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Abstract In this work, we provide some constructions and the sum of new continuous K-g-
frames in Hilbert C*-Modules. We provide certaines necessary and sufficient conditions for some
adjointable operators on H, under which new continuous K-g-frames can be retrieved from those
that already exist. Additionally, we discuss the sum of continuous K-g-frames, discover some of
their characterizations, and offer some adjointable operators to construct new continuous K-g-
[frames from the previous ones.

1 Introduction and preliminaries

Frame theory is an active topic of mathematical research in fields such as signal processing,
computer science, and more. Frames for Hilbert spaces were first introduced in 1952 by Duffin
and Schaefer [7] for the study of nonharmonic Fourier series. Daubechies, Grossmann, and
Meyer [6] later revised and developed them in 1986, and they have been popularized since then.

Recently, many mathematicians have generalized frame theory from Hilbert spaces to Hilbert
C*- modules. For detailed information on frames, we refer to [9, 10, 13, 14, 16, 17, 18, 19].
Currently, the study of continuous K-g-frames has yielded many results, which were introduced
by Alizadeh, Rahimi, Osgooei, and Rahmani [1]. The study of some of their properties has been
further explored in [4].

Throughout this paper (Q,v) be a measure space, let H and K be two Hilbert C*-modules,
{Ke¢ : € € Q} is a sequence of subspaces of K, we also reserve the notation End’y (H,K¢)
for the collection of all adjointable A-linear maps from H to K¢ and End’y(H,H) is denoted
by End’y (H). We will use N'(®) and R(®) for the null and range space of an operator ® €
End’y (H,K), respectively. We also denote

e = o= fac) g < Keand | [ Jaefan(e)| <o0).

£eQ

Let f ={fe}ccq and g = {gec}¢cq the inner product is defined by (f, g) = Jo (fe, ge) dv(€), we
have @ cq K¢ is a Hilbert A-module.

Definition 1.1. [5]. Let A be a Banach algebra, an involution is a map x — z* of A into itself,
such that, for all = and y in A and all scalars « the following conditions hold:

() (z*)* ==.
(ii) (2y)* =y z*.
(i) (ax+y)* = az* +y*.
Definition 1.2. [5]. A C*-algebra A is a Banach algebra with involution, such that :

lz* 2l = ||z,
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for every x in A.

Definition 1.3. [11]. Let .4 be a unital C*-algebra and H be a left .A-module, such that the linear
structures of A and H are compatibles. # is a pre-Hilbert .A-module if # is equipped with an .A-
valued inner product (.,.) : H x H — A, such that is sesquilinear, positive definite and respects
the module action. In the other words,

(i) (z,z) > Oforall z € H and (z,z) = 0 if and only if z = 0.
(i) (ax +y,z) = alzx,z) + (y,z) foralla € Aand z,y, z € H.
(iii) (z,y) = (y,x)* forall z,y € H.

For z € H, we define ||z|| = ||(z,z)||z. Where ||.|| is a norm on # and if # is complete,
this norm we will call it a Hilbert .A-module or a Hilbert C*-module over .A. For every a in

C*-algebra A, we have |a| = (a*a)?.
Lemma 1.4. [15]. Let H be Hilbert A-module. If T € End(H), then
(Tx, Tx) < ||T)*(x,z),Vz € H.
Lemma 1.5. [3]. Let H and K two Hilbert A-modules and T € End’ (M, ). Then the follow-
ing statements are equivalent:
(i) T is surjective.

(ii) T* is bounded below with respect to norm, i.e., there is m > 0 such that || T*z|| > m|z||
forall x € K.

(iii) T* is bounded below with respect to the inner product, i.e., there is m’ > 0 such that
(T*z, T*z) > m/(x,x) forall z € K.
Definition 1.6. [12] Let 7 € End’y(#, K). The Moore-Penrose inverse of 7 (if it exists) is an
element 71 € End’ (H, K) satisfying
s TTIT=T,
s TITTT =TT,
< (TTYH =TTT,
< (T'T) =T'T.
Lemma 1.7. [8, 12] Let ® € End’y (M, K). Then the following holds :
1. R(O) is closed in K if and only if R (©*) is closed in H.
2. ()" = ()"
3. The orthogonal projection of K onto R(®) is given by @01,
4. The orthogonal projection of H onto R (®7) is given by ©T0.

Lemma 1.8. [8] Let H, and H, two Hilbert A-Modules and T € End’y (M1, H), T' € End’y (H2, H)

with R (T*) is orthogonally complemented. Then the following assertions are equivalent:
(i) T'(T")* < XTT* for some \ > 0.
(T') || < p||T*2| forall z € F.

(iii) There exists Q € End’y(H2, H1) such that T' = T Q, that is, the equation TX = T has a
solution.

(iv) R(T") € R(T).

(ii) There exist p > 0 such that, |

Theorem 1.9. [4] Let {Y¢},. . be a c-g-Bessel sequence for H with respect to {He} . with
bound A. Then the bounded and linear operator Ty : 69569 K¢ — H weakly defined by

TF.g) = [ (FEF©.)we). Fe@Kege

£eQ
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with | T5)| < VA,
Moreover, for every g € H and & € Q,

T (9)(§) = Yeg.

The operators Ty and Ty are called the synthesis and the analysis operator of {Y¢} ceq respec-
tively. '

Definition 1.10. Let K € End’;(#). A sequence {Y¢ € End’y (H,K¢) : £ € Q} is called a con-
tinuous K — g-frame for 7 with respect to {K¢}, g if :

a) For every h € H, the function y : Q — K¢ defined by x(§) = Y¢h is measurable,

b) There exist constants 0 < A < B < oo such that,

A(K*h,K*h)g/ (Yeh, Yeh) du(€) < B (h, h) .
Q

The numbers A and B are called the lower and upper c— K —g-frame bounds of {Y¢ € End’y (H,K¢)},cq.
respectively. If A = B = 4, the ¢ — K — g-frame is called J-tight and if A = B = 1, it is called
a Parseval ¢ — K — g-frame. If for each h € H,

[ reh ety av(e) < B ).
Q
The sequence {Y¢}, q, is called a ¢ — K — g-Bessel sequence for 7 with respect to {K¢} (.

We suppose that {Y,} e is a c-K-g-frame for 7 with respect to {#¢} e with frame bounds
C, D. The c-K-g-frame operator Sy : H — H is weakly defined by

(Srfrg) = | (YiXef,9)dv(€), f,g€™H.
Q

Furthermore,
CKK* < Sy < DIy.

0 0 0
is a C*-algebra. We define the inner product:

0 0 0
Example 1.11. Let A = v ) cz,y € Cl,and H = {( “ b ) :a,be(C} which
Y

(L) HxH—=A
(M,N) +— M(N)t.
Let Q = [0, 1] endowed with the Lebesgue measure. Moreover, for ¢ € Q, we define the operator
Ye:H— Hby
3
Yf(M) _ 3a 0 0 '
0 0 &b

Y¢ is linear, bounded, and selfadjoint. In addition, for M € H, we have

/Q<Y5M7 Ye M), du(é)

[ sear o
—A<40 §W>W@

| Jo iEdu(©)|al? 0
0 Jo Edu(&) 0]
1
_ ﬁ\a|2 l0
2
0w
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which show that

1
12( 3 (4, 4).

Now, we define an operator K : H — H by
K(M) = a 0 0 '
0 0 b

K*M,K*M) < /Q<Y5M,Y5M> dp(€)

A,A) < /Q (CeM, YeM), dp(€) <

We have .

12<
1
<5

Hence, {Y¢}, g is a continuous K — g -frame for H.

M, M).

Definition 1.12. [2] A sequence {Y¢ € End’y (H, He) : £ € Q} is c-K-g-frame for . If for every
g,heH,

(Kg,h)z/Q<YZ¢'§g,h>d1/(f).

The c-g Bassel sequence {®¢}, g is called a dual c-K-g-Bessel sequence of {Y¢}, .

2 Some new constructing of c-K-g-frames in Hilbert C*-modules

Theorem 2.1. Ler K € End’y(H) and ® € End’y(H), ® has a closed range such that OK =
K®, suppose that {Y¢ € End’y (H, He)}eeq is a c- K-g-frame for H, with bounds A and B. If

R (K*) NN (0*) = {0}, then for every f € H,
Al[@)1|| 7 ()£, K7 f) < /Q (Y@ £, Y07 f) du(€) < B|O"|* (£, f)

Proof. Suppose that {Y¢},(, is a c- K-g-frame for 7 with respect to {H¢}, g, with bounds A
and B, we have for f € H

/Q<Tg®*f,Tg®*f> dv(¢) < B(O"f,0"f) < Bl®"|*(f, f).

On the other hand, since ®K = KO, we have K*0* = @* K*. We assume that
R (K*) NN (0*) = {0} and © has closed range, using Lemma 1.7 for every f € H,

(K*f,K*f) = (0O'K* f,00TK* f)

(®
(@) 0 K"/, (0) & K"f)
(@)

W SCRACHY K*@*f>

IN

(@) (K0 f, K*0" f) .
Hence for each f € H,
-2
[ o s pavie) = ater o) = af @) ).

O

Corollary 2.2. Let K € End’y(H) such that R(K) = H, ® € End’(H) has closed range,
and OK = KO. If{Tg@}£EQ and {Y 0" }569 are both ¢ - K-g-frames for H with respect to
{Hetecq then {Xe¢}oq is a c — K-g-frame for H with respect 1o {H¢} g
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Proof. As such, R(K) = H, thus N (K*) = {0} and N/ (K*)" = . Forevery f € H, we
have

AR LK) < [ (060 110" ().
Hence N (K*) D N (©*), so
H=N(K*)"CN(©)" =R(®).

Consequently, @ is surjective. Also, for every f € H,
AWK LI D) < [ (1@F T (o),

thus N'(®) C N (K*) = {0}. Therefore, © is invertible. Since ®K = K®, we have @~ 'K =
KO~ R(K7) NN ((©7)") = {0}, and

e:get={re(07'0) :ccal={reo) (@) ccal.
Hence, according to Theorem 2.1, we conclude that {Y¢} ¢eq is a c-K-g-frame for 7. O

Theorem 2.3. Let ©, K € End’y(H) and {Y¢ € End’y (H,H¢) : € € Q} be a o-tight ¢c- K g-
frame for H. If OK = KO and K* is bounded below. Then the following assertions are
equivalent:

(i) O is surjective.

(ii) {Yg@*}geg is a c-K-g-frame for H.

0 0 b
C*-algebra. We define the inner product :

(L) HXxH—A
(M,N) — det(MN)

Example 2.4. Let A = ’ O) :x,yeC},and’H-{(a 0):a,be(€}whichisa
Yy

Let Q = [0, 1] endowed with the Lebesgue measure. Moreover, for £ € Q, we define the operator

Ye:H — Hby
0
TE(M):<§(? b).

T, is linear, bounded, and selfadjoint. We define also the identity operator ® : H — H by
O(M) =M.
It’s clear that, ® is surjective. We define an operator K by :

a 0
K(M):(O 1b)'
2

In addition, we have O K = KO, ®* = O and it’s clear that, K = K*. Moreover, we have:

[ 00 M Y00y, du€) = [ (M. ), dule)
Q Q

= /Qdet (( £2|(;L|2 l?|2 )) du(§)
- / €2]a2[b2dp(€)
Q

1
= 3laPloP

1
= 3 (M, M).
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On the other hand, we have
* 3k * Nk |a|2 0 1 21112 1 21712
(K*O"M,K*©"M) = (K(M), K(M)) = det 1 = glal"bf” < zlal"of".

Hence,

<K*®*M,K*®*M>§/9<Y5®*M,Y§®*M)adu(§)§2<®*M7®*M>.

This show that {Y¢®"},_g, is a c-K-g-frame for #.

Proof. (i) = (i4) The first part of proof is implied by Theorem 2.1.
(74) = (i) Suppose that for all f € H,

AKf K" f) < /Q (YeO £, Tc® f)dv(€) < Bf, f).
Moreover, for every h € H,
5 (K*h, K*h) = / (Teh, Yeh) du(€).
Q
Since ®* K* = K*®*, we obtain
5 (O K" f, 0 K" f) = /Q (YO [, YO f)du(e), fe M.
Hence
(@K' fO K" f) =5 /Q (0O [, Y0 ) du(€) > 6 A (K" [, K f)

Since K* is bounded below, by Lemma 1.5 there exist o > 0 such that
(K" f, K" f) > a(f, [)-
So, we conclude that for every f € H,
(@K f,O"K*f) >0~ aA ([, ).

Consequently (K®)* = @* K* is bounded below, so by Lemma 1.5, K® is surjective, and since
K and © commute, implies that ® is surjective. O

Assume that operators T,0® € End’y(H) and T* conserve a c-K-g-frame for R(T). We
establish some requirements on K,® and T in the preceding theorem such that ®* can also
conserve the same c-K-g-frame for R(0).

Theorem 2.5. Let {Y¢ € End’y (M, He) : € € Q} be a c-K-g-frame for H. Assume that ®,T €
End’y (H) have close ranges, and N'(®) = N (T) with R (K*) NN (©*) = {0} and KOT' =
OT K. If {Y:T* }eeq is a c-K-g-frame for R(T), then {Y¢®*}, g, is a c- K-g-frame for R(O®).
Proof. Assume that KOT T = @7 K. We define

P:R(T) — R(©),

by Pf = OT'f, for all f € R(T). Since N(T) = N(®), we have R (TT) = R (OF).
Consequently, by Lemma 1.7, N'(P) = N (T 1) = N (TT') = (R(T))*, that implies

N(P) =N (OT") NR(T) = (R(T)): N R(T) = {0}.
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Hence, P is invertible on R(7"). By Lemma 1.7,

Furthermore,
PT =0O7'T =00'0 = 0. (2.1

Let C, be the lawer frame bound of {Y¢ 7"}, ., then for every f € R(®), by (2.1), we obtain

/Q (Te®" £, Y0" f) du(¢) — /Q (YT* P* £, YT P* £ du(€)
> C(K*P*f,K*P*,ﬂ
> Cl[(P) | KT E ).

On the other hand, for every f € R(0),
[ (00 £ YO fau(e) = [ (XT P LT P aul) < B 1P ) = BIPL6).

Which implies that {Y¢®"}, _, is a c-K-g-frame for R(©). i

Theorem 2.6. Let K € End’ (M) and {Y¢ € End’y (H, He) : £ € Q} be a c-g-Bessel sequence
for 1, and Ty be the synthesis operator of {Y¢} cea with R (K*) is orthogonally complemented.
Then the following assertions are equivalent:

(1) R(K) =R (Tr).
(2) There exist two constants \i, Ay > 0, such that for each f € H,

1

LK) < [ (Xeh X)) < 0 (£ ). )
1 Q

(3) {Yg}&g is a c-K-g-frame for H with respect to {Hﬁ}geﬂ and there exists a c-g-Bessel
sequence {@5}569 for H with respect to {Hf}&-eg such that Y¢ = ®:K* for each £ € Q.

Proof. (1) Applying Lemma 1.8,
KK* < MKT, and T <MKK* for some Aj, Ay > 0.

Which implies that

1
3 KE" < TTy < WKK"
1

Hence, for every f € H,

1
LK) < (LT ) = /Q (Yef, Yef) dv(€) < Mo (K. K* ).

(2) = (3) According to the assumed hypothesis, we have Ty 7" < MK K*. Applying Lemma
1.8, there exists an operator Q € End’y <®§EQ Ke, ’H) such that 7y = K Q, which implies that
T¢ = Q*K*. Now for any h € H and for almost all £ € Q, we define:

Dch = (Q°R) (£)-

Consequently,

(Xe(h)}eeq = (T Ml eca = {(Q" (K"h) ()} ceq = {Pe (K" M)} cq -

Hence Y¢ = ®K* for almost all £ € Q. Hence for every h € ‘H, we achieve the intended result
by:
| @en@mante) = [ (@) (©).(Q") (€) dw(e) < 10715 (1.

Q
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(3)= () Forevery f € H,

1

LK) < [ (Cef Tef) v () = [ (@K F. 0K Flav(e) < do (K LK),
1 Q Q

Where A the upper bound of {®¢}, . Hence

1
KK STTY < AKEK”.
1

Hence
R(K)=R(Tr).
O

Given certain adjointable operators and some c-K-g-frames, the following theorem is used
to construct c-K-g-frames in Hilbert C*-modules.

Theorem 2.7. Let {Y¢ € End’y (H,H¢) : £ € Q} be a ¢ — K| — g-frame for H and K|, K, €
End’y (H) with R (K7) is orthogonally complemented.

(1) If {Ye € End’y (H,H¢) : £ € Q}is a c— Ky — g-frame for H, thenitis a c— (K + K,) —g-
frame for H.

(2) If, in addition, {Y¢ € End’y (H,He) : £ € Q} is §-tight ¢ — K| — g-frame, then it is a c-
K, — g-frame for H if and only if R (K;) C R (K)).

Proof. (1) Assume that {Y¢}, g is a ¢ - K| — g-frame and also ¢ — K3 — g-frame for 7 with
respect to {H¢} ce then there exist Ay, Ay, By, B, > 0 constants such that for every f € H,

A (KT D) < /Q (Yef, Yef) du(€) < By (f. 1)
And

Ay (K31 K5 1) < /Q (Yef, Yef) du(€) < By (f. 1)
It follow that

A A
(S mismin+ G uirmin) < [(werxenao < (5 00+200).

We pose \| = min{% %} and \, = max{% %}, since
K fIP = KT FIP = (K + K3) f — K3 1P = ||(K) + K2)" f — K3 £
> ||(K + K2) P - K3 £

We have 5
(K1 + K2)" fI|” < IKT 1P+ 165 £

Hence
M (K1 4+ K)' f, (K + Ka)' f) < /Q<T§f7Y§f> dv(§) < X (f, f)-
(2) For every f € H,
SKTFKLD) = [ (et e anle) 23)

On the other hand, we have {Y¢ € End’y (H,H,¢) : £ € Q} is ¢ — K, — g-frame, then there exists
a A > 0, such that

/Q (Yef, Yef) dv(€) > A(KSf K3 f). 2.4)
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Hence, from (2.3) and (2.4),
* 5 *
Applying Lemma 1.8, we get R (K>) C R (K)).

Now to show the opposite inclusion, simply use the lemma 1.8, there exists v > 0, such that
K> K5 < yKi1K;. Hence for each f € H, we have

(3 1.K38) VKT LETD) =T [ (e Tehan(e),
Q

Therefore,

6 * *
S (K1) < /Q (Yef. Yef) du(e).

This completes the proof. O

3 Sum of c-K-g-frames in Hilbert C*-modules

In this part, we investigate the sum of these frames under the assumption that {Tg}5 cq and
{®@e}ccq are arbitrary.

Theorem 3.1. Let Ky, K> € End () have closed ranges, {Y¢},q and {®¢}cq are c—Ki—g
frame and c — g Bessel sequence for H with respect to {H,} cew respectively.

(i) If K1 2 0 and {®¢} . is a c— K1 — g dual for {Y¢} o, then the sequence {Y¢ + Pe}, g
is a c- Ky — g-frame for 1 with respect to {H¢} g

(ii) If {Pc}ecq is c-(K1 + Ka) — g-frame for H with respect to {H¢},q and TyTg = 0, then
{Ye+ Pelecq isac- (K1 + K3) — g-frame for H with respect to {Hetecor

Proof. (i) For every f € H, we have

(Kif,h) = {f, Kih)

= (Kih, ).

Since {P¢}. g isac— Ky — g-dual of {Ye}, o

Kih, f) = Yideh, f)d
whf) = [ (reeh. ) (e
— /Q (LY f, h) du(€).
We denote by Sy, the c—g frame operator of {1, + qbf}geﬂ’ Consequently forevery f,h € H,
(Sread.h) = [ (. (e @e)" (Ye+Pe) ) (e
= [+ @) e+ @) £y av(e)
= [ (erenmyane) + [ (@@efnyane)
Q Q

+/Q<Y§q>5f7h>du(§)+/Q<q>grgf, h)dv(€)

=(Syf,h) + (Sof, h) + (K1 f,h) + (K f,h).
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Therefore

<sngﬂﬁ:3A<az+¢a*ag+¢aﬁfww@>
> (S f, )
- /Q (Xef, Yef) du(€)

This proves that {Y¢ + ®¢} . has the lower frame bound. Now, we prove {Ye¢ + ®@c}, o is a
c-g-Bessel sequence. For every f € H,

[ (@) 1.V + @) avle) < [ XL Tehae) + [ (e, @e)an(e)
Q Q Q
§B1<f,f>+B2<f,f>:(BI+B2)<f,f>

(ii) For every f € H, since TyTg = 0, we have [, <A£*(I>§f, f> dv(¢) = 0and

[ (e @e) 5.+ @) Pravte) = [ e Tep)avle) + [ (@e. e an(e)
> AU (KT LKD) + Ao (K3 1. K3 )
> MK+ K2)" f, (K + Ky)" f),
where A = min {A4;, 4,}. ]

Theorem 3.2. Let K € Endy(H), K> € Endy(K) and Y = {Y¢},q is a c-K Ky-g-frame and
{q)i}gesz is a c-g-Bessel sequence for H. Assume that ©,,0, € End’y (M, K) and ©,TxTg0; +
0,76 Ty O+ 00,5605 > 0. If O has closed range with ® K| = K>®, and R (K;) NN (©F) =
{0}, then {Yc® + P03}, is a c-Ky-g-frame for K with respect to {He}, g

Proof. Assume that {Y¢}, o, {®Pc}q beac— Ky — g-frame and ¢ — g Bessel sequence for
with bounds a1, 81 and B,, respectively. For every g € IC,

/Q<(T5®T +@:03) g, (YcOF + Pc03) g) dv(§) = /Q (Te®1g, YOjg) dv(¢) + (@, T27y O} g, 9)
+ (0175 039,9) + (07075039, 9)
= [ (1010.X<010) ar(e) + (@1 Ti 75 03
+0, T Ty O] + 0,5603) g, g) -
According to the hypotheses, for every g € H we get
/Q (Te®F + ®c03) g, (TOF + Pc0;3) g) dv(£) > /Q (T®7g, TO7g) dv(S)

> oy (K @7y, K{O1g)
= a1 (07K3g,07K;g)

-2
> o |0f| (K59, 550)

Hence, for every g € K,

-2
o [ol]| " (Kz0.Kia) < [ (0] + @c03) 0. (107 + @c03) ) (6
<(

0717 + B2 131 ) {9, 9)
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Theorem 3.3. Let K| € End’y(H) be closed range, {Ye}eeq and {Pe}ecq be c-K Ky — g-
frames for H with respect to {H¢},q. Assume that K, € End(K), ®1,0, € End} (H, K) and
017305 + 02767y 07 > 0.

(i) P=a10; + a0,, R(Ky) CR(P),R(P*) CR(K)).
(ii) Q@ = a10; — 05, R(Q*) CR(K,)),R(K2) C R(Q) with R(Q*) is orthogonally
complemented.

Let ay, oy > 0, if one of (i), (ii) holds then, {a, YO} + 0426135@;}569 is a c- K — g-frame for K
with respect to {H¢} g

Proof. Let Ay, By and A, B be frame bounds of {Y¢}, . and {®¢}, o, respectively. Itis easy
to show that, for every a;,ap > 0and g € H,

| (@008 + 020:05) 5. (1707 + 02203 g) dv(€) < (o By 7] + 0352 031) (5.)-
On the other hand,
| (@007 + 020603 0. (01O} + 2603 g) dv(€) = oF [ (¥c@fg. Tc®jg) dv(¢)
+ 20102 (0T T¥OT + 01 Y T7503) g , g)
+03 [ (@630, 9:050) dr(¢)
> i A1 (K[O]g,) + a3 4 (K[ ©39, KO3 g) .
Assume condition (ii) is true. we pose
A=min{A;, 4},

According to the parallelogram law, for every g € H,,

afAi (Ki®1g, K{®1g) + a34: (K{ @39, K{©39) > A ((a1 K} O1g, a1 K{Ofg) + (02K @3g, 02 K[ @3g))
= % (K7 (0101 + 202)" g, K7 (1©) + 020,)" g)
+ (K (10 — 020,)" g, K| (0101 — 20,)" g))
> % (K7Q7g, K7 Qg)
= % ‘KIH_Z@*Q, Q%g).

Since R(Q) 2 R (K3), consequently applying Lemma 1.8, there exists « > 0 such that
KK} < aQQ*.
Hence for g € K,
(Q'g,Q"g) = o™ (K39, K3g).
Consequently, for every g € Ho,

A -2 * * * * * *
5 ! HKIH (K39, K5g) < , (1 Ye®] + 2P ®3) g, (a1 Y¢OF + 2P ©3) g) dv(€)

%112 %12
< (atB1 071 + 03B21105)°) (9..9) .



Construction of continuous K-g-Frames 209

References
[1] E. Alizadeh, A. Rahimi, E. Osgooei, M. Rahmani, Continuous K-g-Frames in Hilbert Spaces, Bull. Iran.
Math. Soc., 45 (4) (2019), 1091-1104.

[2] E. Alizadeh, A. Rahimi, E. Osgooei, M. Rahmani, Some Properties of Continuous K-G-Frames in Hilbert
Spaces, U. P. B. Sci. Bull, Series A., 81 (3) (2019), 43-52.

[3] L. Arambasic, On frames for countably generated Hilbert C*-modules, Proc. Amer. Math. Soc. 135
(2007), no. 2, 469—478.

[4] J. Baradaran, J. Cheshmavar, F. Nikahd, Z. Ghorbani, Some properties of c-K-g-
frames in Hilbert C*-modules. Linear and Multilinear Algebra, 71(8) (2023), 1323-1337.
https://doi.org/10.1080/03081087.2022.206 1400

[5] J. B. Conway , A Course in Operator Theory, Vol. 21 (American Mathematical Society, Providence, RI,
2000).

[6] I. Daubechies , A. Grossmann , Y. Meyer, Painless nonorthogonal expansions. J. Math. Phys. 27,
1271-1283 (1986).

[7] R.J. Duffin, A. C. Schaeffer, A class of non-harmonic Fourier series, Trans. Amer. Math. Soc. 72 (1952)
341-366.

[8] X. Fang, J. Yu, H. Yao, Solutions to operator equations on Hilbert C*-modules, Linear Algebra. Appl, 11
(431) (2009) 2142-2153. https://doi.org/10.1016/j.1aa.2009.07.009

[9] S. Jahan, V. Kumar, C. Shekhar, Cone associated with frames in Banach spaces, Palestine J. Math. 7 (2)
(2018) 641-649.

[10] S. Kabbaj, M. Rossafi, x-operator Frame for End’y (H), Wavelet Linear Algebra, 5, (2) (2018), 1-13.
[11] 1. Kaplansky, Modules over operator algebras. Amer. J. Math. (1953), 839-858.

[12] M. M. Karizakia, M. Hassania, M. Amyari, Moore—Penrose inverse of product operators in Hilbert C*-
modules, Filomat, 30(13), 3397-3402 (2016).

[13] A. Khorsavi, B. Khorsavi, Fusion frames and g-frames in Hilbert C*-modules, Int. J. Wavelets Multires-
olut. Inf. Process., 6 (2008), pp. 433-446.

[14] K. M. Krishna, P. S. Johnson, Dilation theorem for p-approximate Schauder frames for separable Banach
spaces, Palestine J. Math. 11 (2) (2022) 384-394.

[15] W. Paschke, Inner product modules over B*-algebras, Trans. Amer. Math. Soc., (182) (1973), 443— 468.
[16] S. Ramesan, K. T. Ravindran, Scalability and K-frames, Palestine J. Math. 12 (1) (2023) 493-500.

[17] M. Rossafi, S. Kabbaj, *-K-operator Frame for End’(H), Asian-Eur. J. Math. 13 (2020), 2050060.
https://doi.org/10.1142/51793557120500606

[18] M. Rossafi, H. Massit, C. Park, Weaving continuous generalized frames for operators, Montes Taurus J.
Pure Appl. Math. 6 (1), 64-73, 2024; Article ID: MTJPAM-D-24-00026.

[19] S.K. Sharma, A. Zothansanga, S.K. Kaushik, On Approximative Frames in Hilbert Spaces, Palestine J.
Math. 3 (2) (2014) 148—159.

Author information

A. Karara, Department of Mathematics, Faculty of Sciences, University of Ibn Tofail, Kenitra, Morocco.
E-mail: abdelilah.karara@uit.ac.ma

M. Rossafi, Department of Mathematics Faculty of Sciences Dhar El Mahraz, University Sidi Mohamed Ben
Abdellah, Fez, Morocco.
E-mail: rossafimohamed@gmail. com

M. Klilou, Department of Mathematics Faculty of Sciences Dhar El Mahraz, University Sidi Mohamed Ben
Abdellah, Fez, Morocco.
E-mail: mohammed.klilou@usmba.ac.ma

S. Kabbaj, Department of Mathematics, Faculty of Sciences, University of Ibn Tofail, Kenitra, Morocco.
E-mail: samkabbajlyahoo. fr

Received: 2023-04-24
Adccepted: 2024-05-28



	1 Introduction and preliminaries
	2 Some new constructing of c-K-g-frames in Hilbert C-modules 
	3 Sum of c-K-g-frames in Hilbert C*-modules

