CHAPTER 7.1. 





Handout #7-1.

PROBABILITY: ODDS

Probability as a general concept can be defined as the chance of an event occurring. In addition to being used in games of chance, probability is widely used in the fields of insurance, investments, weather forecasting, and in numerous other areas.

Basic Concepts

· A probability experiment is a chance process like: tossing a coin, drawing a card, rolling a die.

· An outcome is the result of an experiment.

Tossing a coin has 2 possible outcomes, that have equal chance of occurring.. We say: outcomes are equally likely.

· Probability is defined as the chance of an event occurring.

If all the outcomes are equally likely, the probability will be defined by: 

   
# of successes)
       k

P(E) =   -------------------------------- = -----


     Total # of outcomes       n

The probability of event E equals the # of outcomes favorable to E divided by the total # of outcomes.

Example 7-1. Roll a dice: 6 possible outcomes in total. Find the number of favorable outcomes for the next situations.

a) getting 6: 

{1} - one

b) getting odd: 

{1,3,5} – three

c) getting number ≠ 6: 
{1, 2, 3, 4, 5} – five

· A sample space is the set of all possible outcomes of a probability experiment.

In example 7-1 sample space is: S = {1, 2, 3, 4, 5, 6}

The sample space for tossing coin: S = {heads, tails}

· A sample point is an element of the sample space.

· An event is a subset of the sample space (may consist of several sample points).

Each sample point is assigned certain probability weight so that the sum of the probabilities in the sample space = 1.

For example 7-1 each element of the sample space has probability weight = 1/6, or

the probability of each element in a sample space with n elements:



 1
 1

          ------ =  ----



n(S)
 n

If an event E can occur in k ways out of n equally likely ways, its probability is:


  n(E)
   k

P(E) =  ------ =  ----



  n(S)
   n

Event E contains k elements of sample space S: n(E) =k, and represents the subset of S:

Back to example 7-1.

a) k =1, n = 6, P(E) = 1/6

b) k = 3, n = 6, P(E) = 3/6 = ½

c) k = 5, n = 6, P(E) = 5/6

Example 7-2. A coin is tossed 2 times.

a) Construct an equiprobable sample space for the experiment.

b) Find the probability of obtaining 0 heads.

c) Find the probability of obtaining 1 head.

a) A sample space in which each outcome is equally likely is:

{HH, HT, TH, TT}.

b) 4 possible outcomes: n(S) = 4. One favorable outcome: E =  {TT} (event ‘no heads’). n(E) = 1.


  

n(E)
   1

P(0 heads)  =  ------ =  ----



  
n(S)
   4

c) Two favorable outcomes: event F =  {HT, TH}:



  
n(F)
  2

P(1 head)  =  ------ =  ---- = 1/2


  

n(S)
  4

Probability Rules

1.
The probability of an event E is a number (either a fraction or decimal) between 0 and 1:

 








0  ≤  P(E)  ≥  1

3.   If an event E is certain, then the probability of E is 1: 


P(E) = 1.

2.
If an event E cannot occur,  the probability is zero: 


P(E) = 0.

4. The sum of the probabilities of all the outcomes in the sample space is 1: ΣP(E) = 1.
ODDS

We often hear a word ‘odds’ in common life. It sound like probability, but not exactly.

Odds are just an alternative way of expressing the likelihood of an event such as catching the flu. 

Probability is the expected # of flu patients divided by the total number of patients. 

Odds is the number of flu patients divided by the number of non-flu patients.

Example 7-3. During the flu season, you may see 10 patients in a day. One would have the flu and the other nine would have something else. 

The probability of the flu in your patient pool would be 1/10. 

The odds would be 1/9 (one to nine).
It's easy to convert a probability into an odds. Simply take the probability and divide it by one minus the probability:




P(E)

Odds in favor of E = ---------



          1 – P(E)




      1 – P(E)

Odds against E =  -----------



         P(E)
In the example 7-3 we have odds in favor 9 to1, and the odds against is 1 to 9. Notice, that odds in favor and against are reverse numbers. In general, if the odds in favor of an event E are a : b, the probability of the event E will be:


     a

P(E) =  --------


  a + b

EMPIRICAL PROBABILITY

Up to this point we discussed classical or theoretical probability. 
Empirical probability relies on actual experience to determine the likelihood of outcomes.

Example 7-4. In the probability experiment a die was rolled 6000 times. Number ‘6’ came up 985 times. What is the probability of getting 6?

Formula for empirical probability:



  # of occurrences of the event

P(E) =  ----------------------------------


          

Total # of observations

We know that theoretical probability of getting 6 is 1/6 or 0.1667.

Empirical probability P(6) = 985/6000 = 0.1642.

It is close to theoretical value, 1/6, but not equal. The larger the # of observations, the closer are these two probabilities.
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