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Cartesian Product

Cartesian Product

Definition

Let A and B be two sets, Cartesian product of A and B is written as A x B and
defined as A x B := {(a,b) | a € A,b € B}. In this case, (a,b) is called an
ordered pair or 2-tuple.

Definition

Ordered pairs (a,b) and (c,d) are equal iff a = c and b = d.

Example
If A={1,2} and B = {a, b, c} then

AxB =
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Cartesian Product

Cartesian Product

Definition
Let A and B be two sets, Cartesian product of A and B is written as A x B and

defined as A x B := {(a,b) | a € A,b € B}. In this case, (a,b) is called an
ordered pair or 2-tuple.

Definition
Ordered pairs (a,b) and (c,d) are equal iff a = c and b = d.

Example
If A={1,2} and B = {a, b, c} then

AxB = {(1,a),(1,b),(1,¢),(2,a),(2,b),(2,¢)} and
BxA =
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Cartesian Product

Definition

Let A and B be two sets, Cartesian product of A and B is written as A x B and
defined as A x B := {(a,b) | a € A,b € B}. In this case, (a,b) is called an
ordered pair or 2-tuple.

Definition
Ordered pairs (a,b) and (c,d) are equal iff a = c and b = d.

Example

If A={1,2} and B = {a, b, c} then
AxB = {(1,a),(1,b),(1,¢),(2,a),(2,b),(2,¢)} and
BxA = {(a1),(a,2),(,1),(,2),(c1),(c2)}.

We can see that A x B # B X A, so, in general, Cartesian product is not
commutative.
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Cartesian Product

Definition
Let Ay, As, ..., A, be n sets, the Cartesian product of Ay, Ay, ..., A, is written
as A; x Ay x --- x A,, and defined as follows

A1><A2><~-~><A,,L:{(a1,a2,...,an) |ai€Ai fori:1,2,...,n}.

In this case, (ai,as,...,a,) is called ordered n-tuple (or n-tuple for short).
If A =A;=---=A,=A, wecan write A X AX---x Aas A". Two n-tuple
(a1,a9,...,a,) and (b1, ba,...,b,) are equal iff a; = b; for every i = 1,2,...,n.
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Cartesian Product

Some Important Theorems

Theorem

For A and B sets, we have

Q (a,b) e AxB< (ac A)A(be B),

Q (a,b) e Ax B« (b,a) € BxA,

Q@ A=0=>AxB=BxA=0,

Q AxB=BxA& (A=B)V(A=0)Vv(B=0).

Proof

Exercise.
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Cartesian Product

Theorem
Let A and B be two finite sets, then

|Ax B| =|A]-|B],
with |A],|B],|A x B| is cardinality of set A, B, and A X B, respectively.

Proof

Exercise.
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Cartesian Product

Theorem
If A1, Ao, ..., A, are finite sets, then

|Ap X Ay X -+ x Ap| = |AL] - |A2| - - - |Ay

1

with |A;| is cardinality of A; for 1 <i <nand |4; X Ay X --- X A,| is cardinality
of A1 X Ag x -+ X A,,.

Proof

Exercise.
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Binary Relation

Definition
Let A and B be two sets, binary relation from A to B is a subset of A x B.
o If R is a relation from A to B, a € A, and b € B, then we write aRb if
(a,b) € R.
@ We can say that aRb stated a is related to b. See that a € A and b € B.
o Let alRb or aRb or = (aRb) denote (a,b) € R, or a is not related to b.

@ Relation on A is relation from A to A. We have that relation on A is a
subset of A x A.
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Domain and Range of Relation

Definition
Let A and B be two sets and R be a relation from A to B. Domain of R,
denoted by dom (R), defined as

dom (R) := {a € A | there exists b € B such that aRb} .
dom (R) :={a€ A|3bec B(aRb)}.

In other words, dom (R) is a set containing all elements in A related to at least

one element in B.
Range of R, denoted by ran (R), defined as

ran (R) := {b € B | there exists a € A such that aRb} .
ran (R) :={b€ B | Ja € A(aRb)}.

To simplify, ran (R) is a set containing all elements in B such that at least one
element in A is related to them.
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Definition and Basic Notation of Binary Relation

Examples

Example

Let A = {Alex, Ben,Cathy} is a set of students and B = {DM,C,DS, MV S}

is a set of courses. We have

Ax B =
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Examples

Example

Let A = {Alex, Ben,Cathy} is a set of students and B = {DM,C,DS, MV S}
is a set of courses. We have

(Alex, DM) , (Alex,C), (Alex, DS), (Alex, MV S),
AXx B=
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Examples

Example

Let A = {Alex, Ben,Cathy} is a set of students and B = {DM,C,DS, MV S}
is a set of courses. We have

(Alex, DM) , (Alex,C), (Alex, DS), (Alex, MV S),
AxB= (Ben,DM) ,(Ben,C),(Ben,DS), (Ben, MVS),
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Definition and Basic Notation of Binary Relation

Examples

Example

Let A = {Alex, Ben,Cathy} is a set of students and B = {DM,C,DS, MV S}
is a set of courses. We have

(Alex, DM) , (Alex,C), (Alex, DS), (Alex, MV S),
Ax B= (Ben,DM) ,(Ben,C),(Ben,DS), (Ben, MVS),
(Cathy, DM) , (Cathy, C), (Cathy, DS) , (Cathy, MV S)

Let R be a relation from A to B defined as: “student z is taking y course” and

we have these facts: Alex is taking DM and C, Ben is taking DM and DS, Cathy
is taking DM and MVS.
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Definition and Basic Notation of Binary Relation

Then
(Alex, DM) , (Alex,C),

R= (Ben,DM), (Ben,DS),
(Cathy, DM) , (Cathy, MV S)

@ We can see that R C A x B.
o dom(R) =
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Definition and Basic Notation of Binary Relation

Then
(Alex, DM) , (Alex,C),

R= (Ben,DM), (Ben,DS),
(Cathy, DM) , (Cathy, MV S)

@ We can see that R C A x B.
o dom (R) = {Alex, Ben, Cathy} = A.
e ran (R) =
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Definition and Basic Notation of Binary Relation

Then
(Alex, DM) , (Alex,C),

R= (Ben,DM), (Ben,DS),
(Cathy, DM) , (Cathy, MV S)

@ We can see that R C A x B.
o dom (R) = {Alex, Ben, Cathy} = A.
e ran(R) = {DM,C,DS,MV S} = B.

(]
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Definition and Basic Notation of Binary Relation

Then
(Alex, DM) , (Alex,C),

R= (Ben,DM), (Ben,DS),
(Cathy, DM) , (Cathy, MV S)

We can see that R C A x B.

dom (R) = {Alex, Ben, Cathy} = A.
ran (R) = {DM,C,DS, MV S} = B.
(Alex, DM) € R or Alex R DM.

e 6 6 o o
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Definition and Basic Notation of Binary Relation

Then
(Alex, DM) , (Alex,C),

R= (Ben,DM), (Ben,DS),
(Cathy, DM) , (Cathy, MV S)

We can see that R C A x B.

dom (R) = {Alex, Ben, Cathy} = A.

ran (R) = {DM,C,DS, MV S} = B.

(Alex, DM) € R or Alex R DM.

(Alex, MV S) & R or Alex R MV S or Alex R MV S or = (Alex R MV S).

e 6 6 o o
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Definition and Basic Notation of Binary Relation

Example

Let A= {1,2} and B = {z,y}. Let R be a relation from A to B with
R={(1,2),(2,2),(2,y)} then dom (R) =
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Definition and Basic Notation of Binary Relation

Example

Let A= {1,2} and B = {z,y}. Let R be a relation from A to B with
R={(1,2),(2,2),(2,y)}, then dom (R) = {1,2} = A and

ran (R) =
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Definition and Basic Notation of Binary Relation

Example

Let A= {1,2} and B = {z,y}. Let R be a relation from A to B with
R={(1,2),(2,2),(2,y)}, then dom (R) = {1,2} = A and
ran (R) = {z,y} = B.

Example

Let A={2,3,4} and B = {2,4,8,9,15}. Let R be a relation from A to B
defined as: aRb iff a divides b, for a € A and b € B. Then

R={
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Definition and Basic Notation of Binary Relation

Example

Let A= {1,2} and B = {z,y}. Let R be a relation from A to B with
R={(1,2),(2,2),(2,y)}, then dom (R) = {1,2} = A and
ran (R) = {z,y} = B.

Example

Let A={2,3,4} and B = {2,4,8,9,15}. Let R be a relation from A to B
defined as: aRb iff a divides b, for a € A and b € B. Then

R:{(272)7(2a4)7(278)a
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Definition and Basic Notation of Binary Relation

Example

Let A= {1,2} and B = {z,y}. Let R be a relation from A to B with
R={(1,2),(2,2),(2,y)}, then dom (R) = {1,2} = A and
ran (R) = {z,y} = B.

Example

Let A={2,3,4} and B = {2,4,8,9,15}. Let R be a relation from A to B
defined as: aRb iff a divides b, for a € A and b € B. Then

R=1{(2,2),(2,4),(2,8), (3,9),(3,15),
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Definition and Basic Notation of Binary Relation

Example

Let A= {1,2} and B = {z,y}. Let R be a relation from A to B with
R={(1,2),(2,2),(2,y)}, then dom (R) = {1,2} = A and
ran (R) = {z,y} = B.

Example

Let A={2,3,4} and B = {2,4,8,9,15}. Let R be a relation from A to B
defined as: aRb iff a divides b, for a € A and b € B. Then

R={(2,2),(2,4),(2,8), (3,9),(3,15), (4,4),(4,8)} .

e dom (R) =
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Definition and Basic Notation of Binary Relation

Example

Let A= {1,2} and B = {z,y}. Let R be a relation from A to B with
R={(1,2),(2,2),(2,y)}, then dom (R) = {1,2} = A and
ran (R) = {z,y} = B.

Example

Let A={2,3,4} and B = {2,4,8,9,15}. Let R be a relation from A to B
defined as: aRb iff a divides b, for a € A and b € B. Then

R={(2,2),(2,4),(2,8), (3,9),(3,15), (4,4),(4,8)} .

o dom (R) = {2,3,4} = A.
o ran (R) =
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Definition and Basic Notation of Binary Relation

Example

Let A= {1,2} and B = {z,y}. Let R be a relation from A to B with
R={(1,2),(2,2),(2,y)}, then dom (R) = {1,2} = A and
ran (R) = {z,y} = B.

Example

Let A={2,3,4} and B = {2,4,8,9,15}. Let R be a relation from A to B
defined as: aRb iff a divides b, for a € A and b € B. Then

R={(2,2),(2,4),(2,8), (3,9),(3,15), (4,4),(4,8)} .

o dom (R) = {2,3,4} = A.
o ran (R) = {2,4,8,9,15} = B.
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Definition and Basic Notation of Binary Relation

Example

Let A ={2,3,4,8,9} and R is a relation on A defined as: aRb iff a is a prime
factor of b, for a,b € A. Then

R={
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Definition and Basic Notation of Binary Relation

Example

Let A ={2,3,4,8,9} and R is a relation on A defined as: aRb iff a is a prime
factor of b, for a,b € A. Then

R={(22),(24),(28),
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Definition and Basic Notation of Binary Relation

Example

Let A ={2,3,4,8,9} and R is a relation on A defined as: aRb iff a is a prime
factor of b, for a,b € A. Then

R=1{(2,2),(2,4),(2,8), (3,3),(3,9)}.

o dom (R)
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Definition and Basic Notation of Binary Relation

Example

Let A ={2,3,4,8,9} and R is a relation on A defined as: aRb iff a is a prime
factor of b, for a,b € A. Then

R=1{(2,2),(2,4),(2,8), (3,3),(3,9)}.

o dom (R) = {2,3}, it is clear that dom (R) C A.
e ran (R) =
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Definition and Basic Notation of Binary Relation

Example

Let A ={2,3,4,8,9} and R is a relation on A defined as: aRb iff a is a prime
factor of b, for a,b € A. Then

R:{(272)7(274)7(278)7 (373)7(379)}'

o dom (R) = {2,3}, it is clear that dom (R) C A.
e ran (R) = {2,3,4,8,9} = A.

Example
Let Z be the set of integers and R is a relation on Z defined as:
for a,b € Z, then aRb iff a = b2

Then
e dom (R) =
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Definition and Basic Notation of Binary Relation

Example

Let A ={2,3,4,8,9} and R is a relation on A defined as: aRb iff a is a prime
factor of b, for a,b € A. Then

R:{(272)7(274)7(278)7 (373)7(379)}'

o dom (R) = {2,3}, it is clear that dom (R) C A.
e ran (R) = {2,3,4,8,9} = A.

Example
Let Z be the set of integers and R is a relation on Z defined as:
for a,b € Z, then aRb iff a = b2

Then
o dom (R) = {#? | z € Z}.
o ran(R) =
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Definition and Basic Notation of Binary Relation

Example

Let A ={2,3,4,8,9} and R is a relation on A defined as: aRb iff a is a prime
factor of b, for a,b € A. Then

R:{(272)7(274)7(278)7 (373)7(379)}'

o dom (R) = {2,3}, it is clear that dom (R) C A.
e ran (R) = {2,3,4,8,9} = A.

Example
Let Z be the set of integers and R is a relation on Z defined as:
for a,b € Z, then aRb iff a = b2

Then
o dom (R) = {#? | z € Z}.
eran(R) = {z |z € Z} =Z.
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Relation Presentations: Arrow diagram, matrix, and digraph

Contents

© Relation Presentations: Arrow diagram, matrix, and digraph
@ Arrow Diagrams
o Tables
o Matrices
o Digraphs (Directed Graphs)
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Relation Presentations: Arrow diagram, matrix, and digraph

Relation Representations of Relations over Finite Sets

If we have relations over finite sets, then we can represent those relations with:

@ arrow diagrams,
Q tables,

@ matrices, and
© digraphs.
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Relation Presentations: Arrow diagram, matrix, and digraph Arrow Diagrams

Arrow Diagrams

Let:

@ R is a relation from A = {Amir, Budi, Cecep} to
B = {IF221,1F251,1F342,1F323} with

Ro_ (Amir, [F251) , (Amir, [ F323) ,
! (Budi, [F221), (Budi, [F251) , (Cecep, [ F323)

@ Ry is a relation from P = {2,3,4} to Q = {2,4,8,9,15} with
Ry =1{(2,2),(2,4),(2,8),(3,9),(3,15),(4,4), (4,8)}.

@ Rj is a relation on A = {2,3,4,8,9} with
R3 = {(2v 2) ) (274) ) (27 8) ) (37 3) ) (379)}"
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Relation Presentations: Arrow diagram, matrix, and digraph Arrow Diagrams

Arrow diagrams representation of Ry, Ro, and R3 are:
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Relation Presentations: Arrow diagram, matrix, and digraph [EEELES

Tables

Let Ry be a relation from P to @) as defined above, then we can represent R,
with the following table.

dom (R3) | ran (Rx2)
2 2
2 4
2 8
3 9
3 15
4 4
4 8
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Relation Presentations: Arrow diagram, matrix, and digraph Matrices

Representation Matrix of a Relation

Definition

Let A ={a1,as,...,am} and B = {b1,ba,...,b,} be two non-empty finite sets
and R is a relation from A to B. Relation R can be represented as an |A| x |B|
matrix M g defined as

. 1, if (a;,b;) €R
Wil = {meyglo Wi ey :{ 0. if (anby) & R
b1 by .- . by,
ay mi1 mig - co Min
ag ma1 mag - ce maon

Mg
Am mMm1 Mm2 tee tee Mmn

Mp, is called a representation matrix of R.
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Relation Presentations: Arrow diagram, matrix, and digraph Matrices

Example

Exercise

Let A= {1,2,3}, B={1,2}, and R is a relation from A to B defined as: aRb iff
a > b. Find a representation matrix of R if a; = 1,a3 = 2,a3 = 3,b; = 1,by = 2.

Solution:
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Relation Presentations: Arrow diagram, matrix, and digraph Matrices

Example

Exercise

Let A= {1,2,3}, B={1,2}, and R is a relation from A to B defined as: aRb iff
a > b. Find a representation matrix of R if a; = 1,a3 = 2,a3 = 3,b; = 1,by = 2.

Solution: R ={(2,1),(3,1),(3,2)}, then we have the representation matrix of R
is

Mp =
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Relation Presentations: Arrow diagram, matrix, and digraph Matrices

Example

Exercise
Let A= {1,2,3}, B={1,2}, and R is a relation from A to B defined as: aRb iff
a > b. Find a representation matrix of R if a; = 1,a2 = 2,a3 = 3,b; = 1,b5 = 2.

Solution: R ={(2,1),(3,1),(3,2)}, then we have the representation matrix of R

is
0

Mp =
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Relation Presentations: Arrow diagram, matrix, and digraph Matrices

Example

Exercise
Let A= {1,2,3}, B={1,2}, and R is a relation from A to B defined as: aRD iff
a > b. Find a representation matrix of R if a; = 1,a3 = 2,a3 = 3,b; = 1,by = 2.

Solution: R ={(2,1),(3,1),(3,2)}, then we have the representation matrix of R

is
0 0

Mp =
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Relation Presentations: Arrow diagram, matrix, and digraph Matrices

Example

Exercise
Let A= {1,2,3}, B={1,2}, and R is a relation from A to B defined as: aRD iff
a > b. Find a representation matrix of R if a; = 1,a3 = 2,a3 = 3,b; = 1,by = 2.

Solution: R ={(2,1),(3,1),(3,2)}, then we have the representation matrix of R

is
0 0

Mp=| 1
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Relation Presentations: Arrow diagram, matrix, and digraph Matrices

Example

Exercise
Let A= {1,2,3}, B={1,2}, and R is a relation from A to B defined as: aRD iff
a > b. Find a representation matrix of R if a; = 1,a3 = 2,a3 = 3,b; = 1,by = 2.

Solution: R ={(2,1),(3,1),(3,2)}, then we have the representation matrix of R
is

0 0

Mep=|1 0
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Relation Presentations: Arrow diagram, matrix, and digraph Matrices

Example

Exercise

Let A= {1,2,3}, B={1,2}, and R is a relation from A to B defined as: aRD iff
a > b. Find a representation matrix of R if a; = 1,a3 = 2,a3 = 3,b; = 1,by = 2.

Solution: R ={(2,1),(3,1),(3,2)}, then we have the representation matrix of R
is

0

Mg = 0

=)
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Relation Presentations: Arrow diagram, matrix, and digraph Matrices

Example

Exercise

Let A= {1,2,3}, B={1,2}, and R is a relation from A to B defined as: aRD iff
a > b. Find a representation matrix of R if a; = 1,a3 = 2,a3 = 3,b; = 1,by = 2.

Solution: R ={(2,1),(3,1),(3,2)}, then we have the representation matrix of R
is

Mp =

= O
= o O

MZI (SoC Tel-U) Relation 1 February 2023 23 /34



Relation Presentations: Arrow diagram, matrix, and digraph [EIEhUEN(IES X NILIB)

Digraph

Definition

Digraph (directed graph) is a graph contains set V' of vertices and a set F in
which its elements are ordered pairs of V' x V, which is called an edge. Vertex a is
called initial vertex of edge (a,b), and b is the terminal vertex of edge (a,b). An
edge of form (a, a) is called loop.

Digraph can only represent a relation on A, relation from A to B where A # B
cannot be represented as a digraph.
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Relation Presentations: Arrow diagram, matrix, and digraph [EIEhUEN(IES T NILIB)

Exercise

Draw a digraph representing relation
R={(11),(1,3),(2,1),(2,3),(2,4),3,1),(3,2), (4, 1)} in {1,2,3,4}.

Solution:
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Relation Presentations: Arrow diagram, matrix, and digraph [EIEhUEN(IES T NILIB)

Exercise

Draw a digraph representing relation
R={(11),(1,3),(2,1),(2,3),(2,4),3,1),(3,2), (4, 1)} in {1,2,3,4}.

Solution:

Digraph representing R.
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Relation Presentations: Arrow diagram, matrix, and digraph [EIEhUEN(IES T NILIB)

Exercise

Draw a digraph representing relation
R ={(a,a),(a,b),(b,a),(bc),(b,d),(c,a),(cd),(db)} in {a,b,c d}.

Solution:
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Relation Presentations: Arrow diagram, matrix, and digraph [EIEhUEN(IES T NILIB)

Exercise

Draw a digraph representing relation
R ={(a,a),(a,b),(b,a),(bc),(b,d),(c,a),(cd),(db)} in {a,b,c d}.

Solution:
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Set Operations on Relations

Set Operations on Relations

Definition
Let A and B be two sets, R, R, and Ry be relations from A to B. We define
Q@ RiURy = {(a,b) c Ax B | (a b) e Ry or (a,b) GRQ}.
R1UR2:{ab EAXB|(CLR1) (CLRQb)}

(a,b)
Qo RlﬂRQZ{(a,b)EAXB| (CL b)ERlﬂ (a,b)ERQ}.
Ry N Ry ={(a,b) € Ax B| (aR1b) A (aR2b)}.
Q@ Ri1® Ry ={(a,b) ¢ Ax B | (a,b) € Ry or (a,b) € Rs, but not both}.
Ry @RQZ{(CL,I))EAXB| (a,b)ERl@(a,b)ERg}.
Ry~ Ry ={(a,b) € Ax B| (a,b) € Ry and (a,b) & Ry}.
Ry~ Ry ={(a,b) € A x B | (aR1b) A —(aRsb)}.

o

Q@ ~R={(a,b) € Ax B| (a,b) € R}. =R can be written as R
-R={(a,b) € Ax B |- (aRb)}.

o

R~ ={(ba)e Bx A (a,b) € R}.
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Set Operations on Relations

Exercise

Let A= {a,b,c} and B ={a,b,c,d}. If Ry and Ry are relations from A to B
where:

R, = {(av a) ) (bv b) ) (Cv C)}
Ry = {(a,a),(a,b),(a,0),(a,d)}
Find:
RiN Ry
Ri URsy
R ® Ry
R~ Ry
Ry~ R;
—Ry or Ry
Ry*.

©0000O0CO0
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Set Operations on Relations

Solution:

Q R[iNRy =
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Set Operations on Relations

Solution:

Q RiNRy = {(aa a) ’ (b’ b) ’ (C’ C)} N {(aa a) ’ (aa b) ’ (a” C) ’ (a” d)} = {(aa a)}
Q@ RiURy =
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Set Operations on Relations

Solution:
Q RiNRy = {(aa a) ’ (b’ b) ’ (C’ C)} N {(aa a) ’ (aa b) ’ (a” C) ’ (a” d)} = {(aa a)}
Q@ RiURy = {(a,a),(a,b),(a,c),(a,d),(bd),(c,c)}.
Q RiIOoRy =
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Set Operations on Relations

Solution:
Q@ RiNRy = {(a,a),(b,b),(c,c)} Nn{(a,a),
@ RiURy = {(a,a),(a,b),(a,c),(a,d),(
Q@ R1® Ry = {(a,b),(a,c),(a,d),(bb),(c,c)}.

°R1\R2:
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Set Operations on Relations

Solution:
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Solution:

Q@ RiNRy = {(a,a),(b,b),(c,0)} N{(a,a),(a,b),(a,c),(a,d)} = {(a,a)}
Q@ Ri1URy = {(a,a),(a,b),(a,c),(a,d),(bd),(c,c)}

Q@ R1® Ry = {(a,b),(a,c),(a,d),(bb),(c,c)}.

Q@ Ri\Ry= (bv b) ; (Cv C)}

@ By~ Ry = {(a,0),(a:0), (0, d)}

Q R =Ry =
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Q@ RiUR; = {(a,a)

Q@ R, &Ry = {(a,b)
Q@ Ry~ Ry= {(bb),(c
Q Ry~ Ry = {(

MZI (SoC Tel-U)

) (b C) ) (b7 d), (C,

February 2023

a),(c,0),(c,d)}.
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@ Bin Ry = {(0,0),(0,D), ()} N {(0,0),(a,8), (a,0), (a, d)} = {(ara)}
Q@ RiURy = {(a,a),(a,b),(a,c),(a,d),(bd),(c,c)}.

Q@ R1® Ry = {(a,b),(a,c),(a,d),(bb),(c,c)}.

Q@ Ry~ Ry = {(b,b),(c,0)}.

Q@ Ry~ Ry = {(a,b),(a,c),(a,d)}

Q@ —R, =Ry = {(a,b),(a,c),(a,d),(b,a),(b,c),(b,d), (c,a),(c,b),(c,d)}.
Qo R§1 = {(CL, a) ) (ba a) ) (Ca a’) ) (d7 CL)}
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Set Operations on Relations

Exercise
Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,

Ri N~ Rs, Ry~ Ry, and R & R».

Solution:

Qo (1‘,y) €ERIURy &
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Set Operations on Relations

Exercise
Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,

Ri N~ Rs, Ry~ Ry, and R & R».

Solution:
Q (z,y) e RiURy & (x,y) € Ry or (z,y) € Ry &
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Set Operations on Relations

Exercise
Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,

Ri N~ Rs, Ry~ Ry, and R & R».

Solution:
Q (z,y) ERIURy & (x,y) ERyor (z,y) ERy &z <yorx >y
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Set Operations on Relations

Exercise
Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,

Ri N~ Rs, Ry~ Ry, and R & R».

Solution:
Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So R1 URQZ
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Set Operations on Relations

Exercise
Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,

Ri N~ Rs, Ry~ Ry, and R & R».

Solution:

Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So Ry URy = {(z,y) | x # y}.

Q (l‘,y)ERlﬁR2<:>
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Set Operations on Relations

Exercise
Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,

Ri N~ Rs, Ry~ Ry, and R & R».

Solution:

Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So RiURy = {(z,y) | = #y}.

Q (z,y) e RiNRy & (x,y) € Ry and (z,y) € Ry &

MZI (SoC Tel-U) Relation 1 February 2023 31/ 34



Set Operations on Relations

Exercise
Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,

Ri N~ Rs, Ry~ Ry, and R & R».

Solution:

Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So Ry URy = {(z,y) |z #y}

Q (r,y) e RiNRy < (z,y) € Ry and (z,y) € Ry & x <yand x> y.
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Set Operations on Relations

Exercise

Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,

Ri N~ Rs, Ry~ Ry, and R & R».

Solution:
Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So RiURy = {(z,y) | x #y}.
Q (r,y) e RiNRy < (z,y) € Ry and (z,y) € Ry & x <yand x> y.
Because it is not possible that < y and = > y both happens, for all
z,y € R, then Ry N Ry =
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Set Operations on Relations

Exercise
Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,

Ri N~ Rs, Ry~ Ry, and R & R».

Solution:
Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So RiURy = {(z,y) | x #y}.
Q (r,y) e RiNRy < (z,y) € Ry and (z,y) € Ry & x <yand x> y.
Because it is not possible that < y and = > y both happens, for all
z,y € R, then Ry N Ry = 0.

Q (z,y) e R~ Ry &
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Set Operations on Relations

Exercise
Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,

Ri N~ Rs, Ry~ Ry, and R & R».

Solution:

Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So Ry URy = {(z,y) |z #y}

Q (r,y) e RiNRy < (z,y) € Ry and (z,y) € Ry & x <yand x> y.
Because it is not possible that < y and = > y both happens, for all
z,y € R, then Ry N Ry = 0.

Q (z,y) € Ri N~ Ry & (x,y) € Ry and (z,y) € Ry &
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Set Operations on Relations

Exercise
Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,

Ri N~ Rs, Ry~ Ry, and R & R».

Solution:

Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So Ry URy = {(z,y) |z #y}

Q (r,y) e RiNRy < (z,y) € Ry and (z,y) € Ry & x <yand x> y.
Because it is not possible that < y and = > y both happens, for all
z,y € R, then Ry N Ry = 0.

Q (v,y) e i~ Ry & (x,y) € Ry and (z,y) € Ry & = < y and
x>y &
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Set Operations on Relations

Exercise
Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,

Ri N~ Rs, Ry~ Ry, and R & R».

Solution:

Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So Ry URy = {(z,y) |z #y}

Q (r,y) e RiNRy < (z,y) € Ry and (z,y) € Ry & x <yand x> y.
Because it is not possible that < y and = > y both happens, for all
z,y € R, then Ry N Ry = 0.

Q (z,y) e Ri N~ Ry & (z,y) € Ry and (z,y) € Ry < 2 <y and
—z>y)eor<yandz<ys
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Set Operations on Relations

Exercise

Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,

Ri N~ Rs, Ry~ Ry, and R & R».

Solution:
Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So RiURy = {(z,y) | x #y}.
Q (r,y) e RiNRy < (z,y) € Ry and (z,y) € Ry & x <yand x> y.
Because it is not possible that < y and = > y both happens, for all
z,y € R, then Ry N Ry = 0.

Q (v,y) e i~ Ry & (x,y) € Ry and (z,y) € Ry & = < y and
—(z>y)er<yandz<ysSz<y. So R\ Ry=
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Set Operations on Relations

Exercise

Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,
Ri N~ Rs, Ry~ Ry, and R & R».
Solution:
Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So RiURy = {(z,y) |z #y}.
Q (r,y) e RiNRy < (z,y) € Ry and (z,y) € Ry & x <yand x> y.
Because it is not possible that < y and = > y both happens, for all
z,y € R, then Ry N Ry = 0.

Q (z,y) e Ri N~ Ry & (z,y) € Ry and (z,y) € Ry < 2 <y and
—(z>y)erz<yandz <y z<y. So R\ Ry=R;.

@ With the same reasoning in number 3, Ry \ Ry =
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Set Operations on Relations

Exercise

Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,
Ri N~ Rs, Ry~ Ry, and R & R».

Solution:
Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So RiURy = {(z,y) | x #y}.
Q (r,y) e RiNRy < (z,y) € Ry and (z,y) € Ry & x <yand x> y.
Because it is not possible that < y and = > y both happens, for all
z,y € R, then Ry N Ry = 0.

Q (z,y) e Ri N~ Ry & (z,y) € Ry and (z,y) € Ry < 2 <y and
—(z>y)erz<yandz <y z<y. So R\ Ry=R;.

@ With the same reasoning in number 3, Ry \ Ry = R».
o (.’E,y) € R1® Rs
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Set Operations on Relations

Exercise

Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,
Ri N~ Rs, Ry~ Ry, and R & R».

Solution:
Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So RiURy = {(z,y) | x #y}.
Q (r,y) e RiNRy < (z,y) € Ry and (z,y) € Ry & x <yand x> y.
Because it is not possible that < y and = > y both happens, for all
z,y € R, then Ry N Ry = 0.

Q (z,y) e Ri N~ Ry & (z,y) € Ry and (z,y) € Ry < 2 <y and
—(z>y)erz<yandz <y z<y. So R\ Ry=R;.

@ With the same reasoning in number 3, Ry \ Ry = R».
Q (.’E,y) ERI PRy & (.’L‘,y) € R{ UR; and (.’li,y) R NRy &
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Set Operations on Relations

Exercise

Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,
Ri N~ Rs, Ry~ Ry, and R & R».

Solution:
Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So RiURy = {(z,y) | x #y}.
Q (r,y) e RiNRy < (z,y) € Ry and (z,y) € Ry & x <yand x> y.
Because it is not possible that < y and = > y both happens, for all
z,y € R, then Ry N Ry = 0.

Q (z,y) e Ri N~ Ry & (z,y) € Ry and (z,y) € Ry < 2 <y and
—(z>y)erz<yandz <y z<y. So R\ Ry=R;.

@ With the same reasoning in number 3, Ry \ Ry = R».
Q (z,y) e RiP Ry < (x,y) € RRURy and (z,y) € RiN Ry < x # y and
(,y) €0 <

MZI (SoC Tel-U) Relation 1 February 2023 31/ 34



Set Operations on Relations

Exercise

Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,
Ri N~ Rs, Ry~ Ry, and R & R».

Solution:
Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So RiURy = {(z,y) | x #y}.
Q (r,y) e RiNRy < (z,y) € Ry and (z,y) € Ry & x <yand x> y.
Because it is not possible that < y and = > y both happens, for all
z,y € R, then Ry N Ry = 0.

Q (z,y) e Ri N~ Ry & (z,y) € Ry and (z,y) € Ry < 2 <y and
—(z>y)erz<yandz <y z<y. So R\ Ry=R;.

@ With the same reasoning in number 3, Ry \ Ry = R».

Q (z,9) € R ® Ry & (2,y) € iU Ry and (z,y) ¢ RiN Ry < = # y and
(z,y) €0 = x#y. So Ry ® Ry =
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Set Operations on Relations

Exercise

Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,
Ri N~ Rs, Ry~ Ry, and R & R».

Solution:
Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So RiURy = {(z,y) | x #y}.
Q (r,y) e RiNRy < (z,y) € Ry and (z,y) € Ry & x <yand x> y.
Because it is not possible that < y and = > y both happens, for all
z,y € R, then Ry N Ry = 0.

Q (z,y) e Ri N~ Ry & (z,y) € Ry and (z,y) € Ry < 2 <y and
—(z>y)erz<yandz <y z<y. So R\ Ry=R;.

@ With the same reasoning in number 3, Ry \ Ry = R».

Q (z,y) e RiP Ry < (x,y) € RRURy and (z,y) € RiN Ry < x # y and
(x,y)%@@x;ﬁy So Ri ® Ra = RiURy; =

MZI (SoC Tel-U) Relation 1 February 2023 31/ 34



Set Operations on Relations

Exercise

Let Ry be a relation on R defined as: xRy iff x < y. Let Ry be a relation on R
defined as: xRoy iff x > y. Find all relations defined as: R; U Ry, R1 N Ro,
Ri N~ Rs, Ry~ Ry, and R & R».

Solution:
Q (z,y) ERMURy & (z,y) ERyor (z,y) ERy &z <yorz>ysxFy.
So RiURy = {(z,y) | x #y}.
Q (r,y) e RiNRy < (z,y) € Ry and (z,y) € Ry & x <yand x> y.
Because it is not possible that < y and = > y both happens, for all
z,y € R, then Ry N Ry = 0.

Q (z,y) e Ri N~ Ry & (z,y) € Ry and (z,y) € Ry < 2 <y and
—(z>y)erz<yandz <y z<y. So R\ Ry=R;.

@ With the same reasoning in number 3, Ry \ Ry = R».

Q (z,y) E Ri®Ry < (z,y) € R1URy and (z,y) € Ri1 N Re & = # y and
(z,y) g0z #y. So Ry & Ry = RiU Ry = {(2,y) |z #y}.
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Set Operations on Relations

Exercise
Let R be a relation on R defined as: =Ry iff x < y. Find all relations defined as:
R~ Y R.

Solution:
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Set Operations on Relations

Exercise

Let R be a relation on R defined as: xRy iff 2 < y. Find all relations defined as:
R' R

Solution:

QO (zyeR '
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Set Operations on Relations

Exercise

Let R be a relation on R defined as: xRy iff 2 < y. Find all relations defined as:
R' R

Solution:

QO (r,yeR's (y,2)eRe
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Set Operations on Relations

Exercise

Let R be a relation on R defined as: xRy iff 2 < y. Find all relations defined as:
R' R

Solution:

Q (1,y)eR ‘e (yx)eRey <2z
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Set Operations on Relations

Exercise
Let R be a relation on R defined as: =Ry iff x < y. Find all relations defined as:
R~ Y R.

Solution:
Q (z,y)eR's (y,2)eRey <z So(v,y) € R7Yiffx >y, or
RV= {(ey) |2 > 1),
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Set Operations on Relations

Exercise
Let R be a relation on R defined as: xRy iff 2 < y. Find all relations defined as:
R' R
Solution:
Q (z,y)eR's (y,2)eRey <z So(v,y) € R7Yiffx >y, or
R ={(z,9) | 2>y}
Q9 (z,y) eRs
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Set Operations on Relations

Exercise
Let R be a relation on R defined as: xRy iff 2 < y. Find all relations defined as:
R' R
Solution:
Q (z,y)eR's (y,2)eRey <z So(v,y) € R7Yiffx >y, or
R ={(z,9) | 2>y}
Q@ (zyehe (ry ¢Re
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Set Operations on Relations

Exercise
Let R be a relation on R defined as: xRy iff 2 < y. Find all relations defined as:
R' R
Solution:
Q (z,y)eR's (y,2)eRey <z So(v,y) € R7Yiffx >y, or
R ={(z,9) | 2>y}
Q@ (ryeRe (zy) R ~(x<y)
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Set Operations on Relations

Exercise
Let R be a relation on R defined as: xRy iff 2 < y. Find all relations defined as:
R' R
Solution:
Q (z,y)eR's (y,2)eRey <z So(v,y) € R7Yiffx >y, or
R ={(z,9) | 2>y}
Q@ (ryehe (ry¢Re-(z<y < (z2y).
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Set Operations on Relations

Exercise
Let R be a relation on R defined as: xRy iff 2 < y. Find all relations defined as:
R' R
Solution:
Q@ (z,y)eR'e (y,x)eRey<z So(z,y) € R7Yiffz >y, or
R={(n,y) |z >y}
Q (z,y) € Re (r,y)d Re - (v <y) & (x>y). So (x,y) € Riffx >y,
or R={(z,y) | = >y}

Exercise
Let S be a relation on R defined as: xSy iff x # y. Find all relations defined as:

Sy

Solution:

MZI (SoC Tel-U) Relation 1 February 2023 32 /34



Set Operations on Relations

Exercise
Let R be a relation on R defined as: xRy iff 2 < y. Find all relations defined as:
R' R
Solution:
Q@ (z,y)eR'e (y,x)eRey<z So(z,y) € R7Yiffz >y, or
R={(n,y) |z >y}
Q (z,y) € Re (r,y)d Re - (v <y) & (x>y). So (x,y) € Riffx >y,
or R={(z,y) | = >y}

Exercise
Let S be a relation on R defined as: xSy iff x # y. Find all relations defined as:

S—1, 8.
Solution:

Q (v,y) eSSl
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Set Operations on Relations

Exercise
Let R be a relation on R defined as: xRy iff 2 < y. Find all relations defined as:
R' R
Solution:
Q@ (z,y)eR'e (y,x)eRey<z So(z,y) € R7Yiffz >y, or
R={(n,y) |z >y}
Q (z,y) € Re (r,y)d Re - (v <y) & (x>y). So (x,y) € Riffx >y,
or R={(z,y) | = >y}

Exercise
Let S be a relation on R defined as: xSy iff x # y. Find all relations defined as:

S—1, 8.
Solution:

Q (z,y)eS e (y2)eSe
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Set Operations on Relations

Exercise
Let R be a relation on R defined as: xRy iff 2 < y. Find all relations defined as:
R' R
Solution:
Q@ (z,y)eR'e (y,x)eRey<z So(z,y) € R7Yiffz >y, or
R={(n,y) |z >y}
Q (z,y) € Re (r,y)d Re - (v <y) & (x>y). So (x,y) € Riffx >y,
or R={(z,y) | = >y}

Exercise
Let S be a relation on R defined as: xSy iff x # y. Find all relations defined as:

S—1, 8.
Solution:

Q (v,y) €S e (y,2)eSey#ua.
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Set Operations on Relations

Exercise
Let R be a relation on R defined as: xRy iff 2 < y. Find all relations defined as:
R' R
Solution:
Q@ (z,y)eR'e (y,x)eRey<z So(z,y) € R7Yiffz >y, or
“t={(z.y) 2>y}
Q (z,y) € Re (r,y)d Re - (v <y) & (x>y). So (x,y) € Riffx >y,
or R={(z,y) | = >y}

Exercise
Let S be a relation on R defined as: xSy iff x # y. Find all relations defined as:

S—1, 8.
Solution:

Q (z,y)eSte (y,z2)eSey#x So(z,y) € S~Liff z # y (because
x;«éyisequivalenttoy;ﬁx),orS1 S ={(z,y) | z #y}.
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Set Operations on Relations

Exercise
Let R be a relation on R defined as: xRy iff 2 < y. Find all relations defined as:
R' R
Solution:
Q@ (z,y)eR'e (y,x)eRey<z So(z,y) € R7Yiffz >y, or
“t={(z.y) 2>y}
Q (z,y) € Re (r,y)d Re - (v <y) & (x>y). So (x,y) € Riffx >y,
or R={(z,y) | = >y}

Exercise
Let S be a relation on R defined as: xSy iff x # y. Find all relations defined as:

S—1, 8.
Solution:

Q (z,y)eSte (y,z2)eSey#x So(z,y) € S~Liff z # y (because
x;«éyisequivalenttoy#x),orS L=8={(z,y) |z # vy}
Q (r,y)eSs
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Set Operations on Relations

Exercise
Let R be a relation on R defined as: xRy iff 2 < y. Find all relations defined as:
R' R
Solution:
Q@ (z,y)eR'e (y,x)eRey<z So(z,y) € R7Yiffz >y, or
“t={(z.y) 2>y}
Q (z,y) € Re (r,y)d Re - (v <y) & (x>y). So (x,y) € Riffx >y,
or R={(z,y) | = >y}

Exercise
Let S be a relation on R defined as: xSy iff x # y. Find all relations defined as:

S—1, 8.
Solution:

Q (z,y)eSte (y,z2)eSey#x So(z,y) € S~Liff z # y (because
x;«éyisequivalenttoy#x),orS L=8={(z,y) |z # vy}
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Set Operations on Relations

Exercise
Let R be a relation on R defined as: xRy iff 2 < y. Find all relations defined as:
R' R
Solution:
Q@ (z,y)eR'e (y,x)eRey<z So(z,y) € R7Yiffz >y, or
“t={(z.y) 2>y}
Q (z,y) € Re (r,y)d Re - (v <y) & (x>y). So (x,y) € Riffx >y,
or R={(z,y) | = >y}

Exercise
Let S be a relation on R defined as: xSy iff x # y. Find all relations defined as:

S—1, 8.
Solution:

Q (z,y)eSte (y,z2)eSey#x So(z,y) € S~Liff z # y (because
x;éyisequivalenttoy;éx) or STt =8 ={(z,y) | z # vy}

Q@ (zyeSe (zydSe-(z#y <
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Set Operations on Relations

Exercise
Let R be a relation on R defined as: xRy iff 2 < y. Find all relations defined as:
R' R
Solution:
Q@ (z,y)eR'e (y,x)eRey<z So(z,y) € R7Yiffz >y, or
“t={(z.y) 2>y}
Q (z,y) € Re (r,y)d Re - (v <y) & (x>y). So (x,y) € Riffx >y,
or R={(z,y) | = >y}

Exercise
Let S be a relation on R defined as: xSy iff x # y. Find all relations defined as:

g1 8

Solution:

Q (v,y) €S e (y,2) €S y#ax So(x,y) € S~Liff v #y (because
x;éyisequivalenttoy;éx) or STt =8 ={(z,y) | z # vy}

Q@ (z,y)eSe (r,ydSe-(z#y) < (x=y). Then (z,y) € Siff z =y,
or S={(z,y) [z=y}={(z,2) |z €R}.
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Set Operations on Relations

Exercise

Let R be a relation on Z defined as: zRy iff z < y. Find relation R~! and
relation R (or relation -~ R).

Solution:
Q (a,b) e Rt
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Set Operations on Relations

Exercise

Let R be a relation on Z defined as: zRy iff z < y. Find relation R~! and
relation R (or relation -~ R).

Solution:
Q (a,b) e R"t' e (hya)e R&
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Set Operations on Relations

Exercise

Let R be a relation on Z defined as: zRy iff z < y. Find relation R~! and
relation R (or relation -~ R).

Solution:
Q (a¢,b)e R"le (ha)e Reb<a.
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Set Operations on Relations

Exercise

Let R be a relation on Z defined as: zRy iff z < y. Find relation R~! and
relation R (or relation -~ R).

Solution:
Q (a,b) e R"'e (bja)e Reb<a. SoxR lyiff
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Set Operations on Relations

Exercise
Let R be a relation on Z defined as: zRy iff z < y. Find relation R~! and
relation R (or relation -~ R).
Solution:
Q (a,b)e R°te (hja)e Reb<a. SoxzR lyiffz>y.
Q (a,b) e R<

MZI (SoC Tel-U) Relation 1 February 2023 33 /34



Set Operations on Relations

Exercise
Let R be a relation on Z defined as: zRy iff z < y. Find relation R~! and
relation R (or relation -~ R).
Solution:
Q (a,b)e R°te (hja)e Reb<a. SoxzR lyiffz>y.
Q (a,b)eR& (a,b) ¢ R&
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Set Operations on Relations

Exercise
Let R be a relation on Z defined as: zRy iff z < y. Find relation R~! and
relation R (or relation -~ R).
Solution:
Q (a,b)e R°te (hja)e Reb<a. SoxzR lyiffz>y.
Q (a,b)eRe (a,b) ¢ R —(a<b) &
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Set Operations on Relations

Exercise
Let R be a relation on Z defined as: zRy iff z < y. Find relation R~! and
relation R (or relation -~ R).
Solution:
Q (a,b)e R°te (hja)e Reb<a. SoxzR lyiffz>y.
Q (a,b)eRe (a,b) g R& —(a<b) & (a>D).
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Set Operations on Relations

Exercise

Let R be a relation on Z defined as: zRy iff z < y. Find relation R~! and
relation R (or relation -~ R).

Solution:
Q (a,b)e R°te (hja)e Reb<a. SoxzR lyiffz>y.
Q (a,b) e R< (a,b) g R —(a<b)< (a>b). Then zRy iff z > y.
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Important Theorem

Theorem
Let A and B be two sets, R and S be relations from A to B, then
Q dom (R™!) =ran(R)
Q ran (R™') = dom (R)
@ R !is a relation from B to A
@ (RY) =R
@ RCSiffR-'C S~ L
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