Hs@~7A:GE,2=LdBj$H$7$F$N8GM-CM2rK! : :GE,2=<jK!$NE,MQ$HI>2A @>ED 98 ( El5~Bg3X!?2J3X5;=Q?66=5!9= CREST) 1 $O$8$a$K :G 6a $N 8& 5f $K $h $j , Bg 5, LO BP >N 9T Ns $N 8G M- CM $r ?t CM E* $K 5a $a $k $? $a $N <j K! $H $7 $F , E, @Z $J A0 =h M} $H AH $_ 9g $o $; $? 6& Lr 8{ G[ K! $N M- 8z @- $, L@ $i $+ $H $J$C $F $- $F $$ $k [1][3]. 0l J} , Hs BP >N Ld Bj $K 4X $7 $F $b , 6& Lr ;D :9K!$rMQ$$$?;vNc [4][5] $,Js9p$5$l$F$*$j , :#8e$NH/ E8 $, 4| BT $5 $l $k . K\ 9F $G $O , $3 $l $i $N 2r K! $N 4p AC $H $J $k Hs @~ 7A :G E, 2= <j K! $K $D $$ $F , 8G M- CM 2r K! $H $N 4X O"$K$D$$$F$^$H$a$k . 2 Hs@~7A:GE,2=LdBj 0J2<$G$O , Hs@~7A4X?t F ( x ) $N6I=jE*$J:G>.E@$r5a $a$k$3$H$r9M$($k . $3$NLdBj$O , 3FCJ3,$N;n9TE@ x $+ $i F $NCM$,8:>/$9$kJ}8~ v $XC5:w$r?J$a$k$3$H$K$h $j 2r $/ $3 $H $, $G $- , 3F CJ $N J} 8~ $, $9 $Y $F 6& Lr $J $i $P , 2 <!7A<0 F = a + b T x + 1 2 x T Ax (1) $N :G >. E@ $O , G$ 0U $N =P H/ E@ x (1) $+ $i , M- 8B 2s $N 9_ 2< %9 %F%C %W $N 7W ;; $K $h$C $F 5a $a $i $l $k $3 $H $, CN $i $l $F $$$k [2]. :G E, 2= $N <j K! $r E, MQ $9 $k 4X ?t $, , :G >. E@ $N 6a K5 $G $O 2 <! 7A <0 $G == J, $K 6a ;w $G $- $k $H 2> Dj $9 $l $P , 6& Lr J} 8~ $r MQ $$ $k 79 <P K! $r 0l HL $N 4X ?t $N :G >. 2= $K ;H $& $? $a$K$O , $=$N 4X?t $r 2 <!7A<0 $GI= $7$?$H $- , 6&LrJ} 8~ $K $J $k $h $& $J C5 :w $N J} 8~ $r :n $k I, MW $, $" $k . $3 $l $K $D$$$F , 0J2<$NDjM}$,@.$jN)$D . Theorem 2.1 E@ x ( i +1) $r , 1 $N 2 <! 7A <0 $K i 2s $N 9_ 2< %9 %F%C %W $r 9T$C $? 7k 2L E~ C# $7 $? E@ $H $7 , 9_ 2< J}8~ d 1 ; d 2 ; :::; d n $O 9T Ns A $K 4X $7 $F 8_ $$ $K 6& Lr $G $"$k$H$9$k$H , g i +1 = r F ( x ( i +1) ) (2) $H$7$F , d T s g i +1 = 0 ; s = 1 ; 2 ; :::; i (3) $H$J$k . $=$3 $G , 2 <! 7A <0$K MQ $$ $i$l $? 79 <PK! $r , 3F 9_2< %9 %F%C %W $N J} 8~ $, 8_ $$ $K 6& Lr $K $J $k $h $& 0J 2< $N $h $& $K =$@5$9$k . $^$: d 1 = � g 1 = � Ax (1) � b (4) $H$9$l$P x (2) = x (1) + � 1 d 1 $G$"$j , � 1 $O d T 1 g 2 = 0 $9$J$o$A d T 1 ( A ( X (1) + � 1 d 1 ) + b ) = 0 (5) $K$h$C$F5a$a$k$3$H$,$G$-$k . $D$.$K d 2 = � g 2 + 2 d 1 (6) $H$*$- , 2 $r d 1 $H d 2 $,6&Lr$H$J$k$h$&$KA*$V$H , 2 = g T 2 g 2 g T 1 g 1 (7) $H$J$k . d i = � g i + i d i � 1 (8) $, @. $j N) $D $3 $H $O 5" G< E* $K <( $9 $3 $H $, $G $- , $3 $N $H $- i $O i = d T i � 1 Ag i d T i � 1 Ad i � 1 = g T i g i g T i � 1 g i � 1 (9) $H $J $k . $3 $N $h $& $K $7 $F , $" $k @~ >e $G 4X ?t $N :G >. CM $r 5a $a $k $3 $H $, $G $- , $+ $D $= $N E@ $G $N 8{ G[ %Y %/ %H %k $r 5a $a $k $3 $H $, $G $- $k >l 9g , 0l HL $N 4X ?t $K $b E, MQ $G $-$k6&LrJ}8~$r:n$k$3$H$,$G$-$k . 3 8GM-CMLdBj$X$N1~MQ 0J >e $N <j K! $r MQ $$ $F , <B BP >N 9T Ns A , B $K 4X $9 $k 0lHL2=8GM-CMLdBj Ax = �B x (10) $N:G>.8GM-CM , $^$?$O$3$l$HF1CM$JLdBj B x = �Ax; � = 1 =� (11) $N:GBg8GM-CM$r5a$a$k$3$H$r9M$($k . $3$l$O Ra yleigh >& � ( x ) = x T B x x T Ax (12) 1

$N6KCMLdBj$K5"Ce$G$- , :G5^8{G[J}8~$, r � ( x ) � g ( x ) = 2( B x � �Ax ) x T Ax (13) $G$" $k $3 $H $+ $i , Ra yleigh >& $r 6I =j E* $K :G >.2= $9 $k 78?t � i $rMQ$$$F , 6&Lr8{G[K! x i +1 = x i + � i p i ; (14) p i = � g i + � i � 1 p i � 1 ; � i � 1 = g T i g i g T i � 1 g i � 1 (15) $K$h$j8GM-CM$r7W;;$9$k$3$H$,$G$-$k . 6& Lr 8{ G[ K! $N H? I| $O , E, Ev $J =i 4| %Y %/ %H %k x (0) $H BP1~$9$k=$@5%Y%/%H%k p (0) = 0 $rMQ$$$F , � ( i ) = ( x ( i ) ; B x ( i ) ) = ( x ( i ) ; Ax ( i ) ) (16) r = B x ( i ) � � ( i ) Ax ( i ) (17) x ( i +1) = r ( i ) + � ( i ) x ( i ) + ( i ) p ( i ) (18) p ( i +1) = r ( i ) + ( i ) p ( i ) (19) $H=q$/$3$H$,$G$- , 9TNsB+ B x ( i ) � � ( i ) Ax ( i ) $K4X$9 $k span f r ; x ( i ) ; p ( i ) g >e$N Ritz CM , Ritz %Y%/ %H %k$r Ra yleigh-Ritz K! $rMQ $$$F 7W;; $7 , :G Bg Ritz CM$K BP 1~$9$k Ritz %Y%/%H%k$r x ( i +1) $H$9$k . 4 HsBP>NLdBj$X$N3HD% 0J >e$N<j K!$O , 6&Lr;D :9K! (Orthomin(1)) $rMQ$$ $k $3 $H $K $h $j , Hs BP >N Ld Bj $K $b 3H D% $9 $k $3 $H $, $G $- [5], Ra yleigh >&0J 30$N HF 4X?t $KBP $7$F 6&Lr ;D :9K! $r E, MQ $9 $k $3 $H $K $h $j , 8{ G[ K! 7O $N H? I| 2r K! $G 2r $/ $3 $H$,$G$-$k . $3$3$G$O , 8GM-CMLdBj (10) $N;D:9$r r = �B x � Ax; (20) � = ( Ax; B x ) = ( B x; B x ) (21) $GDj5A$9$k . x $,8G M-CM%Y%/%H%k$K Ey$7$1$l$P , � $O BP 1~ $9 $k 8G M- CM $K 0l CW $9 $k . $3 $3 $G $O :G >. 2= $9 $Y $- 4X?t$H$7$F;D:9 r $NFb@Q F ( r ) = ( r ; r ) (22) $rA* $S , 6& Lr;D :9K! (Orthomin(1)) $rE, MQ $9$k . $9 $J$o$A , =i4|CM x 0 $+$i � (0) = ( Ax (0) ; B x (0) ) = ( B x (0) ; B x (0) ) ; (23) r (0) = � (0) B x (0) � Ax (0) ; (24) p (0) = r (0) (25) $r5a$a , 0J2<$NH?I| � ( i ) = [( r ( i ) ; Ap ( i ) ) � � ( i ) ( r ( i ) ; B p ( i ) )] = [( Ap ( i ) ; Ap ( i ) ) � 2 � ( i ) ( Ap ( i ) ; B p ( i ) ) +( � ( i ) ) 2 ( B p ( i ) ; B p ( i ) )] ; (26) x ( i +1) = x ( i ) + � ( i ) p ( i ) ; (27) � ( i +1) = ( Ax ( i +1) ; B x ( i +1) ) = ( B x ( i +1) ; B x ( i +1) ) ; (28) r ( i +1) = � ( i +1) B x ( i +1) � Ax ( i +1) ; (29) � ( i ) = � [( Ar ( i +1) ; Ap ( i ) ) � � ( i +1) f ( Ar ( i +1) ; B p ( i ) ) +( Ap ( i ) ; B r ( i +1) ) g +( � ( i +1) ) 2 ( B r ( i +1) ; B p ( i ) )] = [( Ap ( i ) ; Ap ( i ) ) � 2 � ( i +1) ( Ap ( i ) ; B p ( i ) ) +( � ( i +1) ) 2 ( B p ( i ) ; B p ( i ) )] ; (30) p ( i +1) = r ( i +1) + � ( i ) p ( i ) (31) $rAjBP;D:9 � ( i ) = k � ( i ) B x ( i ) � Ax ( i ) k 2 = k � ( i ) B x ( i ) k 2 (32) $,==J,>.$5$/$J$k$^$G7+$jJV$9 . 5 $‘$9$S K\9F$G $O , Hs@~7A:G E,2=Ld Bj$H$7$F $NB&LL$+ $i , Bg 5, LO 8G M- CM 2r K! $H $7 $F $N 6& Lr 8{ G[ K! $K $D $$ $F 4J C1 $K $^ $H $a $? . BP >N 8G M- CM Ld Bj $K $D $$ $F $O 4{ $K $" $k Dx EY $N 7k 2L $, F@ $i $l $F $$ $k $, , Hs BP >N Ld Bj $K $D $$ $F $O J, $+$C $F $$ $J $$ It J, $b B? $$ . :# 8e , $3 $l $i $N FC @- $r L@ $i $+ $K $7 $F $$ $/ $H $H $b $K , Bg 5, LO 8G M- CM 2r K! $K BP $9 $k M- NO $J 2r K! $N 0l $D $H $7 $F , 8z 2L E* $J <B Au <j K! $K $D $$$F0z$-B3$-8!F$$r?J$a$F$$$/M=Dj$G$"$k . ;29MJ88% [1] A. V. Kny azev , T owar d the optimal pr e c ondi- tione d eigensolver: L o c al ly optimal blo ck pr e c on- ditione d c onjugate gr adient metho d , SIAM J. Sci. Comput., 23 (2001), pp. 517{541. [2] J. K o w alik and M. R. Osborne , Metho ds for Unc onstr aine d Optimization Pr oblems , Elsevier, 1968. [3] @> ED 98 , Bg 5, LO 8G M- CM Ld Bj $X $N JB Ns AMG A0 =h M} IU 6& Lr8{G[K!$NE,MQ$HI>2A , >p=h8&Js , 2004 (2004), pp. 25{ 30. [4] , Hs BP >N 8G M- CM Ld Bj $X $N JB Ns AMG A0 =h M} IU 6& Lr;D:9K!$NE,MQ$HI>2A , >p=h8&Js , 2004 (2004), pp. 85{ 90. [5] KvIY1Q 0l , 4XK\Gn , B?72Cf@-;R3H;6 J}Dx<0$K8=$l$kHs BP >N 9T Ns 7O $N 0l HL 8G M- CM Ld Bj $K BP $9 $k OR THOMIN(1) K! $N E, MQ , >p Js =h M} 3X2q O@ J8 ;o , 30 (1989), pp. 661{ 667. 2