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A NEW METHOD FOR SOLVING FUZZY SHORTEST PATH
PROBLEMS

AMIT KUMAR AND MANJOT KAUR*

ABSTRACT. To the best of our knowledge, there is no method, in the litera-
ture, to find the fuzzy optimal solution of fully fuzzy shortest path (FFSP)
problems i.e., shortest path (SP) problems in which all the parameters
are represented by fuzzy numbers. In this paper, a new method is pro-
posed to find the fuzzy optimal solution of FFSP problems. Kumar and
Kaur [Methods for solving unbalanced fuzzy transportation problems, Op-
erational Research-An International Journal, 2010 (DOI 10.1007/s 12351-
010-0101-3)] proposed a new method with new representation, named as
JM D representation, of trapezoidal fuzzy numbers for solving fully fuzzy
transportation problems and shown that it is better to solve fully fuzzy
transportation problems by using proposed method with JM D representa-
tion as compare to proposed method with the existing representation. On
the same direction in this paper a new method is proposed to find the solu-
tion of FFSP problems and it is shown that it is also better to solve FFSP
problems with JM D representation as compare to existing representation.
To show the advantages of proposed method with this representation over
proposed method with other existing representations. A FFSP problem
solved by using proposed method with JM D representation as well as pro-
posed method with other existing representations and the obtained results
are compared.
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1. Introduction

The SP problem concentrates on finding the path with minimum distance.
To find the SP from a source node to the other nodes is a fundamental matter
in graph theory. In conventional SP problems, it is assumed that decision maker
is certain about the parameters (distance, time etc.) between different nodes.
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But in real life situations, there always exist uncertainty about the parameters
between different nodes. In such cases, the parameters are represented by fuzzy
numbers [28].

Klein [10] presented new models based on fuzzy shortest paths (FSP) and
also given a general algorithm based on dynamic programming to solve the new
models. Lin and Chern [14] considered the case that the arc lengths are fuzzy
numbers and proposed an algorithm for finding the single most vital arc in a
network. Okada and Gen [22] discussed the problem of finding the SP from a
fixed origin to a specified node in a network with arcs represented as intervals on
real line. Li et al. [13] introduced the neural networks for solving FSP problems.
Gent et al. [5] investigated the possibility of using genetic algorithms to solve
SP problems. Shih and Lee [25] investigated multiple objective and multiple
hierarchies minimum cost flow problems with fuzzy costs and fuzzy capacities
in the arcs. Okada and Soper [23] concentrated on a SP problem on a network
in which a fuzzy number, instead of a real number, is assigned to each arc
length. Okada [21] concentrated on a SP problem on a network in which a fuzzy
number, instead of a real number, is assigned to each arc length and introduced
the concept of "degree of possibility” in which an arc is on the SP. Liu and
Kao [16] investigated the network flow problems in that the arc lengths of the
network are fuzzy numbers. Seda [24] dealed with the steiner tree problem on
a graph in which a fuzzy number, instead of a real number, is assigned to each
edge.

Takahashi [26] discussed the SP problem with fuzzy parameters. He proposed
a modification Okada’s algorithm [21], using some properties observed by other
authors. He also proposed a genetic algorithm to seek an approximated solution
for large scale problems. Chuang and Kung [2] represented each arc length
as a triangular fuzzy set and a new algorithm is proposed to deal with the
FSP problems. Nayeem and Pal [20] considered a network with its arc lengths
as imprecise number, instead of a real number, namely, interval number and
triangular fuzzy number. Ma and Chen [17] proposed an algorithm for the
on-line FSP problems, based on the traditional SP problem in the domain of
the operations research and the theory of the on-line algorithms. Kung and
Chuang [12] proposed a new algorithm composed of FSP length procedure and
similarity measure to deal with the FSP problem. Gupta and Pal [6] presented
an algorithm for the SP problem when the connected arcs in a transportation
network are represented as interval numbers.

Moazeni [19] discussed the SP problem from a specified node to every other
node on a network in which a positive fuzzy quantity with finite support is as-
signed to each arc as its arc length. Chuang and Kung [3] pointed out that there
are several methods reported to solve this kind of problem in the open literature.
In these methods, they can obtain either the fuzzy shortest length or the SP.
In their paper, a new algorithm was proposed that can obtain both of them.
The discrete fuzzy shortest length method is proposed to find the fuzzy shortest



A new method for solving fuzzy shortest path problems 573

length, and the fuzzy similarity measure is utilized to get the SP. Ji et al. [8] con-
sidered the SP problem with fuzzy arc lengths. According to different decision
criteria, the concepts of expected SP, a-SP and the SP in fuzzy environment are
originally proposed, and three types of models are formulated. In order to solve
these models, a hybrid intelligent algorithm integrating simulation and genetic
algorithm is provided and some numerous examples are given to illustrate its
effectiveness.

Hernandes et al. [7] proposed an iterative algorithm that assumes a generic
ranking index for comparing the fuzzy numbers involved in the problem, in such a
way that each time in which the decision-maker wants to solve a concrete problem
(s)he can choose (or propose) the ranking index that best suits that problem.
Yu and Wei [27] proposed a simple linear multiple objective programming to
deal with the FSP problem. The proposed algorithm does not need to declare
0-1 variables to solve the FSP problem because it meets the requirements of
the network linear programming constraints. Mahdavi et al. [18] proposed a
dynamic programming approach to solve the fuzzy shortest chain problem using
a suitable ranking method.

In this paper, a new method is proposed to find the solution of FFSP problems
and it is shown that it is better to solve FFSP problems with JM D representa-
tion as compare to existing representation. To show the advantages of proposed
method with this representation over proposed method with other existing rep-
resentations. A FFSP problem solved by using proposed method with JM D
representation as well as proposed method with other existing representations.

This paper is organized as follows: In Section 2, some basic definitions, exist-
ing representations of trapezoidal fuzzy numbers, arithmetic operations and an
existing method for comparing fuzzy numbers are presented. In Section 3, linear
programming formulation of crisp shortest path (CSP) problems are reviewed
and also the linear programming formulation of FFSP problems are proposed. In
Section 4, a new method is proposed to find the fuzzy optimal solution of FFSP
problems. In Section 5, a new representation of trapezoidal fuzzy number is
proposed. Advantages of new representation of trapezoidal fuzzy numbers over
existing representations of trapezoidal fuzzy numbers are discussed in Section
6. To illustrate the proposed method, numerical example is solved in Section 7.
Conclusions are discussed in Section 8.

2. Preliminaries

In this section some basic definitions, existing representations of trapezoidal
fuzzy numbers, arithmetic operations between trapezoidal fuzzy numbers and
method for comparing fuzzy numbers are presented.

2.1. Basic definitions. In this subsection, some basic definitions are pre-
sented.

Definition 1 ([9]). The characteristic function g4 of a crisp set A C X assigns
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a value either 0 or 1 to each member in X. This function can be generalized to
a function p 7 such that the value assigned to the element of the universal set
X fall within a specified range i.e. p7: X — [0,1]. The assigned value indicate
the membership grade of the element in the set A. The function p 7 is called the
membership function and the set A = {(z, pi(x));x € X} defined by pz(x) for
each x € X is called a fuzzy set.

Definition 2 ([9]). A fuzzy set A, defined on the universal set of real numbers
R, is said to be a fuzzy number if its membership function has the following
characteristics:

(i) A is convex i.e., juz(Az1 + (1 —N)x2) > minimum (p z(z1), pz(22)) ¥ 21,29 €
R, Y e[0,1].

(ii) A is normal i.e., 3 z9 € R such that pz(zo) = 1.

(iii) p () is piecewise continuous.

Definition 3 ([4]). A fuzzy number A is called non-negative fuzzy number iff
pi(z)=0,Va<O0.

2.2. Existing representations of trapezoidal fuzzy numbers. In the lit-
erature, trapezoidal fuzzy number are represented as follows:

2.2.1. (a,b,c,d) representation of trapezoidal fuzzy numbers.

Definition 4 ([9]). A fuzzy number A = (a,b,c,d) is said to be a trapezoidal
fuzzy number if its membership function is given by

((52:2))7 a<zxz<b
pilz)y=1< 1, b<z<c
((i:j)), c<zx<d

where, a,b,c,d € R

Definition 5 ([9]). A trapezoidal fuzzy number A = (a, b, ¢, d) is said to be zero
trapezoidal fuzzy number iff a = 0,0 =0,¢=0,d = 0.

Definition 6 ([9]). A trapezoidal fuzzy number A = (a,b,c,d) is said to be
non-negative trapezoidal fuzzy number iff a > 0.

Definition 7 ([9]). Two trapezoidal fuzzy numbers Ay = (a1,b1,¢1,dp) and
As = (ag,ba, ca,ds) are said to be equal ie., Ay = Ay iff a3 = ag,b1 = be,cq =
Cg,dl = dg.

2.2.2. (m,n,a, ) representation of trapezoidal fuzzy numbers.

Definition 8 ([9]). A fuzzy number A = (m,n, a, ) is said to be a trapezoidal
fuzzy number if its membership function is given by
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1—m;””7 m—-—a<zx<m
‘uA(x): 1, m<z<n
1—%, n<zx<n+p

where, n—m >0, >0,5>0

Definition 9 ([4]). A trapezoidal fuzzy number A = (m,n,a, 8) is said to be
zero trapezoidal fuzzy number iff m =0,n =0, =0,8 = 0.

Definition 10 ([4]). A trapezoidal fuzzy number A = (m,n, a, ) is said to be
non-negative trapezoidal fuzzy number iff m — a > 0.

Definition 11 ([4]). Two trapezoidal fuzzy numbers A; = (my,n1, 1, 41) and
As = (ma,ng, s, f2) are said to be equal ie., Ay = As iff my = ma,n; =
ng, a1 = a, B1 = fPo.

2.3. Arithmetic operations. In this subsection addition and multiplication
operations between two trapezoidal fuzzy numbers are reviewed.

2.3.1. Arithmetic operations between (a,b,c,d) type trapezoidal fuzzy
numbers ([9]). Let A; = (a1,b1,¢1,d1) and As = (ag, be, c2,d2) be two trape-
zoidal fuzzy numbers then

(i) 1211 [ar) A2 = (a1 + as, by + ba,c1 + co,dy + dg)

(ii) A1 ® Ag ~ (a,b,c,d), where a = minimum (ajaz, a1ds, asdy, dids),
b= minimum (b1bg,b1ca, c1ba, c1c2), ¢ = maximum (bybg, byca, c1be, c1c2),
d = maximum (alag, aldg, agdl, dldg)

2.3.2. Arithmetic operations between (m,n, «, §) type trapezoidal fuzzy
numbers ([4]). Let A = (m1,n1,0a1,61) and Ay = (ma, na, g, B2) be two
trapezoidal fuzzy numbers then

(i) A1 ® Ay = (m1 +ma,n1 +n2, 01 + g, f1 + Ba)

(i) Ay ® Ay = (m/,n/, o/, B),

where m/ = minimum (mymg, ming, nyms, ninsg),

n' = maximum (myima, Ming, N1Ma, N1N2),

o/ =m/— minimum ((my — aq)(ma — ag), (M1 — a1)(n2 + B2), (n1 + 51)

(mg — a), (n1 + B1)(n2 + B2)),

6/ = maximum ((m1 — Oél)(mg — 052), (m1 — al)(n2 + BQ), (n1 + ,81)

(m2 — az2), (n1 + B1)(n2 + B2)) —n'

2.4. Comparison of fuzzy numbers. An efficient approach for comparing
the fuzzy numbers is by the use of a ranking function [15] ® : F(R) — R, where
F(R) is a set of fuzzy numbers defined on set of real numbers, which maps each
fuzzy number into the real line, where a natural order exists.
Let (a,b,c,d) be a trapezoidal fuzzy number then R(a, b, c,d) = tbtetd,

m+n + Bfa.

2 4

Let (m,n, a, 8) be a trapezoidal fuzzy number then R(m,n, o, 8) =
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3. Linear programming (LP) formulation of CSP and FFSP
problems

The SP problem concentrates on finding the path with minimum distance.
To find the SP from a source node to the other nodes is a fundamental matter in
graph theory. In this section the LP formulation of CSP problems is presented
and also the LP formulation of FFSP problems is proposed.

3.1. LP formulation of CSP problems ([1]). Let us consider a directed and
connected network G = (N, A) consisting of a finite set N = {1,2,...,n} of n
nodes and A is the set of arcs (¢, j). ¢;; is the cost per unit flow through arc (4,
j) and x;; is the decision variable denoting the flow through arc (4, j). The LP
formulation of CSP problems is as follows:

Minimize E CijTsj

(i,4)€A
subject to
j:(1,5)eA k:(k,1)eA
Z Tij = Z Tri, 1£ LN
ji(i,5)€A k:(k,i)eA
Z iy + 1= Z Thi
Ji(n,j)€A k:(k,n)€A

x;; is a non-negative real number V(i,j) € A

3.2. Proposed LP formulation of FFSP problems. In conventional SP
problems, it is assumed that decision maker is certain about the parameters
(distance, time etc.) between different nodes. But in real life situations, there
always exist uncertainty about the parameters between different nodes. In such
cases, the parameters are represented by fuzzy numbers. When the values asso-
ciated with the arcs are fuzzy numbers, then we have a FSP problem. Suppose
the parameters ¢;; and x;;, (¢, j) € A are imprecise and are represented by fuzzy
numbers &; and &;; , (¢,j) € A respectively. Then the FFSP problems may be
formulated into the following fuzzy linear programming (FLP) problem:

Minimize E éij ® i’ij

(i,5)€A
subject to
Z Ty= Y, Eu®l
(1,5)€A E:(k,1)€A

Yood= Y Ew i#ln

j:(i,j)eA k:(k,i)EA
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Z Zi; @1 = Z Tki

ji(n,j)EA k:(kn)eA

Z;; is a non-negative fuzzy number V(i,j) € A

Remark 1. In this paper, at all places > " #; and > x; represents the fuzzy
and crisp addition respectively. i.e., Y /% = Z1 @ T2 D ... DTy and Y. x; =
r1+x2+...+x,, where x; and z; are fuzzy number and real number respectively.

4. Proposed method

In this section, a new method is proposed to find the fuzzy optimal solution
of FFSP problems. The steps of the proposed method are as follows:

Step 1 Represent all the parameters of FFSP problem by a particular type of
trapezoidal fuzzy number and formulate the given problem, as proposed in Sec-
tion 3.2.

Step 2 Convert the fuzzy objective function into the crisp objective function
form by using appropriate ranking formula.

Step 3 Convert all the fuzzy constraints and restrictions into the crisp con-
straints and restrictions by using the arithmetic operations.

Step 4 Find the optimal solution of obtained crisp linear programming (CLP)
problem by using software (TORA, LINGO, LINDO etc.).

Step 5 Find the fuzzy optimal solution using the crisp optimal solution, ob-
tained in Step 4.

Step 6 Find the FSP and the corresponding fuzzy shortest distance using the
fuzzy optimal solution, obtained from Step 5.

4.1. Proposed method with (a,b,c,d) representation of trapezoidal
fuzzy numbers. If all the parameters of FFSP problems are represented by
(a,b, c,d) type trapezoidal fuzzy numbers then the steps of the proposed method
are as follows:

Step 1 Suppose all the parameters ¢;; and Z;; are represented by (a,b,c,d)

type trapezoidal fuzzy numbers (c;j,c;, cfj, ci}) and (@45, yij, zij, wij) respec-
tively, then the LP formulation of FFSP problems, presented in Section 3.2, can
be written as:

Minimize Z C’Lj? ;]1 Z]v C;_/]I) ® (xij7 yij7 Zij7 wij)

(i,4)€A
subject to
Z (Tij, Yij, 2ij, Wij) = Z (@kis Yni» 2his i) © (1,1,1,1)
Ji(1,5)eA k:(k,1)€A
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ST @i iz wi) = Y (This Ykis ki whi), 1 £ 1Ln

jiig)eA (ki) €A
> @i iz wi) © (LLL) = > (This Ykiy 2kis Whi)
Ji(n,j)€A k:(kn)eA

(i, Yij, 2ij, Wij) is a non-negative trapezoidal fuzzy number V(i,j) € A

Step 2 Using ranking formula, presented in Section 2.4, the LP formulation of
FFSP problems can be written as:
Minimize %[ Z (Ci]’, Céj, ng, C;/J/) ® (.Ifij, Yijs Zigs wij)]

(i,5)€A
subject to

Z (Iijvyijvzijvwij) = Z (zkhykhzk%wk’i)@ (1717]-’1)
J:(1,5)eA k:(k,1)€A

Z (Tig, Yij» 7ij> Wij) = Z (This Ykis 2his Whi ), 1 7# L,
j:(i,J)€A k:(ki)eEA

> @i iz wi) @ (LLLY) = > (This Ykiy 2kis Wi)
Ji(n,j)€A k:(kn)eA

(i, Yij, 2ij, Wij) is a non-negative trapezoidal fuzzy number V(i,j) € A
Step 3 Using the arithmetic operations, described in Section 2.3.1 and Defini-
tions 6, 7, FLP problem, obtained in Step 2, is converted into the following CLP

problem:
Minimize R Y (cij, iy ¢, €)@ (g, Yig 2ijs wis)]

(i,5)€A
subject to

Z Tij = Z Tri + 1, Z Yij = Z Yri +1
j:(1,5)€eA k:(k,1)eA 7 (1,5)eA k:(k,1)eA

Z Zij = Z Zgi + 1, Z wij = Z Wi + 1
ji(1,5)€A k:(k,1)€A ji(1,5)€A k:(k,1)EA
Doomi= D W D Yy= Y Uk i#Ln
j:(i,j)€A k:(k,i)€A j:(i,j)€A k:(k,i)€A

Z Rij = Z Zkis Z Wij = Z Wi, i#£1n
j:(i,j)€A k:(k,i)€A ji(i,j)€A k:(k,i)€A

Z Ty +1= Z This Z yi; +1= Z Yki

ji(n,j)EA k:(k,n)eA ji(n,j)eA k:(kn)eA
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Z zij+1= Z Zkis Z wij +1= Z Wi

ji(n,j)EA k:(kn)eA ji(n,j)EA k:(kn)eA
Yij —xij 20, zij —yi; 20, wij — 25 20
Tij, Yij, Zij, Wiz > 0 V(i,j) € A

Step 4 Find the optimal solution x;j, yi;, 2ij, ws; by solving the CLP problem,
obtained in Step 3.

Step 5 Find the fuzzy optimal solution Z;; by putting the values of x;;, ys; , 2ij
and wij in jij = (:Eij,yij, zij,wij).
Step 6 Find the fuzzy shortest distance by putting the values of Z;; in 37 ; j)c 4¢i;®

Tij-

Step 7 Find the FSP by combining all the (7, j) arcs such that #;; = (1, 1, 1, 1)

4.2. Proposed method with (m,n,«, ) representation of trapezoidal
fuzzy numbers. If all the parameters of FFSP problems are represented
by (m,n,a, ) type trapezoidal fuzzy numbers then the steps of the proposed
method are as follows:

Step 1 Suppose all the parameters ¢;; and Z;; are represented by (m,n,«, )
type trapezoidal fuzzy numbers (cgj,cg’j,’yij,éij) and (yij, 2ij, iz, Bij) respec-
tively, then the LP formulation of FFSP problems, proposed in Section 3.2, can
be written as:

Minimize Y (¢}, ¢, %ij» 6i5) @ (Yij 2ij» i Bi)

(i,j)€A
subject to

Z (Yij, 2ij, vij, Bij) = Z (Yki» Zhis Qkis Bri) © (1,1,0,0)
Ji(1,5)eA k:(k,1)€A

Z (Yijs 2igs g, Big) = Z (Yki» 2kis Okiy Bri)y @ # 1,n
ji(i,j)€A k:(k,i)EA

> Wi zigr iy Big) ® (L,1,0,0) = Y (Ynis 2kis Ok Bri)
Ji(n,j)EA k:(k,n)€EA

(yij, zij, 0, Bij) is a non-negative trapezoidal fuzzy number V(i, j) € A

Step 2 Using ranking formula, presented in Section 2.4, the LP formulation of
FFSP problems can be written as:

Minimize | Z (¢ijs €ijo Yigs 0ij) @ (Yig» 2i5» iy Bij)]
(4,7)€EA

subject to
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> Wi zij iy Big) = Y (Ukis ki iy Bri)  (1,1,0,0)

Jji(1,5)€A k:(k,1)eA

Z (ij» 2ij> g Bij) = Z (Ykis 2kis Okis Bri)s @ # 1,n
Ji(i,j)€EA k:(k,i)€A

Z (Yij» zij, 0z, Bij) @ (1,1,0,0) = Z (Yris Zkis Qhis Brei)
Ji(n,j)€A k:(k,n)EA

(Yij, 2ij, ij, Bij) is a non-negative trapezoidal fuzzy number V(i,j) € A
Step 3 Using the arithmetic operations, described in Section 2.3.2 and Defini-

tions 10, 11, FLP problem, obtained in Step 2, is converted into the following
CLP problem:

Minimize R[ > (¢}, ¢} Vig» i) @ (Wi 2ijs i Bij)]

(i,5)eA
subject to

Z vi= D kit Z 2= Y, Al

(1,5)eA k:(k,1)eA (1,5)eA k:(k,1)eA

Z = D, autl D, fy= ) Putl

(1,5)eA (k,1)eA j:(1,5)€A k:(k,1)eA

Z Yij = Z Ykis Z Zij = Z Zkis i#1n
ji(i,j)€A (ki)eA J:(i,j)€A k:(ki)eA

dooaii= > ks >, By= Y, B i#Ln
j:(i,4)EA k:(k,i)€A j:(i,4)EA k:(k,i)€A

Z yij +1= Z Ykis Z zij+1= Z Zki
ji(n,j)EA k:(k,n)€EA ji(n,j)eA k:(k,n)€EA

Yooagtl= > ok Y, ﬂijJFl: > B
ji(n,j)EA k:(k,n)€A j:(n,j)€EA ((k,n)EA

Yij — @iy 2 0, 2y —yi5; 2 0
Yij, Zij» Qaj, Bij > 0V(i,5) € A

Step 4 Find the optimal solution y;;, 25, aij, Bi; by solving the CLP problem,
obtained in Step 3.

Step 5 Find the fuzzy optimal solution Z;; by putting the values of y;;, 2i; , o
and Bi; in Tij = (Yij, 25, Qij Biz)

Step 6 Find the fuzzy shortest distance by putting the values of Z;; in 3°; e 4¢i;®
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fij.

Step 7 Find the FSP by combining all the (4, j) arcs such that Z,; = (1, 1, 0, 0)

5. JMD representation of trapezoidal fuzzy numbers

Kumar and Kaur [11] proposed a new representation, named as JM D repre-
sentation, of trapezoidal fuzzy numbers and shown that it is better to solve fuzzy
transportation problems by representing the parameters as JM D representation
of trapezoidal fuzzy numbers instead of existing representation of trapezoidal
fuzzy numbers. On the same direction in this section, it is shown that if all the
parameters are represented by JM D representation instead of existing repre-
sentation of trapezoidal fuzzy numbers and proposed method is applied to find
the fuzzy optimal solution of FFSP problems then the fuzzy optimal solution
is same but the total number of constraints, in converted CLP problem, is less
than the number of constraints, obtained by using the existing representation of
trapezoidal fuzzy numbers.

Definition 12. Let (a,b,c,d) be a trapezoidal fuzzy number then its JM D
representation is (z, o/, 8,9 )smp, where z = a, 0’ =b—a >0, =c—b>0
andy =d—¢>0

Definition 13. A trapezoidal fuzzy number A= (,

a/7 /8/
zero trapezoidal fuzzy number iff x = 0,0/ = 0,8 =0,/
!/
a

¥ )smp is said to be
¥ =0

Definition 14. A trapezoidal fuzzy number A= (z,
non-negative trapezoidal fuzzy number iff x > 0

B',9")samp is said to be

Definition 15. Two trapezoidal fuzzy numbers /:1 = (~x1,a’1,61,'y{),]MD and

B = (x9,ah, 85, v5) smp are said to be equal i.e., A = B iff z1 = x5, o) = ab,
! ! /! /
Bl - ﬁ27 Y1 =72

5.1. Ranking function for JM D trapezoidal fuzzy numbers. The rank-
ing formula, presented in Section 2.4, is converted into the following ranking
formula:

Let (z,0/,8,7") smp be a trapezoidal fuzzy number then

_ 3(a)+2(8")++
m(imal,ﬁ/,’)/) =4+ f’Y

5.2. Proposed method with (x,o’,5’,v')jmp representation of trape-
zoidal fuzzy numbers. If all the parameters of FFSP problems are represented
by (z,d', 8,y ) smp type trapezoidal fuzzy numbers, then the steps of the pro-
posed method are as follows:

Step 1 Suppose all the parameters ¢;; and Z;; are represented by trapezoidal
fuzzy numbers (ciz, 4:5, Gij, mij)omp and (zi5, &, B, vi;) oMb respectively, then
the LP formulation of FFSP problems, proposed in Section 3.2, can be written
as:
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Minimize Y (cij, 85, Cijs 0ij) saap @ (i, g, Blys Vig) s

(i,5)€A
subject to
Z (Tij, iy, By Vig)amp = Z (Thi» ¥ Bri» Vea)smp @ (1,0,0,0)
J:(1,j)eA k:(k,1)€EA

Z (Tij, @y Bijs Vig)amp = Z (This Ui Brss Via) JMD, 17 1

Ji(i,j)EA k:(k,i)€A
oAl / ! 1.0.0.0) = o) / /
Z (xlj’aij”@ij7’y’ij)JMD @( s Vs Uy ) - Z (xklaakpﬁki?’}/ki)JMD
Ji(n,j)€A k:(kn)eA

(zij, iy, B> Vij)smp i a non-negative trapezoidal fuzzy number V (i,5) € A

Step 2 Using ranking formula, presented in Section 5.2, the LP formulation of
FFCP problems can be written as:
Minimize R Z (Cijiy 0ijs Cijs Mig) oM D @ (i, &y Bigy Vij)amp]

(i.5)€A
subject to
Z (Tij, iy, Bijs Vig)amp = Z (Thi» ¥ Bri» Viea)smp @ (1,0,0,0)
Ji(1,5)eA k:(k,1)€A
Z (zij, o, Bl L) = Z (Zhi, Oy Bl Ves) £ 1
15y Cigs 7,]771,] JMD LThiy Vi Pris Vii) IM D) 1 y
Ji(i,j)EA k:(k,i)€A
Z (zij, iy, Biys vij)amp @ (1,0,0,0) = Z (This Qg Blois Vi) IMD
Ji(n,j)€A k:(kn)eA

(zij, iy, By Vij)smp 18 a non-negative trapezoidal fuzzy number V (i,5) € A
Step 3 Using the arithmetic operations, described in Section 5.1, and Defini-
tions 10, 11, the FLP problem, obtained in Step 2, is converted into the following
CLP problem:

Minimize R Z (Cijy0ijs Cijs Mig) oM D @ (Tij, &y Bigy Vij)amp]

(i,5)eA
subject to
d>oomi= > watl D ap= Y ap+l
j:(1,5)€A k:(k,1)eA ji(1,5)eA k:(k,1)eA
DD S RED SR D
Ji(1,5)eA ki(k,1)€A JiL)eA ki(k,1)cA

/ / N
S e X oo ¥ = ¥ e AL

ji(i,j)EA k:(k,i)EA ji(i,j)EA k:(k,i)€A
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Z 6 Z /Bkﬂ’ Z 72] - Z '-Y]lﬂ, ) 7é 1,77,

J:(i,5)€A k:(k,i)€A j:(i,j)€A k:(k,i)€A
D wytl= ) ww ) ahtl= Y oo
ji(n,j)EA k:(k,n)eA ji(n,j)eA k:(kn)EA
Z Bitl= D, B D dtl= D
(n,j)eA k:(kn)eA ji(n,j)EA k:(k,n)eA

Step 4 Find the optimal solution xz;;, « ”, ﬁu? 71’»]» by solving the CLP problem,
obtained in Step 3.

Step 5 Find the fuzzy optimal solution Z;; by putting the values of z;;, a;j, Bl’»j
and %{j in z;; = (xij,a;j,ﬁl’»j,'y;j)

Step 6 Find the fuzzy shortest distance by putting the values of Z;; in 3°; j)c 4%i;®
537;]'.

Step 7 Find the FSP by combining all the (4, j) arcs such that ;; = (1, 0, 0, 0)

Remark 2. The JM D representation of trapezoidal fuzzy number may be
called as “JAI MATA DI” or “JAI MEHAR DI” Mehar is a lovely daughter of
Parmpreet Kaur (Research scholar under the supervision of Dr. Amit Kumar).

6. Advantages of JM D representation over the existing
representation of trapezoidal fuzzy numbers

In this section, it is shown that it is better to use the JM D representation
of trapezoidal fuzzy numbers instead of existing representations of trapezoidal
fuzzy numbers, for finding the fuzzy optimal solution of FFSP problems.

It is obvious from Section 4.1, 4.2 and 5.2 that

(i) If all the parameters of FFSP problems are represented by (a,b,c,d)
type trapezoidal fuzzy numbers and FLP problem is converted into the
corresponding CLP problem by using the proposed method, presented in
Section 4.1, then number of constraints in CLP problem = 4 x number
of constraints in FLP problem + 3 x number of fuzzy variables.

(ii) If all the parameters of FFSP problems are represented by (m,n,«, 3)
type trapezoidal fuzzy numbers and FLP problem is converted into the
corresponding CLP problem by using the proposed method, presented in
Section 4.2, then number of constraints in CLP problem = 4 x number
of constraints in FLP problem + 2 x number of fuzzy variables.

(iii) If all the parameters of FFSP problems are represented by (z, ', 8',7")smbD
type trapezoidal fuzzy numbers and FLP problem is converted into the
corresponding CLP problem by using the proposed method, presented in
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Section 5.2, then number of constraints in CLP problem = 4 x number
of constraints in FLP problem.

On the basis of above results it can be concluded that if all the parameters
are represented by existing type trapezoidal fuzzy numbers then total number
of constraints, in the obtained CLP problem, will be more than as compared to
number of constraints in CLP probelm, obtained by representing all the param-
eters as JM D type trapezoidal fuzzy numbers. So it is better to use JM D rep-
resentation of trapezoidal fuzzy numbers, for finding the fuzzy optimal solution
of FFSP problems, as compared to the existing representations of trapezoidal
fuzzy numbers.

7. Numerical example

To show the advantages of JM D representation over existing representations
of trapezoidal fuzzy numbers, the same numerical example is solved by using all
three representations of trapezoidal fuzzy numbers.

The problem is to find the FSP and fuzzy shortest distance of a network with 5
nodes and 7 arcs as shown in Fig. 1. The fuzzy path of each arc is represented
by the following (a, b, ¢, d) type trapezoidal fuzzy numbers:

¢12 = (3,4,5,6), ¢13 = (2,4,6,8), ¢aq = (7,8,9,11), é25 = (5,10,15,20), ¢34 =
(8,9,12,15), ¢35=(10,13,17,20), ¢45=(10,20,30,40).

|
R —
:/

3

7)

|f-_
[ 1
h

Fig. 1. A network with 5 nodes and 7 arcs

7.1. Fuzzy optimal solution using (a,b, c,d) representation of trape-
zoidal fuzzy numbers.

Step 1 Using Subsection 4.1, the given problem can be formulated as follows:
Minimize ((3,4, 5, 6)®(z12, Y12, 212, w12)B(2, 4, 6, 8)®(z13, Y13, 213, w13)B(7, 8, 9,
11) ® (724, Y24, 224, w21) © (5,10,15,20) @ (225, Y25, 225, w2s) © (8,9,12,15) ®
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(734, Y34, 234, w34) B (10, 13,17, 20)® (w35, Y35, 235, w35) B (10, 20, 30, 40) (245, Yas,
245,1045))
subject to
(w12, Y12, 212, w12) ® (213, Y13, 213, w13) = (1, 1, 1, 1),
(93247y247224,w24) S2) 302579257225711125) = ($127y127212,w12),
(x34,y34,234,w34) S (x35,y35,z35,w35) = (1313,2113,213,1013)7
(173473/34, 23471034) S (x24,y24, 224,1024) = (x45,y45, 245, w45),
(w25, Y25, 225, Was) D(T35, Y35, 235, W3s) D (T45, Yus, 245, was) = (1, 1,1, 1)
(5612, Y12, Zl2uw12)v (5613, Y13, 213,w13) (9624»?,/24,224, w24)7 (a:25,y25,225,w25)7
(9634, Y34, 234, w34) ($35ay357 23571035),(13457.0457 24571045) are non-negative
trapezoidal fuzzy numbers.

Step 2 Using ranking formula the FLP problem, formulated in Step 1, can be
written as:
Minimize (%[(3, 4,5, 6) &® (l‘lg, Y12, 212, ’U}12) (S3) (2, 4,6, 8) &® ($13, Y13, 213, w13) (S3)
(7, 8,9, 11)@(3324, Y24, 224, w24)@(5, 10, 15, 20)@(3325, Y25, 225, w25)@(8, 9,12, 15)@
(734, Y34, 234, w34) (10, 13,17, 20)@ (235, Y35, 235, w35)B(10, 20, 30, 40) D (245, Y45,
245, w45)])
subject to
(712, Y12, 212, w12) © (213, Y13, 213, w13) = (1, 1, 1, 1),
(3@247924,2’2471024) 2 ($25,Z/25,Z25,1U25) = ($12,y12,2’12,w12),
(734, Y34, 234, w34) © (T35, Y35, 235, W35) = (T13, Y13, 213, W13),
(734, Y34, 234, W34) D (T24, You, 224, W21) = (T45, Y45, 245, W45),
(w25, Y25, 225, Was) B(X35, Y35, 235, W3s) B (45, Yas, 245, was) = (1, 1,1, 1)
(712, Y12, 212711112)7 (5613, Y13, 213, w13)7 (9624»?/24,224, w24), (m25,y25,zz5,w25),
(T34, Y34, 234, W34), (T35, Y35, 235, W35), (Ta5, Y45, 245, W45) are non-negative
trapezoidal fuzzy numbers.

Step 3 Using the arithmetic operations, described in Section 2.3.1, the FLP
problem, obtained in Step 2, is converted into the following CLP problem:
Minimize (.75 12 + y12 + 1.25 212 + 1.5 w12 +.5 13 + y13 + 1.5 213 + 2 w3
+ 1.75 94 + 2 Youa + 2.25 z94 + 2.75 woy + 1.25 295 + 2.5y25 + 3.75 295 + Hwia
+ 21’34 + 2.25 Y34 + 32’34 + 3.75 w3q + 2.5%35 + 325y35 + 4.25 235+ 5 was +
2.5x45 + 5 yas + 7.5 245 + 10 w45)

subject to

Tiz+xi3=1,9y12+y13 =1, 212+ 213 =1, wis +wiz = 1, T24 + T25 = T12, You
+ Y25 =Y12, 224 + 225 = 212, Woq + Was = W12, T34+T35 = T13, Y34+Y35 = Y13,
234+735 = 213, W34+W35 = W13, T34+T24 = T45, Y34+Y24 = Y45, 234+224 = 245,
W34F+Woq = Was, Ta5 + T35 + Tas= 1, Yos + Y35 +yas = 1, 225 + 235 +245 = 1,
was + w35 + was= 1,

y12—x12 > 0, 212 — Y12 > 0, w12 — 212 > 0, y13 — w13 > 0, 213 —y13 > 0, w1z — 213
>0, Y24 — 224 2 0, 224 —you > 0, wag — 224 2> 0, Y25 — w25 > 0, 225 — Y25 > 0,
was — 225 > 0, Y34 — T34 > 0, 234 —y34 > 0,w3g — 234 > 0, y35 — w35 > 0, 235 — Y35
>0, w3s — 235 > 0, yus — Ta5 > 0, 245 — ya5 > 0, wys — 245 > 0,

T12, T13, L24, T25, L34, L35, T45, Y12, Y13, Y24, Y25, Y34, Y35, Y45, 212, 213, 224, 225,
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234, 235, 245, W12, W13, Wa4, W25, W34, W35, Was > 0

Step 4 On solving CLP problem, obtained in Step 3, an optimal solution is
T2 = Tas = Y12 = Y25 = 212 = 225 = Wi2 = Was = 1 and w13 = Xoq = T34 =
T35 = T45 = Y13 = Y24 = Y34 = Y35 = Y45 = 213 = 224 = 234 = 235 — 245 — W13 =
Waq = W34 = w35 = Wys =0

Step 5 Putting the values of z;;, yi;, zi; and w;; in &;; = (245, Yij, 2ij, wij), the
fuzzy optimal solution is Z12 = (1,1,1,1), o5 = (1,1,1,1)

Step 6 Using the fuzzy optimal solution, the FSP is 1 — 2 — 5. Putting the
values of (z;j,¥ij,2ij,wsj) in objective function the fuzzy shortest distance is
(8,14,20,26)

7.2. Fuzzy optimal solution using (m,n,«, ) representation of trape-
zoidal fuzzy numbers. Using Section 2.2.2, the (m,n, «, B) representation of
é12 = (34,5,6), é13 = (2,4,6,8), ¢ = (7,8,9,11), €25 = (5,10,15,20), é34 =
(8,9,12,15), ¢35=(10,13,17,20), and ¢45=(10,20,30,40) is ¢12 = (4,5,1,1), é153 =
(4,6,2,2), ¢2q4 = (8,9,1,2), o5 = (10,15,5,5), &34 = (9,12,1,3), ¢35=(13,17,3,3)
and ¢45=(20,30,10,10) respectively.

Step 1 Using Section 4.2, the given problem can be formulated as follows:
Minimize ((4, 5, 1, 1)®(y12, Z12, 12, ﬁlg)@(4, 6, 2, 2)®(y13, 213,013, 513)@(8, 9, 1,
2) @ (Y24, 224, @24, P24) ©(10,15,5,5) @ (y2s5, 225, Qtas5, B25) D (9,12, 1, 3) ® (Y34, 234,
3yq, 634) P (13, 17, 3, 3) & (y357 235, 35, 535) &) (20, 30, 10, 10) (024 (y45, 245, 045, 645))
subject to

(Y12, 212, 012, B12) D (13, 213, 13, B13) = (1, 1, 0, 0),

(y24,224,04247524) 2] (y25,225,a25,525) = (y12,212,0412,512)7

(Y34, 234, i34, B34) © (Y35, 235, @35, B35) = (Y13, 213, €13, B13),

(Y34, 234, 034, B34) © (Y24, 224, Q24 P24) = (Va5 245, Qas, Bas ),

(Y25, 225, 25, Bo5) D (Y35, 235, 35, B35) © (Yas, 245, a5, fas5) = (1, 1, 0, 0)
(Y12, 212, @12, B12), (Y13, 213, 13, 13), (Y24, 224, Q24 Ba4), (Y25, 225, Qi25, P2s),

(Y34, 234, 34, B34), (Y35, 235, O35, £35), (Y45, 245, 045, Ba5) are non-negative
trapezoidal fuzzy numbers.

Step 2 Using ranking formula the FLP problem, formulated in Step 1, can be
written as:
Minimize (%[(4,5,1,1) ® (y12, 212, @12, f12) @ (4,6,2,2) ® (y13, 213, @13, f13) ©
(87 97 17 2) ® (y247 224, 024, ﬁ24) 2] (107 157 57 5) & (y257 225, (025, 525) 3] (9a 121 17 3) &
(y34, 234, 034, ﬂ34)€9(13, 17,3, 3)@(3}35, 235, 35, 635)@(20, 30, 10, 10)®(y45, 245, 045,
fas)])
subject to

(Y12, 212, @12, B12) ® (Y13, 213, 013, B13) = (1, 1, 0, 0),

(Y24, 224, 024, B2a) © (Y25, 225, 25, B25) = (Y12, 212, 12, B12),

(Y34, 234, i34, B31) © (Y35, 235, 35, B35) = (Y13, 213, 13, B13),

(Y34, 234, 034, B34) © (Y24, 224, 24, B24) = (Yas5, 245, a5, Bas)

(Y25, 225, 25, Bas) D (Y35, 235, 35, B35) © (Yas, 245, 45, Bas) = (1, 1, 0, 0)
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(y12, 212, 0412,ﬁ12), (y13, 213,04137513)7 (y24, 224, (24, 524)7 (y25, 225, 0425,ﬂ25),
(934, 234, (34, 534), (y35, 235701357535% (y45, 245, 0445,1045) are non-negative
trapezoidal fuzzy numbers.

Step 3 Using the arithmetic operations, described in Section 2.3.2, the FLP
problem, obtained in Step 2, is converted into the following CLP problem:
Minimize (1.75y12 +2.75212 — 0.750[12 + 1.5612 + 1.5y13 +3.5213 — 0.5@13 +2513 +
3.75y24 + 5294 — 175004 +2.75824 + 3.75y25 + 8.75225 — 1.25c005 + 5812 +4.25y34 +
6.75234 — 234 + 3.75834 + 5.75y35 + 9.25235 — 2.5ai35 + 5835 + 7.5y45 + 17.5245 —
2.5a45 + 10845)

subject to

yi2+yi3 =1, 212+ 213 = 1, arp + 13 = 0, Br2 + B13 = 0, y2a + Y25 = Y12, 224
+ 225 =212, Q24 + Qo5 = 12, Bog + Bas = Bi2, Ysat+yss = Y13, 234+235 = 213,
a34ta3s = 13, B34+635 = B13, Y3a+Y24 = Yas, 234224 = 245, Q34+ g = Qys,
B3a+B24 = Bas, Y25 + Yss + yas= 1, 225 + 235 +245 = 1, o5 + azs +ays = 0,
Bos + P35 + Pas= 0,

yi2—a12 > 0, 212 —y12 > 0, y13 —a13 > 0, 213 — 413 > 0, Yyos — 24 > 0, 224 — Yo
>0, yas —az5 > 0, 205 — Y25 > 0, y34 — @34 > 0, 234 — Y34 > 0, y35 — azs > 0,
235 — Y35 = 0, yas — aus > 0, 245 — yas = 0,912, Y13, Y24, Y25, Y34, Y35, Y45, 212,
213, %24, 225, 234, 235, 245, (12, (113, (a4, Oi25, (i34, O35, Oi45, P12, P13, B2a, Bas,

B34, B35, Bas > 0

Step 4 On solving CLP problem, obtained in Step 3, an optimal solution is
Y12 = Yo5 = 212 = 225 = L and Y13 = Y24 = Y34 = Y35 = Y45 = 213 = Z24 = 234 =
235 = 245 = Q12 = Q13 = Qg4 = Qa5 = Qi34 = Q35 = Q45 = P12 = P13 = Poyg =

Bas = B35 = Pas =0

Step 5 Putting the values of y;;, 2;;, o;; and Bi; in @ = (v, 25, @4j, Bij), the
fuzzy optimal solution is Z12 = (1,1,0,0), Z25 = (1,1,0,0)

Step 6 Using the fuzzy optimal solution, the FSP is 1 — 2 — 5. Putting the
values of (yij, 2ij, vij, Bi;) in objective function the fuzzy shortest distance is
(14,20,6,6)

7.3. Fuzzy optimal solution using JM D representation of trapezoidal
fuzzy numbers. Using Definition 12, the (z,a/,3',7") smp representation of
¢12 = (34,5,6), é13 = (2,4,6,8), ¢ = (7,8,9,11), €25 = (5,10,15,20), é34 =
(8,9,12,15), ¢35=(10,13,17,20), and ¢45=(10,20,30,40) is ¢12 = (3,1,1,1) ymrp, C13
= (2727232)JMDa Cog = (7717132)JMD7 625 = (5357575)JMD3 é34 = (831,373)JJV1D5
¢35=(10,3,4,3) yjpmrp, and ¢45=(10,10,10,10) s/ p respectively.

Step 1 Using Section 5.2, the given problem can be formulated as follows:
Minimize ((35 ]-7 ]-7 ]-)JMD®(‘T127 05/127 5127 712)JMD®(23 25 2’ 2)JMD®(x13a 0/135 5137
Y13)7MD®(7,1,1,2) yrrp®@ (224, Ay, By, Voa) 7 DB(5, 5,5, 5) 1 D@(w25, s, Bas,
Ya5)smDB(8,1,3,3) s D®(T34, sy B35 ¥34) s DB (10, 3,4, 3) s D@ (235, 5, B,
¥35)smp © (10,10,10,10) ypp @ (245, s, Bis, Vas) M D)

subject to
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(T12, A9, B12,712) sMD @ (713, A3, B3, Vi3)omp = (1,0,0,0) 50D,
(224, g, B4, V24) I D © (T25, Qs Bass Vas) smp = (T12, Ao, B2, V12) IMDs
($3470434a634a'73 )JMD D (x35aaé5»5§5,73 )JMD = ($13aal13w313»'713)JMD
(353470434’534”}’3 )smp ® (9524,0/24,55@72 )oMD = (9545a04457545»745)JMD
(T25, a5, Bos, Y¥55) s D © (T35, O35, Bs, Vas) D @ (Tas, s, Bis, Vis) D =
(1,0,0,0)5mpD

(1‘1270/12’/612’712)JMD7 (5513,0/13,513,’}/13)JMD7 («T24,06/2475é477§4)JMD7 ('T257 O/25’

/ / / / / / / / / !
525,’725)JMD7 (x34;0434a634a734)JMD7 (x3570435,5357735)JMD7 (245, o5, Bis,
'74’15 )Jamp are non-negative trapezoidal fuzzy numbers.

Step 2 Using ranking formula the FLP problem, formulated in Step 1, may be
written as:

Minimize(R[(
V13) mp®(7,
725)JMDEB(?

V35) M D
subject to

(x12, 0/12, Blas Vi) smp @ (713, 0/13» Bz Vi3)aMp =
(224, 0424, B4, V24)smD B (T25, s, Bos, Va5) M D =
(T34, 34, B34, 734) 7D D (T35, A5, Bis, V35)aMD =
( ( )
( (

w

1,1, 1) ymp®(212, oo, B9, V12) sMDD(2,2,2,2) s p® (213, )3, B3,
y1,2) s p® (224, Ay, Boys V94) s D®(5, 5,5, 5) 1ar p@ (25, s, s,
13,3) M D@ (T34, 0y, B4, V54) s DD(10, 3,4, 3) spr D@ (235, A5, Bhs,
5 1 5 10, 10)JMD & (I457 a215aﬁ4,15a74/15)JMD])

O»—l»—l

1,0,0, O)JMD,
9612,0412,512,712 JMD,

(1,
(
(213, @13, B3, Y13) M D
(
(

~
~

$34aa34vﬁ34a7é4)JMD S JJ24,0¢24:52477§4 JMD = 3345’0445,54577515)JMD

)
T25, s, Bos, ¥a5) s D © (T35, A5, Bas, Vas) s D @ (Tas, s, Bis, Yas)smp =
(]-, 07 07 0)JMD
(T12, &2, Bla, Vi2) aM D, (T13, A3, B13: V13) M D, (T24, Qg Boas Va4) smDs (D25, s,
Bas,Vas)amDs (T34, O, B34, V34) smDs (T35, 5, By5,V35) smps (Tas, s, Blss Vis
)M D are non-negative trapezoidal fuzzy numbers.

Step 3 Using the arithmetic, described in Section 5.1, the FLP problem, ob-
tained in Step 2, is converted into following CLP problem:

Maximize (4.5212 + 3.75c) 5 4+ 2.75815 + 1.5945 + bx13 + 4.50] 5 + 3.585 + 2715 +
8.75x04 + Talyy + 505 + 2.7575, + 12.5295 + 11.25a5 + 875855 + 5755 + 1134 +
9aly, +6.7585, + 3.7575, + 15235 + 12.5a55 + 9.25855 + 5755 + 25245 + 22.50a5 +
17.58)5 + 107}5)

subject to

T2+ 213 = 1, ajy +aj3 =0, Bl + Bi3 = 0, yi2 + 713 = 0, Z24 + 225 = 212,
oy + Qs = g, Bog + Bos = Bla, Yoa T V25 = Vizs T34 + T3s = T13, Ay + A5 =
o3, Baa+Bs5 = B3, Vaat735 = V13, Taat+T2a = Tus, Ayt = s, oy +Psy =
Blss Vaa T Vaa = Vis» T25 + a5 + Yas = 1, s + a5+ als = 0, Bos + B + Bis
=0, Vo5 + 735 + 745 = 0,

L12, L13, T24, L25, L34, L35, L45, 0/12’ O/137 0/24’ 0/257 ag47 O‘éfw O‘ZLE)v 512’ ﬁi?ﬂ Bém
Bas Bias Bass Bass Yizs Yiss V24> Va50 Vaar Va5 Vas = 0

Step 4 On solving CLP problem, obtained in Step 3, an optimal solution is
T12 = T25 = 1 and 13 = 24 = T34 = X35 — T45 — O/12 = 0/13 == O/24 == 0/25 =
afy = ags = as = Bly = Blz = Boy = Bas = Biy = Bs5 = Bis = V12 = 3
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Vo4 = Va5V3a = V35 = Va5 = 0
Step 5 Putting the values of z;5, aj;, 8;; and v;; in #;; = (z45, i, B, Vi) smD,
the fuzzy optimal solution is T15 = (1, 0,0, O)JMD, Tos = (1, 0, 0,0)JMD

Step 6 Using the fuzzy optimal solution, the FSP is 1 — 2 — 5. Putting the
values of (v, aj;, Bi;,7(;) smp in objective function the fuzzy shortest distance
is (8, 67 6, 6)JMD

7.4. Results and discussion. The results of the numerical example, obtained
from section 7.1, 7.2 and 7.3, are shown in Table 1. On the basis of these re-
sults it can be easily seen that if all the parameters are represented by JM D
representation of trapezoidal fuzzy numbers, instead of existing representations
of trapezoidal fuzzy numbers, and proposed method is applied to find the fuzzy
optimal solution of FFSP problems then the fuzzy optimal solution is same but
the total number of constraints, in converted CLP problem, are less than the
number of constraints, obtained by using the existing representations of trape-
zoidal fuzzy numbers. Hence, it is better to use JM D representation instead of
existing representations of trapezoidal fuzzy numbers to find the fuzzy optimal
solution of FFSP problems.

Table 1. Results using existing and proposed representation of trapezoidal
fuzzy numbers

Type of Number of Number of FSP Fuzzy
trapezoidal constraints constraints shortest
fuzzy in FLP in CLP distance
number problem problem
(a,b,c,d) 12 (4x12)+(3x7) =69 |1=2=5 (8,14,20,26)
(y,2,a,B) 12 (4x12)+(2x7) =62 |1=2=5 (14,20,6,6)
(:D,a/,ﬁ,,’y,)JMD 12 (4X12):48 1=2=5 (8,6,6,6)]]\4[)

8. Conclusions

A new method is proposed to find the fuzzy optimal solution of FFSP prob-
lems and it is shown that it is better to use the proposed representation of
trapezoidal fuzzy numbers instead of existing representations, to find the fuzzy
optimal solution of FFSP problems.
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