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Abstract. This paper presents a method for finding criticahpwith Intuitionistic fuzzy
project network. Triangular Intuitionistic fuzzy mbers are used to represent activity
times in the project network and we propose anrdlgu for finding critical path. A
solution is also given to demonstrate our prop@ggatoach.
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1. Introduction

Critical Path Method (CPM) is one of the many netwechniques which is widely used
for planning, scheduling and controlling the prégecFirst of all it consists in the
identification of the so-called critical paths,twal activities and critical events in the
network , which is the project model , assumingehdiest possible completion time of
the whole project .There are many literatures dmvab research about the fuzzy CPM
theories and applications . Starting with the sdcpart of the 1970s [sec (Chanas and
Radosinski, 1976; Prade , 1979)] the other apprdacthe network project analysis,
usually called the fuzzy PERT method or the fuzBMC,has been developed,in which it
is suggested to use fuzzy numbers (sets) to mbdeldtivity times.

The main purpose of CPM is thus to identify critieativities on the critical
path. However, the vagueness of the time paramétetee problem has led to the
development of fuzzy CPM. The unknown problem timatld occur in practical situation
can be very well managed using this fuzzy CPM. @eaand Kamburowski [2]
introduced FPERT, they used fuzzy numbers to repteactivity durations in project
networks. Mon et al [9] , assumed the duration afheactivity as a positive fuzzy
numbers and using the— cut of each fuzzy duration they exploited adineombination
of the duration bounds to represent the operatina bf each activity and to determine
the critical critical activities and paths by udettee traditional (crisp) PERT technique .
However,based on the values different critical activities and paths arbtained.
Liberatore and Connelly [8], proposed a new stitafghward method for applying fuzzy

1



G. Sudha, R. Sophia Porchelvi and K. Gnanaselvi

logic to assess uncertainty in critical path aral@hanas and Zielinski [5], assumed that
the operation time of each activity can be reprieskas a crisp value, interval or a
fuzzy number and discussed the complexity of eiitig.

This paper is organized as follows. In Section @iae@lementary concepts and
definitions in intuitionistic fuzzy set theory. Aagorithm is presented in section 3. An
illustrative example to find the critical path igptained in section 4. The last section
draws some concluding remarks.

2. Preliminaries
In this section, some basic definitions used thhowug the paper are presented.

2.1. Fuzzy seﬂlZ] _
A fuzzy setA is defined byA ={(x 4, (x)): x O A 1, (x) O [0a]} . 1n the pair

(x, ,UA(X) ) the first element x belongs to the classicalfsethe second elemeni(x),
belongs to the interval [0, 1], called Membershimdtion. It can also be denoted by

A={u, ()1 x: xO A, (x) O[01]

2.2. Fuzzy number
The notion of fuzzy numbers was introduced by Dslidiand Prade.H (1980). A fuzzy

subset A of the real line R with membership functiéa - R - [OJ-] is called a fuzzy
number if

i. Aisnormal, i.e., there exists an elem&at] Asuch thatia (%) =1
ii. Aisfuzzy convex,

e, g2, (A, + (1= 2)%,) 2 1, (%) O, (%, )0(x,, %, ) 0 R& DA D] 03
iii. Ha s upper semi continuous
iv. Supp A is bounded where Suﬁb: {XD R: 'UA(X) > 0}

2.3. Triangular fuzzy number

A triangular fuzzy numbel® is a fuzzy number fully specified by 3-tuplé&}1, azag)
such that a< & < &, with membership function defined as

X—&
aQ-q
a, — X
a; ~q,
0, otherwise

Jifa, < x<a,

Uz (X) = Jifa, < x<a,

This is represented diagrammatically as
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Figure 1: Triangular fuzzy number

2.4. Intuitionistic fuzzy set (IFS)
Let X be the universe of discourse, then an irdnisitic fuzzy set A in X is given by

A:{X,,uA(X),yA(X)/XD X}where hR(X): X 5[0,1]andya (X): X -[0,1]
determine the degree of membership and non menipecghthe element x[X,
respectively and for evew/] X ,0 < ,uA(x)+ yA(x) <l

2.5. intuitionistic fuzzy number (IFN)

Let A={(x 2, (x) ya (x))/ xO X} be an IFS, then we call the pa('ﬂjA(X)’ ya(x) an
intuitionistic fuzzy number. We denote an intuifgtit fuzzy number by

((a,b,c),(l,m,n))’ where @b, ) OF(1).(,mmOF()1 =[0l]0<c+ns<1.

2.6. Triangular intuitionistic fuzzy number (TIFN) and itsarithmetic
A TIFN ‘A’ is given by A:{(,UA,yA)/XD R},Where U and y, are triangular fuzzy

numbers withy, < ,uAC . So a triangular intuitionistic fuzzy number Agiven by
A= ((a, b,c),(e, f g}) with <e, f, g> < <a, b, C>c i.e., either & band > cor
f <aand < b are membership and non-membership fuzzy nunaieks
An intuitionistic fuzzy numbe((a,b,c),(e, f, g>) with e> band £ ¢ is shown
in the following figure:

5]

o
]
[

a.r fc.D =y

Figure2: Triangular Intuitionstic fuzzy number
Addition
For two triangular Intuitionistic fuzzy numbers

A= ((a.b.c): (e, F,.9,) ,) and B=((a,.b,,¢,): 5. (0, ,,0,): Vs
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with i, # Uy andy, # yg, define A+B =
(<a1 +a,,b, +b,,c +Cz>: Min(ﬂA!ﬂB)!(% +e,, f+ 1,0+ gz>: MaX(VA!yB))

Subtraction

A-B =

(<a1 _a2’b1 _bZ’Cl _C2> : Min(IUAuUB)’<el -6, fl - fz’ g, - gz>: Max(yA’yB))
where @, &, &, by, b and B are any real numbers.

2.7. Forward pass calculations
Forward Pass Calculations are employed to calcthatdriangular Intuitionistic
fuzzy earliest starting time TrIFEST] in the prdjeetwork

TrIFEST, = Max {TrIFEST, OTrIFt, } , i=number of preceding nodes.

Triangular Intuitionistic Fuzzy earliest finishiigne TrIFEFT] in the project
networkTrIFEFT = TrIFEST [ Fuzzy activity time

2.8. Backward pass calculations
Backward Pass Calculations are employed to caketitet Triangular Intuitionistic fuzzy

latest finishing timel rTIFLF T, in the project network
TrIFLFT, = Min {TrIFLFT,©TrIF{ }, j = number of succeeding nodes Triangular

Intuitionistic Latest starting tim@ rIFLST =TrIFLFTOFuzzy activity time.

2.9. Triangular intuitionistic fuzzy total float (TrIFTF)
TrIFTF;= TrIFLFT;® TrIFEST® TriFt;

2.10. Ranking function

A ranking function® : F(R) - R ,where F(R) (a set of all fuzzy numbers definadset
of

real numbers) , maps each fuzzy number into aofd&(R) .

LetAand b  be two fuzzy numbers in F(R) , then
(i)azmgifand only if R(Q) = :’R(B)

(i3 > b if and only if R(3) >R(b )
(iii) @ =2 b if and only if R(3) =R(D )

2.11. Method of magnitude
Let A = ((I,mn),(p,q,r))be a THFN , then
MagnitudeA) = 1—52[(m+ q)+n+r)] +%[I + p]

3. Intuitionistic fuzzy critical path method

3.1. Notation

N :{1,2,3,...n}, the set of all the nodes in a @rjnetwork.
TrIFEST; : Triangular Intuitionistic fuzzy earliest stargitime of |
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TrIFLFT; : Triangular Intuitionistic fuzzy latest finishirtgne of j

TrIFTF; : Triangular Intuitionistic fuzzy total fioattie of activity i -]

TrIFt; : Triangular Intuitionistic fuzzy activity timefmodes i and |

TrIECP : Triangular Intuitionistic fuzzy completigime of path

TrIFP(j) = The set of nodes connected to all predsor activites of node |
TrIFS(j) = The set of all nodes connected to aticessor activites of node j.

3.2. Procedurefor finding thecritical path using TrIFN

Step 1: Calculate TrIFEST = Max {TrIFEST TriFt; / iDTrIFP(), j#1, j ON;}
andTrIFEST= TrIFLFT,= 0

Step 2: Calculate TrIFLFT= Min {TrIFLFT;® TrIFt; /jLITrIFS(), j #n, j TN}
andTrIFLFT,= TrIFEST,

Step 3: Calculate TrIFTE =(TrIFLFT;@TrIFEST; ® TrIFt; ;i, j LIN;}
Step 4: Find all the possible paths and calculate TrIFCR pmoject network

Step 5:Find the ranking value of TrIFCPRJR = 1,2,3,4,5 and compute the critical
path.

4. Numerical examples
Figure 1 shows the network representation of ayfyzaject network.

0T 0
0
\

Figure 1
Table 1.
Activity TrIFP; Intuitionistic Fuzzy Activity Time
P2 ((234)(567)
Pt T3 (134).(456)
P 14 (138) (467)
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(346)(578)
(245.(678)
Ps 35 ((368).( 7013)
(148} (567)

The computational procedures are as follows:

Step 1: To calculate the Triangular Intuitionistic FuzZgrliest Starting Time:
Set TAFEST= (( 000),( 000))and
Calculate TrIFEST] = 2,3,4,5 ,by using definition (2.7)
THFEST= ((234),(56.7))

TriFEST = ((5710),(101315))
TrFEST= ((135),(467))
and TrIFEST ((81318),(17,2226))

Step 2: To calculate the Triangular IntuitionisticFuzzgitest Finishing Time:
Setby using definition (2.8)

THFLFTs = ((81318),(172226))  TriFLFT, = (( 7913,(121619))
THFLFE = ((5710),(101315));  TrFLFT, = (( 234),(567))
THFLFT = ((000),(000))

Step 3: To calculate the Triangular Intuitionistic Fuznyal float:

Calculate TrIFTjFwith respect to each activity by using
TrIFTF;= TrIFLF,® TrIFESTO TriFt;

THFTF,= ((000),(000)) THFTF.,= (( 446),(699))
THFTFw= ((668),(81012)) TrIFTF;= ((000),(000))
THFTF,s= (( 469),( 6911) THFTF:= ((000),(000))
THFTF.= ((668),(81012))

Step 4 :Find all the possible and calculate TrIFCP is@gzt network.
P={(1,2,5),(1,2,3,5),(1,3,5),(1,4,5)}

THFCP(R) = THFTF, 0 TrIFTR, = ((469),( 6911)
THFCP(R) = THFTF, 0 THIFTRs0 TrFTFss = ((000),(000))
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THFCP(R) = TrIFTFRs 0 TriFTFs= ((446),(699))
THFCP(R) = THFTR, O TrIFTF,s = ((121216),(162024))

Step 5: To obtain the critical path using Ranking proced{2.11)
R(P) =154 ;R =0;R(R) =125 ;R(R) =32.3

Since R(R) <R(R) < R(R) < R(R)

Intuitionistic fuzzy critical path &5 1-2-3-5.

5. Conclusion

In this paper, a simple approach is provided td ftre triangular intuitionistic fuzzy total
duration times and the critical path when the dgtitimes are triangular intuitionistic
fuzzy numbers. Ranking techniques can be implerdent¢éhe above form of project for
getting better approximation. Intuitionistic fuzzgnodels are more effective in
determining the critical path in a real projectwiat

10.

REFERENCES

L.S.Chen and C.H.Cheng, Selecting IS personnelgusinking fuzzy number by
metric distance method&uropean Journal of Operations Researt0 (3) (2005)
803-820.

S.Chanas and J.Kamburowski, The use of fuzzy vasal PERTFuzzy Sets and
Systems5 (1981) 11-19.

T.N.Chuang and J.Y.Kung, The fuzzy shortest patigtle and the corresponding
shortest pathin a networkomputers and Operations Resear8(6) (2005) 1409-
1428.

S.Chanas and E.Radosinski, A model of activity grenfince time in the light of
fuzzy sets theoryRroblemyorganizacji2 (1976) 68-76 (in polish)

S.Chanas and P.Zielinski, The computational conitylex the criticality problems
in a network with interval activity time&uropean Journal of Operations Resegrch
136 (2002) 541-550.

P.K.De and A.Bhinchar, A Fuzzy Critical Path Anddydy Ranking Method,
Research India Publicationg (1) (2012) 25 — 34.

M.J.Liberatore and J.F.Connelly, Applying fuzzy iogo critical path analysis .In
Management of Energy and Technology, Portlemernational Conferencd (2001)
419-419.

D.L.Mon, C,H.Cheng and H.C.Lu, Application of fuzaistribution on project
managementuzzy Sets and Systei#®(1995) 227-234.

A.NagoorGani and M.Mohamed Jabarulla, on searchihgtionistic fuzz shortest
path in a networkApplied Mathematics Sciendgd (2010) 3447 -3454.

R.SophiaPorchelvi and G.Sudha, Intuitionistic fuzaajtical path in a network,
Proceedings of International conference on Mathemlatlethods and Computation
(2014).



G. Sudha, R. Sophia Porchelvi and K. Gnanaselvi

11. R.Sophia Porchelvi and G.Sudha, A new approacHfifioing miniumum path in
anetwork using triangular intuitionistic fuzzy nuerb International Journal of
Current Researcghs(8) (2014) 8103- 81089.

12, A.zadeh,,Fuzzy setépformat and Contrql8 (1965) 338 — 353.



