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Suppose X1, ..., Xn are independent RV's

with X
:
>[ai

, bi] for Kin

let X = X
,

+ re + Xn .

The

Hoeffling & Pr(X = #(x] + X -> ex)-bi-ai))
fr(X = #(x) - 7) - exp)- ais)

Comparing the
power

of Chemo and

teefing : suppose a fair coin is

tossedn times. What is

probab of getting less than 1)on heads?

Xy it tose is heads

CHERNOFF : tails

X=X, +.. +N
= I heads

#X = A

ir( < (E) on heads)= P. (X< (1-2) · ((x])
< exp)- ((x)) = exp))

Howe P(s(en hads) = Pr(x >(x]-&
ai

= 0

bi =1 < exp)-2) =exp()= exp)-)



Summary, Chemoff and thoeding deliver

similar results but :

(a) Hoeffing usually has better constant factor

(b) Hoeding can be applied when

variables may
be negative or positive

(c) Cheraff gives good bounds as long
as E[X] is large,

doesn't

care how
many

variables there are

(sketch]ofHoeffcing. Very similar to Chernof

If X = E(X] + 1 then ? eth
use Markor inequality on

this event

to show it is unlikely.

That means we need to bound MH= let*]
or equivalently KxlH = en My(t).

kx(t) =(x
,

() + kx(t) + --+ kx(t).

ding'sLemma- If Xi is supported on (ai
,
bi)

then Kxilt) exp[-(b ).
Proof details inenlive lature notes



APPLICATION- 1. Generalization error of ERM,

Givenn random samples Zi
,
Z2

, ....
En

drawn from distribution & on set E.

Given hypotheses [4 = [h, ..., hm3
Given loss function ( : /xZ-10,

1.

L(h, z) = "how badly does hypoth h

fail to explain data point z? "

ERalgorithm: select19 to minimize

the empirical average bes

20 (2= L(h
, zi)

What you really want to minimize is

S
Suppose It is a decision problem.

Xx T(x) = 40
, 13 . running in time)

Suppose It is a randomized algorithm with

random bitsU+So
,
is sti

W Pr (A(,
+ = π(x)) = 2/

.



We
say

TTEBPO and it is a (polyntime
randomized decision procedure for It.

Boosting confidence : run of on

independent coin toss sequences --- Im

and take majority vote.

XST0
Dain. If m > 18h(Ys) and we

take MAT( A(X,Y)
,

AGE)
, ...,

A(x
,in)

then fr)MAT # TT()). S.

&.

Lt Xi = 27 Ar=
Vi E(xi) > 43

.

But if MATFTW) it means

X
,

+ - + Xm =

#(X , ~Xm] > 2m/z.

P(X - EX-))exp)- 2
= ep(- me))

< S




