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Abstract

In the last few years, several methods have been proposed for solving different types of
intuitionistic fuzzy transportation problems. In this thesis, limitations and flaws of these
existing methods are pointed out. Also, to resolve the flaws as well as to overcome the

limitations of the existing method, new methods are proposed.

The thesis comprises seven chapters. A brief outline of the chapters is as follows:
Chapter 1 Introduction

Chapter 1 is introductory in nature. In this chapter, a need of intuitionistic fuzzy
transportation problem as well as different types of intuitionistic fuzzy transportation
problems are discussed. Furthermore, the existing methods [131,132] for solving

intuitionistic fuzzy transportation problems are presented in a detailed manner.

Chapter 2 A simplified method for solving intuitionistic fuzzy

transportation problems of type — |

In this chapter, an alternative method for solving intuitionistic fuzzy transportation
problems of type — I is proposed. Also, the advantages of proposed method over the existing
methods [9,46,48,64-66,118,132] are discussed. Furthermore, to illustrate the proposed
method, the numerical examples, considered by Singh and Yadav [132], are solved by the

proposed method.

Chapter 3 A simplified method for solving intuitionistic fuzzy

transportation problems of type — 11

In this chapter, an alternative method for solving intuitionistic fuzzy transportation prob-

Vi



lems of type — Il is proposed. Also, the advantages of proposed method over the existing
methods [1,3,119,131], are discussed. Furthermore, to illustrate the proposed method, the
numerical examples, considered by Singh and Yadav [131], are solved by the proposed

method.

Chapter 4 Modified approach for solving intuitionistic fully fuzzy

transportation problems

Kumar and Hussain [84-86] proposed methods for solving intuitionistic fully fuzzy
transportation problems. In this chapter, it is pointed out that for the ranking function, used by
Kumar and Hussain [84-86], the linearity property is not satisfying. However, in the existing
method [84-86], this property is used. Therefore, the existing methods [84-86] are not valid.
Hence, the result of numerical problems, obtained by Kumar and Hussain [84-86] by their
proposed method, is also not correct. Furthermore, it is shown that for the ranking function,
used by Singh and Yadav [132], linearity property is satisfying. Hence, the existing methods
[84-86], will be valid if the ranking function, used by Kumar and Hussain [84-86], is replaced
with the ranking function, used by Singh and Yadav [132]. Also, the exact results of

numerical problems, considered by Kumar and Hussain [86], are obtained.

Chapter 5 A new method for solving intuitionistic fully fuzzy

transportation problems

In this chapter, flaws of the existing methods [18,29,45,49,112,118,123,133,134,138] for
solving intuitionistic fully fuzzy transportation problems are pointed out. Also, a new method
is proposed for solving intuitionistic fully fuzzy transportation problems. To illustrate the
proposed method, the intuitionistic fully fuzzy transportation problem, considered by

Roseline and Amirtharaj [123], is solved by proposed method.

vii



Chapter 6 A new method for solving generalized intuitionistic fully fuzzy
transportation problems

Chakraborty et al. [18] proposed the arithmetic operations on generalized trapezoidal
intuitionistic fuzzy numbers and used these arithmetic operations to find the solution of such
intuitionistic fully fuzzy transportation problems in which cost, availability and demand all

are represented by generalized trapezoidal intuitionistic fuzzy numbers. In this chapter, it is
shown that Chakraborty et al. [18] have used the property R(A' ®B' ): R(A' )x R(é') in

their proposed method. While, for the ranking function R, considered by Chakraborty et al.
[18], this property is not satisfying. Hence, it is not genuine to used the method, proposed by
Chakraborty et al. [18], to find the solution of generalized intuitionistic fully fuzzy
transportation problem. Furthermore, a new method is proposed to resolve the flaws of the
existing method [18]. To illustrate the proposed method, the generalized intuitionistic fully
fuzzy transportation problem, considered by Chakraborty et al. [18], is solved by proposed

method.
Chapter 7 Future scope

It is noticed that ranking of generalized exponential trapezoidal fuzzy numbers, obtained
by using the existing method [121], is independent from height of generalized exponential
trapezoidal fuzzy numbers. While, the ranking of generalized exponential trapezoidal fuzzy
numbers should be dependent on its height. Hence, it is not genuine to use the existing
method [121] for comparing the generalized exponential trapezoidal fuzzy numbers. In this
chapter, the flaws of the existing method [121] are pointed out and a modified method for
ranking of generalized exponential trapezoidal fuzzy numbers is proposed. In future, the
proposed ranking method may be extended for generalized exponential trapezoidal

intuitionistic fuzzy numbers and a new method may be proposed to find the solution of

viii



generalized exponential trapezoidal intuitionistic fully fuzzy transportation problems
(transportation problems in which cost, availability and demand are represented by

generalized exponential trapezoidal intuitionistic fuzzy numbers).



List of Publications

. Gupta G., Kumar A. and Sharma M. K., A note on “A new method for solving fuzzy
linear programming problems based on the fuzzy linear complementary problem
(FLCP)”, International Journal of Fuzzy Systems, Vol. 18, pp. 333-337, 2016.
(Impact factor — 1.095) (SCI).

. Gupta G., Kumar A. and Appadoo S. S., A note on ‘‘Ranking generalized exponential
trapezoidal fuzzy numbers based on variance’’, Journal of Intelligent and Fuzzy
Systems, Vol. 31, pp. 213-215, 2016. (Impact factor — 1.812) (SCI).

. Gupta G., Kumar A. and Sharma M. K., Additive and multiplicative inverse of
generalized fuzzy numbers with different left heights and right heights, "Proceedings
of the Third International Conference on Soft Computing for Problem Solving:
SocProS 2013, Published as the book, Vol. 258, pp. 535-538, 2014 in the bool series
“Advances in Intelligent System and Computing”.

. Gupta G., Kumar A. and Sharma M. K., A new method for solving transportation
problem with generalized fuzzy sets having different left heights and right heights
(Communicated in International Journal of Fuzzy Systems) (SCI).

. Gupta G., Kumar A. and Sharma M. K., Intuitionistic fuzzy optimal solution of
transportation problem under impreciseness (Communicated in Hacettepe Journal
of Mathematics and Statistics) (SCI).

. Gupta G., Kumar A. and Sharma M. K., A new method for finding exact fuzzy
optimal solution of fully fuzzy linear programming problems (Presented in an
International Conference on Recent Advances in Optimization Theory and
Application (RAOTA-2016), organized in memory of Prof. M. C. Puri (1939-

2005) and organized by Mathematical Programming Group, Delhi Department



10.

11.

of Operational Research, University of Delhi, Department of Mathematics,
University of Delhi at University of Delhi on January 30 — 31, 2016).

Gupta G., Kumar A. and Sharma M. K., A simplified method for solving intuitionistic
fuzzy transportation problems of type — I. (To be communicated in International
Journal of System Assurance Engineering and Management) (Non-SCl).

Gupta G., Kumar A. and Sharma M. K., A simplified method for solving intuitionistic
fuzzy transportation problems of type — IlI. (To be communicated in Iranian
Journal of Fuzzy Systems, Springer) (SCI).

Gupta G., Kumar A. and Sharma M. K., Modified approach for solving intuitionistic
fully fuzzy transportation problems. (To be communicated in International Journal
of System Assurance Engineering and Management) (Non-SCI).

Gupta G., Kumar A. and Sharma M. K., A new method for solving intuitionistic fully
fuzzy transportation problems. (To be communicated in Applied Mathematical
Modelling) (SCI).

Gupta G., Kumar A. and Sharma M. K., A new method for solving generalized
intuitionistic fully fuzzy transportation problems. (To be communicated in Applied

Soft Computing) (SCI).

Xi



Table of Contents

Certificate

Declaration

Acknowledgement
Abstract

List of publications

2.

Introduction

1.1 Introduction
1.2 Brief review about the work
1.3 Intuitionistic fuzzy sets

A simplified method for solving intuitionistic fuzzy transportation

problems of type — |

2.1 Intuitionistic fuzzy linear programming problem of intuitionistic fuzzy
transportation problem of type — |

2.2 Proposed method

2.3 Illustrative example

2.4 Advantages of proposed method over existing methods

2.5 Conclusion

A simplified method for solving intuitionistic fuzzy transportation

problems of type — 11

3.1 Intuitionistic fuzzy linear programming problem of intuitionistic fuzzy
transportation problems of type — Il

3.2 Proposed method

3.3 Illustrative examples

3.4 Intuitionistic fuzzy optimal solution of a real life problem

3.5 Conclusion

Modified approach for solving intuitionistic fully fuzzy transportation

problems

4.1 Ordering of triangular intuitionistic fuzzy numbers

4.2 Multiplication of triangular intuitionistic fuzzy numbers

4.3 Intuitionistic fuzzy linear programming problem of intuitionistic fully

xii

vii

Xi

1-52

44
47

53-63

53
54
S7
62
63
65-73

65
66
67
70
73
75-91

75
76
77



fuzzy transportation problems

4.4 Kumar and Hussain method 77
4.5 Flaw in Kumar and Hussain method 79
4.6 Suggested modifications in Kumar and Hussain method 79
4.7 Exact results of numerical examples 80
4.8 Conclusion 91
5. A new method for solving intuitionistic fully fuzzy transportation 93-103
problems
5.1 Flaws of the existing methods 93
5.2 Proposed method 94
53 [lustrative example 97
54 Conclusion 103
6. A new method for solving generalized intuitionistic fully fuzzy
transportation problems 105-119
6.1 Generalized intuitionistic fuzzy numbers 105
6.2 Existing mathematical formulation of generalized intuitionistic fully
fuzzy transportation problem 108
6.3 Flaws in existing mathematical formulation 112
6.4 Proposed method 112
6.5 Illustrative example 114
6.6 Conclusion 119
7. Future scope 121-125
7.1 Existing results 121
7.2 Mathematical error in existing results 122
7.3 Exact form of existing results 123

Bibliography

127-144

xiii



Chapter 1

Introduction

1.1 Introduction

In several real life situations, there is need to transport the product from different sources to
different destinations. In the literature, different methods have been proposed to find the best
way of transporting the product i.e., to find the quantity of the product to be supplied from
different sources to different destinations so that the total transportation cost is minimum.
However, the classical methods (Modified Distribution method or linear programming
approaches etc.) are proposed by assuming that the values of all the parameters (cost, availability
and demand) are precise and hence can be represented as a real numbers. However, none of the
classical methods can be used if there exist impreciseness about some or all the parameters. In
the literature [7,34,36,51,52,56,63,78,87-91,96,99,110,113-115,125], fuzzy numbers [144] are
used to represent these imprecise data (cost, availability and demand). The transportation
problems in which some or all the parameters are represented by fuzzy numbers may be
classified as:

Q) Transportation problems in which availability and demand are represented as fuzzy
numbers whereas cost for transporting unit quantity of the product from a particular
source to a particular destination is represented by a real numbers, is named as fuzzy
transportation problems of type — I.

(i)  Transportation problems in which cost for transporting unit quantity of the product
from a particular source to a particular destination is represented by a fuzzy numbers

whereas availability and demand are represented as real numbers, is named as fuzzy



(iii)

transportation problems of type — II.

Transportation problems in which all the parameters i.e., cost for transporting unit
quantity of the product from a particular source to a particular destination, availability
and demand, are represented as fuzzy numbers, is named as fully fuzzy transportation

problems.

In the literature [1,3,9,18,29,45,46,48,49,64-66,84-86,112,118,119,123,131-134,138], it is

pointed out that if there exist hesitation with impreciseness about the data then such type of data

can not be represented as fuzzy numbers [4] and hence intuitionistic fuzzy numbers is used to

represent such data. The transportation problems in which some or all data are represented as

intuitionistic fuzzy numbers may be classified as:

(i)

(i)

(iii)

Transportation problems in which availability and demand are represented as
intuitionistic fuzzy numbers whereas cost for transporting unit quantity of the product
from a particular source to a particular destination is represented by real numbers, is
named as intuitionistic fuzzy transportation problems of type — | [9,46,48,64-66,118,
132].

Transportation problems in which cost for transporting unit quantity of the product
from a particular source to a particular destination is represented by intuitionistic
fuzzy numbers whereas availability and demand are represented as real numbers, is
named as intuitionistic fuzzy transportation problems of type — 11 [1,3,119,131].
Transportation problems in which all the parameters i.e., cost for transporting unit
quantity of the product from a particular source to a particular destination, availability
and demand, are represented as intuitionistic fuzzy numbers, is named as intuitionistic

fully fuzzy transportation problems [18,29,45,49,84-86,112,123,133,134,138].



It is pertinent to mention that in the literature, the classical methods (North West Corner
method, Least Cost method, Vogel’s Approximation method etc.) are extended to intuitionistic
fuzzy methods (Intuitionistic fuzzy North West Corner method, Intuitionistic fuzzy Least Cost
method, Intuitionistic fuzzy Vogel’s Approximation method etc.) for solving different types of
intuitionistic fuzzy transportation problems. The only difference between the classical methods
and the intuitionistic fuzzy methods is that in the intuitionistic fuzzy methods, the arithmetic
operations of intuitionistic fuzzy numbers are used instead of arithmetic operations of real
numbers. Also, it is pertinent to mention that there is no unique way to compare intuitionistic
fuzzy numbers. Therefore, different methods have been proposed for same type of intuitionistic
fuzzy transportation problems by changing the method for comparing intuitionistic fuzzy
numbers.

Keeping the same in mind, instead of explaining the work of all the published papers, only
the work done in these recently published papers [131,132] are discussed in this chapter in a

detailed manner.

1.1.1 Singh and Yadav method for solving intuitionistic fuzzy transportation problems of
type — |

In this section, intuitionistic fuzzy methods (Intuitionistic fuzzy North — West Corner method,
Intuitionistic fuzzy Least Cost method, Intuitionistic fuzzy Vogel’s Approximation method) to
find initial basic feasible solutions as well as the Intuitionistic fuzzy Modified Distribution
method to find optimal solution of intuitionistic fuzzy transportation problems of type — I,

proposed by Singh and Yadav [132], are presented in a brief manner.
1.1.1.1 Intuitionistic fuzzy methods to find initial basic feasible solutions

In this section, the intuitionistic fuzzy methods (Intuitionistic fuzzy North — West Corner

3



method, Intuitionistic fuzzy Least Cost method, Intuitionistic fuzzy Vogel’s Approximation

method) to find the initial basic feasible solutions of intuitionistic fuzzy transportation problems

of type — I, proposed by Singh and Yadav [132], is presented in a brief manner.

1.1.1.1.1 Intuitionistic fuzzy North — West Corner method for intuitionistic fuzzy

transportation problems of type — |

Singh and Yadav [132] proposed an intuitionistic fuzzy North — West Corner method to find

the initial basic feasible solution of intuitionistic fuzzy transportation problem of type — I.

The steps of this method are as follows:

Step 1: Start from the north — west corner cell, say (i, j), of intuitionistic fuzzy transportation

problem. To assign this (i, j) cell, there are three cases which may arise: either min{R(éi' )

R(B} )} =R(a') or min{R(a'),R(5})} =R(b}) or min{R(a& ), R(5} )} =R(a')=R(5} ).

(i)

(i)

(iii)

If min{R(é,.' ),R(ISJ.' )}: R(&'), thenassign &' to (i, j) cell. Block the i row of
given intuitionistic fuzzy transportation problem. Replace Bj' with Bj' ©4&' and then
go to Step 2.

If min{R(ai' ),R(B.' )}= R(Bj' ) then assign b} to (i, j) cell. Block the j" column of

J
given intuitionistic fuzzy transportation problem. Replace &' with & 95; and then

go to Step 2.
If R(&')=R(b} ), this implies that R(&' )<R(b;) and R(&')=R(b; ). Therefore,

follow any one of the cases stated above, but not both together.

Step 2: Repeat Step 1, until all the availability and demands are satisfied.



Step 3: The initial intuitionistic fuzzy basic feasible solution is {)?lj} and the initial intuitionistic

fuzzy transportation costis > c; x

i=1 j=1

1.1.1.1.2 Intuitionistic fuzzy Least Cost method for intuitionistic fuzzy transportation

problems of type — |

Singh and Yadav [132] proposed an intuitionistic fuzzy Least Cost method to find the initial

basic feasible solution of intuitionistic fuzzy transportation problem of type — I.

The steps of this method are as follows:

Step 1: Find min{c;;i=12,..,m, j=12,..,n}. Letitbe at (i, j) cell. To assign this (i, j) cell,

Ij’

there are three cases which may arise: either mm{ (&), R(b] )} R(&') or min{R(éi'),
R(Bj')}zR(Bj') or mln{R( ), (5 )} ( )
i If min{R(éi'),R(Bj' )}:R( ) then assign &' to (i, j) cell. Block the i row of
given intuitionistic fuzzy transportation problem. Replace b! with b/ © &' and then
go to Step 2.
i) If min{R(éi' ),R(Bj' )}= R(Bj' ) then assign b} to (i, j) cell. Block the j" column of
given intuitionistic fuzzy transportation problem. Replace &' with & 95; and then
go to Step 2.
(i) If R(&')=R(b}), this implies that R(&')<R(b;) and R(&')=R(b] ). Therefore,

follow any one of the cases stated above, but not both together.

Step 2: Repeat Step 1, until all the availability and demands are satisfied.



Step 3: The initial intuitionistic fuzzy basic feasible solution is {X,‘l} and the initial intuitionistic

fuzzy transportation costis » > ¢, x X, .

i=1 j=1

1.1.1.1.3 Intuitionistic fuzzy Vogel’s Approximation method for intuitionistic fuzzy

transportation problems of type — |
Singh and Yadav [132] proposed an intuitionistic fuzzy Vogel’s Approximation method to
find the initial basic feasible solution of intuitionistic fuzzy transportation problem of type —I.
The steps of this method are as follows:

Step 1: Find the penalty of each row by taking the difference of smallest entry and next smallest
entry of corresponding row and similarly find the penalty of each column by taking the

difference of smallest entry and next smallest entry of corresponding column.

Step 2: Choose a row or column having largest penalty ranking value among all rows and

columns. Let it be p™ row. Select a cell (p, j) which has min{cpj; J :1,2,...,n}. To assign this

(p,j) cell, there are three cases which may arise: either min{R(a'),R(B.' )}:R(é,.') or

(i If min{R(éi'),R(B.' )}: R(&'), then assign &' to (i, j) cell. Block the i row of

J i
given intuitionistic fuzzy transportation problem. Replace Bj' with Bj' ©4' and then go
to Step 3.
(i) If min{R(éi' ). R(Bj' )} = R(Bj' ) then assign b} to (i, j) cell. Block the j" column of

6



given intuitionistic fuzzy transportation problem. Replace &' with & 66; and then
go to Step 3.

(i) If R(&')= R(Bj'), this implies that R(a' )< R(Bj') and R(d')= R(Bj'). Therefore,
follow any one of the cases stated above, but not both together.

Step 3: Repeat Step 1 and Step 2, until all the intuitionistic fuzzy availability and intuitionistic
fuzzy demands are satisfied.
Step 4: The initial intuitionistic fuzzy basic feasible solution is {Y(,:} and the initial intuitionistic

fuzzy transportation costis » > ¢, x % .

i=1 j=1

1.1.1.2 Intuitionistic fuzzy Modified Distribution method to find optimal solution for

intuitionistic fuzzy transportations problem of type — |

Singh and Yadav [132] proposed an intuitionistic fuzzy Modified Distribution method to find

optimal solution of intuitionistic fuzzy transportation problem of type — I.
The steps of this method are as follows:

Step 1: Find the initial intuitionistic fuzzy basic feasible solution by using any of these three
methods: intuitionistic fuzzy North — West Corner method, intuitionistic fuzzy Least Cost
method, intuitionistic fuzzy Vogel’s Approximation method.

Step 2: Take dual variables u; and v; corresponding to i™ row and j™ column respectively such

that u, +v, =c; for the basic cell (i, j). Find the value of u, and v, by using the relations

U =C; —V, Or v; =¢; —U,.



Step 3: Calculate d; =u, +v; —c; for all non-basic cells.

Q) If d; <0 for all non-basic cells, then the initial intuitionistic fuzzy basic feasible

solution is the intuitionistic fuzzy optimal solution.

(i) If there is at least one d;; for which d;; >0, then go to Step 4.

Step 4: Select a cell {(i, 0; max{dij ;forall non-basiccells}} and assign a quantity & to this cell.

Now making a loop, move horizontally and vertically from & - cell to the nearest basic cell and

turn to loop to another nearest basic cell. In this way, the loop will return to @ - cell. The value
of & is the minimum quantity at the corner basic cell from which @ is subtracted.

Step 5: Add and subtract @ successively to/from the assigned intuitionistic fuzzy quantity in the
basic cell from where the loop takes turn. The value of 8 will be the minimum of those assigned

intuitionistic fuzzy quantity from which @ is subtracted. While inserting this value of @, a basic
cell assume zero value and this cell becomes non-basic cell. Resultant problem gives the

improved intuitionistic fuzzy basic feasible solution.

Step 6: Repeat Step 1 to Step 5 until d; <0; Vi, j.

Step 7: Using the intuitionistic fuzzy optimal solution {xij}, obtained in Step 6, the optimal

m n
intuitionistic fuzzy transportation costis > > ¢, x X, .
)

1.1.2 Solution of intuitionistic fuzzy transportation problem of type — | obtained by Singh

and Yadav

The aim of Chapter 2 is to propose an alternative method to find initial basic feasible solution



and optimal solution of intuitionistic fuzzy transportation problem of type — | which is

computationally simple as compared to the existing methods [132]. To show that proposed

alternative method is computationally simple as compared to the existing method [132], there is

need to solve the same problem by the existing method [132] as well as by the proposed method.

In this section, the existing intuitionistic fuzzy transportation problem of type — I, presented by

Table 1.1, is solved by the existing method [132]. The same problem will be solved by proposed

method in Chapter 2.

Table 1.1: Intuitionistic fuzzy transportation problem [132]

Sources Destinations Int. fuzzy
D, D, D, D, availability (&)
S, 16 1 8 13 (2,4,5;1,4,6)
S, 11 4 7 10 (4,6,8;3,6,9)
S, 8 15 9 2 (3,7,12;2,7,13)
S, 6 12 5 14 (8,10,13;5,10,16)
Int. fuzzy | (3.4,6:1,48) | (25.7:158) | (10,15,208,1522) | (235:136) | (17 27 38:
demand 11,27,44)
(51)

1.1.2.1 Initial basic feasible solution

Using the existing method [132], the initial basic feasible solution of the intuitionistic fuzzy

transportation problem of type — I, presented by Table 1.1, can be obtained as follows:

1.1.2.1.1 Intuitionistic fuzzy North — West Corner method

Using the existing intuitionistic fuzzy North — West Corner method [132], the initial basic




feasible solution of the intuitionistic fuzzy transportation problem, presented in Table 1.1, can be

obtained as follows:

Step 1: The availability and demand, corresponding to North — West Corner cell i.e., (1, 1), is

(24,5;1,4,6) and (3, 4, 6; 1, 4, 8) respectively. Since, [R(2,4,5;1,4,6) =3.75] <[R(3,4,6;1,4,8)
:4.25]. So, using Step 1 of existing method [132], discussed in Section 1.1.1.1.1,
a, =(2,4,5;1,4,6) will be assigned in the North — West Corner cell of the Table 1.1, the first row

will be blocked and the remaining demand of destination D, will be (3,4,6;1,4,8)0

(2,4,5;1,4,6) =(-2,0,4;,-5,0,7), as shown in Table 1.2.

Table 1.2: First allocation by Intuitionistic fuzzy North — West Corner method

Sources Destinations Int. fuzzy
D, D, D, D, availability (&' )
S, 16 1 8 13 (2:4:5:1:4:6}
(2,4,5;1,4,6)
S, 11 4 7 10 (4,6,8;3,6,9)
S, 8 15 9 2 (3,7,12;2,7,13)
S, 6 12 5 14 (8,10,13;5,10,16)
Int. fuzzy | {3:4:6:5,4,8) (2,5,7;1,5,8) (10,15,20; | (2,3,5;1,3,6)
demand | (-2,0,4;-5,0,7) 8,15,22)
(6;)

Step 2: By repeating the Step 1, the next allocations are shown in Table 1.3 to Table 1.7.

Table 1.3: Second allocation by Intuitionistic fuzzy North — West Corner method

Sources Destinations Int. fuzzy
D, D, D, D, availability (&' )
S, 11 4 7 10 {4:68:3:6:9)
(-2,0,4;-5,0,7) (0,6,10;-4,6,14)
S, 8 15 9 2 (3,7,12;2,7,13)

10



S, 6 12 5 14 (8,10,13;5,10,16)
Int. fuzzy 0,4:-5.0, (2,5,7;1,5,8) (10,15,20; | (2,3,5;1,3,6)
demand 8,15,22)

(6;)

Table 1.4: Third allocation by Intuitionistic fuzzy North — West Corner method

Sources Destinations Int. fuzzy availability
D2 D3 D4 (a~'il )
(2,5,7;1,5,8) (-7,1,8;-12,1,13)
S, 15 9 2 (3,7,12;2,7,13)
S, 12 5 14 (8,10,13;5,10,16)
Int. fuzzy 2,5:+15:8) | (10,15,20;8,15,22) (2,3,5;1,3,6)
demand (51.')

Table 1.5: Forth allocation by Intuitionistic fuzzy North — West Corner method

Sources Destinations Int. fuzzy availability (&)
D3 D4

82 7 10 k) H ; H ]
(=7,1,8; -12,1,13)

s, 9 2 3.7.122,7.13)

S, ) 14 (8,10,13;5,10,16)

Int. fuzzy demand (Bj') 9206719 (2,3,5;1,3,6)

(2,14,.27; -5,14,34)

Table 1.6: Fifth allocation by Intuitionistic fuzzy North — West Corner method

Sources Destinations Int. fuzzy availability (&)
D, D,
83 9 2 H ) ; 1 i)
(3,7,12:2,7,13)
s, 5 14 (8,10,13:5,10,16)
Int. fuzzy demand (Bj' ) R (2,3,5,1,3,6)
(-10,7,24; -8,7,32)
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Table 1.7: Sixth and Seventh allocation by Intuitionistic fuzzy North — West Corner

method
Sources Destinations Int. fuzzy availability (gi' )
D, D,
84 5 14 Hl ) ; H 1
(-10,7,24; -8,7,32) (2,3,5;1,3,6)
Int. fuzzy demand (Bj') AR 2:3:5:1:3:6}

Step 3: The initial basic feasible solution, obtained by using Table 1.2 to Table 1.7, is shown in
Table 1.8. Using the initial basic feasible solution, shown in Table 1.8, the obtained initial
intuitionistic  fuzzy transportation cost is 16x(2,4,5;1,4,6) ®11x(-2,0,4;-5,0,7) ®4x
(2,5,7;1,5,8) ® 7x(—7,1,8,-12,1,13) ® 9x(3,7,12;2,7,13) ® 5x (10,7, 24;-18,7,32) ®14x

(2,3,5;1,3,6) = (—26, 231,506; —177, 231, 657) .

Table 1.8: Stating basic feasible solution by Intuitionistic fuzzy North — West Corner

method
Sources Destinations

D, D, D, D,

S, 16 1 8 13
(2,4,5;1,4,6)
S, 11 4 7 10
(-2,0,4;-5,0,7) (2,5,7;1,5,8) (-7,1,8;-12,1,13)
S, 8 15 9 2
(3,7,12;2,7,13)
S, 6 12 5 14
(-10,7,24; -18,7,32) (2,3,5;1,3,6)

1.1.2.1.2 Intuitionistic fuzzy Least Cost method

Using the existing intuitionistic fuzzy Least Cost method [132], the initial basic feasible

solution of existing intuitionistic fuzzy transportation problem can be obtained as follows:
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Step 1: The availability and demand, corresponding to a cell having least cost i.e., (1, 2), is

(24,5;1,4,6) and (2,57;1,58) respectively. Since, [R(24,5;1,4,6)=3.75]<[R(2,5,7;1,5,8)
:4.75]. So, using Step 1 of existing method [132], discussed in Section 1.1.1.1.2,

4 =(2,4,51,4,6) will be assigned in the least cost cell of the Table 1.1, the first row will be
blocked and the remaining demand of destination D, will be (25,7;1,5,8)0

(2,4,5;1,4,6) =(-3,1,5;,-5,1,7) , as shown in Table 1.9.

Table 1.9: First allocation by Intuitionistic fuzzy Least Cost method

Sources Destinations Int. fuzzy
D, D, D, D, availability (&' )
S, 16 1 8 13 (2:4:5:1:4:6}
(2,4,5;1,4,6)
S, 11 4 7 10 (4,6,8;3,6,9)
S, 8 15 9 2 (3,7,12;2,7,13)
S, 6 12 5 14 (8,10,13;5,10,16)
Int. fuzzy | (3,4,6;1,4,8) | &5+%5:8) (10,15,20; (2,3,5;1,3,6)
demand (-3,1,5;-5,1,7) 8,15,22)
(6;)

Step 2: Repeating the Step 1, the next allocations are shown in Table 1.10 to Table 1.14.

Table 1.10: Second allocation by Intuitionistic fuzzy Least Cost method

Sources Destinations Int. fuzzy
D, D, D, D, availability (&' )
S, 11 4 7 10 (4,6,8;3,6,9)
S, 8 15 9 2 342213}
(2,3,5;1,3,6) | (-2,4,10;-4,4,7)
S, 6 12 5 14 (8,10,13;5,10,16)
Int. fuzzy | (3,4,6;1,4,8) | (-3,1,5;-5,1,7) (10,15,20; {2.3,5:1.3.6}
demand 8,15,22)
(6)
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Table 1.11: Third allocation by Intuitionistic fuzzy Least Cost method

Sources Destinations Int. fuzzy availability
D, D, D, (ai')
S, 11 4 £4:6:8:3;6:9}
(-3,1,5;-5,1,7) (-1,5,11:-4,5,14)

S, 8 15 9 (-2,4,10; -4,4,7)
S, 6 12 5 (8,10,13;5,10,16)

Int. fuzzy (3,4,6;1,4,8) 4-5:-51 (10,15,20; 8,15,22)

demand (Bj')

Table 1.12: Forth allocation by Intuitionistic fuzzy Least Cost method

Sources Destinations Int. fuzzy availability (&)
D, D,

s, 11 7 (C1511; 4,5 14)

S, 8 9 (-2,4,10; -4,4,7)

S4 6 5 ) ) ; ) i)
(8,10,13;5,10,16)

Int. fuzzy demand (5; ) (34,6,1,48) | (10:15:20;-8;15:22)

(=3,5,12; -8,5.17)

Table 1.13: Fifth allocation by Intuitionistic fuzzy Least Cost method

Sources Destinations Int. fuzzy ava||ab|||ty (é: )
Dl D3
s, 1 7 5154514
(=3,5.12: -8,5,17) (=13,0,14; —21,0,22)
S, 8 9 (-2,4,10;-4,4,7)
Int. fuzzy demand (Bj' ) (3,4,6;1,4,8) 5:12;-8:5;

Table 1.14: Sixth and seventh allocation by Intuitionistic fuzzy Least Cost method

Sources Destinations Int. fuzzy availability (a)
Dl
S, 11 e e
(=13,0,14; —21,0,22)
S3 8 1 ) ; ) )
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(-2,4,10; -4,4,7)

Int. fuzzy demand (Bj' ) (3:4:6:1:4:8)

Step 3: The initial basic feasible solution, obtained by using Table 1.9 to Table 1.14, is shown in
Table 1.15. Using the initial basic feasible solution, shown in Table 1.15, the obtained initial
intuitionistic fuzzy transportation cost is 1x(2,4,5;1,4,6)®11x(-13,0,14;-21,0,22) ®4x
(-3,1,5:-5,1,7) ®7x(-3,5,12;-8,5,17) ®8x (-2, 4,10;-4,4,7) ® 2% (2,3,5,1,3,6) ®5x (8,10,13;
5,10,16) = (—146,131,418;—314,131,543) .

Table 1.15: Stating basic feasible solution by Intuitionistic fuzzy Least Cost method

Sources Destinations
Dl D2 D3 D4
S, 16 1 8 13
(2,4,5;1,4,6)

S, 11 4 7 10

(-13,0,14; -21,0,22) (-3,1,5;-5,1,7) (-3,5,12; -8,5,17)
S, 8 15 9 2
(-2,4,10; -4,4,7) (2,3,5;1,3,6)

S, 6 12 5 14

(8,10,13;5,10,16)

1.1.2.1.3 Intuitionistic Vogel’s Approximation method

Using the existing intuitionistic fuzzy Vogel’s Approximation method [132], the initial basic

feasible solution of existing intuitionistic fuzzy transportation problem can be obtained as follows:

Step 1: The availability and demand, corresponding to a cell having minimum cost among a row
or column which has largest penalty i.e., (3, 4), is (3,7,12;2,7,13) and (2,3,5;1,3,6) respectively.

Since, [R(3,7,12;2,7,13) =7.125] >[R(2,3,5;1,3,6) =3.25]. So, using Step 2 of existing method

[132], discussed in Section 1.1.1.1.3, 54' =(2,3,5;1,3,6) will be assigned in that cell of the Table
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1.1, fourth destination will be blocked and the remaining availability of source S, will be

(3,7,12;2,7,13) ©(2,3,5;1,3,6) = (—2,4,10;-4,4,12) , as shown in Table 1.16.

Table 1.16: First allocation by Intuitionistic Vogel’s Approximation method

Sources Destinations Intuitionistic Penalty
D, D, D, D, fuzzy availability
(&)

S, 16 1 8 13 (2,4,5:1,4,6) 7

S, 11 4 7 10 (4,6,8;3,6,9) 3

S 8 15 9 2 G225 H13) 6
(2,3,5;1,36) | (-2,4,10;-4,4,12)

S, 6 12 5 14 (8,10,13:5,10,16) 1

Intuitioni (3,4,6; (2,5,7; (10,15,20; | &3:5:143:6)
stic fuzzy 1,4,8) 1,5,8) 8,15,22)
demand
(b))

Penalty 2 3 2 8

Step 2: Repeating the Step 1, the next allocations are shown in Table 1.16 to Table 1.21.

Table 1.17: Second allocation by Intuitionistic Vogel’s Approximation method
Sources Destinations Int. fuzzy Penalty
D, D, D, availability (&)
S, 16 1 8 (245.1,4.6) 7
(2,4,5;1,4,6)

S, 11 4 7 (4,6,8;3,6,9) 3

S, 8 15 9 (-2,4,10;-4,4,12) 1

S, 6 12 5 (8,10,13;5,10,16) 1
Int. fuzzy | (3,4,6; 1,4,8) 515, (10,15,20;
demand (-3,1,5;-5,1,7) 8,15,22)

=l

(6])

Penalty 2 3 2
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Table 1.18: Third allocation by Intuitionistic Vogel’s Approximation method

Sources Destinations Int. fuzzy Penalty
D, D, D, availability (&)
S, 11 4 7 (4,6:8:3.6:9) 3
(-3,1,5;-5,1,7) (-1,5,11;-4,5,14)
S, 8 15 9 (-2,4,10;-4,4,12) 1
S, 6 12 5 (8,10,13;5,10,16) 1
Int. fuzzy | (3,4,6;1,4,8) 4-5:-51 (10,15,20;
demand 8,15,22)
(b;)
Penalty 2 8 2

Table 1.19: Forth allocation by Intuitionistic Vogel’s Approximation method

Sources Destinations Int. fuzzy availability | Penalty
(&)
Dl D3
S, 11 7 511:-4.5 4
(-1,5,11; -4,5,14)
S, 8 9 (-2,4,10; -4,4,12) 1
S, 6 5 (8,10,13;5,10,16) 1
Int. fuzzy demand (3,4,6; 1,4,8) 15,20:-8.15;
(Bj' ) (-1,10,21; -6,10,26)
Penalty 2 2

Table 1.20: Fifth allocation by Intuitionistic Vogel’s Approximation method

Sources Destinations Int. fuzzy availability | Penalty

@)

Dl D3
S, 8 9 (-2,4,10;-4,4,12) 1
S4 6 5 ) 1 ; 1 1 1

(-1,10,21; -6,10,26) | (~13,0,14;-21,0,22)

Int. fuzzy demand | (3,4,6; 1,4,8) 40:21:-6:10;

(6)
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Penalty 2 4

Table 1.21: Sixth and seventh allocation by Intuitionistic Vogel’s Approximation method

Sources Destinations Int. fuzzy availability (ail ) Penalty
Dl
83 8 1 1 ; 1 H 8
(-2,4,10; -4,4,12)
S4 6 1 H ; 1 H 6
(-13,0,14; -21,0,22)
Int. fuzzy demand (5]' ) (3:4:6-1:4:8)
Penalty 2

Step 3: The initial basic feasible solution, obtained by using Table 1.16 to Table 1.21, is shown in
Table 1.22. Using the initial basic feasible solution, shown in Table 1.22, the obtained initial
intuitionistic  fuzzy transportation cost is 1x(2,4,5;1,4,6) ®4x(—3,1,5;-5,1,7) ®7 x
(—1,5,11;—4,5,14) ®8x (-2, 4,10, 4, 4,12) ® 2x(2,3,5;1,3,6) ® 6 x (—13,0,14; 21,0, 22) ®5x

(-1,10,21;-6,10, 26) = (—112,131, 381 —233,131,502) .

Table 1.22: Stating basic feasible solution by Intuitionistic Vogel’s Approximation method

Sources Destinations
Dl DZ D3 D4
S, 16 1 8 13
(2,4,5;1,4,6)
S, 11 4 7 10
(-3,1,5;-5,1,7) (-1,5,11; -4,5,14)
S, 8 15 9 2
(-2,4,10; -4,4,12) (2,3,5;1,3,6)
S, 6 12 5 14
(-13,0,14; -21,0,22) (-1,10,21; -6,10,26)

1.1.2.2 Optimal solution

Using the existing intuitionistic fuzzy Modified Distribution method [132], the optimal solu-
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tion of existing intuitionistic fuzzy transportation problem of type — | by considering the initial

basic feasible solution, obtained in Table 1.8, can be obtained as follows:

Step 1: Using Step 2 and Step 3 of the existing method [132], discussed in Section 1.1.1.2, the

following values of dual variables and the values of d; =u; +v, —c; for all non-basic cells are

obtained,
u=5u,=0u=2u,=-2,v,=11v, =4,v, =7,v, =16,

d, =8,d,, =4,d,, =8,d,, =6,d,, =5,d,, =—9,d,, =16,d,, =3,d,, =—10.

Step 2: Using Step 4 and Step 5 of the existing method [132], discussed in Section 1.1.1.2,

among all the value of d, , obtained in Step 1, d,, has the largest value i.e., 16 therefore the cell

ij ?
(3, 4) will enter in the basic cell. The loop is shown in Table 1.23 and the quantity allocated to
the cell (3, 4) is & =min {R(2,3,51,3,6),R(3,7,12;2,7,13)} = (2,3,5;1,3,6) .

Table 1.23: First loop from (3, 4) cell [132]

Sources Destinations

D, D, D, D,

S, 16 1 8 13

(2,4,5;1,4,6)
S, 11 4 7 10
(-2,0,4; -5,0,7) (2,5,7:1,5,8) (-7,1,8; -12,1,13)

S, 8 15 9 2
(3,7,12;2,7,13) ()

S, 6 12 5 v, 14

(-10,7,24; -18,7,32) (2,3,5;1,3,6)

After adding and subtracting the value of @, next (second) intuitionistic fuzzy basic feasible

solution, shown in Table 1.24, is obtained and again using the Step 2 and Step 3 of existing

19



method [132], discussed in Section 1.1.1.2, the following values of dual variables and the values

of d; =u; +v, —c; for all non-basic cells are obtained,
u=5u,=0u,=2,u, =-2,v, =11v, =4,v, =7,v, =0,

d, =8,d, =4,d,, =-8,d,, =—10,d,, =5,d,, =-9,d,, =3,d,, =—10,d,, =—16.

Using Step 4 and Step 5 of existing method [132], discussed in Section 1.1.1.2, it can be

concluded that the non-basic cell (1, 2) will enter in the basic cell and make a loop from this cell

as given in Table 1.24 and the value of & is (2,4,5:1,4,6).

Table 1.24: Second intuitionistic fuzzy basic feasible solution [132]

Sources Destinations
D, D, D, D,
S, 16 1 8 13
(2,4,5;1,4,6) A (g)
S, 11 ., 4 7 10
(-2,0,4; -5,0,7) (2,5,7;1,5,8) (-7,1,8;-12,1,13)
S, 8 15 9 2
(-2,4,10; =3,4,11) (2,3,5;1,3,6)
S, 6 12 5 14

(-8,10,29; —17,10,38)

After adding and subtracting the value of &, next (third) intuitionistic fuzzy basic feasible
solution is obtained, given in Table 1.25, and again using the Step 2 and Step 3 of existing
method [132], discussed in Section 1.1.1.2, the following values of dual variables and the values

of d; =u, +Vv; —c; for all non-basic cells are obtained,

u=-3,u,=0u,=2,u, =-2,v, =11v, =4,v, =7,v, =0,

d,=-8d,=-4,d,=-16,d,, =-10,d,, =5,d,, =-9,d,, =3,d,, =-10,d,, =-16.
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By using Step 4 and Step 5 of existing method [132], discussed in Section 1.1.1.2, it can be

concluded that the non-basic cell (3, 1) will enter in the basic cell and make a loop from this cell

as given in Table 1.25 and the value of @ is (-2,4,10; -3,4,11).

After adding and subtracting the value of @, next (fourth) intuitionistic fuzzy basic feasible
solution is obtained, given in Table 1.26, and again using the Step 2 and Step 3 of existing
method [132], discussed in Section 1.1.1.2, the following values of dual variables and the values

of d; =u, +v, —c; for all non-basic cells are obtained,

Table 1.25: Third intuitionistic fuzzy basic feasible solution [132]

Sources Destinations
D, D, D, D,
S, 16 1 8 13
(2,4,5;1,4,6)
S, 11 4 n 7 10
(0,4,9; -4,4,13) (-3,1,5;-5,1,7) (-7,1,8;-12,1,13)
S, 8 J 15 9 2
() (-2/4,10;-3,4,11) (2,3,5;1,3,6)
S, 6 12 5 14
(-8,10,29; -17,10,38)

u=-3u,=0u,=-3,u,=-2,v,=11v, =4,v, =7,v, =5,

d, =-8,d, =-4,d, =-11,d,, =-5,d,, =-14,d,, =-5,d,, =3,d,, =—10,d,, =—11.

Using Step 4 and Step 5 of existing method [132], discussed in Section 1.1.1.2, it can be

concluded that the non-basic cell (3, 1) will enter in the basic cell and make a loop from this cell

as given in Table 1.26 and the value of @ is (-2,4,10; -3,4,11).

Table 1.26: Fourth intuitionistic fuzzy basic feasible solution [132]

Sources

Destinations

Dl

D2

D3
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S, 16 1 8 13
(2,4,5;1,4,6)
S, 11 4 N 7 10
(-10,0,11; -15,0,16) (-3,1,5; -5,1,7) (-9,5,18; -15,5,24)
S, 8 15 9 2
(-2,4,10; -3,4,11) (2,3,5;1,3,6)
S, 6 v 12 5 14
(é) (-8,10,29; -17,10,38)

After getting the fifth intuitionistic fuzzy basic feasible solution, given in Table 1.27, again

applying the Step 2 and Step 3 of existing method [132], discussed in Section 1.1.1.2, and the

following values of dual variables and the values of d; =u; +v, —c; for all non-basic cells are

obtained,

u, =—3,u, =0,u,

=0,u,=-2,v,=8,v,=4,v,=7,v, =2,

d, =-9,d, =—4,d, =-14,d,, =—3,d,, =-8,d,, =—11,d,, =—2,d,, =—10,d,, = —14.

Here, dij <0; for all non-basic cells. Therefore, the fifth intuitionistic fuzzy basic feasible

solution, shown in Table 1.27, is the intuitionistic fuzzy optimal solution.

Table 1.27: Fifth intuitionistic fuzzy basic feasible solution [132]

Sources Destinations
Dl D2 D3 D4
S, 16 1 8 13
(2,4,5;1,4,6)
S, 11 4 7 10
(-3,1,5; -5,1,7) (-19,5,29; -30,5,40)
S, 8 15 9 2
(-2,4,10; -3,4,11) (2,3,5;1,3,6)
S, 6 12 5 14
(-10,0,11; -15,0,16) (-19,10,39; -33,10,53)

Step 3: The intuitionistic fuzzy optimal solution of intuitionistic fuzzy transportation problem of

type — 1, shown in Table 1.1, is &}, =(2,4,514,6), X}, =(-3,1,5;,-5,1,7), X}, = (19,5, 29;
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_301 5! 40)! )z3ll = (_2$ 4$ 101 _31 4a11)a )’2;4 = (21 31 5’ 11 3; 6)1 )’Zélll = (_10’ 0!111 _151 0116)1 )’Zéll?, = (_19’

10,39;-33,10,53) and the optimal intuitionistic fuzzy transportation cost is
1x(2,4,5;1,4,6) + 4x(—3,1,5,-5,1,7) + 7 x(-19,5, 29; —30,5, 40) + 8x (-2, 4,10; -3, 4,11) + 2 x

(2,3,5;1,3,6) +6x(—10,0,11; ~15,0,16) + 5x (~19,10,39; -33,10,53)

= (~310,131,579; 506,131, 775).

1.1.3 Singh and Yadav method for solving intuitionistic fuzzy transportation problems of

type — 11

In this section, the intuitionistic fuzzy methods (Intuitionistic fuzzy North West Corner
method, Intuitionistic fuzzy Least Cost method, Intuitionistic fuzzy Vogel’s Approximation
method) to find initial basic feasible solutions as well as the intuitionistic fuzzy Modified
Distribution method to find optimal solution of intuitionistic fuzzy balanced transportation

problem of type — 11, proposed by Singh and Yadav [131], are presented in a brief manner.

1.1.3.1 Intuitionistic fuzzy methods to find initial basic feasible solutions

In this section, the intuitionistic fuzzy methods (Intuitionistic fuzzy North — West Corner
method, Intuitionistic fuzzy Least Cost method, Intuitionistic fuzzy Vogel’s Approximation
method) to find the initial basic feasible solutions of intuitionistic fuzzy balanced transportation

problems of type — Il, proposed by Singh and Yadav [131], is presented in a brief manner.

1.1.3.1.1 Intuitionistic fuzzy North - West Corner method for intuitionistic fuzzy balanced

transportation problem of type — I

Singh and Yadav [131] proposed an intuitionistic fuzzy North — West Corner method to find
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the initial basic feasible solution of intuitionistic fuzzy balanced transportation problems of type —

.
The steps of this method are as follows:

Step 1: Start from the North-West corner cell, say (i, j), of intuitionistic fuzzy balanced

transportation problems. To assign this (i, j) cell, there are three cases which may arise: either

min{a,b;} =a, or min{a,b;}=b; or a =b;.

Q) If min{ai,bj}:ai, then assign a, to (i, j) cell. Block the i row of given
intuitionistic fuzzy balanced transportation problems. Replace b; with b, —a; and
then go to Step 2.

(i) If min{a,b,}=b;, then assign b, to (i,j) cell. Block the j"" column of given
intuitionistic fuzzy balanced transportation problems of type — Il. Replace a, with
a —b; and then go to Step 2.

(i) If a =D, thisimplies that a <b; and & >b; . Therefore, follow any one of the cases

stated above, but not both together.

Step 2: Repeat Step 1, until all the availability and demands are satisfied.

Step 3: The initial basic feasible solution is {xij} and the initial intuitionistic fuzzy transportation

cost is izn:q} X X -

i1 j=1
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1.1.3.1.2 Intuitionistic fuzzy Least Cost method for intuitionistic fuzzy balanced

transportation problems of type — |1

Singh and Yadav [131] proposed an intuitionistic fuzzy Least Cost method to find the initial

basic feasible solution of intuitionistic fuzzy balanced transportation problems of type — II.

The steps of this method are as follows:

Step 1: Find min{R(C‘i});i =12,...m,j=1 2,...,n}. Let it be at (i, j) cell. To assign this (i, j)

cell, there are three cases which may arise: either min{a,,b; } =a, or min{a,b;}=b, or a =b;.

()  If min{a,b;}=a, then assign a to (i,j) cell. Block the i" row of given
intuitionistic fuzzy balanced transportation problems of type — II. Replace b; with

b, —a, and then go to Step 2.

(i) If min{ai,bj}:bj, then assign b, to (i, j) cell. Block the i™ column of given
intuitionistic fuzzy balanced transportation problems of type — Il. Replace a, with
a —b; and then go to Step 2.

(i) If a =D, thisimplies that a <b; and a >b, . Therefore, follow any one of the cases

stated above, but not both together.

Step 2: Repeat Step 1, until all the availability and demands are satisfied.

Step 3: The initial basic feasible solution is {xij} and the initial intuitionistic fuzzy transportation

cost is izn:q} X X -

i=1 j=1
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1.1.3.1.3 Intuitionistic fuzzy Vogel’s Approximation method for intuitionistic fuzzy

balanced transportation problems of type — 11

Singh and Yadav [131] proposed an intuitionistic fuzzy Vogel’s Approximation method to

find the initial basic feasible solution of intuitionistic fuzzy balanced transportation problems of

type — II.
The steps of this method are as follows:

Step 1: Find the penalty of each row by taking the difference of smallest entry and next smallest
entry of corresponding row and find the penalty of each column by taking the difference of

smallest entry and next smallest entry of corresponding column.

Step 2: Choose a row or column whose penalty is largest among all rows and columns. Let it be

p™ row. Select a cell which has min{R(C:)j); =1 2,...,n}. To assign this (p, j) cell, there are

three cases which may arise: either min{a,,b;} =a, or min{a,,b;}=b; or a, =b;.

()  If min{a ,b}=a,, then assign a to (i, j) cell. Block the p" row of given
intuitionistic fuzzy balanced transportation problems of type — II. Replace b; with
b, —a, and then go to Step 3.

(i) If min{ap,bj}zbj, then assign b, to (i, j) cell. Block the j™ column of given
intuitionistic fuzzy balanced transportation problems of type — II. Replace a, with
a, —b; and then go to Step 3.

(i) If a, =b;, this implies that a  <b, and a, >b;. Therefore, follow any one of the

cases stated above, but not both together.
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Step 3: Repeat Step 1 and Step 2, until all the availability and demands are satisfied.

Step 4: The initial basic feasible solution is {xij} and the initial intuitionistic fuzzy transportation

cost is iiq} X X -

i-1 j=1

1.1.3.2 Intuitionistic fuzzy Modified Distribution method to find optimal solution of

intuitionistic fuzzy balanced transportation problems of type — 11

Singh and Yadav [131] proposed an intuitionistic fuzzy Modified Distribution method to find

the optimal solution of intuitionistic fuzzy balanced transportation problems of type — I1.
The steps of this method are as follows:

Step 1: Find the initial basic feasible solution by using any of these three methods: intuitionistic
fuzzy North West Corner method, intuitionistic fuzzy Least Cost method, intuitionistic fuzzy

Vogel’s Approximation method.

Step 2: Take intuitionistic fuzzy dual variables 0 =(uj,u,,u,;u;,u,,u;) and \7} =(Vy,V,, Va5

V;,V,,V;) corresponding to i row and j" column respectively such that R(d} @ )=R(¢;) for

the basic cell (i, j) . Find the value of G; and V; by using the relations 0 ~&;©V; or V; ~¢; ©
~1
Step 3: Calculate d; ~V} @ ©¢; for all non-basic cells.

()  If R(dj)<0 for all non-basic cells, then the initial basic feasible solution is the

optimal solution.
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(i) Ifthereis at least one d; for which R(di} ) >0, then go to Step 4.

Step 4: Select a cell {(i, j);max{R(cTi}): R(&i} ) >0fora||non-basicce|ls}} and assign a quantity
6 to this cell.

Now making a loop, move horizontally and vertically from & - cell to the nearest basic cell
and turn to loop to another nearest basic cell. In this way, the loop will return to & - cell. The

value of @ is the minimum quantity of the corner basic cell from which & is subtracted.

Step 5: Add and subtract 6 successively to/from the assigned quantity in the basic cell from
where the loop takes turn. The value of 8 will be the minimum of those assigned quantity from

which @ is subtracted. While, inserting this value of @, a basic cell assume zero value and this

cell becomes non-basic cell. Resultant problem gives the improved basic feasible solution.

Step 6: Repeat Step 1 to Step 5 until R(di} ) <O;Vi, j.

Step 7: Using the optimal solution {xij}, obtained in Step 6, the optimal intuitionistic fuzzy

m n
transportation cost is ZZQ} XX -
i=1 j=1

1.1.4 Initial basic feasible solution of intuitionistic fuzzy balanced transportation problems

of type — 11 obtained by Singh and Yadav method

The aim of Chapter 3 is to propose an alternative method to find initial basic feasible solution
and optimal solution of intuitionistic fuzzy balanced transportation problem of type — Il which is

computationally simple as compared to the existing method [131]. To show that proposed
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alternative method is computationally simple as compared to the existing method [131], there is
need to solve the same problem by the existing method [131] as well as by the proposed method.
In this section, the existing intuitionistic fuzzy balanced transportation problem of type — II,
presented in Table 1.28, is solved by the existing method [131]. The same problem will be solved

by proposed method in Chapter 3.

Table 1.28: Intuitionistic fuzzy balanced transportation problem of type — 11

Sources Destinations Avail-
D, D, D, D, ability

(a)

S, (2,4,5;1,4,6) (2,5,7;1,5,8) (4,6,8;3,6,9) (4,7,8;3,7,9) 11

S, | (468369 | (37122713) | (10,1520;8,15,22) | (11,12,13;10,12,14) | 11

S, (3,4,6;1,4,8) | (8,10,13;5,10,16) (2,3,5;1,3,6) (6,10,14;5,10,15) 11
S, (2,4,6;1,4,7) | (3,9,10;2,9,12) (3,6,10;2,6,12) (3,4,5;2,4,8) 12

Demand 16 10 8 11 15
(b;)

1.1.4.1 Initial basic feasible solution

Using the existing method [131], the initial basic feasible solution of existing intuitionistic

fuzzy balanced transportation problem of type — Il can be obtained as follows:

1.1.4.1.1 Intuitionistic fuzzy North — West Corner method

Using the existing intuitionistic fuzzy north - west corner method [131], the initial basic
feasible solution of existing intuitionistic fuzzy balanced transportation problem of type — Il can

be obtained as follows:
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Step 1: The availability and demand, corresponding to North-West Corner cell i.e., (1, 1), is 11

and 16 respectively. Since, 11 < 16. So, using Step 1 of existing method, discussed in Section

1.1.3.1.1, a, =11 will be assigned in the North — West Corner cell of the Table 1.28, the first row

will be blocked and the remaining demand of destination D, will be 16 — 11 = 5, as shown in

Table 1.29.

Table 1.29: First allocation by Intuitionistic fuzzy North — West Corner method

Sources Destinations Avail-
D, D, D, D, ability
(&)
S, (2,4,5;1,4,6) (2,5,7;1,5,8) (4,6,8;3,6,9) (4,7,8;3,7,9) 11
(11)
S, (4,6,8;3,6,9) | (3,7,12;2,7,13) | (10,15,20;8,15,22) | (11,12,13;10,12,14) 11
S, (3,4,6;1,4,8) | (8,10,13;5,10,16) (2,3,5;1,3,6) (6,10,14;5,10,15) 11
S, (2,4,6;1,47) | (3,9,10;2,9,12) (3,6,10;2,6,12) (3,4,5;2,4,8) 12
Demand 16 10 8 11
(b;) 5

Step 2: By repeating the Step 1, the next allocations are shown from Table 1.30 to Table 1.34.

Table 1.30: Second allocation by Intuitionistic fuzzy North — West Corner method

Sources Destinations Avail-
D, D, D, D, ability
(&)
S, (4,6,8;3,6,9) | (3,7,12;2,7,13) | (10,15,20;8,15,22) | (11,12,13;10,12,14) 11
(5) 6
S, (3,4,6;1,4,8) | (8,10,13;5,10,16) (2,3,5;1,3,6) (6,10,14;5,10,15) 11
S, (2,4,6;1,4,7) | (3,9,10;2,9,12) (3,6,10;2,6,12) (3,4,5;2,4,8) 12
Demand 5 10 8 11
(b;)
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Table 1.31: Third allocation by Intuitionistic fuzzy North — West Corner method

Sources Destinations Availability (a,)
D, D, D,
S, (3,7,12;2,7,13) | (10,15,20;8,15,22) | (11,12,13;10,12,14) 6
(6)
S, (8,10,13;5,10,16) (2,3,5;1,3,6) (6,10,14;5,10,15) 11
S, (3,9,10;2,9,12) (3,6,10;2,6,12) (3,4,5;2,4,8) 12
Demand 10 8 11
(b;) 4

Table 1.32: Fourth allocation by Intuitionistic fuzzy North — West Corner method

Sources Destinations Availability (a,)
D, D, D,
S, (8,10,13;5,10,16) (2,3,5;1,3,6) (6,10,14;5,10,15) 11
(4) 7
S, (3,9,10;2,9,12) (3,6,10;2,6,12) (3,4,5;2,4,8) 12
Demand 4 8 11
(b;)

Table 1.33: Fifth allocation by Intuitionistic fuzzy North — West Corner method

Sources Destinations Auvailability (a,)
D, D,
S, (2,3,5:1,3,6) (6,10,14;5,10,15) 7
(7)
S, (3,6,10;2,6,12) (3,4,5:2,4,8) 12
Demand (b;) 8 11
1
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Table 1.34: Sixth and seventh allocation by Intuitionistic fuzzy North — West Corner

method
Sources Destinations Auvailability (a,)
D, D,
S, (3,6,10;2,6,12) (3,4,5;2,4,8) 12
1) (11)
Demand (b;) 1 11

Step 3: The initial basic feasible solution obtained by using Table 1.29 to Table 1.34, is shown in
Table 1.35. Using the initial basic feasible solution, shown in Table 1.35, the obtained initial
intuitionistic ~ fuzzy  transportation cost is  11x(2,4,5;1,4,6) ®5x(4,6,8;3,6,9) ®6x

(3,7,12;2,7,13) @4x(8,10,13;5,10,16) ® 7x (2,3,5:1,3,6) ®1x (3,6,10; 2, 6,12) ®11x (3, 4,5; 2, 4,8)

= (142,227,319;89,227,395) .

Table 1.35: Initial basic feasible solution by Intuitionistic fuzzy North — West Corner

method
Sources Destinations
D, D, D, D,
S, (2,4,5;1,4,6) (2,5,7;1,5,8) (4,6,8;3,6,9) (4,7,8;3,7,9)
(11)
S, (4,6,8;3,6,9) (3,7,12;2,7,13) (10,15,20;8,15,22) | (11,12,13;10,12,14)
(5) (6)
S, (3,4,6;1,4,8) (8,10,13;5,10,16) (2,3,5;1,3,6) (6,10,14;5,10,15)
(4) (7)
S, (2,4,6;1,4,7) (3,9,10;2,9,12) (3,6,10;2,6,12) (3,4,5;2,4,8)
(1) (11)

1.1.4.1.2 Intuitionistic fuzzy Least Cost method

Using the existing intuitionistic fuzzy Least Cost method [131], the initial basic feasible solu-
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tion of existing intuitionistic fuzzy balanced transportation problem of type — Il can be obtained as

follows:

Step 1: The rank of cost in each cell is R(¢))=3.75,R(G),)=4.75,R(c})=6,R(¢),) =65,
R(¢y,)=6, R(C;,)=7.25, R(C}) =15,R (&5 ) =12, R(€y, ) =4.25, R(Cy,) =10.25,R (&35 ) =3.25,

R(¢y,)=10,R(C,,)=4,R(E;,)=7.875,R(C};) =6.375,R (¢}, )=4.25. The availability ~and

demand, corresponding to cell having least rank of the cost i.e., (3, 3), is 11 and 8 respectively.

Since, 8 < 11. So, using Step 1 of existing method, discussed in Section 1.1.3.1.2, a, =3 will be

assigned in that cell of the Table 1.28, the third column will be blocked and the remaining

availability of source S, will be 11 —8 = 3, as shown in Table 1.36.

Table 1.36: First allocation by Intuitionistic fuzzy Least Cost method

Sources Destinations Avail-
D, D, D, D, ability

(&)

S, (2,4,5;1,4,6) (2,5,7;1,5,8) (4,6,8;3,6,9) (4,7,8;3,7,9) 11

S, | (468369 | (37122713) | (10,1520;8,15,22) | (11,12,13;10,12,14) | 11

S, (3,4,6;1,4,8) | (8,10,13;5,10,16) (2,3,5;1,3,6) (6,10,14;5,10,15) 11
(8) 3
S, (2,4,6;1,47) | (3,9,10;2,9,12) (3,6,10;2,6,12) (3,4,5;2,4,8) 12
Demand 16 10 8 11
(b))

Step 2: By repeating the Step 1, the next allocations are shown from Table 1.37 to Table 1.41.
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Table 1.37: Second allocation by Intuitionistic fuzzy Least Cost method

Sources Destinations Availability
D, D, D, (&)
S, (2,4,5;1,4,6) (2,5,7;1,5,8) (4,7,8;3,7,9) 11
S, (4,6,8;3,6,9) (3,7,12;2,7,13) (11,12,13;10,12,14) 11
S, (3,4,6;1,4,8) (8,10,13;5,10,16) (6,10,14;5,10,15) 3
S, (2,4,6;1,4,7) (3,9,10;2,9,12) (3,4,5;2,4,8) 12
(12)
Demand 16 10 11
(b)) 4
Table 1.38: Third allocation by Intuitionistic fuzzy Least Cost method
Sources Destinations Availability
Dl D2 D4 (al)
S, (2,4,5;1,4,6) (2,5,7;1,5,8) (4,7,8;3,7,9) 11
S, (4,6,8;3,6,9) (3,7,12;2,7,13) (11,12,13;10,12,14) 11
S, (3,4,6;1,4,8) (8,10,13;5,10,16) (6,10,14;5,10,15) 3
©)
Demand 4 10 11
(b,) 1
Table 1.39: Fourth allocation by Intuitionistic fuzzy Least Cost method
Sources Destinations Availability
Dl D2 D4 (al)
S, (2,4,5;1,4,6) (2,5,7;1,5,8) (4,7,8;3,7,9) 11
(10) 1
S, (4,6,8;3,6,9) (3,7,12;2,7,13) (11,12,13;10,12,14) 11
Demand 1 10 11
(b;)
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Table 1.40:

Fifth allocation by Intuitionistic fuzzy Least Cost method

Sources Destinations Availability (a;)
D, D,
S, (2,4,5;1,4,6) (4,7,8;3,7,9) 1
S, (4,6,8;3,6,9) (11,12,13;10,12,14) 11
(1) 10
Demand (b;) 1 11

Table 1.41: Sixth and seventh allocation by Intuitionistic fuzzy Least Cost method

Sources Destinations Availability (a,)
D4
S, (4,7,8;3,7,9) .
(1)
S, (11,12,13:10,12,14) 10
(10)
Demand (b;) 11

Step 3: The initial basic feasible solution obtained, by using Table 1.36 to Table 1.41, is shown in

Table 1.42. Using the initial basic feasible solution, shown in Table 1.42, the obtained initial

intuitionistic  fuzzy

transportation

cost is

10%(2,5,7:1,5,8) ®1x(4,7,8;3,7,9) ®1x

(4,6,8;3,6,9)®10x(11,12,13;10,12,14) ®3x(3,4,6;1,4,8) ©8x(2,3,5;1,3,6) ©12x(2,4,6;1,4,7)

= (187, 267,346,139, 267,394)

Table 1.42: Initial basic feasible solution by Intuitionistic fuzzy Least Cost method

Sources Destinations
Dl D2 D3 D4
S, (2,4,5;1,4,6) (2,5,7;1,5,8) (4,6,8;3,6,9) (4,7,8;3,7,9)
(10) (1)
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S, (4,6,8;3,6,9) (3,7,12;2,7,13) | (10,15,20;8,15,22) | (11,12,13;10,12,14)
1) (10)

S, (3,4,6;1,4,8) (8,10,13;5,10,16) (2,3,5;1,3,6) (6,10,14;5,10,15)
3) (8

S, (2,4.6;1,4,7) (3,9,10;2,9,12) (3,6,10;2,6,12) (3,4,5;2,4,8)
(12)

1.1.4.1.3 Intuitionistic Vogel’s Approximation method

Using the existing intuitionistic fuzzy Vogel’s Approximation method [131], the initial basic

feasible solution of existing intuitionistic fuzzy balanced transportation problem of type — Il can

be obtained as follows:

Step 1: With the help of ranking function, it can be easily seen that destination D, has the largest

penalty and the cell (3, 3) has the smallest cost in third column, as shown in Table 1.43. The

availability and demand, corresponding to a cell (3, 3), is 11 and 8 respectively. Since, 8 < 11. So,

using Step 2 of existing method, discussed in Section 1.1.3.1.3, b, =3 will be assigned in (3, 3)

cell of the Table 1.28, third destination will be blocked and the remaining availability of source

S, will be 11 -8 = 3, as shown in Table 1.43.

Table 1.43: First allocation by Intuitionistic Vogel’s Approximation method

Sources Destinations Availability | Inst. Fuzzy
D, D, D, D, _ ) Penalty
S (2,4,5; (2,5,7; (4,6,8; (4,7,8; 11 (-3,1,5;
1,4,6) 1,5,8) 3,6,9) 3,7,9) -5,1,7)
S, (4,6,8; (3,7,12; | (10,15,20; | (11,12,13; 11 (-5,1,8;
3,6,9) 2,7,13) 8,15,22) | 10,12,14) ~7,1,10)
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S, (3,4,6; (8,10,13; (2,3,5; (6,10,14; 11 (-2,1,4,
1,4,8) 5,10,16) 1,3,6) 5,10,15) 3 -5,1,7)
(8)
S, (2,4,6; (3,9,10; (3,6,10; (3,4,5; 12 (-3,0,3;
1,4,7) 2,9,12) 2,6,12) 2,4,8) -5,0,7)
Demand 16 10 8 11
5)
Penalty (-9,0,4; (-4,2,10; (-1,3,6; (-1,3,5;
-5,0,6) —6,5,12) -3,3,8) -5,3,7)

Step 2: Repeating the Step 1, the next allocations are shown from Table 1.44 to Table 1.48.

Table 1.44: Second allocation by Intuitionistic Vogel’s Approximation method

Sources Destinations Availability Inst.
D, D, D, (gi' ) Fuzzy
Penalty
S, (2,4,5; 1,4,6) (2,5,7; 1,5,8) (4,7,8; 3,7,9) 11 (-3,1,5;
-5,1,7)
S, (4,6,8:369) | (37,12;2,713) | (11,12,13;10,12,14) 11 (-5,1,8;
-7,1,10)
S, (3,4,6;1,4,8) |(8,10,13;5,10,16) | (6,10,14;5,10,15) 3 (0,6,11;
3 -3,6,14)
S, (2,4,6; 1,4,7) (3,9,10; 2,9,12) (3,4,5; 2,4,8) 12 (-3,0,3;
-5,0,7)
Demand 16 10 11
(bjl ) 13
Penalty | (-9,0,4,-5,0,6) | (-4,2,10,-6,5,12) (-1,3,5;-5,3,7)
Table 1.45: Third allocation by Intuitionistic Vogel’s Approximation method
Sources Destinations Availability Inst.
D, D, D, ( al ) Fuzzy
Penalty
S, (2,4,5; 1,4,6) (2,5,7;1,5,8) (4,7,8; 3,7,9) 11 (-3,1,5;
(10) 1 -5,1,7)
S, (4,6,8; 3,6,9) (3,7,12; 2,7,13) | (11,12,13;10,12,14) 11 (-5,1,8;
~7,1,10)
S, (2,4,6;1,4,7) (3,9,10; 2,9,12) (3,4,5; 2,4,8) 12 (-3,0,3;
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| -5,0.7) |

Demand 13 10 11

(5)

Penalty | (-9,0,4,5,0,6) | (-4,2,10;-6,5,12) | (-1,3,5;5,3,7)

Table 1.46: Fourth allocation by Intuitionistic Vogel’s Approximation method

Sources Destinations Availability Inst. Fuzzy Penalty
> > («)
S, (2,4,5; 1,4,6) (4,7,8; 3,7,9) 1 (-3,1,5;-5,1,7)
S, (4,6,8;3,6,9) | (11,12,13;10,12,14) 11 (-5,1,8;-7,1,10)
(11)
S, (2,4,6; 1,4,7) (3,4,5; 2,4,8) 12 (-3,0,3;-5,0,7)
Demand (61') 3 11
2
Penalty (-9,0,4;-5,0,6) (-1,3,5;-5,3,7)

Table 1.47: Fifth allocation by Intuitionistic Vogel’s Approximation method

Sources Destinations Availability (ai') Inst. Fuzzy Penalty
D, D,
S, (2,4,5;1,4,6) (4,7,8; 3,7,9) 1 (-3,1,5;-5,1,7)
1)
S, (2,4,6; 1,4,7) (3,4,5; 2,4,8) 12 (-3,0,3;-5,0,7)
Demand (61') 2 11
1
Penalty (-9,0,4,-5,0,6) | (-1,3,5;-5,3,7)

Table 1.48: Sixth and seventh allocation by Intuitionistic Vogel’s Approximation method

Sources Destinations Availability (gi')
D, D,
S, (2,4,6; 1,4,7) (3.4,5; 2,4,8) 12
1) (11)
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Demand (Bj' ) 1 H

Step 3: The initial basic feasible solution obtained, by using Table 1.43 to Table 1.48, is shown in
Table 1.49. Using the initial basic feasible solution, shown in Table 1.49, the obtained initial

intuitionistic fuzzy transportation cost is1x(2,4,5;1,4,6) ®10x(2,5,7;1,5,8) ®11x(4,6,8;3,6,9)

®3x(3,4,6;1,4,8) ®8x(2,3,5,1,3,6) ®1x(2,4,6:1,4,7) ®11x (3, 4,5; 2, 4,8)

= (126,204, 282; 78,204, 352) .

Table 1.49: Initial basic feasible solution by Intuitionistic Vogel’s Approximation method

Sources Destinations

D, D, D, D,

S, (2,4,5:1,4,6) (2,5,7:1,5,8) (4,6,8;3,6,9) (4,7,8:3,7,9)
(1) (10)

S, (4,6,8:3,6,9) (3,7,12;2,7,13) (10,15,20;8,15,22) | (11,12,13;10,12,14)
(11)

S, (3,4,6:1,4,8) (8,10,13;5,10,16) (2,3,5:1,3,6) (6,10,14:5,10,15)
3) (8)

S, (2,4,6:1,4,7) (3,9,10;2,9,12) (3,6,10;2,6,12) (3,4,5:2,4,8)
1) (11)

1.1.4.2 Optimal solution

Using the existing intuitionistic fuzzy Modified Distribution method [131] discussed in Section
1.1.3.2, the optimal solution of existing intuitionistic fuzzy balanced transportation problem of
type — Il by considering the initial basic feasible solution, obtained in Table 1.35, can be obtained

as follows:

39



Step 1: The intuitionistic fuzzy dual variables corresponding to i"" row and " column are
0 =(uy, Uy, Ugu,uy,uz) and Vi =(V,,V,, V55V, Y,,V, )50 =1,2,3,4; j =1,2,3,4 respectively such
that for the basic cells i.e., (1, 1), (2, 1), (2, 2), (3, 2), (3, 3), (4, 3) and (4, 4),
0 =(2,4,514,6)0v', 0,=(4,6,836,96V,6 0, =(37122713)07,, 0 =(810,13;5,10,
16) OV, , U} =(2,3,5,1,3,6) OV, , 0, =(3,6,10;2,6,12) OV, U, =(3,4,5,2,4,8) OV, .

By putting the value of any one dual variable as zero intuitionistic fuzzy number, i.e.,
a, = (0,0,0;0,0,0), the value of remaining dual variables are under as,
0, =(-24,-8,7,-33,-8,15),0, = (-18,-6,6;—25,-6,12),0. = (-8,-3,2;-11,-3,4),0, = (0,0,0;

0,0,0),V! =(~2,12,26;-9,12,34),v} = (6,13,21;1,13,27),V! = (3,6,10;2,6,12),7. = (3,4,5;2,4,8).

Step 2: Using Step 3 of the existing method [131], discussed in Section 1.1.3.2, the rank of oTi}

for all non basic cells are

Step 3: Using Step 4 and Step 5 of existing method [131], discussed in Section 1.1.3.2, the non —

basic cell (4, 1) will enter in the basic cell. The loop is given in Table 1.50.

Table 1.50: First loop from cell (4, 1)

Sources Destinations Avail-
D, D, D, D, ability
(a)
S, (2,4,5;1,4,6) | (2,5,7;1,5,8) (4,6,8;3,6,9) (4,7,8;3,7,9) 11
11 (2/8) (-8) (-85/8)

40



S, (4,6,8;3,6,9) | (3,7,12;2,7,13) (10,15,20;8,15,22) | (11,12,13;10,12,14) 11
5 6 4 (-118/8) (-111/8)
S, (3,4,6;1,4,8) | (8,10,13;5,10,19) | (2,3,5;1,3,6) (6,10,14;5,10,15) 11
(38/8)| | 4 <« 7/ (=71/8)
S, (2,4,6;1,4,7¢ | (3,9,10;2,9,12) 3,6,10;2,6,12) (3,4,5;2,4,8) 12
0 (65/8) (44/8) | 1 11
Demand 16 10 8 11 15
(b;)

After adding and subtracting the value of @, next (second) basic feasible solution, shown in

Table 1.51, is obtained and using the Step 1 and Step 2, discussed above, the following values of

intuitionistic fuzzy dual variables and the ranking values of (:Ti} ~V, @0 eq} for all non-basic

cells are obtained,

4 =(-6,-2,1,-8,-2,3),0; =(0,0,0;0,0,0),0; = (—4,3,10;,-8,3,14),0, = (-6,-2,2;-8,-2,4)

V' =(4,6,8,3,6,9),7. =(3,7,12;2,7,13),7, =(-8,0,9;-13,0,14),7. = (16,11, —2,6,16)

R(a;2)=§,R(a;3)=_8,R(d;):_%,R(a;3)=_%,R(a;4)=_47f,R(a;1)=§,R(a;4)

By using Step 4 and Step 5 of existing method [131], discussed in Section 1.1.3.2, the non-

basic cell (3, 1) will enter in the basic cell and make a loop from this cell as given in Table 1.51.

Table 1.51: Second basic feasible solution

Sources Destinations Avail-
D, D, D, D, ability
(a)
S, (2,4,5;1,4,6) | (2,5,7;1,5,8) (4,6,8;3,6,9) (4,7,8;3,7,9) 11
11 (2/8) (-8) (—=20/8)
S, (4,6,8;3,6,9) | (3,7,12;2,7,13) (10,15,20;8,15,22) | (11,12,13;10,12,14) 11
4 47 (-118/8) (—46/8)
S, (3,4,6:1,4,8Y-$/(8,10,13;5,10,16) | (2,3,5:1,3,6) (6,10,14;5,10,15) 11
0  (38/8) | 3 8 (-6/8)
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s, |(246147) [(39,10,2912) |(3,610,26,12) (3,4,5:2,4,8) 12
1 (-15/8) (-65/8) | 11

Demand 16 10 8 11 15
(b))

After adding and subtracting the value of @ i.e., 8 =min{3,4}=3, third basic feasible solution,
shown in Table 1.52, is obtained and again using the Step 1 and Step 2, discussed above, the
following values of intuitionistic fuzzy dual variables and the ranking values of di} ~ \7]! a0 eci}
for all non-basic cells are obtained,

0 =(2,4,51,4,6),0. =(4,6,8;3,6,9), 0. =(3,4,6,1,4,8),0} =(2,4,6;1,4,7)

¥, =(0,0,0;0,0,0),V; =(-5,1,8;,~7,1,10),V) = (-4,-1,2;-7,-1,5),V, = (-3,0,3;-5,0,7)

Using Step 4 and Step 5 of existing method [131], discussed in Section 1.1.3.2, the non-basic

cell (1, 2) will enter in the basic cell and make a loop from this cell as shown in Table 1.52.

Table 1.52: Third basic feasible solution

Sources Destinations Avail-
D, D, D, D, ability
(&)
s, |(45146)[(257:158) (4,6,8:3,6,9) (4,7,8:3,7,9) 11
11 N (2/8) (-26/8) (-20/8)
S, |(468:36,9¥$(3,7,12;2,7,13) |[(10,1520;8,15,22) |(11,12,13;10,12,14) | 11
1 10 (-80/8) (—46/8)
s, |(346;148) |(810,13,510,16) | (2,3,5,1,3,6) (6,10,14;5,10,15) 11
3 (-38/8) | 8 (—44/8)
s, |(46147) (39102912 |(36,10;2,6,12) (3,4,5:2,4,8) 12
1 (-21/8) (-27/8) | 11
Demand 16 10 8 11 15
(b;)
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After getting the fourth basic feasible solution, shown in Table 1.52, again using the Step 1 and

Step 2, discussed above, the following values of intuitionistic fuzzy dual variables and the

ranking values of dj ~ ¥} @0 ©¢, for all non-basic cells are obtained,

4, =(2,4,5;1,4,6),0, = (4,6,8;3,6,9),0, =(3,4,6;1,4,8),0, = (2,4,6;1,4,7)

¥, =(0,0,0;0,0,0),V; =(-3,1,5;,-5,1,7),V) =(-4,-1,2;-7,-15),V, =(-3,0,3,-5,0,7)

Here, R(&i})ﬁo for all non-basic cells. Therefore, the fourth basic feasible solution, shown in

Table 1.53, is the optimal solution.

Table 1.53: Optimal solution

Sources Destinations Avail-
D, D, D, D, ability
(a)
S, (2,4,5;1,4,6) | (2,5,7;1,5,8) (4,6,8;3,6,9) (4,7,8;3,7,9) 11
1 10 (—26/8) (=20/8)
S, |(4683609) |(37,1227,13) |(10,1520;8,15,22) | (11,12,13;10,12,14) | 11
11 (=1/4) (-80/8) (—46/8)
S, (3,4,6;1,4,8) | (8,10,13;5,10,16) | (2,3,5;1,3,6) (6,10,14;5,10,15) 11
3 (-15/4) | 8 (—44/8)
S, (2,4,6;1,4,7) | (3,9,10;2,9,12) (3,6,10;2,6,12) (3,4,5;2,4,8) 12
1 (-15/8) (-=27/8) | 11
Demand 16 10 8 11 15
(b;)

Step 4: The optimal solution of intuitionistic fuzzy balanced transportation problem, presented
by Table 1.28, is x,=1x,=10,X%,, =11 X, =3,X,, =8,X,, =1,%X,,=11 and the optimal

intuitionistic fuzzy transportation cost is 1x(2,4,5;1,4,6) +10x(2,5,7;1,5,8) +11x(4,6,8;3,6,9)
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+3%(3,4,6;1,4,8) +8x%(2,3,5;1,3,6) +1x(2,4,6;1,4,7) +11x(3,4,5; 2,4,8)

= (126,204,282, 78,204,352) .

1.2 Brief review about the work

After a deep study of all the existing methods [1,3,9,18,29,45,46,48,49,64-66,84-
86,112,118,119,123,131-134,138], it is noticed that there are flaws in the existing methods
[18,29,45,49,84-86,112,123,133,134,138] for solving intuitionistic fully fuzzy transportation
problems and alternative simple methods can be proposed for solving intuitionistic fuzzy
transportation problems of type — | and intuitionistic fuzzy transportation problems of type — I1.

Keeping the same in mind, in this thesis, alternative simple methods are proposed for solving
intuitionistic fuzzy transportation problems of type — I and intuitionistic fuzzy transportation
problems of type — Il [1,3,9,46,48,64-66,118,119,131,132] and new methods are proposed for
solving intuitionistic fully fuzzy transportation problems [18,29,45,49,84-86,112,123,133,134,
138].

The chapter wise summary of thesis is as follows,

Chapter 2 A simplified method for solving intuitionistic fuzzy transportation

problems of type — |

In this chapter, an alternative method for solving intuitionistic fuzzy transportation problems
of type — | is proposed. Also, the advantages of proposed method over the existing methods
[9,46,48,64-66,118,132] are discussed. Furthermore, to illustrate the proposed method, the

numerical examples, considered by Singh and Yadav [132], are solved by the proposed method.
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Chapter 3 A simplified method for solving intuitionistic fuzzy transportation

problems of type — 11

In this chapter, an alternative method for solving intuitionistic fuzzy transportation problems
of type — Il is proposed. Also, the advantages of proposed method over the existing methods
[1,3,119,131], are discussed. Furthermore, to illustrate the proposed method, the numerical

examples, considered by Singh and Yadav [131], are solved by the proposed method.

Chapter 4 Modified approach for solving intuitionistic fully fuzzy

transportation problems

Kumar and Hussain [84-86] proposed methods for solving intuitionistic fully fuzzy
transportation problems. In this chapter, it is pointed out that for the ranking function, used by
Kumar and Hussain [84-86], the linearity property is not satisfying. However, in the existing
method [84-86], this property is used. Therefore, the existing methods [84-86] are not valid.
Hence, the result of numerical problems, obtained by Kumar and Hussain [84-86] by their
proposed method, is also not correct. Furthermore, it is shown that for the ranking function, used
by Singh and Yadav [132], linearity property is satisfying. Hence, the existing methods [84-86],
will be valid if the ranking function, used by Kumar and Hussain [84-86], is replaced with the
ranking function, used by Singh and Yadav [132]. Also, the exact results of numerical problems,

considered by Kumar and Hussain [86], are obtained.

Chapter 5 A new method for solving intuitionistic fully fuzzy transportation

problems

In this chapter, flaws of the existing methods [18,29,45,49,112,118,123,133,134,138] for

solving intuitionistic fully fuzzy transportation problems are pointed out. Also, a new method is
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proposed for solving intuitionistic fully fuzzy transportation problems. To illustrate the proposed
method, the intuitionistic fully fuzzy transportation problem, considered by Roseline and

Amirtharaj [123], is solved by proposed method.

Chapter 6 A new method for solving generalized intuitionistic fully fuzzy
transportation problems

Chakraborty et al. [18] proposed the arithmetic operations on generalized trapezoidal
intuitionistic fuzzy numbers and used these arithmetic operations to find the solution of such
intuitionistic fully fuzzy transportation problems in which cost, availability and demand all are

represented by generalized trapezoidal intuitionistic fuzzy numbers. In this chapter, it is shown
that Chakraborty et al. [18] have used the property R(A' ®§'):R(A')x R(B') in their

proposed method. While, for the ranking function R, considered by Chakraborty et al. [18], this
property is not satisfying. Hence, it is not genuine to used the method, proposed by Chakraborty
et al. [18], to find the solution of generalized intuitionistic fully fuzzy transportation problem.
Furthermore, a new method is proposed to resolve the flaws of the existing method [18]. To
illustrate the proposed method, the generalized intuitionistic fully fuzzy transportation problem,

considered by Chakraborty et al. [18], is solved by proposed method.
Chapter 7 Future scope

It is noticed that ranking of generalized exponential trapezoidal fuzzy numbers, obtained by
using the existing method [121], is independent from height of generalized exponential
trapezoidal fuzzy numbers. While, the ranking of generalized exponential trapezoidal fuzzy
numbers should be dependent on its height. Hence, it is not genuine to use the existing method
[121] for comparing the generalized exponential trapezoidal fuzzy numbers. In this chapter, the
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flaws of the existing method [121] are pointed out and a modified method for ranking of
generalized exponential trapezoidal fuzzy numbers is proposed. In future, the proposed ranking
method may be extended for generalized exponential trapezoidal intuitionistic fuzzy numbers
and a new method may be proposed to find the solution of generalized exponential trapezoidal
intuitionistic fully fuzzy transportation problems (transportation problems in which cost,
availability and demand are represented by generalized exponential trapezoidal intuitionistic

fuzzy numbers).
1.3 Intuitionistic fuzzy sets

In this section, some basic definitions (intuitionistic fuzzy set, intuitionistic fuzzy number,
triangular intuitionistic fuzzy number etc.), arithmetic operations of triangular / trapezoidal
intuitionistic fuzzy numbers and existing method for ordering of triangular / trapezoidal

intuitionistic fuzzy numbers are presented.
1.3.1 Some basic definitions

In this section, some basic definitions are presented [132].

Definition 1.1: Let X be a universal set. Then, a fuzzy set A in X is defined by A= {(x,yA(x)):

Xe X}, where g; 1 X —[0,1] is called membership function.

Definition 1.2: Let X be a universe of discourse. Then, an intuitionistic fuzzy set A' in X is

defined by a set of ordered triples A':{<x,yA,(x),vA,(x)>:XEX} where

5 (X),v; (X): X —[0,1] are functions such that 0< ., (X),v; (X)<1, ¥xe X . u;(x) and

v (x) represent the degree of membership and degree of non-membership of the element x € X
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being in A', respectively. The degree of hesitation for the element x € X beingin A' is given by

h(X) =1— g, (X) —v5 (X) <L vxe X.

Definition 1.3: An intuitionistic fuzzy subset, Al :{<x,,uA, (x),vA, (X)>ZX€ X}, of the real line

[0 is called an intuitionistic fuzzy number if the following holds:

(i) There exist mell, x;, (m)=1and v, (m) =0, (mis called the mean value of A).

(i) w5 (x) and v, (x) are piecewise continuous mapping from [J to the closed interval [0, 1]

and the relation 0< z;, (x),v; (X) <1, Vx el holds.

The membership and non-membership function of A' is of the following form:

0 ; —o<X<M-—«

f,(x) ; xe(mM-a,m]
M (X) =41 ;X=m

h(x) ; xe[mm+p)

0 ;y M+ <X<o

where f,(x) and h/(x)are strictly increasing and decreasing function in (m—-«,m] and

[m,m+ f) respectively.

1 T —o<X<m-a'

f,(x) ; xe(m-a',ml;0< f,(x)+ f,(x)<1
vi(X)=10 ;X=m

h,(x) ; xe[m,m+£);0<h(x)+h,(x)<1

0 ;M+ B '<x<o0

where f,(x) and h,(x)are strictly increasing and decreasing function in (m—«',m] and
[m,m+ ") respectively. Here « and g are called left and right spreads of membership function

#; (X) respectively. o and B' are called left and right spreads of non-membership function
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v (x) respectively. The intuitionistic fuzzy number A" is represented by A' =(m;a, B, BY).

Definition 1.4: An intuitionistic fuzzy number A' =(a,,a,,a,;a],a,,8;) is said to be triangular
intuitionistic fuzzy number if its membership function ., (x) and non-membership function

v, (X) is given by

X— "X
o ;8 <Xx<a, % ;8 <X<a,
a‘2_a1 az_a1
a’l_X . X_aZ . ’
L (X)= pa, <X< and v, (X)= pa, <X<
/JA() a,-a, 2 CH A() a-a, 2 CH
0 : otherwise 1 : otherwise

Definition 1.5: An intuitionistic fuzzy number A'=(a,a,,a;,a,;a,3,a,a;) is said to be
trapezoidal intuitionistic fuzzy number if its membership function s, (x) and non-membership

function v, (x) is given by

X—a ) a, — X o,
, & <X<a, ;a <X<a,
a, —q a-a
1 ra, <x< 0 pa, <x<
1, (%) = S ad v (0= 2 S X%
a4_X . a3_X . '
;a, <Xx<a, ;a, <x<a;
8, -8, 83— 8,
0 : otherwise 1 : otherwise

1.3.2 Arithmetic operations on intuitionistic fuzzy numbers

In this section, arithmetic operations on triangular and trapezoidal intuitionistic fuzzy numbers

are presented [132].
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1.3.2.1 Arithmetic operations on triangular intuitionistic fuzzy numbers

In this section, arithmetic operations on triangular intuitionistic fuzzy numbers are presented
[132].

Let A' =(a,,a,,a,a,8,,a,) and B' =(b,b,,b;;b},b,,b}) be two triangular intuitionistic fuzzy

numbers. Then,

() A'®B'=(a+b,a,+b,a +b;a +b,a,+hb,a;+h})

(i)  A'OB'=(a-b,a,-b,a,-b;a-bja,-b,a;-b)

iy A ®B'=(m,m,,m;m,m,,m;),

where, m =min{ab;,ab, a0, ab,}, m,=ab,, m,=max{ab,ab; ap,ab;}, m=min{ab,
albs, ab), abi}, m; = max {ajby, ajb;, apy, as ).

(Aay, Aa,, Aa;; 28], Aa,, Aa;); A =0,

(iv) 1A'=
(Aay, Aa,, Aa;; Aa), Aa,, Aa;); A <0.

1.3.2.2 Arithmetic operations on trapezoidal intuitionistic fuzzy numbers

In this section, arithmetic operations on trapezoidal intuitionistic fuzzy numbers are presented
[133].

Let A'=(a,a,,a,8,8,a,8,a,) and B'=(b,b,,b,b,;b/,b, b,b;) be two trapezoidal
intuitionistic fuzzy numbers. Then,
(i) A ®B'=(a+hb,a,+b,a +b,a,+b,;a+h,a,+b,a,+b,a,+b;)

(i) A'©B'=(a-b,a,-b,a-b,a,-b;a-bja -b,a-b,a-b)
(i) A ®B'=(m,m,,m;,m,;m,m,m,m,),
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where, m =min{ab,ab, ab,ab,}, m,=min{ab, a,b,ah, ab}, m =max{ab, ab,
ab,ab,}, m,=max{ah,ab,ab.ab,}, m=min{ab,ab;ak.ab}, m,=maxfabap;,

ally,alpy}.

(Aa, Aa,, Aa,, Aa,; Aa;, Aa,, Aa,, Aa; ); A>0,

(iv) AA'=
(Za,, Aa,, Aa,, Aa;; Aa,, Aay, Aa,, Aa)); A <0.

1.3.3 Ordering of intuitionistic fuzzy numbers

In this section, ordering of triangular / trapezoidal intuitionistic fuzzy numbers are presented

[132].
1.3.3.1 Ordering of triangular intuitionistic fuzzy numbers

Singh and Yadav [132] pointed out the shortcomings of existing methods [46,64] for ordering
of triangular intuitionistic fuzzy numbers and proposed the following method for ordering of

triangular intuitionistic fuzzy numbers.

Let A' =(a,a,,a,a,8,,a,) and B' =(b,b,,b;;b},b,,b}) be two triangular intuitionistic fuzzy

numbers. Then,
(i) A'=B'if R(A)=R(B")
(i) A'=B'if R(A")=R(B')

where,

R(A,):(aiJrZa2 Jrasgal’+2a2 +a§] and R(LS,'):(bl+2b2+b3;bf+2b2+b§j_
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1.3.3.2 Ordering of trapezoidal intuitionistic fuzzy numbers
In this section, ordering of trapezoidal intuitionistic fuzzy numbers are presented [133].

Let A'=(a,a,,8,a,8,a,a,a,) and B'=(b,b, b, b,;b/,b, b,b;) be two trapezoidal
intuitionistic fuzzy numbers. Then,
(i) A'»=B'if R(A'")>R(B'")

(i) A ~B'if R(A')=R(B')

where. R(A.):(ai+az+a3+a4;al+az+a3+a4j

and R(é,)z(bﬁbz+b3+b4+b1'+b2+b3+bj1j.

8
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Chapter 2

A simplified method for solving intuitionistic

fuzzy transportation problems of type — I’

In this chapter, an alternative method for solving intuitionistic fuzzy transportation problems
of type — | is proposed. Also, the advantages of proposed method over the existing methods
[9,46,48,64-66,118,132] are discussed. Furthermore, to illustrate the proposed method, the

numerical examples, considered by Singh and Yadav [132], are solved by the proposed method.

2.1 Intuitionistic fuzzy linear programming problem of intuitionistic fuzzy transportation

problems of type — |

It is well known that problem (P2.1) represents the linear programming problem of such
balanced transportation problems (total availability = total demand) having m sources and n

destinations for which the precise information about the unit transportation cost (c; ) for i" source

to j" destination, availability (a,) at i" source and demand (b, ) at j"" destination is available.

Minimize iicijxij

i=1 j=1
Subject to
Zl:xij =a;i=12,.,m, (P2.1)
J=

X:. :b, J =1,2,...,n,

1 J

M

N

v

0;i=12,..m; j=12,..,n.

ij

" The contents of this chapter are to be communicated in International Journal of System Assurance Engineering
and Management, Springer.
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where, x; is the quantity of the product need to be supplied from i" source to j" destination.

In the literature [9,46,48,64-66,118,132], the intuitionistic fuzzy transportation problem of type

— 1 (P2.2) is obtained by replacing the availability (a;) and demand (b;) and the quantity (x;)

with triangular intuitionistic fuzzy numbers (a,,a,,,8;;a/,a;,,8/3), (b b.,,b,;bi,b.,,b ) and

jrr¥j2r Mg Fje Fj2e M3

(Xij1r Xij20 Xias Xijps Xijo1 Xijs) respectively.

m n
H H . ’ !
Minimize " ¢; (Xiu Xz X3 X0 Xz Xia)

i=1 j=1
Subject to

n

Z(lel’XI]Z’XI]S’XI’JI’XUZ’XUS) (all’a|2’a|3’a|11a|21a|3) I :1'2""1m’ (P22)

i1

m

Z( ij1? |12’ Ij3’ Ijl’XIjZ’ Ij3) (bjl'bjz'b3’b;l’b12’b') j=1’2"“’n’

(xijl, Xij2+ Xijas Xijr Xj2» xigg) >(0,0,0;0,0,0);i=1,2,...m; j=12,....,n

n

where, D (a,,a,,84a),8,,8);) ~ Z(bll,blz,bjg,bjl,bjz,b’ )

i=1 j=1
2.2 Proposed method
In this section, an alternative method to find the initial basic feasible solution and optimal

solution of intuitionistic fuzzy transportation problem of type — I is proposed.

The steps of proposed method are as follows:

Step 1: Using Section 1.3.3.1, the problem (P2.2) can be transformed into the problem (P2.3).

i=l j=1

m n
H%Y H ! !
Minimize R[E E cij(xijl,xijz,xijg,xijl,xijz,xijs)j
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Subject to

R(Z(xul,xuz,xus,x,;l,xuz,x,;s)} R(ay, a5, 8,80, 85,80 )i =1,2,...,m, (P2.3)

j=1

(Z( ij17 IJZ’ |13’ Ijl’XIJZ’XIJ3)J (bjl’bJZ’bﬁ’b;l'ij'b’ ) j:1’27"'!n'

i=1

R(xijl, Xii2s Xijas Xijr X2 xi’js) >R(0,0,0;0,0,0);i=1,2,...m; j=12,...,n

Step 2: Using the relation, R(Zmlzn:(au,b”,cu,au,b“,c )]:Zmlzn:R(aij, by, cy5ay.by;.Cp ), the

i=1 j=1 i=1 j=1

problem (P2.3) can be transformed into the problem (P2.4).

m n
H% Y] H ! !
Minimize Y R(cij (Xga0 Xi2: Xiia3 Xy X0 xijg))

i=1 j=1
Subject to

Z R(Xijl’ Xij2» Xijgs Xi'jl' Xij21 Xi’js) = R(ail'amais;ai'vaiz’ails);i =12,..m, (P2.4)

j=1
ZR( ij1? |12’X|137X|11’X|12’ US) (bjl7b121b13’b;17b121b’ ) j=1,2,...,n,

R(xul,xuz,xus,xul,x“z, IJ3)> R(0,0,0;0,0,0);i=1,2,...m; j=12,...,n

Step 3: Using the relation, R(Ax(a,b,c;a’,b,c’))=2xR(a,b,c;a’,b,c), the problem (P2.4) can
be transformed into the problem (P2.5).

m n
Nt 1 - ! !
Minimize E E cij><R(xijl,xijz,xijs,xijl,xijz,xijs)

i=1 j=1
Subject to
Constraints of problem (P2.4). (P2.5)

Step 4: Since, R(X.,pX.,27X.,3'X.11,X.,z,xus) will be a real number. So, assuming

R(lel’ X|12’ XI]3’ lel’ X|12’ XI]3)

X; , the problem (P2.5) can be transformed into the problem (P2.6).
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Minimize izn:cijxij

i=l j=1

Subject to

x; =R(a;,a,,a;a},a,,85);i=12,..,m, (P2.6)

Mz 1M

N

Xy = R(bil’biwbjs?bfl'

by, bis )i =121,

L =201=12,..m;j=12,..,n.

=

Step 5: Using the expression, R(a,b,c;a’,b,c’) = a+2b+c;a +2b+c , the problem (P2.6) can
be transformed into the problem (P2.7).
Minimize Zl:z;cijxij
1=l J=
Subject to
Z X, = a, +29,+a,+a; +2q,+a; q—12..m (P2.7)
i=1 8
ix-. _ b, +2b;, +bj, + b, +2b;, +bj; . 12 n
|J 1 tl LIRS ] H
= 8

X 20;i=12,...m;j=12,.,n
Step 6: Find the optimal solution of crisp linear programming problem (P2.7).

Step 7: If {x,=p;} is the set of optimal solution of problem (P2.7)  then

[ 1
-, , ,Xu1+2Xuz +Xij3+xijl+2Xij2 + X3
Xm’mn’ﬂw’ﬁu’ﬂp’iw : 8

= pil} represents the set of optimal
solution of problem (P2.2) and the minimum intuitionistic fuzzy transportation cost of

m n
intuitionistic fuzzy transportation problem is ZZC” (xijl, Xii2s Xij3 X1 Xz xi’js).
i=1 j=1

Remark 2.1: The existing intuitionistic fuzzy transportation problem [138], in which availability
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and demand are represented by hexagonal intuitionistic fuzzy numbers can also be easily solved
by using the proposed method by replacing the triangular intuitionistic fuzzy numbers with

hexagonal intuitionistic fuzzy numbers.
2.3 llustrative example

To illustrate the proposed method, the existing intuitionistic fuzzy transportation problem of
type — | [132], presented by Table 1.1, is solved. Using the proposed method, the initial basic
feasible solution and hence optimal solution of the existing intuitionistic fuzzy transportation
problem of type — I can be obtained as follows:

Step 1: Using Section 2.1, the intuitionistic fuzzy transportation problem of type — I, presented in

Table 1.1, can be transformed into the problem (P2.8).

’

Minimize [16()(111’ Xu20 Xi13) X110 Xi124 X1’13) (X121' X120+ X123 Xi21s Xiz0 X123) D 8(X1a1, X132+ Xiag3 Xiars Xuzos
Xi33) ©13 ( X141 X142+ X433 Xiars Xia2s Xia3 ) ® 11( X110 Xo125 Xo135 X1 Xo12 Xo13 ) D 4(Xp01 X5 X33
X210 a2+ X93) D 7 (X ( 231 Xo32+ X331 Xa1: Xoaz 233) ®10(x ( 21 X242 X243 Xoa1 X0 X£43) D 8(Xa1:,
Xa121 Xa135 X110 Xa121 Xar3) D15 ( Xaz11 X522+ X231 Xaz1r Xazz Xa3 ) ®9 ( Xaz1r Xsa2 Xaag) Xaznr Xaaz» Xaas )
® 2( 201 Xagz 1 Xaaz’ Xaars Xaazs Xaag ) ® 6( 111 Xa12 X133 Xanas Xazos X:us) D12(X431, Xz X235 Xz
X422 X23) @ 5( 131 Xazz» Xazas Xaars Xz Xaza ) 6914( 11 Xaaz Xaaas Xaars Xags Xaag )} (P2.8)
Subject to
(an’ Xi121 X135 K11 Xz X1'13) ®(X1211 X122+ Xi233 Xia1: X122 X1’23) ® (X1311 X132+ Xu35 Xarr Xiazs X1’33)
@(X141’ X142, X1435 a1 12 X£43) ~ (21 4,514, 6)’
(X211’ X121 X133 Xo11 Xo12+ X1 ) ® (X221’ X221 X223 Xoo1s X2 X;z3) ® (X231' Xaa2+ Xaa3s Xra1s Xogz1 Xra )
® ( Xoa1s Xogz 1 Xo3s Xoars Xoaz s Xoug ) ~ (4v 6,8,3,6, 9) ,
(X311’ Xa1: Xa13: Xa110 Xaro0 Xara ) ® (X321’ Xa22+ X231 X1, Xao Xézs) ® (X331' Xa32 X331 X310, Xazo» Xasa )
® ( Xaa1s Xaaz s Xaazs Xaars Xaazs Xaa ) (3 112,27 13)

.yt ! ’
(X411’ X412’ X413’ X411’ 4120 413) ( 421 422’ 423’ 421’ X422’ X423) ® (X431’ X432’ X433’ X431’ X432’ X433)

@(X441’ X442 Xaazs X441' Xaa2» 443) (8 10,13;5,10, 16)

.yt ’ ! ! ’
(Xlll’ X112’ X113’ Xlll’ X112 ' X113) @ ( X211’ X212’ X213’ X21l' X212’ X213) @ (X3ll’ X312 ' X3l3’ X311’ X312 ' X313)
.yt
(—B(X411’ X412’ X4137 X411’ X412’ 413) (3 4 6 1 4 8)
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(X121’ X122’ X123; X{Zl’ X122’ X:[23 ) @ (X221’ X222’ X223; X;Zl’ X222’ X;ZS) C—B (X321’ X322’ X323; XC”»Z].’ X322’ Xé23)
®(X421'X422’X423;X:1211X422’ 423) (2 5,715, 8)

(X131’ X132’ X133; X£31’ X132’ XJ{33 ) @ (X23l’ X232’ X233; X;Sl’ X232’ X;33) ®(X331’ X332’ X333; X:”’31’ X332’ Xé33)
®(X431'X432’ Xa33s Xaz1r Xaaz» 433) (10 15, 20;8,15, 22)

(X14l’ Xl42’ X143; X{4l’ Xl42’ X]{43 ) C—B (X241’ X242’ X243; X£41' X242’ X;43) C—B (X341’ X342’ X343; X:I34l’ X342’ X:;43)
®(X4411X442’ X443;Xz’1411 Xgaz 443) (2 3,513, 6)

(Xyes Xy Ko Xl Xy Ko ) > (0,0,0;0,0,0); =1,2,3,4; j =1,2,3,4.

Step 2: Using Step 1 of the proposed method, the problem (P2.8) can be transformed into the

problem (P2.9).

- H . ! ! . ! ! . !
Minimize | R(16(X,s1, X0 X133 K10 X1z Xiis ) © (Kot Xioo» Xizs3 Xioss Xezzs Xlos ) ®8(Xiss Xz Xy Xists Xy
! . ! ’ . ! ! .
X133) ®13(X141’ X1427 X1437 X141’ Xl42’ X143 ) @11(X211, X212’ X213’ Xle’ X212’ X213 ) @ 4'()(221’ X222’ X2237
! ! . ! ! . ! !
X221’ X222’ X223) @ 7 (X231’ X232' X233’ X231' X232' X233) ®10(XZ41’ X242’ X243’ X241’ X242’ X243 ) @ 8(X311'
. ! ! . ! ’ . ’ !
X312’ X313’ X3ll’ X312’ X313) €i915()(3217 X322’ X323' X321' X322’ X323 ) @ 9(X331’ X332’ X333’ X33l' X332' X333)
’ . ! ! . !
@ 2( 3411 342’ X3437 X3417 X3427 343) @ 6( 411 X412’ X413’ X411' X412’ X413) ®12(X421’ X422’ X423’ X421’
. ’ ’
X422+ 423) ® 5( 4311 X432 Xazs) X4317 X432+ 433) ® 14( 4411 Xaa2 0 Xaazy Xaa1r Xaaor Xaas ))] (P2.9)
Subject to
R(( X1z X35 ) D )®(x Xia3: Xia1: X190+ Xizs)
Xlll’ X112’ X113’ lll’ 112 113 X121’ X122’ X123’ 121’ 122’ 123 131 132’ 1337 71311 7M1321 133
! i _
®(X141’ X2y Xia31 K11 Xiaz X143)) - R(Z 4,514, 6)
R . ! ! (_B . ! ! . ! ’
(( Xle’ X212’ X213’ Xle’ X212’ X213) (X221’ X222’ X223’ X221’ XZZZ’ X223) (X231’ X232’ X233' X23l’ X2327 X233)
. !
®(X241’X242’X243’X241’ 2427 243 ) R 4 6 8 3 6 9)
. ! ! . ! !
R ((X311' X312’ X313’ X311’ X312’ X313 ) @ (X3Zl’ X322’ X323’ X321’ 3221 X 23) ( 331! X332’ X333' X331’ X332' X333)
@(stuv Xas21 Xa35 Xaar Xaaz Xasa ) R 3,7,12,2,7 13)
. ! ! . . ! !
R ((X411' X412' X413’ X4ll' X412' X413) @ (X421’ X422’ X423’ X421’ X422’ X423) @ (X43l' X432’ X433’ X431’ X432’ X433)
. !
D (Xuag Xaso Xaaas Xaay» Xaazs Xaas )) = R(8,10,13,5,10,16),
. ’ ! . ! ! . ! !
R ((Xlll’ X112’ X113’ Xlll’ X112’ Xll3 ) @ (X21l’ X212’ X213’ X211’ X212’ X213) @ ( X311’ X3127 X313’ X311’ X312’ X313)
® ( X111 X121 Xa13 X:ul! Xp12 Xz'us )) =R (31 4,6;1,4, 8) )
R . ’ ! @ . ! ! @ . ! !
((X1217 X122’ X123’ X121’ X122’ X123) (X221’ X222’ X223’ X221’ X222’ X223) (X321’ X322’ X323’ X321’ X322’ X323)
- ! / .
@(X421’ X422 Xa231 Xa11 Xa2 s Xaz3 )) =R (21 5,715, 8) ,
R( X a1y Xiars Xia2 ) D ( Xoagy Xomrs Xomas Xoars Xomns Xoaa ) D ( Xaars Xany s Xaaa) Xa '
(X131’ X132’ X133’ 1317 “'1320 133) ( 23171 72321 772337 712311 712327 233) ( 331 332 7*3337 )

331 X332’ X333
D (Xga1 Xz Xazas Xaay» Xazzr Xaas )) = R (10,15, 20;8,15, 22),
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! ’

! ’ ! ’ .
R ((X1417 X142’ X143’ X141’ X142’ X143) @ (X241’ X2427 X243’ X24l’ X242’ X243) @ (X34l’ X3427 X343’ X3417 X342’ X343)

@(X441’ Xp2s Xga3: X1141’X442'X4’143)) R(2 3,513, 6)
R (X2, g2 Xia0 X500 %20 %55 ) = R(0,0,0;0,0,0);i =1,2,3,4; j =1,2,3,4.

ij1

Step 3: Using the relation, R ZZ(a,J,b”,cu,au,bu,c) :Zmlzn:R(aij,qj,c”,au,b”,c“), the

i=1 j=1 i=1 j=1

problem (P2.9) can be transformed into the problem (P2.10).

H.- H . ! ! . ! ! .
Minimize I:R (16()(111’ X121 %1131 X111 X112 X113)) +R (X121' X122+ %1231 X121 X122 X123) + R(8(X1311 X137+ X335
! ! . ! ! . ! !
Xia1: X320 X(33)) + R (13(X141, X142+ %1435 X1415 X142, X143)) +R (11()(211’ X125 X131 X115 X212+ X213)) +
. ! ! . ! ’ .
R(4(Xp211 Xo22s X033 X015 X2 X23)) + R (7(X231’ X321 X331 X315 Xp32 Xzss)) + RAO0(Xp41, Xo2, Xpa3;
’ ! . ’ ! . ’ ’
Xoa1s Xoa21 Xo43)) + R(B(Xg11s X101 Xa133 Xarss Xaro Xa15)) + R (15()(321’ X3225 X323 X321 X322 sts))
. ! ! . ! !
+R (9(X331’ X332 X335 Xa311 Xazz) X333)) +R (2(X3411 X342 X243y Xaa1r Xaso X343)) + R(6(Xy11, X415
. ! ’ . ! ! . ! ’
X135 Xar1 Xar20 Xa13)) + RA2(Xg11 X1 Xaa3 X1 Xazo» Xa23)) + R (5(X431’ X321 Xazzs Xaz1r Xaz2 X433))
. ! ’
+R (14()(441' Xaa2s Xaa35 X411 Xag2: X443))]
Subject to (P2.10)
. ! !
110 X112 X135 Xi115 X1105 X113 1210 X1221 X123 X115 X120 X123 131 X132 X1331 X1311 X135 X133
R(X11s X115 Xi35 % X13)+ R(Xp0, % X1 X120 X1z )+ R (Xiags Xiao0 Xiai Xiar Xigor Xias )
"‘R( 101 X142 X135 Xlar Xaz X143) R (2’ 4,514, 6)’
. ! ! . . ! !
R ( X2111 X212 Xo133 Xo11 Xp121 X213 ) +R (X221’ X221 Xa33 X221, X221 X3 ) +R ( Xa31s X232+ X233 Xo311 X321 X233 )
. ! ! .
+R (X241' Xoa2r Xoaz1 Xoa11 Xoazr Xoug ) =R (47 6,8;3,6, 9) '
. ! ’ . ! ! . ! !
R ( Xa111 X312+ Xa135 Xa115 X312+ X313 ) +R ( X311 X322+ X331 X3211 X322+ Xap3 ) +R ( X331s X3321 X3331 X3315 X3321 X333 )
+R(x ( 2a1 Xaa2 Xasg) Xaarr Xago X343) R (3' 7,12;2, 7'13) ,
. ! ! . ! ’
R ( Xa11s Xa121 Xa135 Xa115 X412 X413) +R (X421’ X422+ X423’ Xao1 Xaza 423) DR(x ( 4319 X432+ Xa335 Xg310 Xa32 X433)
+R (Xaatr Xaaz» Xaazs Xaars Xas» Xaas ) = R(8,10,13;5,10,16),
. ’ !
(Xm’ X112 Y1135 Xi11s X112 Xi13 ) +R(X ( 211 X121 Xa133 Xo11 Xa12 X213) +R(x ( 3110 X312 X3135 X311, X312 X313)
+R( a1 Xa2s Xa133 X112 Xazo X413) =R (3’ 4,6;1,4, 8)’
. ’ ’ . ! ’ . ! ’
R ( X121 X122+ X123 X115 X120 X123 ) +R (X221' X222 X3231 X211 X222 X323 ) +R (X321’ X322 X235 X011 X322 X33 )
. ’
+R( 421 X422+ X235 X219 Xa2» X423) R (2 5,7;1,5, 8)
. ! !
(X131’ X132+ X133 X310 Xz g3 ) +R(x ( 231 Xo32+ X33’ Xa1: Xozz. Xzsa) +R(x ( 3317 X3321 X3337 X3311 X332 X333)
+R (Xyg1r Xagz» Xazzs Xaarr Xagz» X33 ) = R (10,15, 20;8,15, 22),
. ! ! . ’ ’ . ’ ’
R (( X141 %1421 X143 X110 X142 X143 ) + (X241’ Xaa2s K431 X411 X42 X3 ) + (X341' X342 X343 X341 Xas2 X343 )
. ! ! .
+(X441’ Xaa2s Xaa3s Xas1s Xas2+ Xaas )) =R (2’ 3,9,1,3, 6)’
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R(Xj1: Xj20 X35 X1 %20 X3 ) 2 R(0,0,0;0,0,0);i =1,2,3,4; j =1,2,3,4.

Step 4: Using the relation, R(ﬂx(a,b,c;a’,b,c')):zx R(a,b,c;a’,b,c{j), the problem (P2.10)

can be transformed into the problem (P2.11).

Minimize [16 xR (X111' X112+ X133 X115 X1z X1'13) +R (X121’ X122+ X123 X111 X2 X1’23) +8X R(Xy1, Xz, Xya3;
Xiz1s X320 X133) $13% R (X141’ 1020 X143 Xia1s Xia 143) +1IxR(x ( 211 X121 Xa133 X11 X120 Xo13 ) +
Ax R(X91, X9 X35 Xo1s Xang s Xa03) + T R (X231' X321 Xa33) X31 Xz X;33) +10X R(Xp415 Xo42+ Xoa3;
Xa1) X4+ Xo43) + 8% R(Xa11, Xa1, Xa13 X1, Xa1a, Xa13) +15x R (X321' Xa21 Xa23’ Xao1, Xaz2s Xazg )
+IxR(x ( 331 X3+ Xaza} Xaa1, Xazp X333) +2x R( 201 Xaa2 s Xaaa ) Xaa1, Xaso s Xag ) +6x R(Xy155 Xg1z
X133 Xa11s Xarz1 Xa13) FL12XR(Xyo10 Xazo s Xz X1 Xz s X)) #5% R (X431' X432+ Xag3s Xaars Xaazs Xaza )
+14xR (X441’ X421 Xaaz) Xaa1s Xaazs Xagz )]

Subject to (P2.11)
Constraints of problem (P2.10).

!’

Step 5: Assuming R( " I12,xus,xul,xuz,xus) the problem (P2.11) can be transformed into

IJ’

problem (P2.12).

Minimize [16X,, + X, +8X%,5 +13%,, + 11X, +4X,, + 7Xy5 +10X,, +8Xy; +15X;, +9Xg; + 2Xy, +6X,,
+12X,, +5X%,3 +14X,, |
Subject to
Xy + X + X5 + Xy, = R(2,4,5;1,4,6),
X1 + Xpp + X3 + Xy, = R(4,6,8;3,6,9), (P2.12)
Xa1 + Xgp + Xg5 + Xy = R(3,7,12;2,7,13),
Xy + Xgo + X3 + X,y = R(8,10,13;5,10,16),
Xy + Xo + Xy + Xy = R(3,4,6;1,4,8),
Xp, + Xpp + Xy + X, = R(2,5,7;1,5,8),
Xy + Xp5 + Xa3 + X,3 = R (10,15, 20; 8,15, 22),
Xo4 + Xoq + Xay + Xy = R(2,3,5;1,3,6),
x; 20,1=1,2,3,4;j=123,4.
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Step 6: Using the expression, R(a,b,c;a’,b,c")= a+2b+c;a +2b+c , the problem (P2.12)

can be transformed into the problem (P2.13).

Minimize [16X,, + X, +8X; +13X,, +11X,, + 4%y, + 7 X5 +10X,, +8Xy; +15Xg, +9Xys + 2y, +6X,
+12X,, +5X,5 +14X,, |
Subject to
Xy + Xip + X3 + Xy = 3.75,
Xp1 + Xpp + Xpg + Xyy =6,
Xgy + Xgp + Xgg + Xy, = 7.25, (P2.13)
Xg1 + Xgp + X4g + X,y =10.25,
Xpp + Xy + Xgy + X, =4.25,
Xpp + Xpp + Xgy + X, =4.75,
Xig + X3 + Xgg + X3 =15,
Xy + Xpy + X5 + X,y =3.25,
X = 0;1=12,34;j=123,4.

Step 7: On solving the crisp linear programming problem (P2.13), the obtained optimal solution

is X; =0, X, =3.75, %3 =0, X, =0, X;; =0, X;, =1, X3 =5, X4 =0,

Xy =4, %5, =0,%X33 =0, %, =3.25,%,, =0.25,%,, =0, %,; =10,%,, =0 and the obtained optimal

value is 132.75.

Step 8: Using the optimal solution, obtained in Step 7, the optimal solution of the problem (P2.8)

. , L Xioy 2%y + Xigg + Xipy + 2% + X
is ><1'2={(x121,x122,x123:x121,><m,><123)-Xm Nz ¥ Xizg 8X121 Xiz2 ‘23:3.75},

Xoms + 2% + Koo + Xoon +2X,,, + X,
gl _ - v! ! . Y221 222 223 221 222 223 __
X22 - {( X221’ X222’ X223’ X221’ X222’ X223) 8 - 1 ’

Xoms + 2Xons + Xona + Xbonr +2Xon) + X,
gl _ v’ ' . 7231 232 233 231 232 233 __
X23 - {( X231’ X232’ X233’ X231’ X232’ X233) 8 - 5 )
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' i
{ I X XI ) . X311 + 2X312 + X313 + X311 + 2X312 + X313 _ 4}
311 312 ! 313’ 311’ 3121 '313 ) - 8 - !
' '
{ r X X/ ) . X34l + 2X?,42 + X343 + X341 + 2X342 + X343 _ 3 25}
341 342 ' 343’ 341’ 34217343 ] - 8 - !
' '
{ / X ' ) . X411 + 2X412 + X413 + X411 + 2)(412 + X413 _ 0 25}
411 412' 413’ 411’ 4121 *413 8 - !

Xynr 4+ 2X 1m0 + Xyon + Xioy +2X 00 + X,

Gl _ oy ' 431 432 T Ragz T Xy 432 T Xua3
X3 = {( X310 Kazz s Xazzs Xaz1r Xazzs X433) 3 10} :

and the optimal value of the problem (P2.8) is

C,+2C,+C,+C +2C,+C;
8

{(Cl,Cz,Cs;C{,CZ,Cé): =132.75}.

2.4 Advantages of proposed method over existing methods

In this section, advantages of proposed method over existing methods are discussed.

1. To apply the existing methods [9,46,48,64-66,118,132], there is need to used arithmetic
operations of intuitionistic fuzzy numbers. While, to apply the proposed method there is need
to use arithmetic operation of real numbers. Since, it is much easy to apply arithmetic
operations of real numbers as compared to intuitionistic fuzzy numbers. So, it is much easy
to apply the proposed method as compared to the existing methods [9,46,48,64-66,118,132].
The same is also obvious from Section 1.1.2 and Section 2.3 in which same problem is
solved by the existing methods [132] and proposed method respectively.

2. To solve the problem of large size by the existing methods [9,46,48,64-66,118,132], there is
need to implement the existing methods [9,46,48,64-66,118,132] into a new programming

language as no software is available in the market to deal with intuitionistic fuzzy
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transportation problem of type — I. However, as in the proposed method, there is need to find
the initial basic feasible solution or optimal solution of a crisp transportation problem. So, the
existing software like TORA can be used for the same purpose and there is no need to
develop new software.

3. There will always exist infinite number of basic feasible solution/optimal solution for
intuitionistic fuzzy transportation problem of type — I. However, using the the existing
methods [9,46,48,64-66,118,132], only one of these infinite initial basic feasible
solution/optimal solution is obtained. While, using the proposed method, all infinite number

of initial basic feasible solution or optimal solution are obtained.

2.5 Conclusion

On the basis of the present study, it can be concluded that it is much easy to apply the
proposed method as compared to the existing methods [9,46,48,64-66,118,132], for finding the
optimal solution of intuitionistic fuzzy transportation problem of type — I. Hence, it is better to
use the proposed method instead of the existing methods [9,46,48,64-66,118,132] for solving

intuitionistic fuzzy transportation problems of type — I.
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Chapter 3

A simplified method for solving intuitionistic

fuzzy transportation problems of type — I1”

In this chapter, an alternative method for solving intuitionistic fuzzy transportation problems
of type — Il is proposed. Also, the advantages of proposed method over the existing methods
[1,3,119,131], are discussed. Furthermore, to illustrate the proposed method, the numerical

examples, considered by Singh and Yadav [131], are solved by the proposed method.

3.1 Intuitionistic fuzzy linear programming problem of intuitionistic fuzzy transportation
problems of type — 11
In the literature [1,3,119,131], the intuitionistic fuzzy linear programming problem (P3.1) of

the intuitionistic fuzzy transportation problem of type — Il is obtained by replacing the

transportation cost (cij) with triangular intuitionistic fuzzy numbers (cijl,cijz,cij3;ci’jl,cijz,ci’13)

Minimize Y " (C;y, Gy, Cysi iy, Gz Cia ) X;
e
Subject to
ZX” :ai;i:]-yz!-"!m) (Ps.l)
i1

m

ZXH =b;;1=12,...n,

i=1

X 201=12,...,m; j=12,..,n

where, zm:ai = zn:bj .
i=1 j=1

" The contents of this chapter are to be communicated in Iranian Journal of Fuzzy Systems, Springer.
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3.2 Proposed method

In this section, an alternative method to find the optimal solution of intuitionistic fuzzy
transportation problem of type — Il is proposed.

The steps of proposed method are as follows:

Step 1: Using Section 1.3.3.2, the problem (P3.1) can be transformed into the problem (P3.2).

Minimize R[ZZ( ij1? |12’ Ij3’ |11’C|12’Ci}3)xijj

i=1 j=1
Subject to
lexij =a;i=12,.,m, (P3.2)

m

ZXij:bj;j=l,2,..-,n,

i=1

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

3

n

i R(abcabc)the

(It | I | It | Lt 1|

IJ’ Ij’ Ij’ I]’ Ij’

Step 2: Using the relation, R(Z (a b.,c.;al,b.,c )]

i=1 j=1 i=1 j=1
problem (P3.2) can be transformed into problem (P3.3).
Minimize ZZ R((c“l,cuz,cus,c”l,c”z,ci'j3)xij)
i=1 j=1
Subject to
inj =a,;i=12,...,m, (P3.3)

Step 3: Using the relation, R(4x(a,b,c;a’,b,c’))=2xR(a,b,c;a’,b,c’), the problem (P3.3) can

be transformed into problem (P3.4).
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m n

Siri ca! ’
Minimize "> R(Cy;, €y, CsiChr Cian Cls ) % Xy

i=1 j=1

Subject to
Zl:xij =a;i=12,.,m, (P3.4)
J:

Step 4: Using the expression, R(a,b,c;a’,b,c’) = a+2b+c;a +2b+c , the problem (P3.4) can

be transformed into the problem (P3.5).

m n (¢ +2C.,+C..+C. +2C., +C.
. ij1 ij2 ij3 ij1 ij2 ij3
Minimize 22[ X X

i=1 j=1 8
Subject to
Z;xij =a;i=12,.,m, (P3.5)
J=

m

inj =b;;j=12,..n,

i=1

X 201=12,...,m; j=12,..,n

Step 5: Find the optimal solution of crisp linear programming problem (P3.5).

Step 6: The optimal solution {xij}, obtained in Step 5, represents the optimal solution of

intuitionistic fuzzy transportation problem of type — Il and the minimum intuitionistic fuzzy

m n
transportation cost is " >"(Cy;. €y, Cyai Gy, Cizr Cia ) X X -
i1 j=1

3.3 Hlustrative example

To illustrate the proposed method, existing intuitionistic fuzzy balanced transportation

problem of type — Il, presented in Table 1.28, is solved.
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Using the proposed method, the initial basic feasible solution and hence optimal solution of
existing intuitionistic fuzzy balanced transportation problem of type — I, presented in Table 1.28,

can be obtained as follows:

Step 1: Using Section 3.1, the intuitionistic fuzzy balanced transportation problem of type — II,
presented by Table 1.28, can be transformed into the intuitionistic fuzzy linear programming
problem (P3.6).

Minimize [(2,4,5;1,4,6)x, ®(2,5,7;1,5,8)x,, ® (4,6,8.3,6,9)x,, ®(4,7,8;3,7,9)x,, ©(4,6,8;3,6,9)
X0 @ (3,7,12;2,7,13)%,, @ (10,15, 20;8,15,22)x,, ® (11,12,13;10,12,14)x,, ® (3,4,6;1,4,8)
X;1 ®(8,10,13;5,10,16)x,, @ (2,3,51,3,6) X, ® (6,10,14;5,10,15)x,, D (2,4,6;1,4,7)X,, @
(3,9,10;2,9,12)x,, ®(3,6,10;2,6,12)x,, B(3,4,5;2,4,8)x,,]
Subject to
Xy X + X5+ %, =11, (P3.6)
Xoy + Xop + Xoz + %o, =11,
Xg1 + Xgp + Xgg + X5, =11,
Xyy + Xy + Xy + Xy =12,
Xiy + Xop + Xy + X,y =16
Xip + Xpp + Xgp + X, =10
Xi3 + Xz + Xg3 + X3 =8
Xig + Xoq + Xgy + X, =11
X 20,1=12,34;)=1234.

Step 2: Using Step 1 of the proposed method, the problem (P3.6) can be transformed into the

problem (P3.7).

Minimize R((2,4,5;1, 4,6)x, ®(2,5,7;1,5,8)x, ®(4,6,8;3,6,9)x,®(4,7,8,3,7,9)x, ©(4,6,8;3,
6,9)x,, ®(3,7,12;2,7,13)x,, © (10,15, 20;8,15, 22) x,, ® (11,12,13;10,12,14)x,, © (3,4,6;
1,4,8)x,, ©(8,10,13;5,10,16)x,, ®(2,3,5;1,3,6) %, ©(6,10,14;5,10,15)x,, ©(2,4,6;1,4,7)
X, ©(3,9,10;2,9,12)x,, ®(3,6,10;2,6,12)x,, ® (3,4,5; 2,4,8)X,, )

Subject to

Constraint of problem (P3.6) (P3.7)
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Step 3: Using the relation, R[izn:(au,b”,cu,a”,b“,c )]zzmlzn:R(aij, by, cy5ay.by;.cp ), the

i=1 j=1 i=1 j=1

problem (P3.7) can be transformed into problem (P3.8).

Minimize [R((2,4, 5,1,4,6)x,)+R((2,57;1,5,8)x,)+R((4,6,8;3,6,9)x, )+ R((4,7,8,3,7,9)x,)
+R((4,6,8;3,6,9)%, )+ R((3,7,12;2,7,13)x,, ) + R((10,15,20;8,15,22)x,, ) + R((11,12,13;
10,12,14)x,,) + R((3,4,6;1,4,8)x,, ) + R((8,10,13,;5,10,16)x, ) + R((2,3,5;1,3,6)xs, )
+R((6,10,14;5,10,15)x,, )+ R((2,4,6;1,4,7)x,, )+ R((3,9,10;2,9,12)x,, ) + R((3,6,10; 2,6,
12)%,.)+R((3,4,5;2,4,8)x,,) |

Subject to

Constraint of problem (P3.6) (P3.8)

Step 4: Using the relation R(4x(a,b,c;a’,b,c'))=2xR(a,b,c;a’,b,c}), the problem (P3.8) can

be transformed into problem (P3.9).

Minimize [R(2,4,5;1,4,6)x, + R(2,5,7;1,5,8)x,, + R(4,6,8;3,6,9)x,, + R(4,7,8;3,7,9)x,
+R(4,6,8;3,6,9)x,, + R(3,7,12;2,7,13)x,, + R(10,15, 20;8,15, 22)x,, + R(11,12,13;
10,12,14)x,, + R(3,4,6;1,4,8)x,, + R(8,10,13;5,10,16)x,, + R(2,3,5;1,3,6) x,, + R(6,10,14;
5,10,15)x,, + R(2,4,6;1,4,7)x,, + R(3,9,10;2,9,12)X,, + R(3,6,10;2,6,12)X,,
+R(3,4,5;2,4,8)x,,]

Subject to

Constraint of problem (P3.6) (P3.9)

Step 5: Using the expression, R(a,b,c;a’,b,c’) = a+2b+c;a +2b+c , the problem (P3.9) can

be transformed into problem (P3.10).

Minimize (3.75x,, +4.75x,, +6X;; +6.5X,, +6X,; +7.25X,, +15X,, +12X,, +4.25X;, +10.25x,,
+3.25Xy; +10X,, +4X,, +7.875X,, +6.375X,, +4.25X,, )

Subject to
Constraint of problem (P3.6) (P3.10)
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Step 6: On solving the crisp linear programming problem (P3.10), the obtained optimal solution

is Xq =1’X12 :10')(13 :O'X14 :0'X21:11’X22 =0, Xo3 :0’X24 =0, X31:3’ X3 :O’Xss =38, X3 =0,

X, =1 X, =0,X,;=0,%, =11.

Step 7: Using the optimal solution, obtained in Step 6, the minimum intuitionistic fuzzy

transportation cost is (2,4,5;1,4,6)x1®(2,5,7;1,5,8)x10®(4,6,8;3,6,9)x11(3,4,6;1,4,8) x3

®(2,3,5:1,3,6)x8®(2,4,6;1 4, 7) x1® (3, 4,5, 2, 4,8) x11 = (126, 204, 282; 78, 204, 352) .

3.4 Intuitionistic fuzzy optimal solution of a real life problem

Singh and Yadav [131] solved the real life intuitionistic fuzzy transportation problem,

presented by Table 3.1, to illustrate their proposed method. In this section, the same problem is

solved by the proposed method.

Table 3.1: Real life intuitionistic fuzzy transportation problem

Sources Destinations Suppl
D, D, D, D, y
Ludhiana Delhi Kullu Leh Ladakh (s:)

S,

Mandi

Govindg | (210,250,270; (600,700,750; | (950,1000,1100; | (3500,3700,3900; | ,c o

arh 200,250,280) 600,700,800) | 900,1050,1150) | 3400,3700,4100)

(Fortune

Metals)

SZ

Bhwarhi | 450 750,800: (350,400,450; | (1000,1050,1100; | (3600,3900,4600;

éﬁjmdh 600,750,850) 340,400.480) | 950,1050,1150) | 3500,3900.4600) | S°C°

Saria)

S3

Raipur | (3600,2800,3000; | (2100,2200,2300; | (2900,3100,3300; | (5400,5600,5800; | 5010

(Goel 2100,2200,2350) | 2011,2200,2350) | 2800,3100,3400) | 5300,5600,6000)

Group)
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Demand
) 3500 3000 2000 1500
J

Using the proposed method, the intuitionistic fuzzy optimal solution of the intuitionistic fully

fuzzy transportation problem, presented in Table 3.1, can be obtained as follows:

Step 1: Using Section 3.1, the intuitionistic fuzzy balanced transportation problem of type — II,
presented by Table 3.1, can be transformed into the intuitionistic fuzzy linear programming

problem (P3.11).

Minimize [(210, 250, 270; 200, 250, 280)x,, @ (600, 700, 750; 600, 700,800)x,, @ (950,1000,1050;
900,1000,1100)x,, @ (3500, 3700, 3900; 3400, 3700, 4100)x,, © (650, 750,800; 600, 750,
850)x,, @ (350, 400, 450; 340, 400, 480)x,, © (1000,1050,1100;950,1050,1150) X,, ®
(3600,3900, 4600; 3500, 3900, 4600)x,, @ (2600, 2800, 3000; 2500, 2800, 3100)x,, © (2100,
2200, 2300; 2100, 2200, 2350)x,, © (2900, 3100, 3300; 2800, 3100, 3400) x,, @ (5400,5600,
5800;5300,5600,6000)x,, |

Subject to
X,y + X, + X5 + %, = 4500, (P3.11)

Xyq + Xy + X5 + X, = 3500,
Xy + Xg, + X5 + X5, = 2000,
Xy, + Xy + X5, = 3500,

X, + X,y + X5, = 3000,

Xi3 + X5 + X553 = 2000,

Xi4 + X5, + %5, =1500,

X; 20;1=12,3j=123,4.

Step 2: Using Step 1 of the proposed method, problem (P3.11) can be transformed into problem

(P3.12).

Minimize R((210,250,270;200, 250, 280)x,, & (600, 700, 750; 600, 700,800),, ® (950,1000,1050;
900,1000,1100)x,, @ (3500,3700,3900; 3400, 3700, 4100)x,, @ (650, 750,800; 600, 750,
850)x,, ® (350, 400, 450; 340, 400, 480)x,, ® (1000,1050,1100;950,1050,1150)x,, &
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(3600, 3900, 4600; 3500, 3900, 4600)x,, © (2600, 2800, 3000; 2500, 2800, 3100)x,, ® (2100,
2200, 2300; 2100, 2200, 2350)x,, @ (2900, 3100, 3300; 2800, 3100, 3400) x,, © (5400, 5600,
5800;5300,5600,6000)x,, )

Subject to
Constraint of problem (P3.11) (P3.12)

Step 3: Using the relation R(Zmlzn:(a”,b”,c”,au,b”,cu)J:izn:R(a”,b”,cu,a”,b”,c”) the

i=1 j=1 i=1 j=1
problem (P3.12) can be transformed into the problem (P3.13).

Minimize [ R((210, 250,270;200, 250, 280)x,, ) + R ((600, 700, 750; 600, 700,800),, ) + R ((950,
1000,1050;900,1000,1100)x,, ) + R((3500,3700,3900; 3400, 3700, 4100)x,, ) + R ( (650,

750,800; 600, 750,850)x,, )+ R (350,400, 450; 340, 400, 480)x,, ) + R ((1000,1050,1100;
950,1050,1150)x,, + R ((3600,3900, 4600; 3500, 3900, 4600)x,, ) + R ( (2600, 2800, 3000;
2500, 2800,3100)x,, + R ( (2100, 2200, 2300; 2100, 2200, 2350)x,, ) + R ((2900, 3100, 3300;
2800, 3100, 3400)x,, ) + R ((5400, 5600, 5800; 5300, 5600, 6000)x,, )|

Subject to
Constraint of problem (P3.11) (P3.13)

Step 4: Using the relation, R(4x(a,b,c;a’,b,c'))=4xR(a,b,c;a',b,c;), the problem (P3.13)

can be transformed into the problem (P3.14).

Minimize [R(210, 250, 270; 200, 250, 280)x,, + R(600, 700, 750; 600, 700,800) X, + R(950,1000,
1050;900,1000,1100)x,, + R(3500, 3700, 3900; 3400, 3700, 4100)x,, + R(650, 750, 800;
600, 750,850)x,, + R(350, 400, 450; 340, 400, 480)x,, + R(1000,1050,1100;950,1050,

1150)x,, + R(3600, 3900, 4600; 3500, 3900, 4600)x,, + R(2600, 2800, 3000; 2500, 2800,
3100)x,, + R(2100, 2200, 2300; 2100, 2200, 2350)x,, + R(2900, 3100, 3300; 2800, 3100,

3400)x,, + R(5400, 5600, 5800;5300, 5600, 6000)x,, |

Subject to
Constraint of problem (P3.11) (P3.14)
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Step 5: Using the expression, R(a,b,c;a’,b,c’)= a+2b+c;a +2b+c , the problem (P3.14)

can be transformed into the problem (P3.15).

Minimize (245x,, +693.75x,, +1000x,, +3712.5x,, + 737.5X,, +402.5X,, +1050x,, + 3987.5x,,
+2800x,, + 2206.25x,, +3100x,, +5612.5x,, )

Subject to
Constraint of problem (P3.11) (P3.15)

Step 6: On solving the crisp linear programming problem (P3.15), obtained optimal solution is

X,, =3500, X, =0, X5 =0, X, =1000, X,, =11, X,, =1500, X,; = 2000, X,, =0, X, =0, X5, =1500,

X53 =0, X5, =500.

Step 7: Using the optimal solution, obtained in Step 6, the minimum intuitionistic fuzzy

transportation cost is

(210, 250, 270; 200, 250, 280) x 3500 @ (3500, 3700, 3900; 3400, 3700, 4100) x 1000 @ (350, 400, 450;
340, 400, 480) x1500 ¢ (1000,1050,1100; 950,1050,1150) x 2000 € (2100, 2200, 2300; 2100, 2200,
2350) <1500 & (5400, 5600, 5800; 5300, 5600, 6000) x 500
=(12710000,13425000,14070000;12400000,13425000,14605000).

Remark 3.2: The advantages of the proposed method over the existing methods [1,3,119,131]

are same as discussed in Section 2.4 of Chapter 2.

3.5 Conclusion

On the basis of the present study, it can be concluded that it is much easy to apply the
proposed method as compared to the existing methods [1,3,119,131], for finding the optimal

solution of intuitionistic fuzzy transportation problems of type — II.
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Chapter 4

Modified method for solving intuitionistic fully

fuzzy transportation problems”

Kumar and Hussain [84-86] proposed methods for solving intuitionistic fully fuzzy
transportation problems. In this chapter, it is pointed out that for the ranking function, used by
Kumar and Hussain [84-86], the linearity property is not satisfying. However, in the existing
method [84-86], this property is used. Therefore, the existing methods [84-86] are not valid.
Hence, the result of numerical problems, obtained by Kumar and Hussain [84-86] by their
proposed method, is also not correct. Furthermore, it is shown that for the ranking function, used
by Singh and Yadav [132], linearity property is satisfying. Hence, the existing methods [84-86],
will be valid if the ranking function, used by Kumar and Hussain [84-86], is replaced with the
ranking function, used by Singh and Yadav [132]. Also, the exact results of numerical problems,

considered by Kumar and Hussain [86], are obtained.
4.1 Ordering of triangular intuitionistic fuzzy numbers

Kumar and Hussain [84-86] used the following method for comparing two triangular

intuitionistic fuzzy numbers.

Let A' =(a,8,,a;a],a,,8) and B' =(l,b,,b,;b},b,,1}) be two triangular intuitionistic fuzzy

numbers. Then,

" The contents of this chapter are to be communicated in International Journal of System Assurance Engineering and
Management, Springer.
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(i) A'=B'if R(A)=R(B")
(i) A'~B'if R(A')=R(B")

where,

R(A.)=1'(a;—a;)(az—za;—2a;)'+(a3,—a1)<a1+a2+a3>+3<a;2—af>} and
3 G-+ —q

3 b;—b/+b, —b

R(E') 1'(b;,—b;>(b2—Zb;—2b1>+(b3—bl>(bl+b2+b3)+3(b;2—bf>}_

4.2 Multiplication of triangular intuitionistic fuzzy numbers

If A'=(a,a,a;a,a,a) and B'=(b,b,b;bb, b)) are two non-negative triangular
intuitionistic fuzzy numbers then the multiplication of A' and B' i.e., A' ® B' is defined as,
A'®B' =(ab,ab, ah,;alb),ab, ab;).

Since, R(A' ®B' ) = R(A' )@ R(I§' ) So, Kumar and Hussain [84-86] defined the multiplica-

tion of triangular intuitionistic fuzzy numbers A' and B' i.e., A' ® B' in such a manner so that

the property R(A' ®B!' )= R(A' )® R(I§' ) will always be satisfied.

The multiplication of triangular intuitionistic fuzzy numbers A' and B', defined by Kumar

and Hussain [84-86], is as follows:

A' @B :(alR(é' ).a,R(E'),aR(B');aR(B') ,a,R(B' ). &R(B')) if R(A'),R(B')>0.
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4.3 Intuitionistic fuzzy linear programming problem of intuitionistic fully fuzzy

transportation problem

Kumar and Hussain [84-86] proposed the following intuitionistic fully fuzzy linear
programming problem of intuitionistic fully fuzzy transportation problem which is obtained by

replacing the crisp parameters c, a and b; of crisp linear programming problem (P2.1) of

ij? IJ’

transportation problem by the triangular intuitionistic fuzzy numbers (cul,cuz,cus,cul,c”z,c”g)

(lel’XIJZ’XIJ3’XIjl’XIjZ’ IJ3) (all’a'IZ’ |3’a111 |2’a13) and (bjl’bJZ’bj3’bj’l'b12'b' ) respeCtiver'

m n
H". H . ! ! . ! !
Minimize ZZ(Cijl’ Cij2» Gija Cijas Cij21cij3)(xijl1 Xijz1 Xijzr X Xij2, Xijs)
i=1 j=1

Subject to

n

Z(Xul’X|12’X|13’X|’11’X|12’X|13) (all’a|2’a|3’8‘|1’a12’a ) i=1'27"'1m! (P41)
j=1

Z( ij1? |12’ |13’ ul’XuZ’ Ij3) (bjl’bJZ’bjE}’b;l’bJZ’b’ ) j=1’2""’n’

(xijl,xijz,xij3; xijl,xijz,xi’js) >(0,0,0;0,0,0);i=1,2,...m; j=12,...,n

4.4 Kumar and Hussain method

Kumar and Hussain [84-86] proposed methods for solving intuitionistic fully fuzzy
transportation problem.

The steps of these methods are follows:

Step 1: Using Section 4.1, the intuitionistic fully fuzzy transportation problem (P4.1) can be
transformed into the problem (P4.2).
Minimize R(ZZ(CHUCij2'Cijs;Ci;11cij21ci’js)(xij1’Xij2’Xijs;xi!jl'xijZ’Xi'jS)]

i=1 j=1
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Subject to

j=1

R(Z(lel’XI]Z’XIj37XIJl’XI]Z’XI,JS)] R(all’a|2’a|3’a|1’a‘|2’a|3) I :1721"'1m’ (P42)

(i( ij1? |12' Ij3’ IJl’XIjZ’XIJ3)J (bjl’bJZ’bJS”b;l’bJZ’b’ ) j=l!2!"'!n’

i=1

R(xijl, Xii2s Xija Xijps Xija xi'j3) >R(0,0,0;0,0,0);i=1,2,...m; j=12,...,n

Step 2: Using the relation, R(ii( J,b”,c”,a”,b“,c”)]=Zmlzn:R(a by, c;:ay,by.cp ), the

[ L TR TR
i=1l j=1 i=1 j=1

problem (P4.2) can be transformed into problem (P4.3).

Minimize ZZR(( i1 iz G Cins i Cia ) (X Xy Xy X Xy Xis ))

ij17 Mj2r i3 NjLr Nj2r 7Nij3
i=1l j=1
Subject to

ZR( ij1? |12’X|J3’X|11'X|12'Xu3) R(all’a|2'a|3'all’a‘|2'a ) i=1’2""’m1 (P43)

j=1

iR( ul' |12' Ij3’XIjl’XIJZ' Ij3) (bjl’bJZ’bj3’b;1’b b’) j=1,2,...,n,

j2r

R (X1 Xi01 a3 X Xi20 X5 ) 2 R(0,0,0;0,0,0);i =1,2,..,m; j =1,2,...,n

Step 3: Using Section 4.2, the problem (P4.3) can be transformed into the problem (P4.4).

m n
HE N '
Mmlmlze z R(Cijllcijzlcijs’ciﬂ’CijZ’CijB)R<lel’XuZ’leB’lel’XuZ’XUB)
i=1 j=1

Subject to

ZR( ij1? |12'X|13’X|11’X|12’X|j3) R(all’al2’a|3'a|l’a|2’a|3) i:1’2""'m! (P44)

i=
m

ZR( ij1? IjZ’XIj37XIjl’XIjZ’ Ij3) (bjl’bjz’bj3’bjl’b12’b' ) j:1,2,...,n,

R (X1 X501 Xgai Xis X2 X5 ) 2 R(0,0,0;0,0,0);i =1,2,..,m; j =1,2,...,n

Step 4: Since, R(xijl,xijz,xij3;xi’jl,xij2,xi’ja) will always be a real number. So, assuming

R(Xj1: X2 X33 X1 %20 X5 ) = X; » problem (P4.4) can be transformed into problem (P4.5).
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m n

Minimize " R(Cy;,Cyy1 Cysi Gy Gz Cia ) %

i=l j=1

Subject to

Zn:xij =R(a;y,a,,a5a),8,,a3);i=12,..,m, (P4.5)

=

> % =R(byy, by, 0,507, 0,,,00); f =121,

i=1

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

Step 5: Find the optimal solution of the crisp linear programming problem (P4.5).

Step 6: If {x;=p;} is the set of optimal solution of problem (P45) then

) X + 2x”2 + Xz + xIJl + 2xIJZ + xIJ3

5 _p"} represents the set of

gl _ ’
Xij - {(Xul' XlJZ’ XI]3’ lel’ X|12’ XIJ3

optimal solution of problem (P4.1) and the minimum intuitionistic fuzzy transportation cost is

m n

ZZ(Cijl’ Cij2 ! CIJ3’ Cljl’ Cuz J Cua)

i=1 j=1
4.5 Flaw in Kumar and Hussain method

It is obvious from Step 2 of the existing methods [84-86], presented in Section 4.4, that

Kumar and Hussain [84-86] have used the property R[ZZ(aJ,bu,c”,au,bu,c“)J

i=l j=1

m n

=>">"R(a;.b;,c;;a),b;,c;) for transforming problem (P4.2) to problem (P4.3). However, it

ij e i Sy e
i=l j=1

can be easily verified that for the ranking function, used by Kumar and Hussain [84-86], this

property is not satisfying. Hence, problem (P4.2) can not be transformed into problem (P4.3).

4.6 Suggested modifications in Kumar and Hussain method

It can be easily verified that for the ranking function, used by Singh and Yadav [132], the lin-
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m n

earity property, R[ZZ(&,J,b“,cu,au, » )) Zmlzn:R(a“,b”,c“,au,b,l,c ), will always be

i=1 j=1 i=1l j=1
satisfied. Hence, the flaws of the existing methods [84-86], can be resolved by replacing the

ranking function of Kumar and Hussain [84-86] with the ranking function of Singh and Yadav

[132].
4.7 Exact results of numerical examples

Kumar and Hussain [84-86] solved the intuitionistic fully fuzzy transportation problems,
presented by Table 4.1 and Table 4.2, to illustrate their proposed method. However, as discussed
in Section 4.5 that the existing methods [84-86] is not valid. Therefore, the results of numerical
problems, obtained by Kumar and Hussain [84-86], are also not exact results. In this section, the
intuitionistic fully fuzzy transportation problems, presented by Table 4.1 and Table 4.2, are

solved with the modification suggested in Section 4.6.

Table 4.1: Real life intuitionistic fully fuzzy transportation problem

Sources Destinations Int. fuzzy
Tirunelveli D, Trichy D, Chennai D, availability (&)
Sivakasi S, (1,4,9;04,12) | (3,13,14;2,13,15) | (4,6,16;1,6,33) (6,7,10;2,7,11)
Kollam S, (4,5,7,1,5,9) (5,10,15;0,10,39) | (7,16,24;0,16,41) | (6,15,23;1,15,29)
Nagercoil S, (1,3,6;0,3,10) | (5,13,21;5,13,35) | (8,18,27;6,18,48) | (2,10,16;0,10,21)
Int. fuzzy (3,8,16;0,8,19) (1,6,7;0,6,14) | (10,18,26;3,18,28) | (14,32,49;3,32,61)
demand (Bj')
Table 4.2: Real life intuitionistic fully fuzzy transportation problem
Sources Destinations Intuitionistic
Coimbatore Karur D, Tirupur D Namakkal fuzzy
D, D, availability
(&)
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Trichy S, (14,16,18; 0,1,2;-1,1,3) | (7,8,9; 6,8,10) (11,13,15; (2,4,6; 1,4,7)
12,16,20) 10,13,16)
Madurai S, (8,11,14; (3,4,5;2,4,6) | (5,7,9; 4,7,10) (8,10,12; (5,6,7; 4,6,8)
7,11,15) 6,10,14)
Dindugal S, (6,8,10; (13,15,17; (7,9,11;6,9,12) | (1,2,3;0,2,4) (7,8,9;
5,8,11) 12,15,18) 5,8,11)
Palani S, (5,6,7; 4,6,8) (11,12,13; (3,5,7; 1,5,9) (12,14,16; (8,10,12;
10,12,14) 11,14,17) 6,10,14)
Intuitionistic | (3,4,5;2,4,6) (3,5,7; 1,5,9) (10,12,14; (6,7,8; 5,7,9) (22,28,34;
fuzzy 8,12,16) 16,28,40)
demand
(5;)

4.7.1 Intuitionistic fuzzy optimal solution of fully fuzzy transportation problem presented

by Table 4.1

Using the proposed method, the intuitionistic fuzzy optimal solution of intuitionistic fully

fuzzy transportation problem, presented by Table 4.1, can be obtained as follows:

Step 1: Using Section 4.3, the intuitionistic fully fuzzy transportation problem, presented by

Table 4.1, can be transformed into intuitionistic fully fuzzy linear programming problem (P4.6).

Minimize((l, 4,9;0,4,12) ® (X1, Xu1p0 Xiags X110 X120 X33 ) ©(3,13,14; 2,13,15) @ (X101, X100 X103 X1
X101 X123) @ (4,6,16;1,6,33) ® (X3, Xy51 X33 Xigrr Xezps Xigs ) D (4,5, 751,5,9) @ (X, X1z X33
X113 Xo101 Xa13) ©(5,10,15;0,10,39) @ X1+ Xo s Xos Xaprs Xoos X3 ) © (7,16, 24;0,16,41) ®
(Xaa1: Xozs Xozzs Xoa1s Xoaps Xz ) ©(1,3,6;0,3,10) @ ( Xy, X1 X1 X1y, Xago» Xa15 ) @ (5,13, 215,
13,35) ® (Xgp1 Xz Xz Xa1, Xaz Xazs ) (8,18, 27;6,18,48) @ (Xay1, Xygp1 Xags Xagtr Xaza x3’33))
(P4.6)
(Xor1s X1 X435 X110 Xa20 X1z ) © (Xias Xi200 Xz Xizts Xz X5 ) D (Xigps Xigo Xias Xiags Xuszr Xizs )
~(6,7,10;2,7,11),

. . - ! !
(X211’ X212’ X213’ X211’ X212’ X213) @ (X221’ X222’ X223’ X221’ X222’ X223) @ (X231’ X232’ X233’ X231’ X232’ X233)
~(6,15,23;1,15,29),

Subject to

81



!’ ! ! !

- v/ ! . .
(X311’ X312 ! X3137 X3117 X312 ! X313) @ (X3217 X322 ' X323’ X321’ X3227 X323 ) @ (X331’ X332 ! X333’ X3317 X332 ' X333)
~(2,10,16;0,10,21),
!

(X111’ Xi121 X135 X1,11’ Xi121 X1’13) ® (X21l’ X2121 X133 X111 X121 X;13) ® (X311’ X3121 X3135 Xéll’ X312 Xél3 )
~(3,8,16;0,8,19),
(Xi21+ X122+ Xaz33 Xians Xz Xz ) © (Xoo11 Koo Xoaas Xoors Xazzs Xa3 ) (Xazas Xazz s Xagas Xz Xazor Xazs )
~ (1, 6, 7; O, 6,14)1
(X131v X132+ X135 Xa1, X132 X1’33) ® (X231’ Xo32+ Xoa35 Xaa11 Xazz Xésa) ® (XSSl’ Xa3+ Xa3’ Xaa1, Xazp s Xaza )
~(10,18,26;3,18,28),
(Xijl) Xijz1 Xija» Xi,jl’ Xij2 Xi’jS) >(0,0,0;0,0,0);i=1,2,3;,j=12,3.

Step 2: Using Section 4.1, the intuitionistic fully fuzzy transportation problem (P4.6) can be

transformed into the problem (P4.7).

Minimize R((14,9;0,4,12) ® (X3, X171 Xiy0) X1 Xy100 X413 ) (3,143,145 2,13,15) ® (Xyp1, Xy Xy53 X1,
X122 X123) ©(4,6,16;1,6,33) ® (X131, Xi5 Xiz) Xigrs Xuaor Xiaz ) ©(4,5,7;1,5,9) @ (X1, X101 Xoss)
X11s Xo10+ Xo13) ©(5,10,15;0,10,39) ® (Xy51, X5+ X Xoo1 Xons Xaps ) (7,16, 24;0,16,41) ®
(Xoa1s Xag2+ Xozs: Xoa1s Xazz Xoz3 ) @ (1,3,6;0,3,10) @ (Xg14, Xg1p1 Xargi K11, Xap0 Xay3 ) @ (5,13, 21,5,
13,35) ®(Xgp1 X2+ Xa23 Xs21 Xz Xsp3 ) D (8,18, 27;6,18,48) ® (Xay1, Xsa1 Xagas Xars Xaza x§33))

Subject to (P4.7)

R (( Xlll’ XllZ’ X113; Xl'll’ X112’ Xl'13) @ ( X1217 X122’ X123; X1’21’ X1227 X{23) C—D (X1317 X132’ X133; X2{31’ X1327 X2[33 ))
=R(6,7,10;2,7,11),

! ' ! ’ ! ’
R (( X211' X212 ! X213’ X21l’ X212 ! X213) @ (X221’ X222 ! X223’ X221’ X222 ! X223 ) @ (X231’ X232 ' X233’ X231’ X232 ! X233 ))

= R(6,15,23;1,15,29),

! ’

. ! ! . - ! !
R (( XSll’ X312 ' X313’ X3ll7 X312 ! X313 ) @ ( X321’ X322 ' X323’ X321’ X322 ! X323) @ ( X331’ X3327 X333’ X331’ X332’ X333 ))
= R(2,10,16;0,10,21),

R (( Xi111 %1121 X135 X1,11’ X121 X1'13) ® (X211' X512+ Xo13 Xéni X512+ X;13) ® (X3111 X3121 X313 Xén’ X312+ XélS ))
= R(3,8,16;0,8,19),

R (( XlZl’ X122’ X123; Xl'Zl’ X122’ Xl'23) @ (X221’ X2227 X223; X;Zl’ X222’ X;ZS) @ (X321’ X322’ X323; X;’;Zl’ X3227 XéZS ))
=R(16,7,0,6,14),
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R (( Y1315 X132+ X133 X110 X132+ X33 ) ® (X2317 X325 Xo33s Xoa11 Xoans Xoa3 ) ® (X331' Xa321 Xaza) Xaa1s Xaaz» Xa3a ))
=R (10,18, 26;3,18, 28),

R(Xyr X0 X3 X1 X2 X3 ) 2 (0,0,0;0,0,0);i =1,2,3, j =1,2,3.

Step 3: Using the relation, R(ZZ(a,J,b”,cu,au,b“,c )]:Zmlzn:R(aij, by, Cysay.by;.¢p ), the

=1 j=1 i=1 j=1

problem (P4.7) can be transformed into the problem (P4.8).

Minimize (R((1,4,9;0,4,12)®(xm,xm,xm;xgn,xm,xl'ls))+ R((3,13,14;2,13,15) ® (X5, X,y
X123' X121' X2 X123))+ R((4 6 16 1 6 33)®( 1311 X132’ X133’ 131’ X132’ X133))+ R((4’ 5’7;1'5’9)
®(X21l7 X212' X213; Xle’ X212’ X213)) + R ((5110’15’ 0110’ 39) ®(X221’ X222’ X223; X;Zl’ X2227 X;23))
+R((7,16,24;0,16,41) ® Xy, Xz Xz Xaa1, Xz Xozz ) )+ R((1,3,6;0,3,10) ® (X511, Xag1 X
Xs11: Xag: Xagz) )+ R((5,13,21;5,13,35) ® (Xspy. Xagg Xaza: Xaans Xago» Xos ) )+ R((8,18,27; 6,18, 48)
® ( X33l’ X332’ X333; X:’%Bl’ X332’ Xé33 )))

Subject to (P4.8)

(Xlll’ X112' X113’ Xlll’ X112’ 113) + R (X121’ 1221 123’ X121’ X122' 123 ) + R( 1311 132' X133; X:[Sl’ X132’ X1,33
=R(6,7,10;2,7,11),
R ( Xle’ XZlZ’ X213; X;ll7 X2127 X;l3) + R ( X221’ X222’ X223; X;ZU X2227 X;23) + R (X231’ X232’ X233; X;Sl’ X2327 X;33)
= R(6,15,23;1,15,29),
R ( X311’ X312' X313; Xéll’ X312’ XI;lS ) + R (X321’ X322’ X323; X;,Zl’ X322’ XéZS) + R (X331’ X332’ X333’ 331’ 332’ X333)
=R(2,10,16;0,10,21)
R ( Xlll’ X112' X113; X:Itll’ X112’ X:ltl3) + R (X211’ X212’ X213; Xéll' X212’ X;13) + R (X311’ X312’ X313; Xéll’ X312’ XZ;13)
=R(3,8,16;0,8,19),
(X121’ X122' X123’ X1217 1221 123) + R( 2211 222' X223' X;Zl' X222’ X;ZS) + R( 3211 X322' X323; XéZl’ X322’ XZ;ZB)
=R(16,7;0,6,14),
((X:lSl' X132’ X133’ X13l’ 132 133 ) + R( 2311 232’ X233’ X;Sl’ X232' X233 ) + R( 3317 X332’ X333; Xé3l' X332’ XéSS ))

— R(10,18,26;3,18,28),

R (X1 Xi20 Xja3 Xfns % )>(0,0,0;0,0,0);i=1,2,3; j=1,2,3.

ij11 Nj2r Nj3r Njr Nj2o |13

Step 4: Using Section 4.2, the problem (P4.8) can be transformed into the problem (P4.9).
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Minimize (R(14,9;0,4,12)x R (X5, X150 X135 X100 Xz X33 ) + R(3,13,14;2,13,15) x R(X, 55, Xy,
Xp035 Xto1s X201 X1z ) + R(4,6,16;1,6,33) X R Xy50, X351 X335 Xia1: Xuz20 X133 ) + R(4,5,7;1,5,9)
X R (X113, Xp101 Xo13: X113 X100 Xa13 ) + R(5,10,15;0,10,39) % R(Xy1, X5+ Xz X221 X2+ X35 )
+R(7,16,24;0,16,41) x R (X3, X3+ X35 Xsa1s X2 Xp3 ) + R(1,3,6;0,3,10) x R(Xqyy, X315, Xaga)
X1, Xs10 Xoaz) + R (5,13,21;5,13,35) x R Xy sz Xsa Xopt» Xazg» Xios )+ R (8,18, 276,18, 48)
XR (Xga1+ Xap» Xaza: Xaa s Xazzr Xaas )

Subject to (P4.9)
Constraints of problem (P4.8).

Step 5: Since, R(XjuX;o Xjai X1 %20 Xj5) Will always be a real number. So, assuming

R(Xj1: X2 X33 X1 %20 Xis ) = X; » the problem (P4.9) can be transformed into the problem

(P4.10).

Minimize (R(14,9;0,4,12)xx, +R(3,13,14;2,1315)xx,, + R(4,6,16;1,6,33)x X,,
+R(4,5,7;1,5,9)x X,, + R(5,10,15;0,10,39) x X,, + R(7,16,24;0,16,41) x X,,
+R(1,3,6;0,3,10)x X,, + R(5,13,21;5,13,35) x X, + R (8,18, 27;6,18,48) x X, )

Subject to
Xy + X, + %5 =R(6,7,10;2,7,11),

X1 + Xy + X,5 = R(6,15,23;1,15,29), (P4.10)
Xa; + Xa, + X3 = R(2,10,16;0,10,21),
Xy + X, + X5, = R(3,8,16;0,8,19),
Xp, + X + X5, = R(1,6,7;0,6,14),
Xi3 + X3 + X33 = R(10,18, 26;3,18, 28),
X; >0;i=12,3;j=12,3.
a+2b+c+a'+2b+c’

Step 6: Using the relation, R(a,b,c;a’,b,c")= 3 , the problem (P4.10) can

be transformed into the problem (P4.11).

Minimize (4.75x,, +10.75x,, +9.75X, +5.125X,, +12.375X,, +17X,, +3.625X,,
+14.75X,, +20.125x,,)
Subject to

Xip + X, + X3 =7.125,
Xy + Xy + X,3 =14.875, (P4.11)
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Xay + Xgp + Xy = 9.875,

X, + Xyy + X5y =8.75,

Xy + Xy + X5, =5.75,

Xy + X5 + Xgy =17.375,
X;20,1=1,2,3;j=1,2,3.

Step 7: The optimal solution of problem (P4.11) is X, =7.125,x,, =4.625,x,, =10.25,

Xy =8.75, X5, =1.125.

Step 8: Using the optimal solution, obtained in Step 6, the optimal solution of problem (P4.6) is

- , v Xy 2%, F Xiag + Xy + 22X, + X,
X1|3:{(Xml!X1321X133;X1311X1321X133)-Xisl Kz ¥ M R ats &33:7-125}'

8
Sl oy roy. Kot 2X222 + X3 + X;Zl + 2X222 + X;23
Xy = (Xzzv X5221 X5031 Xp011 X502 Xzzs) . 8 =4.625¢,
Sl oy! Y- Xt 2)(232 + X3 + X;Sl + 2X232 + Xé33
Xy = (X231’ Xo321 Xoa31 X311 Xo321 X33 ) . 8 =10.25¢,

Xanq + Xaro + 2Xa10 + Xorr + 2X50, + X,
_ - ! ! . 311 312 313 311 312 313 __
X31 - {( X311’ X312’ X3l3’ X3ll’ X312’ X313) 8 - 875 !

i '
f X321 + X322 + 2X323 + X321 + 2X322 + X323

)~(3|2 = {( X311 X392+ X323 Xézv X322 Xéza) . ) = 1-125} '

- . 2 ! 2 ’
and the optimal value is {(C11Cz103;0{,cz,cé);cl+ C, +C3;01+ C, +C;

= 349.267} .

4.7.2 Intuitionistic fuzzy optimal solution of fully fuzzy transportation problem presented
by Table 4.2

Using the proposed method, the intuitionistic fuzzy optimal solution of intuitionistic fully
fuzzy transportation problem, presented by Table 4.2, can be obtained as follows:

Step 1: Using Section 4.3, the intuitionistic fully fuzzy transportation problem, presented in
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Table 4.2, can be transformed into the intuitionistic fully fuzzy linear programming problem

(P4.12).

Minimize (14,16,18;12,16, 20) ® (X3, X112+ X33 X115 X1 X133 ) © (0,1, 2; 1,1, 3) ® (X1, Xy Xas
Xio1s X2 X1p3) @ (7,8,9;6,8,10) @ ( Xy51, X3+ Xiza: Xiars Xizp» i3 ) © (11,13,15;10,13,16) ®
(Xua1s X142 o35 Xtag o420 Xiaz ) © (8,11,14; 7,11,15) @ (Xp1, Xo1 Xorzs Xpa1s X101 Xp13) @ (3,4,5;
2,4,8) ® (Xyp1, Xazs Xoozs Xoo1s Xops Xa ) © (5, 7,9;4,7,10) ® (X1, Xpzo+ Xoza: Xoa1s Xozs Xz ) @
(8,10,12;6,10,14) ® (Xp41, Xoa2+ Xos3: Xa1 Xoa2s Xpa3 ) D (6,8,10;5,8,11) ® (X511, Xg10 Xa13: Xar1s

X310 Xg13) @ (13,15,17;12,15, 18)®( 2011 X322+ Xanz s X301 Xapp s 323)(—B(? 9,11, 6,912)®

(Xaz1s Xaz2+ Xaza: Xazs Xaza Xazs ) © (12,350, 2,4) ® (Xga1, Xaas Xaazs Xaars Xaazs Xaaz ) @ (5,6,7; 4,
6,8) ® (Xy11: Xa12s Xatas Xoa1s Xagor Xazs ) D (11,12,13;10,12,14) ® (Xyp01 Xazo» Xaz3s Xho1s Xazos Xags )
®(3,5,7;1,5,9) ®( 1310 Xa32+ Xa33+ Xaa1r Xazo 433)(-9 (12,14,16;11,14,17) ® (X401 Xaa0» Xasas

X441’ X442 ! X443)

Subject to (P4.12)
( Xu11 X112 Xa1as X1 Xaa20 X3 ) ® (X121, X122 X233 Xp1s X120+ X123 ) S (Xm, X120 X1333 X1311 X120+ X133 )
®(X141' X142 X1435 X115 Xiaz X1,43) z(2 4,6;1,4, 7),
( Xoiss Xoizr Xosoi Xouss Xz X ) ® ( Xoz1: Xaa2: Xaas: Xaas Xazz Xaza ) ® ( Xaz11 Xaa21 Xaz: Xaanr Xaszr Xass )
@(X241’X242’X243’ 2411 2427 3) (5 6 7 4 6 8)
(X3ll’ X312 ' X313; X:;ll’ X312' Xél3 ) (—B (X321’ X322’ X323’ X321’ X322’ X323) @ (X331' X332’ X333’ X33l’ X332’ X333)
@(X3411X342’X343’ 3411 X342 343) (71879;5,8,11),
(X410 X120 Xatas Xarts Xarzr Xazs ) © (Xats Xazor Xasi Xaos Xazor Xaoz ) © (Xagpr Xagz» Xazai Xhaz» Xazor Xags )
@(X441’ Xaa2s X443 Xz'141’ Xgao 443) (8 10,12;6,10, 14)
(Xia1 X1+ X133 X100 X120 X33 ) D (Xoans Xorz Xorai Xanns Xoros Xz ) © (Xargs Xaszr Xasat Xigss Xaz: Xins )
(—B(X411’ 4121 413'X411’X412’ 413) (3 4 5 2 4 6)
(X121’ X122+ %1235 X111 X1z, X1'23)@(X2217 X221 X023 X001, Xa2 Xzzg)@(xgzl, X399+ Xa033 X391+ Xano » X323)
®(X421’ 4221 423’ X421’ X422’ 423) (3 5 7 1 5 9)
(X131’ X132+ X135 Xiz1r Xigz, X1t33)@(x231’ Xo32+ X331 X310, Xozo X233)@(X3311 X332+ Xa337 X331 Xago X333)
@(X431’ 4320 Xazz Xaa1s Xazz 433) (10 12,14;8,12 16)
(X141’ X142+ 1435 X111 X1z, X1,43)®(X241’ Xoa2+ Xoaz Xoa1: Xoup X243)@(X341, X342+ Xaa33 X341 Xau X343)
@(X441’X442!X443;X441’X4421 443) (6 7,8;,5,7, 9)
(Xyer Xy Ky X Xz X0 ) = (0,0,050,0,0); =1,2,3,4;  =1,2,3,4.
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Step 2: Using Section 4.1, the intuitionistic fully fuzzy transportation problem (P4.12) can be

transformed into the problem (P4.13).

Minimize R((14,16,18;12,16,20) ® (X1, X5, Xi15s X115 X120 X33 ) © (0,1,2,—1,1,3) ® (X1, Xy Xos:
X£21’ X122’ X]t23) (—B (7’ 8’ 9! 6' 8’10) ® (X13l’ X132’ X133; X:It31' X132' XﬂtSS) @ (11’13’15!10!13’16) ®
(Xea1s X142 o35 oz Xazs Xiag ) © (8,11,14; 7,11,15) ® (Xy11, X151 Xor: X1, Xo1: Xp05) @ (3,4, 5;
2,4,6) ® (X5, X501 Xp035 Xoo1s Xazs Xa3 ) @ (5,7,9;4,7,10) ® (X1, Xpzz+ Xozai Xoa1: oz Xgz ) @
(8,10,12;6,10,14) ® ( Xp41, Xp42+ Xau3; Xaa1+ Xosz Xoa3 ) D (6,8,10;5,8,11) ® (Xqyy, Xapp, Xayg3 Xiyy,

Xa15+ Xa15) © (13,15,17;12,15,18) ®( 2011 X9 X1 Xao1» Xano s 323)@(7 9,11; 6,9,12)®

(Xa31 Xaz0s Xaa3s Xagrr Xazz Xa33) @ (1,2,3;0,2,4) ® (Xauy, Xano s Xaazs Xaars Xasz s Xaas ) @ (5,6,7; 4,
6,8) ® (Xy11s Xa1z Xarzs Xaazs Xarps Xaa ) © (11,12,13;10,12,14) ® (Xy1, Xao s Xazg: Xao1s Xz Ko )
D(3,5,7:1,5,9) ® (X1, Xyap» Xeas: Xoat» Xaso» Xiag ) D (12,14,16,11,14,17) ® (X1, Xaa» Xoes;
X441' X442’ X443))

Subject to (P4.13)

!

. ’ ! - !/ . 1 !
R ((X1117 XllZ’ XllS’ Xlll’ XllZ’ X113 ) (—B (X121’ X122’ X123’ X121’ X122’ X123) (—B (X13l7 X1327 X133’ XlSl’ Xl32’ X133)
(X141' 1427 143')(141’ 142’X143)) R(2 4,6,1,4, 7)
R (x Xoro s Xorat Xoro s Xoro ) X, )@(x Xy Xoons Xoor s Xooo, Xo )@(x Xoao s Xomas Xoats Xomo s X )
2110 212 7M2130 M2110 M2120 M213 2211 22221 712231 71221 12221 7M223 2311 7232 72331 7231 M2321 “M233

!

®(X2411 X2421X243;X241’X242'X;43)) R(5 6,7,4,6, 8)

’ ! !

. . ' ! ’
R ((X311' X312’ X3l3’ X311’ X312' X313 ) ® (X321’ X322’ X323’ X321’ X322’ X323) ® (X33l' X332’ X333’ X331’ X332’ X333)

@(X3411 X342s X343 X§41’ X342 Xé43)) (7 8,9;5,8, 11)

! ’ ’

. . ' ! '
R ((X411’ X412' X413’ X4ll’ X4l2’ X413) ® (X421’ X422' X423’ X421’ X422’ X423) ® (X431’ X432' X433’ X431’ X432’ X433)

@(X441’ X442 Kaa3s Xz’mu Xaa2» X443)) (8 10,12;6,10, 14)

! ’ ’ ! ’
R ((Xlll’ X112’ X113’ Xlll’ X112’ X113) ® (X21l’ X212’ 2131 Xle’ X212' X213) ® (XSll’ X312’ X313' X311’ X312’ XSlS)

X
@(X4ll’ 412’X413;X:1117X412'X4l3)) R(3 4 5 2 4 6)

! ' ’ ! '
R (( X1217 X122 ! X123’ X121’ X122 ! X123 ) @ (X221’ X2227 2237 X221’ X222 ! X223) @ (X3217 X322 ! X323’ X321’ X322 ! X323 )

X
@(X421’ 4221 X423; X4,121’ X422' X423)) R(3 5 7 1 5 9)

! ’ ’ ! ’
R ((X1317 X1327 X133’ X131’ X132’ X133 ) @ (X23l’ X2327 X233’ X231’ X232’ X233) @ (X331’ X3327 X333’ X331’ X332’ X333)

@ (Xa1s Xazz Xazi Xiarr Xazo Xz )) = R(10,12,14;8,12,16),

! ' ! ' ! ’
R ((X141’ X142’ X143’ X141’ X142’ X143 ) ® (X24l’ X242’ X243’ X241’ X242' X243) ® (X341’ X342’ X343’ X34l’ X342’ X343)

@(X4411X4421X443;X;41’X442'X:143)) R(6 7,8,5,7 9)
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R(Xj1: Xjz0 X33 X1 Xi20 X5 ) 2 R(0,0,0;0,0,0);i =1,2,3,4; j =1,2,3,4.

Step 3: Using the relation, R(ZZ(aU,b”,cu,a”,b“,c )j=iiR(au,bu,c”,a“,b”,c“), the

=1 j=1 i=1 j=1
problem (P4.13) can be transformed into the problem (P4.14).

Minimize | R((14,16,18;12,16,20) ® (X, X151 X5 X115 X100 Xiss)) + R (0,1, 2-1,1,3) ® (X0, Xy
st Xiors X1z X133) )+ R((7,8,9;6,8,10) ® (Xy31, Xy Xyz3 Xiap Xz X133 )) + R ((11,13,15;
10,13,16) ® ( X4y, X142+ X1a35 Xta1» iz xm)) +R((8,11,14;7,11,15) ® (X1, Xp1p+ Xo13) X113, X1
Xp13))+ R((3,4,5;2,4,6) ® (X1 Xz Xz X511 Xapr X33 )) + R ((5,7,9;4,7,10) ® (Xy9, Xy
Xoasi Xaa1 Xz Xa3) ) + R ((8,10,12;6,10,14) ® Xy, Xoszr Xaagi Xoas Xaso Xasz ) )+ R((6,8,10;5,
8,11) ® (Xq1, X101 Xara5 Xar1s Xarz» Xaz) ) + R((13,15,17;12,15,18) ® (Xa1, Xap0 1 Xz3: Xso1 X2
Xiza))+ R((7.9,1% 6,9,12) ® (Xya:, Xas Xz Xaayr Xazg Xiza ) ) + R((1,2,3,0,2,4) ® (X,
Xasz: Xaszi Xoags Xasg: Xazz) ) + R ((5,6,754,6,8) ® (Xyyy, Xyg1 Xagai Xy Xarzr Xiga ) )+ R((11,12,13;
10,12,14) ® (X1, Xaz+ Xaz: Xizgs Xaor Xizs ) )+ R((3,5, 7:1,5,9) ® (Xya1 Xy Xazsi Kby Xazpr Xia )
+R((12,14,16;11,14,17) ® (X441, Xas» Xaag’ Xaa1» Xaazs xjm))]
Subject to (P4.14)
R (X110 X120 X335 X110 Xa20 Xi1s ) + R (Xia10 X000 Xiags Xip1s Xz Xiz3)
+R (Xygpr Xz Xigai Xia1 Xuzr Xias ) + R (Xpags Xiazs Xiazs Xiags Xeaos X143 ) = R(2,4,6,1,4,7),
R (Xa110 Xo120 Xa135 Xo11s Xa121 Xa13 ) + R (Xaa1: Xoz0s X035 Xo1s Xp201 X323
+R (Xog11 Xozz s Xozzs Xo1s Xozar X33 ) + R (Xoa1s Xoans Xoag Xoa1s Xoazs Xaas ) = R(5,6,7;4,6,8),
R (Xs11s Xs12+ Xa133 Xa10: Xa120 Xa13 ) + R (Xgp1s Xapp1 Xaai Xaons Xaz X3 )
+R (Xg31, Xaz2+ Xaza) Xazr Xazar Xaga ) + R (Xaar Xaa Xaag) Xaars Xaror Xaus ) = R(7,8,9;5,8,11),
R (X410 Xa12s Xaras Xa1s Xaror Xaza ) + R (Xaons Xazzs Xaoas Xoots Xazzr Xz )
+R (X431 Xga20 Xazzs Xt Xazzr Xagz ) + R (Xaags Xaazs Xaazs Xaars Xagor Xag ) = R(8,10,12;6,10,14),
R (X110 X120 X333 Xt110 Xa20 Xi1z )+ R (Xa11 Xa12 Xo1g: X113, X100 Xig3 )
+R (Xg11s Xs10+ Xa133 Xa10 Xa100 X135 ) + R (Xaras Xaro s Xargs Xans Xaro Xiag ) = R(3,4,5;2,4,6),
R (Xia1 X120 X135 Xto1s Xi2 X123 ) + R (Xan1, Xazs Xz Xao1s X1 X3 )
+R (Xgp1s Xs0 Xas3 X201 Xaz0s X323 ) + R (Xaots Xaza s Xazgs Xiots Xao s Xaps ) = R(3,5,7;1,5,9),
R (Xigr Xiaos Xuga) Xia1 Xagos Xiaz ) + R (Xaz1s Xoz s Xozai Xoa1, Xz Xias )
Xyap s X

+R( 3311 332' X333' 3317 332 X333 ) + (X431’ X432' X433’ X431' X432' X433) R (10 12 14 8 12 16)

(X141’ X142’ 143’ 141' 142’ 143 ) + R X24l’ 2421 X243’ X241’ X242’ X243)
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' ;X ') =R(6,7,85,7,9),

+ R( 3411 342’ X343’ X341’ X3427 X343 ) + R ( 441 X442’ X443’ X44l’ X442’ X443

R(xul,xuz,xua,x”l,x”z, ,13)> R(0,0,0;0,0,0);i =1,2,3,4; j =1,2,3,4.
Step 4: Using Section 4.2, the problem (P4.14) can be transformed into the problem (P4.15).

Minimize [R(14,16,18;12,16,20) x R (X3, X1+ Xi33) X{11: X1301 X415 ) + R(0,, 2, 1,1, 3) x R (X151, X
X123 Xio1s Xiz2 Xiz) + R(7,8,9;6,8,10) X R (Xya1, Xi3p. Xyags Xiar Xias Xiza ) + R(11,13,15;
10,13,16) x R (Xy41: Xia2s Xoa33 Xta1s Xuaz» Xtz ) + R(8,11,14;7,11,15) X R(Xy11, X515+ Xo133 Xau1,
X121 Xp13) + R(3,4,5;2,4,6) X R(Xy011 Xo001 Xans: X521+ Xa201 X35 ) + R(5,7,9;4,7,10) x R(Xygy,
Xoz21 Xaga: Xoa1: Xozps Xazs) + R(8,10,12;6,10,14) X R( Xy, Xpas Xoss: Xoa1s Xoaps Xpas ) + R(6,8,
10;5,8,11) x R(Xa11, Xa10+ Xa133 Xa11» Xa1p+ Xa13) + R(13,15,17;12,15,18) x R(Xsp1, X+ X303
X321’ 3221 323)+ R(7 9 11 6 9 12)X R( 3317 332'X333’X331’X332' 333)+ R(l 2 3 0 2 4)X
R X341+ Xaz Xaazs Xaars Xaazs Xaaz) + R(5,6,7;4,6,8) X R(Xy11s Xarp1 Xasai Xazgs Xarz s Xazs )+ RAL,
12,13;10,12,14) X R(Xyp11 Xazz» X233 Xia1 Xaz2s Xaz ) + R(3,5,7;1,5,9) X R(X31, X431 Xags;
Xas1» Xazp Xaz3) + R(12,14,16;11,14,17) xR (X415 Xaaz+ Xaa33 Xaa1s Xaazs x443)]

Subject to (P4.15)

Constraints of problem (P4.14).

Step 5: Since, R(X;u.X;p Xjai X1 %20 Xj5) Will always be a real number. So, assuming

R(Xj1: X2 X33 X1 %20 X5 ) = X; » problem (P4.15) can be transformed into problem (P4.16).

Minimize [R(l4,16,18;12,16, 20)x x;; +R(0,1,2;-1,1,3) x x,, + R(7,8,9;6,8,10) x X ,
+R(11,13,15;10,13,16) x X, + R(8,11,14; 7,11,15) x X,, + R(3,4,5;2,4,6) x X,,
+R(5,7,9;4,7,10) x x,; + R(8,10,12;6,10,14) x x,, + R(6,8,10;5,8,11) x X,,
+R(13,15,17;12,15,18) x X5, + R(7,9,11; 6,9,12) x X3, + R(1,2,3;0,2,4) x X,,
+R(5,6,7;4,6,8) x x,, + R(11,12,13;10,12,14) x X,, + R(3,5,7;1,5,9) x X,,
+R(12,14,16;11,14,17) x X,, ]

Subject to (P4.16)
X + X + X5 + X%, = R(2,4,6,1,4,7),

Xop X2 T Xpg + Xy = R(5,6, 7;4, 6,8),
Xa1 + Xap + Xgg + Xy = R(7,8,9;5,8,11),
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Xg1 + Xy + Xg5 + X,y = R(8,10,12;6,10,14),
Xy + Xo + Xy + X, = R(3,4,5;2,4,6),

Xpp + X5 + Xy + X, = R(3,5,7;1,5,9),

Xi3 + Xo3 + Xg3 + X,y = R(10,12,14;8,12,16),
Xy4 + Xou + Xy + X, = R(6,7,8,5,7,9),

X; 20,1=1,234,j=12,34.

Step 6: Using the relation, R(a,b,c;a’,b,c’)= a+2b+c;a +2b+c , the problem (P4.16) can

be transformed into the problem (P4.17).

Minimize [16x11 + X, +8Xy5 +13X,, +11X,, +4X,, + 7X,5 +10X,, +8Xy; +15X,, +9Xy; + 2X,, +6X,,
+12X,, +5%,5 +14X,, |
Subject to (P4.17)
X+ X, + X5+ X, =4,
Xp1 + Xpp + Xp3 + X5, =6,
Xy + Xgp + Xgg + X4 =8,
Xgp + Xgp + X43 + X,y =10,
Xt Xy + X5 + Xy = 4,
X+ Xy + X + Xy = S5,
Xig + Xz 4 Xgg + X3 =12,
KT Xt Xy Xy = 7,
X = 0;i=12,34;j=1234.

Step 7: The optimal solution of problem (P4.17) is X, =4,%,, =1 X3 =5,%;; =1 X, =7,%,, =3,

Xyg =1 .

Step 8: Using the optimal solution, obtained in Step 7, the optimal solution of problem,

presented by Table 4.2, is

- , DAL + 2%,y + Xy e + Xy + 2% ) + X
X1|2:{(X121'X122’X123;X121’X122’X123)'Xm = X1238Xm = X“3=4},
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Xops + 2%y + Koo + Xoon +2X,,, + X,
- v! ! . Y221 222 223 221 222 223 __
(X221’ X222’ X223’ X221’ X222’ X223) " 8 - 1 !

Xonr 42X + Xona + Xy + 2%, + X,
.yt ' . 231 232 233 231 232 233 __
(X23l’ X232’ X233’ X231’ X232’ X233) : 8 - 5 1

' '
' ' XSll + X312 + 2X313 + XSll + 2)(312 + X313 —

ii;l = {( X311’ X312’ X313; X311’ X312’ X313) : 8

_ 1} |
Xogr + 2Xopy + Xopo + Xepo + 2%, + X0
vl ' . 341 341 343 341 342 343 __
(X3417 X341’ X3437 X341’ X342’ X343) : - 7 '

8

Xynr F2X,400 + Xy + Xon +2X,., + X,
! ’ . M11 412 413 411 412 413 __
(X411’ X412’ X413’ X411’ X412' X413) " - 3 1

8
gl _ v/ ' . X431 + 2X432 + X433 + X4’131 + 2X432 + X:133 — 7
X43 - (X431’ X432’ X433’ X431’ X432’ X433) ) 8 - !
. . , ,\.C +2C,+C,+C +2C,+C;
and the optimal value is {(c,,c,,C;;¢[,C,,C;): 2 =118;.

4.8 Conclusion

On the basis of present study, it can be concluded that the existing methods [84-86] is valid
only if the ranking function, used in the existing methods [84-86], is replaced with either the

ranking function, used in the existing method [132], or with any other appropriate ranking

function ~ for  which  the  linear  property R{ZZ(aij by.ciral,by ¢ )J

i=1 j=1

n

= iz R(ay,by.c 5. b;,c; ) will always be satisfied.

i = S
i=1 j=1
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Chapter 5

A new method for solving intuitionistic fully

fuzzy transportation problems”

In this chapter, flaws of the existing methods [18,29,45,49,112,118,123,133,134,138] for
solving intuitionistic fully fuzzy transportation problems are pointed out. Also, a new method is
proposed for solving intuitionistic fully fuzzy transportation problems. To illustrate the proposed
method, the intuitionistic fully fuzzy transportation problem, considered by Roseline and

Amirtharaj [123], is solved by proposed method.
5.1 Flaws of the existing methods

In Chapter 4, the ranking function, proposed by Singh and Yadav [132] and a special
multiplication, proposed by Kumar and Hussain [84-86], is used. It can be easily verified that if
A' =(a,a,a,a,b,b,b,b,) and B'=(a,a)a;a,;b,by,bb;) are two trapezoidal
intuitionistic fuzzy numbers and A' ® B' is a trapezoidal intuitionistic fuzzy number obtained by
using special multiplication, proposed by Kumar and Hussain [84-86], then for the ranking
function R, used by Singh and Yadav [132], the property R(A' ®I§'): R(A')x R(I§') will
always be satisfied and hence in Step 3 of the method, modified in Chapter 4, the problem (P4.3)
can be transformed into problem (P4.4).

However, if instead of special multiplication, the generally used multiplication of intuitionistic

fuzzy numbers is used then the property R(A' ®B')=R(A')xR(B") will not be necessarily

" The contents of this chapter are to be communicated in Applied Mathematical Modelling.
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satisfied. For example, if A'=(3,7,10,14;2,512,15) and B'=(3,6,9,11,15,10,13) are two
trapezoidal intuitionistic fuzzy numbers then A' ® B' =(9,42,90,154;2,25,120,195) and hence
R(A'®B')=79.625. While, R(A')®R(B')=61625. It is obvious that
R(A'®B')=R(A")xR(B').

Therefore, the problem (P4.3) can not be transformed into problem (P4.4) and hence the
method, modified in Chapter 4, can not be used for solving such intuitionistic fully fuzzy
transportation problems in which general multiplication instead of special multiplication is used.

While, it can be easily verified that in the existing methods [18,29,45,49,112,118,123,133,134,
138], the mathematical incorrect property R(A' ®B' ): R(A' )x R(I§' ) is used to transform the

problem (P4.3) into the problem (P4.4). Hence, it is not genuine to use these existing methods.
5.2 Proposed method

In this section, to resolve the flaws of the existing methods [18,29,45,49,112,118,123,133,134,
138], modified in Chapter 4, a new method is proposed for solving intuitionistic fully fuzzy
transportation problem without considering the special multiplication of intuitionistic fuzzy

numbers.
The steps of the proposed method are as follows:

Step 1: Replacing c;,x;,a and b, of the crisp linear programming problem (P2.1) of
transportation ~ problem  with  the  trapezoidal intuitionistic =~ fuzzy  numbers

. ! 1 ! ! . ’ 1 ! ’ . ! ’ ’
(Cijl'CijZ'Cij3'Cij4’Cijl’Cij2’Cij3’Cij4)’ (Xijl’ Xiiz1 Xijzr Xijas Xijrr Xij21 Xijas Xij4) , (ail’ Aoy &35 8545 &1, i A3,
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a/,) and (b, bj,.b;5,by4;b7,07,, b7, b7, ) respectively, the problem (P2.1) is transformed into

problem (P5.1).

! . ’ ! ! !
Mmlmlze ZZ( ij1? |12’ |13’C|J4’Cljl’C|127C|13'C|J4)®(Xijl’Xij2’Xij3’Xij4’Xij1’Xij2’Xij3’Xij4)

i=1 j=1
Subject to (P5.1)
n
! ' ' ' ~ v a! ' ' P\
Z(Xijl’ Xij2’ XijS’Xij4’Xij1’Xij2’Xij3’ Xij4) ~ (a'il’aiZ’a‘i37ai4’ail’a'iZ’ai?)'a‘i4)’I _1'2""’m
j=1
m
' ' ' ' ' ' '
Z(lel’XI]Z’XI]37XIJ4’lel’XIJZ’XIJ3’ I]4) (bjl’b12'bj3’bj4’bjl7b127b131bj4) J_l 2
i=1

(X1 X2 X0 X3 X Xz ,Js,x“4)>(O,O,O,O,O,O,O,O);i:1,2,...,m;j:1,2,...,n,

(xul, Xij2» Xijar Xijas Xijpr Xij2» Xija» xu4)|s a non-negative trapezoidal intuitionistic fuzzy number.

Step 2: Using the arithmetic operations of trapezoidal intuitionistic fuzzy numbers, the problem

(P5.1) can be transformed into the problem (P5.2).

Minimize ZZ(Culejl’C|12X|12’C|13X|j37C|J4X|J4’Cl]lxljl'CuZleZ’C|13X|137C|J4X|J4
i=l j=1
Subject to (P5.2)
n
Z( ij1? |12’ IJ3’ |14’X|11’X|'12’X|'131Xu4) (a|11a|2’a|3’a|4’all’a|2’a|31a|4) |:l12""’m
j=1
m
! ! ! ! ’ ! ! -
Z( ij1? |12’ |13’ Ij4’XIjl'XIJZ’XIj3’ |J4)z(bjl’ij’b13’b14’b11'b12'bj3’b4)’J:1'2""’n’
i=1

(Xga0 Y21 Xiiar Xijas X X0 X0 X ) = (0,0,0,00,0,0,0);i =1,2,..,m; j =1,2,...,n,

(xijl, Xii2s Xijzr Xijas Xijpr Xij2» Xija» xi’j4)is a non-negative trapezoidal intuitionistic fuzzy number.

Step 3: Using the Section 1.3.3.2, the problem (P5.2) can be transformed into the problem

(P5.3).

m n
Mlnlmlze R [Z (Cljlxljl’ CIjZXIjZ ! CIJSXuB’ CI]4XIJ4 ! Cljlxljl’ CIjZXIJZ ! CIJSXIJ3’ CI]4XIj4 )j
i=1 j=1
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Subject to (P5.3)

n
' ' ' i .
R[Z(lel’xljz’xlj?ﬂle4'lel’XIJZ’XIj3'XIJ4)J R(a|1'a|2’alS’al4’all’a|2’a|3’al4) I :1’2""’m

j=1
(Z( ij1? |JZ' |13’ |j4’Xul’XuZ’XuS’le)j (bjlibjzibﬁ'b4’b;1’b;2’b;3’b'4);j=1'2""7n’

i=1

R (X0 X201 Xgar Xiai Xizs X0 Xfss Xfa ) 2 R(0,0,0,0;0,0,0,0); %7, 203 =1,2,...,m; j =1,2,..,n,

' Nj1 —

(Xja X0 Xiar X3 i X500 X5, X5 ) iS @ nON-negative trapezoidal intuitionistic fuzzy number.

Step 4: Using the relation, R(ZZ( 5bic dysal, bl e, df )J izn:R(a b.,c..d.:al b

ij 7 i g Ty g
=1 j=1 i=1l j=1

c;,d;) , the problem (P5.3) can be transformed into the problem (P5.4).

m n

Minimize zz R (CIJlXIJ].’ C|12X|12 ! CI]3XIj3 ! CI]4XIj4 ’ Cljlxljl’ CuZleZ ! CIJ3XIj37CIJ4XIJ4)
i=1 j=1

Subject to (P5.4)

. ’ ’ ! ’ . ! ’ ! ’ .y
Z R(Xij11 Xii21 Xijz1 Xijar Xij1r Xij20 Xjja» Xij4) = R(ail’ai27ai3’ai41ai11ai2’ai37ai4)1I =12,..,m
j=1

m
i=1

D R(Xys X2 Xy X Xigs X0 Xz X ) = R(Djp 0505, b545b7, b1 7,07, ) =12,

R (X1 Xg20 Xias Xijas Xias Xfzs X0 X4 ) 2 R(0,0,0,0;0,0,0,0); X}, 20 =1,2,...,m; j =1,2,...,n,

' Aj1 —

(xul, Xii2s Xijas Xijas Xijr Xij2» Xija» x“4)|s a non-negative trapezoidal intuitionistic fuzzy number.

Step 5: Using the expression, R(a,b,c,d;a’,b’,c’,d")= a+brc+d+a+b+c+d

, the
8
problem (P5.4) can be transformed into the problem (P5.5).
Mlnlmlze ZZ[ Cljlxljl + ClJZXuZ + CIJ3XIJ3 + C|14X|14 + Cljlxljl + ClJZXuZ + CIJ3XIj3 + C|14X|14 j
=1 j=1 8
Subject to (P5.5)
Z XIJ1 + X|12 + XIJ3 * XIJ4 * Xlll + X|12 + XIJ3 + XIJ4 — ai1 + aiz + ai3 + a'i4 + a‘i!l + ai,2 + ai'3 + ai!4 ‘i=12 m
=i 8 8
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1 ! ’ !/
bjl+bjz+bj3+bj4+bjl+bj2+bj3+bj4_ ]
8 b

=12,...
8

X Xige 2 0;1=1,2,...,m; j=1,2,...,nk =1,2,3,4.

! ! 1 !
i Xijo T Xijo T Xyja T Xija T Xy + Xijo + Xy + %54 |
i1

Step 6: Find the optimal solution of crisp linear programming problem (P5.5).

Step 7: Using the optimal solution, obtained in Step 6, the intuitionistic fuzzy optimal solution of

problem (P5.1) is {(Xijla Xii21 Xijzr Kjja Xi}l’ Xi}z’ Xi}31xi’j4)} -

Step 8: Using the optimal solution, obtained in Step 7, the minimum intuitionistic fuzzy

transportation cost of intuitionistic fully fuzzy transportation problem (P5.1) is

m n

. At ! ! ’ . 14 ! 4 14
ZZ(Cij11 Cij2» Gij31 Gijas Gijs Gij21 Gijao Cij4) ®(Xij1’ Xii21 Xijzr Kjar Kj» Xij2» Xjjas Xij4) .
i=1 j=1

5.3 Hlustrative example

Roseline and Amirtharaj [123] solved the intuitionistic fully fuzzy transportation
problem, presented by Table 5.1, to illustrate their proposed method. In this section, the
intuitionistic fuzzy intuitionistic fuzzy optimal solution of the same problem is obtained by the
proposed method.

Table 5.1: Intuitionistic fully fuzzy transportation problem

Sources Destinations Inst. Fuzzy
D, D, D, D, Availability

@)
S (2,5,7,10; (3,6,9,12; (3,6,9,11; (4,6,8,11; (4,6,10,14;
1,4,8,12) 2,5,10,14) 1,5,10,13) 3,5,9,12) 2,5,11,15)
S, (4,7,9,13; (2,6,10,14; (3,7,10,14; (4,7,10,13; (5,9,12,16;
3,6,11,15) 1,4,12,16) 2,5,12,15) 1,5,12,15) 4,8,14,18)
S, (4,8,10,12; (3,5,8,10; (4,7,11,13; (3,6,9,11; (8,15,20,27,;
2,6,11,14) 2,4,9,11) 3,5,12,14) 1,4,10,14) 6,11,23,33)
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Inst. (5,8,11,15; (4,8,12,14; (3,6,9,14; (5,8,10,14;
Fuzzy 4,7,13,16) 3,6,13,18) 2,5,10,16) 3,6,12,16)
Demand

(/)

Using the proposed method, the intuitionistic fuzzy optimal solution of intuitionistic fully

fuzzy transportation problem, presented by Table 5.1, can be obtained as follows:

Step 1: The intuitionistic linear programming problem of intuitionistic fully fuzzy transportation

problem, presented by Table 5.1, can be transformed into the problem (P5.6).

Minimize( (2,5,7,10;1,4,8,12) ® (Xyy3, Xy10 Xy130 Xy1a5 X110 X{120 X110 X134 ) D(3,6,9,12;2,5,10,14)
® (Xyp1s Xz Xi231 Xioas Xiots Xizo s Xiogs Xipg ) ©(3,6,9,11;1,5,10,13) ® (X351, X131 Xug3s Xaaa' X
Xy32+ X130 X34) ©(4,6,8,11;3,5,9,12) ® (Xy411 Xias Xoag» Xuaas Xtazs Xiaz» Xiazs Xaa ) ©(4,7,9,13;
3,6,11,15) @ (Xy1, X105 Xpr31 Xa1a) Xa11: Xa121 Xog3s Xp14 ) ©(2,6,10,14;1,4,12,16) @ (Xy51, X4
Xozas Xozas Xap11 Xa22 Xozgr Xp4) D (3,7,10,14;2,5,12,15) ® ( X3, X3+ Xagzr Xaaa: X33 Xoz2s Xga:
X3, ) @ (4,7,10,13;1,5,12,15) ® (Xpu1, Xoups Xoaz» Xoaas Xaars Xaazs Xrazs Xous ) ©(4,8,10,12; 2,6,

11,14) ® (Xg1s Xs12+ Xa1gs Xras Xazs Xa1 Xa1gs Xara ) ©(3,5,8,10;2,4,9,11) ® (Xa1, Xapp s Xso31 Xapa
oy X )®(4,7,11,13;3,5,12,14) ® (X3, X3+ X33 Xgza5 Xaa1s Xsaz+ Xaazr Xsaa ) @

XéZI’ X322’ X323’ 324
(3’ 6’ 9’ 11; 1' 4’ 10’ 14) ® ( Xaa1r X342y X33 X3 Xé41’ Xé42 ’ Xé43’ X§44 ))
Subject to (P5.6)

! !

(Xill’ X112’ XllB’ 114 Xlll' X112' X113’ X114) ( 121 X122’ X123’ X124' XlZl’ X122’ X123' 124 ) @ (X131’ X132’ X133’

X134’ X131’ X132’ X133’ 134)@()(141' X142' X143’ 144’ 141’ Xl42’ Xl43’ 144) (4 6 10 14 2 5 11 15)

. ' ’ ! '
211’ 212' 213’ X214’ X211’ X212’ X213’ X214 ) ® (X221’ X222’ X223’ X224' X221’ X222’ X223’ X224 ) ® (X23l' X232’ X233’

L2 Xoas Xoaa ) = (5,9,12,16; 4,8,14,18),

!
X234’ X231’ X232’ X233’ 234) ®( 241 X242’ X243’ X244’ X241’ X242’ X243’ 244

!

' '
3247 X3217 X322’ X3237 324) ® (X331’ X332’ X333’

X31l’ 31271 313’ X3147 XSll’ X312’ 313’ 314) (X321’ 3221 323’
X

3341 X331’ X3327 X333’ 334) ®( 341 X3427 X343’ 3441 X341’ X342’ X343’ 344) (8 15 20 27 6 11 23 33)

X
( 11 XllZ’ X1137 114’ lll’ X112’ X113’ Xll4) ( 211 X212’ X2137 X214’ Xle’ X2127 X213’ 214 ) @ (XSll’ X312’ X313’
! ! !
Xa145 Xa110 Xa12» Xa19: Xa1a) = (5,8,11,15;4,7,13,16),
’ ’ ’

'
(X121’ X122’ X123’ X124’ XlZl’ X122' X123' X124 ) ® (X221’ X222' X223’ X224’ X221’ X222' X223’ 224 ) ® (X321’ X322' X323’
X324' X321’ X322’ 323’ 324) (4 8'12’14’ 3’6’13’18)’

X
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(Xus1s Xuz2 Xus30 Xeaa Xigts Xz Xigar Xiaa ) © (Xagrs Xagar Xazar Xaaa: Xoa1s Xaz Xozzs Xoza ) @ (Xay, Xazo» Xazas

Xa34 X310, Xazz» Xazgr Xaze) = (3,6,9,14;2,5,10,16),

(Xoa1r Xeazs Xeags Xoag: Xearr Xtazs Xtags Xaa ) D (Xoars Xoa2s Xoazs Xoas Xoa1s Xoazs Xaazr Xoan ) © (Xaars Xasz s Xaggn
Xaaas Xaa1, Xasz» Xasg: Xass) = (5,8,10,14;3,6,12,16)

(xijl,xijz,xijs,xm;xi’jl,xi’jz,xlj3, IJ4)>(O 0,0,0;0,0,0,0);i=1,2,3; j=1,2,3,4.

(xijl, Xijzs Xijar Xijas X Xij21 Xija» x{M)is a non-negative trapezoidal intuitionistic fuzzy number.

Step 2: Using the arithmetic operations of trapezoidal intuitionistic fuzzy numbers, the problem

(P5.6) can be transformed into the problem (P5.7).

Minimize(2x111 +3Xp; + 3K +AX 4y AKX + 2Xop; +3Xgy +AXo +AXgp, + 3Xgp, + AXggy + 35y,
5X112 + 6X122 + 6X132 + 6)(142 + 7)(212 + 6X222 + 7)(232 + 7)(242 +8X312 + 5)(322 + 7)(332 + 6)(342’
X115 +9X 55 + 9K 35 +8X 45 +9X,15 +10X,,5 +10X,5, +10X,,5 +10X5,5 +8X;55 +11X55, +9X,5,
10x,,, +12x,,, +11X,5, +11X,,, +13X,,, +14X,,, +14X,,, +13X,,, +12X,,, +10X,,, +13X,,,
+11X344; X:Itll + 2)(1’21 + X:{31 + 3X{41 + 3X;ll + X;Zl + 2X;31 + X£41 + 2Xéll + 2XéZl + 3Xé31 + Xé4l’
4)(1'12 + 5X1'22 + 5X132 + 5X1'42 + 6X;12 + 4X£22 + 5X;32 + 5X;42 + 6X(”>12 + 4'Xé22 + 5Xé32 + 4Xé42’
8X[ 15 + 10X 5 +10X, 55 +9X[,5 +11X0, 5 +12X)05 +12X005 +12X),5 +11X5,, + 9X;,5 + 12X,
+10x3,,,12%],, +14X,,, +13%,, +12X;,, +15%;,, +16X),, +15X),, +15X,, +14X3,, +11x3,,
+14x5,, +14X3,,)
Subject to (P5.7)
(Xlll + X121 + X131 141’ X112 + X122 + X132 + X142 ! X113 + X123 + X133 + X143’ X114 + X124 + Xl34 + Xl44'
Xf[ll + X1,21 + X1,31 + X141’ X112 + X122 + X132 + +X142’ X113 + X123 + X133 + X143’ X114 + X124 + X134 +X144)
~ (4, 6,10,14;2, 5,11,15),
(Xle + X221 + X231 + X24l' X212 + X222 + X232 + X242 ' X213 + X223 + X233 + X243’ X214 + X224 + X234 + X244’
Xéll + X£21 + X;31 + X;41’ XélZ + X;22 + X;32 + X;42' X£13 + X£23 + X;33 + X£43’ X£14 + X£24 + X£34 +X£44)
~ (5, 9,12,16; 4,8,14,18),
(X3ll + X321 + X331 + X341’ X312 + X322 + X332 + X342’ X313 + X323 + X333 + X343’ X314 + X324 + X334 + X344;
X1z + Xiar + Xga + Xagg, Xaro Xz + Xaga + Xaaz Koz + Xazg + Xga + Xagg, Xazg + Xizg + Xz +Xa4 )
~ (8,15, 20,27;6,11,23, 33),
(Xill + X211 + X311' X112 + X212 + X312 ! X113 + X213 + X313’ X114 + X214 + X314; Xl,ll + X;ll + Xéll’ X1’12
X310 + Xa1, X1z + Xogg + a1, X0 + Xo0 + X310 ) (5,8,11,15;4,7,13,16),
(X121 + X221 + X321' X122 + X222 + X322 ! X123 + X223 + X323’ X124 + X224 + X324; X1,21 + X;Zl + XéZl’ X1’22

XDy + Xgp1 Xiog + Xopg + Xapgs Xioa + Xopg +Xs04 ) = (4,8,12,14; 3,6,13,18),
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(X131 + X231 + X331’ Xl32 + X232 + X332’ X133 + X233 + X3337 X134 + X234 + X334; X]’.31 + X;3l + XéSl’ X]{32
+XGay + gy Xigg + Xogs + Xiag, Xigg + Xogs + Xé34) ~ (37 6,9,14;2, 5'10’16)’
(X14l + X241 + X341’ Xl42 + X242 + X342’ X143 + X243 + X3437 X144 + X244 + X344; X1'41 + X;4l + Xé41’ X1'42
+X04p  Xozs Xigz + Xoaz T+ Xiugs Xigg + Xogy + X§44) ~ (578’10114; 3, 6’12’16)
(Xg10 X521 a0 Xijas X X0 X5 X5 ) = (0,0,0,00,0,0,0);i =1,2,3; j =1,2,3,4,

! ’ !

(xijl, Xijzs Xijar Xijar Xijnr Xij2» Xija» xij4)is a non-negative trapezoidal intuitionistic fuzzy number.

Step 3: Using Section 1.3.3.2, the problem (P5.7) can be transformed into the problem (P5.8).

Minimize R(2X,,; + 3%, +3X31 + X1 + 4Xo1; + 2Xp01 + 3Xpgy + AXogy + AXg1y +3Xgp, + AXgzy +3Xgy,,
SXy1p +6X50 +6X135 +6X15 + 7 X1, + 65 + 7 Xogp + T X4 +8Xg1 +5Xg5 + T Xggp +6Xs5,
X115+ 9Xpp5 +9X 35 +8X 45 +9X,15 +10X,,, +10X 55 +10X,,5 +10X, 5 +8X5p5 +11Xo0, +9X,,,
10X, +12X,, +11X5, +11X,,, +13X,,, +14X,,, +14X,,, +13X,,, +12X;,, +10X,,, +13X,,,
+11X344; X;ll + 2X:ItZl + X:ItSl + 3Xilt41 + 3X;ll + X;Zl + 2X;31 + X;41 + 2Xéll + 2XéZl + 3Xé31 + Xé4l’
4X1’12 + 5)(1'22 + 5X132 + 5X1’42 + 6)(;12 + 4X;22 + 5X;32 + 5X;42 + 6X§12 + 4Xé22 + 5Xi”>32 + 4'Xé42’
8X[15 +10X] 55 +10X 55 + 9,5 + 11X}, 5 +12X) +12X50 +12X5,5 + 11X, +9X55 +12X5,
+10x5,,,12x%],, +14X],, +13%/,, +12X],, +15%,, +16X),, +15X5,, +15X;,, +14x;,, +11X;,,
+14X55, +14%y,,)

Subject to (P5.8)

R (X111 + X121 + X131 + X141' X112 + X122 + X132 + X142 ! X113 + X123 + X133 + X143' X114 + X124 + X134 + Xl44;
Xi'll + X1'21 + X1’31 + X1’4l’ Xi[12 + X1'22 + X1'32 + +X1'42’ X1'13 + X1'23 + X1[33 + XZ{43’ X1'l4 + X£24 + X£34 +X{44)
=R(4,6,10,14;2,5,11,15)
(X211 + X221 + X231 + X241’ X212 + X222 + X232 + X242’ X213 + X223 + X233 + X243’ X214 + X224 + X234 + X2447
X;ll + X;Zl + X;31 + X£41’ X;12 + Xé22 + X£32 + X£42’ X£l3 + X;ZS + X£33 + X;43’ X;14 + X£24 + X;34 +X£44)
=R(5,9,12,16;4,8,14,18)
R (X311 F Xapr + Xag1 T Xaars Xa1o + Xapp + Xa3p + Xaap) Xa1g + Xgpg + Xgg3 + Xz Xara + Xapg + Xa3q + Xaas
Xéll + Xi;Zl + X:;Sl + Xi;4l’ Xi;lZ + XZ”:22 + X:;SZ + Xé42’ XélS + XéZS + Xé33 + Xi,'343’ X3’l4 + XC’*>24 + XI::34 +X:;44)
=R(8,15,20,27;6,11,23,33)
R (X111 + X211 + X3ll’ X112 + X212 + X3127 X113 + X213 + X313’ X114 + X214 + X314; Xllll + X;ll + Xéll’ X1’12
+Xg15 + Xa1 Xi13 + Xogz + Xagg, X134 + X504 + X5, ) = R(5,8,11,15;4,7,13,16)
R (X121 + X221 + X321’ X122 + X222 + X322’ X123 + X223 + X323’ X124 + X224 + X324; X£21 + X;Zl + X?ZZl’ X£22
+ X505 + Xaza» X1z + Xogg + Xazg, Xipg + Xpp +Xa54 ) = R(4,8,12,14;3,6,13,18)
R (X:I.Sl + X231 + X331’ X132 + X232 + X3327 X133 + X233 + X3337 X134 + X234 + X334; Xi31 + X;Sl + XI;31’ X:ITSZ

+Xasp + Xaap Xig + Xz + Xeag: Xizg + Xozs + X§34) =R (3’ 6,9,14;2, 5’10’16)
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! ’ i i
R (X141 + X24l + X341’ X142 + X242 + X342’ X143 + X243 + X343’ X144 + X244 + X344’ X141 + X24l + X341’ X142

+Xp10 + Xag s Xigz + Xogz + Xoags Xiag + Xpag + Xase ) = R(5,8,10,14;3,6,12,16)
R (X1 X1 Xjas Xja Xizs X0 Xfas Xf ) 2 R(0,0,0,0;0,0,0,0);i =1,2,3; j =1,2,3,4.

Step 4: Using the expression, R(a,b,c,d;a’,b',c',d'):a+b+c+d+8a+b+C+d , the

problem (P5.8) can be transformed into the problem (P5.9).

Minimize E(me +3Xpp; +3X i3y +4X 4y +AX11 + 251 + X5, + A Xy, +AXgy 3Ky, +AXggy +3Xgyy +

5X112 + 6)(122 + 6X132 + 6X142 + 7X212 + 6X222 + 7)(232 + 7)(242 +8X312 + 5X322 + 7X332 + 6)(342 +
X113+ 9Xpp3 +9X 33 +8X 45 +9X,15 +10X,55 +10X 55 +10X,,5 +10X; 5 +8X505 +11Xg00 + 9%, +
10x,, +12X,, + 11X, +11X,, +13X,,, +14X,,, +14X,,, +13X,,, +12X;,, +10X,,, +13X,5,
+11X344 + Xi{ll + 2X1,21 + X1,31 + 3XZ{41 + 3X;ll + XéZl + 2X£31 + X£41 + 2XC;11 + 2X?:21 + 3Xé?)l + Xé4l +
4X2{12 + 5X:It22 + 5X132 + 5X2It42 + 6)(;12 + 4X;ZZ +5X£32 + 5X;42 + 6XZ;IZ + 4XZ,322 +5Xé32 + 4')(;42 +
8X{15 +10X 55 +10X 55 + X[ 3 + 11X, 5 +12X))5 +12X75, +12X),5 +11X515 + 9%, +12X55,
+10X5,; +12X],, + 14X, +13X}5, +12X],, +15X5,, +16X5,, +15X5,, +15X5,, +14%;,, +11x3,,
+14X4y, +14X3,,) |

Subject to (P5.9)

Xi11  Xig1 + Xia1 + Xigg + Xiap + Xigp + Xigp + Xigy + Xigg + Xigg + Xigg + Xig + Xigg + Xipg + Xizg + Xy + X1
+ Xip1  Xia1 + Xiag + Xi1p + Xipp + Xizp + Xigy + Xi1g + Xipg + Xigg + Xigg + Xigg + Xigg + Xizg + X4y = 67,
Xo11 + Xog1 F Xog1 + Xogr + Xo1p + Xy + Xogp + Xogp + Xong + Xong + Xogg + Xoaz + Xorg + Xopg + Xogs + Xogg + Xong
+ X1+ g1+ Xo1 + Xorp + Xopg + Xogp + Xogp + Xong + Xogg + Xogz + Xogz + Xo14 + Xops + Xy + Xy =86,
Xa11 F Xapt  Xagr + Xagr + Xarp + Xagp + Xazp + Xagp + Xap5 + Xagg + Xagz + Xagg + Xagg + Xapg + Xazg + Xagg + Xap
+ Xap1 + Xga1 + Xagg T Xgrp + Xagp + Xagp + Xagp + Xagg + Xapg + Xagz + Xagg + Xang + Xapg + Xgay + Xy =143,
Xi11 + Xor1 F Xag1 + Xi1p + Xorp + Xagp + Xiag + Xorg + Xarg + Xiag + Xopg + Xara + Xigg + Xoqq + Xagg + Xipp + Xop
+ Xa1p + Xipg + Xogg + Xagg + Xigg + Xopq + Xgqg = 79,
X121+ Xog1 F Xapt + Xy F Xog + Xapg + Xigg + Xogg + Xapg + Xipg + Xopg + Xapg + Xigg + Xop + Xgp1 + Xiy + X
+ Xag5 + Xpg + Xogg + Xagg + Xipg + Xogg + Xgp = 78,
iz + Xog1 + Xaz1 + Xizp + Xogy + Xazp + Xigz + Xz + Xagg + Xias + Xygq + Xazg + Xiag + Xog1 + Xagg + Xiap + Xgg
+ Xagp + Xiagz + Xpa3 + Xagg + Xiag + Xag + Xag, = 65,
Xog  Xou + Xagr + Xigp + Xogp + Xagy + Xigg + Xogz + Xagz + Xias + Xogq + Xagg + Xigg + X1 + Xag1 + Xigy
+Xo40 + Xaap + Xiag + Xz + Xaz + Xigg + Xogq + Xg0g = 74,

X xi'jk >0;i=1,2,3j=12,3,4,k=123,4.

ijk ?
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Step 5: The optimal solution of the linear programming problem (P5.9), is

67 67 67 67 , 67 , 67 , 67 , 67 3
X111 =E’ X415 =§’ X153 ZE’ Xi14 =§, X114 =E’ Xi1o =§’ X153 _E’ Xj1q = X511 ZE’

3 3 3, 3 3 3 3 65 65 65
X512 51 X513 E’ Xo14 = E 1 X511 :E’ X512 :E' X513 251 X514 _Ev Xom g’ Xo32 E’ Xo33 Ev
X 65 X, 65 X, _65 X, 65 X, 65 X, _9 X _9 X, _9 X _9 X _®
234 231 = g s T TgTe Mass T gty Mo T T Maut T Paar T Raas T Taae = Baan T

39 39 39 , 39 Q , 39 , 39 65 65

Step 5: Using the optimal solution, obtained in Step 4, the obtained intuitionistic fuzzy optimal

solution is

g_(ﬂﬂﬂﬂ.ﬂﬂﬂﬂj ~._(§§§§_§§§§] )z'_(@@@@-
''ls's'8'8'8'8'8'8 ) * \2'2'2'2'2'2'2"2 #» |{sg'g'sg'8’
@,@,@,@), (0000999,9) ~3.2 @@@@@@@@j d
8'8'8'8 4'4° 4" 4 447447474 4" 4

Step 6: Using the intuitionistic fuzzy optimal solution, obtained in Step 5, the optimal

intuitionistic fuzzy transportation cost of the problem, presented by Table 5.1, is

(2,5,7,10;1,4,8,12)®(g,6—7,2@;6—7,22@}@(4 7,9,13;3,6,11, 15)®(

8 8 8 8 8 8 8 8

N | w
N w
N | w
N w

3
2

N | w
r\Jloo
r\)loo

®(3,7,10,14;2,512,15) @[ 22 02 89 05,65 65 05 6514, 4 710 131 512 15)
8'8'8'8'8'8'8'8
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, ®(3,5,8,10;2,4,9,11) @[ 22 39 39 39,39 39 39 3914 36 9111,
4 4 4 4 4 4 4 4

®(O, 0,0,0;

g (e}
g e}
g e}
n|©

4110’14)@)(@ 65 65 65 65 65 65 @J_(m 1855 609 3231, 1327 3997)

’ ) ’ ' ) ’ ) ’ y ) 1591 13771—
8 8 8 8 8 8 8 8 4 8 2 8 8 8

5.4 Conclusion

It is shown that in the existing methods [18,29,45,49,112,123,133,134,138], some mathematical
incorrect assumptions are used. Hence, it is not genuine to use the existing methods [18,29,45,49,
112,118,123,133,134,138]. Also, a new method is proposed for solving intuitionistic fully fuzzy

transportation problems.
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Chapter 6

A new method for solving generalized

intuitionistic fully fuzzy transportation problems

Chakraborty et al. [18] proposed the arithmetic operations on generalized trapezoidal
intuitionistic fuzzy numbers and used these arithmetic operations to find the solution of such
intuitionistic fully fuzzy transportation problems in which cost, availability and demand all are

represented by generalized trapezoidal intuitionistic fuzzy numbers. In this chapter, it is shown
that Chakraborty et al. [18] have used the property R(A' ®§')=R(A')xR(I§') in their

proposed method. While, for the ranking function R, considered by Chakraborty et al. [18], this
property is not satisfying. Hence, it is not genuine to use the method, proposed by Chakraborty et
al. [18], to find the solution of generalized intuitionistic fully fuzzy transportation problem.
Furthermore, a new method is proposed to resolve the flaws of the existing method [18]. To
illustrate the proposed method, the generalized intuitionistic fully fuzzy transportation problem,

considered by Chakraborty et al. [18], is solved by proposed method.
6.1 Generalized intuitionistic fuzzy numbers

In this section, some basic definitions (generalized intuitionistic fuzzy numbers, generalized
trapezoidal intuitionistic fuzzy numbers etc.), arithmetic operations of generalized trapezoidal
intuitionistic fuzzy numbers and a method for ordering of generalized trapezoidal intuitionistic

fuzzy numbers [18], are presented [18].

" The contents of this chapter are to be communicated in Applied Soft Computing.
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6.1.1 Some basic definitions
In this section, some basic definitions are presented [18].

Definition 6.1 An intuitionistic fuzzy number A' :{<X,,uA, Vi >} of the real line J is called

generalized intuitionistic fuzzy number, if the following holds,

(1) thereexist mell, u;, (M) =w,v; (M)=0,0<w<1.

(i) u; is continuous mapping from [ to the interval (0, w] and xelJ, the relation

0 < gz, (X) +V5, (X) <1 holds.

The membership function and non — membership function of A' is of the following form,

wf (X) ; m-a<x<m,

(X) = w CoX=m,
Ha = wh(x) ; m<x<m+p
0 : otherwise

wh,(X) ; m—-a'<x<m, 0<w(f(x)+ f,(X))<w,

0 ;o X=m,
V()= why(x); m<x<m+ g, 0<w(h(X)+h,(x))<w;
W ;  otherwise.

where f,(x) and h(x)are strictly increasing and decreasing function in [m—a,m] and
[m,m+ ,B] respectively and where f,(x) and h,(x) are strictly decreasing and increasing function
in [m—a’,m] and [m,m+p'] respectively. a and A are called left and right spreads of
membership function s, (x) respectively. o’ and g’ are called left and right spreads of non-
membership function v, (x) respectively.
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Definition 6.2 A generalized intuitionistic fuzzy number A' =(a,,a,,a;,a,;8;,8,,8,,8,;W) is
said to be generalized intuitionistic trapezoidal fuzzy number if its membership function s, (x)

and non-membership function v, (x) is given by

X—a, a, — X ,
w ;4 <X<a,, w ’ ;& <Xx<a,,
a—-a a—-a
w ; a, <X<a,, 0 ;a, <X<a,
Hy (X) = and v, (x)=
a4_)( B X_aS . '
w——— ; a;<X<a,, W— ;8 <Xx<a
a, -8, AL
0 : otherwise. w : otherwise

Definition 6.3 A generalized trapezoidal intuitionistic fuzzy number A' =(a,,a,,a,,a,;a;,a,,a,,

a,; W) is said to be non-negative if and only if a/ >0.

Definition 6.4 A generalized trapezoidal intuitionistic fuzzy number A' =(a,,a,,a,,a,;a,,a,,a,,
a;;w)and B' =(b,b,,b,,b,;b),b,,b;,b};w,) are said to be equal if and only if a =h,a, =b,,

a3 :b31a4 :b4,a{ :blr’a[l :bA; and Wl :WZ'
6.1.2 Arithmetic operations of generalized trapezoidal intuitionistic fuzzy numbers

Chakraborty et al. [18] proposed the following arithmetic operations for generalized

trapezoidal intuitionistic fuzzy numbers.

Let A'=(a,a,,a,8,a,a,a,a;w) and B'=(b,b,,b,b,;b/b, b,bj;w,) be two

generalized trapezoidal intuitionistic fuzzy numbers. Then,
(i) A'®B'=(a,+b,a,+b,a,+b,a,+b,;a/+b',a, +b,,a,+b,,a, +b;;w); w=min{w,w,},
(i) A'©B'=(a b, a,—b,a-b,a ~b;a ~bj a ~b,a b, a,—b;w); w=min{w,w,},
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i)y  AA ={(ﬂ’ali/Iazlﬂag,/1a4;/1a1',/1a2,/1a3,/1a;;wl); 10,

(Aa,, Ay, Aa,, Aa,; Aa,, Aay, Aa,, daj;w,); A <0,

(iv) A'®B'=(ab,ab, ab,a,b,;abl,ab, ab,ab;;w),if ay>0 and b/ >0; w=
min {w,, w, } .

6.1.3 Ordering of generalized trapezoidal intuitionistic fuzzy numbers

Chakraborty et al. [18] proposed the following method for comparing two generalized

trapezoidal intuitionistic fuzzy numbers,
Let A'=(a,a,,8,3,a,8,3,a;w) and B'=(b,b,b,b,;b,b,b,b;w,) be two

generalized trapezoidal intuitionistic fuzzy numbers. Then, the ordering of A' and B' are as

follows:
(i) A'=B'if R(A)=R(B")
(i) A'~B'if R(A'")=R(B")
where,

w, (a, +a, +2a, +2a, +a, +a; ) and R(E§')=Wz(bl+b1’+2b2+2b3+b4+b‘;)

8 8

R(A") =

6.2 Existing mathematical formulation of generalized intuitionistic fully fuzzy

transportation problem

Chakraborty et al. [18] claimed that problem (P6.1) represents the mathematical formulation
of generalized intuitionistic fully fuzzy transportation problems.
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m n

N H N r .
Minimize ZZ(Cijl’Cij2’Cij3’cij4’Cijl'CiJZ’CijS'Cij4’Wij)Xij
i=1 j=1

Subject to (P6.1)

Xij (all’a|2’a|3’a4’a|1’a|2’a|3’a|4’w) 1’2""’m

<
Q

ij (bll'bJZ’bJ3'bJ4’b;1’bJ2’bJ3’b;4; )j—12
>0;i=12,..m;j=12,..,.n

This mathematical formulation is obtained as follows:

Step 1: On replacing the crisp parameters c;,x;,a and b; of crisp linear programming problem
(P2.1) of transportation problem with the generalized trapezoidal intuitionistic fuzzy numbers
(Cul’CuZ’CuS’CuA’Cul'CuZ'CuS’CuA’W ) (Xul' IJZ’XIj3’XIj4’XI]l’XIjZ’ ij3? Ij4’ ) (ail’ai21ai3’ai4;ai'1’

3,858, W) and (by,by,,by3,0;,:00, by, by, bl 4w, ) respectively, it is transformed into the

problem (P6.2).

m n
I .
Mlmmlze ZZ( ij1? |12’ Ij3’ Ij4’CIjl'CIjZ’Cij3’Cij4’Wij)(lel’XIJZ’XI]3’XI]4’lel’XIJZ'XIJ3’XIj4’W)
i=1 j=1

Subject to (P6.2)

n
!

, .
Z(lel’XI]Z’XI]S’XI]4’XIjl7XIJ2’XIJ37XIj47 ) (all’a|2’a|31a|41a|1’a|2’a|3’a|4’W) |:1,2,...,m
j=1

Z( ij1? |12’ |13’ |J4’X|,111X|12’X|131X|'147 ) (bjl’bjz’bj3’bj4’b;1’ij’bj3’bj,4; ) 1_12

i=1

(xul, Xij2» Xija» X3 Xijns Xij2r Xija» Xijas Wy ) =(0,0,0,0;0,0,0,0;w;);i =1,2,...,m; j=1,2,...,n,

(xul, Xii2s Xija» X3 Xijns Xijor Xijar Xijas Wy ) Is a non-negative generalized trapezoidal intuitioni —
stic fuzzy number.

Step 2: Replacing the generalized trapezoidal intuitionistic fuzzy numbers (c C.,,C

ij1r Gij2» Gijar Gija

Cljl’CIJZ’CIj3’CIJ4’ ) (lel'XIJZ’le3’le4’XIjl’XIj2’XIj3’ Ij4’ ) (a|1’a12’ |3’a|4'a117 |2’a|3’a|4’W) and
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’ ' H
(bjl’ij’b]3’b14’b11’b12’b13'bj4' ) Wlth (Cljl’CIjZ’CIJ3’CIJ4’CIJ1’CI]Z’CIJ3’ |141 ) (lel’ |12'X|13’X|J4’

Xi,jl!xijZ!Xij3’Xi,j4;W)’ (all’al2’a13’al4’a11’a12’a13’a|4’w) and (bjl'bJZ’bJ3’bJ4’bjl’bJZ’bJ3’b;4’)

respectively, where w= mln{vvu,w w;i=12,.. m;j:LZ,...,n}, the problem (P6.2) is

transformed into problem (P6.3).

m n
1Nt H N I . v r .
Minimize ZZ(CUDCij21cij3’cij4’cij1’Cij21cij31cij4’w)(xijl’ Xij2’ Xij31Xij4’Xij1’ Xij2’ Xijs’xij4’W)
i=1 j=1
Subject to (P6.3)

. ! r . . ’ ! . .y
(Xij17 Xii21 Xijzr Xijar Xijir Xjj20 Xjjao Xij41W) ~ (ail’aiZ’ai3’ai41ai1’ai21ai3’ai4’w)’I =12,.,m

M: 1

(lel’XIJZ’XIJ3'XIJ4’lel’XIJZ'XIj3’XIJ4’W) (bjlbeZ’bJS’b4’b;1’b12’b13’b;4; );j:1,2,...,n,

Il
4N

(x X X X X X X X )>(OOOOOOOOW)|_12 m;j=12,...n,

1j17 Nj2 Nj3r Njaor NjLr Nj20 7Nj3y Ij4’

(xul, Xii2s Xijar Xijas Xijpr Xijor Xijar Xiias ) Is a non-negative generalized trapezoidal intuit —

ionistic fuzzy number.

Step 3: Using Section 6.1.3, the problem (P6.3) can be transformed into the problem (P6.4).

m n
H% Y H e r .
Mlnlm'ze R[ZZ(CHI’Cij2’Cij3’Cij4’Cijl’Cijz’cijS’CiH’W)(X'Jl’X'JZ’X'JS’X'J4’X'Jl’x'lz’x'ls’X'J‘l’W)J

i=1 j=1

Subject to (P6.4)

n
’ ’ ca! [ .t
R(Z(lel’XIJZ’XIJ3’XIj47lel’XIjZ’le?:’ X|J41W)J = R(a'il’a‘iZ’a'ii%’ai4’ail’a'i27ai3’a'i4’w)’I :1727"'7m
j=1

(Z( ij1? |12’ |13’ Ij4’xljl'XI12'XIj3’XIJ4’W)j (bjl’b12’bjS’bj4’b;l’b12’b13'b;4; ),j=1,2,...,n,

i=1

R(xijl,xijz,xijs,xij4;xijl,xijz,xim,x{w;w)z R(0,0,0,0;0,0,0,0);i=1,2,...m; j=1,2,...,n,
(xijl, Xijzs Xijar Xijar Xijnr Xij2» Xija» xi}4;w) IS a non-negative generalized trapezoidal intuit-

ionistic fuzzy number.

Step 4: Using the relation, R[Zmlzn:( a;,b;,¢;.d; 50, by, df; )J:Zm:ZnZR(au,b“,cu,d”,a],b”,

i=1 j=1 i=1 j=1
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c.,d’;w), the problem (P6.4) can be transformed into the problem (P6.5).

I]’ j?

m n

' . '
Mlnlmlze ZZR(( ij1? |12’ IJ3’ |14’Cijl’Cij2’Cij3’Cij41W)(lel’leZ’X|131X|j4’lel1X|12’X|13’X|147W))
i=1 j=1

Subject to (P6.5)

’ ’ e Al r . o
ZR( ij1? |12’ uS' |14’lel'XIJZ’X|J3’X|j4’W):R(ail’ai2’ai3’ai4'ai1'ai2’ai3’ai4'W)'|_1’2""’m

j=1
ZR( ij1? |12’ Ij3'XIj4’lel'XIjZ’XIJ3’XI’]4’ ) R(bjl'bJZ'bj3’bj4’b;1’bj2’bj3’b]’4’ );j=1'2"“'n’
=1

i
R(xul,xuz, i3 IJ4,x,’Jl,xuz,xus,xww) R(0,0,0,0;0,0,0,0);i=12,...m; j=12,...,n,
(xul,xuz, i3 Xiias Xi» x,Jz,x,J3,x,J4,w) is a non-negative generalized trapezoidal intuit-
ionistic fuzzy number.

Step 5: The problem (P6.5) can be transformed into the problem (P6.6).

m n
e . ! ro.
Mlnlmlze ZZR(C|111C|121C|j37C|j4’Cljl’CuZ’CuS’Cle )R(Xijl’Xij2’Xij3’Xij47Xijl’XijZ’Xij37Xij4’W)
i=1 j=1

Subject to (P6.6)
Constraints of problem (P6.5).

Step 6: Since, R X1, X;2 Xz Xiai Xis Xi2» Xz Xi43W) Will always be a real number. So, assuming

R(Xj1: 20 X0 X3 Xfar Xi20 Xar Xj4iW) =X, the problem (P6.6) can be transformed into the
problem (P6.7).

m n
Minimize Y > R(Cyy,Cyy, Cys: Cyai Ciys Cir Cir G W) X;
i1 j1

Subject to (P6.7)

n
- n! r . .y
inj = R(ail’ai2’ai3’ai4’ail’ai2'ai3’ai4’w)1l =12,..,m

> % =R(byybj.0;5,b54500, by by b W) =1,2,,m,

i=1

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

111



6.3 Flaws in existing mathematical formulation

It is obvious from Step 4 of Section 6.2 that Chakraborty et al. [18] have assumed the property
R(A' ®L5>'): R(A' )®R(I§') for transforming problem (P6.5) into problem (P6.6). However,
for the ranking function R, considered by Chakraborty et al. [18], this property is not satisfying.
For example, if A' =(2,4,5,6;1,4,5,7;0.2) and B' =(4,6,7,8;3,6,7,9;0.2) are two generalized
trapezoidal intuitionistic fuzzy numbers then A' ® B' = (8,24, 35,48;3,24,35,63;0.2) and hence
R(A'®B')=6 while, R(A')®R(B')=1. It is obvious that R(A' ®B')=R(A")xR(B').
Therefore, it is not genuine to use existing method [18].

6.4 Proposed method

In this section, a new method to find the optimal solution of generalized intuitionistic fully

fuzzy transportation problem is proposed.
The steps of proposed method are as follows:

Step 1: Using the arithmetic operations of generalized trapezoidal intuitionistic fuzzy numbers,

discussed in Section 6.1.2, the problem (P6.3) can be transformed into the problem (P6.8).

H7 H N ! ’ [
Minimize ZZ(CileijDCij2Xij2’CijSXij31Cij4Xij4’Cijlxijl’CijZXijZ’CijSXijS’Cij4Xij4’W)

Subject to (P6.8)
n
Z(Xijl’ Xij21 Xijz» Xijas Xi}l’ Xij21 Xijz» Xi,jA;W) ~ (ail’ Bz, B3, 8y ai'l7ai2’ai3’ ai’4;W);| =12,...m,
j=1
m

- v/ r . A r . -
Z(XijllxijZ’Xij3’XijA’Xij1’Xij21Xij3’Xij4’W)z(bj11bj21bj3'bj4’bjl’bj2’bj3’bj4!w)! 1=12,...n,

N

(Xga Xi20 X0 Xga3 Xis X0 Xy Xfai W) = (0,0,0,0;0,0,0,0);i =1,2,..,m; j =1,2,...,n,

(xijl, Xii2s Xijz» Xijas Xijpr Xij2r Xijar Xijas W)is non-negative trapezoidal intuitionistic fuzzy number.
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Step 2: Using the ranking function of generalized trapezoidal intuitionistic fuzzy numbers,

discussed in Section 6.1.3, the problem (P6.8) can be transformed into the problem (P6.9).

m n

H H N ’ ’ ! .
Minimize R(ZZ(CijlxijDCijzxijz'CijBXij3’Cij4Xij4’Cijlxij11Cij2Xij2’Cij3Xij3’Cij4Xij4’W)j
i-1 j=1

Subject to

(P6.9)
R(Z(Xijl’ Xij21 Xijzr Xjja» Xi'jl’ Xij21 Xija» Xi,j4; )J = R(ail’aiZ’aiS’ai4;ai'1’ai2’ai3’ai'4;w);i =12,..,m,

J

=1

R( (xijl,xijz,xij3,xij4;xi'jl,xij2,x”3,xi'j4; )j=R(bjl,bjz,bjs,bM;bjfl,bjz,bj3,b}4;w);j:1,2,...,n,
i=1

R(xijl, Xiizs Xijas Xijas Xijr Xij2» Xija» xi’j4;w) >R(0,0,0,0;0,0,0,0),

X,20,i=12,...mj=12..,n.

. b..c..d.;a’., b

(Rt | R | R TR TR B [
i=1 j=1

Step 3: Using the relation, R(ZZ(aij,bij,cij,dij;ai'j,bi},ci},di’j;w)] = 21:21: R(a
i=l j=
c;,d;;;w), the problem (P6.9) can be transformed into the problem (P6.10).

m n
1N H N ! ! r .
Minimize § ,§ :R(Cijlxijl’CijZXijZ’CijBXijS’Cij4Xij4’Cijlxijl’cijzxijZ’Cij3X' Ci X"4’W)

ij37 Vij4Nj
i=1 j=1
Subject to (P6.10)

n
Z R(Xijl' XijZ' Xij3’ Xij4; Xi’jl’ Xij2’ Xij3’ XI’]4’W) = R(ail' aiZ’ai3’ai4;a‘i,1’ aiZ’ai3' ai'4;W);i =1’ 2""’ m,
j=1

m
Z R(Xij1' Xij2' Xij3’ Xij4; Xi’jl’ Xij2’ Xij3’ XI’]4’W) = R(bjl’ij’bj3'bj4;bjl'l’bj2’bj31b]{4;w); J :1;2,---, n,
i=1

R(xijl, Xij2s Xijar Xijas Xijnr Xij2r Xijar xi'j4;w) >R(0,0,0,0;0,0,0,0),

Xp201=12,..,m; j=12,.,n.

. . "+2b+2 !
Step 4: Using the expression, R(a,b,c,d;a',b,c,d';w)=W(al+al+ b8+ C+d+d),

the

problem (P6.10) can be transformed into the problem (P6.11).

! ’ [ !’
Minimize Zmlzn: W(Cijlxijl +Cij X + 2Cijzxijz + 2Cij3Xij3 +Cij Xija T Cij4Xij4)
=1 j=1 8
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Subject to (P6.112)

! !
Z W(Xul + Xul + 2Xl12 + 2Xu3 + Xijq + Xu4) (ail +a, +2a, + 2ai3 +a,t ai4)

= 1=12,...,m,

< 8 8
Zm:W(X'Jl+lel+2X'J2 + 25+ X + x“4) w(by, +bj, +2b;, + 20;, +by, +bf, ) i—12.n
1 8 8 b ) 1y )

X Xip 2 0;1=1,2,...,m; j=12,..,nk=12,3,4, p=14.
Step 5: Find the solution of linear programming problem (P6.11).

Step 6: Using the optimal solution, obtained in Step 5, the generalized intuitionistic fuzzy

optimal solution of problem (P6.2) is {(xul, X0 Xz Xias Xig Xz Xia, XU4,W)}

Step 7: The minimum generalized intuitionistic fuzzy transportation cost of generalized

intuitionistic fully fuzzy transportation problem (P6.2) is

m n

’ ! [
ZZ( ij1? |127 |13’ |14’C|11’C|12’C|131C|14’W)(Xijl’Xij2’Xij31Xij4’Xij1’Xij2’Xij37Xij4’W)'
i=1 j=1

6.5 Illustrative example

Chakraborty et al. [18] solved the generalized intuitionistic fully fuzzy transportation
problem, presented by Table 6.1, to illustrate their proposed method. In this section, the

generalized intuitionistic fuzzy optimal solution of the same problem is obtained by the proposed

method.
Table 6.1: Intuitionistic fully fuzzy transportation problem
Sources Destinations Instuitionistic
Fuzzy
Availability
&)
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S, (2,4,5,6;1,4,5,6;0.5) | (4,6,7,8;3,6,7,9;0.2) | (3,7,8,12;2,7,8,13;0.3) (4,6,8,9;
2,6,8,10;0.6)
S, (1,3,4,5;0.5,3,4,5;0. | (3,56,7;2,56,8;,0.6) | (2,6,7,11;1,6,7,12;0.4) (0,05,1,2;
6) 0,0.5,1,5;0.7)
S, (3,4,5,8;2,4,5,9;0.7) | (1,2,3,4,0.5,2,3,5;0.8) | (2,4,5,10;1,4,5,11;0.2) | (8,9.5,10,11;
6.5,9.5,10,11
:0.8)
Instuiti | (6,7,8,9;5,7,8,11;1) | (4,5,6,7;3,5,6,8;0.8) | (2,4,5,6;0.5,4,5,7;0.6)
onistic
Fuzzy
Deman
d (b))

Using the Step 2 of existing formulation, discussed in Section 6.2, the problem, given in Table

6.1 can be transformed into problem, given in Table 6.2.

Table 6.2: Transformed intuitionistic fully fuzzy transportation problem

Sourc Destinations Inst. Fuzzy
es Availability
@)
Dl DZ D3
S, (2,45,6;1,45,6;0.2) | (4,6,7,8;3,6,7,9;0.2) | (3,7,8,12;2,7,8,13;0.2) (4,6,8,9;
2,6,8,10;0.2)
S, |(1345053450.2) | (356,7,256,8,0.2) | (2,6,7,11;,1,6,7,12,0.2) | (0,0.5,1,2;
0,0.5,1,5;0.2)
S, (3,4,5,8;2,45,9,0.2) |(1,2,3,4,05,2,35;0.2) | (2,4,5,10;1,4,5,11;0.2) | (8,9.5,10,11;
6.5,9.5,10,11
:0.2)
Inst. | (6,7,8,9;5,7,8,11;0.2) | (4,5,6,7;3,5,6,8;0.2) | (2,4,5,6;0.5,4,5,7;0.2)
Fuzzy
Dema
nd
(b;)

Using the proposed method, the generalized intuitionistic fuzzy optimal solution of

generalized intuitionistic fully fuzzy transportation problem, presented by Table 6.1, can be

obtained as follows:
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Step 1: The generalized intuitionistic fully fuzzy transportation problem, presented by Table 6.1,

can be transformed into the problem (P6.12).

Minimize (2,4,5,6;1,4,5,6;0.2) ® (X1, X110 X113s Xi145 X{11» X110+ X130 X143 0.2) © (4,6,7,8;3,6,7,9;
0.2) ® (Xy1, X2+ Xi231 X124 Xia1 X120 X131 X543 0.2) @(3,7,8,12;2,7,8,13;0.2) ® (X, Xy,
X133, X1343 X1310 Xiaz» Xiazs X343 0.2) © (1,3,4,5;0.5,3,4,5;0.2) @ (X1, X121 X135 Xo143 X11 Xor2
X131 X143 0.2) ©(3,5,6,7;2,5,6,8,0.2) ® (Xy1, Xo2 1 X2 X2 Xo1s Xz X231 X943 0-2) @
(2,6,7,11,1,6,7,12;0.2) ® (Xp31, Xp3p+ X33+ X343 X331 Xozp» X1 X93450.2) ©(3,4,5,8;2,4,5,9;
0.2) ® (Xa11, X312+ Xa13: X1 Xa11 Xa12 X1z X145 0.2) ©(1,2,3,4;0.5,2,3,5,0.2) @ (Xg5;, Xap4
X323+ Xa245 Xazts Xazz s Xazz1 X343 0.2) (2,4,5,10;1,4,5,11,0.2) ® (Xg31, Xago s Xa33: Xaza3 X3z, Xazo
Xa33: X347 0.2)
Subject to (P6.12)
(Xia1s X120 X130 X105 X115 X112 X1 X145 0-2) © (Xip1, Xigo s Xiogs Xigas Xio1s X129+ X131 X143 0-2)
D(Xig1: Xz Xa330 Xiaa3 Xia1 Xigo0 Xz X105 0.2) ~ (4,6,8,9;2,6,8,10;0.2),
(Xa11s Xo121 Xo13+ Xo143 X113 X121 Xo13s Xo143 0-2) @ (X, Xozs Xpozs Xoa's X205 Xo2s Xo31 X3 0.2)
D(Xoa1: X3+ Xozgs Xoaa' Xoa1 Xoz s Xozgs X343 0.2) (0,0.5,1,2;0,0.5,1,5;0.2),

. ! 14 . . ! ! .

(Xsn’ X312+ X3131 Xa141 X311 X3101 X131 X314 02)® (X321’ X3221 X3231 Xg041 X301 X201 X031 X304 0.2)
vyt o o . .

@(X331' X321 X331 X334+ Xaa1) X332+ Xaaz: X334'O-2) ~(8,9.5,10,11,6.5,9.5,10,11,0.2),

(Xlll’ X1127 XllS’ X114; Xill’ X112’ X113’ X1,14; 02) ® (X21l7 X212’ X2137 X214; X;ll’ X2127 X213’ X;l4;0'2)
®(X311' X312’ X313' X314; Xéll’ X312’ X313’ é14;0 2) ~ (6 7 8 95 7 8 11 0. 2)

(X121’ X122y X1231 X124 121’ X122 X193 X124’0 2)® (X221’ 2221 %5031 X504 X221’ X5221 X503 22410 2)
@(X321'X322’ X323'X3241X3211X322! X323 324,0 2) ~(4,5,6,7;3,5,6,8,0.2),

(X131’ X132 X1331 X134, 131’ X301 X335 X134’0 2)® (X231’ 2321 Xo331 Xo34) X231, Xy321 Xpz31 X 234’ ;0.2)
@(X331'X332! X333'X3341X3311X332! X333 33410-2) ~(2,4,5,6;0.5,4,5,7;0.2),

(Xg0 Y21 Xz X3 X X0 a0 X5430.2) = (0,0,0,0;0,0,0,0;0.2);i =1,2,3; j =1,2,3,
(Xm' Xij2s Xijar Xijas Xijns Xij2» Xija» Xijas 0.2) IS @ non-negative trapezoidal intuitionistic fuzzy

number.

Step 2: Using the arithmetic operations of generalized trapezoidal intuitionistic fuzzy numbers,

discussed in Section 6.1.2, the problem (P6.12) can be transformed into the problem (P6.13).

Minimize (2X,y; +4X1p1 +3Xi3) + Xor1 +3Xop1 + 2Xp51 +3Xgyy + Xgpy +2Xg30, %135 + 615 + 7 X35 + 3%y
+OXgpp + 60Xy +4Xg1, +2Xapp +AXazp, OXyg + T Xipg +8Xy55 + AXyp5 +6Xp05 + 7 X35 +5Xyy5 +3Xgy
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+5X333’ 6X114 +8X124 +12X134 + 5X214 + 7X224 +11X234 + 8X314 + 4X324 +10X334; Xi{ll + 3X1’21 + 2X1’31
+O'5X£11 + 2X;Zl + X;Sl + 2Xéll + 0'5Xé21 + XéSl’ 4X112 + 6X122 + 7Xil.32 + 3X212 + 5X222 + 6X232 + 4X312
+2X322 + 4X332 ! 5X113 + 7X123 + 8X133 + 4X213 + 6X223 + 7X233 + 5X313 + 3)(323 + 5X333' 6X{l4 + 8X{24
+13X[5, +5X51, +8X00s +12X55, +9X3y, +5X5p, +11X55,50.2)
Subject to (P6.13)

(X111 + X121 + X131’ X112 + X122 + X132’ X113 + X123 + X133’ X114 + X124 + X134; XZ[ll + X{21 + X{3l’ X112
+X122 + X132’ X113 + X123 + X133’ X1'l4 + X£24 + XJ,.34; 02) ~ (4’6’8’91216’8’10102)’
(X211 + X221 + X231’ X212 + X222 + X232’ X213 + X223 + X233’ X214 + X224 + X234; X;ll + X;Zl + X£31' X212
+ X500 F Xogps X3 T Xopg + Xogar Xo14 + X0s + X3g430.2) = (0,0.5,1,2;0,0.5,1,5;0.2),
(X311 + X321 + X33l’ X312 + X322 + X332’ X313 + X323 + X333' X3l4 + X324 + X334; Xéll + XéZl + XéSl’ X312
+Xap0 + Xaz0s Xagz + Xapg + Xazzy X314 + Xg04 + X324 0.2) = (8,9.5,10,11;6.5,9.5,10,11;0.2),
(Xlll + X211 + XSll’ X112 + X212 + X3127 XllS + X213 + X3137 X114 + X214 + X314; Xill + X;ll + Xéll’ XllZ
+Xo1p + Xagp, X33 + Xo13 + Xagg, Xygg + Xop4 + %3145 0.2) = (6,7,8,9;5,7,8,11,0.2),
(X121 + X221 + X321’ X122 + X222 + X322’ X123 + X223 + X323’ X124 + X224 + X324; X1'21 + X;Zl + XZ;Zl* X122
X505 F Xa99s Xio3  Xong + Xangs Xiog + Xo0q + X343 0.2) = (4,5,6,7;3,5,6,8;0.2),
(X131 + X231 + X331’ X132 + X232 + X3327 X133 + X233 + X3337 Xl34 + X234 + X334; X1[31 + X;Sl + X;Sl’ X132
+Xy30 + Xag0s X133 + Xozz + Xazas Xias + Xoa + X334:0.2) = (2,4,5,6;0.5,4,5,7;0.2),
(xijl, Xij2s Xijzr Xijas Xijpr Xij2r Xijar xi’j4;0.2) >(0,0,0,0;0,0,0,0;0.2);i=1,2,3; j =1,2,3,
(xijl, Xii2» Xija» Xijas Xijns Xij2r Xijas Xijas 0.2)is a non-negative trapezoidal intuitionistic fuzzy
number.

w(a+a'+2b+2c+d+d’)

Step 3: Using the expression, R(a,b,c,d;a’,b,c,d’;w)= 3 , the

problem (P6.13) can be transformed into the problem (P6.14).

Minimize 4i0(2x111 +4X, 51 +3X51 + Xogg +3Xop + 2oy +3Xapq + Xgpy + 2Xg5; + 88Xy, 12X, +14X,5,

+6X,,, +10X,,, +12X,5, +8X51, +4Xg0, +8Xgq, +10X, 5 +14X 55 +16X, 55 +8X,5 +12X,,,
+14X,55 +10X5,5 + 6X555 +10X555 +6X,,, +8X5, +12X5, +5Xy1, + 7Xpp, +11X,55, +8X5y, +4X5p,
+1OX334 + Xlrll + 3)(1’21 + 2)(1’31 + O'Sxéll + 2)(;21 + X£31 + 2XI;11 + O'SX:;Zl + XII%Sl + 6Xﬂil4 + 8X1’24
+13X)3, +5Xp1 +8X5p, +12X55, +9Xgy, +5X5, +11X35, )

Subject to (P6.14)

!’ !
Xlll + X121 + X131 + 2X112 + 2X122 + 2X132 + 2X113 + 2X123 + 2X133 =+ )(114 —+ X124 + X134 + Xl]_l + X121
’ 1 ’ ]
+Xigp + Xigg T Xpy + Xiz4 =1.325,
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X21l + X221 + X231 + 2X212 + 2X222 + 2X232 + 2)(213 + 2X223 + 2X233 + X214 + X224 + X234 + X;ll + X;Zl
X531 + Xop4 + Xy + Xog, =0.25,

X311 + X321 + X331 + 2X312 + 2X322 + 2X332 + 2X313 + 2X323 + 2X333 + X314 + X324 + X334 + Xéll + XéZl
+Xg31 + Xg14 + Xapg + X3, =1.8875,

Xlll + X21l + X3ll + 2X112 + 2X212 + 2)(312 + 2X113 + 2X213 + 2X313 + X114 + X214 + X314 + X1’11 + X;ll
+ X501 + X1 + X514 + X5y, =1.525,

X121 + X221 + X321 + 2X122 + 2X222 + 2X322 + 2X123 + 2X223 + 2X323 + X124 + X224 + X324 + X1,21 + X;Zl
+X§21 + X1'24 + X£24 + X§24 =11

X131 + X231 + X331 + 2X132 + 2X232 + 2)(?:32 + 2X133 + 2)(233 + 2X333 + X134 + X234 + X334 + X£31 + XéSl
+Xg31 + X34 + Xogs + Xg3, = 0.8375,

Xp 20,1=1,2,3,j=12,3.

Step 4: On solving the linear programming problem (P6.14), the obtained optimal solution is,

Xlll 3207 X112 320’ X113 320’ X114 3207 Xlll 320’ X114 3207 211 40’ 212 40’ 213

1 11 11 11 11 1, 11 63 63

ﬁ’ X321:%1 X322 :%! X323 :%' X304 :%’ XSZl:%’ X304 :%v Xaslzﬁi X332 _%1

63 63 _, 63 63 _, 63 _, 63

— Xy =, Xgyy = Xggp = Xgay = —— =—.
640° " 640" ® 640' % 640 % 64OX%4 640

X333 -

Step 5: Using the optimal solution, obtained in Step 4, the generalized intuitionistic fuzzy

Sl (53 53 53 53 /53 53 53 53 2]

optimal solution of problem (P6.12) is X, = 320° 320" 320 320 320" 320" 320 320"

a (11111111, o (1 1 1 1. 1 1 1
’ % 1160'160'160'160 160160 160"

40°40°40°40° 40'40'40° 40"

1 (111111 11 11 11 11 11 ., (63 63 63 63 63
_a02 ' X32= _l_’_1_7_!_’_1_10'2 and X33: ’ ) ) ) )
160 80 80 80 80 80 80 80 80 640 640 640 640 640
E,ﬁ,ﬂ;o.z)

640 640 640
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Step 6: Using the generalized intuitionistic fuzzy optimal solution, obtained in Step 5, the

optimal generalized intuitionistic fuzzy transportation cost of problem, presented by Table 6.1, is

(21 41516;1’ 4’516; 0'2) ® Hl H i) ) 1 ) H )
320 320 320 320 320 320 320 320

53 53 53 53 53 53 53 53 '0.2} ® (13,4,50.5,3,4,5

1 1 1 1

111 1 1111 _
160°160 '160°160°

0.6)®| —,—,—,—;—,—,—, =02 |®(26,7,1%516,7,12,04)®
40'40'40'40' 40" 40" 40" 40

1 1 1 1

_ 11 11 11 11 11 11 11 11
160'160 160160’

02)3@zamaazaaa@®(—T—,—,—,—,—,—,—ﬁ2j@c,
80'80'80°80°80'80°8080

475,10;1,4,5,11;0.2)(8( 63 63 63 63 63 63 63 63_02j

640 640 640 640° 640 640 640 640"

(45 249 1201 871 45 231 1201 1897_0
64°160 " 640 '320'128°'160° 640 640 )

6.6 Conclusion

The flaws of the existing method [18] for solving generalized intuitionistic fully fuzzy
transportation problems are pointed out. Also, to resolve these flaws, a new method is proposed.
Furthermore, the exact generalized intuitionistic fuzzy optimal solution of the problem, solved by

Chakraborty et al. [18], is obtained by the proposed method.
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Chapter 7

Future scope”

It is noticed that ranking of generalized exponential trapezoidal fuzzy numbers, obtained
by using the existing method [121], is independent from height of generalized exponential
trapezoidal fuzzy numbers. While, the ranking of generalized exponential trapezoidal fuzzy
numbers should be dependent on its height. Hence, it is not genuine to use the existing method
[121] for comparing the generalized exponential trapezoidal fuzzy numbers. In this chapter, the
flaws of the existing method [121] are pointed out and a modified method for ranking of
generalized exponential trapezoidal fuzzy numbers is proposed. In future, the proposed ranking
method may be extended for generalized exponential trapezoidal intuitionistic fuzzy numbers
and a new method may be proposed to find the solution of generalized exponential trapezoidal
intuitionistic fully fuzzy transportation problems (transportation problems in which cost,
availability and demand are represented by generalized exponential trapezoidal intuitionistic

fuzzy numbers).

7.1 Existing results

Rezvani [122; Theorem 1, pp. 192] proved that the probability density function f;(x),

corresponding to exponential trapezoidal fuzzy number A = (a, b, ¢, d; w)j , is given as:

( [(x—a)]
wel(b—a)
a(—e)btcte—Dd <x <b,
we
fﬁ(x) =< a(l—e)—b+c+(e—1)d b<x<c, (7.1)
(=
we c<x<d

\ a(1-e)—b+c+(e—1)d

" The contents of this chapter are published in Journal of Intelligent and Fuzzy Systems.
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Also, Rezvani [122] used this fz(x) to prove the remaining results [122;Theorem 2, pp. 193;

Theorem 3, pp. 193] of the published paper Rezvani [122].

Rezvani [122; Theorem 1, pp. 192] has used the following procedure to prove that fz(x) is
the probability density function corresponding to exponential trapezoidal fuzzy number A =

(a,b,c,d;w)g.

Step 1. Let fs(x)=Cusz(x), where C is a non-negative real number and

_[—x)
we lb-al g < x <b,
ui(x) =<w b < x < ¢, is the membership function of exponential trapezoidal fuzzy
_[&=0)
we [(d—f) c<x<d

number A = (a, b, c,d; w)g .

Step 2: Since, f;(x) is assumed as the probability density function. Therefore, ff’w fa(x)dx

should be 1. Also,

foofg(x)dx =1= fooC,ug(x)dx =1

(b—x) (x—c)

= fab Ce_[(b—a)]dx + fbc Cdx + fcd Ce_[(d—f)]dx =1

e
=C= a(l—e)—b+c+(e—1)d (72)

Step 3: Putting the value of C, obtained from Step 2, in fz(x) = Cuz(x), the probability density

function fz(x), defined in (7.1) , is obtained.

7.2 Mathematical error in existing results

It is obvious from Step 2 that Rezvani [122] has used the wrong expression
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=]
e -l g<x<b,
nilx) =<1 b<x<c, instead of the exact expression
_[@=0)
e [(d—c) c<x<d

_[®=)
we lo-al g < x <b,
ui(x) =<w b <x<c, for calculating the value of C and hence to obtain the
_[&x=0)
we [(d—f) c<x<d

probability density function fz(x) defined in (7.1), to prove the existing results [122; Theorem 2,
pp. 193; Theorem 3, pp. 193] and to solve the numerical examples [122; Example 1, pp. 194;
Example 2, pp. 195; Example 3, pp. 195; Example 4, pp. 195; Example 5, pp. 196; Example 6,

pp. 196; Example 7, pp. 197].

7.3 Exact form of existing results

=]
we lb-ol g < x <,
It can be easily verified that on using the exact expression uz(x) =< w b<x<c,
_[G&=0)
we [(d—c) c<x<d

“[=]
e W0-al g<x<b,
instead of using the wrong expression uz(x) =<1 b < x < ¢, for calculating the value
(=)
e_[(d—c) c<x<d

e

of C, the obtained exact value of C is wa(—e)brerte—Dd]

. Also, putting this value of C in

fi(x) = Cuz(x), the obtained exact probability density function fz(x) corresponding to

exponential trapezoidal fuzzy number

r [(X—a)
0 <x<bh
a(l—e)—b+c+(e—1)d a=x ’
~ e
_ . H _ — < <
A=(abc,dwisfi() =0 hrerea 2S*¥=6
6=
° c<x<d

\ a(l—e)—b+c+(e—1)d
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Hence, the error occurring in the existing results [122; Theorem 1, pp. 192, Theorem 2, pp.
193; Theorem 3, pp. 193] and in the solution of numerical examples [122; Example 1, pp. 194;
Example 2, pp. 195; Example 3, pp. 195; Example 4, pp.195; Example 5, pp.196; Example 6,

pp.196; Example 7, pp.197] can be resolved by using the exact probability density function

(x—a)
( e[(b_a)
a(l—e)—b+c+(e—1)d
e

fai(x) e, fizlx) =1 e(—0)bret(e—Da b <x < ¢, instead of using the wrong probability

[(d —x)
elld—c)

\ a(l—e)—b+c+(e—1)d

asx<hb,

c<x<d,

( (x —a)]

we [(b —a)

a(l—e)—b+c+(e—1)d
. . - we
density function fz(x) i.e., fz(x) =< e(_o)biete—Dd b<x<c .
(d—x)
We[(d—c)

\ a(1—e)—b+c+(e—1)d

c<x<d,

Furthermore, it can be concluded that the existing results [122; Theorem 1, pp. 192, Theorem
2, pp. 193; Theorem 3, pp. 193] and existing solution the numerical examples [122; Example 1,
pp. 194; Example 2, pp. 195; Example 3, pp. 195; Example 4, pp.195; Example 5, pp.196;
Example 6, pp.196; Example 7, pp.197] are not valid. However, if w , present in existing results
[122; Theorem 2, pp. 193; Theorem 3, pp. 193], is replaced by 1 then the existing results [122;
Theorem 1, pp. 192, Theorem 2, pp. 193; Theorem 3, pp. 193] will be valid. Also, the exact
solution of numerical examples [122; Example 1, pp. 194; Example 2, pp. 195; Example 3, pp.
195; Example 4, pp. 195; Example 5, pp. 196; Example 6, pp. 196; Example 7, pp. 197] can be

obtained by using the exact expressions

C= e _ 1 [1.72b2—1.7202—a2+d2] and
- wla(l—e)—b+c+(e—1)d] H= a(l—e)—b+c+(e—1)d 2
2 _ 1 [1.72b3—1.72c3—a3+d3] 1 (1.72b2-1.72¢2—a%+d?)’
T a(l—e)—b+c+(e—1)d 3 [a(1—e)—b+c+(e—1)d]? 4
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e
- a(l—e)—b+c+(e—1)d '

instead of using the wrong expressions C

_ w [1.72b2—1.72c2—a2+d2] and o2 = w [1.72b3—1.72c3—a3+d3] _
H= a(l—e)—b+c+(e—1)d 2 - a(l—e)—b+c+(e—1)d 3
w2 (1.721)2—1.72c2—az+dz)2 . .
e (=0)brer(e—DaP [ " respectively for calculating the constants Cjz, Cj,

Ce; means iz, ug, pe and variance o, o7, of of exponential trapezoidal fuzzy numbers 4; B

and C respectively.
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