
 

How to prove stability of a dynamicalsystem
X f X X EIR n f IR IR

A function f IR IR ispositivedefinite if
fax o iff x o

Tha Suppose there exists a positre definite
continuous function V IR IR o

i if i so then the dynamical
system is Lyapunov stable

Cii if tx to ico then the system is

globally asymptotically stable

Remarks i sufficient condition
2 Compare with theorem 71

inductive invariance



What is it

Applying the chair rule

E.g 6 2 4



Notations Balls
A ballof radius o at ne IR
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interesting but for now irrelevant fact

for 2 1 unit radius
what is the volumeof
an n dimensional sphere
of unit radius
B 0,1

r e



Level sets and sub level sets

for any function f IR IR

and a e IR the alevetset
of f is the set Lat xer fora
a sub level set Sa x EIR fora

Obviously 9192
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Proof





Example

main

EF IXz Xz th Xi

given Ig x2 I 121
I h Xi E 121

What can we say about stability of the
closed system

Define Veera z Gitai

Y



Therefore the system is globallyasymptotically
stable we did not have to calculate
solutions In fact the system is

incompletely defined

How to find Lyapunov functions

Guess a template e.g quadratic

x aye taza seat azatt
ay su as Kz 96

Then solve for parameters
a 96 with constraints

II Fox I 0

Can often be solved using
Convex optimization



For Linear systems si AN KEIRN
Them there is always a quadratic

Lyapunov function if the system is
stable

Quadratic function x'x

V X

V x

that is Fix a to be positive definite
and symmetric matrix Iran
eg G I

Solve for P in AT Pt PA g
Lyapunov equation
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