NAINT +—X A

Sl — 75 718

ara—J74 27
(1999. 10. 7)

yZ4— FEAREHMIZEZS GMRES (k) Hl2D0T

o x® B s Rt

SEIFR DO RBIBT 2 FRE e T 2EL 1| RHABX kB HEO—>TH % GMRES ik, BA%
HEABRCHERE R BEL T 540, BEREDOY X¥— METH S GMRES(k) Zaflvbi 3
—c, k) 2 x— VAR EFEN, B#O GMRES(k) ETR—EDETH 3. ¥4, Sosonkina
LIACLoTZDY 2E— +EABOELBHNCELS ¢, WRORBSCHEGI LI HFEHNREINT
w3, AFETH, FEHKC) 2F— 2R YET Adaptive GMRES(k) BEOHFRHARIEL, X b
KEDNRHEEYHE L CIRRTEERET 5.

GMRES(k) method with varing its restart
frequency adaptively

MiTsurU HaBut and TAKASHI NODERAt

One of iterative methods to solve large and sparse nonsymmetric linear systems of equa-
tions, GMRES algorithm needs huge amount of computation and memory. Therefore, the
restarted version GMRES(k) algorithm is used in practice. The algorithm is restarted every k
iterations, and its value is constant. Recently, Sosonkina et al.®) proposed adaptive technique
of GMRES(k) algorithm which determines the restart value k based on the some criterion
estimating its convergence rate. In this paper, we discuss practical issues concerning the new
adaptive restarting technique of GMRES(k) algorithm and also present the effectiveness of
this algorithm. Moreover, we will propose some modified version of Adaptive GMRES(k)
algorithm which improves the convergence rate.
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choose zg,
ro ;= b — Axo;
B= HTOH; v :=r0/B;
start
for::=1to k do
begin
= Av;;
for 7:=1toido
begin
hyii= 0T
0:= 0 — hj;v;;
end
Bt = (6]
vig1 = 0/hip1;
compute y; = min, ||fe; — Hyl);
if ||b — Axz;]| < tol then
stop iteration

endif
end
To := Tk, To :=Tk;
B = |roll; wv1:=r0/B;
goto start
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Fig. 1 GMRES(k) method.
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Fig. 2 prosess to increase restart frequency.
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Table 2 Numerical results of example 1.
n 1.5 1.7 1.9
Rk T 1 T I T 1
GMRES(10) 16.0 | 106 25.1 160 42.7 277
GMRES(20) 26.5 105 37.4 156 68.3 262
GMRES(40) 45.3 104 66.0 155 118.3 257
A-GMRES(4—) | 114 | 115 | 17.5 | 179 | 32.7 | 331
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Table 3 Numerical results of example 2.
Dh 2=8 275 2~ 2~3 2772 2~!
HEE T I T 1 T 1 T I T 1 T 1
GMRES(10) — — — — 754.5 4612 328.4 1971 140.1 867 158.4 950
GMRESS(20) 2060.3 7613 1424.4 5422 616.0 2466 | 333.5 1236 274.4 1066 286.5 1062
GMRES(40) 2034.4 4164 1229.7 2724 621.4 1421 535.7 1116 629.9 1386 654.5 1445
A-GMRES(4-+) 1434.1 4274 886.4 3375 488.4 1734 708.1 1535 2078.5 2027 1753.2 1964
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Fig. 3 Example 2 (Dh = 2_5): The behaviour of
residual norm vs. computational time (sec).
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Fig. 4 Example 2 (Dh = 27%): The behaviour of
residual norm vs. number of iterations.
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Fig. 5 Example 2 (Dh = 2_5): The behaviour of restart
frequency of A-GMRES(k) method vs. number of
iterations.
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Fig. 6 Example 2 (Dh = 2~2): The behaviour of
residual norm vs. computational time (sec).
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Fig. 7 Example 2 (Dh = 272): The behaviour of
residual norm vs. number of iterations.
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Fig. 8 Example 2 (Dh = 2'2): The behaviour of restart
frequency of A-GMRES(k) method vs. number of
iterations.
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Fig. 9 Example 3 (Dh = 2°): The behaviour of residual
norm vs. computational time (sec).
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Table 4 Numerical results of example 3.

Dh 2-T 20 2!
23 T I T I T i
GMRES(10) — — | 2015 | 3105 — —

GMRES (20) 176.7 | 2051
GMRES(40) 231.3 | 1686

193.2 | 2248 | 255.7 | 2965
235.8 | 1771 | 354.2 | 2687

A-GMRES(4—) | 1953 | 2705

186.9 | 2618 | 690.0 | 2610
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