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DIFFERENT LINEAR AND NON-LINEAR FORM OF TRAPEZOIDAL
NEUTROSOPHIC NUMBERS, DE-NEUTROSOPHICATION TECHNIQUES AND
ITS APPLICATION IN TIME-COST OPTIMIZATION TECHNIQUE,
SEQUENCING PROBLEM

AVISHEK CHAKRABORTY!*, SANKAR PRASAD MONDAL?**, ANIMESH MAHATA® AND
SHARIFUL ALAM?

Abstract. In this research article, we envisage the neutrosophic number from various distinct rational
perspectives & viewpoints to give it a look of a conundrum. We focused & analysed various types
of linear and non-linear generalized trapezoidal neutrosophic numbers which serves an indispensable
role for uncertainty concept related problem. We also introduce the idea of de-neutrosofication for
trapezoidal neutrosophic number using an influx of different logical & innovative methods by which
we move with a manifesto to convert a neutrosophic number into a crisp number. Using this concept
of de-neutrosophication, we analyze some real-life problem like networking Crash model problem and
job-sequencing problem of operation research field when the numbers are in trapezoidal neutrosophic
ambience. We also compare our specified result with previously defined score and accuracy function
and try to present some interesting and better result without any possible fiasco. This noble thought
will help us to solve a plethora of daily life problems in neutrosophic arena.
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1. INTRODUCTION

The concept of vagueness & uncertainty in this field was first portrayed by Zadeh in his paper [44]. Moving
on with the paper of Zadeh, Atanassov [2] in the year 1986 presents the legerdemain idea of an intuitionistic
fuzzy set in the field of Mathematics in which he considers the concept of membership function as well as non-
membership function in case of intuitionistic fuzzy set. With the invention of Liu and Yuan in [25], he ignited
the concept of triangular intuionistic fuzzy set, which in reality is the congenial mixture of triangular fuzzy set
and intuionistic fuzzy set. Later, Ye [39] introduced the elementary idea of trapezoidal intuitionistic fuzzy set
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where both truth function and falsity function are both trapezoidal number in nature instead of triangular. The
uncertainty theory plays an influential role to create some interesting model in various fields of science and
technological problem. However, there is an elementary question will arise: how can we inchoate or use the
uncertainty assumptions in our mathematical modeling related with daily life? Researchers, everywhere from
the universe invented lots of approaches & methods to define them and they gave their different kind of recom-
mendation to use the uncertainty philosophy. There are different types of suggestions in literature to classify
some basic ambiguous or garrulous parameters. It should be esteemed that there is no unique representation
of the uncertain parameter. For solving a problem, the decision maker’s choice can be variously conferred in
different applications. Smarandache in 1995 (published in 1998) [34] manifested the idea of neutrosophic set
where there are three different components namely (i) truth, (ii) indeterminacy, (iii) falsehood. All the aspect of
neutrosophic set is very much pertinent with our real life system. For example, in a given hypothesis “X party
will emerge victorious in this parliamentary election” in order to represent the class of voters who immediately
agree with the proposition falling under the idea of truth (truth part) whereas there will be some of them who
will deny the proposition, which serves as the falsity part and there are some people with minds facing hesitation
which serves the part of indeterminacy. Obviously, neutrosophic concept is a very effective & an exuberant idea
in these cases. Ye [41] introduced trapezoidal neutrosophic set and developed some score and accuracy function
in this domain. He also utilizes this trapezoidal neutrosophic concept in multi criteria decision making problem.
Recently, Avishek et al. [8] represents a triangular neutrosophic fuzzy set in different types of form and perform
de-neutrosophication in case of triangular neutrosophic number.

However, we will give some information about the uncertain parameter, and displayed how it differs and
varies from other thoughts of uncertainty using definitions, flowcharts, algorithm and diagrams. In this paper, we
suggest the researchers to take the uncertain parameters as trapezoidal neutrosophic parameter. We developed
the idea of de-neutrosophication method for trapezoidal neutrosophic case using area removal method and
graded mean method which can convert a trapezoidal neutrosophic number into a crisp number. Using that
deneutrosophic value we solved two different problem (i) crash model in networking field and (ii) job-sequencing
problem, where, representation of the numbers are in trapezoidal neutrosophic type.

Some basic difference between some uncertain parameter

We consider an Interval number and then we can see:

(i) The data belongs to a particular interval;
(ii) There was no approach of membership function.

We consider a Fuzzy number and then we can see:

(i) The conception of belongingness is arising.
(ii) The need of membership function arises.

We consider an Intuitionistic fuzzy number and then we can see:

(i) The conception of membership function and non-membership function are arises.
(ii) The use of belongingness and non-belongingness of the function is present.

We Consider a Neutrosophic fuzzy number and then we can see:

(i) The idea of truthiness, falsity and indeterminacy of the elements are arises;
(ii) The utility of membership function for truthiness, falsity and indeterminacy will arise.

The idea is given bellow as:
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Fuzzy set can’t deal properly with a situation where the decision is improper and the decision maker’s statement
is ambiguous. Generalizations of fuzzy set theory is taken to be one of Intuitionistic fuzzy set theory (IFS). The
fuzzy set considers only the degree of belongingness but not the non belongingness. Fuzzy set theory does not
incorporate the degree of hesitation (i.e., degree of non-determinacy defined. To handle such facts, Atanassov
[2] explored the concept of fuzzy set theory by IFS theory.

For that reason, we need to develop some new ideas for solving the uncertainty occurring problem. The
idea of Neutrosophic Sets (NSs) [34] considers the truth membership function, the indeterminacy membership
function, and the falsity membership function simultaneously, which are more constructive and as well as
applicable arather than the general fuzzy set concept and intuitionistic fuzzy set concept. Neutrosophic number
is mainly dealing with uncertain, incomplete and inconsistent information. With the advancement of research
day by day we see that Single-Valued Neutrosophic Set concept is introduced and basically it is the extension
part of neutrosophic set Wang et al. [36]. Ye [40] introduced the concept of simplified Neutrosophic Sets, and
Peng et al. [28,30] developed some ideas on novel operations and aggregation operators. Recently, researchers
give their attention on neutrosophic set they developed different kind of extensions of Neutrosophic set, such as
Interval Neutrosophic Set [36], Bipolar Neutrosophic Sets [40] and Multi-valued Neutrosophic Sets [28,30].

Decision making theory is very important tool for decision makers. The problem may be comes with either
crisp [3,9,10,43] or uncertain data. The uncertainty theory and decision making problem is an important topic
now a days. The developments are still going on the field of fuzzy decision-making problem [7,11,12,18,19,21,37],
intuitionistic fuzzy decision-making problem [24,33] and in neutrosophic decision making problem [1,4,15,17,20,
22,23,26,27,29,31,32,35,38,42,45]. The decision-making problem with uncertainty has expand its application
in operation research [8], graph theory [5,6] etc. Recently, in neutrosophic arena [13,14, 16] expanded in its
different applicability in scientific application.

The basic idea and new work is done in this article are shown here:

(1) Defining the uncertainty using different type of neutrosophic number.
Here we define the concept of generalized trapezoidal nutrosophic number and nonlinear trapezoidal neu-
trosophic number in different forms.

(2) Finding the de-neutrosophication value.
Using the concept of (i) Removal area method and (ii) Mean interval method we find the de-
neutrosophication value. Also we compare the uncertainties between triangular and trapezoidal neutrosophic
number.
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(3) Application in different fields.
We apply the concept in time cost uncertain optimization problem and uncertain sequencing problem.

2. NEUTROSOPHIC NUMBER

Definition 2.1 (Neutrosophic Set [34]). A set nS in the universal discourse X, symbolically denoted by z, it

is called a neutrosophic set if .5 = {x; [T (), 1= (x), e5(x z)]: z € X}, where T~(x) : X — [0,1] is said to be

the truth membership function, which represents the degree of confidence, ¢~ (x ) X — [0,1] is said to be the

indeterminacy membership, which represents the degree of uncertainty, and 577( x) : X — [0,1] is said to be

the falsity membership, which represents the degree of skepticism on the decision taken by the decision maker.
T~(), 1,5 (7)&e ~(z) exhibits the following relation:

—0 < 7~(x) +1g(x) +e<(x) <3 +.

Definition 2.2 (Single-Valued Neutrosophic Set). A Neutrosophic Set nS in the Definition 2.1 is said
to be a Single-Valued Neutrosophic Set (SnS) if x is a single-valued independent variable. SnS =

{z; [Tg5 (), s:nvs(yc),zss/nvs(ﬂc)] r € X}, where Tg<(2), tg5(2)& eg-5(x) denoted the concept of accuracy,
indeterminacy and falsity memberships function respectively.

If there exist three points ag, b & co, for which 75~ (ag) = 1,15-5(bo) = 1 & eg-5(co) = 1, then the SnS is
called neut-normal.

SnS is called neut- convex, which implies that SnS is a subset of a real line by satisfying the following
conditions:

(1) SnS(&al + (]. — ))az

) > min
(11) Sns<(5a1 + (1 — a2> S ma.
(iii) eg-5(da1 + (1 —d)ag) < ma

n(Tg5(a1), Torg(az))
<SnS( )7 S’,Ts(a2)>
<5sns(al) 55779(‘12»,

5)
where a1 & as € R and § €

0,1].

Definition 2.3 (Single-Valued Trapezoidal Neutrosophic Number [39]). A Single-Valued Neutrosophic Number
(2) is defined as z = [(p*, ¢', 7L, sb); ), (9%, 72,72, 52); 9], (D3, 43,3, s3); ], where i, 9, p € [0,1]. The accuracy
membership function (7z) : R — [0, ], the indeterminacy membership function (1) : R — [¢, 1] and the falsity
membership function (e3) : R — [, 1] are given as:

() pt<z<q iy(@) pPP<z <
(z) =4 H ¢ <z <! (z) = v @ <z <r?
) = Tm(z) rt<a<st L) = tm(r) r?<a<s?
0 otherwise 1 otherwise
ez(e) pP<a<g
6~(:U)* q3§$§7"3
AT Yem(r) m<ar<sd
1 otherwise.

3. LINEAR GENERALIZED NEUTROSOPHIC NUMBER

In this section, we introduce the linear and generalized neutrosophic number. Previously the researcher take
the maximum value of truth, indeterminacy and falsity function as 1. But why it is a fixed value? for different
decision makers view point any one can fixed the scale in a certain quantity which is less than one (but the
quantity belong to zero to one). The we make a generalized definition of neutrosophic number for all type of
decision makers. In this viewpoint we construct the generalized neutrosophic number.
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3.1. Trapezoidal Single Valued Neutrosophic Number of category 1: When the quantity
of the truth, indeterminacy and falsity are not dependent

This case arises for a problem like “Selection of the member X in an election”. Some people will surely vote
for X, that is the truth function. Some of them will surely give their vote against X, which is the falsity function.
Some of them will hesitate to cast their vote. Here, the entire component is distinct and not dependent.

A Trapezoidal Single Valued Neutrosophic Number of category 1 is defined as Ary. = (p1, 2, D3, D04; q1,
42, q3,q4; 71, "2, T3, T4), whose truth membership; indeterminacy membership and falsity membership are defined
as follows:

% when p; <z < ps

T _J1 when py < z < p3

Arne (x) ) 222  when p3 < <p

Pa—Dp3 .3 = P4
0 otherwise

ﬁ when ¢1 <z < g2

I (2)= 0 when g3 <z < gy

ArNe ﬁ when q'g <z <q
1 otherwise

—TT;:Z when ry <z < 7y

P () = 0 when ro <z <73

Arne T/ T ﬁ when r3 <z <7y
otherwise

where —0<Ty (z)+ 1z, () +F; () <3+ x€ Arne.
The parametric form of the above type number is

(ATNe) o= (Trner (1), Trnve2(1); Irnver (9) s Irnve2 (9) s Frver (@), Frnez(¢)]
U, p

where,
Tryei(p) = p1 + p(p2 — p1)
Trne2(pt) = pa — p(pa — p3)
Itner(¥) = g2 — (g2 — 1)
ITnea (V) = g3 + V(qs — q3)
Frnei(p) =r2 —@(ra —r1)
Frnea(p) = 3+ ¢(ra — 13)

Here, 0 < 4t <1,0<9<],0<p<land 0<pu+9+¢<3+.

Note 3.1. In paper [15] the author represent the single valued trapezoidal neutrosophic number by
four components (a,b,¢ and d) and three membership value of truthness, indeterminacy and falseness
(wz, ug and yz which are belongs to [0,1]). But, in our approach we take sixteen different components
(p1,p2,D3,P4; q1, 92, q3,Ga; 71, 2,73, 74). That means both the definition are same, but we consider the asym-
metric view of three membership functions individually. If anyone consider p1 = ¢4 =71 = a;p2 = qo = ro =
b;ps = q3 =13 =c¢;ps = qu = r4 = d and take the maximum value of truthness, indeterminacy and falseness
membership function as generalized value wg, ug, yz rather than 1 respectively then the definition in trapezoidal
neutrosophic number in [15] comes.
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3.2. Trapezoidal Single Valued Neutrosophic Number of category 2: When the quantity
of indeterminacy and falsity are dependent

This case may arise for a problem like ““Selection of the member X in an election”. Some people will surely
vote for X, that is the truth function. Some of them will not like to give their vote to X, but they hesitate to
cast their vote to the other members. Here, the component of hesitant and falsity section are dependent.

A Trapezoidal Single Valued Neutrosophic Number (TrSVNNs) of category 2 is defined as Arye =
(p1, P2, D3, P4; q1, 92, 43, Ga; UNe, YNe) Whose truth membership; indeterminacy membership and falsity member-
ship are defined as follows:

—Pp1
pep WEGD p1 < x < P2
when ps < x < p3
TATN(’ (m) = Pa—T  when p3<xz<p
Pa—P3 .3 = P4
otherwise
— + e -
= ngqfw ) when g1 <z <qo
Ii (2)= UNe ( : when ¢ < x < g3
TNe - r—g3tune(ga—x
— e when ng <x<qq
otherwise
and ( |
—_ + e —
Brhelet)hon gy < 7 < g
YN when ¢ < x < g3
FATNe (I) - $—32+y1\re(q$—x) when <z <
q3—q2 q?’ S
1 otherwise

where, —0 < Ty (2)+ 15, () +Fz., () <2+, z€ Arpe.
The parametric form of the above type number is

(ATNe) o (Trner (1), Trnvez (1) s Itner (9) s Itnez (V) s Frnei (@), Frnez(¢)]
1,9,y

where

Trner () = p1 + p(p2 — p1)
Trnez (1) = pa — p(pa — p3)

— uneq — gy —
Iryer () = 2l = 2 2 )

() = g3 — UNeqs + V9(qs — q3)

ITNe T —un
€
Frnel (cp) _ q2 — yNelql__y]f((D - Q1)
e
—_ + —
Fraves () = 22 yNelfM_ ; ;\f(% q3)
€

Here, 0 < p < l,une <9 <1l,yne<p<land -0<d+p <1+ and -0< p+ 9+ p < 2+.

3.3. Trapezoidal Single Valued Neutrosophic Number of category 3: When the quantity
of the truth, indeterminacy and falsity are dependent

This case may arises for a problem like suppose an author created one research paper but he/she don’t know
whether it will be accepted in a journal or not (hesitant function). After submission process reviewers can accept
it (truth function) or can reject it (falsity). In this section all the three components are dependent.
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A TrSVNNs of category 3 is defined as Arne = (p1, P2, D3, P4; WNe, UNe, YNe) Whose truth membership;
indeterminacy membership and falsity membership are defined as follows:

WNep, 5 when py <z < po
WNe when p; <z < p3
TATN@ ('T) = Pa—x
WNep = when p3 < z < py
otherwise
- + e —
P2 TTUNAT™ Pa) xp;‘fpgw P when p1 < T < po
I ) une when ps < z < p3
Arne (LC) - z—p3tune(ps—x)
— e whenps < <py
otherwise
and
p2—2+yYne(T—p1)
e P when p; <z < po
F- (!L‘) _ YNe when p2<zT < b3
Arne - I*p:ﬂ;jf;gmffﬂ) when p3 < 7 < py
otherwise

where —0<Ty (z)+1;  (2)+Fz (7) <1+, x€ Arne.
The parametric form of the above type number is

(A~Ne) o (Trner (1), Trnvez (1) 5 Irner (0) s Irnez (V) ; Frner (¢) , Frvez(¢)]
H’ ”y

where
Trvel (1) =p1 + (p2 —p1)
WNe
Trnea () = pa — = (P4 — p3)
WNe
—unepr — (py —
Irner (V) = P2 N 1p1 (2 — 1)
— UNe
_ Hops —
Trnes (9) = P3 — uneps + V(ps — p3)
1-— UNe
Fryel (<p) _ p2 — yNelp1 - <P(P2 —p1)
— YNe
Fres () = 25~ yNefu +o(pa —p3)
— YNe

Here, 0 < p < wne, une <9< Liyne<p<land -0< pu+9+ ¢ < 1+4.

4. NON-LINEAR GENERALIZED NEUTROSOPHIC NUMBER

The previous section we construct the generalized neutrosophic number. Now when we take the truth, inde-
terminacy and falsity functions and think about the pictorial representation then we see that the borderline is
always a straight line due to the linearity of the define function. Now we can make the function generalized.
We can give a degree of the function as per uncertainty. Which is the basic concept of non-linear neutrosophic
number.
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4.1. Single-valued Non Linear Trapezoidal Neutrosophic Number with twelve
components

A single-valued Non Linear Trapezoidal Neutrosophic Number with twelve components is defined as Arye =
(a1,a2,as,a4;b1,ba,bs, by; c1, 2, c3,c4) whose truth membership, indeterminacy membership and falsity mem-

bership are defined as:

P1
Tr—a
(arall) when a1 <z < as
1 when a; < < ag
TATNE (m) = ag—z D2 -
(a:;_az) when a3 < x < ay
0 otherwise
£—by q1
- when by < x < by
0 when by < x < bg
IATNe (z) = oby \© o
(bssz) when b3 < x < by
1 otherwise
and
Tr—C ™
(62—011> when ¢; < x < ¢9
0 when ¢ < x < ¢
FATNe (x) = oes \"2 2 > C3
(63762) when c3 <z < ¢y
1 otherwise

where, 0 < T3 (@) + 1z () +F; (v) <3,z € Arne & p1,p2,q1,q2,7m1,72 > or, < 1 define the non
linearity. If p1,p2, q1,¢2, 71,72 = 1 then it becomes linear neutrosophic number with twelve component.

4.2. Single-valued Generalized Trapezoidal Neutrosophic Number with twelve
components
A single-valued Trapezoidal Neutrosophic number with twelve components is defined as Arne =
(a1, az,as,aq;b1,be, b3, by; 1, o, c3,cq), whose truth membership, indeterminacy membership and falsity mem-

bership are defined as:

wﬁ when a1 <z < as
w when as < x < ag
T T) = _ >
Ao (@) wﬁ when a3 <z < ay
otherwise
p;‘;j; when by < x < by
0 when by < x < b3
I/—iTN (:'L.) = z—by
€ pm when b3 < S b4
p otherwise
and
% when ¢ <z < ¢o
when ¢y < x < 3
F; T) = _ -
. () Ai=%  whencz <z <cq
otherwise
where 0 < Tz (z)+ 1z, (z)+ Fi (v) <3, € Arne.
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The parametric form of the above type number is

(«’ZlTNe)a o [Trne1 (@), Trnez (@) s Irner (B) , Irne2 (8) s Frnver () s Frvez (V)]

By
where,
Trnei (@) = a; + QM
Tryes (@) = ay — a@
Irner (B) = by — ﬁM
Lrwes (8) = by + g1 =08
Frnei (7) = ca — 7@
Frynes (7) = ¢35+ 7(64;}\63)'

Here, 0 < a<1,0<f8<1,0<y<land -0<a+ 0+~ <3+.

4.3. Single-valued Generalized Non Linear Trapezoidal Neutrosophic Number with
twelve components

A single-valued Non Linear Trapezoidal Neutrosophic number with twelve components is defined as Apye =

(a1,a2,as,a4;b1,ba,bs, by;c1,ca,c3,c4) whose truth membership, indeterminacy membership and falsity mem-
bership are defined as

p1
w(m*‘“) when a1 <z < as

a2—ay
w when as < x < ag
TATNe (z) = aeeaz \P2
w a;’i@) when a3 < x < ay
0 otherwise
b q1
p(lfszll) when by <z < by
0 when by < x < b3
IATNE(w) = b\ 22
p(lg—bi) when b3 < x < by
p otherwise
and i,
1
A (éi‘i) when ¢ <z < ¢y
0 when ¢, <z < ¢
FATNe (:L’) = r—ca ) 2 ’ -7
A (037032) when c3 <o < ¢y
A otherwise

where, —0 < Ty (2)+ 15, . () +Fz,., () <3+, z€ Arne.

5. DEFUZZIFICATION OF A LINEAR TRAPEZOIDAL NEUTROSOPHIC NUMBER

Defuzzification is the process of generating a perceptible result in crisp logic corresponding to the fuzzy
number and its membership function. Researchers all around the universe are interested in this fact that if
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FIGURE 1. Drawing some trapezium from neutrosophic trapezoidal fuzzy number.

there is a fuzzy number with its membership function, then what will be the crisp number related with the
fuzzy number? They proposed some useful methods to convert a fuzzy number into a crisp number. Some
well known methods are BADD (basic defuzzification distributions), BOA (bisector of area), CDD (constraint
decision defuzzification), COA (center of area), COG (center of gravity), ECOA (extended center of area),
EQM (extended quality method), FCD (fuzzy clustering defuzzification) etc. This process actually maps a
fuzzy number into a crisp number. It is widely used in fuzzy control system also.

In our neutrosophic environment researchers are very much interested to convert a neutrosophic number
into a crisp number. In case of neutrosophic fuzzy number where there are three different kind of membership
functions are present we proposed two methods

(1) Removal area method and
(2) Mean interval method

to convert a trapezoidal neutrosophic fuzzy number into a crisp number.

5.1. Defuzzification using Removal Area Method:

Let us consider a linear trapezoidal neutrosophic fuzzy number as follows (Fig. 1):

Let us consider a real number r € R. We also consider a fuzzy number M associated with the lower trapezium,
and then left hand side removal area of M with respect to r is R; (M , T), and is defined as the area bounded by
r and the left hand side of the fuzzy number M. Similarly, if we consider the right hand side removal of M with
respect to r it will be R, (M , 7‘); we also consider a real number r € R and a fuzzy number N associated with the
left most upper trapezium (MEFGH), then left hand side removal area of N with respect to r will be Rl(N EOR
and is defined as the area bounded by 7 and the left side of the fuzzy number N. Similarly, if we consider the
right hand side removal area of N with respect to r it will be RT(N ,7), A fuzzy number P associated with the
right most upper trapezium (IDPR), then left side removal of P with respect to 7 is R; (I:’,r), and is defined
as the area bounded by 7 and the left hand side of the fuzzy number P. Finally, the right hand side removal of
P with respect to r is R, (P,r).

Mean is defined as

R(M,r) = 5 ,
R(N,T) . Rl(Nar)‘gRr(er)’
R(p,T) o Rl(par) +Rr(p>r)
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Then, we define the defuzzification of a linear neutrosophic trapezoidal fuzzy as:

- . R(M,r)+R(N,r)+R(P,r)

R(D,r) = 3 :
For r =0,
R (3T,0) - Ry (M,0) ;RT (M,o)’ R(N,0) = R, (N,0) erRT (N,o)7 R(P,0) R, (P,0) ;Rr (P,0)
Then,
(D,0) - R (M,0) + R (N,0) + R (P,0)

3

We take A = (a1, b1,¢1,d1), B = (e1, f1,91,h1),C = (i1, j1, k1, 1) (Fig. 2).

Here, Red marked portions denoted the corresponding area of the truth membership function, Green marked
portions denoted the corresponding area of the falsity membership function and saffron marked portions denoted
the corresponding area of the hesitation membership function.

Then,
R (M7 0) = area of trapezium OABT = @ 1
y d
R, (M'7 O) = area of trapezium OQPT = w 1
R (N, 0) = area of trapezium OFET = @ 1
\ h
R, (N7 0) = area of trapezium OGHT = &21) 1
Ry (P,0) = area of trapezium ODIT = w 1
2 k1 +1
R, (P,0) = area of trapezium OPRT = % .
Hence,
. (a1 +b1 +c1+d1) N (e1+ fi+g1+h) § (i1 41+ k1 + 1)
R(M,0) = : . R(N,0)= : R(P0) = ; |
So,
’ b d ho iy + g1+ 4
R(D70) — (ar+b+at+di+er+fi+tqg+h+in+j1+k+ 1). o)

12
5.2. De-neutrosophication technique using mean interval method

From 3.1 we can write the parametric form of the trapezoidal neutrosophic number is as follows,
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FI1GURE 2. De-Neutrosophication techniques using removal area method.
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TABLE 1. Different trapezoidal neutrosophic number with de-neutrosophication value, hamming
distance and euclidean distance.

No. of set Trapezoidal neutro- De- Centroid point by Hamming Euclidean

sophic number neutrosophication Deli’s approach [13] distance [13]  distance [13]
value

Set 1 (1,2,3,4; 2.4917 [(0.33,0.36); 17.11 12.08
0.5,1.5,2.5,3.5; (9.46,0.92);
1.2,2.7,3.5,4.5| (9.46,0.92)]
0.9,0.8,0.8)

Set 2 (0.5,1.5,2.5, 3.5; 1.95 [(0.52,0.32); 15.08 10.52
0.3,1.3,2.2,3.2; (8.36,0.92);
0.7,1.7,2.2,3.8| (8.36,0.92)]
0.9;0.8;0.8)

Set 3 (0.3,1.2,2.8,3.8; 2.0017 [(0.32,0.38); 5.7 3.99
0.5,1.5,2.5,3.5; (3.74,0.92);
0.8,1.7,2.7,3.8| ((3.74,0.92)]
0.9;0.8;0.8)

Set 4 (1,3,5,7; 3.325 [(1.4,0.39); 21.43 14.47
0.5,1.5,2.5,3.5; (11.12,0.91);
1.2,2.7,4.5,7.5| (11.12,0.91)]
0.9;0.8;0.8)

TABLE 2. Comparison table of ranking.

Methods Ranking
1 By Our De-Neutrosophication Value Concept  Set 4>Set 1>Set 3>Set 2
2 By Deli’s Hamming distance approach [13] Set 4>Set 1>Set 2>Set 3
3 By Deli’s Euclidean distance approach [13] Set 4>Set 1>Set 2>Set 3

Here, 0 < p<1,0<9<1,0<p<land 0<pu+9+¢<3.
Now, de-neutrosophication is defined as,

f,zi:O {TTNEI(H);TTNEQ(H)} du + fé:o {TTNcl(ﬁ);rTTch(ﬁ)} dd + f;:O {TTNcl(LP);rTTNez(QO)} d(p

A =
3
f;i:o {P1+#(P2*pl);mfu(mfps)} dp + fq;zo {q2*ﬂ(qum);rqsﬂ%%*qs)} do + fz;:O {7”2*@(Tth);rrer@(M*%)} de

B 3

_ DpP1F+p2tp3tpatatgtgtqtritrot+rstrs 59

- 12 ' (5:2)
5.3. Numerical examples

See Table 1.

5.8.1. Ranking using different methods
See Table 2.
5.4. Comparison between Triangular and Trapezoidal shape Neutrosophic number

Measurement of vagueness is a very important topic in uncertainty theory. It is involves in fuzzy sets but not
in crisp set. We know that fuzzy number can be taken as triangular form or in trapezoidal form; although we
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still don’t know which form can store more fuzzy information. In case of neutrosophic environment we defined
triangular neutrosophic number [34] and trapezoidal neutrosophic number [41] but we can’t measure which form
gives us better result and store more information.

Here, using de-neutrosophication idea we will try to built up a comparison between triangular neutrosophic
fuzzy number and trapezoidal neutrosophic fuzzy number.

Avishek et al. [8] introduced the idea of de-neutrosophication for triangular neutrosophic fuzzy

- 2 di+2 2y +k . . .
number as R (Da,0) = (a142bi Fer+di+ f21+f1+91+ 14k1)  Also in this paper we introduced de-

neutrosophication of trapezoidal neutrosophic fuzzy number using removal area method as (DD,O) =
(ar+biteitditer+fitgi+hitii+ji+ki+lh)

12
If we take truth part range as [a, d], falsity part as [e, h] and hesitant part as [i,[] for both the forms, then

R(D,0) = R(Dg,0) — R (Da,0) ,where R(D,0) € R
(a+b+c+d+e+f+g+h+i+j+k+l) (a+2p+d+e+29+h+i+2r+1)

12 12
(btc—2p)+(f+9-2¢9)+(+k—2r)
- 0 , (5.3)
where b<p<ec f<qg<g,j<r<k.
If R(D,0) > 0, Then trapezoidal shape associated with more vagueness information.
If R(D,0) <0, Then triangular shape associated with more vagueness information.
and R (D,0) = 0, Then equal contribution.
5.4.1. Example
Trapezoidal neutrosophic number Triangular neutrosophic number R(D,0)  Result
(3,6,9,12;2,5,8,11;6,11,13,15) (3,7,12;2,6,11;6,12,15) Positive ~ Trapezoidal better
(2,5,8,11;1,4,7,10;5,10,12,14) (2,6,11;1,5,10;5,11,14) Positive ~ Trapezoidal better
(3,6,9,12;2,5,8,11;6,11,13,15) (3,8,12;2,7,11;6,12,15) Negative Triangular better
(3,6,10,12;2,6,8,11;6,11,13,15) (3,8,12;2,7,11;6,12,15) Zero Same

6. CRASH MODEL: TIME COST OPTIMIZATION IN NEUTROSOPHIC ENVIRONMENT

Before going to the main problem we need to clarify some factors involving the time cost optimization problem.

Project cost. In reference to the cost factor in the current project scheduling, there must be a relationship
presented between the two parameters namely that of cost & time duration involved in that particular activity.
The Direct cost & the indirect cost constitutes the total cost of any project.

Direct cost. There exists a direct rapport or a direct reference with the cost depending upon various factors
of production like the amount of resources that the individual is furnished with for the execution of individual
activities like the inputs equipped to the person for the management of the project which is described as
“manpower loading” & the consumption of materials. It is to be notified that there is an increment in the
direct cost if there is a reduction in the duration that an activity consumes for its completion.

Indirect cost. This type of cost is fully related with overhead expenditure like managerial jobs, indirect supplies
etc. The indirect cost is generally calculated for a week, or for a month basis. The indirect cost gradually decreases
when the activity period is diminishing.
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Coming up to the network diagram, it is a progressive tool used to recognize the activities whose duration in
time should be decremented & shortened up into a laconic flowchart so that the time involved in completing the
project can be quick & in the most economic manner to complacent the urgent needs for project completion.
Time is the indispensable crucial factor for finishing up any successful project for the dissemination of economic
prosperity & cost efficiency. It is the only measure to abrogate uneconomic ideas for any project to make the
project a glorious success carried on by the virtue of Network Diagram. Carrying out a project in the shortest
time by reducing the time duration or by the addition of some extra endeavor is called “Crashing the Activity”.
The crash time stands as the paragon for the representation of the minimum activity time & if there are
constant attempts to further crash would result in raising the activity cost without any alteration in the time
factor.

The activity cost corresponding to the crash time eaten up in the project is called CRASH COST which
is the lowest negligible direct cost required to archive & encrypt the crash performance time.We are ampli-
fied with the definition of Normal time which is the time duration required to perform an activity of the
absolute minimum of the direct cost which is the equivalent of the normal cost required to fund the specified
activity.

Now,

Crash Cost — Normal Cost
Normal time — Crash Time

Cost Slope =

Now, in this section we consider the normal time and the crash time both are trapezoidal neutrosophic fuzzy
number and in this neutrosophic environment we convert the trapezoidal neutrosophic fuzzy number into a crisp
number using the de-neutrosophication technique

. (a1+b1—|—61+d1+61+f1+91+h1+i1+j1+k?1+11)
R(D7O): 12 .

6.1. Time-cost optimization algorithm

Step 1.
Using de-neutrosophication technique convert the trapezoidal netrosophic fuzzy normal and crash time into
a crisp number.
Step 2.
Network diagram construction using the information in the table.
Step 3.
Find out normal critical path and identify the critical activities.
Step 4.
Evaluate cost slope for each activities and rank them.
Step 5.
Calculate the total cost of the project and continue the process until all the critical activities are entirely
crashed or no more crashing is achievable.
Step 6.

Calculate Optimum cost and project duration.
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6.2. Flowchart for time cost optimization techniques

De-neutrosophication
Technique apply

v

Network Diagram
Construction

A 4

Compute Normal
Critical Path, Critical
Activity

Compute Cost Slope and
Rank the activity

Crashing the activities
find out parallel path

Compute Optimum
Project Duration and
Total Cost

6.3. Problem definition

Let us consider a project for building up a testing facility. The list of activities with their time and cost data
is given below

Attribute/ Description ~ Normal and Crash time verbal phrase

Design facility (Semi Medium, Medium, Quasi Medium, High; Low, Medium, Quasi Medium,
High; Medium, Quasi Medium, High, Very High)

Receive equipment (Semi Medium, Medium, Quasi Medium, High; Low, Medium, Quasi Medium,
High; Medium, Quasi Medium, High, Very High)

Selection of staff (Semi Medium, Medium, Quasi Medium, High; Low, Medium, Quasi Medium,
High; Medium, Quasi Medium, High, Very High)

Training (Semi Medium, Medium, Quasi Medium, High; Low, Medium, Quasi Medium,
High; Medium, Quasi Medium, High, Very High)

Installation (Semi Medium, Medium, Quasi Medium, High; Low, Medium, Quasi Medium,
High; Medium, Quasi Medium, High, Very High)

Test facilities (Semi Medium, Medium, Quasi Medium, High; Low, Medium, Quasi Medium,

High; Medium, Quasi Medium, High, Very High)
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Activity Description Normal Crash
Time Cost Time Cost

1-2 Design facility (3,6,9,12; 100 (3.5,5,6.5,8; 200
2.5,5,8,11.5; 3.25,4.5,6,7.75;
5,8,11,15) 4.5,6,7.5,9.5)

1-3 Receive equipment  (1.5,3,4.5,6; 150 (0.75,1.5,2.25,3; 350
1.25,2.5,4,5.75; 0.625,1.25,2,2.875;
2.5,4,5.5,7.5) 1.25,2,2.75,3.75)

2-4 Selection of staff (0.75,1.5,2.25,3; 50 (0.5,1,1.5,2; 90
0.625,1.25,2,2.875; 0.25,0.5,0.75,1;
1.25,2,2.75,3.75) 0.65,1.10,1.25,1.5)

2-5 Training (5,8,11,14; 100  (2.54,5.5,7; 400
4.5,7,10,13.5; 2.25,3.5,5,6.75;
7,10,13,17) 3.5,5,6.5,8.5)

3-4 Installation (2.5,4,5.5,7; 100  (0.4,1,1.5,2; 200
2.25,3.5,5,6.75; 0.25,0.5,0.7,1.5;
3.5,5,6.5,8.5) 0.45,1.05,1.20,1.445)

4-5 Test facilities (1.75,2.5,3.25,4; 80 (0.5,1,1.5,2; 90
1.625,2.25,3,3.875; 0.25,0.5,0.75,1;

2.25,3,3.375,4.75)

0.65,1.10,1.25,1.5)

Determine the optimum project duration and cost for the following data, given that indirect cost is Rs. 70

per day.

Solution procedure

The solution can be done by the following step as mention above. Here we only show the numerical study.

Step 1.

Activity Description Normal Crash
Time Cost Time Cost

1-2 Design facility 8 100 6 200
1-3 Receive equipment 4 150 2 350
2-4 Selection of staff 2 50 1 90
2-5 Training 10 100 ) 400
3-4 Installation 5 100 1 200
4-5 Test facilities 3 80 1 100

Step 2. Network construction.
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Node-5 [18/18]

Node-2 [8/8]

Node-4 [15]10]

Node-3 [10/4]

— yDenotes the critical Path

Step 3.

The required Critical Path 1 — 2 — 5.

Project Normal Duration-18 days.

Cost of the project = Normal cost + Indirect Cost = Rs. 1840.
Step 4.

The cost slope and the number of days to be crashed are given below

Crash Cost—Normal Cost
Normal Time—Crash Time Rank

Activity  Cost Slope =

1-2 50(2) v
1-3 100(2) VI
24 40(1) 111
2-5 60(5) \%
34 25(4) 11
45 10(2) I

The other pathsare 1 -2 —5;1—-2—>4—51—3—4—5.

We rank the activities in ascending order of cost slope as given in the table then we crash activity 1-2. It is
the activity lying on the critical path with the minimum cost slope.

Step 5.

Normal duration Crash activity Crash cost Indirect cost Total cost
18 - - 1260 1840
17 1-2(1) 50 1190 1820
16 1-2(2) 100 1120 1800
15 2-5(1) 160 1050 1790
144 2-5(2) 220 980 1780
13 2-5(3) 280 910 1770
12 2-5(4) 340 840 1760
11 2-5 (1-2-5) 4-5 (1-3-4-5) 410 770 1760

Hence, the optimum project duration is 11 days and total cost Rs. 1760.
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7. OPERATION OF TRAPEZOIDAL NEUTROSOPHIC FUZZY NUMBER IN SEQUENCING
PROBLEM

Sequencing problems are responsible for an appropriate selection of a sequence of jobs undertaken on a finite
number of service facilities in some well defined technological order so as to optimize some efficiency measure
such as total elapsed time or overall cost etc.

There steps the difficulty in solving a sequencing problem if there is an occurrence of uncertainty but the
problem can be solved quiet easily using fewer efforts by applying the concept of impreciseness and its corre-
sponding crispified value. In this field, we have taken a sequencing problem where there is an operation of three
different machines and with the presence of a spectrum of different jobs to be satisfied & undertaken. To turn
the system into neutrosophic in nature, we consider the trapezoidal neutrosophic fuzzy number in the aspect of
time in the database table.

Problem definition

We consider five different tasks each of which must go through the motor A, B, C respectively. Determine
the sequence that will minimize the total elapsed time.

Task No. 1 2 3 4 5

Motor A (2.5,4,5.5,7; (4.5,6,7.5,9; (3.5,5,6.5,8; (4,7,10,13; (4.4,5,5.5,6;
2.25,3.5,5,6.75; 4.25,5.5,7,8.75; 3.25,4.5,6,7.75; 3.5,6,9,12.5; 4.25,4.5,4.7,5.5;
3.5,5,6.5,8.5) 5.5,7,8.5,10.5) 4.5,6,7.5,9.5) 6,9,12,16) 4.45,5.05,5.20,5.45)

Motor B (0.75,1.5,2.25,3;  (0.4,1,1.5,2; (1.5,3,4.5,6; (2.5,4.5,5,7; (1.75,2.5,3.25 4;
0.625,1.25,2,2.875; 0.25,0.5,0.7,1.5; 1.25,2.5,4,5.75; 2.25,4,5,6.25;  1.625,2.25,3,3.875;
1.25,2,2.75,3.75)  0.45,1.05,1.20,1.445) 2.5,4,5.5,7.5) 3.5,5,6.5,8.5) 2.25,3,3.375,4.75)

Motor C  (1.75,2.5,3.25,4;  (4.5,6,7.5,9; (4.4,5,5.5,6; (3.5,5,6.5,8; (4.5,6,7.5,9;
1.625,2.25,3,3.875; 4.25,5.5,7,8.75; 4.25,4.5,4.7,5.5; 3.25,4.5,6,7.75; 4.25,5.5,7,8.75;
2.25,3,3.375,4.75) 5.5,7,8.5,10.5) 4.45,5.05,5.20,5.45) 4.5,6,7.5,9.5) 5.5,7,8.5,10.5)

Step 1.

In this sequencing problem we see that all the elements are Trapezoidal neutrosophic fuzzy mem-

ber. First we convert this fuzzy number in to crisp number using our deneutrosophic value R(D,O) =
(a1+bi+ci+diter+fitgithi+ii+ji+ki+h)

12 :
Thus the problem becomes.

Task No. 1 2 3 4 5
Motor A 5 7 6 9 5
MotorB 2 1 4 5 3
MotorC 3 7 5 6 7

Step 2.

The optimum sequence can be obtained by converting the problem into that of two-motors by the following
steps Max(B;) = 5,Min(A;) = 5 Thus, Min(A;) > Max(B;) is satisfied.

We define two motors G and H such that the processing time on G and H are given by,

G1:A2+BzandHZ:Bz+Cl, Z:1,2,,5

Job 1 2 3 4 5
MotorG 7 8 10 14 8
Motor H 5 8 9 11 10
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Step 3.
We obtain the optimum sequence by using the steps of Johnson’s Algorithm.

5 2 4 3 1

Step 4.
Job Motor A Motor B Motor C Idle time
In Out In Out In Out A B C
5 0 5 5 8 8 15 - 5 8
2 5 12 12 13 15 22 — 4 —
4 12 21 21 26 26 32 - 8 4
3 21 27 27 31 32 37 - 1
1 27 32 32 34 37 40 40-32=8 1 —
40 — 34 = -
8 25 12

Hence, Total Elapsed Time = 40 h.
Idle time for motor A = 8h; Idle time for motor B = 25h Idle time for motor C = 12h.

Note. In case of trapezoidal neutrosophic fuzzy number Ye [41] consider score function as S(n) =
L (2 4 atbierd _ effhoth  Wmindp) and accuracy function as H (n) = otbietd _ Wmindp 1f we con-
3 1 1 1 1 T -

sider these score function and accuracy function to convert a trapezoidal neutrosophic fuzzy number in to a
crisp number for the above problem then we can find that all the processing time becomes negative in the
table which is not possible as processing time in sequencing problem must be greater than zero. Thus, our
de-neutrosophication method is a better approach.

8. CONCLUSION

There is a proliferating popularity for the conundrum concept of neutrosophic number presenting before
the world a vibrant spice of logic and innovation to reach the zenith of excellence. The world is driven into a
paradigm of brilliance as well as expertise with the formation and de-neutrosophication of the corresponding
number which assists the researcher dealing with uncertainty and decision making problems. In this paper, we
constructed the concept of neutrosophic number from different viewpoints and aspects for analyzing its true
character. We have utilized the concept of linear and non linear form with the generalization of the pick value
of truth, falsity, indeterminacy functions by considering trapezoidal neutrosophic numbers. We are furnished
with the de-neutrosophication concept used in converting a neutrosophic number into a crisp number finding its
significance for decision making problems. We solve a time cost optimization problem in trapezoidal neutrosophic
fuzzy set environment which is done on sequencing problem giving a far ambidextrous result without any possible
fiasco than the previous score function approach using the de neutrosophication method.

Consequently, we have inspected the following outcomes as:

— The generalized neutrosophic number and non linear neutrosophic number can be the better choice of decision
makers rather than liner neutrosophic number.

— The concept of trapezoidal neutrosophic number is better than triangular neutrosophic number.

— The de-neutrosophication techniques namely (i) removal area method (ii) mean of interval method are is
very useful to de-neutrsify the corresponding number.

— The numbers can be taken for different real life application model.

The work is done on trapezoidal nutrosophic number. But in future we can take the pentagonal, hexagonal
and heptagonal neutrosophic number and de-neutrosophication can be made by different techniques.
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Thus, it can be concluded that the approach for taking the neutrosophic number is very helpful for the
researchers who are involved in dealing the mathematical modeling with impreciseness in various fields of sciences
and engineering. It reveals very realistic results in both mathematical points of view. There is still a massive
amount of work in this field, hence many spectacular study can be explored with neutrosophic parameters.
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