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Abstract

This paper is dedicated to study the Invertibility properties of all plithogenic square matrices of high orders
between 20 and 24, where we present the mathematical conditions and formulas for computing the inverses of all
plithogenic square matrices with real plithogenic entries. This goal will be completed by proving many theorems
that describe the Invertibility of all classic matrix parts of the corresponding symbolic m-plithogenic matrix.

Keywords: 20-plithogenic matrix; invertible plithogenic matrix; plithogenic determinant.

1. Introduction

Plithogenic sets are considered as a new generalization of fuzzy sets presented by Smarandache in [2], and similar
to the neutrosophic sets used in the study of commutative and non-commutative algebraic structures [12-16, 20-
22], these sets have been used in linear algebra and the theory of spaces [3-4, 23-25], and even in number theory
[17-18] and algebraic equations [5-6, 9].

The matrices of order 2 in [7], and of order 3 and order 4 in [8] were studied, where the basic theorems describing
the values and special vectors, as well as the determinants associated with these matrices, as well as the necessary
and sufficient orthogonality conditions for these matrices, were formulated, through the properties of the partial
matrices from which these matrices are formed.

Recently, the studies have been expanded and their results have been generalized by many researchers to include
matrices of this type of higher orders starting from order 5 and ending with 19 [19, 26-27].

These generalized studies have motivated us to discuss one of the most important issues related to these matrices,
which is the issue of finding algebraic methods, where we find and prove mathematical formulas that express the
method of calculating the inverse for the intended high orders.

2. Main Results
Theorem
Let & = o + Y22, X, P; be a 20-plithogenic matrix of size n x n, hence:
1. Xisinvertible if and only if det X is an invertible 20-plithogenic real number.
2. RV =R T H [T R) T = R TP+ [T R) T = (B R) TP + (B R) T -
-1
CoR) TP + [ R =Gl R) TP + [(Z?ﬂ R) - Qi Ni)_l] P + [(Z?:l X)) -
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(Z50R) | Po + (ST R ™ = (TEoR)TP, + (B, R) ™ = (oo R) TPy + (B 8D ™" =
CLoR) TPy + [ R) ™ = (oo R) TP + [ R) ™ = 208D Py + [ Ni)__ll_
Qo)™ P + [ R) ™ = CEZeR) P + [C1R8) ™ = CEeR) Py + [( BR) -
(CH R Prs + [T 8™ = (T 8) 7| Pis + (B R) ™ = (T 8D 1Py, +

(B2 R) ™ = CiZoR) TP + (B2 R) ™ = (BiZo R) TPy + [(BE2 R) ™ = (B2 R) Py
Proof
1). Let & = R, + X2% K, P;, then X is invertible if and only if there exists G = G, + Y.2°, G;P; such that:
N X G = U,y hence:
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This implies that:
NOGO - Unxn

;1<q<20
z Z = Upxn

Hence det(Z o) # 0forall 1 <q < 20, so that det() is invertible in 20 — SP;.

2). Y9, G, = (ZL,8;) for 1 < q < 20, therefor

K7 =R+ [l X0 = X+ [(Eho XD = (Cho RDTIR, + (B ¥

(o080 11Ps 4 (Sl %71 — (Sa ) 117 + [(220%) ™ = o ®) ] P+ [ (B, R =
(5508:)" ]P6+[(270x) L= (B8 R) TPy + (B R) ™ = (B R) Py + [(Bo XD ™ —
(B2 R) Py + [T X)) ™ = (B0 K) ™MPyo + [T R) ™ = (T2 X) 1Py + [(BIZR) 71 —
(ZHoR) Py + (T R) ™ = (T2 8) P+ [(THo R) ™ = (T2 R) P+ (T %) -
2080 | Pos + G207 = (080" | Puo + [0 80 = TR0 11Pyy + (12807 -
(B R) P + [T R) ™ — (B R) Py + [(T2%R) ™! = (TE20 X)) 1Py

Theorem
Let X = R, + Y21, R, P; be a 21-plithogenic matrix of size n X n, hence:
1. Nisinvertible if and only if det X is an invertible 21-plithogenic real number.
2. R =R+ Qo XD T =R TP+ [EEoR) T - (B ~o R0 NP, + (B 8D -
(B2 R) P + (T KD ™ = B R) TP+ [(BLaR) T — (o R Py + [T, %) 7" -
(Zo i) ]Pe+[(2 L R) T = Qo R) TP + (B 8) T = (B R) TP + [(BZ, 8) ™ =
B ®) TPy + [T 8) ™ = (o R) TP + [Ti2 R) ™ = (B2 ®) TPy + [(B2R) ™ —
(EHot) 1P + [(EE XD ™ = (RE2R) Py + [ R) 7 = CER) Py, + (B %)
(TR ]P15 [(232&)1 (BEoR) ™| Prg + [(TH 8D =TI 8D 1Py, +
[(Z28) ™ = Bl R) T Pig + [(BE2 8) ™ = (B2 R) TP + [(BF2 8) ™ = (Ri2o R) TPy +
(B2 8D~ = ( =0N) Py
Proof

1). Let & = R, + Y21, K, P;, then X is invertible if and only if there exists G = G, + Y22, G;P; such that:
N X G = Upxn, hence:
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And 2720 8; X720 G — 2720 R; X% Gi = Onsn

NOGO = Unxn

Z Z . ;1sg<21
- 1’1)(1’1

Hence det(Zl= &;) # 0 forall 1 < q < 21, so that det() is invertible in 21 — SP.

2). 59, G = (T, &) forl<gq<21, therefor

K= Ry !+ [T ) = 8 1P+ (g X = (5 =oR)7P + (Do XD

(Lo R) P+ [(Bho 8™ — (B ox) 1, + +[(Eo%) ™ — @ ®) Y Ps + [(BLe R -

(Zi=o®) ]Pe + [0 ®) ™ = CEo R TP, + (B R) ™ = Bl=o R) TP + [0 ®) ™ —

(B0 ®) TPy + [(Zi2o®) ™ = (B-o R) TP + [(TiZo R) ™ = (Bido ®) 7Py + [Ei2 N)_l

(THoR) 1P, + [T X) ™ = (B2 R) P+ [(EHo XD = BB R) P+ (T x) ™

(THR) ™ Pus + [(B18R) ™ = (T 8) | Pu + (B R) ™ = (B R) P, + (1R —

(BiZoR®) T Pg + [(Zi2o8)™H = (BiZo®) TP + [(BE2oR) ™! = (Bi2o R) TPy + [(XE2o8) ™! =

(X2 R) 7Py

Theorem
Let R = R, + Y22, R, P; be a 22-plithogenic matrix of size n X n, hence:

1. Nisinvertible if and only if det X is an invertible 22-plithogenic real number.

2. R =R+ (Bl RD TN =R P+ (B R) T - (B ~o X0 1]Pz+[(2 o
(B2 R) P + [T KD ™ = B R) TP+ [(BLaR) T — (o X7 Py + [T, %) 7" -
(o) ]Pe+[(2 CiR) T = (B R) TP, + (R ®) T (Z —oR) TP + (X R) T -
(B0 R) TPy + [(Z2 R) ™ = (o R)THPro + [Ei2 8D = EiZo®) TPy + [(Ei2, R) ™! —
o) P + [T 8D = T2 R) TPy + [(Bi2 R) ™ = BiEeR) TP + [(Z 587
i)™ |Pis + [(23%&)*—( SoR) | Pu + [y R = (T R) 1Py, +
[(Z28) 7 = Bl R) T Prg + [(B12 8) ™ = (RiZR) TP + [(BF2 8) ™ = (Ri2o R) TPy +

Proo[f(z 2R = (2 ON) 1]1321+[(Z ZIR) T = (BER) TPy,

1). Let X = R, + Y22, X, P;, then X is invertible if and only if there exists G = G, + Y22, G;P; such that:
X X G = Upyy, hence:
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And Y720 R; X720 G — Y20 R 272 Gi = Opsens L0 R X720 G — X208 X720 Gy = Opy
NOGO = Unxn

Z Z o ;1sq<22
- 1’1)(1’1

Hence det(Zl= &;) # 0 forall 1 < q < 22, so that det(X) is invertible in 22 — SP.

2). 59, G = (T, %) forl<gq<22 therefor

X = X ‘1+[(2 Lo R) T =R TP+ (R 8D T - (B ~o R0 1P+ [(Zo®) ! -

(B2 R)THP; + [(Tho )™ (zmz) 1, + +[(Eo%) ™ — @ ®) Y Ps + [(BLe R -
(B2 ®)” ]P6+[<z7 oR) ™ = (T R) TP + [(Be X)) ™ = (Boo X)) H1Ps + (BP0 X)) ™! —
(B0 XOT1Py + [(E2% XD ™ = (BEo RO Pro + [EHgR)™ = (% R 1P + [(BH0 %)™
(THoR) 1P, + [T X) ™ = (B2 R) P+ [(EHo XD = BB R) P+ (T x) ™

(ZH K™ Prs + [(zilsoxi)-l—( 5oR) | Pro + [(EHR) ™ = (T R) TP, + (T R) ™ -
(Bi0 )™ Prg + [(B120 0™ = (LX) P + (T8 XD ™ = (EH2 )P0 + [(BE X0 -

Vol 24, No. 03, PP. 102-114, 2024

X2 R) Py + [(F oN) - oN) Py,
Theorem
Let R = R, + Y23, R, P; be a 23-plithogenic matrix of size n X n, hence:

1. Nisinvertible if and only if det X is an invertible 23-plithogenic real number.

2. R =ReTTH QLo R) T =R TP +H [CR8) = (T ON)
(B2 R)MPs + (T R) ™ = (B R) P + (B R)
(B0 )] o+ [Ny R ™ = (B8 XD TP + (B, X) ™ -

1]P2+[(z LX) -
o X)) P+ [(BE R) T -
(z Lo X)) Py + [(T0, XD —

(ZLoR)™HPo + [T R) ™ = (Lo R) Py + [T 8) ™ = (T R) Py + (12 R) 7 -
(EHo7) Py, + (T2 8) ™ = (T R) Py + (B 8D = (B2R) Py + (B R) T -
(THoR) ]Pw [(z © R = (T X)) T Prs + (B R) T = (R R) Py, +

[(BiZ ®) ™ = BiZoR) T Prg + [(Ei2 R) ™ = (BiZo XD T Pro +

[(E2 R) ™= T2 R) Py +

[(Z 2R = (2 ON) 1]P21+[(Z 2R = (B R)T 1]Pzz+[(Z 2R 1—(2 20 R) ] Pas.

Proof

1). Let X = R, + 23, X, P;, then X is invertible if and only if there exists G = G, + Y22, G;P; such that:

N X G = Up,xp, hence:
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And Z o N; 21210 G — 1220 Nizl‘zgo Gi = Onxn 12:20 Nizl'zzzo G — 12:10 N; Zizio Gi = Onxn 1'2:30 Nizlzzso G;

Y208 220 Gi = Opxn

NOGO = Unxn

Z Z o ;1<q<23
- 1’1)(1’1

Hence det(Zl= &;) # 0 forall 1 < q < 23, so that det() is invertible in 23 — SP.

2). 59, G = (XL, %) forl<q <23, therefor

N‘l—N_1+[(Z oR)TE =R TP+ [CR )T = (B ON) 1]Pz+[(2 o) =

(B2 R)THPs + [(Tho X) ™ — (B3 mlm (CLox)™
(B0 %) ] o+ (B0 R ™ = (560 XD TP, + (5 R) ™ - (2

o) P + [(BLe R -

—oR) TP + [ R) ™! -

o R HPo + [(Bi2o 8D ™ = (oo R) TPy + [(KiZo )™ = (Ri2e X)) TPy + [ oN) t-

2o R) P, + (X2 R) ™ — Q2o R) P+ [T XD - X8

oN) TP+ [(Z ON)

(z%ioxi)-l]as [(2“’:«)1 (%) ]P16+[(2 TR = (XD TP, + (X R) T -
(BH0 R0 Prg + [(B120 0™ = (LX) Py + (T80 XD ™ = (5120 R) Mo + [(BE R0
E2, %) 1P + (B 80 — (22K 1Pss + [ 8 = (572 8) 11

Theorem
Let R = R, + Y22, R, P; be a 24-plithogenic matrix of size n X n, hence:

1. Nisinvertible if and only if det X is an invertible 24-plithogenic real number.

2. R1=R,"1+ [(21 oR) - N0_1]P1 +[EEo®) ™ = Xlo R~

(B0 R) 1P + [ XD ™ = (B R) TP + (B X)) — (
(ZEon:) ]P6+[<z LX) = (e R)TP, + (S5 R -

P, + (B %) -
Eho )7 P+ [0 -

oo R) TP + [(E R) ™! —

o R) TP + [(Ti2 8D ™ = (Boo R) T Pio + [T )™ = B2 R) TPy + [(Bi2 8) ™ =
(S0 1P + (S R0 — (TR0 1P, + [(z%;*l XD = (R, R) 1Py, + [(2151x)
(T x-)-l]as [(216 x)-l—(z‘fsox)‘l] Pis + (I, R)™ = (T 8D 1Py, +

(B2 R) ™ = Q2o R) Py + [(Ei2, R — ON) 1Py +

[(ZE21R) ™ = (BiZo R) Py +

[(Ei2Rj)~ (ZZSON) Py + (28D ™ — (BEo R) TP + (R R) ™ — (B R) T Pas +

[( 12;}1 xi)_1 - ( 12=30 Ni)_l]Pzzp
Proof

1). Let & = R, + X4 K, P;, then X is invertible if and only if there exists G = G, + Y22, G;P; such that:

N X G = Up,xp, hence:
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21 21 20 20 o _ 22 22 21 21 23 23
And Y7o 0 R Xiso G — Xico Xy Xico Gi = Opxny Dizo Ni XiZo Gi — Xizo Ni Xizo Gi = Onxny XiZo ¥ XiZo Gy —
22 22 — 24 24 23 23 _
2o R X720 Gi = Opyn, Xico Ny Xico Gi — 2izo Vi Xizo Gi = Opxn
NOGO - Un><n

; 1<qg<24
Z Z = Upxn

Hence det(}]l= R;) # 0 forall 1 < q < 24, so that det(X) is invertible in 24 — SP.

2). Y9, G, = (XL, 8;) for 1 < q < 24, therefor

R1=X _1+[(Z%0N')_1_N0_1]P1 (Z ox) 1_(2 ON) 1]P2+[(Z ON)_I

(B2 R)™MPs + [(Tho R) ™ = BLo R) TP+ [(BEoR) ™ — (Uho R Py + [(Bo %) 7" -

(E508) | Ps + (oo )™ = (B R TP, + [(Eio X)) (2 Lo R) TPy + (B0 R) ™ —

(B0 R) Py + [(T10 X)) ™ = (B0 X)) ™1Pyo + [(BH XD = ( i:gx) 1Py £ (G %) -

(BHoR) 1Py + (B0 R) ™ = (T2 X)) M 1Pis+ [(BHo XD — (D0 R) 1P+ [(Zl%x)

(z%ioxi)-l] Pis + [(216 x-)-l—(zﬁox-)‘l] Pio + (%)™ - (i x) Py + (B R) ™ -

(B0 R)™MPig + [T R) ™ = (18, R) ™ Pyg + [(E2% R) ™ = (B2 )Py + [(BZ,R) ™ —

EZ §§%£+ (2D = (B2 X) Py + (B2 RX) ™ = (B2 8) P + [T R) ™ —
i=0 "M 24

3. Conclusion

In this scientific work, we studied the Invertibility properties of all plithogenic square matrices of high orders
between 20 and 24, where we presented the mathematical conditions and formulas for computing the inverses of
all plithogenic square matrices with real plithogenic entries. This goal will be completed by proving many
theorems that describe the Invertibility of all classic matrix parts of the corresponding symbolic m-plithogenic
matrix.'
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