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MATH 3336 Ȃ Discrete Mathematics 
The Basics of Counting (6.1)
 
Basic Counting Principlesǣ The Product Rule 

The Product Ruleǣ A p�oced��e can be b�oken do�n in�o a �eq�ence of ��o �a�k�Ǥ The�e 
a�e 𝑛1 �a�� �o do �he fi��� �a�k and 𝑛ଶ �a�� �o do �he �econd �a�kǤ Then �he�e a�e 𝑛1𝑛ଶ �a�� 
�o do �he p�oced��eǤ 

 

Example: Ho� man� bi� ���ing� of leng�h �e�en a�e �he�eǫ 
 
 
 
 
 

E�ampleǣ Ho� man� diffe�en� licen�e pla�e� can be made if each pla�e con�ain� a �eq�ence 
of �h�ee �ppe�ca�e Engli�h le��e�� follo�ed b� �h�ee digi��ǫ 

 

 

 

 

 
Example (Counting FunctionsȌǣ Ho� man� f�nc�ion� a�e �he�e f�om a �e� �i�h 𝑚 
elemen�� �o a �e� �i�h 𝑛 elemen��ǫ 
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Example ȋCounting OneǦtoǦOne FunctionsȌǣ Ho� man� oneǦ�oǦone f�nc�ion� a�e �he�e 
f�om a �e� �i�h 𝑚 elemen�� �o one �i�h 𝑛 elemen��ǫ 
 
 
 
 
 
 
 
 
 
 
 
 
 
E�ample ȋCounting Subsets of a Finite SetȌǣ U�e �he p�od�c� ��le �o �ho� �ha� �he 

n�mbe� of diffe�en� ��b�e�� of a fini�e �e� 𝑆 i� ʹ
ȁSȁ

Ǥ ȋIn Sec�ion ͻǤͷǡ ma�hema�ical ind�c�ion 
�a� ��ed �o pro�e �hi� �ame re��l�ǤȌ 
 
 
 
 
 
 
 
Basic Counting Principlesǣ  The Sum Rule 
The Sum Ruleǣ If a �a�k can be done ei�he� in one of 𝑛1 �a�� o� in one of 𝑛ଶǡ �he�e none of 
�he �e� of 𝑛1 �a�� i� �he �ame a� an� of �he 𝑛ଶ �a��ǡ  �hen �he�e a�e 𝑛1 ൅ 𝑛ଶ�a��  �o do �he 
�a�kǤ 
 
E�ampleǣ  The ma�hema�ic� depa��men� m��� choo�e ei�he� a ���den� o� a fac�l�� membe� 
a� a �ep�e�en�a�i�e fo� a �ni�e��i�� commi��eeǤ Ho� man� choice� a�e �he�e fo� �hi� 
�ep�e�en�a�i�e if �he�e a�e ͵͹ membe�� of �he ma�hema�ic� fac�l�� and ͺ͵ ma�hema�ic� 
majo�� and no one i� bo�h a fac�l�� membe� and a ���den�ǫ 
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More Comple� Counting Problems 
 

E�ampleǣ In a �e��ion of �he comp��e� lang�age BASICǡ �he name of a �a�iable i� a ���ing of 
one o� ��o alphan�me�ic cha�ac�e��ǡ �he�e �ppe�ca�e and lo�e�ca�e le��e�� a�e no� 
di��ing�i�hedǤ ȋAn alphan�me�ic cha�ac�e� i� ei�he� one of �he ʹ͸ Engli�h le��e�� o� one of 
�he ͳͲ digi��ǤȌ Mo�eo�e�ǡ a �a�iable name m��� begin �i�h a le��e� and m��� be diffe�en� 
f�om �he fi�e ���ing� �ha� a�e �e�e��ed fo� p�og�amming ��eǤ Ho� man� diffe�en� �a�iable 
name� a�e �he�e in �hi� �e��ion of BASICǫ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example (Counting Pass�ordsȌǣ Each ��e� on a comp��e� ����em ha� a pa���o�dǡ �hich 
i� �i� �o eigh� cha�ac�e�� longǡ �he�e each cha�ac�e� i� an �ppe�ca�e le��e� o� a digi�Ǥ Each 
pa���o�d m��� con�ain a� lea�� one digi�Ǥ Ho� man� po��ible pa���o�d� a�e �he�eǫ 
 
Solution: 
Let P଺, P଻, and P଼  be the number of passwords of length 6, 7, and 8 correspondingly. 
 
Total number of passwords ൌ _________________________ 
 
P଺ ൌ _________________________  
 
P଻ ൌ _________________________ 
 
P଼ ൌ _________________________ 
 
 
 
Total number of passwords ൌ 
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Subtraction Rule ȋInclusionǦE�clusion for T�o SetsȌ 

Subtraction Ruleǣ If a �a�k can be done ei�he� in one of 𝑛1 �a�� o� in one of 𝑛ଶ �a��ǡ �hen 
�he �o�al n�mbe� of �a�� �o do �he �a�k i� 𝑛1 ൅ 𝑛ଶ min�� �he n�mbe� of �a��  �o do �he �a�k 
�ha� a�e common �o �he ��o diffe�en� �a��Ǥ 
 

E�ample ȋCounting Bit StringsȌǣ Ho� man� bi� ���ing� of leng�h eigh� ei�he� ��a�� �i�h a 
1 bi� o� end �i�h �he ��o bi�� 00ǫ 

Solution: 

Number of bit strings of length 8 that start with a 1 bit ൌ_______________ 

 

 

Number of bit strings of length 8 that end with bits 00 ൌ_______________ 

 

 

Number of bit strings of length 8 that start with a 1 bit and end with bits 00 ൌ_______________ 

 

 

 

Total number of bi� ���ing� of leng�h ͺ �ha� ei�he� ��a�� �i�h a 1 bi� o� end �i�h �he ��o bi�� 
00 ൌ 
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The Division Rule 
Division Ruleǣ The�e a�e 𝑛/𝑑 �a�� �o do a �a�k if i� can be done ��ing a p�oced��e �ha� can 
be ca��ied o�� in 𝑛 �a��ǡ and fo� e�e�� �a� 𝑤ǡ e�ac�l� 𝑑 of �he 𝑛 �a�� co��e�pond �o �a� 𝑤Ǥ  
 
E�ampleǣ Ho� man� �a�� a�e �he�e �o �ea� fo�� people a�o�nd a ci�c�la� �ableǡ �he�e ��o 
�ea�ing� a�e con�ide�ed �he �ame �hen each pe��on ha� �he �ame lef� and �igh� neighbo�ǫ 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tree Diagrams 
Tree Diagramsǣ  We can �ol�e man� co�n�ing p�oblem� �i�h �ree diagram�ǡ �he�e a b�anch 
�ep�e�en�� a po��ible choice and �he lea�e� �ep�e�en� po��ible o��come�Ǥ  
 
E�ampleǣ S�ppo�e �ha� ǲI Lo�e Di�c�e�e Ma�hǳ TǦ�hi��� come in fi�e diffe�en� �i�e�ǣ Sǡ Mǡ Lǡ 
XLǡ and XXLǤ Each �i�e come� in fo�� colo�� ȋ�hi�eǡ �edǡ g�eenǡ and blackȌǡ e�cep� XLǡ �hich 
come� onl� in �edǡ g�eenǡ and blackǡ and XXLǡ �hich come� onl� in g�een and blackǤ Wha� i� 
�he minim�m n�mbe� of �hi��� �ha� �he camp�� book ��o�e need� �o ��ock �o ha�e one of 
each �i�e and colo� a�ailableǫ 
 
 


