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A key to Solution of Large Eigenvalue Problem
by Semiorthogonal Lanczos method

HARUKA UMEGAKIt and TAKASHI NODERATt

Lanczos method is an iterative method for solving eigenvalue problems of large symmet-
ric matrices and is powerful tool for computing eigenvalues and eigenvectors. According to
iteration proceeds, however, the orthogonality of the Lanczos vectors is lost because the or-
thogonality is affected by rounding errors. Accuracy of eigenvalues and eigenvectors makes
worse. To overcome this problem, Lanczos vectors must be reorthogonalized and tridiagonal
matrix can be adjusted into upper Hessenberg matrix. This can cause the Ritz vectors to be
good approximations to the eigenvectors. We also show an new estimate of norm of residual.

thgonalization) X PRO(Partial Orthogonalization)
Bdb%. AHTH, Stewart) ICLVBRESNET
axg PRO ZHWDIHEICOWTERL, HiE

1. T L &I

T T g A, BHIROEICR ARG

&Efﬂﬁéﬂfﬁ@,ﬁﬁﬁﬂ%%ﬁ&#é&@i
9 7 [E A R

Az =)z, A:x#%H Ac RY"
IR T2DDIRIED 1 D TH 5.

Z F a ZEE, w0 BRSNS - T
BEOBAMIIBELIKRED. LhL, JvFa R
EOKERETREIZ, 72T a AT MVOERZMEN

DIRAEIZEL VBT B ENAS BTG, =
DOERZEOE(IZLY, Ritz X7 MABIEOBEF~NY
! ﬁbfﬂﬁf%@<ﬁé

T CHRMEEWET DD %ﬁ&ﬁ%ﬁ%z
LTS, ﬁé&l‘iﬂ)ﬂﬂléjﬂ#i 202565,

zeR" (1)

Z0 120, ERMEEEE _%oﬁ&fﬁn,&ﬁ
DFEIZFEZALETT 9 FOR(Full Orthogonalization)

T%é.%ilOﬁ,3V%az&&%w®L§@%
HOBRERSTHIETH D, —RICZHUE, T FaA
N7 MV OREELZWNE RO L l/‘b\, SO(Selctive Or-

T OB EFE R R B B AR
Graduate School of Science and Technology, Keio
University

Tt B ER P LA
Faculty of Science and Technology, Keio University

g7d

W2 &0 HEE M D
?2&17/3&31&2 IONWTIkR3, 3ETIE
HEEAE T o F g ZIEICONWTIRA S, 4 =TIE, HE
J NV EOHEEIEIZOW TR D, 5 BT, HfiisEk
ZHLCHERT T a AL T T a AFEOEEEIT

LTS ERIZ, 6 WIZEWTHma IR ~D.
2.

SUFaRE

Z T a REE, KBOXFMTH OB A LR E %
RS T OITIREINT-THET, JIFITHIA & ||ul|2 = 1
DIFErT MLEHAWT, 7V e 7EnZEM ki
fﬁlﬁiﬁf%*ﬁbk?é%&:f&)é 7Y D7*K’\7'UF'E1

i, RO LS ITHERT 2% TH 2.
K (A, u1) = span(u1, uz, . .., Um)
= span(u1, Aui, ..., A" u)
ZIZT, X7 MBI {ur,uz, o um P IET T g AN
I RVEREN TS, ZOT T a AT ML
m>2&FT5L, WOXDITHRRD.
ﬂ1’U,2 = Au1 — 1U1

{ ,

ﬂmum+1 (2)
ezl

= Aum — OmUm — Bmflumfl


研究会temp
テキストボックス
社団法人　情報処理学会　研究報告
IPSJ SIG Technical Report

研究会temp
テキストボックス
2005－HPC－102（2）
　　2005／6／2

研究会temp
テキストボックス
－7－

研究会temp
テキストボックス

研究会temp
テキストボックス

研究会temp
テキストボックス

研究会temp
テキストボックス


Ay = uﬁAum,
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01:  w; : an initial guess
02: form=1,2,..., until B,,_1 ~0
03: v=A%Un

04: U = u,Tn * U

05: if (m#1)

06: V=0— Fm_1* Um—1

07: Tim—1,m]=T[m,m—1] = Bm_1
08: end if

09: T[m,m] = am

11: V=0 — Qm * Um

12: if (m#1)

13: v:v—(u%_l * V) K Um—1

14: v=v— (Ul *V) * Um

150 B o= [v]]2

16: Um+1 = V/Bm

17:  end for

18: compute eigenvalue and eigenvector
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01: wyp : an initial guess
02: form=1,2,..., until B,,—1 ~0
03: v = A * Um

04: Ay, = u% * U

05: if (m#1)

06: V=0— Bm—-1 % Um—1

07: Him—1,m|=H[m,m —1] = Bm-1
08: end if

09: Him,m] = am

11: V=0 — Qm * Un

12: if (m#1)

13: v:v—(uTTn,l * V) * Um—1

14: v=v— (ul *V) * Um

15: if (semiothogonality is violated)

16: Reorthogonalize u,, and v. Update H.
170 B =[v]|2

18: Um+1 = V/Bm

19:  end for

20: compute eigenvalue and eigenvector
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01: if (semiorthogonality is violated)

02 p=|fvll:
Reorthogonalize u,, and v
03: forj=1tom—1
04: wlj] = u] *um
05: U = Um — W[j] * u;
06: z[j] = u] *v
07: v=v—x[j] *um
08: end for j
09: n=ul *v
10: V=0V —1N%Un

If necessary orthgonalize v again

11: if (||z]]2 > /nenm)

12: forj=1tom—1
13: t= uf * U
14: v=0v—1t*u;
15: z[j] = x[j] + ¢
16: end for j
17: t=ul %o
18: V=0—1%Un
19: n=n+t
20: end if
adjust H
21: H[l:m — 1,m — 1]=H[l:m — 1,m — 1]
+H[m — 1,m]*w
22: H[1l:m — 1,m]=H[1:m — 1,m]

—H[l:m — 1,1:m — 1]xw
(B xw[m — 1]
—H[m, m])*w + z
23: H[m,m]=H[m,m]+n
—Bm—1 *wm — 1]
24:  end if
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