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ABSTRACT

The Transportation problem is one of the ultimate optimization problems in the branch of optimization or
operation research. The transportation problem  mostly focuses on the best possible way a product
manufactured at different supply origin can be transported to a various demand destination. The objective in a
Transportation Problem is to fully gratify the destination necessities with in the functioning manufacture
capacity constraints at minimum feasible cost. The construction of transportation problem comprises a large
number of transport routs from numerous supply origin to numerous demand destinations. The coefficient of
the objective function can characterise transportation cost, time, profit, product defectiveness. The objective is
to find the number units dispatched from on origin to a destination, with in the limited quantity of goods or
services presented at each supply origin at the minimum transportation cost or time.

The basic concept explain in the journal is applied to minimize the total transportation cost of transporting a
product from supply origin distributions. However, it can also be applied to the maximization of some total
value or utility.

Keywords:- Transportation Problem, Fuzzy Transportation Problem, Solid Transportation Problem, Multi-
objective Transportation Problem

l. INTRODUCTION distribution method is useful for the optimal
soluation for the transportation problem.

Swarup [9] developed a technique, similar to
transportation technique in linear programming to
minimize a locally indefinite quadratic function.
Sharp et.al. [10] Developed an algorithm for an
optimal solution of the production transportation
problem. Sharma [11] has proposed a new heuristic
approach for accomplishment good and starting
solutions for dual based approaches for solving
transportation problem. Kakuchi [12] suggested that
in many problems of transportation engineering and
planning, the observed or resultant value of the
variables are inexact, nevertheless the variable
themselves must gratify the set of rigid relationship

solving the transportation models; it could be solved uttergd by physical principle_. For each of many
for optimally as an answer to complex business possible sets of values the gratify he relationship the
problem in 1951. William [5] applied the lowest membership grade is checked and the set,

whose lowest membership grade is the highest, is
chosen as the best set of value for the problem.

The simple transportation problem originally
develop by Hitchcok [1] has also offered a study
entitled. This demonstration has reflected the first
significant  involvement to the result of
transportation problem. Kantorovich [2] Studied on
continuous form of the problem and further with
Gavurian they studied the capacitated transportation
problem. Koopmans [3] has presented “optimum
utilization of the transportation system” The
transportation problem was modelled as a standard
linear programming problem and efficient solution
Transportation problem was obtained using the
simplex method in 1947. George B. Dantzing [4]
applied the concept of linear programming in

decomposition principle fot the solution of the
simple transportation problem. Shetty [6] has
considered a convex production cost at each supply

centre and formulated an algorithm to solve Il. MATHEMATICAL

transportation problem. Charnes and cooper [7] FORMULATION OF SINGLE
p.rovilded art]h a(ljter_nz;ltive tv_vay Ef ddeterrlnin.ing me OBJECTIVE

simplex-method information by developing the

sleeping stone method. Dantzing [8] used the primal TRANSPORTATION

simplex transportation method and obtained an _ PRQB_LEM-_ o

initial basic feasible solution for the transportation 2.1 Single objective optimization problem: -
problem by using the northwest corner rule, row A single objective optimization problem finds the
minima, column minima, matrix minima or the maximum or minimum value of a given objective
vogel’s approximation method. The modified function, subjected to a given set of constraints that
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must be satisfied by single objective optimization
problem solution

Max (or min) f(y)
Subject to the constraint:
XEQ

where f is a given objective function from a general multidimensional space T to the set of real T, and Q= (y/h;
WME=>) d,i=12,............. p) is a subset of T9 defined by various conditions called ‘constrains one of the
main goals of optimization is to find an efficient algorithms to obtain the optimal solution, that is, to find a vector
y € 2 that optimization (maximizes or minimizes) the objective function f among the set of all feasible salutation.
Depending on the nature of the function involved in problem of Max (or Min) f(y), y € Q.

2.2 Single objective internal transportation problem: -

The invention of interval transportation problem is the problem of optimizing interval valued objective function
with interval constraints.

Formulation of interval transportation problem

Minimize Y = Y7, %9, [Dx,;:Dr,;1vij
Subject to the constraints Z?zlyij = [exper] 1=1,2..p

5Py = [dipdr | i=12 g

Yij > 0 Vi,j
With

p -y p - y4a
Zi:1 CKl-_ Zj:1 dKj and Zi:1CTL' - Zj:1 de

Where [DKij’ DTij] is an interval demonstrating the uncertain cost for the transportation problem and it can
characterise transport time, quantity of product delivered, under used capacity, etc. the source parameter lies
among left limit ¢ and right limit c;,. Similarly, destination parameter lies between left limit d, and right limit
dT.-

i

2.3 Single objective fuzzy transportation problem: -
Formulation of fuzzy transportation Problem
Minimize

Y=Yi, X8y v
Subject to the constraints:

Z?zlyij: G =120 p
Y ivi=d =12 n
Yij 2 0, Vi,j

Where,
¢, be the fuzzy supply of the product i* source
d; be the fuzzy demand of the product at j* destination

é;; be the fuzzy transportation cost for unit quantity of the product from i" source of jt* destination.
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ij be the quantity of the product that should be shipped from it" source to jt" destination to minimize the
total fuzzy transportation cost.

2.4 Single objective solid transportation problem: -
The mathematical formulation of single objective solid transportation problem
Minimize:

_vP q
Y=%is1 2o Yio1eije Vije

Subject to the constraints:

Z?=1 Yb=1 Yije =€ i=1,2...... p
Z?ﬂ Yt=1Vije =d;, =120 q
25;1 Z?=1 Vijt :ft, t=1,2........... S

Yije= 0,V ¢
Where,
C; represents supply of the product at i source.
d; be the demand of the product at jt" destination.
f: represents the transportation capacity of the conveyance t.

c;je Is a penalty associated with transportation of a unit of the product from source i to destination j by means of
the t** conveyance

Yije represents the unknown quantity to be transported from origin to destination by means of the tt" conveyance.

The solid transportation problem was first identified by schell [13] verdegay [14] considered two type of uncertain
solid transportation problem, one with interval numbers and other with fuzzy numbers.

2.5 Single objective fuzzy solid transportation problem: -
A fuzzy solid transportation problem of minimizing objective function is formulation as follow.
Minimize:

_ P a 5
Y=%is1 X1 2Zi=18it Vije

Subject to the constraints

?=1 Z§=1yl‘jt=5i:i:1:2 ......... p

Y Yiavie=d;,j=12....... n
S Y Ve =fe 121,208
Yije =0, forall i, j, t
Where,
¢ represents fuzzy supply of the product at i** source.
d]- be the fuzzy demand of the product at j* destination.
f; represent the transportation capacity of conveyance t.

& is a fuzzy penalty associated with transportation of a unit of the product from source i to destination j by
means of ¢t conveyance.
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Yije represents the unknown quantity to be transported from origin to destination by means of the tthconveyance.

2.6 Single objective fuzzy fixed charge solid transportation problem:-
A mathematical model of fuzzy charge solid transportation problem is formulated as follows.
Minimize:

Y=3", ?:1 2t=1 (EijeYije ¥ije Uije)
Subject to the constraints

Zj?:l Zgzl yijt Sél s i= 1, 2.0 p

Y Wil vie>d; i=1,20 q
?:1 Z?=1Yijt Sft =12 S
Yije 20, Vi, ], |

" :{ L oif yijeso
ut 0; otherwise.

Where,
¢&; = fuzzy supply of the product at i** source.

dj = fuzzy demand of the product at j** destination.

;¢ = the fixed charge with respect to transportation active from source i to j destination by conveyance t.
é, = the fuzzy transportation capacity of conveyance t.

X;jr = the unknown quantity to be transported from origin to destination by means of the tt" conveyance.

I1l. MATHEMATICAL FORMULATION OF MULTI-OBJECTIVE
TRANSPORTATION PROBLEM.

3.1 Multi-Objective Optimization Problem: -

Multi-Objective optimization model also known as multi-objective programming, vector optimization problem,
multi-criteria optimization or pareto optimization. Multi-Objective optimization model is used for mathematical
optimization problem comprising more than one objective function to be optimized simultaneously. It is multiple
criteria decision-making and useful in many fields of science, engineering, economics and logistic where optimum
decision need to be occupied in the optimization occurrence of trade-offs among two or more conflicting
objectives.

Max (or Min) 8 (y) = (01 (), 0(¥) ... ..... 6«(y))

Subject to the constraint:
yeQ

Where: Q — Ttis a given vector function consisting of t objective function to be maximized or
minimized.

3.2 Multi-objective Transportation Problem:-
The mathematical structure of transportation problem with | objectives, p sources and q destinations
Minimize:

Y :Zle Z;?:l ell} Vij I=1......... J

Subject to the constraints
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Zj?:lyi;:ci,izl,z ............ p
Z’;lyij = dj,j =1,2......... q
Yij20,Vij

3.3 multi-objective interval transportation problem: -
The mathematical formulation:
Minimize:

YI = ?:1 Z?:l [DII(U ,D%‘U] yl]

Subject to the constraints:

Yooy = ek Crpd 151,200 p
Zle yl] = [dK] ,de],j = l, 2, n
Yij =20,V ;

With X7, ek, = X]_, di; and XF_, cr, = X9, dr,

Where, the source parameter between left limit c,; and right limitcr,.

Similarly, destination between left limit dKj and right limit dT]. and [D}qj ,D%ij], (k=1, 2.....7J) is an interval
indicating the uncertain cost the transportation problem.

3.4 Fuzzy multi-objective transportation problem: -
Minimize:
171 = Z?zl 2?21 (Eilj)yij
Forl=1,2.
Minimize ¥, =%{_, X7_, (D)) y; andminimize ¥, =Y, X7_; DZ

Subject to the constraints:

Yy <G, i=1 20 p
Y vii=d =120 q
Yij 2 0, Vi, j

Where,

yij = unit distributed from source i to destination j.

Y, = total distribution cost

Y, = total product impairment

5}]- = distribution cost per unit delivered from source t to destination j.
Eizj = product impairment during delivered from source i to destination.
¢; = total available supply for each source i

d; = total demand of each destination j.
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3.5 Multi-objective solid transportation problem:-
A multi objective solid transportation problem of minimizing objective function is formulated.
Minimize:

Y= Z?:l Z;'l=1 i1 Diljt Yije » 1= 1,200 J

Subject to the constraints:-

o M yie=e iE L 20 p

Y Tieyije=dy 7L 20 q
D S Ve =fe t=1 20 S
Yije 20, Vi jt

Where,

c; represents supply of the product at i source.

d; be the demand of the production at jt" destination

| represents the objectives I=1, 2......... j

f: represent the transportation capacity of conveyance t.

e}jt is transportation of a unit of the product from source i*" conveyance for the It" represent transportation cost,
delivery time, quantity of good, capacity, y;;. represents the quantity to be transported from origin to destination
by means of t* conveyance.

3.6 Fuzzy multi-objective solid transportation problem:-
A fuzzy multi-objective solid transportation problem of minimizing objective function is:
Minimize:

Yl 25;1 ?:1 Zi‘):l D;Il) xijt‘ I= l, 2, J

Subject to the constraints:

Y Sy =6 =120 D

Y Yiaviesd;, j=1,20 q
D X v =f Bl 2, S

Vije =fe t=1,2.. S

Vije 20, Vi

Where,
¢ represents fuzzy supply of the product at it"
E]- be the fuzzy demand of the product at j*

f: represents the fuzzy transportation capacity of conveyance t.

| represents the objectives 1=1,2.......... J
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IVV.CONCLUSION

Transportation problem is very important to solve
decision-making. To find the salutation of
transportation problem, a large amount of time and
resource are needed. In order to handle the
complexity of the problems and to provide decision
associated to the problems, many researchers have
exploited over the years in this area by using various
traditional method and non-traditional method.
However, an optimization model of some
transportation problem may habitually come across
uncertain phenomena and so on due to the
uncertainty, nondeterministic model parameters of
transportation ~ problems are  precious by
indistinctness and imprecision with linguistic terms,
which are given by decision maker. In such
conditions, multi-objective transportation problem.
When traditional techniques are applied to solve
such problems then this will give us an optimal
solution. On the basis of literature, fuzzy
transportation problem solution methodologies are
different and for a simple real number or interval
number based transportation problems solution
approaches are different so it is necessary to find an
approach with is applicable in both case.

Therefore, it is necessary for all such transport
companies to decide some strategies according to
their capacity before apply in such tendering
procedure so that all companies will get maximum
benefit.

V. FUTURE SCOPE
Developed model can be extend other multi-
objective optimization problem, like: Assignment
problem, transhipment problem, inventory model
etc. linear and exponential membership function
represent imprecise number for the solution of
transportation problem.
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