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Abstract- In this paper a new method is proposed for finding
an optimal solution for Intuitionistic fuzzy transportation
problem,directly. Here the supply and demand are triangular
intuitionistic fuzzy numbers.The procedure is illustrated by
numerical example.
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I. INTRODUCTION

The concept of intuitionistic  fuzzy set was
presented by Atanassov[2] which was established to be
extremely useful to deal with vagueness .The intuitionistic
fuzzy set separates the degree of non membership of an
element in the set.

Many authors have used fuzzy and intuitionistic
fuzzy set theory for solving real life optimization problems
such as planning,scheduling,transportation, manufacturing etc.
(Xu [12] ; Cascetta et al.[4];Ganesan and Veeramani [8];
Asuncion et al.[1]; Kaur and Kumar[9];De and sana [5] ).In
real world transportation problems many situations occur
where transportation cost can be uncertain due to several
factors (Dempe and  Starostina  [6]).transportation
problem.Nagoorani and Razak [10] presented a two stage cost
minimizing fuzzy transportation problem in which supplies
and demand are triangular problem (FTP) by taking triangular
fuzzy numbers.Pandian and Natarajan [11] did a comparative
study on transportation problem in fuzzy environment.
Basirzadeh [3] developed an approach for solving fuzzy
transportation problem. Kaur and Kumar [9] solved fuzzy
transportation problem taking generalized triangular fuzzy
numbers. Transportation model deals with transportation of a
product available at several origin(sources) to a number of
different destinations (jobs).

This model can be used for a wide variety of
situations such as scheduling, production, investment, plant
location, inventory control, employment scheduling and many
others. The total movement from each origin and the total to
each destination are given and it is desired to find how the
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associations can be made subject to the limitation on total In
such problems,sources can be divided among the jobs may be
done with a combination of sources. The objective is to
minimize the cost of transportation while meeting the
requirement at the destination.

This paper is organized as follows, section 2 deals
with some basic concepts of Intuitionistic Fuzzy Set theory.
Section 3, discusses the algorithm to solve the Triangular
Fuzzy of Intuitionistic Fuzzy Transportation Problem. In
section 4, a numerical example is given. Finally, we concluded
in section 5.

I1. PRELIMINARIES

2.1 A fuzzy set: A is defined by A={(X,(x)):XEA,(x)€[0,1].In
the pair(x,( x),the first element x belong to the classical set
Athe second element (x), belong to the interval [0,1], called
membership function

2.2 Fuzzy Number
The notion of fuzzy numbers was introduced by Dubois.D and
Prade.H (1980). A fuzzy subset A of the real line R with

membership function HatR— [0’1] is called a fuzzy
number if
i. A is normal, i.e., there exists an element o € Asuch

thatluA(XO) :1
ii. A'is fuzzy convex,

i 1,20 +(1=2)%,) 2 1,(0) A (3 V0, %, ) e R& WA €[0]

ii. Ha s upper semi continuous
iv. Supp A is  bounded

A={xeR:u,(x)>0}

where Supp

2.3 Triangular Fuzzy Number

A triangular fuzzy number A s a fuzzy number fully

specified by 3-tuples (al’ ey a3) such that a; < a, < a3, with
membership function defined as
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X—a
az - a1
a,— X .

3 Jifa, <x<a,
a; —a,
0, otherwise

Jifa, <x<a,

p5(X) =

This is represented diagrammatically as

0 a) a; az pie

Triangular fuzzy number

2.4 Fuzzy Arithmetic Operations of Triangular Fuzzy
Numbers

SupposeA - (al’az’a3) and B= (bl’bz’b3) are two
triangular fuzzy numbers. Then the fuzzy arithmetic
operations under function principle introduced by Chen, S.H
(1985) are furnished below.

Addition
A+B=(a, +b,a,+b, a,+b,)

Where a;, ay, as, by, b, and bs are any real numbers.

Subtraction
A-B :(al_bl’aZ -b,.a, _b3)7

Where a;, ay, as, by, b, and bs are any real numbers.
2.5 Intuitionistic Fuzzy Set (IFS)

Let X be the universe of discourse, then an intuitionistic fuzzy
set A in X is given byA - {X’uA(X)’7A(X)/X e X }where

Ha(X): X [0,1]and A (x): X [0, 1] determine
the degree of membership and non membership of the element
X €X, respectively and for

every X € X,0< ,uA(X)+ ;/A(X)Sl.

2.6 Intuitionistic Fuzzy Graph

Let X be the universe, containing fixed graph vertices and let
V C X be afixed set.
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Construct the IFs Y = o, ()7, (x)7 x e X} where

the functions puy(x) : X ~>[0,1]and

Y, (X) : X 7?[ 0, 1] determine the degree of membership

and non membership to set V of the element(vertex) x €X,
< <

respectively and for every xeX,0<p, (X)+ Vv (X) <1

2.7 Intuitionistic Fuzzy Number (IFN)

LetA = {(x.u ()7 (x))/xe X} pe an IFS, then we
call the pair (12 (x).7 4 (x))

an intuitionistic fuzzy number. We denote an intuitionistic
fuzzy ~ number by(<z’1 by (limn)) where
(a,b,c)e F(1)(,mn)e F(1) 1 =[01}0<c+n<1.

2.8 Triangular Intuitionistic Fuzzy Number (TIFN) and its
arithmetic

A TIFN ‘A’ is given by A={(un7a)Ixe R}’where

C
Haand 7 are triangular fuzzy numbers with Va S Ha .
So atriangular intuitionistic fuzzy number A is given by

A ((a,b,c),(e,f,g))with (e, f,g)<(a,b,c)’ .

either e > band > corf < aand
g <b are membership and non-membership fuzzy numbers of
A.

o a,b,c),(e, f,
An intuitionistic fuzzy number (< > < g>)
with e > band £> ¢ is shown in the following figure:

(a,1) (b1

0,1 ——

Figure 1 Triangular Intuitionstic fuzzy number

The additions of two triangular intuitionistic fuzzy
numbers are as follows:
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Addition

For two triangular
(<a1’b1’cl> : :uA’<el’ f,, gl> : 7/A) and

B = (<a2’b2’C2>:,UB’<e2’ f2192>:73) with Ha # Hg

Intuitionistic Fuzzy Numbers A =

and 7 A #*7s , define
A+B =

((8-+2,0+0,G +6):Mily 1) &+, f,+1,6 +0) - Melx, 5}
Subtraction

A-B =
(&~ 1,6, : Mg a8~ F, .G —0,) - Ml 1)

Where &, ay, a3, by, b, and bs are any real numbers.
2.9 Ranking of Triangular Intuitionistic Fuzzy Number

Several approach for the ranking of triangular
intuitionistic  fuzzy number have been proposed in the
literature . An efficient approach for computing the fuzzy
numbers is by the use of a ranking function based on their
graded means [6]. Thatis, for every

The ranking function R: F& 3 by graded mean is defined
as

(x+1)+(y+m)+(z+n)
R(A)= 6

111. ALGORITHM

Step 1

Construct a TrIFT table from the given fuzzy Transportation
problem . For unbalanced problem , we do not require to
balance the triangular fuzzy transportation problem .

Step 2

Find the smallest cost cell in the triangular intuitionistic
transportation table to make the first allocation. Allocate min
{}inthecell (i,j). Incaseof ties, select the cell where
maximum allocation can be allocated. Again in case of some
cost sales and allocation the cell for which sum of fuzzy
demand and supply is maximum in the original triangular
intuitionistic fuzzy Transportation table . Finally if all these
are same, select the cell randomly.

Step 3
Adjust the supply and demand requirement in the respective
row and column .Then following case arise:
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Case (i)

If the allocation =, row is to be crossed out and is reduced to
(6 ).Now complete the allocation along column by making
the allocation/allocations in the smallest cost cell/cells
continuously. Consider that , column is exhausted for the
allocation in the cell (k, j) . Now, follows the same procedure
to complete the allocation along row and continue this
process until entire row and column are exhausted.

Case (ii)

If the allocation =, column is to be crossed out and is
reduced to( © ).Now by the following the same procedure
explained in case 1,complete the allocation along row and
column the process untill entire rows and columns are
exhausted.

Case (iii)

If the allocation find the next smallest cost cell, (i,k) form the
rest of the cost cells along row and column. Assign a zero in
the cell (i,k) and cross out row and column. After that
complete the allocation along column following the process
described in case 1 to complete the allocations.

Case (iv)

For any allocation, other than first allocation made along the
row/column satisfies both the row and column. In such case
find the smallest cost cell which is along the column/row and
ssign zero in that cell and continue the process described in
above cases to complete the allocation along the column/row
and also to complete entire allocations.

Step 4

Finally calculate the total intuitionistic fuzzy transportation
cost which is the sum of the product of cost and corresponding
allocated value..

IV.NUMERICAL EXAMPLE

Sourtes | Dy D: D: T, D: D: Supply

5 e FIILE | (235 EILILE | (6.8 A | (HL50.60
<10,12,145) <16,18.20)| <8.9,10=) 1415169 <910,14) | <11,1518=) | <70.50,00=)

£ [GRERE FLiE | (©ae FOLE | EGILIE | (LI | (2030455, 7,55),
<5,6,10%) <3455 | <1012145) | =5900%) |<141618) | <456%)

B [Er= AT | @A R | 60 T2A0 | (40,6090
<5,6,77) <7895) | <567 <B1015%) | <1316,18) | <780%) | <06,110,140%)

R [EXaa FLiE | e (R N = TEGT | (40,0000
<7.8.92) <68,12%) | <89.10=) <6811%) |<91011%) | <7.10,13%) | <110.140,1602)

R [y [ R = V= [ZS0 E= N R 56 | (=40,60,00
<5,9,135) <67115) | <567 =69,105) |<6,7,5) <7,0,12%) | <110,140,1605)

5 (XX [k o N R A [E=RN S NN e | (10,5060
<8,12.13%) <910115) | <1012,14%) | <B9.15) | <6,8,10x) <T811%) | <70.80.90%)

Demand | (30,40, 4555, 75, 1805) | (<10,20,00 | (120,135,130 (<2030, | (<10,0090> | (304035 _

<70,80.90)| <132,135,200%)| <55.70.805)| <110,140,160) | <55,70,180),

Convertion of the given triangular intuitionistic fuzzy
transportation problem into a crisp value problem
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Table 2
Sources D Dy Ds Dy D: D: Supply
5 3 15 [ 13 ] 12 120
52 3 3 10 ] 14 4 63
Sa 3 7 3 ] 11 [ 30
54 7 [ g [ g g a0
8s 7 [ 3 [ [ 7 100
Se ] 9 10 ] [ 7 60
Demand | 73 35 140 30 95 70 _
Initial basic feasible solution
Table 3
Sourcas Dy Dy Dy Dy D: D Supply
St g 15 120 13 9 12 120
]
Sa 5 55 10 ] 14 10 65
= -
Sa B 7 5 ] 11 [ 50
5y Iil g 3 Iil ] 15 a0
7 ] g
Ss 7 [ Iil [ 3 43 100
5 6 7
Se g 9 10 g Iil 7 60
6
Demand | 73 55 140 50 95 0 _
Optimality test of the starting basic triangular
intuitionistic fuzzy solution
Table 4
Sources | Dy Dy Dy Dy D: Ds Supply
S ] 15 120 13 9 12 120
]
[ 5 Iil 10 ] 14 Iil 63
EJ U S SN S —— 4___28
Sa _SU 7 i 5 ] 11 [ 0
) [l
i
54 L:_\I 6 i 5 L\_UI 5 Ll_\l a0
[ i
+a L Tt it td ettt _?9____
Sz 7 [ Iil [ s 45 100
5 6 7
8¢ ] ] 10 ] 60 7 60
]
Demand |73 35 140 30 a3 T _
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Table 5

Sources | D Dy Ds Dy Ds D: Supply
5 ] 13 [ 13 9 12 120
5 5 40 10 8 14 25 3

3 4
83 30 7 3 H 11 6 30
54 23 15 g 30 g g a0

7 3 6
8z 7 [ 20 [ 35 45 100
= 3 L
8s ] 9 10 ] 60 7 &0
6

Demand | 75 55 140 50 95 70 _

From the above table,the triangular intuitionistic

fuzzy transportation cost

(120)(6)+(40)(3)+(25)(4)+(50)(5)+(25)(7)+(15)(6)+(50)(6)+(2
0)(5)+(35)(6)+(45)(7)+(60)(6)
=720+120+100+250+175+90+300+100+210+315+360

= 2740

=RS.2740

V.CONCLUSION

This new method gives an optimal solution directly

for any intuitionistic fuzzy transportation problems. This new
algorithm takes very less iterations to obtain optimal solution.
So, it will be very helpful for decision makers who are dealing
with logistic and supply chain problem.
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