1 %M%C%H%o!<%/7W;;MQ9TNs9)K< : Matrix W orkshop $K$h$k@-G=I>2A%7%9%F%‘ >> 86 M- N$ y Cf ED =( 4p yy 4X 8} CR ;L yy 7z It =$ 8+ yy D9 Eh 1@ J< yyy 2J3X5;=Q7W;;$K$*$1$k9TNs$N2L$?$9Lr3d$OHs>o$KBg$-$$ . $^$? , 9TNs%G!<%?$OB?<oB?MM$J@-<A$H%5%$%:$r M-$7 , FC$KBg5,LO $J$b$N$K$D$$$F $OB?MM$J9TNs%G!<%? $r%f!<%6$,<+M3$K :n@.$9$k$N$,:$ Fq$G$"$j , %G!<%?%3 %s%F%s%D%5!<%S%9$NBP>]$H$J$k$N$KE,$7$F$$$k . 0J>e$N G’<1$+$i2f!9 $O9TNs$rBP >]$H$7$?%5!<%S %9!V%M%C%H%o!<%/ 7W;;MQ9TNs9) K< :Matrix W orkshop !W $N3+H/$r 9T$J$C$F$$$k . K\%7%9%F %‘$G$O , %5%$ %:$K<+M3EY$, M?$($i$l$F $*$j , @-<A$NL@ $i$+$J9TNs $NDs6!$K $h$j?.Mj@-$N9b$$9TNs1i;;%"%k%4%j%:%‘ , %W %m%0%i%‘$N%F%9%H$r%5%]!<%H$9$k$3$H$,2DG=$H$J$C$? . $3$l$K $h$j , 7W;; 5!%7%9%F%‘$N I>2A$r9T$J $&$3$H$b2DG= $H$J$C$F$$$k . :G8e$K , K\%7%9%F%‘$r MQ$$$?@-G= I>2A%7%9 %F%‘$K$D$$$F Linpac k Benchmark $rMQ$$$?I>2A$r$*$3$J$& . Matrix W orkshop: a Matrix Generator on WWW Yuri Ma tsubara, y Hidemoto Nakada, yy Sa toshi Sekiguchi, yy Osamu T a tebe yy and Umpei Nagashima yyy In scienti�c computing, matrix data are taking imp ortant role for represen ting the physical structure to b e understo o d. Th us, developing e�cien t algorithms with those matrices is get- ting more imp ortant on high p erformance computing systems. Di�culty resides in comparing the algorithms with di�eren t machines, di�erent matrices and di�eren t programs. Regarding p erformance ev aluation in high p erformance computing, establishing standard data set esp e- cially as matrices is strongly desired so that the input data for those algorithms are shared b y eac h other. So, the authors hav e b een developing the "Matrix W orkshop" to demonstrate the feasibility of the system whic h generates matrix data set by giving the matrix structure, dimension of the matrix, and so on. Users accessing the system via WWW or http are able to archiv e arbitrary size of the matrices with which they understand the b ehavior of the al- gorithms developed. In this material, the design ov erview and preliminary application results are shown. 1. $O $8 $a $K 2J3X5;=Q7W;;$K$*$$$F$OO"N)#1<!J}Dx<0$N2rK!$H$7 $F MM!9$J %" %k%4 %j %:%‘ , %W %m%0 %i %‘$N 3+ H/$, 9T $J$o $l $F$$ $k . $3$l$i $N@-G= I>2A$d %"%k%4 %j%:%‘ $N@5 Ev@-$r 8!>Z$9 $k$3 $H $O , 7W ;; 7k2L $K ?.Mj @-$r M? $($k $& $($G BgJQ =E MW$H $J$k . $3$N9TNs1i;;%"%k%4%j%:%‘$N%F%9%H$dHf3S$N$?$a$K $O ?. Mj $N $* $1 $k 6& DL $N %F %9 %H 9T Ns $, I, MW $H $J $k . Nc $( $P , O"N)0l<!J}Dx<0$NH?I|2rK!$d8GM-CM$N2rK!$H$$$C$?9TNs 1i;; %" %k%4 %j%: %‘ $O , 9TNs $N9= B$ $dBP >N @-$K 0MB8 $7 $F$$ $k . %" %k %4 %j %: %‘ $N %F %9 %H $d Hf 3S $N$? $a $K $O , $= $N9= B$ $d BP >N@- $r $b $D %F %9 %H 9T Ns $, I, MW $H $J$k . $^ $? , >r7o ?t y $*Cc$N?e=w;RBg3X Ochanomizu Universit y yy EE;R5;=QAm9g8&5f=j Electrotechnical Lab oratory yyy J* <A 9) 3X 9) 6H 5; =Q 8& 5f =j National Institute of Materials and Chemical Research $d8GM-CM$J$I$NFC<A$,$o$+$C$F$$$k9TNs$G$"$k$3$H$,K> $^ $l$k . $= $N $? $a %F %9 %H 9T Ns $O , 9T Ns @. J, $N Dj 5A , 9= B$ , 8GM- CM , >r7o ?t $J$I $N9T Ns $N@- <A $,L@ $i$+ $G $"$k $3 $H$, =EMW$G$"$k . $^$? , 9T Ns1i ;;%" %k %4%j %:%‘ $,FC Dj $N%5 %$%: $N9T Ns $G @5$7 $/5! G= $9$k $3 $H$O , 2D G=$J $" $i$f $k%5 %$ %:$N 9T Ns$K BP$7$F@5$7 $/5!G=$9 $k$3$H$N J]>Z$K$O$J $i$J$$ . Nc$($P , H?I| K!$G $O %"%k %4 %j%: %‘$N %5 %$%: 0M B8@- $,$" $j , $" $k%5 %$%:$N ;~$K$O <}B+$7 $J$$ $H$$$& $3$H$b $"$kF@ $k . $h$C$F %F%9%H9TNs$K$O , %5%$%:JQ99$J$I$N<+M3EY$,I,MW$G$"$k . $3$N $h $&$K , %W %m%0 %i%‘ $N <B9T @-G= $O M?$( $i$l $? %G!< %?$K $bBg $- $/0M B8 $9$k $K$b 78 $o$i $: , ?7$? $K 3+H/ $5 $l$? %"%k %4 %j%: %‘ , %W%m%0 %i %‘$K BP $7$F $N I> 2A , ?tCM<B 83$O == J,$K 9T $J $o $l $F $$ $k $H $O $$ $( $J $$ . $3$N $3 $H $O , %"%k %4 %j %:%‘ , %W %m%0 %i %‘$N I>2A $r 9T$J $& :]$K MQ$$ $i $l$k 6& DL$N F~NO%G!<%?$,$3$l$^$GB8:_$7$J$C$?$3$H$+$i$bL@$i$+$G $" $k . $= $3 $G 2f!9 $O , %F %9 %H 9T Ns $K I, MW$J 0J >e $N >r 7o $r K~$? $9%F %9 %H9T Ns $NDs 6!$K $h $j , ?.Mj @-$N 9b $$%" %k %4%j

2 ?^ 1 %7%9%F%‘9=@. %:%‘ , %W %m %0%i %‘ $N%F %9%H $r %5%]!< %H $9$k 9T Ns@8 @. %7%9 %F%‘ , Matrix W orkshop $r3+H/$7$? . K\%7%9%F%‘$G$O , � @-<A$NL@$i$+$J9TNs$rDs6! � Ds6!$9$kA4$F$N9TNs$O , G$0U%5%$%:$G@8@.2DG= $H $$ $& $3 $H $r FC D’ $H $9 $k . K\ 9F $G $O K\ %7 %9 %F %‘ $N 9= @. , 8=>u $r =R$Y $k $H$H $b $K , $=$N 1~ MQ $H$7 $F %M%C%H %o!< %/?t CM>pJs %7 %9%F %‘ Ninf 3) $NOHAH$r MQ $$$? , 9TNs1i ;;%" %k%4 %j%: %‘ , %W%m %0 %i%‘ $* $h$S 7W;; 5! %7%9 %F %‘$N @-G= I> 2A%7 %9%F%‘$K$D$$$FDs0F$9$k . 2. Matrix W orkshop 2.1 Matrix W orkshop $N9=@. K\ %7 %9 %F %‘ $O %/ %i %$ %" %s %H!& %5!< %P 7? $N %7 %9 %F %‘ $G , %/ %i %$ %" %s %H $O W eb %V %i %& %6 $G $" $k . 9T Ns $N @8 @. $H F~ <j $, , WWW $+ $i 9T $J $& $3 $H $, 2D G= $J $? $a %f!< %6 $O , %G!<%? $rMF0W$KF~ <j$9$k$3 $H$,2DG= $G$"$k . Matrix W orkshop $N%7%9%F%‘9=@.$O?^ 1 $N$h$&$K$J$C$F$$$k . W eb %Z!<%8 $G$O , 3F9TNs $N@- <A$K4X $9$k>p Js ( 9TNs $N 9=B$ , 9T Ns@. J,$N Dj5A , >r 7o?t $J$I ) $d , 9T Ns$r @8 @.$5 $; $k $? $a $N %G!< %? ( 9T Ns %5 %$ %: $d , 9T Ns @. J, @8 @. $N $? $a $N Dj?tCM$J$I ) F~NO%U%)!<%‘$rDs6!$9$k . 9T Ns $N @8 @. $O CGI $r 2p $7 $F 9T $J $o $l $k . W eb 2h LL $K Ds <( $5 $l $? %G!< %? F~ NO %U%)!< %‘ $K %f!< %6 $O 9T Ns %5 %$ %: $d $$ $/ $D $+ $N Dj ?t CM $r F~ NO $9 $k . $3 $l $i $O , Matrix W orkshop %5!< %P ( ?^ 1 1& >e ) $N %[ %9 %H %3 %s %T%e!< %? >e $N CGI %9 %/ %j %W %H $K EO $5 $l $k . F~ NO %G!< %? $, , CGI %9 %/%j%W %H $+$i 9TNs @8@. %W %m%0 %i%‘ $K0z $- EO$5 $l$k $3$H $G , 9T Ns @8@. %W %m %0 %i %‘ $, 5/ F0 $5 $l , 9T Ns $, @8 @. $5 $l $k . @8 @.$5$l $?9TNs $N=PNO@h $O W eb 2hLL $+%U%!%$ %k (gzip $" $j or $J $7 ) $+ $r %f!< %6 $,9T Ns @8 @. $N <B 9T $r 3] $1 $k A0 $K W eb 2h LL $K Ds <( $5 $l $F $$ $k A* Br 9‘ L\ $K $h $j A* $V $3 $H $, 2DG=$G$"$k . 9T Ns $N =P NO 7A <0 $O Matrix Mark et 1) ( F1 MM $K %F %9 %H 9TNs$rDs6!$7$F$$ $k , 2.3 $G=R$Y$k .) $G:NMQ$5$l$F$$$k , Matrix Mark et Exchange F ormats $r:NMQ$7$? . ?^ 2 %F%9%H9TNs=8$KBP$9$k W eb 2hLL

3 ?^ 3 B<ED$NLdBj$KBP$9$k W eb 2hLL 2.2 Ds6!$9$k9TNs K\%7 %9 %F%‘ $G$O , 9T Ns$N @-<A $, L@3N $J9T Ns$H $7$F >r 7o ?t$d8G M-CM$, 2r@O E*$K$o $+$C$F$$ $k9TNs $rDs 6!$9$k . 8= :_$O0J2<$N9TNs%;%C%H$,<BAu$5$l$F$$$k . \A Collection of Matrices for T esting Com- putational Algorithms" 2) ( %F %9 %H 9T Ns =8 ) $G $O , MM!9 $J <o N‘ $N%F %9 %H 9T Ns $r Ds 6! $7 $F $$ $k . $3 $l $K $O , %5 %$%: 8G Dj$N 9TNs $H , G$ 0U$N %5%$ %: $GDs 6! $5$l $k9T Ns $H$, $" $j , K\ %7 %9 %F %‘ $G $O , G$ 0U %5 %$ %: $G @8 @. 2D G= $J 9T Ns $r H4 ?h$7 , Ds6! $9 $k ( ?^ 2). K\ %7 %9 %F %‘ $G $O9T Ns $N @- <A $K 4X$9 $k >pJs $H $7$F 3F 9TNs $K2r @O E*$K J, $+$C$F $$ $k , 5U9T Ns , 8GM-CM , >r7o?t$J $I$N>p Js$bDs 6!$9 $k . Ds6!$9$k9T Ns $N<oN‘$OI= 1 $N$H$*$j$G$"$k . I= 1 9=B$$K$h$k9TNs$NJ,N‘ Structure symmetric asymmetric L)9TNs 12 9 3 BS9TNs 15 13 2 ;03Q9TNs 1 1 $=$NB> 6 4 2 total 34 26 8 B<ED $i$K$h $k=c 3H;6Ld Bj 4) $G$O , G.J}Dx <0$NDj >oLd Bj 5Z $S , ;~ 4V 0M B8 Ld Bj$h $j F3 =P $5 $l $k 9T Ns $r Ds 6! $9 $k . $3 $l$i$NLd Bj$G$O , 2 <!85$N@Z 7g$-$N $"$k>l$K , >l=j$K$h$j CJ:9 $r $b$? $; $?3H ;6 78?t $r @_Dj $7 , G. 3H;6 $N %7%_%e %l!< %7%g%s $r 9T $J $& . $3 $N%b %G %k $+ $i $O , BP >N @5 Dj CM 5 =E BP 3Q9T Ns $, , N% ;6 2=$N :] $K F3 =P $5 $l $k . K\ %7 %9 %F %‘$G Ds 6! $9$k 9T Ns$K $O , $3 $N G.3H ;6 $N%7 %_%e %l!< %7%g%s $r 9T$J $& >l$N @# K!$d , N% ;6 2= $N:] $N %a%C%7%e ?t $r %Q%i %a!< %?2= $9 $k$3$H$G , 9TNs%5%$%:$K<+M3EY$,M?$($i$l$F$$ $k ( ?^ 3). 2.3 4X O" 8& 5f K\ %7 %9 %F %‘ $H F1 MM $K %F %9 %H 9T Ns $r Ds 6! $9 $k %7 %9 %F %‘ $H $7 $F $O , NIST $N R. P ozo $i $K $h$C $F @_ 7W!& 3+ H/ $5 $l $? Matrix Mark et 1) $, $" $k . Matrix Market $G $b WWW >e$G%F%9%H9TNs$rDs6!$7$F$$$k . Ds6! $9 $k9T Ns$K $D$$ $F$O , ?t 3XE* $J 4pK\ 9TNs $KBP $7 $F $O Matrix W orkshop, Matrix Market $H$b$[$\ F1 Ey$N 5!G=$r Ds6!$9 $k . $3$l$i $N4pK\ 9TNs$r @8@.$9 $k$?$a $N%7 %9%F%‘$N0c$$$H $7$F , Matrix Mark et $G$O Ja v a %Y!<%9 $G %/ %i %$ %" %s %H B& $G @8 @. $7 $F $$ $k $,!$ Matrix Market $G$O CGI $r MQ $$ $F %5!< %PB& $G BP 1~ $7 $F $$ $k $3 $H $, 5s$2 $i$l$k . <B Ld Bj $h $j F3 =P $5 $l $k FC Dj $N %F %9 %H Ld Bj $K $D $$ $F $O , Matrix Mark et $G $O %5 %$ %: 8G Dj $N %F %9 %H 9T Ns $, %F %- %9 %H7A <0 $GM? $($i $l $F$$ $? $j , 9TNs $, F3=P $5 $l$k %k!< %A%s $, Ds 6! $5 $l $F $$ $? $j $9 $k . $3 $N $h $& $K Matrix Market $G$O<BLdBj$h$jF3=P$5$l$k9TNs$K$D$$$F$O<+F0@8@.$9$k $3 $H $, $G $- $J $$ . $3 $l $K BP $7 Matrix W orkshop $G $O , <BLdBj$h$jF3=P$5$l$k9TNs$KBP$7$F$b%5%$%:!$@-<A$NJQ 99$,MF0W$KBP1~$G$-$k$3$H$rFCD’$H$7$F$$$k . $^$? , Matrix W orkshop $G$O9TNs $N @8@. $r CGI $r2p $7 $F 9T $J$C $F $$ $k . $=$N $? $a URL $r;X Dj $7 $F $= $N %5 %$ %H $N>pJs $r<hF@$G $-$k API (Application Programming In terface) $r MQ $$ $l $P , %W %m %0 %i %‘ Cf $+ $i <+ M3 $K 9T Ns %G!< %? $r <h $j 9~ $s $G Mx MQ $9 $k $3 $H $, 2D G= $G $" $k . $^ $? Matrix W orkshop $G Ds 6! $5 $l $k 9T Ns $K BP $7 , %W %m %0 %i %‘ Cf $+ $i $G $b 9T Ns %5 %$ %: $N JQ 99 $, MF 0W $G $" $k . $7 $+ $7 , Matrix Mark et $G$O Ja v a $G9TNs$r @8@. $5$; $F$$ $k $?$a $=$l$,=PMh$J$$ . 3. Matrix W orkshop $H Ninf $r MQ $$ $? @- G=I>2A%7%9%F%‘ 3.1 35 MW %M%C %H %o!< %/ ?t CM >p Js %7 %9 %F %‘ Ninf 3) $G $O 9- 0h %M%C %H%o!<%/>e$KJ,;6$5$l$?7W;;;q8;$d>pJs;q8;$X$N%"%/%; %9$r MF 0W$K <B 8=$9 $k $3$H $K $h$j , %O %$ %Q%U%)!< %^ %s%9 %3 %s%T%e!<%F%# %s%0 ( 9b@: EY$+ $D9b ?.Mj@- $N$" $k7W ;;$r$h $j9bB. $G9b @-G=!&9b IJ<A $K<B8= $9$k $3$H ) $r ;Y1g $9$k$3 $H$rL\ I8$H$9 $k . Ninf $O%/%i%$ %"%s%H!& %5!<%P 7?$N%7 %9 %F%‘ $G $"$j , %5!< %P $r 9-0h %M%C %H%o!< %/ >e $KJ# ?t @_Dj $9 $k . 1s3VCO$N%f!<%6 $O4JC1$J API $r DL$8$F Ninf $N%i%$ %V%i %j4X ?t$r 8F$S =P$9 $3$H $G , 9b@- G= / 9bIJ <A$N %i%$ %V %i%j$r;HMQ$9$k$3$H$,$G$-$k . $^$? , Ninf $N%/ %i%$ %" %s%H API $G$"$k Ninf call $O1s

4 3V%i%$ %V%i%j $r8F$S=P $9:]$K!$ $=$N0z ?t$H$7 $F URL $r 5- =R$9 $k $3 $H $, $G $- $k $h $& $K$J$C $F $$ $k!% Ninf $N $3$N 5! G= $K $h $j , Matrix W orkshop $d Matrix Mark et $K $*$$ $FDs 6! $5$l $k%G!< %? $r Ninf $N%i %$ %V%i %j%5!< %S%9 $GDs6!$5$l$k%W%m%0%i%‘$KEjF~$7!$FCDj$N7W;;5!$r;XDj $7$J$,$i7W;;$rB39T$9$k$3$H$,$G$-$k!%$3$N5!G=$rMxMQ $7$F!$!V%W%m%0%i%‘!W!V7W;;5!!W$H!V9TNs%G!<%?!W$rAH $_9g$o$;$F@-G=I>2A$r9T$&$3$H$,$G$-$k!% Nc $($P , ?7 $?$K %k!< %A%s $r:n @. $7$? :n@. <T $O%k!< %A %s $r%5!<%P4IM}<T$KEPO?$7 $F$b$i$$ , Ninf %5!<%P>e$G<B9T 2DG=$K$9$k$3$H$GB>$N9bB. / 9b@-G=$J%k!<%A%s$H@-G=$r Hf 3S $9 $k $3 $H $, 2D G= $H $J $k . $^ $? , MM!9 $J %5!< %P ( 7W ;; 5! ) >e$G 7W ;; $9 $k $3 $H$, 2D G= $H $J $k $? $a , 7W;; 5! $N @- G= I> 2A$b2DG=$H$J $k . $5$i$K , Matrix W orkshop $d Matrix Mark et $GDs6!$5$l$k6&DL $J%F%9%HLd Bj$rMQ$$$k $3$H$G , $9$G$KB>$N%W%m%0%i%‘:n@.<T$K$h$C$F9T$J$o$l$F$$$kI> 2A$HHf3S$9$k$3$H$b2DG=$H$J$k . $3$N $h $&$J 9M$( $K4p $E $- , <+ F0 E*$J @-G= I>2A %7%9 %F %‘ $r 9= C[$7 $? . K\ 9F $G $O >e 5- $N M= Hw I>2A $H $7 $F , 9T Ns1i ;; %k!<%A %s $KBP $7 Matrix W orkshop $H Ninf $N OHAH $r MQ $$$?I> 2A$r9T $J$C$? . I>2A$K$O Linpack Benchmark $N %,%& %9 $N >C 5n K! $r MQ $$ , LdBj $r JQ $( %5 %$ %: $rJQ $( $F , Ninf %5!<%P>e$G<B9T$7$?;~$N1i;;;~4V$J$I$NI>2A$r$9$k . 3.2 Ninf $H Matrix W orkshop $NO"7H A0 =R $7 $? DL $j , Matrix W orkshop $G $O 9T Ns $r CGI $r 2p $7 $F @8 @. $5 $; $F $$ $k $= $N $? $a W eb %Z!< %8 $N F~ NO %U%)!<%‘$K F~ NO$5 $l$? %G!<%? $O URL $N searc h part $K %(%s%3!<%I$5$l$F!$ CGI %9%/%j%W%H$KEO$5$l$k!% Ninf $N %/ %i %$ %" %s %H $O 8= :_ ,C, F ortran, Ja v a, Lisp $J$I$N8@ 8l$G <BAu$5 $l$F $$$k . Ninf %5!<%S%9$r MxMQ$9 $k $K$O0J2<$N$h$&$K , %/%i%$%"%s%H%W%m%0%i%‘Cf $h$j Ninf %/%i%$%"%s%H API $G$"$k , Ninf call $r8F$S=P$9 . Ninf call("dmmul", n, A, B, C); $3 $N $h $& $J Ninf call $N 5- =R $K BP $7 , 7W ;; $N F~ NO $H $7 $F URL $G ;X Dj $5$l $? %5 %$ %H$K $" $k >p Js$r MQ $$ $k :]$N Nc $r 0J2<$K<($9 . char *buffer; buffer = "http://ninf.etl.go.jp/MatrixW orkshop/cgi-bin/exec_matgen.cgi?Arg-1-n =n&Exname=Example4_16&Content-Type=x-ma th%%2Fmatrixmarket" Ninf_call("dmmul", buffer, buffer, C); $3 $N $h $& $K 0z ?t$H $7 $F URL $r ;X Dj $9 $k ;v $G , $= $N %5 %$ %H$N%G!< %?$,7W ;;$N F~NO$H $7$FMQ $$$i$l $k . >e5- $NNc$G $O , 7W ;; $N F~ NO $H $J $k Bh 2, 3 0z ?t $O 9T Ns MW AG $, 3J G< $5 $l $? G[ Ns $G $" $k . $= $N $? $a , URL $N %5 %$ %H $+ $i $N F~ NO %G!<%? $, E,Ev $J 7A <0$K %Q!< %: $5$l $F 9T NsMW AG $H $7$F Ninf %5!< %P >e $G <B 9T $5 $l $k %k!< %A %s (Ninf Executable, $3 $N>l9g dmm ul) $K0z$-EO$5$l$J$1$l$P$J$i$J$$ . Matrix W orkshop $G $O , @8 @.$5$l $?9T NsMWAG $O Ma- trix Market 1) $G $b :N MQ $5 $l $F $$ $k , Matrix Mark et Exc hange F ormats $r:NMQ $7 $F$$ $k . $3$N %U%)!<%^%C %H $O9TNs %G!<%? $N8r 49 ( $d$j<h$j ) $,MF0W $J ASCI I %U%!%$ %k%U%)!<%^%C %H$G $"$k . $3$N%U%)!<%^%C %H$O , <B?t , J#AG ?t , @0?t , pattern $NMWAG$+ $i$J $k9T Ns$K BP$7 $FDj 5A$5 $l $F$$ $k . AB9T Ns $K BP $7 $F $O Hs %< %m MW AG $N $_ $, 5- =R $5 $l , $^ $?BP >N 9T Ns$K BP $7 $F $O2< ;0 3Q ( $b $7$/ $O >e ;03Q ) 9T Ns $N MWAG $N $_$, 5-=R $5 $l$k $J $I , %G!<%? NL $r:o 8: $9$k 9) IW$, $5$l$F$$ $k . 7A<0 $H$7$F$O , %X%C%@9T , %3%a%s%H 9T , 9TNs %G!<%?$+$i$J$C$F$$$k . 0J2<$K Matrix W orkshop $GDs 6!$9$k <BBP>N BS9TNs $G$"$k , Example4 16 $NNc$r<( $9 . %%Matrixmarket matrix coordinate real \ symmetric %Example4_16: on page 75 of Text %Structure: Banded, Real Symmetric 12 12 33 1 1 5.00000000e+00 2 1 -4.00000000e+00 3 1 1.00000000e+00 : : %% $G;O$^$k9T$, %X%C%@9T$G$"$k . %X%C%@9T$G$=$N9T Ns $,L) 9T Ns$+ AB 9TNs $+ $d , <B9TNs $+J# AG 9T Ns$+ , BP>N $+Hs BP >N$+ $,<( $5 $l$F $$$k . $^ $? , % $G ;O$^ $k9T $, %3%a %s%H 9T $G $" $k . %X%C %@ 9T , %3 %a %s %H 9T 0J 2< $, 9T Ns %G!< %? $H $J$C $F $$ $k . $3 $N Nc $N $h $& $K AB 9T Ns $G $" $k >l 9g $O , 9T Ns %G!< %? $N Bh 0l 9T L\ $K $= $N 9T Ns $N 9T %5 %$ %: , Ns %5 %$ %: , Hs %< %m MWAG ?t$, <( $5$l , Fs 9TL\ $+ $i0l 9T $4$H $K9T Ns $N0l @. J,$, NsHV9f , 9THV9f$H$H$b$KNsC10L$K$h$k=g$G=PNO$5$l$k . Ninf %5!< %P $O Matrix Mark et Exchange F ormats $NF~ NO %G!<%? $K BP$7 , 9T Ns MWAG $r L)9T Ns 7A<0 $K %Q!<%: $7 <B9T%k!< %A%s$K 0z$-EO $9 . $^$? 9TNs$r %a%b%j $X3JG< $9$k :]$N=g =x $N%3 %s%Y %s%7%g %s$, , C $H F ortran $G$O0[ $J$k . $=$N $? $a9T NsMW AG $r<B 9T %k!<%A %s $K0z $- EO$9 :] , Ns C10L $G0z$-EO$9$+9TC10L$G0z$-EO$9$+$H$$$&$3$H$,LdBj$H$J $k . Ninf $G$O , $I$A$i $N7A <0$G MWAG $r3J G<$9 $k$+ $r Ninf IDL Cf$N5-=R$K$h$C $FH=JL $7$F$$$k . Ninf IDL $O Ninf $GDs6!$5$l$k%i%$%V%i%j$N%$%s%?!<%U%’!<%9>pJs$r5-=R $9$k $? $a $N 8@ 8l $G , @h$N 9T Ns @Q $N Nc $G $O 0J 2<$N MM $K $J $k . Define dmmul(IN int n, IN double A[n][n], IN double B[n][n], IN double c[n][n]) Required "dmmul.o" Language "Fortran" Calls mmul(n,A,B,C); 9TNs $N 3JG< 7A<0 $H $7$F $O %G%U%) %k %H$G $O , 9T C10L $K $h$k 3JG<$H$J$k$, , >e5- IDL $N5-=R$N$h$&$K , Language "Fortran" $H;XDj$9$k$3$H$G , NsC10L$K$h$k3JG<$H$J$k . Ninf call $N API $H $7 $F $O , Hs F1 4| 8F $S =P $7

5 Ninf call async, JBNs$K<B9T$9$k%H%i%s%6%/%7%g %s6h4V $N ;X Dj Ninf b egin transaction, Ninf end transaction Ey$,MQ0U$5$l$F$$$k . 4. I> 2A 4.1 I> 2A 4D 6- Matrix W orkshop $H Ninf $r MQ $$ $? @- G= I> 2A %7 %9 %F %‘$N M=Hw I>2A $H $7$F O" N) 1 <!J}Dx <0$N 2r K!$r LdBj $r JQ$( , %5%$%: $rJQ$($F LAN >e$N %o!<%/%9 %F!<%7%g%s%/ %i%9%? $G$NJBNs<B9T$rI>2A$7$? . I> 2A 4D 6- ( ?^ 4) $H $7 $F $O , EE Am 8& $N DEC Alpha (333MHz) $N 32 Bf$N %o!<%/%9%F!<%7%g %s%/%i%9%?$r MQ $$ $? . 3F %o!< %/ %9 %F!< %7%g %s $O , 100Base/TX Ethernet %9%$%C %A $G 7k9g $5 $l$F $$ $k . %/ %i %9%? $N %[%9 %H $H $7$F 1 Bf$N Alpha %o!<%/%9%F!<%7%g%s%/%i%9%?$,$"$k . Ninf %5!<%P$r 3F 32 Bf$N%o!< %/ %9 %F!<%7%g %s $G <B 9T$7 , %/%i%$%"%s%H$H$7$F%[%9%H$N%o!<%/%9%F!<%7%g%s$rMQ$$ $? . $^ $? Matrix W orkshop %5!< %P $H $7 $F $O , F1 $8 $/ EE Am8& $N SS-20 $r MQ$$ $? . W eb %5!< %P$N %5!<%P %=%U %H$O , Apac he $N%P!<%8%g%s 1.2.4 $G$"$k . ?^ 4 I>2A4D6- 4.2 Matrix W orkshop $N4pK\@-G= Matrix W orkshop $N4pK\@-G=$H$7$F ( 1 ) ov erhead: Matrix W orkshop %5!<%P $r 8F $S =P $9 $N$K$+$+$k;~4V ( 2 ) generate: 9TNs$N@8@.$K$+$+$k;~4V ( 3 ) transfer: @8@.$5$l$?9TNs%G!<%?$rJV$9;~4V $rD4$Y$? . $^$? I> 2A$r 9T$J $&$N $K MQ$$ $?Ld Bj$N <oN‘ , 9= B$$J $I $r I= 2 $K<($7$? . I= 2 I>2A$r9T$J$&$N$KMQ$$$?LdBj LdBj 9=B$ BP>N@- Hs%<%mMWAG?t Hilb ert L) BP>N nxn Example3 9 L) HsBP>N nxn Example5 21 AB HsBP>N nx2-1 4p K\ @- G= $N 7W B, $K $O , 4.1 $G <( $7 $? I> 2A 4D 6- $H F1 MM $J 4D 6- $G B, Dj $9 $k $? $a , Ninf %5!< %P $H $9 $k Alpha %/ %i %9 %?$N$&$A$N 1 Bf$h$j Matrix W orkshop $N URL $rH/9T $7 , Matrix W orkshop %5!<%P$+ $i$N1~Ez;~ 4V$rD4$Y$? . I= 2 $G<($7$?LdBj$rMQ$$$?;~$N Matrix W orkshop $N4p K\@-G=$OI= 3 $N$h$&$K$J$C$? . I= 3 Matrix W orkshop $N4pK\@-G= [ IC ] o v erhead 0.2 generate %5%$%: 1000 2000 Hilb ert 18.0 1:08.55 Example3 9 36.48 2:17.65 Example5 21 0.82 2.30 transfer %5%$%: 1000 2000 Hilb ert 0.31 1.63 Example3 9 0.52 1.68 Example5 21 .0 .0 :#2s;HMQ$7$?LdBj$O9TNsMWAG$,4JC1$J?t<0$GDj5A $5$l $?9T Ns$G $" $k$? $a , 9TNs $N @8@. ;~ 4V$O L)9T Ns $G%5 %$ %:$, 2000 $HBg$-$/$J$C$F$b?tJ,0JFb$G$"$C$? . 4.3 Alpha %/%i%9%?$K$h$kF1;~J,3d=hM} <B83 $K $O , Linpack Benc hmark $N%, %&%9 $N >C5n K!$r MQ $$ , Ld Bj %5 %$ %: $r 1 $+ $i 2048 $^ $G JQ 2= $5 $; $? ;~ $N 1i ;;;~4V$rB,$C$? . ;HMQ$7$?LdBj$OI= 2 $NDL$j$G$"$k . LdBj$N J, 3dK! $H $7$F $O , %5%$%: =g $K 32 Bf$N3F %W %m%;%C %5$KJB Ns$KLd Bj$r3d $jEv $F$k . 3F%W %m%;%C%5 $K3d$j Ev$F $i$l $?7W ;; 7k2L $, $9$Y $F2s <} $5$l $? 8e , :F $S JBNs <B 9T$9 $k . ?^ 5 $K , L) 9T Ns $H $7 $F Hilb ert Matrix $G <B 9T $7 $? 7k 2L$r <( $9 . ?^ 5 $O , Ld Bj %5%$ %: $KBP $9 $k Linpack $N1i ;; ;~4V $r <( $7 $F $$ $k . %= %k %P $, D> @\2r K! $G $" $k $? $a , Ld Bj %5%$%: $KBP$7 $F0BDj $7$?1i ;;;~4V $r<( $7$F$$ $k . F1 MM$N <B 83 $r I= 2 $G <( $7 $? 9T Ns $G $b 9T $J$C $? . ?^ 6 $K Hilb ert Matrix $G Linpack $r <B 9T $7 $? ;~ $N 1i ;; ;~ 4V $K BP $9 $k , Example3 9 $*$h$S Example5 21 $G<B9T$7$?;~$N1i;; ;~4V$N AjBP:9 $r<($9 . %5 %$%:$, >.$5$$ NN0h$G $O<B9T ;~4V $,>. $5 $$$? $a , B,Dj8m :9 $K$h $k JQF0 $N 1F 6A$, Bg $-$$ $, , 1i ;;;~4V$OLdBj$,JQ$o$C$F$b$[$\F1MM$N7k2L$H$J$C$F$$$k $3$H$,J,$+$k . I= 4 $K , %5 %$ %: $K BP $7 $F C‘ <! $K 1i ;; $r 9T $J$C $? ;~ $N Am 1i;; ;~ 4V , Ninf %5!<%P 32 Bf$G JB Ns $K<B 9T $7 $?;~ $N Am 1i ;; ;~ 4V ( C‘ <! $N 7k 2L $r C1 =c $K 32 $G 3d$C $? ;~ 4V ), $^ $? Ld Bj $4 $H $K , J, 3d =h M} $K $h $k 7W B, $K $+ $+$C $? Am 7W B, ;~ 4V $r <( $9 . Am 1i ;; ;~ 4V $O Ld Bj $r JQ $( $F $b $[ $\ F1 Ey $J $? $a , Hilb ert Matrix $G$NAm1i;;;~4V$r<($7$? . Ninf %5!<%P>e$N$G%=%k%P$N1i ;;;~4V$KBP $7 , Am7WB,;~ 4V$OLdBj$K$h$jBgI}$K$P$i$D$-$,$"$k . 0J2<$K3F LdBj $KBP$7 $F , %5%$%: 1000 $H 2000 $GC1FH $K ( J, 3d =h M} $7 $J $$ $G ) 7W B, $7 $? 7k 2L $r <( $9 . %/ %i %$ %" %s

6 ?^ 5 Hilb ert Matrix $rMQ$$$?$H$-$N1i;;;~4V ?^ 6 Hilb ert Matrix $KBP$9$k1i;;;~4V$NAjBP:9 I= 4 Am1i;;;~4V5Z$S , Am7WB,;~4V [ J, ] Am1i;;;~4V C‘<!=hM} 2651 JBNs=hM} 82 Am7WB,;~4V Hilb ert 512 Example3 9 899 Example5 21 136 %H $O , Alpha %/ %i %9 %? $N %[ %9 %H $N %o!< %/ %9 %F!< %7%g %s , Ninf %5!<%P$K$O Alpha %/%i%9%?$NFb$N 1 Bf$rMQ$$$? . I= 5 3F%5%$%:$K$*$1$kAm7WB,;~4V [ IC ] %5%$%: 1000 2000 Hilb ert 56 395 Example3 9 74 446 %5%$ %: 2000 $G$"$C $F $b7W B, ;~ 4V$N :9 $O 50 ICDxEY $G $" $j , I= 4 $N $h $& $J :9 $, @8 $8 $? $N $O Matrix W orkshop $r Ds6! $7 $F $$$k W eb %5!< %P $N0B Dj @- $KLd Bj $,$" $k $? $a$H ;W$o$l$k . <B:] , W eb %5!<%P%W%m%0%i%‘ $N%(%i!<%m%0$K 860xITL@$J%(%i!<$,;D$C$F$$$?$?$a , 8=:_2r@OCf$G$"$k . 4.4 9M ;! :#2s$N<B83$G$O , 0l@F$K 32 %?%9%/$r Ninf %5!<%P$KEj $2$k $? $a Ninf %5!< %P$+ $i Matrix W orkshop $X$N 9T Ns @8@. $NMW 5a $,=8 Cf $7JB Ns8z 2L $r2< $2 $F$$ $k , $H$$ $& $3$H $, 8@ $( $k . :# 2s $N $h $& $K MM!9 $J %5 %$ %: $N 9T Ns $K BP $9 $k %G!< %? $, M_ $7 $$ >l 9g $K $O , Ninf $K $* $$ $F Hs F1 4| 8F $S =P $7 $r <B 8= $9 $k Ninf call async $r MQ $$ , JB Ns <B 9T $9 $k $3 $H $G 7W B, ;~ 4V $N C; =L $, 8+ 9~ $a $k $, , Matrix W orkshop %5!<%P$X$NIi2Y$N=8Cf$H$$$&$3$H$r9M$($k$H7W;;$,=*$C $?%5!< %P $KBP $7?o ;~ 7W;; MW 5a$r Ej $2$k , $H $$ $&OH AH $r9M $($kI,MW$,$"$k . 5. $^$H$a$H:#8e$N2]Bj K\9F $G $O , %G!<%? %3%s %F %s%D $N Ds6! %5!<%S %9 $H$7 $F 2J 3X5;=Q7W;;$GFC$K=EMW$H$J$k9TNs$rBP>]$H$7$?%5!<%S%9 !V%M%C %H %o!< %/ 7W ;; MQ 9T Ns 9) K< : Matrix W orkshop !W $N 35 @b $r 9T $J $& $H $H $b $K , Matrix W orkshop $H %M%C %H %o!< %/ %3 %s %T%e!< %F%# %s %0 $N 4p HW %7 %9 %F %‘ Ninf $r MQ $$ $?@- G=I> 2A %7%9 %F %‘<B 8=$N $? $a$N M= HwI> 2A$H $7 $F , 9TNs 1i;;%k!<%A%s$rMQ$$$?I>2A$r9T$J$C$? . Matrix W orkshop $G $O , %" %k %4 %j %: %‘ , %W %m %0 %i %‘ $r%F %9 %H$9 $k$N $K E,$7 $? MM!9$J 9T Ns$r Ds 6!$7 , $= $l $i$N 9TNs$r G$0U%5 %$%:$G Ds6!$9 $k$3$H $r2D G=$H$7 $? . FC $KBg 5,LO $J 9TNs $K $D $$$F $O , MM!9 $J%G!< %? $r %f!<%6 $, <+M3 $K :n@. $9$k $N $,:$ Fq $G$" $k$, , K\ %7 %9%F %‘$G $O H?I| 2r K!$N %F%9%H$KM-8z$J<BLdBj$h$jF3=P$5$l$kBg5,LOAB9TNs$N@8 @.$r<+F02=$7$?$3$H$,FCD’$G$"$k . :#8e$N2]Bj , <h$jAH$_$H$7$F$O , � 7W;;5!!$%W%m%0%i%‘!$%G!<%?$NA* Br$,$G$-$k $h$&$J GUI $N:n@. � 8GM-CM$NJ,I[$d9TNs$N@-<A$r 2?$i$+$N0UL#$G I=8=$9 $k$h$&$J9‘L\$NA*Dj$H9=C[!$BgNL$K CPU $rI, MW$H $7$F$b%P%C%/%0%i%&%s%I$G7W;;$r9T$&;n$_ � 8GM-CMEy$N7W;;$H7k2L$N%G!<%?%Y!<%92= � @-G=I>2A$X$N1~MQ � <B%W%m%0%i%‘!?%"%k%4%j%:%‘$NI>2A $J$I$,>e$2$i$l$k . ;2 9M J8 8% 1) R. Boisv ert, R. Pozo, K. Remington, R. Barrett, and J. J. Dongarra. http://math.nist.gov/ MatrixMarket . 2) R. T. Gegory and D. L. Karney . A Col le c- tion of Matric es for T esting Conputational Al- gorithms . WILEY-INTERSCIENCE, 1969. 3) M. Sato, H. Nak ada, S. Sekiguc hi, S. Mat- suok a, U. Nagashima, and H. T ak agi. Ninf: A netw ork based information library for a global world-wide computing infrastructure. In Pr o- c e e dings of HPCN’97 (LNCS-1225) , pages 491{ 502, 1997. 4) B<ED 7rO/ , L><h N< , and EbLZ 9,Hf8E . Bg7??tCM%7 %_%e%l!<%7%g%s . 4dGH=qE9 , 1990.