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Sets

1.) Discord!
2.) About Quizzes
3.) Set Definition
4.) ∈

5.) ⊆, ⊂, ⊇, ⊃
6.) ⋃, ⋂, \
7.) Set Cover

https://www.cs.virginia.edu/~njb2b/cs2120/f2021/index.html#course-overview




https://www.cs.virginia.edu/~emo7bf/cs2120/sets.html

https://www.cs.virginia.edu/~emo7bf/cs2120/sets.html


Defining Sets

A set is a structure that contains 
elements.



Defining Sets

A set is a structure that contains 
elements.

A member or element is something 
inside the set. 



Defining Sets

A set is written with curly braces, its 
members separated by commas.

Examples: {1, 3} or {dog, cat, mouse}



Defining Sets

A member of a set has no other properties 
by virtue of being in a set.

How is this different from lists (in coding)?



Defining Sets

A member of a set has no other properties 
by virtue of being in a set.

Remember! No order, no duplicates.



Defining Sets

A member of a set has no other properties 
by virtue of being in a set.

{1, 3, 4, 1} doesn’t make sense.

{1, 2, 3} and {2, 3, 1} are the same set.



Sets can be members of other sets!

and are frequently

{{1, 2}, {2, 1}}



Sets can be members of other sets!

and are frequently

{{1, 2}, {2, 1}}



Sets can be members of other sets!

and are frequently

{{1, 2}, 1}



Sets can be members of other sets!

and are frequently

{{1, 2}, 1}

{{1, 2}, {1, 2, 3}}



THE Empty Set

A set with no members is empty.

The empty set is expressed as {} or ∅



Cardinality



https://www.mathsisfun.com/sets/number-types.html

7.)



∈
“Element of”



∈
Python: “in”

Java: “contains”

Evaluates to true or false



Examples

2 ∈ {1, 2}     =    ________

3 ∈ {1, 2}     =    ________ 



Examples

2 ∈ {1, 2}     =    _______

3 ∈ {1, 2}     =    _______

3 ∉ {1, 2}     =    _______ 



Question

{2} ∈ {1, 2}     =    _______



Question

{2} ∈ { 1, {2} }     =    _______



2-min Talk

Evaluate true or false with your partners. For each 
problem, have a different person start 

speaking/explaining first

{2} ∈ { {1, 2} }     =    ________

{2} ∈ { {2} }     =    ________

{{2}} ∈ { {{2}} }     =    _______
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More Operators

∈ checks membership of an element

⊆, ⊂, ⊇, ⊃ compares two sets

⊆    subset

⊇    superset

⊂   proper subset

⊃   proper superset



More Operators

Set A is a subset of set B

A ⊆ B

If & only if all elements of A are also in B 



More Operators

Set A is a proper subset of set B

A ⊂ B

If & only if A ⊆ B and A ≠ B



More Operators

Set A is a proper subset of set B

A ⊂ B

If & only if A ⊆ B and A ≠ B

What are the consequences of this definition?



Turn n’ Talk -- 2 min

Given the three sets: P = {1, 2, 3}, Q = {1, 3}, R = {1, 3, 4}

Determine which (if any) symbol can be filled in each blank so the 
expression evaluates to true:

P ___ Q    =  T

P ___ R    =  T

Q ___ R    =  T

P ___ P    =  T

⊆    subset

⊇    superset

⊂   proper subset

⊃   proper superset



In mathematics, the intersection of two sets S and T, denoted by S ∩ T, is the set containing all 
elements of S that also belong to T (or equivalently, all elements of T that also belong to S)

∩



DEFINITIONS: the intersection of two sets S and T, denoted by S ∩ T, is the set containing all 
elements of S that also belong to T (or equivalently, all elements of T that also belong to S)

∩



∪

In mathematics, the union of two sets S and T, denoted by S ∪ T, is the set containing all the 
elements of S and also all the elements T (or equivalently, everything in either S or T or both)



∪

In mathematics, the union of two sets S and T, denoted by S ∪ T, is the set containing all the 
elements of S and also all the elements T (or equivalently, everything in either S or T or both)



S\T



S\T



S



S























Your Turn! Draw a Venn Diagram with 3 intersecting sets.



Your Turn! Draw a Venn Diagram with 3 intersecting sets.

How many regions are there?



Your Turn! Draw a Venn Diagram with 3 intersecting sets.

How many regions are there?
Does this make sense?



Your Turn! Draw a Venn Diagram with 4 intersecting sets.



Your Turn! Draw a Venn Diagram with 4 intersecting sets.

Hint #1: It is possible



Your Turn! Draw a Venn Diagram with 4 intersecting sets.

Hint #1: It is possible

Hint #2: The sets cannot be represented by perfect circles.



Your Turn! Draw a Venn Diagram with 4 intersecting sets.

Hint #1: It is possible

Hint #2: The sets cannot be represented by perfect circles.

Hint #3: The regions are ellipses (ovals).



Your Turn! Draw a Venn Diagram with 4 intersecting sets.

Hint #1: It is possible

Hint #2: The sets cannot be represented by perfect circles.

Hint #3: The regions are ellipses (ovals).

How many regions are there?



Your Turn! Draw a Venn Diagram with 4 intersecting sets.





https://arxiv.org/pdf/1207.6452.pdf

https://arxiv.org/pdf/1207.6452.pdf


Sidebar: Set Cover Problem

A very famous and useful problem in combinatorics and CS! One of the 
original problems to be proven NP-Complete.

One Example: Given a “universe” U (big set with everything else in 
the problem inside) and a set of sets, S

U = {1, 2, 3, 4, 5}

S = { {1, 2, 3}, {2, 5, 1}, {3, 4, 1} ,{3, 4, 5} }

What is the minimum number of sets in S needed to cover everything in  
U ?

https://en.wikipedia.org/wiki/Karp%27s_21_NP-complete_problems
https://en.wikipedia.org/wiki/Karp%27s_21_NP-complete_problems


Sidebar: Set Cover Problem

Your turn!

???
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Sets and Sequences, Continued

1.) Sequences vs Sets
2.) Cartesian Product
3.) Set-builder notation
4.) Set Operator Review



High Level: Sets vs Sequences
Both can:
-Contain anything
-Can have a sequence of sequences, set of sets, sequence of sets, etc
-Cannot be modified

Sets:
-no duplicates
-no order
-has cardinality

Sequences:
-can have duplicates
-has order
-has length

Lists, Arrays, Ordered pairs, Tuples, etc!



Cartesian Product of Sets

Ordered Pair:  An ordered pair is a sequence with 2 elements. It is a 
pair of objects where one element is designated first and the other 
element is designated second, denoted (a, b). 

Cartesian Product: The Cartesian product of two sets A and B, 
denoted A × B, is the set of all possible ordered pairs where the 
elements of A are first and the elements of B are second. 

In set-builder notation,  A × B = {(a, b) | a ∈ A and b ∈ B}.



Cartesian Product of Sets

Ex: {1, 2} × {3, 4, 5} 

= {(1, 3), (1, 4), (1, 5), (2, 3), (2, 4), (2, 5)} 



Cartesian Product of Sets

Ex: {1, 2} × {3, 4, 5} 

= {(1, 3), (1, 4), (1, 5), (2, 3), (2, 4), (2, 5)} 



Cartesian Product of Sets

Ex: {1, 2} × {3, 4, 5} 

= {(1, 3), (1, 4), (1, 5), (2, 3), (2, 4), (2, 5)} 



Cartesian Product of Sets

Ex: {1, 2} × {3, 4, 5} 

= {(1, 3), (1, 4), (1, 5), (2, 3), (2, 4), (2, 5)} 



Cartesian Product of Sets

Your Turn:  What is {1, 2}× {2, 3}?



Cartesian Product of Sets

Your: |{1, 2, 3} × {3, 4, 5}| =



Cartesian Product of Sets

Ex: |{1, 2, 3} × {3, 4, 5}| 

= |{(1, 3), (1, 4), (1, 5), (2, 3), (2, 4), (2, 5), (3, 3), (3, 4), (3, 5)}| 



Cartesian Product of Sets

Ex: |{1, 2} × {3, 4, 5}| 

= |{(1, 3), (1, 4), (1, 5), (2, 3), (2, 4), (2, 5)}| 

= 6



Cartesian Product of Sets

|{ {} } × {1, 2, 3}| 

= ??????



Cartesian Product of Sets

|{ {} } × {1, 2, 3}| 

= { ( {}, 1), ({}, 2), ({}, 3) } 



What is {-6, -5, -4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6}² ?





Cartesian Product of Sets

ℝ × ℝ : The 
coordinate plane





https://ltcconline.net/greenl/courses/152a/definitions/SETS.HTM

Set-Builder Notation



https://ltcconline.net/greenl/courses/152a/definitions/SETS.HTM

Set-Builder Notation



https://www.mathsisfun.com/sets/set-builder-notation.html

Set-Builder Notation



Set-Builder Notation

Let’s formalize our set operators in “set-builder notation”

Quick Side-Note:
-We will need to link together multiple “conditions” with “and’s”, 

“not’s”  and “or’s”

Special symbols:

∨   is   “or”            (notice similarity to ⋃)
      ∧   is   “and”         (notice similarity to ⋂)

      ¬   is   “not”



Set-Builder Notation  -- My turn!

For Reference:
∨   is   “or”            
∧   is   “and”         
¬   is   “not”
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Set-Builder Notation  -- My turn!

For Reference:
∨   is   “or”            
∧   is   “and”         
¬   is   “not”



Topics Expressed in Set-builder notation

          A × B = {(a, b) | a ∈ A and b ∈ B}.
   pow(S) = { x | x ⊆ S }

For Reference:
∨   is   “or”            
∧   is   “and”         
¬   is   “not”

?



Topics Expressed in Set-builder notation

          A × B = {(a, b) | a ∈ A and b ∈ B}.
   pow(S) = { x | x ⊆ S }

For Reference:
∨   is   “or”            
∧   is   “and”         
¬   is   “not”

?



Topics Expressed in Set-builder notation

          A × B = {(a, b) | a ∈ A and b ∈ B}.
   pow(S) = { x | x ⊆ S }

For Reference:
∨   is   “or”            
∧   is   “and”         
¬   is   “not”

?



Topics Expressed in Set-builder notation

          A × B = {(a, b) | a ∈ A and b ∈ B}.
   pow(S) = { x | x ⊆ S }

For Reference:
∨   is   “or”            
∧   is   “and”         
¬   is   “not”

?



Topics Expressed in Set-builder notation

          A × B = {(a, b) | a ∈ A and b ∈ B}.
   pow(S) = { x | x ⊆ S }

For Reference:
∨   is   “or”            
∧   is   “and”         
¬   is   “not”

?



Topics Expressed in Set-builder notation

          A × B = {(a, b) | a ∈ A and b ∈ B}.
   pow(S) = { x | x ⊆ S }

For Reference:
∨   is   “or”            
∧   is   “and”         
¬   is   “not”



Set-builder Alert!

X = {1, 2, 3} ,   Y = {2, 3, 4}

Evaluate:

          {(a, b) | a ∈ X and b ∈ Y} = ___________
             

For Reference:
∨   is   “or”            
∧   is   “and”         
¬   is   “not”



Set-builder Alert!

X = {1, 2, 3} ,   Y = {2, 3, 4}

Evaluate:

          {{a, b} | a ∈ X and b ∈ Y} = 

{ {1, 2}, {1, 3}, {1, 4}, {2}, {2, 3}, {2, 4}. {3}, {3, 4}  }
             

For Reference:
∨   is   “or”            
∧   is   “and”         
¬   is   “not”


