>pJs=hM}3X2q8&5fJs9p 96-PR O-8, V ol. 96, No. 82, pp. 157{162, J?@. 8 G/ 8 7n JBNs=hM} $N$?$a$N%* %V %8 %’ %/ %H ;X8~8@8l OP A $N @_7W $H $=$N <BAu H,?y >;9( Bm OBCK ?@8MBg3X9)3XIt>pJsCNG=9)3X2J ") 657 ?@8M;TFg6hO;9CBfD. 1-1 T el: 078-803-1189, F ax: 078-803-1218 E-mail: f yasugi,taki g @seg.kobe-u.ac.jp K\ 8& 5f $G $O !$ MIMD 7? JB Ns 7W ;; 5! $K$* $1 $k 8z N( $NNI $$JB Ns =h M} $N $? $a $N!$ %a %= %C %I $N<B9T ;~ CV 49 $H9= B$ 2= $5 $l $? %9 %l %C %I $K $h $kJBNs =hM} $r FCD’ $H$9$k %* %V %8 %’ %/ %H ;X8~8@8l OP A $N @_7W $r 9T $$!$ 6& M- %a %b %j7? JBNs 7W ;;5! MQ $N<BAu J}<0 $K $D$$ $FDs0F $r 9T $& !% <B Au J} <0 $H $7 $F $O !$ GS B>@) 8f $K$O%P!< %8%g %s HV9f J} <0!$ %W %m%; %C %54V DL?. $K$O lo c k-less %P%C %U %!4IM}J} <0!$ %9 %1 %8%e!<%j %s %0$K$O %9 %1 %8%e!< %i:F5" 8F $S =P $7 !$ 4X ?t %U %l !<%‘Fs =E I=8= J} <0 $r Ds0F $9 $k!% 6& M- %a %b %j7?JBNs7W;;5! PO WER On yx >e $G I>2A $r 9T$C $? 7k2L !$FC $K%P !< %8 %g %s HV9fJ}<0 $H 4X?t %U %l !< %‘Fs=EI=8= J}<0 $G 9bB.2= $, C#@.$5 $l $? !%$^ $? !$ %a %= %C %I $N <B9T;~CV49$N8z2L $, 3N $+$a$i $l $? !% OP A: An Ob ject-Orien ted Language for P arallel Pro cessing | its Design and Implemen tation | Masahiro Y ASUGI Kazuo T AKI Departmen t of Computer and Systems Engineering F acult y of Engineering, Kob e Univ ersit y 1-1 Rokk o dai Nada Kob e, JAP AN 657 T el: +81-78-803-1189, F ax: +81-78-803-1218 E-mail: f yasugi,taki g @seg.kobe-u.ac.jp An ob ject-orien ted language OP A is presen ted for e�cien t parallel pro cessing on MIMD computers, whic h features dynamic metho d replacemen t and structured parallel threads. Implemen tation sc hemes on shared- memory parallel computers are prop osed, including a v ersion n um b ering metho d for m utual exclusion, a lo c k-less bu�ering metho d for in ter-pro cessor comm unication, a recursiv e sc heduling sc heme and a double function-frame represen tation sc heme for sc heduling. The ev aluation on a shared-memory parallel computer, PO WER On yx, sho ws the e�ectiv eness of the v ersion n um b ering metho d and the double function-frame represen tation sc heme. It also sho ws the impact of the dynamic metho d replacemen t. 1

1 $O $8 $a$K K\ 8& 5f $G $O !$ MIMD 7? JB Ns 7W ;; 5! $K $* $1 $k 8z N( $N NI $$ JB Ns =h M} $N $? $a $N %* %V %8 %’ %/ %H ;X 8~ 8@ 8l OP A(Ob ject-orien ted language for P Arallel pro cess- ing) $N @_7W $r 9T $$!$ 6& M- %a %b%j 7? JB Ns 7W ;; 5! MQ $N<BAu J}<0 $K $D $$ $FDs0F $9$k!% $^ $? !$ 6& M- %a %b%j7? JB Ns 7W ;; 5! PO WER On yx >e $G$N I>2A $r 9T$C $? !% 0J2<!$ 2 @a $G 8@8l@_7W!$ 3 @a $G <BAu$D$$ $F =R$Y !$ 4 @a $G I>2A $r 9T $& !% 2 OP A $N 8@8l@_7W 2.1 F05!$E $1 J, ;6 %a %b %j 7?!$ 6& M- %a %b%j 7? $rLd $o $: 8zN( $h$/ %W %m %0 %i%‘<B 9T $G$-$k $h$& $J=hM} 7O $N<B Au $r2DG= $H$9$k $H $H$b $K !$ IT 5, B’ $JJBNs @- $r4^$‘ Ld Bj $N5-=R $bMF 0W $K$9 $k8@8l $r @_7W$9$k !% JB Ns J, ;6 4D 6- $G $O !$ JQ 2= $7 $J$$ JQ ?t $r;2 >H $9 $k >l 9g !$ $=$N %G !< %?$r <j 85 $K $*$$$F $* $/ $3$H$G 9b B. 2= $G $- $k !% $H $3$m $, <B:] $K $O !$ %* %V %8%’%/ %H $N JQ?t $O%* %V %8%’%/ %H $N @8 @. ;~ E@$+ $i JQ 2= $7 $J $$ $H $$ $&$h $j$O !$:G =i $N $& $A $O JQ2= $9$k $, !$ E, @Z $J=q $-9~ $_ $r9T $o $l$?$N$A $O $8 $a$FJQ2= $7 $J$$$h $& $K$J$k $3 $H$N $[ $& $, B? $$!% Nc $( $k $J $i !$ @8 @. $5 $l$F 4V $b $J$$ %* %V %8%’%/ %H$O @.D9 4| $K $" $C $F$= $N %G !<%? $O JQ2= $7 $d$9$$ $, !$ $d $,$F @.=O 4| $r 7^ $($k $H JQ2= $7 $J $/ $J$k!% $3$N $h $& $J >l9g!$ $= $N;~E@ $G !$%a %= %C %I $r FI $_=P $7 @lMQ $N $b $N $K CV49 $9 $l $P $h$j 9b B. $J %a %= %C %I $K $9$k $3 $H$b $G$-$k $7 !$ JQ ?t $, JQ2= $7 $J $/ $J $k $3$H$r%3 %s %Q %$ %i $K EA $( $k $3$H$b $G $- $k !% $^ $?!$ JB Ns J, ;6 4D 6- $G $O!$ => Mh !$ IT 5, B’ $J JB Ns @- $r 07 $& $K $O !$ J# ?t $NHf3S E* FH N) $J %W %m%;%9 $, !$ I, MW $K 1~ $8 $F DL?. $dF14| $r 9T $$ $J $,$i =hM} $r ?J $a$k $3 $H $, B? $+ $C $?!% $3$N>l9g!$ 4{ $K B8:_ $7 $F$$$k %W %m%;%9 $K %? %9 %/ $N =hM} $r 0MMj $7 $?$j !$ %?%9 %/ $N=hM} $N40 N; $r %W %m%; %9 $+ $i CN $i$; $F$b $i $& :] $K !$ %?%9%/ $N=h M} $N40N; $NF14| $K 4X $9 $k 8m $j $, MF 0W $K5- =R $G $- $F $7 $^$& Ld Bj E@ $,$" $C $?!% $^$? !$ %? %9 %/ $N =h M}$N =* N; 8e$b $= $N 4V $K fork $7 $? %W %m %; %9 $, @8 $-;D $C $F $7 $^ $& $3 $H $, $"$j !$ 9= B$ 2= $,$J $5 $l$F $$ $J $+$C $? !% $b$C $H C1=c $K !$ %?%9%/ $r J,3d $7 $F ?7 $? $K @8@. $7 $? J#?t $N %9 %l %C %I $K <B9T $5 $; !$ $= $l$i$N %9 %l %C %I $N =*N; $G !$ %?%9%/ $N=hM} $b=* $o $k $H$9 $l $P !$ $3 $N$h $& $J 8m$j $d LdBj $, @8 $8 $K $/$/ $J $k !% 2.2 35N, OP A $N 8@ 8l ;E MM $N 35 N, $r =R $Y $k !%?^ 1 $N $h $& $J C++(JA V A) %i %$ %/ $J %7 %s %? %C %/%9 $r MQ $$ $? %* %V%8 %’ %/ %H ;X8~ 8@ 8l $G$"$k!% %a %b%j HV CO $H $7 $F$N %] %$ %s %? $O 5v $5 $:!$ 4X ?t8F $S =P $7 $N 0z?t $O CMEO $7 $G$" $k $, !$ %* %V %8%’%/ %H $d G[Ns $X $N;2>H $, CM $H $7 $F MxMQ $G$-$k!% 7Q >5 class bin_tree(int key, int value){ bin_tree left = null, right = null; void regist1(int k, int val){ if(k < key)left.regist(k, val); else right.regist(k, val); } public: int search(int k, int v){ if(k == key)return value; else if(k < key){ if(left != null)return left.search(k, v); else return v; }else{ if(right != null)return right.search(k, v); else return v; } } void regist(int k, int val){ if(left != null && right != null) setmethod(regist, regist1); if(k < key){ if(left != null)left.regist(k, val); else left = new bin_tree(k, val); }else{ if(right != null)right.regist(k, val); else right = new bin_tree(k, val); } } } ?^ 1: Example of Dynamic Metho d Replacemen t (Bi- nary T ree Dictionary) $d %$ %s %? %U %’ !< %9 $K 4X $7 $F $O JA V A[2] $N $= $l$r>/ $7 2~ NI $7 $? $b$N$r MQ$$$k !%$^ $? !$<+F0 %4 %_=8 $a$r MQ$$$k !% 2.3 %* %V %8 %’%/ %H $H GSB>@)8f Actor[1] %Y!< %9 $NJB9T %* %V %8 %’%/ %H %b %G%k$G $O !$ %* %V %8 %’%/ %H$O %G !< %?J] B8 >l =j $H $7 $F $@ $1 $G$J$/ %W %m %; %9$H $7 $F $N Lr 3d$r 2L $? $7 $F $$ $k !% $3 $N %b %G %k $O %* %V %8 %’%/ %H $X$NJBNs %"%/ %; %9 $r%* %V%8 %’%/ %H $N %9 %l %C %I $r MQ $$ $F C‘<! 2= $9 $k $3 $H $G !$ %* %V %8%’%/ %H $N 0l4S @- $r MF0W $K J]>Z $G$- $? $, !$ %* %V %8%’%/ %H $H %9 %l %C %I $, J,N% $7 $F $* $i $:!$ %9 %l %C %I $K BP $7 $F 9=B$ $r F~ $l $k $3 $H $, Fq $7 $+ $C $? !% $3 $l $KBP $7 !$ Monitor $N $h $& $K %* %V%8 %’ %/ %H$H%9 %l %C %I $O J,N% $7 $* $j !$ %* %V %8 %’%/ %H$O $=$NJBNs %" %/ %; %9 $r GSB> @) 8f $7 $F !$ 0l 4S @- $N $"$k>u BV $rJ] $D %G !<%?J] B8 >l =j $H $9 $k 8+ J}$b$" $k !% OP A $G $O 8e $G =R$Y $k$h $& $J %9 %l %C %I $r MQ $$ $?JB Ns =h M} $r9T$& $? $a Monitor %Y!<%9 $N %b %G %k $r MQ$$$k !% 2.4 %a %= %C %I J,N‘ %* %V%8 %’%/ %H $N %a %= %C %I $r J,N‘ $7 $F !$ $= $l $>$l$K E, $7 $? <j=g $G 8F $S =P $9 $3 $H $G !$ %a %= %C %I 8F $S =P $7 $r 9bB. 2=$9 $k $3 $H $,$G$-$k!% Nc $( $P !$ %* %V %8 %’%/ %H $N$b $O$d JQ 2= $7 $J $/ $J $C $? JQ ?t$r FI$_ =P$9 $@ $1 $N %a %=%C %I $r !$ free $J %a %=%C %I $H 8F $V $3 $H $K $9$k $H !$ free $J %a %=%C %I 2

$N %"%/ %;%9 $9 $k JQ ?t $r %3 %T !< $7 $F$* $/ $3 $H $G!$ ( FC $KJ, ;6 4D 6- $G $O ) 9bB. $J %"%/ %;%9 $, 2D G= $K $J$k !% $^ $?!$ free $J %a %= %C %I $O A4 $/ $NGSB>@)8f $J $7 $G 5/F0 $G $- $k !% %a %= %C %I $r FI $_=P $7 @l MQ %a %= %C %I (R O %a %= %C %I ) $H FI $_=q $- N> MQ %a %= %C %I (R W %a %= %C %I ) $K J, $1 $k $3 $H $b 0UL# $, $" $k!% R O %a %=%C %I $O 0l4S@- $N $"$k%* %V %8 %’ %/ %H $N>uBV $rFI $_=P $9 $h $& $K $@ $1 GSB> @) 8f $7 $F$d $l $P $h $/ !$ FI $_ $@ $7 $? 8e$NGSB>@)8f $r$J $/$9 $3$H $,$G $- $k !% R W %a %=%C %I $K $D $$$F $b !$ [4] $N $h $& $K %$ %s %9%? %s %9 JQ ?t $N99?7 $r %a %= %C %I $N Cf $NFCDj $NE@ $G 0l3g $7 $F 9T $& $3 $H $G !$ R W %a %=%C %I $N GSB> @) 8f $N6h4V $r C;$/ $G$- $k !% OP A $G$O !$ %3 %s %Q %$ %i $, %U %m !< 2r @O $r MQ$$$F =q $-9~$_ $, :G8e $G $" $k $H H=CG $7 $? E@ $G 0l3g99?7 $r 9T $& !% <! $N0l3g99?7 $^ $G$N 4V!$ R O %a %=%C %I $O :G8e $K 99?7 $7 $? >uBV $, FI $_=P $;$k $b $N $H $9$k $H !$ R O %a %=%C %I $O I, $: %G %C %I %m%C %/ $J $7 $G <B 9T $G $- $k$3$H$K $J $j !$ R O %a %= %C %I $H free $J %a %= %C %I $O @-G= >e $N0c $$ $O$" $l !$ 7W ;; %b %G%k >e $N0c $$ $O$J $/ $J$k!% free $J %a %=%C %I $O <BAu $G$O MQ$$$k $, !$8@8l $H $7 $F$O 0J2< $G$O <h$j>e $2 $J $$ !% R O %a %= %C %I $H R W %a %=%C %I $K $D$-!$%a %= %C %I 5/F0 <j =g $HGS B> @) 8f $9 $k 6h 4V $r@0 M} $9 $k $H<! $N $h$& $K $J$k !% R O %a %= %C %I : (R O1) %a %= %C %I $r <h $j =P $9 !% (R O2) %a %= %C %I $r 5/ F0 $9 $k!% (R O3) 0l 3g $7 $F%* %V%8%’%/ %H $N I, MW $J %G !<%? $r FI $_=P $9 !% (R O4) %a %= %C %I $N B3 $- $r <B9T$9$k!% R W %a %= %C %I : (R W1) %a %= %C %I $r<h $j =P $9 !% (R W2) %a %= %C %I $r 5/ F0 $9 $k !% (R W3) 0l 3g 99 ?7 $^ $G $N %a %= %C %I $N =h M} $r 9T $& !% (R W4) 0l 3g99 ?7 $r 9T $& !$ (R W5) 0l 3g99?78e $N %a %= %C %I $N =hM} $r 9T $& !% 0J 2< $G $O !$ R W1 $+ $i R W4 $^ $G$N=h M} $N6h 4V $r R W 6h 4V !$ R O1 $+ $i R O3 $^$G $r R O 6h 4V !$ R W4 $r W 6h4V $H 8F $V !% I, MW $J GSB> @)8f $O !$ R W 6h4V $H$= $NB> $N R W 6h 4V$N 4V$N GS B> @)8f !$ W 6h 4V$H R O 6h 4V$N 4V$N GSB> @)8f $G$" $k !% $3 $3 $G !$ R O 6h4V $H$=$NB> $N R O 6h 4V $N 4V$N GSB> @)8f $O $7 $J $$ !%$^ $? !$ W 6h4V $O R W 6h 4V $K4^$^ $l $k $? $a W 6h4V $H W 6h4V $N4V $NGS B> =h M} $O R W 6h4V $N$= $l$K 4^$^ $l $k !% 2.5 <B9T;~ %a %= %C %I CV49 $5 $i $K 9bB. 2= $9 $k $K $O !$ <B 9T ;~ $K %a %= %C %I CV49 $r 9T $& $3 $H $G !$ GS B> @) 8f $r 8: $i $7 $?$j !$ JQ 2= $7 $J$$ JQ?t $r A} $d$9 $3$H $, $G $- $k!% ?^ 1 $NFsJ,LZ<-=q $N Nc $G$O !$ :8 1& $N;R%N !< %I $r @8@. $7 $? 8e $O !$ EP O? ;~ $K %$ %s %9 %? %s %9 JQ ?t $N 99 ?7 $r 9T $o $J$/ $J$k $? $a!$ setmethod(regist, regist1) $N It J, $G %a %=%C %I regist $r R O %a %=%C %I $N regist1 $K CV49 $7 $F $$ $k !% %a %= %C %I CV49 $G $O %a %= %C %I $H %$ %s %9 %? %s %9 JQ ?t $O 9g $o$; $F 0l3g 99 ?7 $9$k $b $N $H$9$k!% $^ $?!$ GSB> @) 8f $bA0 @a$G Dj 5A $7 $? 6h 4V $K $D $$$F 9T $& !% Cm0U $, I, MW$J E@ $O !$ %a %= %C %I CV49 $N1F6A $K $h$j !$ <B 9T $7 $h $& $H $7 $F$$$k %a %= %C %I $, R O %a %= %C %I $G$"$k $+ R W %a %= %C %I $G$"$k $+ $O <B:] $K %a %= %C %I $r <h $j=P $9 $H$-$^ $G$o $+ $i$J$$ $K$b $+$+$o $i $:!$ %a %=%C %I $r <h $j=P $9A‘ :n <+ ?H $bGSB> @) 8f $, I,MW $J E@ $G $" $k !% 2.6 %9 %l %C %I $r MQ $$ $? JBNs=hM} %9 %l %C %I $r MQ $$ $?JB Ns =h M} $O !$ fork-join 7?JB Ns =h M} $H%Q %$ %W %i %$ %s 7?JB Ns =h M} $K J, $1 $k $3 $H $,$G$-$k!% $3 $N $&$A fork-join 7? JB Ns =h M} $O !$F~ $l ;R 9= B$$H $7 $F 9= B$2= $r 9T $& $3$H $,$G $- $k !% JB Ns =h M}$r$G $- $k $@$1 fork-join 7? JB Ns=h M} $K 9= B$ 2=$9 $k$?$a !$%9 %l %C %I $r fork $7 $?$H $- $O $=$N join @h $O join %V %m %C %/ $NF~ $l ;R $N $b $C $H $bFb B& $N $b $N $HDj $a $k!% Nc $( $P !$ <! $N %W %m %0 %i %‘ $G$O 4X?t f1 !$ 4X?t f2 $N %9 %l %C %I $r fork $7 $F $$ $k $, !$ $= $l $i $N =*N; $O join %V %m %C %/ $N:G8e $G join $5 $l $k !% join{ par f1(...); ... par f2(...); } $^$? 0J 2<$N $h $& $K f2 $N <B 9T Cf $K f3 $N %9 %l %C %I $r fork $9 $k >l 9g !$ f3 $N %9 %l %C %I $b >e $H F1 $8 >l =j $K join $9 $k !% $5 $i$K $$$( $P >r 7o IU$- $G fork $, $G $- $k$N $G <B :] $K join $9$k %9 %l %C %I $N ?t $O <B9T;~ $K Dj$^$k !% void f2(....){ ...if(...) par f3(...); ...} 0l J} !$ %Q%$ %W%i %$ %s7? JB Ns =h M} $N Nc $K $O!$ I-structure $d%A %c %M %k$rDL $8 $? DL?.!$ %P %j %" F14| $J $I $, $"$k!% $3 $l $i$K $O J#?t$N %9 %l %C %I $, DL ?. / F14|$9 $k$h $& $J JBNs @-$N5-=R $, I,MW $H$J $k $, !$ $3$3 $G$O >\:Y $O =R$Y $J$$ !% 2.7 %W %m%;%C%5 4VDL?. %* %V %8 %’ %/ %H @8 @. ;~$d %9 %l %C %I $N fork ;~ $K$O Cm <a $r MQ $$ $F %W %m %;%C %5 $N;XDj $, 9T $($k!% $? $@ $7 !$ %f!< %6 $O @-G=$N LdBj $r =|$- !$%j %b !< %H / %m!< %+ %k $N 0c$$ $r 0U <1$9$kI,MW $O$J $$ !% 2.8 %9%1 %8 %e!< %j %s%0 =h M} $9 $k %? %9 %/ $N NL $,M- 8B $G $" $k $J $i $P !$ %9 %1 %8 %e !< %j %s %0$O <B 9T ;~ 4V $K 1F 6A $rM? $($k $, =hM} $= $N $b $N $O I, $:Dd ;_ $9 $k !% $= $3 $G!$ OP A $G $O!$ %9 %l %C %I $N%9 %1 %8 %e !< %j %s %0 $N fairness $O J]>Z $7 $J$$ !% =hM} 7O $O%o!< %- %s %0 %;%C %H $N Bg $-$/ $J$j $d$9 $$ round robin $r MQ $$$kI, MW $O$J$$ !% $? $@ $7 !$ FCDj $N %9 %l %C %I $, D9;~4V %W %m %;%C %5 $r @jM- $9 $k $H !$ %/ %j %F %# %+ %k%Q %9 $, D9$/ $J$k2DG= @- $, $" $k $?$a !$ %f!<%6 $O yield $r M[ $K ;XDj $G $- $k !% 3

3 <BAu K\ @a $G =R $Y$k%9 %l %C %I $N%5 %9 %Z %s %I $d <B9T :F 3+!$ B> %W %m %; %C %5 $X $N 0\ F0 $O!$ $9 $Y $F 8@ 8l $N %i %s%?%$ %‘ $G4I M} $9 $k !% $^ $?<B Au $O !$ 6& M- %a %b%j 7? JB Ns 7W ;; 5! PO WER On yx $r MQ $$ $? !% <B 9T %3!< %I $O C $N%3!< %I $r 2p $7 $F%3 %s %Q %$ %k $5 $l $k !% 3.1 6& M- %a%b %j 7? JB Ns 7W ;; 5! PO WER On yx $N %" !<%-%F%/%A%c PO WER On yx $O%P %9 @\ B3 $5 $l$?6& M- %a %b%j 7? $NJB Ns7W;;5! $G$" $k !% PO WERpath-2 %P %9 $O %W %m%; %C%5 !$ %a %b%j !$ 5Z $S I/O 4V $G9b BS 0h I} $J %- %c %C %7 %e !& %3 %R !< %l %s %H DL ?. $r Ds 6! $9 $k J, 3d %H%i %s%6 %/ %7 %g %s !& %P%9 $G $" $j !$ 1.2GB/ IC$N <B 8z E> AwB. EY $r ;}$D !% MIPS R8000 %W %m %; %C %5 $O!$ 64 %S%C %H !& %9 !< %Q !< %9 %+ %i !& RISC %W %m %; %C %5 $G$" $j !$ %/ %m %C %/ <~ GH ?t 90MHz $G 360MFLOPS 5Z $S 360MIPS $N %T!< %/ @- G= $r ;} $D !% <B Au $KMQ $$ $? PO WER On yx $O R8000 $r 12 8D!$ %a %b%j $O 2GB Ek :\ $7 $F $$ $k !% SVR4 %Y!< %9 $N 64 %S %C %H OS !$ IRIX6.1 $G$O !$ 2>A[ %a %b%j 6u 4V $r6&M- $7 $? %W %m %; %9 $r @8@. $9$k $3 $H $G !$ 6& M- %a %b %j %W %m %0 %i %_ %s %0$, 2DG= $G $" $k !% 3.2 GSB>@)8f $N <BAuJ}<0 :#2s $O free $J %a %= %C %I $N <BAu $O 9T$C $F$$$J$$ !% R W %a %=%C %I $G $O R W 6h 4V {R W 6h 4V$N GS B> @) 8f !$ R O %a %=%C %I $G$O R O 6h4V {W 6h4V $NGSB>@)8f $, I,MW $G $" $k !%<B :] $K$O %a %=%C %I CV 49$N 2D G= @- $, $" $k$?$a !$ R O %a %= %C %I $+ R W %a %= %C %I $+$o $+ $i$J$$>l9g $O !$ $^ $:$O R O %a %=%C %I $H $7 $F =hM} $r 3+;O$9$k !% 3.2.1 R W 6h4V$NGSB>@)8f R W 6h4V $NGS B> @) 8f $K $O !$ <! $NFs $D $N %" %H %_ %C %/ =h M} $H !$ %* %V%8%’ %/ %H $N;HMQ Cf %U %i %0$H %- %e !< $rMQ $$ $k !% R W 6h4V3+;O;~ $N %" %H %_%C %/ =hM} : %a %= %C %I %? %$ %W$r %A%’ %C%/ $7 $F R W %a %=%C %I $G $" $k$3$H $r 3N G’$9 $k !% %* %V %8 %’ %/ %H $N ;HMQCf %U%i %0 $N%A%’ %C%/ $7 $F !$ ;HMQ Cf $J $i%5%9 %Z %s %I $7 $F %* %V%8 %’ %/ %H $N %- %e !< $GBT $A !$ ;HMQ30 $J $i ;HMQCf %U%i %0 $r N) $F $k !% R W 6h4V=*N;;~ $N %" %H %_%C %/ =hM} : %a %= %C %I $NCV 49 $r 4^ $a$?0l3g99?7 $r $7 !$ R O %a %=%C %I $X$N %a %=%C %I CV 49 $, $"$C $?>l9g $O A4 %9 %l %C %I $r !$ $= $N$h $& $J %a %=%C %I CV49 $,$J $+$C $?>l9g $O %9 %l %C %I 0l $D $r !$ %- %e !< $+ $i <h$j=P $7 ready $K $9 $k !% ready $K$J $C $? %9 %l %C %I $O !$ :G=i $N %a %=%C %I %? %$ %W $N %A %’ %C %/ $KLa $C $F<B 9T $r:F 3+ $9 $k !% $3 $l $O!$ R W 6h 4V $r <B9T $9$k =g HV $, 2s $C $F $/ $k $^ $G $K !$ BP 1~ $9 $k %a %= %C %I $, R O %a %= %C %I $K JQ $o$j !$ R W 6h4V $r<B9T $9$k I, MW $, $J $/ $J$C $F$$$k >l 9g $, $" $k $+ $i $G$"$k!% R W 6h4V =* N; ;~ $K R O %a %=%C %I $X$NCV49 $, $" $C $? $H$- $K !$ A4%9 %l %C %I $r ready $K $9$k$N$b $3$N$?$a $G $" $k !% $3 $3 $G !$3+ ;O ;~$N =h M}$G %a %=%C %I %? %$ %W $, R O $K JQ$C $F$$ $? >l9g $O !$ =h M} $r Cf;_ $7 !$ R O %a %=%C %I MQ $N =hM} $K @Z$jBX $( $k !% >e5- $N %" %H %_ %C %/ =h M} $O !$ B> $N %W %m %; %C %5 $, 9T $& %" %H %_ %C %/ =h M} $H GSB> @) 8f $9 $k!% $= $NGSB> @) 8f $r <B8= $9 $k $K$O !$ %m%C%/ $r MQ $$$k $+ !$ >o $K %9 %l %C %I $r%* %V %8 %’ %/ %H $, B0 $9 $k %W %m %; %C %5 $X 0\ F0 $5 $; $F<B 9T $9 $l $P $h $$!% 3.2.2 R O 6h 4V$H W 6h 4V$N GS B> @) 8f$H%P !< %8 %g %s HV9fJ}<0 R O 6h 4V $H W 6h 4V $N GS B> @) 8f $H $7 $F %P !< %8 %g %s HV 9f J}<0 $r Ds0F $9$k!% Ds 0F J} <0 $G $O !$ %* %V %8 %’%/ %H$K%P !< %8 %g %s HV9f ( =i4|CM 1) $r IU $1$F 0J2<$N=hM} $r 9T $& !% W 6h4V : :G =i $K%* %V%8 %’ %/ %H$K %P!< %8 %g %s HV 9f $rFI $_ =P $7 !$ Be $o$j $K 0 $r =q $-9~ $s$G$*$/ !% $D $E$1$F0l3g 99?7 $r9T $C $?8e!$ :G =i $K FI $_=P $7 $?%P!< %8%g %s HV9f $K 2 $r 2C $($F =q$-La$9 !% R O 6h4V : :G=i $K%* %V %8 %’ %/ %H $K %P !< %8 %g %s HV9f $r FI $_ =P $7 !$ <! $K %a %=%C %I %? %$ %W $r%A%’ %C%/ $7 $F R O %a %= %C %I $J $i $=$N %a %=%C %I $r 5/F0 $9$k!% R O %a %=%C %I $G$O !$ 0l 3g $G JQ?t $NFI $_=P $7 $r 9T $C $?8e!$ $b $& 0l EY %P !< %8%g %s HV9f $rFI $_=P $9 !% $b $7 !$ FI $_=P $7 $? %P!< %8 %g %s HV9f $, 0 $G$"$C $?$j !$ Fs 2sFI $s $@ HV9f $, Ey $7 $/ $J $1 $l $P !$%j %H %i %$ $9$k!% $3$3 $G !$ R O 6h 4V $N=h M} $G %a %= %C %I %? %$ %W$, R W $K JQ$C $F$$ $?>l9g $O !$ =h M} $r Cf;_ $7 !$ R W %a %= %C %I MQ $N =hM} $K @Z$jBX $( $k !% R O 6h 4V $H W 6h 4V$N GS B> @)8f $G $b !$ %P !< %8 %g %s HV 9fJ}<0 0J 30 $K !$ %m %C%/ $r MQ $$ $?J}<0 $d !$ %9 %l %C %I 0\F0 J}<0 $r ;H $& $3$H $,$G $- $k !% 3.3 join $N <B8= 8zN( NI $/ join $N40N; $rH= Dj $9 $k $K $O !$ join 9= B$ BN $K BP $7 $F =E $_IU $-;2>H %+ %& %s %? $r @_ $1!$ =E $_IU $-;2>H %+ %& %s %? $, 0 $K $J$C $F$$$k $+ $I $& $+$rD4 $Y $l $P NI $$!% <B 9T ;~ $K ?7$?$J %9 %l %C %I $N fork $r 9T $& $H $-$K $O !$ $=$N %9 %l %C %I $O $= $N?F %9 %l %C %I $+$i join @h $N;2 >H $r=E $_IU $- $G0z $-7Q $0 !% $3 $& $9 $k $3 $H $G join $9$k %9 %l %C %I $N?t $, <B 9T ;~ $K $7 $+ J, $+$i $J $/$F $b 8z N( E* $K join A‘ :n $, $G $- $k !% 3.4 %W %m%;%C%5 4VDL?. %9 %l %C %I $rB> $N %W %m %; %C %5 $K@8 @. $7 $? $j !$ 0\ F0 $5 $; $? $j$9 $k $? $a $NDL ?. %P %C %U %! ( %9 %1 %8 %e !<%j %s %0%- %e !< $r 4

7s $M$k ) $N4I M} $K $O !$ Aw ?. 85 !& <u ?. @h $N %Z %"Kh $K %- %e !< $r @_ $1 $F %m %C %/$r GS $7 $? lo c k-less J} <0 [5] $r MQ$$ $k !% K\ 8& 5f $G $O !$ [5] $NJ}<0 $r2~NI $7 !$ Aw ?. B& $, I, MW $J %P %C %U %! $r%j %s %/ $7 $F $$ $/ $H $H $b $K!$ $9 $G $K<u ?. $5 $l $? %P %C %U %!$N2s<} $b9T $& !% $^ $? !$ %P%C %U %! Fb $N $I $3 $^ $G$r DL ?. $K ;HMQ $7 $?$N $+$r<($9 JQ ?t $r %P%C %U %! $H F1 $8 9=B$ BN $K CV $/ $3$H $G !$=q $-9~$_$N6I=j@- $, 9b $a $i $l $? !% 3.5 %9%1 %8 %e!< %j %s%0 %9 %1 %8%e !< %i $, %9 %l %C %I $r $I $N$h $& $K %9 %1 %8%e !< %k $9 $k $+ !$ $^ $? !$ 3F%9 %l %C %I $N<B9T $K $*$$ $F$= $N4X?t %U %l !<%‘ $r $I $N$h $& $K 4IM}$9$k $+$K $D$$$F =R$Y$k !% 3.5.1 %9 %l %C %I $N %9%1 %8 %e!< %j %s%0 4p K\ E* $J%9 %l %C %I $N%9 %1 %8 %e !< %j %s %0 $O!$ %9 %1 %8 %e !< %i $, 3F %9 %l %C %I $N%3 !< %I $r 8F $S =P$9 $3$H $G 9T $& ( <B:] $K$O 8e =R$N 4X ?t%U %l !< %‘ %9%1 %8 %e !< %i$r F0 $+ $9 ) !% $3 $N :] !$3F %9 %l %C %I $N %3 !< %I $O %9%1 %8 %e !< %i $N C $N %9 %? %C %/ $r0z $-7Q $$ $GMxMQ $9 $k !% $D $^ $j !$ [3] $H F1 MM!$ 3F %W %m%; %C %5 $N %9 %1 %8%e!< %i $O !$ $= $N0l $D $N %9 %? %C %/ $r J#?t $N %9 %l %C %I $N$?$a $K MQ$$$k !% <B 9T Cf $N %9 %l %C %I $, !$ F1 4| BT $A $J $I $G %5 %9 %Z %s %I $7 $J $/ $F $O$J $i$J$$>l9g $O !$ $^ $: !V %9 %? %C%/ $r ;HMQ Cf $G $+$D ready $K$J$C $F$$$k%9 %l %C %I $N ?t !W $rJ];} $9 $k%+ %& %s %? $r %G %/%j %a %s %H $7 !$ %9 %1 %8%e !< %i $r :F5" 8F $S =P $7 $9$k!% %9 %1 %8%e!< %i $O !$ $= $N%+ %& %s %? $, @5 $K$J $i$J $$8B $j@)8f $r La $5 $J$$!% %9 %1 %8 %e!< %i $+ $i @)8f $r La $5 $l$? ;~E@ $G ready $K$J$C $F$$$k >l 9g $O$=$N$^ $^ <B 9T $r B3 $1 $k!% 0lJ}!$ ready $H$J $C $F$$$J$$>l9g $K$O <B:] $K %5%9 %Z %s %I $7 $F ;HMQ $7 $F$$ $? %9 %? %C %/ NN 0h $r2rJ| $7 $F @)8f $r JV$9 !% 3.5.2 4X?t %U %l !<%‘$N 4IM} %9 %l %C %I $N 4X?t %U %l !< %‘ $K$O [3] $N$h $& $K Fs<oN‘ $N I= 8= $rMQ $$ $k!% 0l $D $ODL>o $N $h$& $K C $N %9 %? %C %/ $N>e $K$H$k!% $b $& 0l $D $O%U %j !<%j%9 %H$+$i 3d $jEv $F !$ %R!< %W >e $G ;R $N4X ?t %U %l !<%‘ $+ $i ?F %U %l !<%‘ $X $N%j%9 %H I= 8= $H$J $k$h $& $K $9 $k !% OP A $G $O $= $l $> $l $N I= 8= $K 9g $o $; $FFs $D $N %P !< %8 %g %s$N %3!< %I $r @8 @. $9 $k !% OP A $N 4X?t $NJV$jCM $O !$ C $N 4X?t $NJV $jCM $G $O$J $/ %W %m%;%C %5$NJQ?t>e $K CV $/ !% %9%?%C%/ $r MQ$$$F $$ $k$H $-$O !$;R$N 4X ?t $O C $N JV $jCM $H $7 $F 0 $^ $? $O !$ $= $N4X?t %U %l !<%‘ $r JV $9 !% 4X ?t %U %l !<%‘ $, JV $5 $l $k $N $O%5 %9 %Z %s %I $7 $J $/ $F $O$J $i$J $$>l 9g $J$N $G !$ ;R $N4X ?t %U %l !<%‘ $X %j %s %/ $7 $? 4X?t %U %l !<%‘ $r :n$C $F %j%9 %H I=8=$XJQ49$9$k !% %j %9 %H I=8= $N>l 9g!$ <! $N$h $& $JC1=c $J4X?t %U %l !<%‘ %9 %1 %8%e !< %i $rMQ $$ $F %9 %l %C %I $r <B9T $9 $k!% ;R $N4X?t $O C $NJV $jCM $H $7 $F !$ %9 %1 %8 %e !< %k $7 $F $[ $7 $$?F $N4X ?t %U %l !<%‘ $r JV$9 !% while(fr){ fr = (fr->f)(pr, fr); } <B:] $K $O !$ %j %9 %H I= 8= $G$N<B9T Cf $K ?7 $? $J4X?t 8F $S =P $7 $, $"$C $?>l9g $O %9 %? %C %/ $r MQ $$$k $N $G !$ 0l $D $N %9 %l %C %I $, !$ ;R $N $[ $& $O %9 %? %C %/ I= 8=!$ ?F $N $[ $& $O %j%9 %H I=8= $H$J$j F@$k !% 4 I>2A I> 2A7k 2L $r I= 1 $K <($9 !% I>2A $O !$?^ 1 $N FsJ, LZ<- =q $N regist %a %=%C %I $r JBNs $K 8F $S =P $7 $F !$ 3 K|8D $NLZ $N %N !< %I $r @8@. $9$k $3 $H $G 9T$C $? !% 1, 2, 4, 8, 12 Bf $N %W %m%; %C %5 $rMQ $$ !$ 3F %W %m%; %C %5 $K $O %9 %l %C %I $r 1 8D$^ $? $O CY1d 1# JC $N $? $a 4 8D@8 @. $7 $? !% EP O? $9$k k ey $N CM $O %i %s %@ %‘ $G$"$k (same) !% $^ $? !$ k ey $NCM $NHO 0O $r3F %W %m %; %C %5 $K J,G[ $9$k $3 $H $G 6I=j @- $r9b $a $?>l9g $K$D $$ $F $bD4 $Y $? (dist) !% ?t CM $O<B 9T ;~ 4V (ms) $G$" $j !$ 20 2s<B9T$5$; $F J?6Q $H I8=‘JP:9 ( 3g8LFb ) $r 5a $a$? !% 4.1 GSB>@)8f $N <BAuJ}<0 $N Hf3S %P !< %8%g %s HV 9f J} <0 (vn) !$ %9 %l %C %I 0\F0 J} <0 (m v) !$ %m %C %/ $r;H MQ $7 $?J} <0 (lo c k) $r AH $_9g $o $; $?;M $D $NJ} <0 $r I= $N 0lHV>e$N %V %m %C %/ $K <($9 !% $3$3 $G vn.m v $O !$ R O 6h4V -W 6h 4V $NGS B> @) 8f $K vn J}<0 !$ R W 6h4V -R W 6h4V$NGSB>@)8f $K m v J}<0 $r MQ$$ $F$$ $k $3 $H$r I=$9 !% R W 6h4V$N GS B>@) 8f $K $D$$$F$O !$ same $K $D$$$F $_ $k $H !$ 1PE $N$H $- $O m v J}<0 !$ 2PE 0J>e $G $O lo c k J} <0 $N@- G= $, NI $+$C $?!% dist $K $D$$ $F$_$k $H !$ 4PE $^ $G $O m v J}<0 !$ 8PE 0J >e $G$O lo c k J} <0 $, NI $+ $C$? !% $3 $l $O !$ m v J}<0 $G $O !$%9 %l %C %I $, 0\F0 $7 $? 7k 2L!$Ii2Y $, IT6QEy $K$J $k $?$a$H 9M $( $i $l $k !% R O 6h4V -W 6h4V $NGSB> @)8f $K $D$$ $F $O !$ vn J}<0 $, B>$NJ}<0 $H Hf$Y $F NI$$@-G= $r <( $7 $? !% 4.2 $=$N B><BAuJ}<0 $N Hf3S %W %m %; %C%5 4V DL ?. <B Au J} <0 $K $D $$ $F $O !$I= 1 $N vn.m v-lk %(%s%H %j $K !$ vn.m v J} <0 $K $* $$ $F %W %m %; %C %54VDL ?. $NItJ, $r DL>o $N $h $& $K%m %C %/ $rMQ $$ $F<BAu $7 $?>l 9g $N CM $r<( $9 !% same $K$D $$ $F $_ $k $H!$ lo c k-less J} <0 $rMQ $$ $? vn.m v $N $[ $& $, >o $K M% $l$F $$$k $, !$ dist $K $D $$$F $_ $k$H %m %C %/ $r MQ$$ $? J} <0$N @- G= $, NI $+ $C $? !% $3 $l$O dist $G $O %W %m %; %C %54V DL ?. $,$"$^ $j5/ $3 $i$J $$ $?$a !$ lo c k-less J}<0 $N %- %e !< $NB? $5 $, %*!< %P!< %X %C %I $H$J $C $?$b$N$H 9M $( $i $l $k !% %9 %1 %8 %e !<%j %s %0 J} <0 $NHf 3S $H $7 $F $O !$ vn.hpm v %( %s %H %j $K !$ vn.m v J} <0$r %j %9 %H I= 8=$N $_ $r MQ $$ $F %9 5 same: 1PE 2PE 4PE 8PE 12PE vn.m v 1 354.5 ( 14.8) 779.2 ( 4.4) 660.9 ( 11.5) 439.1 ( 8.3) 347.2 ( 9.1) 4 355.4 ( 12.3) 686.3 ( 15.0) 510.9 ( 5.3) 332.9 ( 8.9) 260.6 ( 6.4) m v.m v 1 353.5 ( 2.5) 2199.9 ( 20.2) 2991.8(126.5) 2177.0 ( 54.9) 2067.6 ( 92.1) 4 354.0 ( 2.3) 2260.7(102.2) 2207.6 ( 69.9) 1710.1 ( 93.4) 1691.2(195.2) vn.lo c k 1 582.4 ( 12.9) 345.7 ( 0.7) 206.7 ( 2.9) 116.8 ( 3.1) 82.3 ( 1.9) 4 559.0 ( 2.5) 346.2 ( 0.5) 209.0 ( 3.9) 115.8 ( 3.1) 82.5 ( 2.8) lo c k.lo c k 1 750.4 ( 99.3) 668.6 ( 31.1) 457.6 ( 22.1) 275.9 ( 13.3) 212.2 ( 13.5) 4 726.8 ( 95.9) 716.7 ( 34.2) 459.9 ( 19.7) 271.7 ( 9.1) 208.9 ( 9.3) vn.m v-lk 1 367.8 ( 2.5) 828.0 ( 5.2) 718.2 ( 14.0) 478.6 ( 9.6) 343.2 ( 7.5) 4 366.1 ( 3.1) 709.2 ( 14.4) 557.1 ( 8.1) 360.1 ( 5.4) 264.8 ( 5.5) vn.hpm v 1 537.6 ( 14.7) 1091.9 ( 11.4) 842.2 ( 30.9) 519.5 ( 9.5) 388.4 ( 9.4) 4 531.4 ( 4.6) 845.0 ( 17.6) 592.7 ( 24.7) 351.8 ( 6.1) 256.8 ( 5.6) r0vn.m v 1 385.2 ( 2.7) 2414.1(324.1) 3240.1(128.0) 2430.4 ( 73.8) 2135.6(111.4) 4 401.6 ( 2.8) 2229.3(177.6) 2484.9 ( 91.2) 1922.2(114.3) 1671.1(226.6) r0vn.lo c k 1 798.2 ( 2.9) 826.4 ( 13.9) 470.4 ( 12.4) 287.1 ( 6.7) 224.3 ( 11.1) 4 829.5 ( 3.4) 784.9 ( 17.7) 480.8 ( 11.0) 288.3 ( 5.8) 267.9 ( 75.3) dist: 1PE 2PE 4PE 8PE 12PE vn.m v 1 356.3 ( 14.1) 188.7 ( 2.5) 119.3 ( 15.9) 82.9 ( 39.5) 124.5 ( 82.2) 4 357.4 ( 12.6) 193.3 ( 1.9) 142.2 ( 32.8) 103.2 ( 27.3) 97.7 ( 11.8) m v.m v 1 356.0 ( 2.7) 745.3 ( 4.4) 766.8 ( 53.7) 772.6 ( 62.4) 814.7 ( 38.0) 4 358.4 ( 12.2) 571.4 ( 4.9) 637.2 ( 17.2) 645.2 ( 15.6) 794.4 ( 24.3) vn.lo c k 1 585.7 ( 15.6) 280.6 ( 1.7) 154.7 ( 7.1) 91.3 ( 8.9) 68.4 ( 5.1) 4 562.7 ( 3.5) 281.7 ( 3.6) 157.9 ( 10.6) 85.9 ( 5.6) 68.1 ( 5.8) lo c k.lo c k 1 756.3(100.6) 358.6 ( 32.8) 241.6 ( 17.6) 195.2 ( 29.4) 169.2 ( 17.8) 4 727.9 ( 95.0) 368.6 ( 33.3) 250.7 ( 18.1) 191.0 ( 26.7) 167.5 ( 22.9) vn.m v-lk 1 368.4 ( 2.7) 170.4 ( 1.8) 122.1 ( 16.0) 78.4 ( 11.1) 114.2(109.6) 4 356.4 ( 11.8) 172.8 ( 0.6) 102.5 ( 6.1) 94.0 ( 49.3) 89.4 ( 57.9) vn.hpm v 1 538.1 ( 12.8) 332.9 ( 3.4) 334.0 ( 59.4) 266.6 ( 78.1) 227.6(101.1) 4 534.1 ( 3.3) 290.8 ( 9.4) 300.0 ( 91.5) 244.9(127.8) 177.5 ( 43.3) r0vn.m v 1 386.4 ( 2.4) 860.3 ( 1.7) 1208.2(143.5) 866.2 ( 50.7) 856.1 ( 42.7) 4 403.3 ( 2.4) 686.6 ( 5.5) 744.6 ( 28.3) 718.3 ( 16.6) 810.2 ( 36.7) r0vn.lo c k 1 808.6 ( 16.6) 444.2 ( 4.1) 304.7 ( 27.0) 207.8 ( 23.9) 196.6 ( 20.7) 4 835.2 ( 2.1) 471.6 ( 8.3) 270.3 ( 12.2) 212.1 ( 12.2) 251.2 ( 22.4) I= 1: Elapsed Time [ms] for V arious Implemen tation Sc hemes (Av erage and Standard Deviation) %l %C %I <B9T $5 $; $? $H$- $NCM $r <( $9 !% vn.m v J}<0 $N $[ $& $, M% $l $F $$ $k $3$H $, J, $+ $k !% <B 9T ;~ %a %= %C %I CV49 $N8z2L $K$D$$ $F $O !$ r0vn.m v %( %s %H %j $H r0vn.lo c k %( %s %H %j $K !$ %a %=%C %I CV49 $r ;H $o $J$$ %W %m %0 %i%‘ $r$= $l $>$l vn.m v J}<0 $H vn.lo c k J}<0 $G <B9T $7 $? >l9g $NCM $r <( $9 !% %a %=%C %I CV49 $r $7 $J$$ >l 9gGS B> @) 8f $r 8: $i$9 $3 $H $,$G$- $:!$ <B 9T;~ 4V $,$+$J$j Bg $- $/ $J $k $3$H $, $o$+ $k !% 5 7kO@ $H :#8e $N 2]Bj %a %=%C %I $N <B 9T ;~ CV 49$H 9= B$ 2= $5$l $? JB Ns =h M}$r FCD’ $H$9$k%* %V %8 %’ %/ %H ;X8~8@8l OP A $N 8@8l@_7W $K $D $$ $F =R $Y $? !% $^ $? !$ <BAu J} <0 $K$D$$ $F Ds0F $7 !$ 6& M- %a %b %j 7? JB Ns 7W ;; 5! PO WER On yx $r MQ$$$F I> 2A $r 9T $C $? !% I> 2A $N7k2L!$ FC $K%P!< %8%g %s HV9f J} <0 $H 4X?t %U %l !<%‘ Fs =E I= 8= J} <0 $K$D$$ $F $O !$ >r 7o $K$h $i $: 9bB. 2= $, C#@. $G$- $? !% $^ $? !$ <B 9T ;~ %a %= %C %I CV49 $($N8z2L $, 3N $+$a$i $l $? !% :#8e $O !$ =h M}7O $N<BAu $r ?J $a$k $H$H$b $K !$ %* %V %8 %’ %/ %H $N%^ %$ %0 %l !< %7 %g %s$K$h$kIi 2Y $N6Q Ey 2= $J $I $K $D $$$F 8!F$ $7 $F $$ $/M=Dj $G $" $k !% ;29MJ88% [1] G. Agha. A ctors : A Mo del of Concurr ent Com- putation in Distribute d Systems . The MIT Press, 1987. [2] K. Arnold and J. Gosling. The Java Pr o- gr amming L anguage . Addison-W esley Publishing Compan y , 1996. [3] K. T aura, S. Matsuok a, and A. Y oneza w a. Stack- Thr e ads : An abstract mac hine for sc heduling �ne- grain threads on sto c k CPUs. JSPP’94 , pp. 25{ 32, 1994. [4] K. T aura and A. Y oneza w a. Sc hematic: A concurren t ob ject-orien ted extension to Sc heme. T ec hnical rep ort, Departmen t of Information Sci- ence, Univ ersit y of T oky o, 1995. [5] H,?y , Bm . J,;66& M- %a %b %j7? JB Ns 7W;; 5! KSR >e $N :Y N3 EY JB Ns =h M} MQ <B 9T J} <0 $N I> 2A . ?. 3X 5; Js CPSY- 95-59(SW oPP’95), 95(210):71{78, 1995. 6-E