
PThe ordered pair (a, b) is a collection that has a
as its f irst element and b as its second element
<Note how t his  is different from a set ; in sets the

elements are not ordered
<T he set {1, 2} is t he sam e as t he set {2, 1}, but the

ordered p airs (1, 2) Ö (2, 1)

PThe ordered triple (a, b, c) is a collection w ith a
as its f irst element, b as its second element and c
as its third element.

PThe ordered n-tuple (a1, ..., an) is the c ollec tion
w hich has ai as its ith element, for 1 # i # n

Ordered pairs and n-tuples
PThe Cartes ian product gives us a w ay to “mu ltiply”

sets together

PIf A, B, ..., Q are sets, then the Cartes ian product
A×B×þ× Q is the set {( a, b, ..., q) | a0A, ..., q 0Q}

PNote that the Cartes ian product of k sets is a set of
ordered k-tuples

PWhat is {x, y}×{p, q}
< {(x, p ), (x, q), (y, p), (y, q)}

PWhat is {1, 2, 3}×{a, b}×{5, 6}?
< {(1, a, 5),  (1, a, 6), (1, b, 5), (1, b, 6), (2, a, 5),  (2, a, 6),    

(2, b, 5), (2, b, 6), (3, a, 5), (3, a, 6), (3, b, 5), (3, b, 6)}

Cartesian Products

P You’ve probably heard the term “Cartes ian
coordinates”

PIt usually refers to the ( x, y)-coordinate system w e
use when graphing in the plane

Por ( x, y, z)-coordinates when graphing in sp ac e

PIf w e let ú denote all real numbers ( the number
line), then the plane is ú×ú = ú 2

P and spac e is ú×ú×ú = ú 3

A Familiar Cartesian Product
PThe union of A and B is the set that contains all

elements found in either A or B

PAcB = {x | x 0 A w  x 0 B}

PEg :  A = {1, 2, 3}, B = {3, 4}, C = {1, 4, 7}.  
< What  is  AcB?
< What  is  AcC?
< What  is  AcBcC?

PWhat is A×BcC
< It dep ends on where y ou p ut  t he p arenthes es!
< (A× B)cC = { (1, 3), (2, 3), (3, 3), (1, 4), (2, 4), (3, 4), 1, 4, 7}
< A× (BcC ) = { (1, 1), (1, 3), (1, 4), (1, 7), (2, 1), (2, 3), (2, 4),        

                      (2, 7), (3, 1), (3, 3), (3, 4), (3, 7)}

Union of Sets



A x U x A= ∈ ∉{ | }

Intersection of Sets

PThe intersection of A and B is the set that
conta ins a ll elements found in both A and B

PA1B = { x | x 0 A v  x 0 B}
PEg :  A = {1, 2, 3}, B = {3, 4}, C = {1, 4, 7}.  
< What  is  A1B?
< What  is  A1C?
< What  is  A1B1C?

PWhat is A×B1C
< (A×B)1C = i
< A×( B1C) = {(1, 4), (2, 4), (3, 4)}

PThe diff erence of A and B is the set that contains
all e lements found in A, but not B

PA! B = {x | x 0 A v  x ó B}

PEg :  A = {1, 2, 3}, B = {3, 4}, C = {1, 4, 7}.  
< What  is  A!B?
< What  is  A!C?
< What  is  A!B!C?

– Here it depends on where you put the parentheses !
– (A!B)!C = { 2}
– A!( B!C ) =  {1, 2}

< What  is  A×B!C
– (A× B)1C = i
– A× (B1C ) = { (1, 4), (2, 4), (3, 4)}

Set Difference

PThe comp lement of a set is the set of a ll elements
that are not in that set.
<Does this  make sense?
< What ’s missin g?

P Before def in ing the comp lement of a set, we mus t
have the notion of a universal set
<T he universal set is the set of all elements under

consider at ion.  T his  must be made clear.
PThis is analogous to the universe of discourse for

predicates
PAll together :  I will not wri te “compliment” of a set

Complement of a Set

PSuppos e U is the un iversal set.  Then for a set A,

Complement of a Set

PThus U – A is another way of writing the
complement

PSuppos e U is the set of all integers
< A = { x | x is an even int eger}

– complement = s et o f odd integers
< B = { x | x is a multiple of 3}

– complement = set o f integers which l e ave a remai nder of 1
or 2 when divided by 3



PSeveral set ident ities are g ive on page 49:

Set Identities

Aci =  A A1U = A
AcU = U A1i =  i
AcA = A A1A = A

...

A1(BcC) = ( A1B)c(A1C) Ac(B1C) = ( AcB)1(AcC) 

P How would one prove such ident ities?
PThree ways :
<M embership T ables
<Use of simp ler identit ies
< In general, t o show t wo sets are equal, it  is  enou gh to

show that each set is a subset of t he ot her set

PFor eac h s imp le set in the expression, make a
column that will indic ate w hether an element is
(1) or is not (0) in that set

PFor more c omplic ated columns, combine the
s impler columns

PFor example, let us prove one of DeMorgan’s
laws:  The complement of the union is the
intersection of the complements

Membership Tables

Membership Tables

A B  AcB  AcB A B  A1B
1 1 1 0 0 0 0
1 0 1 0 0 1 0
0 1 1 0 1 0 0
0 0 0 1 1 1 1

PTh is time, w hat w ould w e require of the
membership table?
< That every  “ 1” on the left-hand side has a

correspondin g “1” on t he right-hand side. 
< But there could be more “1s” on the RHS t han t he LHS

Prove (A!B)1C f C ! B

A B C A!B  (A!B)1C C ! B
1 1 1 0 0 0
1 1 0 0 0 0
1 0 1 1 1 1
1 0 0 1 0 0
0 1 1 0 0 0
0 1 0 0 0 0
0 0 1 0 0 1
0 0 0 0 0 0

Every “ 1” in this
column 

Has a corres ponding
“ 1 ” in that column,
proving the desired
subset rel ationship.


