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1. INTRODUCTION

The word "transportation™ is misleading because it seems to be limited to only transportation systems,
but this is not the case. In reality, many resource utilisations issues that arise in manufacturing systems can be
treated as transportation issues. Production scheduling, transportation scheduling, and so on are common
examples. This problem was first presented by [4] Hitchcock (1941) and [5] Koopmans (1947), and [3] Dantzig
(1947) solved it using the revised simplex method.

Hitchcock [4] developed the basic transportation problem in 1941, along with a constructive solution
process, and Koopmans [5] addressed the problem in depth in 1949. Dantzig [3] reformulated the transportation
problem as a linear programming problem and presented a solution method in 1951. Transportation has become
a regular application for industrial organisations with multiple production facilities, warehouses, and
distribution centres these days. It was necessary to divide the problem into two stages in order to achieve an
optimal solution for transportation problems. In [6,9,11] the authors discussed the initial simple feasible
solution (IBFS) was obtained in the first stage by using some of the available methods such as "North West
Corner", "Matrix Minima", "Least Cost Method", "Row Minima", "Column Minima" and "Vogel's
Approximation Method" among others. The MODI (Modified Distribution) approach was then used in the next
and final stage to arrive at an optimal solution. The "Stepping Stone Method" was developed by Charnes and
Cooper [2] for finding an optimal solution from IBFS. P. Pandian et al. [7], [8], and Sudhakar et al. [10]
suggested two separate approaches for finding an optimal solution directly in 2010 and 2012, respectively.
Mari's Algorithm was proposed by Mariappan, P., and Antony Raj M in [1] to solve the Transportation
Problem.

Here's a much simpler process. For the Fuzzy Transportation Problem using Trapezoidal Fuzzy
Numbers, Mari's Algorithm is used to find an optimal solution directly with fewer steps and using very simple
computations. Using a flowchart method, the proposed method's step-by-step process is very clearly illustrated
[Refer Flow chart — 3.1]. Example problems are used to demonstrate the proposed method's working
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methodology. This approach often yields a direct optimal solution. The significance is that this technique can
easily skip the time-consuming MODI iterations.

2. DEFINITION OF TRAPEZOIDAL AND TRIANGULAR FUZZY NUMBERS [11]
If the membership function f7(x) is piecewise linear, then 4 is said to be a trapezoidal fuzzy number.
The membership function of a trapezoidal fuzzy number is given by
w(x —a)
( b—a
wifb<x<c
w(x —d)
c—d
B 0 otherwise B

Ifw=1,then A =(a, b, c, d; 1) is a normalized trapezoidal fuzzy number and A is a generalized or
non-normal trapezoidal fuzzy number if 0 < w <1. The image of 4 = (a, b, ¢, d; w) is given by -A= (—d, —c,
—=b, —a; w).

In particular case if b = c, the trapezoidal fuzzy number reduces to a triangular fuzzy number given
by 4 = (a, b, d; w). The value of “b” corresponds with the mode or core and [a, d] with the support. If w =1,
then A = (a, b, d) is a normalized triangular fuzzy number 4 is a generalized or non-normal triangular fuzzy
number if 0 <w < 1.

ifa<x<b

ua(x) =
ifc<x<d

2.1 PROPERTIES OF TRAPEZOIDAL FUZZY NUMBER
Let A = (al, b1, c1, d1) and B = (a2, b2, c2, d2) be two trapezoidal fuzzy numbers, then the fuzzy
numbers addition and fuzzy numbers subtraction are defined as follows:
(i) Fuzzy numbers addition of A and B is denoted by A @ B and is given by
A@® B =(al,bl,cl, dl) & (a2, b2, c2, d2) = (al+ a2, bl+ b2, c1+ c2, d1+ d2)
(i) Fuzzy numbers subtraction of A and B is denoted A © Band is given by
A© B =(al,bl,cl, dl) © (a2, b2, c2, d2) = (al- d2, b1- c2, c1- b2, d1- a2)

2.2 NEW APPROACH FOR RANKING OF TRAPEZOIDAL FUZZY NUMBERS

Method of Magnitude
If @ = (al, a2, a3, a4) is a trapezoidal fuzzy number, then the defuzzied value or the ordinary (crisp)

number of, a is given below, a = W.We need the following definitions of ordering on the set of the

fuzzy numbers based on the magnitude of a fuzzy number.
The magnitude of the trapezoidal fuzzy number, @i = (x,—0, o, Yo, Vo + B) With parametric form
i = (@(r),u(r)) where @(r) = x,—oc+or and @(r) = y,+p—Pr is defined as

Mag(u) = >(J; T(r)+E(r)+ xo+ yo)f(r) o,
where the function f(r) is a non-negative and increasing function on [0,1], with f(0) =0, f(1) = 1 and fol f(r)

Obviously function f(r) can be considered as a weighting function. In actual applications, function f(r)
can be chosen according to the actual situation. The magnitude of a trapezoidal fuzzy number u which is defined
by (1), synthetically reflects the information on every membership degree, and meaning of this magnitude is
visual and natural. The resulting scalar value is used to rank the fuzzy numbers. In the other words Mag(u) is

used to rank fuzzy numbers. The larger Mag(u) the larger fuzzy number.
~ a+5b+5c+d or

The magnitude of the trapezoidal fuzzy number # = (a, b, c, d) is given by Mag(z) = 5
Mag(u) = = (b + c) + —(a + d).

Let @ and ¥ be two trapezoidal fuzzy numbers. The ranking of & and & by the Mag(u) on E, the set
of trapezoidal fuzzy numbers is defined as follows:
(i) Mag(@i) > Mag(?) ifand only if i > ¥ ;
(ii) Mag(@) < Mag(¥ ) if and only if @i < ¥ and
(iii) Mag(@i )= Mag(? ) ifand only if i = ¥ ;

The ordering > and < between any two trapezoidal fuzzy numbers #% and ¥ are defined as follows:
()ifa>vifandonlyifi > ¥ or i = ¥ and
(iyifa<v;ifandonlyifi<vorii=7.
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The magnitude approach for ranking fuzzy numbers has some mathematical properties. It does not
imply much computational effort and does not require a priori knowledge of the set of all alternatives. We

also used comparative examples to illustrate the advantages

3. PROBLEM FORMULATION
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Mari’s Algorithm [1]:
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Consider the cell containing encircled
zero's and fill it first by looking into the
supply and demand given

Whether the
supply &
demand are
fulfilled
completely?

Allocate the remaining cells by
considering remaining supply & demand
using VAM’s Method

Verify

[ Write down the optimum solution Optimality?

NO

[ Use MODI Method ]

The balanced fuzzy transportation problem, in which a decision maker is uncertain about the precise
values of transportation cost, availability and demand, may be formulated as follows:
Minimise = Zf:lz;?:l Cij * Xij
Subject to Zq xl-]- = a,i=1,2,....... P

Z Y

Xij |s a non- negative trapezoidal fuzzy number, Where,
p = total number of sources, Q = total number of destinations, a; = the fuzzy availability of the product at ith
source, bj = the fuzzy demand of the product at jth destination, c;j = the fuzzy transportation cost for unit
quantity of the product from ith source to jth destination, x;; = the fuzzy quantity of the product that should be
transported from ith source to jth destination to minimize the total fuzzy transportation cost. ¥_, a; = 1,
total fuzzy availability of the product, Zq b; = 1total fuzzy demand of the product, P Z, 1 Cij *x;=1
total fuzzy transportation cost.

If Y0 a4 = Z;’zl b; then the fuzzy transportation problem is said to be balanced fuzzy transportation
problem, otherwise it is called unbalanced fuzzy transportation problem. Consider transportation with m fuzzy

origin s (rows) and n fuzzy destinations (Columns) Let C;; = [Cl(Jl), Cl(jz), C(3)] be the cost of transporting one
unit of the product from ith fuzzy origin to jth fuzzy destination a; = [a(l) @) (3)] be the quantity of
commodity available at fuzzy origin i b; = [b(l) b(z) b(3)] be the quantity of commodlty requirement at fuzzy

destination j. X;; = [X}],XLZJ,X3] is quantity transported from ith fuzzy origin to jth fuzzy destination.

4. NUMERICAL EXAMPLE

Consider the fuzzy transportation problem[12].

The following table shows all the necessary information on the availability of supply to each
warehouse, the requirement of each market and unit transportation cost (in Rs) from each warehouse to each
market. Here cost value, supplies and demands are trapezoidal fuzzy numbers. Here FOi and FDi are Fuzzy
Supply and Fuzzy Demand. The given problem is balanced transportation problem. There exists fuzzy initial
basic feasible solution.
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Example: 4.1
Let us solve the balanced fuzzy transportation problem for maximizing the profit,
FD1 FD2 FD3 FD4 Fuzzy Available
FO1 (1,2,3,4) | (1,3,4,6) | (9,11,12,14) | (5,7,8,11) (1,6,7,12)
F02 0,1,2,4) | (-1,0,1,2) (5,6,7,8 (0,1,2,3) 0,1,2,3)
F03 (3,5,6,8 | (5,7,8,10) | (12,15,16,19) | (7,9,10,12) | (5,10,12,15)
Fuzzy requirement | (5,7,8,10) | (-1,5, 6, 10) (1,3,4,6) (1,2,3,4 (6,17, 21, 30)

By using method of magnitude for defuzzyfing the trapezoidal fuzzy numbers,
Mag(u) = = (b + ¢) +—(a + d).
R(1,2,3,4) = 2.5, R(1,3,4,6) =3.5, R(9,11,12,14) =11.5,
R(5,7,8,11) = 7.5 R(1,6,7,12) = 6.5
R(0,1,2,4)=1.5,R (-1,0,1,2)=0.5,R (5,6,7,8)= 6.5,
R(0,1,2,3)=15,R (0,1,2,3)= 1.5
R(3,5,6,8)=5.5,R(5,8,9,12)=8.5,R (12,15,16,19)= 16.5,
R(7,9,10,12)=9.5, R(5,10,12,15)=10.8
R(5,7,8,10)=7.5 ,R (-1,5,6,10)=5.3 ,R (1,3,4,6) =3.5,
R (1,2,3,4)=2.5,R (6,17,21,30)=18.8

We get the following

FD1 | FD2 | FD3 | FD4 | Fuzzy available
FO1 25 | 35 [115] 75 6.5
F02 15 ] 05| 65 | 15 15
FO3 55 | 85 | 155 95 10.8
Fuzzy Requirement | 75 | 53 | 35 | 25 18.8

By using the above new algorithm for solving the transportation problem we get the following
allocations.

2535|115 |75 01|95 0(1|8|4 0(0|7|3
15|05 65 |15 1106 |1 110(5|0 210|5(0
5585|155 |95 0|3|10]|4 0[3]|9]3 0/2]|8]|2
0.0|00]| 0.0 |0.0 0j|0|0]0O 111|100 2(1|0(0

25 |35%3 | 11512 | 75

1.5 0.5 6.5 | 1.515
5575 | 85 | 155%3 | 951

0.0 0.0 0.0° 0.0

Optimal solution
The transportation cost according to the Modified Mari’s method is:
Total Cost = (3.5x5.5)+(11.5 x1.2)+(1.5 x1.5)+(5.5 x7.5)+(15.5 x2.3)+(9.5 x 1) = 121
The result obtained from Modified Mari’s method with magnitude of ranking is compared with the exisisting
results namely (i) Fuzzy Zero Method (ii Fuzzy VAM and,(iii) Fuzzy MODI Method.
Comparison Table is given bellow.

Example Fuzzy zero Fuzzy Fuzzy MODI Modified Mari’s
reference method VAM Method Method
1 132.17 1225 121 121
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Example: 4.2
Fuzzy
FD1 FD2 FD3 FD4 Available
F01 (-4,0, 4,16) (-4,0, 4, 16) (-4,0,4,16) (-2,0,2,8) (0,4,8,12)
F02 (8, 16, 24, 32) (8,14, 18, 24) (4,8,12,16) (2,6,10,14) | (4,8,18,26)
F03 (4, 8,18, 26) (0,12,16,20) | (0,12,16,20) | (8,14,18,24) | (4,8,12, 16)
Fuzzy
requirement (2, 6,10, 14) (2,2,8,12) (2, 6,10, 14) (2,6,10,14) | (8,20, 38, 54)
We get the following
FD1 | FD2 | FD3 | FD4 | Fuzzy available
FO1 26 | 26 | 26 | 13 6
F02 20 16 10 8 13.3
FO3 13.3 133|133 | 16 10
Fuzzy Requirement | 8 5.3 8 8 29.3
26 | 26 | 26 |13 13]13[13] 0 0 0j]o0fjoO
20 16 10 | 8 121812 |0 107 |67]07] 0
13.3 133|133 | 16 0] 0] 0|27 0 0] 014
00 00 ] 00 00 00/00]0.0]0.0 00 |00|00]13
2.6° 2.6 2.6 1.3
20 16 1053 | 88
13.3% | 13.353 | 13.3%7 | 16
0.0 0.0 0.0 0.0

The transportation cost according to the Modified Mari’s method is:
Total Cost = (2.6x6) +(8x8)+(10x5.3)+(13.3x2.7)+(13.3x5.3)+(13.3x2)+ =265.6
The result obtained from Modified Mari’s method with magnitude of ranking is compared with the existing
results namely (i) Fuzzy Zero Method (ii) Fuzzy VAM and,(iii) fuzzy MODI Method.
Comparison Table is given bellow.

Modified Mari’s Method
256.6

Example reference | Fuzzy Zero method
2 270.2

Fuzzy VAM
272

Fuzzy MODI
267.2

5. CONCLUSION

As a result, it is self-evident that Mari's Algorithm provides an optimal solution for the Fuzzy
Transportation Problem. This approach uses only the simple Hungarian algorithm and, on occasion, Vogel's
Algorithm. It is sometimes necessary to enlist the assistance of MODI in order to progress further. Since the
solution takes less time and is simple to understand, it can be considered a good alternative to the conventional
methods for resolving a Fuzzy Transportation Problem.
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