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Egled: Dalor lastna urbanja in lastne
frohmence sistence, hi ga estraliao utei
=> masamime, me, my, his so estima
ezmeted high, be, by zaprdumpropete
med due represidence stone in med ebog

- -
- X(t) -
- - -
-meetinmi -- 41 i 44

-
- un

~

I

Sklapljen sistem mbal opiiemas sistemam
diferencial emob zu to unbala:

Mc

e
88

Ms x1 => -bexe +ba(x - x1)

M2xz =
- b2(xz - x1) +43(+3 - x2)

M3s= - kuts-43(3-+2) ozirea.

me xe=-(knthe)*1 the xz

M2x2 = - (42+ ha) x2 +45t3 +haxe

my y =hy x2 -(43 +(y) +3



Reiter sistener, he bar ebalz wehr frehmense w
musterno but:

↓
amplituda passetmega abala.

xist) =Yiem(wt)
(in pediah)

In is upaterer, da je:
x(t) = - wy;em(wt),

luhba zapiiemo:
+myw =

+(b +hz) y Fhyz
+ Mc y2w2 =+ (n2+ 43) Ye F4yY3Fkex. (-1)
+ M3Yyw =+3Yz +(k3 +by) y3

Sistem later preprises a matarder oblebr hat:
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Dobima-

wiMY =k.y/M-; M-1 =II 0 Io

10 :
Upeljeno itis inthe⑱MMY=HRY;A = I

M3 M3

I-

"E 0- Usthu-

Is M = Mc =M3 =M,Dobile nor ersten:
pathen later ermtiden.

AY =3Y ;
=0

Dablieur distem imerujemer linearproblemketruh vedost! To problem a frater
pogaster became in tobeter band inverjac
=>vierungen tabruch best sistener.

Nalege: Dalart zelima lustre medust di
im popodkejade lastventorie to, w
ridjo tall water!



Vuceus promore:Losture weducesto b =w3

bode lastic frelmence sistema unbal.
Lastmo reitego pa propodayo's implitude
him predivi) preseth whale



"Nowrence"patishanja lasteh educati

Velja: Ax =6
↓

identitete

AX- JX =(A- 1I)z =

0
-

B

Opamba:

I
31 31313....

322 biz
B =

.......
.==
= )() =1)

Lahlo rapidene:binxe+biz yz... + bintn = 0

otrama:bis-bintt..... int, i =1,... .

Stulpi matwhework neaton, Fate it det(B) =0

Iron # Wlja, he's det(A -JI) =0

IDetermite mathhe M+H mam da t.r.
haracteristiden pallam N lego redo w J. Paslichdma
fastme oeduost sistence (x) instratio widlun
baneklewstidegu palima:



Taiji:p(b) =det(A - (I)
=0

Ogatenter:her memo, do inpalimum stoppe
N rduo M model, be inel sistem (x)
Alistrh vredusto.Laste prediasto
to stresajo iodmatian modlein,
immeyema degenersome laster wreckastr.

Egled: Imaylastme predanti
mutzhe

2 - 1 - 1

A = F 2 1 1-114

tapisano determinator: ⑦

let (1- 21) =12
-- --- -

=(2- 3)"(n - 3) +2 -(2 - 3) - (4 - 3) =p(s)
-

raxolular



p(b) =10 - 175 +85 - 5(=0)
1

100

⑭o b d i =
x

2 5

I iskanen mdel dobino:(n
=1,b =2,5 =5.

Ihate se Fwdo, do so popude,four laster mintago

-E(t),zn =1(),z =E(1
Kamentor: Niod palinama stoppe N15 ne nano

we paishiato unclutions. Postopat
moso mmsodas. To postopch je
numerous westables, into v

·platmem tege pastephan we sporabyca
in dulcicue last mediosto.
=>Obstajojor robustreyish tools.



Nehry assaub pojinou. (Mpr. Branstejn, str.299)

1.) Matorbacrmetronalof is
enshryen

A =ATOtirama (ij
=aji

2.)Hermitsba (sebr djingiomamataba
Vadratna matuba, lu je enable oveyoI
odjungram matrhi: namplesne

A =At all
dij=hagioam!

↑ Lostue wrecost Hermitshe (who pu value
a dimitrionce)matches so use value!

3)Outoganalua matina je natuba, butere more

ie eats ijeno tramspandress matubar Velja
A. AT =AT.A =I =A" =AT

Velja is:det (A) = =1

2) Kaemplekona matrba go torna, as ela
At =Aonheur A.At =At. A =I

.



5.) Matuba ye normals, as melja:
A. AT =At. A

Ortogemalue in unturns matine so normalue.

↑ Lastweltarjimarmalus materbe inco
indegenerous lusters product, so orfiganatur
in repenjojo N-dimentional welfardw⑧ prostor:

Opamba:Mo se banner assedational analize
releb emetorowh match.



Diagonalizasija matche
Matako A se do diagenals stats, de
obstapo resingularna mutuba X =[5, . . . . ,Xo]
in doogenctus matuba A =diog(b,b,....,ba),
da elja:
det(x) to, XAX =1X
offrana:

AX =x
11/.X

- 1

ovo A =X1X
- 1

Todayuelja, do so diagonal element matte
lastme meduostor mutube A, stalper to maituhe
*
pa view laster meltorji.

Transparence agaijo nsze:
Ai =(X1X

- 1)T =(x
-

1)1
+

x
+

= (xi)1X+

Coje A simetrida:
AT =(XT)1XT=A =x1X

- 1



slow:XT =x"oframa XTX =I.

Ogatelo emn, do da ye
Asimatrooms, in

transferri he matcha X ortogonalua.-f

Stalpe he matche
N dimensionaleges entrapanigoorLenareranebarsee
shadow product
#ahhirch:Realue mimetwore matche imcgo
value lastcosts in realms in
ortnarwrane lastre selituije.

⑰ Her se utvajomo o problemoum.
xAX =1

problema iskanja lastmb wreduosto redemo trch

preblem dioganalog matches A. Ho
matabo diogenation, inona laster
veduast.



Podubmastea trams formasija:
Imejio transformojolor matubo z, det(z) 0
Transformario:

A-> 2
"

Az =B

innenjemn podabmostua transformoreija. Match t
in 4prewmo, do sta pocabor!Pri podabusto
fromfordi se obsespa jo laster wreducesto matches.

det (B-51) = det(E"Az -JI) =

= det (t"At-5ITZz) =det(z" (1- 3I)z)
=det (zY) · det (A-51) det(z) =

=> det(z"z) det (A-JI) =dot (1 - JI)
m
#

Podobnoctur D
for nomany

selenitelyreyohgronener
⑲



Osmovna ideja:
Mutubo A z Zapurdue podobnostrum
tramsformowjai gretemo protr diagonalm
obluli.

A - zi'A2, ziz At,2

<zi't't" ACizZs -> 1

Cenampostopehepeputedodioganhew
celative transformi

X =difitztn.... . En

Opamba:NO mam Froba wodur it use do

dioganalue matches. It was tonmajor

Elastos cedust,patenteen
a trhateo matcho

To the isbarohm, O s
matuhe node diagenawrater,
pabo usceno race cable lastes vaciost.



Pomember:ostapel diagonalitoio je stabile,
be somethe Zi unturne!
Glij, Plestenjah, RUNM, str. 167.

Scharova farma:In usalo matubo A obstaya
unFarna matcha Rin agoons tribatea matuba
R,duje G

+

AQ = R.
↳

soincep schema forence

Labi tab ratep?Js jo matuba R Egorage
trbated, so ijene lostmediasto commo
use diagonal elements. Her jo R podoben A,
so totodolastie rodnost A!



Potenduce iteraon metoda:

to rsrand: AT =1

Postopeh:
1. Aberamo ooctor publich 0 =(x, ..., 400)

tabo, du go 1x1=0.+Xon = 1.

2. Ardemano:5(i+1) =A.5() ji =0,1,,...
To Zanergize

3. Eroemana:alit)=115 (ix) // -> naquitoseeh
To bemerging b <- y(i+1)=

a

lastram webtoin
<- pitch -AFCi)e)Rodunana, du

jeuse,producein a

3. Panouljamo a.in s. talibo Oasa, dubber
1) AZ(+1) - j(i+1) =(i +1))) <E



12 Eupasedi's webtoger Il) bonnergies he
-

:

dominantmenu lastmems velitapes, sunde
bi) pa he dominante last wedostr.

Hobax:Predpostane, do lahko A diagenalisiremm
but:A = W1W- bier stu

-Ep
.

.

.

.

. .07,v =(, w......-)
-

Matrbaz lasterm

Diogauche matcha meltan!
lastrh ueduostr

In najuelya:Ibel >(bel>(bs((...>lba)-
Urijens or pomelobast

no nottoocter velterbutpoDetrolastmb wehtayh:

x(0) =E,xjwj
j
=1

VioFiterweijimosega postapha inane:



↓ Tabbobratone panowl mozaege.

-(i) =ixin = virs)Iju =

1,.......
x I

Uposterayua:Ai =(N15):
=NN......

i

=Wiv - Losti wehitage
se occurs shamae

<edit. .....anditon 1: xi
=

114,5,Z, .... Indians;

=

25 +4(5)"Tve +..+an(5)"wo

116,w, +62)5)"( +... -c)fwπ
it0E1m



Yoj pu ostate lastie wecost?

deAlawhedougancloprama, patenjo the

1 =1.,(0.....():
Price astormenleyout a laster melter is immer
Ideja ye,dafu ostamn1sistemendpogledama

Ac =A- b.(x, y1) =A -x(-:17-

Tenturi podubt: 5.Qx

En sploser bonah:

Ai =Ain - Ji-x) (KinT]) ; i =2,3......

Hotellingone reduborja Delijeta A =AT



Inverzna patenona metoda (alo nerena iterowja):
· Metrola je aposabna, bacon inner problutch ca
lostwo wecostin pahebajema is lost
velter.

· Ideja meticle is revers protana:

(A - [I)X =5

bo je 5 nahbodu velier in I wodmast
bloze ishome lastme by. Todayto water

rotema ofblow lasfuega chtayoto see

Algrartem:
1.) Aberever I bloidlasters modust on
normal nation relier to j (501) =1.

2.) Dalvoir first restria distance:
(A- 2I)Yi+1 =5i ji =0,1...M

↓
Topower strange Notena linearthe



3.) Aromano move probliche:
Bit =p <- Poblazch Castroge

relitaja

bixe =xiATix <- Pooblich Castre
meduos

4.) Clonouljama 2), 3.) dobler (din-bi/<=
~

Rodemha
matedost.

Ealingmetida delie:
(A - 21) Tii5;
m

F

#
Enewetentio

Yin =15,

Ogahem,doinvertteenustry,enter



Metodu hanverging I dammenter laster oreduosit
zaA

-

1. Lastme cast to mathe or

1
Ji =

Ji - t

Dominantres reducibleso,
her gonbliet

In jo

Hoeutor:

· S parametram aimo, a baterene lostmenu
vehtooje bo haynergizedsponds sin

· Je absame dowelp bloon by, be metodaelo nuto havergivals.

· Vusaham horbs most reservator sisten
enoob: (A- 2I)YiH =5i
To resi upomber upeascepa LU
who drog moted to reseray lineanh
motemor enoch. Glyi:Plestenjah, RONM. polaris 3.



Jacobijerce metodas
Uparabia be to isbanelasih vsedosits in 1
webtajer simetron math!

⑧

· Jacobijeve metrola sestagismeteror togamalub
podobnostub transformasijratosij. E usaton
ratuajo poshisamo na O spectr ibrom

Avendooganalmoden.Veahanazledulavatoranricer "polwan delv /
0 Au-

diaganalu
iteros postagogo use maps->

We dubler

use even diagemalu elements or

mansod ibram nationants.
Vituhorabe inane matho:

p
1

i ...cup--..........
... 4 s

i) ....... App....dpy------ p
= 7 s

! · [

To mature...

dap....dag=
=

=..-elementFelin
unoto.



VC1) Kaaba Zelio Amorto element Opg:

f(i
+1)

=Rpq(t) A( Rpg(0)
3 1

Kateri element ↓
undigeno Rotacyslibut.

11... 2 S
1 1/

Rpg(t) = 1 ⑬....... 1 <- P...

1...:

ne.....
cast

...

1,
2- I

↑ ↑
p I

Poglima same dels match, he job rations v0:

(i+1)
= 1

S

7 1A S app apae
0

=app+2(sopg +sagg, -csapp +capgs'apg +csagg1 ↓csapp +copy-sapg + csdgg, sdpp-2scapg
+ig
n



(i+1)

apg =
- CS app+- sapy +dgq =

-
-

-- ↓
= apgcas28
- Enmz0 (app - agg) =0

Dobimo:cty2E =
cgq

=4
2 apg

It toenrobe sediydaloma ratwash that8. Dabo se
luzie vatpodemo:
stoneRo 3cy28 I amcasE

Dobian Wodratno eecho, les jo rsime:
t +2+5 - 1 =0

- -.-
. 1s =tc



Clenimatahe a masked terreg bodes

alitkalit =0
(i+1)
app =Capp +5Ugg + 2cs apg

liti =cUgg +s'app - 2599p

Spreewjo pa retrodo drug element anatoho
cerp my dog, lijer je vtpim wtg.

alt = Arp C +drg S

(i+1)

Arg = drga-drp s

AlgortenZelino obliborator tabo, do we
bance withhe a celits a nova wimals,

poo pu da barcobotoeorm elementum dodapals
popohe.

dit" =Grp C +OrgS =pr - Mp.(1-c) tags
= drp +s (dog - Urp(=>)



1 =a8 =ocuz/z-cYfme
=kz =E

#Ahar:

ait)) =Urp +5(Urg - arpt) ipelynewon
argiti) =arg - 5(arp +drgt) <- orsher enchnon!

appli+1) =ccpp +5dgg +2capg =

= opp-(E) opp +s'agg +2csapq
52

-opp-si/(app-ags)] +ecsapg
-

29fg:Et
-app +apy.(0,-3**) =

-

-app +opps) ( =

==

=app +cpg.t



Ennivalenter dabimo se:

alit) =Cgg - (1- a) Ugg + scpp -2Scapar =
=agg + s(app-agg) - 2scapg =

= agg
- apgt

Kaho se adloomo, later elemente bannerwidths

-Klosioner:Vusalem borable one majorji olen.
Nojhotejia banworgensa, a relieva melbor primerjanja

- Liblona vorant:medic v enahem vistnem redu

- Programa verant as
a damn wrstram reclu, a sides
letste clements, li chusyo vedrasti
God progem. Prog o usahem while

Emmysame.



Algoram:
Paiseno mjuoji vendioganainelement.

ap,g.
2. Hosanna retrail batf otovanas,cint.
3. Hromance paperle h eatulu A mzeyrn

popram matcho

4Ponouljamar 1.-3. thbr case, duber.

aff(A):5%laiph3
i+j

Lasture ecosto in laster weltasji:
Po a i tseijal income:

Productoutagenally mutah
P ortrgemalua matcha.
-

1() -is.... Sitonme...ane
↓ ↓

I

drogenatio Stalpe match onelementso
lustre preciostr

laster weltenji materbe!



Summary:·cosoma sahtermostalgertura go
0(u3) <velho hastant.

· Uparaben in N = 10.

· Metuda je vabusta.
· Dabro Norma Frdo maybe lastine mediastr.



Algortem QR:

· To je metoda, lo ae pogaster uposebla v
mumenwh paketh
· Simetric matria no pogaya delorarealgoatna.
· MetroFemeljiwa salem Schroom

rascape.
matche A na ortogemalua mutubo Qin
agorme Irkation matubo R.

Algori Iu:

1. Dalion pro poblizch Ao =A

2. Awedemo QR vescep
matine Aiji=0,1,.......1

As)=Qis RC)
3. Enamo was ledno iterojomathe:

A(i+1) =R(i Qi)

3. Backus 2.ir 3.panouljan talho race,
dobler instudies Air, no doverly podabma
Equinize diagonalu:

51901's Iberams!



Galij algortem deliji:

A(ix) =p(i)Q(i)

⑨Veno, do yo f(i=Q()R(i);Herje Q
T
=0-

ulja Euch:QIA(i) =p()

A(i +1) =Qi1*) Q(i)

Dobilo one zova podabmaster transfamajo.
Her

go Q crtoganalua, je ulgortenstabiles.

Neja: Vlrantr i -0 matnha AlShanmergin
proto-garigehatermanhoLaaeenth.
matche. Last webtarjiso steeper matcher

Q =0,Q2........ Qu



Rancep QR: I2 uposaber Haushulderperh Ercoljonj)
Ineoto Fellmo

stcep: A =G
/ ↓

Ortiganalua Equouje trbatna.

Citi frameforensajenaptlnarnopethone
- isto dultime, a vidalzahranega bafrege
meltorja

Najbo Iprow stalpe matibe A in
21 =(1,0,0,...0)T batwe welter dimerie m
Opeljava: n =1 - 111x,

->

v=Full

⑦formocya: Q=I - 2vv T =P

Matwhor speciewtaho, door 1. ealpcue
metrhe ostane le s. wredust. Ostale
ou mo!



Transforms Q resemer Hausehulderfere
progahajska matcha ·

Proychajoba matrba ina was ledge lastrst:

P=(F - (FFT) (F- 28vT) =

= I - 4zv
+

+4v(v
+

i)vT
-an
=1

Her naive
-

=I - 48vT +4vFT =1 = P. P

Od td is clear:P" =P, Her velja PT=p
Be patern tochP-=4T.

Py =(I -1vvT)X =F - 2F11e
11 X - 15115,(

=F -cxY-1X;e) -
x - i -1me

2(x1 - 2(x) x1



Transformazija Q1 =P

zreel vebtr = prekor
Isomitrale!

loy se sgod +mutubo:

011 .........

021 222

A =

021922 C3M

b. ilVeamemo 1. slalpes in itcijege nosedio I -> Q

011 ......... 01x1

O 222)

Q.A =
0 az1 .

bel



Za matubo Al dimensis (N-1) x (4-1) zrac
davdhn veliton ' dimensije (x(), batew

+

webter ' = (1,0......) in dalism Q'
-

N - 1

Celetra transformanisha matuba jo patem:

! oo
.......

Q I ! 1 12

f

Q2QA =·is
↓In patentabo napro



Nice Lance dabio:

R = Qnn .. .. QQA =QTA
-

QT

QR =A ↑

0 ba
#am: QR rascap as do

mordt tuch +

droggone transformarjams, fr
= Givensour metodo.

Glej:NRC, st 469.
Plestenjah, Wonder N.M., etr. 136.



Summary metre QR:

· Jeje matrka Asimetrious matcha wehbaso mx
-palu je matrial R diaganalma matcha.

· Casoma antermostulquitura je O(M3)

· Osnove algortem seda paltrto take,

daremathhoudnapy preoberhaieen
Householderjewh zreculjery), also pa o
Hessenbergover oblibe ( zgoogie tnkatuc
matuba +ena obdrogenala)
Gly, Plestenjah, Dordo N.M., Str. 183 in

NRC, Str. 470.


