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Abstract. In this paper, new arithmetic operations of L-Reyjnterval valued fuzzy
numbers are defined. A new ranking function anthdise function are also defined with
the aid of L-R type interval valued fuzzy numbe&3sme more properties of both ranking
and distance functions are also discussed. Theopegpnotion is applied in the domain
of critical path analysis and a relevant numereample of it is also included to justify
the notion.
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1. Introduction

Critical path method is a network based methodgesi for planning and managing of
complicated projects in real world applications.Thain purpose of critical path method
is to evaluating project performance and to idgimtd the critical activities on the critical
path so that the available resources could bezetilion these activities in the project
network in order to reduce project completion tifibe use of fuzzy variables in PERT
was proposed by Chanas and Kamburowski [2]. Theggnted the project completion
time in the form of a fuzzy set in the time spdde. [5] developed fuzzy network of a
priori unknown project to estimate the activity ation and fuzzy algebraic operator to
calculate the duration of the project and its caitipath.The fuzzy networking was
proposed by Nasution [8] and Lorterapong and Magélhfollowing on this, Mccahon
[7] Chang et al [3] and Lin and Yao [5] presenteceé methodologies to calculate fuzzy
completion project time. Other resources such agisRankar [10] and oliveros and
Rabinson [9] using fuzzy numbers presented othéhaals to obtain fuzzy critical paths,
critical activities and activity delay. Previous mkoon network scheduling using fuzzy
theory provides methods for scheduling projectserCaAnd Huang [4], applied fuzzy
method for measuring criticality in project netwoknusuya and Sathya [1] proposed
complement of type-2 fuzzy shortest path using ipdgg measure. Stephen Dinagar and
Abirami [11] proposed an analytical method for firgl critical path using IVFNS in a
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fuzzy project network. In this paper, a new apphoa€ ranking value of L-R type
interval valued fuzzy numbers to fuzzy criticabbysis are introduced. It is also assumed
that the uncertain parameters are represented BNV An algorithm to tackle the
problem in fuzzy project decision analysis is preguh Finally an illustrative numerical
example is given to demonstrate the validity ofphgposed methods.

This paper is organized as follows:In section Irolkhuction is introductory in
nature.In section 2, we introduce some basic defirtd which are useful for our work.In
section 3, the definition of L-R type interval vatlfuzzy numbers is proposed with
arithmetic operations.In section 4, the properiiésL-R type interval valued fuzzy
numbers have been discussed.A new distance furfaiidnR type interval valued fuzzy
numbers is proposed in section 5.In section 6,aticgtion part of this work have been
included. Finally the conclusion part is also given

2. Preliminaries
Definition 2.1. A fuzzy set A in a universe of discourse X is defined as thimfghg set

of pairs A={(X 1;(X)):XUX}.Here ;:x - [01] is a mapping called the

membership value ox [ X in a fuzzy setA.

Definition 2.2. The a —level set(or interval of confidence at lew&l(or a — cut) of the
fuzzy set A of X is a crisp setA, that contains all the elements of X that have
membership values in A greater than or equalégA, ={x: y;(X) =2 a,x0X,a0[01]}
Definition 2.3. A fuzzy set A defined on the set of real numbers R is said ta hezy
number if its membership function has the followaigracteristics.

(i) Ais convex. i.e.A(AX,+(1-A)X,)=minimun{ A(X,),A(X,)}, for all

X,, X, OR and A 0 [0]]
(if) A isnormal i.e., there exists aq, OR such thatA(x,) =1

(iii) Alis piecewise continuous.

Definition 2.4. A fuzzy number A is said to be a trapezoidal fuzzy number if its
membership function,; (x) : R - [01] has the following characteristics.

(x-a4)

(az—ay)

1 ,a, < x<a

HA(X) = (x—ay) . ’

(az—ay)

0 ,otherwise

,ap S X< a,

,a3 S x < ay

Definition 2.5. An IVFNS A is called as zero — equivalent fuzzy number ifB€ Oand
denoted byo .

Definition 2.6. An IVFENS ,& is called as zero fuzzy numberﬂiﬁ[(o,o,0,0),(0,0,0,0)]
and denoted by
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3. L-R typeinterval valued fuzzy numbers
Definition 3.1. The L-R type interval valued fuzzy number is of them
AL =[(al.a;.01.0;5).(@ ,a; ,a) 03| wherea ;> a’ ,a; < &, alsoay,a;,a, ,a; 20

Definition 3.2. The Ranking forA of L-R type interval valued fuzzy number is define

byR(A, )= 2@ *2 *a +a,)+(a; +a;) = (ay *a)) (3.1)
: 8
Definition 3.3. [Arithmetic Operationson L-R type IVFNS]

LetA, =[(ar,a5,01,05). (&) & .y ,ay) Bl =[(b!,b5, B 8. (6 B, B, 3 then we
have

0] Addition:
A ® B,= [(al + b, ak + bk, of + By, ok +BY), (af +bY,aY +bY,of +p7,a¥ + )] (3.2)

(i) Subtraction:

Re BLR [(a} — b, ak — bk, ak + B, ak + BY), (af —bY,ay —bY,af + B, af +B;)] (3.3)
(i) Scalar Multiplication:
k;‘m [(kak, kas, kak, kak), (kaV, kd¥, ka?, kai)lifk = 0

k,ELR = [(kab, kak, kat, kak), (kd¥, ka¥, kal, kad)]ifk <0 (3.4)

Example 3.1. Let ,ZLR:[(4,5,2,2),(3,6,2,2)§LR = [(8,10,4,4),(6,12,4,4)] be L-R type
interval valued fuzzy numbers then,

R(Ay) = 4.5 and RBg) = 9 by (3.1)
A @ B, =[(12,15,6,6),(9,18,6,6)] by (3.2)
Az © Bi=1[(-6,3,6,6),(-9,0,6,6)] by (3.3)

R(A @ B_) =13.5and RA O B)=-4.5 by (3.1)
k A =[(8,10,4,4),(6,12,4,4)] andB, , = [(16,20,8,8),(12,24,8,8)] by (3.4)

3.1. Propertiesof L-R typelnterval valued fuzzy numbers
Property 3.1.1. R(ALR @ BLR) = R(A_R)+ R(BLR)

Property 3.1.2. R(ARG BLR) = R(AR) R(BLR)
Property 3.1.3. R(k ALR) = k(R(ALR))

3.2.5 distance function for L-R typeinterval valued fuzzy numbers
LetA, =[(a;,8;,0y,@;).(a] 8,4y, @;) B =[(0 .05, B, B,). (] 1 B, 35 ) then
we have, _
()  D(Ag,Bg)=rmax{|(al +a?) — (b} +bY) — (et + o) + (BE + pY)| +
|(a2 +a2)—(b2 +b )+(a2 +0—’2)_(ﬁ2 + B3 )l |(a1 +a¥)_(bL
b{) + |(a3 + af) — (b5 + b))} (5.1)
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(i)  D(Ag.0)=D(Ag) (5.2)
(i)  D(AR® Br)=D(Ag)+D(B) (5.3)
(iv)  D(kAg)=kD(AR) (5.4)
) D(Ag© By) # D(Ag)-D(By) (5.5)

Example 3.2.1. Let 'Zﬁ_R:[(4'5'2!2)'(3!612'2)§LR = [(8,10,4,4),(6,12,4,4)] be L-R type
interval valued fuzzy numbers then,
()  D(AR.0)=4.5andDB_) =9 by (5.2)

(i) D(Ag,Bg)=45by(.1)
(i) D(A.®By) =135 by (5.3)

3.3. A distancefunction for L-R typeinterval valued fuzzy numbers
A fuzzy project network is an acyclic digraph wheéhe vertices represents events and
the directed edges represents the activities fgeblfermed in a project.

Notations 3.3.1. The notations that will be used in the presentethats are as follows.
N: The set of all nodes in a project network.

A; ;- The activity between nodes i and |

FET;: The fuzzy activity time of A

FES: The earliest fuzzy time of node j.

FLF: The latest fuzzy time of node j.

FTF: The total floats fuzzy time of A

Algorithm for fuzzy critical activity 3.3.1

Let FES and FS be the earliest fuzzy event time, and the lategz§ event time for
event i, respectively Functions that define thdiestrstarting times, latest starting times
and floats in terms of fuzzy activity durations a@nvex, normal whose membership
functions are piecewise continues, hence the diemsuch as earliest fuzzy event time
FES, the latest fuzzy event timel§ and the floatdl; are also IVFNS for an event i
respectively.

Step 1: Identify fuzzy activities in a fuzzy project

Step2: Establish precedence relationship of all fuzzyivites; by applying fuzzy
ranking function of L-R type IVFNS

Step 3: Construct the fuzzy project network with IVFNSfagzy activity times.

Step 4: Let FES, be the earliest Fuzzy event time aricBfbe the latest fuzzy event time
for the initial event V; of the project network and assume that
FES, = FL.S,=0 Compute the earliest fuzzy event timéSF of the even¥; by using the
formula @S = maxieN:Hj{F’E’Si + Kl]} (61)

Step 5: Let FES, be the earliest fuzzy event time aridSkbe the latest fuzzy event time
for the terminal eventV, of the fuzzy project network and assume that
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FES, = FLS,. Compute the latest fuzzy event timeSFby using the following equation

FES = minieN{ FES]—K” } (62)
Step 6: compute the total floatTF;of each fuzzy activityd; by using the following
equation FFj= { FLS — FES —4;; } (6.3)

Hence we can obtain the earliest fuzzy event tiatest fuzzy event time, and the total
float of every fuzzy activity by using equationsl( (6.2) and (6.3).

Step 7: If FTF; = 0 then the activityd; is said to be a fuzzy critical activity. That is
activities with zero equivalent fuzzy total floatchthey are equal fuzzy numbers and are
always found on one or more fuzzy critical paths.

Step 8: The length of the longest fuzzy critical pathnfréhe start of the fuzzy project to
its finish is the minimum time required to complébe fuzzy project. This (or these)
fuzzy project duration.

3.4. [llustration

Let us consider the following project network as:

V ={1,2,3,4,5,6}, the fuzzy activity time for each activity as shoin the table (3.4.1).
All the durations are in hours. Find the fuzzyicat path for the given network.

Figure3.4.1: A fuzzy project network

Activity A; Fuzzy activity times (Hours) FET;;
A Approximately 2 and 3 Hours
12 [(2,3,0,1), (2,3,1,2)]
A Approximately 2 and 4 Hours
13 [(3,3,1,3), (2,4,1,3)]
A Approximately between 3 and 4 Hours
1 [(3,4,1,1),(3,4,2,2)]
A Approximately between 2 and 4 Hours
24 [(2,4,0,1),(2,4,1,2)]
A Approximately between 4 and 5 Hours
25 [(4,5,2,3),(4,5,3,4)]
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A Approximately between 1 and 2 Hours
> [(1,2,0,0),(1,2,1,1)]
A Approximately between 7 and 12 Hours
% [(8,11,1,4),(7,12,1,4)]
A Approximately between 2 and 4 Hours
“ [(3,3,1,2),(2,4,1,2)]
A Approximately between 3 and 4 Hours
4 [(3,4,0,2),(3,4,1,3)]
A Approximately between 1 Hours
% [(1,1,0,1),(1,1,1,2)]
A34— A36 A45 A4—6 ASG
Duraton | [(1,20,0), | [(81L1,14), | [(33.1.2), [(34,0,2), [(1,.1,0,0),
(1,2,1,1) (7,14,1,4) (2,4,1,2) (3,4,1,3) (1,11,2)
Earliest (33.14), | [(33.14), [(4,7,0,2), [(4,7,0,2), [(7.10,1,4),
Start (2413)] | (2.4,.13)] (4,7,2,4)] (4,7,2,4)] (6,11,3,6)]
Earliest [(4513), | [(111427), | [(7.10,14), | [(7.11,04), | [(8.11,16),
Finish (36.24)] | (916,2,7)] (6,11,3,6)] | (7.113,7)] | (7.12,4,8)]
Latest Start| [(4,7,0,2), | [(1L1427), | [(7.10,1,4), | [(11,14,2,7), | [(11,14,2,7),
(47.249] | (9.16,26)] (6,113,6)] | (91627 | (9,16,2,7)]
Latest [(26,0.2), | [(066.8), [(4.7.35), [(7114,7), | 1(10,13,3.7),
Finish (26.3,5)] | (-3.968)] (2.95,7)] (5.13,5,8)] | (8,15,4.8)]
Total Float | [(-1,3,6,6), | [(-33.9.9), | [(0,6.7.8), [(0,7.6,7), [(0,6.7,8),
(-4,6,99)] | (-7,7.9,9)] (-39,10,11)] | (-2,9.9,10)] | (-3,9,10,11)]
Table 3.4.2: Fuzzy critical activity
FES; [(3.3.13).2.4.13)]
FLFj [(0.6.6.8).(-3,9.16.18)]
[(0,0,0,0),(0,0,0,0)]
[3:32.2.61.7.9.9)] 7 . [(11,14.2,7.0.162.7)]

fuzzy

critical

path.

The

hours.[(11,14,2,7),(9,16,2,6)].

fuzzy

82

project



D.Abirami and D.Stephen Dinagar

In addition, when we utilize the notion proposedstance Function’, we have

D(4y;) =7,D(A13) = 14,D(4;4) = 11,D(436) = 14.

From this, It is note that the fuzzy critical padH — 3 — 6,which is same as the critical
path of the previous one.

8. Conclusion

In this paper a ranking function for L-R type intalr valued fuzzy numbers to fuzzy
critical analysis are introduced. Also it is im@ort to note that a relevant numerical
illustration was utilized to justify the proposedtions. The project characteristics like
earliest time, latest time and total float timeténms of L-R type interval valued fuzzy
numbers are calculated without converting the furatyire to classical nature.
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