j=]]1]]
e

S RIERREAr = BUEREE

A

(—) BEiEmNE

R E A ERIRER Y AR E—{E
BRI A(e CM), BHEE M€ C) Kk
FERE x(e C") WE Az = Az, BIFE A
B AWEEME (eigenvalue), M x FBE % E
BAEERE (eigen-vector correspond-
ing to ). FTLABEI B ERE, BLEKREE A, 6
B (A= A)z = 0, Bfba # 0, il A=Al
DEET R (singular), Bl det(A— M) =0

EF AWFEES (spectrum) = {\ €
Cldet(A — \I) = 0}, BEEEMERY
£, M det(A — N) BEATE—ME A
B)—Tt n REEX, B det(A - \) =
p(A) =TIy (A= A)™He X0, my =n
i # NjJ, EEHLR] DUBE A —(E AR AT [E A
TERH 2K,

BE b, EOAEELEKE? TR
B, EEPARE, ZHEATHAXE, M
BEREE, #ERA N, EEAMT LR AE
ERKREE D, HRERT—ETHIE, &,
T2R%E T R —ER 1.

Bl: BEFBESEAR p(A) = (A -
(A= 2)--- (A —20) = A2 — 210\ +

41

S0 +243290 -0, SEATERF AR,
TH—EEARE, MBS BA R
p(A\g) = p(\) — 210 - N9, BRFIRFEEIAE
N R R B S EF R, AR (R
R, RIVEERER S EAH, 20
B — BRI, TEE AR, 57
SERE &, GRRSD? EESER, &
B © WAMSHER, RIFFEHNERE
MO st A0) = 20, EIEHHBE
SRS sie G, WA 2G50 wEER
D(0), T < Wi, B

d dpd\ d
—p—[p—+—p] 0 (1)
de |\ _xo)

de | d\de
(1) RUA, BEEHRZE
1 [y
MOy =]
19
IT (20 — ) '20™ - 210 - ¢

Jj=1

45 % 10® x e

E

~
~

B e = 2723210, HBHIBER E ~ 0.26,
FARHEIER 20, EERELSES, FFH
RGBT, #ERKIMEE] 20.26, MHERRZE
WK, T BME B S R AT T 168
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BREER T, B AER? L& TH
TEH,

EI2: (Schur Theorem)

BT —EAERE A, 74 unitary HEkE
U BMUU=I % UAU=R, RE
— = AR,

AiLL det(A — M) = det(URU* —
M) = det[lU(R—X)U*] = det(R — \I),
W R B =A%, Tl A WEHER
B R HENHEATR, BN = Ry, i =
1,2,---,n, BEKRERENTE, #Hiw e
RFEGEH, (BFEBHE I HE, 2 R
%, BHVEE Schur EEHH E=A%KE R,
WA KEG, BREFEEHMERER, B
HATHRE —(EBIT

Bl (RERAEE AR, BN
HFE, ~FEoBE 2/3 REIFEET, 1/3 ¥
T M—FEZ%, B 3/4 HRIFESEATISE,
3/5 /NEUFRBR P B, MRBEEEETE
2/3 B/ NBUBE, BRAE T RBBEEE «q, FE
FEAEBL vo, NEVFEASL x5, RI(ERMER S
B:

$ 200 1 (7
03 2 Ty | = | Yo
20 2 T3 Y3
L
# A=]0 1 ¢
5003

BERSE, BEXNENEE, AETH
HIfE, FTARMERAREE—FEIERK
REvEML, BT ERREEEERE, prll, B

HEBE Av = e HF A=1H z # 0,
EFERERERE, AMAFHEEER A f
E—EEEES 11IB? BRME A REEEE

1 1
AT R AT | 1| =1-| 1 | FbAnS LiKE
1 1

E AT BEEME 1, i AWEREEE 1, &
A5 B FERI B [ & AR, (B A4
BEAE 1. MREKEREZE, THMKRE
AWIEEMES 1 & —0.008+0.577i, T
71 EARES (0.575 0.511 0.639)",
Fr AR MERTEE €, TRBENEER
BR R B, Bl A] DA B R RIS R

(=) & (Power Method)

BT REMEN B S, FARER
W AR Y L M

W& A Bl
able) [, HIFEE n EEEE, 2
B AL, Ay HEHWEERES
T, FTEA Az, = Ny 1 =
1,2, n, BE%5E n HEHBES, B—EE
BESRA, & (M| > (X > > |\,
Ea—ETR 0 KRIRE wo, BAFIATLLE
uy BHEATEER R ERERS, B Uy =
S0 g, AR ug, REHITE, BB 2
B AR BBERE, UEMARE AU, =
Sy aihim = M+, ai(35) n)
FIE, AT A Uy = anay + X7 ai(35) s,

H s AR, 48 — 0, FLAEE

(diagonaliz-

T1,T9, ..

{)\ISASUQ} — 1T (2)



EEAXFR—MEGR, 185 %RMmFEx
KEEE, T A 2EFEKRA, E2 Bt
T, WARERSG A\ BME, FrlA, JRERT
SRRV, RN SKEE A BV ?

3% ¢ &2—1& linear functional, HI%&
EAH A

up : EEIR{E
(Power Method) Vst = Au
ksy1 = E(Us+1)
Vg1 = Vsy1/ kst
EgEE, BVESKEE A [ER . HE
fAERREN AT K E E A [EVe?

EE: BE g # 0, l(x1) # 0,
£<Us) % 07 s = 1,2,"',71,

EU lim ]{ZS = )\1

B lim U, =
S—00 (xl)

203 WA
us = AUy 0(A%up)
ks = ((A%ug) /0(A*  ug)
HE2H —
AU Aug) — agl(xy)
AT (A ug) — ag ()
bl A\ Yk, — 1 = lim, oo ks = Ny
X ug = A’ug/l(A’up)

S

=oayxr1 + ZOJZ()\—) SL’Z'/£<041.T1
i=2 1

BHREEEMEAr = \eBEfE 43

B ERRERA, RASEIREE (PM) Bk
AORER Ny B\ HIHEBRRRAIR R,
MEEMLES 0.9, (0.9)% = 0.12,
(0.9)190 = 2.6 x 107°, sk HEE R, (=
ELLER 0.5, H] (0.5)2 = 9.5 x 107! Mk
ACEEER R, FrLUE AL ESPM RARR,
—(HEEILERESE 1, WHCHERIHEEE,
OIS, AN R ?

(=) @EA (The Inverse Power
Method)

B o NN WHEREE 1, &
BOREERIE, HSRMTEMRLESR. 1A
HBEGRAT, FABERERER Ar = A,
fEE—FEBERENEE o, ADTEREE
(A—al)x = (A — a)z, A (4 —
ol) e = =, Bl (A—ol)™! HEHAHE
B o e B o = 0.99,
i A = 1,0 = 0.9, BIE (A—al)™
WEEER =555 go-05 - Bt [32] =
0.9, MIRE (A — o)~ BRI (EEEE
WE [p=e| = L e 12 SEIKH T,
HEL PREEEHE REH A B
(A—al)™' RERETEIHR,

BAE R AR R AR
ug : FEIRME
Vey1 = (A —al) lu,
ksy1 = €(vs11)

Us+1 = Us+1/ks+1

s (PM), Tt el @ LA T ARG R,

(IPM)
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Efi%|)\1—&|<‘)\l—a‘ ’l#l,
B (&5} 7£ 0, 6(371) # 0 E_ £<Us) # 0

5= ]_,"',TL, EIJ sllgoloks - )\11704 E‘
Bm g = e

HMASEE - EEENMR, HRHE
EHER ZRIWHA (quadratic conver-
gence), HMBATLIBHSFEEEERR S
EEE, AR R s, Rt A] 315
HINE R, AR B R R R AR
IR ?

yinisSUiE e G Sl
ug : FRIR{E
Vey1 = (A — a ) tu,
(M) { ks = £o)

Us+1 = US+1/]{35+1,

_ 1
Q1 = Qs + kst1

AT EEMGERRAV B RIE? HRAIRER o
B IR ST E A AV RS, R R BEB R
REER Au = M B—FERHEAE

X, B Tu=1, IBERKITEE:
Au—du=0
Tu=1

WR—FERRIERMA n + 1 EARME, ME
(BRI AT AR R, 1 F B

r=(3)= (w0 ) =0
F #) Jacobian matrix &

F/( QAL):(AZT)\I Bu)
FrAHEE 5

(am)=(a ) - (e(3)

FeBH BN
()
= (F )
()
Fit LA (A — )\SI)US+1 = ()\54-1 — )\s)usa
)\s = ﬁ, E\IJ ETusH = 1, E_
(A_)\ I)Uerl =Us, Us41 :ks+1us+1°

B Buiry IPM (Variant), FrlA, IPM
(Variant) £%RHEE =R

(9) QR

K A WEEERZHRBE, BIZ Schur
Form, Bl U*AU = R, X8l AU = UR,
MR AR EAEREN, RERAXE:

Uy=1 3)
AU; = U1 R

A
™ )\s+1 -

Hep U; . unitary 5fE

= U W E U, Bl Ry = Uf AU R
2 U*AU, TEA= 738 5 Z 2 AR
I, EANAZIBRKAMBERIR Gram-
Schmidt Process, gk &EARNE)
B, HRATEM L8t A EATFEKR
ZEREER, Fr ARSI TELE:

Qi = U Uy Aguy = UrAU;
Bz

Ai - U: 1AU’L 1 =

= QR

= U \U;R;



54, X
RQi = RU U, = U*AU,
= A (by (3))
BB, B0E (3) T ER:
Ay = A
Ai = QiR (4)
Aip1 = RiQ;

(4) kb (3) AEEFHLEHER, HRE (4)
A, TREUEEMES, THEEREHFLE,
FRRK A DR QR %, M5k RKE
AT, BT, EBHRSR &E& A
MG KR — E =A%, ARAR U; Kk
EU,BQ;, WHET, BN A WHE R, It
BER QR EHEE (Basic QR Algorithm),
ERRA U, sk, B8 TiiEHE,

T A e Cv H | )\1 |>| )\2 |>
> A, >0, Bl QR EEEE. B
A WHE E= M5,

Eﬁaﬂ: %\PZ:QlQl
Ay = RiQ; = Q7 A;Q;
— Q- QIAQ Qi = PFAP,

(Claim) us = Ps - e, Bl {us} B
PM(Variant) fr 4 AIEZ

Uy = €1
PM VUs+1 = Aus
ko1 = || vsma ||2

Us+1 = 'Us—l—l/ks—l—l

BHREEEMEAr = \eBIEfE 45

HEHS: Py = P QuiRe Ry =
P Aga Ry} = AP,R, = AP,R}
it Ugy1 = Poyy - €1 = Augrgy, Hr
Tst1 B R;:l iy (1,1) 7T&
T Us Top1 = Ugp
Al 1=l e =12 - U Uspn
Tst1 = (UZ+1U5+1)7% = kst1

AT M QR BB PM(Variant), 1
RIEEE PM gk, 8 QR R,

RBEE Ag = PFAP,, #E A, -
e; = PrAPse; = P,Au, WHE Az, I
(A, 0---0)7, FTBL, Ayyy Hohk B AR S I
AIRE

)\1 K e *
0 K e *
0 K eeeeen *

EEKRHKIET, AL

AO — A

Ai— il = QiR

A1 = BiQ; + aul
HEEBEAEAN QR EEE, TR
R R, FrMiB i QR HEERZER
BRI BRI BB 75 o
— A LA BAERAFEREEARETR
BT —



