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Abstract

This paper analyzes the study of a Multi-Objective Transportation Problem (MOTP) under uncertain
environment. Assuming the uncertainty in real-life decision making problems, the concept of reliability
is incorporated in the transportation cost and the effectiveness is justified through the proposed MOTP.
Again, considering the real phenomenon in the MOTP, we consider the transportation parameters, like
as supply and demand as uncertain variables. Also, we consider the fuzzy multi-choice goals to the
objective functions of the MOTP; and Fuzzy Multi-Choice Goal Programming (FMCGP) is used to
select the proper goals to the objective functions of the proposed MOTP. Here, the proposed study is not
only confined to obtain the compromise solution but also to fix up the proper goals to the objective
functions of the MOTP. A numerical example is presented to illustrate and justify the proposed study.
Finally, the paper ends with the conclusion and future study.

Keywords: Transportation problem, Multi-objective decision making, Reliability, Uncertain
programming, Fuzzy multi-choice goal programming.

1. Introduction

The Transportation Problem (TP) is a special type of
decision making problem which may be considered as
the central nerve system to keep the balance in
economical world from ancient day to today. The TP
can be treated as a special case of linear programming
problem and its model is used to determine how many
units of items to be shipped from each origin to various
destinations, satisfying source availabilities and
destination demands, while minimizing the total cost of
transportation along with cutting down the costs per unit
items for the purchasers.

: Corresponding author.

The basic TP was originally developed by Hitchcock
[1] and later independently developed by Koopmans
[2]. The present competitive market scenario suggests
that the single objective TP is not sufficient to handle
the real-life decision making problem. To cover the
real-life situations on TP, we introduce here the multi-
objective concept on TP in which the objective
functions are conflicting to each other. Charnes and
Cooper [3] first discussed various approaches on the
solution of managerial level problems involving
multiple conflicting objective functions. Garfinkel and
Rao [4] worked out two objective functions by giving
high and low priorities to the objective functions.
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Cadenas and Verdegay [5] solved multi-objective linear
programming problem by fuzzy ranking function.
Waiel [6] developed the MOTP under fuzziness to
obtain the compromise solution. Mahapatra et al. ([7],
[8]) studied on multi-objective TP under different
stochastic environments.  Gupta and Kumar [9],
Ebrahimnejad [10] worked on uncertainty under fuzzy
environments. Jiménez and Verdegay [11] used the
fuzzy uncertainty in solving solid transportation
problem. A number of studies has been done by several
researchers such as Delgado et al. [12], Mahapatra et al.
[13], Maity and Roy [14], Midya and Roy [15], Roy et
al. [16], and many others for solving MOTP problems
under different uncertain environments.

The parameters of the TP such as the supply, the
demand and the cost parameters are not precise due to
the complex real world problems. To analyze the TP in
the complex ground, here we treat the supply and the
demand parameters as uncertain variables, and the
transportation cost is analyzed through reliability. Due
to damage of transporting goods for delay of
transportation within the schedule time or loss of wealth
due to transportation before schedule time, as a result
customers are affected. = To remove this factor, we
introduce the reliability in the cost parameters of the TP.
Again, the study of MOTP in which the objective
functions are conflicting type, the reliability in cost
penalty may cause to increase the cost of transportation
or increase the values of objective functions which are
minimization type and to decrease the profit of DM or
decrease the value of objective functions which are
maximization type. When the cost reliability factor is
introduced as the rate of damage property which creates
a diverse relation for both type of objective functions,
but how much amount of loss caused by the factor is
totally independent to the objective functions. So, it is
clear that the reliability in cost parameter preserves the
conflicting nature to the objective functions of the
MOTP. Major studies in the ground of the MOTP,
where the uncertainties are taken into consideration
through fuzzy, stochastic, interval etc. for the
transportation cost, the demand, and the supply
parameters in the TP but here for the first time in the
MOTP, we analyze the uncertainty into the cost
parameter of MOTP using reliability.

Many researchers have shown great interest on solving
real life uncertain mathematical programming problems.
A few references are presented with their works. In
order to deal with human uncertainty, Liu [17]
presented a study on uncertainty theory and later, it was
defined by Liu ([18], [19]) based on normality, duality,
sub-additivity and product axioms. Gao [20] introduced
some properties on continuous uncertain measure in his

paper. In practical aspect,
uncertain  mathematical
uncertain variables.

Liu [21] proposed an
programming  involving

Considering the situations of real-life decision making
problems, we design this paper on the TP in multi-
objective ground where the objective functions are
conflicting. Many situations occurred where the solution
of a MOTP is found as compromise solution, but the
solution often depends on the weights of objective
functions proposed by the DM. Then in the MOTP the
compromise solution satisfying the goals of the
objective functions which plays an effective role for
solving it. In this case, we propose goals to each
objective functions of the MOTP. It is not always true
that the solution of the MOTP will be specified as single
choice of goals of the DM, because in case, it works in
favour of DM but it is not so favoured for customers.
So, the DM needs to consider a multiple choice of goals
corresponding to the objective functions and to select
the best goals through the solution. Again, we consider
the goals to the objective functions as multi-choice
fuzzy numbers to accommodate the real life decision
making situations. Goal Programming (GP) is one of the
most useful and well known decision making technique
which was introduced by Charnes et al. [22]. The
interesting philosophy and high applicability of GP in
handling real world decision making problems with
multi-objective structures made it very useful and
widespread. This leads to further development of GP for
different decision making problems. A lot of works
based on goal programming has been done by several
researchers such as Chang [23], Liao [24], Lee [25],
Maity and Roy [26], Narasimhan [27], Tamiz et al. [28]
and many others. Study on multi-choice goals has been
done by several researchers e.g., Chang [29], Tabrizi
[30], Roy [31], Maity and Roy [32], Roy et al. [33] and
many others.

The main aim of this paper is to study the MOTP in
which the objective functions are conflicting and each
of them has fuzzy multi-choice goals. Also,
considering the present market scenario, we incorporate
the concept of cost reliability into the transportation
cost, and the demand and the supply parameters are
treated as the uncertain variables. The methodologies
are presented to tackle the situations and to predict the
optimal goals of the objective functions as well as the
optimal solution of the MOTP.

The rest of the paper is organized as follows: In
Sections 2 and 3, the problem background and
mathematical models are described for the MOTP.
Section 4 contains the solution procedure including the
discussion on the MCGP and the FMCGP and reduces
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the uncertainty in the MOTP. We demonstrate the
usefulness of the proposed model with a realistic
example in the MOTP in Section 5. In Section 6, we
present the sensitivity analysis regarding the numerical
example. Finally, in Section 7, conclusion with future
study and limitations are presented related to our
consideration.

2. Problem Background

In the TP, the completion time of transportation of
amount of goods should be finished within the specified
time, otherwise there may be created a damage of the
items or storing problem and/or the customer may reject
the ordered item. In that situation, the transportation
cost or the profit may not be considered as crisp value.
Then the selection of goals for the objective functions or
the solution of the MOTP cannot be made in usual way.
To overcome this difficulty by selecting the proper
goals to the objective functions, here, we incorporate the
concept of reliability for the cost parameters in the TP.
In that situation, we introduce a new term ‘“cost
reliability” for the transportation cost in the proposed
study.

Generally, Reliability (Richard et al. [34]) refers the
probability of a machine operating its intended purpose
adequately for the period of time desired under the
operating conditions encountered. More precisely,
reliability is the probability with which the devices will
not fail to perform a required operation for a certain
period of time.

Definition 2.1(Cost Reliability): Cost reliability is the
probability that the transportation of goods will not fail
to complete the transporting of goods in the schedule
time, which creates a probabilistic cost in the
transportation problem. The probabilistic cost in the
transportation problem increases the original value of
transportation of goods and simultaneously makes a
difference in profit margin.

We assume the failure rate, 4 by the ratio of due time or
over time, T to complete the transportation of goods;
and the total estimated time T of transportation i.e.,

A= 1—1, where T represents the amount of late or early

transportation time corresponding to the schedule time
of transportation.

Here, we define the cost reliability R(r), which is a
function of time T as follows:

R(7)=

Amount of goods remaing in good condicion dus to loss of tims

Total amount of goods

The probability of failure, Q(7) can be expressed as
follows:

Amount of goods damaged dus or opsr tims

Q(®)=
Clearly,

Total ameunt of goods
R(7)+Q(7)=1, so, Q(7)=1-R(7).
Therefore, R(z) = ¢™% ** Assuming that the failure
rate, 4 is a constant in respect to time 7, then we have
R(7) = &=**. And finally, Q(7) can be found as Q(7)=1
Rz} =1-o""%,

To analyze the proposed study with a better impact in
reality, we consider the parameter, 4 is the ratio of a
function of decision variable, x;; and a;, is the constant

supply of the i™ source, i.e., 4 = ? When the value of

A increases the value of reliability R(z) decreases
which means that if the amount of transported goods
becomes larger, then the amount of items may be
defective in bigger rate. Again the value of
R(z) = &=* depends on the time 7, then we would like
to consider the time 7 as the expected loss of time to
complete the work. If the transportation made in time,
then =0, so reliability value is maximized, i.e.,
Riz) = 1. Again it is true that in the TP, some variables
may take value zero. It means no item is transported in
that route. So the reliability is again equal to 1 for this
path in the proposed model which does not create any
complexity to take the decision for the DM.

Taking advantage of the reliability function in the real-
life decision making problem, we formulate the MOTP
where the objective functions are conflicting and
connected with some multi-choice goals. The way of
formulating the mathematical model of MOTP using
cost reliability is included in detail in the next section.

3. Mathematical Model

In the traditional TP, a homogenous product is to be
transported from several origins (or sources) to
numerous destinations in such way that the total
transportation cost is minimized. Suppose there are m
origins (i=12Z,...m) and n  destinations
(=12, ....m). The sources may be production
facilities, warehouses etc. and these are characterized by
available supplies @;.@;.....85. The destinations may
be warehouses and sales outlets etc., and these are also
characterized by demand levels by.by, ...b,. The
transportation cost C;; is associated with transporting a
unit of product from the origin 7 to the destination j. A
variable x;; is used to represent the unknown quantity to
be transported from the origin O; to the destination D;.
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The mathematical model of a classical transportation
problem is as follows:

Model 1
minimize Z = X, IR, Cjx;,
subjectto  Zfti®; < a (= 12....m),
Liix = b (j=12,..n0)
5= 0 Vi)
The feasibility condition is considered as:

EF;j_ a = E:F:]_bj-

According to the challenging competitive market
scenario, several objective functions related to a
transportation ~ problem  like  minimizing  the
transportation cost, maximizing the transportation
profit, minimizing the toll tax etc. are required. Again,
there is no connection between the cost parameters in
the different objective functions of the TP, so, they are
considered as conflicting and commensurable to each
other. In multi-objective environment of the TP, i.e., the
MOTP can be defined as follows:

Model 2
minimize/ maximize

Zt = F;LE;:L:L E:It] Xij (tzlaza "'3r))
subject to

IR, < & (i= L2..,m),

IRx; = b (j=12,..n),

}:j]' = 0 Vi-_.j_

Here, Cf, a; and by are the transportation cost, the

supply and the demand parameters respectively for the
™ objective function in the MOTP.

In Model 2, the quantities Cith a; and by are all assumed

to be crisp numbers. However, if sometimes, the
transportation plan is made in advance, so the quantities
are not generally fixed but approximate amounts of
these are obtained from practical experience or expert
knowledge. In this case, we may assume the quantities
are uncertain variables. Then the transportation Model 2
is only a conceptual model rather than a mathematical
model because there does not exist a natural order-ship
in the complex world. A large number of decision
making problems has been solved by several researchers
in which uncertain situation is directly introduced in the
parameters of the MOTP, but here, we introduce the
uncertainty through reliability by considering due or
early transportation time of delivering the goods. Due to
the late or early reach of the transporting goods, the
customer or the store keeper fails to manage it. So, the
DM should consider to his mind the matter and as a
whole the optimum value of the objective functions are

affected. Considering this situation, we introduce time
in the cost parameter which reduces the cost parameter
of the MOTP to the cost parameter with reliability.
When the cost reliability is considered for all the
objective functions then time is taken as independent to
each other and the conflicting nature of the objective
functions preserved in the MOTP. Again, the supply and
demand quantities are not crisp due to weather
condition, seasonal effect, market situation etc. So, the
uncertain measure (here denoted as M) from an
uncertainty distribution for  supply and demand
constraints are considered. Then Model 2 reduces to the
following mathematical model (Model 3) as follows:

Model 3
minimize/maximize

= YL, LRy (=1.2,..,0),

subject to

MEL x =g)=zyn (=1L2L..m),
T

M{Z le :i ll-:JJ] E JJ (Jr = 1—.-2.1 ...,TIJ,
=L

}:,']' =0 Vi-.-_.l:.

It is assumed that g; = 0, bJ.- = [ and the specified
stochastic levels or predetermined confidence levels are
defined as 0 <y;< 1.¥i, and 0 <§;< 1.¥j . In Model 3,
R{C) is considered as cost parameter under reliability.
The delay of supply of items causes to damage the
items, in this case the value of profit function
(maximization type) decreases and the penalty cost due
to loss of time is considered when the objective function
is of minimization type (like transportation cost) which
increases the value of the respective objective function.
Then R{Citj:] takes the following form of cost parameter
as:

R{Citj:] = Cf]- + Ci‘j (1- R'f]-),

for the objective function is of minimization type and
R(C}) = C§ — C5(1— RY),

for the objective function is of maximization type.

Here R} is the reliability function of the t" objective
function for the (i, j)-th node which depends on fixed
time (7), decision variable (x;;) and demand (3;). For
consistency of reliability in each node, the DM
measures the time (7) in a unit scale, otherwise there
may occur large deviations in the cost values and
produces an optimal solution, which is not significantly
a good result.
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Many real-life MOTPs, the DM wishes to solve the
objective functions by considering certain goals to the
objective functions, but how the goals to be chosen
which is a complex task to the DM. To overcome this
difficulty, we consider the fuzzy multi-choice goals with
the respective deviations corresponding to each
objective function. In that situation, the DM wishes to
fix the goals in such a way that the compromise solution
becomes a better solution corresponding to the chosen
goals. Let us consider the fuzzy multi-choice goals
GE g2 B (1,2, ..., 1) for the £" objective function.
Then each of the objective functions in the
mathematical Model 3, there are multi-choice fuzzy
goals, so, we present the procedure to select the
optimum goals and get the optimal solution in the next
section as a solution procedure.

4. Solution Procedure

A brief introduction of Multi-Choice Goal Programming
(MCGP) is presented in first subsection. Later, we
present the reduction procedure of uncertainty in the
MOTP. Finally, we present the solution procedure of the
MOTP with fuzzy multi-choice goals.

4.1. Multi-choice goal programming

In goal programming literature, Chang [2] first proposed
the MCGP approach which allows the DM to set Multi-
Choice Aspiration Levels (MCALSs) for each goal (i.e.,
one goal is mapping with multiple aspiration levels).
The general formulation of goal programming (GP) can
be written as follows:

minimize
subject to

GP: ) — gl

Zloiwy
xeF,

where F is the feasible set and w; are the weights
attached to the deviation of the achievement function
Z"(z), which is the t" objective function of the t" goal
and g is the aspiration level of the t" goal.
|Z%(x) — g;| represents the deviation of the t" goal.
Later on, a modification on GP is provided and is
denoted as weighted goal programming (WGP).

According to the real life decision making problem, the
goals of the objective functions cannot be predicted as
crisp values always, they may be considered as fuzzy
goals. So the goals are fuzzy multi-choice goals
corresponding to the objective functions. Under the
environment of FMCGP the formulation of GP reduces
to the following form:

FMCGP:

minimize

P 1) AL o 0

Efoy wi|Z%x) — g7 or g7 or ...or g7 |
subjectto  x & F.

Here, the aspiration levels, g”f ¥ p.t are assumed to be

triangular fuzzy numbers with membership functions,

.uf vp.t

4.2. Reduction of uncertainty in the MOTP

Here, we introduce the concept of uncertainty
distribution in order to describe the uncertain variable.
Due to insufficient information of demand and supply
in the MOTP, we incorporate the uncertainty in the
constraints. However, in our proposed study, we
consider the demands and the supply parameters as
Normal distribution. There are several ways to tackle
the uncertain constraints, here we use the uncertain
measure proposed by Liu (2009, ch.7). Let us introduce
some useful definitions; and theorem about on the
uncertain variable.

According to our assumption that the supply and
demand parameters in Model 3 are taken as uncertain
measure (here denoted as M) from an uncertainty
distribution for supply and demand, so we define
uncertain distribution function as follows:

Definition 4.2.2.: (Liu (2007, ch. 4)) Let § be an
uncertain variable. Then the uncertainty distribution
denoted as ® of ¥ is defined by #(x) = M {£ ==}
for any real number %.

Without loss of generality, we may consider the Normal
distribution for the supply and demand parameters in
Model 3. A Normal uncertain distribution function and
its inverse function is considered as follows:

Definition 4.2.3.: An uncertain variable £ is called

Normal if it has a Normal uncertain distribution
T[E=X])
260 = [1+ep (1"

Jor any real number %, which is denoted by N(e.z)
where e and o are real numbers with & = .

Definition 4.2.4.: (Liu (2007, ch. 4)) Let § be an
uncertain variable with regular uncertainty distribution
#(x). Then the inverse function ®~*(«) is called the
inverse uncertainty distribution of &, for any real
number a.

As the supply and demand parameters are uncertain
variable, so, uncertain measure is introduced in the
supply and demand constraints of Model 3. These
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constraints are reduced into the equivalent crisp forms
by using the following measure inversion theorem.

Theorem 4.2.1.: (Measure Inversion Theorem (Liu
(2007, ch. 4)) Let & be an uncertain variable
corresponding to uncertain distribution ®. Then for any
real number %, we have,

Plx) =M {f < x} then M {f = x}=1-$(x).

The inverse uncertainty distribution of Normal uncertain
variable N{e,o) is defined as follows:

dla) = e+ —in-
where in denotes natural logarithm.

rd 1—e

The Model 3 is not a deterministic form due to
presence of uncertain variable in the constraints.
Assuming that & (i=1,2,....m]) and b; (j = 1,2,...,n}
are independent uncertain variables with uncertainty
distributions ; (i = 1.2...,mJ) and ¥, (j = 12,...n)
respectively. Then the measure inversion theorem is
provided the following results:

M(Efa % <a) 2y is equivalent to
Lo xy s 671 —nd,
and

M {Efrélxlj = b;) = §; is reduced to
Elar® = W6, forr=12,m: j=12,...m

Using above results, Model 3 is equivalent to the
following model:

Model 4

2= L B (G £ G501 — Rl % (1.2, ...0), (1)
subject to

Px 2ot -y) G=12..m), )

Zr;l ?{Li' = q'lii_llsj'
}:,']' = U_. v i-,j.

G=12..n, 3)

Here, we consider the uncertain MOTP under fuzzy
multi-choice goal environment i.e., each objective
function of the MOTP has some specific fuzzy goals,
gf for t=12,..,r fork =1,2,..., p. According to the
problem, the DM can assign the weights to each
objective function in such way that it produces a better
compromise solution. To do this, we construct a crisp
model of the MOTP which is of maximizing type
problem whatever the nature of the objective functions
of the MOTP.

Again for optimizing the values of the objective
functions, the number of fuzzy allocation goals g; may

not be equal for all the objective functions. If there be
only one fuzzy goal g for each objective function,
then the corresponding mathematical model (i.e., Model
5) is derived from Model 4 as follows:

Model 5
maximize z = Xi_, wept, 4)
subject to
Z'=  EE, TG +G5(1 - Ry = ®)
ze-gt
Iur :_: 1 - Ifi- v t) (6)
-
w1l e, ™
pr=0 Vi, (®)
I x =670 —p) (1=12,...m), )
PR X 2 ‘Pj_la'ij- (j=1.2...n), (10)

where di~ and di* are the negative and positive
deviations corresponding to the goals g of the
objective function Z° respectively.

Now, assuming that if each objective function has two
fuzzy aspiration levels, then FMCGP selects any one of
these goals in such a way that it provides a better
optimal solution. Based on the model of Chang ([3]),
the equations; i.e., (6) and (7) reduce to the following
form as:

E:—ﬁi Eiﬂ_”:
sl [e =212l ¥i (12)
"'-l_rzr "‘;_ljzl.'
w1 et + 951 -2 Ve (13)
z2=0o0r 1V¥i,jandt. (14)

Here, df~ and df* are the maximum allowable
negative and positive deviations respectively for gi for
k=l,2.

According to the real-life phenomenon, the objective
function may have more than two fuzzy aspiration
levels, then we design the corresponding mathematical
model in the following way.

So, when each objective function has three fuzzy
aspiration levels, FMCGP takes any one of these goals
in such a way that it produces to a better optimal
solution. Therefore, based on the model of Chang ([3]),
the equations (6) and (7) reduce as follows:
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c_ - r_ 52 -

ws1- [Tl e T8 g o) 4
2§ r: r
2i- Lt (1-2z)] vt (15)

ﬁ%‘zr i1_72 ﬁi-z" 1.2
g =1-— prEar--ra (1—zrjz;+
EE_Er l': C
el -20)] ve (16)
g+ziz=1 Vi, 17
gz =0orl ¥ L (18)

Similarly, df~ and df*are the maximum allowable

negative and positive deviations respectively for g for
k=123

If §F (k =1.2....p) denotes the fuzzy multi-choice
goals for the objective functions Z° (t = 1.2, ...,7), then
the linear membership function w: for t™ objective
function can be defined as follows:

( 0 Fzgftdf,
— 7t — gf ) ) .
1- & F(B), gF < ztzal 4 gt
u. =4 k=1 t
il 1 ) ﬁ;‘: Zr’
.
g —I° I y
1-) T R@), G- szt
e

Here, Fj(B) indicates a function of binary serial
numbers that ensures only one aspiration level must be
chosen from each goal (For detailed analysis, one can
see ([29]). In general, df* and d¥-are the maximum
allowable positive and negative deviations respectively
from the k™ aspiration level of the £ objective function
respectively.

It may be noted that, it is not necessary that each
objective function has the same number of multi-choice
goals. Then Model 5 is developed according to the
number of fuzzy goals for the objective functions and
then solving, we obtain the aspiration level of each
objective function as well as the optimal solution of the
MOTP.

5. Numerical Example

To test the efficiency of our proposed study, we
consider a coal transportation problem, which mainly
refers to the MOTP with fuzzy multi-choice goals to the
objective functions. The MOTP is designed based on
uncertain supply and demand along with the concept of
reliability to the cost parameter of the TP.
The DM plans to distribute the coals from three mines
M1, M2 and M3 to four Thermal Plants which are
situated in the cities, C1, C2, C3 and C4. During the
planning, he wishes to optimize the following objective
functions as:

e  minimize the transportation cost (Z?),

e minimize the toll tax (Z?),

e maximize the profit (Z%).

According to the market scenario, the DM cannot
predict the optimal goals for the objective functions
Z*, Z% and Z° in a crisp way. The experience of the DM
in the work field, the DM has the ideas about the nature
of the objective functions and using this he considers a
number of fuzzy goals corresponding to the objective
functions. Again, from his experience he guesses the
following events.

e The cost C}

goods from the resource t to the destination j
and the approximate loss of time of delivery
from the sources to the destinations are also
known to the DM, for i=12.3 and

J = 1.2.3.4 respectively.

for transporting one unit of

e The toll tax cost C j for transporting one unit
of goods from the resource i to the destination
J and it is fixed value for i= 12,3 and
j =1.2.3,4 respectively.

e The profit ¢ lf for transporting one unit of
goods from the resource t to the destination j
and the DM made a prediction of approximate
loss of time of delivery from the sources to the
destinations, for i=12.3 and
J=1.2,3,4 respectively.

The data for the transportation costs C lﬁ for £ = 1,2,3
are represented in Tables 1, 2 and 3.

Table 1. Transportation cost € é (in $) and loss of time
(in week).

Cl C2 C3 c4

Ml (20,0.1) | (18,0.1) | (22,0.1) | (24,0.1)
M2 (10,0) | (12,0.2) | (15,0) | (13,0)
M3 (22,0) | (20,0.1) | 24, 1) | (23,0.15)
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Table 2. Toll tax cost € 15 (in $) for transportation of
goods.

Cl C2 C3 C4
Ml 5 6 4 3
M2 6 5 5
M3 9 8 8 10

Table 3. Cost Parameters € j related to profit (in $) and
loss of time (in week).

Cl C2 C3 C4
M1 (3,0.) | (3.5,0.1) | (2.5,0.1) | (5,0.1)
M2 3, 0) 6,02) | (4,0 (4, 0)
M3 (4, 0) 3,0.) | &1 (5, 0.15)

The supply parameters a;, @; and a; of mines M1, M2
and M3 and the demand parameters by , by, byand by
of cities C1, C2, C3 and C4 follow Normal distribution
N{el.o{), fori = L.2.3; and N(&f, 6/), forj = 1.2.3.4
respectively. The data for supply a; and demand b;
¥ i, j are presented in Tables 4 and 5.

Table 4. Supply parameter a; follows Normal
distribution N{e!, o).

M1 M2 M3
(55,4) (60, 5) (70, 4)

Table 5. Demand parameter bj follows Normal

distribution N{ ef.af ).

Cl C2 c3 C4
(40,3) (6,4 |55 |(40,3)

Again, in the proposed problem, obviously the DM
would like to minimize the transportation cost and toll
tax cost and maximize the profit. In this situation, the
DM expects that the possible expenditure for
transportation cost may be any one of fuzzy interval
values 2900(100), 4000(100) and 3400(100), here the
number within the first bracket denotes the deviations
(positive and negative deviations are same here). Again,
he expects the expenditure due to toll tax cost either
950(50) or 1250(40). He also predicts the profit goal
may be chosen among the fuzzy values 480(30),
1050(20), 650(50) and 900(50). He wishes to consider
the equal weights “0.3” to the objective functions Z*
and Z* and an weight “0.4” for the objective function
Z* respectively. Then the proposed problem takes the
following mathematical form as:

Model 6

Z' = Xi X RICH] =, " has the goal [2900(100),
4000(100), 3400(100)]

7= i, % ,Cix;, Z%has the goal [950(50),
1250(40)]

Z*= EL,EL,R[C3]x;,Z%has the goal [480(30),
1050(20), 650(50), 900(50)]

subject to
MEL, x; <a) =y, i=123

MER, x; 2b) =8, j=1234,

X =0vwi j.
The uncertain parameters are taken as Normal variable
N{e.o?) where e is the expectation and & is the standard
deviation. The inverse uncertain distribution is defined

as p il =e+ e In (%}

Then Model 6 reduces to the following form as:
Model 7

2t = L B (G + G5 — R =,
Z* has the goal [2900(100), 4000(100), 3400(100)],

Z": = Efﬂzj‘ﬂcﬁ :"r'ij s
Z* has the goal [950(50), 1250(40)],

2% =X B (05 - Gl - R,
77 has the goal [480(30), 1050(20), 650(50), 900(50)],

subject to
Tlaimi <ol + I1 ~in (ljﬂ:l (=123,

3 2
=1%j =& +

% 20 Vij.

—in ( - ] (G =1.2.3.4).

:L—EJ'

Here, RE and Ri!j are the reliability of completing the
job of transportation in time, They are taken as function
of the decision variables and the expected loss time for
completion the work. The source capacity (&;) is
uncertain in nature, but we use this value for maximum

priority in Rjj and Rjj. Let us assume the confidence

levels be v; = 0.85 and & =0.9, ¥i=123 and
j=123.4
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Finally, the proposed MOTP is converted to a single
objective problem using the goals as prescribed by the
DM and we obtain the following model as:

Model 8
maximize z=03u; + 0.3u; + 0.du,
subject to
L ot
= (40 — EUe? g5 w4+ (36— 18785 7 Gy,
Ili
+{44 — 220 ”jx + (26 — 13 55 % )y,

0
+(20 - 10.;‘5”“ g, + (24 — 1?g‘ﬁ"ﬂ )

(30 — 152750 Ju,, + (26 — 132 780 Yy,

0.1

0
(44— 228770 Yag, + (40 — 20877002 Yy,

015

i
(48 — 24€ 70 Yugy + (46 — 238 70 Jmy,,

Z: - 5){]_1_ + 6}{]_: + ‘l‘xu +3:{L4 ‘l_ 6:{:1"‘5){:: ‘I‘
Jugzz + %y + Omyy + Bxgp 4 g + 10,

I:Ii 0.1 0.1

Z? = 3g 55 x,, + 3.5 EK" X, + 258 = ¥x. +
0 1 EI
Se 55t g+ 30 80 2t ¥y + 6o 80 Faz Hyp +
0 0 0
%a_ﬂx‘ xp3 e w0 ap, ;e T gy
0.1 i I:I:l:
32 7072 x4 48 703F g, + 58 70 ey,
z*_z000 12 z*_ao00 1+ 3
= 1-—J 0 zyzy + o0 (1— =)=
z*_3400
R—— zi (1 - z)],
2500—-22 - 4[:-[:[:—3 a
i i+ .2
pr =1 — [ zyz; + (1—z1)z
a4p0-zt
i | 2
+ 100 2"1[:1 31 ]’
2% _gs0 z3_1250
. - L — =
Hr =1 — —— o (1-=z3]],
gs0—z* , 128027 1
., — L4 — gl
Al Cht) N
z5 480 4 o ZF_1085D 1. 7  EZ3_E5D
pr =1 g5z3 + —— (1 — =zg)=3
’ ES 272 20 #/7e 50
1 2, Z°—90D0
# -0 - -,
app—z°= 2 1050 —z % asn—zz
up <1 - [/ zzi + —— (1-z3)=
4. 90028
=31 - 23) = (1 - )1 - =),
zrtzi=1,
zf =0o0rl V¥ k.t

0= =1 k=123,

Xy HEy xRy HE = 510175,
My FHyy + gty = 55218,
Hgy T Xgg + Hgg +Hgq = 66.175,
+ xHyy + 2y =43.634,
‘|':'5:: + Hzz 240486,

+ Hyy + Mgy = ‘1'1.057,

Hyg T Xpq + Hpq =43.634,

}:j]' =0 Vi__.j,

i1
Hyz

ESE

Solving Model 8 by using LINGO software, we derive
the following solution: Optimum value of z = 0.82.
Hence, the optimal values of the objective functions are:
Z*=3400.00, Z°=980.13 and Z* =650.

The allocations are made as follows:

xyy = 3.12; %7 =0.0; %3 = 18.95; x4 =29.10;

Xyy =11.26;%;; =25.07; Hyy = 4.36; ®yy = 14.34;

Xy = 29.26; Xy =15.42; Xag =17.74; %13 =0.0;
Selected goal for the objective functions are as follows:
3400(100) for Z*, 950(50) for Z* and 650(50) for Z*.

6. Sensitivity Analysis

Here, we present a study on the MOTP with fuzzy
multi-choice goals for each objective functions under
uncertain environment. Especially, here, we incorporate
the situation of cost reliability with the cost parameters
due to delay of delivery of goods before/after schedule
time.  The numerical example is presented the
applicability of proposed methodology for solving the
MOTP with fuzzy multi-choice goals and uncertain
supply and demand parameters. Usually, the MOTP
having the objective functions are of either
maximization type or minimization type, but here, the
aim of the DM is not likely to the solution of traditional
MOTP. This work presents the uncertainty under the
expectation of an upcoming event and also proposes to
fix-up the goals for each of the objective functions for
the DM corresponding to the possible optimal values.
On the other hand, time is very much important for
transporting the goods to real-life transportation
problems, so the decision making under time
consideration and cost reliability provide a proper way
of selecting the goals for the objective functions.

In the proposed problem, if the DM wishes to find the
optimal solution of the objective function under
traditional way like goal programming approach, then
certainly he may consider minimum goals for first two
objective functions Z* and Z* ie., 2900 and 950
respectively and for the profit objective function Z*, the
maximum goal is 1050. Considering these goals
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corresponding to the objective functions, we attempt to
solve the proposed problem using goal programming,
but we cannot obtain any feasible solution through GP.
Again we have tested that, if the DM considers the goal
values 4000 for the objective function Z* and 1250 for
the objective function Z* then the DM calculated the
maximum profit goal 1050 for the objective function Z*
through goal programming approach. Basically, in most
cases, the customers pay the transportation cost and toll
tax cost, if the costs increase then the DM may loose the
customer in near future which happens due to maximum
profit goal of the DM. As a result the optimal solution
through GP has not produced a better result in both
cases. To test the utility of our proposed method, we
consider multi-choice goals (2900, 4000, 3400) for Z*;
(950, 1250) for Z%; (480, 1050, 650, 900) for Z* and
solving the problem by revised multi-choice goal
programming (RMCGP) approach, we see that the
selected optimal goal values are 2900 for Z*; 950 for
Z%; 480 for Z%. In this case the DM achieves the solution
in which selected profit goal is minimum value and it is
not satisfactory to the DM. So, the proposed approach
is a better than GP or RMCGP technique for selecting
optimal goals. Hence, in that situation, the DM cannot
fix the goals of the objective functions using the
existing techniques, whereas our presented methodology
can give a better solution as well as a better selection of
goals for the MOTP through uncertain environment.

7. Conclusion

In this paper, we have analyzed the real-life MOTP
through the concept of reliability and uncertain
environments. We have proposed a new kind of
uncertainty on cost parameter based on the concept
reliability. Beside this, we have established the MOTP
under the consideration of fuzzy multi-choice goals to
the objective functions and the supply and demand are
taken as uncertain in nature. A solution procedure for
solving the MOTP; and the selection of goals for the
objective functions have been discussed by taking a
real-life example. The obtained results have indicated
that the proposed approach has a better impact to solve
the MOTP under uncertain environment; and it has the
advantages of selection of goals for real-life decision
making problems under uncertain environment. This
method is not only proposed the subjective preference
into real-life decision-making problems, but also can
realize the better selection of goals to the objective
functions.

The proposed method has the following limitations for
formulating the mathematical model. Firstly, the value
of delay time or over time of transportation in the

reliability function should have to be taken in a unit
scale and in this case the time T = 1, otherwise, the
value of reliability function may not provide for
selecting the goals and optimal solution. Another
important factor is that at least one multi-choice fuzzy
goals for each of the objective functions ( ZP) must
intersect the interval range [minZ', maxZ'] Vi for
getting the optimal solution of the MOTP, otherwise it
produces infeasible solution. Thus for a better result of
the MOTP, the above two restrictions must be taken into
care by the DM.

There are many directions for future study. One main
direction is to design and extend the proposed study to a
class of MOTP where uncertain coefficients are
presented in both objective functions and constraints.
Another direction is that this study can be implemented
to find the solution of managerial problems occurred in
the field of inventory, supply chain management, etc.
when they are connected with transportation problem.
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