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1. Introduction

Numerous theories are utilized in the literature to address the ambiguity and UC of numerous
problems that arise in Engineering, Economics, Social Science, etc., All ideas, however have
their own drawbacks. Multiple qualities and UC are present in multi-criteria Decision-making
(D-M) situations, Since NSs fully address indeterminacy, whereas NSSs address vagueness
and UC, they are utilized to deal with such kinds. The concept of NSS cannot be applied to
such problems when qualities are multiple and further divided.

To get around these issues, Smarandache [3] demonstrated a different method of handling UC
by extending the SS to the HS and its hybrids, such as the FHS, IFHS, and NHSS, by
converting the function into a multi-argument function. The matrix representation and
aggregate operators of this idea were presented by Delhi and Broumi in [5].

Section 3 extensively covers the concept of PNHSM, providing definitions and appropriate
examples for better comprehension. Different potential types of PNHSM and their
fundamental operators, along with their corresponding properties, are suggested in sections 4
and 5.

2. Preliminaries

Definition 2.1. [4] Let A be the universal set (US) and P(A) be a power set (PS) of A.

Consider A, A5, ..., A7~ for k™ > 1 be k™ well - defined attributes, whose corresponding

o N s B N )

attributive values are Gy, G, ..., G~ With G"+-NG" = @, for ™ = j7 77,77 €

{1,2,...,k"} and their relation Gy X G5, .. X G=1, (7, Gy X G2 X ... X G"~) is said to
be PNHSS over Awhere : Gy X G, X .. X G~ > P(B) and #(G"y X G5 X .. X G ~) =
{(r'], <% Ty (2 iy (), Fyap (x0) >): xR € Gy X Gy X X G"‘KH} where T is
the membership value of truthiness, I is the membership value of indeterminacy and F is the

membership value of falsity such that Ty, (X), I ) (X), Fy ) (%) € [0,1] also (Tj}(ﬁ) (x;))z N
2 2
(1 70 (x;)) + (F 70 (x;)) <2

2748
Eur. Chem. Bull. 2023, 12(Special Issue 10), 2748 — 2755


mailto:ramyasrisai11@gmail.com1
mailto:ramyasrisai11@gmail.com1
mailto:francshalu@gmail.com2
mailto:francshalu@gmail.com2

Basic Operations on Pythagorean Neutrosophic Hypersoft Matrices

Section A-Research paper
ISSN 2063-5346

3. Pythagorean Neutrosophic Hypersoft Matrix (PNHSM)

3.1. PNHSM. Let & = {&, &°, ... & Jbe the US and P(&)be the PS of &

Consider A", A5, ..., A", for ¢™ > 1,where ¢™ is well-defined attributes, whose

: I . . w2 . : ~.. d
corresponding attributive values are A"'ld,A"'zb,.....,A"'Ca and their relation A"'lax

o

Z"'zb X ... X A", Where d, B,..., 2™ = 1,2,...1; then, the pair (j?,/T"ld xA"'zb,.....x
A’ ) is said to be PNHSS over A, where j: (Z"‘ld xZ"'Zb X e X AT )—> P(R) and

V (Z"&d x A7 X X Z"'mzm>: {6, <23 T30 () Ty (2 ) Fyeo (v ) > )i x € B 6 €

‘A"'ld X A"‘zb X ot X A"'CZ}.

e ~. KT
If Ty = X, (A A )T = 12,31 ] = 1.2,3...¢" R =d, B,.., 2

[7lr]rmxcm =
(711 712 T .TlC(b 721 722 72@‘“ 7;‘”1 7;‘”2 s .Trf‘ac(n ), Where 717"‘\ =
~ ~ ~ ~ ~ ~.. kK ~.d ~.b
(T, e(Br) L w(Br)F w(Br)), (Br) €847 € (A"'la X A7y X ol X
J J

]

A"'cj) = (T Jie~ I Jje~ F ;). The collection of all
PNHSMs over A is denoted by PNHSM(A) ... ..

Example 1. Consider a problem on requirement of teachers for Government postings (GPs)

based on their CVs received. Let &= {T ', T %,T 3T *,T°} be the set of candidates.
Attributes: A= Qualification(Q) A",= Reservation (R), A"'3 = Gender (G), A", = Grade
(GR) Parameters: 4, = {M. phll B.Sc,M.Sc,Ph.D.}; A~ 2 = {MBC, BC, SC Others}
A3 = {Male, Female}; A™ 4 = {Very High, High, Average}. Let 7 (( 4™, A 2 b d 3
x4, )) =y (M. Phil, BC, Female, High) = {Tw ,Tw ,TW T >}. Pythagorean Neutrosophic
values (PNVs) assigned by distinct D-Ms are

Table 1: PNVs to each T ° against (Q).
ht’

A-,,,la' ( Q) T‘.;l T;Z T;3 T;4 T;S
M. phil. (6,4,5 | (5.4,3 | (7,.5.1) | (7,.2,.5) | (6,.7,.3
B.Sc. (.6, .5, .3) (.6, .5, .4) (5 .3,.1) (.6, .5, .2) (.5, .6, .3)
M.Sc. (54,3 | (53,2 | (6.4.3) | (5.6.2) | (6.5 .1)
Ph.D. (.6, .5, .2) (.6,.7,.1) (.5, .6,.3) (.6, .4, .2) (5,.3,.1)

Table 2: PNVs to each T; against (R).

Azb(R) T\q;l TH;Z T\_;S T\;‘L T\;S
BC (6,5.3) | (7,.6,3) | (5.4,.1) | (8.7,.1) | (6.4, .3)
MBC (5,.6,.2) | (5 .4,.1) | (8.7,.1) | (6.5.1) | (5.6 .1)
SC (8,.7,.2) (.7, .6,.1) (.6, .5, .1) (.5, .4,.2) (.6, .4,.1)
Others (6,.7,.1) | (5.2,.1) | (6,4,.2) | (5.4.1) | (5 4.1
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A .3C‘ ( G) T\_;l T\_;Z T\w:3 T\;4 T\;S
M (5,.4,.7) | (6,5.1) | (7,5.2 | (6,.4,.2) | (5 4.1
F (4,.8,.7) (.6, .4,.7) (.6,.5,.1) (.5, .4, .6) (.8,.7,.5)

Table 4: PNVs to each T; against (GR).

A_,,4d (GR) Tw:l T\‘;Z T\w:3 T\w:él- T\;S
Very high (5, .4,.1) (.5, .6,.3) (.7,.5,.1) (.6, .4,.1) (.5, 4,.2)
High (.8, .3, .4) (.6, .2, .5) (.7, .6,.1) (.7,.3,.5) (.6, .5,.7)
Average (.7,.6,.1) (.6, .4,.3) (.5,.4,.1) (.6,.7,.1) (.6, .4,.2)

G (A A7 % A7 x A+, %)) = 7 (M. Phil, BC, F, High)
= {<<T_%,(M.Phil {6, .4, .5}, BC {6, .5, 3}, F {:4, 8.7}, High {.8, 3, 4})>>,
<<T 2, (M.Phil {5, 4, 3}, BC{7, 6,.3}, F {6, .4,.7}, High {.6, 2, .5})>>,
<<T *,(M.Phil {7, 2, 5}, BC {8, 7,.1}, F {5, .4, 6}, High {.7, 3, .5})>>,

<<T_® (M.Phil {6,.7, 3}, BC{6, 4,.3}, F{8,.7, .5}, High {6, 5, .7})>>}.
A»...ld A...Zb' A...3c‘ An..4d
7 1| (M.Phil., (.6, .4, 5)) | (BC,(.6,.5,.3)) | (F, (4, .8.7) | (High, (8,.3,.4))
TW\JZ (M.Phil., (5, 4,.3)) | (BC,(7,.6,.3) | (F,(6,.4,.7) | (High, (6, .2, .5)
TW\J‘* (M.Phil., (7,.2, .5)) | (BC,(8,.7,.1) | (F,(5,.4,.6) | (High, (.7, .3, .5)
TSS (M.Phil., (6,.7,.3)) | (BC, (6, 4,.3) | (F,(8,.7,.5) | (High, (.6,.5,.7)
[ Taxa=

[(¢.6,4,.5) ((6,.5,.3) ((4,.8,.7) ((.8,3,4)((5.4.3) ((7,..6,.3) ((6.4.7) ((.6,2,.5)((
4. TYPES OF PNHSMs

Let 7 = [T7] and d =[d;] € PNHSM(A) -
d-= (T e I e F ) Then,
Square PNHSM if r(7 = 7.
Row PNHSM if ¢ r=1.
Column PNHSM if r (7=1.
Zero PNHSM if T];5=0,1;5=1 F [;5=1.
Universal PNHSM if T}z =1,1/5=0,F [;5=0.
Complement PNHSM if T} = F;’]k=. Hiw=1—1]a Fi=T jia
Sub Matrix of PNHSM if T}, < T 5 I?]k=. > If{]k=. Flig= Ff]k=.
Super Matrix of PNHSM if T];5 > T | ”k. Iim=<Ij Uk. Flia<Fj Uk..
Equal Matrix of PNHSM if T}z =T {5 Il =1 i Flm=Fim
Transpose of square PNHSM if (T ]
Symmetric PNHSM if 7¢ = 7.

~ Where Ty~ = (TUF I?;E’“FZ]E"“) and

_ 7
l]kl’ l]kl l]kl) (Tjkl_l’ JkiBy ]kll)

O o o oo oo o0oo-0oOod
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1 Scalar Multiplication of PNHSM For any scalar ‘@ *, sB7 = [sB 7,5]; 0 <sB < 1.
) Max-Min Product of PNHSM Let 7=[7;5] , d =[d;,5] € PNHSM(Z) . ..

where 71]! (T:{]kl Il]kl Fijk=l) and d me — (T ;[kmlll jkmE F]kml)
It 7= [Tip] ... andd= [dyp], . . then T®d= (8], where [6;,3] =

(maxjkimin(’l‘zj,;, , T 4km=a) minjz max(l ;-,;., I;:[km=l) , Mg max( F i;-k, F;[km) )
Theorem 1. Let T =[7;], d =[d5-] € PNHSM(A) .., - where T~ = (Tu,fm ,Ilj,gm,F;’j,Zm)
and d5~ = (T i 1 l-j,gm,F ij,gm). For two scalars s™, w € [0,1], then

0] sa(w7) = (sEw) 7
(i) If sB<w, then sE7<w?7
(iiiy If 7cd,thense7c sed
(iv)  (sB7)' = saT
v (1) =7
Proof.
() s™WT) =" W Tyl =57 [WT e, W Ljem, W F )]
= [(s™WT{jgmy "W Lj, W Fij)]
= sew [Tz 1 gz - F )]
=sew [ 7;p] = (sew) 7.
(i) SinceT ]~ , I g, F i~ € [0,1], 50
ST e < WT e S T < Wigm, S F i < WF
ST = [Tl = [ T ™ Lje 8™ Flijg)] < [WT g W jgn, WF )]
= W] = w.
(i) 7€ d = [T <[4
= Tl < Ty D 2 Ty Fligm 2 Fijpe
= slTl]k. < slTuk., slluk. > slIUk., lel]k. sF?jk

= sB[7;p] < sB [d;5] = sBT S sBd.

(lV) (S 7) = [(S TL]I?,"“’S IUE""S Fuk‘?’“)] _[(S kT’“"S IkT'“' _'I'kT’“‘)]

= s [( jkier ]kll’ ]kzl)] S.[(lekl'IZ]kl' ijl)]
t

ijB

= s@IT.
(V) (7t)t = ([( JKT™ ]kl ’ ]kl )]) = [(TL]k:”‘ IUE’“ Fuk:t’“‘)] =7.
Theorem 2. Let 7 = [Tp ] e d = [Hjmley € PNHSM(B) .

Ty = (Tl i Fli) and d j (Tjdkmm,ljkm o Fl)- Then, (T@d)E =4t @1
Proof.
Let T® d = [6;]~xp: then, (T @ A) =[Sl

T = [Tr] oy e and d° = [dye]

: 1T 1
(T® )= (ijlf’“’ Imﬂf’“’FmJEﬁ)yxc“ ® (TJ’“ o Fji )c’*‘xr“
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=d'®T.
5. OPERATORS OF PNHSMs
Let 7= [7;~] and A =[4;~] € PNHSM(Z) .., . where T~ = (Tl i Fli) and
i = (T e o 1 e o F ).

_ 1 d T d . 1 d
* Jud = [max(Tijk' Tijiw), min (I, Liji@), min (F e, Fijk)]

o _ . 7 d 7 A 7 Ad
@ Tnd = [min(T iz Tijw) max (e le), max (Fjs Fis)]

1 q 7 1 d
o o=+ _|TimtTing (ijetlije) FijmtFie)
% T@d = , ,

2 2 2

& .T @Wd _ (W TL]kI+W Tukl) (Wllukl"'wzll]kl) (WlFl]kl+W Fl]kl) L~1 ~2 > 0
* - wl+w2 ’ wl+w2 ’ wl+w2  Wh W )

A _ 1 d T M 7 d
& 7$4d _[\/Tijk'Tijk'\/lijk'Iijk'\/Fijk'Fijkl

o T$Vd =
wltw w2 wlew? w1 72
\/(lekl) ( i jKB N ’ \/(I:jk)w l]kl)w

" +W\/(F3jk=““)w -(F?jﬁ«)wz; whw?2 >0

& ..f @ B = L]kl l]kl ZIl]kIIl]kl ZFL]kIFl]kI
y YRy I
L]kl l]kl ijka T lijke UijknT U ijKe

wl+w? wl+w? wl+w? 1 2

s , , WH, W
wl w2 wl w2 wl w2
P e g Aot
ijK® P K ;K 7 K ijK® uk-

Theorem 3. 7=[7;~] , d =[] € PNHSM(A) .. .., where Ty~ = ( e e uk”“) and

d d d

oto"f@wd: >0

(Tud)y=@EuT)
(nd)=@n7
TUT =T
TNT =7

[7:2] < [1]

[0] < [7:]

[Tz < [7il

[7ip]u [1] = [1]
[Tzl [0] = [Tyl
[7z]n [0] = [O]
[7izln [1] = [Tl
(qud¢  =7°n4a
(Ind¢ =7°vud

AN N N N N N N N N U N N N
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v (1° nd%) =7ud
v (1 ud9) =1nd

v (09° =0
v [0]° = [1]
Proof.

_ 7 d . 7 A . 7 Ad
v (Tud) = [(Tijk' Tijk) »min (Iijk' Iijk)'mln(Fijk' Fiji@) ]
— 7 T T _
=(T{e e F i) U (T A Flige) =@ UT).
Remaining parts are proved in a similar way.
Theorem 4. Let 7= [T] , d =[] € PNHSM(E)IAX@,, where T~ = (T:’]Em IZJE'“F:{,;?)

d d d

v (T@4) =d@7)

v (1@4)° = @4°

v (1@"4) = (4@"7)

v (7@%1)° = 1@ 4°

v (7$d) = %7

v (1$74) = (437 7)

v (1o = Qa7

v Toe"d) = (doa"7)

v (Judt = Tud

v (Ind)t = 1'nd

v (T@1) = 7@

v (1T@%1) = 1@«

v 0sdt = Ttsd

v (1579 = s

v oe)t = T opdt

v (Toe%1)" = 1 @
Proof.

L= (T;jk"'T?jk) U:jk"'l:iijk) (szk+F?jk)
v (@ a=|(Frre) () (e
=@ ).

Remaining parts are proved in a similar way.
Theorem 5. Let 7 = [T7] , d=[d;] and 1=[i;] € PNHSM(E)F,,X@,, where T =
(T:{]E’“I;E’“F:{]E”) and d;~ = (T o1 e 'Fg'ﬁ”’)']’ij”‘ = (T e~ Lijee o F g -

vV (Tud)ui = Ju(uU i)

vV (Ind)ni = IndnN )

vV T@d)ni = (In)H@ [ nA)

v (@d)ui = (Tud@ ([ ui)
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vV T@I) @ # 7@ d@1)
vV (I$d) %1 # 78
v (or)QE # 708 QH)
vV Indui) = (Ind)u(Tni)
vV (IndHui = (Gui)nuU 1)
v Tu@dni) = (Gud)n(Tui)
vV (Tudni = TnHu@Ani
vV (Ind@i = (T@1)n(d'@1)
vV Ind)Qei =(1Qe)nHQB1)
vV udoei = (Toa)udQ@BaE1)
vV 17@@ui) = (T@Jd)u(T@i)
vV 7@dni) = (T@d)n(T@1)
vV 7$dU 1) = (7$dD)u (7%
vV Gudsi = (T$HuE$)
v 708U = TQB)U(TQH)
vV 1$dN 1) = (7$d) n (@'$9)
vV (qudsi = (7$HuAs$9)
Proof.
M) (Tud) ui

— T d . T | . T d
= [(Tije~ Tije)  min (Lije~ Tije), min(Fijem, Fije) 1V [(T e D ijee o F i)
— T d i . T d i . 7 d i
=[(Tie~ Tijen T_ i) » min (e T 1 ijee )y min(F e Fijpmy F i) ]
— (77 7 1 d i o (d i o i
= (Tijﬁ“:lijﬁ”»Fijﬁ’“) U [(Tijif”“' T]ijk”‘“) , mn (Iijlf’“' I]ijﬁ’“)'mln(FijE"" F]ijlf"“) ]
— T T T d d d i i i
= (Tijﬁ’“:lijﬁ”»FijE’“) u (T ijE”'IijE"“'Fijk:"“) U (T]ijﬁ’“'l]ijﬁ""F]ijE’“)]
=Ju U 1)
Remaining parts are proved in a similar way.
Conclusion
The various types and properties of the PNHSM have been well established. Substantial

verifications for the proposed properties over the frameworks have additionally been given.
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