
Chebyshev 's Inequality
Recall Markov 's inequality : if f > o

,
e. p

> o
,
then

µ If > Ef s ÷ ffp
Suppose µ is a pnobabity measure , XELZ .

Set p
-

- 2
,

and

apply Markov 's inequality to f- Xl .
Pll Kl > e) s '
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This is Chebyshev 's inequality .

Alternative form : let ocx) -- tiara standard deviation
set e -- KNX) .
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what is it
, Really ?

Eg . Toss a fair coin n times .

S = { w = ( wi
,
-

→ Wn)
, wjt So, i } )

I = 2h IP {w} = 2-
n for all wish

.

Xj Cw) = wj
How many Heads come up ?
Sn = X ,

t Xz t -
- - t Xn

i.e
. Snl w) = EgWj
PlSn '- k) = In # { w : no

,
t - - - t work}

what about the proportion of Heads ?
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This concentration isn't really specific to Bmomlt , n) distributions .
It's because of the normalization Snln and

, crucially ,
Sn = X

,
+ Xzt - - - + Xn



The Weak Law of Large Numbers
heorem

.

Let Kali , be a sequence of L2
random variables on a probability space ,
that are pairwise uncorrelated :

Cov ( Xn .Xm) - e if htm
and all with the same mean and variance :

# Hnl = a
,
VarHnl = t Fn .

Let Sn '- X
,
t -

- - txn .

Then for any e > o
,

P l l Sf - al > e )
'

Pf
.

I

-



What kind of limit is this ?

fifa Pll Ssn - al ? e) -- o , tea .

It means Sna is asymptotically concentrated at a .

But does it mean E- → a a. s
. ?

Eg . Suppose Xi
,

X
,Xs , . . .

are coin tosses
,
with P Hn =D

.

- ta

Pl Hnl > e)

Does Xn→ o

"

as
.
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