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Unit 1: Permutation 

Lesson 2: Permutation and factorials  

Part I: Factorial notation  

As you can see from Lesson 1, many counting and probability calculations involve the product of a series 
of consecutive integers. You can use factorial notation to write such expressions more easily such as the 
following definition.  

𝒏! = 𝒏 × (𝒏 − 𝟏) × (𝒏 − 𝟐) × (𝒏 − 𝟑) × …× 𝟑 × 𝟐 × 𝟏 

This expression is read as n factorial.  

 

Example 1: Evaluate the following terms.  

a) 3! + 2! + 4! 
 
 

b) ,-！
.！

	 

 

c) 01!
02!

 

 

Example 2: use factorial to do counting possibilities.  

The senior choir has rehearsed five songs for an upcoming assembly. In how many different orders can 
the choir perform the songs?  

 

 

 

Part II: Permutation Formula 

Permutation: all possible arrangements of a collection of things where the order is important.  

A permutation of n distinct items is an arrangement of all the items in a definite order. The total number 
of such permutations is denoted by 	3𝑃3	𝑜𝑟	𝑃	(𝑛, 𝑛). 

There are n possible ways of choosing the first item, n – 1 ways of choosing the second, n – 2 ways of 
choosing the third, and so on. Applying the fundamental counting principle: 

	𝒏𝑷𝒏 = 𝒏	 × (𝒏 − 𝟏) × (𝒏 − 𝟐) × (𝒏 − 𝟑) × …× 𝟑 × 𝟐 × 𝟏 
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Example 3: In how many ways could a president and a vice-president be chosen from a group of eight 
nominees?  

 

 

A permutation of n distinct items taken r at a time is an arrangement of r of the n items in a definite order. 
Such permutations are sometimes called r-arrangements of n items. The total number of possible 
arrangements of r items out of a set of n is denoted by 	3𝑃:	𝑜𝑟	𝑃	(𝑛, 𝑟). 

There are n ways of choosing the first item, n – 1 ways of choosing the second item, and so on down to n 
– r + 1 ways of choosing the rth item. Using the fundamental counting principle:  

	𝒏𝑷𝒓 = 𝒏	 × (𝒏 − 𝟏) × (𝒏 − 𝟐) × (𝒏 − 𝟑) × …× (𝒏 − 𝒓 + 𝟏) =
𝒏!

(𝒏 − 𝒓)! 

 

Example 4: In a card game, each player is dealt a face down “reserve” of 13 cards that can be turned up 
and used one by one during the game. How many different sequences of reserve cards could a player 
have?  

 

 

Example 5: Use permutation notation to represent following factorial and numeral expressions. 

a) 2!
=!

 
 

b) ,-!
2!

 
 

c) 6 × 5 × 4 
 

d) 101 × 100 × 99 × 98 × 97 × 96	

 

Example 6: Simplify each of the following in factorial form.  

     a)   (n+4) (n+5) (n+3)!                   

 

    b)   72 x 7! 

   

    c)    
)!1(
)!2(

-
+
n
n
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Practice:  

 

Simplify the expression  

(=3F,)!
(=3G,)!

                                                                                                                   

 

 

 

Solve for n in the following equation:  

                                                                                             (n+3)! =20(n+1)! 

 

    

 

 

 

 

      nP2 = 56                                                                                   2n+2P1 = 2nP2 
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Practice from Textbook: 
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Part 3: Permutation with identical items, always together, and always separated 

 

Permutation with Identical items (Repetitions are not allowed): In many cases, some of the items we 
want to arrange are identical. For example, in the word TOOTH, if we exchange the places of the two O’s, 
we still get TOOTH. Because of this we have to get rid of extraneous cases by dividing out repetitions.  

 

Example 1: How many ways can you arrange the letters in the word THESE? 

                    How many ways can you arrange the letters in the word REFERENCE?  

                    How many ways can the letters in the word MISSISSIPPI be arranged? 

 

 

 

 

 

Conclusion: the number of permutations of a set of n items containing a identical objects of one kind, b 

identical objects of a second kind, c identical objects of a third kind, and so on is  

 

Practice: 

1) If a multiple choice test has 10 questions, of which 1 is answered A, 4 are answered B, 3 are answered 
C, and 2 are answered D. How many answer sheets are possible? 

 

 

2) Tanisha is laying out tiles for the edge of a mosaic. How many patterns can she make if she uses four 
yellow tiles and one each of blue, green, red, and grey tiles? 

 

 

3) Barbara is hanging a display of clothing imprinted with the school’s crest on a line on a wall in the 
cafeteria. She has five sweaters, three T-shirt, and four pairs of sweatpants. In how many ways can 
Barbara arrange the display? 

 

!.....!b!
!
ca
n
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Permutation with items always together: Frequently, certain items must always be kept together. To do 
these questions, you must treat the joined items as if they were only one object.  

 

Example 2: How many ways can 3 math books, 5 chemistry books, and 7 physics books be arranged on a 
shelf if the books of each subject must be kept together? 

 

  

 

 

Example 3: How many ways can the letters in OBTUSE be ordered if all the vowels must be kept together? 

 

 

 

 

Permutation with items never together: If certain items must be kept apart, you will need to figure out 
how many possible positions the separate item can occupy.  

 

Example 4: How many arrangements of the word ACTIVE are there if C&E must never be together?  

 

 

 

 

 

Example 5: if 8 boys and 2 girls must stand in line for a picture, how many line-up’s will have the girls 
separated from each other? (Use both direct and in-direct method) 
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Practice:  

1) There are 9 switches on a fuse box. How many different arrangements are there? 

 

2) How many three letter words can be formed, if repetitions are allowed? (How about the repetitions are 
not allowed? How about a word with 5 letters?) 

 

3) How many three digit numbers can be formed? (Zero can’t be the first digit, and consider both 
conditions with and without repetitions) 

 

4) How many ways can three cars (red, green, blue) be parked in five parking stalls?  

 

5) An electrical panel has five switches. How many ways can the switches be positioned up or down if 
three switches must be up and two must be down?  

 

6) A phone number in British Columbia consist of one of four area codes (236,250, 604, and 778), followed 
by a 7-digit number that cannot begin with 0 or 1. How many unique phone numbers are there? 

 

8) How many ways can 4 rock, 5 pop, and 6 classical albums be ordered if all albums of the same genre 
must be kept together?  

 

9) Eight cars (3 red, 3 blue, and 2 yellow) are to be parked in a line. How many unique lines can be formed 
if the yellow cars must not be together? Assume that cars of each color are identical. 

 

10) Six vehicles (3 different brands of cars and 3 different brands of trucks) are going to be parked in a 
line. How many unique lines can be formed if the row starts with at least two trucks? 
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