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Convergence behavior of New Semiorthogonal Lanczos method
and its Validation

HARUKA UMEGAKIt and TAKASHI NODERAt

Semiorthogonal Lanczos method can accurately approximate of eigenvalues, in spite of the
orthogonality among Lanczos vectors. But semiorthogonal Lanczos method may not approx-
imate of eigenvectors. For this problem, Stewart [SIAM J. Sci. Compt, 24, pp. 201-207]
proposed adjusting scheme that makes Rayleigh quotient into upper Hessenberg matrix after
reorthogonalization. In this paper, we show convergence behavior of eigenvalue and eigenvec-
tors in semiorthogonal Lanczos method with adjusting Rayleigh quotient.
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01: wu, is an initial guess
02: form=1,2,.

03: v=Axun

04: if (m #1)

05: V== Pm—1*Um-1

06: T[m —1,m] = Tm,m — 1] = fm-1
07: end if

08: Qm = UL, %V

09: Tm,m] = om

11: V=U— Qm *Un

122 if(m#1)

13: v=v— (ul_1 *V) % Um-1

14: v=v— (ul, V) *Um

15: Bm = ”0“2
16: Ums1 = V/Bm

17: compute eigenvalues and eigenvectors T,
18: compute residual norm
19: end for
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01: w1 is an initial guess
02: form=1,2,..
03: v=A*upm

04: if (m#1)

05: V="V — PBm—-1 % Um-1

06: Tm—l,m = Tm,m—l = ﬁm-l
07: end if

08: am = ulv

09: Tnm = Qm

11: V=0U— Qm *Un

122 po=lolle
13: forj=1tom

14: z; =ujv
15: V=V TjkUnm
16: end for j

172 pa=|plla
if necessary orthgonalize v again

18: if (pa < 1/v/2p1)

19: forj=1tom
20: z; =ujv

21: V=V =Tk Uy,
22: end for j

23: end if

24: end if

25: Bm = ||v]|2
26: Um+1 = V/Bm

27: compute eigenvalues and eigenvectors T
28: compute residual norm
29: end for
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01: w; is an initial guess
02: form=1,2,..
03: v=Axunm

04: if(m#1)

05: V=U—Pm-1*Un-1
06: Hm—l,m = Hm,m—i = fm-1
07: end if

08: am =ulv

09: Hpym = 0m

11: V=U—Qm *Un

122 if(m#1)

13: v=0v— (ul_10) * Um—1
14: end if

15: v=v—(ulv) % um

16:  Bm =l

17: Umt1 = V/Bm

18: if(semiorthogonality is violated)

19: reorthgonalize uy, and v. adjust H
20: Brm = ||v]l2

21: Um+1 = V/Pm

22: end if

23: compute eigenvalues and eigenvectors H
24: compute residual norm

25:  end for
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01: if (semiorthogonality is violated)
02 p=|llla

reorthogonalize %, and v
03: forj=1tom-1

04: w[j] = vl um

05: Um = Uy, — Wy * Uj
06: z[j] = ulv

07: V=V - Tk Um
08: end for j

09: n=ubwv

10: V=V—NkUny

if necessary orthgonalize v again

11: if (||z||2 = v/nea * p)

12: forj=1ltom—1
13: t=ulv
14: v=v—~txuy;
15: z; =x;+1
16: end for j
17: t=ulw
18: V=vU—t%Unpn
19: n=n+t
20: end if
adjust H
21: Him-1,m-1 = Him-1,m-1+ Hmn-1,m * W
22: Hl:m—l,m = Hl:m—l,m - Hl:rn—l,l:m-l *w

—(Bm-1% W1 — Hnm) *w+2z
23: Hm,m = Hm,m + N = fBm—1* Wmn-1
24: end if
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