Section 3.4
More Set Operations



Set Difference

e If A and B are sets, then the difference of A and B is the set
containing exactly the members of A that are not also members of B

A—B={x|x€AAx ¢& B}

{1,3,5} — {1, 2,3} = {5}
{1,2,3} —{1,3,5} = {2}



Set Difference

A — B 1s shaded.




Symmetric Difference

* If A and B are sets, then the symmetric difference of A and B is the
set containing exactly the members of A that are not also in B and
the members of B that are not alsoin A

ABB=(A—-B)U(B—A)

{1,3,5}P11, 2,3} = {2,5}



Symmetric Difference

A@DB is shaded




Set Complement

* The complement of a set A is the set containing the members of the
universal set, U, that are not alsoin A

A={x|x€UAx¢A)

°xEZifandonIyifxeA



Set Complement

* If the universal setis Z* (all positive integers),

* and A is the set of positive integers greater than 10, A =
{11,12,13,...}. Then:

A=1{1,273,4,5,6,7,8,9, 10}



Set Complement

A is shaded.




Examples

* The universe exactly contains the integers from1to 8, U = {1,2,3,4,5,6,7,8}

« A=1{1,4,5,7}
B =1{2,4,6,7}
- C ={3,5,6,7}
ANB ={1,4,57Yn{2,4,6,7) ANB ={1,4,57}n{2,4,6,7}
=1{2,3,6,8} n{1,3,5,8} = {4,7}
= {3,8} ={1,2,3,5,6,8}



Examples

* The universe exactly contains the integers from1to 8,, U = {1,2,3,4,5,6,7,8}

e A={1,4,5,7)
« B=1{2,4,67)
« C ={3,5,6,7}
A-C ={1,4,57}-{3,5,6,7) A—C ={1,4,57}—{3,5,6,7)
=1{2,3,6,8} — {1,2,4,8) -~ 4

= {3, 6} =1{2,3,5,6,7,8}



Section 3.5
Set |ldentities



Set |dentities

* The set operations union, intersection and complement can be expressed
using logical operations

cx€EAUBeo (x€AVXERB)
cxEANBeo (x€EANX EB)

cx €A a(x €A

exelU T
*xXEQPeoF



De Morgan's Law for Set Intersection

x€ANB ©-(x€ANB)
o a(x€eANx EB)
o a(x€eA)Va(x €B)
oxEAVXERB
ox€EAUB

Therefore ANB=AUB



De Morgan's Law for Set Union

xEAUB < —(x EAUB)
o a(x€eAVx€EB)
o a(x€eA)N-(x €B)
oxEANXEB
ox€ANB

Therefore AUB=ANB



Set |dentity Laws

Set Identity Name

ANU=A Identity laws

Aup=A

AuU=U Domination laws
ANG=0

AUA=A Idempotent laws
ANA=A

1=14 Double Complement law
AUB=BUA Commutative laws
ANB=BnNA

Au(BuC)=(AuB)ucC
An(BnC)=AnB)NnC

Associative laws

AuUBNC)=(AUB)Nn(AU0)
AN(BUC)=ANB)u(AnC(C)

Distributive laws

ANB=AUB De Morgan’s laws
AUB=ANB

AU(ANB)=A Absorption laws
An(AuB)=A

AUA=U Complement laws
ANA=0

15



Proving Sets are Equal Using Set Identities

e Example: Showthat AU (B NC) = (Z U E) NnA

S

AU (BNC) NBNC De Morgan

Nn(Bu E) De Morgan
B U E) NnA Commutativity of intersection

|
N\ N

CUB)NA Commutativity of union



Proving Sets are Equal Using Membership
Tables

e Similar to truth tables
* Each column corresponds to a set
e The leftmost columns are for set variables

e Each row is for a possible combination of sets that an item can be a
member of



Proving Sets are Equal Using Membership
Tables

 Example: Provethat AN B = AUB
e ColumnsforANnB,A UE,A nB,Z,E,A,B

* Rows for the possible ways an item can be in or notin A and B

* Use 1 to indicate membership and O to indicate non-membership



Proving Sets are Equal Using Membership
Tables

* Example: Provethat AN B = AUB

A B A B ANB | ANB | AUB
1 1 0 0 1 0 0
1 0 0 1 0 1 1
0 1 1 0 0 1 1
0 0 1 1 0 1 1

Since the columns for A N B and A U B are the same, they are equal
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