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Abstract

In this thesis, shortcomings and limitations of éxésting methods for solving as well
as the existing methods to deal with the sengytigihalysis of such linear programming
problems in which parameters or decision variabtdsoth are represented by fuzzy numbers
are pointed out. Also, some new methods are prapmseesolve these shortcomings as well

as to overcome these limitations.

The chapter wise summary of the thesis is as faiow

Chapter 1

Chapter 1 is introductory in nature. In this chapéebrief review of the work done in
the literature for solving fuzzy variable linearogramming problems, fuzzy number linear
programming problems, fully fuzzy linear programmiproblems and interval-valued fuzzy
number linear programming problems is presentedo A4 brief review of the work done in
the literature to deal with the sensitivity anadysif fuzzy variable linear programming

problems and fuzzy number linear programming proklés presented.

Chapter 2

Gani et al. [47] pointed out that although the rd#) based on simplex tables, for
solving fuzzy number linear programming problemsd &mzy variable linear programming
problems are proposed in literature. However, ndhote based on simplex tables, is
proposed for solving fully fuzzy linear programmipgoblems. To overcome this limitation,
Gani et al. [47] proposed a method, based on skmialeles, for solving fully fuzzy linear
programming problems. In this chapter, the shoringmof this existing method are pointed

out. Also, it is pointed out that the shortcomimngshe existing method [47] are occurring due



to the use of existing multiplication of fuzzy nuemb. To resolve the shortcomings of
existing method [47], a new multiplication, namedMehar multiplication, fokR flat fuzzy

numbers is defined and it is shown that if in th@stng method [47] proposed Mehar
multiplication is used instead of existing multgation then all the shortcomings of the

existing method [47] are resolved.

Chapter 3

In this chapter, the limitations of the existingthu [47] and the method, proposed
in previous chapter, are pointed out and to ovemdhese limitations, a new method is
proposed for solving fully fuzzy linear programmipgoblems. To show the advantages of
proposed method over existing method [47] and teéhod, proposed in previous chapter, a
fully fuzzy linear programming which can neither $mved by the existing method [47] nor
by the method proposed in previous chapter is gdbyethe proposed method. Also, the fully
fuzzy linear programming problem, chosen in presi@hapter, is solved by the proposed

method.

Chapter 4

In this chapter, an alternative method is propok®dsolving fully fuzzy linear
programming problems and it is shown that if ayfdlizzy linear programming problem is
either solved by the method proposed in previowptEr or by the method proposed in this
chapter, the fuzzy optimal solution and the fuzpyiraal value will be same. However, it is
much easy to apply the method proposed in thistehags compared to the method proposed

in previous chapter for solving the fully fuzzydiar programming problems.

Chapter 5

Su [115] pointed out that the values of the mentbprsf an element in a fuzzy set



are represented by a real number in [0, 1] buteaigpst is always uncertain about the values
of the membership. Hence, it is better to use vialevalued fuzzy set in which the values of
the membership of an element in a set is repreddmjtehe interval of possible real numbers
instead of real numbers and proposed a method diing such linear programming
problems in which all the parameters except theisa®t variables are represented by
interval-valued fuzzy numbers. In this chapter, lthetations of this method are pointed out.

Also, it is pointed out that to overcome the lirtidgas of the existing method [115] there is
need to define such multiplication of two intervaluedLR flat fuzzy numbersA and B for
which the propertyd(AOB)=0(A)O(B) is satisfied. Due to the same reason, in this
chapter, a new multiplication, named as Mehar mlidttion, of interval-valued-R flat

fuzzy numbers is defined and using it a new metisodroposed for solving the interval-

valued fully fuzzy linear programming problems.

Chapter 6

To the best of our knowledge, till now neither thes any method in the literature to
deal with the sensitivity analysis of fully fuzapéar programming problems nor any method
to deal with the sensitivity analysis of fully fuzzransportation problems. In this chapter,
two new methods, named as Mehar methods, are mdpfms the same. To show the
advantages of proposed methods over existing met[8%] 65, 95], some fuzzy sensitivity
analysis problems which can not be solved by ths&tiag methods [35, 65, 95] are solved by

using the proposed method.

Chapter 7

In Chapter 5, to overcome the limitations of theseg method [115] a hew method,
based on proposed Mehar multiplication, is propdsedolving interval-valued fully fuzzy

linear programming problems. In this chapter, a newethod, based on existing



multiplication, is proposed for solving intervalluad fully fuzzy linear programming
problems. Also, on the basis of proposed methawva method is proposed to deal with the

sensitivity analysis of interval-valued fully fuzimear programming problems.

Chapter 8

Any modification in fully fuzzy linear programmingroblems may or may not affect
its fuzzy optimal solution. However, neither in tbristing methods [35, 65, 95] nor in the
methods proposed in Chapter 6 and Chapter 7, dheésked that the modifications in the
fuzzy linear programming problem will affect thezay optimal solution of the original fuzzy
linear programming problem or not. Also, neithes #xisting methods [35, 65, 95] nor the
methods, proposed in Chapter 6 and Chapter 7, ppdicable to find the possible
modifications in the fully fuzzy linear programmingoblem without affecting its fuzzy
optimal solution. In this chapter, a new methodiisposed for the same. Also, proposed

method is illustrated with the help of numericaheyple.

Chapter 9

Finally, in this Chapter, based on the presentedystuture work has been suggested.

Vi
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Chapter 1

Introduction

In real life problems, the aim of each and evemspe is to maximize or minimize a
specific objective or some specific objectives. ldger, to achieve the objectives of most of
the real life problems there is need to fulfill samestrictions. Any real life problem whose
aim is to maximize or minimize a single objectiveham restrictions anch variables can be

formulated into mathematical programming problé®n,) :

Maximize (or Minimize) f(X)

Qubject to (R.)
g;(X)s(or=0rz)0;j=12,..m
X = [%]

If all the functions f(X) and g;(X); j =1,2,...m are linear then the mathematical
programming problengR, ;) is known as linear programming problem and cawiigen as:
Maximize (or Minimize) C™X
Qubject to (R.)

AX <(or =or=)b
X=20
where,C" = [C] X =[X] e AZ[E] e D=L B -

In the linear programming probleg#, ,) , the values of the parametess x;, a; and

b are assigned by the experts. However, neitherettgerts nor the decision makers

precisely know the values of these parameters.tDtlee same reason, in the literature fuzzy

numbers [134] are used to represent these paraneter



The linear programming problems in which parametmes represented by fuzzy

numbers can be categorized as follows:

1) The linear programming problems in which the patame or the parameterg; andh

(i)

(ii)

(iii)

or all the parameters;, 3, and b are represented by fuzzy numbers but the decision

variables x; are represented by real numbers are known as farzgber linear

programming problems and can be written as [83935,

Maximize (or Minimize) C'X

Subject to
AX <(or=or=)b
X=0

Where,éT = [Cj]lxn, X :[Xj] nx® A:[ au] mxn b :[ b] mx1*

Maximize (or Minimize) C™X
Subject to
AX < (or=,0r=,)b

X=0

(Ra)

(R.J)

where,C" =[¢ 1 X =[X]pa A=[&] ey D=[ 0] 1, O is alinear ranking function.

Maximize (or Minimize) C'X
Subject to
AX < (or=,0r=,)b

X=0

(Rs)

where,C" = [€ 1o X =[X]na A=[&] mq D=[ 0 . O is alinear ranking function.

2) The linear programming problems in which all theidi®n variablesx; are represented

2



by fuzzy numbers are known as fuzzy variable lingagramming problems and can be

written as [83, 86, 91]:

(i) Maximize (or Minimize) C'OX

(ii)

Subject to (Fe)
AX < (or=,or=,)b
where, C" =[€ ], X =[X]pe A=[8] my D=L na X 2,0, O is a linear ranking

function.

Maximize (or Minimize) C'X

Subject to (R,
AX < (or=,or=,)b
where, C" =[¢]ym X =[X]pe A=[8] my D=L na X 2,0, O is a linear ranking

function.

3) The linear programming problems in which all theapaetersc;, a; andh as well as all

the decision variables; are represented by fuzzy numbers are known ag fuilizy

linear programming problems and can be writterdgs [

Maximize (or Minimize) C'OX

Qubject to (R
AOX <, (or =, or>,)b

where, C" =[€ ], X =[X]pe A=[&] py D=L na %X 2,0, O is a linear ranking

function.

The membership of an element in a fuzzy set isesagted by a real number in [0,1]

but a specialist is always uncertain about theesbf the membership. Due to the same



reason, in the literature [115] the concept of fJuammber linear programming problems is
extended by the interval-valued fuzzy number lingaogramming problems (linear

programming problems in which the parameteror the parameters;, and by or all the
parametersc;, a; and b are represented by interval-valued fuzzy numbatsife decision

variablesx; are represented by real numbers).

1.1 Literature review

In this section, a brief review of the work donetire literature for solving fuzzy
variable linear programming problems, fuzzy numlbeear programming problems, fully
fuzzy linear programming problems and interval-ealifuzzy number linear programming
problems is presented. Also, a brief review ofwek done in the literature to deal with the
sensitivity analysis of fuzzy variable linear pragrming problems and fuzzy number linear

programming problems is presented.

Maleki et al. [86] pointed out the shortcomingstleé possibilistic programming or
multiobjective programming methods for solving fuzzariable linear programming
problems and introduced a new method, based oncdheept of comparison of fuzzy
numbers, for the same. Naseri and Ardil [91] preoa method, based on simplex tables, for
solving fuzzy variable linear programming problermgseri et al. [92] proposed a method,

based on simplex tables, for solving fuzzy numbesdr programming problems.

Ganesan and Veeramani [46] proposed a new typeutifpfication for symmetric
trapezoidal fuzzy numbers and proposed a metha@#doan simplex tables, for solving fuzzy
variable linear programming problems. Mahdavi-Amamd Nasseri [81] proposed some
duality properties for fuzzy number linear programgnproblems as well as a method to find

the dual of a fuzzy number linear programming peatl



Su [115] extended the concept of fuzzy number lipgagramming problems by the
interval-valued fuzzy number linear programming ljpemns and proposed a method for

finding its optimal solution.

Allaviranloo et al. [4] proposed a method to firee tfuzzy optimal solution of fully
fuzzy linear programming problems by convertingnio crisp linear programming problems.
Gani et al. [47] pointed out that there is no mdtirothe literature, based on simplex tables,

for solving fully fuzzy linear programming problerasd proposed a method for the same.

Lotfi et al. [75] proposed a method to find the Zyptimal solution of fully fuzzy
linear programming problems with equality constiaicbrahimnezad et al. [36] pointed out
the limitations of the existing method [46] and posed a new method to overcome these

limitations.

Kumar et al. [69] pointed out the shortcomings loé texisting method [75] and
proposed a new method to overcome these shortcemhtgseri and Ebrahimnezad [95]
proposed a method, based on simplex tables, towddalthe sensitivity analysis of fuzzy
variable linear programming problems. Ebrahimnef2&] proposed a method, based on
simplex tables, to deal with the sensitivity anaysf fuzzy number linear programming
problems.

After reviewing the literature, it can be concludbdt there are very few methods for
solving fully fuzzy linear programming problems andither there is any method to solve
interval-valued fully fuzzy linear programming pteims (linear programming problems in
which all the parameters as well as decision vlsalare represented by interval-valued
fuzzy numbers) nor to deal with the sensitivity Igg@ of fully fuzzy linear programming

problems and interval-valued fully fuzzy linear gramming problems.

In this thesis, new methods are proposed for sglfutly fuzzy linear programming

problems and interval-valued fully fuzzy linear gramming problems. Also, new methods

5



are proposed to deal with the sensitivity analgsiully fuzzy linear programming problems

and interval-valued fully fuzzy linear programmipgblems.

1.2 Organization of the thesis

The chapter wise summary of the thesis is as faiow

Chapter 2

Gani et al. [47] pointed out that although the md#) based on simplex tables, for
solving fuzzy number linear programming problemsd &mwzy variable linear programming
problems are proposed in literature. However, ndhot based on simplex tables, is
proposed for solving fully fuzzy linear programmipgpblems. To overcome this limitation,
Gani et al. [47] proposed a method, based on sknaleles, for solving fully fuzzy linear
programming problems. In this chapter, the shortogmof this existing method are pointed
out. Also, it is pointed out that the shortcomimngshe existing method [47] are occurring due
to the use of existing multiplication of fuzzy nuemb. To resolve the shortcomings of the
existing method [47], a new multiplication, namedMehar multiplication, foLR flat fuzzy
numbers is defined and it is shown that if in th@stng method [47] proposed Mehar
multiplication is used instead of existing multgation then all the shortcomings of the

existing method [47] are resolved.

Chapter 3

In this chapter, the limitations of the existingthw [47] and the method, proposed
in previous chapter, are pointed out and to ovesdhese limitations, a new method is
proposed for solving fully fuzzy linear programmipgoblems. To show the advantages of

proposed method over existing method [47] and teéhod, proposed in previous chapter, a

6



fully fuzzy linear programming problem which canther be solved by the existing method
[47] nor by the method proposed in previous chapdesolved by the proposed method. Also,
the fully fuzzy linear programming problem, chosanprevious chapter, is solved by the

proposed method.

Chapter 4

In this chapter, an alternative method is propok®dsolving fully fuzzy linear
programming problems and it is shown that if ayfdlizzy linear programming problem is
either solved by the method proposed in previowptEr or by the method proposed in this
chapter, the fuzzy optimal solution and the fuzpyiroal value will be same. However, it is
much easy to apply the method proposed in thistenags compared to the method proposed

in previous chapter for solving the fully fuzzydiar programming problems.

Chapter 5

Su [115] pointed out that the values of the mentbpref an element in a fuzzy set
are represented by a real number in [0, 1] buteaigpst is always uncertain about the values
of the membership. Hence, it is better to use vialevalued fuzzy set in which the values of
the membership of an element in a set is repreddijtehe interval of possible real numbers
instead of real numbers and proposed a method diMing such linear programming
problems in which all the parameters except theisa®t variables are represented by
interval-valued fuzzy numbers. In this chapter, lthetations of this method are pointed out.

Also, it is pointed out that to overcome the lirtidgas of the existing method [115] there is
need to define such multiplication of two intervaluedLR flat fuzzy numbersA and B for
which the propertyd(AOB)=0(A)O(B) is satisfied. Due to the same reason, in this

chapter, a new multiplication, named as Mehar mlidttion, of interval-valued-R flat

fuzzy numbers is defined and using it a new methgutoposed for solving the interval-



valued fully fuzzy linear programming problems.

Chapter 6

To the best of our knowledge, till now neither thes any method in the literature to
deal with the sensitivity analysis of fully fuzapéar programming problems nor any method
to deal with the sensitivity analysis of fully fuzzransportation problems. In this chapter,
two new methods, named as Mehar methods, are mdpims the same. To show the
advantages of proposed methods over existing metf8%] 65, 95], some fuzzy sensitivity
analysis problems which can not be solved by ths&tiag methods [35, 65, 95] are solved by

using the proposed method.

Chapter 7

In Chapter 5, to overcome the limitations of thesemg method [115] a new method,
based on proposed Mehar multiplication, is propdsedolving interval-valued fully fuzzy
linear programming problems. In this chapter, a nevethod, based on existing
multiplication, is proposed for solving intervalluad fully fuzzy linear programming
problems. Also, on the basis of proposed methawkva method is proposed to deal with the

sensitivity analysis of interval-valued fully fuzimear programming problems.

Chapter 8

Any modification in fully fuzzy linear programmingroblems may or may not affect
its fuzzy optimal solution. However, neither in taristing methods [35, 65, 95] nor in the
methods proposed in Chapter 6 and Chapter 7, dheésked that the modifications in the
fuzzy linear programming problem will affect thezay optimal solution of the original fuzzy
linear programming problem or not. Also, neithes #xisting methods [35, 65, 95] nor the

methods, proposed in Chapter 6 and Chapter 7, ppdicable to find the possible



modifications in the fully fuzzy linear programmingoblem without affecting its fuzzy
optimal solution. In this chapter, a new methodilisposed for the same. Also, proposed

method is illustrated with the help of numericaheple.

Chapter 9

Finally, in this Chapter, based on the presentedysfuture work has been suggested.
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Chapter 2
Fuzzy optimal solution of fully fuzzy linear
programming problems on the basis of

proposed Mehar multiplication’

Gani et al. [47] pointed out that although the rdH) based on simplex tables, for
solving fuzzy number linear programming problemsd &mzy variable linear programming
problems are proposed in literature. However, ndhote based on simplex tables, is
proposed for solving fully fuzzy linear programmipgoblems. To overcome this limitation,
Gani et al. [47] proposed a method, based on skmjaleles, for solving fully fuzzy linear
programming problems. In this chapter, the shoringmof this existing method are pointed
out. Also, it is pointed out that the shortcomimngshe existing method [47] are occurring due
to the use of existing multiplication of fuzzy nuemb. To resolve the shortcomings of the
existing method [47], a new multiplication, named\ehar multiplication, foLR flat fuzzy
numbers is defined and it is shown that if in théstng method [47] proposed Mehar
multiplication is used instead of existing multgation then all the shortcomings of the

existing method [47] are resolved.

2.1 Preliminaries
In this section, some basic concepts which are etead rest of the chapters are

presented [33].
Fuzzy set is defined as a subgebf a universal seX O R (set of real numbers) by

its membership function; (.), which assigns to each elemextlR, a real numbey; (X),

in the interval [0,1]. Thed -cut or A -level set of A, which plays an essential role in fuzzy

" The contents of this chapter are communicatelbinnal of Optimization Theory and Applications.
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optimization, is defined as an ordinary sat for which the degree of its membership

function exceeds the level. The fuzzy number is a convex normalized fuzzyo$ehe real
line R whose membership function is piecewise continudhs. set of all fuzzy numbers on

R is denoted by (R).

Definition 2.1 A function L:[0,o) - [0,1] (orR:[0,0) - [0,1]) is said to be reference

function of fuzzy number if and only if

i) LO)=1(orR(0)=1

i) L(orR) is non-increasing off0, ).

Definition 2.2 A fuzzy numberA defined on the universal set of real numhRrsdenoted as
A=(m,n,a,,8)LR, is said to be ahR flat fuzzy number if its membership functiqm; (x) is

given by:

Ui (X)= R[X_n) x=n, >0

Definition 2.3 Let A=(m,n,cr,,6’)LR be anLR flat fuzzy number andl be a real number in
the interval [01]. Then, the crisp s& ={x0X: g(¥ 2 A F m-alLt ), n+t R )] is
said to bed -cut of A.
2.1.1 Yager's ranking approach

A number of ranking approaches have been propas#uki literature for comparing

fuzzy numbers. However, in the whole thesis, atikedly simple computational and easily

understandable existing ranking approach [132%edufor comparing fuzzy numbers.

12



Let A=(m,n,a,,3), and B=(m,,n,,a,,53,), be twoLR flat fuzzy numbers.
Then,
() Az, B if O(A)=0(B)

iy A>_ B if O(A) >0(B)

(i) A=, B if O(A)=0(B)
~ 11 —1 1p1 1
where,D(A)=§j0(ml—alL (A))d/l+§J'0(nl+,81R (1)) dA

and 0(B) =2 [ (M, ~a, LX) dA+ [ (n, + AR(1)) A

Lemma 2.1 1f L(x) = R(X)=maximum{0,1-x*} then, D(A)=%(ml+nl—2—§/1 +2—'§1j and

~ 1 2a, 20
(B)== 2 P |
(B) 2(”’5”‘2 3 + 3)

Proof: Since, L(x) = R(X)=maximum{0,1-x*} so L}(A)=v1-1 and R*(1)=+1-/
where, A [J[0,1].

Substituting the values ofL™*(A) and R™'(A) in Yagers ranking formula,
D(A):%I:(m—a\/l—A)d)l+—;I:(n+,B\/1—/1)d)l, the value of O(A) and O(B)

1 2a, 28 1
are= +n -——+r| and= +n,—
2 (men-204 28 ) ang 2 m e,

2a, , 25,

respectively.
33jp y

Remark 2.1 An LR flat fuzzy numberA=(m,n,cr,,6’)LR is said to be zero fuzzy number if,

O(A) =0 and is denoted a8.

Remark 2.2If m=n then anLR flat fuzzy number(m,n,a, 5)  is said to be ahR fuzzy
number and is denoted &»,m,a, 5) , or (n,n,a,pB) or (ma, ) or (n,a,B) -
Remark 2.31f m=n and L (x)=R(x) = maximum{0,1-x} then anLR flat fuzzy number

(m,n,a, B)  Is said to be a triangular fuzzy number.

13



Remark 2.41f m#n and L (x)=R(x) = maximum{0,1- x }then arLR flat fuzzy number

(m,n,a, B)  Is said to be a trapezoidal fuzzy number.

2.1.2 Arithmetic operations

In this section, arithmetic operations between tiR flat fuzzy numbers are

presented [33].

Let A =(m,n,a,8)x A =(m,n,a,,B,) be twolLR flat fuzzy numbers and

A =(m,n,a, B,), be aRL flat fuzzy number. Then,

(i)

(ii)

(iii)

(iv)

v)

(vi)

(vii)

2.2

A.I. O Az =(M+my,n+n,a.+a,B+ B e

Ate As = (ml_ns’ n,—mga,+ ,33,,81+0’ 3)LR

AA =

- {(Am,/]nl,Aal,A,Bl)LR, 120
(An, Am,-AB,,—Aa,)q, A<0

If m-a,20 andm,-a,=0. Then,

ADAZ =(mm,,nn,ma +am,nf + 40 ).

If n+5,<0andm,-a,=0. Then,

'51 U Az = (_m1n2’_n1m2':3fn2_ng 20 N 2_m/§ )LR

If m-a,20 andn,+3,<0. Then,

A.I. O A2 =(=nm,-mn,mB,-an,ng ;- LM ),

If n+5,<0andn,+/53,<0. Then,

AL O A2 = (n1n2' m1m2'_n182_/8{] M@ ;-aim )LR

Shortcomings of the existing method for solving fuy fuzzy linear programming

problems

Gani et al. [47] pointed out that there is no mdthothe literature, based on simplex

tables, for solving fully fuzzy linear programmipgoblems(P, ;) and proposed a method by

replacing the crisp arithmetic operations of théstaxg method [61] with existing fuzzy

14



arithmetic operations [33] as well as by using thethod, presented in Section 2.1.1, for

comparing fuzzy numbers:

C; ij

M-

11
LN

Maximize
Subject to G)

Jor=,or> h;i=12,..m

D=

;g.)l
O

~_><1
IN

Il
iy

X,2,0;]=12,..n

where, ¢, &; and 6, OF); 1=12,...m,j=12,..n and F(R) is the set of alLR fuzzy

numbers.
However, it is not genuine to use the existing roétid7] due to the following

reason:
In each simplex table of a crisp linear programmjimgblem thei" element of the

column corresponding to thé& basic variable should be one and remaining elesrsuld

be zero. In the same direction, in each simpleletalb a fully fuzzy linear programming

problem the rank of theé” element of the column corresponding to tifie fuzzy basic
variable should be one and rank of remaining elésngmould be zero.

In this section, to show the shortcomings of thestexg method [47], the existing
problem [47], presented in Example 2.1, is solvedhe existing method [47] and it is shown
that for the elements of the simplex table, obtibg using the existing method [47], this
property is not satisfying.

Example 2.1 [47, pp. 103Consider the fully fuzzy linear programming problem

Maximize [(5.1,2) ;0% 0 (411, 0%, .
Subject to (E;.)

(4,2,1), 0% 0 (531, 0X, <, (24,5,8)

15



(41,2 ,0%x0 @.51)0%<, (12,6,3)
% 2,0,%2>0
where, L(X) = R(X) =maximum{0,1- x }.
Solution
Using the existing method [47], the fuzzy optimalusion of fully fuzzy linear
programming problem, chosen in Example 2.1, caolitained as follows:
Step 1

Adding fuzzy slack variablet, and X, in first and second constraint respectively, the

chosen fully fuzzy linear programming probletk, ) is converted into fully fuzzy linear

programming problen{E, ) .

Maximize [(5,1,2),0%0 (411, 0%0 @x0 @K,

Subject to (E;,)
(4,2,1), 0% 0 (531, UX, 0x%x,=, (24,5,8)

(4,1,2),0%0 1,5 0%0%=, (12,6,3)

The initial fuzzy simplex table for the fully fuzzyear programming probler(E, ) is:

16



Table 2.1 The initial fuzzy simplex table

Basic % %, Xy X, Solution Minimum | O (Minimum
variables ratio ratio)
0(2) -5.25 -4 0 0 -
4 (-5,21), €411, (0,00, (0,0,@| (0.0,0)
X, 4,2), (5,31, (@0,Q) (0,0,@ | (24,5,8), (65—3 26) 9.18
) 4 ) LR
X, 4,,2), .51 (0,0,0) 1,0,@ | (12,6,3), (32_7 E) 2.43
274 ),
Step 2

Since, minimum {J(-5,2,1);,0(-4,11); }= minimum {-5.25,-4}=-5.25, which is

corresponding to the fuzzy decision variable So, X, will enter into the basis. Also,

minimum {D(

(24,5,8),

12,6,3)

(4,2,1) ¢

)l

(4,1, 2)g

-

53

,—,26j ,5(3?—7,37) }
4 LR 2 4 LR

= minimum{9.18, 2.43}= 2.4, which is corresponding to the fuzzy basic vagak). So, X,

will leave the basis.

Step 3

Since, for the next simplex table (Table 2.2) tstfand second fuzzy basic variables &ye

and X, respectively. So, the entries of the next fuzaymex table (Table 2.2) can be

obtained as follows:

Fuzzy basis matriB :{
Cofactor matrix of fuzzy basis matri :{

o (0,0,0), T
AdJ(B){ (1.0,0) } :{

(4.1,2)4
(_41 1, Z)LR

(1,0,0)r
(0,0,0); (4,1,2)

(4,2,1)

=

(4,1,2) 4
(_41 1, Z)LR

17

(1,0,0)r
(0,0,0), (4,1,2),

(0,0,0) }

(1,0,0)¢

(412, 4,1,%)}

(0,0,0, (10,09

(4,2,1)e

=(4,1,2),




1,0,0) 4 (— l,g ,gj
So. Bz Adj (B) 1 {(4,1,21,;{ (—4,1,2,)R}: 4 2)
‘B‘ (4,1, 2)r[(0,0,0) (1,0,0) (0,0,0) (l ,jﬁ'j

Entries of the column corresponding to fuzzy decisiariableX, :

1,0,0) 4 ( 1g gj

B1OA= 42 D{(“’Z’lﬂ: , ii 250)R
0,0,0), G 1—;} (41 2) (17 _zjm

Entries of the column corresponding to fuzzy decisiariableX, :

99 25
wooy (-1 5] Fs 3 ﬂ _ 47,
(0,0,0) (E 1—1j .510.] (—1 2 —‘Q’j
1V R 4 1 !2 L 4 18 )4 L

B*OA-=
Entries of the column corresponding to fuzzy decisiariableX; :
99
1,0,0 1~ —
@00, (-153), D{(Lo,o)m } {(mﬂ
(0,0,9.] [(0.0.9,

472
Entries of the column corresponding to fuzzy decisiariableX, :

B'OA=
1.1
0,0,0 — ,1,—)

( )LR (4 2 R

_49 90 23
- (10,0, ( 11’4 ’12jLR Dﬁi'z';)’)m} ( 11’4 ’12)LR
(0,0,0 . (Z 1—2jLR LR (4 12jLR

Entries of the elements correspondingfar@w i.e., corresponding t@:

(0,13,20),, o7 31
¢ O0B*0A0¢=[(0,00, (512,]0 (11_7 5,) 0(519, :( 07— 3JLR
4°2) 4

)
e

18

0B*0A0¢=[(0,00, (513,]C 9(4,1,])LR=(_121’_5,2

ol w©
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~ 5-1 e ~ _ (1’0’0)LR —
& O0B*0A6¢=[(0,0,0, (5'1’3LRJD{(0,0,O)LR 6(0,0,0,,=(0,0,0,,
(_19 9
s x '4°2) 4 (5 21
& O0B*0A6¢=[(0,00, (512,]0 (E 1}) e(o,o,o)LR—(:1 — ,%LR
4"7"2)q

- (32—7 37) 41 159

G O0B*0b=[(0,00, (512,]0/\7" 2" 4 ), :( 151,L7 T)
(12,35,68), R

Entries of the elements correspondingfac6lumn i.e., corresponding to solution column:

99
1,0,0 _1,—,—
< ( e ( 4 szR (24,5,8), (S,E,EJ
B~ Ob= Ll = 2 4 R

(0,0,0), (711 1—3 12,8312 | 12 35 68),

Table 2.2 The second fuzzy simplex table

Basic % X, Xy X, Solution
variables
0(2) -2.18 -3.15 0 2.75 -

141 159
~ (0,9_7 ,zlj (_11,_55,_23 0,0.0), [_5,_213 (15,_ ,_j
7 4°2).\ 48" 4), 4 I 2 4 )x
%, (0,13,29 (42—5 % (L0.), (— £ _9) (3,2—7 ,Ej

4 LR 4 2 LR 2 4 LR
} 17 5 193 1.1
v (3], (e, (000 ()
4 2 LR 48 4LR LR (12,35,682R

Since, X, is the second fuzzy basic variable @%1,1747 —gj should be 1 and](0,13,20),
LR

as well as D(Oﬂilj should be O. However,D(l,ll,—SJ =561 and
4 2 )k 4 2)x

o 31) =-2.18# (. So, it is not genuine to use the
LR

0J(0,13,20), = 1.7% ( 0O|0,— ,—

existing method [47] for solving fully fuzzy linegrogramming problems.
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Remark 2.5In the existing method [47] the following methodused for dividing two fuzzy

numbers:

Let A =(m,a,,).x be anLR fuzzy number and, =(m,,a,,[3,), be aRL fuzzy

A

number. Then=- cab be calculated as follows:

() If m-a,>0 andm,-a,>0. Then,

éz(ﬂ,ﬂ&,ﬂﬁlj |
AZ ITE az m2 /82 m2 LR

(i) Ifn+pB<0andm,-a,>0. Then,
é:(ﬂ,&_ﬂ,ﬁ_ﬂj |
AZ rnZ m2 0'2 m2 :6,2 LR

(i) If n+pB <0andn,+p,<0. Then,

A_(m -m_p, -m-a,
AZ nE'ﬂZ m2’a2 m2 LR'

2.3 Origin of shortcomings

Let x; and B be the basic feasible solution and basis matrxtte crisp linear
programming problem:
Maximize (or Minimize) C™X

ubject to

Where,CT = [Cj]lxn’ X :[Xj] nxt A:[ au] mxnt b :[ b] mx1*

Then, x, =B7b= Bx, =b.

66 1-4 6 20
e.g., Letx; ={13|,B=|{0 1-2|andb=|11.
1 0 2-3 23

20



4 6| 66 2 1 0 2| 20 6
1-2|| 13|=| 11| andB™p=|{0-3 2|| 11|=| 13| i.e., Bx, =b and
2-3

1
Then,Bx; =| 0
0 23 0-21j 23 1

=

B'b=x,.

In the same direction, in the existing method [@#& assumed that ik, and B be
the fuzzy basic feasible solution and the fuzzyidbasatrix for the fully fuzzy linear
programming problem.

Maximize (or Minimize) C'OX

Subject to

AOX <

o0 =5, 25, b
where,C" = [€ ]y X =[X] 0o A=[8] o D=0 s %2, 0.
Then, %, =, B'Ob=BO% =,b.

However, %, =, B Ob does not implie80 %, = b.

e.g., Since, for the fuzzy simplex table (Table)202 fully fuzzy linear programming

27 27
(3__j ,B_{(]-’O!O)LR (4!2'1|)R:| and

problem, chosen in Example 2.1%;, = 2 4 =
(0,0,0); (4,1,2),
| (12,35,68);
i 1.1
(0,0,0,, (— 1= 27 27
- [(24,5,8 - 2 0 1.31
b:[glzesis}'Bl: g gy |' D007 ( 2 4j {2025]6“'OI
6:3) (10,9, (— ——j 0(12,35,68), '
472
- [0O(24,5,8 [24.75
6 =| 24581 _
0(12,6,3), | | 11.2

27 27 355 116
(10,0} (4227 3— = 51— ——
= e l= 2 "4 ).

So, BOX (0,0,0), (4,1,2
0.0 (41 DR 12 35, 65) ( 48,152,320,

andB* b=

(0.0.9, ( j {(24,5,8&}: (3277 gjm

4
(10,9, (— %—2) (12,63 (12,26,59),
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D(32—737j 1.31
NOW,D(E_156)= 274 LR ={ ' :|_E|()~(B)

0(12,26,59 . 0.5

D(Slﬁs —116? 79.68
But, O(BO%, )= "2 4 ), {96 }tD(B)

(48,152,320

i.e., B*Ob=_ %, does notimplieBO%, =, b.

2.4  Proposed Mehar multiplication and division

All the shortcomings in the existing method [47]salissed in Section 2.3, are

occurring due to the assumption tfia¢A D B)=0(A)O(B) which is not valid in general.
In this section, such a multiplication and division LR flat fuzzy numbers, named as

Mehar multiplication and Mehar division, by modifg the existing multiplication and
division [31] is defined so that the propeff{ Al B)=0(A)0(B) will always be satisfied.

If A =(m,n,a,,B)x and A, =(m,,n,,a,,B,)x are twoLR flat fuzzy numbers then,

 [(mOA)nOA).a,0A).A0A)) . D@R)20

ADM Az_ ~ ~ ~ ~ ~
(nD(A),mO(A),-B,0(A),~a,0(A)) , O@A)<0
[D&)’ D?@)’D&)’D(ﬂf\)j - D®)>0

A/M Azz G

( n__m ﬂaj O@)<0
OA) OA) OA) OA) ),

where, 0(A,) =%j:(m2 —a,LM(A))dA +—;I:(n2+ BR(A)dA.

Remark 2.6 Proposed Mehar multiplication and division is baBly the product and division

of a fuzzy number with the Yager’s rank of othdhé¢ details about Mehar are mentioned in
the second paragraph of acknowledgement).

Remark 2.7 Let thei™ fuzzy constraint of a fully fuzzy linear programmgiproblem be
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& 0, % <,b where h>,0. Then, a fuzzy number§, §=,0 such that

g Uy X, 0§=, b is called a fuzzy slack variable.

M-

1
iy

Remark 2.8 Let the i" fuzzy constraint of a fully fuzzy linear programmgi problem be

> b where h>,0. Then, a fuzzy number§, §=>.,0 such that

& Oy %

J

M-

'I_I‘

M-

'I_I‘

& Uy X,0§ =, b is called a fuzzy surplus variable.

J
2.5  Proposed modifications

If in the existing method [47], presented in Seatt&d2, Mehar multiplication and
division, defined in Section 2.4, is used inste&@asting multiplication and division [33]
then all the shortcomings, pointed out in Sectidhahd Section 2.3, will be resolved.

To illustrate the existing method [47] with propdseodifications, the existing fully
fuzzy linear programming problem, presented in Epden®.1, is solved. Also, a fully fuzzy
linear programming problem in which all the paramngtand decision variables are
represented byR flat fuzzy numbers is solved by using the existmgthod [47] with

proposed modifications.

2.5.1 Solution of existing fully fuzzy linear progamming problem
On using the proposed Mehar multiplication instedidexisting multiplication the
fully fuzzy linear programming problem, chosen xaiple 2.1, can be written &g, ,) and

can be solved as follows:

Maximize [5.1,2) 0, %0 (4110, %,
Subject to (E;z)

(4,20 0y %0 (5,31): 0y X%,<, (24,5,8)
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(4,1,2),0, %0 (1,.52):0, X<, (12,6,3)
% 2,0,%2>0

where, L(X) = R(X) =maximum{0,1- x }.

Step 1

Adding fuzzy slack variable€, and X, in first and second constraint respectively, tinléyf

fuzzy linear programming problerfE, ;) can be written as:

Maximize [(5.1,2) .0, %0 (411, 0, %0 @, %0 @, X,
Subject to (E,,)

(4,2, Oy %0 (5,31 Uy %, 0 %=, (24,5,8)

(4'1’21RDM )~(1D (1"5’]1)R|:|M )~(2D)~(4 u] (1216@&

X3 Xy, X3, X420 0

where, X;, X, are fuzzy slack variables.

The initial fuzzy simplex table for the fully fuzzyear programming probler(E, ) is:
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Table 2.3 The initial fuzzy simplex table

Basic % X, Xy X, Solution Minimum ratio O (Minimum
variables ratio)
0(2) -5.25 -4 0 0 -
7 (-5,21), €411, (0,0,0) (0,0,@ | (0.0,0)¢
X, (4.21), (31 @0Q (0,0, | (24,58), (9_6 20 32) 26.4
1515 15) ,
%, (4,1,2), (L.52); (0,0,0) (L,0,® | (12,6,3), (ﬁs 24 izj 10.58
17717 17) 4
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Step 2

Since, minimum {J(-5,2,1), [ € 4,1,1) F minimum {-5.25- 4}=-5.25, which is

corresponding to the fuzzy decision variable So, X, will enter into the basis. Also,

minimum{ 0| Z4:2:8Le 0 12.6.3k | = pinimy D(%@iz D(—48—24—13
(4,2,1) (4,1,2) 15 15 154 17 17 1,

minimum {26.4,10.54F 10.5, which is corresponding to the fuzzy basic vaegai). So,

X, will leave the basis.

Step 3

Since, for the next simplex table (Table 2.4) tmstfand second fuzzy basic variables &ye
and X, respectively. So, the entries of the next fuzaymex table (Table 2.4) can be

obtained as follows:

=(4,1,2),

Fuzzy basis matrixB :{(1’0’()% (4’2’1&'*] 8| = (1,0,0)r (42,0

(0,0,0), (4.12), (0,0,0), (4.12),

~ 4,1,2 0,0,0
Cofactor matrix of fuzzy basis matrig :{ ( Lo ) } )

(-4,1,2), (1,0,0),

(4.1.2), (o,o,oaﬁ :{ (412 A 4,1,29}

Adj (B) ={(—4,1, 2)x (10,0) (0,0.Qx (100

(1,0,0), (—E ,o,@
17",

S Adi(B) 1 {(4,1.2% (—4,1,29R}=

So,B'="— =
B (422).[(0,0,0 (10,0) 4

(0,0,0)4 (1—7 ,O,Ca

Entries of the column corresponding to fuzzy deaisiariableX; :

oo (504 ] raann [555
17 R D{(Af’z’l)“ﬂ— 17 17 '17) 4

412
0,0,0), (i ,o,@ (412}, (55 4 ,—8j
i 17°17°17),

17
Entries of the column corresponding to fuzzy decisiariableX, :

B'OA=
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(1,0,0), (—E ,0,@ (1) ,36,—43
- 17 R {(5,3,1%} 17 '17 ‘34,

540, A -
1,51
0,0,0) - (i ,0@ ( Lr (i ,_2 '_4j
17 LR 17 17 174

Entries of the column corresponding to fuzzy decisiariableX;:

15
A (509, ; {(1,o,o>LRH(1.o,oLR}

4 (0,0.9,] [(0.0.9,

M
0,0,0), (ﬁ ,o,@
LR

LR

Entries of the column corresponding to fuzzy decisiariableX, :

(1,0,0), (—i—?'o’@m - {(O,O,O)LR}: (_i_? ’O’ém

M
0,0,0), (i ,o@ (10,0, (i ,0,9
17 LR 17 LR

Entries of the elements correspondingfar@w i.e., corresponding t@:
(3 64 2}
17° 17" 17) 4

(E_“_Sj
17717 17) 4

B0y A=

¢ 0, B0, A6G=[(0,0,0, (513,]0, 0(5.19,,=

_1 5559
1717 17) 4

1717 34) .

(iﬁ_“j
1717 17) 4

(70 66 49)

¢, 0, B*0, AOg, =[(o,o,o)LR( 5,1, aLR]DM 0(4,1) . =

_ 47 55 38
1734 17) .

(1’0’O)LR

Ce Uy B_lDM A39(~23 :[(O’O’O)LR (5'1’ ?)LR]DM {(0,0,0) :|e(O’O'O)LR =( O’O’()LR
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5o
17" )

M 1
(— y O, Oj
LR

(2_28 1_3027
. 17 717" 17 )4 _(g§g_lg§_§i
v (48 24 1? 17 17 17),

e(o,o,%:(f—;,o,@
LR

¢ 0, B*0,b=[(0,0,0, (512,]

17717 17), |

Entries of the elements correspondingfac6lumn i.e., corresponding to solution column:

228 130 22
(_57'Ti? Ti;juz
48 24 12
(E?TI}?fgm

15
1,0,0 -—,0,0
@00y, (-35

JLR 0 {(24,5,8&}

(12,6,3)x

B0, b=

0,0,0) (i%,o,@

LR
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Table 2.4 The second fuzzy simplex table

Basic X X, Xy X, Solution Minimum ratio O (Minimum
variables ratio)
0(2) -10.44 0 1.23 -
(_i 5539) (_ 47 55 33 ©.0.0) (_2109 (2i2£6_6?
z 17'17'17) .\ 17 34 17, " U 17 ). 1717 174
%, ( 8 64 32) ( 70 66 _43 1.0.0) (_ 15 Og (gs 136 E(j [1824 1040 180? 4.22
'17'17), \ 17 17 17, O F 17 7). |\ 177177 17) | \ 477" 477" 477),
17°17°17), \ 17 17 17, U 17 7). 17717 17) 4 17717 17) 4
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Step 4

47 55 38) =-10.44, which is corresponding to the fuzzy decision atale

Sinced| ——,—,—
17" 34" 17) 4

X,. So, X, will enter into the basis. Also,
(228 136 226} (48241}
17 " 177 17 )4 . 17 17 1
(70 66 49) | (4 2 4;

1717 17) 4 17 17 17,

}: minimum{4.22,5.29k 4.2., which is corresponding to the fuzzy basic

minimums O

- (1824 1040 180?
= minimum O - 5
m{ 477 4ATT7T 4ATT) .,

- \

i (96 48 24)
17717 17) 4
variable X, . So, X, will leave the basis.

Step 5

Since, for the next simplex table (Table 2.5) tingt fand second fuzzy basic variablesand

X, respectively. So, the entries of the next fuznyex table (Table 2.5) can be obtained as

follows:

Fuzzy basic matrix = : ,
40 40 40),

6.3 421k] 15|63 “2.2
(1,.5,1)q (4.1,20J" "(1,.5.11R (4,1,2),

_(670 555 173

Cofactor matrix of fuzzy basic matri® :{

4,1,2), €¢11,5)
(-412), (531) }

Adj(é){ (4.1,2), (—1,1,-5)R} { 412 4,1.;)}
(-4.1,2); (53,1 €115 G34R
So,
~ (BEos), (4209
g1=Adi(B) _ 1 {(4L2Lq 64L2k}_ art LR arr - )g

B (670 555 179 [(-11.5); (531 | |(_1224 1080
Aethaas glois -==22 0,0| |——,0,0
40" 40’ 40/, 16218 ) .\ 16218 ),

Entries of the column corresponding to fuzzy dedisiariableX, :
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64 512 25
~ (E?W?’_M 8

(4,1, 2)LJ_ 14688 15660 122340

( 16218 16218 1621&

oo (Hag
50, A= 417 ) g 477" ) R DM{M’Z’QR

(_ 1224,0,0j ( 1080 0,@
16218 ' )\ 16218 ) .

Entries of the column corresponding to fuzzy decisiariableX, :
(2028_19

(@,o,oj (-1_20,0,@ 528
510 Ao VAT A77 ) 4 ATT 477 ATH,
A=

5,30k | _
(_ 1224 Oj ( 1080 (ﬂ "1@,.51), (_ 1224 3672 856
16218 ' ).\ 16218 ), 16218 16218 16218

Entries of the column corresponding to fuzzy decisiariableX; :

(—136,0,0j (——120,0,0j (—136,0@

<L s 477" ") 4 4777 ) . (1,0,0,, 4777 )
Bt A u ) 224

(_ 1224'0’0j (1080 O’Ca (0,0,0,, (_ 1 0'(}

16218 ' ).\ 16218 ), 16218 ' ) 4

Entries of the column corresponding to fuzzy decisiariableX, :

(_’O,Oj (_1_20’0,0j (_EO’O’g

s | \arT T, 4777 4 {(O,O,O)LR} 4777 ) a
B DM A4: |:|M =

(_ 1224,0’0j ( 1080 o,(ﬂ (10,0, ( 1080 0'(}

16218 ' ).\ 16218 ), 16218 ' ) .

Entries of the elements correspondingfar@w i.e., corresponding t@:

(ﬁ 512 ZSj

i i 477" ATT 477

¢, OB*OA6¢E =|(4,1, 513U o

B AOC [( De 3LR] (14688 15660 1224
16218 16218 16218,

0(5.12

LR

_(_ 4726 184283 11529
16218 16218 16218,
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560 528 19¢
ATT ATT 477,

¢ 0, B*0, A0g =[(41], (513,]0, 1904 3672 856 0(413,,
(_16218’16218 162§LR
:(:4862 37602 8785
16218 16218 16218,
0o
CB DM é_lm'\" '&3963 :[(4’1’])LR (5’1’ aLR]DM 1224 = e(O’O’O)LR =
-==2"0,0
( 16218 jm
(12070'0’0j
16218 ) 4
(_1_20,0,0j
= 5-1 A ~ 477 LR
¢ 0, B*0, Ao =[(41], (513,]0, 6(0,0,0, =

(1824 1040 180?

3 3 477" ATT' 477

¢ 0, B0, b={(0,0,0 5,1, O - =
B =M M [( )ie ( %R} M (29376 39168 208§§

16218 16218 16214,

277440 180608 2666
16218 16218 16218,

Entries of the elements correspondingfac6lumn i.e., corresponding to solution column:

(ga 0 Oj (_1_20 ocﬂ (1824 1040 18(;8
a77 ) 4 a77’ ) A {(24:181R}_ ATT' ATT 477,

(__1224 0 é) ( 1080 @ "1(2,6,3), ( 29376 39168 20808
16218 ' )\ 16218 ) . 16218 16218 16218

B0, b=

32



Table 2.5 The fuzzy optimal table

Basic X X, X, X, Solution
variables
0(2) 0 10.44 0 1.23 -
4 (_ 4726 184283 11529;4 ( 4862 37602 8735 1203(@ ( 10%59 (277440 180608 266636
16218 16218 16218\ 16218 16218 16 16218, . 16218, | \ 16218 16218 16218,
%, ( 64 512 Eb) ( 560 528 19 ( 13% j (_ 12 % (1824 1040 180?
477" 477 4774 ATT ATT AT, A477’ 477" ) & A77° ATT 477,
%, (14688 15660 1224 (_ 1224 3672 85j 122¢ 4) ( 1080, (29376 39168 2080
16218 16218 16218, 16218 16218 16 16218) . 8621 ) . 16218 16218 16218,
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Since, there does not exist a@ysuch thatl(Z) <0 so the fuzzy simplex table (Table 2.5) is

the fuzzy optimal table. Also, the fuzzy optimalwmn of the chosen fully fuzzy linear

programming problem is:

O

o _ (29376 39168 20808 _ _ ( 1824 1040 1?)8
16218 16218 1621 R’X”-‘ S\ 477 ATT 477,

and the fuzzy optimal value is:

- (277440 180608 266636
“116218° 16218 16218,

2.5.2 Solution of chosen fully fuzzy linear programming poblem

Using the existing method [47] with proposed maddifion, the fuzzy optimal
solution of the chosen fully fuzzy linear programiniproblem, chosen in Example 2.3, in
which all the parameters as well as decision vasalare represented WyR flat fuzzy

numbers can be obtained as follows:

Example 2.3Consider the following fully fuzzy linear progranmyg problem:
Maximize  [(2,3,2,5),0, %0 (1,2,1,3x0, %0 (3,4,3,40, %

Subject to (E;s)

(2,3,1&) 0, gm(l,s,i ,—j 0, %0 (34100, %<, (67,22
2 LR 2 2 LR

(2,3,2,5), 0, zm(l,s,%j 0, %<, (3518

LR

% >,0,%2,0%2 0
where, L(x) =maximun{0,1- x* }, R(x) =maximum{0,1- x* }.
Step 1

Adding fuzzy slack variablet, and %, in first and second constraint respectively, the

chosen fully fuzzy linear programming probl€f, ;) can be written as:
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Maximize

Subject to

[(2,3,2,5),0, %0 1,2,14,3,0, %0 (3,4,3,40, %0 0x,0 DX,
(Ezs)

0, %0 (34100, %0%,=, (67,22

% 2, 0,% >, 0%2, 0%,2, 0,%>, (

where, %,, X, are fuzzy slack variables,(x) = R(x) =maximum{0,1- x* }.

The initial fuzzy simplex table for the fully fuziyear programming probler(E, ;) is:
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Table 2.6 The initial fuzzy simplex table

Basis X X, Xy X, s Solution | Minimum ratio] O (Minimum
ratio)
0o | 7 13 3 0 N
2 6 6 (0,0,0,0)
7 | (-3-2,52), €2-1,31, {4 3,43 O
X 5,7,2,2 12
% [2,3,1&) (135 —SJ (3,411 (11,141 (0,0,0,¢ ( ks (1—0,2,ﬁ1 ,—4} ——
2)n 2 2) 4 777 7) 4 7
% 1 (2325). (1,3,1%) 0,0,0,0) (0,0,0,0) (L1, | &>Lh= -
LR
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Since, minimum{C -3-2,5,2% 0 € 2y 1,3,1) 0 « 4, 3,43} = mmim{-3.5- 2.1

-3.8 =-3.€, which is corresponding to the fuzzy decision able %,. So, %, will enter into

57,2, y . .
the basis. Also, minimums O % :D(E,Z,—A' —4) :i‘, which s
(37,13, 7T g

corresponding to the fuzzy basic variaile So, X, will leave the basis.
Step 3

Since, for the next simplex table (Table 2.7) tinst fand second fuzzy basic variables are

X, X5. S0, next table will be:
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Table 2.7 The second fuzzy simplex table

Basic % %, Xy X, s Solution Minimum ratio| O (Minimum
variables ratio)
0(z -
@ X L 0 0 0
18 18
P |(Arosizmi) (s Lol d s mlTpy_ 322z | 0000
21" 721" 42) \ 21 7 42 14, 721 21 20\ 2121 21)4
%, (i‘ 62 _1j (_2_6_1_3 (_6_8_2_3 (_2_2_2_ 0.00,0) | (10,44 (1_5,3,_6,_6j 18
7777 777 7, 777 74 777 K, 7T )R [T T T 7
g 8
% 1) [6 10 2 2 °
2,3,2,5 1,3,% 0,0,0, 0,0,0 1, - ===
@:3.2.5), (123) 000m @009 am | ... (3527 1 5

38




Step 4

Since D(—1—7 9 2823 =-0.94, which is corresponding to the fuzzy decision

21 7" 21" 42),

variable X, . So, X, will enter into the basis. Also,

(10 24 4)
T 3,51, -
minimum! 0| > 7 e O % = mlnlmum[m(l_5 3£3 _GJ D(_G’—OTZ
(4,6,2,1j (2329, B
777 7).,
minimum{ 2.5,1.}L= 1., which is corresponding to the fuzzy basic vaeakl. So, X, will
leave the basis.
Step 5

Since, for the next simplex table (Table 2.8) ihn& ind second fuzzy basic variables are

X, X, SO next table will be:
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Table 2.8 The fuzzy optimal table

Basic X %, %, X, s Solution
variables
L(Z _
18 21 63

7 (_1 356 1480 1133

(_ 44 47 619 4 8(_ 5 29 1078 23 23 2ﬁ 26_ 17109 ggj 608 860 494 493
126" 126" 126/, 2 103 LR

21 9 126 126, 7 71 21 pil 121 ’63763 '63 126’126 126 12

%, (o 10 26 iﬂ (__6 14 5 1 (_6_8_2_ (_ 2.2 zjz (__ 4 4 4_j4 (@ 30 36;3
'21'21° 21 21 21 21 21, 777 ), 77 7)% 21 21 21)2 2121 21 21,
% 12 18 12 3 6 18 6 6666) (183066)
= === —_———— 0,0,0,0, 0,0,0, — = = = — ===
(21 21 21 Z(L ( 21 21 21 jjm ( bk ( % (21 21 21 21, 21" 21" 21 21,
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Since, there does not exist adysuch that(1(2) <0 so the fuzzy simplex table (Table 2.8)

will be the fuzzy optimal table. Also, the fuzzytwpal solution of the chosen fully fuzzy

linear programming problem is:

- (18 30 6 6 10 30 16 1?
LR

= | ==, —=—| %=,(0,0,00);. %=, =,—,—,
Jl21' 21 21 2Jm %= ( ke % D(21 21' 21 2

and the fuzzy optimal value %25(608 860 494 493 .
LR

126 126 126 12

2.6 Comparative study

The results of an existing fuzzy number linear paogming problem, two existing
fuzzy variable linear programming problems, an txgs fully fuzzy linear programming
problem as well as a fully fuzzy linear programmipgblem, chosen in Example 2.3,
obtained by using the existing methods [46, 91, 824 the existing method [47] with
proposed modifications are shown in Table 2.9.

Table 2.9 Fuzzy optimal value

Example Existing method [92] Existing | Existing method [46] Existing method [47] with
method [91] proposed modification
8.1 [92, pp. (90 148 32 9(1 Not applicable Not applicable (90 148 32 9(1
287] 7077 7))k 70777 )k
8.1[91, pp. Not applicable (8,16,4,12), Not applicable (8,16,4,12),
202] 94235’ 12026&? 94235 120265
2.4[46,pp.|  Notapplicable | Not applicable| | 169 ~ 169 169 ' 169 '
313] 19819 19819 19819 19819
169 169 LR 169 ! 169 R
15043 93 1179
Section 6 Not applicable Not applicable Not applicable 100 ' 4’ 80 R
[47, pp.
103] [277440 180608 266636
2.1 [47, pp. Not applicable Not applicable]  Not applicable 16218 16218 16218,
103]
2.3 i Not licabl Not applicable [% 8—60£4£3
. Not applicable ot applicable ppli 126" 126 126 126,

The results, presented in Table 2.9, can be exqiaas follows:
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(i) The existing method [92] can be used only to finel dptimal solution of fuzzy number

(ii)

(iii)

linear programming problenfR ;). Since, the existing problem [92, Example 8.1 pp.
287] is a fuzzy number linear programming problentype (B ;) so it can be solved by
using the existing method [92, Example 8.1 pp. 2Bit\wever, the existing problem [91,
Example 8.1 pp. 202], the existing problem [46, fapke 2.4 pp. 313], the existing
problem [47, Section 6 pp. 103] and the problemsenhoin Example 2.3, are not fuzzy
number linear programming problem of type ). So, none of these problems can be
solved by the existing method [92].

The existing method [91] can be used only to find tuzzy optimal solution of fuzzy

variable linear programming probl€i ) . Since, the existing problem [91, Example 8.1
pp. 202] is a fuzzy variable linear programminghpeon of type(R ;) so it can be solved

by using the existing method [91]. However, thesBrg problem [92, Example 8.1 pp.
287], the existing problem [46, Example 2.4 pp.]31i% existing problem [47, Section 6
pp. 103] and the problem chosen in Example 2.3, raovke fuzzy variable linear
programming problem of typéR, ;). So, none of these problems can be solved by the
existing method [91].

The existing method [46] can be used only to fihd fuzzy optimal solution of such
fuzzy variable linear programming problem in whigh the parameters as well as the

decision variables exce; are represented by symmetric trapezoidal fuzzyberm

Since, in the existing problem [46, Example 2.4 318] all the parameters as well as the

decision variables excepf; are represented by symmetric trapezoidal fuzzybeimso

it can be solved by using the existing method [4&)wever, the existing problem [92,
Example 8.1 pp. 287], the existing problem [91, fapke 8.1 pp. 202], the existing

problem [47, Section 6 pp. 103] and the problemsehan Example 2.3, are neither the
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parameters nor the decision variables are reprmeddmny symmetric trapezoidal fuzzy
numbers. So, none of these problems can be sdieeekisting method [46].

(iv) Since, the existing method [47] with proposed modtfons can be used to find the fuzzy
optimal solution of fully fuzzy linear programmingoblems and fuzzy number linear
programming problems as well as fuzzy variable dinprogramming problems are
special cases of fully fuzzy linear programminglpeons. So, all the existing as well as

chosen problems can be solved by the existing rdd#iq with proposed modifications.

2.7 Conclusions

On the basis of presented study, it can be cordlubat the existing method [47]
should not be used for solving fully fuzzy linearogramming problems. However, the

existing method [47] with proposed modifications ¢e used for the same.
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Chapter 3
A new method for solving fully fuzzy linear

programming problems’

In this chapter, the limitations of the existingthad [47] and the method, proposed
in previous chapter, are pointed out and to oveecdhese limitations, a new method is
proposed for solving fully fuzzy linear programmipgoblems. To show the advantages of
proposed method over existing method [47] and théhod, proposed in previous chapter, a
fully fuzzy linear programming which can neither $mved by the existing method [47] nor
by the method proposed in previous chapter, isesblyy the proposed method. Also, the
fully fuzzy linear programming problem, chosen ireydous chapter, is solved by the

proposed method.

3.1 Limitations of the existing method and the method poposed in previous chapter

For solving the fully fuzzy linear programming pleims by using the existing
method [47] as well as by the method proposed évipus chapter there is need to subtract
as well as to divid&R flat fuzzy numbers. Since, in the literature [38isi pointed out that
only RL flat fuzzy numbers can be subtracted as well asgleti fromLR flat fuzzy numbers.
So, all such fully fuzzy linear programming probkemin which the parameters are
represented by sudtR flat fuzzy numbers for which.(x) # R(X) can neither be solved by
the existing method [47] nor by the method propasearevious chapter e.g., the fully fuzzy
linear programming problem, chosen in Example 311 which all the parameters are

represented by sudtR flat fuzzy numbers for whichL(x) # R(xX) can neither be solved by

the existing method [47] nor by the method propdsqatevious chapter.

" The contents of this chapter are communicatepptied Mathematical Modelling.
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Example 3.1Consider the following fully fuzzy linear programmgi problem
Maximize [(2,3,2,5):0, %0 1213,0, %0 (34340, X%

Qubject to (Es.)

(2,3,1&) 0, gm(l,s,i ,—j 0, %0 (34100, %<, (57,22,
2 LR 2 2 LR

(2,3,2,5), 0, %5(1,3,13 0, %<, (3511,

LR

% >, 0,% 2>, 0,%>, 0.
where, L(x) =maximun{0,1- x* }, R(x) =maximun{0,1- %} .
3.2 Proposed method
In this section, to overcome the limitations of teristing method [47] and the

method proposed in previous chapter, discusse@dtid® 3.1, a new method is proposed for

solving fully fuzzy linear programming problentg, ,) .
Maximize (or Minimize) Zn:q Uu X,
j=1
ubject to GH)
Zn: & 0, X <jor=orz, b;i=12,.m
j=1
% 2,0, )=1,2,..n.

where, ¢, b and a; areLRflat fuzzy numbers[] is a linear ranking function.

The steps of the proposed method are as follows:
Step 1
Since, for the ranking functionl the propertyl] (z C, j: ZD(CJ.) is satisfied so the fully
j=1

j=1

fuzzy linear programming problerfP, ;) can be written as:
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Maximize (or Minimize) > 0(E 0, %),

Subject to (F2)

0@, 0, %) <or=or=0@Q );i =1,2,..m
I

0(%)20, j=12,..n.

Step 2

Since, for the Mehar multiplication, proposed ineypous chapter, the property
O(AOQ,, B)=0(A)O(B) is satisfied. So, the crisp linear programmingbtem (P,,) can be

written as:

Maximize (or Minimize) > 0(€)0(x),

Subject to (P.)
zn: 0@&,)0(%)<or=orz0(@ )i =12,..m
=

0(%)=0, j=12,..n.
Step 3

Assuming )N(j :(mj!nj a ’ﬁj )LR' c~:j =(mj I’nj I'aj "IBj I)LR’ 5 =(m Nt "’IBi ")LR and

& =(m;",n; ".a; "B, ") the problem(R, ;) can be written as:

Maximize (or Minimize)

JZ:‘D(mj Wnha B ) R0 g a8 )k

Subject to (P.,)
JZ:‘D(”I,- " tay B RO o a; B g or=oe0 M M g B ki=12,..m
O(m,n,a;,5)x20,j=12,..n.
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Step 4

Using the existing ranking formula [132]}(A) = O(m, n,a,ﬂ):%jol (m-al™(A))dA

+%j:(”+ﬁR_l(/1))d/1 , the problem(P,,) can be written as:
Maximize (or Minimize)

;(%j:(m, —a, "L (A)dA +—;j:(n,~ +B, 'R-l(/l)d/lj(—;j;(mj ~a,L*(1))dA +—;ﬁ(nj +B
R™(1)dA)
ubject to )

n 1,2 " I 1e1 " I 101 . 1
Z(Efo(m,- —a; "L ()l))d)l+5jo(nij +B, "R ()l)d/})j(—zjo m -a,L (A))d/1+_2

j=1

j:(nj +/>’].R‘1(/l)d)l))sor=or2%f: M =a "L ())dA +—;j: OB R (A)dA)i=12,..m

%f S(m —a, L () dA +—;j01 (n, +BR*(A))dA 20.

Step 5
Solve the crisp linear programming problerfP;) to find its optimal solution
Step 6

Put the values ofn,,n;,a,,5,, obtained from Step 5, iX;, =(m;,n,;,a;,[,;) to find the
fuzzy optimal solutio{ X;, j =1,2,...,n} of fully fuzzy linear programming probler®, ,) .

Step 7

Substitute the values ¢f;; j =1,2,...,n}, obtained from Step 6, iECJ Oy X, to find the
j=1
fuzzy optimal value of fully fuzzy linear programmgi problem(R, ,) .

Lemma 3.1:If for anyLR flat fuzzy numberA=(m, na,B)x L(X)=maximun{0,1-x*}
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and R(x)= maximun{0,1-x} then, D(A):%(m+n—%+_2j_

Proof: Since, L(x) = maximun{0,1- x* }and R(x) = maximun{0,1-x}so L™}(1) =v1-A
and R™*(A) =1-A where, A0[0,1].

Substituting the values ofL"(A) and R™'(A) in Yagers ranking formula,

D(A):%I:(m—a\/l—)l)d/i+—;j:(n+ﬂ(l—/1))d/1, the value of O(A) is

e
3.3 Advantages of the proposed method
The advantages of the method, proposed in thistehagpver the existing method [47]
and the method, proposed in previous chapter,safellaws:
() As discussed in Section 3.1, the existing method ghd the method, proposed in
previous chapter, can not be used for solving sutly fuzzy linear programming
problems in which parameters are represented by IsRdlat fuzzy numbers for which

L(x) # R(x) . Since, in the proposed method neither thereesl n@ subtract nor to divide

two LR flat fuzzy numbers. So, the method, proposed is thapter, can be used for
solving these fully fuzzy linear programming prabke
(i)  For solving the fully fuzzy linear programming pleims by using the existing method
[47] and the method proposed in previous chaptereths need to apply the fuzzy
arithmetic operations for finding the elements a€le simplex table. While, for solving
the same problem by using the proposed method tisemeeed to apply the crisp
arithmetic operations for finding the elements aéle simplex table.
Since, the number of simplex tables in both thehwdt are same. While, it is much
easy to apply the crisp arithmetic operations aspaved to the fuzzy arithmetic operations.

So, it is much easy to apply the method proposedisnchapter as compared to the existing
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method [47] and method proposed in previous chapter

To show the advantage of the method, proposed atidBe3.2, over the existing
method [47] and the method, proposed in previouaptr, the fully fuzzy linear
programming problem, chosen in Example 2.3, whenh lse solved by the method proposed
in previous chapter as well as the fully fuzzy #ingprogramming problem, chosen in
Example 3.1, which can neither be solved by theteg method [47] nor by the method,

proposed in previous chapter, are solved by usiagptoposed method.

3.3.1 Fuzzy optimal solution of the fully fuzzy liear programming problem chosen in
Example 2.3
Using the method, proposed in Section 3.2, theyfugtimal solution of the fully
fuzzy linear programming problem, chosen in Exan2u8 can be obtained as follows:
Step 1
Using Step 1 of the method, proposed in Section tB& fully fuzzy linear programming
problem(E,;) can be written as:
Maximize
0((2,3,2,5); 0, % *0 ((1L,2,4,3,0, % YO (34,340, %

Qubject to (Es»)

D((z,s,l,lj O, gjm (135 —j O, xzjm( (34100, %)<0 (5,7,2,2
2 LR 2 2 LR

0((2,3,2,5); 0, f(l)+D( 1,3,1%) O, xzjsm (3,511

% >, 0,% 2>, 0,%>, 0.
where, L(x) =maximun{0,1- x* }, R(x) =maximum{0,1- x* }.

Step 2

Using Step 2 of the method, proposed in SectiontBe2crisp linear programming problem
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(E,,) can be written as:
Maximize
123,250 & #0 02130 % 0 (43,40 X

Subject to

5(2,3,1,3 0 6(1)+D(1,3% "2) 0% ¥0 G400 % 30 (5,7,2,2

0(2,3,2,5);0 @HD(L&%) 0% ¥0 (3,511

0(%x)=20,0(%X,)=0,0 X,)= C.

Step 3

AssumingX; =(m;,n;,a;,5;)x, the problem(E; ;) can be written as:
Maximize

0(2,3,2,5),0 (N, a, B, )o+0 1,2,1,3)0 o, n,a, 3, 0 (3,4,3,4)
O(m, ns, a5, 8) 1r

Subject to

:;’j 0y, @, B 2+0 (ALY

N

1
(231 0 a0
LR

(M N, 15,8 <0(5,7,2,2)
023250 0 @, 4,140 135 ] 0rt,0, 0,4, b (5.3

D (rr!l.’nl’al’ﬂl)LR 2 O’D (m2’n2’a2’ﬂ2)_R 2 OD m3n3a3B3QR 2 (

Step 4

Using Lemma 2.1, the proble(k,,) can be written as:

Maximize

(Z +Zn +_7ﬁ —_7a +i3m +_13n +_l3ﬁ —_1%! _2% +—2|$ +_§ —
2“213131626292926363 3
Subject to
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T dn el a+7m+7n+_1%__1ﬁ,+_zn+_z+_;__z<1z

3n13 ! 32 3% 9% g% 23 2% 3% 3%
1

—mﬁ nl /81 6 % 2—8

ml+nl-— 2550

3

2a, 20
+n,——2+—/—220
M+, ===+ =3

2a, 20
+n,-—2+——2220
M+, ===+

Step 5

The optimal solution of the crisp linear programgiproblem(E; ;) is:

m=0.85m,= Om,= 0.47n,= 1.4%,= O,= 142,= 0.2B= 0= 0% 0280,
3,=0.28.

Step 6

Putting the values ofm B =12,8 in X, =(m,,n;,a;,B5;), the fuzzy optimal

I J a
solution of fully fuzzy linear programming proble(g, ) is:
% =,(0.851.42,0.28,0.98, %X, =, &=, ( 0.47,1.42,0.766),7.

Step 7

Substituting the values of X,X, and X,, obtained from Step 6, in
[(2,3,2,5):0, %0 @213,0, %0 (34,340, X, the fuzzy optimal value of fully

fuzzy linear programming probleifE, ) is (4.82,6.82,3.92,3.92. .

3.3.2 Fuzzy optimal solution of the fully fuzzy limar programming problem chosen in
Example 3.1
Using the method, proposed in Section 3.2, theyfugtimal solution of the fully

fuzzy linear programming problem, chosen in Exan®le can be obtained as follows:
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Step 1

Using Step 1 of the method, proposed in Section tB& fully fuzzy linear programming

problem (E;,) can be written as:
Maximize
02,3,2,5: 0, X *O (1,2,1,3,0, X, ¥0O ((B,4,3. 40, X,

Subject to (Ese)

D((z,s,l,lj O, )~(1J+D (13} —BJ O, X2J+D( (34110, %)<0 (5,7,2,2
2 LR 2 2 LR

0((2,3,2,5); 0, )?1)+D( 1,3,

N

j 0, xzjsm (3,5,1,1)
LR
0(%)=0,0(%,)=0,0(X,)= 0

where, L(x) =maximun{0,1- x* }, R(x) =maximun{0,1- %} .
Step 2

Using Step 2 of the method, proposed in SectiontBE crisp linear programming problem

(E,,) can be written as:

Maximize

0(2,3,2,5);0 & *O (1L,2,1,3)0 %, Y0 (3,4,3,40 X

Subject to (E,,)

1

D(2,3,1,§j O 6(1)+D(1,3% ,—zj 0% ¥0 (34100 % 30 (5,7.2,2

0(2,3,2,5),0 @ﬁD(l,&l%j 0% ¥0 (3511

0(%X)=0,0(%X,)=0,0 ;)= C.
Step 3

AssumingX; =(m;,n;,a;,5;)x, the problem(E; ;) can be written as:
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Maximize

023,250 0 0y @, B )etD (L2130 16, 0,a, B, W0 (3,434
D(rnli'n3’a3’ﬂ3)LR

Subject to (Ezp)

5 o0, 4000 (ALY

NG

5(2,3,1%j 0 a, B, 1R+D( 1
(M N, 15,8 <0(5,7,2,2),
023250 0y, @, 4,140 135 ] 01t,0,0,4, b (5.3

D (rq’nl’alugl)LR 2 O’D (m2'n2’a2’182)_R 2 OD (n3n Sa 3B 3QR 2 (
Step 4

Using Lemma 3.1, the proble(t,,) can be written as:

Maximize
1(37 37 37 7 2; g 14
—|— +— —a SAimqtint—L0 ——a
2( 6 m=* 6 '31 3 3)
Subject to (Eso)
55 _ﬂ —53m +. 53 +_5% __53 LM, 4

ml 24 16 122 12° 24% 18° 6° 6° 2

41 35
-——4a, <—

9 3

3_7 +i7n +i7'3 _370! +_4:?n +_4r31 +_4% ——43 < ‘
6 rnl. 6 1 12 1 9 1 12 2 2 2=

2a, [,
+n-—+—=220
m+h-—="%3

2a, B
+n,——2+=220
M=+

2a, f
+n,-—2+=220.
M+~

54



Step 5

The optimal solution of the crisp linear programgproblem(E,,) is:

m=0.95m,= 0m,= On,= 0.95,= O,= &= 098, O+~ B~ BF A7 1L
Step 6

Putting the values ofn,,n;,a,,5, ;] =1,2,3in X, =(m;,n;,a;,5;). the fuzzy optimal
solution of fully fuzzy linear programming proble(k,,) is:

% =,(0.95,0.95,0.95,0) %,=, (0,0,0,)%=. (0,0,0,0,Z.

Step 7

Substituting the values of X,X, and X, obtained from Step 6, In
[(2,3,2,5) 0, %0 1213,0, %0 (34,340, X, the fuzzy optimal value of fully

fuzzy linear programming probletE, ,) is (2.52,3.57,2.52,4.§3..

3.4 Comparative study

The results of the fully fuzzy linear programmingplplem, chosen in Example 2.3
and Example 3.1, obtained by using the method &g previous chapter and the method
proposed in this chapter are shown in Table 3.1.

Table 3.1 Fuzzy optimal solution

Example| Method proposed in previousMethod proposed in this chaptef

chapter

% =, (0.85,1.42,0.28,0.28,

%
s %, =, (0,0,0,0) , %
%, =, (0.47,1.42,0.76,0.96. | %,

=, (0.85,1.42,0.28,0.28,
=, (0,0,0,0) ,
- (0.47,1.42,0.76,0.76,

»(0.95,0.95,0.95,0,

-(0,0.0.9, .
-(0,0,0,1.7)

X
3.1 Not applicable X
%

The results, presented in Table 3.1, can be exqiaas follows:
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(i) In the fully fuzzy linear programming problem, ckasn Example 2.3, all the parameters

(ii)

3.5

as well as decision variables are represented bly ISR flat fuzzy numbers for which
L(x) = R(x). While, in the fully fuzzy linear programming piein, chosen in Example
3.1, all the parameters as well as decision vasahte represented by sudRflat fuzzy
numbers for whichL(x) # R(x) . So, due to the limitations of the method proposed
previous chapter, discussed in Section 3.1, tHg fukzy linear programming problem,
chosen in Example 2.3, can be solved by the mgthgbosed in previous chapter but the
fully fuzzy linear programming problem, chosen xaiple 3.1, can not be solved by the
method proposed in previous chapter.

As discussed in Section 3.3, that the method pexpas this chapter can be used for
solving fully fuzzy linear programming problemswhich all the parameters as well as

decision variables are represented by diRHlat fuzzy numbers for which.(X) = R(X)
and L(X) ZR(x). So both the fully fuzzy linear programming prabk chosen in

Example 2.3 and Example 3.1, can be solved by #tbad proposed in this chapter.

Conclusions

On the basis of presented study, it can be coaditidat all the fully fuzzy linear

programming problems which can be solved by ushey éxisting method [47] and the

method proposed in the previous chapter can alsmled by using the method proposed in

this chapter. However, there exist several fullgzfy linear programming problems which

can be solved by the method proposed in this chéypitecan neither be solved by using the

existing method [47] nor by the method proposegrivious chapter. Hence, it is better to

use the method, proposed in this chapter, as cauparthe existing method [47] and the

method proposed in the previous chapter for solMualdy fuzzy linear programming

problems.
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Chapter 4
An efficient method for solving fully fuzzy

linear programming problems’

In this chapter, an alternative method is proposmdsolving fully fuzzy linear
programming problems and it is shown that if ayfdlizzy linear programming problem is
either solved by the method proposed in previowptgr or by the method proposed in this
chapter, the fuzzy optimal solution and the fuzpyiroal value will be same. However, it is
much easy to apply the method, proposed in thiptehaas compared to the method

proposed in previous chapter for solving the féliyzy linear programming problems.

4.1  Proposed alternative method
In this section, an alternative method is propos®dsolving fully fuzzy linear

programming problentR, ,) .

The steps of the proposed method are as follows:
Step 1
Use Step 1 to Step 3 of the method proposed iniqurs\chapter to convert the fully fuzzy

linear programming probler(R; ,) into the crisp linear programming problg, ,) .

Maximize (or Minimize)

J_Z:D(mi nag LB D g ay B s

ubject to (P,)
ém(mj " a8 RO mon @, B ). <or=oe 0l R g B ki=12,..m

(m.n.a,.B) &= 0,i=12,.n.

* The contents of this chapter are communicatelbinnal of Intelligent and Fuzzy Systems.
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Step 2
AssumingU(X;) =0(m;,n;,a;,B,) x=%;, ] =12,..n the problem(F, ;) can be written as:

Maximize (or Minimize)

JZ:D(mj FLURT RV

Qubject to (F..)
JZ:D(mj "y tay B MeX sor=oe M "n e Bk 1= 1,2,,m

X205 j=12,..n.

Step 3

. - . ~ 1.1 -
Using the existing ranking formula [132]D(A):D(m,n,a,,6’):§jo (m-al™(1))dA+

%j:(”JfﬁR_l(/‘))d/‘ , the problem(P,,) can be written as:
Maximize (or Minimize)

N1 1 , LA 1 1e1 | RV dA

2 Shamy—a AN A+ [+ BRI ) dA |

J:

Qubject to (Fy2)

n

z (%I:(mj "—ay "L (A))dA +—;J-:(nij "+ 5, "R (A)dA )j X, < or= orzéj: M e L")

=1
d. +%j:(n "+ B "RY(A)dA);i =1,2,..m

X;20; j=12,..n.

Step 4

Solve the crisp linear programming probl€R) ;) to find its optimal solutiof x;} .

Step 5

Since, every set ofR flat fuzzy numbers{X;; j =1,2,...,n :0 (X, )=x;} will be the fuzzy

optimal solution of the fully fuzzy linear progranmg problem(R,,) . So, find a set dfR
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flat fuzzy numbergX%;; j =1,2,...,n :0 (X, )=x; }.

Step 6

Put{X%;; j =1,2,...,n}, obtained from Step 5, iECzj Oy %;, to find the fuzzy optimal value

j=1

of fully fuzzy linear programming problerf?, ) .

4.2  Advantages of the proposed alternative method

To find the fuzzy optimal solution of fully fuzzynlear programming problems by the
method proposed in previous chapter as well asngtod proposed in this chapter, there is
need to convert the fully fuzzy linear programmipgoblems into the crisp linear
programming problems. Since, the number of varghie the crisp linear programming
problem obtained by the method proposed in prevahapter is four times the number of
variables in crisp linear programming problem ated by the method proposed in this
chapter. So, it is much easy to apply the methoggsed in this chapter as compared to the
method proposed in previous chapter for solving thky fuzzy linear programming
problems.

To illustrate the proposed method, both the fullgzy linear programming problems

chosen in Example 2.3 and Example 3.1, are solyeddomethod proposed in this chapter.

4.2.1 Fuzzy optimal solution of the fully fuzzy limar programming problem chosen in
Example 2.3
Using the method, proposed in Section 4.1, theyfugtimal solution of fully fuzzy
linear programming problem, chosen in Example @aB, be obtained as follows:
Step 1
Using Step 1 of the method, proposed in Section thd. fully fuzzy linear programming

problem(E,.) can be written as:

Maximize
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0(2,3,2,5).0 & #0 (1,2,,3)0 %, ¥0 (3,4,3, 40 %

Subject to (E,)

5(2,3,1@ 0 6(1)+D(1,3% ’_zj 0% ¥O 34100 % 30 (5,7,2,2

0(2,3,2,5);0 &)rm(l,s,%j 0% ¥0 (3,514

0(%)=0,0(%)2 0,0 (%)= .

Step 2

AssumingU & =0  n; a; B, )==X;, the problem(E,,) can be written as:
Maximize

[0(2,3,2,5):x+0 (1,2,1, 3%, +0 (3,4,3,4)%,

Subject to (E,,)

Nl o

5(2,3,1,% )(1+D(1,3,} J %,+0 (3,4L0%<0 (5,7,2,2
2 LR 2 LR

D(2,3,2,51R><1+D( 1,3,1%) x,<0 (3,5,1,1)
LR

X 20,x, 20,x; = Q.

Step 3

Using Lemma 2.1, the proble(k,,) can be written as:

Maximize
(2_1 L3 +£3Xj
62 62 63
Subject to (E,.)
7 7 7
—X +—=X +—X,<12
3X1 3 2 2 3
7 11
—X +=-Xx,<8
21T
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X 20,X, 20,x; 2 0.

Step 4

The optimal solution of the crisp linear programginproblem (E,;) is:
X =1.13x,= 0x,= 0.9

Step 5

Since, x=1.13,x,=C and x,=0.94. So, every set ofLR flat fuzzy numbers
{%, X, X;: 0(X) =113, (X,)= 0,0 &,)= 0.94] will be the fuzzy optimal solution of the
chosen problem. e.g{% =(0.85,1.42,0.28,0.2B_, %, = &, =( 0.47,1.42,0.768) .} is
one of the fuzzy optimal solutions of the chosesbfam.

Step 6

Substituting the values of X,X, and X, obtained from Step 5, in
[(2,3,2,5):0, %0 1213,0, %0 (34,3, 40, X, the fuzzy optimal value of fully

fuzzy linear programming probletE, ;) is (4.82,6.82,3.92,3.92. .

4.2.2 Fuzzy optimal solution of the fully fuzzy liear programming problem chosen in
Example 3.1
Using the method, proposed in Section 4.1, theyfugtimal solution of the fully
fuzzy linear programming problem, chosen in Exan®e can be obtained as follows:
Step 1
Using Step 1 of the method, proposed in Section thd fully fuzzy linear programming
problem(E;,) can be written as:
Maximize
0(2,3,2,5),0 & *0O (1,2,1,3,0 X, yO (3,4,3,H0 x{

Subject to (=)
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5(2,3,1@ 0 6(1)+D(1,3% ’_zj 0& ¥O 3,41L00 % 30 (5,7,2,2

0(2,3,2,5);0 &)rm(l,s,%j 0% ¥0 (3514

0(%)=0,0(%)2 0,0 (%)= Q.
Step 2

Assumingl & =0  n; a; B, J==X;, the problem(E,,) can be written as:
Maximize

0(2,3,2,5),% +0 (1,2,1,3)%,+0 (3,4,3,4)X,

Subject to (Es)

g) X+0 (3,4, x,<0 (57,2,
LR

N

5(2,3,1,% x1+D(1,
2 LR

D(2,3,2,51R><1+D( 1,3,1%) x,<0 (3,5,1,1)
LR

X 20,x, 20,x; = Q.

Step 3

Using Lemma 3.1, the proble(k, ) can be written as:

Maximize

(3_7 LB, +_7Xj

120 T

Subject to (E,q)
55,53 , 4L _ 3

120 12" 6 ° 3

3T, A3, A

6 RS 6

X 20,x, 20,x; = C.
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Step 4

The optimal solution of the crisp linear programgproblem(E, ) is:

X =0.63x,= 0x,= 0.4.

Step 5

Since, x=0.63,x,=C and x,=0.42. So, every set ofLR flat fuzzy numbers
{X, X, X;: 0(X) =0.63,0 (X,)= 00 X,)= 0.85 will be the fuzzy optimal solution of the
chosen problem. e.g{x =(0.95,0.95,0.95,Q), ¥,= (0,0,0,( X,= (0,0,0,1)7;} is one
of the fuzzy optimal solutions of the chosen prahle

Step 6

Substituting the values of, X, and X;,, obtained from Step 5, in [(2,3,2,p1],
x0@1,213):0, %0 (3,4,3,4,0,, X, the fuzzy optimal value of fully fuzzy linear

programming problen(E;, ) is (2.52,3.57,2.52,4.83..

4.3  Comparative study

The results of the fully fuzzy linear programminglplems chosen in Example 2.3
and Example 3.1, obtained by using the method &g previous chapter and the method
proposed in this chapter, are shown in Table 4140,Ahe number of variables in the crisp
linear programming problem corresponding to théyfélzzy linear programming problem
obtained with the help of method, proposed in mesichapter, and the method, proposed in

this chapter, are shown in Table 4.2.
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Table 4.1 Fuzzy optimal solution

Example| Method proposed in previousMethod proposed in this
chapter chapter
2.3 | %=,(0.851.42,0.28,0.98, | % =,(0.85,1.42,0.28,0.28
X, =5 (0,0,0), X, =, (0,0,0),
%, =, (0.47,1.42,0.76,0.96, | %, =, (0.47,1.42,0.76,0.76,
31 X =5 (0.95,0.95,0.95,0Q) X =5 (0.95,0.95,0.95,0)
' X, =5(0,0,0,0)4 , %, =;(0,0,0,0), ,
%,=;(0,0,0,1.71), %,=5(0,0,0,1.72),
Table 4.2 Number of variables
Example| Number of variables in the crisgfNumber of variables in the crisp
linear  programming  problemlinear programming problem
obtained by the method proposed wbtained by the method
previous chapter proposed in this chapter
2.3 12 3
3.1 12 3

It is obvious from Table 4.1 and Table 4.2 thatswiving the fully fuzzy linear
programming problems by using the method, propasguevious chapter, and the method,
proposed in this chapter, same fuzzy optimal smtuis obtained. However, the number of
crisp variables in the crisp linear programminglgean corresponding to fully fuzzy linear
programming problem, obtained by using the metpoolosed in previous chapter, are more
than the number of variables in the crisp lineagpamming problem corresponding to fully

fuzzy linear programming problem obtained by ushgmethod proposed in this chapter.

4.4

On the basis of presented study, it can be coedltidat it is better to use the method

proposed in this chapter as compared to the meihaqEbsed in previous chapter for solving

Conclusions

fully fuzzy linear programming problems.
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Chapter 5
Novel method for solving interval-valued fully

fuzzy linear programming problems’

Su [115] pointed out that the values of the mentbpref an element in a fuzzy set
are represented by a real number in [0, 1] buieaiapst is always uncertain about the values
of the membership. Hence, it is better to use vialevalued fuzzy set in which the values of
the membership of an element in a set is repreddaytehe interval of possible real numbers
instead of real numbers and proposed a method diing such linear programming
problems in which all the parameters except theisdmt variables are represented by
interval-valued fuzzy numbers. In this chapter, lthetations of this method are pointed out.

Also, it is pointed out that to overcome the lirtidas of the existing method [115] there is
need to define such multiplication of two intervaluedLR flat fuzzy numbersA and B for
which the propertyd(AOB)=0(A)O(B) is satisfied. Due to the same reason, in this

chapter, a new multiplication, named as Mehar mlidttion, of interval-valued-R flat
fuzzy numbers is defined and using it a new metisodroposed for solving the interval-

valued fully fuzzy linear programming problems.

5.1 Preliminaries
In this section, some basic definitions, arithmeiperations and an existing method

for comparing interval-valuedR flat fuzzy numbers are presented.

5.1.1 Basic definitions

In this section, some basic definitions are presgfit15].

% The contents of this chapter are communicatelbinnal of Applied Research and Technology.
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Definition 5.1 If the membership function of the fuzzy skt (m, na,B), onR is

)IL(m_Xj, x<m, a>0
a

Ui (X)= )IR(Tnj , X=n, (>0

m<n then A is called A LR flat fuzzy number, 0<A<1 and is denoted as

A=(mn,a,B;1)x.
Let F (1) be the family of allA LR flat fuzzy numbers, i.e.

F.N)={(mna,BA) s 0m<n B=0,a0=0, mn,a B0OR}, 0<A<1.
Definition 5.2 An interval-valued fuzzy sefA on R is given by A:{(x, [, (X, 0 (9])
:xOR}, where w; (X), 4, ()0[0,1] and p; &)xp, &)XIXOR and is denoted as
A=[A", A'].
This means that the grade of membershipx dfelongs to the intervdly;, (X), 15, (X )the
least grade of membership atis £, (X) and greatest grade of membershipxas ;, ().

Let

x

)lL(m_ j x<m, a'>0

a
My (X)= AR(%), x=n, 3'>0
A , m<Xx<n
0 , otherwise

Then, A“=(mn,a",51).

Let
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pL(m_Xj, x<m, a>0

a

o (%)= pR(%j, xzn, f>0
0 ., m<x<n
0 , otherwise

Then, A’ =(m,n,a,3;0),x.-

Here 0<A<p<l andm-a<m-ag'<m<n<n+f'<n+f. The interval-valuedR flat
fuzzy numberA=[(mn,a", 8% A)x.(Mn,a.B;0):]is called (4, o )interval-valued_R flat

fuzzy number.

Remark 5.11f A=p, a=a' and =" then A=[A", A’] is reduced tod LR flat fuzzy

numberA=(m,n,a,B;1),x.

5.1.2 Arithmetic operations

In this section, arithmetic operations betwegeh o) interval-valuedLR flat fuzzy
numbers are presented [115].

Let A=[(m,n,a," B, A) k. (MuN,a . Brp) ] and B=[(m,n,a,"B,51)k, (M,
n,a, B3,;0)x] be two interval-valued R flat fuzzy numbers andC=[(m, n, a.", 5"

A (Mg, 05,05,8;5:0)s ] be an interval-valueBL flat fuzzy number. Then,

13

(I) AD :[(rnl+m2’ nl+n2’all+a2l’ﬁll+ﬁ2';/1)LR’(m1+m2'n l+n Za 1+a 216, ]'_f‘ﬂ Zle]

)
(@}
I

S) [(ml_ny nl_m3’all+ﬂsliﬁ1'+a3l;/1)m'(ml_n3n1_m3a 1+,B 3,3 Ta ép)LR]

(ii)
(i) AOB=[(mm,nn,ma,+ma,-aa;np+ng +f ;5 ;A) mm nn mg
+Ma, —a0,N L+ NS+ S5 0) k]
(iv) If k>0 then kA=[km kn Kka, 'KB,"A )n,km kn ka, kB, )x |
(v) If k<0 then kA=[(kn km ,—kpB,'—ka,'A ), ,kn km, kB, ka0 )
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5.1.3 Comparison of interval-valued_R flat fuzzy numbers
In this section, the existing method [115] for canpg interval-valued fuzzy

numbers is presented.

Let A:[(mp nl’all’ﬂll;/‘)LR'(ml’nl’al’ﬂl;p)LR ] and éz[(mz' Ny, azliﬁzl;A)LR’

(m,,n,,a,,B,;0).r] are two(4, p) interval-valued_R flat fuzzy numbers. Then,
() A>, B if O(A)>0(B)
(i) A=, B if O(A)=0(B)
(i) A<, B if O(A)<O(B)

where,

(5.1)

A

jl{ZmﬁZn +4,' R )+,82R‘1(%)—a2'L‘l(%)—azl_‘l(%)}da+

0

>..||a

) 5.2)
o f%{mﬁn BRI -al (—)}

Lemma 5.1If L(x) = R(x)= Maximum{0,1-x} then,
D(A) (Bml +8r11+,81 a, + (4__)(:81 1)} :

Proof: Since, L(x) = R(x) = Maximum{0,1-x} soL (1) =R™(A) =1-A where, A 0[0,1].
Substituting the values df *(1) and R™(A) in ranking formula,

O(A) _%J' [zm +2n +6,'R* (%)+ BR™ (g)—al'L‘l(%)—alL_l(z)}da+ pi)l

p

j {ml+nl+,81 1(—) aL‘l(—)}da 8[8m +8n,+ B, a+(4-—)(31 a])j

A
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5.2 Limitation of the existing method

The existing method [115] can be used only for isgivfuzzy linear programming
problems(R,,) in which all the parameters except the decisiamabées are represented by
interval-valued fuzzy numbers. However, the samehote can not be used for solving

interval-valued fully fuzzy linear programming pteims (R,,) .

(i) Maximize (or Minimize) > ¢ x,
j=1

Qubject to (R.)

> gx < or=orz, h;i=12,..m

j=1

X,2,0,j=12,..n

where, ¢, b and &, are interval-valued fuzzy numbets, is a linear ranking function.
Example 5.1 [115 pp. 103Consider the interval-valued fuzzy linear programgnproblem:
Maximize

[[(19,25,33;.9),(18,25,34;3) 0 [(44,48,59),(43,48,56;1),

Subject to (E,)

[(14,15,17;.9),(10,15,18;1§] 0  [(25,30,38),(23,30,38:1),<, [(430,450,480;.9), (42
450,520;1)]

[(21,24,26;.9),(20,24,33: 0 [(4,6,8,.92,6,1L 1)K, <. [(220,240,290;.9), (180, 2-
300;1)]

[(17,21,22;.9),(16,21,26; 0 [(12,14,19),(8,14,22;1)k,<, [(270,280,310;.9),(23
280,320;1)]

X;20;j=12

(i) Maximize (or Minimize) > ¢ O, X,
=

Subject to (R.)
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where,C,=[€; €, 'O, O3 A )r € € 9.0, P R 1& =18 & 9.9:4 %k & & 9,,94;
Pl B =0, 1", @5, 013 A) s (BB 00,0, 45 0) R LK = 1M 00, B, A e @ 0y @y B0 )al,
0<9j,<9;;<C; <¢;',0<0;;<0;,,0<9;,<9; <aq; <g; ', 0, ;<9 ,, Ka, <a; <h <b ', &a; ,
<a,; 0<a;'<a,<m <n,, 0<,3; '<ﬁj j=4L2,..n; &XA< 1i= 1,2,.m .

Example 5.2Consider the interval-valued fully fuzzy linear gramming problem:
Maximize

([(25,27,6,8;.9); ,(25,27,7,9;1 O, %, 0 [(48,50,4,6;.9) ,(48,5,81), 0, %)
Subject to (Es»)

[15,17,1,2;.9), ,(15,17,5,3,0) O, %X O [(30,32,5,4,.9) ,(32,3,8;1), |0, % <.
[(450,470,20,30:.9), ,(450,470,30,70:1) ]

[(24,26,3,2;.9), ,(24,26,4,9;) 0, %0 [(6,8,2,2,,9) ,(6,%4):]10, % <,
[(240, 260, 20,50;.9), ,(240,260,60,6Q;1) ]

[(21,23,4,1;.9), ,(21,23,5,5) 0, % 0 [(14,16,2,5,9) ,(18,6,8,1), [0, %<,
[(280,300,10,30;.9), ,(280,300,50,40;1) ]

%2, 0,%2 0%2> 0

where, L(X) = R(x) = Maximum{0,1-x} .

5.3  Proposed Mehar multiplication

In this section, a new multiplication, named as Bfemultiplication, by modifying
the multiplication ofLR flat fuzzy numbers defined in Chapter 2, is ddlirfer interval-
valuedLR flat fuzzy numbers.
lf A:[(rnl.l n11 alllﬂll;A)LRl(mlinllaliﬁl;p)LR] and é :[(nb’ n2’a2l’ﬁ2l;/1)LR'(mz’nz’az’ﬂz;

P).=] are two interval-valuetR flat fuzzy numbers. Then,
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A B {[(mlﬂ(é), n0(B),a,'0(B), 5,'0(B);A)e, (MO (B),nJ B).a 0 B).B0 B)p)s] O@®)=0
) [(nlD(B)' rnLD(é)! _ﬁlm(é)l_alm(é);/])RL ) (nllj (é)’mllj (é),—ﬂllj (é)v_allj (é);p)RL 1O (B)S 0

where, 0(B) =

(3! 4 R (NI < (Y
iz[zmﬁmﬁﬂzR AR C)-ant C)-ak (Z)}dm

N

jé{mz +n2+ﬂzR'1(%)-azL'1(%)}da-

5.4  Proposed method

In this section, a new method, by modifying the moetproposed in previous chapter,
is proposed for solving interval-valued fully fuzinyear programming probler(R, ) .

The steps of the proposed method are as follows:

Step 1

Since, for the ranking functionl the propertyl] (Zn: C, j: Zn:D(CJ.) is satisfied so the fully
= j=1

fuzzy linear programming probleifR, ,) can be written as:

Maximize (or Minimize) > 0 O, %),

Qubject to (R2)

0@, 0, %) <or=or=0@Q );i =1,2,..m
=1

=
% >,0,j=12,.n.

Step 2

Since, for the Mehar multiplication, proposed in ct8&® 5.3, the property
O(AO,, B)=0(A)0(B) is satisfied. So, the crisp linear programmingotem (R, ,) can be

written as:

Maximize (or Minimize) > 0(€)0(%,),
j=1
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Subject to (R.)

ZD(a”)D(x)<or or=0@);i=1,2,..m

=1

0(x)=0,j=1,2,..n.

]

Step 3

Assummg\q _[(C C 5,2 513 ks (C C 5]1 514 P)r ] au _[(au a” ) uz ||3 NS (au au :

08141 P)e): B=I(D.0" ;@5 A) e, (B0 @, 40): ], the problem (R,) can be

written as:

Maximize (or Minimize) ZD[(CI, 1402:0,5:4) k1 (€;,C; ,0,1,0, 4P ) I (X))
Qubject to (Rs)
Z Ol(&;, 8,912 951 A)rs (818 1020 41P ) 10 (X )< 0r=0r20 [ b ", A5 A )

(b.b'ay.a,:0):]li=12,..m
0(x,)=20,j=1,2,.n.
Step 4

Assumingll §; F Xx; the problem(R, ;) can be written as:

Maximize (or Minimize) ZD[(CI, 1402:0,5:4) 1k (€;,C; ,0,1,0, 4P )R X

Qubject to (Re)
Z Ol(ay.a; ", 8,2. 055 irs (8,8 10510, 230 e 1 X SOr=020 [0 B 'a, 45 A )e

(b.b"a,,0,:0):)1=1,2,..m

X;20,j=12,..n.
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Step 5

Using the ranking formula D(A)=D[(ml,nl,al',ﬂl';)l)LR,(ml,nl,al,ﬁl;p)LR]=%

P 1 o
IE[”‘l tn +131R

”1[ La L a a La
=l2m+2n+ B 'R E)+BR(E)-a, 'L E)-alL 1(—)}16”
_([4 LT P ¥ P 1 y AP p-A1
a

(E) al (—)}da the problem(R, ;) can be written as:

Maximize (or Minimize)

pP—A% 2

A

—Z( [+ [2c+2c +ORMG )+6,4R‘( )-8, L )0, )}dm SR E
¢+ 3R —6,-1L‘1(—>danj
)z )z

Qubject to (R-)
n(1%1 , L _ L . 1 1
;[;'([Z[Zaij + Zaij +5|st 1(7)+d|j4R l(a)_a_ijzl— 1(7)_5ij1|- 1(0')}da+m£_2[ml+n1

A
+3,R (@) -9, (@)da]x; < or = or% | ﬂz). + o R CraR @ ra Ll )
0

1 71 L
~a,L™(a) |da + ﬁb[ +b'+a, R (@) -a, L (@)da];i=1,2,..m
X; 20.

Step 6

Solve the crisp linear programming problé€f) ;) to find its optimal solutiof x;} .

Step 7

Since, every set of interval-valuéd flat fuzzy numberqX;; j =1,2,...,n :0 (X, )= x; } will

be the fuzzy optimal solution of the interval-vadurllly fuzzy linear programming problem

(R.) - So, find a set of interval-valugR flat fuzzy numberg X;; j =1,2,....,n :0 (X, )= X }.

Step 8

Put{X;; j =1,2,...,n}, obtained from Step 7, iECJ. Oy X, to find the fuzzy optimal value
j=1
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of the interval-valued fully fuzzy linear progranmgiproblem(R, ) .

5.5 Advantages of the proposed method

The advantages of the method, proposed in thistehagwer the existing method
[115] and the methods proposed in the previoustehspis that all the problems which can
be solved by the existing method [115] and the ouktproposed in previous chapters can
also be solved by the method proposed in this ehagbwever, there exist several problems
which can be solved by the method proposed indmégpter but can neither be solved by the
existing method [115] nor by the method proposeprévious chapter.

To show the advantages of the proposed methodhtigreal-valued fully fuzzy linear
programming problem, chosen in Example 5.2, whigh ceither be solved by the existing
method [115] nor by the method, proposed in previobapter, is solved by the proposed

method.

5.5.1 Fuzzy optimal solution of the interval-valuedfully fuzzy linear programming
problem chosen in Example 5.2
The fuzzy optimal solution of the interval-valuedlly fuzzy linear programming
problem, chosen in Example 5.2, can be obtainddllasvs:
Step 1
Using the Step 1 of the method, proposed in Seé&idnthe interval-valued fully fuzzy linear
programming problen{E;,) can be written as:
Maximize
0([(25,27,6,8;.9); ,(25,27,7,9;8 O, %)+0( [(48,50,4,6;.9) ,(48,58;1); 0\ %)

Qubject to (Es»)

0([(15,17,1,2;.9), ,(15,17,5,3,4 O, % )+0( [(30,32,5,4;.9) ,(32,381); [0\ %)
<[[(450,470,20,30;.9), ,(450,470,30,7Q;) ]
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0([(24,26,3,2;.9); ,(24,26,4,9;1 O, %)+0( [(6,8,2,2,,9) .(6,%4):]0, %)
< 0[(240, 260, 20,50;.9), ,(240,260,60,6Q;1) |

0([(21,23,4,1,.9), ,(21,23,5,5;1 O, %)+0( [(14,16,2,5,.9) ,(18.6,8;1); 10, %)
<0[(280,300,10,30;.9), ,(280,300,50,40Q;) ]

%2, 0,%2>, 0.
Step 2
Using Step 2 of the method, proposed in Sectiontelcrisp linear programming problem

(E,,) can be written as:
Maximize

0[(25,27,6,8;.9), ,(25,27,7,9,0 O 4 90 [(48,58,6;.9),(48,50,5,8:1) 0 %
Qubject to (Es.)

0[(15,17,1,2;.9), ,(15,17,5,3,0) O] X HO [(30,.4:.9).(30,32,7,8;1) O %,
<[0[(450,470,20,30;.9), ,(450,470,30,7Q:1) ]

00[(24,26,3,2;.9) ,(24,26,4,9;h 00 X( YO [(6,8,2.9)4.(6,8,4,51x I %
< [[(240, 260, 20,50;.9), ,(240,260,60,60Q;1) ]

0[(21,23,4,1;,.9), ,(21,23,5,5;) O 4 H0 [(14,18,5;.9), ,(14,16,6,8,1) [ %,
<[[(280,300,10,30;.9), ,(280,300,50,4Q:1) ]

0(%) =0, 0(%,)= 0.

Step 3

Assumingl(X;) =0(m;,n;,a;,B,) =X, the problem(E;,) can be written as:
Maximize

0[(25,27,6,8;.9), ,(25,27,7,91) )00 [(48,5084,9) 5 ,(48,50,5,8:1) %,

Qubject to (Ess)

0[(15,17,1,2;.9), ,(15,17,5,3,) )OO [(30,324,9).+.(30,32,7,8;1) %,
<0[(450,470,20,30;.9), ,(450,470,30,7Q:1) ]
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0[(24,26,3,2;.9) ,(24,26,4,9;) xJO O [(6,8,2,9),x.(6,8,4,5:1). %,
< 0[(240, 260,20,50;.9), ,(240,260,60,6Q:1) ]

0[(21,23,4,1;.9), ,(21,23,5,5;1) )00 [(14,162,9),5,(14,16,6,8,1) %,
<[[(280,300,10,30;.9), ,(280,300,50,4Q:1) ]

X 20,x, 20.

Step 4
Using Lemma 5.1 the problefi; ;) can be written as:
Maximize

%(420.6(1+ 789.9,)

Qubject to (Ese)
254.4 + 496.8,< 742

405.5 + 113.8,< 403

349x + 245.&,< 464

X =20,x, 0.

Step 5

The optimal solution of the crisp linear programgproblem(E; ;) is: x, =12.72,x,= 4.3..

Step 6

Since, x,=12.72 and x,=4.37 So, every set of interval-valuddR flat fuzzy numbers
{%, X, X,: 0(X) =1.13,0 (X,)= 0,0 &,)= 0.94] will be the fuzzy optimal solution of the
chosen problem. e.g{x H(5,7.72,3,3,.9); ,(5,7.72,4,4;1) K, = [(2,27,2,2;.9); ,(2
2.37,4,4;1), 1}is one of the fuzzy optimal solutions of the chropeoblem.

Step 7

Substituting the values of X and X, obtained from Step 6, in

(1(25,27,6,8,.9), ,(25,27,7,9;) 0, % 0 [(48,50,4,6,9) ,(48,581): 0, %) the
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fuzzy optimal value of the interval-valued fullyzzy linear programming problertg;,) is

[(527.76,561.94,93.8,127.98;,9) ,(527561.94,110.89,149.44}) .

5.6  Comparative study

The results of the fully fuzzy linear programminglplems, chosen in Example 2.3
and Example 3.1, as well as the results of exisimgrval-valued fuzzy number linear
programming problem, presented in Example 5.1 &edirterval-valued fully fuzzy linear
programming problem chosen in Example 5.2, obtaimgdising the method proposed in
previous chapter and the method, proposed in Sebtiy are shown in Table 5.1.

Table 5.1 Fuzzy optimal solution

Example| Method proposed in previous| Existing method Method proposed in this chapter
chapter [115]
% =, (0.85,1.42,0.28,0.28, % =, (0.85,1.42,0.28,0.28,
2.3 % =1 (0,0,0)z . Not applicable %, = (0,0,0)¢ ,
% =, (0.47,1.42,0.76,0.76, %, =, (0.47,1.42,0.76,0.76,
% =5 (0.95,0.95,0.95, % =5 (0.95,0.95,0.95,
31 )fl o ¢ % Not applicable )fl o QX
%X,=,(0,0,0,0) , %,=,(0,0,0,0) ,
%= (0,0,0,1.71), %=, (0,0,0,1.71),
5.1 Not applicable X =475, = 1267 | x =475x, = 126:
% =,1(5,7.72,3,3,.9) ,(5,7.72,.
5.2 Not applicable Not applicable 41 :1.% =, [(2,2.37,2,2,.9), ,
(2,2.37,4,4,1)% 1.

The results, presented in Table 5.1, can be exqdaas follows:

() The method, proposed in Chapter 4, can be usedsdbring fully fuzzy linear
programming problems but can neither be used fimirgpinterval-valued fuzzy linear
programming problems nor for solving interval-valuilly fuzzy linear programming
problems. Since, the problem, chosen in Example &8 the problem, chosen in
Example 3.1, are fully fuzzy linear programming lgeons so these problems can be

solved by the method proposed in previous chapiervever, the existing problem,
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(ii)

(iii)

5.7

presented in Example 5.1, and the problem, chasdtxample 5.2, are interval-valued
fuzzy number linear programming problem and intewedued fully fuzzy linear
programming problem respectively. So, none of thesdlems can be solved by the
method proposed in Chapter 4.

The existing method [115] can be used for solvinghsinterval-valued fuzzy number
linear programming problems in which all the partere except decision variables are
represented by interval-valued fuzzy numbers but rog@ither be used for solving fully
fuzzy linear programming problems nor for solvingerval-valued fully fuzzy linear
programming problems. Since, the existing problgnesented in Example 5.1, is an
interval-valued fuzzy number linear programmingljeon so it can be solved by the
existing method. However, the existing problem,sgmin Example 2.3, the problem,
chosen in Example 3.1 and the problem, chosen amiple 5.2, are fully fuzzy linear
programming problems and interval-valued fully fuZmear programming problems
respectively. So, none of these problems can hveddly the existing method [115].

The method, proposed in this chapter, can be usedsdlving fully fuzzy linear
programming problems. Since, fully fuzzy linear gnamming problems and interval-
valued fuzzy number linear programming problems sprecific type of interval-valued
fully fuzzy linear programming problems. So, aktéxisting as well as chosen problems

can be solved by the method proposed in this chapte

Conclusions

On the basis of presented study, it can be cordldldat all the interval-valued fuzzy

linear programming problems which can be solveduding the existing method [115] can

also be solved by using the method proposed inctiégpter. However, there exists several

interval-valued fully fuzzy linear programming pteims which can be solved by the method

proposed in this chapter but can neither be sabyethe using existing method [115] nor by

the

method proposed in previous chapters. Hende bietter to use the method proposed in
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this chapter as compared to the existing method][Bhd the method proposed in the

previous chapters for solving interval-valued fulligzy linear programming problems.
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Chapter 6
Sensitivity analysis of fully fuzzy linear
programming problems and fully fuzzy

transportation problems”

To the best of our knowledge, till now neither thes any method in the literature to
deal with the sensitivity analysis of fully fuzzapéar programming problems nor any method
to deal with the sensitivity analysis of fully fuzzransportation problems. In this chapter,
two new methods, named as Mehar methods, are mdpims the same. To show the
advantages of proposed methods over existing methemime fuzzy sensitivity analysis
problems which can not be solved by the existinghoas [35, 65, 95] are solved by using

the proposed method.

6.1  Preliminaries
In this section, some basic concepts which are etead rest of the chapters are

presented [33].

Definition 6.1 An LR flat fuzzy numberA=(m,n,cr,,6’)LR is said to be zer&R flat fuzzy
number if and only ifm=0, n=0, =0 and 5= 0.

Definition 6.2 Two LR flat fuzzy numberd, =(m,n,a,,8).r. A =(m,n,a,,B,). are
said to be equal i.eA =A, if and only if m =m,, n,=n,,a, =a,andg, =4,.

Definition 6.3 An LR flat fuzzy numberA:(m,n,a,,[z’)LR Is said to be non-negatiteR flat

fuzzy number if and only in—a > 0.

” Some contents of this chapter are publisheipislied Mathematical Modelling 36 (2012) 4087-4095 and
remaining are accepted for publicationJournal of Intelligent and Fuzzy Systems.
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6.2 Limitations of the existing methods
In this section, the limitations of the existingthnads [35, 65, 95] are pointed out.
The existing methods [65, 95] can be used onlye dith the sensitivity analysis of
such fuzzy variable linear programming proble(#,) in which the decision vectofX)
and requirement vectgb) are represented by fuzzy numbers and rest ofdhenpeters are

represented by real numbers.

Maximize (or Minimize) (CX)

ubject to
AX =_ b (R
X 2, 0.

where,C=[¢ ],y D=[0lpe X =[X]pe A=[3],.. O isalinear ranking function.
Similarly, the existing method [35] can be usedi¢al with the sensitivity analysis of
such fuzzy number linear programming proble¢Rs,) in which only the decision variables

(X) are represented by real numbers and rest of tremeders are represented by fuzzy

numbers.

Maximize (or Minimize) (CX)

Subject to
AX=,b (R.2)
X=0

where,C =[& ],y D=[0lpe X =[X]lpe A=[§],.. O isalinear ranking function.
However, none of the existing methods [35, 65, €&} be used to deal with the

sensitivity analysis of fully fuzzy linear prograrmg problem(R, ).

Maximize (or Minimize) (CTOX)

Subject to
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AOX <, or=, or>b (Ra)

X=[Xlpe A=[&]pw C' =[€lu, O is a linear ranking function,

where, b =[h]

mx1?

X, =(m,n,,a;,B;)x are non-negative LR flat fuzzy decision variables,

=" 0@t B e, BE(Mnt a8 ), and & =(m;.1,,a;.B, )., are either non-

(@l

negative or non-positiveR flat fuzzy numbers.

6.3 Proposed Mehar method for the sensitivity anabis of fully fuzzy linear
programming problems
In this section, to overcome the limitations of #esting methods [35, 65, 95],
discussed in Section 6.1, a new method, named aaivieethod, is proposed to deal with the

sensitivity analysis of fully fuzzy linear progranmg problems(F,,). The same method can
be used to deal with the sensitivity analysis afzfulinear programming problen($;,) and

(R2)-
The steps of proposed method are as follows:
Step 1
Use the following steps of existing method [4] todf the fuzzy optimal solutiofx} and
fuzzy optimal valugC" O X) of the fully fuzzy linear programming proble(f, ) .

Step 1(a)

Convert the fully fuzzy linear programming probl€i ,) into the crisp linear programming
problem(R,,) .
Maximize (or Minimize) 0(C" O X)
Subject to
O(AO X) <or =or = 0O(b) (P.)

m, -a; 20,m, <n;,a; 20,320 j=123,..n.
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Step 1(b)

Solve the crisp linear programming problei ,), obtained in Step 1, to find the optimal
solution{m,,n;,a,,5;} .

Step 1(c)

nx1

Find the fuzzy optimal solutionX = [%] by putting the values of,n,,a; and S,

obtained from Step 1(b), i%, =(m;,n;,a,,/,)x, and the fuzzy optimal value by putting the

values of X in C" O X.
Step 2

If any change is made in the chosen fully fuzzgéinprogramming probler(P, ;) then the

optimal solution of the resulting fully fuzzy lineparogramming problem can be obtained as
follows:
Check that which of the following case is to besidared:

1. Change in fuzzy cost vector,

2. Change in fuzzy requirement vector,

3. Addition of a new fuzzy variable,

4. Addition of new fuzzy constraint,

5. Change in fuzzy coefficient matrix of the consttain

Case 1: Change in fuzzy cost vector
If the cost vectorC' changes toC"in the given fully fuzzy linear programming
problem (P, ) then replaceld(C" O X) by O(C"0 X) in crisp linear programmingP, ,)
to obtain(P,;) and Go to Step 3.
Maximize (or Minimize) 0(C" O X)
Qubject to (Rs)
O(AO X) <or =or = 0O(b)
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m, —a; 20,m, <n;,a; 20,320 j=1,23,..n.

Case 2: Change in fuzzy requirement vector
If the change in fuzzy requirement vector is maée b is changed td' in (P,,)
then replacell(b) by O(b") in crisp linear programming proble(®, ,) to obtain(P,;) and
Go to Step 3.
Maximize (or Minimize) 0(C" O X)
Qubject to (Re)
O(AO X) <or=or= (b

m, -a; 20,m, <n;,a; 20 5,20 j=123,..n.

Case 3: Addition of a new fuzzy variable

Suppose a new non-negative fuzzy variable, gy is added in(P, ;). Assume that
if €, is cost andﬁ,1+1 is the column associated witR,,,, then replaced(AD X) by
OAOXOA, 0% )and O(C'OX) by O(C'OXDOE,, 0%,,) in (P,) to obtain the
crisp linear programming probleg#, ;) and Go to Step 3.
Maximize (or Minimize) OC"OX0O6E,,0%.,)
Qubject to (Rr)

O(AOXOA,, 0% .,)<or=or=>(b)

m, -a; 20,m, <n;,a; 20,320 j=1,23,.n+ .

Case 4: Addition of a new fuzzy constraint

Suppose a new fuzzy constraint is added in theinaligfully fuzzy linear

programming problengF, ;) then replaced(AO X)<or =or 20(b) by O(A'0 X )<or =or

85



>0(b" in (P,,) to obtain crisp linear programming probl€i ;) and Go to Step 3.

Maximize (or Minimize) 0(C" OX)

Qubject to (Rs)
O(A'0 X)<or=or 20(b"

m, -a; 20,m, <n;,a; 20,320 j=123,..n.

Case 5: Change in fuzzy coefficient matrix of theanstraints

Suppose if the column of the coefficient matrixtioé constraints, corresponding to

the fuzzy variablg;, is changed frornAj to Aj' in the original fuzzy linear programming
problem (P,,) then replace(ADQ X)<or=or 20(b) by O(A'0X)<or=or 20(b) in
(R,,) to obtain new crisp linear programming probléR),) and Go to Step 3.
Maximize (or Minimize) 0(C" OX)
Qubject to (Ro)
O(A'O0 X)<or =or 20(b)
m, —a; 20,m, <n;,a; 20,320 j=123,..n.

Step 3
Apply the existing sensitivity analysis techniquil®] to find the optimal solution of

(Rs), (Pse), (Ps), (P and (P,,) with the help of optimal solution off,,) and use Step

1(c) of the proposed method to find the fuzzy optisolution of the resulting fully fuzzy

linear programming problem.

Remark 6.1 The other cases i.e., deletion of fuzzy decisiorialdes, deletion of fuzzy
constraints, simultaneous change in coefficientheffuzzy decision variables in objective
function and fuzzy requirement vectors etc. can aks solved by using the proposed Mehar

method.
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6.4  Advantages of proposed Mehar method over exiaty methods

The main advantage of proposed Mehar method ovstirex methods [35, 65, 95] is
that there may exist several fuzzy sensitivity gsial problems, as discussed in Section 6.1,
which may or may not be solved by the existing méthbut can be solved by using the
proposed Mehar method.

To show the advantages of the proposed Mehar meihied existing methods [35,
65, 95], the fuzzy sensitivity analysis problemosbn in Example 6.1, which can’t be solved
by using any of the existing methods [35, 65, @5kolved by using the proposed Mehar

method.

Example 6.1Consider the following fully fuzzy linear programmgi problem,

Maximize [(2,3,2,5), 0% 0(1,2,1,3),0%,0(3,4,3,4), 0%,

Subject to (Es.)

(2,3,1&) Df(lD(l,S,E ,—j 0%0 341)0%<, (57,22
2 LR 2 2 LR

(2,3,2,5), 0% 0 ( 1,3,1%) 0%<, (3511),.x
LR

X ,%,,%X, are non-negativeR flat fuzzy decision variables
where, L(x) =maximun{0,1- x* }, R(x) =maximun{0,1- %} .
(i) Discuss the effect of changing the cost coeffigen2325), (1213),, and
(3434) r of the fuzzy decision variableg, X, and X, to (2314) ., (2314) and
(3415) ; respectively on the fuzzy optimal solution and zipzoptimal value of

resulting fully fuzzy linear programming problem.

(i) Discuss the effect of changing the fuzzy requiretwestor from (57,22) , (351D«
to (6822)k ,(3622): on the fuzzy optimal solution and fuzzy optimaluea of

resulting fully fuzzy linear programming problem.
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(i)

(iv)

(v)

Discuss the effect of addition of a new non-neg@sitiR flat fuzzy decision variable,

with cost (2325) , and column vector§(24.13)  ,@311) .]" on the fuzzy optimal

solution and fuzzy optimal value of resulting fuflyzzy linear programming problem.

Discuss the effect of changing column of coefficianatrix of the constraints
corresponding to ahR flat fuzzy variablex, by [(24.13)s ,(3415),:]" on the fuzzy

optimal solution and fuzzy optimal value of resudfifully fuzzy linear programming
problem.

Discuss the effect of addition of a new fuzzy coaist (2,3,1,4), 0% 0 (1,2,1,3), 0
<, (2,4,1,1), on thefuzzy optimal solution anduzzy optimal value of resulting

fully fuzzy linear programming problem.

Solution: The solution of fully fuzzy sensitivity analygssoblem, chosen in Example 6.1, by

using the proposed Mehar method can be obtainéullews:

Step 1

Using Step 1 of the proposed Mehar method the fuptymal solution and fuzzy optimal

value of the fully fuzzy linear programming problechosen in Example 6.1, can be obtained

as follows:

Step 1(a)

ASSUMING, =(My, N, 0, B s % =(M,0,,0,,8,) 5 ANA %, =(My, N, 75, B2), @nd using

Step 1(a) of the proposed method the fully fuzagdir programming problertE, ,) is

converted into the crisp linear programming problgsy,) .

Maximize [—
3

2ml+l];1+4,81+ 3 722+5'B2+m3+6n +4,83j

Subject to (Es,)

4ml+1311+7ﬂ1_2al+2mz+15n2+9,82 _&+7n13+9n3+5,83 4a; _35

3

4 4 3 3 4 4 3 3 2 2 33
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2_rnl+11n1 +4ﬂl+ﬂ+_13nz +7_ﬁ254_7
3 2 3 4 4 6

m —-a, 200m, -a, 20,m, —a, =20

m <n,m,<n,,m,<n,

a, 20,a, 20,a, 20

B, 20,8, 20,5,=20.

Step 1(b)

The optimal solution of the crisp linear programgproblem(E;,) is:

m =0m,=0,m,=0,n,=0,n,=0,n,=0,a,=0,a0,=0,0,=0,5,= 1957, 5, =0, 5, = 3293

and the optimal value i21005 .

Step 1(c)

Using Step 1(c) of the proposed method the fuzain@ solution of the fully fuzzy linear

programming problentE, ,) is:

% =(0,0,0,1.957), X,= (0,0,0,0) %X,= (0,0,0,3.295 and the fuzzy optimal value is:
(00042) .

Step 2
Using Step 2 of the proposed method the fuzzy agtsolution and fuzzy optimal value of

the resulting fully fuzzy linear programming profmiean be obtained as follows:

(i) Since, the cost coefficients corresponding to tiezy decision variables ,X, and X,
changes to (2314) s, (2314) , and (3415)  respectivelyin the original fully fuzzy
linear programming problem so using Case 1 of tlepgsed method replace the crisp

linear programming problertg;,) by (E;,).

Maximize
4—ml+5nl— 2a, 15, 4m, +5n, _2a, 7B, Tmy 130, 9B, 4a,
3 3 2 3 3 2 3 2 2 3



Subject to (Ess)

3 4 4 3 3 4 4 3 3 2 2 3 3

4m +1:-}nl+7,81 _2a1+2m2 L 15, +9,32 _&ij3 +9n3 +5,83 _4a; _35

2_rnl+11n1 +4ﬂl+ﬂ+_13nz +7_ﬁ254_7
3 2 3 4 4 6

m —-a, 200m, -a, 20,m, —a, =20

m <n,m,<n,,m,<n,

a, 20,a, 20,a, 20

B, 20,8, 20,5,20.

Applying the existing sensitivity analysis techreqi 16] the optimal solution of crisp
linear programming problertg, ) is:

m =0m,=0,m,=0,n,=0,n, =0,n,=0,a,=0,a,=0,a,=0,8,=1957, 5, =0, 5, = 3293
and the optimal value i21673 .

Using Step 1(c) of the proposed method the fuzzynma@ solution of the resulting fully

fuzzy linear programming problem is:

% =(0,0,0,1.957), %,= (0,0,0,0) %,= (0,0,0,3.295 and the fuzzy optimal value is

(0,0,043336) 5.

Since, the requirement vector is changed fron,722),, (@51), to
(5822 ,(3622) ; in the original fully fuzzy linear programming frlem (E;,) so
using Case 2 of the proposed method replace®5722) s, 0 351, by

0 (5822),0 (36,22) i.e.,%S,%? by 3—; : 2—36 respectively in(E;,) .

2m  1in m, 7n, 54,
—+ +48 +—=~+—=+—"=<+m,+8n,+8
gty TP S e m, 80, 480

Maximize [
Subject to (Esl)
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(iii)

4m 13 78 2a, 2m, 150, 9B, a, 7Tm, On, 5B, 4a, 38

3 4 4 3 3 4 4 3 3 2 2 3 3
2_rn1+11n1 m 1312 +7_'82S2_6

+408 +—2+—"2
3 2 '313 4 4 3

m-a,20m,-a, 200m, —a, 20

m <n,m, <n,,m, <n,

a, 20,a, 20,a, 20

B, 20,5, 20,5,=20.

Applying the existing sensitivity analysis techreqi 16] the optimal solution of crisp
linear programming probler¢g,,) is:

m =0m,=0,m,=0,n,=0,n,=0,n,=0,a,=0,0,=0,0,=0,5,= 2165 53,=0, B, = 3548
and the optimal value i22854 .

Using Step 1(c) of the proposed method the fuzaym@ solution of the resulting fully

fuzzy linear programming problems is:

% =(0,0,0,2.165) %,= (0,0,0,0) %,= (0,0,0,3.54¢ and the fuzzy optimal value is

(0,0,045705) .

Since, a new non-negatiteR flat fuzzy decision variabl&x, with cost (2325) ; and

column vectors [(2413) ;1311 .]" is added in the original fully fuzzy dar

programming problen(E,,) so using Case 3 of the proposed method replacerise

linear programming problertg,,) by (E;.).

1In

21 +4ﬂ1+%+7—22+5—’§2+ms+6n3+4,83+2m4 !

In
)

Maximi ze(zTrnl +

Qubject to (Ess)

am, 131 7B, _2a, 2m, 15n, 9B, la, Tm, 9n, 5B, _4a,  4m,  15n,
3 4 4 3 3 4 4 3 3 2 2 3 3 2
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(iv)

LB _2a, 35

2 33

2m  1In, m, 13, 7 m, 7n, 47
—)+ +48 +—=+—=+_f +—2+ 2 +2 <—
3 2 g 3 4 4ﬂ2 3 2 Ps 6

m -a,200m, -a, 200m, —a, 20m, —a, =20

m<n,m,<n, m<n,,m,<n,

a, 20,a, 20,a, 20,a, 20

B,20,8,20,6,20,3,=0

Applying the existing sensitivity analysis techreqi 16] the optimal solution of crisp

linear programming problertg; ;) is:
m=0,m,=0m=0m,=0n=0n,= 0= W= 7 @7 &7 07 BF
1.957.5,=0,5,= 3293 3, =0 and the optimal value i21005 .

Using Step 1(c) of the proposed method the fuzaym@ solution of the resulting fully
fuzzy linear programming problems is:

%=(0,0,0,1.957), ,= (0,0,0,0) X,= (0,0,0,3.293%%,= ,@0,0), and the fuzzy

optimal value is (0,0,042) .

Since, the column of the constraint matrix corresjog to anLR flat fuzzy decision
variable X, is changed to [(2413), ,(3415)]" in the original fuzzy linear

programming problen(E,,) so using Case 4 of the proposed method replacerise

linear programming problertg,,) by (Eg,) -
. 2m  1ln m, h, 9B, J
Maximize —+ 2 +4[ + 2+ —=2+TE2+m,+6n,+ 4
Subject to (E.,)

4my +13nl+7,31_2a1 L 4m, 150, +7,[;’2 _2a, +7m3 +9n3 +5,83 _4a; 35

3 4 4 3 3 2 2 3 3 2 2 3 3
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am 1, o M 13, 95, day 47
3 2 3 2 2 36

m —-a, 200m, -a, 20,m, —a, =20
m <n,m,<n,m,<n,
20,0, 20,a, 20
B, 20,8, 20,5,20.
Applying the existing sensitivity analysis techreqi 16] the optimal solution of crisp
linear programming problertg, ) is:
m=0,m,=0m,=0n=0n,=0n,= 0g,= @, = W= 1958~ G, 3.293
and the optimal value is 21005 .

Using Step 1(c) of the proposed method the fuzziynma solution of the resulting fully
fuzzy linear programming problems is:

x =(0,0,0,1.957), x,= (0,0,0,0) X,= (0,0,0,3.293 and the fuzzy optimal value is

(00042 .

(v) Since, a new fuzzy constraif®,3,1,4), U X 01,2,1,3); 0% <, (2,4,1,1) is added to

the original fuzzy linear programming proble(k,,) so using Case 5 of the proposed

method add the constraiFAf&+ 13, 76, 20, M, T, | SF, < to (Es,) -
3 4 3 3 2 4
_ 2m  1in m, h, 6
Maximize —+ L HA[+ 2+ 2+ 2+ m + 6N+ 4
( 3 T AT M, ’33j

Subject to (Ess)
4m 13, 7 /31 al J2m 150, 9B, la, Tm, On, 5B, 4a, 35

3 4 3 4 4 3 3 2 2 3 3
2m, 11I'11 +4p, + m, 13”2 +7ﬁ2 Sﬂ

3 2 3 4 4 6
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4_rnl+5nl+7ﬁ1 —ﬂ+ﬂ+ﬂ+5—ﬁ233—5
3 2 3 3 2 4 6

m —-a, 200m, -a, 20,m, —a, 20

m <n,m,<n,m,<n,

a, 20,a, 20,a, 20

B, 20,8, 20,5,20.

Applying the existing sensitivity analysis techreql 16] the optimal solution of the crisp
linear programming problertg,,) is:

m=0,m,=0m,=0n,=0n,=0n,= 0g = @@= = G= 1668~ B 3.498

and the optimal value is 20654 .

Using Step 1(c) of the proposed method the fuzziyma@ solution of the resulting fully

fuzzy linear programming problems is:

% =(0,0,0,1.665), %x,= (0,0,0,0) X,= (0,0,0,3.498 and the fuzzy optimal value is
(0,0,041309) -
6.5 Comparative study
To compare the proposed method with the existinthads [35, 65, 95] the results of

fuzzy sensitivity analysis problems, obtained bingghe existing methods [35, 65, 95] as

well as the proposed Mehar method, are shown iteTat

Table 6.1 Comparison of proposed Mehar method witlthe existing methods

Example Existing method [35] Existing methods| Proposed Mehar
[65, 95] method
3.1 [35, pp.1882] Applicable Not Applicable Applicable
1[65, pp. 263 ] Not applicable Applicable Applicable
6.1 Not applicable Not applicable Applicable
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The results, presented in Table 6.1, can be exqiaas follows:

(a) Since, in the existing fuzzy sensitivity analysisigem [35, Example 3.1, pp. 1882] only
the decision variables are represented by real stsnénd rest of the parameters are
represented by triangular or trapezoidal fuzzy nemsbSo, as discussed in Section 6.2
and Section 6.3, this problem can be solved bygutie proposed Mehar method but

can’t be solved by using the existing methods §&,

(b) Since, in the existing fuzzy sensitivity analysioldem [65, Example 1, pp. 263] the
decision variables and right-hand side vectorsregpeesented by fuzzy numbers and rest
of the parameters are represented by real num8ersas discussed in Section 6.2 and
Section 6.3, this problem can be solved by usiegptioposed Mehar method but can't be

solved by using the existing method [35].

(c) Since, in the fuzzy sensitivity analysis probletmogen in Example 6.1, all the parameters
as well as decision variables are representddRifiat fuzzy numbers. So, as discussed in
Section 6.2 and Section 6.3, this problem can balgolved by using the proposed Mehar

method but not by using any of the existing metH88s 65, 95].

6.6 Proposed Mehar method for the sensitivity analysisf fully fuzzy transportation
problems
To the best of our knowledge there is no methothen literature to deal with the
sensitivity analysis of fully fuzzy transportatigomoblems. In this section, a new method,
named as Mehar method, is proposed to deal witkehsitivity analysis of fully fuzzy
transportation problems.
The steps of the proposed method are as follows:
Step 1

Use the following steps of the existing method [@8lind the fuzzy optimal solution and
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fuzzy optimal value of the balanced fully fuzzyrtsportation problem represented by Table
6.2.

Table 6.2Tabular representation of balanced fully fuzzy trarsportation problem

Destinations» D, D, D, D, Fuzzy
Sources) availability
S Cuu Cio G Cin &
S Ca C. G Cin a
Sm Em:l. 6m2 Em 6rm am
Fuzzy demand | b, b b, &~
i= j=

where, m: total number of sources;
n:total number of destinations;
a=(m,n,a,,B): the fuzzy availability of the product &t source;
Bj =(m', ,n";,a';,B';) . the fuzzy demand of the product Ht destination;
G; = (m;,n;,a;,B;)x: the fuzzy cost for transporting one unit quantityhe product

from i"™ source toj" destination;

z a, . total fuzzy availability of the produth 5]. total fuzzy demand of the
i=1

i1
product.

Step 1(a)

Split Table 6.2 into four balanced crisp transpiwtatables, Table 6.3, Table 6.4, Table 6.5

and Table 6.6 respectively.
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Table 6.3Tabular representation of first balanced crisp transportation problem

Destinations> | - D, D, D, D | Availability
Sourcesg
Sl um M2 ,71j I m —-a,
S m 11i2 n; n. m-a,
Sm ,7ml ,7m2 ,7n1 ”mn mm_am
> (m-a)=
Demand m, —a’y| m,-a’, m, -a' m,—a’ I_nl
:E: (n1u Cru )
j=1

where, 7, :%((mij n)-a, j:L‘l()l)dA +B, ij-l()l)dA) i=12...mandj=12,..n

Table 6.4Tabular representation of second balanced crisp trasportation problem

Destinations> D, D, D, D, Availability
Sourcesg,
Sl pll 1012 plj Ioln al
S P Pia Py Pin 2f
Sm loml IOmZ Ion1 lorm am
Demand ' ' g : m n
O’l 0’ 2 0'] 0' n z ai :Z af']
i=1 j=1
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where, p, :%((mj +n,)-m j;L-l(A)d)l +B, j:R—l(A)d)l) Ji=12...mandj=12,..n

Table 6.5Tabular representation of third balanced crisp transportation problem

Destinations- D, D, D, D, Availability
Sourcesg
Sl 611 612 a-11' 51n nl - rnl
S 5”' 5iz Jii 5in n| - m
Sm Jml sz ij Jmn nm —_ mm
Z (n-m)=
Demand nl—m'l n', _m'2 n -m. ,n -m |—n1
Z (n'; —m’y)

where, J; =%(nij + 3, jolR-l()l)dA) ,i=12..mandj=12,..n

Table 6.6 Tabular representation of fourth balanced crisp transportation problem

Destinations»> D, D, D, D, Availability
Sources,
S.I. 511 512 flj 51n ﬂl
S & | & é & A
Sm fml Emz Em‘ Erm IBm
D d ' ! ' ! m n
eman B B, B B Z'Bi:z 3
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where, &, :%((nij + 5, )I;R‘l(A)dA), i=12..mandj=12...n

Step 1(b)

Find the optimal solutiorm®;, —a";,a ",

n%—m7 and g% by solving the balanced crisp
transportation problems, represented by Table ®ahle 6.4, Table 6.5 and Table 6.6,
respectively.

Step 1(c)

Find the values om". ,n"

;»N" @ and B by solving the equations, obtained in Step 1(b).

Step 1(d)

Find the fuzzy optimal solution by putting the veduof m";,n" ,a"% and B in
Xj =(m"ij ’n"ij a “ij ’/8 Iilj )LR'

Step 2

If any change is made in the chosen fully fuzzyhgportation problem then the optimal
solution of the resulting fully fuzzy transportatiproblem can be obtained as follows:
Check that which of the following case is to besidared:
1. Change in the fuzzy transportation cost.

2. Increase (or Decrease) in the fuzzy availabilitg frzzy demand.

Case 1: Change in the fuzzy transportation cost

If in the original fully fuzzy transportation prah the fuzzy cost for transporting one

unit quantity of the product from™ source to j" destination C; =(Mm;,n;.ay,B))r is

changed toc'; = (M), ,n; ,a";,5';)» then replace the crisp transportation cagts o, ,J;

ij ?

and ¢; of Table 6.3, Table 6.4, Table 6.5 and Table @&%,7';, 0,9 and &'

ij

respectively.
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1 , . Dl 4 C ol o
where, 7, == ((m'; +n)=a, jOL A)dA+p, jOR (A)dA),i=12,..m and
j=12...,n,

. 1 . , S S . .
Py =5 (i vy )=, [LdA+g, [ RM(A)dA),i=12,..,mandj=12,..,n,
5, =%(n'i,- +fy [[RH(A)d), i =12...mandj=12...n,

e, :%((n'ij +B)[ R (A)dA), i=12...mand j=12..n.

Case 2: Increase (or decrease) in both fuzzy avdiléity a, and fuzzy demandk?j

If in the original fully fuzzy transportation pradh, both fuzzy availabilitya, and
fuzzy demand Ej IS increased (or decreased) lfynn,a,B), then replace the crisp
availabilitesm —a,,a,,n,—m and S of Table 6.3, Table 6.4, Table 6.5 and Table §.6 b
m+m-a,-a,a,+a,n+n-m-m and B+ [ respectively. Also, replace the crisp

demandsm’; —a';, a';, n', -m'; and f'; of Table 6.3, Table 6.4, Table 6.5 and Table 6.6,

IR

by m\+m-a'-a.,a+a,n/+n—-m'—m and S '+ [ respectively.

Step 3

Use the existing sensitivity analysis techniqued]1® find the optimal solution of modified
balanced crisp transportation tables, with the halpptimal solution of balanced crisp
transportation tables, Table 6.3, Table 6.4, Télieand Table 6.6, obtained in Step 1(b), of
the method, proposed in Section 6.6.

Step 4

Use Step 1(d) of the method, proposed in Sectiént6.find the fuzzy optimal solution of
modified fully fuzzy transportation problem withethhelp of optimal solution of modified

balanced crisp transportation problems.
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6.7 lllustrative example
In this section, proposed method is illustratechwhie help of a numerical example.
Example 6.2 [68 pp. 88]:Considered the balanced fully fuzzy transportatmoblem

represented by Table 6.7.

Table 6.7 Tabular representation of the balanced fily fuzzy transportation problem

D, D, D, D, a

S, | (20301010),,| (60701020),,| (©01101010),.] (0000),, | (90902010)

S, | (70801010, | 80100,1020),| (30501010),,| (0000), | (60702010)

S (0,0,0,0) 5 (0,0,0,0) 5 (0,0,0,0) & (0,0,0,0) & (010,0,40)

b | (40,50,10,20), | (30401010),, | (50501030), | (030100)4 ia_ 4~

i=1 j=1

() Find the fuzzy optimal solution of resulting fuzmgnsportation problem obtained by
changing the fuzzy cost for transporting one uniamity of the productc, from
(20301010),; to (60,701010),; in the original fuzzy transportation problem.
(i) Find the fuzzy optimal solution of resulting fuzzgansportation problem with the

increase in both fuzzy availabilig, and fuzzy demant?1 by @0401010) 5.

Solution: The solution of fully fuzzy sensitivity analysisgimem, chosen in Example 6.2, by
using the proposed method can be obtained as fallow

Step 1

Using Step 1 of the method, proposed in SectiontBé fuzzy optimal solution of the fully
fuzzy transportation problem, chosen in Example a2 be obtained as follows:

Step 1(a)

Using Step 1(a) of the method, proposed in Se@&ibnsplit the Table 6.7 into four balanced
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crisp transportation tables, Table 6.8, Table Bahle 6.10 and Table 6.11 respectively.

Table 6.8 Tabular representation of first balancectrisp transportation problem

D, D, D, D, |m-a

25 675 | 100 0 70

75 925 | 40 0 40

0 0 0 0 0
m,-a'; [ 30 20 40 20

Table 6.9 Tabular representation of second balancettisp transportation problem

D, D, D, D, | a
S 225 55 80 0 20
S, 60 75 35 0 20
S, 0 0 0 0 0
a 10 10 10 10

Table 6.10 Tabular representation of third balancedcrisp transportation problem

D, D, D, D, n,—m,
S 175 40 575 0 0
S, 425 95 275 0 10
S, 0 0 0 0 10
n' —m, 10 10 0 0
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Table 6.11. Tabular representation of fourth balaned crisp transportation problem

D, D, D, D, | B
S 10 225 30 0 10
S, 225 30 15 0 10
S, 0 0 0 0 40
B 20 10 30 0

Step 1(b)
The optimal solution of balanced crisp transpootairoblem, represented by Table 6.8, is:

rnll_all:30’m12_a12: 20m13—0/13= Om 1 aar 20m a4 T an »d 5 n »d 7
40!mz4_a24: O’m31_a3l: 0m32—0' 3 Om 35 d 37 om 2 T 0

The optimal solution of the balanced crisp transgimn problem, represented by Table 6.9,
Is:

a,=10a,,=10,a0,,=0,0,,=0,0,,=0,0,,=0,a0,,=10,0,,=10,a,,=0,0,,=0,a,,=0,0,,=0
The optimal solution of the balanced crisp transg@mn problem, represented by Table 6.10,
Is:

n,-m,=0,n,-m,=0n,-m,;=0n,-m,=0,n,, —m, =10,n,, -m,, =0,n,, —m,, =0,
n,,—m, =0,n,;, —-m,; =0,n;, —-m,, =10,n,; —m,, =0,n,, —-m,, =0

The optimal solution of the balanced crisp transgian problem, represented by Table 6.11,
is:

£1=10.5,,=05,,= 08,,= 08,7 OB o7 W7 10 .7 G v 1 7 16,
B =0

53 Z

W,

Step 1(c)
Using Step 1(d) of the method, proposed in Sedii@n the fuzzy optimal solution of fully
fuzzy transportation problem represented by Tatlas3

%,=(40,40,10,10), %,=(30,30,10,0), %,=(0,0,0,0), %,=(20,20,0,0),
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X,,=(0,10,0,0); %,,=(0,0,0,0), X,=(50,50,10,1Q0), X,,=(10,10,10,0),
%,=(0,0,0,10); X;,=(0,10,0,10), %X;5=(0,0,0,20), %,,=(0,0,0,0),

Step 2
Using Step 2 of the method, proposed in SectiontBesfuzzy optimal solution of modified

fully fuzzy transportation problem can be obtaimsdollows:

() Since the fuzzy cost for transporting one unit qinarof the product is changed from
c,= (20301010),, to c';= (60701010),, in the original fuzzy transportation
problem so using Case 1 of Step 1 of the propossttiod Table 6.12, Table 6.13, Table
6.14 and Table 6.15 can be obtained by replacirg dhsp transportation costs

25225175 andl0 of Table 6.8, Table 6.9, Table 6.10 and Tabl&l6by

65 525,375 and 20 respectively.

Table 6.12 Tabular representation of first balancectrisp transportation problem

D, D, D, D, m -a,
S 65 675| 100| O 70
S, 75 925 | 40 0 40
S, 0 0 0 0
m, —a’, | 30 20 40 20

Table 6.13 Tabular representation of second balandecrisp transportation problem

D, D, D, D, a,
S 527 |55 80 0 20
S, 60 75 35 0 20
S, 0 0 0 0 0
a’ 10 10 10 10
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Table 6.14 Tabular representation of third balancecdcrisp transportation problem

D, D, D, D, -m,
S 375 40 575 0 0
425 55 275 0 10
0 0 0 0 10
n,-m, | 10 10 0 0

Table 6.15 Tabular representation of fourth balancd crisp transportation problem

D, D, D, D, I
S 20 225 |30 0 10
S, 225 |30 15 0 10
S, 0 0 0 0 40
B 20 10 30 0

Applying the existing sensitivity analysis techreqyl29], the optimal solution of
modified balanced crisp transportation tables witle help of optimal solution of
balanced crisp transportation Table 6.8, Table &hle 6.10 and Table 6.11 are as
follows:

The optimal solution of the balanced crisp trantg@mn problem, represented by Table
6.12 is:

mll_au:301m12_012: 20m13_0'13: Om 1 T 20m a0 7 n 2d 7 n 23
0'23:40’m24_az4: O1m31_0'31: Om 3 35 Om 3 T om 2 0

The optimal solution of the balanced crisp trantgiam problem, represented by Table
6.13is:

a,=0,a,=104,,= 00 ,,= 100 ,= 107 ,= & ,& 1@,

T
Q
=T
o
]
o
&l

a5, =0
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(ii)

The optimal solution of the balanced crisp trantgiam problem, represented by Table

6.14 is:

M, —m,;=0,n,~m,=0n =M= 0 m,F 0n ,rm 7100 zm 7 O zm %
0,1y, =My, = 0,0y —My= 0N =M= 100 ;5em ;7 Op zm 7 0

The optimal solution of the balanced crisp trantg@mn problem, represented by Table

6.15is:

£1=10.5,,=05,= 08,,= 08,7 OB o7 W7 1B .7 G v 1 7 16,
B =0

53 Z

W,

Using Step 1(d) of the method, proposed in Seddid, the fuzzy optimal solution of

modified fully fuzzy transportation problem is:

X, = (@40,01010) ., X,= (303010,0) , X;;= (0,0,0,0) , X, = (20,0,0,0) ,
X,,= (0,0100) 5, X5, = (0,0,0,0) ¢, Xp3= (60501010),, X,, = (0,0,0,0) ¢,
X;, = (0,0,010) ¢, X;, = (010,010) 5, X33 = (0,0,0,20) ¢, X,, = (0,0,0,0)

and the minimum total fuzzy transportation cost5g00460034002200

Since, in the original fuzzy transportation probleoth fuzzy availabilitya, and fuzzy

demandﬁl are increased by30401010) , so using Case 2 of Step 1 of the proposed
method Table 6.16, Table 6.17, Table 6.18 and Télil® is obtained by replacing crisp

availabilities 40,2010 andlO by 60,3020 and 20 respectively and replacimgpcr
demands 30,10,210 and 20 by 50,20 20 and 30 regehrcti

Table 6.16 Tabular representation of first balancectrisp transportation problem

D, D, D, D, |m-a

25 675 | 100 0 70

75 925 | 40 0 60

0 0 0 0 0
m,-a'; | 50 20 40 20
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Table 6.17 Tabular representation of second balandecrisp transportation problem

D, D, D, D, | a
S 225 55 80 0 20
S, 60 75 35 0 30
S, 0 0 0 0 0
a 20 10 10 10

Table 6.18 Tabular representation of third balancedcrisp transportation problem

D, D, D, D, n,—-m,
S 175 40 575 0 0
S, 425 95 275 0 20
S, 0 0 0 0 10
n', -m 20 10 0 0

Table 6.19 Tabular representation of fourth balancd crisp transportation problem

D, D, D, D, | B
S 10 225 30 0 10
S, 225 30 15 0 20
S, 0 0 0 0 40
B 30 10 30 0

Applying the existing sensitivity analysis techreqyl29], the optimal solution of
modified balanced crisp transportation tables witle help of optimal solution of
balanced crisp transportation Table 6.8, Table &hle 6.10 and Table 6.11 are as

follows:
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The optimal solution of crisp transportation Tabl6 is:

NI
N
N

NI

m,—a,= S0 My, =4 = 20m13 a, = O0m 1w a . Om a1 T Om 2
40,m,, =0, = 20My =0 5= OM 3= 3= OM 550 .5 OM 70 7

Q

The optimal solution of crisp transportation Tabl&7 is:

all:20’a12: O’al3: 0a14: Oa 21: Oa 22: 1w 23: lQZ 24: 10’ 3% a’ 3% @’ 3%
a34=0

The optimal solution of crisp transportation TaBl&8 is:

n, —m, =0,n, -m,=0,n,;-m;=0,n, —m, =0,n,; —m,; =20,n,, —M,, =0,Ny; —M,; =0,
Ny, =My, =0,n5 =My, =0,ng, =My, =10, Ny, —My; =0,n5, —m,, =0

The optimal solution of crisp transportation TaBl&9 is:

£,=10,5,=0,6,,=08,,= 08,7 0B .57 OB .5 2B .5+ W 2B 5 10,5 1
1834_

Using Step 1(d) of the method, proposed in Seddid, the fuzzy optimal solution of

modified fully fuzzy transportation problem is:

(70702010) 5, %, = (2020100) 1, %5 = (000,0) 5, %= 000,0) s,
= (0,0,0,0) 5, X,,= (101010,0) 5, X,,= (50501020) 5, X,, = (303010,0),5,

X, =
Xy1
X5 = (0,0,0,20) ¢, X3, = (010010) ¢, X;5= (0.0,010) ¢, X,, = (0.0,0,0) ¢

and the minimum total fuzzy transportation cost480Q 700036004100 .

6.8  Conclusions
On the basis of presented study, it can be condltia& neither there is any method in the
literature to deal with the sensitivity analysisflly fuzzy linear programming problems nor

to deal with the sensitivity analysis of fully fuzzransportation problems. In this chapter,

new methods are proposed for the same.
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Chapter 7

Sensitivity analysis of interval-valued fully

fuzzy linear programming problems'"

In Chapter 5, to overcome the limitations of theséng method [115] a new method,
based on proposed Mehar multiplication, is propdsedolving interval-valued fully fuzzy
linear programming problems. In this chapter, a newethod, based on existing
multiplication, is proposed for solving intervalluad fully fuzzy linear programming
problems. Also, on the basis of proposed methatwvamethod is proposed to deal with the

sensitivity analysis of interval-valued fully fuzipear programming problems.

7.1 Proposed methods
To the best of our knowledge neither there is aeyhad in the literature to find the
fuzzy optimal solution nor to deal with the senstyi analysis of interval-valued fully fuzzy

linear programming probler(R, ;). So, in this section, two new methods, one fodifig the
fuzzy optimal solution and another for dealing wiitle sensitivity analysis of interval-valued
fully fuzzy linear programming probler(P, ,) are proposed.

Maximize (or Minimize) (CTOX)

Subject to )

where, X; are non-negative interval-value® flat fuzzy decision variables.

" The contents of this chapters are accepted fdigation inJournal of Applied Research and Technology.
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andb =B, 1y, A= [E Lo C =[€11m € =1(C;,C;",0,20,5A) 1 (€, 10,10, 4iP) e 1.8y =
[(8y: 84" 042, O3:A) 1k (8 18y "5kj1’5kj4;p)LR]’a< il (VR Mo (PYe A ) PO (oM s M2 (Y PR o) P P
X =[(my,n;,a; B, A, My 0.0 B3P )R 10201, <0, <C; <C; ,00;3<;, ,6:9,< 9y
<@ <ay', 0<94;<gy,, 0<a,,<a,,<b <b ', Ka;<a,,; 0a; <a;<m <n;,KS; £p
:j=12,..n; kA< 1k=1,2,.m .

7.1.1 Proposed method for finding the fuzzy optimasolution of interval-valued fully
fuzzy linear programming problems

In this section, a new method is proposed to fiv@ftizzy optimal solutior{X) and

fuzzy optimal value(C" 0 X) of interval-valued fully fuzzy linear programmirggoblem

(P
The steps of the proposed method are as follows:
Step 1
Convert the chosen interval-valued fully fuzzy Bngrogramming problengR ;) into the
crisp linear programming probleR, ,) .
Maximize (or Minimize) 0(C" OX)
Subject to
O(AO X) <or =or=0(b)
n-mz=0,a,-a,'205 -6, 20m-a,20a,2 0p;, =2 03,2 3 =2 G= 12,.n.

or

1 8C;m; +8C; Ny +N; 03 +C; 'S * B 05— ¢ia;
Maximize (or Minimize) 1_62 -mJ,,+a;'0,,+(4-34)(n,0,,+C; 'B, + I, B,

i
—C,a; —m0; +a;0,))

Subject to (F2)

o 8akjmi +8aki 'nj +nj5kjS+akj ':Bj I+18j 9, -4, '—m1-5k1-2+0']- '5kj2

> W3 <or=

| +H4-3), G, +a, ‘B, + 0,8, —a,a, —m G, +a,d,,)
or> > [80 + 8, *a; — Gy, + (4- 3@, — )
k=1
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n-mz=0,a,-a,'205 -6, 20m-a,20a,2 0p;, =2 03,2 3 =2 G= 12,.n.

Step 2

Solve the crisp linear programming problerfP ,), to find the optimal solution
{nj,mj,O/j,aj VBB T = 1,2,...n}
Step 3

Find the fuzzy optimal solutiorX = [X].q by putting the values oh;,m;,a;,a;",5, and

B;', obtained from Step 2, ix; =[(m;,n;,a;", B, 5A), (M, ,n; @, .53, ;0)r] and the fuzzy

e

optimal value by putting the values &f in C" O X .

7.1.2 Proposed method to deal with the sensitivitgnalysis of interval-valued fully
fuzzy linear programming problems
In this section, a new method is proposed to detl the sensitivity analysis of

interval-valued fully fuzzy linear programming ptein (R ,).

The steps of the proposed method are as follows:
Step 1
Check that which of the following case is to besidared
1. Change in fuzzy cost vector,
2. Change in fuzzy requirement vector,
3. Addition of a new fuzzy variable,
4. Addition of new fuzzy constraint,

5. Change in fuzzy coefficient matrix of the consttain

Case 1: Change in the fuzzy cost vector
If the cost vectorC' changes taC " in the original interval-valued fully fuzzy linear
programming problem(R,,) then replaced(C" O X) by O(CTOX) in crisp linear

programming(PR,,) to obtain(PR,,) and Go to Step 2.
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Maximize (or Minimize) 0(C ™0 X)
Qubject to (P)
O(AO X) <or=or=0(b)

n-mz=0,a,-a,'205 -6, 20m-a,20a,2 0p;, =2 03,2 3 =2 G= 12,.n.

Case 2: Change in fuzzy requirement vector
If the change in fuzzy requirement vector is made b is changed td' in original
interval-valued fully fuzzy linear programming ptem (P,,) then replacel (b) by O(b")
in crisp linear programming proble(?, ,) to obtain(R,,) and Go to Step 2.
Maximize (or Minimize) 0(C" O X)
Qubject to (Pr.4)
O(AO X) <or=or=0(b")

n-mz20,a,-a,'20,3 -3, '20m-a,20a,2 0, 2 03,2 O3, 2 Q= 1,2,.n.

Case 3: Addition of a new fuzzy decision variable

Suppose a new non-negative interval-valuBdlat fuzzy decision variable, sa¥,,,

is added in original interval-valued fully fuzzyhéar programming probler(P,,) Assume

that if € ., is cost andA1+1 is the column associated witk,, then replaced (A X) by

el
OAOXOA,,0%,,) andO(C'OX) by O(C'OXOE,,0%,,) in (P,) to obtain the
crisp linear programming probleg®, ;) and Go to Step 2.

Maximize (or Minimize) OC"OX0O6E,,0%.,)

Subject to (Prs)

OAOXOA,, 0%,,)<or=or>[(b)
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n-m=z0,a,-a,'204 -6, 20m-a,20a,2 0p; 2 03,2 Q3 2 G= 1,2,.n,n+

J
Case 4: Addition of a new fuzzy constraint

Suppose a new fuzzy constraint is added in thenadignterval-valued fully fuzzy
linear programming problem (R,,) then replace O(AO X)<or=or 20(b) by
O(A'0X)<or=or 20(b") in (R,) to obtain crisp linear programming problgi®, ) and
Go to Step 2.

Maximize (or Minimize) 0(C" O X)
ubject to (Pe)
O(A'0 X)<or=or 20(b"

n-mz=0,a,-a,'205 -6, 20m-a,20a,2 0p;, =2 03,2 O3 =2 G= 12,.n.

J

Case 5: Change in fuzzy constraint matrix

Suppose the column of a constraint matrix, corredpm to the fuzzy decision

variable X;, is changed fromA‘. to A, in the original interval-valued fully fuzzy linear

programming problem then replac&(AQ X)<or =or 20(b) by O(A'O X)<or =or O(b)

in (R,,) to obtain new crisp linear programming probléRy,) and Go to Step 2.

Maximize (or Minimize) 0(C" O X)

ubject to (F.7)
O(A'O0 X)<or =or 20(b)

n-mz=0,a,-a,'205 -4, 20m-a,20a,2 0p;, =2 03,2 O3 2 0j= 12,.n.

Step 2

Apply the existing sensitivity analysis techniqu&l$] to find the optimal solution of

(R.,), (P, (P;9, (P,) and (PR, ,) with the help of optimal solution df?, ,) and use Step 3

of the method, proposed in Section 7.1.1, to firelftizzy optimal solution and fuzzy optimal
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value of the resulting interval-valued fully fuzzyzear programming problem.

Remark 7.1 The other cases i.e., deletion of fuzzy decisianables, deletion of fuzzy
constraints, simultaneous change in coefficientfupty decision variables in the objective

function and fuzzy requirement vectors etc. can bBkssolved by using the proposed method.

7.2 lllustrative example

In this section, proposed method is illustratechwhie help of a numerical example:

Example 7.1Consider the interval-valued fully fuzzy linear gramming problem:

Maximize ([(25,27,6,8;.% (25,277,900 g na, B @ mn,a,pB, a;)D]j

[(48,50,4,6;.9)., ,(48,50,5.80 0 i, n,a, B, .9 men,a,B, 1

Subject to (E,)

[1517,1,2,.9), ,(1517,53H 0 mt m,a; B )& (Mynua, B0 : 10
[(30,32,5,4;.9); ,(30,32,7,8R L] it n, a, B, )& (Myn,a,08,1):]
<[(450,470,20,30;.9), ,(450,470,30,7Q:1) ]

[(24,26,3,2;.9), ,(24,26,4,90 0 ¢ n, o, B, D& (Myn,a,B;10:]10
[(6,8,2,2;.9); ,(6,8,4,5) 0 [.n,a, B, 5.9 wi,n,a,8, =]
[(240,260,20,50;.9), ,(240,260,60,601) ]

[(21,23,4,1,.9), ,(21,23,550 0 dgna, B, .9 m{n,a,B, ;1)O]
[14,16,2,5;,.9); ,(14,16,6,8) L] it n, a, B, )& (Myn,a,L,1)R]s
[(280,300,10,30;.9), ,(280,300,50,40Q;1) ]

n-mz0a,-a,'208 -6 20m-a,200,2 0p; 2 03,2 Q3 2 G= 1,2,n

where, L(X) = R(xX) = Maximum{0,1-x} .

(i) Discuss the effect of changing the fuzzy cost c¢oefits corresponding to the fuzzy
decision variables X and X, to [(30,32,6,8;.9); ,(30,32,7,9;) and

[(50,52,4,6,.9); ,(50,52,5,8;1) respectively on the fuzzy optimal solution andzfyz

optimal value of resulting fully fuzzy linear pragnming problem.
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(ii)

(iii)

(iv)

v)

Discuss the effect of changing the fuzzy requiregmewnector from

[(450,470,20,30:.9), ,(450,470,30,70:1) (240,260,20,50;.9) ,(240,260,60,60;1)
[(280,300,10,30;.9), ,(280,300,50,40;1) to [(500,550,20,30;.9) ,(500,550,30,7

).=), [(300,350,20,50;.9), ,(300,350,60,60Q:) and [(400,450,10,30;.9), (400,450,
40;1) . ] respectively on the fuzzy optimal solution andzigybpptimal value of resulting

fully fuzzy linear programming problem.
Discuss the effect of addition of a new non-negatimterval-valuedLR flat fuzzy

decision variableX, with cost [(50,52,4,6;.9); ,(50,52,5,8;1) and column vectors

[[(6,8,2,2;.9), ,(6,8,4,51) ],[(14,16,2,8),,(14,16,6,8;1) 1,[(6.8,2,2;.9) ,(6,8,
51) 1" on the fuzzy optimal solution and fuzzy optimalueaof resulting fully fuzzy

linear programming problem.

Discuss the effect of changing the column of fueagistraint matrix corresponding to the
fuzzy decision variableX, by [[(6,8,2,2;.9); ,(6,8,4,5]1) 1[(14,16,2,9),(14,16
6,8,1) 1, [(6,8,2,2;.9), ,(6,8,4,51) " on the fuzzy optimal solution and fuzzy
optimal value of resulting fully fuzzy linear pragnming problem.

Discuss the effect of addition of a new fuzzy comst [(24,26,3,2;.9); .
(24,26,4,9;1), D% 0 [(14,16,2,5,.9) ,(14,16,618.]0 %, <[(500,550, 20,30;.9),
(500,550,30,70;1), on the fuzzy optimal solution and fuzzy optimalueof resulting

fully fuzzy linear programming problem.

Solution: Using the method, proposed in Section 7.1.1, theyfwptimal solution and fuzzy

optimal value of the interval-valued fully fuzzynéar programming problem, chosen in

Example 7.1, can be obtained as follows:

Step 1

Using Step 1 of proposed method, the fully fuzmgéir programming problerfE,,) can be

converted into the crisp linear programming problgn,) .
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1[248.9n + 235.0, + 3B, + 468- 18-' 234+
16| 373.5n, + 416.4,+ 58, + 758,- 44 —' 5319

Maximize

Subject to (E,,)

112.5m + 141.9, + 18, + 28— W -' D3+ 285+
2680, + 366, + 5(B,— 2&, - 290,< 7422

183.8n + 221.7i + 2B, + 458 - 24-' 26+ 400G+
725, + 103, + 16.8,- 4,- 28,< 4030

157.5m + 191.6,+ 28, + 364- 17, -' 208+ 102+
1437, + 23, + 31.B,~ 12, 10ah,< 4647

n-mz=2=0a,-a,'205 -4 20m-a;20a,2 0
a,'20,3, 20,8 20;j=12.

Step 2
The optimal solution of the crisp linear programgproblem(E, ) is:

m=0,n=0a,'= 006, = 2238 ,= Q3= 2238, 129V~ 12.87,="'[Q~="
a,=0,5,=0.

Step 3
Using Step 3 of the method, proposed in Sectioril 7the fuzzy optimal solution of chosen

interval-valued fully fuzzy linear programming ptein (E,,) is:

% =[(0,0,0,22.38;.9), ,(0,0,0,22.38,1) ¥,= [(®,12.97,0,0;.9) ,(12.97,12.97,0,0:1)
and the fuzzy optimal value is:

[(622.5,648.5,51.82,861.12;,9) ,(622.5868 64.85,909.44;]1) .

Using the method, proposed in Section 7.2.2, tleyfloptimal solution and fuzzy
optimal value of the resulting fully fuzzy linearggramming problem can be obtained as

follows:

(i) Since the fuzzy cost coefficients correspondinthtofuzzy decision variableg and X,

changes t0[(30,32,6,8;.9); ,(30,32,7,9;1) and [(50,52,4,6,.9), (50,52,5,8;1),
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(ii)

respectivelyin the original fuzzy linear programming problefg, ;) so using Case 1 of
the method proposed in Section 7.2.2 replace tigp dinear programming problem
(E7.2) by (E7.3) .

1[224.9n + 275.0, + 3B, + 468- 18-' 234+

Maximize —
16| 389.5m, + 432.4,+ 5B, + 754,- 44, -' 539

Subject to (E,»)

112.5m + 141.9, + 18, + 28— W4 -' 13+ 285+
2680, + 366, + 5B, 2&, - 290,< 7422

183.8n + 221.7i + 2B, + 458 - 21-' 26+ 400G+
725, + 108, + 16.8,- 4,- 28,< 4030

157.5m + 191.6,+ 28, + 364- 17, -' 208+ 102+
1437, + 23, + 31.B,— 12, 10ah,< 4647

n; —m 2O,aj -a, 'z O,ﬂj —[S’j > Omj -a,z Oaj >0
aj'zo,,é’j > 0,,8j >0;j=12.

Applying the existing sensitivity analysis techreq[i16], the optimal solution of crisp

linear programming probler(g, ) is:

m=4.01n= 4.0lp, = 4033, = 4.04,= 4.Q3= 4.6i,= 1283 .8R
a,'=0,8,'= 0a,= 0,3,= 0.

Using Step 3 of the method, proposed in Sectionlythe fuzzy optimal solution of
resulting interval-valued fully fuzzy linear prognaning problem is:

% =[(4.01,4.01,4.01,4.01,.9) ,(4.01,4.01,.0.0%;1), ]
X,=[(12.83,12.83,0,0;.9) .(12.83,12.83,0,)0:1 and the fuzzy optimal value is:

[(761.8,795.48,171.62,1860.42;.9) ,(76%795.48,184.45,1894.1}}) .

Since, the requirement vector is changed fii¢4%0,470, 20,30;.9), ,(450,470,30,7

)=y [(240,260,20,50;.9), (240,260, 60,60Q)[(280,300,10,30;.9) ,[(280,300,50, «
1),:] to [(500,550,20,30;.9) ,(500,550,30,70Q;1) (300,350,20,50;.9) ,(300,350,¢
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60;1) ,] and [(400,450,10,30;.9), (400,45 50,40;1), ] respectively in the original
fully fuzzy linear programming problerE, ;) so using Case 2 of the method proposed in
Section 7.2.2 replace the crisp linear programrmirdplem(E,,) by (E,,).

Maximize

1[248.9n + 235.h,+ 3B, + 468- 18-' 2314+
16|373.5m, + 416.4,+ 5B, + 758,- 44 -' 539

Subject to (E, L)

112.5m + 141.9,+ 18 + 26~ 1 —' D3+ 285+
268n, + 368, + 5(8,— 26, 298,< 8462

183.8n + 2211, + 2B, + 458,- 21-' 26+ A40G+
72.50,+ 103, + 16.8,— 4,- 28,< 5230

157.5m + 1915, + 28, + 364,- 17, -' 20S+ 102+
1431, + 23, + 31.B,- 12, 10a,< 7377

n-m=20,a,-a,'20,3 -, 20m -a,20a,2 0
a,'20,5 20,3 20;j=1,2.

Applying the existing sensitivity analysis techreq[l16] the optimal solution of crisp
linear programming probler(g, ,) is

m=0,n=0a,= 04, = 15.07¢,= Q3,= 15.0Mm,= 12.37,= 12.37,= 'B0= "
a,=0,58,=0.

Using Step 3 of the method, proposed in Sectionlythe fuzzy optimal solution of

resulting interval-valued fully fuzzy linear prognaning problem is:

% =[(0,0,0,15.07;.9% ,(0,0,0,15.07;,9)
X, =[(12.37,12.37,0,0;.9) ,(12.37,12.37,0,)0:1 and the fuzzy optimal value is:

[(593.76,618.5,49.48,74.22;,9) ,(593.76865,61.85,98.96;1) .

(i) Since, a new non-negative interval-valued fuzzyisies variable X, with cost
[(50,52,4,6;.9); ,(50,52,5,8;1 and column vectors  [[(6,8,2,2;.9); .

(6,8,4,5:1), 1,[(14,16,2,5;.9) ,(14,16,61R:],[(6,8,2,2:.9), ,(6,8,4,5:1) T is added
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(iv)

in the original fully fuzzy linear programming preim (E,,) so using Case 3 of the
method proposed in Section 7.1.1, replace the ding@ar programming problentE, )
by (E;s)-

 [248.9m+ 2350+ 3B, + 468~ - 234+
Maximize 1¢| 3739m.+ 416.4,+ 56, + 754,~ 44" 5mY+

389.5m, + 432.4,+ 5B, + 7B8,~ 4B,~' 5&5

Qubject to (E;s)

112.5n + 141.8 + 18, + 28— W4 -' 13+ 285+ 268 AB6+ '/l
-250, = 29.9r,+ 40.&,+ 723,+ 18, +' 16B- d4-' 26 7422

183.8n + 221.7 + 2B, + 458- 20-' 26+ 408+ 785 A ' 1
B,-4a,-2.60,+102.M,+ 1437+ A,+ 31H- &2-' légs 4030

157.5n + 191.8 + 28, + 364 - 7 -' 2@s+ 102+ 1487 /2%
B, —12a,-10.41,+ 40.80,+ 725+ 18,+ 160~ o4-' 26< 4647

nj—mjzo,aj—aj '> O,ﬂj—ﬂj '> Omj—ajz Oaj > Oaj = 0,8]. > QBJ. 2 (
]=12,3.

Applying the existing sensitivity analysis techreq[l16] the optimal solution of crisp

linear programming probler(g, ;) is:

m=0,n=0a,'= 08, = 0p,= 08,= Om,= 12.67,= 12.67,=' B,=' dF
B,=0,m,=10.21n,= 102y, = (3, = @,= @B.= O.

Using Step 3 of the method, proposed in Sectionl/the fuzzy optimal solution of
resulting interval-valued fully fuzzy linear prognning problem is:
% =[(0,0,0,0;.9), ,(0,0,0,0;.9) ¥ = [(12.67,120,0;.9), ,(12.67,12.67,0,0;1) ,

%, =[(10.21,10.21,0,0;.9) ,(10.21,10.21,0,)0:} and the fuzzy optimal value is:

[(608.16,633.5,50.68,76.02;,9) ,(608.1836,63.35,101.36;1) .

Since, the column of the constraint matrix corresjfiog to the interval-valued fuzzy

variable X, is changed to [[(6,8,2,2;.9) .(6,8,4,%)) ], [(142%:,.9).,(14,16,6,8
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v)

1).:1.[(6,8,2,2;.9), ,(6,8,4,51) 1 in the original interval-valued fully fuzzy linear
programming problen(E,,) so using Case 4 of the proposed method replacerite

linear programming probler(g,,) by (E, ;).

Maximize i

{248.91'“ 235.%,+ 3B, + 468- 18- 23741
16

373.5m, + 416.4,+ 5B, + 758,—- 44 -' 579
Qubject to (Ero)

112.5n + 141.9,+ 18, + 28— W& -' 13+ 408
+72.50,+1Q3, + 16.8,— &, 28,< 7422

183.8n + 2217, + 2B, + 458,- 21-' 26+ 102
+143.7,+ 213, + 31.B,~ 12,- 10ah,< 4030

157.5m + 191.6, + 28, + 364,- 17 -' 208+ 4nE
+72.50,+1Q3, + 16.8,— &, 28,< 4647

n-mz=0,a,-a,'20,3 -, 20m -a,20a,2 0
a,'20,5 20,3 20;j=1,2.

Applying the existing sensitivity analysis techreq[l16] the optimal solution of crisp
linear programming probler(g, ) is:

m=0,n,=0a,= 08, = 0a,= 08,= On,= 15.8N,= 15.87,=' B,=' dOfF

B5,=0.

Using Step 3 of the method, proposed in Sectionly/the fuzzy optimal solution of
resulting interval-valued fully fuzzy linear prognaning problem is:
% =[(0,0,0,0;.9), ,(0,0,0,0;.9) % = [(15.87,1580,0;.9), ,(15.87,15.87,0,0;1)
andthe fuzzy optimal value is:

[(761.76,793.5,63.48,95.22;,9) ,(761.78375,79.35,126.96;1) .

Since, a new fuzzy constraint[(24,26,3,2;.9), ,(24,26,4,9;1) Ox O [(14,1

2,5:.9) (14,16,6,8;1) I % < [(500,550,20,30;.9)(500,550,30,70;1) is added to the
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original fully fuzzy linear programming problefE, ;) so using Case 5 of the proposed

method replace the crisp linear programming prob{&m,) by crisp linear programming

problem (E, ) .
248.9n + 2350, + 3B, + 468 - - 234+
16| 373.5n, + 416.4,+ 5B, + 754,— 44, -' 539

Subject to (E,,)

112.5m + 141.9,+ 18, + 26~ 14— D3+ 2@H+
2680, + 366, + 5B, 2F, -~ 290,< 7422

183.8n + 2211, + 2B, + 458,- 2,-' 26+ A40G+
72.50,+ 103, + 16.8,— 4,- 28,< 4030

157.5m + 191.5, + 28, + 364~ 17 -' 208+ 102+
143.1,+ 23, + 31.B,- 12, 10a4,< 4647

183.8n + 2211, + 2B, + 458,- 21-' 26+ 102+
1437, + 23, + 31.B,— 12, 10al,< 8462

n-mz=20a,-a,'205 -4 20m-a;20a,2 0
a,'20,3, 203 20;j=12.

Applying the existing sensitivity analysis techreq[i16] the optimal solution of crisp
linear programming problertE, ;) is:

m=0,n=0a,= 00, = 22.36y,= B,= 22.36),= 1297, 12.67,="'
B,'=0,a,=0,5,= 0.

Using Step 3 of the method, proposed in Sectionl/the fuzzy optimal solution of
resulting interval-valued fully fuzzy linear prognaning problem is:

% =[(0,0,0,22.36;.9), ,(0,0,0,22.36;,9)
%, =[(12.97,12.97,0,0;.9) ,(12.97,12.97,0)Q1 the fuzzy optimal value is:

[(622.56,648.5,51.88,860.42;,9) ,(622.648.5,64.85,908.72;1) .
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7.3  Conclusions

On the basis of the presented study, it can beleded that neither the existing
method [115] nor the methods, proposed in previchapters, can be used for solving
interval-valued fully fuzzy linear programming ptetms and to deal with the sensitivity
analysis of interval-valued fully fuzzy linear pragiming problems. While, the methods

proposed in this chapter can be used for the same.
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Chapter 8
Possible modifications in the fully fuzzy linear
programming problems without affecting the

fuzzy optimal solution**

Any moadification in fully fuzzy linear programmingroblems may or may not affect
on its fuzzy optimal solution. However, neithettlire existing methods [35, 65, 95] nor in the
methods proposed in Chapter 6 and Chapter 7,dhésked that the modifications in the
fuzzy linear programming problem will affect on thezzy optimal solution of the original
fuzzy linear programming problem or not. Also, heitthe existing methods [35, 65, 95] nor
the methods, proposed in Chapter 6 and Chapterer7 applicable to find the possible
modifications in the fully fuzzy linear programmirmgoblem without affecting its fuzzy
optimal solution. In this chapter, a new methogiieposed for the same, Also, proposed

method is illustrated with the help of numericahewple.

8.1 Proposed method

In this section, a new method is proposed to fimel possible modifications in the
fully fuzzy linear programming probler(R, ;) without affecting its fuzzy optimal solution.
Step 1
Using Step 1 of the method, proposed in Chapténé the fuzzy optimal solution and fuzzy
optimal value of fully fuzzy linear programming ftem(F, ).

Step 2

Check that which of the following case is to besidared:

** The contents of this chapter are communicatesSDR Bulletin.
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Case 1: Variation in the fuzzy cost

All such fuzzy cost¢,' which can be replaced b corresponding to the fuzzy
variable X; in fuzzy linear programming probler(F,;), without any change in its fuzzy

optimal solution can be obtained as follows:

Let us assume that the fuzzy cdst corresponding to the fuzzy decision variable
X, =(m;,n;,a;,B;)r is changed to¢,' in (F,;). Then, in the crisp linear programming

problem (F,,) the cost corresponding to the variables,n;,a; and B, and hence the

relative cost corresponding to some or all the basic variables of the optimal basis of

(R.) will be affected. If¢;' in (R,;) is chosen in such a manner that the relative costs
corresponding to all the non basic variables ofdpemal basis ofF,,) are greater than or
equal to zero then the optimal solution of crisgeéir programming problerfP,,) and hence

the fuzzy optimal solution ofF, ;) will remain unaffected.

Case 2: Variation in fuzzy requirement vector

All such fuzzy right hand side entrie:ﬁj of fuzzy requirement vector
b=(b,b,,...b .., ] which can be replaced by, ' in fully fuzzy linear programming
problem (R, ,), without any change in its fuzzy optimal basis barobtained as follows:

Let us assume that the right hand side er&ryof the fuzzy requirement vector

b=(b,b,...0, ,..h, Jis changed td, " in fully fuzzy linear programming problerp, ).
Then in the crisp linear programming probl€R),) the right hand side vector corresponding
to the basic variablesy,n;,a; and B, and hence the right hand side vector corresportding

some or all the basic variables of the optimal $a$i(F,,) will be affected. IfBj ' is chosen

in such a manner that all the entries of the riggntd side vector corresponding to all the
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basic variables of the optimal basis(6f,) are greater than or equal to zero then the optimal

basis of(P,,) and hence the fuzzy optimal basis(6f,) will remain unaffected.

Case 3: Addition of a fuzzy constraint
Suppose a new fuzzy constraint is added to the fuikzy linear programming

problem (R, ), the current fuzzy optimal solution will remainnsa for the new problem as

well if the fuzzy constraint to be added is sadidfby the current fuzzy optimal solution of

(R,) i.e., on adding all such fuzzy constraints that satisfied by the current fuzzy optimal
solution of (R,,), there will be no change in fuzzy optimal solutiohfully fuzzy linear

programming problentgR, ).

8.2 lllustrative example

In this section, to illustrate the proposed methbd fuzzy sensitivity analysis
problem is solved.
Example 8.1 Consider the following fully fuzzy linear progranmg problem

Maximize [(2,3,2,5), 0% 0(1,2,1,3),0% 0(3,4,3,4),0%

Qubject to (=)

(2,3,1&) Dxlm(l,s,} ,—j 0%0 341)0%<, (57,22
2 LR 2 2 LR

(2,3,2,5), 0% D( 1,3,1%) 0%,<, (3511,

LR

X ,%,,%, are non-negativeR flat fuzzy numbers
where, L(x) =maximun{0,1- x* }, R(x) =maximun{0,1- %} .
(i) Within what range the cost coefficient correspogdio the fuzzy decision variableg

varies so that the optimality remains unaffected.
(i)  Within what range the first component of fuzzy regment vector varies so that the

optimality remains unaltered.
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(i) Check whether the addition of a new fuzzy constrai(2,3,1,4),0X%X 0
1,2,1,3); 0% <, (2,4,1,1) will effect the optimality of the given fully fuzzlinear
programming problem or not.

Solution: The optimal solution of the chosen fully fuzzy lamgprogramming problen(g; ,)

by using the proposed method can be obtained lasvil

Assuming X =(m,n,a,,8)k, %=(M,n,,a,p0,)r and %=(m,n,a,[0,).., the fully

fuzzy linear programming problerfs;,) can be written as:

Maximize [(2325) x O(M,n,a.,8) 0 0213)  0(m,,n,,a,,5,) 0 (3434) &
0(m,.n,, a5, 53) k]

Subject to (Bs2)

1 13
[Z&lzj D(rnl’nl’aliﬁl)LRD[lB’E’Ej D(mZ’nZ’alZ’ﬂZ)LRD (3’4’1'1)LRD(m3’n3’a3’lB3)
LR LR
<, (5,7,2,2),

23280 (un o A 0( 135] 00,0, A0S, @51

(m,n,a,,6) R (M,n,,a,,06,)r and (m,,n;,a;,5;) s are non-negativéR flat fuzzy
numbers.

Step 1

Using Step 1(a) of the method, proposed in Chaptehe fully fuzzy linear programming

problem (E;,) can be converted into the crisp linear programrpiredplem (E; ;) .
- 2m  1In m,_ h, 53 j
Maximize Sl AR +—2+—24+ T2y m +6n,+ 4

Subject to (Bss)

4ml+13nl+7,6’1_2al+2mz+15n2+9,82 _ﬁ+7ms+9n3+5,83_403 Sgs
3 4 4 3 3 4 4 3 3 2 2 3 3
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Z_rnl+11n1 +4ﬂl+ﬂ+_13nz +7_ﬁ254_7
3 2 3 4 4 6

m —-a, 200m, -a, 20,m, —a, =20

m <n,m,<n,,m,<n,

a, 20,a, 20,a, 20

B, 20,8, 20,5,=20.

The optimal solution of the crisp linear programgiproblem(E; ;) is:

m =0m,=0,m,=0,n,=0,n,=0,n,=0,a,=0,a0,=0,0,=0,5,= 1957, 5, =0, 5, = 3293

and the optimal value i21.00%.

Using Step 1(c) of the method, proposed in Chaténe fuzzy optimal solution of the fully

fuzzy linear programming problerk, ,) is:
%, =(0,0,0,1.957), X,= (0,0,0,0) X,= (0,0,0,3.293 and the fuzzy optimal value is:

(0,0,0,42),

Case 1: Variation in the fuzzy cost

Suppose, the fuzzy cost =(1,2,1,3), corresponding to the fuzzy decision variable
X, in fully fuzzy linear programming probler(E;,) is replaced by a non-negatit® flat
fuzzy number¢,'=(m,n,a,B). Thus by using Case 1 of the proposed methodcdise

corresponding to the variables,,n,,a, and £, in crisp linear programming problegt; ;)

changes tcm—:—zga, n+§, —:—23m+§a andg+§ respectively and hence the relative cost

corresponding to some of the non basic variabletled optimal basis changes to
m+2g-n-Li1632-M-n-Ls 2108m-2g+n+L- 1630 +n+ L~ 1528
3 3 2 3 2 3 2

£ -16.48 and —n—§+13.92.

Thus the optimal solution fE; ;) and hence the fuzzy optimal solution of fully fyzmear
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programming problen{E;,) will remain same if the relative costs correspagdio the non
basic variables of the optimal basis(&, ;) are greater than or equal to zero i.e., if it §ass

the following inequalities:

B

m—ga+ n+—<16.32,
3 2

Min+B <0108,

3 2

m—ga+ n+£ >16.32,

3 2

m+n+£215.28,
3 2

n+ 5= 16.48,n+§ < 13.92,

m<n, m-a=20,ad=0=0.
e.g., Since,¢,'=(mn,a,B),=(2.40,13.92,0,0Q) satisfies all the inequalities so on
replacing the fuzzy cost,=(1,2,1,3); by ¢, '=(2.40,13.92,0,Q), the fuzzy optimal

solution of fully fuzzy linear programming proble(&;,) will remain unaffected.

Case 2: Variation in fuzzy requirement vectorb

Suppose the right hand side enﬁgy=(5,7,2,2)R of the fuzzy requirement vector

b= (61, ,)" is replaced by61'=(m,n,a,,8)LR in fully fuzzy linear programming problem
(E;,) - Thus using Case 2 of the proposed method, ieriBp linear programmingE; ;) the

right hand side vector corresponding to the basiariable £, changes to
Am+ .m—%+ 28— 1.4C

Thus the optimal solution ofE; ;) and hence the fuzzy optimal solution of fully fydinear
programming problen{E;,) will remain same if all the entries of the riglera side vector
corresponding to all the basic variables of thenoglt basis of(E;,) are greater than or equal

to zero i.e., if it satisfies the following ineqigds:
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.4m+.4n—%+ 2B-1.4G C

ms<n, m-a=0,a=0,5= 0.
e.g., Since,ﬁl':(m,n,a,ﬁ)LR = (3,4,2,2), satisfies all the inequalities so on replacing the
fuzzy right hand side entri;il =(5,7,2,2); by 61': (3,4,2,2),, the fuzzy optimal basis of

fully fuzzy linear programming problerfE; ;) will remain unaffected.

Case 3: Addition of a fuzzy constraint

Suppose, a new fuzzy constrai(®,3,1,4), 0% 0O (1,2,1,3 00X, <, (2,411 is
added to the original fuzzy linear programming peab (E; ,) . Since this fuzzy constraint is
satisfied by the current optimal solution (&;,) so the fuzzy optimal solution ofE;,)

remains unchanged.

Remark 8.1: In the same manner, the possible modification énititerval-valued fully fuzzy

linear programming problem can also be easily ¢ated.

8.3 Conclusions

On the basis of presented study it can be concltiigdneither the existing methods
[35, 65, 95] nor the methods, proposed in Chaptand Chapter 7, can be used to find the
possible modifications in the fully fuzzy linearggramming problem without affecting its
fuzzy optimal solution. While, the methods, prombse this chapter, can be used for the

same.
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Chapter 9

Future scope

The following may be treated as future directions:

In the literature, there was no method to deal whih sensitivity analysis of fully
fuzzy linear programming problems and interval-ealufully fuzzy linear programming
problems. So, in Chapter 6 and in Chapter 7, newhools are proposed for the same.
However, to apply the methods, proposed in Chapterd Chapter 7 there is need to convert
the fully fuzzy linear programming problems intasgrlinear programming problems.

In future, it may be tried to develop such new rodthwhich can be used directly to
deal with the sensitivity analysis of fully fuzzjnéar programming problems and interval-
valued fully fuzzy linear programming problems waithh converting it into crisp linear

programming problems.
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