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Abstract: Mukherjee and Basu (Application of fuzzy ranking method for solving assignment
problems with fuzzy costs, International Journal of Computational and Applied Mathematics, 5,
2010, 359-368) proposed a new method for solving fuzzy assignment problems. In this paper,
some fuzzy assignment problems and fuzzy travelling salesman problems are chosen which
cannot be solved by using the fore-mentioned method. Two new methods are proposed for
solving such type of fuzzy assignment problems and fuzzy travelling salesman problems. The
fuzzy assignment problems and fuzzy travelling salesman problems which can be solved by
using the existing method, can also be solved by using the proposed methods. But, there exist
certain fuzzy assignment problems and fuzzy travelling salesman problems which can be solved
only by using the proposed methods. To illustrate the proposed methods, a fuzzy assignment
problem and a fuzzy travelling salesman problem is solved. The proposed methods are easy to
understand and apply to find optimal solution of fuzzy assignment problems and fuzzy travelling
salesman problems occurring in real life situations.
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1. Introduction

The assignment problem is a special type of
linear programming problem in which our
objective is to assign n number of jobs to
n number of persons at a minimum cost
(time). The mathematical formulation of the
problem suggests that this is a 0-1
programming problem and is highly
degenerate. All the algorithms developed to
find optimal solution of transportation
problems are applicable to assignment
problem. However, due to its highly
degeneracy nature, a specially designed
algorithm widely known as Hungarian
method proposed by Kuhn [10] is used for its
solution. Examples of these types of problems

are assigning men to offices, crew (drivers
and conductors) to buses, trucks to delivery
routes etc. Over the past 50 years, many
variations of the classical assignment problem
are proposed e.g. bottleneck assignment
problem, generalized assignment problem,
quadratic assignment problem etc.

However, in real life situations, the
parameters of assignment problem are
imprecise numbers instead of fixed real
numbers because time/cost for doing a job by
a facility (machine/person) might vary due to
different reasons. Zadeh [24] introduced the
concept of fuzzy sets to deal with imprecision
and vagueness in real life situations.
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Since then, significant advances have been
made in developing numerous methodologies
and their applications to various decision
problems. Fuzzy assignment problems have
received great attention in recent years [5, 8,
11-13, 18, 21, 23].

Travelling salesman problem is a
well-known NP-hard problem in
combinatorial optimization. In the ordinary
form of travelling salesman problem, a map
of cities is given to the salesman and he has to
visit all the cities only once and return to the
starting point to complete the tour in such a
way that the length of the tour is the shortest
among all possible tours for this map. The
data consists of weights assigned to the edges
of a finite complete graph and the objective is
to find a cycle passing through all the vertices
of the graph while having the minimum total
weight. There are different approaches for
solving travelling salesman problem. Almost
every new approach for solving engineering
and optimization problems has been tried on
travelling salesman problem. Many methods
have been developed for solving travelling
salesman problem. These methods consist of
heuristic methods and population based
optimization  algorithms etc.  Heuristic
methods like cutting planes and branch and
bound can optimally solve only small
problems whereas the heuristic methods such
as 2-opt, 3-opt, Markov chain, simulated
annealing and tabu search are good for large
problems. Population based optimization
algorithms are a kind of nature based
optimization algorithms. The natural systems
and creatures which are working and
developing in nature are one of the interesting
and valuable sources of inspiration for
designing and inventing new systems and
algorithms in different fields of science and
technology. Particle Swarm Optimization,
Neural Networks, Evolutionary Computation,
Ant Systems etc. are a few of the problem
solving techniques inspired from observing
nature. Travelling salesman problems in crisp
and fuzzy environment have received great
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attention in recent years [1-4, 6, 9, 14, 16, 17,
19, 20].

With the use of LR fuzzy numbers, the
computational efforts required to solve fuzzy
assignment problems and fuzzy travelling
salesman problem are considerably reduced
[25]. Moreover, all types of crisp numbers,
triangular fuzzy numbers and trapezoidal
fuzzy numbers can be considered as particular
cases of LR fuzzy numbers, thereby extending
the scope of use of LR fuzzy numbers.

Mukherjee and Basu [15] proposed a new
method for solving fuzzy assignment
problems. In this paper, some fuzzy
assignment problems and fuzzy travelling
salesman problems are chosen which cannot
be solved by using the fore-mentioned
method. Two new methods are proposed for
solving such type of fuzzy assignment
problems and fuzzy travelling salesman
problems. The fuzzy assignment problems
and fuzzy travelling salesman problems which
can be solved by using the existing method,
can also be solved by using the proposed
methods. But, there exist certain fuzzy
assignment problems and fuzzy travelling
salesman problems which can be solved only
by using the proposed methods. To illustrate
the proposed methods, a fuzzy assignment
problem and a fuzzy travelling salesman
problem is solved. The proposed methods are
easy to understand and apply to find optimal
solution of fuzzy assignment problems and
fuzzy travelling salesman problems occurring
in real life situations.

This paper is organized as follows: In
Section 2, basic definitions and Yager's
ranking approach for the ranking of fuzzy
numbers are discussed. In Section 3,
formulations of fuzzy assignment problems
and fuzzy travelling salesman problems are
presented. In Section 4, limitations of existing
method [15] are discussed. In Section 5, to
overcome the limitations discussed in Section
4, two new methods are proposed to find
optimal solution of fuzzy assignment
problems and fuzzy travelling salesman
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problems. In Section 6, the advantages of
proposed methods over existing method are
discussed and illustrated by solving two
examples. The results are discussed in Section
7 and the conclusions are discussed in Section
8.]

2. Preliminaries

In this section, some basic definitions and
Yager's ranking approach for the ranking of
fuzzy numbers are presented.

2.1. Basic definitions

In this section, some basic definitions are
presented.

Definition 1. [7] A function

L:[0,00) >[0,1] (or R:[0,00) =[0,1]) i¢ caid

to be reference function of fuzzy number if
and only if

D) L()=L(=x)(orR(x)=R(-x))

(i1) L(0)=1(orR(0)=1)

(1)  L(orR) isnon-increasing on [0,00).
Definition 2. [7] A fuzzy number A defined
on the universal set of real numbers denoted
as Z:(m,n,oc,ﬂ)m, is said to be an LR flat
fuzzy number if its membership function

t5(x) is given by:

L(m—xj,
a

R[x—nj,
B

Definition 3. [7] Let Z:(m,n,oc,ﬂ)m be an
LR flat fuzzy number and A1 be a real
number in the interval [0,1] then the crisp
set

A, ={xe X pu(x)2 M=[m-aL'(A),n+BR"(1)]

is said to be A-cutof A.

p;(x)=

2.2. Yager's ranking approach

A number of ranking approaches have been
proposed for comparing fuzzy numbers. In
this paper, Yager's ranking approach [22] is
used for ranking of fuzzy numbers. This
approach  involves  relatively  simple
computational and is easily understandable.
This approach involves a procedure for
ordering fuzzy numbers in which a ranking

index SR(Z) is calculated for an LR flat
fuzzy number Z:(m,n,oc,ﬂ)m from its
A -cut A= [m-aLl'(A),n+BR(A)]
according to the following formula:

9%(2):%(]01(;11 —al' (L)) dA +j0‘(n + BRI (L)) dA)

Let A and B be two LR flat fuzzy
numbers then

Q)  A=F it RA2RB)

sV

G) A>F if RA>REB)

\Y

q

(i) A=B if R(4) = R(B)

=

2. 2. 1. Linearity property of Yager’s
ranking index

Let A=(m,n,0,8); and  B=(m,,n,,0,,5,),,
be two LR flat fuzzy numbers and k,,k, be
two non negative real numbers.

Using Definition 2, the A -cut 4, and

B, corresponding to A and B are:
A4, =[m, - aIL_] (A), ny + ﬂ]R_] (A)]
and B, =[m, —a,L” (A),n, + B,R " (A)]
Using the property,
(0, 4, +6, 4,), =6,(4)), +6,(4,), V6,0, €
( 1s set of real numbers), the A - cut
(k, A+k, B), corresponding to k, A® k, B
is:
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(ky A+k,B), = [k, m,+ k, m,—(k,o, + k,ct,)
L'(A).k,n, +k,n,

+(k B+, B)R™ (D]

Using Section 2.2, the Yager's ranking index
R(k, A® k, B)  corresponding  to

number (k, A®k, B) is:

fuzzy

Rk, A®k, B) = %k, [ (m, e, L™ (A))dA
+ [+ BR™(1)dA
+%k2 [ ! (m, —a, L (A))dA

+[(n, + B,R™ (A))dA]

=k, R(A)+k, R(B)
Similarly, it can be proved that
R(k, A®k, B) =k, R(A)+k, R(BB)V k,,k, € R

3. Linear programming formulations of
fuzzy assignment problems and fuzzy
traveling salesman problems

In this section, linear programming
formulations of fuzzy assignment problems
and fuzzy travelling salesman problems are
presented [15].

3.1. Linear programming formulation of
fuzzy assignment problems

Suppose there are n jobs to be performed
and n persons are available for doing these
jobs. Assume that each person can do one job
at a time and each job can be assigned to one
person only. Let ¢; be the fuzzy cost

(payment) if ;" job is assigned to i”

person. The problem is to find an assignment
x; so that the total cost for performing all the

jobs is minimum.
The chosen fuzzy assignment problem may
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be formulated into the following fuzzy linear
programming problem (FLPP):

Minimize Zch, X,
i=l j=I
subject to
Zxﬁzl, j=12,...,n
i=1
le.jzl, i=12,....,n
=
x;=0or1,Vi,j (R)

where,

¢, isa trapezoidal fuzzy number.

ZZcU X,

i=l j=I

Totalfuzzy cost for performing all the jobs.

3.2. Linear programming formulation of
fuzzy travelling salesman problems

Suppose a salesman has to visit n cities.
He starts from a particular city, visits each
city once and then returns to the starting point.

The fuzzy travelling costs from i”

«th . . . ~
J" city is given by ¢;

city to
. The objective is to

select the sequence (tour) in which the cities
are visited in such a way that the total
travelling cost is minimum. The chosen fuzzy
travelling salesman problem may be
formulated into the following FLPP:

Minimize ZZ‘Q, g

i=l j
subject to
Zx =1, j=12,...,nand j#i (1)
Zx =1, i=L2,..,nandiz;j (2) (P)
xl.j+xﬁ£1, 1<i#j<n 3)

X+ X, +x,<2, 1<i#j#k<n 4)

lel + Y2V +xPzP3 T P(n-2)
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(n—2),1£i¢p,¢...¢p(n_2)3n, )
where,
¢, is a trapezoidal fuzzy number.

n

n
ZZ% X -

i=1 j=l
Total fuzzy travelling cost of completing the tour.
if the city j

immediately after visiting city i and x; =0

x; =1 salesman visits

otherwise. Constraints (1) and (2) ensure that
each city is visited only once. Constraint (3) is
known as subtour elimination constraint and
eliminates all 2-city subtours. Constraint (4)
eliminates all 3-city subtours. Constraint (5)
eliminates all (n—1) -city subtours. For a
feasible solution of travelling salesman
problem, the solution should not contain
subtours. So, for a 5-city travelling salesman
problem, we should not have subtours of
length 2, 3 and 4. For a 6-city travelling
salesman problem, we should not have
subtours of length 2 3, 4 and 5. Similarly, for
a n -city travelling salesman problem, we
should not have subtours of length 2 to

(n—-1).

3.3. Optimal solution of fuzzy assignment
problems

The optimal solution of the fuzzy
assignment problem (F) 1is the set of

non-negative integers {x,} which satisfies
the following characteristics:

(1) _nZJCij:Lj:LQ,..,n and ixﬁ:],i:],z..,n.

(11) If there exist any set of non-negative

integers o) such that

_nZ)c’ij:Lj:LQ,..,n and ix'” =1 i=12...n,

tllzllen "

ER(Zn; n] c; xU)SER(Zn; Zn; c,; x';)
P il =

3.4. Optimal solution of fuzzy travelling
salesman problems

The optimal solution
assignment problem (P,)

of the fuzzy

is the set of
non-negative integers {x,} which satisfies

the following characteristics:

i > x,=1,j=12,...,n, j#i and
i=1

D x,=Li=12...,n i#j and also
Jj=l

satisfies subtour elimination constraints.
(11) If there exist any set of non-negative
integers {;} such that

;x’lj:l,j:l,z...,n, j#i and

n
Zx'y. =L, i=12,...,n, i#j andalso
j=1

satisfies subtour elimination constraints,

then m(iiaz xii)sm(iizii Xy )

i=1 j=1 i=1 j=l
4. Limitations of existing method

In this section, the limitations of existing
method are discussed.
(1) The existing method [15] can be applied
only to solve the following type of fuzzy
assignment problems:

Example 4.1.

The fuzzy assignment problem, solved by
Mukherjee and Basu [15], may be formulated
into the following FLPP:

Minimize (3,5,6,7)x,, ® (58.1112)x,, ®(9,1011,15)x,,

@ (58101 1)x,, ® (7.8.10,11)x,, ® (3.5.6.7)x,,
@ (6.8.10,12)x,, @ (589.10)x,, ® (2.4.5.6)x,,
@ (5,71011)x;, ® (8111315)x,, ® (4.6,7.10)x,,
@ (681012)x, @ (2,56.7) x,, ® (57101 1)x,,
® (2,457)x,,
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subject to

X+ X, F Xt =Looxg X X+ =l
Xy + Xy + X5t =L 0 Xy + X5, + 05, + 2,1,
Xy + Xy + Xy3 T, =10 Xy 205 + 005 + 5=,
Xy + Xy + XX, =L X, Xy, X5, +x,,=]
x;=0orl, VvV i=1234 and j=1234.

The existing method [15] cannot be used
for solving the following type of fuzzy
assignment problems:

Minimize Zch, X,
i=1 j=1
subject to
Zx =1, j=12.
Zx =1, i=1,2,...,n (P)

x;=0orl,Vi,j

where,

Ez] :(mij’nij’aij’ﬂij) LR

Fuzzy payment to i” person for doing j” job.

ZZcU X,

i=l j=I

Total fuzzy cost for performing all the jobs.

Example 4.2.

The fuzzy assignment problem, for which
the fuzzy costs are represented by LR fuzzy

numbers, may be formulated into the
following FLPP:
Minimize ((9,10,1,3),2)x,, ©((6,8,3,5) 2 )%,

@ ((8.9.1.3 )z )x;; © ((9,1024 )z )x,,
® ((10,11,3,1 )z )xp @ (4513 ) )x,;
® ((7,8,1,3 )z )x; © ((10,11,34 )5 ) x5,
@ ((7.823 ) )xy

subject to

X, +x, +x5=0 x, +x,, +x5,=1,

Xy + X5 + X071 X, + Xy, +X3,71,

X3+ x5 + X357 x5+ X, + x5,
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=0orl,V i=123 and j=1,23.

where, L(x)=maximum {0,1-x"} and R(x)
=maximum {0,1—x}
(1) The existing method [15] can be used for

solving following type of fuzzy travelling
salesman problems:

Example 4.3.
The fuzzy travelling salesman problem,

solved by existing method [15], may be
formulated into the following FLPP:

Minimize (581112) x,, ®(9,10,11,15) x,
® (58,10,11 )x,, & (7,8,10,11 ) x,
® (6,8,10,12 ) x, @ (589,10 )x,
@ (2456 )x,; @ (57,1011 ) x,,
® (4,6,7,10 )x, @ (68,10,12 ) x
® (2,56,7 )x, @ (5710,11 ) x,
subject to

Xpp X3 tx = Looxg o+, =l

Xy + X300, =1y + Xy + 1=,

X3+ X5 x5, =1 x4 Xy =l

Xy Xy + X571 X+ 20 +23,=1,

X, + Xy <1, X3+ Xy <I, Xy T Xy <1,

Xy + x5, <1, x,, +x, <1, x5, +x, <1,
x,=0o0rl,V i =1234 and j =1234.

The existing method [15] cannot be used
for solving the following type of fuzzy
travelling salesman problems:

Minimize ZZ‘Q, g
i=lj
subject to
D> x;=1, j=12,...,nandj#i
i=1
Zxﬁzl, i=1,2,...,nandi #j (P)
Jj=1
x;+x,; <1, 1<i#j<n

X+ X, +x,<2, 1<i#j#k<n
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Xp ¥X,, X, , Fo X <(n-2)1

<i#p, ;t...;tp(n_z)Sn,
where,
¢; =(myn;, 05, ;) 1’

Fuzzy travelling cost from i” city to j”city.

n

n
Z Z%- Xy -

i=1 j=1
Total fuzzy travelling cost of completing the tour.
x; =1 if the salesman visits city j immediately

after visiting city i and x; =0 otherwise.

Example 4.4.

The fuzzy travelling salesman problem, for

which the fuzzy costs are represented by LR
fuzzy numbers, may be formulated into the
following FLPP:
((9.10,1,3) 5 )x,, ©((6,8,3,5) 1z )x;5
@ ((8’9’173 )LR )x14 @ ((9’107274 )LR )x21
@ ((10,11,3,1 ) 1z )x,; @ ((4.51.3 ) 15 )xyy
(—B ((7a8a1a3 )LR)x3l (—D ((10911’3’4 )LR )x32
(—D ((738a233 )LR )x34 (—D ((93 10’ 3’5 )LR ) x4l
(—B ((9a 11, 3’4 )LR ) x42 (—D ((6a8a1’5)LR ) x43
subject to

Minimize

X F Xt =10 X, +xg, +x,

B

=1
=1, x, +x5, +x,,=1,
=1, x5+ X, x50
Xy + X + 25710 X+ X, + x3,=1,
X, +x,, <1, x5+x, <I, x,+x, <1,
Xy + x5 <1, xy, +x,, <1, Xy +x,5 <1,
x;=0orl,Vi=1234 and j=1234.
where,

L(x)=maximum {0,1- x*} and

R(x)=maximum {0,1— x}

5. Proposed methods to find the optimal
solution of fuzzy assignment problems
and fuzzy travelling salesman problems

In this section, two new methods (based on
fuzzy linear programming formulation and
classical methods) are proposed to find the

optimal solution of fuzzy assignment
problems and fuzzy travelling salesman
problems.

5.1. Method based on fuzzy linear

programming formulation (FLPF)

In this section, a new method (based on
FLPF) is proposed to find the optimal solution
of fuzzy assignment problems and fuzzy
travelling salesman problems occurring in real
life situations.

The steps of proposed method are as follows:

Step 1 Check that the chosen problem is
fuzzy assignment problem or fuzzy
travelling salesman problem.

Case (i) If the chosen problem is
fuzzy assignment problem, then
formulate it as (£,).

Case (ii) If the chosen problem is
fuzzy travelling salesman problem,
then formulate it as (P,).

Convert FLPP ( (B) or (P,)),

obtained in Step 1, into the following
crisp linear programming problem:
Minimize » > R(,)x,

i=1 j=1
subject to respective constraints.
Solve crisp linear programming
problem, obtained in Step 2, to find
the optimal solution {y} and

Step 2

Step 3

Yager's ranking index ZZSR@)xU

i=1 j=1

corresponding to minimum total

fuzzy cost.
5.2. Method based on classical methods
In this section, a new method (based on

classical methods) is proposed to find the
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optimal solution of fuzzy assignment

problems or fuzzy travelling salesman

problems occurring in real life situations.
The steps of the proposed method are as
follow:

Step 1 Check that the chosen problem is
fuzzy assignment problem or fuzzy
travelling salesman problem.

Case (i) If the chosen problem is
fuzzy assignment problem, then
formulate it as (B). Represent (7))

into tabular form as shown in Table
1.

Case (ii) If the chosen problem is
fuzzy travelling salesman problem,
then formulate it as (P,). Represent

(P,) into tabular form as shown in
Table 2.

Step 2 Convert

Step 3

the fuzzy assignment
problem or fuzzy travelling salesman
problem obtained in Step 1 into crisp
problem as follows:

Case (i) For (P;) construct a new

Table 3 as shown below:
Case (ii) For (P,) construct a new
Table 4 as shown below:
Solve crisp linear programming
problem, obtained in Step 2, to find
the optimal solution {,} and

Yager's ranking index ZZER(EU)xﬁ
i=1 j=l
corresponding to minimum total

fuzzy cost.

Table 1. Fuzzy assignment costs

Job—

‘]l ‘]2 J/ Jn
Person<
P Ci Cp Cyj .. Ciy
P; € Cj2 Cj Cn
Pn cnl cn2 cnj c,m

where,¢; =(my,n;, 0, B;) 1

Table 2. Fuzzy travelling costs

City >

1 Y 1 2 "
1 - c|2 cl/ .. cln
J € Cj2 - Cn
n Cui Cuo Cuj -

where,¢; =(my,n;, 0, B;) 1
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Table 3. Crisp assignment costs

Job—

J J J. J
Person< : 2 / "
P R(c,,) | R(cy) R(c;) R(c,)
P, R(c,) | R(cy,) R(c;) R(c,)
Pn ER(Elnl ) SR(E;ﬂ ) 9{(Enj ) ER(E;M )

where, R(Z,) =%( [[om, —a, L (W) da+][ (n, + B,R™ (A))dA)

Table 4. Crisp travelling costs

(fty_’ 1 2 j e
1 - R(C,,) R(c)) R(c,)
J R(c,) | R(cy,) - | R
n R(c,) | Rc,,) R, | ... |-

where, R(C,) =%( jol(ml, —a, L (A)dA+ jol(nij + B,R™(A)dA)

6. Advantage of the proposed methods over
existing method

In this section, the advantage of the
proposed methods over existing method are
discussed:

The existing method [15] can be used for
solving only such fuzzy assignment problems
wherein all the cost parameters are
represented by trapezoidal or triangular fuzzy
numbers. However, in real life situations, it is
not possible to represent all the parameters by
trapezoidal or triangular fuzzy numbers 1i.e.,
there may exist certain fuzzy assignment
problems in which some uncertain parameters

are represented by LR fuzzy numbers given
by model (7). The existing method [15] can
not be used for solving such fuzzy assignment
problems (#;). The main advantage of both

the proposed methods is that these can be
used for solving both type of fuzzy
assignment problems and in addition, both
types of fuzzy travelling salesman problems.
To show the advantage of proposed methods
over existing methods [15], fuzzy assignment
and fuzzy travelling salesman problems
chosen in Example 4.2 and Example 4.4,
which cannot be solved by using the existing
method [15], are solved by using the proposed
methods.

Int. J. Appl. Sci. Eng., 2012. 10, 3 163
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6.1. Optimal solution of fuzzy assignment
problem

In this section, fuzzy assignment problem
chosen in Example 4.2, which cannot be
solved by using the existing method, is solved
by using the proposed methods.

6.1.1. Optimal solution using the method
based on FLPF

The optimal solution of fuzzy assignment
problem, chosen in Example 4.2, may be
obtained by using the following steps of the
proposed method:

Step 1 The FLPF of fuzzy assignment
problem, chosen in Example 4.2 is:
Minimize (9,10 ,1,3) .. ) x,,
® ((6,8,3,5)2)x, @ ((8,9,1,3) 1 ) x5
@ ((9,10,2,4) ,,)x,, ®((10,11,3,1),)x,,
D ((4,5,1,3) 13 )xy; @ ((7.8,1,3) 1) x5
®((10,11,3,4) 12)x;, ©((7.8,2,3) 1) X35
XX, +x5=1 x4+ x5, + x5, =1,
Xy Xy + X0 =1 X, 4+ Xy + X5, =1,
Xyt x5+ x5, =1 x5+ X + x5, =1
x,= 0orl,Vi=12,3 and j=1,2,3.

Step 2 Using Step 2 of proposed method, the
formulated FLPP is converted into the
following crisp linear programming
problem:

Minimize (M(,10,1,3),, )x,,
@ (%R(6,8,3,5) )X, D(R(B,9,1,3) ) x5
@(R9,10,2,9,,)x,, ®(RA0,11,3,), .)x,,
D (R(4.5,1,3) 1z )xp, ©(R(7.8,1,3) ) x5,
@ (R(10,11,3,4),,)x;, D (R(7,8,2,3) . )x33
subject to

Xyt x, txs =1L X, +x, x5, =1,

Xop + Xgy + X3 =1, Xy 25 + x5, =1,

Xy + Xy + X33 =1 Xy Xy +xyy =1
x,=0orl, Vi=123 and j=1,2,3.

Step 3 Using Definition 2 and Section 2.2,

164 Int. J. Appl. Sci. Eng., 2012. 10, 3

the values of ER(E},.),VZ', j are

R(c,)=9.91667,R(c,)=7.25,R(C,)
=8.91667,(c,,)=9.8333,%R(c,,)
=9.75,%R(c,, )=4.91667,R(c,,)
=7.91667,%R(c,,)=10.5,R(C,,)
=7.5833.

Using the values of ‘R(EU) the crisp

linear programming problem obtained
in Step 2, may be written as:
Minimize (9.91667 x,, +7.25 x,,
+8.91667 x,, +9.8333 x,, +9.75 x,,
+4.91667 x,, +7.91667 x,, +10.5 x,,
+7.5833 x,;)
subject to
X+ x, +x,=1 x,+x, +x;,=1,
Xop + X0 + X0 =1, X, + X, + X5, =1,
Xy + X5 F X5 =1 x5 Hxy; x5 =1
x,=0orl Vi=L23 and j=12,3.
Step 4 Solving the crisp linear programming
problem, obtained in Step 3, the
optimal solution is

x,=1x,=1x,=1 ..
1223 7l and minimum

total fuzzy cost is (17.215,11) 1
Yager's ranking index corresponding
to minimum total fuzzy cost is

20.08334.

6.1.2. Optimal solution using method
based on classical assignment
method

The optimal solution of fuzzy assignment
problem, chosen in Example 4.2, by using the
method based on classical assignment method,
proposed in Section 5.2, may be obtained as
follows:

Step 1 The tabular representation of fuzzy
assignment  problem chosen in
Example 4.2 is:

Step 2 Using Step 2 of proposed method the
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fuzzy assignment problem 'shown'in (17.21,5,11) ;- Yager's ranking index
Table > may be converted mFO crisp corresponding to minimum total fuzzy
assignment problem as shown in Table cost is 20.08334

6 The membership function of the LR type

Step 3 The optimal solution of the crisp linear
programming problem, obtained in
X =1Lxyy =1xy, =1

fuzzy number representing the minimum total
fuzzy cost of the fuzzy assignment problem,
Step 2, is and chosen in Example 4.2, is shown in Figure 1.
minimum total fuzzy cost s

Table 5. Fuzzy costs as LR fuzzy numbers

PJe(::o;)i /i /2 /s
P (9,10,1,3) ,, (6,8,3,5),, (8,9,1,3) ,,
P, (9,10,2,4),, (10,11,3,1), (4,5,1,3)
P, (7,8,1,3) ., (10,11,3,4),, (7,8,2,3) 1

Table 6. Crisp costs

PJe(r):o;)J« /i /2 /s
V& 9.91667 7.25 8.91667
P, 9.8333 9.75 4.91667
P, 7.91667 10.5 7.5833

_E 1.2 1 ¢ Leftshape
© function
c 1 on
2 - ® Rightsh
= 0.8 1 o m ig t_s ape]
= e =m function
g 0.6 1 e =

* [ ]
€ 041 o =
o . ]
s 021 . [
— * ]
[S) 0 +—e——=u—
8 0 50
(@)
(0]
a

Optimal cost

Figure 1. Membership function of L-R fuzzy number representing the minimum
total fuzzy assignment cost
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6.2. Optimal solution of fuzzy travelling
salesman problems

In this section, fuzzy travelling salesman
problem chosen in Example 4.4, which cannot
be solved by using the existing method, is
solved by using the proposed methods.

6.2.1. Optimal solution using the method
based on FLPF

The optimal solution of fuzzy travelling
salesman problem, chosen in Example 4.4,
may be obtained by using the following steps
of the proposed method:

Step 1 The FLPF of the fuzzy travelling
salesman problem, chosen in Example
4.4, 1s:

Minimize (9,10 1,3) 2 )x,,
® ((6,8.3,5)2)x; ©((8,9,1.3) ;z)x,,
©((9,10,2,4) 2)x,, ®((10,11,3,1) ) x5,
D ((4,5,1,3) 1) % D ((7.8,1,3) 12 ) x5,
©((10,11,3,4) ) x5, ©((7,8,2,3) 1) x5,
®(09,10,3.5) 1) x4 ©((9,11,3,4) ) X,
D ((6,8,1,5) 1) X3

subject to

5

Xy + Xp3tx5, =1L Xy + x5, + Xy, =1

X3 F X3y

5

Xy +x3tx, =10 X, + g+ Xy,
1

I x5+ x5 + X4
=]

=1
=1
=1
Xy + X + X570 X+ Xy + X34 =1,
X, + %, <1, x5 + x5, <1,
X, +x, <1, x,, +x;, <1,
Xy + X4 <1, x5, +x45 <1,
x;=0o0rl Vv i=1234 and j=1234.
Step 2 Using Step 2 of proposed method, the
formulated FLPP is converted into the

following crisp linear programming
problem:
Minimize (R(O,10,1,3),2)x,,

+(R(6,8,3,5) 15 )x;; + (R(8.9,1,3) p)x,,

166 Int. J. Appl. Sci. Eng., 2012. 10, 3

+(R(9,10,2,4) ,,)x,, + (R(10,11,3,1),,)x,;
+(R(4.5,1,3) 2) x5 + (R(7.8,1,3) ) x5
+(R(10,11,3,4), .)x;, + (R(7,8,2,3), 2 )5,
+(%R(9,10,3,9) 1) x,; +(RO,11,3,4),) x,,
+(N(6,8,1,5) 1z ) x,3)

subject to

X +x5tx, = L Xy + X+, =l
Xy + X tX 5, =1 X + X5 + X,,=1,
Xy + X5 Tx,=1 x5 + x5 +x,5=1,
Xy + Xy +X,5=10 X, + Xy +X5,=1,
X, +x, <1, x5 +x;5 <1,

X, +x, S1, xy 4+ x5, <1,

Xoy +X, <1, x5+ x4 <1,
x,=0orl V i=1234 and j=1234.
Step 3 Using Definition 2 and Section 2.2,
the values of ER(EU ),Vi, j are
R(C,)=9.91667,R(c,)=7.25,R(c,
=8.91667,R(c,,)=9.8333,R(C,,

)
)
=9.75,%(¢,, )=4.91667, R(Z,,)
)
)

l

=7.91667,%R(c,,)=10.5,R(C,,
=7.5833,,%(¢,,)=9.75,R(c,,
=10,R(c,,)=7.91667

Using the values of iR(cN'U), the crisp

linear programming problem obtained
in Step 2, may be written as:
Minimize (9.91667 x,, +7.25x,,

+8.91667 x,, +9.8333 x,, +9.75 x,,
+4.91667x,, +7.91667 x,, +10.5x,,
+7.5833x,,+9.75x, +10x,, + 7.91667x,,)

subject to

X +xtx, =1L X, + oy, +x, =1
Xy + X3 FX 0 =L 2y, + X5, + X,=1,
Xy + x5 tx5, =1 x5+ X, + X570,
Xy + X + X571 X+ X, + X,=1
X, + x5 <1, x5+ x5, <1,
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x;=0orl Vi=1234 and j=12,34. Step 1 The tabular representation of fuzzy
travelling salesman problem, chosen
in Example 4.4, is:

Step 2 Using Step 2 of proposed method, the
travelling salesman problem shown in
Table 7 may be converted into crisp
travelling salesman problem as shown

Step 4 The optimal solution of the crisp
linear programming problem, obtained
in Step 3, is
x,=Lx,, =Lx,;,=01x;,=1 and
minimum total fuzzy cost is

(26,31,4,14),, . Yager's ranking index in Table 8.
corresponding to minimum total fuzzy Step 3 The optimal solution of the crisp
cost 15 30.6667. linear programming problem, obtained
n Step 2, 1s
6.2.2. Optimal solution using the method b- X, =Lxy, =Lx,=1x;,=1 and
ased on classical travelling salesman

minimum total fuzzy cost s
(26,31,4,14) ,, . Yager's ranking index
corresponding to minimum total fuzzy
cost is 30.6667.

The membership function of the LR type
fuzzy number representing the minimum total
fuzzy cost of the fuzzy travelling salesman
problem, chosen in Example 4.4 is shown in
Figure 2.

method

The optimal solution of the fuzzy travelling
salesman problem chosen in Example 4.4 by
using the method based on classical travelling
salesman method, proposed in Section 5.2,
can be obtained as follows:

Table 7. Fuzzy costs as LR fuzzy numbers

Citi—> | ) 3 4
1 - (9.10,1,3),, (6,8,3,5),, (8,9,1,3) ,,
2 (9,10,2,4) - 10,11,3,1),, | (4,5,1,3),,
3 (7,8,1,3) ., (10,11,3,4),, - (7,8,2,3)
4 (9,10,3,5) ,, (9,11,3,4) (6,8,1,5) -
Table 8. Crisp costs
Citi—> | ) 3 4
1 - 9.91667 7.25 8.91667
2 9.8333 - 9.75 4.91667
3 7.91667 10.5 - 7.5833
4 9.75 10 7.91667 -
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Figure 2. Membership function of L-R fuzzy number representing the
minimum total fuzzy travelling cost

7. Results and discussion

To compare the existing [15] and the
proposed methods, the results of fuzzy
assigment problems and fuzzy travelling
salesman problems chosen in Example 4.1,
Example 4.2, Example 4.3 and Example 4.4
obtained by using the existing and the
proposed methods are shown in Table 9.

It is obvious from the results shown in
Table 9 that irrespective of whether we use
existing or proposed methods, same results
are obtained for Example 4.1 and Example
4.3, while, Example 4.2 and Example 4.4 can
be solved only by using the proposed methods.
On the basis of above results, it can be
suggested that it is better to use the proposed
methods instead of existing method [15] to
solve fuzzy assignment problems and fuzzy
travelling salesman problems.

8. Conclusions

In this paper, limitation of an existing
method [15] for solving fuzzy assignment
problems and fuzzy travelling salesman
problems is discussed and to overcome this

168 Int. J. Appl. Sci. Eng., 2012. 10, 3

limitation, two new methods are proposed. By
comparing the results of the proposed
methods and existing method, it is shown that
it is better to use the proposed methods
instead of existing method.

In future, the proposed method may be
modified to find fuzzy optimal solution of
fuzzy assignment problems, fuzzy travelling
salesman  problems and  generalized
assignment problems with intuitionistic fuzzy
numbers.
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Table 9. Comparison of results obtained by using existing and proposed methods

Existing method | Proposed method Proposed method
Examples based on classical
[16] based on FLPF
methods
J—->P,J,->P, | J->PB,J,>P, | J>P,J,>P,
J,—>P,J,—»> P J,—>P,J,—> P J,—>P,J,—»> P
4.1 and and and
minimum total minimum total minimum total
fuzzy cost = fuzzy cost = fuzzy cost =
(16,23,27,35) (16,23,27,35) (16,23,27,35)
J, —>P J, —>P
J, > FB, J, > FB,
J,—>P, J,—>P,
4.2 Not applicable and and
minimum total minimum total
fuzzy cost = fuzzy cost =
(17,21,5,11),, (17,21,5,11),,
154525351 | 154525321 | 154525351
and and and
4.3 minimum total minimum total minimum total
fuzzy cost = fuzzy cost = fuzzy cost =
(15,25,31,36) (15,25,31,36) (15,25,31,36)
152545351 | 15254531
and and
4.4 Not applicable minimum total minimum total
fuzzy cost = fuzzy cost =
(26,31,4,14),, (26,31,4,14),,
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