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ABSTRACT

Cost minimization problem is well known topic of Operations Research. The main
aim of cost minimization transportation problem is to find the optimal quantity of the product
that should be supplied from various sources to various destinations so, that the total
transportation cost is minimum. The transportation problems, in which total availability of the
product at all the sources and total demand at all the destination is equal, are said to be a
balanced transportation problems otherwise the transportation problem is said to be an
unbalanced transportation problems.

In general to find the optimal solution of a transportation problem, it is assumed that
the value of each parameter is precisely known. However, in reality, there may exist
uncertainty about some or all the parameters of a transportation problem e.g., the
transportation problem between two fixed places varies according to the various situations
like traffic jam, weather conditions, road condition etc. Therefore, it is inappropriate to
assume that the parameters of transportation problem are precisely known. To handle the
impreciseness, various ways have been adopted by the researchers in the literature. One way
to handle the same is to represent some/all the parameters of the transportation problem as
trapezoidal fuzzy number.

In the literature several methods have been proposed to solve fuzzy transportation
problems. In this thesis out of these methods, three recently proposed methods [1-3],

published in International Journals, are discussed.
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CHAPTER 1

INTRODUCTION

Cost minimization problem is well known topic of Operations Research. The main aim of
cost minimization transportation problem is to find the optimal quantity of the product that should
be supplied from various sources to various destinations so, that the total transportation cost is
minimum. The transportation problems, in which total availability of the product at all the sources
and total demand at all the destination is equal, are said to be a balanced transportation problems
otherwise the transportation problem is said to be an unbalanced transportation problems.

In general to find the optimal solution of a transportation problem, it is assumed that the
value of each parameter is precisely known. However, in reality, there may exist uncertainty about
some or all the parameters of a transportation problem e.g., the transportation problem between two
fixed places varies according to the various situations like traffic jam, weather conditions, road
condition etc. Therefore, it is inappropriate to assume that the parameters of transportation problem
are precisely known. To handle the impreciseness, various ways have been adopted by the
researchers in the literature. One way to handle the same is to represent some/all the parameters of
the transportation problem as trapezoidal fuzzy number.

In the literature several methods have been proposed to solve fuzzy transportation problems.
In this thesis out of these methods, three recently proposed methods [1-3], published in International
Journals, are discussed.

1.1 SOME BASIC DEFINITIONS

In this section, some basic definitions are presented [1].
Definition 1.1: The fuzzy set 4 = {(x, uz(x)), x € X} defined on the universal set X is said to be a
fuzzy set, where, uz:X — [0,1] is called membership function and u;(x) is called degree of
membership of x in 4

Definition 1.2: The fuzzy set 4 is called a fuzzy number if
2



1) Aisnormali.e., 3x € X such that uz(x) = 1.

2) Aisconvexi.e., ui(Ax; + (1 — Dxy) = min{uz(x), nz(x); 0<1<1.

Definition 1.3: A fuzzy number A = (a,b,c,d) is called a trapezoidal fuzzy number when the

membership function is defined as

xX—a <x<h
(b—a' *
<x<c
Ha =17
lc—d' c<x<d
kO, otherwise

1.2 ARITHMETIC OPERATIONS
Let A, = (ay, by, c1,dy) and A, = (a,, by, ¢, dy) be two trapezoidal fuzzy numbers. Then,
(i) A, + A, = (a,+ay, by+by, ¢+, di+dy)
(i) A, —A4, = (a;—dy, by—cy,c1—by, di—ay)

(Aay, Aby, Acy, Ady),if 1 =0
(Ady, Acy, Aby, Aay), if A <0

(i) AxA, = {
(lV) Al X Az = (Cl, b, C, d)
Where, a = min(alaz, aldz, azdl, dle)l

b = min(byc,, bycq, biby, c1C5),

¢ = max(a,a, a;d,, ady, didy), d = max(b, ¢y, bycq, biby, c107).



CHAPTER 2

MATHUR et al’s METHOD FOR SOLVING FULLY FUZZY
TRANSPORTATION PROBLEMS WITH TRAPEZOIDAL FUZZY

NUMBERS

Mathur et al. [3] proposed a method for solving fully fuzzy transportation problems with
trapezoidal fuzzy number (Transportation problems in which each parameter is represented as a
trapezoidal fuzzy number). In this chapter Mathur et al.’s method [3] is discussed.

2.1 RANKING METHOD USED BY MATHUR et al.’s

To solve a fully fuzzy transportation problem with trapezoidal fuzzy number, there is need to
compare/rank trapezoidal fuzzy numbers. Various methods have been proposed in literature for
ranking of trapezoidal fuzzy numbers. In this section, the ranking method, used by Mathur et al. [3]
in their proposed method, is discussed.

Mathur et al. [3] used the following ranking method for the ranking of trapezoidal fuzzy
numbers.

Let A; = (a4, by, c1,dy)and A, = (ay, by, ¢y, dy) be two trapezoidal fuzzy numbers. Then,
(i) A, >A,if R(4) > R(4,)

(i) A, < A4,if R(A;) < R(4,)

(iiiy A, =4,if R(A;) = R(4y)

(a2 +b2 +C2+d2)

where, R(4;) = "

(a1+b1+c1+d1)
4

and R(4,) =
2.2 MATHUR et al.’s METHOD

Mathur et al. [3] proposed the following method for solving fully fuzzy transportation
problems with trapezoidal numbers.

Step1 Represent the fully fuzzy transportation problem in tabular form as shown in Table 2.1



Table 2.1: Tabular representation of a fully fuzzy transportation problem

Sources \I/ Destinations 5
D, D, Dy | ... D, | Availability
Sl C~11 C~12 C~13 éln Al
Sm C~TL1 C~n2 C~TL3 . ~nm Am
Demand B, B, By |... B,
where, C;, A; and B; are trapezoidal fuzzy numbers

(Cij1, Cija, Cija, Cija),

(Ai1, Aiz, Aiz, Ayy) and (Bjy, By, Bjs, Bjy) respectively. Here C;;,A;, and B; represents the fuzzy

transportation cost, fuzzy availability of the product and fuzzy demand of the product respectively.

Step 2 Transform the fully fuzzy transportation problem, represented by Table 2.1, into the crisp

transportation problem, represented by Table 2.2, by replacing C;;, A4;and B; with

R(C;j),R(4;) and R(B;) respectively.

Table 2.2: Transformed crisp transportation problem

Sources |, Destinations — >
D, D, Ds . D, Availability
51 R(Ci1) | R(Ci2) | R(Cis) R(Cin) |R(4y)
Sm R(énl) R(C~n2) R(C~n3) R(Cnm) R(Am)
Demand R(By) |R(By) |R(B3) R(B,)

Step 3 Find the optimal solution {xij} as well as optimal transportation cost of the crisp

transportation problem represented by Table 2.2.



2.3 ILLUSTRATIVE EXAMPLES
Mathur et al. [3] solved two fuzzy transportation problems with trapezoidal fuzzy numbers
to illustrate their proposed method. In this section, both the fully fuzzy transportation problems are

solved by Mathur et al.’s method [3].

2.3.1 OPTIMAL SOLUTION OF FIRST FULLY FUZZY TRANSPORTATION PROBLEM
Mathur et al. [3] solved the fully fuzzy transportation problems with trapezoidal fuzzy

numbers, represented by Table 2.3, by their proposed method. In this section, the solution of the

same problem is discussed.

Table 2.3: First fully fuzzy transportation problem

Destinations D, D, Ds Availability (4;)
Sources
S (1,4,9,19) (1,2,5,9) (2,5,8,18) (1,5,7,9)
S, (8,9,12,26) (3,5,8,12) | (7,9,13,28) (4,7,8,10)
Ss (11,12,20,27) | (0,5,10,15) | (4,5,8,11) (4,5,8,11)
Demand (B;) (3,5,8,12) (4,8,9,10) (2,4,6,8)

Using Mathur et al.’s method [3], the optimal solution of the fully fuzzy transportation

problem, represented by Table 2.3 can be obtained as follows.

Step 1

transformed into Table 2.4.

Using Step 2 of Mathur et al.’s method [3], discussed in Section 2.2, Table 2.3 can be




Table 2.4: Transformed crisp transportation problem

Destinations D, D, Dy Availability (4;)
Sources
S 8.25 4.25 8.25 5.5
Sy 13.75 7 14.25 7.25
S, 17.5 7.5 7 7
Demand (B)) 7 7.75 5

Step 2  According to Step 3 of Mathur et al.’s method [3], discussed in Section 2.2, there is need
to find the optimal solution of the crisp transportation problem represented by Table 2.4.

Using the least cost method for finding the initial basic solution and using MODI method for
finding the optimal solution with the help of the obtained initial basic feasible solution, the optimal
solution of the crisp transportation problem, represented by Table 2.4, can be obtained as follows.
Step 2(a) The initial basic feasible solution of the crisp transportation problem, obtained by least
cost method, is shown in Table 2.5.

Table 2.5: Initial basic feasible solution

Destinations D, D, Ds Availability (4;)
Sources
S1 8.25 4.25 8.25 5.5
55
S, 13.75 7 14.25 7.25
5 2.25
Ss 17.5 7.5 7 7
2 5
Demand (B;) 7 7.75 5




Step 2 (b) Since the basic variables are x,, x,1, X2, X31, X33 SO, the values of dual variables
Uy, Uy, Uz, V1, Uy, V3 Will be obtained on solving the following system of equations by considering
any one dual variable as “0”
i) u+v, =425,
(i)  uy, +v, =13.75,
@) uy+v,=7,
@iv)  uz;+wv, =175,
V) uz+vy=7.
Assuming u, = 0, the values of remaining dual variables are v; = 11,u, = 2.75,u; = 6.5,v, =
4.25,v; = 0.5
The values of (ui + v — Cij) corresponding non-basic variables are
(i) uy+wv,—Cy =275,
(i)  uy +v3—Ci3=-7.75
@ii))  uy +vy—Cy3 = —11,
(iv)  uz+wv,—Cs, =3.25
Since u; + v; — C;; and u; + v, — C3, are greater than zero so the obtained basic feasible solution
is not optimal. Furthermore, as u; + v, — C3, IS most positive so, there is need to make a closed

!

loop by considering ‘6" corresponding to second column and third row. The possible loop is shown

in Table 2.6.



Table 2.6: First iteration of MODI method

estinations D, D, Ds Availability (4;)
Sources
S 8.25 4.25 8.25 5.5
55
S, 13.75 6 —6 7 14.25 7.25
5 < 2.25
Sq 175 7.5 7 7
0
2 |_g S
Demand (B;) 7 7.75 5 19.75

It is obvious from Table 2.6 that 6 has been subtracted from 2.25 and 2 so 8 = min{2,2.25} i.e.
6 = 2. Corresponding to € the new initial basic feasible solution is shown in Table 2.7.

Table 2.7: The new basic feasible solution

Destinations D, D, Dy Availability (4;)
Sources
Si 8.25 4.25 8.25 5.5
55
S, 13.75 7 14.25 7.25
7 0.25
S3 17.5 7.5 7 7
2 5
Demand (B;) 7 7.75 5

Since the basic variables are x;,,x51,X55,%32,X33 SO, the wvalues of dual variables
Uq, Uy, U, U1, Uy, V3 Will be obtained on solving the following system of equations by considering
any one dual variable as “0”

1  u +v, =425,

@)  uy +v; =13.75,

(l“) U, + v, = 7,



(lV) Us + v, = 75,

(V) U3 + v3 = 7

Assuming u; = 0, the values of remaining dual variables are v; = 11,u, = 2.75,u3 = 3.25,v, =

4.25,v5 = 3.75

Now the values of (ul- + v — Cl-j) corresponding non-basic variables are

(l) Uuq + v, — C11 = 275,

(“) u1 + v3 - C13 = _45,

(l“) uZ + U3 - C23 = _775,

(lV) U3 + v — C31 = _325

Since u, + v; — C;; = 2.75 greater than zero so the obtained basic feasible solution is not optimal.
Furthermore, as u; + v; — C;; iS most positive so, there is need to make a closed loop by

considering ‘@' corresponding to first column and first row. The possible loop is shown in Table

2.8.

Table 2.8: Second iteration of MODI method

Destinations D, D, Ds Availability (4;)
Sources
S, 8.25 425 8.25 5.5
v > —0 55
S, 13.75 7 14.25 7.25
7 |—0 0 0.25
Ss 17.5 7.5 7
2 5
Demand (B;) 7 7.75 5

It is obvious from Table 2.8 that & has been subtracted from 5.5 and 7 so 8 = min{5.5,7} i.e.,

6 = 5.5. Corresponding to 8 the new initial basic feasible solution is shown in Table 2.9.

10




Table 2.9: The new basic feasible solution

Destinations D, D, Dy Availability (4;)

Sources

S 8.25 4.25 8.25 5.5

55
S, 13.75 7 14.25 7.25
1.5 5.75
S, 17.5 7.5 7
2 5

Demand (B;) 7 7.75 5

Since the basic variables are x;q,x,1,X55,%3,,X33 SO, the values of dual variables
Uy, Uy, Uz, V4, Uy, V3 Will be obtained on solving the following system of equations by considering
any one dual variable as “0”
(i) uy+v, =825,
@)  uy +v, =13.75,
@) uy+v, =7,
(iv) uz+wv,=75,
V) uz+vy=7.
Assuming u; = 0, the values of remaining dual variables are v; = 8.25,u, = 5.5,u; = 6,v, =
1.5v; =1
Now the values of (ui + v — Cl-j) corresponding non-basic variables are
@B u +v,—C,=-275,
@)  w +v;—C3=-725,
(i)  uy + vy —Cy3 = =7.75,
(iv) uz+wv; —C33 =-3.25
Since all are less than zero so the obtained basic feasible solution is optimal. Therefore,

11



total transportation cost = 5.5 X 8.25 + 1.5 x 13.25+ 575X 7+ 2 x 7.5+ 5 X 7 = 156.25.
2.3.2 OPTIMAL SOLUTION OF SECOND FULLY FUZZY TRANSPORTATION PROBLEM

Mathur et al. [3] solved the fully fuzzy transportation problems with trapezoidal fuzzy
numbers, represented by Table 2.10, by their proposed method. In this section, the solution of the
same problem is discussed.

Table 2.10: Second fully fuzzy transportation problem

estinations D, D, Ds D, Availability (4;)

Sources

S, (1,2,3,4)| (1,3,4,6) (9,11,12,4) (5,7,8,11) (1,6,7,12)
A\ (0,1,2,4)| (1,0,1,2) (5,6,7,8) (0,1,2,3) (0,1,2,3)
Ss (3,5,6,8)| (589,12) | (12,1516,19) | (7,9,10,12) (5,10,12,17)
Demand (B)) | (5,7,8,10 (1,56,10) (1,3,4,6) (1,2,3,4)

Using Mathur et al.’s method [3], the optimal solution of the fully fuzzy transportation
problem, represented by Table 2.10 can be obtained as follows.
Step 1l Using Step 2 of Mathur et al.’s method [3], discussed in Section 2.2, Table 2.10 can be
transformed into Table 2.11

Table 2.11: Transformed crisp transportation problem

estinations D, D, Ds D, Availability
(A)
Sources
Sy 2.7 35 115 7.75 6.5
S, 1.75 0.5 6.5 15 15
S3 55 8.5 15.5 9.5 11
Demand (B;) | 7.5 5.5 35 25 19

12



Step 2: According to Step 3 of Mathur et al.’s method, discussed in Section 2.2, there is need to
find the optimal solution of the crisp transportation problem represented by Table 2.11. Using the
least cost method for finding the initial basic solution and MODI method for finding the optimal
solution with the help of the obtained basic feasible solution, the optimal solution of the crisp

transportation problem represented by Table 2.12 can be obtained as follows.

Step 2(a): The initial basic feasible solution of the crisp transportation problem represented by

Table 2.11, obtained by least cost method, is shown in Table 2.12.

Table 2.12: Initial basic feasible solution

estination D, D, Ds D, Auvailability
(4)
Sources
S: 2.7 6.5 35 11.5 7.75 6.5
S, 1.75 05 |15 6.5 15 15
Ss3 55 1 8.5 4 15.5 35 9.5 25 11
Demand (B;) 75 55 35 2.5 19

Step 2(b): Since the basic variables are x;4,x5,, X31, X32, X33 X34 SO, the values of dual variables
Uy, Uy, Us, Uy, Uy, V3,0, WIll be obtained on solving the following system of equations by
considering any one dual variable as “0”
N uw+v, =27,
(i)  u,+wv, =0.5,
(iii)  uz3+wv, =5.5,
(iv)  uz;+wv,=8.5,
(v) u3+wv; =155,

13




(Vl) Us + Uy = 95

Assuming u; = 0, the values of remaining dual variables are v; = 2.7,u, = =5.2,u; = 2.8,v, =

5.7, v3 = 12.7, V4_ = 6.7

Now the values of (ul- + v — Cl-j) corresponding non-basic variables are

(l) Uuq + Vy, — C12 = 22,

(“) Uuq + V3 — C13 = 12,

(l“) uZ+U3_C23 = 1,

(lV) uZ + Ul - C21 = _425,

(V) Uuq + Vy — C]A- = _105,

(Vl) Uy + Vy — 624_ = 0

Since u, +v3 — Cy3,u; +v3 — Cy3,u; + v, — Cy, are greater than zero so the obtained basic
feasible solution is not optimal. Furthermore, as u; + v, — Cy, iS most positive so, there is need to

make a closed loop by considering ‘8’ corresponding to second column and first row. The possible

loop is shown in Table 2.13.

Table 2.13: First iteration of MODI method

D, D, Dy D, Availability
(A)
Sources
S1 1 -6 3.5 11.5 7.75 6.5
6.5 9
S, 1.75 0.5 6.5 1.5 15
15
S3 55 8.5 15.5 9.5 11
1l|p -9 4 3.5 2.5
Demand (B)) 7.5 5.5 3.5 2.5 19

14




It is obvious from Table 2.13 that 8 has been subtracted from 6.5 and 4 so 8 = min{6.5,4}i.e.,

6 = 4. Corresponding to 6 the new initial basic feasible solution is shown in Table 2.14.

Table 2.14: The new basic feasible solution

estination D, D, Ds D, Availability
(4)
Sources
Si 2.7 25 35 4 115 7.75 6.5
S, 1.75 05 |15 6.5 15 15
S3 55 5 8.5 15.5 35 9.5 25 11
Demand (B;) 75 55 35 2.5 19

Since the basic variables are xjq,x,5,X31,X12,X33%34 SO, the values of dual variables

Uq, Uy, Uz, Uy, Uy, V3, U, WIill be obtained on solving the following system of equations by

considering any one dual variable as “0”

(1)
(i1)
(iii)
(iv)
v)
(vi)

u +v, = 2.7,
u, + v, = 0.5,
us +v; = 5.5,
u, + v, = 3.5,
uz + vz = 15.5,
us + v, = 9.5.

Assuming u; = 0, the values of remaining dual variables are v; = 2.7,u, = —=3,u; = 2.8,v, =

3.5 v3=12.7,v, = 6.7

Now the values of (u; + v; — C;;) corresponding non-basic variables are

(i)
(i)

Us + U, — C32 = _22,

u1 + 173 - Cl3 = 1.2,
15




(ili)  uy +v3—Cy3 =209,

(iv)  uy,+wv; —Cyy =—2.05,

v) uy+v,—Cyy =-1.05,

Vi) uy+v,—0Cyy =22

Since uy + v; — Cy3,uq + v3 — Cy3,u, + v, — Cy, are greater than zero so the obtained basic
feasible solution is not optimal. Furthermore, as u, + v; — C,3 IS most positive so, there is need to
make a closed loop by considering ‘6" corresponding to third column and second row. The possible
loop is shown in Table 2.15.

Table 2.15: Second iteration of MODI method

D, D, Ds D, Availability
(4)

Sources
S: 2.7 35 115 7.75 6.5

25 |-6 4 0
S, 1.75 0.5 1.5 | 6.5 15 15

— A >

S3 55 8.5 15.5 95 11

5|4 35 (|—p 2.5

Demand (B)) 75 55 35 2.5 19

It is obvious from Table 2.15 that 6 has been subtracted from 2.5, 15 and 3.5 so
6 = min{2.5,1.5,3.5} i.e., 8 = 1.5. Corresponding to 6 the new initial basic feasible solution is

shown in Table 2.16.

16



Table 2.16: The new basic feasible solution

estination D, D, Ds D, Auvailability
(A)
Sources
S 2.7 1 3.5 5.5 11.5 7.75 6.5
S, 1.75 0.5 65 [ ¢ 15 15
S3 55| 65 8.5 155 | 9 95 | 25 11
Demand (B;) 7.5 55 3.5 2.5 19

Since the basic variables are xji,x,3,x31, %12, X33 X34 SO, the values of dual variables

Uq, Uy, Uz, Uy, Uy, V3, U, Wil be obtained on solving the following system of equations by

considering any one dual variable as "'0"’

(i)
(ii)
(iii)
(iv)
(V)
(vi)

u; + v = 2.7,
U, + vz = 6.5,
uz +v; = 5.5,
u, + v, = 3.5,
uz + vz = 15.5,
uz + v, = 9.5.

Assuming u,; = 0, the values of remaining dual variables are v, = 2.7,u, = —6.2,u; = 2.8,v, =

3.5,v5 = 12.7,v, = 6.7

Now the values of (ul- + v — Cl-j) corresponding non-basic variables are

()
(i)
(iii)

Us + U, — C32 = _22,
u1 + 173 - C13 = 12;

uz + U3 - 623 == _1,
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(iv)  uy,+wv; —Cy =-5.25,

(v) uy+v,—Cyy =-1.05,

(Vi) uy+wvy,—0Cy=-32

Since wu, + vz — Cy3 greater than zero so the obtained basic feasible solution is not optimal.
Furthermore, as u, + vz — Cy3 IS most positive so, there is need to make a closed loop by
considering ‘6" corresponding to third column and first row. The possible loop is shown in Table
2.17.

Table 2.17: Third iteration of MODI method

stinations D, D, Ds D, Availability
Sources (4)
Sy 27 | 1 35| 55 115 7.75 6.5
_6 /N 9
S, 1.75 0.5 6.5 15 || 15 1.5
S3 55 8.5 15.5 95 11
6.5 2l _g || 25
0
Demand (B;) 7.5 5.5 35 2.5 19

It is obvious from Table 2.17 that 8 has been subtracted from 2 and 1 so & = min{2,1}i.e., 0 = 1.

Corresponding to 6 the new initial basic feasible solution is shown in Table 2.18.
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Table 2.18: The new basic feasible solution

estination D, D, Ds D, Auvailability
(A)
Sources
S 2.7 3.5 5.5 115 | ¢ 7.75 6.5
S, 1.75 0.5 65 [ ¢ 15 15
Ss3 55 | 75 8.5 155 | 1 95 | 25 11
Demand (B;) 7.5 55 3.5 2.5 19

Since the basic variables are xji,x,3,x31, %12, X33 X34 SO, the values of dual variables

Uq, Uy, Uz, Uy, Uy, V3, U, WIill be obtained on solving the following system of equations by

considering any one dual variable as "'0"’

(vii)
(viii)
(ix)
(x)
(xi)
(xii)

u, +v; =11.5,
U, + vz = 6.5,
us +v; = 5.5,
u, +v, = 3.5,
uz + vz = 15.5,
uz + v, = 9.5.

Assuming u; = 0,the values of remaining dual variables are v; = 1.5u, = —=5,u; =4,v, =

3.5, V3 = 115, Vy = 55

Now the values of (ul- + v — Cl-j) corresponding non-basic variables are

()
(i)
(iii)

Uq + V1 — 27 = _12,
Us + U, — 7.75 = _1,

u1 + 1.74 - 1.75 = _2.25,
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(iv)  uy,+wv; —0.5=-525,

v) u,+wv,—15=-2,

(vi) u,+v,—85=-1.

Since all are less than zero so the obtained basic feasible solution is optimal. Therefore,

the total transportation cost

=35%x55+115x1+65x15+55x75+155%x1+ 95x25= 121

24  CONCLUSION

The existing method [3] for solving fully fuzzy transportation problem with trapezoidal fuzzy

number is discussed in a detailed manner.
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CHAPTER 3

BISHT AND SRIVASTVA’S METHOD FOR SOLVING
INTERVAL VALUED FULLY FUZZY TRANSPORTATION

PROBLEMS WITH TRAPEZOIDAL FUZZY NUMBERS

Bisht and Srivastva [1] proposed a method for solving fully interval transportation problems
(Transportation problems in which each parameters are represented by interval). Since in this
approach each interval is transformed into a trapezoidal fuzzy number that is a fully interval
transportation problem is transformed into a fully fuzzy transportation problem with trapezoidal
fuzzy numbers. Therefore, the method proposed by Mathur et al. [3], can also be used for solving a
fully interval transportation problem.

The only difference between the method, proposed by Mathur et al [3]. and the method proposed
by Bisht and Srivastva [1], is that in Mathur et al.’s method [3], an existing ranking method is used
for the ranking of trapezoidal fuzzy numbers, whereas in the method proposed by Bisht and
Srivastva [1] the ranking method, proposed by Bisth and Srivastva [1] themselves, is used. In this
chapter, the method, proposed by Bisth and Srivastva [1], is discussed.

3.1 METHOD FOR TRANSFORMING AN INTERVAL INTO A TRAPEZOIDAL FUZZY

NUMBER

Bisth and Srivastva [1] proposed the following method to transform an interval [AL, AY] into

a trapezoidal fuzzy number.

(aV-4)

Stepl Find d =

Step2 FindA=AY4+dand B=Al+2d.

Step3  The trapezoidal fuzzy number corresponding to the interval[A%X, AY] is (AL, A, B, AY).
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Example:- The trapezoidal fuzzy number corresponding to interval [AL,AY] = [1,19] can be

obtained as follows.
Stepl d=—7=6,
Step2 A=14+6=7andB=1+12 =13,

Step 3 The trapezoidal fuzzy number corresponding to the interval [1,19] is (1,7,13,19).

3.2 RANKING METHOD USED BY BISTH AND SRIVASTVA’S
Bisth and Srivastva [1] proposed the following ranking method for the ranking of
trapezoidal fuzzy numbers,

Ay = (ay,by,c1,dy) and 4, = (ay, by, ¢5,d3)

aici—bidi Xi—bi

Step 1: Find x; = and y; = +1;i=12

Ci—d;-b;—a; bi-a;

Step 2: Find pi = di — Qa;,

q =\yi2 + (d; — x)?,

T = \/in + (Xl' - ai)z =12
i i xitqiaitrid; .
Step 3: Find R(4;) = % Q=12
Step 4: Check that R(4;) > R(A4,) or R(4;) < R(4,) or R(4;) = R(4,) if
() R(A) >R(4,)then 4, > 4,
(i)  R(A4;) <R(4,)then4; < 4,

(iii) R(A;) =R(4;)thend; =4,

3.3  ORIGIN OF RANKING METHOD
In Step 1 of Section 3.2, x;, y; represents the intersection of the lines joining the point (a, 0),

(b,1) and (d,0), (¢, 1) as shown in the Figure 3.1 given below
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Q)

S(b,1)
1 T(c, 1)

P(Cl, O) q r R(d, O)

Figure 3.1 Normal trapezoidal fuzzy number.

In Step 2 of Section 3.2 p;, q; and r; represents the length of the sides PR, RQ and PQ respectively
of the triangle PQR as shown in the Figure 3.1. Finally in Step 3 R(4;) represent the center of
incircle of triangle PQR as shown in the Figure 3.1. Moreover the values of x,y can be computed
in the following manner.

Equation of line P(a, 0) and S(b, 1)

_1—0(
= _x-d 1
Yy =1, €y
Equation of the line R(d, 0) and T(c, 0)
0= —d
y _C_d(x )
= _x-d 2
y_C_d ()
From (1) and (2) we get
x—d x—a
c—d b-—a
= x—a)(c—d)=(x—d)(b—a)
= xc —xd —ac+ad =xb—xa—db+da
= x(c—d)—ac+ad =x(b—a) —db+da

x(c—d—b+a)=—-db+da+ac—ad
23



—db+ac
X =—
(c—d—b+a)

On putting these value in equation (1) we have,

x—b
b—a

y= +1

3.4 NUMERICAL EXAMPLE

Bisht and Srivastva [1] solved the fully fuzzy transportation problems with trapezoidal fuzzy
numbers, represented by Table 3.1, by their proposed method. In this section, the solution of the
same problem is discussed.

Table 3.1: Interval transportation problem

Destinations D, D, Ds Availability
(41)
Sources
S: [1,19] [1,9] [2,18] [1,9]
S, [8,26] [3,12] [7,28] [4,10]
S, [11,27] [0,15] [4,11] [4,11]
Demand (B;) [3,12] [4,10] [2,8]

In this problem the cost, demand and supply all are in interval form so according to Bisht
and Srivastva’s method [1] we first convert these interval into trapezoidal fuzzy number as shown
in the Table 3.2.

Table 3.2: Fully fuzzy transportation problem

estinations D, D, Dy Availability (4;)
Sources

S (1,7,13,19) (1,3.67,6.34,9) |(2,7.33,12.66,18) | (1,3.67,6.33,9)

S, (8,1.67,13.33,16) | (3,6,9,12) (7,14,21,28) (4,6,8,10)

S, (11,16.3,21.6,27) | (0,5,10,15) (4,6.33,8.67,11) | (4,6.33,8.67,11)
Demand (B;) | (3,6,9,12) (4,6,8,10) (2,4,6,8)
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Using Step 3 of Bisht and Srivastva’s method [1], discussed in Section 3.2, Table3.2 can be
transformed into Table 3.3.

Table 3.3: Transformed crisp transportation problem

Destinations D, D, Ds Availability
(A4)
Sources
Si 9.75 477 9.48 4.77
S, 14.72 6.76 15.48 6.51
S3 17.61 7.50 6.87 6.87
Demand (B;) 6.76 6.58 4.58

Now applying least cost method for finding the initial solution and after that we have to used MODI
method for finding the solution of the transportation problem.

Table 3.4: Initial basic feasible solution

Destinations D, D, Ds D, Availability
(A1)
Sources
S 9.75 4.77 9.48 0 4.77
4.54 0.23
S, 14.72 6.76 15.48 0 6.51
4.47 2.04
S3 17.61 7.50 6.87 0 6.87
2.29 4.58
Demand (B)) 6.76 6.58 4.58 0

Since the basic variables are xy,,xq4, %25, %51, %31, %33 SO, the values of dual variables
Uq, Uy, Uz, Uy, Uy, V3, U, Will be obtained on solving the following system of equations by

considering any one dual variable as 0"
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O u+v,=4.77,
@M wu+v,=0,
@) uy + v, =6.76,
(iv) uz;+v, =17.61,
(V) uz;+wv;=6.87,
(Vi)  uy,+v; =14.72
Assuming u; = 0, the values of remaining dual variables are v; = 12.73, u, = 1.99, u; = 4.88,
v, =477, v3=199, v, =0
Now the values of (ul- + v — Cl-j) corresponding non-basic variables are
N u +v,—Cp =298,
(i)  uy+v3—C3=-749,
(ili)  uy + vy —Cy3 = —11.5,
(iv)  uz+wv,—Cs =215
(V)  u, +v,—Cpy =199,
(Vi)  uz+v, — C3y = 4.88
Since uy + vy — Cqq1, U3 + v, — C3y, Uy + v, — Cyy, usz + v, — C3, are greater than zero so the
obtained basic feasible solution is not optimal. Furthermore, as u; + v, — C5, iS most positive so,

!

there is need to make a closed loop by considering ‘8" corresponding to fourth column and third

row. The possible loop is shown in Table 3.5.
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Table 3.5: First iteration of MODI method

Destinations D, D, Ds D, Availability
(4)
Sources
Si 9.75 477 9.48 0 4.77
o | 454 _g 923
S, 14.72 6 - 15.48 0 6.51
4.47 6.76| 2.04
S3 17.61 7.50 6.87 0 6.87
2 2 4.58
- 0
Demand (B)) 6.76 6.58 4.58 0

It is obvious from Table 3.5 that & has been subtracted from 0.23, 2.29 and 2.04 so 6 =

min{0.23, 2.29, 2.04} i.e. 8 = 0.23. Corresponding to 6 the new initial basic feasible solution is

shown in Table 3.6.

Table 3.6: The new basic solution

Destinations D, D, Ds D, Availability
(4)
Sources
S 9.75 477 9.48 0 477
4.77
S, 14.72 6.76 15.48 0 6.51
47 1.81
S5 17.61 7.50 6.87 0 6.87
2.06 4.58 0.23
Demand (B)) 6.76 6.58 4.58 0

Since the basic variables are xy,,xq4, %25, %51, %31, %33 SO, the values of dual variables
Uq, Uy, Uz, Uy, Uy, V3, U, Will be obtained on solving the following system of equations by
considering any one dual variable as "'0"'.

(l) ul + 172 = 4.77,
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(i) uz3+wv,=0,

(i)  u, +v, =6.76,

(iv)  uz+wv; =17.61,

(V) uz+wv;=6.87,

(Vi)  uy,+v, =14.72.
Assuming u; = 0,the values of remaining dual variables are v, = 12.73, u, =1.99, u; =
488, v, =4.77, v3 =199, v, = —4.88
Now the values of (ul- + v — j) corresponding non-basic variables are

i) uy+v,—0Cy =298,

(i)  uy+v3—C3=-749,

(i)  u, +v;—Cy3 =—11.5,

(iv)  uz+wv,—Cs =215

V) uy,+v,—Cyy =—-2.89,

(vi) w +v,—Cyy=-488
Since u; + v; — Cy41,uz + v, — C5, are greater than zero so the obtained basic feasible solution is
not optimal. Furthermore, as u; + v; — Cy; IS most positive so, there is need to make a closed loop

!

by considering ‘8" corresponding to fourth column and third row. The possible loop is shown in

Table 3.7.
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Table 3.7: Second iteration of MODI method

Destinations D, D, Ds D, Availability
(4)
Sources
S 9.75 4.77 9.48 0 477
0 —g| 477
S, 14.72 76 15.48 0 6.51
4.7 18l
-0 6
Sq 17.61 7.50 6.87 0 6.87
2.06 4.58 0.23
Demand (B)) 6.76 6.58 4.58 0

It is obvious from Table 3.7 that 6 has been subtracted from 4.77 and 4.7 so 6 = min{4.77, 4.7}
i.e., 8 =4.7. Corresponding to 8 the new initial basic feasible solution is shown in Table 3.8.

Table 3.8: The new basic solution

Destinations D, D, Ds D, Availability
(4)
Sources
S 9.75 477 9.48 0 477
0.07
4.7
S, 14.72 6.76 15.48 0 6.51
6.51
S5 17.61 7.50 6.87 0 6.87
2.06 4.58 0.23
Demand (B)) 6.76 6.58 4.58 0

Since the basic variables are xyq, X1, X5, X34, %31, %33 SO, the values of dual variables
Uq, Uy, Uz, Uy, Uy, V3, U, Will be obtained on solving the following system of equations by
considering any one dual variable as "'0"'.

N w+v, =477,

@i uz+v,=0,

(l“) U, + Uy, = 6.76,
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(iv) uz;+v, =17.61,

(V) u3+v;=6.87,

(vi)  uw; +v, =975
Assuming u; = 0, the values of remaining dual variables are v; = 9.75, u, = 1.99, u; = 7.86,
v, = 4.77, v; = —0.99, v, = —7.86.
Now the values of (ul- + v —( j) corresponding non-basic variables are

i  uy,+v,—C; =-298,

(i)  u; +v3—Ci3=-1047,

(i)  u, +v;—Cy3 = —14.48,

(iv)  uz+wv,—C3, =513,

V) uy,+wv,—Cyy =-587,

(Vi) u +v,—Cu=-786
Since us; + v, — C3, is greater than zero so the obtained basic feasible solution is not optimal.
Furthermore, as us; + v, — C3, IS most positive so, there is need to make a closed loop by

14

considering ‘8" corresponding to fourth column and third row. The possible loop is shown in Table
3.9.

Table 3.9: Third iteration of MODI method

Destinations D, D, Ds D, Availability
(4)
Sources
S 9.75 0 477 9.48 0 477
—g 0.07
4.7
S, 14.72 6.76 15.48 0 6.51
6.51
Sq 17.61 7.50 6.87 0 6.87
2.06 /6 4.58 0.23
-0
Demand (B)) 6.76 6.58 4.58 0
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It is obvious from Table 3.9 that 6 has been subtracted from 2.06 and 0.07 so & = min{2.06,0.07}

i.e.,, 8 = 0.07. Corresponding to 8 the new initial basic feasible solution is shown in Table 3.10.

Table 3.10: The new basic solution

Destinations D, D, Ds D, Auvailability
(A1)
Sources
S 9.75 4.77 9.48 0 4,77
477
S, 14.72 6.76 15.48 0 6.51
6.51
Sq 17.61 7.50 6.87 0 6.87
1.99 0.07 4.58 0.23
Demand (B)) 6.76 6.58 4.58 0

Since the basic variables

aré  x11,X32,X22,X34,X31,X33

SO,

the values of dual

variables

Uq, Uy, Uz, Uy, Uy, V3, U, WIll be obtained on solving the following system of equations by

considering any one dual variable as "'0"".

@ uz+v,=7.50,
@i uz3+wv,=0,
(i)  u, +v, =6.76,
(iv) uz3+wv; =17.61,
(V) u3+v;=06.87,
(vi)  u;+wv, =975

Assuming u; = 0, the values of remaining dual variables are v; = 9.75, u, = 7.12, uz = 7.86,

v, = —0.36, v3 = —0.99, v, = —7.86

Now the values of (ul- + v — Cl-j) corresponding non-basic variables are

(i)
(i)

U, + vy — C11 = 215,

ul + 173 - Cl3 = _10.47,
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(ili)  uy + vy — Cy3 = —9.35,

(iv) u; +v,—C,=-513,

V) uy+v,—Cy =-0.74,

(Vi) u+v,—Ci=-786
Since u, + v; — Cy; Is greater than zero so the obtained basic feasible solution is not optimal.
Furthermore, as u, + v; — C;; IS most positive so, there is need to make a closed loop by

!

considering ‘8" corresponding to fourth column and third row. The possible loop is shown in Table
3.11.

Table 3.11: Fourth iteration of MODI method

Destinations D, D, Ds D, Availability
(4)
Sources
S 9.75 477 9.48 0 477
4.77
S, 14.72 6.76 15.48 0 6.51
6 -6 6.51
S, 17.61 7.50 6.87 0 6.87
199 [&—T76 | 0.07 4.58 0.23
—0
Demand (B)) 6.76 6.58 4.58 0

It is obvious from Table 3.11 that & has been subtracted from 1.99 and 6.51 so 6 = min{1.99,6.51}

i.e., 8 = 1.99. Corresponding to 8 the new initial basic feasible solution is shown in Table 3.12.
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Table 3.12: Optimal solution of the transportation problem

Destinations D, D, Ds D, Availability
(4)
Sources
S 9.75 4.77 9.48 477
477
S, 14.72 6.76 15.48 6.51
1.99 4.52
Ss 17.61 7.50 6.87 6.87
2.06 4.58 0.23
Demand (B)) 6.76 6.58 4.58

Since the basic variables are x;;,X3,,X52,X34,X21,X33 SO, the values of dual variables
Uq, Uy, Uz, Uy, Uy, V3, U, Will be obtained on solving the following system of equations by
considering any one dual variable as "'0"'.
(vi)  uz+ v, =7.50,
(vii)  uz+wv, =0,
(ix)  u, +v, =6.76,
X)  up+v, =14.72,
(xi)  uz+wv3 =6.87,
(xii)  uy +v; =9.75
Assuming u, = 0,the values of remaining dual variables are v, =9.75, u, = 4.97, u; =
5.71,v, = 1.79, v = 1.16, v, = —5.71
Now the values of (ul- + v — Cl-j) corresponding non-basic variables are
(vii)  uz+wv; —C3; =—2.15,
(viii)  uy +v3 —C3 = —8.32,
(ixX)  uy; +wv3—Cy3 =—-9.35,

(X) ul + 172 - Clz = _2.98,
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xi)  uy +v,—Cyy =—0.74,
(xil)  uy +v,—Cyy =-571
Since all are less than zero so the obtained basic feasible solution is optimal.’s Therefore,
the total transportation cost
=9.75X4.77 +14.72 X 1.99 + 6.76 X 4.52 + 7.50 X 2.06 + 6.87 X 4.58 + 0 X 0.23 =

153.27.

35 CONCLUSION

The existing method [1] for solving fully fuzzy transportation problem with trapezoidal fuzzy

number is discussed in a detailed manner.
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CHAPTER 4

PROPOSED METHOD FOR SOLVING FULLY FUZZY
TRANSPORTATION PROBLEMS WITH PENTAGONAL

FUZZY NUMBERS

Masheswari and Ganesan [2] defined the concept of pentagonal fuzzy number as well as
proposed a method for solving fuzzy transportation problem with pentagonal fuzzy numbers. In this
chapter, it is shown that more computational efforts are required to solve a fully fuzzy transportation
problem with pentagonal fuzzy numbers by Maheswari and Ganesan’s method [2]. Furthermore an
alternative simplified method is proposed for solving a fuzzy transportation problems with

pentagonal fuzzy numbers.

4.1 PRELIMINARIES
In this section definition of a pentagonal fuzzy number, arithmetic operations of two
pentagonal fuzzy numbers and the method for comparing two pentagonal fuzzy numbers, proposed

by Mashewari and Ganesan [2], are presented.

4.1.1 SOME BASIC DEFINITIONS
Definition 4.1: A fuzzy number A = (a,b,c,d, e) is called a pentagonal fuzzy number when the

membership function is defined as

r 0, x<a
X—a
(b—a)' a<x<b
x—b
(c—b)' b=x<c
,LLA(X):< 1, =cC
d—x
(d—c)' c<x<d
e—x
(e—d)’ d<x<e
\ 0, x>e
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a b c d e

Figure 4.1 A pentagonal fuzzy number

4.1.2 ARITHMETIC OPERATIONS OF PENTAGONAL FUZZY NUMBER
Let A; = (ay, by, cq,dq,eq) and A, = (ay, by, ¢y, dy, ;) be two pentagonal fuzzy numbers.
Then,
(i) A, + A4, = (a;+ay by+b,y,ci+cy,di+dyeq +e5) .

(ii) A1 - Az = (a;—dy, by—cy,¢c1—b;y,d1—ay,e1 — ay) .

~ b d
(i) A, x4, = (%ﬁp,?lﬁp,%ﬁp,?lﬁp,%ﬁp),Where Bp=(az+b,+c,+d, +e,).

. ~ ~ 5 S5by 5 5d{ 5 .
(iv) A1+A2=(ﬁi;,ﬁ—;,ﬁi;,ﬁ—;,ﬁi;>,lfﬁp¢0whereﬁp=(a2+b2+c2+d2+e2).

- ((ka, kb, ke, kd, ke), if k> 0}
V) kA= {(ke, kd, kc, kb, ka), if k <0

4.1.3 METHOD FOR COMPARING TWO PENTAGONAL FUZZY NUMBERS
Maheswari and Ganesan [2] proposed the following method for comparing two pentagonal

fuzzy numbers.

Let A; = (ay,by,c1,dy,e.) and A, = (ay, by, ¢y, dy, e5) be two pentagonal fuzzy numbers. Then,
() A4, >4, if R(Ay) > R(4y)

(i) A, <A, if R(4,) <R(4,)

(i) A, =4, if R(4;) = R(4y)

where R(/Il) _ (a1+b1+csl+d1+e1)’ R(Az) _ ((a2+b2+052+d2+e2))'
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42 MAHESWARI AND GANESAN’S METHOD

The method, proposed by Maheswari and Ganesan [2], is same as the classical methods for
solving crisp transportation problems. The only difference is that Maheswari and Ganesan [2] have
used the arithmetic operations of pentagonal fuzzy number instead of arithmetic operation of real
numbers as well as Maheswari and Ganesan [2] have used the method, discussed in Section 4.1.2
for comparing pentagonal fuzzy numbers.

To illustrate the method, proposed by Maheswari and Ganesan [2], the fully fuzzy
transportation problem, considered by Maheswari and Ganesan [2] to illustrate their proposed
method, is solved in this section. Maheswari and Ganesan [2] solved the fully fuzzy transportation
problem, represented by Table 4.1, in the following manner.

Table 4.1: Fully fuzzy transportation problem

D, D, Ds Availability
(4;)
Y (5,10,13,14,18) | (1,2,3,4,5) (2,6,8,10,14) (2,11,23,34,45)
S, (3,4,5,6,7) (1,5,6,7,11) (1,4,5,9,16) (10,47,52,65,76)
S3 (3,6,9,12,15) (2,5,7,8,8) (1,1,1,1,1) (3,18,56,76,87)
Demand (B;) (11,16,51,67,75) | (20,40,60,80,100) | (15,30,45,75,110)

Step 1 It is obvious from Table 4.1 that Total availability= (2,11,23,34,45) + (10,47,52,65,76) +
(3,18,56,76,87) = (15,76,131,175,208) and (11,16,51,67,75) + (20,40,60,80,100) +
(15,30,45,75,110) = (46,86,156,222,285) = Total demand

Since R(15,76,131,175,208) + R(46,86,156,222,285) i.e., total availability is not equal to total
demand so, the transportation problem, represented by Table 4.1, is an unbalanced transportation
problem. Furthermore R(15,76,131,175,208) < R(46,86,156,222,285) i.e., total availability is
less than total demand. So, there is need to add a dummy source having dummy supply
(46,86,156,222,285) — (15,76,131,175,208) = (—162,—89,25,146,270). On adding the dummy

source S, the transportation problem, represented by Table 4.1, will be transformed into Table 4.2
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Table 4.2: Balanced fully fuzzy transportation problem

estinations D, D, D, Availability (4;)

Sources
S, |(5,10,13,14,18) (1,2,3,4,5) (2,6,8,10,14) (2,11,23,34,45)
S, 1(3,4,56,7) (1,5,6,7,11) (1,4,5,9,16) (10,47,52,65,76)
Ss |(3,6,9,12,15) (2,5,7,8,8) (11,111 (3,18,56,76,87)
S, 1(0,0,0,0,0) (0,0,0,0,0) (0,0,0,0,0) (—162,—89,25,146,270)

(11,16,51,67,75) | (20,40,60,80,100) | (15,30,45,75,110)
Demand (B))

Step 2 In this step any classical method is used to find the initial basic feasible solution of the
balanced fully fuzzy transportation problem. Using Vogel’s approximation method, the initial basic
feasible solution of the balanced fully fuzzy transportation problem, represented by Table 4.2, can
be obtained as follows.

Step 2(a): The penalties corresponding to each row and column can be obtained as follows.

(i) Since R(1,2,3,4,5) < R(2,6,8,10,14) < R(5,10,13,14,18) i.e. the smallest element of the
first row is (1,2,3,4,5) and the next minimum element is (2,6,8,10,14) therefore the penalties
corresponding to first row is (2,6,8,10,14)— (1,2,3,4,5)= (—3,2,5,8,13) .

(i)  Since R(3,4,5,6,7) <R(1,56,7,11) < R(2,6,8,10,14) i.e. the smallest element of the
second row is (3,4,5,6,7) and the next minimum element is (1,5,6,7,11) therefore the

penalties corresponding to first row is (1,5,6,7,11) — (3,4,5,6,7) = (—6,1,1,3.8) .

(i) Since R(1,1,1,1,1) < R(2,5,7,8,8) < R(3,6,9,12,15) i.e. the smallest element of the third
row is (1,1,1,1,1) and the next minimum element is (2,5,7,8,8) therefore the penalties
corresponding to first row is (2,5,7,8,8) — (1,1,1,1,1) = (1,4,6,7,7) .

(iv)  Since R(0,0,0,0,0) < R(0,0,0,0,0) < R(0,0,0,0,0) i.e. the smallest element of the fourth

row is (0,0,0,0,0) and the next minimum element is (0,0,0,0,0) therefore the penalties

corresponding to first row is (0,0,0,0,0) — (0,0,0,0,0) = (0,0,0,0,0) .
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(v)  Since R(0,0,0,0,0) < R(3,4,5,6,7) < R(3,6,9,12,15) < R(5,10,13,14,18) i.e. the smallest
element of the first column is (0,0,0,0,0) and the next minimum element is (3,4,5,6,7)
therefore the penalties corresponding to first column is (3,4,5,6,7) —(0,0,0,0,0) =
(3,4,5,6,7) .

(vi)  Since R(0,0,0,0,0) < R(1,2,3,4,5) < R(2,5,7,8,8) < R(1,5,6,7,11) i.e. the smallest element
of the second column is (0,0,0,0,0) and the next minimum element is R(1,2,3,4,5) therefore
the penalties corresponding to second column is R(1,2,3,4,5) — (0,0,0,0,0) = R(1,2,3,4,5).

(vii)  Since R(0,0,0,0,0) < R(1,1,1,1,1) < R(1,4,5,9,16) < R(2,6,8,10,14) i.e. the smallest
element of the third column is (0,0,0,0,0) and the next minimum element is (1,1,1,1,1)
therefore the penalties corresponding to third column is (2,5,7,8,8) — (0,0,0,0,0) =
(1,1,1,1,1) .

Step2(b):

max{R(-3,2,5,8,13),R(—6,1,1,3,8),R(1,4,6,7,7),R(0,0,0,0,0), R(3,4,5,6,7),R(1,2,3,4,5),

R(1,1,1,1,1)} = R(3,4,5,6,7), i.e.,, the maximum penalty is corresponding to first column and

min{R(0,0,0,0,0),R(3,6,9,12,15),R(3,4,5,6,7), R(5,10,13,14,18)} ie., minimum cost

corresponding to first column is (0,0,0,0,0) so, (4,1) the first basic cell.

Step 2(c): The availability and demand corresponding to the basic (4,1) are

(—162,—89,25,146,270) and (11,16,51,67,75) respectively. Furthermore

min{R(—162, —89,25,146,270), R(11,16,51,67,75)} = R(—162, —89,25,146,270) therefore

X4 = (—162,—89,25,146,270) and the remaining demand is

(11,16,51,67,75) — (—162,—89,25,146,270) = (—259,—130,26,156,237).

Step 2(d): Since the availability of source S, has been fulfilled therefore leaving source S,, the

transportation problem, represented by Table 4.3 is obtained.
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Table 4.3: First iteration of VAM method

estinations D, D, D, Availability (4;)
Sources
S, | (5,10,13,14,18) (1,2,3,4,5) (2,6,8,10,14) (2,11,23,34,45)
S, |(3,4,56,7) (1,5,6,7,11) (1,4,5,9,16) (10,47,52,65,76)
S; 1(3,6,9,12,15) (2,5,7,8,8) (11,111 (3,18,56,76,87)
S, 1(0,0,0,0,0) (0,0,0,0,0) (0,0,0,0,0) (—162,—89,25,146,270)
(—162,—89,25,146,
270)
(11,16,51,67,75) (20,40,60,80,100) | (15,30,45,75,110)
Demand (B))

Step 2(e): The penalties corresponding to each row and column can be obtained as follows.

(i) Since R(1,2,3,4,5) < R(2,6,8,10,14) < R(5,10,13,14,18) i.e. the smallest element of the
first row is (1,2,3,4,5) and the next minimum element is (2,6,8,10,14) therefore the penalties
corresponding to first row is (2,6,8,10,14)— (1,2,3,4,5)= (—3,2,5,8,13) .

(i)  Since R(3,4,5,6,7) <R(1,56,7,11) < R(2,6,8,10,14) i.e. the smallest element of the
second row is (3,4,5,6,7) and the next minimum element is (1,5,6,7,11) therefore the
penalties corresponding to first row is (1,5,6,7,11) — (3,4,5,6,7) = (—6,1,1,3.8) .

(iii) ~ Since R(1,1,1,1,1) < R(2,5,7,8,8) < R(3,6,9,12,15) i.e. the smallest element of the third
row is (1,1,1,1,1) and the next minimum element is (2,5,7,8,8) therefore the penalties
corresponding to first row is (2,5,7,8,8) — (1,1,1,1,1) = (1,4,6,7,7) .

(iv)  Since R(3,4,5,6,7) < R(3,6,9,12,15) < R(5,10,13,14,18) i.e. the smallest element of the
first column is (3,4,5,6,7) and the next minimum element is (3,6,9,12,15) therefore the
penalties corresponding to first column is (3,6,9,12,15) — (3,4,5,6,7) = (—4,0,4,8,12) .

(v) Since R(2,5,7,8,8) <R(1,56,7,11) < R(2,6,8,10,14) i.e. the smallest element of the
second column is (2,5,7,8,8) and the next minimum element is (1,5,6,7,11) therefore the
penalties  corresponding to second column is (1,5,6,7,11) — (2,5,7,8,8) =

(=7,-3,-1,2,9).
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(vi)

Since R(1,1,1,1,1) < R(1,4,5,9,16) < R(2,6,8,10,14) i.e. the smallest element of the third

column is (1,1,1,1,1) and the next minimum element is (1,4,5,9,16) therefore the penalties

corresponding to third column is (1,4,5,9,16) — (1,1,1,1,1) = (0,3,4,8,15) .

Step2(f): maxR(-3,2,5,8,13),R(—6,1,1,3.8),R(1,4,6,7,7),R(—4,0,4,8,12),R(—7,—-3,-1,2,9)

R(0,3,4,8,15)} = R(0,3,4,8,15) Since the maximum penalty is corresponding to third column and

min{R(1,1,1,1,1),R(1,4,5,9,16),R(2,6,8,10,14)}

i.e. minimum cost corresponding to second

column is R(1,1,1,1,1) so, ( 3,3) is the second basic cell . Again from the Step 2(c) we have to

allocate the demand in the basic cell. This can be shown in the Table 4.4 given below

Table 4.4: Second iteration of VAM method

Destinations D, D, Dy Availability (4;)
Sources
S, |(510,13,14,18) (1,2,3,4,5) (2,6,8,10,14) (2,11,23,34,45)
S, |(345,6,7) (1,5,6,7,11) (1,4,5,9,16) (10,47,52,65,76)
S; |(3,6,9,12,15) (2,5,7,8,8) (1,1,1,1,) (3,18,56,76,87)
(3,18,56,76,87)
S, 1(0,0,0,0,0) (0,0,0,0,0) (0,0,0,0,0) (—162,—89,25,146,2

(—162,—89,25,146,
270)

70)

Demand (B;)

(11,16,51,67,75)

(20,40,60,80,100)

(15,30,45,75,110)

Step 2(g): The penalties corresponding to each row and column can be obtained as follows.

(i) Since R(1,2,3,4,5) < R(2,6,8,10,14) < R(5,10,13,14,18) i.e. the smallest element of the

first row is (1,2,3,4,5) and the next minimum element is (2,6,8,10,14) therefore the penalties

corresponding to first row is (2,6,8,10,14)— (1,2,3,4,5)= (—3,2,5,8,13) .

(i)

Since R(3,4,5,6,7) <R(1,5,6,7,11) < R(2,6,8,10,14) i.e. the smallest element of the

second row is (3,4,5,6,7) and the next minimum element is (1,5,6,7,11) therefore the

penalties corresponding to first row is (1,5,6,7,11) — (3,4,5,6,7) = (—6,1,1,3.8) .
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(iii)  Since R(3,4,5,6,7) < R(5,10,13,14,18) i.e. the smallest element of the first column is

(3,4,5,6,7) and the next minimum element is (5,10,13,14,18) therefore the penalties

corresponding to first column is (5,10,13,14,18) — (3,4,5,6,7) = (—2,4,8,10,15) .

(iv)  Since R(1,5,6,7,11) < R(2,6,8,10,14) i.e. the smallest element of the second column is

(1,5,6,7,11) and the next minimum element is (2,6,8,10,14) therefore the penalties

corresponding to second columnis (2,6,8,10,14) — (1,5,6,7,11) = (-9,—-1,2,5,13) .

(v)  Since R(1,4,59,16) < R(2,6,8,10,14) i.e. the smallest element of the third column is

(1,4,5,9,16) and the next minimum element is (2,6,8,10,14) therefore the penalties

corresponding to third column is (2,6,8,10,14) — (1,4,5,9,16) = (—14,-3,3,6,13) .

Step2(h):

max{R(—3,2,5,8,13), R(—6,1,1,3.8), R(—2,4,8,10,15),R(=9,—1,2,5,13), R(—14, —3,3,6,13)} =

R(-2,4,8,10,15). Since the maximum penalty

min{R(5,10,13,14,18),R(3,4,5,6,7)}

is corresponding to first column and

i.e. minimum cost corresponding to first column is

(3,4,5,6,7) so, (2,1) is the third basic cell. Again from the Step 2(c) we have to allocate the demand

in the basic cell. This can be shown in the Table 4.5 given below.

Table 4.5: Third iteration of VAM method

\w D, D, Dy Availability (4;)
Sources
S, 1(5,10,13,14,18) (1,2,3,4,5) (2,6,8,10,14) (2,11,23,34,45)
S, 1(3,456,7) (1,5,6,7,11) (1,4,5,9,16) (10,47,52,65,76)
(—259,—130,26,1
56,237)
S 1(3,6,9,12,15) (2,5,7,8,8) (1,1,1,1,1) (3,18,56,76,87)
(3,18,56,76,87)
S, 1(0,0,0,0,0) (0,0,0,0,0) (0,0,0,0,0) (—162,—89,25,146,270)

(—162,—89,25,14
6,270)

Demand (B))

(11,16,51,67,75)

(20,40,60,80,100)

(15,30,45,75,110)
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Step 2(i): The penalties corresponding to each row and column can be obtained as follows.

(i) Since R(1,2,3,4,5) < R(2,6,8,10,14) i.e. the smallest element of the first row is (1,2,3,4,5)
and the next minimum element is (2,6,8,10,14) therefore the penalties corresponding to first
row is (2,6,8,10,14)— (1,2,3,4,5)= (-3,2,5,8,13) .

(i) Since R(1,5,6,7,11) < R(2,6,8,10,14) i.e. the smallest element of the second row is
(1,5,6,7,11) and the next minimum element is (2,6,8,10,14) therefore the penalties
corresponding to first row is (2,6,8,10,14) — (1,5,6,7,11) = (-9, —-1,2,5,13).

(iii) ~ Since R(1,5,6,7,11) < R(2,6,8,10,14) i.e. the smallest element of the second column is
(1,5,6,7,11) and the next minimum element is (2,6,8,10,14) therefore the penalties
corresponding to second columnis (2,6,8,10,14) — (1,5,6,7,11) = (-9,—-1,2,5,13) .

(iv)  Since R(1,4,5,9,16) < R(2,6,8,10,14) i.e. the smallest element of the third column is
(1,4,5,9,16) and the next minimum element is (2,6,8,10,14) therefore the penalties
corresponding to third column is (2,6,8,10,14) — (1,4,5,9,16) = (—14,—3,3,6,13)

Step 2(j):

max{R(-3,2,5,8,13), R(—9,-1,2,5,13),R(=9, —1,2,5,13), R(—14, —3,3,6,13)} =

R(-3,2,5,8,13). Since the maximum penalty is corresponding to first row and

min{R(1,2,3,4,5),R(2,6,8,10,14)} i.e., minimum cost corresponding to first column is (1,2,3,4,5),

so (1,2) is the fourth basic cell. Again from the Step 2(c) we have to allocate the demand in the

basic cell. This can be shown in the Table 4.6 given below.
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Table 4.6: Fourth iteration of VAM method

stinations D, D, D, Availability (4;)
Sources
S, |(510,13,14,18) (1,2,3,4,5) (2,6,8,10,14) (2,11,23,34,45)
(2,11,23,34,45)

S, 1(3,4,56,7) (1,5,6,7,11) (1,4,5,9,16) (10,47,52,65,76)
(—259,—130,26,1
56,237)

S 1(3,6,9,12,15) (2,5,7,8,8) (1,1,1,1,1) (3,18,56,76,87)

(3,18,56,76,87)
S, 1(0,0,0,0,0) (0,0,0,0,0) (0,0,0,0,0) (—162,—89,25,146,270)

(—162,—89,25,14
6,270)

Demand (B))

(11,16,51,67,75)

(20,40,60,80,100)

(15,30,45,75,110)

Step 3:

transportation problem. The final table is shown in the Table 4.7 below.

Table 4.7: Initial basic feasible solution

Using VAM method we get the basic initial feasible solution for our fully fuzzy

estinations D, D, Dy Availability (4;)
Sources
S, 1(510,13,14,18) | (1,2,3,4,5) (2,6,8,10,14) (2,11,23,34,45)
(2,11,23,34,45)
S, 1(3,4,56,7) (1,5,6,7,11) (1,4,5,9,16) (10,47,52,65,76)
(—259,—130,26, | (—334,166,37,241 | (—72,—46,—11,57
156,237) , 407) ,107)
Ss 1(3,6,9,12,15) (2,5,7,8,8) (1,1,1,1,) (3,18,56,76,87)
(3,18,56,76,87)
S, 1(0,0,0,0,0) (0,0,0,0,0) (0,0,0,0,0) (—162,—89,25,146,270)
(—162,—-89,25,1
46,270)

Demand (B))

(11,16,51,67,75)

(20,40,60,80,100)

(15,30,45,75,110)

The fuzzy basic initial basic feasible solution =(1,2,3,4,5) x (2,11,23,34,45) + (3,4,5,6,7) X

(—-259,-130,26,156,237) + (1,5,6,7,11) x (—334,—-166,37,241,407) + (1,1,1,1,1) X

(3,18,56,76,87) + (1,4,5,9,16) x (=72,—46,—11,57,107) + (0,0,0,0,0) %

(—162,—89,25,146,270) = (133,331,404,498,724)
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Step 4: Using the IBFS, presented in Table 4.7 and classical MODI method, the optimal solution of
the fully fuzzy transportation problem, represented by Table 4.1 can be obtained as follows.
Step 4(a):
If @y = (w11, Uaz) Uas, Una, Uss), T = (Ugp, Usp, Uss) Uz, Ups), Bz = (Usy, Usg, Usz, Use, Uss), Ty =
(g1, Uaz, Usg) Usg Ugs), Ty = (V11, V12, V13, V14 V15), U1 = (V21, Va2, Va3, V2a, V2s), T =
(Y21, V22, Va3, Vs, Uas), U3 = (V31, V32, V33, V34, V35) are dual variables corresponding to sources
and destination respectively. Then,
(U11, U2, U3, Ura, Uss) + (V21, V22, V23, V24, V2s) = (1,2,34,5)
(U21, U2, Uz, Upg, Uzs) + (V11, V12, V13, V14, V15) = (3/4,5,6,7),
(U21, U2, Uz, Upg, Uzs) + (V21, V22, V23, V2e, V2s) = (1,5,6,7,11),,
(Uz1, Uzz, Up3, Upg, Ups) + (V31, V32, V33, V34, V35) = (1,4,5,9,16),
(u31, Uz, Uz, Ugg, Uss) + (V31, V32, V33, V34, V35) = (1,1,1,1,1),
(W41, Uaz, Uz, Ugg, Uss) + (V11, V12, V13, V14, V15) = (0,0,0,0,0)
assuming (U4, U12, Ug3, Ug4, Ugs) = (0,0,0,0,0) we have
(V21, V22, V23, V24, V25) = (1,2,3,4,5)
(Uz1, Uz, Uzs, Uzg, Ugs) = (—4,1,3,5,10)
(Y11, V12, V13, V14, V15) = (=7,—1,2,5,11)
(V31, V32, V33, Va4, V35) = (—9,—1,2,8,20)
(u31, Uz, Uzs, Ugg, Uss) = (—19,-9,-1,2,10)
(Ua1, Usz, Ugg, Usgg, Ugs) = (—11,—-5,-2,1,7)
Now for non-basic cell we have
(Uq1, Up2, Ups, Ugg, Ugs) + (V11, V12, Vi3) V1gs V15) — (5,10,13,14,18) = (—25,—-13,—11,-5,6)
(W11, Ur2, Uyz, Usg, Uss) + (V31, Vg, V33, V3g, V35) — (2,6,8,10,14) = (—23,-11,-6,2,18)
(u31, Uz, Uss, Uy, Uss) + (V11, V12, V13, V14, V15) — (3,6,9,12,15) = (—31,-22,-8,1,18)
(u31, Uz, Uz, Usg, Uss) + (V21, V22, V23, V24, V25) — (2,5,7,8,8) = (—16,-7,—-2,7,23)

(Ug1, Ugp) Ugs, Ugg, Ugs) + (Va1, Va2, V23, Vs, V25) — (0,0,0,0,0) = (—10,-3,1,5,12)
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(Ug1, Ugn) Ugs, Uga, Ugs) + (V31, V32, V33, V34, V35) — (0,0,0,0,0) = (=20, -6,0,9,27).

Now, R(—-25,—-13,-11,-5,6) <0

R(-23,-11,-6,2,18) < 0,

R(-31,-22,-8,1,18) < 0,

R(—-16,-7,-2,7,23) > 0,

R(-10,-3,1,5,12) > 0,

R(—20,-6,0,9,27) > 0.

Table 4.8: First iteration of MODI method

\W D, D, Ds Availability (4;)
Sources
S; (5,10,13,14,18) | (1,2,3,4,5) (2,6,8,10,14) (2,11,23,34,45)
(2,11,23,34,45)
S, (34,5,6,7) 6 (1,5,6,7,11) (1,4,5,9,16) 6 | (10,47,52,65,76)
(—259,—-130,26| | (—334,—166,37,2 | (—72,—46,—11,57
156,237) 41, 407) ,107)
S, (3,6,9,12,15) (2,5,7,8,8) (1,1,1,1,2) (3,18,56,76,87)
(3,18,56,76,87
W (0,0,0,0,00 -4 |(0,0,0,0,0) (0,0,0,0,0) (—162,—89,25,146,270)
(—162,—89,25,% 6
46,270)

Demand (B))

(11,16,51,67,75)

(20,40,60,80,100)

(15,30,45,75,110)

Now min{R(~72, —46,11,57,107), R((—162,89,25,146,270)} = R(—72,—46,11,57,107) hence

0 = (—-72,—46,11,57,107). Now we have to form a closed loop to rearrange the allocation in the

basic cell. Clearly, here position of the basic cell also changed accordingly.

Step 4(b):

If (un,ulz,u13,u14, u15) + (V21,V22,1723»1724,V25) =(1,2,34,5),

(uz1,uzz, U3, Upy, uzs) + (V11, V12, V13, V14» V15) = (3,4,5,6,7),

(Uz1, Uz, Upz, Ung, Ups) + (V21, V22, Va3, V24, V25) = (1,5,6,7,11),,

(Ug1, Usp, Ugs, Ugq, Ugs) + (V31, V3, V33, V34, V35) = (0,0,0,0,0)

(u31, U3y, Uss, Usg, Uzs) + (V31, V32, V33, V34, V35) = (1,1,1,1,1),

(Ug1, Usp, Usz, Ugq, Ugs) + (V11, V12, V13, V14, V15) = (0,0,0,0,0)
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assuming (w1, Uy, Uy3, Uga, Ugs) = (0,0,0,0,0) we have

(V21, Va2, V23, V24, V25) = (1,2,3/4,5)

(U21, Uzz, Uzs, Uzg, Ugs) = (—4,1,3,5,10)

(11, V12, V13, V14, V15) = (=7,—1,2,5,11)

(V31, V32, V33, Va4, V35) = (—=7,—1,2,5,11)

(U31, Uz, U3z, Uy, Uss) = (—10,—4,—1,2,8)
(Ug1) Ugz, Usz, Ugg, Ugs) = (—11,-5,-2,1,7)

Now for non-basic cell we have

(U11, Ug2, Ugz, Usg, Uss) + (D11, V12, V13, V14, V15) — (5,10,13,14,18) = (—25,-13,-11,-5,6)

(W11, Us2, U3, Urg, Uss) + (V31, V32, V33, V3a, V35) — (2,6,8,10,14) = (—23,-11,-6,2,18)

(U31, U2, Uss, Ug, Uss) + (V11, V12, V13, V1g, Vi5) — (3,6,9,12,15) = (—32,—-17,—-8,1,16)

(u31, U2, Uss, Uss, Uss) + (V21, Va2, V23, V2a, V25) — (2,5,7,8,8) = (—17,-10,-5,1,11)
(Uz1, Upp, Upz, Ung, Ups) + (V31, V32, V33, V34, V35) — (1,4,5,9,16) = (—27,-9,0,6,20)
(U1, Uaz, Uss) Usg, Ugs) + (V21 V22, V23, Va4, V25) — (0,0,0,0,0) = (—10,-3,1,5,12).

now, R(—25,—-13,—-11,-5,6) <0

R(—23,—-11,-6,2,18) < 0,

R(—32,—-17,-8,1,16) < 0,

R(-17,-10,-5,1,11) < 0,

R(-10,-3,1,5,12) > 0,

R(=27,-9,0,6,20) < 0.
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Table 4.9: Second iteration of MODI method

\W D, D, Dy Availability (4;)
Sources
Si (5,10,13,14,18) (1,2,3,4,5) (2,6,8,10,14) (2,11,23,34,45)
(2,11,23,34,45)
S, (3,4,5,6,7) (1,5,6,7,11) (1,4,5,9,16) (10,47,52,65,76)
(—331,—176,15,2 .| (=334,166.37,
13,344)6 241,407)
-0
S3 (3,6,9,12,15) (2,5,7,8,8) (1,1,1,1,) (3,18,56,76,87)
(3,18,56,76,87)
S, (0,0,0,0,0) _9 (0,0,0,0,0) (0,0,0,0,0) (—162,—89,25,146,270)
(—72,—46,-11,57
(—269,—146,36, g | ,107)
192,342)

Demand (B))

(11,16,51,67,75)

(20,40,60,80,10
0)

(15,30,45,75,110)

Now min{R(—334,166,37,241,407), R(—269, — 146,36,192,342)} = R(—72,—-46,11,57,107)

hence 6 = (—269,— 146,36,192,342). Now we have to form a closed loop to rearrange the

allocation in the basic cell. Clearly, here position of the basic cell also changed accordingly.

(U117, U2, Ug3, Usg, Ugs) + (V21, Vo2, Va3, Vs, V2s) = (1,2,3,4,5),

(Uz1, Uz, Ups, Ung, Ups) + (V11, V12, V13, V1a, V1s) = (3,4,5,6,7),

(Uz1, Uz, Ups, Upa, Ups) + (V21, Vo, Va3, V24, V2s) = (1,5,6,7,11),

(Ug1, Usp, Ugz, Ugq, Ugs) + (V31, V32, V33, V34, V35) = (0,0,0,0,0),

(u31, U3, Us3, Usg, Uss) + (V31, V32, V33, V34, V35) = (1,1,1,1,1),

(Ug1, Usp, Uy3, Ugy, u45) + (V21, V22, V23, V24, st) = (0,0,0,0,0)

Assuming (w1, Uq2, Uq3, U4, Uss) = (0,0,0,0,0) we have

(v21, VU22,V23, V24, st) = (1,2,3,4,5)

(uz1, Uz, Up3, Upy, uzs) = (—4,1,3,5,10)

(v11, V12, V13, V14, V15) =(-7,-1,2,5,11)

(V31, V32, V33, V34, V35) = (1,2,3,4,5)

(u31, U3y, Uss, Uzg, Uzs) = (—4,—3,—-2,—1,0)

(Ug1, Ugp) Ugs, Ugg, Ugs) = (—5,—4,-3,-2,—1)
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Now for non-basic cell we have

(Uy1, Ugg, Uqs, Uga, Ugs) + (V11, V12, V13, Via, V1s) — (5,10,13,14,18) = (—25,—13,—11,-5,6)

(U11, Ugp, Ugz, Usg, Uss) + (V31, V32, V33, V34, V35) — (2,6,8,10,14) = (—13,-8,—5,—4,3)

(U3, Uzp, U3, Uzg, Uss) + (V11, V12, V13, V14, V15) — (3,6,9,12,15) = (—26,-16,—9,—2,8)

(Uz1, Uz, Usz, Usg, Uss) + (V21, V22, Va3, Vou, Vas) — (2,5,7,8,8) = (—11,-9,—6,-2,3)

(Uz1, Uz, Upz, Ung, Ups) + (V31, V32, V33, V34, V35) — (1,4,5,9,16) = (=19, -6,1,5,14)

(W41, Ugp, Usgg, Ugg, Ugs) + (V21, V22, Va3, V24, V25) — (0,0,0,0,0) = (=12, -5,-1,3,10).

now, R(—25,—-13,—-11,-5,6) <0

R(—13,-8,—5,—4,3) < 0,

R(—26,—-16,—9,-2,8) < 0,

R(~11,-9,-6,—-2,3) < 0,

R(-19,-6,1,5,14) <0,

R(-12,-5,—-1,3,10) < 0.

Table 4.10: Final optimal solution

stinations D, D, Dy Availability (4;)
Sources
S; (5,10,13,14,18) | (1,2,3,4,5) (2,6,8,10,14) (2,11,23,34,45)
(2,11,23,34,45)

S, (3,4,5,6,7) (1,5,6,7,11) (1,4,5,9,16) (10,47,52,65,76)
(—600,—322,51, | (—676,—358,1,3
405,686) 87,676)

S, (3,6,9,12,15) (2,5,7,8,8) (1,1,1,1,) (3,18,56,76,87)

(3,18,56,76,87)
S (0,0,0,0,0) (0,0,0,0,0) (0,0,0,0,0) (—162,—89,25,146,270)

(—269,—
146,36,192,342)

(—72,—46,—11,57
107)

Demand (B))

(11,16,51,67,75)

(20,40,60,80,10
0)

(15,30,45,75,110)

The fuzzy optimal cost

= (1,2,3,4,5) x (2,11,23,34,45) + (3,4,5,6,7) x (—600,—322,51,405,686) + (1,5,6,7,11) x

(-676,—358,1,387,676) + (1,1,1,1,1) x (3,18,56,76,87) + (0,0,0,0,0) x
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(—269,—-146,36,192,342) + (0,0,0,0,0) x (—72,—46,—11,57,107) = (6,33,69,102,135) +
(=3000,—-1610,255,2025,3430) + (—4056,—2148,6,2322,4056) + (3,18,56,76,87) =
(=7047,-3707,386,4525,7708)

4.3 PROPOSED METHOD

It is obvious from the Section 4.2 that more computational efforts are required for solving
fully fuzzy transportation problem by Maheswari and Ganesan’s method [2].

In this section, with the help of the methods, discussed in the previous chapters, a new method
is proposed for solving fully fuzzy transportation problem with the help of pentagonal fuzzy
numbers.

The steps of proposed method are discussed as follows.

Step1 Represent the fully fuzzy transportation problem in tabular form as shown in Table 4.11

Table 4.11: Tabular representation of a fully fuzzy transportation problem

Sources \? Destinations S
D, D, Dy | ... D, | Availability
Sl 611 612 513 tee Cln Al
Sm énl énz C’:113 ~nm Am
Demand B, B, By | ... B,,
where,  (;;,A;andB; are  pentagonal  fuzzy  numbers  (Cy,,Cij,, Cij,o Cijyr Cij)s

(Ai1, Aiz, Aiz, Aia, Ais) and (Bjy, By, Bjs, Bjs, Bjs) respectively. Here C;; , A;, B; represents the fuzzy
transportation cost, fuzzy availability of the product and fuzzy demand of the product respectively.
Step 2 Transform the fully fuzzy transportation problem represented by Table 4.11 into the crisp

transportation problem represented by Table 4.12, by replacing Cl-j, A; and E’j with

R(C;)),R(4;) and R(B;) respectively.
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Table 4.12: Transformed crisp transportation problem

Sources \1/ Destinations _—
D, D, D, .. D, | Availability
51 R(Ci1) | R(Ciz) | R(Ciz) | --- | R(Cin) | R(Ay)
Sm R(Ch1) |R(Cnz) |R(Cn3z) |- | R(Cym) R(Am)
Demand R(B)) |R(By) |R(B;) |..- |R(By)

Step 3 Find the optimal solution {xij} as well as optimal transportation cost of the crisp

transportation problem, represented by Table 4.12.

4.4 ILLUSTRATIVE EXAMPLE

Using the proposed methods the fully fuzzy transportation problem, represented by Table 4.1
can be solved as follows.
Step 1: Using Step 1 of the proposed method, the fully fuzzy transportation problem represented by
Table 4.1 can be converted into crisp transportation problem represented by Table 4.13 by using the
ranking function which is used by Maheswari and Ganesan [2].

Table 4.13: Transformed crisp transportation problem

stinations D, D, Ds Auvailability
Sources (4;)
Sy 12 3 8 23
S, 5 6 7 50
S3 9 6 1 48
Demand (B)) 44 60 55

Clearly the above crisp transportation problem represented in Table 4.13 is an unbalanced
transportation problem therefore a dummy source S, have to be added so that the above
transportation problem can be converted into balanced transportation problem. After adding a

dummy a source the balanced transportation problem is shown in the Table 4.14.
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Table 4.14: Balanced crisp transportation problem

estinations D, D, Ds Availability
Sources (4)
Sy 12 3 8 23
S, 5 6 7 50
S3 9 6 1 48
Sy 0 0 0 38
Demand (B)) 44 60 55

Using the least cost method for finding the initial basic solution and using MODI method for
finding the optimal solution with the help of the obtained initial basic feasible solution, the optimal
solution of the crisp transportation problem, represented by Table 4.14, can be obtained as follows.
Step 2(a) The initial basic feasible solution of the crisp transportation problem represented by
Table 4.14 obtained by least cost method, is shown in Table 4.15.

Table 4.15: Initial basic feasible solution

stinations D, D, Ds Auvailability
Sources (4;)
Sy 12 23 3 8 23
S, 5 6 7 50
21 29
S3 9 6 1 48
31 17
Sy 0 0 0 38
38
Demand (B)) 44 60 55

Total initial transportation cost
=12%X234+5%x21+6%Xx294+6x%x31+1x17+4+0x38=713.
Step (2b) Since the basic variables are x;,,x,1,X2,,X31,%33 SO, the values of dual variables
uq, Uy, Us, V4, Uy, V3 WIll be obtained on solving the following system of equations by considering
any one dual variable as "'0"".
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(i)
(i)
(iii)
(iv)
(V)
(vi)

u; +v, =2,
U, +v; =5,
Uy, + v, = 6,
Uz + v, = 6,
uz +v3 =1,
U, +v3 = 0.

Assuming u; = 0,the values of remaining dual variables are v; = 12,u, = =7,u; = =7,v, =

13,v; = 8,u, = —8 now, the values of (ui + v — Cij) corresponding non-basic variables are

(i)
(ii)
(iii)
(iv)
(V)
(vi)

Uuq +v2 - ClZ = 10,

u1+v3—C13=0,

Uy +U3 _623 = _6,

U4+VZ_C42=5

Since uy + v, — Gy, uy + v, — Cy; and uy + v, — C,4, are greater than zero so the obtained basic

feasible solution is not optimal. Furthermore, as u; + v, — C;, = 0 is most positive so, there is need

to make a closed loop by considering ‘6" and corresponding to second column and first row the

possible loop is shown in Table 4.16.

Table 4.16: First iteration of MODI method

estinations D, D, Ds Availability
Sources (A)
Sy 12 23 3 8 23
- 0
S, 5 91 & 6 o [0 7 50
S3 9 6 1 48
31 -0 g | 17
S4 0 0 0 38
-9 g | 38
Demand (B)) 44 60 55
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It is obvious from Table 4.17 that 6 has been subtracted from 31 and 38 so & = min{23, 29} i.e.,
6 = 29 corresponding to 8 the new initial basic feasible solution is shown in Table 4.17.

Table 4.17: Second iteration of MODI method

stinations D, D, Ds Auvailability
Sources (A1)
Sy 12 3 23 8 23
S, 5 6 7 50
44 6
S3 9 6 1 48
31 o > q 17
Sy 0 0 0 38
Demand (B)) 44 60 55

N u +v,=3,
(i) u,+v, =5,
@iii) u,+v, =6,
(iv) uz+v,=6,
V) uz+twvz=1,
(Vi) u,+wv3=0.
Assuming u, = 0, the values of remaining dual variables are v; = 2,u, =3,u3 = 3,v, =3, v3 =
—2,Uy =2
Now the values of (ui +v -G j) corresponding non-basic variables are
N w +v,—C=-10,
@i u +v3—C3 =-10,
@ii))  uy, + vy —Cy3 = —6,
(iv)  uz+v; —C5 =—4,
V) wtv,—Cy =4,
(Vi)  uy+v,—C4y =5.
Since ,u, + v; — Cy; and u, + v, — C,, are greater than zero so the obtained basic feasible

solution is not optimal. Furthermore, as u, + v, — C,, = 0 is most positive so, there is need to
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make a closed loop by considering ‘6" and corresponding to second column and forth row the

possible loop is shown in Table 4.18.

Table 4.18: Third iteration of MODI method

stinations D, D, Ds Auvailability
Sources (A)
Sy 12 3 23 8 23
S, 5 6 7 50
44 6
S3 9 6 1 48
48
S4 0 0 0 38
31 7
Demand (B;) 44 60 55

(i)
(i)
(iii)
(iv)
v)
(vi)

u; + v, =3,
U, +v; =5,
Uy + v, =6,
Uy, +v, =0,
uz +v3 =1,
Uy +v3 = 0.

Assuming u; = 0, the values of remaining dual variables are v; = 2,u, = 3,u; = -2,v, =3,v; =

3,U4=_3

Now the values of (ui + v — Cl-j) corresponding non-basic variables are

(i)
(ii)
(iii)
(iv)
(V)
(vi)

u; + vy — €1 = —10,
Uy + vz — Ci3 = =5,
Uy +v3 — Cy3 = —1,
uz +v; —C31 = -9
u; +v, —C3, = —4

U4+v1_C41=_1

Since all (ui + 'Uj — CU) <0
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Total transportation cost

=3X23+5X44+6%xXx6+48%x1+0x31+0x7=373

4.5 CONCLUSION

On the basis of present study, it can be concluded that less computational efforts are required
to solve a fuzzy transportation problems with pentagonal fuzzy numbers by the proposed method as

compared to Maheswari and Ganesan’s method [2].
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