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On multiplicative difference sequence spaces and related dual
properties
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ABSTRACT: The main purpose of the present article is to introduce the multiplica-

tive difference sequence spaces of order m by defining the multiplicative difference
m

o (5) -(5) (%) om
operator A"(zy) = zy, 2, 23y 205 wply ...y forall mik € N. By
using the concept of multiplicative linearity some topological properties are investi-

gated and determined their dual spaces via multiplicative infinite matrices.
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1. Introduction

The concept of difference sequence space was initially introduced by Kizmaz
[1]. Also Et and Colak [2] generalized difference sequence spaces by defining
AMA™) = {z = (z) : A™(x) € A}, where A € {ls,c,c0}, m € N, the set of
non-negative integers, Az = (z3), Az = (A™ 1o, — A" lrp, ) and AMxy =
S o(=1) (") z4i. These are Banach spaces with the norm defined by [|z|am =
ot l@i| 4 supy, [A™xy|. Also this type sequence spaces were studied by many
authors the reader may refer to [3,4,5,6,7].

Let w* be the space of all positive real valued sequences defined by

w={z=(zx) | z: N>R k— x4},

and any subspace of w* is called a sequence space over the real field RT.
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Quite recently Cakmak and Bagar [8] have defined the multiplicative sets £%_,
c*, ¢ and ¢ of sequences as follows:

o= {x = (z1) € W" s sup |ak|" < oo} ,
keN
= {:c = () Ew*: A €RT > “lim |zx/I]* = 1},
k—o00

o= {:c = (x) €w*: "lim |zg|* = 1},

k— o0
0= {x = (z) ew": H|xk|* < oo}.

k

In particular the sets €% ,c¢* and ¢ of sequences over R, normed by | - ||« =

SUpgen |Zk|*, it is proved that these are all Banach spaces. Also Kadak [9] have
examined the spaces bs*, cs™ and csj defined by

k

bs* = x(xk)Ew*:<H:cj)€€zo ,
=0
k

cst = x(xk)Ew*:<H:cj)€c* ,
=0

cs] = x:(xk)Ew*:(ij)ecf
=0

Now, we define the sets

Lo (ATY) {z = () ew* : ATz € 03}
c(AT) = {z=(z) ew : Az e "}
c1 (A7) {z = () ew* : Al'z € ]}
where m € Z, A%z = (xy), Avx = (vx/Tk11), ATx = (A" Loy /AT tryy ) and
so that

(1) (3) —(3) (1) um(n) (1)

m —
AT () = xy, Ty Tl Ts T Ty

Also the inverse operator can be interpreted as:

. L, mimil) mOmtl)nt2) —
_ _ o 3!
AL™(xk) = T TRy Tyl d' Tpys T (1.2)

For instance,

T T
" Af(xk):(w) - (M 12 ... M,)

2 2 9 2
Tht1 Ty T3 Tt
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3 3 3 3
63 _ ThTp42 _ [ xoxy x1x] TRpTy o
° *(.Tk)—(ims I+,)—(1312a 52, S_Jr‘a"')
k+1Tk+3 1237 Toxg Thy1Tk+3
-2 _ 2 .3 _ 2.3 2,.3 2 .3
o A (zy) = (xkxk+1xk+2) = (zoxfxd, vra3xd, . .., wpa 77, .. ).

The main focus of this paper is to extend the difference sequence spaces of order
m defined earlier to the multiplicative form of these spaces. Moreover, by using
multiplicative difference operator A", the duals of these spaces are investigated
with respect to the multiplicative infinite matrices.

2. Preliminaries and definitions

In the period from 1967 till 1972, Grossman and Katz [10] introduced the non-
Newtonian calculus consisting of the branches of geometric, bigeometric, quadratic
and biquadratic calculus etc. Also Grossman extended this notion to the other fields
in [11,12]. Many authors have extensively developed the notion of multiplicative
calculus. The complete mathematical description of multiplicative calculus, was
given by Bashirov et al. [13]. Also some authors have also worked on the classical
sequence spaces and related topics by using this type calculus [14,15]. Further
Kadak et al. [16,17,18] have examined matrix transformations between certain
sequence spaces and have generalized Runge-Kutta numerical method.

Definition 2.1. [13] Let X be a nonempty set. A multiplicative metric (*metric)
is a mapping d* : X x X — R satisfying the following conditions:

(i) d*(x,y) > 1 for all x,y € X and d*(x,y) =1 if and only if x = y;
(11) d*(x,y) =d*(y,z) for all x,y € X;
(iii) d*(x,y) < d*(z,z)-d*(y,z) for all x,y,z € X (multiplicative triangle inequal-
ity).
The multiplicative absolute value of x € R is defined by

. z o, (z>1),
lz|* = {1/95 - ) (2.1)

On the base of this, one can define multiplicative metric spaces as alternative to
the ordinary metric spaces.

Definition 2.2. [8] Let X = (X, d*) be a *metric space. Then, the basic notions
are given as follows:

(a) A sequence (x,,) in X = (X,d*) is said to be multiplicative convergent (*con-
vergent) if for every given € > 1, there exist an ng = no(e) € N and x € X
such that d*(z,,z) < & for allm > ng and, is denoted by *lim, oo T, = T or

Ty — T, aS N — Q.

(b) A sequence (x,) € (X,d*) is said to be multiplicative bounded (*bounded) if
there exists a number M such that |x,|* < M for every natural number n.
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(c) A sequence (x,,) in X = (X,d*) is said to be multiplicative Cauchy (*Cauchy)
if for every e > 1 there is an ng = no(e) € N such that d* (2, xm) < € for all
m,n > ng.

*,

(d) A *complete metric space is a *metric space in which every *Cauchy sequence

s *conwvergent.

Now, we give the basic concepts *open and *closed sets.

Definition 2.3. Given any point xg € X. Then, for a real number r > 0,
B(zo;r) ={z € X | d*(z,29) < r}

is a *neighborhood (or *open ball) of centre xo and radius r and
Blzg;r] ={x € X | d"(z,20) <1}

18 a *closed ball of centre xog and radius r.

Definition 2.4. Let (X,d*) be a *metric space. Then G C X is called *open set if
and only if every point of G has a *neighborhood contained in G. Similarly G C X
is called *closed set if and only if its complement is *open.

Definition 2.5. [17] A multiplicative vector space (*vector space) over the field
R is a set V C R? on which two operations are defined, called *addition and scalar
*multiplication, and denoted (&) and (®) by

e:VxV — V
(u,v) — uw®v = (urv1,uzv2),
O: Rt xV — V
Nu) — AOu=(u},uy)

where the *vectors u = (u1,u2), v = (v1,v2) € V and the scalar X\ € RT. Then the
operations must satisfy the following conditions:

(a) For all A € RT and all u,v € V, u® v and X\ ® v are uniquely defined and
belong to V.

(b) For all &,n € R and all u,v,w € V, u® (v ® w) = (u®v) ®w and
£OMov)=(Eon) o

(c) For allu,v eV, udv=v&u.

(d) The set V' contains an additive identity element, denoted by 04 = (1,1), such
that for allu € V, u® 04 = u.

(e) The setV contains an additive inverse element, denoted by u "= (1/u1,1/us)
€V, such that for allu eV, u@u;l = uj_l Gu=~04.
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(f) For all &,m € RT and all u,v € V, 0 (udv) = (EQu) ® (£ ®v) and
Eon)ou=(E0u)d[1nou).

(9) The set V contains an element 1, such that 1, ®u = for allu € V.

Definition 2.6. [17] Let X be a *vector space over the field R™ and || - ||« be a
function from X to RT satisfying the following axioms: For x,y € X and A € RT,

(N1) |lz], =12 =0%, 6" = (1,1,...)
(N2) [h@zlls =A0[lz]. (= l|=]12)
(N3) llz @ ylls < [zl ® llyll« (=Nl - lyll+)-

Then, (X, || |l+) is said a *normed space. It is trivial that a *norm on X defines a
*metric d* on X which is given by d*(x,y) = ||z/yll«; (x,y € X) and is called the
*metric induced by the *norm.

Definition 2.7. (Multiplicative linearity) Let V. and W be two *linear spaces. An
operator T :' V. — W is said to be multiplicative linear (*linear) if

T(vy ®vy) =T(v1) BT (v2) and TA©v) =X © T(v)
for all vi,vo € V and X € RT, or equivalently,
T(vy -vp) = T(v1) - T(v2) and T(v*) = (T(v))*.

The important point to note here is the notion of *linearity have not the same
meaning than in the standard case since the *linear space has NOT an ordinary
linear structure with the usual operations.

Definition 2.8. (i) The *limit of a function f, denoted by *lim f(x) = b, at an
r—a

element a in R is, if it exists, the unique number b in RY such that
Ve > 1,36 > 12 |f(x)/b]* < e for all v,e € RY,|z/al* <& for § € RT.

A function f is *continuous at a point a in RY if and only if a is an argument

of f and *lim f(x) = f(a).

(ii) A topological *vector(linear) space X is a *vector space over the topological
field that endowed with a topology such that *vector addition and scalar mul-

tiplication are *continuos functions.

(iii) A topological *vector space is called *normable if the topology of the space can
be induced by a *norm.

Definition 2.9. A sequence space N with a *linear topology is called a *K-space
provided each of the maps p; : A — RT defined by p;(x) = z; is *continuous for all
1 € N. A *K-space is called a *FK-space provided \ is a complete linear *metric
space. A *FK-space whose topology is *normable is called a *BK-space.
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3. Multiplicative difference sequence spaces of order m

In fact, the development of the different sequence spaces has been taken place
due to the introduction of several new modern techniques in functional analysis
involving topological structures, dual spaces, matrix mappings etc. Now, in this
section we investigate and discuss some interesting properties of the difference
operator A"

Theorem 3.1.
(i) The operator AT : w* — w* is *linear.
(ii) If X is a *linear space, then X (AT") is also a *linear space.

Proof: The proofs are straightforward, hence omitted. g

Theorem 3.2. Let m,n € N and (zx) € w* . The followings hold:
(i) AT (AL(zk)) = AY(AT (xx)) = AT (k)

(i) AP(AT(wr)) = AT (AL (2k)) = -

Proof:

(i) By taking into account Theorem 3.1, we have

ATANz)) = AT (o o)) ol a2l e
-(1) () - -1
= (xk $k£1) :C](c-‘r)Q xkﬁs) : zl(c—i-n) )
=) () -G L
($k+1 ‘Tk4£2) ‘Tl(ch)B ‘Tk4£4) : xgc n)+1) ()

( -(1) () -()  _ur )(Zb)...(ﬂ—l)”)(*”m

L2 Tiy3” Tigg Ty - Tpypio k+m

—n—m  (3)Fmnt(3)  —(5)-m(3)-n(3)-(3)  (-pm

= T Tpyq k+2 k+3 s egm
_ ~(mtny ("3") _—("3") (M) (—pmin

= T xk+T " xk+22 xk+33 xk_,’_z T

= A (xy).

(ii) The proof may be obtained by using similar technique with case (i).

d

Theorem 3.3. If X is a Banach space with respect to *norm || - ||, then X (A")
is also a Banach space with the *norm || - ||a, defined by

lzlla. = (H Iwil*> A oo (3.1)
=1

where ||AT x| o = supg| ATz |* for all k € N.
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Proof: By using the *linearity of A", it is clear that X (A”") is a *normed space
with the *norm in (3.1). We must show that X (A”") is *complete. Suppose
(z") is any *Cauchy sequence in X (Al'), where 2" = (27) € X(AI'). Assume
llz"/2*|a, = 1 as k,n — oo for all k,n > ng(e), that is |27 /2] A, 51 as
k,n — oo. Thus,

m
25 /a5 la. = (H Iw?/wfl*> AT (] faf)lle = 1
i=1

where
m n k n k n k —m n k m(m—1) n k —1)"*
IAY (xj/fﬂj)|\oozsup|(fﬂj /fﬂj)(fvj+1/f”j+1) (-’Ej+2/37j+2) 2 ”’(-’Ej+m/xj+m)( ’ ‘
J

Therefore (z;,27,---) and (A*(z}), AT*(23),---) are *Cauchy sequences in real
field R and X*, respectively. By using the completeness of R and X*, we have that
they are *convergent and suppose that 7 = 2; in R and (A™(z")) = y; in X*

as n — 0o. Let y; = A"(z;) so that

j—m
(-1
Ty = Yp
p=1

j ,
(—pm (ot
- Hyp—m( ! )7 (Y1-m =Y2-m ==y =1)
p=1

)m, (];L]:—ll)

for sufficiently large j, i.e. j > 2m. Then (A’(z")) = (A7*(x]), AT (23), )
*converges to (AT (z;)) in X*. Thus ||z"/z|a, = 1, as k — oo. This shows that
X (A) is a Banach space. O

Theorem 3.4. The sequence spaces X (AT) for X = {ls,c1,c} are *linearly
isomorphic to the spaces U5, c] and c*, respectively.

Proof: We prove this theorem for the space ¢ (AT*). To prove this, we should
show the existence of a *norm preserving *linear bijection between the spaces
loo(A™) and £%, . Consider the transformation T defined from o (A7) to €%, by
urv="Tu= Hf:o A" (uj;). The *linearity of T is trivial. Further, it is clear
that u = 6" whenever Tu = 0" and hence T is injective.

Let v=(vx) € €%, and define the sequence u=(uy) € w* by up=A,"(vj/vk—1)
for each k € N and v_; = 1. By taking into account Theorem 3.2(ii), we observe
that

(AL (v /vj-1))

I
==
P>

<3

<
Il
o

k
1A% w)

I
==
4
I~
<
I
=
End

<
I
o
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Since supjcy | H?:o AT(uj)‘* = SUpgey |Vk|* < 00 then u € (o (AL"). Hence T is
surjective and *norm preserving. O

Lemma 3.5. If X* C Y™, then X (A") C Y (A™).

Proof: Let X* C Y* and z = (x) € X(AY"). Tt is trivial that (A'zy) € X*
implies that (AT'z) € Y*. Hence x € Y(A") and X (A7) C Y(AT). O

Theorem 3.6. Let X be a Banach space and K, a *closed subset of X. Then
K(A™) is also *closed subset of X (A™T).

Proof: From Lemma 3.5 it is clear that K(A") C X(A}"). Now we must show
that K(A™) = K(A™). Let x € K(AT), then there exists a sequence (2") €

K(A™) such that ||z"/z|a, = 1 as n — co. Hence

2" /x| a. = (HI%Z‘/%‘V) AT @] /2) e = 1
i=1

as n — oo in K and implies that 2 € K (A").
Conversely, let z € K(A7"), then z € K(A”). Since K is *closed K(AT) =
K(A™). Hence K(A™) is *closed subset of X (AT). O

Theorem 3.7. If X is a *BK-space with the *norm || - ||eo, then X(AD) is also
*BK-space with the *norm given in (5.1).

Proof: It is obvious that X (A”") is Banach space (see Thm. 3.3). Suppose that
23 /]l A % 1 which implies that AT (27 /25) 0o % 1 as n — oo for each j € N.
Thus

m(m—1)

sup \(SC?/%)(?E%M%H)_m($?+2/$j+2) 2 (z?er/ijrm)(_l) | 51
J

and |27 /x;]" 5 1 as n — oo for each j € N. Therefore X(A™) is a Banach space
with *continuous coordinates. Hence X (A”") is *BK-space. O

4. Dual properties

In this section, following [19] we give the -, 8- and ~-duals of a set A C w*
which are respectively denoted by A<, N and A7, as follows:

Y= {x = (xp) €w" : (xp O yg) € 0] for all y = (y) € )\},
M= {:c = (xp) €wW" : (xr Oyg) €cs” forally = (yx) € )\},

A= {x = (x) €W" i (2 O yx) € bs™ for all y = (yx) € )\}.
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A multiplicative infinite matrix A = (a;;) of positive real numbers is defined by a
function A from the set N x N into R*. The addition (&) and scalar multiplication
(®) of the infinite matrices A = (a;;) and B = (b;;) are defined by

A®B= (aij @blj) = (aij . bl]) and \® A = ()\@Gij) = (aijA)

for all 4,7 € N. Also, the product (A ® B);; of A = (a;;) and B = (b;;) can be
interpreted as

(A® B)ij = ﬁ(aikakj)a (: ﬁ%’“) (4.1)
k=0

k=0

and provided the infinite product on the right hand side *converge when the *limit
exists. Further the product (4.1) may *diverge for some, or all, values of i, j; the
product A ® B may not exist.

Let pq, g C w* and A = (any) be a multiplicative infinite matrix. Then, we
say that A defines a matrix mapping from g, into pu,, and denote it by writing
Ay = po, if for every sequence x = () € uy the sequence A ® x = {(Ax),},
the multiplicative A-transform of x, exists and is in u,. In this way, we transform
the sequence = = (xy) into the sequence {(Ax), } defined by

oo

(Az), = [ [ (anr @ ) (4.2)

k=0

for all k,n € N. Thus, A € (u, : ) if and only if the infinite product on the right
side of (4.2) *converges for each n € N. A sequence z is said to be A-*summable
to v if A ® 2 *converges to v € RT which is called as the A-*lim of z.

Lemma 4.1. Let JF be the collection of all finite subsets of N and K € F. Then,
we have

(i) (cf [16]) A= (an) € (5 : €5) if and only if

supH |ank|™ < o0. (4.3)
neN"/

(ii) A= (ang) € (L%, : £7) if and only if

sup H H Anfk

Keg ™, ECK

* < 0. (4.4)

(iii) A= (ank) € (U5, = c*) if and only if there exists (0x) € w* such that

“im a,y = 0 for all k, and (4.5)
n— o0

n15201;[|an,€| = 1;[|5,€| : (4.6)
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Proof:

(ii) Let A € (€%, : £7) and x = () € £%,. Then, the infinite product [ [, (anr ©® )
is *convergent for each fixed n € N, since A ® z exists. Thus, the sequence
{ank}3o € {€5.}P = 07 (see. [9]) for all n € N and A ® x € ¢§ which yields

that
[TiAa) = TT|TT (@ @ o)
n=0 n=0"'keK
- (| T <o)
n=0 keK

Thus, the sequence {| [liex ank‘* ©) |£L'k|*} is *bounded (see Def 2.2) and
the condition (4.4) holds.

Conversely suppose that (4.4) holds and = = (z3) € ¢* . Then, since
{ank}, € {€2.}P for each n € N, A ® x exists. Therefore, one can ob-
serve by using (4.3) that

© ka|*>

Hmmﬁ=H<Hw

n=0 keK
(o) *
< sup |zg|* © sup H H Ank < 0.
Ker KeF \n=0! ek

Hence A ® x € (7.

(iii) The necessary and sufficient conditions can be obtained by taking into account
[20, Theorem 10, pp. 223-225] and [16, Theorem 23|, respectively.

Define the matrices B = (bypx) and C' = (cpy) as follows:

b = { (T D) @ae o (B>n),

! 1 , (k<mn)

Cnk = { M0t e (Hf,n x]) ; (k=n),
1 ,
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Theorem 4.2. Consider the sets hy and ho defined by
hy = {( *:supH H [(H 1)i(_m)>®xn <oo}
7: 9
keK =0

() ) )

{(mk) cw*: H
Then, {loo(AT)}* = hy, {c1(AT)}* = hy and {c(AT)}* =hi Nhs .

ha

n

Proof: Since the proof can also be obtained in the similar way for other cases, we
prove only case {{oo (A7)} = hy.

For a sequence v = (v) € €%, and u = (ug) = ([T (=1 (")) © (vk/vk-1) €
Lo (A™). Then we obtain

T Qup = ﬁ { (ﬁ(1)1<1m>> ® (vk/vkl)} O g

j=0 U \i=o0
= (B ® U)k

for each k € N and v_; = 1. Therefore, we observe that (x; ® uy) € ¢ whenever
u € loo(AT) if and only if B ® v € ¢ whenever v € (% . This yields that z =
(zr) € {loo(AT)}* if and only if B € (¢%, : (7). By using Lemma 4.1(ii), we have
{loc (AT} = 1. 0

Theorem 4.3. Consider the sets hs, hy, hs and hg defined by

hsy = { (z) € W™+ “lim. *ZH’ Zli_ggocnk’*},
k k
he = { “Tim (cap/0s) =1 for allk}, (6 = (6) € w")
hs = { *ILm (chk/€’> = 1}, (¢ e RY)
k
he = { supH‘cnk‘ <oo}
Then

() {£oo(AT)}? = hs 1 ha, {o(AT)} = ha b, {c(AT)} = ha O hs O h.
(i) {oo(A)}T = o, {eo(AT)}T = ha N o, {e(AT)} = hs.

Proof: We give the proof only for the space o (AL"), since other part can be
obtained similarly.



192 Ucur KaDAK

(i) To prove the f-dual, we must show that (z; ® ug) € cs* C ¢* for all z €
{lso(A™)}5. For this, we can write

k k P m

Heveow = T (T (7)) e wmn o,
= (CoOv)

Thus, we observe that (zj ® uy) € c¢s* whenever u € (A7) if and only if
C ®v € ¢* whenever v € £%,. This implies that # € {{oo(A™)}? if and only
if C € (¢, : ¢*). By using Lemma 4.1(iii) we get {£oo (A7)} = hz N hy.

(ii) Again for the proof of v-dual may be obtained by using similar techniques in
case (i). Hence, omitted.

Concluding Remarks

The main results given in the present paper will base on examining the concept
of multiplicative difference sequence spaces using a multiplicative linear operator
A™'. This is a new development of the difference sequence spaces over real num-
bers. In particular using the inverse operator A_™ some new classes of matrix
transformations can be extended and the table on the characterizations of the ma-
trix transformations between certain spaces can be investigated. Finally, we should
note from now on that our next papers will be devoted to the corresponding table
for multiplicative difference sequence spaces of order m.
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