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Network analysis is a technique which determines the various sequences of activities concerning a project and the project
completion time. The popular methods of this technique which is widely used are the critical path method and program evaluation
and review techniques. The aim of this paper is to present an analytical method for measuring the criticality in an (Atanassov)
intuitionistic fuzzy project network. Vague parameters in the project network are represented by (Atanassov) intuitionistic
trapezoidal fuzzy numbers. A metric distance ranking method for (Atanassov) intuitionistic fuzzy numbers to a critical path method
is proposed. (Atanassov) Intuitionistic fuzzy critical length of the project network is found without converting the (Atanassov)
intuitionistic fuzzy activity times to classical numbers. The fuzzified conversion of the problem has been discussed with the
numerical example. We also apply four different ranking procedures and we compare it with metric distance ranking method.

Comparison reveals that the proposed ranking method is better than other raking procedures.

1. Introduction

Critical path method is a network based method designed for
planning and managing of complicated project in real world
applications. According to the critical path, the decision
maker can control the time and the cost of the project and
improve the efficiency of resource allocation to ensure the
project quality. In many situations, project can be compli-
cated and challenging to manage. There are many cases where
the activity times may not be presented in a precise manner.
An alternative way to deal with imprecise data is to employ
the concept of fuzziness by vague activity times that can
be represented by fuzzy sets. Fuzzy set theory proposed by
Zadeh [1] can play a significant role in solving such a man-
agement problem.

Chanas and Zielinski [2] proposed a method to make crit-
ical path analysis in the network with fuzzy activity times
(interval activity times, fuzzy numbers of L-R type) by
directly applying the extension principle to the usual critical-
ity notion treated as a function of activity duration time in

the network. Chanas and Kamburowski [3] explained fuzzy
variables in PERT. Chen and Huang [4] proposed a new
model that combines fuzzy set theory with the PERT tech-
nique to determine the critical degrees of activities and paths,
latest and earliest starting time, and floats. Based on signed
distance ranking of fuzzy numbers, Yao and Lin [5] found out
fuzzy critical path method based on signed distance ranking
method. Styeptsov and Tyshchuk [6] created a proficient
method of calculation of fuzzy time windows for late start
and finish times of operations in the problem of fuzzy
network. Nasution [7] proposed a fuzzy critical path method
by considering interactive fuzzy subtraction and by observing
that only the nonnegative part of the fuzzy numbers can have
physical elucidation.

Ravi Shankar et al. [8] proposed new defuzzified formula
to find critical path in a fuzzy project network. Elizabeth and
Sujatha [9, 10] introduced new ranking methods to find fuzzy
critical path problem for project network.

In this paper a new algorithm is proposed to find (Atan-
assov) intuitionistic fuzzy critical path without converting
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the (Atanassov) intuitionistic fuzzy activity times to crisp
number. Here we propose a metric distance ranking method
to an (Atanassov) intuitionistic fuzzy critical path method for
a project network problem. Finally we compare the proposed
ranking method with existing method and conclude the
paper. This paper is organized as follows. In Section 2, basic
definitions of (Atanassov) intuitionistic fuzzy set theory
have been reviewed and some new definitions are framed
for (Atanassov) intuitionistic fuzzy critical path method.
Section 3 gives new procedures to find out the (Atanassov)
intuitionistic fuzzy critical path using an illustrative example.
Different ranking approach has been given and results are
discussed. Finally Section 4 concludes the paper.

2. Preliminaries

In this section some basic definitions and ranking function
are reviewed. A new ranking approach is introduced for
(Atanassov) intuitionistic trapezoidal fuzzy number.

Definition I (fuzzy set (Zadeh [1])). Let a nonempty fuzzy set
A in x be characterized by a membership function y, (x) for
all x € E which associates with each point in E, a real number
in the interval [0, 1], with the value of p4 (x) at x representing
the “grade of membership” of in x in A.

Definition 2 (Atanassov intuitionistic fuzzy set [11]). Let X be
universe of discourse; then an intuitionistic fuzzy set (IFS)
Ain X is given by A = {(x, py(x), p4(x))/x € X}, where
the functions p,(x) : X — [0,1] and y,(x) : X — [0,1]
determine the degree of membership and nonmembership of
the element x € X, respectively, and for every x € X, 0 <
pa(x) +yalx) < 1.

Definition 3 (trapezoidal intuitionistic fuzzy number). An
(Atanassov) intuitionistic fuzzy number A = {(a,,a,,as,
a,) (b, by, by, b,)} is said to be a trapezoidal (Atanassov)
intuitionistic fuzzy number (see Figure 1) if its membership
function and nonmembership function are given by

e SRR
1
pa(x) =1L G SX<a
(x-a,)
(a _;), a; < X < dy,
3~ Oy
@
-b
%, b <x<b,
, 0
Ya(x)=9L by < x < by
(x - by)
—F—=, by<x<ph
[(6-b) »77 7
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FIGURE 1: Trapezoidal intuitionistic fuzzy number.

Definition 4 (arithmetic operations of trapezoidal (Atan-
assov) intuitionistic fuzzy number). If Al = {(a),a;,a5,a,);
(a{, a;, a;,ai)} and B! = {(by, by, by, by); (b{, bz', b3', b;)} are two
(Atanassov) intuitionistic fuzzy numbers, we define:

Addition:

AT+ B ={(a,+b,a,+bya;+by,a,+b,);

(2)
(ai +b,a,+b),a + b, a, + b;)}
Subtraction:
Al_Bl = {(al —afl,aa—a;,% —a;,a4—a{);
(3)

(b~ by, by~ b, by~ by, b~ b))} .

Definition 5 (arithmetic operations on two trapezoidal (Atan-
assov) intuitionistic fuzzy activity times). Let IFAT, = {(a o
bm’cﬂl’dm)(ah’bﬂ’CY1’d1’1)} and IFAT, = {(aﬂz’bﬂz’cﬂz’
d}4 2)(ay i’ b],z, €y de)} be any two (Atanassov) intuitionistic
fuzzy activity times. (i) For addition operation (+) we have
the following.

Let

IFAT, + IFAT, = {(am,bm,cm,dm)

’ (ah’ bVl’ CVl’ dh) + (aﬂz’ bﬂz’ CMz’ dﬂz)
'(al'z’byz’ch’d}’z)} (4)

= {(am + a5, 8,6

1> Gy Gy Ay +d#z) ;

(a)’l +a}’2’b1/1 +bY2’CY1 +C}’2’dY1 +d}’2)} .
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(ii) For subtraction operation (-), we have the following.
Let

ml_mZ = {(a.“l’b.“l’ #1’dﬂ1)

(ay,5b,565dy )+ (84,8000,
(ay,b,,:6,,.d,,)} (5)
={(ay, ~dup b, =Gy Gy ~ by d, — 4, )5
(a,,—dy by, =06, —byrdy — 4, )}

Definition 6 (ranking of Atanassov intuitionistic trapezoidal
fuzzy number [12]). Ranking procedure was introduced by
Li [13], which was based on ratio of value and ambiguity
index. Li procedure was more generalized and applicability
was wider, but the ratio ranking method lacks in linearity
property. For ratio ranking method,

R(a+b,1)#R(@M\)+R(b,A). (6)

De and Das [14] tried to rectify this by taking linear sum of
value and ambiguity indices using the following definition.

Definition 7 (see [14]). Let @ = {(a,,a,,as,a)wz, uz} be a
trapezoidal (Atanassov) intuitionistic fuzzy number. A value
index and ambiguity index for the trapezoidal (Atanassov)
intuitionistic fuzzy number a are defined as follows:

V@) =V, @+1(V,@-V, @), 7)
A@N=A,@+A(A, @A, @), (®)

respectively, where A € [0, 1] is a weight which represents
the decision maker’s preference information. Limited to
the above formulation, the choice A = 1/2 appears to
be a reasonable one. One can choose A according to the
suitability of the subject. A € [0,1/2) indicates decision
maker’s pessimistic attitude towards uncertainty while A €
(1/2,1] indicates decision maker’s optimistic attitude towards
uncertainty.

With our choice A = 1/2, the value and ambiguity
indices for trapezoidal (Atanassov) intuitionistic fuzzy num-
ber reduce to the following:

a, -

>

<~ 1>= V, (@ +V, (@

2 2
_ )
A<~ 1) _ A,@+A, @)
"2 2 '
The proposed ranking method is as follows:
R(a)—V(a l)+A<a l) (10)
- > 2 > 2 .

Definition 8 (see [12]). Now let A, and Ag be any a-cut and
B-cut set of an trapezoidal (Atanassov) intuitionistic fuzzy
number A = {(a,,b;,¢,,d,)(a}, b}, c|,d))}, respectively.

Then the values of the membership and nonmembership
function for the trapezoidal (Atanassov) intuitionistic fuzzy
number are as follows:

_ap+2b +2¢ +d,;
V’,L(A) - 6 >

b +c d-c-b+a
2 6 (1)
A= {(al»bpcpdl) (ai,bl,cl,di)},

B= {(agr b6, d2) (aé’bZ’ & d;)}

V, (A) =

be two trapezoidal (Atanassov) intuitionistic fuzzy number.
Ifa, >d, then A > B.

(i) If Vu(A) > Vu(B) then A > B;
(ii) if Vu(A) < Vu(B) then A < B;
(iii) if Vu(A) = Vu(B) then A is equivalent to B.

Definition 9 (Euclidean Ranking (ER) technique for trape-
zoidal (Atanassov) intuitionistic fuzzy numbers [10]). Let
L; = {(a,b,c,d;)(a,b,c;,d;)} be the ith fuzzy path length
andlet L .. = {(a,b,c, d)d,b,c,d)} = (L ppaxo Imax) be the
fuzzy longest length then the Euclidean Ranking of L; is
denoted by

BR(L) = (V(a-a) +0-b) +(c-a)’ +(d-d)),

(V@ = + (=67 + (c- e+ @ - )’ 12)

= (ER of membership function; ER of nonmembership function).

If A and B are trapezoidal (Atanassov) intuitionistic fuzzy
numbers, then A > B if and only if ER(A) < ER(B).

Definition 10 (similarity ranking for trapezoidal (Atanassov)

intuitionist fuzzy numbers [15]). For two (Atanassov) intu-
itionist fuzzy path lengths,

L_1 = {(“1751’C1’d1) (11>m1’”1’01)} >

- (13)
Ly ={(ay, by, &0, d,) (L, 113,13, 0)} -
For membership function,
Tf;in (a,b,c,d) =min(L,,L,) = (min(a;,a,), o
min (b, b,),min (¢;,¢,), min (d;,d,)).
For nonmembership function,
i';ax (I, m,n,0) = max (L, L,) = (max (I},1,), )

max (m,,m,) , max (n,,n,) , max (0;,0,)) .



Let L; = {(a;b,¢,d;)(a],b;,c,d;)} be the ith fuzzy path
length. Then the similarity ranking of trapezoidal (Atanassov)
intuitionist fuzzy numbers for both membership function
and nonmembership function is

SD (L, L")
0, ifLNnI" =¢
1 (d-a) —
s FA— L. mme ,
2d-o+(b-a) b #e

where c < x <d, g, <x<b,

1 T A Tmin
Sl@d-a)+ (=), LI+,

where b, < x <,

o (16)
SD (L, ™)
,0’ L_iﬁ Zr}x’lax =9
1 (d-a) — -
S S VA Li A [max )
2@-9+(b-a) re
= where c < x <d, a; <x < b,
1 — -
Y@@y rle-n), Taisg
where b, < x <c.

Let L, and L, be two (Atanassov) intuitionistic fuzzy num-
bers then L, > L, if and only if the similarity ranking
of membership function of L, is greater than the similarity
ranking of membership function of L, and the similarity
ranking of nonmembership function of L, is less than the
similarity ranking of nonmembership function of L,.

Definition 11 (graded mean integration representation for
trapezoidal (Atanassov) intuitionistic fuzzy number [16]).
The membership and nonmembership functions of trape-
zoidal (Atanassov) intuitionistic fuzzy numbers are defined
by Definition 3 as follows:

_x-a
LM(x)—aQ_alw, a <x<ay,
Rﬂ(x)=x_a4w; a, <x<ay,

az —
17)

_x-b b <x<b
Ly(x)—bz_bl > 1 X 2>

-b
Ry(x)=x tw; b<x<b

Then L™ and R™! are inverse functions of functions L and R,
respectively. One has

—a)h
L;l (h) = a, + (ay - a,) ’
w

—-a)h
R[:l (h) = a, - (a4 a3) ’
w
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b-b)h

L;l(h)zbl—(l 2) k
w

by-b)h

R;l(h)=b4+—(3 Wk
w

(18)

Then the graded mean integration representation of member-
ship function and nonmembership function is

a, +2a, +2a; +ay

b, +2b, +2b, + b 19)
Py(A)z Lt z‘g 5 + Y

Let A’ = {(a,b,c,d)(e,b, f, 9)} and B' = {(a',b,c,d')(€,
b, f, g')} be any two (Atanassov) intuitionistic triangular
fuzzy numbers; then
() P;(E) < Pg('ﬁ) and Pf(}@) < Pf(ﬁ) - Al < B
(ii) p;‘(Z\") > P;j(fa") and pf(X') > pf(f?) A > B,
(iii) P;‘(X’) = P;‘('ﬁ) and Pf(}(’) = Pf(iﬁ) Al =~ B
Then the following ranking method is introduced in this

paper.

Definition 12 (metric distance). Let A = {(a;, b, ¢, dy);
(a{; bl) Cl) di)} and E = {(aZ) b2) Q) dz); (aé) b2$ Q) d;)} be two
(Atanassov) intuitionistic trapezoidal fuzzy numbers. Then
the metric distance between A and B can be calculated as
follows:

1
D(A,.B,) = “O [A, (@ -B,; @] dat

1 1/2
+ [A#Rm)—BMR(a)]Zda] ,
(20)

o 1 2
D(A,,B,)= “0 [A,L (@) -B,; ()] da

1/2

1
+L [A,z (@) -B (oc)]zdoc] ,

where AHL(oc), BML(oc), A“R(oc), and BﬂR(a) are a-cut intervals

of membership function of A and B, respectively, and A, (@),
BYL((x), A],R(oc), and BYR(oc) are a-cut intervals of nonmem-

bership function of A and B, respectively.

In order to rank (Atanassov) intuitionistic fuzzy numbers,
let us take the (Atanassov) intuitionistic trapezoidal fuzzy
number B = 0; then the metric distance between A and 0
is calculated as follows:

D(A,,0) = “01 (4,0 (@) da

1 1/2
+ L [AMR (oc)]2 d(x]
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! 2
= [J [a, + (b —a,) a] da
0

[ - -e)aaa]

) [af+bf+cf+d§—albl—cldl]”z
_ i ,

D(Z,,0) = “01 (4, @] da
+ Ll [AYR (oc)]2 d(x] "
= Uol [a; + (b1 —a{)(x]z da

+ Il [d; - (d; —cl)oc]zdtx]l/z

0

_ AP+ +d?valb +die 1"
3 :
(21)

Here,

A>B iff D(A,0)>D(B,0). (22)

3. Calculating Intuitionistic Fuzzy
Time Values and Critical Path
Analysis in (Atanassov) Intuitionistic
Fuzzy Project Network [17]

An (Atanassov) intuitionistic fuzzy project network is an
acyclic directed graph, where the vertices represent events,
and the direct edges represent the activities to be performed
in a project network. An (Atanassov) intuitionistic fuzzy
project network is represented by N = {('17#, 'Vy)(X w ;fy)(T ,
T,)}

Letv = (vﬂ,vy) = {(V.Ml,v.ﬂg,....,?/Hn)(vyl,vyz,....,vyn)} be
the set of (Atanassov) intuitionistic fuzzy vertices, where
(Vu157)1) and (V,,,7,,) are the tail and head events of
the project, and each (v,,7,;) belongs to some path from
(?ﬂl, VE) to (’ﬁlmﬁyn). Let A ¢ V x V be the set of a directed
edge A~: {@uij» ayi)) = Vi V) Vi vy ) EOT Vi Vi Vi
vy; € V} that represents the activities to be performed in
the project. Activity (d,; @,;) is then represented by one and
only one arrow with tail event (¥ v, and a head event

—~ ~M1’ .
(VW», vyj). For each activity (a#ij,ayij), an (Atanassov) intu-

itionistic fuzzy number #;; € T is defined as the (Atanassov)
intuitionistic fuzzy time required for the completion of
(G,j> Gy;;). A critical path is the longest path from the initial
event (v,,,7,,) to the terminal event (¥,,,7,,) of the project
network, and an activity (@, 4,;;) on a critical path is called
a critical activity.

3.1 Notations. The notations that will be used throughout the
paper are

N: the set of all nodes in a project network,

EST: earliest starting time,

A i+ the activity between nodes i and j for member-
ship function,

A,;j: the activity between nodes i and j for nonmem-
bership function,

ﬁﬁw: (Atanassov) intuitionistic fuzzy activity time
for membership function,

ﬁ?ﬁyi j: (Atanassov) intuitionistic fuzzy activity time
for nonmembership function,

IFES,;: the earliest starting (Atanassov) intuitionistic
fuzzy time for membership function of node j,

IFES,;: the earliest starting (Atanassov) intuitionistic
fuzzy time for nonmembership function of node j,

IFLF,;: the latest finishing (Atanassov) intuitionistic
fuzzy time for membership function of node 7,

IFLF,;: the latest finishing (Atanassov) intuitionistic
fuzzy time for nonmembership function of node i,

IFTS,,;;: the total slack (Atanassov) intuitionistic fuzzy
time of A i

ﬁyij: the total slack (Atanassov) intuitionistic fuzzy

time of A,
Py.: the kth (Atanassov) intuitionistic fuzzy path,
TF: total float,

IFCPM (P,): the total slack (Atanassov) intuitionistic
fuzzy time of path Py in a project network,

T};: the (Atanassov) intuitionistic fuzzy activity time.

Property I (forward pass calculation). Forward pass calcula-
tions are employed to calculate the earliest starting time (EST)
in the project network. Set the initial node to zero for starting,

that is, IFES,,, = (0,0,0,0) and IFES,, = (0,0,0,0),

IFES,,; = Max [IFES,; (+) FET ;] ,

i = number of preceding nodes, j# 1, j€ N,
s s s (23)
IFES,; = Min [IFES,, (+) FET,; |,
i = number of preceding nodes, j# 1, j € N.

Ranking value is utilized to identify the maximum and min-
imum value.
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IFET,;; = [earliest starting intuitionistic fuzzy time for membership function

(24)

+ (Atanassov) intuitionistic fuzzy activity time] .

Earliest finishing time for nonmembership function is

fﬁ:fw»j = [earliest starting intuitionistic fuzzy time for nonmembership function

(25)

+ (Atanassov) intuitionistic fuzzy activity time] .

Property 2 (backward pass calculation). Backward pass cal-
culations are employed to calculate the latest finishing time

(LFT) in the project network. Set I’F\LJFW = IF’_TEJSW and
ﬁ:yn = IFFESW. One has
[FLE,; = Min [[FLE,,; (-) IFET ;] ,

i#mn, i € N, j=number of succeeding nodes,

IFLF,; = Max [IFLE,; (-) IFET,;; ],
i#mn, i € N, j=number of succeeding nodes.
(26)

Ranking value is utilized to identify the maximum and min-
imum value.

Latest starting time for membership function is

IFAITSW-J- = [latest finishing intuitionistic fuzzy time for membership function (-)

(Atanassov) intuitionistic fuzzy activity time] .

Latest finishing time for nonmembership function is

IFFIEW- = [latest finishing intuitionistic fuzzy time for nonmembership function (-) (Atanassov)

intuitionistic fuzzy activity time] .

Property 3 (total float (TF)). For the activity (A
j, total (Atanassov) intuitionistic fuzzy slack is

wip Ayifh 1 <

[FTS,;; = [FLE,; (-) (TFES,; (+) IFET ;)
or (ﬁﬁz#j (-) H?Esyi () IFET#U) ’
IFTS,,; = IFES,, () (IFLF,; (+) IFET,;) (29)
or (IFES,; (-) [FLF,; (-) IFET,;),
1<i<j<mijeN.

Property 4. Consider

IFCPM (pi) = Y. TFTS,;pu € P,

1<i<j<n
i,jePy

(27)
(28)
IFCPM (py) = Y IFTS,;p, € P.
1<i<j<n
i,jeP,
(30)

P, and P are the possible paths of membership function
and nonmembership function, respectively, in a network
changing the path from source node to the destination node,

k=1tom.

Property 5. Inaproject network, a path p, is formed such that

IFCPM (p,)

{ IFCPM (P Py (D)
= maxqy—————

Py €Pk=1to m]»
pyk
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(12,14, 16, 18)
(10, 15, 16, 18)

(8,16,20,24)
(9,13,15,17)

(4,10, 14, 18)
(6,10, 12, 14)

(5,10, 15,20)
(12, 14,15,17)

(13,15,17,20)
(11,15, 18, 19)

(6,10, 16,24)
(1,2,5,7)

(5,7,9,15)
(6,10, 12, 14)

(12,13,15,18)
(16,18, 20, 22)

FIGURE 2: Illustrative example.

is an (Atanassov) intuitionistic fuzzy critical path. The
(Atanassov) intuitionistic fuzzy critical path length is the sum
of the (Atanassov) intuitionistic fuzzy activity time of the
corresponding path p..

3.2. A New Algorithm for (Atanassov) Intuitionistic Fuzzy
Critical Path. In this section, a new algorithm is proposed for
finding the (Atanassov) intuitionistic fuzzy critical path. The
proposed algorithm has been given as follows.

Algorithm for (Atanassov) Intuitionistic Fuzzy Critical Path

(1) Construct a project network G(V, E),

(2) estimate the (Atanassov) intuitionistic fuzzy activity
time,

(3) let IFES,; = (0,0, 0,0) and IFES., = (0,0, 0,0),

pl = vl =

(4) calculate IFES,,; and IFES, ;,
(5) let IFLF,,, = IFES,,, and IFLF,, = IFES,,,
(6) calculate ﬁJ\LT:#i and ﬁ;ﬁ:w,

(7) calculate Ilﬁ@w and IFTS
(8) find all the possible paths,
(9) calculate IFCPM(P,) and IFCPM(P)),

yij?

(10) identify the (Atanassov) intuitionistic fuzzy critical
path.

3.3. Numerical Example. In this section, (Atanassov) intu-
itionistic fuzzy project network problems are presented to
demonstrate the computational process of (Atanassov) intu-
itionistic fuzzy critical path analysis proposed above.

Example 1. Consider the following.

Step 1. Suppose that there is a project network with the set of
(Atanassov) intuitionistic fuzzy events

V = {1,2,3,4,5,6} shown in Figure 2, where each arc
length is represented as a trapezoidal (Atanassov) intuition-
istic fuzzy number. In a boiler overhauling project following
activities are to be performed. Activity, description, and
activity duration are in Table 1.

Step 2. See Table 1.

Step 3. Let us take the earliest starting (Atanassov) intuition-
istic fuzzy times which are IFES,, and IIETEJSYI.

Membership function is as f‘cl)llows.

Let

IFES,, = (0,0,0,0). (32)
Nonmembership function is

IFES,; = (0,0,0,0). (33)

Step 4. The earliest starting (Atanassov) intuitionistic fuzzy
times are as follows.
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TABLE 1: Activity duration of each activity in an (Atanassov) intuitionistic fuzzy project network.

Activity A,-j Description (Atanassov) Intuitionistic fuzzy activity duration
12 Inspectiop ofboi.ler by boiler engineer and (12, 14, 16, 18); (10, 15, 16, 18)
preparation of list of parts to be replaced
1-3 Placing the order and purchasing (4,10, 14, 18); (6, 10, 12, 14)
1-4 Dismantling of the defective parts from the boiler (8,16, 20, 24); (9,13,15,17)
2-6 Preparation of necessary instruction for repairs (5,10, 15, 20); (12, 14, 15,17)
3-5 Repairing parts in the workshop (12,13, 15, 18); (16, 18, 20, 22)
4-5 Installation of the repaired parts (6,10,16,24); (1,2,5,7)
4-6 Inspection (13, 15,17, 20); (11, 15, 18, 19)
5-6 Trail run (5,7,9,15); (6, 10, 12, 14)
For membership function, For membership function, we have the following.
Here,
IFES,, = (12,14,16,18),
H:’E’sl43 = (4,10, 14,18), IFLF ¢ = IFES ¢ = (19, 33,45,63),
TFES,, = (8,16,20,24), [FLF,5 = (19,33,45,63) - (5,7,9,15)
IFES,; = max {(16,23,29,36); (14, 26, 36, 48)} (34) = (4,24,38,58),
= (14,26, 36,48) IFLF 4 = min {(=20, 8,28,52);(-1,16,30,50)}
[FES,,¢ = max {(17,24,31,38); (21,31,37,44); = (-20,8,28,52), (38)
(19,33, 45,63)} = (19, 33,45, 63) . IFLE,; = (-14,9,25,46),

For nonmembership fumction, IFLE,, = (=1,18,35,58),

_ IFLF,, =
[FES,, = (10,15,16,18) = (10,15,16,18),

(=32,-5,15,42)} = (—44, - 12,12, 44) .

min {(~19,2,24,46) ; (—44, — 12,12, 44) ;

IFES,; = (6,10,12,14) = (6,10,12,14),

IFFTE_S]A =(9,13,15,17), For nonmembership function,

IFES, 5 = min {(22,28, 32,36); (10, 15,20, 24)} (35)
IFLF ¢ = IFES 4 = (16,25,32,38),

= (10,15,20,24),
IFES,s = min {(20,28, 33,36); (22,29, 31,35); IFLE)s = (2.13,22,32),
(16,25,32,38)} = (16,25,32,38). [FLF, = max{(=3,7,17,27)3(-5,8,20,31)}
L1 e = (-5,8,20,31),
Step 5. Let us take the latest finishing (Atanassov) intuitionis- (39)
tic fuzzy time as follows. mys — (=20,—-7,4,16),

Membership function is
- - IFLE,, = (-1,10,18,26),

[FLF,, = IFES,, (36) -

IFLF

,1 = min{(-19,-6,3,16); (-22,-7,7,22)

Nonmembership function is
(=34,-19,-6,10)} = (=22, 7,7,22).

[FLF,, = IFES,,,. (37)

Step 6. The latest finishing (Atanassov) intuitionistic fuzzy St 7 Tables 2 and 3 described how to determine IFTS,;; and
times are as follows. IFTS, ;.
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TaBLE 2: Total slack (Atanassov) intuitionistic fuzzy time for each activity in an (Atanassov) intuitionistic fuzzy project network and critical
path for membership function.

Activity (i-j)

i< Duration ﬁ:ﬁ‘w’j Iﬁ?SW Impj Ii\T#SW-j

1-2 (12,14, 16, 18) (0,0,0,0) (-1,18, 35, 58) (-38,-12,12, 38)
1-3 (4,10,14,18) (0,0,0,0) (-14, 9, 25, 46) (-28,-2,19, 44)
1-4 (8,16, 20, 24) (0,0,0,0) (=20, 8,28, 52) (<17, 5, 25, 45)
2-6 (5,10, 15, 20) (12, 14, 16, 18) (19, 33, 45, 63) (-38, -12,12, 38)
3-5 (12,13, 15,18) (4,10,14,18) (4, 24, 38, 58) (-28,-2,19, 44)
4-5 (6,10, 16, 24) (8,16, 20, 24) (4, 24, 38, 58) (-38,-12,12, 38)
4-6 (13, 15,17, 20) (8,16, 20, 24) (19, 33, 45, 63) (—25, -4, 14, 42)
5-6 (5,7,9,15) (14, 26, 36, 48) (19, 33, 45, 63) (—44, -12,12, 44)

TaBLE 3: Total slack (Atanassov) intuitionistic fuzzy time for each activity in an (Atanassov) intuitionistic fuzzy project network and critical
path for nonmembership function.

Activity (i-j)

i<j Duration ﬁ:ﬁyg IF’\E_S},,- IﬁTFW- I/l_:\TdSy,-j

1-2 (10, 15, 16, 18) (10, 15, 16, 18) (-22,-7,7,22) (=30, -8, 8, 30)

1-3 (6,10,12,14) (6,10, 12, 14) (-22,-7,7,22) (=30,-9, 9, 30)

1-4 (9,13,15,17) (9,13,15,17) (-22,-7,7,22) (=30, -9, 9, 30)

2-6 (12,14, 15,17) (16, 25, 32, 38) (-1,10,18, 26) (-27,-8,8,27)

3-5 (16, 18, 20, 22) (10, 15, 20, 24) (=20, -7 4,16) (-28,-1,9,28)

4-5 (1,2,5,7) (10, 15, 20, 24) (-5, 8,20, 31) (-28, -10, 10, 28)
4-6 (11, 15,18,19) (16, 25, 32, 38) (-5, 8, 20, 31) (=34, -13,9,32)
5-6 (6,10, 12, 14) (16, 25, 32, 38) (2,13,22,32) (=30, -9, 9, 30)

TaBLE 4: The total slack (Atanassov) intuitionistic fuzzy time of path
p uk & P, yk*

IECPM(p,) k = 1to 4 IFCPM(py;) k = 1to 4

All path i
paths (membership function) (nort{lrlr:lecrggﬁr)shlp

1-2—6 (-38,4,42,92) (-57,-16, 16, 57)

1—-4—6 (69, -16, 26, 86) (-64, -22,18, 62)

1-355-6  (-108, -22, 42, 128)
1-4—-5-6 (-132, 36, 36,132)

(~88, -19, 27, 88)
(-88,-28, 28, 88)

Steps 8 and 9. The total slack (Atanassov) intuitionistic fuzzy
time of path p,, and path p,, in a project network is IFCPM
(pu) and IFCPM (p,,). Find all possible paths and calculate
IFCPM (p,4) and IFCPM (p,;) (Table 4) by using Property 4.

Step 10. Hence the (Atanassov) intuitionistic fuzzy critical
pathisl - 4 - 5 — 6.

3.4. Different Ranking Approach. To find rank using
Euclidean Distance method [10], we need L., = (—38,4,42,
132) from membership function I, = (-57,-16,28,88)
from nonmembership function using Table 4. To find rank
using similarity ranking [15], we need f’:i“ = (-132,-36,
26,86) from membership and Tf;a" = (-57,-16,28,88)
from nonmembership function using Table 4. Then applying

trapezoidal ranking method (Definition 8) and graded mean
integration ranking method [18] to identify the (Atanassov)
intuitionistic fuzzy critical path. Finally apply our proposed
metric distance ranking method (Definition 12) which is
used to identify the (Atanassov) intuitionistic fuzzy critical
path. All ranking methods are mentioned in a separate
table (Table5) for membership function and Table 6 for
nonmembership function.

The (Atanassov) intuitionistic fuzzy critical path is 1 —
4 — 5 — 6 whose critical path length is calculated as follows:

((8,16,20,24);(9,13,15,17)

+(6,10,16,24);(1,2,5,7)
(40)
+(5,7,9,15);(6,10,12,14))

= ((19, 33,45, 63); (16, 25, 32, 38))
The project completed time is approximately 2 months.

3.5. Results and Discussions. (Atanassov) intuitionistic fuzzy
critical path and intuitionist fuzzy critical path length are
useful information for the project to make decision in
planning and scheduling complex projects. In this paper,
metric distance ranking method is introduced to identify
the (Atanassov) intuitionistic fuzzy critical path. And also
we used Rezvani [12] ranking method, Euclidian Distance
measure [10] similarity ranking method [15], and graded
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mean integration ranking method to rank the path. Using
Definitions 8 and 11 of ranking methods, we cannot suitably
identify the required optimal path. Using Definitions 9 and
10, we get optimal path but compared to proposed method it is
not precise. Now comparing these five ranking methods met-
ric distance method is very effective; therefore the proposed
method is very dynamic in determining the (Atanassov)
intuitionistic critical path and critical path length in fuzzy
sense.

4. Conclusion

This paper proposes an algorithm to tackle the problem in
(Atanassov) intuitionistic fuzzy environment. Here a new
analytical method using (Atanassov) intuitionistic trape-
zoidal fuzzy number for finding critical path in an (Atan-
assov) intuitionistic fuzzy project network has been pro-
posed. The method proposed in this paper is more effective
and easy. We have computed total (Atanassov) intuitionistic
fuzzy slack time for each path in (Atanassov) intuitionistic
fuzzy project network to find the critical path using metric
distance ranking method. The validity of the proposed
method is examined with numerical examples. It has par-
ticularly provided for explaining the proposed procedure in
detail.
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