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ABSTRACT

In the literature, there are various methods to solve assignment problems in which parameters are represented by
triangular or trapezoidal fuzzy numbers. This paper presents an assignment problem with fuzzy costs, where the
objective is to minimize the cost. Here each fuzzy cost is assumed as trapezoidal fuzzy number. A new ranking method
has been used for ranking the fuzzy trapezoidal numbers. The fuzzy assignment problem has been transformed into a
crisp one using ranking function and solved by branch and bound method. A numerical example is provided to
demonstrate the proposed approach.
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1. INTRODUCTION

The assignment problem is a special type of transportation problem and a linear zero-one programming problem. It is a
one of the well studied optimization problems in management science and has been widely applied in both
manufacturing and service systems. In an assignment problem, n jobs are to be performed by n persons depending on
their efficiency to do the job. All the algorithms developed to find the optimal solution of transportation problems are
applicable to assignment problems. However, due to its high degeneracy nature, Kuhn H.W. [5] introduced a specially
designed algorithm so called Hungarian method for solving Assignment problems in crisp environment.

In recent years, Fuzzy Assignment Problems have received much attention. Lin & Wen [7] solved the assignment
problem with fuzzy interval number costs by a labeling algorithm. Kumar and Gupta [6] proposed two new methods for
solving fuzzy assignment problems and fuzzy travelling salesman problems. Kalaiarasi et.al [4] Optimization of fuzzy
assignment model with triangular fuzzy numbers. Bai et.al [1] proposed a method for solving fuzzy generalized
assignment problem. Chen [2] proved some theorems and proved a fuzzy assignment model that considers all
individuals to have same skills. Wang [10] solved a similar model by graph theory. The assignment problems
introduced by Votaw and Orden [9] can be solved using the linear programming technique. Sriniwas B. and Ganesan G.
[8] introduced a new method for solving branch and bound technique for assignment problem using triangular and
trapezoidal fuzzy numbers. Hussein Iden Hasan and Dheyab Anfal Hasan [3] proposed a new algorithm using ranking
function to find solution for fuzzy transportation problem.

The objective of this paper is propose a new algorithm depending on ranking function to solve fully fuzzy assignment
problem using trapezoidal fuzzy numbers for the jobs and machines(persons).This paper contain five section:-in section
2 review some concept of fuzzy theory, in section 3 define fuzzy assignment problem and its formula. In section 4 The
Computational Procedure for Fuzzy Assignment Problem in section 5 takes numerical example and applied a new
algorithm depending on ranking function.

2. CONCEPT OF FUZZY THEORY

In this section we will introduce some definitions of fuzzy theory.
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Fuzzy set

Let OO be a nonempty set. A fuzzy set A in Q is characterized by its membership function, g, :Q — [0,1] and
denoted by :& and yA(X)is interpreted as the degree of membership of element a in fuzzy set A for
eachx € QA = {(x, 1, (x)): x e Q}.

Fuzzy number
The fuzzy set A defined on the set of real numbers is said to be a fuzzy number if its membership function

Uy Q2> [0,1] has the following characteristics

A is normal. It means that there exists an X€R such that £, (X) =1.
A is convex it means that for every X;, X, € R

Ha (ﬂ“xl + (1 - j“)Xz ) 2 min{ﬂA (Xl )’ Ha (Xz )’ Ae [011]}'

3- 1, is upper semi-continuous.
Supp (A) is bounded in R.

ok WD

Trapezoidal fuzzy numbers:
A fuzzy number A is defined to be a trapezoidal fuzzy number if its membership functions sz : R — [0,1] is equal to

X—a, .
az_; if xela,,a,]
a,—x .
_(x)= f ,
ﬂA(X) a,-a, It Xe [az as]
0 otherwise

A new algorithm ranking function:
We use the following trapezoidal membership function

Alx-a) <x<b
b-a

1 (X)=11 b<x<c
Ax—d) c<x<d
c—d

By using & — Cut, where o € [0,1] and 0 < a < A, then

azi(x—a) a:ﬂ,(x—d)
b-a c—d
X:M+a X=M+d
A A
~ o ~u (94
A;a):a+1(b—a) A,y =d+—(c-d)
1t L[~y
3 ZIaZ[A'(aHA(a)]d“
R(A)=| o
Iazda
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A
;E[a{a+j(b—a)+d +j(c—d)}da
A
Iazda

0

= M&J=

fj[ (a+d +Oj(b a+c—d) Jda

R( ()) 2
a’da
!
1| o® ot ’
2[(a+d)+4/1(b—a+c—d)}

~ 3
R(A(a))= 7 :

5l

R(R(a)):%(a+3b+3c+d)

Ranking properties of trapezoidal fuzzy numbers:
The ranking function defined as R : F(,u) — R which maps each fuzzy number into the real line. F(,u)represent the
set of trapezoidal fuzzy number.

There are many properties for ranking function, any two trapezoidal fuzzy numbers A and B we have the following
comparison.

1. A<B iff R(A)<R
2. A=B iff R(A)>R(B)
3. A~B iff R(A)~R
g (A)-

A trapezoidal fuzzy number A = (a, b,c,d )in F(,u) is said to be positive if R(A) >0.
3. FUZZY ASSIGNMENT PROBLEM

Suppose there are n jobs for a factory and has n machines to process those jobs. A job | ( =12,. )When processed
by machine | (j =12,... ) is assumed to incur a costCij . The assignment is to be made in such a way that each job

can be associated with one and only one machine. Determine an assignment of jobs to machine so as to minimize the
overall cost. We can define

_J1 if ith personisassigned to jth job
" 10 otherwise

Mathematically assignment problem can be stated as

Minimize Z = ZZa” i

i=1 j=1
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n
Subject to inj =1

i=1
n

2% =1

j=t
i.e. we can assign one job to each machine.
4. THE COMPUTATIONAL PROCEDURE FOR FUZZY ASSIGNMENT PROBLEM
BRANCH BOUND TECHNIQE AND BOUND TECHNIQUE FOR ASSIGNMENT PROBLEM:
The assignment problem can also be solved using a branch and bound algorithm:

It is a curtailed enumeration technique. The terminologies of branch and bound technique applied to the assignment
problem are presented below.
1. Let k be the level number in the branch tree (for root node it is 0) o be an assignment in the current node of a
branching tree.

2. PUk be an assignment at level k of the branching tree. A is the set of assigned cells (partial assignment) up to
the node PUk from the root node (set of i and j values with respect to the assigned cells up to the node

PUk from the root node) and V be the lower bound of the partial assignment up to ng such that

v,=Yc, +Z[Zmin0“}

i,jeA ieX \_jeY
Where Cij is the cell entry of the cost matrix with respect to the i"™ row and jth column. X is the set of rows

which are not deleted up to the node PUk from the root node in the branching node.

Branching guidelines:
1. At Level k, the row marked as k of the assignment assigned problem, will be assigned with the best column of
the assignment problem.
2. If there is tie on the lower bound. Then the terminal node at the lower most is to be considered for the further
branching.

3. Stooping rule: If the minimum lower bound happiness to be at any of the terminal node at the (n —l)th level,

the optimality is reached. Then the assignments on the path of the node to that node along with the missing
pair of row-column combination from the optimum solution.

5. NUMERICAL EXAMPLE

A company has four sources S1, S2, S3, S4 and destinations D1, D2, D3, D4. All the data in this example are
trapezoidal fuzzy numbers. We desire to solve this fuzzy assignment problem with proposed algorithm.

D1 D2 D3 D4
S1| (1,245 | (43,10)| (8516) | (9872
s2 | (3557 | (53.24) | (151054) | (11,11,9,1)
S3 | (15,13,46) | (7,6,6,5) | (2,655) | (4,3,1,0)
S4 [ (121183) | (98,7,2) | (7.6,6,5) | (15,13,4,6)

The above fuzzy assignment problem can be formulated in the following mathematical programming form

min (1,2,4,5)x,, +(4,31,0)x,, +(8,5,1,6)x; +(9,8,7,2)x,, +(3,5,5,7)X,,+(5,3,2,4)X,, +(15,10,5,4 )X,
+(1111,9,1)x,, +(1513,4,6)x,, +(7,6,6,5)X,, +(2,6,5,5)%,, +(4,3,1,0)x,, +(12,11,8,3)x,, +(9,8,7,2)x,,
+(7,6,6,5)x,, +(1513,4,6)x,,
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Subject to

X1+ Xy + X5+ %, =1 X+ Xo1 + Xy + Xy =1
Xot + Xop + Xog + Xy =1 Xip + Xop + Xgp + X, =1
Xgp + Xgp + Xgg + X =1 Xig + Xpg + Xgg + X3 =1
Xyp +Xgp + Xgg + Xy =1 Xig  Xoq +Xgg + X4y =1

Where X; € [0,1]

Now we calculate R (1, 2, 4, 5) by proposed method.
1+3(2)+34)+5
R(Cll): ()8 () =3

Slé?cl:lizrl)yzz R(Cl3) 4 R(C14):7 R(CZl) 5 R(sz):?’ R(Czs) 8 R(C24):9 R(C31):1O
R(Caz):6 R(Csz):5 R(C34):2 R(C41):9 R(C4z):7 R(C43):6 R(C44):10

We replace these values for their corresponding to given problem which results in a conventional assignment problem
in the LPP form. Solving it we get the solution a crisp form of the problem:

D1 | D2 | D3 | D4
S1| 3|2 |4 |7
S2| 5131819
S3|10| 6 | 5| 2
S41 9 | 7|16 |10

Initially, no job is assigned to any operator, so the assignment (G)at the root (level 0) of the branching tree is a null set
and the corresponding lower bound is also 0 for each.

Further branching: the four sub problem under the root nodes are shown as in figure lower bound the solution
problems shown on its right hand side.

12 [E] [

Compute the lower bound for Pll1

V,=> G, +Z(Zmincijj
i,jeA ieX \ jeY
where o = {(11)} A={11)} X ={234} Y ={2,3,4} then
Vi =C, + z L Zmincijj
i€2,3,4\ je2,3,4
P!=3+(3+2+6) P,=2+(5+2+6) P.,=4+(3+2+7) P,=7+(3+5+6)
=14 =15 =16 =21

Further branching: further branching is done from the terminal node which has the least lower bound at this stage; the
nodes P},PL, P35, PL are the terminal nodes. The node P has the least lower bound. Hence, further branching
from this node is shown as in figure
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V,=C,+C,, + Z( > min CijJ

ie3,4\_je3,4
P2=3+3+(2+6) P2=3+8+(2+7) PZ=3+9+(5+6)
=14 =20 =23

Further branching: At this stage the nodes P222, P223, Pzi are the terminal node. The node P222 has the least lower
bound. Hence, further branching from this node is shown as in figure.

ied \ jed

V,, =C, +C,, +C33+Z{Zmincij] P =3+3+5+10 P)=3+3+2+6=14

B=14 B =15 P =16 B =21
|
|
P=14 PI=20 P2=23
|
| |
B=2 Pi=14
|
Pi=14

The optimal assignment is (1,1),(2,2),(3,4),(4,3). The fuzzy optimal cost is calculated
(1,2,4,5)+(5,3,2,4)+(4,3,1,0)+ (7,6, 6,5) = (17, 14, 13, 14)
3+3+2+6=14

CONCLUSION

In this paper, the assignment cost has been considered as trapezoidal fuzzy numbers which are more realistic and
general in nature. Here the fuzzy assignment problem has been converted into crisp assignment problem using the
proposed algorithm with ranking function and branch and bound method has been applied to find an optimal solution.
Numerical example has been shown that the total cost obtained is optimal. This method is systematic procedure, easy to
apply and can be utilized for all type of assignment problem whether maximize or minimize objective function.
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