Jacobi-Da vidson K!$N?tCMFC@- @>ED 98!$>.Lx 5AIW ( El5~Bg3X ) 1 $O$8$a$K Bg 5, LOAB 9TNs $N8G M- CM7W ;;%" %k%4 %j %:%‘ $H$7 $F$O , =>Mh Lanczos/Arnoldi 7O$N2rK!$rMQ$$$k$N$,0lHLE* $G$"$C$? . Hf3SE*>.5, LO$J9TNs$K$* $$$F$O , A48GM-CM $r5a $a $k QR K! $r MQ $$ $k $3 $H $, $G $- $k $, , Ld Bj $N Bg $- $5 n $K BP $7 $F O ( n 3 ) $N 7W ;; NL $r MW $9 $k $? $a , $3 $NJ} K! $G $O 5, LO$N Bg $- $J Ld Bj $r 07$& $3 $H $, $G $- $J$$ . $3$N$?$a , %j%9%?!<%H$rMQ$$$?H?I| Lanczos/Arnoldi K! $O , FC $K AB 9T Ns $r 07 $& >l 9g $K :G $b <B :] E* $J 2r K! $G $"$k$H $$$( $k$, , 8GM- CM$, 6a@\ $7$F$$ $k>l 9g , @5 3N$J 7W;;$,Fq$7$$$3$H$,CN$i$l$F$$$k . Jacobi-Da vidson K! [2] $O , NL;R2=3X$K$*$$$FBP3Q2=$KMQ$$$i$l$k$3$H $NB? $$ Da vidson K! $r$b $H $K , Jacobi K! $N9M $( J}$r MQ $$ $F 9= @. $5 $l $? 2r K! $G $" $k $, , Hf 3S E* >r 7o $N 0- $$ >l9g $K$b @5 3N$K 8G M-CM $r 7W;; $G $-$k [1, 2] $3 $H $+$i , Lanczos/Arnoldi K! $K Be $o $k M- NO$J %" %k %4 %j %: %‘ $H $7 $F Cm L\ $5 $l $F $$ $k . K\ 9F $G $O $3 $N <j K! $N 35 MW $r >R 2p$9$k$H$H$b$K , $=$N?tCMFC@-$K$D$$$F=R$Y$k . 2 Jacobi-Da vidson K! Da vidson K!$G$O , 0J2<$N$h$&$J<jB3$-$G@dBPCM:G Bg $N 8G M- CM 1 $r 5a $a $k . <! 85 k $N It J, 6u 4V K = span f v 1 ; :::; v k g >e$G , 9TNs A $N6a;w 8GM-BP , $9$J $o $A Ritz BP ( � k ; u k ) $r 9M $( $k . $3 $3 $G v 1 ; :::; v k $O @55, D> 8r 4p Dl $H $9 $k . u k $r99 ?7 $9 $k $? $a $K $O K $N <!85$r3HD% $9$kI,MW $,$"$k$, , Da vidson K!$G $O;D:9 r = Au k � � k u k $K$D$$$F=$@5J}Dx<0$H8F$P$l$k0J2< $N$h$&$JJ}Dx<0$r2r$/ . M k t = r ; M k = D A � � k I (1) D A $O A $NBP3Q@.J,$G$"$k . $5$i$K t $r K $HD>8r2= $7$F v k +1 $r F@ $k . V k +1 = [ v 1 ; :::; v k +1 ] $H CV$1 $P , ?7$7$$ Ritz BP ( � k +1 ; u k +1 ) $O9TNs H k +1 = V � k +1 AV k +1 (2) $N8GM-BP$H$7$F7W;;$5$l$k . $3 $l $K BP $7 $F , Jacobi-Da vidson K! $G $O u k $N D> 8r Jd 6u 4V $+ $i 99 ?7 $N $? $a $N @. J, $r <h $j =P $9 . 0J 2< $G $O u k $O@55,2=$5$l$F$$$k$b$N$H2>Dj$9$k . 8GM-CMLd 1 0J2<C1$K:GBg8GM-CM$H=q$/ . Bj Ax = �x $r , 0J2< $N $h$& $K u k $N D>8r Jd6u 4V u ? k >e$K<M1F$9$k . 9TNs A $N u ? k $X$ND>8r<M1F$O A P = ( I � u k u � k ) A ( I � u k u � k ) (3) $GI=$5$l$k$, , $3$l$O A = A P + u k u � k A + Au k u � k � � k u k u � k (4) $H=q$-D>$9$3$H$,$G$-$k . =$@5%Y%/%H%k z $O A ( z + u k ) = � ( z + u k ) ; z ? u k (5) $rK~$?$9$N$G , $3$3$K <0 (4) $rBeF~$9$l$P ( A P � �I ) z = � r + ( � � � k � u � k Az ) u k (6) $H$J$k . A P z ? u k , z ? u k , r ? u k $h$j u k $N78?t $O 0 $G$J$1$l$P$J$i$J$$$N$G , LdBj$O ( A P � �I ) z = � r (7) $N7W ;;$K 5" Ce$5 $l$k $3 $H$, J,$+ $k . <B:] $K $O � $NCM $rCN$k$3$H$O$G$-$J$$$, , <0 (7) $O87L)$K2r$/I,MW$, $J$$$?$a , $3$3$G$OBe$o$j$K � k $rMQ$$$F ( I � u k u � k )( A � � k I )( I � u k u � k ) z = � r (8) $r 2r$/ . F@ $i $l $? %Y%/ %H %k $r V k $K BP $7$F D> 8r 2= $7 , v k +1 $H $9$k . H k +1 = V � k +1 AV k +1 $N :G Bg8G M-CM $, <! %9 %F%C %W $N Ritz CM � k +1 $H $J $k . F1 MM $N MW NN $G , 8:<!$rMQ$$$FJ#?t$N8GM-CM$r5a$a$k$3$H$,$G$-$k . 3 Jacobi-Da vidson K!$N?tCMFC@- 0J 2< $G $O , >e 5- %" %k %4 %j %: %‘ $N <B Au <j K! $K $D $$ $F 8!F$$9$k . I>2A$K$O , In tel P en tium I I I Xeon (550MHz, 16KB data cac he, 512KB L2 cac he) $N 4-w a y SMP (450NX c hipset, 768MB main memory) $rMQ$$ $? . OS $K $O Solaris 7, $^ $? %3 %s %Q %$ %i $K $O PGI F or- tran $rMQ$$$? . PGI F ortran $O , Op enMP $K$h$kJB Ns=hM}$r%5%]!<%H$7$F$$$k . I> 2A $O , 8G M- CM $, 4{ CN $G $" $k 0J 2< $N <B BP >N 9T Ns $r MQ$$$F9T$C$? . n = N 2 <! 5 =EBP3Q9TNs A = 0 B B B B B @ T N � I O � I . . . . . . . . . . . . � I O � I T N 1 C C C C C A ; (9) 1

T N = 0 B B B B B @ 4 � 1 O � 1 . . . . . . . . . . . . � 1 O � 1 4 1 C C C C C A (10) $N8GM-CM$O , 2r@OE*$K 4 � 2(cos( k � = ( N + 1)) + cos( j � = ( N + 1)) ; (11) j; k = 1 ; :::; N (12) $GM? $($i $l$k . $3$3 $G $O , ;D :9$N 5vMF HO 0O$r 10 � 8 $H $7$F , A $N :GBg8GM-CM$r7W;;$7$? . C5:w6u4V$N4pDl?t $O 15 $^ $G $H $7 , I8=‘ P etro v 6u4V >e $G H? I| %Y %/ %H %k $r@8@.$9$k . =$@5J}Dx <0$N7W;;$K$O BiCGST AB(4), $^$?4pDl?t$, 10 0J2<$N>l9g$K$O GMRES $rMQ$$$? . 256 2 <! $N >l 9g $K $D $$ $F , C‘ <! $G :G Bg 8G M- CM $r 5 8D $^ $G 5a $a $? >l 9g $N 3F %k!< %A %s $N <B 9T ;~ 4V $O Fb Lu $O I= 1 $NDL$j$G$"$k . I= 1: n = 256 2 $G$N<B9T7k2L F unction Calls Time(s) Time(%) zgemv 10246 319 33.40 zdotc 12615 150 15.77 zaxpy 8163 116 12.14 jdqz 1 109 11.50 jdqzmv 3479 54 5.74 zxpay 4193 54 5.68 dznrm2 5402 52 5.50 amul 3540 47 5.00 bmul 3540 31 3.26 zcgstabl 41 12 1.33 zmgs 369 3 0.32 : : : $3 $N7k2L $+$i , 8D!9$N4X ?t$K$D $$$F$_$k $H , 7W;;;~ 4V$NBgItJ,$r zgemv , zdotc , zaxpy $J$I$N Lev el 1, 2 BLAS %k!<%A%s$,@j$a$F$$$k$3$H$,J,$+$k . 4 A0=hM} A0 @a $N Nc $+ $i , Jacobi-Da vidson K! $K $* $$ $F =$ @5 J} Dx <0 $N 5a 2r $K MW $9 $k 7W ;; NL $, Bg $- $$ $3 $H $, J, $+ $k $, , E,Ev $JA0 =hM} $r9T $J$& $3$H $K$h$j , $3 $N7W;; NL$r :o8:$9$k$3$H$,$G$-$k . $3 $3 $G $O 9T Ns 7A <0 $N $_ $r Mx MQ $9 $k 2r K! $H $7 $F , 9b $$ JB Ns @- $r ;} $D $3 $H $, CN $i $l $F $$ $k Jacobi A0 =h M} $rE, MQ $9 $k $3 $H $r 9M $( $k . Jacobi K! $G $O , 78 ?t 9T Ns $O BP 3Q M% 0L @- $r K~ $? $; $P $h $/ , =$ @5 J} Dx <0 $N 7W ;; $K $*$$$F$b9b$$<}B+@-$r<($9$HM=A[$5$l$k . LdBj%5%$ %: 128 2 $G$NE,MQ7k2L$r?^ 1 $K<($9 . 2#<4 $O =$ @5 J} Dx <0 $N 7W ;; 2s ?t , =D <4 $O ;D :9 $r BP ?t $G <( $7 $? . A0 =h M} $K $O , JB Ns 2= $7 $? Jacobi K! $r MQ $$ , Ja- cobi K!$NH? I|2s ?t$OAm 7W;;;~ 4V$,:G >.$H$J $k 150 2s $H$7$? . ?^ 1: n = 128 2 $G$N Jacobi A0=hM}$N8z2L $3$NNc $G$O , A0=hM} $rMQ$$ $?>l9g$N =$@52s?t $O , A0 =hM}$r9T$J$o$J$$>l9g$N=$@52s?t$NLs 50% $G$"$j , 7W ;;;~ 4V$K $D$$ $F$b Ls 50% $G $"$k . 2rK! A4BN $K $*$$ $F H? I| 2r K! $N @j $a $k 3d 9g $O Bg $- $/ , $^ $? $3 $N It J, $N JB Ns2= 8z N($O $=$l $[ $I9b $/$J $$ . Jacobi A0 =hM} $NJB Ns 2= 8z N( $, $[ $\ 100% $G $" $k $3 $H $r 9M N8 $9 $k $H , A0 =h M} $r 9T $J $& $3 $H $K $h $j , Jacobi-Da vidson K! $N JB Ns 2= 8z N( $O Bg $- $/ 8~ >e $9 $k $b $N $H 4| BT $5 $l $k . >\ :Y $J ?tCM7W;;7k2L$O9V1i$N:]$K<($9 . 5 $‘$9$S K\ 9F $G $O , Jacobi-Da vidson K! $N ?t CM FC @- $K $D $$ $F $= $N 35 MW $r =R $Y $k $H $H $b $K , A0 =h M} $N E, MQ $H $= $N I> 2A 7k 2L $K $D $$ $F $b Js 9p $7 $? . K\ <j K! $O Hf 3S E* ?7 $7 $$ 2r K! $G $" $k $? $a , FC @- $K $D $$ $F $O L@ $i $+ $K $J$C $F $$ $J $$ E@ $b B? $$ . :# 8e , Bg 5, LO 8G M- CM 2r K! $K BP $9 $k M- NO $J 2r K! $N 0l $D $H $7 $F MM!9 $J I> 2A $r 9T $J$C $F $$ $/ I,MW$,$"$k . ;29MJ88% [1] D. R. F okk ema, G. L. G. Sleijp en, and H. A. v an der V orst. Jacobi-Da vidson st yle QR and QZ algorithms for the partial reduction of ma- trix p encils. T ec hnical Rep ort 941, Depart- men t of Mathematics, Utrec h t Univ ersit y , 1996. [2] G. L. G. Sleijp en and H. A. v an der V orst. A Jacobi-Da vidson iteration metho d for linear eigen v alue problems. SIAM J. Matrix A nal. Appl. , V ol. 17, No. 2, pp. 401{425, 1996. 2