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Method of solving large linear systems which occur in
connection problems: Focusing on Lanczos method

KENICHIRO IDA+ and TAKASHI NODERA

In this paper, we consider the solver of matrix equations which occur by discretizing baun-
dary value problem of partial differential equations. The algorithm consists of the conbi-
nation of Lanczos method and iterative improvement, it is essentially based on Single Seed
Algorithm® . A matrix equation is solved as follow that we regard it as linear systems with
multiple right-hand side, which is divided into the equation to solve seed system, and others.
Then seed system is computed by preconditioned Lanczos method and others are done by
iterative improvement, which we set to initial guess of Lanczos method. The algorithm has
the advantage that it can decrease computational time of Lanczos method by setting good ini-
tial guess using iterative improvement. The preconditioner of Lanczos method is used ILLT
factorization. In our numerical experiments, we solve a matrix equation which consists of
three linear systems using ILLT(0) or TLLT (1) preconditioner and show the effectiveness of
the proposed algorithm.
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Algorithm 2.1 (DOO0OO0O)
(1) set o = b — Axovﬂl = ||T0||27
Vg = 0,’[)1 = 7"0/61

(2) forj=1,---,mdo
(3) Vi1 = Avj = Bjvj1
(4) aj = v Vi1
(5) Vjr1 = Vi1 — Qv
(6) Bit1 = llvjsall2
(7) Vi1 = Vit1/ B
(8) end for
(9) set Vo, =[v1, -, up),
Tm = tridiag(ﬂj, ay, /8j+1)
(10) solve T,,y,m = fre1

(11) compute z,, = zo + Viy¥Ym
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Algorithm 2.2 (J00O0OO0O00O00OODO)
(1) set 7o = LilTo,ﬁl = ||720||2,

vo = 0,01 =7/51

(2) forj=1,---,mdo

(3) solve LTu; = v;
(4) solve Lv; = Au;
(5) Vi1 = 05 = Bjvj1
(6) aj = vj vt

(7) Vjp1 = Vb1 = QGU;
(8) Bitr = llvjall2

(9) Vit = Vi1/ B
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(10) end for
(11) set Vp, = [v1, -, U],
Tn = tridiag(ﬁj, g, ﬁj+1)
(12) solve T, ym = fre1
(13) solbe Lz, = Viuym
(14) compute z = xg + 2,
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Algorithm 3.1 (00O0O0DO)
(1) for k=0,---,mdo

(2) set r =b— Axy
(3) solve Ly =r
(4) solve LTz =y
(5) Th41 = Tk + 2
(6) end for
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Algorithm 3.2

(1) forl=1,---,k do
(1 l ~(1 l A(1
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(3) for i = 1,2, .- until convergence do
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0 1 Algorithm 3.20000000
Preconditioner | Linear system Time (s) Iterations Residual norm
1st 7.65 201 7.19 x 10713
ILU(0) 2nd 3.73 149 9.70 x 10713
3rd 2.09 135 8.45 x 10713
1st 4.78 136 9.61 x 10713
ILU(1) 2nd 2.30 95 8.47 x 10713
3rd 1.21 83 9.41 x 10713

log of residual norm
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