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permutation, p. 615
n factorial, p. 615

B E F O R E Now W H Y ?

You used the counting
principle.

You’ll use permutations to
count possibilities. 

So you can count possible TV
lineups, as in Ex. 26.

Permutations

A is an arrangement of objects in which order is
important. For example, the six permutations of the letters A, B, 
and C are shown.

ABC ACB BAC BCA CAB CBA

You can use the counting principle to count permutations. Each time
you choose a letter to make a permutation of the letters A, B, and C, 
the number of remaining letters that can be chosen decreases by 1.

� 3 p 2 p 1

� 6

The expression 3 p 2 p 1 can be written as 3!, which is read as “3 factorial.”
For any positive integer n, the product of the integers from 1 to n is
called and is written n!

n! � n p (n � 1) p (n � 2) p . . . p 1

The value of 0! is defined to be 1.

n factorial

permutation

You can make a word triangle,
like the one on page 580, to
take notes about factorials.

Note Worthy

� p pChoices for
first letter

Choices for
second letter

Choices for
third letter

Number of
permutations

Posters You have four posters to hang in your room. You want to put
one poster on each wall. How many ways can you arrange the posters?

Solution

You have 4 choices for the first wall, 3 for the second wall, 2 for the
third wall, and 1 for the fourth wall. So, the number of ways you can
arrange the posters is 4!.

4! � 4 p 3 p 2 p 1 � 24

Answer There are 24 ways you can arrange the posters.

Example 1 Counting Permutations

Checkpoint

Evaluate the factorial.

1. 2! 2. 5! 3. 6! 4. 7!
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616 Chapter 11 Data Analysis and Probability

nPr is read “permutations of n
choose r.”

Reading Algebra

Science Fair Judges at a science fair are awarding prizes to the first-,
second-, and third-place finishers. The science fair has 10 contestants.
How many different ways can the first-, second-, and third-place
prizes be awarded?

Solution

To find the number of ways that prizes can be awarded, find 10P3.

10P3 � �
(10

1
�
0!

3)!
� Use permutations formula.

� �
1
7
0
!
!

� Subtract.

�

� 10 p 9 p 8 � 720 Multiply.

Answer There are 720 ways the prizes can be awarded.

Expand factorials. 
Divide out common factors.

10 p 9 p 8 p 7 p 6 p 5 p 4 p 3 p 2 p 1
����

7 p 6 p 5 p 4 p 3 p 2 p 1

Example 2 Counting Permutations

Suppose in Example 1 you had 7 posters and wanted to choose 1 poster
for each wall. As in Example 1, you can use the counting principle to
count the number of possible arrangements of the posters. 

� 7 p 6 p 5 p 4

� 840

This situation is an example of finding the number of permutations 
of 7 objects taken 4 at a time. Notice that 7 p 6 p 5 p 4 can be written as

� �
7
3

!
!

�. This example suggests the following rule.7 p 6 p 5 p 4 p 3 p 2 p 1
���

3 p 2 p 1

� p p pChoices for
first wall

Choices for
second wall

Choices for
third wall

Choices for
fourth wall

Number of
permutations

Permutations
Algebra The number of permutations of n objects taken r at a 

time can be written as nPr , where nPr � �
(n

n
�

!
r)!

�.

Numbers 5P3 � �
(5 �

5!
3)!

� � �
5
2

!
!

� � �
5 p 4

2
p 3
p 1
p 2 p 1
� � 60

1

1

11

1 1 11 1 1

11 11

Checkpoint

Find the number of permutations.

5. 6P2 6. 8P3 7. 5P5 8. 70P2
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1. Write and evaluate an expression for 6 factorial.

2. List all the permutations of the letters A, B, C, and D.

Find the number of permutations.

3. 5P3 4. 4P1 5. 2P2 6. 6P0

7. Books You have 6 books, but there is enough space on your bookshelf
for only 4 of them. How many different arrangements of the books are
possible on your bookshelf?

8. Lock The combination for a lock consists of the numbers 4, 22, and 8.
You don’t remember the order in which the three numbers are to be
entered. Find the probability that you open the lock on the first try.

9. Error Analysis Describe and correct the error in
finding the number of permutations of 4 objects
taken 3 at a time.

Skill Check

Vocabulary Check

Guided Practice

Exercises
More Practice, p. 813

11.6 eWorkbook Plus
CLASSZONE.COM

INTERNET

Garage Door Your garage has a keypad that can be used to open the
garage door. The code has five digits. You remember that the five digits
are 1, 3, 5, 7, and 9, but you cannot remember the sequence. What is
the probability that you open the garage on the first try?

Solution

Each possible code is a permutation of the digits 1, 3, 5, 7, and 9. The
number of permutations of the five digits is 5!. 

5! � 5 p 4 p 3 p 2 p 1 � 120

Only one of the possible permutations is correct, so the probability of 

opening the garage door on the first try is �
1

1
20
�.

Example 3 Finding a Probability Using Permutations

Using a Calculator You may want to 
use a calculator to find factorials and 

permutations that involve multiplying large
numbers. Many calculators have commands
that allow you to evaluate factorials and use
the permutation notation nPr . The solutions
to Examples 1 and 2 are shown.

4!
24

10 nPr 3
720

�3
4!

!� � 4

To evaluate a factorial or use
permutation notation with 
your calculator, press 
and choose from the list of
commands.

Tech Help
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618 Chapter 11 Data Analysis and Probability

Evaluate the factorial.

10. 3! 11. 0! 12. 1! 13. 10!

14. 8! 15. 11! 16. 9! 17. 12!

Find the number of permutations.

18. 5P4 19. 9P1 20. 7P2 21. 8P5

22. 6P6 23. 11P0 24. 25P2 25. 18P6

26. TV Lineups A TV network has 15 comedy shows that it plans to air. It
wants to choose 4 of them for a special Monday night lineup. How
many different possible lineups are there for Monday night? 

27. Shirts You have 8 shirts and plan to wear a different one each day from
Monday through Friday. How many possible arrangements of shirts are
possible for those 5 days?

28. Password Sonia created a password for her computer by rearranging
the letters of her name. You know how she created the password, but
you do not know what the password is. What is the probability that you
will guess the password on the first try?

29. Restaurant A restaurant has 12 identical tables. One evening, the
restaurant accepts reservations for 6 of the tables. How many 

choices does the restaurant have for seating the 6 groups?

30. Hawaii You are visiting Hawaii and plan to stay for 3 days. You want to
go to the beach, see Mauna Loa, and shop in Honolulu. How many
ways can you arrange your schedule for the 3 days so that you do 
1 activity each day?

31. Waiter A waiter takes lunch orders for 5 people, but quickly forgets
which person ordered which meal. If the waiter randomly chooses a
person to give each meal to, what is the probability that the waiter will
serve the correct meal to each person?

32. Writing You have 5 objects. Are there more ways to arrange 4 of the
objects or more ways to arrange 5 of the objects? Explain.

Write the expression using factorials.

33. 30 p 29 34. 20 p 19 p 18 p 17

35. 12 p 11 p 10 p 9 p 8 p 7 p 6 36. 60

37. Critical Thinking For each of the following situations, tell how you
found your answer. Then tell whether the situation involves
permutations.

a. How many 3-digit numbers can you make using each of the digits 1,
2, and 3 exactly once?

b. How many 3-digit numbers can you make using only the digits 1, 2,
or 3 if you are able to use each digit more than once?

Practice and Problem Solving

Example Exercises
1 10–17, 30
2 18–27, 29, 40
3 28, 31, 38

Homework Help

Online Resources
CLASSZONE.COM

• More Examples
• eTutorial Plus
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38. Anagrams An anagram is a rearrangement of the letters in a word to
form another word. For example, an anagram of STOP is POST. 

a. How many arrangements of the letters R, A, and T are there?

b. What is the probability that a random arrangement of the letters in
the word RAT will be an anagram of RAT?

39. Seating At a party, 2 men and 2 women are 
to be seated on one side of a table so that no
man is sitting next to another man and no
woman is sitting next to another woman.

a. How many possible seating arrangements are there if a man sits in
the first seat? 

b. How many possible seating arrangements are there if a woman sits
in the first seat? 

c. How many possible seating arrangements are there altogether?

40. Writing Find 5P1, 5P2, 5P3, 5P4, and 5P5. What pattern do you notice? 

Explain why this pattern occurs.

41. Critical Thinking How many times greater is n! than (n � 1)!? Explain.

42. Critical Thinking Explain why nPr � n! when n � r.

43. Challenge The letters of the word BALL are written on cards and
placed in a hat. The two cards with L on them are identical.

a. Three cards are randomly drawn from the hat, one at a time. Write
all the different permutations of 3 letters that could result.

b. Is your answer to part (a) greater than or less than 4P3? Explain.

44. You roll two number cubes. Find the probability that you roll two even
numbers. (Lesson 6.8)

Find the unknown length. Write your answer in simplest form. (Lesson 9.3)

45. 46. 47.

48. Family Reunion Make a stem-and-leaf plot of the following ages of
people at a family reunion: 46, 66, 3, 5, 18, 49, 28, 2, 21, 44, 9, 13, 17, 8,
52, 25, 39, 68, 73, 37, 5, 15. (Lesson 11.1)

49. Multiple Choice You have 12 CDs and choose 4 of them to play one
afternoon. Which expression gives the number of possible orders for
playing the 4 CDs?

A. �
1
4
2
!
!

� B. �
1
8
2
!
!

� C. �
1
8
2
!
!

� D. �
1
4
2
!
!

�

50. Multiple Choice Eight horses are running in a race. In how many ways
can the horses finish in first, second, and third place?

F. 6 G. 336 H. 6720 I. 40,320

Standardized Test
Practice

a

5 ft

2 ft
b

10 in. 6 in.

c20 m

48 m

Mixed Review

1 3 42
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