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1 Introduction
The notion of structural stability was introduced be Andronov and Pontrjagin [1]. This
means that under small perturbations the dynamics are topologically equivalent. The sys-
tem is 2-stable; then it is called Axiom A, that is, the non-wandering set is the closure of
the set of periodic points and it is hyperbolic. It turned out to be one of the most prob-
lems in the differentiable dynamical systems to find if a structurally stable system satisfies
the Axiom A property. Let M be a closed C* manifold. Maiié defined a set F (M) of dif-
feomorphisms having a C!-neighborhood U such that every diffeomorphism inside of U/
has all periodic orbits of hyperbolic. In [2], Mafié proved that every surface diffeomor-
phism of F(M) satisfies Axiom A. Hayashi has shown in [3] that every diffeomorphism
of F(M) satisfies Axiom A. Robinson has proven in [4] that a dynamical system is struc-
turally stable when the system has the shadowing property. Also, in [5] Sakai showed that
if a dynamical system belongs to the C!-interior of the set of all systems having the shad-
owing property then it is a structurally stable diffeomorphism. Lee has shown in [6] that if
a dynamical system belongs to the C-interior of the set of all systems having the ergodic
shadowing property then it is a structurally stable diffeomorphism. Carvalho proved in [7]
that the C!-interior of the set of all systems having the two-side limit shadowing property
is equal to the set of transitive Anosov diffeomorphisms, Pilyugin has shown in [8] that
the Cl-interior of the set of all systems having the limit shadowing property is equal to
the set Q-stable diffeomorphisms. Recently, in [9] Sakai proved that for C!-generically if a
diffeomorphism has the s-limit shadowing property on the chain recurrent set then it is a
Q-stable diffeomorphism. From that, we know that the shadowing property is very close
to the stability theory (see [10]). In [2], Maiié introduced the family of periodic sequences
of linear isomorphisms of R“™Y, and from that we can define the local star condition (see
[2, Proposition IL.1]).

In this paper, we introduce the notion of the local star condition, and study under the

local star condition the some shadowing property.
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Let M be a closed C* manifold, and denote by d the distance on M induced by a
Riemannian metric || - || on the tangent bundle TM. Denote by Diff(M) the space of
diffeomorphisms of M endowed with the C'-topology. Let f € Diff(M). We say that f
has the shadowing property if for every € > 0 there is § > 0 such that for any §-pseudo
orbit {xi}f’zu of f (~00 < a < b < o0), there is a point y € M such that d(fi(y),x;) < €
for all ¢ < i < b — 1. The notion of the ergodic shadowing property was introduced by
Fakhari and Ghane in [11]. For any é > 0, a sequence & = {x;};cz is §-ergodic pseudo or-
bit of f if for Np}(&,f,8) = {i : d(f (x;),xi1) = 8} N {0,1,...,m — 1}, and Np;,(§,f,8) = {—i:
A(f Yx_y),x_im) > 8} N{-n+1,...,-1,0}

#Np*(&,f,6 . #Np, (§,f,6
lim —pn(éf ):0 and lim 7]9,,@]{ ):

n—00 n n——00 n

0.

We say that f has the ergodic shadowing property if for any € > 0, there is a § > 0 such that
every §-ergodic pseudo orbit & = {x;};c7 of f is -shadowed in ergodic sense for some point
z € M, that is, for Ns;(§,f,z,€) = {i : d(f'(z),x:) > €} N {0,1,...,n — 1}, and Ns, (&,f, z,€) =
{—i:d(f(2),x ) >e}N{-n+1,...,-1,0},

m #Ns: (£,f,z,€) ~0 and m #Ns, (5.f,2,€) _

1 0.
n—00 N n—>—00 N

Let A be a closed f-invariant set. We say that f has the ergodic shadowing property in
A if for any € there is § > 0 such that for any §-ergodic pseudo orbit {x;};cz C A of f is
€-shadowed in ergodic sense for some point z € A.

By the result of [11], if a diffeomorphism has the ergodic shadowing property then it
is chain transitive, moreover, it is topologically mixing. Thus the diffeomorphism does
not contain a sink and sources. We know that a Morse-Smale diffeomorphism has the
shadowing property. But the diffeomorphism contains sinks and sources. Thus it does
not have the ergodic shadowing property. We say that f is topologically mixing if for any
nonempty open sets U and V, there is N > 0 such that f*(U) NV # @ for n > N. In [11,
Theorem A], Fakhari and Ghane proved that f has the ergodic shadowing property if and
only if f has the shadowing property and it is topologically mixing. Let P(f) be the set of
periodic points of f. Denote by Orb(p) the periodic f-orbit of p € P(f). Let p € P(f) be a
hyperbolic saddle with period 7 (p) > 0, then there are a local stable manifold W?(p) and
a local unstable manifold W:@)(P) for some € = €(p) > 0. Then we see that if x € W}(p),
then d(f'(x),f'(p)) <€, for i > 0 and if x € W¥*(p) then d(f~(x),f(p)) < € for i > 0.
The stable manifold W*(p) and the unstable manifold W*(p) of p are defined as usual.
The dimension of the stable manifold W*(p) is called the index of p, and we denote it by
index(p).

A point x € W*(p) N W*(p) is called a transversal homoclinic point of f if the above in-
tersection is transversal at x; i.e., x € W*(p) h W*(p). The closure of the set of transversal
homoclinic points of f associated to p is called the transversal homoclinic class of f as-
sociated to p, and it is denoted by Hy(p). It is clear that Hy(p) is compact, invariant, and
transitive.

Let A C M be an f-invariant closed set. We say that A is a iyperbloc if the tangent bundle

T'aM has a continuous Df -invariant splitting E° @ E* and there exist constants C > 0 and
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0 < A <1 such that
||Dxfn|E5(x) || <C\" and ||D&f*”|E,,(x) ” <

forallx € A and n > 0.
For § > 0, a sequence {x;}cz is called a §-average pseudo orbit of f if there is N = N () > 0
such that for all » > N and k € Z,

n-1

1
. Z A(f (%i41)s Kisisn) < 8.

i=0

We say that f has the average shadowing property if for any € > 0, there is § > 0 such that
for any §-average pseudo orbit {x;};cz, there is z € M such that

n-1
1 .
lim sup —~ Zd(f’(z),xl-) <e.
n—oo N~
i=0
In [12], Lee showed that if f € F(H;(p)) and f has the average shadowing property in
Hy(p) then Hy(p) is hyperbolic. For that, we show the following.

Theorem 1.1 Let Hy(p) be the homoclinic class associated to the hyperbolic periodic
point p. Assume Hy(p) satisfies the following properties, (i) and (ii):

(i) f satisfies the local star condition, and

(ii) f has the ergodic shadowing property in Hy(p).
Then Hy(p) is hyperbolic.

The average shadowing property is not the ergodic shadowing property. Indeed, the
mapf :[0,1] — [0,1] is defined by f(x) = 2xif 0 <x <1/2,and f(x) = —2x+2if1/2 <x < 1.
Then the map has two fixed points. In [11, Example], the map has the ergodic shadowing
property. However, in [13, Theorem 3.1], Park and Zhang proved that if the number of
the fixed points is greater than two, then the map f does not have the average shadowing

property.

2 Proof of Theorem 1.1

Let M be as before, and let f € Diff(M). We say that a compact f-invariant set A C M
admits a dominated splitting if the tangent bundle T\ M has a Df -invariant splitting E @ F
and there exist constants C > 0 and 0 < A <1 such that

1D e || - | DF " legnen | < CA”

for all x € A and n > 0. Note that the above dominated splitting can be rewritten as

IDf | Il /m(Df 1py) < A

for every x € A, where m(A) = inf{||Av|| : |v|| = 1} denotes the mininorm of a linear map A.
It always extends to a neighborhood which is called an admissible neighborhood of A. By
Mafié (see [2]), the family of periodic sequences of linear isomorphisms of R4™M gener-
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ated by Dg (g close to f) along the hyperbolic periodic point g € Az(U) N P(g) is uniformly
hyperbolic. This means that there is € > 0 such that for any g C'-nearby f,q € A,(U) N P(g)
and any sequence of linear maps A; : Tyi(yM —> Ty )M with [|A; — Dyipgll < € (i =
1,2,...,7(q)), 129" A, is hyperbolic. Thus if f € F(H;(p)) then we have the following.

Proposition 2.1 Suppose that f € F(Hy(p)). Let U(f) and U be given by the definition of
F(Hf(p)). Then there are m >0, C > 0 and ) € (0,1) such that

(@) Hy(p) admits a dominated splitting Ty yM=E®F with dim E = dim W*(p).

(b) Forany q e U(f) if g € Ag(U) N P(g) has minimum period 7 (q) then

k-1 k-1
[ [IDgim@" 1esgimiay | < C1* and [ ]| Dgimipe ™ puig-imgn | < CAS,
i=0 i=0

where k = [ (q)/m].
By Proposition 2.1, we get the following, which was found by [14, Theorem 3.2].

Proposition 2.2 Suppose that f € F (Hy(p)). Let U(f) and U be given by the definition of
F(H(p)). Then there are m > 0, A € (0,1), and L > 0 such that we have the following.
(@) Hy(p) admits a dominated splitting Ty yM=E®F with dim E = dim W*(p) such
that for every x € Hy(p),

”Dfmlg(x) H/Wl(Dfm|p(x)) < )\.2.

(b) Forany q e U(f) if g € Ag(U) N P(g) then index(q) = index(p,), and if w(q) > L then

n(q)-1 m(g)-1
. ) (9) ) - . (9)
[T 1Demqe sy | <A™ and [T | Dgimigg ™ pugimgy | <27
i=0 i=0
Theorem 2.3 [14, Proposition 2.3] Let A € (0,1) and let A be a closed f-invariant set with
a continuous Df -invariant splitting TAM = E & F such that

IDf |2 I /m(Df 15w) < A?

forany x € A. Assume that there is a point x € A such that

n-1

. 1
log A <logA; = limsup — Zlog(||Df|E(fi(x))||) <0
i=0

n—oo N =

and

n-1

o1
timinf — _log(I1Df i) < logs.
i=0

Then for any Ay and ks with A < Ay < Ay < A3 < 1, and any neighborhood U of A, there
exists a hyperbolic periodic point q if index(q) = dim E such that its orbit Orb(q) is entirely
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contained in U and the derivatives along Orb(q) satisfy
k-1 (q)-1
)-k+1
[T syl <25 and T 1Dflesgiqyll > 2597

i=0 i=k-1

forallk=1,2,...,m(q). Moreover, q can be chosen such that w(q) is arbitrarily large.

Lemma 2.4 Let {x;},cz be a 5-ergodic pseudo orbit of f in A. If {x;}icz is € shadowed in
ergodic by some point z € A then

lim
n—ocom + 1

Zd(f (2), %)

Proof Suppose that f has the ergodic shadowing property in A. Since {x;};cz C A isa -
ergodic pseudo orbit of f, there is z € A such that

. #ie{0,1,...,n}:d(fi(z),x:) > €}
lim
n—00 n+1

=0.

Set k=#{i €{0,1,...,n} : d(f'(z),x;) > €}, and diam A = [. Then

Zd(f ) <kl+(n+1-ke.

Thus

ki ne ke
+ - .
n+l n+l n+1

Zd(f (2),%) < —(kl+(n+1 k)e) =

n+l

Therefore, if n — oo then

ki ne ke

Zd(f (2), x, + - — €.

n+l n+l n+l

Let A be a closed f-invariant set.

Lemma 2.5 [12, Lemma 2.2] Let ¢(x) be a continuous function defined on A. For any € > 0

there is a § > 0 such that for any two sequences {x;}icz, {yi}icz if

n-1

1
1 d(x;, i) < 6,
1msupnz (i) <

n—o0
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then

n-1

1
limsup; E lo@) -] <e.
11— 00 -0

Proposition 2.6 Let p be a hyperbolic periodic point and let A € (0,1) and L > 1 be given.
Assume that the homoclinic class Hy(p) satisfies the following properties:
(@) Hy(p) admits a dominated splitting THf(p)M = E @ F with dimE = dim W*(p) such
that for every x € Hy(p),

IDf | Il /m(Df | ) < 2.

(b) For any q € Hr(p) N P(f) if q is hyperbolic and w(q) > L, then index(q) = index(p), and

m(q)-1 7(q)-1
[T 1Dflesgignl <2™@ and [T IDflgegriqyll < A7
i=0 i=0

(c) f has the ergodic shadowing property in Hy(p).
Then Hy(p) is hyperbolic for f.

Let E C TaM be a subbundle. We say that E C TAM is contracting if there exist C > 0
and 0 < A < 1 such that || Df" ||| < CA” for every x € A and every n € N. We will say that
E is expanding if E is contracting respecting f!.

Lemma 2.7 Let Hy(p) satisfy (a)-(c) of Proposition 2.6. Suppose that E is not contracting.
Then for any ) < y1 < y» <1, there is z € Hp(p) such that

n-1 n-1

. ) 1
IL“iLI.Ef; Zlog(HDflE(fi(z)) ||) <logy < limsup — Zlog(llDfIE(fi(z))) <logy,.

n
i=0 n— 00 i=0

Proof Suppose that E is not contracting. Then there is y € Hy(p) such that
n-1
[ T1Df 1ol = 1

i=0

for all n € N. For any x € Hy(p) and i € N, we define ¢(x) = 10g || Df | gsi(x - By Lemma 2.5,
for any £ > O there is € > 0 such that for any sequences {x;};cz, (yi}icz C Hr(p) if

n-1

1
lim sup — Zd(xi,yi) <€,
i=0

n—oo N %

then
1 n-1
lim sup - ;”@(xi) -9 <&

Fix 0 < & < min{(logy, — logy1)/2,(logy; — logA)/2}. Since f has the ergodic shadow-
ing property in Hy(p), there is § > O such that any §-ergodic pseudo orbit in Hy(p) can

Page 6 of 10
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be ergodic shadowed by some point in Hy(p). Since Hy(p) = {q € P(f) : q ~ p}, there is
a hyperbolic periodic orbit Orb(g) C Hy(p) with 7(q) > L such that for any y € Hy(p),
there is g € Orb(g) such that d(y,q) < 5. Then we can construct a §-ergodic pseudo or-
bit {x;}iez C Hy(p) as in the proof of [12, Lemma 2.3]. We obtain the sequence

Widiez = - S @ @ISO oS Do @O RO

It is a §-pseudo orbit of f. Thus we know #{i € {0,1,2,...,n} : d(f(x;),x;;1) > 8} = 0 and so,
it is a §-ergodic pseudo orbit of f. As in the proof of [12, Lemma 2.3], we have

n-1

. 1 1
limsup > “log(IIDf I ll) = 5 (logys +logys)  and
n—00 i—0
n-1

1 1
liminf — 1 Dflpxll) < = log ).
imin ”Zo 0g(IDf Iz ) < 5 (log v + log )

Since f has the ergodic shadowing property in Hy(p), we can take z € Hy(p) such that z
is the ergodic shadowing point of {x;};cz. Then we show that

(i)

n-1

o1
lim inf - 20: log(I1Df |grizp l) < log v,
1=
(ii)
1 n-1
log y1 < limsup p Zlog(||Df|E(fi(Z))||), and
oo i=0
(iii)
n-1

. 1

limsup = > ~log(I1Df | iy ) < log ya-

n—oo " —0

Proof of (i) Since & < (logy; —log1)/2, by Lemma 2.5
1 n-1 1 n-1 1 n-1
liminf — ‘(2)) < liminf = x;) + limsup — (2)) - @(x;
iminf gw(f( )) < liminf ~ ;a )+ limsup ;l\w(f( ) — ()]
1
< i(logyl +logA) + & <logy.

Proof of (ii) Since & < (logy, —logy1)/2, by Lemma 2.5

1 n-1 ) 1 n-1 1 n-1 )
limsup > (@) > limsup = 3 S() ~limsup - 3 [ (£'(2)) - o)
i=0 i=0 i=0

1
> i(log v +1ogys) —& >logy.
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Proof of (iii) Since & < (logy, —logy1)/2, by Lemma 2.5

1 n-1 ) 1 n-1 1 n-1
limsup — Z(p(f’(z)) < limsup p Zgo(x,') + limsup P Z ”(p(f’(z)) — () ”
i=0 n—0o0 i=0 n—00 i=0

n—oo N7

1
< 5(10gy1+10g)/2)+$ <logys. O

Proof of Theorem 1.1 Since f € F(Hy(p)), Hr(p) admits a dominated splitting. Then we
have Ty, ()M = E @ F. To derive a contradiction, we may assume that E is not contracting.
Then by Lemma 2.7, for any A < y; < y» <1 there is z € Hy(p) such that

n-1 n-1

L1 ) 1
liminf - > log(IIDf lg(riczy ) < log 1 < limsup p > log(IDf gsiczy) < log ya.
i=0 oo Tizo

By Theorem 2.3, for any A < X, < A3 < 1, there is a periodic point g close to Hy(p) such that

k-1
[ [1Df lesgiqyll <25 and

i=0
@)

7(q)-1

—k+1
[T 1Df iyl > 2507
i=k

Since Hy(p) is locally maximal, Orb(q) C Hy(p). Since f € F(Hy(p)), (1) is a contradiction
by Proposition 2.6(b). This is the proof of Theorem 1.1. d

3 Stably ergodic shadowing property in H¢(p)
Let M be as before, and let f € Diff(M). We introduce the notion of the C!-stably ergodic
shadowing property.

Definition 3.1 We say that f has the C!-stably ergodic shadowing property in A if
there are a compact neighborhood U of f and a C'-neighborhood U(f) of f such that
A = Ap(U) = ),ezf™(U) (locally maximal), and for any g € U(f), g has the ergodic shad-
owing property in Ag(U), where Ay(U) =), &"(U) is the continuation of A.

For given x,y € M, we write x ~ y if for any & > 0, there is a §-pseudo orbit {x;}%
(—00 <a < b <o) of f such that x, = x and x;, = y. We write x «~ y if x ~> y and y ~ x.
The set of points {x € M : x ~» x} is called the chain recurrent set of f and is denoted by
R(f). It is well known that R(f) is a closed and f-invariant set. If we denote the set of
periodic points of f by P(f), then P(f) C Q(f) C R(f). Here Q(f) is the non-wandering set
of f. We write x «~ y if x ~» y and y ~» x. The relation «~+ induces an equivalence rela-
tion on R(f), whose classes are called chain components of f. Denote by Cr(p) = {x € M :
x ~» p and p ~ x}. Then we know that Hy(p) C Cs(p) (see [15]). In [15], Lee et al. proved
that if f has the C*-stably shadowing property on Cy(p) then Cs(p) is a hyperbolic homo-
clinic class. They used Maiié’s ergodic closing lemma. In this section we use Theorem 1.1.
We say that A is topologically transitive if for any neighborhoods U, V in A thereisn >0
such that f*(U) N V # (. Note that it can be rewritten as follows: there is x € A such that
w(x) = A, where w(x) is the omega limit set. Note that if A is topologically mixing then A is
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topologically transitive. In [16], Lee showed that if / has the C'-stably ergodic shadowing
property on a transitive set A then it admits a dominated splitting. In this section, we will
show that if f has the C*-stably ergodic shadowing property in Hy(p) then it is hyperbolic.
The following is the main theorem in this section.

Theorem 3.2 Let A be a closed f-invariant set. Suppose that f has the C'-stably ergodic
shadowing property in A. Then f € F(A).

To prove Theorem 3.2, we need the following lemmas.

Lemma 3.3 [11, Theorem A] f has the ergodic shadowing property if and only if f has the
shadowing property and it is topologically mixing.

Lemma 3.4 Letp,q € A be hyperbolic periodic points. If f has the ergodic shadowing prop-
erty in A then W*(p) N W*(q) # 9 and W*(p) N W*(q) #90.

Proof Since p,q € A are hyperbolic periodic points, there are €(p) > 0 and €(g) > 0 such
that W) (p) and W 2 (q) are defined, where o = s, u. Suppose that f has the ergodic shad-
owing property in A. By Lemma 3.3, f has the shadowing property in A and A is topo-
logically mixing. Since f has the shadowing property in A, we can take € = min{¢(p), €(q)}.
For that € > 0, take § > 0 be as in the definition of the shadowing property. Since A is
topologically mixing, A is topologically transitive. Then there is a point x € A such that
o(x) = A. For simplicity, we may assume that f(p) = p and f(gq) = q. Then there exist /; >0
and l, > 0 such that d(f" (x), p) < § and d(f"(x),q) < 8. To construct a 8-pseudo orbit of f,
we assume that /, = ; + k for some k > 0. Put (i) x; = f(p) for i < 0 (ii) x; = f1*(x) for
0 < i < k and (iii) xx,; = f2*/(x) for all i > 0. Then as in the proof of [17, Lemma 2.3], we get
WH(p) N W*(q) # 0. The other case is similar. O

We say that f is a Kupka Smale diffeomorphism if every periodic points are hyperbolic
and if p,q € P(f), then W*(p) is transversal to W*(g). It is well known that if f is a Kupka
Smale then f is residual in Diff(M). Denote by 'S the set of all Kupka Smale diffeomor-
phisms.

Proof of Theorem 3.2 Since f has the C'-stably ergodic shadowing property in A, there
exist a C!-neighborhood U(f) of f and a neighborhood U of A such that for any g € U(f),
g has the ergodic shadowing property in A4(U). To derive a contradiction, we may as-
sume that f ¢ F(Hy(p)). Then there are g € U(f) and g € A4(U) N P(g) such that g is
not hyperbolic. Then there is g € U(f) close to g such that g; has two hyperbolic pe-
riodic points y1,y» € Ag (U) N P(g1) with different indices. Then we know dim W*(y,) +
dim W*(y,) < dimM or dim W*(y;) + dim W*(y,) < dim M. Without loss of generality, we
assume that dim W*(y;) + dim W*(y,) < dimM. Take & € U(f) N KS. Since & is Kupka
Smale, W*(y1,) N W*(y,,) = @, where y1;, and y, ), are continuations of y; and y,, respec-
tively. Since / has the ergodic shadowing property in Aj,(U), i has the shadowing property
in A,(U) and A,(U) is topologically mixing. Since y1 5, yo,n € Ap(U) N P(h), by Lemma 3.4
we get a contradiction. O

We say that A is a basic set if A is transitive, and locally maximal. If the basic set A is
hyperbolic then we can easily show that there is a periodic point such that the orbit of the
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periodic point is dense in A. We say that A is an elementary set if A is mixing, and locally

maximal. Note that every elementary set is a basic set.

Theorem 3.5 Let Hy(p) be the homoclinic class. If f has the C'-stably ergodic shadowing
property in Hy(p) then Hy(p) is a hyperbolic elementary set.

Proof of Theorem 3.5 Suppose that f has the C!-stably ergodic shadowing property
in Hy(p). By Theorem 3.2, f € F(Hy(p)). Since f has the ergodic shadowing property in
Hy(p), by Lemma 3.3 Hy(p) is topologically mixing. Thus by Theorem 1.1, Hy(p) is a hy-
perbolic elementary set. O

Competing interests
The author declares that they have no competing interests.

Acknowledgements

We wish to thank the referee for carefully reading the manuscript and providing us with many good suggestions. This
work is supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded
by the Ministry of Education, Science and Technology, Korea (No. 2011-0007649).

Received: 8 November 2013 Accepted: 6 February 2014 Published: 20 Feb 2014

References

DA wN =

o

. Andronov, A, Pontrjagin, L: Systemes grossiers. Dokl. Akad. Nauk SSSR 14, 246-251 (1937)

Ma#é, R: An ergodic closing lemma. Ann. Math. 116, 503-540 (1982)

Hayashi, S: Diffeomorphisms in F' (M) satisfy Axiom A. Ergod. Theory Dyn. Syst. 12, 233-253 (1992)

Robinson, C: Stability theorems and hyperbolicity in dynamical systems. Rocky Mt. J. Math. 7, 425-437 (1977),

Sakai, K: Pseudo orbit tracing property and strong transversality of diffeomorphisms on closed manifolds. Osaka J.
Math. 31, 373-386 (1994)

Lee, M: Diffeomorphisms with robustly ergodic shadowing. Dyn. Contin. Discrete Impuls. Syst,, Ser. A Math. Anal. 20,
747-753 (2013)

. Carvalho, B: Hyperbolicity, transitivity and the two-sided limit shadowing property. arXiv:1301.2356v1
. Pilyugin, SY: Sets of dynamical systems with various limit shadowing properties. J. Dyn. Differ. Equ. 19, 747-775 (2007)
. Sakai, K: Diffeomorphisms with the s-limit shadowing property. Dyn. Syst. 27, 403-410 (2012)

Pilyugin, SY: Shadowing in Dynamical Systems. Lecture Notes in Math., vol. 1706. Springer, Berlin (1999)

. Fakhari, A, Ghane, FH: On shadowing: ordinary and ergodic. J. Math. Anal. Appl. 364, 151-155 (2010)

Lee, M: Stably average shadowable homoclinic classes. Nonlinear Anal. 74, 689-694 (2011)

Park, J, Zhang, Y: Average shadowing properties in compact metric spaces. Commun. Korean Math. Soc. 21, 355-361
(2006)

Wen, X, Gan, S, Wen, L: C'-stably shadowable chain components are hyperbolic. J. Differ. Equ. 246, 340-357 (2009)

. Lee, K, Moriyasu, K, Sakai, K: C'-stable shadowing diffeomorphisms. Discrete Contin. Dyn. Syst. 22, 683-697 (2008)

Lee, M: Stably ergodic shadowing and dominated splitting. Far East J. Math. Sci. 62, 275-284 (2012)
Lee, M, Kang, B, Oh, J: Generic diffeomorphisms with shadowing property on transitive sets. J. Chungcheong Math.
Soc. 25, 643-654 (2012)

10.1186/1029-242X-2014-90
Cite this article as: Lee: The ergodic shadowing property and homoclinic classes. Journal of Inequalities and
Applications 2014, 2014:90

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/2014/1/90
http://arxiv.org/abs/arXiv:1301.2356v1

	The ergodic shadowing property and homoclinic classes
	Abstract
	MSC
	Keywords

	Introduction
	Proof of Theorem 1.1
	Stably ergodic shadowing property in Hf(p)
	Competing interests
	Acknowledgements
	References


