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Sample space, events : The sample space is the set of all possible outcomes of the

experiment. We usually call it S. 
An event is any subset of sample space (i.e., any set of possible outcomes) - can consist of a single element

Eg 1 :If  toss a coin three times and record the result, the sample space is

S = {HHH,HHT,HTH,HTT,THH,THT,TTH,TTT},

where (for example) HTH means ‘heads on the first toss, then tails, then heads

Eg 2 : In tossing a die once, let the event A be the occurrence of an even number: i.e.,

A = f2; 4; 6g. If a 2 or 4 or 6 is obtained when the die is tossed, event A occurs..

Note :

1) The empty set is a subset, hence an event; called the impossible event

2) The entire sample space S is a subset, hence an event; called the certain event

Mutually exclusive events have no common outcomes, i.e. A and B are

mutually exclusive if A∩B = Ø.

Exhaustive events include all the basic outcomes. If A and B are

exhaustive, then AUB=S.

Definition of probability (Classical Probability) :

 Classical Definition : If an experiment has n equally likely outcomes,

And  m of them are favourable to (included in) event A, then the

probability of A is defined as

     P(A)  =  [image: image1.png]IS |3



, where 0≤P(A)≤1.

Axioms of Probability

Given a sample space S, we will assign probability values to events (subsets) which obey the following  axioms:

1. P(A)  ≥ 0 for every event A

2. P(S) = 1

3. If A1, A2, A3 … are mutually exclusive events,

Then  P(A1U A2UA3 …) = P(A1) + P(A2) + P(A3) … (addition rule) 

Note: When we assign probabilities to all of the subsets of a sample space, we create what is called a

probability measure on the space; behaves very similarly to area.

Theorem 1 : P(A') = 1 - P(A)

Proof:

             Since A UA' = S,    P(AU A') = P(S) = 1

             Since A∩ A' = Ø ,  Here A  and A' are mutually exclusive events 

            we can use the addition rule to get   P(A UA') = P(A) + P(A')

             Thus P(A) + P(A') = 1 or

             P(A') = 1 - P(A)

Theorem 2 : P(Ø) = 0

Proof:  Let S be sample space and Ø be an impossible event ,then 

           SUØ = S, so  P(SUØ ) = P(S) = 1 

· P(S) + P(Ø) = 1

· 1+ P(Ø) = 1

· P(Ø) =0

 Q1): A six-sided die is rolled twice. What is the probability that the sum of

       the numbers is at least 10?

 Sol : So the number of elements in the sample space is 62 = 36.

      To obtain a sum of 10 or more,

     The possibilities for the two numbers are 

        {(4,6),(5,5), (6,4), (5,6), (6,5) or (6,6)}. 

So the probability of the event = [image: image2.png]Favourable - no.ofevents
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 =  6/36  =  1/6.

Conditional Probability

Def:  If A & B are events, then P(A|B) denotes the conditional probability of A, given B.

and is defined as  P(A|B) = [image: image3.png]P(ANB)
P(B)



 ,where  P(A)  > 0

Similarly for    P (B|A) = [image: image4.png]P(ANB)
P(A)



 ,where  P(A)  > 0

· measures probability that A has occurred, given that we know B has occurred.

· in Venn diagram, since we know B has occurred, we know we're in the region for B, and we're essentially looking for the fraction of B's that are also A's. This is given by the "area" of the overlap divided by the "area" of B.
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Independent Events
Def: Two events A, B are independent if and only if P(A∩ B) = P(A) P(B).

called the Multiplication Rule for Independent Events

makes it easy to compute P(A∩ B) if know just P(A), P(B)

The conditional probability: P(A|B) = [image: image6.png]P(ANB)
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   for A and B independent,

                                               or P(A|B) = P(A).

· The fact that B has occurred doesn’t change the probability that A will occur

· Knowledge that B has occured doesn't give us any additional information as to whether or not A might also have occurred

· A and B are independent if they "don't affect one another"
General Multiplication Rule

If A, B independent, and know P(A) and P(B), easy to find P(A ∩B) from the definition of independence:

P(A∩ B) = P(A) P(B).

If A, B not independent, can’t find P(A∩ B) from just P(A) and P(B). But can always ue the definition of   conditional probability, as follows:

P(A|B) = [image: image8.png]P(ANB)
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or

P(A ∩B) = P(B) P(A|B)

thus we take the probability that B will occur times the modified probability for A, given that B has occurred.

