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Abstract

This paper is dedicated to study the algebraic properties and meta-structures that are related to symbolic 15-
plithogenic with symbolic plithogenic real entries, where symbolic 15-plithogenic eigenvectors and values will
be discussed and presented in terms of theorems. As well as, the computation of determinants, inverses, and
scalar values.
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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-known 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; = Prax(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.
In general, the symbolic n-plithogenic square real matrix is defined with the following formula:
M = M, + Y, 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 15 plithogenic matrices
with their elementary algebraic properties.

2. Main Discussion
Definition:
The square symbolic 15-plithogenic matrix is defined as follows:
1= o + X2 1iP; s () nxn IS SQuare matrix of real entries.
Example.
Consider the symbolic 15-plithogenic matrix:

”=1(_; _19) Irz(énDPﬁ(i _291)P2+(88 :21)133+(24 i)iﬁ(:g 4:g)fs+(§ 4:;)11”
Ez} E1%P7+(65 —1)P8+(:1 o)P10+(7 _5)P11+(2 :8)P12+(2 :9)P13+(2 :8)P14+
5 o) Pis.
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Definition.
Let u = po + Y12, u; P; be a symbolic 15-plithogenic matrix of size n X n, hence:

ol S) - (50 s[5

i=0 i=0 i=0

+ det(

detu = det(uy) + P +

P; + |det Zl-> — det
i=0

Jreloe(2) ()
)=+ d( 0 _det(i M) P,
(2)-(2)
(&) ()

+ det( ,Lll> - det( ,Lll> P7 + |det Ui PS
L i=0 i=o /| ] i=0
r 9 8 b - 10 9

+ det( ,Lti> - det( ,Lti> Py + |det ,ui> — det Ui || Pio
L i=0 i=0 E L i=0 i=0
. 11 10 1 12 11

+ det( ,Lti> - det( ,Lti> P, + det( ,ui> - det( ,ul> P,
L i=0 i=o /| i=0 i=0
. 13 12 1 14 13

+ det( ,ul> - det( ,Lti> Pi; + det( ,ui> - det( ,ui> Py

i=0 i=0 i=0 i=0

Theorem1.
Let u = po + Y12, u; P; be a symbolic 15-plithogenic matrix of size n X n, hence:
1. pisinvertible if and only if det u is an invertible symbolic 15-plithogenic real number.
20 Tt =pe T+ Qo)™ o P+ (G m) T - G oul)‘l] +HIE )t -
(2om) P + [Tl )™ = Bom) 1P+ [(Ba ) = S Z) 7Y Ps + [BELi )™ -

(Zl Olul) ]P6+ [(Zl 1.“1) ! (Zl OML) ] [(Zl 1#1) 1_(21 0#1) 1]PB—}_ [(Zl 1#1) -
(Zl O:uL) ]P9+[( i= 1:“1) 1_(21 Onul) 1]P10 [( i= 1#1) 1_(21 Olul) ]Pll [(ZL 1#1) t—

(Zl 0!11) P, + [ i=1 u)~t = (Zl 0#1) HP; + [(Zz 1M) = (ZL OH[) Py, + [(Zi=1ﬂi)_1 -
(Zz Onul 1] P15
Definition.
Let ¢ = qo + 212, q;P; be a symbolic 15-plithogenic real number and u = uy + X2, u;P; be a symbolic 15-
plithogenic square real matrix, then q is called symbolic 15-plithogenic eigen value if and only if ZX = gX.
X is called symbolic 15-plithogenic eigenvector.
Theorem2.
Let 0 = 0y + Y12, 0;P; € 15 — SPy, X = X, + Y12, X;P; be a symbolic 15-plithogenic real vector, then o is
eigen value of u = p, + Zl 1 i P; with X as the correspondlng eigen vector if and only if:
{ 0 0; is eigen value of Zl o M; With Z o X; as eigen vector with 0 < j < 15.
Theorem3.
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n] 11 n 10 )
i Py + .“i) - #i) Py

5
G -G
3

R E
Hi) Py, +

Theorem4.

Let u = uo + Y15, u;P; be a square 15-plithogenic invertible real matrix, then:
1). det(u™1) = (detp)™?!

2). detu' = detyu

3). det(u.C) = detu.detC;C = Co + Y15, C;P;.

Definition.

Let u = uo + Y15, u; P; be a symbolic 15-plithogenic real square matrix, then:
u is called orthogonal if and only if ut = u~1.

Theorem5.

u is orthogonal if and only if Z{:o U;; 0 <j < 15 are orthogonal.

Proof of theorem1.

1). Let u = po + X1, w; P, then Z is invertible if and only if there exists T = T, + Y.12, T;P; such that:
U X T = Upyxq, hence:
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UoTo = Unxn
1 1
§ Hi § = UoTo = Onxn
i=0 i=0
2 2 1 1
§ i § T; — § i § T; = Opxn
i=0 i=0 i=0 i=0
3 3 2 2
i T; — i T; = Opxn
i=0 i=0 i=0 i=0
4 4 3 3
Ui Tl - 25 Tl - Onxn
i=0 i=0 i=0 i=0
5 5 4 4
i T; — i T; = Opxn
i=0 i=0 i=0 i=0
6 6 5 5
i T; — i T; = Opxn
i=0 i=0 i=0 i=0
7 7 6 6
i Ti - Ui Tl = Onxn
i=0 i=0 i=0 i=0
8 8 7 7
i T; — i T; = Opxn
i=0 i=0 i=0 i=0
9 9 8 8
i T; — i T; = Opxn
i=0 i=0 i=0 i=0
10 10 9 9
25 T; - K T; = Onxn
i=0 i=0 i=0 i=0
11 11 10 10
25 T; - K T; = Onxn
i=0 i=0 i=0 i=0
12 12 11 11
25 T; - K T; = Onxn
i=0 i=0 i=0 i=0
13 13 12 12
i T; - i T; = Opxn
i=0 i=0 i=0 i=0
14 14 13 13
i T; - i T; = Opxn
i=0 i=0 i=0 i=0
15 15 14 14
E M E Ti= ) ui ) Ti = Opxn
i=0 i=0 i=0 i=0
This implies that:
ﬂoTo = Unxn

;1<j<15
Z.“LZ = Unxn

Hence det(Zl oM;) # 0 forall 1 < j < 15, so that det(y) is invertible in 15 — SP;.
2). It holds directly as follows:

= (2 m) for1 <j <15, hence:
/F = o™t + [Bico )™ —po 1P + [(Zl ol = WP + [Ey )™ - B o#l) '1P; +
(Bl i)™ = Chou) 1P + [(Thea ) = S )™ P + [(oy )™ = (Tio ) ]P6
(i)™ = oo u) ™R + (B )™ = Cloo ) TP + [T )™ = Bo ) ™H1Ps +
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[(Zl 1/"1) ! (ZL Onu‘l) ]P10+[( i= 1:“1) 1_(21 Onu'l) 1]Pll [( i= l.u-l) 1_(21 0:“1) 1]P12+
(T )™ = o 1) ™ 1Prat [T 1) ™ = CEom) Pt (B 1)~ = Clom) ™| Pis.

Proof of theorem?2.
Itis clear that o is an eigen value of Z with X as an eigen vector if and only if:
u. X = o0.X, which is equivalent to:

#0X0—00X0
j
1<j<15
ZﬂLZX XOXG
i=0 i=0

WhICh |s equwalent to:
’ 0 0; is an eigen value of Z’ o Mi With Z o X; as an eigen vector forall 1 < j < 15.
Proof of theorem4.

1). detp™* = det(uo™) + Py[det(Xioopi) ™ — det(uy™")] + [det (Xi- o.“L) t—det(Ti—omi) 11]P2 +

[det (T3, u) ™ — det (TFop:)” 1] + [det(Thy p) ™ — det(Blo ) 1P, + [det(TEy i)~ —

det(Xtom)” ]Ps |det(Te, 1)~ — det(TEo ) | P + [det (XL, ) ™" — det(Zeo ) 1P, +

[det (X5, pu) ™t — det(X]- oﬂl) Pg [dEC(ZL L)t —det(XP- o/lz) 1Py + [det (X2 1/«‘1) t—
det(X7-o ) M 1Pyo + [det (X2 )~ 1 — det(Xi2 1) 1Py + [det (X2 1.“1) P—det(Xom)” ]P12+

[det (X123, 1)t — det(Xi2g 1) H1Pis + [det (Ti2 )™ — det (T2 1) 1Py + [dEt(Zz 1#:) -

et 1) 1 Pis = (detiy~.

2). .U = uo" + Py + #ztpz + 3 Py + pa Py + pstPs + U6t Pg + i7" Py + pig" Py + 1o Po + 1o Py +

t11 Pyy + Wi Py + i3t Py + 4 Pra + pys"Pys.

det.u = det(.uot) + [det(Zl Ol’tlt) - det(/’tot)]Pl [det(Zl olht) - det(Zl O.ult)]PZ [det(Zl Olul )
det(Zz Oﬂlt)]P3 [det(Zl Ol’tlt) det(Zl O.ult) P4 + [det(ZI. olht) det (Zl Olult)]PS

[det(Zf_o mi*) — det (3i- Zi")]|Ps + [det (T]-o u;") — det (T ouf)]l% + [det(To ") —

det (X]-o pi*)1Ps + [det(Zl ot — det (T, 1;)1Py + [det (Bi2 ;") — det (X7 ok 1Py +

[det(Xi2o 1:") — det (B2 1;)]P1y + [det(Bi2o pi") — det (N2 ;)P + [det (B2 1) —

det (X320 u;)1Pi3 + [det (X2, 1) — det (T2 i) 1Prs + [det(Zl Oﬂlt) det (Xi2 Olult)]P15 = det(yo) +
[det(Xioo 1) — det(ue)1Py + [det(Xio p;) — det(Xioo u)1Ps + [det(Xi_, 1) — det(T o pi)1Ps +
[det(Tiopi) — det(Xi—o w)1P, + [det(ZS olh) det(Tio w; ]Ps + [det(26 oMi) — det(zl olr‘i)]Ps +
[det(ZL 0“1) det(Zl 0.”’1)]P7 [det(ZL 0“1) det(Zz O.UL)]PS + [det(Zl 0“1) det(Zl Olul)]Pg +
[det(Xi2 ui) — det(Xi_g ui)1Pio + [det(X 2o p;) — det(Xi2 u)1Pyy + [det(X {2, 1) — det(Xito )Py +

[det(Xi2o 1) — det(X 12, u)1Pis + [det(TiZo u) — det (X3, u)1Pys + [det(Zl o.UL) det(X {2, 1) ]P15 =
detu.

3). we have:

#-C = 1oCo + [Xizo i Xizo Ci — 1o Col Py + [Xi-o 1y - i OHl Ci]PZ + X om X G —
i= O“iZLZ=OCi]P3+[ ?:0.“121 OC Zl O.ULZL OB]P4+[Zl Onul. ZL OHLZI. OC]PS

[Zl 0.“121’6=0Ci_2i5=0“i ]P6+ [Zl O.ULZL 0 Zl 0”1 z= Cl]P7 [ z O#LZL OC

i= O”LZL=OCI:]P8+[ ?=0.u'l 1:0C l Onul C]P9 [ i= O.ULleooc i= 0.“121 OC]P10
[ZL Olul OC ATE 0#12 C]Pll [ L 0/'41 C Zz OMLZ C]P12+[ZL oHli ilzoci_

L o.uL C]P13 [ZL o Mi Cl i= OMLZL OC]P14-+[ i= O/JL Cl l OMLZE OCi]P15'
det(p. C) = det(uoCo) + [det(Zl 0#121 0 Ci) — det(uoCo)]P; + [det(Zl oHi 0Ci) —
det(ZL OZ ZL OC)]PZ + [det(Zz 0#123 OC) det(Zl 0“122 OC)]P3 [det(ZL 0#124 OC)
det (7o 1 OC)]P4 + [det(zl o i Xi- OC) det (Tio i oC)]Ps + [det(Zl oHi Xi=0 Ci) —
det (Zf-o i Xi=o Ci)|Pe + [det (X]o i Xl=o C) — det (Xi_o i Xi=o COIP7 + [det (T oulzpoq) -
det (N7—o K =oC)]Pa [det (X7- o i C) det (N5 ok C)]P9 [det (X2 i 212 Ci)_
det (ZL o Mi ?:0 Ci)]Plo [det(Zl 0”1 C) —det (Zz OHL C )]Pll + [det(Zl O#I.Z G ) -
det (Xiom; oc )Py, + [det(Zl olh 20 C) — det (1201 X120 C)Py3 + [det (TiZou; Xi2o C) —
det (312 0#12 C)]P14 + [det( i= oﬂl C) det (T2 OMLZL:OC)]P15 = det(,uo)det(Co) +
[det(Zl olh) det(Z C) det(Zl 1 Mie 1) det(Zi=1 1_1)]Pi =det(u)det(C);1 <j < 15.
Proof of theorem>.
w is orthogonal if and only if u* = u~1, hence:
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ot + X it P = Zy T+ [ = oM IP + [0 )™ 1—(ZL o) TP + [ )™ -
(2o 1) 1Py + [y )™ = Bho i) 1P+ [(BEa )™ — Boo i) ]Ps [OhEE
(o) | Po+ [Elea i)™ = o) 11Ps G )™ = Clom) TP+ 1 )™ -
(ZL o)™ ]P9+[(ZL 1#1) 1_(21 o)™ Py + + [ i= 1.“1) -t i= o#z) P, + [(Zl 1.“1) 1—
(EEou) 1Py, + [EE 1) ™ = Cou) 1P + (B 1) ™ = CBou) 1P + (T ) -

(ZH 1) Py, thus:

fo' = po™"
1 -1
TR (Z m) — ot
i=0
2 -1 1 -1
o' = (Z m) - (Z #i)
i=0 i=0
3 -1 2 -1
s = ( m) - ( m)
i=0 i=0
4 -1 3 -1
Ha' = (Z m) - ( m)
i=0 i=0
5 -1 4 -1
pst = ( m) - (Z m)
i=0 i=0
6 -1 5 -1
pe' = (Z m) - ( m)
i=0 i=0
7 -1 6 -1
Hyt = ( m) - ( ui>
i=0 i=0
8 -1 7 -1
1. ¢
Hg" = Zi| - Zi
i=0 i=0
9 -1 8 -1
Ho' = (Z m) - (Z m)
i=0 i=0
10 -1 9 -1
#wt = ( ﬂz) - (Z #i)
i=0 i=0
11 -1 10 -1
it = ( m) - ( .ui>
i=0 i=0
12 -1 11 -1
it = ( m) - ( ui)
i=0 i=0
13 -1 12 -1
izt = ( m) - ( ui)
i=0 i=0
14 -1 13 -1
Hia®t = ( Mi) - ( ﬂi)
i=0 i=0
15 -1 14 -1
pyst = (Z m) - ( ui>
i=0
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o' = o™t
Yicoti" = Qizou) ™
i2=0.ul (Zl 0/11) !
ot = Qo)™
o' = Clou)™

Oﬂlt = (ZL 0/11)
okt = Eioou) ™
ot = Cloou)™
ottt = Chom)™
?0#1 (ZL o)™t

o.ult = (ZL 0#1) !

Zl ot = CiZom) ™
i=0.ul (Zl 0#1) -
i1=30.Uz (Zl 0#1) -
izomt = CiZou)™

ilgo.“i =( i:ol‘i)_1

3. Conclusion
in this work, we have found the algebraic properties of the symbolic 15-plithogenic matrices, 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 15-plithogenic matrices and their classical
components are presented.
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