
Relations: overview


Definition:


Three fundamental properties: a relation R on a set A is


reflexive if
•

Not reflexive if
◦

Symmetric if
•

Not symmetric if
◦

transitive if
•

Not transitive if
◦




Equivalence relation R on A:


Symmetric, transitive, reflexive
•

Induces a partition of A, subsets = equivalence classes
•

In an equivalence class, all elements are related to each other
•




a relation R on a set A is a subset of AXA

VX EA XRX

FX EA XR X

V x y EA XRy y RX
IX y EA x Ry n y RX

V x y 2 EA XRy n y R2 3 X R2

IX y 2 EA XRy n y R2 a XXz



Today

Anti-symmetric relations
•
Partial order
•



Intro to functions 
•
Composition of functions
•




Book: chapter 3, sections 3.3, 3.4, 3.5, 3.7










Recap


l

There is at least one ball that is not red.

There is at least one ball that is not yellow.

All balls in the 
box are red and 
all balls in the 
box are yellow 
(since there are no 
balls in the box…)

Negation: there is a ball in the box 
that is not red.

All balls in the 
box are red

Negation: there is a ball in the box 
that is not yellow.

All balls in the 
box are yellow

Not all balls in the 
box are red and not 
all balls in the box 
are yellow.



Anti-symmetry:











































Not the negation of symmetry

An arrow between different elements can only go in

1 direction

example xRy if X E Y on IR

x Ry if x is a multiple of y on W
x Ry if x y 10

Definition Fay EA xRy n y Rx x y
Hay E A C XRy a x y y RX

not A S



Symmetry vs. Anti-symmetry






















Symmetry all arrows go in 2 directions
Anti symmetry arrows between different elements

cannot go in both directions

A SU
S X AS X
T TX
R X R X

S u
AS u

P AS X

EE I



Examples






















xRy if X Ey 10 on IN

X T ye 20 Then try since 1120710
yKx since 20 41 10

NOT SYMMETRIC

x 1 y 2 Then XRY since I 2710

and I 2 YRX since 21 IO

NOT ANTI SYMMETRIC

xRy if X ytto on A

assume xry and x y
then x y to y X O Xtro

so y RX

ANTI SYMMETRIC



Partial order

A relation that is reflexive, transitive and anti-symmetric is called 

a partial order









































example I on PCH
a reflexive for all at A E IPCIN AEA

every set is a subset of itself

anti symmetry if A EB and BEA other AaB
definition of set equality

transitive if A EB and BEC then AEC
Let X EA Ther X EB since A EB

Then x EC since BEC
U

O E 417 E 1,29 E 1,231 E

137


























X Ry if X Ey on IR

o x Ex true Is reflexive
f x Ey and y ex then x y's anti syn

o xEy and y Ez x ez transitive

xRy of x is a multiple of y on IN

reflexive xRx Y x is a multiple of X U

true for all X E IN

transitive xRy ay R2 xR2

xRy Oo x Ky KEIN y
y R2 so y M2 MEW
then x k m2 Rm 2 so xR2

anti syn try n y RX
x ky n y my x km x yK m I y X



Partial and total order






















d d
transitive partial order
anti symmetric f x y EA x Ry v y RXreflexive

NOT EXAM MATERIAL
G this slide only I



Functions

A function f is a mapping from a set A to a set B. To be a 

function, f(x) has a UNIQUE value for EVERY element x of A.


Notation: f: A->B where f(x)=… 
•





































Lex x2
gps

Ffa

Not a function



















































f A B where fixd
domain co domain

Lex is uniquely defined for EVERY x EA

range

A B

the RANGE of a function the set of elements in B
that or reached by f

range f y EB Axe A y LA
range f E co domain f



Composition of functions

Consider functions g: A->B and f: B->C. 


Then (f o g)(x) = f(g(x)) is the function obtained first using g and 

then using f.


Domain of (f o g)
•

Co-domain of (f o g)
•































domain of g
co domain of f

g A B f B C
A B C

g
p f

fog Asc can be properly defined if range g E domainCf


























Example

g I I where Lex x 4

g I I where gox x'th

o f o g I I is properly defined since the co domain

of g and the domain of f are the name

range g 8,8 13 Y EI

Llg x2 f x't 47 x2
x

g
x'th
y

1 747 4 x2

g o f I I is properly defined since the co domain

of f and the domain of g are the name

range f I E E

g f x g x 47 x 972 4 X 8 20

x

y
x h

g
x 91 th



Checklist

Do you know what anti-symmetry is?
•
Do you understand that symmetry and anti-•
symmetry are NOT opposites?

Do you know when a relation is a partial order •
(and how to prove this)?









Do you understand what a function is?
•
Do you know the meaning of ‘domain’, ‘co-•
domain’ and ‘range’?

Do you understand how function composition •
works?



