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ABSTR A new method namely, split and bounded method is proposed to find an optimal more-for-less fuzzy solution to fully
fuzzy transportation problems (FFTP) with mixed fuzzy constraints by using crisp linear programming (LP) technique.
The split and bounded method do not require any initial basic feasible solution and an optimal solution (MODI method)
to solve FFTP with mixed fuzzy constraints. In this method, the optimal fuzzy solutions do not contain any negative part of the values of the
decision variables. Also, fuzzy ranking functions were not used. The proposed method is an appropriate method to find an optimal fuzzy solution
to FFTP with mixed fuzzy constraints occurring in real life situations.
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INTRODUCTION

A fuzzy transportation problem (FTP) is a transportation problem (TP) in which the transportation costs, supply
and demand quantities are fuzzy quantities. The aim of the FTP is to determine the shipping schedule that
minimizes the total fuzzy transportation cost while satisfying fuzzy supply and fuzzy demand limits. Bellman
and Zadeh [3] and Zadeh [9] introduced the notion of fuzziness.. Many researchershave developed various
algorithms to solve FTP with equality constraints. In real life, most of the TPs have mixed constraints
accommodating many applications that go beyond transportation related problems to include job scheduling,
production inventory, production distribution, allocation problems and investment analysis. The TPs with mixed
constraints are not addressed in the literature because of the rigor required to solve these problems optimally.

The more-for-less (MFL) paradox in a TP occurs when it is possible to ship more total goods for less (or
equal) total cost while shipping the same amount or more from each origin and to each destination keeping all
shipping costs nonnegative. There are various methods for finding MFL solution for TPs in the existing
literature [1.,2, 4, 5, 8]. The major goal of the MFL method is to minimize the total cost and not merely
maximize the shipment load transported.

Based on the literature study, it was found that there is a little work carried out to find an optimal MFL fuzzy
solution to FFTP with mixed fuzzy constraints. Recently, Pandian and Natarajan [7] have suggested a new
algorithm based on fuzzy zero point method for finding an optimal MFL fuzzy solution for FFTP with mixed
fuzzy constraints.

PRELIMINARIES

We need the following mathematical orientated definitions of fuzzy set, fuzzy number and membership
function, which can be found in Zadeh [9].
DEFINITION 1 Let A be a classical set and £ 4 (X) be a membership function from A to [0,1]. A fuzzy set
Z with the membership function £ 4 (x) is defined by

A={(x,u (x)):xe 4 and p4(x)e[0,1] }.

DEFINITION 2A fuzzy numbera is a triangular fuzzy number denoted by (al,az,a3) where

a ., a, and as are real numbers and its membership function (£ z (x) is given below:

(x—ayp)/(ar —ay) fora) <x<as
Lz (x) =<(az —x)/(az —ap) fora, <x=<aj
(0] otherwise

DEFINITION 3 Let (a] .ds, a3) and (bl 5 b2 ,b3) be two triangular fuzzy numbers. Then

@ (a.a5,a3) @ (by,by,b3) = (a) +b,a, +by,a; +b3).
G (ay.a5,az) ® (b,b,,b3)= (a, —bsy,a, —by,, a3 — b)) .
Gi) k(a,,a,,a3)=(ka,,ka,,kas), for £k =0 .
Gv) k(a;.a,,az)=(kas,ka,.ka;), for k <O.

(a\b,,a,b,,a5b;), a, =0,
™ (a,a5,a3) D(BD,b,,b5) =4 (a,b,y,a,b,,ab,), a, <0,a; =0,
(a1b3>a2b2aa3b1 ). a, <O.

Let F'(R) be the set of all real triangular fuzzy numbers.

Definition 2.4 Let A4 = (a,,a,,a;) and B = (b,.b,,b;) be in F(R), then
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) A~ Biffa =b ,i=12,3; (i) 4 < Biffa <b ,i=123
(iii) 4 = Biffa >b . i=12,3(v) 4 = Oiffa , >20,i=12,3.
v) le said to be integer if @ ;= 0,Vi=1to3 are integers.

Consider the following fully fuzzy transportation problem in which all parameters, that is, decision variables,
transportation costs, supplies and demands, are triangular fuzzy numbers:

)  Minimize Z = Z Z ¢, ®X,

=1 j=1

Subject to
>, =a, /€05 )% <a, jeT ;) %,~a,, jeS (1)
i1 i=1 i=1
]tbj,zeU le]<bj,zeV ny~bj,zeW )
Jj=1 J=1
X; = 0,for i=1,2,....m; j=1,2,..., nand are integers 3)

wherem = the number of supply points; n = the number of demand points; O, T" and S are pairwise disjoint
subsets of {1,2,3,...,71} such that QU T U S = {1,2 3,.. n} ; U V and W are pairwise disjoint subsets of
{123... m} such that U OV UW ={1,2,3,...,m}; X .~(x :

y oo Xy o X )1s the number of fuzzy units

shipped from supply point i to demand point j; c ~ (c ) is the number of fuzzy cost of shipping

iy Sy »€
one unit from supply point i to the demand point j; @, =~ (a i a’ ;. ) is the number of fuzzy supply at supply

point i and l;/ ~ (b /1 , b/.2 , b/.3 ) is the number of fuzzy demand at demand point j.
REMARK 1IfQ = R =U =V = ¢, the problem (P) becomes the FFTP with equality fuzzy constraints.

DEFINITION 5A set of triangular fuzzy numbers )N(l.j = {)71] =(x;,Y58) i=12,...m

and j =1,2,...,n} is said to be a feasible fuzzy solution to the problem (P) if it satisfies the conditions (1) to

3).
DEFINITION 6 A feasible fuzzy solution X, = {X, = (x,,¥,.t;),i =12,..,mand j =12,...,n} of the

problem (P) is said to be an optimal fuzzy solution to the problem (P) if Z ()? )< Z (17 ) for all feasible U of
the problem (P).

THE SPLIT AND BOUNDED METHOD

Let the parameters a,, ¢, ,X; and b be the triangular fuzzy numbers (al ,al ,a; ) (cy , 1,2acy3)’

i

1

(xl.j ,x X, ) and (b ,bj ) respectively. Then, the problem (P) can be written as follows:

U b

n
e 1 2 3 1 2 3
Minimize (ZI,ZZ,Z3)=Z Z (c,.j NN )®(x,.j e )
=l j=1
Subject to

n
3 1 2 3 .
Z(xy ,xl/ 2 X)) {j/z/z} (a,,a,,a ), fori=12,..,m
J-1
m

Z(xt/ ’xu axi/S) {5/z/t} (bjl’bjzabj})’for jzl’ 2"“"”

i=1

(x,',x, 72, x,7) = 0,for i=1,2,....,m;j=1,2,..., nandare integers.
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Jayalakshmi and Pandian [6] have proposed a method namely, bound and decomposition method to a
fully fuzzy linear programming (FFLP) problem to obtain an optimal fuzzy solution, by decomposing into three

crisp LP problems namely, middle level problem (MLP), upper level problem (ULP) and lower level problem
(LLP) as follows:

(MLP) Minimize Z, = > middle value of (Z
i=1

J=1 J=1

1
(cu’u’u)®(xu’ u’x j
subject to

Constraints in the decomposition problem in which at least one decision

variable of the (MLP) occurs and all decision variables are non-negative integers.

n m n
(ULP) Minimize Z; = Z upper value of Z Z (cl.j1 , cl.j2 , C,y3) ® (xl.j1 , xij2 , xlf)
j=1 =1 j=1
subject to
- S 12 3 12 3
Z upper value of Z Z (c; 25 >C; )®(x; ,x;7,x,7) | 22,7
j=1 =l j=1
Constraints in the decomposition problem in which at least one decision
variable of the (ULP) occurs and are not used in (MLP) ;
all variables in the constraints and objective function in (ULP) must
satisfy the bounded constraints ;
replacing all values of the decision variables which are

obtained in (MLP) and all decision variables are nonnegative integers.
and

(LLP) Minimize Z, = Z lower value of(z Z (cU ,Ci »C )®(xu ,X; ,xf)]

i=l1 =

subject to

Z lowervalueof[z Z (cy NN )®(xy , X ,x JSZ;

=l j=1
Constralnts in the decomposition problem in which at least one decision
variable of the (LLP) occurs which are not used in (MLP) and (ULP) ;
all variables in the constraints and objective function in (LLP) must
satisfy the bounded constraints ;
replacing all values of the decision variables which are

obtained in (MLP) and (ULP) and all decision variables are nonnegative integers,where Z 20 is the optimal
objective value of (MLP).

We, now introduce a new algorithm based on crisp linear programming problem for finding an optimal
MFL fuzzy solution for FFTPs with mixed fuzzy constraints.

The proposedalgorithm proceeds as follows.
STEP 1:Convert the given FFTP with mixed fuzzy constraints into FFLP problems.
STEP 2:Construct (MLP), (ULP) and (LLP) problems from the given the FFLP problems.
STEP 3: Using existing linear programming technique, solve the (MLP) problem, then the (ULP) problem and
then, the (LLP) problem in the order only and obtain the values of alldecision variables Xis Vi and t, i for all

i=1,2,...,m and j=1,2,..., nare non-negative integers and values of all objectives Z1 , Z2 and Z3 . Let

the decision variables values be xy , ylj and t;,j =1,2,...,m and objective values be Zlo ,220 and Z;
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STEP 4: The fuzzy optimal solution to the given FFLP problems is X; = (x;, y;,t;), forall i=1,2,....,m

and j=1,2,...,n, the minimum fuzzy objective value is (Z,",Z,",Z,") (by Bound and Decomposition
Method [6]).
STEP 5:The optimal MFL fuzzy solution to FFTP with mixed fuzzy constraints is X, ~ (x;,y;,t; ), for all

i=1,2,...,mand j=1,2,..., 1, the total minimum fuzzy transportation cost is Z ~ Z,',72,,Z,).

REMARKS 2In the case of FFTP with mixed fuzzy constraints involving trapezoidal fuzzy numbers and
variables decompose it into four crisp LP problems and then, we solve the middle level problems (second and
third problems) first. Then, solve the upper level and lower level problems and then, the optimal MFL fuzzy
solution to the given FFTP with mixed fuzzy constraints is obtained.

Now, the split and bounded method for solving FFTP with mixed fuzzy constraints is illustrated using the
following numerical examples.

EXAMPLE 1
Consider the following FFTP with mixed fuzzy constraints:

Supply
(1,2,3) (2,5,8) (2,4,6) | ~(2,5,98)
(2,6,10) (1,3,5) 0,12 | =(3,69)
(4,8,12) (3,9,15) 1,2,3) <(3,9,15)
Demand  ~(4,8,12)  »(8,10,12) <(3,5,7)

Now, by solving the problems (P2), (P3) and (P1) using the split and bounded method, we obtain the
following optimal solutions of the crisp problems (P2), (P3) and (P1l) respectively:
(P2): y, =5, V2 =375 =10, p15, Y135 Va3 Y315 V325 V33 = 0 and Minimize Z,=58.

(P3): Zy 28,221 = 4,222 = 12, Z13s 2135 2935 231523y 233 = 0 and Minimize Z3 =124.

(Pl): X, = 2,x21 = 2,x22 28, Xigs X135 X35 X375 X35, Xq3 = 0 and Minimize 21:14-

Therefore, the optimal MFL fuzzy solution for the given FFTP with mixed fuzzy constraints is )NCI R (2, 5, 8),
374 ~ (29 3, 4),)75 ~(8,10,12), )ch z)NC3 R )NC6 R )77 R )78 R )79 ~(0,0,0)and the total minimum fully

fuzzy transportation cost is 7~ (14,58,124).

REMARK 3 The proposed algorithm can also be used for finding an optimal MFLsolution of FFTPs with
equality constraints.

CONCLUSION

We attempted to develop a new algorithm based on the crisp LP problems to find an optimal MFL fuzzy
solution to FFTP with mixed fuzzy constraints.Since, the proposed method is based only on crisp LP problem it
is very easy to solve FFTP problems with mixed fuzzy constraints having more number of fuzzy variables with
help of existing computer software. Fuzzy ranking functions were not used and there is no restriction on the
elements of the cost matrix in the proposed method. Also, the optimal MFL fuzzy solution obtained by the
proposed method does not contain any negative part; the solution is meaningful and can be applied in real life
situations. The proposed method can serve managers by providing one of the best MFL solutions to a variety of
distribution problems.
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