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ABSTRACT

There are several methods for solving fuzzy critical path problems in which ranking
approaches are used to compare fuzzy numbers. In this paper, some fuzzy critical path
problems are chosen to show that the results obtained with fuzzy critical path methods that
use existing ranking approaches are not appropriate according to real life situations. To
obtain appropriate results, a new ranking approach the Mehar ranking approach, is
proposed for comparing LR flat fuzzy numbers. To show the advantages of the Mehar
ranking approach over existing approaches, selected fuzzy critical path problems are solved
by using the existing methods together with the Mehar ranking approach. It is shown that
the obtained results are appropriate.

OPSOMMING

Daar bestaan verskeie metodes om wasige kritieke padprobleme op te los wat rangordening
toepassings gebruik om wasige getalle te vergelyk. In dié artikel word ’n paar wasige
kritieke padprobleme gekies om te bewys dat die resulte verkry met die wasige kritieke
padmetode, wat bestaande rangordening benaderings gebruik, nie voldoende is volgens
lewenswerklike voorbeelde nie. Om gepaste resultate te kry word 'n nuwe rangordening
benadering, die ‘Mehar rangordening benadering’, voorgestel om LR plat, wasige getalle te
vergelyk. Om die voordele van die Mehar benadering te wys word geselekteerde probleme
opgelos met beide bestaande metodes en die Mehar rangordening benadering. Die resultate
bewys dat die verkreé resultate gepas is.
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1. INTRODUCTION

The theory of fuzzy sets was first introduced by Zadeh [24]. Since then, the theory of fuzzy
sets has been applied in many fields such as pattern recognition, control theory,
management sciences, and picture processing. In the field of fuzzy mathematics, many
mathematical theories - such as fuzzy optimisation, fuzzy topology, fuzzy logic, fuzzy
analysis, and fuzzy algebra - are obtained. In many applications of fuzzy set theory to
decision-making, there is a need to select the best from a collection of possible solutions.

In the selection process there is a need to compare fuzzy numbers. Since fuzzy numbers are
represented by possibility distributions, they can overlap with one another, making it
difficult to determine clearly whether one fuzzy number is larger or smaller than another.

Many authors have proposed ranking approaches to the comparison of fuzzy numbers [11,
21, 17, 15, 7, 23, 8, 1, 3, 25, 2, 9]. Until now, there has not been a single unifying ranking
approach to the comparison of fuzzy numbers.

Several authors [18, 22, 4, 13, 14, 16, 12, 10, 5, 6, 19] have proposed fuzzy critical path
methods that are based on different ranking approaches for solving fuzzy critical path
problems. In this paper, certain fuzzy critical path problems are chosen to show that the
results obtained by using the existing fuzzy critical path methods with existing ranking
approaches are not appropriate according to real life situations. To obtain appropriate
results for fuzzy critical path problems, a new ranking approach named ‘Mehar's’ is
proposed for comparing LR flat fuzzy numbers. To show the advantages of Mehar's ranking
over existing approaches, the chosen fuzzy critical path problems are solved by using the
existing fuzzy critical path methods along with Mehar's ranking approach. It is shown that
the results are appropriate.

This paper is organised as follows. In Section 2, some existing ranking approaches for
comparing fuzzy numbers are presented. The shortcomings of these approaches are
discussed in Section 3. In Section 4, a new approach, Mehar's ranking approach, is proposed
for comparing LR flat fuzzy numbers. Some important results, which are used for proposing
the new ranking approach to the comparison of LR flat fuzzy numbers, are proved in
Section 5. The advantages of Mehar's ranking approach over existing approaches are
discussed in Section 6. In Section 7, conclusions and future work are presented.

2. COMPARISON OF FUZZY NUMBERS

An efficient approach for comparing fuzzy numbers is to use a ranking function
R:F(R) >R, where F(R) is a set of fuzzy numbers defined on a set of real numbers,
which maps each fuzzy number on to the real line where a natural order exists.

Let A and B be two fuzzy numbers; then

(a) If R(A)>R(B) then A = B i.e.,
maximum{;\, §}: A and minimum {A, §}: B

(b) If R(A)<R(B) then A < B i.e.,
maximum{,&, E~5}: B and minimum {A, §}: A

(c) If R(A)=R(B) then A = B

2.1 Some existing ranking formulae for comparing fuzzy numbers

Ranking formulae used in some existing ranking approaches [21, 17, 15, 7, 23, 8, 3, 25, 2]
for comparing LR fuzzy numbers and LR flat fuzzy numbers are shown in Table 1.
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Table 1: Ranking formulae used in some existing ranking approaches

Ranking formulae for an LR flat

Ranking Ranking formulae for an LR
approaches | fuzzy number A = (m,a, B) & fuzzy number A = (m,n,a, )&
R(A) = R(A) =
m m-—x mefo_ X—m m m—Xx n B X—n
xL( )dx + XR( )dx xL( Ydx+ | xdx+ XR(———)dx
Yager [21] I’"”’ a '[m p B J‘m*"‘ a ‘[’" '[” . Jij
moom-x mep_ x—m moom-x n B X—n
Im_aL( . )o|x+jm RE )i jm_al_( )+ J'mdx+jn RE 5
SR(/Z\) = XA or y; ER(/Z\) = XA or y;
where, Xz = where, Xz =
j:_axL(m; Xdx + .f:+ﬂxR( X '_Bm)dx J:_axL( m; X + I:xdx + Jnnwa(%)dx
ot jm L= X)dx+.[m+ﬁR(X;m)dx jm L= X)dx+'["dx+f"+ﬂR(%)dx
urkami m-a o m m-a o m n
et al. [17] yi= ;=
1 1 1 4 1 -1 ! =]
L=l ay+ [ (vme Ry | [ (v(m—al )y + [ v+ AR (y))dy
[m-at ey [me ®Ao0ey | [m-a iy [0+ Ry
. R(A) = R(A) =
Liou &
Wans (151 | 21 (m—al (y)dy+ [ m+ R e) | ZI[ (m-al )y + [ (n+ /R (1))
R(A) = Vi +y: R(A) = Vi +y:
where, Xz = where, Xz =
J:,,,X'-(m; X)dx+ J‘:MXR( X ;m)dx I:ﬁaxL( m; X)dx+ I;xdx + Lmﬂ xR(%)dx
mom-X m+f_ X—m mom-X n A X—n
L( Ydx + R( )dx L( Yax+ | dx + R(——)dx
Cheng [7] jm—a o J‘m ﬂ Jm—a a J.m Jn [)’
Yi=
y~ =
[om-at o+ [omemEMYy | @ o
e ] [[(vm=at(yay + [ (v(n+ R (y))ay
[ m=al (ydy+ [ (m+ AR (1) T —
: : [[m-at ay+ [0+ R (y)dy
(A= 2 [[D. )+ Da (v, A = 2D, (1) + De(ldy.  where
Yao & Wu
[23] where D, (y) =m—aL™(y) and D, (y)=m-aL'(y) and

De(y) =m+AR7(y)

Dr(y) =n+AR7(y)
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‘R(,Z\): Xz.Yz Wwhere, Xz =

“R(,Z\): Xz.Yz Wwhere, Xz =

Jmm axL( )dx+j‘m xR(X;),m)dx J: axL( )dx+_[ xdx+Jn+ﬂxR(%)dx
m m+4 X—m ’ m "y X—n
. [ aL( S [ R( PR [ aL( )dx+J‘dx+J‘ RC ;)oK
Tsao [8] Vi = y; =
1 a 1 a 1 o 1 .
[[m=al™ [ (vim+ REay | [ (vim—at )y + [ (v(n+ AR ey
[[m—at*(ynay-+ [ (m+ R (e [{m—at )y + [0+ R ey
0 0 o o
9?(;\)=ljl(ﬁ(r)+Z(r))dr where ‘R(A):ljﬂ(A(r)+Z(r))dr where
Asady & 2Jo ' ’ : 2 L\ = ) )
ﬁgrr:]d[e;\]- A(r) =m-alL™(r)and A(r) =m-aL™(r)and
AN =m+ R (1) A(r) =n+ R7(r)
f{(A) ) SR =~z 000Xz 1 +135 1+ x5 ¥z ]
Eﬂ;(X)[IX;|+Iy;\|+|x;\.y;\ N where, X =
e i [ ATy [ xdx+j"+ﬂ RE=)dx
J‘m X—m m-a B
xL( )dx+I xR( )ax - —
i p [ @ )dx+Idx+I RC=")ax
m d ﬂ X—m dx ! m-a B
Zhao & Jm o ( ) X+J. R( F; )
Lus) | y; =
A 1
1 _ _ 1
[[¥m AR ()~ (m ()l [yl AR (y) ~ (et (y)lay
, 1 o P ,
[+ R ()~ (m - a () J L+ R ()= (m = ()l
1 x>0
1 x>0
#;(x)
~(x A ~
’uA( ) -1 x<0 1 x<0
Abbas- ~ 1 ¢l o _ 1 o1 B
bandy & R(A)= E[L((m—aL () + R(A) = E[jo((m—od_ () +
Hajjari

[2]

(m+ AR (y)) +2m)dy]

(n+ AR} (y)) +m + n)dy]

2.2 Farhadinia ranking approach

In this section, the existing ranking approach [9] for comparing LR flat fuzzy numbers is

presented.

Let A = (m;,n,,ay, ;) g and B = (m,,n,,a,,8,)r betwo LR flat fuzzy numbers;’

use the following steps to compare A and B:

Step 1 Find C(A) =inf{x eSupp (A): x;(x)=1}= m, and C(B)

pg(x) =1} = m,

Case (i)

Case (ii)
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Case (iii) If C(A)=C(B) then go to Step 2.

Step 2 Find L(A) = inf Supp(A) = m; -, and L(B) = inf Supp(B) = m, —a,

Case (i) If L(A)> L(B) then A » B

Case (ii) If L(;&)< L(I§) then A < B

Case (iii) If L(A) = L(B) then go to Step 3.

Step 3 Find W(A) = |Supp (A)| = n,—m, +a, + B, and W(B) = |Supp (B)| =
N, —m,+a, + 5,

Case (i) If W(A)> W(B) then A = B

Case (ii) If W(,&)< W(§) then A < B

Case (i) If W(A)= W(B) then go to Step 4.

~ 1 1
Step 4 Find S(A) = jy;(x)dx =n,-m + ale‘l(A)dl+ﬂ1IR‘l(ﬂ)di and
0 0

1
S(B) =Jy§(x)dx = nz—mzmzj:rl(,z) d/1+ﬁ2IR‘1(/1) 2
0

Case (i) If S(;&)> S(E~3) then A ~ B
Case (i) If S(A)< S(B) then A < B
Case (iii) If S(A)= S(B) then A = B

Remark 1: For an LR flat fuzzy number A= (m,n,a, f) &

S(A) = Iy;\(x)dx - I:_aL(

m-—X n n+p X—n o 1 1 1 1
- )dx+jmdx+jn R(T)dx—n m+aLL (/1)dz+ﬂjoR (1)dA

3. SHORTCOMINGS OF EXISTING RANKING APPROACHES

There are several fuzzy critical path methods for solving fuzzy critical path problems in
which ranking approaches are used to compare fuzzy numbers. In this section, it is shown
that the results of the fuzzy critical path problem chosen in Example 3.1, and obtained by
using the different existing fuzzy critical path methods [18, 22, 4, 13, 14, 16, 12, 10, 5, 6,
19] with different existing ranking approaches [21, 17, 15, 7, 23, 8, 3, 25, 2], are not
appropriate according to real life situations.

Example 3.1 Find the fuzzy critical path and maximum total fuzzy completion time of the
project shown in Figure 1, in which the fuzzy time duration of activity (i, j) is represented

by LR fuzzy numbers fij with L(x) = R(x) = max{0,1-x} as follows:
ﬁz = (1,0.50.5) g, i~23 = (L1D)r, i~24 = (20505 g, :{34 = (10505) ¢

W1, (1,0.5,0.5) 5

1 » 2 >
O 105,05, o/ (2,05,05) .5

Figure 1: Project network of the illustrated Example 3.1
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3.1 Results of the problem chosen in Example 3.1

The results of the fuzzy critical path problem chosen in Example 3.1, and obtained by using
different existing fuzzy critical path methods [18, 22, 4, 13, 14, 16, 12, 10, 5, 6, 19] with
different existing ranking approaches [21, 17, 15, 7, 23, 8, 3, 25, 2, 9] are shown in Table
2.

Table 2: Results of Example 3.1 obtained by using existing fuzzy critical path methods
with existing ranking approaches

Results of fuzzy critical path problem obtained by using different existing

Existing ranking fuzzy critical path methods [18, 22, 4, 13, 14, 16, 12, 10, 5, 6, 19]

approaches Example 3.1
Fuzzy critical path Maximum total fuzzy project completion time (T )
1=>2=3=4 (3,2,2) (n(“l:)=3
Yager [21] 1= 2= 4 LR

(B.L1) s, N(T) =3

1=>2=3=4

(3’212)LR’ Xf =3, yf =05
1= 2= 4

Murkami et al.[17]
(3,1,1) LR > X.I: =3, yf =05

T=>2=3= 4 =
Liou & Wang [15] DA (322)r, R(T) =3
(311) g, M(T) =3

(3.2,2) (r, R(T) =3.041

1=>2=3=4
1= 2 4 ~
(3.1.1) g, R(T) =3.041

Cheng [7] =

1=>2=3=4 (3,2,2)|_R,“R(F)=3
1=2=4

Yao & Wu [23 T
ao & Wu [23] (B11) R, R(T) =3

1=>2=3=4 (31212)LR’ ER(-F) =15
1=>2=4

Chu & Tsao [8] ~
(311) g, R(T) =15

(3.2.2) g, R(T) =3
(B.L1) s, N(T) =3

Asady &

1=>2=3=4
Zendehnam [3] 2

=4

(3.2.2)(r, R(T) =2.167

Zhao & Liu [25] 1= 2= 4 ~
(3,1,1) g, R(T) =2.167
1=>2=3=4 Ty =
Abbasbandy & 1 2 = 4 G LD, 92(T~) -6
Hajjari [2] (311) 5, R(T) =6

Farhadinia [9]

1=2=4

Bk, LT) =2

It is obvious from the results shown in Table 2 that, on solving the fuzzy critical path
problem chosen in Example 3.1 by applying the different existing fuzzy critical path
methods [18, 22, 4, 13, 14, 16, 12, 10, 5, 6, 19] with existing ranking approaches [21, 17,
15, 7, 23, 8, 3, 25, 2], more than one fuzzy critical path is obtained, and the maximum
total fuzzy project completion time corresponding to different fuzzy critical paths is
different - so their physical interpretation will also be different. But in the literature [20] it
is pointed out that if, on solving a project network problem there is more than one critical
path, then the maximum total completion time of the project should be the same,
corresponding to all the critical paths. So the results obtained by using existing fuzzy
critical path methods [18, 22, 4, 13, 14, 16, 12, 10, 5, 6, 19] with existing ranking
approaches [21, 17, 15, 7, 23, 8, 3, 25, 2], shown in Table 2, are not appropriate according
to real life situations.
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Since the results of the fuzzy critical path problem chosen in Example 3.1 and obtained by
using the existing fuzzy critical path methods [18, 22, 4, 13, 14, 16, 12, 10, 5, 6, 19] with
an existing ranking approach [9] are appropriate according to real life situations, therefore,
to show the shortcomings of the existing ranking approach [9], a fuzzy critical path problem
(Example 3.2) is solved by using existing fuzzy critical path methods [18, 22, 4, 13, 14, 16,
12, 10, 5, 6, 19] with the existing ranking approach [9].

Example 3.2 Find the fuzzy critical path and maximum total fuzzy completion time of the
project shown in Figure 2, in which the fuzzy time duration of activity (i, j) is represented
by LR flat fuzzy numbers t; with L(x) = max{0,1-x*} and R(x) = e™™ as follows:

t, = (2,2.3,06,0.8) 5, t,; = (56,1125, &, = (7,7.8,L11) 1, & = (4,450.7,2.7)4,

te= (24.207,18)r, b= (555122)r, t; = (59.6,1113)x, &7 = (334,04,15) 5,

ts = (6,6.3,0.3,0.6) 5

Find the fuzzy critical path and maximum total fuzzy completion time of the project.

(2230608~ (56112),, ~ (178110, /\(5,9.6,1.1,1.3)“
! e\, "3 "4

(6,6.3,0.3,0.6) 5

(4450727 :/ (24.20.718),

(5,5.512.2) 5
Figure 2: Project network of the illustrated Example 3.2

3.2 Results of the problem chosen in Example 3.2

The results of the fuzzy critical path problem chosen in Example 3.2, and obtained by using
different existing fuzzy critical path methods [18, 22, 4, 13, 14, 16, 12, 10, 5, 6, 19] with
the existing ranking approach [9] are shown in Table 4.

Table 4: Results of Example 3.2 obtained by using existing fuzzy critical path methods
with Farhadinia ranking approach

Results of fuzzy critical path problems obtained by using different existing fuzzy critical
methods [18, 22, 4, 13, 14, 16, 12, 10, 5, 6, 19] with the Farhadinia ranking approach [9]

Example » Maximum total fuzzy project completion
Fuzzy critical path ~

time (T )

1525354562738 (25,30,4,7) (r, S(T) = 14.667
1=>22=3=>5=26=>7=28 ~

3.2 122=23=24=7=8 (25,28,4,9) 1z, S(T) =14.667

(25,32,45) ., S(T) =14.667

It is obvious from the results shown in Table 4 that, on solving the fuzzy critical path
problem chosen in Example 3.2 by using the existing fuzzy critical path methods with the

existing ranking approach [9], three different LR flat fuzzy numbers - (25,28,4,9)j,

(25,30,4,7) r and (25,32,4,5) g, representing the maximum total fuzzy completion time of

the same project - are obtained; and this is not appropriate according to real life
situations.
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Remark 2: In Section 3, the shortcomings of some important ranking approaches are
pointed out. The same shortcomings can also be found in other existing ranking approaches
that are not discussed in this paper.

4. PROPOSED MEHAR RANKING APPROACH

On the basis of the results discussed in Section 3, it can be concluded that none of the
existing ranking approaches [21, 17, 15, 7, 23, 8, 3, 25, 2, 9] with existing fuzzy critical
path methods [18, 22, 4, 13, 14, 16, 12, 10, 5, 6, 19] can be used to find the appropriate
results of such fuzzy critical path problems in which the fuzzy activity time of all the
activities is represented by LR flat fuzzy numbers.

To overcome the shortcomings of existing ranking approaches [21, 17, 15, 7, 23, 8, 3, 25, 2,
9], a new ranking approach - the Mehar ranking approach - is proposed for comparing LR
flat fuzzy numbers. Since the triangular fuzzy numbers, trapezoidal fuzzy numbers, and LR
fuzzy numbers are particular cases of LR flat fuzzy numbers, the Mehar ranking approach
can also be used for comparing these fuzzy numbers.

Let A = (my,ny, ey, B) g and B = (m,,n,,a,,B,)r be two LR flat fuzzy numbers; then
use the following steps to compare A and B:

Step 1 Find Me(A) = [ [mdi- (a2 da + [nda+ [ BRE(A)d2
tep 1 Find Me(A) = = [ [mdi~[al™(d2 + [mdz+ [ AR (2)da]

and Me(é)

1t toa 1 1
> [jomzdﬂ janL (1)dA +Ln2d/1+joﬂ2R (2)d]

Case (i) |If Me(ﬂ)> Me(§) then A ~ B
Case (ii) If Me(A)<Me(B) then A < B
Case (iii) If Me(A) = Me(B) then go to Step 2.

Step 2 Find H(A) = = [ [mdi+[ndi] and H(B) = * [ [m,da+[n,da
tep 2 Find H(A) = = ['[Om1 +J‘On1 ]and H(B) = ['[Om2 Jr'[on2 ]
Case (i) If H(A)> H(B) then A ~ B

Case (ii) If H(K)< H(I§) then A < B
Case (iii) If H(K) = H(I§) then go to Step 3.

~ 1 1 1 1
Step 3 Find A(A) = Lnldm j A R(A)dA - j m,d + J' o, L (2)dA
0 0 0
~ 1 1 1 1
and AB) = Ionzdl+Lﬂ2R‘l(1)dl— Imzdl+IaZL‘1(A)dﬁ
0 0

Case (i) If A(A)> A(B) then A ~ B
Case (ii) If A(;&)< A(I§) then A < B
Case (i) If A(A)= A(B) then go to Step 4.

-~ 1 -~ 1
Step 4 Find R(A) = LalL'l(i)dxl (or S(A) = jo ARY(A)dA)

~ 1 ~ 1
and R(B) = jo a,L (A)dA  (or S(B) = LﬁzR-l(,z)d/l)

Case (i) If R(A) > R(B) (or S(A) > S(B))then A = B
Case (i) If R(A) < R(B) (or S(A) < S(B))then A < B
Case (iii) If R(A) = R(B) (or S(A) = S(B)) then A=B
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5. SOME IMPORTANT RESULTS

In this section, some important results that are used to propose the Mehar ranking approach
for comparing LR flat fuzzy numbers are proved.

Proposition 5.1 Let ,&:(ml,nl,al,ﬂl)LR and I:’;:(mz,nz,az,ﬂz)LR be two LR flat fuzzy
numbers, such that (i) Me(A) = Me(B) (i) H(A) = H(B) (i) A(A) = A(B) (iv)
R(A) = R(B) (or S(A) = S(B)); then

A=B.
Proof: Straightforward

Proposition 5.2 Let A = (my,n, @, 6)r and B = (m,,n,,@,,5,) r betwo LR flat fuzzy
numbers such that (i) Me(A) = Me(B)  (ii) H(A) = H(B) (i) A(A) = A(B); then
(@) R(A) > R(B) iff S(A) > S(B)
(b) R(A) < R(B) iff S(A) < S(B)
(¢) R(A) = R(B) iff S(A) = S(B)
Proof: (i) Me(A) = Me(B)
1 1 1 1 1 1 1
- %[ Lmld/l— jo @, LM (A)dA + Lnldm J'OﬂlR-l(/l)du - % [ Iomzdi—IOaZL‘l(l)dl+Jon2dﬂ
BRI (A)dA
[ AR
= m, —LlalL‘l(/i)d/IJrnl +J:ﬂ1R‘l(ﬂ)dﬂ =m, —J:azL'l(ﬂ)di +n, +jolﬁ2R-1(/1)d/1 1)
() H(A) = H(B)
1 1 1 1 1 1
= = [jomldmjonldz] -3 [Lmzdmjonzdﬂ,]
= m,+n, = my+n, 2)
(ifi) A(A) = A(B)
= nl+.|jﬂ1R’l(ﬂ)di—ml+j:a1L’1(/1)dﬂ - n2+j:ﬂ2R’1(ﬂ)dﬂ— m2+j:a2r1(/1)dz (3)
(@) R(A) > R(B)
o j: oL (2)dA > Ll a, L (2)dA
1
& (o -a,) jo LY()da > 0 (4)
Subtracting (2) from (1)
L 1
(Bi-F2) [RID = (@ -a) [ (D)0 )

Using (5) the equation (4) can be written as
1
& (B-5) [RW02 >0

1 1
o ,b’lJ-OR’l(ﬂ)d/l > B, J.OR’l(ﬂ)d/i
< S(A) > S(B)
Similarly (b) and (c) can be easily proved.
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6. ADVANTAGES OF THE MEHAR RANKING APPROACH OVER THE EXISTING RANKING
APPROACHES

The main advantage of the Mehar ranking approach over the existing ranking approaches
[21, 17, 15, 7, 23, 8, 3, 25, 2, 9] is that, on solving the fuzzy critical path problem by using
the different existing fuzzy critical path methods [18, 22, 4, 13, 14, 16, 12, 10, 5, 6, 19]
with existing ranking approaches [21, 17, 15, 7, 23, 8, 3, 25, 2, 9], more than one fuzzy
number, representing the maximum total fuzzy project completion time, is obtained. As a
result, there will be different interpretations for the maximum total fuzzy project
completion time of the same project - which is not appropriate according to real life
situations. However, by using the different existing fuzzy critical path methods with the
Mehar ranking approach, a unique fuzzy number, representing the maximum total fuzzy
project completion time, is obtained. Thus there will be a unique interpretation of the
maximum total fuzzy completion time of the project.

To show the advantages of the Mehar ranking approach over existing ranking approaches
[21, 17, 15, 7, 23, 8, 3, 25, 2, 9], the fuzzy critical path problems chosen in Examples 3.1
and 3.2 - for which more than one fuzzy number, representing the maximum total fuzzy
project completion time is obtained - are solved by using existing fuzzy critical path
methods with the Mehar ranking approach; and it is shown that by using existing fuzzy
critical path methods with the Mehar ranking approach, a unique fuzzy number,
representing the maximum total fuzzy project completion time, is obtained.

The results of the fuzzy critical path problems chosen in Examples 3.1 and 3.2, which were
obtained by using different existing fuzzy critical path methods with the Mehar ranking
approach, are shown in Table 5.

Table 5: Results of Example 3.1 and Example 3.2 obtained by using existing fuzzy
critical path methods with the Mehar ranking approach

Results of fuzzy critical path problems obtained by using different existing fuzzy critical
Example methods [18, 22, 4, 13, 14, 16, 12, 10, 5, 6, 19] with the Mehar ranking approach
Fuzzy critical path Maximum total fuzzy project completion time (T )
3.1 1=>2=3=4 (3,2,2) g, AT) =2
3.2 12232478 (25,32,4,5) z, H(T)=28.5

It is obvious from the results shown in Table 2 that, if the fuzzy critical path problem in
Example 3.1 is solved by using the existing fuzzy critical path methods [18, 22, 4, 13, 14,
16, 12, 10, 5, 6, 19] with the existing ranking approach [9], then a unique fuzzy number,
representing the maximum total fuzzy project completion time, is obtained. But it is also
obvious from the results in Table 4 that, if the fuzzy critical path problem in Example 3.2 is
solved by using the existing fuzzy critical path methods [18, 22, 4, 13, 14, 16, 12, 10, 5, 6,
19] with the existing ranking approach [9], then more than one fuzzy number, representing
the maximum total fuzzy project completion time, is obtained; and this is not appropriate
according to real life situations. It is also obvious from the results in Table 5 that on solving
both fuzzy critical path problems in Examples 3.1 and 3.2 by using the existing fuzzy critical
path methods with the Mehar ranking approach, a unique fuzzy number representing the
maximum total fuzzy project completion time is obtained, which is appropriate according
to real life situations.

On the basis of these results, it can be suggested that it is better to use the existing fuzzy
critical path methods with the Mehar ranking approach, rather than the existing fuzzy
critical path methods with the existing ranking approaches [21, 17, 15, 7, 23, 8, 3, 25, 2, 9]
to solvie the fuzzy critical path problems.
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7. CONCLUSION AND FUTURE WORK

Some fuzzy critical path problems have been chosen to show that it is not better to use the
existing fuzzy critical path methods with existing ranking approaches to solve the fuzzy
critical path problems. Instead, a new ranking approach, the Mehar ranking approach, is
proposed for comparing LR flat fuzzy numbers. To show the advantage of the Mehar ranking
approach over existing ranking approaches, identical fuzzy critical path problems are solved
by using the existing fuzzy critical path methods with existing ranking approaches on the
one hand, and by using the existing fuzzy critical path methods with the Mehar ranking
approach on the other hand. It is shown that the results from the latter combination are
better than those obtained from the former.

In future, the appropriate results of such real life problems, in which the existing ranking
approaches are used to compare fuzzy numbers, can be obtained by using the proposed
Mehar ranking approach.
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