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1. Introduction

Zadeh [24] introduced fuzzy set theory and Atanassov [2] generalised the fuzzy set by
defining the intuitionistic fuzzy set. Yager and Abbasov [22] introduced Pythagorean membership
grades. Since the PFM was initiated, it has been widely applied in different fields, such as
investment decision making, service quality of transports, collaborative-based recommended
systems, and so on. Although the PFM generalizes the IFM, it cannot describe the following
decision information. A panel of experts were invited to give their opinions about the feasibility of
an investment plan, and they were divided into two independent groups to make a decision. In [21]
Yager and Senapati studied some new operations over Fermatean fuzzy numbers. The concept of an
intuitionistc fuzzy matrix (IFM) was introduced by Khan et. al., [8] which is an extension of
Thomason’s [23] fuzzy matrix. Muthuraji et. al., [13] studied decomposition of intuitionistic fuzzy

matrices. In [10] Meenakshi developed some new concepts on fuzzy matrices. Boobalan and Sriram

[3] introduced the implication operator — and @ operations on intuitionistic fuzzy matrices.
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Silambarasan [18,19] defined Fermatean fuzzy matrix and some new operators. In 1999,
Molodtsov[11] presented the theory of soft set. In 2001, Maji et al.[9] studied the theory of soft set
initiated by Molodtsov [11] and developed several basic notions of soft set theory and presented the
idea of fuzzy soft sets. Naim and Serdar [14] introduced the soft matrices which are representations
of the Molodtsov’s soft sets and successfully applied the soft matrices in decision-making problems.
Cagman and Enginoglu [4,5] has introduced the concept of soft matrix theory and applied it to
decision making problems. Yong and Chenli [23] introduced fuzzy soft matrices and studied their
basic properties. Chetia and Das [6] extended the matrix representation of soft set to fuzzy soft set
and intuitionistic fuzzy soft matrix. Guleria and Bajaj [7] introduced Pythagorean fuzzy soft
matrices and the various binary operations are analogously proposed for the PFSM and a new
decision making algorithm has been proposed. Arikrishnan and Sriram [1] defined modal and
implication operators of Pythagorean fuzzy soft matrices and established their algebraic properties.
Seenivasan et al [15,16,17] studied performance analysis of two heterogenous server queueing
model with intermittenly obtainable server using matrix geometric method. Various researchers

have also worked on the concept of soft set and soft matrices which are available in the literature.

Motivated by the work of Murat [12], we defined operators Hg, @z, @,U,N and considered some
properties of Fermatean fuzzy soft Matrix. In this paper, we have developed some new operators for

Farmatean fuzzy soft matrices and discussed several properties.

2. Preliminaries

In this section, we recall some basic definitions and concepts related to Fermatean fuzzy set (FFS)

which are well known in litrature.

Definition 2.1 [20]: A fuzzy matrix of A of order m x n is defined as P = (p;; ), where p;; € [0,1].

Definition 2.2 [8]: An intuitionistic fuzzy matrix (IFM) is a pair [(¢p,;.¢p,;)] of non negative real

numbers &y, ., ¢p,; € [0,1] satisfying 0 = &, +¢p,; = 1forall i, ;.

Definition 2.3 [15]: Fermatean fuzzy matrix (FFM) is a pair P = [($p, ., ¢p, )] of non negative real

numbers {$p,,¢p,;) € [0,1] satisfying the condition ac_:gg!ﬁf;g”«:_:l for all i,j. Where
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'fp;-;- € [0,1] is called the degree of membership and Cpy; € [0,1] is called the degree of non-

membership.

The generalization in terms of development of concepts from soft sets to Fermatean fuzzy soft sets
is available with explanatory examples in literature ([10],[7]). Let X = {x;,x5, x3,...x,,} be the

universe of discourse and E = {e,,e,,e5,...e,} be the set of parameters. Consider P € E. The
following are the basic notions of soft set, soft matrix and Fermatean fuzzy soft set/matrix which

are well known in literature:

Definition 2.4 [11]: The pair (Fp,E) is called soft set over X if and only if Fp: P — P(X) is the

power set of X.
Definition 2.5 [9]: Let F(X) denotes the set of all fuzzy sets of X. P pair (Fp,E) is called a fuzzy

soft set over F(X), where F is a mapping given by Fp: P — P(F(X)).

Definition 2.6 [14]: Let (Fp, E) be a soft set over X. Then the subset X x E is uniquely defined by
Rp = {(x,e),e € P,x € Fp(e)}. The Characteristic function of Ry is yg,:X X E — [0,1] given by
Xrp(x,€) =1if (x,e) EP and yg,(x,e) =0if (x,e) € P If a; = yg,(x,e), then a matrix

[pi;]1 = [xrp(x,€)] is called soft matrix of the soft set (Fp, E)) over X of order m x n.

Definition 2.7 [7]: If (Fz,E) be a Pythagorean fuzzy soft set over X, then the subset, X X E is
uniquely defined by R, = (x,e),e € P,x € Fp(e). The Rp can be characterized by its membership
function and non-membership function given by &z:X X E — [0,1] and ¢z: X X E — [0,1],
respectively. If (§i7,61;) = (Erp (x1,6)), Grp (1, €))), Where &g, (x;,€) is the
membership of x; in the Pythagorean fuzzy set F(e;) and ¢z, (x;,€;) is the non-membership of x; in

the Pythagorean fuzzy set F(e; ), respectively, then we define a matrix given by
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(§11,611) (§12,612) o (€1 G1n)
[M] = [mi.j]mxn _ [(fﬁ-(;ﬁ)]mxn _ ('521-.(;21) ('521-.(;21) '“(fz:;-&"zn)

Entrem) Gz 6ma) = Eon G

which is called Pythagorean fuzzy soft matrix of order m x n over X.

3. Fermatean fuzzy soft matrices and various operations

Since matrices play an important role in many computational techniques, handling dimensionality
feature of various problems of engineering, medical sciences, social sciences, etc., it motivates to
extend the concept of Fermatean fuzzy soft set into Fermatean fuzzy soft matrices. In this section,
we propose the concept of Fermatean fuzzy soft matrix with various operations over it. Further, we
proved some theorems and corollaries are proved by using Fermatean fuzzy soft matrix.

Definition 3.1: If (Fp, E) be a Fermatean fuzzy soft set over X, then the subset, X x E is uniquely

defined by Rp = (x,e),e € P,x € Fp(e). The Rp can be characterized by its membership function

and non-membership function given by éz: X x E — [0,1] and ¢z: X x E — [0,1], respectively.

If (§:),61;) = (Erp (x1s€)), Srp (35, €))), Where &g, (x;, &) is the membership of x; in the Fermatean

fuzzy set F(e;) and ¢g, (x;€;) is the non-membership of x; in the Fermatean fuzzy set F(e;),

respectively, then we define a matrix given by

(11,611)  (Gaz612) o (G1nG1n)d
[M] — [nli.j]mxn _ [('fﬂ-j'c;[ﬂi)]mxn _ (‘521:';21) (‘521:';21) "'(‘52]:1-';2n)

(fml:cml) ('fmz:(;mz) (frm:t-cmn)

1

is called Fermatean fuzzy soft matrix of order m x n over X. For better understanding let us

consider X = {x4,x5,x3} as a universal set and E = {e;, e;,e5,e,} as a set of parameter. If

P={e,e,e;}SE and
Fp(e;) = {(x1,0.7,0.6), (x5,0.8,0.5), (x3,0.9,0.3)}

Fp(ey) = {(x;,0.8,0.6), (x5,0.7,0.8), (x3,0.8,0.7)}
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Fp(e3) = {(x4,0.9,04), (x,,0.5,0.9), (x3,0.6,0.7)} Then (Fp, E) is the parameterized family

of Fr(ey), Fr(e,), Fp(es) over X. Hence the Fermatean fuzzy soft matrix is

(0.7,0.6) (0.8,0.6) (0.9,0.4)
M = [&,6;]mxn = |(08,05) (0.7,08) (0.5,0.9)
(0.9,03) (0.8,0.7) (0.6,0.7)

Definition 3.2: Let F,,, ., denote the family of all FFSMs for all i,j and P, Q € F,, ., be given as

P = [fp:'j'gpi'j] and Q = [fq”-- qu-j] then

)PV Q= [max{';:p;-j-'fq;-j }-lllill{Cp!-j-Cq;-j 1]
(i)PAp Q = [111i11{fpi_j, ‘fqa';' },max{qpi_j,(;q!.j 1|

(i) PC = s,y Ep,,)]

. 3 fg—fg Cp, -
p _ ij 9y P
(VP ErQ ’ 8, o,
$py "v’%--‘?ﬁ--
_ | [5E iy

V)P 2 0 fai;” | 15y

) [ = §p3!.1+§3” E;lggi.jﬂ;'ﬁ!.j
(Vi)P@Q = (J P .
P 2=
- _ Vlzfpi'ij!j \'IZ‘E'p!-j‘;'q!-j
(V")P#Q - 33 z2 '3|§.3 +c2
v Pij'oagj v bij'haijy

(vii)P$Q = [(3 $piSaij mﬂ
(iX)P = Q= [max{(;p!.j.fq!.j }.nlin{‘fpi_j,(;q!.j H
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Theorem 3.3 For P,Q € F,, «,, We have
P > QBr(P-Q)=(PBErQ)
(P = Q e (P— Q) =(PErQ)
(ii)(P = Q) Hr (@ = P) = (PB£Q°)
(iV)(P = Q) BF (Q = P) = (P 2 Q°)
Proof. (i) Since
| . .
0B E-0or - | [ [fg”’qif}_:m Efg”’f"g”},mm v o,
F \J 1 _mln[fpaj’fﬂ?aj} max {gpi_;i’gfﬁj}
_ pu_‘fqu Spi; =(PEIQ)
‘q 1-— fqu qqf_i' F
(i) Since
|
(PC Q)@ (P = Q) = max [‘fi’fj"iﬁj}, : ||mm [cgﬁ,cqﬂj}—maﬁi [?3”,?3”}
F min {‘fp:'_;i"ff{:'_;i} ,J 1 —max [cgij’cqg:'j}
] |<§ e ﬂ 9
dij Q §q=j
(iii) Since
|
P-QFfEQ-P) = | ||min[fgfj’§§fj} _I:ax [jgi}.,cij}’m# [qpej"fqu}
F \J 1 — max [fpi_;i’gfﬁj} mn [qpi_;i’ffh'j}
— pu_qqrj gprj — (PEQC)
Q 1—qqEj chu F
(iv) Since
4502
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(P-Q)B(Q-P) {mm [é’:pfi’g‘?ii} : ||max [ggfi"fgf;‘} mm[ggﬂ,fgi}}]
F

max [‘fm s ‘ff&j} , L~ min [§§” S }
\

S

Cay; ' \ 1- ‘fgi;‘
Theorem 3.4 For P,Q € F,,, «,,, We have

(P EFQ) = (P@Q)°) = ((P@Q) — (PEF Q) =(PEFQ)
(i)((PBEr Q)° - (P@Q)) = (P@Q)° — (P Hr Q) = (P@Q)
(iii)((P 2r Q) = (P@Q)°)° = (P@Q) — (P 2r Q)°)° = (P@Q)
(V((PBF Q)° = (P@Q)) = (P@Q)° = (PErQ)) = (PBF Q)
V(P Hr Q) — (P#Q)°)° = (P#Q) - (P B Q)) = (PHF Q)
(vi)((P Br Q)€ = (P#Q)) = (P#Q)° — (P Br Q) = (P#Q)
(Vii)(P BF Q) — (P#Q)°)C = ((P#Q) — (P B Q)°)° = (P#Q)
(Vi) ((P 2 Q) — (P#Q)) = (P#Q)® — (P B Q) = (P2 Q)
(ix)(PBEFQ) = (P$Q)) = ((P$Q) =~ (PE Q) =(PEF Q)
()((P Br Q)€ = (P$Q)) = ((P$Q)° — (P Br Q) = (P$Q)
(xi)((P BF Q) — (P$Q)°)° = ((P$Q) — (P &r Q)°)° = (P$Q)
(xii)((P 2F Q)¢ — (P$Q)) = ((PSQ)° = (P B Q) = (P BF Q)
i) (PHFQ) = (PB Q) =((PB Q) =~ (PH Q) = (PBE: Q)

xiv)(P2r Q) = (PBr Q) =((PBr Q)¢ = (PEr Q) = (P2 Q)

Proof. (i) Since
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(PEQ) - (@S = |mind[ru=la Byt 15, |55, + S,
’ Q 1_5% Q 2 qqujﬂ 2
= P:j_fﬁ?:; Soij (P EQ)
\|| 1= qu} qqrj E
and
(P@Q) - (PH Q)C)C = p” qui ph‘ — f‘?rj (;PU + qqi} gpi}
! Q 2 , Q 1= ‘qu \I qqu
= P:_;' ff{:_;- Soij (P = Q)
\|| 1= qu} qqrj E
(i) Since
2 — 3 3 2|3 3
((P ? Q)C - (P@Q) = [mal{\fiu_ ;rqu ‘\I|fpi_;i ;fQEj}’min{zpij’ |§pfj ';‘ (;qi-}-}
Qij Qi
3 |F3 I P 3
= |<\Ir‘fpe; ';"fqej ’ \I|r§pe; ;gqu‘ - P@Q
and
3 2|3 3
(P@Q)C — (P |§| Q) = [mﬂi{\f fph‘ 5 fqr}j \I| fiz;_ f:qu min \I| gpij ; qfﬁj’%
3 |F3 2 32 3
= |<Jrfpzj ‘;‘ ‘fqe; , Jrgpfj :2" Cai; — P@Q
(iii) Since
(PEQ)— (P@Q)° = fp” f"” f‘“f by~ gqu Spis t Sy
£ fqu \I 2 \|| 1-— Cqu \| 2
se2 +£2 afca 42
) |<4 7z ||7F%
and
4504
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: fai_;i+fa" fpfj} _{S gpai_;i_'_gqaij 3 gpaij_gqaij
T [ Jndax |
v

o . r dij
(P@Q) > (PR = [mm{JT’ 2 1-q,

=P@Q

: |r‘f§u +iay * |r‘;!§='j + 64
N 2 Ty 2

(iv) Since

(P Q) = (P@Q))

[ {fpu : fpz; ‘f%} { pu_‘;qu pu+§qu}
\|

ffh} ‘\I 2 1_(;QE_} ‘\I 2

|<f lffqﬂ —(r

fQi_;i ‘q 1= CQU

EIQ)

F

and

[max{ m fpf}} m1n{s|gp” gfh} 2 gpu_ gfﬁ;}“
\ \

2 ffh} 2 ‘\|| 1= gfh}

(P@Q)‘ = (P Q)

aqQ
fﬂh‘j Q _(;QE_;i F )

(v) Since

2 ‘fgij_‘fg:‘j c{"fz‘fpz'j‘qu max E 2""2(;13:';(;4:';

| 3 ¥ ¥ r

1_ . 3 .. 2
NN IS B L e
|< P:}_ff&} gp:})

‘q 1_6':?1} CQU

min

(PBQ - P#Q°)

=(rB0)

and

?\‘fzfpijfﬁj gfpgij_fgij : ?\‘fzq?—“:’jqﬁj Cpi;

1] | ] Jax 4 ———,
3 1-¢5. 2 .
3,44, VT 53, +53, S
P:_;l - ff&_;l g‘F‘:_;l
ﬂ

1- ffh} CQU

(P#Q) = (PEQ))" = |min

=(rB0)
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(vi) Since
sf?.— 3 N2, & L A2, 6
((P§Q)C—'(P#Q)) = |max |fiu_§§q”,_ oty /min %— Foijbay
\I A fpaij—i_fqaij i Q,Jggij—l—ggij
= V2 day V2,50, = P#Q
{fpzﬁfqu {cpuﬂqu
and
V2¢, &, sf3..— 3 V26,. 600 ..
(@HQ°~ P B Q) = |max) ol S | ey S
F 3 - .- 3 .
53,463, N S [53,+ 63, *
_ Sﬁfpiijij S‘l" gpug.q’” —P#Q
S\{fg:_;—l—fq” {gp:_;l—l—gq”
(vii) Since
T S ;f?.— 2 V2, ¢,
(g Q) (1o = |mind 2,2 | =St ey
4 fpaij_'_fqaij \I gq” ) qga‘j—i_qqgij
_ i zfpijffﬁj V2 (;PU(;QU P#Q
/‘fpu""fqu /qpu"'qqu
and
Vg, & &, V2¢,. ... gf3..— 3
(P#Q)~ (PBQ))E = |min hrytey % max{ 0% |ci“'_ o2
(B, ) (B, N
_ E{Efpziju %{EGDUGQQ — P#Q
g/‘fpu‘l"fqu /pg +§q=j
(viii) Since
4506
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$pi; %‘fﬁfpi'fﬁ' . ) E ggi'_ggi' %‘fﬁgpi'cﬂ’i'
(PE Q) = (P#Q)) = |max{—, ———=/ min{ |— L, S
F ‘fqz'j SJ:fgij—i-nfgij \ 1—g§” nggij-l-gqgij
_ fprj 3 prj_g‘?u _
- Gl - (rp0)
‘fqzj .\| gf{:‘_;i F
and
25 3 "f 3 .3
(P#Q = (PR Q) = |max] orste gi min{ P * |y S
(R R W P
_ fprj 3 prj_g‘?u _
= T = (Pmo)
‘fqzj .\| gf{:‘_;i F
(ix) Since
R El T { T Spij
((P‘?Q)_’(P$Q)Cj‘c = lmm{J i [fq: ,f‘fpu‘ft?u {;ej :fqpaquaj}
_ pu _‘fqu Spi; (P = Q)
'\I 1_6':'-'?} qqi_i' F
and
5|85, — &4, Coy;
5 C\E : u ij )= SPij
((P$Q) = (PEQ)°) [mm{ [6fa | = m{ fcp”cq”,q%}
— prj_fqrj ci’rj (PE )
B \I 1_qu.i' Sa; F ¢
(x) Since
2185, =83y (S
(PEQ° ~(P$Q) = Imax{J‘}‘_—ﬁ:r/fp”f% ,mm{i,ﬂcpﬁcqﬁ}
= [(Spri}-qu-! gfqpijqqij)] = (P$Q)
and
4507
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‘f i _‘f i 2 G ij
((P$Q)C—i (P?Q)) = l { f‘fpu‘fqu \Ih—f‘-{:j mm{ fqpquqzj’%}
- [( . Sar’ Jqpug%)] (P$Q)
(xi) Since
; f ij 3 BU_C ij =
((P%Q)_’ (P$Q)O)° = [mm{f:aj, J‘f!?:'j‘i?z'j} {J i gq: ,Jgpijcqi.ﬁ}‘
= I:(Spriij:'j’S,‘Jgp:'_;icQEj>:| = (P$Q)
and
((P$Q) ~ (PR Q) = Imin{g oo ?}mﬂ{ Sou5ar | p”_gq”H
di; N §q=j
= I:(Sprjijjj’ gfqu'_;iq'-ﬁj>] = (P$Q)
(xii) Since
‘f!?:'_;i 3 : gij_gqi.i' 3
((P%Q)C_’ (P$Q)) = [max{fqgj’ J‘f!?:'_;i‘ff{:'j}’mm{ql 1— gqu ,ngﬁquH
— fpi} # pu_cqrj —
: b (B - (rg)
qij ‘q dij
and
((P$Q)° > (P Q) = lmax{z fpufqu-%}’mm{ oS | p”_cq”H
;5 N §q=j
- 0y, 2 "U_qq” =(Pm0)
fqa} ‘\|| _gqi_i' F
(xiii) Since
4508

Vol. 71 No. 4 (2022)
http://philstat.org.ph



Mathematical Statistician and Engineering Applications
ISSN: 2094-0343

2326-9865
5 —Sa Sp: Sp; 358 — S&;
= e — i ij 2Pij 2Pij ij i
((P§Q) (P%Q) ) lm { _[i?:_r [fQE_i' e cQ:’j"J l_cgi.ii
_ pu _‘fqu $pi; (P = Q)
‘\|| 1— fqu qqf_i' F
and
Ny 2185, — GG B~ S&y S»
- [ A — ) ij ij ij ij i
(PRQ)—(®BEQ)") [ﬂl {fqu {18, } {\l 1—¢2 ' quH
= pf.i' _fqi.? ch (P E Q)
\|| 1= [fqi.i' Sa; F
(xiv) Since
Sy 358, — §4,; . B —Sd; Sp
C - — 2 2 2 ij ij Ly
((P%Q) (PEQ)) lm {fﬂfu ‘J l_fgij }m {‘\I l_gf&j CQ:J}]
- oy 2 |7"” ~Say)| _ =(Pm0)
‘fqu \ 1= §qu, F
and
&5, fq $p; Cpiy 358y — Sa:
c 3 — ij i.i' ij ' i i ti
f!—"‘:_; g p:_;l_gq:_;l
qij \| C‘TU
Corollary 3.5 For P,Q € F, «n, We have
(PBQ - (POQ°) = (POQ) ~ (PH Q) =
(PEIQ) ~ (P#QO) = (P#Q) ~ (PEIQ)) =
(PEIQ) = (F$Q)9)° = (P$Q) » (PEH Q) =
(PBQ) > (PBO = (PBQ) = (PBQY = (PEQ)
Corollary 3.6 For P,Q € F; x,, We have
4509
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(PQ) ~ (P@Q)) = (P@Q)° ~ (PBQ)) =

(PBQ)° — (P#Q)) = ((P#Q)°~ (PR Q) =

(PBQ) = (P$Q)) = (P$Q)° — (PBQ)) =
(PBQF - (PH=(PHQ - PEQ)=(PEQ)

Theorem 3.7 For P,Q € F,,, »,, We have

([P~ B (P~ QIN[P » QB (P~ Q)T {[(F* ~ QB (P » )T U[(F* ~ ) @ (P - ¢°)} =P 7

. ez ez
Proof. Since [(P¢ — Q) B (P — Q€)¢] = |{ |2y 1y, Spi
1= fq:; ‘;QU
and [(P€ — Q) @y (P — QO)°] = |24, [P Sy
Eqi’j l—qqi_j

Now

([P = H @~ e)IN[F° =~ QB - )]
- $i;— Sy Soy maxd Py $py; — Sdy
‘J 1_qu fq_i. gq}’.\|| _gg_i. |

e
,q

- ‘fqu ngj

and

([P =B (P = Q)IUIP » QB (P~ Q)]

- [ { $55 ~ S fp;} in{ﬁ glqgﬁ_ggfj}-

‘\I 1_fqil fq} gQEj ‘q 1_qqgt_i'

_ |<fpu 3 pU ?35;)

|
fﬁ?j q _gqaa’j

Hence
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{I(F° > @ B (P - @INIFT > QB (P~ Q)TNU{(F* » QB (P - @)U [P~ Q8P - )]

— _ pt_i' erj [fprj min E g cgij_cgij
\|| 1_qu.i' fq:_r "

Sag; N 1- ggz‘j

‘fqu .\|| - GqU

— <[fptj g pzng'i_r)“

Theorem 3.8 For P,Q € F,, ., We have

{IP° - B (P~ Q)IN[P » QB (P ~ Q)TN {[(P° ~ QB (P » )TV [F ~ ) 2 (P~ ¢°)I} =P B Q

&5,,-%4
Proof. Since [(P€ — Q) Hs (P — 0%)¢] = 3 [Sb;;84d;; _i
1- EQU. G'QU
and [(P¢ - Q)@ (P = Q9)¢] = E' 3 ‘;D;'j_:t?!-j
Eqi’j l—qqi_j

Now

{[(P¢ = Q) @ (P = Q9)IN[(P - Qa(Pr — QH)}
_ i—"u_‘f‘?u ‘fi-"u Spi; @ gg:‘j_cgfj _
= maxd B8 2Py
J 1_fqi.i' fqrj |

gf{:'_;i’ . 1-— ggij

) |< pU fqu cpu)
,q

_‘fq;_;. ngj
and
{[(PC*Q)gﬁpﬁQC)C] U [(PC > Q)3 (P - Q) ]}
- |max pi_il_fqi_il ‘fpg_;- min ﬁ S|c§i_;i_gq3:'_ii
‘q 1_‘fqu [fq:j, gq”’,\l 1—§3U ]

|<é§pi_il g pU : cqrj)

‘fqzj q - ngj
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Hence

{I(F° > @ B (7 - @9INIF° > QB (P - Q)N {I(F° > QB (P - )TV [P = Q) B (P - )]

{ pzj_fﬁ?:; ‘fp:;} a{qpij glqrﬂgz‘j_qqgijﬂ
\|

1_fqil fQ_il qqlijj‘q 1_(;':?3{}

=PHQ
F

< p;_‘fq; $pi;
\|

- ‘fqzj GqU

Theorem 3.9 For P,Q € F,,,,, We have

{[(PEQ) = (PEQ)IVIPZQ) = (PEYTIV{(PEQ) - [P@Q)C]CU[(P@ Q) - (PEQ)I°}=P@Q

Proof. Since [(P B Q) — (P@Q )] = |{* [Py Sou
=84 Say

and [(P 2z Q) — (P@Q)C]C — [(S\l‘fga'j:‘fqz;-j. 3\]‘7%;‘_,:‘73:'_:')]

Now

{([(PEQ) - (PEQ)IVI(PZQ) = (PEQ) ]}

\|1—qu 2 2

Sa;;

_ - { pzj_fqzj pg}+fqzj} .n{gpu 3 gpai_;i+gq3:'_;i}

_ S|L‘E"3='i + 43, z|rcg='i +6ay
\ 2 ’ \ 2

and

{{(PEHQ) = (P@Q)IN[(PEQ) =~ (P@Q)]}

lm{ p}_‘qu p}+‘qu} {?p} §p35j+§qge;}_
q

1_5‘1’:3 4 2 q:_;l ‘J 2

_ |<S fpai_;i_fqaij qr—“;;)
v

1_‘fge; "Sq

[ 5]
Hence
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{[(PEQ) = (PEQ)IVIPZQ) = (PEYTIV{(PEQ) - (P@Q)C]CU[(P @ Q) - (PEQ)F]]

_ | _‘ff{j ga‘j—l_‘fgfj min E : cgij+gq3ij
1_ [fq,:j ‘q » >

2 Cai; 2

2y 2 =P@Q

_ < G, 68, [sh+ ey
\

Theorem 3.10 For P,Q € F,, ., we have

1(PBQ~ (PeQI VP 2Q) ~ (PO IIN{(PBQ) ~ PEQI n[(PEQ) - PEQII=PHC

Proof. Since [(P Hr Q) — (P@Q)°]¢ = F*’u §d,; <v Pij
184y "Say

and [(P 2F Q) — (P@Q)F]¢ = [(S\I";gufgu_ ilc?,!.j;rqﬁi_jﬂ

Now

{([(PEHQ) = (P@QFIVI[(PEQ) = (POQ)]Y}

L
_[.fq:_;l ‘\I

Say N 2
_ [63, +3, 2 Jed, +c,
N2 2

I { p}_‘fq} p;""fq}} In{ﬁzggﬁ+§§i}}_

and

{([(PEQ) = (PEQIN[(PEQ) = (POQ)]Y}

1—fq J 2 qu’ql 2

= e
.\I

[ { fp;_i._ff{:_; fpgz'_ii-i_fqgi_;i} _{qp:'_;i 3 quij-'_qqgij}-
min4 | Jmax —
\

1- ‘fqzj ngj

Hence
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([P Q) ~ (P@Q°I° V(P 2Q) ~ (P@QIIN{I(PB Q) ~ (P@Q)I° n[(P B Q) ~ (P@Q)I°)

— { pt_i'_fqi_i' pt_i'—"_fqij} {gptj c§ij+gq3ij}
.\I

1- [fqz_;- ‘\I 2 gqi_i' ‘\|| 2

=PHQ
E

< Prj f‘?rj q!’rj
\l

1- ffh} gfh}

Theorem 3.11 For P,Q € F,, ., We have

[(PHQ)F = (PEQIVI(PEQ) = (P@Q)]" = P@Q

] 3 Ep3!. .+Eq3!.. 3 q%i..h;'a!..
Proof. Since [(P Bl Q)F - (POQ)] = [(J T H

and (P B @) — (P@Q)F | = |* [
aj  Say;

Hence

(PHQF - (P@Q)] UIPHQ) - (P@QF

I { pu‘l"fqu pu_‘fqu} { gm;‘l'gnm gpu}
\ \

2 «J' 1-33,

Sas;

Je3, + 88, 2|, t o,
N2 T 2

_ P@O

Theorem 3.12 For P,Q € E,, ., We have [(P Hr Q)¢ — (P#Q)] U [(P#Q) — (PHr Q)] = P#Q

3= 3=
V2880 V2SpySay

Proof. Since [(P HF Q)¢ — (P#Q)] =

3fez 153 "33 43
lepa_; g‘?a; \‘I';pa_; qqu
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and [(P B; Q) — (P@Q)F]° = || [ B2 o
=84 " Say

2326-9865
Hence

(PEQF ~ (P U[(P#Q) ~ (P H Q)]

{ { V2§, &q, “M] {z‘ﬁg!’ﬁngi cpd]
max | Amn Saur

3 t1-éE 2 " Cays
RGN R (R

S""E‘fpaj ‘i?a'j iﬁqi—”t‘j g‘?ii
&, e, s+,
P#

0

Theorem 3.13 For P,Q € Fpun we have
[(P Br Q) = (P$Q] U [(P$Q) — (P Hr @)°] = P$Q

Proof. Since [(P Hr Q)¢ — (P$Q)] = l(a SpijSaijm ffs‘p;-jcqi-jﬂ

and [(P B¢ Q) — (P@Q)F]¢ = ’Lg
=84 " Say

Hence
[(PEQ)F = (PSQIUI(PSQ) » (PH Q)]

. I N Spi;
= [(S,prajfﬂ?aj’ngPquQij)]

Theorem 3.14 For P, Q € F,,,,, We have
[(PRFQ) - (PEFQIVIPEFQ) — (PB Q)] =PEFQ

3 _ 3__
Proof. Since [(P @ Q)¢ — (P B Q)] = % i quu
g‘?a’j l_qqi'j
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and [(P B; Q) — (P@Q)F]° = || [ 2 o
=84 " Say
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Hence

(PO~ (PBHOIVIPEQ) ~ (PzQ)]

3 _r3 3 _~3
Soij (S0 Say (. )2 [y Say ey
= |max{—, |——=— ;,min —,—
"ch 1—§qi.j l—gq!.j Sayj

4. Conclusion

In this paper, we defined some new operators [(P$Q), (P#Q), (P — Q)] of Fermatean fuzzy soft
matrices and investigated their algebraic properties. Finally, we proved several of these properties,

particularly those involving the operator P — @ for Fermatean fuzzy soft implication with other

operators.
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