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Abstract. In this paper, we find the optimum solution fortaangular intuitionistic fuzzy
transportation problem using monalisha’s approxiomaimethod. Using this method we
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1. Introduction
Transportation Problem (TP) is based on supplyderdand of commodities transported
from several sources to the different destinatidie sources from which we need to
transport refer the supply while the destinatioresghcommodities arrive referred the
demand. It has been seen that on many occasiongettision problem can also be
formatting as TP. In general we try to minimizeatotransportation cost for the
commaodities transporting from source to destination

A Fuzzy Transportation Problem (FTP) is a Transgmh Problem (TP) in
which the supply and demand are fuzzy quantitidsee ®bjective of the FTP is to
determine the shipping schedule that minimizestaked fuzzy transportation cost while
satisfying fuzzy supply and fuzzy demand. In [Shgoor Ganit al. presented a two
stage cost minimizing fuzzy transportation problenwhich supplies and demands are
trapezoidal fuzzy numbers.

The concept of Intuitionistic Fuzzy Sets (IFSs)gmeed by Atanassov[l] in
1986 is found to be highly useful to deal with vagess. The major advantage of IFS
over fuzzy set is that IFSs separate the degrewesfibership (belongingness) and the
degree of non-membership (non—-belongingness) @@ment in the set. In [3], Nagoor
Gani et al. Solving Intuitionistic Fuzzy Transportation Problesing Zero Suffix
Algorithm.

The remainder of this paper is orgashiae follows. Preliminaries of Intuitionistic
Fuzzy Set's and Accuracy Function are revieweddnti8n 2. In Section 3,Arithmetic
Operations of Triangular Intuitionistic Fuzzy Numkae explained.Intuitionistic Fuzzy
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Transportation Problem(IFTP) is explained in SettibIn Section 5, Monalisha’s
Approximation Method is introduced and the stepsexplained. A Numerical Example
is illustrated in Section 6.

2. Preliminaries
Definition 2.1. Intuitionistic Fuzzy Set (IFS)

An Intuitionistic fuzzy set (IFS)A' in X is given by a set of ordered triples :
A" ={<x, Mz (), Vz ()>/XOX},
where L5 ,Vp :X->[0,1] are functions such that=O/5, (x) + Vz (x) < 1 for all xO
X. For each x the numbeig3, (x) andV 3, (x) represent the degree of membership and

degree of non-membership of the eleménXxo Al X, respectively.

Definition 2.2. Intuitionistic Fuzzy Number (IFN)
An intuitionistic fuzzy subsetA' ={<x, ,UR (x), VR' (x)>/xOX}, of the real line R is
called an Intuitionistic Fuzzy Number (IFN) if tfiglowing holds:
i) There exist MR, Mz (m)=1 andVN (m) =0.
i) pa is a continuous mapping from R to the closed Vratkef 0,1 ] andd xOR,
the relation & Mz (x) + Vi (x) <1 holds.

The membership and non-membership functiod'ofis of the following form:

0 fofl< x < m-a
1) for xO[ m-a , m]
a (X)) = 1 for x =m
1(X) for xU [m, m+f]
0 for m B x <O

where f(x) and h(X) are strictly increasing and decreasing funciiof m-a , m] and
[m,m+3] respectively.

(1 for i< x< m-a’
fo(X) for xO[ m-a' , m] ; O< fy(X)+f(x) < 1
Vi 0 =<4 0 for x =m

ho(x)  forxO [m, m437; 0< hy(x) + hy(x) < 1

L 1 for m B'sx<0
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Here m is the mean value &' . a andf} are called left and right spreads of

membership functionUN (x) respectivelya’ andf' represents left and right spreads of
non membership functioHN (x ) respectively. Symbolically, the intuitionistitizzy

number is represented A = (myaL B ol B).

Definition 2.3. Triangular Intuitionistic Fuzzy Num ber (TIFN)
A Triangular Intuitionistic Fuzzy Numbe' is an intuitionistic fuzzy set in R with the

following membership functio/z, (x) and non membership functidfi, (x):

~  X-
& forasx<a
'u,'&' (X): < 8~ X for a< x < a
a; —a,
0 Otherwise
N
- X
( % ~fora'sx<a
aQ-a,
- = X—
VAI (X) < Iaz forasx< &
a3 —a,
1 Otherwise
\

where @< a< @< &< & and Uz (x) +Vz (x) <1 or Uz (x) =Vz (x) O xOR.
This TIFN is denoted byA' ey = {(au, &, &);(ar &, &)}

e

Membership and non-membership functions of TIFN
Figure 1:
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Definition 2.4. Accuracy Function
We define

H(Al )=(a1+2a2 +a3)+(ail'.+2a2 +af,3)
8 Ll
an accuracy function o&', to defuzzify the given number.

3. Arithmetic operations of triangular intuitionist ic fuzzy number
Let al = {(al,ag,%);(all,@,%')} and bl = {(b11b21b3);(b1’l bZl b3’)} two trlangl'”ar
Intuitionistic fuzzy number then the arithmeticeogtions ona’' andb' as follows :

Additon  : &' ODb'= (a+ by, atby, artby)(@’+by, atby, a/+by)
Subtraction : &' © b' =(a-bs, arby, arby)( a'-bs, a-bs a-by)

Multiplication : &' O 5' = (aby, ab,, abs)(a'by, ab,, a'bs)

Scalar Multiplication : (i) If k>0 then ka' = (ka,ka,kas)(kay' kap,kag')
(i) If k<O then k&' = (ka,kap,kay)(kag ,kap,kay')

4. Intuitionistic fuzzy transportation problem (IFT P)
Consider a transportation with m Intuitionistic EuZIF) origins and n IF destination.
Let G;j(i=1,2,...,m, j=1,2,...,n) be the cost of transportome unit of the product fornfi

origin to [ destination .Le&';(i=1,2,...,m) be the quantity of commodity available
IF origin i . Letb'j (=1,2,...,n) be the quantity of commodity needsdIF

destination j . Let X(i=1,2,...,m, j=1,2,...,n) is quantity transportedrfr i" IF origin
to | destination.

Mathematical Model of Intuitionistic Fuzzy Transtagion Problem is
MinimizeZ' = Y72, ¥7_, X{;¢);
n

IV ~
ol
=
o
=
Q
QD
>
o

Xi;

The above IFTP can be stated in the below talboitar.
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D:

D,

D

IF Capacity
O Cu Cp Cin 3!
X X2 Xin !
Q C21 C22 C2n al
%1 %52 %on 2
Om le Cm2 Cmn a |
Xn1 Xn2 Xmn m
IF I B’l B’l
Demand ! 2 "

5. Monalisha's approximation method (MAM's) model
Step 1 Determine the cost table from the given problem.

(i) Examine whether total demand equals total demkiryes, go to step 2.

(i) If not, introduce a dummy row/cohn having all its cost elements as zero
and supply/ demand as the (+ve) difference of suppdl demand.

Step 2: Locate the smallest element in each row of theergicost matrix and then
subtract the same from each element of that row.

Step 3:In the reduced matrix obtained in step 2, locag smallest element of each
column and then subtract the same from each eleofidimht column.

Step 4: For each row of the transportation table identify smallest and the next - to -
smallest costs. Determine the difference betweemthior each row. Display them
alongside the transportation table by enclosingntive parenthesis against the respective
rows. Similarly compute the differences for eachuom.

Step 5: Identify the row or column with the largest di#sice among all the rows and
columns. If a tie occurs, use any arbitrary tiekieg choice. Let the greatest difference
correspond to"i row and let 0 be in thd'irow. Allocate the maximum feasible amount
x;=min(a,b) in the (i, jj"cell and cross off either th& fow or the §' column in the usual
manner.

Step 6: Recompute the column and row differences for tlieiced transportation table
and go to step 5. Repeat the procedure until alkith requirements (the various origin
capacities and destination requirements are listede right most outer column and the
bottom outer row respectively) are satisfied.

6. Numerical example

Consider the following 3 X 3 Intuitionistic Fuzzyrdnsportation Problem whose
guantities are Triangular Intuitionistic Fuzzy Nuanb.
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D, D, Ds
0, | (14,16,18;13,16,19) (19,20,21;18,20,22) (10,1212,15) (18,20,22;16,20,23)
0, | (13,14,15;12,14,16) (6,8,10;5,8,11) (16,18,20:821) (15,16,18;14,16,19)
0; | (24,26,28;23,26,29) (22,24,26;21,24,27) (13,16,29:6,20) (7,9,12;5,9,13)
(16,18,21;14,18,22) (11,12,14;9,12,15 (13,1522:3,18)
Solution:

By Defuzzifying the quantities we gety;316, a,=20, a;=12, a;=14, a,=8, a:=18,
831=26, &,=24 and g=16. Hence

D, D, Ds
0, 16 20 12 (18,20,22;16,20,23)
0, 14 8 18 (15,16,'8,14,16,9)
(o} 26 24 16 (7,9,12;5,9,13)
(16,18,21;14,18,22) (11,12,14;9,12,15) (13,15215,18)
Step 1:
Determine the cost table from the given problem.
D, D, D;
0, 16 20 12 (18,20,22;16,20,23)
0, 14 8 18 (15,16,18;14,16,19)
(o} 26 24 16 (7,9,12;5,9,13)
(16,18,21;14,18,22) (11,12,14;9,12,15) (13,15271:3,18) (40,45,52;35,45,55)

Here total demand equals total supply, go to step 2

Step 2:
Locating the smallest element in each row of themjicost matrix and then subtracting
the same from each element of that row.

Dy D, Ds
0, 4 8 0 (18,20,22;16,20,23)
0, 0 10 (15,16,18;14,16,19)
0; 10 8 0 (7,9,12;5,9,13)
(16,18,21;14,18,22) (11,12,14;9,12,15) (13,15224,18) (40,45,52;35,45,55)
Step 3:

In the reduced matrix obtained in step 2, locatimg smallest element of each column
and then subtracting the same from each elemeahabtolumn.
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D, D, Dy

o, 0 8 0 (18,20,22;16,20,23)

0, 2 0 10 (15,16,18;14,16,19)

O; 6 8 0 (7,9,12;5,9,13)
(16,18,21;14,18,22) (11,12,14;9,12,15) (13,15273,18) (40,45,52;35 45 55)

Step 4:

For each row of the transportation table identifyithe smallest and the next - to -
smallest costs. Determining the difference betwdkem for each row in the
transportation table. Displaying them alongside ttasportation table by enclosing
them in parenthesis against the respective rowtheftransportation table. Similarly
computing the differences for each column of thedportation table.

D, D, D3 Penalty
o 0 8 0 (18,20,22;16,20,23 (0)
0, 2 0 10 (15,16,18:14,16,19 )
o 6 8 0 (7,9,12;5,9,13) (6)
(16,18,21;14,18,22)  (11,12,14;9,12,15)  (13,15274,18)
) (8) (0)

Step 5

Identifying the row or column with the largest diftnce among all the rows and
columns. If a tie occurs, use any arbitrary tiekieg choice. Let the greatest difference
correspond td"irow and let 0 be in th& irow. Allocating the maximum feasible amount

x;=min(a,b) in the (i, jj"cell and cross off either th& fow or the §' column in the usual
manner.

D, D, Ds Penalty
O, 0 8 0 (18,20,22;16,20,23 (©)]
O, 2 0 10 (15,16,18;14,16,19) 2)

(11,12,14;9,12,15)
0Os 6 8 0 (7,9,12;5,9,13) (6)
(16,18,21;14,18,22) (11,12,14;9,12,1%)  (13,152,1:3,18)

(2) (8) (0)

Step 6:

Recomputing the column and row differences forrdauced transportation table and go
to step 5. Repeating the procedure until all tlme requirements (the various origin
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capacities and destination requirements are listede right most outer column and the
bottom outer row respectively) are satisfied.
The Optimal Solution is

Dy D, Ds
O, | (14,16,18;13,16,19] (19,20,21;18,20,22) (10,12,14;9,12,15) (18,20,22;16,20,23)
(9,14,20;4,14,23) (1,6,10;-1,6,13)

0, | (13,14,15;12,14,16])  (6,8,10;5,8,11) (16,18,20;15,18,21) |  (15,16,18;14,16,19)
(1,4,7;-1,4,10) (11,12,14;9,12,15)

O; | (24,26,28;23,26,29]  (22,24,26;21,24,27)  (13,16296,20) (7,9,12;6,9,13)
(7,9,12;5,9,13)

(16,18,21;14,18,2: (11,12,14;9,12,1¢ (13,15,17;12,15,1

Thus the optimal allocation is: 1%(9,14,20;4,14,23), %=(1,6,10;-1,6,13),
X2:=(1,4,7;-1,4,10),%=(11,12,14;9,12,15),
X33:(7,9,12;5,9,13).

Total Minimum Cost = (14,16,18;13,16,19) (9,144€14,23) +
(10,12,14;9,12,15) (1,6,10;-1,6,13) +
(13,14,15;12,14,16) (1,4,7;-1,4,10) +
(6,83@,11) (11,12,14;9,12,15) +
(13,19;12,16,20) (7,9,12;5,9,13)
Total Minimum Cost = (306,592,937, 156,592,711

7. Conclusion

The main contribution of this paper is to derivithgg optimal solution of a triangular
intuitionistic fuzzy transportation problem usinghhlisha’s approximation method with
fewer steps in comparison to other methods. Usirsgrhethod we could get the optimum
solution directly. This method is very helpful fahe decision makers, since the
methodology is very simple and takes less numbéedtions.
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