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Block Gram-Schmidt Procedure
for Downdating of Least Squares Solutions.

Yoicur Matsuo ' and TaAkAsHI NODERA 2

The classical Gram-Schmidt procedure is effective for downdating of the least
squares problems. Solvinf the least squares problem, the Cholesky factorization
or Householder factorization need not to store the orthogonal matrix @, but
sometimes these break down. Conversely, using reorthogonalization, the classi-
cal Gram-Schmidt methods have stability and generate a new QR factrization
QR. However, it is not effective when we want to delete several rows from X
and s, which is the block downdating problem.

The block Gram-Schmidt procedure can orthogonalize X more effective. Us-
ing this process, we are able to generate the QR factorization faster. In this
paper, we propose a new method for the block downdating problems with the
block Gram-Schmidt procedure.
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2. Block downdating

00 X0 QROODODOOODOOOOODO
X =QR
O0000ZeR™ P, eR™, n<mO00000000000

() ()

0 (21)00 X0OOOOOOO QROODOOOOO
X =QR (2.2)
0 (1.2)00 ()00000000000000

Vol.2011-HPC-130 No.47
2011/7/28

7 R u
(X s) = (5( S) =Q|o » (2.3)
0 0

OO0 (Zz)0OOOoOOoOoooOooOoooooooooooo

000 L, eR™™OJ00O0O0O0O0ODOOO0ODODOOODOODOODOODOO

,_ImZz
(sty_<o X’§> (2.4)

00000 (23)000000O0O0OOOOO

Q1 R u
QT (I, Xs)=|[q" 0 »p (2.5)
Q 0 0

0000(Qf ¢"QF)00QUDNDmOOD0000000000000000 VOO
000

I, Y y
Qi R wu s
T AT (7! T; R
UrQ" (I, Xs)=U"|¢" 0 p|= 0 (2.6)
p
0 O
@ 0 0

0000Q=QUO0ND00O0 (26)000Q"I,=7,00000000000000

~ (I 0
oot 9

Y=Zy==z (2.8)
00000 (2.7), (2.8)000000 QROOOOOOOD

(© 2011 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

I

(2.9)

o o =
S ™

O0000QROOO downdatingd QOO0OO0 »O00000000U0UO0OOOO0O
goood

3. Block Gram-Schmidt downdating
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Ol:input:X € R™*™, Q € R"*™ R e R™*™

02:output:R € R™*™

03:orthogonalize I, against @) with block Gram-Schmidt method
and make a matrix L

04:0 := L[1;1 : k]

05:h := L[2: k; 1]

06:determine the orthogonal matrix U as Givens rotation.

07: (001) := (Q1v0)U

08:  (Qyh) = (Qayh)U

09:update R by UT

10 R:=UTR
11: a:=UTu
12: p:=U"p

0 1 block downdating 0000000
gboboboobooboooovuoubooboo

@Q v Ay (0 00 (3.4)
Q2 y h Qz zZ h

[II]I][I[II]I]EI[I[II]I]DDDDDDD@:lDDDDDDDDDDDDDD(ﬁﬁ)TDD
000000000 A=0000000000 34000000000

R 4
VA 0 0 In
- l=1s 0 (3.5)
X 3 Q2 5 0 4T

oooouoooooooon

N ™

IS8

R
0

sl

—~
w
D

N2

0
0 zT

I

0000000 block downdating 00O 0O DO

(© 2011 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

(X35)=(Q29) <R %) (3.7)

0 »p
00000 block downdating 0 00000000 10000000
4. 00O Q0O
000000000000000000

g o0 O 0O

1) Bjorck, A., Park, H., and Elden, L., “Accurate Downdating of Least Square Solu-
tions” STAM J. MATRIX ANAL. APPL., Vol. 15, pp. 549-568, 1994.

2) Elden, L., and Park, H., “Block Downdating of Least Square Solutions” SIAM J.
MATRIX ANAL. APPL., Vol. 15, pp. 1018-1034, 1994.

3) Charles, M. and Allan, O. Steinhardt, “Hyperbolic Householder Transforms”
SIAM J. MATRIX ANAL. APPL., Vol. 9, pp. 269-290, 1988.

4) Qiaochua, Liu, “Modified Gram-Schmidt-Based Methods for Downdating of
Cholesky Factorization” J. COMPUT. APPL. MATH., Vol. 235, pp. 1897-1905,
2011.

5) Stewart, G. W., “The Effect of Rounding Errors on an Algorithm for Downdating
a Cholesky Factorization” J. Inst. Math. Appl., Vol. 23, pp. 203-213, 1979.

6) Stewart, G. W., “Block Gram-Schmidt Orthogonalization” SIAM J. SCI. COM-
PUT, Vol. 31, pp. 761-775, 2008.

7) Yoo, K., and Park, H., “Accurate Downdating of a Modified Gram-Schmidt QR
Decomposition” BIT., Vol. 36, pp. 166-181, 1996.

Vol.2011-HPC-130 No.47
2011/7/28

(© 2011 Information Processing Society of Japan



