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Abstract: This paper presents a fuzzy programming approach for gplinterval Multiobjective Solid Transportation Problem
(IMOSTP). In real world application, IMOSTP appears to bereneealistic than a conventional Solid Transportation Rnob(STP)
as available data is uncertain. In such a problem the salptiocess is very complex. By applying the order relationtenintervals, it
is first transformed into a crisp multiobjective solid trpogation problem. After determining the individual opsihsolution of each
objective, a fuzzy programming approach is constructedctoeae the Pareto optimal solution of IMOSTP. Finally, a muical
example is illustrated to demonstrate the feasibility ef pnesented solution procedure.

Keywords: Multiobjective programming, transportation problem,einal programming, Fuzzy programming, solid transpaotati
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1 Introduction

In the area of mathematical programming, Transportatiosblem (TP) is one of the well-known problems. The
common mathematical type of TP can be expressed in the foranLafiear Programming (LP) and can be efficiently
solved by applying different traditional mathematical gmamming methods. Practical procedures for solving TP
obtained from simplex algorithm were introduced in 1963 ankzig [1].

Many different methodsZ, 3] have been presented for solving TP. In TP, two types of caimt are investigated to be
source constraint and destination constraint. But in pralcapplications, besides these two constraints, we arieothe
third type of constraint, which is known as, transportationstraint or product type constraint. This third consirés a
different type of transportation modes (conveyances) saghrucks, cargo flights, goods trains, ships, etc. In this
position, TP converts Solid Transportation Problem (SBTP was introduced by Shelf][and Haley p] proposed the
MODI method to solve STP. Afterward, various authoBs7,8,9,10] have introduced various methods for solving STP
in crisp as well as in the uncertain environment.

In order to deal with uncertainty, fuzzy set theory has begtersively employed to illustrate vagueness and
impreciseness in a decision process. Fuzzy set theoryqudyipresented by Zadehq]. Furthermore, the theory of
interval numbers is suited to discuss vagueness and uimtgrtBesides, in most of the mathematical programming
problems, the objectives, constraints or the parameterdetermined on the basis of certain forecasting by expéitts w
their former practices. In such cases, each experimenteaadily illustrated with interval numbers.

The interval theory was first developed by Moofgl][and redefined by Moore inlP]. Ishibuchi and TanakalP]
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presented some order relation between intervals for spliviterval linear programming problems by converting those
into a crisp multiobjective programming problem. Many arth[14,15,16] considered another order relations between
intervals for solving LP.

In this paper, a fuzzy programming approach based on theytleédnterval numbers is employed to solve the IMOSTP.
In the first step, the considered interval multiobjectivedstransportation problem is converted into a crisp MOSTP.
Then the best and worst solutions of each objective funai@endetermined. In next step, the method based on fuzzy
programming tries to reach the better compromise solutibithvsimultaneously satisfied different objectives. Hinal
the results of recommended fuzzy approach are comparedheitbxisting fuzzy approaci §].

The rest of this paper is organized as follows. In section @ section 3, some preliminary data about interval
programming is presented and an IMOSTP is formulated in@edt Then a fuzzy programming approach in section 5 is
constructed for solving IMOSTP. Finally, a numerical exdmis given to illustrate the efficiency of the proposed
method in Section 6.

2 Preliminaries

In this section, we will give some basic definitions and cgrs@bout the theory of interval numbers and STP.

2.1 Interval Numbers

Definition 1. (Moore [11]) An interval number is a number whose exact value is unkndwha range within which the
value lies is known. Interval number is a number with bothdoand upper bounds X% [x,x where x< x.
The main arithmetic operations on interval numbers can Handd as follows.

Definition 2. (Moore [11]) Let
%= {lel} and X = {Xz,fz]

be two closed interval numbers. The following notationslasatisfied,

X1+% = X1+X27>71+>72}

X —%o = X1—>727>71—X2}
Xy * % = [min (xle,xp?z»GXz,Yp?z) ,maX(xle,xlEﬁXz,)?l@)]

K+% = Xl,ﬁ]

1
{fz, Xz]

When Xe [)5,)@ is an interval number, its absolute value is the maximume#gihsolute value of its endpoints:

IX| = max(‘g(

IX7).
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Definition 3. The center xand %y, of an interval number of X [)5,)@ ,

o3
L
MZEP_4

Itis easily verifiable thak = x¢ + X» and x= xc — Xy. Als0, Ishibuchi and Tanakd B] defined the following order relations
between intervals.

Definition 4. (Ishibuchi and Tanakal[3]) Let

%= [gﬂ and §— [yﬂ

are two closed interval numbers and then the order relatigr is defined as,

<

X|

X<ry <+ x<y and y
X<IRY < X <(rY and X#Yy.

Definition 5. (Ishibuchi and Tanakal4]) The order relation<cw between two interval numbers

%= [gﬂ and §— [yﬂ

is defined as,

X<cw¥ & xc <yc and xy < yw.

X<cwy e X<cw¥ and x#y.

The order relations<cy and < r never conflicts with each other. Similarly, Ishibuchi anahdka [13] introduced <{g
and<gy -

2.2 Solid transportation problem

Suppose that there anesourcesn destinations anticonveyances. The idea of the STP is to design a transparfato
so that the transportation cost is minimized. In order tcettgvthe interval programming model for the STP, the follogvi
concepts are satisfied,

i ={1,2,...,m} index of origins.

i ={1,2,...,n} index of destinations.

k=1{1,2,...,1} index of conveyances or different modes of transportation.

Xijk = amount ofk" type of commodity transported from tiif€ origin to jt" destination.

Cijx = the variable cost per unit amount K type of commodity transported from thi@ origin to jt" destination
which is independent of the amount of the commodity transabor

a the total quantity ok type of commaodity received bjf" destination from all the sources.

b; the total quantity ok type of commaodity available at tH¥ origin to be supplied to all destinations.
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& the total quantity of all types of commaodities to be suppfien it" origin to bej" destination.

In fact, in a transportation problem, the total amount tpamted from origini is no more tharg. Thus, the first

constraint can be formulated as
n |
> D xk<ai=12..m
=1lk=1

Also, the total amount transported framorigins should satisfy the demand of destinatjohen the second constraint

can be formulated as |
m
Z‘lejk Z b]7J = 1525"'7n
i=1K=1

Furthermore, the total amount transported by convey&rniseno more than its transportation capacity. Thus, the last

constraints can be given as
m

n
Xik < e,k=12,..,1.
PR

Then, the mathematical model of a STP can be formulated sl

m n |

zzzcljkxijk)
§ IZ K<a,i=12.
j=1k=1
m |
2,2

(1)
ot Xk >bj, j=1,2,..

n
_le Xijk < &, k=1,2,....1

Xijk = 0, Vijk.

In problem (1), we need to minimize the total cost of tran&gton. We assume that the unit costs, the capacity of each
origin, destination and conveyance are all constant andtdeu;j., a;, bj, &

3 Interval solid transportation problem

In practical applications, transportation cost, supplisstinations and conveyances of a transportation plandsrtain

as it depends on various factors such as efficiency of trategjm modes, etc. Thus, in such conditions, DM is not sure
to make a decision about the transportation plan. Thergfopgoblem (1), we assume that all coefficients of probleen ar
independent interval variables. Hence, IMOSTP can be ftated as follows,

m |
<Z > Cijkxijk>
i=1j=1k=1

:,
Jf

§ IZX,]k<a i=12,.
H

st. X”k>b“]712

Xijk<a(k 12 |

m
2
lek > O,Vljkv
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wherecjy, §; 5,—,@ are interval coefficients of a STP denotedcg§ [ Uk,Cle

& = [e, &l , respectively.

4 Interval multi objective solid transportation problem

Employing the above assumptions for the STP, the multidlvmodel of STP with interval numbers is formulated as

follows,
_ m n |
minZ* = z I]kXijk
m n |
minZZ = CZJkXijk
i=1j=1k=1
m n | (3)
minZP = Zz Z |kauk>
n |
Z ZX,Jk<a. i=12,..m
N
st.d 2 Z)“Jk>b1’1_12

m n
szm<@k 1,2,...1

i=1j=1

Xijk Z Oavljk

Hossein et al.19 recommended a solution process to optimize the intervéiotjective programming problems. The
method converted an interval linear programming method inio equivalent models for its lower bound and upper
bound. Thus, they get different optimal solutions for eabfective function. Therefore, this paper formulates a juzz
programming based on interval arithmetic to optimize thterwal multiobjective solid transportation problems,
simultaneously. By using the order relatigfk- on the interval numbers, the supply and the conveyance reamst of

the a STP can be constructed as,

S
£
IN
)
I\)
3

(4)

=]
o
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7]
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=
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By using the order relatios | , the demand constraint can be constructed as,

m |
ZZ Jk>bJ,J—12

m? (6)
ZZ C,Jflz

If the objective is to minimiz&" (x), (r = 1,2,..., p) the solution of model (3) can be found as the set of efficietitog
solutions of the following programming problem subjecttipgly, demand and conveyance constraints:

min(Z& (x),Z" (x)), (r=1,2,...,p) 7)

where,Z" (x) is the upper bound of objective function with interval numsbandZ(- (X) is its center of objective function
with interval numbers.

If the original objective is to maximiz&" (x),(r =1,2,...,p) the solution of model (3) can be found as the set of
efficient solutions of the following objective problem:

maX(Zr (%) aZ(I:? (x),(r=1,2,..,p) (8)

where Z" (x) is the upper bound of interval objective function affdx) is its center.
The construction method, the objective function of IMOSBPié transformed into deterministic objective functions.

Then, each objective function optimizes subject to coimgga&et as a single programming problem, individually.He t
other words, for each objective function of IMOSTP (3), thage of objective functions are generated as

ZrOPt [ Opt( ) Zopt( )} 7(r:1727"'ap)'

Definition 6. The function Z R" — I, | € R is called a closed and bounded interval function on thef defined as

L ilkIZ it ii Izl _ir“‘x”"]

3

where |
m n
ZZ Z UkX'Jk and Zz Z Cljkxijk
I= J: k=1

are the lower limit and the upper limit of interval respeety. Then, we have for all;x € X, (X is the feasible region of

m n | m n | _
ZIZ > Sk < ZIZ > GiXik: (r=1,2,...,p).
iS1iSéE Sl

Definition 7. A transportation plan %< X is a Pareto optimal solution of interval problem, if and piflthere is no other
x € X such that

problem)

3

i Z eirjk)(ijk < Z Z Z CIJkXIOJk

i=1=1Kk=1 i=1j=1k=1
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forall (r=1,2,...,p.) and

m n

0
GijkXijk = Gl Xk
PPLEEIPPLE
foratleastr=1,2,...,p.
5 A Fuzzy programming for IMOSTP

Now, consider the'h objective function of IMOSTP (3) and then, if objective of WS TP (3) is a maximization problem,
its membership function using the previous range of optioégctive functions can be determined as follows:

17 Zr (X) > Z(gpt
H(x) = Z'(X) - Zopt 5t - ©)
T oo Z' (X) < Zyy

where the increasing @ (x) will increase the membership degre&Xx).

In the same way, for minimization type objective, the mermshigr function can be determined as follows:

17 Z_r (X) SZ(r)pt
) =9 Zb,—Z"(x) _, S (10)

r r s Zopt
Zopt _Zopt

where the decreasing &f (x) will increase the membership degref&(x).

After determined the membership function (10), IMOSTP &jransformed to the single interval solid transportation
problem as follows:

max{pt, p,...,uP}
' <1,(r=1,2,..,p)

n |

sz”k<a,|_12

j=1k=1
|

M= )

Xijk < (&)c,i=1,2,...,m
j=1k=1

m |

X”kzp'aj:]-aza"'vnv
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wherey", (r =1,2,..., p) are interval functions.

This problem is further transformed into the following ecalent form:

k
maxZLur
r=

p<1,(r=1.2,..,p)
n |
D Xk <q,i=12..m,
j=1k=1
n |
Z lek S (ai)C7| - 1525 7m
j=1k=1
m |
Z Xijk ZDJ’J = 1727 N, (12)
st. I=1k=L
m | "
inij(bj)c7171;2; ,N
i=1k=1
m n
Zx,-jkgéﬂ,k_l,z, A,
i=1j=1
m n
injkg(ér()(yk:l727 al
i=1j=1
Xk > 0,¥ijk

Here, the objective function of the above model is convetddtie single objective function using simple weighted sum
k
function ¥ wu" w € [0,1].
r=1

Definition 8.(Dalman et. al. P]) Assume that the constraint set of a fuzzy programming @@ is X. Ax2 € X is an
efficient to the fuzzy problem (12) if there does not exigrathlution xe X such tha" (x) > u" (o) and* (x) > X (xo)
at least one k

6 A Numerical example

In order to show the applications of the models, we apply therval transportation model to a multiobjective coal
transportation problem and give an optimal transportgtiam. For the convenience of description, we summarize the
problem as follows. Suppose that there are two coal minesupplg the coal for three cities, and two kinds of
conveyances are available to be determined i.e. train angbcship. Here, the decision maker should make a
transportation plan for the next month such that the trariapon cost minimized, simultaneously. To illustrate the
recommended solution procedures for an MOSTP, let us centid following data;

Interval transportation cost for 1.st objectivg = [giljk,cﬁljk} ;

—(111)1 9(111)2 9(112)1 13/2 10 5 56111)1 56111)2 56112)1 10 14 10
o |ehenen| | 7 o1t 8 | 4 |&hEndn| |11 15 13
| G S 90 212132 &) &), G| (14 14 172
) (1) (1 1) ) 1
e 9(23)1 9(23)2 712 15 &3, 6623)1 6623)2 11332 17
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Interval transportation cost for 2.st objectifg = {gizjk,eizjk} ;

2) (2) 2 2) 42) 2
] [192 12 w32 [Shehel] [meme n
2 — 9(12)2 9(13)1 9(13)2 _|13/221/227/2 & = 6€12)2 Eél?:)l 661:22 _ | 10 12 14
Sk=| 2 @ @ |= CGik= |42 42 2 | = ;
J 9(21)1 9(21)2 C(22)l 12 15 8 : 6621)1 6621)2 6622)1 13 19 13

2 (2 (2 2 2] 2
C52) Comy oo 10 13 272 G5 G Comp | | 27/2 17 312

The following notationsy’; BJ- andé for eachi=1,2,..mj=1,2..n; k=12 .1 are used to express the interval
supply capacities, the interval demands, and the interaasportation capacities, respectively.

45 . ;
&= [?,ZH, 8, =[30,36) — intervalparametersofsupplies
~ 41, -~ 37 47, - 27 39 :
b; =[15—], b, =[—=,—=], bs=[=,—=] — intervalparametersofdemands
2 2’2 2’2
~ 95 ~ 115 : : .
& = [?,52], & =[52, 7] — interval parameterso ftransportationcapacities

Appliying the above information, the IMOSTP can be formatiaas follows:

L 2 3 2
minZ*(x) = cho G X
izljzlkzl[”k Ijk:| ij
- 2 3 2
minZ=(x) = [injkaeizjk]xijk
i=1]=1k=1
3 2 45 .
lekg~1:[7727]5(J:15253)a(k:152)
j=1k=1
3 2
Y Xoik < & = (30,36, (j =1,2,3),(k=1,2),
j=1k=1
2 2 . a1
Xiik > b1 =[15—=], (i=1,2),(k=1,2)
2,2 2 (13)
2 2 ~ 37 47
Xiok > =[—=, =], (i=12),(k=1,2)
st. iZ\kle 22
2 2 . 27 39
> 3 xazb=[5.510=12.(k=12
i=1K=1
2 3 5

.9 . .
Zl X1 <& =[=52,(1=12),(j=123
=1j=

2 3

. 115 . .
Z Xij2§€2:[52,7],(|:1,2),(1:1,2,3)
=1]

Xijk >0,i=1,2,j=123k=12
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According to minimization type (7), the above problem tfansied into the following equivalent deterministic MOSTP
as follows,

N
N

3
minZ') =5 5 S e,
=]
m|nZC( )= K K ks
|Z\jzlkl< 2 .
. 2 3 2
minZ=(x) =% % > X
i=1j=1k=1
2 3 2 [ 42
in72 =ik ijk
minZg(x) = " X
i= jzlkl< 2 ) .
3 2 3 3 2
> X <ap =27, Y Xijk < 8ic = 99/2
I=1k=1 j=1k=1
3 2 3 2
Xojk < @ = 36, Xojk < doc = 33,
lekzl lekzl (24)
2 2 2 2 .
Z Xitk > by = 15, Xitk > bic = 71/2,
i=1K=1 i=1K=1
2 2 2 2 .
Xiok > by, = 37/2, Xiok > boc = 42/2,
st i;k; i= kZl
2 2 2 2 .
Xizk > b3 = 27/2, Xizk > bac = 33,
i;k:l Z\Z
2 3 3
ij1 < e =52 1<&c= 99/2
2" ZZ
2 3
Z Xij2 < & = 115/2, lex.,2<ech219/2
i=1j=1
Xijk = 0,i=12,j=123,k=12.

Solving minZé; minzZ*; minZ? andminZ% problems as a single programming problem and then the optéwalts in the
first step are determined as nfh= 4684375; mirz" = 60375 and mirz2 = 609.4375; minZ2 = 677,

Thus, the range of interval objective values in the origpralblem are calculates as an}‘bt = [468437560375 and
minzgpt = [609.4375677. According to minimization type of the membership functidreach objective function can
be determined as follows,

1, 7' (x) < 468.4375
1
H(X) =1 603.75-71(x)
: 468.4375< 71
603.75- 468.4375 =2 ()
and
1, Z?(x) < 609.437
2
pe(x) = _z2
6TT=2°) _  6o9.4375< 22 (x).

677—609.4375

(© 2016 BISKA Bilisim Technology
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The problem based on the model (11) is transformed into @maklinear programming problem as follows,

2 3 2
603. 75—|le2 Z { ijko Ijk:|XIJk 677— Z Z Z { ijk> Ijk:|XIJk
max 603.75-468.4375 5776004375
603. 75—|le§ Z |:—Ijk’ Ijki| ijk
k= <1
603.75-468.4375 =7
2 3 2
677-% 3 % [injkvéi?jk]xijk
i=1j=1k=1
<1,
677—609.4375 -
3 2 3 2
X1jk < ap = 27, X1jk < @ic = 99/2
J:lkZl jZlkZl
3 2 3 2
Xojk < @ = 36, Xojk < 8pc = 33
J:lk; j;k; (15)
2 2 2 2 N
st. Xk > by =15, Xik > bic =71/2,
i;k; is k;
2 2 2 2 3
Z Xiok > b, =37/2, Xiok > boc = 42/2
S ==
2 2 2 2 N
Xiak > by = 27/2, Xi3k > bsc =33
i;k; is kzl
2 3 2 3
Xj1 < € =52 Xij1 =199/2,
;j; 2,2,
2 3 3
—115/2, Xij2 < & = 219/2.
i= JZ lel
Xij>0,i=12,]=123,k=12

Then, this problem is transformed to the following crisgekin programming problem based on model (12) and model (8).

2 3 2 b+
60375-5 3 3 C.,k&,k 603.75- Z Z Z ) X

i=1j= n i=1j=1k=1
max 603. 7& 468 4375 603.75—-468.4375
2 3 2 _ﬁk+62
677— Z Z Z Cljkxljk 603‘7&_2 Z Z ( )lek
4 i=1j=1k= 4 i=1j=1k=1
677—609.4375 603.75-468.4375
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st.

2 3 2
603.75- 3 3 ¥ Eiljkxijk
i=1j=1k=1

<1,
603. 75— 468 4375

1,
603.75- Z Z > (M)Xijk
i=1j=1k=1

<1
603.75-468.4375 -7
2 3 2
677— 3% 3 ¥ CiXijk
i=1j=1k=1
<1,
677—609.4375 —
2 3 2 /2.2
603.75-5 5 ¥ (‘—”kgc”k>xijk
iZ1j=1k=1 <1

603.75-468.4375 -7

3 2 3 2
X1k < a1 = 27, X1k < 81c =99/2,
2.2 1k < ap Jzkzl 1jk < dic /
3 2 _ 3 2 (16)
Xoik < ap = 36, < 8y =33
J:lkzl A= lekzl *
2 2 2 2 5
Z > X > by =15, > Xk > bic =71/2,
== ==
2 2
k> b, =37/2, >b =42/2
i;kzl)q > b, / lexuzk 2C /
2 2
k> by =27/2 Xi >b 33
$Ememeama f fracte-
2 3
szijl§§1:52, lexuléelc—199/2,
== ==
2 3
) %i2

)< &=115/2, Zz Xij2 < & = 219/2.
1

Xijk >0,i=212,j=123.,k=1,2

Applying the weighted sum method, this equivalent modellbareasily solved by Maple 18 optimization toolbox and
then, the following results are obtained;

X111 X112 X121 8250 O
X = X122 %131 %432 | _ | O 0165

X911 X212 X921 950 21

X222 X231 X232 000

The optimal ranges of each objective function in the IMOST® @determined as mZ’@ﬁpt = [407.625 608500 and

minZ3,, = [583125730625.

There are several effective fuzzy methods for solving rabjéctive programming problems. By using fuzzy method of

(© 2016 BISKA Bilisim Technology
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paper [18], the results are as:

X111 X112 X121 47140 O

g — | M122%00 032 | 3536 0 165 |
Xo11 X719 o1 13.036 0 17464
X322 %231 X232 0 0 0

Moreover, The optimal ranges of each objective function & fallows; minZ%pt = [418232631482 and
minZ3,, = [586.661, 721786

Hence, the above results mean that the presented soluttmedures can be considered as an efficient approach for
solving problems of this type.

7 Conclusions

In this paper, a fuzzy programming approach presented feingpinterval Multiobjective Solid Transportation Preioh
(IMOSTP). Usually, the decision maker encounters inadegirgormation to define a precise value in a practical
application. In this case, the decision maker has to estith&ise inadequate values. And also, the uncertainty ofaite
numbers is a strong characteristic for expressing of té&abystems and provide a powerful structure for represgnti
the system’s information as interval numbers, in place @pcnumbers. Also, this structure presents flexibility in
expressing the uncertain systems. To reduce the compglexatiising from uncertainty, the order relation between
intervals is applied and therefore the multiobjective nidmiesed on the interval numbers is transformed to the crisp
multiobjective programming problem. Then maximizing themsof membership functions associated with different
interval objectives, single objective programming problebtained. Thus it is solved easily by Maple 18 optimization
toolbox. So the efficiency of the presented procedures igguko

Competing interests

The authors declare that they have no competing interests.

Authors’ contributions

All authors have contributed to all parts of the article. &lithors read and approved the final manuscript.

References

[1] G.B. Dantzig (1963), Linear Programming and Extensidrinceton University Press, Princeton Jersey.

[2] Charnes A., and Cooper W. W. (1954). The stepping stortbadeof explaining linear programming calculations in spartation
problems. Management Science, 1(1), 49-69.

[3] Dalman H., Kogken, H. G., and Sivri, M. (2013). A soloti proposal to indefinite quadratic interval transportapooblem. New
Trends in Mathematical Sciences, 1(2), 07-12.

[4] Shell E. (1955). Distribution of a product by several pecties, Directorate of Management Analysis. In Procegsiof the Second
Symposium in Linear Programming (Vol. 2, pp. 615-642).

(© 2016 BISKA Bilisim Technology


www.ntmsci.com

(_/
127 BISKA H. Dalman: A Fuzzy programming approach for interval mijéstive solid transportation problem

[5] Haley K. B. (1962). New methods in mathematical prograng¥ilhe solid transportation problem. Operations Res$edr@(4),
448-463.
[6] Jimenez F., and Verdegay J. L. (1998). Uncertain soidgportation problems. Fuzzy Sets and Systems, 100(BH7 45-
[7]1Li Y., Ida K., and Gen M. (1997). Improved genetic alghrit for solving multiobjective solid transportation profmlevith fuzzy
numbers. Computers and industrial engineering, 33(3);589
[B] LiY., Ida, K., Gen M., and Kobuchi R. (1997). Neural netsk@pproach for multicriteria solid transportation prableComputers
and industrial engineering, 33(3), 465-468.
[9] Dalman H., Glizel N., and Sivri M. (2016). A Fuzzy Set-bdspproach to multi-objective multi-item solid transptidin problem
under uncertainty, Int. J. Fuzzy Syst. 18(4), 716-729.1d0i:007/s40815-015-0081-9
[10] Dalman H. (2016). Uncertain programming model for ritém solid transportation problem. International Jairof Machine
Learning and Cybernetics. doi:10.1007/s13042-016-0538-
[11] Moore R. E. (1966). Interval analysis, vol. 2. Englewddliffs: Prentice-Hall.
[12] Moore R. E., and Fritz B.(1979) Methods and applicatiofiinterval analysis. Vol. 2. Philadelphia: Siam.
[13] Ishibuchi H., and Tanaka H. (1990). Multiobjective gramming in optimization of the interval objective functioEuropean
journal of operational research, 48(2), 219-225.
[14] Chanas S., and Kuchta D. (1996). Multiobjective progmsing in optimization of interval objective functions a gealized
approach. European Journal of Operational Research,, B9&)598.
[15] Oliveira C., and Antunes C. H. (2007). Multiple objeetilinear programming models with interval coefficientsfarstrated
overview. European Journal of Operational Research, }81434-1463.
[16] Oliveira C., and Antunes C. H. (2009). An interactive thradl of tackling uncertainty in interval multiple objeaiMinear
programming. Journal of Mathematical Sciences, 161(6);&%.
[17] Zadeh L. A. (1965). Fuzzy sets. Information and contg¢s), 338-353.
[18] EI-Wahed, W. F. A., and Lee, S. M. (2006). InteractiveZy goal programming for multi-objective transportatiomldems.
Omega, 34(2), 158-166.
[19] Hossein RHS., Akrami H and Sadat HS. (2012). A multiemtive programming approach to solve grey linear programrGrey
Systems: Theory and Application, 2(2), 259-271.

(© 2016 BISKA Bilisim Technology



	Introduction
	Preliminaries
	Interval solid transportation problem
	Interval multi objective solid transportation problem
	A Fuzzy programming for IMOSTP
	A Numerical example
	Conclusions

