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Novel sequence spaces based on derangement numbers and their
properties

Muhammet Cihat Dagli®
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Abstract. The purpose of this paper is to give new sequence spaces derived from derangement numbers.
Also, we investigate their topological properties such as Schauder basis, the f—duals as well as character-

ization of certain matrix operators. Furthermore, by means of Hausdorff measure of noncompactness, we
present the characterization of some compact operators.

1. Introduction

1.1. Sequence spaces and summability

As is known, the theory of sequence spaces is essential for summability. The summability theory covers
a wide range of mathematics and occurs in many contexts like approximation theory, in operator theory,
the theory of orthogonal series, in numerical analysis to speed up the rate of convergence.

Let W = (wyx) be an infinite matrix with real or complex entries and let A and = be two sequence spaces.
Then, W becomes a matrix transformation A — Z if for each sequence z = (z) € w, Wz = {(Wz),} € E, i.e,
the W—transform of z, where (Wz),, = Y, wyzi for n € N. The notation (A — E) represents the family of all

k

matrices that maps from A to E. For brevity, in the sequel, the summation with no limits means from 0 to
o0. Also, R denotes the set of all real numbers and N = {0,1,2,...}.
The sequence space

Aw={zew: Wze A}

is called the domain of the matrix W in the space A, where w denotes the space of all sequences. Its being
a sequence space leds to surface many studies involving substantial discussions related to domains of
provided matrices. For detailed investigation, the reader can consult to the papers [2, 3, 11, 12, 19, 26, 30],
and cited references therein.

A Banach space X is named a BK-space if each mapping px : X — R defined by pi(z) = z is continuous
for all k € IN. It is aware that the spaces of p—absolutely summable sequences and bounded sequences,
denoted by ¢, and (., respectively, are BK-spaces. From the continuity of the matrix mappings between
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BK-spaces, matrix transformations in the sequence spaces and topological properties are widely studied.
The reader can consult to the papers [8, 15, 16, 36, 37, 39, 44, 45] in this direction.

Additional features and applications related to summability theory can be found in [4, 28].

The characterization of compact operators can be established via Hausdorff measure of noncompactness.
Inrecent years, lots of remarkable results have been revealed in the theory of sequence spaces in this context.
See, for instance [1, 5, 6, 22-24, 29, 31-33], for the relevant literature.

1.2. Motivation and aim

In combinatorial mathematics, a derangement is a permutation of the elements of a set, such that no
element appears in its original position. The number of derangements of a set of size n is called the
derangement number.

Derangement numbers are usually defined by means of the generating function [9, 40]

et =
1-t Zd”ﬁ’
n=0

and possess the closed-form expression

n

d, = Z(Z)k' (~1)"* 1)

k=0

with the inverse

Z(:)dk =n! (2)

k=0

For further relations such as explicit formulas, closed forms and determinantal representations of derange-
ment numbers, one can consult to the studies [34, 35].

We have concluded from the recent papers [7, 10, 13,14, 17, 18, 20, 21, 25, 43, 46, 47] that some remarkable
relations furnished by special numbers or functions have been applied in order to present new sequence
spaces and demonstrate their topological and geometric features.

Our goal in the present paper is to define a new matrix D = (zfnk) with derangement numbers entries as
follows:

1(n % .
- —| (=1, if0<k<nm
[l 0
0, ifk>mn;

by inspiring the formula (1). Also, we introduce two Banach spaces, denoted by ¢, (D) and { (D) , as the
domains of this matrix including derangement numbers and we prove that these Banach spaces are linearly
isomorphic to the spaces £, and {. We study certain topological features like Schauder basis, the f—duals,
and the characterization of certain matrix operators. Furthermore, we establish the characterization of the
compactness of some matrix operators by means of the Hausdorff measure of noncompactness. In the final
section, as the highlights of this context, we mention the plan to consider the domains of the matrix (3) in
the spaces of convergent and null sequences and an extension of these papers, known as quantum calculus
(or g-calculus).

2. New sequence spaces £, (D) and £, (D)

Based on the matrix (3), we will define the following sequence spaces

P
<ol

fp(f))={z=(zn)ea): f

n=0

) (Z)k! (1) 2

n k=0
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<o},

tn = (Dz), = —z( )k'< )"z (4)

nkO

and

loo (D) = {z = (z4) € w : sup

n

1 &(n n—k
— I(—
7 Eo(k)k.( 1) z

Also, let us denote

as the D—transform of a sequence z = (z,).
Firstly, let us present the linearity of the spaces ¢, ( ) D)and ¢ ( ) without any proof owing to the routine
verification.

Theorem 2.1. The sequence spaces €, ( ) D)and € ( ) are BK-spaces in accordance with the norms

o 14 AP
”Z”gp(D) = (2 dnkzo( )k! (=1 2, ]

=0
and
I2ll,_ (o) = sup dlz( )k'< 1"z,
neN |%n k=0
respectively.

Theorem 2.2. The spaces ¢ ( ) D)and € ( ) are linearly isomorphic to £, and €, respectively.

Proof. To prove this, we should show the existence of a linear bijection between the spaces ¢, (D) and £p.

The linearity is clear. It is satisfied z = 0 whenever Dz = 0 yields the injectiveness of D. For any sequence
t = (t,) € {,, we reach the relation for all k € IN,

ko ((k\d;
[
motivated by (2). So, we have
( )k! (-1)""*z
0
n n— k di
e £ ()
n n—k k
k)( 1) ()diti

—
ol
N

~—

=
|
M=

M:ﬁ

M=
T

il
=)

NN
—_

=
T
/_<
=
+ =
~.
—
—_
~
=
1
X
—_
=
+
~—
=
<k

Il
o
=
o

~~
=

Thus, for z = (z) given by (5) and t = (t,,) € {,, we have (Dz)n = t, for all n € N. So, the mapping Dz is onto

from the fact Dz = t. It follows from Theorem 2.1 that |z| (D) = ||t||€p . Namely, ¢, (D) and ¢, are linearly

isomorphic, as required. To avoid unnecessary repetitions of similar statements we omit the proof of other
assertion. This completes the proof. [
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The B-dual of a subset A C w are defined by
AP ={x=(x) ew:xz=(xz) ccsforallze A},
where cs denotes the space of convergent series. The next result points out the characterizations of certain
matrix classes and leds to derive the f—duals of the spaces ¢, ( ) and { ( )
Lemma 2.3. ([41])) W = (W) € ({1 = L) iff

sup |wpk| < oo. (6)
n,keN

= (W) € (&1 = ¢) iff (6) holds and

lim w, exists, ()
foreachk € N. W = (wy) € (€1 — co) iff (6) holds and
lim w,; = 0, 8)

foreachk € N. W = (wy) € (é’l - é’p) iff
su [wlP < oo,
)
where1 < p < oo. W = (wy) € (5,, - 500) iff
sup Z |w|” < e, ©)
k=0

where 1 < p < 00. W = (w) € (£, — c) iff (7) and (9) hold for 1 < p < co. W = (wyi) € (£, — co) iff (8) and (9)
hold for 1 < p < co. W = (wy) € (fp - fl) iff

(9] (o) q
Z(Z Iwnqu] <o forl<p< oo
k=0 \ n=0
W = (W) € (Lo = €o) = (¢ = €o) = (c0 = o) iff
sup Z [wik| < o0.
" k=0

W = (w,y) € ({’c>o — ¢) iff (7) holds and

hm |wnk| Z ’hm W . (10)
= (wnk) € (f?m — co) iff (8) holds and
lim [k = 0. (11)

n—oo

k=0

W = (W) € (le = ) = (c = &) = (co = &) iff

P
sup Z Y Wk
kek

KeF n=0

< 00, f0r1<p<oo

where - denotes any finite subset of IN.
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We are ready to offer the duality theorem.

Theorem 2.4. Let the sets d1,da, d3 and d4 be defined by

={ = : lim Z() b; exists for eachke]N}
n—oo k
i\di, [ }
=<b=(b Dsu —bil <00y,
{ e[S
= (bx) € w : sup i(z)d.—kbz <oo,,
I’l,k I:kk 1!
_lpo Depl — |3 (1) %,
o= fo- oo w3 Efe)

Then, we have ({’p (lj))ﬁ =01Ndy forl <p<oo. (fl (D))ﬁ =0d1 NI, (&x, (D))'g =0d1 NIy

Proof. Itis sufficient to prove the first assertion since the others can be obtained analogously. For 1 < p < oo,

we note that b = (by) € (f,, (D))'B iff ) byzi is convergent for all z = (z;) € (5,, (D)) . So, it is readily seen that
k=0

Zbkzk = Zbkz (( ) )
k=0 k=0 i=0
dk
_kzo (zzk(k) i! )tk'

from which we have b = (by) € ( (D)) iff the following matrix belongs to the class (é’p - c) :

S )een, i0<k<n
due = i\k) -
0, if k > n.

Hence, by Lemma 2.3, the limit

}}1—1:1&30 Z‘;{( )1'

exists for each k € IN and the relation

dy
,Zk(k) il bi

holds. Consequently, we have b = (by) € d1 N dy, as required. O

< o0

sup Z

n k=0

3. Certain matrix mappings

This section consists of the characterization of the classes (A (D) — E) for A € {{’p} with1 < p < o0 and
E‘ e {glrc()/ C/ 500} .
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Theorem 3.1. For n,k € N, define a matrix R = (r,) as

Fue = lim z(l)d—kwm. (12)
m—oo i3 \k] 1!
Then, we have the following facts:
(@ We (t(D) - &) iff
R = (ryx) is well defined for all n, k € IN, (13)
m (i dk
sup (Y, 7 Wnil < 0, foreachn e N (14)
mk |i=k k)i
and
sup |Fuk| < o0. (15)
nk

(b)yWe (fl ( ) - c) iff (13), (14) and (15) are satisfied and

lim 7 exists for each k € IN. (16)
(c)We (€1 ( ) - co) iff (13), (14) and (15) are satisfied and
lim 7, = 0 for each k € IN. (17)
n—00
dWe (51 (D) - é’l) iff (13) and (14) are satisfied and
sup Y |7k < oo. (18)
k n
Proof. We only prove the assertion (1) since the proofs of the assertions (b), (c) and (d) follow analogously.

It is known that W € (51 (D) , foo) iff Wzel, forallz € {; (D) . From the convergence of the series ), wyzx,
k=0

we have w,; € (fl (D))ﬁ for each fixed n € IN. Using Theorem 2.4, one arrives that the limit

lim Z(Z)dk Wi

exists for each 11,k € IN and the fact

m 7\ dy
E;{(k)?wm

So, one can reach that (13) and (14) are satisfied. Consider that

sup < oo, for eachn € N.

m,k

g WnkZk = fwnki ((k)d—:) ti
k=0 i=
_ fo (kak( )Z,)t (19)

Now, by defining a matrix R = (7,,) for each n € N by

Z(k)z|wnk, if0<i<m

0, ifi >m;

P =
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one can finds the fact that (13) and (14) imply R = (7,;) € ((1 — ). Thus, forallt € {1, the series R, (t) = Y. Fuit;
i=0

converges uniformly in m, from which lint, e Ry, (£) = Y limy,—,coFmiti. So, one infers from (19) that
i=0

W, @ = lim Ry ()= 5 (i) = Lot = Ry 1), 0)

which yields that for z € £; (D) , W(z) € { iff for t € €1, R (t) € {e. Consequently, W € ({’1 (D) - foo) iff (13),
(14) and (15) hold. So, the proof is complete. [J

Theorem 3.2. Let 1 < p < oo and let R = (r,x) be the matrix in (12). Then,
(a) W e (£, (D) > €w) iff (13) holds and

m (m[4 q
sup ). Z(l)&wm < oo, foreachn € IN 1)
m k=0 |i=k\K/ 1!
and
sup Y. [rul? < oo. (22)

n k

(c)We (fp (D) co) iff equations (13), (17), (21) and (22) are satisfied.

by W e (fp ( ~) - c) iff equations (13), (16), (21) and (22) are satisfied.
(d)We ({’p (D) - é’l) iff equations (13) and (21) are satisfied and

q

Z Tnk

neN

sup ), < oo. (23)

NeF k

Proof. Let us only offer the proof of (a) since the others can be reached by proceeding the similar arguments.
First we note that W € (fp (b) - [m) iff Wz € { forall z € £, (D) From the convergence of the series

Y wyizr, we have w,; € ({’p (D))ﬂ for each fixed n € IN. It yields from Theorem 2.4 that the relations (13) and

k=0
m | m l dk q
sup ¥ | X, |5 wni| <oo, foreachn € N
m k=0 |i=k\K/ 2!

hold. In analogy, from equation (20), we have Wz € £ for all z € ¢, (D) iff R(t) € { for t € {,. Thus, it is

satisfied that W € (€p (D) - &X,) iff (13) and (21) are valid and R € (fp - fm) i.e. (22) is satisfied. So, the
proof is complete. [

Theorem 3.3. Let R = (r,x) be the matrix given by (12). Then,
(a) W e (&o (D) - &x,) iff (13) is valid and

mi\d xfi\d
%(k) l-_:cwni Z (k) _kwm'

lim ) L)
iz !

m—o0 k

=¥

k

(24)

and

sup % 7kl < 0. (25)
n
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(b)y W e (500 (D) - c) iff equations (13), (16) and (24) are satisfied and

Bm Y [rl = ¥ |lim rol (26)
n—oo k k n—oo

(c) We (é’w (D) - co) iff equations (13), (17) and (24) are satisfied and
lim ¥ |l = 0. (27)
n—oo k

(dWe (é’m (D) - {’1) iff equations (13) and (24) are satisfied and
sup ), | X k| < o0 (28)
NefF k IneN

Proof. The proof of (a) follows by using the fact W € (&,o (D) - foo) iff Wz € { forall z € £ (ﬁ) and
by applying the manipulations in the proofs of previous theorems in this section. To avoid unnecessary
repetitions, the proofs of the assertions (b), (c) and (d) are omitted. [

This part of the paper will be concluded with additional characterization of matrix classes (A -, (D))
with 1 <p < oo, where A € {€, ¢, co, {1}.

Theorem 3.4. Let 1 < p < oo. Then,
(@) We (o — £,(D)) = (c—>£,,(D)) = (co = (D)) iff

supZ ZZ( )—( ™ ’wlk < co.
KeF n=0 |keKi=0\ I
b)) W e (a1 - 6 (D)) iff
© n\ i! P
Sl;pngo Eb(l)d_( )" wy| < oo.

OWe (6 ta(0)) = (¢ £ (0)) = = = (0)) 7
sup ),

n kaZE)(l)d_( 1)nl Wik

(@ W e (t - € (D)) iff

(1) v

Proof. We prove the case W € (&x, -, (D)) for p > 1 Consider the matrix W = (@) as

< 00,

Sup < 00,

nk

n i1 .
Wy = Z(n);— (=1)""wy, foralln,keIN.

i=0\1

Then, one has

=) n 1l . 00
Y Wzk = Z(r,l)L (D" Y wizk, foranyz = (z) € e,

k=0 izo\1 ) dn k=0
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which means that W, (z) = D, (Wz) foralln € Nand Wz € ¢, (D) forz = (z;) € Lo iff Wz € £, forz = (z) € lwo.
So, we have

P
< 00,

L E () oo

keki=o\1 ) dn

sup oi

KeF n=0

The remainder assertions follow in a similar way. O

4. Compact operators on the spaces £, (f)) and £, (f))

In this section, we offer the characterizing the compactness of certain matrix operators helped by
Hausdorff measure of noncompactness.

By W, we denote the set of all finite sequences. Let z = (z,) € w and S, be unit sphere in the BK-space
A DV, then, we need the relation

2. ZkSk

lIzIl}, = sup < o,

SESA

which will be frequently used in the sequesubject to condition that the supremum is finite. In this case, we
have z € AP. As well, by C (A — E), we denote the set of all bounded (continuous) linear operators from A
to E.

We are in position to state some lemmas, given in [27].

Lemma 4.1. We have
(a)ffo =ty and ||zl = |lzlle, for all z € £;.

(b)f’lg = {o and ||z||}1 =|lzll,_ forall z € {.
(c)fﬁ = Cgand ||zll, = |lzllg, for all z € £; with 1 < p < oo and % + % =1.

Lemma 4.2. For every W € (A — E) with the BK-spaces A and E, there exists a linear operator Ly € C(A — E)
such that Ly (z) = W (z) forall z € A.

Lemma 4.3. Let A D W be a BK-space and E = {cy, ¢, €} . If W € (A — E), then, we have

ILwll = IWll(a-z) = sup [Wally < co.
n

The notion of Hausdorff measure of noncompactness of a bounded set Z, denoted by x(Z) is defined by
X(Z) =inf{5>0:Z C UL B(x, 1), % € A, 1 < 5,n €N\ {0}}.

Here, B (xt, 1) is the open ball centered at xx and radius rx for each k = 1,2, ..., n. Further results concerning
Hausdorff measure of noncompactness can be found [27] and references cited therein.

Theorem 4.4. ([38, Theorem 2.81) The Hausdorff measure of noncompactness of a bounded set Z in €, can be
evaluated as

x(Z) = lim (sup 1L =Pr@l, |, forl1<p<oo,
k zeZ ’

where Py : £, — €, denotes the operator defined by Py (z) = (20,21, ..., 2, 0,0, ...) for eachk € Nand I : £, — €, is
the identity operator defined by I (z) = (20,21, -, Zks Zk+1, ---) -
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A linear operator £ : A — E is said to be compact operator if the domain of £ is all of A and the image
under £ of any bounded subset of A is a totally bounded subset of E. In other words, the sequence (£ (z,))
has a convergent subsequence in Z for every bounded sequence z = (z,,) € A.

There is a close relationship between Hausdorff measure of noncompactness and compact operators.

Concretely speaking, the necessary and sufficient condition for an operator to be compact is that HLXH =0,
where ”LX“ denotes the Hausdorff measure of noncompactness of L and it is defined as HLX” = x(L(SA)).

Letx = (x) € (l’p (D))ﬁ be a sequence, define a sequence y = (yx) € {; as

o (i1\d
v = z(;()l.—,kx,« (29)

i=k

for all k € IN. The following lemmas will be needed in the proofs.
Lemma4.5. Let 1 < p < coand let x = (xi) € (fp (f)))ﬁ . Then, y = (yx) € £y and
YXkze = LYtk
k k

forallz = (z) € ¢, (D)

Lemma 4.6. Let y = (yx) be defined as (29), then,
* ~\\P
(@1kll () = supe |vi| < oo forall x = (xi) € (&1 (D)) -

1/q
(b) ”x”Z,(D) = (% ‘}/k’q) < oo forall x = (xx) € (é’p (D))ﬁ and for 1 < p < oo.

(c) ||x||;m(D) = Zk: |yk| < oo forall x = (x) € (&,0 (D))B.

Proof. Let us present the proof of assertion (c). The other results can be revealed similarly. For x = (x) €
(&0 (D))ﬁ, using Lemma 4.5, we have y = (yx) € &1 and Y xeze = Yty for all z = (zx) € Lo (D) Since
k k

loo (D) and f. are isomorphic, we arrive at z € Scm(D) iff t € S¢. So, ||x||2w(D) = supzeslw@) %xkzk =

SUP,cg, = ”y”;oo . Employing Lemma 4.1 gives

XYtk
k

Il oy = [lvll, = vl = z |yi| < oo,

which completes the proof. 0O

Lemma 4.7. ([31, Theorem 3.7 and Theorem 3.11]) For any BK-space A D> \V, we have
(@) If W € (A — L), then 0 < || Lwll, < limsup,, W,y and L is compact if lim,, [[W,|[}, = 0.
(0) If W € (A — cp), then || Lwll, < limsup, |W,l|[y and Ly is compact iff lim,, || W,I[, = 0.
() If We (A —ty),then
A)

) = 0. Here, F, denotes the subcollection of with elements that are

*

Y Wy
neN

LW,
neN

) <ILwlly, < 4lim(sup

NeF,

lim | sup
" \Nef, A

*

and Ly is compact iff lim, (supNeF X Wy
"llneN A
greater than r.
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Next, let’s mention a lemma without any proof due to the similarities to Lemma 4.5. For this purpose,
we define an infinite matrix W = (@,) as

N FAT
Wy = E{(k) il Wi (30)

for all n, k € IN, provided that the series is convergent.

Lemma 4.8. Let A be any sequence space and W = (wy;) be an infinite matrix. If W € (é’p (D) - A), then
We (f,, — A)and Wz = Wt hold for all z e€p<f))forl <p< oo,

Theorem 4.9. Let 1 < p < co. Then, we have

(@) IfW € (€, (D) - £a), then

0 < |ILwll, < limsup (Z
n ki

and Ly is compact if

o (\de )"
1im(z z( )lwni ) =0
n \F lizk\Kk/ 1!
(b) If W € (¢, (D) - co), then

ILwll, = limsup (Z

n k

«(i\d
E;((k)l_:(wm

q\1/q
) _o.

(©If W e (¢,(D) - 1), then

and Ly is compact iff

© (i\dy
Z(k)_'wm

i=k

lim (Z

n k

1i¥n||W||E€p(D)—>€1) < ”-LW”X < 4li¥n”W”Eé’p(D)—>€1)

and Ly is compact iff
Wil 0)-e) = O
where
i

> (i\d
zz@%w

neNi=k L

q)l/q

Proof. For the proof of (1) let W € (é’p (D) - &o) and z € ¢, (D) , then from the convergence of the series

1 010 = 32p (2

NeF, \ k

Y wyzx that W, € (fp (D))ﬁ for each n € IN. Employing Lemma 4.6 (b) to find for each n € IN that
k=0

1/q
||Wn||zP 0) = (% |zi;nk|’7) , Where @, is the representation in (30). So, using Lemma 4.7 (a) gives that

1/q
0 < [ILwll, < limsup (Z |wnk|")
n k
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and Ly is compact if
1/q
lim (z |zz;,,k|‘7) - 0.
m \k

1/q
For the proof of (b), let W € (Kp (D) - co) , then, from ||W,|| (Z Izi)nqu) and Lemma 4.7 (b), one finds
k

that

4(0) =

1/q
ILwll, = limsup (% Iwnkl")

and Ly is compact iff

1/q
lim(Z|Zan|'7) =0.
no\k

* *

For the proof of (c), let W € (fp (D) - 51) , then, it follows from Lemma 4.6 that
(o)

q]l/‘i

Y. Wy
neN

Z Wn
neN 4

So, use Lemma 4.7 (c) to write that

Z Zbnk

neN

Z wnk

neN

NV
] <ILwlly <4lim [supz
" \NeF, k

lim (sup Y

" \NeF, k

and Ly is compact iff

Z wnk

N
=0,
neN

which completes the proof. [

lim (sup Y

" \NeF, k

Finally, we give two results whose proofs are omitted owing to the similar manipulations to the proof
of Theorem 4.9.

Theorem 4.10. The following statements hold:

@ If W € (€o (D) - L), then

: ®(i\d
0 < [|Lwll, < limsup Y -Zk(k)i_:(w"i

n k

and Ly is compact if

© (1\dy
Z(k)jwm

i=k

limsup ), =0.

n k

B IEW e (&,o (D) - co), then

. o fi\d
£l = timsup =¥ (k)l.—fwm

n k
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and Ly is compact iff

<) dk
lZ;((k) il Whi

(I W € (£w (D) = &), then

lim Z =0.

hi‘n”W”Ef (D)) = < NLwlly < 4h¥n”W”Et’m(D)—>a)

and Ly is compact iff

h}’n”W”EKW(D)—%]) =0,
where
”WHY(K (D)) ~ IS\IUEZ ZNZ() Wil -

Theorem 4.11. The following statements hold:

@IfWe (fl (D) - &X,), then

0 <|ILwll, < limsup (sup
k=

n

and Ly is compact if

lirrln (m;p g{(;)‘f—:{wm ) =0.
() IfW € (61 (D) - co), then

|

ILwll, = limsup (sup
no\ k

© (7\dy
E;{(k) ﬁwm
and Ly is compact iff

) dy B
5 -

5. Conclusions and future studies

lim (sup
"\ k

2343

Since the most general linear mapping from a sequence space into another sequence space can be
represented by an infinite matrix, matrix transformations between sequence spaces has aroused interest over
years due to its significant implications in summability theory. In recent years, by inspiring some remarkable
relations for fascinating numbers, an infinite matrix has been introduced and then its domain in some
famous sequence spaces has been discussed. Also, a number of important properties containing special
duals and matrix transformations, characterizing its compact operators helped by Hausdorff measure of

noncompactness have been investigated.

In this paper, we define two sequence spaces ¢ ( ) D) and { (D) as the domains of the triangular matrix
including derangement numbers, playing an important role in combinatorial mathematics, and study their

topological properties.
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By proceeding the same motivation aforementioned, it is planned to study the domains of the matrix,
defined here, in the spaces of convergent and null sequences.

As a final note, the g-calculus or g-analog plays a key role in generalizing various concepts in the several
branches of mathematics specially in combinatorics, approximation theory, algebra, differential-integro
equations, special functions, hypergeometric functions, etc. In the literature, it is available the following
formula for g-derangement numbers [42]:

iy OCY
dq () = [n]!)_qC R
k=0 ’

For further studies, we will define a novel matrix involving g-derangement numbers and study its domain
in the sequence spaces as well as topological properties.
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