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Abstract

In this paper, a new fuzzy linear programming model is proposed to find fuzzy critical path and fuzzy
completion time of a fuzzy project. All the activities in the project network are represented by trapezoidal
Intuitionistic fuzzy numbers(TFI). A new representation of trapezoidal Intuitionistic fuzzy number is introduced
to reduce the constraints in the fuzzy linear programming model. Further, an example is illustrated which
shows the advantages of using the proposed representation over the existing representation of trapezoidal
Intuitionistic fuzzy number and will present with great clarity the proposed technique and illustrate its
application for fuzzy critical path of the project network problems.
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I.  Introduction and Literature review

The Critical Path Method is a network-based method designed for scheduling and managing complex
projects in real-world applications. By identifying the critical path, decision makers can manage project time
and improve resource allocation to ensure project quality. However, in some cases, projects may be too complex
to manage, and activity times may not be offered in a specific manner. To deal with this vagueness, fuzzy set
theory can be employed, which allows for the representation of activity times using fuzzy sets.Fuzzy sets were
proposed by Zadeh in 1965 and have played an important role in solving management problems. The concept of
intuitionistic fuzzy sets was introduced by Atanassov in 1986, and Deng-Feng Li defined arithmetic operations
of Trapezoidal Institute Fuzzy Numbers (TIFN) using membership and non-membership values. Basic
arithmetic operations of TIFNSs, such as addition, subtraction, and multiplication, were defined by S. Mahapatra
and T.K. Roy in 2009. L. Shen et al. (2010) defined ordering methods based on probabilities and hesitations,
while Deng-Feng-Li (2010) developed the ratio ranking method of TIFN. A.Nagoorgani and K.Ponnalagu
(2012) defined ordering of TIFNs using integral value by considering six tuple TIFNs. X.F. Wang (2008)
defined the scoring function of a fuzzy number intuitionistic fuzzy value.Fuzzy set theory has been widely used
to capture vagueness in decision-making problems. Lei Yang et al. (2008) proposed a normalization technique
for ascertaining non-membership functions of IFS. The fuzzy shortest path problem is an extension of fuzzy
numbers and has many real-life applications in the field of communication, robotics, scheduling, and
transportation. Lisy Cherian and Sunny Kuriakose (2009) proposed an IFLPP with a non-membership function.
R. Sophia et al. (2014) modified the approach on the shortest path in an intuitionistic fuzzy environment. Wang
CY, Chen SM (2017) proposed a multiple attribute decision-making based on interval-valued intuitionistic
fuzzy sets, linear programming methodology, and the extended TOPSIS method. Nasseri SH, Goli M, Bavandi
S. (2018) discussed an approach for solving linear programming problems with intuitionistic fuzzy objective
coefficients. Afzali A, Rafsanjani MK, Saeid AB (2016) proposed a fuzzy multi-objective linear programming
model based on interval-valued intuitionistic fuzzy sets for supplier selection. Wan, S.P. et al. (2015) proposed
an intuitionistic fuzzy linear programming method for logistics outsourcing provider selection.In section 2 of the
document, basic definitions such as arithmetic operations of intuitionistic fuzzy sets and intuitionistic numbers
are discussed. The representation of Trapezoidal Intuitionistic Fuzzy Numbers and the new Representation of
Trapezoidal Intuitionistic Fuzzy Numbers are also discussed. In section 3, crisp linear programming formulation
of crisp critical path and fuzzy critical path problems are presented. Section 4 describes a method to find the
fuzzy critical path and fuzzy completion time of a fuzzy project network using Trapezoidal Intuitionistic Fuzzy
Numbers. Section 5 and Section 6 present numerical illustrations for regular and new representations of
Trapezoidal Intuitionistic Fuzzy Numbers, respectively. Finally, a comparative study of existing models and the
proposed model is presented in Section 7.
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Il.  Preliminaries
In this section some basic definitions related to Intuitionistic Fuzzy set and Intuitionistic numbers are revived

Basic Definitions
This section deals various basic definitions(Nehi, H.M 2010) are discussed
Definition 1 : Fuzzy set

Let X be the universal set and the membership function, non membership functions defined on X by
pi X —)[0,1] Vi X —>[0,1] .Degree of membership function and non membership functions are

HA(X) , VA(X) which always satisfies the condition HA(X)"‘VA(X)S]- VX e X then the set
A= {X,MA(X),VA(X)/XEX} is an IFS.

Definition 2 : oo —cut

An Intuitionistic fuzzy set (IFS) A anda e [0,1], then the set

'Eh = {XGX/HA(X)Z(X,VA(X)S(:L—OL)/XGX} is said to be oL —cut of A

Definition 3 : Intuitionistic fuzzy normal

An Intuitionist fuzzy set (IFS) Aa is Intuitionist fuzzy normal if there

Exist points Xy, X, € X such thatpz (X, ) =1,vz (% )=1.

Definition 4 : Intuitionistic fuzzy convex

An Intuitionist fuzzy set (IFS) A= {(X,HA,VA,X e X)} is Intuitionist fuzzy convex if there exist points

Xp, X € X, Ae [O,l] such that

Ma (WX +(1-2) %) 2 g (%) Ara (%)

Vi (A% +(1=21) % ) 2 Vg (%) AVA(%)
Definition 5 : Intuitionist fuzzy number

An Intuitionist fuzzy set (IFS) A = {(X,HA(X),VA(X))/XEX} is Intuitionist fuzzy number if

0] A s Intuitionistic fuzzy normal
(i) A is Intuitionistic fuzzy convex
(iii) wz,Va (x) are upper and lower semi continuous, the set A = {XEX/VA(X)<1} is bounded

Representation Trapezoidal of Intuitionistic fuzzy number
In this section different novel representations of Trapezoidal Intuitionistic fuzzy numbers are presented.
Existing Representation Trapezoidal of Intuitionistic fuzzy number(TIF)

Trapezoidal intuitionistic fuzzy number represented A = (bl a1,by,a5,83,b3,8,, b4)

Definition 6: Generalized Trapezoidal(TIF) Intuitionist fuzzy number

A trapezoidal intuitionistic fuzzy number with parametersly <& <b, <a, <ag <by<a, <b, is defined
as the membership and non membership functions as

0 X<q, 0 x<b,
4 g << L
az_ai ai— 2 bz_hl bl— 2
yA(x): 1 3,<x<a, Vl\(x): 1 b, <x<b,
4 << K cxet
ag_aA aﬁ_ 4 bg—bA b3_ 4
0 8, <X 0 b, <X

In the above definition if b <& < (b2 =ap =ag = b3) <ay <b, then the trapezoidal(TIF) become
Triangular(TrIF) Intuitionist fuzzy number is denoted by A= (bl, ay,b,,ay, b4)
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Definition 7: New representation of Trapezoidal Intuitionist fuzzy number (TIF)

New representation of trapezoidal intuitionistic fuzzy number (X, y,a, 3, X, y',a',ﬂ') where
x=b,y=b,,a=a-b,8=b,-a,X=a,-b,,y=a,-a,,0'=3,—-a;, ' =b,— 3,
0 t<y 0 t<x
t-y t-
— y<t<p —  X<tka
B-y a-X
'UA(X): 1 pt<x VA(X): 1 ast<y
-a t_ ' ] '
LS B yacp
X-d y-
0 a'<t 0 f <t

Arithmetic operations between TIF numbers
Let R be the universal set of real numbers the arithmetic operation between TIF numbers are  presented.

TIF numbers addition
Two TIF A= (I, aq, by, 87, a3, b3, 84,04 : Wy, Wy ) and
B =(b{,a{,b5,a5,a3,bs, a4, bj :wj, w5 ) defined on universal set R then

i@ B :[b1+bl’,a1+ai,b2 +h%,a, +ay,ag +aj,by + 03,8, +ay,by +byj; max{wl,wz,wi,w’z}}
0<w,W,,w,wp <1

TIF numbers multiplication

Two TIF A=(by, a1,by, 8y, 83,b3, 84,04 : Wy, Wy ) and

B =(b{,a{,b5,a5,a3,bj, a4, ) : Wi, wh ) defined on universal set R then
A® B = (b, aaq, byb), aya), azag, babs, azay, by bj; 0 < wyw,wiws <1)

TIF numbers multiplied by constant A
Two TIFA= (bl, aq,by,a5,a83,b3,a4,b, : vvl,wz)and defined on universal set R then

AA = Moy, Aaq, Aby, Aap, hag, Az, hay, Aby, 0 < w;, w, <1,1.>0)

The Ranking Functions for Trapezoidal intuitionistic fuzzy numbers
The Ranking Function for trapezoidal intuitionistic fuzzy number A:(bl,al,bz,az,as,bs,a4,b4)using
membership function and non -membership is
R(A) :(ai +b, +2(a, +b;)+5(a +b2)+(a4+b4)J£4W1 +5W2j
18 18

The Ranking Function  for trapezoidal intuitionistic fuzzy number (X, y,a, B, X, y',a',ﬂ') where

x=b,y=b,a=a-b,f=b,-a,xX'=a,-b,,y'=a;-a,,a'=a,-a;,f/'=b,—a,
representation of Trapezoidal intuitionistic fuzzy number using membership function and non -membership is
N X+Yy+a+ "+a')-(X'+y
R(A)= y B, (B+a)=(X+Y)
4 8
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Figure 1:Trapezoidal Intuitionistic fuzzy number

I11. Linear Programming Formulation of Crisp Critical Path and Fuzzy Critical Path

Problems

The Crisp Critical Path Method (CPM) is a widely used technique in project management to determine
the critical path of a project, which is the sequence of activities that must be completed on time to ensure that
the project is completed within the specified time frame. The CPM method involves constructing a network
diagram of the project activities, identifying their durations, and determining the critical path using forward and
backward pass calculations.The critical path of a project is the longest path through the network and determines
the minimum amount of time required to complete the project. The Linear Programming (LP) formulation of the
Crisp CPM problem involves defining a set of decision variables and constraints that reflect the network
structure and the project requirements.Let the project network be represented by a directed acyclic graph (DAG)
G = (V, E), where V is the set of vertices or nodes representing the activities, and E is the set of edges
representing the precedence relationships between the activities. Let Ti be the duration of activity i, and let Xi
be a binary decision variable that takes the value 1 if activity i is included in the critical path, and O
otherwise. The LP formulation of the Crisp CPM problem can be expressed as follows:
Minimize

z=YTX,

Subject to:
Xi+Xj>1, forall (i,j) € E Xi € {0, 1}, foralli € V

The objective function minimizes the total duration of the project, which is the sum of the durations of
the activities included in the critical path. The first set of constraints ensures that each activity is included in the
critical path if and only if all of its predecessors are also included. The second set of constraints enforces the
binary nature of the decision variables.

Linear Formulation of Fuzzy Critical Path Problems:

The Fuzzy CPM method extends the Crisp CPM method by allowing for imprecise activity durations
and precedence relationships. In the Fuzzy CPM approach, each activity is described by a fuzzy number that
represents its duration, and each precedence relationship is described by a fuzzy logic relationship that reflects
the degree of certainty or uncertainty about the relationship.

The LP formulation of the Fuzzy CPM problem is similar to that of the Crisp CPM problem, but with
the addition of fuzzy variables that reflect the uncertainty in the activity durations and precedence relationships.
Let Di be a fuzzy number that represents the duration of activity i, and let Rij be a fuzzy logic relationship that
reflects the degree of certainty or uncertainty about the precedence relationship between activities i and j.

The LP formulation of the Fuzzy CPM problem can be expressed as follows:

Minimize Z = ) DiXi

Subject to:

Xi + Xj > Rij, for all (i, j) € E Xi € {0, 1}, foralli € V

The objective function minimizes the total duration of the project, which is the sum of the durations of
the activities included in the critical path. The first set of constraints ensures that each activity is included in the
critical path if and only if the degree of certainty or uncertainty about its predecessors is satisfied. The second
set of constraints enforces the binary nature of the decision variables.

The fuzzy LP formulation of the CPM problem can be solved using standard LP techniques, such as the
simplex method. The resulting solution provides a fuzzy critical path that reflects the degree of uncertainty
about the project schedule.
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Linear Programming of Crisp Critical Path Problems

The linear programming model discussed in the book written by Taha(2003) is reviewed in this section.
Consider a project network G=(V,E,T) consisting of a finite set V={1,2,...,n} of n nodes and E is the

set of activities (i,j) , T is a function from E to R and t; € R is the time period of activity (i,j). The Linear

Programming formulation of Crisp Critical Path Problem is defined as follows:

Maximize Ztijxij

(i.j)eE
subject to the constraints

DXy = D X, i#Lk=n,

(i.)<E (1.k)<E
inn =1, x; isanon-negative real number V(i, j) e E.
(i.meE

Linear Programming Formulation of Fuzzy Critical Path Problems

Suppose t; and X; V(i,]) € E are vague and are represented by fuzzy numbers t; and Y(ij,
V(i, J) € E respectively. Then the Fuzzy Critical Path Problems may be formulated into the following fuzzy
linear programming problem:

Maximize Z-fu ®X;
(i.))eE
subject to

ZT(H:I,

(i.))eE

D Xi= D> Xy, i#zLk=n,
(i.j)eE (J.k)<E

> X, =1,(1=@111),
(i:n)eA
X;; is a non-negative real number (i, j) € E.

IV. Method to find fuzzy critical path and fuzzy completion time of a
fuzzy project
The steps of the approach are as follows( Kumar , A and Kaur P (2010))

Step 1: Represent all the parameters of linear programming formulation of Fuzzy Critical Path problems by a
particular type of trapezoidal intuitionistic fuzzy number and formulate the given problem, as proposed in the
section 3.2.

Step 2: Convert the fuzzy objective function and fuzzy constraints into the crisp objective function form by its
ranking function.

Step 3: Find the critical path and completion fuzzy time for the obtained crisp linear Programming problem by
using Tora software.

Step 4: Convert crisp solution to fuzzy solution using solution obtained from Step 3.

Step 5: Find the critical path and corresponding maximum total completion time in fuzzy sense from Step4.
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Proposed method with (b,a,,b,,a,,a,,b,,a,,b,) representation of Trapezoidal intuitionistic fuzzy

number
If all the parameters of linear programming formulation of Fuzzy Critical Path problems are

represented by (bl, a,b,,a,,a,,b;, a4,b4) type Trapezoidal intuitionistic fuzzy number
then the steps of the proposed method are as follows:

Stepl: Suppose all the parameters t, and X; are represented by (b,a,,b,,a,,a,,b;,a,,b,) type

ij
Trapezoidal intuitionistic fuzzy number and (Xij, Yir Zis Vi Xi'j , yi'j , Zi’j , ]/Ij) respectively then the Linear
Programming formulation of Fuzzy Critical Path problems, proposed in the section 3.2., this can written as:
Maximize " (t;,t%,t" ", 1t D) © (% Vi 2y 74 X5 Vi 250 75)

(i.J)eE
subject to

Z (Xu »Yijr L N Xl!j’ yl!j’zl,j’yllj) =1111111)

(i.])<E
Z (% Yigs Zip Vigs Xij» Vi Zips Vi) = Z Xiir Yies Zio ¥ s Xis Yo Zjo Vi)s 1 2L K=,
(i.))<E (j.K)<E
Z (Xin’ yin’ Zin'yin’ Xi’n! yi’n’ Zi'nl}/i’n) = (111!1!1!1111111) '
(i.n)eE
(Xivs Yin» Zins Vins Xis Yoo s Z0, 70 ) is @ non-negative trapezoidal fuzzy number V(i, j) € E.

Step2: The fuzzy linear programming of Fuzzy Critical Path problems may be written as:

Maximize m|: z (tij ’tlij ’t“ij ’t mij ltlvij )tvij 1tVIij ltV”ij) ® (Xij ) yij ) Zij ) 7/ij ' Xi’j ) y|,J ) Zi’j ) }/6)
(i.j)eE
subject to the constraints

Z (X1j Yajr Zjr Do Xilj’ yl,j’zl,j’yl’j) =(1111117)

(i.])<E
Z (Xij1 yij’zij:Vij’Xi’ja yi,j’zi,j’yi'j) = Z (Xjk’ Yicr Ziko Vi X;k’ y;k’ Z;k’y;k)! i#Lk=n,
(i,))eE (j.k)eE
Z (Xin1 yin’ Zin’%n’ Xi'n1 yi'n1 Zi,n']/i,n) = (111’1’1’1'111’1) !
(i.n)eE
(Xivs Yin» Zins Vins Xins Yoo s Z1, 74 ) is @ non-negative trapezoidal fuzzy number V(i, j) € E.

Now, the linear programming problem becomes :

Maximize R Z (b U U 0 O U L T ) ® (X, Yy 2y 7 X0 Vi Zi» yi}):|
(i,j)<E
subject to the constraints

DX =1 > yy=l >z =1 o=l DX =1 Y oy=l Y g =1,

(- <€ i eE i 1)<E i DeE (i DeE i eE i 1)<E
> oni=1 , D= DL Xy, i#ELk=n, D Vi= D Yo i#lLk#n,
PG ))<E it(i, J)eE i:(GK)eE (i, ))eE (G K)<E
zi= Y. Zy,i#zLk=En D pi= Dy, i#Lk=n,
i-(i.J)eE i(iK)<E (i, ))eE i(K)eE
! ! M ! ! H
doxi= D Xy, i#ELk=n, D yi= D ¥, i=Lk=n,
it(i, J)E i:(GK)<E (i, ))eE (G K)<E
! ! M ! ! H
Y ozi= D i, i=lk=n D yi= >y izlLk=n,
i-(i.J)eE i(iR)<eE (i, ))eE i(K)eE
S %=1 Y yu=1, Y z,=1 3 5 =1,
i:(i,n)eE i(i,n)eE it(i,n)eE i2(i,m<E
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Z Xi’nzl’ z yi'n:]" Z Zi'n :1’ Z 7|’n :l

i:(i,n)eE i:(i,n)eE i:(i,n)eE i:(i,n)eE

Yi =% 20,2 =¥y 20,75 =23 20,%5 =7 20,y —%; 20,25 — 5 20,7 -7 20
Xio Vi Zy Vi X0 Vi Zio 7 V(L)) € E.

Step 3:Find the solution X;, Y. Zy, 7% X Yij» Zj. % Yy by solving the Crisp Linear Programming
problem, which is obtained in Step2.

Step 4: Find the fuzzy solution iij by putting the values of X, Yy, Z;. %, X Vi Zj. 75 in iij =
(%+ Yij» Zi» V0 %5 Vi » iy v ) and also calculate  the maximum total completion fuzzy time by putting the
values of X, in > t; ®X,

(i.j)eE
Step 5: Find the fuzzy critical path by combining all the activities (i, j) such that X. =(1,1,1,1,1,111).

Another Proposed method with (X, y,a, 3, X, y',a',/i") representation of Trapezoidal intuitionistic

fuzzy number
If all the parameters of linear programming formulation of Fuzzy Critical Path problems are represented by

(b,b,,a,—b,b,—a,a,-b,,a,-a,,a, —a,,b,—a,) type Trapezoidal intuitionistic fuzzy number
where (x,y,a,8,X,y,a', ') where
x=b,y=b,,a=a-b,p=b,—-a,x=a,-b,,y=a,-a,,a' =a,-a,, =b,-a,)

then the steps of the proposed method are as follows:

Stepl: Suppose all the parameters t and X are represented by (t.,t". ,t"

Trapezoidal intuitionistic fuzzy number k and (XIJ Yir @ By X5 Vi O ;) respectively then the Linear
Programming formulation of Fuzzy Critical Path problems, proposed in the section 3.2., this can written as:

ij ! |J ' E 1t I"ij lt ij 1tV|J ltVI” 1tV“|J ) type

Maximize Z (6 U 1t ’tivij A ’tViij’tViiij) @ (X Vi s By X Vi @i )
(i.J)eE
subject to
z (X1J ! ylj’alj’ﬂlj ! XZ[J ' y]tj’a]rﬂﬂllj) = (1a110101010,0)

(L j)eE

Z (Xijvyijaaui ij? |szi3,ai;aﬁi;): z (Xjk,yjk,ajk, jk,X;k,y}k,a;k,ﬁ;k), |¢1,k¢n,
(i.))eE (i.))eE

2 (s Yins s By X Vi iy B) =(1.1,0,0,0,0,0,0),

(i,n)eE

(%5 Yiis %ijs By » ” y”,a“,ﬂu) is a non-negative trapezoidal fuzzy number V(i, j) € E.

Step2: The fuzzy linear programmmg of Fuzzy Critical Path problems may be wrltten as:

Maximize R z (t " tlvu’tvlj’ VIIJ’ V“Ij)®(x|] yu’au’ ij? IJ ylj’alj’ﬂi})
(i.J)eE

subject to the constraints

Z (%o Yajr @, By X050 Yo 450 A7) = (01,0,0,0,0,0)

(1L ))eE

Z (XU ylj’alj’ ij? Ij ylj’alj’ﬁlj)_ Z (Xjk’yjk’ajk’ jk’X;k’y}k’a;k7ﬁ}k)’ iilvkin’

(i.J)eE (i.J)eE

z (Xin’yin’ain' in? |n'yi'n’ai’n'ﬁi;1)=(1!110a0101010,0),

(i.n)<E

ij 1 u’ IJ’ ij?
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(s Yii» @ By X5 Vi » &5 ;) 1s @ non-negative trapezoidal fuzzy number V(i, j) € E.

Now, the crisp linear programming problem becomes :
Maximize % > (t;, ', "t 1 0 Tt ) ® (X, Yy s By X0 Vi B7)

(i,j)eE
subject to the constraints

2o %=l D yy=l. 3 ay=0. > B;=0. > x;=0. > y;=0,

(i,j)eE ji(i,))eE j:(i,j)eE j:(i, j)eE (i, j)eE i, j)eE
D, ;=0 : > B,=0 , D X= D, Xy, i=Lk=n,
(i, j)eE j:(i,j))eE ii(i, j)eE j:(j.k)<E
D yi= Y Yo i=lk=n,
i:(i, j)eE ii(j,k)eE
Z aij: Z ajkl |¢11k¢n1 Z ﬂuz Z ﬂjk’ Iil,kin,
ix(i, j)eE j:(j.k)eE ix(i, j)eE ji(j.k)eE
D ox= > X iElk=n, > oyi= >y, iwlken,
ix(i, j)eE J(ik)eE ix(i, j)eE ji(j.k)eE
af= D, izLk=n, > pi= > B, izlLk=n,
ix(i, j)eE j:(j.k)eE ix(i, j)eE ji(j.k)eE
z Xin=1’ Z yin=1’ Z ainzo’ Z ﬂinzo’
i:(i,n)eE i:(i,n)eE i:(i,n)eE i:(i,n)eE
’ ’ ’ ’
Z Xin=0' Z yin=0’ Z ainzo’ Z ﬂin=o
i:(i,n)eE i:(i,n)eE ix(i,n)eE i(i,n)eE

Vi =% 20,0 -Y; 20,8, —c; 20, = 3;20,y; =%, 20,4 —¥; 20, B —; 20

’ U

Xis Vi & By %0 Vi By V(0 ) € E.

Step 3:Find the solution X, Y, &; ,,Bij, Xi'j , yi'j , ai; ,BI; by solving the Crisp Linear Programming problem,
which is obtained in Step2.

Step 4: Find the fuzzy solution iij by putting the values of X, Yy, ;. By, X, Vi, o, B in
X =0 Vi &0 By ” i ai} ,,Bijf)and also calculate the maximum total completion fuzzy time by putting
the values of X;; in Z t, ®X; .

(i,j)eE
Step 5: Find the fuzzy critical path by combining all the activities (i, j) such that )”(ij =(1,10,0,0,0,0,0) .

V.  Numarical Example for Trapezoidal intuitionistic fuzzy number
The problem is to find the fuzzy critical path and maximum total completion fuzzy time of the project
network, shown in Fig.2, in which the fuzzy time duration of each activity is represented by the following

(a,b,c,d) type trapezoidal intuitionistic fuzzy numbers.
f,=(1,2233444),f,=(12333468),f, =(1,2333557).f, =(12224,55,7)

£, =(11122357),%,=(12233355) f, =(12334,4,57),{,=(11234,57,8),
£, =(12,2,3,3,5,6,8) and f,; =(1,2,3,3,4,5,6,9)
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Ovﬂ
&)

Figure 2:Project Network

Fuzzy optimal solution using (b,,a,,b,,a,,a;,b,,8,,b,) representation of Trapezoidal intuitionistic

fuzzy number
Step-1
Maximize

(12.2.33,4,4,4)® (X, Yip: 2131 V10 Xz Vi 220 722) ©(1,2,3,3,3,4,6,8) ® (g, Yig Zig1 713 Xy Vi L 743) @
(1,2,3,3,3,5,5,7) ® (X5, Yis: 15 V151 X5 Yis Zis» 715) D(12,2,2,4,5,5,7 ) ® (Xous Yous Zoas Vo Xaas Your Zoas Voa) @
(L11,2,2,3,5,7) @ (Xys, Vs Zass V251 Xass Yass Zoss V25) ©(1,2,2,3,3,3,5,5) @ (Xoy, Yaur Zag» Vaur Xaa» Yaar Zog» Vas)
®(1,2,3,3,4,4,5,7)® (Xag, Yags Zsgr Va1 Xagr Yags Zugr Vas) D (11,2,3,4,5,7,8) ® (X5, Vas: Zus: Vas» Xas: Yass Zass Vas)
©(1,2,2,3,3,5,6,8) ® (Xy, Ya: Zag: Vaor Xaor Yaor Zaor Vas) ©(1,2,3,3,4,5,6,9) ® (X5, Yegr Zsgr so1 Xeo» Yegr Zogr Veo)
Subject to the constrains:

(Xi2s Y2 12 V125 X1 Yizs Zigs Y12) © (Ko Yiss Zigs Y130 Xiss Yiss Ziss Y1)

D(Xys1 Yisr Zis» V151 X150 Yiss Zis» Vis) = (1,1,1,1,1,1,1,1)

(Xoas Yaur Zoar Vous Xour Yous Zoas V24) © (Xos, Yoss Zos, Vass Xas Yoss Zoss ¥25) = (Xizs Yias Zuos Y120 Xizs Y1as Zios 712)
(Xaas Yaar Zag Vaar Xaa» Yaar Zags Vaa) © (Xag Yag Zags Vas Xagr Yagr Zaor Vas) = (Xis Yias Zigs Yizs Xias Yias Zias V1a)
(Xass Yasr Zass Vasr Xis» Yasr Zags Vas) @ (Xags Yagr Zags Vaer Xasr Yass Zasr Vag)

= (Xou» Your Zoar Vaur Xoar Yaur Zoar Voa) © (Xags Yag Zaas Vagr Xaar Yaar Zaar Vas)

(Xis: Yiss Ziss V1 Xis» Yiss Ziss 715) © (Xoss Yoss Zoss Vas Xoss Yoss Zass V26) © (Xass Yass Zass Vass Xass Yasr Zass Vas)
= (Xs6+ Yo+ Zss+ Vo1 Xsg1 Yser Zssr Vss)

(X6 Yag: Zag Vass Xa6» Yagr Zaor Va5) D (Xags Yags Zags Vags Xao» Yaos Zags Vas) D (Xso: Yso1 Zso s Vssr Xeor Yaor Zeos Vs)
=(11111111)

Where (X2 Yi21 Zizs V12 X205 Y1z Zias V12 )s (Kazs Yags Ziss Yass Xias Yigs 23, 743)ELC.  are non  negative
Trapezoidal intuitionistic fuzzy number integers.

Step-2
Maximize

R{(1,2,2,3,3,4,4,4)® (X, Yizs 21, V10 Xio» Vi 200 ¥in) ©(1,2,3,3,3,4,6,8) ® (Xy3, Vi, s, Y150 Xiss Vi 213 1) @
(1,2,3,3,3,5,5,7) ® (X5, Yis: Zigs V150 Xiss Yis» Ziss 715) D(1,2,2,2,4,5,5,7) ® (Xog, Yaus Zoas Vaas Xous Yoar Zog V) @
(L1,1,2,2,3,5,7) @ (Xys, Vs Zas: Va5 Xass Yass Zoss V2s) ©(1,2,2,3,3,3,5,5) @ (Xyy, Vg Zag» Vaus Xaar Yaar Zog» Vas)
©(1,2,3,3,4,4,5,7) ® (Xs5, Y51 Zsgr V361 Xao» Yaor Zsgr Va6) D (11,2,3,4,5,7,8) ® (Xys, Vas Zus: Vass Xis» Yass Zass Vis)

©(1,2,2,3,3,5,6,8) ® (Xy5. Vg Zug: Vagr Xao» Yaor Zaor Vas) ©(1,.2,3,3,4,5,6,9) ® (X5, Ysgr Zsgr Vs51 Xeo» Yeor Zegr Vo) |
Subject to the constrains:

(Xi2s Y121 212+ V121 X121 Y12 21,217/1’2)@()(13’ Yiz1 Zi31 V13 Xils’ Y1’3’ Z1’317/1’3)
@(Xisi y15’ 215’715’ X1'5' le5' Z1’5’7/1'5) = (111’1’111’111’1)

’ ! ! ! ’ ! ! ! ’ ! ! !
(Xaas Yaur Zoas Vour Xoas Yaar Zoar Vaa) @ (Xoss Yass Zoss Vass Xass Vs 2o V25) = (Xias Yios Z1as Vags Xigs Y120 2125 ¥12)
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(Xaqs Yaas Zaas Vaar Xsa» Yaar Zags V2a) © (Xag, Yags Zas s Vass X6 Yaor Zaos 36) = (Xias Yags Zuas Vias Xz Yias Zias 713)
(Xass Yasr Zass Va5 Xis Yasr Zass Vias) @ (Xags Yags Zags Vae» Xar Yaes Zasr Vag)

= (X24, You1 2241 Vons X£4, y£4’ 2;4'7£4) ('D(stu Y341 2341 Vaa Xéw yézw 2:24’7:;4)

(Xis+ Yiss Ziss V1 Xiss Yiss Ziss 715) © (Xos, Yas: Zos s Vass Xoss Vs Zass ¥5) © (Xag, Yas Zass Vass Xasr Yasr Ziss Vas)
= (X5 Ys6+ Zsg» V56 Xsg1 Yasr Zsgr Vs6)

(Xsg1 Yas1 Zssr V360 Xas Yaor Zasr 736) D (Xags Vs Zagr Vasr Xasr Yagr Zisr Vas) D (Xso» Ysor Zssr V561 Xesr Yos Zssr Vs6)
=1,1,111111)

Where (X2 Yizs Zizs Y12 X420 Y125 21z V12 )y (Xazs Yass Zigs Vs Xizs Yo Zigs 733)€EC.  are non  negative
Trapezoidal intuitionistic fuzzy number integers.The Crisp Linear Programming problem becomes
Maximize

0.125x,, +0.25y,, +0.25z,, + 0.375y,, + 0.375x;, + 0.5y,, + 0.5z, + 0.5y, +
0.125x,, +0.25y,, +0.3752,, + 0.375y,, + 0.375x%/, + 0.5y, + 0.75z, +1y,, +

0.125x; +0.25y,, +0.375z,, +0.375y,, + 0.375x/, + 0.625y,, +0.6252/; +0.875y/; +
0.125x,, +0.25y,, +0.25z,, +0.25y,, + 0.5x,, + 0.625y,, +0.6252;, + 0.875y,, +
0.125X,; +0.125y,, +0.1257,, + 0.25y,; + 0.25%;, +0.375Y,; +0.6252), +0.875y,; +
0.125x,, +0.25y,, +0.25z,, + 0.375y,, + 0.375x;, + 0.375y;, + 0.625z;, + 0.625y, +
0.125X,, + 0.25Y,, +0.3752,, + 0.375y,, + 0.5x5, + 0.5y, +0.6252;, + 0.875y; +
0.125x,, +0.125y,, +0.25z,, + 0.375y,; + 0.5%,; + 0.625y,. +0.875z, . +1y,, +
0.125x,, +0.25y,, +0.252,,+,0.375y,, + 0.375x,, + 0.625Y,, + 0.752}, +1y,, +

0.125x, +0.25Y,, +0.375z,, + 0.375y,, + 0.5x;, +0.625y;, +0.75z,, +1.125y;,.
Subject to the constrains:

Xp+X3+Xs =1 Y+ Y+ Y15 =1,2, + 2+ 25 =1y, + 113+ 715 =1

X + X+ X5 =1 Y, + Vi + Vis =1, 25, + 253+ 25 =1y, + /i3 + 745 =1

Xog +Xo5 = Xio s You + Yos = Y120 Zoa t 205 = 2153 Vo4 + Vo5 = V12

Xoa +Xo5 = Xip s You + Y5 = Vi1 Zoa + L5 = 25, Vou T V35 = V1

Xag X6 = Xi3+ Yau + Y35 = Y13 Zag + 235 = 2135 Vag T 736 = J13

Xag + Xo6 = Xiz, Vaa + Vas = Viz: Zaa + 235 = 213, Vag + V36 = V13

Xgs T XKag = Xoa T Xag s Yas + Yae = You T Yaur Zas +Zug =24 T 234 Vas Vs =Voa TV
Xis T+ Xag = Xoq + X4, Yas + Yas = You T Yaa 1 Zus + Zag = 2oy + 230, Vs + Vag = Vou + Vg
X5+ Xo5 + X4s = Xsg» Yis + Yos T Yas = Yse Zis + 25 + 245 = Zsg V15 TV o5+ Vas = Vs
Y15+ Xo5 + Xas = Xeg, Yas + Yos + Yis = Yae Zis + Zos + Zgs = Zig V15 + Va5 + Va5 = Ve
Xoo + Xag +Xso =1, Yas + Vag + Vog =1, Zag + Zys + Zs =1, Vas + Vs + V56 =1

Xas T Xas +X6g =1, Yoo + Vi + Vas =1, Zgg + 2y + 255 =1, Y35 + Vs + Ve =1

Yio =% 20,2, — Y1, 20,75, -2, 20, ¥, =%, 20,2, = y;, 20,7, =2, 2 0
Yis = %13 20,23 = Y1320,715, -2, 20, Y, — X3 20,2/, - ¥} 20,3, -2/, 20
Yis = %5 20,215 = V15 2 0,735 = 2,5 2 0, Yy = Xi5 2 0,25 — Y15 2 0, 55 — 2/ 2 0
Yos = %os 20,25y = Y5y 20,754 =2, 2 0, Y5, = X34 20,25, = Y5, 20,75, =25, 20
Yos = Xo5 20,25 = Vo5 2 0, 755 = 255 2 0, Vo5 — X35 2 0,255 — Yo 2 0,55 =25 20
Yoo = Xas 20,255 = V3y 20,73, = 23 20, Y3, — X34 20,23, = V3, 20,75, — 25, 20
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Yoo — X 20, Zgg — Vas 2 0,735 =255 2 0, Va6 — X35 2 0, 255 — V36 2 0, 15 — 23 20
Y45_X4520’245_Y45 Z0’7/45_245 20, y:ls—X"ls ZO,ZLS—yLSZO,;/LS—ZLSZO
Yas —Xas 2 0,245 = Vs 20,745 = 245 2 0, Vs = X4s 2 0,245 — Y26 2 0,745 — 246 20
Y6 — Xs6 = 0, Zsg — V55 2 0, 756 — Zss 2 0, Yag — X6 2 0, 255 — Vg6 2 0, 755 — 25, 20

Step 3: On solving Crisp Linear Programming Using TORA System, obtained in Step 2, solution is
! ! ’ ! 1 ! ! !
Xo = Yo =2 =V =X = Yo =21 = V10 = Xoa = Yoa T 24 = Von = Xoa = You =224 = Vs =
’ ’ [ ! ! !’ ’ ’
Xes = Yas = Zus = Va5 = Xa5 = Yas = Zgs = Vas = Xo6 = Yo = Zss = Vs = Xog = Yag = Zag = Ve =1
remaining all values

X3 = Y13 = Zi3 = V13 = X(3 = Y13 = 213 = V13 = %15 = Y15 = Zis = V15 = X5 = Y15 = Zis = V15 =
Xos = Vo5 = Zos = Va5 = Xos = Yo5 = Zos = Vo5 = %oy = Yo = Zys = Vas = Xag = Yag = Z3g = Vg =
X3 = Va6 = Zsg = Va6 = Xs6 = Ya6 = Zas = Vas = Xas = Yas = Zas = Vas = Xas = Yis = L5 = Va5 =
Xis = Yag = Zas = Vas = Xa5 = Ya = Zus = Vag = X5 = Yo = Zsg = Vso = Xe5 = Yo = Zsg = Vg
are zero.

Step 4: Putting the values of X, Yy, Z;, 7%, X, Yi» Zin 7 In X :(Xij,yij,zij,;/ij,xi'j,yi’j,zi'j,;/i;). The
solution is
%,=(11111111) %, =(11,1,1,1,111) %5 =(11111111) s =(1,1,1,1,1,1,1,2)

%5 =(0,0,0,0,0,0,0,0) %5 =(0,0,0,0,0,0,0,0) %, =(0,0,0,0,0,0,0,0)
%, =(0,0,0,0,0,0,0,0) %, =(0,0,0,0,0,0,0,0) %,, =(0,0,0,0,0,0,0,0)

Step 5: Using the fuzzy solution, the fuzzy critical path is 1-2-4-5-6. Replacing the values of
Xi» Yij» Ziy» Vijr %o Yij» Zio 75 in Stepl,  the  maximum  total  completion fuzzy time s
(4, 7,9,11,15,19, 22, 28)

Hence, in this problem, the fuzzy critical path is 1-2-4-5-6 and the corresponding maximum total completion
fuzzy time is (4,7,9,11,15,19, 22, 28) respectively.

VI.  Numerical example for New Trapezoidal intuitionistic fuzzy number
To show the advantages of New representations over existing representation of Trapezoidal
intuitionistic fuzzy numbers, the same numerical example is solved by using all two representations of fuzzy
numbers. The problem is to find the fuzzy critical path and maximum total completion fuzzy time of the project
network, shown in Fig.2, in which the fuzzy time duration of each activity is represented by the following New

Trapezoidal intuitionistic fuzzy number (X, y,a, 3, X, y',a',ﬂ') type trapezoidal fuzzy numbers.
£,=(1410,1010), f,=(18110,0,1,2), f, =(1,7,11,0,0,2,2), t, =(1,7,1,0,0,2,1,2)
£, =(17,0,0,1,0,1,2), f, =(151,0,10,0,0) £, =(17,1,1,0,10,2) f,, =(1,8,0,1,1,1,1,1)
fs =(18,1,0,1,0,2,2),f, =(1,9,1,1,0,113)
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Fuzzy optimal solution using (X, y,a, B, X, y',a',ﬂ’) representation of Trapezoidal intuitionistic fuzzy
number

Step-1
Maximize

(1,4,1,0,1, 0,1,0)® (Xi21 Yios @ips Bros Xos Yior Oty Bi) @(1,8,1,1, 0,0,1, 2)®(X13, Yizr Qs Pras X3 Yiar Uz Prs) @
(1, 7,1,1,0,0,2, 2) ® (X5, Yasr Ay Piss Xis Yis» Qs Pis) @(1,7,1,0,0, 2,1, 2)®(X24, YourCons Pous Xoas Yous Coas Poa) ®
(1,7,0,0,1,0,1,2) ® (Xy5, Vs Ao Bass Xi51 Yis1 zss Pys) ©(1,5,1,0,1,0,0,0) @ (Xyy, Yy Uy Bagr Xags Yaas Uy Bas)
®(1,7,1,1,0,1,0,2) ® (Xy5, Yag: Ussr Bags Xag» Yas: s P) @ (1.8,0,1,1,1,1,1) ® (X5, Vas Uas Lus» Xass Yas» Xass Bas)
®(1,8,1,0,1,0,2,2) ® (X5, Yag: Qag:s s Xags Yags Fags Bis) @ (L,9,1,1,0,1,1,3) ® (Xs, Ysg: s s Psg s X Yoo Ao Prs)
Subject to the constrains:

(X2 Y121 @121 Bias Xizs Yiar Qs Ba) @ (Xig, Yigs Qs Bias Xizs Yiz» Aiss Bs)

D (X5 Yis: Uiss Biss Xis» Yiss sy Bis) = (1,1,0,0,0,0,0,0)

(Xaas Yaur Qoas Bogs Xous Yous ag Boa) D (Xoss Vs Uass Boss Xoss Yass s Pas) = (Xiz1 Yios Gazs Bios Xz Vi1 @iz Ba)
(Xaqs Yaur Qans Pogs Xaas Yags Uas Baa) © (Xss, Yo Qg Bao Xag Yass e Pag) = (Xug, Yias Gz Bias Xias Yiar iz Bia)
(Xass Yass Qus» Biss Xass Yass Qs Bus) @ (Xagr Vagr Cags Busr Xar Yasr Cagr Bis)

= (Xaa1 Y20 Qoas Boss Xour Your Oaas Bas) © (Xags Yagr Qans Bogs Xans Yaar Qaas Baa)

(%55 Vi) %is: Biss Xis» Yiss As» Bis) @ (Xog: Yass Cosy Boss Xoss Yas Uass Bas) @ (Xass Yass Quss Bus» Xass Yasr Aass Bis)
= (Xsg+ Ys61 Oss s Psgr X6 Yser X s Pae)

(Xs6: Yo Uag Bags Xao: Yass Uas Pas) © (Xag Vags Cags Bass Xas Yags Cags Bas) D (Xeg Yogr s Pio s Xegr Yogr Usgr Bis)
=(10,0,0,0,0,0)

Where (X2, V1o, p0 Bios Xios Y120 @iz o)y (Kigs Yisy gy Bis s Xis, Vis» s, Bi3)EEC. are non  negative
Trapezoidal intuitionistic fuzzy number integers.

Step-2

Maximize

R{(1,4,1,0,1,0,L,0)® (X, Yo tis Bros X1z Vi1 @y, B) ©(1,8,1,1,0,0,1,2) ® (Xyg, Vig0 a0 iy Xisr Yis s ) @
(1, 7,1,1,0,0,2, 2) ® (Xis» Yis» Uiss Piss Xiss Vis» Us, Bis) (—B(l, 7,1,0,0,2,1, 2) ® (Xogs Your Ooar Pous Xour Your g Pos) ©
(1,7,0,0,1,0,1,2) ® (X5, Ya5: Uass Poss Xas1 Vs Xoss Brs) ©(1,5,1,0,1,0,0,0) ® (Xoy, Vg Xass Baas Xoas Yiar Aags Pis)
®(1,7,1,1,0,1,0,2) ® (Xs5, Y51 Xag: Bags Xsor Ya61 Aagr Pss) @ (1,8,0,1,LLL1) ® (X5, Yas: Qas Bus: Xas» Vs Xiss Bas)

®(1,8,1,0,1,0,2,2) ® (Xy5, Yas Xsgr Bag: Xigr Yagr Aags Bis) @ (1,9,1,1,0,1,1,3) ® (Xeg, Vg Usgr Bsg Xeg Vg Uegr Bes) |
Subject to the constrains:

(Xi2s Yz @1ps Bras Xizs Yizs Oy Biz) © (Xiz, Yags Gugs Bias Xiz Yizs sy Bis)

D (X5 Yiss Uiss Biss Xiss Yiss sy Bis) = (1,1,0,0,0,0,0,0)

(Xoas Your Xags Pogs Xoas Your Qg Paa) @ (Xoss Yass Aass Boss Xoss Yoss Aoy Bos) = (X1 Yios gy Bras Xias Yias Gy Bio)
(Xaas Yaar @aas Bagr Xaus Yaus Aoy Pa) © (Xag, Yags Oags Pags Xas Yasr Uaer Bas) = (Xugy Yias azs Bias Xz Vi Qi Bis)
(Xass Yass Qus Biss Xass Yass Qs Bus) @ (Xagr Vagr Cags Busr Xasr Yasr Cagr Pis)

= (Xau» Your Qogs Baar Xo4s Your Cans Bas) @ (Xags Yaur Oans Bass X Yaur Uy Bag)

(Xis: Yis: Qiss Biss Xiss Yis: Ui Bis) D (Xas Vs Qass Poss Xasr Yas: Uasr Bas) © (Xas Yass Qs Buss Xasr Yass Uusr Bis)
= (Xsg Ys51 o Pssr Xegr Yos1 Fe Pss)

(Xs61 Va6 Uasr Bags Xass Yass Uas Ps) © (Xags Yagr Qags Bags Xass Yags Cags Bas) D (Xeg Ysor Xsgr Bss: Xso1 Yaor Usor Pes)
=(10,0,0,0,0,0)

Where  (Xip, Yizs @y Bras X125 Yazs @z Blo)s (Xias Yiss Cass Bias Xizs Yiss Qs B3 )ELC. are non  negative
Trapezoidal intuitionistic fuzzy number integers.The Crisp Linear Programming problem becomes
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Maximize

0.125x, +0.25y,, +0.25¢,, + 0.37543,, + 0.375x;, + 0.5y, + 0.5¢1;, + 0.55/, +
0.125x,, +0.25y,, +0.375¢,, + 0.375,, + 0.375x/, + 0.5y,, + 0.75¢,, + 113}, +

0.125x,, +0.25y,; +0.375¢,; +0.375 4, + 0.375x;, + 0.625Yy;; +0.625¢;, + 0.8754/; +
0.125x,, +0.25y,, +0.25¢,, +0.2543,, + 0.5x,, + 0.625y;, + 0.625c,, + 0.87543,, +
0.125X,; +0.125y,, +0.125¢,; +0.25/3,; + 0.25X;; + 0.375Y,; +0.625a,; +0.875 5, +
0.125x,, +0.25y,, +0.25a,, +0.3754,, + 0.375x;, + 0.375y;, + 0.625¢;, +0.6253;, +
0.125X,5 +0.25Y,4 +0.375a, +0.375 5,5 +0.5%3, + 0.5y, +0.625¢5 +0.875 3, +
0.125x,; +0.125y,, +0.25¢,, +0.3753, +0.5x;, + 0.625y,. +0.875a,, +1/,; +
0.125x,, +0.25y,, +0.25¢,,+,0.3754,, + 0.375x;, +0.625y,, +0.75¢,, +15,, +

0.125x,, +0.25Y,, +0.375a, + 0.3755,, + 0.5x;, +0.625Yy;, +0.75¢, +1.1255;.
Subject to the constrains:

Xpp + X3+ X5 =1 Y1 + Vg + Yis =1,y + a3 + 5 =0, B, + B + i =0

X+ X3+ X5 =0, Y5, + Vi + Vs =0, a5, +a; + oy =0, B, + B3+ B =0

Xoa T Xo5 = Xig s You Vo5 = Yio 1 Oy + Oy = iy, Boy + Pos = Py

Xoa + Xo5 = Xip s You + Vo5 = Vi1 Qo + Ups = 1y oy + Bos = B

Xaq +Xg5 = Xig, Yag + Yag = Vg, Oay + Qge = Qg Pog + Pos = P

Xy + Xas =Xz, Yag + Vas = Vi, Ogy + Uge = iy, Py + B = B

Xgs + Xgs = Xog T Xag s Yas + Yas = You + Yau 1 Olas + Qg = Oy + gy, Puas + P = Pos + Paa
Xis + Xag = Xoq + Xag s Yas + Yas = Yoo + Yau 1 Qs + Qg = oy + oy Pus + Bug = Poa + Paa
Xis + Xo5 + Xg5 = Xeg 1 Yis + Yos + Yas = Yeg, Qs + Qs + Qs = Ol P + Pos + P = Prs
Xis + Xo5 + Xas = Xeg, Yis + Yos + Yas = Ve Qs + Ugs + Qs = Qi Bis + Pos + Pus = e
Xag + X + X5 =1, Yo + Vag + Voo =1, Qg + g + s =0, fog + Pys + fss =0

Xas + Xy + Xe5 =0, Voo + Vi + Yo =0, 035 + s + 056 =0, By + P + B =0

Step 3: On solving Crisp Linear Programming Using TORA System, obtained in Step 2, solution is
Xo =Y =L 2, =11, =X, =Y, =2, =5, =0

Xos =You =1 250 = Vo = %04 = Yo =254 = V2 =0

_ _ _ _ !’ _ ! _ !/ _ !/ _ _ _ _ _ ! _ 1 _ ! _ !/ _
Xes = Yas =L 245 = Vs = Xis = Yas = Zus = Vas = 0, Xs5 = Yo =1, Zeg = Vo = Xg6 = Yo = Zgg = Vg6 =0
remaining all values

Xi3 = Yig = 213 = V13 = X3 = Y13 = Zj3 = Y13 = Xi5 = Y15 = L5 = V15 = Xi5 = Y15 = Zj5 = Y15 =
Xos = Y5 = Zps = Vo5 = Xos = Yo5s = Zps = Vo5 = Xag = Yag = Z3s = Vay = Xog = Yoy = Zgy = Vg =
X3 = Y = Zao = Va6 = X3 = Va6 = Zas = Vas = Xas = Yas = Zus = Vas = X5 = Yas = L5 = Va5 =
Xes = Yas = Zas = Vas = Xag = Yas = Zug = Vag = Xe5 = Y5 = Zsg = Vs = X5 = Va5 = Zss = Vo
are zero.

Step 4: Putting the values of X;, Yy, Z;, 7, Xi» Yii» Zip 7 in X :(Xijvyij7zij’7/ij’xi'j’yi'j’zi,j’yig)' The
solution is

%, =(1,1,0,0,0,0,0,0) %,, =(121,0,0,0,0,0,0) %, =(121,0,0,0,0,0,0) %; =(121,0,0,0,0,0,0)
%5 =(0,0,0,0,0,0,0,0) %5 =(0,0,0,0,0,0,0,0) %, =(0,0,0,0,0,0,0,0)
%, =(0,0,0,0,0,0,0,0) %, =(0,0,0,0,0,0,0,0) %,, =(0,0,0,0,0,0,0,0)
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Step 5: Using the fuzzy solution, the fuzzy critical path is 1-2-4-5-6. Replacing the values of
’ ’ ’ r - - . . .

X+ Yijs Zijs Vi Xi» Yij» Zi» 74, in Stepl, the maximum total completion fuzzy time is (4,28,3,2,2,4,4,4)

Hence, in this problem, the fuzzy critical path is 1-2-4-5-6 and the corresponding maximum total completion

fuzzy time is (4, 28,3,2,2,4,4, 4) respectively.

VIl. Comparative Study
The results of the numerical example obtained from the sections 5, 6 are presented in table 3. From
table 3, we can easily seen that number of constraints in crisp linear programming problem represented by new
representation of trapezoidal intuitionistic fuzzy numbers are less compare to crisp linear programming problem
represented by existing representations of trapezoidal fuzzy numbers. Hence, it is better to use crisp linear
programming problem represented by new representation of trapezoidal intuitionistic fuzzy numbers.

Trapezoidal intuitionistic fuzzy number | Number  of | Number of | Fuzzy critical | Maximum total completion
Representation constraints in | constraints in | path fuzzy time

Fuzzy Linear | Crisp Linear

programming | Programming

problem problem
(by.ag,bp,ap,83,05,84,b) | ° 108 125456 | (4,7,9,11,15,19,22, 28)

’ ' ’ ’ 6 48 152—>4—-55—-6

(XIJ ’ y“ 1 a” 1ﬂ“ ’ X” 1 yu 1 a“ ] ﬂu) (4, 28, 3, 2, 2, 4, 4, 4)

Table 3: Results for existing method and proposed representation of trapezoidal intuitionistic fuzzy
numbers

VIIl.  Conclusion
A new method has been proposed to find the fuzzy critical path and fuzzy completion time of a fuzzy
project. Also a new representation of trapezoidal intuitionistic fuzzy number is proposed and showing better to
use the proposed representation of trapezoidal intuitionistic fuzzy numbers instead of existing representations
to find the fuzzy critical path and fuzzy completion time of fuzzy critical path problems.
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