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Abstract

The main target of this study is to apply the binomial transform to the generalized Pell sequence. We define the

binomial, s-binomial, rising, and falling transforms for generalized Pell matrix sequence. We establish some algebraic

properties such as the recurrent formulas, Binet formu- las, generating functions, sum formulas etc... for generalized

Pell matrix sequence. The derived recurrence relations, Binet formulas, and generating functions demonstrate that

binomial-type transforms preserve the structural properties of generalized Pell matrix sequences, providing a unified

and systematic framework for analyzing their algebraic behavior.

Keywords: Binet formula, Binomial transforms, Generating function, Matrix sequences, Pell numbers.

1| Introduction

The matrix sequences created from special integer sequences are very interesting topics in number and matrix

theory. The Pell sequence is formed by adding twice the previous term to the term before that. When this

sequence and its generalized sequences are expressed in matrices, some properties of the sequences can be

obtained using matrix theory. Some papers focused on generalized Pell matrix sequences and their properties

can be seen in [1], [2]. These papers give an idea for discovering potential applications of these sequences.

For instance, Binet formula or generating functions and various relations are used to find the general behavior

of the sequences. The Pell numbers p, are defined by the recurrence relation p, = 2pa—1 + pa2 forn = 2,
beginning with the values po = 0, p1 = 1 in [1,2] [3], [4]. The generalized Pell sequence, called (s, t)-Pell

sequence depending on two real parameters s, t and s? + t > 0 is introduced as

pa(s,t) = 2sp.—1(s,t) + tpa—2(s,t), po(s,t) = 0,pi(s,t) = 1,
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n_.n
for n = 2. The Binet formula of the (s, t)-Pell sequence is P,(s,t) = %, where X; = s+4/s2+t,x, =s—
1742

VsZ + t, where x,and x,are the roots of the characteristic equation of the recurrence formula of the (s, t)-Pell
sequenc. The main target of the paper is to apply various binomial transforms to the (s, t)-Pell matrix sequence
and find some relations and properties of the new binomial transform sequences. Prodinger investigsted
binomial transform in [5]. Chen [6] found some properties about the binomial transform in. Falcon and Plaza
[7] investigated the binomial transforms of k-Fibonacci sequence. The authors studied the binomial
transforms of the k-Lucas sequence in [8]. Yilmaz and Taskara [9] studied binomial transforms of the Padovan
and Perrin matrix sequences. The authors investigated different binomial transforms of k-Jacobsthal
sequences in [10]. In [11], Binomial transform of quadrapell sequences and quadrapell matrix sequences are
dealt with. Uygun [12] computed the binomial transforms of the generalized (s, t)-Jacobsthal matrix
sequencein. Kaplan and Ozkog Oztiirk [13] studied on the binomial transforms of the Horadam quaternion
sequences. Kwon [14] gave the binomial transforms of the modified k-Fibonacci-like sequence in. Soykan
[15-21] sudied binomial transforms of the generalized Tribonacci sequence, the generalized third order Pell
sequence, the generalized fourth order Pell sequence, the generalized fifth order Pell sequence, the generalized
Narayana sequence, the generalized Pentanacci sequence, the binomial transform of the generalized

Jacobsthal-Padovan numbers.
2| Binomial Transform of (s, t)-Pell Matrix Sequences
Definition 1. The (s, t)-Pell matrix sequence is defined as

Pn+1(s, t) = ZSPH(S, t) + tPn_l(S, t),

2s 1>. @

wen=() 2). meo=(,

For n > 1, any positive integet, s, t real numbers such that s* +t > 0.

Definition 2. The binomial transform of (s, t)-Pell matrix sequence indicated as {B, (s, t)}ney 1s defined as

n

B0 = Y (1) RGO, @

i=0
For any positive integer s, t.

Lemma 1. The binomial transform of (s, t)-Pell matrix sequence satisfies the relation.

Bra(s.0 = ) (1) [P0 + P, 0l

i=0

Proof: By the property (mi'l) = (D) + (") and (,},) = 0and Eg. (2), we have

n+1 n+1
Bua(s = (11 )RE0=R60+ Y [()+( " )|RED
i=1 i=1
n n+1
=R+ (REo+) (1,)RG
i=1 i=1

- Z; (rl‘) P(s,0) + ; (?) P+ 1(s,0).

i=

Theorem 1. The recurrence relation of the binomial transform of (s, t)-Pell matrix sequence is as follows:
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Bh+1(s,t) = (2 + 2s)B,(s,t) + (t— 2s — 1)B,_1 (s, ). 3)

Proof: By Lemma 1 and Egq. (1), it is obtained that

n

Bra (59 = Y (1) (A0 +Pia(s0)

i=0

= Py(s,0) + P,(s1) + z (r:) (P(s D) + Piys (D)
i=1

= Py(s,t) + P,(s,0) + Z (r:) (P (s, 1) + 25P.(5, 1) + tP_1 (s, 1))
i=1

n n n
= Py(s,t) + Pi(s,t) + (1 + 2s) )R (s, )+t ) P_q(s1).
50+, > (Ineo+ey

Then, by the definition of the binomial transform of (s, t)-Pell matrix sequence, we get

- n
Bria (59 = ~25R (50 + (5,0 + (1 +29)By(s 0+t ) (V) Pi(5.0. @)

i=1
Let’s substitute for n in place of n + 1 in the last Equality (4).

Bh(s,t) = —2sPy(s,t) + Pi(s,t) + (1 + 2s)B,,_1(s, 1)

n-1

+tz (n ? 1) P_,(s,t)

i=1
= —2sPy(s,t) + P;(s,t) + 2sB,_1(s,t)

n-1

+Zn: (17 )R +ey ("G,
i=1

i=1
By (".!) = 0, it is obtained that

Bn(s,t) = —2sPy(s,t) + Pi(s,t) + 2sB,_1(s, t)

] T R

= —ZSP()(S, t) + P]_(S, t) + ZSBn_l(S, t)

1930 LG R Ry R L M

= —2sPy(s,t) + P;(s,t) + 2sB,_1(s, 1)

+i [a-o (1)) +e(D)]r-60
i=1

= —2sPy(s,t) + P;(s,t) + 2sB,,_1(s, 1)
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n n—-1
+tz (I:) P_(s0)+(1—10 Z (n B 1) P.(s, ©).
i=1 i=0

B,(s,t) = —25Py(5,t) + Py(5,8) + (25 + 1 — By_4 (s, 1) + tzn: (r:) P(s, b). ®)

i=1
By substituting the Eg. (4) into Eg. (5), and by some algebraic operations, the proof is completed as
Bni1(s,t) = (24 25)Bp(s,0) + (t— 25 = 1)Bp_4 (s, 1).
Theorem 2. The Binet formula of the binomial transform of (s, t)-Pell matrix sequence is computed as
[(1 = b3)Py(s,0) + P1(s,0]b] — [(1 = by)Py(s, ) + Pi(s,0)]b3

by —b; '
whereb; =s+1++vVs?2+t b,=s+1—vVs?2+t.

B,(s,t) =

Proof: The characteristic polynomial equation of the recurrence Relation (3)is x* — (2 + 2s)x — (t—2s — 1) =
0, whose solutions are by and b,. Assume that By (s,t) = c;b} + c,b5. By definition, we find that By(s,t) =

Py(s,t) and By (s,t) = Py (s, t). Let us substitute for n = 0 and n = 1 in this equality, then we deduce that ¢; =
Po(a,t)+P1(a,t)—Py(a,t)by c, = Po(a,t)b;—P;(a,t)—Pp(at)
by-b, ACEE by-b,

. After substituting the values of ¢y, ¢,, we get the result.

Theorem 3. The generating function of the binomial transform of (s, t)-Pell matrix sequence is obtained as

X - By(s,) +x(By(5,0) = (24 25)By(s,1))
B,(s,tx) =B, = ZOZ Bi(s,t)x' = =Gt 29— (= Zs = D

Proof: The generating function is a power series whose coefficients are the binomial transform of the (s, t)-
Pell matrix sequence centered at the origin. By multiplying B, (s, t,x) by —(2 + 2s)x and —(t — 2s — 1)x?, it is
obtained that

—(2 + 25)xB,, = —(2 + 25)xBy (s, t) — (2 + 25)x*By(s, ) + -
—(t—2s— Dx?B, = —(t — 25 — 1)x*By(s,t) — (t — 25 — 1)x°B; (s, t) + ---.
By these equalities and the recurrence Relation (3), it is computed that
[1- (2 +2s)x— (t— 25— 1)x*]B,
=By (s, t) + x(B;1(s,t) — (2 + 2s)By(s, 1))
+x2(By(s,t) — (2 + 25)B;(s,t) — (t — 25 — 1)By(s, 1)) + -
=By(s,t) + x[B1(s,t) — (2 + 2s5)By(s, v)].

The proof is completed.

Theorem 4. Let n be a positive integer. Then the sum of the binomial transform of (s, t)-Pell sequence is

given as

1 Bn(sr t) - Bmp+n(sr t) - (25 —t+ 1)an—n(S' t)
p—
+(2s —t+ 1)"Byp-1)+n(s 1)
Z Bmi+n(5' ) = =
i=0

1— (b +b) + @2s—t+ D)™

Proof: By the Binet formula of the binomial transform of (s, t)-Pell matrix sequence and the geometric sum
propetty, it is computed as
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p—1 p—1
2 Boisn (s, 1) = Z c b 4 b = clbn2 b + czbzz by
i=0 i=0

= C107 1_b11np 202 1_b12n
(c1b] + c3b3) — ¢1b3'b] — c;bT'by
B T LA R
1 — (bY' +b3") + (byby)™
(b} + cb3) — (b7 + ¢;by ")
_ —(byby)"[cb ™™ + ¢1bT "] — (blbz)m[czb?(p_l)"'n + Clbfln(p—l)+n]
1— (b +by) + (byby)™ -

We know that b;b, = 2s — t + 1. And by the Binet formula of the sequence, the result is obtained.

3| The s-Binomial Transform of the (s, t)-Pell Matrix Sequences

Definition 3. The s-binomial transform of the (s, t)-Pell matrix sequence {0, (s, t)}nen is demonstrated by

n

0,50 =) (1)s"RG0. ©)

i=0
It is easily seen that O, (s,t) = s"B, (s, t).

Lemma 2. The following relation for the s-binomial transform of the (s, t)-Pell matrix sequence verifies.

n
n
On+1(S, t) = Z (1) Sn+1[Pi(SJ t) + Pi+1(SJ t)]
i=0
Proof: By the properties ("71) = (1) + (,")), (,},) = 0, we get
n+1 +1
n
Ona(s0 = (M7 )s™RGD
i=0 !
n+1
— oh+1 n n n+1
=s"" PR (s, t) + Z [(1) + (i _ 1)] sTt1p (s, t)
n+1 = n+1

—Po(st)+z P(st)+z BLIEH
=Z ( )s™ 1R Gs, t)+z SHP (s, D).

i=0
Theorem 5. The recurrence formula of S-the binomial transform of the (s,t) Pell matrix sequence is
demonstrated as

0,11(s,t) = s(2 +25)0,(s,t) + s%(t — 2s — 1)0,_; (s, t). )

Proof: The initial conditions are found by Eq. (6) as Oy (s,t) = Py(s,t) and 04 (s, t) = sPy(s,t). By Definition 1,
we obtain
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n

Opss(s,t) = Z (r:) s"1(Bi(s,t) + Pyy(s,0)
i=0
=s"*1(Py(s,t) + Py (s, 1))

+ Z (rll) Sn+1(Pi(S, t) + Pii1 (s, t))
i=1
=Sn+1(PO (S, t) +P (S, t))
£ (7)sm(BGs.D + 25K, + i (5.1)
i=1

=s"*1(By(s, 1) + Py (s, 1))

n

+(1+25)Z (?)s““Pi(s,t) +tZ (ril)sn“l’i_l(s,t).
i=1

i=1
Op41(s,t) =s"1(P(s,t) — 25Py(s, 1)) + s(1 + 25)0, (s, t)
oy L (8)
+t; (i)s IP_(s,1).

If we replace n by n + 1 in Eq. (&), it is obtained that

0, (s, t) =s"(P;(s,t) — 2sPy(s, 1)) + s(1 + 25)0,_1(s, 1)

n-1
n—1
+tz ( _ )s“ :_1(s, 1)
i=1 :
n-1 .
n —
=s"(P;(s,t) — 2sPy(s, 1)) + 2520,_1(s, t) + Z ( ; )snPi_l(s, t)
i=0
n—-1
n—1
+tz ( _ )s“Pi_l(s, t)
i=1 !
5 1
n [—
=s"(P;(s,t) — 2sPy(s, 1)) + 2520, (s, t) + Z ( 3 1>snPi(s, t)
=
n—-1
n—1
+tz ( ; )s“Pi_l(s,t).
i=1

Then, we get

0,(s,t) = s"(Py(s,t) — 25P;(s, 1)) + 25%0,_1(s, 1)

+Z [t (n ? 1) N (T:j)] P (5,0

= s"(P;(s,t) — 2sPy(s, 1)) + 2520,_(s,t)

O A i i B
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= s"(Py(s,t) — 25Py(s, 1)) + 2520, (s, t)

I () iy R ERE
i=1

= s"(P;(s,t) — 2sPy(s, 1)) + 2520,_4 (s, t)

+tzn: (D)s"PaGo+a —t)nz_:l (nyl)s“Pi(s,t).
On(i:,lt) = s"(P (s, t) — 2sPy (s, t)i)zi 25%0p_1(s,t)

S )
+t; (})s"Pa(s 0 + (1 = 950,45,

By substituting the Eguality (8) into Equality (9), we get

sOL(s,t) = s™ (P (s, 1) — 25Py(5, 1)) + 25301 (5, 1) + Oy (s, 1)
— s“+1(P1(s, t) — 2sPy (s, t)) — (1 + 25)s0,(s,t) + (1 —t)s20,,_1(s,t)
= (253 —ts2 +5%2)0,_1(s,t) — (1 + 25)0,,(s,t) + 041 (s, 1).

The proof is found after some simple calculations as
Opt1(s,t) =s(2 +25)0,(s,t) + s2(t — 25 — 1)0,_1 (s, 1).

Theorem 6. The Binet formula of the s-binomial transform of (s, t)-Pell matrix sequence is demonstrated by

_ [(s = 02)Py(s, ) + sPi(s,0)]of — [(s — 0)Py(s, 1) + sPy (s, )]0y
On(S, t) - 01 _ 02 1)

whete 04 =s(s + 1) +svVs?2+t0, =s(s+ 1) —sVs? +t.

Proof: The characteristic equation of the recurrence Eg. (7) is obtained as x* —s(2 + 2s)x + s*(2s +t— 1) =

0, whose roots are 0, and 0, where 0, = s(s + 1) + sVs2 + t,0, = s(s + 1) — sVs? + t. Assume that 0, (s, t) =
;07 + c,03. By definition Oy(s,t) = Py(s,t) and 04(s,t) = sP;(s, t). Let us substitute forn=0and n=1in
__ (5=02)Po(s,)+sP1(s,t) c

. ~01)Po(s)+5P1 (s, .
the equality 0,(s,t), then we deduce that ¢; = oo, L Cy = (s-04) g(ls_t())-zl—s 169 We can easily see

the result after substituting these values into Oy (s, t).

Theorem 7. The generating function for the s-binomial transform of (s,t) Pell matrix sequence is obtained

as

0o(s,t) + x[01(s,t) —s(2 + 25)0,(s,1)]
1—5s(2+2s)x+s?(2s —t+ 1)x?

0,(s,t,x) =0, = Z 0;(s,t)x' =
i=0

Proof: By multiplication O, (s, t,x) by —s(2 + 2s)x and s?(2s — t + 1)x?, the following equlities are obtained

—s(2 4 25)x0, = —s(2 + 25)x0, (s, t) — s(2 + 25)x204 (s, t) + -

s?2(2s —t+ 1)x%20, = s%(2s — t + 1)x204(s,t) + s2(2s — t + 1)x30,(s,t) + ---.
From these equalities and the recurrence Relation (7), the generating function is obtained.

Theorem 8. Let m, n be any positive integers. Then the sum of the s-binomial transform of (s,t)-Pell

sequence is given as
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1 On(sv t) - Omp+n(s: t) - [52(25 —t+ 1)]n0m—n(5v t)
p-

+[s?(2s — t+ D]™Omp-1)+n(s t)
i=0

1— (40 +[s?2(2s—t+ D™

Proof: By the Binet formula of the s-binomial transform of (s, t)-Pell matrix sequence and the geometric sum

property, the result is computed by using the same method in Theoren 4.
4| The Rising Binomial Transform of the (s, t) Pell Matrix Sequences

Definition 4. The rising binomial transform of the (s, t)-Pell matrix sequence {I,(s,t) }nen is defined by the
following formula

n

ny .
L= (i)sRGo. (10)
1
i=0
Lemma 3 ([2]). The Binet formula of the (s, t)-Pell matrix sequence is

P,(s,t) = Mx] — NxJ,

P1—x,P P1—x41P
where M = 2—22 N =2 )1(°,x1=s+\/52+t,x2=s—VS2+t.
2

X17X2 X1—

Theorem 9. The Binet formula for the rising binomial transform of the (s, t) Pell matrix sequence is

I,(s,t) = M(sx; + 1)® — N(sx, + 1),

whete x; =s—Vs?2 +t,x, =s+Vs2+t
Proof: In Egq. (14), we have

n n

W= (1)sRe0 =) (1)s(Md - Nx)
i=0 i=0

= MZ (111) (sx)' — NZ (rll) (sx,)!

= M(lsz)(()l + 1)™ — N(sx, 1-T-Ol)“).

Theorem 10. For n > 1, the rising binomial transform of the (s,t)-Pell matrix sequence is a recurrence

sequence such that
I+1(s,t) = (252 + 2)I,(s,£) — (1 — s2t + 2521, (s, 1).
with initial conditions I,,(s,t) = Py(s,t) and I, (s, t) = sP; (s, t).

Proof: By Binet formula for the rising binomial transform of the (s, t)-Pell matrix sequence, we get
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(252 + 2)I(s,t) — (1 — s?t + 252,41 (s, 1)
— (25 + 2)[M(sx, + 1) — N(sx, + 1)7]
—(1 = s?t+ 2s?)[M(sx; + 1)1 — N(sx, + 1)"1]
_( M(sxq + DPH(2s2 + 2)(sx, + 1) — (1 — s%t + 2s2)] }
T =N(sxy, + D252 4+ 2)(sx, + 1) — (1 — s2t + 252)]
M(sx; + 1) 1[s2(2sx; + t) + 2s%; + 1] }
—N(sx5, + 1) 1[s?(2sx, + t) + 2sx, + 1]
_( M(sxq + D H(sxq + 1)?] }
—N(sx, + 1) (sx, + 1)?]
=lh+1(s, 0.

Theorem 11. The generating function of rising binomial transform of the (s, t) Pell matrix sequence is given

as

L (stx) =1 o) +x[I1(s,0) — (252 + 2)Io(s, )]
iS5 = = 1—(2s%2+2)x+ (1 —s?t+ 2s?)x?

Proof: By following same procedure, we have

—(2s% + 2)xI, = —(2s2 + 2)xIy(s,t) — (252 + 2)x21;(s, 1) + -
(1 —s?t+ 2s9)x2l, = (1 — s2t + 252)x%1y(s,t) + (1 — st + 252)x31, (s, 1) + -
[1— (2524 2)x+ (1 — s?t+ 2s?)x2]I, = Iy(s,t) — (252 + 2)xI,y (s, t) + xI; (s, t) + x2(0).

By the above computations, we obtain the generating function.

5| The Falling Binomial Transform of the (s, t) Pell Matrix Sequences

Definition 5. The falling binomial transform of the (s, t)-Pell matrix sequence {D, (s, t)}nen is given by

. n .
D, (s,t) = Z (1) s"7IP. (s, 1), 1)
i=
Lemma 4. The falling binomial transform of the (s, t)-Pell matrix sequence verifies the relation.

n

Dya(s ) = ) (7)s"IsR(s 0 + P (s,

i=0
with initial conditions Dy (s, t) = Py(s,t) and D, (s, t) = sPy(s,t) + P, (s, t).

Proof. In Egq. (17), we take n + 1 in place of n. After some computations, we obtain the following:

n+1

n+1 .
Dra(0 =) (1) RE Y

i=0
n+1

= Sn+1PO(S, t) + z [(1;1) + (1 il 1)] Sn+1_iPi(S, t)
i=1
n+1

.M /M

— oh+1 n+1-i ) n-—i .

=s""Py(s, t) + E S (i)Pl(s,t)+ E S (i)P1+1(s,t)
i=0

n
i=1
n n

= z i (?) P(s,t) + Z shi (r:) Pit1(s, D).
i=0

i=0
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Theorem 12. The following recurrence relation is verified by the falling binomial transform of the (s, t)-Pell

matrix sequence.

Dy+1(s,t) = 4sD,(s,t) + (352 — t)D,_1 (5, 1).
Proof: The initial conditions are found by Definition 5 as Dy(s,t) = Py(s,t) and Dy (s, t) = sPy(s,t) + Py (s, t).
By Lemma 4 and Eq. (1), it is obtained that

n

Duir(s8 = Y (1) s" RGO + Baa (591

i=0

= s"[sPy(s,t) + P, (s, t)] + s"I[sP(s,t) + Pip1(s,0)]

i=1
(12)

n n

= s"[sPy(s,t) + P (s, 1)] + 352 (r11) s"TIP (s, t) + tz (rll) s"7IP_ (s, 1)

i=1 i=1

n

= s"[P;(s,t) — 25Py (s, t)] + 3sD,,(s,t) + tz (r11) s"7IP_; (s, 1).

i=1
Let's substitute n in place of n + 1 in Equality (12).

D, (s, ) =s"1[P;(s,t) — 2sPy(s, t)] + 3sDp_1 (s, t)

n-1

+tz (nzl) n-1-ip_(s,t)

i=1
n-1

n-1 n—1 n—-1-i
=s"71P; (s, t) — 2sPy(s, t)] + 352 ( ; )s P(s,t)
i=0
n-1

n—1 n-1-i
+tZ( ; )s P_1(s,t)

i=1
n-1

=s""1P, (s, t) — 2sPy(s, )] + 352 (rll__ll) s"'P_1(s,t)

i=1

A3

We know that ("-*) = 0, hence we get

D, (s,t) = s" [P, (s,t) — 25Py(s, )]

+Z HE EE (| ERWe

= s"1[P,(s,t) — 2sPy(s,1)]

] T R iy R )

(13)



Notes on various binomial transforms of generalized pell matrix sequence 42

= s"71[P,(s,t) — 2sPy(s,1)]

n

DN (CEHEHBI R S

= s"71[P,(s,t) — 2sPy(s,1)]

n n-1 (13)
+EZ (n) s"IP_ (s, t) + (35 - E) (n B 1) s"TIp L (s,1)
S 4 i e s/ 4 i L
i=1 i=0
= s"[Py(s, 1) — 2sPy (s, 0)]
t . t
n
+ gz (1) s"1P_,(s,t) + (35 — ;) D,_1(s,0).
i=1
By substituting Eq. (72) into Eq. (713) and by some simple calculations, the proof is completed as
Dpyq(s,t) = 4sDy(s, ) + (3s* — t)D,_1(s, D). 14
Theorem 13. The Binet formula for the falling binomial transform of (s, t)-Pell matrix sequence is calculated
as
D (s,) [(s = d2)Py(s, 1) + sPi(s,0)]d7 — [(s — d)Py(s, 1) + sPi(s,D]d3
n S’ =

d; —d, '
where d; = 2s+VsZ+1t,d, =25 —VsZ +t.

Proof: The characteristic polynomial equation of recurrence Eg. (74) is x* —4sx + 3s®> —t = 0, whose
solutions are d; = 2s+Vs2+t, d, =2s—+VsZ+t. Assume that D,(s,t) = c;d} + c,d}. By definition

Dy(s,t) = Py(s,t) and D4 (s, t) = sPy(s,t). Let us substitute for n = 0 and n = 1 in this equality, then we deduce

—d;)Po(s,)+sPy (st —d;)Po(st)+sPy (st _
that ¢; = (5-dy) g(s ; Pas ),cz = _§-dv) ;(S; P19 A frer substituting the values of ¢; and c,, we get the
1—4Yz2 1—4Yz2

result.

Theorem 14. The generating function of the falling binomial transform of (s,t) Pell matrix sequence is as

follows:

Do(s,t) + x[D;(s,t) — 4sDy(s,t)]
1 — 4sx + (352 — t)x?

D,(s,t,x) =
Proof: If we product the equality D, (s, t,x) by —4sx and (3s* — t)x?, it is obtained that

—4sxD, (s, t,X) = —4sxDy(s,t) — 4sx2D; (s, t) + -+
(352 = )x?Dyp(s,t,x) = (3s? — )x%Dy (s, t) + (3s? — )x3D; (s, t) + -
From the above equalities and Theorens 12, we get the desired result.

Dy(s,t) + x[D;(s,t) — 4sDy(s, t)]
1 — 4sx + (3s? — t)x?

D,(s,t,x) =

Theorem 15. Assume that n is a positive integer. Then the sum of the s binomial transform of (s, t)-Pell

matrix sequence is given as
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Dn(s: t) - (352 - t)an—n - Dmp+n(S: t)

p-1

Z Do (S t) _ +(352 - t)mDm(p—l)+n(Sr t)
Ly i 1— (P +dP) + (3s2— o™
1=

6 | Conclusion

In this study, various binomial-type transforms of the generalized (s't)-Pell matrix sequence were
systematically examined. Explicit recurrence relations, Binet formulas, generating functions, and summation
identities were established for each transform, highlighting their algebraic consistency and structural richness.
The results confirm that these transforms offer effective tools for generating new matrix sequences with
predictable properties. Future research may focus on extending these transformations to higher-order or
hybrid recursive sequences and exploring potential applications in combinatorics, coding theory, and related
areas of applied mathematics.
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