
Subset (… recall)

Theorem 1. For any set, we have

•   A for any set A

• A  A for any set A

Proper subset:

A  B “A is a proper subset of B” 

A  B  x (xA  xB)  x (xB  xA)

or

A  B  x (xA  xB)  x (xB  xA)
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Finite set and cardinality

• Definition. For a set S. If there are exactly n

different elements inside S, with n nonnegative 

integer, then S is a finite set and n is the 

cardinality of S.

• Cardinality of S is expressed as |S|.
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Infinite set

• Definisi. A set is an infinite set if the set 

is not a finite set
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Example:

A = {Mercedes, BMW, Porsche},

B = {1, {2, 3}, {4, 5}, 6}

C = 

D = { xN | x  7000 }

E = { xN | x  7000 }
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|A| = 3

|B| = 4

|C| = 0

|D| = 7001

E infinite!

Cardinality of a Set



Power Set

• Definition. For a set S, power set of S is 

a set consisting of all subsets of S. Power 

set of S is written as P(S) or 2S.
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Power Set

2A or P(A)

2A = {B | B  A}

“power set of A” (consists of all 

subsets of A)

Example:

A = {x, y, z}

2A = {, {x}, {y}, {z}, {x, y}, {x, z}, {y, z}, {x, y, z}}

A = 

2A = {}

Note: |A| = 0, |2A| = 1
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Power Set
Cardinality of power set:

| 2A | = 2|A|

• Imagine every element of A has 2 possibilities 
“ON/OFF”

• Every possible configuration of A corresponds to one 
element in the power set 2A

A 1 2 3 4 5 6 7 8

x x x x x x x x x

y y y y y y y y y

z z z z z z z z z

• For A with 3 elements, there are 222 = 8 elements 

in 2A
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Ordered n-tupel
Definisi. An ordered n-tuple (a1, a2, a3, …, an) is an 

ordered collection with a1 as its first element, a2 as its 

second element, …, and an as its nth element.

Two ordered n-tupels (a1, a2, a3, …, an) and (b1, b2, b3,

…, bn) are equal if and only if both have exactly the 

same elements and with the same order, i.e., ai = bi for

1  i  n.

For n=2, this n-tupel is called as ordered pair.
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Cartesian Multiplication

Definition. Suppose that A and B are sets.

Cartesian multiplication of A and B, written 

as AB, is all ordered pairs (a,b) where aA

and bB. Therefore,

AB = {(a, b) | aA  bB}
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Example

A = {x, y}

B = {a, b, c} 

Hence

AB = {(x, a), (x, b), (x, c), (y, a), 

(y, b), (y, c)}
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Cartesian Multiplication

Note that:

• A = 

• A = 

• For nonempty sets A and B : AB  AB  BA

• |AB| = |A||B|

Cartesian multiplication of two sets or more is defined 

as:

A1A2…An = {(a1, a2, …, an) | aiAi for 1  i  n}
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Union and Intersection Sets

• Definition. Suppose A and B are sets. The union 

of sets A and B, written as AB, is the set 

containing elements of A, elements of B, or both.

• Definition. Suppose A and B are sets. The 

intersection of sets A and B, written as AB, is a 

set containing elements that are both in A and 

B.
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Operation on Sets

Union: AB = {x | xA  xB}

Example: A = {a, b}, B = {b, c, d}

AB = {a, b, c, d}

Intersection: AB = {x | xA  xB} 

Example: A = {a, b}, B = {b, c, d}

AB = {b}
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Disjoint Sets and Set Difference

•Definition. Two sets, A and B, is said disjoint if their 

intersection is an empty set, that is AB = 

•Definition. Consider two sets A and B. The set difference 

between A and B, written as A-B, is the set of elements that 

are in A but not in B. Hence, A-B = {x | xA  xB}. This is 

also called complement of B w.r.t. A.

Example: A = {a, b}, B = {b, c, d}, A-B = {a}
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Operation on Sets

Definition. Complement of the set A, written as A,

is the set containing all elements in the domain U

that are not in A:

A = U - A

Example: U = N, B = {250, 251, 252, …}

B = {0, 1, 2, …, 248, 249}
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Operation on Sets

How to prove A(BC) = (AB)(AC)? 

Alternative I:

xA(BC)

 xA  x(BC)

 xA  (xB  xC)

 (xA  xB)  (xA  xC)
(distributive law for mathematical logic)

 x(AB)  x(AC)

 x(AB)(AC)
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Operation on Sets

Alternative II: Use members table

1 means “x is a member of this set”
0 berarti “x is not an elements of this set”

A B C BC A(BC) AB AC (AB) (AC)

0 0 0 0 0 0 0 0

0 0 1 0 0 0 1 0

0 1 0 0 0 1 0 0

0 1 1 1 1 1 1 1

1 0 0 0 1 1 1 1

1 0 1 0 1 1 1 1

1 1 0 0 1 1 1 1

1 1 1 1 1 1 1 1
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Operation on Sets

From the examples given, we conclude that:

Every logic expression can be transformed into an 

equivalent expression in set theory, vice versa.
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Problem(dipd pertemuan berikutnya)

• Given two finite sets: A={1,2} and

B={2,3,4}.

Calculate:

a) |A| and |B|

b) P(A) and P(B)

c) |P(A)| and |P(B)|

d) AB

e) |AB|

f) AB, A-B, and AB



Function
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Function

Definition. A function f from set A to set B assigns 
exactly one element of B to each element of A.

We write

f(a) = b

where for every element in A, there exists a unique 
element in B.

If f is a function from A to B, we write

f: AB

(Note, notation ““ is not related to the implication logical 
operator : if…. then…)
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Function

Given f:AB, we say A as the domain of f and B

as the codomain of f.

If f(a) = b, we say b as the image of a and a as the 

pre-image of b.

Range of f:AB is a set containing all images of  

the elements of A.

We say f:AB maps A to B.
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Function

Note the function f: PC where

P = {Linda, Max, Kathy, Peter}

C = {Boston, New York, Hong Kong, Moscow}

f(Linda) = Moscow 

f(Max) = Boston 

f(Kathy) = Hong Kong 

f(Peter) = New York

Here, the range of  f is C.
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Function

Suppose f is given as:

f(Linda) = Moscow 

f(Max) = Boston 

f(Kathy) = Hong Kong 

f(Peter) = Boston

Is f still a funciton? yes

What is the range? {Moscow, Boston, Hong Kong}
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Function

Other representation of f:

x f(x)

Linda Moscow

Max Boston

Kathy
Hong 

Kong

Peter Boston

Linda

Max

Kathy

Peter

Boston

New York

Hong Kong

Moscow
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Function

If the domain of a function is very large, it is better to 
define f by a formula, example:

f:RR 

f(x) = 2x

which results in

f(1) = 2

f(3) = 6

f(-3) = -6

…
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Function

Suppose f1 and f2 are functions from A to R.

Then the summation and multiplication of f1 and f2 are 

also functions from A to R defined as:

(f1 + f2)(x) = f1(x) + f2(x)

(f1f2)(x) = f1(x) f2(x)

Example:

f1(x) = 3x, f2(x) = x + 5

(f1 + f2)(x) = f1(x) + f2(x) = 3x + x + 5 = 4x + 5

(f1f2)(x) = f1(x) f2(x) = 3x (x + 5) = 3x2 + 15x
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Function

We know that range of a function f:AB is the 

set of all images from the elements aA.

If we only consider the subset SA, the set of all 

images from the elements sS is the image of S.

Image of S is denoted as f(S): 

f(S) = {f(s) | sS}
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Mathematician of the day
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