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Abstract

The main goal of this paper is to study the algebraic properties of the symbolic n-plithogenic matrices in two
different special cases (for n=13, n=14). We present many theorems that describe the algebraic behavior of these
matrices, where an algorithm for computing determinants, inverses, and eigenvalues will be provided. On the other
hand, the relationships between symbolic 13-plithogenic/14-plithogenic matrices and their classical components
will be derived.
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1. Introduction
The symbolic n-plithogenic algebra began with the work of Smarandache [2], where he defined for the first time
the applications of symbolic n-plithogenic sets in building algebraic generalizations of well-knowm algebraic
structures.
The main difference between symbolic n-plithogenic algebraic structure and n-refined neutrosophic structure is
the definition of the multiplication operation, where the multiplication between the sub-indices is defined as
follows:
P;P; = Pray(i,j)- FOr more details about similar systems of neutrosophic and refined neutrosophic matrices, see
[12-16].
Many authors followed his steps, where symbolic 2-plithogenic rings were defined by Merkepci.et.al [1], and then
they were used to find symbolic 2-plithogenic modules [3], and symbolic 3-plithogenic structures [4-6].
Recently, the symbolic n-plithogenic matrices have been introduced for different values of n, see [7-11, 17-18].
The algebraic properties of these matrices were studied widely, especially those which are related to the
diagonalization problem such as eigenvalues, eigenvectors, and inverses[19, 20,21]
In general, the symbolic n-plithogenic square real matrix is defined with the following formula:
M = M, + XI-, M;P;, where M; are m-square classical matrices with real entries.
This has motivated us to follow these efforts, where we show the concept of symbolic 13/ symbolic 14 plithogenic
matrices with their elementary algebraic properties.

2. Main Discussion
Definition:
The square symbolic 13-plithogenic matrix is defined as follows:
Z =Zy+ X1, Z:P;; (Z)nxn is square matrix of real entries.
Example.
Consider the symbolic 13-plithogenic matrix:

95
Doi: https://doi.org/10.54216/1JNS.220208
Received: June 30, 2023 Revised: August 14, 2023 Accepted: September 20, 2023



https://doi.org/10.54216/IJNS.220208
mailto:ua.luisllerena@uniandes.edu.ec
mailto:uqdionisioponce@uniandes.edu.ec

International Journal of Neutrosophic Science (IJIN) Vol 22, No. 02, PP. 95-107, 2023

2=(2 D)6 DnrG R TR Drr( Prrl Dnr
(_9 8)P7+(65 —1)P8+(:1 0>P1°+(7 5)P11+(2 :8)P12+(2 —9)P13'

Definition.
Let Z = Z, + Y12, Z;P; be a symbolic 13-plithogenic matrix of size n X n, hence:
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Theoreml.

Let Z = Z, + Y12, Z;P; be a symbolic 13-plithogenic matrix of size n x n, hence:
1. Zisinvertible if and only if det Z is an invertible symbolic 13-plithogenic real number.
2. IV =Zy + [Bho Z) T = Zo P+ [T UD) T — (B oZ) NP+ (B 207t —
(T20Z) 7P + [Ty 207 = (B0 Z) 7P + (354 2) 7 - (Tho 207 Ps + |28, 2070 -
-1
(3502) | Po + [T 2D 71 = (B0 20 7H1P + (B0 207" = (B0 Z0) 7Py + [(B2, Z) 7 —
(B0 Z) TPy + [(B21 Z) 7 = (B Z) ™ Pro + [E21Z) ™ = B2 Z) 1Py + (X2, Z) 7 —
Zi20Z) P + (X2 207 = Ei20Z) 1 Pis
Definition.
Let g = qo + 212, q;P; be a symbolic 13-plithogenic real number and Z = Z, + Y12, Z;P; be a symbolic 13-
plithogenic square real matrix, then q is called symbolic 13-plithogenic eigen value if and only if ZX = gX.
X is called symbolic 13-plithogenic eigenvector.
Theorem2.
Letq = qo + X132, g;P; € 13 — SPg, X = X, + Y13, X, P; be a symbolic 13-plithogenic real vector, then q is eigen
value of Z = Z, + Y12, Z;P; with X as the corresponding eigen vector if and only if:
!_oq: is eigen value of ¥/_, Z; with 3./_ X; as eigen vector with 0 < j < 13.
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Theorems3.

s on S s (S - (S | [8e) (S

1=0 i=0 i=0 i=1 i=0
4 3 n] 5 n 4 n] 6 n 5 n
v (Zzl> (Zzl) p+ (Zzi> _(ZZQ Py + (ZZQ —<Zzl> P,
i=1 i=0 ] i=1 i=0 ] i=1 i=0 ]
7 6 n] 8 n 7 n] 9 n 8 n]
( zl) ( zi) p7+( z)( z,.> p8+( z>< zl> p9
i=1 i=0 ] | \i=1 i=0 ] | \i=1 i=0
10 9 n] [, 11 n 10 n]
+ ( Z1> ( Zi) Py + ( Zi) _< Zi> Pyy
i=1 i=0 ] | \i=1 i=0 ]
12 11 n] [ /13 n 12 n]
i=1 i=0 ] i=1 i=0

Theorem4.

Let Z = Z, + Y13, Z;P; be a square 13-plithogenic invertible real matrix, then:

1). det(Z™1) = (det2)?

2). detZt = detZ

3). det(Z.C) = detZ.detC;C = Cy + X132, C;P;.

Proof of theoreml.

1). Let Z = Z, + 212, Z;P;, then Z is invertible if and only if there exists T = T, + %2, T;P; such that:
Z X T = Upyp, hence:
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ZOTO = Unxn
1 1
D %) T 2Ty = O
=0 =0
2 2 1 1
PRORED RPN L
=0 =0 i=0 =0
3 3 2 2
2 Ti= Y 2 ) T = Oy
=0 =0 i=0 =0
4 4 3 3
ZY =Y 2 ) T = Oy
=0 =0 ico =0
5 5 4 4
ZY =Y 2 ) T = Oy
=0 =0 ico =0
6 6 5 5
Zi TL - Zi Ti = Onxn
=0 =0 i=0 =0
7 7 6 6
<
Zi TL - Zi Ti = Onxn
=0 =0 i=0 =0
8 8 7 7
Z; T; — Z; T; = Opxn
=0 =0 i=0 =0
9 9 8 8
Z; T; — Z; T; = Opxn
i=0 i=0 i=0 i=0
10 10 9 9
Zi ) Ti— ) Zi ) T; = Opxn
i=0 i=0 i=0 i=0
11 11 10 10
Zi ) Ty— ) Ziy ) T; = Opxn
=0 i=0 i=0 i=0
12 12 11 11
Zi ) Ty— ) Ziy ) T; = Opxn
i=0 i=0 i=0 i=0
13 13 12 12
Zziz Ti— ) Zi ) Ti = Opxn
i?O_ i=_0 i=0 i=0
This implies that:
ZyTo = Upxn

J J

;1<j<13
D2 1= U
i=0 i=0

Hence det(X)_,Z;) # 0 forall 1 < j < 13, so that det(Z) is invertible in 13 — SPy.

2). It holds directly as follows:

. . -1
I oTi=(%)_,2;) for1l<j <13, hence:

' =77+ [CloZ) ™ = 2 P+ [CRe Z) T = (D TP + [C1 Z) 7 — (B0 Z) 7P +
(B 207 = (S0 Z)71Py + [(E12) 7 = (Bhno 207 Py + |28 207 — (8502 '] P +
(X1 Z) ™ = (B0 Z) 0P, + [, Z) ™ = (B0 Z) 7P + (B Z) ™ = (B0 Z0)11Ps +
[(Zilgizi)_l - (Z?:ozi)_l]Pw + [(Z}:ﬂ Zy) - (Zilgozi)_l]Pn + [(211:21 Z) - (Zil:lozi)_l]Pu +
[

EE1Z)™ = CiZeZ) P,

Proof of theorem2.

Itis clear that q is an eigen value of Z with X as an eigen vector if and only if:

Z.X = q.X, which is equivalent to:

Dot: https://doi.org/10.54216/1JNS.220208
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ZOXO gOXO

j
1<j<13
Z ZX >y
= i=0 i=0

WhICh |s equwalent to:
»J_, q: is an eigen value of ¥/_, Z; with X/_ X; as an eigen vector forall 1 < j < 13.
Proof of theorem4.
1). detZ ™t = det(Z,™") + Py[det (X0 Z) ™t — det(Z,™h)| + [det (T Z) ™t — det(Ti—o Z)11P, +
[det(¥}, Z) ™ — det (X7 Z) 1P + [det(Ti, Z) ™ — det(Ti,Z) 7 P, + [det(Z Z) -
det(SioZ) ™| Ps + [det(z Z)™t — det(3202) | Po + [det(R], Z) ™" — det(X? 0Z) Yp,
[det(XE, Z) ™" — det(B]-o Z)) 7P + [det(X7_, Z) ™ — det (B Z;) 1Py + [det (Ni2, Z) ™" -
det(ZiLOZL-)‘l]Pm+[det(Z: Z)” s — det(Xi2 Z) 7Py + [det(Xi2, Z) ™ det(Z= D7 P, +
[det(323,Z)! — det($12,2,) 1|P,5 = (detZ)™2.
2.7t = Z0 +Z,'P + ZZHD2 + Z3 Py + Z, Py + Z TPy + Z Py + 7, P, + Zg Py + Zo Py + Z1," Py +
letpn + Z12 P, + Z13tP13
detZ" = det(Z,") + [det(Tioo Z;") — det(Z,")|Py + [det (T Zi*) — det(Ti—o Z,5)| P + [det(Tio Zi") —
det(X2_0Z,Y)|Ps + [det(Tioo ZiY) — det(Tio Z,0)| Py + [det (B30 Zi") — det (Bi—o Z:Y)|Ps +
[det(T_oZ;") — det (T7-0Zi")|Ps + [det(X7-0 Z;") — det (- Zi")|P; + [det (T Z,F) —
det (¥7-0Z;")]Ps + [det(Z 0 Z;") — det (T¢ 0Z )Py + [det(Xi% ;") — det (Xi-0 Z;")|Pro +
[det(TH0Z:") — det (312 Z,))|Pyy + [det(T12, Z,") — det (X120 2,5)| Py + [det(TiE,2,) —
det (312, 2")|Ps = det(Zo) + [det(Ti, Z) — det(Zy)]P; + [det(TE, Z;) — det(Xioy Z)]P, +
[det(X3_,Z;) — det(F2, Z,)]1P;s + [det(z4 0Z) — det(Xi_o Z) 1P, + [det(TP_, Z) — det(Tio Z)]|Ps +
[det(Tf_o Z)) — det(Tio Z:)|Ps + [det(T1_o Z;) — det(Xf_, Z)1P; + [det(XE_, Z) — det(T]-o Z;)]Ps +
[det(¥?_, Z;) — det(X?_, Z;)]Py + [det(Z10 Z;) — det(X7_, Z)]Pyo + [det(XiLy Z;) — det(Xi% Z)1Pry +
[det(X12,Z)) — det(Xi2o Z)1Pr, + [det(R}3, Z) — det(Xi2, Z;) 1Py = detZ.
3). we have:
Z. C ZyCo + iz Zi Xi=o Ci — ZoCo]P1 + X0 Zi Xio Ci — i Zi Xie oC]Pz +[XioZi Xiso
o0 Zi2F oC]P3+[Z ~0Zi Xi=o Z?=oZiZ?=oBi]P4+[Z?=oZiZ —XioZi Xi- oC]Ps
[26 0Zi Xi=0 Ci = Xi-0Zi Ti-o ]P6 + [Z 0Zi Xi=o o Zi 26 ocl]P7 + [Zl= Zi Y=o Ci —
OZZ OC]P8+[Z OZZ ZZ 0C]P9+[ 0C- ZZlOC]Pw
[ = Z_ Z: Z: ]P11 [ —OZZ ZoZZzo ]Plz [ZloZZ OC_
leoZ ZlZOC]P13
det(Z.C) = det(Z,Co) + [det(Ti—o Z; Y10 C;) — det(ZyCo)1Py + [det(X2io Z; Y2 Ci) —
det(Zl=0Z Yico CDIP, + [det (X7, Z Z 0C) —det(Xi_oZ; Yoo CDIPs + [det (Xioo Z; Xizo C1) —
det(X30Z; Y3 ,CIP, + [det(Z C) det (X1 0Z > 0C)]P5 + [det(Z Z; 38, C) —
det (X7 OZ 2 0C)]P6 + [det(Z7- Z 2 0 C) — det (T8 0Z ¥o o COIP, + [det(F8.,Z; 38 0C)
det (N0 Z; X1 COIPs + [det(29 Z Yoo C) —det (B Z; X8 CIPy + [det(Ri2% Z; X212 Ci) —
det (52, 350 C)IPyg + [det (513 2, $124 ) — det (3] 0Z T, COIPyy + [det(R2, 2 12, Co) —
det (X120Z; X120 C)1P1, + [det(Z 20Z; %12, C) — det (Z 20Z; X120 C))Py3 = det(Z,)det(Cy) +
[det(Z{zoZi).det(Z{=0 ) — det(zg';ll Zi_l).det(zizl Ci_1)|P; = det(Z)det(C); 1 < j < 13.
Definition.
Let Z = Z, + Y12, Z;P; be a symbolic 13-plithogenic real square matrix, then:
Z is called orthogonal ifand only if Zt = Z71.
Theorem5.
Z is orthogonal if and only if Z{:o Z;; 0 <j < 13 are orthogonal.
Proof of theorems.
Z is orthogonal if and only if Z* = Z~1, hence:
2+ 2220 P = 2,7 4+ [Blo Z) T - U TP + (B Z)-1 G0 Z) 1P + (B Z) 7 —
(C20Z)7HPs + (B 207 = (B0 Z) 7P + [(Z512) T — (Ble 207 Py + |28 2071 -
(o0 Zi) ]Ps+ (B Z)™ = Qe Z) 7P + [(EE Z) V-l Z) P+ [ 207" -
R0 Z) TPy + (i Z) ™ = (Bio Z) P + [(Bi21 2071 — Bl Z) P + (14 Z) 7 -
Q20 Z) P + (B2 Z) 7" = (Bi20Z) ™M Pys, thus:
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Zyt =271

0Zif = o Z)™!
f0Zit =Rzt
0Zit =zt
24 0Zi' = CtoZ)™

Yo Zit = (T Zi)
— (26 Z )—1
27 ozt -0 Z)7
SoZit =0 Z)™
0 Zit = B=0Z) ™
llooZ f=lzZ)
202 = ik z)™!
211202 =z
202 = Q20 z)™!

Definition:

The square symbolic 14-plithogenic matrix is defined as follows:
Z=2Zy+ X ZP;; (Z;)nxn IS square matrix of real entries.

Example.
Consider the symbolic 13-plithogenic matrix:

2=(y D)+ )+ e+
(5 g)P+(es ZDB+ (T o2+

65 -1
Definition.

LR
PG

i) P, + (:g :g) Py + @ _;) Py +
:é)ﬂz"‘(g :é)P13+(§ _é)PM

Let Z = Z, + Y12, Z;P; be a symbolic 14-plithogenic matrix of size n x n, hence:

1

detZ = det(Z,) + |det (Z P +

Zi) - det(Zo)

3 2 y

+ det( Zi>—det<ZZi>
i=0 i=0 _

5 4 7

+ det( Zl> - det( Zl>
i=0 i=0 _

7 6 y

+ det( Zl> - det( Zl>
i=0 i=0 _

9 8 7

+ det( Zl> - det( Zl>
i=0 i=0 _

11 10 y

+ det( Zl> - det( Zl>
L i=0 i=0 E

r 13 12 1

+ det( Zl> - det( Zl>
L i=0 i=0 g

Theorem6.

2

det (Z

)

— det (Z 7,

1
P,

)

4 3 h

P; + det(zzl> det(ZZl) P,
i=0 i=0 |
6 5 ;

Ps + det( Zl> det( Zi) P,
i=0 i=0 |
8 7 ;

P, + det( Zl> det( Zi) Pg
i=0 i=0 |
10 9 .

Py + det( Zl) det(zzl) Pio
i=0 i=0 |
12 11

Piq + det( Zl->—det< Zi) P;,
i=0 i=0
14 13

P13+ det( ZL>_det< Zl) P14_
i=0 i=0

Let Z = Zy + Y.}, Z;P; be a symbolic 14-plithogenic matrix of size n x n, hence:

DR + (B,

Z) T = X0 Z) Py + [(2F
Pys + [(Z 4

Z)”

1.
2. I =7+ [(BheZ) T
Q0 Z) P + [Ci Z) ™ = Co Z) P + [(Zill
(3502 | Po + (BT 207 - (B0 Z
Qo Z) P + [T
CoZ) P + (G2 2D - Gl
Definition.
Doi: https://doi.org/10.54216/1]NS.220208

CioZ) 7P, +

Z is invertible if and only if det Z is an invertible symbolic 13-plithogenic real number.
- Zo_l]P1 +[CL UD™ -

(B Z)7t -

2)" = Co 27| P+ [ 20 -

Z) = BloZ) P + (B 207 -
L Z)7 = B0 Z) 7Py + Q2207 -
1207 = (Bi20Z) ) Pry
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Let g = qo + Y12, q;P; be a symbolic 14-plithogenic real number and Z = Z, + Y12, Z;P; be a symbolic 14-
plithogenic square real matrix, then q is called symbolic 14-plithogenic eigen value if and only if ZX = gX.

X is called symbolic 14-plithogenic eigenvector.

Theorem?.

Letg =qo + X2 1qLP € 14 — SPg, X = X, + Y12, X; P; be a symbolic 14-plithogenic real vector, then q is eigen
value of Z = Z, + ¥.}4, Z;P; with X as the corresponding eigen vector if and only if:

Z{zo q; is eigen value of Zi:o Z; with Zi:o X; as eigen vector with 0 < j < 14.

Theorems.
n

s en($5) -as @Z_)" (3o e85 _@Zi)’]pg

i=0

4 3 5 4 [, 6 5
. (Zzl> (ZZJ p+ (ZZL) _(ZZQ Py + (sz —<Zzl> P,
| \i=1 i=0 i=1 i=0 | | \i=1 i=0 |
7 6 8 n 7 n] [, 9 n 8 n
+( Zl) ( zl) p7+( z)( zi> p8+( z>< zi> ,
| \i=1 i=0 | \i=1 i=0 | | \i=1 i=0 |
[, 10 9 [, 11 n 10 n
| \i=1 i=0 | V=1 =0 .
[ 12 11 [, 13 n 12 n]
=1 i=0 | \i=1 i=0 |
14 13
i=1 i=0 ]

Theorem9.

Let Z = Z, + Y12, Z;P; be a square 14-plithogenic invertible real matrix, then:
1). det(Z™1) = (det2)?!

2). detZ¢ = detZ

3).det(Z.C) = detZ.detC;C = Cy + Y12, C;P;.

Definition.

Let Z = Z, + Y12, Z;P; be a symbolic 13-plithogenic real square matrix, then:
Z is called orthogonal ifand only if Zt = Z71.

Theorem10.

Z is orthogonal if and only if Zf:o Z;; 0 <j < 13 are orthogonal.

Proof of theorems.

1). Let Z = Z, + 212, Z;P;, then Z is invertible if and only if there exists T = T, + Y12, T;P; such that:
Z X T = Upyq, hence:
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ZOTO = Unxn
1 1
E Z; § T; — ZyTo = Opxn
i=0 i=0
2 2 1 1
§ Z; E T; — E Z; § T; = Onxn
i=0 i=0 i=0 i=0
3 3 2 2
Z; T; — Z; T; = Opxn
i=0 i=0 i=0 i=0
4 4 3 3
Z; T; — Z; T; = Opxn
i=0 i=0 i=0 i=0
5 5 4 4
Z; T; — Z; T; = Opxn
i=0 i=0 i=0 i=0
6 6 5 5
Z; T; — Z; T; = Opxn
i=0 i=0 i=0 i=0
7 7 6 6
Zl Ti - ZL Ti = Onxn
i=0 i=0 i=0 i=0
8 8 7 7
Zl Ti - ZL Ti = Onxn
i=0 i=0 i=0 i=0
9 9 8 8
Z; T; — Z; T; = Opxn
i=0 i=0 i=0 i=0
10 10 9 9
Zl Ti - ZL TL = Onxn
i=0 i=0 i=0 i=0
11 11 10 10
Z; T; — Z; T; = Onxn
i=0 i=0 i=0 i=0
12 12 11 11
Z; T; — Z; T; = Onxn
i=0 i=0 i=0 i=0
13 13 12 12
Z; T; - Z; T; = Opxn
i=0 i=0 i=0 i=0
14 14 13 13
§ Z; E Ti= ) Z; ) Ti = Opxn
i?O_ i=.0 i=0 i=0
This implies that:
ZoTy = Upxn

J J

;1<j<14
ZzizTi = Unxn
i=0 i=0

Hence det(X/_,Z;) # 0 forall 1 < j < 14, so that det(Z) is invertible in 14 — SPg.
2). It holds directly as follows:
I, Ti= (2, Zi)_lfor 1 <j < 14, hence:

77 =2 + Qe 207 - 20 P+ [ 20T - () 7TP + (B 207 - (B Z0 1P +
(B 207 = (o Z)71Py + [(E12) 7 = (Bhno 207 Py + |20 207 — (8502 '] P +
[(Elo1Z)7™ = oo Z) 7P, + [T 207 = Blao Z) T Ps + [(Eo Z) 7 = (oo Z)7HPs +
(21207 = Bio0Z) ™ Pro + [Ei21 207 = (Bi20 Z) 7Py + (B2, 207 = (BiZe Z) 7Pz +
[(Bi2:Z2)7 = Q20 Z) P [Ei21 Z) 7! — (BiZe Z0) ™ Pua
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Proof of theorem?.
It is clear that g is an eigen value of Z with X as an eigen vector if and only if:
Z.X = q.X, which is equivalent to:

ZOXO gOXO
j
1<j<14
Z ZX Sad
i=0 i=0

WhICh |s equwalent to:
Z{:o q; is an eigen value of Z{zo Z; with Z{zo X; as an eigen vector forall 1 < j < 14.
Proof of theorem.
1). detZ ' = det(Z,™") + Py[det (B0 Z) ™t — det(Z,71)] + [det(TEo Z) ™ — det (Tt Z) 1P,
[det(Z31 Z) ™! — det(TFo Z)11Ps + [det (Th, Z) ™ — det(Ti Z) 1P, + det(T5, Z,)
det(ThoZ) 7| Py + [det(RL, 27! — det($5.02,) | Po + [det (B, )™ — det(Tio Z) 1P, +
[det(Bi, Z) ™" — det(X]- Z;) 1P + [det(X7-, Z) ™" — det(X, Z; ) 1Py + [det (X2, Z) ™" -
det(Z?:o Zi)_l]Pm [det(Z 1Z) 1 det(Z =0Zi)” ]P11 [det(Z 217 )_1 - det(ZilioZi)_l]Pu +
[det(21312 )t —det(X{2,Z) Py + [det(Xi2 Z) 7 — det(Z Z)‘ ]P14 = (detZ)‘
2.2t =Zy" +Z,'P + ZZtPZ + Z3'Py + Z,'P, + Z5 Ps+ Zs'Pg + Z;'P, + Zg' Py + Zo' Py + Z1o Py +
Zy1" Piy+ Z15 Pry + Z33" Pis + 714 Pry.
detZt = det(Z,") + [det(Ti=o Z;") — det(Z,")|Py + [det(T2o ZiF) — det(To Z,)|P, + [det(TE, Z:F) —
det(X20ZY)|Ps + [det(Tioo ZiY) — det(Tio Z,0)| Py + [det(Bio Zi") — det (Xi=o Z:)|Ps +
[det(T502,") — det (B3, t)]P6 [det(B7-0Z:") — det (X8, Z))|P; + [det (T, Z") —
det (¥7-0Z;%)]Ps + [det(Z 0 Zi") —det (2., Z,")|Py + [det (21 Z,") — det (T7-0Z,*)|Pro +
[det(Z 2,Z;") — det (312 t)]PH [det(212,Z,") — det (120 Z))|Piy + [det(Zi3, Z1) —
det (313, Z; )]P13+[det(z 0 ZiY) — det (312, Z;") Py = det(Z,) + [det(T} OZ)—det(Zo)]Pl
[det(22=oZ ) — det(Xo OZ )P, + [det(X?_, Z) — det(XF_, Z;)1P; + [det(Ti Z;) — det(Xi, Z)1P, +
[det(T50Z;) — det(Tio Z)|Ps + [det(TE_ Z,) — det(Tio Z;)|Ps + [det(T1-o Z;) — det(X_y Z)1P, +
[det(27 2) - det (%] OZ 1Py + [det(52, Z)) — det(Ny Z) 1Py + [det(E10y2,) — det(Sonp Z)IPo +
[det(X12,Z) — det(Xi2 Z; )]P11 [det(X{2,Z) — det(Xi2, Z)]Py + [det(ZlfoZ ) — det(X{2,Z)]Pis +
[det(Zil;‘o Z) —det(T2 OZ )Py = detZ.
3). we have:
Z. C ZOCO [Zz OZ Zl OC ZOCO]Pl +[ LZ=OZiZLZ=0 Ci _21'1=02i21 OC]PZ [23 OZ Z

oZ Z oC]P3+[Z 0 Zi Y=o Zi3=OZi2i3=oBi]P4+[Z?=OZiZ —YioZi Xi- oC]Ps
[Z — X0 Zi Xizo ]P6+[Z 0ZiXl-Ci— X 0% ZGOCJP7+[Z= Z; 30 Ci

OZZ 0C]P8+[Z OZZ ZZ 0C]P9+[ 0C- Z}‘,loC]P10
[ = Z_ Z: Z: ]P11 [ —OZZ ZoZZzo ]Plz [ZloZZ OC_
Zi1=zo ZiZilzzo Ci]Pls + [Zilio Zi %2, G- X2, Z: 313, C ]P14
det(Z.C) = det(Z,Cy) + [det(Ti-o Z; Zilzo C;) — det(ZyCo)1Py + [det (X0 Z; X7 Ci) —
det(Ti=o ZzZ?:o C)IP; + [det(2?=oZ Z 0 C) — det(XF_o Z; X7 C)IPs + [det(Tis, iZELo C) —
det(X30Z; Y3 ,C)IP, + [det(Z C) det Tt Z; XH 0C)]P5 + [det(Z Z; 38, C) —
det (X? OZ 2 0C)]P6 + [det(Z7- Z 2 0 C) — det (T8 0Z ¥o o COIP; + [det(F8.,Z; 38 0C)
det (N0 Z; X1 C)1Ps + [det(29 Z Yoo C) —det (B0 Z; Xy CIPy + [det(Zl: ZL: C) —
det (Z?:OZiZ 0 CIPio + [det(Xi2,Z; X1, C) — det (X} oZ %12 C1Pyy + [det (X} i20Ci) —
det (Z?ioZiZ 0 CDIP1, + [det(Z OZ Yi3,C) — det (Z 20Z; %1% C)1Py3 + [det(Z oZ Z 2C) —
det (ZL1:30 ZL' l=0 CL)]P14 - det(zo)det(co) + [det(z:izo ZL)-det(Zi:o l)
det(X)21 Zi_,) - det(T)2; Ci_1)|P: = det(Z)det(C); 1 < j < 14.
Proof of theorem10.
Z is orthogonal if and only if Zt = Z~1, hence:
Zot + NI Z P = Zy T+ [Co Z) T — U TP+ (R0 Z) 7 = (B0 Z0) TP + (B, Z) 7 —
(B2 Z)7MPs + (B 207 = (B0 Z) 7P + (354 2) ' — (Ble 207 Py + |26, 2071 -
(Z5020) 7 Po + (BT 2071 = (B0 20 71P + (B0 207 — (R0 20711y + (B, 207" —
0 Z) P + (X1 Z) ™ = B0 Z) P + (B2 Z) ™ = Ci2 Z) 7Py + [ 207 —
e Z) P + [C2:Z2)7 = Bi20Z) P + [(Z 1Z)T - (2 oZ) 1P, thus:
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Z)t=27,7"

21 0Zi f= (21 oZi)_1
0Zit = Xi0Z)7!
0Zit = (Xl Z)™
oZ f=CloZ)™t

L = (Zizozl‘)_1
= (X0 Z)™

27 oZ ‘= = iz Z)™"
oZ = Z)!

=0 Z)™
llooZ f= (i Z)™

Y20z = XEikoZ)™!

Y1z 7.t (2120Z )1

202 = Qi z)™!

202 = Qi z)t

3. Conclusion
Tin this work, we have found the algebraic properties of the symbolic n-plithogenic matrices in two different
special cases (for n=13, n=14), where we have established many theorems that describe the algebraic behavior of
these matrices, such as determinants, inverses, and eigenvalues. Also, the relationships between symbolic 13-
plithogenic/14-plithogenic matrices and their classical components are presented.
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