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ON THE SPECTRUM AND FINE SPECTRUM OF THE
UPPER TRIANGULAR DOUBLE BAND MATRIX
U (ag, a1, a2; bo, b1, b;) OVER THE SEQUENCE SPACE ¢,

Nuln DurNA* AND RABIA KILIG

Abstract. The purpose of this article is to obtain the spectrum, fine
spectrum, approximate point spectrum, defect spectrum and compression
spectrum of the double band matrix U (ag, a1, a2; bo, b1, b2), bo, b1,b2 # 0
on the sequence space £, (1 < p < c0).

1. Introduction

Branches of mathematics are tools for many applied sciences. One of these

tools is spectrum theory. Spectrum theory has a wide area of uses. For exam-
ple, ecology, structural mechanics, quantum mechanics, electrical engineering
etc. In addition, the resolvent set of the band matrix is important in solving
the problems in the application areas mentioned above. As is known, there is
a relationship between matrices and operators. The spectrum of an operator
is a generalization of the concept of the eigenvalue of the matrix corresponding
to the operator. Spectrum and spectrum decompositions of certain operators
are studied on some sequence spaces. These studies mostly include Cesaro,
Hélder, some difference matrix operators. For example, Gonzalez [10], Tripa-
thy and Saikia [13] examined the spectrum of the Cesaro operator. Wenger
[15] examined the spectra of Holder summability. Yildirim [16] examined on
the spectrum of the Rhaly operators.
We denote the space of all sequences with w. Also, the spaces of bounded,
convergent, null, and limited variation sequences, which are Banach sequence
spaces, are usually denoted by /., ¢, cg, and bv, respectively. By w, we denote
the space of all sequences. Moreover the spaces of all p-absolutely summable
sequences and p-bounded variation sequences are denoted by ¢, bv,, respec-
tively.
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In this study, the spectral decompositions of the

(1)

ag bp 0O O 0 O 0 0 0
0 a b 0 0 O 0 0 0
0 0 ax by O 0 0 0 0
Ulag, a1, az;bo,b1,b2) = 00 0 a b 0 0 0 O ,
0O 0 O 0 a; b O 0 0
0O 0 0O 0 0 ax by 0 0

(bo, b1, by #0).

band matrix over the ¢, sequence space were investigated.

0, = {x:(xk) cw: Yy, |a:;§|p<oo}7 l<p<ocand|.|, = (Z zk.|p>p
k=1 k=1

The dual space of the [p sequence space is the

1 1
Zq{x(xk)Ew:Z|qu<oo}, ];Jrg:l.

k=1

The calculations of this matrix in ¢q [7] are also available.

2. Spectrum and Fine Spectrum

Let X and Y be the Banach spaces, and T': X — Y be a bounded linear
operator.R (T), D (T), B(X) are defined as R(T) ={y €Y :y=Tx, z € X},
D(T)={xe X :y=Tz} and

B(X)={T:T:X — X bounded linear operator},

respectively.

Let T: D(T) C X — X be a linear operator where X is a complex normed
space. Let Ty := T — ¢I for T € B(X) and ¢ € C where I is the identity
operator. T 1is the resolvent operator of T.

The resolvent set of T' is the set of complex numbers ¢ of T" such that
(a) TC_1 exists,

(b) T{l is bounded,
(c) T{lis defined on a set which is dense in X, denoted by p(T, X).

Its complement is given by C\p(T, X) is called the spectrum of T, denoted
by o(T, X).

The spectrum o (T, X) has three discrete decompositions. These are;
the point spectrum o, (7, X) is the set which T, ! does not exist,
the continuous spectrum o.(T, X) is the set which the operator T ! is defined
on a dense subspace of X and is unbounded,
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the residual spectrum o,.(T', X) is the set which the operator T’ ! exists, but its
domain of definition is not dense in X than in this case Ty ! may be bounded
or unbounded.

That’s to say op(T,X) U o(T,X) U o, (T,X) = o(T,X) and o,(T,X) N
oe(T,X)=0,0,(T,X)N0(T,X) =0, 0(T, X)No(T, X) = 0 from definitions.

Many researchers have studied the spectrum and fine spectrum of linear
operators on some sequence spaces. In [8], Fathi studied on the fine spectrum
of generalized upper triangular double-band matrices A"Y over the sequence
spaces ¢g and c¢. In [11], Srivastava and Kumar studied fine spectrum of the
generalized difference operator A, on sequence space ¢;. In [7], Durna and
Kilig studied spectra and fine spectra for the upper triangular band matrix
U (ag, a1, az; bo, by, ba) over the sequence space ¢g. In [3], Das studied on the
spectrum and fine spectrum of the upper triangular matrix U(rq, ro; $1, S2) over
the sequence space c¢g.

Lemma 2.1 (Stieglitz and Tietz [12]). The matrix A = (ani) gives rise to
a bounded linear operator T' € ({p; {p) from ¢, to itself if and only if
(i) sup,, Y |ank| < oo, for each k,
k

(ii) supy, Y |ank| < oo, for each n.
n
Theorem 2.2. Ul(ag,a1,az;bo,b1,b2) : £, — ¢, is a bounded linear opera-
tor.

Proof. The linearity of U(ag, a1, as; bg, b1, b2) is clear, so we omit that proof.
Now we consider boundedness of operator. If the conditions of lemma 2.1 are
calculated for the U(ag, a1, a9;bo, b1, b2) operator, we obtain

sup ) |ank| = max {lao| + [bol , [a1| + [bu, [az| + [ba]}
n k

sup » _ [any,| = max {las| + [bo| , laz| + [b1] ao| + [ba]}
k
n
Thus since sup,, Y |ank| < 0o and supy, Y |ank| < 00, we get (x,,) € ¢,. Hence
k n
U(ag, a1, asz; by, b1, ba) is bounded. O

Lemma 2.3 (Golberg [9, p.59]). T has a dense range if and only if T* is
1-1.

Lemma 2.4 (Golberg [9, p.60]). T~ is bounded if and only if T* is onto.
Notation. During this paper, it will be denoted as
S={CeC:|C—aollC—ail|C—az| < |bo|[b1]|b2]}

Hence the boundary of S and the interior of S will be denoted by 0S5, S
respectively.

Theorem 2.5. 0,(U (ag, a1, az;bo, b1,b2) ,4,) = S.
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Proof. Let ¢ be an eigenvalue of the operator U (ag, a1, as; b, b1,b2). Then
there exists « # 0 = (0,0,0, ...) in ¢, such that U (ao, a1, as; bo, b1,b2) z = (x.
Then we obtain

T3n = d"wo,
T _ S~ d"x
3n+1 — (C 0 ) (C07 ) ,n Z 0
—a —a
T3n4-2 #d”xm
where d = (C—a)(C—a)(C= a2). Thus we get
bob1ba

(oo} (oo} (oo}
D laanl” =D [d ol = |aol” D [d"|
n=0 n=0 n=0
o0

> |d"P < oo if and only if |d| < 1.

n=0

Thus (z3,) € ¢, if and only if |d| < 1. Similarly (z3,+1) and (z3,42) are also
convergent. Hence the subsequences (x3,,), (Z3n+1) , (T3n+2) of © = (z,) are in
¢, if and only if |¢ — ag||¢ — a1]| |¢ — az] < |bo]| |b1]]b2|. Thus x = (z,) € ¢, if
and only if [¢ — ao||¢ — a1]|¢ — az] < [bol [br| ba]- So

UP(U (aOa a1, a2; bOv blv b2) 7£P) = g
O]

Let T : ¢, — [, be a bounded linear operator represented by a matrix A,
then it is known that the adjoint operator T* : £; — (} is a bounded linear
operator and A? is its matrix representation. Where the dual space 0y of £y, is
isomorphic to [, with % + % =1.

Theorem 2.6. 0,(U (o, a1,a2;bo,b1,b2)" , 05 = 1) = 0.

Proof. Tt is calculated similarly to the proof of Theorem 2 in [7] O
Theorem 2.7. 0,(U (ag, a1, az;bo, b1,b2) ,¢,) = 0.
Proof. Owing to 0,(A, X) = 0,(A*, X*)\op(A, X) proof is clear. O
Theorem 2.8. o(U (ag,a1,az2; by, b1,b2),£,) = S.

Proof. First, we prove that (U (ag,a1,az;bg,b1,b2) — M )~! exists and is
in (€p,£p) for A ¢ {( € C:|¢—ao||¢—a]|¢—az| < |bo||bi]|b2]} and then we
have to show that the operator (U (ag, a1, as;bo,b1,b2) — (I) is not invertible
for |¢ — aol[¢ — a1]|C — az| > [bo| [b1] |b2] .

Let A ¢ {C€C:|¢—apl|¢—a1||¢— az] < |bo||b1]|be]}. Since b, # 0, n =
0,1,2 we get a, # ¢, n = 0,1,2. Hence, since (U (ag, a1, az; bg, b1,ba) — AI) is
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a upper triangle, (U (ao, a1, as; bo, by, by) — M) ™1 exists.

[ag — A bo 0 0 Coo Co1 Co2 Co3

0 al—)\ bl 0 0 C11 Ci12 Ci13

0 0 ag—/\ bg 0 0 Coo (23

0 0 0 a()*)\ 0 0 0 C33
[1 0 0 0
01 00
_ oo 1o
0 0 01

then we get

0 , n>k
k—m—1 b
k—1—v
Cnk = H X N <k
1)1:0
T X , n=k

Now, we have to show (U (ag, a1, az;bo,b1,bs) — )"t € (lp,0p) .
k—n—1

k—mn br_1_,

II D" "==

v=0

Firstly, if arrange the multiplication then we have

Ay —A| Bela™™]

k—n—1
ﬁ (_1)k—n bk—l—’u
v=0

bobiba
aof)\)(alf)\)(azf)\

where ¢ = 4 3 and

| k=3 k=3i—-1 k=3i—2

5 n=3j 1 aob;)\‘ (ao—;)\ilg?z_)\)
¢ n=3j—1 aobi)\‘ 1 232
1 bab b
n=23—2 (uo_)\Q)(clm_)\) azik‘ 1




Decomposition of the spectrum of U 603

So from the 1st condition of Lemma 2.1 we get, for each k

k—n—1
]_ k—n bk—l—v
2 su c = su -1
(2) np;|nk| f%‘an_)\ yl;[o (=1) Ap—v — A
) 1 k—m—1 b
< max su 1 o
- m=0|a,, — A npg 1}1;[0 ( ) Ak—v — A
1 k—n
3) = Bymax P Slipzk:m
2 1 — k
4 = B !
(@ | el 2l
2 1 1
5 = B;max su
( ) tm:O am*>\ np |Q|n (1_|q‘)
therefore, since
1 el <1
- _ ) 1
sup =
n g™ (1 lq]) { oo gl >1
we get
| convergent , |¢| <1
(6) S%p%: lenr| = { divergent , ¢/ >1
From the 2st condition of Lemma 2.1 we get
1 k—n—1 b
_ k—1—v
7 s> el = sup _1)km
M) swdlewl = swd oy II 07" g
k—n—1
) 1 k—n Ok—1-v
< max sup 1
m=0 | Ay, — k zn: ve0 ( ) Ak —v - A
_ 2 1 k—n
(9) = Bt m2aX 1 sup |Q|k Z |q‘_n
m=0 | am — A| n
) 1— —Fer
2 k lg|**!
10 = B T1-|q|
(10) i ] Pt ( L=l )
B, max? —0 %,\‘ B
(11) = s

1—|ql k lq]
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Therefore since

i+1 21
apld ™ =1 [ Bzl g
i 4] 00 , gl >1
we get
| convergent , |g| <1
(12) Sl;pz |enk| = { divergent , |q| >1
n

Hence (U (ag, a1, az; by, b1,b2) — X))~ € (€,,4,) if and only if |¢| < 1 from (6)
and (12). Thus A is spectral value while

Ae{CeC:[(—aoll¢—aill¢—az| < [bo] |b1] [ba]}.
SO G‘(U(ao,al,ag;bo,bl,bz)7£p) :S D

Theorem 2.9. o.(U (ao, a1, as2;bo,b1,b2),¢p) = 0S

Proof. Owing to o(T,X) is the disjoint union of 0,(7, X), 0.(T,X) and
o.(T, X), thence

0T, X) =0(T, X))\ (6,(T, X) U0, (T, X)) .
By Theorem 2.5 and Theorem 2.7 we get required result. O

3. Subdivision of the Spectrum

The spectrum o (T, X) is partitioned into three sets which are not necessarily
disjoint as follows:

a) The set 04, (T, X) := {¢ € C :there exists a Weyl sequence for T — (I}
the approximate point spectrum of T. Herein if there exists a sequence ()
in X such that ||z,|| = 1 and |Tz,|| — 0 as n — oo then (x,) is called Weyl
sequence for T'.

b)The set o5(T, X) := {¢ € o(T,X) : T — (I is not surjective} is called
defect spectrum of T'.

c)The set 0.,(T,X) = {¢ € C: R(T —¢I) # X} is called compression
spectrum in the literature.

Proposition 3.1 ([1], p. 28). The spectrum and the subspectrum of an
operator T € B(X) and its adjoint T* € B(X™*) are related by the following
relations:

(a) ( ) o(T),

(b) 0c(T*) C 04p(T),

(¢) Oap(T ) =o5(T),

(d) o5(T™) = 0ap(T),

(e) op(T™) = 0co(T),

(f) 0co(T™) 2 0,(T),

(8) o(T) = 0ap(T) Uap(T*) = 0p(T) U 00p(T™).
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Goldberg’s Classification of Spectrum
If T € B(X), then there are three cases for R(T):
(I) R(T) = X, (Il) R(T) = X, but R(T) # X, (IIl) R(T) # X
and three cases for T~ !:
(1) T~ exists, bounded, (2) T~! exists, unbounded, (3) T~! doesn’t exist.

If these cases are combined in all possible ways, nine different states are
created. These are labelled by: Iy, Is, I3, II, IIy, I3, II11y, I115, I113 (see
[9]).

o(T, X) can be divided into subdivisions Iro (T, X) = 0, Is0(T, X), IIs0(T, X),
II50(T, X), I1Io(T,X), III,0(T,X), III30(T,X). For example, if T, =
¢I —T is in a given state, [11; (say), then we write ¢ € IT110(T, X).

A table was created in [4] with the help of the above definitions. According
to this table, some results are as follows;

a) op(T,X) =I30(T, X)UIIs0(T, X)UIIIs0(T, X),

b) 0. (T,X)=111Lo(T,X)UIILo(T, X),

c) 0gp(T,X)=0(T, X\ 10(T, X),

d) o5(T,X) = o(T,X)\I30(T, X),

e) 0T, X)=11Lo(T,X)UIllo(T,X)UIll30(T, X).

In chapter 2, decompositions defined by Goldberg were examined. In this
section, the definitions given above will be examined. Some studies on this
subject are as follows: Subdivisions of spectra for factorable matrices in [4],
Subdivisions of spectra for generalized difference operator in [2] were examined.
In [14], the fine spectrum of the upper triangular matrix U(r, 0,0, s) over the
sequence spaces ¢y and ¢ was studied. In [5] partition of the spectra for the
generalized difference operator B(r, s) on the sequence space cs was studied, in
[6], subdivision of spectra for some lower triangular double-band matrices as
operators on ¢y was studied.

Theorem 3.2. Io(U (ag, a1, az; by, b1,b2),4p) = 0.

Proof. For ¢ € Io(U (ao, a1, a2; by, b1,b2) , £p), we should show that
U (ag,a1,a2; b, b1,b2) — I is onto. Let y = (y,) € ¢, be such that

(U ((7,07(1170,2; b0>b17b2) - CI)-’L' =Y

for x = (). Then

(ap — ) xo+box1 = %o
(a1 —Q)x1 +bize = w1
(a2 — Q) xa +boxzs = o

(an - C) Ty + bnanrl = Un
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Calculating x, we get

(13)
— n—k— 1< C
<yn1+2yk H 1>+$0H n=1,2,3,...
We have to show that = = (z1,) € £,. 1 5 5 = 1 and setting
goe C—a0)(C—a1) (¢ —a)

—Uu—

boblbg ’
. 1< k—nmn—1 L - n
since H Y = Md and H % = Nd%, where
u=1 bnu 1 u=1 bn u
(- p_g 1 ., n=3t
b b n=3t—1
M= 1 , n—k=3t—1 and N = ¢—ay ’
b2 bl b2
, n—k=3t—2 , n=3t—2,
¢ —ao C—a1(—az
are constants then we get
1
xn:myn_ ZykMd +x0Nd3 n=123,....

Now suppose y = (e,—1) = (0,0,...,0,1,0,...) then we get

(14+ M)+ 2oNd*

Ty =
bnfl

T, = (1+ M)+ zoNd> —

(14 M) #0.

bp—1 limy, 00 b1

Hence Y |z,|” divergent so (z,,) ¢ ¢,. Therefore ¢ doesn’t satisfies Golberg’s
condition I. So Io(U (ao,al,ag,bo,bl,bg) p) = 0. O
Corollary 3.3. IIgU(U(ao, ai, ag; b()7 b17 bg), fp) = S'

Proof. (Ul(ag,a1,as;bg,by,bs) — CI)" is injective from Theorem 2.6. So from
Lemma 2.3 U(aog, a1, asz; by, b1, b2)¢ has a dense range. Thus for

C € U(U(a07a’17 a2; b07 b17 b2)7€p)7

C S IO’(U(CL(),CIJ,U,Q;bo,bl,bg),fp) or C S IIO'(U(CL(),a1,a2;b0,b1,b2),€p).
¢ € IIo(U(ag, a1, as;bo, b1,b2),£p) is gotten from Theorem 3.2.
Also, if |¢ — ag| |¢ — a1]|¢ — az2] < |bo] |b1] |b2|, then

¢ € 30(Ulag, a1,asz; by, b1,b2),¢p)
from Theorem 3.2. Hence I130(U(ao, a1, az; bo, b1,b2),4p) = S O
Corollary 3.4.
I11o(U(ag, a1, az;bo,b1,b2),4,) = I1Iy0(U(ag, a1, az; by, b, ba), £,) = 0.
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Proof. Owing to 0,.(T, X) = II11,o(T, X)UIII,0(T, X), the required result
is obtained by Theorem 2.7. O

Corollary 3.5.
I3o(Ul(ao, ax, az;bo, b1, b2),4p) = I1130(U(ao, ar,az; bo, b1, ba), £,) = 0.
Proof. Owing to 0,(T,X) = I30(T,X) U II30(T,X) U I1I30(T, X), the
required result is obtained by Theorem 2.5 and Corollary 3.3. O

Theorem 3.6. The following spectral decompositions are valid:
(a)
0ap(Ul(ao, a1, az; by, b1,b2), €p)
={CeC:|C—aol[C—ai]|C—az| < |bo|[b1]|b2]} -
(b)
05(U(ag, a1, az; by, b1, b2), 4p)
={CeC:|C—aol[C—ai]|C—az| < |bo|[b1]|b2]} -
(¢) oco(Ul(ag, ar,asz; by, b1,b2), £,) = 0.
Proof. (a) Owing to 04,(T, X) = o(T, X)\II11,0(T, X),

0ap(U(ag, a1, az2; by, b1, b2),¢p)
={Ce€C:[¢—aol|¢—ail[¢ —az| < |bo|[b1][b2]}

from Corollary 3.4.
(b) Owing to
o5(T, X) =o(T, X)\I50(T, X),

using Theorem 2.8 and 3.2, the required result is gotten.
(c) By Proposition 3.1 (e), we obtain

op(T*, X™) = 000(T, X).
Using Theorem 2.6, the required result is gotten. O

Corollary 3.7. The following spectral decompositions are valid:
(a)

oap(Ul(ag, a1, az; bo, by, ba)*, £, = 1,)

={CeC:|¢—aol ¢ —ai]|C = az| < |bo|[b1]|b2]} -
(b)

o5(Ul(ao, ar,az; bo, b1, b2)", £ = 1y)

={C € C:[¢ —aol[¢ —ai][¢ — az| < |bo| [b1]|b2]} -
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Proof. By Proposition 3.1 (c) and (d), we obtain
oap(Ul(ao, a1, az; bo, b1, b2)", £, = 1;) = o5(U(ao, a1, az; bo, b1, b2), L)

and
05(U(a07 ay, az; b07 b17 b2)*7£; = lq) = UGP(U(aov a1, az; b07 b17 b2)7 ep)
from Theorem 3.6 (a) and (b), the required results are gotten. O
4. Results

We can generalize our operator

U(ag,a1,...,an-15b0,b1,...,bp_1)
fag by O 0 0 0 0 0 0 1
0 a1 b 0 0 0 0 0 0
0 0 ' ' 0 0 0 0
=10 O 0 ap-1 bp—1 O 0 0 0 ,
0 0 0 0 ap bp O 0 0
0 O 0 0 0 a; by 0 0

where bo, bl7 . e 7bn—1 7é 0.
Similar to the results in the previous sections, the spectrum and fine spec-
trum of the n-repeated double band matrix are as follows.
Theorem 4.1. The following are valid, where
n—1
M = {c ec: ] < 1} ,
k=0

M is the interior of the set M, and OM is the boundary of the set M :

¢ —ag
by,

1. ap(U(ao,al,...,an,l;bo,bl,...,bn,l),fp) =M.

2. ap(U(ao,al, ‘e .,an_l;bo,bl, ‘e .,bn_1)*,€; = q) = @
3. o,(U(ag,a1,...,an—1;b0,b1,...,bpn_1),4p) = 0.

4. o0.(U(ag,a1,---,an-1;b0,b1,...,bp_1),0p) = OM.

5. U(U(ao,al,...,an_l;bo,bl,...,bn_l),ﬁp) = M.

References

[1] J. Appell, E. De Pascale, and A. Vignoli, Nonlinear Spectral Theory, Walter de Gruyter,
Berlin, New York, 2004.

[2] F. Basar, N. Durna, and M. Yildirim, Subdivisions of the spectra for genarilized differ-
ence operator over certain sequence spaces, Thai J. Math. 9 (2011), no. 1, 285-295.

[3] R. Das, On the spectrum and fine spectrum of the wupper triangular matric
U(ri,re; s1,s2) over the sequence space cg, Afr. Mat. 28 (2017), 841-849.



(4]

[5]

[6]

[7]

8

[9]
(10]

Decomposition of the spectrum of U 609

N. Durna and M. Yildirim, Subdivision of the spectra for factorable matrices on co, GU
J. Sci. 24 (2011), no. 1, 45-49.

N. Durna, M. Yildirim, and R. Kilig, Partition of the spectra for the generalized dif-
ference operator B(r,s) on the sequence space cs, Cumhuriyet Sci. J. 39 (2018), no. 1,
7-15.

N. Durna, Subdivision of spectra for some lower triangular doule-band matrices as op-
erators on cg, Ukr. Mat. Zh. 70 (2018), no. 7, 913-922.

N. Durna and R. Kilig, Spectra and fine spectra for the upper triangular band matrix
U(ao,a1,a2;bo, b1, b2) over the sequence space co, Proyecciones (Antofagasta) 7 (2019),
no. 1, 145-162.

J. Fathi, On the fine spectrum of generalized upper triangular double-band matrices A“Y
over the sequence spaces co and ¢, Int. J. Nonlinear Anal. Appl. 7 (2016), no. 1, 31-43.
S. Goldberg, Unbounded Linear Operators, McGraw Hill, New York, 1966.

M. Gonzalez, The fine spectrum of the Cesdaro operator in £, (1 < p < co), Arch. Math.
44 (1985), 355-358.

[11] P. D. Srivastava and S. Kumar, Fine spectrum of the generalized difference operator A,
on sequence space £1, Thai J. Math. 8 (2010), no. 2, 221-233.

[12] M. Stieglitz, H. Tietz, Matriz tranformationen wvon Folgerdumen Eine Ergeb-
nistbersicht., Math. Z. 154 (1977), 1-16.

[13] B. C. Tripathy and P. Saikia, On the spectrum of the Cesdaro operator C1 on bug N oo,
Math. Slovaca 63 (2013), no. 3, 563-572.

[14] B. C. Tripathy and R. Das, Fine spectrum of the upper triangular matriz U(r,0,0,s)
over the squence spaces co and ¢, Proyecciones J. Math. 37 (2018), no. 1, 85-101.

[15] R. B. Wenger, The fine spectra of Hélder summability operators, Indian J. Pure Appl.
Math. 6 (1975), 695-712.

[16] M. Yildirim, On the spectrum of the Rhaly operators on co and ¢, Indian J. Pure Appl.
Math. 29 (1998), 1301-1309.

Nuh Durna

Department of Mathematics, Faculty of Sciences,
Sivas Cumbhuriyet University,

Sivas 58140, Turkey.

E-mail: ndurna@cumhuriyet.edu.tr

Rabia Kilig

Department of Mathematics, Faculty of Sciences,
Sivas Cumbhuriyet University,

Sivas 58140, Turkey.

E-mail: rbklc192@gmail.com



