——

!

>

b

y — Ui
-

. —

T—

Journal of
Applied Sciences

ISSN 1812-5654

ANSI»nez7
SCience an open access publisher
alert http://ansinet.com




Tournal of Applied Sciences 14 (3): 252-258, 2014
ISSN 1812-53654 / DOL 10.3923/jas.2014.252.258
© 2014 Asian Network for Scientific Information

Solving Fuzzy Transportation Problems using a New Algorithm

Wakas 5. Khalaf
Department of Industrial Management, College of Administration and Economics,
University of Baghdad, P.O. Box 4097, Alwaziria, Baghdad, Irag

Abstract: The transportation problem 1s one of the applications of linear programming problems. The traditional
transportation problem assumed that decision maker 1s sure about the precise values of transportation cost,
supply and demand of the product. In many situations, the decision maker may not be in a position to specify
the objective and/or constraint functions precisely but rather than can specify them in a fuzzy concept. In this
study, a new approach titled Fuzzy Russell’s Approximation Method (FRAM) has been developed for solving
Fuzzy Transportation Problem (FTP) when all the cost coefficients are fuzzy numbers and all demands and
supplies are crisp numbers to obtain the Tnitial Fuzzy Basic Feasible Solution (IFBFS). Also the fuzzy optimal
solution has been tested from the Initial Fuzzy Basic Feasible Solution (IFBFS) by using an approach titled
Fuzzy Modified Distribution Method (FMDM). The new method (Fuzzy Russell’s approximation method) is a
systematic procedure and easy to apply. To illustrate these approaches, a real life problem has been solved.
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INTRODUCTION

The transportation problem is the special application
of linear programming problem which aims to assign the
optimal amounts of a product to be transported from
various supply points to various demand points so that
the total transportation cost is a minimum (Hillier and
Liberian, 2001).

There are many literatures devoted to research about
the fuzzy transportation problem.

Due to some uncontrollable factors, Bellman and
Zadeh (1970) and Zadeh (1978) introduced the notion of
fuzziness to deal quantitatively with imprecise information
in making decisions in many situations that the demand
and/or supply quantities and cost coefficients of a
transportation problem may be uncertain.

Zimmermann (1978) proved that solutions obtained
by fuzzy linear programming are always efficient.
Subsequently, Zimmermann’s fuzzy linear programming
has developed mto several fuzzy optimization methods for
solving the transportation problems.

In many real life situations, it is not possible to
determine both transportation unit cost and quantities,
but the fuzzy numbers gives best approximation of them.
OhFEigeartaigh (1982) supposed the case where the
membership functions of the fuzzy demands are triangular
forms for transportation problems and solved it using
table method. Chenas and Kuley (1984) proposed a
technique to solve a fuzzy linear programming problem
with triangular membership functions of fuzzy resources.
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Chanas ef al. (1984) presented a model of fuzzy linear
programming to solve transportation problems with fuzzy
supply and demand values and crisp cost coefficients.
Lai and Hwang (1992) developed transportation model
that solving the problem when quantities are fuzzy and
prices are crisp. Chanas and Kuchta (1996) presented the
concept of the optimal solution for the transportation
problem with fuzzy coefficients expressed as fuzzy
numbers and developed an algorithm for obtaining the
optimal solution. Chanas and Kuchta (1998) presented an
algorithm that solves the transportation problem with
fuzzy supply and demand values and integrality condition
imposed on the solution. Liu and Kao (2004) provided a
process to derive the fuzzy objective value of the fuzzy
transportation problem, in that the supply and demand
quantities and the cost coefficients are fuzzy numbers
basing on extension principle.

Kumar and Kaur (2011) proposed two new methods
for solving fuzzy transportation problems to overcome the
shortcomings and limitations of the existing methods.
They showed that it 1s better to used the proposed
methods as compared to the existing methods for solving
fuzzy transportation problems. Kumar and
Murugesan (201 2) provided an optimal solution for fuzzy
transportation with triangular membership functions.
They employed a new arithmetic operations of triangular
fuzzy numbers to get the fuzzy optimal solutions.

In thus study, Fuzzy Russell’s Approximation Method
(FRAM) has been developed to find the Imitial Fuzzy
Basic Feasible Solution (IFBFS) by using ranking of

some
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triangular fuzzy numbers when all the cost coefficients are
fuzzy numbers and all supply and demand are crisp
numbers. Also Fuzzy Modified Distribution Method
(FMDM) has been used to test fuzzy optimal solution
from the IFBFS.

MATERIALS AND METHODS

Fuzzy preliminaries: Fuzzy set theory was presented by
Zadeh (1965). The theory provided a mathematical
approach for dealing with imprecise concepts and
problems that have many possible
following definitions of the fuzzy numbers and some basic

solutions. The

arithmetic operations on it may be helpful (Dubois and
Prade, 1990, 1981).

Definition: A fuzzy number A is a Triangular-fuzzy
number denoted by (a,, a, a;) and it’s membership
function M (x) 13 given below:

0 it x<a
T8 g 8 <x<a
a-a
n(x a, a, a,)= x
% it azx=a,
a,—a,
0 if  x»a,
The co-cut of the tnangular fuzzy number
A = f(a, a ay 1s the closed nterval

A, =[a" af = [a+(ata)e, a,+a-a,)x]=(0,1]. The
another representation of the triangular fuzzy number
is A = (a-w, a, atP). Where, a-x =a, andatP=a,and A
can also be written in another form as A = (a, «, P).

Definition: Let A =(a, a, p) and B = (a,, ,, p,) be two
triangular fuzzy numbers. Then:

AaB =(a,a, fela, o, ) = (ata, oo, Bi+p,)
AsB =(a,qa, f)ela,, o, ) = (ata, oo, Bi+p,)

Ranking functions: A convenient method for comparing
of fuzzy number is by use of ranking function
(Zimmermann, 1991; Maleki, 2002). A ranking function
MR: F(R)~R, where, F(R) (a set of all fuzzy numbers defined
on set of real numbers), maps each fuzzy number into a
real number of F(R).

Let, 2 and b be two fuzzy numbers in F(R), then:

24 b if and only if R(A)=R(DH)
>, b if and only if R@E)>R(b)
= 4 b ifand only if K@) = R(b)

Moy phe Qo
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Let 3 be any linear ranking function. Then, &= .6 if
and only if 8-b 240 ifand only if -bz 48 [fd2,b and
C2y d thenatCo,b+d.

Ranking functions for triangular fuzzy number: For
triangular fuzzy number = (a,, a, a,) or (a, «, p), ranking
function is given by:

R (5) = %J.Dl(infau +supa,)d,

where, a, is a-cut on a. This reduces to:

R (4) = i(alJrZaJraz){oraJr(ﬁ;iq)}

Then triangular fuzzy number 8= (a, &, ) and b = (b,
y, 6), we have d>4b if and only if:

R (3) = {a+ (ﬁ;—"“)}z[mm;—”} - R(b)

Fuzzy transportation problem
Formulation: The formulation of the Fuzzy Trensportation
Problem (FTP) is similar to the traditional transportation
problem i.e., the objective function is to minimize the total
fuzzy transportation cost and the constraints are the
supply and demand available to each source and
destinatior, respectively.

The mathematical model of the FTP when all the cost
coefficients are fuzzy numbers and all supply and demand
are crisp numbers is given by:

3.T.

x;20, 71, j

where, $t is a ranking function (i.e., ;: F(R)=R) which
maps each fuzzy number into the real line; a is the
quantity of material available at source S; (1= 1, 2,...,m),
b; is the quantity of material required at destination
Di(i=1,2,..n)and ¢; is fuzzy unit cost of transportation
from source S, to destination D,.
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Every fuzzy transportation problem can be
represented by a fuzzy matrix of order m by n, called the
fuzzy cost matrix or fuzzy effectiveness matrix.

Algorithm of fuzzy russell’s approximation method
(FRAM): FRAM is proposed to obtain the TFBFS of a
particular type of the FTP. Russell’s approximation
method provides another excellent criterion that is still
quick to implement on a computer (but not manually)
(Russell, 1969). Although is unclear as to which is more
effective on average, this criterion frequently does obtain
a better solution than Vogel’s. For a large problem, it may
be worthwhile to apply both criteria and then use the
better solution to start the iterations of the transportation
simplex method. One distinct advantage of Russell’s
approximation method is that it is patterned directly after
stepl for the transportation simplex method which
somewhat simplifies the overall computer code (Hillier and
Liberian, 2001).

In FRAM the 0, and ¥, values have been defined as
the largest fuzzy unit transportation cost for each row and
column respectively. In this method, each allocation is
made on the basis of the maximum 4; =G@¥,ec;.

The algorithm of this method for the FTP when all the
cost coefficients are fuzzy numbers and all demands and
supply are crisp numbers are follows:

Step 1: Let {1, be the largest fuzzy unit transportation
cost ¢ (L.e., select the unit cost whose the fuzzy
unite cost has the largest rank) for each source
row i remaining consideration

Let ¥, be the largest fuzzy unit transportation
cost ¢; (i.e., select the unit cost whose the fuzzy
unite cost has the largest rank) for each
destination column | remaining under

Step 2:

consideration
For each variable x; not previously selected in
these rows and columns

Step 3:

Compute 4; =Geveg {or A; = R(Q)eR(T,)oR ()}
for each row and each column under consideration.

Step 4:  Allocate as much as possible for the row and
column with the maximum &; (i.e., select the A,
whose the fuzzy A; has the largest rank)

In case the maximumn 4; 1s not unique (1.e., the

maximum A; of more than one is same), then select the
variable x; where maximum allocation can be made.
Step 5:  Adjust the supply and demand requirements to
reflect the allocations already made. Eliminate
any rows and columns in which supply and
demand have been exhausted
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Step 6: If all supply and demand requirements have not
been satisfied, go to the first step and
recalculate new &, . If all row and column values
have been satisfied the mitial fuzzy solution has
been obtained

Algorithm of fuzzy modified distribution method
(FMDM): In this study, FMDM has been illustrated to
find optimal scolution of the FTP. The steps for finding
optimal solution are as follows:

Step 1: Construct the IFBFS of the FTP by any of the
initial methods

Derive the values of @i and V; corresponding
to each ith row and jth column, respectively.
Write 1, in front of each ith row and ¥, in bottom
of each jth column

For a basic variable x;, let i, and ¥, satisfy the
set of equations ¢, = v, for each (1, J) such that
x; 1s basic There are m-+n-1 basic variables and
so there are m+n-1 of these equations. Since the

Step 2:

Step 3:

number of unknown is m+n, none of these
variables can be assigned a value arbitrarily
without violating the equations. The choice of
this one variable and its value does not affect
the value of any GeV, o¢;, even when x; is
non-basic

Take any one of the 0, or v; to be zero ranked
fuzzy number

Calculate the rank of 4, = ev,e &, for every
(1,j)such that x; is non-basic. The IFBFS is
fuzzy optimal if and only if G.@v,e 6,<40 for each
(1, J) such that x; is non-basic. If there exist at
least one d, such that d;>>,0 then this IFBFS is
not fuzzy optimal solution. Go to the step 6

1

Step 4:

Step 5:

Step 6: Determine the entering basic variable: Because
the FTP seeks to mimimize cost, the entering
variable is the one having the most positive
coefficient in the z-row. In the FTP chose that 4,
whose rank 1s most positive

Determine the leaving basic vanable: The leaving
variable in the following manner. First, construct

a closed loop that starts and ends at the entering

Step 7:

variable cell. The loop consists of connected
horizontal and vertical segments only (no
diagonals are allowed). Except for the entering
variable cell, each corner of the closed loop must
coincide with a basic variable. Identify the chamn
reaction require to retamn feasibility when the
entering basic variable is increased. From the
donor cells, select the basic variable having the
smallest value
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Table 1: Balanced fizzy transportation problem represented transportation costs by triangular fuzzy, supply and demand are crisp numbers

Destination
Parameters BRaghdad Anbar Arbil Dohuk Supply
Source
Karbala (50, 70, 100)! (40, 60, 80) (50, 60, 70) (60, 100, 130) 100000
Diyala (30, 50, 60) (30, 40, 50) {60, 80, 100) (60, 90, 200) 200000
Basra (20, 25, 30) (50, 60, 70) {70, 90, 110) (80, 100, 120) 400000
Demand 200000 100000 150000 250000
Table 2: Ranks of the fuzzy transportation costs
Destination
Parameters Baghdad Anbar Arbil Dohuk Supply
Sources
Karbala (70, 20, 30) (60, 20, 20) {60, 10, 10) (100, 40, 30) 100000
Rank =72.5 Rank =60 Rank = 60 Rank = 97.5
Diyala (50,20,10) (40, 10, 10) (80, 20, 20) (90, 30, 110) 200000
Rank =47.5 Rank =40 Rank =80 Rank =110
Basra (25,5.5) (60, 10, 10) {90, 20, 20) (100, 20, 20) 400000
Rank =25 Rank = 60 Rank =20 Rank =100
Demand 200000 100000 150000 250000
Step 8: Determine the new fuzzy basic feasible solution: A, = ev,e8,

Add the value of the leaving basic variable to
the allocation for each recipient cell Subtract
this value from the allocation for each donor cell
Agam use the latest IFBFS and repeat steps 1-8
until 4, <,0vi and j

Step 9:

Practical example: One of the main products of the
Al-Noor company is canned dates. A company has three
warehouses (Karbala, Diyala and Basra) and wants to
satisfy the four customer’s demands (Baghdad, Anbar,
Arbil and Dohuk). The approximate cost per tons
(in dollars) of the product is represented by triangular
fuzzy number. Supply and demand are crisp numbers. A
fuzzy transportation problem has feasible solutions
because 3"’ a, = >'b,=700000 . Table 1 summarizes the
fuzzy transportation costs along with the supply and
demand for each warehouse and customer
respectively.

In Table 1, the costs are triangular fuzzy numbers of
the form (a-w, a, atP). Convert all the costs into the form
(a, o, P) and find the ranks of the costs using formula

a+(P-ce)/4 (Table 2).
RESULTS AND DISCUSSION

Using the criterion for FRAM, the results, including
the sequence of basic variables (allocations), are shown
in Table 3. At iteration 1, the largest fuzzy unit
transportation cost in row 1 18 11, = (100, 40, 30), the largest
m column 1 1s ¥, = (70, 20, 30)and so forth. Thus:

&, = (100, 40, 30)a(70, 20, 30)e(70, 20, 30) = (100, 90, 80)
R(A, ) =975

Calculating all the (4, ) values fori1=1, 2, 3 and j
shows that ®( A, ) = 147.5 has the largest positive value,
80, X5, = 200000 is selected as the first basic variable
(allocation). This allocation uses up 200000 umnit
from the supply in row 3 and fully meet the demand in
column 1, so this column i1s eliminated from further
consideration.

The second iteration requires recalculating the SR( A, ).
The largest positive value now 1s:

Ay = 1,8V,08;,
A, =(90,30,110)&(60, 20, 20)a(40, 10, 10y = (110, 60, 140)
R(A,)=130

So, X;; = 100000 becomes the second basic variable
(allocation), eliminating column 2 from further
consideration.

The subsequent iterations proceed similarly.

The final table after applying the algorithm of the
FRAM (Table 4).

The objective function value at the TFBFS of the FTP:

¢, x; = (34000000, 43000000, 37000000}

£

B

ll\:!
30
M°

i=

!The filzzy transportation unit cost per ton represented by triangular fuzzy number
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Table 3: Results, including the sequence of basic variables (allocations) from filzzy Russell’s approximation method

Tteration i, il il W, , A Largest positive 8 (&,) Allocation
1 (100,40, 30) (90,30, 110) (100,20,20) (70,20,30) (60,10,10) (90,20,20) (100,20,20) (& )=147.5 X5, = 200000
2 (100, 40, 30) (90, 30, 110) (100, 20, 20) (60,10,10) (90,20,20) (100,20,20) % (§ =130 Xy, = 100000
3 (100, 40, 30y (90, 30, 110) (100, 20, 20) (90,20,20) (100,20,20) R (Fo)=127.5 X5 = 100000
4 (90, 30, 110y (100, 20, 20) (90,20,20) (100,20,20)  ®(F 4, =120.0 X, = 50000
5 Trrelevant X,4= 50000
X,, = 200000
Z = 34000000, 43000000, 57000000
Table 4: Initial fuzzy basic feasible solution from fuzzy russell’s approximation method
Destination
Baghdad Anbar Arbil Dohuk Supply
Sources
Karbala (70, 20, 30) (60, 20, 20) {60, 10, 10) (100, 40, 30) 100000
Rank =72.5 Rank =60 Rank =60 Rank =97.5
100000
Diyala (50, 20, 10) (40, 10, 10) (80, 20, 20) (90, 30, 110) 200000
Rank =47.5 Rank =40 Rank =80 Rank =110
100000 50000 50000
Basra (25,5.5) (60, 10, 10) {90, 20, 20) (100, 20, 20) 400000
Rank =25 Rank = 60 Rank =20 Rank =100
200000 200000
Demand 200000 100000 150000 250000

Z = 34000000, 43000000, 57000000

Use the IFBFS obtained m Table 4 by FRAM to
illustrate the FMDM by taking fuzzy cost of the form
(a, a, P) to check whether this mitial solution is optimal by
applying the optimality test.

The TFBFS is fuzzy optimal if and only if (4, )<,0
for every (1, j) such that x; is non-basic.

Thus, the only work required by the optimality test is
the derivation of the values of i, and ¥, for the current
basic feasible solution and then the calculation of these
1;@V;e¢;, as described below.

To calculate the value’s of G;’s (1=1,2, 3) and ¥,’s
(1=1,2,3,4) for each occupied cell, arbitrarily assign
1, =(0, 0, 0) to sumplify calculations. Therefore, 0., G, v,
V¥, ¥V, and ¥, can be computed immediately by
using the relation ¢; = U@V, for allocated cells as shown
below:

w, = (0,0,0), 0, = (20, 30, 30), 4, = (30, 160, 80)
and:

%, = (-5, 85, 165), ¥, = (20, 40, 40),
¥,= (60,10, 10), ¥, = (70, 60, 140)

Now, the A&; for each of the unoccupied cell 1s
determined by using the relation 4, = {i,ev,a¢;.
The R(4; ) of the cell (1,1) is given by:

R, =f0v,08,~4, = (0,0, 0)a(-5, 85, 165)e(70, 20, 30)

Ay =(-75,115,185), R( &, ) = -57.5<0

Similarly, other’s can be calculated and there value’s
are given by:

‘312 = ('40> 80: 80): éﬁ( ‘512) =-40<0
&, =(-30, 90, 180}, (4, )=-7.5<0
A, =(-35,125,215), R(4, )=-12.5<0
A, =(-10,210,130), R( A, )= -30<0
Ay =1(0,190,110), R( A, )=-20<0
According the optimality criterion for fuzzy cost
minimizing FTP, the current solution is optimal, since the
ranks of all A; of the unoccupied cells are negative. Thus
the final fuzzy optimal value by taking fuzzy cost of the

form (a-¢, a, atP) is given by:

Fuzzy optimal value = 37" " & x, = (34000000, 43000000, 57000000)

So, the results obtaned by solving fuzzy
transportation problem by proposed methods can be
illustrated as follows:

»  Maxmmum number of person are m favor that cost will
be 43000000
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1]

m | 34000000 |

Fig. 1: Membership function for the obtained result?

[ sao0000 |

*  Total cost of transportation 1s greater than 34000000
and less than 57000000

*  The membership function for the obtained result is
shown in Fig. 1

¢ The percentage of persons increases when cost
varies {rom 34000000 to 43000000 and decreases
when cost varies from 43000000 to 57000000

CONCLUSION

In this study, a new algorithm called Fuzzy Russell’s
Approximation Method (FRAM) has been proposed to
obtamn the Initial Fuzzy Basic Feasible Solution (IFBFS)
of a Fuzzy Transportation Problem (FTP) which would be
a new attempt in solving the transportation problem in
fuzzy envimonment. Also an algorithm called Fuzzy
Modified Distribution Method (FMDM) has
proposed to test the fuzzy optimal solution from the initial
fuzzy basic feasible solution. The arithmetic operations of

been

ranking finctions for triangular fuzzy numbers are
employed to get the initial fuzzy basic feasible solution
and the fuzzy optimal solutions of a fuzzy transportation
problem.

The proposed method namely, FRAM has the
following major advantages:

* A systematic procedure

*  Easy tounderstand and to apply

¢+ The initial fuzzy basic feasible solution is the
same as the optimum solution or it s very close
toit

»  This approach can be extended to solve other fuzzy
transportation problem
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