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Plan

* Questions about the previous session
* |terative process

* Logistic map
* Ordinary differential equation






Setup

* All the material is at
http://nimbios.org/~xavier/REU2012/

» Create a directory for this session <workdir>
 Download all the relevant material to <workdir>
 Open Matlab

» Set the working directory to <workdir>



Iterative process

e | ets count rabbits
Fn:Fn—1+Fn—2

e Fibonacci number

F=F,=1

Picture from Wikipedia
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i Elfunction [ x ] = fibonacci( N ) W
2 ¥fibonacct Returns the Fibonacci first N terms

3

4 - x=ones(1,N);

5 - [Ffor 1=3:N

A - {1 )=x(1-1)+¢x(1-2);

Fit -and

8- Lend

fibonacci in. 1 Col 1




Exercise

 Plot the ratio

Fn
R,=
F

n—1

* WWhat do you observe?



| converges to the golden ratio

* Which may remlnd you of the golden spiral
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Logistic map
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S| function [ »x ] = TogisticFct v, dnitPop, dtMac ) [
F%logisticFct Returns the time series of a Togistic growth
F¥  x(i)=r*x(i-1)*(1-x(i-1))

- w=ones(l, 1tMax);
wll)=initPop;

- [Hfor 1=2:1tMax

- w1 d=r®e1-1 3 (1 -sc(1-1));
- -end

-  Lend
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Exercise

« Study the behavior of the time series for
e O0<r<1
e 1<r<?2
e 2<r<3
e 3<r<345
e 345<r<3.54
e r=3.957
e 3.57<r<3.9

« N.B. Start your population at around 0.8 and plot
around 100 iterations



Bifurcation map

Figure 1
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1n1tPop=0.5;
1tMax=10000;
y=L];
#=[1;
-] for r=2:0.001:4
tmp=TogisticFect( r, 1ni1tPop, 1tMax J;

tmp=unigue(tmnp (1000 :1tMax) );
y=[y tmp];
x=[x r*ones(l,length(tmp))];
-end
plotlsar:’ <)
¥1abel 'Growth rate (r)’
yvlabel 'Population size'
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Difference equation

* Logistic

AN=rN(1-N)dt

Editor - /homefxavier/public_html.nimbios/REU2012/discreteLogistic.m
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=l function [ x ] = discretelogistic( r, initPop, itMax, dt) [d
ﬁﬁ%j15-rﬂt:Lng15t1- Returns the time series of a logistic growth
- % t=r*x*(1-x)

- w=ones(1l, 1tMax);
xll)=1n3tPop;

- [Hfor i=2:71tMax

- de=rtela-1 Y (1-e(1-1));
- s (1 )=x (1 )+ dt;

- -end

-  Lend

e N Y R Ty TR W Y " W JRY 0 B
1

(N

discreteloqgistic Ln = Cot 20



Exercise

o Study the behavior at r=1.5 with different dt

* Plot the time series, and label the x-axis correctly
* Try different values, e.g. dt={0.001,0.01,0.1,1,2}.

* N.B. Start your population at around 0.8 and
plot around 100 iterations



Simple differential equation

e Continuous logistic growth

Fopulation size (MY
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: glaobal r |
2 % Define initial conditions.
3 - r=1.2;
4 - 0 = O;
5 - tfinal = 15|;
B = vl = 0.5;
[; ¥ Simulate the differential equation.
8 - tfinal = tfinal*(l+eps);
g - [t.yv] = ode23('logistic',[t0 tfinall,y0);
10 % plot the result
it - plot(t,y)
12 - x1abe1('Population size (N)')
13 - yvlabel('Time')
14 b
" logistic.m x| axampleODE_Logistic.m :{|
sCript Lk -5 Col 12 File Edit Text Go (Cell Tools Debug
NEH | $RB9 oo D3 -|
88| -[Lo |+ =1 | x|
1 [ function yp = Togistic(g,y)
e global rj
i i yp=r*y*(1-y);

~and




Exercise

« Study the behavior of the time series for
e O0<r<1
e 1<r<?2
e 2<r<3
e 3<r<345
e 345<r<3.54
e r=3.957
e 3.57<r<3.9

« N.B. Start your population at around 0.8 and plot
around 100 iterations






Some more differential equation

e | otka-Volterra
(000 Fguer
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| global alpha beta delta gamma
2 % Define initial conditions.
5 alpha=1.2;
4 - beta=0.85;
N = delta=0./;
& = gamma=0.4;
Faps ™ = D
g8 - tfinal = 30:
9 - vl = [B.3 B.7]%;
10 % Simulate the differential equation.
11 - tfinal = tfinal*(l+eps);
12 = [t,v] = ode23('lotka',[t0 tfinal] ,y[l]l;|
13 % plot the result
14 - subplotll,2,1)
15 -  plot(t,y(:,1),'b')
16 - hold an
plotitylz )7 F1) Editor - /homefxavier/public_html.nimbios/REU:
18 - x1abel('Time') . : T
19 - ylabel ('Population size') _EIII'-E Edit . Text Go Cell Tgols Debug Qesllftnp | A X
20 - legend('Frey', 'Predator') :ﬂﬁﬂh{ B R 9 ("|g;g'=;=F' ih Bl - 20 =
21 = hold effF : = T
= D BB -0 |+ |+ | x || O
23 - subplot(l,2,2) 1 [function yp = lotka(t,y) [
. plot{y(:,1),y(:,2)) 7. X¥LOTKA Lotka-Volterra predator-prey model. =
255  xlabel('Prey'] 3
T ylabel('Predator') = global alpha beta delta gamma
5
27
6 - yp=[alpha.*y(1l)-beta.*v(1)*v(2), ...
7 delta.*y(1).*v(2) - gamma.*y(2)]';
:'. exampleODE_Lotka. m #|| lotka. m x| © axampleODE_Lotka.m = | lotka.m* =
script Ln 12 Col 39 lotka lLn 1 Col 1




Exercise

* Modify the script to draw the isoclines

dx
_:O
dt
b _,



Thank you!
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