RN A T e L
— IR SRR

1 [ErE

2 HiFf4EHt: Householder Z5Hk
3 MR Givens A5t

4 ISR AR FE P

FEMRIT ST, & e http://math.ecnu.edu.cn/~jypan



Zelkdre/ v M R SRAR T T DB F e/ IMEL A

min || Az — b||3 (3.1)
TER™

Her Ac R™™, b e R™. W8 (3.1) MMFERR A i b 3.
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eVidne SRR i SR AR T (7] P e /ML A
min || Az — blf3 (3.1)
Hep AcR™", be R™. [ (3.1) MIFRRA e _3fefiE.

o Y m=n H AJEFRN, XHE— kR4
o U m > n i, ARANBKRTRAEANE, FBH BER (overdetermined);
* Y m < n b, RABNMEKRTFLARNE, W (3.1) H KE (BIE) 1

(underdetermined).

ATHCTHE, BRIFRBIREE, SNAHERRE A SiFHFkRT.
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ABE TR m > n
Az = b WRRRT BB FRAE.
i
J(z) £ || Az — b3
S J(x) BRT o W IReAEL, T B2 MR
Hk, o BRI (3.1) BIfFYS HAY = & J(z) MEaE R, Bk

0J

2 =0 < A"Az—ATb=0
oz

0 MG A RRWERE, W ATA RIEE, EHEA—.

E http://math.ecnu.edu.cn/~jypan
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RAEFTTRH: m<n
v = b AFHETS B MR (RO A W50).
SRR AT TR N EER, TR RS T 1) AT
min /3 (3.2)
XK Lagrange BBk
£ ) = 5 lal + AT (47— b),
Ht A= [\,..., )" & Lagrange F 1~ M8 (3.2) WIS Lz, \) By, B:
oL oL

= = AT\ = = = Az—b=0.
P x+ A A=0, B\ z—b=0

gl
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AP

FEREH S — A A AR B AR R R i DB A S B B TSR AR . 52 K
XA AR AR TR FEFEASHE, b fn e SR i =) A e
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AP

FEREH S — A A AR B AR R R i DB A S B B TSR AR . 52 K
XA AR AR TR FEFEASHE, b fn e SR i =) A e

B b2 Ah, FEHE FEVH SR R AR RS 4 A
e Houscholder A5#k
e Givens A

IX PR R A AL P 2 IE R ¥, W TRt /N R AT RRAEARL DA A S )
&,

ﬁhtt ://math.ecnu.edu.cn/~ an 5/21
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Householder 254k

EX BAVHLEE

2
H=1—"w=1

2
———w", 0#veCh (3.3)
vt 0113

A Householder Hiff (3t Householder 484, st Householder JR4t), 1% v # A
Householder [, &A@ % HF4ES (3.3) 124 H(v).

# A Householder 284 & A

H=1-2w", veC"H |v]2=1.
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Householder 25 4 fi4) JLA & X
MIUT EF, —4 Householder 2§ #fijt— AR F# F-T span{v}t 5T,
BT C? = span{v} ® span{v}t, HHIEZE AR 2 C, FaIHik

v

T = v+ yEav+y,

vtV
Hrr av € span{v}, y € span{v}t. T
span(v)l

Hr=z— —w'z=12—-2av= —av+ y,
vt

Bl Hz Y5 o ¢ span{v}® J5 i A AR F 43 5, TiAE
v Ji 4 BRI Z — RS Wi, He 2
o TP span{v}t MBEH R4 Ik, House-
holder 2 F7 A Householder Jz 4t
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Householder 4 f& i 3L A e

R % H e C™" & —4~ Householder 4£[4, M

(1) H* = H, B H Hermite #4;
(2) H'H=1, Bp H & B4,
(3) H =1, Fivk H' = H;
(4) det(H) = —1;

(5)

5) HEARNEFHHMEA: \=1F =1, £F \=1 4R EHKA n— 1.

ﬁhtt ://math.ecnu.edu.cn/~jypan 8/21
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Householder a5 4 s 25 & H 2 E

Householder J [ iy — 35 B2 B TSR AT LK — AN I R BR A — IR ASMY
PR LR AN Z.

SIPE & 2,y € C" AEEARANELF U AE, M &£ —/ Householder £8 H(v) {&
Fy=Hvzr QEAEZEHZHR ||z = |yl B y*zeR. (# )

o Rz y HREEE, WA vz € R ARBOL, B STEAMFRE (2. =
[9l]2-
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Householder a5 4 s 25 & H 2 E

T K 2= [1,1,...,2,)" € R* B—AERMmE, MA&AE Householder %6/
H(v) 443 H(v)z = aer, £% a = |z)l2 (K a = —|z/]2), &1 = [1,0,...,0]T € R™.

“ A2 E BT, FATREBERI R v #O8 o X Householder [
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Householder 45 & it 5.
Boo=[z,m,. .. 5" € R" B—ALHAERE.
WP 2.2t Householder 4 [% H(v) BiXf M A Householder o] & v?
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Householder 45 & it 5.
W= (2, 1,...,3,)" € R" R—ALHIER MR

WP 2.2t Householder 4 [% H(v) BiXf M A Householder o] & v?
5B 2.1 Bk S R mT Al

v:x—ael:[xl—a,xg,...,xn]T
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Householder 75 & it 4
B o= [n,2,. .., 2" € R" B—AFH IR &,
i E e B 2.2 ¥ Householder i[5 H(v) By A Householder [i] g v?

HI5IBE 2.1 B RERT AR T A0

v:x—ael:[xl—a,xg,...,xn]T

SEBRVEEEI, S TR TR B N TR ZE, B A I B BIOR D, R

a = —sign(x) - ||zl (3.4)
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I b, FATAT A o = sign(a) |22, MHFREBCE 505
g3 -(@B+g+---+)

= si = — = = . 3.5
a =sign(z)||zll2, v =z —« p—— ot (3.5)

18 v BIPIAIHSIE (3.4) A0 (3.5) W, o WIUARY = WAFSAR. HAER
YoR IR, BN TR o JE9, BRI BRATAT DR IX PR 5 1545 SRR A, BP:

—(B+aB+-+ )

T+«

, otherwise

T — if sign(z;) <0
v =

TR BB o, BAVEA H=1- pov, Hrp
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By 2.1 $8& Householder [aj & (BB E KL A 2n)
% Given z € R™, compute v € R™ such that Hz = ||z|2¢€1, where H= I — Sov*

1: function [, v] = House(z)
2: n= length(z) (here length(z) denotes the dimension of x)
o= +1+ - +12
4: v==x
5: if 0 =0 then
6: if ;1 < 0 then
7 ’U1=2I1,ﬁ=2/1}%
8: else
9: v =0,8=0
10: end if
11: else
122 a=+/12+0c % a=|z|
13: if ;1 < 0 then
14: N =2 —«
15: else
16: v =—0/(n1 + )
17: end if
18: B=2/(v}+0)
19: end if
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FTDIER, LR S AR OB E B
[ = Hl|> = Ou),

e H R LRSS A B B DR, e RBLASREE.

“o FESLERVEFERE, FATAI LK v BIVEAL, (15 v = 1. XK, RATMETA v
A B, MK (2 2 n) FFHAE 2(2:n) .
Z TR RTRE AR AT BT AR o B, B4 2= 2/
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Householder 25 4t 55 [i] & Fn % B i e i1

XF 1] &2 F4E BEM Householder 84}, 7B 5 H Householder 4. % » € R™,
A e R™" H=]— Bvv* € R™ N

Hz= (I- v )z=z— (v x)v,
HA = (I— Bw*)A = A — Bu(v*A).

BEBRAHIA Am Al dmn, T8/NT— M i A R~ 1A BSR40 M- 4 M e B i as 5
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Givens A5

AR DL, FATTX I IO Y Givens e, 3 0 € [0, 27], FATHRAFE

1

G(i,,0) = eR™™ (1<)

2 Givens Z8Ht (8% Givens Jigh%, 8 Givens ¥if%), Hrt ¢ = cos(9), s = sin(6). Bl
PANLAERER (4,0) A0 (5, 5) DB ERICEH o REF, W (4,7) M (4, o) PLE_ERITER 51
s #1 —s A, IrfB Bl G(4,4,0).
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T G(4,),0) RERIER, B det(G(i,,0)) = 1.
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T G(4,),0) RERIER, B det(G(i,,0)) = 1.

4 Givens 28] AR A2 BAL A R I — ARk 2 B IE, BY

cos(f) — sin(6
G(i,j, (9) = I+ [67;, 6]'] |: ( ) ! ( ) ] [6z’7 ej]T

—sin(f)  cos(f) — 1

b 4 — A A Te— 4> Givens Hi[ER, RARMIHE (7758 jITHGE.
24— AN EREA Te—A Givens HiFER), RAeRMESE « A% j FIKTE.

ﬁ http://math.ecnu.edu.cn/~jypan 17/21



Bl (Givens ZEHUELZWER) & © = = € R?, M#ALE—A Givens TH# G =

L2

€ R2*2 {£4% Gr = 5 y 3 F e s A r B4ES T

-5 ¢
e Zr=n=0Mc=1s5=0,r=0;

e Z =012 #£0, M c=0, s=mx/|w|, r=|1 ;

¢ EZ 1 A0 2 =0, M ¢ =sign(n), s=0, r=|n];

e ZE A0 B #0, M c=m/r, s=m/r, r= /2 + 13 .

sk, @it Givens T3, EATUBAE x e RZ E A 254 A 0.

E http://math.ecnu.edu.cn/~jypan
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Bl (Givens BHUELER) K o= |

22
c s
—s c

e Zr=n=0Mc=1s5=0,r=0;

)

€ R?, MHL£—A Givens T# G =

€ R¥? 4% Gz = H BT s Ao r 09l T

-

o X =05n#0, M c=0,s=mn/|ln|, r=|wnl;
¢ EZ 1 A0 2 =0, M ¢ =sign(n), s=0, r=|n];

e ZE A0 B #0, M c=m/r, s=m/r, r= /2 + 13 .

sk, @it Givens T3, EATUBAE x e RZ E A 254 A 0.

F Lk, BATEHATAEL Givens Bl « € R" LR —MLE L#5 R 0.
W2, BT Givens B, K o HERE— RN FTA LR AN 0.
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By 2.2 Givens A5 Ht
% Given z = [a, 0] T € R?, compute ¢ and s such that Gz = [r,0] " where r = ||z,
1: function [c, s] = givens(a, b)
2: if b= 0 then
3: if a > 0 then

4: c=1, s=0
5: else
6: c=-1, s=0
7 end if
8: else
9:  if [b] > |a| then % KREMEHRIrHE
Lo 0 sign(b) -
| b T VIR
11: else b ian(a)
sign(a
12: T=-, (= -—=—=, s=cT
i Vitr?
13: end if
14: end if
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IEZEAE ) &5 A DR ZE 5 W

I & P e R™" & —ANE#4q Householder 3, Givens £, P £ #i% iz H it
AL, |
fl(PA) = P(A+ E), fl(AP)=(A+ F)P,

£F B2 = O(eu) - [|All2, [Fll2 = O(ew) - |All2- (EE ey ATMEHE)

X PRI — AN B Householder A8 #e8k Givens A8 #e )2 [f] Ja Fa & 1.

ﬁ http://math.ecnu.edu.cn/~jypan 20/21



P EESHER A B—RFIER T NA
fi(Py-- PLAQr -+ Q4) = Py PL(A+ E)Q1 - Qy,

H By = O(ey) - (k||Al]2). EHLARMNTELEZ BB EM.
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TH EEEM A M—RIMER TS, WA
fi(Py---PLAQi -+ Q) = Py--- Pi(A+ E)Q - Qp,
H By = O(ey) - (k||Al]2). EHLARMNTELEZ BB EM.
— e, B X R—AMER R, X RHZ SR, Y X/ A |

i, AE
fi(XA) = XA+ E=X(A+ X 'E) 2 X(4+ F),

Horfr || Ell2 = O(ew) - [ XAll2 < O(ew) - | X2 - [|All2, #
1Fll2 = | X" Ell2 < Oew) - [ X Hl2 - [|X]|2 - [[All2 = O(ew) - £2(X) - [|A|2,

PRI, S NBREZBRPR k2 (X) 5. 4 X RIERARHN, £o(X) IBEIR/AMA 1, X5
TR A AR B SR B P IE S8 5 A
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