
LECTURE 3
-

·Application of Approximate Caratherdory Theorem for

COVERING NUMBERS

inumertoactasaneee
↳ N(T,z) =6
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·Covering numbers is a measure of complexity of the
·suffer from thecurse of high dimensionality:

Fuideanball Eaenor !

Roof Assume i can
be covered byN copies of

aball of radius a,
which we devote a

Comparing the
volumes gives

-B
Vor (B) -N.V o

"Vol(B)
=>NI n. RED.
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· Generally, covering is areexinthe dimension,

(e.g. for cube) But not always:
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Polytopes with fewvertices have small covering
numbers:

& Sazatozpannuku"

polyteinthe withmurtices, Patriciaare
Dimension-free. *Polynomial in #vertices

Proofis based on a version of Approximate Caratheodory tum (HW2):

*Set TCB, Fxzcour(T) XkeN = e, ..., KET:

(x) 12-i,sill,i
⑤

-ofTMI I
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· Pccon(t) where t=dvertices
of PCB.

⑧ i
⑧

· A.C.T(*) ->
↳

5

XxeP <comCT) is within distance in B

from some point
in the set

N ==4 imi :x , -T)

=>Frep is covered by a ball of radius
and centerN.

=>NCP,

)
=Ysrl 1 m

#ways tochoose elements siI

from the setof meements,I with repetition C
choosek:n =-( k=

I C - &D⑧ E2
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Application:polytopes with few vertices have
exponentially small volume:

Penwin,
reite reI

-
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⑳or By def. of covering numbers, I can be covered

by NCP, 2) copice of a ball of radius s, denoted aB.

comparing the
volumes yields

VoC(P) =NIP,2). Vot (SB).
I

Ng
· By (*) p. 3, we have

-

it

mpceymesial
mement

· By volume scaling,
amarvace

Substitute ->

= mit" *E>0.

· Minimize RUS in s =>QED. C
T

=>optimal e=tosm
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① Car-Pajor] proved a slightly starper found(C)
-

② It is sist,
attained by awlyppe 8

⑳&

P =znvEx, ..,kn I

where xi-indep, randomptson
the unitsphere.

8.

(Dafnis-Giannopoulos-Tsolomitis' 2003, 2009]
&

③ "Hyperintuitiontags: I
for :=e, tinyall! Rapperbere

vol(P) 1 8"Voe(B)
=voe(SB).

& B

Thethe picture "actually" looks like this,
·rtigeeven though itviolates convexity.

V.Milman's "hyperbolic intuition"
↓

⑭ A"Glider"experiment:
·Arandom walk will stay in the "core",

will not find the "tentacles".

· Thespider can'ttell thepolytope from the ball .

· Bad for algorithms (MCMC)
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