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Abstract

In this study, I introduce time-fuzzy soft expert set (T-FSES) as an extension of fuzzy soft set. I will also define
and investigate the features of its main operations (complement, union intersection, AND and OR). Finally,
I’ll apply this approach to decision-making difficulties.
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1 Introduction

The majority of problems in engineering, medical research, economics, and the environment are fraught with
uncertainty. Molodtsov!] introduced the notion of soft set theory as a tool in math for coping with such
uncertainty. Following Molodtsov’s work,® Maji et al¥ and Maji et al ® researched several soft set operations
and applications. Also Maji et al®® they presented the notion of fuzzy soft set as a more broad concept, as
well as a combination of fuzzy set and soft set, and investigated its features. Roy and Maji” also applied this
idea to handle decision-making challenges. Recently, various scholars have begun studying the properties and
applications of soft set theory as in the researchX 222 Furthermore, in 2010 Cagman et al*® established the
notion of fuzzy parameterized fuzzy soft set and its operations.In addition, the fpfs-aggregation operator is used
to create the fpfs-decision making technique, which allows for more efficient decision processes.?? proposed
the notion of soft expert sets and fuzzy soft expert sets, which allow users to get the views of all experts in one
model without any procedures.Hazaymeh. A” discusses fuzzy parameterized fuzzy soft expert sets, which offer
a membership value for each parameter in a collection of parameters and are an extension of fuzzy soft expert
sets. Wang"’showed that in many real situations, immediate sensory data is insufficient for decision making "
provide an overview of generalized fuzzy soft expert set. Recently, various scholars have begun studying the
properties and applications of soft set theory. Some topics in algebraic structures are extended by fuzzy soft
sets, neutrosophic, or even plithogenic logical sets, as in the research,?1*/27 and there are also studies in fuzzy
tapology and neutrosophic fuzzy topology. For more details about neutrosophic topology, see2®' Additionally,
researchers introduced using a neutrosophic fuzzy soft set to solve decision-making problems, like in 1028
other researchers introduced topics in complex fuzzy as*! we are looking to integrate time fuzzy soft set
and fuzzy soft set with new concepts as in the works LRI OIRARSIN B Through integrating our research
with different disciplines, we may provide novel and significant subjects. For instance, we may incorporate
the study of fuzzy soft sets with the findings of scholars like,?4 233439 These generalizations synthesized
and broadened the previously established findings, resulting in more applicable outcomes.In addition, there
are many works that have discussed broad applications, including*”-#2 Enriching the state with knowledge
about prior actions and events can help you distinguish between situations that might otherwise look identical,
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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, 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 (forecasting
information). In this paper, we will present the notion of time-fuzzy soft expert set, Which is more effective and
valuable, as we will see and the decisions made will be more precise, this means we will take the component
time value of the information in our consideration when we are making decision. We will also define and
investigate the attributes of its basic operations, which are complement, union and intersection. Finally, we’ll
apply this approach to decision-making difficulties.

2 Preliminaries

In this part, we cover several fundamental concepts in soft set theory. Molodtsov! defined soft sets as follows
over U: Let U represent the universe set and P the set of parameters. P(U) signifies the power set of U and
JCP.

Definition 2.1. " Think about this mapping
J:M— P(U).

Any A pair (J, M) is considered a soft set over U. In other terms, a soft set over U is a parameterized collection
of subsets of the universe set U. For § € J, .J (§) can be viewed as the set of d-approximate members of the
soft set (J, M).

Definition 2.2. ® Let U be the initial universal set, and P be the set of parameters. Let IV be the power set of
all fuzzy subsets of U. Let J C P, and F' be the mapping

F:A— 1Y,
A pair (J, P) is known as a fuzzy soft set over U.

Definition 2.3. ¥ Regarding two fuzzy soft sets (J, M) and (K, N) over U, (J, M) is known as a fuzzy soft
subset of. (K, N) if

1. M C N and
2. V6 € J,J(0) is fuzzy subset of K (9).

The association is represented by (F, A) C (K, N). In this situation, (K, N) is known as a fuzzy soft superset
of. (J, M).

Definition 2.4. ® (J, M)“ represents the complement of a fuzzy soft set (.J, M), which has been described by
(J,M)“ = (J¢,]A) where J¢ :]A — P (U) is a mapping provided by

JCT)=c(J(IT)),VL €] M.
c describes any fuzzy complement.

Definition 2.5. ®'If (J, M) and (K, N) are two fuzzy soft sets then (.J, M) AND (K, N) denoted by (.J, M) A
(K, N) is defined by
(J; M) A (K, N) = (C, M x N)
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such that C (T, \) = ¢t (J ('), K (\)),¥ (I, A) € J x N, where t is any t-norm.
Definition 2.6. I (J, M) and (K, N) are two fuzzy soft sets then (J, M) OR (K, N) denoted by (J, M) V
(K, N) is defined by

(J,M)V (K,N)=(0O,M x N)

such that O (T, A) = s (J (") ,G (X)) ,¥ (T, \) € M x N, where s is any s-norm.

Definition 2.7. ® The union of two fuzzy soft sets (J, M) and (K, N) over a common universe U is the fuzzy
soft set (H,C') where C' = M U N, and Vo € C,

J (), if 6 M — N,
H (6) = (G (9), if §€N—M,
s(J(8),G (9)), if §eMUN.

Where s is any s-norm.

Definition 2.8. ® The intersection of two fuzzy soft sets (J, M) and (K, N') over a common universe U is the
fuzzy soft set (H,C) where C = M U N, andV§ € R,

J(0), if 60e M—N,
H(6) =G (9), if 0 N—M,
s(J(8),G(9)), if 0€ MNN.

Definition 2.9. "2 Let U be a set of universes, P a set of parameters, X a set of experts (agents). Let
O = {01,009, ...,0,} be aset of opinions, Z = E x X x O and M C Z. A pair (F, M) is called a soft expert
set over U, where F' is a mapping given by

F:A— PU)
where P (U) denoted the power set of U.

Definition 2.10. ¥ Let U be a set of universes, P a set of parameters, X a set of experts (agents). Let O be a
set of opinions, Z = E x X x O and A C Z. A pair (J, M) is called a fuzzy soft expert set over U, where F'
is a mapping given by

J:M — 1Y

Where IV denotes all fuzzy subsets of U.

Definition 2.11. Let U be an initial universal set and let P be a set of parameters. Let IV denote the power set
of all fuzzy subsets of U, let J C P and T be a set of time where T' = {#1, 12, ...,t,} . A collection of pairs
(F,E):Vt € T is called a time-fuzzy soft set T — F'SS over U where J; is a mapping given by

F,: A—TIY.

3 Time Fuzzy Soft Expert Set (T-FSES)

The definition of a time-fuzzy soft expert set and its fundamental characteristics are presented in this section.
‘We must take into account the component time value of the information when making judgments since doing so
will result in more accurate decisions because some or all of the parameters have a time value for prior knowl-
edge. Additionally, we define and examine the features of its fundamental operations—union, complement,
intersection, AND, and OR. Lastly, we provide speculative uses of this idea in decision-making situations.
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3.1 Main Definition

This section defines the term time-fuzzy soft expert set and outlines its fundamental characteristics.

Definition 3.1. Define U as the universe, E as a set of parameters, X as a group of experts, and O =
{01, 02, ...,0,} as a collection of viewpoints. For Z to be equal to £ x X x O, A C Z. Let T be a col-
lection of times where T = {t1,ts,...,t,}, and let IV represent the power set of all fuzzy subsets of U.
Atime-fuzzy soft expert set T-FSES over U is a set of pairings (F, A);Vt; € T, where F' is a mapping pro-

vided by .
F: A—TI".

Example 3.2. Let U = {uj,us,us, us} be a set of universe, E = {e1,eq,e3} a set of parameters and
T = {t1,t2,t3} be a set of time and X = {m,n,r} a set of experts. Define a function

F,: A—TIY.

as follows:

t1 1 t1 t1 ty ty ty ty
_ Ju u u U _Ju U u U
F1(6177‘71)—{ 07> 067 03 07 }7F1(€2’m71)_{ 067 01 04 08 }7

ta to to ta ta to to ta
_ u u u Uu. _ u u u U,
F2(6177"70)_{ 03> 077 08 08 }’F2(627m70)_{ 09> 03 06 06 }’
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to to to to to to to to
J— u u U, U. u U U, U,
Fy(e2,m,0) = { %7, %2, %5 57 b Fa (e, 0) = {4950, %7, %7 %5 }
t2 to ta t2
_Ju U us U
F2(e37m70)_{01'27 02,7a dega &2} 63,’00 { }

L) to to ta 3 t3 t3
_Ju u U U up U U U,
F2(e3’r70)_{(}.7702.1767’.3’61.3}F (e1,m,0) = { 608 020 E }
t3 t3 t3 t3 t3
_Ju U us u u
F3(817na0)_{01.7a 02.57 06.47 04.6} 61,7"0 {01 }
F 0) = w1’ up'3 wg'd wy's 0 ug® 3'3 ug's
5 (e2,m,0) = G5, 7 T B (e2,n, 01 1704 [
t3 t3 t3 t3 t3 t3
_Ju u Uus U u U
F3(8277"70)_{01,77 02,3a 0‘5.37 04.2} F 637m0 {01 ) 04.3}a
tg tg tg t3 53 t3
_Ju U u U, U u
F3(637n70)_{01.3a02.4703_7764_2} 63,7"0 {01 761_5}~

Next, we may determine the time-fuzzy soft expert sets (F, £),, which comprise the subsequent set of approx-
imations:

P10t gt t1 t1 1 qqtl !
— Uy u2 Us - Ug U - U2 us CZ 0
(F E), = { <(€1’m71)’{ 087 05 0.4 0.3 }) ’ ((el,n,l),{ 0609 0.6 05 })

ts ts ta ta ta ta ta ts
U1 ) us Ug Uq (P) us Ug
((63’"70)7{ 0304 077 02 }) ’ ((63’7“’ 0)7{ 0.7 702 0.6 0.5 }) }

Definition 3.3. For two T-FSES’s (F, A), and (G, B), over U, (F, A), is denoted by a T-FSES subset of
(G, B), if

1. BC A,

2.Vt €T, € B, Gy (9) is time fuzzy soft expert subset of Fy ().

Definition 3.4. If (F, A), is a T-FSES subset of (G, A), and (G, A), is a T-FSES subset of (F, A),, then two
T-FSES’s (F, A), and (G, B), over U are said to be equal.

Example 3.5. Think about Example[3.2] where

A= {(617 m, 1)t17 (627 m, 1)t1 3 (627 n, 1)t3 3 (627 T, 1)t3 B (625 n, 0)t2 B (625 T, 0>t2 5 <€2a T, 0)t3 3
(635 m, 0)t3 }a

B= {(ela m, 1)1517 (627 m, 1)t1 ) (627 n, 1)15.3 ) (627 Ty 1)t3 ) (627 n, 0)t2 }

Clearly B C A. Now, let (G, B), and (F, A), be defined as follows:

t1 ty tq tq tq tq t1 tq
— U1 Uz us Ug Uy Uz us Ug
(F,E), = { <(€1’m71)’{ 087705 04 0.3 }) ’ ((62’7”71)7{ 0.6’ 01 04> 08 })’
3 13 ugf3 uy's w3 3 3 3
u u u u u u u u
((62’n71)’{ 08 067 02 07 })7(<627r71)7{ 0T 08 05 08 })’

to to t2 t2 to to t2 t2
Ul U us3 Ug U2 “ U3 4 uUg “
<(62’”70)7{ 0405 09 04 }) ((BQ’T O){ 06 0.7 047 01 })7
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t3 t3 t3 t3 t3 t3 t3 t3
U1 U us U4g U1 (P) us Ug
((827 T? O) ) { 0.7 0.3 0.3 0.2 }) I’ ((63? m? 0) Y { 0.4 0.6 0.8 0.3 }) }7

t1 t1 t1 t1 t1 t1 t1 t1
— ujl U us Ug Ul u2 us Ug
(G, E), = { ((el,m,l),{ 06’02’ 01’ 00 }) ) ((62’7”’1)’{ 05 01° 04° 07 })’
w1’ w3 wg’ uy'd ur’® wo'3 wg'd wy'3
((627 n7 1) ) { 018 ) 02.5 9 (;;42 ) 616 ) (627 T’ 1) b 010 ) 026 ) 035 ) 04.3 )

to to ta to
u u u u
((627n70)’{ 047 03> 07 03 }) }

We can easily verify that (G, E), C (F, E),.

Definition 3.6. An agree-TFSES ((F, A),), over U is a T-FSES subset of (F, A);.and has the following
definition:
(F,A),), ={F'1(a):ae Ex X x{1}}.

Definition 3.7. A disagree-TFSES ((F, A),) over U is a T-FSES subset of (F, A),, and has the following
definition:
((F,A),), ={F'o(a):a e Ex X x{0}}.

Example 3.8. Think about Example [3.2] Then the agree-time fuzzy soft expert set ((F, A),) over U is

witl  uotl t
7((61,71,1),{ 01.6 ) 02 }

1 3! t1
u u U, U
7((62am71)a{ 01.6 ) 021 ) 034 ) 61 })

(), = { (terom 1), {5 455 5 3

u 1ut1 wrl woll wgll wgll
e ek N (CRMVRE T T

u 3l oyl wtl wo®l wgtl oyl
{ 01 ' 0 }) ’ <(637”’1)7{ 06 05 06 07 J)
t

e, 1), {0 /,0.7

u 32 yyt2 w12 wot2 wgt? wyt2
{01 )08 })’<(€1’r71)7{ 09 0270303 )

w 2ut2 w2 wet2 wat2 wst2
{01 w2 w2 ) ((eam 1), {57, 2, w2 w1,

{5

oE
I\D

olf
N
—

<

ta g, t2 w2 wet2 wat2 wst2
01 01 05 })’((63?“1)7{01.2> 09 06 07 [)>
tg tg t3 t3 t3 tg tg
l UQ u3 Ug Uy Uz us Uqg
{ 0.7 08 03 })7<(617”’1)7{0.4’ 0.9 0.6 05 })’
t 3 3 3 3

1t 3% ua's w1’ wp' wg®  wg"
{ 0.6 08 }) ’ <(62’m71)’{ 05 04> 0.7 09

egnl
es,m,1)
637"1
(e1,m,1)
ea,m, 1),
(eq,r,1)
63n1
61777,1
(e1,7r,1)
e2,n, 1), 01 3)%;3

<

(
(
(
(
(
(
(
(
(
(
(
(

tg tg tg t3
U U U U
) (tesm 1), {35 %5 55 7))

t3 t3 t3
U2 ° uz 2 uUg °
€3, m, 1), { 7704 0.1 038

\_/H/—’

ur’® w3 wg'd wuy'3
((637T71)7{ 01_47 02.77 03.5a &6

and the disagree- time fuzzy soft expert set ((F, A),) over U is

ty ty ty ty ty ty ty tq
_ U1 U us U4q Uq P) us U4g
((F7 A)t)o - { ((61,7’)’1,0) ) { 0.3° 06 ' 0.7 0.8 }) ) ((elana O) ) { 05 ° 0.3’ 05 ° 0.4 }) )
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to toy to to to to to to
Uq u us U4 U1 U2 us U4g
(63,7’1,,0) a{ 04 ° 05 ° 0.7° 0.6 }) ) ((63,7“, O) 7{ 0.7 ° 0.1° 03° 0.3 }) )

t3 t3 t3 t3 t3 t3 t3 t3
U ° u2 2 U3 uUg Uq U us Uyg
(61’m70)’{ 06 08> 02 04 }),((el,n,O),{ 0.7 05 04 0.6

(
(
(
(
(
((em,0) {55 57 5, 42 1) s ((esom,0), {0, 7 0 4
(
(
(
(
(
(

tg ts tg tg
u u u U,
(esm,0), { 57 %5 %5 %5 )

4 Fundamental Operation

I define complement, union, and intersection of T-FSES, deduce various features, and provide some examples
to illustrate our points in this section.

4.1 Complement

Definition 4.1. The complement of time fuzzy soft expert set (F, A),, denoted by (F, A);, is defined by
(F,A); = (F°,]A), where Ff :]A — P (U) is a mapping given by
Ff (o) = ¢(F; (o)), Vo C A,
where c is a time fuzzy soft expert set complement.
Example 4.2. Think about Example I have utilized the simple fuzzy complement to

urt us -~
0.2 0.6 * 0.7

~, o witl  wotl yatl gutl
ot 4), = { (tenm 1), {43 D) (fenmn, (ot
tq t1 tq t1 tq tq
ul us Uq Ul u2 us Uq
( e1,7,1) { 0.3 0.7 0.3 }) ’ <(€2’m71)7{ 0409 0.6 0.2 })7

51 t1 t1
( €a, M, 1 uy? us Ug

05 0805 }

tq tq tq tq
1 uz us Uyg
((63’m 1), { 08 0.6 01 04
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Proposition 4.3. If (F, A), is a T-FSES over U, then ¢ (¢(F, A),) = (F, A), .

Proof. From Definition [4.1|we have (F, A),° = (F*, A), where F,° (o) = 1 — F, (o) , Vo € A. Now,

((F,A),°) = ((F)*,A)
Where (Ff) (o) =1— (1 — F;(a)),V(a) € A
= F; () ,Va € A.
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4.2 Union Operation
Definition 4.4. The T-FSES (H, C), is the union of two T-FSES’s (F, A), and (G, B), over U} it is represented
as (F, A),U (G, B),,such that C = AU B C Z. Itis defined as follows.

F (9), ifé € A— B,
, ifé e B—A,

F,(0)UG(0), ifée ANB,
where the fuzzy soft expert union was indicated by U.

Example 4.5. Think about Example[3.2] Assume two time-fuzzy soft expert sets over U, (F, A), and (G, B),,

are such that

_ uifl wue®l ugfl owy ugfl wg®l ugtl owytt
(FaA>t—{((62’n71)7{05707702’05 (e2,7,1),1 07> G 57> 03 ;

172 U22 u1'? up'? wg'? uy'?
(62,7’1 { 0d }) (637”1 {0.87 06 01 05 ()
uy '3 wfl wug?l  ustl gyt
(637”1 { 8}) <€1’m07{01.3’02.6703‘7’(f8 )
wgtl urtl wotl u3r,1 ugtl
(63,”0 { 2}) (63’7’0 {0.870.27 0804 [)>
t2 w32 ug'2 up™ uo’B wg’@ wg's
(eI»mO { T 07 05 (e3,m,0),1 07> G5 G5 03 :
Bl quotl quatl g, tl wr'l wo'l wgll wgll
{(62’”1 {07’59,51,&3 fea,r 1), {5 2 e )

ut2u2 wil2 wol2 wal? wst2?
((625Tal)7{()1_77 3 83,7’L1, 0145’ 02.87 03.77 043

to to to to to to
1 u us Ugq Ul u2
((61’7” 0), { 05 06 08° 04 })’<(617r70)7{ 07 7 0.5 ()6’ }

to to to to tg tg t3 t3
Ul U2 us Ug 1 u2 us Ug
<(62’m’0>’{0.6’0.770.470.9 }) ((637’”0) {02708’09’01})}

Then (F, A),U (G, B), = (H,C), where

will  wotl watl gyt 1 otl  gatl gy, tl
(Ha C)t = (627n7 1)v 1, ) 2. ’ 3_2 ) 4_ (62,7” 1) “ ) G ) e ) T5 )
0.7 0.9 0 0.5 0.6 0.6 0.8 0.3

t2 t2 t2 t2 t2 t2 t2 t2
u u u u u u u u
<e27T71)’{ 077 04 07 06 }) ’ ((egm,l),{ 08’ 08 07 05 } ’

t3 t3 t3 tg ty ty ty ty
u U U u. u u u U,
(637m71)’{ 07 04 01 08 }) ) ((6177”70)7{ 03 06 07 08 })7

ty t1 tq ty
U1 U us Ug
) ( €3, T, 0) a{ 08 02° 08° 04 } )

ta ta to to
u U u U
) (61,7", O) ) { 01‘7 ) 02.5 ; 03.6 ) 61.7 }) )

w13 wo'3  wg® wy's
,((63,777,,0)7{ 01_47 02.8’ 03_97 04.3 .

DOI: https://doi.org/10.54216/IJNS.250315 163
Received: July 05, 2024 Revised: August 16, 2024 Accepted: September 28, 2024



International Journal of Neutrosophic Science (IJNS) Vol. 25, No. 03, PP. 155-176, 2025

Proposition 4.6. Three T-FSES’s over U are denoted by (F, A),, (G, B),, and (H,C)),, then

1. (F7 A)tD ((G’B)tO(H’ C)t) = ((F’ A)tO(G’B))tO(}L C)ta
2. (F,A),U(F,A), = (F, A)..

Proof. 1. Our goal is proving that (F, A), U ((G, B), U (H,C),) = ((F,A),U(G,B),) U(H,C),.
Definition[d.4]allows us (where s is s-norm) to have

G (6), if e B—C
((G,B),U(H,C),) = { H,(6), if 5 C—B
s (G, (8),H, (5)), if seBNC.

We take into account the situation when 6 € B N C'. After the insignificant examples, we have
(G,B),U(H,C), = (s(G¢ (8) ,He (8)) ,BUC).

Here, we additionally take the scenario when § € A into account. Since the other situations are
insignificant, we have

(F,4),0((G,B),U(H,C),) = (s (F; (8),5(G: (9), Ht (), AU (BUC)).
= (s (s (F, (8),Gy¢ (8)) U H, (6)),(AUB)UC).
= ((F,A4),0(G, B),) U(H,C),.

2. The proof is straightforward.

4.3 Intersection Operation

Definition 4.7. The T-FSES (H, C), is the intersection of two T-FSES’s (F, A), and (G, B), over U, repre-
sented as (F, A),N (G, B),, with C = AN B C Z, and defined as follows

Fy (9), ifo e A—B,
Hy (0) = { G (9), ifo € B—A,
Ft(6)ﬁ Gt(é), ZfaEAﬁB,

where N represented the intersection of the fuzzy soft expert.

Example 4.8. Think About Example{4.5| We have (F, A), N (G, B), = (H,C), where
(H, O)t = { ((6277’),’ 1) , {uol’;l , u02 t1 u3'1 'u.4 t1 } ( 2,7, 1 {uol;l ’ u02t41 ’ u(;;’;l , udl.tll }) 7

up 2 t2 u
(62,7”,1>7{ 01.5 ) 4

N——

ta ta ta to
Ul ug us Ugq
( <(€3,n 1) { 05706 01 0.3 })’
w1t w3 ug'd w,'s wfl wall  uatl gyt
((63’m’1)’{ 07 047 01 08 »((e1,m,0), 1 55 G5 o o ’
1, 1 ty tq ty t1 t1 gy, tl
uw U u u u U u u
((63»7170)7{ 05 04 05 032 }) ’ ((63’r’0>’{ 0802 08 04 })’
¢ ¢ ty to t2 t2
- u Us u u.
( ((elaTaO)a{ 07 05 06 07 })’
t3 t3 t3 t3
uy Uz u3 Ug 2
( ),<(€37m70)’{0,2’ 0.6 0.8 01 }) }
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Proposition 4.9. Three T-FSES’s over U are denoted by (F, A),, (G, B),, and (H,C'),,then

1. (F7 A)tﬁ ((G’B)tﬁ(H’ C)t) = ((F’ A)tﬁ(G’B))tﬁ(}L C)ta
2. (F,A);A\(F,A), = (F, A)..

Proof. 1. Our goal is proving that (F, A),N ((G, B), N (H,C),) = ((F, A),N(G,B),) N (H,C),.

By employing Deﬁnition (where t is t-norm) we have
G (0), if e B-C

((G,B),A(H,C),) = H (5), if seC-B
(G, (8), H, (5)), if 6 BNC.

We take into account the situation when § € B N C'. After the insignificant examples, we have
(G,B),N(H,0), = (t(G¢(6),H, (6)),BUC).
We also consider here the case when 6 € A. The other cases are trivial, then we have
(F, A),71 (G, B), A (H,C),) = ({(F (6),T(G (5), He(5)) , AU (BUC)).
= (T(E(F(9).G: (9) N H, (8)) . (AUB) UC).
= ((F,4),N(G,B),)N(H,C),.

2. The proof is straightforward.

Proposition 4.10. Assume that there are three T-FSESs over U: (F, A),, (G, B),, and (H,C),, then

1. (F,4),0((G, B),[1(H,C),) = ((F,4),0(G, B),) A ((F, 4),0(H,C),),
((F7 A)t ﬁ (G7 B)t) O ((F7 A)t ﬁ (H7 C)t) :

2. (F,A),n((G,B),U(H,C),)
Proof. 1. Qur goal is to prove that N N N
(F.A),0((G,B),N(H,C)), = ((F.4),0(G.B),)N((F,A),0(HC),),
By Applying Definitions .4 and A.7| we have
G (0), if e B-C

((G,B),N(H,C),) =4 H: (9), if e C—-B
(G (8),H (6)), if §€ BNC.

Since the other situations are trivial, we investigate the case when § € B N C. In this case, we obtain
(G,B),N(H,0), = (t(G+(5),H, (8)),BUC).
We also consider here the case when & € A. The other cases are trivial, then we have
(F,A),U ((G, B),N(H, C’)t) = (s (Ft (), €(Gy (6), Hy (5))) ,AU(BU C))
—U(s(F, (6),G1 (9)) 5 (F, (8) U H, (5)):
= ((F,4),U(G, B),) A ((F, 4),U(H,C),).
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2. Our goalNis proving lhat N N N
(F,4),0((G,B),U(H,C)), = ((F,A),N(G,B),)U((F.4),N(HC),),

By applying definitions .4 and 4.7 we have

Gt(5), if e B-C
((G,B),U(H,C),) =4 H: (9), if6eC—-B

We consider the case when § € B N C. The other cases are trivial, then we have
(G,B),U(H,C), = (s(G¢ (8) ,Ht (6)) ,BUC).

Here, we additionally take the situation when € A into account. Since the other situations are trivial,
we have

(F7 A)t ﬁ ((GvB)t O (H7 C)t) = G(Ft (6) ) S (Gt (5> 7Ht (6)» 7AU (B U C))
=5 (t(F; (8), G (8)) , t(Fy (6) U Hy (6))).
= ((F,4),10(G, B),) U((F, A), 0 (H,C),).

5 AND and OR Operations

We define the AND and OR operations for T-FSES, as well as their characteristics and several instances, in
this section.

Definition 5.1. With two T-FSES’s over U, (F, A), and (G, B),, the expression (F, A), AND (G, B), is
denoted by (F, A), A (G, B),, it is defined with
(F7A)t A (GvB)t = (H,Ax B)t

such that H (o, 8), = F (), ﬁG (B8);,V (o, ) € A x B, where ﬁ is time-fuzzy soft expert intersection.

Example 5.2. Think about Example Assuming two time-fuzzy soft expert sets over U, let (F, A), and
(G, B), be such that

t1 t1 t1 ty to to to to
_ U u u u u u U U.
(F, 4), = { (Ce2im, 1) {5 e 5 1) (e 1) {0 2 5 5 )
w13 wet3  wat3 wust3 wrtl wuntl  watl uatl
<(e3vrvl)v{ 01 07 05 06 ((e1,m,0), 165 G5 67 55 :

to to to to ta ta ts t3
B), = Uy U2 us Ug ui U2 us Ug
(G, B), = { ((e?nnvl) v{ 04709 03 0.1 }) ’ ((62’T’ 0) ’{ 05 08 02 0.6 }) }

Then (F, A) A (G, B) = (H, A x B) where

(H, A% B) = { ((Ceaim 1)y, (eaim 1)) { 2555 455 557 4 )

t. ty, ty, ty,
(21, e, 0),,) {25, 2332, st i )
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t2,2 t2,2 t2,2 t2,2
U < U “» usz < Ug <
€1, m, ]- ) €3an,]—)t ) })a

04 ° 08 > 02 7 0.1

62,7‘ O) )

1m1
3,1"1 ,(e3,n, 1), )
3’/"1

(e2,7,0), )

(&
€
€3,
(&

t
uyp L B 5
1,m,0),, 5 (e3,m,1), )7{ 03 > 06 ° 03 > 01

((
((
((
((
((
(

t1,3 t1,3 t1,3 t1,3
u ’ u 2 U > Uu. >
(e1,m,0),, , (e2,7,0),,) { 03 > 06 > 02 0 06 }) }

Assuming that there are two T-FSES’s over U, (F, A), and (G, B),, then (F, A), OR (G, B), is represented
as (F,A), V (G, B),.

Definition 5.3. Assuming that there are two T-FSES’s over U, (F, A), and (G, B),, then (F, A), OR (G, B),
is represented as (F, A), V (G, B),, is defined by

(F,A),V (G,B),=(H,Ax B),

such that H (o, 8), = F (), OG (B8);,V(a,8) € Ax B, O represents the union of time-fuzzy soft expert.

Example 5.4. Think about Example we have U then (F, A), OR (G, B), represented by (H,C), =
(F,A), (G, B), where

tq ty, ty, ty,
(H, C)t = { (((62777;7 1)t1 ,(63,7’1,, 1)752) ) {u10152 ’ u20192 ’ u%_;,Za U40é’)2 }) )

t1,3 t1,3 t1,3 t1,3
U - U us Ugq
e2,m,1),, 5 (€2,71,0),,) { 05 > 08 > 02 ° 06 } ’

Uy 2, s s 2,
o, 1)y, 5 (es,m,1),,) { 04 > 09 03 ° 04

,m, 1), (e2,7,0), )

,Tlt,GQ,TO) )

(«

(@

(€

(s Ceanmo ) {255 2650 25 24
(€ {

(«

t1,2 t1,2 t1,2 t1,2
U1 Uz usz - Ug
e1,m,0),,  (esn, 1), )v{ 04 > 09 > 07 ' 08

t t t t
(((elamvo)tl 7(62,T, O)ta) ) {Ul();3, ’U420V183 ) USO173 9 u%);s }) }

Proposition 5.5. let (F, A) and (G, B) are time-fuzzy soft expert sets over U, then

1. ((Fa A)t A (G’B)t)c = (FvA)g N (G7 B)g
2. ((Fa A)t v (G7B)t)c = (F7 A)g A (Gv B)g
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Proof.

1. Suppose that (F, A), A (G, B), = (0,A x B), .
Therefore, ((F, A)¢ A (G, B)¢)" = (O, A x B) = (0%, (A x B)) . Now,
((Fa A)t \ (G7B)t)c = ((Ftca A) v (va B))
= (Ji, (A x B)), where J;(z,y) =t (c(F: («)), (Gt (B))) .
Now, take («, 5) € (A X B).
Then,
O (a, B) =1 — O, B),

Therefore Of and J; are the same. Hence, proved.

. Suppose that (F, A), vV (G,B), = (0,A x B),.

Therefore, ((F, A); V (G, B)¢)" = (O, A x B)° = (0%, (A x B)) . Now,
((Fa A)t A (G7B)t)c = ((Ftca A) A (va B))

= (Ji, (A x B)), where J;(z,y) = s (c(F; (@), c(G¢ (B)))
Now, take (o, 8) € (A x B).

Then,
Of(a,ﬁ) =1 _7Ot(aaﬁ)7
=1 [F () NGy (8)
=[1=F (0)]U[l - G, ()]
=s (c(Fy (), (G (B)))
= Jt(a,ﬂ)
Therefore Of and J; are the same. Hence, proved.
O
Proposition 5.6. let (F, A), (G, B) and (H, C) be time-fuzzy soft expert sets over U, then
1. (F, A)t AN ((G, B)t A (H, C)t) :((F, A)t AN (G, B)t) A (H, C)t,
2. (F, A)t V ((G, B)t \Y (H, C)t) = ((F, A)t V (G, B)t) V (H, C)t,
3. (F,A) VvV (G,B): AN(H,C)) = ((F,A) VvV (G,B)) AN(F,A) VvV (H,C)y),
4. (F,A):N((G,B)V (H,C)) = ((F,A)e ANG,B)y) vV ((FyA)e A (H,C)y) .
Proof. We give the proofs of 1 and 2.
1. Suppose that (G, B), A (H,C), = t(Gt (a), H; (8)), ¥ (a, 8) € B x C.
Then N _
(F, A)e A (G, B)y A (H,C)) =T (F (7),E(Gr (a), Hy (8))), ¥ (7, (o, B)) € A x (B x C).
= 1(t(F (), Gr (), He (8)). Y((1,0), ) € (Ax B) x C.
= ((F,A): AN (G,B)y) AN (H,C)q.
2. Suppose that (G, B), V (H,C), = s (G (o) , H¢ (B)), V (, ) € B x C.
Then
(F, A)e v (G, B)e A (H, C)i) = s (F (7)), 5 (Ge (), Hi (), ¥ (7; (o, B)) € Ax (B x C).
=s(s(F(7),Gi (), H (8)), V((v, ), ) € (Ax B) x C.
= ((F’ A)t 4 (Gv B)t) \ (H’ C)t
O
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6 An application of time fuzzy soft expert set with two opinions in decision making

This section presents a theoretical application of the time fuzzy soft expert set theory to a decision-making
issue, indicating the viability and generalizability of this approach to problems in many domains with uncer-
tainty. Two opinions {agree, disagree } make up the application.

Example 6.1. Measuring the effectiveness of governments just through opinion surveys is insufficient. Instead,
performance metrics that encompass all of the activities and duties listed below should be used to gauge
government success. Suppose that the company of strategic studies consider a collection of experts to carry out
an analysis using particular metrics to assess the performance of the governments of four nations throughout
the course of four prior time periods; these metrics are listed below. Consider a collection of governments U =
{u1, ua, us,us}, Five parameters could be present. Assume that the decision parameters E = {e1, eq,e3}
are used to evaluate the performance of governments. For i = 1, 2, 3, the parameters ¢; (i = 1,2, 3) stand for
the achievement of the anti-corruption campaign, efficient use of natural resources in management, Investments
and savings. And let T = {¢1,ta,t3,t4}. X = {m,n,r} be the members of a committee. The findings of the
research will make it evident which government best fits the aforementioned requirements.
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(es,m,0),

ta ta ta ta

1 Ug us Ug
(el,mO { .670.1’0.3’0.4}
((eam0). 4% 7

urtt wolt wglt uyl4 urt wo' wglt uy'
((637m70)a{ 01.6’ 02.4a (53‘75 04_2 ’ (63,7170), 01_57 02.3a 03.7a 61_5 .

The committee may use the following techniques for evaluating their selection and determine which option is
best for the decision.

1. Input the T-FSES (F, Z).
2. Find an agree-time fuzzy soft expert set and a disagree-time fuzzy soft expert set, Tables (1} [2).

3. Construct F(Z)’s tabular representation using the tables in Tables (3] [, where F (Z) outlined as
follows:

Fz)={ — Y uelz€”Z (1)

3 1F()/m ; F.,(2)

where n = |T|.
4. Apply Alkhazaleh algorithm on fuzzy soft expert (F, Z).
*» Construct ¢; = XZ: u;; for agree-FSES, (Table.
* Construct k; = Z u;; for disagree-FSES, (TableEI).

* Construct s; = ¢; — k;, (Table[3).

* Construct m, for which s,;, = max s;.
In such case, s,,, is the best option object. The restaurant chain may use its choice to select any one
of the values if m has many values.

The agree-time fuzzy soft expert set and disagree-time fuzzy soft expert set are shown in Tables [T] and [2]
respectively.

Table 1: Agree time fuzzy soft expert set

U UL Uz U3 Ug
(e, m)t1 06 03 05 06
(eq, m)752 04 08 02 04
(e, m)t3 02 07 08 03
(e, m)t4 02 09 06 0.7
(e1, n)t1 0.7 05 04 07
(e1, n)t2 0.6 09 04 038
(e1, n)t3 04 09 06 05
(el,n)t4 07 06 08 04
(e, m)t1 07 04 02 07
(ea,m )t2 04 09 07 05
(ea, m)753 05 04 0.7 09
(ea, m)t4 08 06 02 07

(e2,m), 05 06 03 05
Continued on next page
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Table 1 — continued

U Ul u9 us Uy
(e2,n),, | 0.6 08 05 06
(e2,m),, | 08 0.6 02 07
(e2.m),, | 07 04 05 08
(es,m),, | 0.4 0.6 07 03
(es,m),, | 0.6 04 0.1 08
(es,m),, | 07 0.6 03 0.7
(es,m),, | 07 0.5 03 09
(es,n),, | 0.6 05 09 05
(es,n),, | 0.8 06 03 0.7
(es,m),, |06 05 03 09
(ez,n);, | 06 08 04 08
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Table 2: Disagree-time fuzzy soft expert set

U Uy Uy U3 Uy
(ex,m), | 05 06 04 03
(ex,m),, | 0.7 04 07 05
(er,m), | 0.7 02 0.1 06
(e1,m),, | 0.6 0.1 03 04
(e1,n), | 04 05 07 02
(e1,n),, | 05 02 05 04
(e1,m);, | 0.3 04 06 05
(e1,m);, | 04 04 03 07
(e2,m), | 04 0.6 07 04
(e2,m),, | 02 03 04 06
(e2,m),, | 0.3 0.7 04 0.1
(e2,m),, | 03 03 07 02
(e2,m), | 04 03 0.6 06
(e2,m),, | 0.5 02 07 03
(e2,m);, | 0.1 05 06 05
(e2,m);, | 04 06 06 03
(es,m),, | 0.7 05 03 04
(ez,m),, | 0.3 05 08 03
(es,m),, | 04 0.6 08 03
(es,m),, | 0.6 04 0.7 02
(es,n),, | 04 06 02 06
(es,n),, | 0.5 04 07 02
(es,n),, | 03 04 07 02
(ez,n);, | 05 03 0.7 05

Next by using relation we calculate F' (Z) to convert the agree time fuzzy soft expert set to agree fuzzy
soft expert set,to illustrate this step we calculate F (eq) for u; as show below.

F(e) = e uelUeclE

_il tiFy;(e)/4 il Fi, (e)

= { ((1*0.5)+(2*0.7)+(3*0.7)+EL41*0.6))/4(0.5-&-0.7-{-047-&-0.6) }

— Ul
= 164,/10
— _u1

= 064"
then we compute c;, where c; represent the column sum of an object u;. The results are shown in Table@

Table 3: Converting agree-TFSES to agree-FSES

U U1 Us Uus Uy
(e1,m) 0.50 0.70 0.67 0.63
(e1,n) 0.61 0.63 0.70 0.56
(e2,m) 0.64 0.63 0.62 0.64
(e2,n) 0.66 0.58 0.65 0.67
(e3,m) 0.67 0.61 0.53 0.70
(es,n) 0.80 0.66 0.52 0.67

Continued on next page
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Table 3 — continued
U Up U2 U3 Uy
Cj = Zu” c1 — 3.88 Cy — 3.81 C3 — 3.69 Cqy — 3.87

Likewise, by using relation , we calculate F'(Z) to convert the disagree time fuzzy soft expert set to dis-
agree fuzzy soft expert set, as we explained in converting the agree time fuzzy soft expert set to agree fuzzy
soft expert set, then we compute k;, where k; represent the column sum of an object ;. The results are shown
in Table ]

Table 4: Converting disagree-TFSES to disagree-FSES

U Uy Ug us Uy
(e1,m) 0.58 0.46 0.55 0.65
(e1,n) 0.60 0.61 0.55 0.73
(e2,m) 0.60 0.59 0.62 0.51
(e2,m) 0.58 0.75 0.62 0.57
(e3,m) 0.61 0.61 0.68 0.56
(es,n) 0.63 0.55 0.70 0.60

ki =3 uij | ki =360 Fko=357 k3=372 k4y=23.62

The most suitable option is selected using the greatest choice value of s;, which is obtained by subtracting the
agree-FSES’s (c;) from the disagree-FSES’s k; (Table5).

Table 5: Choice value of FSES

cj:Zuij kazuij S]':Cj—kj
c; = 3.88 k1 = 3.60 s1 =0.28
cy =3.81 ko = 3.57 so =0.24
c3 = 3.69 ks = 3.72 s3 = —0.3
Cq = 3.87 k‘4 = 3.62 Sq4 = 0.25

Then max s; = sy, scored by u; the decision is in favour of selecting u.

7 Conclusion

In this work, I have examined some of the features of the time fuzzy soft expert set and proposed the idea. The
time-fuzzy soft set has been used to describe the complement, union, and intersection operations. A speculative
implementation of this theory to address decision-making dilemmas was provided.For future studies of these
results, these tools can be developed by linking them with other concepts that can be found in the following
works seet3 48
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