EINSS
LS Neutrosophic Sets and Systems, Vol. 87, 2025

Nl University of New Mexico
M
-
Fuzzy parameterized extensions of hypersoft set

embedded with possibility-degree settings: an overview

Atige Ur Rahman!, Florentin Smarandache®*, Muhammad Saeed!, Khuram Ali Khan3

1 Department of Mathematics, University of Management and Technology, Lahore, 54000, Pakistan;
aurkhb@gmail.com; muhammad.saeed@umt.edu.pk

2 Department of Mathematics, University of New Mexico, Gallup, NM 87301, USA; smarand@unm.edu

3 Department of Mathematics, University of Sargodha, Sargodha, 40100, Pakistan; khuram.ali@uos.edu.pk

*Correspondence: smarand@unm.edu

ABSTRACT. The Hypersoft set marks a significant advancement in modeling vagueness and uncertainty. Con-
currently, fuzzy parameterization and possibility-degree setting have been pivotal. The Hypersoft set addresses
the complexity of a multi-argument domain through approximate mapping; fuzzy parameterization tackles the
uncertain characteristics of parameters and their associated sub-parametric tuples; while the possibility-degree
setting offers a dependable framework for evaluating the acceptance level of decision-makers” views. This re-
search aims to introduce several hybrid set structures by integrating the above-mentioned three ideas with fuzzy
set extensions. The novelty of each structure is self-explanatory and justified. To grasp each structure’s true
meaning, numerical examples have been used to explain the concept.

Keywords: Possibility degree, Fuzzy parameterization, multi-argument domain, Hypersoft Set, Attribute-valued
Sets.

1. Introduction

The possibility theory was first introduced by Dubois and Prade [1]] for assessing accep-
tance and rejection level in the decision analysis. It uses possibility and necessity measures
to capture upper and lower bounds of uncertainty, making it particularly useful in situations
with incomplete or imprecise data. Later on, Dubois [2]] studied possibility theory and statis-
tical reasoning collectively. Dubois and Prade [3] studied fuzzy information with possibility
theory. Zadeh [4,5] proved the fuzzy set [6] as a basis for possibility theory. Fuzzy possibility
theory is an extension of possibility theory that integrates the principles of fuzzy set theory to
better handle vagueness and imprecision in uncertain information. In this framework, possi-

bility distributions are modeled using fuzzy sets, allowing for a more flexible representation
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of uncertainty than traditional crisp methods. Fuzzy possibility theory is particularly useful
in complex decision-making and inference systems where both uncertainty and fuzziness co-
exist. Fuzzy extensions [7-12] have been introduced by modifying the membership function
of fuzzy sets. Molodtsov [13] introduced soft set (S-Set) as a parameterized family of objects
under observation. The researchers [14-17] integrated the fuzzy extensions with possibility
theory to assess the acceptance level of decision-makers” opinions regarding the approxima-
tions of alternatives based on evaluating parameters. In such concepts, a possibility grade
is assigned to each approximation. In various decision-making situations, decision-makers
are uncertain regarding the selection of parameters for evaluation process. Such uncertainty
is managed by the concept of fuzzy set-like parameterization. The researchers [18-30] dis-
cussed various decision-making problems using the parameterization of various fuzzy set-
like structures. In fuzzy parameterization, a fuzzy-valued grade is attached to each param-
eter for assessing its uncertainty. To equip S-Set with multi-argument domain, hypersoft
set (HySS) [31] is introduced by Smarandache. Saeed et al. [32] introduced the notions of
several fundamentals of HySSs and presented their numerical examples. Between 2018-2024,
Smarandache [33-35] introduced six new types of S-Sets, such as: the HyperSoft Set (2018), In-
determSoft Set (2022), IndetermHyperSoft Set (2022), SuperHyperSoft Set, TreeSoft Set (2022)
and ForestSoft Set (2024). Smarandache, & Gifu [36] introduced several new extensions of
S-Set and HySS that are meant to manage parametric indeterminacies. Smarandache [37]
and Fujita & Smarandache [38] introduced advanced version of HySS called superhyper-
soft and its extensions. Rahman et al. [39-44] discussed fuzzy set-like parameterization in
HySS environment and applied the idea to decision-making situations such heart disease di-
agnosis, evaluation of hand sanitizers, evaluation of mobile tablets and mobiles, and liver
disorder diagnosis. Rahman et al. [45], Zhang et al. [46], Alballa et al. [47] and Rahman et
al. [48] discussed the concepts of fuzzy parameterization and possibility grade collectively
in HySS environment. Rahman et al. [49-52]], Zhao et al. [53], Khan et al. [54], Saeed et
al. [55], Romdhini et al. [56], Khan et al. [57], Al-Hagery and Abdalla Musa [58], Hussein
et al. [59)60], and Abdalla Musa and Al-Hagery [61] applied possibility grade settings with
HySSs and discussed their applications in agri-automobile evaluation, human resource man-
agement pattern recognition, heart disease diagnosis, investment selection, educational in-
stitutions evaluation, passport quality assessment, international football rankings, network
security enhancement, plant disease detection, and others.

Rahman et al. [62] introduced 36 novel mathematical hybrid set structures by combining
fuzzy parameterization and HySS settings, illustrating them with numerical examples. In-
spired by that study, this paper further presents 36 new mathematical structures (frame-

works) by integrating HySSs, fuzzy parameterization, and possibility grade settings. Some
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of these have already been introduced and published, while others are being presented for

the first time in this paper.

2. Preliminaries

This part presents some essential terms for proper understanding of the main results. The

notation 25 represents the power set of S (initial space of objects) and Z stands for [0,1].

Definition 2.1. A S-Set A is a set consisting of objects (¥ 4, E) defined by mapping ¥4 : £ —
25 such that

A= {(‘I’A(e), e):ec EAT4le) C 2§}
where E is a collection of different parameters and ¥ 4(e) is e-approximate element of the

S-Set A with respect to parameter e.

Definition 2.2. A HySS H is a set consisting of objects (‘YH,Q) defined by mapping Yp :
Q— 25 such that

H={(¥u(@), d):4€ QAY¥uld) €2°}
where Y (§) is j—approximate element of H with respect to multi-argument tuple § and

Q=0; xQ; x .. xQ,. The sets Q1, Qy, ..., Q,, are attribute-valued non-overlapping sets.

3. Hybrid-Set Structures of Fuzzy Parameterized Hypersoft Sets with Possibility Settings

In this section, some new hybrid-set structures of fuzzy parameterized hypersoft set with
possibility settings are discussed with illustrative examples. Full names of all Abbreviations

are presented in Table[l{and complete structure mechanism is presented by Figure

TABLE 1. Abbreviations

Abbreviations H Full name Abbreviations H Full names

FppFHSS Fuzzy parameterized | FpPiFHSS Fuzzy parameterized pic-
fuzzy hypersoft set ture fuzzy hypersoft set

FpIFHS Fuzzy parameterized intu- | FpSVNHSS Fuzzy parameterized
itionistic fuzzy hypersoft single-valued neutro-
set sophic hypersoft set

FpPFHSS Fuzzy parameterized | FpIVFHSS Fuzzy parameterized
Pythagorean fuzzy hyper- interval-valued fuzzy
soft set hypersoft set
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FIGURE 1. Structure Mechanism

3.1. Hybrid-Set Structures of Fuzzy Parameterized Fuzzy Hypersoft Sets with Possibility Settings

In this section, possibility degree is considered in terms of fuzzy membership grade, and
other fuzzy set-like membership grades, e.g., intuitionistic fuzzy membership grades, neu-
trosophic membership grades, etc. The set Q=0 x0Q; x..x0Q,isthe product of attribute-
valued disjoint sets Q;,i=1,23,..nwith respect to n different attributes e;. The set Qr is

the fuzzy set over the multi-argument tuples.

Definition 3.1. FpFHSS with fuzzy valued possibility settings
A FpFHSS of kind-I A; is stated as

— i 5 i ied i _
A= { (Up(q')’<QF(VFIZq))(.S.)/ gF(VF(q))>) :5€ESA Up(q) € Qrp, F(q) GI}

where of (7:f57)(8), Cr () € %r and o (5:{7) (¥), Cr(5f57) €

Example 1. Mrs. Robin is intended to purchase an electric oven from the market for her
domestic use. She is very much concerned regarding the diversity of sub standard ovens.
Therefore, she is accompanied by two of her relatives (cousins) who have good experience of
purchasing electronics appliances. Four models of reputed brands are available that consti-
tute the set S = {&1,8,, 83,54} and the set Qr = {%, %, %, %} contains fuzzy parame-
terized multi-argument tuples obtained by the Cartesian product Q=0 x0Q; x Q3 x Q4 of
attribute-valued sets Q; = {1.5,2.5},Q, = {45,95}, Q3 = {mineral wool}, and Q4 = {220}
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with respect to evaluating attributes e;= load in kilowatts, e;= volume in litres, e3= insula-
tion, and e;= power supply in volts respectively then FpFHSS kind-I A; can be constructed

by considering the approximations of experts

=, 3 (517, 312 (sn, 412), %, 512), (=i, 612 ,

é%, ﬁ, 322 ,<321, 422> o, 522), (47, 622 ,

1 231f 332), (%1, 432) (237, 532) , (=41, 632) 1 ),
73 (2 -342), (3h, 442), (air, 542), (5i7, 642) 1 ),

\

Definition 3.2. FpFHSS with intuitionistic fuzzy valued possibility settings
A FpFHSS of kind-II A; is stated as

where ¢r(5 ?q))(s) C U lir(ylm) S e and () € Lin(Gh) =
<Tr( o), F q)>w1th11"g( ), B (1) € Tand 0 < T (1) + B (1) e 7.

Example 2. Assuming the data of Example|(l} the FpFHSS of kind-II A; can be constructed as

A> =

2 d L5 (311,.211) ), (2, (411, 311)), {0, (511,.412) ), (5, (611,.212)) ), )
B P A, (321,.221)), (5, (421,.323)), (5, (523, .421) ), (S5, (621,.224)) 1),
A LA, (331,.233) ), (S, (435,.336)), (<, (534,.437) ), ( Si, (.634,.233)) 1),
Jo P35, (341,243) ), (3, (446,.342)), (S, (542, .444) ), (S5, (641,242)) 1),

\

Definition 3.3. FpFHSS with Pythagorean fuzzy valued possibility settings
A FpFHSS of kind-III A3 is stated as

Az = { (VF(q)’<QP(qu))(S) CPyF(VF(q))>> :5€8A F(q) € QF,UF( ) € I}

A6 A (i)
<T§(%@),]Fg(w‘gq))>wnh1rg( '('))

where op( C 2Ap,r and QF( 1
q

(5 ))GZandO<T2

Example 3. Assuming the data of Example |1} the FpFHSS of kind-III A3 can be constructed

as Az =
2’;5, -1, (514, .614) '<T (712,.512)>, ﬁ (.512,.812) ), ( =f1, (.612,.513) ,
.3%' 41, (913, .413) ), <§—§, (412, .811)>, %, (411,.722) ), 521, (.522,.833) ,
%, .231, (.722,.511) ), <3S—§ (.811, 533)>, @, (.633,.522) ), 531, (514, .614) ,
%, -7, (433,.922) ,<.3si (.811, 422)> o1 (722, .433) ), ( =47, (.833,.512) ,

J
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Definition 3.4. FpFHSS with picture fuzzy valued possibility settings
A FpFHSS of kind-IV Ay is stated as

where QF(V;Z,;))(S') c QlF/QVPF(#‘q)) C RApr and QF(UFLZ,;))('S') € I €PF(1,;Z,7)) =
<T§(qu(q))fﬂé(qu(q))leé(v b)) with Te(05), T (), Fe () € Tand 0 < Ty( ) +
L () +Feliim) € 2

Example 4. Assuming the data of Example|l} the FpFHSS of kind-IV A4 can be constructed

as
S, (211,.522,.233)),
;5 (622,.133,.144) )

) S, (111,444, 444) ), (B, (333,.433,.133) ),
A2
o2 5,(222,.333,.333) ), (5, (211, 411, 211)
Ay = '
3§ 5
" S, (344,.544,.144) ), (55, (244, 544, 244) ),
537 &0

622,.122,.121
411,.111,.111
722,122,122

6167

211,211, .211)
444, 233,.133)

5
6167

7

. §212,<511 122, 233§
TN (g, (422,233, 344
)
)
)
)
M )
5727 >

~— >~ Y~

(s (
g¢ A
(s
(34, (511,222, 211)
y | (i (5t
7. B0 {

Definition 3.5. FpFHSS with single-valued neutrosophic possibility settings
A FpFHSS of kind-V Ajs is stated as

where "QF<V;Z,7)).<.§) C Q}Frést(ﬁ) g AsoN a-nd QF(V:(Iq)>(S> S Ilgst(VF{Zq") =
gTé(‘VF?q‘))I]fé(vFZq)>/1F€(vF?q))> with T (37) L () o () € T and (i) +
() + Fe(dp) € 0,31
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Example 5. Assuming the data of Example[T} the FpFHSS of kind-V As can be constructed as

;

o | (B (511,611, 611)), (S, (611,711, 711)),
TN (e (711,811, 811)), (S5, (811,911, 911)) [ )
o | (S (622,522,522)), (S, (722,.622,.622)),
e PN (s (822,722,722) ) (s, (:933,.833,.833) ) [ )
| (e (733,.633,733) ) (55, (839,73, 833))
BN (S (944, 844, 944) (317, (644,544, 944)) [ |
s <15, (.855,.755,.644) ), (2, (911, .622, .511)),
L\ (S (611,722, 522) < , (611,.822, 833>> ’

Definition 3.6. FpFHSS with interval valued fuzzy possibility settings
A FpFHSS of kind-VI Ag is stated as

1(5)

where of (- =
[Lé" et Uz Gt

Example 6. Assuming the data of Example|l} the FpFHSS of kind-VI Ag can be constructed

as

d S (S, [211,.311] ), (S, [311, 411]), (33, [411,.511] ), ( 54, [.211, .611]
4 do S (S, [221,.321] ), (S5, 321, 421]), (53, [421,.521] ), ( 54, [.221,.621]
6 — ..

T .231,[231,.331] , (531, 331, .431]), 431,[431 31]), .531,[232,.632]

du S S1, [243,.342] ), (52, (341, .442]), (53, [443,.543] ), ( 55, [.245, .645]

3.2. Hybrid-Set Structures of Fuzzy Parameterized Intuitionistic Fuzzy Hypersoft Sets with Possi-

bility Settings

Definition 3.7. FpIFHSS with fuzzy valued possibility settings

A FpIFHSS of kind-I B is stated as

_ i s j s

"o { (VF<7>’<QIF<Vqu)><s'>’ gF(vP<«7>>>) 5es

where ¢"(5p) - W%)(“) E(%)(s')} c
Ty ) 6), Foli)©), Sy

Arr, Cr(
) € T such that T, (- = ))(s) +IFQ(%@)(§) S

q.
@)

é]'“ € Qr,ve(§) € I}

C A and
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Example 7. Assuming the data of Example(l} the FpIFHSS of kind-I B; can be constructed as

,

A, mfilm) 311, <311572611> A411), ﬁ 511, <533Si4244> 611 ,
255, (21257123” 341), wlfﬁ 441, ﬁ 541, 61;74313) 641 ,

Definition 3.8. FpIFHSS with intuitionistic fuzzy valued possibility settings
A FpIFHSS of kind-1I B; is stated as

— q 8 i e i o
e { (VF(7)1<QIF(VF(Z@,-))(S’)’ &F(VF(L'I'))>> PSESA ve(d) € Qr,ve(q) € I}

where 91F<Vj(q)><“> = <TQ<VF‘Zq);<§), @Q<Vpégq)>§_§>> C “m[p,ap@,j‘,?)) C Ay and
Tulizly) (), Felil) ) € Teu(ly) = (Teaty) Foe(aly)) Telity) Fulity) € T
w1th (VF‘gq) §) +Fo(im) (8) € Tand Te(g f) + Fo (5) € 7.

Example 8. Assuming the data of Example (1} the FpIFHSS of kind-II B, can be constructed

as

" 212 Ly (311,211)), ( iy, (411,811) ),
27! 421 o7 (512,.413) ), ( rziasry (612,.213) '
b 232 baays (:321,.224) ), ramlarys (412,.312) ),

5y 32l 421 Ly (523,.412) ), USZEW (612, .225) ’
" m ‘s (:331,.233) ), ( (gl (418,.331) ),
423 512 s (531,413) ), ( iy, (:632,.231) '
n 323 s (:341,242) ), (rapiteryys (442,.314) ),

|\ (s (541 414) ), (st (614,214)

Definition 3.9. FpIFHSS with Pythagorean fuzzy valued possibility settings
A FpIFHSS of kind-III B3 is stated as

_ q $ g e i )
BS - { (Up(q)’<QIF(VF1Zq))(S)’ gPyF(VF<[7))>) :8§€eSA I/F(q) c QF/ F( )GI}

where o'f (;15)(5) = <?TQ(VF?4))(5)JFQ(VF‘ZW)(S‘)} < e, Cpyr () pyr and
) € T with T,(-1-)(3) + Fyf ”7..)(-5-) € T and {pyr(ls) =
q

(Te(l) Folly) ) with Te(G), Fe () € Tand T (i) + F2 () € 7
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Example 9. Assuming the data of Example[l] the FpIFHSS of kind-3 A3 can be constructed as

By =

N émflm (521, .612>§,§u1§gm, (723, .521>§, })
7 i (534, 851) ), ( raatsgy, (635, 511) '
" W, (711, .411) W, (422, .833)
2 mra (455,722) ), ( amiaary (533, 811) ’
| (it (710:555) ) sy (822,544)
% ey (622,511))  ( camstseny (:566,.622) ’
g | (i (433,610))  arery (822,439)

|\ (e (766,444) ), ( sty (811,.511)

Definition 3.10. FpIFHSS with picture fuzzy valued possibility settings
A FpIFHSS of kind-IV B,is stated as

- ' ; q R L B
By = { (VF((']')’<QIF(VF€£[7))(.S.)/ gPF(UF(Q))>) :5§€SA VF(q) € Qr, ve(§) GI}

where QIF(VF%)(S') = <T1-‘Q(1/"F‘Z.q))(.S.)IIF'Q(VF?,?))(S.)> C 2Azp, and Ty F.(. ))(S)zﬁze(v;ﬁ)(s) €
Z with Tl"g(viq))('s')—1—]13@(1/&7))('5') € Z. Similarly {pr(57 7 ) C App, gpp(ﬁq.)) =
<~§(VF‘Z;,<))/ﬁg(vpé("'ﬁ))zlﬁg(,,jq)) with To(15), 1o (), Fe(5F) € T and To(3f) +
C(vp(q')) +]F§(qu(,7)> SA

Example 10. Assuming the data of Example(l} the FpIFHSS of kind-IV B4 can be constructed

as

" m, (515,.121,.211) ), m, (215,.521,.211) ),
o T (415,221,.321) ), m, (612,.122,.211) ’
" W, (111, 415, 421) ), m, (315,.421,.122) ),

. 22 e (212,321, 311)) ey, (214,421,210) ’

4 — .
i | ity (315,:52L120) ) gy (215,.521,210) )
A fams iy (611,211,121) ), e (415,261, 211) ’
5 | (st (411022.110)), i (212,213, 214) ),

T (e (711121,122) ), (st (415,221, .121) J

Definition 3.11. FpIFHSS with single-valued neutrosophic possibility settings
A FpIFHSS of kind-V Bs is stated as

o { (”F<ﬂ'>'<e”<vjq)><-s->’ 55”N(VP<q->)>> SESA L € Q) € z}
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where ¢! (qu(.q))(é) = <TQ(VF[Z¢7))(.S.)/]FQ(VF%))(.S.>> C Ap, and T (V G))(@/IFQ(VF?‘;))@) =
T with To(;-15)(3) + Fo(;:75)(8) € . Similarly Con(il) € on, Con(il) =

) VF(‘?)“ | ve(§) ! F(4) VF(@
( C(vféq‘))']fC(VF?q>)'1F€(vf<'q>) with T (0, 5 (47), Fo(5f5) € T and To(g) +
Hé(w(q)) +]F§(v:gq)) € [0,3]

Example 11. Assuming the data of Example|l} the FpIFHSS of kind-V Bs can be constructed

as Bs =

.677,.788,.577 .655, .855, .844

N m, (:511,.622,.633) ) , ( ramy’my, (-622,.733,.744) ),
o iy (722,833, 844) ) ity (811,.922,.911) ’
B (o, o7y (611,.415,.451) ), ( rpaPogry, (744,633, .622) ),
= s (866,722, 711) ), rais, (911,.866,.822) ’
o | (ot (755644, 710) ) (ot (877,722,810 ),
N (o (911, 811,.922) ) iy, (666,.56,.933) ’
| (o (84,.744,.633) ), ( izt (922,611, 511) ),

T T
415 361 ’ 7\ (415,461)”

Definition 3.12. FpIFHSS with interval valued fuzzy possibility settings
A FpIFHSS of kind-VI Bg is stated as

_ q 8 q . q 5o ve(i
b= { (vF(éi)'<Q1F(VF@))(§)' &V“w@)» EESN L © Qe ”}
where o (565)(9) = (Tolcfy)6) Bl )9 € e and Tl ><s'>,11”:g<$><é> e1
such that T, (-1 G F,( q..))(s) € Z. Similarly gIVF( )

LGl Ue ()] and Lo (), U () € T

=
~—
—~
V24
~
_l_
/i
=)

Example 12. Assuming the data of Example (I} the FpIFHSS of kind-VI Bs can be constructed

as Bg =

0 m/ [211,.311] ), W, (311, 412] ),
o G [412:512)) ey, (219,613 ’
i m/ [224,.324] ), W, (321, .424] ),
321/ m: 425,.525] ), W, 225, .652] ’
g m, [263,.336] ), m, [331,.436] ),
o m/ 473,.537] ), W, (237, .673] ’
s W/ [.284,.348] ), m, [341,.448] ),
\ o W 494,.549] ), 415 451 284, .649]
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3.3. Hybrid-Set Structures of Fuzzy Parameterized Pythagorean Fuzzy Hypersoft Sets with Possibil-
ity Settings

Definition 3.13. FpPFHSS with fuzzy valued possibility settings
A FpPFHSS of kind-I C; is stated as

G = { (VF(q)’<QPyP(VF¢Zq))(§>r CF(UF(Q.))>> :5eSA v (@) € Qr,ve(§) € I}

where o"VF( F‘Zq))( §) = <"11"Q(VF‘zq))('s') IFQ(%)(S)> C leyp and T, (- (q))(..) IF (quq' )(3) €

Zsuch that Té(vp'(.q.))( §) + ]Fg,(viq))(s) € Z. Similarly gp( ) C Ap with gp( )eT.

F(q

Example 13. Assuming the data of Example (1} the FpPFHSS of kind-I C; can be constructed
as C1 =

(

2757 <.5115,1.622>' S311), <.522S,2.733>' A11), <.5zzs,3.833>' Sl1), (.521%813)* 611 ’
Y (.6115,1.522>’ 321), (.6225,2.633)’ 421), <.6225,3.733>’ D21), (.6113,4.733>' 621 ’
4;3, ﬁ, .331 7 02;,#3), .431 7 Uﬁ%, .531 7 ﬁ, .631 7
5q;2/ m, .341 7 «82;#33)’ .441 Vi <.821s,$13>/ -541 7 m, .641 7

Definition 3.14. FpPFHSS with intuitionistic fuzzy valued possibility settings
A FpPFHSS of kind-II C; is stated as

_ g § i N B
G = { (VF(if)’<QPyF(UFéZq))(.S.)/ &F(VF(C'/'))>) :5€SA (@) € Qr,ve(4) EI}

where oPF(;15)(3) = <TQ(VF@.,.) 8),Folilm) () S e, Gir(5lm) S e and

) v (d)
Tl O Folly)©) € Lin(ely) = (Tlly) Filely) Telaly) Felaly) € 2
with Tg(wqq))(s') + IF%(VF‘Zq.) )(3) € Z and Tg(v;zéi)) + IFg(VF‘Zq.)) S

Example 14. Assuming the data of Example|l| the FpPFHSS of kind-II C; can be constructed

as Cy =

o | (it (311.212)), W, (412,321) ),

e mrwy (520412)) (rsfemsys (621,.212) ’
5 | e ey (:321,.222) ), fiy (422,312)),

S ey (522,412)) (et (612,.242) ’
5 | o ey (:331,234) ), W, (453,.353) ),

¥ iy (563,:473) ) (oaiiay (613,:273) ’
5 | ity (341.299)) sy, (447,.374) ),

TN (e (514, 474) ), ( iy (614,.244)
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Definition 3.15. FpPFHSS with Pythagorean fuzzy valued possibility settings
A FpPFHSS of kind-III Cj is stated as

where ofVF(

Tyl ), F
(Telaly) Fely)) with Te () e

1)) = <ng<mﬁ@)(s;),lf%(vjq-))('s‘)>~ C Anyr, Cpyrliyy) © Apyr and
) 6) € T with TG E) + B ()@)€ T and ine(ly) =

2( 4 F2(_ 4
)) Iand"ﬂ"g( ))+IF€(VF(7.))EI.

Example 15. Assuming the data of ExampleT} the FpPFHSS of kind-III C3 can be constructed

as C3 =

" m (511,.623) ), W, (723,.512) ),

7 <522 way (:512,832) ) ( 7oty (632, 545) ’
5 | ety (654 465)) m, (465, .865) ) ,

2 <622 e (476, 745) ) oni sy (521, 876) ’
" <m 422>, (723, 555) ) 1ty (811,:534) ).

4% <721 oty (634, 565) ) Tty (:54,677) ’
g | ooy (466,633)) (gl (822,499)),

TN (s (766,422) ), ( rritays (822, 511) )

Definition 3.16. FpPFHSS with picture fuzzy valued possibility settings
A FpPFHSS of kind-IV Cyis stated as

where ¢ ()6) = (To( ) 6) Bl )@)€ i, and T 15)6), Bl ) ) €
( IF5 (5, € q--)) C RApr, Crr(; (q)) =

(Tell) TGl Felly) ) with Tl TGl FeGly) € T and To(ofy) +
(o) €

Z. Similarly gpF(
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Example 16. Assuming the data of Example|1} the FpPFHSS of kind-IV Cycan be constructed

as C4 =

M m, (515,.121,.244) ), <522572733> (.215,.521,.233) ),

7 m, (415,.221, 321) ), ( rapitsrsy (612,144, 255) '
" W' (122,415, 421) ), ( reey (:315,421,.122) ),

a2 m, (212,.321, 352) ), ( gtz (214, 421,.282) '
5 | (i (315,521,121) ), (s, (215,.521,.274) ),

PN (e (676,211,121) ), ( gty (415,.261,.232) '
M mfilm) (411,.122,.143) ), rgm’smy. (342,.451,.111) ),

TN (s (721,167,.292) ), ( gty (415,.221,.121)

Definition 3.17. FpPFHSS with single-valued neutrosophic possibility settings
A FpPFHSS of kind-V Cs is stated as

_ q § q cegn 4 S o
Cs = { (Vp<q'>’<QPyF( ’7“ )(S)’ gst(VF(q))>) :8§€eSA VF(q) c QF, F(q) cT

where o™ (1) (8) = <Trg(v:g.. )(§),IFQ(%@)(§)> C Apyr, and Ty (1) (5), Fol(15)(5) €

( i) )
Z with TZ(VF‘Zq))(S‘) +IF§(VF‘ZL7.))(S') € Z. Similarly Cst(VF‘Zq)) C Ay, Cst(Vqu)) =
() To( ) (i ] ] ] (i
gTC(yF@)']fé(vF(q>)'1FC(vF<q>) with Te(5m), L (50) Fo (o) € T and Te(g) +
I () + Felirg) € 03
Example 17. Assuming the data of Example|l} the FpPFHSS of kind-V Cs can be constructed
p 8 p p
as Cs =
([ <511571622> (522,633, 644) ) 5337y, (.655,.744,.733) ),
1 (7 sy (744, 855,822) ) { 731 57 (.833,.911,.933) ’
5 | ety (644, 415,450) ), (i, (744, 612,.634) ),
S <622 ey (822, 711,.764) ) ( gari sy (911,856, 823) ’
" <711 422>, (733,.612,.732) ), ( 77’y (867,722,834) ),
¥ <721 oty (:945,834,922) ), ( 771 7y (688, 574, 953) '
n <811 Ly (844, .733,.622) ), m, (911,.622,.533) ),
TN (enismsy (623,.734,.544) ), ( rgpitssy (:633,.866,.877)

Definition 3.18. FpPFHSS with interval valued fuzzy possibility settings
A FpPFHSS of kind-VI Cgis stated as

_ q 5 i L ) "
. { ("F<q’>’<ef’ﬁ<y;zq)><g>’ gIVF(vF<q>)>) FSESA TG € Q@ ez}
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where o"¥F( F(q))(s) :< qu(q )(8), FFo( T )(s)> C Apyr and Ty (- =G ))( 3), ]FQ<V1:(q))< §)el
el

such that T (; Eq))( )+]F2( 1 )(s) . Similarly {rvr(; ‘Zq)) Arvr with Jrve(s 1.y =

£ (4)
(LGl Ui q@>]andlf< I U () € T

Example 18. Assuming the data of Example[T} the FpPFHSS of kind-VI Cy can be constructed

as Cg =
N W, [213,.318] ), <522572733> [311,.413] ),
27 m, [413,.516) ) , ( 7zzigrsy, [213, 617] '
N W, [.224,.327] ), <62§72633> [.321,.425] ),
32l m, [421,.525) ) , ( rritmssys [221,.623] '
" W, [231,.323] ), mzs#:» [.331,.413] ),
4537 W, 433,.513] ), ( gtz 233, .613] '
n m, [.243,.342] ), <82§72533> [.341,.443] ),
\ TN (i [441,544] ), ( rapismy 246, .647)

3.4. Hybrid-Set Structures of Fuzzy Parameterized Picture Fuzzy Hypersoft Sets with Possibility
Settings

Definition 3.19. FpPiFHSS with fuzzy valued possibility settings
A FpPiFHSS of kind-I D is stated as

where oPF (L) (3) =
(Tl ) (el )} € e and T ) ol ) el )
Zsuch that Ty(- + Fo(1=)(5) € Z. Similarly Cp( ;) € A with
gF(VF(’?)) €I

U[:q

Example 19. Assuming the data of Example|l} the FpPiFHSS of kind-I D; can be constructed

as D; =
e, m 323), <31555+121> 434, m 534, (415;% 623
2, m 265 ), m 322, <41525+234> 456 ), (51515% 533
=, m 134, mg,;% 291, mlf% 345, (415;% 483
4, m 599, m 671, m 772, m 882
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Definition 3.20. FpPiFHSS with intuitionistic fuzzy valued possibility settings
A FpPiFHSS of kind-II D; is stated as

-1l T\ sesn T cqun
D, = { (VF(q),<QPF(v£q)>(§), gIF(VF(q)>>) : GS/\ 1/1?(6]) GQF, F( )GI}

where o™ (;15)() = <T€(vF?q))<§)']~I@(v£o’i))(§)'

Q
Ty () (6 Lo )(6), By () () € Z, with Ty() () + To( ) (8) + By (5) €
Z. Similarly Z1r (5777) © IFf&F(v;fq) = (Te(lp) Felly)) and Tel(Gl) oGl € T

with Tg( @ )) + IF@'(

Example 20. Assuming the data of Example|1} the FpPiFHSS of kind-II D; can be constructed

as D, =
n m, (315,.221) ), m, (415,.321) ),
275 m, (415, 461) ), m, (.613,.223) ’
" m, (311,.121) ), m, (415,.221) ),
321 m, (415, .361) ), m, (.631,.251) '
" m, (315,.321) ), m, (315,.421) ),
37 m, (315,.521) ), m, (315, .621) '
n m, (315,.421) ), m, (315,.521) ),
72 ey (315,.621) ) ( Grsatsry (315,.321) )

Definition 3.21. FpPiFHSS with Pythagorean fuzzy valued possibility settings
A FpPiFHSS of kind-III Dj is stated as

— q 5 i e .
D3 = { (VF(q)’<QPF(VF‘q('q))(.S.)I CPyF(VF(q-))>) :5€SA e (@) € Qp,ve(f§) € I}

where  oPF(—1.)(3) = <TQ Fo(;

Ty () (8), T () (), B ) (6) € T with T ) (8) + o ) (8) + Fy( ) (8) € .
Similarly

gpyF(w?q)? C Apyr and Cpyr(57) = <T€(wq(q'))']1~: C(wq(q‘))> with T (7). Fo(54) € I

| 2( 4
anerl“é(VF(q))%—]Fg( ())EI
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Example 21. Assuming the data of ExampleT} the FpPiFHSS of kind-III D3 can be constructed

as D3 =

i m (:521,.687) ), m, (.781,.533) ),
w mr (:532,.871) ), m, (.671,.561) '
s m/ (.788,.433) ), m' (.481,.861) ),

= mz (-466,.777) ), m, (.512,.815) '
s m' (.781,.516) ), m' (871,.571) ),

- m, (-666,.521) ), m' (571,.611) ’
s mr (461,.781) ), m, (811,.451) ),

o sty (721,.461) ), s aé Ty (718, .455)

Definition 3.22. FpPiFHSS with picture fuzzy valued possibility settings
A FpPiFHSS of kind-IV Dyis stated as

where oPF( qq )(3) =
(Tl ) L) 0 Bl @) € e, and Tl 6) L) 90 ol @
T wit%l TQ(VF‘Zq.))(é;') —.l.—]IQ(VF'zq)")(ﬁ) + IFQ..(VF?q))(é) € I. Slmﬂa.rly Cpe(5 “ q)) C App,
(i) = (Telam) LGe) Fogrg)) with Te(gm) I(Gem) Figg) € T and
T q T q [ q

TeG@) + Ge) +FGg) €1

Example 22. Assuming the data of Example[T} the FpPiFHSS of kind-IV Dy can be constructed

as Dy =

" m, (515,.121,.255) ), { rapyaararys (215,521, 241) ),

277 m, (415,.221, 321) ), ( Torsarays (631,144, 211) ’
" m, (166, 415, 421) ), ( Tx15237 277y, (-315,:421,.122) ),

321 m, (212,.321, 388) ), ( amssarays (214, 421,.233) '
" m, (315,.521,.121) ), ( ramsararys (-215,:521,273) ),

453 m, (652,.211,.121) ), ( ryrssdr sy (415,261, 232) '
n m, (411,.122,175) ), ( ryrsadipars (-254,.298,.253) ),

272 sy (485,133,199) ), ( sy (415,.221,.121) )
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Definition 3.23. FpPiFHSS with single-valued neutrosophic possibility settings
A FpPiFHSS of kind-V Ds is stated as

where oPF( V;'(;'q) )(5) B
<T[‘Q(vptzq))<S.)/.]’-IQ(VF?Q))(5)/FQ.(VF‘Zq))(S)> C 2pr, and TQ( = ))( 5), 1o (- (q))(s)’EQ(uF?q))(S) c
T with To() () + L) (@) + Fol(im) (6) € . Similarly Zon(zf) S o
gst(YpiZQ)) = <?Té'(v;éq)>/]~1g" Vj@))rlpg(w‘z) > with Tg( =G )) ][€< = )) IFg(VFq('q)) € T and
Te (o) + e Grgy) + Felry) € 03]

Example 23. Assuming the data of Example[l} the FpPiFHSS of kind-V D5 can be constructed

as D5 =

" m, (.523,.645,.634) ), m, (622,.755,.721) ),

7 m, (722,811, .855) ), m, (.851,.931,.926) ’
" m, (.623,.415,.451) ), m, (.723,.625,.671) ),

2 m, (811,.771,.731) ), m, (911, 822, .855) '
" m, (.722,.631,.726) ), m, (.881,.781,.823) ),

A% m, (911,.812,.922) ), m, (.626,.531,.911) '
n m, (811,.723,.677) ), m, (922,.611,.534) ),

TN (ot (622,755, 511) ), ( stz (682,882, .834)

\

Definition 3.24. FpPiFHSS with interval valued fuzzy possibility settings
A FpPiFHSS of kind-VI Dgis stated as

it T\ ecsn T cqun
D¢ = { (VF(Q')’<QPF(VF!Z[7))(S.)/ gIVF(VF(q))>> :5€8A VF(Q) GQF, 1:( )GI}

where oPF (L) (5) =
q

<TFQ( 7)(5),1 (VF"E,))(@:),IFQ(VF@)(§)> C Apr and Ty(5F5)(9), L, (5 (q))( ), Fol(57) () €
7 such thatfr o :(,q )(3) +ﬁg(wb‘gq))(g) +1PQ(V:("q))( §) € Z. Similarly {vr(;-f5) C Ave with
Cve(ily) = (LGl Ue )] and Le ). e

Atige Ur Rahman, Florentin Smarandache, Muhammad Saeed and Khuram Ali Khan, Fuzzy
parameterized extensions of hypersoft set embedded with possibility-degree settings: an
overview



Neutrosophic Sets and Systems, Vol. 87, 2025

730[ ]

Example 24. Assuming the data of Example[T} the FpPiFHSS of kind-VI Ds can be constructed

as Dg =

i mf [212,.312] ), m, (314, .414] ),

o m/ 434,.543] ), m, [.525,.634] ’
i m/ [611,.712] ), m, [711,.888] ),

. m' 811,.981] ), m, 213, .413] ’
s m' [-314,.515] ), m, 434,.634] ),

'453’ m/ [.554,.756] ) , m, .611,.899] ’
i m, [781,.923] ), m, [213,.513] ),

TN (i [315,616))  ( risrazy [434,.723) J

3.5. Hybrid-Set Structures of Fuzzy Parameterized Single-valued Neutrosophic Hypersoft Sets with
Possibility Settings

Definition 3.25. FpSVNHSS with fuzzy valued possibility settings
A FpSVNHSS of kind-I E; is stated as

i : i s i
E - 4 /gF .. SES/\i__EQF,VF EI
1 { (VF(Q) < soN ( p%q))(s) (VF(q))>) ve(4g) () }

where 05N fozéi) )(8) =
<TFQ(VFW))(~) I of F(q))(g)/?g(%zﬁ))(g» ~§ levN and TQ(VF?q))(g)IﬁQ(WL@)( ) IFQ( (q))( 5) €
Zsuch that T ( (s) + ]IQ(VFq(q.))(s) + ]FQ(VFq(q.))('S') € [0,3]. Similarly @’p( ) C Ar with
gF(vF (@) ) Sy
Example 25. Assuming the data of Example[l} the FpSVNHSS of kind-I D can be constructed
as D =

5 (812, 834 ory- 312 ), <.812,.§§1,.854>' 456 ), ( 7871, 856 7a3) 0% ) s (.834,.8536,.643)’ 651

1 (712, 734 955)7 220 )/ <.776,.7S§6,.821>' 312), (.755,.733,.722>' 456, (.765,.7535,.611)' 547

B (611, 622 o33y 191), <.633,.gi4,.855>’ 226 ), (.633,.(24,.711)’ 312), (.633,.538,.622)' 456

3 <.955,.944,.833>’ 547 ), <.966,.9s§2,.745>' 651 ), (.988,.95;7,.623>' 723 ), (.967,.954‘115,4534)’ 811

Definition 3.26. FpSVNHSS with intuitionistic fuzzy valued possibility settings
A FpSVNHSS of kind-II E; is stated as

q & q ~ )
2 CIF(VF(q))>) :§€SA o (@) € Qr,vr(§) EI}

v~vher€.3' QSUNEVF%)“) (8) ~: ) <TFQ(%(,1))(S)/]~IQ (~1/;Z{1))(S)/1FQ(VF?(}7))(S)> C o
To () 6), Lo (507) ), Fo () 5) € I, with T, (5.15) (3) + Lo (515) (8) + Fo(5,0) (5) €
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[0,3]. S1m11arly Cir (s qq)) C Arr, §1F(

IWltth( )—FIFg(VF )

) = (Te (ol ) B () Y and T (), B () €

Example 26. Assuming the data of Example (I, the FpSVNHSS of kind-II E; can be con-

structed as E; =

i (8125?% (:315,.221) ), m, (415,.321) ),
N (romstermy (415,461) ), m, (.623,.226) ’
G mz;w (:311,.121) ), m, (415,.221) ),
= m (415,.361) ), m, (.634,.191) ’
s m, (:315,.321) ), m, (315,.421) ),
= e ey (315,.521) ), m, (.315,.621) ’
) (omotasy (315,421)), m, (315,.521) ),
L\ (o (315,621) ), ( foaois s (:315,-321)

Definition 3.27. FpSVNHSS with Pythagorean fuzzy valued possibility settings
A FpSVNHSS of kind-III E3 is stated as

_ ) g i\ ccsn 0 co v
5= { (w<q>’<esm<vjq)><:<)’ g1’”<1/F<q'>)>> SESN G S e I}
where 05N ( w?é/‘) )(3) =
<Tg(%@)("),ﬁg(w?q))('S'),Pg(wé{q))(é C Ason and Tg(%@)(é)rﬁg(w@))( ), Fol57)(8) €
Z with To(;-9)(3) + Ty (1) (8) + Fo (1) (3) € [0,3]. Similarly Cryr(its) C 2 pand
)>with’l~l”g(%@),]f3g( H-) € Tand T2 ) B (1) e

w0

j s .
gPyF(T(q)) - Tg(vF(rj))’IFg ve(§)
T.

Example 27. Assuming the data of Example |1} the FpSVNHSS of kind-III E3 can be con-

structed as E3 =

i m, (:512,.651) ), m, (.781,.547) ),
- m, (:512,.811) ), m, (.671,.547) '
i m’ (:911, 456) ), m, (432, 811) ),

= m, (432,.723) ), m, (512, .811) '
s m, (.781,.547) ), m' (.851,.547) ),

- m, (:671,.547) ), m, (512,.651) ’
i ) (o omsmy (432,926) ), m' (.851,.456) ),

o Toss 097 ez (781,:456) ), ( g7 ot mary (-851,.547)
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Definition 3.28. FpSVNHSS with picture fuzzy valued possibility settings
A FpSVNHSS of kind-IV E,is stated as

where 05N ( v;zo/) )(3) =
(o)) Lol (), o) 3)) € B and Tl ) 6) T ) 9, Bl ) 6)
Z with TQ(VF”(’q))('S') + I, v;zq.))('s') + ]FQ(qu(q))(§> € [0,3]. Similarly gpp(vl_féq ) € Apr,
orly) = (Teloaty) ety Felatyy)) with Telotyy) Tty Filfy) € 7 and
TC(VFq(q-)) +1~Ig( T )+IFC(VFq(q)) €1

Example 28. Assuming the data of Example (I} the FpSVNHSS of kind-IV Ejcan be con-

structed as E4 =

" m, (515,.121,.226) ), m, (215,.521,.226) ),

7 m, (415,.221,.321) ), m, (.671,.123,.226) ’
" m, (126, 415, .421) ), m, (315,.421,.122) ),

22 m, (212,.321,.312) ), m, (214, 421, 226) '
" m, (315,.521,.121) ), m, (215, 521,.226) ),

4537 m, (671,211,.121) ), m, (415, 261,.226) ’
n m, (411,.122,.191) ), m, (:234,.282,.226) ),

TN (rowmotramy (781,174,191 ) rograts sz, (415,.221,.121)

Definition 3.29. FpSVNHSS with single-valued neutrosophic possibility settings
A FpSVNHSS of kind-V Es is stated as

_ g 3 i e i .
Es = { (Vp(ij)’ <QSUN(VFKZL7))(.S.)/ €SDN<VF((7)>>) 1§ ESA Vp(ij) € Qr, F(q) c Z}

where ¢Vl ) = (TolGlp) O LGl 6 FoGlpE) € %y and
To(f) @) Ll O Foll) () € T with Tl (9 + L)) + Bolf) () €
[0,3]. Slmﬂarly gst(qu) C AN, @st(%q)) = Tg(vF‘Zq)),]I (VF’Zq.)),IFg(VF‘Zq) with

Z
To (0 Do Gl ) Fe () € Tand Ty () + L (50) + Fe(5) € [0,3].
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Example 29. Assuming the data of Example [1, the FpSVNHSS of kind-V Es can be con-

structed as E5 =

" m' (512,.634,.651) ), m, (671,.721,.723) ), ’
7 m' (.781,.823,.811) ), m, (.851,.911,.926) ’
" m' (.671,.415,.451) ), m' (.781,.623,.651) ),
2 m, (.851,.735,.723) ), m, (911, 811, .811) '
" m, (.781,.681,.723) ), m, (851,721, 811) ),
A% m, (911,.823,.926) ), m, (.671,.581,.926) ’
n m' (.851,.722,.651) ), m, (911,.633,.547) ),
|\ (oot (671,744, 547) ), (romrsiss (671,855, 811)

Definition 3.30. FpSVNHSS with interval valued fuzzy possibility settings
A FpSVNHSS of kind-VI Egis stated as

_ q S g e i -
D6 o { (VF(q)’<QPF(vF(Zq‘))(§)’ gIVF(VF(q))>> :8§€eSA Up(q) c Qp, F([]) GI}

where o%°N = 1 7)) =
B 6 ) 5) Fu ) 6)) € P amd o) 9B 9 B )9
7T such that Ty F(Zq (%) +]TQ(VF‘Zq))(s) + Q(VF )( ) € [0,3]. Similarly Zivr(; ) € Avr
with {rve(-1-) ) ) U () € T

Example 30. Assuming the data of Example (I} the FpSVNHSS of kind-VI Eg can be con-

structed as

i (812,.824,.921)' [212,.312] ), MW, (314, .414] ),
P\ (o [434,543)), M% 525, .634] '
B o 1634,.723]), m (734, .811] ),

Eo — = (75573?3722) [811,.926] ), m [213, .413] '
u ) \temezamy [314,515]), m 434,.634] ) ,
P\ (e (554,756 ), m, (622, .811] ’
) ((ossotnsmy [766,.926] ), m, [213,.513] ),
TN (ot [315,616])  ( romraisamy [434,.723)
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3.6. Hybrid-Set Structures of Fuzzy Parameterized Interval-valued Fuzzy Hypersoft Sets with Possi-
bility Settings

Definition 3.31. FpIVFHSS with fuzzy valued possibility settings
A FpIVFHSS of kind-1 IF; is stated as

- g g g segp ,

g {(mq) <QIVF(VF?q))(S)’gF(VF(ii))>) SN el < el >€I}
where 7% (17 )(6) = i () ) Uy )(8)] € v and Lol (8), U(55)(8) € 7.
Similarly ép( @ ) C Ap with QF(VF @ ) eT.

Example 31. Assuming the data of Example 3.1.1, the FpIVFHSS of kind-I F; can be con-

structed as

2750 [.2125,1.312]/ 311), [.213?,2.413}/ 411), [.213?,3.513}' 1), [21454614]’ 611 ’

fry — :Tzzlf [.3145,1.414]' 321), [.3145,2.515}' 421), [.3155,3.616}' D21), [316 717]' 621 ’
P . . .

15 [,4345,1.543]' 331), [.4345,2.634]’ 431), [.4345,3.723}' D31), [421 812]’ 631 ’

L 5720 [.5255,1.634]’ 341), [.5545,2.756]’ 441), [.5895,3.888}’ S4l), [.554,.987]’ 641 ’

Definition 3.32. FpIVFHSS with intuitionistic fuzzy valued possibility settings
A FpIVFHSS of kind-II IF; is stated as

_— g 3 g s i o
IFr = { (Vp(q')’<Q1VF(VFq('q))(.S.)/ §1F(VF(q.))>) :§E€SA vr (@) € Qr,vr(§) € I}
where QIVF(Vthﬁ))(g) = {Le(ﬁ)(é'),uq(u;zq))(é)} C Ay and Ly( Flzéi))(‘&j)’ue(ujq))(g) cT.

Similarly {7r (- q'q ) C g with Zie( ) = <T€(VFIZ7)),IFg($)>,Tg(VF{Zq)>,IF§(VF‘zq)) €T
such that Tz (;{ ))—HFg( 7 )) el

Example 32. Assuming the data of Example 3.1.1, the FpIVFHSS of kind-II F, can be con-

structed as

" m, (311,.211) ), m, (411,.313) ),
27 m, (513,.411) ), m, (.612,.213) '
" m, (321,.232) ), m, (423,.322) ),

£, a2 m, (521,.412) ), m, (612, .212) '
" m, (331,.213) ), m, (413,.331) ),
4537 m, (531,.413) ), m, (.632,.223) '
m m, (341,.242) ), m, (442,.324) ),
T (o (524 434) ), (rssiiomy (624, 242)

\
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Definition 3.33. FpIVFHSS with Pythagorean fuzzy valued possibility settings
A FpIVFHSS of kind-III F; is stated as

_— g § i e . .
IF3 = { (VF([?)’<QIVF(VF%7))(§)’ €pyP(VF(q.))>) :8€SA (@ € Qr,ve(4) EI}

where @' (45)(5) = [ Lol )9, Uy 6)] € By and T, () 6), o) 6) € 7
Similarly Cryr (7)€ 2pyr withpr (5555) = (Tl Fe () ) Ty Fe ) €
T and T%( (‘)) +IF%(V;Z/7)) S

Example 33. Assuming the data of Example 3.1.1, the FpIVFHSS of kind-III I3 can be con-

structed as

M s (511,.622) ), ( oy (711,.522) ),

P (s (511822)), ( rater (611, 533) '

| (it (811,422)), ( rifsy (422, 811) ),
£ 22 [315:616] (411,.722) ), [31;%717], (511,.833) '

" m, (722,.533) ), ( rozatganys (:833,.544) ),

A m, (633,.544) ), ( rpitsryys (533,.644) ’

m m, (433,.711) ), ( 1552775 (833,.422) ),

TN (e (711 444) ), (rssiiom (822, 566)

Definition 3.34. FpIVFHSS with picture fuzzy valued possibility settings
A FpIVFHSS of kind-1V [F,is stated as

where QIVF( )(8) = [ q.))(s;),ug(vjq))(g)} C 2Apvr, and Lg(v;zq-))(5)/u9(yf(j-q-))(§> =
T Smularly gp ( i ) C  Apg, épp( qq ) = <T€(VF?11)>’]T§(VF(ZK7)>’1F€(VF?) > with
Te (i) L (i) F ( 77) € Zand Tq(; ()) +1e(m) +Fe () €2
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Example 34. Assuming the data of Example 3.1.1, the FpIVFHSS of kind-IV [F4can be con-

structed as

o | (o (515,.121,211)), m, (215,.521,.211) ),

P (e, (415,221,.321) ), [214 fr (622,111, .211) ’

o) (i, (122,315,.421)), st (315,421,1122) ),
- O (ot (212321,.322) ), ts 7 (214,421, 232) ’
e ) (s (315,521,.121) ), [434 sy, (215,.521,.211) ),

N (it (611,211,.121)), (¢ o5 (415,261,.222) ’

a ) (o (411,.122,221)), [554 Lsgys (:222,.255,.332) ),

TN (e (117,441,.133) ) ( rasitsgr, (415,.221,.121)

Definition 3.35. FpIVFHSS with single-valued neutrosophic possibility settings
A FpIVFHSS of kind-V s is stated as

N——
195}
m
U
>
=
|
=
m
O
J
<
]
=
m
N
——

where ¢'VF (2455)(5) = [Lo(gly) (), Unl ) 6)] € v, and Lo(gl) (), Unlly) 6)

v q
) C  Asn, gst(VF q)) <TF§(VF?L7))/ﬁé(vp?q))/mé(vpzq))> with

5) € Tand Te (1) + 1 () + B (05) € [0,3].

) =
7. Slrrularly é’sy ( v (
1), F (

—~

To( ), T

Example 35. Assuming the data of Example 3.1.1, the FpIVFHSS of kind-V IF5 can be con-

structed as

N sy (511,.622,.633) ), [213'/.413], (.622,.733,.711) ),
P (s (722 811,.833) ), [214, o (:833,911,.912) ’
5| (i (623,415,451) ), [314,515], (722,.612,.632) ),

, e m (823,.732,.711) ), [.316#717], (922, 811, .855) ’
i | sy (744,633,755) ) ritesy, (855,766, 822) ),
PN (i (922855,.933) ), (; 421/ 73y, (1633, .54, .955) '
| (e (855,.74,.633) ), [554,.756], (933, .64, 511) ),
TN (s (633,744, 511) ), (ssiiogy (:622,811,.84) J

Definition 3.36. FpIVFHSS with interval valued fuzzy possibility settings
A FpIVFHSS of kind-VI Fgis stated as
csedn T € Qr,vr(§) eI}

Fo—{ [ 1 o
Fe = { (1/1:(5-]-)’ <QIVF(VF(Z[7))(.S.)/ gIVF(VF(E-]-))> VF(q)
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where QIVF( Fq(q)>(s) = [LQ( q,, )(S), LIQ(%@)(S)} - QLIVF and"fl" (
T S1m11ar1y gIVF( lzq))

;
Le (i) Ue () € T

Example 36. Assuming the data of Example 3.1.1, the FpIVFHSS of kind-VI FF¢ can be con-

structed as

V()

C  Apyr with gIVF(%@) = [Lg(

" m, (212, .312] m, 313, 413
7 m, 414, .514] [214 gy [214,.614]
" m, [221,.321] [314 sy, [:321,.421]
B e m, 426, .526] [316 ooy, 224, .623]
5 | (miss (233,336 m' 332, 432
4% Tz [432,.531)), ( rmiary s 231,631 '
N m,[241 341]), [554572756] (344, .443] ),
TN (s [443,543)), (rasaton 248, .648] '

4. Conclusions

Based on hypersoft settings, fuzzy parameterized settings and possibility grade settings,
this research proposes a suite of hybrid set structures that merge the strengths of these con-
cepts with various fuzzy set extensions such as intuitionistic, interval-valued, and neutro-
sophic fuzzy sets, thereby enhancing representational flexibility and analytical depth. The
novelty of each hybrid model is substantiated both conceptually and practically, with care-
fully designed numerical examples illuminating their distinct functionalities and real-world
applicability. The hypersoft set represents a pivotal evolution in managing vagueness and
layered uncertainty within complex decision-making environments. By incorporating multi-
argument domains and enabling approximate mappings, it provides a refined means to cap-
ture intricate relational data. When combined with fuzzy parameterization, which accommo-
dates the imprecise nature of parameters and their nested sub-tuples, and possibility-degree
settings, which quantify the plausibility of expert judgments, a more expressive and realistic
modeling framework emerges. These hybrid set structures can be applied to any decision-
making situation for modeling uncertainties and vagueness.
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