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Introduction to XPPAUT

@ XPP is a general numerical tool for simulating, animating,
and analyzing dynamical systems

Differential equations

Delay equations

Volterra integral equations

Discrete dynamical systems

Markov processes

@ AUTO is a programs built for bifurcation analysis.
e AUTO is built into xppaut
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Getting started

Download here:
http://www.math.pitt.edu/~bard/xpp/xpp.html

Useful tutorial:
http://www.math.pitt.edu/~bard/bardware/tut/start.html

Angela Peace

4/14



http://www.math.pitt.edu/~bard/xpp/xpp.html
http://www.math.pitt.edu/~bard/bardware/tut/start.html

Creating an ODE file

@ ODE files are ASCII readable files that the XPP parser reads
to create machine useable code

o ODE file has the equations, parameters, variables, boundary
conditions, and functions for your model.

@ The methods of solving the equations and graphics are all
done within the program
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LVE.ode example

Lotka-Volterra equations

dX:bx(l—i)— cx y

dt K a—+x
dy cx

= —d

dt a+xy Y
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LVE.ode example

Lotka-Volterra equations

dX:bx(1—£>— cx y

dt K a-+x
Q_ cx 4
dt_a+xy 4

@ Hopf bifurcation is a critical point where a system'’s stability
switches and a periodic solution arises

@ local bifurcation in which a fixed point of a dynamical system
loses stability, as a pair of complex conjugate eigenvalues (of
the linearization around the fixed point) cross the complex
plane imaginary axis.
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LVE.ode example

Lotka-Volterra equations

dx
P
dy
pr

cX
a—+ x

n(1-5)-

cx
a—+x

y

y —dy

LVE.ode

#Lotka Volterra Equations

init x=0.5 y=0.25

par b=1.2 theta=0.03 c=0.8
par a=0.25 e=0.8 d=0.25 K=1.5
x'=b*x*(1-x/K)-c*x/(a+x)*y
y'=e*c*x/(a+x)*y-d*y

done
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LVE.ode example

Lotka-Volterra equations

dx

X cX
(%) o
dy cx
A —d
dt a+ xy Y
LVE.ode
Comment ——>| #Lotka Volterra Equations
init x=0.5 y=0.25

par b=1.2 theta=0.03 c=0.8
par a=0.25 e=0.8 d=0.25 K=1.5
x'=b*x*(1-x/K)-c*x/(a+x)*y
y'=e*c*x/(a+x)*y-d*y

done
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LVE.ode example

Lotka-Volterra equations

d _
dt

dy = cx

dt  a+x

bx (1

cX
a—+ x

_%)_

y —dy

y

LVE.ode

Comment =——>|
Initial conditions =——>

#Lotka Volterra Equations

init x=0.5 y=0.25

par b=1.2 theta=0.03 c=0.8
par a=0.25 e=0.8 d=0.25 K=1.5
x'=b*x*(1-x/K)-c*x/(a+x)*y
y'=e*c*x/(a+x)*y-d*y

done
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LVE.ode example

Lotka-Volterra equations

d _
dt

dy = cx

dt  a+x

bx (1

cX
a—+ x

_%)_

y —dy

y

LVE.ode

Comment =——>|
Initial conditions =——>

Parameter values {

#Lotka Volterra Equations

init x=0.5 y=0.25

par b=1.2 theta=0.03 c=0.8
par a=0.25 e=0.8 d=0.25 K=1.5
x'=b*x*(1-x/K)-c*x/(a+x)*y
y'=e*c*x/(a+x)*y-d*y

done
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LVE.ode example

Lotka-Volterra equations

d _
dt

dy = cx

dt  a+x

bx (1

cX
a—+ x

_%)_

y —dy

y

LVE.ode

Comment =——>|
Initial conditions =——>

Parameter values

Equations

#Lotka Volterra Equations

init x=0.5 y=0.25

par b=1.2 theta=0.03 c=0.8
par a=0.25 e=0.8 d=0.25 K=1.5
x'=b*x*(1-x/K)-c*x/(a+x)*y
y'=e*c*x/(a+x)*y-d*y

done
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LVE.ode example

Lotka-Volterra equations

d _
dt

dy = cx

dt  a+x

bx (1

cX
a—+ x

_%)_

y —dy

y

LVE.ode

Comment =——>|
Initial conditions =——>

Parameter values

Equations

End the file =

#Lotka Volterra Equations

init x=0.5 y=0.25

par b=1.2 theta=0.03 c=0.8
par a=0.25 e=0.8 d=0.25 K=1.5
x'=b*x*(1-x/K)-c*x/(a+x)*y
y'=e*c*x/(a+x)*y-d*y

done
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LVE.ode example

— plot solutions

08 X XPP Ver 7.0 >> LVE.ode
ILs Bs Delay || Paran || Eqns || Data

x Kwe T

Initialconds
Cont ire 0.8
Hullcline
Dir.field/Flow
Windaw/zoom 0.5
phHsespace
Kinescops
Graphic stuff 0.4
nlnerics
File
Parameters 0.3
Erase
Hakewindow
Text et
Sing pts
Vigwaxes
Hiws t
Restore 0.1

2d-params
Brdruyval

Par/War?
I_'_I_I\EEI |
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LVE.ode example

— Equlibria and stability

e (S)ing pts: calculate equilibria for a system.
@ (G)o begins the calculation using the values in the initial data
box as a first guess. Newton's method is applied.

e Can print out eigenvalues and plot stable/unstable manifolds

@ Determines stability
@ X| Equilibria | @ X/ Equilibria @ x| Equilibria
[Close | [STABLE ][ Import | f[Close | [STABLE || Inport | [Close | [UNSTAEL][ Inpart | |
ct=0 g-=0 im=10 ct=0 o-=2 im=10 ck=2 o-= im =0 |
Pv=0 p-=2 =0 p-z0 r+=0 r-=0 '
%=0, 16026 %=0, 16026 ¥=0,16026 .
'=0,22031 =0,41815 Y=0, 48389 |
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LVE.ode example
— direction field, nullclines
@ [ ] N Y vs X

|
1 T . . T
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LVE.ode example

— bifurcation diagram with AUTO

Parameter

x| It's AUTO manl

Axes 1

ABORT

Q
@ 0,25
Br Pt Ty Lab

1 40HE 2

K
0,5700

theta
0,03

narm
0,4707

H
0,1603

period

17,33

Redraw the diagram
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MorrisLecar.ode example

Morris-Lecar equations

dv

Cﬁ = gl_(V — VL) — Gcamoo(\/)(\/ — VCa) — gKW(V — Vk) + 1/
AV (V) — )

where

Woo(V) = %(1 +tanh((V — V5)/V4))
Aw(V) = dcosh((V — V5)/2V4))
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MorrisLecar.ode example

param i=0,gk=8,ql=2, gca=4, c=20

param v1=-1.2,v2=18,v3=2,v4=30,phi=.04

# for type Il dynamics, use v3=2,v4=30,phi=.04

# for type | dynamics, use v3=12,v4=17,phi=.06666667
v(0)=-60.899

w(0)=0.014873

# track some currents

aux Ik=gk*w*(V-Vk)

done
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MorrisLecar.ode example

— bifurcation diagram with AUTO

e0e

ABORT

%/ It's AUTO man!

120

......“.....“....“...+?“3)
"”B 8

=]
=]

1
-80
-10 i 250
Br Pt Ty Lab i vl norm W period
1 3 H 2 101.8 —60 23.96 -23.96 74.80

Redraw the diagram
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Thank you

Angela Peace, PhD

a.peace@ttu.edu

Department of Mathematics & Statistics
Texas Tech University
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