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Abstract: In this paper an approach is presented to solve Interval-
valued fuzzy fractional transportation problem. It is proved that we
can convert interval-valued fractional transportation problem
under fuzzy environment to a linear fuzzy transportation problem,
then Simplex method is used to get the optimum value of the given
Interval-valued fuzzy fractional transportation problem
(IVFFTP).

1. INTRODUCTION

A fractional programming problem optimizes ratios of functions
such as profit/cost, inventory/sales etc. In these models rates
needs to be optimized. Here, we consider a special case of
Transportation problem where the fractional objective function
is the unit profit cost and the unit cost for transportation. In the
real world problems, some parameters of the problem may not be
known certainly due to uncontrollable factors. Hence, here we
consider IVFFTP. The transportation problem was initially
developed by Hitchcock [1]in 1941. Fuzzy members introduced
by Zadeh [2]. Stancu, Minasian and Tigan [3,4] gave an
algorithm for interval-valued optimization problem. Hsien-
Chung Wu [5,6] proved and derived the KKT optimality
conditions for an optimization problem with interval valued
objective function. Effati and Pakdaman [7] solved the Interval-
Valued Linear Fractional Programming Problem. Liu[8] solved
Fractional Transportation problem with Fuzzy parameters. Here
IVFFTP is solved by converting it to an optimization problem
with Interval-Valued fuzzy objective function to get the optimal
solution, which is illustrated with an example.

2. PRELIMINARIES
Let 7 be the set of all closed and bounded intervals in R .
Suppose A4, B € R, then we write A =[a",a"] and also

B =[b",b"], therefore on I we have the following
operations:

W A+B={a+b|laec A,be B} =
[a" +b",a" +b" e ;
Q) —A={-alacd=[-a",~a"]el;
(3) Ifkisareal number, then we have
kA={ka|a e A} =[ka" ,ka"] e I,
4 A-B=A+(-B)=[a" -b",a" —b"]
If A and B are positive intervals i.e.0 < a* <a¥ and
0 < b* < bY then we have:

AB=[a"b",a"bh"] and if 0 < a* <a" and

b* <0 < b then we have: AB =[a"b",a"b"]
Theorem 2.1 Let A=[a",a"”] and B=[b",b"] be
two nonempty bounded real intervals and of 0 ¢ [b",b"],

(see [9]) we have: % =[a",a" ]l:b%,b%}

Theorem 2.2 If A and B are nonempty, bounded, real intervals,
then A+B, A-B and AB and if B does not contain zero, then
A/B is also a nonempty, bounded, real interval as well, see([10]).

2.1 Arithmetic operations of Fuzzy numbers

Let 4=(a, a, a, a,) and b=(b, b, b, b, ) and be two
trapezoidal fuzzy numbers, the arithmetic operators on these
numbers are as follows

Addition: a+b = (a, +b,,a, +b,,a, +b;,a, +b,)

Subtraction: a— b = (a1 -b,,a, —b,,a,—b,,a, —b3)
Scalar Multiplication:

ka = (ka,,ka,, ka,,ka,),k >0
ka = (ka,,ka,~ka, ~ka,),k <0

Ranking Function: We define a ranking function

R: F(R) — R, which maps each fuzzy number into the
real line.

. T T ais—a
R(a)=ai+ax+ e

3. MATHEMATICAL FORMULATION OF IVFFTP

Let there are m1 origins, i & origin possessing d@; units of a
certain product, whereas there are # destinations with
destination j requiring b ;units. The fractional objective

function is the unit profit cost ¢ and the unit cost d for
transportation. Let X, be the number of units to be
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transported from i . origin to j'h destination. It is also

assumed that total availabilities Zai’ satisfy the total

requirements Zb ! ie., Zai = Zb IE The mathematical
formulation of a IVFFTP is

cx,.j

Suppose that ¢ =(c1,C2,...,Cn) and

gl=(6}1,6~12,...,6}n)

L L

We denote ¢ ; and d ; the lower bounds of the intervals i.e.
L L _L L L L _L L

=(c1,C2,..,cn) and also d =(di,d2,....,d,),
L L
where ¢; and d ; arereal scalars for j =1,2,....,n
U U
Similarly, we denote ¢; and d ; the upper bounds of the
U U U U

intervals ie. ¢ =(c1,c2,.,cn) and also
U U _u U U U

d =(d ,d»,...d,), where ¢; and d;
scalars for j =1,2,...,n

are real

We can rewrite (1) as follows

max z = p(X)

Q)

Where p(x) and g(x) are interval-valued linear functions
as,

- L U L U

r(x)=[p (x),p (X)]=[c x,c x]and

L U - L U

9 =[q (.q @]=[d xd x]
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L U

[c x,c Xx]
Therefore, from (2) we have max z = —————

m
s.t. Zx,.j =a,i=12,.n
i=1

dox,=b,j=12..m
Jj=1

X, 20 -0)

Now, we can consider another kind of possible linear
fractional programming problem as follows:

max z {} ), f (x)}

(@)

Where f and [ are linear fractional functions. Now,
equation (3) under some assumptions can be converted to
(4). The objective function in (3) is a quotient of two interval
valued functions ( p(x) and g(x)). To convert (3) into (4),
L U
we suppose that, 0 <g (x)<q (x)for each feasible
point X.
L U

Therefore, we have O<p (X)<p (x) or
_L U

g (x)<q (x)<0 for each feasible point X.The

denominator doesn’t contain zero, we can rewrite the
objective function in (3) using Theorem 2.1, as

~Lv 1 1
z={c x,C x} o 1

d x d x
Now following cases are possible :
L U
Case (1):when 0<g (x)<¢q (x) and
L U
0<p (x)<p (x) then we have
L U
[c x,c Xx]
U L
[d x,d x]
L U
Case (2):when 0<g (x)<¢q (x) and
~L U

p (x)<0< p (x) then we have

max z =
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LU
[c x,c Xx]
L 1L
[d x,d x]
L U
Case (3):when ¢ (x)<g (x)<0 and
L U

0<p (x)<p (x) then we have

max z =

UL
[c x,c Xx]
U L
[d x,d x]
L U
Case (4) : when ¢ (x)<qg (x)<0 and

max z =

~L U
p (x)<0< p (x) then we have
UL
[c x,c x]
U U

[gl x,ch x]

max z =

4. PROPOSED ALGORITHM

Consider an Interval-valued Fuzzy fractional Transportation
problem:

max z =
((3,6,3,5)x,, +(4,5,4,4)x,, +(2,4,3,5)x,, +(4,6,2,4)x,,),
((6,7,6,7)x,, +(8,6,9,8)x,, +(6,7,4,9)x,, +(9,7,7,8)x,,)

((3.1,2,2)x,, +(2,2,1,2)x, +(L1,2,2)x,, +(3,2,2,1)x,,),
((4,44,4)x,, +(4,7,5,7)x,, +(5,5,8,5)x,, +(4,7,7,7)x,,)
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s.t. X, +x, <40
X, +X,y <20
X, +x,, <30
X, +x,, <30

Xi15 X125 X515 %5, 20

Here, we see that
L U L U

pM=[p (),p W]=[c xc
L U
In the given problem we have, 0 < p (x)< p (x)
L U L U

4)=[q (g ®]=[d xd x]

and,
L U

0<q (0)<q (x)
.". By applying the case (1), the objective becomes

max z =
(3635, + (45443, + (24350, + (4623
(4,44.4)x,, +(4,7.57)x,, +(5,58,5)x,, +(4,7,7,5)x,,
(6,7,6,7)x,, +(8,6.9,8)x,, +(6,7,49)x,, +(9,7,5,8)x,,
(3,1,2,2)x,, +(2,2,12)x,, +(11,22)x,, +(3.2.2.)x,,

S.tx, +x,<40
Xy +Xx,, <20
X, +x,, <30
X, +xy <30
X5 X1 X515 Xy 2 0
Which can be written as
mxz=z +z,

9

Where z, =

(3,6,3,5)x,, +(4.5,4,4)x,, +(2,4,3,5)x,, +(4,6,2,4)x,,
(4,44.4)x,, +(4,7,5,7)x,, +(5,58,5)x,, +(4,7,7,5)x,,
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and zZ, = j (4,6
,1,3

)
(6,7,6,7)x,, +(8,6,9,8)x,, +(6,7,4.9)x,, +(9,7,5,8)x,, } ' X,,

(3.1,2,2)x,, +(2,2,1,2)x,, +(1,1,2,2)x,, +(3,2,2,1)x,,

therefore, we should maximize z, and Zz,, where the

numerator functions are to be maximized and the
denominator functions are to be minimized.

somax z, = (=1,2,—-11)x,, +(=3,1,-3,~1)x,, +
(-3,-1,-2,-3)x,, +(-3,2,-3,-3)x,,

max z; =(5,4,4,5)x,, +(6,4,7,7)x,, + 0
(5,6,2,7)x,, + (7,4,4,6)x,, C
2,2,

Now the given problem can be written in the standard form: -
mx z = 3.3)

Ranking 3
(4,6,3,0)x,, +(3,5,4,6)x,, +(2,5,0,4)x,, +(4,6,1,3)x,, Function R
S.Lox, +x, <40
Xy +Xy <20
X, +x,, <30
Xy, +X,, <30 C,| (46|35

,3,6 | .,4,6

Xi1> X125 Xp1, X5y 20 ) )
Adding slack variables
max z = X x| x,
(4,6,3,0)x,, +(3,5,4,6)x,, +(2,5,0,4)x,, +(4,6,1,3)x,,
s.tox;, +x,+s, =40
Xy +Xy +5, =20
X, +x, +5;, =30

The last iteration will be

Xip X5 8, =305 X1, X1, X5, X5, 81,8,,83,5, 20
Applying Simplex method

C|@6 |(35|25|@6 (0|00
136 |46 |04 |13
) ) ) )
Cof Xy x| X | Xy | X 0 |0 0
S (-
22,122, 2,2,

33) | 2,2) 2,2)

Ranking 3 2 85 |2 9 11
Function R

Since all R >0, an optimum solution is obtained as

x,, =30,x,, =10,x,, =20

O WO WO O

5. CONCLUSION

In this paper interval-valued fuzzy fractional transportation
Ranking problem has converted to fuzzy linear transportation
Function R programming problem, which is further solved by Simplex
Method.




SKIT RESEARCH JOURNAL

REFERENCES

Hitchcock, F. L., The Distribution of a Product from Several Sources to
Numerous Localities. Journal of Mathematics and Physics, 20 (1941),
224-230.

Zadeh, L.A., Fuzzy sets, Information and control, 8 (1965), 338-353.

Stancu-Minasian, 1. M., “Stochastic Programming with Multiple
objective functions”, D. Reidel Publishing Company, Dordrecht, (1984).
Stancu-Minasian, I. M. and Tigan St., “Multiobjective mathematical
programming with Inexact Data”, Kluwer Academic Publishers, Boston,
(1990),395-418.

Wu, H.-C., "The Karush-Kuhn-Tucker Optimality Conditions in an
Optimization Problem with Interval-valued Objective Function”,
European Journal of Operational Research, 176, 1 (2007), 46-59.

VOLUME 8; ISSUE 1: 2018

Wu, H.-C., “On Interval-Valued Nonlinear Programming Problems”,
Journal of Mathematical Analysis and Applications, 338, 1 (2008), 299-
316.

Sohrab Effati, Morteza Pakdaman, “Solving the Interval-Valued Linear
Fractional Programming Problem”, American Journal of Computational
Mathematics, 2 (2012), 51-55.

Liu, Shiang-Tai, “Fractional Transportation problem with fuzzy
parameters”, Springer Link”, 20,9 (2016), 3629-3636.

Ratz, D., “On Extended Interval Arithmetic and Inclusion Isotonicity”,
Institut fur Angewandte Mathematik, University Karlsruhe, (1996).
Hickey, T., Ju, Q. and Van Emden, M. H., “Interval Arithmetic: From
Principles to Implementation”, Journal of the ACM, 48 (2001), 1038-
1068.




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

