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Abstract. In this study, we construct a new triangular g—analogue of the —Fibonacci matrix f, = ( fnk(q))
defined by

7" fi(q)
fﬂk(EI) = ({n+2(q) -1

,1<k<n

,otherwise

After, we use the analogue to define the sequence spaces c(ﬁ,), co(f;), Coo (f;), Zp(f;) (1 £p < ). Then, we
provide some inclusion relations for these spaces and examine a few topological characteristics. Further-
more, we construct a basis for the space ¢,(f;), calculate a—, f—, y—duals of the same space, characterize
certain matrix classes, and look at some geometric properties.

1. Introduction, definitions and preliminaries

Recent years have seen a surge in interest in g—calculus, which is particularly prevalent in combinatory
analysis, hypergeometric series, partitioning theory, continuous fractions and operator theory.

Specifically, these g—generalizations usually enumerate beneficial characteristics of finite dimensional
vector spaces over a finite field of order 4. This is the reason g is used so often instead of x. Polynomials
that take the value of the classical number are all that the g—generalizations are when g = 1.

Since Euler, Cauchy, Jacobi, and Abel’s time, the g—series has been in use. The well-known identities
of Rogers and Ramanujan, as well as their proof, employed this series. In 1917, Schur [34], who was
L]. Schoenberg’s supervisor and one of the founders of the statistical convergence, independently and
uninformedly proved these identities. In 1974, Carlitz [8] provided a detailed definition of g—Fibonacci and
g—Lucas numbers using g—binomial coefficients. Researchers like Andrews [2], Hirschhorn [20], Cigler [9],
Berndt [7], Pan [32], Aytag [4], Kac and Cheung [23] have all worked on this topic.
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First let us review some notation that will be used in the sequel when we go to work. If k is non-negative,
then

k =1
[k, =4 1-¢"
1-¢q

=1l+q+g*+...+¢1 ,geR"-{1}

defines the g—integer of that value. g—factorial and g—combination are given as
[1][2]..[k] ,n>0 [k] [k]!
k]! = and |.[= —F—=,
. { 1 k=0 il Ik = 1

respectively. With g, the two Pascal rules are specified as

7] = H-peot 7

where 0 < j<k-1.

The (f,) Fibonacci sequence was defined by Leonardo Fibonacci in Liber Abaciin 1202 as fy =0, fi =1,
and f, = fy—1 + fyu— forn > 2.

Schur [34] originally defined the g—Fibonacci numbers (polynomials) in 1917 as

0 ,n=0
falp) =4 1 ,n=1 .
fn—l(q) + qn_zfn—Z(Q) =2

g—Fibonacci numbers were obtained by Carlitz [8] with the g— binomial coefficient such that:

fn+1(q) = Z qkz [” ; k] :

2k<n

The expression f,(g) for g—Fibonacci numbers is given by Andrews [2]:

Y A @) = furl@) - 1.
k=1

The g—Fibonacci numbers become the ordinary Fibonacci sequence of numbers when g — 1.

Let the set of all sequence spaces be represented by w. The subspaces of w that are £, ¢, co, and ¢, are
characterized as bounded, convergent, null and p—absolutely summable sequence space, respectively. The
spaces cy, ¢, £ are Banach spaces for k € IN under normed by

]l = suplu|
kelN

and the space ¢, (1 < p < o) is Banach space normed by

1

], = [kaw] :

k

Moreover, we designate the spaces of all absolutely convergent series, convergent series, bounded series,
and p—bounded variation, respectively, by the notations 1, cs, bs, and bv,.

If a sequence space U is a complete linear metric space with continuous coordinates p,, : U — R (n € IN),
where p,(x) = x, for every x = (x¢) € U and every n € IN, then the sequence space is classified as an
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FK—space. Specifically, a BK—space is a Banach space with continuous coordinates, which is equivalent to
a normed FK- space.

Let U,V C wand B = (byy) is a real infinite matrix. The matrix B defines a matrix transformation from U
to V if for every sequence u € U,

(o]
Z bk
=1

for each n € N. (U, V) represents the family of all matrices that map from U to V.

Bu = (B,(u)) = el

Ug={uew:Buell (1)

is a sequence space that defines the B’s matrix domain Up in a sequence space U.

Moreover, the sequence space Up is a BK—space normed by ||u||y, = ||Bullis if B is a triangular matrix and
U is a BK—space.

Several authors have utilized g—numbers in summability theory, including Cimnar and Et [10], Demiriz
and Sahin [11], Yaying et al. [37-39], Selmanogullari et al. [35], Aktuglu and Bekar [1], Mursaleen et al.
[22], Bekar [6], Atabey et al. [3].

2. Main results

Using a new triangular g—analogue of the g—Fibonacci matrix with g—Fibonacci numbers for g > 0, we
present the sequence spaces co(f;), c(f;), Ceo(fy) and £,(f;) (1 < p < c0) in this section. After that, a Schauder
basis for £, ( f;) will be constructed and some inclusion relations will be shown.

Given a nth Fibonacci number f,(q) for n € N and g > 0,

k
7" f(@)
F ———— ,1<k<n
fo= @) =3 fura(g) -1
0 ,otherwise
0)
o ZJE) @ " ’ ’ ’
914 92
fa-1  fulp-1 0 0 0 0
ah@ PR £H@) 0 0 0
f@-1  fs(-1  fs(p-1
_| i@  £AR@  Ph@ ) 0 0

— | f@-1  fe@-1  fel@-1  fe(g)-1

i) PR  £h@  FhA £h@ 0
F@-1  f@-1  fp-1  f(p-1  fr(9-1

7h@)  FR@  Ph@) A @ ffe)
fs@-1  feg)-1  feg)-1  fe(g@)-1  fs(@)-1  fs(g)-1

defines a new triangular g—analogue of the g—Fibonacci matrix.
For n € N, the matrix transformation y, = ( f;)n(x) is denoted by

—(f — 1 - k
= () = 7— 5 ;q fil @
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and the sequence spaces co(f;), c(f;), &x,(f;) and t’p(f;) (1 < p < ) are defined by

cof) = {x = (%) € im (f)u(x) = }
o( fq {x = (%) €Ew: hm ( fq)n(x) ex1sts}

neN fn+2 -1 Z q fk(q)xk < OO}

14
f,,(f;):{x—(xk)ew Z <oo}

The sequence spaces £,( f;), Coo f,;), co( f,;) and ¢( f;) can be redefined by

{’oo(f:,) = {x = (x¢) € @ : sup

(q) : Zq fil

() = (6); (1< p < ), alfy) = (L), ()
co(fy) = (o) and e(fy) = (). 4)

respectively, when (1) notation is considered.

Theorem 2.1. The space €,(f,) is a BK—space normed by

@), = Il ) = [Z |<f;>n<x>|”]p , (1<p<)

and the spaces U( f,;) are BK—spaces normed by

@l = bl = sup (o)

where U € {{, ¢, co}.

Proof. The matrix f, is a triangle, and £« and ¢, are BK—spaces in terms of their natural norms, because (3)

and (4) hold; Theorem 4.3.12 of [40, p. 63] states that the spaces ¢,( j;) and {o( f;) are BK—spaces with the
given norms, where (1 < p < o).
The spaces co(f;) and c(f;) are BK—spaces with the stated norms, as per [40, p. 61] Theorem 4.3.2 [

Theorem 2.2. The space €,(f;) (1 < p < o) is linearly isomorphic to the .
Proof. To prove that S : €,(f;) = €y, (x = y = Sx = fx € {,), is a linear and bijection transformation for
(1 < p < o0) is sufficient.

S is obviously linear. In addition, S is implied to be injective as it is evident that x = 0 whenever Sx = 0.
Let us get y = (y») € ¢, to show that S is surjective. We have

fn+2(11) 1 Z qkfk )Xk

and so

_ frr2(g) -1 _ fir1(g) =1
7@ T iR

Yk-1-
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For (1 < p < o) we consider

lxlle, ) = (Z| fq)n(x (Z‘ Fra@) =1 Z”I Se(@)xx ]
k fk+2(q) -1 _ fk+1(‘7) -1 )
(Z fm(q) 1 Z o )( 7@ T R

= [2 |yn1’“)p = llyll, < o

and for p = o0

1

<=

)

Il = sup |(A)n(@)] = llylleo < eo.
The proof is now complete. [
Theorem 2.3. The spaces co( ﬂ) and c( f;) are linearly isomorphic to the spaces ¢ and c, respectively.
Proof. A similar method may be used to prove the theorem using Theorem 2.2. [J
Theorem 2.4. The inclusions ¢ C c(f;) and co C co(fy) strictly hold for g > 1 and 0 < q < 1, respectively.

Proof. For any real number / and each g > 1, let us get x € ¢, meaning that x — I. The method f, is regular
since the matrix f; satisfies the Silverman-Toeplitz criterias;

supz |fnk(q sup[ }< 1< oo,
Agl;lofnk q) = /

nelN
lim ankw = lim [ Zq fkw)] =1.

Then we can see that f;x — 1. Sox € ¢( f:i). In order to prove the ¢y C co( f:,), I = 0 is necessary.
_ )k
q* fi(q)

obviously divergent. Therefore, x ¢ c and x ¢ cg, but

Fra@ =1 qufk(")

Let us choose x = (xx) = ( ) to prove the strict of the inclusions for 0 < g < 1. This sequence is

. 1y
m(m&"m]

:»}me( Fural) - 1Z 74 ( kf(q))J

This indicates that x € ¢( ﬁ;) and x € co( f;). Consequently, cy C co( f,;) and ¢ C ¢( f,;) are strict inclusions. [J

Theorem 2.5. The inclusion €, C ﬁp(f:,) holds for g > 1 and the inclusion is strict for g <1, where 1 < p < co.
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Proof. Proving anumber K > 0’ s existence is sufficient to demonstrate that, for every x € £, ||x|| 6 S K]l
For (1 <p <o) and g > 1, let us get x € £,. Applying From Holder’s inequality for Vn € IN, we possess

S ilg)
L[l = ) quz(;>q

n=1 | k=1
- 9“fi(9)
<Z an+2(:; _1 p

7 fi(q) S g fil(g) 1
2 Fara(g) — 1 )2 Fara(@) - 7)

k=1

= Pk Y 1
;kal [q fk(q); Foa@ = 1].

So this means
Wl 7y < Kllxdl, (5)

q* fi(q)
"k fra(q) -

constant K > 0 such that |xi| < K. Therefore, using the triangle inequality

n k
()l < Z o f"(") x| < Z 7 Dy
k=1 n+2 n

where K = sup, (Z ) Also for p = oo, we take x; € {o. Then, for all k € N, there exists a

+2(q -1

So x € Ly(fy)
Likewise, we skip the details because it is easy to prove the inequality (5) for p = 1. Consequently, the
inclusion ¢, C {,(f;) holds for 1 <p < co. [J

We give the following two theorems without proof.

Theorem 2.6. The {,(f;) C Cs(fy), if 1 <p <s.
Theorem 2.7. For q > 0, the inclusion co(f;) C c(f,;) is strict.
Theorem 2.8. For q > 0, the inclusion é’p(f;) C &X,(f;) is strict.

Proof. Let us take x = (x,) € fp(f;). Then we have f:,x € €. Since {, C {~, we can conclude f;x € {w. SO
x = (xy) € Coof f,;) which means £( f;) C oo f;). The sequence x = (x) = (1¥) be examined for the inclusion’s
strict. Since

q* fi(q)

/T _1H=1<w
py fn+2(lJ)—1( |=1<

sup
nelN

we have x € foo(f;). But since

_qflg) fk(q)

1k
1 )

Z|1|P_>oo

we have x ¢ é’p(f,;). O
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Theorem 2.9. The space {,(f;) is not a Hilbert space, where p € [1, 0] — {2}.

Proof. We use the sequences

3 (B@) =1 —f3(q) + falq) —fag) +1 )
U_(v”)_( i@~ Ph@ 7 P9 00
and
L A@ -1 —f@) - @) +2 filg) -1 )
”‘(”")‘( 1m0 e eh

for proof. The f, transformations of these sequences are as follows, respectively:
fv=(1,1,0,0,...)and fu = (1,-1,0,0,...).

Thus, f:,(v +u)=(2,0,0,0,...)and ﬁ7(v -u)=(0,2,0,0,...) are obtained. Hence, the expression for p # 2
that results is as follows

) o _ 2+2 2 2
o+ ully o+ llo—ully ) =8#277 =2 (”U”@(ﬁ}) " “qu%fb)'

This implies that the parallelogram equality cannot be satisfied by the norm of the space ¢y( f;). d
Theorem 2.10. The space {,(f,) is not absolute type, where 1 < p < .

Proof. To show that it is not an absolute type, let us take a sequence defined by x = (1,-1,0,0,...). Next,
we compute transformations f,u and f;|u| as the following:

afi@)  —4*f@q) +qf1@) —9°£@) +qfi(q)

dfqu ) (f3(11) -1 fag-1 7 -1 )
an
folul = ( i@ L@ +qA@) LG) +q9A9) N

L-1 filp-1 " f(p-1 "~
where |u| = |u,|. Since IIuII[p(f;) * |||u|||€p(f:7), the proof is finished. [J

For f,,(f,;) (1 £p < ), we now provide a basis.

Theorem 2.11. For 1 < p < oo and each fixed k € N, define a sequence E® € €,(f,) as

(1" fra(q) — 1
A T 7 RN T )} ©
0 , otherwise

Later, {E®Y o is a Schauder basis for the space €,( f;) and each u € {y( f,;) has a unique representation of the form
=Y (fe® 7)
3

for each k € IN.

Proof. Let us consider 1 < p < co. Afterward, it is clear by (6) that (£;)(®) = ¢® € £, and hence ¥ € £,(f)).
Let us take u € €,(f;) and for each non-negative integer m and all k € N we put

u =Y (F)E®.
k
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Then we can obtain
[0 =Y G EED) = Y (Frawe®
k=0 k=0

and then

,(0<n<m)

~ N 0
(f)n(u — u™my = { (ﬁ,)n(x) (1> m) (n,m € N). (8)

For any given ¢ > 0, there is a mg € IN such that
(o9 B ((: p
Y, Il =(5) -
k=mo+1

As a result, for every m > mg, we acquire

e = Ml ) = [ Y, )(f;>n(u>)”]

k=m+1

s[ i |(f;)n(u)|p]p < g <eg,

k:m0+1

demonstrating that lim,,—c [ — ™| L) = 0 and as a result, u can be stated as in (7).

To demonstrate the uniqueness of the expression, we assume the existence of another form (7), similar
to

=Y (F)wE®.
k

By using the continuous transform S, we have proved its isomorphism in Theorem 2.2, the equation that
follows may be written as

Fn@) = Y @ Fn(ED) = Y (@e)oue = Fghn(w).

k k

This proves that the form (7) is unique. This concludes the proof. [J

3. a—, f—, y— duals of the space £,(f;)

The a—, B—, y— duals of the space ¢,(f,) are given in this section. Since p = 1 can be demonstrated by
analogy, we will focus on the case 1 < p < co. We serve the lemmas in Stieglitz and Tietz [36] to prove
Theorem 3.5 and Theorem 3.6. Many researchers have examined sequence spaces, dual spaces, and matrix
transforms utilizing the domain of certain matrices, such as [5, 13, 14, 17, 18, 25-28].

Take note that (p! + r™1) = 1 for (1 < p < =) and that F represents the family of all finite subsets of IN.

Lemma 3.1. B = (by) € ({,, 61) ©

sup Z Z bk
k

KeF nek

r
< 00,
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Lemma 3.2. B = (by) € ({,0) ©
For (Yk € N) lim b, exists
n—oo

sup Y lbul” < co.
nelN k

Lemma 3.3. B = (by) € (fw,¢) © (9) holds and

lim Zk] bl = Zk" [1im by
Lemma 3.4. B = (byx) € (£, {~) © (10) holds with (1 < p < o).
Theorem 3.5. The set

(-1 fen(@) -1 |
by
;2 qnfn(Q) <

m}
Proof. For 1 < p < oo and any sequence b = (b,) € w, let us define a matrix G by

(1" frra(g) — 1
G:(!an)z{ bn ;n—].SkSI’l )

Di(g) = {b =y ew: supZ
k

KeF

is the a—dual of the space €y(f;), where 1 < p < oo.

q" fx(q)

, otherwise

Furthermore, for each x = (x,) € w, we get y = f;x. After it tracks by (2)

5 (=1 fraa(g) — 1
bn n =
- R A0

buyr = Gu(y) (n € N).

609

©)

(10)

(11)

(12)

Because of (12), we obtain that bx = (b,x,) € {1 whenever x € £,( f:]) if and only if Gy € {; whenever y € {,.

We can see from Lemma 3.1 that
r

y U ) -1,

< 00
= 7A@

sup
KeF =%

and so (6,(f)" = Di(g). O
Theorem 3.6. Define the following sets D»(q), D3(q), Da(q) as:

Da(g) = {b = ew: Z (=1y q]];};;;()q) 1bj exists, Yk € ]N},
]

=

n

Ds(g) = {b =) ew: supZ

neN ¥4

n (D) falg) -1,

b <oo},

e 9 f1(@) !

n

i D ) -1,

D =<4b=(b i :
4(q) { (b) €  : lim P 7@ j

—00

k=1

i (=1 fira(q) = 1

, b;
= dfio

<l

Then we have
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a) (6(f)) = Da() N Ds(g) and
b) (6<(£)) = Dalg) N Dae)

forl<p < oo.

Proof. Let us get b = (by) € w and look at the equality

(=D fia(g) - 1
T 3 01,

k=1 j=n-1
- D fraa(g) =

= b = Dy(y), 13
;{j;‘1 7 fi(q) Y ) (13

where D = (d,) is determined by

pr D el -
due =1 “I70 0 gifig)

0 , otherwise

1
bj ,n-1<k<n

After, we deduce from Lemma 3.2 using (2) that Dy € c whenever y = (y;) € ¢, if and only if bx = (bxx) € cs
whenever x € {( f;). Therefore, (by) € (fp( f:,))‘6 if and only if (bx) € D2(g) and (bx) € D3(q) are defined by (9)

and (10), respectively. Consequently (fp( f;,))ﬁ = Dy(q) N D3(g).
An equivalent proof can be formulated when p = oo by utilizing Lemma 3.3 in place of Lemma 3.2
through analogous approaches. [

Theorem 3.7. (f,,(f;))y =D3(g), for1 <p < 0.

Proof. One may utilize (13) to produce the proof by using Lemma 3.4. O

4. Matrix transformations associated with the space £,(f;)

The matrix classes (£,( f;), U) are characterized in this section, where 1 < p < coand U € {{w, {1, ¢, co}. We
utilize

_ i (D) fea(q) =1,
= dfg
in order to achieve brevity.
The following lemma forms the basis of our findings.

Lemma 4.1. (see [29], Theorem 4.1)) Let p be an arbitrary subset of w, U a triangular matrix, V its inverse, and A
a FK—space. Define H™ = (hfs]i) and H = () by

’ "obyivg ,1<k<m -
H(")=hfn,z={ g‘f’k e k> m , H:(hnk):anjvfk,

respectively. Thus we obtain H™ = (h::}i) € (A,c)and H = (hy) € (A, p) if and only if B = (by) € (Au, 1) (see
Theorem 4.1 of [29]).
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The following conditions are now listed:

r

Z’”: (1" fia(g) — 1
- 7 fi@)

bnj < OO,

b,,j =bu,  VYnkeN,

oo L) 7 fi(q)

lim

Zm: (=D fisa(g) =

m—o0

k=1

sup Z bl < o,

meN

sup Z Z buk| < o0,
NeF neN

lim by = dy; keN,
n—oo

lim Y bl = ) I,
n—00 P

k

lim Y by =0,

n—oo

sup |yl < oo,

Y a1,
S e

=Y bul  VneN,
k

1
bnj < 0

n,keN
qup | 37 U inale) -
kmeN |55 7fi(q)

sup Y bl < o,

kelN

sup < oo,

N,KeF

2 b
neN keK

611

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

Thus, utilizing Lemma 4.1 and the findings in [36], we may deduce the following results from the given

conditions.
Theorem 4.2.
a) B=(by) €
b) B= € (
¢) B= (b G(
d) B= (bnk €

)
nk)
)
)

Theorem 4.3. For1 <p < oo,

(6,(f)), €) & (14),(15) and (17) hold.

(6:(fy), c) & (14),(15),(17) and (19) hold.

(6,(f2), o) & (14),(15), (17) and with Gy = 0 (19) hold.
(6,(f), 01) & (14), (15) and (18) hold.

b) B=
¢) B=
d) B= (nk

Ll) B = (bnk
k
b

)
nk)
)
)

m M M M

((fy), €) & (15),(22) and (23) hold.

t(fy)c) & (15),(19), (22) and (23) hold.

t(fy), co) © (15), with Gk = 0,(19), (22) and (23) hold.
(a(fy), &2) & (15),(23) and (24) hold.



K. 1. Atabey et al. / Filomat 39:2 (2025), 601-615 612

Theorem 4.4.
a) B = (by) € (o(fy), L) © (15),(16) and in case r = 1 (17) hold.
b) B = (bu) € (Ls(fy), €) & (15),(16), (19) and (20) hold.
0) B = (bu) € (£l fy), C0) & (15),(16) and (21) hold.
d) B = (bu) € (Le(fy), 1) & (15), (16) and (25) hold.

5. Certain geometric properties of the space £,( f;)

One of the most significant properties in functional analysis is the geometric property of Banach spaces.
We look at [12, 15, 16, 19, 21, 24, 30, 33] for more details.

Certain geometric properties of the space £y( f;) (1 < p < o0) are given in this section.

If every bounded sequence (b,,) in U enables a subsequence (s,,) such that the sequence {t(s)} is convergent
in the norm in U, then U is said to satisfy the Banach-Saks property (see [21]), where

1
{tr(s)} = (50 +s51+...+5) (keN). (26)
A Banach space U has the weak Banach-Saks property for given any weakly null sequence (b,) ¢ U if

there exists a subsequence (s,) of (b,) such that the {f;(s)} is strongly convergent to zero.
According to Garcia-Falset in [15], the coefficient is as follows:

RU) = sup {limianbn —bl|: (by) € B(U), by S b,b € B(U)}, 27)
n—00

where the unit ball of U is indicated by B(U).
Remark 5.1. A Banach space U possesses the weak fixed point property for R(U) < 2 [16].

For ¥n € N,some M > 0and 1 < p < oo, if every weakly null sequence (bx) possesses a subsequence (by,)
such that

1=1

a Banach space possesses the Banach-Saks type p or the property (BS), (see [30]).
With 1 < p < 0, we can now get the following results from the geometric properties of the space ¢, (f;).

< Mn'?, (28)

Theorem 5.2. The space £,(f;) (1 < p < oo) possesses the Banach-Saks type p.

Proof. We take (&,) sequence such that (¢,) > 0 for every n € Nand ), ¢, < 2, and moreover we take a

weakly null sequence (b,) in B(£,( f:,)). Setsgp = by = 0and s; = b,, = b;. After, there is a u; € IN such that

o)

Z s1(i)e?

i=up+1

< &1. (29)
&(fy)

There is an 1, € IN such that

u )
Y buli)e®
i=1

< & (30)

&)
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when n > 1y, because (by,) is a weakly null sequence implies b, — 0 coordinatewise. Sets; = b,,. Then there
is an u, > u; such that

o)

Z s(i)e?

i=up+1

< &p. (31)
&(fy)

Considering that b, — 0 coordinatwise, there is an such that n3 > n

U

Y bu(i)e?
i=1

when n > ns.
Two increasing subsequences, (1;) and (#;), could be obtained when we continue in this way, such that

< &y, (32)

& (f)

Uj
Z by (i)e® <¢j, (33)
=1 [p(ﬁ])
for each n > nj,; and
Z sie?|  <e. (34)
i=u]'+1 fp(f?])

where s; = by;. Thus,

Zn‘sj _ 1 [”X,:S (e + Z si(e? + Z 5;(i)e?

j=1 6(f) j=1 i=ujg+1 i=uj+1

n uj n
[ Z sj(i)e(i)] +ZZ &j.
6(fy)

j=1 l'=1/l/;1+1 j=1

G (fy)

IN

Alternatively, we can see that ||x|| 6(f) S 1. Hence, we have that

n uj P
(5 ] -

j=1 i=u];1+l

&(f)
) no i 4 fe(d)
) JZ—;i—u,Zﬁl ;fk“(q) 1 ](k)|

n e8]

S i)
LY s

Thus, it may be obtained that

n uj
Z[ Z sj(i)e(i)] Sn%.
&(fy)

j=1 f=llj,1 +1

<n.

J=
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Making use of the knowledge that 1 < n# foralln € Nand 1 < p < 00, we possess

n

1 1
Zs]- <nr+1<2nv.

=t e,

As a consequence, the space ¢,(f;) possesses the Banach-Saks type p. This ends the proof. [

Remark 5.3. Because the space {’p(f,;) is linearly isomorphic to €, R(f,,(f,;)) =R({y) = 2%,
Remarks 5.1 and Remarks 5.3 lead us to the following theorem.

Theorem 5.4. The space €,( f;) (1 < p < o0) possesses the weak fixed point property.

6. Conclusion

The new triangle matrix with g—Fibonacci numbers is utilized in this article to define the sequence
spaces co(f;), c(fy), teo(fy) and €,(f;) (1 < p < o0). The variety of 4 has a major impact on the inclusion links
between these spaces. Then, we looked at the topological and certain geometric properties of the space

6 (fy).
p\Jq
The g—Fibonacci numbers, which play a significant role in algebra, were moved to the area of sequence
spaces and summability, which is an invention.
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