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Abstract

Allocations and job scheduling are mainly solved with the leélAssignment Problems. By choosing the
best element from set of available alternative eleméms optimization processes in mathematcs,
computer science and economics are solved effectiValy key idea of best candidate method (BCM) is
to minimize the combinations of the solution by choosing libst candidates to reach the optial

solution. Triangular Fuzzy Assignment Problem is used aethdl of magnitude is used for ranking |of
Triangular fuzzy numbers.

Keywords: Magnitude of fuzzy number; method of promoteratmerparametric form of fuzzy number;
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1 Introduction

An Assignment problem concerns as to what happens to thatiedfeess function when we associate each
of a number of origin with each of the same number dfirtt®ons. The objective of Assignment Problems
is to assign n number of jobs to n number of machinesgps) at a minimum cost. Solving problems in
which one seeks to minimize or maximize a real functiosystematically choosing the values of real or
integer variables from within an allowed set refers to shmpthe best element from some set of available
alternatives. Assignment problems have various applicationthe real world because of their wide
applicability in industry, commerce, management scierice ®aditional classical assignment problems
cannot be successfully used hence the use of fuzzy assigpnoblems is more appropriate. To deal with
situations, involving imprecision in the data the concepiurtiness proposed by Zadeh [1] is employed.
Over the past 50 years, many variations of the clasaggijnment problems are proposed. Problems on
production and work force assignment in a firm using interadiinzzy programming for two level linear
and linear fractional programming models was proposed bywsadtal. [2].

Fuzzy assignment model that considers all persons todaawe skills have been discussed by Chen [3]. The
procedure for resolving assignments problem with muliielequate inputs and outputs in crisp form for
each possible assignment using linear programming modetdordee the assignments with the maximum
efficiency was developed by Chen Liang-Hsuan and Lu Hair\4]. Solution method for fuzzy assignment
problem with Restriction of Qualification was proposed by Longf§hHuang, Li-pu Zhang [5]. Ones
Assignment Method for Solving Assignment Problems was intedlby Hadi Basirzadeh [6]. Ranking of
fuzzy utilities with triangular membership functions wasposed by Chang [7]. Ordering fuzzy subsets of
the unit interval is introduced by Yager R. R [8], A napproach for ranking of trapezoidal fuzzy numbers
has been discussed by Abbasbandy and Hajjari [9]. Rankirzy fsubsets over the unit interval was
introduced by Yager [10]. Hajjari and Abbasbandy [11] halerived a Promoter Operator for
Defuzzification Methods. Assignment Problems with Fuzzy Costter Robust Ranking Techniques have
been proposed by Nagarajan and Solairaju [12]. MohanaaalVi Ganesan [13] have devised a new
approach to Fuzzy Transportation Problem. Solution of a FAzsjgnment Problem by Using a New
Ranking Method was developed by Nagoor Gani and Mohamed [14].

Abdullah A. Hlayel, Mohammad A. Alia [15,16] has proposed ti&VBfor solving optimization problems.
Annie Christi and Malini [17,18] have solved the transpmiaproblems with hexagonal and octagonal
fuzzy numbers using best candidates method and centriodgaekhniques. A new approach namely BCM
for fuzzy assignment problems with yager's and methodagnitude ranking has been introduced.

Some elementary concepts and operations of fuzzy set théager's ranking and Method of magnitude
has been defined for ranking fuzzy numbers in section 2. Fiemaf Assignment Problem has been
explained in section 3. BCM method has been proposed for FAssignment Problem in section 4. The
proposed method is illustrated by a numerical example troses.

2 Preliminaries

2.1 Fuzzy set

The characteristic functiom, of a crisp sefA € X assigns a value either 0 or 1 to each membex iA
functionpu; such that the value assigned to the element of the uniwatsélfall within a specified range
i.e.uz : X—-[0,1] . The assigned value indicates the membership grade ofetinere in the sef . The
functionpu;(, is called the membership function and the Aet {(x, Haw) X €X )}defined by for
eachx € Xis called a fuzzy set.



Prabha and Vimala; ARJOM, 1(2): 1-11, 2016; Articke. ARJOM.27952

2.2 Triangular fuzzy number (TFNSs)

A fuzzy numberd on R is said to be a triangular fuzzy number (TFN) oedinfuzzy number if its
membership functioa : R —[0,1] has the following characteristics

x—-—a)/(a, — a;)ifa; < x < ay
oo =9 (a3 —x)/(az- ax)ifa; < x < a3

0 otherwise

We denote this triangular fuzzy number by (a, a,,a;) .We use F(R) to denote the set of all triangular
fuzzy numbers.

Also if m =a, represents the modal value or midpoint; (a, — a, ) represents the left spread afd=

(as — a,) represents the right spread of the triangular fuzzy nuthbgn, a,, as), then the triangular fuzzy
numbera can be represented by the triglet (o, m, §) i.e.a = (a; a,,a3) = (@, m, B).

2.3 Operations of TFNs

Leta = [a;, ay, as,] andb = [by,5,b3] be two triangular fuzzy numbers then the arithmeticaipens ona
andb as follows.

Addition: a + b = (ay+b1, ayth,, &+bs
Subtractionz — b = (a1—b1, @by, az—bs)
Multiplication:

a.b == (bytba+hs), <2 (by+baths) 52 (by+ba+hs) if R (a) >0
a.b= “3—3 (by+by+bs), % (by+by+b3) ,%(b1+b2+b3) if R (@) <0

2.4 Defuzzification

Defuzzification is the process of finding singleton ea(urisp value) which represents the average value of
the TFNs. Here use Yager's ranking and Method of magnitaddefuzzify the TFNs because of its
simplicity and accuracy.

2.4.1 Yager'’s ranking technigue [10,12]

Yager’s ranking technique which satisfies compensatiorafitye additivity properties and provides results
which consists of human intuition. For a convex fuzzy nundbéhe Robust’'s Ranking Index is defined by,

R ()= [, (0.5)(a%, a’,)d o (1)
Where(a®, aV, )={(b — a) x +a,c — (c — b) «} which is theo — level cut of the fuzzy number 3.
2.4.2Method of magnitude [11,13]

A triangular fuzzy numbedl € F(R) can also be represented as a @air(a, @) of functions @ (r), a (r))
for 0<r <1 which satisfies the following requirements:
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(). a (r) is a bounded monotonic increasing left continuous function.
(ii). a (r) is a bounded monotonic decreasing left continuousifum
(iii). a(r)< a(r)forO<r<i

2.4.2.1 Definition

For an arbitrary triangular fuzzy numbér= (a, @), the number

= (W+(ﬁ) is said to be a location index number af. The two non-decreasing left continuous

functionsa.= (a, — a) anda* = (@ — a, ) are called the left fuzziness index function andritlet fuzziness
index function respectively. Hence every triangular fuzzy nuribe (a, a, a;) can also be represented
byd = (a, a.,a”).

2.4.2.2 Ranking of triangular Fuzzy Numbers

Many different approaches for the ranking of fuzzy numberse haeen proposed in the literature.
Abbasbandy and Hajjari [1] proposed a new ranking methodilms¢he left and the right spreads at some
a -levels of fuzzy numbers.

For an arbitrary triangular fuzzy numbee= (al,az,a3) = (ay a.,a") with parametric form
d = (a (r),a (r)) we define the magnitude of the triangular fuzzy nunhlyei by

Mag@) =2 (' (@+a +ao) f(rdr)
:-;-(fol (a* +4ay — a. )f(r)dr)

where the function f (r) is a non-negative and increasimgtion on [0,1] with f (0) = 0, f (1) = 1 and
folf(r)dr = % The function f (r) can be considered as a weighting fancin real life applications, f (r)

can be chosen by the decision maker according to theisitubt this paper, for convenience we use f (r) =
r.

Hence Mag &) :(“*”30‘“*) - (?+£+ao) o

4 4

The magnitude of a triangular fuzzy numiesynthetically reflects the information on every membership
degree, and meaning of this magnitude is visual and naMeaj @ ) is used to rank fuzzy numbers. The
larger Mag@), the larger fuzzy number.

For any two triangular fuzzy numbeis=(a, a.,a") andb=(b, b, ,b")
1. Mag(d) > Mag() if and only if &> b,
2. Mag(d) < Mag() if and only ifd < b,
3. Mag(@) = Magf) if and only ifd = b,.

3 Assignment Method

The assignment problem can be stated in the form of n xtrmadsix [gj] of real numbers as given in the
following table
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Jobs— 1 2 3 R n
Persons
|

1 Cia Ci Cis - G- Cin

Ca G Cas - G- Con

| Ci G Gs - Gj-- Cin

N G Cnz Cna - G- Can

Mathematically assignment problem can be stated as

Minimize z = ?zlx}l:lcij Xij where i=1,2,3....n, j=1,2,3...n
Subject to
Z?zlxij = 1, i= 1,2,3 (3)

Z?zlxij =1 ] = 1,2,3n xi]' € {0,1}

if the i™person is assigned the j™job

where X = {1 )
0 otherwise

is the decision variable denoting the assignment opéison i to job j, Cij is the cost of assigning thgob
to the I" person.

The objective is to minimize the total cost of assignithghe jobs to the available persons. (one job to one
person). When the cosig are fuzzy numbers, then the fuzzy assignment problem becomes

Y(2) = S X Y () X (4)
Subject to the same conditions (3)

For an unbalanced problem add dummy rows/ columns then fdikwaame procedure.

4 Algorithm for Best Candidates Method (BCM) has tle following
Solution Steps

Stepl: From the matrix with the Fuzzy Assignment Costs. Bal@heainbalanced matrix and don't use the
added row or column candidates in our solution procedure.

Step2: The best candidates are selected by choosing minimum faosninimization problems and
maximum cost for maximization problems. Select the begstcandidates in each row, if the candidate is
repeated more than two times select it also. Check ghenas that not have candidates and select one
candidate for them, if the candidate is repeated moreahatime select it also.

Step3: The combinations are found by determining only one candidateafdn row and column starting
from the row that have least candidates and delete thaanoancolumn if there is situation that has no
candidate for some rows or columns, select directlybst available candidate. Repeat step 3 (1,2) by
determining the next candidate in the row that started frohe total sum of candidates for each
combination is computed and compared to determine tecbebinations that give the optimal solution.
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4.1 Algorithm to solve fuzzy assignment problem with B®A

Step 1: First test whether the given fuzzy cost matrix of an yuggsignment problem is a balanced one or
not If not change this unbalanced assignment problem by addimgitiiger of dummy row (s) / column(s)
and the values for the entries aezo. If it is a balanced one (i.e, number of personggual to the number
of works) then go to step 2. If it is an unbalanced one therecomnto a balanced one and then go to step
2.

Step 2 Replace the cost matrix; @ith linguistic variables by triangular or trapezoifiazy numbers.

Step 3 Defuzzify the fuzzy cost by using various ranking moeth like Yagers ranking, Method of
maginitude method etc.

Step 4 Replace Triangular or Trapezoidal numbers by thepegtsve ranking indices.

Step 5 Apply BCM to determine the best combination to produce tivesbtotal weight of the costs, where
is one candidate for each row and column.

Step 6: Select the row with the smallest cost candidate from theechosmbination. Then allocate the
demand and the supply as much as possible to the variabléh&ifeast unit cost in the selected row or
column. Also, we should adjust the supply and demand dssitrg out the row/column to be then assigned
to zero. If the row or column is not assigned to zéren we check the selected row if it has an element with
lowest cost comparing to the determined element in the chosabiration, then we select it.

5 Numerical Example

5.1 Consider the following assignment problem witlriangular fuzzy numbers

A factory has five machines and employed five workerad@ck on the given five machines. Based on the
workers experience and their personal efficiency, the everkave assigned to work on five machines.
Following the times (minutes) taken by workers in coripieof that work in the respective machines. The
times are as follow. Obtain optimal assignment ofvtbekers.

1 2 3 4 5
A (6,8,10) (2,4.6) (0,2,4) (4.6,8) (0,1,2)
B (0,2,4) (7,9,11) (3,5.7) (3,5.7) (2,4,6)
C (1,3,5) (6,8,10) (7,9,11) (0,2,4) (4,6,8,)
D (2,46 (1,35 (0,12 0,2,4 (1,35
E (7,9,11) (3,5,7) (6,8,10) (7,9,11) (3,5,7)

5.2 Deffuzzification by Yager's Ranking Technique sing (1)

Thea —cut of the fuzzy number (6, 8, 10) isR (5[01(0.5)(aL«,aU0()d «

(ato,a’, )={(b — @) « +a,c — (c — b) «}

(aly, a’) ={(8-6) x + 6 ,10-(10-8)x} =(2x+6,10-2x) for which

R(@w) = R (6, 8, 10) =f, (0.5)(a"«,a’)d « =[,(0.5)(2 x +6,10 — 2 &< )d
$(05)16d < =8

Proceeding similarly, the Robust’s ranking indices forfttzzy costs &ij are calculated as:
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R(@1) = 4, R@13) = 2, R@14) =6 ,R@15) = 1.

R(dz1) = 2, R@2) = 9, R@23) = 5, R@24) = 5, R@25)= 4.
R(@s1) = 3, R@s2) = 8, R@s3) = 9, R@z4) = 2, R@ss5)= 6.
R(@s1) = 4, R@42) = 3, Rl43) = 1, RAs) =2, Riss) = 3.
R(@s1) = 9, R@s2) = 5, R@s3) = 8, R@ss) = 9, R@ss) = 5.

Defuzzifying the triangular fuzzy numbers by using Yageaisking technique, we have

Table 1. Defuzzifying by Yager's ranking technique

o P oo Ndw

4
6
5
2

2
9

mooOw>

O P> wN O
g W oo N
a® o s

Select the best candidates by step 2.

Table 2. Selection of the best candidates

3 4

2
4 O
5

©

©
2
Ol ©,

Find the combination 1 by step 3.

Table 3. combination 1
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Find the combination 2 by step 3.
Table 4. Combination 2

Combination 1: (A3, B5,C1,D4,E2):2+4+3+2+5=16
Combination 2: (A5, B1, C4,D3,E2): 1 +2+ 2+ 1+ 5 =11 this is the optimal one

5.3 Deffuzzification by Method of Magnitude (2)

Mag (@) :(“*”io‘“*) = (mfra") whered = (a, a, a;) = (ao,a.,a*)

R(@@) = R (6, 8, 10) &= =222 =65

4 4

Proceeding similarly, the Robust’s ranking indices forfttezy costs &ij are calculated as:

R(d@1,) = 2.5 , R{i1g) = 0.5, Rfi1g) =4 ,Ri1s) = 0.25.

R(@1) = 0.5, Réiz) = 7.5, Rfix3) =3.5, Rizs) = 3.5, Rfize)= 2.5.
R(@1) = 1.5 , Réis) = 6.5, Rfis) = 7.5, Rfias) = 0.5, Rfis)= 4.5.
R(da1) = 2.5, Réis) = 1.5, Rfig3) =0.25, Rfis)) = 0.5, Réiag) = 1.5 .
R(ds1) = 7.5, Risy) = 3.5, Rfiss) = 6.5 , Riss) = 7.5, Rfise) = 3.5.

Defuzzifying the triangular fuzzy numbers by using Methodhefynitude ranking technique, we have

Table 5. Defuzzifying by Method of Magnitude techniqe

1 2 3 4 5
A 6.5 2.5 0.5 4 0.25
B 0.5 7.5 3.5 35 2.5
Cc 15 6.5 7.5 0.5 4.5
D 2.5 15 0.25 0.5 15
E 7.5 3.5 6.5 7.5 3.5

Select the best candidates
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Table 6. Selection of the best candidates

2 3 4

1
A 6.t 2.5 4

Find the combinations 1

Table 7. Combination 1

Find the combinations 2

Table 8. Combination 2

1 2 3 4 5
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Combinationl: (A3, B5, C1, D4, E2): 0.5 +2.5 + 1.5+ 0.5 +3.5=8.5
Combination2: (A5, B1, C4, D3, E2): 0.25+ 0.5 +0.5 + 0.25 + 35%his is the optimal one.
By comparing the the application of BCM with the Fuzzy Assignt Problems using Yagers ranking

technique and Method of Maginitude ranking the combination 2eéthod of Maginitude gives a better
approximation.

6 Conclusion

Various ranking techniques have been applied with triandutany assignment problem along with BCM
method. The best combinations are sSelected without any camimi. Optimal solution or closest to
optimal solution can be obtained using BCM with less contipmtdime. This method is very easy to solve
and it can be applied to wide range of applications in realifgawith uncertain fuzzy costs.

Competing Interests
Authors have declared that no competing interests exist.
References

[1]  Zadeh L. A “Fuzzy sets”. Information and Control. 1965;&33-353.

[2] Sakawa M, Nishizaki I, Uemura Y. Interactive fuzzy paogming for two-level linear and linear
fractional production and assignment problems. A case study. éamap Oper. Re2001;135:142—
157.

[3] Chen MS. On a fuzzy assignment problem. Tamkang Jourr&d; 22407-411.

[4]  Chen Liang-Hsuan, Lu Hai-Wen. An extended assignment protbesidering multiple and outputs.
Applied Mathematical Modelling. 2007;31:2239-2248.

[5] Long-Sheng Huang, Li-pu Zhang. Solution method for fuzajgasnent problem with restriction of
qualification. Proceedings of the Sixth International Caeriee on Intelligent Systems Design and
Applications (ISDA’06); 2006.

[6] Hadi Basirzadeh. Ones assignment method for solvirigrasent problems. Applied Mathematical
Sciences. 2012;6(47):2345-2355

[7] Chang W. Ranking of fuzzy utilities with triangular membershimctions. Proceedings of
International Conference on Policy Analysis and Systems. 2684272.

[8] Yager RR. A procedure for ordering fuzzy subsets of thi& imterval. Information Sciences.
1981;24(2):143-161,.

[9] Abbasbandy S, Hajjari T. A new approach for ranking of trajgie¢ fuzzy numbers. Computers and
Mathematics with Applications. 2009;57:413-419.

[10] Yager RR. Ranking fuzzy subsets over the unit intervaProceedings of the IEEE Conference on
Decision and Control (CDC '78), Albuquerque, NM, USA. 19485-1437.

10



Prabha and Vimala; ARJOM, 1(2): 1-11, 2016; Articke. ARJOM.27952

(11]

(12]

(13]

(14]

(19]

[16]

(17]

(18]

Hajjari T, Abbasbandy S. A promoter operator for defueaifon methods. Australian Journal of
Basic and Applied Sciences. 2011;5(10):1096-1105.

Nagarajan R, Solairaju A. Assignment problems with fuegagts under robust ranking techniques.
International Journal of Computer Applications. 2010;6(4).68887.

Mohanaselvi S, Ganesan K. Fuzzy optimal solution to fauzaysportation problem: A new approach.
International Journal on Computer Science and Engine&@ig;4(3).

Nagoor Gani A, Mohamed VN. Solution of a fuzzy assignmenblpm by using a new ranking
method.International Journal of Fuzzy Mathematical Archive.2@18-16. ISSN: 2320-3242.

Abdullah A Hlayel, Mohammad A Alia. Solving transportatiproblems using the best candidates
method. Computer Science & Engineering: An International Jo(@EEIJ). 2012;2(5).

Hlayel Abdallah Ahma. The best candidates method for solvinignizattion problems. Journal of
Computer Science. 2012;8(5):711-715,

Annie Christi MS, Malini D. Solving transportation problemih hexagonal fuzzy numbers using
best candidates method and different ranking technigimsnal of Engineering Research and
Applications. 2016;6(2)Part-4:76-81.

Annie Christi MS, Malini D. An approach to solve transpoamatproblems with octagonal fuzzy
numbers using best candidates method and different rankihgidgees. International Journal of
Computer Application. 2016;6(1):2250-1797.

© 2016 Prabha and Vimala; This is an Open Acceselardistributed under the terms of the Creativex®®oons Attribution License
(http://creativecommons.org/licenses/byj4®@hich permits unrestricted use, distributiondareproduction in any medium, provided
the original work is properly cited.

Peer-review history:

The peer review history for this paper can be aceg$ere (Please copy paste the total link in your
browser address bar)

http://sciencedomain.org/review-history/15736

11



