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The Adaptive Restarted Procedure for ORTHOMIN (k) Method

NaoTo TsuNo,t KENTARO MoORIYAt and TAKASHI NODERAt

The ORTHOMIN(k) method, a truncated version of GCR (generalized conjugate residual)
method, has been widely used for solving large and sparse nonsymmetric linear systems of
equations Az = b. In order to accelerate the convergence of ORTHOMIN(k) method, we
usually use the restarting technique. But, it is not so easy to find out the restarting timing
of its algorithm. In this paper, we will propose the adaptive restarted procedure which will
detect the restarting timing of the ORTHOMIN(k) automatically. At last, numerical exper-
iments are given to show the effectiveness of the adaptive restated procedure combined with
ORTHOMIN(k) method on a distributed memory parallel machine AP1000.
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1: Choose zg.
2:rg =b-— Axo
3ifor:1=0,1,2,...
3.1: if : = 0 then
3.11l:pp=r1o
else
312:for j=0,041,...,1—1
. g.0) — _(Ari, Aps)
3.1.2.1: BV = (ap, Ap;)
endfor
313 pi=ri+ Z;'_'__L B:p;
endif
(1‘.‘, Api)
(Ap:, Ap:)
3.3 41 =i + aipi
3.4:rip1 =ri —a;Ap,

3.2: d.‘ =

3.5: If converge, escape the loop.
endfor
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1: Choose ¢.
22N=0
3: Set adapt_restart :=on. ............. (2-a)
4: Do one iteration of ORTHOMIN(k) method.
5: af = llaiApil
6: if a}/|ri|| < e then
61: N=N+1
else
6.22 N=0
6.3: Set adapt_restart :=on. ......... (2-d)
endif ‘
7:if N=kthen ......................... (1)
7.1: if adapt_restart = on then ..... (2-c)
7.1.1: Do restart procedure.
7.1.2: Glpax = i-—kl-}-llaéjgia‘,"
7.1.3: Set adapt restart := off,
. 1 ’
but if i+1r_é_1jasxi+kaj > O'max
then set adapt_restart := on.
...... (2-b)
endif
72: N=0
endif
8: Goto step 4.
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®1 Fl1CHTSIMER (0 =0.1)

Time : FfTRA (B) It. REEHK
2(R) 1.0 2.0 4.0 8.0 16.0
Time It. Time It. Time It. Time It. Time It.
ORTHOMIN(5) 0.49 34 0.92 63 2.12 124 4.67 255 11.15 529
AR-ORTHOMIN(5) 0.43 34 0.82 63 1.85 124 4.71 255 9.99 529
ORTHOMIN(10) 0.72 34 1.54 63 3.77 | 123 8.28 250 16.76 509
AR-ORTHOMIN(10) 0.65 34 1.38 63 3.32 123 7.44 250 15.85 509
<< YRE—- AN >>
AR-ORTHOMIN(5) 0 0 0 0 0
AR-ORTHOMIN(10) 0 0 0 0 0
1 1
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HTHI 15 5, BAT 45TV (p(R) = 5.0,
o:7=8:00D88) »BoLhk.
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¥ Ex3Y. ALOBEK f(z,y) 1, B2 & AR CHE
BXu(r,y) =14+syt BB LS5 CEDZbDET 5.
CORELH 2 L FROAECHRILL, BT 1 KA
B (1) 3153 R4z oPEEBROKRELTT
k¥, BAREEHE (TROKYE) x0.1HE L.

z RIS 3 ORTHOMIN(k) BB/ A A
DELE L, ch DECHELT, H5ICEL BAE
EOBERNAIRER R L 2. JRISEAELL
AR-ORTHOMIN(k) 5T ¥ X # — b € X 3 I3R#:
DHERBRHZONTVWE. YR F— Rz oBEECK
LTHRHICERE S REAMBELBIC Lt ik do
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x2 f2cHTSRRER (p(R) = 0.5 0H48)

Time : FfTHME (B) It . REEK
g T 8:0 7T:1 6:2 5:3 4:4
Time It. Time It. Time It. Time It. Time It.
ORTHOMIN(5) 64.01 1031 63.98 1030 55.20 891 47.76 772 45.37 732
AR-ORTHOMIN(5) 53.23 838 54.75 | 852 51.53 798 46.51 737 47.46 745
ORTHOMIN(10) 114.06 1258 103.27 1139 94.08 1039 82.08 906 83.55 920
AR-ORTHOMIN(10) 86.00 964 82.00 915 84.60 943 77.61 865 77.16 858
< IXF—TER S>>
AR-ORTHOMIN(5) 5 4 3 3 2
AR-ORTHOMIN(10) 5 3 3 3 2
X3 2T ERBESR (p(R) = 5.0 08)
Time : fTRA] () It. . RGEK
o T 8:0 7:1 6:2 5:3 4:4
Time It. Time It. Time It. Time It. Time It..
ORTHOMIN(5) 280.79 4220 194.31 2923 121.76 1834 99.70 1493 97.81 1474
AR-ORTHOMIN(5) 74.56 1148 79.43 1222 79.48 1217 57.29 883 62.61 956
ORTHOMIN(10) 367.84 4048 237.13 2610 162.97 1796 148.39 1633 147.19 1621
AR-ORTHOMIN(10) 93.56 1054 90.58 1016 100.88 1139 94.58 1062 98.52 1101
< IXE— AR >> ‘
AR-ORTHOMIN(5) 11 11 12 10 7
AR-ORTHOMIN(10) 8 7 10 7 6
x4 M3 kT KRIERE
Time : FAFM (B) It . REEK
oh 2-° 2-1 20 2! 22
Time | It. | Time | It. Time | It. | Time | Time | It.
ORTHOMIN(5) 213.55 | 3212 | 290.96 | 4369 | 344.28 | 5185 (4e-12)* (1e-8)*
AR-ORTHOMIN(5) 191.54 2896 217.57 3338 325.40 4945 (2e-10)* (2e-8)*
ORTHOMIN(10) 227.48 .| 2499 | 309.03 | 3400 | 431.88 | 4751 (3e-12)* (2e-8)*
AR-ORTHOMIN(10) 243.68 | 2723 | 276.74 | 3111 | 482.00 | 5447 (Be-11)* (2e-8)*
<< YREX—FEAM >>
AR-ORTHOMIN(5) 18 63 58 43 35
AR-ORTHOMIN(10) 15 24 53 52 28
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