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Abstract: There are several fuzzy critical path methods for
solving fuzzy critical path problems in which ranking approaches
are used for comparing fuzzy numbers. In this paper, it is shown
that if the existing ranking approaches are used for solving such
fuzzy critical path problems in which duration times of activities are
represented by LR flat fuzzy numbers, then more than one fuzzy
numbers, representing the fuzzy project completion time, are ob-
tained and a new ranking approach for comparing LR flat fuzzy
numbers is proposed. Also, it is proved that if the proposed rank-
ing approach is used for solving fuzzy critical path problems then
a unique fuzzy number, representing the fuzzy project completion
time, is obtained.
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1. Introduction

The theory of fuzzy sets was first introduced by Zadeh (1965). Since then, the
theory of fuzzy sets has been applied in many fields such as pattern recognition,
control theory, management sciences, picture processing etc. In many applica-
tions of fuzzy set theory to decision making, there is need to select that one
from a collection of possible solution which is the best.

In the selection process a need arises of comparing fuzzy numbers. Since
fuzzy numbers are represented by possibility distributions, they can overlap
with each other, and so it is difficult to determine clearly whether one fuzzy
number is larger or smaller than the other.

To the task of comparing fuzzy numbers, many authors (Jain, 1976; Yager,
1978; Murakami, Maeda and Imamura, 1983; Liou and Wang, 1992; Choobineh
and Li, 1993; Cheng, 1998; Kwang and Lee, 1999; Yao and Wu, 2000; Modarres
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and Nezhad, 2001; Chu and Tsao, 2002; Abbasbandy and Asady, 2006; Wang,
Yang, Xu and Chin, 2006; Asady and Zendehnam, 2007; Wang and Lee, 2008;
Zhao and Liu, 2008; Abbasbandy and Hajjari, 2009; Ramli and Mohamad, 2009;
Farhadinia, 2009; Kumar, Singh, Kaur and Kaur, 2011a; Kumar, Singh, Kaur
and Kaur, 2011b) have proposed ranking approaches. Until now, no unified
ranking approach has arisen for comparing fuzzy numbers.

Several authors (Nasution, 1994; Yao and Lin, 2000; Chanas and Zielinski,
2001; Chen and Chang, 2001; Lin, 2001, 2002; Lin and Yao, 2003; Liu, 2003;
Liang and Han, 2004; Han, Chung and Liang, 2006; Chen, 2007; Chen and
Hsueh, 2008; Shankar, Sireesha and Rao, 2010) have proposed fuzzy critical
path methods based on different ranking approaches.

This paper is organized as follows: in Section 2, some basic definitions and
arithmetic operations on LR flat fuzzy numbers are presented. In Section 3,
some existing ranking approaches for comparing fuzzy numbers are presented.
Shortcomings of existing ranking approaches are discussed in Section 4. In
Section 5, a new ranking approach, obtained by modifying an existing ranking
approach, is proposed for comparing LR flat fuzzy numbers. The validity of the
proposed ranking approach is discussed in Section 6. Advantages of proposed
ranking approach over existing ranking approaches are discussed in Section 7.
In Section 8, conclusion and future work are presented.

2. Preliminaries

In the literature (Dubois, 1980) it is pointed out that the computational ef-
forts required to solve a fuzzy linear programming problem can be reduced, if
decision makers express their data using LR flat fuzzy numbers. So, LR flat
fuzzy numbers are frequently used to increase computational efficiency without
limiting the generality beyond the acceptable limits and to facilitate the ease of
acquisition of data to solve real life problems.

In this section, some basic definitions and arithmetic operations between two
LR flat fuzzy numbers are presented.

2.1. Basic definitions

In this section, some basic definitions are presented (Dubois, 1980).

DEFINITION 2.1 A function L : [0,00) — [0,1] (or R : [0,00) — [0,1]) is said to
be reference function of fuzzy number iff

(i) L(z) = L(—x)(orR(z) = R(—x))

(ii) L(0) = 1(orR(0) = 1)

(iii) L(orR) is non — increasing [0, 00).
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DEFINITION 2.2 A fuzzy number A defined on the universal set of real numbers
R, denoted as (m,«, B)Lr, is said to be an LR fuzzy number if its membership
Junction pz(x) is given by

oy LR, forx <m, a>0
pi(z) = —m forx >m, B> 0.

DEFINITION 2.3 A fuzzy number A defined on the universal set of real num-
bers R, denoted as (m,n,«, B)Lr, is said to be an LR flat fuzzy number if its
membership function pz(x) is given by

L(™%), forx <m, a>0
pale) =4 R(Z51), forz>n, B>0
1, otherwise

DEFINITION 2.4 Let A = (m,n,a, B)Lr be an LR flat fuzzy number and X be a
real number in the interval [0,1]. Then, the crisp set Ay = {x € X : pz(x) >

A} = [m —aL Y (\),n + BR™(N)], is said to be A\-cut of A.

DEFINITION 2.5 Let A be an LR or LR flat fuzzy number. Then, the crisp set
Supp(A) = {z € R: pz(x) > 0} is said to be the support of A.

DEFINITION 2.6 Two LR flat fuzzy numbers ;11 = (m1,n1,01,P1)Lr and ;1; =

(ma,n2, a2, B2) LR are said to be equal i.e., Ay = Ag, iff m1 = ma,n1 = N2, a1 =
as and fy = B2

2.2. Arithmetic operations

In this section, some arithmetic operations between two LR flat fuzzy numbers
are presented (Dubois, 1980).

Let A1 = (m1,n1, 1, 61)Lr and gg = (ma,na, a2, f2)Lr be two LR flat fuzzy
numbers. Then,

(i) 2{1 @fL = (m1 +ma,n1 +ng, a1 + a2, f1 + P2)Lr

. = (Amai, Ang, Aar, AB)Lr A>0
(i) Adi= { (An1, Ami, =AB1, —Aa1)rr A <07

REMARK 1 The arithmetic operations, presented in Section 2.2, can also be
used for LR fuzzy numbers by putting mi1 = ni and mg = na.
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3. Comparison of fuzzy numbers

An efficient approach for comparing the fuzzy numbers is by the use of a ranking
function R : 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 and B be two fuzzy numbers. Then,

()A = B if R(4) > R(B)
(i)A ~ B if R(A) = R(B)
(iii)A = B if R(A) > R(B).

3.1. Some ranking formulae for comparing fuzzy numbers

Ranking formulae used in some existing ranking approaches (Yager, 1978; Mu-
rakami, Maeda and Imamura, 1983; Liou and Wang, 1992; Cheng, 1998; Yao
and Wu, 2000; Chu and Tsao, 2002; Asady and Zendehnam, 2007; Zhao and
Liu, 2008; Abbasbandy and Hajjari, 2009) for comparing LR fuzzy numbers
and LR flat fuzzy numbers are shown in Table 1.

3.2. The Wang and Lee ranking approach

In this section, ranking approach of Wang and Lee (2008) for comparing LR flat
fuzzy numbers is presented. Let A = (mi,ni,o1,01)r and B =
(ma,na, as, B2)Lr be two LR flat fuzzy numbers. Then, use the following steps
to compare A and B:
Jole oy @L(PEE)dad [0 adat [P @ R(Z57L ) da
Ty DRyt [ ot [ 7P R 57
fTZI'227a2 a:L(L;‘;;w )da:JrﬁZg :vda:+f:22+/32 zR(ix;;m )dx
Ty — m mo—x n n T —n
B fm;;% L(~§2 Yda+ [ da-+ fn;+”2 R(%552)da
Case (i) If x; > x5, then A > Bie,
maximum {A, B} = A and minimum {A, B} = B
Case (ii) If 25 < 3, then A< Bie.,
maximum {4, B} = B and minimum {A, B} = A
Case (iii) If z ; = 23, then go to Step 2.

Step 1 Find 27 = and

. S mi—on LT @) dy+ [ (y(na+ 81 R (v))dy
Step 2 Find y 3 = S o I )y [ 1+ ()
__ Jowma—as L7 w)))dy+ [ (y(n2+B2R™! (y)dy
YB Sy (ma—as L= (u)dy+ [, (n2+F2 R () dy
Case (i) If y; > y5, then A > B ie.,
maximum {A, B} = A and minimum {A, B} = B

and




Table 1: Ranking formulae used in some existing ranking approaches

Ranking approaches

Ranking formulac for an LR
fuzzy number A = (m, a, B) R

Ranking formulac for an LR fat
fuzzy number A = (m, n, o, B) [ g

I D(:x:L(’m z)dm+jm+ﬁ zR(ZE= m)dt

j:;’ QL'L( )dm+jm mdm+]n+ﬁ (%)dr

Yager (1978) R(A) = 2 — R(A) = T — ——=

fm L= E) g [P R(%—)dz I o LRSS )dat [ dat [ TP R(EGD ) da
Murakami, Maeda and R(A) =z goryy R(A) =z zoryy
S mL(m Jt)dl‘«#\]'7n+5 zR(Z 771 Yda S O(:x:L(Tn Lydx+ [ zdt+f7l+5 zR(EZ n)dm
Imamura (1983) where, @ 3 = — e TB o E—m where, © 3 = e A TE T m
I o LS det [ T R(EZ ) da Im_ L Y[R det [ 7 R(EGE ) dw

g wm=—arL ")) dy+ [} wm+BRT(y))dy S wm— aL*1<y>>>dy+f0 (y(n+BR™L(y))dy

YA T T N m—aL L (y)dy+ /L (m+BR" L(y)dy YA T T m—aL L(y)dyt /g (nHiR’l(y))dy

(0] 0 () 0

Liou and Wang (1992)

R(A) = 2[Jg(m — oL L()dy + Jg (m + BR_ L (v))dy]

R(A) = TJf(m — oL Tw)dy + JF(n + BR™T(w))dy]

Cheng (1998)

A) 2 2
R(A) = \/z 2+ vy
f;’nn O(:x:L(Tn Jt)dl‘«#\]'7n+5 zR(Z 771 Ydx
S L(B=E) gy TP R(%ﬂ)dz
Jg wm—aL~ @) dy+ /¢ w(m+BR (v))dy
JE(m—aL=TI(y)dy+ [l (m+BRI(y)dy

where, Tz =

YA

where, = +

}R(A),JLHA

f;’nn O(:x:L(Tn Lydw+ [0 rdt+f7l+5 zR(ZZ n)dm

i=

S L(RZZ)de g [ dat [ TP R(Tz ") da
B /0<y<m aL’l(y)))der/O(y(nJrBR’l(y)))dy
A Ja (m— arl(y»dyﬂn<n+ﬂR*1(y>>dy

Yao and Wu (2000)

R®(A) = L [JIDL () + Dr(W)]dy,
where, Dy (y) =m —aL " 1(y) and Dp(y) = m + BR” L (y)

R(A) = 5 [§ DL (v) + Dr(Wldy,
where, Dy (y) = m — oL~ (y) and Dg(y) = n+ BR™1(y)

Chu and Tsao (2002)

R(A) = TIYZ
m—zx m+8 —m
2 L( Yda [ R(ZZ™)do

. L<m Z)da+ [ TP R(EG™ ) de
_ f&(y(m aL”(y)))dyHo (w(m+BR" 1 (y)))dy
Ji(m—aL— 1(y))dy+f0 (m+BR~L(y)dy

where, @ 7 =

YA

where, @ 7 =

R(A) = v g
eL(=2)dz 1 7 wdet [ TP 2

Jm—a (Tz =) da

S L2 dat [ dat [P R(ES ) de
vs /0<y<m oL ™ (9)dy+ /g (y(n+BR 1 (v))dy
A Jg(m— aL*I(y))derfO(n+BR*1(y))dy

s

Asady and Zendehnam (2007)

R(A) = L Ja (A(r) + A(r)ydr,
where, A(r) = m — aL™1(r) and A(r) = m + BR™1(r)

R(A) = .l (A(r) + A(r))dr,
where, A(r) = m — aL 1(7) and A(r) = n + aRfl(T)

Zhao and Liu (2008)

RA) = Lngz @zl + vzl +125 950
eL(M=2)dzy [ A o R(2 S )da

I
where, z g = f:}:,a (m I)dt+fm+5 R(Iﬁm)dz
_ I3 y[(mwrl(y))f(m oL~ (y)]dy

Jm+BR=T(y))—(m—aL=1(y)]dy
1 x>0
vy =9 "1 2Zo¢

YA

where, ©z ~ =

R(A) = Lu @M= 4+ vz +lm g BA
Im e (M= Y de g [ zdz+fn+

A S L) dat [ dat [ TP R( Ian ydw
_ f[}y[(n+5R*1(y))—(mfocLil(y))]dy
fol[(n+BR71(y))*(7”*°‘L71(y))]dy

0

i@ ={ 1 2
PAW = 1z <o

YA

Abbasbandy and Hajjari (2009)

R(A) = T/f((m — oL~ T(w) + (m + BR~L(w)) + 2m)dy]

RA) = LFm —aL=T@) + (v + BR™T() + m + n)dy]

7ed 1eos1p110 Azznj 09y yoeoidde Surjue
yyed [eordr 03 4 puey

GLT
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Case (ii) If y7 < y5, then A<B ie.,
maximum {A, B} = B and minimum {4, B} = 4
Case (iii) If y; = y5 then A= B.

3.3. The Farhadinia ranking approach

In this section, the ranking approach of Farhadinia (2009) for comparing LR

flat fuzzy numbers is presented.

Let A = (my1,n1,a1,01)Lr and B = (mg,ng,ag,ﬁg)LR be two LR flat fuzzy

numbers. Then, use the following steps to compare A and B:
Step 1 Find C(A) inf{z € Supp(A ) pi(z) =1} = mq and
C(B) — inf{z € Supp(B) : p(x) = 1} — ma

Case (i) If C(A) > C(B) then A = B i.e.,
maximum {A B } = A and minimum {A B} =

Case (ii) If C(A) < C(B )thenA<Ble N
maximum {A, B} = B and minimum {4, B} =

Case (iii) If C(A) = C(B) then go to Step 2.
Step 2 Find L(A) = inf Supp(A) = m; — a; and
L(B) = inf Supp(B) = ma — as
Case (i) If L(A) > L(B) then A = B i.e.,
maximum {A B } = A and minimum {A B} =

Case (ii) If L(A) < L(B) then 4 < B i.c.,
maximum {A, B} = B and minimum {4, B} =

Case (iii) If L(A) = L(B) then go to Step 3.
Step 3 Find W (A ) |[Supp(A )| =n1 —mq +ap + f1 and
W(B) = [Supp(B)| = nz — mz + az + B2
Case (i) If W(A) > W(B) then A - Bie.,
maximum {A B } = A and minimum {A B} =

Case (ii) If W(A) < W(B) then A < B i.e.,
maximum {4, B} = B and minimum {A, B} = A
Case (iii) If W(Z) = W(B) then go to Step 4.
Step4F1ndS f,uA Ydx = ny —my +a1f0 (NdA+ B fo
andS = [ pp(x)de = no—mao+az fo LN dA+B2 fo

Case (i) If S(4 )> S(B )thenA> Bie.,
maximum {A B } = A and minimum {A B} =

Case (ii) If S(A) < S(B) then A < B i..,

“1(\)dA
“L(\)dA
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maximum {A, B} = B and minimum {4, B} = 4
Case (iii) If S(A) = S(B) then A = B.

REMARK 2 For an LR flat fuzzy number A= (m,n, o, B)Lr
S(A) = [pz(x)de = [I L(=2)de + ["de+ [ R(E52)de = n —m +

m—«

a [l L7Y(\)dA + 8 [ R7Y(A\)dA.

4. Shortcomings of existing ranking approaches

There are several fuzzy critical path methods in which ranking approaches are
used for comparing fuzzy numbers. In this section, it is shown that the results
of fuzzy critical path problem, chosen in Example 4.1, obtained by using the
different existing fuzzy critical path methods (Nasution, 1994; Yao and Lin,
2000; Chanas and Zielinski, 2001; Chen and Chang, 2001; Lin, 2001, 2002;
Lin and Yao, 2003; Liu, 2003; Liang and Han, 2004; Han, Chung and Liang,
2006; Chen, 2007; Chen and Hsueh, 2008; Shankar, Sireesha and Rao, 2010)
with different existing ranking approaches (Yager, 1978; Murakami, Maeda and
Imamura, 1983; Liou and Wang, 1992; Cheng, 1998; Yao and Wu, 2000; Chu
and Tsao, 2002; Asady and Zendehnam, 2007; Wang and Lee, 2008; Zhao and
Liu, 2008; Abbasbandy and Hajjari, 2009) are not appropriate.

EXAMPLE 4.1 Find the fuzzy critical path and maximum total fuzzy completion
time of the project, shown in Fig. 1, in which the fuzzy duration of activity (i, j)
is represented by LR fuzzy number t;; with L(x) = R(z) = maz{0,1 — x} as
follows: s s s

ti2 = (1,0.5,0.5) LR, ta3 = (1,1,1) LR, taa = (2,0.5,0.5) LR, t3a = (1,0.5,0.5) k.

(1,0.5,0.5),,

(1,0.5,0.5),,

Figure 1. Project network of Example 4.1
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Table 2: Results of Example 4.1 obtained by using existing fuzzy critical path
methods with existing ranking approaches

Results of fuzzy critical path problem obtained by using
different existing fuzzy critical path methods (Nasution, 1994;
Yao and Lin, 2000; Chanas and Zielinski, 2001; Chen and
Chang, 2001; Lin, 2001, 2002; Lin and Yao, 2003; Liu,
2003; Liang and Han, 2004; Han, Chung and Liang, 2006;
Existing ranking approaches Chen, 2007; Chen and Hsueh, 2008; Shankar, Sircesha
and Rao, 2010)
Example 4.1
[Fuzzy critical path| Maximum total fuzzy project
completion time (T)
Vager (197) Ty23371 (.7 B RE) = §
Murakami, Maeda_and 1=2=3=4 3,2,2 s =3, y= = 0.5
Tmamura (fgsg)dn T2337 Ez; 1, 13%%1 i% =3 ijg =0.5
Liou and Wang (1992) 1=253=1 ER AL R =3
; ; =
Chiong (1998) T32338%° T GEEL
Yao and Wu (2000) 152534 2 948 m?g =3
Chu and Tsao (2002) 152534 3 958: m@ =13
Asady apg Zgndehnam 152534 3.7 9pp BME) =3
Wa d Lee (2008 1=>2=3=4 3,2,2 T =3, Yy~ = 0.5
ang and Lee ( ) 72337 53,1,1%2}%:3, Z% Zos
Zhao and Liu (2008) 152534 33958 m?g = 3147
Abbasbandy and Hajjari (2009) 1 = 2 5 3 = 4 GaBE P =4
Farhadinia (2009) 1= 2=4 (3,1, )pp, L(T) =2

4.1. Results for the chosen problem

The results for the fuzzy critical path problem of Example 4.1, obtained by
using different existing fuzzy critical path methods (Nasution, 1994; Yao and
Lin, 2000; Chanas and Zielinski, 2001; Chen and Chang, 2001; Lin, 2001, 2002;
Lin and Yao, 2003; Liu, 2003; Liang and Han, 2004; Han, Chung and Liang,
2006; Chen, 2007; Chen and Hsueh, 2008; Shankar, Sireesha and Rao, 2010)
with different existing ranking approaches (Yager, 1978; Murakami, Maeda and
Imamura, 1983; Liou and Wang, 1992; Cheng, 1998; Yao and Wu, 2000; Chu
and Tsao, 2002; Asady and Zendehnam, 2007; Wang and Lee, 2008; Zhao and
Liu, 2008; Abbasbandy and Hajjari, 2009; Farhadinia, 2009) are shown in Table
2.

It is obvious from the results, shown in Table 2, that on solving the fuzzy
critical path problem, chosen in Example 4.1, by applying the different existing
fuzzy critical path methods with existing ranking approaches more than one
fuzzy critical paths are obtained and the maximum total fuzzy project comple-
tion times, corresponding to different fuzzy critical paths are different so their
physical interpretation will also be different. But, in the literature (Taha, 2003)
it is pointed out that if on solving project network problem there exist more
than one critical path then the maximum total completion time of the project
should be same corresponding to all the critical paths. So, the results obtained
by using existing fuzzy critical path methods here referred to, with existing
ranking approaches shown in Table 2, are not appropriate.
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Although the results of the fuzzy critical path problem, chosen in Example
4.1, obtained by using the existing fuzzy critical path methods, here quoted,
with the existing ranking approach of Farhadinia (2009) are appropriate, but
on the basis of numerical example it is not possible to say that the results of
all fuzzy critical path problems, obtained by using existing fuzzy critical path
methods with this ranking approach will always be appropriate. So, in the next
section general proofs are introduced to show that if existing fuzzy critical path
methods with the ranking approach of Farhadinia (2009) are used to solve such
fuzzy critical path problems in which the parameters are represented by LR
fuzzy numbers, then always a unique fuzzy number, representing the maximum
total fuzzy project completion time, will be obtained, but if the existing fuzzy
critical path methods are used with the ranking approach of Farhadinia (2009)
to find fuzzy optimal solution of such fuzzy critical path problems in which the
parameters are represented by LR flat fuzzy numbers, then more than one fuzzy
number, representing the maximum total fuzzy completion time for the same
project, may be obtained, which is not appropriate.

4.2. The shortcomings of the Farhadinia ranking approach

Although in the ranking approach of Farhadinia (2009) it is claimed that if A
and B are two LR flat fuzzy numbers such that (i) C’(/T) — C(B), (ii) L(A) =
L(B), (iii) W(A4) = W(B), (iv) S(A) = S(B) then A = B, but in Proposition
4.1 it is shown that if A and B are two LR fuzzy numbers such that (i) C’(A)
= C(B ), (i) L(A) = L(B), (iii) W(A) = W(E), (iv) S(A) = S(B ) then A —
B and in Proposition 4.2 it is shown that if . A and B are two LR flat fuzzy
numbers such that (i) C(A) = C’(B), (ii) L(A) = L(B), (i) W(A) = W(B),
(iv) S(A) = S(B B) then A # B ie., if A and B are two LR fuzzy numbers
such that A #+ B then by usmg the rankmg approach of Farhadinia (2009) it
can be checked that_ A - Bor A < B but if A and B are two LR flat fuzzy
numbers such that A = B then by using the same ranking approach it can not
be checked that A = B or A < B and hence the existing fuzzy critical path
methods, considered here, can be used with the ranking approach of Farhadinia
(2009) to find the appropriate results of such fuzzy critical path problems in
which all the parameters are represented by LR fuzzy numbers, but can not be
used for finding the results of such fuzzy critical path problems in which all the
parameters are represented by LR flat fuzzy numbers.

PROPOSITION 4.1 Let A = (m1,01,81)Lr and B = (ma, ag, B2)Lr be two LR
fuzzy numbers such that _ B _ B B

(i) C(A) = C(B) (i) L(A) = L(B)  (iii) W(A) = W(B)  (iv) S(A) =
S(B).

Then, A = B.
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Proof.

(i)(4) = C(B)

= mi1 = myg (1)
(i)L(A) = L(B)

= M1 — 1 = Mo — Q2 (2)
(i)W (A) = W (B)

= o1+ 6 =ax+ B (3)

On solving (1), (2) and (3)
my = maay = agandf = P
ie, A= B.

PROPOSITION 4.2 Let A = (m1,n1,00,51)Lr and B = (ma,n2, a2, B2)Lr be
two LR flat fuzzy numbers such that

(i) C(A) = C(B)  (ii) L(A) = L(B)  (iii) W(A) = W(B) (i) S(4) =
S(B).

Then, A #+ B.

Proof.

(i))C(A) = C(B)

= m1 = Mg (4)
(i) L(A) = L(B)
= M1 — 1 = Mo — Q2 (5)

(i)W (A) = W (B)
=n1—mi+ar+F=n2—ma+ax+ B
(iv)S(A) = S(B) (6)
— lL_l Nd\ + 3 /IR‘l()\)dA—n -m
=n; —my +a1/0 ( A = na 2
1
LY (\)dx
var [ 1710

+0B2 /O R™Y(\)dA. (7)

On solving (4), (5), (6) and (7) we find m1,n1, a7 and 5 are not equal to ma, na,
o and fs, respectively, so A is not equal to B. [
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4.2.1. Illustrative examples

To illustrate the shortcomings of the ranking approach by Farhadinia (2009),
the results of the fuzzy critical path problem, chosen in Example 4.2, obtained
by using existing fuzzy critical path methods with the ranking approach of
Farhadinia (2009) are shown in Table 4.

EXAMPLE 4.2 Find the fuzzy critical path and mazimum total fuzzy completion
time of the project, shown in Fig. 2, in which the fuzzy time duration of activity
(i,7) is represented by LR flat fuzzy numbers D;j with L(x) = maz{0,1 — 2}
and R(x) = e~1*| as shown in Table 3.

Table 3: Fuzzy normal time for each activity

Activity | Fuzzy duration (D;;) (days)
1, 2) (11,13,1, 1) 1.r
(1, 3) (19,20,3,5)Lr
(2, 3) (8,9,2,2)Lr
(2, 4) (14,15,3,8)Lr
(3, 4) (6,10,1,2)1r

(11,13,1,1),, (14,15,3,8) .4

(8,9,2,2) 1z

(19,20,3,5),2

(6,10,1,2)

Figure 2. Project network of the Example 4.2
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Table 4: Results of Example 4.2 obtained by using existing fuzzy critical path
methods with Farhadinia ranking approach

Results of fuzzy critical path problem obtained by using different existing fuzzy
Exampld critical methods (Nasution, 1994; Yao and Lin, 2000; Chanas and Zielinski, 2001;
Chen and Chang, 2001; Lin 2001, 2002; Lin and Yao, 2003; Liu, 2003;
Liang and Han, 2004; Han, Chung and Liang, 2006; Chen, 2007; Chen and
Hsueh, 2008; Shankar, Sireesha and Rao, 2010) with the ranking
approach of Farhadinia (2009)
Fuzzy critical Maximum total fuzzy project
path completion time (f)
4.2 1=>3=4 (25,30,4,7)r, S(T) = 14.667
1=>2=4 (25,28,4,9) g, S(T) = 14.667
1 = 2= 3= 4 (25,32,4,5) LR, S(f) = 14.667

It is obvious from the results, shown in Table 4, that on solving the fuzzy
critical path problem, chosen in Example 4.2, by using the existing fuzzy critical
path methods with the ranking approach of Farhadinia (2009) three different
LR flat fuzzy numbers (25,28,4,9)1r, (25,30,4,7)Lr and (25,32,4,5) g, rep-
resenting the maximum total fuzzy completion time of the same project, are
obtained, which is not appropriate.

REMARK 3 In Section 4, shortcomings of an important ranking approach are
pointed out. The same shortcoming can also be found in other existing ranking
approaches, which are not discussed in this paper.

5. Proposed ranking approach

On the basis of the results, discussed in Section 4, it can be concluded that none
of the existing ranking approaches, considered here, with the existing fuzzy crit-
ical path methods, also referred here, can be used to find the appropriate results
of such fuzzy critical path problems in which all the parameters are represented
by LR flat fuzzy numbers.

In this section, to overcome the shortcomings of the existing ranking ap-
proaches, a new ranking approach is proposed for comparing LR flat fuzzy
numbers by modifying the parameters of the ranking approach from Farhadinia
(2009).

Let A — (m1,n1,a1,51)Lr and B = (ma, ne, az, B2)Lr be two LR flat fuzzy
numbers. Then, use the following steps to compare A and B:

Step 1 Find CM(A)= inf{z € Supp(A) : pz(z) = 1} = m; and
CM(B) = inf{z € Supp(B) : uz(xr) =1} = ms
Case (i) If CM(A) > CM(B) then A - B ie., -
maximum {4, B} = A and minimum {4, B} = B
Case (ii) If CM(A) < CM(B) then A < Bie., -
maximum {A, B} = B and minimum {4, B} = A
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Case (iii) If CM(A) = C’M(E) then go to Step 2.
Step 2 Find LM (4) = my — ay fo A)dX and
LM(B) = my — as fo
Case (i) If LM(A4) > LM(E)jheng - E ie., L N
maximum {A, B} = A and minimum {A, B} = B
Case (ii) If LM (A) < L™(B) then A < Bie.,
maximum {A, B} = B and minimum {4, B} =
Case (iii) If LM (A) = LM(B) then go to Step 3.
Step 3 Find WM (A) = ny —my + 20 fo L)X + 25, fo ~1(A\)dX and
WM(B) = ny —ma + 20z [ L™ (A\)dA + 262 [5; R (A)dA
Case (i) If WM(A) > WM( )then A~ Bie.,
maximum {A, B} = A and minimum {A, B} = B

Case (ii) If WM(A) < WM( ) then A < B i.e.,
maximum {A, B} = B and minimum {4, B} =

Case (iii) If WM(A) = WM(B) then go to Step 4.
Step 4 Find SM = [ pi(x)de =ny—mi+a; fo LN dA+ B4 fol R7Y(\)dA
and SM = [pg(x)de = ng—ma+as fo “LN)d\+ B2 fol R7Y(N\)dA
Case (i) IfSM( )>SM( )thenA»Ble
maximum {A B } = A and minimum {A B} =

Case (ii) If SM(A) < sM(B )then A< Bie.,
maximum {A B} B and minimum {A B} A

Case (iii) If SM(A) = SM(B) then A — B.

5.1. Efficiency of the proposed ranking approach

To show the efficiency of the proposed ranking approach, the ordering of three
sets of LR flat fuzzy numbers, obtained by using the ranking approach of Farha-
dinia (2009) and the proposed ranking approach, are shown in Table 5.

REMARK 4 The proposed ranking approach can also be used for comparing LR
fuzzy numbers by putting m = n.
6. Validity of the proposed ranking approach

In Section 4, it was proved that if A and B are two LR fuzzy numbers such

that (i) C(A) = C(B), (i) L(A) = L(B), (i) W(A) = W(B), (iv) S(A) =



184

Table 5: Ordering of LR flat fuzzy numbers A and B obtained by using existing and proposed ranking approaches

P. KAUR, A. KUMAR

Sets of
fuzzy numbers

A

B

L(z) and
R(x)

Ordering of A and B
obtained by using

existing ranking

Ordering of Aand B
obtained by using
proposed ranking

approach approach
(Farhadinia, 2009)
C(A) = C(B) = 10|CM(A) = CM(B) = 10
Set 1 [(10,15,2,4)15((10,16,2,3),5 L(z) = e *land | L(A) = L(B) =8 | LM(A) = LM(B) — 8
R(z) = eIl W(A) = W(B) = 11 WM(A) =17,
S(A) = S(B) = 11 WM(B) = 16
ie, A=B i.e.,g>§
C(A)=C(B) =5 | CM(A) = cM(B) =
Set 2 (5,7,1,3)1r | (5,8,1,2)1r [L(z) = max{0,1 — 22} L(A) = L(B) = 4 [LM(A) = LM(B) — 4.33
and R(z) = e~ I*l |[W(A) = W(B) = 6| WM(A) = 9.33,
S(A) = S(B) =567 WM(B) =833
ie.72:§ i.e.,g>§
C(A) = C(B) = 16 [CM(A) = CM(B) — 16
Set 3 |(16,20,4,5)A(16,19,4,6) L gL(z) = max{0,1— 24} L(A) = L(B) = 12 |[LM(A) = LM(B) = 12.8
and R(z) = e~ I*l [W(A) = W(B) =13  WM(A) = 20.4,
S(A) = S(B) = 1220 WM(B) =214
ie., A=B ie., A< B
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S(B), then A = B, but if A and B are two LR flat fuzzy numbers such that (i)
C(A) = C(B), (i) L(A) = L(B), (iii) W(A) = W(B), (iv) S(A) = S(B), then
A #+ B. Due to the same reason, on applying the existing fuzzy critical path
methods with the ranking approach of Farhadinia (2009) for solving such fuzzy
critical path problems in which all the parameters are represented by LR fuzzy
numbers a unique fuzzy number, representing the maximum total fuzzy project
completion time, is obtained, while on applying the existing fuzzy critical path
methods with the approach of Farhadinia (2009) for solving such fuzzy critical
path problems in which all the parameters are represented by LR flat fuzzy
numbers, more than one fuzzy number, representing the maximum total fuzzy
project completion time, are obtained. In this section, to prove that by using the
existing fuzzy critical path methods, considered here, with the proposed ranking
approach, always a unique LR flat fuzzy number, representing the maximum
total fuzzy project completion time, will be obtained, it is proved that if A _and
B are cither LR fuzzy numbers or LR flat fuzzy numbers such that (i) CM (A)
CM(B), (i) LM(A) = LM(B), (iii)) WM (A) = WM(B), (iv) S¥(4) = SM(B),
then A —B.

PROPOSITION 6.1 Let A = (m1,a1,B1)Lr and B= (ma, a2, f2)Lr be two LR
fuzzy numbers such that

(i) CM(A) = CM(B) (i) LM(A) = LM(B) (i) WM(A) = WM(B) (iv)
SM(A) = SM(B). Then, A = B.

Proof.

(HCM(4) = cM(B)

= m1 = Mg (8)
(i) LM (A) = LM(B)

=m; —ap /0 L™ (N)dA =mg — a2/0 L™ (A\)dA 9)
(i) WM (A) = wM(B)

= 20 /1 L7Y(\)d\ + 253, /1 R™Y(\)d\

0 0
- 2a2/1L1(>\)d>\

+252/ R~ (10)
(iv)S™M( A) SM( )
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N /O L' (VA + B /O R(A\)dA
:ag/o L~ ()\)d)\+ﬂg/0 R1(\)dA (1)

On solving (8), (9), (10) and (11)
mi1 = mz, a1 =ag and 31 = [
ie, A= B.

REMARK 5 For an LR fuzzy number A = (m, o, 8) g, SM(A) = [ g(x)de =
S L(m=2yde + [ R(2mYde = a i) LY (A )dA +

m—o [e%

B8 [} R™1(\)dx

PROPOSITION 6.2 Let A = (m1,n1,00,51)Lr and B = (ma,n2, a2, B2)Lr be
two LR flat fuzzy numbers such that _ _ _

(i) CM(A) = CM(B) (i) LM(A) = LM(B) (i) WM(A) = WM(B)

(iv) SM(A) = SM(B). Then, A = B.

Proof.

(HCM(4) = cM(B)

= my = my (12)
()L (A) = LM(B)

= ml: a1 /0 L~ (N)dA =mg — a2/0 L™ (A\)dA (13)
(i) WM (A) = WwM(B)
(iv)SM(A) = $M(B)

1 1
=>ny—mq+ 20&1/ L_l()\)d)\ + Qﬁl/ R_l()\)d)\
0 0
1
=N — My + 20{2/ Lil()\)d)\
0

+285 /0 1 R (\)dA (14)
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1 1
=ny —m + 041/ L7 (\)d\ + 51/ R™Y(\)dA
0 0

1
=N — Moy + Qg / Lil()\)d)\
0

1
+52 / R (\)dA (15)
0
On solving (12), (13), (14) and (15) o

mi = Mmeo, N1 = No, a1 = g and B = Py ie., A = B. n

REMARK 6 For an LR flat fuzzy number A = (m,n,a, B)rr SM(A)
= [pz(x)de = [T L(2=2)de+ ["de+ [T R(E52)de = n—m+a [y L7

m—«

(\)dA + B [, R™H(\)dA

7. Advantage of the proposed ranking approach over the
existing ranking approaches

The main advantage of the proposed ranking approach over the existing ones,
referred to several times over in this papaer, is that when solving the fuzzy
critical path problems by using the different existing fuzzy critical path meth-
ods, also quoted here, with the ranking approaches mentioned, more than one
fuzzy number, representing the maximum total fuzzy project completion time,
is obtained so that there will be different interpretations for the maximum total
fuzzy project completion time of the same project, which is not appropriate.
At the same time, by using the different existing fuzzy critical path methods
with the proposed ranking approach a unique fuzzy number, representing the
maximum total fuzzy project completion time, is obtained. So, there will be a
unique interpretation of maximum total fuzzy completion time of a project.

To show the advantage of the proposed ranking approach over existing rank-
ing approach, the results of fuzzy critical path problem of Example 4.2, obtained
by using different existing fuzzy critical path methods with the proposed ranking
approach are shown in Table 6.

Table 6: Results of Example 4.2 obtained by using existing fuzzy critical path
methods with proposed ranking approach
Results for the fuzzy critical path problem obtained by using existing fuzzy

critical path methods with the proposed ranking approach

Example | Fuzzy critical path Maximum total fuzzy project completion time (7")
4.2 1=2=4 (25,28,4,9) g, WM(T) = 26.33

It is obvious from the results, shown in Tables 2 and 4 that if the fuzzy critical
path problem, chosen in Example 4.1, is solved by using the existing fuzzy
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critical path methods with the ranking approach of Farhadinia (2009), then a
unique fuzzy number, representing the maximum total fuzzy project completion
time, is obtained, but if the fuzzy critical path problem, chosen in Example 4.2
is solved by using the existing fuzzy critical path methods with the ranking
approach of Farhadinia (2009), then more than one fuzzy number, representing
the maximum total fuzzy project completion time, is obtained, which is not
appropriate. The results, shown in Table 6, indicate that on solving the chosen
fuzzy critical path problem by using the existing fuzzy critical path methods
with the proposed ranking approach a unique fuzzy number, representing the
maximum total fuzzy project completion time, is obtained, which is appropriate.

8. Conclusion and future work

Some fuzzy critical path problems have been used to show that it is better not to
use the existing fuzzy critical path methods with existing ranking approaches for
solving the fuzzy critical path problems, and a new ranking approach, obtained
by modifying an existing ranking approach, is proposed for comparing LR flat
fuzzy numbers.

On the basis of the presented study it can be concluded that it is better
to use the existing fuzzy critical path methods with the proposed ranking ap-
proach instead of the existing fuzzy critical path methods with existing ranking
approaches, referred to throughout this paper, for solving the fuzzy critical path
problems.

In the future it will be attempted to obtain the appropriate results for all
such problems in which the existing ranking approaches are used for comparing
LR flat fuzzy numbers by using the proposed ranking approach.
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