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Abstract

The Fibonacci sequence was firstly used in the theory of sequence spaces by Kara and
Basarir (Casp. J. Math. Sci. 1(1):43-47, 2012). Afterward, Karg (J. Inequal. Appl.
2013(1):38, 2013) defined the Fibonacci difference matrix f by using the Fibonacci
sequence (f,) for ne {0,1,...} and introduced new sequence spaces relategl to the
matrix domain of F. In this paper, by using the Fibonacci difference matrix f defined
by the Fibonacci sequence and the notion of ideal convergence, we introduce the
Fibonacci difference sequence spaces C(’J(:E), c'(F), and Zf)o(ﬁ). Further, we study some
inclusion relations concerning these spaces. In addition, we discuss some properties
on these spaces such as monotonicity and solidity.

Keywords: Fibonacci difference matrix; Fibonacci I-convergence; Fibonacci
I-Cauchy; Fibonacci I-bounded; Lipschitz function

1 Introduction

Let N and R denote the sets of natural and real numbers, respectively. By @ we denote the
vector space of all real sequences. Any vector subspace of w is called a sequence space.
Throughout the paper, £+, ¢, and ¢y are the classes of bounded, convergent, and null se-
quences, respectively, with norm ||%|lo = Sup;cy [#«|. Let A and u be two sequence spaces,
and let A = (a,x) be an infinite matrix of real numbers a,, n,k € N. Then we say that A
defines a matrix transformation from A into p, and we denote it by writing A : A — p if
for every sequence x = (xx) € X, the sequence Ax = {A,(x)}, the A-transform of , is in u,

where

o0
A,(x) = Zankxk forn e N. (1.1)
k=0

By (%, ) we denote the class of all matrices A. Thus A € (A, u) ifand only if the series on the
right side of (1.1) converges for each n € N and every x € A and Ax € u for all x € A, where
A, = (au)ken denotes the sequence in the nth row of A. The concept of matrix domain
has fundamental importance for this study. So, the matrix domain of an infinite matrix A

in a sequence space A is defined by

Ay i= {x:(xk)ew:Axe)L}, (1.2)
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which is a sequence space. If A = A, where A is the backward difference matrix defined by

(-1 n-1<k=<n,
A=Ar1k=
0, O0<k<n-lork>n,

for all n,k € N, then A, is called the difference sequence space defined by the domain of
a triangle matrix A whenever X is a normed linear space or paranormed sequence space.

The notion of difference sequence spaces was introduced by Kizmaz [22] as follows:
MA) = {x = (%) € 01 (¥ — Xa1) € A}

for A € {£, ¢, co}. In recent years, some researchers have addressed the approach to con-
structing a new sequence space by means of the matrix domain of a particular limitation
method; see, for instance, [2—4, 10, 11, 15, 20, 26] and the references therein. Quite re-
cently, Kara [12] has introduced the difference sequence space

<ocl,

which is derived by the Fibonacci difference matrix F= @,k) defined as follows:

fn fn+1

Xy —"——%n1

fn+1n fn

0oo(F) = {x = (x,) € w:sup

neN

_fun1 —
e k=n-1,

. N -

Sk e k=m, (1.3)
0, O<k<nm—-1lork>n,

for all n,k € N, where {f,}°, is the sequence of Fibonacci numbers defined by the linear
recurrence equalities f = fi = 1 and f, = f,_1 + f,—2, n > 2, with the following fundamental
properties (see Koshy [23]):

i 1 5
lim Jor =" V5 =a (Golden Ratio), (1.4)
n—00 f;,l 2

n
E fx=furz =1 (m€N),
k=0

1
- COnVergeS,
27

fuc1fur —fn2 =(-1)""!,  n>1 (Cassini’s formula),

which yields £ | + fufu-1 —f* = (~=1)"*! by substituting for f,,1 in Cassini’s formula.

For a more detailed information about Fibonacci sequence spaces, we refer to [5-7, 18,
25]. By using the same infinite Fibonacci matrix F and the same technique, Basarir et al.
[1] have introduced the Fibonacci difference sequence spaces co(F) and ¢(F) as the sets of

all sequences whose F-transforms are in the spaces ¢y and ¢, respectively, that is,

co(E) = {x = (@) €w: lim F(x) = o}



Khan et al. Advances in Difference Equations (2018) 2018:199 Page 3 of 14

and

o(F) = [x:(xy,)ew:EléeRa lim F,(x) = ¢},
n— 00

where the sequence F,(x) is the F-transform of a sequence x = (x,) € w, defined as follows:

fo,. _ _

~ ZX0 = X0, n=0,

By = 47077 (1.5)
Sn x _fn+1 nZ 1.

Xn—
fn+1 " fn n-1>

By an ideal we mean a family of sets I C P(X) (where P(X) is the power set of X) such
that i) @ e, (ii) AUB eI forall A,B € I, and (iii) for each A € I and B C A, we have B € [;
I is called admissible in X if it contains all singletons, that is, if I D {{x} : x € X}. A filter
on X is a nonempty family of sets 7 C P(X) satisfying (i) ¥ ¢ F, (ii) A, B € F implies that
ANBeF,and (iii) for any A € F and B D A, we have B € F. For each ideal I, there is a
filter F(I) corresponding to [ (a filter associated with ideal I), thatis, F(I) = {K € X : K¢ €
I}, where K¢ = X \ K. In 1999, Kostyrko et al. [24] defined the notion of /-convergence,
which depends on the structure of ideals of subsets of N as a generalization of statistical
convergence introduced by Fast [9] and Steinhaus [29] in 1951. Later on, the notion of
I-convergence was further investigated from the sequence space point of view and linked
with the summability theory by Salt et al. [27], Tripathy and Hazarika [30—32], Khan and
Ebadullah [19], Das et al. [8], and many other authors. Salét et al. [28] extended the notion
of summability fields of an infinite matrix of operators A with the help of the notion of
I-convergence, that is, the notion of /-summability and introduced new sequence spaces
¢, and m,, the I-convergence field and bounded I-convergence field of an infinite matrix
A, respectively. For further details on ideal convergence, we refer to [14, 16, 17].

Throughout the paper, ¢}, ¢/, and ¢/ denote the I-null, I-convergent, and I-bounded
sequence spaces, respectively. In this paper, by combining the definitions of Fibonacci dif-
ference matrix F and ideal convergence we introduce the sequence spaces c{)(ﬁ ), ¢!(F), and
Kéo(f-" ). Further, we study some topological and algebraic properties of these spaces. Also,
we study some inclusion relations concerning these spaces.

Now, we recall some definitions and lemmas, which will be used throughout the paper.

Definition 1.1 ([9, 29]) A sequence x = (x,,) € w is said to be statistically convergent to a
number £ € R if, for every € > 0, the natural density of the set {n € N: |x,, — £] > €} equals

zero, and we write st-limx, = £. If £ = 0, then x = (x,,) € w is said to be st-null.

Definition 1.2 ([27]) A sequence x = (x,) € o is said to be I-Cauchy if, for every € > 0,
there exists a number N = N(¢) such that the set {n e N: |x, —xn| > €} € 1.

Definition 1.3 ([24]) A sequence x = (x,) € w is said to be /-convergent to a number £ € R
if, for every € > 0, the set {n € N: |x, — £| > €} € I, and we write I-limx,, = £. If £ = 0, then
(x,) € w is said to be I-null.

Definition 1.4 ([19]) A sequence x = (x,,) € w is said to be I-bounded if there exists K > 0
such that the set {n e N: |x,| > K} €.



Khan et al. Advances in Difference Equations (2018) 2018:199 Page 4 of 14

Definition 1.5 ([27]) Let x = (x,,) and z = (z,) be two sequences. We say that x,, = z, for
almost all # relative to I (in short, a.a.n.rl) if the set {n e N:x, #z,} € I.

Definition 1.6 ([27]) A sequence space E is said to be solid or normal if (¢,x,,) € E for any

sequence (x,) € E and any sequence of scalars (o) € w with |a,| <1 foralln e N.
Lemma 1.1 ([27]) Every solid space is monotone.

Definition 1.7 ([27]) A sequence space E is said to be a sequence algebra if (x,) * (z,) =
(%, - z,) € E for all (x,),(z,) € E.

Definition 1.8 ([27]) Let K = {n; e N:n; <ny <---} €N, and let E be a sequence space.
The K-step space of E is the sequence space

Mg = { () €@ (%) € E}.
A canonical preimage of a sequence (v,,) € A% is the sequence (y,) € » defined as

x, ifnek,
Yn =
0 otherwise.

A canonical preimage of the step space A% is the set of canonical preimages of all elements
in AL, that is, y is in the canonical preimage of A% iff y is the canonical preimage of some

element x € A%.

Definition 1.9 ([27]) A sequence space E is said to be monotone if it contains the canon-
ical preimages of its step space (i.e., if for all infinite K € N and (x,,) € E, the sequence
(ux,) with o, = 1 for n € K and o, = 0 otherwise belongs to E).

Definition 1.10 A map / defined on a domain D C X (ie., h: D C X — R) is said to
satisfy the Lipschitz condition if |/4(x) — h(y)| < K|x — y|, where K is called the Lipschitz

constant.

Remark 1.1 ([27]) The convergence field of I-convergence is the set
F) = {x = (xx) € £ : there exists I-limx € R}.

Definition 1.11 ([24]) The convergence field F (/) is a closed linear subspace of £, with

respect to the supremum norm, F(I) = £, Nc’.
Lemma 1.2 ([28]) Let K € F(I) and M CN.IfM ¢ I, then MNK ¢ 1.

Definition 1.12 ([27]) The function #: D C X — R defined by h(x) = I-limx for all x €
F(I) is a Lipschitz function.
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2 |-Convergence Fibonacci difference sequence spaces

In this section, we introduce the sequence spaces as the sets of sequences whose F-
transforms are in the spaces c{), ¢, and Eéo. Further, we present some inclusion theorems
and study some topological and algebraic properties on these resulting. Throughout the
paper, we suppose that a sequence x = (x,) € w and F,,(x) are connected by relation (1.5)
and 7 is an admissible ideal of subset of N. We define

(E):={x=(x,) cw: {neN:|E,w| =€} eI}, (2.1)
A(F) = {x =(x,) €w: {n eN: \ﬁn(x) —L| > ¢ for some L € R} e]}, (2.2)
()= {x=(x,) €w:3K>0st. {neN:|F,w| =K} eI}, (2.3)
We write
b (F) := cA(F) N Loo(EF) (2.4)
and
m! (F) := ¢! (F) N Lo (). (2.5)

With notation (1.2), the spaces c(F), c!(F), €. (F), m'(F), and m}(F) can be redefined as
follows:

GE)=(ct)p  dB)V=()p LB = (L)

m!(F) = (ml)

& and  mg (F) = (mg) .

Definition 2.1 Let / be an admissible ideal of subsets of N. A sequence x = (x,,) € w is
called Fibonacci I-Cauchy if for each € > 0, there exists a number N = N(¢) € N such that
{(neN: |ﬁ,,(x) —ﬁN(x)| >elel

Example 2.1 Define Ir = {A € N : A s finite}. Then I is an admissible ideal in N, and
M (F) = c(F).

Example 2.2 Define the nontrivial ideal I; = {A € N: d(A) = 0}, where d(A) is the natural

density of a set A. In this case, ¢ (F) = S(F), where S(F) is the space of Fibonacci difference
statistically convergent sequence defined as

S(F) := {x =(x,) €Ew: d({n eN: |13n(x) —L’ > e}) =0 forsome L € R}. (2.6)
Theorem 2.1 The sequence spaces c'(F), c\(F), €. (F), mb(F), and m' (F) are linear over R.

Proof Let x = (x,,) and y = (y,) be two arbitrary elements of the space ¢! (F), and let «, B
are scalars. Then, for given € > 0, there exist L1, L, € R such that

{neN: |Eu(x) — Li| > %} el
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and
A €
{neN:\F,,(y)—Lz}zi}el.
Now, let
A {neN |E(x) = L] < o |} F(I)
and

A2={neN:|ﬁn(y —Ly <m} e F(I)

be such that A§, A € I. Then

As = {neN: |odt"n(x) + BE, () - (aLy + BLy)| <}

SDHneN:|E@x)-L <—}ﬂ{neN:ﬁn -L <—” (2.7)
{ { | 1 2l 500 =Ll <5

Thus, the sets on the right-hand side of (2.7) belong to F(I). By the definition of the filter
associated with an ideal the complement of the set on the left-hand side of (2.7) belongs
to 1. This implies that (ax + 8y) € ¢/ (F). Hence ¢!(F) is a linear space. The proof of the
remaining results is similar. O

Theorem 2.2 The spaces X (F) are normed spaces with the norm

%l i) = sup!A,, where X € {m mé} (2.8)
n

Proof The proof of the result is easy by existing techniques and hence is omitted. O
Theorem 2.3 Let I € 2% be a nontrivial ideal. Then the inclusion c( Yy (F) is strict.

Proof We know that ¢ C ¢! and, for any X and Y spaces, X C Y implies X (E) C Y(F) (see
[21], Lemma 2.1). Hence it is easy to see that o(F) C (F). The following example shows
the strictness of the inclusion.

Example 2.3 Define the sequence x = (x,) € w such that

R J/n if nis asquare,
Fu(x) =
0 otherwise.

Then x € ¢l (F), but x ¢ c(F).

Example 2.4 Define the ideal I such that

Ael <= A eventually contains only even natural numbers.
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Then I is a nontrivial ideal in N. When
F,(x)=(1,1,1,0,1,1,1,0,0,1,0,1,0,...),

we have
Ac={neN:F,(x) #0} ={1,2,3,5,6,7,10,12,14,16,18,...}

and (x,) € c} (F). Hence A, € I and F,,(x) € ¢!. Now let us look at the statistical convergence
of the sequence:

.1 o1 n| 1

lim —|A¢| = lim —|B+—=|=—,

n—>0o 711 n—00 11 2 2
where B is a finite number, and |A.| is the cardinality of A.. Hence F,(x) ¢S. O

Theorem 2.4 A sequence x = (x,) € w Fibonacci I-converges if and only if for every € > 0,
there exists N = N(¢) € N such that

{neN:|E,x) - Ex()| <€} € F). (2.9)

Proof Suppose that a sequence x = (x,) € w is Fibonacci /-convergent to some number
L € R. Then, for given € > 0, the set

B. = {neN: B, () - L] < %} e F ().
Fix an integer N = N(¢) € B.. Then we have
|Eu(x) — En()| < |Ea() = L| + |L - Ex()]| <

for all # € B.. Hence (2.9) holds.
Conversely, suppose that (2.9) holds for all € > 0. Then

C.= {rz eN:E,(x) e [ﬁn(x) — &, F,(x) + e]} e F(I) foralle>O0.

Let J, = [E,(x) — €, E,(x) + €]. Fixing € > 0, we have C, € F(I) and Ce € JF(I). Hence C. N
C¢ € F(I). This implies that

J=JeN]Jg #9,
that is,

[neN:F,(x) eJ} e F()
and thus

1
diam(J) < 3 diam(J,),
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where diam(J) denotes the length of an interval /. Proceeding in this way, by induction we
get a sequence of closed intervals

Je=lh2L 22,2
such that
. 1 .
diam(Z,,) < 3 diam(f,_;) formn=2,3,...
and
{neN:ﬁn(x)eI,,} e F().

Then there exists a number L € (),yIs and it is a routine work to verify that L =
1- limﬁn(x), showing that x = (x,) € w Fibonacci I-converges. Hence the result. O

Theorem 2.5 Let I be an admissible ideal. Then the following are equivalent:
(@) (xn) €c!(F); )
(b) There exists (y,) € c(F) such that x,, = y, for a.a.n.r.l;
(c) There exist (y,) € o(F) and (z,) € c{)(ﬁ) such that x, =y, + z, for all n € N and
(neN:|F,x)-Ll > e} el;
(d) There exists a subset K = {n; :i € N,n; <ny <nz <---} of Nsuch that K € F(I) and
lim,,, o0 | Ey, (¥) = L] = 0.

Proof (a) implies (b). Let x = (x,) € ! (F). Then, for any € > 0, there exists L € R such that
{n eN: |ﬁ,,(x) —L| > e} el

Let (m,) be an increasing sequence with m1, € N such that
{n<m,: |I:"n(x) ~-Ll>t'}el

Define the sequence y = (y,) as y, = z, for all » < m; and, for m; <n<myq, t €N, as

x, if|E,(x) = L| < £},

L  otherwise.

Theny, € ¢(F), and from the inclusion
{(n<my:x,#y,} C {neN: |IA-"n(x)—L| Ze} el

we get x, =y, for a.a.n.rl.
(b) implies (c). For x = (x,,) € c!(F), there exists y =) € ¢(F) such that x, = y, for
a.anrl Let K={neN:x, #y,}. Then K € I. Define the sequence z = (z,,) as

Xy —y, ifnek,
Z, =
0 otherwise.

Then (z,) € ¢} (F) and (y,) € c(E).
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(c) implies (d). Let P={n e N: |1A-"n(x)| >¢€}eland
K=P'={n;eN:ieNn <ny<nz<---}eF(.
Then we have
il_i)r&|l:",,i(x)—L| =0.

(d) implies (a). Let € > 0 be given and suppose that (c) holds. Then, for any € > 0, by
Lemma 1.2 we have

[neN:|E,m) -L| > e} CKU{nek:|E,x)-L|> €.
Thus (x,) € ¢ (F). 0
Theorem 2.6 The inclusions c)(F) C ¢'(F) C €. (F) are strict.

Proof The inclusion c{)(ﬁ) c d(F) is obvious. Now, to show its strictness, consider the
sequence x = (x,,) € w such that IA-",,(x) = 1. It easy to see that F,(x) € ! but ﬁ,,(x) ¢ cb, that s,
x € c/(F) \ c)(F). Next, let x = (x,,) € ¢/(F). Then there exists L € R such that /- lim |E,(x) —
L| =0, that is,

{neN: |ﬁ,,(x)—L| ze} el
We have
|E,@)| = |Ea(x) = L+ L| < |Ey(x) = L| + LI

From this it easily follows that the sequence (x,) must belong to E’OO(IA-" ). Further, we show
the strictness of the inclusion ¢/(F) C 128 (F) by constructing the following example.

Example 2.5 Consider the sequence x = (x,,) € w such that

J/n if nis a square,
E W) =11 if n is odd nonsquare,

0 if n is even nonsquare.

Then F,(x) € €., but F,(x) ¢ ¢/, which implies that x € £/ _(F) \ ¢/(F).
Thus the inclusion c{)(l:") cd(F)c Eéo(f-") is strict. O

Remark 2.1 A Fibonacci bounded sequence is obviously Fibonacci I-bounded as the
empty set belongs to the ideal I. However, the converse is not true. For example, consider
the sequence

N n if nisasquare,
Fn(x) = .
0 otherwise.
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Clearly, F,(x) is not a bounded sequence. However, {n € N : |It"y,(x)| > %} € I.Hencex = (x,,)
is Fibonacci I-bounded.

Theorem 2.7 The spaces m' (F) and mb (F) are Banach spaces normed by (2.8).

Proof Let (xg)) be a Cauchy sequence in ! (F) C £ (F). Then (xff)) converges in 0o (),
and lim;_, ﬁ,ﬁi) (x) = F,(x). Let I-lim ﬁ,(i) (x) = L; for i € N. Then we have to show that

(i) (L;) is convergent say to L and

(ii) I-limF,(x) = L.

(i) Since (xﬁf)) is a Cauchy sequence, for each € > 0, there exists ny € N such that

Ar(,i)(x) —ﬁg)(x)‘ < g for all i,j > ny. (2.10)

Now let E; and E; be the following sets in I:

E = {n eN: |[EO) - L] > %} (2.11)
and
E= {neN: |ED(x) - L;| > %} (2.12)

Consider i,j > ng and n ¢ E; N E;. Then we have

ILi - Lj| < |[E9(x) = Li| + |[ED(x) - ;| + | FD (%) - F9 ()|

<€ by (2.10), (2.11), and (2.12).

Thus (L;) is a Cauchy sequence in R and thus converges, say to L, that is, lim;_, o, L; = L.
(ii) Let 8 > 0 be given. Then we can find m such that

8
|L;—L| < 3 for each i > m,. (2.13)
We have (xﬁ,i)) — %, as i — 00. Thus

~ps ~ )
V(l’)(x) - F,,(x)’ < 3 for each i > my. (2.14)

Since (IA-",({ )) is I-converges to L;, there exists D € I such that, for each n ¢ D, we have

. 8
|F9(x) - Lj| < 3 (2.15)

n

Without loss of generality, let j > my. Then, for all #n ¢ D, we have by (2.13), (2.14), and
(2.15) that

|Ea(x) = L| < |Eu(x) = EQ ()| + | ED(x) - Lj| + IL; — L] < 8.
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Hence (x,,) is Fibonacci I-convergent to L. Thus ! (F) is a Banach space. The other cases
can be similarly established. O

The following results are consequences of Theorem 2.7.
Theorem 2.8 The spaces m'(F) and m}(F) are K-spaces.
Theorem 2.9 The set m!(E) is a closed subspace of 0o (F).

Since the inclusions m!(F) C £o(F) and mil)(F) C £oo(F) are strict, in view of Theo-

rem 2.9, we have the following result.
Theorem 2.10 The spaces m' (F) and m) (F) are nowhere dense subsets of 0o (E).
Theorem 2.11 The spaces c{)(ﬁ) and m{)(ﬁ) are solid and monotone.

Proof We will prove the result for c{)(f-" ); for m) (F), the result can be established similarly.
Letx = (x,) € cé(ﬁ). For € > 0, the set

{neN:|F,x)|>e}el (2.16)
Let o = (@,) be a sequence of scalars with |&| <1 for all n € N. Then

|En(o)| = |eFu ()| < latl|Eu@)] < |Eu(x)| forallmeN.
From this inequality and from (2.16) we have that

[neN:|E(ax)| > €} S {neN:|E,@x)| =€} el
implies

[neN:|E(ax)|>e}el

Therefore (ax,) € cf)(f'" ). Hence the space ¢ (F) is solid, and hence by Lemma 1.1 the space
c(I)(ZA-") is monotone. O

Theorem 2.12 The spaces c{)(f-" ) and ! (F) are sequence algebras.
Proof Letx = (x,),y = () € cA(F). Then

I- lim |F,(x)| =0 and I- lim |E,(y)] = 0. (2.17)
Therefore, from (2.17) we have I-lim |E, (x - )| = 0. This implies that {n € N : |E,(x - y)| >
€}el Thus, (x-y) € c{)(l:"). Hence c{)(ﬁ) is sequence algebra. Similarly, we can prove that
o (ﬁ ), is a sequence algebra. O

Theorem 2.13 The function h : m!(F) > R defined by h(x) = |I- lim £, (x)|, where m!(F) =
loo(E)NC(F), isa Lipschitz function and hence uniformly continuous.
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Proof First of all, we show that the function is well defined. Let x,y € m’ (F) be such that

x=y = I-limE,(x) =1-limF,(y)

= |[FlimE, ()| = |[FlimE, ()| = h@&) = k).
Thus /4 is well defined. Next, let x = (x,,),y = (y,) € m!(F), x #y. Then
A= {neN: |E,@) - hx)| = lx-yl.} el
and
Ay ={neN:|E,() k)| = Ix-yl.} €1,
where |x — |, = sup, |E, (x) — ﬁ,,(y)|. Thus
B, ={neN:|E,(x) - h(x)| < |x - yl.} € F()
and
B, ={neN:|E,() - h(y)| <lx—-yl.} € F).
Hence B = B, N B, € F(I), so that B is a nonempty set. Therefore, choosing # € B, we have

(@) - k()| < [h(x) - E,@)| + |Ea(x) - E,0)| + |Ea () - B )|
<3|x =yl

Thus, 4 is a Lipschitz function and hence uniformly continuous. O

Theorem 2.14 Ifx = (x,),y = (,) € m'(F) with F,(x - y) = E,(x) - E,(y), then (x - y) € m!(F)
and h(x - y) = h(x) - h(y), where h : ml(F) —> Ris defined by h(x) = |I- lim £,,(x)].

Proof Fore >0,

B, ={neN:|F,x) -h@)| <€} e F(U) (2.18)
and
By ={neN:|E,(y) - h(y)| <€} € F(), (2.19)

where € = |x — y|, = sup,, |E,(x) — IA-",,()/)|. Now, we have

|Eu(x - 9) = h@)h()] = |0 E, () — B, (0)h(y) + Ey(0)h(y) — h(x)h(y)|
< [B@)||Eay) — h)| + | 1G] |Ea () - () . (2.20)
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As m!(F) C £o(F), there exists M € R such that |F,(x)| < M. Therefore, from equations
(2.18), (2.19), and (2.20) we have

|Eu(xy) — h@)h(y)| = |E, ) - Eu(9) = he)h(y)|
<Me + |h(y){e =€ (say)

forall » € B, N B, € F(I). Hence (x - y) € m!(F) and h(x - y) = h(x) - h(y). O

3 Conclusion

In this paper, we have introduced and studied new difference sequence spaces c{)(ﬁ),
! (F), and ZIOO(IA-"). We investigated the general type of convergence, that is, Fibonacci /-
convergence for sequences related to the Fibonacci difference matrix F derived by the
sequence of Fibonacci numbers. We studied some inclusion relations concerning these
spaces. Further, we investigated some topological and algebraic properties of these spaces.
These definitions and results provide new tools to deal with the convergence problems of

sequences occurring in many branches of science and engineering.
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