥ ¥ Vs Ff_ﬁ'
¥
a 0 %, =(5.8196)| (255036 | (41.3.43) | (0,1,0) (025, (471,077, .
) ) 03, 7.61)
0.5)
(5,6,7) (1,2,3) ¥ =(46238) (211,205 | (180715] | (0,0,0) (0503 | (7.68,2.85,
) ,0.25) 6.76)
—1 =1 ~1 ~
£ £ Z; e (24.5,0, (203, {4518
=(37.612, | =(16.7, 24.3) 08, 16.9) (0,0,0) 3.6)
36.8) 11,22.1) ] T "
7= i 4. (82,081) | (431451) | (0,00) (1306,
/ / 14}
A (367.8,0, | (97.22, (0,0,0) (118.44
J 365.7) -25.6, 128,
273 .46) 117.54)

In Table 5, A~] < 0, so X, enters the basis and X5 leaves the basis by using
Min[d (ijzjz)]: d (Zjl) =¥

Min[d (G2, Z22)]= d(ZE2) =%,

Y21 ’ Y22 V21

Therefore, (4,1.3,4.3)" is the leading element. Now convert this element as unit triangular
fuzzy number and all other elements in the column as zero. The optimum iterated simplex
table is given below

Table &6: Optimal iteration:

+
.- (5,6,7) (3,5,6) (0,0,0) (0,0,0)
d.- (1,2,3) (0,0,0) (0,0,0) (0,0,0)
s gs Xp it ¥ ¥ Vs Ff_ﬁ
¥
Yy
(3,5,6) (0,0,0) ¥, =(4.71, {1.96,0, (3.39,1, (025,077, 01z,
277 361 0.23 -0.23,031
0.77.7.61) ’ ) ) ’
(5,6,7) (1,2,3) #,=(9.93,1.46, 4.04,1, (4.33,0,3.87) | (0.18, (0.72,0.46,
7.09) 3.432) -054,018) | 033)
7! z Fl-F.:
=(92.74, =(26.82, ’ ‘ (46.04,0, (51.83,0, (1.82,061, | (653,161,
12.61, 0G93, 46.37) 50.27) 3.07) 537)
95.43) 26.06)
7 =(9.82, 3_3 _(}‘. . (12.08,0, | (8.66,0,7.44) | (-0.22- (18,082,
1.27,10.09 ’ ¢ 10.84) 1.08,-1.26) | 2.04)
!
A - (593410, | (508970, (153.36, (221 48,
J £12.32) £07.88) 19.67, 4.37,206.12)
198.36)
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In Table 6, A~] > (0 and, hence, d(A~])> 0. Therefore, the problem reaches its optimality.
Hence, the optimal solution is

%1 = (9.93,1.46,7.09) and X; = (4.71,0.77,7.61).

Therefore, Max z*; = (9.82,1.27,10.09). By taking trapezoidal fuzzy number:

_ (56,7,8)%1+(3,5,6,7)%;

Max z = (1,2,3,4)%,+(5.5,7,8.5,9)

subject to the constraints:

(05,1, 1.5,2)%,+(1.5, 2, 2.5, 3) %, < (2,3,5,7),

(2,3,45) % + (1,2,3,4)%, < (5,6,7,8),

%y, %, = 0.

Solution: The initial iteration table is given below:

Table7 ;. Initial lteration:

£
z.: (5,6,7.8) 135.6,7) (0,0,0,0) | (0,0,0,0)
d.: (1,234) (0,0,0,0) 10,000 | (0,0,00)
Gy gg Xp ) ¥ ¥ Jy ﬁ_ﬁ'
(00000 |10000) | ¥ =(2357) 05L152) |(152253) |(L000) |(0000) |(L2514)
0000 |(0000) |%,=(5678 | (2345 |(1234) 0000 | (0,100 |(115234
\ i
=1 =1 ~l =
zZ z Z.—C.: -8 -7 -
=0000) |=(557, | © ° f]'?'s' [7-6-5-3) | (0000) | (0000)
8.5,9)
Z g_l_g__ (-4,-3-2, (0,0,0,0) 0,000 | (00,00
=(0,0,0,0) -1)
A (-44,-49, (-38.5-42, |[(00,00) | (00,00
i -51,-45) -42.5,-27)

In Table 7, E] < 0, so %, enters the basis and %, leaves the basis by using
Min [P(Zjszz)]: P(Zﬂ): V1,

Min [PCE), P(SB)]=PEH) = 7, .

Therefore, (2,3,4,5)" is the leading element. Now convert this element as unit trapezoidal
fuzzy number and all other elements in the column as zero.
The new iterated simplex table is given below:
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Table8:lterated Simplex Table:
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In Table 8, A~] < 0, so X, enters the basis and X5 leaves the basis by using

g;: (5,6.7.8) (3,56.7) (0,0,00) |(0,00,0)
o
7. (1.2.3.4) | (0,0,00) 0,0.00) | (0,0,0,0)
EE Eg ?B :fl :‘h‘: ..iTE :f-\ }B:
¥,
Yy
(0000) [(0000) | % =(21352, [0.93, (16.75,24, (125,00, [ (0,0, (0.56,2.08,
: i | 18.9, 24) 30.75.37.3)° | o) -0.25,0) 2.54,5.16)
61,86.5) —]
(5,6,7.8) (1,2,3.4) A (11832, |(0.20512) (0,0,0,0) (0,0.25,00 | (05,15,
=(1.15234) | 6.25) ) 4.6,20)
Flase, | 27 7 - (333
= ’ ’ o (-6,-3,2,13) (0,0,0,0) (0,1.5,0,0)
16.1,32) (6.5,10, 16.4,45) ~3.2, 0,0, ,1.5,0,
15.4,25)
F4 F2_q. (-3,06, 0.2,1,3,8) (0,0,00) | (0,05,0,0)
=(0.2,0.58, ;o 7.6,24)
1.61,4.92)
A - (-787.5, (-205, {0,0,00) | (0,15,
d -84 .36, -78.3,21.8,324) -45,0)
247.16,
1140) T

Min [P(&;1,4;,)]= P@Bj1)= 7,

Min [PCE), P(SB))= PCH)= %5 .

Therefore, (16.75, 24,30.75,37.3)" is the leading element. Now convert this element as unit

trapezoidal fuzzy number and all other elements in the column as zero. The new iterated
simplex table is given below:

Table9: Optimum Iteration:
+
£.: (5,6,7,8) (3,5,6,7) (0,0,0,0 (0,0,0,0
o
g - 1,2,3,4) (0,0,0,0) (0,0,0,0) (0,0,0,0)
J
€5 dg X5 i Vs Vs iR N_E
T
vy
(3,5,6,7) (0000 | % =325, |(0067157 |(11728,5) (0.75,0,00) | (0,0,
3.2) -0.02,0)
571
(5.6,7.8) (1,2,34) | 7, (1,17,32, (0,04,089,2) | (0,00, (0,0.25,0,0
=(0.5127.22.4) 6.15) -0.03) )
=1 =1 ~1
Z =(6.4, z Z; (-3,6.55,
20.12,49.5, =(6,9.54, 2582 4,45, (225,00, (0,15,
112.5) 15.1,25) 125_5’3 18.7 48) -0.24) -0.12,0)
7 =(0.26,1.33, 312 304,756, {0,0.8,2.7,8) 10,00, 10,0.5,0,0)
5.19,18.75) 4 24) -0.12)
A [-2718, (-924,-85,269, | (27,0,0,-6) (0,15,
4 -340,382, 1200) -11.86,0)
3144.2)

In the optimum iteration table, all A, > 0 and hence P(4,)> 0. Therefore the problem reaches

its

optimality.

Hence the
x; = (1.3,2.5,5.7,11.5). Therefore,

optimal

solution is

X1 =(0.5,1.27,2.2,4)

Max z*, = (0.26,1.33,5.19, 18.75).

and
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Example 2.

Solve the following FLFPP (2013):

2x1+3%5
X1+x,+7
subject to the constraints:
3x1 + 5x, < 15,
4x; + 3x, <12,
X1, %Xy = 0.

Max z =

Solution:
The solutions of crisp number and triangular fuzzy number are taken from (2013) and that of

trapezoidal fuzzy number are solved like above example 1. After solving above example, the
results are given below:

By crisp number, the optimal solution isx; = 0,x, = 3 and Max z** = 0.9
By triangular fuzzy number, the optimal solution is:

fl = (0,0,0), fz = (595, 3, 65) and
Max Z;" = (3.655,0.9,3.9).
By trapezoidal fuzzy number, the optimal solution is:
%,=(0,0,0,0), ¥,=(2.8,4.2,6.8,10) and

Max Z;**=(0.07,0.70,3.04,8.29).

The results of crisp number, triangular fuzzy number and trapezoidal fuzzy number are given
in TablelO.

Table 10: Comparison of optimal solution of the numerical examples

Observation Crisp number Triangular fuzzy number Trapezoidal fuzzy number
Example 1 Optimal solution is x; = 1.5, | Fuzzy  optimal  solution is | Fuzzy optimal solution is
%X, = 0.75 % = (9.93,1.46,7.09), % = (0.5,1.27,2.2,4),
and Max Z* = 1.28 % = (4.71,0.77,7.61) % = (1.3,2.5,5.7,11.5)
and and

Max z*; = (9.82,1.27,10.09). | Max
z*, = (0.26,1.33,5.19,18.75).

Example 2 Optimal solution is x; = 0, Fuzzy optimal solution is Fuzzy optimal solution is
x, = 3 and 7, = (0,0,0), %, = (5.95,3,6.5) %,=(0,0,0,0),
Max Z** = 0.9 and %, = (284.26.8,10) and
Max 7" = (3.655,0.9,3.9) Max 23 "*=(0.07,0.70,3.04,8.29).

5. Conclusions

In this paper, we have solved fully fuzzy linear fractional programming problem (FFLFPP)
by using graded mean integration representation (GMIR) method where the parameters and
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variables are characterized by trapezoidal fuzzy number. To check the efficiency of the
proposed approach one numerical example has been solved by taking parameters and
variables are in crisp number, TFN and TrFN. Example 2 has been solved in paper (2013).
From Table 10, the optimal solution of both the examples has been presented. From that, the
optimal solutions obtained by different numbers are nearly equal. The above method can be
applied to solve FLFPP to reduce the complexity in problem solving like agriculture,
production planning, inventory problems, transportation problems, etc.
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