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Abstract

Finally In this study, we define parameterized time fuzzy soft expert set (PT F'SE\S) as an extension of fuzzy
soft set. Additionally, we will clarify and investigate the characteristics of its primary operation (complement,
union intersection, ”AND” and "OR”). , we’ll apply this approach to decision-making difficulties.
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1 General 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 uncer-
tainty. Following Molodtsov’s work,.% Maji et al® and researched several soft set operations and applications.
Also Maji et al*5 they presented the notion of fuzzy soft set as a more broad concept, as well as a combi-
nation 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.” 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/2/13 and there are also studies in fuzzy
tapology and neutrosophic fuzzy topology. For more details about neutrosophic topology, see ¥ Additionally,
researchers introduced using a neutrosophic fuzzy soft set to solve decision-making problems, like in 1>/l
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 1#/1*2% Within the sophisticated domain of neutrosophic fuzzy
metric spaces, some academics presented fixed point theorems associated with neutrosophic fuzzy contractions
in their research as, %22 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 schol-
ars like 2222 2% 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
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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,?® Many academics used the time fuzzy soft set notion to decision-making
issues by combining it with other ideas and introducing applications as investigate some of its features, and
apply this notion to a decision-making problem as#228 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). Based on the
literature reviews, we found that the parameterized fuzzy soft set has been applied to solve a decision making
problem which involve uncertainty or vagueness in data. The idea behind parameterized fuzzy soft set has a
potential promising for giving an optimal solution for decision making problem. Sometimes it is justifiable to
impose weights on the choice of parameters, to reach to the final optimal or suboptimal decisions. To apply
this decision rule, the decision maker may demand greater "membership levels” on the parameters he may
highlight. For example, while purchasing anything, one often wants a higher quality for the feature that he
considers more significant. In previous study we showed the importance of the concept fuzzy soft expert set
and that it is a suitable mathematical tool for dealing with uncertainty problems. Our goal in this research is to
enrich these concepts by combining fuzzy parameterized fuzzy soft and fuzzy soft expert set. In this research
we present the concept of time fuzzy parameterized fuzzy soft expert’s sets, this will be more effective and
valuable and is a hybrid of the fuzzy soft expert set and the parameterized time fuzzy soft sets. We also de-
fine and investigate the features of its fundamental operations, which include complement, union, intersection,
AND, and OR. Finally, we present some possible applications of this notion to decision-making difficulties.

2 Preliminary

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. 'Y consider this mapping
F:A—P().

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).

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

F¢(a) =c(F (]a)),Va €]A.

c describes any fuzzy complement.
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Definition 2.5. “'If (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 (a, 8) =t (F () ,G (8)),V (o, 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)),V (e, ) € 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 (), if e€cA-DB,
H(e) = <G (e), if e€e B—A,
s(F(e),G (9)), if e€ AUB.

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€ B—A,
s(F (e),G(e)), if e€ ANnB.

Definition 2.9. » Let U be an initial universe, E the set of all parameters and X a fuzzy set over E with
membership function
ux : E—10,1],

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
~vx (x) representing a mapping vx : E — F (U) such that
vx (x) =0 if px (z) = 0.

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

I'x ={(ux (#) /z,7yx (z)) s w € E, 7x (¥) € F(U), px () € [0,1]}.

Definition 2.10. = Let U be an initial universal set and let E be a set of parameters. Let IV denote the power
set of all fuzzy subsets of U, let A C F and T be a set of time where T' = {t1,%a,...,t, } . 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 given by

Ft: ATV,

3 Time Fuzzy Parameterized Fuzzy Soft Expert Set

3.1 Main Definition

In this part, we define a time fuzzy parameterized fuzzy soft expert set (7' F'P.S ES) and discuss its fundamental
characteristics.

Let U be a universe set, F be a set of parameters, I represent all fuzzy subsets of £, X be a set of experts,
and O = {1 = agree, 0 = disagree} a set of two opinions and 7" be a set of time where T' = {t1,t2, ..., t5 } ..
Let Z=Ux X xOand A C Z where ¥ C IE.
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Definition 3.1. Let F' be mapping given by

Ft:A—T1Y

, IV represent all fuzzy subset of U. A pair (F, A)fp is known as fuzzy parameterized fuzzy soft expert set

(PTFSES)overU.

Example 3.2. Assume that a manufacturer distributes its products to three major regions of the country. Be-
cause of the geographical separation between both demand and supply areas, as well as the aim to meet con-
sumer demand and ensure the availability of their goods, the factory’s management has opted to open outlets
near their current client bases. Now, let W = {uy, ua, us,us} be a set of alternatives for stores location ,

0.5 0.7 0.9

EFE=<— —, } be a set of decision parameters where ¢; (i = 1,2, 3) represents the following param-

€1 €2 €3

eters: land or building expenses associated with the location, the cost of traveling between the demand and

0.7 0.9

supply areas, and “’the continuing safety of the area,” respectively. Let ¥ = {%, o o

} be a fuzzy subset

of I” and Y = {m,n,r} be a set of experts.These insights allow us to choose the best location for the new

factory stores. Now suppose that

0.5 tq tq tq tq 0.5 tq tq tq tq
— Uy U2 us Ug — Uy u2 us Ug
F1<e ym; 1 *{0.870.570.4’0.3}71?1 c 7, 1 *{0.6’0.9’0.6’0.5}’

F 05 rl - ’U«1f1 u211 ugtl u4t1 F 07 ml - ultl uzfl u3f1 u4t1

1 e —107°06° 0307 [»1]1 ey — 1706010408 [
F O 7 n 1 _ ’U.ltl u2t1 u3t1 7J,4t1 F 0.7 r 1 _ uq 1 us 1 u3t1 u4'1

1 ) 1 ~—105°07°02°05 [*1 ey ~ 17027060703 [

1
0.7 t1 t1 ty tq 0.7 tq tq t1 t1
— u u U u — u u Uz u
F1<e ,m, 0 _{(}.57&77({5’(34.3}7F1 om0 _{01.4’(32.4703.9?&6}7
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2
F O 9 n 0 _ ultl u2t1 u3t1 U4t1 F 0 9 r 0 ultl u2t1 u3t1 ’U,4t1
L\ ™Y ) = o5 040 05002 001 YT 08 02008 04 [0
0.5 to to to to 0.5 to to to to
_ U u2 us U _ uy u2 us Ug
F el’m’o —{07704707’05}7F2 61’”70 = 05702’05704}’
O 5 to to to to 0.7 to to to to
_ U U2 us U4q _ Ul u2 us3 Ugq
P 617r70 _{03707’08708}’F2 62,m,0 _{09703’06706}’
F 0.7 n.0) = w1t2 wot2 wgl? wyt2 F 0.7 r0) = w12 wo?? wzt? wyt2
2 ALY T 0 05 0 o o2\ Y T 06 07 0 0T )

€ €
0.9 n0) = W' up'® ug'l  ug's E 0.9 o) = w3 w3 wa's wy's
e [ 0.3 04 077 0.2 43 e »0 0.7° 0.2 06’ 0.5 :

Then we can find the time-parameterized fuzzy soft expert sets (F, £ )t as consisting of the following collection
of approximations:

(F E)t _ 0.5 m.1 wtl uptl wgll oyl 0.5 n 1 w'l up'l wgll wghl
L)y e )08 05 0a 03 , e )06 0.9 06 05
0.9 0 w’® up' wg'® wy's 0.9 0 w3 up' wg'® wy's
es U 15003 0.4 0.7 0 0.2 ) €3 Y5070 020706 05 :

Definition 3.3. For two (PTFSES’s) (F,A)y, and (G, B)y over U, (F, A)y is called a(PTFSES)subset
of (G, B)Y if

. TCV,
2. Ve € B, G(e) is fuzzy soft expert subset of J(¢).

Definition 3.4. Two (PTFSES's) (F, A)y, and (G, B) over U, are said to be equal if (F, A)y, is a(PT FSES)subset
of (G, N)% and (G, N)% is a(PTFSES)subset of (F, A)%,.

Example 3.5. Consider Example where

- t1 tl t3 t3 t2 t2 t3
{(05777%1) ’<O'7’m’1> a<m7n71> ,<0'7,r,1> 7((”7”’0) 7(0'777“70) 7<(N7Tao> )
el €9 €9 €9 €9 €9 €9
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0.9
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B_{ 77711 9 7,7’71,1 ) 77”71 9 7,7“,1 9 77”70 }
el €2 €2 €2 €2 to
Clearly B C A. Now, let (G, B)% and (F, A)}, be defined as follows:
t witl  woll watl  uutl
(F’E)\I/:{<< > ) (( 1)’{01.6’02.1’(;’.4761.8}>’
(& 1)
2 ygt2 g
((7”70) 04 ’ ()5 ’ 039 ? (;1 })
0.7 t3 t3 t3
—, 70 , {Ul , u2 u3 u4
<( s r ) 0.7’ 03 ) <
t 0.5 wqtl Uz t1 witl wotl  watl  autl
(G,E)T:{(<el,m,1>,{0{6, 5 B 0}) ( ) {6‘575.1754’(?.7})’
((04 n 1) {ultg uot3 u5t3 e ) (( ) {ultg wot3 us wy's })
ey 1 08> 05 02 06 »170.0° 06 05’ 0.3 ’
0 3 w12 wot2 wal2 wst2
((Bomo) (a2 53 4292

We can easily verify that (G, E)gC C (F, E){I,

OS
w:
H,_/

/—Aﬂ /—’H ’_/H
OE
ﬁ
m
o+
w
ﬁ
w
r.?
if
=i'S
S
——

Definition 3.6. An agree-PTFSES (F, A)q, over U is a(PTFSES)subset of (F, A)y, be defined as outlined
below::

(F,A)y, ={Fi (a):a e ¥ x X x{1}}.

Definition 3.7. A disagree-PTFSES (F, A)\I, over U is a(PTFSES)subset of (F, A)%, be defined as outlined
below:

(F,A)y, = {Ju, (@) :a € T x X x {0}}.

Example 3.8. Think about this example: Then the agree-PTFSES (F, Z )fpl over U. Then the agree-time
fuzzy soft expert set ((F ) A)fl,) over U is
1

0.5 1 Wt ug™ ugtl wgtl
1,m, »170.8° 05 0.4 03
uq ! u
0.7

((

(GROR

((5m1) v{“&.? 5 ;}
((

((

0.7 1 wtl up'l watl gyt
- 027 06 0.7 0.3 )
9 t1 t1 " ;
u U
637m71 7{01.2’ 3 6} { ; i .
0.9 1 ultl ugtl t1 5 Wt upt? wgl? oyt
e ) 04’07701705 04> 08 02 04 )
05 1) [t iz s .
e )08 00 . }
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07 m 1 ult2 7L2t2 u\;tz u4t2 O 7 n 1 ’lllt2 uzt2 1L3t2 1L4t2
e LA ’ 027 097 05 0.5 ’ L ) 0.7 0.6 0.2 0.6 ’
2 €2
7 rl u1’2 we' wg'? wy'2 0.9 m. 1 w2 wp'? wg'2 wy'2
e P ) 0.5 04 ° 0.7 0.4 ) ) ) ’ 0.9° 04 ° 0.1 ° 0.7 )
2 €3
'9777,,1 7{u1t27u2t2’u3t2’ u4t2} , 9,T,1 7{'u,lt2771,2"27“‘3’2’ u4t2 ,
es 0.8 0.6 0.1 0.5 es 0.2 0.9 0.6 0.7
.5 m 1 ults u2t3 u3t3 u4t3 5 n 1 u1t3 u2t3 ust3 u4t3
e »n ’ 0.2 0.7 08" 0.3 ’ ' 4 047 09 06° 05 ’
1 €1
0.5 1 w3 ug'3 ustg wy 3 0.7 m. 1 w1t ug!3d ustg uyt3
e 7 4 0.6’ 0.5 0.7 0.8 ’ P ’ 057 04 07 0.9 !
1 €2
'77,”71 7{u1t$7u237u337u4t3} , '77T71 7{u13’u237u337u4t3} ,
e 0.8 0.6 0.2 0.7 e 0.1 0.8 0.5 0.8
09 1\ fu w wh un 09 N\ fu wi wh un
637 ’ ’ 072 04 017 0.8 ) 637 ’ ’ 0.6’ 0.5’ 0.3 0.9 ’

t 0.5 upfl 'l wg’l oyl
(i) ={ (B2mo0) {5 s 5
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0.9 r 0 w13 wo®® wg?d wy's
637 ’ ) 0.7 0.2 0.6 0.5 :

4 Basic Operations

In this part, we define the complement, union, and intersection of FPFSES, deduce several features, and provide
illustrative instances.
4.1 Complement

Definition 4.1. The complement of a(PTFSES)(F, A)fp is indicated by ¢(F, A)fl,, it can be expressed as
¢(F, A)fl, = (F°, M)y where F* is fuzzy soft expert complement and ¥° is a fuzzy complement.

Example 4.2. Let us examine Example Utilizing the fundamental fuzzy complement, we have

o= ((8n)

( el ' '
0.5 0 wrfl wofl wgtl wgtl
e ] > 0.6 0.5 0.2 0.7
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0.5 to to to to 0.5 ot to to to
O U1 u us Ug O Uq u us Ug

1,m, 7170306 03° 05 ) 1)”7 »1 050805’ 06 )

° u t u us "~ U. ° Uy~ u U, Uyg

0.5 0 12 w2 ug’? w2 3 0 12 w2 ug’? w2

e ' 7 ’ 0.7 0.3 0.2 0.2 ’ es ) 1T, ? 0.1’ 0.7 04 04 )
03 , 03 ) {2 s s s

62, ! ’ 0.6’ 0.5 0.1’ 0.6 627 ’ 04 03 0.6’ 0.9 ’
0.1 0 Wit ug®? ug®? wgt?
eg’m’ ’ 0.8 0.3 0.2 0.8 0.6 057 0.3’ 04 ?

Proposition 4.3. If (F, A)., is a(PTFSES)over U, then
1((FA).) = (F A,

Proof. By employing Deﬁnitionuwe have (F, A)’fl,C is defined by
¢(py (z)) and é(F (z)), Va € Z.

Then ¢ (py (x)) is defined by ¢ (¢ (uy (x))) and ¢ (¢ (F (z))), Vx € Z.
But ¢ (¢ (pw (7)) = (pw (2)), and ¢ (¢ (F (z))) = (F (z)) -

where c is parameterized time fuzzy soft set complement.

4.2 Union

Definition 4.4. The union of two (PTFSES’s) (F, A)y, and (G, B)% over U, denoted by (F, A)%, U (G, B)Y,,
is the(PTFSES)(H,C)5 such that R = M U N, Q = maz (P UT) Ve € R,
H (¢) = (F () UG (¢)) where U is an fuzzy soft expert union.

Example 4.5. Think about this example: Let Suppose (F, A)fl, and (G, B)fr are two time-fuzzy soft

expert sets over U such that
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ey )05 0T 0.2 05 ) ey 7)1 020 06 0703 )
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; es Y )P 0a 06 08 0.3 :
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’ L) 0% 0 08 0 ,
0.2 n 1 w?? upt? wgt?
)05 0.8 0 0.7
u
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1
8
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2
5
1
4
v 0.3 ’
u
. )

4

70

1)

)}

0.8 0.9 0.1

)
)

)
t
3
0.2 tg tg t3 tg
Y m’ 0 ) {U1 ) @ ) s ) &

t 7 wr 'l o'l wz®l oyl 7 uifl wg®l wg®l owytl
(Hv C)Q - { ( es 1 1) 7{ 0.77 09 0.2’ 0.5 ’ €9 ’T’l ’ 0.6’ 0.6 0.8’ 0.3 ’
0.9 n. 1 w12 wp'? wgt? wut2
) es (A ) 0.8 0.8 0.7 0.5
.8 m.0 urtl uptl wgtl gt
’ e » T ’1 0.3 0.6 0.7 0.8

08 o) o wn wsn wnl) (08 0) fus s wis w
1 [ ’ 0.7 0.6 0.8 0.5 4 e ’ 0 ’ 077 0.5 0.6 0.7 4

0.7 m. 0 w2 uet? wgt? w2 0.9 m. 0 w3 w3 wgtd w3

e [ ’ 0.6 0.7 04 0.9 ) es L ) 0.4 08 09" 0.3 :

Proposition 4.6. If (F, A).,, (G, B)y and (H,C)¢, are three (PTFSES's) over U, then

FAU((G By U(H,C)y)) = ((F, A)5 U(G, B)x U(H,C)g ),
2. (F, A4, T(F,A)Y = (F, A,

1.

—~

Proof. 1. By using definition f.4|we want to prove that
(F,4), 0 ((G,B)y O(H,C)) = ((F,4)4 0(G, B)y ) U(H,C)f

But we know that if M, N and R are three fuzzy sets then (AU N)UC = AU (B U C) and this fact
also hold if M, N and R are three fuzzy soft expert sets. By using these facts we have
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(F,4), O ((G, B U(H,C)y) = (Fy ()0 (Gk () UHa (2)) , AT(BUC)).
((F4 () UGY () UHg (2) . (AUB)TC).

(74, DG, By ) O(H,C, )

= ((F,4),0(G,B)y) O, )

2. Likewise, the proof of 2 can be shown in similar way.

4.3 Intersection

Definition 4.7. The intersection of two (PTFSES’s) (F, A)y, and (G, B) over U, denoted by (F, A)
is the(PTFSES)(H, C’);2 suchthat C' = M NN, Q =mazx (T NT)Ve € C,
H (e) = (F (¢) NG (g)) where N is an fuzzy soft expert intersection.

w0 (G, B,

Example 4.8. Consider Example By using basic fuzzy intersection (minimum) we have (F, A)fp N(G, B)}
(H,C)%, Where

'47n7 1 ) {ultl ) u2t1 ) UStl 9 U4t1 } b %7 r’ 1 ) {ultl ) u2t1 ) va 1 9 s 1 }
es 0.5 0.7 0.1 0.3 es 0.2 0.4 0.7 0.1
. 2 n1 W us' wyt? u4t2
. ) e 1 ) 0.5’ 0.6’ 0.1’ 0.3
3
£ 0.5 upf1 wgtl
es - ) e ,m, 0, 0.3 8
0.2 n. 0 W'l wpl wg'l wy'l 0.2 "0 up ' u2f1 u3 t1 u4
7 ! 0.5 04 0.5 0.2 ’ e 10 ’ 0.8 0.2
3 3

(){ 524 })
0.2 t3 t3 t3 t3
(637”’7@0)’{“01'2’“0267%387 0.1 })}

Proposition 4.9. If (F, A)fl, (G, B)?r and (H, C’)?2 are three (PTFSES's) over U, then

n ((GvB)?I‘ N (H7 C)fz = ((F, A)fll N (GvB))?I‘ N (Hv C)fza

N(F,A)L, = (F,A)Y.

. (F, A)

1 v
2. (F,A),

Proof. 1. By using definition[4.7|we want to prove that
(F, 4), 0 (G, BY, L (H, ) ) = ((F A, (G, B) ) A (H,0),

But we know that if M, N and R are three fuzzy sets then (AN N)NC = AN (BN C) and this fact
also hold if M, N and R are three fuzzy soft expert sets. By using these facts we have

(F,A)5 71 ((G.B)y A H, O ) = (FY ()71 (G () PiHa () , AN(BAC)).
= ((F§ (6) AGY (2)) AHa (2) , (ATB)FC).
= (P2, A(G. By ) A (H,C)q
= (R4, A(G.BY, ) A, O)
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2. Likewise, the proof of b can be shown in similar way.

Proposition 4.10. If (F, A)fl, (G, B)fr and (H, C’)zz are three (PTFSES’s) over U, then

1 (B4, 0 (6B AL O = (A, TG, B)y ) A ((F.A), DUH,C))

2. (FA)LA ((G, B)LU(H, C)g) - ((F, AL A (G, B)g) 0 ((R A, A (H, 0)5) .
Proof. 1. We want to prove that

(F, A)%, A ((G, B), U (H, c)g) - ((F, AL A(G, B)g) 3 ((F, AL A (H, c)g) ,

But we know that if M, N and R are three fuzzy sets then (ANN)UC = (ANN)U(ANC) and
this fact also hold if M, N and R are three fuzzy soft expert sets. By using these facts we have

(F,4)y (G, BY D (H,C)fy ) = (Fl () U (G () N Ha (6)), AU (BUC)).

(F&(e)UGh (€))L AUN)N (F (e) UHq (), AUC).
= (), TG B, ) A (P, A) O (H,0);, ).
= ((F.A),A(G, BY:) T ((FA), AHC)).

2. Likewise, the proof of b can be shown in similar way.

5 AND and OR Operations

This section defines the AND and OR operations for PTFSES, explains how they work, and provides some
examples.

Definition 5.1. If (F, A)}, and (G, B)% are two (PTFSES’s) over U then ”(F, A)y, AND (G, B)..” repre-
sent by (F, A)%, A (G, B)% is defined by

(FvA)fI/ /\(GaB)’tr = (HaM X N)Q
Q=UxT,and H (o, ) = F (a) NG (B) ,V (o, 3) € M x N.
Example 5.2. Consider Example Let (F, A)fp and (G, B)fr are two time-fuzzy soft sets over U such that

(F A)t = E n. 1 'l wp'l owg’l wy't E m. 1 w12 wp'? wg'? wy'2
’ 4 e [ ’ 0.5 0.7 0.2 0.5 ! ) ’ ’ 0.4’ 0.8 0.2 04 ’
2 €1
0-9 r 1 u1t3 u2t3 ugts u4t3 0.3 m 0 ultl uztl u?,tl u4t1
e 10 ) 0.4 0.7 05 0.6 ? ’ ! ’ 0.3’ 0.6 0.7 0.8 :
3 €1
(G B)t _ 0.6 n1 Wit ug®? wg®? wgt? 0.8 0 W' ug® wg®  wg'3
’ T es » ) 0.4 09 0.3 0.1 ’ €9 1 ’ 0.5 0.8 0.2’ 0.6 :

Then (F, A)% A (G, B)% = (H, A x B), where
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0.5 tq, tq, ty, ty,
) (11)), {5 8 o ),

0.5 t1,3 t1,3 t1,3 t1,3
U ) U > U, ’ U. )
L) (1,0) ) {2 it mst st

0.3 1 1) u1t2,2 u2f2,2 u3f2,2 u4t2,2
) 04 > 08 ° 0.2 ° 0.1 ’

0.6 t3,2 t3,2 t3,2 t3,2
u ’ U ) U ) u B
 (rin), (1,1) 7{ 04 > 07 0 03 0 01 }v

0.8 t3, t3, t3, 3,
)’ (T7 7“) ) (1’ 0)) ’ {mOZS ) u%373 ? u%?; ? u?).363 } ’

0.3 D128 123 w23yt
( Smr), (L0) ) {5 R s T

0.3 t1,2 t1,2 t1,2 t1,2
;(m,n),(0,1) 7{ 03 0 06 03 > 01 } 5

0.3 w1 i3 uotl,3  atl,3  4,t1,3
<( )7(m7T)7(070))7{ b,B ’ 20.6 ’ 30.2 ) %.6 }}

€1,€2

Definition 5.3. If (F, A),, and (G, B), are two (PTFSES’s) over U then ”(F, A)}, OR (G, B)%” represent
by (F, A)%, V (G, B)Y is defined by

(FaA)fI/ V(GaB)’tr = (HvM X N)Q
Q=VxT,and H (o, ) = F (o) UG (B) ,V (o, 3) € M x N.
Example 5.4. Think about the example Using the maximum basic fuzzy union, we have (F, A)fp \%
(G, B)y = (H,M x N), where

(G, B)}” denoted by (H,C)y, = (F, A)y, \/ (G, B)% where
0.6 w12 yot1,2 gat1,2 g ,t1,2
(H, C)f) = {(()7(%”)7(1’1))’{ 04 0 07 0 02 0 01 }7

€2, €3

(g (v 00 ) {2552, 25 2t )
<(6(1),.i2) s (my ), (1 0)>7 {"102’3 7 "2()?8’3 ’ u%t223 ’ u4ot,23 } ,
(o 0 (L0 ) {2 o o 23
(e mm 0.0)) {232 e, 2 22 .
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08 u t1,3 w t1,3 w t1,3 w t1,3
((61762)7(77%7")7(070)>7{ 6'3 ) 20.6 ) %2 ; %).6 }}

Proposition 5.5. If (F, A)fl, and (G, B )fr are two fuzzy parameterized fuzzy soft expert sets over W, then

1.

2.

Proof.

((F Ay A (G, By ) = (F A)y. v (G, B

((F, 45 v (G.BYe) = (F.A)y. A (G, B

1. We want to prove that ((F, Ay A (G, B)gf)c = (F,A)y. V (G, B)%.

But we know that if M and N are two fuzzy sets then (M A N) = A¢V B¢ and this fact also hold if
M and N are two fuzzy soft expert sets. By using these facts we have:

Suppose that (F, A)fp A (G, B)’fr =(0O,M x N).

Therefore, ((F, A)% A (G, B)%)" = (O, M x N)° = (0°,(M x N)) . Now,

((F7 A)fll v (Gv B)Ef) = ((th’cﬂM) v (GtTcﬂN))

= (J,(M x N)), where J(z,y) =t (c(F}, (o)), c(G% (8))) -

Now, take (o, 8) € (M x N).

Then,
OC_(O‘7B) = I - 0(06,6)7
=1—[F () UG% (B)]

()
=[1-Fy ()N - G5 (B)]
=t (c(Fy (), c(G% (B)))
= J(a, B)
Therefore O° and F’ are the same. Hence, proved.

2. The proof is uncomplicated and straightforward .
O

Proposition 5.6. If (F, A)fl, (G,N )fr and (H, C’)§2 are three fuzzy parameterized fuzzy soft expert sets over
W, then

L (F,A)y AN((G.B)y A (H,C)g) = (F,A)y NG, B)}) AN(H,C)g ),

2. (F,A)y vV ((G,B)y V (H,C)g) = ((F,A)y V(G,B)y) V (H,C)g ),

3. (F,A)y v (G, B)y A (H, C)g) = ((F, A)y V (G, B)y) A ((F, A)y v (H,C)g)

4. (F, ANy AN(G,B)y v (H,C)g) = (F,A)y A (G, B)y) vV (F, A)y A (H,C)g)
Proof. 1. Our goal is showing that (F, A)%, A ((G, B)% A (H,C)) =((F, A)4, A (G, B)%) A (H,C)h,

2.

But we know that if M, N and R are three fuzzy sets then (M A N) AC = M A (B A C) and this fact
also hold if M, N and R are three fuzzy soft expert sets. By using these facts we have
Suppose that (G, N)y A (H,C)l =t (G4 (a), Hq (8)), ¥ (o, 8) € B x C.

Then
(F, Ay A (G, By A (H,C)g) =t (Fy (7).t (G5 (@), Ha (8))), ¥ (7, (@, ) € A x (B x C).

=t (t(F} (7),G% (o)) Ha (8)), ¥((1,0) , B) € (4 x N) x C.
= (A5 A (G.BYy ) A (H, O ).

The proof is uncomplicated and straightforward .
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3. The proof is uncomplicated and straightforward .

4. The proof is uncomplicated and straightforward .

6 A Use for Fuzzy Parameterized Time Fuzzy Soft Expert Sets for Making Decisions

In this section, we provide three hypothetical applications of the parameterized time fuzzy soft expert set
theory in a decision making problem which demonstrate that this method can be successfully work and it
can be applied to problems of many fields that contain uncertainty. The first application consists set of two
opinions {agree, disagree}, and the second application gives more consideration to the expert weights. This
means that the choice experts may not be of equal in importance degree.

6.1 A decision-making application of parameterized time fuzzy soft expert sets with two viewpoints

Example 6.1. Let us imagine that a chain of restaurants intends to invest in opening a new location in a
city suburb. To finish their economic feasibility analysis of their chosen region, they conferred with a few

specialists. The following standards were applied by the experts to arrive at their conclusions: The following
are their four options: W = {uy, ug, us,us},. There may be six parameters £ = {2'1, ?, (lj, } ,
1 €2 €3
to assess the restaurant’s location . For ¢ = 1, 2, 3, the parameters p; (i = 1,2, 3) represent the quantity of
comparable eateries that compete in the same chosen area, the percentage of the local population that eats out
every day, the structural modifications that must be made to the chosen site, the anticipated number of weekly
or monthly patrons, the restaurant’s accessibility, including its ample parking options, and the reasonably
priced menu options, all of which are somewhat significant in degree 0.1, 0.3, 0.5, respectively. That is, the
subset of parameters is Y = 0.1/e1,0.3/e2,0.5/e3,. And Y = {m, n} exist a group of specialists (committee
members). T = {¢1,ta,t3,t4} be a set of previous time periods. We are able to determine the best site for
the chain’s new restaurant by using those data. Following a thoughtful deliberation, the committee creates the
fuzzy parameterized fuzzy soft expert set that follows.
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((%2,m 1) {57 s 55,55 1) (2on1) {55, 50 %7, 45 )
(%2 m,0) {55t am 1) ((%n0) {7 55 957 55 ),
((%2,m,0) {57 45 57,57} ) (%20.0) {57, 55 %5, %45 )
((%2m,0), {5,y a0 1) ((%20n0) {7 55 55 55 )
((%2,m,0), {57t 97,42 1), (%n0) {52, 55 92,47 )
((%2m,0), {55, a5, w50 1) ((%20n0) {55 52 97 52,
((%2,m,0) {47 a2 95,45 1), (22n,0) {52, %7 %7, 47 })
((22,m,0), {2, 3w, we b), (%n,0), {43, 53 52,40 ),
((2m0) {55 97 57 50 1) . ((2n0) {57 %2 55 %5 )
((22,m,0), {2, 2w, we 1), ((%200n,0), {43, 28 52,45 ),
((%2,m,0), {55 a5t w5, 50 1), (%n0) {57, 57 %5, 47 )
((%2m,0), {55 a5 a5 1) ((%20m0) {5 55 55 55 )
(2.m0). {53 8043 ). (0om0). (s 50755 )) |

The following algorithm may be followed by committee to evaluate their choice to find the most suitable choice
for the decision.

1. Input the T-FPSES (F, 7).

2. Find an agree-time fuzzy parameterized soft expert set and a disagree-time fuzzy parameterized soft
expert set, Tables (1] 2).

3. Find the tabular representation of F' (Z) as in Tables (3| [3), where F' (Z) defined as follows:

F(2)= uelzeZ (1)

where n = |T|.

3
4. Findcj = > > (ui;)(pe(e;)) for agree-TFPFSES, (Table.
reX i=1

3
5. Findk; = > ) (ui;)(ne(e;)) for disagree-TFPFSES, ( Table.
rzeX i=1
6. Find S5 =¢Cj — k‘j, (TableE[).
7. Find m, for which s,,, = max s;. Then s, is the optimal choice object. If m has more than one value,
then any one of them could be chosen by the restaurant chain using its option.

Then s, is the optimal choice object If m has more than one value, then any one of them could be
chosen by the restaurant chain using its option.
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In Table [I] and Table 2] we present the agree-time fuzzy parameterized soft expert set and disagree-time fuzzy

parameterized soft expert set, respectively.

Table 1: Agree time fuzzy parameterized soft expert set

v Uy Uz Uz Ug
(%.m), [06 03 05 0
(u m) . |04 08 02 04
(%m) |02 07 08 03
(%.m), |02 09 06 07
(ﬂ n) , |07 05 04 07
(%2.n), |06 09 04 o3
(0—1 n) , |04 09 06 05
(%.n) , |07 06 08 04
(2—3 m) , |07 04 02 07
(0—3 m) , | 04 09 07 05
(O—j’ m) , |05 04 07 09
(O—j’ m) , |08 06 02 07
(%2.n), |05 06 03 05
(%2.n), |06 08 05 06
(%2.n), |08 06 02 07
(%2.n), [07 04 05 08
(22.m), |04 06 07 03
(22.m), |06 04 01 08
(22.m), |07 06 03 07
(22.m), |07 05 03 09
(2.n), |06 05 09 05
(22.n), |08 06 03 07
(0—5 n) , |06 05 03 09
(%, n) 06 08 04 08

)

w
o~
N
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Table 2: Disagree-time fuzzy parameterized soft expert set

-

U1 U2 us Uy

05 06 04 03
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3 3 3 3

07 04 07 05
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(
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(
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(O—j m)t:l 04 06 07 04
(0—3 m) . |02 03 04 06
(0—3 m) |03 07 04 0
(0—3 m) |03 03 07 02
(ﬂ n) , |04 03 06 0s
(B n) . |05 02 07 03
(ﬂ n) . |01 05 06 os
(M n) . |04 06 06 03
(% m)tl 07 05 03 04
(% m)t2 03 05 08 03
(@ m) |04 06 08 03
(% m) , |06 04 07 02
(0—5 n) , |04 06 02 0s
(0—5 n) . |05 04 07 02
(06-35 , n> . |03 04 07 02
()

)

w
~+
N

Next by using relation (1)) we compute F' (Z) to convert the agree time fuzzy soft expert set to agree fuzzy soft
expert set , then we compute c;, where c; represent the column sum of an object u;. The results are shown in
Table3l

Table 3: Converting agree-TFSES to agree-FSES

U Uy Us U3 Uy
(M m) 0.50 0.70 0.67 0.63
(u n) 0.61 0.63 0.70 0.56
(g m) 0.64 0.63 0.62 0.64

Continued on next page
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Table 3 — continued

U Ul Us U3 Uy
(ﬂ n) 0.66 0.58 0.65 0.67
(@ m> 0.67 0.61 0.53 0.70
( 05, n) 0.80 0.66 0.52 0.67
=3, i(u”)(uE(ez)) c1 =1.236 ¢ =1.131 ¢3=1.043 ¢4 =1.197

zeX i=1

Likewise, by using relation (1)) we compute F' (Z) to convert the disagree time fuzzy soft expert set to disagree
fuzzy soft expert set, then we compute k;, where k; represent the column sum of an object u;. The results are

shown in Table 4l
Table 4: Converting disagree-TFSES to disagree-FSES
U Uy Usg U3 Uy

(u m) 0.58 0.46 0.55 0.65
(M n) 0.60 0.61 0.55 0.73
(E m) 0.60 0.59 0.62 051
(% n) 0.58 0.75 0.62 0.57
(gj , m) 0.61 0.61 0.68 0.56
( 05, n) 0.63 0.55 0.70 0.60

3

T 1=

From Table [3| and Table 4| we calculate the final score (s;) by subtracting the scores of agree-FPFSES from

the scores of disagree-FPFSES.

Table 5: Calculating s; = ¢; — k;

¢j = 2 2 (uij)(pmle:))

ki = > 2 (uij)(ue(e:))

Sj:ijkj

xeX 1 xeX 1
¢ = 1.236 k1 = 1.092 51 = 0.144
cp = 1.131 ko = 1.089 o = 0.042
cs = 1.043 ks = 1.172 s3 = —0.127
¢y = 1.197 kq = 1.042 54 = 0.155

Then max s; = s4, so the committee will choose location 4 for the restaurant chain depend on the above

mentioned algorithm [6.1]

7 Conclusion

We have presented and examined some of the properties of the time fuzzy parameterized time fuzzy soft expert
set in this study. The time fuzzy parameterized fuzzy soft expert set has been used to describe the complement,
union, and intersection operations. An example of how this theory may be used to solve a decision-making
dilemma is given. For future studies, these mathematical tools can be used effectively with other tools and

techniques that can be observed throug

H29L B
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