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Probability & Counting 

Recall that the formula for calculating the probability of an event, A, is: 

 ( )  
                        

                         
 

It is often necessary to count the number of ways an event can occur in order to calculate the 

probability.  To do this correctly, we need to use the counting rules. 

 

Rule 1.  Fundamental Counting Rule 

In a sequence of n events in which the first event has k1 possibilities, the second has k2 possibilities, and 

so forth until the nth one has kn possibilities, the total number of possibilities of this sequence of events 

is found by multiplying: 

             

When using the fundamental counting rule, it is important to know if repetition is allowed.   

Example:  How many different 4-digit numbers can be formed using only the numerals 1, 2, 3 and 4? 

Solution:  This can be viewed as a sequence of 4 events, where the first event is the first digit of the 

four-digit number, the second event is the second digit, and so on. 

So, we can use the fundamental counting rule to multiply the number of possible ways each 

event can occur. 

In order to count them, we must know if a digit can be used more than once. 

 

1) Repetitions are allowed 

     With repetitions allowed, each event has four possibilities: 1, 2, 3 or 4 

      So, to find the number of possibilities of the four events in sequence, we multiply: 

                                    

      There are 256 different numbers that can be made using only the numerals 1, 2, 3 and 4. 

      This allows for the same digit to be repeated, for example, 1223, or 4444. 

 

2) Repetitions are NOT allowed 

     With no repetitions allowed, the possibilities change as we use numerals. 

     The first digit has four possibilities.  The second digit cannot reuse the first digit, so no  

     matter what the first digit is, there will only be three possibilities.  Then, the third digit will  

     only have two possibilities, and the last digit has only one possibility. 

     So, to find the number of possibilities of the four events in sequence, we multiply: 

                                   

      There are 24 different numbers that can be made using only the numerals 1, 2, 3 and 4 

      without any digit repeating. 

       



Factorial 

Notice in the last example the numbers were multiplying a sequence of whole numbers decreasing by 

one each time.  This is an example of a factorial function. 

Factorial is defined as: 
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Example:               

 

Permutations – Order Matters! 

A permutation is an arrangement of n objects (could be numbers) in a specific order. 

Example 1:  Arrange all the objects. 

A young child took all my 8 Harry Potter series DVDs off the shelf.  How many ways can the DVDs 

be put back on the shelf (in order left to right)? 

Note that repetitions don’t make sense here. There are 8 choices for the first one, seven for the 

next, and so forth, leaving only one DVD left for the last position.   

So, the possible arrangements are given by                              (wow!) 

(So, it is NOT very likely that the ONE correct arrangement will be used accidentally!) 

 Example 2:  Arrange some of the objects. 

Suppose there are 25 players on a softball team, and suppose that any player can play any 

position.  How many ways can you create a batting order of 10 players for a starting lineup?  

Note that repetitions don’t make sense here.  But there are more players than positions, so it is 

not permuting all 25 players. 

Instead, there are 25 possibilities for the batting first, then 24 for batting second, etc. 

So, the possible arrangements are given by  

                                                

REALLY wow!  Notice that the counting gets big fast.  This is one of the reasons why counting 

can be surprising – we generally don’t have a good intuitive sense of counting. 

Notice that we cannot use the factorial function for the last example, since it does not go all the 

way down to 1. This is inconvenient, because it takes time to multiply all those numbers.  But we 

can be clever about it!  

 

 



Notice what happens when we write it out this way: 

 

   

   
  

 
                                                                 

                                   
 

 

By canceling common factors, we get the original expression.  This leads to the… 

Rule 2. Permutation Rule 

Permutations of n objects in a specific order, taken r objects at a time is given by 
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What about counting when order doesn’t matter? 

Combinations – Order Doesn’t Matter! 

Suppose you have 11 players on a basketball team, and suppose any of them can play any position.  How 

many different groups of 5 starting players can you choose?  Note that in this example, the order does 

not matter – you just want to choose five players of the 11. 

If we use the permutation rule, then we would have the same groups of 5 repeated in the different 

arrangements.  In fact, we would count the groups exactly 5! too many times!  So, the formula divides 

by these to eliminate the double-counting: 

Rule 3. Combination Rule 

Combinations of n objects, taken r objects at a time is given by 
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So for our basketball example we could create  
   

    
 
              

            
 
           

         
      different starting 

teams! 

Do Page 232 – Applying the Concepts 4-4 

Do problems 1-59 odd on pages 233-235 


