                                Chapter 5: Probability

Motivation : When repeated and independent trials are performed on a random phenomena, in the long run, the outcomes of those trials do show some regularity. The proportion of times a particular outcome occurs in the long run is the probability of that outcome. 

Eg: When a fair coin is tossed, apparently the outomes (heads or tails) are random. But, it is seen that in the long run i.e when the coin has been tossed a large number of times, the proportion of heads or tails is close to ½ . Moreover this “closeness” increases as the coin is tossed more and more. Infact, the probability of heads or tails in a fair coin toss is always     . Here each “trial” constitutes a single toss of the coin. 

Independent trials : Trials of a random phenomenon are independent if the outcome of any one trial is not affected by the outcome on the other. 
  Eg : Two (or more) successive tosses of a fair coin.

       Sample space and events

Sample space = S = {all possible outcomes of a statistical experiment or a random phenomenon}. 
Eg. In the coin tossing experiment, the sample space is S ={        ,        }. For a dice tossing experiment, S = {                        

                        } (since a dice has 6 sides)

An Event is any subset of the sample space (that may contain one or more or all or none of the elements of S). Eg : In the coin tossing experiment, the event that a tail would turn up would be denoted by E = {Tail}.  Obviously E is a subset S.

Impossible event = ( = { } 

Eg : Tomorrow the sun will rise in the North.

Definite event =                     

Eg : In a coin toss, I will get either Head or Tail
      Disjoint event : Two (or more) events are disjoint if   

      they have nothing in common.
      Eg : Event that the UF football team will win and   

      lose in the same game at the same time.

      Venn Diagram : 

        Probability of an event (A)
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 if the outcomes are equally likely and if the number of trials (n) conducted in the experiment is finite. 
Here f = number of times event A occurs out of n trials.
       Eg : If I toss a coin 11 times and head occurs 5 times,  

       then P(Head) = 
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= Long-run relative frequency
       Eg : If I throw a dice repeatedly, in the long run,     

       the proportion of times I will get a 6 will be 
       approximately  
       Note : Generally the outcomes are NOT equally likely.
       Eg : A coin or dice is rarely perfectly fair.
       Basic Rules of Probability

General Rule:  

           (i) For any event A, 0 ≤ P(A) ≤ 1.

          (ii) If S is the sample space, P(S) = 1.

         (iii) If E = {e1, e1, e3} is a particular event, then    

                P(E) = P(e1) + P(e2) + P(e3)

        Complementary rule : P(Ac) = 1 –  P(A)

        So, Ac  contains all the outcomes which are not in  A.
      Venn Diagram : 

        Conditional Probability: The probability of    

        observing an event given that (or conditional on)  

        another event has occurred 
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     Multiplication Rule of Probability
     By cross-multiplication of the above expressions, we can  

     easily show the following equalities:
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Independence : Two events A and B are said to be independent if whether or not A occurs doesn’t depend on whether or not B occurs. 
Eg : Whether I go to Walmart today and another UF student (whom I donot know) goes to Walmart today.
If A and B are independent then the following four statements are equivalent :      
· A and B are independent events

· P(A and B) = P(A) × P(B)

· P(A | B) = P(A)

· P(B | A) = P(B)

        They are equivalent because :

· If one of the above is true, then all are true

· If one of the above is false, then all are false.
Addition Rule of Probability
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    Ex  :    P (I get a 6 in one throw of a dice)

            = 1 -  P(I donot get a 6 in a throw of a dice)

            = 1 – P(I get a 1 or 2 or 3 or 4 or 5 in a throw of  

               a dice)

            = 1 – P (1) - P(2) - P(3) - P(4) - P(5) since the  

            events of getting 1, 2, 3, 4 or 5 in a throw of a  

            dice are independent and also disjoint. 

            (I cannot get a 2 and 3 together in a throw).

                          = 1 – 1/6 - 1/6 – 1/6 – 1/6 – 1/6

                          =  1 – 5/6

                          =  1/6

 Ex :   Let  A : event that you come to class today. 

           Let P(A) = 0.8

           B : event that you come to class tomorrow

           Let A and B are NOT independent

           Let P (you come to class both days) 
              = P(A and B) =  0.6.

          Then, P (B | A) = 
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