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Specifying Random Experiments
Examples of random experiments: tossing a coin,
rolling a dice, the lifetime of a harddisk.

Sample space: the set of all possible outcomes of a
random experiment.

Sample point: an element of the sample space

Examples:

Event: a subset of a sample space
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The Axioms of Probability
A probability measure is a set function that
satisfies the following axioms.
1.
2.
3. If , then
4. If 1 2 are events s.t i j for all
then

�
1
k= 1 k

� P 1
k= 1 k

Corollary 1: c

Corollary 2:

Corollary 3:
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The Axioms of Probability
Corollary 4: If 1 n are mutually exclusive, i.e.
i j , then n

k= 1 k
P n
k= 1 k

Corollary 5:

A B

A B

Union bound:
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Counting Sample Points
Permutation: distinct objects, how many ways can
we arrange them?

Selection with order: select objects from
objects

n k

Combination (selection without order): select
objects from objects

n
k

� �
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Counting Sample Points
Example: choose a president and a treasurer from
students
1. no restrictions
2. A will serve only if he is president
3. B & C will serve together or not at all
4. D & E will not serve together
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Conditional Probability
The conditional prob. of given has occurred is
defined by :

Similarly,

So
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Bayes’ Rule
If 1 n are mutually exclusive and i we
call these sets a partition of

Theorem of total probability
For any event , if 1 n is a partition of

P(A) = P(A B1) + P(A B2) + + P(A Bn)

= P(A B1)P(B1) + P(A B2)P(B2) + + P(A Bn)P(Bn)

Bayes’ Rule
Let 1 n be a partition of , and , then

j
j j jP n

k= 1 k k
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Bayes’ Rule
Example: binary communication system

X Y

"

"

"

"

"

1. Find
2. Find and
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Bayes’ Rule
Solution: let be event , 0 be , 1 be

0 0 1 1

0
0

1 1

Similarly:
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Bayes’ Rule
If we decide

i.e., if

we decide

Similarly, if , we decide

A special case: if and then

we decide
we decide
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Bayes’ Rule
Example: of people have on type of blood
disease. If a person has the disease and take a
blood test, with probability, the result is positive
and with probability, the result is negtive. If a
person without the disease takes a blood test, then

negative and positive. Find

have disease positive
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Bayes’ Rule
Solution: Let
: a person has the disease 0: no disease
: blood test positive 0: blood test negative

Then and
0

0 0 0

Apply Bayes Rule:
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Bayes’ Rule
We can also use tree diagram.

: : : D B

: : : D B0

: : : D0 B

: : : D0 B0
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Bayes’ Rule
How to find
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Independence of Events
and are independent iff

If and are independent

Similarly
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Independence of Events
Events 1 2 n are independent if

i 1 i 2 i k i 1 i 2 i k

where 1 2 k

A special case 1 n
Q n
i= 1 n

In general if events are not necessarily independent

1 2 n 1 2 1 3 1 2

n 1 n�1
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