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the proof of the Uniform law of large Numbers is based on:
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orizationandareremors
*

E(x.
- (X,)1 = 2E155x:

h)(2x, - (2Xi = xzx - *x(zX)
where X are independent copies of X:

- Ex(*x(z(xi -xi)))=xx12-

-

Fensen ineg. 5:(x: -X) by symmetry:
xi -xdx - xi

=Falz-xi)) = #15aXi +E12ax:
11 ↑

same distr.p# 2sixi + EaX:

=>IE1 22,xi). QED.

#LIN1 stated in (ec. 3E).

#suphEf(x) -Ef(x)) = tEsE(f(x) - Ef(xi))
E 2. Esup1Edif(x:)) by a version of Symmetrization Lemma

feT CD1Y)

"Rademacher"complexity" ofF
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· Condition on ru's X: (treat them as fixed #'s). Randomness remains in 20

&

Use Roeffoling inequality (Les L: Vf - F,

***at3<Ceptai) =2xxp(-).ai<0.13 (Boolean class

· iction: sup 19f(x:)) is determined by the

faF ↑

values of fE on the samplex, ..., X- only.
=>we can replace the class F by its restriction

F: =[ f(ax,,..., xn3: f(5},

· Saver-Shelah Lamma E
#

E() =(en)
*

where d= vc (F)

·

oasound(xi)(zt3 (5.1. 2exp)- itS faF
--

= 2exp(dloglen) -E
I =2exp)- E) *t=10gr =: to

· Integralentity:
to

Ez = J(zx+3d+=S It3df +jBSEstId
N

I

-to + [2exp)-E)d+ 1 2t QED.
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#mple(a):half-lines F= (1(-0,a):a+13.vc(5) =1.
-

FfEF:

Ef(x) = (X = ab =: F(a), the cumulative distribution function (DE) ofX

↓Ef(x) =F
ab

=: Eld), the empirical CDF of X.

=>ULLN yield) #sup(En(a) - FC,T crga, i.e.

·

hoCanteNithumFrandomvariablex,the CIFrese
EllFr-Flyzc

All quantiles of X

#aFn(x)
can be estimated

from one sample Xx..., Xn.
Xi

#
mple (b): oxis-aligned rectangles F=h11: R

=(a,b)x(.d33
-

r(t)=4

let X-Unif10,1)"5
ULCN

#f(x) = Area (R); hEf(x) = FEIR? =
↑ I

↑

& ↑
I

· ↑
↑

&lEsupliERS-Area(r)! =cg - ~

-
&

&
↑

↑ -1 &
~ W

- - I↑ discrepancy
&

&

N -

uniformly over all rectangles Like in les.

ple(c): A similar result holds for other shapes:
triangles, circles, ellipses, etc. Since vc(f) <0.
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BOMACKINELEARNING

· Recall ERM from 1.35: We want to predicty from X

#sk Hesterior); R(h): - El(h(x), Y),
ht= argin

R(c).

=ealrisk: Rn (h):= h1e(a(x)), ), h:= arguete R(h)
straining error

· Generalization bound:

in (ht) = M(ex) +

LasseaaSRCYS-lecerONR
=

mnalizationsoundsinrecovered
-

generalization error

I generalized well from a sample of size

o()
*ark: Logn can

be removed (see my book)
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