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Abstract

Let {H,(t)} be a sequence of non-negative, even, and continuous functions on R. In
this paper, we consider a convolution operator J,(f; x) = fO°° fOHA(t=x) dt, f e L,([RY),
and then investigate the local saturation of J,(f;x).
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1 Introduction and theorems

Through this paper we let {H,(¢)}, n =1,2,..., be a sequence of non-negative, even, and
continuous functions on R := (-00,0), and there exist M,N > 0, and T > 0 such that
{H, ()} satisfied uniformly

sup H,(t) <M, n=>=N, (L1)
[t1=T
o0

f H,t)dt=1, n=12,..., (1.2)
-0
o0

/ PH,()dt=pu,— 0 asn— oo (1.3)
—00

and there exist two positive constants «, 8 with 28 > « > 3 such that uniformly for #,

/ |t|* H,,(¢)dt < CuP. (L.4)

(o]

As an example for H,(t) we give the following:
Let

H,y(t) = %ewz.

Then it satisfies (1.2),

1 < 31
Uy=——>0 asn— 00 and t*H,(t)dt = ——
2 o 4 n*
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Let us denote R* := [0,00). In what follows we assume that H,(¢) satisfies the conditions
(1.1)-(1.4). Using H,, we define the convolution operators for f € L,(R*),

Ju(f%) = / SO -0 dt, n=1,2,.... (1L5)
0

Swetits and Wood [1] studied the operators on a finite interval [0, r];

K,(f;x) := /rf(t)H:f(t—x)dt, feLy,([0,r]),n=1,2,...,
0

where H is defined on [-r,r] as H,, and then they gave a local saturation theorem. Fur-
thermore, there is a rich bibliography concerning the convergence of positive linear oper-
ators on [0, 00) (e.g. see [2—4] and the references cited therein).

In this paper we extend [1] to the infinite interval R*. Then we use a similar methods
as [1]. For 1 < p < 00 and ¢ > 0, we define L;([c, 00)) as the space of those functions f
such that f € L,(R*) and f” is a locally absolutely continuous function on [c, 00), with
[ €Ly([c,00)) and f” € L,([c,00)). Let C%(IR*) be the space of continuous, compactly sup-
ported and continuously second differentiable functions on R*. Furthermore, the total
variation of a real-valued function f defined on an interval [, b] C R is the quantity

np-1

V2(f) = sup Z If (i11) —f (7).
PeP 2,

Here the supremum is taken over the set P of all partitions P = {xo,%1,...,%,,} of the in-
terval considered. If F : [b,00) — R and x € [b, 00), we define

Tr(x) = sup Z|F(x,«)—F(x/,1)| th=xqg<x1<---<x,=x,neN.
1

If Tr(00) := lim,_, o Tr(x) is finite, we say that F is of bounded variation on [b, 00), and
Tr(00) is called the total variation of F on [b, 00). We define BV[b, 00) to be the set of all
functions on [b, o0) whose total variation on [b, 00) is finite.

Then we first give the pointwise convergence theorem.

Theorem 1.1 (cf. [5]) Letf € C*(R"), and let x € [a,00), a > 0. Then we have a pointwise
convergence as follows:

| =

n(f32) = f (%)) = =f" (). (1.6)

. 1
lim —
n—0o0 l’l’}’l

N

Equation (1.6) holds uniformly on [a, 00).
Then the following is a direct convergence theorem.

Theorem 1.2 Let 0 <b <a < oo.
(i) If1<p < oo, then we have for f € L;([b, 0))

17 (f5 %) = f (%) HLp([a’oo)) =0(u,) asn— oo. (1.7)
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(i) Ifp =1, then we have for f' € BV([b, 00)) with f € L1([0, 00))

Vatfi) = £ 1 gy = Otta) s 0. (1.8)

(ili) Let1 < p < oo and f be linear on [b, 00). Then we have

||]n(f;x) _f(x) HLP([a,OO)) = 0(/"4’1) asn— Q. (19)
Finally, we give an inverse theorem as follows.

Theorem 1.3 LetO<b<a<oo.Letf € L,(R*) and f' € L,(R*).
(i) Forl< p < oo, the condition (1.7) implies f € L;([a, 00)).
(i) For p =1, the condition (1.8) implies f' € BV([a, 00)).

(ili) For1 < p < o0, the condition (1.9) implies that f is linear on [a, 00).

This paper is organized as follows. In Section 2, we will give some fundamental lemmas

in order to prove the main results and we will prove the results in Section 3.

2 Fundamental lemmas

Throughout this paper C,C;, Cy,... denote positive constants independent of #, x, ¢ or
function f(x). The same symbol does not necessarily denote the same constant in different
occurrences.

To prove the theorems we need some lemmas.

Lemma 2.1 Let § >0 and £ =0,1,2. Then for 28 > « > 3 defined in (1.4)

uf
/ lu|“H, () du < Caai’l. (2.1)
|u|=8

Proof Let £ =0,1,2. Then we have from (1.4)

/ |u|£Hn(u) du = (Se/ <M)€Hn(u)du
lul=5 PEAN

<& lul H(u) du < 87 |u|*H, (1) du
3
lu]=8 |u|>8

00 B
_ 5e-a/ 04| H, (14) s < cg’:fz. 0

Lemma 2.2 Let eg(x) := 1, e1(x) := x and let § be a positive constant. Then for n =1,2,...,

we have

n

(- = )s) | SC;_I, 0<d<« (2.2)

and

(= 2%)%%)| < pw x>0, (2.3)

Page3of 16


http://www.journalofinequalitiesandapplications.com/content/2014/1/329

Jung and Sakai Journal of Inequalities and Applications 2014, 2014:329 Page 4 of 16
http://www.journalofinequalitiesandapplications.com/content/2014/1/329

Moreover, we have for 0 < § <x

h 1
u(eo;x) —eo| < C 5—: and  |J.(e;;x)—e| <C 50:1 . (2.4)
Here, o and B are defined in (1.4).

Proof For 0 <8 < x, we have by (2.1)

U ((- = x)sx) | =

/w(t—x)Hn(t—x)dt‘ = VooyHn(Y)dy’
0 —x

o0
/yHn(y)dy‘ ‘- H,(t) is even
X

1

sf yHu(y)dy < C—=.
y=8 8o

For (2.3), we have from (1.3)

I(C=2P0) = [ @-sPHe-ndi- [ PHO D .
0

—X

Since we know for 0 < § <x

1n<eo;x):fowm(t—@dt:/_anmdy:l—/_:Hn(y)dy:1—/;0Hn(y)dy,

and from (2.1)

B
< cg‘— 2.5)

/ " H0)dy

we have for 0 < § <u,

K

|]n(60;x) —€o| <C TR

Next, we give an estimate for e;. Since

Ju(er;x) = /OootH,,(t—x) dt = /Oo(x+y)Hn(y)dy

X

=x(1—/:Hn(y)dy)+/xwan(Y)d)’

oo o0
~xex [ H Oy [0
and by (2.1), for 0 < § <,

w

+ 52/ yHn(y)dnySa_l,

# / T Hp)dy

/x ocyHn(y) dy
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we have for 0 < § <u,

1h

(e x) - er] < CSOH-

Let b > 0 and then we define

1, te[0,b],

K085 = 0, t¢[0,b]

Lemma2.3 LetO<b<a,d:=a—bandletl <p<oo. Iff € L,(R"), then
W
G (10, D) ) = €50 Wy
Proof Let p = 1. Then we have

17 Cr (10, BIA) |1 oy = / ‘ /0 x ([0, B )/ (H, (¢ %) dt| dx

S/aw/ob[f(t)wn(t—x)dtdx
S/Ob[f(m[oHn(t—x)dxdt

S(sup / Hn<t—x)dx)|tf|m+>'

te[0,b]

Fort € [0,b] and x > a, we see |t —x| > a—b =:§ > 0. From (1.4), we have the following:

o0 o0 t_ o
sup/ H,(t—x)dx < sup/ (' x|> H,(t —x)dx

tel0,b] te[0,b] 8
1 o0 /3
<= | jeH,(6)dt < P
s ) 54

Hence we have

B
G (00 B0) [, gy = C W D

Letl<p<o00,0<b<a<xandp+q=pq. By Holder’s inequality,

. (x ((0,6])f,x)| = ' fo ooX([O,b];t)f(t)Hn(t—x)dt‘

1/q

< C</oox([0,b];t)H,,(t—x)dt)
0

1/p

x ( / x(10,B];2) [f(t)|pHn(t—x)dt)
0

(2.6)

Page 5 of 16
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Here, from (2.1) we have

/OOO ([0,b];2) fH (t—x) t:/:bH,,(y)dy
f H(y)dy<C—. (2.7)

Hence,

74 (10, B1A) [ 1, .

1/ 1/,
( ) ,,( / / ([0,6); ) [f @) | Halt - x)dtdx) p. (2.8)

Also, we see by (2.6)

[ [ xtomasorme-saas
/ / ([0,83;0)|f (&) | Ho(t - x) dx it

/-‘3
< sup/ H,(t - xdx/ Vt)‘pdt<C|V||p R”(S:'

£€[0,b]

Thus, by (2.8) we conclude. (I

3 Proof of theorems
Proof of Theorem 1.1 For x € [a,00) and ¢ > 0, we set

f”(n)

2
—(t-%)°, xsnst

1O =F0) +f @t —2) + 10
Then we see
IF) ~F0) = of W
— @) Unleos) - e0) +£(x) fo (6 = W)H, (¢ - x) dt
. %[ / P& - P Hy(t - x) dt —f”(x)un], x<n<t
0
=h+h+/s

For J;, we have from (2.4)

B
il = V(x)!0<%),

and for J,, we have from (2.2)

: wh
1= 7 7 (=99 = w0 2%

Page 6 of 16
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Now, we will estimate J3. We have
/0 P& = 2P Holt - x)di — ()t
e’} 0
- /0 (7 1) =" ())& = 2 Hy (¢ — ) dt — " () / (6 = 2 H, (¢ - %) dt.

For the second term, we have by (2.1)

aa—Z

0 ) B
‘/”(x) / (t—x)an(t—x)dt’ <|f'w)| / W2 H, () du < C|f" ()] L2

For a given ¢ > 0, there exists a positive constant ; > 0 (depending only on ¢) such that
for |[x —n| < &;

lf”(x) —fﬁ(”)’ <s. (3.1)

For the first term, we have using (1.3)

/ - (f”(n)—f”(x))(t—x)zHy,(t—x)dt‘
=< *Hy,(u) du < iy,
8/M|§51M wan = e

and by (2.1)

/ . (" (n) —f”(x))(t—x)ZHy,(t—x)dt‘

<20l |

[u|>81

1th
w?H,(u)du < ||f" “LOQ(R)O(S"‘_Z )
1

Then we have for some positive constants C;, C;, and Cs

1, 1th o~

Jlfi®) = f @) = of @) = CUF@| =2 + Golf 0] 25
8
" Mn

+en+Cs “f ”LOO(R) 502

Therefore, we have for an arbitrary ¢ > 0
. 1 1 1"
lim — \,(f;%) = (%) = o/ @) pn| <&.
n— 00 /“LYI 2

Thus, (1.6) is proved. Moreover, noting (3.1), we see that (1.6) holds uniformly on [a, 00).
d

Proof of Theorem 1.2 Let § := a—b > 0. (i) We start under the condition 1 < p < oo for the
convenience of considering (ii). On the way of the proof we switch over to the assumption

Page 7 of 16
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with1<p<oo.Letl<p<ooandlet x:= x([0,b]) and let x;(£) =1 — x (¢). Since

F@ =0+ @), f&)=00)k), xelao00),

we have

A%! _f”Lp([a,oo)) < |7 ”LP([a,oo)) + 7400 - le”Lp([a,oo)) =K + K.

By Lemma 2.3,

B
Ki = |Ju(xf) ||LP([a,oo)) < Cllflle(Rﬂ%‘

We estimate K;. Let f € Lﬁ([a, 00)). Then

J = (GO = GaN@2) [y

o C)
< ( | N ( | . | w) (0 (O (0) — F) ot — ) de
([ ra-oaf o)

+(/ ‘/b (f (&) = f (%)) Hiu(£ - x) dit

=: [1 + 12.

/O (X (6)f (£) = f (%)) Hyu (£ — %) it

4 1/p
dx)

b
/ Hy(t —x)dt
0

P 1/p
dx)

Here, for the first term, using

b uf
/ H,(t—x)dt < C-=,
0 3

which is shown in (2.7), we have

([

From this we suppose 1 < p < co. By

B

b r Up uh
/ H,(t—x) dt’ dx) < C”f”LP([”’OO))S_a'
0

fO =f@) =f @)t -x) + / (&~ wf"(u) du,

we have

0y
A

fb (PO - F) Hale - )t

14 lp
dx)

p l/p
dx)

/oof’(x)(t - x)H,(t - x)dt
b

Page 8 of 16
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(L

=1121-F122,

p 1/p
dx)

Here we note that yH,(y) is an odd function. Then we have by (2.1)

Oo‘/t(t— w)f" (u) duH, (¢t — x) dt
b x

/oo(t —x)H,(t — x) dt' =
b

/booyHn(y)dy’ = /xijn(y)dy

—X

h
8“—1

< / yH,(y)dy < C
y=8

and the first term I, is estimated as

([ (o Ja)

lLE oo / P(i v / 145
=Co5 ; If @ dx) =<cC|f ||Lp([m))m. (3.6)

/ (t—x)H,(t —x)dt

Now we set

G(f”,x):z sup b V” |du, a<ux,
bttt L =%

and denote the Hardy-Littlewood majorant of f” at x. Since f” € L,([b,00)) and 1 < p < o0,

we have

lo(r".%) ||Lp([a,oo)) <Ap|f” ”Lp([b,oo))’ 3.7)

where A, > 0 depend only on p [6, Theorem 1, p.201]. Since

/(t—u)f”(u)du <:|:/ |t — u|v//(u)|du<(t x)2 /Lf”(u) du,

where + f; du > 0, we have by (3.7) and (1.3)

Ly < </ ‘/h ((t—x)zi/ [f”(u)]du)H,,(t—x)dt
1
<([owr )
o0 ) 1/,
5/ u2H,,(u)du</ |0(f”;x)|pdx> ’

< Apttnf" ”Lp([b,oo))’ (3.8)

14 lp
dx)

/ (¢ —x)*H, (¢t — x) dt

Hence, from (3.6) and (3.8), we have for some positive constant C > 0

h=hi+thy= C(|V,||Lp([u,oo)) + |V”||Lp([b,oo)))M”" (3.9)

Page9of 16
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So, from (3.5) and (3.9),

J =< 11 + ]2 =< C(”f”Lp(R*) + |V/||Lp([ﬂ,00)) + Hf// ||Lp([b,oo)))’un' (310)

Now, we see by (3.10) and (2.4)

Ky = [JnCah) = 0D oy
< [ (GaH)® - Gaf) o)) ||Lp([m» + (X]f)(x)(]n(eO,x)_eo)“Lp([a,OO))
= J + [ G @) Unleo, %) = €0) [, 1.0
< C(If Ny + |f' HLP([a,oo» * }VN”Lp([bm)))“ !
+[[7ueo %) = o] g 0p 10 (0o

= Cl(”f”Lp(R*) + Hf/ ”LP([a,oo)) + “f”HLp([b,oo)))u’" = O(tn)-

Consequently, with (3.2) and (3.3) we conclude (i).
(i) Let p = 1 and f’ € BV[b, 00). Then we have for x, ¢ € [b, 00),

FO—f0) =f @t -2) + / (¢ - w)df (). (3.10)

On the proof of (i) we recall the part which we assumed as p = 1. From (3.3) and (3.5) we

may only estimate

I := / ‘ A (F (&) = f (%)) Hyu(t — x) dt dx (3.12)
(see (3.4)). By (3.11) we see
L < /OO /oof/(x)(t—x)Hn(t—x)dtdx
a b
+ /aw/bw/xt(t—u) df' (u)H,(t — x) dt dx
= I, + I, (3.13)

Now, we see that

IQ,I:/ /bf’(x)(t—x)Hy,(t—x)dtdx

[ee]

_ / “ro0 [ b ) duds

x-b

= /:: uH,,(u)/ﬂmbf/(x)dxdu

< sup |f'(x)|

a<x<00

< sup | ()| O(wn)
[b,0c)

/Oo(u —8)uH,(u) du
8
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by (1.3). We estimate I, ,. We fix an arbitrary > 0. Then we have by means of the substi-
tution # = y + x with a new variable y

I, t w)df'(w)H,(t - x) dt dx

e x—y)df (e + ) H(t— ) dt dx

0 oo plt-al
52/ / / |t_x||df/(x+y)|Hn(t—x)dtdx ’.'|t_x_y|52|t_x|

oo X (+1)n
/ / / |df/(x+y)||t—x|Hn(t—x)dtdx
a n<lt—x|<(j+1)n

(i+Dn
§2Z/jniuf(j+l |u|H, (u)du/ / |df x+y)|dx

j=0

Then

00 (j+1)n
/ / |df’(x+y)|dx
a 0
0o px+(j+1)n
- f / ldf' () dx

, / / dx|df (v)] + / / dx|df' ()|
a<v<a+(j+1)n Ja<x<v a+(j+1)n<v<oo Jv—(j+1)n<x<v
= A1 + Az.

Since we can see

A =/ / dx’df’(v)’ =/ (v—a)’df/(v)‘ <(+1)nBV(f;R")
a<v<a+(j+1)n Ja<x<v a<v<a+(j+1)n

and
Ay = / f dx|df' v)| < (G + )nBV(f;R"),
a+(j+1)n<v<oo Jv—(j+1)n=<x<v

we have

0o p(j+1)
/ / n|df’(x+y)|dx§2(j+1)17BV(f’;R*).
a 0

Now, we estimate | in<lul<(+1yy %I () du for anon-negative integer j. Let j = 0. Then from

(1.2) and (1.3), we have

1/2 1/2
[ wrodis ([ ) ([ )=o)
0<lul<n 0<|ul=n 0=<|ul<n

Letj> 1. Then by (2.1) we have

1

julH, () du < CH2
/fnslu|s</+1>n (jm)*1
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Therefore, we have

o
I, 5/ |u|H,,(u)du/ / ’df’(x+y)‘dx
0<|ul<n a JO

> o0 (j+1)n
+Z/ |u|Hn(u)duf f ldf (x + y)| dx
—1 Jin=lul=(i+1n a 0

J

<O(uw*)nBV(f;R* +i(} uf)G+ DBV (f;RY)

j=1 n*

1
= O(uwy*)nBV(f5R") + O(uf)) — BV(f3R") (- a>3).
n%-
If we let n = u1}/%, then we have I}, = O(u,,) BV(f'; R*), because  — (o — 2)/2 > 1. Conse-

quently, (ii) is proved.
(iii) It follows from (2.4). Consequently, for a linear function f on [b, c0)

||],,(f;x) A) ”Lp([u,oo)) = O(P‘rﬂz) = 0(kn). O

Proof of Theorem 1.3 (i), (ii) hold as follows: Let f € L,(R*). First, we choose ¥ € C%(R*)
with ¥ € L,([a, 00)) (for any 1 < g < 0o) such that

Yia)=y'(@=y"@=0,  limyr)=0, i=012
and
Y(x)=0 forx¢ [a,o0).

We use the bilinear functional;

1 o0
An(f’ lb) = E / (]n(f,x) —f(x))llf(x) dx.

0

We will show that for fixed v, A, (-, ) is uniformly bounded on L,(R*). We see

/Ooo],,(f,x)w(x)dx / W(x/ f@)H,(t — x) dt dx.

For x,t € [0, 00) we can write

Y@ =y () + ¥ O -1) + / (x— )y (u) du.

Hence,

/ / f@O) Y (x)H,(t — x)dxdt

- / £ / " Hy(t - x) dxdt
0 0
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. fo FOP© /o (= O)HL (¢ — %) dc dt

. fo e /0 b / (= ") st — ) v

=I+1) +13.
From (1.2)
1{’:/0 f(t)w(t)/ H,(u) dudt:/o f(t)zﬂ(t)(l—/ H,,(u)du) dt.

Since ¥ (t) = 0 for ¢ ¢ [a, 00) (so, we may take t > a), by (2.1) we have

V f(t)w(t)/ Hn(u)dudt‘

0 t

/Oof(t)W(t)/m<z>aHn(u)dudt‘ cul)* >1
0 t t

< O(up) / lf(twt)%dt by (1.4)

=<

o0 1
= O(uy) sup |1/f(f)|f @] 3 de
= 0(ef) 59 [V O sytiaoon ||y e

where 1/p + 1/q = 1. Thus, we have

I = /0 F@W @ dt + O(u?)IIf 12, (aco)-

We estimate I;. We may a < ¢, because () = 0 for ¢ ¢ [a, 00). Noting (1.4) and « < 3,

| = / {GYAG] / uH,,(u) du dt
< / I{GVAG] / ;l—_lHn(u)dudt
= O(uf) f lf(t)t/f’(t)ltj—_ldt

O(ME) ” v ”Loo([a,oo)) Hf”Lp([“vOO)) “ £ ”Lq([a,oo))

O IF Il (ta00)-

Finally, we estimate I3. Let 1 < p < co and 1/p + 1/q = 1. As the estimation for I, 5, we have

by (1.3)

llé’\=‘f0 f(t)fO /x(x—M)W”(u)duH,,(t—x)dxdt'

/()~c>of(t)/()o<> i /xtW”(u)du(t—x)an(t—x)dxdt‘
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*© 1/ * _ 2 _
S/a [f(t)|9(1/f,t)/0 (t —x)*H,(t —x)dxdt

= O(us) / @6 (") dt = O Neyttaoon [V 1 iaey

= O(wn) If (12000

We estimate I} for p = 1. There exists n between x and ¢ such that

5]

IA

f@) f W”(Tl)(f—x)zH,,(t—x)dxdt’
0 0

I A

S [y (@) / lF@)| / (t — x)2H,(t — x) dxdt

< O(n) sup [V O] (o) = OWm If Ly ((a,00)-

a<t<oo

Here we used (1.3). Consequently, it follows that |A,(f,¥)| is uniformly bounded on
L,(R*). Next, from Theorem 1.1 we see that for f € CX(RY),

Tim A, ) = 5 / Sy dx = / S () dx. (3.14)

Since {A,(-,¥)} is uniformly bounded on L,(R*), and C*(R*) is dense in L,(R"), (3.14)
yields

lim A 0) =5 [ F0 ) ds (3.15)

forany f € L,(R*). Now, for any fixed f € L,(R*), we consider the sequence of linear func-
tional {A,(f,)}. Since [I1,(f) = fllL,(1a,00)) = O(in), n — 00, there exist i € Ly([a, 00)) (p > 1)
and /# € BV[a, 00) (p =1) and a subsequence {Ay, (f,-)} such that

hm Anl(f,’lp) — fO x)l/f(x dxy p> 1; (3‘16)
oo Xy adn, p=1.

From (3.15) and (3.16) we obtain
1 [ , Jo hx)y ) dx, p>1,
— dx = 3.17
2/0 Sy (x) dx lfo P, pel (3.17)

A particular solution to (3.17) is

Sh(p)dupd 1
lf(x): f fé 2 5 p>
2 Sy dnwyde,  p=1.

The homogeneous problem

/ F@¥ (6 dx =0
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has the general solution f(x) = Cyx + C, for a < x < 0o, since we can take ¥ € C%([a, 00))
arbitrarily as " € L,([a,00)), ¥(a) = ¥'(a) = 0, lim,_, ¥O(r) =0, i=0,1. Hence, if 1 <
p<oo, fe L;([a, 00)), and if p =1 then ' € BV([a, 00)). Hence, (i) and (ii) hold. We will
show (iii). Now, if

7. —f”LP([am)) =o(un), n— 00,

then

A, ¥)]

IA

1 o0
- / Ul 0) — £ )| |9 (0)| e

IA

C
(50 1) £Vt =iy
where C, > 0 is independent of #. Hence

lim A,(f,¥) =0. (3.18)

Considering (3.15), (3.16), (3.17), and (3.18), we obtain

/ Fy" (W) dx =0,
and so
f " v dx =0,

consequently, we have f”(x) = 0, that is, f is linear on [a, 00). d

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors conceived of the study, participated in its design and coordination, drafted the manuscript and participated in
the sequence alignment. All authors read and approved the final manuscript.

Author details
'Department of Mathematics Education, Sungkyunkwan University, Seoul, 110-745, Republic of Korea. ?Department of
Mathematics, Meijo University, Nagoya, 468-8502, Japan.

Acknowledgements
The authors thank the referees for many valuable comments and corrections.

Received: 27 December 2013 Accepted: 22 August 2014 Published: 02 Sep 2014

References

1. Swetits, JJ, Wood, B: Local L,-saturation of positive linear convolution operators. J. Approx. Theory 34(4), 348-360
(1982)

2. Swetits, JJ, Wood, B: Approximating functions of exponential type on the positive axis: direct results. Bull. Inst. Math.
Acad. Sin. 23(2), 167-180 (1995)

3. Jung, HS, Sakai, R: Approximation by Lupas-type operators and Szasz-Mirakyan-type operators. J. Appl. Math. 2012,
Article ID 546784 (2012)

4. Deo, N, Jung, HS, Sakai, R: Degree of approximation by hybrid operators. Abstr. Appl. Anal. 2013, Article ID 732069
(2013)

5. Mamedov, RG: The asymptotic value of the approximation of differentiable functions by linear positive operators.
Dokl. Akad. Nauk SSSR 128, 471-474 (1959) (Russian)

6. Stein, EM: Harmonic Analysis: Real-Variable Methods, Orthogonality, and Oscillatory Integrals. Princeton University
Press, Princeton (1993)


http://www.journalofinequalitiesandapplications.com/content/2014/1/329

Jung and Sakai Journal of Inequalities and Applications 2014, 2014:329 Page 16 of 16
http://www.journalofinequalitiesandapplications.com/content/2014/1/329

10.1186/1029-242X-2014-329

Cite this article as: Jung and Sakai: Local saturation of a positive linear convolution operator. Journal of Inequalities
and Applications 2014, 2014:329

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://www.journalofinequalitiesandapplications.com/content/2014/1/329

	Local saturation of a positive linear convolution operator
	Abstract
	MSC
	Keywords

	Introduction and theorems
	Fundamental lemmas
	Proof of theorems
	Competing interests
	Authors' contributions
	Author details
	Acknowledgements
	References


