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Abstract. In his doctoral dissertation, Ayman A. Hazaymeh presented the idea of time-fuzzy soft
set in 2013, which is an extension of fuzzy soft set[1]. In this work, we present the idea of the
parameterized time neutrosophic soft set, which is an extension of the neutrosophic soft set, and
examine some of its characteristics. Its fundamental operations, complement, union, intersection,
"AND,” and "OR,” are also defined, and their characteristics are examined. We also provide a
fictitious example of how this idea may be used in decision-making issues.
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1. General Introduction

The majority of problems in engineering, medical research, economics, and the en-
vironment are fraught with uncertainty. Molodtsov([2] introduced the notion of soft set
theory as a tool in math for coping with such uncertainty. Following Molodtsov’s work,
[3], Maji et al.[4], and Maji et al. researched several soft set operations and applications.
Also, Maji et al. [5] presented the notion of fuzzy soft set as a broader concept, as well
as a combination of fuzzy set and soft set, and investigated its features. Roy and Maji [6]
also applied this idea to handle decision-making challenges. The application of generalized
fuzzy soft sets in decision-making problems and medical diagnosis problems is also intro-
duced by them. Furthermore, in 2010, Cagman et al.[7] established the notion of fuzzy
parameterized fuzzy soft set and its operations. In addition, the fpfs-aggregation opera-
tor is used to create the fpfs-decision-making technique, which allows for more efficient
decision processes. The theory of neutrosophic sets was introduced by Smarandache [8] in
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1995 as a new mathematical tool for dealing with issues involving inconsistent, imprecise,
and indeterminate data. Some topics in algebraic structures are extended by fuzzy soft
sets, neutrosophic, or even plithogenic logical sets, as in the research [9], and there are
also studies in fuzzy tapology and neutrosophic fuzzy topology. For more details about
neutrosophic topology, see [10]. Additionally, researchers introduced using a neutrosophic
fuzzy soft set to solve decision-making problems, like in [11], [12],[13] other researchers
introduced topics in complex fuzzy as [14]. Enriching the state with knowledge about
prior actions and events can help you distinguish between situations that might otherwise
look identical, allowing you to make accurate judgments while also learning the proper
options. Furthermore, knowledge of the past can eliminate the need for unrealistic sensors,
such as knowing your exact location in a maze. Using historical information as part of the
state representation provides us with important information to assist us in making better
judgments in situations when temporal value is not taken into account, resulting in less
accurate decision-making. If we want to take the views of more than one time (period),
we must perform various operations such as union, intersection, etc. For a solution to this
problem, we take a collection of time intervals, generalize it into what we call a time-fuzzy
soft expert set (T-FSES) that is induced by [15], investigate some of its features, and
apply this notion to a decision-making problem. It is critical to understand the history of
the parameters under consideration in order to ensure the credibility of the information
provided by specialists. The experts’ previous experiences are gathered in the number
of periods (years, months, etc.) in which they are involved in a certain decision-making
circumstance, and by looking at the time component, individuals are more confident in
the conclusion that they make. We must examine the influence of time on fuzzy soft set
applications, not only for the present period, but also for the past and future periods (fore-
casting information). Generalized fuzzy soft expert sets were first proposed by Hazaymeh
et al. [16], enabling the incorporation of several expert viewpoints in fuzzy decision-making
settings. Fuzzy parameterized fuzzy soft expert sets [17] were subsequently developed,
providing a deeper framework for complicated applications by combining the benefits of
expert assessment under fuzziness and parameterization. The addition of temporal con-
cerns furthered the development of these models. In order to further enhance the practical
utility of soft computing approaches, Hazaymeh [18] introduced the time-effective fuzzy
soft set, which highlights the significance of decision-making efficiency in time-sensitive
scenarios. Alkhazaleh [19] added the parameterized time neutrosophic soft set to these
advancements, offering a potent method for handling inconsistent and ambiguous data
across time. In real-world situations where time and uncertainty are intricately entwined,
this paradigm works very well. Furthermore, the partnership between Alkhazaleh and
Hazaymeh resulted in the creation of N-valued refined neutrosophic soft sets [20], which
provide a sophisticated method for managing intricate and multi-valued uncertainty in
fields like decision analysis and medical diagnostics. When taken as a whole, these con-
tributions mark a substantial improvement in the modeling and analysis of uncertainty in
dynamic, multi-expert settings. Further development of these mathematical frameworks
might lead to wider use in data analysis, intelligent systems, and decision support technolo-
gies. Neutosophic theory emerged as a potent expansion of fuzzy and intuitionistic fuzzy
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frameworks due to the difficulty of expressing uncertainty and indeterminacy in a variety
of mathematical and real-world systems. Neutrosophic sets provide a more sophisticated
solution to issues involving ambiguity and insufficient information by enabling the sepa-
rate representation of truth, falsehood, and indeterminacy. In this regard, the inclusion
of neutrosophic structures has greatly expanded fixed point theory in generalized metric
spaces. In order to provide solutions to fractional differential equations that occur in the
applied sciences, Bataihah et al. [21] developed fresh fixed point findings using a new form
of distance space. Furthermore, by proving fixed point theorems in entire neutrosophic
metric spaces—with a special emphasis on -quasi contractions—Bataihah, Hazaymeh,
Al-Qudah, and Al-Sharqi [21] advanced this topic. These findings not only advance our
theoretical knowledge of neutrosophic spaces but also pave the way for nonlinear analysis
and dynamical systems applications. Simultaneously, neutrosophic logic has become more
popular in decision-making, particularly when there are several qualities and ambiguous
preferences. Using potential single-valued neutrosophic Dombi-weighted aggregation op-
erators, Al-Qudah et al. [21] presented a robust framework that allowed for more flexible
and nuanced decision-making. In complex situations, these aggregation strategies facil-
itate well-informed decision-making by efficiently synthesizing imprecise and ambiguous
information. Collectively, these papers highlight the growing contribution of neutrosophic
mathematics to theoretical and practical problems, especially in fixed point theory and
uncertain multi-criteria decision-making. Recent advances have contributed significantly
to the refinement of such inequalities. In particular, Qawasmeh et al. [22] have presented
further accurate numerical radius inequalities that improve upon existing results by pro-
viding tighter bounds under various operator conditions. Their work explores inequalities
involving numerical radius and the norms of operator products and commutators, offering
insights that are both theoretically enriching and practically applicable in matrix analysis
and quantum mechanics. fuzzy soft set theory was introduced to better model scenar-
ios involving imprecise information. This theory further enhances the ability to process
uncertain data by incorporating the concepts of both fuzzy sets and soft sets [23].

introduction of neutrosophic graphs consider advancement is the provide a flexible
mathematical tool for handling indeterminacy, especially in dynamic and complex environ-
ments. Recent studies have applied neutrosophic graph models to real-world problems such
as earthquake response systems in Japan [24], and the identification of internet streaming
services using the max product of complement operations in neutrosophic frameworks [25].
In parallel, fuzzy set extensions have also evolved significantly. The complex shadowed set
theory enhances classical shadowed sets by incorporating complex-valued membership, al-
lowing for the modeling of multidimensional uncertainty in decision-making scenarios [26].
Likewise, complex hesitant fuzzy graphs (CHFGs) represent an important generalization
in fuzzy graph theory, effectively modeling situations where both hesitation and complex
uncertainty are present [27].

Furthermore, to address even more nuanced aspects of uncertainty, the refined neutro-
sophic soft set theory has been proposed. This extension allows for the representation of
truth, indeterminacy, and falsity in a more granular way, offering a more comprehensive
framework for decision-making in ambiguous environments [28]. These developments have
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opened new avenues for applications in various fields such as decision support systems,
pattern recognition, and data analysis. Recent research has also explored more sophisti-
cated structures such as possibility interval-valued neutrosophic soft sets, which combine
interval-valued and possibility-based neutrosophic frameworks. These have proven par-
ticularly effective in multi-criteria decision-making problems, where handling incomplete
and inconsistent information is critical [29]. These advancements continue to open new
avenues in applications such as decision support systems, data mining, and intelligent com-
puting.Recently, various scholars have begun studying the properties and applications of
time fuzzy soft set theory as in the research [30]. The following paper presents the idea of
parameterized time neutrosophic soft set (P-TNSS), a generalization of the neutrosophic
soft set, to improve decision-making in real situations. By incorporating historical infor-
mation, we can disambiguate between identical situations, making correct decisions and
learning from them. The paper also discusses the properties of P-TNSS, including com-
plement, union, intersection, "AND,” and "OR,” and its application in decision-making
problems.

2. Preliminary

The definitions and characteristics of neutrosophic soft set theory, time-fuzzy soft set
theory, and neutrosophic soft set theory that are necessary for this study are reviewed in
this section.

Definition 1. [8/ The definition of a neutrosophic set A on the discourse universe X
is A = {< x;Ta(2); Ia(x); Fa(x) >;2 € X} where T; I; F : X —]70;17[ and ~0 <
Ta(z) + La(x) + Fa(z) < 3%,

Molodtsov provided the following definition of a soft set. Let E be a collection of param-
eters and U be a universe. The power set of U and A C E is represented by P(U).

Definition 2. [2] A soft set over U, is a pair (F, A), where F' is a mapping
F:A—P(U).

Stated differently, a parameterized family of subsets of the universe U is a soft set over U.
For e € A, F () might be seen as a set of e-approximate elements of the soft set (F, A).

Definition 3. [31] Let E be a set of parameters and U be an initial universe set. Consider
A C E. Let P(U) indicates the set of all neutrosophic sets of U. The collection (F, A) is
termed to be the soft neutrosophic set over U, where F is a mapping provided by F : A —
PU).

Definition 4. [31] Consider two NSSs over the common universe U: (F,A) and (G, B).
(F,A) is claimed to be neutrosophic soft subset of (G,B) if A C B; and Tr(e)(zx) <
Ta(e)(z); Ir(e)(z) < Ig(e)(x); Fr(e)(x) > Fgle)(x); Ve € A;x € U. We indicate it by
(F,A) C (G,B). (F,A) is claimed to be neutrosophic soft super set of (G, B) if (G, B) is
a neutrosophic soft subset of (F, A). We indicate it by (F,A) O (G, B).
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Definition 5. [31] The complement of NSSs (F, A) indicated by (F; A)° and is indicated as
(F,A) = (F¢,|A); where F¢ :]A — P(U) is a mapping provided by F°(a) = neutrosophic
soft complement with Tre(y) = Fp), Ipe(e) = Ip@w) and Fre) = Tp(g) -

Definition 6. [31] Let (H, A) and (G, B) be two NSSs over the common universe U. Then,
‘(H,A)U (G, B) denotes the union of (H,A) and (G, B), which is defined by (H,A) U
(G,B) = (K,C), where C = AU B and the truth-membership, indeterminacy-membership
and falsity-membership of (K,C) are as follows:

Tx(e)(m) = Tu(e)(m); ifec A= DB;

=Tg(e)(m); ifee B—A;

= maz(Tg(e)(m): Ta(e)(m)); ife e AN B.
Ig(e)(m) = Iu(e)(m); ifee A—B;

= Ic(e)(m): ifee B— A;

IR ) NS

Fx(e)(m) = Fg(e)(m); ifec A— B;
= Fg(e)(m); ifee B—A;

=min(Fg(e)(m); Fa(e)(m)); ife€e AN B.

Definition 7. [31] Consider two NSSs over the common universe U: (H, A) and (G, B).
Then, (H, A) U (G, B) indicates the intersection of (H, A) and (G, B), which is defined by
(H,A)U (G,B) = (K,C), where C = AU B and the truth-membership, indeterminacy-
membership and falsity-membership of (K,C) are as follows:

Tk (e)(m) = min(Ty(e)(m); Ta(e)(m));

Fi(e)(m) = min(Fg(e)(m); Fa(e)(m)); Ve e C.

Definition 8. [31] Let (H,A) and (G, B) be two NSSs over the common universe U.
Then the ‘AND® operation on them is indicated by ‘(H,A)\ (G, B)‘ and is defined by
(H,A)V(G,B) = (K, A x B), where the truth-membership, indeterminacy-membership
and falsity-membership of (K, A x B) are as follows:

Tre(a, B)(m) = min(Tr(a)(m); Ta(6)(m));
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T, 8)m) = 1@+ TG

Fr(a, B)(m) = mazx(Fg(a)(m); Fa(B8)(m)); Va € AVB € B.

Definition 9. [31] Let (H, A) and (G, B) be two NSSs over the common universe U. Then
the ‘OR‘ operation on them is indicated by ‘(H, A) \/ (G, B)‘ and is defined by (H, A) (G, B) =
(O, Ax B), where the truth-membership, indeterminacy-membership and falsity-membership
of (O, A x B) are as follows:

To(a, 8)(m) = max(Ta () (m); T (8)(m));

Tofo, A (my = )+ IO

Fo(a, B)(m) = min(Fg(a)(m); Fg(B)(m)); VYo e ANV € B.

Definition 10. [32]. Let U be an initial universe, E the set of all parameters and X a
fuzzy set over E with membership function

/’LX:E_>[071]7

and let vx be a fuzzy set over U for all x € E. Then an fpfs-set I'x over U is a set defined
by a function yx(x) representing a mapping yx : E — F (U) such that

vx (z) =0 if px (z) = 0.

Here, vx is called a fuzzy approzimate function of the fpfs-set I'x, and the value vx (x)
is a set called x-element of the fpfs-set for all x € E. Thus, an fpfs-set I'x over U can be
represented by the set of ordered pairs

Ix ={(ux () /z,7x (2)) 1z € E, 7x (z) € F(U),pux (z) € [0,1]}.

Definition 11. [33] Let U be an initial universal set and let E be a set of parameters.
Let IV indicate the power set of all fuzzy subsets of U, let A C E and T be a time period
where T' = {t1,to,...,tn}. A collection of pairs (F,E)Vt € T is called a time-fuzzy soft
set {T — F'SS} over U where F is a mapping provided by

F:A—1Y.

Definition 12. Let U be an initial universal set and let E be a set of parameters. Let NV
indicate the power set of all neutrosophic subsets of U, let A C E and T be a time period
where T = {t1,t2,....,tn} . A collection of pairs (F, E)NVt € T is called a parameterized
time neutrosophic soft set {P — T NSSs} over U where F is a mapping provided by

F,: A— NV,
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3. Parameterized time neutrosophic soft set (PP-TNSS)

This section provides of the definition of a parameterized time neutrosophic soft set
(PP-TNSS) and give its basic properties.

Definition 13. Consider U as the initial universal set and E as a collection of parameters.
The factors represented by E = pie, /€1, lhey /€2, .-y e, [€n, are weighted according to the
relevance levels of the parameters. Let NV represent the power set of all neutrosophic
subsets of U, let A C E, and let T be a time period such that T = {ti,to,....tn},.
collection of pairs (F, E) Vt € T is referred to as a parameterized parameterized tlme
neutrosophic soft set {P — T'NSSs} over U, where F is a mapping provided by

FtIA—>NU.

Example 1. Let U = {u1,uz,us} be a collection of universes, E = {0—1 &%, 0—32} a set of
parameters and T = {t1,ta,t3,} be a time period. Define a function

F,: A— NY.
as follows:

(&) = us"
(55 0502 0.4)" (0.3;0.1;0.5) " ( 040203
(&) = ug"!
%) = 0701 0.2)" (0.6;0.4;0.2)" (0.2; 02 0.6)
(&) = ug”!
(5%) = (0.8; 02 0.1)" (0.6;0.4;0.1) " (0.3; 03 0.5)
71 — ua'?
(55) = 0702 0.3)" (0.4;0.2;0.3)" ( 040203
(2) = ua"
(5%) = (0.4; 02 0.3)" (0.4;0.2;0.3)" (0.4; 02 0.3)
(&) = ua"
(5) = 0402 0.3)" (0.4;0.2;0.3)" (0.4; 02 0.3)
71 — U™
(55) = 0402 0.3)" (0.4;0.2;0.3) 040203
(£2) U™
(5%) 0402 0.3)" (0.4;0.2;0.3) 040203
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Uy U2 us3

Fy (&) =
s (03) {(0.4; 0.2;0.3)" (0.4;0.2;0.3) " (0.4;0.2;0.3)

The parameterized time neutrosophic soft sets (F, E)iv

collections of approzimations shown below:

ultl

8 of 26

2

may then be seen to comprise the

(FE)N:{ o "
B 0571 10.5;0.2,0.4)’ (0.3:0.1;0.5) { 040203

ultl

Ol
l\')

(#

t1

t1
U2
{<0701 0.2)” (0.6;0.4;0.2)” (0.2; 02 0.6 })

e3 U2

(0 { 0.8; 0201> (0.6:0.4,0.1)" {0.3; 03 0.5 })
& ua'?

05 07 05 03> (0.4:0.2:0.3)" { 04 02 0.3)

’U,lt2

to
ea U2
(0 {(04 0.2;0.3)" (0.4;0.2;0.3)" (0.4; 02 03})

U1t2

t2
€3 Y2
(0-2’ { (0.5;0.3;0.6)" (0.3;0.4;0.6) " (0.1; 0 3;0.5 })

u1t3

D‘m
—

(5

ult?’

u2t3
(0.7;0.1; 0. 1> <0.8;0.2;0.1> (0.7; 01 0.3)

t3
ea U2
(0 {<01 0.5; 05> <0.5;0.3;0.2> (0.4; 02 0.3) })

t3

up ' U2

u3

t3

€3
0.2

Definition 14. For two P-TNSSs (F, A)Y
TNSSs subset of (G, B)iv if

(i) B C A,

and (G, B)iv

{<o.9;o.4;0.1>’ (0.7;0.3;0.1)” (0.5; 0.5;0.1) }) }

over U, (F, A)iv is called a P-

(i) Vt € T,e € B, Gy (€) is neutrosophic soft subset of Fy (e).

Definition 15. Two P-TNSSs (F,A)iv

(F, A)Y is a P-TNSSs subset of (G, A)N

and (G, B)iv

and (G, A)N

on U, are said to be equal if

is a P-TNSSs subset of (F, A)év
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Example 2. Think About the Example 1 and suppose that the

t1

t1
F EYN = el U1 U2
(£ B); { <0-5’ { (0.5;0.2;0.4) " (0.3;0.1;0.5) " (0.4; 0 2:0.3)

o Ultl uZtl
0771 (0.7;0.1;0.2) * {0.6;0.4; 0.2) * {0.2; 0 2;0.6)

)

73 ultg u2t2
021 70.5;0.3;0.6) " {0.3;0.4; 0.6)" {0.1; 03 0.5)

( {<09 014 0.1)7(0.7; 02.3;0.1) (0.5; 0 5;0.1 })

t1
Uq U2
GEY ={|<
( ! )t { (0'4’ { <0.5;0.1;0.4>’ <0.4;0.2;0.4> 0 1; O 1;0.8 })

(i
(5

Therefore (G, E)iv - (F,E)iv

o uth U2t2
071 (0.4;0.2;0.3) " {0.4;0.2;0.3) " {0.4; 0 2;0.3)

O‘@
—

u1t3 U2t3
(0.7;0.1;0.1)" (0.8;0.2; 0.1) (0.7; 0 1;0.3)

Ol
C«J

Cla
o}

U1t2 u2t2
(0.2;0.1;0.8)’ {0.1;0.1;0.6)" (0.2; 0 1,0.7)

ult3 U2t3
(0.3;0.1,0.5) {0.2;0.2;0.7) (0.2; 0 1;0.5)

O‘m
—

Definition 16. A parameterized time neutrosophic soft set (F, A)iv over U 1is claimed to
be semi-null P-TNSSs indicated by T.¢, if Vt € T, F} (e) = ¢ for at least one e.

Definition 17. A parameterized time neutrosophic soft set (F, A)iv over U is claimed to
be null P-TNSSs indicated by Ty, if Vt € T, Fy (e) = ¢ Ve.

Definition 18. A parameterized time neutrosophic soft set (F, A)iv over U 1is claimed to
be semi-absolute P-TNSSs indicated by T A, if Vt € T, Fy(e) = 1 for at least one e.

Definition 19. A parameterized time neutrosophic soft set (F, A)iv over U 1is claimed to
be absolute P-TNSSs indicated by Ty, if Vt € T, F; (e) =1 Ve.

Example 3. Consider Example 1. Let
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F YN el ur™t
(F, B); _{ 052 (0;0; 0 <000

000

e up !t ug’

0771 (0;0;0) " (0;0;0) 000
000 })

71 UQ U32
0571 (0.7 02 03> (0.4;0.2;0.3)” (0.4;0.2; 0.3)

(05{000 <ooo

72 U1t2 U2t2
071 70.4;0.2; 0.3)" (0.4;0.2;0.3)" (0.4 02 0.3)
73 U1t2 u2t2
021 70.5;0.3;0.6) " {0.3;0.4; 0.6)" {0.1; 03 0.5)

. Ult?’ u2t3
0221 (0.9;0.4;0.1) (0.7;0.3;0.1)" (0.5; 0 5,0.1)

Then (F, E)N = T.¢.

O‘@
—

ultg u2t3
(0.7:0.1:0.1)" (0.8;0.2; 0.1} { 07 3 1,0.3)

Clo
l\.’)

ultg u2t3
(0.1;0.5;0.5)" {0.5;0.3;0.2)" {0.4; 02 0.3)

Let
(F’E)iv_{<01{<060> <000 ooo})
(02{<060> <0§)0 000})

(03{000 <000

000
71
0-5 000(000 000
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e up "t ug™

0771 (0;0;0) " (0;0;0)’ 000
e3 ur"t

0271 (0;0; 0)” <000 000
71 ’LL1 UQ

0571 (0;0;0) " (0;0;0)° 000
&, ur”!

0771 (0;0;0)’ <000 000
o ) w" up™t

0271 (0;0;0) " (0;0;0) 000

Then (F,E)N =T,.

Let
1 ult
(F,E)iVZ{(o {(1,1,0> <1,1,0 })
) ultl U2
(0 {<1 1;0)" (1;1;0) " (1; 1 0 })
(03{110 <110 1»1»0 }>

e ug™? uz™
051 70.7; 02 03> (0.4;0.2;0.3)” (0.4;0.2;0.3)

72 ultg thQ
071 70.4;0.2;0.3) (0.4;0.2;0.3) {0.4; 02 0.3)
o U1t2 U2t2
021 70.5;0.3;0.6) " {0.3;0.4; 0.6)" {0.1; 0 3:0.5)
71 u1t3 'U«2t3
051 70.7;0.1;0.1)" (0.8;0.2;0.1)" { 0701 0.3)

o ults th3
071 {0.1;0.5; 0.5) (0.5;0.3;0.2) (0.4; 0 2:0.3)
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. u1t3 u2t3 U3t3 }
0271 (0.9;0.4;0.1)" (0.7;0.3;0.1) " (0.5; 0.5; 0.1) ‘

Then (F, A)N = T A.

& ur”

0571 (1;1;0)” <1,1,0

e ug"t uht

07 {1:1;0)7 (15 1;.0) 1,1,0

73

0.2 1,1,0 <1,1,0 1,

Let

!
3
Tz
I
—N
/\

1,0
71
0.5 1,1,0 <1,1,0 1,1,0

72 U12 UQ

0771 (1;1;0) (1;1;0) 1,1,0
e3 us"

0277 (1;1;0)° <1 1 0)’ 1,1,0

O‘m
—

up’® us™®
( {<1,1,0> <110 110})
ea us "
(0 {(110> <110 1,10})
e uy '3 '
021 11;1;0)’ (1;1;0)’ 1 1 0)

Then (F, A)N = Ta.

4. Basic Operations

The definitions of the complement, union, and intersection of P-TNSS are presented
in this section along with various instances and attributes that are derived.
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4.1. Complement

Definition 20. The complement of P-TNSSs (F, A)iv is indicated by ¢(F,A), Vt € T
where ¢ indicates a neutrosophic soft complement.

Example 4. Consider Example 1, we have
t1 11 t1
amEﬂ:{ o J wl uz us
(0.4;0.2;0.5) 7 (0.5;0.1;0.3) " (0.3;0.2; 0.4)

72 ultl u2t1
03 <O20107><0204m6><060202

UQtl

(03 { 0.1; 02 08> (0.1;0.4;0.6)” (0.5; 03 0.3) })

72 U1t2 th2

03 <030204><0&0204><030204

73 ultz u2t2

08 (0.6;0.3;0.5) 7 (0.6;0.4;0.3) " (0.1; 03 0.5) ’
71 ults U2t3

057 (0.1;0.1;0.7) (0.1;0.2;0.8) m30107

72 ultS U2t3

0371 (0.5;0.5;0.1) (0.2;0.3;0.5) 7 (0.3; 02 0.4)

Q ults U2t3 U3t3 }
0871 (0.1;0.4;0.9)" (0.1;0.3;0.7) {0.1;0.5; 0.5) '

Proposition 1. If (F, A)iv is a P-TNSSs over U, and by using the neutrosophic comple-
ment we have:

(i) e (R A)Y) = (F.A)
(ii) AT9) = (T-A),
(iii) &(T) = (Ta).,
(iv) ATA) = (T-0),

UQt2

71
05 {03020n (0.3;0.2;0.4)" { 030204




A. Hazaymeh et al. / Eur. J. Pure Appl. Math, 18 (3) (2025), 5940 14 of 26

(v) &(Ta) = (Ty) -

Proof. The Definition provides a clear proof. 20.

4.2. Union

Definition 21. The union of two P-TNSSs (F, A)iv and (G, B)iv over U, is the P-TNSSs
(H, C)iv , indicated by (F, A),{VO (G, B)iv, such that C = AU B C E and is defined as
follows
F; (e), ifeec A— B,
HY (e) = ¢ Gt (e), ifeec B— A,
F,(e)UGi(e), ifeec AUB,

where U indicated the parameterized time neutrosophic soft union.

Example 5. Consider Example Think About the Example 1. Assume two parameterized

time neutrosophic soft sets over U, (F, A)iv and (G, B)iv, such that

(F, AN = er uy" ’ up" uz"
A 0571 70.1;0.5; 0.6) {0.4;0.3;0.4)" (0.3;0.3;0.6) [ )’

(.

s uy " u2 uz'?
0:57] (0.5;0.2;0.4) {0.3;0.3;0.6) " (0.1;0.2; 0.9) '

(G,B), =4 [ & u ™ uy"! uz"
VU 0571 (0.4;0.3;0.6) " (0.1;0.7;0.6) " (0.5;0.4;0.4) | )’

t3 t3

e u1 U2 uz's
0271 0.7;0.5;0.2) (0.1;0.5; 0.8)" (0.9;0.5;0.1) '

We can easily confirm that (F, A)iVO(G, B) byemployingneutrosophicunion.where)y =
(H,C)

t1 t1 t1
H.O)WN = e u1 U2 us
(H,C); { <0~5’ { (0.4;0.4;0.6) " (0.4;0.5;0.4) " (0.5;0.35;0.4) | )’

‘ 5
(]

N

ultl U2t1 ugtl
"1 (0.7;0.4;0.3) " (0.4;0.5;0.3) " (0.4;0.4;0.4) ’

‘ &)
]

(=]

ultg U2t2 U3t2
771 (0.1;0.5;0.7)” (0.4;0.6;0.2)” (0.8;0.2;0.1) [ )’

‘ )
[0

o

ultz u2t2 u3t2
21 70.6;0.2;0.3)" (0.40.7:0.3)" (0.2;0.5;0.7) [ )~
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o ultl ’LL2t1 ugtl
0771 (0.7;0.4;0.3)” (0.4;0.5;0.3)” (0.4;0.4;0.4) [ )’

o ’U,1t2 ’U,2t2 u3t2
0.7 (0.1-0.5-0.7)’<0.4;0.6;0.2>’<0.8;0.2;0.1> ’

t2

to
e3 U2 us
<0 { 0.6; 0 2:0.3) (0.4;0.7;0.3)" (0.2;0.5;0.7) }) ’

UQt3

t3
e3 u3
<0 { 0.7; O 35 0. 2> <0.3; 0.4; 0.6)’ <0.9; 0.35; O.l) }) }

Proposition 2. If (F, A)iv, (G, B)iv and (H, C)iv are three T-FSSs over U, then
(i) (F,A)N UG, B O(H,C)) = ((F,AF (G, B)Y O(H,C),
(it) (F, AN O(F,A)Y = (F,A)

Proof. The Definition provides a clear proof. 5.

4.3. Intersection

Definition 22. The intersection of two P-TNSSs (F, A)iv and (G,B)iv over U, is the
P-TNSSs (H, C’)iv, indicated by (F, A)ivﬁ(G,B)iV, such that C = AU B C E and is
defined as follows
F, (e), ifee A— B,
Hi(e) =< Gy (e), ifee B—A,
F(e)N Gi(e), ifee ANB,

where the parameterized time neutrosophic soft intersection was denoted by N.

Example 6. Consider Example Think About the Example 5. It is simple to confirm
that (F, A)ivﬁ(G, B) utilizingthe fundamentalneutrosophicintersection.((H, C)iv =..N
where

o
2
Tz
I
—N—
—

71 ultl u2t1 u3t1

0571 (0.1;0.4;0.6) " (0.1;0.5;0.6) " (0.3;0.35;0.6) [ )’
672 Ultl th1 U3t1
0771 (0.7;0.4;0.3) " (0.4;0.5;0.3)” (0.4;0.4;0.4) [ )’

Q ultz U2t2 u3t2
0771 (0.1;0.5;0.7)* (0.4;0.6;0.2)* (0.8;0.2;0.1) [ )’
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€3

o ’LL1t2 U2t2 U3t2
027 (0.6;0.2;0.3)” {0.4;0.7;0.3)” {0.2;0.5;0.7) [ )
s ultg u2t3 u3t3
0571 (0.5;0.35;0.4)  (0.1;0.4; 0.8) " (0.1;0.35; 0.9) '
Proposition 3. If (F, A)Y, (G, B)Y and (H,C)Y are three P-TNSSs over U, then

(i) (F,A)) N0 (F,A)Y = (FA)}.

Proof. The Definition provides a clear proof. 22.

Proposition 4. If (F, A)N, (G, B)N and (H,C)Y are three P-TNSSs over U, then
(i) (F,A)Y 0 ((G,B)Y AH,0)) = ((F,4)) 0G,B)Y) A ((F,4))0H,0)),
(i) (F, A A (G B} OH,0))) = ((FA)N A6, B)Y) T ((F,A) AH,0)).

Proof. The proof is straightforward from Definitions 22 and 5.

Proposition 5. If (F, A)N and (G, B)Y are two P-TNSSs over U, then
(i) (F, AN TG B)Y) = ((F, NGB,

(i) (B, ARG B)Y) = (F,AN)°0((G.B)Y)C.

Proof. The proof is straightforward from Definitions 22 and 5.

5. AND and OR Operations

The definitions, properties, and examples of AND and OR operations for P-TNSS are
presented in this section.

Definition 23. If (F, A)Y and (G, B)Y are two P-TNSSs over U then "(F,A)N AND
(G, B)iv ”indicated by (F, A)iv A (G, B)iv, is defined by
(F7A>1]€V A (GaB)t = (H7A X B)t

such that H (a,ﬁ)iv = F (a), ﬁG (ﬁ)iv ,V(a,B) € A x B, where ﬁ is parameterized time
neutrosophic soft intersection.

Example 7. Think About the Example 1. Let (F, A)iv and (G, B)iv are two P-TNSSs
over U such that
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(FAN =4 (&, u™ ug”
i 057 (0.1;0.5;0.6) " (0.4;0.3;0.4) " (0.3; 03 0.6)

72 ultl u2t1
071 70.7;0.4;0.3) " (0.4;0.5;0.3)" {0.4; 04 0.4)

(o

Slo
\II\J

ultz U2t2
(0.1;0.5;0.7) (0.4;0.6;0.2) " (0.8; 02 0.1)

73 ult3 U2t3
081 70.5;0.2;0.4) {0.3; 0.3 0.6)" {0.1; 02 0.9)

t1
3} 2
B), =< | &
(G, B), {(0'4’{(0.4;0.3;0.6) (0.1;0.7;0.6)’ <0.5,o.470.4>}>’

Ol
o[«

. u1t3 u2t3 U3t3
027 (0.7;0.5;0.2) {0.1;0.5;0.8) (0.9;0.5; 0.1) ‘

Then it’s simple to confirm that (F, A)iv A (G, B)iv = (H,Ax B)iv where:

ultz u2t2 U3t2
(0.6:0.2:0.3)" (0.4;0.7;0.3) {0.2; 0.5, 0.7y [ ) °

A4 t11 t1,1
(H,AxB)iV: ( 0 ), ug , u2 ’ us 7
(e1,e1) (0.4;0.4;0.6) " (0.4;0.5;0.4) " (0.5;0.35;0.4)

0.2

ultl,z u2t1,2 u3t1,2
(0.6;0.35; 0.3) (0.4;0.5; 0.3)” (0.3;0.4; 0.4)

Ult 3 u2t1,3 u3t1,3
(0.7;0.5;0.2)" (0.4;0.4;0.4)" (0.9;0.4;0.1)

{ ultl,l U2t1,1

(0.7;0.35;0.3) " (0.4;0.6;0.3) " (0.5; 04 0.4)

ult1,2 u2t1,2

(0.7;0.3;0.3) (0.4;0.6;0.3) " (0.4; 045 04}

0.2 ultl 3 U2t1 3
<(eg,eg)) "] (0.7;0.45;0.2)" (0.4;0.5;0.3)" (0.9; 045 0.1)

< 0.4 > (5] UQt21
(e2,e1)) 7] (0.4;0.4;0.6)" (0.4:0.65;0.2)" (0.8; 03 0.1)

0.2 U1t22 U2t22
((eg,eg)>’ (0.6;0.35;0.3) " (0.4;0.65;0.2) " (0.8; 0.35,0.1)

17 of 26
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0.2 uq ugt2:3
<(ez,eg)>’{<o.7;0.5;0.2> (0.4;0.55;0.2) (0.9; 035 0.1 }
(e {
((63;333))’{
(o) {

Definition 24. If (F,A)iv and (G,B)iv are two P-TNSSs over U then ”(F,A)iv OR
(G, B)iv ”indicated by (F, A)iv V (G, B)iv, is defined by

0.4
€3,€1
0

w32 u2t3,2

(
(0.6;0.2;0.3)” (0.4;0.5;0.3)" (0.2; 0 35;0.7)
(

)
ults,l U2t3 1
0.5;0.25;0.4> (0.3;0.5; 06> (0.5; 03 0.4)
1 }
1t3,3

0.

€1,€3

U ug?3:3 ust?
0.7;0.&’3;0.2)7 (0.3; 0.4;0.6> <O.9;0.35;0.1>

(F, AN v (G,B)Y = (0,4 x B),

such that O(a,ﬁ)iv = F (o), ua (B); .V (a,B) € A x B, where U is parameterized time
neutrosophic soft union.

Example 8. Think About the Fxample 7 we have U Then we can eastly verify that
(F,A)N v (G, B)N = (0,A x B)Y where:

0.5 UltLl thl,l U3t1’1
0,Ax BN =
(0.4 B), { ((61,61)’ { (0.1:0.4;0.6)" (0.1 0.5;0.6) {0.3;0.35;0.6) [ )’

0.5 up 2 uglt2 uzt?

((61, 63)) { (0.1;0.35;0.6) " (0.4;0.5;0.4) " (0.2;0.4;0.7) }
0.5 uptrs ustts uztLs

<(€1,€3)> {(Ol 0.5;0.6) " (0.1;0.4;0.8) " (0.3;0.4; 0.6 }
0.7 uptir untin

((62,61)> {(0403506> (0.1;0.6;0.6) " { 040404}
0.7 w2 g2

((62, 63)> { (0.6;0.3;0.3) 7 (0.4;0.6;0.3) " (0.2; 0 45;0.7) }
0.7 upt3 ug'ts

<(€2, 83)> ’ { (0.7;0.45;0.3) " (0.1;0.5; 0.8) " (0.8; O 45;0.1 }

( 0.7 ) (/5] U2t2l
(e2,e1)/) 7] (0.1;0.4;0.7)” (0.1;0.65; 0.6) " (0.5; 03 0.4)

0.7 upt22 ugt22
((62,63)>’ (0.1;0.35;0.7) " (0.4;0.65;0.3)° (0.2,0.35,0.7)
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< 0.7 > (75} UQt25
(e2,e3)) 7] (0.1;0.5;0.7)" (0.1;0.55;0.8)" (0.8; 035 0.1

u2t3,2

)
U U2t31
(es, e (0.4;0.25;0.6) " (0.1;0.5; 0.6) " ( 010309
63,6 }

() {wmos
1)
(Gen) (502
3) (0.5;0.2; 04> (0.3;0.5;0.6)" (0.1; 035 0.9)
( ) w33 ug?3:3 ust?
(e2,e3) (0.5;0.35;0.4) " (0.1;0.4;0.8)° <O.2;0.35;0.7>
Proposition 6. If (F, A)iv and (G,B)iv are two P-TNSSs over U, then
(i) (B, AN A (G, B)Y) = (F, AN)eV (G, B)Y)
(i) (F, AN v (G, B)N) = ((F, AN A (G, B)N)e
Proof. The proof is straightforward from Definitions 23, 24 and 20.

Proposition 7. If (F, A)iv, (G, B)iv and (H, C)iv are three P-TNSSs over U, then

(i) (F, AN A ((G, ONN) =((F, HF A (G, B)Y) A (H,O)F,
(it) (F,A); \/( ):( v(G,B)f)\/(H,C)éV,
(iii) (F, A)! v( Hch):( \/(G,B)iv)/\((F,A),{V\/(H,C){V),

(iv) (F, AN A ((G, BN v (H,C)N) = (F, AN MG, B)Y) v ((F, )N A (H,CO)Y) .

Proof. The proof is straightforward from Definitions 23 and 24.

5.1. The applying of parameterized time neutrosophic soft skills to decision-
making.

In this section, we present a theoretical application of the parameterized time neutro-
sophic soft set theory within a decision-making context, illustrating that this approach can
be effectively utilized in various domains characterized by uncertainty. We propose the fol-
lowing algorithm for addressing decision-making challenges based on parameterized time
neutrosophic soft sets. It is important to mention that we will refer to Maji’s Algorithm
using the abbreviation (MA).
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Definition 25. [31] matriz of comparisons. The object names hi;ha; ..., hy, are used to
identify the rows of this matrix, whereas the parameters ei;eo; ..., e, are used to identify
the columns: cij = a+ b — c is used to compute the entries c;;. where ‘a’ is the integer
calculated as ‘how many times Ty, (e;) exceeds or equal to Ty, (e;)’, for hi # hy, Yhy € U,
‘b’is the integer calculated as ‘how many times Iy, (e;) exceeds or equal to Iy, (ej)’, for
hi # hi, Yhy € U, and ‘c’ is the integer ‘how many times Fy, (e;) exceeds or equal to
Fy,(e;)’, for hi # hy, Vhy, € U,.

Definition 26. [31] Score of an Object. The score of an object h; is S; and is calculated
as Sz == Z Cij
J

Example 9. A restaurant chain is considering the establishment of a new branch in
one of the city’s suburbs and has sought the expertise of specialists to conduct an eco-
nomic feasibility analysis of the chosen location. The experts employed specific crite-
ria to arrive at their conclusions, identifying four potential alternatives represented as
U = {uy, ug, ug,us}. To assess the restaurant site, they identified five parameters, in-
dicated as E = {e1,e2,e3,eq,e5}. The parameters e; (i = 1,2,3,4,5,6) encompass fac-
tors such as the number of competing restaurants in the vicinity, the percentage of the
local population that depends on restaurants for their meals, necessary structural modifi-
cations to the site, anticipated weekly or monthly patronage, and the accessibility of the
restaurant, including sufficient parking. These factors are weighted with importance lev-
els of 0.1, 0.3, 0.4, 0.5, and 0.7, respectively, forming the subset of parameters ¥ =
0.1/e1,0.3/e2,0.4/e3,0.5/e4,0.7/e5,. Additionally, a set T = {t1,ta,t3} is established.
Based on these findings, the committee is positioned to identify the most appropriate lo-
cation for the new restaurant, leading to the development of a Fuzzy parameterized fuzzy
soft expert set following extensive deliberation.

(F,E)N = { o J__w” uzt us™
T 05,0500 050505 0450503 050503

(&

Ol
l\')

Ultl U2t1 u3t1
(0.7:0.1;0.2)" (0.6;0.4;0.2)" (0.2:0.2;0.6)" (0.4; 0 2,0.3)

t1 t1

U2
0.8; 0 2:0.1) (0.6;0.4;0.1) (0.3;0.3;0.5) " (0.4; 0 2;0.

u3

Olo
0«

t1 t1

u3

(o { s ;
4 U2

(0 { 0.4; 04 0.4)" (0.1;0.3;0.4)" (0.5;0.6;0.4) " (0.5; 03 0.4)
( { g

t1 t1

(%) us
0.9; 0 1;0.1)” (0.4;0.4;0.1)” (0.6;0.3;0.2) (0.3; 0 2: 0.

\I‘U'

to to

(%) us
(0.7; 0 2;0.3)7 (0.5;0.1;0.2) " (0.5;0.3;0.4)” (0.5; 0 3;0.4

}>
o7 )
7))
7))

=
o
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o ultz U2t2 U3t2
0371 70.6;0.1; 0.4) {0.5;0.3; 0.5) " (0.3;0.3;0.4)” (0.7; 0 3:0.1) [ )

us‘“

U to [2)

2 u3

{ 0.5; 0 3;0.6)” (0.3;0.4;0.6)” (0.1;0.3;0.5) " (0.4; 0 2;0.3) )
U2t2

(04 { 0.4; 02 07> (0.5;0.4;0.3) <0.4;0%3;0.3) (0.7; 02 0.1 })

t2 to

(%) us
(0.2; 0 4;0.6)" (0.7;0.4;0.2)" (0.4;0.3;0.5)" (0.3; 0 3;0.5)

\I‘U‘

O‘@
—

uy " uy'? uz'?
(0.7;0.1;0.1) {0.8;0.2;0.1)” (0.7;0.1; 0.3) " (0.4; 0 2:0.3)

(
[

o ultg th3 u3t3
0401 70.9;0.4;0.1) (0.7;0.3;0.1)" {0.5;0.5;0.1)" (0.4; 0 2:0.3)

0.1;0.5;0.5)" (0.5;0.3;0.2) (0.4;0.2;0.3)" (0.4; o 2:0.3) )

Ol
N)

{ U1t3 ths U3t3

t3 t3 t3

at Uz us

€4
(0 (0.3;0.5;0.4) " (0.6;0.3;0.1)" (0.5;0.2; 0.2) " (0.5; o 3:0.3)

675 u1t3 u2t3 u3t3
0.77) (0.1;0.6;0.6)” (0.6;0.2;0.3)” (0.5;0.3;0.4)" (0.5; 0 3;0.4)

5.2. Algorithm

We employ Maji’s approach to determine the best course of action after converting the pa-
rameterized time neutrosophic soft set to a neutrosophic soft set. The following approach
may be used to determine the choice by converting the P-TNSS to NSS. Here’s how we

can achieve our objective:

(i) Provide the tabular depiction of (F, E)YN

(ii) Determine the tabular depiction. F' (E), where F' (E) is described as follows:

F(e):{<T(€)J(e)’F(e)> :ueU,eeE} (1)
such tha%
Z atiTti(e)
T(e) = =5,

nmax a;(e)
i=1
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> oI, (6)
I(e) = =L :
nmax a;(e)
Z atith <€)
Fe) =" )
nmax a;(e)

Get F' (E) using Maji’s technique.

o Enter the Neutrosophic Soft Set F' (F).

o Enter P, the choice parameters of Ministry of Agriculture which is a subset of
A

o Consider the NSS (H, P) and write it in tabular form.
« Calculate the comparison matrix of the NSS (H, P).

o Calculate the score S; of u;; Vi.

e Find S, = max; S;.

e Any one of u; might be the better option if k has several values.

The following outcomes are then displayed in Table 1.

Table 1: Representation of (F, E)iv

Y Ui U9 us3 Uy
(&.t1) | (0.5;0.2;0.4) (0.3;0.1;0.5) (0.4;0.2;0.3) (0.4;0.2;0.3)
(&,t1) | (0.7;0.1;0.2)  (0.6;0.4;0.2) (0.2;0.2;0.6) (0.4;0.2;0.3)
(¢3.t1) | (0.8:0.2,0.1)  (0.6:0.4;0.1) (0.3;0.3;0.5) (0.4;0.2;0.3)
(&,t1) | (0.4;0.4;0.4) (0.1;0.3;0.4) (0.5;0.6;0.4) (0.5;0.3;0.4)
(&,t1) | (0.9;0.1;0.1) (0.4;0.4;0.1) (0.6;0.3;0.2) (0.3;0.2;0.7)
(&, t2) | (0.7;0.2;0.3)  (0.5;0.1;0.2)  (0.5;0.3;0.4)  (0.5;0.3;0.4)
(&3.t2) | (0.6;0.1;0.4) (0.5;0.3;0.5) (0.3;0.3;0.4) (0.7;0.3;0.1)
(¢%,t2) | (0.5:0.3;0.6) (0.3;0.4;0.6) (0.1;0.3;0.5) (0.4;0.2;0.3)
(&) | (0.4;0.2;0.7) (0.5;0.4;0.3) (0.4;0.3;0.3) (0.7;0.2;0.1)
(§%,t2) | (0.2;0.4;0.6) (0.7;0.4;0.2) (0.4;0.3;0.5) (0.3;0.3;0.5)
(%,tg) (0.7;0.1;0.1) (0.8;0.2;0.1) (0.7;0.1;0.3) (0.4;0.2;0.3)
(¢3t3) | (0.1;0.5;0.5) (0.5;0.3;0.2) (0.4;0.2;0.3) (0.4;0.2;0.3)
(&,t3) | (0.9;0.4;0.1) (0.7;0.3;0.1) (0.5;0.5;0.1) (0.4;0.2;0.3)

Continued on next page
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Table 1 — continued

U U1 U9 us Uy
(& 15) | (0.3;0.5;0.4) (0.6;0.3;0.1) (0.5;0.2;0.2) (0.5;0.3;0.3)
(&,t3) | (0.1;0.6;0.6) (0.6;0.2;0.3) (0.5;0.3;0.4) (0.5;0.3;0.4)

Then, using relation 1, let’s say that oy, = 0.3, az, = 0.5 and o, = 0.8,The F (E) is
calculated for converting the P-TNSS to NSS , We compute F (e;) for u; as shown below
to demonstrate this step..

— U1
R ) = { ey ey P ) @)
Where

0.3%x0.5+0.5%x0.7+0.8«0.7

Tle) = =3 hax {0.3,0.5,0.8}
—1.06,2.4
= 0.44.
I(ey) = 0.3%x0.2+0.5%0.240.8x«0.1
3« max {0.3,0.5,0.8}
=0.24,2.4
=0.1.
Fler) = 0.3%0.4+05%x0.3+0.8x%0.1
3 * max {0.6,0.7,0.9}
=0.35,2.4
= 0.14.
Then

Fy (e1) = {(044,(?11,0y4>}

A similar method may be used to convert u; with all parameters. Table 2 displays the
conversion results.

Table 2: Representation of F' (E)

U U1 U U3 Uy
er | (0.44,0.1,0.14) (0.41,0.1,0.14)  (0.39,0.12,0.22) (0.29,0.15,0.22)
es | (0.24,0.2,0.28) (0.35,0.21,0.2)  (0.22,0.15,0.26) (0.33,0.15,0.16)

Continued on next page
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Table 2 — continued

U

Uy U2 u3 Ug

€3

€4

€5

{0.5,0.22,0.17)  (0.37,0.23,0.17)  (0.23,0.27,0.2) _ (0.27,0.13,0.2)
(0.23,0.26,0.33)  (0.32,0.22,0.15)  (0.31,0.2,0.18)  (0.38,0.15,0.17)
(0.19,0.3,0.34)  (0.4,0.2,0.15)  (0.33,0.2,0.26)  (0.27,0.19,0.33)

The table below displays the comparison matrix of the aforementioned resultant-time

neutrosophic soft.

Table 3: Comparison Matrix of P-TNSS

U €1 €9 €3 €4 €4
v |3 0 3 0 O
(%) 2 5} 3 4 5}
u3 | 0 -1 0 0 3
u | 0 3 -2 2 -1

Next, as seen below, we calculate the score for each u;. (Table 4)

Table 4: Score table of P-TNSS

U Si
Ul 3
u9 19
us 2
Uy 2

As can be seen from the score table above, us may score up to 19. DecisionThe Ministry
of Agriculture will choose ug as the land.

6. Conclusion

We have presented the idea of a parameterized time neutrosophic soft set and examined
some of its characteristics in this study. The parameterized time neutrosophic soft set has
been used to describe the complement, union, and intersection operations. This theory’s
application to a decision-making situation is provided.
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