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Abstract. In this paper we proposed a dual and partial Rrfeesible fuzzy assignment
problem which cost coefficient is-Trapezoidal fuzzy numbers. The linear programming
problem of the fuzzy assignment problem is congeitéo fuzzy dual problem and also
presented fuzzy complementary slackness by usiafitgitheory. This paper developed
an approach to solved proposed method called ehapartial feasible fuzzy assignment
problem and illustrated with a numerical example.
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1. Introduction

The first algorithm for linear sum assignment pesbl(LSAP) was presented in 1946 by
Easterfield. It is a non-polynomial @{n?) time approach. Based on iterated application
of a particular class of admissible transformaticrise first primal simplex algorithms,
proposed in the mid-1970s by Cunningham and Baloyés and Kingman required
exponential time due of the high degeneracy ofittear program associated with LSAP.
The first primal(non-simplex) algorithm was propdse 1964 by Balinski and Gomory.
It iteratively improves through alternating pathfeasible assignment and dual solution
satisfying complementary slackness and solves thelggm O@*) time. The first dual
(non-simplex) algorithm for LSAP appeared in theeatly mentioned1969 paper Dinic
and Kronrod.

The algorithms for LSAP are based on differentrapphes: a first class of methods
directly solves the primal problem, second one elthe dual, a third one uses an
intermediate approach(primal-dual). this proposexthod to determine a feasible dual
solution and a partial primal solution (where ldhan ‘n’ rows are assigned) and
satisfying the complementary slackness conditions. find solution to assignment
problems, various algorithms such as linear prognarg Hungarian algorithm, neural
network and genetic algorithm have been develo@ager the past 52 years, many
variations of the classical assignment problemspasposed. Hen [4] Projected a fuzzy
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assignment model that considers all persons to bamee skills. The fuzzy assignment
problem is a special type of fuzzy linear programgnproblem the concept of fuzzy set
theory was first introduced Bellman and Zadeh. &md Wen [5] proposed an efficient
algorithm based on the labelling method for solvimg linear fractional programming.
We proposed dual and primal partial feasible fuasgignment problem. Let ‘n’
number of jobs is performed by ‘m’ number of peisowhere the costs coefficient is
depend onw-Trapezoidal fuzzy numbers. Which stores the paféasible fuzzy
assignment is defined by if column j’ is assignedow ‘i’ then row(j) = i; if column '}’
is not assigned to row ‘i’ then row(j) =0.

2. Preliminaries on w — Trapezoidal fuzzy number

In this section we will review the basic conceptsfuzzy setw — Trapezoidal fuzzy
number, dual and primal fuzzy assignment, compleangnslackness, partial fuzzy
assignment problem.

Definition 2.1. (Fuzzy set)

A fuzzy set is characterized by a membership fonctnapping element of a domain,
space or universe of discourse X to the unit irtef@,1].i.e.A ={(X, ur(x); X€ X)}, ug:

X - [0,1]is a mapping called the degree of membership fanaf the fuzzy sek and
ug(x) is called membership value ofeX in the fuzzy sef.. These membership grades
are often represented by real numbers ranking féoij.

Definition 2.2. (Fuzzy number)
A real fuzzy numbefi is a fuzzy subset of the real number R with mestiiprfunction
Ug is satisfying the following conditions.

1) ug is continuous from R to the closed interval [0,1]

2) ug is strictly increasing and continuous @ ,fz,]

3) ug is strictly decreasing and continuous ag,f4]

Definition 2.3. (w — Trapezoidal fuzzy number)
A fuzzy numberd= (a, b, ¢, d w)is saidto be av —Trapezoidal fuzzy number if its
membership function is given by,

(m(ﬂ),ifa <x<b
b—a
w Lifb <x<c
la)(d;_t),ifc <x<d
0 , ifx=>=d
wheree (0,1).
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Figure 1: w — Trapezoidal fuzzy number

Definition 2.4. (Arithmetic oper ations)
Letd; =( a;,by,c1d; @ wy) and A, = (ay,b,,c5,d; w,) be two w —Trapezoidal
fuzzynumbers and € R ,then the arithmetic operations &ApnandA4, are given by,

1) §>0,84 = da, 6b5c,6d : w)

2) 8§<0,84 = (5d,5¢,5b,8a : w)

3) A, +A4,=(a; +ay,b;+hy,citcy,dy+d, - Min (4, w5))

4) Ay —Ay=(ay — az,by — by,c; — 2,44 — dy 1 (w1 — wy)).

Propertiesof w — Trapezoidal fuzzy number

1) w — Trapezoidal fuzzy numbed = (a,b,c,d w) is said to be positive —
trapezoidal fuzzy number if and only ifF@> 0.

2) w —Trapezoidal fuzzy numberd = (a,b,c,d w) is said to be zero
w —Trapezoidal fuzzy number if and only if a=b=c=d=0

3) Let 4; =( a;,by,c1d; ¢ wy), and A, = (azby.c;,dyw,) are any
two w —trapezoidal fuzzy numbers is said to be equaldf anly if a; = a,,b;=
by,c1=cy,dy =dy, w1= W,.

4) w —Trapezoidal fuzzy numbed = (a,b,c,d :w) is said to be symmetric
w —trapezoidal fuzzy number if and only if ¢ = de,d = (a,b,c,c w).

Definition 2.5. (Fuzzy Linear Sum Assignment Problem (FL SAP))
A bipartite graph G = (U, V; E) having a vertexWfor each row, a vertex of V for each
column andv — Trapezoidal fuzzy cosf; associated with edge [i, J] (i, j=1, 2....n).The
Problem is then to determine a minimum cost perfeatching in G.
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Definition 2.7. (Partial Feasible Assignment (PFA) or Partial Feasible Solution
(PFS)

If the column ‘' is assigned to row ‘i’ then ro\) € i, otherwise row (j) =0.(or)If the row
‘i is assigned to column ‘j’ then column(i) = jtlerwise column(i) = O,that is called
partial feasible assignment (or) partial feasgaRition.

Definition 2.8. (Fuzzy Partial Feasible Matching (FPFM))

In a bipartite graph G = (U,V: E) having a vertéxlbfor each row, a vertex of V for
each column and - Trapezoidal fuzzy cosf; associated with edge [i,j] (i,j=1,2....n).
Then the problem is then to determined partially fasible matching in G.

3. Mathematical formulation
3.1. Fuzzy assignment problem (FAP)
Suppose there are ‘'m’ workers and ‘n’ jobs. Eathrjaust be done by exactly one
worker can do, at only one job. The problem isdsign jobs to the workers so as
to minimize to the total cost, where coswisl rapezoidal fuzzy numbers.
Min Z =37, Z;l=1 Cy Xij
Subject to Yieaxij =1 fori=12....,n
Yicxij=1;forj=1,2........ , N
Xij =0orl

3.2. Fuzzy dual assignment problem (FDAP)
By associating fuzzy dual variabl@sand#, with fuzzy assignment constraints and then
fuzzy dual problem is

Max Yis, i + X717
Subject to w+y<c, (j=12..,n)

3.3. Fuzzy complementary slackness
By duality theory, a pair of solutions respectividgsible for the fuzzy primal and
the dual is optimal if and only if (complementatgckness)

xj(@; -4, —9)=0 (ij=1,2....n)
the values

C,=¢,—u,—9 (i,j=12..n) N
are the linear programming reducedcost. This toansdtion fromc;; to ¢,)is a special

case of admissible transformation. For any feasibletion, the transformed objective
function is

Yiz1 2y=1(C — W — T)xy;
Y1 Z?=155xij — Yi=1 ﬁziZ?ﬂ Xij — Z;'L=1 f’;j Yi=1 Xij

YE1 Lim Gy Xy — N =X P
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4. An algorithm for solving feasible dual and partial primal linear sum fuzzy
assignment problem with w — trapezoidal fuzzy numbers

Step 1: Construct the fuzzy assignment table for the glvalanced fuzzy linear
assignment problem.

Step 2: Calculate the dual variablgs, ¥, and reduced cost matigg Row reduction
Calculate the rowit)

i, 1<l<n{cl]} for (j=1,2.....n).

Step 3: Column reduction [Calculate the column (7))]
7 =, MMe, — @}, for(i=1,2....n).

Step 4: [Reduced cost matrixC:l]]
Given matrixc;; and we obtain the dual variabl&$ and?,(shown on the

left and on the top of the given matdy then find the reduced cost matﬁ

J =CU—U. 1 17],

i)

for(i,j = 1,2......n).

Step 5: [Partial assignment]

Select the first column having any zero assigned to row i, then row (j) =i
and cross out corresponding grow and colugalect the second column having
any zero and assigned to rowi, then row{jard cross out corresponding in
row and column, then row(j) = i and cross @orresponding row and column.

Suppose, if the column is not assigned woirahen row(j) = 0.

Step 6: [Partial assignment that implements the inver se of row]

Select the ‘i"" row having any zero and assigned to column ‘jhtkelumn (i)=j and
cross corresponding row and column. Suppose ifdheis not assigned to column j,
then column(i) =0

Step 7. Draw a bipartite graph of partial feasible solution partial feasible
matching.

Step 8: Stop.

5. Numerical example

To illustrate the proposed algorithm let us conside-Trapezoidal fuzzy assignment
problem with obtain ‘i"rows and ‘j" column from the fuzzy cost matrix by using dual
and primal fuzzy assignment problem. In"fows represented four personsm P;, P,
and in §™ column represented the four johs 3 J J, The cost matrix d;] is given
whose elements ar@ —Trapezoidal fuzzy numbers.This problem is to fihd feasible
matching of the dual and partial primal fuzzy asgignt problem.
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Solution: The fuzzy assignment problem given in Tablé. Construct the fuzzy
assignment table for the givenbalanced fuzzy limsaignment problem.

Table 1.
inzo“g J 3 Js Ja
Py (1,49.16:0.3) |(4,9,16,25:04) | (25,37,50,65:0.8) | (4,9,16,25: 0.4)
P, (4,9,16,25: 0.4) | (25,37,50,65:0.8) | (16,25,37,50: 0.6) | (9,16,25,37:0.5)
Py (16,25,37,50:0.6) | (37,50,65,82: 0.9) | (37,50,65,82: 0.9) | (25,37,50,65:0.8)
P, (37,50,65,82 0.9) | (25,37,50,65:0.8) | (9,16,25,37:0.5) | (9,16,25,37:0.5)
Calculate the dual variable® , ¥, and reduced cost matrix; ;Row reduction and

Calculate the rowit).

Table 2;

Per sons/Jobs

J1

J2

J3

J4

(1,4,9,16 : 0.3)

(1,4,9,16 : 0.3)

(4,9,16,25: 0.4)

(25,37,50,65:0.8)

(4,9,16,25: 0.4)

(4,9,16,25: 0.4)

(4,9,16,25: 0.4)

(25,37,50,65:0.8)

(16,25,37,50:0.6)

(9,16,25,37:0.5)

(16,25,37,50:0.6

(16,25,37,50:0.6)

(37,50,65,82:0.9)

(37,50,65,82: 0.9)

(25,37,50,65:0.8)

(9,16,25,37:0.5)

(37,50,65,82:0.9)

(25,37,50,65:0.8)

(9,16,25,37:0.5)

(9,16,25,37:0.5)

Table 3: Column reduction and Calculate the colurj) (

Per song/jobs

(0,0,0,0) (3,5,7,9 ; 0.1) (0,0,0,0) (0,0,0,0)
(1,49,16:0.3) | (1,4916:03) | (4,9,1625:0.4) | (25,37,50,65:0.8) | (4,9,16,25: 0.4)
(4,9,16,25:0.2 | (4,9,16,25: 0.£ (25,37,50,65:0.{ | (16,25,37,50: 0.¢ | (9,16,25,37:0.F

(16,25,37,50:0.¢

(16,25,37,50:0.¢

(37,50,65,82:0.¢

(37,50,65,82: 0.

(25,37,50,65:0.¢

(9,16,25,37:0.5)

(37,50,65,82:0.9)

(25,37,50,65:0.8)

(9,16,25,37:0.5)

(9,16,25,37:0.5)
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Table 4. Given matrix ¢;; and we obtain the dual variablés and?; (Shown on the left

Problem

and on the top of the given matrix; then find the reduced cost matﬁ).

(0,0,0,0 (0,0,0,0) (24,33,41,49: 0.5) | (3,5,7,9; 0.1)
(0,0,0,0) (18,23,27,31: 0.3) | (12,16,21,25: 0.2) | (5,7,9,12: 0.1)
(0,0,0,0) (18,20,21,23: 0.2) | (21,25,28,32:0.3) | (9,12,13,15:0.2)

(28,34,40,45: 0.2)

(13,16,18,19:0.2)

(0,0,0,0)

(0,0,0,0)

Select the j™ column having any zero and assigned to row i, toerfj) = i,

otherwise, row(j) = Orow (j) =(1,0,4,0) andinverseof row &(i) =(1,0,0,3).

5. Conclusion

In this paper, a new algorithm has been developeddlving assignment problem with
costs as w — Trapezoidal fuzzy numbers by using dual and prinfapartial feasible
linear sum fuzzy assignment problem. There arerabygpers in the literature for
solving assignment problem with Trapezoidal fuzzgsts, but no one has
usedw —Trapezoidal fuzzy number. The algorithm is easyrtderstand and can be used
for all types of assignment problems as welbas Trapezoidal fuzzy numbers.
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