Annals of Pure and Applied Mathematics

Vol. 15, No. 2, 2017, 151-161 Annals of

ISSN: 2279-087X (P), 2279-0888(online) .
Published on 11 December 2017 Pure and Applied
www.researchmathsci.org :

DOI: http://dx.doi.org/10.22457/apam.v15n2al Mathe—n‘atlcs

A Comparison of Two New Ranking Methods on Solving
Fuzzy Assignment Problem
D. Stephen Dinagar'and S. Kamalanathan?

PG & Research Department of Mathematics, TBML Gyalle
Porayar — 609307, India; E-mailsdina@rediffmail.com
“Department of Mathematics, EGS Pillay Engineeringege
Nagapattinam — 611002, India; e-malkamalmail@gmail.com

Received 1 November 2017; accepted 9 December 2017

Abstract. In this paper two different new ranking methods aenfRanking of Fuzzy
Numbers with New Area Method” and “revised SD ofrP@f Intersection of Legs of
Trapezium (PILOT) ranking procedure” are proposeddefuzzify the generalized
trapezoidal fuzzy numbers. A comparative study thase the solution of fuzzy
assignment problems with generalized trapezoidatyftnumbers has been made using
the proposed ranking methods and the results ameusied along with appropriate
numerical examples
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1. Introduction

The process of production management involves a&seref profit by reducing the cost

with the values vague atmosphere, the fuzzy setryheould be applied appropriately.

Linear programming problems play an important t@aslka revolutionary tool. Fuzzy sets

were introduced by Zadeh and Dieter Klaua in 1965epresent, control data and

information possessing nonstatistical uncertairfié$. Since the parameters engaged in
this process uncertainly, we can use fuzzy lineagg@amming problems. Bellman and

Zadeh proposed the concepts of decision makinganyf environments [1]. The idea of

fuzzy linear programming was first initiated by Fh@igeartaigh [6].

Assignment problem is a special type of linear pmogming problem. It is
basically allocation of different resources to eli#nt activities on one-to-one basis. It
helps to use the resources such a way that coster may be minimized so as to
increase the profit. The process of production rgameent involves maximizing of profit
by minimizing the cost with the values imprecisee fuzzy set theory could be used
appropriately. A fuzzy assignment problem is a gpamtation problem formulated with
fuzzy quantities of transportation costs, supplyl atemand. Many of the existing
technigues provide solutions for the fuzzy assigmnm@oblem. Chen [3] presented a
fuzzy assignment model that considers all personkave same skills. Long Sheng
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Huang and Li-pu Zhang [5] provided a mathematicaldet for the fuzzy assignment
problem and transformed the model as assignmenblgmo with restriction of
gualification. Chen Liang-Hsuan and Lu Hai-Wen {@jveloped a procedure to resolve
fuzzy assignment problems with multiple inadequafmits and outputs in crisp form
using linear programming model to determine theigassents with the maximum
efficiency. Xionghui ye and JuipingXu [14] develdpe priority based genetic algorithm
to a fuzzy vehicle routing assignment model withroection network.

Liu and Goa [4] proposed an equilibrium optimizatigroblem and extended the
assignment problem to the equilibrium multi jobigement problem, equilibrium multi
job quadratic assignment problem and used gen&mrithm to solve the proposed
models. Bai et al [2] proposed a method for solvfngzy generalized assignment
problem. NagoorKani and Mohamed solved a fuzzygassent problem using a new
ranking method [7].

Since fuzzy numbers are denoted by possibilityritistion, it is tough to order
clearly the ascending or descending order. A migéthod for ordering the fuzzy numbers
is by the use of a ranking function. The rankingction maps each fuzzy number into
the real line. A ranking function is a function RY(—R which maps each fuzzy number
into the real line, where a natural order existseré are so many ranking methods
available, nowadays. Among them, the notable puresdare Lexicographic screening
procedure discovered by Wang et al. [12], Area betwcentroid and its original point
method [13] by Wang and Lee (2008); SD of PILOTgadure [9]; and Area method
[10] and A Revised approach of PILOT ranking praged[11] by Dinagar and
Kamalanathan.

We solved the problem by using two new ranking rméshNew Area Method
and revised (Shortest Distance of Point of Intdisecof Legs of Trapezium) SD of
PILOT ranking method by converting the fuzzy numivgo crisp form. The rest of the
article is organized as follows: the next secticovjles the definitions of fuzzy numbers;
Section 3 explains the ranking procedures; theritlgo is explained in Section 4;
Section 5 is provided with the numerical exampl@sg Section 6 is for results and
discussion for solving fuzzy transportation probéem

2. Preliminaries
Definition 1. Fuzzy set: A fuzzy set A in a nonempty set X isegarized by its

membership functioruA(x) - [Ol] and uA(x) is meant as the degree of membership
of elemeni in fuzzy set A for each belongs toX.

Definition 2. A fuzzy number A is a fuzzy set of the real linghaa normal, convex and
continuous membership function of bounded supgdre family of fuzzy numbers will
be denoted by F.

Definition 3. A Generalized Trapezoidal Fuzzy Number (GTrFﬂlats A= (a,b,c,d; w),

0 <w <1 anda, b, c andd are real numbers. The generalized fuzzy numbas a fuzzy
subset of real line R, whose membership funcfignsatisfies the following conditions:

(i) U5 (X)is a continuous mapping from R to the closed iratef@, 1].
(i) Uz(X) =0,where-0< x<a.
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(iii) U5 (X) isstrictlyincreasing with constant rate @n < X< b.
(iv) Uz (X)=w, wherdd< X<cC.
(v) U (X) isstrictlydecreasing with constant rate an < x<d g;(x) =0,
whered < X< oo,

f
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Figure 1. Generalized trapezoidal fuzzy number

A Generalized Trapezoidal Fuzzy Numb&r= (a,b,c,d;w) is a fuzzy set of the real line
R whose membership functign; (X) : R - [O, w]is defined as

X—-a
u&(x)=w{m}fora <x<b
W, forb <x<c
HE(9) =
uﬂ(x):w(uj,forcs x<d
d-c
0, Otherwise

wherea<b <c<d andwl (0]]

3. Ranking procedure
New Area Method: The area of the trapezium is the ranking funcf@rand it is given
by szzv[(d ~a)+(c-b) O

Revised SD of PILOT Ranking:
The area covered by the PILOT [10] is derived diovis. The line OP makes 90° with
y-axis when it meets at Q and with y-axis whenéiets at R. It is shown in Figure 2.
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Figure 2: Area Covered by PILOT of a Generalized Trapezdiieizy Number
A=(ab,c, d;w)

Now the area of the rectangle ORPQ = 0Q . OR %

(bd - ac) w(d -a)

“To+d)-@+c)] {bord)-(@a+c]

_ (bd —acjw(d - a)
0(A) bra-ef @)

is the ranking function that area covered by PILEB, Yo).

If the ranking are equal or of the negative fuzaynber, the ranking will be decided by
calculating mode, left spread, right spread andmbights of the fuzzy number in order.

Step 1. Find O(A) and(B)

Case (i) If O(A)<O(B)then A < B;

Case (i) If O(A)>0(B) then A > B

Case (iii) If O(A) =(B), comparison is not possible, then go to step 2.
Step 2. Find Mode (A) and Mode (B)

Case (i) If Mode (A) < Mode (B), thenA < B

Case (ii) If Mode (A) > Mode (B) , therA > B

Case (iii) If Mode (A) = Mode (B) then go to Step 3.
Step 3. Find spread (A) and spread (B)

Case (i) If Spread (A) < Spread (B), theA - B

Case (ii) If Spread (A) > Spread (B) theA < B

Case (iii) If Spread (A) = Spread (B) then go to Step 4.
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Step 4. Find Left Spread (A) and Left Spread (B)

Case (i) If left spread (A) < left spread (B) theA < B

Case (ii) If left spread (A) > left spread (B) theA > B

Case (iii) If left spread (A) = left spread (B) then go te[$b.

Step 5. Examinew; andw,
Case (i) If left w;<wy, then A < B: Case (ii) If wi< w,, then A > B
Case (iii) If wy =w,, thenA=B.

4. Method of solving fuzzy assignment problem

Suppose it is to allocate n different jobs to fidiéferent resources, there will be n
assignments. Assume that each person can do onat jaltime and each job can be
assigned to one person only. Each machine or mampedorm each job one at a time.
There should be a definite procedure used to magitfie profit by minimizing the time
or cost. The classical assignment problem is foated as follows:

Job or Worl
Workel J, J, J, J,
1 Cll 012 C‘lj C1n
2 Cx Co CZJ Con
: Cll Ci2 Cij Cin
n Cnl Cnl an nn

x; =L j=12,...n

ip-

x

;={01i=12...,n j=12...n
wherex; is the decision variable, ie, ith worker in jtbjand c; is the cost of ith
worker who are doing the jth job.
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Algorithm to find the basic feasible solution and checking optimality

Step 1: Check if the number of rows is equal to numberadfimns (i.e,, balanced
assignment problem). If not balanced add a rovedbrmn), with zero cost,
whichever is not there.

Step 2: Subtract the smallest cost element of each row ffbtie elements in the row of
the given matrix. See that each row contains at leta zero.

Step 3: Subtract the smallest cost element of each colisom all the elements in the
column of the resulting cost obtained by step 2.

Step 4:(Assigning the zer os)

(i)

(ii)

Examine the rows successively until a row with ¢lyamne unmarked zero is
found. Make an assignment to this single unmarla by encircling it.
Cross all other zeros in the column of this enettctero, as these will not be
considered for any future assignment. Continudni way until all the rows
have been examined.

Examine the columns successively until a columi weitactly with exactly
one unmarked zero is found. Make an assignmertiisosingle unmarked
zero by encircling it and cross any other zerohim tow. Continue until all
the columns have been examined.

Step 5:(Apply optimal test)

(i)
(ii)

If the row and each column contain exactly one refes zero, then the
current assignment is optimal.

If at least one row/column is without an assignmehen the current
assignment is not optimal. Then go to Step 6.

Step 6: Cover all the zeros by drawing a minimum numbestcdight lines as follows:

()
(i)
(iii)

(iv)
v)

Mark (V) the rows that do not have assignment.

Mark (V) the columns (not already marked) that have zierasarled rows.
Mark (V) the rows (not already marked) that have assigitsria marked
columns.

Repeat 6(i) and 6(ii) until no more marking is riegd.

Draw lines through all unmarked rows and markedrowis. If the number of
these lines is equal to the order of the matrixitihés an optimum solution,
otherwise not.

Step 7: Determine the smallest cost element not coverethbystraight lines. Subtract
this smallest cost element from all the uncoveldechents and add this to all those
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elements which are lying in the intersection ofsthetraight lines and do not change
the remaining elements which lie on the straigiedi

Step 8: Repeat Steps (4) to (6) until an optimum assignrizeattained.

5. Numerical example

We take a fuzzy assignment problem as example gétheralized trapezoidal fuzzy
number. First, the fuzzy numbers were convertet ithe crisp value problem using the
proposed ranking methods and then the assignmelligpn was solved.

Example 1.

J

Js

W

]

M

M

(15,35,70,80;0.:

(60,75,90,115;0..

(25,35,40,75;0.

(15,30,45,60;0.:

(6,21,45,62;0.z

(15,35,60,90;0.:

(50,60,75,95;0.

(11,18,38,51,0.:

(20,30,40,50;0.:

(10,25,45,60;0.:

(20,30,40,50;0.

(2,6,12,31,0.¢

(10,40,65,85;0.:

(20,40,60,80;0.:

(40,60,80,100;0..

(25,30,40,45;0.:

When the above fuzzy assignment problem is defigzzifsing the new area ranking
function in the relation (1), we get the followiagsignment problem:
Machines

1 M2

iy

M

5

Jobs 8
4

w

(S PR SEPE
N

~
[any
o

"]

5 (0)
Solution: The cost matrix with allotment of job IEO) 1
"]

8

Since each row and column has allotment, the cuassignment is optimal.

The optimum assignment schedule is giveryhyw,, J, -~ M,, J, -~ M,, J, - m,and
the optimum (minimum) assignment cost = (6 + 5+8&) = Rs. 23/-
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When the above fuzzy assignment problem is defigzizifsing the revised SD of PILOT
ranking method in the relation (2), we get thedaiihg assignment problem:

Machines
M, M, M, M,
J 1264 2217 1605 1125
Jobs J, 1129 675 2925 10
J, 105 1167 2625 355
J 165 75 21 14
The cost matrix with allotment of jobs is
p 1407 (0) @
(00 e 1455 01
556 1127 179 (0)
446 (0) 555 335

Since each row and column has allotment, the cuassignment is optimal.

The optimum assignment schedule is giveruby. M, J, - M;, J, -~ M,, J, - M, and
the optimum (minimum) assignment cost = (16.05 29% 3.55 + 7.5) = Rs. 38.39/-

Example 2.

1 2 3 4
A (23,32,70,75;0.« | (5,36,42,95;0.5 | (30,90,150,250;0.. | (18,40,60,158;0.-
B (15,36,51,80;0.: | (12,17,63,96;0.: | (5,25,60,140;0. (2,27,80,139;0.:
C

(0,20,40,80;0.z

(5,45,60,90;0.

(6,31,84,143;0..

(56,80,96,150;0.-

When the above fuzzy assignment problem is defigzzifsing the new area ranking
method in the relation (1), we get the followingigament problem:

Machines
1 2 3 4
Jobs A 18 24 28 32
B 8 13 17 19
C 10 15 19 22
Solution:

The given problem is unbalanced one. To balanse &ldid a dummy row with zero cost.
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18 24 28 32
8 13 17 19
10 15 19 22
0O 0 0 O
© 1 1 5
The cost matrix with allotment of jobs isg (O) 0 2
o (0) 3
9 4 o (0

Since each row and column has allotment, the cuassignment is optimal.
The optimum assignment schedule is givergby m,, J, -~ M,, J, -~ M, J, - M, and

the optimum (minimum) assignment cost = (18 + 1I®+ 0) = Rs. 50/-

When the above fuzzy assignment problem is defigzizifsing the revised SD of PILOT
ranking method in the relation (2), we get thedaiihg assignment problem:

Machines
1 2 3 4
Jobs A 26.74 1286 177 1493
B 208 575 459 6.2
C 267 546 6.2 1061

The given problem is unbalanced one. To balanse dldid a dummy row with zero cost.

2674 1286 7.7 1493
208 575 459 62
267 546 62 1061

0 0 0 0

The cost matrix with allotment of jobs is
2155 488 (0) 695

(00 o088 © 133
® (0) 130 515
279 & 0 (0

Since each row and column has allotment, the cuassignment is optimal.

The optimum assignment schedule is givengpy. M,, J, - M;, J, = M,, J, - M,
and the optimum (minimum) assignment cost = (72/08 + 5.46 + 0) = Rs.15.24/-
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6. Resultsand discussion

We solved two fuzzy assignment problems as examplésh were defuzzified using
two different proposed ranking methods before sgiihem. In example 1, it took an
iteration ahead to optimize when using revised $PIbOT method compared to new
area method, but in example 2, it took two iteradiovhen using both the methods. The
results are given in the following Table.

Example Assignment Co:
New Area Metho Revised SD of PILOT Meth¢
1 23 38.3¢
2 5C 15.2¢
7. Conclusion

We solved the fuzzy assignment problem by conwgritinto a crisp valued assignment
problem using the new ranking methods and thetesudre listed. The ranking methods
could be applied to some other field involving gatieed trapezoidal fuzzy number. It is
easy for computation.
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