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LaBelle's invariance 6hm

provides a tool to conclude about cannery end

of asymptotic behavior of solution when I so



Definitim_s ;
- a set M is imañ_nt under dyn . I - fcx)

if ✗(a) Em → ✗it> c-Mitt m1¥
- ✗ it) approaches the set M ,

or ✗ Its→must-so

if distcxcthm) → o ast → so

distcx ,
M)

distcx,M) - int 1) ✗- pH *M
PEM ☒

Lasallethencm Cthm 4.4 in Khalil)

- Gappose the solution ✗Lt) is bounded

or ✗ cts c- Eh Ht for some coimpatset A
-

- Assumme Ñc✗)zo it ✗ C-A closed and bounded

- bet E- {✗ c-Alias =D }

-
Let M be largest invariant set in E-

- Then
, ✗ et, → AN as t ->•



Remarks

- ✗ is not necessarily P.d. in the theorem .

- Assumption that ✗it, is bald is important .

To ensure boundedness

-
If it is p.d. , then solutions starting near

origin remain bounded ( because of stability )

-
If His p.ae + radially unbounded

,
then

all solutions remain bounded .

Corollary :
- Let it be P.cl. and

it cuts 1-1×619

-
1-et m be largest invariant set of E- {✗EDI icxieo}

- If Milo} ⇒ ✗ its → o -3 ✗-o is AS
as too

- If
,
moreover

,
Vis radially unbounded and

Ichigo it ✗ EIN ⇒ ✗ - o i↳ ⑦AS
-

-
Remark : Mz{o} means that no solution can

stay in B- other than ✗cts - o



Example : cpendeluny §
in - ✗ a ÷¥É→✗,

Izz - asincli) -bxz

take D- { cash] C- IRY Xi C- C-Fit)}

icx) ⇐ -bx? Go Hl ✗ c-☐

E- { ✗ c-☐ listeners} - { Exists IX. c- c-MM}
✗220

-
We want to find the largest invariant set mine

if ✗et] EE Itt ⇒ Xzct) - ☐ At

→ Iit ) -o wt

⇒ sincxicti) ☒ Ht

⇒ Act) =D

⇒ the only salute'm that stays inE is ✗cts - o

→ M- { o } ⇒ AS



-
LaSalle's thin is also useful in convergence to

an eqlb . set
-

Example : (adaptive control )

- Suppose we like to stabilize the system

*

I - DX + •
← control input

by desiring the control

- If Ñ is known , we can set us- (0%1) ✗

so that I - - ✗ is stable

-
Assume 0h is unkm-w.in . Let u- - cÑ-DX

where Ñ is an estimate of 0h

- We adapt Ñ according to Éz ✗2

so that Ñ becomes large when ✗ is not converging
to zero

- closed. loop
I - (6^-2-1) ✗

Sys . = ✗
2
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-
Candidate tyapunne tune.

Xcx, E) = + ca÷EY
-
Therefore
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si- se] [
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- cold -1) ✗% * I -AT *
a
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2

⇐ 0

-

E- {④silliest - o} -{CHI > 1129,1 }

¥÷.
- By LaSalle , cats,Acts )→MEE ⇒✗U→③
-
The largest invariant set in E , is E itself

✗ CH -o ⇒ Ég✗É - o


