Counting
1, 2, 3, 4, 5, 6, 7, 8, 9. …

Example 1: A UPS delivery man in New York, has to go to Washington DC via Philadelphia. If there are 4 routes he can drive from New York to Philadelphia and 3 routes he can drive from Philadelphia to Washington DC. How many different routes are there? 

Solution:

Multiplication Principle


Suppose that a task is composed of two consecutive operations. If operation 1 can be performed m ways and for each of these, operation 2 can be performed in n ways, then the complete task can be performed in m(n ways.

Example 2: A woman has 5 blouses, 4 skirts and 6 pairs of shoes. If an outfit consists of a blouse, a skirt and a pair of shoes, how many outfits are there?

Solution:

Generalized Multiplication Principle


Suppose that a task is composed of k consecutive operations. Suppose that operation 1 can be performed m1 ways; for each of these, operation 2 can be performed in m2 ways; for each of these, operation 3 can be performed in m3 ways; and so on. Then the complete task can be performed in 


ways.

Example 3: A businessman has 5 cities, Atlanta, Boston, Charlotte, Detroit, El Paso, to visit. In how many ways can he visit these cities? 

Solution:

Example 4: Canadian zip codes are in the format of LDL DLD, where L is a letter and D is a digit, with a space separating the third and fourth characters. If this is the case, how many possible Canadian zip codes can be formed?
Solution:

Example 5: Eight runners are competing in a race, in how many ways can the Gold, Silver and Bronze medals be awarded? 
Solution:

Example 6: 0, 1, 2, 3, 4 are five digits to be used to form a five-digit number. If the five-digit number must be even and each digit can be used exactly once, how many such five-digit numbers are there?

Solution:

Some Notations and Definitions

Whole numbers = {0, 1, 2, 3, …}
n!

If n is a whole number, then  n! = n(n – 1)(n – 2)(((3(2(1.
(Note: n! is read as “n factorial”)
For example, 

5! = 5(4(3(2(1 =

4! = 4(3(2(1 =

3! = 

2! = 

1! =

A special case is 0! is defined to be 1, i.e., 0! = 1.
P(n, r)

If n and r are whole numbers with n ( r, then P(n, r) = n(n – 1)(n – 2)((((n – r + 1).      (Note: there are r factors)
For example, 

P(8, 3) = 8(7(6 =  

P(6, 4) = 6(5(4(3 =  

P(10, 2) = 

P(5, 5) =   
A special case is P(n, 0) which is always equal to 1.

Note: The notation P(n, r) is often written as nPr in other textbooks. The letter P means permutation. 
C(n, r)

If n and r are whole numbers with n ( r, then C(n, r) =
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For example, 

C(8, 3) = 

C(6, 4) = 

C(10, 2) = 

C(5, 5) =   
What do you think C(n,0) is?

Note: The notation C(n, r) is also written as nCr or 
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 in other textbooks. The letter C means combination. 
What is the difference between permutation, P(n, r), and combination, C(n, r)? 

Answer: 

· Both permutation and combination mean the number of arrangements one can form by choosing r items from a group of n distinct objects. For example, one can choose 4 letters out of a group of 5 letters, or one can pick 3 people out of a group of 8 people. (Hence, n must be greater than or equal to r since one can’t choose 6 letters out of a group of 5 letters or pick 10 people out of a group of 8 people.) 

· The difference is permutation means order matters, while combination means order doesn’t matter.

Example: How many 2-letter “words” (by which we mean a string of two distinct letters) can be form from the letter of {a, b, c} a) if order matters?
b) if order doesn’t matter?
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