International Journal of Multidisciplinary and Current
IJMCEﬁ Educational Research (IJIMCER)
ISSN: 2581-7027 ||[Volume|| 4 ||Issue|| 2 ||Pages 264-271 ||2022]|

INTERNAL CUBIC PICTUR‘E FUZZY SOFT MATRICES

LV. Chinnadurai and 2S. Madhanraj

12Department of Mathematics, Annamalai University, Annamalainagar-608 002, India

ABSTRACT: In this manuscript, we scrutinize the P-ordered and R-ordered internal cubic picture fuzzy soft
matrices(ICPFSMs), which is a sequel expanded concept of cubicPicture Fuzzy soft matrix (CPFSM).
Furthermore, some desirable properties on P-order and R-order oflCPFSM are investigated.
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l. INTRODUCTION

Zadeh[11] introduced the theory of Fuzzy set, consequently he studied the concept of interval-valued Fuzzy sets
to capture the uncertainty of membership values. Atanossov’s[1] proposed the concept of intuitionistic fuzzy
sets(IFS) can deal the incomplete information of both the truth membership and non-membership values
respectively. In 1999, Molodtsov[10] approaches the theory of Soft Set(SS) which has a rich potential
formodelling uncertainty and vagueness. Maji et al.,[9] introduced the concept of fuzzy soft
set(FSS).Picturefuzzy set(PFS) was introduced by Cuong[2], which is appropriate for such a situation.Dogra
et.al.,[7] proposed to represent the Picture fuzzy matrix(PFM), which play an important role for new research in
mathematical science and technology.June et.al.,[8] studied the concept of Cubic Sets(CSs) which was very
appropriate for such a situation. Cubic soft matrix(CSM) was utterly new concept that was coined by
Chinnadurai and Barkavi[3,4,5], they also extended this concept into internal and external cubic soft matrix and
some of its theoretical properties are investigated by them. In recent years, Chinnaduraiand
Madhanraj[6],defined cubic picture fuzzy soft set(CPFSS) and cubic picture fuzzy soft matrices(CPFSMs).In
this manuscript our intention is to define theP-order and R-order of internal cubicpicture fuzzy soft Matrices.
Furthermore, we scrutinized some desirable properties of ICPFSM.

1. PRELIMINARIES
Definition 2.1.[7]Let U be a non — empty set, E be a set of Parameters, A cubic Soft set over U is defined as a
Pair (F, A) where F: A — P (U) and A c E, then the Pair (F, A) can be represented as, (F, A) = {F(e) / e € A},
where F(e) = {<u, I, (u),I, (u)>/u e U, e € A} is as interval valued fuzzy set and I,(u) is a fuzzy set.

Definition 2.2. [7] Let U be the Universal set and E be the a set of parameters. A Cubic soft set (F, A) = F(e) =
{<w,L(w),I,(w) >/u € U,e € A} over U is set to be an Interval Cubic Soft set if [, (w) < I, (u) < I (w)for all
e e Aandforallu eU.

1. INTERNAL CUBIC PICTURE FUZZY SOFT SETS AND INTERNAL CUBIC
PICTURE FUZZY SOFT MATRICES
In this section, we define an Internal cubic picture-fuzzy soft setsand Internal cubic picture-fuzzy soft matrices
and its order relations are discussed.

Definition 3.1. Let U be a non empty set, E be a set of parameters and A < E. An Internal cubic Picture Fuzzy
Soft Set over U is defined as a pair (F, A), where F: A — PY, (F, A) = {F(e) / e € A}, where F (e) = {<

[1“ T ]1“ ><[1’3 4 ]1’3 ><[17 i ]17 >} Also satisfying the condition 1% . < % = <
~F(e)’'F(e)|'F(e)r ~F(e)’'F(e)|'F(e)y’ ™’ ~F(e)’'F(e)|'Fe)’ ~ J so satisfying the con on ey = Ipey =

¢ B B 7 4 4 7
IF(E)’lF(e) = IF(e) = IF(e)’lF(e) = IF(e) = IF(E)'

Definition 3.2. The complement of an ICPFSS (F, A) denoted by (F, A)¢ is defined as,

o -B

(F, ) = {< 2, [ Loy 0, ey (O] oy (00, >, < [ 180y @), Ty (0| 1 () >,
-

< [L‘,Z‘(e) (), Ip(e) (x)] Iy (x) > Vx € Uande € A}
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Definition 3.3. Let U = {uy, Us...., up}Universal set and E = {ey, €...., en} be a set of parameters and Ac E,
then the internal cubic picture fuzzysoft matrix (F, A) is represented in matrix form as,

[Ph Ph ... P
|P2’1 PL ... sznl
=[Pil=| |
lP,’nl PL, ... P,ﬁmJ

Where, IP = [P]] - (< [I ]'Igu] [igtj'lgu] [I}I/JU'I u] >)

( [_azj'_azl]’ aij =< [—BU’IBU] Iﬁ” > < [Iy”'lw vy )SinCEi=1 2,...,mj=1,2,

Where,[{ju S Lo S Ui Iy < 1oy < 1, I < I < 17 and also satisfies the condition,0 < Im] + Iﬁl]

P
I;; <1, thenIfisan (mxn) ICPFSM

Definition 3.3. Consider the ICPFSM

{[< [ U,_au b >< [_ﬁu,lﬁu] IB” >, < [Iy”,ly” vij }(m , then the complement of the

ICPFSM is,(I2)° = {< 153, Tyi; | 15 >, < [153;. Taus ] 16y > < [L';”,Im]], P }(mxn)

Example 3.4.

< [0.20,0.30],0.25,0.10,0.40],0.37, [0.12,0.30],0.16 >
I = |< [0.30,0.40],0.32,[0.11,0.30],0.23,[0.15,0.30],0.29 >
< [0.20,0.25],0.24, [0.38,0.40],0.39, [0.19,0.35],0.32 >

< [0.18,0.40],0.36,[0.21,0.34],0.28, [0.14,0.26],0.25 >
< [0.21,0.36],0.30,[0.13,0.31],0.30, [0.18,0.28],0.19 >
< [0.10,0.19],0.17, [0.22,0.32],0.25, [0.19,0.33],0.27 >

< [0.12,0.30],0.16,[0.10,0.40],0.37, [0.20,0.30],0.25 >
(I2)¢ = |< [0.15,0.30],0.29,[0.11,0.30],0.23, [0.30,0.40],0.32 >
< [0.19,0.35],0.32, [0.38,0.40],0.39, [0.20,0.25],0.24 >

< [0.14,0.26],0.25,[0.21,0.34], 0.28, [0.18,0.40] >
< [0.18,0.28],0.19,0.13,0.31],0.30, [0.21,0.36],0.30 >
< [0.19,0.33],0.27,[0.22,0.32], 0.25,[0.10,0.19],0.17 >

IV.  P-order and R-order of an ICPFSM
In this section, P-order and R-order of an internal cubic picture Fuzzy soft matrices are defined and their related
properties are investigated.

Definition 4.1 X€¢ 7 = {[< [ngi,.j;j],IgU >, < [ggijj;i,-],lgij >, < [151-]-,7;,-],15” >} andi =

e 127 40 e 197 40 Q ;
(< 1% 7s]. 18 > < [12,,705] 195 > < [12,,T55] 12, >} all € ICPFSM gy then.P- union of 17 and

12 is defined by I v, I2 = 1Y, where
P P P )
= [max{ Ex)u LBU’I]I:U >, < 1311 L?” !gl] ,},max{< Loiji Igij Iyij >, < qu'lnu'lfu }max{<
I,‘;U,IBU,I}’,’U >, < 10,18, 18, >, } for all i, j.
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2. P- intersection of IZ and I is defined by IZ A, IS = 1M, wherel¥ = [min{< Lyijo gy Iy >, <
-Q

19,18 18 in{< Toi Tpiy T > < Top T
Luijrinijr Leij >’}’mln{< aijr 1Bijr Lyij >, < uijr inijr
alli,j.

79 ; P P P Qe 450 40Q
[eij >'}mm{< laij Igiji Tyij =0 < Ly Lyijo ey >'}f°r

3. R- union of IZ and 1 is defined by IZ v I = 1Y, wherel = [max{< Ly dpip Iy >, < lgij,[,?ij,[g.j >
-0

P 79 7¢ ; P [P P e ;@ 40 N
yij >, < I,uijilnij'lfij >,}mln{< Iaij'lﬁij'lyij >, < Iuij'lnij'léij >,}f0|’ all L ]J.

,},max {< TZU,TZU,I

Luijp Lgij Ly
Q @ ;0 (7P P 70 70 0 P P P Q ;0 0
L Lyipo L >'}'mm{< Laijo Lgij Lyij >0 < Ly Inijo Teij >0 ymax{ < gy Iy Ly > < Ly Lo Igyy >, ¢ for
alli, .

4. R- intersection of IZ and I is defined by IZ Ag IS = 1Y, wherel = [min{< 2 1b 10 >, <

Definition 4.4.
Let If = (< [T5.15;), [fé’i;,lé’u], I}, 1y:;] >) and

19 = (< [12.,19 1,[1%,,12 ],[iQ 0 >) € ICPFSM )

wij i b Ui i | g1 Z6tj
P Q ; P Q7 <70 7P 7
thenlc andl; aresaidtobeP — order]CPFSM, denotedbyl; Sp I; & 1g;; < 15, 1pij < Ly,
7 79 Q Q
Iyij < Ifl] and I(I;ij < Iuij’I[I;i]' < Im'j;
Iy;; < I§,; thenthe class of all p — ordered (ICPFSM),
Definition 4.5
Let If = (< [Igy, 1) [T, 1] (B 1] >) and
12 =(<[1%,1% ] [1%, 1%, ) |18, 12| >) € IcPFsm
c uijr tpij b Unijrinijlo| T&ijr &ij (mxn)
P Q . P 0 -P -Q =P -Q
thenl; andl; aresaidtobeP — order]CPFSM, denotedbyl; Sp I; < 1g;; < 15, 1pij < Ly,

79 P Q P Q
[}/ij < Ifl] and I(Zl'j = Iuij’lﬁl'j = I?]i]"

Iy;; = I, then the class of all p — ordered (ICPFSM)y

V.SOME PROPERTIES ON ICPFSM
In this section,we discuss the P- order and R-order of Union and Intersection of the internalcubic picture
fuzzy soft matrices and their related theoretical operations are investigated.

Property 5.1 Let I£,12,18 € ICPFSM ) then

(D) 12 Vp IZ Vp IR € ICPFSM )

(i) IE Ap IE Ap IR € ICPFSM iy,

I£ = {[< [inijij]'Igij >,< [!};’i,-j;u]'lgu > < [lfijjiii]'lfij >}

Proof:
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—P —P —P
Here, Ly < Ly < laijy Lpij < Igij < lpijy Lyij < Ly < Ly
Q _ e 791 50 e 797 ;0 A ) Q e 7% e Qe _7°
Ie = {[< [!uif'lﬂif]'luii >< [Lvii'lnii]'lnii >< [lfij'lfii]'lfij >} Here, L;; < Lij < luij» Lyij < Ly < Inijy
2<% <7’

yij = Yyij = Yyij

I¢ = {[< [!ﬁijjjij].lfij >< [!gij'iiij]'lgij >< [Lil?ij'ifij]'l‘fij >}

Here,If. < IR <T. ® IR <IR <T alle ICPFSM
eT'e,_pij_ pij = ﬂ-]-a € (an)

R R T
Lyij < lgij < Loy Iyj < Iy <

pij ioij gij =

: P P P Q 50 40 R R JR
@@= max{< Loijo Lgipp Lyiy >0 < Lo By Iy >0 < Ly Ly Ly >}

< max{< 1, 15,155 >, < I3

Q 4Q R _JR R
G i iy > < g iy 18y > < 1535, 155,15 >}

pijrtoijritij

P _P -_P -Q -

< max {< Toy Tpp Ty > < Ty T Ty

—-R —-R =R
>, < Ty Toup Ty >}

Now, we have, I Vp ICQ VpI§ =1 = max{< faij,f[;ij,ffij > < ffi,-.f,?i,-.fgi,- >, < igij»igipifij >}

P P P Qe Q0 4Q R JR R
< max{< 15y, 1,15y >, < 18,10, 18, >, < 15, 18,15, >}

Hence IE Vp IS Vp IR €ICPFSM(mxn)
(ii) Let 12, 1S andIf eICPFSMnxn)

- PP P Qe 4Q 40 R R R
= mm{< Lo Lgijo Lyiy >0 < L Lo Leij >0 < Lpijs Lgijo Lo >}

P Qe 5@ 40 R _JR R
iy >0 < 118y >, < 185,18, 18 >)
0 -0
Tuij Iyij»

< min{< 12, 1%,

—Q R R R
leij >, < Ipiji Igijs i >}

. P _P _P
< mln{< Iaijilﬁijil}/ij >, <
Now, we have, I Ap IS Ap IR = I
= min{< I8, 15,10 >, < 19,18, 18, >, < IR, T5, IR, >
< min{< 18, 1By 10 >, < 10,1812, >, < 15,15, 1% >}
P Q R
Hence I Np 17 Ap I eICPFSM(mxn)
Property 5.2. Let 12,12, I} € ICPFSM sy then
(i) I1Z Vg 12 Vg IR €ICPFSM(m )

(i)IE Ag IS Ag IR €ICPFSM(mxn)

Proof:
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Ig = {[< [151-,-,721-,-],151-,- >, < [ﬁ;’i,-jgi,-].lﬁi,- > < [gfijj;j],lfij >}

—P _P _p
P P P P P P
Here Loij < loij < laijy Lpij < Ipiy < Igijs Lij < Lij < Iy

Q _ e ¢ Q e ¢ Q e 217 ;0 o} e 79 0 Q
Ie = {[< [!uij’lﬂif]’luii >< [Lﬁj'lﬂii 'Inij >< [!fij'lfif]'lfij >}.Here, lyij = Iyij < Lyj, L,ij < Ir;ij < Lyijs

Q Q
Lyij = Iyij < Ly

-Q
I

-Q
I

Ig = {[< [!gijj;ij]'lgij ><|Lyj» Iiij]'lgij >< [Lfij'ifij]'l‘fij >}

R R R R R R R R R
Here,!pij < Ipij < Ipij'!a'ij < Io’ij < IO'ij'L[ij < Iﬂ-j < ITij alle ICPFSM(an)

: P P P Q
) = max{< I, 15, 15 >,< 1

Q Q R R R
iy > < g 5, L8y > < 1y 155, 18 >)

Zpijr Zoij Ixij

: P P P Q Q0 40 R JR IR
< min{< 18, 15, 10y >, < 19, 18,,18, >, < IR, 15, IR >

P _P _P Q -Q
< max {< Togy Tpyp Ty > < Ty T

-R —-R =R
nijs }

-Q
15” >,< Ipij'lo'ij'l‘rij >

Now, we have,IZ Vi, IS Vi I8 = 1Y = max{< I%, I8, 17, >, < 10,18, 18, >, < I8, 18 IR, >}

: P P P Q Q@ Q R JR R
< min{< 18, 1By 10 >, < 10,1812, >, < 15,15, 1% >)

Hencelf Vg IS Vg I = 1Y €ICPFSM(mxn)
(ii) Let 12,12 and IR €ICPFSM(m xn)

: P P P Q 50 40 R IR R
= mm{< Laijo Lgijs Lyiy > < Ly Lo Liy >0 < Lpijy Lyijo i >}

P Qe Q0 4Q R JR IR
iy >0 < 1018y >0 < 185,18, 18 >
< -0
Luij» Iyijo

< max{< I,’;ij,lgij,

—Q R SR SR
Leij > <Ipijy Igijs i >}

P _P _P
Smax{<1a”~,lﬁ”,1y” >, <
Now, we have, IZ Ag IS Ag IR = I
=>min{< 12 J0 10 > <% [¢ ¢ > <R IR R >
MU < Lgijo dgijodyiy = < dyip Ly leiy =0 < dpijs Laijr Lzij
P P P Q ;0 4Q R IR R
< max{< Ih 15 00, >, <1218 1% >, < IR, IR IR >

aij’ yiji wij nijr Leij pij’

Hencelf Ag IS Ag I8 €1CPFSM(mxn)

Property 5.3
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Let 12,1, 18 € ICPFSM ) stich that, max{< 15,15, 10 >,< 18,18 18 >, < I, IR I, >}

< min{< 1, 15, 10 >, < 12,1818, >, < I8, 15, 1% >)for all i, j, then
R — Union of IZ,1¢ and I¥ is also an ICPFSMym

Proof:
Let I = {< [y;ij,iii,.],lgij >, < [ggijj;ij],lgij >, < [Lfijj;j],lfij >},

—P —P -P
P P P P P P
Here, I8, < Ib; <o, 15 < 15 <lgiplb; <15, <1

18 ={[< [t Tl 12y >< (15 T 13y >< (18 Teui] 18, >)

Q e 79 0 e 7% 0 Q 70
Here, Ly < Ly < luijp Lyyy < Dy < Lyijo Ly < Iy < Loy

18 = {[< [T 18y >< [18y.Tou | 18y >< [18,, 7] 15 >)

P pij
Here, 1% < IR, < Toi 1% < IR < Toyr, IR < IR < Toy;all € ICPFSM
e, Lpij = lpij < lpijolgij < lgij S lgijy Ly S Igyj < gyl € mxn

P P P Q Q@ Q R JR R
= max{< 15, 18,17, >, < 10,1812, >, < 15,15, 1% >)

- P jP fP je §@ j@ fR _fR iR
< minf{<IP, 18,00, >, <I0,08,1% > < IR, 1%, I}, >
From the hypothesis,
= <IP o Ib IR > <10 1% 12 > < IR IR IR >
MAaxX 1< Loijr Lgijrkyij =< Lyjjo Lyijr Leij 20 < Lpijo Lo Laij
: P P P Q Q@ 40 R R R
< min{< 18, 15, 18 >, < 10, 18,,18, >, < IR, 15, IR >

It follows that,

P P P Q Q0 40
= max{< 15, 18,15 >, < 13,19, 1%, >, <
: P P P Qe Q0 4Q R JR IR
< min{< 18, 15, 10 >, < 19, 18,,18, >, < IR 15, IR, >
P P _P -Q -0 -=Q R -R -R
< max {< Togy Tpuy Ty > < Tug T Teiy >0 < Tpij Ty Ty >

R R R
Loij 15 Iij >}

Thus IF Ag I Ag IR = I = is an ICPFSM ),

2yij —uij’mij’ ~&ij Lpijrioijr fxij

i P P P Qe ;@ ;40Q R IR IR
< min{< 18, 15, 18 >, < 19, 19,,18, >, < IR, 15, 1%, >

If max{< 15,15, 10 >, < 18,18 18 >, < 15, 1%, 18 >}

Property 5.4.

Let 12,1, 1 € ICPFSM iy stch that, min{< 12y, 15, 15 >, < 12, 18,1%, >, < I, 15, IR >}

P P P Q Q0 4Q R JR IR P
< max{< Iaij,lﬁij,lyij >, < Iuij,lnij,lfij >, < Ipij,IUij,ITij >}for alli, j then

R — Intersection ofIZ, I¢ and I is also an ICPFSM .y
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Proof:
Let IZ = {< [1};”,7;]-],15” >, < [ggijj;ij],lj;ij >, < [Lfijj;,-],lfij >},

—P —P —P
P P P P P P
Here, 15 < 15 < Toijp 15 < 15 <Tgip 10 < I8, < Ty

18 ={[< [ty Tus) 1y >< iy T 13y >< (18,75 ) 18, >}

Q e 7% je e ~7¢
Here, I, < 1 < uijp Ly < Ly <1

Q Q 70
nijr Lij S Iy < Loy

I¢ = {[< [!gijjﬁij]'lgij >< Lrijﬂlgij]'lgij >< [Lrij' Ifij]'l‘fij >}

—R -
R R R R
Here, IR < IR, < T, 1%, <18, <1

R —-R

IR < IR; < Tyyall € ICPFSMypyey

oij = toijrLrij = Y1ij =
= max{< 5 15 1P > <% ¢ 18 > <R [R RS
atjr SBijr Tyt 0 Tpijr tnijr tEij T S Tpijr fatjr Tl

i P fP fP je §Q j@ fR fR. _fR
< minf{< P, 18,00, >, <I0,I18,1% > < IR, 1%, IR, >}

From the hypothesis,
s> mind< I8 18 1P > < 1% 19 12 > < [R R [R >
iy LpijrZyij <0 S Luijo Sy 2gij S Lpijr Lo Zai
P P P Q ;Q Q R R R
< max{< 15y 1, 15y >, < 18,10, 18, >, < 15, 18,15 >}

It follows that,

: P P P Q ;0 40 R IR R
= mm{< Laijo Lgij Lyiy > < Ly Lo Liy >0 < Lpijy Lyijo i >}

P Q Q0 4Q R R IR
Iyig > < ol 18y >0 < 155,18, 18 >

< max{< I,’;ij,lgij,

) P _P _P -Q -Q -0 R -R -R
< mln{< Iaijilﬁijil}/ij >, < Iuijilﬂl'jllfl'j >, < Ipij’IJij’ITij >}
Thus IF Ag IS Ag IR = 1Y is an ICPFSM ()
If mind<IP o 1B 1P > <19 1% 12 > <R R IR >
saijr SBijryij T Suijr i =gij 7 S Spijroij Sxij

10y >, < 10,18, 18, >, < IR 15 IR >

< max{< Igip i Iy wijr i 161 pij Loij Iz

V. CONCLUSION
In this paper, we construct the structure of internal cubic picture fuzzy soft matrices(ICPFSMs) with the
synthesis of ICSM and PFM. Furtherly, we develop the union and intersectionof (P and R) order of ICPFSM
and their related algebraic operations are discussed with suitableillustrations. From this, we can embark on the
concept of anexternal cubic Picture fuzzy softmatrices in future.
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