SECI1013: DISCRETE STRUCTURE

CHAPTER 1

SET THEORY
[Part 2: Operation on Set}
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SECI1013: DISCRETE STRUCTURE

Union

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

AUB={x|XxeAorX e B}

 The union consists of all elements belonging to
either A or B (or both)
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SECI1013: DISCRETE STRUCTURE

UniOn (cont’d)
e Venndiagramof AUB

U

* |f A and B are finite sets, the cardinality of A U B,

| AUB| =|A| +|B| - |ANB|
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SECI1013: DISCRETE STRUCTURE

Example:
A={1,2,3,4,5;B={2,4, 6}and C={8, 9}
AUB-=
AUC=

BuUC=

AUBUCE=
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SECI1013: DISCRETE STRUCTURE

Intersection

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

ANB={Xx|XeAandX e B}

e The intersection consists of all elements
belonging to both A and B.
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SECI1013: DISCRETE STRUCTURE

Intersection o

* Venndiagramof AN B
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SECI1013: DISCRETE STRUCTURE

Example:
W={1,2,3,4,56};X={2,4,6,8, 10}; Y={1, 2, 8, 10}

WNX=
WNY-=
YNX=
WNXNY=
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SECI1013: DISCRETE STRUCTURE

Disjoint
 Two sets A and B are said to be disjoint if,
ANB=C

* Venn diagram:

U
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SECI1013: DISCRETE STRUCTURE

Example:
A={1,3,57911;B={24,6,8, 10}

ANB=20
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SECI1013: DISCRETE STRUCTURE

Difference

e Let, A and B be sets. The difference of A minus B,
denoted A — B, is the set of all elements in A that
are not in B.

* Formally: A—B={X | X € Aand X ¢ B}

* Venn diagram:
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SECI1013: DISCRETE STRUCTURE

Example:

A= {1I 2) 3) 4) 5) 6) 7) 8}; B= {21 4) 6) 8) 9}

innovative e entrepreneurial @ global | www.utm.my

11



SECI1013: DISCRETE STRUCTURE -
Symmetric Difference

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

M romos® UNIVERSITI TEKNOLOGI MALAYSIA

Ag B

Venn Diagram

e S

innovative e entrepreneurial @ global | www.utm.my 12




SECI1013: DISCRETE STRUCTURE

Example:
Let, U, A and B be sets.

U=1{0,1,23,45,6,78,9, 10}
A={1,2345} B=1{4,5,6,78)

ARB=(A—-B)Uu(B —A) =

| |
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SECI1013: DISCRETE STRUCTURE -

M reeiod®  UNIVERSITI TEKNOLOGI MALAYSIA

Complement

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

A'={xcU|xeg AL A'=U—A

* Venn diagram:

AO

Bp—
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SECI1013: DISCRETE STRUCTURE

Example:

Let U be a universal set, and A is a subset of U.
U={112131415I617};A={214I6}

A'=U-A-=
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SECI1013: DISCRETE STRUCTURE

Set Identities

(or Properties of Set)

Let all sets referred to below be subsets of a universal
set, U.

1) Commutative laws: For all sets A and B,

a)AUB=BUA

b)ANB=BNA
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SECI1013: DISCRETE STRUCTURE

Set Identities w..

2) Associative laws: For all sets A, B and C,

a(AuB)uUC=AuU(BU ()

H(ANB)NC=AN(BNC)
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SECI1013: DISCRETE STRUCTURE

Set Identities w..

3) Distributive laws: For all sets A, B and C,

aAU(BNC)=(AUB)N (AU C)

nhAN(BUC)=(ANB)U (AN C)
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SECI1013: DISCRETE STRUCTURE

Set Identities w..

4) ldentity laws: For all sets A,

AU D=A
b)ANU=A

5) Complement laws: For all sets A,

a)AUA'"=U
b) ANA'=O
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SECI1013: DISCRETE STRUCTURE

Set Identities ..

6) Double Complement law: For all sets A,

(A')" =A

7) Idempotent laws: For all sets A,
a) AUA=A
b) ANA=A

8) Universal bound laws: For all sets A,
a)AuU=U
b) AN =J
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SECI1013: DISCRETE STRUCTURE

Set Identities ..

9) De Morgan’s laws: For all sets A and B,
a)(AuUB)=A"NnB
b)(ANB) =A"UB'

10) Absorption laws: For all sets A and B,
aAU(ANB)=A
h)AN(AUB)=A
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SECI1013: DISCRETE STRUCTURE

Set |dentities ..
11) Complements of U and & :

a) D' =U
b) U’ =
12) Set difference laws: For all sets A and B,
A-B=ANB’
13) Properties of empty set. For all set A,
AAUID=A
b) AN D=
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SECI1013: DISCRETE STRUCTURE

Example:

Let A, B and C denote the subsets of a set S and let
C' denote a complementof CinS. IfANC=BNC
and AN C'=B N C’, then prove that A = B.
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SECI1013: DISCRETE STRUCTURE

Example:

Let, A and B be sets. By referring to the set
identities, show that:

A-(ANB)=A-B
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SECI1013: DISCRETE STRUCTURE

Generalized Unions & Intersection

Given sets Ay, A1, A,, ... that are subsets of a universal set U and
given a nonnegative integer, n.

n
A; ={x € U|x € A; foratleastonei =0,1,2,..,n}

1=0

o0 — Union

U A; = {x € U|x € A; for at least one nonnegative integer i}

i=0

- —

) .
Ai={x€eU|x €A foralli=0,1,2,..,n}

=0

(0 0]

I — Intersection
A; = {x € U|x € A; for all nonnegative integer i}

i=0

I
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SECI1013: DISCRETE STRUCTURE

Example:

For each positive integer |, let A; = {x € R| —% <x< %} =A; = (—%,%)
Find:

a) Ay UA, UA;

b) A NA, NAy
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SECI1013: DISCRETE STRUCTURE

Example:

For each positive integer |, let A; = {x € R| —% <x< %} =A; = (—%,%)
Find:

a) Ay UA, UA;

b) A NA, NAy
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SECI1013: DISCRETE STRUCTURE

Cartesian Product

* Given sets A and B, the Cartesian product of A and B,
denoted AxB (read “A cross B”) is the set of all
ordered pairs (a, b), where aisin A and b is in B.

* Symbolically:
AxB ={(a, b)| a €A and b < B}

nzah@uim.my

— ‘ innovative e entrepreneurial @ global | www.utm.my 28




SECI1013: DISCRETE STRUCTURE

Example:

Let, A and B be sets.
A ={a, b}; B={1, 2}

AxB =

BxA =
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SECI1013: DISCRETE STRUCTURE

Cartesian Product s

Notation:

An ordered pair of elements a € A and b € B written as
(a, b) is a listing of the elements a and b in a specific

order.

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

o An ordered pair (a, b) is considered distinct from ordered
pair (b, a), unless a = b.

o Example: (1, 2) # (2, 1)
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SECI1013: DISCRETE STRUCTURE

Cartesian Product s
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For any set A, AxJ = OxA =
If A#B, then AxB = BxA

If |A] =mand |B| =n, then |AxB|=m *n
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SECI1013: DISCRETE STRUCTURE

Cartesian Product s

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

(a,, a,,...a,) where a;e A; for I=1,...,n;

* Itisdenoted A, x A, x ... xA_
A, x Ay x o x AL = A A | AL
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SECI1013: DISCRETE STRUCTURE

Example:
Let, A, B and C be sets.

A={a, b}; B={1, 2}, C={x, vy}

AxBxC =

|AxBxC|=
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SECI1013: DISCRETE STRUCTURE

Example:
Let, C, D and E be sets.

C={1,3}; D={2,4,6}; E={a, b}

Find:
a) CxD =7?
b) DxC =?

c) IsCxD =DxC ?
d) (CxD) x E="?
e) |CxD |=?

f) |CxDxE |=?
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SECI1013: DISCRETE STRUCTURE

Example - Solution:

a) CxD =

b) DxA =

c) Since C = D, therefore CxD = DxC

d) (CxD) xE =

e)|C|=2,|D|=3,|CxD |=
f) |CxD xE |=
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SECI1013: DISCRETE STRUCTURE
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SECI1013: DISCRETE STRUCTURE

Exercise #1
Given sets,

U={a,b,cdef,ghitj]klm}

A={a,cf m}
B={b,c,g,h,m}

) AuB
i) ANB
i) |A v B|
Iv) A-B

v) A
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SECI1013: DISCRETE STRUCTURE

Exercise #2

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

Let a set A={1, 4, 7, 10}, B={1, 2, 3, 4, 5} and C={2, 4, 6, 8}
List the elements of each set:

a) U’

b) B'm (C—A)

c) (AU B)uU (C—B)

d) (AnB) U (B-C)
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SECI1013: DISCRETE STRUCTURE

Exercise #3

Let A, B and C be sets such that
ANB=AnNnCand AuUB=AUCZC
Prove that B=C
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SECI1013: DISCRETE STRUCTURE

Exercise #4

Given sets A= {w, x}; B={1, 2} and C={KB, SD, PS}.

a) Determine the following set,  b) Find:

i) AxB . AxB

ii) BxC i. |BxC

i) AxC i, |AxC

iv) AxBxC iv. |AxBxC]|

V) (BXC)XA V. BXCXAl
vi. |AxBxAxC]|

vi) AxBx (AxC)
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