
Inequalities

Markov Inequality: let X : 
! f0;1;2; : : : ; g

be a random variable. For any t � 1

P(X � t) �

E(X)

t

:

Proof
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In parti
ular, if t = 1 then

P(X 6= 0) � E(X):
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m distinguishable balls, n boxes

Z = number of empty boxes.

m � (1 + �)n log

e

n:

E(Z) = n
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So

P(9 an empty box) � n

��

:
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Varian
e:

Z : 
! R and E(Z) = �.

Var(Z) = E((Z � �)

2

)

= E(Z

2

� 2�Z + �

2

)

= E(Z

2

)� E(2�Z) + E(�

2

)

= E(Z

2

)� 2�E(Z) + �

2

= E(Z

2

)� �

2

:

Ex. Two Di
e. Z(x
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Binomial: Z = B

n;p

, � = np.

Var(B
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Cheby
he� Inequality

Now let � =

q

Var(Z).

P(jZ � �j � t�) = P((Z � �)
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(1) 
omes from the Markov inequality applied

to the random variable (Z � �)

2

.

Ba
k to Binomial: � =

q

np(1� p).
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t
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[Law of large numbers.℄
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