V ol. 39 No. 0 >pJs=hM}3X2qO@J8;o 1998 F0E*%9 %3!< %W $N MxMQ $K$h $kJBNs8@8l $N F14| !& Nc30=hM} $N 3,AXE*9=B$2= H, ?y >; 9( y <BMQE* $J JBNs=h M} $N$? $a$N9b?e=‘ $J JBNs8@ 8l $K$O !$ IT 5,B’ $J 7W;; $dI{:nMQ $r 4^ $‘ <BMQ E* $J JBNs %W %m %0 %i%‘ $r4J7i $K8m$j $J$/5- =R $G$- !$ $^ $?!$ JB Ns7W ;; 5! >e $G 8zN( NI $/ <B9T 2D G= $G$"$k $3 $H $, MW5a $5 $l $k!% JBNs8@8l $N5-=R@- $r 8~>e $5$;$k $K $O !$ %W %m %0 %i %‘ $r4J7i $K 5-=R $G$- $k $3 $H !$MM!9 $J%? %$ %W $N JBNs=hM} $d Nc30=hM} $K BP1~ $7 $? 5-=R $,$G $- $k$3 $H !$ $= $7 $F C‘<!8@8l $K $* $1 $k goto J8 $N ;HMQ@)8B $K BP1~$9$k$h $& $J %P %0 $r KI;_$9$k $? $a$N@)8B $H$$$C $?$3 $H $, =EMW $K$J $k!% K\O@J8 $G $O !$ Hf3SE* >/?t $N8@8l %3 %s %9 %H %i %/ %H $r MQ $$ $F MM !9 $J%? %$ %W $N JBNs=h M} $r 4J7i $K 8m $j $J $/5-=R $9$k $?$a $K$O !$ F0 E*%9 %3!< %W $N MxMQ $K $h$j F14|=hM} !&Nc30=hM} $r 3,AXE* $K 9=B$2= $7 $? JBNs8@8l $, M-8z $G$"$k $3$H$r<($9 !% Ds0FJ} <0 $G $O !$9= B$2=$5 $l$? F14|=hM} !&Nc 30=hM} $O 8D !9 $NA‘:n $G $O$J $/9=J8 $K $h$j5-=R$5 $l $k!% 9=B$2= $5 $l$? 9=J8 $r MQ $$$? 8@8l $G $O !$ JBNs %W %m %0 %i%‘<B9TCf $N<B9T>u67 $r%f!<%6 $, GD0. $7 $d $9$/ !$ $^ $?JBNs=hM}Cf $NNc30 $r <+A3 $K =hM} $G$- $k!% $^ $? !$ F14|=h M} $, A‘:n $K $h$j5-=R $5 $l $k=>Mh $N>l9g $H Hf $Y$F !$ 5-=R NL $d$= $l$K H< $& %P %0 :.F~$N 2D G= @- $, :o8:$5 $l $k !%K\O@J8$G$O !$Ds0F$9$k 8@ 8l$N @_7W$H$= $N M-8z @- $r <($9$H$H $b$K !$ 8@8l$N%;%^ %s %F %#%/%9 $H <BAu>eK>$^ $l $k9)IW $K $D$$$F =R$Y$k !% Hierarc hically Structured Sync hronization and Exception Handling in P arallel Languages using Dynamic Scop e Masahir o Y asugi y In high-lev el parallel programming languages for practical parallel pro cessing, it is desired to b e able to describ e practical parallel programs with irregular computation and/or side e�ect easily and safely as w ell as to execute them on parallel computers e�cien tly . Imp ortan t prop erties for go o d description include the ease of writing programs, the supp ort of describ- ing a v ariet y of parallel pro cessing and exception handling, and the restriction on the use of harmful op erations suc h as the one corresp onding to goto statemen t in some sequen tial languages. This pap er sho ws that the e�ectiv eness of the parallel languages with hierarc hi- cally structured sync hronization and exception handling using dynamic scop e to describ e a v ariet y of parallel pro cessing easily and safely with a small set of language constructs. The structured sync hronization and exception handling are sp eci�ed b y the syn tax rather than individual op erations. In the structured languages using those syn tax, the user can easily picture the con�guration of the curren t execution con text and the exceptions thro wn in the course of parallel execution can b e naturally handled. The description length and the p ossi- bilit y of the presence of bugs are also reduced compared to the con v en tional approac h that uses some synchronization op erations. This pap er sho ws the prop osed language design and its e�ectiv eness and also describ es the language seman tics and the implementation issues. 1. $O $8 $a $K 6&M- %a %b%j7? %"!< %-%F %/ %A %c !$ J, ;6 %a %b%j7? %"!< %- %F %/ %A %c $J $I MM!9 $JJBNs %"!< %-%F%/ %A %c $N0c $$ $r5[<} $7 $D$D?.Mj@- !&:F MxMQ @- !& <B9T 8zN( $N9b $$ %=%U %H %&%’ %"$r3+H/ $9$k $K $O !$ JBNs =h M} $N $? $a $N9b?e =‘ %W %m %0 %i y 5~ETBg3XBg3X1!>pJs3X8&5f2JDL?.>pJs %7 %9 %F %‘@l96 Departmen t of Comm unications and Computer En- gineering, Graduate School of Informatics, Ky oto Univ ersit y %_ %s %0 8@8l $, M-8z $G$"$k!% <B MQ E* $JJBNs =h M} $N $? $a$N 9b?e =‘ JB Ns 8@ 8l $K $O !$ IT 5,B’ $J 7W;; $dI{:n MQ $r4^$‘ <B MQE* $JJBNs %W %m %0 %i%‘ $r4J7i $K 8m $j $J$/5- =R $G$- !$ $^ $? !$ JB Ns 7W ;; 5! >e $G8zN( NI$/ <B 9T 2D G= $G$"$k $3 $H $, MW 5a$5 $l $k!% K\ O@ J8 $G $O !$ JB Ns 8@ 8l $N5- =R @- $r8~>e $9 $k | 6q BN E* $K $$ $( $P !$ Hf 3S E* >/ ?t $N8@8l %3 %s %9 %H %i%/ %H $r MQ $$ $F MM!9 $J%? %$ %W $N JBNs =h M} $r4J7i $K 8m $j $J$/5- =R 2D G= $H $9 $k | $? $a $K $O !$F0 E* %9%3 !< %W $N Mx MQ$K $h $j F1 4| =h M} !& Nc30 =h M} $r3,AXE* $K 9=B$2= $7 $? JBNs 8@ 8l $, M-8z $G 1

2 >pJs=hM}3X2qO@J8;o 1998 $" $k $3 $H $r <( $9 !% $^ $?$= $N $h $& $J9M $(J} $K 4p $E $$ $?%* %V%8%’ %/ %H ;X 8~ JB Ns 8@ 8l $N@_ 7W $N0l $D $K$D $$ $F=R $Y$k !% $^ $? !$ F0 E*%9 %3!< %W $r MxMQ $7 $? C1=c 2= $5 $l$? 8@8l $K$D $$ $F$= $N %;%^ %s%F %# %/ %9 $r 9M;! $7 !$ F14| =h M} 9= J8 $rNc 30=h M} 9= J8 $HAPBP $K $7 $? >l9g $K$D$$ $F5DO@ $9$k!% $5 $i $K$O <BAu>eK>$^ $l $k9)IW $K $D$$$F =R $Y $k!% JBNs %W %m %0 %i%‘ $r4J7i $K 5-=R $9 $k $K $O !$ BP >] $H$9$k JBNs =h M} $N%? %$ %W $r 8BDj $7 $F$= $l$K$" $o$; $?9= J8 $rMQ 0U $9$k $3 $H $, 9M $( $i $l $k!% Nc $( $P !$ JB Ns =hM} $N%? %$ %W $r %G !<%? JBNs $K 8B$j !$ forall 9=J8 $r MQ0U$9$k$3 $H $, 9M $( $i $l$k !% JB Ns $K=h M} $r $7 $?%9 %l%C %I 4V $N F1 4| $, forall J8 $N40N; ;~ $K <+F0 E* $K <h $i $l $k $H$9$k $3 $H $G !$ L@ <( E* $J F14| $N5- =R $, I,MW $J J}K! $H Hf3S $7 $F !$ 8m $j $, F~ $j $K $/ $$ $b $N $H $J$k !% $^ $?!$ forall $N=h M} Cf $NNc 30 $O forall J8 $, 5/$3 $7 $? Nc 30 $H $7 $F E, @Z $K =h M} $G $- $k !% $7 $+ $7 !$ $3$N$h $& $J 9=J8 $@$1 $G $O !$ IT 5, B’ $J=hM} $r4^ $‘ MM!9 $J %? %$ %W $N JBNs=hM} $N 5-=R $O$G $-$J$$ !% $=$3 $G !$ <B 9T ;~ $N%9 %l %C %I $N@8@.A‘ :n $d !$ %9 %l %C %I 4V $N F1 4| A‘ :n$r 5- =R 2D G=$H $9 $k$3 $H $G IT 5, B’$J Ld Bj $K BP1~ $7 $? 8@8l $b?tB? $/ @_ 7W $5 $l$F$$$k!% 2f!9 $O !$ $3 $l$K 4X $7 $F !$ %9 %l %C %I $N @8@. A‘ :n $K$D$$ $F $O BP>] $H $J $kLd Bj $NIT5, B’ $5 $K 9g $o $;$k $? $a $K I,MW $J$b $N $H9M $( $k $, !$ L@ <( E* $J %9 %l %C %I 4V $NF14| A‘ :n $K $D$$ $F $O %W %m %0 %i%‘ $r J, $+$j $K $/$/ $5 $;$k $H $H$b $K 5-=R NL $rA}2C $5 $; !$ $7$P $7 $P %P %0 $N 860x $H $J$k $H 9M $($F$$$k!% $3 $l$O %9 %l %C %I 4V $N F14| A‘:n $, !$C‘<!8@8l $K $* $1 $k goto J8 $N ;HMQ $K$_ $i $l $k $h $& $K !$ %W %m %0 %i%‘Cf $NN% $l$? %] %$ %s%H $r %H %C %W %@ %& %s E*$K GD 0.$G $- $J $$ 7A$G 7k $S $D$1!$ %W %m %0 %i %‘ $N9= B$ $, 3,AX E* $K$J$k $3 $H $r K8 $2 $k $? $a $G $" $k!% $=$3 $G !$ Ds0F J} <0 $G $O !$ 9= B$2= $5 $l $? F14|=h M} !& Nc 30=h M} $O 8D!9 $NA‘ :n $G $O$J$/F0 E*%9 %3!< %W $r MxMQ $7 $? 9=J8 $K$h$j5-=R $9$k $b $N $H$9$k!% $3 $l$O !$ C‘ <! 8@ 8l $G goto J8 $r@) 8B $7 $F while 9= J8 $J $I $N@) 8f 9= B$ $rF3 F~ $7 $?$j !$ %* %V %8 %’%/ %H ;X8~8@ 8l $G %G !<%? $K BP$9 $k<+ M3 $J %" %/%; %9 $r @) 8B $7 $F %+ %W %;%k 2= $r 9T $& $H $$ $& $h $& $J !$ %P %0 $r KI;_ $9 $k $? $a $N@) 8B $NJBNs 8@ 8l HG $N0l $D $H9M $( $F$$$k!% $D$^ $j !$ K\8& 5f $G $O JBNs 8@ 8lHG $N9=B$2= %W %m %0 %i %_ %s %0 $r 07 $& !% K\ O@J8 $G BPHf $5 $;$k !V L@<(E* $JA‘ :n $K $h $k 5- =R !W $H !V 9= J8 $K $h $k 5- =R !W $K $D $$$F C 8@ 8l $K $* $1 $k %k !< %W $r Nc $K @bL@$9$k $H <! $N$h $& $K$J $k !’ !V L@ <(E* $J A‘:n $K $h $k 5-=R !W $G$O 7+$j JV $7 <B 9T$9 $kIt J, $rJ,4t @h $r I= $9 %i %Y %k$H>r7o J, 4t J8 $H $G 64 $s$G5-=R $9$k $, !$ $= $N7+ $jJV $7 ItJ, $, %W %m %0 %i%‘ $N9=B$ >e 0l $D FbB& $K$" $k $3$H $K$O$J$i$J$$ !% 0lJ} !V while 9=J8 $K $h $k5- =R !W $G $O !$ 7+ $jJV $7 ItJ, $, %W %m %0 %i%‘ $N9=B$ >e 0l $DFbB& $K$"$k $3 $H $, <( $5 $l $k!% $= $3 $G !$ F~ $l ;R $N %l %Y %k$K 1~ $8 $? con tin ue J8$N @) 8f$N 0\F0 @h$N <+ F07h Dj$J $I $, 2DG= $H$J $k!% 9=B$ 2= $5 $l$? 9=J8 $rMQ $$ $?8@ 8l $G $O !$ JB Ns %W %m %0 %i %‘<B 9T Cf $N<B9T >u 67 $r%f!< %6 $, GD0. $7 $d$9$/ !$ $^ $?JB Ns=h M} Cf $NNc30 $r<+A3 $K =hM} $G$-$k!% BP >] $H $J$kJB Ns =hM} $N %? %$ %W $O !$ LdBj $NJ,3d $O IT5,B’ $@ $, !$ J, 3d $5 $l $? LdBj $N=hM} $N40N; $NF14| $K$h$j !$ 85 $NLd Bj $N=hM} $N 40N; $, C#@. $5 $l $k $h $& $JJ,C47? $G$"$k!% $9 $Y $F $NJBNs =h M} $, J, C4 7? $KB0 $9 $k $H<g D% $7 $F$$ $k $o $1 $G $O $J $$ $, !$ !V Ld Bj $N2r $r5a $a$k !W $d !V <! $N%9 %F %C %W$K E~ C# $9 $k !W $H $$$C $?L\ E* $r ;} $C $?JBNs =h M} $NB?$/ $,$3$N%? %$ %W $K B0 $9 $k $H 9M $($i $l $k!% 0J 2<!$ 2 >O $G $O JB Ns =h M} $N5- =R >e $NLd Bj E@ $r@0M} $7 !$ 3 >O $G $O F0E*%9 %3!< %W $r MQ $$ $? F14| !&Nc 30=hM} 9=J8 $H $=$NM-8z @- $r %* %V%8 %’%/ %H ;X8~ JB Ns 8@ 8l $NNc $J $I $r 8r $($F =R $Y$k!% 4 >O $G $O C1=c2= $5 $l $? 8@8l>e $G$N%; %^ %s %F %# %/%9 $r 9M;! $7 !$ 5 >O $G$O F14|=hM}9=J8 $r Nc30=hM} 9=J8 $H APBP $K $7 $? >l9g $K$D$$ $F 5DO@$9$k!% 6 >O $G $O <B Au>eK> $^ $l $k9)IW $K $D$$ $F =R $Y !$ 7 >O $G$O 4XO"8&5f $r =R $Y $k!% 2. JBNs=hM} $N 5-=R>e $N LdBjE@ $3$N >O $G$O JBNs=hM}$N 5-=R $K 4X $7 $F !$ (1) $=$N 4J7i $5!$ (2) 5- =R 2D G= $JJBNs =h M} $N%? %$ %W !$ (3) Nc 30 $N<h $j 07 $$ $NMF 0W $5!$ $J $I $K $D$$ $F5DO@ $9 $k!% BP >] $H$9$k8@ 8l $H $7 $F <! $N A0Ds $r$* $/ !’ � JBNs =h M} $N $? $a $N %3 %s %9 %H %i %/ %H $r L@<( E* $K ;X Dj � C 8@8l $d Ja v a 8@8l $N$h $& $K I{:nMQ $, MxMQ2DG= � JBNs=hM}$NN3EY $K 4X$9$kLdBj $O =hM}7O $G 5[<} 2.1 JBNs<B9T $N 9=J8 $K$h $k 5-=R 9=J8 $K$h$kJB Ns =h M} $N5- =R $N0l $D $K$O !$ %G !<%?JB Ns $K BP1~ $7 $? forall $r 9M $( $k $3 $H $,$G $- $k !’ forall(i=1 to N ) h J8 i $3 $l$K $h$j !$ N 8D $N %9 %l %C %I $, :n $i $l !$ $= $l $>$l$, h J8 i $r <B 9T $7 $? 8e !$%9 %l %C %I $N <B 9T 40 N;$N F1 4| $, <+ F0 E* $K$H $i $l $k $H$9$k!% $^ $? !$ F1 MM $N=hM} $G$"$k $, !$ $= $l $>$l$N %9 %l %C %I $, 0[ $J$kJ8 $r<B9T $9$k $h $& $J5-=R $K $O Concurren t P ascal N.$N cobegin ...coend $r 9M $( $k $3$H $,$G $- $k !’ cobegin h J8 i 1 ; h J8 i 2 ; ... h J8 i N coend $3$l $K $h $j !$ N 8D $N %9 %l %C %I $, :n$i $l !$ $=$l$> $l $, h J8 i i $r <B9T $7 $? 8e !$%9 %l %C %I $N <B9T 40N;$N F14| $, <+ F0E* $K$H$i $l $k $H$9 $k!% $3 $l $i $N 9= J8 $K $h $k J} K! $N FC D’ $r=R $Y $k $H!$ (1) 5- =R $O 4J7i $G$" $k!% (2) C1 =c $J fork-join 7? $NJB Ns =h M} $J $N

V ol. 39 No. 0 F0E*%9 %3!< %W $N MxMQ $K $h $kJBNs8@8l $N F14| !& Nc30=hM} $N 3,AXE*9=B$2= 3 $G IT5, B’ $J=hM} $r4^$‘ MM!9 $J%? %$ %W $NJBNs =h M} $N5- =R $O $G $-$J $$ !% $? $@ $7 h J8 i $N$H $3 $m $K :F 5" E* $K forall $d cobegin ...coend $r 5- =R $9 $k$3 $H $G 3, AX 9= B$$r $H $k $3 $H $O $G$-$k!% (3) Nc30 =h M} $K $D $$ $F $O 8D!9 $N h J8 i $N <B 9T Cf $K H/ @8 $7 $? Nc 30$b forall J8 A4 BN$N Nc 30$H $7 $F E, @Z $K =h M} $G $- $k !%$D$^$j !$ forall J8 $K BP $7 $F try-catch $r;X Dj $7 $F$*$/ $3 $H $GJB Ns <B 9T Cf $KH/@8 $9 $kNc 30 $K$b BP=h 2D G= $G$"$j !$ Nc 30 H/ @8 ;~ $K$O JBNs <B 9T A4BN $, ab ort $5 $l $k $H Dj $a$F $* $1 $P $h$$ !% 2.2 A‘:n $K$h $k%9 %l %C %I $N @8@. $H F14| IT5, B’ $J=hM} $r4^$‘ MM!9 $J%? %$ %W $NJBNs =h M} $N5- =R $N$? $a $K $O !$ <B 9T ;~ $N%9 %l %C %I $N @8@. A‘ :n $d!$ !J F14| $N $?$a$N2? $i$+$N>l=j $r2p $7 $?A‘:n $r 4^$‘ !K %9 %l %C %I 4V $N F14| A‘ :n $r 5- =R 2D G= $H $7 $? 8@8l $b?t B? $/ @_ 7W $5 $l$F $$$k!% Nc $( $P Ja v a 8@8l 1) $G $O <B9T ;~ $K %9 %l %C %I $r @8 @. $7 !$ $= $N%9 %l %C %I $X$N;2>H $rMQ $$ $?MM!9 $J A‘:n $, 2D G= $G$" $k!% $3$3 $G$O <! $N$h $& $J A‘:n $r 9M $( $k!’ thr = spawn h J8 i ; $3 $l$K $h$j !$ h J8 i $r <B9T$9$k%9 %l %C %I $, @8@. $5 $l !$ $= $N ;2>H $r thr $K F@$k $H $9$k !% join(thr); $3 $l$K $h$j !$ thr $G ;2>H $5 $l $k%9 %l %C %I $N =*N; $r BT $D $H$9$k!% $3 $l$i$r AH $_9g $o$;$k $3 $H $G !$ Nc $( $P <! $N $h $& $J !$ @8 @. $9$k%9 %l %C %I $N 8D?t $, 8GDj $G $J$$JBNs =h M} $N 5-=R $, 2DG= $K$J $k!’ { int i, n = 0; thread_t thr[N]; for(i=0;i<N;i++) if(...) thr[n++] = spawn h J8 i ; for(i=0;i<n;i++) join(thr[i]); } $3 $l$K $h$j !$ >r 7o $, K~ $?$5 $l $k $H$-$N $_%9 %l %C %I $r @8 @. $7 $F h J8 i $r <B9T $7 !$ 8D!9 $N %9 %l %C %I $N <B9T40 N; $NF1 4| $O join J8 $K $h $kL@<(E* $J A‘:n $G 9T $o $l $k!% F1MM $K !$ %9 %l %C %I $X$N;2>H $rMQ $$ $: %G !<%? %U%m !<F1 4| !J $" $k>l=j $NCM $r<h$j=P $= $& $H $7 $? %9 %l %C %I $, !$ $= $N CM $, 3NDj $5 $l $k$^ $G BT $?$5 $l $k !K $r:NMQ $7 $? 8@8l $G $" $l $P <! $N$h $& $J A‘:n $, 9M $($i $l $k!’ ch = future h <0 i ; $3 $l $K$h$j !$ h <0 i $NCM $r7W;; $9 $k%9 %l %C %I $, @8@. $5 $l !$ JB Ns $K 7W ;; $7 $? CM$r ch $G ;2 >H$5 $l $k >l =j $K 3J G<$9 $k $H $9 $k!% val = touch(ch); $3$l $K $h $j !$ ch $G ;2 >H$5 $l $k >l =j$N CM$r val $K <h $j =P $9 $H$9$k!% @8 @. $9$k%9 %l %C %I $N8D?t $, 8GDj $G$J$$JB Ns =h M} $N5- =R $O spawn !$ join $rMQ $$ $? $b $N $HF1 MM $K $G $- $k !’ { int i, n = 0, sum=0; int_channel ch[N]; for(i=0;i<N;i++) if(...) ch[n++] = future h <0 i ; for(i=0;i<n;i++) sum += touch(ch[i]); } $3 $l$K$h$j !$ >r 7o $, K~ $?$5 $l $k $H$- $N$_%9 %l %C %I $r @8 @. $7 $F h <0 i $r7W;; $7 !$ 8D!9 $N %9 %l %C %I $N <B9T40 N; $NF1 4| $O touch <0 $K $h $kL@<(E* $J A‘:n $G 9T $o $l $k!% $3$l $i $N %9 %l %C %I $N @8 @. !J spawn , future !K !$ F14| !J join , touch !K $KA‘ :n $rMQ $$ $k J} K! $N FC D’ $r=R $Y $k $H!$ (1) 5-=R $O 4J7i $H $O $$$($J$$ !%FC $K F1 4|A‘:n $N%3!< %I !J %W %m %0 %i %‘Nc $G$N join , touch $K 4X$9$k %k !< %W !K $d !$ F1 4|$r @5 $7 $/ 9T $&$? $a $K %9 %l %C %I $r 4I M} $9 $k%3 !< %I !J G[ Ns thr , ch $K $h $k 4I M} !K $, M> J, $K I, MW$K $J $k !%5- =R NL $, A}$( $k $3 $H $G 8m $j $r :. F~ $5 $; $k 4m 81 @- $, A} Bg $7 !$ %9 %l %C %I $NF14| $N5-=R $, IT40 A4 $J>l9g $K $O %>%s %S %9 %l %C %I !J%W %m %0 %i%^ $+ $i$9 $l $P @8 $- $F$$$k $O $: $,$J $$ $N $K <B:] $K$O <B9T $rB3 $1$F$$$k%9 %l %C %I !K $K$h$kM= 4| $7 $J $$ I{ :n MQ$H $$ $& %P %0 $N FC Dj $, :$ Fq$J >I >u $, H/ @8$9$k!% (2) IT5,B’ $J =hM} $r 4^ $‘MM !9 $J %? %$ %W $N JBNs =hM}$N 5- =R $, $G $- $k !% (3) Nc30 =hM} $K $D$$$F$O !$8D !9 $N h J8 i $N<B9T $G H/@8 $7 $? Nc30 $r$=$N30 $K EA $( $kJ}K! $, <+L@ $G $O$J$$!% Nc 30 $rE,@Z $K =hM} $G$-$k $h$& $K$9$k $K $O !$ Nc 30 $r ?F $N %9 %l %C %I $K EA $( $k $? $a$NA‘:n $d=hM} $r B3 $1 $kI, MW $N $J $/ $J$C $? %9 %l %C %I $r Dd;_ $5 $;$k $? $a$N A‘:n $r=‘Hw $7 !$ %? %$ %_ %s %0 $J $I $r 9MN8 $7 $? J#;( $J5-=R $r L@<( E* $K 9T $& I, MW $,$" $k!% %9 %l %C %I $r Dd;_ $5 $;$k $? $a $N A‘ :n $K 4X $7 $F $$$( $P !$ Ja v a 8@ 8l$N >l 9g $G $"$l $P ThreadGroup %* %V%8 %’ %/ %H$G4X O" $9 $k %9 %l%C %I $r4I M} $7 $F$* $/ $3 $H $GDd ;_ $5 $; $k A‘ :n $N5- =R $OC; $/ $G$- $k $, !$ 5-=R $= $N $b $N $r L5$/ $9 $3 $H $O $G$- $J$$!% $^ $? !$ Nc 30 $r ?F $N %9 %l %C %I $K EA $($k $3 $H $K 4X $7 $F$$ $( $P !$ Nc 30 $, H/ @8 $7 $? %9 %l %C %I $K 4X $7 $F join $r 9T$C $?$H$-$d !$ !J Nc30 $r F14| >l =j $K EA $( $F$*$/ $3 $H $H $7 $F !K Nc 30 $, EA $( $i $l $? F14| >l =j $K touch $r 9T $C $? $H$- $K !$ $= $l$i$N A‘:n $r 9T $C $? %9 %l %C %I $K Nc30 $, EA $o $k $H$$ $& J} K! $b $"$k!% $? $@ $7 !$ $3$N>l9g $G$b !$ IT MW $H $J$C $? %9 %l %C %I $r Dd;_ $5 $; $k5- =R $O I,MW $G$"$j !$ F1 4|A‘ :n $, 9T $o $l $k$^ $G Nc30 $, EA $o $i$J$$ $H$$ $C $?LdBj $b $"$k!% $^ $? %9 %l %C %I $, A‘ :n $K$h$jF1 4| >l =j $NCM $r3NDj $5 $;$k8@ 8l $G$" $l $P !$ $= $b $=$b%9 %l %C %I $G H/@8 $7 $? Nc30 $rF14| >l =j $K EA $( $F$* $/ $3$H $,$G $-$J$$ !%

4 >pJs=hM}3X2qO@J8;o 1998 %9 %l %C %I $N @8@. $HF14| $rA‘:n $K$h$j5- =R $9$k J} K! $G $O !$ Nc 30 =h M} $, Fq $7 $$ $, !$ F1 ;~ $K JBNs <B 9T $N<B9T >u 67 $N%f!<%6 $K$h$kGD0. $bFq $7 $/ $J$k!% %9 %l %C %I $, $I $& $$ $& L\ E* $G <B9T $5 $; $i $l$F$$$k $+$r %f!<%6 $,$O$C $- $jCN $k $? $a $K $O !$ %9 %l %C %I $N <B9T 7k 2L $rI,MW $H$9$k %W %m %0 %i%‘>e $N %] %$ %s %H !$ $9 $J $o $AF14| $, <h $i $l $k %] %$ %s %H $, J, $+$C $F$$$k I, MW $, $"$k $, !$ $3 $l $, <B:] $K F14| A‘ :n $, 9T $o $l $k$^ $G 3NDj $7 $J $$$?$a $G$" $k!% 2.3 9=J8 $K$h $kF14|=hM} A‘:n $K$h$k%9 %l %C %I $N@8@. $H F14| $r9T $& 8@ 8l $N!$ %9 %l %C %I 4IM} $NHQ $o $7 $5 $HNc30 =h M} $N:$ Fq $5 $NLd Bj $N $& $A!$ A0 <T $NLd Bj $r7Z8: $9 $k $? $a $K 9=J8 $N=u $1$r<Z $j$k $3$H$, $G $- $k !%Nc $( $P !$ Cilk 14) $O !$ C 8@ 8l $r 3HD% $7 $? JBNs 8@ 8l $G$"$k $, !$ $3$N8@8l $G $O 4X?t Dj 5A $K $* $$ $F %- !<%o!< %I cilk $r IU2C $9$k $3$H $G 4X?tFb $G @8@. $7 $? %9 %l %C %I $N 4IM} $r<+F0E* $K 9T $& !% Nc $( $P <! $N $h $& $K 5- =R $G $- $k!’ cilk void foo(...) { int i; for(i=0;i<N;i++) if(...) spawn h 4X?t %3!< %k i ; sync; } $3 $l$K$h$j !$ >r 7o $, K~ $?$5 $l $k $H$- $K spawn $K $h$j@8 @. $7 $?%9 %l %C %I $G h 4X ?t %3 !< %k i $r<B 9T $7 !$ 8D !9 $N%9 %l%C %I $N <B9T40 N;$N F14| $O sync J8 $K $h $k L@<( E* $J A‘ :n $G 9T $& !% $? $@ $7 !$ 4X ?t $NK\BN $H$$ $& %9 %3!< %W Fb $G @8@. $5 $l$? %9 %l%C %I $O <+ F0 E* $K4I M} $5 $l !$ sync J8 $N <B 9T $K$h $j$= $l $^ $G $K @8@. $5 $l $? %9 %l %C %I $, F14| $5 $l $k!% Cilk 8@ 8l $G $O!$ cilk $, IU 2C $5 $l$?4X ?t $N $_%9 %l%C %I $r@8 @. $9 $k$3$H $, $G $- !$$^ $?$= $N 4X?t$N return $N :] $K$O <+ F0 E* $K sync J8 $K Aj Ev$9 $k F1 4| $, $H $i$l $k$3 $H$K $J $C $F $$ $k!% Cilk $N%" %W %m!<%A $N FCD’ $r !$ 2.2 @a $N %9 %l %C %I 4IM} $H F1 4|$r L@ <( E* $K 9T $&J} K!$H Hf 3S $7 $F =R$Y $k$H !$ (1) %9 %l %C %I $r 4IM} $9$k %3!< %I $, ITMW $K$J$C $?J,!$ 5- =R $O 4J 7i $H $J $j !$ F1 4| $N5- =R $r8m $k 4m 81 @- $O 8: >/ $7 $?!% (2) %9 %l %C %I ?t $, 2DJQ $NJB Ns=h M} $O 5-=R $G$-$k $, !$ 4X ?t $, =* N; $7 $? $H $- $K %9 %l%C %I $, ;D $k $h$& $J5- =R $O $G $- $J $$ !% $D$^ $j !$ %9 %l %C %I @8@. $r 9T$& $? $a$N5-=R NL $, B?$/ $F$b $= $l$rJL $N 4X ?t $H $7 $FFHN) $5 $; $k $3 $H $O $G$- $J $$!% (3) Nc30 =hM} $K $D$$$F$O !$ sync J8 $O A‘ :n $G $" $k $?$a !$Nc 30 $r?F%9 %l %C %I $K EA $($k $? $a$NA‘ :n $, I,MW $H$$ $& E@ $O 2~A1 $5 $l$J$$ !% $? $@ $7 !$ %9 %l %C %I $, <+F0 E* $K 4IM} $5 $l $F$$ $k $? $a!$ Cilk $K MQ 0U $5 $l$F $$$k abort J8 $rMQ $$ $F ?F%9 %l %C %I $O$= $l $^ $G $K @8@. $7 $? %9 %l %C %I $r Dd;_ $5 $; $k $3$H $O$G $- $k!% $3 $3 $G !$ Cilk $N %" %W %m!< %A $NF1 4| $N5- =R $r9= J8 $G9T $&$h $& $K JQ 99 $7 $? $b $N$K $D $$$F 8! F$$9 $k !%$9$J$o $A !$ <! $N$h $& $J 9=J8 $r 9M $( $k !’ waitfor h J8 i ; $3 $l$K $h$j !$ h J8 i $NCf $K 5-=R $5 $l $? spawn J8 $K $h$j@8 @. $5 $l$? 8D!9 $N%9 %l %C %I $N<B9T 40 N; $NF14| $O L@<( E* $J A‘:n L5 $7 $G 9T $o $l $k $b $N $H$9$k!% Nc $( $P <! $N$h $& $K 5- =R $G $- $k !’ { int i; waitfor for(i=0;i<N;i++) if(...) spawn h 4X?t %3 !< %k i ; } $3 $l$K$h$j !$ >r 7o $, K~ $?$5 $l $k $H$- $N$_%9 %l %C %I $r @8 @. $7 $F h 4X?t %3!< %k i $r <B9T $7 !$ 8D!9 $N %9 %l %C %I $N <B9T 40 N; $NF1 4| $O waitfor J8 $N<B 9T 40 N; $H $$ $& 7A $G<+F0 E* $K 9T $o $l $k!% $3 $3 $G !$ waitfor J8 $NK\ BN $H$$$& %9 %3!< %W Fb $G@8 @. $5 $l$?%9 %l%C %I $O <+ F0 E* $K 4I M} $5 $l$F $$ $k !% waitfor J8 $NFC D’ $r!$ Cilk $NJ} K! $HHf 3S $7 $F=R $Y$k $H!$ (1) $5 $i $K5- =R $O4J 7i $H $J $j !$ F1 4| $N 5- =R $r8m $k 4m 81@- $O 8:>/ $7 $? !% (2) %9 %l %C %I @8@. $O A‘ :n $G 5-=R$9$k $N $G %9 %l %C %I ?t $, 2DJQ $NJBNs =h M} $O 5-=R $G$-$k $, !$ F1 4| $O 9=J8 $G 9T $o $l $k $N $G %9 %l %C %I $N @8@. ;~ $K F14| $9$k %] %$ %s %H $, Dj $^ $C $F $$ $k $b $N $7 $+ 5- =R $G$- $J$/ $J $C $?!% (3) Nc30 =h M} $K$D $$ $F $O !$ forall J8 $HF1MM $K !$ 8D!9 $N h 4X ?t %3 !< %k i $N<B 9T Cf $KH/ @8 $7 $?Nc 30 $b waitfor J8 A4 BN $NNc30 $H $7 $F E,@Z $K =hM} $G$- $k !% $D$^ $j !$ waitfor J8 $K BP $7 $F try-catch $r ;X Dj $7 $F $* $/ $3$H$G JB Ns<B 9TCf $K H/@8 $9$k Nc 30 $K$b BP=h 2D G= $G$"$j !$ Nc30 H/ @8 ;~ $K $OJB Ns <B 9T A4 BN $, ab ort $5 $l$k $HDj $a $F $* $1 $P $h $$ !% $3 $3 $G 2>Dj $7 $? waitfor J8 $G $O !$ $= $N %9 %l %C %I 4IM} $N%9 %3!< %W !J M- 8z HO 0O !K $O lexical $J$b $N $H $7 $? $, !$ <! $N>O $G=R $Y $k $h$& $K !$ $3 $l$rF0 E* $J $b $N $H $9 $k $3 $H $G!$ waitfor J8$N lexical %9 %3!< %W $N 30 $K $" $k JL $N 4X?t $J $I $G $N spawn $N 5-=R $, 5v$5 $l $k $3 $H$K$J $k!% 3. F0 E* %9 %3 !< %W $r MQ $$$? F14| !& Nc 30 =h M} 9= J8 F0E*%9 %3!< %W $H$O !$ Common Lisp $N MQ8l $G$$ $( $P F0E* $J%(%/%9 %F %s %H $+ $D inde�nite $J %9 %3!< %W $G$" $k $3 $H $r I= $9 !% $D $^ $j !$ $" $k <B BN $N 3N N) $H GQ ;_ $^ $G $N 4V $J $i !$ %W %m %0 %i%‘Cf $N $I $N>l=j $+ $i $G$b $= $N<BBN $X $N;2 >H $r 9T$C $F$h$$ $3$H $r I=$9 !% $3$N >O $G $O catc h-thro w 7? $NNc30 =h M} $G $O !$ Nc 30 =hM} @h $, F0E*%9 %3!< %W $G ;2>H $5 $l $k $H$$ $($k $3 $H $r=R $Y!$ F1 4| =h M} $G$bF1MM $K F14| =hM} @h $, F0 E*%9 %3!< %W $G ;2>H $5 $l $k $H $7 $?>l9g $K$D$$

V ol. 39 No. 0 F0E*%9 %3!< %W $N MxMQ $K $h $kJBNs8@8l $N F14| !& Nc30=hM} $N 3,AXE*9=B$2= 5 $F 5DO@$9$k!% 3.1 catc h-thro w 7? $N Nc30=hM} Nc30=hM}$N5-=R $r Ja v a 8@8l $r MQ$$$F @bL@$9$k !%Nc 30 $r H/@8$5 $; $k $K$O throw J8 $r MQ$$$k!’ throw h <0 i ; $3$3 $G !$ h <0 i $NCM $O Throwable %/ %i%9 $N %5 %V %/ %i%9 $N %* %V %8%’ %/ %H $G$J $1 $l $P $J $i$J$$ !% $3$N %* %V %8%’ %/ %H $r Nc30 $H $7 $F throw $9$k $3 $H $GNc30 $rH/@8 $9 $k!% Nc 30 H/@8 ;~ $K $O 8=:_ $N<B 9T $r CfCG $7 !$ F0 E*%9 %3!< %W $G ;2>H $5 $l $kNc30%O %s %I %i $K @)8f $r La$9 $3$H $K$J $k!% Nc 30 =h M} MQ $N %3 !< %I $H M- 8z HO 0O $N 5- =R $K $O try- catc h-�nally 9=J8 $r MQ$$$k !$ try %V %m%C %/ $NCf $G H/@8 $7 $? Nc30 $K $D$$ $F !$ BP=h2D G= $J Nc30%O %s %I %i$r catc h @a $H $7 $F $= $l $>$l 5-=R$9$k!’ try { ... // Nc30 $, H/@8 $7 $& $k=hM} $N5-=R }catch(Exception1 ex1){ ... // Nc30 1 H/@8;~<B9T }catch(Exception2 ex2){ ... // Nc30 2 H/@8;~<B9T }finally{ ... // I, $: <B9T } catc h @a $, =hM} $G$- $kNc30 $O !$ $=$N0z?t $N %/ %i %9 !J Nc $( $P :G=i $N catc h @a $G$" $l $P Exception1 %/ %i%9 !K $N %5 %V %/%i %9 $N%* %V %8 %’ %/ %H $H$J $k !% try %V %m%C %/ $N <B 9T Cf $KNc 30 $, H/ @8 $7 $J $1 $l $P catc h @a $O<B 9T $5 $l$J $$!% $^$? !$ try-catc h 9= J8 $O !J F0 E* $J 0U L# $K $*$$$F$b !K F~ $l ;R $K 5-=R $9 $k $3 $H $,$G$- !$ H/ @8 $7 $? Nc30 $K BP1~ $9$k catc h @a $, $J $$ >l9g $O !$ $h$j30B&$N try %V %m %C %/ $K IU 2C $5 $l $? catc h @a $, Nc30 %O %s %I %i $H $J$k!% $^ $?Nc 30 %O %s %I %i$N=h M} $NES Cf $G H/@8 $7 $? Nc30 $K$D$$ $F $O !$ $h $j 30B& $N catc h @a $, Nc30%O %s %I %i $H$J $k!% Nc30 H/ @8 $NM- L5 $dNc30 $N<oN‘ $K 4X $o $i $: $K I, $: <B9T $7 $? $$ =h M} $, $" $l $P �nally @a $K 5- =R$9 $k !%$D$^$j H/ @8 $7 $? Nc30 $, catc h @a $K $? $I $j Ce $/$^ $G$K �nally @a $, IU2C $5 $l$? try %V %m%C%/ $r C&=P $7 $J $/ $F $O$J $i$J$$ $H $- $O !$@h $K �nally @a $r <B 9T$9$k !% $3$N$H $- �nally @a $G ?7 $? $K Nc30 $, H/@8 $7 $? $H$- $O !$ 85 $NNc30 $rK: $l$F ?7 $7 $$ Nc30 $r =hM}$9$k!% 0J >e $N $h $& $K !$ �nally @a $, 860x $H $J$j Nc 30 $, K: $l$i $l $k2D G= @- $r=| $$ $F $$ $( $P !$ Nc 30 $, thro w $5 $l$? $H $- $K @)8f $r 0\ $9 $Y $-Nc 30 %O %s %I %i $O F0E* %9 %3!< %W $G ;2>H $5 $l $k !% $D$^$j !$ try %V %m %C %/ $N Cf $+$i 8F $S =P$5 $l $? %a %=%C %I $d$= $3 $+ $i$5 $i $K 8F $S =P $5 $l $? %a %= %C %I $N<B 9TCf $K Nc30 $, H/@8 $9 $l $P !$ $= $N>l=j $, %W %m %0 %i%‘>e N% ?^ 1 9=B$2=$5 $l$? F14|=hM} Fig. 1 Structured sync hronization $l $F$$ $F $b $= $3 $+ $i Nc30 %O %s %I %i $r ;2>H $9 $k $3 $H $,$G $- $k!% 3.2 F0E*%9 %3!< %W $r MQ $$ $? F14|=hM} F1 4| =h M}$b F0 E* %9 %3 !< %W $K $9 $k$3$H$, 2DG=$G $" $k !% 6q BN E* $K $O !$ $9 $G $K 2.3 @a $N:G 8e $G=R $Y $? waitfor %3 %s %9 %H %i%/ %H $N %9 %l %C %I $r 4IM} $7 F14| $5 $;$k5! G= $NM- 8zHO 0O $r lexical %9 %3 !< %W $G$O $J $/F0E* %9 %3 !< %W $H $7 $F$d $k $@$1$G $h$$ !%Nc $( $P !’ waitfor { spawn f1(); f(); } $H $$ $&JBNs=h M} $K $*$$$F !$ f1 $d f $, <!$N$h $& $K Dj5A $5 $l $F $$$? >l9g !’ f1(){ ... waitfor {... spawn f1_1(); ...} } f(){ ... spawn f2(); ... } ?^ 1 $K <($9 $h $& $J JB Ns =h M} $, 9T$o$l $k !%?^ Cf$N join %V %m%C %/$H$O waitfor Fb It$N <B 9T 3+ ;O $+$i =* N; $^ $G $r I=$9 !% $3$3$G !$ f1 $K $*$$ $F waitfor $r F~ $l ;R $G MQ $$ $F$$ $k!% $^ $?!$ f $N <B9T Cf $K f2 $r spawn $9$k :] $K !$ waitfor $K $h$k F1 4| @h !J join @h !K $rF0E* %9 %3!< %W $G ;2 >H $G $- $k !% $^ $? ?^ $K $O<( $7$F $$ $J $$ $, !$ f $N8F $S =P $7 $r spawn $r $D $1$F?7 $7 $$ %9 %l %C %I $G 9T $C $?>l9g $G$b!$ f2 $N join @h $OF1 $8 $b $N $H $J $k !% $3 $N $h$& $J waitfor %3 %s %9 %H%i %/ %H $O!$ C++ $r JB Ns =h M} MQ $K3H D% $7 $? COOL 2) $G MQ$$$i$l $F $$ $k !% $?$@ $7 !$ COOL $G $O %9 %l %C %I $N @8@. $O parallel 4X?t !J %- !<%o!< %I parallel IU $- $G Dj 5A $5 $l $?4X?t !K $N8F $S =P $7 ;~ $K 9T $o $l !$ $^ $?Nc30 =h M} $K $D$$$F $O 9MN8$5 $l $F $$$J$$ !% F0E* %9 %3!< %W $K $h$kF1 4| =h M} 9= J8 $rMQ $$ $?JB Ns =h M} 5- =R $N FC D’ $r !$ 2 >O $G5D O@ $7 $?E@ $+ $i=R $Y $k $H!$ (1) 5- =R $O4J 7i $G $" $k !% (2) %9 %l %C %I @8 @. $OA‘ :n $G5- =R $9 $k $N $G %9 %l %C %I ?t $, 2DJQ $NJB Ns=h M} $, 5-=R $G$-$k!% F1 4| $O

6 >pJs=hM}3X2qO@J8;o 1998 ?^ 2 JBNs=hM}Cf$NNc30=hM} Fig. 2 Handling an exception whic h is thro wn during parallel pro cessing 9=J8 $G 9T $o $l $k $N $G %9 %l %C %I $N@8@. ;~ $K F14| $9 $k %] %$ %s %H$, Dj$^ $C $F$$$k $b $N $7 $+ 5-=R $G$-$J$$ $, !$ f $+$i f2 $r spawn $7 $? $h $& $K %9 %l %C %I @8@. $r 9T $& $?$a$N 4X ?t $r5-=R $9 $k $3 $H $,$G$-$k!% (3) Nc30 =h M} $K$D$$ $F $O !$ 8D !9 $N%9 %l%C %I $N<B 9T Cf $KH/ @8 $7 $?Nc 30 $b waitfor J8 A4 BN $N Nc 30 $H $7 $FE, @Z $K=h M} $G $- $k !% $D $^ $j !$ waitfor J8 $KBP $7 $F try-catch $r;X Dj $7 $F $* $/ $3 $H $GJB Ns <B 9T Cf $K H/@8 $9$k Nc 30 $K$b BP=h 2D G= $G$"$j !$ Nc30 H/ @8 ;~ $K $O JBNs<B9TA4 BN $, ab ort $5 $l $k $H Dj $a $F$* $1 $P $h$$ !’ try{ waitfor { spawn f1(); f(); } }catch( ... ){ ... } $3$NMM;R $r ?^ 2 $K <($9 !% $"$k%9 %l %C %I Fb $G Nc 30 $, =hM} $G $- $J $+ $C $? $H$- $O !$ join @h $K Nc30 $rEA $( $F$$ $-!$ $= $N $H $- join @h $r6& M- $9 $k B> $N%9 %l %C %I $O Dd ;_ $5 $; $i $l $k $H$9$k!% $3$N $h $& $K F14| $K A‘:n $r MQ $$ $?8@8l $G $O 6K $a$FJ#;( $J5-=R $, I,MW $G$"$C $?Nc30 =h M} $H$= $l$K H< $& %9 %l%C %I $NDd ;_ =h M} $, 4JC1 $J9= J8 $rMQ $$ $F<B 8= $5 $l $k !% $^ $? !$ JB Ns =h M} $N<B 9T >u67 $NGD0. $H$$ $& E@ $K$D$$ $F 9M $($F$_$k!% C‘ <! =h M} $G $O <B9T ES Cf $N<B9T >u 67 $O 8F $S =P $7 $N %9 %? %C %/ $K$FGD0. $9 $k $3 $H $,$G$-$k!% <B :] $K $O %9 %? %C%/ >e $K %G !<%? $NNN 0h $bF1 ;~ $K <h $i $l $k $3 $H $, B? $$ $, !$ $3 $3 $G $O @)8f $N0\F0 $K 4X78 $9$k %G !<%? $N$_ $r9M $( $k!% %9 %? %C%/ $N@hF, $K $O 8=:_ $N<B 9T $7 $F$$$kJ8 $d4X ?t $J $I $, 40N; $7 $? $H$- $K <! $K <B9T $9 $k $Y $-J8 $d4X ?t $J $I $K 4X $9$k %G !<%? $, @Q$^ $l $F$$$k!% 8= :_ $N<B9T $7 $F$$ $kJ8 $d4X?t $J $I $r <B9T $9 $k $? $a $K !$ $= $NItJ, J8 $d8F $S =P $7 @h $N<B 9T $, I,MW $J >l9g $K $O !$ It J, J8 $d8F $S =P $7 @h $N <B9T $N8e $K <B 9T $9 $k $Y $-J8 $d4X?t $J $I $K 4X $9 $k %G !< %? $r99 $K %9 %? %C%/ $K @Q$‘ $3 $H $K$J$k!% $h $C $F C‘<! 8@ 8l $G$O %9 %? %C%/ $r$_$k $3 $H $G !$ 8= :_ $I $& $$ $& J8 L. $G !$ $D ?^ 3 9=B$2=$5 $l $? F14|=hM} $K 4p $E $/ cactus stac k $N JQ2= Fig. 3 T ransition of the cactus stac k based on the structured sync hronization $^$j $I $& $$ $& L\ E* $G <B9T $, 9T $o $l$F$$$k $+$r%f!< %6 $, GD0. $9$k $3 $H $,$G$-$k!% 0l J} !$ ?^ 1 $N$h $& $J JBNs =h M} $N >l9g$N %9%?%C%/ $O cactus stac k $H $J $j ?^ 3 $K <($9 $h $& $KJQ 2= $9 $k !% @8 @. $5 $l$? %9 %l%C %I $O join 8e $N=h M} $r B3 $1 $k $H$$ $& L\ E* $r$b$C $F=hM} $r9T $C $F$$$k $H9M $( $k $3 $H $,$G$- !$ ?^ 3 $N$h$& $K @8@. ;~ $K Dj$^ $k F1 4| @h $G $" $k join frame >e $G $= $N It J, %9%?%C%/ $r ;}$D$H 9M $( $k $3 $H $,$G$-$k!% F1 4| $K 4X $7 $F$$ $( $P !$ join frame $O $=$N>e $N%9 %? %C %/ $, A4 $F6u $K$J$C $? $H$- $K$= $N@)8f $r La $9 $H9M $( $l $P $h $$!% $3 $N $h$& $K cactus stac k $rMQ $$ $k $H<B9T >u 67 $rD>4Q E* $K GD0. $G$-$k!$ $^ $?!$ ?^ 2 $N$h $& $JJBNs =h M} Cf $K H/@8 $7 $? Nc30 $K BP $9$k cactus stac k $N JQ 2= $O ?^ 4 $N$h$& $K$J$k!% $3 $3 $G$bNc 30 H/ @8 $K H<$& <B9T>u67 $N JQ2= $r D>4QE* $K GD0. $G $- $k !$ $3 $l $^ $G 5DO@ $7 $F$3$J $+$C $? $, !$ JB Ns =h M}Cf $NNc30 =hM} $G $O$b $& >/ $7 ?< $$5D O@ $, I,MW $G$"$k!% JB Ns =h M} Cf $K join @h$r 6& M-$9 $k$$ $/$D$+ $N %9 %l %C %I $G $[ $\ F1 ;~ $K J#?t $NNc30 $, H/@8 $7 $? $H$- $K !$ $I $N Nc30 $, M%@h $5 $l $k $+ $H $$ $&LdBj $, $" $k !% $3 $l $O @h $K join @h $K C)$j Ce $$ $?Nc30 $N $[ $& $rM%@h $9$k $H$9$k $N $, <+ A3 $G$"$k $H9M $($i $l $k!% ;w $?LdBj $O C‘<! =h M} $N>l9g $G$b !$ BP =h $7 $h

V ol. 39 No. 0 F0E*%9 %3!< %W $N MxMQ $K $h $kJBNs8@8l $N F14| !& Nc30=hM} $N 3,AXE*9=B$2= 7 ?^ 4 JBNs=hM}Cf$NNc30H/@8;~$N cactus stac k $N JQ2= Fig. 4 T ransition of the cactus stack after an exception is thro wn during parallel pro cessing $& $H $7 $F $$ $k Nc 30 $H $=$N $?$a$K �nally @a$r <B9T $7 $F $$$F thro w $5 $l $? Nc 30$N $I $A $i $r M% @h$9 $k$+ $H $$ $& LdBj $, $" $C $?!% Ja v a $N >l9g $O �nally @a $G :FEYH/@8 $7 $? Nc30 $N $[ $& $rM%@h $9 $k $, !$ $3 $l$N @-<A $O JBNs =h M} $, 9T$o $l $F $$ $k >l 9g $K Ev$F$O $a $k$3$H$, $G $- $k !%$^$? !$ join @h $r 6&M- $9 $k B> $N%9 %l %C %I $N Nc30 $, 86 0x $GDd;_ $5 $; $i $l $k%9 %l %C %I $N?6$k Iq $$ $rDj5A $9$k $N $, Fq $7 $$ $H $$ $& Ld Bj $b$"$k!% $3$NLdBj $O !$ Dd ;_ $5 $; $i $l $k %9 %l %C %I $, !$Dd ;_ $5 $; $i $l $k$3 $H I= $9 Nc 30 !J 0J 8e stopped $H 8F$V !K $r <+ F0 E* $K thro w $9 $k$H Dj$a $k$3$H $G 9*$_ $K Dj5A $G $- $k !% $? $@ $7 !$$9 $G$K stopped $r thro w $7 $? 8e $d !$ �nally @a $N <B9TCf $K$O <+F0E* $K stopped $N thro w $r 9T $o$J$$ $HDj $a$kI, MW $, $"$k!% 8e <T $O !$ B> $N %9 %l %C %I $N Nc 30 $, 860x $G �nally @a$N =h M} $, ESCf $G =* $o $i$5 $l $k $3 $H $O$J$$ $h $& $K$9$k $? $a $G$"$k!% $^ $?0l EY thro w $5 $l$? stopped $, C&=P ES Cf $N �nally @a $GH/ @8 $7 $?Nc 30 $, M% @h $5 $l$F<N $F $i $l$F $7 $^$& Ld Bj $,$"$k !% $3 $N Ld Bj $O 0lEY stopped $, <N$F$i$l $F $b :F EY <+ F0 E* $K thro w $5 $l $k $H Dj $a $k $3 $H$G 2r7h $G$- $k!% 3.3 %* %V%8 %’%/ %H ;X8~JBNs8@8l OP A 2f !9 $O %* %V%8 %’ %/ %H ;X 8~ JB Ns 8@ 8l OP A 12),15) $r3+ H/ $7 $F $* $j !$ K\O@ J8 $N %F!<%^ $H $7 $F$$$kF0 E*%9 %3!< %W $r MQ $$ $? F1 4| !& Nc 30 =h M} $r:N MQ $7 $F $$ $k !% OP A $O Ja v a 1) $N 8@8l ;E MM $r%Y!<%9 $H $7 $D$D!$ %9 %l %C %I $H%b%K%? $N;E MM $r<h $j=| $$ $F !$ Be $o$j $K ;H $$0W$/ 8z N( $NNI $$JB Ns =h M} $r AH$_9~ $s$@ %* %V %8 %’ %/ %H ;X8~JBNs8@8l $G$" $k!% OP A $G$O JBNs =hM} $r !$ %9 %l %C %I 4V $N4X78 $K 1~ $8 $F !$ J,C4 7? JBNs =h M}!$ 6( D4 7? JB Ns =h M}!$ GS B> 7?JB Ns =h M} $N ;0$D$N 7? $K J,N‘ $7 $F 5- =R$5$; $k !%J,C4 7? JB Ns =h M} $O !$ LdBj !J %? %9%/ !K $r J#?t $NItJ, LdBj !J %5 %V %? %9%/ !K $K J, 3d $7 !$ $= $l $>$l $N%5 %V %?%9%/ $r JBNs $K <B9T $9$k =h M} J} K! $G$"$k!% %9 %l %C %I $N @8@. $K$h$jJ, 3d $r F0E* $K 9T $& $3 $H $G IT5, B’ $JLdBj $K$bBP1~ $G$-$k!% F1 4| $O$= $NLdBj $r =hM} $9$k $N $K MQ $$ $?$9 $Y $F $N %9 %l %C %I $N =*N; $rBT $D $3 $H $K$J$k!% 6(D4 7? JB Ns =hM} $O !$ J# ?t $N%9 %l %C %I $, 8_ $$ $KDL ?. / F1 4| $r $H $j $J $, $i=h M} $r?J $a$k J} K! $G $" $j !$ J, C47? JB Ns =h M} $GB* $( $i $l$J$$%Q %$ %W %i %$ %s E* $JJBNs =h M} $O$3$N 7? $K B0 $9$k!% GS B> 7?JB Ns=h M} $O !$ B> $N %9 %l %C %I <B9T $N GS=| $r H<$$ $J $,$i =hM} $r ?J $a $kJ}K! $G$" $k!% OP A $G$O J, C47? JBNs=h M} $K 4X $7 $F$O !$F0E* %9 %3!< %W $r MxMQ $7 $? 9=J8 $G9=B$ 2= $5 $l$F$$$k $? $a !$ => Mh $NJB Ns8@ 8l $HHf $Y $FF14| =h M} $N5-=R $, MF0W $G$"$j !$ 8m $j $, F~ $j $K $/ $$!% 6( D4 7? JB Ns =hM} $G $O %G !<%? %U%m !<F1 4| E* $J F14| >l =j $rDs6! $9$k %/ %i%9 $N %* %V%8 %’%/ %H $r MxMQ $9 $k $h $& $K 5-=R $9$k!% $^ $? !$ GSB> 7? JB Ns =h M} $N $? $a $K $O synchronized %a %= %C %I $NB> $K instant %a %= %C %I $r =‘ Hw $7 $F $*$j !$%a %=%C %I $r $=$NFI $_=q$-$9$k JQ?t $K $h$C $F FI $_=P $7 @lMQ %a %= %C %I !& FI $_=q $-N>MQ %a %=%C %I $K J, N‘ $7 $F !$ %* %V %8%’ %/ %H$K BP $9$k J# ?t $N%9 %l %C %I $+$i$N JB9T %"%/ %; %9 $r $G$-$k $@ $1 5v $7 $F$$$k $? $a !$ 9b B. $J<B 9T $r 2DG= $H $7 $F $$ $k!% K\ O@ J8 $G Ds 0F $7 $F $$ $k Nc 30 =h M} <j K!$d <BAu J} ?K $O !$ OP A FH<+ $N8@ 8l 5! 9= $K $O 0MB8 $7 $F$$ $J $$!% $? $@ $7 !$ 4 >O$N :G8e $G >/ $7 =R$Y $k$h $& $K !$ OP A $G$O JQ?t$N 99?7 $J $I $N I{:n MQ $r %* %V%8 %’%/ %H $d GSB> @) 8f $rMQ $$ $F6u4V E* !& ;~4VE* $K JD $8 9~ $a $k<jCJ $r Ds6! $7 $F $$ $k!% OP A $G $O %9 %l %C %I $N fork $H join $K 4X 78 $9 $k 3.2 @a $K $* $1 $k spawn , waitfor $K BP1~ $9$k %3 %s %9 %H %i %/ %H $H $7 $F par %3 %s %9 %H %i %/ %H !$ join %3 %s %9 %H %i %/ %H $r MQ $$$k!% K\ O@J8 $G$O$3 $l 0J9_ $3$N OP A $N%-!<%o!< %I par , join $r MQ$$$k $b $N $H $9$k!%JBNs <B9T $5 $; $?$$ %a %= %C %I 8F $S =P $7 $d J8$K par $r IU 2C $9 $k$H !$?7$?$K %9 %l %C %I $, @8@. $5 $l !$ $= $N %a %=%C %I $d J8 $r?7 $7 $$ %9 %l %C %I $G <B 9T$9 $k$3$H $, $G $- $k !%$^ $? !$ join $, IU2C$5 $l $? J8 $O !$ $= $NJ8 $N<B9T 3+;O $+ $i =*N; $^ $G !J join %V %m%C %/ $H 8F $V !K $K fork $5 $l$? %9 %l %C %I $O !$ join J8 $N=*N; $K $*$$$F $= $N =*N; $, BT$? $l $k$?$a !$ join J8$N =*N; 8e $K %9 %l %C %I $, @8$-;D$k $3$H $O$J $$!’ join{ par obj1.m1(); // %9 %l %C %I @8@. par obj2.m2(); // %9 %l %C %I @8@. } // @8@. $7 $? %9 %l %C %I $N =*N; $H F14| $^ $? !$ @8 @. $7 $? %9 %l %C %I $G 7W;; $7 $? CM $rMQ $$ $F=hM} $r B3 $1 $k I, MW $, $" $k >l 9g !$<!$N$h $& $K J#J8$r join %i

8 >pJs=hM}3X2qO@J8;o 1998 %Y %k $G6h@Z $k $3 $H $G !$ join %i%Y %k$h $jA0 $NIt J, $r join %V %m%C %/ $H $7 $? =hM} $, 5-=R $G $- $k!’ { int x = par f1(n); int y = par f2(m); join: z = x + y; } $3$3 $G !$ JB Ns $K=i4| CM $, M? $( $i $l $k x $J $I $NJQ?t $N %9 %3 !< %W $O join %i %Y%k 0J 9_$H $7 $F !$CM$N 3N Dj $7 $? 8e$N $_;2>H $r 5v $9 !% JB Ns $N=i4| 2= $r MQ $$$k JQ ?t@k 8@ $h $j8e $K join %i %Y%k $N$J $$ $b $N$O %3%s %Q %$ %k ;~ $K %( %i !<$H $9 $k!% OP A $G$NNc 30 =h M} $N9= J8 $O !$ 4p K\ E* $K $O Ja v a $H F1 $8 $G $" $k !% $? $@ $7 !$$9 $G$K 3.2 @a $G =R $Y$?$h $& $K try %V %m %C%/ Fb It $G$NJBNs =h M} Cf $K H/@8 $7 $? Nc30 $K BP=h $G $- $k!%Nc $( $P <! $N$h $& $J 5-=R $, 2DG= $G$" $k!% try { join{ par obj1.m1(); // %9 %l %C %I @8@. par obj2.m2(); // %9 %l %C %I @8@. } // @8@. $7 $? %9 %l %C %I $N =*N; $H F14| }catch(Exception1 ex1){ // Nc30%O %s %I %i } Nc30 $, 860x $H$J$j !$ Dd ;_ $5 $; $i $l $k%9 %l %C %I $O !$ Dd ;_ $9 $k A0 $K �nally @a $r <B 9T$9 $k !% $3$N$H $- ;H MQ $7 $F $$ $?%* %V%8%’%/ %H $N%m %C %/ $J $I $b2rJ| $9 $k!% instant %a %=%C %I $G$O%* %V%8 %’%/ %H $N %G !<%? $O 0l3g $7 $F 99?7 $9$k $, !$ 0l 3g 99 ?7 $h $jA0 $K Dd;_ $5 $; $i $l$? >l9g $K $O FC $K 99 ?7 $r9T $o $J $$!% $7$+ $7 !$ Nc 30 $r thro w $9$k A0 $K0l3g 99 ?7 $r 9T $$ $?$$>l9g $O vflush J8 $K $h$j99?7 $9$k $3$H $, $G $-$k!% $^ $? !$ %* %V %8 %’%/ %H 4V $K $^ $? $, $C $?=hM} $NCf CG $G$N%* %V%8 %’%/ %H 4V $N4X 78 $N0l 4S @- J] ;} $K 4X $7 $F $O <+F0 E* $K $O <B8= $5 $l$J$$$N $G L@<( E* $K 5-=R $9 $k I, MW $, $" $k!% 3.4 OP A $K $h $k5-=RNc F1 4| =h M} $N $? $a $N join-par $N5- =R $H!$ Nc 30 =h M} $N $? $a$N catc h-thro w $N5- =R $H$$$& Hf 3S E* >/ ?t $N8@ 8l %3 %s %9 %i%/ %H $r MQ $$ $FMM!9 $J5-=R $, 2DG= $G$"$k $3 $H $rNc $r MQ$$ $F <($9 !% G[ Ns objs $N MW AG $N %* %V %8 %’ %/ %H$9 $Y $F $K $D $$ $F %G!< %? JB Ns E*$K =h M}$r $5 $; $? $$ >l 9g$O <! $N $h $& $K 5- =R$G $- $k!’ join for(i=0; i<objs.length; i++) par objs[i].doit(); BinTree %/ %i%9 $N %* %V%8%’%/ %H$G 9=@. $5 $l $kFs J, LZ $N A4 $F$N leaf $N item $N AmOB $rJBNs $K 5a $a$k=h M} $O <! $N $h $& $K 5-=R $G $- $k !’ class BinTree { int item; boolean isLeaf; BinTree left, right; ... int getSum(){ if( isLeaf ) return item; else{ int x = par left.getSum(); int y = par right.getSum(); join: return x + y; } } } $^ $?0J2< $N$h$& $K 5-=R $9 $k $3 $H $G !$ K| 0l!$ AmOB $NJBNs 7W;; Cf $K Nc30 $, 5/ $3$C $?>l9g $G$b !$ JB Ns7W ;; $r CfCG $7 $F$=$N Nc30 $r =hM} $G $- $k !’ try{ sum = root.getSum(); }catch(...){ ... } J#?t $N %9 %l %C %I $, JBNs $K 2r $r C5:w $7 !$ I, MW8D ?t $N2r $r8+ $D $1$? $H $- $KC5 :w A4 BN $r=* N; $5 $; $k $3 $H $r9M $($k !% =>Mh $N8@8l $G $O JBNsC5 :w $r 9T$C $F$$$k$9 $Y $F$N %9 %l %C %I $N <B9T Dd ;_ $H$$ $C $?@)8f $N5-=R $, I,MW $G$"$k $? $a %W %m %0 %i %_ %s %0 $, J# ;( $K$J $k !% OP A $G$O Nc 30=hM}$r MQ $$ $FJBNs <B 9T $7 $F$$$k%9 %l %C %I $N =*N; $rMF0W $K 9T $& $3 $H $,$G $- $k!% 0J 2< $K Nc $H $7 $F OP A $K $h$k2r $r Fs$DC5 :w$9$kLdBj $r <($9 !’ // %a%$ %s %/ %i %9 // !J Nc30 $r <u $1 ;_ $a $k !K public class SearchStart { public static void main(String argv[]) { Table table = new Table(); try{ join{ Node node = new Node(0); // JBNsC5:w3+;O node.search(table); } System.out.println("NotFound"); }catch(Found excp){ // Nc30=hM} System.out.println("Found");

V ol. 39 No. 0 F0E*%9 %3!< %W $N MxMQ $K $h $kJBNs8@8l $N F14| !& Nc30=hM} $N 3,AXE*9=B$2= 9 } } } // 2rC5:w$N %N!< %I class Node { int p; Node(int p0){ p = p0; } void search(Table table) throws Found { ... if ( 2rH/8+ ) table.add( 2r ); else{ Node node1 = new Node(2*p+1), node2 = new Node(2*p+2); par node1.search(table); par node2.search(table); } } } // 2r $r J]B8$9$k %/ %i %9 !J Nc30 $, H/@8$9$k !K class Table { int[] answers = new int[2]; int n = 0; instant void add(int ans) throws Found { answers[n++] = ans; if (n == 2) { vflush; // Nc30 $r H/@8$5 $; $k throw new Found(); } } } 4. 8@8l $N%;%^ %s %F %# %/ %9 ?^ 3 $d ?^ 4 $K <( $7 $? cactus stac k $O !$JBNs =hM} Cf $N ;D $j $N7W ;; $rI= $7 $F$$$k $H 9M $( $k $3 $H$b $G$- !$ 3, AX E*JB Ns 7QB3 $H 9M $( $k $3 $H $,$G$-$k!% $3 $N>O $G $O !$ $^ $: C1=c $JL?Na7? $NC‘<! 8@8l !J ??56 CM $N $_ $r07 $$!$ $^ $?>l =j $r D>@\07$& !K $K $D$$ $F$N7QB3 !J con tin uation !K $r 7A <02= $7 !$ <! $K !$ $3 $l$r 3HD% $7 $F 3,AX E* JB Ns7Q B3 $K$D$$ $F 7A<0 2= $r;n $_!$ 3, AXE* JB Ns 7Q B3 $N35G0 $rL@ $i $+ $K $9 $k!%0J2< $G$O 3) $G MQ$$ $i $l $F $$ $kI=5-K! $K => $& !% C1=c $J L?Na7?8@8l $N Cj>]9=J8 !’ � 2 Com commands E 2 Exp expressions L 2 Lo c lo cations K 2 Con constan ts T 2 T ag catc h-thro w tags � ::= L := E j � ; � j if E then � else � j while E do � j throw T j catch T in � j try � finally � E ::= K j L 0UL#NN0h!’ � 2 E = f false ; true g v alues � 2 S = Lo c ! E stores � 2 C = S ! A con tin uations � 2 K = E ! C expression con tin uations � 2 U = T ag ! C tag en vironmen ts A answ ers 0UL#4X?t!’ K : Con ! E E : Exp ! K ! C C : Com ! U ! C ! C C [ [L := E] ] � � = E [ [E] ] �:�:� ( � f L 7! � g ) C [ [� 1 ; � 2 ] ] � � = C [ [� 1 ] ] � ( C [ [� 2 ] ] � � ) C [ [ if E then � 1 else � 2 ] ] � � = E [ [E] ] ( �:� ! C [ [� 1 ] ] � � ; C [ [� 2 ] ] � � ) C [ [ while E do �] ] � � = �x � 0 : ( E [ [E] ] ( �:� ! C [ [�] ] � � 0 ; � )) C [ [ throw T] ] � � = � (T) C [ [ catch T in �] ] � � = C [ [�] ] � f T 7! � g � C [ [ try � 1 finally � 2 ] ] � � = C [ [� 1 ] ] f T 1 7! C [ [� 2 ] ] � � 1 ; : : : ; T n 7! C [ [� 2 ] ] � � n g ( C [ [� 2 ] ] � � ) where � = f T 1 7! � 1 ; : : : ; T n 7! � n g E [ [K] ] � = � ( K [ [K] ] ) E [ [L] ] � = � :� ( � (L)) � $?$@ $7 !$ � f L 7! � g $O !$ � $N >l =j L $N CM $r � $G CV$- 49 $($k!% $^ $? !$ � ! � 1 ; � 2 $O � $, true $N $H$- � 1 !$ � $, false $N$H$- � 2 $G $" $k $H $9$k !% 0J>e $NI=<( E* 0U L# O@ $G Dj $a $i $l $kL?Na 8@ 8l $r !$ <! $K $=$NJ8L. $r MQ $$ $F07 $& !% J8 L.=q $-49 $( 5,B’ $K $h$jA‘ :n E*0U L# O@ $rDj5A $9 $k $3 $H $,$G$-$k!% J8 L. =q $-49 $( 5,B’ $G MQ$$$k %9 %H %" s $O s : Lo c ! Con $H $9 $k !% J8L. $N Cj>]9=J8 !’ G 2 CCtxt command con texts F 2 ECtxt expression con texts C 2 Ctxt con texts

10 >pJs=hM}3X2qO@J8;o 1998 C ::= G j E :: F j protected :: C F ::= update (L) :: G j select (� ; �) :: G j then (�) :: G G ::= � :: G j mark (T) :: G j finally � :: G j pmark :: G J8L.=q $- 49 $( 5,B’ ( s; C) ! ( s 0 ; C 0 ) !’ ( s; L := E :: G) ! ( s; E :: update (L) :: G) ( s; � 1 ; � 2 :: G) ! ( s; � 1 :: � 2 :: G) ( s; if E then � 1 else � 2 :: G) ! ( s; E :: select (� 1 ; � 2 ) :: G) ( s; while E do � :: G) ! ( s; E :: then (� ; while E do �) :: G) ( s; throw T :: � :: G) ! ( s; throw T :: G) ( s; throw T :: mark (T’) :: G) ! ( s; throw T :: G) ( s; throw T :: mark (T) :: G) ! ( s; G) ( s; throw T :: finally � :: G) ! ( s; finally � :: throw T :: G) ( s; throw T :: pmark :: G) ! ( s; pmark :: throw T :: G) ( s; catch T in � :: G) ! ( s; � :: mark (T) :: G) ( s; mark (T) :: G) ! ( s; G) ( s; try � 1 finally � 2 :: G) ! ( s; � 1 :: finally � 2 :: G) ( s; finally � :: G) ! ( s; protected :: � :: pmark :: G) ( s; protected :: pmark :: G) ! ( s; G) ( s; C) ! ( s 0 ; C 0 ) $J$i $P ( s; protected :: C) ! ( s 0 ; protected :: C 0 ) ( s; true :: select (� 1 ; � 2 ) :: G) ! ( s; � 1 :: G) ( s; false :: select (� 1 ; � 2 ) :: G) ! ( s; � 2 :: G) ( s; true :: then (�) :: G) ! ( s; � :: G) ( s; false :: then (�) :: G) ! ( s; G) ( s; L :: F) ! ( s; s (L) :: F) ( s; K :: update (L) :: G) ! ( s f L 7! K g ; G) finally @a$N J8$N <B9T$N :] $O J8L.$N$= $N J8 $K 4X$9 $k ItJ, $r protected $H pmark $G 64 $s$G J]8n$9$k!% J8L. $O !$ $[ $\ $=$N$^ $^ 7QB3 $K BP1~ $5 $;$k $3 $H $,$G$- $k!% $D$^ $j !$ J8 L. $O 7QB3 $r %3 %s %Q %/ %H $J %G !<%?9= B$ $H $7 $F I=8= $7 $F$$ $k!% $5 $i $K $$ $( $P !$ catc h-thro w %? %0 $r MQ $$ $? Hs 6I =j C& =P MQ $N 7Q B3 $b F1 $8 %G !< %? 9= B$$N Cf $G%3 %s %Q %/ %H$K I=8= $7 $F$$$k!% $3 $N$h$& $K 7QB3 $,%3 %s %Q%/ %H $J %G !< %?9= B$ $G I=8= $G$-$k $N $O !$ BP >] $H $7 $? L? Na7? 8@ 8l $, E,@Z $J@)8f 9= B$ $G 9=B$ 2= $5 $l$F$$ $? $? $a $G $" $k!% $5 $F !$ JB Ns 8@ 8l $K $D $$ $FJ8L. $NE@ $+ $i !$ C‘<! 8@ 8l $+ $i 3HD% $5 $l $? ItJ, $N0UL# $r$_$k $3 $H $,$G$-$k!% 2f!9 $N MQ$$ $k JB Ns8@ 8l $O !$<!$N$h $& $K %3 %^ %s %I � $K par %3 %^ %s %I !$ join %3 %^ %s %I $r DI2C $7 $?$b$N$H$J $k !% JBNs8@8l $N Cj>]9=J8 !’ � ::= � � � j par � j join � $^ $? !$ 2f !9 $, C‘<! $K $* $1 $kJ8L. C $N Be $o$j MQ$$$kJB NsJ8L. $O !$<! $N$h $& $J 3,AXE* $J J8L. H $H$J $k !% JBNs8@8l $N J8L. $N Cj>]9=J8 !’ H 2 PCtxt hierarc hical parallel con texts G ::= � � � j term H ::= G j E :: F j protected :: H j h h H k � � � k H i i :: G j h h H k � � � k H i i q :: G $3$3 $G !$ h h H k � � � k H i i $NJ8L. $N=g =x $O=EMW $G $J$/ !J <+ M3 $KF~ $lBX $( $F $h $$ !K !$ $^ $? $= $l $> $l$N J8 L. $OJB Ns $K=q $-49 $(2DG= $G$"$k!% h h� � �i i $O ?^ 3 $K $* $1 $k join frame $K BP1~$9$k!% $^ $? h h� � �i i q $O ?^ 4 $K $* $1 $kDd;_=hM}Cf $N join frame $K BP1~$9$k !% JB Ns J8 L. =q $- 49 $( 5, B’ $H$7 $F !$C‘ <! $N ( s; C) ! ( s 0 ; C 0 ) $N C $r H $K FI$_ BX $( $? $b $N$+$i $N DI 2C J, $r <($9 !% J8L.=q$-49 $( 5,B’ ( s; H) ! ( s 0 ; H 0 ) !’ ( s; join � :: G) ! ( s; h h � :: term i i :: G) ( s; h h par � :: G k � � �i i :: G 0 ) ! ( s; h h � :: term k G k � � �i i :: G 0 ) ( s; h h term k � � �i i :: G) ! ( s; h h� � �i i :: G) ( s; h hi i :: G) ! ( s; G) ( s; h h throw T :: term k � � �i i :: G 0 ) ! ( s; h h throw T :: term k � � �i i q :: G 0 ) ( s; h h throw T :: term k throw T 0 :: term k � � �i i q :: G 0 ) ! ( s; h h throw T :: term k � � �i i q :: G 0 ) where T 6 = stopped ( s; h h throw T :: term i i q :: G 0 ) ! ( s; throw T :: G 0 ) ( s; h h throw stopped :: term k � � �i i q :: G) ! ( s; h h� � �i i q :: G) ( s; h hi i q :: G) ! ( s; throw stopped :: G) ( s; h hh h� � �i i :: G k � � �i i q :: G 0 ) ! ( s; h hh h� � �i i q :: G k � � �i i q :: G 0 ) ( s; h h � :: G k � � �i i q :: G 0 ) ! ( s; h h throw stopped :: � :: G k � � �i i q :: G 0 ) where � 6 = throw T :G8e$N Fs$D$N 5,B’ $, Nc 30 $, 860x$H$J $j Dd ;_$5$;$i$l $k >l9g$N 5,B’ $G $" $k !% $? $@ $7 �nally @a$N%3 !< %I $r <B 9TCf $K !$ B> $N %9 %l %C %I $N Nc30 $, 860x $H $J$jDd;_ $5 $; $i $l $k $3 $H $,$J$$ $h$& $K !$ protected $5 $l$?JB Ns J8 L. $K $D$$$F $O Dd;_$5 $; $i $l $k $?$a$N 5,B’ $O$J $$ !% J8L. =q $-49 $( 5,B’ $K $O !$ Hs 7h DjE* $J JBNs <B 9T $N $? $a

V ol. 39 No. 0 F0E*%9 %3!< %W $N MxMQ $K $h $kJBNs8@8l $N F14| !& Nc30=hM} $N 3,AXE*9=B$2= 11 $K >e5- $K 2C $($F !$ ( s; H) ! ( s 0 ; H 0 ) $J$i $P ( s; h h H k � � �i i :: G) ! ( s 0 ; h h H 0 k � � �i i :: G) $r DI2C $7 $F $* $/ !% 0J>e $G !$ Hs 7h Dj E* $JA‘:nE* 0U L# O@ $r 3,AX E* JB Ns J8 L. $K $D$$$F M? $( $? !%C10l $N 5-21 s $K $D$$$F FI$_ =P $7 / =q $-9~ $_ A‘ :n $r9T $C $F $$ $k $? $a!$ 3, AX E* JB Ns 7Q B3 $H $O !$ s $K BP$9$k2DG= $J A‘:nNs $r F@ $F !$ s $+$i !V 2DG= $J A‘:nNs $r <B9T $7 $? 7k2L $N A !W $N=89g $X<LA| $H $7 $F$H $i$( $k $3 $H$b $G$-$k!% $7 $+ $7 $J $,$i !$ $3 $N$h $& $JDj5A $r @53N $K M? $($? $H $7 $F$b$= $l$O$"$^$jLr $K N) $? $:!$ $‘ $7 $m !$ 3, AXE* JB Ns 7Q B3 $H$$ $& 4X?t $h$j $O !$ 3, AX E* JB Ns J8 L. $H$$ $& %G !<%?9= B$ $N$^ $^ M}2r $7 $? J} $, $h$$ $3 $H $, B? $$!% Nc $( $P !$ 3, AX E* JB Ns J8 L. >e $G $N throw $, $I $N$h$& $J8z 2L $r ;}$D $N $+$O !$3,AXE*JBNsJ8L.>e $G ==J,M}2r $G $- $k!% $? $@ $7 !$ 3, AX E* JB Ns 7Q B3 $, Hs7h Dj @- $N1F6A $r $"$^ $j <u $1$J$$>l 9g $O !$ 3, AXE* JB Ns J8 L. $O$= $N7QB3 $r $+$J$j $h$/6a;w $9$k!% $= $l$O !$ JB Ns $K F0:n $9 $k%9 %l %C %I $, 8_ $$ $K 43>D $; $: $K %9 %H %" s $r A‘:n $9 $k>l 9g $G$"$k!% $= $N $?$a $K$"$k%9 %l %C %I $, =q $-9~$‘ >l =j $r !$ JB Ns $K F0:n $9 $kB> $N %9 %l %C %I $, FI $_=q $- $7 $J$$$h $& $K 6u4V E* $K %9 %H %"$rJ,N% $5 $;$k $+ !$ B> $N%9 %l %C %I $NFI $_=q $- $, =* $o$k $^ $G FI $_=q $- $r $7 $J$$$h $& $K A‘:n $r;~4V E* $K J,N% $5 $; $k $+ $, =EMW $K$J$k !% $o $l$o $l$N 3+H/ $7 $F $$$k %* %V %8 %’ %/ %H ;X8~ JBNs 8@ 8l $G $O !$ 6u4V E* J, N% $r%* %V %8%’%/ %H $d $=$N%+ %W %; %k 2= $K $h$C $F B%?J $7 !$ $^ $?!$ ;~ 4VE* J, N% $r %* %V%8 %’%/ %H$K BP $9$k =h M} 7O $K$h$kE, @Z $JGSB> @) 8f $K $h$j%5 %] !< %H $7 $F $$ $k!% 5. F14|9=J8 $N 3HD% Nc 30 =h M} $N9= J8 $G $ONc30 %O %s %I %i $, catc h-thro w $N %? %0 $r MQ $$ $FA*Br $G$- $? $N $K BP $7 !$ $3 $3$^ $G$NF14| 9= J8 $G$O !$%9 %l %C %I $N join @h $O $= $l $r <h$j 0O $‘ 0l HV Fb B& $N join %V %m %C %/ $K BP 1~ $9 $k $b $N $H7h $^ $C $F $$ $?!% $D $^ $j !$ ?7 $? $K %9 %l %C %I $, @8@. $5 $l $k $H$- !$ @8 @.85 $N %9 %l %C %I $H 6&DL $N join @h $K$J $k $H 7h$^$C $F$$$? !% Hf 3S E* 4J C1 $J3H D% $G !$ F1 4| 9= J8 $G$b join @h $r%? %0$r MQ $$ $FA*Br $G$-$k $h $& $K$G$-$k!% $= $l$K $O !$ 4p K\ E* $K cathc-thro w $K $h$kNc30 =hM} $NAPBP $N>l9g $r9M $( $l $P $h$$ !%6qBNE* $J 9=J8 $H $7 $F$O <! $N$b$N $, 9M $( $i $l $k!’ do { f1(); }join(Total1 s1, Total2 s2, ...){ ... // F14|40N;;~$N=hM} } $D$^ $j !$ do-join 9=J8 $r=‘Hw $7 !$ do %V %m %C %/ Fb It $N f1 $N <B 9T Cf$K @8 @. $5$l $? %9 %l %C %I $N $&$A !$7W ;; 7k 2L $r Total1 , Total2 , ... $N $$$:$l $+ $N %/%i %9 !J $^$?$O %5 %V %/ %i%9 !K $N %* %V%8 %’%/ %H$G JV $9 $b $N$9 $Y $F $r F14| $5 $; $k !% $^ $? !J 8e=R $N reduce %a %=%C %I $K $h$j !K %H !<%? %k $7 $? 7k2L $r s1 , s2 , ... $NCM $H $7 $F !$ F1 4| 40 N; 8e $N=h M} $r join @a $K 5-=R$9$k!% $3$N $H$-!$ JB Ns $K CM $r7W;; $9 $k%9 %l %C %I $r @8@. $9$k J}K! $O <! $N$h $& $J$b$N $, 9M $($i $l $k !’ void f1(){ pthrow f2(); ... } Total1 f2(){ ... return new Total1(...); } $3$3$G !$ pthrow $N JV$9 CM $r ?7 $7 $$ %9 %l %C %I $r MQ$$$F 7W ;; $9 $k$b $N $H $9 $k !% $3 $N ?7 $7 $$ %9 %l %C %I $N join @h $O !$ pthrow $5 $l $k<0$N 7? $r MQ$$$F A*Br$5 $l $k !% $3$3 $G pthrow $5 $l $kCM $N7? !J %/ %i%9 !K $H$9$k $3 $H $O$G$- $J $$ !% $3 $l $O %9 %l %C %I $N @8 @. ;~ E@ $G join @h $O Dj$^$i $J $1 $l $P $J $i$J $$ $? $a $G$"$k!% join @h $, :G=* E* $K 5a $a $i $l $kCM $G Dj$^ $k $H $7 $?>l9g!$ CM $, 5a $a $i $l $k $N $rBT $D$3$H <+BN $, F14| $r 9T$C $F$$ $k $3$H $K$J $C $F $7 $^ $& !% $3$3 $G !$ F14| @h $r;XDj$9$k $? $a$N Total1 $N$h $& $J %/ %i %9 $O !$ %j %@ %/ %7%g %s $N$?$a$N reduce %a %=%C %I $r ;}$D $H$9 $k !%Nc $( $P <!$N$h $& $J Sum %/%i %9 $, 9M $( $i $l $k !’ class Sum extends Total { internal int sum=0; instant int getSum(){ return sum; } instant void reduce(Sum a){ sum += a.getSum(); } } $3 $l$K$h$jAm OB $r5a $a$k $? $a $K @8@. $5 $l$? %9 %l %C %I $N 7k 2L $r $^$H $a $k$3$H$, $G $- $k !%8@8l$N ;E MM $H $7 $F$O !$ %j %@ %/ %7%g %s$N =gHV $O <BAu $G <+M3 $G$"$k $H $7 $F $*$/ $3 $H $G MM !9 $J:GE,2= $,$G$-$k $H 9M $( $i $l $k!% Nc $( $P !$ 3F %W %m %; %C %5 $G%m!<%+ %k $K AmOB $r $H$k $H$$ $C $?<BAu $b5v $5 $l $k $H$9$k!% $b$A $m $s$=$N $? $a $K $O 3F %W %m%; %C %5 $G C10L 85 $rMQ0U $7 $J$$ $H$$ $1$J$$ $, !$ $3 $l$O L50z ?t $N %3 %s %9 %H %i %/%? $G =‘Hw$5 $l $k $H$9 $l $P $h$$ !% pthrow %3 %s %9 %H %i %/ %H $G$O !$I, $: <0 $r 5- =R $7 $J $/ $F $O$J $i$J$$ $N $G !$ J8 $, 5-=R $G$-$k $h$& $K$9$k $3 $H$b 8!F$$9$k!%Nc $( $P <! $N$h $& $J 5-=R $r 2DG= $H$9 $k !’ void f1(){ Total1 par{ ... return new Total1(...);} Total2 par{ ... return new Total2(...);} } $3 $l $O!$ par %V %m %C %/ $N Cf $r <B 9T $9 $k %9 %l %C %I $r@8 @. $9 $k $, !$ @8 @. $7 $? %9 %l %C %I $, 7W;; $9 $kCM $N%/ %i%9 $r par

12 >pJs=hM}3X2qO@J8;o 1998 %3 %s %9 %H %i %/ %H $N A0 $K ;XDj $7 !$7W;; $7 $? CM $O return $G JV$9$b $N $G$" $k!% 0J >e $N $h$& $K $7 $F join @h $rA* Br $G$- $k $h$& $K$9 $k $3 $H $G <! $N %a %j %C %H$, @8 $8 $k!% 0l $D $O !$ join J8 $N40N; 8e $b@8 $-B3 $1$k%9 %l%C %I $N@8@. $r join %V %m %C %/ Fb $K 5- =R $G$-$k $h$& $K $J $C $? $3 $H $G $"$k !% 8= :_ !$ Ja v a 8@8l MQ $K =q $+ $l $?%i %$ %V %i %j $N OP A $K $* $1 $k:FMx MQ $r8!F$ $7 $F$$$k $, !$ join @h $, %W %m %0 %i%‘A4 BN $K BP1~ $9 $k $h $& $J %9 %l %C %I $r MQ$$ $l $P Ja v a $N %9 %l %C %I $K 6a$$$b $N$H$J $j:FMx MQ $, MF0W $K$J$k $H 9M $( $i $l $k!% $b$& 0l $D $NMx E@ $O !$ !V $" $kJB Ns =h M} $N $? $a $K %9 %l %C %I $r @8@. $9$k !W $H$$ $&=hM}$r JB Ns $K <B 9T $G $- $k$h $& $K $J $C $?$3$H $G $" $k !% Nc $( $P !$ LZ 9= B$ $N %G !<%? $rF~ NO $H $7 $F$= $N leaf A4 $F $K $D$$ $F %9 %l %C %I $r @8@. $9$k $3 $H $rL\E* $H$9$k %a %= %C %I $r 5-=R $7 $J $/ $F $O$J $i$J$$ $H$-!$ LZ 9= B$ $rJBNs $K C)$k $H $$ $& 5-=R $, 2DG= $K$J $k!% 6. <BAu>e $N N10UE@ 6.1 F14|=hM} $N <BAu %9 %l %C %I =* N; F1 4|$N H= Dj$K$O join frame $H %9 %l %C %I $N$b$D =E $_ $r MQ $$$k !% join %V %m%C%/ $N3+;O;~!$ join frame $r @8 @. $7 $? %9 %l%C %I $H@8 @. $5 $l$? join frame $O Ey $7 $$ =E$_$r ;}$D !% $=$N join %V %m%C %/ Fb$G ?7$? $J %9 %l %C %I $, @8@. $5 $l$? ;~ $O !$ <+%9 %l %C %I $N;}$D=E $_ $r?7 $7 $$ %9 %l %C %I $K J, $1 M? $( !$ join $9$k;~ $O !$ join frame $K <+J, $N=E $_ $rJV$9 !% $3 $l$K $h$j !$ join %V %m%C%/ Fb $N $9$Y $F$N %9 %l %C %I $, =*N; $7 $? ;~!$ 3F%9 %l %C %I $K $h$C $F JV$5 $l $? =E$_$H join frame $, :G =i $K ;}$C $F $$ $? =E$_ $, Ey $7 $/ $J$j !$%9 %l %C %I =*N;F14|$NH=Dj $, 9T $( $k !% 6.2 Nc30=hM} $N <BAu Nc30=hM} $N<BAu $O !$ 4 >O $N %; %^ %s %F %# %/%9 $+ $i $b $o $+ $k $h $& $K !$ JB Ns =h M}Cf $K H/@8 $7 $? Nc30 $r $I $& 07$& $+ $, <BAu $N %] %$ %s %H $H$J $k!% H/@8 $7 $? Nc30 $r8=:_ $N %a %= %C %I Fb $G <u $1 ;_ $a$k $3 $H $,$G$- $k >l 9g $O !$ $= $N Nc 30 $K BP 1~ $9 $k =h M} $K0\ 9T $9 $k !% 8= :_ $N %a %= %C %I Fb $G<u $1 ;_ $a $k $3 $H $,$G $- $J $$>l 9g $O !$ 8F $S =P $7 85 $N %a %=%C %I $K Nc30 $r JV $7 !$ 8= :_ $N%9 %l %C %I Fb $G$N=hM} $r ;n $_$k!% 8= :_ $N %9 %l %C %I Fb $G =hM} $G$- $J $$ $H $- $O$= $N join @h $KNc 30 $, EA $( $i $l !$ join @h $N join frame $K %9 %l %C %I Dd;_ %U%i %0 $r N) $F $k!% %9 %l %C %I Dd;_ %U%i %0$, N)$D join frame >e $N %9 %l %C %I $O �nally @a $N <B 9T Cf$r =| $- !$=h M}$r $G $- $k$@ $1 Aa $/ Cf CG $9 $Y $-$G $" $k!% =hM} $NCfCG $N $? $a $K $O !$ %]!<%j %s %0$r 9T$& $h $& $J<B Au $, I,MW $H $J$j !$ %]!< %j %s %0 $N%*!< %P%X%C %I $H %9 %l %C %I $, Dd;_ $5 $l $k$^ $G$NCY1d $N %H %l !< %I %*%U $K$J$k!% 0l 2s $N%] !< %j %s%0 $r 8z N( 2= $9 $k J} K! $N 0l $D$K $O !$3F %W %m %;%C %5 $K BP $7 $F Nc30 %U %i %0 $b =‘Hw $7 !$ Nc 30 %U%i %0$, N) $C $F$$$k $H$- $@ $1 Nc30 $, H/@8 $7 $F$$ $J$$ $+$r %9 %? %C %/ $N ?<$/$^ $G D4::$9$k $H$$ $&J}K! $, 9M $($i $l $k!% $^ $?!$ Nc 30 $r5/ $3 $7 $? %9 %l %C %I $, !$ �nally $N=hM} $d @u$$$H $3 $m $K $" $k join frame $G $N %9 %l %C %I $N =* N; BT $A$r 9T $& $?$a$K !$?<$$$H$3 $m $K $" $k join frame $K Nc 30 $rEA $( $k$^ $G $K ;~4V $,$+ $+ $k2DG= @- $,$" $k!% $3 $l$r <B<A >e 9b B. 2= $9 $k $? $a $K $O !$ $" $i $+ $8 $a %9 %l %C %I Dd;_ %U %i %0 $, N) $A$= $& $J join frame $K 2>$N %U %i %0 $r N) $F $F$*$$ $F !$ ?? $N %U%i %0 $N>uBV $, 3NDj $9$k $^ $G $O 2> $N %U %i %0 $N N)$D join frame >e$N %9 %l %C %I $N =h M}$N M% @h EY $r 2< $2 $F $*$/ $3 $H $, 9M $( $i $l $k!% $? $@ $7 M%@h EY $r2< $2 $? %9 %l %C %I $N 7W;; $, ?J $^ $J$$ $HA4BN $N7W ;; $, ;_ $^ $C $F $7 $^$& 2D G= @- $, $"$k $? $a!$ 40 A4 $K%5 %9 %Z %s %I $5 $;$k $3 $H $O $G$- $J$$!% $3$NJ}K! $O !V 8+9~ $_ $N $J$$Ej5! E* <B 9T $r$J$k $Y$/<B 9T $7 $J$$ !W $H$$ $& %? %$ %W $N Ej5! E* <B 9T $H 9M $($i $l $k!% 7. 4X O" 8& 5f 7.1 Ja v a Ja v a $N JB Ns =h M}$N 5- =R$K$O Thread %/%i %9$r MQ$$ $k 13) !% Thread %* %V %8 %’ %/ %H $r @8 @. $9 $k$3 $H $K $h $j fork $r 9T $$ !$ join $O $=$N%* %V %8 %’ %/ %H $N join %a %=%C %I $r 8F $S =P $9 $3 $H $G 9T $& !% $7 $+ $7 $3$N$h $& $J %9 %l %C %I @)8f $r9T $& $? $a $K $O !$ %f!<%6 $, Thread %* %V %8 %’ %/ %H $r 4IM} $9$k I, MW $, $"$k $? $a!$ 8m $j $, :.F~ $7 $d$9$/ $J$k LdBj $, $" $k!% Ja v a $NNc30 =h M} $O !$ 4p K\ E* $KNc30 $, H/@8 $7 $? %9 %l%C %I Fb $G$= $NNc30 $r2r7h $9 $k $h $& $K @_7W $5 $l$F$$$k!% $^ $? !$ ThreadGroup %* %V%8%’ %/ %H$rF3F~ $9 $k $3 $H $G !$ J# ?t $N%9 %l%C %I $K BP $9 $k @) 8f $r $" $k Dx EY MF 0W $K $7 $F $$ $k !% OP A $O !$ Ja v a $H$N 8_49 @- $r $G$-$k $@$1 J] $D$h$& $K $7 $F $$ $k $, !$ OP A $G$O $5$i$K !$%9 %l %C %I $G H/@8 $7 $? Nc30 $r join @h $K EA $( $k $H$H$b$K !$6&DL $N join @h $r ;} $D %9 %l %C %I $r <+F0E* $K =*N;$5 $; $k $3$H $,$G $- $k!% 7.2 ABCL/1 JBNs %* %V %8 %’ %/ %H ;X8~8@8l ABCL/1 $N Nc30=hM} 9) $O !$ Nc 30 %a %C %;!< %8$K BP $9$kF0 :n $H $7 $F 5-=R $9$k!% Nc 30H/ @8 ;~ $K $O Nc30 %a %C %;!< %8 $, :n@. $5 $l %* %V %8 %’%/ %H $K Aw?. $5 $l $k!% Nc 30 %a %C %;!< %8$N Aw?. @h $K$O !$ Nc 30 $, H/ @8 $7$? %a %= %C %I $N %?%$ %W $d0z ?t $K1~ $8 $F!$ $= $N %a %= %C %I $r 8F $S =P $7 $?%* %V %8%’%/ %H $d JVEz %a %C %;!< %8$r <u $1 <h$k %* %V %8 %’ %/ %H$, ;XDj$5 $l $k!% ABCL/1 $O !V JB Ns%* %V %8 %’ %/ %H !W $K 4p $E $/ 8@ 8l $G $" $k $? $a!$ Nc30 =h M} $O !$ Nc 30H/ @8 ;~ $NJBNs %* %V %8%’ %/

V ol. 39 No. 0 F0E*%9 %3!< %W $N MxMQ $K $h $kJBNs8@8l $N F14| !& Nc30=hM} $N 3,AXE*9=B$2= 13 %H $N?6Iq $$ $r 8D!9 $K Dj5A $9 $k $3 $H $G BP=h $7 $F$$$k!% $= $l$K BP $7 !$ OP A $O %9 %l %C %I $r%Y!< %9 $H $7 $F$$ $k $?$a !$ Nc30 =h M} $O%* %V %8%’%/ %H $H $O FHN) $K catc h @a $K 5-=R $G $- !$$^ $? B> $N %9 %l %C %I $N <+F0=*N; $r <B8= $7 $F $$ $k!% 7.3 KL1 KL1 $OJB Ns O@ M} 7? 8@ 8l $G $" $j !$ Nc 30 =h M} $K $OAq 1‘ 11) $rMQ $$ $F $$ $k !% Aq 1‘ $H $O!$ $" $k J# ?t $N %W %m %; %9 $N %0 %k !< %W $N $3 $H $G$"$j !$ %0%k !< %W $O$" $k %W %m%;%9 $H$= $N%5 %V %W %m%;%9 $9 $Y $F $G 7A@. $5 $l$F$$$k!% $^ $? !$ Aq 1‘ $O F~ $l ;R9= B$ $K$G$-$k!% %W %m%; %9 $, H/@8 $5 $; $?Nc30 $O !$ %W %m %; %9 C1 0L $G$J$/ !$ $= $N %W %m%;%9 $, B0 $9$k Aq1‘ C1 0L $G 07 $o $l $k!% Aq 1‘ $NFb30 $H$NDL?. $N $? $a $K !$ Js9p%9 %H %j !< %‘ $H@)8f%9 %H %j !<%‘ $, MQ0U $5 $l$F $*$j !$ $3 $l$r MQ $$ $F Aq 1‘ Fb It $G H/ @8 $7 $? Nc 30$r 30 It $K EA$( $k$3$H$, $G $- !$ $^ $? !$Aq1‘FbIt $K @)8fL?Na $r Aw$k $3$H $,$G $- $k!% KL1 $H OP A $G $O !$ JB Ns =h M} $K$* $1 $kNc 30 =h M} $N9M $( J} $O ;w $F$$ $k !% $7 $+ $7 KL1 $N Aq1‘ $O !$F~=PNO $r$b $DFHN) $7 $? %W %m%;%9 $H$_$k $3 $H $,$G$- !$ $= $N %W %m%;%9 $N Nc 30 $r07$& $H9M $($k $3 $H $,$G$- $k!% 0l J} OP A $G $O !$ $" $kBg $- $J=hM} A4 BN $NCf $N0l It $N=hM} Cf $G H/ @8 $9 $k Nc 30 $r 07 $& $H 9M $($F $$ $k!% 7.4 Qlisp =i4| $N Qlisp 4) $O Hf3SE*>/ ?t $N8@8l %3 %s %9 %H %i %/ %H $r MQ $$ $FMM!9 $J%? %$ %W $NJBNs =h M} $r4J7i $K 8m $j $J $/ 5- =R2D G= $H$9$k $3 $H $rL\;X $7 $F$*$j !$ K\ 8& 5f $H 6&DL $9$k ItJ, $, B? $$!% FC $K !$ JB Ns =hM} Cf $NNc30 H/ @8;~ $K F14| @h $, 6& DL $N%9 %l%C %I $rDd ;_ $5 $; $k $H $$$& %" %$ %G%" $O 4) $N Cf $G =R $Y $i $l$F$$$k!% $^ $? !$ $= $N8e Qlisp $K$O B?$/ $N 8@ 8l %3 %s %9 %H %i%/ %H $, 2C $( $i $l 5) !$ Cf $G$b qwait %3 %s %9 %H %i %/ %H$O !$ F0 E*%9 %3!< %W $K $h$j $= $N<B9T Cf $K @8@. $7 $? $9$Y$F$N %9 %l %C %I $N =*N; $r BT$D$b$N$G !$ OP A $K $* $1 $k join %3 %s %9 %H %i %/ %H $H F1Ey $N5!G= $r ;}$D!%0l J}!$ OP A $G$O !$ 5 >O $G=R $Y $? $h $& $K join %3 %s %9 %H %i %/ %H $r 3HD% $7 $F $* $j !$ Nc 30 =hM} $G%? %0$, ;H $$J, $1 $i $l $k$N$H F1 MM $K !$F1 4| =h M} $G $b join @h$N $? $a $N %? %0 $, ;H$$J, $1$i $l $k$h $& $J 9=J8 $r =‘Hw $7 $F $$ $k!% 7.5 0l5i7QB3 $r MQ $$ $?$b$N C‘ <! 8@ 8l $K $* $$ $F $O;D $j $N 7W ;; !J = 7Q B3 !K $r0l 5i %G!< %? $H $7 $F 07 $& 0l 5i 7Q B3 $r MxMQ $7 $F !$ Hs 6I =j C& =P $dNc30 =hM} $d %3 %k !< %A %s$J $I $N =hM} $r 5-=R $G$-$k!% JB Ns 8@ 8l $K $*$$ $F $O !$ %3 %k!< %A %s $N$h $& $J5!G= $K$D$$ $F $O 7QB3 $r ;H $o $J$/ $F $b<B :] $K JBNs $K F0 $-F@ $k $b $N $H $7 $F <B8= $G $-$k!% $^ $? !$ Hs 6I =j C& =P $dNc30 =h M} $K $D $$ $F $O 0l5i 7Q B3 $rMQ $$ $J$/ $F $bK\ O@ J8 $G=R $Y $F $- $? $h$& $J catc h- thro w $r MQ $$ $F<B8= $G$-$k!% $3$N $? $a2f!9 $O JBNs 8@ 8l $K $*$$ $F $O !$ 0l 5i 7Q B3 $r 07 $($kI,MW @- $O >. $5 $$ $H9M $( $F$$$k!% $? $@ $7 7QB3 $N35 G0 $O JBNs 7W ;; $N0UL# O@ $r5-=R $9 $k $?$a$N%R %s %H $K $J $k $H 9M $($F $$ $k!% JB Ns 7W ;; $K $* $1 $k 0l 5i 7Q B3 $N 8& 5f $K $O Katz $H W eise $K $h$k8&5f 10) , Hieb $H Dyb vig $K $h$k8&5f 7),8) $, $" $k !% $H $b$K !$ Sc heme %Y !< %9$N 8& 5f$G $" $k !% Katz $H W eise $K $h $k8& 5f $G $O !$ future 6) $H 0l5i7Q B3 $NN>J} $r MQ$$$F $b future $r =|5n $7 $? C‘ <! 8@ 8l $G <B 9T $7 $? $H $- $H F1 $8 7k2L $K$J$k $h $& $JHO0O $G$N $_JBNs <B 9T $, 5v $5 $l $k$h $& $J J} K!$r Ds 0F $7 $F $$ $k !% Hieb $H Dyb vig $K $h $k 8&5f 7) $G $O !$?^ 3 $N $h $& $J LZ9= B$$N cactus stac k $K $* $$ $F !$ $= $N0lIt !J ItJ,LZ !K $r@Z$j<h $C $F0l5i %G !< %? $H $7 $F I= 8= $7 !$ @Z $j<h $C $?>l =j $^ $GHs 6I =j C& =P $7 $F !$ $=$N0l5i %G !<%? $rEO$9 !% 0l 5i %G !<%? $H $7 $F J]B8 $5 $l$? It J, LZ $O $=$l $r cactus stac k >e$N JL$N >l =j$G 8F $S =P $9$3$H $G @\ $. LZ $H $7 $F <B9T $G $- $k!% 8. $* $o $j $K K\ O@ J8 $G $O !$ JB Ns 8@ 8l $N5- =R @- $r8~>e $9 $k | 6q BN E* $K $$ $( $P !$ Hf 3S E* >/ ?t $N8@8l %3 %s %9 %H %i%/ %H $r MQ $$ $F MM!9 $J%? %$ %W $N JBNs =h M} $r4J7i $K 8m $j $J$/5- =R 2D G= $H $9 $k $?$a $K$O !$F0E*%9 %3!< %W $N MxMQ $K$h$j F14|=hM} !& Nc30 =h M} $r3,AX E* $K 9=B$ 2= $7 $? JBNs 8@ 8l $, M-8z $G$"$k $3$H $r<( $7 $? !% FC $K JBNs =hM} Cf $K H/@8 $7 $? Nc30 $K BP $9 $kNc 30 =h M} $N5- =R $O 6K $a $F4J7i $J $b $N $H$9$k $3 $H $,$G $- $? !% $^ $? !$ F0E*%9 %3!< %W $r MxMQ $7 $? C1=c 2= $5 $l$? 8@ 8l $K$D$$ $F$= $N %;%^ %s%F %# %/ %9 $r9M;! $7 !$ <B Au >e K> $^ $l $k9)IW $K $D$$$F =R $Y$? !% :#8e $O !$ Ds 0F $7 $? 5!G= $rMxMQ $7 $? 8@8l =h M} 7O $r<BAu $7 !$ <B :] $NJB Ns 7W ;; 5! $rMQ $$ $?I> 2A $r9T $C $F $$ $- $? $$!% <U<- F|:" 5D O@ $7 $F$$ $? $@$$ $??@8M Bg 3X Bm 8& 5f << $N OP A %0 %k !< %W $N 3’MM $H 5~ET Bg3X$N >.5\>o 9/Gn ;N $K 46 <U $$ $? $7 $^$9 !% K\8& 5f $N0lIt $O J8It>J 2J 3X 8&5f Hq !J >) Ne (A)09780278 !K $K $h $k!% ;2 9M J8 8% 1) Arnold, K. and Gosling, J.(eds.): The Ja v a Programming Language, Addison-W esley Pub- lishing Compan y (1996). 2) Chandra, R., Gupta, A. and Hennessy , J. L.: COOL, Par al lel Pr o gr amming Using C++ (Wilson, G. V. and Lu, P .(eds.)), The MIT Press, c hapter 6 (1996). 3) Clinger, W. and Rees, J.(eds.): R evise d 4 R e- p ort on the A lgorithmic L anguage Scheme , MIT AI Memo 848b, MIT (1991). 4) Gabriel, R. P . and McCarth y , J.: Queue-based m ulti-pro cessing Lisp, T ec hnical Rep ort ST AN- CS-84-1007, Departmen t of Computer Science,

14 >pJs=hM}3X2qO@J8;o 1998 Stanford Univ ersit y (1984). 5) Goldman, R. and Gabriel, R. P .: Qlisp: P arallel Pro cessing in Lisp, IEEE Softwar e , pp. 51{59 (1989). 6) Halstead, R. H.: New Ideas in P arallel Lisp: Language Design, Implemen tation, and Pro- gramming T o ols, Par al lel Lisp: L anguages and Systems (Ito, T. and Halstead, R. H.(eds.)), Lecture Notes in Computer Science, V ol. 441, Sendai, Japan, June 5{8, Springer, Berlin, pp. 2{57 (1990). 7) Hieb, R. and Dyb vig, R. K.: Con tin uations and Concurrency , A CM Conf. on the Principles and Pr actic e of Par al lel Pr o gr amming (PPOPP) , pp. 128{136 (1990). 8) Hieb, R., Dyb vig, R. K. and Anderson, I I I, C. W.: Sub con tin uations, Lisp and Symb olic Computation , V ol. 7, No. 1, pp. 83{110 (1994). 9) Ic hisugi, Y. and Y oneza w a, A.: Exception Handling and Real Time F eatures in an Ob ject- Orien ted Concurren t Language, Concurr ency: The ory, L anguages and A r chite ctur e , Lecture Notes in Computer Science, V ol. 491, Springer- V erlag, pp. 92{109 (1990). 10) Katz, M. and W eise, D.: Con tin uing In to the F uture: On the In teraction of F utures and First-Class Con tin uations, A CM Confer enc e on Lisp and F unctional Pr o gr amming , pp. 176{184 (1990). 11) BmOBCK : Bh8^@$Be %3 %s %T %e!<%?$NJBNs=hM} , 6&N) =PHG (1993). 12) H,?y>;9( , BmOBCK : JBNs=hM} $N$? $a$N%* %V %8 %’ %/ %H ;X 8~8@ 8l OP A $N @_ 7W $H <B Au , >pJs =h M}3X 2q 8& 5fJs9p , V ol. 96, No. 82, pp. 157{162 (1996). 13) Oaks, S., Henry W ong. 8M>>K- OB , @>B< Mx9@Lu : JA V A %9 %l%C %I %W %m %0%i%_ %s %0 , %*!< %‘ <R (1997). 14) Sup ercomputing T ec hnologies Group: Cilk- 5.1(Beta1) R efer enc e Manual , MIT Lab ora- tory for Computer Science (1997). h ttp://theory .lcs.mit.edu/~cilk. 15) H, ?y >; 9( , Bm OB CK : <B MQ E* $J JB Ns =h M} $N $? $a $N %* %V %8 %’ %/ %H ;X 8~ 8@ 8l OP A $N @_ 7W , Bh 13 2s%* %V %8 %’ %/ %H ;X8~7W;; %o!<%/ %7%g %C %W (W OOC’97) (1997). ( J?@. 10 G/ 10 7n 10 F|<uIU ) ( J?@. 10 G/ 12 7n 16 F|:NO? ) H,?y >;9( !J @52q0w !K 1967 G/@8!% 1989 G/El5~Bg3X9) 3X It EE ;R 9) 3X 2J B4 !% 1991 G/ F1 Bg 3X Bg 3X 1! EE 5$ 9) 3X @l 96 =$ ;N 2] Dx =$ N; !% 1994 G/F1 Bg 3X Bg 3X 1! M} 3X 7O 8& 5f 2J >p Js 2J 3X @l 96 Gn ;N 2] Dx =$ N; !% 1993 !A 1995 G/ F| K\ 3X =Q ?6 6= 2q FC JL 8& 5f 0w !J El 5~ Bg 3X !$ %^ %s %A %’ %9 %? !< Bg 3X !K !% 1995 G/ ?@ 8M Bg 3X 9) 3X It =u <j !% 1998 G/ $h $j 5~ ET Bg 3X Bg 3X1! >p Js 3X 8& 5f 2J DL ?. >pJs%7 %9 %F %‘ @l 96 9V ;U !% Gn;N !J M}3X !K !% JBNs=hM}!$ 8@8l=hM}7O $J $I $K 6=L# $r ;} $D !%F|K\ %=%U %H %& %’%" 2J3X2q !$ A CM 2q0w!%