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This section contains many def ÷ including

" function "

as a

relation
,

i.e. a subset of a Cartesian Product .

We 'll cover this section in depth.
Not all defHconcepts are

vital
,

but you will make your future mathematical lives easier
if

you put in the effort to learn :

$  1
.

f : A  → B notation
,

domain
, co domain

, range

&& 2 . injective, surjective, bijective

3
.

fn inverses
, prei mages

4 . Compositions ( and interplay with #l - 3)



A-lgefMnyhCalcul= A function is a formula or rule

which takes each input and transforms it to an output .

input : x
,

t
,

0 outputs fan
, GH, y= Simla )

M¥4Atgletd We often use a more general notation

f : A  → B A : set of inputs
,

domain
B : set of (possible) outputs ,

Co domain

target space

range (f) = ring (f) = set of actual output  = { fig | at A }

In many books
, range

= pot .  output , codman
,

= { be B / Fat feasts }

and image is actual outputs .

f must assign exactly one value in B to each It in A .



D. This book is even more general - at least
,

at first
. . .

Det A function from A to B is a non - empty relation f E A  ×B s .
t

.

EI f : R2→ IR fcx
, y , = ×2 . y2

( × , g) 1- > × ? up

inputs are ( x , g) ER

outputs are 5- y2 E IR .

EI f : Z → IN
o

= IN u{ o } = I o , 1,2 , } . ... }
m H m2

Range = actual outputs = / 0
, 1,4 ,

9
, . . . }

Could also write :

ftp.k#Yym?g.g..Al%ffIyy
has same range .

H Hae A
,

F be B f ( a
, b) Ef

(2) if ( a ,b) and ( a
,
b ' ) are in f

,
b=b '



D This book is even more general - at least
,

at first
. . .

( subset )
Det A function from A to B is a non - empty relation f E A  ×B s .

t
.

H Hae A
,

7 be B f ( a
, b) Ef

(2) if ( a
, b) and ( a

,
b ' ) are in f

,
b=b '

Instead of giving a formula or rule
,

this method lists all

inputs with their corresponding outputs :

"

( a
,
b) Ef means

' '

f- (a)=b

(1) says every a in domain gets assigned a fn value
.

(2) says every a gets sent to only ones fcas

-



EI f : IN → IN e.g. fin )=n+l
n - sntl

As subset of INXN
,

f :{ ( 1,2)
,

( 2,3 )
,

( 4,5 )
, 15,6 )

,
. ... }

EI f :1N→lN
n

t- =/ 11,1) ,
( 2,4 ) , ( 3,9)

, ( 4,16)
,

. . -

}={
in,n2)|nt IN }

EI f : lR→ El , D
X H cost )

.

ft{ (0,1 ) , ( 0.1
, cos on

,
( 0.01 , cos .at ... .

,
? ? }

= { 1 x , cosx ) 1 XHR }ElR×EH ]



^

( a ,fta) )You're usedtogmphingfns :

fµ|~•( akadef outputs=
We can also visualize them as generic

" blobs
.

" inputs

€÷EIew÷
.



EI f

:*1 = set of all 3283W students
Y = {Rogness ,

Albritton
,

Baker ,
Corsi

,
del Mas

,
Kelley }

fcx) = which instructor is hit by tomato thrown by student x .

+ .

• • R fcx) = person who
• -•#•A wrote your

.
. B exam*. d

@

• . K
•



EI f

:*1 = set of all 3283W students
Y = {Rogness ,

Albritton
,

Baker ,
Corsi

,
del Mas

,
Kelley }

fcx) = which instructor is hit by tomato thrown by student x .

• • R

7-
• A fan = person

who

•=> . B grades your
. f was
:

#
a C

• =) . d

• -7 . K
• -



EI f

:*1 = set of all 3283W students
Y = {Rogness ,

Albritton
,

Baker ,
Corsi

,
del Mas

,
Kelley }

fan = which instructor is hit by tomato thrown by student x .

•¥
• R

••⇒
A le six ensure all

. ¥ . B outputs hit , then:# C each student after7¥ . d makes own choice
,

• - . K
•



Hugely important properties of fns f : A  → B

Det f is surjective ( onto
,

is a surjection)
if every potential output in B is an  actual output.

f ( co domain = range CH )
A - B•#o ,•••#.

• - .

•

Function notation : FBEB Fae A J fH=b
.

Relation version
: Y be B F at A t ( a

, b) Ef



Hugely important properties of fns f : A  → B

Det f is injective ( I :L
, one to one

,
is an  injection)

if no two elmts in A are sent to same output in B

A +•

•ax
.

• - •

Function notation : If Hatband fldkb
,

then a=a
'

,

01 if at a
' then fiat fmcontra pos . )

Relation version
:

If ( sbjtf  and ( a
'

,
blef then a=a !



Hugely important properties of fns f : A  → B

Det f is bijective ( is a bisection
,

is a 1 :L correspondence)
if it  is both injective and swjective .

÷33
{ a ,b , of

1 • toa
2

•€
. b

3 •
) , • C

If F bisection A to B it means A
,

B " equivalent
' ' ( see § 2.4 )

.

They 're the same set
,

with et's relabeled .



EI f :lR→1R fix )=×2
X - ) ×2

Not surjective -

no  neg . # 's are outputs .
YXEIB ftx ) t - I

.

Not injective - fc - 2) = f (2) = 4
,

but  -272
.

f : R → [ o
,

6)X 1÷
I surjective ! Let y€[o, b)

.

then let

x=Ty
EIR

,
and fH=( xp - try By

.

Not injective - same example .

Note we made function swjeutive by describing the

co domain more accurately - didn't change formula or

domain
.



f :[ Qx ) → [ 0,6 ) o± fit . xD - [ o
,

x )
× 1-3×2 × 1- ×2

injective (and still swj ) b§ we 've changed the fn

" restricted the domain "

4 there are no non - swjective fns
.

Just

poorly defined ones .

"


