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Abstract

In ordinary transportation problems, it is always supposed that the mileage from every source to
every destination is a definite number. But in special conditions, such as transporting emergency
materials when natural calamity occurs or transporting military supplies during wartime, carrying
network may be destroyed, mileage from some sources to some destinations are no longer definite. It
is uncertain, a grey number. In these conditions, transportation capacity is often poor; the problems
of optimization become even more important. In this paper, we proposed a new method to find an
optimal solution for grey transportation problems where transportation cost, supply and demand are
interval grey numbers. Our method uses the concepts of center and width of grey numbers. One of
the advantages of the proposed method compared to other methods that use grey number whitening
is that the uncertainty in the input data is taken into account at the output of the method and it
consists of five simple steps. The solution procedure is illustrated with a numerical example. Also,
the new method can be served as an important tool for decision-makers when they are handling
various types of logistic problems having uncertainty parameters such as grey numbers. Further, the
proposed method is extended to fuzzy grey transportation problems.

Keywords: Center and Width, Grey number, Transportation, Zero point method, Uncertainty.

1. Introduction

The basic_transportation problem was originally initiated by Hitchcock [l] and later on by Kan-
torovich [2], who has given an algorithm for obtaining the solution of the transportation problem.
He developed a procedure to solve the transportation problem, which has a close connection with
the simplex method for solving TP as the primal simplex transportation method. A large number of
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research works on transportation problems has been done by several researches such as [3, 4, 5] solved
a transportation problem with market choice. A study on time-dependent fuzzy random location-
scheduling programming for hazardous materials has been conducted Meiyi et al. [G]. Maity and Roy
[7] presented a solution procedure for multi-objective transportation problem using a utility function
approach. Reisach et al. [8] employed a study on special areas of operational research problems.
Transportation models play an important role in logistics and supply-chain management for reduc-
ing cost and improving service [9]. In today’s competitive global economy, transportation models
are powerful tools for finding better ways to meet customer needs. Transportation models ensure
the efficient movement and timely availability of raw materials and finished goods [9]. The origin of
a transportation problem is the location from which shipments are dispatched. The destination of a
transportation problem is the location to which shipments are transported. The unit transportation
cost is the cost of transporting one unit of the consignment from an origin to a destination. In
the typical problem, a product is transported from m sources to n destinations and their supply
(a1,as,...,a,) and demand (by, b, ..., b,) are respectively. The coefficient ¢;; of the objective func-
tion could represent the transportation cost, delivery time, number of goods transported, unfulfilled
supply and demand and others, are provided with transporting a unit of product from sources i to
destinations j [10]. The parameters of the normal transport problem are exact values. But in real life,
due to lack of information, the parameters of the transportation problem cannot be accurately deter-
mined and must be estimated [[10]. The imprecision may follow from the inexact environment or may
be a consequence of certain flexibility for the given enterprise associated with the cost of objective
function. A frequently used means to express the imprecision information generalizes the concepts of
multiple states of affairs and the concepts of the inexact parameters [[10]. In decision-making theory,
uncertain decision-making is a vital branch. There are various approaches to dealing with uncertainty
problems [3]. To deal with uncertainties, a number of methods were developed, including interval,
fuzzy, Rough and stochastic numbers. The probability and fuzzy approaches are frequently used to
describe the uncertain element and treat imprecise present in a decision variable. Maity and Roy [11]
studied on a multi-objective transportation problem with nonlinear cost and multi-choice demand.
Annie Christi and Kalpana [12] obtained compromise solutions of multi-objective fuzzy transporta-
tion problems to solve with non-linear membership functions. Yeola and Jahav [13] have proposed a
method to solve multi-objective transportation problem using fuzzy programming technique is used
with fuzzy linear membership function for different cost to solve multi-objective transportation prob-
lem. Many researchers [14, [15, 16, [17, 18, 19, 20, 21, 22, 23, 24] have proposed different techniques
for solving transportation problem in uncertain environment. To deal with such situations, Deng[25]
first introduced the concept of grey systems theory. Grey systems theory is another method to deal
with uncertain decision-making problems. The concept of grey Numbers emerged as an effective
model for systems with partial information only known. Palanci et al. [26] studied on uncertainty
under grey goals in a cooperative game. Nasseri et al. [27] proposed a direct approach for solving
the grey assignment problem based on grey arithmetic. By combining the grey systems theory with
the principle and method of transportation problem, the grey transportation problem is established
based on the grey systems theory. Grey transportation does not require distribution information for
its parameters since grey numbers are acceptable for the uncertain inputs [28]. Sometimes the values
of the transportation parameters are known to us probabilistically and lie between bounds. This is
motivated us to consider all the transportation parameters are interval grey number. In general, the
existing techniques provide only crisp solutions for the grey transportation problem. In this paper,
we propose a new method, for the grey optimal solution of grey transportation problems without
converting them to classical transportation problems and the results obtained are discussed. The
proposed method is illustrated with the help of numerical example.



A New Approach for Finding an Optimal Solution for Grey Transportation
10 (2019) Special Issue (Nonlinear Analysis in Engineering and Sciences), 83-95 85

The current paper is in 6 sections. In Section 2, basic knowledge about the grey systems theory
and interval grey numbers which are needed in the next sections, we explained. The formulation
of the transportation models with the grey number was presented in Section 3. A new proposed
algorithm to solve the grey transportation problem based on the center and width of grey numbers
and the harmonic mean approach is proposed in Section 4. In Section 5, a numerical example is
solved by the proposed procedure. Finally, Section 6 consists of conclusions.

2. Preliminaries

In this section, we consider the definitions and concepts needed for the study and analysis of grey
system are considered.

2.1. Grey System Theory

Grey system is defined as a system that involves non-deterministic information. If the clear in-
formation of a system is shown with white color and unknown information is presented as black,
then, the information related to the most natural systems is not white (completely known) or black
(completely unknown), but a combination of both which means grey. We need the following defini-
tions of the basic arithmetic operators and partial ordering on grey intervals numbers which can be
found in [29]. A grey number means a number that is not exactly known. An interval grey number
can be treated as continuous and discrete. It may be a discrete number within a certain range or
any number within a range of lower and upper limits. In the other words, a number, whose real
value cannot be determined with certainty, but whose open interval where this number is located is
known, is called a grey number [30].

Definition 2.1. Interval grey number is the number with both lower limit x and upper limit T:
Rz € [z,T]

Definition 2.2. Center (%) and width (®%) of grey number ®x € [z,T| are defined as follows:
®§:£;E, ®¢:E;£ (2.1)
Remark 2.3. For the grey number Qx € [x,T|, we have:
T = QT — 4%, (2.2)
Lemma 2.4. Ifk € R—0, ®x € [z,T| be a grey number, then we have:
k- (®r) =®(kx) € [kz, k7] if k>0 (2.3)
k- (91) = @(kz) € kT, ke]  if k<0 (2.4)

Definition 2.5. [31] Let @z € [21,71] and @y € [24,T2] be two grey numbers. The following
operations can be defined:

® x1 + Qxo = [T1 + Ty, T1 + T2

® 1 — ®Ty = @1 + (— @ T2) = [2) — T2, T1 — Iy

® 71 X Q@ = [min {2125, T1 T, T129, 2, T2}, max {&122;flf27f1£27£152}i|

X 1 N I R R A R Ty Ty T3 T _
®J,‘ — ®ZE1 X ®ZE2 = |mms§ —, =, —, — ,MaX § —, —, —, — 70 ¢ [227562]
2

[kz, k7| k>0
k-®x e
[kT, kx] k <0.
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2.2. Ranking Grey Numbers by Kernel and Greyness
Ranking of grey numbers plays a very important role in decision-making and grey systems theory

applications. Darvishi et al. [32] have referred to more detail in comparing grey numbers.
Definition 2.6. Suppose that the background, which makes a grey number @x come into being, is

Q and p(R2) is the value of Q , Then g°(®x) = M(f?lx))
L

is called the degree of greyness of @x (denoted
as g° for short).

Definition 2.7. [33] Suppose @z1 and ®@zy are two grey numbers and ®Ty, Ty are the center
of ®x1 and Rxy respectively, ¢°(Rx1) and ¢°(®xq) are the degree of greyness of ®xy and Rxs |
respectively.

SO, Zf ®/ZL'\1 < ®?E\2 — K11 <g XT2

if  9°(®11) = ¢°(®1) = ®11 =¢ T
if T =T = if  ¢°(Rx1) < ¢°(Rr9) = Q11 >g Q1 (2.5)
if 9°(®x1) > ¢°(R1y) = Q11 <G V2.

For further study on the grey theory systems see [34].

3. Grey Transportation Problem

The transportation problem is one of the earliest applications of linear programming problems.
Efficient algorithms have been developed for solving the transportation problem when the cost co-
efficients and the supply and demand quantities are known exactly [9]. Generally, a transportation
problem is a type of decision making problem in which the main objective is to minimize the trans-
portation cost and it is defined subsequently:

n m
Mlnlmlzez:g E CijTij

j=1 i=1

subject to inj <a,i=1,2,...m (3.1)
j=1

m
d wy<bjj=12..n
i=1
x5 > 0, 1=1,2,..m;5=1,2,...n

Where z;;(1 = 1,2, ...,m; j =1,2,...,n) is the decision variable and ¢;;(i = 1,2,....,m; j =1,2,...,n)
is the transportation cost per unit commodity from the ¢th origin to the jth destination. Here,
a;(i = 1,2,...,m) and b;(j = 1,2,...,n) are availability and demand at the ith origin and the jth
destination, respectively, and the feasibility condition is .~ a; = 2?21 b;

In order to reduce information costs and also to construct a real model, the use of uncertain pa-
rameter transportation problems is more appropriate. Impreciseness in the parameters means that
the information for these parameters is not complete. However, even with incomplete information,
the model used is normally able to give a grey value for the parameters. Therefore, the use of grey
transportation problems is more appropriate to model and solve the real world problems [9]. Grey

transportation problem is a generalization of the transportation problem in which input data are
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expressed as interval grey numbers instead of fixed values. This problem can arise when uncertainty
exists in data problem and decision makers are more comfortable expressing it as interval grey num-
bers. The grey transportation problem is represented in Tablell.

Table 1: Matrix of the grey transportation problem

sources .
destinations 1 2 o J o " Supply
1 ®c11 Qe - Qe o Qi ®ay
2 ®co1  RC2 -+ Qcy; -0 QCon | Bag
1 Rcit  Qcip - QC; o Ry Xa;
m QCm1  QCma -+ ®ij T QCmn Kam
Demand ®b; @by - @b - ®by,

The mathematical model of the grey transportation problem is presented as follows:

Minimize ® Z =q i zm: XCij & Tij

j=1 i=1
subject to Y @y =¢ ®a;,i=1,2,...,m (3.2)
j=1
Z ®xij =G ®bj>j = 1, 2, ., n
i=1

®$z] ZG ®07 i:1727‘”am;j:1727""n

where ®c;;, a; and b; are grey interval numbers for all 7 and j. We assume that ®c;; are the cost
coefficients in the objective function, a;(i = 1,2, ...,m) and b;(j = 1,2, ..., n) may be random variables
in transportation problem. Here ®Z represents the minimum value of objective function and it is
assumed that a; > 0, b; > 0, and ®c;; > 0 .

Therefor:

Minimize ® Z =¢ Z Z ®[Qij, E@'j] X ®[£ij, fij]

j=1 i=1

subject to Z@)[@zjafij] =¢ ®la;, @], i =1,2,...,m (3.3)

j=1
=1

Lij >O,Eij > 0, 1=1,2,..m;5=1,2,....n
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where ¢;; and ¢;; are positive real numbers for all ¢ and j ,a; and @; are positive real numbers for all
i, and b; and b; are positive real numbers for all j.

Definition 3.1. The [z,;, Ty, for alli =1,2,....,m and j = 1.2, ...,n is said to be a feasible solution

—1

of grey transportation problems if they satisfy the equations ()

Definition 3.2. A feasible solution |z, Ti;], for alli =1,2,...,m and j = 1,2,...,n, for the grey
transportation problems is said to be an optimal solution of grey transportation problems if

m

DD eyl X [z Tl < 30 eyl X [y, U] (3.4)

j=1 i=1 j=1 i=1

fori=1,2,...m and j = 1,2,...,n and for all feasible solution [gij,%], foralli=1,2,...,m and
i=1,2,...n.

Definition 3.3. A grey feasible solution to a grey transportation problem with m sources and n
destinations is said to be a grey basic feasible solution if the number of positive allocations are
(m+n-—1).

If the number allocations in a grey basic solution is less than (m +n — 1) , it is called degenerate
grey basic feasible solution.

Definition 3.4. A grey feasible solution is said to be a grey optimal solution if it minimizes the
total grey transportation cost.

4. Proposed Separation Method

4.1. Central Transportation Problem

Consider the mathematical model of the grey transportation problem@.
If we determine the grey parameters center of the grey transportation problem, we have:

5 z+z G TGy L Ty T . a4 +a ~ by + by
®Z: 5 y ®Cij:jTa ®$ij:]T, X a; = 9 > ®bz]:JT (41)
then, we can present the mathematical model of the central transport problem as follows,
Minimize ® Z = Z Z ®Cij X QT
j=1 i=1
subject to Z@@j =Q®a;,i=1,2,....m (4.2)
j=1

Z@Z/L‘\U = ®/b\j,j = 1,2, ., n
j=1

®x;; >0, 1=1,2,..m;j=1,2,...,n



A New Approach for Finding an Optimal Solution for Grey Transportation
10 (2019) Special Issue (Nonlinear Analysis in Engineering and Sciences), 83-95 89

4.2. Width Transportation Problem

According to model @, if we determine the grey parameters width of the grey transportation
problem, we have:

z+7Z ;G Ty ;L Zy + bij

+ Ti; a;, +a; b

I _ ) ]
Q7' = o =, Q== @di="—, ®b”_T (4.3)
then, we can present the mathematical model of the central transport problem as follows.
Minimize ® Z" = Z Z ®Cj; X QT
j=1 i=1
subject to Y @l =®a,i=1,2,..,m (4.4)
j=1

Z@x;j =®b,j=1,2,..,n
j=1
®x;j 207 i:1727"'5m;j:1727“'7n‘

Now, we introduce a new algorithm namely, the separation method using the center and width of
grey parameters for finding an optimal solution for a grey transportation problem.

4.8. Proposed Algorithm (Separation method)
Stepl: Construct the central transportation problem of the given grey transportation problem.

Step2: Solve the central transportation problem by using the zero point method to get optimal
solution. Let {f;| for all i and j} be an optimal solution for the central transportation problem.

Step3: Construct the width transportation problem of the given grey transportation problem.

Step4: Solve the width transportation problem by using the zero point method to get optimal
solution. Let {zj3| for all i and j} be an optimal solution of the width transportation problem.

Step5: The optimal solution of the given grey transportation problem, by use remark @, is,

(25 — a5, w5+ foralli = 1,2, ... ,nand j =1,2,...,n.
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Consider grey transportation problem

~

1

Rci;  Qd; ®6j
Calculate the above parameters and construct the central
transportation problem of the given grey transportation problem.

¥

Solve the central transportation problem by using
the zero point method to get an optimal solution.

¥

Calculate the above parameters and construct the width trans-
portation problem of the given grey transportation problem.

1

Solve the width transportation problem by using the zero point
method to get an optimal solution.

1

Calculate by use remark 2.1
[0 — 23,%,23,° + 23,° foralli = 1,...,mandj = 1,...,n

!}

The optimal solution of the given grey transportation problems,
[xw — :U;jo,afijo + x;jo] forall: = 1,....mandj = 1,....n

&

J

Now, we prove the following theorem which finds a relation between optimal solutions of a grey
transportation problem and a pair of corresponding transportation problems and also, is used in the

proposed method.

Theorem 4.1. If the set {®z5;| for all i=1,2,...,n and j=1,2,...,m} is an optimal solution of the

center transportation problem of grey tmnsportatzon problem where

Minimize ® Z = » > ®%j; x @y

=1 i=1

subject to Z@@j =®a;,1=1,2,....m

Z@Z/E\Zj = ®/b\j,j =1,2,...,n

®x;; >0, i=1,2,...mj57=12,...n

and the set {®x | for all i=1,2,...,n and j=1,2,...,m} is an optimal solution of the width transporta-
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tion problem of grey transportation problem where
Minimize ® Z' = Z Z ®Cj; X Oy
j=1 i=1

subject to Y @) =®d,i=12...m (4.6)

Z@x;j =®b,j=1,2,..,n
=1
®x;j 207 i:1727"'7m;j:1727"'7n'

then, the set {[x5; — 3,73, + x3], for all i=1,2,...,n and j=1,2,...,m} is an optimal solution of the
grey tmnsportation problem.

Proof . Let {[z;;,7;], for all i=1,2,...n and j=1,2,.... m} be a feasible solution of the grey trans-
portation problems. Convert the grey transportation problem to the interval transportation problem.

Minimize|Z,, Zy E E ZJ,CZJ W%’j]

7j=1 =1
subject to zn:[x”,:cij] = la;,a;],i=1,2,....m (4.7)
j=1
> [z Tyg) = [0, 5 =1,2,....n
i=1
Tyj >O,fij > 0, 1=1,2,...m;5=1,2,...n

Set {[75; + 23], for all i=1,2,....n and j=1,2,...,m} is an optimal solution of the upper bound trans-
portation problem. And set {[77; — zj3], for all i=1,2,...,n and j=1,2,...,m} is an optimal solution of
the lower bound transportation problem.

n m n m

-0 /o]
E § Qij(‘rij_‘rij)SE § CiiLij
=1

i=1 j=1 i=1
; (4.8)
D e(E ) < D0D wTy
j=1 i=1 j=1 i=1
and
-0 /0 ~0 /0 . .
(xg; — o) < (@ +a) i=1,2,..n, j=1,2,...,m (4.9)

This implies that,

{ZZ—U =ii@j(f§} + IQ‘})} < {iicwxw, iiam]} (4.10)

7=1 =1 j=1 i=1
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That is

n m n m
/o o
ZZ ZJ’C’J — Tijy Tij + § :E : z]acz] zjaIij] (4'11)

Therefore, the set {[z}; — 233, 75; + 235], for all i=1,2,...n and j=1,2,....,m} is an optimal solution of
the grey transportation problem [

5. Numerical Example

In this section, for an illustration of the above approach, a numerical example of the grey trans-
portation problem will be solved based on the proposed method.

Example 5.1. A transportation company wants to deliver the basic food needs of people in four cities
trapped in floods from three neighboring cities. Shipping costs per unit of commodity, the amount of
food supply and demand for each city cannot be_precisely determined, but given the flood damage,
their value is presented in gray numbers in Tabldd Solve the problem so that while meeting the needs
of cities, transportation costs are minimized.

Table 2: Matrix of the grey transportation problem

sources
destinations ! 2 3 4 Supply
1 ®[1,3] ®[2,4 ©®4,14] ®[4,12] | ®[2,16]
2 ®[1,3] ®[3,17 ®[4,8] ®[2,8] | ®[4,38]
3 ®[2,16] ®[4,18] ®[2,8] ®[2,12] | ®[2,34]
Demand ®[2,22] ®[2,6] ®[2,28] ®][2,32] | ®[8,88]

Solution: Let us formulate the example, as follows:

Minimize ® Z =¢ ®[1, 3] X @11 + ®[2,4] X @212 + ®[4, 14] X R®x13 + R[4, 12] X ®x14
+ ®[1,3] X @1 + ®[3,17] X QT2 + R[4, 8] X Qx93 + ®[2,8] X Rxay
+ ®[2,16] X @31 + ®[4, 18] X @32 + ®[2, 8] X Rx33 + ®[2, 12] X Ry

subject to Z ®T1; =¢ ®[2,16]

j=1

> @y =¢ ®[4,38)

Jj=1

> @y = ®[2,34]

j=1

3
Z ®Ti =¢ ®[2,22]
i=1
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3
Z ®l’1'2 =G ®[2, 6]

i=1
3

=1
3

> @z =¢ ©[2,32]
i=1
®Fy >0, i=1,23]=1234

Now, the central transportation problem of the given problem is given in table@.

Table 3: Matrix of the central transportation problem

sources
destinations I 2 3 4] Supply
1 2 3 9 8 9
2 2 10 6 5 21
3 9 11 5 7 18
Demand 12 4 15 17 48

By using the zero point method, the optimal solution to the central transportation problem is
17, =5, T, =4, Ty =7, Ty =14, T33 =15, 75, =3

Now, the width transportation problem of the given problem is given in table@.

Table 4: Matrix of the width transportation problem

sources
destinations 12 3 4 | Supply
1 1 1 5 4 7
2 1 7 2 3 17
3 7T 7 3 5 16
Demand 10 2 13 15 40

Using the zero point method, the optimal solution to the width transportation problem is
T =05, #% =2, x5 =5, vy =12, 2l =13, 25, =3
Thus, an optimal solution to the given grey transportation problem, by Remm’k@ 1s;

XK T € ®[0, 10], X T10 € ®[2,6], X x91 € ®[2, 12],
&Q X9y € ®[2,26], @ X33 € ®[2,28], &Q T3y € ®[0,6]



94 F. Pourofoghi, J. Saffar Ardabili, D. Darvishi Salokolaei

Also, the minimum transportation cost is,

®7Z =¢ ®[1,3] x ®[0,10] + ®[2,4] x ®[2,6] + ®[1,3] x ®|2,12]
+ ®[2, 8] x ®[2,26] + ®[2,8] x ®[2,28] + ®[2,12] X ®[0, 6]
=¢ ®[14,594]

6. Conclusion

Transportation problem has wide practical applications in logistic systems, man power planning,
personnel allocation, inventory control, production planning, etc. and aims to find the best way
to fulfill the demand of n demand points using the capacities of m supply points. Various efficient
methods were developed for solving transportation problems with the assumption of precise source,
destination parameter and the penalty factors. In real life problems, these conditions may not be
satisfied always. In this paper, we formulate and solve transportation problem under grey uncertainty
i.e., we consider all the transportation parameters are interval grey numbers. Grey number theory
is used to solve the uncertain decision making problem where input data are lies between lower and
upper bounds with the probability. The separation method based on the zero point method provides
appropriate solution for the grey transportation problem. This method is a systematic procedure,
both easy to understand and to apply.

References

[1] F.L. Hitchcock, The distribution of a product from several sources to numerous localities, Journal of Mathematical
Physics, 20 (1941) 224-230.
[2] L.V. Kantorovich, Mathematical methods of organizing and planning production, Management Science,
6(4)(1960). 366-422.
[3] K.P. Damci, S.S. Dey and S. Kiicitkyavuz, On the transportation problem with market choice. Discret Applid
Mathematics, 181(2015) 54-77.
[4] O. Palanci, S.Z. Alparslan Gok, S. Ergiin and G.W. Weber, Cooperative grey games and the grey Shapley value,
Optimization, 64(8)(2015) 1657-1668.
[5] A.Sharma, V. Verma, P. Kaur, and K. Dahiya, An iterative algorithm for two level hierarchical time minimization
transportation problem, European Journal Operation Research, 246(3)(2015) 700-707.
[6] W. Meiyi, L. Xiang, and Y. Lean, Time-dependent fuzzy random location-scheduling programming forhazardous
materials transportation, Emerging Technologies, 57(2015)146-165.
[7] G. Maity, and S.K. Roy, Solving multi-objective transportation problem with interval goal using utility function
approach, International Journal of Operational Research, 27(4) (2015) 513-529.
[8] U. Reisach, D. de Tombe and G.W. Weber, Special issue: international aspects of Operation Research, Central
European Journal Operation Research, 24(4) (2016) 797-922.
[9] K. Kavitha and P. Pandian, Sensitivity analysis of supply and demand in a fully interval transportation problem,
International Journal of Engineering Research and Applications, 2(3)(2012) 1900-1910.
[10] S.K. Roy and D.R. Mahapatra, Multi-objective interval valued transportation probabilistic problem involving
log-normal, International Journal of Mathematics and Scientific Computing, 1(2)(2011) 14-21.
[11] G. Maity and S.K. Roy, Solving a multi-objective transportation problem with nonlinear cost and multi-choice
demand. International Journal of Management Science and Engineering Management, 11(1)(2016) 62-70.
[12] M.S. Annie Christi and I. Kalpana, Solutions of multi objective fuzzy transportation problem with non-linear
membership functions, International Journal of Engineering Research and Application, 6(11)(2016) 52-57.
[13] M.C. Yeola, and V.A. Jahav, Solving multi-objective transportation problem using fuzzy programming technique
parallel method, International Journal of Recent Scientific Research, 7(1)(2016) 8455-8457.
[14] S.M. Abdul Kalam Azad, B. Hossain and M. Rahaman, An algorithmic approach to solve transportation problem
with the average total oppurtunity cost method, International Journal of Scientific and Research Publications,
7(2 (2017) 262-270.
[15] S. Gaurav, S. H. Abbas and V. K. Gupta, Optimal solution of transportation problem with the help of zero point
method, International Journal of Engineering Research and Technology (IJERT), 1(5) (2012) 1-6.



A New Approach for Finding an Optimal Solution for Grey Transportation
10 (2019) Special Issue (Nonlinear Analysis in Engineering and Sciences), 83-95 95

[16]

[17]

[18]

A. Gupta and A. Kumar, A new method for solving linear multi objective transportation problems with fuzzy
parameters, Applied Mathematical Modelling, 36 (2012)1421-1430.

G.P. Jignasha and M.D. Jayesh, Solving multi Objective interval transportation problem using grey situa-
tion decision-making theory based on grey numbers, International Journal of Pure and Applied Mathematics,
113(2)(2017) 219-233.

K. Kowalski, B. Lev, W. Shen, and Y. Tu, A fast and simple branching algorithm for solving small scale fixed-
charge transportation problem. Operations Research Perspectives, 1(1)(2014) 1- 5.

S. Murugesan and B. Ramesh Kumar, New optimal solution to fuzzy interval transportation problem, Interna-
tional Journal of Engineering Science and Technology, 3(1)(2013)188-192.

P. Pandian, G. Natarajan and A. Akilbasha, Fully rough integer interval transportation problems, International
Journal of Pharmacy and Technology, 8(2016) 13866-13876.

P. Pandianand A. Akilbasha ,Fuzzy interval Integer transportation problems, International Journal of Pure and
Applied Mathematics, 111(9)(2018) 133-142.

M. Palanivel and M. suganya, A new method to solve transportation problem harmonic mean approach, Engi-
neering Technology, 2(3)(2018) 1-3.

S.K. Roy and D.R. Mahapatra, Solving solid transportation problem with multi-choice cost and stochastic supply
and demand, International Journal Strategic Decision Sciences, 5(3)(2014) 1-26.

R. Sophia Porchelvi and M. Anitha, On solving multi objective interval transportation problem using fuzzy
programming technique, International Journal of Pure and Applied Mathematics, 118(6)(2018) 483-491.

J.L. Deng, The control problems of grey systems, Systems and Control Letters, 1(5)(1982) 288-294.

O. Palanci, S.Z. Alparslan Goék, M.O. Olgun and G.W. Weber, Transportation interval situations and relat-
edgames, Operation Research- Spectrum, 38(2016) 119-136.

S.H.Nasseri, D. Darvishi, and A. Yazdani, A new approach for solving grey assignment problems, Control and
Optimization in Applied Mathematics, 2(1)(2017) 15-28.

S. Wang, Y. Xie, Y. Tang, H. Zang and Z. Wang, An interval programming based traffic planning model for
urban vehicle emissions management, Energy and Power Engineering, 5(2013)344-349.

S.F. Liu, and N. Xie, Grey Systems Theory and its Applications, The Science Press of China,Beijing, (2013).

A. Baidya, U.K. Bera, and M. Maiti, The grey linear programming approach and its application to multi-objective
multi-stage solid transportation problem, Opsearch, 53(3)(2016) 500-522.

R.E. Moore, R.B. Kearfott and M.J. Cloud, Introduction to Interval Analysis. SIAM Press, Philadelphia,(2009).
D. Darvishi, J. Forrest, and S. Liu, A comparative analysis of grey ranking approaches, Grey Systems: Theory
and Application, 9(4)(2019) 472-487.

S. Liu, Y. Yang and J. Forrest, Grey Data Analysis. Springer, Singapore, (2017).

Q.X. Li, and Y. Lin, A briefing to grey systems theory, Journal of Systems Science and Information, 2(2)(2014)
178-192.



	Introduction
	 Preliminaries 
	Grey System Theory 
	 Ranking Grey Numbers by Kernel and Greyness 

	Grey Transportation Problem 
	Proposed Separation Method 
	Central Transportation Problem
	Width Transportation Problem 
	Proposed Algorithm (Separation method)

	 Numerical Example
	Conclusion

