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Discrete Mathematics 
Set Operations 

Defini�ionǣ Let 𝐴 and 𝐵 be setsǤ The ��i�� of the sets 𝐴 and 𝐵ǡ denoted 𝐴 ∪ 𝐵ǡ is the set that 
contains those elements that are either in 𝐴 or in 𝐵ǡ or in bothǤ 
 
T�� �hi� oneǣ Write the union of 𝐴 and 𝐵 in the set builder notationǤ 
 
 
 
 
 
 
 
 
 
 
 
 
 
Venn diagram for 𝐴 ∪ 𝐵  
 
Defini�ionǣ Let 𝐴 and 𝐵 be setsǤ The i��e��ec�i�� of the sets 𝐴 and 𝐵ǡ denotedǡ 𝐴 ∩ 𝐵ǡ is the 
set containing those elements in both 𝐴 and 𝐵Ǥ 
T�o sets are called di�j�i�� if their intersection is empt�Ǥ 
 
T�� �hi� oneǣ Write the intersection of 𝐴 and 𝐵 in the set builder notationǤ 
 
 
 
 
Example 1:  

a. Find  ሼ5, 7, 19ሽ ∪ ሼ1, 2, 3ሽǤ 
 
 

b. Find  ሼ5, 7, 19ሽ ∩ ሼ1, 2, 3ሽǤ 
 
 
 
 
 
 
 
 
 
Venn diagram for 𝐴 ∩ 𝐵 

A B 

A B 
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Definition: Let 𝐴 and 𝐵 be setsǤ The diffe�e�ce of 𝐴 and 𝐵ǡ denoted b� 𝐴 –  𝐵ǡ is the set 
containing the elements of 𝐴 that are not in 𝐵Ǥ The difference of  𝐴 and 𝐵 is also called the 
complement of 𝐵 �ith respect to 𝐴Ǥ 
 
T�� �hi� oneǣ Write the difference of 𝐴 and 𝐵 in the set builder notationǤ 
 
 
 
 
 
 
 
 
 
 
 
 
 
Venn diagram for 𝐴 –  𝐵 
 
E�am�le ʹǣ Find ሼ5, 7, 19ሽ െ ሼ1, 2, 3ሽ 
 
 
 
 
Definition: Let 𝑈 be the universal set. The complement of the set A, denoted by 𝐴̅, is the 
complement of 𝐴 with respect to 𝑈. Therefore, the complement of the set 𝐴 is 𝑈 െ 𝐴. 
 
T�� �hi� oneǣ Write 𝐴̅, in the set builder notationǤ 
 
 
 
 
 
 
 
 
 
 

A B 

A B 
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Venn diagram for 𝐴̅ 
Example 3: Let 𝐴 be the set of positive natural numbers and the universal set is the set of 
natural numbers. Write 𝐴̅. 
 
 
 
The cardinality of the union of two sets 
|𝐴 ∪ 𝐵| ൌ |𝐴| ൅ |𝐵| െ |𝐴 ∩ 𝐵|  Inclusion-exclusion principle 
 
Example 4: Find |𝐴 ∪ 𝐵| if 𝐴 ൌ ሼ1,2,3,4,5ሽ and 𝐵 ൌ ሼ2, 3, 4, 5,6,7,8ሽ. 
 
 
 
 
 

Definition: Let A and B be sets. The ��mme��ic diffe�e�ce of 𝐴 and 𝐵ǡ denoted b� 𝐴⨁𝐵 is the 
set ሺ𝐴 െ 𝐵ሻ ∪ ሺ𝐵 െ 𝐴ሻǤ 

 

 

 

 

 

 

 

Venn diagram for symmetric difference 

 

Try this one:  𝑈 ൌ ሼ𝑥 ∈ ℕ | 𝑥 ൑ 10ሽ, 𝐴 ൌ ሼ1,2, 3ሽ, and 𝐵 ൌ ሼ3, 4, 5ሽ. Find 𝐴⨁𝐵Ǥ 

 

 

 

 

 

 

A B 
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Se� Iden�i�ie� 
 

x Identit� la�sǣ 𝐴 ∪ ∅ ൌ 𝐴Ǣ     𝐴 ∩ 𝑈 ൌ 𝐴     

x Domination la�sǣ 𝐴 ∪ 𝑈 ൌ 𝑈Ǣ     𝐴 ∩ ∅ ൌ ∅     

x Idempotent la�sǣ 𝐴 ∪ 𝐴 ൌ 𝐴;     𝐴 ∩ 𝐴 ൌ 𝐴      

x Complementation la�ǣ ሺ𝐴̅ሻ̅̅ ̅̅̅ ൌ 𝐴  

x Commutative la�sǣ 𝐴 ∪ 𝐵 ൌ 𝐵 ∪ 𝐴Ǣ     𝐴 ∩ 𝐵 ൌ 𝐵 ∩ 𝐴       

x Associative la�sǣ 𝐴 ∪ ሺ𝐵 ∪ 𝐶ሻ ൌ ሺ𝐴 ∪ 𝐵ሻ ∪ 𝐶Ǣ     𝐴 ∩ ሺ𝐵 ∩ 𝐶ሻ ൌ ሺ𝐴 ∩ 𝐵ሻ ∩ 𝐶        

x Distributive la�sǣ 𝐴 ∩ ሺ𝐵 ∪ 𝐶ሻ ൌ ሺ𝐴 ∩ 𝐵ሻ ∪ ሺ𝐴 ∩ 𝐶ሻǢ                                                                             

𝐴 ∪ ሺ𝐵 ∩ 𝐶ሻ ൌ ሺ𝐴 ∪ 𝐵ሻ ∩ ሺ𝐴 ∪ 𝐶ሻ     

x De Morganǯs la�sǣ 𝐴 ∪ 𝐵̅̅ ̅̅ ̅̅ ̅ ൌ 𝐴̅ ∩ 𝐵̅Ǣ     𝐴 ∩ 𝐵̅̅ ̅̅ ̅̅ ̅ ൌ 𝐴̅ ∪ 𝐵̅      

x Absorption la�sǣ 𝐴 ∪ ሺ𝐴 ∩ 𝐵ሻ ൌ 𝐴;     𝐴 ∩ ሺ𝐴 ∪ 𝐵ሻ ൌ 𝐴      

x Complement laws: 𝐴 ∪ 𝐴̅ ൌ 𝑈;     𝐴 ∩ 𝐴̅ ൌ ∅      
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Proving set identities 

Different ways to prove set identities 
x Prove that each set ȋside of the identit�Ȍ is a subset of the otherǤ 

 
x Membership Tablesǣ Verif� that elements in the same combination of sets al�a�s 

either belong or do not belong to the same side of the identit�Ǥ  Use ͳ to indicate it is 
in the set and a Ͳ to indicate that it is notǤ 
 

 
Example 5: Construct a membership table to show  𝐴 ∪ ሺ𝐵 ∩ 𝐶ሻ ൌ ሺ𝐴 ∪ 𝐵ሻ ∩ ሺ𝐴 ∪ 𝐶ሻ 
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Example 6: Prove 𝐴 ∪ ሺ𝐵 ∩ 𝐶ሻ ൌ ሺ𝐴 ∪ 𝐵ሻ ∩ ሺ𝐴 ∪ 𝐶ሻ by showing that RHS set and LHS set 
are subsets of each otherǤ 
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DefiQiWiRQ: LeW 𝐴 aQd 𝐵 be VeWV. TKe CaUWeVLaQ SURdXcW RI 𝐴 aQd 𝐵, deQRWed b\ 𝐴 ൈ 𝐵 , LV WKe VeW 
RI aOO RUdeUed SaLUV ሺ𝑎, 𝑏ሻ, ZKeUe 𝑎 ∈ 𝐴 aQd 𝑏 ∈ 𝐵. 
 
TU\ WhiV: WULWe 𝐴 ൈ 𝐵 LQ WKe VeW bXLOdeU QRWaWLRQ. 
 
 
 
Example 7: Let 𝐴 ൌ ሼ1,2,3ሽ and 𝐵 ൌ ሼ𝑎, 𝑏ሽ. Find 𝐴 ൈ 𝐵 aQd 𝐵 ൈ 𝐴 . 
 
 
 
 
 
 
 
 
E[amSle 8: FLQd 𝐴3 LI 𝐴 ൌ ሼ𝑎ሽ. 
 
 
 
E[amSle 9: HRZ PaQ\ dLIIeUeQW eOePeQWV dReV 𝐴 ൈ 𝐵 KaYe LI 𝐴 KaV 𝑚 eOePeQWV aQd 𝐵 KaV 𝑛 
eOePeQWV? 
 
 
 
E[amSle 10: SXSSRVe 𝐴 ൈ 𝐵 ൌ ∅, ZKeUe 𝐴 aQd 𝐵 aUe VeWV. WKaW caQ \RX cRQcOXde? 




