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ABSTRACT

Network diagram plays a vital role to determine project completion time. Network analysis is
a technique which determines the various sequences of activities concerning a project and the project
completion time. The popular method of this technique is widely used as the critical path method. In
this paper, we find the fuzzy critical path in a acyclic project network using centroid measure to
identify the fuzzy critical path from type-2 discrete fuzzy numbers and its complement. An
illustrative example is also included to demonstrate our proposed approach.
KEYWORDS: Fuzzy critical path, type-2 discrete fuzzy number, Acyclic project network,

centroid measure.
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INTRODUCTION

Time management play more significant role in project management compares to scheduling
control, resource and cost management. Critical path method(CPM) is a powerful tool that is most
useful in practice and is applied in the planning and control of complicated projects in real world
applications. The main purpose of critical path method is to evaluating project performance and to
identifying the critical activities on the critical path so that the available resources could be utilized
on these activities in the project network in order to reduce project completion time. With the help
of the critical path, the decision maker can adopt a better strategy of optimizing the time and the
available resources to ensure the earlier completion and the quality of the project.

This paper analyze the critical path in a general project network with fuzzy activity times.
The fuzzy measures were introduced by sugeno®. We propose centroid measure? for fuzzy numbers
to find a critical path method in a fuzzy project network, where the duration time of each activity in a
fuzzy project network is represented by type — 2 discrete fuzzy number.

The organization of the paper is as follows: In section 2 some basic concepts are discussed.
section 3 gives some properties of total slack fuzzy time. Section 4 gives the network terminology.
An algorithm to find the critical path combined with type-2 discrete fuzzy number using centroid
measure is given in Section 5.The proposed algorithm is illustrated through a numerical example in

section 6.

2. BASIC CONCEPTS
2.1. Type-2 discrete fuzzy number

Let X be a non-empty finite set, which is referred as the universal set. A type-2 fuzzy setA, is

characterized by a type-2 membership function #, (x,u): Xx 1 — I where xe X | 1 =[0,1] and

ueld, cl thatiSAZ{((X,U);ﬂA(X,U)/XE X,uel, c I)},WhereOSyA(x,u)SlAcan

f,(X,0) p, (u)/u

also be expressed as A= | | = | Jyc I, where [[ denotes
xe X ueld, (X,U) xeU

union all admissible x and u. For, discrete | universe of discourse is replaced by .

2.2.Complement of type-2 discrete fuzzy number

The complement of the type-2 fuzzy set houses a fuzzy membership function given in the

following formula:

IJSRR, 7(4) Oct. - Dec., 2018 Page 928



Balasowandari P. et al., I]SRR 2018, 7(4), 927-933

A=Y (
2.3 Centroid measure
If A is a type-2 fuzzy set in the discrete case, the centroid of A can be defined as follows:
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Where A = 3 I

2.4 Notations:

tij= The activity between node i and j.

ESF  =The earliest starting fuzzy time of node j.

LFF = The latest finishing fuzzy time of node i.
TsF;; = The total slack fuzzy time of t;;

pn= the n™ fuzzy path.
P = the set of all fuzzy paths in a project network
F(pn)= The total slack fuzzy time of path p, in a project network.

3.PROPERTIES:

Property :3.1 (Forward pass calculation)

To calculate the earliest starting fuzzy time in the project network, set the initial node to zero
for starting (ie) EsF, = (0.0,0.0,0.0,0.0) ESF | = max {ESF  + TSF }, j =i, j e N, i=number of
preceding nodes.(EsSF J_:The earliest starting fuzzy time of node )).

Ranking value is utilized to identify the maximum value.

Earliest finishing fuzzy time = Earliest starting fuzzy time (+) Fuzzy activity time.

IJSRR, 7(4) Oct. - Dec., 2018 Page 929



Balasowandari P. et al., I]SRR 2018, 7(4), 927-933

Property 3.2. (Backward pass calculation)
To calculate the latest finishing time in the project network set (e - Esen .

LFF = min {LFF (-)SET . },i#n,ie N ] = number of succeeding nodes. Ranking value is
J- 1

utilized to identify the minimum value.

Latest starting fuzzy time= Latest finishing Fuzzy time (-) Fuzzy activity time.
Property 3.3.

For the activity tj, i<j

Total fuzzy slack:

SFT, = LFF (-)(ESF ,(+)SFT ) (ON) (LFr (-)SFT )(-)ESF  l<is<js<niijeN,
Property 3.4.

F(p)= Y SFT, » p, <P, Pp,denotes the number of possible paths in a network from

ij
1<i< j<n
ijep,

source node to the destination node, k=1 to m.

4ANETWORK TERMINOLOGY
A directed acyclic project network consisting of six nodes and eight edges are considered.
Each edge in this network is assigned by type-2 discrete fuzzy numbers. The set of all possible paths

are denoted by P. The fuzzy critical path is identified from P.

5. ALGORITHM (FOR FINDING CRITICAL PATH)
Step 1: Estimate the fuzzy activity time with respect to each activity.

Step 2: Let ESF = (0.0
Step 3: Let Lrr = ESFn and calculate LFF,,i=n-1, n-2,..... 2,1. By using property 2.

Step 4: Calculate SFT with respect to each activity in a project network by using

ij
property 3.
Step 5 :Calculate centroid measure for each activity using definition 2.3.

Step 6 : If centroid measure = 0, the corresponding path is a fuzzy critical path.
6.NUMERICAL EXAMPLE
The problem is to find the fuzzy critical path in acyclicproject network whose edges are

assigned with type-2 discrete fuzzy numbers.
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Solution :
The edge lengths are

P - (0.3/0.8 + 0.2/0.7)/2 + (0.3/0.9)/4

Q =(0.5/0.8+0.3/0.6)/3

(0.7/0.6)/1+ (0.5/0.7)/2

R

S =(0.4/0.4+0.5/0.5)/2 + (0.2/0.9)/3

(0.5/0.7)/2 + (0.7/0.4)/3

_I’_“

U =(0.2/0.6)/1+ (0.3/0.5 + 0.4/0.4)/3

V =(0.6/0.6)/2+ (0.7/0.5+ 0.4/0.4)/3
W = (0.6/0.8)/1+ (0.4/0.5)/3
Complement of edge lengths are

b - (0.3/0.2+0.2/0.3)/2 + (0.3/0.1)/4

Q - (0.5/0.2+0.3/0.4)/3

R - (0.7/0.4)/1+ (0.5/0.3)/2

S - (0.4/0.6 + 0.5/0.5)/2 + (0.2/0.1)/3
T - (0.5/0.3)/2+(0.7/0.6)/3

U = (0.2/0.4)/1+ (0.3/0.5 + 0.4/0.6)/3
V = (0.6/0.4)/2 + (0.7/0.5+ 0.4/0.6)/3

l

W =(0.6/0.2)/1+ (0.4/0.5)/3
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. 4

Figl. Fazzy acyclic project netw ark

Activities, fuzzy durations and total slack time for each activity for type-2 discrete fuzzy

number and its complement are given in the table 6.1 and table 6.2.

Table:6.1
Activity Fuzzy activity time Defuzzified activity time Total float
(i-Di<j

1-2 (0.3/0.8 + 0.2/0.7)/2 + (0.3/0.9)/4 0.47 0

1-3 (0.5/0.8+0.3/0.6)/3 0.15 1.82

2-3 (0.7/0.6)/1+ (0.5/0.7)/2 0.54 0.96

2-4 (0.4/0.4 + 0.5/0.5)/2 + (0.2/0.9)/3 0.48 0

35 (0.5/0.7)/2 + (0.7/0.4)/3 0.35 0.96

4-5 (0.2/0.6)/1+ (0.3/0.5 + 0.4/0.4)/3 0.2586 111

4-6 (0.6/0.6)/2 + (0.7/0.5 + 0.4/0.4)/3 161 0

56 (0.6/0.8)/1+ (0.4/0.5)/3 0.24 0.96

Table:6.2
Activity Fuzzy activity time Defuzzified activity Total float
(i-))i<j time
1-2 (0.3/0.2+0.2/0.3)/2 + (0.3/0.1)/4 0.393 0
1-3 (0.5/0.2 + 0.3/0.4)/3 0.04 1643
2-3 (0.7/0.4)/1+ (0.5/0.3)/2 0.35 0.943
2-4 (0.4/0.6 + 0.5/0.5)/2 + (0.2/0.1)/3 0.39 0
35 (0.5/0.3)/2 + (0.7/0.6)/3 0.35 0.94
45 (0.2/0.4)/1+ (0.3/0.5+0.4/0.6)/3 0.3 0.3
4-6 (0.6/0.4)/2 +(0.7/0.5 + 0.4/0.6)/3 1.493 0
56 (0.6/0.2)/1+ (0.4/0.5)/3 0.24 0.94
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All the possible paths P = {(1-2-4-6),(1-2-3-5-6),(1-3-5-6),(1-2-4-5-6) } are found in a given

network using properties of network. The path 1-2-4-6 is identified as a fuzzy critical path by

defuzzification using centroid measure.

CONCLUSION:

In this paper an attempt is made to find fuzzy critical path in a acyclic project network using

type-2discrete fuzzy numbers and its complement with the help of centroid measure. The same path

is also identified as a fuzzy critical path using complement of type-2 discrete fuzzy number.
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