
weete ! - Into to depacial systemsIf stability--do
,

A system of ODES - at

C Autonomous systemsx
,

= J ,
(x, . . ., n , t)

so our J , , ..., fu

i doesn't depend on

t and n = 3sin = Jn(, . . ., n , +)
Simplification'

Assume existence and uniqueness of solutions ,
this means :

· ID :- riter increasing or

decreasing but
not bor

· or untradictions
.

solutions can't cross in 20.
->

(contradicts uniqueness] we set
not trajectories never woss

2- Y

-

>, -

-

I-
Def : SEA" is an inital condition-

& he path given by (t)E"*is called the trajectory correspondingto 40
.

Estorder systems variable-
independent
doesn't appearxi = f(x) <

autocossous .

Jac e .

g
jc = Sin

=>
A lived point *

isDef :

so
stablef all sufferently small

-f(x30 diviations from x
* damp

posturesection est
out over time

.m
point

more in

Fresmes.& z-(c) > 784(
2y /

> x stay near x * forever ,
we2

say that *
is Lyapunov stable.

Dis Simplest type t

fines a ② If all solutions that start neo

state * converse to s (as + -> b)

"phose like"/ "Vector field
then is asymptotically stable,

no mention of how long
Phase diagass .

③ If solutions converse to st

at some minicum rate, non



Def : *s unstabde y↳
s exponentially stable.

-Eurbancesgrow in timedis other options !

Saddle mode occurs when f( more complex to clossity.
f(x)v

stable from one side of unstable from
ni other.I- earstability Analysis

7 7=> look at a system ,

Staple or not???

↑Grai Take n = 1 gradient ·

Y
-

~ negative

& xt -s stable () His
② set

is unstable
- 10

#
sadest

- position .

f(x) f'() = 0 J(ss) M j'(x)= 0 C

I state ~ just drow ais I
unstate

*wes or-24 77 s have j'(x)=0

Example : /Population gront)
· N is population Size

,
(NC O)

· ro
,
HO

Jo

h is carrying capacity
N = r N(1 - ) = J(N) · If N

,
then degrease

#= 0 - when ?
· If ki, Ren increase

When N = 0 or N = te
Lis s the logistic equation]

Now ,
wart J'IN) = r - zr N

Fe

j'(0) = vco = unstable (noone in population so unstable I will grow]

j'(t) = - v = 0 => Stable I start near corrying capacity , when will stays
ifurcations

charge value of a poster but something quotatively changes .

· chouse in of lived points.
·Chasee/switch is stability offixed points,

There are different types.



D saddle node bifurcation :

-

o fixed
-

I lived I fixed posits
points point

- one stable of
one urstases,

taple; cc = M- x2 · Consider different ↑

· M=o ,

· Ms o

#or2->
Saddle

no lived points. unstelle Stable

Above messy ,
instead

,
draw a bifiguration diagram , can·

S

ray along horizontal atis
,

ten value of lived pointsa y
xi = m

- x2 = 0

M = 3

x
#1

F
statele

.. - ->-mem

&
ended

we
Stable unstable Y

you don't have unstatecorous]

unstable

Transcritical bificuration.
saddle cod biguation.

② Transcritical bificurcation
It state
->I saddene

It unstable

It stable
It unstable

# M

statel F

Example : : = Mx
- x = o

--

xy = 0
, M => see picture abore.

unstate
.

-

③ Pitchforts biferation (looks like one
!) -

>
M

statte
Example: (c = Mx - x3 = x(u - xi)

-T-

x
*

= 0
,

x
=

= =M so depending on M ,
get differentI lived points,

f M3O, if pro one ... statle for MCO



I numbery equations

system now~houd Orders
is

because 2. Start from-
-

~u
200 will we

inital point?
LS i = g(x , y)

3 ↓ (x
, y) = (x , j) = (J (, y) , y(x, y))

Zero always
point innearsystems - a free

a hear system.

jc = ax + by
"

↳As- -

y = xx + dy-i here
.)A bea b

&, d
,

c ,
de -

Example & A = 100) = 2 = As ==ax j = -

y-

Now cases : x(t) =
,
eat y(t) = yoe't

D a = 0
-

(i) a = -1x(t)- 0(ii) a = -1
Statele star

quider chan y(t)-> 0

-

- Y L

~
~S 7↳ W %S-. 7

S

- -- > 7

7 1 [

T

7

&- - (iii) - 1 = a = o

V

Steele worl ~Eff
② o ? [

-y(t)- 0ja-

-
L

x(l-+ 8

[ &

stable manfed is
7

saddle

y at is - ---
sat's·yunstabe mansond morebacke in WHY NICE ?

Points ,I tract
ney

to ↳teal Muse Eigenvectors are

stade] just the ates so

nich



-arrasystem

= = As , try < = et+y

-
can wi down a general = ett = Ay

-

solution to this system. Leigenvalue o A

*
v, we eigenvectors of A

(c(+ ) = c
,
et+ u

,
+ c

,
e

+
z

+

2 ↓, is are eigenvalues.

↓
, by are eats of (

,
k) = 0 => 13 - (a+d(t + (ad- be) = 0

- -

trace A det (A)

=> +
, 2

= (Tr() +/(A) - 4 detCA) (
Why bother withmis ? Easier ho use to &det: con ser relationships easer

live about the sign moder the0
.

square roof,G
Stable

Ste
Ste

state
C

det (A) : [ITr(A))
2

focus unstable
nodes

focus unsbab4unstable nodes

stable lises unstable lises Tr(A)
(

- -

J det(A) = 0
, nen

---
+,, always-- positive

saddle
pointshere-y

M

~

& >
~~
-

-

↑Hi[
menLord]



-on-LinearSystems S((0) : so So

x
, = J ,

(x
, x)

8) (xo , t)
or s = f(x) & mis is where we start

32 = Jz(x ,, xz) & ony so to get a

ferity ,
again a How

- Hors#p isme solution at me t with initala

value t= 0
.

Trajectors can't intersect or we loose uniqueness.

·ef : A lited point is

& An attracting fixed pointif all projectories that start near s*

approach
it as!->

-> It's globally attractingfx* attracts all trajectories.
Ino matter where you start, will always and tere].--

② Lyapular Stable f 30 7810 s . t - (0)-x* = S
M

Don ↑ I piedWhere you
(x(t)- x

*
1 = EXt > 0 Start point

② Astenpetually crabe of can't per
arstart close-stay close stability.

7So S.t
, y

+ - 0

(20) - x+ 8 => (((t) - 21- 0
&

start within S of will spiral intofixed ↳lived point. point,

won't be acted for E-S based proof ! context for
L

⑨

methods & Ray ,
not examb, ·
-meascient

by = ((x - y)
ci: Se

= <se + dy = g(x , y) "De jacobian

~ Proof ; layer experision,I· -& -

f
in notes---

non tatee Mis : behaviour around fixed
points is the side as

= jy Lined point
disturbane unior system

u = x - x -

= g(x ,y)( +, y
+ )

v = y
- ye

1) = Al ? )



#itwas bunahasationeDin

entirely determined by the linear syste.

ratusMola
prey

- Lofteta volterra-

Example : C pray y predators-

da
sprey) # = ax -

Bay (predators) = -jy + Say
7

/ Proponinportation
no Goodw ↑

growt of
how much

infinate prey coas

prened
pretators eat ↑ S: ze

prey predators keep growing
r , y

(b) Competing species X
= r

,- = /1- *

limits population T sorce but reflected.

umpetsg
Size of x Populatio-

E .g rabbits& sheep : (r, s)

not i = 3r(1 - E
- 2)

=
i = r(3-r - 2s) = Jrealiste , J

del

numbers ! S = 25 (1-52 - =2) j = s(z -
r - s) =

g

Fixed points : i = = = 0 => r : o or s : 0 ~

D cheet = 0 : 3 = <12-s) = 0 = 5:0 or S = 2

Fixed points at 10 , 07 and 10
, 2)

&Cheet S = 0 : v = r (3-v) = 0 => 0 : 0 or = 3

Fixed points at 10
, 07 and 13

, 0)③ 3-r - 25 = 0

2 -v -

= 0 3 > led point at 11 . 17

want to bricose
so lived pointsore 10, 07

,
10, 2) ,

13
, 0) ,

11 . 17
system to get DJ

3-35-Is-Zr evaluate A at

I I Liked points. DonA := or s eigenvalues et.

Fixed point 10, 07 : A : 188) +.. 2 = 3 .
2 v

.. 2
: 10)

,
191

1
,

0 = unstable node.

Fired Point 10 , 2)
A : /2 =2) +, e = - 2

,
-1 v

..
= (i) , (2) is

just steep , no abbuts
(should stay here) => Stable node : bothIregative



Fixedpoint13
, 0)

A = (3
= 3) +, = - 3

,
-1 v

..
= (d)

, 7 ?
just rabbits no sheep

I should stay here => stable node born + regative

1
,

= - -2- 1
,
E - 1Fond point (1 . 1) A : E , =2)

[0 30 v
.. z

= (2) , ( * /
=> saddle : one time

, one-ie.

Now me drom a phase portrait
table mansold

Sm Attractingfixed points ( -y/
M also

basin
13. 07

,
10 , 2) the basin g

- attraction of a fixed

M

L

- 82 possible x S.4 -

[ LJ
as- 0

x(t)-

--

-ifa
point is one set y

C- --f =-I - 2
A

~

- &"-* E

biggereigemale Y >
r

for (9) at 10, 03

~ple : sheeps us volveshere were

w = w( - a + bs) Twelves]
joebier wate

j = s(c - dw) [sheep]
~

w = 5 = 0 & Lived points at 10
, 07 ,
1

,
) C

- a + bS
Lineorise system : jobion matix A = I

- es u
sub in Jued points :

D 10 , 07 A= 1
-

20) => +, 2 = - 9
,

2
,

v..: (d) , (9)
state for notes, when Step

"no wolves so sheep fron unstable for sheep. saddle
experientally- -

② I
,
) A: taco
i

So getcwaldr orbits.

51

%: get these

unt
2

- oseiNationsL (

won his

E trajectory ,

>
d

w

↓



Discrete time can mate

more sensethan contesious
time. can getseleTime

Mold

equations/rearae relatie choos.--

Cine = flasn) ,
sequence o .

2
, 2 .

...The orbit stacting fros Do.

~sa fixed point f f(x
*

) = x
* (e =

*
- (n + 1

= f(x) = xi

Stability: write 1 = )'k * ) where 'denotes of Draw a cobweb

D If H(1 => c
*

-s knearly stable
represent this.# diagram to

② If HK1 = et
is unstable

③ If Hill > marginal case - not sure ...

cobwebs diragross ((xn)
Pn+,

= J(xn)-

an +,
2

3 -

xn = xn+ 1

-

2
Eacape J(n) : Sin >n

-- Sn+ 1
1

3- 7

- F↓
do de

,
des

·is s s

-
LogisticMap normalized so a

- · a dimensionless
2 :

0him popularr i ona
Y

n+ 1

= xn(1 - xn) measure x = 1

f(x) = rx)) - x) =x7 lived points fixed points.

+ 5)0

IfEto, Lived , yxo,
r(1-x) = 1 => x = 1 - + *

Note: His fixed point only exists foris-

J(x) = rx)1- x) is a
=> bifurcation at r = 1

.
Now fited point...

parabola with max at

n = E [when-1 = 1) = core about 0 E4 30 O 1

Yn+ 1 X otherwise motional mates no shase...

·
Looks at stability of fixed points.

#=1: x
*

= 0 is fixed point ,

↓ '(x) = v - 2rx | r1 = 1

↓' (0) = v = 17 stable
.

-

-



#r = 3 :, x
+

= 0 & x
*

= 1 - t transcritical
-biferation

so (10) = v > 1 => unstable

*-

- r= 1

-

' >
r

y' (l - +) = - 2r + z = 2 - = - 12 - r = 1 = 12 - r()- stabl !

DE

>3 :
< 1 1 < 0377

* = O unstable.

J two likedpoints& some type stability.
x*: 1- unstable

Sylie/ Periodic Orbits E .

g 2 cycle
-

= applyf a times
Ep,93 S . +

In EIN S . t .#150) = so & referen to shut point
f (p) =

g , f(q) = p
"n cycle/perode orbit of period (2p) = p .

- quartie !

j
?
(x) = J(x) /1 - y(x)) = r x() - x)() - rx()- x)) get harder & Korder

to hard values...
want (c)= I annoying

to

period co obit is asolre...

~ his polonial. Too hord.

Stay where yon

start"

For < 3
,
get one 2 cycle

, butory close to 3
. Modifurcations/ period

x - M C

deringnation

points&

i Cpoints [ -get
roos

all pied

.but - as you
-

belong in - approach 4

dayle - ↓Y↑Weirdsee.

C
-C↓
C~

" ! ↳ ↳ ir



Epidemiological Models toss up between complexity-

& ease of solvery.
S-succeptable

These are me
E = exposed. Ihave the disease but not symptomate] S main

I- infected land infeieres] I compartmentsmight addmore

R- recovered/removed (night have some immunity) based on one

biology g
U-vaccinated individuals he discose

#SIR model Ibasic start points ---
I transmission ate

= - = duration of infectionsnes

T
I =

more infected & : recovery rate

become mord
prope

infections Sutte
people U, BC o

d = BSI -

8 I
~

proportion of the4 population

infection S + I + R = 1 X everyone Glass
more into E to Dis

- UF
S(0) > 0

,
1(0) >0 R(0) = 0

↑ ↑
For rate g grow of people a his is a disease

epidemie, lot at
sweetable to start with

~ for disease to
C

e
be
scorsag

testo ?
Critical Dineshold
- L

If S10) < &
C

The epidemic will grow.. #to
need to keep this
Smaller can one.

↑to = " t is duration of infectiousness

is be average numberg secondary casesheposie reproductive atio

asising from on overage
primony rose on entirely succeptablein

population -

If new disease
, previously unsee

,
non :

: pathogen can invade

- Ro = 1 : parhose will die out.



In the real world , epidemies look life this.

I A O DE

1 nea,aI
-

E

Interate: S(r) = At
- RoR(t)

-
inital conditions,

t

So S(t) = S(0)e
Po RIt) S(t) = S(0) e

RoR(t)

(R(0) = 0
, S10)0]

=> S/l) decreasing Sime RI necessing
S -

S10) :
his s(t) ,

so always some suceptable
S(0) - ↳ -8

- individuals
,

must some at sorre point .I [ (0) = 0

S(e)--------------
S + 1 + B = 1 => S(0) + fo) + R(o) = 1

-

final apidessie
so 1 - R(0) - Slo)

size
,
final-Score RoR(a) = o

number g
people in volved...

Why do we get epdescie burnout ?-

Assume R
.

L 1 /do get an opidie]
,

so 1
Dun so f slo to

-

critical time
Missing Bat recovered people

can become sweetable again/"

7 8the mit.↓ add birls of deaths into

· - · only Lived point is at
----------------- O infected. No other

Lived points.
t

↳IR with decocraphy
with births/ deco

- ↓
- death all ↑

is areage hispan

-BSI-MS + Mebut x total populates
-

dI S + I+ R = 1

Births & deaths baloneBSE-I- to give constant populations



Thengrowing
?

: I(p5 -y - Mi = o?
st

B

So Roy S our Trested for

epidice growth .

Fixedpoints

I = 0 or =
#U

= ·
B

Two infecticious people

D 0 :
-S + m = 0 => S

*
= I recovered eventually die of

Fixed point at 11 ,
0

, 0
So only sureetables left]

& S= : -Blt)I-
So I

*
= Y(po - 1) R

*
= 1 - S

*
- I

Fixed point at to , *I-1), 1- to -FR-1) +endemicnum
Find jacbian

, J , ,)
,
= /S , ,

R
,

&R : h(s
,

I,

- BI - M
- BS O

jobia

I I = I BI BS-m-j O I &

working out# O j
- M

- mertrit

Now ,
calculateEngen-alles...

But
, as

Disease fre equilibrium :

-

O

1
,

= - y
= 0

S - I + R = 1

,

A = (np I 1 = 0

com reduce 3

O B-m-y o
+ 3

= B - N + M) equations to

O j M al ,

steable of ty =0
,

so B
= M+ 8

, y
= Dot

-ndessieequilibria : ↳R10) = Do

bit durb !

Require Do > I
,

otherwise this won't exist.

calculate determinant of A-1I before subbing in so I

def(A - 113) = ( - m
- +)() - BF -

M- )(BS - (M+ 2) - +) + BF) -- -

1, = - M



=(Mr(2 - 4(m + j)M)Ro - 1)
~

70

Stable f
1
, 2

, 3
= 0 Call less mon zero]

D If (MR)" = 4/M + 5) M/Do - 1) Don set imagery
i

=
+

2 , 3
= Pig where p =

=
0

=> stable
,
real part negative with oscillations.

different

in
and neves cases

I oscillations. values

=

Im

-

- MR.

damped

I
for

- eigenvalues
.

& of (MD) > 4(M + Hm/Do - 1) < 0

=> I -41 u-17 = EMR

So to
, te = 0

,
so stable

,
but no occulations,

-------------I
o I
-

-

-
-> E

Avera met for somone getting infected Iran's
-

Assu deal ale M
== Stransmision & = 65x365]

↓ witsper TI yearFore of infection = Bi M =

big
Aurase toe spent in S =

I

At excessive equilibrium ,

I
*

= Y /Do - 1)

a "Min-1) (manage of infection]



IS-model

No period of recovery. If you ha a cold
,

came yet it again
=> only two comports

: - BSI

J : S + I = 1

: BSI- S = 1- I

& loatat fixed points...
=> EE = BI(1 - F - () = g(t)

stability : If I
*

=
0

,
or I= 1 - Up ... fied points at

-

11 ,
01 used 1

,

" Gol
& I * = 0

-

g' (f) = B(1 - ) - 2 BI

g'(0) = B(1-T > 0 i do Sunstable]
& Indee equitibrus = 0 j Ro = 1 [statle3

9 (1- ) = - B(1 - ) = o => state

-
EIRmodel

Extra : to =time taken to become interious (incubation periods
-

=M-BSI- 5 + E +I + R = I

"but
EE : BSI-o-
L

propert people can die*
becoisily before passing

infections or disease

=E-JI-MI

A = UI - MR
-
Im

Nowto find Ro : can caluate
,

on from definition.

proportion That & can become in feliers
Ro = By 1 timeseems X I make it to being( & men die

- infectious

transmission ↓ -

all M + j o

#intutos



baseFree Equilibrium : (1 ,
0

,
0

,0

Endemic Equilibrium: M + 2)
= S

*
=
↓

- Bo Ro

( H(P-1)
,

Ro-1) , -E

#asti for +4 vedein ass eteren !

G O

A = I
·

P - (n + of

- B O I - jacbianO - M- y O

O O j -M

Algebra-

Eigenvales :+, = - M = 0
,-

+2 - (0 + y) = 0

Re/2
,
4) to if Pot

Stable if Ro+
-

#structure high rists of low rists
a only tho types

n + 1)
= 1

, transmission rate By = transmittion rate for X to X

-into ↳ compatients
"doing De infectg

8 IH
High rests

story high riste of seel wy low

-

D
BHHSH
#
=-Si -> T

- H

+ B &+B
Senat I# # --

L

-

VIL .. Symmetric
interactions...

So Sy + In = n
+

and Sc + Ic = a
,

~who aquires infection from whom matt /WAIFW motit]

I (
= infection of H can generally assure

hat BHL = But [BB tection As BB Bu



- little transmission
Example 100 & very

between thes isty & low rists

My = 0 . 2
, n = 0 . 8 U

= 1

↑ ↑ lowest
tries iste s

20 % 80con
< infection takes of

R
.

"

=Bak = 2 .0

~
infection dies

R =
+ BH"H

= 0 . 82 = 1 But no ! mitseg
j between populations8lads to d tateor

-seaseper equilibriu everywhere...

Si = n
,

Sy =

4H H
↓I , f)=-U

g (In ,
In= = (Bin - f) + B(H

2- 2 system of Differential Equations.-

Jacobian A = I
BHH-8 But H

1 = 100BCH"L Bi-j

Find eigenvalues. 1
.

= 0 . 2013
, +2 = 1 . 0013

O -
for two,

e

↓
, t

+ ett larger ter* will dam isete

at the start...

1,0 dominant eiserate -> disease is

going
to invade.

Ro didn't tell us what was going
to hopped ...

Dis does !

Assuming we know his catagories. could have viste depesiding on

age . Youthen get integral terrs et....
-

Vaccination
-

#im: reduce # succeptables (proportion)
,
below the critual threshold.

So Tat = - found lost
til...



#sure : S(0) + p = 1 wher p is te proportion vaccinated.

so want s-p = to => p > 1- to

If Do = >
,
need 50 % vacimated to ensure disease can't invade

Example /Pediate vacination
-

so vaccinate people at birth of secale
...

= M(-p) - BSI -

M
↑ T -Thoseof variablesbroth

raceinated S = S' (1- p)
rate proportionnot I 8: BSF-UI I = I'll- P)

R = R' (l - p) + p

= Mp +-M
-

I

Hose barea
as immediatelyrecovered.

[SIR codel with #emB' = B(1 - p)]

Require Po = 1 => (1-pr. = 1 => pifie = P,

Deasles needs 97 % T critual number of
cresixated so depends racation sochat

disease doesn't breat
on public befores .. out...
-

Isolation IQ for quarents]

Assume : detection rate o *
- B- - R

time spent is Q= Y-T Q

Include desiography... bas infections
- deaths

.

as = M
- BIS - MS = di-Q at nocle

= BIS-dI-VI-MI = I +Q-M



to riscue

infection doesn't·My
unda

tates of ...

I
*

= 0 or St = = M
B only exists

Disease free : (1
,

0
,

0
, 01 y

Endemic eq : It -1)
, MD),dRo

T
sweetables quarenti

Big assumption : no limitation or ability to quarentia people.

what f we had that a=I
some upper berod
onguarentis .

not dependent
& IC

, [Q
, < on # ineieresu people...

: BSI -(J +MSI - EQE stays serie *

1:TQ-Q
,

= 0 so Q=
constrat !

so AR : -Q
,

+ UI-u At Doreshard
, jump to a different model*so set

weird discontinuities

D: Do - besee we bit
critical Preshold

⑳,

and Po
,

we sett a stable endemic equilibrio
② unstable disease por equilibrium.

#Q, = Do's Bol I
,

set all equal to zero
,

set quadratic
inI = 0

, get one low equibrium
This various

& and trieer

① Ic

2 I



Discrete-meModels

S + 1 + R = N
+ Population

size
.
Assume no demography (no birds&deares

Assume a timestep n : St

At each time step two possible events

① S -> S - 1
.

1 -> I+ 1 (infection]

② I -> I- 1 R -> R + 1 crecosory]
write down disfreme equations

&whis merod :

g =J ,
mon .

= x + +St apply
↓

J(Sn ,
In

,

Pn) = Sny = Sn-Binee + MStN-MetSe
N

g (5n ,
In

,
En) = In

,

= In Bet-1 + pat In

h/Sn
, In ,

Pr) = Ene
,

= En + JetIn-MotR

#Succeptables at thoestep at 1 is
& --

Fixed points : Sayi = Sn
,
Ines In

, Rue
,
Ru-

-Aseasebee Equilibrium : S.* = N
,

In* R*

= 0

N
EricEquilibriu : S

*

= T ,
In

*
= MNIR) ,R (Ro - 1)

Now wont to conside stability ,

So construct a master

equation.

P
=
(t) = pobability of I infections indicials at tipe t

& P1t)EN I mis is our distribution.

Example SIS model w no decrography (no births/deaths)

Two erets :

① S-> S-1
,
&S- S + 1

=- > I+ 1 ↳- > I-1

infection
recovery

rate : I rate : I



↑ events/interactions that impact probability that I ppl inferious

FictionFictionI
recovery ↑ recovery

PI(t)

additional sweetestD situation n/I infected,
has recovery at all UI

-
② Situation us F-1 polinfected

,

has infection atall
N

③ situation w/ I ppl infected ,
has a new infection :B

N

# Situation / I+ 1 ppl infected ,
has recovery

at all ((l + 1)

Gastrequation : Plateferent H) = pobly being in state I and
treet A occus

.

= - PINE]-P
+ P

..,/+ 1)(1 -1)] + PI + [f(I + 1)]

we want be distribution of all possible senarios & their probability

AP
Balance occus where recovery from I+1 balances infections from I

P(U(I+ ] =P I to I-1

-
reasoning

p = P=)
keep gorg I interating

P ,* = DN
so can mort out equibrium distribution Sp

. 3 f we know it



Simply:
P

*

= p,
Need P,

Entionate : only happens when I : 1 > F = 0

rate = -Pic probability only one

inflationous individual

Pi = p.I = <

um

= / & Ro

Peassosize :
-

↑ B (
- I

Y
can brow cabulate

P ,
so tron Extisation ate = U P ,

the entire distribution s ae of extinction for
of all possible outcomes. SIS mode wideout

Easter equation metod is d desography
porcuwaytoattaa se

Better Ban Dis :: you can say exactly
when you reach extinction.

Before
,
dies out at infinity. Now can say when

it ends exactly



Chapter 3-Modelingsideentor retrosks

we now consider witin-host biological models. Now into me micro

seale
. Chessical reactions correcting one molecule into another.

deexample

Assume a molecule A is producedI deated at a constant rate

Such hat

te t
,

= production rale
2

= A tez = desridation rate

te
,

Production of A assured constant over time.

(A] = concentration o( = t
, -R (A molecule A

Fixed points our when & : 0 .
Assume t

, to

so equilibrium when CH]:
↳ o m l

flied fotree? Wel
&- wher [A] < I
-
tion 3 . 1-Autocatalysis

system 2/ a molecule X which induces its own productions with
the additiony a moleute A

A +x2x
Use lour of moss action : States thatthe rale

of a reaction is

proportional to

Assumed surplus on A - As concentration s constant

Dies gives us

↓ ((x3) = As = k
, CA33-t(x3(

= (x](k-kz(x]) for 1 = k
, [H]



Fixed points occur when A 0 - 130 or [] =
t
-

tez

Dissentiale:=-2
when [A] : 0 = E 0 => wastaa

-

Example : Two modules +d > from complex Induce meira
-

-

Own production in presencey A , B. M,
The syste can be

userie as

A +x2x
B+ 2x

x + X C

↓ (( 3
,
273) : As = -

,

(13(X] -R2 [A](x] - 1
,
(x3(x]

byScall
= (x]/k

,

- Rz(x]-4s(x]]
k

.

= b
,
( + ]

Similarly :(((t3 , (53) = A = (+3 (H2-Rs(x] - rg( +3)
Equilibrium Whe - Da
Ren find fixed points ... (se votes I too tred..)

to find stability , compute one jacbes 5

5↳
Females at 10, 07

stabell/resta Hector Sir

love of moss action : rale of clesial raction
.

--

S
.

S
,

+ 35
,

-> p,
p + pa

Res p,-



Example
-

Species AB , fren a complex a formadin

I
-

A + B- C
C

12b

Lacande


