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N XenN = q(x\ e 0N
) § e skefiter na SL: X, Y € 0 1§00 -GN gIXY)
Ji<g ! "
Fotem 2OLPOP,QD8'€, (XM) X“‘ )’-' (XM) konve?im/
proh negibn ol o« € 0 x = G(oc) ki & resitey

sistemo F(X3=O ’ ‘V')((O) e N |

oQ
k=1

TOSLEN (CA* q \'le skrcitev, ce J'c ?( Jg (X» <A ¥ X E AL

[

spektrol rodi
ey 20 SRk
Jg(X) = |
SR L =y




(Newton-Raphson M&‘I‘ﬁoa{)

fosplofifen  Newtonore Metode k- f(xn)
-1 I~ N—— F‘(xn)/
G(X)= X= J'(X) F(X) 40x)

., A _ -t et
X(“‘bﬂ: X(&) . j!: (‘x(k)). F(X(k)> I. 1470,112,... b a b b ~ &

o)

x( 1Zbere Mo

\

x(ku\ - Xm - T (X(u\> F (Xm) / _JF( X(u)) . Gore.

la XM < €
) & sistem nearen, se po { koraku ustawi

lZrek  Koantorevico zago’rowg'o. k('mverg&nco ob (r2lativno zaf:&twfﬂ)

Po%o\sm. |
Fonavodi je konver\c}enca, kvadraficno. .

Kyazi — NewToncva metfoda

(
Ne raecunamo JF(X k)) no vsokem
koraku, ampok samo no vSo kil
nekay koroakov.

Zacetn Pt\ib(ﬁiie/k ‘
Primep: |
Re,éevomjc e+ 1=0  2€C

)

| > resitve 21?—;"\ | a
Z = X+ lﬂ ; X'\‘je(K za=212"7 ' 2
%3:‘11“\" i%
%3—\—" — )(3'\" 2)i)(zj ’3x32_i33 ,\,1 :O ’ﬁ
Re (22 1) = x5-5x37' + 1=0~ S
m(£2+1) = dxy > =0 = !

l, ;

o 3 »
s\ T, (_‘IO), (JZ I%), (Jz P2



S.12 .202%

= (xa, 'xn)-r
'Fﬂ(X«, , XV\> = Q |
($(x)=0) @
F(X)=0 = X= G(X) il

\zpe%'owa Newtonone metode :

F(x)=0 IR |
I MOMO X lk\ \ic, Pmb@(i@k

lscemo "Poprox\re,k'\ AXM : F( Xm + A)(m) = 0O
.‘{:1.(7(\- xz(x“...,Xn\‘r ' AX=(A_X1, ..,,AXn\T
E(x)=] i Ls R — R
L_{'V\KX).\
@P\O ofi :
£ ()Q-l- AX\-— -\:.‘(XBﬁ- Ay AX, Txn A xn ~+ .
TRIX) ] [T od Tu naprey ne
- VZOMRMO Ler POrem
F(X+AX>= O =~ F(X)+| | AKX ne bi imels 0. sistema
7 (X) |
v
Jr (X)

Rc§u\ujemo= Q= F()Q + JF (X\ A X




foko < '\%ognﬁii rofc/mnané)w odvodoy

— Namestky j"‘(x(ﬂ) vzamemo f)r‘ib@iiek’ za To matriko

Noj bo Br _priklifek so  Jr(XT)
A eéimo sistem  Br ax® = - £(x9)
b\ X(M‘\\ — X(r\+ AX(M

Q) AREIMO  Brw 20 nas&dnji korolk

BF03 denova  metodo

a0 Beey vzamemo vy sFekfrafm' normi noyblizjo  matriko Br,
ki 2adosca | sekantnemu ‘aogc@'u" i

Beay (X = x ) = F(X™") = F(x)

, — +1) T
RQVS\.\_Z/\I (bf‘l?‘. d\O\(Q%O\): br-\"\ = Br + - [ ( X‘P A l A X(PB |
Ax(ﬂ"'. AXM

 No. zoceten 200 Bo  izberemo  Sim bo@ﬁo &FPOk5{mQCUO _JF(XM),

W%OS’&O \go\(‘ i
\IQP;QCIJSK(’. metode 4-\1()()-70, oo ) Fn(X)’O
T
1SCemo  Mini MU %mlaoi\je \
G: 0>R , N =R GOX)=H2(X)+-+ (X )
(ﬁ( X) = ZP‘.Z(X)\ 1Ma g@obw@ni MiniMum «ank O

Potreben poaod' 20 mMin' V 61 (x)=0Q (i radosten , npr. _x )

dec{i '36 ko, rzs minimum *

r—&g;‘c% (x) ... . a%fgzn (x) \'kcsse.je,ua,
g (X) = | rrorien,
3 al
i X) . ~ﬁ7(x3_

1) Ce & H\q(XB PoZifivNG de,("il\'\\'vwo\,\je, Pri X minimum .

1) EQ;\t \—\q(X\ ne%ox’ﬁ\mo definino | \')e Pri A moksimum .

3) Ce jo Hg (X) nedefinitna | potermn ne moremo sk(felaa,{-{ na mMio
oli max.

Za. G vzamemo ° (q‘(X§= ?W: &2 X)



S ‘Deog N\ “mis’b‘a .

'Naj bo X" Teonuhng Pr'\\oﬁiek
=i2beremo smer Ve € R in Ar 6 R toko, da bo yrednost
6 v holem Pr:b@é'ku, X{P-H) = X frp + >\r Ve mou?/'s"a,

| x(ﬂ

. Vr
(F+ r
X+ XN = X Apve

o iimo: G (X™") < §(x7)

Kako izbroki ve in N7

m) SFQoé'r\o\ metoda stsh‘
2heremo Po%'ubno smer \r, ki n pravokotna noo
(") : . ..
VG](X ) “(da ne bomo ostali na lzoﬁl/os:)

b) mefodo no((r’\i‘rrqge&o\ spUsto
\r= =V q (X @)

c) metodo.  koordinain spusta -
2 smerl ciklicho 1tbiromo t.i. koordunatne swmwer
24, €2,...,2n

koko dofolomo Ar 7
= pr o\oeoéoxn("uu 9&damo funka J'o
Sr (\) = Q( X+ .)\Vr)
ene s‘:rzme,ngnvkc in dXolimo Ar toko, da Je,

8r(7\f) < 9e (03

yor ante

0&) mefodo r\o{‘\leé\"eao\ sp\/\sm
A dXocimo “toko, da Poigizmo MINTM U v

funkcije Oc - g‘(m):-_o

- (R
Kako rocunoumo g'(k)’.
0 “ he A 9'}\
b)mefoda fanjenf-negﬂ\ s[msfa. ¢

200 AT VEAMEMQ Pr,ese\c fangen’m& A O ‘3»} A=(
‘?L I X’OSjO“



c) metoda. povaboicnego  spusta.
s \'O\V\SU\\’V\Q metodo dfoCimo o« = Ar  nodo o
skozi focke (O, 9.~(Oﬂ, (&2 gr(%» in (o, gr(otw
PoT@Sne,rY\o po rabcko .
Nofo 2o At vzamemo fisto vrednost, pri kateri
Poxm\ooﬁo\, doseZe  MINT MU M.

MATLAD:
xt+y"-1=0
y =x==0 tj'-'—)& > X+ x'~1=0
2=x""
7+2-1=0
2iae -1t {5
2

fsalve. S 0\3\'\' 1 2ahon
frminsearch toklox —= treba pogebaf'
nodoz h



LINEARN] PROBLEM NAJIMANJSIH
KvADRATOV

Primer: Redmo, da merimo fitrost objekta ob razticnih Casiiu
ti, i €[N] . Denimo, da vemo  cla je Aifrost obtike
V() = xt+ B
Kako dd€oéimo &, (>’

Meritey je, 2elc welilko N >2 1,

\ reshicd  imomo ms(’,ednji problem:
At T P.)= V4
A, 2+ (‘5 = V2

d\*,u + P:, =\n

ProlRem skoroy  gotovo  nimoy tocne reditve .

Primer
ki Fa 2  [F
Lot (5= - | 2 \,\5: 3
'bo\-\— (5: 5 L—b ’\ . ) | S\
A by A0 (204, coslom)

— iscemo  tolko Pmmico

B}
i
Resusemo Ax =b , AE 'Kmxn M P>
B x€ER" b€ R"
X
Al P

x* = arg minl Ax = bl X e, resitev” po mefods nfx/°ma€)s"ﬁ

v
noyde inPw volus (ow%wmemﬂ Je kvad ratoy
é«&%ﬁ(\/\ <h ou»{-‘)uu\'lm pa Aojmaqse

L

¢« tdnosh feaa
VPna%anJ'a,i AR x* 17 A Je, andlicen ¢ Kako Ll dobimo ¢



Ee A N ]mene%o\ romga, (mnﬁ/\ g H) y /DO’/Z/Y) r/egl'f:ev (c"e ‘-:-[)
N enofiéna .

[‘aﬂﬂ — n%\‘gzﬁe, ;*. (lﬂ . “QOdN.ISV\l_V\,

{‘ang (A) < N -=> dl'm lCCI‘A ~ O vrshcma\g_rs\fw\, Y,
32 € kefA 2+0 ° Az=0

Rﬁd\mo'da \')e )(* OPT'I.IY)O,@/)O p r,es('n'fz/\/" (/30 mefocle /)(\)7.. kVOC(fQJlOV),
potem je rasitrv fudl X= x*+hz ; A ER

AX - b f/\(x**-?\é}_}’- Ax® = b

Ax® + AL -
Zohtzvamo: A ima P0€n rang (Pangz‘x= n)

(V Pro\\gs'\ V\LPUCY\ l‘om9 pormm- odwisnosq Ioo/ume»fTov)

- . < ’
Mozni nacips f/S@VQ()/Q

1) Normalni sistey enaZb © ATAx = Al
—gz‘t_odcotj 3 nafanko 1 resitev ?

ATP\ e |RV\&V\
Kd@/ ima  kvadrafn sistem nafonko 1 resitey ?
= ko \/.e, ATA Obrng'f\too

Lemo: A'A e s.\b.o\.
Dol z (P\TAY‘_: AT'A\
x+0: xT(ATA)x > O

- -—m O o ap = o -—— s W N,

Ce je Ax|l, =0 , potzm :‘e Ax=0.
S £ Kerhk f;-?ﬂtn X =0 <
O

\se C.urednostt KA so toref pozitivne , 2afo je atATA >0
= ATA o\orn%WOv

L) QR rozcp A: A= QR

2.1) Standardm QR foecep @ A=QR ;| QER ortonormiran 1 v stoRpoi
REe R el zgornja trikotno. motrika <

pozitivaim dt ngvw&d

M XN,

2.2) KQ%%’\(:')QV\'\ QR razeep ° A=QR QG/RM:M '/'e ori'ogonaﬂna/,
R€ R™ e kwoz 2gornje tri kotina,
v

B




3) Sir\ﬂweowm rozcep | A=0ZV". 0ER

mxm

Ve R or fogonaku,

2 je kvaai dlagonaﬁna_

G\eome;\—rijs\co\ inTerre\'aan, norma,@nega, sisfema.

Lema : Vekter x* € R" e resifev  sistema

Doleoz:

@

OtiT(/ix—lo> =0 =t

Ao

AX

5

ImA

AX"'b 1 baza lM/A\ - 501,az,~°,anj

T -
Q4 0
_

T (Ax=b) =

.a:nr_ I
/\T(P\x—b\ = O
ATAx = A'b

\:rowckoten N A

1

0.

VA

/ /c..

/

n

ATAx=ATb & Ax*"o\,’e

8"’(/\)(*"5) = (Ax) (Ax*—b)= (XTAT)(/\X*‘ - )=
= xT(ATAx*= A"h) = x7-0:=0

Ax¥-h L ImA - ’0‘36 ImA -

(A-e)(Ax*-b)=0
2T AT (Ax*-b)=0
2T ( ATAx*-Ab)=0

gT(AK*"‘b> = 0 ;

1=1,2, ..

L, N



Lemao: Velktor x* je resitey Po  metoo nogmwys"fﬁ/ kvadrator &
Ax*-b Prowokohu\ no. ImA .

Dokl - 2 v
&) Ax*-b L ImA = |Ax*-bll; € [[Ax-bl, ¥#x&R"

U d am  a» - @ e e @ oo o e e - " - o -

x ERY I Ax-bll, = | Ax- Ax® + Ax* - bl =
= | Alx —x*) + (Ax*-b) I, =

= IAGx + 2 (Alx=x D (Ax¥=b) + IAx*-bl =

—

O
= IAGx=-x WMo + Iae=bl" > [IAx*—bll.

=) x* -"-OJ‘gm}/)HAX’b“zL ;o Ax b L ImA
|2 beremo /Dote/.uben, A> O in Pog'uberv Y E ImA :

| Ax*-bll; € ILAc*—bxdyle = IAx* = bl + 2247 (Ax-b)+

ALK £ Iy
Ax=3

L

Z?@‘(Ax“‘-b\ + X |\3 L 20 /:)
Zﬁr(f\x* -b) + A Iyl 2 O
_ bs X eofiko poejubno momﬁom\o in bo to del momjé’i oo\ prve%a
> (Ax¥-b) >0

Nomesto Y 12beremo —3

— Z&T(AX*‘ b)-‘- 7\“3“12' > 0

TRy (Ao 6) 20 > yT(AXT-b) < 0

Skupoj s pre:jé’ﬁjim |© ‘lj"(/“\x*‘ -b)= 0 O

Primer: Dana sta  vekforio.  av= [1,2,-1]" ip a.=[4,1,07"
ter vektor b= [1,1,1]"
[SCemc  vektor Vv ravnini, ki \j'o r‘azPe,r\,/'m a1 0 Oz
toko, da bo /\Oy'beiz;['c v(,k'l-or:/'u_ o}
b

i 5(} a.,az}
|
i T ERM T D0




| - b\\f Mt Nt mona
Flo, B)= llar+ paa-bly + F: R —R

:%‘% (o&. b= 0

OF

ap (x, P)= 0
F(‘xl (53 = “ 0((112'1-1)1- - {3(4:1:031_—(1111731- ”lz =

= (o {5— ’I>L+ (2t @—1)2'4— ("o<*1)z

o1 T Z(o&-v(b—’l) + 2 (2 + /5—13'21- 2(40\+1>(+"sz

QX
oF
o5 = 2(ct+p-1) + 2(2x+p-1)= 0
A2+ G = —> b A+tIPBEL
cx+ b=k ~  dot2fb=2
Noy \wodrovh K Kl
At 1] . b= |1
A 1
ATA x= A" %
T4 = = c a3 |2
/\ /‘ O_J Z. 1 X = :J> Z x - LJ
L-1 O\l — o L

2o. noemodww  sistem & Znano -

LIATA) = K (A

SYandardni QR rOZCRP

M XN

A=QR - Q€K 2 orfenormiranimi sfoeloci
R & [R™" 23orrye trikotna

Recimo, do razcep imamo : ATAx =A"b
(RRYTER)x = (ARY b
(RFQm(@RIx =(RTGT)b
RT(ATA)Rx = RTQTD

\\
1

RTRx = R"TQTb /- (RTY1 2 Cove
Rx= QTh




Roxzéirjtn] QR rozcep

A=QR : Q€ R™™ orf03onw6nw

RER™"  Lkvazi 29. trikotna

ATAx = ATb
(QR)T (ARYx= (@R)™b
RTQATQAR Xx = RTQ" b

I
RTRx =RTQ"b
? R" nima javerzoa
2
1Ax-blIl = | GRx-bll; = € R lxlls
. t—(><>vv\\r\c>ii:\/\<> s T x ERY R orto g
=
= [Rx~- @ b“ﬁ 1 x|k
—— N Il Qx|l= [lxIl
g C I = xTx
K: .-0_ \_‘ o - -&T.b-'f- 4 - n@\X“lz =(ka3‘ (&X):‘
B =xT Q" QA x= x™X
0 <1
J . J I
T B — 1 hiz | A~ 2
(3 C Rx = Cq S
Sl S = ) = 1Rx —clls + N-celle
L 0 LC‘L_L L s L
MmN f\x- b\\'z_ = xﬁ( IJEx—Cx \\z + l\ CZ\\L>
5
=D Rx = C Sa MORNQ

€z *\-\31'2, o

Prouuo \Qo‘l‘f\lg‘@ vehod e

Mgoritcm 2a Standardwe QR razcep

A= QR
- 1
Nkn
Qa,..., Gn| = 2 9 ~
- _
a1 = /'\01'&1



—> HDu%ﬁg@delj%VO\ zcca%"evjo\,

X
2
W ;

R = X = LW

pa J° ﬁl'Perraana Y, R™

w * O

X \"e 2rcolng Liftol \leld'or\"q X

S&C& na 2

X-oaw 1L w < WT(x—o«w)=O
XW'W = WwTx

WX

wTw

oA =

= X = = (W\I\ITBX =
W w
= ( I - WWT) X
W' W
—_—

P Hou%ﬁoed;erjwo zrw%.em\,f@,

Lastnost :
1) P=PT
) P \"e, orT‘Dgona.Q)/\Q, matrila
PPT= PP=P = T

~te 72x Pr,esﬁ?cas,morog ’orF

37

na 1sto mesto
Zokay e fo aroo&j'e,n\'\e,?
detv= O
defP = .';[?1")\3 . N\ £ .vrednosh
L. Ve,\ﬁmg; : 2

* Pw = (::"kw‘w WWT)\N:

= W—é;(v\)w‘:—w



2 13.12 . 202§
Q= 2 M g, Gram= Schmiolt
R
iz nekegon naborg  vektoger,
Nor T 20 orfoSOﬂonVUz/
velo“o{*)e,,ki ro\zpe,n\]a{o

By FPOS\'o(‘
standardni modifid rand
(\APOPO\E)(’JO\ MO (\A\scro\loimo tiste

iseskgat vektone  veltorye , ki smo Ji
iz A) e modificiroli)
Bo{de e no 2ocetley s svezimi Pco(a,ﬁlf cim  vec izro.cunots
kot na konoun  (zaradi (\o\.POLQ\-

.. ¥

* ¥
0 %
0.0

= A

00 | ¥

L — ]

KO\?_SHJ?/M &K (‘0&0@? A C (Rmxn s IRmxm | R € |Km:<n,

|
) G\ive,V\sove, rotou e

2.) Hou%e,ﬁoeder\ie\'ox zr‘cag@n\]o‘v

- G ivensove rofo oiJe

k**....*

O

®o

;A

8 -
¥ ] [ ]
0 0
y - 0

T : i

Riz A = I -' R15TR11 A= |+ «

i e




somQ  1I-Ta in J-fq vrsfrce

] — ]
X —~
xe R ; x=|"'"] — X=*
LXLq __O__\
Xy A
X,
rofauJ'm
—" o— >
X
(*,0)
R T — C S C‘.=C‘/OS“(>
\2 -5 o s=cin®
— =
1
1.
LY q
K“ = C«., S
-S °”c,1
L “1)  (ostodo so 0)
"”’SPr,e,anFFa Se
* » 1
0%
..O
T' )
V\MT-~- R‘Z) R‘LT)A': = g
Q. orfogonm,@n,a 00....0,
ATA = R [ Q 2 Cue
A= QR
Q: RizRiy  Rom



¢ Fv v € 12
| 2
V- owrw W (wTv ) =y
I
0
=3 6.Fa[= (1, f}

§V1n e Vm_ﬂ) bhoza. 2 = Pvi =V , i€ ([m-1]

= (1, 6) > detPs11-1(-1)=-1

xR ra?:ce,/O’
- - - |
% 0
Rl A = | X
b* J ;O -

= fa = ke
LQ.W\ -J
v
Koj izloroki ,, NuMericno” ?
= zeimo , da \'le, W Cim \lc%i
> sign(oﬂ
Prier: o= (12 2 : lallz=3
—1+3— i
W= L |=]1
’ - J ,L,
- ) -
Pl "—‘(I— ‘Z__L‘(WWT)v 1| =
= Z.w - Z.
] 0l 4] [-2
=lZ) " pwo iz 2 -t |0
L 2 24 L O




Posto ¢ W\ (5 Housef. tr‘c.>

A= Avz Llaroe ... an ]
'
W14
! _
P« T* *--oX
O %
= PRA=DRA = A
M
0% 1
7 korole: _
% ¥ ... %
.
B
Z.f\z . A3
o |
Mo0...0
O N
=R
bo o

(P - PLP'\\f\ = R

\_/g{:\/
A= QR

A= F'\ Pz - - F/\

Y/ lo SO S me;l'rii:'ne_
Ce mgug\e,mo bvodrotn slstem
— [0 W+rej§i
—-= QR ncd‘anu\ej%\

Primer: S Pomo‘g'o QR POZCRPOL resite sistem
G

Zx+Z$+ oz =
Zx*ﬂ-Z%:’1
x—ij—ZJ:’-"'?

2 2 ¢ [ ¢

A=l L 4 2| 5 b= |-

1 6 -2 -7 |




2 2
= T o L —
( I Wit W W 4 Wy ) A = Ou W1TV\J1
| T || T
“'..‘.1‘. rQ_ 2. b _3 |
2| - -,56 215 = 0
v 1J l‘ ~ r O -
. ~ 7 =7 e
1=2: | Z . | S -4
1] =3l 2 |18 = |75
- GJ — /\ J -ZL'/S-
=5 [ ¢ , | 5] -Z
2| - 20| 224 =[S
L.'—'Z.N | /'J :18/5 y
. G—T ] _5_,_. r_ 1 -
Pb= |~ -5 (2|2t = "%
L—?~ _ ll...x :-"Z/S_
-3 -4 -2 1
O [ 5| x = [
} O 2‘1/ —‘S[SJ :HZISJ
-3 -4 -2 [~1]
G S -1 |x=|-%
0 0 -6. -G _

NO rMAA <ol L

S
=l 2
{
.l < R
Ry =
XZ.———1

X1=/|

NN



U 3.1. 20920
Mo&eﬁmn\‘@ 6‘?\}@1\\]& COVD okuibe (zaietna #a?:a,)

1

% { L d . . . 1o
ol 28 L. Y
Jf(’c)‘: Q‘ebt .. . ne6nearnc ﬁxnkc(i/'a a,é
)@03 t4) = Ko‘jaﬂ- bt = A+ bt
A = A b
= g’
b=b

SINGULARNI  RAZCEP

AER"™ .. Castu par ()\, v)
Av=2v v =# 0

Al se da A c(,iada.Ona,&'z irofi 7

A= PDP™

/

P... /oneﬁodna modrita
D... 06[0270/) ablna,
— |\ SPCOé/ﬂCM To n izvedg'n'vo

Jordanom ‘Forma, . A= PJ P

BV
>\1'|,.

L I ~

Ker‘((/\— 7\.‘1_>k> c ok=1,2, .

— |

Primer : A

il L0 1] ™ se ne da d,fagona/@iziro;l-(




S ngu&owm razeep

m XN

AGR M 2N

/

Trdimo  da obs’ro:ia.jo matrike 0 € R™M ’ | € \K“x"’, 2ERVT™

A= 02 \T -, U,V ortogonalm
2 kvozi diagona/@na,

RN

TRDITEV: S:’ngwﬁarm razcep vedno obstaja . 1
TOsz Obsﬂ‘oﬂcﬁo\ or‘\'Oaznqﬁ,M pgpd‘t‘iki J € R" .V e R
t2r ‘modrilear "o, 0

z= T ba| € R
0
'\'Ob\t_o' dan J% K= UZ\}‘T ) Y1 > LL7/ .= bn 20

Ls Poziﬁvnzi kore e ;-

StRpc madtrifie U= L iue ., umd so Gri, stolper matrike
\=Tw,... ‘\m} PO desnl singmea/‘nf Ve,l(fo\lji.

Dokoz FOS()-QC\OUY\O matriko ATA '- sim&‘rié’na, ?oziﬁvno
semi dxftinitnos |
Torg O\OS’W\C)OSO Lastne vrednosti b =2 Q in  orfonor mirow
%H‘or\"i Vi T OATAY = bity;

; 1 =1,2,...,. n

NO{‘ bo 79!‘30 in \9(‘4-1 = braz = -« = Tbn ’-=O . €N

/

vel | VL"'EVr-H, . Vn]

O0znacimo V1= Lu, Ve, ...,

AT (AW = AT AT = 170 =
= AV2=0

\ ey : . A

Defipiramo W, = - AV -
| |=|,...,r

\Iéld'orl\; W So orfonormiran.

am—— - a— - - PRy _—

L T4
W' Wi = ( bj AVJ' Al

= 1 . T AT —— 1 T 17;2-‘ Vi =
i ° T . 1 - 1=

= Vi v = . (/ = o
R { 0; i*y é:}



Definifamo Uy = [Uh, Wz, ..., ur] .
Lafiko izberemo  Uz= [ur, e hm J tako, da je
0= Lo 0] orfoaono&/nou.

Motria. UTAV = [V OJTA Lvy V2l  ima obbiko
O

UTAV = r-011—1’%\/1 @X\@‘
VAV AV

\ N\

O O

ULTA\“ T E\kr-n' ...,MM]TIA\ EV1,.--,vr] = O
0T AN = Lo,y wedTA G,y ved = diag (w0

lorg je ‘ 'y, 0
|y
UT/A\\/ — 0...0 = Z
(0
lema® Ce & AERR™™ rang (A) = n otem (e  minimum
J | ! . T
“ /\X T b \l dOSQECY\, FPI X = 2 (,Lpb Vi
=4 i
Dolkaz: 7

4

NO«J bo A = UZ\IT 10 U= EUq Uz] , 2 = >

m-n Q| m-n

IAx-bl, = LUSV x - bls = L0T(UZVTx - BYIF =

= \\ Z\ITX"\)TB“Z = , IE VT 04" b”?’ _

\\ S\Tx —Ua" b ”L = SNTx = Tk

I

0 —-0b)
X = \I3—1U1T b
X= 2 w'b .
1=4 b [T

PSEVDOINVERZ (Moore,- Panr‘ose>

Ae R™T - mzn
A R"— R"

+

G AT Fscvo(c Inrers




DEF.: 2a mafriko AER™™, m3>n, nan\c](/‘r)f—n _definiramo
Pse,vdo inverz ATER™T " kot
At = (ATAT'AT

V /om'meru ko je m<n in ranj(/‘r)‘-:m/\/'e AT = AT(A/\T)-".

DEF.! Mafrika X € R™™ Je Psevdofnvei‘z matrike A € R™*" ¢ce
\2pokinjwe Moore—- Penroseove  pogose
N AXA= A
2) XAX=X
5) (AX)T = AX
1) (XM= XA
IZREK: Noy bo A € R™*"

/ m?n, ron (/‘p‘:n{‘r_, in A= UZVT ) lf/'erje
U= L91 U_z] o V=LV

V2] T[S 0 S = diag (b:):-

220 ol LA

PchdC;nVQPz modl'm"@e, A \/e zno&’c"en, N 'P/e ,(r)ovk
A= NZ0T L kerje se |5t o]

—

Dokaz: [sevdoinverz A" \je vebikost nxm zato 99 Loh ko
pisemo kot AT= VYUT | kerje o Y Y|

_.Yu YLL Jm=r
T n-=r

Foggedamo  produkt ~ AAT= (UZVT)(VY0T)~

T

- U 1 5711 574;
0 0

UT

o 3 e AAT= (AAR)T . od koder stedr Vi =0
Podobno iz 4)  dobimo, da Je Y1 = Q.

daj 12 2) fedr ATAAT= AT | tore |
edad‘ynsy., 0 Yo 0] J

—
-

0 0. 0 Tz d |
Torej 1e Yoo = Q.

2 fostnosti 1) dobimo  AATA= A, tore) STndS= 3 /6’@
10 m,i&

= =9
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12REK (Echanrt - Young - Ml'rské{ ):

m>Nn
Nojy bo A=0ZV', AER™" 0 €R™; VER™ ortogonaluj
in 2 6R™"™ lLvoal duagonaﬁwav ¢ singulornivu  Vredno st
b1>,'2717,..->/k19ﬂ 72, 0. NO&J bo FO&V\3( \>l& | 0<k <n-1
Noj bo Aw =2z bi-wvi' | potem Je,
1 mIV'\"B"A“z: IlAk"/AY“‘Z_:/lDK-M,

rang(B) =L
minlB=AllF =l Av- Alle =\ 2 i
rfong(@) =1 1=kt |

Dokaz: Na\./' bo B E R™" matrika /‘an(ga. k .
dimKerd= n-k /n-rang)

Deﬁ'niramo VL-H= I__V1 | Vz_, Ry Vz,-(-i] , dlc/y) /m ,/g.” = ]£+4

ey

C)\iMKCrB+ dl.MlM\lv.-\-\ =n-k+k+|= n+l
= F2*+0,; 26 kerB n ImViar; [2]lz=1

IB-All, = h(®&-Adzle =l Azl =l UZV 2, =

L’Fo def. 2. norme

= T — — | -S—T | "]
IZVT2 . = & Do, 7172l = ] o _!V:-;«;J;llz =
ST [View'2 | [s][% 23 iy
= “ 0| 0 “Z - “ L0 ca “’- 7 el =S

. i - - Ly o . 2

[ bt : = ] ]z(xd i

= [ 2 (Y)Y > [ 2wt =
\ J—'l \ J=1
— bk_—\-‘ ’ 4 = bk+1

lberemo Ay = Z [CATT Trdimo, da J'c rang (_Au_)é_lg_ (DN
Ce 2o B jzberemo Ar > |lAc- All > brer .
\/ie,w\irv\o 2 T Ve “ (P\\(- A\Z |z = “(Z i WVt —.‘zbi u.iviT>?: ‘\2_=

= “ (.~Z’b; (LiV;T-)VlL-H ”Z. = \\ ’bl‘\‘1 et - /\“Z. T bk*’t' /\: 79[44-‘\

=l 4

l2leremo 2z €R", |l2ll, =4 . Torej je &‘:J; o4V, ,:‘Zoﬁ.z=4

\\(l\u"l\h. 2 < |\(§Lﬂb;wvf) - i‘x;)\l(j |l = |l jZ: 4 (v’z\:'_ Toi Wi ViT V‘]B |\z_ il

=™



b “Z oxj'béu\é”\ “2_: ,‘ \_‘z‘o\\it'bj N J% szbm‘ F ’l')lu\"l\l'icx\[

“:. L+ Az et ',:t*‘

< sy

= ST&B “ (/\v_- Aﬁ%“z’ " A = 'A‘“z S iy

\
: 0

\)Foro»ba, pr sﬁskuri\u slife.
| FoTogLroRjos

—

?

[Ew

n Oki\j c 10...,’2§S1

ro\ng(/ﬂm ol PO blizw temuw
|Scemo O\Proks(\maoj\jo Ae, i zohtea momj ]:od(aHLO\/.
W
A = .2179{ wivi” [SVD)

k
Ak=.z_4biuiV.‘T bk <« n

Predofoéen: sistemi 2z defektnim rangom

rn\ XV

A€ R ,m?n,r‘anﬂ(/\)=r<n/
TRDITEV: (e i3 AER™™ m=2n ,mnﬂ(/’r> =r<n in A=0ZVT
singularm razcep potem ima med vsem ye,/d-orif b

minimizirajo |Ax=Dbllz , naymaniso normo x=A'b , czirome

X = i&;b Vi, IAx=blly" = 2 (u; b)*
Dokaz:  x €R": NAx-blz = [[0ZvTx-b [z = [ ZVTx - UTb 1z =
a

= é(bi(li ~uTb Y "‘.%(ourb)z

I‘\inimum bo dosezen / Ce Je biai - LUT’:) =0 z2a i 2 EP]
wi' b
; A N
. T. _ - T
Ke,r*\)e, ix=a = x =Noo = .Z*m'b.b*Vi +.Z a. v,
1=

| 1=+

= o=

||x||7_L: I\Va\“zf = “a“za



- Za
19
= Z2ai" +@
' ul Min. ye 0(05'63:'8!\/ ce j(’, Ar+1= - =qn=0
J | -
Problem totodnihL nomeomJ%Tﬁ levaud rotov
{RasiCen proloem nqjmanjgfﬁ kvadrokoy m)in | Ax - b ll,
rong(A)=n

/é

@ ostonel. gznacimo 2 (=Ax-b = Ax=b*r € [mA
\EEQN'\O ‘\'0(‘% 'E E ImA - “rB "b“L J@ (Y\iﬁ\N\QzQJﬂOu )

(e 0 nopake tudu v motein A , potem je smiscno poiskat
R in B € ImK | tako, daje TR 5]~ [A,L]lE.
Faﬂg(ﬁ'\:h

Resiten nom da s'm%mﬁhrn'\ PAZCRR LA b)

Recimo , do b & ImA = rong LA, bl= n«t
L B € \nmA sdi mng[’ﬁ'\l’g]’: n .

Noj bo (A )= USVT | La > b > 0 .

lzre E-V-M
Matrika ro\n%Oi_f\ ki v Frobentusovi  normi noﬂ ba%e qFroksiWra
LP\,‘O—_‘ ;‘C (A, B~ LA B] = Dot hnet Vel
KQPj‘e [’R| F] Vin+t :(UZVT)Vn-I-I — 79n+1(1n+|w1 =
1
b (UZQT>V0-\-> — bnvtne =

= bn-nlknﬂ"\ ——’lpnﬂ\ln-\'\ - O

Targ Se, Vet & Ker[R, B =  Kerl® %] = c%/'nivn-nj
Ce J'e % reSitev AR=5 /e EN =3 = | 0

4 =
“ L1




~)
Xl = ok Vnw
4.."1 |
—1= - (Vn+1)n-rt = X
—Vn-\-1,1—
A I
X = Z
L,Vﬂ‘\’1,n

Fimer: 1s¢emo premico y=kx , ki najbotie aproksimira, podatke
| |

x | =2 [ =11 O 1 2
Y 1.510.2 1069 [-13 [-15

(l) PO kCasicn | md‘odul noglmanjéff\ \L\IOdTO\'\'O\J N

b) po  metods  Totalnth,  min . kvadratoy 1
A= [A,b]
3 [
Ay = UZ\/&T
V2 wduji stotpes
A= / V2, 2
=
AN
| Tt
|/







