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On solving fuzzy transportation problem based on
distance based defuzzification method of various
fuzzy quantities using centroid
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Abstract

In this paper, we introduce a method for solving simple and multi objective transportation problems with imprecise
information based on various fuzzy quantities such as trapezoidal, pentagonal and hexagonal fuzzy numbers by
the conversion into crisp information. First, we convert the imprecise information of the Transportation Problem
in the form of trapezoidal, pentagonal and hexagonal fuzzy numbers based on proposed fuzzification techniques,
and then the fuzzy transportation problems with various fuzzy quantities are converted into crisp transportation
problems using appropriate proposed ranking functions introduced in this paper to find its basic and optimum
solutions with the help of traditional method. Finally some numerical examples are given to make an effective
analysis about the various fuzzy quantities through finding the solutions of transportation problem of imprecise
information.

Keywords
Fuzzification, Defuzzification, Ranking function, Transportation Problem, Trapezoidal Fuzzy Number, Pentagonal
Fuzzy Number, Hexagonal Fuzzy Number.

AMS Subject Classification
03E72.

" Department of Mathematics, Poompuhar College, (Affiliated to Bharathidasan University), Melaiyur—609107, Tamil Nadu, India.

2 Department of Mathematics, SRM Institute of Science and Technology, Ramapuram, Chennai—600089, Tamil Nadu, India.

3 Department of Mathematics, A.V.V.M. Sri Pushpam College, (Affiliated to Bharathidasan University), Poondi-613503, Tamil Nadu, India.
*Corresponding author: 'ahariganesh84@gmail.com; 2sureshmaths.kumar@gmail.com

Article History: Received 01 February 2020; Accepted 29 March 2020 ©2020 MJM.
Contents 4.2 Mathematical Formulation of Multi-
Objective Transportation Problem . ........ 414
1 Introduction.......cocviiiiiiii it e iiie e 410 5 Algorlthm for solving Interval Valued
2 Preliminaries .......ooeveieieiinieiieeiieeeaneanns 411 Transportation Problem (IVTP).................... 414
3 Proposed Methods of Defuzzification for 6 Numerical lllustrations......................cce s 415
Various Fuzzy Quantities..............cccevvueann 412 7 ConcluSioN......ccoviiiiiiiiiririniniaiaanaenanss 418
3.1 Ranking Function of Generalized Trapezoidal References...........c.cooviiiiiiiiiiiiiiiiiin, 426
Fuzzy Number for Defuzzification ......... 412
3.2 Ranking Function of Generalized Pentagonal 1. Introduction
Fuzzy Number for Defuzzification ......... 412  In real life situations most of the information is obtained in
3.3 Ranking Function of Generalized Hexagonal vague nature. In particular, mostly the data is observed in the
Fuzzy Number for Defuzzification . ........ 413  form of intervals. The optimization problems involving such
) ) type of interval data have to be solved in an effective way
4 Formulation of Fuzzy Single & to find best solution on today’s competitive world. Recently
Multi Objective Transportation Model ............ 413 many authors are being involved in solving such type of op-
4.1 Mathematical Formulation of Fuzzy Single timization problems through the concept of fuzzy set theory.
Objective Transportation Problem . ........ 413  The fuzzy set theory was introduced by Zadeh [12] in 1965 to



On solving fuzzy transportation problem based on distance based defuzzification method of various fuzzy quantities

deal this type of imprecise and vague information. In order to
have an idea about solving optimization problems under un-
certain environment, here we have made a recent survey about
solving special type of fuzzy optimization problem such as
fuzzy transportation problem based on various fuzzy numbers
and its ranking.

There are several papers in the literature in which the
fuzzy transportation problems have been solved using various
ranking methods of fuzzy numbers. In 2011, Amarpreet Kaur,
Amit Kumar [2] extend a classical method to propose a new
method for solving fuzzy transportation problems with the
help of ranking function. In 2014, Ali Ebrahimnejad [1] pro-
posed a new ranking function for solving fuzzy transportation
problem by converting into crisp one. The main contribution
in his work is the reduction of the computational complexity
of the existing ranking method proposed by Karu and Ku-
mar [3] in the year 2012. In 2015, Iden Hasan Hussein and
Anfal Hasan Dheyab [7] have introduced a new algorithm us-
ing ranking function for normal and abnormal triangular fuzzy
numbers to find solution of fuzzy transportation problem us-
ing Vogel’s modified distribution algorithm. In 2017, Darunee
Hunwisai and Poom Kumam [5] introduced the method for
solving fuzzy transportation problem using Robust’s ranking
technique for the representative value of the fuzzy number. In
addition they used allocation table method to find an initial
basic feasible solution for the Fuzzy Transportation Prob-
lem. In 2018, Mahananda Babasaheb Bhopale [8] proposed
a new ranking method for converting fuzzy transportation
problem into crisp valued transportation problem to find its
optimum solution using MODI method. In the same year,
Vidhya and Ganesan [11] presented a methodology for the
solution of multi-objective fuzzy transportation problem us-
ing a new fuzzy arithmetic on parametric form of trapezoidal
fuzzy numbers and a new ranking method. In 2019, Nagar
et al. [9] proposed a new fuzzification and defuzzification
method to convert Interval data based transportation problem
into fuzzy transportation problem to find its optimum solution.
Furthermore, they have made a comparative study with the
available methods to show the effectiveness of the proposed
algorithm in their work. In 2020, Ashok Sahebrao Mhaske
and Kirankumar Laxmanrao Bondar [4] have introduced a
method to convert the crisp transportation problem into the
fuzzy transportation problem by using various types of fuzzy
numbers such as triangular, pentagonal, and heptagonal fuzzy
numbers. Moreover, they compare the minimum fuzzy trans-
portation cost obtained from the different methods in their
work. Dinesh C.S. Bisht and Pankaj Kumar Srivastava [6]
proposed a method for solving Interval data based transporta-
tion problems through converting it into fuzzy transportation
problem and then further conversion into crisp transportation
problem using trisectional approach of fuzzification and newly
proposed ranking technique based on in-centre concept based
on traditional methods in the same year.

In this paper, we propose a methodology to solve the
single and multi-objective transportation problem using pro-
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posed fuzzification and defuzzification methods of various
fuzzy quantities such as trapezoidal, pentagonal and hexago-
nal fuzzy quantities. Moreover, we have planned to analysis
the effectiveness of these fuzzy quantities based on the results
obtained using the proposed methods for solving single and
bi-objective transportation problems.

2. Preliminaries

Definition 2.1 (Fuzzy Set). A fuzzy set A in the universal set
X is defined as A = {(x, 11;(x));x € X }. Here yiz: A — [0, 1]
is the grade of the membership function and iz (x) is the grade
value of x € X in the fuzzy set A.

Definition 2.2 (Fuzzy Number). A fuzzy number A is a subset
of real line R, with the membership function satisfying the
following properties:

(i) w;(x) is piecewise continuous in its domain.
(ii) A is normal, i.e., there is a xo € X such that wi(xo) =1.

(iii) A is convex, i.e.,

pi (Axy + (1 —2A)x2) > min (pz(x1), 1z (x2)),
Vx1,x in X.

Definition 2.3 (Triangular Fuzzy Number). The fuzzy set A =
(ay,az,a3;w), where a; < ap < az and defined on R, is called
the generalized triangular fuzzy number, if the membership
function of A is given by

0, x<a
X—da
ﬁ , ar<x<a
1 (x) = i
Wlace, ) ®2SXx=a3
0, X >az

Definition 2.4 (Trapezoidal Fuzzy Number). The fuzzy set
A = (a1,a2,a3,a4;w), where a; < ay < a3 < ay and defined
on R, is called the generalized trapezoidal fuzzy number, if the
membership function of A is given by

X—day
w (76,2,‘,1 ) ;a1 Sx<a

w, ap <x<as
pg(x) = s

w (m) ;o a3<x<ag

0, otherwise

Definition 2.5 (Pentagonal Fuzzy Number). The fuzzy set
A = (ay,az,a3,a4,as;w), where a) < ay < az < as < as and
defined on R, is called the generalized pentagonal fuzzy num-
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ber, if the membership function of A is given by

0, x < ai
e ) asx<a
ia) @<x<as
i(x) = w, x=as
;44:(2 , a3 <x<ay
iear ) as<x<as
0, X > as

Definition 2.6 (Hexagonal Fuzzy Number). The fuzzy set A =
(al,az,a3,a4,a5,a6;w), where a1 < ay < az < ag < as < ag
and defined on R, is called the generalized hexagonal fuzzy
number, if the membership function of A is given by

0, x < ap

1 —

z(;;,“a'l>7 a) <x<a

1 1 x—ap

7t32 m,uz)a ar <x<as
Hi(x) =<1, a3 <x<ay

1 —

-4 (%), a<rc<as

1 ag—Xx

Var),  as<x<as

0, X>ae

Definition 2.7 (Fuzzification). Let the interval data be
[m,M]. Then the tetra-section of this interval is considered as

(M —m)
d—T

Thus the trapezoidal fuzzy number will be taken as

(m,m+d,m+3d,M) (2.1)

where M = m+-4d.
Let the interval data be [m,M]. Then the hexa-section of
this interval is considered as

(M —m)

d =
6
Thus the pentagonal fuzzy number will be taken as

(m,m+d,m+3d,m+5d,M) (2.2)

where M = m+ 6d.

Let the interval data be [m,M). Then the octa-section of
this interval is considered as
(M —m)

d=
8

Thus the hexagonal fuzzy number will be taken as
(m,m+d,m+3d,m+5d,m+7d,M) (2.3)

where M = m + 8d.
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3. Proposed Methods of Defuzzification
for Various Fuzzy Quantities

3.1 Ranking Function of Generalized Trapezoidal
Fuzzy Number for Defuzzification

This section proposes a new distance based ranking method
for ordering generalized trapezoidal fuzzy number by convert-
ing fuzzy number into a crisp number. In order to introduce a
new distance based ranking for ordering fuzzy numbers, the
new balancing point of trapezoid is introduced using centroid
of centroids. First, the trapezoid corresponding to the gen-
eralized trapezoidal fuzzy number A = (a;,a2,a3,a4;w), is
divided into three triangles ABC, AED and ECD. The reason
for selecting this proposed centroid as a point of reference
is that each centroid points (G| = (W, %W) of ABC,

Gy — (7301”63“‘14,%) of AED and G3 = (7“1”“63””4,% of

ECD) are balancing points of three triangles. Therefore, the
centroid of these centroids would be a better balancing point
of trapezoid.

w B (az,w)

C (as,w)

(are w) -
sy —
"2 2) ~

| |
| P |
I - |
| Gs |
I
[ |

T I

— 1 T

| | —
| | ~
I

G

A (a1,0) Q (a3,0) D (a;,O)
Figure 3.1. Centroid of Generalized Trapezoidal Fuzzy

Number

Consider the generalized trapezoidal fuzzy number
A = (ay,a,a3,a4;w). The centroid of centroids of the three
triangles is

3 3 2a4 4
G:(XO:)’O):< D F a0 F W) (3.1

9 "9

As a special case, for triangular fuzzy number
A = (a1,a2,a4;w), i.e., a3 = a; the centroid of centroids is
given by

3a; +4ar +2as 4w> 32)

G= (XanO) = <97 9

3.2 Ranking Function of Generalized Pentagonal
Fuzzy Number for Defuzzification
This section proposes a new distance based ranking method
for ordering generalized pentagonal fuzzy number by con-
verting fuzzy number into a crisp number. In order to intro-
duce a new distance based ranking for ordering pentagonal
fuzzy numbers, the new balancing point of pentagonal is
introduced using centroid of centroids. First, the pentagon
corresponding to the generalized pentagonal fuzzy number
A = (a1,a2,a3,a4,as;w), is divided into triangle BCD and
trapezoid ABDE. Furthermore, the trapezoid is divided into
L8,

S8 2072
SNhev 272

=

412
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three triangles ABD, AFE and DEEF for finding the balanc-
ing point G’ of the trapezoid ABDE as per the procedure
introduced in Section 3.1. Finally, the average point of the
balancing point G’ of the trapezoid ABDE and the centroid
G” of the triangle is made as a reference point of pentagonal.
The reason for selecting this proposed point as a point of ref-
erence is that each centroid points G’ are balancing points of
the trapezoid and triangle. Therefore, the average of centroids
would be a better balancing point of pentagon.

Consider the generalized pentagonal fuzzy number
A = (a1,az,a3,a4,as;w). The average of centroids of trape-
zoid and triangle is

3a; +4ay +3az +6a4 +2as 4w
Gz(xoyyo)Z( 1 2 183 4 579) (3.3)

4 C (a3,w)

w/2

A@D  P@D) Q@0 R0 E (250)
Figure 3.2. Centroid of Generalized Pentagonal Fuzzy
Number

3.3 Ranking Function of Generalized Hexagonal
Fuzzy Number for Defuzzification

This section proposes a new distance based ranking method
for ordering generalized hexagonal fuzzy number by convert-
ing fuzzy number into a crisp number. In order to introduce
a new distance based ranking for ordering hexagonal fuzzy
numbers, the new balancing point of hexagon is introduced
using centroid. First, the hexagon corresponding to the gener-
alized hexagonal fuzzy number A = (ay,a>,a3,a4,as,ag; w),
is divided into two trapezoids ABEF and BCDE. Furthermore,
the trapezoids are divided into three triangles (ABE, AHF,
EFH for the first trapezoid ABEF and BCD, BIF, DEI for the
second trapezoid BCDE) for finding the balancing point G’
of the first trapezoid ABEF and G” for the second trapezoid
BCDE as per the procedure introduced in Section 3.1. Fi-
nally, the average point of the balancing point (centroid of
centroids) G’ and G” of the trapezoids ABEF and BCDE is
made as a reference point of hexagonal. The reason for se-
lecting this proposed point as a point of reference is that each
centroid points G’ and G” is balancing point of the trapezoids.
Therefore, the average of these centroids would be a better
balancing point of pentagon.

Consider the generalized hexagonal fuzzy number
A = (a1,a,a3,a4,as,a¢;w). The average of centroids of
trapezoids is

18 " 36

3a; +4ar + a3+ 3a4 + S5a5 +2a¢ 17w
G = (x0,Y0) =

413
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(3.4)

C (a3,w)

D (ag,w)

w2 L

R (as,w) S (as,w) F (ag,w)
Figure 3.3. Centroid of Generalized Hexagonal Fuzzy
Number

A(a,w) P(ayw) Q(az,w)

Definition 3.1 (Ranking Function). For mapping the set of
all generalized triangular, trapezoidal, pentagonal and hexa-
gonal fuzzy numbers to a set of all real number, the ranking
function is defined based on the distance between the original
point and the proposed centroids of these fuzzy numbers (3.1),
(3.2), (3.3) and (3.4) as follows:

REA) =/ (v0(A))* + (0(A))? (3.5)

4. Formulation of Fuzzy Single & Multi
Objective Transportation Model

In this section, we present single and multi-objective trans-
portation model with fuzzy cost or/and fuzzy time.

Transportation problem is one of the subclass of Linear
Programming Problem in which the objective is to transport
various quantities of a single homogeneous commodity, that
are initially stored at various origins, to different destinations
in such a way that the total transportation cost or/and time
is minimum. To achieve this objective we must know the
amount and location of available supplies and the quantities
demanded. We must know the cost or/and time that result
from transporting one unit of commodity from various origins
to various destinations.

Mathematically, the single and multi-objective transport-
ation problems can be written as follows:

4.1 Mathematical Formulation of Fuzzy Single
Objective Transportation Problem

Mathematically, the single objective transportation problem

may be stated as a linear programming problem as follows:

m n
Minimize Z= Z Z (::,'jxij
i=1j=1

A.1)

n
Subject to inj =d, i=1,2,....om
j=1

- )
injgbj, j=12,....n
i=1
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Table 4.1. Fuzzy Single Objective Transportation Model with
Fuzzy Cost or Fuzzy Time

using centroid — 414/426

Table 4.2. Fuzzy Bi-Objective Transportation Model with
Fuzzy Cost and Fuzzy Time

Source/

N 2 eee ... n Suppl
Destination J PPLY
1 ¢i1 ¢2 ... Cij ... Cin ap
2 C21 Cx» ... C2j ... Cyp a>
i Gt Ci2 Eij Cin a;

m é:ml €~m2 cee é:mj . Elnn am
Demand by b b; b,

and x;; >0, Viand j

where ¢;;,7;;,d; and b j are fuzzy cost, fuzzy time, fuzzy supply
and fuzzy demand from ith source to jth designation respec-
tively.
All denotes ¢j,7;j,di, b ; are non-negative fuzzy numbers.
The same problem may be represented in the form of
m X n fuzzy matrix (Table 4.1) where each cell having a fuzzy
cost or fuzzy time.

4.2 Mathematical Formulation of Multi-Objective
Transportation Problem

Mathematically, the fuzzy multi-objective transportation

problem can be stated as:

m n
Minimize Z; = Z Z (ﬁ{-}) Xij

i=1j=1

“4.2)

n
Subject to in.f 2ag, i=1,2,....m
=
m -
injgbj» j:1,2,...,n
i=1
where 7, = {Z1,22,..., % }-

If the objective function Z; denotes the fuzzy cost function,
then it can be started as

m n
o= Z Z CijXij

If the objective function Z, denotes the fuzzy time function,
then it can be started as

lijXij

.\I)ll
M=
M=

Jj=1

Then it is a bi-objective fuzzy transportation problem, which
is represented by using weights of objectives to consider the
priorities of the objective as follows:

n
Z ]x,]—|—wzz Ztl]xl]

i=1j=

7= 4.3)

||M5

414

Source/
Desti- 1 2 e J n  Supply
nation
1 it Ciosfin . Cl/stlj coo Cimstin
2 Goiby Gnibn ... Cojibj ... Coashn a2
i Gt Gt ... Gl Cinstin i
m gml;fml §m2;fm2 ?mj;fmj Emri;fmn am
Demand b, by bj by,
n
Subject to Zx,-j “ag,i=1,2

x,'jZO, i=1,2,...,m

and wi4+wy=1

where ¢;;,7;;,d; and b ; are fuzzy cost, fuzzy time, fuzzy supply
and fuzzy demand from ith source to jth designation respec-
tively.

All denotes ¢;j,f;j, d;, b ; a non-negative fuzzy numbers.

i _ Total fuzzy cost for shipping from
& i " jth source to jth destination.
i 7o Total fuzzy time for shipping from
= M7 jth source to jth destination.

HMS lM5

The same fuzzy transportation problem with two objec-
tives may be represented in the form of m x n fuzzy matrix
(Table 4.2) where each cell having a fuzzy cost, and fuzzy
time.

5. Algorithm for solving Interval Valued
Transportation Problem (IVTP)

Step 1: Convert the given IVTP into tabular form.

Step 2: Fuzzify the cost, supply and demand in the form
of Interval as Trapezoidal, Pentagonal and Hexagonal Fuzzy
Numbers using quadra, hexa and octa-sectional approach de-
fined in Section 2 respectively.

Step 3: Apply ranking technique proposed in Section 3 to
convert the Fuzzy Transportation Problem as a crisp one.
Step 4: If it is multi-objective Transportation Problem then
convert it into single objective Transportation Problem using
equation (4.3), then go to the next step. If it is a single ob-
jective Transportation Problem then go directly to the next
step.

Step 5: Apply any of the classical method such as North West
Corner Rule, Least Cost Method and Vogal’s Approximation

Y
3 n“ﬂ""ﬂ,

v
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Method to find initial basic feasible solution and then apply
modified distribution (MODI) technique to get the optimal
solution.

6. Numerical lllustrations

lllustration 1

A company has factories at Fi, F> and F3 which supply ware-
houses at W, W, and W3. Weekly factory capacities are 200,
160 and 90 units respectively. Weekly warehouses require-
ments are 180, 120 and 150 units respectively. Unit shipping
costs in rupees are as follows:

Table 6.1
Factory Warehouse Supply
Wi W, W3
F [11,21] [5,40] [6,18] [100,300]
2 [7,23] [2,14] [9,28] [80,280]
F [21,32] [12,36] [8,32] [45,135]
Demand® [90,310] [50,190] [110,200]

Determine the optimum distribution for this company to
minimize shipping costs.

Solution

The basic and optimum solution of the given Interval based
transportation problem is obtained using Trapezoidal, Pentag-
onal and Hexagonal Fuzzy Numbers based on fuzzification
and defuzzification techniques as follows:

Case I: In this case, first the interval numbers in the given
transportation problem (Table 6.1) are converted in to trape-
zoidal fuzzy numbers using proposed fuzzification formula
(2.1) as shown in Table 6.7.

The fuzzy transportation problem (Table 6.7) with trapezoidal
fuzzy numbers is converted into crisp transportation problem
using the ranking function (3.5) of proposed centroid (3.1) as
follows:

Table 6.2
Factory Warehouse Supply
W W, W3
F 16.01 2250 12.01 200
) 15.01 8.01 18.51 180
F 26.50 24.00 20.00 90
Demand* 200 120 155

Finally the IBFS and optimum solution are obtained using
Step 5 as follows.

Initial Basic

Feasible Solution = (16:01 X 45) + (12.01 x 155)

+(15.01 x 60) + (8.01 x 120)
+(26.5 x90) + (0 x 5)

415

using centroid — 415/426

= 6828.8
Optimum Solution = (16.01 x 135) + (12.01 x 65)
+(15.01 % 60) + (8.01 x 120)
+ (20 x90) 4+ (0 x 5)
=6603.8

Case II:

In this case, first the interval numbers in the given trans-
portation problem (Table 6.1) are converted in to pentagonal
fuzzy numbers using proposed fuzzification formula (2.2) as
shown in Table 6.8.

Then the fuzzy transportation problem (Table 6.8) with
pentagonal fuzzy numbers is converted into crisp transporta-
tion problem using the ranking function (3.5) of proposed
centroid (3.2) as follows:

Table 6.3
Factory Warehouse Supply
Wi W, W3
F 16.10  22.83 12.12  201.85
)23 15.15 8.12 18.68 181.85
F 26.61 24.23 20.23 90.83
Demand* 202.04 121.30 155.83

Finally the IBFS and optimum solution are obtained using
Step 5 as follows.

Initial Basic

Feasible Solution = (16:1 % 46.02) + (12.12 x 155.83)

+(15.15 x 60.55) + (8.12 x 121.3)
+(26.61 x90.83) 4+ (0 x 4.64)
= 0948.86
Optimum Solution = (16.1 x 136.85) + (12.12 x 65)
+ (15.15 x 60.55) 4 (8.12 x 121.3)
+(20.23x90.83) + (0 x 4.64)
=6730.86

Case III:

In this case, first the interval numbers in the given trans-
portation problem (Table 6.1) are converted in to hexagonal
fuzzy numbers using proposed fuzzification formula (2.3) as
shown in Table 6.9.

The fuzzy transportation problem (Table 6.9) with hexago-
nal fuzzy numbers is converted into crisp transportation prob-
lem using the ranking function (3.5) of proposed centroid (3.4)
as follows:

Finally the basic and optimum solutions are obtained using
Step 5 as follows:

Initial Basic

Foasiblo Soution = (16:08 X 45.76) +(12.09 x 155.63

+(15.12 X 60.42) + (8.1 x 120.97)

~
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Table 6.4
Factory Warehouse Supply
Wi W, W3

F 16.08 22.75 12.09 201.39
P 15.12 8.10 18.64 181.39
F; 26.58 24.17 20.17 90.63
Demand 201.53 120.97 155.63

+(26.58 x90.63) + (0 x 4.72)

=6919.74

Optimum Solution = (16.08 x 136.39) + (12.09 x 65)
+(15.12 x 60.42) + (8.1 x 120.97)
+(20.17 x 90.63) + (0 x 4.72)
= 6700.42

The basic and optimum solutions obtained from the above
three cases are summarized in Table 6.5.

In order to analyse the effectiveness of various fuzzy
numbers through the obtained basic and optimization solu-
tions, the solutions are plotted in the XY plane as shown in
Figure 6.1.

7000

6900 /-\’
/

6800
6700 /\-
6600

6500

=& nitial Basic Feasible
Solution

~—#—Optimum Solution

6400

T Pentagon: gonal
Fuzzy Number Fuzzy Number Fuzzy Number

Figure 6.1. Comparative Analysis between Various Fuzzy
Quantities

Figure 6.1 shows that the trapezoidal fuzzy number giving
the best basic and optimum solution than pentagonal and
hexagonal fuzzy numbers as per the proposed fuzzification
and defuzzification techniques.

lllustration 2

A district has medicine warehouses with medicines of various
treatments like Allopathy, Ayruvedic, Homeopathy,
Unani, Yoga and Naturopathy. The medicines are to be dis-
tributed to the disease population who has been affected by the
diseases like Swine Flu, Ebola, Dengue, Malaria, and Tuber-
culosis in winter season. The availability of these medicines
are (52000, 54000, 57000), (33000, 35000, 37000), (11200,
13700, 15300), (6400, 8700, 10800), (2500, 3200, 4100) and
(1540, 1630, 1750) units respectively. The size of the patients
affected by the communicable diseases Swine Flu, Ebola,
Dengue, Malaria, and Tuberculosis are (22700, 23400, 26500),
(15250, 17500, 19250). (11350, 13550, 16550), (6340, 7520,

416
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8450) and (4230, 5420, 6320) respectively. Unit treatment

cost in rupees and dosage in gram are as given in Table 6.10.
Determine the optimum distribution of medicines for the

district to minimize treatment costs and dosage.

Solution:

The basic and optimum solutions of the given Interval
based optimization problem is obtained using Trapezoidal,
Pentagonal and Hexagonal Fuzzy Numbers based on fuzzifi-
cation and defuzzification techniques as follows:

Case I:

In this case, first the interval numbers in the given opti-
mization problem (Table 6.10) are converted into trapezoidal
fuzzy numbers using proposed fuzzification formula (2.1) as
shown in Table 6.11.

The fuzzy transportation problem (Table 6.11) with trape-
zoidal fuzzy numbers is converted into crisp transportation
problem using the ranking function (3.5) of the proposed cen-
troid (3.1) as shown in Table 6.2.

In order to find the basic and optimum solutions, the
bi-objective optimization problem (Table 6.12) is converted
into single objective optimization problem using the equation
(4.3) with w; = 0.5 and w, = 0.5 as shown in Table 6.13.

Finally the basic and optimum solutions are obtained using
the proposed algorithm as follows:

Initial Basic Feasible Solution

Total treatment cost = (3100 x 12920) + (2600 x 17250)
+ (0 x 24330) + (2000 x 11680)
+ (4600 x 13950) + (6300 x 7395)
+ (24250 x 1975) + (0 x 13250)
+ (0 x 8600) + (19200 x 3300)
+(0 % 1645)
= 330274250
Total dosage = (5.52 x 12920) + (10.01 x 17250)
(0 x 24330) + (257.50 x 11680)
(1525 x 13950) + (1610 x 7395)
(950 x 1975) + (0 x 13250)
+(0 % 8600) + (61 x 3300)
+(0 % 1645)
=38508840.9

+
+
+

Optimum Solution

Total treatment cost = (2600 x 17250) + (0 x 37250)
+ (2000 x 24600) + (4600 x 700)
+ (6300 x 7395) + (24250 x 1975)
+ (0 x 330) + (3900 x 13250)
+ (0 % 8600) + (19200 x 3300)
+ (0 x 1645)

= 258919725
Total dosage = (10.01 x 17250) + (0 x 37250)
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Table 6.5. Comparative Analysis between various fuzzy quantities

Initial basic Optimum  Difference between IBFS Effectiveness
feasible solution (VAM) solution & optimum solution
Trapezoidal fuzzy number 6828.80 6603.80 225 I
Pentagonal fuzzy number  6948.86 6730.86 218 I
Hexagonal fuzzy number  6919.74 6700.42 219.32 I
+ (257.5 x 24600) + (1525 x 700) +(2009.26 x 24635.19) + (4607.41 x 710.19)
+ (1610 x 7395) 4 (950 x 1975) +(6316.67 x 7414.54) + (24291.67 x 1979.54)
+ (0 x 330) 4 (45 x 13250) + (0 x297.58) 4 (3912.96 x 13287.96)
+ (0 x 8600) + (61 x 3300) + (0 x 8640.74) + (19240.74 x 3314.81)
+ (0 x 1645) + (0% 1646.94)
=22154422.5 = 300912457
Case II: _ _ . _ Total 1) 07 x 17287.04) + (0 x 37259.26)
In this case, first the interval numbers in the given opti- dosage

mization problem (Table 6.10) are converted into pentagonal
fuzzy numbers using proposed fuzzification formula (2.2) as
shown in Table 6.14.

The fuzzy optimization problem (Table 6.14) with pen-
tagonal fuzzy numbers is converted into crisp optimization
problem using the ranking function (3.5) of the proposed cen-
troid (3.3) as shown in Table 6.15.

In order to find the basic and optimum solutions, the
bi-objective optimization problem (Table 6.15) is converted
into single objective optimization problem using the equation
(4.3) with w; = 0.5 and wp = 0.5 as shown in Table 6.16.

Finally the basic and optimum solutions are obtained using
the proposed algorithm as follows:

Initial Basic Feasible Solution
Total
treatment = 3111.11 x 12990.38 +2611.11 x 17287.04
cost +0 x 24268.88 +2009.26 x 11644.81
+4607.41 x 13998.15+6316.67 x 7414.54
+24291.67 x 1979.54 4+ 0 x 13287.96
+0x 8640.74 +19240.74 x 3314.81
40 x 1646.94
= 332142828
Total dosage = 5.55 x 12990.38 + 10.07 x 17287.04
+0 % 24268.88 +260.60 x 11644.81
+1531.02 x 13998.15+4 1615.74 x 7414.54
+951.85 x 1979.54 4+ 0 x 13287.96
+0x 8640.74+61.24 x 3314.81
+0x 1646.94
= 38779455.2

Optimum Solution

Total
treatment = (2611.11 x 17287.04) + (0 x 37259.26)
cost

417

+(260.60 x 24635.19) + (1531.02 x 710.19)
+ (1615.74 x 7414.54) + (951.85 x 1979.54)
+ (0% 297.58) + (45.17 x 13287.96)
+ (0 x 8640.74) + (61.24 x 3314.81)
+ (0 x 1646.94)

= 22348736.2

Case III:

In this case, first the interval numbers in the given opti-
mization problem are converted into hexagonal fuzzy numbers
using proposed fuzzification (2.3) as shown in Table 6.17.

The above fuzzy optimization problem with hexagonal
fuzzy numbers is converted into crisp optimization problem
using the ranking function (3.5) of proposed centroid (3.4) as
shown in Table 6.18.

In order to find the basic and optimum solutions, the bi-
objective optimization (Table 6.18) is converted into single
objective optimization problem using the equation (4.3) with
wi = 0.5 and wo = 0.5 as follows.

Finally the basic and optimum solutions are obtained using
the proposed algorithm as follows:

Initial Basic Feasible Solution

Total
treatment = (3108.33 x 12963.51) + (2608.33 x 17277.78)

cost + (0 x 24293.43) + (2006.94 x 11662.88)
+ (4605.56 x 13986.11) + (6312.50 x 7409.65)
(24291.67 x 1978.4) + (0 x 13278.47)
(0 x 8630.56) + (19230.56 x 3311.11)
(0 x 1646.46)
—331688143.2

+
+
+

Total

dosage = (5.54 x 12963.51) + (10.05 x 17277.78)

+ (0 x 24293.43) + (259.83 x 11662.88)
+(1529.51 x 13986.11) + (1614.31 x 7409.65)

20,
e,
O

N
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Table 6.6. Comparative Analysis between various fuzzy quantities

Optimum Solution

Difference Between IBFS .
) . Effectiveness
& Optimum Solution

Fuzzy Initial Basic

Number Feasible Solution (VAM)
Total Total Total
Treatment Dosage Treatment
Cost & Cost

Total Total
Treatment Dosage
Cost g

Total
Dosage

Trapezoidal 330,274,250 38,508,840.9 258,919,725
Pentagonal 332,142,828 38,779,455.2 300,912,457

22,154,422.5 71,354,525 16,354,418.40 1
22,348,736.2 31,230,371 16,430,719.00 III

Hexagonal 331,688,143.2 38,713,996.53 347,232,465.4 26,679,466.27 15,544,322 12,034,530.26 11

+(951.39 x 1978.4) + (0 x 13278.47)
+ (0% 8630.56) + (61.18 x 3311.11)
+ (0 x 1646.46)

= 38713996.53

Optimum Solution

Total
treatment = (2608.33 x 17277.78) + (0 x 37256.94)

cost +(2006.94 x 24626.39) + (4605.56 x 707.64)
+(6312.50 x 7409.65) + (24291.67 x 1978.4)
+ (0% 314.96) + (3909.72 x 13278.47)
+ (0 x 8630.56) + (31027.78 x 3311.11)
+ (0 x 1646.46)
= 347232465 .4

Total

dosage = (10.05 x 17277.78) + (0 x 37256.94)

+(259.83 x 24626.39) + (1529.51 x 707.64)
+ (161431 x 7409.65) + (951.39 x 1978.4)
+ (0 x 314.96) 4 (45.13 x 13278.47)
+ (0 x 8630.56) + (1383.78 x 3311.11)
+ (0 x 1646.46)

= 26679466.27

The basic and optimum solutions obtained from the above
three cases are summarized in Table 6.6.

In order to analyse the effectiveness of various fuzzy
numbers through the obtained basic and optimization solu-
tions, the solutions are plotted in the XY plane as shown in
Figures 6.2 and 6.3.

The basic and optimum solutions obtained by converting
the interval based optimization problem as a fuzzy optimiza-
tion problem with trapezoidal fuzzy number is minimum. So
the analysis suggests that the trapezoidal fuzzy numbers might
give the effective solution than the other fuzzy numbers such
as pentagonal and hexagonal fuzzy numbers as per the pro-
posed fuzzication and defuzzication techniques.

7. Conclusion

This paper made an attempt to solve the interval based trans-
portation problem through the concept of fuzzy set theory

418
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Figure 6.3. Initial Basic Feasible Solution (IBFS)

using fuzzification and defuzzification of various fuzzy num-
bers. In this work, initially interval based transportation pro-
blem was converted into three different fuzzy transportation
problems with various fuzzy numbers such as trapezoidal,
pentagonal and hexagonal fuzzy numbers using proposed
fuzzification techniques. Then the fuzzy transportation prob-
lems were converted to crisp transportation problems with the
help of proposed defuzzification techniques of these fuzzy
numbers using new distance between original point and cen-
troid of centroids. Finally the three different basic and opti-
mum solutions of interval based transportation problem are
observed to analyse the effectiveness of various fuzzy num-
bers to obtain the minimum basic and optimum solution. The
same analysis may be done for finding the effectiveness of
various generalized fuzzy numbers through the same trans-
portation problem. Moreover, this analysis may be extended
to other fuzzy numbers through some other optimizations
problems like assignment problem, game theoretical problem
etc.
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