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ABSTRACT

In this paper, a solution procedure has been given for the
Chance Constrained Programming Models For Multi-Objective
Interval Solid Transportation ~ Problem under stochastic
environment (MOISTP) where the cost coefficients of the
objective functions, the source availability, destination demand
and conveyance capacities have been taken as stochastic
intervals by the decision makers. The problem has been
transformed into a classical multi-objective transportation
problem where the multiple objective functions are minimized
by using fuzzy programming approach. Numerical examples are
provided to illustrate the approach
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1. NTRODUCTION

As a generalization of traditional Transportation Problem, the
Solid Transportation Problem (STP) was stated by Shell [4] in
1955, which he considered the three item properties in the
constraint set instead of two items namely source and
destination. He also suggested the situations where the STP
would arise, and four cases of STP were discussed according to
the data given on the item properties and developed its solution
procedure. Basu et al. [5] developed an algorithm for finding
the optimum solution for the solid fixed charge linear
transportation problem. Although STP was forgotten for long
time, because of existing advanced solution methodologies,
recently it is receiving the attention of many researchers of this
field. Models and algorithms have been developed by many
authors [6, 12, 15-19].

In literature, it was found that various effective algorithms were
developed for solving transportation problems with the
assumption that the coefficients of the objective function, source
availability, destination demand and conveyance capacities are
specified in a crisp manner. However, these conditions may not
be satisfied always. Since in the present situation, the unit
transportation costs are rarely constant. To deal the problems
with ambiguous coefficients in mathematical programming,
inexact and interval programming techniques have been
developed by many authors [13, 14, 26, 27].

The STP in uncertain environment becomes
important branch of optimization and a lot of
models and algorithms have been presented for
different problems by different authors [2,19].
A.Nagarajan and K.Jeyaraman developed a
model for solid fixed cost bi-criterion indefinite
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quadratic transportation problem, Expected value
goal programming model and Chance constrained
goal programming model for multi-objective
interval solid transportation problem under
stochastic environment [23, 24, 25]. S.K.Das et
al. [11], developed the theory and methodology
for multi-objective transportation problem with
interval cost, source and destination parameters.
Expected value of fuzzy variable and fuzzy
expected value models presented by Baoding Liu
and Yian-Kui Liu [7].

The fuzzy set theory concept was first introduced
by Zadeh [28]. Linear programming problems with several
objective functions was solved by using fuzzy membership
functions by Zimmerman [29] and he showed that the
results obtained from fuzzy are always efficient. A special
type of non-linear membership function was used for the
vector maximum linear programming problem [21].

In this paper, the idea of stochastic environment has
been employed for MOISTP and a method has been
proposed to solve the MOISTP. Using chance constrained
programming of random variables, we have constructed an
equivalent crisp model to the given MOISTP. To obtain the
solution of this equivalent problem, we have used fuzzy
programming approach. In order to illustrate the proposed
method, numerical examples are provided.

This paper is organized as follows. In Section 2, the
basic idea of MOISTP has been given. In Section 3,
formulation of crisp objective function and related
definitions have been given. The formulation of crisp
constraint and Chance Constrained Programming Problem
[CCPM] have been given in the section-4 and section-5
respectively. Crisp equivalent, fuzzy programming
approach and different cases of CCPM for MOISTP along
with numerical example is given in Section-6, 7 and 8.

2.MULTI-OBJECTIVE TERVAL
SOLID TRANSPORTATION
PROBLEM (MOISTP)

The MOISTP is a generalization of the multi-objective
solid transportation problem in which input data are
expressed as stochastic variables as well as stochastic
intervals instead of point values. These types of problems
arise only when uncertainty occurs in data. The decision
makers consider it as more convenient to express it as
intervals which can be stated as follows.
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Problem-1 :
Minimize
m n |
:Z Z Z [C Lijk ’Clek]X'Jk
i=1  j=1 k=1
p =1, 2, 3..P
()
subject to
n |
z Z X =[a.ag;],
j=1 k=1
i=1,2,3,...,m. (2)
m |
Z Xijk:[bLjvaj]v
i=1 k=l

i=1,2,3,..n. (3

Xij = [€ 1y gy 1.

1
5N

M=
b=

k=1,2,3, ... I (4) with
m n m n
Z aLiEZ bLj*Z aRiEZ bgj
=1 j-1 i-1 j-1
| n | n
> e =D, by, Y ep =Y, bg
k=1 j-1 k=1 i=

(non-balanced condition is always assumed) (5).
Where [c Eijk , cgijk] forp=1,2,3,.,Pare

intervals representing the uncertain cost for the
transportation problem; it can represent delivery
time, quantity of goods delivered, under used
capacity, etc. The source parameter lies between

left limit a; and right limit ag;, similarly,
destination parameter lies between left limit b ;
and right limit bRJ- and conveyance parameter

lies between left limite |, and right limit e g .

3. FORMULATION OF THE
CRISP OBJECTIVE FUNCTION
[1, 3]

In this section, the formulation of original
interval objective function has been made as a
crisp one.

Definition 3.1 x” € Sisan optimal solution of
the problem-1 iff there is no other solution x € S
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which satisfies Z(x) < g Z(xo) or Z(x) <cw
zx°).

Theorem 3.1 It can be proved that

A <gc Biff A<z Bor A < B A
<gpc Biff A< gB or A<,, B (6)
where the order relation <. is defined as A

<gc Biff ag <bgand ac<b,

A<pcBiff A <pc B and A # B.

Using the theorem 3.1, Definition 3.1 is
simplified as follows.

Definition 3.2 x° € S is an optimal solution of
the Problem-1 iff there is no other solution x € S

which satisfies Z(x) <gc Z(x 0 ).

The right limit Z; (x) of the interval
objective function in problem-I is arrived as

m n |
Zg ) :Z Z Z CCle Xijk +
i=1  j=1 k=1
m n |
Z z Z CVF\)Iijk ‘Xijk‘ (7
i=1  j=1 k=1

where cgijk is the centre and CV?/ijk is the half
width of the coefficient of X in Z P In the case
when x>0, i=1,2,3,...,m, j=1,2,3,..,n,
k=1,2,3,...,1, Z ; (x) is modified as:

m n |
Zg(X): Z z Z CCIjk Xije +

i1 =1 k-l
|

m n
Z Z CWuk Xijk.

i=1  j=1 k=l
)
The centre of the objective function
ZCp (x) for the Problem-I can be defined as

n |
220=Y, D el ©)
j=1 k=1

The solution set of the Problem-1  defined
by Definition 3.2 is also obtained as the Pareto
optimal solution of the two multi-objective
problem as:
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Minimize { Z%, Z&}, p=1,2 3,..P,
subject to the constraints (2) — (5)  respectively
where Zs (x) and ZCp (x) are as stated as in
equations (8) and (9).

4. FORMULATION OF THE
CRISP CONSTRAINT

By using the theory of interval arithmetic
[3, 23], the Problem-l is converted into its
equivalent formas is as follows .

Problem -11: Minimize

m n |
z* :Z Z Z [ Py + © P I Yo
i1 1 kL
p=1,23,.,P (10)
subject to
n |
D> x> ay,i=12 3.m (D)

—
Il
5N
=~
- 1
5N

Xik S agi, 1 =1, 2, 3,...m. (12)

'MB I
IR

- =

i

1
AN
=~

Xg=byj, j = 1,2 3 ., n (13)

|
5N

Xk < bgj §=1,2,3,.., n. (14)

=
1
[iN

Xijk Z €1k k =1, 29 39“'5 1. (15)

—
1
5N

M= = 1bs
M- b=

XiijeRk,k=1,2,3,...,l. (16)

|l
5N
—
1]
5N

Xij>0, foralli, j, k.
The problem proposed in this paper is

concerned, the values of the parameters cgijk ,

p -
Cwijk » &L @i Dy, brj, €y andeg, arein

the form of stochastic variables that follow
certain probability distributions. Now the
MOISTP in certain environment becomes a
stochastic and hence the transportation model
becomes a stochastic interval one. In this
situation, it is difficult to handle the problem by
certain known methods, and hence the
probability theory has been employed to solve the
problems with randomness. To satisfy the
requirements of randomness, different types of
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stochastic programming models have been
developed to suit the different purposes. Here we
use the chance constrained programming
developed by Charnes and Cooper [9] as a means
of handling uncertainty by specifying a
confidence level at which the stochastic
constraints are desirable. Then Liu [22]
generalized a chance constrained programming
for stochastic constraints and stochastic
objectives. Usually there exists multiple events in
a complex stochastic decision system and the
decision makers wish to maximize the chance
functions.

5. CHANCE CONSTRAINED
PROGRAMMING MODEL

[CCPM]

The most popular technique is a
Chance Constrained Programming (CCP)
developed by Charnes and Cooper [8, 10], offers
a powerful means of modeling  stochastic
decision systems with the assumption that the
stochastic constraints holds at least ‘& * of
time, where ‘& ’ is referred as the confidence
level provided as an appropriate safety margin
by the decision maker. The main idea of chance
constrained programming is to optimize the
critical value of the objective function under the
probability constraints.

Definition 5.1 Let é’ > be a random variable,
and & € (0, 1]. Then

Em(a)=inf{r|Pr{ & <r}>a}is
called @ -critical value of & [22].

The CCPM for the Problem-Il to seek a
suitable transportation plan is as follows.

Problem -I11: minimize
m n |
zP = Z Z Z [CEijk’cgijk]Xiik'
i=1  j=1 k=1
subject to:

n |
PEY. Y xg a2 a1,
k=1

j=

n |
Pr{z Z Xijk S aRi } Z o Ri (18),
j=1 k=1
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m |
PF{Z Z xk=by }= By (9)
i1 k-l

Pr{z Z Xk < by } 2 Bri (20),
i=1

=~
1]
[N

m n

Pr{z Z Xik Z ey ¥ = Yuw (1),
i1 j1
m n

P, X = em 3= Ve (22,
i1 j1

where Xj >0, fori=1,2,3,...m, j=1,2,3,..,
n, k=1,2,3,...,1 andp=1,2,3,...,P.

The models developed in the previous
sections are constructed under stochastic
environment. In order to find the suitable
solution for the models, critical value or
credibility measure must be calculated. If the
stochastic parameters are complex, the computing
objective values subject to the  constraints
becomes a time consuming one. Due to this, it is
better to convert the models into their crisp
equivalents by using the appropriate probability
levels defined by the decision makers.

6. CRISP EQUIVALENTS OF
THE CCPM FOR MOISTP

Theorem 6.1 Suppose that ‘f’ is a random
variable with continuous probability distribution
function ¢(x), and the function

gx, &) =he)- &
Then for any & € (0, 1], we have Pr{
agx, &) <0} > « ifandonlyifh(x) < F,,
where F,=sup {F|F= @1 @)} [1].
Theorem 6.2 Suppose that ‘f’ is a random

variable with continuous probability distribution
function ¢ (x), and the function

gx &) = he- &

Then for any & € (0, 1], it becomes
Pr{g(x, £ ) >0} = « ifand only ifh(x)>F,
,where F,=inf{F|F=¢%a)}

Theorem 6.3 Let £’ be a random variable

with continuous, strictly increasing probability
distribution function @ (x). The « - critical

valueof £ is & )= @Y ax).
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Theorem 6.4 Let “& * be a normally distributed
random variable with §~N(u, 0 ?). Then
« - critical value of & isé () = O @
Ya) + M, where ¢(x) is the probability

distribution function of standard normal
distribution N(0, 1).

By using the above theorems, the crisp
equivalent of the Problem —III is obtained as
follows:

Suppose that cgijk , c\Ap,ijk are independent

normally distributed random variables defined

p 2 p
asCpha ~ N , O , Cyiae ~ N
Cijk (,u Cgijk Cgijk) Wijk

2

(4 Caijic GC\Bijk)and i Agio Dy Dgjs
e, and eg, are random variables with
continuous probability distribution functions
P ® Do By X Py

@ o, (0 and @ . (x), respectively, where i=

1,2,3,...m, j=1,2,3,...n, k=1,2,3, ....L
Then the Problem -IlIl is converted into its
equivalent model as follows:

Problem -1V minimize

m n
po_ p P
" = Z Z € ijk » € Rijic ] Xk »

|
Z Xijk 2 th Li (23),

n
>
j=
n
z Xij < Fo o, (24),
i1
m
)3
i=1

Xip=Fp L (25),
k=1
m |
> X < Py (26),
i=1 k=1
m n
Z Z Xijk > Fy Lk (27),
i=1 j=1
m n
DIRD IR 8)

|l
5N
[u—
1
1N

where Xiij 0, fori=1,2,3,...,m, j= 1,2,3,...,
n, k=1,2,3,...,1 andp=1,2,3,...,P.
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-1
Fo = iNf{FIF=¢ , (X )}

Fug =SUp{F|F= ¢ ;;(1- A ri)}

Fpy = INfF{FIF= ¢, (B},

Fog= SUP{FIF= ¢, (-fr)},

Fry = INFAFIF=¢ .0 (yu)} and
Frae = SUP{FIF=¢ . (-7r)}

The crisp equivalents of six probability
constraints in the above model can be obtained
by using the theorems defined earlier. Generally
six kinds of probability constraints in Problem-
IV are transformed into their crisp equivalents.
But, if the probability distribution functions

¢ a; ) ¢ 0 ¢ b, ) ¢ bey (0
¢, 0 and @ (x) are complex, it is

difficult to do so and hence, the following
random simulation has been used to obtain the

approximate values of F, U Fq Ri Fp K Fg Ri
F, K and FyRk,for i=1,2,3,.,m,j=1,2,3,.,n
andk=1,2,3,..,1

Compute  F, . (or Fg rj OF Fyre) DY
random simulation.

Step 1. Generate the numbers n,, n,,
Nj,..., Ny according to the probability

distribution function or ¢ , (x) (or ¢ by X
! ]

or @ (x).

Step 2. Let F, Ri (or Fg R O F, Rk) be the
N’th largest number in{fny,n,,
Nj,...,ny }, where N’ = [ N] + 1(or [ /«N]
+lor[ giN]+lor[ ¥ reN]+1
or [ B gyN] +1).

Step 3. Return  F, (or Fg rj O

Ri
Frre):

Compute FaLi (or FBLj or FVLk) by

random simulation.
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Step 1. Generate the numbers n,, n,,
Ns,..., ny according to the probability

distribution function  (or ¢ an; x) ( or
@ gy ) org . (x).
Step 2. Let F, L (or Fy T orF, Lk) be

the N’th smallest number in{ ng, Ny, NayNy }
where N'=[ # N] +1(or [@ iN] +1 or [ ¥ N]
+10I’[,3|_]-N]+1).

Step 3. Return F, . (orFﬁLj orF, ).

After finding the crisp equivalent of the
models developed earlier the following steps are
used to calculate the minimum value of ‘P’
objective functions in each of the model as
follows:

7. FUZzY PROGRAMMING
APPROACH FOR THE
SOLUTION OF MOISTP

The CCPM for MOISTP can be considered as a

vector minimum problem. The first step to solve
the problem is to assign, for each objective, two

values U and L " as upper and lower bounds,

respectively, for the p-th objective, where U Pis
the highest acceptable level for achievement for

the p-th objective, L Pis the aspired level of
achievement for the p-th objective and d =

UP-LPis the degradation allowance for the p-
th objective. Once the aspiration levels and
degradation allowance for each objective have
been specified, we have formed the fuzzy model
and then convert the fuzzy model into a crisp
model. The steps of the fuzzy programming
approach may be summarized as follows.

Algorithm:

Step 1. Solve the multi-objective interval solid
transportation problem using one objective at a
time (ignoring all others) subject to the given set
of constraints by using any one of the suitable

evolutionary technique. Let X = {x iljk 3 x% =

2 3* 3 p*
{Xijk P X = {Xijk b X = {xi'j)k } be the

optimum solutions for P different  single
objective interval solid transportation problems.

Step 2. From the results of stepl, the values of all
the objective functions will be calculated at all
these ‘P’ optimal points. Then a payoff matrix is
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formed. The diagonal of the matrix constitutes
individual optimum minimum values for the P

objectives. The ‘X P »’s are the individual
optimal solutions and each of these are used to
determine the values of other individual
objectives, thus the payoff matrix is developed as
follows:

x*oxT o xP

z' 2t oxYy zZ'ex®y .ozt (xT
z3 z3(xYy z22(x%y ... z3(x™)
25(xYy 23 (x%y... z23(x™)
zP\zP(x¥)y zP(x%)y ... zP(x™”
We find the upper and lower bound for each
objective from the payoff matrix. Here LP=
z2Px"yand UP=max{ zP(xY), z"¢
X%y, .,z (x"Hy

Step 3. The initial fuzzy model is given by the
aspiration level with each objective as
follows.Find xj i =1, 2, 3,....m, j =1, 2, 3,..n

and k=1, 2, 3,...,I, so as to satisfy Z Po<L?
where p = 1, 2, 3,...,P, and the given constraints
and non-negativity conditions.

Step 4. For the multi-objective interval solid

transportation, a membership function ££ P z P )
corresponding to p-th criterion is defined as

1 if zP? <LP

UP_LP

p Zp
ub@z?y= IFLP<zP<uP®

0 if zP>uP,
Where U ” # L forall p. FUP=L" forall p
then,up(Z p)=1fora1|| p.
Step 5. Formulate a fuzzy linear programming
problem. By using max-min operator, the
equivalent fuzzy linear programming problem for

the multi-objective interval solid transportation
problem is formulated as follows:

For right limit of the objective function
Z; (x), the fuzzy linear programming problem is
obtained as

Volume 10— No.9, November 2010

Maximize A subject to
m n |
p p p
Z Z Z {¢ g *ewij Pk +A (U -
i1 =1 k-l

L p) < u’, p =1, 2, 3,.,P, with the given
constraints and A > 0, where A= min

1”@

For the centre of the objective function Zg (x),
the fuzzy linear programming problem is

obtained as Maximize A  subject to
m n |

Z z Z Cgijkxijk"'/l(up' Lp ) <
i=1  j=l k=1

u’ , p =12, 3,..,P, with the given constraints

and A >0, where A=min{u"z")}

Find out an optimal solution of the foregoing
problem by using any existing method.
Substituting this optimal value in each objective
we get an optimal compromise interval of each
objective.

8.CASES OF CCPM FOR
MOISTP

Two different cases that may arise in CCPM
for MOISTP can be described as follows.

8.1 Case-l. When the objective functions’
coefficients of ¢ i‘jjk are in the form of stochastic

; ; P _ [P p
intervals, i.e., Cijk = [c Lijk * cRijk], and the

source, destination and conveyance parameters
are in the form of random variables, the multi-
objective interval solid transportation problem
can be represented as follows.

m n |
p_ PP
Z ‘Z Z Z [C Liji » € rijic ] Xk »
il =l k=L

p=123,..,P. (29)
subject to

|
Z Xijk < (30),

j=1 k=1

m |
Z Xijk=bj (31),
i=1 k=1

m n
Z Z Xijk=€k (32),
i-l  j-l
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Xj=>0, foralli=1,2,3,..m,j=1,23,..,n
k=1,2,3,...,], Using Egs. (8) and (9) in (29)
and using the chance constrained programming
technique, the corresponding equivalent classical
MOISTP can be expressed as

m n |
z g (x)= Z z Z [c gijk +C\/F\)/ijk Xijo
78 ()= Z z [c cpijk IXi,

where p=1, 2, 3, ...,P, subject to the constraints

n |
z Z Xije < Fo (33),
j=1 k=1
m |
Z Xijk > Fﬁ i (34),
i=1 k=1
m n
Z z Xig< Fy (35),
i=1 j=1

where Xy >0, foranyi=1,2,3,...,m,j=1,
2,3, ...,nand k=1, 2, 3, ...,l. Now using fuzzy
programming approach, as described in the
earlier section, we can obtain the solution of the
original problem which is presented in the
following example.

Example 1. Minimize

3 3
_ 1
2=y > Z Clp:  Crix]
=1 j=l k=1
3 3 2 5 5
2_
AL IED D DRl 1T B
i-L -1 k=L
subject to

lek < N(50,4),

Xojk < N(60,1),

X3jk < N(55,4),

Xin=exp(18),

Me IMe e 1DMe T
DM~ ID~ I~ DM~ TP

Xiok > eXp(15),

1]
5N
=~
1]
5N
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3 2
DD Xzexp(13),
i=1 k=1
3
)3
=1

3
D xu=U (60, 80)
-1

3 3
3D xpsU (50, 80),

1 1

Xi > 0 forall i, j =1,2,3.and

_ 1 1 2 2
k = 1,2.where [c Lijk * cRijk] and[c Lijk - cRijk]

are interval cost for the criterians 1 and 2
respectively (Table-1, 2, 3 and Table-4). Using
the equations (8) and (9) the equivalent
deterministic MOISTP can be expressed as:

3 2
Zg (9= Z D o
i=1 j=1 k=1
3 3 2
Z (X :Z Z Z [ Ijk]x'lk'
i=1  j=1 k=1
3 3 2
Z%: (X) = Z Z Z [ |Jk]Xllk
=L -1 k=l
3 3 2
z¢ () :Z Z Z [Céijk]xijk,
i-1 -1 k=1
subject to
3 2
DY xyearas,
-1 k-1
3 2
DD xpss,
=1 k=1
3 2
DY xges244,
-1 k-1
3 2
Z Z Xitk > 41.44,
i=1 k=1
3 2
DD x> 3453,
i=1 k=1
3 2
DD xw2299,

|l
AN
=~
||
5N
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X0 for all i, j =1, 2, 3 and k = 1,2.where ClRijk ,

2 2 2 L
CRijk € Gijk and Cij aregivenin Table-7.

Solving this multi-objective classical solid
transportation problem using fuzzy approach, the
pareto optimal solution of the problem is
obtained as follows:

X111 = 23.3151, Xy;, = 16.1134, X,,, = 2.7465,
X919 = 2.0116, X 5y = 26.8084, X 53, = 29.9,
X 39, = 49751, 1= 07062 and other x  are

zeros. Z'=[ 707.0726, 1253.433 ] and

2= [646.6706, 1233.307].
8.2 Case-Il

When the objective function coefficients
cijpk, source, destination and conveyance

parameters a;, b;and e are in the form of

stochastic intervals, the MOISTP can be
formulated as:

Minimize
m n |
= Z Z Z [c uk’cRuk]XUk'
i=1  j=1 k=1
p=1273,...,P
subject to
n | m |
z Z Xk =[api,agril, Z Z Xijk
=L k=l i=l k=l

=[by, byl Z Z Xig = [€ 1y, erk |-
i1 -1

where Xy >0 forany i=1,2,3,...,m,j=1,2,

3, ..onand k =1, 2, 3, ...,], [C}_ijk* C}?ijk]

2 2 .
and[c Lijk * cRijk] are interval cost for the

criterians 1 and 2 respectively (Table-1, 2, 3 and
Table-4).

Using equations (8) and (9), the MOISTP is
equivalent to

minimize
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Zg (X): [C Cijk cWIjk ]Xuk:

=1
n

p
Z [ cij Xk,

p=1,2,3,...P,

M=
_.Mj
_I1-

z8 ()=

M L

1]
5N
—
|l
5N
=
1]
5N

subject to

n |
DIRD I
=1 k=1

n |
PIED I EN
=1 k=1

m |
Z Xik = Fp G
i=1 k=1

m |
Z Xuk S Fﬁ Rj
i=1 k=1

X = Fypy

M= s

1]
5N
—

i j=1

where X >0, foranyi=1,2,3,...,m,j=1,
2,3, ...nand k =1, 2, 3, ... .. The following
numerical example illustrates the solution
procedure of the foregoing problem.

Example 2.

3 3 2
minimize z' Z z Z [,_,Jk, CR,Jk]

i j= k=1

]
3 3
w2022 )

i=1 j=1

AN

M~

[c Lljk ' C Rijk 1 %o

=

=1

subject to

x1= [N(32,5), N(90, 7)],

Xij = [N(40, 5), N(95,7)],

X3 = [N(36,7), N(98, 4)],

Mo DM
Mo I~ IDMe IM-

Xink = [exp(13), exp(35)],

|l
5N
=~
||
5N
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Xizk = [exp(11), exp(43)],

Xizk = [exp(15), exp(40)],

xiu = [U(45, 65), U(123, 196)],

Mo M- I~

—
1
1N

X2 = [U(46, 80), U(153, 237)].

DMe IDMe IDMe LM

e

|l
5N
[u—
1
1N

where Xijkzo , for i ,j =1,2,3,k=1,2. The
equivalent deterministic MOISTP can be
expressed as:

minimize

3 3 2
Z}:a ()= Z z Z [C]’.:gijk Wi
=1 j k=
3 3 2
z ?z ()= Z Z Z [c ZRijk IXijo

i1 1 k4
. 3 3 2 .
Ze(X)= Z Z Z [c Cijk Ixi
i1 1 k4
, 3 3 2 ,
Zc ()= Z Z Z € Gijic ik,
il j1 kel
subject to
3 2 3 2
DD k22913 ) D xu<86561
=1 k=l =1 k=1
3 2 3 2
DD k=373 D xu<9L6l
[ -1 k1
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3 2 3 2

z Z X3jk232'61vz Z X3jk395-44

=1 k=L =1 k=1

3 2 3 2

DD xw=2993, ). D xu<8058

i=1 k=1 i=1 k=1

3 2 3 2

DD xa22532,). D xz<99.00

i=1 k=1 i=1 k=1

3 2 3 2

DD xw2353, Y > x<921,

i=1 k=1 i=1 k=1

3 3 3 3

Z Z Xij1 247, Z z XiuSlEO.S,

i-1  j=l i-1  j-l

3 3 3 3

3D xp>494 D xp < 1614,
=1

i 1

I
L
-
I
L
N

. 1
where X >0, fori,j=1,2,3,k=1,2, € Rijk -
c 2 c 2 and ¢ 2 are given in Table-7

Rijk C Cijk cik areg -

Using fuzzy approach, the pareto optimal
solution of the problem is obtained as

Xi11= 27.2273, Xy50= 1.9027, X ,y,= 27027,
X 591 = 4.9175, X 3, = 29.5098, X 5, = 22.3602,
X 33, = 10.2498, A =0.1131 and other x;; are
Zeros. z'= [608.5475, 1215.7473] and

7%= [580.5412, 1155.5979].

Table-1. The unit direct interval cost for the first criterion by conveyance 1

S/ID 1 3
1 IN(7, 2), N(15,1)] IN(5, 1), N(13, 4)] IN(7, 1), N(12, 2)]
2 [N(10, 2), N(14, 3)] IN(7, 2), N(12, 3)] IN(7, 2), N(17, 1)]
3 [N, 2), N(24, 2)] [N(6, 3), N(15, 4)] IN(6, 2), N(15, 3)]

Table-2. The unit direct interval cost for the first criterion by conveyance 2

S/D 1

3

1 [N(9, 4), N(12, 1)]

2 [N(9, 3), N(12, 4)]

[N(7, 2), N(22, 1)]

[N(9, 4), N(14, 2)]

[N(5, 1), N(25, 4)] [N(5,1), N(9,2)]
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3 [N(5, 2), N(25, 4)]

[N(6, 3), N(12, 3)]
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[N(5, 4), N(23, 2)]

Table-3. The unit direct interval cost for the second criterion by conveyance 1

s/D 1 2 3
1 IN(6, 2), N(14, 1)] [N(4, 1), N(14, 4)] [N(8, 1), N(13,2)]
2 IN(9, 2), N(15, 4)] [N(7, 3), N(11, 3)] IN(5, 1), N(16, 2)]
3 IN(8, 1), N(22, 4)] IN(5, 1), N(14, 2)] [N(6, 1), N(14, 2)]

Table-4. The unit direct interval cost for the second criterion by conveyance 2

S/ID 1 2 3
1 IN(7, 2), N(14, 3)] IN(6, 1), N(20, 2)] [N(9, 2), N(15,

3)]
2 IN(8, 2), N(12, 3)] IN(6, 1), N(23, 2)] ING, 1), N,

2)]
3 IN(5, 2), N(24, 2)] IN(, 2), N(11, 3)] [N(7, 1), N(21,

3)]

9. CONCLUSION

This paper proposes a solution procedure for solving
chance constrained programming problem for multi-objective
interval solid transportation problem under stochastic
environment using fuzzy programming approach. All source
availability, destination demand and conveyance capacities
have been taken as stochastic intervals for each criterion.
Chance constrained programming technique has been used to
transform the problem into a classical multi-objective
transportation problem. The main advantage of fuzzy
programming is that, for a MOISTP with ‘p’ objective
functions, this approach leads to p non-dominated solutions and
one optimal compromise solution, whereas other algorithms
leads to more than p non-dominated and dominated solutions
from which the decision maker can choose a compromise
solution.
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