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Me. BREATHSEEEL, BIOER AT KRR A FEEERNE
E‘ ED AT = (A—I)T'

A THHREERKREEME AR T, RITEEENFR KA —
AT MATLAB K25, B i:1: 5 RERM i 3 j KR 1K
BRIk Hi=1 8, BERCAH . W10: -1:8 Fx 10,9, 8
XK= 305, MZFRAR 3, 4,5 XEAMEL H AG, ) RERHERE A
K (i,5) MLELERITE;, 28I AG,:) A, j) REREME A KI5
TR 5 30 B A(ir: i, k) RERH A B & FIREE &) DNoEE
5B iy NUERFTALRKIFI M E, T A(k,j1: jo) RERE A KI5 k4T
H’J% 11 ﬁm%iﬂ% J:z MNTCERARMATHE: H Ak :Lp:q RE

MR A S A AT FIE {7 il 55 eI q YIHIHT A JUE i K

H*'W?’F}TZHESZE’J l—k+1)x(qg—p+1) FHFE. B, ke

=(1,2,3,4,56,7,8),

g}
z(4:6) = (4, 5, 6)
B, 25
1 2 3 4
A=|5 6 7 8
9 10 11 12
g
A(2. 3) A2.:)=(5.6,7.8)
7 8




F—E HMUHAEEANEERZ

el R R B LR PGE . A sk R ekt 24 R BUE S
REBFA RO &, T B HAMEASEH AN ERNREZ — X
KA R &R RS S TR S R A B — R E
IR B, B, ST, MEatT. KhillE. BT, &
Ak RIEL T RAMM Y FRARERSE M ERR L HREA
F) 3K e ] 7L

St PR SRR 1) LR — N B . B E AR
(NEEAR) F, O A ER TRt T REARE T 27T 19t
L), AT Gauss HEWE. ARTIKRMBRMEE K RKBLHNE T2
HMRTE 20 L2t egF o E LR 5 A B FT RE.

SKRIRER T R BV BUE T KAk BRI 40 A B EGE RIS R K.
BEERBERAESARENER FEEHRIKEHE KRB HTRHAN
RN . Bk, B XFRARETE. SRR BUER KB
fIOTHE, BIN—" MM E R, IR —E R E&RS, WiE— R E
MITFT 75, R RA R EAR TR, REdHBRREEBAERE
.

X—%, BIMEFENEREETERAN - KXEEEXNERE
% Gauss {HZ:¥%. Gauss 1H EVEE HATKEH /N E LM T4
(BIMr A E R, Flan A 1000) &% e —8HATREGE
MER B AT BR G M R T TR, i REGERE BB E AR,
WA TR Resipl D B SFHE, TRALME TR ERKE.
RTEE XA EXELR TR HE AXBRIEETSHE XN
TE
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§1.1 =MIEHTEAM =M1

1.1.1 =fAFFEENEL
HTF=ARHFREAR RS T KR, THE LERASET %
ST RARIEERL, BT UARATE £ E B X PR R R R IR T FE AL
REBT=AEITEH
Ly=b, , (1.1.1)

XE b= (b, ,b)T e R" BREHM, y= (y1, - ,yn)T € R" BRH
BT T =0 c Roxn REAiideay 8K =40 AN

[l

L lnl ln? 1113 e lnn

WIE L £0 (G =1,--- ,n). AEA (1.1.1) WE—/HE

hayr = by,
%
Y1 = bl/llll
HHEBE-ATTE
2191 + la2ya = ba,
7%

y2 = (b2 — la1y1) /loa.

—feth, WMRBAIEKE v, v, RAREFZEL (1.1.1) BIE
M

Liyi + loya + - + liioayi—1 + Ly = b;



12 Z—% SMFEAGIEME

K
Yi = (bi - ihj%‘)/hi«
j=1

XPETIEA (1.1.1) B ERZABMRE. aRAESERR v E AR A3 2
# y: BAFIAE b; FTHBFFE BT, JFE St — T 8IKF, 7]
BT
¥k 111 (B T=ARFE4: %)
forj=1:n-1
b(5) = b(3)/L(J,7)
b(j+1:n)=b{+1:n)=b(y)L(j+1:n,j)
b(n) =b(n)/L(n,n)
ZEVET R BRI, Wk . BB KRB

n

1
2(22' —1)=2x n(n;— ) _ n=n2,

i=1

Bl BEVERIZHEA n?
HEE E=AEITEA

Uz =y, (1.1.2)

K U =[u;) e R B2EFFL=AM, Bl w; =0 (@ > ), MA
uz #0 (i = 1,2,---,n), y = (y1,---,yn)T € R* BREKH, z =
(z1, - ,x,)T € R* BARAM). X—HEHUAMBRERERLZ.
AT R B G — MR RIKIRKE 21, 2, HAFEA
XH

n

11:(!,/1‘— Z Uijl'j)/uii- i=n.n—1..--.1:

j=it+1

HAGEENT:
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Bk 11.2( E=ARTEA: ERE)

for j=n:-1:2
y(7) =vy()/UG,J)
y(l:j—-1)=y(l:j-1)—y(GHUQA :j—1,j)

end

y(1) =y(1)/U(1,1)

B REENEEEA n2

X T Stk 7 B4

Az =b, (1.1.3)

Her Ae RV Ml be R" ZEHN, 2 € R" £2RAK, WRKATGEH
¥ ANEN A=LU. I—AT=AMK L 5—/ L=/ U K.
b2 iy R AL R o (HT R 1R 2 1 3

(1) FHaTRERE Ly =0 19 v,

(2) AREIREME Ur =y 15 2.

BT A, TSR — MR et FRALR UG, BRI A 5EN
—ANF=ZAME L 5—A E=MAF U PR XIERBIATHF.0
£4%.

1.1.2 Gauss T

MIE M ERERE A RN DN T =M L5 E=AKU
RISRAR, & BARMBEEMREN — RIAIERE, BPRK A 4k
—A L=, TR R IEX LA MR — A R = A XTI
gl NT—MEBESEENAE v c R, K—MRWRHLK T =M
R, » X MR ZEE £+ 1 28 0 M BENTE. B
SERGX RS RIS T AR N RIS T =Mk

Ly =1—lel,
Hep

lk = (0- : 'O'*Zk‘+],k'.' o 1171k)T
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Ep

L =
k
lk+1,k 1

—lnk 1

XFPRBEYIE T ZAERS Gauss THE, MAREE I, A Gauss
[E.

WF—NMEERIFRE ¢ = (z1,--- .z.)T € R", BAVH
Tar = (g .o s e T —releiy e L, —.Tl»]”l-\T.
HUCSZED ), HEEE

lg=", i=k+1,-,n,

Ef

Lyz = (x1,++ ,%x,0,- -+ ,0)T.

LR, KEBATEK 2 #0.
Gauss B#t L, BEFFZRBEFMHER. flw. ERERBESKK.
L b B Tl = 0, FT L

(I —lxef)(I +lxef) =1 —lpeflref = 1.

R
L;l =1+ [ké‘E.

B, % Ac R WEH
LiA= (I —lef)A=A—Ilx(ef A),

Bl Gauss 22ttt I T —PAEFRERUAE 2 TXHZFE M BETRR 1 B IE.
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1.1.3 =ZASBETE

BE AcRV" ANZRAPBEREIHE A=LU, K Le RV
HNF=/, Uc R AL=MAKE BTN XMEELFL, F
BIMR =M 58k LU 935

TFTHEBANIRGHE ERERIF Gauss THRKEH A =AM, %
KEE—AE R T, W

1 4 7
A=12 5 8
3 6 10

BATE A E— Gauss B Ly, 48 LA 58 1 SIKERATTR

o R BECRE Tk

1 0 0
Li=| -2 1
-3 0 1
HA
1 4 7
LiA=]|0 -3 -6
0 -6 -—11

RIGHTHE Gauss B Ly, 158 Lo(11A) ¥ 2 IR EE— 1 ILE
i 0, BPER

(LEE]



16 F—F KUFTBAGIERE

XF—ME n B 5ERE A FE—E &N T, BATEATUAE n -1
AN Gauss ¥ Ly, L,_1. 8 L, - LA W E=FAK FHx
E, 8 A0 = A HBEECKRHE k-1 4 Gauss B, L., , Ly, €
R™ " (k < n), {15
0o ALY

A(k—l) A({v—l)
i I SR Y . [ 11 12

Her AV 2 r 1 E=mrE ALY K

(k—1) (k—1)
kk T gy
(k=1) _ . .
Ay = : g
ak=1) g1

B Y 0, MIBATSUAT LA Gauss 25Ht Ly, {48 L, A%
Ok SIIBRIE n — k AITER 0. METEHTA N Gauss 2 H AT 4,
SXRER) Ly By

Ty =1~ dgel,
o
L=
=0, ,0,lks1,0, 1 lnk) Ty lik = Ef__“. i=k+1.--,n.
ik

B ajf " #0, 8 Ly, RME—HER. 0 TXAERE M L, RATH

(k) (k) :
AW — gty 2 | A A
0 A/‘“(zl\z' n—=k

k n—k
o AN B kB RS M k= 1 R T 1 1 2, R
B AU B RATAERM =/ R4

L: (L”71L77—2"'L1)~]_ [j:.‘:l(n—l).
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WH A=LU. ZHREERT L RT=AF, WEIMELELERT A
M= BELE RIE Gauss BERMFFA, BRAVBEAZIES L £
A noxon BRAT =/ B L 2— X AIh 1 T =Mk
EREX j<if el =0, R

L:LflmL;il

= (I +hel)I +1be3) - (I+ln1er,)
= I+ hel 4 +ilgqel_i,
B L B TFRR:
[ 1 1

| i')l |

L=1+[l1,lg,  lp_1,0] = | l31 lz2 1

lnl Zn? [nS 1

BT, L AMGE— R T =M, T HRIEEESBEIR.

XA E = AR TERM Gauss iHEE. SERRUFEE, 347
BFHFERR: 2 L fEAT ARD J5, AR-D R TR T 5 ?
PLRM T ERMSE? b, Ly & AW TR LR B R RI?
b

AW = L ARD = (T = [ref )AR™D = A®=1 — el A1),

HERR L AF-D 2 AR-D B8 kAT 1, BIET & N ERN 0,
fITER%N A®) F AK-D) {87 k 4T 0 EME. T

o =0, i=k+1,,n
ag.f) = aﬁf_” - lr,:kaé’;‘”. i,j=k+1,--,n.

AW 5 L, MFERZEHNEEMN: AFD W k1728 n 1T
KICREED AY LUEAEEN, ST E LR AR §T



18 F—%F SUBFEMAGEEMRE

FErpd AR-D RAENAE ERJTE. AR, BT AN B & FIR AT
DUTFHTEE oY (i = k+1,---,n) A%, TEMEME. L FEZTH
A AEREIEX A E b Fln, — 4 x 4 BI5ERE A EL WS T,
HelHh

- (0)  _(0) (0) 7
ag; alZ Q13 Qg4

1) 1 1
l21 agz aé3) a(“)

2 2
ls1 ls2 aés) ai(}l)

2 2
[l lao aﬁts) ‘1314) J

i EEETHE, IR T EE:
'i:

ME 95

14 1 o/ YL — & /\ &P —~ T
s K| FF o /J e aadas 3 iz

fork=1:n-1
Alk+1:n,k)=Ak+1:n,k)/A(k, k)
Alk+1:nk+1:n)=Ak+1:nk+1:n)
—Ak+1:n,k)Ak,k+1:n)
end

BHEETRRAM. . R, BRIEFERECh

1
(n—k)+2(n—k)?) =

1

n

|

n(n—1) & nn—1)2n—1)

>
Il

A IES R Snt

BHE Gauss /ﬁi‘iﬂlﬁ*m ag;c VRET. B4R, L HAA g (k B
(k=1,---,n—1) WA RHFTH, HE 1.1.3 FREHTIEK. B4 E?)‘E
i) : ?.%EE%EI@E AR AEKME, TRETEFEETHANE? X—
fﬂi‘ﬂﬂ&i?ﬁﬂ‘]iﬂi@ﬂ

THE 111 Exd V(=1 k) BRABHRSBELH
AWK WWF?‘E?]E A, (i = 1,--~ k) HRIETFFH.
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IERR Xk FIEFEAgE M k=108 4, =Y. TEERR
o BWEERZE k-1 L, FHATUER & A, Ay, BT,
M Ay FFRFHERDPVELMR o7V £ 07 BITT. d1HSER L.
ai™V #£0 (=1, k—1). B Gauss HESHEEDAHIT £ -1
&, BIAT13E] kb — 1 A Gauss Z#8 Ly, -+, Ly_q, 15

AETD 46D
ACD = [ o [1A= (;_1) , (1.1.4)
Az

Hor ATV BRI a7 (=1, k- 1) MRS MR BT
amoAC=D [k BT 3 RERA W R R

(b1 1
A *
(k—=1) |~
A

=8 Ly, L_1 B9 k 0I0UT ETFES A (L), 5 (Le—1)k, W
B (1.1.4) 3BT = BER P 5T RT 40

(k=1)
Ak

A
(Li—1)k(Lp—2)k -+ (L1)pAg = «

FEE L RAMT =AM htZiEE
det A; = ai.i_“ det A(l’;_l).

MTT A FEFFF LB oY £ 0. 0
K B 110 SRt g &, AR T N —ANMERER =
SRS A
T 1.1.2 H ARV PIRFETH A, e RV k=1,
n— 1) ¥R, WHEEME—MRAT =AM L ¢ RV M E—=#
M U e R {8 A= LU.



20 H—F AHFREGHEBERE

§1.2 EETL=FMANE

REFIE, TR Ae = b R, RE A k&R TRARF
TEME—HIE. R, A FFAIFARKERIRFETRE A (=1,
n—1) AR . Hik. A FEFRIFARRIE Gauss HELRAEBHAT
BURE. XA, FATH R B RE R EAESEE 113 AR ILEN
FTAEZ AR ? dhAh, R 1.3 i E 1y 1, H TR RN E
TCEANFHEIR/N, BRESKFEEA RENE? W RAEm, %
g7 THRE —4BIF.

Bl 121 BOERAVELE 3 £ 10 FHIKZ SR TR

v 200 e |7 s ]
FHE% 113 %
e { 10100 (1) } - U= { 0.(())01 —11-880 } '
MM AT AL R & = (0. 1)T. X5 KEE
r=(1.002---.0.998.. )T

EBId R R AN ETTREK. SR, R EEREENTE
HURIHE. AT ARG R R . R AR & LR B
BEEMBRIZA HBEANER. POATENEEEREARK. &
SE_E FRATAT LUR T T A 7 iR S T

RS 1.2.1 BE—NEBEATREACE. WRTRAZRHN

1.00 200 | [« | [ 300
0.001 1.00 zo | | 1.00 |
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MRS 113 ERERER THATIHE, 78

E:[ 1 0}.6:[LW ﬂm}

0.001 1 0 1.00

BTA R T RAR MR & = (1.00, 1.00)T. X5 HEAKRET
R T .

XA R IR0 7 1R LS AN R A /N 2 e ) R e — 7 9%,
MARIF B TR A & « B‘Jéa‘%i{ﬁ FRLA PSR AR R, IXHE,
MR BB ETT, BAVETUEFRE N EERTE, X A AT
5, K onESF oM E B Filhn, ZJE% P N -
aﬁ% i ;éo (G E LU?M]%ESE B8 kAT p 1T, ﬁ

LA 5 A YA P M) TS o ¥ A= [¢ o1l MR A
1

?ﬁrﬂﬁimﬁi@ﬂﬁ 7‘374\?TEL%E/%£Q$”EPdéxgl)\ﬂﬁgn?mﬁ
A, kM oY BB ZE L p.og > k.

KT FHEBAFE SRR, RNFIAVEFEREE 1, ©2RA0HE
B 1 BI%E p B S5 g SIREPTG BRI AR, BD

Ipg = [ €157 5 @iy By Bpls ™7 3 €g—145€psBgLis® " ,en].

HI I, AT A ST AW p (755 ¢ 17 1, A% A
THT AME p 5IEE ¢ 7.

MAEBNKREEEET THHEEE RN R i REEEdE
CELHITT k-1 NELHET k-1 Gauss B Ly, -+ L1 €
R F 2(k — 1) NI E A

Pl."'.Pk_1€Rnxn ﬂ] Ql.'”.Q;\.,]ER”Xn_
15

A=Y =1 Py LiPLAQy - Qp

o (k—1)

_ 4ll\l ! ‘412

- (k=1) |~
0 ‘422
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frp AKD S k-1 B E=AEE A% b

(1c 1) (k—1)

gk T Ogy
A%=D) .
22

El’; noo a;’; 1)

Mo, %k BREE Ay Y PIEFRARANET, Bk

(k—1)

]az(, ’—rnax{|a : k<i, j<n}.

W oY =0, W A WK k-1, HESEER: FU, X
B AG-D E ETEE p ITURS k55 ¢ 5. a#mEr ALY

Al

~\k 1) ~tk 1)
Ak T Ogg
A(k=1) _
A22 = . :
~(k—1 ~(k-1
g1y ., D

RIEETE Gauss ¥ L =1 — lref, HP

~(k—1)

lk:(Dv“'aOaTkﬁ-l.kv"'aTn,k)Tx lik—:%’lz—l)’ i:k+1,"‘,7l.
gk
XEER
(k) (k)
A® = [, P AKDQ, = Ay A |k

k.

0 A(22) n—k

k n—k

Hep AW B kB L=/, P = Ly, Qx = I, € R™

FREESFEEFEHRMEET Gauss JHEE. AL ETT Gauss
HERERTE » P WBRNEBRVEZREE P Q FFIET=
BME L, (k=1.---.7), {18

LJ‘Pr"'LlPlAQl"'Qr =
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HE=MEE 4
Q=0Q1Qr
P = P’r "'Pla
L=P(LP---LiP1)7},
JUES)

PAQ = LU. (1.2.1)

AT LUE SRR L R— N AGF = AR, TR0 & SUx sk
BUF#ITEE R M Ly B0 Gauss FIE 1 H09M B AEAR BE RO HE51 T 48
. Bt L WA TR BRI 1

HY b T

L=P...-PL{'PL;' .- P,L7,
L, € X
L — Ll_l’ L) PkL(k"l)PkL,Zl, k=2..-,r,
W L = L), i FLAT R ISR ARVEAED L) BT HTRAR.

W o
L~(21) In~k

o L RFTETEZBENT 100 & ORGSR, LS AT
HIRELZBIINT LI (n— k) x k KEHE, T,y 307 n — k BYrsepe.

B L0 = L7Y A Ly (s SOTENRIE & = 1 B (1.2.2) AR
S BUBRER k-1 B (1.22) RBOL FERE Po= Ly, TH p > k.
i

L) — pk-1)p -1 _ L(lli_l) 4 1.2.3
= Ik kg = k=1 T-1 |° \E2:4)
21 k

Hoep LY By LD T 1 ATHE p— k+ 1 ATTIARIN. T
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1

leix 1
L;lz lkior 0 1

L e 0O - 0 1]

B (] = a7V /ah V) <1, # (1.2.3) REH (1.2.2) A & TRERL.
TR, aghEIEEs, (1.2.2) XX k=1, . r #BESL, Mifg L = L)
T ANTEILEZEL/NT 1B n 84 T =FMARE

Ak, (1.2.3) RIFAH T LD = L7 MEBEEME L =10 1
Tk

MEBAR (121 AN ANREL=ZATE M (L2.1) AL
B, AMEET= A0, AL TN A MEITHRTIIR S
3 PAQ, RGN PAQ MAANIEEITH Gauss HEIEHIT =M%
fift. BULXFMBE A REAESERR AT (BRI RN EIRF &
HREEA LT, NTEEEITRERDEAE), RERR L, X2
AHN. BRI E DS EH.

EE 1.2.1 & Ae RV, WAEEHSHRE P Q e RV, UK
AL F =/ Le R ML=/ U e RV, 15

PAQ = LU,

MH L MBTETREHLE ;] < 1. U MESHATHNM IS T
HERE A k.
MRl B g b PR
B 121 (HEL2FE =AM £ETT Gauss {HEE)
fork=1:n-1
B p. g (k <p, g <n), &7
|A(p.q)| = max{|A(i.j)|: i=k:n, j=k:n}
A(k,1:n) & A(p,1:n) (XH|E L ATHE p 17)
A(l:n.k)— A(1:n.q) (RTEEE Kk FIFIZE ¢ 1)
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u(k) =p (CFREHRHEME P
v(k) =q (EREBREE QL)
if Ak, k) # 0
Ak+1:nk)=Ak+1:n,k)/Ak, k)
Alk+1:nk+1:n)=Ak+1:nk+1:n)
—Ak+1:n,k)A(k.k+1:n)

else
stop (FEFERT )
end
end
BAREEIC Gauss HEFERAN T AIETETTH Gauss HEERA
gk E o] RN UHE i e s, AR L dER TR
N, & Fu AT
— , 1.
Z(n —k+1)2= gn'j +0(n?)
k=1

VKT IE 2 2 90 0 BB RAR I (0SB 48 1T SX7E 6 B AR 2 e
(9. % TR IR D BTHEAT RO LB, AT THIE T Gauss W
SE. M S 2T Ganss WEIERIZESUET: 8 & SR AL
9% & 5 LS HRMRATE. Bl

(k—1
apk

XHE, Rk BT RATIIA M RARATITZHAN AT, I P = Ly,
M Qn = I MHNEARAESEL. RE A EakR, WIE
JC Gauss HEZEHATHTRR. REAB/I| 2

PA=LU.

= Illax{‘(1§:71)| tk<i<n}

o
U =AY,
P=P,_y Py,
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L= Pllm-iPrey= La B Y™
R EER N ER=ASBRIIERT LU 28 HAGEE
mr:

BiE 1.2.2(WEAFETT=MA0E: FFIC Gauss HZETEK)

fork=1:n-1

W% p (k <p<n) 15

|A(p, k)| = max{|A(i,k)| : i =k :n}
A(k,1:n) < A(p,1:n) (T8RS K ATHIEE p 17)
u(k) =p (EREMIMEE P
if A(k,k) #0

Alk+1:n.k)=A(k +1:n.k)/A(k. k)

{(A =+ 1,k Len)=Ak+1:nk+1:n

~A(k+1:n.k)Ak.k+1:n)

else

stop (FEFERT )
end

end

R X—HBEEEE 113 —F, WK L M U 25lfF#EE A
T =AM E=/AE.

® Ae RV 7R, MAFIAHFIFETT Gauss HEERBEMTT
R4 Az = b KR AR AT H T D BRBHAT

(1) AE® 122 1WE A M%IEJC LU 43f#: PA=LU;

(2) HEZE 111 B F=/AFITEA Ly = Pb:

() HEE 112 E=ARTEA Uz =y.

LR ERAR IR TS REH, 3T Gauss HEES
£ FEJC Gauss HEEEHUERRE T T2 gL, BErEHE
HR AR, Fi, ©ZBAMNBFB. 54 B Tk /N R &M
FRRAFZ RN FTIEL —.

YERETT LR, BATHS H— AT E R

Bl 1.2.2 HREWHTEH Az =b. LAWY
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(8}
~

1—a"

T
b= (1.1, 1),
MREGEMEA A= B+ AB, XB
1 a a® a""? !
a a? a® a" ! 1
B = .
a1 1 g =+ @¥ 3 g"?

5FF AB MICE R RMIES 710 I BENEL.

MAFE o = 1.01, X n = 500 Al n = 1000 2> HIN A Gauss HZ=
1EMFIETT Gauss THEVELERMBZTIEA. 24 n = 500 K, Gauss 7H
FVEFERT 5.1324 MR BIFEM 7 WL (b — ATl = 3.1104 x 103, 1
Il 40 Gauss H 20AFER 2.5350 MR BB « WA b AT =
2.4219 x 10719; 5 n = 1000 K. Gauss ¥ ZVEFERT 39.6554 R EITE
fift T WAL (|b— AZ|| = 7.9078 x 107, T4 F T Gauss 7§ ZIEFERT 40.4198
MR EME T WL ||b— AT = 6.4946 x 1078, HAT A, FliE ¥
FEAS AR SR S5, (B E 2148 T EARRIRE A b3 A

§1.3 °F 7 Rk

FARE LA Cholesky 8%, & K@EXTFRIE @&t HFEA
B A TEZ—.

KECLHE. ST BT AT HER LU 2R R ERIR
Zd R, MR TiEF T B TR IE e RS . &
FETRHETEALER.

W Ac R ZREREEHR, Bl ABE AT = A MH 2TAz >0
ST—UIMEZERE r e R 0L S i 112 AHEHUTE
piith

I 1.3.1(Cholesky SEEE) #7 A< RV WHRIEE. WAF
E—MXATHAERN T =AM L e RV, 18

A=LL".
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LEHFA Cholesky 9, HHH) L #8 A # Cholesky EF.
iR BT A RIEEHRE A NEHETFEYIEE, Bk, H
EHE L1250, FE—NEM T /A LA E=/AK U, #58 A=
LU. %4
D = diag (u11, s Unp). U=D"1U,

kS
UTDLIT = AT = A= LDU,
M
LTU0-' =D U-TLD.
LARAIE DA AR T4 N A, SRy A

PESERE. FA, U=LT, \ifi A= LDLT. mEBI&1, D %t #tH
IE#. 4

L = Ldiag (\/ui1.* » \/tnn),

W A=LLT B L#NATC L= Juw >0(i=1.-,n). 0

Blt, FEMTREA (1.1.3) MRBGERERMNREER, MK E
SRATHE AT (K2 BRSK A

(1) 7F& A ] Cholesky 4Mfi#: A= LLT:

(2) K%t Ly =b 18 y;

(3) Kf# LTe =y 18 x.

MR, BEH 1.3.1 WIEARI 40, Cholesky 43## 0] A XL £ o)
Gauss THEZEREIL. AR, B sc AR vERES HEEE: A=
LLT PRIARIR NTERITHE L. &

l11

o1 a2
L =

[nl 1712 [nn
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B8 A= LLT WO NHTE, BRERX
J
= ligliss 1E€FLIER, (1.3.1)
p=1

_é_%, H an = l?la #
li1 = Va1
B an =lnla, B
lii =an/lyn, i=1,---,n.

XHERRTHER LB JIcE BEELEW L M8 k-1 501t

Q;AH

k
2
Qkk = Z lkp,
p=1

e
k-1 !
lig = <akk = Z pr> . (1.3.2)
p=1
i
k—1
Qi = Zliplkp +lelek, i=k+1,---.n,
p=1
3

k-1
lik = <aik_zliplkp>/lkk, i=k+1,---,n. (1.3.3)
p=1

PR T L W8 k FICE. XM TERATEHRE.

MR, AT REBESUHE L BT A KITE o BARHHE
oL LURAREER, Brolalé L MoTEEMETE A BN NAE F X
FERATA R F B
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B3% 1.3.1 (31 & Cholesky 7M. FHiRE)
for k=1:n
Ak, k) = /AR
Alk+1:n,k)=Ak+1:n,k)/A(k, k)
forj=k+1:n
A n,j)=A{ :n,j)— Ay : n, k)A(J, k)
end
end
BB EHEREERN 0 (UR Ganss MEHEH R
AN (1.3.2) WTLUEH. HF I HRIERR R IE € 2otk 7 A2 410
VB L BIAT G Gy Wl BT e S A T eI Ty BT A
IR 7
A=LDLT", (1.3.4)

He L ZPALTF =AM D XA ITOh EERIRT . X —
it LDLT &, /& Cholesky 2 #HIATE. LI (1.3.4) B R
TTE. 1§
j=1
(I,JZZ[,;,«dkljk—#—l,de. I1<j<i<n.
k=1

HELPTEHE 1; M d; KEEA R

Uk-:dkl_jk- k=1, J—1

j—1

J
dj =ajz; — Z[j]\-'l‘k.
k

=1
j—1
li; = <au - Zlikl'k)/d]. i=Jj+1,---,n,
k=1

RHE j=1. .n LRXMBEE A BMRRTTERS SR FEAR
T3k SKEBRTER, 2R L KRR N =AU RFMETE A KON NALE B
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MK D BIXATCAREE A BN NS AALE B XFERATHAS 2 a0
THSERES:
Bk 1.3.2(11H LDLT 7M. Ut Forsik)
for j=1:n
fori=1:5-1
v(i) = A(j,7)A(7.7)
end
AG.d) = AG.j) — AGL:j— (L j—1)
AG+1:n.j)=(AG+1:n.j)
—A(G+1:n1:5-1v(l:j-1))/A@{.J)
end

3 : L EE 2 Sl B IR oy Sal i o | :
2 - BLJ 7127 Ul n. M ANwg S )

3

—HR1% A K LDLT /M. R EHMR
Ly=b 1 DLTz= y
XA =ATRANAT BRI L2 (1.1.3) Mg FIRXFZsk
FEXTFRIE B &M T RA T FRIEHE R Gauss HEZER—F MAH
EAFEILETT. M. Cholesky /HAERITHE IR EREH. FL L,
HXER

;i = Z /'fk.
k=1
3
| < V. (1.3.5)
EKULH Cholesky MR HIE (;; ReWALIER] R ELRERE
FERE 1.

THEEMNEEHADBAARE 7. ) 1.3.1 2—NDEIEEIF. ZH
KRR Cholesky 7 BVEARMBAM T REAMIEALRE, TH 1.3.2 2
FSR LB Gauss 25155 Cholesky 438 1EHITRAE ).

Bl 131 &%
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4 -2 4 2 8
-2 10 =2 =7
A == s =
4 -2 8 4 16
2 -7 - 7 6

M BRI TR, &

d; = a1 =4,

o1 =an/di = —2/4=-1/2,
31 =1,

ln=1/2,

lsg = (azz — Ia1daln) /do = (=2 — (=0.5) x 4)/9 = 0,
lig = —2/3,

d3 = az3 — 13,dy — 13,dy =8 — 4 =4,

lis = (as3 — lardilsy — laadalse) /d3 = (4 —2) /4 =1/2,
dy=04s—12dy —12dy —123d3 =T-1-4—-1=1.

XEE, BRAVESSD] A B LDLT 4@EHKEFH

1
-1/2 1
L= , D =diag(4, 9, 4, 1).
1 0 1

1/2 -2/3 1/2 1

TR, BREHEH Az = b, W5k L = b, 1§ 2 = (8.6,8,2)T;
B Dy=:8y=(22/3227 BE# LTz =y B =
(1.2, 1,2)T.

B 1.3.2 FEXNRECKHELTEA Az =b KT mE b ZBEHL
AR, Fon R R E [0,1) B AHIBENIE, %R A= LLT.
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X L Z2RHAERKN—NT =M, HuR2RMAXE [1,2] E¥HY
sy A I BE LA

Xt n =10,20,---.500 43 HINH Gauss 1§ ZE¥:. FFEIC Gauss 7H
FEM Cholesky 2MEREZTTEA. B 1.1 EH TEMIFTAK CPU
i), Hod “Gauss” Rx Gauss {HZEVE, “PGauss” RRFIFETT Gauss
21k, “Cholesky” 7N Cholesky 7r ik, WEIHATLIEH, X RE
XTFRIE & RBUERE I 2t 24N S, Cholesky M REZEE L Gauss 1H
PN ES

6.
—e— Gauss
. —— PGauss
°ll “ Cholesky
1'.
2
™
= 3t
2.
1.
1) b P I
0 100 200 300 400 500
n
o1
§1.4 SFR=FE

BTE LS T4 Gauss 1§ REMP I RIERBREMETT R4
BRIEARTTE. RN RESZA % BETENN CERE &
B ETTER T vt B, S HRIE AR S AUE 2 e EA 6

Bl Cray YMP E#E4TH), H P LINPACK F1 LAPACK 4352 20 t
22 70 FFAREHIA 900 FERYIHITH T BRI E L BEE L EREK
41, Mfops F7R 106 REAIEE.
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* 1.1
1 Proc. 8 Procs.
Maximum Speed 330 Mflops 2640 Mflops
LINPACK (Cholesky, n = 500) 72 Mflops 72 Mflops
LAPACK (Cholesky, n = 500) 290 Mflops 1414 Mflops
LAPACK (Cholesky, n = 1000) 301 Mflops 2115 Mflops

MFE 1.1 FELAF H. LINPACK # Cholesky 4 & T FEFF7E Mt
HRL LB FT R R AERAR, 1 AN b HE 38 IR AS BT HL & (5 fr DY
N 8 MR ER, KARKERI 142 —! M LAPACK
HILFEE T E. HEEWENEEEZTE N, LEESHERT
FHBAR.

Y 7 1‘ / -~~u(“ 1 Lli"i..
f

2L~

L WNEISWE | # ML

O S fﬂlﬁﬁﬁifﬂkﬂﬁ:ﬁi%ﬁﬁ%mﬁiﬁ A 1F2% (Reg-
ister) . ZBPH A% (Cache). FAF (Memory). BEHL (Disk) FIREHT (Tape).
WHBHESFASTHRE R HEN TR EIEERLE 2 F
fidy, MHHEESREFRTAEANNEIEFER LS R L. NFHH
IR B AR (5 DR R g, — R RS BT, &M
WRFEE LN TR %, FAaES T4 00, RS ARG W 3EE F
B E— R BN A R A B AR K. TR 28 A& A%
A B AR /.

ET U HENRIX S, BRI, SN % B2 Rl feth
D AN B BT AR AR AN A7 2 [l R AL . RUE e AL 5
BRI RN f. TSR B m. WIATH

| = —
m

KBTI — KBTI E E L X, BAMER
f ! farith ~m:- fmem = f : farith (l + = : tII S > .
q tmth
Hp o R IKIBE TR, e RS — KBTI,
AT L, ¢ 8K, SR ST IXEF A E B
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BESHEREFE - RTELR—EnREH., FF - mElE
SRR - MM EA ). Bk, BHAro¥ X =FRR N — s A
FREE A T2 Sl Sk I i T B S AR R A2 7, " fik BLAS, 2
HL Y Basic Linear Algebra Subroutines HI485E. '©4r A =2: BLASI,
AFE—EEHARNEEE. W —ar, p— 2Ty My — y+ax &,
BLAS2, G5 —&H KR - MEEHE, Wy — y+ oAz 55 BLAS3,
AFE—HE RN -FMZEHE, W C — C+0AB % HTXSIZH
SEFRSAT IR A R B REER., EHEN K48 BLAS frifk
W, FEARTE AT BN S AT TIUEAL . 5% BLAS ) =Fh gt A
ZBHEBEERE. BEADXBE L ENINEES L 1.2,

JAIE S / m q=f/m
Yy —y+ar 2n 3n+1 2/3
y—y+ Azx 2n? n? + 3n 2

C—C+AB 2n3 4n? n/2

MR 1.2 HAMEER . 5B - FEEERNRER RSN, FRHEF
B — KRBT ny/2 OB . BRI TE S B v R R A SE TR N Jgft R RS AT
R (E 4R RE - SEREIZ 8. LAPACK IF R ETIX A mfE N FE KiE
FER SR, FHBRNEERASA - N EREETE AN EMER =/ 2
i R AT E £ Huf#F A BLASS.

P4

4

Li; 0O Un U | | Au A
Ly I 0 Ay Ay Agp |
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P B x B, AT

A = LUy, Ay = LU,
Agy = LoyUni, Agy = Agy + Loy Usa.

XEE, BAMER W N P BRITE T E R & TR

(1) W& Ay B LU 2#: A= LuUn, 8 L M Ung;

(2) R HFEY LoyUpy = Aoy Ml L11Urg = A1, 18 Loy F1 Upo;

(3) T Ay = Ayy — LoyUsa.

TR ESEREEF PN BLAS3 EAEHE, fHERNE
ALK Agy R LA, XBEBRA TR AT Bt — R AT e £ A
F BLAS3 HITHE =AM MR, SEhrvhERHE T4 3 ok i
EGREZAAT. WEIb. b A/ A AR 1T AL A1 25 4 K

D

L. 25 HOR T = i o BR300 0 I 1) T 0 R0

2. ® S, T e RV AWML=/, TMHAMTRERA (ST — M)z =b 2
EFF 5. A MEEEN O(n?) MEBSKKEZTIEY.

3. AEB: R Li =1 — lyef &—A Gauss &#e, W L' =T + lrep R
—/N Gauss 25 #.

4. i — 3 x 3 Gauss ¥ L, fiif

h
w
I
0o~

5. EBH: R A e RV H=A0E. FHEETRFH. B2 EH 1.12 %
Bl L AU #2ME—f.
6. & A=[a;] € R BENIWT:

-1 WwRi>

1. MR i=jHKj=n,
. {
0, At
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B A BWHL (L] < 1A unp =27 HI=AME.
7. & A XA ann # 0, FBELT—F Gauss HEZ G, A BFWUTE

ai alT
0 A |
EEH: Ay IR XTFRRE.
8. W A= [ay] € R™™™ /XA G, Bl A 2

n
lakk| > Z lak;|, k=1,---,n,
=1

J#k
N#EET % Gauss HEZ G, A HAWTER:

\‘ 0 A J '
WRAE: 5P Ao V3R A A IRRE. BT XX RR I ek Xt £ o R RSk
i, B Gauss 1§ Z=EMF EIT Gauss HEETBRIRIREHK L R.
9. ® A e RV H=ANE. 41 Gauss HEENHF nx (n+1) 5
e [A,b) B, BREAREA UM L TiRH Az = b7 FEZDRFLEE?
10. & A ZIEEM. MEXN A $UT Gauss HE—HFE—MERN

(4581 alT
0 A

MRERE, IERA: A TRIEERE.

11. &
Ao A A |k ,
Aoy Axx | n—k
k n—k
HH AL RETFHEN. £
S = Ay — A21-4T11A12

FEAR A 7 A FH Schur & iF#H: WHR A, B=A0E, Basid k
% Gauss HZELUE, S EAFET (1.1.4) RTRLAEER AL
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12, iFf: WMREMALFET Gauss HEEFE PAQ = LU, WIHAEER
B w2 ug| G=i4+1,---,n).

13. FIAIETC Gauss 1 29545 tH— Rk AE FE R 10 A S5 R B

4. BEEMAc RV W=ANME: A= LU. R&kit—MEERIHE A
® (i.j) TCE

15. IERE: @R AT e RV B A G (A% 8 &), B4 A FH=
o A=LU. 30 |I;;| < 1.

16. B N(y, k) =1 —yer BIMHEREFE Gauss-Jordan Tk, Hdy € R

(1) BE N(y. k) E&FF, REHIHHE R AR

(2) ME z € R" WEMMFM4A GIRIEAFE y € R, E15

N(y,k)x = er?

(3) & —FhRIH CanceTardan A5HE 1 - ROXT @adfaRmE (o1 Anr
A A R TR A A R R B TR R S U 7 2K

17. UERR: @8 1.3.1 P T =/ L 21—,

18. UFHH: W5 A B— NN 2n+ 1 MIXTFRIE 2 #REEE, WL Cholesky
HF L hREWRER. L mHENZ?

19. #F A= LLT & A ) Cholesky #M#&. iRiF: L i BYFEF8 L, IE
G A B IRTE T A B Cholesky BT

20. iERA: #F A e R™" EXFRM, T B8 n — 1 MRF E FREYET R
0 A G ER

A=LDL".
Hrh L2 =M. D Xt Mk
21. #&
16 4 8 4 32
4 10 8 4 26
\ = . b=
8 8 12 10 38
4 4 10 12 30

P ARZAE A BIEZN, HEHHEA Az = b M.
22. 5 AT E Cholesky BT L M4 E .
23. Fi A SO 097 A AR VE R v — R B IE i R AR R (R B
24. % H = A+iB £ 1EE Hermite Ff5. Hf A, B R
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(1) iERA: FEFE

J& 1E 8 X PR A
(2) R H—FOUH L BIE F N F R R AT RA
(A+iB)(z +iy) = (b+ic), z,y.b,ceR".

EHL>

1. SR BT BGRE T ENE S B AL L CMF 70 Gauss 82445 il
MW TR RERIRGS N KE 84 M riEd

|_ 6 1 17 .01 r -1
8 | L 1
8 6 1 I3 15
b} 6 1 8o 15
8 6 1 83 15
L 8 6 1L Tas L 14 ]
I B RV B4 R 5 T R AL RS B R EAT LA, FRREMOR R IR X Gauss TH £ 1%

K& 7.

2. e HIRET RR RV EALE SR T AR SO BT iR e S OB R
FREF REHRE SRR KBS E A Ax = b, H

(1) b FEALHIEEL, REGERE A 4 100 Briipe

10 1
1 10 1
1 10 1
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(2) REGERE A 24 40 My Hilbert #FE, BIREGERE A M5 (758 j FITE
A
1

Q5 =

HE b HE N EA

n

1
b’:ZW—T'

j=1
3. A% 1 EREFKRES 2 BN TRHAFUBRIIENHESER, RE
RN TTERRS.



FE HUAREANYESNS
HEZHBNRESH

BANEE L —FHVRMMNA T WA Gauss T EEKRBLHETT1E
A ENBETERARERE. RANEH). XEE AL ERN,
FATTAN AL T ot 20 SR AR B e AL, L3 T ot A AN A 1 ) LA
PLEF A PR RE 8. RAFERNE T 5 X P i B, A4 7 se4n
Ak BRERETE MEINOIT T EE, B 5 80k
& ) SRR NSRS, T, R —EP, BATEENS
Al B VO HON A P VE SRS R AT IR, AR5 R et T AR A BT
FES AT, PHE A RE R, HXFIETT Gauss IH EEHITHEAM S
NIRZEDT; BJa BT B BE N SE R i DL R ot Heit
28 13 0bE S AWiRr

§2.1 [ BVE A FEVEEL

2.1.1 EELH

o) B VORI RS B E B RS 1 B AR, How R

EX 2.1.1 — PR B R BEERRE |- Ui R ERE
B wREHLE:

(1) EEM: XFEM ze R™, H |z >0, MH ||z =0 Z AL
HRzr=0;

(2) FFRME: NAER zeR" M a e R, A |az| = |a |z

(3) ZATRER: XA 2.y e R F |z +y| < |zl + |yl

HEHMHER 2) M 3) BHFH, MMEERN 2,y R", B
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mn
el = ] < =91 < g e 3 b=
=

HBEREN, || - || R R ESERBURELEN).
e AR R ENEUE p SEH (IFFR Holder SEHD):

lellp = (|21 + -+ [2alP) . p>1.
Hep=1,2,00 RBEEH, B

lzlli = 21|+ - + [zal,
|zll2 = (Jo1 2+ + |za]?) 2 = VaTa.
lz]|c = max{|z;|: i=1,--- ,n},
AR 1 TERY, 2 SE A ~ TEEL XAMNEHIEE ST
KR BN, TIHBEZUER || - | M | - | WE=AAFR X 2
OB = AAERRAL, FEME Cauchy-Schwartz A5
2Tyl < [lz]2llyll2, 2, y €R,

EAARZER R Holder AER

11
2Tyl < llzllpllylly, = +==1

FFERTE . Fak b, A Cauchy-Schwartz AR, A
le+yld=(x+y) T @+y) =lzl3+zTy+y =+ |lyl3
< 3 + 2lzll2llyllz + lyllz = ()13 + [lyl3)>.
H St ENEN 2 JegH 2 = AAER.
RAETE R _EAJ ISR SRRV BAETHEH 2.1.1 i
IR X F T X HA 2SN .
EE 211 B |-l M- 2R LEEFEMNCE. WEEE
oy Moo, FEXN—V]2e R, FH

allzla < llzlls < e2flzfla-
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R EAERBCh R, XERE. AMNEBNEETSELX
WSEH (B, 7TSE [6)).
(:2k:U v i I PO I 1P O PO =S o 95 o - O £

lzll2 < |zl < Vnllz|l2.
[#]loo < ll2ll2 < V|2 50

[#]lse < ll2llx < nlz]|oc-

A ERE 2.1.1 ATIFM FRHEBRLR.
EE 212 B®aow e R lim (o — 2 = 0 WA LERS
7
Tirmy 1o (R

B ) B A VRO SR I T Bk
EBA B R ER>.

2.1.2 EMEH

FBANA E; RrfE (i) MELMTER 1, HRTERLESR
M noxn 58fE, W E; REMETRE, T EE— nxn 5 A = 0]
AR A

n n

A= ZZaleij.

i=1 j=1

EHF AR, 218 n x n SEAEREMRE 2 4R o2 Bk, R
INRIEM A n? MM B2, X, BA1 B RER [ BIEERH
CHBMET RN b AT M8 S R RS BRI RkE
. TR SE R A RE R YO B ) s SR T 1R 7 e Ui

EX 2.1.2 —PMAN R B R MIERRE (|- Mg R B
FIRERESERL, W R T A -

(1) EEM: XHEM AcR> ™ F |A| >0 TWH 4| =038
N3 A=0;

(2) FRME: NFEM AcRV MacR, FH [ed] = |o |Al;
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3) ZRAFER: HHEN A Be R, F |A+B| < | Al +|B|:

(4) HBBME: WHHEK A, Be RV F |AB|| < ||A|||B].

B4 R _ERAEREGE AR TT LB R LR ETEE, FTL
HEEH AR M ENEN YR fla, H

(1) R _FREEPANE RO SO S0

(2) 5EREFEHIRTEEO S T oo & fess, AP

(k)

Jim A~ A =0 = lim @i =ay, ij =1 n,

He A, = [agf)] e R"X",

FERE 5 ) B AR R E L H L. BRI B R A EAE
ReEE B o R (R B B R bR . R 1) B AR B O
IRTE 2. b4 AR M OB A AL, SA T2 T IXAr e, B RE
L M EE A,

EX 2.1.3  FHIEFEGH || - |0 MFREIEH |-, HL

|Azlle < [ Allallz]o, A€R™™, z€R",

WUFRHERETERL || - (0 BRETEE | - (|, 2HEEN.

FEATH, WRBA RV, FURIA K i) BV Eon A FE Ve 4
BREEATRMAR. FX L MERS ER R ETEH, JATHTLI
E— A RS AR R, ST TR EE IR

EE 213 || &R ER—mEEH FHEX

1Al = it |Az|, AeR"", (2.1.1)

-2 R BRI MRS

IERR EE BT D={reR": |z =1} & R" FHIH FRALE.
m |- X2&Rr ERELERE, FFUGFENE v € D, 4 ||Ax| =
1;1€a7§|\A;c||. Rk, m (2.1.1) KFTEXW || - || 2 A EXH.

HK HEERM re R . 2 #£0. B (2.1.1) R4

”ﬁ?}“ - H4I—II—H

< Al
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NITEE]
[Az| < AL llzll, = €R™ (2.1.2)

FEXHMERE A, B e R, LR || - || AL R Y A DY P R
(1) IEEME. B A # 0, R A B% i JUFEF, B Ae; # 0.
B (2.1.2) AR BEHHIEEE, H

0 < [l Aeill < [|A] llesll,

M [LA] > 0.
(2) TR F 0 e R, H

(r A 1aN (r A = 0 1laXx ‘.l-l | = |y -u.‘x_w]».
la|l=1 =1

(3) ZAAENR. & o WL ||z =1, 18 ||(A+ B)z|| = || A + B,
W ] BV = AAERM (212) X H

IA+ Bl = I(A+ B)z| < [| Az + || Bz||
< 1Azl + 1Bl =]l = 1AL + 181

(4) HEM. & r e R W2 |z = 1. 1§18 |4ABz|| = |AB|, U
m 212X AH

IAB|| = [[ABz| < [[All Bzl < NALIBI =l = Al I BI-

IXFE, &ﬂ]?}cmﬁﬂﬁﬂé 2.1.3 FUEEA.
M (2.1.1) 3 XHFFETE | - || MAOMNBTFREEH |- | E’J%E
MESER, AR MM ETER || - | B HOEFEH
£ EmMHE T, A TABEIRER, BIEE FEg0em | - |
A fE AT ERER. BAVMEILEH | . kit EFRENE AT
TR, BATERTHEET AL, R4 RHEE
TKATERIEE.
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RIEEHE 2.1.3, RATTMN R* EEFEHK p WEHEF R LK
BFEE - ||,

[Alle = mex [lAsl,, AR
P

XFp=1,2 oo FIXNKEFEE RINEFUOTHEE:
R 2.1.4 WA= [ay) e RV, WF

n
|4l = max > lal,

=1

n
= g Sl
| All oo 121{2(11, l|a11|a

=

\1 4” 2= \/ Amax (AT “) ’

HA Anax(ATA) Rn ATA KIBCKIFEE.
MR A =0 REEBMRAGL, BT THEAER D RERE A #
0. MT 188, BEER A e R #HIIpHRA A = [a1 S an),

%WE‘ 6 = “aJonl - max ”aJHlv )‘IJXTE Wﬁ/@, ||ZIZ”1 - lezl =1
KzeR"H -

< Zlfﬂjl lla;lx
(Zlm) max lasl1 = oy, |1 = 6

3=1

WA, BB ej, A n BrEAIFERERISE jo 5. WA Jlej | =1, WA

Az =

jAj

| Aesolln = llajollx = o.

Rk, BA1E

Al = Hnﬁa\_( |Az|, =0 = e llajll = max Z lagjl.



§2.1 ®MELHAEREH AT

j=
flzeR"FH

n
ai;T
2|2 0| <

[[Az]jo = max

5 1Td<x Z lag;| z;]

B A K ATH L EEERK B =) Jay,|. %

i=1
= (580 Ukl ). .SEU(Ukn ) ) -

M A+ 0 BIRE (|70 = 1, MEASEN [|AF||0 = 7. KB, BRATH
SEUER T
[Alloc =n = Jom ilasz-
T 2 Tk, B
4ll2 = max. HAIH2-MﬂaX[(AIYTA$ﬁ
— max [¢T(AT A)z)}.

[[z][2=1
HEE, ATA BXOFRFEECH. wHAIEE N
Mzl 22N, 20,

DR BT R R A AE R vr, - v € R, JIRHE
lzll, =1 HFAEzcR". H

mn n
z= E v, M E o?=1.
2=] i=1

TE fH
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TATAI—Z)\Q < AL
=1

5=, HW =, WA

zT AT Az = ‘U?ATAl’l = 'UlTx\wl = Nj.

l4ll2 = max [1Az]2 = VA1 = \/ Amax(ATA).

T2, EEAIE.
ET e 2.4, BAVEFE 2 HIFRFERER 1 705 oo JUEH 2 (Bﬁ
AHIFTEEL . (TRSERCRETERL. A NX— A S E M, RS

Tt — 4 T H=f. =1 et v 1L
(R — | § THA{L &Y 7E R 7F 1//H ‘x"f‘ AR B4 ) i VO B A IE 1 3k bl

WE. EHREITHE AlA H’Jﬁjcfl%ﬂt{s‘_. B EEHTRAENTZH
IR, e EE PR R A AL, T e B2 T Ise L4
B AR

EHE 2.1.5 ®AecRY " N

(1) |Alls = max{|yTAz| : =,y € C", |lz]2 = llyll2 = 1}s

2) [|AT]l2 = [|All2 = VAT Al|2;

(3) SHEEN n MEXEE UM V. F (|UA|2 = AV = || All2.

UERA B AESRS].

A, 7 RV B S—AEHBS T RS

l4lle = (Y layl?)"
ij=1
B HFRZ A Frobenius B, T &R &E 2 JOEM BR#E .
EREATME R, BATRIERHIINABEEFEHN STUEH XK
HEEAR ATXEEREER2EX Fit, AT AE BIMNT
AT ERETERN BT, KEXELEH, X THHATHNITE
M54 RATE LA BIE 0N L
EX 2.1.4 W AcCvm, NFK

P A
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49

p(A) = max{|A|: A€ A(A)}

h A RREEEZ XE NA) B A BIFEER2E.
AR EHEEOHZ AW FRR:
EHE 2.1.6 W AcCvn N
(1) % c FHTEEREEE |||, B

p(A) < [IA]:
(2) MELH € > 0, FF7E C ERISE T8 || - ||, 4
Al < p(A) +¢.
WERR (1) = CV R

r#£0, Az =Xx, [N =pA).

JUES]

p(A)|zel | = [|Azel || = [|AzeT || < [|All [lze] |,

PNIES]
p(A) < [|Al.

(2) H1 Jordan 2 EEEM. FEFTFRERE X c C, EH

N &
Ao 6o

X1AX =

/\n—l On*l
/\n i

Hrb o =180 X TEBLEN >0 %

D, =diag(l,e,€2,::- ,e™ ),
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IES)

D'X TAXD, =

IAEE X
||GHs=HD€_1X"1GXDE||x, G e QX"

W25 55 S UEIXFE € SCRIBREL || - || 2 dan T R A BVE s T

WFER
|z||xDp, = [[(X D) l.I‘||x. r e C",
mHA

[ A4lle = D7 X AX Dl = mmax (] +[26i]) < p(A) + 2,

T 2.1.7 ® AeCcvr N

lim A* =0 <= p(4) < 1.

k—oc

MR L& B lim AR =0, FBE X € MA) TR p(4) = |Al.
HTXERR k£ FH A e/\ 4’* WU 2.1.6 41,

p(A)F = A" < p(A%) < || AF12

XY k AL, NTTZH p(4) <1
otk W op(A) < 1. mEH 216 %1 DEETESK |||
# ||Al| < 1, ITD

0< A" < 1AI* =0, k- o,



§22 B FREGHEAIF 5

T2 L_l'gn A = 0. 0
FHAEE 217 BFGIEHN TR EELR:
T 2.1.8 ® AeCcvn, I\

(1) Y A SR DERIER p(4) < 1

k=0

(2) 1) AF g, H

k=0

S A =(1-A)7,
k=0

i BAFfE Cvn ERETIEE L FR

H(I _ A - iA"

k=0

A"

<
1— [ A]

St—VIH) BRE m BLAL.

HiX—EE BRI T F AR

#ig 211 ||| 2 v ER—ANEREEE I =1 MR
W HBRE AcCn R A <1 W T - AW, B

1

Y= ‘1 PO
I= A7 < Ty

§2.2 LM FRA IR A

— MR A = b REEMARBUER A FERHRIN b B
HasE ). MELhrm @, B WRSETHHBEN A 5 b FH%
FERWHRER, IR0 A, b BT H3). @RISR TR
PERBUNE. IBA, BRER: A b KIUNRSIR R &I TT R A B
HRRM? Xt R AT I 7 AR R BURYE RS R AN, BE
KA b ZBIRERE RN, TRAX R T RARIMR « R %
RN SRR TR SKhr i), LR IR, 6% T
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Bl 2.2.1  Z&HTREA

2.0002 1.9998 | [ z1 | | 4

1.9998 2.0002 o | | 4
BN« = (1, )T HFHRBALAWERS b= (2x 1074, -2x 1074 T,
AUJE%&?EE#J

2.0002 1.9998 Fi | | 4.0002
1.9998 2.0002 T 3.9998 |

HgA 7= (15057 Xk BANE

1€ —afle _ 1 [I0bllc 1
1]l 9’ Al — annnn’
S (PO AR AT R 2 R A S SR X IR ZZ 1 10000 4.

XA 7R, M — SR RN E
R E R, TERNMH—EOETFEETEA Ar = b Ritie
HEuRH 8. Bz BHLMMBIZEEHR
(A + 6A)(z + 6z) = b+ db.
¥ b= Az RN BRI 0] 15
(A + 64)6z = 6b — 6Ax. (2.2.1)
HT A TR, WIE A /I, A+ oA hEIEFRR. FHELE, &

S 211 40, HEE |A Y| |64] < 1. BtH A+ 04 Ali¥, o H
1
V< Tz
1 — || A=1]| [|oA]|
Bk, FEEM T, B A+4 = A(J+A10A) BRIEFEN. MAH (2.2.1)
KAl

(I +A~164)7! (2.2.2)

b = (A+ 8A)"1(6b — dAx)
= (I + A7164) 1A (6b — 0Az).
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PIILE T 1R

18] < (2 + A7 84) 7 [ AT (llobl] + [16A]l [lz]))
A~
S 1 [lATT] [léAl

HEhBE—SRHTAZR 2.22). EXFLEMBRLL ||z (4K, X8
BE z #0), FHEER b < 4] ||=], FH

oz _ JA-MIAL (]84] | [l
Tl S 1= A1 aA] (uAn N ||b||>'

(lldbll + l[aAll [l1]),

XFE, FATBER T T e 2

FE"‘E 2.21 1%” HE,‘RIX - — /\éé‘—'?'é(ll-# ‘T 1 ""‘"_j"f_
LA IFBUE A € e, b e R B HBE a4 € R

2 AT 64l < 1. % z Fl oz + éx HRIREMTTRA
Az =b 1 (A+0A)(x+6x)=b+db

fofiE,

l0z] K(4) 164] . [ab]
S (T +r): 29
A

KA w(4) =147 11A].

I6A] g 1.
5 L et 4
W)
m”“)’
1]
i 62 164] . (b
NOTH < o4y (1O NOOH
el = “”(nAn " nbn>

BTSN, et F R4 « MAXTRER BRI o MAKUE
BE A BIARHR 2 Z A bl —MBORE L w(A) TIR R, Bk, 330
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Stk PR MR K MES X MR EHERAXR. HEXMK
KEEHRK, WS R A 2 KK T XN BOREEIRK,
M Eh 3 R M A BERR K. T2, BATE W T & X:

EX 2.2.1  FE w(A) = ||A||| A7 AEEFTRA Az =b HIF
HH

FAFHAE—E R ERE T P AR AR R AR G,
MU AT RARREOERE A BFMHE <(4) BX, WBRATH UL =& T
TR SRR IR BURIRZS 1), HRIRR A RSN R2Z, & k(A) 1B/,
T FRATH VAR LA 7 FRA KR )8R RASH), Bl A 2 RESH.

B, FAHEEHE X, YERREHM AREREHN, TR
5 R ER, 0

Ko(A) = [| A2 |A7 ]2

BRFMBEEHA R, MABRER: —PDHRAEMEHT L
AR, 5 —FEECT X anfTle? FL b, HEMEHNENHTES
HEd, R AR NEECT BRI ka(A) 1 k(A) FRREHH,
BT oo M oo, 78

c1 ka(A) < kp(A) < caka(A).

Bitn, |/
%HQ(A) < k1(A) < nka(A),
1
- Foo(A) < Ka(A) < nka(A),
niQ k1(A) < ke (A) < N2 k1(A).
XFE, —MERETE o WP ERAR. MR 3 BT HERSH.
o, HAERK (2.22) AHFHWTER:
#ig 2.2.1 W | 2RV ER—MEEERME 1] = 1 FIMEREE
#IHEE A e RV BAFERA, A 64 € R i /2 A=Y 16A]] <
1L A+6A HEIEFFI. MAH
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[A+a) =AY _ wk(A)
A ST e Al
L= w A
SRR m(A) = [ A~ | ||| R R 4B SR ] LA 4
BERITERE — F RS LR
TE 2.2.2 # AcRY EHR N

l10A]l2 _ 1 =
mm{ Al - A+ A ﬁﬁi} = TARTA L ~ ma(A) (2.2.4)

BI7EIE T, — MERER R ERR T F T XSS 2hE T
FERE P SR A HOARRS B A
R HAE

min {,15.4“2 C A+ A B } =

4= 1IIz

BUA]. E#ER 2.0.1 A4, 24 A2 |04 < 1 B, A+ 04 BRFAHR
f, NTH

min {||64]2 : A+AFTR} > ——— (2.2.5)

A~ 1I|
st BT EREHEEENE 2 BHFEFHNE TS FefF
FEWHAE |zlla =1 B 2 € R, {18 [|[A7 2|2 = |41 BR4

Aty . xyT
=~ A=- .
Y= A, AT
WA (|yll. = 1. T H
N - I by
A+ 6A)y = Ay + Ay = - _ =0,
Ardy = A+ N = o, ~ AT
T
zy Iz 1
0Allo = max zll = z .
loAllz = max |\ mronel = A mnuJy‘ 1A,

XWEAN. BMNELEHKI T 1M c R FH A+MA TR MA
XA ||6All2 = A7 XK, &E (2.25) REF (224) RBOL. ¢

B 222 B K A c R +RRER. A BE—MEFRIER
oy ERIE.
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§2.3 EAXBHEMENREDSH

X RATREN F RB I EABE & NRERT T, XX
B EUE T TR E TR,
REFIE, HEIFHELE f TRTRA

f=2wxp!, LI,

XH 5 RHBTHESBNER, J 20, v ZERE. B w &
RINNA
w = O.dldz an 'dt.
ek REMAS BORTE 0 -0 -0 o BRSO
FARAGIF L
FH F RN RENFABEETHRIES. W

F={0}U{f: f==%0d,---dy x 87,0< d; < B,
di #0, L<J<U}.

B, HEE FTHNUTHA (8, ¢, L, U) RZIHE. HLESAR, XIGME
AR, BB B R (2, 56, —63, 64).

E&H FR-MEE28-1)81U-L+1)+1 MHERE. X
ORISR A ZE X JA] [m, M) AN [~ M, —m] ., HA

m=pk1t, M=pY1-87Y. (2.3.1)

HAEERR, XEHAIE m, M) M [-M, —m] TR RASEK.
B, & 3=2t=2L=-1FU=2 N F& 17 MK HEW
K 2.1 Fi7R.

| [ T T | |
-3 -2 -1 0 1 2 3

K 21
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Bk F RE—NERE, ERATEE [m, M] F [-M, —m] F
FTERSEHER A K. Flin, 30 0.584635 Ei‘:‘?iﬁ% 4 AL 10 BEHIF R
HRRHSRE (REETUUA 6 A7 A EERRER). X—AiRE T
I ENRE SRS ERITIEREMHIATHR. B, HEBEA ¢ AL
FRBRR, HERARN —RE 2t AF s, B ¢ fLZ R BRR
HRENEHY, AESFESNRE. FTRRMNFSRTES T
YR EISER, NIRRT AT A ERRE, B4 R IR ZE X
e 2

Rz FABER RN A (2). Fe=0M1A(z) WAFE. Fm<
lz| < M, MM HENER, BUA(2) A F PREBET « N3 F 4
P AR TV B, E)l fl (x) 7‘9 F EPME: \fl lz| BEEIET « B4 f.

lb‘!l-hrv V4- (2 i t“ 5. A9625 H a Ak

WAt (e) = 0.546 x 10; %H&%}cﬂé"m& )JJﬁ fl (z) = 0.545 x 10.

BT EHRFRBRRUE, ﬁcﬂ]'ﬁ”jﬁT’ﬁ%%bH‘J*ﬁﬁﬁ%. X
BT IRZESITHERL. THRMEREESH T — M LR RE S5
B 5| &R AHN R ZE .

EE 231 wWm< o <M EPmMME (231) REX,

m
fA(z)=x(1+4), [ <, (2.3.2)
b u AHLEERERE. B
{ LT IN 3
g=d 2
gt BT

R IATIBUE « > 0 (B « < 0, iEFASEREM). % o &1
2
Bl g < 5 (2.3.3)
Wi —38. 7E (32, 5°) FRABEINA o FTUAZEXAX AT
H t ALHIE ABCLRIEE gt 404, W TEANE, BE 233) X, A

1 1 1
fl(z) — g _.cz—t:_,c:—lﬂl—tg = l—t.
1l (z) — z| 2}3 Qﬁ 29:[3 .
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Ep
ly%;ﬂ<%f4: (2.3.4)
X TERTE A
A(z) —z| < Bt =418 < 2B,
Bp
lﬂ%;ﬂsﬁ“ﬂ (2.3.5)
BT T (2.3.2) 5 q

E23.1 ATUEMEARTE BIAENEREE 231 T/ 1 (2)

=

fi(z)= |0] < u.

1+5
MAERNKEERERZENENRE. Wa, be F RFENMAEH
L BAIH o REBR +, -, x, | PEBE—HMIEH. i (aob) MEX
RAEHATIEE, BEREFNEE, FIEE AMNERRRET A8 EEH
B jaobl > M B0 < |aob| <m, WAREET Luisl ik
AR AR B EL T, hE® 2.3.1 LEIE R T 5.
EHE 232 WabeF N

fi(acd)=(acb)(1+0), [§/<u

A X LR A F s H AR E R, W] LU E R s H A
HAXFRZES

B 231 Wz oy BENHEZELAEMEN o FHE. G

Ifl(zTy) — 2Ty| B L5
® 4
k
=1l <Z; .Z‘iy1’>.

N HEH 2.3.2, A[E
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Si=zmyi(l+m), Iml<y,
Sk =f1(Sk—1 + fl (zxyr))
= [Sk—1 + ey (L + )1+ 6k),  |0kl, || < u,

TRA
fl(zTy) = S —\Z;zqyi 1+%)ﬁ(1+5a‘)
_ i(l + )Ty, (2.3.6)
Hep

—.,,uu + 05 ),
J=1
XEBAE X 6 = 0. X, BRATHA

1l (zTy) — zTy| < Z leil|ziyil < 1.01nuz |yl

i=1 i=1
HhEE— ISR T THHZEIERKZEHE 233 40, R EX
R, 2Tyl <D |zl W A («Ty) BAERZETRERMK.

=1
EI 2.3.3 #F |6 <u H nu<001, B4

1-nu< [J(1+46) <1+1.01nu,
=1

BRE R .
[[a+s)=1+6 15 <101nu.

i=1

JERR E]jﬂ |51l <u, éﬂl:ﬁ

(1=aj" Hua (1+u)™. (2.3.7)
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Kt (1—w)" WTFF. FHEBEE (1-2)" (0 <z < 1) B Taylor BFF
n(n—1)

(I-z)"=1—-nz+ (1 —6z)" 222,
73
1—nz<(1-x)".
=] A IEeEE
1-10lnu<l—nu< (1 —u)" (2.3.8)
THEAbTE (14 )" B EF. B e® MRRERIT
) 2 23
e :1+I+E+§+"'
= | *A,-+§._,-. kl s 3 4 j -)

SEEPAITE, 240 <2 <001 B, A
1+x<e1<1+x+%xe1<1+1.01x, (2.3.9)
XEART O <2 X—FHE 2 z=u B (239) RamAELE
(1 +u)™ g o™ (2.3.10)
4 z=nu, i1 (2.3.9) XEHAELE
e™ < 1+ 1.01nu. (2.3.11)
44 (2.3.10) XA (2.3.11) K&
(1+u)" <1+ 1.0lnu. (2.3.12)

M (2.3.8), (2.3.12) F1 (2.3.7) =R EN%E0EFE 4518 AL O
VERRATHG R, BAVRFEER T — FHERERZH &N R
E, REERNBAIUEMIHeRAE K. Ak, &N5/3#25

|E| = [le;j]], EeR™™,
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JFHAE
|E| < |F| BBME ey <|fiyl t.j=1,---.n.

WA B el £ PHTEEMBE n < n 5K B o c . NEE
232 540

f(ed) =aA+E, |E|<uleA|
f(A+B)=(A+B)+E, |E|<ulA+BI
sesh, AR 2.3.1 AT1G
fi(AB) = AB+E, |E| < 1.01nu|A||B].

VEE. |AB| TTBELL |AlB! /NB % PRI H- 4 B SR F01 fh b b3 8 3 = 78 1
H XA R, NI R RXOG R (BN Pl 2t) 8,
EUHEEREANNEEER (BFKR ).

FRMXEAEEEAZENENRESR, BELAITHTERS
WA AR ERIN, SANRENFERHBEAX. ZIMRESD
B AR A BRNRESTE. L b EEARZ R G RZEMTE. A
THBARMRESNTHE, BIRE—ARRAGF. Be g
HISERE A B & 2 x 2 M L=#/AK, NhEHE 2.3.1 A4

a11bi1(1 +&1) ao
fl(AB) =
0 agoboa (1l +€5)
He
@12 = (anbi2(1 + €2) + arzbaa(1 + £3)) (1 + £4),
le;l <u, i=1,2,3,4,5.
=%

0 u22(1+65)

- \: ay a12(1+63)(1 +€4) }
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o bi1(1+¢1) b12(1+€2)(1+64)

0 bao

) 5 UE
fl(AB) = AB,

mH

A =A+E, |E|<3ul4]
B =B+F, |F|<3ulB|.

HA)ER, TEA IR A (AB) BE TSI BANERE A F1 B
HIRS IR A AR, IX P U B A ™ R V0485 A HA R4 1 R G4
TR ENIRZE ST HER A BRRESW L. WG REMTE
IR RTET, B R BB H R SER R e 8, WiZE i
2 A gt R DA PR X A P S AR 0 S .

§2.4 F|ETC Gauss {HEEMENRE ST

E—TEAFAA LB HZE R B EAREH SN R

WX RARL M T FRARF ETC Gauss T EVERAT I ERZEMT. A

KHEBA ST Gauss TH EVEKRBEMEHTEA Ac = b I, ERHE
fi# T W2

(A+E)E = b, (2.4.1)

HHSEHIREMRME £ #_ LR

HEER A W=D NRE.

SIH 2.4.1  Bnxn FREHEE A = [o;] A=A5E, H 1.01nu
<0.01, MM Gauss HEEHEBRMAR T =4/ L M E=AK U
W2

LU =A+E, (2.4.2)
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He
|E| < 2.05nu|L| |U]. (2.4.3)

iR WU = ] s L= [EJ] MH Gauss 20 B AR SLIL 4D,
Uiy (i < j) B ayy TS iy (k =1, i — 1) TAGEIH, B

RO
ij ij
agf) = ﬁ(aﬁf“) — i (lilgy)), k=1, ,i-2,
Ui =a§§-—” =fl(a S; D A (limaTimry)).
HEXZHEENREMTIEARLS BB
—( k 1 (Tikﬂkj)(l‘f"‘,"k))(l+€l\~).

HH el <u el <u k=1, - 1), BB A, FHSH] 2.3.1 [
ﬁﬁ‘]ﬁﬂi?‘i?ﬁ_ﬁ%
-
Uiy = a55(1 + 6;) — (E‘kakj)(l'*”dk)\ (2.44)
1

HA 10k < 1.01nu (k= 1, ,0). A (2.4.4) KK oy BHEK, FFH

|

>
Il

~ i—1 &
Ujj = 1+ 0
i = = 1,~ 3 =
WETLS, +Z( RIS,
LikTigj — €ij, (2.4.5)
k=1
Heh 1, = 1.1
" i—1 -
- i =~ _ 0 — b
€ij = (/iiuij)1+6 _‘_Z(liku‘;j)l-}——()-' (2-16)
k=1 !

FEREF 6] < 1.01nu < 0.01, BATHE

_02nu _ SO oo
lei;| < T 001 Z |l,k| |tk 2.0anu2 Lk | |5 (2.4.7)
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Jesb. B Gauss T ZIEMEASEIAN. 1; (1> ) FiHEE R T

oY = a;;
alt) =fi (agf-” — i (ligding)), k=1,2,---,5—1,
Ly = (a9 /).
Eiﬂ%?kifsﬁi%%)\mﬁﬁﬁﬁéﬁﬁﬂi%%ﬂ%
afy) = (aiy ™ = @atik) (1 + 7)) (1 + k).

Z‘J _alj 1)/ 1_7_0)}

Hb 5l <u |l Swlexl Su(k=1,---.5-1). BIIE, 2LHE
Bl (2.4.5) XA (2.4.7) KAUEBH. ATHE

J
ajj = Zlikak]‘ — €55 (2.4.8)
k=1 .
Hep |
J
lei;| < 2.05n0 > [l ik - (2.4.9)
k=1

A LTATIE, BRANG | BRI S RROL.

FEREZHMEMEMITRIIHAG HENRE, B7(H 2413 ;Eﬂﬁ
BT 4

Hit 2,41 Wnxn FREERE A Z2EFFH, H 1.010u <001,
NI ETC Gauss T 25 EARIKEA F=/AMK L, E=/K U U
FHB TR P i

LU = PA+E,
Hrp
|E| < 2.05nulL||U].

HX A SER LU AR R, RBEWTEA Az = b B
GHRBWN =R TRA

zy:f’b il ﬁx:y
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i . B ABRATRIE R TR = AT T R & NIRE.

318 242 ®Wnxn FRAE=AM S 2ETRM, FER
SE 1.01nu < 0.01, WA E—% §1.1 i A=A RARN TR
f& Sz =0b FIBEINTHEME 7 B2

(S+H)T =b, (2.4.10)

He
|H| < 1.01nulS|. (2.4.11)

WERR X n RIBFRGNE AR—BMHE R S =L RT=/AkK
Y n=10, 51BERBL. BERMFER n-1 B"’F_ﬁaﬂé?ﬁ%éﬂa
IFBIER Y BAIREE » Mol om0

HEEh 7 B L0 M B

hER 232F

7 =1l (%) = Wbloﬁ 01 < . (2.4.12)
At ERE § RARARERE n -1 rriRd
Liy =fl(c—Z10)
P32 E AR, BRghE R A
(Ly + H)j =i (c - T11h),

Hr
|Hy| < 1.01(n — 1)u|Ly. (2.4.13)
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N ER 2.3.2, 75
fl (C —1h)=1 (C -1l ((‘L‘vll])) =(I+ Dv)_l(c —z1l — 51D511),
Hr

D"l :dlag (72“” 7’771)7 D5 :dla‘g(62' 5(571)1

|’Yi|<ll, |5i|<u, 1=2, =, N,
TR, Bi1EF
T1ly + T1Dsly + (I + Dy)(Ly + H1)y =,
MTH
(L+H)r=0b.
HA ]
ol 0

H =

Dsly Hy+Dy(Ly+Hy) |
Hi (2.4.12) XM (2.4.13) RF§

(61 1 0

| D5l 1] |Hi| + [Ds|(1Ly| + | Hal) |
[ ll|l11‘ 0 :l
<

|H| <

L ulla|l  [Hy| +u(|L] + [Hi)

[111] 0
<u

[li]  (1.01(n—=1)+1+1.01(n — 1)u)|L4|
< 1.01nul|L],

KB —MEARHE T EREEM 1.01nu < 0.01.
NS 24.2 BI=AKHEH

Eyzﬁb F ﬁr:y
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R sns 5 R BINTHE R 7 N2
(L+ F)(U +G)Z = Pb,

R
(LU + FU + LG + FG)Z = Pb, (2.4.14)

Hep
|F| <1.01nu|L|, |G| < 1.01nu|U). (2.4.15)

¥ LU = PA+E A (24.14) R, 8
(A+8A)T = b,
XH
6A=PY(E+FU + LG + FG).
B (2.4.15) AFHER 241 8
|6A| < 4.09nuPT|L||U]|.
ERE L FnENLEN BT 1,
H T (U] BT, BATE X
' p = max li;|/ max|a, .
2] %39
WHERZAFIET Gauss HEEHEKET. TL R

1Ulloe < mmax ;| = npmax|ais| < npl Al

XFE, BATRABR TATHN EEE .

I 2.4.1 W nxn FALEM A RIEGFRK. H 1.01nu < 0.01,
NI ETC Gauss HEEBEME FEH Az = b FIBRNWEME 7 %
i

(A+384)T = b, (2.4.16)



68 F—_%F SHIBRANEESWEHZEHENRESHN

Hrp
1164l 00/l| All oo < 4.0903pu. (2.4.17)

B 2.4.1 RY, AT HZERBEE P HENRET =R
HAAR AT REBSE R LS A B T R R . — R
Kit, A FITTEHE A KTRNVIIRIRE BEERNEIRE . A
RRZES) REMDE. ERANE LR, 5T Gauss HEERH
ERER.

BEFEHKE, B ErTRNUER p < 277!, T B EF AT EAk 3]
BTESERR R, FEBIH R p RN, — BRI AR n. B,
SEHE 2.4.1 FHTAHEK ER 4.09n%pu —RELLEIER (|64 /|| Al
KIRZ. FELPrtEA, FBEH) A LA (164l /1Al ~u

§2.5 AR KRS R A v AEAR S

2.5.1 BEMIT
W E T E R TR Az = b BEIKHEEN & 4

r=>b- Az,
g}
r=Ar— Ar = Az — 7).
FR
lz— &l = [[A~ | < JA7H Ir]l.
BEER
ol < 1Al =,
¥ |z - Z| 7]
e <A ”A”HTH'
FEAHE, 7E B E o VEEUER
Iz =&l _ (g rllee
A T (25.1)
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SRR TR T 2SR o B B
7l
K (A
SIT.

Keh It HBIIREA T, T ERFBRT re(A) 4, HRHEARZ
B EK. FEE

Koo(A) = [| A7 ol Allsos
M [|Alle XE2Z THER, E5A (2.5.1) fORMEHEMBREER K
BT || A7 . IUAE A ADRISEH 7730 LGS H X —1h
i XEENINE LAPACK FrRAM—FIM T, SR E S
B B AR F— N EENA.
W B € RV, BATRAGT 1B, %X

= ||Bz|1 = Z‘Zbi]"l’j‘-
i=1j=1

={zeR" : |z[L <1},

W SIE f —MEE, D 25N, T HK B, #EEsZS40 TKihE
¥ FEMNE D ERBKMERE.
W f1E x aIBEE v f (x) FALE, T B ™ BR A o AT 40

f@) > f@) + Vf(@)y—2), yeR™
RBE 20 = (7)) € R® WAL ||zofl1 = 1, #48

Zbij.’l‘go)?(—‘o, i:1,~--,n.
7=l

n

n

; = sgn <Z bum(}o)>.
j=1
MAE z, HHEH
f(I Zzgzbz]l']

=1 =1



0 FDF ZHFRAGEESTEHZEFNENRESH

. A

_ (9f(zo) Of (o)
Vf(iﬂo)—( By Be >

—vTB=(B™)",
HFv=(&4, - .&)7 H%
w = Bzy, z=BTv,
WA G B RE B B
EIE 2.5.1 BE B, x0, v. w Mz W LR, WA

(1) F llzlle < 2%z0. W |lwlly = || Bxolls & f(z) = || Ballr £ D
) ONIE

(2) #& |2llx > 2 ao. W Bejll > (| Bro|l. HF ) L
|2;] = [zl -
WA (1) BHTHE 2o MBE f(2) 2 ¢ KSMEREL Bk
f(z) = f(zo) + Vf(z0)(z — z0).
XEE, RFIEE o0 HIEH
V(o) (2 = 20) = 2" (z = 20) <O
BIF]. L B X TF (o) < 1. BATHE
2T —10) = 2T — 3T
< llzllo 12l = 270
< |l2lle — 220 < 0.
(2) BUT = e;sgn (z;). W
| Bejlly = 1 BZ]|, = f(7)
2 f(xo) + v f(20)(Z — 0)

= ||Bzoll1 + 215 — 2T



§25 HHEMOHES T EKRKE T]

= || Bxol|1 + |2j| — 2Tz
= [|Bxoll1 + ||zl — 2Tz

> || Bxol1,

Bl (2) WAL,
ETX AR HEm
Bk 2.5.1 (SRR 1 YO8 LIER)
k=1
while k =1
w = Bz; v =sign (w); 2z = BTv

if || 2]|oo < 272

k=0

else
z=¢j, HH 2] = [|z]|~
k=1

end

end

ZEIEVIIGH) « "EEEHAL (|2, =1 MRE, FlinnTE
r=1/n, i=1,,n.

BRMBEMNEE U EIFHFEE A NP FET=/A0HE: PA= LU, N
MA EREENA On?) MEEERITAH A« B—AMETHE.
HT A Yo = (|47, BEERFNHER 251 THEME B= AT
REPRT, R w = B M 2 = BTy IS TRAEA ATw ==
M Az =v, FH A W =ZASBXRN T ELHRBES KRB

gie biRitie, AT UL T RSP BRI — M EE & 1
KI5

(1) AR 2510 F B=A"T L83 A7) B—AMEHE 7,

(2) A A [|rlloc. [[bllo 71 [|All BEIEMIMIEMET . 3/ &



2 FoF ARUHFRANBASWEHEENENRESN

(3) HE 5= —‘3—’ W% 5 SRATHE J v SRR & AR B — A
it |

S 448K 2 B ) I — 7 T LA o S AR R 2 A 24
B, B A e B 0 0 SR B T VA B B 5 amid /D
FHEMOSHMNRE. XEELEFHAATENERG K. —£
BT &N REOEREETEAEN 7 EEAT || HEE —~
M A HARARIFEARIN S AR B SRS A, TR A
ST 7 B A WEMEE. BRRECSH T L
SR e ) L 7, BB REA B A O VTR B —AME
Bk — S ENTIR I E.

2.5.2 AUl

HITEM ¢ FIRERIR, 7K & VEAYIME, N Newton BEARE
FRE f(z) = Az - b b, REGHIEEE. BATEIEITKN T PR
AT

(1) W& r=b— A2 (FARUEEMELEFHFE A).

(2) Kf# Az =r (I A I=FD).

B)HHEz=2+2

@y 12— . myst w4 5= 0, B2 ().

[E41PS
LR ERERERY, 2 A ORSHART2EN, FIHZ—
T A E MK SRR BN, W, 2 A RS,
RO R R A2 KRR S

3 A

L B anas o an o AERC R 8 o(0) = (L at) X
1=1
PRE v R — R 2N



I8 T3

2. AEH: HANE 2 My KHEAXE Ty > 0 B, 4K
lz + yllz = [lzl2 + lyll2-
3. EW: MR A= [a1,02, - ,an] RESISRE, B4
1AIF = llas 2 + llazz + -~ + [lanll.

4. iE93: ||AB|F < [|All2lBllr M |AB||r < [|All£|I B2
5 % v: RV > R £H

v(A) =  JBax lai;|

FEXR. W vy = nv REMEEE. FFB26015 8 v A5 EEENAA RN

6. wbWl: R L. SHMNA A ZIEERERN, K8 f(z) = (' Az)? £—F
mE .

7% |- 2 R™ ER—ANREEH, HAR A e R™*"AEH: 3 rank (A)
=n, W [|z]a &£ || Az| & R" k#—ETR

8. # Al <1, B ||I|| =1, uE8A:

A g —2
10~ A7 < T

9. % ||| REMEEH | | FFUHOEREEE. EH: F Ac RV 5
5,

AT = min | Az].
llzl=1

10 # A=LU & Ac R™" I LU 4, X8 |I,;| < 1; Xi& of #1 o]
SRIFRA AR U B 47 RIFER

1—1
T T T
u; =a; — E lijuj ,
=1

HHATIER |Ullso < 2" YAl

11. #%
375 374
A= :
752 750



4 FoF SUFTRANEESNEHZENENRENH

(1) #8 A" H ko (A):
(2) #%F b, b, x M 6z, {H18

Az =b, A(z+6z)=>b+0db,

T E [|6b]|oc /[1bllcc BN, 18 [[62]|co / ||zl HRK;
(3) EHE b, 6b, = F1 oz, 113

Az =b, A(z+dz)=b+6b,

T E [[62]loo /llzlloo TRAN, 1B [[6blloo /[|blloc EIFRK.
12, IEMHEREIERE AR (1)) > 1, Hdk T

k(A) > 1.
13, 45 A M A+ E #HEIFDTHI, IFH:
[(A+E)" =AY < B[ AT 1A+ E)7.

4. &R A (21 an) =21 zn(l4¢) F e B EF
15. iERH: #F nu < 0.01, M)

n

(Z ) St )
Hop

|m| < 1.01(n = Du, |n < 1.01(n—i+1)u (i > 2).
16. % A N nxn 5 o n 4EmE, 1H nu < 0.01. EH:

fl(Az) = (A + E)z,
K E = [e] HTEHE

lein] € 1.0In|a;ju (i=1,---,n),

leij] <1.01(n = j +2)|aylu (i=1,---,n; j=2,--
17 I8 FHz B EME, U A(2"z) =2T2(1 +a), Hh

la| < nu+ O(u?).

Jn).



A 75

18. iFFA: W A BR=XT M, BAFIETT Gauss HEEMBKEF p L
2 A5

19. iE8: R AT ExtF EMHEE, BAFIET Gauss HEENHKEAT p
BL2 Af.

20. W A AR, WA 2m + 1, b m = 3. HHFIIIC Gauss
EEIHEFRBEN L AU HL

LU = P(A+E),

Hrf P 2HFIAE, WA | B~ B
21. % nu < 0.01, A 1(vz) = V(1 +6), EF 5] < u. RIFHFHR
PR SE ISR IE B RE A 34T Cholesky SHRBEIM T =AM L L

LL =A+ L.
Al E PR EF.
EHL &

SEARBRN T ENESBER 251 FHBGEANTER, REHHEKRE
G TR SER B AT
(1) f&3 5 2 20 B Hilbert £5FER) oo TEHSMEL

(2) &
1 0 0 1
-1
— ; . . nxn
An = £ e g g | EEE
~1 - =1 1 1
-1 - -1 -1 1

SEBEALHIEEL € R™, HHE M b = Az RIEFHFITIC Causs HEBKE
AR, BETEMRN & B n A5 B 30 i ER ¢ KE. HEER
SEARRHR ZE MR L.



F=F m/NIROBMAREE

§3.1 /T H

BAZRABEZFETHRERMUEG S Gl RESE m AR
try oot AX m D RCERSERENIEIE v, ym, IFRESH
fE t; EEUERT n DNOFEE 01(t), - valt). BE v BHEHEAR

f(.l‘: t) = Ill,/‘l(t) + l“gl,".'g(f) + Tl (1),

rl-(r):yi—z;zrjwj(ti), i=1,---,m, (3.1.1)
j=1
W iel R A : S 2, 2, FRE r,- o, RATREHL/N.
(3.1.1) ATHHERE - mBEARTA

r(r) = b— Ar. (3.1.2)
Hep
V1(t1) -+ Ualth) (1
A : . b— .
wl(tm) e 'l‘i)n(tm) Ym
z=(z1,,za)", ()= (ri(z), .r,n(r))T.

B om=n b, BAOTATUER r(2) =0, W& = MR ERATHE =
PIHRHITEMRR. 2 m > n B, —BRATWRERERENE, A
AT ERE AR (o) EEMEHR X TR, B/ —Fm B2k «
fEF & r(z) 75 2 WHE L TR



§3.1 Fph—FFAM 77

EX 3.1.1 LBEFEME AcR™" kHEbe R™, HE z € R",
15

M—Aﬂb=Wﬁﬂ2=£%JNWM=ﬂgHMy—Wz (3.1.3)

XTI R/ NG, EAA LS (Least Squares) i, H
) r(z) HEEFRATREE.

TR B /D —Feia) B, 25 r SRR T o, WIARHE 2kt
BN AR, o LR T o, MIFRHAIEL &/ D Fia .

BATERX —FEF{UTRELPr S B EREIN A, b BB TE
HERMER, BREANER S RN E LR EERE 28
Hr 21 oh

X BRI EIE B AN MO, (BB BRI . i, KA 1 64k
(9 Ly FAE: min |r(z)|h; T oo WEHK) Lo HAE: min|r(z)]|e. X
TR L ] B %, EFER LR R, X LEATERA]
X TRFTHERTaEZ .

BN T B R o ATRRER T FRA

Az =b, AeR™" (3.1.4)

BIm/N_FRBE. B 2 HERIAE r(z) = b— Az B 2 BHEBRDHEXLT
Wi R4 (3.1.4). Bom>n B, R (3.14) KABESFRBARFES
FEE: MM m < n B, REAREHIRAE.

WRIE m 5 n LR A FBRRANRE], B/ Z3in @ n] 4 4 T
JLM &

(1) m=n:

m=n =




8 REF RIO-RFANKE

(2) m > n:
-
o S B (2a) rank (A) =n < m,
(2b) rank (A) =k <n < m;
(3) m < n: B
- B (3a) rank (A) = m < n,
(3b) rank (A) =k <m < n.

AFBEREE FEARK T EZLE. AR TREAERFE
VHRTEIE (2a) M9E/D SR B HITE KB A T e/ 3fe o)
IR, BAIFEEN A EH RS S.

B’ AeR™". A F{ESEE XA

R(A)={yeR™: y= Az, z € R"}.
SiE R(A) = span(ay,--- ,a,), HH a; (i =1,---,n) K A WFIFE.
A KJFZ[EE XA
N(A)={z e R": Az =0},
ERIERGCA null (A).
—/NFEE S c R MIERHhE XK
St={yeR": y'z=0, vz € S}.

HT FTHEAHEREI AL TREANERE R L. BN
SR EMAH— T HEA (3.1.4) FBREXRKIMR.

EIE 3.1.1  TREA (3.14) MRFENRS D EZMZ

rank (A) = rank ([A. b]).

R eEh RETE o A Av=b Wb & A WBIREN
KUAE, WE be R(A). XU R((A, b)) = R(A). HutEN%n, &
H rank ([A. b)) = rank (4).
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7otk # rank ([4, b)) = rank (A) BOL, W b e R(A), BI b AT

RN

b*ZJ:az
XE A=[a,,a,) T, %x-( coxn)T, BIF Az =b, N1
£ FRAFUE. O

EIE 3.1.2 BREHEA (3.14) FHREE, FHFABE « RHAE—
AERRE, WA 3.14) MERKBRESE
z+ N(A).
MERR Ry iR AFEA (3.1.4), W A(y—2) =0, B y—2 € N(A),
FREy=z4+(y-2z) cc+NA). RZ, ﬁﬂ%yEz—f—N( ), W7

7,]:"-‘\’/‘\1#7//54 "1‘*' o e A = .

R 3.1.2 HVREAT, Eﬁﬂ:ulﬁT}%ﬁéﬂ (3.1.4) BI—M#, @Tu
HES NA) FRERNFMERTEA (3.1.4) MAFME. HILaTH,
HEAE (3.1.4) FREREME— REFEY NA) FXEFRELT.

#it 3.1.1  HEA (3.14) KBRS VELMHE

N(A) = {0}.

T BRI B/ T A AR AN ME— ) . S RATT AT A

B —AME AT U EWREBERZ A RE. BE m = 3, rank (4) =
R(A). b W 3.1 7w,

b
y"l"]
y b-y
R(A)

K 31

4o BUB R™ . y = Ar ISEUEEAD R(A). 2 RAEAL
B 5 D "R EEENH AN K yuin € R(A), 5




80 F=F RO REMHBE

16— Yminll2 = min{[|b - yll2: y € R(A)}.

FEEME b TRRN
b= by + bo,

HA b eR(A), by e R(A):. NE 3.1 EASFEH, Lo—y EFEHT R(A)
B, B0 b —y = by e R(A): B, ||b— yll BEIRAD. B ypin = b1,
M b= Ymin = bo REFRNEIRAE. BT ymin, LAERBE Az =
Ymin BNAIRE] 2.

EHE 3.1.3 KM/ TRIE (3.1.3) KREEGFEER, HH
fRME— R R D EEMR N(A) = {0}

iER A R™ = R(A) @ R(A)*:, FrlAE & b A LAME—HE %R
E Ul BT b e Ry vae R(A)-. T, MEE » € R,

by — Ar € R(4) HY by 1EAL, I
(@)1 = 16 — Az||3 = [|(bs — Az) + b2|3
= [1by — Azl + [|b2*.

HUERR AL, [|Ir(z)]5 BRI ZH BN ||by — Ax||3 KB T b €
R(A) XERIE [|by — Az||3 EERADNRIFE S D EFMR

Axr = by.

P, B by € R(A) FIHELR 3.1.1 SLENHEH & B K458 BT 0
/D R EKIREA Xis, B

Xis={zr e R": z & LS M# (3.1.3) (If&},

e 3.1.3 40, Xis BAIETM, I HENE - MTEMN RS LE
R A MFILHETR. o, AEIEHBRESH BE —MEH 2
e ED, BAH 21 Rz, FAHRE A& 2 TEHRE.

M 3.1.4 1€ Aps BHNH

AT Az = ATp. (3.1.5)
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WEBR W reXis. HEH 3.1.3 MIERA Ar = by, ¥ b e R(A),
mA
r(z) =b— Az =b—b, = by € R(4)*.
Bl ATr(z) = ATh, = 0. ¥ r(z) = b— Az RN ATr(z) = 0 EP
B 315 R k2, WzeR L ATAz = ATh, MXHERM y € R,
f

I~ Az +y)lI3 = Ib - Azi3 - 2yT AT (b — Az) + || Ay|l3
= |Ib— Az[3 + || Ay]3

> [1b— Ac|3.

Rk ENAE » e Xic

JTREAL (3.1.0) W HE AR A B/ S B ENL AR SCE AR
B OER—NEH 0 DEREM 0 AN TRRNEE TR, 7 A MR
M REEM T, ATA MFRIEE, BT Rk E A (3.1.5).
XHE, BAIAE T KR/ e BB ZNEE —— ENEA
%, REAPRNT .

(1) 8 C = ATA, d= ATb;

(2) FHFEARETHE C B Cholesky 43f#: C = LLT:

B) K= HEA Ly=d 1 LTz =y.

i 3.1 EEFEMNE. £ ATA KitES. R AEH LB
R FERE A P —EE B Re k. B0, R

11 1
= 0 0
A=
0 0
0 0 ¢
H
14 ¢? 1 1
ATA = 1 1+ ¢2 1

1 1 1+ €2



82 H=% RI-RFMeME

BE e =103, HitH ATA BEFKA 6 B 10 BEHIF S5 E
ERATH, W1+ =1+107° HEAN 1. XEWE A BFE=1TH
fFREMER.
ERE, ENACTFEA (3.1.5) FIfR « ATLLRR A

= (ATA)"1ATp,
B, # 2 X

Al = (ATA)71AT,
M &/ i) I #E = AT RN A

x = A'b.

JCSE oo HEE AV DU A B Moore-Penrose | X 3. Moore -
Penrose | XIHHE X Z: F X € R™" {2

AXA=A, XAX=X, (AX)T=A4X, XA)T=Xx4,

MFR X & A #) Moore-Penrose |~ i¥, 1H 0 AT
WAEFZE R b MRS & D R BEm. 1€ b A3 b,
H z M z + éz 45l BB/ ZFelal &
min [|b — Azl F  min|[(b+ 0b) — Azlo
frIf#, Bp
z = A'b,
z+ 6z =AT(b+ 6b) = AT,

Hehb=b+6b. TEMEEAHTHET b MIMITEIE o FIAHN
RZERIFE.
EIE 3.1.5 W by by MBI b R b E R(A) LRIERHEE.
by #0, M -
[[0:]]2 [b1 — b1l
el <R,
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Hr ka(A) = [|[A]2]| A2
IERR tﬁ% b 1E R(A): LMERREER by M ATh, =0. H b=
by + by AI1R

ATh= Atby + ATy = AThy + (ATA)"1ATh, = A'h,.
FIEAE ATh = Ath,. Et

|6z]l2 = A6 — ATBl> = || AT (b1 — b1)|2

<[ AT[|2]lby — by (3.1.6)

HH AI = bl- %
b lls < 1AlSI 2l (21 7)
B (3.1.6) 2UF1 (3.1.7) 2LEE 2] 2 #5458, -

R EEEFRAL EFIE « FHXHRER, 7 b AR, REE
£ R(A) LRIBSESX B LR, AL, ZAEEEEREA], &/
3R ) A BURAE AR TR o (A) BIRAN. BIE, TRATTFR Ra(A) A
BN RIAERFHE. H ro(A) RK, WFREAD =5 BB
A, FRH RASH.

NIABAMUXEIR T b BT B/ — SR (30 ), TE 42
[1Th% 7 = e 1} e 0k O g e A AT e W R 1 S G
Wi, b M H MR ZR-ANEFELRMEE, BT RIE
PRI B A AT IR

ERATTRGE R, BTG wo(A) 5TTRE ATA M&HEZRH

EH 3.1.6 W A KFIRELMTR, W ky(A)? = k(AT A).

R BB ERIEHE 2.1.5 H

1A]13 = | AT A2,
IATIS = [ AT(AN) T2 = [|(ATA) 7|2



84 F=F RI_EREAMANEX

ka(A)? = | AZIIATIZ = [|AT All2]| (AT A) 1|2 = Ka(AT A),

B s FRAHEE. -

RATG 183 E AL 7 sk R B/ — T ), 4RTTT E 222 3.1.6
AT, B/ Tl AR b TE AL A TR B RO 4 AR B R T , 3
SRR TR T 0 & iR O BURYE . DRIt 764 P TE AL 35
i, BRI R A

§3.2 VIFIERX L #

R T g SRR /N T in) B FE SE R B, X—TTRATRN A
A B A T8 T A A AT 5 00 2 0 K e e 42 63 4 o
HEAi.

3.2.1 Householder Tt

A Gauss 2l — MERELAW A E=AERRET—/ME K
HE: N TENMEENAE o, THE—MIEF T/ L Lo =
aey, X8 ey & 1 WE—F, o € R X—HEANFRIT R WA R —A
PR EACHERE, I EAIE L KIDRE. IR, X —MERE E= A
%, AT Ll — R SIRIHIF IERZ R BRTE K.

EX 321 RweR"WE lwla=1, EX HeR™™ }

H=1-2wuwT, (3.2.1)

MFR H & Householder T3k,

Householder ¥t #)E R GTEERESRIG TR, CRBELN
¥UE M HTE K Householder 7F 1958 4 415 16 4 P45 1E 8 Ia) B T 48 4
K. FHEIMEREL H T Householder 484 f¥) —LL & Hify X+ EE
FRPE 5T

EHE 3.2.1 % H £/ (3.21) :E XK Householder 2.
2 H W2

(1) ¥R HT = H;
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(2) EXT™: HTH =I;

(3) &t H2 =1,

(4) REHHE: SMERR z c R, WK 32 iR, He 2 2 X F w B
FEHEFHE span{w}+ FHEE I

V

R (1) B8 () 3 (3) TH (1) S FE L, RAITH
HTH = H* = (I - 2ww™)(I — 2wuw")

=71 — 4w + dwwTwew™ = L.
(4) % z e R", M| z AR A
T =u-+aw,
HA v e span{w}+, a e R. FH vTw =0 wTw=1 A%
Hz = (I - 2ww?)(u+ aw)
=u+aw - 2uwtu — 2awwTw
=u— aw.
XU T Hz A o KT span {w}+ BB RS 0
Householder Z2¥efe 7 EH EH 3.2.1 Fridf RIFEF4S, ERE
BEHBET, CREW Gauss ¥ —HF, 0] DUl & IR [ & w,
EE-SBENENE T MIENTERAE,



86 H=F E)_FFEYESE

EHE 3.2.2 WO0#zeR" MAIMGERMRE we R, £
B (3.2.1) 32 X H Householder ZF#: H 2

Hzx = aeq,

He o = £z
R BT

Hz = (I -2wwT)z =z — 2w z)w,

HWAKME He = cer, W w N2A

T — ey
w=———-:
llz — ael2
X o= £, EEEARA]HIXFENH v HECEREX. 0

SEH 3.2.2 HIFEAT, MMERR = € R™ (z # 0) #AT i H House-
holder Z#e H, 178 Hz I n — 1 A RAZE. 1 HHAFHIRE R
BT, RN TN RS BRMERE H KR ALRE w:

(1) & v =z £ ||z]2e1;

(2) W& w=v/|jv[l2.

HE, — N EAMEERE: LR, (||, §TRRFS T B
U7 AT AR BSEREIR o A IES WIREL

v=2z — |[z[2€1.

BEXFEERUR S HI— DR R o B2—MREET o) KIHE,
i

vy =21 — ||z||2
i, Bl IR AEE B, T S BU ERRA B RE T, XH v
Moy FRRRE v M2 K-8 A, EiEie, RExE
A — R FNRTY, M eX— B HI. L b R

—|lzll2 = 3 — |zl  —-(z3+-- +22)

U = I = ‘
T1 + [|z||2 z1 + ||z
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REE z > 0 WERAZX—KXTRIUHE v, Sie@% BB MHEIER
HARBHITETE.
Rk, EEE

2
H:I—2wa=I—Tva=I—ﬁva,
vTv

Hep g=2/(vT), BATHEAE BLEIEKL w A7), MAFKE 5 Ao
Biw]. EHRAEERTER, B v BUAE—ITER | HRER
T ER), BRI LS o MG n— 1 MIERFE 2z M5 n-1
Mk o o EME L o BB -T2 E 1 EIURET.

s, BT E BRI ETREZEBNEE. ST RRERN, —
BHENAZAZBERAZT, XML o Tv AFTMHER. 75 W
ROMODTERN BT ET 0. Bl ba. SE2AMEENIE
B oo, av 'y v WAL EME, 4 7SR ISR I, AT
A z/|zllo B = KMHE v (XEMHEETERRK o ZHFTH
Hoa=1/lz]x)

R4E EHITS, AT TREAE .

"% 3.2.1 (i1H Householder EE)‘%)

function: [v, 3] =house (z)

n =length (r) (M&E = BKE)
n=|zllec; z=2/n
o =2(2:n)Tz(2: n)
v(2 1) = (2 n)
ifo=0
=0
else
a=/z(1)?+0c
if (1) <0
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end
B=2v(1)*/(c +v(1)*); v=uv/v(l)
end
#IFH Householder Z#HAE—NHMBPFIAZTTE, HARRT Hz =
ae; KX, LB LUK EEHEFETHSHTELIZ. Fla,
BIEzeR" PN Ek+1 2 jMEFIATLE RHFEX v A

v = (01 sOsmk_avmk‘Fl}'” 7$j70!'.. 30)

J
AT, ok a2 = 3 a2,

i=k
FEMH Householder B4 — M43 %€ FE M b 3 — T B T AR,
HZER LA EL&1 H 1" Householder 428 H = [ — Juv! ¢ R

=2k A e R R EXLFHER, H HAFTELUE
A, TRMRIEW T KA XRH:

HA=(I-pBvwh)A=A-pBv(ATv)T = A - w7,

Hrp w=p3A4Tv, B

(1) WHE w = AT v;

(2) WH B = A —vw™ (B BEUAFTKEIR HA).

TR T EAERENZEEREN 4mn.

Bk 321 MBUEMSE TS ABEN. REFE 3.2.1 MitH
R TG, 2N

H=1-3w",
RN
|H - Hl|2 = O(u).

TAHRESTT SN 21

3.2.2 Givens T

BAE—A 1 EHIF LS BWAE, AT LA Householder 254, 140
BIHEFTHEIE AR EPETHE S EUAZE. mFEIEHR—4
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HEAAE, MNRAH Givens Tk, EH W FEA:
G(i. k.0) = I+ s(esef — exel) + (c — 1)(e;e] + exel)
1
¢ s i
—s c k
1
HH e =cosb, s =sinb. Fik G(i, k,0) B IERLRE.
¥areR" 4 y=Gli.k o)z WEH
Yi = cr; + ST,
Yp = —SI; + CTk.
Yy =x5. jFik.
Pk, FHE y = 0. AER
g O = ok (3.2.2)

VeEE MMNE R
=]
Y = \//Iz—f.l‘i. yr = 0.

MILAT ERFE. Gl k. 0)x £AE (i k) ABAR-T T AHE o 32BN 5 7 17 5

T 0 FERINERL. FTLL Givens RHINFK A FEAESE TR

FHRA 322 RHE c Ml s, TS REGH. AT BEXME

FRA. SAEERIER o b, L FRZE TR AFETE ¢ = cos
s = sin(9), #1718

(0)



90  F=F RI-KRAGHE

c s al |r
-5 c bl o
Hi% 3.2.2 (IFH Givens TH#)

function: [c, s] =givens (a, b)

ifb=0
e=1, §=0
else
if [b] > |a]
T =a/b; 3:1/\/H—7'2: é= 8T
else
r=hla r=1//11L-2 e
end
end

TR —A Givens ZB¥ A (Bih) T—MEME Ac R, NIER
B AW i, kAT (B) B E, HRUERFEAR FHEEEN S
5 HEFEA R EE.

Givens ZHMBEUESTFLEREFH. BT ¢ M5 2HEE 3.23
FEAER), WA

c=c(l+e.),

g. = O(u),
s=s(l+¢s5). £5=0(u).

(u)
§3.3 IEAAEH#ik

WAeR™™ beR™ BT 2 BHEAFERAZME, BHERHN
IERHERE Q e R ™
Az — bll2 = QT (Az — b)[2-
KR, R/ 3R

min || QT Az — QTb||2 (3.3.1)
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BT B/ T (3.1.3). Btk Bl 19 ATl & M EE
HERE Q. AR 1) U A A B 5 SR AR ) B/ — Fe il /@ (3.3.1). Xk
R E S RA B, BIER R TR AR Q. A A (3.3.1)
STk,

T 3.3.1 (QR HEEE) WAcR™"(m=n), Wl AH QR
R

A=Q

i }
. (3.3.2)
0

Hip Qe R RIERHMRE, Re RV 2HAESNATHLE=A
M TAX m=n B A JEFTRE, LR 7RG R HE—).

AR SBIERH QR MERIFEAENE. X n RIEZEAZ. 4 n =1
i T R SE S 322 FrR IR TE. Bk B AR AL, SRR W c 2 uk Y
EHEXFER px (n—1) SRR, XEREp>n-1. W Ae R
MIZE—FR o), WEEHE 3.22 5, FEELHME Q, e R ™, 13

Flral = ||01||2€1~ H:IEé. ﬁ

T |1
Q?A:{naluz v }
0 A

m—1

1 n—1

X (m—1)x (n—1) 55 A, NAHMAERE. 5

R
AI:QQ[ 2}
0

Hep @y & (m—1) x (m—1) EXFER, T R, £EFIEFANMAITH
(n—1)x (n-1) E=MFE X, 2

Lo lalla o7
Q=Q1{0 QQ}, R=1 0 R
0 0

W Q# RWEEENER TR dIAPEREMFEESIE.



92 F=F RIRFAGHE

HEME—. & m=n H A FHF HEET A=QR=QR &
F1Q, Q e R RIEAMEM, R, R € RV RREAIESN ATTH L
=HE. A ERRERE R, R (X AT TR Bk, &AO140

Q'Q=RR™

B 2 TE AT J K SR 0o £ T80 A IR0 b = A, T L R A R A B,
MTI%H Q =Q, R =R, BISHERKE—H. 0O

MM QR 2ME, WATE AT LASLIIEA R HIE. ] A € R™*™ (m >
n) A&RMETKRKF, be R™, HFEHBREDH A K QR 7# (3.3.2). I
QoA

Q = { Qw Q- ] .
HHL
QTb _ rlr s €1 |n
B "21“ B Cy |m—n
i 1E73

1Az — b3 = QT Az — Qb3 = || Rz — eall3 + [leall3.

RGN, = BEB/DZHRES (3.1.3) FHELYHEANY 2 B Re =, B
fif. IXFE—R, /N T (3.1.3) MASMTUMBEE SN E=F/A7F
24 Rr = ¢ K15

gre FHRITR, IR IER R E AL RN

(1) W& A B QR 7% (3.3.2);

(2) WH a1 = QTH;

(3) KfF L =FAHEA Rz = c;.

EH LT 0, SEIIE ATAR ik 1) B AT SEIRAERE A 1 QR M.
TTEERA TR B LIIX — 55 % A 1 Householder 7V,

Fl Householder 7751t H QR H# 5 AEFETTH Gauss THETE
1REARL, w2 F A Householder LB LK A L4k A L =F/ARE. & m =
6, n =5, FEEELTHEHH Houscholder Z# H, F H,, {18
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X X X X X
0 % X R X
HyH A = 0 0 + x x
0 0 + x x
0 0 + x x

L 0 0 + x x|

BATRERESREET RN TE=FIHN " B4 MR, e —
AN Householder Z5#t Hy € R4, {§715

aui

) Lo

é H3 = diag (12 H':j), mu%

X X X X X
0 x x x x
HyHyHy A = 0 0 x x x
0 0 0 x x
0 0 0 x x
LO 0 0 x x

TR A e R REBRMNEHITT k-1 5, B3
T Householder ZZ#t Hy,--- , Hy_y, {§18
A A Y
-

k-1 n—k+1

Ap=Hyp1---H1A=

m—k+1 '

K A B E=AF. B

k
Ay = fuk, - un).



9 F=F RpKEAMGKE

B kPR FFHHE 3.2.1 #E Householder & #
Hi = In—ks1 — Brugvy € RMFFDX(m—k+1)
it
Hyup = riren,

HAF rge >0,e0 =(1,0,---,00T e Rm++1 K5, & I?kAé?. A

Hy = diag (Ix—1, Hy).

]
AR 4R W
A+ = HiAw = [ - 12
U Hi A,
L 22
(k+1) (k+1)
| An Ayp K
n k+1 ]
0 A(22 ) m—k

k n—k
Horp AR R ES AR KR M k= 1R, R A KIKEAT n
{X Householder ¥k, TATHATH A L94bh E=FME. I

R:A(l,ll)‘ Q=H - Hy,

QH

TR, SHEARN =M R KXHHA TR

THEETHE A K QR SHENAEME S, B amfE, —Bok
W, A RABFE THERFR Q5 R BEIFARK Q Bl M
2 REBH R E R n 4 Householder Z8#t Hy (k =1,--- ,n), TIXE
D He, BANRFRE v M 5 BIAL EEER v AT ER:

T
k :
vk = (1~“1(c+)1~"' .vﬁf”)) .

Il
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BANEGF AT LR v (2:m —k+ 1) FE687E A I AICUL FALE B 6
w, N F m=4, n=3 MR, LEETFRXWT:

11 ri2 r13

W . B
Uy T2 T23

(1) (2)
U3 U3 33

o) o o |

gre LHERTe, AT
5% 3.3.1 (+HH QR 7M#: Householder 77¥2)
forj=1:n
if j < m

[v, 8] =house (A(j : m,j))

A(Gim, jin) = (Ln—j+1 — BovT)A(G :m, j:n)
(J)=28
AG+1:m,j)=v(2:m—j+1)

Qu

end

end

REHEN, X—HEREEER 2n2(m — n/3). I, EHEE T
7 REFHBEMS, FAREANRESNTSN 21]. MR -EEK#E
B/ el (3.1.3) BT R TH R E L E AL T B R AR 2
LR, RN RATZIK.

Householder FiEFF ARSI QR MERIME— vk, BlanIATIR AT
A Givens Z#E Gram-Schmidt IERALFRLI. BH Givens &
BoRSLHL QR SMEATHRMIEH 2 K42 Householder VAR 1%, B
WR AFRZMFICE WRFEMEA Givens TMAFLFEHE
KA.

At QR HEAUA] SRSk ig B/ —Feln) &, M B et R EUEAR
B2 EEEENAR. Fln, ZF 20K IEE SR QR JIEH
R X — A 2R B, BAVFATFIAH QR SHEREEHTT



9% F=F RI-RFAAGKE

A (1.1.3), AN TRERETEY QR MRENIHHEREER
H=AaWEEFEL. DR EHRENEHEEHERES.
EAREME R, BAIHES H— D RAERNEE]

) 3.31 4
[ 1 —k V3]
N ARIR AR ;
Kl oos V3 -
Lv2 2 V6 2 ]
Hb k 2—1MKT 1 HSH W
_— { 5
V3 V2 V3 1
-1 2 2 B NOT
U= —ﬁ 0 V= o S—[ 0 \/5:|
2, =t 2 2
L V3 V2
BAR, R A FIRBEHR (|Al2]|AT)2 = &, OB/ =T &
r(z) = ||Az — bl = min
HIME—fE R
pp— j ugb |1
T =WV.S~ Ub—\/—’{r’r\/— _[\/3}’

HA uy,ug M ov,v SFRERE UMV BFRE FEEETE
B r(z.) = |Aze = bllo = V6. HE: 2. M r(z.) 5« TX.
X ko= 10°,107,10° A A TR =MT7 &K BEX — /D — 5
I 3«
* i Cholesky 7 #ikKAgEENAL R4 (fRiC A NC);
* HFIEIC Causs HEFRBIEN HRA (Fidh NG);



J# 97

o IEXTA#EE (A QR).
WHERFIE TR 3.1, He 7 RoNHEBE. NRFATUEH, bE
REGEFE M BUNRE R, IEN 758 2T AR E 8RR, 1 1E
TERHEER T EBRER ZEEMARmW. AL, BiX—FFXRE,
F Cholesky 43 fi#i2: sk i 1E WAL T FELA M FH 51 £ T Gauss 14 75K f#
EN T A RSERETE M.

* 31

k= 10° k= 107 k=109

r(2) [ — 2l r(2) 17 — z|2 (@) [Z — 2«2
NC | 2.449 0.000000 2.449 0.001955 3.742 2.000651
NG | 2.449 0.000000 2.449 0.001955 3.742 2.000651

(WRVIVIVININIY] 2,444 o000 L % (5] 0.000000

3 &

A=

ot W =
[@2 TN SN )
)
o
Il
1
— —_ —
(H—

FHIE AL 7R X R LS a) @R A
2. #%

1
A= 2
1

o o W
(==} —_
o O
o
Il
1
— =

SRXFREE LS 1] B 42 F .

3. %z =(1.04,6,3 4)T. k—4 Householder Z#HFH—NEH o, 1F
B Hr=(1,0,4,6,00)7".

4. W5E ¢ = cosf Ml s =sing. [F78



98 F=F Rp_KERMOKE

5 B r = (z1.22)" B—AZHRRE SH—MEEIIE - MNTE
e ity el

18 Qz M A rEAE.

6. BE = My & R FHIBEADBEAL AR, SH—FER Givens ZHMH
& EAERRE Q. 8 Qz =y.

7.8 My £ R PHHANEZRE. SH—FEPCRHE—A House-
holder Z&#: H, {18 Hx = ay. EF o € R.

8 BE L e R™" (m>n) 2 F =/ WHNMAHE Householder 4%
¥ Hy.--- H, f#13

r hl

Mses L =] .
[ () m—n

n

He L, e RV BT =ABE.

9. fRE A R™" IBA n, FEE LT EIC Gauss HEEHELE
TLUNMEPA=LU, HH Le R™" REM T =AM UcR™" BL=f
Be, P e ™™ BHFI M. WAERA LB HABITELEKRE 2 e RY,
515

|[Lz — Pb||2 = min,
FFEH: WH Uz = z, ;4 ||Az — bl|2 = min.

10. % A e R™", HfffE X e RV AN E -1 beR" z=Xb 3
ML || Az — bllo. IEB]: AXA = A (AX)T = AX.

11. & A e R™™ &M A, B

[ oy p2 Pz Pn |
B2 2 0 0
33 0 (%3
A=
Q-1 0
Bn 0O 0 an
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e A Givens BHK A 1 QR SR E .
12. MAEX

|A(z + aw) — b||3 = || Az — b||3 + 20wT AT (Az — b) + o*|| Aw||3

EH: R z e Ars, B4 ATAz = ATb.

E L2 &

IR ET B v HHLE S REIFIA QR 7Kgt r i ma i g/ —
Fe o) EHGE AT, HRARRHINFRET TR T MR MNELS:

(1) KfRE &= EN PR =A KT EA, HRABRMITEERS5HE
B RA LR, SRR Tt %

(2) K D LiRBIK y = at’ = bt — o WEATRRER 2 08U/ E

XTHRER 3.2 FHIEHE:

£ 3.2
t, ] -0.75 -0.5 0 0.25 0.5 0.75
yi .00 0.8125 0.75 1.00 1.3125 1.75  2.3125

(3) TERTE M IR AR A
Y=o+ air) +ax2 + -+ ainri

F.a1,a2,- a0 DHFRRB BEHB . SHER. BEER. FELE. F
BEH . FE5H . B @HRE, PRERPHE,  RREEME. R
R 3.3 M 3.4 N 28 HHEE, K P SHMR/D —RLER.

£ 3.3
Yy
25.9 29.5 27.9 25.9 29.9 29.9 30.9
28.9 84.9 82.9 35.9 31.5 31.0 30.9
30.0 28.9 36.9 41.9 40.5 43.9 37.5

37.9 445 37.9 38.9 36.9 45.8 41.0




100 #%=% Jp_FFMHBE

* 34
ai as as a4 as as ar as ag aipp A
4.9176 1.0 3.4720 0.9980 1.0 7 4 42 3 1 0
5.0208 1.0 3.56310 1.5000 2.0 7 4 62 1 1 0
4.5429 1.0 2.2750 11750 1.0 6 3 40 2 1 0
4.5573 1.0 4.0500 1.2320 1.0 6 3 54 4 1 0
5.0597 1.0 4.4550 1.1210 1.0 6 3 42 3 1 0
3.8910 1.0 4.4550 0.9880 1.0 6 3 56 2 1 0
5.8980 1.0 5.8500  1.2400 1.0 74 3 51 2 1 1
5.6039 1.0 9.5200 1.5010 0.0 6 3 32 1 1 0
15.4202 2.5 9.800 3.4200 2.0 10 5 42 2 1 1
14 4R0R 92 R 19 20NN 2.NNN an 0 3 1 |
5.8282 1.0 6.1350 1.2250 2.0 6 3 32 1 1 0
5.3003 1.0 49883 1.5520 1.0 6 3 30 1 2 0
6.2712 1.0 5.5200 09750 1.0 5 2 30 1 2 0
5.9592 1.0 6.6660 1.1210 2.0 6 3 32 2 1 0
5.0500 1.0 5.0000 1.0200 0.0 5 2 46 4 1 1
5.6039 1.0 9.5200 1.5010 0.0 6 3 32 1 1 0
8.2464 1.5 5.1500 1.6640 2.0 8 4 50 4 1 0
6.6969 1.5 6.0920 1.4880 1.5 7 3 22 1 1 1
7.7841 1.5 7.1020 13760 1.0 6 3 17 2 1 0
9.0384 1.0 7.8000  1.5000 1.5 7 3 23 3 3 0
59894 1.0 5.5200 1.2560 2.0 6 3 40 4 1 1
7.5422 1.5 4.0000 1.6900 1.0 6 3 22 1 1 0
8.7951 1.5 9.8900 1.8200 2.0 8 4 50 1 1 1
6.0931 1.5 6.7265 1.6520 1.0 6 3 44 4 1 0
8.3607 1.5 9.1500 1.7770 2.0 8 4 48 1 1 1
8.1400 1.0 8.0000 1.5040 2.0 7 3 3 1 3 0
9.1416 1.5 7.3262 1.8310 15 8 4 31 4 1 0
12.0000 1.5 5.0000 1.2000 2.0 6 3 30 3 1 1




FMNE £MEAEANTREKEE

BEETTHEBARRRE, WENMFEEE SR, THEEE il
$em, BB (W0 Gauss 1HEVE. FHRESE) ZETHENL LT LRER
AT FRA AR R BK, (HE B K2 BTN REUER A 3
1757 f#, BRI —MEANREIRFE A BIRERIE. T SERR A, $5 5 2 iR
Gy R EUE K AR, B R IB B 1St R KB B 2ot 5 FE (KSR A8
. Ft, F KB IR R B 0 R EER BCh BUE LA —
A—ik%‘f'—:&?ﬁﬁhmw‘iz’z

H A& R kA gt A R I i R AP — KR
ERVE A—RKEMBRERE. MR EEEREEEE R EMnE
BIENE G, ERSFI RS EE T RANREFE MR ET
REH AR R (BRI SEH), KA RIE K FTERURR, #4559 %
HH AR RE R F R PT REHU R FF IR B B . (R TRIE, A BAW KXk
Tk,

IERE R BEFM N E A EFS {2k}, FHRR A E 2.
RN Ar = b MIKEHAR. Bk, Rk, —&F FE/LA
e 2 :

(1) WfelF AT ?

(2) MRS — B EE? A T?

(3) W SRS, WS B e 2 FRATINX 4, T B M ), FH LA LL
B TR IE AT B SRS

(4) BEAVHE B 2H RKE, BT LB Zi i LR AR Z 5 fik
REFEHF BT EF R, X NHENRERSITE XK.

— M TERBHMERRRRAEE IR U AT H B
Yrinf], EH L2 BN BN ER G, X /MrdE T, BB
TEAR ZAH O AR, (B2 KA MR 7 FE4 kUL, ERETEE
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H. ARERA T LB e S AE.
§4.1 HPZMEREHIEIE

XF 45 5 P2 1 T R 20 e 3 I A3 i B3R AR R Sk AR () )
Ao AR SO R R L, W51 T AR BB T J7H
TR, BRICERE T FOKRR. ERARRZERET, KFEE
T XEARM SRR P& HENE X1, RITREERNH
— FRXEFVE. S NEBHER Jacobi IEATEIRE.

4.1.1 Jacobi ERKE

ERIETFREHEREOTEA
Ar=b. (4.1.1)
4
A=D-L-U, (4.1.2)
Hep
A= [a;5], D =diag(ai1, a2, - ,amn).
[0
—a21 0
L=| —az —azx 0
L —Qn1 —Qp2 - —Adpn-1 0 ] (413)
[ 0 —aip —ayi3 --- —Qin ]
0 —ag3 - —aoy,
L/‘v =
0 —Un—1.n
0

A4 (41.1) KATUAB R
r = Bz +g, (4.1.4)
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K B=DYL+U), g=D"'b. HEHREVIHIE
zo = (20,27 ... 2T,
FARN (4.1.4) ML, BATLHE B E 2, 8
z) = Bao + g;
L ) RN (41.4) XA, XaJBE—NAR o RIKEHE, F
Tk = Brg1+9, k=1,2,--. (4.1.5)

Xt 2 FTiE M Jacobi IERIE. K B MY Jacobi IAERIIER AR,

. Hr T 1 S AR B At g T
Ml Tacohi AT REUN.

4.1.2 Gauss-Seidel E &

HEEF Jacobi ERZEF &4 BETHEINT 2R A REM, LEH
Ny EE—FE. TE, BRRAH Jacobi R, TREVH = K2
—ASEH 1oy HEANSEWTE, ESHE 2 MBS E 2P 1,
AN BgEl Here 257V AR Y. K,
g Mt A 25, . -Il(f)l megd, AEiREg Y, -Il(il)-
HALS B oo B3R, TRA

rk:D—ler+D_1UIk_1+g. k=1,2.---. (4.1.6)

AT X FhiE A A Gauss-Seidel EE. BN G-S &KX
BRI NHENTFLOREERSEFNFHERDT. R (D-L)7!
B, G-S IUERT LIS

zr =(D— L) 'Uag_1 +(D—-L)"'b. (4.1.7)

BAWE Ly = (D-L)~'U " G-S SEAHVERIEHFERE, T (D-L)~'b
A G-S IEATE R H U
Xt G-S IERIERW, HEDREKIKFFR AR
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41.3 BIHUTEEERE

AKX CEERT. LEAMBRPHFERE F DR AL T
FRFHIEUUE 2 BOFELHE oy MEBERE HFHRE o
AR, BIEATERA] AR s B B

T = Mzp_1+g. (4.1.8)
=y b, X Jacobi R, B
M=DYL+U), g=D'p
St G-S &Rk, B
M={D-L)"'U, g=(D-L)".

HATE U (41.8) AFIEGEM N BT EEERERZE. A M <
R WHUEKEERE, g € R™ MBEEIA, M 2o € R® WA EE.
WRIMEREAVIGERES (4.1.8) XF=ERMRFY] {2} FRAIER
FP51) BB R, WARZERERBEH; BN, HiARe 2 ARSI e
b2 §in)

WRERE (4.1.8) BEEH), HILHKIRA =., WF (4.1.8) XM
T EUAR PR, (Er] 153

T =Mz, +g. (4.1.9)

XREERFF] {2} IR . BAFEA (4.1.9) HIfg. R
HEA (41.1) 5 (4.1.9) FH, EEFETFFHEME G e RV, F18

G(I-M)=4, Gg=b, (4.1.10)

MZE RIS A Rt T4 (4.1.1) RIME—FR. Bk, 4n
RERFFIEL, B (4.1.10) RO, MFFTR S KK k, 2, BUATLHER
HRRA (4.1.1) FEEAE. A& (4.1.10) ROLE, BEFRIEMRE (4.1.8)
HEEW A (4.1.1) REEK. B, Jacobi IERIEM G-S EARILER
RAEAEN. NCHARAEEE, LRI H X AHE KR SUE AR
. B, EAFEWREAE AU, TATMRE Fritie Rk 24
1.
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§4.2 WSAMERER

X — AR W H 52 55 2t 2 o 1B AR A W St il .
BATE AN E— X RN EEAER, T/EHEAH Jacobi ML
1G-S ARSI FE .

4.2.1 WHMESLEEH
Wz ATFRA (4.1.1) MR, HERENE o, BHIERE (4.1.8)
FrEAE . 2 X
Yk = Tk — T, (4.2.1)
HHZH o, KIRERE. M (4.1.8) AW (4.1.9) B
Ykl = Myg, k=0,1,---. (4.2.2)

FIH (4.2.2) NBIAT S
ye = MFyo. (4.2.3)
B (4.2.3) REGEH, MMEREEM yo #F v — 0 (B 2 — z.) K
RV ELEMR MF — 0. FRERTUER iR,
3138 4.2.1 &M (4.1.8) W T BB R

Mk > 0.

MARHEEH 2.1.7 &0, Mk — 0 RS LEBELBER p(M) < 1, XFF
BOTRA R T bt e B iERER SR A E .

EHE 4.2.1 BARA (41.0) MEBEEEFIENRE 1.1.8) |
SHIIFE oy LB SR IR M B e T 1, B

p(M) < 1. (4.2.4)

M BT E FE B, SIS R T AR M 12, TS
F146 n) & HE BRI B0 K.

H KRB — D FEA R, Jacobi IEAFEFERM G-S &AL REH

FRA—EME, MAFLUEXRR, Fik, A Jacobi EMRIEBEL,
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M G-S EARIENKEL. B8R, 1A Jacobi IMRIEAWET G-S 15K
WSt TE. Blan. & J5 R4 i R BOE R 25 8

1 2 =3 9 <1 1
Al=|11 1 M A,=1]1 1 1
2 2 1 1 1 =2

AT LLBGAIE: XTRTE TS Jacobi IEACTERWEH, 18 G-S IEREAK
& X G &M & Jacobi IEAIEARKSK, {H G-S EAREWS. 1EF1LH
fEA%:3] 5 HIE.

4.2.2 WHHRSFERIZERIT

FIEASE R R 2R A AERE R TS, ERE T2 AER,
A A T RIE A B e oAt 2 . DL, ARGy (A
R B &1, Lt BB ES TER&H.

EE 4.2.2 HEREME M BEE (M| = q < 1, WERR
(4.1.8) ARG IR o STEFE . FIRZEF W R

k
q

HIk—I* <
<1

|z — oll- (4.2.5)
JERR f (4.2.2) K&y = MEyo, FILEGEE, 7
llyell = 11M*yoll < (1M 1*]lyoll = ¢*[lyoll- (4.2.6)
ARG T yo. MRIEE N, EATE

llyoll = llzo — z.|l < llzo — 1] + [|l21 — 2]
= [|zo — 21| + [|Myol|

< [lzo — 1] + qllwoll,

NITE=]

lyoll < llzo — z1]]-

l—gq
FEAZRAN (4.2.6) SBIAIE ELAR L. 0
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AT ACME AR Z2 At v BT DAV SR H 215 203 2 K P B SR L AR =
BEEREZ DR, BRXMMATHEE RS, LR HEERHAT
f#, FTUAA TR e .

EM 4.2.3 #F |M| = q < 1. WEERE (4.1.8) FrEE R
fi# v SWEHRR 2. FIRERW P

q

ok = 2l < 7= qliTk—l — x| (4.2.7)
iR B
lzk — zull = |M(zk-1 — z.)|| < gqllzi—1 — 24]]
< qllze-1 — 2kl + gllzr — 2.,
S .
ke — 2.l < 7= qIIIk—1 - zi|-
T, EHEIE

O

AER (4.2.7) RA: REERFERE M AEEARBEER 1, 44
AHKIER AR o F 2y BEEER, W 2, 5 2, WRBE. Hik, &
TR ||2po1 — o] BEEL/DRAFERR TN IZL L. XTE
LR E P RIEFE AR, Bl #F |[M| =09, |zx1 — zx] = 1075,
M (4.2.7) RF ||z — 2] <9 x 1078 XEFEEHIEHAE, 24 | M|
REE 1B, BMF (|op_1 — k]| 1B/, BATEAEEWE (2. — 2| B/
B, & M| =1-10""2, ||lzp_y — 2x]| = 10712, BAild 4.2.7) KR
REfR R |on — 2k < 110712, HHEARRERIE o 5 2. REREIE.

REHECRA g s R ETWSIAR— R4, ERE
SR . BE RN 1 JEE oo JEECRAIER, X2E S
FEREAE LS BN RES TEE.

4.2.3 Jacobi EKZES G-S ERIERM S

X Jacobi IEAVERYL. b—/PITGHHKAGNEREER LS AHE
T, XRE NG EHRAR, Jacobi IRIERIERIEM R LBESHBFE
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7 TXt G-S AR, vE — A, X 2R N B A RANREE
MEEHHE G-S BIERFEK (D- L) 1U A4 FEZH. Hit,
S H T e E.

EHE 4.2.4 W B=[by] M Ly BHIRE—FFrE X# Jacobi &
REM G-S EREFIERIERE. F |Bleo < 1, W ||Li]joe < 1, TIH
B G-S SAEFTERELE o SHHR . KREFW TR
Z_Ct:

2k — Zu]loo < 21 — Zoll oo, (4.2.8)

1-p
Hr

n 1—1
{ = max ( Z |bsj ] /(1 - Z|b,,|\\ < |Bll» < 1. (4.2.9)
MR KiEpu<1 %
i—1 n
li:ZIbij‘* U; = Z |bl_7|
j=1 j=i+1

HEMH 21480, MEB1<i<n #HB L +u < ||Blleo < 1. BH

U; 1

AR oy M

((11 + U,‘)(l —1;) - lll)

. —lL—u) >
1—li(l li —u;)) >0

A HEH

Uj
<+ uy,

PIILNT @ BURKME, 7

U

L=

[ = max < max(l; + u;) = || Bl < 1. (4.2.10)

FHE [|L1)l < 1. RIWHEFE o WWHME Lo, LIFE—H
B |zlle =18 2z e R FB ||Li] = |Liz] . & y= Lz, FHERE
Z |yl = ||ylloo. EEEI L1 = (D - L)"U, §F
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y=D"'Ly+ D 'Uz. (4.2.11)

HEERS B=D'L+D U, B4 D-'L X B F=/%4, T DU
b B E=/AES. TR BB 4.2.11) RAWANE « MrE, T8

i—1 n
Yi = Zbijyj + Z bijz;.
j=1

j=i+1
ERPAIARE, I EERT (2] = 1 A [yi] = [lylloo, TR
19lloo < lyllools + us.

AR

nr ITIIl U
- 1) IS X

e i \t.4.14)

BERNGHM IR (4.2.8) FEH. NHAEHE 422, FHAEER
B ||Li]|e S p < 1, /I1R

[F2Y]}8 p
¢ T Lx < — oo} < - )
H.’L'k xz ||’30 1 _ ||L1H—x;||xl ‘EO” 1 _,U”ml x()“oc

B (4.2.8) AFiE. 0
AL, FRATAT LGS Y T A R EE
EE 4.25 W B = |by] M Ly 5 E—TFTE XK Jacobi
EARER G- IERIERIERIERE. # |B|lL <1, W p(Ly) < 1, T E
B G-S EAEFTF LT BE o SHERIRR «. KIRZER T KM
-

ﬁk

Hl"k —I*”l < m

lz1 = zoll1, (4.2.13)

Hrp
> Ibis

$ = max Z |bij|, = max —=2 < |Bli <1. (4.2.14)
J

n
1
1= 3 by

1=j+1
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WERR SEARMT (4.2.10) AHUEM, FTHE 2 < ||B|: < 1.
ﬁ:%iﬂzaﬂ p(Ll) < 1. @y‘]

(D-L)y'U=(I-D'L)y"'[D'UI-D'L)"'|(I-D7'L),

il L = (D - L)"WW 5 Ly = D-'U(I - D-1L)~! A, T8, Ei
HHERE LR, BH o(L,) = p(Ly). BLEELT (4.2.12) RIIEHA,
AAE LT |0 < 7 < 1. XBERAVER

p(L1) = p(L1) < |Lally = [ LT |oe < B < 1.

BEIEAMATTR (4.2.13). 1 G-S BREEMKERER, BHSH

) I " 7y

Lh—1 = L i gl - “h=1) s CALk—1 Lh—2)-
R BRI
i—1
(k) (k=1) _ (k) (k 1) (k 1) (k=2)
gy = —wa( Z bz] —z; )
j=1 j=i+1

EAPUBAERNE S, X KA,

n =1

3ot - < 3 (Sl - o)
i=1 \j=1
n
4= Z Ib,‘j|l.l‘§-k—l)—1‘_(ik2)|>.
j=it1

£ EARFXAUHH DRSS, FHERBEE B M. BH

n

n
S a0 < 3 (3 Il — oY)
=1

Jj=1 “i=j+1

J—1
+ Z |bij| |I§vk71) — ng—z) ])
=1

B4
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oy = Z b1 lj:Z|bij|~
i=1

i=j+1
Il
S ol € 3 @l ot Gl ),
i=1 j=1
NI]

Z (1-1 u] gk (k l)l Z[J]I(k 1) I(k 2)’

n

<EY (=)l =2

=1

n

<Y (- - 2.

J=1

R u; A s B X

l-s<1-1; <1,

Fir A )
1-9Y |« - (k Y| g k! 2 (0 ’
21 >l
Bl
(1= 8)llzx — 2l < B l21 — ol
XEH .
"‘I*:Z(Ii— rit1)
i=k
A

o¢
Ik = 2l < i = ziga
1=k
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BN (4.2.13) SABIE. 0
WMREHEHRANREUERE e, BITERER —SEFMER.
T 4.2.6 EEMFEA 4.1.1) NERBGERE A MFR, T BHN

AT ay >0 (=1, ,n), U Jacobi IEAREWSAMI T3 LELHR A

M 2D - A #RIEE.
iERl EAB=DY(L+U)=DY(D-A)=I-D'AMiD=

diag (a;;) FIXTATTH KT E, #

B=I1-D'A=D"3*(I-D 3AD ?)D%, (4.2.15)

B A MRS 1 - D-2AD— 3 HEXMRK, MAES B HML &
FHEIFIRFE(E, W B BIRHEE A LS. B4, B (4.2.15) XIZBR
CIESS

1

I-B=D"%D":AD"%)Ds3, (4.2.16)
[+B=D"%(2-D":AD"%)D:3. (4.2.17)

FER 4.2.1 H, Jacobi SRS 7 /- D EEME p(B) < 1
i B K MEES NS, pB) < 1 WAV ELMHR I - B
A I+ B RSAEEY N IESEH, 1 (4.2.16) XA (4.2.17) A NEREX
M4 F AL 2D - A HRIERR, A EHEEHE. 0

EIE 4.2.7 FHEMHEA 41.1) HREER A EXFREER,
W G-S BEARVEWSK.

R BEEEH 4.4.4 MR,

M LB EEE S, 5T Jacobi EREF G-S %ftﬂzt&iﬁﬁm
FIF, BATHEAKE M IR 0 25T RBERE SRR LR T
XN Z R MRRRIERE. SRTAE R E 2 R AHB A REM, BT
AN A B SR BFREA . AW FESIBFAE L
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EX 42,1 WHFE A= [o;] e RV EXNFAER i (1<i<n)
#HE .
laii| > Z lai;], (4.2.18)
JH (4.218) RPEAK—A i HIEHAESHROL WK A £ETAE
MR R (4.2.18) RXFTH « #ETHAES L, WK A £
FEAE f 1.
EX 4.2.2 WM A e R WRIFE n PHZITRE P, 618

A11 0
A12 A22

PAPT = , (4.2.19)

Ho Ay g r B i, Ao A n—r M7 EE, WFR A ZATYH (BRI S

), RZ, MRAFEXFERHS AR, WA A RFRATAK (B4

7).

W ARo, WPEAREA Ar=b1Lh
PAPT Pz = Pb.

ol ln]=12]

A Ag Y2 2|

Hrp oy 0 f 2 r BIVE, yo M fo & n—r EMRE RATATLLE
fi# r YRR

Any = f.
Ky, BARA
Arayr + A22yz = fo,
il yo. XHE, BRIEKR—AS n W 5 RELLIN ] FBUAL SR R MY
TR R A . X IER X — &R k.
X 4.22 M—NENYERE: WA N n (n>2) BPARE W=
{1,---,n}. MBHFEW BN EZERTHR ST HL
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SUT=WwW, SN7T =g,

f#15
ai;j =0 (€S8, jeT),
WFR A ARTLYH; B, FR A AL
KT NN, ROTHAUERT. B EELERFEMEE
H HXLRAE, KT A ISR S I — L2 544
IR —NEREATTYY, IF BRSS™ A I, AR AR
AT f SR, ldn, =t R

[2 -1 0 ol
-1 2 -1 0

0 =1 2 -1
R
AT L0 A LA
EE 4.2.8 FHHEPE A 2R A SRR TR A S,
W A AR
MERR SBIE A AT A HIRRE . HRIE. Rk A &R
WSFRFTFEA Az =0 HIERMR o AUBE o] = 2] =1, WH

n n
<Y lag-

i=1

JF

laii] = lasszi] = | aija;
j=1
NEa

XE AR AERTE.
FHIE A AANFTLX M SRR, A JREF R TARIEE. ) o %
B ||zl = 1. 18 Az =0, FFEX
S={i: |z| =1},
T = {k‘: |.I?k| < 1}.

BRSUT =W, SnT=0, AT 3IZ ILEN: BE T WTE,
Wz BENTEREMEL A 1, BAARE i A S FHFMESE
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n

lais| < Z|aij|-
j=1
i#

X5 A S ETE. B, B A RuJ4), bEHFTE ik,
515
ax #0, 1€SkeT.

‘}:7%, Iaika:k| < |aik|. #E_

|asi| < Z |aij||Ij|+Z|aij||Ij|

JES,j#i JET

< Z laij| + Z |a.ij|
= lail.

J#i

XNG A FPENAGRNTE. Fit, @#2E81E. 0

M ETHEREE AT U EEA BT mHRL.

Hit 4.21  FH A RS GRRIER T 903 M AR xS FR
HRE, ) A R

iERR A <0, BRATBEMRE A - M. Bh A\ RE A (5T
TR BN T 2, BTl A — AT R A —RER TR A AR
Auyeoxt fa . Bk, A — 2 JERR. EEE ) <0 MERME, B

51 A MERFEEBERTE, AT A IEE. 0
EHE 4.2.9 #H A RN A SRR TLRN A SRR, W
Jacobi IERER G-S AR EAR S

iERR  F A BRI A SR ER T 40 xt A AL, R 4,
W |ai| > 0. Bk D A3, BAEMRE Jacobi EAMERE B MF/MEFIE
B N>1, Z8BEREAD-L-U. BR AD-L-U HE™EIAE
REIBA R LM SRR, Bk AD - L - U &R Bl

M—-B=M-DYL+U)=D'AD-L-0)
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AHEH
det(M — B) = det(D™ ') det(AD — L — U) # 0,

X5 )\ 2B B WHSEMEFE. XWUEEU, B KIFEEREENT 1,
Bl Jacobi EACEEREL.

KT G-S BRE, BATREFZBIERE AD - \L - U, RN
PR LERE Ly B AEE ARSI T 1, B G-S iEARVEWC Sk, VEARE
BB VELR . 0

§4.3 WS E E

ARXELEFR, NTF— NG ENLHE T FRHIRATAT A & FiE
RSk HAR xR FATERTE . IR U shm nas )

BOERFRS TS, ATTAH RS SN e FIERERSEENE &
Z) .
4.3.1 ISR E T SR

FIB P d i e H IS
op = Mag_1 +g.
FZEREER, MEARR o D2
2. =Mz, +g.
B, IRE yk = 2k — 2. WL
yk = Myg—1 = -+ = M¥yq,
PN

lyell < 15[l 1goll-

VIERIRZE (ol —ARAFLERT, FrLEHEA (| M| KRN RZIEEAR
FEWSR L. B, 2 X

—In || Mk

Ry (M) = ;

(4.3.1)



§4.3 Mg A& 117

HIRER b RERKFHKSRE.
ER, WRIEARBME, WY & — oo B, | MF)| — 0. 824 k %4
K, BF Ry(M) > 0. B Ry = R,(M) >0, &

1
&
o= <_‘yk”> ~ || ME|* = e
ol

MRTIRETCHAE b RIS F /ISR Lt fl F 7.
WRABHMNERERE G M H, T Ry(H) > Ri(G) > 0, BATHUL,
Tk WIERRY, SNT H BEREERA N T G Rk Rk
HER.
MR M EXFRERE (8 Hermite 45FE, IEHAERE), W BRE

Vo P )

P A
Ry (M) = —1np(M). (4.3.2)

BH kLR B—RELT R BT £ 1, XNTHE R BHRE
7. Ao, BB AMNMERIER G M H B, TR £ Ri(G) <
Ry(H), Tt 55— k XA Ry(G) > Ri(H). WERNETFNERD
RS, BRERET & — oo R, Eitk, AT ZmBENER
SRERESEE, BITBEREE

Reo(M) = Jim Ry (M).
KRR SR
TR 4.3 WHRSEEERIEREESN M, UG
Roo(M) = —1Inp(M). (4.3.3)
ER RS lim [ M|* = p(M) BIB]. —J5H, B
(p(M))* = p(M*) < ||M*|,

B
p(M) < ||M*||E.
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H—HTH, LR e > 0. BRI
1
= e
B, p(B.) < 1. T& HEHE 21740 Jim. BF = 0. Hilt, FEBR
B K EFEBLk>KNF

B.

IBE| <1,
Rp .
IM*] < (p(M) +e)".

i, RAICEUEA T : SHMELH = > 0. FEERB K, FH4 L > K
B H

\! '\(‘ T \ 1
MUl | X |4 |1 s PLadd ) T e

By
Jim [|M][% = p(M).

FETEE. .
M T B, W B R A R B S
TE RIS SUEE, RITRE BB S,

4.3.2 &R
BB s R () 3 i e F i 2 s R AR SR AT 1IE 5 TR I 48 - Pois-
son 72— in] L :

0*u  9%*u
AU = —— _— = & = .
{ u 5$2+8y2 fly), 0<zy<l

(4.3.4)
ulp = o,
WA E K BRIL
%T%ﬁﬁﬁﬁ%ﬁﬂmﬂEﬁ%mﬁmn%ﬁﬁ#@h:%ﬁ
BT T A bR B B
r=1th, i1=1,---.,n—1,
{y:jh, j=1-,n—-1
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B EF BN n2 NMDEFF, BDEFERITEA (2:,95),
i,j=0,1,--- ,n.n=4 KERWE 4.1 Frx. A ERH
0%y 1

e = palu(@i-1,45) = 2u(zs, y5) + ul@iv1, 45)] + O(r?),

x (Iixy_;)

9*u 1

=7 = p[u.(avi,yj_l) — 2u(zi,y;) + u(zi, yj41)] + O(h?)
Y- wiwy)

HRATTHE (4.34) |7, B vy B u(z,,y;), HRERENE

— h2
Quij — (Wigrj + i1 + Uiger + 1) =k fij,

ij=1,-,n—1,

, (4.3.5)
Ui 0 = 0505 Uin = Pin, 1=0,1,---,m,
L o i .y — e ,. ’<..
WBE 0 =0, % (4.3.5) REBIERERREN
Tn 21U 4+ UT,_, = h?F, (4.3.6)
Hep
U = [uij]7 F= [f2]]1
2 -1
=4 ~1)x(n—1
Thn—1= € R(n Yo ).
-1
-1 2
Y Y
Ya
Up3 u Us Ug
Y3
% Uy | Ung | Uy Uy Us Ug
" Uy uy u |y
0 Ty Ty I3 Ty T 0 T

B 4.1 B 4.2
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HRET KT REE 4.2 FrafkFaes), Bk j /b2l
KEEF, j AR @ d/ANEIRHEES, XA HES 7 Y 5B PRI HES.
M BRIGFH B EIMNSt T RRA R T T ER:

Au=h*f,
Hrp
Tn—l +21n—1 -In—l
= —in-1
_In—l
—din-—1 Tn—1+21n—1

SR AR (- 1) BT RE MR TR R H IR 1. A BIIRE
B, (HATLIER A MFFIEETIIEAZ.

LERBOEM A BN A

(1) A BRBR=X A, HELENAL LHEFTTE;

(2) A B—ASATZ0x M S H;

(3) A BXIFRIEE R, T HRMHA.

BRI T, HORAERDN A, = 2(1 - cos 20 ), A RIHHALRHE
R

([ e 23[<#1>>

FIA (4.3.6) 2, HILEIATHEH A MISFIEE R

Apg = Ap+Ag =2 (2 —cosZ — cos ﬂ) . (4.3.7)
n

n

XN HRFE AR vpy HEERE 2,2] 5] D E” BEIK (n—1)? EHE.
B
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4.3.3 Jacobi EEF G-S ERERINEWSEE
A5 FH, H Jacob1 ERFVTEEE R EREREREAN B=
D! (D - A)—I——A HAEARXA

2

k) _ Lo (k=) (k=1)  (k=1) (k=1 B

Uy =Z(uz+1] TU_1j T UGy UG 1)+zfij» (4.3.9)
Ui = Uin = Ugj = Un; =0, 4,j=1,--- ,n—1

X RLH) Jacobi IARFERE B HRFAEAE A B N
{uw]—30444+vuhj+mdl+mgﬂy

Vio = Vin = Voj = Vo; = 0.

(4.3.10)

mﬁBzz_gm%uBm%ﬁ@ﬁ

pqzl—iquzé(cos’%Jrcos%),
pg=1--,n-1
F p(B) = cos = = cos hr. IFERARAEIF Jacobi AL HH
7 ] L B 9 A B
Ry(B) = —Inp(B) = —Incos hr ~ %wi’h?. h — 0.

B G-S SEACTEN A 2R ) 8 L, ERHERE L= (D-L)"'U B
FHIEAE A &2

1
Abij = Z()\éi—u + Aij—1 T &t + &),
Eio =&in =80j = &nj = 0.

(4.3.11)

BWA£0MERH ¢, = N7V, B

A = g»* M1J+M+ s P

itjt1

+A Vi-+—1,j+)\ N V;.j+1)
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1 1+1+1
:ZA T (Vie1g +Vig—a + Vs + Vi)

0

/\%Vij - %(‘/}—1,]' + Vij—1+ Vigr,; + Vij41)-
HIME N T, 0 RS R (4.3.10), ATAEE A £ L, BIESHE
EES BANH A2 2 B MEESHREE. T2, H G-S Rk EER
e 0 s T WAL AT B Ky

Roo(Ly) = —Inp(L;) = —2Inp(B) ~ 72h?, h—0.

X G-S BRI BT SUE L Jacobi 5 AE ¥ I W S50H B

M3

A, FERMEEHESRREN LB S FEMRE UK BT
MBI EERE.

§4.4 EMARIEATE

AP N A —FFRERE — ENMIERE, & G-S &R
HI5| RFIHE, AT EM G-S EARERINE.

4.4.1 EKER

REKFIE, G-S ERERIERE RN

Tks1 = D 'Lagy + DUz + Db,

RES Az =200 — o, WEH

Iri1 = Ik + Ar. (4.4.1)

LAY, X G-S BAERE, e TUBRBMERE 2 LN EBIE
W Az TIAREIR. FEERNEEMN E—2E o, EFHIRBER
TERIEARE R
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Tp+1 = T + WAZ
= (1 -w)zx + w(D 'Lagy + D™ Uz + D710, (4.4.2)
Mo B8RRI RN

i—1 n
:rng) =(1- w)zgk) +w<Zb1jz§-k+l) + Z bij:cg.k) + gi). (4.4.3)
j=it1
R w MAREF. 2w > 1 8, ANFEAE BB RTIE R E
o<1 B, HIRARIERTE: 2w =1/, B G-S &R &N
L IS RIERE TR A SOR ERIE.
BA (I —wD L)~ #77E, FTLL (4.4.2) KATUAIKE A

g=1

h—1i Lok h “w\ L L

H
L,=(D-wL) (1 -w)D +wlU]
ML I A S E RO IE K KB RE.
THEBATRPIS SOR EAE WS A I FIFA SR F o KL
JuH.
4.4.2 WS
BEAENAEHE 4.2.1 3] SOR &R, 4 T Kz 5.
EIE 4.4.1 SOR BREBMAM RS DELMR p(L.) < 1.
A, BITEE T 41
T 4.4.2 SOR ERZEWAMLEFMHR 0<w < 2.
iERR  BAIA SOR IEARIEMSL, FTLL p(L.,) < 1, AT
|det(Lo,)| = [AtAz - An| < 1,
EEF' )\1,/\2.--- ./\n )% L, E,‘J n /l\%ﬁ{g. EEH

L,=(I-wD™ L)1 - w)I +wD™ U],
det[(1 —w)I +wD U] = (1 —w)",
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det(I —wD L) ! =1,
5
|det(L,,)| = |det(I —wD™'L)7!||det[(1 — w)I + wD~1U]|
=1 -w)"| =X A Aa| < 1,

MH 1 -w| <1, Bl 0<w<2 EHEMEE.

XA EHE YL, SR REGERE, FHE SOR &R, )JJJA&ﬁ
HEEAATEF w e (0,2). FTEHBAE MRS EH.

EE 4.4.3 FHREUEME A B85 A G ROSR T AL
. HAAMEF w e (0. 1), M SOR ALK &

MR SEE 4.2.9 RMIERSELL FiERE B . O

XF IE € SRR A R I 45 3.

EHE 444 EHREIEME A BENREEER, MM 0<w<?
i, SOR EAZEE.

MERR W A 2 Lo BUE—HFEME, o QXA RFE [r) &, NI

(D —wL) M1 —w)D +wU]z = Az

39
(1 =w)D +wLTz = \(D — wL)z.

A 2~ % LA, B
*[(1 —w)D +wLTz = Az* (D —wl)z.

REL v Dr =6, 2" Le=a+i8, WH 2°LTz = a —i3. FkATHH
(1-w)d+wla—i8) = Al — w(a +i3)].

AP

!/\IZ _ [(1 — “‘))6 5 UJQ]? + w‘2,t32
S




§4.4 RMERE 125

BSps)
[(1-w)8 + wa]? + w?B? — (§ — wa)? — w?B?
=[0 —w(d— a))? — (6 — wa)?
=wd(d — 2a)(w — 2),
HERINU AFEERNE M 620 BAKTFE, ML, B 0<w< 2,
A A2 <1, HER B SOR EHEKSK. 0
4.4.3 RELHBEF
BlA SOR EMRIERIE E KB T v, UWRLH: REEESER w
A5 AT AT P B bR 7 3K R A I R B A Bt R A )
ERFF WA ERUME T R RATH BRI
Ly = Xx,
B
[(A=14w)D - ML —wU]z = 0. (4.4.4)
AL, T L, BAFIEE Ay, Ao, -, A, THAR
Az Ap = (1 —w)™,
WA w1 K, L, TEFEHE.
XPFAER )RR, £ BRIKTFHESI T, (4.4.4) AT SR

w
{(/\ +w - 1)112']' - Z(/\ui_lzj + /\ui.j_l + Uit1,5 + ui,jﬂ) =1,

ui():uin:’LLQj:Unj:O, 0<1,7<n.

THA PP R
(1) $H Jacobi ERFERE B HIFFIEES L. B EEZ BHX AR
XA # 0 FEAE
U5 = (:t)\%)i+jvij.
JUEESS

1
Wi = 7 (Vierg + Vigor + Vierj + Vi) = 0,



126 #w¥F KMuFEANETRERBE

Hr

Adw-—1
P wAz
LRI, 2 w # 1 B, 5 A &2 L, BIRFIEE, Wi
A +w—1)%=p2?2 (4.4.5)

1
A+w—1) = tpw)?

P KImA o #RFEME B FHEE. LR, w418, Fu B
FRFIEE, B BRI R HE, AR, B (4.4.5) RFERIBHNIEE A
VR L, MFFIEE.
AR T w = | BIPREIZ AT LA sl FE L, w =18 (445H)
B A
A2 = uz/\‘

ALER w — 1 NERRIENR, B BIRFEER L0, XN Ly FIRFIE
EH 0, u?.

B, JATAT ARG : L, KIRFIEME A 71 B RIFFIEE o 28
KEN (4.4.5), BIFE X £ L, MFFEE, MH (4.4.5) RBER « £ B
RIRFEH: ELZ,  u 2 B MSFMEE, W (44.5) RBEER A £ L,
FIRFIEME. T B, & 1 & B FISFIEE, W —p 2 B MRFIEE.

(2) #85E p(L.) Bl w ZBHAITHELL.

METTE e D& 5IE, L, Hﬁﬁ%ﬁ{ay’iﬁéﬂam&lﬁc H Jacobi
EAREERE B RIFFEE 1 B, W 0 < p < 1 B B W—/MEHEMH,
0<w<?2 NMEBEHFE

Atw—1=tpw)? (4.4.6)

A L, KIS 5N

A, ) = [% (B - ”T‘
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e VY - - 1)}2.

HTERMNKOKE L, MR o ZRARHR, BRI
ihp =

M (w, p) = max{|As(w, )], [A=(w, )|} (4.4.7)
B IR (4.4.6) BIAIRIA %, B
A= (uw)? - 4(w—-1) =0, (4.4.8)
BALT (0, 2) ZAKIME—HRA
2
wy = T]—_? 0< Wy < 2. (449)

JERE, 40 < < wy B A S0, NITTE

At (w, ) > A (w, p) > 0;

MY w, <w< 2B, A<0, 8 A\ (w,p) 5 A (w,n) EAFETEEEH, M
BE M(w,p) = A (w.p)| =w—1. E& EEKTHEEH

- {)\+(w‘p), 0 <w << wy,

M 1 <w<?
= I, uJu w .

FEE p 2w A 0EE 2, F Mw. n) WERKRELR. &%k, HiE
M(w, ) < 1. (4.4.10)
HEE B, <w<2 i, ERERRL TH0<w<w, B, &
M(w, 1) = A (w, ) < [“7” +(1- “7‘“)}2 =1,
HIR, B 0<w<w, B, B1H

dM (w, i)
w

— oM (w, p)? % + 2
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= M(w, p)? —E228 <0. (4.4.11)
pw 2
J&) -
FR Jw—ow, -0 F
dM (w, p) 1 —4/1- ;ﬂ 3

gr G BRI, XFE R p, M(w,p) £ 0 <w < w, AE™
¥R, T ETE o, AIEBIRD, TR RN FEHA —occ.

BEE v, BB M(w,p) B o BBEER. & g 0<m <
po < 1) & B BIBAMEFIEAE, WA

Ww, n1) € Miw, 12),

BI M (w.p) 2 p BIIEEREL L L, Hw, <w <2 B, ERXEBRML;
% 0<w < Wy sz'a ﬁ

M(w. ,u,Q) - M(w,ul)

= [M(w, p2)? + M(w, 1)?]

w(pg — ) .

O e ) e

MY wy, <w < wy, H

> 0;

M(w,p2) 2wy, —12w—1=M(w, u1).

XHE, Xt B KB —NMEEMNREE o BRNEATLUEE &K
B M(w,p) Bl w BB L. BTN w, M(w,p) X2 u K1
B, ELRU, 5T B BRI EERTE i & NAE B MR/
AEE ) H R B 2R B B3, T p(B) FTXt IR p(Ly), iR B, &
WA 4.3.
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B 43

ZE EHRTE, RERRISR: BEE o N 088N, p(L,) @D,
HE

2

W=Wept = ————— 4.4.13
pt 1+ V1o pB) ( )
W7, p(Le) E2IERD
1~4/1-p(B)?
L, 4.4.14
p( opt ) 1+\/l-—p—B ( )

w FIGME, p(L,) FFEEHEM. B, wop FRARETEF.
4.4.4 FEMEWSGERE
B (4.4.14) KT H

1—+/1—p(B)?
Rao(Lo) = ~MnplLus,) = ~In - VL2 PEE
1++/1—p(B)?
1 — sin(hm)
=—-In—= ~2hwr, h—0. 4.4.15
Ty sin(h) ™ h=0 ( )

M BTG REH, SOR ERERWSCEBEZELL Jacobi EEM
G-S IERERRSEFE B L.

AT X Jacobi ML, G-S EMRVEFM SOR EMRVERIWSUEE
F—AEEWRN TR BRIRE—DEENETF. IEEEE &R
F f(z,y) =0, TREEMEHN u(z.y) =0. Bl h=0.05, FITREE z, B
SEABH 1, BEEKRA ||lzr — 2. <1076, W Jacobi EREFRE
R 1154 IR, G-S IEREFTIEA 578 Ik, T w = 1.737 A EF
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#) SOR EARIENFIEAR 54 IR, I RT WL, X —LoRRRR I 1) 35, R &
M FH) SOR BB H .

4.4.5 BIHIEPRMEr

AU AITHE R, BATRXTARE [ BSR4 SOR IEAEEFE 12
5 Jacobi IEARFERFIL B MIFRR. T b BATAT LIRIX LHE 8
R 2SR,

T 4.4.5 WHEH Az =b NEREERE A U TER:

[ D, K, 1
H, Dy K,
A= H» Dy - . (4.4.16)
_ .
Hyy D¢ |

HADi(i=1,-t) BRIEAFRFIXARE. % B, L, # L, 552 Jacobi
BRI, G-S ERIER SOR ERERIERMERE, HERE B HFFIEED
LR, B4

(1) # p# 0 BHEFF B —/MFIEE, W

A+ w—1)2=w?u?)

19
AN+w-—-1)= :tw/l)\%

BT e FIBEAS N 2 L, FRFIE(E; 2, 5 )\ # 0 & L, FIFFEE, W
B EXFERPHA 1 HE B BRFLE.

(2) p(L1) = (p(B))?, Roc(L1) = 2Roo(B).

(3) #F p(B) < 1,0 < w < 2, M| SOR &AM, HEHRAEN I EH
TH

Wopt = ———F————=,
P 1+ /1-p(B)?

R 420
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1—4/1—p(B)?
P(Lisope) = s isnB)e
(4) Roo(Lun,.) ~ 2y/2Roa(B). p(B) — 1 0.
R BATRFHRHRBUEREEW (4.4.16) A Jacobi EAHE
fe B RIFFAEER SOR B L, KIFHEME R A Y A SAH [ K
KABIT]. foit B FIAFIEE RS LR EH o MEZTHE (Vi), L (R
€ Hy=0, K, =0)

Hi Vi1 +uDVi+ KiVig =0,
{ A o (4.4.17)
Vo=0, Viz1 =0
M L, FFFIEE RSN E T E S ) MEFRE (u), HE
{/\\—UHtluLl + (/\ ~+ ) — l)DLu1 .5 W'I\'zulﬂ =0, (4418)
up =0, ug+1 =0.

B A #0, RS u = A2V, WA
{ NFwH_ Vi + (A+w—1)DiA2V; + )‘%_leiVi“ =0,
Vo =10, Vt+1 =0.

ERBHHE AT FERU w, B

wAl/2 (4.4.19)

Adw-1
Hi1Vioi+ ——=7—DiVi + KiVi11 =0,
Vo=0, Viqa =0.

8 (4.4.19) 5 (4.417) HAAHE, iATUAE B R IEE 1 5 Lo
FIRFEE \ 25 (4.4.5) BE—FRKXRX. X, A FE0HE KE
B PR kBN AT RA 418 (1), (2) A (3) BEAL.

2F (4) FUEH, ATEMR®

p=pB)=1-a, a—0+0,

JIES)



132 FwmE KEFREAGSTRIREE

1-/1-p2
Roo(Lu,, ) ==Y _—F 2,34,

a—0+0.
1++/1—p?
ERE
Ro(B)=—lnp~a, a—0+0,

EEFILE (4). .

i E R IR 0 R BE M R e =, T LB AR
Behxt fBE. A SRR A X — BRI T 2. A EEAA
R, 4% BRI, S 0 RBOEM B R =X R, (LRI
Y3t AR Rt B BE. RTIRATH B S H L T RIS, S 148
FAMLER S TT BB T— KR H IS MR RE. S, A3 HEAR AR

T A

EX 441 WARnHAME EW={1-,n}. K AR
HAEBMBRFERE, WERMEA ¢, £ W I ¢t NESHZMF

t
£S5.8, - SR S =W, FEENMEZHENALTE o) #
i—1
0(i #5) MIBEANTHR i, WR: FicS, MY j<ilf,jeS i
Yji>ibt jeSq.
YER—MIT, BRI B R BUERE Ag.o. HRATHX

S ={1}, S:={2,4}, S3=1{3,57},
Sy =1{6,8}, S;=1{9},

AT AR X S B 3 2 58 R, 2R Agxo REBFMHAMRF
)4 .

ST EAHAMERTFRIER, IR L, M o Z [A4FEER

EE 4.4.6 WHME A RAMHAKF, BXATERNE, R
5E Jacobi MM B =1 — D~'A KR EE AL, B4

(1) #F p#0 2 B MFEE. N —p 42 B FFFIEE.
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(2) 5 1 # 0 2 B HUESIEME, M (4.4.5) RFFHFERBE N A £ L,
BIRAEE: R, & A # 0 & L, BISEME, WE (4.45) RFEHHE
A u #RE B B

(3) p(L1) = (p(B))?; Roo(L1) = 2Reo(B).

(4) & p(B) < 1,0 < w < 2, W SOR EREW S, HEAEMME
F wopt H (4.4.13) HE, FNAE ¥ p(Lo,,.) H (4.4.14) KFHE.

(5) Roo(Luwop.) ~ 2v/2Ro(B), p(B) — 1 —0.

East oS, BEAHEARTFRAER, R 5,8, - .S &
HXFREBEI - (4.4.16) HIFERE, I B SOR AENA T
EMN=FHFBRNA>BRAERARXRTE RN, AN AIEA
MEREARAL, Bk SOR AR B4 1 H AR ALAL.

By dkl ) s o o

EIE 447 WMRERE A KREE, FERFHBEKF, B =
I - DA, W B HIHFIEE A RSEH, 3 H p(B) <1

HERR B4 D = diag (ay) HIEEX AR, WFH

B=I1-D'A=D"%(I- D 3AD"?)D3,

Bl B 5X#REERE 1 — D-2AD~ = #ifSl, T B MR 20 L5

Eﬂﬁﬁﬁ%ﬁmﬁr@%m G-S ARSI, BT H e B 4.4.6
EDATHEH p(B) <

SOR %H%L&ﬁ&mﬁlﬁ bt G-S ERER Jacobi %ﬁzfz&&%zﬁ
HEuE, B—MBEXNGE EUSER RSP, FW A =01, X
B Roo(B) = 0.05, T Reo(Lu,,.) = 0.63.

FAst 7B E R RE . ELhitES, BA p(B)
R—BEIE, FTLA wope HAKITE. WATSKITBAK wope W2 HH RIEH
REM w {8, RE AR R R TRE, RS, B&E
TR, ERFERAER/D w EARMEF. H5, BT p(L)
b w BRI HEE, BATES SRR RNt E 7R, 7T
BERK—L.
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P &
1. @R Az = b REIEREN
2 -1 1 1 2 -2
Al = 1 1 1. , As = 1 1 1
1 1 -2 2 2 il

WERA: X Ay SRR, Jacobi AEARMS, T G-S kRuEsk; A, K,
Jacobi EAIEMER, T G-S EAREAMKEL.
2. % B R™"™ R p(B) =0. iF#: XMEREH g, z0 € R™, &K

ZTk+1 = Bzr+g, k=01,

21BN n KFLRI S P FEH v = B + g A
3. EBEMTTEA
Az = b,
XH
1 0 a
A=10 1 0
a 0 1

(1) o HATEN, A RERH?

(2) a AfT{ER, Jacobi EARIEMSL?

(3) a BTN, G-S B

4 iEB): B A e RV™ S, WUARE—AMESITE P, /8 PA 1
AR AE.

5. 3 A BRI AR AL IR, W G-S AR

6. B A = [ay,] € R™™ RFHERI A M. RIE:

|det(4)] > [T (Jausl = D lassl)-
i=1 AL

7. % A REHENATNAEA BXTERE. 0 SREIEA Az = b
) G-S BEARBERHERAIBIEDL 20 B, W A BREZN.

8. BFEAERBRIESEAERE P, 1648

B=P-H'PH
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AXFRIEEFERE, Wik &R
Ti+1 = Hze+b, k=0,1,:-:

K.

9. Xt Jacobi EMVET HERSH w > 0, B

The1 = Tk — wD T (Azk — b),
B
trs1 = (I —wD ' Az +wD ™D,

2 A Jacobi ##E(fHFK JOR 73%). IEH: % Az = b §J Jacobi EMRE
BT, JOR J7VEX 0 < w < 1 KK

10. iEHH: #F A HEFEX MUK SEFRER, U JOR 7Btz L
BLEMR A K 2w ' D — A BN IEEXFRIERE.

Ll Ul S RECEME A SRR G AN AT LR S L. HopL
BF w € (0,1), W SOR EAREWSK.

12. ERH: REEE
4 -1 -1 0
-1 4 0 -1
A=
-1 0 4 -1
0 -1 -1 4
REHHEBRFH.

13. % T, € R™V™ £ (4.3.6) KA HIXTFR=5T i RE.

(1) 5 T, B Cholesky 7 f#&;

(2) AW T WIFETTHI = F5H %

(3) FIA Tn FFIEEMEFE R B —FRBRMEEMRE T2 (4.36) KE
7, T E R RO s E R

14. & A HI TR =3 A R

[ Dy €

B, D2 Cj
A= Bs D

Cs
B, D |
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Heip D, e R"™ FEHR, ni+ - +ns =n. RiE: MEBK peC\{0}, H
det (D — uCy ~ lcU) — det(D — C — Cv).
m
Hep
D = diag (D1,---, Ds),
0 0 Co

B
Co=—|""

. Ca
Bs 0 0

15. ST 14 EHRKERE 4, iFH: 3 w# 18, X e \NL,) RS L
BEMRAE 1 e NB). £

A= %[u),u + (Wp® —dw + 4)%]“'.
Hrp
B=D"'(CL+Cuv), Lo=(D-wCr) '[(1-w)D+wCy].

16. WKW 14 BETRMERE A FXRH) Jacobi AR B MAFIEE
Bkt HEE po(B) < 1. RiE:

(1) Roo(L1) = 2R (B);

(2) o(Ley) = min p(Lw) =ws —1, Hep

(3) 20(B)[Roc (L1)]? < Roo(Luy) < Roo(L1) + 2[Roo(L1))%.

EAT &
1. W RN E R E
E%+§—Z:a, 0<a<l,
y(0) =0, y(1) =1.
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A5 REEKIRERR N

l—a

T (1—e %) +az.
l—-e"¢

y___
AT TEEEL, £ 0,1 K@ n %%, 4 h=1/n,

zi=ih, i=1,--,n—1,
BREIES TR

Yie1 = 2Yi + Yit1 | Yirl —Yi _
€ 52 + 5 =a,

LA
(e+ h)yi+1 — (2e + R)yi +eyio1 = ah?,
AT B AL B B B &M TR M R EUE RS A

—(2e + h) e+h
€ —(2e+h) e+ h
A= € —(2e + h)
e+h
L e —(24+h) |

Hfe=1a=1/2,n=100, 43 H Jacobi &M%, G-S EMREM SOR 1%
RFREWTRREANRE, BXE A IARETF REUBRSEHBIIRE.

% e =0.1, £ = 0.01, ¢ = 0.0001, FFERIFEH .

2. ZR RS THE

—Au+g(z,y)u= f(z,y), (z,y)€(0,1] x0,1],

Hpia &l u=1 ¥z TEM y TABIWT N F6, 4 h=1/N, ¥
RV TOESBENERIIES TENAREOTEA N

—UWi-1,j + Uij—1 + (4 + h.2g(ih_.,jh))u,,j — Uit+l,j — Uig+1 = hzf(ih,jh).

B g(z,y) M f(z,y) 535N exp(ey) Fl o+y (R EEBEI v =(1,1,---,1)7),
H G-S AR ERRETZA, HBFIRLE N = 20,40,80 FESFTH
EHEARREMATAR CPU K. EREIERMN (|zeer — zxl2 <1077,



FHE HWEBEZE

RECELER, £EAH SOR BREKRBE RN, FEHE
EF w, T R B REGERE R AR RET, 46 T RER B B
MWEF wopt, HIE wopy FIIEFERBXTE] Jacobi ERIER B 1
R, XFEERIEE R,

X—E, RINME—FHAFTERHE RS RENFRIE € &%
HREHAR TS —— PR (B CG &), B& L4 50 4
VIR Hestenes 0 Stieiel B GHRH. IT 30 HkA KA 1R 2]
AT ARA RIRRE, BRiTA XM EMEL LM SRR, FFAEERA
KRR B AR R 2 1t 7 PR AR B S W ) — K k.

K EE T HEZMEETIA, XERINTEFRAB AN BRI SN
IR BRTIN. Ak, AR B ETE T R

§5.1 BE TFREE

FREWTEA
Az =b (5.1.1)

HISRARFI R, b A BEER n BINFRIEERERE, b REGER n 4
B, o BFRE n ERE. Atk BATE X ZIRZ K

o(z) = zT Az — 2bTz. (5.1.2)
EFE 5.1.1 W A WARIEE, KTEA Az = b KBEEHTK=

RIZHR p(z) BIR/AME A
iERR HEUEAAR

dp

=2(anxy + -+ QinTp) — 2b;, i=1,--- n.
6:51-
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& r=b— Az, WF
grad ¢(z) = 2(Az — b) = —2r.

F o(r) EFEA o, IEBM/, WAE grad p(z,) = 0, NTTH Az, = b,
Bl z, RAREH (5.1.1) BIRE.
RZ, % . BAEA (5.1.1) KE, WHE—HE ¢, &

o(@s +y) = (z. +y) Az +y) — 267 (24 + 9)

= .ZIA.T* — QbT-’IJ* + yTAy = *P(x*) + yTAy'

A EER, B yTAy >0, B o(z. +y) > o(x.), B z, F8 o(z)
LB, "

IXFE, SRIRSE 7 R M R B H A A K IREZ e () HIRR/ME
LB )R SR IR R BRI AR /ME 1R, R AR IR BT WL
B, REREE —MIHBAE 20, B —NTWRHE p, HEERT
R zo MAFA po NEL =20 +apy H—I R

1 = Zo + Qopo,
ERXNFELES o B
¢(To + aopo) < @(To + apo).

RN, EXFEEL L, o) € o(z) BEMRAD. REMN 2, thK, B
E—N TR p, WHZ

=1 +ap
HEH—P, Mk — o, [F18 () =2+ a1py EEMR

p(z1 + a1p1) < p(z1 + ap1).
W%, FEBE &

Qp, 1, (2, -- ﬂ] Pos P1s P2, -
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BAVK pr WERFM, ar ALK, —RBEOLE, K7E o RETWLHA
[ Pk, EZ’EE@% T = Tk + QP J:ﬁ%ﬂﬂﬁ g, ﬁ@r

o(zk + arpr) < @(xk + apr),
BiERY 21 = 7 + arpr. I ARKHHEE R T IMS KA, B
a5 & P AN [F] B B
BMNEZRBUAHESK o WM 2 R, BEEE T WL py.

BAVRERER 2, EEL c=ar+aopr EHAE or, £ ¢(2) TE 2441 =
Tk + OkPk KRN, Ak, &

fla) = o(zx + ap)

= (7. + am T Alr + am ) — BT fors: A rumas )
= o’py Apk — 2ary pr + p(ax),
HA ry = b— Az, BHVIEMSZHERE, BHHE
f'(a) = 2ap; Apx — 2rgpx =0
FiHf e o BUA TR K ax, B
T
Ty Pk

O = . 5.1.3
i Apk (5.1.3)

SKELE, A HE T
Thi1 = Tk + QD
A p(zesr) BREDT () Ve? BA
o(Th+1) — p(zk) = o(zk + arpr) — (k)

= aipy Apk — 2007 Pk

(repr)?
piAp

Eik, RE rlpe #0, BH o(zrs1) < @(zk).
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BEBWMAHE T WL R pe. BAVFE o(o) WNERK T HZ
BEEETT 1], Bk, SARRRETT RN R o(x) NI . T2, &
BT BB R IR pr A BREETTI, BD pr = . XAEFERET
LUNiNE A7

Bk 5.1.1 (BAREEHEA: RRTHER)

zo = ¥IME

ro=b—Axg; k=0

while r; # 0

k=k+1

k1 =TF_Th—1/TR_ ATk,
Tk = Tk—1 T Qp—1Tk—1

e = b — Awg

end

xof Tl T Bk T e St e B

EE 5.1.2 W ARRFEEN 0< M < - <\, W EREE
PRI {2y} WA

A=A\ "
ek = 2]l <( ) 120 — 2L,

An + A

Hrb gz, = A, |z]|4 = V2T Ax.

HTEHRX—EE AR, BAVEUE—51H.

B3I 5.1.1 W ABSEHEEN 0< A < < A, P(t) B—A
2 i, W

IP(A)la < max [PO)lella, =€ R™
R W oyrye oy B A BXRTF Mo, N, HIEHIE R B
FHIRM R H—GUREERIE, AHERN z € R o= A
Wit -

pr@QAPQMI::(é;ﬁJ%AJM>TA<§:BJ%Aﬁ%>

i=1
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1<ign

=Y MBIP(N) < max PP(\) D MG
=1 =1

= max P?(\)zT Az
1<i<n

T2
[P(A)z]la < lfgflsxnlp(/\iﬂ ]l 4,
Bi 5| E1R1E. 5
EFE 5.1.2 BOIERB Bz, WAL
o(zk) < p(zp—1 + arg—1), a€R,

HFERE

ola) + ! Aw, = (& — a) TA(z — 24). (5.1.4)
WA
(zx — z.) T A(zk — z4)
< (k-1 + ark—1 — 7o) TA(To1 + ar1 — T)
=[(I - ad)(zk—1 — z.)]TA[(I - aA)(zk_1 — z.)] (5.1.5)

SHERH o € R BOL. iE Pa(t) = 1—at, NAZIE 5.1.1, B (5.1.5) &
CIEc

2k = z«lla < [ Pa(A)(zh-1 — 24)|4
< lg%xnlpa(/\i)l [zk-1 — 4l (5.1.6)
=] o € R BIL, HFH Chebyshev Z I M5, AT
; o /\TL - )\1
mén/\llgtagxx\n [1—at| = P (5.1.7)
¥ (5.1.7) XA (5.1.6) REIR
An — A1

e — zu]|a < k-1 — ]| 4,

An + A\
AT 2 B .
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EHE 512 RYP, ME—AWBRAE 2, HE ABETEE"E
RS {on} RBRESKBIGTEA (5.1.1) KR, HASOE K HR1E H
(An = A1)/ (An + A1) BIRDRRE.

EREETRERBESH, XARSFAM A BfgtE, E-RHT
A< A\, SR ERBERE 218, HROHT LR AT
AT MERNBAE, TTRT —£FEFHRBEMETRANRE.
Fign, 3B ERTTET NG, BUAT 8 23 4 KPR R i

§5.2  LBURH RV K H AN R
5.2.1 AEBEEE

LB vk T A M L ke S bB PN L AL A S T A LV pan 82 rm v
ATHORE T OFaa 8 ) Al . DR /T (R) HOA e D K

BB T LT, (B NEBAERE IR E . IR EANETKE
SRR LT[, 254K, BA1 B R A ERD B E BT 75 ) B H AR
MAERK. HEBEEREREX BB, HRKHELRE
/(1

EENRI R xo, B —BURESREE T AT LT R, B po = ro,
TRE
raTa
PgApo'
UG &, B, B k+1 (k> 1) &, FUHRBEATER r, AT
SR o HEAE re M opry BT =45 FE

ag = T, = To + aopo, T =0b— Ax1.

Ty ={z =k +&rk +Mpk—1: €, n € R}
WK HERE o TRERMTREAFTBTLITE p. & ¢ 7
BRI
V(&) = ¢k + &k + MPr-1)
= (zk + Erp + npr—1) T A(zk + €Tk + npr—1)
—2bT (zp + Erp + npr_1).
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HEUTHATE
o _
o¢
oY
o 2(&ryy Apk—1 + pp_1APk-1),

2(§rEArk - anApk_l - Tgrk),

HAEE—RBBT rlpi_1 =0. XAJH r, BEXEERIE 4
o oy
o6 on

BR&n o 7 mo WHEME—RIR/AIMER

0,

T =z + &k + MoPk—1,

Horp gy Moo WA

'

{gurgArk + 10Ty Apk—1 = T} Tk, (5.2.1)
oty Apk—1 + Mopr_1 Apk—1 = 0.
EE, FRRERE o 40 DF & #£0, EEATTE
Pk = l(f —Tk) =Tk + M pr1
o &o
EAFR T WLAR. B8, XEREFHE m~ ATHEIREET LR,

4 By = g M (5.2.1) REBE-AHHEE

_ TEApk—l

PE_lA:Dk—ll
XN pe W2 pf Apr—r = 0, BIFTIBM pr 5 pry M A S
B, pr, pr— M v BJUTESCWOE 5.1 Frs.

Br-1=

S

Pi—

K 5.1
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pr RELUE, i KR IATIE K A (5.1.3), REUHHE 240 =
Tk + oppr. WG LHBTHE, TR TR E AR

T
T Pk
ap = —Tk—— Tk+1 = Tk + QkPk,
P Api
Tk+1 = b— AIk+1, (522)
i
T 1 Apk
Bp = ——H——" pri1 = ks + Bepr.
Py Apy,

EERrvHE S, B LR AR#E PR, NRE—AERX EE
At BRI E AR, BAREL re BFEARK:
Thel =b— Az =b— Al + aovepr)
=71 — ap Apk. (5.2.3)

A Apr FEITHE o EZLKRM, BV iy RRTIADKE 240
RAFBEETE, MERMNEHEXR (5.2.3) B3
FREW ar F 8 BIITEAR. BRNBERHIITERXER:

ToThel =TiDk—1 = TPk =0, k=1,2,---. (5.2.4)

XEXARXWIFHOESEEHE 5.2.1 BIEBHT. M (5.24) XF (5.2.3)
A A FH

1 1
i _ T _ T
Tk+1APk = a—krk+1(rk —Tky1) = —a—krk+17‘k+1,

1 1
PR Apr = —pp (Tk — The1) = —DiTk
(03 O

1 1
= —1p (Tk + Br—1Pk—1) = — T4 Tk
Qg

Qg
i AT 18
7 T
Tk Tk Tht1Tk+1
= . B = . 5.2.5)
P Apk TETk (

e Emritie, ATA T EREE:
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Bk 5.2.1 (BWRIEET R HIHERE)
Iy = ¥IME
ro=b—Azg; k=0
while 7, # 0
k=k+1
ifk=1
Po=To
else
Bk =T _iTh-1/T_oT-2
Pk—1 = Tk—1 *+ Br—2Pk—2
end

Qh—l =gy k—1/Pp—1APk—1
T = Tk—1 T Qk—1Pk-1
Tk = Th—1 — Qk—1APk—1
end
I = Tk
ER, ZHEEBEN—RNFEHREERE A M ERE - E
ZH.
5.2.2 EAMRK

EE 5.2.1 HLHEHEERINEAEL () M {p)} RETE
B o -
() pIr;=0,0<i<j<k;
(2) 7] T 7=0,i#7, 0<4,j<k;
(3) TApJ—O i#4,0<4,j<k;

(4) span{ro, - ,rx} = span{po, - ,pr} = K(A, o, k + 1), KA

K(A, 1o,k + 1) = span {rqg, Arg, - - .Akro}, (5.2.6)

BHMZLA Krylov FZ[d].

WERR REFAgNE. B k=18, B

Po=To, T1=7T0—QApo, p1=r1+ Bopo,
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T T, _.T T _
riro =1y (ro — agArg) = ryro — agry Arg = 0,

T
ry Arg
p1 Apo = (1 + Boro) T Arg = rT Arg — }r ra Arg = 0,
ro Arg

Bl e B oL, MAEB R EERNLE RN b oL, RATRIEHHE
it k+ 1 AL,
(1) FIAZER resr = re — anApe KAGERE,
PiThel = DiTk — D] Apr =0, 0<i<k-1.
XHF

i
PrTk T
Pr Apx =0,
prApy "

PE’”A«H = pErk -

HOEBRHISE W (1) X & + | JRBEROL.
(2) FIHEMERRA

span {ro, -+ ,rx} =span{po, - , Pk}

T (1) FriEs, riy 5 ERTERIER, MTTERRLER (2) X k+1
WAL
(3) MAHER

Pht1 = The1 + Bkpe M iy =1 — i Ap,
HRAAHRGEREM (2) FrEMEiR, BE

1
pi Aprr = ;T'E_rl(ri —1is1) + Bkpl Apr =0

fi=0.1,--- k-1, Tl 6 KIEXE
Pra1Apk = (rks1 + Bepr) T Apx
1';\1_:_1‘4pk T

Apr = 0.
pEAPk P AP

XFE, EEMLER (3) X k+ 1 HRAL.

T
= Tr+14Pk —
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(4) AR
e, pr € K(A, 70,k + 1) = span {rg, Arg, - - ,Akro},
FR
Tkt1 = Tk — apApr € K(A, ro, k + 2) = span {rg, Arg, - - ,Ak“ro},

Dr+1 = Tk+1 + Pepr € K(A, 19,k + 2) = span {ro, Arg, - - - ,Ak“ro}.

HEEER (2) M (3) FHEMSRRM, MEH ro.--- .reer M opo, -,
Pr+1 FRREMETRN, HEBERER (4) X &+ 1 FIFERGL.

gE LRI, A4 R A BRARAE. 0
EH 5.2.1 KA, WEH ro,- ,ri M po,--- ,pr FHE Krylov F
TR e L AR AN e e A0 I R) S A SR AL

&% n ﬁ@"ﬂJ BRI FEHNM .. Hitk, Bt FR LA
=k 37
T 5.2.2 FLHEEE T EAZIRNER o WL
¢(zx) = min{p(z): « € zo+ K(A,ro,k)} (5.2.7)
29
lzi — z4l|a = min{nr —r.||a: x € 2o+ K(A ro. L)} (5.2.8)
Hb |zf|a = VaTAz, o, RFRH Ar = b IR K(A, ro. k) £ (5.2.6)
X8 X Krylov F23[A].
IERR AA (5.1.4) KIZBP4NE (5.2.7) M (5.2.8) KEFM M.
Bl FRATT T i HAE (5.2.8) HARKAL.
B SHREEFHE | SHI r =0, AH
Ty =T =T—1 +Q1—1Pi—-1

= Tj-2 + Q—2P1-2 + Q_1PI—1

=I90+aopo+a1pr+ -+ 1pi—1.
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AN, S EERRFRTE P k<. B
Tk = Tg+ QoPo + Q1P1 + - - + Qr—1pk—1 € To + K(A, 19, k).

W BT xo+ K(A o, k) BME—RE, WHEHE 5216 4) F. «
AUERR A

T =+ Yopo +Y1P1+ + Vk—1Pk—1-

T&2
Te — & =(a0 —Y0)po + ** + (k=1 = Vk—1))Pr—1

+ Qgpk + -+ Q-1pI-1,
™ e W Tf'lnj':l_m i ' ST H| LA
HEH

[z = 2]|% = l(@0 = Y0)po + -+ + (ak—1 — Ye—1))Pk—1]/4
+ lekpr + - + a—1pia %
2 ||logpr + - - +a1-1pl—1fo = ||z, — »'Ck||.247

AT 5B BRARHIE.

§5.3 SR FLHURR BEVE S st

5.3.1 LHEEHEEL

LS ER AR A, RUERR ECRUERTES « Pt
REREIIREA (5.1.1) MRHAR, RTUSCPREMN. BT IREMEHIL. £
8 rp ZIRBEMERRIUR, DB RS LA T RO, b,
FESCRR N R SLHUBR REVERY, BT — M n 1R K, LABUEA n IXFTFEZLN
WHNEMELMER P LEEZ T, Bk, e LRI KGR E
B — SRR, T EERE || 2EELM/NASERIX
HRECLEIBRREFRIENREL bnax REHIEAN. XHE, 5
BN T HAT B S8 R IEHRR BE ik -
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BO% 5.3.1 (XTFRIEETTHE4 . SKAHRBEEE)
= ¥E
k=0; r=b—Az; p=rTr
while (\/p > ¢||b||2) and (k < kmax)
k=k+1
ifk=1
p=r
else
B=p/p; p=7r+0p
end
w=Ap; a=p/pTw; r=x+ap
end
SEHER BE AR N — RS R RS, € FEA TEMA:
(1) HET, REFEE A MAERNERRECHME p P4 M
B w=Ap, IMXATRASFHA A MRS, 1 EXFELRMEHERE A
BORHET H O A& p FERE w= Ap X547 KR W) &2
T = f;
(2) AT/EEMGHEFRSER T LR, X—H AR SOR &
AR
(3) MERFBHVE, TERRBZANGHE, FFET
FATHL.
5.3.2 WML

W ILPRE B AR A —FE AR, e St BRI XREAT T
T = B R A ) &L

EE 5.3.1 WHR A=1+B, 1H rank(B) = r, WFLH0EEEZE
2ZER r+ 1 BAIAHRGEA (5.1.1) KR

R EEF| rank (B) = r ZHRE T 5

span {rg, Arg, - ‘Akro} = span {rg, Brg.- - .Bkro}
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RN 2B » + 1, 5T 501 EVATR AL 8 LT -

5.3 B, TAMAERA (5.1.1) KR MR S 5 04
AN - MR TR r AR, NUSCHTR s 2 e
b

R 532 FIRTREEREN o HUTF AR E T

VRz = 1\*
ok~ 2alla < 2 <\/T<E+ 1) 20 = zll, (5.3.1)

Kok = ra(A) = [ All2ll A=

MERR HIEE 5.2.1 ATH, XHMERM = € 20 + K(A, 1, k), B

Ty — T = Ty — To + k170 + Ak Aro + - - - + ar AF 11

— L) . L
— AL pe A -5 TR

= A7 P (A)ro,

k
Heft P =1+ aXN. & P AFHBER Pi(0) =1 BIREAHE

=1
gk BERBZ AN 2K, WhEH 522 M51H 5.1.1 8
|z — zx||4 = min{ ||z — z.]|a: = € zo+ K(A4,70,k)}

= min [A~Pu(A)rofla = min | 4
Prglelgkli % (A)ro|l A Prkﬂelgkhpk(A)A rolla

< mi x |Pe(\)| |A~E
< o 1‘252‘n| k(Ai)[[|A™ "ol 4

< min max |Pe(\)| ||z« — z0] -
S mn e (R | olla

HbFo<a=A < - <A =b & ARUFIEE. HELB Chebyshev
2 1B B A, ik a3

min max |Pr())]
Pr€Py a<A<H

b _
Tk( +a 2>\>
~ b—a

Pe(\) =
k(b+a>
b—a

A HE— R
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HH Ty (2) /&2 k X Chebyshev 23X, H Chebyshev £ IR KM 40

1 vz -1\*
2o B = — <2(¢5+1)f
(=)
T2, BM1F
o k
o = aula <2 (Y257 ) loe — ol
Rl itk e ERAEHE.

EIREH 5.3.2 Freg M2+ FRE R, ﬁ‘ﬁﬂﬁkﬁﬁrﬁ!ﬁﬁt&
SHEEAEEEXME TR 2, BREHE R T Y EEN —1
BEEIMR: RE&MTEA (5.1.1) WREGEMER T4 REK (B ko~
L), WIRHRE IR 2 WS IR TR

§5.4  BHCILPURE L

E—WERIEN, JEMTRA (5.1.1) BREGEMENE LEILA
EAMRIRFHEERE IFE RSN, MR RS S B SR e 2 R’
KRR EBRA TN FIICHERE BEVERT, BB R R4 (5.1.1) Ftk
A=A REOERUE DEULNEAMRBREEERE IE % RS EMN
TR, ARG HEN AR IR THALR 724, TSR L IE
R T —EAREM S ER. EREKTEA 5.1.1) Hih

A7 =b, (5.4.1)
Hh A=C-1AC), 7 =Cz, b= C b, XBER ¢ EXFRIEZM,
HREE ¢ ks, 18 A BERNTAER RIFER RENHE
% 5.2.1 THREA 5.4.1), 7]

Id{l}\ ~ ~ -
o = Tkl = Tp + Ok Pk,
brApk
‘7k_,1 = ~‘;\- = akAﬁ;\.. (542)
;‘Eﬂr"‘*“ ~ ~ 0 =
Bk =——St=—3 Dk+1 = Tk+1 + BkDk.

Tk Tk
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Kb 7 RIERSENAIRAE, 7o =b— AT, fo = 7o

HR PR AR EREER, FEHATHE A = cAC M b =
C~'b, T BEFRIERBEIFELE 7 B 2 = C~ 12 BT
24 (5.1.1) KIEBUE. SEhr EIXEEBEARER, 4

I =Cxr, T = C*lrk. pr = Cpk,
HiE M =C2, RN (5.4.2) PRIZR, B FE175

wy = Apk ak = pr/ (PR wi).
Tk+1 = Tk + QkPk,  Thy1l = Tk — Wk,
Zord = M7 Irkrd, Pl = ThiiZktis
3= o oo

‘NN

Hrp oo RAERAENVIREE, ro = b— Azo. 20 = M 1ro, po = 1¢ 20.
Po = 2o-

B, BRI T R EE

Bk 5.4.1 (FEXTARIE & /7 241 TR ILHuRs %)

z=H1E

k=0; r=b— Ax

while (VrTr > ¢||b|l2) and (k < Emax)

KEMz=r18 2

E=k+1
ifk=1
P=g; P=T"%
else
P=pgm p=r1lz
I=p/ps p=2+08p

end
w=Ap; a=p/pTw
$:1'+Qp: r=r—ouw

end
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X—H AR E AR E L, B PCG &, HPMsER 1
PRI 2B RE.

FIRARTM RS RA S RIS EE R R I T R:

(1) REE re ZAHE M~ IEZRZM, B 1T M~1r; = 0,4 # j5;

(2) MR pp RAE A EXH, B pTAp; =0, i # j;

(3) IERUR R ) WL

k
o —zla <2 (Y27 ) llo - 2l
P = A/Ar, An BT AL AMBIR M1 A BB AR M HE(.

LR EERIN S E, RBETIERE M REEBEE.
— MNP AE R B SRR B A 0T HFAE -

L) AT R LR SE B

(2) M RFHH;

(3) M~ A {UE DEULA B A B R ECE H X R 1EE
HEPEE A MHE;

(4) e Mz =r RIHTE4A 5 T K.

B8R, T — Mt 5 PR BE AN R R R LR DA & A4
FITOCEERE M EE R+ BAER, AT T B AR SEFr N A ] 4
WA LR E R AR, T HEBEANE E A E LA E B AE R
ﬁm&rﬁl

(1) X ATUERE. mREHETEANREGERE A KX ATHEE
K, WATEY

M =diag (ai1, " ,ann)
YERTOLAERE. IREEESEWSEERRRS. #h2, &

Apr -0 Agk
He A, 25Tk 7RE, UIATE
M = diag (A1, , Akk).
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(2) N4 Cholesky HFILHERE. X2 —FhIEH EZMTMLE:
5 CRERREIEE A MA5ES Cholesky 40 i#:

A=LLT+R

Hep L RBLALT=AF, REM M = LLT fEATUAER:. & T0#
FH—AMRKRER R ATHESE, FTUBANIMATER L AAEEMFE
fREtE, Bl L 5 A RAMANKRNE. S8, ZERSI0HIE
MR, EHAE LLT RUTReifr A XFEA R TOLAE ME R BR 2,
FERME Mz = r WREBRN=ARTEA, ARTIHTH (BE=
T RRAR AT R RRIEH).

(3) ZHAFNHRE. B TPIRERE M i B REGER 4 K
FRRIFA RO I AT FRA TR L A o R A s

1) 1

RGERL K Az = » ERMER) P H%H’Jﬁ/ﬁ:sﬂumﬂﬁﬁ = E)@?
AR AN

Mz = Nyzp+1. 20=0, (5.4.3)
KR A= M - N R AR RRENAR. 2 6= M N,
ABATTATE
z2=2p = (I+G+...+GP-1)A/11~1T
YE A HIAUR, AT AT AT HR
A"[_l — ([ o G A s e GP—l)]\[l—l

YEATIREERE. BRoAEREM G MBI, FrbAiFRz A2 A s
e SERritER, HAFTEY M ERHE R, AF s (5.4.3)
P 2 = 2z, BIW]L B, X— R A A T 3T
YEARTTHIE R, BATH S —A BARR SR 3 BRI Th A%
B 5.4.1 WEMHEA Ar =0 EHAAESBRAEB TR
A B Poisson 75 P2 58— 7] & 1 18- 1) -

{V- (a(z,y)Vu) = = f(z.y). 0<z.y<l,
“|1‘:0’
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R AETT XSRS,

%, 5) {0.2. 0<z<l1, 0<y<0.5,
a 1 =
¢ 1.0, HAths,

f(z.y) = 4n%a(zx, y) sin(27z) sin(27y).

AR BATT 70 0 A e T P, SRR VA R TR 3L Bt BE R SR A
SRR, VR, RATBRBIERE A BIXH A TTHTH R 4
TERTICHERE, FFEAEA (k] < e REIEIEAL

Be=10"1 F5.15H T =MEENARE 2 n FIFERIE
HRREL

* 5.1
n - : o) 1o o2 >
B T 134 1175 4504 14845 30044
LR 3 53 136 265 376
TR Gk R 3 37 77 146 213

BEEHIE n =16, K 52 GHT =MEEEBAFEEEX -
P ISR S

* 5.2
€ B B ks TR SLHE R 12
1073 299 37 19
1076 1165 70 40
10-9 2271 93 55
1012 3377 114 67

MR EATUF H: RIE FREENWSUER Z 88, il
AR IER R BE K.

§5.5 Krylov F2[E)¥E

XA A — T AR R IR v R A AR R
RSt A
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Az = b, (5.5.1)

REMEE A e RV BEEFFH. B TRIEMR, RIMUNHELE
A B8, TEIE T IEE WS A KA SCRR.

5.5.1 IEM{LAZ*

FALTFHI AR ESR A /N 3 1), IEMML A7 5 3R 2 I I 3
PorbREE T XIARIEE T R4

AT Az = ATh

RFFETRAL (5.5.1). URERIEKER, EHSTRHA LS &8
AT BARNE— TR ST, T AR T — o (AR R IR e
FRR MY RAT R (7 I e
218 SR I ER T TRALIH R A (B wg(AT 4) =
ka(4)? RIBK).
552 HEARMLIE

AT @ RIENTT RS, EFERA— BB T FHILEK
BEKBT A BERMARET T RITE FREITALER
TRKRI 7. RS, KT KB 2 AR SREMR/IMETT VA
REEZWITE.

RKECEHIE, AT EEREXFRIE LM TRANSE £ IR
BEREFERK 24 € 20 + K(A, o, k), R

o(zx) =min{p(z): = € xo+K(A.ro,k)}. (5.5.2)

B A JHERARIEEF RN, ¢ BA—EAR/ME, FIbE ML
AR A — LA T R AR AT ANE N, AR TR A B AR A R AT LAHE
B —fRIBEEN. BERDMOTERRER o € 2o + K(A ro. k). £

[b— Azgllz = min{||b— Az|l2: z €z + K(A,r0.k)}.

KRR I ER R — AL B A BRI A (5.5.1) HI&
AR %, R E RN TS EZA M —F M T KRR
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A eV R KR/ NR B, BB MINRES Ak (FEW (14)); 5
—FMRKRBIES IR T RRART AR/NEREYE, BIFTEK GMRES
T (FEN [16]).
5.5.3 BREBIEXWAE
KO, 3 A WFRIEER, (5.5.2) R AR DELMR
T = (b = A.T:k) L /C(A, To, k)

REBEXUAZRENX —FMHERMERBETRA (5.5.1) K&
RITER. XA HBARBNFES: HTRBNHRA Lt B4
1 SYMMLQ J7¥ (WL [14]) AU FRAEIEFREM R4 K Arnoldi
T (FEW 116]).

4 &

1. iEH%EK (5.1.4).
2. W oz RHBOE TSR, Y.

plar) < [1-

B ko (A) = || All2[|A7 2

3. BUE: MJIE T A WP KRR/ MER, BE—S%&RK T m
Wi A F—AMFEME.

4. UFFH: MEHEA (5.2.1) HIBTEEME—.

5. ] A€ RV BXWRIEEM, pr, -+ ,pr € R* REMILHEH, B pf Ap, =
0 (i #3). UER: P1y " Dk R&MTTRM.

6. B A NXREEERE. AHRERHAREU® yo = = HR, KKK v,
fF15

) P,

K2

¢(yi) = minp(yi-1 + tei),
Hfre; (i=1,-,n) & n PEAFERENLE  5); REL Thr1 = yn. RIUDXFE
BRKIEREERE G-S BRI
7. W AR—ANRE k ANERHERIEER n x n EXAFRERE, » ZFE—n
YL E. I FEEHE
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span {r, Ar,--- , A" 'r}

HEBEZZ .

8. WIUE: WMRAKIEME A REH | AN EAHFERFALE, NILFHEREE
Z | PHABREITREA Az = b KIREHRE.

9. UERR: FILHERRREIZREBH o AW T RIREM

lze = z4l2 < 2\/_(\/\/:+1> zo — zl|2,

}EEP k2 = k2(A) = [|Al|2f|A™ 2.
10. B 2 By A BURIHERBREIE 0. AEM: #F i # 0, T

ZZVT‘k > 0.
L, ) oA e R EMFREER. ¥ & R B~ © 47508, ubiH:
Tr € X WL
lx = A"bl4 = min ||z — A7b]l4
RIZE D L EBEEHR 1 =b— Az, EHTFERE X, HY bec R* ZEAERLED.

12. BHASLHERAEESRBE EN TR AT Az = ATb RIS, Bk
HHERAUITE ATA B, KR Ac RV BEFREK.

E B2

1. 4K Dirichlet o] 3

{—Au—l—u:f. 0<a,y <y
ulr = @,

Heh © AESRXERA R, ROTHEY R, BINGRES TR
h2

_fl\]',

h* 1
1= Uij — __1('“'14-1._7 + Ui—1.5 + Ui j+1 +U1.J—1) = 1

4
3] = Lres sm=1;

Ui, 0 = Li1.0. Uin = Lin, i=0.1,---.n,

Uo,j = 40,j; Unj = Pn.j, J=0,1,-+-,n.
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& QRIS R 2 R EE R A

[ s B
B S B
A= B S . ,
B
B S |

Hrf B=—1/4,1R n—1M8psERE, S BXAICHN 1+ h%/4, AT
Hh —1/4 8 n— 1 PXFE=XMFE. X f = sin(zy), p =22 + 4% n =20, A
HERRE R AR, BERA 4 EBET.

BEM: FH SOR &REKR, BEMBEFEED? i SOR %R
LGB REZE LS.

2. F Hilbert EFERAVR AT RS B SLHEHE BEZAE T

a"J:(+J+1 ': ZU \., \'rl).

3. S Jacobi A, G-S IUETILIER ALK TR H2, AR
TRETLEREIH 45 R -

10 01 2 3 al[&m ] [ 12]
1 9 -1 2 =3/ 2 —97
2 -1 7 3 5|z |=| 14
3 02 3 12 -1 || —17
4 -3 =5 -1 15 || = | | 12




FAE M ERRERITERE

R RATRA AR AL E AL R R T 7. REANE.
SRR AR R PR ) R SRR SR — > 2 T A AR R e R, 77 2
F EBZAEN: 5 Bril ERZ IR — R AR A Rz ERE.
U, FEFERFAEE RO TS T EA R AR RIEANN. BT, 2R AR B
PH B ETTER T AR R 2 MBS o FHEE AR E W &, T2
ARG AT XEEENEE %, STTE N IX TRV, B

S EH FBATTAT AGTI T e B A% TR ok e 0
>N + — ~ A 4 JHJI AT T e

§6.1 FEABS LR

A THESMFEET RN, BRAVERE A B — L 55 R
TEEAAFAE [ BH RN EAMEMEZL R, ANV ELEREH
KABREIIMNE. BT EBREFRR, AW THEFSHKEE
HBAEEH, HFXBHEZENSHAERNSES.

W AeCmm . RFME, —NEH N FB A F—MFEEL
FRHEEREZRNE rc C, 18 Az = M. XKW = it A BT A
fM—MSERE. B4, A 2 A B MFIEEN RS L ESE
JE det(M — A) = 0, FTIFRZ IR

pa(A) = det(A — A)

A A BFHEZ . BATHIRBIMR SR pa(A) B—EIH A" Hn
IR, BT AREEEAREIEM pa(X) H o MR M AF 0 MRFE
{E. 2 A RFFILEREEN MA), BERZH A KBR. BE pa(V)
EER Ny

PAA) = (A= A" (A= A2)™ - (A= Ap)",
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Hoft my+mg oo = b £y (£ 5), UK b ORBE
8 (FIRRER). TARE

m; =n —rank (A1 — A)

KN BILRER. S5, mi <ni(i=1,---.p). IR n, =1, WFK N,
AR REHEE; FN, RN £ A B ANEREE T
fEAE Ao W3R ny = my, MIFRERE A —DFRISEE. R, BT
B RFRFEE. R A WA RIEESE 2R, WK A BT
W), BN, A RIETHPATDESRMRE A F n MEELKN
FHEmE (BI A Zrx) A sERE).

B A BeC™ . HIEFTRIE X e Cn, £

R_— vAvV—]

WiFK A 5 B ZEUK. M ERLHRRMELER. & A 5 B ML
W AR B HHFEMFFEME, H 2 & A —MHERBEHTE S DE
FMH y=Xa & BB—MHEME. XFE A REHRE—MEY
MBI X, B BN EEAERE [ & 5 Tk 18, WAt eI 2B
BE A PFHMEEANAHNFRE R 2. B2 SRR AR 1 &
WIUNEERE TR —EABEMARK. NS ERUF, FIAMLZE
] L — MERE LA R BB R Jordan bRAEFE, BIA FTEIY
SEH.

EHE 6.1.1 (Jordan HEEE) & AcC" FH r NEAHMA
RURFAEGE Av, - A, EREED A n(\). - n(\), RIBFE—EE
WM P e Crxn, fE15

J(A1)

PTlAP

Hrp
J(X) = diag (J1( M)y -+ ke (Ne)) € CPRIXmA) g — g o g
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A1
Ao n; (i) xns (As)
J](AJ: € Chitn PADRL _]:1,"',](,'1‘.
1
i
ni(N)+ -+ ng(A) =nlN), =1,

FHHBRT Jj(\) BHBIXR T LASARSE, T & ME—H e 1.
FREEPRRERE J R A B Jordan FRER. K84 FiE
B J;(N;) FREE Jordan 3R.
T 5 BR B AR AR B A AR R, WA R A M Schur 43 E B
FI 6.1.2 (Schur HBFEE) W 4 Onxn MIZZHFFELEL 77 ~
e fgifg
U*AU =T,

He T £ L=/ T H@&SE] U, 7JE T B0 FATEEREN
I HE 31

R—EHLRERER FERELFNA LHRIEFEEN, £4
f QR HiEBAETX—E B MRt

TR E BTl v S LR AE(E B SR PR B 2 T T A R Y.

EHE 6.1.3 (Gerschgorin BIBFE) W A= |a;]cCv, &

Gi(A) = {z €C: |z—ai| < Z]alj\}. i= 1,45 ,m,

J#

g}
AA) C G1(A) UGa(A) U -+ U Gn(A).

MEE T B AERE, B RN FHE R R R B J AR R ER
FE R BRERRSH, a2 WA T BT MR, BB
TR ORI IEENERERERZL. T —RETEERER, X
— R AREERN, RTRE ZERMNRANMHA A E RN E
ZHER.
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BE N2 AR BRFIEE, 2 BB TERRAFERE (B Az =
a, B zla=1). 4 U =[2.0n) € C" REMEMKE (UU=1), 01U
B R EA AR Cn [—AFRHEIER A, WA

Az AU.
U*AU = ‘ 2},

Ag
Hrf Ay =UsAU, B n—1MAFE. B A 2 A FSRSFIEERBRE. 50

0= min |A—py|>0.
HEA(A2)

TR, BATAE X

T = Us(M — Ap)~ U35,
AR, T det( A — AL ) = det(Al —A) = 0. MfFAAEE N E yc C".
18 yTA= T WHE y A ANET N NEFERE. ) BHEFIE
HRRMERE y e # 0, HATIER y, 15 yTe = 1. HEHME A DL
WUNERBE R R A, i e = | A — All,, WFETE A [ MEREME A
Ut FFE ) & 7, 615

A=A < |lylle + OE?), 17— zfl2 < |24 26 + O(?).

X—gERAAERAS I [10] (38 151 ). XK N A o 8RS 5
5 lylle # |24 BRI ER. Bk, BATBIFR [yl 1|4 AEF
fEME )N AR B o MEEE e

cond (A) = [lyllz F cond (z) = ||+ 2.

B RAEFAE(EANRFAE [ B O BURE [ BB AR IR S L (18]

§6.2 W &

TRV E A R AR R R (A R AOHRFALE [ B AR —FE
7% AT HARENEREE, BIAERTE A e ¢ AN
L, BI A B0



A=XAX"1 (6.2.1)
Hf A=diag(A1.--- ), X = [z1,- ,2,) € CV" BT 7, BRE
Aal > A2 =0 2 [Aal. (6.2.2)

AR —M & uo € C*. T X HIFIRBEME C M—HE, # uo 7T
RRA
Ug = Q1T1 + G2+ + Ty, (623)

XE o; € C.XFE BINE
Akuo = ZajAka'j = Z()j/\?l‘j
i=1 —1

n /\ k
= X¥ {0111&1 - Zaj (i) IJ}. (6.2.4)

j=2
A G ED 4
Ak
klgn /\k = I
oo A
XRH, 2 a1 #£0 H k 59 KE, ME
k
up, = % (6.2.5)
1

B A K—MREF KT DAL A 2.

XHE, BATEREEM (6.2.5) KK A BEIELUHERE. R0,
SERRTHER, RRATAEN. HIRRA = —BERANFEIFAmE A
FIRFE(E A ZRXIFE KK £k HE AF IT/ERRK.

B AU (6.25) X, AMERI (6.2.5) XFH A (X R
B Arug BKE, HAEMENTT I, MEANFTBXEBK R AFu 1
A, FARERKE, BIBRATAGAER A RAN AR BHCE, TR
AR R E FORBATAL Ch TR, AR DER): HIX,
TH Aruy FATESRH AF HiFZ FEREE, AHRIER BT
A ETRENEE, BATATBH T S A
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Yk = Aug_1,
we=CF PRy ERKAR, (6.2.6)
Uk = yk/#k»

H up € Cr BRIERGERFILAME, BHEK [Juollo = 1.
X—IERTER IR E, RSt e BT
EE 6.2.1 W AcCV"H p NEAERIMFHEEFL |\ >
Do = -+ = |\,|, FEHBEBRKEFEE N Z2FHEE (B0 N BJLTE
HETEMREESR ). WRVBRE uw £ N FRIET 2R ER#E
EAANE, NHERER (6.2.6) FEMNMEFRS {u) WEE N B
— M A oy, T B AR (6.2.6) FFAEMBIERFS () B

Eﬂﬁ mEREH A B M Jordan 47
A= Xdiag (Jy, -, Jp) X, (6.2.7)
Hf X ecvn BEFRERE, e Ccvxm Z2HET A B Jordan
R EIR L=/, n+ - +np, = 0o T M AFRRRERESRR

%Jl—)\lnl Elmﬁ'rmxnl%uﬁﬁ‘ﬁ‘\y—X‘uo }H%y
5 X T o8k

Y= (Y, Ya, .y;)T. X =[X1,X2, -, X},

W (6.2.7) G
AFug = Xdiag (JF, -+, JF)X g
=XoJfy + Ko Sy + - + Xp Ty,
=M Xy1 + XoJfyo + -+ XpJFyp

[lel +X2(i) U2 +---+Xp(%li)kyp}.

EEF AT BEEZA oA = /Ml <1 (=2, .p), BI4N
FRERE
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] ;
klil’l;c FA Uug = lel- (628)

MERRE uo 7E A MFFET ] EREAANFTEHERE Xy #0.
EEB HERER (6.2.6) AR {ur) 2R [|urll =1 F
Aup_q B Ak
Mk Hkbk—1ccf1
HE u ZOE—ERN 1, FH

Uk =

Ck = MkMk—1""" [

DA Arug B—MEE KRB, T G /A B2 Arug /0F BF— MR R
FAE XRE (R0 R) AT
= Jim 5

At

F7E, NITTEF (6.2.8) RBP4 {ux) RWEH), T H

Akug : Aruy [ G X1y
hm u = lim =lm|—— /x| = =70
k—oc Ck k—oc /\"f /\llc C

BR o ZBT A MHERE. FESEL A =muw B o B
AR KA ER 1, SEEITT DA () BERED A,

HEH 6.2.1 FIFHAWER, HRE (6.2.6) FEB’JF?‘?UB’JL&%(
YT RREEE R X {u) TRESE T MR T AR RER T
Feol (B WA BE 30 &), fltn, % A= XxDx !, H

-1

—_

T

0
1 :
5 D = diag(3.2,1,-3),
0

0
0
1
—1 1

(aw R ]

WS A B MEBKRRFALE A =3 M Ay = -3, FEE 6.2.1
FAEARTER. BRI ER uwo = (1,1,1.1)7, B FRKTEE
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3k +4
Abyg = XDFX1yg = 24
5| 3k 42kt _446(—3)"
-3k + 6(-3)*

HIERN &N, R (6.2.6) PAERIRRFS {ue} HHBEE TR,
RIS M E

T T
1 5 1 5
= (= 1, = =|==0,=,1}) .
T <7707 ) 7) *[] T2 < 7 0 7 >

FEEME 21 +2; Moy — 2 FHIRBET -3 F 3 MFFIEME. FEL L,
LB ERE (6.2.6) AR TG ik B1E SUIR 2 S, 1E e
HENGIBHRREE (6.26) FHEHT M=—2 H Dol>al >
> |An| HITEIE.

UeAh, M 6.2.1 HIUERAZRAIE H, Bk W S0 fE 3 ZH R
F Daol/IN] IR, EEE 6.2.1 MAHT, IMBENT 18, &
NSRS, M EBET 1 i, SRR REB. A T InREER
WSGE R, BEACRAM BT, NARET A-ul b RE
BIREL o IAE A — ] AR RFFIE(E 5 HAVREE Z B BE B B K,
AT EIINEM B K. B, FE LGP o= 3, BIEX S HK
MRE A NRRET A- 31 MEEFARRERT {u) BERSEE A
HET -3 B—/MFIE R £.

FAREE AT LR AR A B — MR K RFFIEE A SIS R — 1
FRER R 2. BRMEADEERE MR RNRIEE N\, BENR
% (6.2.6) BHATIERRERITH, LSRRI REREM A1T. BB E
HIET A Az, RIRTHR R, HEHERE A RBRR—BY, e HEH A NHSR
BEIEAE Moo -\, FISRSERGX — (T4 M R H PR 4515, &5
BT MRAER T R A IERR R . R

A41‘1 = /\11‘1‘ (629)

HBRWEHERE P HE
Pz, = ae, (6.2.10)
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KB ep = (1,0,---,0)T. ¥ (6.2.10) AL (6.2.9) R IFEEH A5
PAP*€1 = /\161.

Bl PAP* B FAR:
/\1 *
B

He B & n—1 i aRE, 3 HERIRFIEER Mo, -\, B, ZESK Ao,
HEX By MAHRERIA]. mA8#t (6.2.10) o] A E ) Householder 284
RLHL.

YERERFTHG R, AR ERENE. B TREMNTHEARXKE T
FEFEARFAEAE A 2 A 1B 0, PRI S8 s T ISR AN 7 8. Rl R ANERN T H
T EL S URCRE I EEES &« A HALE AR Hse . A4 H
EVEDHUL MR KR AR AN R RFE R &, SR, B
EABEZEEY, e liEFH - SEERNEL

PAP* =

§6.3 X & &

REENHRARERE, MENHAREET 471 bk A4 MEE/D
FRAEME A N AR ) B DRI, AR ARG 00
Ay = 2k-1.
pr =G, G & yKIBEBRR 8,
2k = Y/ k-

B —FHRea, & A BREEAR M) < M) < -0 < [N
M {2} WOEHE] A IR A, B DRFERE, T {4} W8T AL
HWSEREH (Anl/ A1 | FIRARERTE.

FESEPRR A R, RORRE R R AR 8 1, REERFEM A
RIG A BEEMSIEE N, (IEUE N 2. NAREET A-\I £
HEt R U, R E P E AR AR RRE W p R ENAL
B WRAAE o B RFEEAEAEAW T
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e~ = B 18 mee (6.3.1)
2k = Ok / ||vkll2,
MIERHE (6.3.1) TUEH, REESBER—IKRTFER —NEET
B, REUFENEEERESZ. HE B THEREHANREIEREA
BE k 124k A2 4k, B ARE H ARt B ATIIIE T LU 2, A
JEFIRER R TR = AT R4
A, FEIMER HEE, XEREANT FHM ST A, ek
K& (6.3.1) FREH || - || FATHIEAL, FEEFFFEARZU || - |
AT Y.
BRI A KR EEHEF R

T e BT — X RE TR A, B (6.3.1) AR BRTFS (2} ¥
WCSHE] Ay B —ANMERAE ) B, HSIGEBEER T [ Ay — /| X2 — o] BIK
N5 BEEE, FHSIOE Bt

BRI L, MRS B B A SR B R, FIIEARE K (6.3.1) #EAT&
REF, ¢ BBBEIE A FHEMHEERE. ER2Y 1 5 A MIFEHE
REEIER, A — pl ME—NETREEREER SER—PHRFE—
FEEREREETREA. R, LhritERNSRMERMTNERR
B: A— ul BIRSHHFARmELRSCERE, MEY 1 5 A BEME
EEREEIE R, F % R TS — gt T AE 24 4 4 AR 1) &
hFRTEIX R, BB TR

BE A 2 AR—/ N RISIEE, « 2B T )\ WBAEHERE, B
ERER (6.3.1) FHRMB 1 5 ) T45E, B« ZRREK, B cond (z)
ARXK. BB U, € V- fF7 [2,U,] BB, B U, K5I
X span {z}*+ (span {z}*+ RANFFHETF 28] span {z} FIIER4MNEE) B
—HAREIERT . AR N

cond (z) = ||[Uz( M — A2) 7 Us |2 = |(M — A2) " U3 ||a, (6.3.2)
He Ay, = U3 AU,.
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BRELRE 20 2J5, BRAMRMAFIETH Gauss HEERMBEIEN
R (6.3.1) FREHTEA (A - pDvy = 20 K. BHEBRN 0.,
i Gauss HEZERIRESTE, 01 WL

(A—pl — E)ﬁl = 20,

HPEH A-ul Mz 5K B B, H—HHWLEF BEEAZRE
PLESKEE. L e =01 — v = (A — ul) 7 Ey, 308 e RN

e =1 + T2,

HH 2, € span{z}, 2o € span {z}+, MFFE a c C Fl y e C L, f§if7

B—JE, BATH
A—p  z*AU .
A—ul = [z, U] gomAR T
0 Ap—pl || Us
i)
L a4, - -t -
A—pl)y =[z, Uy | A—p A—p T ‘-
0 (A2 — u)™! Uz
XEE, BATRE
a=ze=x"(A—ul) ' Ev
r* b T s
— m[z — AUy (Ag — uI)" U3 ED,

y=Ue= (A — uI)" U} E%y.
FEE
(Ag—pl)™h = (T + (A= p) (A2 = A)"H) M A = A7,

BABRAE, = 0 5 X HoFERN, A



172 #~%F  AEXARAFARA R AT E Ak

s = [|(A2 = pI)"'U3 |2 = [|(A2 — M) 7' U3 |2 = cond ().
B, 7 ¢ REKFHT, s BASKK TR

llz2ll2 = llyll2 < s[|EV: |2
HR—NMAKKHE, B

ol < (1 + 1 4le9) B0
BRE—MBRKE. BaiEd, SRELE T RAMIENRE, FEX
HIRAEHSE 72 span () FREHKEERW, REBK, HHH
FRAEHRAT F 2508 span [} FHEEER A SOHFRATE -\ AR
BEREmE. 2 oA, RARINMKOHNEERRBRER T A
THIEE MR

FERISTSE R IR, B p HEIE A H 2 RERIEET.
BARFBHER R RFEERATEE A MBIFHIE LS ER R AT
B — i, BATEN BN EEME.

BRI u. X F—NMEEM p e C, MR E e Cn,
518

det(A+ E—pul)=0 H |E|2=0(u),
WFEATFGE 1 £ A B MRZIN BB EREEUFEE. [, X+ —
NEEW ¢ € Cv WMREHE F e C" L |Fl = O(n), #58 «
A4 F ISR E, WS « 2 A B/ MEBIH BB E R
S EEE.

Fou 2 AR NERNEREERE DS EE, WEE E e Ccn
WR |El. =0). #8 (A+E—ul)y =0 FIEEM. % yecC HL

(A+E-ply=0 F |yl2=1.

MATATE
(A+Ey=py H |E|2=0(u),
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Bl y 2 A B —ME2HLESREERITUNF R R, Sa)iEi, FRIE
IEAHE (6.3.1) FH 20 = (A—pl)y, MATERETTEMFRT, R%
ER— AT B E] A FMEEINESRERRERE. 4R ELFE
I EATREA AL LT 7 AORIEATIR A E 2o 1, KR
EHE, MEEELHIERVIGHEZ G, REERA &R

REEFEHA— R, £ ) LLBUREN, A RBEEHHTHS
“UER AR R EHHEE LSS E R &, EF T

w
11
A= .
10710 1 }
CHERHEM A\ = 0.99999 F1 A\, = 1.00001. LRGN ISR IE A & o0 =
(Lo 107" Ao = (110 7)Y IR PR IE{E I S S 10° B

. B opu=1,2 = (0, )T, NARFEEER—K (£ 10 A7 10
BIVE SR NEEAT), W8 2 = (1. 0)T, 3FEAF

|Azy — pz1]l2 = 10710,

XU 2 B A B MEEPISSREERE LR, (E35 FEfR
—IRBF=A 2 = (0. DT, WF

”A.ZQ — ’UZQHQ =1,

G, BALRN A — T EsEbrit B YIE R & 2o KPR A g
7k Bk fABYERE FREFEIHIER N E. BT
B EEARIE IR 20, B FHERITBN <EXRERE: W
BT, FIEARRE (6.3.1) #ITERE, BAEEF A - I ) LU
SR

A—pul=LU.

RN TR REE . JAMEE TIEE TR TR MK
B
LUl'l = 290-
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BATE 20 = Le, HF e ADELEN 1 FIME, WA T K v, REKE
—AN=REHTEA

Uvy =e.
XFE—K, VIR 20 ARERMHEH, MTEREX—RERATFK
fil PR METTIEAL

§6.4 QR K ¥

TEX—9, AR AFE LR QR H¥E. QR HER AR T HHEHL
It DU A R I R R —, R BRI v — AR [ 2 S
EHEFFE R BWBRERTELZ — QR HERF A EZAR S/

A UA ,—\—-AL.Lrtnfw-r:n— Gl ML 1 s B T — e 2 o DAY B X DA B |
g A HIAE P 22y Moy e PR EXIW L AP RY T IEIN\ )14

K%ZXI&%(JEEIE_M’J LIRS RRES, W AlE S = KR, F
MfEoE N [21).

6.4.1 EXERSWHM
SHAER Ag = A e C™**, QR HiEHEAERE W T:
Am—l = QmRm»

Ay = RO

He Q. NEMEM. R, A L=/ AT FEERIHTELL.
AN EH HEK R, B AT RIENR. HEEA (64.1) BS
HEH

m=1,2---, (6.4.1)

A = Q:nAm—lQm‘ (642)

HFEREFRS (A ) PRI —MERE S RER AR REIZH (6.4.2)
AR

= Q1 AQm. (6.4.3)
ﬁ*@m:Q@T~@w%AngmeJﬁAiﬁwﬁ

éQO—é—lRm—é—l = Aém»
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NIE] |
Qm@Qm+1Rm+1Rm -+ Ri = AQmRm -+ Ry,
Hp
Oms1Bms1 = AQm B,
b Ry = RiRi—y - Ry (k=m, m+1). BLLEI%N

A" = QmBm. (6.4.4)

FIF (6.4.4) X—HAXRR, HATTLLSH QR BHEEREMX
R0 Ry BITTEHR vy, Qm KBTI o™, M (6.4.4) XTH

Amﬁ1 =Y qgm)

BTk ;" WLAEMAT A H er fEVIGR M ERIRETBEIMRE. 37 A
IR KA N 5 ARS8, W o™ B sk ®) A f—AN 8
T A BRI &,

BHEE EEAEFHT. A, BFTERIBORE S IR gk UL T HIT
FEKE N TE. TR EENAR R AEXFERK— 5 TR
FAF.

EHE6.4.1 W AR MHEEFHEL M| > M| > > [\a] >0,
HEn Y B TR ANNT N BARERE. mRY B LU
S, MEIERAER (6.4.1) FERERE A, = [o]] BIXTALUTH
TR TE ANMET ™ BETF N (=1 ,n)

W 4

X=Y"1 A=diag(i, - ,\),

WEH A=XAY. BEY HWLUSEAY = LU, Hh L BEAF=
. U &L= X BINE
A™ = XA™Y = XA™LU = X(A™LA~™)A™U
= X(I + E,,)A"U, (6.4.5)
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K I+E, = AmLA™™. BT L REMTZ/AME T (N < [N > ).
lim E,, = 0. (6.4.6)

m—0oC

HIES X [ QR 2M#A X = QR. 1 X FEF R, RATTERK R
XS T R IERL R — AN (6.4.5) A&

A™ = QR(I + En)A™U = QI + RE,,R™Y)RA™U. (6.4.7)
Y m B KE, I+ RE,R™! BIEFRE, MEHWTH QR 4
I+ RE R ' =QmRm, (6.4.8)
Hrh B ST T M (0.4.0) AR sy A AR
lim_ Qm = lim_ Ry =1. (6.4.9)
¥ (6.4.8) XN (6.4.7) X, B

A™ = (QQum)(RmRA™U),

BIEAICHEIT A™ B—A QR . A TRIERX — 0+ L=/
IR A e 8 TEE, Al X

" /\1 /\n )
Dy=diag | —,---.—— ],
il (w Al

Dy = diag | 2L, ... o
- © "U,11|. ’ ‘Il.n7,| ’

HAu, £ U WS AR T2 &RITA

A™ = (QQm Dy D)(Dy ' Dy ™ Ry RA™U).
B ERE (6.44) XEE, IHERE] QR SRRHIME . BA

Qm =QQmDI" Dy, Ry = Dy Dy ™R, RA™U.
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# BN (6.4.3) REVE
Am = D3(D})"Q5,Q"AQQm D' Ds.

HEER
A=XAY = XAX ' =QRAR™'Q",
AT 50
A = D3(D})™Q% RAR™'Q,, D" Ds.
B (6 T 7 B4 s R A S5 R BT 0
¥ 6.41 A, WE=AMISRTEFAS—EWSL, XERA D
PR PR — R AN AE.
FATEE — AR e 7
B 6.4.1 EEHE

1.1908 —1.0565 -2.1707  0.5913  0.0000  0.7310 ]
—-1.2025 14151 -0.0592 -0.6436 -0.3179  0.5779
—0.0198 —0.8051 —-1.0106  0.3803  1.0950  0.0403
—0.1567  0.5287  0.6145 —1.0091 —-1.8740  0.6771
—-1.6041  0.2193  0.5077 -0.0195  0.4282  0.5689
L 0.2573 —-0.9219  1.6924 —-0.0482  0.8956 —0.2556

FIF MATLAB BRi¥ eig vHEH A EEER

2.5019, —1.3843 £1.0587i, 0.8405+0.32751, —0.6555.

A QR FEREARIEAKRK (6.4.1) 1HEAH

2.5023  0.0336 —0.8512 0.1591  0.1448 —1.5539 ]
0.0008 —1.3059 —1.0611 0.2085 —0.3853 —2.4557
0.0019  1.0623 —-1.4634 0.3776 —1.6935  0.1746
0.0000  0.0005 —0.0013 0.9919 —1.5218 —0.2357 |
—0.0000 —0.0000 —0.0000 0.0848  0.7008 —0.1890
L 0.0000 -0.0000 -0.0000 0.0052  0.0821 —0.6670 |

A=
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[ 25019 0.6203 —0.5868 —0.1544  0.0643 —1.5598]
0.0000 —1.3832 —0.9832 —0.4201 —0.6822 —1.9306
0.0000  1.1400 —1.3855  0.6900  1.4757 —1.4979
0.0000  0.0000 —0.0000 0.1551 —1.0859  0.2840 |

—0.0000 —0.0000 —0.0000 0.5314  1.5259  0.1161

| 0.0000 —0.0000 —0.0000  0.0000  0.0000 —0.6555

HUE, KNEZLEE MU E=/AKFT, ARG TERCS
B

6.4.2 3£ Schur FREF

H T SE B N A AR BT A8 3 £ K B PR A L T AT R oK T SRR AR
A ] B R B0 AP KB H 1 QR AG BIGE A< R
2 A = A, IEIEHHRE

A= OB (6.4.10)
Api1 = RiQx,
Heb Q, RIEXFEME, R, 2 L=/
SR, LEA B T RS ERAAE, BATA AP ISR
R (6.4.10) PR Ay DRBIE— N L=/ B4, A, BolERT
fHAWR? Xt R — N SERE BEAE IE A AR e T bR TE 1) . SF 5K
b, BATE TEMER.
EIHE 6.4.2 (£ Schur ##8) W Ac RV WEEELHMEQ <
R f§18

Aso=

Rii Ri2 -+ Rinm

- Roy -+ Rop
QTAQ = _ o (6.4.11)

Rm"n

He Ry BRER—AEH, RER—NEA X EIREER 2 B
Tk,
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HEMRE (6.4.11) HHEFE A FIL Schur £, TOARH ALK
flE=AMER A MK Schur #rER. BR, HRERME—ASLHEER
S Schur FrAEFE, AT TR A 5 K15 © 4 S HRFIEAE.

HEH 6.3.1. TMNAMEBIERREK (6.4.10) PR A, NiXE
IEF A BISE Schur ARvETFE.

UeAb, (6.4.10) YEA—FhSEHEEARER B A T4, HEFA
= —REBREANEEERK —2ERSUEERE. Fitt, EREAE
BCA— R %, AL KR FRERFT R E R, &3
WSE . XERAT FHAEN RN FEAR.

T EETRS, WeErAl v, BA1TSRE S € AR 2.

6.4.3 L Hessenberg £

LhR R O TR H e &, SR R A
LA LA — M E E =M R, RS BIHERE#AT QR £

W Ae RV BNBEWHE—NETRERE Q, [F42

A=QAQ™!

AAHEMEHRER. BRAR BRITFE A NETEBEHE. HERk
11%F FIH Householder ZFHem] LA B A RN A.

N TFEER A= o) € RV, F—3, AT RN IZER House-
holder ¥t Hy. 13 H A ME—IHRWREMNETLE (2L HEE
B n-1MEFLR) AR, HTHRIEN A #THUZRER, £5F A 3
ITTITRBZ G, BATRX A TR, BN H, T
F H A EZH

H{AH,.
S T RIESHE HiA BT HA BREAS FAATR 1,
IR A, BATNIZIE R H, AW TR

1 0 |!
Hy = > ‘ (6.4.12)
0 Hl n—1

1 n-1
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FIFEUN (6.4.12) XA Householder ZE#ext A BEATHHAIHENE

H,AH, =[ on a3 Hy } (6.4.13)
Hiay HyA»H,

KA ol = (a01,031,+ ,an1), af = (12,013, ,a1n), Az & A K

ATFAR n—1 B ETFE. B (6.4.13) 5450, Householder Z8#t H,

BAEEFNZER

Hia; = pes, (6.4.14)
He peR, ey & n— 1 BrspAsERER S —51. XFE—K, Himngie

40 (6.4.12) A Householder 284t H,, {#18 H 1 AH, FIZE—5F n -2
NETE

SRIG, X Agy = HyAgo Hy BHATIRIFERIE B, X AT#£ %] Householder

A
~ 1 0
Hy = 5, ,
= &]
118
(fbgnﬁz)fn: 0
- 0—
T2, 2
1 0
H, =
’ [o Hz}
HE=]
hii hia

oy hoy | *
HyH AH Hy = | 28 "2

h3z

0 |«
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AT n—2 . BT R3] n — 2 4> Householder 284t H,,--- , H, _o,
515
H, o---HiAH, --Hn2=H,

Ho H = [hy;] 2
hij =0, i>j+1,

&
hay hiz his -+ hip-1 hig
hor hoa haoy -+ ho,—1 ha,
hap  has - hz,_1 hay
H = . . . : . (6.4.15)
hy -1 hy,
L ad P |

EHEFR (6.4.15) AIFFE AN L Hessenberg %BF%.
A4
Qo= H1Hz- - Hp_2,
JUES)
Qi AQo = H. (6.4.16)
BHEHREA (6.4.16) A A )£ Hessenberg 53 #&.
B4 ETAIAH Householder ZF#Zi4k—/NMHERE A L Hessenberg 41
R ) 7 T30 T B S S
B% 6.4.1 (iTH L Hessenberg 47 f#: Householder %)
fork=1:n-2
[v,0] = house(A(k+1:n, k))
Ak+1:n,k:n)=J - BvwT)Ak+1:n, k:n)
Ad:n, k+1:n)=Al:n k+1:n)I - BwwT)
end
X—HEHE A L Hessenberg $EFEFAFAE A BTN HI A&
BTN, BHEN 10n°/3: MRFEER Qo =H, - Hpp. WEFE
I miEHE 4n/3.
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eAh, FIREEIIHE AR R L Hessenberg 5 H WA
H=QY(A+E)Q.

Hi Q BIERHFE, |E|r < cn?||Al|ru, KB ¢ B2—HE u ZYL2EHK
FE. PELSCER [21).

L8R, FAVIRATH Givens Z#¥s A 29404 & Hessenberg #FE,
— BT FENEERRARFE 641 M. HE, R A FBRE
MEILE, WIEYZH Givens ZRHHIRIF, AMEZHER AW, 5
Sh, AT WHEBHEE, AT RHYIETCH Gauss HEEH A 444
I Hessenberg 5/F. N iXFEM, BARAZHE D, HEEReHRE.

RE—M Rt Hessenberg 738 f& ANME— ], AR 0 FAT AT LLIERE

I 6.4.3 W AcR"™" HU FMHA_L Hessenberg 43 fif:
UTAU =H, VTAV =G, (6.4.17)

EEP U = {1114112."' .un] %ﬂ V = [l'1~v2~"' ~l'n] 7% n MI\J—_EBE%E&E
H = [hi;] F1 G = [g;;] /&L Hessenberg 5[, & u; = vy, MH H BIK
AT hor BWARE, WEEXN ATCHA 180 -1 BXTAM D, #48

U=VD, H=DGD. (6.4.18)
WA BEXEAN m (1<m<n) BiE
uj = £;vy, ]:1777 (6—119)

ﬁEF‘ g1 =1, Ej = 1 EJZ —1. —F@ﬂ%ﬂz T?E Emtl = 1 EE -1, 1%?%

Um+1 = Em+1Um—+1-

M (6.4.17) AT 18
AU =UH. AV =VG.

7Rl LEE LRI IREENEE m 31, A8
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Aum = himut + -+ + AmmUm + At 1, mUma+1, (6.4.20)

Avp = Gimt1 + - -+ + GmmUm + Gmt1,mUm+1- (6.4.21)
SHIEE (6.4.20) A (6.4.21) BELL T oF 0T, A7
Rim = Uf A,  Gim = V3 AV, i=1,---,m,
BAA (6.4.19) XptH
B = Efm@imy 1 =1y ;. (6.4.22)
¥ (6.4.22) AN (6.4.20) R, HFIH (6.4.19) XA (6.4.21) K, 745

Pty LYt e ima)
= fm(A?«'m —91mt1 — " — gmml'm)

= Emdm+1.mVUm+1- (6423)

UL RD N

“hnw—l.ml = 'gm;—l.ml~

I hmsrm # 0. 8 (6.4.23) REHE

Um+1 = Em+1Um+1,

H e =18 1.

Ik, A4 R 2 B 40 e B E. 0

— NI Hessenberg 58 H = [hy;], MR KT HTTHIAIAE,
Bl R #0(G =1 .n—1), URERFRAHN. LREHEEH: W
R QTAQ = H AATZAK L Hessenberg 55FE, H Q A IEATHFE,
WQMHTEH Q WEIIHE XEREMENERSHEX
THIME—).

WAEBE H € R"*" & & Hessenberg 5[5, BATREEN H #
T—R QR ERMAKLIAE. B -WHE H K QR 4. &
T H Bt X—0TH n - 1 MPERER R T K. A&
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HaT el W R 5 BYEREREIFHREE. W n=>5 HFRERICEH
SE T A FHBEE R P 1 P, 18 P PioH FU0 T EAR:

X X X X X
X X X X

Py3PoH = hss X X
h43 X X

X X

RIGHE (3, 4) PR FHNEFRFHEEZHR Py, 18 PuPuPiH
B (4,3) AL E ERICEAR, HIFE Py = G(3.4.0;), (E1RIEH M 05
WiAE

I aen awn 1T , 7 r 1

|_ —sinf3 costs J ‘_ hiys J a L 0 J A
X, Py Py PoH A I AR

P34y Po3 PioH = X

L

HIAEE H, ST —MH n B L Hessenberg %584 H, B A 10T LAF E
n — 1 MFHIEHEZH P, Py, Pooi g, 818

X X X X X
X X X X X

Po1nPrpon_1---PoH=R
%LE%W—E é Q = (Pn—1.1lepn—2.n—l~"' -P12)T~ UI\IJ H = QR El]iz
BERO TR T H B QR 7M. EEM—IK QR L, BATEFHE

H=RQ=RPLPL.--BY

n—1lmn-

BT P /& (1.2) ARFRFHE AR BeE R, Bt RPL (NERTHS
5 R AR, T RPL BIRTBSIEH R MAETHRSIRI& 4 SR, R X2
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L=/, M RPE WEW TR (n =5 KEE):
r 1

RP =

X X X X

X X X X X

FIRE, P A2 (2,3) AAR-FH A K EF R H, RPL Py A S —ME =5
5 RPL AR, BAE RPL ME_ME=FINEMEASE, W RPLPS
BT (n =5 KIERE):

WBAT T £, RERNIEEIM H {172~/ L Hessenberg 45/, M H
AEHH, ZFFERTH—K QR ERIBHEERZ 0(n?). EE, X—K&
FEEBATH—IR QR ERIZHEE O(n®).

6.4.4 HRERLAMBE QR EK

MEH 6.4.1 CEIIE, AR QR FIELEMENSH, Kkt
HEEBR TR K2 SRR b T InE S, BT R
Wk, RIS BEE SR W o PERNMBEA w,. WEREAE
B QR FERERWF:

Hy — pml = QmRm-.
Hm+1 = RQO + ,U«ml

XHE Hy=HeRV"™ 2% ER L Hessenberg 3Ef%.
AERAT AL HIIEE. AT H,, K_k Hessenberg i, #Il &
—IFEBEANEZTTE A R AT QR EEKEL MY m
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FEArRIE, A BARAN, BT ) BEBEET H I—AMRIE. ¥,
RIFBARFIEFB ISR, ROTTEILBEN = by FEE
0 TP A, ATLAERA. 35 A7) = c IR/NEIEE, MG — K
R R AL QR LS, BAL

R — O(e?). (6.4.24)

ﬂEk?jS\ ﬁR%%g Hm - h(r:g)] B‘JET%B@ 2% 2 ?%E}Si_f_ HmZ B‘J
ASALBNRT. MBI R I AT 40, 4 Ho — R0 T AR E = AT n—1
B ERERTHE n -2 PEKTH, HNK H,., &R

Aol 9]

\
L Jd

XRERHT n— 2 BAKEE Hy — b T BIBJG—1T. L5 n -1
HEEMNE o BITEE ¢ = cosf fl s =sing, {§153

e memm. e va?+e2
o o
IXAE, JE L R B VR ST 4N
" A 3 .
h’iz.n—]l) = —323 = ’—ﬁsz'

Bl (6.4.24) SARAL.
BAVE BNE T R s RS, A 1 WA S5 P A M S
MR RS AT HE - NEEURN T#, 55 T
B 6.4.2 IRFIEH] 6.4.1 FHEERE A EFAEZE 64138 A
A RN R ) L Hessenberg %5 [ :
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(11908 0.6949  1.1490  0.8047 —0.9461 —1.8347 ]
2.0274 0.4670  0.7948 —1.1422 —0.0960 —0.4707
0 14574 —1.1917 1.1450 1.1027 0.8541

Ho= .
0 0 —10071 —0.2592 0.3131  1.1928
0 0 0 15778  1.1579 —0.8187
0 0 0 0 ~0.5076  —0.6060 |

R, HBLLE um A Hy, KA FATEETH RSB QR ER,
BEE;

(25212 —0.4136  0.5059  0.0026 —0.2718  1.6348 |
0.2821 —0.4943  0.9212 —1.2298  2.1334 —0.6914
0 11763 —N 1A —N 92059 n Nono 0. 7200
0 0 ~1.7406 —0.6329 —0.9481 —2.1807 |
0 0 0 0.5160  0.1899  0.2437
L0 0 0 0 —0.0000 —0.6555 |

FR: R#TT 3 P WRAMER QR &R, BC&F —MFE
B —0.6555 BIL. XFLLBI 6.4.1 HAHWAIBE QR B, &R 20 $Z
JEEBEA — M EREL, WA IR S ER 2 B & M. HE,
£ R LT FEF £ Hessenberg HbthfE—EfREE LER] T IndEl
SKHYER.

6.4.5 WELHHBH QR EK

EHFTHE R R AR QR ISR ERGH A H ARH
BACHURFAE, WISCAIB — BT A REREIINERNIER. AT i —
RA, BIOTTERNMARNESMUBE QR &K, HEAXBEEKMHD
IR R QR BREH AT, LR HEH.

B A e RV BEMFRIEAHE K

H), = Q7 AQ, (£ Hessenberg 71f#)
{Hk — ! = Qx Rk, (QR ﬁ‘ﬁg) (6.4.25)
Hipr = RQr + il k=
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AR—tE, AT MR E ISR (6.4.25) HHILA_E Hessen-
berg FEREE RN TN, EAR, EERNE—F, B2F

o Hl(lf) *
k= 5
o HY

BATATLAS 0% HP f1 HE #4T QR BARENTT.

KECLEE, 7F— &M TR e = bl ATREE S
(IVER. HRT, KF BN SEAERE ] LU SARME(E. xR, BN H,
B 2 x 2 FHEkE

Gy =

ORI,
mm mn , m=n — 1
L

A BRI g0 A o B BATVFANBERIE ) BRUST A
RN, R ERBERLBN w = bl RESEREN
FEWCSABIER. A T s Besk, BB BRAT B ARANAZE 111 B o FEALHE.
EXFE— R LMY R EEEHE, MEXNERINFARER. HT#
SEBERHI, AMIBEA p Mo, BEAEMKRAE, BT
AIIEAR

H—-uI=UR,, Hy=RU +ul,

Hy — pol = UsRy, Ha = RoUs + pia,

KEBATE H = Hy. % ETEEAFT= A2 AR T — L8128 45
T

M = QR, (6.4.26)
H, = Q*HQ, (6.4.27)
H
M = (H — p,ll)(H — ‘[12.[), (6428)
Q =U,U;, R=RyR;. (6.4.29)

i (6.4.28) AR
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M = H? — sH +tI. (6.4.30)
Hr
§= iy + g = hi,’;ﬁn + hg“n) € R,
t = pipo = det Gy € R.

Bt M R—ANSEEERE: T Han R o F1 o B3R H FIFFIEE, 3R
FEEIEAL R PIEE Ry A1 Ry BRI A IES, W (6.4.26) FA]
AN, Q JRAESER). Hh (6.4.27) AN Hy, ALK, XA, 7
BAERZEMERT, A B p BEEWRKABIHIT QR ERE
#) Hy 117255/ L Hessenberg 58FF. {HRE, SLPritEE, I F&ANR
ZHE W, MEEN H, —BRIFA—EREMN. A THRIHEEE
(] Ho fHRSER. AR4E (6.4.96) FXH (r 107 =X TR BT LT
WP Bk E H,:

(1) 8 M = H? — sH + tI;

(2) W M B QR S: M = QR:

(3) W H, = QTHQ.

R, It ERE BN M KIEEERE O(n®). R, X
REBEMNAFEN. 22, €& 6.4.3 HFIFREAMNT: NMERHH AR
J7vE 2R IEAS S @ 115 @TH(:? = }72 #& I Hessenberg 5aff, HE
fRIE Q ME 315 Q ME—FI—F. W H, 5 H, 5K LR —HF
B (FTA TR NEERARSE). 4R, XFE H, BAATLRIEMEL
fRiE. B, RE H, BAATAK, IOTAAIFRXBHEELEIKE
AR TTEREIE H 3] H, &% THFEESH H, RaT4H
A

TR 6.4.4 #F H RAALR L Hessenberg 5[, H oy 1 o
¥HAE H WIRFEE. W Hy HRAF A H) £ Hessenberg 5[4,

iERR RIRIER. i€ Hy = (b)), HMBEEBFE r(1<r<n—1) 1
B Ry, =0, T hizrs #0 (i =1,---,r—1). lLB%ER HQ = QH,
PRIAFERERIET » 51, 19

Hq]' = hqul + "‘“th]'q]' + hj+],jq]'+1, j=1--r—1,
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qu - 711rq1 +77v2rq2 i 'L’}vlerr-

sefl AR
(a0l + arH + -+ +a,H )q1 =0,
He
oy = (h'21h32"'hr.r—1)_1 # 0.
H M=QR, &

q = rl'llﬂfel.

BHAN (6.4.31) R, HAEEF M B H WEHR, BiF

My =0,

y=(aol+aH+---+a.H)e.

(6.4.31)

(6.4.32)

12 H = [hy;)], ERE H BATLN L Hessenberg HifF, HEH

Ay B e+ 1 DM EA

arhaihag - hpprr # 0,

WRLR YT (6.4.32) HIEFM, X5 pn A po B3E H KIFFILE

HikE M FFFRFE.

O

ETEHE 641 FEE 6.4.4, BATTLUMN BINKIER KL H
3| H, K124, B 5, BATM (6.4.26) 40, Q MFE—35 M K7
HE (KL Q E iU TE M NE—F AL mEEIR). m

M (6.4.30) AAESHEH
Me, = (£1,69,63,0.---,0)T,
H
& = (hD)? +h{Shgy — shi +1,
& = hiy (A +hip — ),
€ = hiy his .
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HIR, W5 Householder 84t Py ¥ Mey KX ae, (a€R), N Py HIZE
—¥5 Me, $££. M1 P, B —FIEEAT{ER Q MEE—F1, Bl Pre, =
Qe,. T T Householder ZZ ¥ E B4, Py AT LAFEIN T A Hh € -

PO = dlag (ﬁ()- In—3)v

Hor
~ [
Py=I; — Bwt, v= &
0
a=(@+8+8)", B=2/0)
A

B = FPyHP,,
NBRATRERSHREE —FHh e WIELEM Q, 18 QTBQ = Hy N
I Hessenberg 51/, B4 H, SiRBRNFEBIN Hy,. HATNH
LI —HERE R E Hessenberg FERERI AT 40, XRA S HEIR.
He HEWE n— 1 4> Householder ¥ Py, P, -+, P, 15

P, , --P.BP,-- P, , — I
# I Hessenberg % FE, 1] @ =P P, WEBE—FHA ;. TWHH
T B BTEF RS, L — AR FZ R E & U8 0O(n?).
XL BTH R ¥ HAUEERN B REET H MET=4TA
HI=%. & B B FER:

¥ X K X X X
X X X X X X

+ x x X X X

B=PHP, = + + X X X X
' X X X
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fUH b Hessenberg HEMEZ =AAJ8EMIEFTLE “+. B B HIXFFRF
M5 4N, FSRZy4k B A L Hessenberg 578 B 25—~ Householder 2%
# P RHWTRR:

P1 = diag(l, ]31. In_4),

Hth Py 24 3 B Householder 25¥2, i B P,BP, HB W FHAK:

¥ X X X X X X
X X X X X X X
X X X X X X
4+ X X X X X
PiBP, =
+ 4+ x X X X
X b3 X
X X

— M, Bk XA Householder Z8#t P, BH W FEAR:
Py, = diag (I, ﬁk,fn_k_;;), k=1,---.n-—3,

H P, A 3 BY Householder 8%, M H P,_3---PBP,---P,_3 BH
W AR

[ x X X X ]
X X X X
By g Py BP; s Py g =
X X X
L + x X

H i, 85— XL ETF R Householder Z2#: P,_, EFHWFEIR:
P, o= diag (ITL_2? ﬁn~'2)-,

He f’nq 4 2 By Householder Z5# .
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ZiR L HEATTE, AR T ELK Francis WESABH QR &
RE
Bk 6.4.2 (WESABH QR &)
me=mn= 1
s = H(m,m)+ H(n,n)
t = H(m,m)H(n,n) — H(m,n)H(n,m)
c=H,DH(1,1) + H(1,2)H(@2,1) - sH(1,1) +t
y=H(2,1)(H(1,1)+ H(2,2) — s5)
2= H(2,1)H(3,2)
fork=0:n-3
[v, 8] = house([z,y, 2]T)
Hk+1:k+3,¢:n)=T-BwT)Hk+1:k+3,q:n)
r = min{k + 4, n}
Hl:r, k+1:k4+3)=H(:r, k+1:k+3){I - pwT)
x=Hk+2,k+1)
y=H(k+3,k+1)
ifk<n-3
z=Hk+4,k+1)
end
end
[v, 8] = house((z.y|T)
Hn-1:n,n-2:n)=I -pw )Hn—-1:n,n—-2:n)
H(l:n,n-1:n)=H1:n,n—1:n)I - BovT)
ZHEMEEER 1002, MRFEBHIERLH. WEFHEEM
EHE 10n

6.4.6 [23 QR Hix

RIE RIS LR T H QR JTER— MR ERSEAERFKISE Schur
FRUET I LA SR 1) L. SR, 1E A —FhsSE B, B R — 7



194 FXF  EAAREAEAN AT R

BRHIH EEN, Sk s F Bre 42 L Hessenberg 55 FERIIR
ot 8 TCAAT I AT DL 2SN TE. —Fp ) B i SE A O HE N2, 2
|Rit1i] < (Jhis| + [hit1,i41])u

I, B hi BBE. XFEMEEHE, ERTHAH A A E Hessen-
berg HFFR RO AT I# T EEA || Al pu FIRE.

gZa EEMHE, AR THER QR Bk ZEEREITE—
ANEER n BYSEHERE A (95E Schur 4M#: QTAQ =T, K @ RIER
BERE, T AL =R, BIST AN 1 x 1 8k 2 x 2 HRERISR =0,
T EHRA 2 x 2 X A P F — X PR E.

Bi% 6.4.3 (FHESKAMEFRIE Schur +##: BX QR Bi%)

(1) #IN A

(2) I Hessenberg t£: H&E 6.4.1 115H A ] I Hessenberg 5,
8 H = U{ AUy; Q = Uy.

(3) WSl A e -

(i) #EFTH &AM

|hisi—1] < (Jhai| + |hiz1,i-1)u

K hiioy BE.

(il) HiE B A AE S m /DR HER S | 58

Hll H12 H13 l
H= 0 Hj,  Hyz |n—t-m
0 0 Hs |[m
l n—Il—m m
H Hay AW E=FAFE, 1 Hay AAFTZIR L Hessenberg 5.
(i) TR m =n, WEHERER, SR, BUHTT—F.
(4) QR &R X Hyp AL 6.4.2 BR—IKE
Hyo = PYHyyP, P =PyPi- - Py_pm_i—o.
(5) WH&
Q = Qdiag (I, P, I;), Hiz = Hi2P, Has = PTHas,
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RIEH (3).

LRt ERGTH R, X—EEESEH N 1 x 18 2x2 FHE
ML 2 IR QR &R, FHik, R RS, NEE T4
A 10n®; IR Q M T HMFE, MEBSHE LA 2505

) 6.4.3 RNAHYE 6.4.3 THE

6
7
3
9

=
Il
o o o &

S O W e W
O N Y Ot s
= 00 N O !

10

HRHATWsEmInE 61 Bim  yrE W H b wkfa i —

* 6.1

ERUE O(|h21]) O(|h32|) O(|has|) O(|hsal)
1 100 100 100 100
2 100 10° 100 100
3 100 100 101 100
4 100 100 10—8 10-3
5 100 100 10-6 10-5
6 1071 109 10~13 10-13
7 g2 100 1028 1013
8 104 10° Wk sk
9 10-8 100
10 10-8 10°
11 10-16 10°
12 10732 100
13 WK LeEd

WEMTHIGREY, B 6.4.3 FrEBRIME Schur #7%EK T IE
AT — N EESE A fFER, B

QYA+EQ=T, QTQ=1, |E|2~|A|u;
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HHPEBIMARERE Q JLFEIERN, &
QTQ=I+F, |Fla~u,
XE u RRHLKERE. VR AIR 2 0T WICER [21).
> &

1. BARnxmEEME BE mxn % EE, Hm>n UFH:

A(BA) = A(AB)U {0, - ,0}.

m—-n

9 ¥ lim A — A A — DTN B oA B Qo AMER OSTRR (0 ) F

W75 {Qk, }; HIE Q = 1131010 Qk,, W Q" AQ & L=k

3. | AcC™" WHEHHIEME, B € C" WE AB = BA. if¥: # A=
QTQ* & A [ Schur 43f#, W Q*BQ & E=FF.

4. W Ae CV". NTFAENEFAR r e C", EX

R(z) = 2" Az/(z ),
RZH = % A K) Rayleigh &. IEH]: SEEK z € C" (z#£0), &
[|Az — R(z)z||2 = ;gfc Az — pz|l2,
Bl Rayleigh ®H /B4 1.
5 W A= { ‘; ;] a# 8. K A KBHEE o 71 8 HIAME

6. UEM: FFAEEAEFE R B K R BAEE A B SR T REFAZ.
7. S RIN RRET R

A:{)\ 1} M B=
0 A

FERTRIFIIRFE.

Yooz
Y '
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110
8. ERWE, B A=]0 1 1 |, u=(0,01)7" BI—/KEHF 5
0 0 1

BB R R ES DUk
9. W Ac C" FLFMEIFFHEL M > M= 2 Aot > M. TNV
%&%ﬁ%A—uLﬁﬁ:ﬁ%uzédeﬂﬁt%FEW@ﬁﬁﬂWﬂﬂ
BT A BOREE R R
10. [ FIREVE Bk £ Tt
pz)=2"+a12" 4+ +an
B R AR ) B

L1 R BCRA T SRR

2
1
0

— W

0
1
4

T I BUERE X = 1.2679 (B EER \ = 3 — V3) KIELUSERE.
12. ® Ae C™", HBE A€ C M ue Cr BAE (us0). iFH: Ak
3-% E I= Cnxn iﬁ/%

8] = Lz,
[oll2"

FRREv=N-A)""u 2 A+E H—NMHERE.
13. ® A, E € C™", HRE A B A+ FE MFEEEASE A KIFEME. iF
H: BERE u,ve Ct,

v=(—-A) "1y, TH lall2 < B2
[[v]|2

14. M QR HEMEAEMRERR (6.4.1) T4ERE

HEERBREEFIRE R ERTHRSC



198 FxF  ARTARAFAEE F A8 Ak

15, ® AeR™". EW: FEAMIFESREE P AMEFT=AF M, £
|/ (MP)AMP)™" REWMTRAR:

a1r Qa2 Qlin

Q21 Q22 Q2n

(MP)AMP) ' =] 0 az - a3,
L 0 Qn2 -+ Qnn |

16. MAE 15 MPLER, it —MRIHIELERZZHE A Lk Hessenberg
FIEME-A7

17 ®RAeC, 2 C", X = [z, Az,--- A" 'z). IFHH: R X B3
H8M M v-14v B F Hocconhore 5ARE

18 UEM: F H &2 M ETHNATA L Hessenberg 5F, W) H % HE
FHEE.

19. % H 22— MARLH L Hessenberg 4F%. iEM: fF4E— PR D,
%4 D' HD MIKX TN 1. k2(D) = ||D|2|| D72 B 7

20. % H € R™*™ £—/ L Hessenberg 5[F, HBE z € R™ £ H KXt
RLFSEARHEE A — M ERE. REH —MNEETEERER Q, 15

A wt
0 Hy |
Hf g Bn-—10E Hessenberg SERE.
21. W H BN aRMATL L Hessenberg FEFE. WFHT: #HT—IREAE

B QR ERE, H MIEFF R HIL.
22. UFHH: FH4AE H = Hy, 38

He— el =UkRie M Hior = ReUk + il
FEAESRE Hy, T

(Us---U;)(Ry -+ Ro) = (H — poI) - (H — i, T).

QTHQ =

23. & A€ RV BN REAEAMAMATH L=/ SHitHE AN
S IREFAL [ B A S
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24. WM WHEREM A e C™ " H QL & A = QL, Hh Q REMER,
L T =AM FIRX e R E R EER QL B, H4A W QL Bk
KT ER 6.4.1 St EE.

25. ¥t H f& I Hessenberg #iff, HHBEELMFIETT Gauss HEEK
B9 PH = LU, % P Z2H577%, L BB T =Mk, U &L=/ iE
0. H = U(PTL) {52 L Hessenberg 5iF%, 3 HAMLT H.

26. W
A=| e € R*,
0 T
Hor T B NEXERPFEER 2 x 2 5fE. #it—FEEHE—D 30
EATHRE Q, 1H15
T '— 7: 2] -‘
. L 0 a J|

He1 A(T) = A(T).
27. % A € RV 2 — MR _E= /AR

All A12 P Alk
Ap --- Az

A=
Agr

K A, (=1, k) B 1x1 WEE—NE —XTEPUFEER 2 x 2 R
WP —FHE A BRI B BE

28. EMBEERIT—FR— A EFENEATRE (EXLELE §7.1)
B, HIHRRBT R B R . ‘

20. EBIRBERI MU E—NMEEEENALAFRAE (EXAEL
& §7.1) MBUEVE

30. % A= XAX"! K

X=lz1.,-+,zn], A=diag (A1, -+, An),
HEE

M=eX, 0<O<2m A=l > A3l = 2 Al



200 BT ExMRBEARASGTES &

UEM]: 3 6 = 2s7/t, B s A0 ¢ RAELRKMIERE, WhRBE~EHRER
FIH ¢t MM T RS, B B E

j2ks

et "(yiuo)z1 + (yauo)z2, k=1,---,t,

Xy TR X HE ITRE
3. | A e CV" BIETHRE, HEE A MIFMEEBL M > N> >

[Anl|. X
qo = " gk = Ade—1
flull2’ lAgk—1ll2’

Hepu B2—AME N WRHETZ A LB AZRMRE. Wik

k>1,

lax Agx — M| = O(‘i—”k)

L BEE A & Hermve W)
. AZ 2k
Agr — M| =0(|—= .
lax Agrk 1] (‘ N ‘ )
32. RF#EE Rayleigh B &AM Rayleigh RIEMRE:

uo

= — = ‘A 2
||UOH2 Ho 90490,

q0
Zk

A — il = Gk=1; = —
( pel)ze = qe—1, gk Teela

e = qrAgr, k=1,

XE AeCV™ My € C* BELE. WT Rayleigh Bk, BATA LA
Pl
pr = [[Aqk — prqr||2
FER e Mg 1EA A BIEOUHIEERNFER BREE. EE Jim px = 0.
KA :
(1) FW U € C0Y 58 Qi = [qn, U] RFEFERE, NIF

Bk hi
gr  Ck

QrAQk = [

R gr = Ui Agr, hi; = ¢ AUy, Cx = Up AUk
(2) pr = lIgkll2-
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(3) #FHE X

L]

1
vk = (k1] = Cxo1) g1, Ok = (14 |lyell?) 2

1 1
gk = 5_Qk—1 ;
k Yk

(4) %4 k 24 KK, F54E D € ¢~ DUx(v=1) {8
D™ (I+yryz)D =1,
A

D =1+0(llge-1[3)-

(5) Qk = Qi—1 [ L= J [0;\.‘ 0 J
Yk I 0 D
(6) 4 k B KE, F

hr_
gk = ——kﬁy—kyk +O(|lgr=113).

(7) 34 k RAKEE, B pr = Olpi_y). 5, 25 A £ Hermite 5EFERS,
ok =0(pi_y). XFH: 2 Rayleigh Bk, HidoaEebR_—
WK (3 A & Hermite 5ERER, HKSGEE E /DR =IRN). Bk, % Rayleigh
SR I s

E B3 &

1. RBIMAT5 R MR AR,
(1) FRFT BT HALE S REIFATERS AT E

flz)=2a" +tom_1zt P+ taz+ap=0

IR ARKER TR
(2) FIRIRBT R HIH TR K T 5% SR T R B R -
(i) 2° + 2® — 5z + 3 = 0;
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(i) 2 =3z —1=0;
(iii) =% 4+ 10127 + 208.01z° + 10891.01z° + 9802.08z*
+79108.92% — 9990227 + 790z — 1000 = 0.
2. SRSEHE B () 4 R AL (R RFAE [0 &
(1) FRFT RGBT ENE S REIFI AR QR B¥ER AL
AEAEFVRFAE (m) B BB A AR
(2) FIRRFr gl F R E T 72

' +224+1=0

R R

w
& [9.1 30 2.6 4.0]

| 4.2 53 L7 1.6
32 1.7 94 =z
6.1 49 35 6.2

WKH 2 =09, 1.0 A 1.1 A A BEEIAEE, HRERHEERRAFELR.

A=




FLtE  MWRREHEERBEAMITE G

AT XA AL E LR G A 2 REF RIS+ EE T X
SERKIBAER, BT & v 7 SRR L B0t it R A
HHEPRBRERNTEN—HY X% BRINANFEH SN EE
AHIBAET .

§7.1 X X ¥ R

. H R S LA O RS B P AR O R R Ak ) B
MOEEAE . KK ANTE, SEXTARHE M R AEE 38 o S5 4, T B HLAF1E |
BATLIE R R™ —AbrHEIERRE, B TR R,

EIE 7.1.1 (ESRER) # AcR™™ BXWHRE, WEEER
5 Q e RV, fEFR

QTAQ = A =diag(A\y,--- , \n).

BEsh, A a0 E B AT AR RO SR -
EIE 7.1.2 (RIMRKEE) H AcR™V ™ BRI HRE A
FIEFAEAEAN Ay > - > A, WA

o uTAu
A = max min
xegrouex uTu

. uT Au
= _min max ———,
XeGr_, . 0#ueX ulu

K Gp o8 R TR k T 2R K41,
KRR R AL R BUB e, BATE I T €.

FEIE 7.1.3 (Weyl ) W n WIXIFRERE A M B FIFEMES
A

/\122/\n *D /1/12"'2/1'717
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JUES)
|hi —pil <[[A=Bll2, i1=1.--.n

X — R BRI AR R AL B 2 RASH).

RTHHE ) B A BURTE, AT P 4R

EE 7.1.4 W AMA+E RN n PEXNTERE, FRE o
2 A K- NRAFIERE, Q = (g, Q2] & n BrERMRE, QTAQ
M QTEQ BT

¢e
QTAQ = A0 OTEQ = E e 1
0 Dy |n-1 e Fy |[n-1
% 1 n-1 1 n-1
d= mm (A—pu >0, (El2 s —d,
HENDs) r\ =2 4

WAFHE A+ E F— D BAFERE ¢, 77

. ~ 4 4
sin = /1 g7 @12 < 5lell2 < 1Bz

Hh o RAE ¢ M g ZAPTRAIBA, B 0 = arccos ¢ ¢ -
MUATEM ERE, B 0 Ni% ¢ M § Z[EZIEfE e —
BRI R, Eitk, 8 7.1.4 R, FRE R B RSB T X 8
R 5 HADAFIE B Z R 4 B R R
HR, 5B ERE FEVXRRMEEENTRE, 0 TH
A RE R (RIFR SVD e i) ZEfET TR R+ 2EEN.
EIHE 7.1.5 (SVD #BEE) W AcR™*", WHEEERZHE
UeR™™ MV eRV"

X, 0 |r
uTav = .
0 0 |m-r
™ n—r
H v, =diag (o1, ,0), 010 202220, >0.

B A e R™" H EREHRTARKNTRED M, BABRNFRE

o12002 20, >0, =" =0,=0
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HNARFRE V WIRERAL ANEGFREE: U KFIMERA A
MEFFEE.

TEEHE 7.1.3 KR BHER, BATEW T 4!

#it 7.1.1 & A BeR™, HERECNNERES A

012"'2011 ﬂ 7—12"'2"—71,’

UES]

loi = 7| < [|[A=Bll2, i1=1,--,n.

R RRAARET LT RER.

§7.2 XIFK QR Jiik
XER QR FIESUC SRR L (E BT QR JTik, 2R QR
VEN TR AREERE, J H 7820 F A O ARt A 2 /Y.
7.21 Z=¥fk
B AR n BrSEXFREERE, JHERE A ) L Hessenberg 43 f# A
QTAQ =T,

Hed Q RIERFEME, T & I Hessenberg 48[4, M 5 AFE T LRI
=X ARE. FE, XA FREEFEM S . L Hessenberg A4 5L E 2
BH =3l i RAEA AR 5 78 0 A A HS R, e
iz HE R AR,
¥ A
A= { ar vy }1
vg Ag |n-1
1 n-1

ML —NHERE A | Hessenberg %8 [ ] Householder 28 #iE A EHE L,
FIFH Householder ¥kt A LI AT FR=XTAMERIE k T A4:
(1) T Householder 484t ﬁ]k e RIn—R)x(n=k) (g8

ﬁkl’k—l = Grer. Br € R
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(2) W&
P _ _
1| @k+1 U — H A, Hy.
n—k—1| vk  Ag
1 n—k—1

A ERANRRFTFEE ay, B B Hy & X
(03] 31

81 s

by 11 i1 ) I clag (L. 11y

Hrp
n— O H H
anl Qn
UEs)
QTAQ=T.
&l
A=QrQT,

HWZHh A =R AHR.
M ERAUNERESGEL. $ ¢ SAMNFIE THEEEIHE
Hy Ay o Hy %
H,=1-pwT, veR"™¥,

TR Apy BOEFRYE. 5275

HoAp_ 1 He = Ap 1 — vwt —woT.

i
.

1
w=u-— 5/3(1'Tu)zr. uw= 3AL_ ;.
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AXEF W, FIFHX—F20RTE, HiBHEMY 4(n - k)2
XEE, BATSA 2 T RHE
Bk 7.2 (FE =X M50 ##: Householder 28 #ii%)
fork=1:n-2
[v. 8] = house (A(k +1:n, k))
u=pAk+1:n,k+1:n)v
w=u—(BuTv/2v
Atk +1,k) = Ak +1: n. k)]s
Ak, k+1) = A(k +1,k)
Alk+1:n.k+1:n)
=Ak+1:nk+1:n)—vwT —wT
GHLRIEHEEN 40’3 RIS HE., AEXTARFEFER)_E Hessen-
berg WFHEKZH BN 10n3/3; WIRTERAZHI G RBHER, WL
THHENZEERE 1n3/3.
7.2.2 BRRMIR QR EK

SERTIE A A=A T ESZZE. BT —MES
MERIEBUE LB HIT QR &R BT R A FIRFE{E N S,
H A ERANESMNERTERELE T, RFHTRPABEN A

F e R A B QR &K

Ty — I = Qp Ry, (QR 71#%)

Tei1 = ReQp +pxl, k=0,1,---

(7.2.1)

H Ty = T B =X M. B1F QR &AUREF L Hessenberg JEH
RFRME R . BRATSLEI AT A0 B EARE AN T #RXNR =X
M. S59E0FR QR TiE—FE, RE AW B EEA T HIE T 8
AR, B AN E.

BATER T WFTERALR e BIERE. MIEXTFR QR AT
WRIHN, B BAIBIERI u = Te(n,n). AT, A AIBIE R p



208 HLFE ATARSAEMA R A 6B Ak

o
[an—l Bn-1 }
Tirin—=1:n,n—1:n)=

571—1 Qn

FIPIMFIEEZ FEEE o BIA—AS, RIEK

Pk = 0y + 6 —sgn (0)4/0% + 824, (7.2.2)

Hi 6= (an_1 —a,)/2. XFREELK Wilkinson {iI#¥. Wilkinson
MAEUERA T XA A AR =S, R T A E#E
ELRIE H (S [12).

FR % B B ASEI — IR FR QR &R

T—ul=QR, T=RQ+ul. (7.2.3)

MARIBATAT AR Givens Rk EAZSKIL 1 — wl ) QR 40f#, iy
TR BB B, FEENMERUREN ARG T B T

KEGE, BR (7.2.3) MLFREMHELSHLZLE T %X T,
Bl 7= QTTQ. Fitk, IEEHE 6.4.3, T AF ERH Q ME—F7L
e ). MRIF Givens ZBH#SEIL T — I 11 QR 4R IATHEE R AT 40,
Qer = Grey, ¥ G = G(1,2,0) Z2&ET (1,2) FHEMIGEER T — ul
ME—FIE AN TEERETR, B 0 L

cosfl sinf ap—p | | o*
—sinfl  cosf 51 o |
B = GiTGT,
W B (Fl0 n=4) AW FRAR:

&

o + X X
o X X X
X X X +
X X o o
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R R =0 ML A IER T “+. HHIEEHE 643, RFE% B H
Givens AN A =S5, BRI BRI ER =X A T. X—241k
HEAENMNTE » =4 MFFHEEE:

x x 0 0 x x 0 0
B&' X X %X 4+ Ga, x x x 0
0 x x x 0 x x X
0 4+ x x 0 0 x x

Heh G, =Gi,i+1.60), 1 =23 ®T—BER, BANE FREBEE

B3k 7.2.2 ( Wilkinson A8 BB TE QR &)
d=(T(n—1,n—-1)=T(n,n))/2

T Ui = L7 (a =+ sgu(d)y/ d* + T'(n

1)2 )
zr=T(1,1)—p; 2=T(2,1)
fork=1:n-1

[e, s] = givens (z, z)

T =GyTGE, K G, = Gk, k +1,0)

ifk<n-1

c=T(k+1,k); 2=T(k+2,k)
end

end

ZHENEHEER 10n. MRFERBREIEE, NEFHHYNZ

HE on® WA, EERHEN, XA T BUREA n 4 2R

K.

7.2.3 RAXIR QR EX

REETAEXRFR QR Hik, HA LHATHE, ArEwm 8.
Bk 7.2.3 (HESEHRAERERIE S BRI QR BiE)
(1) WA A (SERFRARE).

(2) =Xt HEE 721 HH A =R 0R, 5

T =UfAUy; @Q=U,.
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(3) Wkt HE:
(i) PR WL &M
ltivril = ltiira] < ([l + [tisr,i01])u

i) tig1i Mt 01 BF.
(i) FEBRKMIEREEL m ME/NOIEREE (| 5

T 0 0 l
g = 0 T5o 0 n—l-m
0 0 T3y |m
l n—l—m m

e + o _Lﬁ—l»h-,rrf— T m LT*T/AAA—‘—-J h—.ﬂ‘f"

uu) WK m=n, J\‘J%Jtﬂﬁftr BGRB8 —
(4) QR &M X Top A 7.2.2 BA—KB

Too = GT22GY, G=G1G2+-Grom_i_1.

(5) Q = Qdiag (I, G, I,), RIaF (3).

IR R EREE, WZEEIEEE LR 4n3/3; IRAHEE
AL ERTE, NIEHEFHLH o’

R-BEREE TR T RERNEEZ — RESIHLERERY,
ZEE BRI R N X, R

QT(A+ E)Q =diag(A1,- -, An),
He Q e R RIEZHFE, |E|2 ~ ||Allou. BHEHE 7.1.3 41
Ai — Ai| = |Allau, i=1,--,n,

He he MA). ZtptER, BAXR QR HiEHHARI M EER
R, MXPRENEIHSEE. EESERNE, tHBZIN
FALMBHA—E A RARER, TN\ 5HAAREER 2 SRR
ES
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§7.3 Jacobi Jj V&

Jacobi J7 ¥ A& SR SEXTFRAE PR 4 SRR EAE FIAFIE M BB A Z M
52—, M Jacobi T 1846 FFH LR MM, KFMIE, (FT—ALXt
PRAE MEAR AT LLIE T IE AR B L9 ST B, Jacobi 7 IE 2R A
SEXTARAE R BX — 4 i, B — R P& MR B P I he R Hg — AN
SE B SERTFRAE BEZR A L) 3 A B, ICSIOR BE Sk E, Jacobi 7k
5ZZK5F QR HEME, MEEZE. A, BT Jacobi HIEEH
SRR, JRATRRIR SIS, IEERNEFZIAMTMENR. 1A,
X F3ELL LT RN A T SEX AR RE, Jacobi J7iEIME 120 2.

72321 28 Jacobi Ak

W A= [ag] & nxn SEXFREEFE. Jacobi %K) Birgt 2% A
e f %

n

£(4) = (|4 - Y 03)" = (zzag)i (7.0
=1 i=1 J;:
BELMAE, FrAKEAR TR 2T i mmhe i 2.

J(p,q,0) =1+ (cosf — 1)(61)6; + eqeg) + sin@(epeqT — eqeg). (7.3.2)
HARIE p < q. e RnBAFERERSE £ 5. XERINFRX—FHETE
AWK (p.q) “FHEIA Jacobi Z8#t. Jacobi Hik—IRAMLI AP B
g

(1) EEHEHEFH (p.q), 1<p<qg<m:
(2) WhEER A 0, 1113

T
e ] o
Bap Baq —8 ¢ Qgp  Qqq -8
X FARE (Bl Bpg = By = 0), A ¢ = cosf, s = sin6;
(3) Xf A fERNE: B = [8,;] = JTAJ, HH J = J(p,q.0).
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EE A5 B RER pIT B) M ¢ 17 (F) AR, ENZEA
WFxR:
Bip = Opi = cotip = $Qig; 17 D 4
Biq = Bqi = saup +cayq, i # P, q,
Bpp = P apy — 28Capg + 870, (7.3.4)
Bq, = 52y, + 25Capg + Cayg,
Bug = Bap = (2 = 5¥)apq + sc{app — gq).
BA1E BAK BRI (p, q), BHERIEEE (p,g) ZFE

FEVEE s = sind Fl ¢ = cosf, [ (7.3.3) XHFW By = B = 0.
B (7.3.4) FHERE—MEXEEM. XEMHTHE « § o F5

) 9 -9 =
QpglC™ — 87) 7 (Gpp — Qgq)cs = U. (1.3.9)

MR apg =0, WAFE c=1, s =0 BIF]. 1Ry # 0, W2

« o
r=2aa " %p g =2
200pq c

FARN (7.3.5) RAT4n, ¢ BT IR AR
t2+27t—1=0.

XFE ¢t MER AR X ERATERH L EB/NR. &)
B sgn (1)
VI
IXFEEBRRAE THERE A 0 WEAE 10] < m/4, XX Jacobi FiEHIML St
REXREEY. X—SA N THKERSEMTHEH. B (7.3.6) X5
Bt ZJF, e M s AT N EM A HHE:
1
g= " 5= te: (7.3.7)
MARNFERE BAOERUER VI, T Frobenius JUHTEEA
TE TN REAE, E |Blr=||Alr. B—HH. B (7.3.3) A0

2 2 02 _ 32 4 92 2 __ @32 | A2
app+aqq+2apq—,jpp~r3qq+23pq—3pp+3qq.

(7.3.6)
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R, RATH
E(B?=|B|} - 82
=l

=|Al} = o + (o, + a2, — 82, — B2,)
=1
= E(A)? - 2a§q.

B TEMNE B2 E(B) RATEER/D, Bt L4, (p,q) B
R FEN A

= ;g 3.8
Ogal = maxe o, (7.38)

B 72 B Sl % A 7 Hh 4 St A B A BT A AT 1 i e S
Fe B8 (7.3.8) AORHAE BER VI (p.g). B (7.3.6) XA (7.3.7) X
KIFE ¢ 1 s KIHEEREZH Jacobi Ak, HEAERKA W T:

Av=[V] =T Aer e, k=12, (7.3.9)

Hrp Ag = A, J, BX Ar_y WA (7.3.6)~(7.3.8) PFTHEE R Jacobi 28
e X T4 M Jacobi i, BATHE W RIS 2 #E.:
EE 7.3.1 fF7E A FFEER =D AL X\, 18

klim Ay = diag (A1, Ao, A, (7.3.10)

WERR BAVCUEREEIAAREL & 880, Ax KIAEXTA V%0 E(Ax)
BT 0. dETHE IR EATH0E

E(Ax)? = BE(Ax-1)? —2(ali™D)2 (7.3.11)
KE ape VR A BAEXN ST A ERAE. FERE
E(Ak-1)? < n(n=1)(ag )% (7.3.12)

¥ (7.3.12) RN (7.3.11) KEVF

1

B(A)? < (1 - T) E(Ag )2,
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Hr N = —n (n—1). HUEER%N hm E(A;) = 0.
ﬁﬂEﬁE A B"Jﬁﬂfﬁﬂ‘]—/\ﬁfiﬂ AL A,y A, TR

Jim o =N, i=1,- (7.3.13)

B A WEAHF MR IEEZ M B/ NER R 6, B
6 = min{|u — Al: A\, u € M(A), X # u}.

EERIES c W2 e < 6/4, WH Jim E(Ay) =0 B, FFTE ko 1 k> ko
EH
E(Ax) <e<8/4.

N et St r e

T AEE) ALAY = AlA. A ARERFE Ay ;_1 J,.J\A. )iﬁ /.; \; u')( [.1’:_| X i'i‘z .L;~';.
s (ko) (ko) (ko)
Dko “dlag (all y Qoo "y r et Oy )

NHAAZE §7.1 FHEHE 7.1.3 B4, FE A FIFIEER —NES ),
)\27 e ~/\ns 4%?%‘

IAi — a'¥)| < || Ak, — Do ll2 < E(Ak,) < € < 8/4, (7.3.14)
=1, 0
XA R ERRIE R X ERE
M-l <o i=1,-- (7.3.15)
W e A g R BB A, X — VI k> ko B
h—all|<e, i=1,--,n,

MITIER T (7.3.13) FAROL.

THEUER (7.3.14) RERE (7315 )R BT Ape1 5 A, BIXT
ATEATEEFANRRE (o™ fl alotV), SABIES (7.3.15) R
Xt i =p,q BALEAT]. B (7.3.4), (7.3.6) A (7.3.7) = AT40
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ko+1) — (ko) o 2(_ou (k 2¢ . (ko) k
alkoth) = qlho) 4 2 (~2talfe) + 2 (allo) — alko)))

pp
= aﬁ,’;”) + cg(—Qta(pl;") +t(1 - t2)ag;°))

— (ko) _ 4,(ko)
= 0pp —tagy,

HAHBT (7.35) REWEE 20 — ol)) = t(1 - 2)ali0). FIEAT
1k

aé’;o-%-l) _ Qggm + ta;’;(’). (7.3.16)

XRE, WA A, # Ay, BATH

lalkot ) — )| = Jalfo) — Ay + Xy — Aj + talko)|
> o = Al = lafy) = Al = [t E(Ak,)
Sh—e— e
2 2e, (7.3.17)

XEAZT |t <1 BN BT MAk 1) = MA) T E(4,41) < e, B
BRI A §7.1 PRIEE 7.1.3 41, ol ™) WS A EAMFIEEY
EHEEEANT . XFE, &4 (7.3.17) REV4N (7.3.15) RXF i = p BAL.
FFE, M (7.3.16) R ATHER (7.3.15) XX @ = ¢ IRERAL. 0

X —E B RUEBAIRATAT LAE H, 354 |t < 1 XA Jacobi J7iE
MR T EXEENER, BHIETERFENE—ANAT oF
¥ EAR BB T A OFE—EE MR IEE. o, X— B
IR tH & B Jacobi 7792 IWCSIGH FE Y — AN HE B B A6 7

E(4)? < (1 - )*E(4o)? (7.3.18)

EXRAL I Jacobi LRSS, AT, Ehr L, HHTESuE
BRZIRE, ERE— U, BATATLGEMN, 7FEREE o, #5

E(Ar.n) < CE(A;;)2 (7.3.19)

XTI K EAREL b BOL. RTIX S RAIER, A A3 7] LA
Z% Golub fl Van Loan &K (FEMETHE) HIE N\ EKFIIHNS
3R
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XEFRBERN—EZ, BERH N =n(n—1)/2 IR Jacobi AT
—k FH. Bl (7.3.19) X, 2R -NZIZE, SE#E—K K
EXT M FEHC K LTS B REIE T 0. I E W T £

f5l 7.3.1 NHZH Jacobi FETHRE
1 1 1
2 3 4
3 6 10
4 10 20

O T Gy Wy

He Rk 7.1 Fior.

£ 71

107
10
10~2
10—11
10—17

B
W N = O

7.3.2 fEIR Jacobi HiERETR

RFECEEE], KM Jacobi FERHAT—IKALZRHR, FIFEHIE
HEMY O(n), THEEREFEFH (p,q) MFEHIT n(n - 1)/2 MTE
Z IR bR, B, &8 Jacobi 7RI I A T F HEEM
ek T b, XRBAMERE). b T B AIX R o) 3, — 5 7
ARBANIALTFREAAERIERF 1, TRE — Rk T, ML
T 5E MRS EX M TR FE 2 — K. X2 B a3 Jacobi
FiE. BBARIIEH Jacobi FVERIEM T BT REH#:

(pyq) =(1,2),--- .(1,n):(2,3),--- ,(2,n);--- :(n—1,n).

X FIX PR IEER Jacobi J7¥2:, BAUEMA T & &S 7 sk
. BR, BTXEAFEITREENIERE P, FIHELEH Jacobi
TEREZ.
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Bl 7.3.2  NHFEH Jacobi JTVETHI 7.3.1 MR b, Kl
ok 7.2 Prox.

x® 7.2

ARYE O(E(Axn))
0 10?
1 10
2 107!
3 106
4 1016

TELFRtE P R ES M2 EIRFFERIEHE Jacobi Hiki—FAE
E—3dX Jacobi Fi&: BT A KAH (HI—ANTFH 7rkerk
M) i A 8 L a0 {H ol B R HEXT M8 JC BT EE O 1
BEAT Jacobi Z#; XM R B, LA MIEX M o4t (E &8 A
R, /D RAE, X B R ERAT I, Wtkdkst, HEERE
R NTIE BRI, H R ORMERIE T 7 LR -

b= EA), & =251 B=13-..
ag

Ko >n 2 PMEEHFEE. FTUEEH: &EXAEERKCE, T
K Jacobi JTVERWSAN. X—45 RMUEH, 1EEE B OEAZGI A,

Jacobi TERIMN RZ — B2 BAFIE M BRe 51 7. WRET k
R GIERE LT, MEATE

Ae=JETE - JEAL T, - Iy
id
Qr = J1Ja - Jg,
JUES)
AQk = QrAy.

BT A, KEFENAITERIET /D, X ATHe A RBR IR 1E
B, FrA BRI Q, FIFI R ERR A FRE T EUSFE R &, I
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HETA KL E R B &R ERAVEN. EHEE A KR ERE,
AR BIE R J; ZBGERENTTT, R UAFEIEAOEFE A &) i 34T

7.3.3 Jacobi FERIFITHE

ERAATX AT ZH) Jacobi JiEBENEBM EEIRHE 2 —RE A
Jacobi HERGHATH. KXEBRIMILA—MF KU Jacobi Ak
FIX—HEm. W A & 8 x 8 FISERIRIERE, MBEMERE—NF N
AR R AT L SRIX —RE R R AR AR AE () B 1. FRATT T AR T
— IR 28 /M FHEIBEH AR B H-CA:

FB—4H: (1,2), (3.4), (5.6), (7,8):

BH: (1,3), (2,4), (5,7), (6,8);

o — //F], £1 AN (9 @y (r Q\ /p
BIUA: (1,5), (2,6), (3,7), (4,8);
FHA: (1,6), (2,5), (3,8), (4,7);
BN (1,7), (2.8), (3,5), (4,6):
HHAH: (1,8), (2,7), (3.6), (4.5).

X B 2 5, B2 P Y DO A e 2 A% 6 (7] B 23 e 25 DO AN b 2 2%
SrAEAT. Biltn, PR J(20 - 1,20,0,)(i = 1,2,3,4) 7]
AR e A7 B 5 . X R BRI EXT A AT AT — T AR AR B
HAMI R E LR =M 2 x 2 FHERE, W J(1,2,60,)TAJ(1,2,6,)
HABEHE (3,4),(5,6) F (7.8) FHZNBITERELZHE 2 x 2 T4
B TR

A=AJ(1.2,6,), A= AJ(3,4,6,),
A=AJ(5,6.03), A= AJ(T.8,0,)

IRATAE DA b 3R 2% E R AT, RIRE, thE
A=J(1,2,0))TA, A=J(3,4,6,)"4,
A=J(5,6,03)TA A=J(7.8.6,)TA
IRATLE DU b 2R 2% BBl kAT, BT WL Jacobi /¥ HIFFATRE 2R
mE. X BT E, HArFE i E R R URE RN 1/4.
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74 — & ¥

X EATRA AR — LR =0 A R e R EE R =
ik BaB 5= AMETIHE S, AR EIRAEE LR
S B PR A R H R SRR A AR X I A AL 1) B ) BB 7 .

w

oy B
By o B3

Bn
L On  Qp _]
R—AMEENENR=X A0 RITREE T K EERTHE. AKX
— e, BRATTUMERE 8 #0 (i =2,---,n), BMEE T BARTLKIIT
FR=xF MR, BN, T T 200 JUANHBOE /AN AT L0 R =5t A B
8 pi(A) AT — A B BT, W b =5t A M R ORAT
FIBHER, SiE pi(N) ¥2 T EK=TUEHE LK

po(A) =1, pi(A) = a1 — A
pi(A) = (@i — Mpi—1(A) — B2pi—a(N), (7.4.1)

t=2,--,n.

BT T BEXNRE, @WK pi(N) (=1, .n) BIWERELR. T
B, XL HAEH T e B ATR K — e E R

EE 741 W p(\) W(7.4.0)FrEX. WFH

(1) FEEEIESR M, B4 X > M . H pi(=X) > 0. T p:(\) IR
AR (-1)4

(2) AHABHANZIMXEE A FEHR;

(3) & pi(p) = 0, W p;_1()pis1(p) < 0;

(4) pi(\) BIARARBER, FFH pi(\) FIARH 5 p (V) BIAR.



220 FLF ARMEERAGTE S E

R BT (N B T — M BB« BIFEFR S ED
A (=1)'\. BEEIZERED (1) BRAL.

(2) AR, BRAEEA « 8 pimi(V) 5 pi() BAHM 4,
B pioa(p) = pi(p) = 0, WA (7.4.1) AR

0 =pi(p) = (0 — w)pi-1(p) — Bipi—2(n) = —Bpi-2(p).
BEMCHEE 8 # 0, B ERERE pi_2(n) =0. ZH, H
pi—2(p) = pi—1(u) =0

NATHEH pioa(p) = 0. WIHTF %, BSERMATHER po(u)=0. ZX5 po(p) =
1 FJ&E, T (2) fHE.

(2) ﬁrdj*rﬁ‘:mﬁhéd:;/,\ /.?\ o= 1 1.\ jP—irHH«{ﬂ‘vln 5 8

SR KX f ) U. 'KlY
5 2
pic1(w)pi—1(1) = =82 (pim1 (1) < 0.

(4) BATAFZFRNERIERH. Hi =18, p()) = a1 — A
Bl oy & pi(\) BRI B—J7 M, palar) = —F3 < 0, TIAEEKE
B (1) BREZ N AR KBIERBE po(—N) M po(\) WRTE,
BAE (—o0, a1) 5 (a1, +o0) ZWEH pa(N) BI—MR. X, X i =2
BATEAE (4) BOL.

PREBAEERIERT (4) Xi=kBor, BMREEEIER T pr_i())
Hpr(\) BFIRRER R HAR, FF Hopr_1(\) FIARF“A& 20 BR pr (A) BIAR. 3 pr—1(N)
A pr(N) KRR 3R

n<ry < <o Moy <pp <o < ke

W e AR

< vy < g <vp <o < Uy < k. (7.4.2)
P =0UEHEA X (7.4.1) /EF
pr1(i) = =Beipe—1(ij), j=1,-+ k. (7.4.3)

HAZEEMLER (1) M pi(v) =0(1<j<k-1) BHHEH, (74.2)
KB RE
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(=17 'proa(py) >0, j=1,--- k.
T2, # (74.3) X8

(_1)jpk+1(u]‘) >0, j=1,---,k.

BERIN RS KNES v &
Pre1(—p) >0 F (=1)Fpiii(p) >0,
R S0 7E X [8]
('—OO, ul)s (.ul ,u?)f BRY g (,uk—l* llk)-, (ﬂk* +OO)
WEE pra (V) BIR. XEREH £+ 1 MXE, T praa(A) BE b+ 1
MR BRI FERARR KR B 00 T TR g s
A (4) 1RE.

O

SRR ERISER p, B X s (i) BEF po(n), - pe(p) KIS
B,OZXEAE: F opi(p) =0, W pi(p) 5 pioi(n) A5 RIECHE 7.4.1
MR (2) 50, BB poq (p) AATRETRAE). N T FHEX WS, I
Bl &

1 10
T=1]11 1
01 1
UES)
po(A) =1,
pi(A) =1-2A

p2(N) =(1-X)° -1
p3s(X) = (1 =2 =2(1 = ).
MNFop=1, BAIATE

po(1)=1, pi(1)=0, p2(1)=-1, p3(1)=0.
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HHRE, pi(1) 5 po(1) A5, p3(1) 5 p(1) A5, NTIX—HFIHES
HH s3(1) =1

ER 7.42 1T ANTARNHK=XAERBRET, se(u)(l <
k <n) tBEFR pe()) TEXE (—o0, n) WARKIANEL

IERR RAIAEFAGEFRUEE. L k=1, SR ERBL. N
BEL k=1 BERBAL. W pi(N\) B pa (V) BRI

p1 < po << FOX <Ao< os < A,

M ERE 7.4.1 KL (4) 50

AL < 1 <A < g <o- <y < Ajsqs (7.4.4)

RE |
X3

o T b S Sz R B A
Pom < S Hmet1-
XA (7.4.4) A o FTERALE A PR ] REfE:
Am < pm < P € Ampr B Amg1 < o< fimar.

EEE

l I+1

H pi— ), preip) = H(/\i — K, (7.4.5)

i=1 i=1
M2 N, < g < 10 €< Angr BROLES, Z50 pi(n) 5 prer(n) 5 (BR
1= Moy, BHEBPHEREFES). X s00(0) = s1(p) = m, X
EEF A pra(N) FEXE] (=00, ) WAREIANNEL

| Ams1 < p € fmt ﬁijﬁ AT PR BURAE s (p) =
m + 1:

(1) p < pmpr, W (7.4.5) RF, BB pi(p) 5 pra(n) 75,
B sie1(p) = si(p) +1=m+ 1.

(2) F p = pmer, WENH p(p) = 0. TREHAEIR pi(p)
5 pio(p) A5, TR 7.4.1 FIE5E (3) R, BE poy (1) 5 proa ()
5, B pa(p) 5 o) 35, B s (p) =si(p) +1=m+1.



§7.4 =4 223

XHE, BATRAERA T RIRHMIENR, HH s (p) EFET paa(p)
FEIX 8] (—o0, u) WIRAIANEL. BIAGNE RIS EAAIE. 0

EEHE 74294 k=n BMTER:

it 741 FH T RATARXHR=XFHEE, U s, (n) EFRZ
FEREZEX ] (—oo, p) WHFAEME AL

X —HER, BATT AR ZERK T BAEAT—AN6 € IR E
B & T WRIEE N

AL < Ag < s < A,

W%
il < o(T) < 1T .

A ERAIFER T I m NRFAEE A, FATTSEE
lo==|Tllw, uo= T,

W A BEEXIE [lo.uo] W. B [lo,uo] BIF R m1 = (lo + uo)/2, It
B osu(r1). & sa(ri) =m, W Ay € [lo, r], TRE 4 =lo,us =73 &
T, A, € [Py, uo), TR i = r,u1 = uo. XFE, BRITBE—ANKE
EE [lo, wo] D —FHIKIE I, wa] IEFHALME A SREHATIR—IL
2, &1 k R-FHERE, BAR—MEN (w—1)/2F = ||T||/2!
PRI TE] (L, ur) IEFRAEME A, IXFE, 25 & KA, XX EHIK
FERtAEE /N, st AT BUZX [RGB R A BEME.

RERGNEER R, “MERNFETERRUE s, (0).
MEL PR EET s, (p) PREEBRESUHE pi(p) BEREIR, X2H
HEM IR ER S KER . AT BRI — R @8N RE, BATE
X
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5
A Gi—1(A)’
B EN, sn(p) ELFRES qi(n),- - qn(p) TREEDE ZHEH
BEITHHE s,(p) BT LHEE:
Bk 741 ((HRZESE)
z=lon, 00, Q)
y=1[0,82,- ,Bxl
s=0; g=2z(1) —p
for k=1:n
ifg<0
s=s5+1

qi(A) = a; —

1=2,--,n.

end
ifk<n
ifg=0
q=ly(k+1)[u
end
g=x(k+1)—p-yk+1)%/q
end

end

ER, 3 qio1(p) =0 I, I ¢,y MR EE Ry, B
BAESE S 7.4.1 FLUUB/NRIIES Biu RET i1 (p), XL A
THEHE T HH a;—1 + |fijlu RET Qi—1.

WRFATHER 52 I FAAmE R, WEVE 741 TE n—1 KER
FIBER 2n — 1 IRINBUEE. XH, R E—MEEEFIFE m
RZAME, WA ZHER— M EEREEE B8 3nm. Eik, A=
TIESROT TR =0T A B () (IE A BT T B 4 B ) 2 AR 2D 9.

st Z o BERBARR R ENE, BEEAT KIFE LS E R R EE D
RIRFAE(E, o mTSRIEAN DS A) P BORFAEAEL, T B 2 MRFAE(E RORS R 25K
WA LAA—F. 54h EEELNE, REMTWEREH 4RI
ERREN, T B EREMT R ERN A SREEN S BRELX.
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N HXBEABRFILRR DI, GXEBIEE T SF R [21).

BRIBEEMNF AR — 2, SHSERE T R EMESIEE
ZJa, WMFSE TV E I N AORFAE [0 B S, B RN A RS
8.

§7.5 SMAZIE

3 MIE Z5E 2 SR SEXTFR =X £ [ () A FR AR AE (B IR AIE 1) & B —Fob
ﬁ{ﬁjﬂi, #&H Dongarra fll Sorensen T 1987 SEEH iR ). HEXR
R RGN =X AR <8 R 2k MER BIXTFR =T f
Kt—F SR 53 AR AT R XS FR =X A RE (K 4 8 B e i X iR

it oy f “BRA fF—R AR BEERRE M 25 ez e S
& TR
7.5.1 oF
.‘& -
(e 5] 82
B g B3
Bz az Ba
T = . . . (7.5.1)
‘Bn—l Qp—1 Bn
B an |

A ERENFR =AM, AT TEITHEHTE, BIIAGEE n =
2m. EX veR" K

v=(0.---.0.1. 6. 0,---.0)7T, (7.5.2)

m m—+1
FEBIME T =T — poo”, P 0 H p REEELE. 5%, T B+
KIS TEER A
Qm — p 3m +1 — /)9
Brm+1 — pO a1 — /)92
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bh, HRITRSE T Mg —+. Bk, RWmBITH p0 = By, WH

T
= ' + pwvT, (7.5.3)
0 Ty
Hep
[ ar B
Ba az B3
B3 az B4
Tl = X . )
Bm-1 Cm-1 Bm
1’3,,, (~Yn
am+1 Jm+2
ﬂm+2 Q42 IBTTH—S
T2= 8m+3
Qp—1 3n
Bn an |

iz% Oy = Oty = Py am-H = Qm+1 — ,092'

XFE, BATHIE T 3 FA— D HFERER— N8 1 HRERA.
RRE, AT Ty AT, A RI#ATRW (7.5.3) RPI2E], (T2,
BATH T SrEh 2F

7.5.2 K&

BERNCEKE T, M T, KR

QITiQ:1 =D1, Q3T>Q> = Dy,

He Qi M Q2 B m BHIERERE, D, Ml D, XM B4, BT
HHESFHEMA T M T, MRkl T K8, Bk ERHE
MV, f#18

VITV =diag(\1, -, \n). (7.5.4)
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&
(28]
0 Q2
0
gy
UTTU = @ 0 i B —+—pva @ 0
0 Qo 0 Ty 0 @2
=D + pz27T, (7.5.5)
Hrp

:=UTy. D =diag(D,. D-).

REFE 2R, 8K T BB MR S EE AK D + pz2t BIEER)
il . BR, TR AT R R e PRI AR B HSKAERE D + pz2T HIIE
5.
313 7.5.1 W D=diag(dy,--- .dp) RV R dy >dy > -+
> d,, HBE p B2 MEFLH, :cR" U EHAANZE. R v e R"
M AeRHLE
(D + pzzT)'u =Au. u#0,

W 2Tu 0, TWH D — I JE5 57

WERR #F 2Tu=0, ] Du=u, u#0, B} A & D W4E{E, v 2
BT A RIS ERE. M EH D &% AT E AR KX R, JuFFE
MNi, B =)\THu=ae, a#0. XHEFEHF

0=2:Tu= azTei.

X5 : GEYAAZNERETE. Bk, BF zTu#0.
A, FH D - I &R, WLEEA o, 8 (D - A1) =0, A0
f

0=el(D—M)u=—pzTue’ 2.
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{8 pTu # 0, AV efz = 0. XI5 = WARMAHNETE, AL
H D -\ FHR. -
T 7.5.1 518 750 MBREMET, FEE D+ p2" ik
S
VI(D + pzzT)V = diag (A1, , An).
HH V= [or, o o) HESERE, 2o > - > Ao, WS
(1) Aveo An EEFREH

) Hp>0. FMN>di > >d> >N, >d,:TIXp<0
BB dy > A >do > >dy > Ay

(3) FFEEEH o; #0, 18 v; = a;(D—=XNI)"lz,i=1,--- ,n.

WERR H A&

(D + pzzT)vi = \;V;, ||’Ul||2 = 1.
TR, \5I# 751 5, D- N1 E&FR, NfiF
o T =1 F —
vi=—pzvi(D=NI)""z, i=1,-n. (7.5.6)

XBIER T (3) WAL, FIREIEB T D + p22T BIEEEAHF (B
W, R X =X, WE v 5o, HEERX X5 v 5o EHERT
J&).

Hesb, 7E (7.5.6) RPLZT =T, HERE 2Tv, #0, F

1=—pzT(D - NIz,
B

X N ((=1.---,n) L fO) BIFA. FEKRIE fO) EFE n
NEA.
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i’ﬁ = (€1~"' ~£71)Ta mJJ
2 52
,f()\):1+p(ljl—l++——£—>
TEA

(dy = A)? (dn — A)?
BB, (N FEEEHI BB’JW,ﬁ di M di Zlﬂm?%iﬁﬁ‘] p>0

f’()\):p{__g%__.*_..._FE—?‘_}.

% p> 0B, wmac%u&ﬂwm 0 /I\Elﬂ.

(d”. dn~1)e AR (dz (11). (dl +OC)Z
- ot TITET T W T e K
o, s (s i)y 50 Tl B0

Rk BR&nE BB 458 (1) R (2) RROL.

MEH 7.5.1 | 'I%u A5 751 FI&HT. %aﬂﬂw;zﬁm:?ﬁ*ﬁ
PRE . REHsRE D + p22T K% E:

F—F K FO) TR A, A BTEAKXIE (disr,di) BA
HAE f\) KME— ?}5 A f(A EEI@WF%ﬁﬁ X — ]
DL F Newton 8EY S IETRIE ﬁ’fﬁﬂﬁ%fﬂ

E S

(D—-N\I)7! .
vi=———-—"——— =1,

(D = Ad)™ ~llz

X = BRI AT R . R E HSEER.
ST —R&E D + p22T HIESBIFATIHE N EEE 7.5.1 R
. Ritk, BATIRAL & M I B R T 45 R
EI 7.5.2 W D= diag(dy,--- .dy) € R™™, z € R", W7
EACHRE VA {1.--- . n} BI—ANHEF ©, (15
M VTz=(&, &0, OTHE &#0(i=1,---,71);
——

TL*T‘/|\
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(2) VIDV = diag (dr(1), -+ + dr(ny) AR

‘ dﬂ,(l) e d-,;(Q) Zewe S dﬂ.(r).

ERR WREFERANERS i < g, 8 d = d;, WBATATEL (i, 5) A4
P P T HE 2R ¥ Py = G(i,5,0), 6183 Pz 8 ) MrENZE,
i B S 1E, A PIDP; = D. EE#ATH TH 2, B ks —
A — S T e A A 4k () e AR B LIESSHERE Vi, 678 ViIEDV, = D,
MHE ViTz = (&, ,&)T R & && #0 (i # ), WLE d #d;.

KRG, X Vil KA BEBATE TIRPIB e, IR EARTH
SEHMTEMETTE. B KB =P TR P R

P, ‘/’:TZ = (f—‘l‘]\. o0t & .E.,,(,,\)T.
Smy 70, =11
m@ =0, i=r+1,-n,
He m & {1, n} =5 Hd P REEE, FERE
PlTVITDVlPl = PlTDpl = diag (dvrl(l)f T 'dﬂ'l("))
E"J_ﬁﬁ r /I\er'%ﬁ: dm(l)~ i 'dm(r) EZ:*BIE

BJa. X dey1), o ey () BATHE TS, EEMHEMAKREIDNE
KFHES, BIAT 4B —A » MHESITE Py, {45

P diag (dny 1y, ey () Po = diag (.- pir).

A o, poy e BH dey) dry2) e day ) ARBVNMESITIS 2]
[, Bp
H1 > o > -0 > Uy

me

V = VlPldiag (P2~In—r)-
VIz= (&, &))"
VTDV = diag (dﬂ-(l). t ‘dw(n)).
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Hit o B PR P, B {1, 0} B—HEF, WE
&#0,i=1--.1r &Gu=-=6=0,
dr(1) > dr(2) -+ > drr)s
B 5 FEARE, .

HER 7.5.2 ATEN, XHEEM D = diag(dy,--- ,d,) € R* fil z €
R™ Al — M ER SR Vv, #15

Dy +pww® 0 |r
VI(D +pze TV = | TP ]

EEFI T n—r

Dy = diag (d(1y. () dery > >d
D2 = dlag (dﬁ—(r+1)~ T vd‘r.'(n))
w= (6, 6T €40,

BB, BK D + pz2" BIEMBRAIAFERL Dy + pww™ Hi 5 EED
i, mjEE CRERE 7.5.1 P, fTUE. FE skt

FESCRRiH SRS, MRTHELRE N, SRA5E T B EAR A AH
F, T — MR E. Filin, AT

1= ([Dll2 + [pl[[z]l2)u

RAEARZEM. 5 |d; —d;| <=1 B, BAK o Fl d; 115 Y (6] < =
YEAARTTE R, ARG ZEH 38R — T i f X — kN F
FHATVE. A TR SRR, BeHNTEER U CHE IR FTH L
THE—N AN RO =X A T g fE. BRI RE e 4 i
NLEZ
(1) &l

7, 0
0 T

j| + puvT_, T, € R‘z‘\f‘xz_,\" ve R4N;
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Ta 0 . N
Ti=| °% +pwwt, Ty; e RV w; e RPN, i=1.2.
0 Tio
X BAFHESHILAHL

(2) ¥ Tvi, Tia, To1, Too TR ECLEDU/NACEESS. FookHE5
fi# (Flane] FHERAR QR HIESEH).

(3) K 11, F1 Ty, HIESREUAR Toy R Ty HIESRED IR E
BT, AT, Mg X—8. B TREIEBFERKEM D+ p2:T
AR Bl () R AE A FNAREAE [ B, T IX LEF TEAE v A B RAH B AT
), BN AT 43 Ao s DY AN Ab B8 238 R AT

(4) ¥ T, M Ty, WHEDRIZE K T BE2 8. X B IRA] I

A LU orm ag =1 e LY 2
AL agiFiHd AL

M EHIEI R TR . 2 TR ZEFHATRBF R R ER. B, €
38 A TAEFFATAL B SRR TR =08 A B ) 2 B IR (AP A 1) B

§7.6 FWRESTHIIIIHE

X—THALREIR, MEEM A e R™" (m > n), WAHHEHLA
FESE. BTAREIRGIFREERE IR AEEETINRR,
DR AR Rt th A T AT (B 2 AR Y QR T3 Jacibi ik, =ik
Sz RTRERIMZEATE g A IR ET5 %, 1
R EARES B QR A —AEKNE.

THETRES RN QR HENEABRER, REMNAXNE QR
TET ATA £ MAREENHESEF A BHIT ATA HHH
K. T HEEATH R I8 A 0T BARSEELIX — A8,

7.6.1 X f

W F# ATA =Mtk XEREE A X ftk, BIERANER
UMV, fF18
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o om
B

UTAV = [
0

B o . (7.6.1)
Yn—-1

671

—HB A ER (7.6.1) BELH, WA VTATAV = BTB B— AR =xt
Al XFAALT A ATA =xAtk, EiFrxNFNEMHKR QR 5
T ATA BRI —B. ARXEFATER ATA ZIEHE 1k,

3R (7.6.1) ATLAfEB) Householder 28R SEIN. H4EHE —
/N n B Householder 54t Py, 1§78

Mv 1

0 X x -+ X
PfA=[0 x x -+ x|.

0 x x - X

RIEHaE— n— 1 Y Householder 2%t H,, 18

x x 0
0 x x X
PlTAIO:Oxx X
0 H; o .
LOxx X

gk EE T %, BT AT OB — &%) Householder 28 it A thE—
X £ .
g bRk, AR B T
B3 7.6.1 (Z 4 A4k Householder A5 #avE)
fork=1:n
[v, 3] = house(A(k : m, k))
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ut = (BvT)A(k :m, k : n)
Ak :m,k:n)=A(k:m, k:n) —vuT
Alk+1:mk)=v2:m—k+1);bk)=0
ifk<n-1
[v, B] = house(A(k, k +1:n)T)
u=Ak:m, k+1:n)(Bv)
Ak:m,k+1:n)=Ak:m, k+1:n)—uwT
Ak,k+2:n)=v(2:n—k)T;c(k) =3

end
end
X—HEREBEEN 4mn? —4n®/3. MBEFEER U MV, T
it B NI F B T R A 4 — 403 A dnt 3

7.6.2 SVD &%

REFXFR QR AR SRR =X AR T = BTB BT
WA KIFRR QR IEA. IXERATRA AR T 5 H 3] 58 X
—IEAES.

RFEHIE, MAHLBHXNR QR IERT T =BTB k£, HEEE
B . BHHEHERE T 08 TAK 2 MEREY

i +% 2 Gn-17m
n-1vn-1 02472 |
X, FATVH AR BUZEE M AN 2 PRI 62 + 42, B
YERNIRE p. BARRX—SBAVIATEIE T E I #4T.
ERK T —EHEME 1 Givens ZH#: G, = G(1,2,6,), BN
5E s1 =sinb, Ml ¢ = cosby, T

T
c1 81 (5%—# . *
BN g i}
KB (T—pley = (62 — 1. 6171,0,---,0)T. BR, X—FHWAFEIET
A T R H R
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ERK B G — PRI E — N ERHRE Q, 18 QT(GTTG1)Q &
MW= X AP, B Qer =e;. X—F, A T#% T = BTB Mit#, 17
WHIERMER PR Q, 18 PT(BG)Q X, H Qer = e Bl
A X— AT H Givens Z#RTERL, EAEAUEERTUMNIT n =4
I FHER

W n=4. FR, I C =BG, HWWTFER:

(x x 0 0
+ x x 0
0 0 x ><.

10 0 0 x|
AU, B2 b A B2, s ¢ AF— (1,2) “FIEIM Givens
B Gy = G(1,2,0;) B3 (2,1) MERTEUAZ, MEXFERNHEE
7E (1,3) AL & E5l#—rreeRIdEZE e, B

(x x + 0]

x x 0

C—— GC =

0

0 0 x x|
0 0 0 x|
RIGEXT C AFe—A Givens B G3 = G(2.3,63) BH (1,3) fiEKIT
RZAE, RN (3,2) 8 EXSTI#— T RerIdEZR T, B
[x x 0 0]
0 x x 0

C— CG3 = ;
0 + x x

0 0 0 x|

HKALlH, X C A£Fe—A Givens BH#: Gy = G(2.3.0,) BH (3.2) fiE
FHIRELAE, RIRBEE (2,4) F2E E5IBE—ANTTREIEZ T, BF
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C— GyC =

o o o X
o o X X
o ¥ X ©
X X 4+ o

Bt ¢ AFe— Givens B G5 = G(3.4.65) BH (2.4) BRI TE
A2, FIBTE (4,3) fLE L XE5183—NTRERFEZ G, Bl

x x 0 0
0 x x 0
C — CGs = )
0 0 x x
0 0 4+ x
B )a. A C AFE— Givens 22%}1{ Gy = (:\J.vl.Uh/ /F‘j;i‘ (4.3 i\)jéii
FITEAE, BIF
x x 0 0
0 x x 0
C — GgC =
0 0 x x
0 0 0 x

X R

AR, AT AR QR BAMTHERMNEEER, XAKK QR
IERMETRZE T = BB LARATAR (Bl T FIRX AITHAN
%) BHHEM T KNATTH 6;;, Hk T ARTAKTES BB ZMR

6j7j7é0a j:1,~-,n—1. (762)
LHEA 4 =0 B, B AW TFRAR:
_|B1 0
10 Byl

R, Sl AT LAE B AT 7B 20 0 v 50 1) L3 A 7 IR B9 —
R B1 M By K& FEMERITHE R &L
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BEA 5 =010 4 # 0 B, BATATLAEIEIE UM Givens 2 #k
2 B M j TR EAZNRE, MRFE S AEAAL. X—dEA
LM T n=5,5 =2 KIBIFHHEA:

BE n=>5, j=2 WK BHUWTFER:
->< x 0 0
x 0

X

sy}
I
o o o
o o o
J

0 x x

0 0 x

(=) (=) o o
X

LO

AL, 0 LB JCAT 18 /o361 Givens B G = G(2.3.6,) K (2.3)
MERTTEWASE, FNTE (2.4) & BN —ATRERFEZ T,
&R ) i
x x 0 0 0
0 + 0

0 0
B—GiB=|0 0 x x 0}:
0 0 0 x x
0 0 0 0 X |

L
BAF—A Givens B Gy = G(2.4,6,) BH (2.4) M ERTEWLA
%, FIRTE (2,5) A8 EXE51#—AmTaeidEZE T, A

r

x x 0 0 0]
00 0 0 +
B—GiB=1{0 0 x x 0
00 0 x x
0 0 0 0 x|

5. ATe— Givens BH G3 = C(2,5,03) ¥ (2,5) ML BRLEM
HE, HE
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x x 0 0 01
0 0 0 0 O
B«—G3B=|0 0 x x 0].
0 0 0 x x
0 0 0 0 x

RIS B HA A8 70 8 R v 55 1) 320 88 2k Y AMEC R 1) — X
o M 7 S0 9 AR ) o 5 D) L
ga EHMIHe T A, BRIMAFTEZIEHLEEZM (76.2) WX A
e p BIW]. X FRXFERAERE B, AT ATe IRt BTB #47—
K Wilkinson A7 K QR EABIAER B G0 K&k
Wik m g0 (M W RPEEE QU MR
a=02+72_1;0=(02_1 +72_3—a)/2; 3=0n_17n-1
p=a—3%/(+sign(8)\/62 + 3?)
y=0f — 2 =0m
fork=1:n-1
B ¢ = cosf Fl s = sinf, 1£15
[y, 2] { ‘ } = [k-1, 0]

—S C

Qc(k) =c: Qs(k) =s (IEFRIEM Q K] Givens Z#t)
[ZJ "/k}: |:5k "/k] K S}
2z Okl 0 dks1 |—s ¢
Wi ¢ = cosf Ml s =sinf, fF3
c s ' y| (5k-
-5 c | 0_
Po(k) = ¢; Ps(k)=s (WFEEM P K Givens &)
ifk<n-—1

T
Y z | | ¢ s Yk 0
Sk+1  Yh+1 =s c| |Ok+1 Ye+1
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else

T
Yk _ c s Vi
Okt1 —=s c| [Ok+1
end

end

X—HEFE 3on RWUWNEEHEF 2n IRFFFTIEH.

7.6.3 SVD ¥E%

FESERRITER, 2 0; 88 v, R/NET, BRRTLUE B @A B MERY
A F B I8 A R SHE ) 2 2

0;] < €llBlloo Bl | < €(185] + 18541])

MLOBLARE 0, B AR B s IS T LSRR R IR

BX— SN 55 761 MEE: 762 HES, BRI TWT
LR SVD Bk

B3 7.6.3 (SVD Hi)

(BN AcR™" m>n.

(2) “xtHth: MBS 7.6.1 B A b AT AR B MIERAE

UMV, 8/ UTAV = ﬁ
(3) WS PE A5
(i) FERTA 2 &
biic1| < (|bii| + |bis1.is1])e

M) biic1 BEAF B b0 =0.
(it) BRI R S
|bis| < || Bllsce
H by BAZE, Bl b = 0.
(iil) HEBEARKIEREL p MB/DHIEREL ¢ F5

B = diag (By1, Ba2, Bas),
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Hrh By, € RP*P, Bys % q XTI, TT Ba HINH T2 E W
THRHE.

(iv) B3R g = n, WA XMER, 45 FU, #TF—5.

(4)SVD &AR:

()25 By HNATEAT (RE—AXAIERI), WA HEFA
Y IT R FA AT TR AN B, 3 ELKE A LA A B 40 AR
B U L REHE (2); B, T T2

(i) REFIELEE 7.6.2 B Byy b, FRAEIEACHERE P A1 Q UK =%t f
B By = PTBp»Q. I HilH

U=Udiag(l,. P. Iytm—n), V =Vdiag(l,, Q,1I,).

IIa ¥ (5)

X —EH BB SGE R =K. R A E A FE WSk
EX—HEWEHEEAN 4mn? — 4n3/3: MR BN SR, WF
KEX—HEFIEEELAN 4m?n + 8mn? + 9n3 (FEL [12]).

DX

1. % )\ BXFRERE A MEE—MHEE. 1E8: cond (\) = 1 KTHHE
EE&4EKEXS N §6.1).

2. ] A= [au;] € RV BXIFRFER. WEH: HAEE

D; = {z eR: |z — aii| (Za?3>%}
J#i

FESEH A B AMFHEE.

3. WA, F e R™™ BEANMWKRMEM. EH: & A EEH A2 ||E|2 <
LW A+ E WRIEER.

4. B AeR™™. EW: A HESHRENTHEFEXRER ATA
1 AAT HHETRAE(E.

5. AE: WEFRAE R A FE IR R AR N 4 XHE.

6. % Ac R™" JE&F . UEH:
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r2(A) = Al [|A7 |2 = Z_l

Hep oy B oon SHIA A BB KRR/ RE.
7. W/ AESR™" (m2n), HBE AWNETRED 01 > > 0n. IEH:

|Aullz _ . [| Aull2

g = I m = .
toxegrotuex lulla o xegr_ ., oFuex luflz

Hrp gp Fox R™ HTH k TR H2E.

8. W r BXFRER A MM TRIEE ) FFERE 7 & « B—1 O(¢)
SELL B 7 = o + O(e). TEW:

- TT AT
R(E) = oz = A+ 0(),

Ui AF A BY Rayleigh faj [f(r) 4& A B O(e”) i@

9. % A e RV BRUHE, HEE A F0E A=QTQ", ¥ Q REX
f, T B =xt b RAHLERER AQ = QT WiasmBRARIK AR
KB —ANEEWHE Q M T M

10 #% A e R™". REH—NEEIHEERERE U e R™W™ MV e
Rnxn, 1%@

B = [B;] =UAV

REXHEE (B 8 =0, j #4,i+1).

11. #®

& £ P
Tz[ ' }GR“Z, ap # az, £ K 1,
as

FBRE T BU p = oo AMBHTT IR QR ERBEIMERE. RiE:
T(2,1) = O(e?). WEBE Wilkinson fi#, T(2,1) =?

12. iEISER (7.3.16).
C= a1l Qa2
Q21 (22

13. %
B2 x 2 Sk, it —FMEESRIE ¢ = cos0 Al s = sin 6, {F15
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C

—Ss C

J& 2 x 2 SEXFREERE; REBRATRITEES Jacobi HEMGEEAHITE C
7 A S AR — PR L.

4. % A e C™*". SEFAE 13 BRIFE, MEER TR (p,q) Wit—A
EFrERA Jacobi & J(p,q,61) M J(p,q,02), AR

B = [Bi;] = J(p,q,01)AJ (p, q,02)
‘1\'%/% qu = ,qu =0 %EIIEHH

E(B)? = E(A)* - (a3, + a2p),

441

i "»u (s l:\':/I H;‘ X

15. FIHE 14 BRIFTEMNGER, Wit—MHE A e R NERES#
# Jacobi BYE .

16. # z,y € R*. AH—FEFEIE c = cosh Fl s =sinb, #H

[z, Y] [ ©’ }
—8 (6%
HIPI5I & IEAT .
17. FIASE 16 EPHEXRBHE, Rit—MIHE A € C™" WHREIER
Bif Jacobi RIE VL, ENZEBIHEIERHERE V, 18 AV KFIMEER.
18. #%

-011 5

Mmoo [
A= € R™",
Bn—l

\‘ Yn—-1 On i

He 6 > 0. iEM: HEXSAERE D, (18 D 1AD AXFHR =X k.
19. %z = (&1, ,&n)T BRAATLMFR =3 FI R
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—al 62

B2 a2 [
T= &R
Bn

Bn on ]

XN FHFEE N FEHER &, UER:
(1) &16n # 0;
(2 FR & =1, W

ﬁ2"'5i£zZ(‘—].)l—lpi_l(/\)Y 1:2‘ s T

+ \ fs o s
L) AN X

20. B A R0 T MRHEE. E: 5 ) OREESCh £ U T
KR ATLEDHE k-1 MRF

21. &
-2 1
1 -2 1
T =
1 -2 1
1 -2
(1) 5E8E T REH Sk

(2) 5EFE T X8 [-2, 0] AH B /DEEE?

22. ¥ X R0 T KL BUEEE. B R R B RN T X
TTARFAE 18] B VAR SO #E.

23. | B=[3;;] e RV BB Bl 3, =0, j #4,i+1). RFAZ
MESH—FR B MERE AR ENEETE.

24. AH—FEEE 0 € {1,-1) MLE p, WL pf = By, HH
min {|am — p|, |am+1 — p|} EEIED.

25. % D =diag(3,1,2,1,2) Mz=(1,1,1,1, 1)T KE# 7.5.2 Fridid
EATEERE vV AHEES 7.

26. % T RIEEREHH=x M. BT (75.1) ROEZEHBEN T
T, BRIEER?
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27. % A, B e R™"™. iEH: C = A +iB & Hermite 5[& (B} C* = O)
MRS DEEMR
A -B
B A
AXFRHIFE. C FIFHMEERNRFERES M RS EERRE R R B H 2R
%7

M =

E B XA

1. SRSERFR =3 A e 42 BRAFAE L AARAE (7 .
(1) FIRETRE BT EALE S SBIFIHILIR Jacobi TR SERFR =1 # FF
A SRS A8 FAR A 1B 0 P R

(2) FIFIRFTR BRI T2 RAFE (A 50 B2l 100 B)

f) 42 BRFAL (B AP AIE 17 B

2. SREEXTFR =3 A 18 R R AEAE R ML RFAE () B

(1) FRFT BBV HHLTE S gl SE R = R SR AR =X 1 G 98 2 45
AEAER PR F SR R vt REARRAIE ) B0 IE TR,
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