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Now for every transmission branch, I’m going to add a branch for each of the three possible colors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
This set of branches is called a tree diagram.  If we follow each branch out to the end and write out the choice for every 
option in the branch, we’ll get a list of all the possible car types. 
 
 
 
 
 
 
 
 
 
 
 
 
 
The list of all the possible combinations is called the sample space.  You can think of it as being a list of all the possible 
outcomes.  A quick count of the list tells you that there are a total of six different cars to choose from. 
 
Notice how we started off with two options (the transmission types) and for each of those we had three color options.  
When we added the number of colors to the list, it tripled the number of options.  This brings us to a general rule that we 
can use to answer bigger questions like the one about the deli sandwiches. 
 

The Multiplication 
Principle 

Assume that an event E can be decomposed into k events, E1, ..., Ek. 
If n1 is the number of ways that event E1 can occur, n2 is the 
number of ways that event E2 can occur, ..., nk is the number of 
ways that event Ek can occur. Then the number of ways that E, the 
main event, can occur is n1 · n2 · . . . · nk. 

English Translation That probably looks like a big mess.  Don’t let it scare you.  The 
idea is really simple:  If you have a list of options the total number 
of combinations is just the number of options that you have in each 
category multiplied together. 

 

Looking at our car example, we can apply the Multiplication Principle this way: 

(total combinations) = (number of transmission options) · (number of color options) 

(total combinations) = 2 · 3 = 6 

cars

automatic

manual

green 

black 

silver 

green 

black 

silver 

cars 

automatic

manual

green 

black 

silver 

green 

black 

silver 

green with automatic transmission 

black with automatic transmission 

silver with automatic transmission 

green with a manual transmission 

black with a manual transmission 

silver with a manual transmission 
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Which is the same number we got from our tree diagram. 
 

Example 1 – Seating Arrangements 

Suppose you have six people who need to be arranged in a row of six seats.  How many arrangements are 
there? 

This is another application of the Multiplication Principle but with a little twist.  To do these kinds of questions, I 
like to start by laying out all the spots that I have to fill. 

           

Seat 1  Seat 2  Seat 3  Seat 4  Seat 5  Seat 6 

Now, I can fill in the number of choices, i.e. people, that I have for each seat then multiply all those numbers 
together to get the total.  I can put any of the six people in the first seat so that gives me 

6           

Seat 1  Seat 2  Seat 3  Seat 4  Seat 5  Seat 6 

Now, it gets a little tricky.  One of the people has already been seated which means I’ve only got 5 options for the 
second seat. 

6  5         

Seat 1  Seat 2  Seat 3  Seat 4  Seat 5  Seat 6 

From here, the pattern continues for the rest of the spots.  I’ve got 4 people left for the third seat, 3 for the fourth 
seat, etc.  That makes my final table: 

6  5  4  3  2  1 

Seat 1  Seat 2  Seat 3  Seat 4  Seat 5  Seat 6 

If I multiply across the row of numbers, I get 6 · 5 · 4 · 3 · 2 · 1 = 720 total arrangements. 

 
That situation where we have a descending list of numbers multiplied 
together comes up often enough that there’s a special notation for it 
called a factorial.  When we write n! (it’s read “n factorial), that 
means to multiply together all of the integers from n down to 1.  For 
example 

1! = 1 

2! = 2 ·1 = 2 

3! = 3 · 2 · 1 = 6 

4! = 4 · 3 · 2 · 1 = 24 

                                                     … 
 

Example 2 – Seating Arrangements 

Suppose you have six people who need to be arranged in a row of four seats.  How many arrangements are 
there? 

This question is identical to the previous one except I reduced the number of seats.  We can set this up exactly the 
same way as the previous question.  First, I’ll draw the available seats. 

wo Special Rules 

1. You can only take the factorial of a 
positive integer, i.e. (-2)! and 1.5! don’t 
have any meaning. 

2. 0! = 1  That may seem a little odd but it’s 
mostly for convenience.  We’ll see some 
calculations later on where we need 0! to 
have a value so it’s just arbitrarily set 
equal to 1. 
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Seat 1  Seat 2  Seat 3  Seat 4 

Then fill them in with the number of people available for each seat. 

6  5  4  3 

Seat 1  Seat 2  Seat 3  Seat 4 

If I multiply across the row of numbers, I get 6 · 5 · 4 · 3 = 360 total arrangements. 

 
This is another situation that comes up often enough that there’s a special way that we write it.   

Permutations An arrangement of a group of objects is called a permutation.  The 
number of permutations of permutations of n items is n!.  The 
number of permutations of n items into a group of m is 

!

( )!n m

n
P

n m



 

That’s going to be a lot easier to follow with some examples.  Let’s look back at Example 1. That question, rephrased in 
terms of permutations, asked, “How many permutations are there of a group of 6 people?”.  The first part of our 
definition says that that’s just 6! or 6 · 5 · 4 · 3 · 2 · 1 = 720 which is exactly what we calculated. 
 
Example 2, again rephrased using permutations, said, “How many permutations are there of six people in groups of 
four?”  That’s the second part of our definition.  n is the number of people, six in our example, and m is the number of 
seats their being grouped into, four in our example.  The formula tells us that 

6 4

6! 6! 720
the number of arrangements = 360

(6 4)! 2! 2
P    


 

Which is also the same number that we calculated. 
 

Example 3 – Committees 

The local city council has created a committee with ten people.  They want to randomly choose one of the ten 
to be the chairman and a second to be the secretary.  How many pairs do they have to choose from? 

Thinking in terms of our permutation formula, this question is asking, “How many groups of two can be made from 
ten people?” or “How many permutations of ten people are there in groups of two?”  Referring to our formula, this 
means we have n = 10 and m = 2 so the number of arrangements is 

10 2

10! 10! 10 9 8 7 6 5 4 3 2 1
10 9 90

(10 2)! 8! 8 7 6 5 4 3 2 1
P

        
     

       
 

Notice how I handled the multiplication.  Multiplying out 10! and 8! takes a lot of work and gives you some pretty 
big numbers.  When you’ve got one factorial divided by another, it’s often going to be easier to write them out, 
reduce the result and then multiply. 

 
In the remaining examples, we’ll look at a more general way to apply the Multiplication Principle that, in the end, will 
allow us to answer probability questions like the one at the beginning of the section. 
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Example 4 – Counting Sandwiches 

Your local deli offers three different kinds of bread, six kinds of meat and four kinds of cheese.  How many 
different sandwiches can you make using those toppings? 

We can calculate this using the Multiplication Principle just like we did with the cars. 

(total sandwiches) = (number of breads) · (number of meats) · (number of cheeses) 

(total sandwiches) = 3 · 6 · 4 = 72 

That was a lot simpler than trying to list out 72 kinds of sandwiches, hoping that we didn’t accidentally miss one. 

 

Example 5 – Counting Dice Results 

How many results are there from rolling two dice? 

I think this one is easiest to answer using the “blanks” approach: 

6  6 

First Die  Second Die 

Since there are 6 options for each of the two dice, the total number of combinations will be 6 · 6 = 36. 

 
Now we’re in a position to answer some probability questions, including the one from the beginning of the section. 
 

Example 6 – Probabilities Example 7 – Probabilities 

What’s the probability of getting a seven on two 
dice? 

In the previous example, we showed that the total 
number of outcomes is going to be 36.  To get the total 
number of ways to roll a seven, we’ll have to make a 
list: 

(continued on next page) 

{1, 6}   {2, 5}   {3, 4}   {4, 3}   {5, 2}   {6, 1} 

Since there are six ways to roll a seven that makes our 
final answer 

number of ways to get 7 6 1
(rolling a seven)

total possible results 36 6
P     

If you flip a coin three times, what’s the probability 
of getting heads on all three flips? 

The total possible combinations of flips will be 

2  2  2 

Flip 1  Flip 2  Flip 3 

(continued on next page) 

That makes the total number of possible combinations 
2 · 2 · 2 = 8.  Since only one of those combinations has 
three heads, our probability must be 

number of ways to get 3 heads 1
(getting 3 heads)

total possible results 8
P    

 

Example 8 – Probabilities 

Find the probability of getting four or more by rolling two dice. 

Trying to write out all of the combinations that give four or more would be a little tedious – there are a lot of them and 
there’s a decent chance that I would miss one.  Instead, I’m going to use the compliment rule from the previous section: 

P(four or more) + P(three or less) = 1 

Calculating P(three or less) is a lot simpler.  There are only three combinations that give numbers in that range: 

(continued on the next page) 
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