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Abstract

Symbolic n-plithogenic sets came with many generalizations to classical algebraic structures, with many
interesting properties and theorems, where the symbolic 2-plithogenic structures are very similar in their
algebraic properties to refined neutrosophic algebraic structures. The main goal of this article is to study the
algebraic properties of symbolic 2-plithogenic matrices such as the computing on symbolic 2-plithogenic
determinants, symbolic 2-plithogenic special values, and symbolic 2-plithogenic representations by linear
functions. In addition, many examples will be presented and discussed in terms of theorems to clarify the
validity of the content of this paper.

Keywords: symbolic 2-plithogenic matrix; symbolic 2-plithogenic ring; symbolic 2-plithogenic invertibility.

1. Introduction and Preliminaries

Generalizing classical algebraic structures is a new research direction based on using new general systems to
build generalized structures over them [15-17]. The symbolic 2-plithogenic algebraic structures are
considered as novel generalizations of classical well-known structures such as symbolic plithogenic vector
spaces, modules, and rings [1-8].

Symbolic plithogenic algebraic structures are very similar to refined neutrosophic structures with some
differences in the definition of the multiplication operation, see [9-14,16-18].

This work discusses the concept of symbolic 2-plithogenic matrices with symbolic 2-plithogenic entries,
were determinants, eigen values and vectors, exponents, and diagonalization will be handled in terms of
theorems and examples. First, we recall some related concepts:

Definition.
The symbolic 2-plithogenic ring of real numbers is defined as follows:

2—SPy ={to+t;P, + t,Py;t; ER,P; X P, = P, X P, = P,,P,* = P,” = P,}
The addition operation on 2 — SPy is defined as follows:
(to + P+ 6,P) + (6 + 6P + £5P) = (tg + £) + (¢ + EDP + (&, + )P,
The multiplication on 2 — SPy is defined as follows:
(to + t1Py + t,P) (£ + 4Py + £5P,)

= toty + (toty + tity + t16)Py + (toty + tity + tyty, + toty + tt1)P,
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Example.

TakeT =1+ 2P, —5P,,L = 3 + 4P, + 11P,, we have:

T+L=4+4+6P, +6P,TXL=3+(4+6+8)P, +(11+22—55—15—20)P, = 3 +418P, — 57P,
Remark.

IfT =ty +t;P, + t,P, €2 — SPg, then:

-1l 1 [;_i] [;_;] i
T et o T a Pt o Tl P With o 2 0,60 + 6 # 0,60 + £y + £, # 0.

Main Discussion

Definition.
A symbolic 2-plithogenic square real matrix is a matrix with symbolic 2-plithogenic real entries.
Example:
Consider the following 3 x 3 2-plithogenic matrix:
3+P,—P, 1+P 5
( —P, + P, 3P, 4p, >
—1+2P,—P, 5+2P, 7+P +10P,
Remark.
If L is a symbolic 2-plithogenic square real matrix, then L can be written as follows:
L =1Ly+ L,P; + L,P,, where L; are three classical square real matrices.

Example.
3+P —P 1+p 5 1 15 1 1 0 -1 0 0

( _P1+P2 3P1 4’P2 >=<0 0 0>+<—1 3 0>P1+<1 0 4>P2
—-1+2P,—P, 5+2P, 7+P,+10P, -1 5 7 2 01 -1 2 10

Remark.

LetL =Ly + L,P; + L,P,, T =T, + T, P; + T,P,, be two square 2-plithogenic matrices, then:
L+T=(Ly+Ty)+ Ly + TP, + (L, + T,)P,.

LXT=LoTy + (LoTy + LTy + Ly TPy + (LT, + Ly Ty + LTy + LTy + LTy P,

We denote the ring of all symbolic 2-plithogenic matrices by 2 — SPy,.

Theorem.
LetS =S, + S;P; + S, P, be a symbolic 2-plithogenic square real matrix, then:
1). S isinvertible if and only if Sy, Sy + Sy, Sy + S; + S, are invertible.
2). If Sisinvertible then S™* = Sy ™" + [(So + $1) ™2 = So '[Py + [(So + S + S2)™1 = (So + S P,
3). 8™ =S+ [(Sg+ S)™ — S 1P, + [(Sp + S1 + S,)™ = (Sp + S)™]P, form € N.
Proof.
1),2). Assume that S,, Sy + S1, Sy + S; + S, are invertible, then we put K = K, + K; P; + K, P,, where
Ko=5," K =(So+S5) =8, LKy = (S + S +S,)™ 1 = (S, + 5,)71, then:
SX K = SyKy + (SoKy + S1Ky + S1K)Py + (SoKy, + S1K, + S, K, + S, Ky + S,K;)P,
We have:
SoKo = Unxn-
SoKy + S1Ko + S1K; = So(So + S1) 71 — SoSo ™+ So(So + S1) 7t =SS0+ SpS0 7!

= (So +5)(S0 + 807" =SS0 = Onxn
Also,
SoK, + S1K, + S,K, + S,Ky + S,K,

= S50(So + 51+ 82)7F = So(So + S1)7H+ 81(So + 51+ 85)7H = S51(Sp + S) 7

+85,(So+ 81 +5,) 1 = 8,(So + S) T+ 85,85, + 5,(S +5) 7 — 85,5,

= (So+ 81 +5)(So + 81 +5)7" = (So + 51)(So + S1)7F = Opn
This implies that K = S,
For the converse, we assume that S is invertible, then there exists K = K, + K; P, + K,P, € 2 — SPy such
that S X K = Upxq.
S X K = U,y is equivalent to:

SoKo = Unxn - (1)
SoKy + S1Ky + S1K; = Opyp - (2)
SoKy + S1K, + S, K, + S,Ko + Ky = Opery .. (3)

Equation (1) implies that S, is invertible and K, = S,~*
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By adding (1) to (2), we get (Sy + S;)(Ky + K1) = Ui, SO that Sy + S; is invertible and K, + K; =
So+S) L thusK; = (Sg+S1) P —Ky = (S +5)™ 1 =S, %
By adding (1) to (2) to (3), we get:
(So+S, +S,)(Ky + Ky + Ky) = Uy, thus Sy +S; +S, is invertible and Ky + K; + K, = (S, + S; +
S)) L hence K, = (So+S;+S,)™ 1 —(Ky + K) =(Sg +S; +5,)" = (So +S,)™ L
This implies the proof.
3). For m =1, we getS1 =S+ [(Sg +S1) — SolPy + [(Sg + S; +S,) — (S + S)]P,.
We assume that it is true for m = k, then:
Sk =S x Sk =[Sy + S1 P + S,P5][So* + [(So + S1)* — So*] Py + [(So + Sy + $2)% — (Sp + S1)¥]P, ]
= So" " 4+ [So(So + S)¥ — So* ! + 851(Sp + SDK — $15% + 5,5,%| Py
+ [So(So + Sy + S2)% = So(So + SF + S51(So + Sy + S5)F — S1(So + S)*
+ 8,(So + S1 + S0 — $5(So 4+ SDK + $,50% + S,(Sp + S1¥ — 5,5, P,
= Sok+1 + [(50 + 51)(50 + 51)k - SokH]Pl
+ [(So + Sy +5)(Sp + S + 50 = (So +51)(Sp + $1)]P,
= S 1+ [(So + 1M = So™ P+ [(So + Sy + Sp)Ft = (S + 5P,
Definition.
LetL =Ly + L;P; + L,P, € 2 — SPy, we define:
detL = det(Ly) + [det(Ly + L,) — det(Ly)]P, + [det(Ly + Ly + Ly) — det(Ly + Ly)]P,.

Example.
TakeL—( P, P, + P, )—(0 0)+(1 1)P1+(0 1)P2—L0+L1P1+L2P2.
det(Ly) = 0,det(Ly + L,) = det (i i) = 0,det(Ly + Ly + L,) = det (i ‘2*) =2

Sothat detL = 0+ (0 — 0)P, + (2 — 0)P, = 2P,.
If we can compute detL by the normal way, we get:
detL=(1+P, +P,)(P, +P,) — (3—P, +2P,)(P,) =P, + P, + P, + P, + P, + P, —3 + P, — 2P,
= 2P,
Theorem.
LetL = Lo+ L P, + L,P,,S = Sy + S, P, + S, P,, then:
1). S is invertible if and only if det(S) is invertible in 2 — SP;.
2). det(S x L) = det(S) x det(L).
Proof.
1). According to the previous theorem, the matrix S is invertible if and only if Sy, S, + S;,S, + S; + S, are
invertible.
This is equivalent to det(S,) # 0,det(S, + S;) # 0,det(S, + S; + S;) # 0, thus
det(S) = det(Sy) + [det(Sy + S;) — det(Sy)|P; + [det(Sy + S, + ;) — det(S, + S;)]P; is invertible.
2).SXL=5SyXLy+ (SoLy +S;Lo + S;L)Py + (SoLy + S;Ly + S,Ly + S,Lo + Sy L) Ps.
det(S X L) = det(SyLy) + [det(Sy + S1) (Lo + L) — det(SoLo)]P; + [det(Sy + S, + S;)(Lg + Ly + Ly) —
det(Sy + S;) (Lo + L,)]P, = det(S) x det(L).

Example.
. (1+P,+P, 3—P +2P). . . . . . .
The matrix ( HEEREE 1t 2) is not invertible, that is because its determinant det(S) = 2P, is
P, P, + P,
not invertible.
Example.
_ _(14P +P, 2—P1+P2>_ 1 2y /1 -1 1 1\, _
Consider X = ( 3P, +P, 1+4P—P,) 7 (o D+G WIA+( )P =Xt tip+Xp,
_ _ 2 1\ _ _ 3 2\ _
det(Xy) = 1,det(X, + X;) = det (3 5) = 7,det(Xy + X, + X,) = det (4 4) = 4.

det(X) =1+ (7— 1P, + (4 —7)P, =1+ 6P, — 3P,.

Eigen Values/Vectors:

Let X =X, + X,P; + X,P, € 2—SPy, we say that A =a,+ a,P; + a,P, €2 —SP, is a symbolic 2-
plithogenic eigen value ifand only if X.Y = A.Y;Y = yy + y; P, + y,P, € 2 — SPy.

Y is called the corresponding symbolic 2-plithogenic eigen vectors.
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Theorem.
Let A=Ay, + AP, + A,P, €2 —SPy, thent =ty +t,P, +t,P, € 2 —SP; is a symbolic 2-plithogenic
eigen value of A if and only if ¢, is eigen value of A4,, t, + t; is eigen value of A, + A;, and ty + t; + t, is
eigen value of Ay + 4, + A,.
In addition, X = X, + X, P, + X, P, is the corresponding eigen value vector of ¢t if and only if X, is eigen
vector of t,, X, + X; is eigen vector of t, + t;, and X, + X; + X, is eigen vector of t, + t; + t,.
Proof.
By considering the equation A. X = t. X, we get:
AoXo = toXo
(Ag +Ay) = (Lo + t)(Xo + X1)
A +A+A)XKg+ X1+ X)) =g+t + )Xo + X1 + X3)
Thus, we get the proof.

Example.
Consider the matrix:

/10 2 0 -1 0y, _(1+2P,-P, 0 )
A_(3 2)+(2 5)P1+( 1 3)P2 _(3+2P1+P2 2 + 5P, + 3P,

The eigen values of A, are {1,2}.

The eigen values of A, + 4, are {3,7}.

The eigen values of A, + A; + 4, are {2,10}.
We discuss the following possible cases:

Case 1.

Ifty =1ty +t; =3ty +¢t; +t, =2,thent =14 2P, — P,.
Case 2.

Ifty=1ty+t, =7ty +t; +t, =2,thent =14 6P, —5P,.
Case 3.

Ifto, =1ty +t; =3,ty+t; +t, =10, thent =1+ 2P, + 7P,.
Case 4.

Ifto, =1ty +t; =7ty +t; +t, =10,thent =1+ 6P, + 3P,.
Case 5.

Ifty,=2,to+t; =3ty +t; +t, =2,thent =2+ P, — P,.
Case 6.

Ifty =2ty +t; =3ty +¢t; +t, =10,thent =2+ P, + 7P,.
Case 7.

Ifty,=2to+t; =7ty +t; +t, =2,thent =2 + 5P, — 5P,.
Case 8.

Ifto =2,t0+t1 = 7,t0+t1+t2 = 10,thent=2+5P1+3P2
The eigen vectors of A, are {u; = (1,-3),u, = (0,1)}.

The eigen vectors of A, + A; are {u3 = (1_75) JUy = (0,1)}.
The eigen vectors of Ay + A, + A, are {us = (1, _3),u6 = (0,1)}.

4
The possible cases:
Case 1.

fuy = (1,-3),u5 = (1,22),us = (1,2), then X, = (1,-3) + (0.2) P, + (0.3) Po.
Case 2.
fuy = (1,-3),u; = (1,52, 46 = (0,1), then X, = (1,-3) + (0,2) P, + (-1,2) P.
Case 3.

-3 -7
Ifu, = (1,-3),u, = (0,1),us = (1,7), then X5 = (1,-3) + (—1,4)P, + (1,7) P,.
Case 4.
If u’l = (11 _3)1 U.4 = (0’1)’u6 = (011)1 then X4- = (11 _3) + (_114)P1 + (OIO)PZ

Case 5.

Ifu, = (0,0, = (1,2),u5 = (1,2), then X5 = (0.1) + (1L.2) P, + (0,3) P..

Case 6.

Ifu, = (0,0),us = (1,72),u6 = (0,1), then X, = (0,1) + (1,7) Py + (=1,2) .

Case 7.
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Ifu, = (0,1),us = (0,1),us = (1,52), then X, = (0,1) + (0,00P, + (0,~) P,.

Case 8.
If uz = (0,1), u4 = (0,1), u6 = (0,1), then X8 = (0,1) + (O‘O)Pl + (0,0)Pz

2. The diagonalization problem.

Definition.

LetY =Y, + Y, P, + Y, P, be a symbolic 2-plithogenic square matrix, Y is called diagonalizable if there exists
an invertible symbolic 2-plithogenic matrix B = B, + B, P; + B,P, and a diagonal symbolic 2-plithogenic
matrix T = Ty + T; P, + T,P, suchthat Y = BTB™1,

The following theorem explains the conditions of diagonalization.

Theorem.
The symbolic 2-plithogenic square matrix Y =Y, + Y; P, + Y, P, is diagonalizable if and only if Y;,Y, +
Y1, Y, +Y, +Y, are diagonalizable.
Proof.
Y is diagonalizable if and only if there exists T and B according to the definition, such that Y = BTB™1.
First, we have:
BT = ByTy + (ByTy + BTy + B;T,)P; + (BoT, + BT, + B,T, + B,Ty + B,T,)P,.
B*=B,"" + [(Bo +B)7! - Bo_l]P1 +[(Bo + By + By) ™' = (By + B;)"']P,.
BTB™' = ByT,B, *
+ [BoTo(By + By)™* — BoToBy ™" + BoTyBy ' + ByToBy ™" + By T\ B, !
+ BoTy(By + B;)™ — ByTyBy ' + By To(By + By) ™ — By Ty By ™" + B, Ty (By + B,) ™!
— B, T,B, [P,
+ [BoTo(By + By + By) ™' — ByTo(Bo + By) ™t + BoTy(By + By + B,)™*
— ByTy(By + By) ™" + BTy (B + By + B,) ™t = By Ty(By + B;) ™!
+B,T;(By + By + B,)™* — B;Ty(By + By)™* + ByT,By ' + B,TyBy ' + By T,B, "
+ B,TyBy ' 4+ B,T,By ' 4+ ByT,(By + B;)™* — ByT,By * + B,Ty(By + B;) ™!
— ByToBy ™" + ByTo(By + B,)™* — ByToBy ™' + B,Ty (By + By) ™ — B,Ty By ™
+ ByTy(By + B;) ™t — ByToBy ™" + BTy (By + By + B;) ™t — BTy (By + B)™*
+ B,Ty(By + B + B;)™* — B,Ty(By + By) ™ + By T,(By + B, + B,)™!
— BiT,(By + B1)™" + BT (By + By + B,) ™" — B,T1(By + B;) ™"
+ B,T,(By + By + B,)™* — B, T, (B, + B;)!|P,
= ByToBy ' + [(Bo + B)(Ty + T)(By + B;) ™! — BoToBo_l]Pl
+ [(Bo + By + B,)(Ty + Ty + T5)(Bo + By + By) ™" — (By + By)(Ty + T1)(By + By)"']P,
The equation Y = BTB~! implies that:
Yo = BoToBo_1
Yo+Y =(By+B)(Ty +T)(By + By)™?
Yo+ Y +Y,=(By+B; +B,)(To+ T, +T,)(By+ B, + B,)™ !
Which means that Yy, Y, + Y;, Y, + Y; + Y, are diagonalizable.

3. Algorithm for the diagonalization.

Let Y =Y, + Y, P, + Y,P,, assume that Y;,Y, +Y;, Y, + Y, +Y, are diagonalizable, then to diagonalize Y,
follow these steps:

Step 1.

Diagonalize Yy, Yy + Y3, Yy + Y, + Y5, which means find three invertible matrices Ly, L, L, and three diagonal
matrices Dy, Dy, D, such that Yy = LoDoLy %Yy + Y, = LiD;L; 'Yy +Y, + Y, = L,D,L, "

Step 2.

PutB = Lo+ (L — Lo)P, + (L, — L,)P,, T = Dy + (D; — Dy)P, + (D, — D;)P;.

Step 3.

We getY = BTB™L.

Example.

Consider the symbolic 2-plithogenic square matrix:
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Bz(éié%:iﬁ 2+5P(1)+3P2):(é (2))+(§ g)P1+(_11 g)P2=Y°+Y1P1+y2P2
We have:
n=(3 ) hrn=G )nrn+n=(g )

1 0 1 0
=y Doou=(b D= (5 )= D= (2 )= )
-1 10 -1 é 0 -1 % 0
1o (e o= )

We have YO = LoDoLO_l, YO + Yl = LlDlLl_l, YO + Yl + Y2 = L2D2L2_1.

We put:
oo (00 00 1 0
B=L0+(L1—L0)P1+(L2—L1)P2=(_3 1)+<z 0>P1+<1 0>P2=<_3+1P1+P2 1)
4 2 2
T =D+ =P + 0, = DDP, = (5 9)+ (5 )P+ (G 3P
_ (1+2P, - P, 0
_( 0 2+ 5P, + 3P,

1 0 0 o0 0 0
B =Lo 4 (L7 = Lo )P (L =L )Py = (3 1) * <__7 0) it <_1 0) "

4
1 0
= 7 1
3_ZSP1_EP2 1

Now let’s compute:
o . 0(1+2P1—P2 0 )_ 1+32P1_P; 0
B —3+oPh+Ph 1 0 2+5P, +3P) —3-75Pi+ P, 2+5P +3P,

14 2P, —P, 0 1 0
BTB™! = 3 9 7 1
- 3+2P1_P2 2+5P1+3P2 -

4. The representation symbolic 2-plithogenic liner functions.

Definition.

Let2 — SP, = {x + yP, + zP,; x,y,z € V} be symbolic 2-plithogenic vector space, a function f:2 — SP, —
2 — SPy is called linear if and only if:

fX+Y)=fX)+f),f(AX)=A.f(X) for all X,Y €2—-SP, and A € 2 —SP; (the symbolic 2-
plithogenic field which 2 — SP, defined over it).

Definition.

Let Y =Y, + Y, P, + Y,P, be a symbolic 2-plithogenic matrix, we say that Y is represented by the linear
function f:2 — SP, —» 2 — SP, if and only if:

YT = f(T);T =ty + t;P, + t,P, € 2 — SP,.

First, we characterize the structure of symbolic 2-plithogenic linear functions.

Theorem.

Let f:2 — SP, —» 2 — SP, be a symbolic 2-plithogenic linear function, then there exist three classical linear
transformations f;, f;, f2: V = V such that:

f(to + Py +t5Py) = fo(to) + [(fo + 1)t + t1) — fo(t)IPy + [(fo + f1 + ) (Go + &1 + t5) —
(fo + f) (o + t1)]Ps.

Proof.

First, we define h:2 — SP, » V X V x V such that:

h(xg + x, Py + x,P;) = (%9, X9 + X1, X9 + X1 + X3),and g: 2 — SPz > F X F X F such that:

g(ag + a; Py + ayP,) = (ag, a9 + aq, a9 + a; + ay).

Itisknown F X F X F isaring, V X V X V isa module over the ring F X F X F.

We prove that (k) is a semi-module isomorphism.

g is well defined, if ay + a, P, + a,P, = by + by P; + b,P,, thena; = b;; 0 < i < 2, thus:

(ag,ap +a4,a9 + a; + a,) = (by, by + by, by + by + by,), hence g preserves addition:
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gllag + a, Py + a,P,) + (by + by P, + b,P,)] = (ag, ag + a1, a9 + a; + a;) + (by, by + by, by + by + by)
= g(ao + a; Py + a;P;) + g(by + by Py + b, P;)

g preserves multiplication:

gl(ag + a; Py + a;P,)(bo + b1 Py + by Py)]
= glaoby + (agh; + a1by + a;b1) P, + (agh, + a,by + a,by + a;b, + a,b,)P,]
= (agby, agby + agby + a1by + a, by, agby + agb, + a;by + a by + agb, + a,by + a, by
+ a,b, + a,b,) = g(ay + a,P; + a,P,). g(by + by Py, + b,P,)

g is bijective:

ker(g) ={ay + a, P, + a,P, € 2 — SPg; (ag, a9 + a4, a9 + a; + a;) = (0,0,0) } = {0}

Im(g) = {(cy,c1,¢;) EF X F X F;3ay + a, Py + a,P, € 2 —SPp; glag + a; Py + a,P,) = (g, ¢4,¢5) }
=FXFXF

Thus g is a ring isomorphism.

h is well defined.

It can be proved by a similar discussion of g.

h preserves addition;

It can be proved by a similar discussion of g.

h is bijective.

It can be proved by a similar discussion of g.

h has the property h(A.X) = g(A)h(X).

A X = agxy + (agx; + ayxg + a;x)P; + (agx; + azxg + azx; + ayx, + ayx,)P,.

h(A.X) = (agxg, agxg + agxy + a;xo + a1xq, AgXg + AgXq + a1 X9 + a1 X1 + AgXy + ayxy + ayx; + a,x;
+ ayx;) = (ag, ag + aq, ag + a; + a;)(xg, xg + x4, %9 + %1 + x3) = g(A)h(X)

thus h is semi-module isomorphism.

Now, assume that f:2 —SP, - 2 — SP, is a linear function, then go f:2 —SP, -V XV XV is a well-

defined function.

LetX = xy + %P, + x,P, € 2 — SPy, then:

X =g(X) = (%0, %0+ Xx1,%0 + X, + X)) EVXV XV,

Let Ly, Ly, L,:V =V be three linear transformations then L(x,y,z) = (L0 ), Li(y), L, (z)) is module

homomorphism, thus:

g o L(X) = Lo(xo) + [Ly(xg + x1) — Lo(x)IPy + [Ly(x0 + %1 + x5) — Ly (xo + x2)]P, is a linear

function.

We have g to L(X) =g toLog(X):2—SP, > 2 —SP,, which means that for every linear function

f:2—-SP, - 2 — SPy, there exists Ly, L,, L,: V = V such that:

f(xo + %Py + x3P;) = Lo (o) + [Ly(xg + x1) — Lo (x0)]Py + [L2(xo + %1 + x3) — Ly (x + x1)]P,

Theorem.
Let A = Ay + A, P, + A, P, be a symbolic 2-plithogenic matrix, and X = X, + X; P; + X,P, € 2 — SPy, then
there exists a linear function f:2 — SP, - 2 — SP, such that f(X) = A.X.
Proof.
AX =ApXy + [(Ag + A) Xy + X1) — AgXo Py

+ [(Ag + Ay + A)(Xp + X1 + X2) — (Ao + A1) (Xp + X1)]P;

= Lo (xo) + [L1(x0 + x1) — Lo (xo)]Py + [La (g + x1 + x3) — L1 (% + x1)]P,

Ly:V >V, LV >V, Ly V>V
Lo(x) = ApXo

Li(xo +x1) = (Ap + A (Xo + X7)
Ly(xg+x1+ %) =(Ag+ A4, +A)(Xo + X, + X3)
This implies that A.X = f(X), where f:2 — SP, - 2 — SP, is a linear function according to the previous
theorem.

Where

Example.
Let's find the linear representation of the following symbolic 2-plithogenic matrix.

A=<1+P1+Pz 1-3P, )=(1 1)+(1 _3)P1+(1 0)P2=A0+A1P1+A2P2

2-p, 1+P+5pP) "\ )7 1 -1 5
We have:
Aoz(; 1),A0+A1=(§ _22),A0+A1+A2=(§ _72)
vV =R2.

We have: Ly(X,) = AgXo; Xo = (x5, x,'"), thus:
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1 1)\ X . 1" oo "
Lo(Xp) = (2 1) <x00u) = (X + x0", 24y + x,"")

Li(Xy) = (Ao + ADXy; Xy = (%3, x,""), thus:

2 _2 'x’ 7 n 7 n
LX) = (2 2 )(xll”) = (2x; — 2x,",2x; + 2x;")
Lz(Xz) = (AO +A1 +A2)X2; XZ = (xlz, xz”), thUS

3 _2 x 7 12 7 n
L,(Xy) = (1 )( 2”) = (3x; — 225", %, + 7x,"")

7 /\x,
Thus L(X) = Ly(Xo) + [(Lo + L) (Xo + X1) — Lo(Xp) 1Py + [(Lo + Ly + L) (Xo + X; + X5) —
(Lo + L)X + X1)]P,
We have:

(Lo + L) (Xo + X1) = Lo (g + X1, x0" + x1") + L1 (X + X4, x0"" + x,"")
=y + 4 +Fx" + ", 2640 + 24, + x" +x,"")
+ (2% + 26 — 2x¢" — 2x,", 22Xy + 2%, + 2x0" + 2x,"")
= (3xo + 3%, — xo" — x,", 4%y + 4%, + 3x," + 3x,"")
Thus (Lo + L) (Xo + X1) — Lo(Xo) = (2% + 3%, — 2" — x1"', 2%y + 4%, + 2x," + 3x,")
In addition (Lo + Ly 4+ L) (Xo + X1 + X2) = Lo(Xo + X1 + X,) + Li(Xo + Xy + X2) + L,(Xo + X, + X,)
LO(XO +X +X,)= Lo(x'o + X + x’z,xo” + x4+ x,"")
=y + X+ Fxp" +x" Fxy", 26 + 26X + 2%, +x" +x %)
Ll(XO +X +X,)= Ll(x'o + X + x’z,xo” +x," +x,")
= (2xXy + 24, + 2X; — 2xo" — 2xy"" — 2x,", 2%y + 2%, + 24, + 2x" 4+ 2x,"" + 2x,"")
Lo(Xo+ X, +X5) = Ly(Xy + %1 + %5, x0" + 2" +x,"")
= (3xy + 34, + 35, — 2x" — 2x," — 22", Xg + X + X5 + Txy”" + Ty + Tx,"")
This implies that:
(Lo+ Ly + L)Xy + X, + X5)
= (6X, + 6xX; + 6xX; —3x,"" — 3x;" — 3x,", 5%, + 5x; + 5x, + 10x,"" + 10x,"
+10x,")
Now, we have:
(Lo + Ly + L) (Xo + X1 + X3) — (Lo + L) (Xp + X1)
= (3xXy + 3xX; + 6X; —4x" —4xy" —3x,", Xy + X, +5x, + Txp"" + 7x;" + 10x,"")
Thus:
LX) = (% + xo", 2% + x0") + (2% + 3%, — 2x0"" — x,"", 2%y + 4%, + 2x," + 3%,")P,
+ (3xXy + 3%, + 6X; — 4xy"" — 4x;"" — 3x,", Xy + X, +5x, + Txg" + 7x;"" + 10x,")P,
5. The exponent of a symbolic 2-plithogenic matrix.

It is known that if 4 is a matrix, then:

(o] ATl
ed=>» —
n!
n=0
Theorem.

eS — eSO + [eSO+Sl _ eSO]Pl + [eSO+51+52 _ eSO+Sl]P2
Proof.

o St w 1 w So"
e’ = n=0, ~ Zn:o;[son +[(So + 5™ — Son]P1 +[(So + 51+ 5)™ — (S + SD"P.] = n:oL +

! n!
n n n n
P1 I:Z?lozo (SO'::l) _ g)zoilo_'] + PZ [Zg’:g (SO+S:“+SZ) _ Z;o:() (SO':jl) ] — eSo + [eSO+S1 — eSO]Pl +
[eSO+Sl+SZ _ .eSO+Sl]P . . )

6. Conclusion

In this paper, we have studied for the first time the matrices with symbolic 2-plithogenic entries from many
algebraic sides. We discussed the problem of diagonalization and provided an easy algorithm for solving it.
As well, eigen values and vectors are proved with computing matrix exponents and determinants. In addition,
the representation of this class of matrices by linear functions has been founded and provided with many
related examples.
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