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Q-RUNG PICTURE FUZZY MATRICES
I. Silambarasan

ABSTRACT. The g-rung picture fuzzy matrix model, superior to picture and
spherical fuzzy matrix models, broaden the space of uncertain and vague in-
formation due to its outstanding feature of vast depiction space of admissible
triplets. In this paper, we introduce g-rung picture fuzzy matrices (q-RPFMs)
and discuss several properties. Then some algebraic operations, such as max-
min, min-max, complement, algebraic sum, algebraic product are defined and
investigated their desirable properties. Further, scalar multiplication (nA) and
exponentiation (A™) operations of a g-RPFM A using algebraic operations are
constructed, and their desirable properties are studied. Finally, we define a
new operation(@) on g-rung picture fuzzy matrices and discuss distributive
laws in the case where the operations of @4, ®q, Aq and V4 are combined each
other.

1. Introduction

The concept of an intuitionistic fuzzy matrix (IFM) was introduced by Pal
et al. [11] and simultaneously Im et al. [3] to generalize the concept of Thoma-
son’s [27] fuzzy matrix. Each element in an IFM is expressed by an ordered pair
(Cary»0a,, ) with Ca,;, 64, € [0,1] and 0 < a,; +da,; < 1. Since the presence of IFM,
a few analysts have significantly added to the improvement of Fuzzy matrix, IFM
hypothesis and its applications 4, 5, 7, 9, 8, 10, 11, 13, 14, 15, 12, 16, 17].
Now and again a portion of their participation degrees are better than 1. In such
a circumstance, to accomplish a sensible result IFM falls flat. In this way, man-
aging such circumstance [18, 21] in 2020, established the concept of Pythagorean

2010 Mathematics Subject Classification. 03E72, 08A72, 15B15.

Key words and phrases. Intuitionistic fuzzy matrix, Pythagorean fuzzy matrix, g-rung Pic-
ture fuzzy matrix. Algebraic sum, Algebraic product, Scalar multiplication, Exponentiation
operations.

Communicated by Andrzej WALENDZIAK, Siedlce, Poland.

569



570 I. SILAMBARASAN

fuzzy matrices (PyFM) by assigning membership degree say (,,; along with non-
membership degree say d,,, with condition that 0 < Cgij + 53” < 1. After the
introduction of PFM, Fermatean fuzzy matrix, Generalized orthopair fuzzy matrix
theory, we have developed [19, 20, 21, 22, 26].

Cuong [1] introduced picture fuzzy set (PFS) model in 2013 as direct exten-
sion of intuitonistic fuzzy sets, which may be adequate in situations when human
opinions are of types: yes, abstain, no, refusal. Picture fuzzy set gives three de-
grees to an element named; degree of positive membership p : X — [0, 1], degree
of neutral/abstinence membership 7 : X — [0, 1], and degree of negative mem-
bership ¢ : X — [0, 1], under the condition 0 < ((z) + n(z) + §(z) < 1, where
¢(z) =1 — ({(x) +n(x) + d(x)) is the degree of refusal membership. Dogra and
Pal [2] construction of picture fuzzy matrices (PFM) is of exceptional reputation
but decision makers are some how restricted in assigning values due to the condi-
tion on 7,,;, Ca;; and dy,;. In [23, 24], some algebraic operations of Picture fuzzy
set and matrices are defined and their desirable properties are proved. Sometimes
sum of their membership degrees are superior then 1. In such situation, to attain
reasonable outcome PFM fails. To describe this situation, we take an example,
for provision and in contradiction of the membership degrees. The alternatives are
0.2,0.6 and 0.6 respectively. This gratifies the situation that their sum is superior
then 1 and PFM fails to deal such type of data. Dealing with such kind of circum-
stances, we proposed new structure by defining spherical fuzzy matrices (SFMs)
which enlarge the space of membership degrees 7q,;, (q,; and d,,; somehow bigger
than that of picture fuzzy matrices. In SFM, membership degrees are satisfying
the condition 0 < (:g” + ng” + (53”_ <1 [25].

Li et al. [6] studied the conception of -rung picture fuzzy set (q-RPFS) with
constraint (9 + n? 4+ §7 < 1 in 2018. The proposed g-rung picture fuzzy ma-
trix not only express the degree of neutral membership, but also relax the con-
straint of Picture and spherical fuzzy matrices. The lax constraint of g-RPFM
0<¢d, +nd, +38 <1(g=1)can be considered as its eminent characteristic.
As q increases, the representation space of acceptable triplets membership grade
increases. Thus g-RPFMs can provide more stronger model ability, more flexibility,
freedom and sophistication for a system modeler in representing their understand-
ing of concept. For instance, if a decision maker provides the degree of positive,
neutral and negative memberships as 0.7, 0.5 and 0.6, respectively. It is readily
seen that 0.7+ 0.5+ 0.6 < 1 and (0.72)2 + (0.52)2 + (0.62) > 1. Thus this situation
can neither be illustrated by PFM nor by SFM. However it is appropriate to apply
¢-RPFM since (0.7)7 4 (0.5)9 + (0.6)7 < 1 for sufficiently large q. Thus -RPFM
model is considerably close to human nature than that of earlier concepts. More-
over, the concept of interdependence of membership functions ¢, n and § makes this
notion more close to real world situations.

The part of this paper is as follows. In section 2, Preliminaries. In section
3, gq-rung picture fuzzy matrices and its algebraic operations are defined and their
desirable properties are developed. In section 4, we define a new operation(@) on
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g-rung picture fuzzy matrices and their algebraic properties are investigated. We
write the conclusion of the paper in the last Section 5.

2. Preliminaries

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

DEFINITION 2.1. ([11]) An Intuitionistic fuzzy matrix (IFM) of order m x n is
defined as A = ((a,;» 0a,, ) Where o, € [0,1] and d,,, € [0, 1] are the membership
and non-membership values of the %" element in A satisfying the condition

0 < Cay; +0a;; <1
for all 4, j.

DEFINITION 2.2. ([18, 21]) A Pythagorean fuzzy matrix (PyFM) of order
m x n is defined as A = ((Ca,;,0a,,)) where (,,; € [0,1] and &,,, € [0,1] are the
membership and non-membership values of the ij" element in A satisfying the
condition

0< ¢ +02 <1

Qjj Qijj

for all 4, j.

DEFINITION 2.3. ([2, 23]) A Picture fuzzy matrix (PFM) A of the form, A =
({Cas;+Mas;0as;)) of a non negative real numbers Cq,;, Na,;,0a;, € [0,1] satisfying
the condition

0< Caij + Na,; + 5aij <1
for all 7, j. Where (4, € [0,1] is called the degree of membership, 7,,, € [0,1] is
called the degree of neutral membership and d,,; € [0,1] is called the degree of
non-membership.

DEFINITION 2.4. [25] A spherical fuzzy matrix (SFM) A of the form, A =
(<Cai].,77aij,5ai].>) of a non negative real numbers (q,;,%4,;,0q,; € [0,1] satisfying
the condition

0< (G, +mi, +05, <1
for all 4, j. Where (o, € [0,1] is called the degree of membership, 7,,, € [0,1] is
called the degree of neutral membership and d,,, € [0,1] is called the degree of
non-membership.

3. g-rung picture fuzzy matrices and their basic operations

In this section, g-rung picture fuzzy matrix and their algebraic operations are
defined. Then some algebraic properties, such as idempotency, commutativity,
associativity, absorption law, distributivity and De Morgan’s laws over complement
are proved.

Now, we are going to define Algebraic operations of g-rung picture fuzzy ma-
trices by restricting the measure of positive, neutral and negative membership but
keeping their sum in the interval [0, 1].
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DEFINITION 3.1. A g-rung picture fuzzy matrix (¢-RPFM) A of the form, A =
({Cas;>Mas;»0a,,)) of a non negative real numbers Ca,;,a,;,0a;, € [0,1] satisfying
the condition

Qjj

0< ¢, +ni, +64

aij

for all i, j. Where (,,, € [0,1] is called the degree of membership, 7,,, € [0,1] is
called the degree of neutral membership and d,,; € [0,1] is called the degree of
non-membership.

_ | (0.7,0.5,0.6) (0.2,0.4,0.2)
EXAMPLE 3.1 A =1 03704,02) (0.4,0.4,0.2)
it A is a g-RPFM.

Each element in an PFM is expressed by an ordered pair <Cai_,»a77ai_7~75a7;j> with
CasssMay; and dq,; € [0,1] and 0 < Cayy + Nay; + day; < 1. It was clearly seen
that 0.7+ 0.5+ 0.6 > 1, and thus it could not be described by PFM. To describe
such evaluation in this paper we have proposed g-rung picture fuzzy matrix (g-
RPFM)and its algebraic operations. Each element in an -RPFM is expressed by
an ordered pair (Ca,; s My, + 0as; ) With Ca,,,7a,, and dq,, € [0,1] and 0 < G, tnd, +
g, < 1. Also, we can get (0.7)7 + (0.5)7 + (0.6) < 1 (¢ = 1), which is good
enough to apply the g-RPFM to control it.

is not a PFM, SFM, but

DEFINITION 3.2. The g-rung picture fuzzy matrices A and B of the form,
A= (<<aij’naij750ij>) and B = (<<bij7nbiﬂ§bij>)' Then

o A< BIift Vi, j,Ca;; < CoijoMas; < Mgy OF Tag; = Mbij Oasy 2 Ob,

o A9 = (<5aij7nau’<aij>)
A \/q B = (<maX (Caij ) Cb”) 7min (nai]‘ ) ’rlb”> 7min (60,”' b 5b1J)>)
ANg B = ((min (Cam J Cbi]‘) min (nau ) nbm) , ax (5‘17‘4 ) 5{,”)>)
A @q (<\/Ca” + Cb” CGLJCb.vanaijnbij‘aéaijabij>)
A0y B = ((Gauy oy s + 18, — b, 308, + 57, = 98,5,) ).

DEFINITION 3.3. The scalar multiplication operation over g-RPFM A and is
defined by

nA = (< Y1 =1 =G, May]™s [6aij]n>)

DEFINITION 3.4. The exponentiation operation over ¢-RPFM A and is defined
by

"= (o " Y/ T= =7 ¢/ T= L= 60,]7)).

Let S, xn denote the set of all the g-rung picture fuzzy matrices. The following
theorem relation between algebraic sum, and algebraic product of g-RPFMs.

THEOREM 3.1. For A, B g-rung picture fuzzy matrices, then A®, B < A®y B
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A ®q B (<<a” Cb”a \/Wa” =+ Ubu 77a1] 771) ) \/5a7] + 51(711.1. - 531']' 5ZU >)

Assume that

ie

ie

which is true as 0 < ¢7 .

i.e

i.e

which is true as 0 < nq

ie

ie

which is true as 0 < 53”_

CaryGouy < {8, +CE, — G, CE,
Caq‘,ijij - {/Cgij + Cg” - Cgingij >0

a” (1 - Cb )+ Cl?”(l - Cgij) > 0
\1and0\(gij <1 and

Na;; b, ; < {/773”- + 7713” - ngi]‘ng”

77aij T]bij - {/T]g” + ’r]gl] - ngw 771?” 2 0

nd, (L=mny ) +n (L—ni ) >0
gland()gngv_ <1 and

\/6(1” + 6;’11']‘ N 63“ 651‘.7‘

Sar;Obs; — \/5% +0f. fagwaq >0
64, (1= 07 )+ (1—5q e

Qij

\1and0\(5gij < 1. HenceA®qB<A@qB

THEOREM 3.2. For any q-rung picture fuzzy matriz A, then

(i) Ap, A= A,
(i) Ay A< A

PROOF. (i) Let A ®g A = ((CasyMas;»0as;)) B ({Casy>Masy+ Oas, )
A @q A= (< v 2Caij - (Caij)q ("7[11-]' )q’ (6aij)q>)

\/QCa” Ca” = \/Cai7 + Ca”( - Caij) = Cai,j for all 4, j
and (7a,;)? < Na,; for all i, j and (0q,;)? < dq,, for all i, j. Hence A@, A > A.

Similarly, we can prove that (ii) A ®, A < A.

THEOREM 3.3. For A, B and C' ¢-rung picture fuzzy matrices, then
(i) Ay B=Ba@, A,

(i) A®y, B=B®,B,

(i) (A®y B)®, C=A®, (B, C),

(iv) (A®yB)®,C=AQ,(B®,C).

ProoF. (i) A®, B

= (6t + ¢, = GGl s 0,00, )
= (< {/Cbi_,» +Gaiy — Cbij Caiy> Mos; Masy b O, >)

573

d
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— B, A.
(i) A@g B = ({CaryCouys {/mls, + i, —mbmi . /08, + 05, — 38,37 ))
= (<Cbij Caijs {/ngij + 7, — ngij s {1/61:7 + 04, — (sli,j da, >)

= B®, A.
(iii) (A ®q B)®, C

- (< ({/{3“ + Cgij = Gy Cgij ai; b » Oa; 5bi]‘) Dq (Ccz‘j $Meiys Ocyg ) >)
ﬁ%W%+%—%@f+%—W@+%—%@f@,

nai]' 77bij T]Cij ’ 6&,‘,]' 61)“ 50”
= [ofct, + ¢, + ¢t -l

jc:gig - Cgi,j ngg - Cg” Cgm + Cgi,j Cg” ng‘,j7

naij 77b¢j 770”- b 6(1” 51)” 60”'

= |:</Cgij + Cg” + Cgij - Cgijclij - ngcg” - Cgmggu + Cgijgg,,jggij»

Nai;jMbi;Neij» 6aij 5bij 651’]‘
48, (B&,C)

_ [\/ ¢+ (g/ggij +¢, -G cgij)q — ¢, W G+t =l Céi,.)q,

naijnbijncij ’ 6(11']'61)1']' 56”']
= [{/Cgu + Cg” + C(q” - Cgugl?” - Cguggzg - Cg”Cg” + Cguggucg”a

naij 77b¢j ncij ) 6(1” 51)”' 6cij:| .
Hence (A®y B) ®yC = A®y (B®, C).
Similarly, we can prove that (iv)(A ®, B) ®, C = A®, (B ®, C). O

THEOREM 3.4. For A, B g-rung picture fuzzy matrices, then
() A, (A®,B)> A
(i) A®y (Ad, B) < A.

PROOF. (i) Let A®, (A®, B)
= (Gars Moy 000y )) & (G s s + 18, = mb oo 408, + 6, — 04,01, )
- [\q/ggij + LG — 1 G a, [(/ Mas; + gy = Masi My, ]
b 100, + 6, 08,00,
= [ ¢fct, +chuct, = )ma, (¢ — L=t )t —ni ).
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0a,, (\/1 —[1— 08,0 - o ]) } > A
Hence A®, (A®, B) > A.
Similarly, we can prove that (ii) A ®, (A&, B) < A. O

The following theorem is obvious.

THEOREM 3.5. For A, B g-rung picture fuzzy matrices, then
(i) AvqB=BV4,AE,

(i) ANy B=BANg A

THEOREM 3.6. For A, B g-rung picture fuzzy matrices, then
(i) A By (B Vg C) = (A By B) Vq (A Dq 0)7

(ii) A®q (B ' C) = (A ®q B) Vg (A ®q )

(i) Ay (BN C)=(Adg B) Ny (A, C),
(iv) A®q (BN C)=(A®qB) N (A®,C).
PROOF. In the following, we shall prove (i), and (i) — (iv) can be proved
analogously.

(i) A®, (BV,C) =
W ¢h, +max (. ¢8, ) = ¢, .maxc (L ¢8, ).
My 03X (1) Oy 02X (85,0, ) |
= [\/ max (Cfi-j + Gy Car, + Céﬂj) — max (ggij Gt Cg”_)’

min (nai]‘ Mbijs Nas; UCij) , min (5%]‘ 5171‘]' ) (saij 501’]’) ]

C),
C

= [\q/max <<gij + Cg” - Cgi]‘ Cg” ) Cgij + gcql] - Cgij Cgij)7

min (ﬂai_,» Mbij»> Nas; 7761‘.7‘) , min (5011.7‘ 61’1‘.7’ ) 6aij 5%‘) }
=(A®,B) Vv, (Aa, C). O

THEOREM 3.7. For A, B g-rung picture fuzzy matrices, then
(i) (AnNgB)®,(AVyB)=Ag,B,
(i) (ANgB)®q (AVyB)=A®,B,
(ii) (A®y B) Ay (A®, B) = A®, B,
(iv) (A®y B) Vq (A®q B) = A&, B.

PRrROOF. In the following, we shall prove (i), and (i) — (iv) can be proved
analogously.

() (ANg B) &4 (AVy B)

gfmin (et )+ ma (62,.62,) —min (62,68, ) (61, ).
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max (Ir]aij ) nbij) .min (nai]‘ ) nbz‘j) ’ max (§aij ) 6bij) .min (5aij ) 6bij)
= (< {/Cgij + Cg” - Cgi] Cg” y Nai;TIbsj 6aij 6bij >)
— Ae, B. 0

In the following theorems, the operator complement obey th De Morgan’s laws
for the operation @, ®, Vq, Aq.

THEOREM 3.8. For A, B g-rung picture fuzzy matrices, then
(i) (A®, B)¢ = A° ®, B,

(ii) (A®,B)¢ = A% @, B,

(iii) (A®, B)¢ < A% @, B,

(iv) (A®, B)° > A® ®, BC.

ProoF. We shall prove (#i7), (iv), and (%), (#4) are straightfforward.
(i6) (A &, B)E = ((Fus,Gon,» /s + i, =t ok, + G, = i)
A€ @y BE = (4ot + 0f, = 08,00, 1wy sy Gars oy ) ) -

Since (5(11._7,(51,1.]. < (1/63”. + 521” - 5gij 5;,1,].» we have ¢ ngij + 77;)1“ - 773“77;)1” > Na;;Mb;
and g/ggij + G —C,GL > Cayy G, Hence (A®, B)C < A @, BC.

(iV) (A Qq B)C = (< g/égij + 52”. - 5gij5gij , ’rlaijnbijvcaij Cbu>> .

AC @y B = (B0, /iy + i, — i ¢/0, + G, — GG D) -
Since a (53U + (Sg” - 5:%” 6;)]” 2 5aij 517”'7 we have nai]‘nbij < {/ngij + ng,] - ngij ng@,
and (g, Cp,;; < {/Cgtj + C{,{.j - Cg,;jcgij. Hence (A®, B)® > A ®, BC. O

THEOREM 3.9. For A, B g-rung picture fuzzy matrices, then
(i) (A9)“ =4,
(ii) (Av, B)¢ = A A, B,
(iii) (AN, B)Y = A® v, BC.
PROOF. (i) is obvious.
We shall prove (ii) only,
AVyB = (<max (Cai,- ) Cbij) ; min (naij ) nb'ij) , min (6%1 ) 6bij)>)
(Av,y B)Y = ({min (Oasy»0b,, ) s min (a5, ) s max (Cayy oy ) )
It implies A© = ((ba.;>Mas;Casy ) and B¢ = ((8bs s s+ Csy ) - from here it follows
A€ Nq B¢ = (<min (6111'3' ’ 6%‘) ; min (naij ) leij) , nax (Cau ) Cbij)>) :
Hence (AV, B)¢ = AY A, B©.
Similarly, we can prove that (iii) (A A, B)® = A° v, BC. O
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Based on the Definition 3.2, definition 3.3 and Definition 3.4., we shall next

prove the algebraic properties of g-rung picture fuzzy matrices under the operations
of scalar multiplication and exponentiation.

THEOREM 3.10. For A, B g-rung picture fuzzy matrices, then n > 0,
(i) n(A®yB) =nA&,nB, n >0,

(i) nA®gnaA = (n1+n2)A, ni,ng >0,

(ii) (A®y B)" = A" ®, B", n >0,

(iv) A} @, A3 = A(mFn2) ny ny > 0.

ProOF. For the two -RPFMs A and B, and n,ni,ns > 0, according to defi-

nition, we can obtain

I
3 T~

-

(i) Let n(A @, B)

=n ({ \/c% G, = GGl Moy oy By, ) )

YT 0= CL T = CL T, oy, 1" B, 00,17

< of1- [1 — Gl + G = GG T s o 1™ By 80,17

((VIT=E= LT o, )" 8, ]") @ (/1= 10— G 1 I )7 60,]7) ) )

\/ (L= b= =gt = (== (1= =g m)
(Ma; Moi; 1" [0as; 06,5 1" }

< ¢/1—[1— Cgij}"[l - Cbij]nv [naijnbij]n’ [5%]56 A" >)

W L= (0=l + G = GG 1™ a7 B 00,17 ) )

(A®q B).

(i) n1A @4 noB

T[T = CE, T, oo, ™ B, 1™ )

(V== CIT= oy )2, 0,0 |

= [{/1 —[1- ggij]nl +1-]1- ggl_j]m _ (1 —1- Cgij]m) (1 - Cgij]ng)’

(

P, 1" 1,172, 00, 17 80, 172
<€/1 - [1 - ng}nﬁnz» [naij]n1+n2a [5aij]n1+n2>)

= (nl + n2)A

(i) (A @y B)" = | (Cary o)) "y Uk kI
\/1 — [ =0, + 5(1»,- — 04, 521‘1]”}
- |:(<aij<lh‘j)n7 {/1 o [1 - ngij]n[l - ngij]n’ 1- [ 63”]”[1 - 5;3”]” }

A" @, B" = [(Caw G,)"
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f/l —nl L= (= =) (1= =),

</1 — 6, n 1 -1 = (1—[1—64,]") (1 - 5gu]n)]
S <a”<b” "= - ) - - 0 -8 )

= (4@ B

(1) A™ @y A™ = [ (Gay)" 7,

==+ 1= [ Jm — (1= (L= ) (1= 1= 98, ]n2),

P1=10= 8, + 1= = 08,2 — (1= (1= 88, ™) (1= [1 - 84, ]"2) |

- (<(C“”)m+n2 /L= U=, 1= 1 - 5313,-]m+n2>)

— A(nitnz)

Hence proved. U

THEOREM 3.11. For A, B ¢-rung picture fuzzy matrices, then n > 0,

(i) nA<nB

(ii) A™ < B™.

Proor. (i) Let A < B. Then (,,, <
for all 4,j. Further on W <
[6a;;]™ = [0p,,]". for all 4, 5.

(ii) Also, we have [(4,,|" > "and /1 —[1—na,|" < ¢/1—[1—n ] and
Y1 —[1—d4,]" < ¢/1—-[1-6 ]",foralli,j. d
THEOREM 3.12. For A, B q-rung picture fuzzy matrices, for n > 0, then:

(i) n(ANg B) =nANgnB,
(ii) n(AVyB) =nAVynB.

PrOOF. (i) n(A A, B)
[/ 10— mim (6, ) (s, ) s (6, )
[</1 — [max (1 — ¢, 1- Cf,,,j)]%max (a1 [, s max ([8a,,]" [00,,]") }
= [gfr= (o (1=t 1= 1, ) ) (7 s ).

max ([5aij]nv [51;”-]”) ]

= [ (yT=T =G == G177,
max ([na,, )", [, ]") s mase ([6a,,)", 8,,1") |
=nA Ny nB. Hence n(A N, B) =nA NynB,
Similarly, we can prove that (ii) n(A Vv, B) = nA VvV, nB. O

Cb” and Na;; > Mb; 5 and 5aij = 51)1‘]‘
/1 — 1 _Cb nai]‘]n 2 [771)1,]” and
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THEOREM 3.13. For A, B g-rung picture fuzzy matrices, for n > 0 then:
(i) (AngB)™ = A" N, B,
(ii) (AvygB)" = A"V, B".

PROOF. (i) (AN, B)"

[min ([Cau]na[(bi,] \/ [max (1 )]n’

(/1—[max( — 04,1 — 0 J) }
[min([Ca} [Cb:5]™) \/1<mm<177“ : ngw]n»’

</1 — (min ([1 - 631;]‘]”7 [1- 51(311-]»}”))}
= [min ([Caij}n’ sz]]n) , max (m’ m) ,

A" Ng B™

(¥ vy e,

(o1 1= T 1 1= T =017
[mm([cau} G e (Y T=TT= T g/ 1 - L=, 7).
max(m W)}

= (AN, B)"
Hence (A A, B) = A" Ny B",
Similarly, we can prove that (if) (AVvyB)" = A"V, B™. O

THEOREM 3.14. For A, B q-rung picture fuzzy matrices, n > 0, then
(A, B)" + A" &, B".

ProOF. Let (A®, B)"

_ [(;/czwcg”—cgijcgi) T 1 T - 0T

4 = (o, T= T =T, T= =00, T7))

=(<[<bi,-rzu—u—nm o))
)

A @q B"

[ofica b+ Lag, b = Lz ot 1o, (v/T=T=t, 1) (- =17
(q1—[1—5§{”] )n.(u—[ — 8T ] )n}
Hence (A @, B)" # A" &, B™. O
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4. New operation (@) on g-rung picture fuzzy matrices

In this section, we define a new operation(@) on g-rung picture fuzzy matrices
and proved their algebraic properties. Further, we discuss the Distributive laws in
the case where the operations of @, ®,V, and A, combined each other.

DEFINITION 4.1. A g-rung picture fuzzy matrices A and B of the form, A =
(<<ai.7‘777a7:j’5az‘j>) and B = (<Cbij377b7’,j75bij>)' Then

q q
A@B — aLJ +Cb q ngz] +"7b1] 63” +6b”
2 ’ 2 ’ 2

REMARK 4.1. Obviously, for every two g-rung picture fuzzy matrices A and B,
then AQB is a g-rung picture fuzzy matrix. Simple illustration given: For AQB,

Gy + oy, Mgy + Moy Dy + 00,
0 2% ij ij i ij ij d
5 + 5 + 5 an
< ch,j + Naz; + 6(11',;' + Coi; + My + 55137‘ < 1 } 1.
= 2 2 T2 2

THEOREM 4.1. For any g-rung picture fuzzy matriz A, then AQA = A.

g, T T e 0% +6g
PrROOF. AQA = << = C“ W ij J>>
ﬁ \/W (3T,
B 2 AWV 2 )V e
263, 2nq,, 203,
-((5552)

= (<Caijanaij76aij>) . Since Cgij < Caij7ngij < naij7agij < 6041‘]‘
= A O

REMARK 4.2. For a,b € [0, 1],then ab < “£2, ¢t < a + b — ab.

THEOREM 4.2. For A, B g-rung picture fuzzy matrices, then
(i) (A, B) Vv, (AGB)=A®, B

(ii) (A®y B) A, (AQB) = A®, B

(ii) (A®y B) Ay (AQB) = AQB,

(iv) (A®q B) V4 (AQB) = AQB.

PROOF. we shall prove (i) and (iii), (ii) and (iv) can be proved analogously.
(i) (A@, B) vV, (A@B)

o Sy + G, oM,
% ) min Na;;Mb;; > % ’

= lmax \/Ca” +Cb _Caucb ’
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q 6gij + 61(71” ]

min | dq,;0p

ij? 2
= (< {/Cgij + Cl(i] - Cg” Cg” yNai;Tb; 6%]' 6bij >>
— A, B.
(iii) (A &, B) A, (AQB)
q ng] + Cgij q ngu + T]Zij

_ : q q q ~q
min {/Caij + Cbij - Caij Cbij? 92 , max 77a,-j anjj? 2 )

max | da,,0p,;, 5

= <</ i, + G, \1/ My + M, (/ ‘53i]‘+‘5§w> — AQB a
2 ’ 2 ’ 2 o '

REMARK 4.3. The g-rung picture fuzzy matrix forms a semi-lattice, associa-
tivity, commutativity, idempotent under the g-rung picture fuzzy matrix operation
of algebraic sum and algebraic product. The distributive law also holds for &4, ®,
and Ag, Vq, @ are combined each other.

a 531‘;’ + 521‘]‘ ]

5. Conclusion

In this paper, g-rung picture fuzzy matrices and its algebraic operations are
defined. Then some properties, such as idempotent, commutativity, associativity,
absorption law, distributive, De Morgan’s laws over complement are proved. Fi-
nally, we have defined a new operation(@) on g-rung picture fuzzy matrices and
discussed distributive laws in the case where the operations of @4, ®4, Ay and V,
are combined each other. This result can be applied further application of g-rung
picture fuzzy matrix theory. For the development of g-rung picture fuzzy semi-
lattice and its algebraic property the results of this paper would be helpful. In the
future, the application of the proposed aggregating operators of q-RPFMs needs
to be explored in the decision making, risk analysis and many other uncertain and
fuzzy environment.

Acknowledgement. The authors would like to thank the reviewers for their
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