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Abstract

In this study, we define time-fuzzy soft set (T-FSS) as an extension of fuzzy soft set. We will also define and
investigate the features of its main operations (complement, union intersection, ”’AND” and ”"OR”). Finally,
we’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 mathematical tool 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 research/11923 Furthermore, in 2010 Cagman
et al 2 established the notion of fuzzy parameterized fuzzy soft set (fpfs) 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. Alkhazaleh and Salleh!'® 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,'*12/2l' and there are also studies in fuzzy tapology and neutrosophic fuzzy
topology. For more details about neutrosophic topology, see,2® Additionally, researchers introduced using a
neutrosophic fuzzy soft set to solve decision-making problems, like in /1% 2% 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 of 121812 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 make 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
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problem, we take a collection of time (periods), generalize it into what we call a time-fuzzy soft set (T-FSS),
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), as shown in Figure 1.

‘ Impact of the Time Factor on the Applications of Fuzzy Soft Sets

- For example: Suppo e certain country decided that they -For example: Suppose that the Ministry of Agriculture plans to
wameq to send graduate students to another country for further select areas suitable for growing rice for the coming years.
education. _ TG e BT
- To be able to select suitable comtry.

-The expected rainfall rate.

- The secunity and political stability of the country.

Figure 1: Impact of the Time Factor on the Applications of Fuzzy Soft Sets

In this paper, we will present the notion of time-fuzzy soft 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 over U as
follows: Let U be a universe set and E set of parameters, P(U) denotes the power set of U and A C E.

Definition 2.1. " consider this mapping
F:A—P(U).

Any A pair (F, A) 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 ¢ € A, F (¢) can be viewed as the set of e-approximate members of the
soft set (F, A).
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Definition 2.2. ¥ Let U be the initial universal set, and E be the set of parameters. Let IV be the power set of
all fuzzy subsets of U. Let A C F, and F’ be the mapping

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

Definition 2.3. ©® Regarding two fuzzy soft sets (F, A) and (G, B) over U, (F, A) is known as a fuzzy soft
subset of. (G, B) if

1. AC Band
2. Ve € A, F (e) is fuzzy subset of G (¢).

The relationship is represented by (F, A) C (G, B). In this situation, (G, B) is known as a fuzzy, soft superset
of. (F,A).

Definition 2.4. ¥ The complement of a fuzzy soft set (F, A) is denoted by (F, A)° And has been defined by
(F,A)" = (F¢,]A) where F© :]A — P (U) is a mapping provided by

Fe(a) =c(F(la),Ya €] A.
c describes any fuzzy complement.

Definition 2.5. 9If (F, A) and (G, B) are two fuzzy soft sets then ”(F, A) AND (G, B)” denoted by (F, A) A
(G, B) is defined by

(F,A) A (G, B) = (H, A x B)
such that H (o, 8) =t (F («) ,G (B)),V (e, B) € A x B, where t is any t-norm.
Definition 2.6. ®'If (F, A) and (G, B) are two fuzzy soft sets then ”(F, A) OR (G, B)” denoted by (F, A) V
(G, B) is defined by
(F,A)V (G,B)=(0,A x B)
such that O (o, 8) = s (F () ,G (B)),¥ (, B) € A x B, where s is any s-norm.

Definition 2.7. ¥ The union of two fuzzy soft sets (F, A) and (G, B) over a common universe U is the fuzzy
soft set (H,C') where C = AU B, and Ve € C,

F(e), if ec A-B,
H(e) = <G (e), if e€e B—A,
s(F(¢),G (), if ec ANB.

Where s is any s-norm.

Definition 2.8. ® The intersection of two fuzzy soft sets (F, A) and (G, B) over a common universe U is the
fuzzy soft set (H,C) where C = AU B, and Ve € C,

F(e), if e€ A-B,
H(e) =G (e), if e€e B—A,
s(F(g),G (g)), if e€c ANB.
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3 Time-Fuzzy Soft Set

In this part, we define a time-fuzzy soft set and discuss its fundamental properties. Some or all of the factors
contain a time value for previous data, which implies we must consider the component time value of the
information while making judgments, since this will result in more precise decisions.

Definition 3.1. Let U be the initial universal set, and let E be the set of parameters. Let IV be the power set
of all fuzzy subsets of U. let A C E and T be a set of time where T' = {¢1,t2,...,t, } . A collection of pairs
(F,E):Vt e T is called a time-fuzzy soft set {T — F.SS} over U where F is a mapping provided by

F,:A— 1Y,

Example 1. Let U = {uy,us, u3, us} be a set of universe, E = {e1, ez, e3} a set of parameters and T =
{t1,ta,t3,} be a set of time. Define a function

F,: A— 1Y,

as shown below:

t1 t1 t1 t1 t1 t1
— Uy U2 us Ug U1 ’U.z
(F’ E)t - { (61’{ 0.6 037 0.2 04 }) ’ (62’{ 0.5 })

e uq b2 u2f2 u32
» | C1 0.7’04701703

e ur'? us’? wugf? owg'?
»\ 31707708706 04

e w3 wp'B wug’l wy's e w3 ws' wug’l wy's
159707708706 04 » 2,707 705706 ° 0.7

w3 w3 ugts wyts
0.3 0.6 0.8 0.9

Definition 3.2. For two T-FSSs (F, A), and (G, B), over U, (F, A), is called a T-FSS subset of (G, B), if

1. ACB,

2.Vt €T, e € A, Fy(e) is fuzzy soft subset of Gy (¢) .
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Definition 3.3. Two T-FSSs (F, A), and (G, B), over U, are said to be equal if (F', A), is a T-FSS subset of
(G,A), and (G, A), is a T-FSS subset of (F, A),.

Example 2. Consider Example[l| assuming that the
ty ty ty ty ty ty ty t1
. ujl u2 us Ug ui u2 us Ug
(FLE), = { (61’{ 08 05 03 07 }) ) (62’{ 06 0.5 04 0.9 })’
W up'? wgl? w2 W up'? wat? w2
€2,1708 04 05 07 116317080706 08 )
W’ up'® wgld s W’ up'® wgtd w3
€1,01705° 08 06 07 7\ €31 70406 08 07 .
t1 tq t1 t1 to 2 to to
— U - U2 ° U3 - U4q - U £ U2 U3 Ug
(G, E), = { <€27{ 04> 03 03’ 05 }) ) (637{ 0.7 7067 06 0.7 })7
w3 wo®® wgld g3
€1,1705> 08 06 0.3 :

Therefore (G, E), C (F, E),.

Definition 3.4. A time fuzzy soft set (¥, A), over U is stated to be semi-null. T-FSS is represented by T'.¢,
ifvt € T, F; (e) = @ for at least one e.

Definition 3.5. A time fuzzy soft set (F, A)t over U is said to be null T-FSS denoted by T, if Vt € T,
Ft (8) = ® Ve.

Definition 3.6. A time fuzzy soft set (F, A), over U is said to be semi-absolute T-FSS denoted by T A, if
Vt € T, Fy (e) = 1 for at least one e.

Definition 3.7. A time fuzzy soft set (F', A), over U is said to be absolute T-FSS denoted by T4, if Vt € T,
Ft (6) = 1 Ve.

Example 3. Consider Example[l] Let

t wqt wot wat wst
(F,A), = { (e 1@1), (e, {2t 200 e w2 1),

t1 t1 t1 t1 t
u u U, U, 2
(63, { 0{2 ) 02‘3 ’ 03.6 ) &5 })’ (617 {(b} ) )
e u1t2 u2t2 u3t2 u4t2 e u1t2 uzfz u3t2 u4f2
2, 0.5 0.7 0.8’ 0.3 ? 3> 0.3 0.2 04’ 0.6 ?
ts w13 wo?3 wg?d wy's
(617{@} )’<e27{ 030504203 [)>
o w3 ue®  wstd w3
31707270402 0.1 :

Then (F,A), = Twe.

Let

(F,A), = { (er@)") (2 {@}") s (es (@)™,

(01977 (1977 (s 1917).
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(61, {cp}tS) , (627 {@}tS) , (eg, {cp}tS) }

Then (F, A), = T,.

0.7 04 0.2 0.1

w13 we®3 wg?l wy's w1f3 wp®3 wg?3 wy!s
€1,1705° 0.8 0.1 0.6 »{€2:1703 0504 03 )

ty t1 t1 t1 t1 t1 t1 t1
_ u u U3 U u u U U
(F5 A)t - €1, L ) 2 ) 2 ’ 4 y | €2, L ) 2 ) 2 ) 4 )
1 1 1 1 1 1 1 1
t2 to ta ta t2 ta ta ta
U U E U4q U u U3 Ug
(62,{ 11 s T 1 31 » T 1 }) ’ (63,{ 11 s T 1 d1 PEET }) ’

Then (F, A), = Ta.

Definition 3.8. The complement of T-FSS (F, A), is denoted by ¢(F, A), Vt € T where ¢ is a fuzzy soft
complement.

Example 4. Consider Examplel[l| Using the simple fuzzy complement, we get

~ 2! 2! gt 2! 2! t1 t1
— Uy u2 u3 Ug Uy u2 u3 Ug
A(F, A), = { (61’{ 04 0.7 08 0.6 }) ’ (627{ 05 0.7 08 0.3 })’

e ulfl u2t1 u3f1 u4i1 e ultz u2f2 uStQ u4t2
317070402 0.1 »\¢1>1703 706 09 0.7 )

e wit? g2 wugt? wyt2
»\©3:1703 702704706 )

e w1l w3 wgls w,'s
»\©2,1703 70570403 )
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Proposition 3.9. If (F, A), is a T-FSS over U, then

1. €(e(F, A),) = (F, A),,
C ATup) = (TLA),

LA W N
peigpely
%
=
Il
%
&

Proof. The proof is straightforward. O

4 Union and intersection

In this section, we define the union and intersection of T-FSSs, explain their features, and provide some
instances.

Definition 4.1. The union of two T-FSSs (F, A), and (G, B), over U, is the T-FSSs (H,C), , denoted by
(F,A),U(G, B),,such that C = AU B C F and defined as follows

F, (¢), ifee A— B,
’ ZfE €B- A7

F,(e)UGy(e), ifeec ANB,
where U denoted the fuzzy soft union.

Example 5. Consider Example Suppose (F, A), and (G, B), are two time-fuzzy soft sets over U such that

t1 t1 t1 t1 t1 t1 t1 t1
— Ui u2 us Ugq Ul u2 us Ug
(F,A), = { (617{ 06 0302 04 }) , (62’{ 0503702 07 })7
e wit? g2 wst? wyt2 e wi?d wugt3 wugf3 wyts
21705770302 07 > \©3,170.370.6 > 0.8 709 :
t1 t1 . tl t1 t2 502 t2 t2
— Ul U2 usz Ugq Ul U us Ugq
(G, B), = { (el’{ 040502 07 }) ’ (63’{ 0506 09 04 })’
e wi?3 wo?® wgtd wyt's
31705087 0.6’ 0.9 :

tq tq tq tq tq tq tq t]
— Ui u2 us Uq Uy u2 us Uq
(H,C), = { (61’{ 06050207 }) , (627{ 0503027 07 })v
to t2 t2 ta
u ’l,L U U, u.
(627{ 01.5 ) ) (637{ ) 02.6 ) ()3‘9 ’ &4 }) )
e u1 3 u2t3 u3t3 U4
3170508 0.8’ 0.9
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Proposition 4.2. If (F, A),, (G, B), and (H,C'), are three T-FSSs over U, 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. The proof is straightforward.

O

Definition 4.3. The intersection of two T-FSSs (F, A), and (G, B), over U, is the T-FSSs (H, C), , denoted

by (F,A),N (G, B),, such that C = AU B C E and defined as follows

F; (e), ifec A— B,
, ifee B— A,
F,(e)NGi(e), ifee ANB,

where M denoted the fuzzy soft intersection.

Example 6. Consider Example[l] Let

t1 t1 ty1 ty1 t1 t1 ty1 t1
— Ul wug'l ug'l ugtl Ul ug'l ug'l ugl
(H,C), = { (elv{ 0470302 04 }) ’ <€2’{ 05’03 02’ 07 })7
e wit? wgt? wgt? w,t2 e wit? g2 wst? w,t2
21705770302 07 »\3:1705 70609 04 )
e w13 wo®® wgld wy'3
31703706 0.6 0.9 :

Proposition 4.4. If (F, A),, (G, B), and (H,C), are three T-FSSs over U, then

1L (F’ A)tﬁ ((GvB)tﬁ(Hv C)t) = ((Fa A)tﬁ(G’ B))tﬁ(H’ C)tv
2. (F, AN (F, A) = (F, A),.

Proof. The proof is straightforward.

Proposition 4.5. If (F, A),, (G, B), and (H,C'), are three T-FSSs over U, then

1 (F,4),0((G,B),N(H,0),) = ((F,A),0(G,B),)N((F,A),0(H,C),),
2. (F,A),A ((G,B),U(H,C),) = ((F,A),7(G,B),) U ((F, A),A (H,C),) .

Proof. The proof is straightforward

Proposition 4.6. If (F, A), and (G, B), are two T-FSSs over U, then

1. ((F,A),0(G,B),)" = (F,A){N (G, B);,

2. (F,A),N(G,B),)" = (F,A); U(G, B);.

Proof. The proof is straightforward
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5 AND and OR operations

In this section, we define the AND and OR operations for TFSSs, deduce their features, and provide examples.

Definition 5.1. If (F, A), and (G, B), are two T-FSS over U then ”(F, A), AND (G, B),” denoted by
(F,A), A (G, B),, is defined by
(F,A),N(G,B),=(H,AxB),

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

Example 7. Consider Example Let Suppose (F, A), and (G, B), are two time-fuzzy soft sets over U such
that

w1l ustl  quatl t1 wfl uotl t1 t1
— (231 Uz us Ug (251 U2 us Ug
(F,A), = (617{ 0.6° 03702 04 }) , (62’{ 050302 07 })7

e u1i2 u2t2 u3f2 u4t2 e u1t3 u2f3 u3t3 u4f3
21704706 0.8’ 0.3 »\©3,170.370.6 > 0.8 09 :

e ultl u2t1 u;;tl U4t1 e ultz u2t2 Uth U4t2
17708705 0.2 03 »\©3>1704 0805 0.7 )

e ui?3 wo?® gt wy's
31701706 0.7 0.9 :

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

ti1 t1 upfll o qotLl u3f1,1 uytlL t1 _to wpfl2 qpfl2 u3t1,2 uytl2
{((elvel)’{ 06 > 03 ° 02 ° 03 (e es?) Mo M e ’

(etl €t3) ultl,s u2i1,3 u3f1,3 u4t173 (etl etl) ultl,l u2t1~1 u3t1,1 1L4t1,1
1523 /> 0.1 > 03 ° 02 ° 04 ) 2071 ) 0.5 » 03 > 0.2 ° 03 ?

(etl etz) wuq 1.2 u2t1,2 u3t1,2 uytl.2 (etl ets) uqtl.3 U2f1,3 u3t1v3 uyt13
2°%3 ) 04 > 03 ° 02 ° 0.7 ) 20,723 ) 0.1 > 03 > 02 ° 0.7 ’

(€t2 etl) u1t2,1 u212,1 u3t2,1 u4t2,1 (€t2 €t2) u1t2,2 u2t2,2 u3f2‘2 u4t2,2
201 ) 04 > 05 ° 02 * 0.3 ) 20,23 ) 04 >’ 06 > 05 * 0.3 ’

(etz et?’) w23 wyt23  ugf23 y,t23 (et?’ etl) w3l uyf3l ggf31 g, t31
2023 ) 01 > 06 > 07 > 03 ) 3071 ) 03 ° 05 > 02 7 03 ’

(tg tz) w32 yot3.2 u3t372 u, t3,2 (tg tg) w33 4533 u3t373 u,y t3.3
€35€3)>1Y703 > 06 ° 05 ° 07 »(€35€3° )Y 01 » 06 » 07 > 09 J

Definition 5.2. If (¥, A), and (G, B), are two T-FSS over U then ”(F, A), OR (G, B),” denoted by (F, A), V
(G, B),, is defined by
(F,A)t v (G,B)t = (H,Ax B)t

such that H (o, 8), = F (), Ve (B);,¥ (o, ) € A x B, where Uis time-fuzzy union.
Example 8. ConsiderExample@we have U then ”(F, A), OR (G, B),” denoted by (H,C'), = (F, A), V (G, B),
where (H,C),
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t1 1 wptll oot gt gt t1 to wptl2 uptl2 gaf12 g, t12
((61761)’{ 08 7 05 ' 02 » 04 (0 e8) M s s M ’

t1 i3 u1t1~3 u2t1,3 u3t1,3 u4t1,3 t1 t1 ultl,l uz”l,l ugf’l,l u4t1.1
((61 ce5’) ’{ 06 > 06 ° 07 ’ 09 ez el) M B M M )

(etl €t2) wptl2 uof12 gt12 g, t12 (etl et3) w13 untl3 gaf13 4,013
2023 ) 05 ’ 08 ?» 05 ° 0.7 ’ 20,23 ) 05 * 06 * 07 2 09 ’

(6t2 etl) up"l wup'2l ugt21 oy, t21 (et2 @t2) U "2 up'22 ugt22 oy, t2.2
2071 ) 08 > 06 °» 08 * 0.3 ’ 20,73 ) 0.4 > 08 > 08 * 0.7 )

(t2 t3) w128 upt23  ygf2.3  g,02.3 (t;; t1) w31 of31 gaf3.1 g, 1301
€2,€3),1704 > 06 > 08 ° 09 »\\€35€1 )17 08 706 > 08 > 09 )

(et3 et2) w132 o382 g5f3.2 4,132 (€t3 et3) w133 upt3.3 33,3 4,133
3023 ) 04 > 08 > 08 7 09 ’ 3973 ) 0.1 > 06 > 08 ’ 09 ’

6 An application of Time-Fuzzy fuzzy soft set in decision making

In this section, we present an application of time-fuzzy soft set theory in a decision making problem. Assume
that one of the broadcasting channels want to ask professionals to review their show through a debate of a
contentious subject and get their feedback on the situation. The creators of the show utilized the following
criteria to assess their findings. The four options are as follows:U = {uj, ug2, uz,us}, assume e there
are five parameters F = {ey, es,e3,€4,¢5,}, Select the specialists for the programs. For i = 1, 2, 3, 4,
5 the parameters e; (¢ = 1,2,3,4,5) stand for “this criterion is employed to discriminate.”, this criterion
is independent of the other ones. ”, “This criterion measures a single thing. ”, ”The universal criterion ”,
Criteria that are crucial for some stakeholders”. T = {t1,ta, 3, t4, t5 }be a collection of prior time periods.
Using such facts, we can determine the best option for the decision. Following a serious deliberation, the
committee creates the following time-fuzzy soft set.

I
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e u1”5 us ' uSts u4ﬁ5
5170305 0.8’ 0.6 :

6.1 Algorthim

1. Find the tabular form of (F, E), as shown in Table 1.

e w1t ug?®  wgt®s  wuyts e wit®  wg?® wgts wyts
31702706 08 0.9 »\¢4>1701 703706 04

)

2. Table 2 shows a tabular representation of F' (E), which is defined as follows.:

u

F(e) =

where n = |T|.

3. Apply Roy & Maji’s method to F' (E).

é t,Fy(e) \ n

> Fi(e)

i=1

ruelUeeFE

Table 1: A tabular depiction of (F, E),

U (751 u9 us Uy
(e1,t1) | 06 03 02 04
(e1,t2) | 0.7 04 0.1 03
(e1,t3) | 0.7 08 0.6 04
(e1,t4) | 04 05 03 0.1
(e1,t5) | 0.7 09 04 06
(e2,81) | 05 03 02 0.7
(e2,t2) | 03 0.1 02 06
(62, t3) 0.7 0.5 0.6 0.4
(e2,t4) | 05 03 04 05
(e2,t5) | 03 05 0.7 09
(es,t1) | 03 06 08 09
(es,t2) | 0.7 08 0.6 04
(es,t3) | 0.6 04 05 0.7
(es,ts) | 03 05 02 0.1
(es,t5) | 0.2 06 0.8 0.9
(es,t1) | 05 04 06 08
(es,t2) | 09 03 04 07
(es,t3) | 06 0.7 05 03
(es,t4) | 0.5 0.6 0.6 07
(es,ts) | 0.1 03 0.6 04
(es,t1) | 09 02 04 0.8
(es,t2) | 02 0.7 0.8 05
(es,t3) | 0.7 02 0.6 03
(e5,t4) | 06 04 05 0.1
(es,t5) | 03 05 08 0.6
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Table 2: A tabular depiction of F' (E)

U | w Us us Ug

e; | 059 0.68 0.67 0.62
es | 058 0.67 0.71 0.61
e3 | 0.54 057 0.57 0.58
es | 050 0.60 0.61 0.52
es | 054 063 0.63 0.53

By using Roy and Maji’s Algorithm we get ug the best choices.

Table 3: Comparison table

U Uq u9 us Uy
up | 5 0 0 1

ug | 5 5 3 4
us 5 4 5 4
ug | 4 1 1 5

Table 4: score table

U T tj Sl
U1 6 19 -13
ug | 17 10 7
us | 18 9 9
ug | 11 14 -3

From the above score table, it is clear that the maximum score is 9, scored by ug the decision is in favour of

selecting us.

7 Conclusion

I have presented the idea of a time-fuzzy soft set and examined some of its characteristics in this study. On the
time-fuzzy soft set, the complement, union, and intersection operations have been specified. An example of

how this theory may be used to solve a decision-making dilemma is provide
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