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An Algorithm with Adaptive Pivoting Bidiagonalization
for Singular Value Decomposition

YOHSUKE HOSODA," MASAYUKI HOKODAT'f
and TAKEMITSU HASEGAWAT

We propose a new method for bidiagonalizing a matrix in a singular value decomposition
(SVD) algorithm. Our method incorporates a strategy of adaptive row pivoting into the
Householder transformation. Numerical experiments show that for rank-deficient matrices
the present method obtains the SVD faster than the conventional method, while for matrices
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of nearly full rank our method and the conventional method compute equally the SVD.

1. 0000

000000000 ADOOOOO

A=Uxv" 1)
0000000000000 00000000 AO
OmxnO000000m>n000000000V
000000000X000000000X0000
0oooooOuUovOoOooooDOooooooooo
ooooooooo
0000000000000000000000C0
000000000000000000000000
000000000000000000000000
ooooooooo®dY000000000000
000000000000000000000000
00000000000000

oooooooo

e 00DODODODOOODOOOODO

e 00DODODODOOOO
000000000000000000000000

fO00ooooo
Faculty of Engineering, Fukui University
++ 000000000000
Graduate Course in Engineering, Fukui University

1649

0 Householder 1 0000 000Om >5/3n 0000
Householder 00O 00 QROOOODO GivensO O
0oooooooY?p0000000000000nn
0000000000000 00000000000
0000000000000000000 QROOO
00000000000000Y»900000000
000000000000000000000000
000000000000000000000000
O0O0D00O Householder OO OOOOODOODOODO
0Dooooon

0000000000000 0000000000
0000000000000 0000000000D
000000000000 D000000000000
Householder 000 000000000000 0OYD
00000000000 0000000000000
000000000000000D000000000
00000000000 00D0000D0000000
0000000000 D00000000000000
0000000000000 00000000000
ooooo

000000000 00D000D000000000
00000000000 0000000000000
000000000000 00D0D000000000



1650 goooooooo

gooobooooooooboooooooooooo
gboooboooooooooobobooobobobobooDooo
goooobooboobooboooooboooobooo
goooobooboooooooooooooobooon
gobooooocooocooooboboooboooon
000000000000000 40000000
goboboobooobooooOooooboobooobooDo
gboboooooooooooboooooobooobod
goooad
oooooobooogooooooooooon
goooobooooooooooooooooooon
O00o003000000000000000004
ooooooon

2. 0000OO0o0oobOoOoo0oOobooon

gooooboooooooooboooboooobo
gooooooobooooboo

oooo0o0oooo0O ADOooooooooodg
0000 e,>0000000fk-10000000
oo

Ap_1:=
di fi
dp—1 fr—1
(k—1) (k—1)
A T Gy
! G ama )

O00000000000000A4,:=A00000

00000000000 (m—k+1)x (n—Fk+1)

oooo A%V 0o00k0O0000000000

0ooooooo

Step1 A® Y00 10000000000000O
000w 000D

Step 2 arx0 ¢, 00000000000O0O House-
holder 000 0O d, 00O OStep 600000
O 0Householder 00O 00O H,OOOO

HiAp_ =
di f
dr—1  fr—1
A
OoooOoooo

July 2003
~(k ~(k
di @S o ay)
AW = :
Wi a0
oooo

Step3 oy 0 ¢, 0000O00Od, O 00000
A*=Y)0Qg2000000000000000
ooooo

Step4 D0O00O00000 e, 000000000
oooog

Step5 D0O00O0DOOD ¢, 000000000
oooooooo A®Y oo 1000000
ooo

Step 6 0000 Householder 000 OO f, OO
ooo

Step7 k=n0000000000000 k= k+1
000 Step 100

O000k=n00 Step 3070000000000

Step 600000000 Householder 000 ﬁkD

oooo

HkAkflfrfk = A, =

[ 4 £
dy fr
(k) (k)
Apiierr 7 Qi1
I apher e alh

000000004, 0000000 H,0DOOOO
ooooo
O00O0000O0Step 1000000000000
00000000000000000D0000000
000000000D000000000000000
000000000000000000000000
00O00DOStep 200000000 nO0O00OO0O
00000000000000000000000
0d.000000000000A% Y 00200
000000000000000000000000
0000000000000000000000
O0O0k=p+1<nOi00000000000O
000000000000000000
A=UBV" +0(c.) (2)
0000000000 D0O0O000 Householder OO
000000000000000000000000
000000 VODOOOO Householder 10000



Vol. 44 No. 7
gdodoooooooBO
di fr

B :=
dp fp

000000000d,0 00000000000
000000BODOOOOOOOD QROOOD OO
000000000000000000000000
00000000000 (1)000000

000000000 4000000000000
()0 UOVOOOO0OOO0O000 (1)0 u0ovooo
000000000000000000000000
000000000000000000000 BOUO
Vooooooooo px(p+1)0mxpOnx (p+1)
0000000000000000000000000
VOODOOOOO0O00 mxndnxnOOOOOO0O
000000000000000000000000
0000V 0000000000 00000000
000000000000000000000000
ooo

00000000 Az=b00000000O000
00 ()0 Uoooooooooooou™»ooo
000000000 UfbO0000O0OOOOOO0O
0000000000000000000000000
ADDOO0 bOOOOOOOOOOOOOOOO0O
0000000000000 00000000000
000000000000000000000000
0ooooo0o0

00000000000000000000 BO
00000000000000000000000 p
00000 ADDOOOOOOOOO00000O
00000000UOVO000000000000
000000000000000000000000
00000000000000

3. 0000

oooboooooooooooobooooooobo
gooooooobooboooooooooooooo
gooobooooboooooooobooooobooobooot
gbobooooooooooooooboooooooo
goooboooooo

oobooooboooooboooooooooboooo
cOooboOooooooooooooooooOoooo
OO0 GP7000F OO0 9000 1CPUDOOODOOO
O copooopooOooooooooooooooo

oooooooooooOoOooooooooooooooooo 1651

000000 Householder 000 20000000
04000000000000000000000
0000000000000 00000000000
Oe,=1.0x107*000000000000000
000000000000 2)0 Algorithm 8.6.2 0
ooDoOoOoOo
oot

00000000D000000000000000
000000000000000[-1,1)000000
000000000000000000000000
000000000000000000000000
0000000000 00000000000000
000000000000000000000000
0000 200x200000000000 1000 200
00 100000000 10000000000000
000000000000000000000000
000000000000000000000000
0D0oO00o0ooo

000000000000 000000000
0000 1 0000 200000000000
Householder2, H3 method, present method U [
000000000004 00000000000
000000000000 1000 (2)0000 04
VOO0OOO00OO pO0000000000O0D00OO 2
0O 00VO2000000000000000000
0000000000000 00000000000
00000000000 0000000000000
000000000000000000 400000
0000000000000 D00000000000
000000000000 000000000000
000000000 0000004) 0000000
00000O000000D0000000000000
000D000000000000000000000
0000000000 D0000D0 pOD0OOOOD
000000000000 D000000000000
00000O00000ooo

00000000000000000000000
00003000040000030 U0vOOD
0000000000000000D00 40 U0V
0200000000000000000000000
000000000000 000000000000n
04)0000000000000000000000
00000000000 00000O00000000
0000000000000 00000000000
000000000000000000000000
ooo



1652 gooooooog July 2003
0.7 1.6
14 e
0.6 Householder2 7 F
* * e - 12
1l
. 04r - G L
g H3 method x/,x 2 0.8 Householder2 ** )
» i - | . L s
03 06 | e ]
o . present method
02+ present method E 04 | H3 method .~ 1
x
<
0.1 B 0.2 4
o 0 . . . . . . . . .
0 20 40 60 80 100 120 140 160 180 200

100 120 140 160 180 200

rank

01 000000004)000000000000000000
0000000000000V 0000000 pd000O0
ooooooo

Fig.1 CPU-times in obtaining the bidiagonal form by us-

0 20 40 60 80

ing three methods with only p and p + 1 column
vectors of U and V, respectively.

0.7
0.6 | Householder2 o H3 method 7
0.5 X
04 r 7
%)
Q
2
031 present method )
0.2 r 7
01} ¥ 1

0 . . . . . . . . .
0 20 40 60 80 100 120 140 160 180 200

rank
02 000000004)000000000000000000
0000000000000V 00000000000
Fig.2 CPU-times in obtaining the bidiagonal form by us-

ing three methods with all column vectors of U and
%

00000000000 000000000000
000000000D000000000000000
0000000000 00000000000000
000000000000 000000000000
0000000000000000000000000

000000000 00000000D00000
00000000D00D00D00000000000
1.0x107¥ 0oooooo
goo2

0000000000000 D0O00D0O0o0O00o 1
0000000000000

1

/ K(s.)f(t)dt = g(s), 0<s<1 (3)

0
OO0000D0D00000O0oO0oO0ogOn O Gauss-

rank
03 00000000 4)00000000D0000000000
goooooOooooooooooOooO pobooOOOBO
oooooooooo
Fig.3 CPU-times in computing the SVD by using three
methods with only p singular vectors.
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Fig.4 CPU-times in computing the SVD by using three

methods with all singular vectors.
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Table 1 CPU-times in computing the SVD of the matrix
(4) by using three methods.

CPU-times (sec.)
Householder 2 0.285
H3 method 0.154
Present method 0.129
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Fig.5 Truncation parameter vs. errors of approximation
solutions by the TSVD method with three methods.
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