ISSN: 0975-833X

Available online at http://www.journalcra.com

International Journal of Current Research
Vol. 18, Issue, 09, pp.38336-38339, September, 2026
DOI: https://doi.org/10.24941/ijcr.50843.09.2026

INTERNATIONAL JOURNAL
OF CURRENT RESEARCH

RESEARCH ARTICLE

IN FUZZY TRANSPORTATION PROBLEM USING RANKING FUNCTIONS
WITH HEXAGONAL INTUITIONISTIC FUZZY NUMBERS (IVIFNS)

Sathya, S.1* and Uma, S.2
Department of Science and Humanities, A.V.C. College of Engineering, Mayiladuthurai, Tamil Nadu-609305, India

ARTICLE INFO ABSTRACT

Article History:

Received 24™ June, 2026

Received in revised form

26™ July, 2026

Accepted 20™ August, 2026

Published online 30" September, 2026

Key words:

Fuzzy number, Ranking, Hexagonal
Intuitionistic fuzzy number, Transportation

*Corresponding author: Sathya, S.

By assuming o and B cut values, the idea of modified arithmetic operations on interval valued
intuitionistic fuzzy numbers is used to solve interval valued intuitionistic fuzzy transportation
problems with hexagonal intuitionistic fuzzy numbers. In this study, we use Hexagonal Intuitionistic
Fuzzy Numbers (a;, as) to convert the traditional transportation problem into a fuzzy transportation
problem. Lastly, a numerical example was put out.
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INTRODUCTION

Fuzzy data must be handled and evaluated in order to make decisions
in many real-world situations. Atanssov introduced fuzzy sets in
notation (1,2).Since its inception, the intuitionistic fuzzy set (IFS) has
drawn increasing interest due to the fact that attribute value
information is typically ambiguous or fuzzy. Addressing uncertainty
and imprecision has become a critical component of problem-solving
in the modern optimization and decision-making landscape. This
paper explores the complex field of transportation issues and offers a
transformative method that turns traditional crisp scenarios into their
fuzzy equivalents. The use of hexagonal intuitionistic uzzy numbers,
which add a subtle layer of ambiguity to the conventional issue
formulations, is the fundamental component of this change. By
providing insights into their use in various problem-solving scenarios,
this study aims to increase knowledge of fuzzy optimization
techniques. Beyond the theoretical sphere, this study has practical
ramifications that address the intricacies and uncertainties present in
modern optimization settings.

2. Preliminaries
Definition 1.

Given a fixed set X={X;,X,,....X,,} an intuitionistic fuzzy set (IFS)
is defined as Al = (<xl. e (x, )>/ x, € X) which
assigns to each element x; a membership degree [/ i (x ; ) and a non
membership degree Vo (xi )under the condition 0 < u b (x ; )+

Vi (x,)<1

Definition 2

A hexagonal intuitionistic fuzzy numbers (HIFN) A" 1s an
intuitionistic fuzzy set in R with the following membership function

M (x) and non membership function Vo (x)
0 x<a
X—a

2b—2a

— b<x<c
2 2¢—2b
py (X) =41 c<x<d
- x—d d<x<e
2e—2d
—* e<x<f
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| x<a
2b—a—x
as<x<bh
2b-2a
1 x—b
- = — b<x<c
2 2c—-2b
v (x)= 40 c<x<d
x—d
d<x<e
2e—2d
x—2e+
S e<x<
2f—2e
1 x> f
Definition 3
Operations on Hexagonal Fuzzy Numbers
A= (ay, ay, a3, as, as, ag),
B= (by, by, bs, by, bs, be)
i) Addition: A (+) B = (ay, ay, a3, a4, as, ag) + (by, by, bs, by, bs,
be) = (a; + by, ay + by, a3 + b, a4 + by, a5 + bs ag + by)
i) Subtraction: A (-) B = (ay, a,, a3, a4, as_ag) - (by, by, b3, by,
bs be) = (a; - by, @ - by, a3 - b3, a4 - by, as - bs ag - be)
iii) Multiplication: 4 (X) B= (ay, a,, a3, a4, as_ag) (b, by, bs,
by, bs bg) =(a; % by, a, X by, a3 X bs, a5 X by, as X bs,

as X bg)

Python code to find Addition, Subtraction, Multiplication and
Division of Two Hexagonal Fuzzy Numbers

print('Enter Your first Hexagonal number=") # display the message for
user

al=float(input(")) #first component of first fuzzy number
b1=float(input(")) #second component of first fuzzy number
cl=float(input(")) #third component of first fuzzy number
d1=float(input(")) #fourth component of first fuzzy number
el=float(input(")) #fifth component of first fuzzy number
fl=float(input(")) #sixth component of first fuzzy number
a=(al,bl,cl,dl,el,f1) # list of first Hexagonal fuzzy number
print("Enter Your second Hexaagonal number')
a2=float(input(")) #first component of second fuzzy number
b2=float(input(")) #second component of second fuzzy number
c2=float(input(")) #third component of second fuzzy number
d2=float(input(")) #fourth component of second fuzzy number
e2=float(input(")) #fifth component of second fuzzy number
f2=float(input(")) #sixth component of second fuzzy number
b=(a2,b2,c2,d2,e2,12) # list of second hexagonal fuzzy number
1= Addition 2=

print('Enter Your Choice Subtraction 3 =

Multiplication ,4 = order")

ch=int(input(")); # switch statement for operation on fuzzy number
choice

if(ch==1):

#case | for the addition of the fuzzy number

'Addition of two fuzzy Hexagonal numbers is'
c=(al+a2,bl1+b2,c1+c2,d1+d2,e1+e2,f1+{2)

print(c)

elif(ch==2):

#case 2 % case 2 for the subtraction of the fuzzy number
'subtraction of two fuzzy Hexagonal is(a-b)'

c=(al-f2,bl-e2,c1-d2,d1-c2,e1-b2,fl1-a2) # difference
numbers

of fuzzy

print(c)

elif(ch==3):

#case 3 % case 3 for multiplication of fuzzy number
'Multiplication of two fuzzy Hexagonal is(a-b)'
c=(al*a2,b1*b2,cl*c2,d1*d2,el*e2,f1*{2)

print(c)

Definition 4

A positive interval valued intuitionistic fuzzy number is denoted as
{(al ,a, ); (al' 5 a; )where all a;s and a;’s>0 for all i=1,2

Definition 5

A negative interval valued intuitionistic fuzzy number is denoted as
{(al ,a, ); (al' 5 a; )where all a;s and a;’s<0 for all i=1,2

Definition 6

(Modified operations of interval valued intuitionistic fuzzy numbers
using function principle). According to K.Ganesan and P.Veeramani
the following are the modified operations that can be performed on
interval intuitionistic fuzzy numbers;

a, +a,

Let 21 :{(al aaz);(al,’aé) }and EI ={(b1 9b2);(b1,9b£)’ml =

‘o
,_ a4 ta, '
m; = ,m,

2
(i) Addition

bt
2

A +B =t~k m-+my -+ nf ek ~Kh{f+nh +) |
Where
k= (bz + az)_(bl +a1),k' _ (b; + a;)_(b; +a1')

2 2
(ii) Subtraction
5~ o=~ Ryl kRl ) ||
Where

k=

(b, + )~ (b, +a) o (L +a)) (b +a))
2 ’ 2
(iii) Multiplication

A'xB' = {(mlmZ —k);(mlmz +k);(ml'm; —k);(ml'm; +k’) }

Where k= min {m;m,-a,B-m;my,
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(iv) Inverse

%: L—k,L+k ; L—k’,l—+k’

A’ m, m, m| m,

where k:min{l[az_a‘],l[az_a‘]
a,\a, +a, )a\a +a,

£ = mi 1 (ay—a ) 1 (a),—a
= min ' ' [ ) ' ’
a, a]+a2 a, a]+a2

3. Numerical Example:

Consider the following crisp transportation problem: Suppose there
are three factories (F1, F2, and F3) and four warehouses. The
transportation costs per unit from each factory to each warehouse are
given in the following table

1| II| I I| suppl

Vv y

A 20 21 2 1 3

B 10| 8| 5| 4 7

C 71 6| 6| 8 5
Demand 4| 3 41 4

The objective is to determine the optimal transportation plan that
minimizes the total transportation cost while satisfying the supply and
demand.

To solve this crisp transportation problem, we can use any of the
traditional methods, such as the Least Cost Method. Minimum
transportation cost = 79.

3.1 Fuzzy Transportation Problem by Using hexagonal intuitionistic
fuzzy number

I 1 I v supply

A [2.2] 22 [2.2] [1,1)83] 3]

B [10,10]7 [838] (5,5t [4,4]01 [7.7]

G [7,7]%3 [6,6]3 [6.6] 8,8] [5.5]
Demand [44] [3.3] [44] [44]

Minimum interval number transportation cost = (1,1)(3,3)+(10,10)
(2,2)+(5,5)(4.4)+(44)(1,D)H(7,7)(2,2)+(6,6)(3.3)=T79.

[ I 1 v supply

A | (521368010

((5-213.89:L0) | (5-2.1369:10) | ((-6-3.0258):1.0) | ((4-1.24.7.10xL0)

B | (G60ILIINL0) | (LA79121910) | (F14691210) | (303581010 | (03681L14110)
C | (3681L14:10) | ((L23710.13)10) | (-L25710300) | (14791215:00) | (21469.12):10)
Demand | (B0358115L0) | (4-124700010) | (30358.10:10) | (3035811110)

FLCM for central hexagonal fuzzy number into interval fuzzy number

A | (115225385000 | (11522533510 | ((1,15225335110) | (0051,15225)10) ((225335445)1.0)
B | (9951010511,15:10) | (77588599510 | (445555665)10) | (335445555)10) ((665775885:10)
C | (66577588510 | (55566577510 | (5566577510 | (17.5885995)10) (445555685110)

Demand | (3354455 5511.0) | (225335445:1.0) | (335445555:10) | (3.3.5445555)10)

The objective is to determine the optimal transportation plan that
minimizes the total transportation cost while satisfying the supply and
demand.

To solve this crisp transportation problem, we can use any of the
traditional methods, such as the Least Cost Method. Minimum
transportation cost = 79.

3.1 Fuzzy Transportation Problem by Using hexagonal intuitionistic
fuzzy number FLCM for central hexagonal fuzzy number into interval
fuzzy number (d=0.5)

Take a=1,3=0
I I il IV supply
A [2.2] [2.2] [2.2] LB | [33]
B [010] | [88] | [55] [44] [7,7]
C [7.7] [66] | [66] [8.,8] [5.5]
Demand |  [44] B3] | [44] [44]

(d=4)
Take a=1,$=0
I il I I\ supply
A [-5.9] [-5.9] [-5.9] [-6.8] | [-4.10]
B [3,17] | [1,15] | [-2,12] | [-3,11] | [0,14]
e [0,14] | [-1.3] | [-1.3] | [1.15] | [-2.12]
Demand | [-3,11] | [-4,10] | [-3.11] | [-3.11]
I il 111 I\ supply
A [-5.9] [-5.9] [-59] [-6,8]7*1) | [-4.10]
B | [317)528 | [115] [-2,12]0731 | [-3,11]0-13181 | [0,14]
C [0,14]7122] | [—1,13](7410] [-1.13] [1.15] [-2.12]
Demand | [3.11] [-4.10] [3.11] [-3.11]

Minimum interval number transportation cost =

(-6,8)(-4,10)+(-2,12)(-3,1 1)+(-3,1 1)(-13,15)+(0,14)(-12,2)+(-1,13)(-
4,10)+(3,17)(-5,23)=79.

4.CONCLUSION

Recent research has examined the idea of fuzzy numbers and their
practical applications. This paper describes how to apply modified
operations to solve transportation problems using hexagonal fuzzy
numbers, where o= 1, § = 0.
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