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R
A= QR



QR /i

QR MR — AR MR — IR R (B4R A— =M. QR 4
R )32 I8 PR T 5 /I — 30 TP 1 ) SR AR AP 4 A AR A A A 1 B

(BF Q" Q= Inxn) Fo—ANLZf%EH R e C™", 17

A= QR (3.1)

F AFHK NAE—NBEAENAXTEML=ZAESE REHF (3.1) Rx, Bk
i QR 2 fE—, BF Q A= R #A~f—.

(#.3)
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% 1.1 Gram-Schmidt 352

1= Ha1||2

q1 = a1/7‘11

: for j=2to ndo

4 = a;

fori=1toj—1do
ri=dqia; % ¢ RonILHEEEE
4 = 9 — T4

end for

ri = |1 gjll2

4 = ¢/ Ty

: end for

1

—
= o
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“ AR QR e SO A HEE Q € C " i1

A=QR |

Hrp R=

RO“] € Cmen B 1= fa

% QX7 %, RAKT %
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A AR R T
e AN BN P, (513 AP BT | FIRGHEIEX N, S | = rank(A).
FBLBRATATAXE AP #E4T QR M.
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A AR R T
e AN BN P, (513 AP BT | FIRGHEIEX N, S | = rank(A).
FBLBRATATAXE AP #E4T QR M.

i & AcC™ (m>n), B#A 1(0<1<n). WELE—ANBHRIESE P, £43

Ri1 Rio
0 0 ’
nxn

A QeC™ " B4 ER, Ry € CX RAEFFHF E=Z AL

AP=Q
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A AR R T
e AN BN P, (513 AP BT | FIRGHEIEX N, S | = rank(A).
FBLBRATATAXE AP #E4T QR M.

i & AcC™ (m>n), B#A 1(0<1<n). WELE—ANBHRIESE P, £43

Ri1 Rio
0 0 ’
nxn

g QeC™n RLEF|ER, Ry e C REF R L= AR

AP=Q

R s R R )

AP:Q[RH R12:|7 :/B\Zl:l:l QECmXZ
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| s |

4 @t GS ERAEE LM QR b, Q A1 R #ATRERE A,
A A RSUERE, W Q A1 R ERRT DU S .
o g A R AERR AT EE, W QR St T ARDRSRABEAME T R4 Az = b.

“ HF GS EZALM QR M#FEE 1.1 BB HRAKAH 2mn®.

FE e, FA 24T Householder By QR 70, EATEIH Q MG
DR, BHEBRAN 2mn® — 20°/3; WRTEIWE Q WHHIMKRY 4m?n —
dmn? +4n3 /3 BB E.
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LWIES

Givens

MGS, Householder,



j?ﬂ:_‘I 3_—%51: MGS

FEIEW] QR AMRI{EAERER, R T Gram-Schmide 2L R

H T AR e 5 TR B, AR bRt S, ARBEHER A Gram-Schmidt i 72,
BOMAS Z 2 1E1EF) Gram-Schmidt d#E (modified Gram-Schmidt process), B
MGS.

ﬁhtt ://math.ecnu.edu.cn/~jypan 9/20
P Jyp



S 1.2 F5F MGS 1 QR 4
: Set R = [ry] = 0pxn (the n X n zero matrix)
if a; = 0 then
@ =0
else
r1 = llaill2, @ = a1/ aal2
end if
: for k=2 to ndo
qr = Ak
fori=1tok—1do % MGS i, HEE GS #X 5
Tik = Qz‘TQk
Ak = Gk — Tikq;
end for
if gr # 0 then
rie = [ gxll2
Q= qr/Trk
end if

end for

e e e e e e
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JiZ : 3T Householder 25

Householder A TEERH: KR —MERB R 2 € R™ #ALK £||2]20
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JiZ . 3T Householder 28§

Householder A TEERH: KR —MERB R 2 € R™ #ALK £||2]20

755’5—‘7%"’?'&, %AL‘» m=mn H‘fﬁ@‘ﬁ%%

RHME A e R A& H € R™" j—A4 Householder 25k, /&

ail

a1
Hy

anl

:/H\:EP ;12 c R(n—l)x(n—l)'

E http://math.ecnu.edu.cn/~jypan
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Fig¥—A Householder 254t Hy € RUDx(=1) g Ay pysE—Fp R — AN TEEAMY
G JCREALA 0, Al

Ty | G23 -+ Q2n
- - 0
HyAy = -
As
0
2 ) _
T Gi12 | 13 - Qin
0 m | a3 --- a2q
1 0
HQ— ~ —— HQHlA: 0 0
0 Hy -
As
0 O
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AWEE LRRR. XA, BATVRGE—R 5 AR

I, ;1 O
Hy = Sl k=1,2,34,...,n-1
0 H;
15 ) _
G2 - Qln
0 T2 ELQn A
H, 1---HHA= = R.
0 0 - m

T Householder Yl R IEACHIE, PIHE Hy, Ho, ... Hooi WABRESSHIME. &

Q= (Hy 1 HoHy)™ = H'Hy'--- H'\ = HiHp - Hy 1,
W Q 1 IE A MR, HL

A= (H, - HH) 'R= QR
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il Q it |
HiFE Q W T ML

Q:In;
Q=QH, k=12,...,n—1.

“ g m > n, AR @ A RET QR 40, RERERIEGE]
—AMIERHERE Q € R™™ f—A E=/A%KM R e R™", ffifg A= QR.

“ WMRATEAER Q, MIET Householder iy QR /3 H) Mz EE KA H

2mn? — 2n3/3.
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3 1.3 3F Householder 54t QR 43# (MATLAB)
% The upper triangular part of R is stored in the upper triangular part of A

1: Set Q= Lnxm

2: for k=1to ndo

3: z=A(k:m,k)

4 [8, vs] = House(z)

5 A(k:myk:n) = (Ln_ge1 — Bugo] )A(k: m, k: n)
6: =A(k:m,k:n)— ka(ng(k: m, k: n))
7
8
9

QG k:m) = Q. k: m)(Ip_ii1 — Buopy))
=Q(,k:m)— ﬂ(Q(:,k: m)vk)va

: end for

“ B MEERZ R TR A Householder ZF 4RI QR 4RI — AN BAA IR,
HIRAH I8 T ) .
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JiZ%k—: T Givens Z8Hi

FATFRERT AR Givens ZEHRA QR 2.
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JiZ%k—: T Givens Z8Hi

FATFRERT AR Givens ZEHRA QR 2.
(ARH5)

# & Householder B#t—#tE, EHF4T Givens ZBHehf, FATA 7720 X H 5
Givens 4E[%.

o NFRBEMTE, 2T Givens ¥l QR 4HRMIEE &L Householder 45
MEZ R, FHHET Givens el QR MFFEATLEMMNEZTT=A
JTCEM AP BB TE, Xt | Hessenberg 4 BT QR 2.

A R A e R™ ot m > n, RAMBART LB Givens Bt T QR 7.
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3% 1.4 BT Givens By QR 73
% The upper triangular part of R is stored in the upper triangular part of A
1: Set @ = Luxm
2: for k=1to ndo
3: for i=k+1tomdo

4: [c, s|=givens(aks, a;x)

5: A(l?’k: n)] = Gl (k& n)] where G = °
Ak n) A,k n) -5 ¢

6: [Q(1:m, k), Q1 : m,d)] = [Q(1 : m, k), Q(1 : m,4)]GT

7 end for

8: end for
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QR s fae

it MGS MR Q e

Q'Q=I+Eycs HH ||Bucslls ~ eurz(A).

T Householder St Q T2

Q'Q=I1+Ey HW |Elz~cu
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QR R Ee

i MGS WA Q #Hie
Q'Q=1I+Eygs i |Eycsllz = cura(4).
T Householder St Q T2

Q"Q=1I+Ey H¥ ||Egls=~ecq

F#£F Householder Bl Givens By QR 4 AR HA RIF M BUERR & I, FE
T MGS i QR 43t 2 1] J5 Fa e 1.
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QR R Ee

i MGS TR Q W2
QTQ=1I+Eycs HH ||Bycslz = eura(A).
i Householder A5 #ei 5y MikE Q /2
Q'Q=I1+Ey W |Eyl2~ecu

F#£F Householder Bl Givens By QR 4 AR HA RIF M BUERR & I, FE
T MGS i QR 43t 2 1] J5 Fa e 1.

o BREHEAER Q I, 2T MGS i QR MR H BN S, 4 A K5
) B B RGF BAe P TT SR PRI, T DA MGS SRR QR 2.

“ FRIERMREREL, MY A W5 i ZtkA e n, 2l House-
holder A5 .

ﬁ http://math.ecnu.edu.cn/~jypan 18/20



Bl wERRF, 2% A GS, MGS #= Householder E#:itH n ¥ Hilbert 4E/4 H &
QR 2, AR A H kAR R0, BPLE || QR — H|2 # |QTQ— || #a1&, £ +F
Q# R Ri+E ke QR 2 MEEET. (LS_QR_stability.m)

GS MGS Householder

“‘||QR—H||2 IQTQ— 1> | [QR—Hll2 QTQ—1l2 | IQR—H|> [QTQ~ 1|

2 0.00e+00 1.81e-15 0.00e+00 1.81e-15 1.24e-16 2.36e-16
4 3.93e-17 3.45e-11 5.55e-17 2.98e-13 2.46e-16 7.08e-16
6 6.21e-17 5.33e-06 2.78e-17 5.81e-10 1.49e-16 9.49e-16
8 7.48e-17 1.03e+4-00 6.59e-17 4.38e-07 2.57e-16 1.44e-15
10 6.52e-17 3.00e+-00 7.49e-17 4.16e-04 6.36e-16 1.00e-15
12 7.87e-17 4.00e+-00 7.55e-17 8.52e-02 4.68e-16 9.52e-16
14 6.54e-17 7.00e+4-00 8.54e-17 9.96e-01 5.71e-16 8.35e-16
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10° . .

-GS
—+—MGS
Householder| |

10710

10_1SE i I 1 L I I 1 I
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