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Abstract. The crisp transportation problem is one of theiestrlapplications of linear

programming problems. It is solved with the assuompthat the cost parameters are
specified in a precise way. But in real life sitaas, it is not possible to get relevant
precise data for the cost parameter; this givestasuzzy environment. In recent years,
fuzzy transportation problem and fuzzy assignmerdblem have received much

attention. It helps the decision maker to arriveha&t optimal solution using imprecise
data which is very often used for solving probleaisengineering and management
sciences. In this paper, we have coined few defiaatibn formulae for triangular fuzzy

number and presented new procedures for fuzzy oiré pethod which is utilized to

identify the optimal solution for fuzzy transpoitat problem (FTP) and fuzzy

unbalanced assignment problem (FUAP). Examplesillaisdrated to demonstrate the
proposed approach in detail. Finally the resultsioled under fuzzy environment are
compared with the existing crisp results to arava conclusion.
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1. Introduction

The basic transportation problem was developed kghebck [2]. The transportation
problem (TP) is a typical problem where a prodsedbibe transported from ‘m’ sources
to ‘n’ destinations. There are cases that the cosfficients, the supply and demand
guantities of a transportation problem may be uagerdue to some uncontrollable
factors. Fuzzy set theory introduced by Zadehi91965 opened a new horizon to deal
with imprecise information while making decisiodsfuzzy transportation problem is a
transportation problem in which the transportatost, supply and demand quantities are
fuzzy quantities. The objective of the fuzzy tramsation cost problem is to determine
the shipping schedule that minimizes the total yuzansportation cost while satisfying
fuzzy supply and demand limits. Zimmermann’s [1lik4y linear programming has
developed into several fuzzy optimization methods $olving the transportation
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problems. Nagoor Gani and Abdul Razak [4] obtaiagiizzy solution for a two stage
cost minimizing fuzzy transportation problem in wii supplies and demands are
trapezoidal fuzzy numbers. Nagoor Gani et al. [g8dian improved version of Vogel's
Approximation Method to find the efficient initiakolution for the large scale
transshipment problems. Dinagar and Palanivel fljestigated fuzzy transportation
problem, with the aid of trapezoidal fuzzy numbensd proposed fuzzy modified
distribution method to find the optimal solutiontgrms of fuzzy numbers. Pandian and
Natarajan [6] proposed a new algorithm namely, yuzero point method for finding a
fuzzy optimal solution for a fuzzy transportatiomiplems, where the transportation cost,
supply and demand are represented by trapezoidaly faumbers. An assignment
problem (AP) which is a special type of linear progming problem plays an important
role in industry and other applications. In an gssient problem, the main task is to
assign exactly one job to one person, so thatddiopming all the jobs, the total cost is
minimum or the total profit is maximum. A fuzzyséignment problem (FAP) is an
assignment problem in which the assignment cogtsfuaazy quantities. It is a special
case of FTP. Lin and Wen [3] solved the assignnpeoblem by a labeling algorithm
with fuzzy interval number costs. Hadi Basir Zad&B] proposed ones assignment
method for solving assignment problems. Srinivasad Geetharamani [7] applied
Robust’s ranking technique for solving fuzzy asmignt problem using ones assignment
method. Thus numerous papers have been publishBdzry Transportation Problem
and Fuzzy Assignment Problem. This paper is stradtas follows: In section 2, we
have reviewed the preliminary concepts of fuzzytisedry and coined the defuzzification
formulae for triangular fuzzy number. In sectioar®d subsection 3.1, we have proposed
new algorithms namely, fuzzy one point method fiodihg a fuzzy optimal solution for a
FTP and FUAP respectively where all parametergremegular fuzzy numbers. Through
illustrative examples, the fuzzy optimal solutidotained in this paper is compared with
the existing crisp result. Section 4, concludesaidnger.

2. Preliminaries

Definition 2.1. (Triangular fuzzy number)
Let A be a triangular fuzzy number, it can be reprged by A=(a,m,b;l)with

membership functiop , (x) given by

(x-a) / (m—a), asx<m

)= 1, x=m
a2 0-x) 1 (b-m), m<x<b
0, otherwise

Definition 2.2. (Defuzzification formulae for triangular fuzzy number)
a) Mean Measure of triangular fuzzy number A
LetA=(a,mb)be a triangular fuzzy number. Mean measure of Agigen by

(m-a)[1=(b-m)[1= m=(a+b)/2=MM(A).This is utilized when right spread is same as
the left spread.

36



L. Sujatha and S. Elizabeth

1y (X)

/)

0 HW x
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b) Left-Right Measure of triangular fuzzy number A
Let A=(a,mb;) be a triangular fuzzy number, the Left-Right measaf A is given by

LRM(A) :%{mgb} Herea=m-aandp=m+p, thenLRM(A) :{2m+
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Figure 2.2: Left — Right measure of A

3. Algorithm for fuzzy transportation problem
Let k = 1,2,3 be the 3 stages of FTP.
Mathematical formulation for balanced FTP in eaelys:

Z,=Min z, = 2 Z:ckij Xy )

subject to the_ccj)_nstraints

Zn:xkij =a; , I =1tom,; ixkij =b, , j=1ton; i a, =Zn:bkj; X 20 0i, j. 2)

et & & e

I\J/Iathematical formulation for unbalanced FTP in eakatqj;e:

Z,=Min z, = [Zm: zn: Cyi Xy J—(Zm: Xy j where j=n isadummy column (3)
i=1 j=1 i=1

Z, =Min z = [Zm: Zn: Cyi Xy ]—[Zn: X i ],where i =m isadummy row (4)
=1 =1

both subject to the constraints (2)

Note: There may be cases where we have to apply thetatgdunctions (1) and (3), (4)
if the 3 stages are the combination of balanceduabdlanced FTP.

Consider a fuzzy transportation table (FId)] with m sources S i =1to m and n
destinations P j = 1 to n. Leta = (a;,a,,a,)be the fuzzy supply (FS) at source S
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andb] = (blj !sz 1]
be the fuzzy transportation cost (FTC) of F[Ic]; ] from source So destination P Here

FS, FD, FTC are taken as triangular fuzzy numbBEnen the problem is to determine a
feasible way of transporting the available amourgegch source to satisfy the demand at
each destination so that the total transportatiast ds minimized under fuzzy
environment. This problem can be represented &sif®l

b,;) be the fuzzy demand (FD) at destination I2tC; = (Cy; ,Cy;,Cy;)

D; | ..l D, FS
Sl Cll ........ Cln 51
Sn | Ty | e c | a
FD | B, | oron b,

Table 3.Euzzy transportation problem

Step 3.1:FTP is now divided into 3 stages. In thiéstage, the transportation cogtof
transportation table (TT[);]J.].], supplya, and demand;1j are considered. In thé%stage,

Cy; of TT [c, ], supplya, and demand,; are considered. In théd$tage,c3ij of TT

[c, ], supplya; and demand; are considered. This is for all i = 1 to m andjj to n.

Procedure for the®istage of FTP( it is in the form of crisp transptitin problem):

Step 3.2:Check whether the given TP is a balanced onentlfeonvert it into balanced
TP by introducing the dummy column or dummy rowhagbst entry as one.

Step 3.3:Divide each row entries of the transportation eaty row minimum that is if

u;is the minimum of the'irow of the tablgc, jthen divide the't row entries by, , so
that the resulting table jg, /u,].

Step 3.4:Divide each column entries of the resulting tramtgion table after using the
Step 3.3 by the column minimum that isvf is the minimum of ' column of the

resulting table{c,; /u;] then divide T column entries by, so that the resulting table is
[(cy /u;)/v,]- It may be noted that,, /u,)/v, =1 for alli, . Each row and each column
of the resulting tablg(c; /u,)/v,] has at least one fuzzy one entry.

Step 3.5:Choose the row or column with only one fuzzy ond allot the minimum of
source and demand corresponding to that cell. Civbelther the fuzzy supply points are
fully used and all fuzzy demand points are fullgai@ed. If so go to Step 3.7. If not, go
to Step 3.6.

Step 3.6: Draw minimum number of lines horizontally and veatly to cover all the
ones. Then choose the least uncovered elementiaite ll the uncovered elements
using it and multiply at the intersection of linésaving other elements unchanged. Now,
check whether each row and each column has ate&sfuzzy one entry. If so, go to
Step 3.5, else go to Step 3.3, Step 3.4 and thStefw3.5.
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Step 3.7:This allotment yields an optimal solution to theem 1** stage of FTP with the
objective function
m n - St . . - .
Minz =33 ¢, G, =2, if the T" stage of FTP is balanced, without introducing enay
i=1 j=1
m n m H St H
column or a dummy row (o, :(ZZ% D(m]_[leijj:zl, if the ' stage of FTP is
i=1 j=1 i=1
balanced by introducing a dummy column j = nmrr])Zl - [i Z ¢y ] - [Z Xy J =z,
if the 1 stage of FTP is balanced by introducing a dummyire m. All these objective
functions are subject to the constraints
i X;; = ay;,i =1to m;Zm: X = b, j=1to n;Zm: a,; = zn: b,;;x; 20041, j.
=t i=1 i=1 =1
Now repeat Step 3.2 to Step 3.7 for th& 2age of FTP and for thé*3tage of FTP.
Finally, the combination of the optimal solutionstained in the 3 stages gives a fuzzy
optimal solutiona = (z,,z,,z,) to the given fuzzy transportation problem. Itlien

defuzzified using the definition 2.2.

Numerical Example 3.1.Consider the following fuzzy transportation problefine aim
of the decision maker is to minimize the total fusansportation cost.

D, D, D, F<

S, (8,10, 12 (8,9, 10 (6, 8, 10 (6,8, 10
S, (8,10, 12 (6,78) (8, 10, 12 (6,7, 8
S (9,11, 13 (8,9, 10 (6,7,8 (8,9, 10
S, (10, 12,14 | (12,14,16 | (8, 10, 12 (2, 4,6
FD (8, 10, 12 (8, 10, 12 (6, 8, 10

Table 3.2:Example fuzzy transportation problem

Procedure for *istage of FTP:

D, D, D; S

S 8 8 6 6

S, 8 6 8 6

S; 9 8 6 8

S, 1C 12 8 2

D 8 8 6 22
Itis a balanced T

Table 3.3: Applying step 3.1 and step 3.2

D, D, Ds
S 1.0¢ 1.3¢ 1
S 1.0¢ 1 1.3¢
S; 1.2 1.3¢ 1
S, 1 1.t 1
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Table 3.4: Applying step 3.3 and step 3.4

D, D, D3 S
S *6 6
S, *6 6
S; * 8
S, *2 2
D 8 8 6
* denote the places of 1

Table 3.5: Applying step 3.5

Here fuzzy supply points are not fully used andzfuzlemand points are not fully
received.

Therefore go to Step 3.6 and repeat the procedisallrfuzzy supply points are
fully used and all fuzzy demand points are fullgeieed.

D, D, Ds S
S *6 * * 6
S *6 6
S; *2 *6 8
Sy *2 2
D 8 8 6

Table 3.6 The final optimal table

Step 3.7:The optimal solution to the giveri' $tage of FTP is Mi@, =8 x6 + 6 X 6 + 8
X2+6x6+10x2=156.
For the 2%stage and'3stage, the same procedure is repeated. Thusptinead solution
for the FTP is A= (156,240,340) = (a,m,b) whiclaiizzy value, whose membership
function is

(x-156) /84, 156< x < 240
Ha(X) = 1, X =240

(340-x) /100, 240< x < 340

Herea = 84,8 = 100, therefore the defuzzified value of A jgyp :}[Wtb): 244,
2 2

which is closer to the crisp transportation soluti@mely 240 [8].

Figure 3.1: Fuzzy transportation network
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3.1. Algorithm for fuzzy unbalanced assignment prolem
Let k = 1,2,3 be the 3 stages of FUAP.
Mathematical Formulation for balanced FAP in edelge:
Z, =Minz =3 % ¢,
i=1 j=1 (5)
subject to the constraints

n n
> %g =1 j=lton > x,; =1, i =1ton; x; =0orli,].
i=1 =1

) (6)
Mathematical formulation for FUAP in each stage:

n

Z, =Minz, :(Zzn:ckij D(kij]—l
=1 j=1 7)

subject to the constraints (6).
Construct the fuzzy assignment ta{liﬂ‘e] for the given fuzzy assignment problem. Here

C; =(cy,Cy;,Cy;) isin the form of triangular fuzzy numbers.

Step 3.1.1:Check whether the given fuzzy assignment probleanbalanced one. If not,
convert the fuzzy unbalanced assignment problemA@Uinto balanced fuzzy
assignment problem by introducing the dummy columdummy row with cost (1, 1, 1).

Step 3.1.2:FAP is now divided into 3 stages. In thestage, the cosf; of assignment
table (AT)[c,; ]is considered. In the"2stage and the'3stage, the cost,; of AT [c,; ]

and the costg; of AT [c;; ] is considered respectively.

Procedure for the®Istage of FAP (it is in the form of crisp Assignrh@mnoblem):

Step 3.1.3 and Step 3.1.&hese steps are same as Step 3.3 and Step 3.dtnexdpe

Step 3.1.5:Test whether we can choose only one one’s in ealetmn and in each row.
If so go to Step 3.1.7. If not, go to Step 3.1.6.

Step 3.1.6:Draw minimum number of lines horizontally and veatly to cover all the
ones. Then choose the least uncovered elementigig éll the uncovered elements
using it and multiply at the intersection of linésaving other elements unchanged. Now,
check whether each row and each column has atieaduzzy one entry. If so go to Step
3.1.5, else go to Step 3.1.3, Step 3.1.4 and th&bep 3.1.5.

Step 3.1.7:This allotment yields an optimal solution to tHeem FUAP in the ¥ stage,
with the objective function

n

Minzlz[zzn:cm ngjJ—lzzl subject tozn:xﬁj =lj=1to n;zn:xm =1i=1ton; x; =0orlMi, j.
i=1 j=1

i=1 j=1
Repeat Step 3.1.3 to Step 3.1.7 for thesPage of FAP and for thé®3stage of FAP.
Finally, the combination of the optimal solutionstained in the 3 stages gives a fuzzy

optimal solution A=(Z,,Z,,Z,)to the given FUAP. It is then defuzzified using the
definition 2.2.

Numerical Example 3.1.1.Consider the following FUAP, where {(C,, C;, C4, Cs} are
the contractors and {RR., Rs, R4} are the roads. The main aim of the decision maker
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to assign the repair work of road to the contracsar that the total fuzzy assignment cost

is minimized.
Ry R, Rs R,

C, | (8,9,10 | (8,14,20 | (16,19,22 | (10,15, 2C

C, (5,7,9 (12,17,22 | (15,20,25 | (16, 19, 22

Cs (8,9,10 | (16,18,2C | (18,21,24 | (16,18, 2C

C, | (510,15 | (9,12,15 | (16,18,2C | (16,19, 22

Cs | (510,15 | (10, 15,2C | (18,21,24 | (10,16, 22

Table 3.1.1:Fuzzy unbalanced assignment problem

R, R, Rs R4 Rs

C: | (8,9,10 | (8,14,20 | (16, 19, 22 (10, 15, 20 (1,1,1
C, (5,7,9 (12, 17,22 | (15, 20, 25 (16, 19, 22 (1,1,1
Cs (8,9,10 | (16,18,2C | (18,21, 24 (16, 18, 20 (1,1,1
C, | (510,15 | (9,12,15 | (16, 18, 2C (16, 19, 22 (1,1,1
Cs | (5,10,15 | (10,15,2C | (18,21, 24 (10, 16, 22 (1,1,1

Table 3.1.2:Fuzzy balanced assignment problem by introdudiegdummy column

Procedure for *Lstage of FAP:

Rl Rg R3 R4 R5
C 8 8 16 1C 1
G, 5 12 15 16 1
Cs 8 16 18 16 1
C, 5 9 16 16 1
Cs 5 10 18 1C 1

Table 3.1.3:Applying step 3.1.2

Applying Step 3.1.3, Step 3.1.4 and Step 3.1.5get¢he below table 3.1.4

R: R, R; R, Rs
(o 1.€ 1* 1.07 1e 1e
C, 1e 1.t 1* 1.€ 1e
Cs 1.€ 2 1.2 1.€ 1*
C, 1* 1.1z 1.07 1.€ 1e
Cs 1e 1.2¢F 1.z 1* 1e
* denote the 1 is not selected and * denote thesélécted

Table 3.1.4:The fuzzy optimal table
Step 3.1.7:The optimal solution to the given FUAP in th&stage is Mirg, = (8 x 1 +
15x1+1x1+5x1+10x1)-1=38.
For the 2° stage and'f‘%stage, the same procedure is repeated. Thusptimab solution

for the FUAP is A= (38, 54, 66) = (a,m,b) whichasuzzy value, whose membership
function is
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(x-38)/16, 38<x<54
Ha(X) = 1, X =54
66-x)/12, 54<x<66
Here @ = 16,8 = 12, therefore the defuzzified value of ALi&RRM(A) = 53, which is
closer to the crisp unbalanced assignment solutonely 54[8].

C5 i Rg

Figure 3.1.1:Fuzzy unbalanced assignment network

4. Conclusion

Many researchers have focused on FTP and FAP, girmgm at providing a decision
maker with the optimal solution using imprecisead&tnfortunately, most of the existing
techniques provide only crisp solutions for the @ FAP. The main disadvantages of
these methods are, it might lose some useful irdtion. In this paper, a systematic
procedure is developed to obtain the optimal sohutbr the FTP and FUAP by using the
fuzzy one point method, where the final result ifuzzy value. To compare with the
existing crisp result, the fuzzy value is defuzfiusing the definition defined in this
paper. It gives a clear view that the optimal golubbtained under fuzzy environment is
more or less closer to crisp value. Therefore tlie¢hod proposed in this paper serve as
an important tool for the decision makers when they handling various types of
complicated problems having fuzzy parameters.
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