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Abstract: In real world applications, frequently may be faced up with the fractional transportation problem that these cost and prefer-
ence parameters of the fractional objective may not be known in precise manner which are changed in the interval each other. In this
study, fractional transportation problem with interval coefficient is transformed to a classical transportation problem by expanding the
order ¥* Taylor polynomial series with multi variables.
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1. Introduction subject to a set of linear constraints and non negativity
conditions on the variables [5], Dorina Moante has also
| presented a solution to a three dimensional problem with

In the modelling the real world problems like financia an objective function which is the ratio of the linear func-
and, corporate planning, production planning, marketmgtions [7], Guzel, N. and Sivri, M have presented a solution

and media selection, university planning and student adi0 Multi obiective a linear fractional proaramming orob-
mission, health care and hospital planning, air force main, J prog 9p

tenance units, bank branches, etc. frequently. We are face|8m by using Taylor series expansion[8], C.S. Ramakrish-

up with a decision to optimise profit/cost, inventory/sales,.n"’ln presented an optimal and near optimal initial solution

etc. respect to some constraints (Lai and Hwang 1996)" the balanced and unbalanced transportation problem by
Since linear fractional programming problem approach of-usiNg Vogel approximation Methogl [6] Sivri M etall, pro-
fers more efficient method than linear programming Prob-POS€ an °F’F'F“a' or near optimal initial solut|'on and opti-
lem (LPP), many researches has been working on Lineaf"&ity condition(by using [5]) for transportation problem
Fractional Programming Problem (LFPP) intensively. InWlth the linear fractional objective [11).

. g : . - The aim of this paper is to introduce two solution pro-
gﬁgé;fg?mg%[ell;g} ?r;zeli?:g; pproaches appear in SOIVIngcedures for the fractional transportation problem with in-

. . . erval coefficients. And an illustrative example is given to
When some of studies present solution methods (Lai amixplain these procedures.

Hwang, 1996), (Charnes and Cooper,1962), (Zionts,1968),
(Chakraborty and Gupta,2002), others have concentrated
on applications (Musteanu and Rado,1960), (Gilmore and .
Gomory,1963) (Sengupta et all., 2001). While the tradi-2- 1he Structure of the Fractional

tional (classical) transportation problem considers trans-Transportation Problem

portation of the product from source to destination with

a linear objective function on the other hand several othelConsider a fractional transportation problem with m sup-
approaches exist for the linear transportation problem withply and n demand, in that; > 0 units are supplied by

a single or multi objective function, Kanti Swarup stud- supply ith andb; > 0 units are required by demandhj.

ied the optimal (maximum) ratio of the Linear function There is a fractional objective function that unit shipping
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costc;;and unit preferring routé;; for transportation. Let

x;; denote the number of units to be transported from sup-
ply i th to demand jth. The mathematical model of the Min Z®*)

fractional transportation problem with interval coefficients
that coefficients of a fractional objective function are in-

terval of the real numbers in this work is stated as follows:

Zz 12] 1[2]7 Zj] ij

7 = (2.1)
m L IR
Z Z_j:l [du’dzj]
subject to

Egn:lxijzai 2%1’ ,m

21 i = by, J=1..n

D iy @i = j=10j

x5 >0, Vi, j

L R

where[ c; } is an interval representing the uncertain

17’ ©j

form of 3.1 can be constructed as follows:

m n

-3

lljl

(k)
(@i — ;)
83:” X(0) +

(k)
~0)

(3.2)

9ij7>\ij S [0 1} Vi j

An initial basic feasible solutiox ©) = («{”,6{”, A\?)

cost and[dL dR] is an interval representing uncertain pref-is obtained with the North-West Corner Rule of the classi-

erence of route for the transportation problem. That is,

¢l cff dftare the lower and upper bounds for the unit
sh|pp|ng cost”and unit preferring routd;; to be trans-
ported from supply th to demand th, respectively.

3. Solving the Problem

Proposal 2.1

cal transportation problem or obtained by using the other
known methods for transportatlon problem Wh@fé,AE?)

are constan(O < 0 J<1,0< /\(.Q < 1)

fori=1,. =1,.
If problem 32 forX(k) = X(0> is solved, then the solu-

tion X2' = (z{}), 6%, A%")is obtained. And the objec-

tive function of 3.2 is rearranged for the new paot-!.
In other words, the fractional objective function of prob-

Since the problem 2.1 is a minimization problem in thelem 3.1 is again expanded to its first Taylor polynomial at

and

fractional objective function these given intervals, ¢/’ |

[df,dft] can be stated as follows:
= C -+ 9 ( Cle) 0 < 091'3'
j 1 . Grde
dej»dfﬂ = dL + )‘ij(dg - dLL]) 0 < Ay
,m;j = 1 ..,n GrindEQ,
he problem 2 1 may be restated as follows:

c <1 fori=

72 w]
1,.
[ <1 fori=

Z = Min Zz 1 ZJ 1 1] + 91]( C%)l‘jj
2ic ZJ 1 TR (dR d; )Iu
s.t
Z‘lexw = a; Z:]_”m
Zz 1 Zu_— bj, b_j =1,...,n (3.1)
1=1""7 j=1"7
255 >0, Vi, j
05, \ij € [0,1], Vi, j
ZZC{} +035(cl} )T
=1 j=1
L R L
0, Z dij + Aij (dzg - dij)xij > 0.

When the first Taylor polynomial for the objective function
of problem 3.1 about® = (2% ¢ A(k)) the last

1]77]’

the new pointX?2'!. The solution of problem 3.2 with re-
arranged objectrve function is closer to the optimal value.
In order to have a better solution, the solutions

k k k
(X0 = @00 A}, (k=0,1,2:3,..)
of problem 3.2 can be continued urtil; f), 91(;‘3 ,)\(k )=

(5D, gD AETD) A last obtained solution
(z

(k) e(k) )\(k)) is a solution of problem 2.1 [18].
Proposal’”]
Let us consider the problem 2.1 as follows:

m

MinZE = ZZCU,@U,Mle
=1 j=1
men C,L, —+ CR,
_ i T i
= ;;( )i,
MaxZy = Z dejmzj,Mang
i=1 j=1
_ ij iy,
= Z;;( )i
2%1%]'*@2' i=1,...m
I j= n ]
s.t. Z%ﬁl Yij =20 e GrindE
Dimy @i = Zj:l b Q
Zi5 >0, Vi, j
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In order to propose a solution to proble?, it is maxi-  respect to the North West Corner Rule. And the objective
mized of the sum of the linear membership functions offunction is:

Z& 7¢ ZL and Z$ under the constraints &? where, B

W(Z8), w(Z9), p(ZE) and w(ZS) are the membership 21 = (12010211 + (2 + 3012) 21

functions of 2%, &, z% and 2262 , respectively. By rear- +(0 + 3013)w13 + (1 + O91) 721
ranging problen??, we have +(3 4 022) a2 + (1 + 2023) 2320
Maz (u(Zf) + p(ZE) + p(2F) + n(Z5) A B 2o
. ‘ +(4 4 2X13)z13 + (5 + 2X21)
%»Zn:l Lij :gl Z :1]‘""’m To1 + (1+)\22)$22 + (5+2)\23)l‘23
H i=1 Tijg = Uy, J=1..,n H
Subjecttog=iz! ¥ GrindEQ _ i (2 )width=0.12in, height=0.19in, keepaspec-
zij 20,5, j tratio=false]imagel.eps
4. An Example

3 ) . ) width=0.12in, height=0.19in, keepaspectratio=falselimage2.eps
We consider a fractional interval transportation problem

with interval shipping costs and preferring routes, crisp
supplies and demands. The problem has the following frac-
tional transportation problem form: For the above solution; = 40 andz,; = 230 and the new
objective function is

After that, the objective function 3.5 is solved subject
to constraints ofP?, and the below solution is obtained:

611 = [1,3} 512 = [2, 5] 513 = [0,3] al; = 30

din = [3,4] di2 = | dis =
[375] [47 6] 11 = 07 T12 = 107 13 = 20; T21 = 207
= AR b o2 =0, 220 = 0,613 =0, 612 =0,
’ 1,2] 5, 7] 013 =0, 01 =0, 022 =0, 023 =0, 11 =0, A2 =1,
by = 20 by =10 bs = 20 Az =1, Aor =1, Aop =0, Ap3 =0.

For the above solution, = 40 andz, = 310and the
Since> ", a; = Y77, b;, the given problem is a bal- new objective function is:
anced transportation problem. Consequently, the objective function 3.6 is solved sub-
The given fractional transportation problem can be writ- ject to constraints of??, and the below solution is ob-
ten as the following interval fractional linear programming tained:

problem:
z11 = 0,712 = 10,213 = 20,221 = 20, x22 = 0,723 = 0,
([1, 3]3?11 + [2, 5].’]312 + [0, 3]$13
> +[1, 2].7321 + [3,4]5622 + [1, 3]3323)
Z=ming 03 4lers + [3,5)71a + [4, 61 011 =0, 012 =0, 613=0,
+[5, TJz21 + [1, 2]Ta2 + [5, T]x2s 021 =0, 022 =0, 623 =0,A11 =0, Az =1, Az =1,
s.t /\21:1, /\22:0, )\23:0,
r11 + 212 + 213 = 30 Since the solution is the same as the solution obtained from
To1 + T2 + 23 = 20 a previous step, the solution is the better solution of the
11 + w21 = 20

(3.3) given original problem.

T12 + T2z = 10 Now, If the same problem is solved respect to proposal
x13 + 32 = 20 ?7?, the given original problem is written as the following
T11, 12, T13, L21, T22, T23 2> 0. multiple objective transportation problem:

Using ?? and ??, the given interval fractional transporta-

- ’ Min ZE = 3211 + 5210 + 321
tion problem can be written as follows: ! - ' '

+2291 + 4292 + 323
011, 021,092, 023, A11, A2,

135 A21, A2z, Aoz € [0, 1] (3.4) Min ZC = 2211 4 3.5210 + 1.5213
Z11,%12, %13, T21, T22, T23 > 0. +1.5291 + 3.5x99 + 2703 3.7)
In order to achieve our goal, initial feasible solution values .
can be chosen as Maz Zy = 3x11 + 3x12 + 4213

711 = 20, 712 = 10, 713 =0, FOT21 A o 5

x21 = 0, 22 = 0, w23 = 20, c _
8117021702279237)\117 Mazw Z2 o 3'51.11 +4$12 +5‘T13

A12, A13, A21, Aoz, Agg =1 +691 + 1.5222 + 623
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z = min{

(1 4+2611)z11 + (24 3012)12 + (0 + 3013)x13 + (1 + O21) 21 + (3 + O22)x22 + (1 + 2623) w23

B3+ A1)z11 + (34 2X\12)x12 + (4 4+ 2 13)x13 + (5 + 2X21)w21 + (1 + Aa2)zaz + (5 4 2A23)x23

z11 + 212 + 213 = 30
To1 + X22 + x23 = 20

11 + 221 = 20
T12 + T22 = 10
13 + T32 = 20

Z®) = min 35 {70(z11) + 260(z12 — 10) — 160(z13 — 20) + 30(w21 — 20) + 650222 — 50723
+0.6011 + 6900(912) + 13800(0913) + 4600(921) + 0(922) + 0(923) (35)
—0(A11 — 1) — 800(A12 — 1) — 1600(A13) — 1600(A21) — 0Azz — 0(Xaz — 1)}

Z® = min 55 {190(z11) + 420(z12 — 10) — 240(z13 — 20) + 30(w21 — 20) + 890z22 + 110723
+0.011 + 1200(612) + 2400(613) + 800(621) + 0(622) + 0(623) (3.6)
—0(A11) — 800(A12 — 1) — 1600(A13 — 1) — 1600(A21 — 1) — 0A22 — 0(A23)}

Subject to

T11 + T12 + 213 = 30
To1 + T2 + w23 = 20

The solution of problem 3.10 is
r11 = O, 12 = 10, I13 = 207 21 = 20, T2 =
0, z23 = 0. Thus, the solution obtained with proposal 2.1

211 + 2oy = 20 is equal to the solution obtained with propo3al

T12 + oo = 10
T13 + T32 = 20
%11, %12, T13, T21, T22, T23 > 0.

(3.8) 5. Conclusion
In this paper, two solution procedures are proposed for the
interval fractional transportation problem. One of them is
based on Taylor series approximation [8,11], the other one

Maximum and minimization values of the objective func- is based on interval arithmetic [10]. Also an illustrative ex-
tions 3.7 under the constrains 3.8 a6® < Z{* < 170,95 < ample is given for explaining these approaches. The results

Z¢ < 115,160 < ZF < 210,195 < Z§ < 260. Using  obtained by these approaches are the same.
the fuzzy approach their membership functions are

1
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