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1. Introduction

The basic difference between the cost minimizing transportation problem and the time minimizing transportation problem is that n the
former the cost of transportation changes with variation in the quantity of the commodity and in the later the time involved remains
unchanged irrespective of the quantities of the commodity in the occupied cells in the time minimization transportation problem. The
time minimization transportation problem has been studied by Hammer [5]Garfinkel and Rao [3] and Szwarc[9]. Hammer [5] and
Szwarc [11] used labeling to solve the problem by introducing a sufficiently large cost on certain routes. The transportation time is
relevant in a variety of real transportation problems too. There are two types of problems regarding the transportation time [10]; (i)
minimization of the total time called minimization of first transportation time ,and (ii) minimization of the transportation time of the
longest active transportation route called minimization of second transportation time the problem of Barasov[1]. For (ii) the total
numbers of units on transportation operation with longest time is minimized [5]. The total time problem is formulated and res olved in
[6]. Llija Nikoli [8] proposed a new algorithm in total time transportation problem based on same criteria. This paper attempts to bring
out the total time minimization in fuzzy transportation problemby using new techniques.

This paper is organized as follows: In section (2) some basic definition on fuzzy set theory is listed. In section (3) the new solution
algorithm in the time minimizing fuzzy transportation problemis proposed. In section (4) Zero termination method algorithms to find
out the optimal solution for the total fuzzy transportation on minimum cost is discussed. Section (5) is endowed with a new numerical
example.

2.1 Definition: [6] A fuzzy number “a” represent with the three points as follow a=[aa a__].This representation is interpreted as

membership function is

0 for x<a
X—a
= fora<x<a
a-a
,Lla(X)Z 5 X _
= fora<x<a
a—a
0 for x>a

2.2 Fuzzy arithmetic operations [8] Operation on fuzzy numbers can be generalized from that of crisp interval as follows:
Vv a,b,a,b,a,beR

Let a:[g,a,a_] and bZ[Q,b,b_]

a+b:{§+k_J , a+b, 5+5}

a—b:{g—B,a—b,é—p}

a, =[a%,a’] [@-da+a, (a-a)a+a] b, =" b1 [b-b)a+b, (b-b)ar+b] Productor &-cu

Tele:
E-mail addresses: brkumarmath@gmail.com

© 2013 Elixir All rights reserved




16984 B. Ramesh Kumar et al./ Elixir Appl. Math. 61 (2013) 16983-16989

R,=a,xb, [a%3"] *[b“b"] = [R".g"]
Where Ba —min (gaga,gaBD"aaba,a“Ea) and

R" =max(a“b”,a“b”,a b*,a’b")

2.3 Measure of a fuzzy triangular number [2] If A=[a a ;] is a Triangular Fuzzy Number, then the measure of A denoted by

—_.Iteasily obtained that A< B iff M(A)< M (B)

M TR () s defined as MR (A)=%(2a+§+a)

2.4 Fuzzy Transportation problem [6] Consider transportation with m sources and n destinations. Let g be the fuzzy availability at
|
source iand [ be the fuzzy requirements at destination j. Let ¢ be the fuzzy unit transportation cost from source i to destination j.
j ij
Let y denote the number of fuzzy units to be transported from source i to destination j. Then the problem is to determine a feasible
ij

way of transporting the available quantity at each source to satisfy the demand at each destination, so that the total transp ortation cost
is minimum. The mathematical formulation of the fuzzy transportation problem whose parameters are fuzzy numbers under the given
constraint is;

minz=3"> c;X;
5

sty x;=a i=12.m
j=1
> x;=b, j=12.n

i=1

Zm:ai :Zn:bj and x; =0
i=1 j=1

where the fuzzy parameters are fuzzy numbers
3 Formulation of the time minimizing fuzzy transportation Problem
In a time minimizing fuzzy transportation problem, the time of fuzzy transporting goods from m origins to n destinations is
minimized, satisfying certain conditions in respect of availabilities at sources and requirements at the destinations.
Thus, a time minimizing fuzzy transportation problem is:

Z=[maxt;/x,>0 @)

n
subject to > x; =a;,i=12,..m
j=1
m
D x;=b;, j=12,..n, x;>0
i=1
Here + 7is the time of transporting goods from the it" origin, where availability is _ PR
G =t 4, 4] porting 8 : Y a=[a,8,a]

the ji" destination, where the requirement is b =[b b E] . For any given feasible solution, ] satisfying (1), the
i | |

Xij :[Xij, Xij 1 X

time of transportation is the maximumofy _ ¢ ¢ ] ameng the cells in which there are positive allocations, i.e., corresponding to
ij ij 7 M) tij

the solution X, the time if Fuzzy transportation is Z= [max t; /Xij > 0] . the total fuzzy transportation time, often is observed the *

fuzzy transportation efficiency” and minimized is;
S Stx., e @
FOO =2ty
iel jed
But, we prefer that in many real life problems is mostly natural to focus to minimization only the time of active fuzzy transportation
routes (i,j), as next objective is

, Where _ h1— 3
T(x)=2.2 th; My =Lhy by . hy] ©
iel jed
hij is the auxiliary function show active and non active fuzzy transportation route is;

1ifx,>0) )
h.. =
iTloif x, =0
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If the multiple fuzzy optimal solutions exist with T* as minimal value of (3) , it is recommended to optimize an another criteria retain
T* . like the fuzzy transportation efficiency (2), the time of the longest fuzzy active transportation operation , the number o f units on

fuzzy transportation operation with fuzzy longest time, the total fuzzy transportation cost etc.
3.1 Proposed New Algorithm

In this paper we proposed a new algorithm regarding the time minimization in fuzzy transportation problem which is based on the
following criteria:

Let y(&) gnd x*+ are two basic neighboring fuzzy feasible solutions, where x (k) is entering basis variable and y (k) is leaving
ij is
fuzzy basis variable for y (k):
k in: (k)= (k) >
x (K) Contain Xi(j) 0 and x{ 0,
x (k+1) Contain: Xi§k+1) > 0 and Xi(sk+1) -0

Therefore
(k1) _ (k)
Xij =Xis

x (K ’ X(k+l),xi(jk)and Xi(sk) be the triangular fuzzy number,

In moving from (k) {4 y(k+1) the total time T(X) given as (3) will be changed with the following values:
® ¢ ¢ e 5

qij _tij _tis ©)

The characteristic _ is the change of the fuzzy transportation time in problem (3).
0; _[%’qij /0]

Then the solution Xi(jk+1) has: T D _ T (K) Jrqi(jk) ...... (6)
Clearly, the total time T(k+1) is determined by values (k) as following:
ij
>T® jf >0 77 ®
ij

T(k+l):
© i q®
<T® if ¥ <0

Let T +is minimum value of T(x), y* is the fuzzy optimal solution of (3) and XT is a set of multiple fuzzy optimal solution of (3);

------- ®
T = min{T(x) = ZZtijhﬁ}

iel jed
---------- ©
X; :{x/T* = min{T(x) = ZZtijhij}}
iel jed
o 10

Above discussion makes possible to develop the method of solution for fuzzy transportation problem (3). If these problems have
multiple fuzzy optimal solutions (10), clearly it may be required to optimize next criterion.
Minimize the some of the following criterions:
The fuzzy transportation efficiency from (2) is

min(T (x) ==T")= {F(X) = Zztuxu}
i
Minimize the time of the longest active transportation operation
min(T(x) ==T")= {()=maxt, x>0} (12)

Minimize the number of units on fuzzy transportation operation with longest fuzzy time

............. (13)
min(T (x) ==T")=1Q(X\)= > X

t; =t(x)

- (11)

Minimize the total fuzzy transportation cost

min(T(x) ==T")= {F(X): chijxij}

Where ;= the units transportation costs.
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3.2 The Proposed Solutions Algorithm

Step 1: Find the basic fuzzy feasible solution x ) by zero termination method. Let number of iteration k=1

Step 2: Determine the fuzzy indicators (k) of active fuzzy transportation routes y (k)  (, and the total fuzzy time T =T(x ®)
ij ]

1 if x>0
0 if x{?<0

TO=SSghe (16)
i

(k) —
h =

Step 3: Obtain the characteristics q_(_k) for all nonbasic variables (k) _ gusing (5).Use the changing path of the fuzzy basic
ij 1]

solution and corresponding leaving fuzzy basic variables,
Step 4: Check the optimality of the fuzzy total time (3), using (7).If all q_('k) >0 the optimal solution x*is found .stop otherwise, go
ij

to step (5)
Step 5: Obtain next fuzzy basic solution, using fuzzy entering variable X; with minimumq.(_k), regarding q.(_k) <pset k=k+1 and go
ij ij

to step 2.
If the fuzzy optimal solution x* in last step 2 has q_(_k) < ofor nonbasic variables y () _ (5, there is no unique fuzzy optimalsolution
ij ]

and exist a set of multiple fuzzy optimal solution y* .Each of these variables gives an alternative an fuzzy optimal solution for (3),
T

go to fuzzy optimize other criteria.
Step 5: Choose one of the fuzzy criteria from (11) to (14) and calculate the value increase (k) for each nonbasic variable y ) <
ij [/

with q_(_k) =0 in multiple optimal solutions on end of Algorithm 1. For (k) use the known solving process for regarded criteria.
ij U]
Step 6; If there are negative increase, AW <0, for regarded criterion, chose minimum of them and minimize this criterion inset of
ij

multiple optimal solution for (3).

Step 7: Repeat step 2 with each of negative increase for regarded criterion and choose solution with minimum  criterion value

4 Zero Termination Method.

The Initial fuzzy feasible solution is obtained using zero termination method. Its procedure is summarized below

Step 1: Construct the transportation table

Step 2: Select the very smallest unit transportation cost value for each row and subtract each entries of the transportation table from
the corresponding row minimum. After that using the similar way subtract each column entries of the transportation table from the
corresponding column minimum

Step 3: In the reduced cost matrix, there will be at least one zero in each row and column, then find the termination value of all the
Zero cells in the reduced cost matrix by the following simplification: The termination cost T = Sum of the costs of all the cells
adjacent to zero cell is divided by the number of non- zero cells added.

Step 4: Choose the cell having maximum termination cost (T), if it has one maximum value, then first maximum possible allocation
(demand) is made to the cell. If it has one (or) more equal values then select the cell having minimum cost of transportation and
allocation is made.

Step 5: After the above step, the exhausted demands (column) (or) supplies (row) to be trimmed. The resultant matrix must possess at
least one zero is each row and column, else repeat step (2)

Step 6: Repeat step (3) to step (5) until the fuzzy feasible solution is obtained.

5 Example
Let us consider the following fuzzy transportation problem with m=4 sources and n=5 destinations, each row corresponds to a
supply point and each column to a demand point.

Table 1 Fuzzy Transportation Problem

Source
(-202) 012 (-202) (-202) [012]
(4812 (4 710) (246) (135) [2 4 6]
(246) (468) (468) (4710) [468]
Demand [135] [024] [135] [135]

In each cell (i j) top left corner represents the time tij required for fuzzy transporting X; fuzzy units from source a, to
b,— destinations. The fuzzy basic variable X; are presented in the middle of corresponding cells and the increase a; of time in bottom

right corner of each cell
(i j) with non-basic variable by using Step (1to 4 ) may be determined using Zero termination method in given FTP,
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Table 2: The Fuzzy optimal solution of (X1)

Source
(202 012 (202 (202 [012]
*[-4 -1 2] [012] *[2 6 10] *[-3 -1 2]
(4812 (4 710) (246) 135) [2 4 6]
*[-2 4 10] *[-2 3 8] [-315] [135]
(246) (468) (468) (4710 [4 6 8]
[1L35] [-214] [-4 2 8] *[-1 4 9]
Demand [1L35] [024] [135] [135]

F*=Fl=(012)(012) +(246) (315 +(135) (135 +(246) (L35 +(468)(214)

+(468)(-428)
= [-27 44 149] =525
Table 2 shows only indicators hij with value = 1 [hl2 - h23 = h24 = h31 = h32 = h33 :1]

[13, 24, 35] = TW
[012]

The corresponding fuzzy total time T @) =
The longest active fuzzy transportation operation t @) =
The Number of fuzzy transported units QW =[-2 1 4]
To calculate the increase of q; in table (2) which are verify the unique fuzzy optimal solution.

Non — Basic Variables | Indicators do for F(X) Indicators q(1) for T(¥)

Xi(jl) -0 ij

X =0 dff =[-6,1 8] >0 O =[-4,-1 2] <0
X5 =0 df;>=[—1o,—2,6] <0 q?=[2, 6,10] >0

x& =0 d® =[-10,0,11] =0 q¥ =[-3,-1, 2] <0
X =0 d® =[-4,6,10] >0 q¥) =[-2,4,10] >0
x5 =0 df) =[-2,3, 8] >0 ¥ =[-2,3,8] >0
x5 =0 d¥® =[-7,2,11] >0 ¥ =[-1, 4, 9] >0

\on changing the path |1(? ={ (1)) 1,2 (3,2) (31)} forxi(jl) — Q. thereis

Xl(i) =min {(0,1,2) (2,4,6)}=(0,1,2) = Xl(? , and y@ is no fuzzy optimal solution for
ofql(ll) — (_4'_1’ 2) < (0 Next go to the Step (1 to 4)
Table (3) Time minimizing fuzzy optimal solution stage 2 is: (X @)
Source
(-2, 0,2 ©, 1,2 (-2, 0,2 (-2, 0, 2 [012]
[0,1,2] *[214] *[000] *[-3-12]
(4,812 (4.7 10) (2, 4, 6) (135 [246]
*[-2 410] *[-2 38] [-3, 1 5] [1, 3,5]
(2.4 .6) 4, 6,8 4, 6,98 4, 7,10 [468]
[-1,2,5] [-2 2 6] [-4, 2, 6] *[-1,4,9]
Demand [135] [024] [135] [135]

X, be the entering fuzzy variable and Xy, is leaving the fuzzy variable, the entering fuzzy variable Xy, with solution of ()

decrease T® to T®, therefore T@ = TW+ 1) =23-1 =22 [table (i) ]
11

F?=[-31, 45, 185] =61, t@ =[4, 6, 8], Q@ =[-2, 2, 6]
To calculate the increase of a; in table (3) which are verify the unique optimal solution.

Non - Basic Variables | Indicators q @) for F(X) Indicators q.(_l) for T(X)
Xi(jZ) ~0 ij ij

x2 =0 d? =[-8,1, 6] >0 P =[-2,1,4] >0
x2 =0 d® =[-10,-2, 6] <0 2 =[0,0,0] =0
x{j’ =0 d? =[-10,0,11] =0 @ =[-3,-1,2] <0
xP =0 d{?=[-4,6,10] >0 & =[-2,4,10] >0

T(X) because
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x5y =0 d?=[-2,3 8] >0 9?2 =[-2, 3,8] >0
Xss =0 d{ =[-7,2,11] >0 a2 =[-1, 4,9] >0
The indicators value d; using table (3) it is exists for the fuzzy optimal conditions

Table 4: The time minimizing Fuzzy optimal solutions

Source
(-2, 0,2 ©, 1,2 (-2, 0,2 (-2, 0, 2 [012]

[0,1,2] *[-2, 1,4] *[0, 0, 0] *[-3,-1,2]
(4,8,12) (4,7 10 (2, 4,6) 1,35 [246]

*[-2,4,10] *[-2, 3,8] [-3,1, 5] [1,3.5]
(2,46 4, 6, 8) 4, 6, 8) (4, 7, 10 [468]

[-1,2,5] [-2 2 6] [-4, 2, 6] *[-1,4,9]

Demand [L35] [024] [135] [L35]

The minimum of total transportation time T*=T @ = 22 has multiple optimal solution X (? with dl(? =0 dl(g) < - Keeping

minimum of T(x) may it’s possible to fuzzy optimize some another criteria using the step (5 to 7) regarding changing the paths with
their entering and leaving variable

x7=0, L5 ={1.3 1.1 (31273}
x2 >0, x® =min{ (0,1,2) (-4,2,6)}=(01,2) = x?
Table 5: The time minimizing fuzzy optimal solution stage 3 is: (X ©®))

Source
(2, 02) ©, 1,2 (2,02 (2, 0,2 [012]
0,1 2]
(4,812 @ 7,10 (2, 4, 6) (135 [246]
[-3, 1, 5] [, 3 5]
2 46 4, 6, 8) 4, 6, 8) @, 7,10) [468]
[-1,37] [-2 2 6] [-6, 1, 6]
Demand [135] [02 4] [135] [135]
F®=[-39,43,197] =67=61, T®=22-1=21, t&®=[4,6,8] , Q¥ =[ -2 2 6]
On changing the path by using the step (5to 7)
x2=0,L9=11HL1HGBDHE.3HR.IR.HL4H
x2 >0, x® =min{ (0,1,2) (-4,2,6)}=(01,2)
Table 6: The time minimizing fuzzy optimal solution stage 4 is: (X @)
Source
(2, 02) ©, 1,2 (2,02 (2,0, 2) [012]
[0,1,2]
(4,8 12) @710 @ 4 6) 135 |[246]
[-3, 2 7] [-1, 2 5]
2 46 @, 6, 8) (4, 6, 8) @ 7,100 | 4689
[-1,3,7] [-2 2 6] [-6, 1, 6]
Demand [135] [024] [135] [135]

F* = [-41, 44, 209] = 70.6, T@ =21+ 0 = 21,

tH=[46,8, Q¥=[-6,1,6]

Since, the optimal condition exists, the solution (X @) keep t ) =t®) = (4, 6, 8)

S0, X @), X @ s better than X @), but X @) is not better than X @),

The time minimizing fuzzy optimal solution obtained abowe in stages is summarized in the following table:

Time

Minimization on [ X® X@) X@) X@)
fuzzy criteria

Frin®) 55.3 76.6 67 70.6

T(x) 23 22 21 21

t(x) [012] [4,6,8] [4.,6,8] [4.,6,8]
Q(X) [ 21 4] [ _27 27 6] [_2 12 76] [ _6 11 16]
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6 Conclusion

In this paper, we proposed a new algorithm to find the optimal solution in time minimizing fuzzy transportation problem with an
illustrated with a numerical example. This would be a new attempt in solving the transportation problem in fuzzy environment. The
authors value great comments and suggestion of referees.

References;

[1] Barasov, A.S., Linear Programming, Fizmatgiz, Moskva, 1961.

[2] Basirzadeh, H. An approach for solving fuzzy transportation problem, Appl. Math. Sci. 5, Pp.1549- 1566. (2011)

[3] Garfinkel.R.S., and Rao,M.R. The bottleneck transportation problem.Res.Logist,Q.,18, 465-72 (1971).

[4] Hadley,G. Linear programming. Addison Wesley publishing Co., Inc., Reading Massachusetts,(1962).

[5] Hammer,P.L Time minimizing transportationproblems, Nav.Res.Logist. Q.,16, 345- (1969).

[6] Mohanaselvi S.and Ganesan K., A new approach, Fuzzy optimal solution to fuzzy transportation problem, IJCSE, Vol4.No3
(2012), 367-375

[7] Nagoor Gani A. Abdul Razak K.Two stage fuzzy transportation problem, Europ. J. Oper. Res.15, pp. 79-90 (2004),

[8] Nikoli¢, 1., "Minimization of total transportation time ", SYM-OP-IS '86, Hereg-Novi, Yugoslavia,October, 1986, 519-520. (in
Serbian)

[9] ShanGao and ZaiyueZhang, multiplication on fuzzy numbers, Jour.of.software, Vol.4, No.4, 331-337(2009)

[10] Sharma J.K. and Kanti swarup. Time minimizing transportation problems, proc.Indian Acad, Sci., Vol.86A, No, 6, pp. 513-
518(1977).

[11] Szwarc w. Some remarks on the transportation problem. Nav.Res.logist.q. 18, 473- 85, (1971).



