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Two Very Cool inequalities with very Russian names.

Markov'’s Inequality

If X is a random variable that takes only nonnegative values, the for any value a > 0:

EX
P(X>a)< —.
a
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Two Very Cool inequalities with very Russian names.

Markov'’s Inequality

If X is a random variable that takes only nonnegative values, the for any value a > 0:

EX
P(X>a)< —.
a

Proof: We will give a proof for continuous case only (the discrete case is very similar).
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Two Very Cool inequalities with very Russian names.

Markov'’s Inequality

If X is a random variable that takes only nonnegative values, the for any value a > 0:

EX
P(X>a)< —.
a

Proof: We will give a proof for continuous case only (the discrete case is very similar).
Note that if f(x) is the density of X then f(x) =0 for x < 0 (our random variable
takes only non-negative values!) thus
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Two Very Cool inequalities with very Russian names.

Markov'’s Inequality

If X is a random variable that takes only nonnegative values, the for any value a > 0:

EX
P(X>a)< —.
a

Proof: We will give a proof for continuous case only (the discrete case is very similar).
Note that if f(x) is the density of X then f(x) =0 for x < 0 (our random variable
takes only non-negative values!) thus

IE]X:/OO xf(X)dx=/OOXf(X)dXZ/aXf(X)dX‘f‘/OOXf(X)dX
—o00 0 0 a
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Two Very Cool inequalities with very Russian names.

Markov'’s Inequality

If X is a random variable that takes only nonnegative values, the for any value a > 0:

EX
P(X>a)< —.
a

Proof: We will give a proof for continuous case only (the discrete case is very similar).
Note that if f(x) is the density of X then f(x) =0 for x < 0 (our random variable
takes only non-negative values!) thus

IE]X:/OO xf(X)dx=/OOXf(X)dXZ/aXf(X)dX‘f‘/OOXf(X)dX
—o00 0 0 a

now we use that x >0 (and as always density also non-negative!)

> /ooxf(x)dx
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Two Very Cool inequalities with very Russian names.

Markov'’s Inequality

If X is a random variable that takes only nonnegative values, the for any value a > 0:

EX
P(X>a)< —.
a

Proof: We will give a proof for continuous case only (the discrete case is very similar).
Note that if f(x) is the density of X then f(x) =0 for x < 0 (our random variable
takes only non-negative values!) thus

IE]X:/OO xf(X)dx=/OOXf(X)dXZ/aXf(X)dX‘f‘/OOXf(X)dX
—o00 0 0 a

now we use that x >0 (and as always density also non-negative!)

> /ooxf(x)dx

next we notice that we integrate over the interval [a,00) so on this interval x > a:

> /°° af(x)dx:a/oo f(x)dx = aP(X > a).
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Two Very Coool inequalities with very Russian names.

Chebyshev's onequality

If X is a random variable with mean EX = p and variance o2, then for all k > 0:

2
(o
P(|X—M|Zk)§ﬁ4
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Two Very Coool inequalities with very Russian names.

Chebyshev's onequality

If X is a random variable with mean EX = p and variance o2, then for all k > 0:

2
(o
P(|X—M|Zk)§ﬁ4

Proof: this is just a corollary of Markov's inequality!
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Two Very Coool inequalities with very Russian names.

Chebyshev's onequality

If X is a random variable with mean EX = p and variance o2, then for all k > 0:

2
g
P(|X—/J'|Zk)§ﬁ4

Proof: this is just a corollary of Markov's inequality! Indeed, since (X —p)? is
nonnegative random variable, we can apply Markov's inequality (with a = k?) to
obtain:
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Two Very Coool inequalities with very Russian names.

Chebyshev's onequality

If X is a random variable with mean EX = p and variance o2, then for all k > 0:

2
g
P(|X—/J'|Zk)§ﬁ4

Proof: this is just a corollary of Markov's inequality! Indeed, since (X —p)? is
nonnegative random variable, we can apply Markov's inequality (with a = k?) to
obtain:

E(X —p)?

PIX—p)? 2 k) < == 35—,
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Two Very Coool inequalities with very Russian names.

Chebyshev's onequality

If X is a random variable with mean EX = p and variance o2, then for all k > 0:

2
g
P(|X—/J'|Zk)§ﬁ4

Proof: this is just a corollary of Markov's inequality! Indeed, since (X —p)? is
nonnegative random variable, we can apply Markov's inequality (with a = k?) to
obtain:
E(X —p)?

k2
but we know that (X — u)? > k2 if and only if | X — u| > k (k is a positive number!)

P((X —p)* > k) <
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Two Very Coool inequalities with very Russian names.

Chebyshev's onequality

If X is a random variable with mean EX = p and variance o2, then for all k > 0:

2
g
P(|X—/J'|Zk)§ﬁ4

Proof: this is just a corollary of Markov's inequality! Indeed, since (X —p)? is
nonnegative random variable, we can apply Markov's inequality (with a = k?) to

obtain: ( 2
E(X—pn
P(X—p)2 2 ) < =1
but we know that (X — u)? > k2 if and only if | X — u| > k (k is a positive number!)
and thus

2
g
POX—pl 2 ) < 7.
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The importance of Markov's and Chebyshev's inequalities is that they enable us to
give bound to probabilities when only the mean, or the mean and the variance are
known!!
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The importance of Markov's and Chebyshev's inequalities is that they enable us to
give bound to probabilities when only the mean, or the mean and the variance are
known!! (clearly, we can give a much better estimate if we know the actual
distribution, BUT the point is that we quite often have no idea about it).
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The importance of Markov's and Chebyshev's inequalities is that they enable us to
give bound to probabilities when only the mean, or the mean and the variance are
known!! (clearly, we can give a much better estimate if we know the actual
distribution, BUT the point is that we quite often have no idea about it).

Suppose we know that the number of items produced in a factory during a week is a random
variable with mean 500.
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The importance of Markov's and Chebyshev's inequalities is that they enable us to
give bound to probabilities when only the mean, or the mean and the variance are
known!! (clearly, we can give a much better estimate if we know the actual
distribution, BUT the point is that we quite often have no idea about it).

Suppose we know that the number of items produced in a factory during a week is a random
variable with mean 500.

@ What can be said about the probability that this week's production will be at least 10007
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The importance of Markov's and Chebyshev's inequalities is that they enable us to
give bound to probabilities when only the mean, or the mean and the variance are
known!! (clearly, we can give a much better estimate if we know the actual
distribution, BUT the point is that we quite often have no idea about it).

Suppose we know that the number of items produced in a factory during a week is a random
variable with mean 500.

@ What can be said about the probability that this week's production will be at least 10007

@ If the variance of a week’s production is known to be equal 100, then what can be said about
the probability that this week's production will be between 400 and 6007
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The importance of Markov's and Chebyshev's inequalities is that they enable us to
give bound to probabilities when only the mean, or the mean and the variance are
known!! (clearly, we can give a much better estimate if we know the actual
distribution, BUT the point is that we quite often have no idea about it).

Suppose we know that the number of items produced in a factory during a week is a random
variable with mean 500.

@ What can be said about the probability that this week's production will be at least 10007

@ If the variance of a week’s production is known to be equal 100, then what can be said about
the probability that this week's production will be between 400 and 6007

Solution: Let X be the number of items that will be produced in a week,
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The importance of Markov's and Chebyshev's inequalities is that they enable us to
give bound to probabilities when only the mean, or the mean and the variance are
known!! (clearly, we can give a much better estimate if we know the actual
distribution, BUT the point is that we quite often have no idea about it).

Suppose we know that the number of items produced in a factory during a week is a random
variable with mean 500.

@ What can be said about the probability that this week's production will be at least 10007

@ If the variance of a week’s production is known to be equal 100, then what can be said about
the probability that this week's production will be between 400 and 6007

Solution: Let X be the number of items that will be produced in a week, then to answer the first
question we will use Markov's inequality:
EX 500 1

P(X >1000) < —— = —— = =,
1000 1000 2
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The importance of Markov's and Chebyshev's inequalities is that they enable us to
give bound to probabilities when only the mean, or the mean and the variance are
known!! (clearly, we can give a much better estimate if we know the actual
distribution, BUT the point is that we quite often have no idea about it).

Suppose we know that the number of items produced in a factory during a week is a random
variable with mean 500.

@ What can be said about the probability that this week's production will be at least 10007
@ If the variance of a week’s production is known to be equal 100, then what can be said about
the probability that this week's production will be between 400 and 6007

Solution: Let X be the number of items that will be produced in a week, then to answer the first
question we will use Markov's inequality:
EX 500 1
P(X >1000) < — = —— = —.
1000 1000 2
And the second question can be answered by Chebyshev’s inequality, notice that a € (400, 600) is
equivalent to |a—500| < 100:
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known!! (clearly, we can give a much better estimate if we know the actual
distribution, BUT the point is that we quite often have no idea about it).

Suppose we know that the number of items produced in a factory during a week is a random
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known!! (clearly, we can give a much better estimate if we know the actual
distribution, BUT the point is that we quite often have no idea about it).

Suppose we know that the number of items produced in a factory during a week is a random
variable with mean 500.

@ What can be said about the probability that this week's production will be at least 10007

@ If the variance of a week’s production is known to be equal 100, then what can be said about
the probability that this week's production will be between 400 and 6007
Solution: Let X be the number of items that will be produced in a week, then to answer the first
question we will use Markov's inequality:

EX 500 1
P(X >1000) < — = —— = —.
1000 1000 2
And the second question can be answered by Chebyshev’s inequality, notice that a € (400, 600) is
equivalent to |a—500| < 100:
o? 1

(100)2 ~ 100"

P(|X —500| > 100) <

Hence,

1
P(|X —500| < 100) = 1~ P(]X —500| > 100) > 1 — == = .99.
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