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APPROACH FOR SOLVING OF TRANSPORTATION PROBLEM WITH FUZZY RESOURCES

In this paper, a method is proposed to find the fuzzy optimal solution of fuzzy transportation model by representing all the pa-
rameters as triangle fuzzy numbers. To illustrate the proposed method a fuzzy transportation problem is solved by using the pro-
posed method and the results are obtained. The proposed method is easy to understand, and to apply for finding the fuzzy opti-
mal solution of fuzzy transportation models in real life situations.

Keywords: fuzzy transportation problem, triangle fuzzy numbers, optimal solution.

INTRODUCTION

The transportation problem which, is one of network integer programming problems is a problem that deals with distrib-
uting any commodity from any group of 'sources' to any group of destinations or 'sinks' in the most cost effective way with a
given 'supply' and 'demand' constraints . Depending on the nature of the cost function, the transportation problem can be
categorized into linear and nonlinear transportation problem.

Transportation problem is a linear programming (LP) problem stemmed from a network structure consisting of a finite
number of nodes and arcs attached to them. In a typical problem a production is to be transported from m sources to n des-
tinations and their capacities are a4, a, ... am and b1 ,by, ... by, respectively. There is a penalty Cjjand variable X;; associated
with transporting unit of production and unknown quantity to be shipped from source i to destination j.

Efficient algorithms have been developed for solving the transportation problem when the cost coefficients and the sup-
ply and demand quantities are known exactly. However, there are cases that these parameters may not be presented in a
precise manner. For example, the unit shipping cost may vary in a time frame. The supplies and demands may be uncertain
due to some uncontrollable factors.

Bellman and Zadeh [1] proposed the concept of decision making in fuzzy environment. Lai and Hwang [2] considered
the situation where all parameters are fuzzy. In 1979, Isermann [3] introduced algorithm for solving this problem which pro-
vides effective solutions. The Ringuest and Rinks [4] proposed two iterative algorithms for solving linear, multi criteria trans-
portation problem. S.Chanas and D.Kuchta [6] the approach based on interval and fuzzy coefficients had been elaborated.
Tien Fuling [7] applied the method of interactive fuzzy multi-objective linear programming to transportation planning deci-
sions. A new approach called fuzzy modified computational procedure to find the optimal solution was discussed in [8]. The
new arithmetic operations of trapezoidal fuzzy numbers are employed to get the fuzzy optimal solutions. In this work, the
fuzzy transportation problems using triangle fuzzy numbers are discussed. Here after, we have to propose the method of
fuzzy modified distribution to be finding out the optimal solution for the total fuzzy transportation minimum cost.

There are also studies discussing the fuzzy transportation problem. Chanas et al. [6] investigate the transportation prob-
lem with fuzzy supplies and demands and solve them via the parametric programming technique in terms of the Bellman
and Zadeh criterion. Their method is to derive the solution which simultaneously satisfies the constraints and the goal to a
maximal degree. In this paper fuzzy transportation problem is discussed with constraints where the supply and demand are
triangle fuzzy numbers. This paper aims to find out the best compromise solution among the set of feasible solutions for
fuzzy transportation problem.
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FUZZY TRANSPORTATION MODEL FORMULATION

We deal with the production and transportation planning of a certain manufacturer that has production facilities and cen-
tral stores for resellers. Each store can receive products from all production plants and it is not necessary that all products
are produced in all production units.

Assume that a logistics center seeks to determine the transportation plan of a homogeneous commodity from m sources
to n destinations. Each source has an available supply of the commodity to distribute to various destinations, and each des-
tination has a forecast demand of the commodity to be received from various sources. This work focuses on developing a
fuzzy linear programming (FLP) method for optimizing the transportation plan in fuzzy environments.

Let's consider

— index sets:
i —index for source, foralli=1, 2, ..... ,m,
Jj —index for destination, forallj=1, 2, ..... ,n;

— decision variables:
X; — units transported from source i to destination j (units);
— objective functions:
Z — total transportation costs;
— parameters:
c;j — transportation cost per unit delivered from source i to destination j,
a; — total available supply at each source i (units),
b; — total forecast demand at each destination j (units).
Then the transportation problem is formulated as:
minimize total transportation costs

i=1 j=1

with constraints on total available supply for each source i

n _
th./. =a;,, i=1lm, (2)
j=1

and constraints on total forecast demand for each destination j

2x,=b, j=Ln 3)

Matrix vl

i=lm, x,.j
j=1,n

b

condition
Sa-%, “
7=

is necessary and sufficient for transportation problem solving.
If any of the parameters ai, or bj is fuzzy, the total transportation cost Z becomes fuzzy as well. The conventional trans-

portation problem defined then turns into the fuzzy transportation problem (FTP).

FUZZY TRANSPORTATION MODEL SOLUTION
We propose to explore the solution of transportation problem with fuzzy distributing any commaodity resources which de-
fines as triangle fuzzy numbers [9] a;,i=1,m, I;j,j =1,n.
In this case we consider transportation problem as linear programming problem that may be written in the next form:

m

n
min Z= X X ¢px; (5)
i=1j=1

subject to

n —_—

Zx,-j=a~,-, i=1,m, (6)

j=1

.:lxii =bj. =l (7)
and Ya - Sh. (8)

Fuzzy values a;,i=1,m, bj j=1,n, are consider as Triangular Fuzzy Numbers (TFN) a; = (g; -af,ai,ai +aj),i=1,m,

n N _ .
with tolerances af (<a;), aj (>0) for in]- =a;,i=1m and b; = (b; -bi-,b/-,bi +b%), j=1,n, with tolerances b} (<b),
j=1 ool

m - R
b (>0) for ,Z]xii =b;, j=1,n, respectively.
i
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Triangular Fuzzy Numbers l;l =(b; -b,—l,b,-,b,- ), i=m are called Left Triangular Fuzzy Number (LTFN) with tolerance

b,»l (<by), i:m and Triangular Fuzzy Numbers E:(bi,bi,bi +b]), i:L_m, are called Right Triangular Fuzzy Number

(RTFN) with tolerance 5 (>0), i=1,m .
The solution of FTP (5)-(8) according to approach [10] is offered. Let L; and U, are the lower and upper bound for the objec-
tive function Z. When the aspiration levels for objective have been obtained, we form a fuzzy model which is as follows:

find x;; ,i

ij !

J

=lm, j= ﬁ so as to satisfy

M:

1

xij:

Z 2;, EZ(Ll,Ul’Ul)v

a;, i=1m,

Xij

9)
(10)

>0,i=lm, j=Ln.

The membership functions for fuzzy constraints of (1.3, 1.4) are defined as:

for first constraint (9)

for the i-th constrains, i =1,m,

for the j-th constrains, j=1,

N}

0,

[Z Z CyXy ~ L,

i=1 j=1

1,

m

for > i cy;x; < Ly,

i=1 j=1

for i Z”: cy;xy; 22U,

i=1 j=1

.
0, for Y x,<a,—a/,
I

n
1 1
x; —a;+a, a,,
j=1
[ i

o

L), for L,

for b, —b; <> x, <b,

i=1

m

for b, Sinj <b, +bj,
i=1

Using the max-min operator (as Zimmermann [3]) linear programming problems for (9), (10) is formulated as follows:

subject to

max A

)y
i=1j

n
1
Zx,-j -la; =a;-a;,

J=1

n
.
)y x;; +2a;
Jj=1

m /
le-j - Ab;

i=1

(11)

n
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(12)

>b; - by,

; =bj+bj,

j=Ln.
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APPLICATION IN TRANSPORTATION MODELS

The following data adopted from J. Reeb and S. Leavengood [11] is used to show that the above Fuzzy Transportation
Problem with fuzzy constraints can be employed to solved.

First, let's formulate our problem and we will solve using the LP software WINQSB. The XYZ Sawmill Company's CEO
asks to see next month's log hauling schedule to his three sawmills. He wants to make sure he keeps a steady, adequate
flow of logs to his sawmills to capitalize on the good lumber market. Secondary, but still important to him, is to minimize the
cost of transportation. The harvesting group plans to move to three new logging sites. The distance from each site to each
sawmill is in Table 1. The average haul cost is $2 per mile for both loaded and empty trucks. The logging supervisor esti-
mated the number of truckloads of logs coming off each harvest site daily. The number of truckloads varies because terrain
and cutting patterns are unique for each site. Finally, the sawmill managers have estimated the truckloads of logs their mills
need each day. All these estimates are in Table 1.

Table 1. Supply and demand of sawlogs for the XYZ Sawmill Company.

Logging Distance to mill (miles) . . .
site Vil A Mill B Mill C Maximum truckloads/day per logging site
1 8 15 50 20
2 10 17 20 30
3 30 26 15 45
Mill demand (truckloads/day) 30 35 30

The next step is to determine costs to haul from each site to each mill (Table 2).

Table 2. Round-trip transportation costs for XYZ Sawmill Company.

Logging site Mill A Mill B Mill C
1 32 60 200
2 40 68 80
3 120 104 60

We can set the LP problem up as a cost minimization; that is,we want to minimize hauling costs and meet each of the
sawmills. This problem is formulate as:

let x, = amounts transported from Site jto Mill j, i= 1, 2, 3 (logging sites), j= 1, 2, 3 (sawmills),
objective function

32x” +40)(:21 +120)(:31 +60x12 +6SXZ2 +104XS2 +200x13 +80)(:23 +60.X33 — min (13)
subject to

x11 +xp1 + x3; =30 Truckloads to Mill A

X12 +.)(,‘22 + X32 =35 TruCk|OadS to M|" B

X13 +X23 + X33 = 30 TI’UCk|OadS to Mill C
x11 + x5 +x3 =20 Truckloads from Site 1

(14)

X1 X9y +xp3 =30 Truckloads from Site 2
x31 +x3, +x33 =45 Truckloads from Site 3
In this model all right hand side are fuzzy numbers as follow:

30=(28,30,32), 35=(34,35,37), 30 = (29,30,31), 20 = (18,20,23), 30 = (28,30,33), 45 = (44,45,46).
By using equation (11) the model become

max A
subject to

32x;; + 40y, +120x3; +60x5 +68X9y +104 x5, +200x;5 +80 xp3 + 60 x33 — A(5760 - 5560) =5560,

X1 T X+ X3 =228+ 24,
X1+ X9 + x31 =32-2],
x1p txgy +ox3y <34+24,
xp X+ x3p =38-34,
X3 tagy+ a3 22944,
Xj3 T X3+ X33 <31-4,
X T X Tx3 218+24,
X1 X0 Tx3 =23-34,
Xo1 FXpp X3 228424,
Xp1 +X9p + x93 =33-34,
X3tz T X33 =44+ 4,
X371 t X35 t X33 =46-1,
x;; =0, i=1,2,3,j=1,2,3.
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The optimal solution is :
X1 = 0, X1 = 26, X31 = 0, X120 = 158, Xyp = 0, X3p = 1717, X13 = 217, X23 = 0, X33 = 258, A= 1,Z =5842.8.

FUZZY APPROACH TO SOLVING PROBLEMS OF LINEAR PROGRAMMING BASED
ON METHODS FOR DECISION MAKING
The parameter in the formulation of the optimization problem (11) — (12) determines the total guaranteed level of fuzzy
defined resources. In practice the tolerance depends from type and specific resources. This allows us to generalize the
above proposed approach to the case of using multiple parameters.
Let it be known that the tolerance of demand and supply resources in constraints are independent and can be formal-
ized in the form of inequalities
n n
le-/--ilaf Eai—al{, inj +Ma] <a;-af,
J=1 J=1 (13)
m m
Iy - dobh =b; - b, Xy +dgbl; <b; 57,
o : VA e : e

i=Lm, j=Ln, 0<i, <1, p=12.

To find the marginal values change resource use way to compare the importance of constraints on the basis of decision-
making methods.
Consider the method of constructing membership functions using pairwise comparisons. Let the set of elements

X ={x; =0, i:L_k} . The degree of association elements to fuzzy sets can be obtained by comparing the elements together.

Let g; denote the element's estimation X, in compare with element x;, i, j :I,_k. For consistency, ¢; =1/¢;; . Estimations

Eand

q; are define the matrixQ:“qij“, iLj=1,
Further find the eigenvector w=(wj,...,w,,) corresponding to maximal eigenvalue /i(Q) of matrix Q. The values

w; =0, i=1,_k are considering as levels of elements membership x;, i=1,_k to fuzzy set.
Coefficients of the relative importance of elements ¢;; derived from estimates of the importance scale (Table 3).

Table 3

Relative importance of elements Matrix A elements
Equal importance of elements 1

Slightly important 3

More important 5
Essentially important 7

Far more important 9
Intermediate values 2,4,6,8

Comparing the importance of constraints that define the area of solutions of fuzzy linear programming problem, finally
we obtain the problem model, taking into account the importance of group constraints:
find 4y € [0,1] as solution linear programming task

Ay — max (13)
subject to
m n
_Z Zepxy-dgWUy-Ly) =Ly
n
Py Xjj —llall >aq; —ail,
J=1

n

r r
,lei/ +Aa; <a;-a;,
j=

(14)

m
,Elxii -haby Zby b
s

m
, T <ph.+b"
i:ZIXU + b <b;+ b}

Wy Sk, wy Shy, xy 20, i=Lm, j=Ln, i, =ly, 0=, <1, p=12.
In this case, we assume the matrix Q is define as
1 5
=lys 1|

The maximal eigenvalue of matrix (Q)=2 and eigenvector w corresponding to this value is w=(5/6,1/6) . According

to our new approach the model become
max A



ISSN 1728-2276 KIBEPHETUKA. 1(13)/2013 ~17 ~

subject to
: 32x77 +40x5; +120x37 + 60 x75 +68 x95 +104 x35 +200 x15 +80 x53 +60 x33 - 19(5760 - 5560) =5560,
X1t x + x3p =28+ 24,
Xy T X+ x3 <32-24,
Xjp tXpp + X3p =34+24,
X txp +ox3p =38 34,
X3 Fxg3 + x33 =294 4,
X3 txgs + x33 <314y,
Xy txp txyy 218424,
X1y txpp txy3 <23-34,
X1+ Xy +xp3 228+ 24,
X1 T Xy +xp3 =33-34,,
X31 + X33 T X33 =44+ 4y,
x31 T X33 +x33 <46- 1,
516 <y, 6 <hy, 4 200, A, 2 Ay »
x, 20,i=1,23,j=123.
The optimal solution is :
X, =023, x, =29.42, x, =0, x,, =19.78, x,, = 0, x,, = 14.8, x,, =0, x,, =0, x,, = 29.83, &, =0.712, &, = 0.83, &, = 0.712, = 5699.96

CONCLUSION
Transportation models have wide applications in logistics and supply chain for reducing the cost. Some previous studies
have devised solution procedures for fuzzy transportation problems. In this paper we have thus obtained an optimal solution
for a fuzzy transportation problem using triangle fuzzy number. A new approach to find the optimal solution of transportation

problem with fuzzy resources is discussed. The new method is planned to use for solving the transportation problem with all
fuzzy parameters.
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B. Anmopapc, acn.
KHY imeHi Tapaca LLleB4eHka, KuiB

naxig and Po3B'A3KY TPAHCIMOPTHOI 3A0A4I 3 HEHITKUMU PECYPCAMU
B po6omi po3ansiHymo Memod nowykKy onmumasbHoO20 po3e'a3Ky Hedimkoi mpaHcrnopmHoi 3adadyi, pecypcu e sikili npedcmassieHo Hevimku-
Mu mpukymHumu qucnamu. lpoinocmpoeaHo eukopucmaHHsi Memody Ha npuknadi peasbHOI mpaHcnopmHoi 3adayi. 3anponoHoeaHo 3asly4YyeHHs
po3pobrieHoz20o nidxody Ons eupiweHHs HeYimKuUX mpaHcrnopmHux 3aday 3a2asibHo20 euassidy.
Knoyoei cnoea: Heyimka mpaHcrnopmHa 3adaysi, MPUKYMHUK 3 HeYiMKUMU YucsiaMmu, onmumasibHe PilleHHs.

B. Anmopapc, acn.
KHY nmenu Tapaca LLleB4eHko, KueB

noaxoa anA PEWLEHUA TPAHCINOPTHOU 3A0AYU C HEHETKUMU PECYPCAMU
B pabome paccMompeH Memod foucka onmuMasibHo20 peweHusi He4emkol mpaHcrnopmHol 3adayu, pecypcbl 8 kKomopoli npedcmaeneHbl
HeYemKuMu mpeyaosibHbIMU Yucnamu. lMpounrocmpupoeaHo ucnosib3o8aHue Memoda Ha npumepe peasnbHol mpaHcrnopmHol 3adayu. Mpedno-
JKeHo npuesieyeHusi paspabomaHHo20 Nodxoda Oss1 peweHuUs1 He4emKuUX mpaHcrnopmHbIx 3aday obuje2o euoda.
Knio4deesnbie cniosa: He4emkasi mpaHcrnopmHas 3adaya, mpeyaosibHUK C He4emKuMU Yucsamu, ormumasibHoOe peuleHue.



