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Sets: Basic Concepts

The concept of set is considered a primitive concept in math
A setis a collection of elements whose description must be
unambiguous and unique: it must be possible to decide whether an

element belongs to the set or not.

Examples:

the students in this classroom , the points in a straight line , the cards in
a playing pack

are all sets



Describing Sets

In set theory there are several description methods:

Listing: the set is described listing all its elements Example: A = {q,e,i,o,u}.

Abstraction: the set is described through a property of its elements
Example: A = {x | x is a vowel of the Latin alphabet }

Eulero-Venn Diagrams: graphical representation that supports the formal
description
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Sets: Basic Concepts

Empty Set: @ is the set containing no elements;
Membership: a € A, element belongs to the set A;

Non membership: a €A, element a doesn't belong to the set A;
Equality: A = B, iff the sets A and B contain the same elements;
inequdlity: A # B, iff it is not the case that A = B

Subset:A < B, iff all elements in A belong to B too;
Proper subset: AC B, if A €B andA # B



WVe define the power set of a set A, denoted with P(A), as the
set containing all the subsets of A.

Example: if A = {a,bc}, then
P(A) = &{a}.{b}.{c}.{ab}{a,c}{b.c}.{a,bc}}

If A has n elements, then its power set P(A) contains 2"
elements.

Exercise: proveit!!!



Operations on Sets

Union: given two sets A and B we define the union of A and B as the
set containing the elements belonging to A or to B or to both of
them, and we denote it with A U B.

Example: if A = {a,bc}, B = {a,d,e} then
A UB ={a,bc,de}

Intersection: given two sets A and B we define the intersection of A
and B as the set containing the elements that belongs both to A and

B, and we denote it with AN B.

Example: if A = {a,bc}, B = {a,d,e} then ANB = {a}



Operations on Sets (2)

Difference: given two sets A and B we define the difference of A and B
as the set containing all the elements which are members of A, but not
members of B, and denote it with A— B.

Example: if A = {a,bc}, B = {a,d,e} then A —B = {b,c}

Complement:given a universal set U and a set A, where A € U, we

define the complement of A in U ,denoted with A (or CyA), as the set
containing all the elements in U not belonging to A.

Example:if U is the set of natural numbers and A is the set of even
numbers (0 included), then the complement of A in U is the set of odd
numbers.



Sets: Examples

Examples:

Given A = {a, e,i, 0,{u}} and B = {i, o, u}, consider the
following statements:

O BEA NO!
O (B-{i,0})e A OK
® {aJu{i}cA OK
O {u}cA NO!
O {{u}} cA oK
O B-A=0 NO! B-A={u}
@ieANB OK
© {i,o}=ANB OK



Sets: Operation Properties

o ANA=A
AUA=A

o ANB=BNA,
AUB = B UA (commutative)

©* ANO=0
AUO=A

° (ANB)NC=ANBNCAI),
(AUB) UC = AU(B UC) (associative)



Sets: Operation Properties (2)

e AN(BUC)=(ANB) UANC),
AU(B NC) = (AUB) N(AUC)
(distributive)

° ANB
AUB

> 2

UB
NB (De Morgan laws)

@ Exercise: Prove the validity of all the properties.
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Cartesian Product

Given two sets A and B, wedefine the Cartesian product of A
and B as the set of ordered couples (g, b) wherea €A and

b € B; formally,

A X B ={(a,b):aeAandb€B}

Notice that: A X B # BXA



Cartesian Product (2)

e Examples:
e given A ={l, 2, 3} and B = {q, b}, then
A X B={(l,a), (I, b), (2, a), (2, b), (3, a), (3, b)} and
BXxA={(al),(qa2),(q3), (b 1), (b 2), (b 3)}

® Cartesian coordinates of the points in a plane are

an example of the Cartesian product R x R

® The Cartesian product can be computed on any number
nof setsAj, Az..., A, Al X A% ... X A,is the set of
ordered n-tuple (xi, ..., X,) where x; € A;for eachi= |

.. n.
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