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Krylov #8722 % Ki(A, ro) = span(ro, Arg, ..., A lrg) £ 52, 22 Cxy RKEEICE
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Algorithm 1 : MINRES method

1.vO =0, w©®=0, wiD =0

2: Choose initial approximate solution ¥©, compute v = b — Ax©®
3:Sety; = |wVlL, setnp=1v, so=5=0, co=c; =1

4: for j = 1 until convergence do

5. O = vy,

6 8;=( AvD p(D)

7. pUD = Ap) — § p) — p-D

8 Vi1 = W0Vl

9 ag =cjdj—Cj-15Yj a1 = \/Zloz—'*')’j:l—z
10: @y =80 +Cj-1CjYjs Q3 = Sj-1Yj
11: Cjr1 = @olay, Sjp1 =Y/

12: with = () — aawli-D — W /e,
13: x0 = xU-D 4+ cj+mw(j+1)

14 : n==5jn

15: rj=b-AxV

16: check convergence

16:end do
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% Z TR (2.3) i MINRES &%:#A] L ¢, ARIALE MINRES #D7)L 3 X 4% EiH
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Algorithm 2 : Right preconditioned MINRES (essence)
1:Find

% € Mxo + Ky(AM ™' ro) s.t. |Ib — AM ™'zl = min |5 - AM ™' 2|l

2: Compute the solution x; = M~!z;
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T, inconsistent KBS IZ—MRICTEDBRED 2 / VLAR/NDREIZBL 22525, &
512, Algorithm 3 IZERL L 72 A RTLE MINRES D7V ITY A LAZRT,

BIALFE % U MINRES 7% & QNS HRIALE MINRES % &, BEXRXI Pl r=5b-Ax =
b—AM 'z iZ DV T OMRE 2.4 HSEILT 5.
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Algorithm 3 : Right preconditioned MINRES method

1.v@ =0, wO®=0, w =90

2: Choose initial approximate solution x®, compute vV = b — Ax©®
3:u® = MO

4:Sety; = VD, u)), setn=vy;, so=51=0, co=c; =1
5: for j = 1 until convergence do

7: 0 = @Y, Au)

8: yUtD) = A — 5}.,,(/) - ij(]‘l)

9 u(j+l) = M_lv(j+l)

10: Y1 = NOTD, gDy

11: CZO=Cj5j —‘c,'_lsj'yj, ap = \/a‘()z-!-’y}'“z

12: ap = Sjéj +Cj_1Cj’)/j, a3 = Sj-1Y;

13: Cj+1 = @o/@1, Sjs1 = Yjr1/a;

14: wl+th = (u(j) - a3w(j-l) - azw(f))/al

15: xD = x0U-D 4 cj+mw(f“)

16 : n'=—sjun

17: ri=b-AxV

18: check convergence

19:end do
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3,
(3.2) M=

w
2-w)
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R(A) = RAM ™Y 13T %, ¥ 7- AR MINRES #DERMICH Y, TFI M1
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Bz EH ¢&9, Eisenstat’s trick 32 %V D¢, 75 M~ 12 &k > CTHBTAE L TER
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LU %25, 30 :=Di(L+2)y w0 2wz &, R (33) EUTOL) ICEHTE 3,
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ERT D,
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D7 NITY X% Algorithm 4 127,
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MINRES #: & fid), 27—V v 74 Hi4LE MINRES i &, B & O IR % e T
3. WTNOFHETOIHRY bR 0 & L, KIFHF—5 %5 Rl Y b LF—
& BER AR d 5 TR0, TR FEEORTEIZ, 5,362 TH
5. IURHEIESRAES, m—'bl'l' <107 LBET B,

B {EEEETIX, CPU: Intel(R) Xeon(R) CPU ES-2630 (2.30GHz); OS: Cent OS 6.3 D&t
BRICBWT, KfEE% FORTRANIO TEHE L, & CHBERE -7z, £33
A 73 Intel Fortran 13.0.1 Zfff L 7=, Tablel IC{FFEDOKESK L CPUKRI2 =T, &
¥, E-SSOR AHiLE MINRES HDOHIE S5 A —% w i 1.0 2 W,

E-SSOR A HTALEE MINRES 1%, MINRES % & B L 2.66 £2, 27—V v 745l
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Algorithm 4 : Eisenstat SSOR for right preconditioned MINRES

.79 =0, w® =0, w =0

2: Choose initial approximate solution x%, compute v¥) = b — Ax©®
3: %V = DI(L + D/w) vV

4:Sety = JELFD,5D), setn=y, so=5=0, co=c; =1
5: for j = 1 until convergence do

6: pi) .= W) /v;

7. u = ApD

8: 6= (Z-Tw)2(9(ﬂ,u(j))

9: U+ = (Z—_w_w)u(j) - 5}.{,(}) - y}.f;(j—l)

100y = JER)EUD,50D)

11: ap =Cjd; —Cj_18;Yj, a1 = \/m

12: ay = 5;0;+Cj_1Cjyj, @3 =Sj1Y;

13: Cis1 = @p/@y, Sj+1 =Yjs1/a

14: wU+D = ((%Tw)y(ﬁ - a3w(j—1) - azwm)/a]

15: X0 = xUD 4 ¢y ywl+D

16 : n==Sjn

17: rj=b-AxV

18: check convergence

19:end do

Table 1. Computation results for an inconsistent problem (Iter: number of iterations, Tno:
computation time not including the computation of the relative residual norm ) The values
in () are the ratio compared to MINRES with E-SSOR right preconditioning.

Convergence criterion: % <1071
Method Iter Tno [sec]
MINRES without preconditioning 381 (5.95) | 0.066 (2.66)
MINRES with scaling right preconditioning | 174 (2.72) | 0.037 (1.48)
MINRES with E-SSOR right preconditioning 64 (1) 0.025 (1)
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