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| Theorem 1. Let M be a compact manifold of dimension m. For pairs (qo,y), QD:M - M |

| 2 smooth diffeomorphism and y:M = R a smooth function, it is a generic property that

2m+1
th L% ‘M - IR , defined b
| the map ©, 9) y

|
I

B, ) = 700, 5OC), ... (@)

(Takens, 1981) i

is an embedding; by ° smooth we mean at least C
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Theorem 2.5 (Fractal Delay Embedding Prevalence Theorem). Let
@ be a flow on an open subset U of R¥, and let 4 be a compact subset of
U of box-counting dimension d. Let »>2d be an integer, and let 7> 0.
Assume that A contains at most a finite number of equilibria, no periodic
orbits of @ of period T or 27, at most finitely many periodic orbits of B4
period 37T, 47T,.., nT, and that the linearizations of those periodic orbits N,
have distinct eigenvalues. Then for almost every smooth function 4 on U, |
the delay coordinate map F(h, @, T): U — R" 1s:

| 1. One-to-one on A.
2. An immersion on each compact subset C of a smooth manifold

~ contained in 4. - ,
S s (Sauer, Yorke & Casdagli, 1991) Slide: 03/11
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Recons’rruchon Tlme Delay 1‘
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Prescription for choosing delay:
look for either first zero of linear auto-correlation,

Cr=mo1le) o) Jloglis 71— (011

or,
first minimum of the average mutual information,

Y. Pl e a1

-[T
b1 (1)1 (t—7) P(o1(t))P(o1(t — 7))

Fraser & Swinney, 1986
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Embeddlng delay estlmatlon for Rossler attractor
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Reconsfrucflon AFNN (Cao, 1997) 1'
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‘Scalarhme serles and delay-reconsfruc’red vector: | |
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| (a) Power spectrum (3 = 1.95) and (b) R/S analysis [
for real space Velomty u, (H = 0. 34) |



Ra = 103

E1 and E2 curves. (a) uw-.. (b) Fourier (1, 1) (c)
\Fouller (1 3) (d) Fourier (1 5)
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" Reversal Tlme Serues AFNN
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F1 and F2 curves. (a) u. for Ra = 659.0 (b) w. for
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" We can classncy random reversals in ’rwo classes l
|

‘(l) low-dimensional reversals, &
(||) s’rochashc reversals

e S—
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Seekmg Low Dlmenswnall’ry
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Conclusuons |
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@® There are two kinds of random reversals.

@ Models should be constructed with Ra of
convection in mind.

@® Need to be careful with conclusions drawn
from attractor reconstruction method.

...Thanks for your presence and patience!
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