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Abstract: In this paper, we define some new operators [(A$B), (A#B), (A x B),(A — B)] of Fermatean
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1. Introduction

T he concept of an intuitionistic fuzzy matrix (IFM) was introduced by Khan et al., [1] and simultaneously
Im et al., [2] to generalize the concept of Thomason’s [3] fuzzy matrix. Since the IFM was proposed, it
has received a lot of attention in many fields, such as pattern recognition, medical diagnosis, and so on. But

if the sum of the membership degree and the nonmembership degree is greater than 1, the IFM is no longer
applicable. In [4] using IFM theory, we developed the Pythagorean fuzzy matrix (PFM) A = Kgaﬁ,(saﬁﬂ ,
where the squared sum of its membership degree {,; € [0,1] and nonmembership degree d;; € [0,1] is less
than or equal to 1.

Since the PFM was brought up, it has been widely applied in different fields, such as investment decision
making, service quality of domestic airline, collaborative-based recommender 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. One group considered the degree of the feasibility of the investment
plan as 0.8, while the other group considered the nonmembership degree as 0.7. It was clearly seen that
0.8+0.7 > 1,(0.8)% + (0.7)> > 1, and thus it could not be described by IFM and PFM.

After the IFM and PFM theory, many researchers attempted the important role in this theory, [5-17]. To
describe such evaluation information, we have developed Fermatean fuzzy matrix (FFM) A = Kga,]., (5a,.],>} ,
where represent the s, € [0,1] membership degree and Jy; € [0,1] the non-membership degree for all 7, j,
respectively, and 0 < Cgij + 5;1}. < 1[18]. It was clearly seen that 0.8 + 0.7 > 1,(0.8)2 + (0.7)%> > 1,(0.8)% +
(0.7)3 < 1. Then we defined some Fermatean fuzzy operators By, X, @, N, U and properties are considered.
In this paper we have developed some new operators for Fermatean fuzzy matrices and discussed several
properties.

2. Preliminaries

In this section, some basic concepts related to the fuzzy matrix (FM), intuitionistic fuzzy matrix (IFM) and
Pythagorean fuzzy matrix (PFM) have been given.

Definition 1. [3] A fuzzy matrix of A of order m x n is defined as A = (a;;), where a;; € [0, 1].

Definition 2. [1] An intuitionistic fuzzy matrix (IFM) is a pair A = { <§ aijs Oa; > } of a non negative real numbers
Cayjr0ay; € [0,1] satisfying 0 < {a; + dg;; < 1forall i, j.
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Definition 3. [4] A Pythagorean fuzzy matrix (PFM) is a pair A = { <§aij, 5a1j> } of non negative real numbers
Gayr0a;; € [0,1] satisfying the condition 0 < ggi]. + 5317 <1, for all i, j. Where {,; € [0,1] is called the degree of
membership and dy;; € [0,1] is called the degree of non-membership.

Definition 4. [18] A Fermatean fuzzy matrix (FFM) is a pair A = { <€’1ij’ (5ﬂi].> ] of non negative real numbers
5,1,.]., g, ; € [0,1] satisfying the condition 0 < ggij + 5;:’]_]_ <1, for all i,j. Where gai,’ € [0,1] is called the degree of
membership and &y, € [0,1] is called the degree of non-membership.

Definition 5. [18] Let Fy;», denote the family of all FFMs for all i,j, and A, B € Fy;x, be given as

A= [<Cu,-,-,f5ai]->} and B = [<§br‘j’(5bif>}

then

(i) AVB= %max }gaij,gbﬁ}} ,min ?sa,,.,éhijtﬂ,
(ii) AAB = |{min guij,ghij ,max 5ﬂij"5bij ,
(i) A€ = [{(80,), (@ay))],

(iv) ABFB = \/gﬂ,]+z;3 GayCh,yr 0ay O U> ,

©) AR B = | (2o, /5 70, - 07, )|.

R R
2 ’ 2

3. New operators for Fermatean fuzzy matrices

(vi) A@B =

In this section, we define the new operators for Fermatean fuzzy matrices and investigates the several
algebraic properties.

Definition 6. Let F,, denote the family of all FFMs for all i, j, and let A, B € F;,x, be given as
(i) A$B = < {/ GaiiCbijr {f OaiyO; >} ’

(i) A#B — < V2Gaylhy V2000, > |

TR AR O

For which we shall accept that if ¢ ;= g by = 0 then

;:Oand1f5:5zolthen b _
gﬂij + gbi,' ajj bj; 5a[]. + 5bij

3 3 3
(i) AxB= [(} 7+ Cbi]_ 3 0a; 5%‘
2063, + G5, + 1D\ 2068 + 05, +1)

(iv) A — B = [<max {(5al.j,§hij},min {gaﬁ,ébﬁ}ﬂ.

Remark 1. Clearly, for each two FFMs A and B, [(A@B), (A$B), (A#B), (A % B), (A — B)] are as yet an FFM.
Some basic representations are appear as follows:

3 3
For (i), 0 < 3 21‘1’ + Cgij 531] (sbij Cal, - 521; Ca“ . 53” 1 1 1
L4 _— - =
or (i), 0< 5 + > +— +5=1

2
lé ﬂl] } S 51,:1})1] + ggl] S 1

ij lj

| /\

* For (ii), if 05, > gb and (g > (5b , then 0 < max {62 + min

+73 <1

ﬂlj ll,] —

n {2
)<
}<(53 +G <1
N

If 64, = gb and (g < 519 ,then 0 < max{ég ,@b +min < 23 2; ,5

ij 7

+ min

{ }
} o min {
If 6, < b, and La, > &y, then 0 < max {53 ]} + min {gal] 5
If 6, < b, and Lo, < &y, then 0 < max {5 } {gal B 1< +8 <1
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3 3 340 0 +6
* For (iii), 0 < (,3/6{1,»/@!:,-]-) + (3 0a;;0p;; > = Ca(x)0p(x) + 64(x)0p(x) = “a 5 iy 20 7 b o<
1

-=1
2

N =

3 3
V280, 0, NI 2303 283 63
1] oY) + 1= Yij ij 2 bij ij 'J

P — — A — +
3 3 3 —
Jish +g§;“ 3/03. +5g{, éﬂ,] 8, day oy,
Cay + 3, 5, + %, Gy + 8, Gy + 0,
* For(v),0< 3”—3 e i s <
2+ G, 1) 2(63, +,+1) (éa,,+€b,,+1) 2053, + 6, +1)

Lemma 1. [6] For any two numbers a,b € [0,1], then

e For (iv), 0 < (

a.b <min{a, b} < i(ibb) <Vab<max{ab} <a+b—ab,

and

a+b a+b
b< <210
b ey = 2

Theorem 1. For A, B € F,,xy, we have

(i) A@B = B@A = (A“@BC)¢,
(i) A$B = B$A = (AC$BC)C,
(iii) A#B = B#A = (AC#BC)C,
(iv) AxB=BxA=(ACxBC)C.

Proof. Here, we prove only (i). Others can be proved similarly.
Let A and B be two given FFMs, then

_ +¢ \3/ 8] \/g e \/3 )
N aij b; ajj bjj . b;i ajj b;i ajj .
son— ({5 RN (R AR,

3 3 3\ |
AC@BC = <§/ a; %, \/ Gy + 8 >
2 ! 2 !

3 3\ |

Hence, A@B = B@A = (AC@B“)¢. O

The following theorems are obvious:

Theorem 2. For A, B,C € F,«y, we have

(i) (AAB)@C = (A@C) A (B@C),
(i) (AV B)@C = (A@C) V (B@C),
(iii) (A AB)$C = (A$C) A (B$C),
(w) (AV B)$C = (A$C) Vv (BS$C),
(v) (A AB)C = (A#C) A (B#C),
(i) (AV B)#C = (A#C) V (B#C),
(vii) (ANB)xC=(A*xC)A(BxC),
(viii) (AVB)*C = (AxC)V (BxC).

Theorem 3. For A,B,C € F,«y, we have

(i) (AEr B)@C < (A@C) By (B@C),
(i) (AXp B)@C > (A@C) Ky (B@C),
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(111)
(vi)

(v)
(vi)

e e e

A@pB
AXp B
A@r B
AXr B

(ASC) B (B$C),
(A$C) X (BSC),
(A*C)Hg (B*C),
(A% C)Xf (B*C).

Theorem 4. For A, B,C € F,,«,, we have

(1) (A@B) By C —

(A@B) Ry C =

(A$B) B C <
) (A$B) X C >
() (A#B)E;C <
(vi) (A#B) Ry C >
) (
) (

ii
(iii
(w

(ii)
)

(vii
(viii

A*B)EFCS(AEHFC)*
AxB)NpC> (AR C) *

@(BHFC),
@(BXFC),
BE; C),
B |X|P C)/
#(BEBF C),
#(BX} C),
(BEEFC),
(B C).

4. Necessity and possibility operators on Fermatean fuzzy matrices

In this section, we prove the necessity and possibility operators of Fermatean fuzzy matrices. Then we
compile some relevent properties of these operators are discussed.

Definition 7. [18] The necessity and possibility operators on a Fermatean fuzzy matrix A is denoted by
04, 0Aandis 0A = [ (T, 31— )| oA = [(J1-8,.00,))-

Theorem 5. For A, B € F,, x5, we have

(i) DA@DB = O(A@B) < OA@CB = O(A@B),
(i) O(A$B) < OA$0OB < CA$OB < O(A$B),
(iii) O(A#B) < DA#0B < OA#OB < O(A#B),

(iv) O(A*B) <OA+xOB<OCAxOB < O(AxB).

Proof. Here we prove (i) and (iii). (ii) and (iv) can be proved similarly.

(i) Since

and

So,

(iii) Since

and

So,

O

+ 3 i/ 3 11-¢73
ajj b ajj b,j
O OB =
AenB <\/ 2 7 2 >
3|10, +1-8 50, +6,
CA@OB = ’2 q 12

0 A#0B = <

DA@UB = O(A@B) < OCA@OB = O(A@B).

V@, h-ae-g,

V231 -3 3/1—63 3 -
OCA#OB = [<\[\/7a”\/7 \/E(Sﬂij(sbif > <

</1 — 0, +1-8, ' f/‘sgif +5,

O(A#B) < DA#0B < OA#OB < O(A#B).

The following theorems are obvious:

= 0(A@B),

= O(A@B).

O(A#B),

< O(A#B).
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Theorem 6. For A, B € F,,x,, we have

() 0 [(0A@0B)C| = [0(A@B)]C,
(i) © |(0A@DB)| = [0(A@B)]C,
(i) 0 [(0A$0B)C] = [0(A$B)]C,
(vi) & |(0A$0B)C] = [0(A$B)|C,
(v) O[(0A#0B)C| = [0(A#B)]C,
(i) © [(0A#0B)C] = [O(A#B)]C,
(vii) O '(<>A*<>B)C = [0(A*B)S,
(viii) © (DA*DB) = [0(A*B)|".

[(0AByOB
OA®By OB
©A®By OB

(x)
(xi)
(xii)

@((0A)C Ky DB)]
$
i

(0A)C Ky OB)]
(0A)C Ry OB)|

() [(DA B ©B)C @(DA)C Ky ©B)| v (0A)C = (DA)C,
(i) [(DARE ©B)C@(0A)CHBr OB)| A (DA)C = (DA,
(i) [(DABE 0B)C$((0A)C K 0B)| v (DA)C = (DA)C,
(iv) [(DARE©B)C$((DA)CHEE OB)| A (DA)C = (DA,
() [(0ABr ©B)C#((0A)C R OB)| v (0A)C = (DA,
(vi) [(DARE OB)C#((0A)C By ©B)| A (0A)C = (DA)C,
(vii) | (©ABr OB)C @((0A)C Ky <>B)] V (A)C = (0A)E,
(viii) |(CABrOB) $((DA)CKr OB)| V (CA)C = (CA)C,
(ix) [(0ABr OB)C#((DA)C K OB)| v (0A)C = (0A)C,
( ) v
( ) v
( )¢ v

(
(
In the next section, we state and prove some new results involving implication operator with other FFM

operators

5. Some results of FFMs based on implication operator

In this section, the proofs of the following theorems and corollaries follows from the Definitions 5, 6 and

Lemma 1.

Theorem 8. For A, B € E,;,x,, we have

(i) (A€ = B)@ (A — B)" = (A@B),

(ii) (A — B) B (A — BC)C (AEFB),
(iii) (A — B) Xf (A — BCC) = (AXf B),
(iv) (A = B)$(A— BC) = (A$B),

(v) (A€ — B)# (A — BC)" = (A#B),

(vi) (A — B)“ 8B (B — A) = (ABF BY),

(vii) (A — B)“@(B — A) = (A@BC),
(viii) (A — B)“ ®f (B — A) = (AKX BY),
(ix) (A — B)“$(B— A) = (A$BC),
(x) (A— B)“#(B — A) = (A#B°).

Proof. We prove only (i) and (vi) and remaining can be proved analogously.



Open J. Math. Sci. 2021, 4(3), 10-23 15

(i)
(A€ = B)a@(a - B)"
_ J max {g3,,23 } +min {23,,3, ) J min {878}, } +max {436}, }
5 2
[
P ¢ 2
_ (A@B).
(vi)
(A— B) B (B A)
= [{fmin {23, 3, } + max {53, } ~ min {3, 3, } max {23}, max {40, o, }min {25, 45, }
(B T =B )
— (A BO).
O

Theorem 9. For A, B € Fy,«y, we have

(i) ((ABgB) — (A@B) ) ((A@B) (AHF B)C) = (A@B),

(ii) ((ABFB)C — (A@B)) = ((A@B)C — (A B)) = (AB B),

(i) (A B) — (A@E) €)= ((4@8) ) = (AR B)C)C = (AR} B),
(iv) (AR B)C — A@B )) = ((A@B)C — (AR} B)) = (A@B),

(v) ((AEHFB) (A#B)C)C = (A#B — (A B) C)C: A#B),

(vi) ((AFFB)C — A#B) ((A#B)C — (A B)) = (AB; B),

(vii) ((AXEB) — (A#B)C)C = ((44B) = (AR B)C)C—(A&FB)
(viii) ((A®FB)C — A#B) ((A#B)C — (AR B)) = (A#B),

() ((ABpB) — (438) ) = ((AsB) —>(AEEFB)C)C (A$B),

(x) ((ABFB)C — A$B) ((A$B)C — (ABF B)) = (ABE B),

(xi) (AR B) — (43B) €)= (A$B — (ARpB)C)" = (AR B),
(xii) ((AXEpB)C — A$B) ((A$B)C — (AR B)) (A$B),
(vii) ((ABp B) — (AR B) O = ((A&FB) (ABF B)C)C = (AR B),
(xiv) (AR B)¢ — (ABrB)) = ((ABgB)© (A&F B)) = (ABE B).

Proof. Here, we prove (i), (iii), (v), (vii), (ix) and (xiii). Others can be proved analogously.

(i) Since

3 éaz] €3 3 4

[ 3+ %,
((A B B) — (A@B)C)C = | min { \/gau +€a,] - gﬂ__gai]_ . bij } , max {(5,111517 ij 5 }]

B \3/C;§’ij+€i’ij i/u,1+5
N 2 2

= A@B,
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and

C C 3 211 + gg] 531] + 5 j
((A@B) — (A B) ) = |min f]r </52i]' + ggi/ - ggijggij smax f]féﬂijébi/
\3/ G, +a, i/ 53, + 5,
N 27 2

= A@B.

So,
((A M B) — (A@B)C)C = ((A@B) — (A B)C)C = (A@B).

(iii) Since
3 gtll] g ; 3 521] + 52”

C
((A&FB)—MA@B)C) = |min { 2,y ff , max g/(sg,.].+53 — 83,05, 5

Kg“” by \/5“11 + 8y~ %, ) ]
= ANXr B,

and

o 3 21.- +3 3 (53
((A@B) — (A lEF B)C> - mln %r gﬂ,]é'bl] , Mmax l] \/5a1] + 53 - 521153

- Kgaijgbij’ i/égij + 521; N 52U5‘?U>]
= AXr B.

So,
((A X B) — (A@B)C)C = ((A@B) — (AR B)C>C = (AXp B).

(v) Since

Y20 T 325, 5
(A B) - (as5)C)" = mm{mﬁg@‘ G, },max{%ahq V2o, H

\/ga,] + gb ,3/53” + (53

B <f GayGb; V260,00, >

\/gal] + gb \/(Sau + 51?[]‘
= A#B,

and

c | V2800, /264,61,
A#B ABpB)¢) = y 3 33y, 5,5
(( ) — ( F ) ) _mln{ \/m \/g ij g Ughz]} max{ 3 5311 +(sgij ij bz] }]
] < V2ayly; V20,0, >]

\/ggl] +2, \/fsau +63
= A#B.

So,
((am: B) - (4#B)°) = ((4#B) » (ABr B)C)" = (A#B).
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(vii) Since

V204 0p 3a;;0
((A&FB)—NA#B)C)C: |:x,min{guij€b.j, V2o, } max{\/52]+(53 — 63 (53] V2baydy, }

- [<€ﬂi]' Cbyjr \3/531‘1' + 52:‘1‘ — % 5217 >}

= ANXr B,

and

((a#B) - (A@FB)C)C: {x,min{ V2,5, oo, } { V2ouly 5,0 — o0 H

\/W CIET A

= AN B.
So,
((A Xr B) — (A#B)C)C = ((A#B) — (AR B)C)C = (AR B).
(ix) Since
(a8 B) = (a3B)°)" = [min { /23, + 2, — 03, §/Gas, b omax {0, 3,00, }]
- K v/ GaiiChys §) ‘Sﬂv‘(sbifﬂ
— A$B,
and
((a3B) — (42 BY) = [wmin { 32,2, /23, + 3, — 8,28, b max {360, 60,3, )
= (/a0 {0000, )]
= A$B.
So,
((A M B) — (A$B)C)C - ((A$B) — (ABE B)C)C — (A$B).
(xi) Since
((A X B) — (A$B)C) - [min {gaﬁgbi},, ,3/@1,]@,1.],} , max { \3/ 03, + 83, — 63,03, 13/5[,1],5;,1.].} }
= [(Gayo, /52, + 03, — 3,03, )]
— ARp B,
and
((A$B) — (AR B)°) c_ [min { /2o, G, Cay G, | omax 300,00 300+ 55, — 3,00, H
- [<g”ff Soy {»/(55’1.]. + 521‘;‘ 9, 5i’ij>]
— AR B.
So,

(AR B) — (43B)) " = ((43B) — (AR B)) = (AR B).
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(xiii) Since

((A BF B) — (AN B)C)C = [min { i/gg,j + gg,-]- - é3:‘;‘ 21-,-’ Caffgbz‘j} ,max {5”175”17’ \3/(5317 + 53{; o §2if§gij} }

s i o080
= AKX B,

and

((A Xr B) — (ABE B)C)C - [min {gﬂijgbi/' \3/&%1.]. + gg)z'j B Cgifggif} omax {\3/52ij i 5gij B §gij§2ij,§aij§bij} }
- [<Cuzj€bi/’ {/(531_], T 5’31‘]' B (521./. (Sg"f' > }

= ANXg B.
So,
c\¢ c\¢
((AEHFB)%(AEFB) ) :<(AXFB)—>(AEHFB) ) = (AKX B).
O
The proof of the following Corollaries follows from Theorem 9.
Corollary 10. For A,B € Fuxn, we have ((AKpB)— (A@B)C)S = ((A@B) — (AKFB)C)" =

(AR B) — (A#B))C = ((A#B) — (AR B))" = (AR B) - (A$B)C)
((ABF B) - (AXE B)C)

€ = ((A$B) = (AR B)C) =

@}

= ((ARp B) — (ABr B)C)" = (AR B).

Corollary 11. For A,B € Fyxn, we have ((ABrB)C — (A@B)) = ((A@B)“ — (AHpB)) =
((ABrB)® — (A#B)) = ((A#B)" — (ABrB)) = ((ABpB) — (A$B)) = ((A$B) — (ABpB)) =
((AKpB)C — (ABpB)) = ((ABr B)¢ — (AXEB)) = (AHE B).

Theorem 12. For A, B € Fyxy, we have | (AC — B) 8 (A — BS)“| @ (A€ — B) ¥y (A4 — BC) | = (4@B),

Proof. Since

and

So,

(4 B (4 )] = (Y7, =88, )]

[(AC — B) XF (A - BC)C] [<Cﬂu‘€sz’ \3/5217 * (521‘/ B 52“55'7” '

[(AC N B) = (A = BC)C} @ {(AC = B) X (A N BC)C}

i 3 3
3 3 73 3 73 3 53 3 3 3 £3
3 ( \s/ggij +C by~ Ca;C hi]-) + Cai]-Cbi,- 3 5ai]-‘5bi,» + ({»/5%. + 5b]_]_ — 5”1’]‘5!1,-]-)
- 2 ! 2
i,/ 3+, i/ 53+,
o 2 2

_ (A@B).
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Theorem 13. For A, B € Fy,«y, we have

(A€~ B) @ (a— BC>C> N ((AC — B) R (A — BC)CH
@ K(AC N B> = (A = BC)C> U ((AC - B) X (A = BC)CH — (A@B).
Proof. Since
[((4¢~B) B (A Bc)c) N ((Ac S B) R (A Bc)c)}
= {min { f/@gi]. + égﬁ - géijgiij,ga,.jgbij} ,max {(Sg,.].&ai]., \3/(55,3,,]. + (5517 - (5%/5%}_} }
= |Gty §/33,+ 35, ~ 2,85,)).

and
AC - F c)* A® — B)Xr (A — B
[((a B)EE(A—>B))U<<C ) C)Cﬂ
_ [max { i/ggij + ggz‘j — é;;’ijggij, guijgbij} ,min {(5uij(5bij/ \3/53,']' + 5217 o 521‘]‘51%} }
- K \3/€2ij + ggi}' N ggifggij’éaijébifﬂ '

(2 5) e (a5 ) A (4 > m) o (405
@|((a°~B) B (489 YU ((a° > B) e (4 5)°)]

i 3 3
3 3 _ 73 73 3 73 3 63 3 . 3 _ 3 53
ﬂ (f/é”"f G~ ay ébff) i, j %%, (\3/5”’7 N 5*’1‘1‘)

2 2

\3/ 0+, i/ 53, + 5,
- 2 7 2

=A@B.

O

Theorem 14. For A, B € F,«,, we have

[((ABE B) — (A@B)S)“U (AR B) — (A@B)C)“| U | ((AEr B) — (A@B)C)“ N ((AKr B) — (A@B)C)| =
A@B.

Proof. From Theorem 9, we have
3 3 3 3
C 3 €1+€b 3 5l+6b

((AEEFB)—)(A@B)C) |:<\/ a,2 z]’ 012 ij ,

((A Ry B) — (A@B)C)C - Kg"ﬁgbiﬂ i/égff J”Sgif - ‘Sgr‘j‘sgr‘jﬂ :

and
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So,
c\© )
[((ABpB) — (A@B) ) U((AEF B) — (A@B) )
I 3 3 3 3
3 gu,—- + gbi- . 3 5111“ + 5171--
— |max %, (gﬂ]_jgbij) ,min \/?, \3/(5;3’1.], + (5g'ij - 5‘3”1'513717
B \/ G+, \/ 5, + %,
= > , 7 7
and
. c\¢ c\©
[((ABE B) rightarrow(A@B) ) N ((A Xr B) — (A@B) )
o+ 53,
— |min \/T, (CayGy;) ¢ max y+ i by \/5%4-53 —53,]531
- [<§a,-,§b ,\/5% +8 — 05,0 >}
Hence

{((A M B) — (A@B)C)C U ((A Xr B) — (A@B)C) C} {((A M B) — (A@B)C)C N ((A Xr B) — (A@B)C> C}

B EES
ajj i . all 1] 3 3 53
= | max #, (gﬂijgbij) , min \/5411] + 5bij — (saijébij

\/”u+€b \3/%_'_5 A@B
- 2 ! 2 a )

O
Theorem 15. For A, B € F;;«y, we have
C C C C
[((ABE B) — (A@B)°)“U (AR B) — (4@B)°)“| N [((A®r B) — (A@B)C) "N (A Ky B) — (A@B))| =
AXr B.
Proof. The proof is similar to that of Theorem 14. O

Theorem 16. For A, B € Fy,x, we have ((ABf B) — (A@B)) @ ((AXf B) — (A@B)C)C = (A@B).

Proof. Since

(a8 B — (4@B)) = [(3/, + &, — 35, 00,00, )|

and

(A% B) = (4@B)°)" = [(2a,0s,, /3%, +07, — 0,83, )].
So,

((A Br B)C — (A@B))@ ((A X B) — (A@B)C)C

3
3 (Q/C%ﬁéiij—éﬁﬁéi’ﬁ) + (Cay ;) 3| (00,0, (\/53 +65 —531](531,,)

2 7
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+0, \/ + 63
_ ij @ % \ |
- <\/ A > — A@B.

O
Theorem 17. For A, B € Fyxn, we have ((ABf B)¢ — (A#B)) @ ((AKE B) — (A#B)C)C = (A@B).

Proof. Since

(a8 B — (a#B)) = [(3/23, + 83, — 83, i) |

and
((A%e B) = (4#8)°) " = [(2a,n,, 3/, + 53, ~ 53,83, )]
So,
((A B B)C — (A#B))@ ((A X B) — (A#B)C)C
| (Y38, —a,,]?) b Cagl® | (ayly W%m _53,]53,)3
— y ,
: \/%Jrgh §/a1]+5
S
_ A@B.
O

Theorem 18. For A, B € Fyxy, we have ((ABf B)¢ — (A$B)) @ ((AKE B) — (A$B)C)C = (A@B).

Proof. Since

(A8 B)C = (43B)) = [(3/ad, + &, — &4y, 0us0ny )]

and
((A%e B) = (43B)) " = [(2ayn,, 3/, +55, — 08,57, )].
So,
((A Br B)C — (A$B))@ ((A X B) — (A$B)C)C
3(7@%#5&;@%@3) T (Gayln,)® | (G (Wu,]m —531]53,)3
_ ; ,
:\/ﬂﬁgh §/a11+5
)
_ A@B.
O

Theorem 19. For A, B € Fyyxy, we have (AR B)C — (ABr B)) @ ((ABF B) — (ARp B)C)C = (A@B).

Proof. Since

(8 (4 ) = (78, )
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and

((A Br B) — (A B)C>C - Kgﬂiigbﬁ' </5ng + 51?1‘/ B 52"/'52fj>] '
So,

(AR B)C — (AS B)) (A B) » (ARp B)C)

3 3
X <</€g"f + ggij B ggi}ggzj) + (g‘lifgbii)3 ’ (5"1'1'5’71'1’)3 + ({)/52’7 + 521‘]‘ N 521’}‘52:7 )
2 ! 2

i,/ 3+, i/ 53+,
N 2 2

= A@B.

O

6. Conclusion and future scope

In this paper, some new operators [(A$B), (A#B), (A * B),(A — B)] of Fermatean fuzzy matrices are
defined and investigated their several algebraic properties. Further, the necessity and possibility operators
of Fermatean fuzzy matrices are proved. Finally, we have identified and proved several of these properties,
particularly those involving the operator A — B defined as Fermatean fuzzy implication with other operators.
In further research, we may apply these operators in the field of different areas, for example, dynamic
decision and consensus , business and marketing management, design, engineering and manufacturing,
information technology and networking applications, human resources management, military applications,
energy management, geographic information system applications etc.
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