E,1~E* %* %V %8 %’ %/ %H $K $h $kJBNs=hM} $N %\ %H %k %M %C %/2r>C 1 9>8} =E9T 2 2D;y 0!M4H~ 3 H,?y >;9( 4 Bm OBCK 35MW K\ O@ J8 $G $O !$ JB 9T %" %/ %; %9 $K E,1~ 2D G= $J%* %V %8%’%/ %H $K $h$j !$ LZ9= B$ $N %k!< %H $J $I $K $* $1 $k %\ %H %k %M%C %/ $r 2r>C$9$k <j K! $r Ds0F$9 $k !%=>Mh$N JBNs =h M}7O $O %* %V %8 %’ %/ %H $N ?6 Iq$$$r @EE* $K Dj $a$F $$$? $?$a !$0lDj $N =h M} $N 8eJQ 2= $7 $J $/ $J $C$?%* %V %8 %’ %/ %H $N GS B> @)8f $r 4KOB$9 $k$h $& $J$3$H$O 9T $J$( $J$+ $C$? !%Ds0F$9 $k <B9T ;~ %a %=%C %I CV49 $O !$FI $_=P $7 @lMQ %a %=%C %I $N <B9T;~A}2C!$ %* %V %8 %’ %/ %H $N ITJQItJ, $N <B9T;~A}2C $K $h $C $F !$ GSB>@)8f$d 1s 3VDL ?. $r :o 8:$9$k$b$N$G $" $k !%Ds0FJ} <0 $r 6&M- %a %b %j7?$*$h $S J,;6 %a %b %j7?JB Ns7W ;;5! $K <B Au!$I>2A $r 9T $$ !$ $=$N 8z2L $r 3NG’ $7 $? !% Eliminating Bottlenec ks on P arallel Systems using Adaptiv e Ob jects 1 Shigeyuki EGUCHI 2 Ayumi KANI 3 Masahiro Y ASUGI 4 Kazuo T AKI Abstract This pap er prop oses a tec hnique to eliminate b ottlenec ks (e.g., around a ro ot of tree structure) b y adaptiv e ob jects for conccuren t accesses. Since the con v en tional parallel pro cessing systems �x ob jects’ b ehaiv ors, they cannot relax the m utual exclution for ob jects whic h ha v e �nished their initialization and b ecome imm utable. The prop osed dynamic metho d replacemen t eliminates the frequency of m utual exclusion and remote message passing b y dynamically increasing the n um b er of read only metho ds and the imm utable part of ob jects. This pap er also presen ts the implemen tation and the results of p erformance measuremen ts on b oth shared memory and distibuted memory parallel arc hitectures, whic h indicate the e�ectiv eness of our approac h. 1 $O $8 $a$K JBNs =h M} $G $O !$ $7 $P $7$P %7 %9 %F%‘ $N0l It $G$N %\ %H %k%M%C %/ $K$h$kA4 BN $N@- G= Dc 2< $, LdBj $K$J$k!% $3 $N $h $& $J %\ %H%k %M%C %/ $NB?$/ $O !$ %"%/ %; %9 $, =8Cf $9$k %* %V%8%’%/ %H$K $* $1 $k>uBV $N0l 4S @- J] ;} $N $? $a $NGS B> @) 8f $K $h$C $FH/@8 $9$k!% $3 $l$K BP $7 $F !$ %* %V %8 %’ %/ %H $N JB9T FI $_=P $7 $r 5v $9 $J $I $N GSB> @) 8f 5, B’ $N4K OB !$ %* %V %8%’%/ %H $N ITJQ It $N $_ $r MxMQ $9$k %a %= %C %I $NGSB> @) 8f $J $7 $G$N <B9T!$ IT JQ It J, $NJ# @= $H$$ $C $? <j CJ $K $h$j !$ GSB> @) 8f $, I,MW $H $J $k6h 4V!$ 2s ?t $r :o 8: $G $- $k !% $7 $+ $7 !$ 8= :_ $NJBNs =h M} 7O $G $O !$ $3$N$h $& $J5;K! $O @EE* $K $7 $+ E,MQ $5 $l$F$$ $J$$!% $3 $N $? $a !$ LZ 9= B$ $d %K %e !< %i %k %M %C %H %o !< %/ $J $I !$ It IJ $H $J$k %* %V%8 %’ %/ %H $N>uBV $, 9=C[ %U %’ !< %: $H MxMQ %U %’ !< %: $G JQ2= $9 $k >l 9g $J $I $K !$ $= $l $>$l $N >uBV $K 1~ $8 $?GSB> @) 8f 5, B’ $r MQ0U$9$k $H$$ $C$? $3$H $O 9T $J$($J$$ !% 1 ?@ 8M Bg 3X Bg 3X 1! <+ A3 2J 3X 8& 5f 2J The Graduate Sc ho ol of Science and T ec hnology , Kob e Univ ersit y , email: eguchi@chagall.cs.kobe-u.ac.jp 2 IY;NDL ( 3t ) F ujitu Limited 3 5~ ET Bg 3X Bg 3X 1! >p Js 3X 8& 5f 2J The Graduate Sc ho ol of Informatics, Ky oto Univ ersit y , email: yasugi@kuis.kyoto-u.ac.jp 4 ?@8M Bg3X 9)3X It >pJs CNG= 9) 3X2J Dept. of Computer and Systems Engineering, F acult y of Engineering, Kob e Univ er- sit y , email: taki@seg.kobe-u.ac.jp $3$N$h$& $JLdBj $K BP=h $9 $k $? $a !$ K\ O@ J8 $G $O JB9T %" %/ %; %9 $K 4X $7 $F E,1~ 2D G= $J%* %V %8 %’%/ %H $H !$ $= $N 5-=R <j CJ $H $7 $F <B9T ;~ %a %= %C %I CV49 $rDs0F $9$k!% $3 $l$K $h$j !$ JQ ?t $NFI $_=P $7 $N$_ $r 9T $J $& %a %=%C %I $N ?t5Z $S %* %V %8 %’%/ %H $N ITJQ It J, $r !$ <B 9T ;~ $K A}2C $5 $;$F$$$/ $3 $H $, 2DG= $K$J$k!% <B 9T ;~ %a %= %C %I CV49 $O %* %V %8%’%/ %H ;X8~ $K $* $1 $k%/ %i %9 $N7Q >5 5! 9= $r 3HD% $7 $F <B8= 2D G= $G$"$k!% K\ O@ J8 $G $O$5 $i $K !$ <B 9T ;~ $K %* %V %8 %’%/ %H $N ITJQIt J, $N $_ $r MxMQ $9$k $h $& $K$J$C $? %a %=%C %I $N !J GS B>@) 8f$d 1s 3VDL ?.$N M-L5 $r 4^ $‘ !K <B 9T <j =g$r @Z BX$( $k $N $K == J,$J >r 7o $r !$<B 9T ;~ %a %=%C %I CV49 $K$h$k %a %= %C %I >uBV A+ 0\ $N>pJs $J $I $+$i @EE* $K 2r@O$9$k %" %k %4 %j %: %‘ $r <($9 !% 0J 2< $K K\ O@ J8$N 9= @. $r <($9 !% 2 @a $G$O !$2f !9 $, 3+ H/Cf $N %* %V%8%’ %/ %H ;X 8~ JB Ns 8@ 8l OP A [9] $NGSB> @) 8f%b %G %k $K $D$$ $F =R$Y $k !% 3 @a $G$O !$<B 9T ;~ %a %=%C %I CV49 $K $D $$$F =R$Y $k !% 4 @a $G$O !$GSB> @)8f ITMW %a %= %C %I (free %a %=%C %I $H 8F $V ) $N 8!=PJ}K! $r <($9 !% 5 @a $G $O 6&M- %a %b%j JB Ns %"!< %-%F%/ %A %c >e $N<BAu $K $D $$$F !$ 6 @a $G$O J, ;6 %a %b %jJB Ns %" !<%-%F %/ %A%c >e$N <B Au $K $D$$$F =R$Y $k !% 7 @a $G$O <BAu $7 $? =hM} 7O$N @- G=I>2A 7k2L $r <( $9 !% 8 @a $G 4XO"8& 5f $K $D$$ $F=R $Y$k!% 1

2 %* %V %8 %’ %/ %H ;X8~JBNs8@8l OP A K\@a $G$O !$ %* %V %8 %’ %/ %H ;X8~JBNs8@8l OP A $N GS B> @) 8f %b %G%k $K$D $$ $F=R $Y $k !% OP A $O Ja v a 8@ 8l [2] $rJB Ns $K3HD% $7 $?$b $N $G !$ Ja v a $N %9 %l %C %I $NBe $o $j $K !$ 9= B$ 2= $5 $l $? JBNs 9= J8!$ F1 4| 5! 9=!$ Ds0F $9$k GS B>@)8f %b %G %k $r AH $_ 9~ $s$@ $b$N $G $" $k !% GS B> @) 8f$N 4K OB $K $‘ $1 $F !$ OP A $G $O 3F%* %V %8 %’ %/ %H >e $G %$ %s %9 %? %s %9JQ ?t $r FI $_=P $9 $N$_ $N %a %= %C %I $N JBNs <B9T $r 5v$9 !% $^ $? !$ JQ 2= $7 $J $/ $J$C $?JQ?t $rFI $_=P $9 $N $_ $N %a %= %C %I (free %a %= %C %I ) $r $G$- $k $@ $1 GSB> @) 8f $J $7 $G <B9T $9 $k $3 $H $G =h M} 8z N( $N8~ >e $r $O$+ $k !% 2.1 instan t %a %= %C %I OP A $G$O !$ %-!< %o !< %I instan t $r$D $1$F@k 8@ $5 $l $? %a %= %C %I $r !$%a %= %C %I $N %$ %s %9 %? %s %9 JQ ?t $X $NJ8 LL >e $N %" %/ %; %9 $K 1~ $8 $F !$ FI $_=P $7 @lMQ (R O) $H FI $_ =q $- N>MQ (R W) $K J,N‘$9$k !% instan t %a %=%C %I $N F0:n $r ?^ 1 $K <($9 !% instan t %a %= %C %I $O $^ $: :G=i $K I,MW $J%* %V %8%’%/ %H $N JQ?t $r0E L[ $N 6I =j JQ ?t $K0l 3g FI $_ =P $7 ( %3 %T !< ) $7 !$ $3 $l$rMx MQ $7 $F %a %=%C %I $r <B9T $9 $k!% R W %a %=%C %I $G JQ99 $5 $l$?6I =j JQ ?t $NCM $O !$ Sc hematic [8] $H F1 MM $K !$ %* %V %8%’ %/ %H K\BN $K 0l3g $7 $F =q $-La $5 $l $k !% OP A $G$O !$ $= $l 0J>e $N6I =j JQ ?t $N99 ?7 $,$J$$E@ $r0l3g 99 ?7 E@ $H $7 !$ %3 %s %Q %$ %i $K $h $k%U%m!< 2r@O $G$3 $l $r 5a $a$k !% R O %a %= %C %I : (R O1) %a %=%C %I $N%k %C %/%"%C %W!$ (R O2) %a %= %C %I 5/F0 !$ (R O3) %* %V%8%’ %/ %H $N>uBV $r %m !<%+ %k JQ?t $X0l 3g FI $_9~ $_!$ (R O4) %a %= %C %I K\BN $N <B9T!% R W %a %= %C %I : (R W1) %a %=%C %I $N%k %C %/ %" %C %W!$ (R W2) %a %=%C %I 5/F0!$ (R W3) 0l3g FI $_9~ $_ (R W4) 0l 3g 99 ?7 $^ $G $N=h M} !$ (R W5) %* %V%8 %’ %/ %H$r 0l 3g 99 ?7!$ (R W6) %a %=%C %I $N ;D$j$N<B9T !% R O1{R O3 $r R O 6h4V!$ R W5 $r W 6h4V !$ R W1{ R W5 $r R W 6h4V $H $9$k !%GSB>@)8f $O !$ %G !<%? $r FI $_=P $7 !$ 2C 9) $7 $F =q $-La $9 $H$$ $& =h M} $N0l 4S @- $rJ] $D$?$a$K R W 6h 4V <B 9T 4V $G !$0l 4S @-$N$" $k %G !< %? $r FI $_ =P$9 $?$a R O 6h4V<B9T $H W 6h4V<B9T$N4V $G I,MW $K $J $k !% R O1 !$ R W1 $, GS B>@) 8f $, I,MW $J 6h4V $K F~ $C $F$$$k $N $O !$ <B 9T ;~ %a %=%C %I CV49 $r MxMQ $9$k >l 9g!$ %a %= %C %I $N %k%C%/ %" %C %W $+$i 5/F0 $^ $G$H !$ %* %V%8 %’%/ %H $N99?7 $H$N4V $G GSB> @) 8f $, I,MW $K$J$k $+ $i$G $" $k !% $^ $? !$ R O 6h 4V <B 9T 4V$K GS B> @) 8f$N I, MW$O $J $/ !$ instan t R O %a %= %C %I $O %* %V %8 %’ %/ %H Fb$G F1 ;~ $K J# ?t $, %V %m %C %/ $J $7 $G <B9T2DG= $G $" $k !% ?^ 1: instan t %a %=%C %I 2.2 free %a %= %C %I %* %V %8%’%/ %H $NJQ2= $7 $J$$JQ?t $r FI $_=P $9 $N $_ $N %a %=%C %I $O !$GSB>@) 8f$J $7 $G <B9T $G $- $k !% OP A $G $O !$ $3 $l $r free %a %=%C %I $H 8F $V !% %* %V %8 %’ %/ %H $N IT JQ MW AG$O %m !< %+%k $J 4D 6-$K %3 %T !< $G$-!$ $3 $l$K$h$C $F free %a %= %C %I $, %m!<%+ %k $K <B9T $G$-$k $? $a !$ free %a %=%C %I $O J,;6 %a %b %j 4D 6- $G $N @-G=8~>e $K FC $K M-8z $G$" $k !% $7 $+ $7 $J $,$i !$ 8e =R $N<B9T ;~ %a %= %C %I CV49 $r :NMQ $9$k $H !$ <B 9T ;~ $K free %a %= %C %I $r A} $d $7 $F$$ $1 $k $H $$ $& Bg $- $JMxE@ $O$"$k $b $N $N!$%a %= %C %I $N AH9g $; $N ?t $O :G0-!$ ;X ?t %*!< %@ $H$J$j !$ $"$k %a %=%C %I $, free %a %= %C %I $H$J$k $? $a$N== J, >r 7o $r @E E* $K 2r@O $9$k $N $O :$Fq $H $J$k!% %3 %s %Q %$ %i $N2r@O G= NO $K $h$C $F 8@8l $N 0U L#O@ $, JQ $o $k$N $O 9% $^ $7 $/ $J $$$? $a !$ OP A $G $O free %a %=%C %I $r 8@ 8l$N >e$G$O :N MQ$;$:!$ instan t R O %a %=%C %I $, free %a %= %C %I $H$J$k>r7o $rK~ $? $7 $? >l9g $N $_!$ <B 9T ;~ $K <+F0 E* $K !J GSB> @) 8f $d 1s3V DL ?. $N M-L5 $r4^ $‘ !K <B 9T <j =g $r@ZBX $($k $b $N $H$9$k!% $3 $l$K$h$j !$ 40 A4 $J2r @O $, J]>Z $G$- $J$$ free %a %= %C %I $r !$8@8l $N 0UL#O@ $r Jx$9 $3$H$J $/MxMQ $G $- $k !% 3 <B9T;~ %a %= %C %I CV49 %* %V %8%’%/ %H$, @8@. $5 $l !$ $"$kDx EY =h M} $, ?J9T $9 $k $H ( %* %V %8 %’%/ %H$, @.=O $9 $k $H ) !$ R W %a %= %C %I $N Cf $K !$ FsEY $H 8F $P $l $J$$ !$ $^ $? $O%* %V %8 %’%/ %H $N 99 ?7 $r 9T $J$o$J$$$b$N $, 8= $l $k>l9g $, $" $k !% OP A $G $O !$<B9T ;~ %a %=%C %I CV 49 $K $h $j !$ 99 ?7 $r 9T$J$o $J $/$J $C $? R W %a %=%C %I $r BP 1~$9 $k R O %a %= %C %I $K CV49$9$k $3$H $,$G $- $k !% 3.1 J8K! 0J2< $K OP A $G $N <B9T;~ %a %=%C %I CV49 $NMxMQK! $r <( $9 !% CV 49 2D G= %a %= %C %I m1 $r %a %= %C %I m2 $K CV49 $9 $k>l9g !$ setmethod(m1, m2); 2

?^ 2: <B9T;~ %a %=%C %I CV49 $N$h $& $K 5- =R$9$k !%CV498e $O %a %= %C %I m1 $r 8F $S =P $9 $H %a %=%C %I m2 $, 5/F0$9 $k !% %a %= %C %I $r =i4|>u BV $K La$9$K$O CV 49 @h $K %- !< %o !< %I initial $r ;X Dj $9 $k!% $^ $? !$ $= $N %a %=%C %I $, :#8e 8F $P$l $J$$ $3 $H $r L@ <( $9$k $?$a $K$O !$CV49 @h $K%- !<%o!< %I null $r ;XDj $9 $k!% CV 49 7k 2L $NH?1G $O %$ %s %9 %? %s %9 JQ ?t $N0l 3g 99 ?7 ;~ $K $^ $H$a $F9T $J $& !% $^ $? !$ CV 49 2DG= %a %=%C %I $K $O @k 8@It $K %- !<%o !< %I replaceable $r $D$1 $k$b$N $H $9$k !% OP A $G $O !$%9 %l %C %I 4V$N DL ?. !$F14| $K %a %=%C %I CV 49 $r MxMQ $G$-$k!%%a %= %C %I CV49 $K $* $$ $F !$ CV 49 @h $N %a %= %C %I L> $K %-!< %o !< %I suspends $r;X Dj $9 $k $H!$ $= $N %a %= %C %I $r 8F $S =P $= $& $H $7 $? %9 %l %C %I $O $= $N>l $G%5 %9 %Z %s %I $9$k!% B> $N %9 %l %C %I $, %a %= %C %I $r DL>o $N %a %= %C %I $K CV49 $9$k $3 $H $G !$ $= $N %9 %l %C %I $O F0:n $r :F3+$9$k !% suspends $K $D$$$F !$K\O@J8 $G$O$3 $l 0J>e?( $l $J $$ !% %* %V %8%’%/ %H ;X8~ $NN)>l $+ $i$_$k $H !$%a %= %C %I CV 49 $O%* %V%8 %’%/ %H $K FO $$ $? %a %C %;!< %8 $NL>A0 $rJQ99 $7 !$ <+ %* %V %8 %’ %/ %H $K Aw $jD> $9 $H Dj5A $G$- $k!% %a %C %;!< %8$r Aw$k B& $+ $i <B:] $K 5/F0 $5 $l $k %a %= %C %I $, FC Dj $G$- $J$$E@ $O DL>o $NCY1d B+ G{ $HF1MM $G$"$k!% $3 $N N) >l $+ $i 8+ $? %a %= %C %I CV49 $NF0 :n $r ?^ 2 $K <( $9 !% $^ $? !$ ?^ 3 $K %W %m %0 %i %‘Nc $H $7 $F FsJ,LZ<-=q%/ %i %9 $r <( $9 !% $3$N %W %m %0 %i%‘ $K $* $$ $F !$ R W %a %= %C %I insert $O :8 1& $N;R%N !< %I $, @8@. $5 $l $? 8e!$ %$ %s %9 %? %s %9 JQ ?t $N99?7 $r 9T $J $o $J $/ $J $k!% $h $C $F !$ Ey 2A $J F0:n $r$9 $k R O %a %=%C %I insertF $K CV49$9$k $3 $H $G !$ =h M} $, 9b B.2= $G$- $k !% R O %a %=%C %I $O JBNs<B9T2D G= $G$" $k $N $G!$ LZ 9= B$ $N:, $J $I $G$b %\ %H%k%M %C %/ $H $J $i $J $$!% 3.2 %a %= %C %I CV 49$K $h $k free %a %= %C %I $N <B 9T ;~ A}2C <B 9T ;~%a %= %C %I CV 49 $r 9T $J $$ !$ R W %a %= %C %I $r R O %a %=%C %I $K CV 49$9$k $3$H$G !$ (1) GSB>@) 8f $, I,MW $J class BinTree{ internal int key, value; internal BinTree left=null,right=null; public BinTree(int k, int val){ key = k; value = val; } public instant int search(int k, int v){ !D } public replaceable instant void insert(int k, int val){ if(k < key){ if(left != null)left.insert(k, val); else { left = new BinTree(k, val); if(right != null) setmethod(insert, insertF); } }else{ if(right != null)right.insert(k, val); else { right = new BinTree(k, val); if(left != null) setmethod(insert, insertF); } } } internal instant void insertF(int k, int val){ if(k < key)left.insert(k, val); else right.insert(k, val); } } ?^ 3: %W %m %0 %i %‘ Nc ( FsJ,LZ<-=q ) 6h4V $, =L>. $5 $l $k $3 $H $K $h$k%9 %l %C %I 4V $NJBNs @- 8~ >e !$ (2) CV49@h $N R O %a %=%C %I $r 5-=R$9$k:] $K !$ $= $N ;~E@ $G$N=h M} $K 1~ $8 $? %a %= %C %I Fb MF $N:G E, 2= $, 9T $J$( $k !$ $N FsE@ $K $h$j =hM} $N 9bB.2= $, 9T $J $( $k !% 2C $( $F !$ <B 9T ;~%a %= %C %I CV 49 $r Mx MQ $7$F %* %V %8 %’ %/ %H $N >uBV A+ 0\ $r 2r@O $9 $k $3 $H $G !$ 99 $K <B9T ;~ $K free %a %=%C %I $r A}2C$5 $; $k $H$$ $& :GE,2= $, 2DG= $G$" $k !% %a %=%C %I $, free $G $"$k $? $a $K $O !$%a %= %C %I $, R O %a %= %C %I $G$+ $D !$ %a %= %C %I $, FI $_=P $9It J, $, :#8eJQ 2= $7 $J$$ $3 $H $, I,MW $G$"$k!% %* %V %8%’%/ %H$K$O I, $: =i4|2= ( %3 %s %9 %H %i %/%? $N8F $S $@ $7 ) $, I,MW $J$?$a !$ 8e <T $N>r 7o $O>/ $J$/ $H $b =i 4| 2= 8e $K $7$+ @. N) $7 $J $$!% $3$3 $G !$ %3 %s %9 %H %i %/ %? $O%* %V %8%’%/ %H $N =i4| 2= 8e 8F $P$l $J$$ $H$9 $k $H !$ $$$/ $D $+$N %a %= %C %I $, free $K $J $k2DG=@- $, =P $F $/$k 1 !% %* %V %8%’%/ %H $N3F %$ %s %9 %? %s %9 JQ ?t $, 99?7 $5 $l F@ $k $+ $I $& $+ $O !$ %* %V %8%’%/ %H $N$= $N;~E@ $G 8F $P$l F@ $k %a %=%C %I $N =89g $+$i 2r@O $G$-$k!% $3$N %a %= %C %I $N =8 9g $O %a %= %C %I CV 49 $K $h $C $F JQ 2= $9 $k $? $a!$ %3 %s%Q%$ %i $K $* $1 $k %* %V %8 %’%/ %H $N >uBV A+0\ $N2r@O $O %a %=%C 1 Ja v a $G$O%3 %s %9 %H %i %/%?<B9T;~ $K%3 %s %9 %H %i %/ %?0J30 $N %a %=%C %I $O <B9T$5 $l$J $$$h $& 9)IW $5 $l$F $$ $k !% 3

%I CV49 $rMxMQ $7 $F 9T $J $& $3 $H $,$G$-$k!% $3$N2r @O $K $h $C $F free $G$" $k $HH=CG $G$- $? R O %a %= %C %I $O !$ =h M}7OFbIt $G <+F0 E* $K free %a %=%C %I $H $7 $F 07 $o $l $k !% $? $@ $7 !$ %a %= %C %I $, %* %V %8 %’%/ %H$+$i FI $_=P $9>p Js $K $O$=$N %a %= %C %I $NCV49 >p Js $b4^ $^ $l $k $? $a!$ CV 49 2D G= %a %= %C %I $, free %a %= %C %I $K$J$k $? $a $K $O !$ :# 8e $=$N %a %=%C %I $, CV49 $5 $l $J $$$3$H$b >r7o $H$J $k !% %a %= %C %I CV49 $r 9T $J $& >l 9g!$ %a %= %C %I $r <h $j=P $9 $^ $G %a %=%C %I %? %$ %W $, R O !$ R W !$ free $N $$$:$l $+ J, $+ $i$:!$ $^ $?CV49 $, $$$DH/@8 $9 $k $+$b J, $+ $i$J$$ $? $a !$%a %= %C %I $N %k%C%/ %"%C %W <+BN $K$bGSB>@) 8f $, I, MW $K$J $kE@ $K Cm0U $, I,MW $G$"$k!% FC $K !$ F@ $i $l $? %a %= %C %I $, R O $N $H$- $K !$ %m %C%/ A‘ :n $J $I $r ;H $o $J $$$h $& $K $9$k 9)IW $, =EMW $G $" $k !% $^$? !$8=:_ $N Ja v a $N J8K! $G$O !$:G $b 6/$$%" %/ %; %9@) 8B$r <( $9 =$ >~ ;R private $G $b !$F1 $8 %/%i %9$N B>%* %V %8 %’ %/ %H $+ $i $N D> @\ ;2 >H$r 6X ;_$G $- $J $$ $? $a!$ >o $K A4 $F$NJQ ?t $, 30It $+ $i =q $- $+$( $i $l $k2D G= @- $r ;}$D !% OP A $G $O !$ %" %/%; %9@) 8B $r <($9 =$ >~;R internal $r F3 F~$9$k !% $3 $l$O !$BP>] $H$J $k %$ %s %9 %? %s %9JQ ?t !? %a %= %C %I $K BP$9 $k!$ 0l @Z $N30It $+ $i$N %" %/ %; %9 $r6X;_ $9$k!% $3 $l$K $h$j !$ 99 ?7 $5 $l$J $$JQ ?t $r A}2C $5$;$k $3$H $,$G $- $k !% <B9T;~ $N %* %V %8 %’%/ %H $N >uBVA+ 0\ $r 9MN8 $7 $F free %a %= %C %I $N A}2C $r?^$k $? $a $K $O !$ <B 9T ;~ %a %= %C %I CV 49 0J 30 $K JQ ?t $N:G=* =q $-9~ $_ $rL@<( $9 $k $H$$ $& <j CJ $b9M $( $i $l $k!% $7 $+ $7 !$ $3$NJ}K! $G $O :G=* =q $-9~ $_ $r 9T $& %a %=%C %I $O free %a %= %C %I $K$J $i $:!$ $^ $?8m $C $?:G=* =q $-9~ $_ $N@EE* $J2r@O $O :$Fq $G$"$j !$ <B 9T ;~ $N %A%’ %C%/ $, I,MW $K$J $k $, !$ JQ?t $X $N =q $-9~ $_Kh $K $3 $l$r 9T $J $& $N $O%*!< %P!< %X %C %I $, Bg $- $$ $H$$ $& Ld Bj $, $" $k !% 4 free %a %= %C %I $N 8!=P %"%k %4 %j %: %‘ 4.1 %" %k %4 %j %: %‘ :G=i $K%" %k %4 %j %:%‘ $N35N, $r =R $Y$k!% $^ $:!$ %* %V %8%’%/ %H $N$= $N;~E@ $G 8F $P$l F@ $k %a %= %C %I $N AH9g $; ( %a %= %C %I >uBV ) $N !$ %a %= %C %I CV49 $K $h$kA+ 0\ $rI= $7 $?M- 8~ %0 %i %U $r9M $( $k!% %k!< %W $r 9=@. $9 $k%N !< %I $r $^ $H $a $FIT 2D 5U $J>u BV A+ 0\ $K4X $9 $k >p Js $rF@ $k $? $a!$ %0 %i%U$N6/O" 7k @. J, $r Cj=P $7 !$ $3$N@.J, $4 $H $K free %a %= %C %I $N 8!=P $r 9T $J $& !% 0J 2< $K%" %k %4 %j %: %‘ $N>\ :Y $r =R $Y$k !% %a %= %C %I $N %k %C %/ %" %C %W $O !$ %a %C %; !< %8 !J a !K $r %a %=%C %I!J m !K $K <L$94X?t $H$_$J$;$k !% $^ $? !$ %a %=%C %I %F !< %V %k !J T !K $O 4pK\E* $K %/ %i %9Kh $K MQ0U $5 $l $k $, !$ free %a %=%C %I $r ;HMQ $9$k:] $O !$ %/ %i %9 $K J#?tMQ 0U$5 $l $k !% T $O %a %C %;!< %8$r%F !< %V %k%( %s %H %j !J e !K $K <L$9 !% T = f a 1 7! e 1 ; ::: ; a n 7! e n g 3F CV 49 2D G= %a %= %C %I $N>u BV $r5- 21 $9 $k $? $a $N >l =j $O !$ $= $NCV49 2D G= %a %= %C %I $r ;} $D %* %V %8 %’%/ %H Kh $K MQ0U $5 $l $k !% $= $N >u BV $, 5- 21 $5 $l $k 0L CV x $O %5 %V %/%i %9 $N$* $$ $F$b6& DL $G$"$k!% %F!< %V %k%( %s %H %j e $O %a %= %C %I $N%? %$ %W !J R O, R W, or, free !K $, ;XDj $5 $l$? %a %= %C %I m $+ !$0LCV x $G $" $k!% e ::= R O m j R W m j F ree m j Replaceable x %a %= %C %I >u BV $O !$ M = ( T ; S; H ; R ) $G I= $5 $l $k!% R $O JQL>5, B’ $G$"$j !$ 3F >l =j $G BP1~ $9$k %a %C %;!< %8$r J];}$9$k !% R = f x 1 7! a 1 ; . . . ; x n 7! a n g S ( m ) $O %a %= %C %I m $N<B9T $K$h$jH/@8 $7 F@$k %a %= %C %I CV49 !J $3 $l $b R $G I=$9 !K $N =89g $r M? $( $k !% S = f m 1 7! f R 11 ; . . . ; R 1 l 1 g ; . . . ; m n 7! f R n 1 ; . . . ; R nl n gg %a %C %;!< %8 ( a ) $O %a %=%C %I $N ?t $@$1 MQ0U $5 $l $k!% CV 492D G= %a %= %C %I $N %( %s %H %j $NFb MF $O %a %= %C %I K\BN $G $J $/ 0L CV x $G$"$k $? $a !$ JL $K CV 49 2D G= %a %= %C %I $N=i 4| %a %=%C %I $X $N %(%s%H %j $, I, MW$G $" $k !% $3 $N $? $a !$ 1# $l$? %a %C %; !< %8 H = f a 1 ; . . . ; a n g $rF3 F~ $9 $k !% %a %= %C %I CV49 R $K $h $C $F !$JQL>5, B’ R 1 $O 0J2<$N$h $& $K 4X78$9$k>l=j $r >e=q$-$9$k $3$H $G !$ R 2 !J R 1 R $H I=5- !K $K JQ99$5 $l $k !% Dom( R 2 ) = Dom( R 1 ) [ Dom( R ) and R 2 ( x ) = � R 1 ( x ) if x 2 Dom( R 1 ) � Dom( R ) R ( x ) if x 2 Dom( R ) %a %=%C %I %k %C %/%"%C %W 4X ?t lo okup $O 0J 2<$N $h $& $K Dj5A$5 $l $k !% lo okup ( a; T ; R ) = r ename ( T ( a ) ; T ; R ) where !$ r ename (R O m; T ; R ) = m r ename (R W m; T ; R ) = m r ename (F ree m; T ; R ) = m r ename (Replaceable x; T ; R ) = lo okup ( R ( x ) ; T ; R ) $^ $?!$ %a %= %C %I >uBV $N2D G= $JA+0\ M 1 ! M 2 $O 0J 2< $N Dj5A $K $h$j Dj$^$k !% M 1 ! M 2 i� (( 9 m 2 MS ( T 1 ; H 1 ; R 1 ) : 9 R 2 S ( m ) : R 2 = R 1 R ) ^ T 1 = T 2 ^ S 1 = S 2 ^ H 1 = H 2 ) where M 1 = ( T 1 ; S 1 ; H 1 ; R 1 ) and M 2 = ( T 2 ; S 2 ; H 2 ; R 2 ) 4

$? $@ $7 !$ MS ( T ; H ; R ) $O !$ 8= :_ $N %a %= %C %I >u BV $K$* $$ $F !$ 8F $S =P $5 $l F@ $k %a %= %C %I %; %C %H $r I= $7 $F$* $j !$ 0J2< $N$h $& $K Dj5A $5 $l $k !% MS ( T ; H ; R ) = f m j 9 a 2 (Dom( T ) � H ) : m = lo okup ( a; T ; R ) g 0J>e $NDj 5A $r85 $K free %a %= %C %I 8!=P %" %k %4 %j %:%‘ $N 35MW $r 0J2< $K <($9 !% $^ $? !$ $3 $l $r ?^ 4 $K <($9 !% free %a %= %C %I 8!=P %"%k %4 %j %: %‘ F~NO : =i4| %a %=%C %I >uBV M 0 = ( T 0 ; S 0 ; H 0 ; R 0 ) =PNO : A+0\>r7oIU $- D A G (a Directed Acyclic Graph) N out = ( G out ; c out ) G out : D: E@ $r %a %= %C %I %F !< %V%k !J T !K $H $9 $k D A G c out : G out $NJU $KBP $7 $F !$ A+ 0\ >r 7o f R 1 ; . . . ; R n g $r BP1~ $5$;$k 4X?t A+ 0\ >r 7o f R 1 ; . . . ; R n g : %a %=%C %I >u BV$N JQ L> 5, B’ $, R 1 ; . . . ; R n $N$$ $: $l$+ $G $" $k $3$H =PNO$N 0U L# !’ A+ 0\>r 7o $, @.N) $7 $? ;~ !$ %a %=%C %I %F!< %V %k $r G out $K 1h$C $F @ZBX $($i $l $k !% #1 !% =i4|>uBV $r%; %C %H $9$k !% G 0 = ( V 0 ; E 0 ) = ( f M 0 g ; fg ) #2 !% G = G n +1 = G n $K $J $k $^ $G 0J 2<$N <j =g $r 7+ $j JV $7 !$M-8~ %0 %i%U G $r @8@.$9$k !% ( ?^ 4 -(1) ) G n +1 = ( V n +1 ; E n +1 ) = ( V n [ f M 0 j 9 M 2 V n : M ! M 0 g ; E n [ f ( M ; M 0 ) j 9 M 2 V n : M ! M 0 g ) #3 !% G >e$9$Y$F $N 6/O" 7k @. J, $r 8! =P$9 $k !% !J 6/ O" 7k @. J, $rD: E@ $H$9 $k %0 %i %U G sc ( ?^ 4 -(2) ) $O D A G $N 7A $r @.$9 !% !K #4!% 3F 6/ O" 7k @. J, Kh $K free %a %= %C %I $r 8! =P $9$k !% $3 $N:]!$ G sc >eKv C<B& $ND:E@ $+ $i 9T $J $& $3$H $G 7W;; NL $, 8: $i $; $k !% ( a; m ) $, free %a %=%C %I $G $" $k>r 7o $O !$ (1) %a %=%C %I $N 7? $, R O $G $" $k (2) 8=:_0J 9_ $NE@ $G !$ a $K $* $1 $k lo okup $N 7k 2L $, >o $K m $H $J $k (3) 8= :_ 0J9_ $N E@ $G $N M S $K 4^$^ $l $k %a %=%C %I $, !$ m $, FI $_ =P$9JQ?t $N 99?7 $r 9T $J$o$J$$ !% #5!% 3F 6/ O" 7k @. J, Kh $K 8!=P $5 $l $k free %a %= %C %I $K $D $- T $r 99?7 $7 $? T 0 $r =‘Hw$9$k !% T 0 = T f a 1 7! F ree m 1 ; . . . g #6!% G out $H $7 $F T 0 $r D:E@ $H$9$k G sc $H F17A !J $? $@ $7 !$ T 0 $, F1 0l$N D: E@ $O 0l $D$K $9 $k !K $N D A G $r 9= @.$9 $k$H 6& $K !$ $=$N JU $K c out $N M?$( $k A+ 0\ >r 7o$r f R j ( T ; S ; H ; R ) $, G sc $N JU $K BP 1~ $9 $k G >e$N $$ $: $l$+ $N JU $N =*E@ $G $" $k g $H $9 $k!% ( ?^ 4 -(3) ) ?^ 4: free %a %=%C %I 8!=P %" %k %4 %j %: %‘ 4.2 2r@ONc #2 J, LZ <- =q %/%i %9 $K $* $1 $k G $O 0J 2<$N $h $& $K $J $k!% $? $@ $7 !$ search %a %= %C %I $O 9M N8 $K F~ $l$F $J $$!% G = ( f M 0 ; M 1 g ; f ( M 0 ; M 1 ) g ) where, M 0 = ( T 0 ; S 0 ; H 0 ; R 0 ) M 1 = ( T 1 ; S 1 ; H 1 ; R 1 ) T 0 = T 1 = f insert 7! Replaceable x insert ; insertF 7! R O m insertF ; a insert 7! R W m insert g S 0 = S 1 = f m insert 7! ff x insert 7! insertF gg ; m insertF 7! fgg H 0 = H 1 = f a insert g R 0 = f x insert 7! a insert g R 1 = f x insert 7! insertF g $3$NNc $K $* $$ $F M 0 !$ M 1 $O !$ $= $l $>$l 6/ O" 7k @. J, $G $" $k !%7k6IF@ $i $l $k7k2L $O 0J2< $N DL$j $G$" $k !% N out = (( f T 0 ; T 0 1 g ; f ( T 0 ; T 0 1 ) g ) ; f ( T 0 ; T 0 1 ) 7! f R 1 gg ) where, T 0 1 = f insert 7! F ree m insertF ; insertF 7! F ree m insertF ; a insert 7! R W m insert g $3$3$G !$ a inser t 2 H 1 $J $N$G !$ R W m inser t $, 8F $S =P$5 $l $k $3$H $O L5$$ !% 5 6&M- %a %b %j 7?JBNs7W;;5! $X$N <BAu SGI <R @= 6& M- %a %b%j 7? JB Ns 7W ;; 5! PO WER On yx (MIPS R10000(195MHz) � 12 8D !$ %a %b %j 2GB) $K BP $7 $F =hM}7O $r <BAu $7 $? !% OP A $N %3 %s %Q %$ %i $O !$ OP A $N %= !< %9 %W %m %0 %i %‘$r C %3 !< %I $K JQ 49 $9 $k !% %i %s %? %$ %‘ $O !$ 2> A[ %a %b %j 6u4V $r 6&M- $9$k OS $N %W %m %;%9 $r3F %W %m %; %C %5 $K 0l $D @8 @. $7 !$ OP A $N %9 %l%C %I $O A4 $F$3$N%i %s %? %$ %‘ $G 4IM}$5 $l $k !% 5.1 GSB>@)8f $N <BAu 2.1 @a $G =R $Y$? DL $j !$ instan t %a %=%C %I $N <BAu $K I, MW $JGSB> @) 8f $O R W 6h4V <B 9T 4V $H !$ R O 6h4V <B 9T $H W 6h4V<B9T $N 4V $N$b$N$N$_ $G$" $k !% R W 6h4V F1 ;N $NGS B> @)8f $K $D $$ $F $O !$ %* %V %8%’%/ %H $K ;HMQ Cf %U%i %0 $H ;HMQ BT $A%9 %l %C %I %- %e !< $r MQ0U $9$k $3 $H $G 9T $J $& !% ;H MQ Cf %U%i %0 $H%- %e !< $N99?7 $K $D$$$F$N GSB>@)8f $K$O %m%C %/ $r MQ$$ $? !% 5

?^ 5: %* %V %8 %’ %/ %H $N <BAu R O 6h 4V $H W 6h 4V$N GS B> @) 8f $K$O !$ %P !< %8 %g %s HV9fJ} <0 [6] $r MQ$$$? !% $3 $l $O [5] $r 2~ NI $7 $? $b $N $G !$ 3F %* %V%8%’%/ %H$K HV 9f ( =i4| CM 1 !$ 99 ?7 Cf 0 !$ 99 ?78e 99 ?7 A0$N CM +2) $r $D$1 $F %* %V %8 %’ %/ %H $r 4I M} $9 $k $b $N $G$"$k!% $3 $NJ}<0 $O%m %C %/ A‘ :n $r 0l@Z MQ $$ $: $K J#?t $N %9 %l %C %I $, F1;~ $K CM $r FI $_=P $;!$ Dc %3 %9 %H $G 9b $$ JBNs@- $r <B8= $G $- $k $3$H $, MxE@ $G $" $k !% 5.2 %* %V %8 %’%/ %H $N <BAu %* %V%8 %’ %/ %H$O !$ C 8@ 8l >e $G $O9= B$ BN $GI= 8= $5 $l !$ GS B> @) 8f $N $? $a $N4IM} >p Js!$ %a %= %C %I %F!< %V %k$X$N ;2 >H !$ %$ %s %9 %? %s %9 JQ ?t %F !< %V %k $J $I $G 9= @. $5 $l $k !% ;R %/ %i%9 $N %* %V %8 %’%/ %H $r ?F%/ %i %9 $N %* %V %8%’%/ %H $H $7 $F MxMQ $G$-$kIt J, 7? $N5! G= $rDc %3 %9 %H $G <B 8= $9 $k $? $a!$ %* %V %8 %’%/ %H 9=B$ BN $O ?F%/ %i%9 $N9=B$ BN $K ;R %/ %i%9 $G Dj5A $5 $l$? %$ %s %9 %? %s %9 JQ ?t %F!< %V %k$r IU 2C $7 $? 7A $G Dj5A $5 $l $k!% $^ $? !$%a %=%C %I $N CV49 >p Js $b %$ %s %9%? %s %9JQ ?t%F !< %V %k$K 5- 21$5 $l $k !% %* %V %8 %’ %/ %H $N 9=@. $r ?^ 5 $K <($9 !% %a %= %C %I %F!< %V %k $O !$ %* %V %8%’%/ %H $N$= $N;~E@ $G 8F $P$l F@ $k %a %= %C %I $K 4X$9 $k >p Js $r J];} $9 $k!% 3F %a %=%C %I $K 4X $7 $F !$ %a %=%C %I $, CV 49 2D G=$G $J$1$l$P !$ %a %= %C %I %? %$ %W $H %a %= %C %I $r <B8= $7 $F$$$k C $N4X ?t $X $N;2>H $, 3JG< $5 $l $k!% CV49 %a %=%C %I $N >l9g %a %=%C %I %? %$ %W $O replaceable $H $J $j !$ %a %=%C %I K\BN$X$N ;2 >H $K Be $o$j !$ %$ %s %9 %? %s %9 JQ ?t %F!< %V %k Fb $N$= $N %a %=%C %I $N CV 49 >p Js$X $N %* %U %; %C %H $, 3J G< $5 $l $k !% CV 49 >p Js $O !$%a %= %C %I %F!< %V %k Fb $NCV49 @h %a %= %C %I $N %a %= %C %I >pJs $X $N%* %U%; %C %H$+$i$J $k!% $3 $l$i$N >pJs $O ?^ 6 $N$h $& $K I=8= $G $- $k !% 5.3 CV49 %a %= %C %I $N 5/F0 %7 !<%1 %s %9 ?^ 7 $K !$5?;w%3 !< %I $K $h $k o.message(args) $K BP1~ $9$k %a %=%C %I 5/F0<j=g $r <($9 !% $3 $l$K $h$j !$ 4 @a $G Dj5A $7 $? 4X?t lo okup $K =>$C $F %k%C%/ %" %C %W$, 9T $J $o $l $k $3 $H $,$o $+ $k!% <B Au 5; =Q $H $7 $F Cm0U$9 $Y $- E@ $O !$ R O %a %=%C %I $K %P !< %8 %g %s HV 9f 2 $r EO $9 $3 $H $G %a %= %C %I $, free $G$"$k $3 $H $r DL CN $7 $F $$ $k E@ $G $" $k !% ?^ 6: CV49 %a %=%C %I $N%k %C %/ %"%C %W %a %= %C %I CV49 @h $, CV49 %a %=%C %I $G$"$C $?>l9g!$ CV 49 $N;E J} $K$h$j ;2 >H $, =[ 4D $7 $F L5 8B %k!< %W $H$J$k2D G=@- $, $" $k $, !$ $3 $l$O %W %m %0 %i %^ $N @UG$ $H$9 $k !% %k%C%/ %"%C %W 8e!$%a %= %C %I %? %$ %W $K 1~ $8 $F 5/F0 $r 9T $J $& !% R O %a %=%C %I $O K\Mh %m%C%/ $r MQ $$ $:$K 5/F0 $G $-$k %a %= %C %I $G$" $k $, !$ CV 49 %a %= %C %I $H $7 $F 8F $P $l $k>l9g $G$b !$%a %=%C %I $N %k%C%/ %"%C %W $+$i !$ 5/F0 8e!$ %* %V %8%’%/ %H $N0l3gFI $_=P $7$, =*N; $9 $k $^ $G$N 4V $K%* %V %8%’%/ %H $N 99?7 $, $J $1 $l$O !$ 0l @Z %m %C %/ $r MQ $$ $: $K %a %= %C %I $r5/ F0 $G $- $k !% $7$+ $7 !$ 99 ?7 $,$" $C $? >l9g!$ %a %= %C %I $, CV49 $5 $l$F$$$k2DG= @- $, $"$k $? $a !$ :# EY $O%* %V %8 %’%/ %H $r %m%C %/ $7 $F %k%C%/ %"%C %W $+$i =hM} $r$d$j D>$9 !% (vn=0 $G %j %H %i %$ Cf $r I=$9 ) R W %a %= %C %I $N>l 9g $O %* %V%8 %’ %/ %H$r %m %C %/ $7 !$ %* %V %8 %’ %/ %H $N ;HMQ Cf %U%i %0 $K $h$j !$ B> $N<B9TCf R W 6h4V $NB8:_ $rD4 $Y$k!% %* %V %8%’%/ %H$, ;HMQ Cf $G$" $l $P <B9T $r%5%9 %Z %s %I $7 !$ %* %V %8 %’%/ %H $N %- %e!< $G <B 9T :F 3+ $rBT $D!% ;H MQ Cf $G $J $1 $l $P %a %= %C %I $r5/ F0 $7 !$ ;H MQ Cf %U %i %0 $r%; %C %H $7 $? $N$A !$ %m %C %/ $r2r J| $9 $k !% 0J>e $K$h$j !$ %a %= %C %I $r <h $j=P $9 $^ $G %a %= %C %I %? %$ %W $, ITL@ $J CV49 %a %=%C %I $r 0BA4 $K 5/F0 $G $- $k !% 6 J,;6 %a %b %j 7?JBNs7W;;5! $X$N <BAu Sun Microsystems @= WS SP AR Cstation5 (mi- croSP AR CI I 110MHz)4 Bf $r40 A4 7k 9g $7 $? WS %/ %i %9%? $r MQ$$$F !$ OP A =h M} 7O$N J, ;6 %a %b %j4D 6- $X$N <BAu $r 9T $J$C $?!% WS 4V $N7k9g $K $O 9bB. %7 %j %" %k DL ?. %$ %s %?!<%U%’!< %9 ST AFF-link [7] $r MQ $$$? !% %i %s %? %$ %‘ $O 3F %o !<%/ %9 %F!< %7 %g %s$K 0l $D %W %m%; %9 $r@8@. $9$k!% 6& M- %a %b %j MQ $N<BAu $H F1 $8 $/ !$ $3 $l $i$, OP A $N %9 %l %C %I $r 4IM}$9$k !% J,;6 %a %b%j 4D 6- $G $O B>%N !< %I $N %a %b%j $rD>@\ ;2 >H $G $- $J$$ $? $a !$ GS B> @) 8f $O 6&M- %a %b%j $N>l9g $h $jC1 =c $K <BAu $G$-$k!% %j %b!< %H %* %V %8%’%/ %H $X$N %" %/ %; %9 $O !$ <+%N !< %I >e $K%* %V %8%’%/ %H $4 $H $K @8@. $7 $? %3 6

START: do { vn=o.vn; } while(vn==0); RETRY: msg = message; LOOKUP: e = lookup(o, msg); method = e.method; switch(e.mtype) { case Replaceable: i = method; msg = o[i]; goto LOOKUP; case RO: if (vn && vn != o.vn) goto ROfail; status = invoke(method, vn, o, args); if (status == ROfail) { ROfail: lock(o); vn=0; goto RETRY; } break; case RW: if (vn) { lock(o); if (vn != o.vn){vn=0; goto RETRY;} } if (o.use) {suspends(o); goto START;}; status = invoke(method, o, args); break; case Free: if (vn == 0) unlock(o); status = invoke(method, 2, o, args); break; } ?^ 7: CV49 %a %= %C %I $N 5/F0 %7 !<%1 %s %9 %T !< ( %W %m%- %7 ) $r 2p $7 $F !$%j%b !< %H %a %=%C %I 8F $S =P $7 $r 9T $J $& $3 $H $G <B8= $9 $k!% $3$N $H$-L5 ;k $G$- $J $$CY1d $, H/@8 $9 $k $, !$ $3 $l$O%* %V %8 %’%/ %H $N ITJQ It J, $r %W %m %- %7 $K%3 %T !< $7 !$ free %a %= %C %I $r %m!<%+ %k $K <B9T 2D G= $H$9$k $3 $H $G 2r>C $G$-$k!% $^ $? !$ 3F %W %m %; %C %5 $K J#?t $N OP A %9 %l %C %I $r @8@. $7 !$ >o $K %W %m %; %C %5 $, =hM} $G$-$k %?%9 %/ $r3NJ] $9$k $3 $H $G CY1d $r 1#JC $G $- $k !% 6.1 %W %m%- %7 $N <BAu %W %m %- %7 $O !$ 3F%N !< %I $G $=$N %* %V%8 %’%/ %H $X$N;2 >H $, :G=i $K H/@8 $7 $? $H$- $K @8@. $5 $l !$ 0J 9_ $= $N%* %V %8%’ %/ %H $X$N;2 >H $O %W %m %- %7 $K BP $9$k ;2 >H $K JQ49 $5 $l $k !% %W %m %- %7$N %a %= %C %I $, 8F $P$l $? >l9g!$ %a %= %C %I $, free $G$J $1 $l $P %W %m %- %7 $O%* %V %8 %’%/ %H$, B8:_ $9$k %N !< %I $N%5!< %P $K 0MMj $7 !$ %j %b !< %H %a %= %C %I 8F $S =P $7 $r 9T $J $& !%%a %= %C %I $N <B9T8e!$ 8F $P$l $? %a %=%C %I $, free $K$J$C $F$$ $l $P !$ %5 !< %P $O La $jCM $K 2C $( !$ %* %V %8 %’%/ %H $N %3 %T !< $r %a %C %;!< %8$H $7 $F JV$9 !% $3 $l $r <u $1$H$C $? %W %m %- %7 $O !$ 0J 8e F1 $8 %a %= %C %I $N 8F $S $@ $7 $r A4 $F%m !< %+ %k$K =hM}$9$k $3$H $, =PMh$k!% %W %m %- %7 $O !$ $= $N %N !< %I >e $N $I $N%* %V%8 %’%/ %H $+ $i$b;2>H $5 $l$J $/ $J$C $?;~ E@ $G %, !< %Y %8%3 %l %/ %? $K 2s<} $5 $l $k !% ?^ 8: 6&M- %a %b %j4D6- $K $* $1 $k@-G=Hf3S 7 I>2A <BAu $7 $? =hM} 7O $N@-G= I> 2A $r 9T $J$C $? !% %5 %s %W %k $H $7 $F Fs J, C5 :w LZ %/%i %9$r :n @. $7 $? !% $3$l $O %* %V %8%’ %/ %H$r MW AG $H $7 $FLZ $r9= @. $9 $k %/ %i%9 $G !$ C5 :w !$ A^F~ %a %= %C %I $r ;} $D!% A^ F~ %a %= %C %I $O !$ 0l EY :8 1& $K ;R $r:n $C $?8e $O%* %V %8%’%/ %H $N 99?7 $r 9T $J $o $J$$ $? $a !$ $= $N;~E@ $G R O %a %=%C %I $K CV49 2D G= $G$"$j !$ $3 $N $H $-C5 :w !$ A^ F~ N> %a %= %C %I $, free %a %= %C %I $H $J$k !% $3$N%/ %i%9 $rMQ $$ $F !$ %i %s %@ %‘ $K @8@. $7 $? %-!< $K $h $C $F C10l$N LZ9= B$ $K 30,000 8D$N MW AG $r EPO?$9 $k $N $K MW $7 $? ;~4V $r I> 2A 4p =‘ $H $7 $? !% 3F %W %m %0 %i %‘ $O 4 2s<B9T $7 !$ 2 HVL\ $K B.$$7k2L $r :NMQ $7 $? !% 6&M- %a %b%jMQ =h M} 7O $NI>2A $K !$ 0J 2< $N 3 <oN‘ $N %W %m %0 %i %‘ $r MQ$$ $? !% � Adaptiv e <B 9T ;~ %a %=%C %I CV 49 !$ free %a %=%C %I $r MxMQ$9$k$b $N � P artly-Adaptiv e <B 9T ;~ %a %= %C %I CV 49 $N $_ Mx MQ $9 $k$b $N (free %a %=%C %I $O MxMQ $7 $J $$ ) � Non-Adaptiv e <B 9T ;~ %a %= %C %I CV 49 $rMQ $$ $J $$ $b$N Non-Adaptiv e !$ PE ?t 1 $N>l 9g (0.458s) $r 1 $H $7 $? !$3F %W %m %0 %i %‘ $N @-G=8~>e $r ?^ 8 $K <($9 !% A4 BN E* $K!$ $[ $\ Adaptiv e !$ P artly-Adaptiv e !$ Non- Adaptiv e $N=g $KNI $$ @- G= $, =P $F $$ $k !% JB Ns @- $N $J $$ PE ?t 1 $N >l9g$h$j !$ <B9T;~ %a %=%C %I CV49 $K $h $C $F %a %=%C %I $N =hM} $, 7Z$/ $J$j !$ free %a %=%C %I $K $h$C $F $= $l $,$5 $i $K2~ A1 $5 $l$? $3 $H $,$o $+$k 2 !% J# ?t PE 2< $G$O <B9T ;~ %a %= %C %I CV49 $K$h$k=h M} $NJB Ns @- 8~ >e $K $h $j !$ Non-Adaptiv e $H $N @- G= :9 $, $h $j 82 Cx $K $J $C $F$$$k!% $^ $? !$ 6& M- %a %b %j 4D 6- $G $O R O %a %= %C %I $H free %a %= %C %I $N 4V $K Bg $- $J @-G= :9 $O$J$$ $3 $H $, 3NG’ $5 $l $? !% $3 $l$O !$ J, ;6 %a %b %j 4D 6- $G $O free %a %= %C %I 2 A^ F~ %a %=%C %I $O Ls 52 K|2s 8F $P $l !$ 80 !s 0J >e $r R O $^$? $O free $H $7 $F =hM} $G$-$F$$ $k !% 7

?^ 9: J,;6 %a %b %j4D6- $K $* $1 $k@-G=Hf3S $N $H$- $N$_ %= %U %H %& %’ %" $G 9T $J $o $l $F$$$k IT JQ It J, $NJ#@= $, !$ %O !< %I %&%’ %" %-%c %C %7%e $G <+F0E* $K 9T $J $o $l $F $$ $k$?$a $G $" $k !% J, ;6%a %b%j MQ =h M} 7O $N I> 2A $K $O !$ Adaptiv e !$ Non- Adaptiv e $K$D $$ $F!$ %W %m %; %C %5 $" $? $j $N%9 %l%C %I ?t $r 1 $^ $? $O CY1d 1# JC $N $? $a 4 $H $7 $? !$ 7W 4 <oN‘ $N %W %m %0 %i %‘ $r MQ$$ $F B,Dj $r 9T $J $C $? !% Non-Adaptiv e !$ PE ?t 1 !$ Thr ?t 1 $N>l9g (2.80s) $r 1 $H $7 $? !$ 3F %W %m %0 %i %‘$N @-G=8~>e $r ?^ 9 $K <($9 !% ?^ $h $j !$ PE ?t 2 !A 4 $G $O Adaptiv e $, Non-Adaptiv e $H Hf3S $7 $F $[ $\ 2 G\B.$/ $J$C $F$$$k!% $^ $? !$ F1 $8 %W %m %0 %i %‘ $N PE $"$?$j $N %9 %l %C %I ?t $, 1 $H 4 $N>l9g $r Hf3S $7 $F !$ J, ;6 4D 6- $G $O %9 %l %C %I $N B?=E 2= $K$h$k CY1d1#JC $, M-8z $G $" $k $3$H $, <( $5 $l $? !% 8 4XO"8&5f Actors [1] $K $O b ecome %3 %s %9 %H%i%/ %H $,$" $j !$ $3 $l$O <B9T ;~ $K%* %V %8%’%/ %H $N %/ %i%9 A4 BN $rF~ $l 49 $( $k $b $N $KAj Ev $9 $k !% OP A $G $O !$ $3 $N $h$& $JA‘ :n $O %7 %9 %F%‘ $, C4Ev $9 $Y $-Dc %l %Y %k $J =h M} $@$H9M $( !$ %f!< %6 $K $O %a %= %C %I CV49 $N $_ $r Ds6! $7 !$ %a %= %C %I %F!< %V %k $N @ZBX $( $O%7 %9 %F%‘ $, 9T $J $& !% Concurren t Aggregates [3] $O !$ JB 9T %"%/ %;%9 ;~ $N %\ %H %k %M%C%/ $r 2r>C $G$- $k aggregate $H $$ $& 35 G0 $r $b$D !% $3 $l $O !$ represen tativ e $H 8F $P $l $k%* %V %8 %’ %/ %H $N =89g $G $" $k !% aggregate $K FO$$ $? %a %C %;!< %8 $O !$L5 :n 0Y $K A* $P $l $? represen tativ e $K EO $5 $l $k !% represen tativ e $O I,MW $G $" $l $P B> $N%* %V %8 %’ %/ %H $X %a %C %; !< %8 $r Aw$k !% OP A $G $O F1 <o$N 5! G= $r $h $j %7 %9 %F%‘ 2= $5 $l $? J}K! $G Ds6! $7 $F $$ $k !% [4] $G $O !$ It J, 7W ;; $r Mx MQ $7 !$ Dj ?t 2= $7 $?JQ ?t $KE, 1~ $7 $? %a %=%C %I $N%3 !< %I $r <B9T;~ $K @8@.$9$k !% free %a %= %C %I $O Dj?t 2= $7 $? %$ %s %9 %? %s %9 JQ ?t $N $_ $rMxMQ $9 $k $? $a !$ <B 9T ;~ @8 @. $5 $l $? %3!< %I $O L58z 2= $5 $l $k $3 $H $, L5 $$!% <B 9T ;~ %a %= %C %I CV 49 $O free %a %= %C %I $r <B9T ;~ $K A}2C $5 $; $F $f $/5; =Q $G$"$j !$ $3 $l$H <B9T ;~ %3!< %I @8@. $rAH $_9g $o$;$k $3 $H $K $h$j !$ =hM} 7O $N@- G= $r$h$j 8~>e$5 $; $k $3$H $, =PMh$k $H 9M $($i $l $k !% 9 7kO@ $H :#8e $N 2]Bj K\O@ J8 $G $O !$ JB Ns =h M} $N %\ %H %k %M %C %/ $r 4KOB $9 $k $?$a !$ JB Ns %"%/ %; %9 $K E,1~ $9$k %* %V %8%’%/ %H $H$=$N 5-=R <j CJ $H $7 $F <B9T ;~ %a %= %C %I CV49 $rDs0F $7 $? !% $^ $? !$ Ds 0F J} <0 $N6&M- %a %b%j 7?!$ J, ;6 %a %b%j7? JB Ns 7W ;;5! $X $N<BAu $H !$ =h M} 7O $N@- G= I> 2A 7k 2L $K$D $$ $F =R $Y$? !% $3$N 7k2L !$Ds0FJ}<0 $N M-8z@- $, 3NG’$5 $l $? !% :#8e $O$h$jAm 9g E* $J@-G= I> 2A !$ <B 9T ;~ %3!< %I @8@. 5!G= $N =hM}7O $X$N AH$_9~$_ $N 8!F$ $r 9T $J $& !% 10 <U<- ST AFF-Link $r ;H MQ $7 $? WS %/%i %9%? $N ;H MQ $K JX59 $r ?^ $C $F $$ $? $@$$ $??@8M Bg 3X $NCf [j Bs Gl Gn ;N $K 46<U $$ $? $7 $^$9 !% K\ 8& 5f $N0lIt $O J8It >J 2J3X 8& 5f Hq !J >)Ne (A)09780278 !K $K $h $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 eds. The Ja v a Program- ming Language. Addison-W esley Publishing Com- pan y , 1996. [3] A. A. Chien. Concurr ent A ggr e gates . The MIT Press, 1993. [4] N. F ujinami. Automatic Run-Time Co de Genera- tion in C++. In Pr o c. of ISCOPE’97 , No. 1343 in LNCS. Sprnger-V erlag, 1997. [5] L. Lamp ort. Concurren t reading and writing. CA CM , 20(11):806{811, 1977. [6] H, ?y , Bm . JB Ns =h M} $N $? $a $N %*%V %8 %’ %/ %H ;X 8~ 8@ 8l OP A $N @_ 7W $H <B Au . >p Js =h M} 3X 2q 8& 5f Js 9p , 96(82):157{162, 1996. [7] H. Nak a jo, A. Ic hik a w a, and Y. Kaneda. An Imple- men tation and Ev aluation of a Distributed Shared- Memory System on W orkstation Clusters Using F ast Serial Links. Pr o c. of Int.Symp. on High Per- formanc e Computing(ISHPC) , pp. 143{158, 1997. [8] K. T aura and A. Y oneza w a. Sc hematic: A concur- ren t ob ject-orien ted extension to sc heme. T ec hnical rep ort, Dept. of Information Science, Univ ersit y of T oky o, 1995. [9] H,?y , Bm . <BMQ E* $J JBNs =h M} $N $? $a$N %* %V %8%’ %/ %H ;X 8~ 8@ 8l OP A $N @_7W . Bh 13 2s%* %V %8 %’ %/ %H ;X 8~7W ;; %o!< %/ %7 %g %C %W (W OOC’97), Mar 1997. 8-E