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Abstract. This paper shows a procedure for solving the tiMimimizing fuzzy
transportation problem by assuming that a decisiaker is uncertain about the precise
value of the fuzzy transportation time, fuzzy seuend fuzzy destination parameters.
These parameters have been expressed as generadigetbrmal p-norm trapezoidal
fuzzy numbers. A numerical example illustrating thethod is included.
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1. Introduction

The Time Minimizing fuzzy transportation problemrmi®re important than the fuzzy cost
factor. Fuzzy Transportation model plays a vitdé o ensure the efficient movement
and in-time availability of raw materials and finéxl goods from fuzzy sources and fuzzy
destinations. For instance, the time of despatcthefmilitary personnel, equipment’s,
food, medicine etc. are to be sent from their besisonts. The objective of the fuzzy
transportation is to determine the shipping scheedinht minimizes the total shipping
fuzzy cost while satisfying the fuzzy demand andzfusupply limit was given by
Kantiswarup et al. [9]. If we are able to minimitee fuzzy transportation time, fuzzy
transportation cost comes down naturally. In liter the time minimizing fuzzy
transportation has already been studied by Arom Bori[1], Burkand et al. [3],
Garfrinkle and Rao [6], Hammer [7], Iserman [8]wazc [13], Mathur and Puri [11] and
Bhatia et al. [2] and others. Theoretical approatMulti-Objective programming and
goal programming are shown in [14].

In this paper the fuzzy transportation time, fuznpply and fuzzy demand is
expressed as generalized non-normal p-norm tragedzitizzy numbers which is solved
by the ranking function signed distance. A numéricample illustrating the method is
also given.

2. Preliminaries
2.1. Basic Definitions
In this section some basic definitions are revieagdollows:

Definition 2.1.[10] The characteristic functiop,0f a crisp set. £X assigns a value
either O or 1 to each member in X. This function ba generalized to a functigr such
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that the value assigned to the element of the usdbset X fall within a specified range.
i.e. uz : X = [0, 1]. The assigned value indicates the membemtaide of the element in
the set A. The functiop; is called the membership function and the set

A ={(x, uz(x)): xeX} defined byuz(x) for each X is called a fuzzy set.

Definition 2.2. [10] A fuzzy numberd = (a, b, c, d) is said to be a trapezoidal fuzzy
number if its membership function is given by

(0, xe(—ow,a] U [d,+x)
iy a<x<bh
”A(x):lbf,a b<x<c
=y c<x<d

a
QU

Definition 2.3. A fuzzy setd defined on the Universal set of real numidRiis said to be
generalized trapezoidal fuzzy number if its memihigrsfunction has the following
characteristics:

uz(x): R = [0, w] is continuous
uz(x) =0 for allxe(—o0,a] U [d, +x)
uz(x)is strictly increasing on [a, b] and strictly deasiing on [c, d]
4. uz(x) =wforallxe[b, c] where 0< w< 1
Definition 2.4. [4] A generalized trapezoidal fuzzy number (a, b, ¢, d, w) is said to
be a non-normal trapezoidal fuzzy number if its rhership function is given by

wn =

(0, xe(—oo,a] U [d, +0)
Iw(ﬂ), a<x<bhb
pa ={ o
4 w, b<x<c0<w<l1
x—d
lw(g), c<x<d

The generalized trapezoidal fuzzy number is saidbdoa normal trapezoidal fuzzy
number if w = 1.

Definition 2.5. [5] A non-normal fuzzy numbed = (a, b, c, d, w)is said to be a non-
normalp-norm trapezoidal fuzzy number if its membershipchion is given by

(0, x€(—oo,a] U [d, +0)
1

{ w[l—(g)p]panSb

,u,q(x)—w b<x<c,

L ’w[l—(g)p]chde
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wherep is a positive integer.

The left and right inverse functions pf(x) are,

Lil) = b + (a—b) [1— (%)p]5

Ri'(y)=c+ (d—C)[l—(%)p] 0<y<w

2.2. Arithmetic operations[4]

Let A;= (aq, by, ¢y, dq:wy)pand A= (ay, by, ¢y, dy:ws), be two non-normalp-norm
trapezoidal fuzzy numbers defined on the univessdl of real numbeRs Then the
arithmetic operations betwedn and4, are

i Ay @A, =(ay + az b+ byci + cpdq + dyiw),

i. 4, © A4, =(a; —az by — by, ¢ — cp,dy — dyi W),

ii. A, ® Ay =(a; X az, by X by, 1 X ¢, dq X dy: W)y

iv. 4; @ A, = (ay /dy, b1/ c3,¢1/ by, dy/ az: w), wherew = min(wy, w,)
 ((Aay, Aby, ey, Adyzwy)y A 2 0

v. Ay = {(/’ldl,)lcl,)lbl,)lal:wl)p_/l <0

While considering more than two non-normahorm trapezoidal fuzzy numbers
letw = min (wy,w,).

Definition 7. [12] A ranking function is a functiof:F(R) — R, where FR) is a set of
fuzzy numbers defined on set of real numbers whielps each fuzzy number into the
real line.

Let A = (a,b, ¢, d:w),wherew = 1 andp = 1 be the p-normal trapezoidal fuzzy
number.The signed distance frorfydaxis) is given as
r(1+1)r(l)
—L - P+ (b+0o)f;
Pri;+1)

d(4,0,) :g (@a— b— c+d:w),

If w > 1 andp = 1 then non-normab-norm trapezoidal fuzzy number.

For A= (aq,by,c1,dq i wy)pand B= (ay, by, cy,dy:w,), two non-normal p-norm

trapezoidal fuzzy numbers yvith differept heights~. )
i.d@,B)>0iffd4,0,)>d@®B,0,)iff B<A
i.d(,B)<0iffdA,0,)<d@B,0,)iff A<B
iiid(A,B)=0iffdd,0,)=d @ ,0,)iff B~ A.

3. Mathematical formulation

In a time minimizing fuzzy transportation probletine time of transporting goods from
m origins to n destinations is minimized, satisfyirertain conditions in respect of fuzzy
availabilities at fuzzy sources and required atftlzey destinations.
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Thus a time minimizing fuzzy transportatiortjs fij,di,~bj are represented as a
generalized non-normal p-norm trapezoidal fuzzy bers is

MlmmlzeZ = [Max(l-,j) fl]/fl] >0 ]
subject to the constraints,
n

2%11 = di,i = 1,2,3 m
i=1
m
Zfij = b,j=123..n
i=1

X;j = 0,Vi,j.

Yit1 51':27:1 b;

wherem: Total number of sources,

n:Total number of destinations.

d;: The fuzzy supply of the productAtsource.

Ej: The fuzzy demand of the product&tlestination.
t;;: The fuzzy transportation time for transportingds.
Y%, a;: Total fuzzy supply of the product.

=1 Bj: Total fuzzy demand of the product.

A fuzzy feasible solutioXl = [%;;] for which Max; ; ;;/%;; > 0] is minimal is called
an fuzzy optimal solution.

4. Proposed method: algorithm for solving time minimizing fuzzy transportation
problem

Step 1: Find the total fuzzy supplz; @ and the total fuzzy demanyj_, Ej.
Examine that the problem is balanced or §t; @; =X, b; or

Step 2. Determine an initial fuzzy basic feasible solutishich can be found by
the methods applicable in the case of the commast aunimizing fuzzy
transportation preferably generalized fuzzy Vogapgroximation method.

Step 3:(i) The time units shown in the non-empty cells aeetimes in which their
materials despatch are complete. The time unitsga@n in generalized non-
normal p-norm trapezoidal fuzzy numbers.

LetT = [ Max; ) &;;/%;; > 0] and if #;; < Tthen within timeTdespatches
of all cells will be complete.
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If £;; = T then we omit these empty cells.

(i) Now, the aim will be to determine another typiedistribution of materials for
if £ < T and to find an adjacent better basic feasibletisi.

(i) Construct a loop for the basic cells corresgimg toT in such a way that
when the values at the corner cells are shiftedratdhe value at the cell towards
(not necessarily zero) zero and no variable becames If no such closed path
can be formed the solution under test is fuzzynogti

Step 4: Defuzzify by signed distance to get the minimuamgportation time.

Step 5: Repetition of step 3 till no better adjacent bdegsible solution can be
found.

5. Numerical example
The proposed method is illustrated by the followixgmple:

Let there be three godowhss,, S;have the stocks
(1,4,6,9:2)1(2,5,9,14: 2),(1,2,3,4: 2), units of materials which are to be sent to theehre
destinations b D, D; demanding1,4,6,9:2)4, (1,2,5,8: 2)4, (2,5,7,10: 2), respectively
with the following fuzzy transportation tintg,i = 1,2,3.j = 1,2,3.

Destination Supply
Godowns | D, D, Ds
S (1,4,6,9:2), | (0.2,0.81,2:2), | (3,4,58:4); (1,4,6,9:2),
S, (0,1,2,3:2), (2,3,4,5:2), (3/4,5,6:2), (2,5,9,14:2),
S (2,5,7,10:2), | (3,5812:2); | (23,4,7:4), (1,2,3,4:2),
Demand | (1,469:2), | (1,258:2); |(257,10:2), | (411,18,27:2),

Table 1: Balanced Fuzzy transportation time

Step 1 Y%, d; =Xy B]- is a balanced fuzzy transportationtime which Hesv® in
Table 1.

Step 2: Generalized fuzzy Vogel's Approximation method givtke initial fuzzy basic
feasible Solution shown in Table 2.
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Destination Supply
Godowns | D; D, Ds
(1,2,5,8:2); |(0,2,1,1:2),
S (1,4,6,9:2), (1,4,6,9:2),
(0.2,0.81,2:2); | (3,4,58:4),
(1,4,6,9:2), (1,1,3,5:2),
S, | - (2,3,4,5:2); | - (2,59,14:2),
(0,1,2,3:2), (3,4,5,6:2),
(1,2,3,4:2),
S; (2,5,7,10:2); | (3,5812:2); | -----mmmm-mmm- (1,2,3,4:2),
(2,3,4,7:4),
Demand | (1,4,6,9:2), (1,2,5,8:2), (2,5,7,10:2)4 | (4,11,18,27:2),

Table 2: An initial fuzzy basic feasible solutiofyis given below

Bold numerals denote the allocations in the baslls of the solution.
Therefore, in order to complete the shipment ietatime
B Ty = Max{tiz, t13, t21, T23, E33}

Ty = Max{(0.2,0.8,1,2: 2)1, (3,4,5,8: 4)1,(0,1,2,3: 2)1, (3,4,5,6: 2)1, (2,3,4,7: 4),}

= (3,4,5,8: 4), units of time.
Thus, (3, D) enters the basis.

Step 3
Destination Supply
Godowns | D, D, D;
(0,2,1,1:2); | (1,2,5,8:2),
S (3,4,5,8:4), (1,4,6,9:2),
(1,46,9:2); | (0.2,0.81,2:2),
(1,2,5,8:2), (1,3,4,6:2),
S, | - (2,3,45:2); | - (2,59,14:2),
(0,1,2,3:2) (3/4,5,6:2),
(1,2,3,4:2),
S (2,5,7,10:2); | (3,5812:2); | ----mmmmmmm- (1,2,3,4:2),
(234,7:4),
Demand | (1,4,6,9:2), (1,2,5,8:2), (2,5,7,10:2)4 | (4,11,18,27:2),

Table 3: The new solutiolX, is given below

Using Step 3(iii) of the proposed method, we getdblution
T, = (2,3,4,7:4), > Tywhich has shown in Table 3. Therefore, (8 is

omitted.

Thus, (3, D) enters the basis.

Step 4:
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Destination Supply
Godowns | D, D, D3
(0,2,1,1:2); | (1,2,5,8:2),
S e (3,4,5,8:4); (1,4,6,9:2),
(1,46,9:2); |(0.2,0.81,2:2),
(0,0,2,4:2), (2,5,7,10:2),
S B (23,4,5:2); | - (2,59,14:2),
(0,1,2,3:2)4 (3,4,5,6:2);
(1,2,3,4:2),
S | e (3,5,8,12:2), (2,3,4,7:4)1 (1,2,3,4:2),
(2,5,7,10: 2),
Demand (1,4,6,9:2), (1,2,5,8:2), (2,5,7,10:2); | (4,11,18,27:2),

Table 4: The new solutiolX; is given below

Again using Step 3(iii) of the proposed method, get the solutionT; =
(2,5,7,10: 2); > T,which has shown in Table 4. Therefore;(%) is omitted.
Thus ( g D,) enters the basis.

Now we cannot form any loop originating from thél ¢8;D;). Thus the process
terminates.Therefore, in order to complete therahbint it takes time

T3 = Max{ty,t12,t21, E23, E33}

Ty = Max{(1,4,6,9: 2);,(0.2,0.8,1,2: 2),, (0,1,2,3: 2);, (3,4,5,6: 2)1, (2,5,7,10: 2), }

=(2,5,7,10: 2),

Hence, the fuzzy optimal time 5= (2,5,7,10: 2), .
Rank of time minimizing fuzzy transportation = 12
The fuzzy optimal solution is

ill = (0,2,1,1: 2)1,5&12 = (1,2,5,8: 2)1,5&21 = (0,0,2,4‘: 2)1,x23 = (2,5,7,10: 2)1,

f33 = (1,2,3,4‘: 2)1

5. Conclusion

The method presented and discussed above givde dazzy optimal solution for time
minimizing fuzzy transportation problem using geieed fuzzy non-normatnorm
trapezoidal fuzzy numbers. Sometimes we can getzyfoptimal solution directly.
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