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1. Introduction

Transportation Problem is a modern class of Linear Pro-
gramming Problem in which supply and demand of the com-
modities transported from several sources to the different
destinations. Nagoor Gani and Stephen Dinagar[4] studied a
special note on solving linear programming in fuzzy environ-
ment. In[3] Monalisha Pattnaik introduced the Monalisha’s
approximation method for solving optimization problems. S.
Vimala and S. Krishna Prabha[2] proposed a modified method
for solving balanced fuzzy transpotation problem. S. Vimala
and S. Krishna Prabha[1] solved Fuzzy Transportation Prob-
lem through Monalisha’s Approximation Method. D.Stephen
Dinagar and R.Keerthivasan[5] studied the fuzzy transporta-
tion problems with the aid of interval- valued triangular fuzzy
numbers. In this paper, the fuzzy transportation problems
using Interval- Valued Triangular Fuzzy Numbers(IVTFNs)
with monalisha’s approximation method have been studied.

The organization of this paper is structured as follows,
In section 2, we introduce some basic concepts related to
Interval- Valued Triangular Fuzzy Numbers(IVTFNs) and
some arithmetic operation of the above said numbers. [VTFN-
transportation problem is introduced in section 3. In section
4, the algorithm of the Monalisha’s approximation method is
given. A relevant numerical illustration is presented in Section
5. Finally the conclusion part is included in section 6.

2. Basic Concepts

Definition 2.1. An interval — valued fuzzy number A on R
is given by A = {(x,[uA(x), uAY (x)])} for all x € R, 0 <
UAL (x) < uAY (x) < 1 and pA*(x),uAY (x) € [0,1] and de-
noted by uA(x) = [AL(x), uAY (x)],x € R or A = [AL,AY].

Definition 2.2. The interval — valued triangular fuzzy number
A on R represented by the two fuzzy numbers [AL,AY], where

AL = (ak,db ks w )andAU (al,ag,agj,wU)
A =[AL AY ]
= [(af,ay,a5:w}), (af a5 ,af ;W)

satisfying that aﬁj < a%, alg < ag] and wﬁ < w%/ where w%/ and

wﬁ are the weights of AY and A" respectively.

Definition 2.3. Arithmetic Operations
Let A = [AL AU] [(al,bl,cl,wA) (a27b2,C2;WA)],
B=I[BL,BY)=[(p1,q1,r1;w5), (P2,q2,72; Wj)] be the IVTFN,
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Figure 1. Interval-Valued Triangular Fuzzy Number.

Then

(i) Addition:
A(+)B = [(a1 + p1,b1 + qi,c1 + rizmin{wg,wg}),
(a2 + p2,b2+ g2, c2 + rasmin{Ws, Wz )]

(ii) Subtraction:

A(9)B = (@ — ri,bi — qi,e1 — pismin{wgz,wg}),
(a2 —r2,b2 —q2,c2 — p2smin{Wy;, Ws})].

(iii) Scalar Multiplication:

KA = [(kay,kby,ke1;w;), (kag,kby,kea; W3)] if k>0

KA = [(kc1,kby, kay;w;), (kea, kba,kax; W3)] if k<0

( E’v ) Multiplication:
A(x)B = [(a1.R(B), by.R(B),c1.R(B)imin{wz, w))
(a2.R(B),by.R(B),c2.R(B);min{W;, Wg})]. if

= [(a3-R(B),a>.R(B), a1.R(B);min{wz,wz}),
a3.R(B),a.R(B),a1.R(B);min{W;,Ws})]. ifR(B) <

A~ —

Where, R(B) = (pt +¢5 +rk+pY +45 + 1Y) /6.

3. IVTFN- Transportation Problem

Consider the transportation with m origins(rows) and n
destination(columns).

Let C;; be a fuzzy cost of transporting one unit of the
product from i origin to j** destination.

Let A; = [(af,bf,cfswy ), (af ,bY b ;W )] be the fuzzy
quantity of commodity available at origin i,

B._(pL L L. U U U.
. Bj= [(pj,q.j,rf,ijL (P} .4} r; ,.Wg!,)] b.ethefuzzyquan-
tity of commodity requirement at destination j,

x;j is quatity transported from " origin to j'h destination.
The fuzzy transportation problem can be represented in the
following table.

42

D, Fuzzy
available
Ay

Ay

A3

X1 X2 X13

X1 X2 X33 . Xon

x32 X33 ... A3

X31

A

Xm| Xm2 m
T A=Y B

B B

Xm3
B

Fuzzy
requirement

Table 3.1. IVTEN transportation table

The above IVTFN transportation problem can be repre-
sented in the form of fuzzy LPP as:

m

minz = Z

i=1j=

n
U (U.

€ijs ij’Wc,'_;)]

L L (L. U
xij[(dijveijvﬁj’wci_,‘)7(dij’
1
Subject to Constrains

n
Xij = [(aiL,biL7ciL;wi),(aly,bfj,c?;‘%)] fori=1,2,....m
i—1

J

m
xij = (5. ah,rhw)), (09,47 /Y swy)] forj=1,2,....n
=1

=

for all x;; > 0.
Also it is noted that fuzzy transportation problem is said to be
balanced if

if the total fuzzy available is equal to the total fuzzy require-
ment.

4. Monalisha’s approximation method

Step 1 Determine the cost table from the given problem. Ex-
amine whether total demand equals total supply then,
go to step 2. Unless we introduce a dummy row/column
having all its cost elements as zero and supply demand

is the positive difference of supply and demand.

Step 2 Find the smallest cost in each row of the given cost
matrix and then subtract the same from each cost of that

Trow.

Step 3 In the reduced matrix obtained in step 2, locate the
smallest cost of each column and then subtract the same

from each cost of that column.

Step 4 For each row of the transportation table identify the
smallest and the next - to - smallest costs. Determine
the difference between them for each row. Display them
alongside the transportation table by enclosing them
in parenthesis against the respective rows. Similarly

compute the differences for each column.

Step 5 Identify the row or column with the largest difference
among all the rows and columns. If a tie occurs, use any
arbitrary tie-breaking choice. Let the greatest difference

0gl0
S0,
S5027:

(N
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correspond to i row and let 0 be in the i’ row. Allocate
the maximum feasible amount x;; = min(a;,b;) in the
(i, /)™ cell and cross off either the i’ row or the j"

column in the usual manner.

Step 6 Again compute the column and row differences for the
reduced transportation table and go to step 5. Repeat the
procedure until all the rim requirements are satisfied.

5. Numerical lllustrations

Let us consider the numerical example of IVTEN trans-
portation problem as:
Finding The Optimal Cost for The Problem of Assigning
Three Sources to Four Destinations.

SNO D, D, Dy Dy Supply
St T 10 [} T 1(16,2430:0.3),
(1222.34:0.8)]
5 5 Bl 2 g
09!
S 2 16 2 [ [(34.44,58:0.2),
(30.52.70:0.8)]
Demand [(18.22.36,0.3),
(10,26,38;0.9)]

.
Solution:
SNO D, D, Ds Dy Supply
Sy 1 10 12 11 [(16,24,30;0.3),
S: 15 21 22 9
S5 2 6 32 5 3
(30, 8)]
Demand [(18,22,36;0.3), (4,13,26:0.3), (22,34,38:0.2), [(25,40,55;0.4), (76,110,142:0.2),
(10,26,38;0.9)] (2,23,28:0.8)] (15,25,46;0.8)] (15,46,65:0.9)] (66,114,164:0.8)]

Table 5.1. Examine whether total demand equals total
supply.

SNO D, D, D3 Dy Supply
B 0 g 0 10 [(16.24.30,0.3),
5 6 T 2 0 ),
(24.40.60:0.9)]
5 7 0 6 0 [(34.44,58,0.2),
52,70
Demand [(182236:03), | [(413.26:0.3), [(223438:02). | [(2540.55:04). | [(76,110,142:0.2),
(10.26,38:09)] | (223.28:0.8)] (152546:08)] | (1546.65:09)] | (66,114,164:0.8)]

Table 5.2. Reduced Matrix.

SNO Dy D, D3 Dy Supply Penalty
Si 0 8 0 10 30:0.3), 0
S 6 1T 22 0 2
S3 7 0 6 0 0
Demand 1(18,22,36;0.3), [(4.13.26:0.3), 122,34,38,0.2), 1(25,40,55:0.4),
(10,26,38:0.9)] (2,23,28,0.8)] (15,25.46;0.8)] (15,46,65:0.9)]
Penalty 6 B 2 0
Table 5.3. Finding The Penalty.
SNO Dy D, Ds Dy Supply Penalty
Si 0 8 0 10 [(16,24,30:0.3), 0
S 6 11 22 0 0.5), 2
0.9)]
S 7 0 6 0 134 0.2), 0
[(4,13,26:0.3), (30,52,70:0.8)]
X
Demand 1(18,22,36;0.3), 1(22,34,38,0.2), [(25,40,55;0.4), [(76,110,142:0.2),
(10,26,38:0.9)] ,23 (15,25,46:0.8)] (15,46,65:0.9)] (66,114,164:0.8)]
Penalty 3 T 2 0

Table 5.4. Choose maximum penalty, The allocation cell
(S3,D3). Leave D;.

SNO Dy D; D, Supply Penalty
St 0 0 0 1(16,2430:0.3), 0
1(16.24,30:0.3), (12223408)]
(12.22,340.8)]
5 6 2 T (26425403, 7
(24, 0.9)]
S5 7 G T IS, 2),
(229.680.8)]
Demand [(182236:03), | (22343802, | [(235403504),
(102638:09)] | (152546:0.8)] | (1546,65:0.9)]
Penalty [ 2 0

Table 5.5. Choose maximum penalty, The allocation cell
(S1,Dy). Leave S .

SNO D, D; D, Supply Penalty
S 0 0 0 [(26,4254:0.3). 0
[(22,3438:0.2), (24.40,60:0.9)]
(15.25,46:0.8)]
s T T 0 [(831.54:0.2), T
(2,29,68,0.8)]
Demand [(12,22003), | [(2234.3802), | [(25,40,55:04),
(-24.4.26:0.8)] (152546:08)] | (15, .9)]
Penalty T a7 0

Table 5.6. Choose maximum penalty, The allocation cell
(S2,D3). Leave Ds.

SNO D; D, Supply Penalty

Sz 0 0 [(-12,8,32:0.2), 0
[(-12.-2,20:0.3), (-22,15,45;0.8)]
(-24,4,26,0.8)]

S3 1 0 [(8,31,54:0.2), 1

(2,29,68:0.8)]

Demand [(-12.-2,20:0.3), [(25.40,55:0.4),
(-24,4,26;0.8)] (15,46,65:0.9)]

Penalty 17 0

Table 5.7. Choose maximum penalty, The allocation cell
(S2,D1). Leave D;.

S.NO Dy Supply Penalty
S, 0 [(-32,10,44:0.2),
(-48,11,69;0.8)]
S3 0 [(8,31,54;0.2),
(2,29,68;0.8)]
Demand [(25,40,55;0.4),
(15,46,65;0.9)]
Penalty 0

Table 5.8. Choose any cell and allocate it.

The allocation table

SNO Dy D, Dy Dy Supply

St T 10 2 T [(16,2430,0.3),
[(16.2430:0.3), (1222.34:0.8)]
(2. 0.8)]

S 5 21 2 [(-32,10.440.2), | [(26,42,5%:0.5),
(-1 :03), : (48,11,69:0.8)] | (24,40.60:0.9)]
(:244,26,0.8)] s B

S 2 16 32 [ [(34.44,58:0.2),

[(4.13,260.3), [(831.5402), | (30.52.70:0.8)]
28:0.8. 29,68:0.

Demand [(18.22.36:0.3), 5 [(76,110,142:0.0),

(10.26,38,09)] (66.114,164:0.8)]

Optimum Cost

=1x[(16,24,30;0.3),(12,22,34:0.8)]+

15 x [(—12,-2,20;0.3), (—24,4,26:0.8)] +
22 x [(22,34,38;0.2), (15,25,46;0.8)]+
9% [(—32,10,44;0.2), (—48,11,69;0.8)]+
16 x [(4,13,26:0.3), (2,23,28:0.8)]+
15 x [(8,31,54;0.2),(2,29,68;0.8)].
=1[(16,24,30:0.3), (12,22,34;0.8)]+

[
[
[
[

(—180,—30,300;0.3), (—360, 60,390;0.8)]+
(484,748,836;0.2), (330,550, 1012;0.8)]+
(—288,90,396;0.2), (—432,99,621;0.8)]+
(64,208,416;0.3), (32,368,448;0.8)]+

0020
N
5@&2;%’;
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[(120,465,810:0.2), (30,435, 1020;0.8)].
= [(216,1505,2788;0.2), (—388, 1534,3525;0.8)].
= 1530.

6. Conclusion

In this paper, We have derived the optimal transportation
cost by using the proposed fuzzy arithmetic operations. This
method is very useful for the decision makers to take a de-
cision during uncertainty. So this technique can be applied
for any type of fuzzy transportation problems occurring in
real life situations. The same procedure can be extented for
solving problems in balanced and unbalanced transportation
problems, transshipment problems, project scheduling prob-
lems,and network flow problems also.
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