
 
161 Make up lecture due to zoom recordingglitch

Prof ANANT SAHAI
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itatronstos eigenvalues

Understand consequences for stability

Recall AN UTA U where UTU I since Uhasorthonormalcolumns
that form a basis forn dim

AUpper triangular

fan
These are the eigenvalues of A

BIBO Stability via Upper triangularization

TOTO
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a dn dimensional
C know I Ici E E

Claim This system is BIBO stable if all the eigenvalues of A
n

Already proven this if A were diagonalizable A little
unsatisfying
because we had

We assume we can uppertriangularite by U a V showing

up in our bound

ICity AECD LEI NUTTLE UTT Uta
Is this bounded

Yes since

Wt U Utw
Call Tci UTC But Ut U andso OUT I

It I
and we know 1 Tci let 11811

Use the philosophy of strong induction done backwards
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KEY ÉÉÉÉp

Start with the last row

EncirD Xu In Ci In
know an I Bounded by E

This is BIBO stable

F constant kn s t nci I kn E

In particular kn Fa

ftp.foindtonisnoudone
In Citi In Tn Ci t Bai n InCi Un eCi

Is this bounded
We know fan it I

IBn i n Ii r un fi E Bann Inci Jun fi

E Bann kn G t E

Baiul Knt 1 E
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In particular kn.it mD lBn i nl Knt 1



Normal simple induction

DDDD JD
1 First domino falls
2 If Kt domino falls next one lethal falls

C 14 D all dominos fall

Strong Induction F First domino falls
If all of the first k domino fall Is dom

also fat
1 Cz all dominosfall

2 equivalent statement

Assume k in lol 1 2 i n

We know 7 Kk s t Jt Ci E Kic E

want to show I ke s t Fecit E Ke E

Fecit i X Fecit Eg Be K Ficci Veli

know He at Thi ed

Eg Be k IG t Veli IIe Be eco t ki
E EI Be kl Kee t e

EI Be d kid I e

I ke sit fees e ke e

in particular Ke ftp.ed fEedBe kl ki 1
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This proves that I k t ki 1,2 in
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This proves that having all eigenvalue Hilal B Bo
stability

Technically we only know that Upper triangal it tan
works when all the eigenvalue are real

But there's a natural generalization to complexcase

Onemorequestion What do we know about the Bi
Could they be really huge

F UTA U

Can entries of A become huge

A fat at a

First step Understand UTA Gta Uta Uta



Consider I Utailt IF U UT ai at Iai
Gitai
Itai 11

É aj

II UTA EE ai
Definition The Frobenius Norm of a matrix A is 1 All

anddefined by 1 All I I aj
We just proved H U All I Alle

if Uru I

From the definition 11 At Ip 11 All

1All H ut Aul D AUI HUTATE
since UUT I 11AT IF

I Alle

A is no bigger than A

nm i i
So the Hw has you using it to solve differential equation

Key Upper triangalrizata tan a vector matrix problem

into a cascade of scalar problems tht allows

counterpart of back substitution to solve


