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LECTURE {9

o Upper+riongulorization ; Give~ AeR™ (with real evalves)
we. cen find ortaogonal U €R™? such that
U~ AU = UTAU is vpper +rionguier,
— Evalues of A ove the diagonal erfrigs of this vppa—tianguler

matrix: A --*
UTAU=[1 Nt l=:T,
0--1

— lduchor proof — recursive procedure 4o fid )
— LX) ARG BUL) — £G)=UAUGY)+UB G
FRe)= AR ) S #3 g
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Example; Critically domped RLC cb. T:[O /’{]

eat, te*t terms appeor inthe sol'a
o Whea A s dragenalizable, we con ford \/ Suct+that

VTAV =

oot V is nof necesssrlly orthogeml. Iff we ypper-triongdaric
we 9et ortegem | U such +haf P
UiAU= | )AY= [5'[“\-’ :
Symmetric matrics get te best of bofl, worlds .
Specteal Theprem : If A€ R 15 symactaic (A=A) +Hhen
(i) Evalees of A cre real)
(i) A &s diggeralzabe
(ii) Eveckrs d A are patrusse orfhogonl; Heetoe ) fue
choasic Hem +o hawe length=1, He, V= ET/; - T/:J Ay



an o-thegang| mat—rix
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Loclkat TT: _ 3
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—-A ‘U
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T yppertrong vlar end Symmetn
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Proof of i) a0

UTAU-[a \
- ,9-0
uuTAu:u[ J
T An
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Aac-/’l,w =14, ...1

e, colepis of o~fragersl pateis U oloteired fry
upper Fenge(oRotror are an crthcrarmal bass for R



1) Rerform mec,» Iaynpo’effﬁﬂays}k* “(Pca),
%Vdch cScn a Ccn‘rm SVD n Statistres +o

mative /\”@)‘/'fo']_? 79 dlote Set

(e.g. moWe /e_c:om mendoitions:
Z) Ff‘ﬂd [(Mm ‘NJM OOPM [@@33)1’ Sc(u‘f/‘m& #O/"
Cw--z’ - (1)

gM?ﬂ
where C 5 g w.ia matvix , +hys, has a noltnvie|
Ul Space . It a solvfion @, e (1) exists, then those
e (NFINTELY MANY OTHEES .
wbtd . Ae vl Pee ) C
S onother softer One way fo sekct a .Solqur)/_r
to pick He oz tlacrt has Yo least nerm N3 U

mn Il

w

S4. Cw=2 ot
W‘y M-‘gh/‘ we wont o mamize He nohm 7 mpn‘

/
Consider a cortrollable SyS'IOVI: X[itJ= AX&JfBUDJ

ad suppose we. went Ho reach Xierget attiwe Step £
#mn Xta]. Then -~ Ul (
such Hhat (Lechre 15): % Zer?

[ A% AR, BJ[utI | = &
- / Y'/ / ! = )9%{-"/4 )(EOJ.
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By controlability ) column Space of Gy is R"
LZN_, S0 a soltion existy. # €>p, Co s g Wide
motrix ond we have infiniely meny SoluHonys .

Minimum nom Soloter is a geed choice beciuse
Il = | ucg?eatsf - un?
Exomple : [orgHudinel motion costval of a cor (Lec.47):

framws i o [ 2 o)
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% ve)= | ud) VD viLLJ
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A8 [necrty Mdependent ? B
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ln theeny; con fwd solvten win €=2

Prerget [ dCq]
[0 = 48, 8] udCy

ot N A

Substitde 4,8 frre above , foke Mvesse, muttply ;

udce) |/ pu /

=( BY proryed

[udc{}J 2 )[-/J

ASsume RM = 5000 kgm (e.g. Rx=02m,

M = (600-1700 kg)
A=0.1 SeC.J P-{-urgef = {000 m.

[VdCd - 5.1 [{] oz cwm.

ure) ' e
Fve erdes ot maegritude
lorger then the. torqre your car
con deliver
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We. havertt learned how o ﬁv\d mh. norm o' yet
(SVD will nabk ) but here Is what e Sol'y looks like:
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SvD Separates a renk-r metrix ACR™ " nto
a Sum of M ronk-d metrices, each crifenas ar
outer praduct - Specifically) we o find:
1) ortonormal vectos U,-—dre”
2) o« ‘“  Vi,..VreR"
3) real. pastve nuwocrs O, . .6r Such that

(outer-

/4: SIE\ZTf - + 67 (7—.7, preduwc
r U-V- MOISVQ)



01,...Qr are Cq/éd [(SMSUIOU‘ Valg,@” Oﬁ A Q'Id)
by Corentio -Hac_«j ore put M deareq&Mg ovsler:

C1r=>62> ... 260 >0.
Atterpative ferm of SYD (compact ferm) :
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