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Review What we want to do
Generalized pseudo-orbits
What we must show

What we want to do

C'*+P—surface diffeo with topological entropy > x
Construct a countable Markov partition

Define generalized pseudo-orbits (gpos)......
...... so that can apply Bowen’s method for constructing MP
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Review What we want to do
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Generalized pseudo-orbits

Maps WV : [-Q(x), Q(x)]? — M s.t.
w;(l) o f o Wy ~ linear hyperbolic map

Generalized pseudo-orbits

Sequences (\Uf(’ju’q"s )icz of “double charts"

ng = (‘UX,'|[_qIU7q;/]2) WX,"[_qI,S,qI,S]Z) ,0< g/, a7 < Q(xi)

satisfying certain nearest neighbor conditions.
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Nearest neighbor conditions

u S ( u € u
Q qu /\q \Uq e and \U? q\(p) ~ \Up Ap? where (a A b := min{a, b})

Q ¢ me{eel?“, Qy)} (=)
Q p® =min{e‘q®, Q(x)} (<)
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Review What we want to do
Generalized pseudo-orbits
What we must show

To apply Bowen’s method, we must show

@ Shadowing Lemma: Every gpo “shadows" a real orbit

@ Inverse Theorem: Suppose a p.o. (Vk)kez Shadows the
orbit of x. Then we can “read” v from x “approximately”. *
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Review What we want to do
Generalized pseudo-orbits

What we must show

Today——Shadowing Lemma and Inverse Theorem
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Shadowing Lemma (statement)
Shadowing Lemma Graph transform
Shadowing Lemma (proof)

Definition of shadowing

Definition of shadowing

A gpo (W,Cz;'u’q’s),-ez shadows a real orbit {f'(x)};cy if
fl(x) € Wy ([-Q(x;), Q(x;)]?) for all i € Z.
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Shadowing Lemma (statement)
Shadowing Lemma Graph transform
Shadowing Lemma (proof)

Shadowing Lemma

Shadowing Lemma
Every gpo shadows a unique orbit.
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{Vy ™ }iez is a gpo
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The unstable manifold of a gpo

oo ;
{Vy ™ ez is a gpo

Unstable manifold of a gpo

The following limit exists: V“[{wﬁ;’u’p’s};go}] = nli_)m FJIve,] for

. “ 8 " 1 A
some (any) choice of “u—manifolds" V¥, in Wk,
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Shadowing Lemma (statement)
Shadowing Lemma Graph transform
Shadowing Lemma (proof)

The unstable manifold of a gpo

oo ;
{Vy ™ ez is a gpo

Unstable manifold of a gpo
The following limit exists: V“[{w’;;‘u’pfs}Ko}] = nlim FJIV,] for
- — 00

. “ 8 " 1 A
some (any) choice of “u—manifolds" V¥, in Wk,

Stable manifold of a gpo

The following limit exists: VS[{W¥ # },0}] = lim FZ[VY] for

. “ . (] g u, 2
some (any) choice of “s—manifolds" V$ in W{™Pn.
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Suppose (V;)cz is a gpo, where W; = wfl;’u’qf. Then
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Suppose (\Ui)fEZ is a gpo, where \Ui = ql ’ql . Then

Invariance properties

@ foVSC VSoo:

f(VEI(W)ixol) C VE[(W))ix1])
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Shadowing Lemma Graph transform
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Invariance properties of stable/unstable manifolds

Suppose (\Ui)fEZ is a gpo, where \Ui = ql ’ql . Then

Invariance properties

@ foVSC VSoo:

f(VEI(W)ixol) C VE[(W))ix1])
@ floVic Voo :

=N VEI(W)i<o)) C VHIW)i<—1])
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Analytic properties of stable/unstable manifolds

Represent VS/V = VS/U[W] in W, —coordinates:
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The representing function F satisfies
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Shadowing Lemma (statement)
Shadowing Lemma Graph transform
Shadowing Lemma (proof)

Analytic properties of stable/unstable manifolds

Represent VS/V = VS/U[W] in W, —coordinates:
VE =W, ({(8, F(1)) : 1] < q5})
VE =W, ({(F(1), 1) : |t} < q0})

The representing function F satisfies

@ |[F(0)] <1073(q" A g°)
o |F/(0)] < 3(gYAg%)P3
@ ||F|lcsss < %
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Proof of the shadowing lemma

Suppose (V;);cz is a gpo, W; = Wl .
@ Construct V¥ = VY[(W;)ico] and V& = VS[(W}) o]
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@ Construct V¥ = VY[(V));<o] and V& = V[(V;)>0]
@ VY VSintersect at a unigue point x (analytic properties)
© the orbit of the intersection point is shadowed by (V;);cz:
o f(x) € F(VS[(Wi)ixo]) C VE[(Wi)izn] C

Y, ([=Q(x%n), Q(xn)]?)
o f"(x) e f"(VY[(V;)i<o])

O. Sarig Lecture 3: Shadowing Theory



Shadowing Lemma (statement)
Shadowing Lemma Graph transform
Shadowing Lemma (proof)

Proof of the shadowing lemma

Suppose (V;);cz is a gpo, ¥; = wi’;‘”"’fs.
@ Construct V¥ = VY[(V));<o] and V& = V[(V;)>0]
@ VY VSintersect at a unigue point x (analytic properties)
© the orbit of the intersection point is shadowed by (V;);cz:
o f(x) € F(VS[(Wi)ixo]) C VE[(Wi)izn] C

Y, ([=Q(x%n), Q(xn)]?)
o f"(x) e f"(VY[(V;)i<o])

O. Sarig Lecture 3: Shadowing Theory



Shadowing Lemma (statement)
Shadowing Lemma Graph transform
Shadowing Lemma (proof)

Proof of the shadowing lemma

Suppose (V;);cz is a gpo, ¥; = wi’;‘”"’fs.
@ Construct V¥ = VY[(V));<o] and V& = V[(V;)>0]
@ VY VSintersect at a unigue point x (analytic properties)
© the orbit of the intersection point is shadowed by (V;);cz:
o f(x) € F(VS[(Wi)ixo]) C VE[(Wi)izn] C

Yy, ([-Q(xa), Q(xn)I?)
o f7(x) e FF(VY[(Wi)i<o]) C V¥[(Wi)i<—n]

O. Sarig Lecture 3: Shadowing Theory



Shadowing Lemma (statement)
Shadowing Lemma Graph transform
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Proof of the shadowing lemma

Suppose (V;);cz is a gpo, ¥; = wi’;‘”"’fs.
@ Construct V¥ = VY[(V));<o] and V& = V[(V;)>0]
@ VY VSintersect at a unigue point x (analytic properties)
© the orbit of the intersection point is shadowed by (V;);cz:
o f(x) € F(VS[(Wi)ixo]) C VE[(Wi)izn] C
vy, ([-Q(n), Q(n)I?)
o f77(x) € F(VY[(Wi)i<o]) € V¥[(Wi)i<—n] C
Vs, ([-Q(x-n), Q(x-n)I?)
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Statement of the Inverse Theorem

Imprecise

Any two regular gpos (V))icz, (®;)icz which shadow the same
orbit have “nearly the same" coordinates: V; ~ o,.
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Statement

Position parameters

Axes parameters
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Statement of the Inverse Theorem

Imprecise

Any two regular gpos (V))icz, (®;)icz which shadow the same
orbit have “nearly the same" coordinates: V; ~ ®,.

Regular gpo (Wf;’u‘p’s),-e,v:

La
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Axes parameters
Inverse Theorem Scaling parameters
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Statement of the Inverse Theorem

Imprecise

Any two regular gpos (V))icz, (®;)icz which shadow the same
orbit have “nearly the same" coordinates: V; ~ ®,.

ﬂpis)ieW:

Regular gpo (\Uﬁ;’u

@ repeats some symbol infinitely often in the future
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Statement

Position parameters

Axes parameters
Inverse Theorem Scaling parameters

Window parameters

Statement of the Inverse Theorem

Imprecise

Any two regular gpos (V))icz, (®;)icz which shadow the same
orbit have “nearly the same" coordinates: V; ~ ®,.

Regular gpo (W )iz

@ repeats some symbol infinitely often in the future
© repeats some symbol infinitely often in the past
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Statement of the Inverse Theorem

Precise

The following is true for all e small enough.

Inverse Theorem

If two regular e—gpos {\U’;ju’p"s},-ez and {W;’;y’q’s},-ez shadow the
same orbit, then

O. Sarig Lecture 3: Shadowing Theory



Statement

Position parameters

Axes parameters
Inverse Theorem Scaling parameters

Window parameters

Statement of the Inverse Theorem

Precise

The following is true for all e small enough.

Inverse Theorem

If two regular e—gpos {\U’;ju’p"s},-ez and {W;’;y’q’s},-ez shadow the
same orbit, then

Q d(x,y) <ce
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Statement of the Inverse Theorem

Precise

The following is true for all e small enough.

If two regular e—gpos {\U’;ju’p"s},-ez and {W;’;y’q’s},-ez shadow the
same orbit, then

Q d(xi,y) <e

Q diS’[C1(\I¢'}7i1 oWy, +ld) < e on [—e,¢€]?
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Statement of the Inverse Theorem

Precise

The following is true for all e small enough.

Inverse Theorem

If two regular e—gpos {\U’;ju’p"s},-ez and {W;’;y’q’s},-ez shadow the
same orbit, then

Q d(xi,y) <e

Q diS’[C1(\I¢'}7i1 oWy, +ld) < e on [—e,¢€]?

Q p!/qt.ps/af € [e V<, V7]
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Strategy of proof

@ assume that two regular gpos shadow the same orbit
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Statement

Position parameters

Axes parameters
Inverse Theorem Scaling parameters

Window parameters

Strategy of proof

@ assume that two regular gpos shadow the same orbit
@ compare the parameters of the corresponding coordinates
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Parameters of Pesin charts
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Parameters of Pesin charts

WV, = exp, oCy(x):
e xeM
@ C(x):R2 — TyMis the linear map s.t.

0t)(g) = 509 "€%0) €103 = v e
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Parameters of Pesin charts

WV, = exp, oCy(x):
e xeM
@ C(x):R2 — TyMis the linear map s.t.

0t)(g) = 509 "€%0) €103 = v e

@ e%/U(x) are unit vectors in the stable/unstable direction at x

° () =2 (1+ T emage (o))’

n=1
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Parameters of Pesin charts

WV, = exp, oCy(x):
e xeM
@ C(x):R2 — TyMis the linear map s.t.

0t)(g) = 509 "€%0) €103 = v e

@ e%/U(x) are unit vectors in the stable/unstable direction at x

o s(x) =2 (1 + 3 e2”><||df)§’es(x)\|2>2
n=1

° u(x)=+v2 (1 + f ez”XdeX”es(x)||2)2

n=1
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Parameters of Pesin charts

WV, = exp, oCy(x):
e xeM
@ C(x):R2 — TyMis the linear map s.t.

0t)(g) = 509 "€%0) €103 = v e

@ e%/Y(x) are unit vectors in the stable/unstable direction at x

° s(x) =2 (1 + 3 e2”><||df)§’es(x)\|2>2
n=1

@ u(x)=+2 (1 + f ez”XdeX”es(x)||2)2

n=1
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Parameters of double charts

P, P
V= (v |[ Y12 WX|[—p?7pf]2)
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Position parameters

Axes parameters
Inverse Theorem Scaling parameters
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Parameters of double charts

ot .}
\Vx; "= (WX/'|[—P;I7P;]]2’ wx,-|[_pl.57pf]2)

@ Position parameter: x;
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Position parameters

Axes parameters
Inverse Theorem Scaling parameters

Window parameters

Parameters of double charts

WP = (| Wyl
5 = Wnlpe e Vil i-pe prte)
@ Position parameter: x;

@ Axes parameters: e5(x;), e¥(x;), a(x;) := £(e5(x;), e¥(x;))
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Statement

Position parameters

Axes parameters
Inverse Theorem Scaling parameters

Window parameters

Parameters of double charts

p{.p7
Wi ™ = (Wil g per2s W li—ps s12)
@ Position parameter: x;
@ Axes parameters: e5(x;), e¥(x;), a(x;) := £(e5(x;), e¥(x;))

© Scaling parameters: s(x;), u(x;)
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Axes parameters
Inverse Theorem Scaling parameters
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Parameters of double charts

ot .}
\Vx; "= (WX/'|[—P;I7P;]]2’ wx,-|[_pl.57pf]2)

@ Position parameter: x;

@ Axes parameters: e5(x;), e¥(x;), a(x;) := £(e5(x;), e¥(x;))
© Scaling parameters: s(x;), u(x;)

@ Window parameters: p¥, p?
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Statement

Position parameters

Axes parameters
Inverse Theorem Scaling parameters

Window parameters

Parameters of double charts

ot .}
\Vx; "= (WX/'|[—P;I:P;]]2’ wx,-|[_p,.57pf]2)

@ Position parameter: x;

@ Axes parameters: e5(x;), e¥(x;), a(x;) := £(e5(x;), e¥(x;))
© Scaling parameters: s(x;), u(x;)

@ Window parameters: p¥, p?

Compare the parameters of gpos which shadow the same
point.
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Axes parameters
Inverse Theorem Scaling parameters
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Position parameters

Proposition

If two gpos (\u‘j;' i )iez, (\Uf,’;’u’q"s),-ez shadow the same orbit, then
d(x,yi) < e
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d(x;, i) < d(x;, fi(x)) + d(f(x), y)
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d(xi,yi) < d(x;, f'(x)) + d(f(x), i)
< diam(V,,) + diam(V¥,,) < e
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If two gpos (\U’;’f Pz, (\I!;Zju’q" )icz shadow the same orbit, then
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If two gpos (\U'Zy’pfs)iez, (\I!;Zju’q"s),-ez shadow the same orbit, then
Q [[e°(x) — (=1)7e* (W)l < €6(x:, y1) (0 =0,1)
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Axes parameters e°, e¥, o = £(e°, e¥)

If two gpos (\U'Zy’pfs)iez, (\I!;Zju’q"s),-ez shadow the same orbit, then
Q [[e°(x) — (=1)7e* (W)l < €6(x:, y1) (0 =0,1)
Q [[e“(x) — (—1)7e"(yi)ll < ed(xi,yi) (0j=0,1)
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Axes parameters e°, e¥, o = £(e°, e¥)

If two gpos (\Up’ e )iez, (\I!q"u’q"s),-ez shadow the same orbit, then
Q [[e°(x) — (=1)7e* (W)l < €6(x:, y1) (0 =0,1)
Q [[“(x) — (=1)"e" M)l < ed(xi,yi) (01 =0,1)

e e 3(Xi,¥i) < z:z%gg < 95()(:':}’/)
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Axes parameters e°, e¥, o = £(e°, e¥)

If two gpos (\Up’ e )iez, (\Uq’ ci )icz shadow the same orbit, then
Q [[e°(x) — (=1)7e* (W)l < €6(x:, y1) (0 =0,1)
Q |le“(x) — (=1)7e"(yi)ll < e6(x;,yi) (01 =0,1)

5(Xi, i sin a(x;) 5(Xi,Yi
e e (Xi.y1) < el <e (Xi.yi)

where 6(x;, yi) = Q(x))?/® + Q(y;)?/® <« 1.
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If (W27"),cz shadows the orbit of x, then
Q@ &°(xp) ~ *direction of V[V]
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If (W27"),cz shadows the orbit of x, then
Q@ &°(xp) ~ +direction of V[V]
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If (W27"),cz shadows the orbit of x, then

@ &5(xg) ~ *direction of V5[V]
Q ¢eY(xo) ~ +direction of VY[V]
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If (W27"),cz shadows the orbit of x, then
Q@ &°(xp) ~ *direction of V[V]
Q ¢eY(xo) &~ direction of VY[V]
Q a(xo) ~ L(Vo[V], VU[V])
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If (W27"),cz shadows the orbit of x, then
Q@ &°(xp) ~ *direction of V[V]
Q ¢eY(xo) &~ direction of VY[V]
Q a(xo) ~ L(Vo[V], VU[V])

Delicate point:
Trivial in Pesin charts. The point is that the estimate hold in the
Riemannian metric uniformly.
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If (V))iez, (Pi)icz shadow the orbit of x

because they are local stable/unstable manifolds of x.
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If (V))iez, (Pi)icz shadow the orbit of x
Q@ VS[V], V5[®] agree near x

because they are local stable/unstable manifolds of x.
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If (V))iez, (Pi)icz shadow the orbit of x
Q@ VS[V], V5[®] agree near x
Q@ VY[v], VY[®] agree near x

because they are local stable/unstable manifolds of x.
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Q@ VS[V], V5[®] agree near x
Q VY[v], VY[®] agree near x

because they are local stable/unstable manifolds of x.
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If (V))iez, (Pi)icz shadow the orbit of x
Q@ VS[V], V5[®] agree near x
Q VY[v], VY[®] agree near x

because they are local stable/unstable manifolds of x.

@ e%/Y(xp) ~ +direction of VS/V[W] at x
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If (V))iez, (Pi)icz shadow the orbit of x
Q@ VS[V], V5[®] agree near x
Q VY[v], VY[®] agree near x

because they are local stable/unstable manifolds of x.

@ e%/Y(xp) ~ +direction of VS/V[W] at x
=direction of V/U[®] at x ~ €%/Y(yp)
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If (V))iez, (Pi)icz shadow the orbit of x
Q@ VS[V], V5[®] agree near x
Q VY[v], VY[®] agree near x

because they are local stable/unstable manifolds of x.

@ e%/Y(xp) ~ +direction of VS/V[W] at x
=direction of V/U[®] at x ~ €%/Y(yp)
® a(Xo) = £(€°(X0), €°(¥0)) ~ L(V°[V], VY[®])
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If (V))iez, (Pi)icz shadow the orbit of x
Q@ VS[V], V5[®] agree near x
Q VY[v], VY[®] agree near x

because they are local stable/unstable manifolds of x.

@ e%/Y(xp) ~ +direction of V/V[V] at x

=direction of V/U[®] at x ~ &%/Y(yp)
@ a(xo) = £(€°(x0), (Vo)) ~ L(VS[V], VV[®])

= £L(Vo[®], VY[®]) = a())
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Scaling parameters s(-), u(+)

1
2

s(x) = V2 (1 + 5 eZ"Xde;’eS(x)H?)
n=1

2

u(x) = V2 (1 s egnxudf;”e“(x)u?)
n=1

Proposition

If two regular gpos (\U,‘?fu’p"s),-ez, (\I!;!'u’q"s),-ez shadow the same
orbit, then

%)

E;:; Ugjg cle ¥ e¥forallic z.

%)
=
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Window parameters

we' S (wx Wyl )
x T \TXI—pu puj2s TXN[_ps ps)2

Proposition

If two regular gpos (\II’,?,’.' i )icz, (\Uﬁ;’ Bl )icz, shadow the same

orbit, then
i p? 3 3 .
== = E [e‘\@ eﬁ] forall i € Z.
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@ Q(x;) =maximal possible size of dom(Wy,)
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Informal reason why this is true

@ Q(x;) =maximal possible size of dom(Wy,)

u S
Piy1:Pj 11

T impll
o Wi — Wit implies
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Informal reason why this is true

@ Q(x;) =maximal possible size of dom(Wy,)

v ps uops
o WP wit P implies

o pl\y = min{epl, Q(xis1)}
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Informal reason why this is true

@ Q(x;) =maximal possible size of dom(Wy,)

v ps uops
o WP wit P implies

o pl\y = min{epl, Q(xis1)}
Y pls = min{eﬁpﬁrp Q(Xl)}
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Informal reason why this is true

Recall:

@ Q(x;) =maximal possible size of dom(V,,)
o WP WP implies
o pl\y = min{epl, Q(xis1)}
Y pls = min{eﬁp,-s+1, Q(Xl)}

Greedy algorithm!

p“/® are almost maximal subject to the following conditions:
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Informal reason why this is true

Recall:

@ Q(x;) =maximal possible size of dom(V,,)
o WP WP implies
o pl\y = min{epl, Q(xis1)}
Y pls = min{eﬁp,-s+1, Q(Xl)}

Greedy algorithm!

p“/® are almost maximal subject to the following conditions:
° 0<p//° < Qx;)
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Informal reason why this is true

Recall:

@ Q(x;) =maximal possible size of dom(V,,)
o WP WP implies
o pl\y = min{epl, Q(xis1)}
Y pls = min{eﬁp,-s+1, Q(Xl)}

Greedy algorithm!

p“/® are almost maximal subject to the following conditions:
° 0<p//° < Qx;)
® piiy/pj < €°
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Informal reason why this is true

Recall:

@ Q(x;) =maximal possible size of dom(V,,)
o WP WP implies
o pl\y = min{epl, Q(xis1)}
Y pls = min{eﬁp,-s+1, Q(Xl)}

Greedy algorithm!

p“/® are almost maximal subject to the following conditions:
° 0<p//° < Qx;)
® piiy/pj < €°
° pi/p; < €
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Formal statement

Definition
A regular half—gpo (V;),<o is almost maximal if for any

we have pY(Vy) > e~ %p“(cbo).
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Formal statement

Definition
A regular half—gpo (V;),<o is almost maximal if for any
@ regular gpo extension (V;);-z, and

we have pY(Vy) > e~ %p“(cbo).
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Formal statement

Definition

A regular half—gpo (V;),<o is almost maximal if for any
@ regular gpo extension (V;);-z, and
@ regular gpo (®;);cz which shadows the same orbit

we have pY(Vy) > e~ %p“(cbo).
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Proof that regular gpos are almost maximal

Suppose (V))jcz, (P))icz are regular gpos which shadow the
same orbit.

@ Q(x)/Qy,) € [e Ve, eV forall i
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Proof that regular gpos are almost maximal

Suppose (V))jcz, (P))icz are regular gpos which shadow the
same orbit.

@ Q(x)/Qy,) € [e Ve, eV forall i
Q@ pY = Q(xy) for infinitely many n < 0
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Proof that regular gpos are almost maximal

Suppose (V))jcz, (P))icz are regular gpos which shadow the
same orbit.

@ Q(x)/Qy,) € [e Ve, eV forall i
Q@ pY = Q(xy) for infinitely many n < 0
Q if p4 = Q(xn), then (V;),~, is almost maximal
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Proof that regular gpos are almost maximal

Suppose (V))jcz, (P))icz are regular gpos which shadow the
same orbit.

@ Q(x)/Qy,) € [e Ve, eV forall i
Q@ pY = Q(xy) for infinitely many n < 0
Q if p4 = Q(xn), then (V;),~, is almost maximal

Q if (V))i<, is almost maximal, then (V;);<, 1 is almost
maximal:
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Proof that regular gpos are almost maximal

Suppose (V))jcz, (P))icz are regular gpos which shadow the
same orbit.

@ Q(x)/Qy,) € [e Ve, eV forall i
Q@ pY = Q(xy) for infinitely many n < 0
Q if p4 = Q(xn), then (V;),~, is almost maximal

Q if (V))i<, is almost maximal, then (V;);<, 1 is almost
maximal:
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Proof that regular gpos are almost maximal

Suppose (V))jcz, (P))icz are regular gpos which shadow the
same orbit.

@ Q(x)/Qy,) € [e Ve, eV forall i

Q@ pY = Q(xy) for infinitely many n < 0

Q if p4 = Q(xn), then (V;),~, is almost maximal

Q if (V))i<, is almost maximal, then (V;);<, 1 is almost
maximal:

Gpy1 = min{e“qh, Q¥ns1)}
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Proof that regular gpos are almost maximal

Suppose (V))jcz, (P))icz are regular gpos which shadow the
same orbit.

@ Q(x)/Qy,) € [e Ve, eV forall i
Q@ pY = Q(xy) for infinitely many n < 0
Q if p4 = Q(xn), then (V;),~, is almost maximal

Q if (V))i<, is almost maximal, then (V;);<, 1 is almost
maximal:

. € . 3 3 €
alyq = min{eql, Qni1)} < min{ee VY, eVeQ(x, 1)}
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Proof that regular gpos are almost maximal

Suppose (V))jcz, (P))icz are regular gpos which shadow the
same orbit.

@ Q(x)/Qy,) € [e Ve, eV forall i

Q@ pi = Q(xy) for infinitely many n < 0

Q if p4 = Q(xn), then (V;),~, is almost maximal

Q if (V))i<, is almost maximal, then (V;);<, 1 is almost
maximal:

X e . < e .
Gy = min{e“qY, Qyni1)} < min{e“e Y pY, e ¥ Q(xy 1)} = e V7 min{etpt, Quiny1)}
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Proof that regular gpos are almost maximal

Suppose (V))jcz, (P))icz are regular gpos which shadow the
same orbit.

@ Q(x)/Qy,) € [e Ve, eV forall i

Q@ pi = Q(xy) for infinitely many n < 0

Q if p4 = Q(xn), then (V;),~, is almost maximal

Q if (V))i<, is almost maximal, then (V;);<, 1 is almost
maximal:

e ) - Ve . e
Gy = min{e“qY, Qyni1)} < min{e“e Y pY, e ¥ a0y 1)} = e V7 min{e ol Quin1)} = e VP, .
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Proof that regular gpos are almost maximal

Suppose (V))jcz, (P))icz are regular gpos which shadow the
same orbit.

@ Q(x)/Qy,) € [e Ve, eV forall i

Q@ pi = Q(xy) for infinitely many n < 0

Q if p4 = Q(xn), then (V;),~, is almost maximal

Q if (V))i<, is almost maximal, then (V;);<, 1 is almost
maximal:

e ) - Ve . e
Gy = min{e“qY, Qyni1)} < min{e“e Y pY, e ¥ a0y 1)} = e V7 min{e ol Quin1)} = e VP, .

lterating step 4, we get that (V;);< is almost maximal. O
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Summary

We have proved
Two regular gpos which shadow the same orbit have nearly the
same parameters at every coordinate.
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We have proved

Two regular gpos which shadow the same orbit have nearly the
same parameters at every coordinate.

Construction of a Markov partition

@ Discretize the set of double charts into a locally finite
sufficient countable collection A
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Summary

We have proved

Two regular gpos which shadow the same orbit have nearly the
same parameters at every coordinate.

Construction of a Markov partition
@ Discretize the set of double charts into a locally finite
sufficient countable collection A

@ Rectangles: Z(V) = {x : x is shadowed by a regular gpo
(Vi)iez s.t. Vo =V}
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Summary

We have proved

Two regular gpos which shadow the same orbit have nearly the
same parameters at every coordinate.

Construction of a Markov partition

@ Discretize the set of double charts into a locally finite
sufficient countable collection A

@ Rectangles: Z(V) = {x : x is shadowed by a regular gpo
(Vi)iez s.t. Vo =V}

© Inverse theorem: {Z(V) : ¥ € A} is locally finite
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Summary

We have proved

Two regular gpos which shadow the same orbit have nearly the
same parameters at every coordinate.

Construction of a Markov partition

@ Discretize the set of double charts into a locally finite
sufficient countable collection A

@ Rectangles: Z(V) = {x : x is shadowed by a regular gpo
(Vi)iez s.t. Wo = W}
© Inverse theorem: {Z(V) : ¥ € A} is locally finite

©Q Apply Bowen-Sinai refinement to obtain the Markov
partition
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Bowen Sinai Refinement
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