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pf(pTfofCp)
n - fold composition

fn;;;=f%⇒ ← n units of time

EI : ✗ = IR f(×) = - x2

f- of = = -✗4

f-%) = - ✗
8

f "(×) = - ji



Whatdowewanttoknow?
What is the long term behavior of f ?

How does it depend on starting point/condition ?

Does the 1-7×-1%7 exist ? Phase
Diagram

F. * "
"

%f^(×) = {
◦ if ✗ c- C- 1,1)

- 1 if ✗ = 1=1



populationmod.ee#
Pretend the population of rabbits increases by 1.05% every week

How
many

are there after n weeks?

f- (p) = 1.0151> of ◦ftp://ois-Yp → fⁿ(p)=(1.015)^p
dim f-

"

(p)
= x for all p > 0

n-sxpi-p-pa-rabb-sp-ppuF-fxesflpi.pe) = ( 1.01517 , -. 005Pa , 1.005Pa t -
0001pi)

Population
fi:) =/'÷: (E)

fy:) -1::-. 1¥) .

f- has eigenvalues →
ti ≈ 1.01495

✗ 2 ≈ 1.005



The eigendata determines the long term behavior of the system

Logistic Model
-

↳ prevents population explosion
f-G) = rpltp)

= rp - rp2 -
s-
A function is a rule that assigns an element of one set ✗ an unique
element of set 8

✗ r ✗ is the domain of f
Vis the codomain off0¥
f : ✗→r

Domain Codomain

Functions are also called maps/mappings



The Range of f is the set of points in V

Which come from ✗
.

Range (f) = {yer :y=f(x) / ✗ e- ×} -=f(✗)
If A ≤ ✗

,
then the setinage of A is :

f-(A) = {yer :y=fLx) for some ✗c- A}
or preimage

If
you have a

set B ≤V, the inverseirnagé
'

of B is

f-
'

(B) = { ✗ c-X :f(x) c-B}
[This is always

defined - f does not need

to have an inverse for this to make sense

-11×1=1,2
f( 1- 1.D) = [0,1)

f-
'

( { 4}) = {-2,2}

A function is onetooneorinjec.tn# if each element of
the domain gets assigned a unique element of the range
f-G)=f(g) iff ✗=y Check via horizontal line test

f- (x) = ✗
3
is injective



A function is 0nrjtne if for any yin the codomain,

there is a × assigned to it
.

Range (f) = codomain(f)
A function ,f:A→B where A.B ≤ IR

,
and ✗c-A

is continuous at ✗ if for all E> 0 there is a 8>0

such that if ✗
'

C- A and /×' -✗1<8 then

Ifk) - fki ) / < E

%EA.FI#-qflx)f(x)tE


