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@MU:I:M SCSI1013: Discrete Structures
CHAPTER 1
SET THEORY

[Part 2: Operation on Set]

©UIM

Union

* The union of two sets A and B, denoted by
A U B, is defined to be the set

AUuB={x|xeAorx e B}

* The union consists of all elements belonging
to either A or B (or both)
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Union

* Venn diagramof AU B
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Union

* If A and B are finite sets, the cardinality of

|AUB| =|A| +|B| - |ANB|

" Example

OUIM

A=(1, 2, 3, 4, 5}, B={2, 4, 6} and C={8, 9}

AUB={1,2,3,4,5,6}
AUC={1,2,3,4,5,8,9}
BUC={2,4,6,8,9}
AUBUC={1,2,3,4,5,6,8,9}
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y Intersection

* The intersection of two sets A and B, denoted
by A N B, is defined to be the set

ANnB={x|xeAandx € B}

* The intersection consists of all elements
belonging to both A and B.
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B Intersection

* Venndiagramof AN B
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" / Example

A=(1,2,3,4,5, 6}, B={2, 4, 6, 8, 10} and
C=(1,2,8,10}

ANnB={2,4,6}
ANnC={1,2}
CNnB={2,8,10}
ANBNC={2}
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Disjoint

e Two sets A and B are said to be disjoint if,

ANB=J
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y Disjoint

* Venndiagram,AnB=

OO0

B

Y~ Example

A={1,3,5,7,9,11}
B=1{2,4,6,8,10}

ANB=J

eum /

B Difference

* The set
A-B={x | x € Aand x ¢ B}
is called the difference.

* The difference A— B consists of all
elements in A that are not in B.
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Difference

* Venn diagram of A-B

u
A
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" Example

A:{1121314I516I718}
B={2,4,6,8}

A-B={1,3,5,7}

—

The symmetric difference of set A and set B, denoted
by A® B istheset (A-B) U (B-A)

/ Symmetric Difference

Ag D

Venn Diagram
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U=10,1,2,3,4,5,6,7,8,9,10}
A = {1,2735475}; B: {4’5567778}

Example

A®B=(4-B)U(B-A4)=1{1,2,3,6,7,8)

1 ! 1
B-A={6,7,8}

A-B=1{,2,3}
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Complement

* The complement of a set A with respect to
a universal set U, denoted by A’ is defined

to be
A ={x eU| x ¢ A}
A =U-A

©UIM

p Complement

Venn diagram of A’
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Y~ Example

Let U be a universal set,

U={1,2,3,4,56,7}
A={2,4,6}

A=U-A={1,3,57}

©OUTM
~ / Exercise

* Let,
U={ab,cdef,ghijklm}
A={a,c f, m}

B={bc g hm}

* Find:
AUB,ANB,|AUB|,A—BdanA'.
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Exercise

Let A={1, 4, 7, 10}, B={1, 2, 3, 4, 5} and
Cc={2, 4, 6, 8}.

List the elements of each set:

a)U’

b)B'N (C-A)

c)B-A

d)(AuB) N (C-B)

Let the universe be the set U={1, 2, 3, 4,.....,10}.

B

Y~ Set Identities (oo

¢ Associative laws

AN(BNC=(AnB)NC

AuBul=(AuB)uUC

UTM
©UIM Set Identities

' (or Properties of Set)

¢ Commutative laws

ANB=BNA

AUB=BUA

©UT™
Set Identities (cont’d)

* Distributive laws
AUuBNC)=(AUuB N (AU

ANn(BuUC)=(AnB)U(ANC()
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Y~ Set Identities (oo

e Absorption laws

AUANB)=A

AN(AUB)=A
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~ Set Identities oy

* ldempotent laws
ANA=A

AU A=A

Y~ Set Identities (oo

* Complement laws
ANA =0
AUA =U

* Complement of U and J:
' =U
U=9

* Double complement laws: (A")' = A

OUIM

~ Set Identities oy

* De Morgan’s laws
(AnB)=A"UB

(AUB)=A"NnB

B

Y~ Set Identities (oo

* Properties of universal set
AuU=U
ANU=A

* Set difference laws:
A-B=ANB’

®UTM
~ Set Identities (o)

* ldentity laws:
AUD=A
ANU=A

* Properties of empty set:
AUD=A
AND=0
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Y~ Example

* Let A, Band Cdenote the subsets of a set S
and let C' denote a complement of Cin S.

e fANC=BNCandANC'=BNC’, then
prove that A=B
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e J

& Example

A =4nS
=An(CuC)
=AnNC)uAnC) bydistributivity
=BNC)U(BNC) bythegiven conditions
=Bn(CuC)
=BnS
=B

by distributivity

4 Example

By referring to the properties of set operations
(Set Identities), show that:

A-(ANB)=A-B

©UT™
— Solution
From set identities: A-B=ANB’
Property (law)
ailled

A-(AnB) =An(ANBY

[set difference laws]

=AN (A’ |\ B’) [De Morgan’s laws]
= (A N A ’) ) (A NB ,) [distributive laws]
=Ju (A N B )) [complement laws]
= (A NB ,) (OX%} [commutative]
=ANB’ [Identity laws]
=A4-B

B

Y~ Exercise

* LetA, Band Cbe sets.
* Show that

(AuBNQ)Y=AnNn(BUC)

eum /

" Exercise

* Let A, Band C be sets such that
ANnB=AnCand AuUB=AUC

* ProvethatB=C
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The union of a collection of sets is the set that contains those
elements that are members of at least one set in the collection.

eneralized Unions and Intersections

Notation:

[] 4i=A1vA200 UAs :{x e U‘x € 4, for at least one i:0,1,2,.....,n}

i=l

[] 4i=A10 42Ul UA={x € Ulx € 4, for at least one nonnegative integer i}
i=1

®UT™
—

and

Example

i=1 i=1

i=1 i=1

®UT™
—

* An ordered pair (a, b) is considered distinct

Cartesian Product

from ordered pair (b, a), unless a=b.

Example (1,2)#(2,1)
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— eneralized Unions and Intersections
(cont'd)

The intersection of a collection of sets is the set that contains

those elements that are members of all the sets in the collection.

Notation:

[] di=AinA20 NAn= {x c U‘x € 4, forall i:0,1,2,....n}

=l

[] Ai=A1nA200 N Av={x € U|x € 4, for all nonnegative integer i}

i=l

OUIM

~ Cartesian Product

* Let A and B be sets.

* An ordered pair of elements acA dan beB
written (a, b) is a listing of the elements a
and b in a specific order.

The ordered pair (a, b) specifies that a is
the first element and b is the second
element.

©UTM
—

Cartesian Product

* The Cartesian product of two sets A and B,
written AxB is the set,

AxB ={(a,b)| acA, beB}
* ForanysetA,

AxQD = DxA =




B

Y~ Example

A={a, b}, B={1, 2}.

AxB={(a, 1), (a, 2), (b, 1), (b, 2)}

BxA={(1, a), (1, b), (2, a), (2, b)}
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®UuTM
2 Cartesian Product

* if A# B, then AxB # BXA.

* if |JA| =mand |B| =n, then |AxB|=mn.

4 Example

« A={1, 3}, B={2, 4, 6}.

AxB={(1, 2), (1, 4), (1, 6), (3, 2), (3, 4),(3,6)}
BxA ={(2,1),(2,3), (4,1), (4, 3),(6,1), (6, 3)}

A#B, AxB# BxA
|Al =2, |B| =3, | AxB |=2.3=6.

OUIM

~ Cartesian Product

* The Cartesian product of sets A, A,, ..., A, is
defined to be the set of all n-tuples

(ay, @y,...a,) Where a;eA; for i=1,...,n;

* Itisdenoted A; x A, x ... x A,
[Apx Ay x o x A= |AL LA, | o AL

©UT™

Y~ Example

o A= {a, b}; B={1l 2}1 C={XI y}

AxBxC ={(a,1,x),(a,1,y), (a,2,x), (a,2,y),
(b,1,x), (b,1,y), (b,2,x), (b,2,y)}

« |AxBxC|=2.2.2=8

eum /

~ Exercise

* Let A= {w, x}, B={1, 2} and C={KB, SD, PS}.

* Find |AxB|, | BXC|, |AXC|,|AxBxC|,|BxCxA]|,
| AxBxAxC]|

* Determine the following set,
a) AxB, BxC, AxC
b) AxBxC
c) BxCxA

d) AXBxAxC




Y~ Exercise

e Let X={1,2}, Y={a} and Z={b,d}.
* List the elements of each set.

a) XxY

b) YxX

c) XxYxZ

d) XxYxy

e) XxXxX

f) YxXxYxZ
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