JBNs=hM} $H Nc30=hM} $r E}0lE* $K 07 $& 9=B$2=8@8l 1 EgED M:2p 2 H,?y >;9( 2 Bm OBCK 1 ?@8MBg3XBg3X1!<+A32J3X8&5f2J 2 ?@8MBg3X9)3XIt>pJsCNG=9)3X2J K\O@J8 $G$O !$ %* %V %8 %’ %/ %H ;X8~JB Ns8@8l OP A $N JBNs =hM} $H Nc 30=hM} $K $D$$$F =R$Y $k !% OP A $G$O !$JBNs=h M} $r fork-join 7? $K 9=B$2=$9$k $?$a !$F14| $J $I $K 8m$j $, F~$j $K $/$/ !$IT5,B’ $J JBNs@- $r 4^ $‘LdBj $r MF0W $K 5- =R $9$k $3$H $, $G $- $k !%Nc30=h M} $K $D$$$F$O !$ fork-join %V %m %C %/Fb$N JBNs <B9T$5 $l $k %9 %l %C %I $G H/ @8 $7 $? Nc 30 $r join @h $G <u $1 ;_ $a $F=hM} $9$k $h $& $K 5-=R $G$-$k!% $^ $? !$ Nc 30 $, H/@8 $7 $? %9 %l %C %I $@$1$G$J $/ !$ fork-join %V %m%C %/Fb $N B> $N %9 %l %C %I $r $9$Y$F 0EL[E* $K =*N; $5$; $F$$ $k !% $3$N$?$a !$ $3$N Nc30=hM} $r MxMQ$9$k $3$H $G !$ C5:wLdBj $J $I $r 8zN(NI$/<B9T $5$;$k $3$H $G $- $k !% A Structured Language for P arallel Pro cessing and Exception Handling 1 Y usuk e SHIMAD A 2 Masahiro Y ASUGI 2 Kazuo T AKI 1 The Graduate Sc ho ol of Science and T ec hnology , Kob e Univ ersit y 2 Departmen t of Computer and Systems Engineering F acult y of Engineering, Kob e Univ ersit y In this pap er w e presen t parallel pro cessing and exception handling in an ob ject-orien ted language OP A. In OP A, parallel pro cessing is represen ted b y fork-join structure; therefore,w e can easily describ e irregular parallel problems. An exception whic h is raised in fork-join parallel pro cessing can b e handled at join destination. In addition, not only the thread in whic h an exception is raised but also other threads whic h are executed in parallel are terminated implicitlly . A searc h problem can b e executed e�cien tly b y this exception handling mec hanism. 1 $O $8 $a$K 2f !9 $O8= :_ !$ %* %V%8 %’ %/ %H ;X 8~ JB Ns 8@ 8l OP A [1, 2] $N @_ 7W $H<B Au $r?J $a $F $$ $k !% OP A $G $O !$ J, ;6 %a %b%j 7? !$ 6& M- %a %b%j 7? $rLd $o $: 8zN( NI $/ %W %m %0 %i%‘<B 9T $G $- $k$h $& $J =h M} 7O$N <B Au$r 2D G=$H $9 $k$H$H $b$K !$ IT 5, B’ $J JB Ns @- $r 4^$‘ Ld Bj $rMF0W $K 8m $j $J$/5- =R $G $-$k $3$H$r L\;X $7 $F $$ $k !% K\ 9F $G$O !$ OP A $N JB Ns =hM}$H Nc 30=h M} $K $D$$$F =R $Y$k!% ?. Mj @- $, 9b$/ 9= B$ 2= $5 $l$? %W %m %0 %i %‘ $r :n @. $9$k $? $a $K $O !$ DL >o $H $O 0[ $J$kNc 30 E* $J>u67 $NH/ @8 $r8!CN $7 !$ $= $l$K BP=h $9 $k $? $a $N=hM} $r 5-=R $9 $k I,MW $, $" $k!% $3$N $? $a %f!< %6 $,$3$NNc30 =h M} $K $D $$ $F MF0W $K 8m $j $J $/5- =R $G$-$k $h $& $K !$ 8@ 8l B& $G ;Y1g $9 $k $3$H $, I,MW $H$5 $l $F $$ $k !% 0J 2< !$ 2 >O $G %* %V %8 %’ %/ %H ;X 8~JB Ns8@ 8l OP A $K $D$$$F =R $Y $k !% 3 >O $G OP A $G $N Nc30 =hM} $K $D$$$F =R $Y !$ 4 >O $G <BAuJ}K! $K $D$$$F =R $Y $k !% 1

2 %* %V %8 %’ %/ %H ;X8~JBNs8@8l OP A OP A $O Ja v a [3] %i %$ %/ $J%7 %s %?%C %/ %9 $r MQ$$$? %* %V %8%’%/ %H ;X8~ JB Ns 8@ 8l $G$"$k!%%a %b %j HV CO $H $7 $F$N %] %$ %s %? $O 5v $5 $:!$ 4X ?t 8F $S =P $7 $N 0z?t $O CMEO $7 $G$"$k $, !$ %* %V %8 %’%/ %H $d G[Ns $X $N;2>H $, CM $H $7 $F MxMQ $G $- $k !% 2.1 =>Mh $N JBNs=hM} JB Ns =h M}$O !$6Q <A$G 5, B’ E*$J Ld Bj$r BP >]$H $9 $k %G !< %?JB Ns $H !$ 6Q <A $5 $, >. $5$/ IT 5, B’ $JLdBj $rBP>] $H $9$k Hs %G !<%? JBNs $K J, $1 $k $3$H $,$G $- $k !% %G !< %? JB Ns $N Ld Bj $KBP $7 $F $OD9 G/ 8& 5f $5 $l $F $* $j !$ HPF $J $I MM !9 $J %G !< %? JB Ns MQ$N 8@ 8l $, 3+ H/$5 $l $F $$$k!% $3 $& $$ $C $?8@8l $G $O !$ $"$k2r$/ $Y $-LdBj $K 4^ $^ $l $k 5, B’ E*$J Ld Bj !J 9T Ns$N 1i ;; $J $I !K $K BP $7 $F !$ JBNs $K =h M}$9$k $3$H $, $G $- !$ forall J8 $J $I $G MF0W $K $= $l$r 5-=R $G$-$k!% $^ $? !$ F14| $, 0EL[ $K$H $i $l $k $? $a!$ $= $3 $K 8m $j $, F~ $j $K $/ $$ $b $N $H $J$C $F$$$k!% $7 $+ $7 !$ IT 5, B’ $J JBNs @- $r 4^$‘ $h $& $JLdBj !J Hs %G !<%? JB Ns !K $K BP $7 $F $O !$ 5- =R $, :$Fq $H$J$j !$ MF 0W $K JBNs =hM} $G $-$J$$$H$$ $C$? LdBj $, $" $k !% 0lJ}!$ Hs %G !<%?JB Ns $NLd Bj $r 5-=R $9 $k $? $a $N8@8l $H $7$F !$ ABCL/1 [4] $J $I JB Ns %* %V%8 %’ %/ %H%b %G%k $K 4p $E $/8@ 8l $, 8&5f $5 $l$F$$$k!% $3 $N8@8l $G $O !$ Ld Bj $K Fb:_ $9 $k JB Ns @- $r <+A3 $K 0z $-=P $9 $? $a !$ IT 5, B’ $J JB Ns @- $r 4^$‘ Ld Bj $r MF0W $K 5-=R $G$-$k!% $7 $+ $7 !$ 5U $K%f!< %6 $O <B9T ;~ $NA4 BN $H $7 $F$N=hM} $N?J 9T >u 67 $K $D $$ $FGD0. $7 $K $/$/ !$ $^ $? !$ =h M} 40 N; ;~ $NF14| $K 4X $9 $k 8m $j $, MF 0W $K 5- =R $G $- $F $7 $^$& Ld Bj E@ $,$" $C $?!% $3$N$h $& $K !$ => Mh $NJBNs =h M} $G $O !$ %G !<%?JB Ns $H Hs %G !<%?JB Ns $N $I $A $i $+ $r BP >] $H $7 $F 8@8l $r @_ 7W $7 $F$$$k $? $a$= $l $>$l$K 7gE@ $, $"$C $?!% $3$N $? $a !$ JB Ns =h M} $G$-$k It J, $HC‘<! =h M} $G$J $1 $l $P $J $i $J$$It J, $, 4^$^ $l $k LdBj $O !$MF0W $K 5-=R $G $-$J $+ $C$? !% 2.2 OP A $N JBNs=hM} <B9T 3+ ;O ;~ $O !$ C‘ <! $G =hM} $5 $l$J $1 $l $P $J $i$J$$ $, !$ $"$k ;~ E@ $G JBNs $K =hM} $G$-$kIt J, Ld Bj $r$b $D $h $& $JLd Bj $,$"$k!% $^ $?!$ $= $NIt J, Ld Bj $r=h M} $7 $?8e!$ $= $N7k 2L $rMQ $$ $F !$ C‘ <! $G =hM} $5 $l B3 $1 $k $h $& $J $3 $H$b$" $k !% A0@a $G =R $Y $?8@ 8l $G $O !$ $3$N $h $& $JLdBj $N5-=R $O MF 0W $G $O $J $$ !% OP A $G $O !$ $3 $N Ld Bj $KBP $7 $F !$ fork- join $rMQ $$ $FMF 0W $K8m $j $J$/ 5- =R $G$- $k $h$& $K$9 $k !% LdBj $r =hM} $7 $F$$$k;~!$ $"$kIt J, $G JBNs $K <B9T $G $-$kItJ, LdBj $, J#?t $"$k>l9g $O !$ I,MW 8D ?t $N %9 %l %C %I $r @8@. (fork) $7 !$ $= $l$K It J, Ld Bj $r 2r $+$;$k $3 $H $G !$ JB Ns =hM} $r 9T $J $& !% ?7 $? $K @8@. $5 $l $? %9 %l %C %I $b !$ $5 $i $K %9 %l %C %I $r @8@. $9 $k $3 $H $G !$ M? $( $i $l $? ItJ, Ld Bj $r$h$jJB Ns $K =hM} $G$- !% F~ $l ;R9= B$ $G JBNs =hM} $r5-=R $G$-$k!% fork-join %V %m %C %/ Fb $G@8@. $5 $l $? %9 %l %C %I $O !$ %V %m %C %/ $N=*N; CO E@ $G F14| (join) $r $H $k !% ( ?^ 1) !% ?^ 1: fork-join =hM} %9 %l %C %I $N fork $H join $K $O!$ %- !< %o !< %I par !$ join $r MQ $$$k !% fork $5 $; $?$$ %a %= %C %I 8F $S =P $7 $K =$>~ ;R $H $7 $F par $r IU2C $9 $k $H !$ ?7 $? $K %9 %l %C %I $, @8@. $5 $l !$ $= $N %a %=%C %I $r ?7 $7 $$ %9 %l %C %I $G <B9T $9 $k $3 $H $, $G $- $k !%$^$? !$ join %V %m %C %/ Fb $G fork $5 $l $? %9 %l %C %I $O !$ $= $N join %V %m %C %/ Fb $G =* N; $9$k $? $a !$ =h M} $, =*N; $7 $? 8e$b %9 %l %C %I $, @8$-;D$k $3$H $O$J $$ !% join{ par obj1.m(); // JBNs<B9T par obj2.m(); // JBNs<B9T .. } // $3$3$G F14| 2

2.3 %a %= %C %I J,N‘ %* %V %8 %’ %/ %H $N %a %=%C %I $r !$ FI $_=P $7 @lMQ %a %=%C %I (R O) $H FI $_=q $-N>MQ %a %=%C %I (R W) $K J, $1 $k $3 $H $G !$ %* %V %8 %’%/ %H $N GSB> @) 8f $r>/ $J $/ $G$- !$ =h M} $N9bB.2= $r ?^$k $3 $H $,$G $- $k!% $= $3 $G !$ OP A $G$O !$ %a %=%C %I $N Dj5A $K%- !<%o!< %I instan t $r IU2C$9$k $3 $H $G !$ J8LL>e $N FI $_=q $- $K 1~ $8 $F !$ %a %=%C %I $r R O %a %=%C %I $H R W %a %=%C %I $K J,N‘$9$k !% R O %a %=%C %I $O !$ 0l 4S@- $N$"$k %* %V %8 %’ %/ %H $N >u BV $rFI $_=P $9 $3 $H $,$G$- $l $P !$ FI $_=P $7 $? 8e $N%* %V %8%’%/ %H $N GSB> @) 8f $O I,MW $J$$ !% R W %a %= %C %I $K $D $$ $F $O !$ %$ %s %9 %? %s %9 JQ ?t $N99?7 $r !$ JQ ?t $X $N=q $- 9~ $_ $, $" $kEY $K 9T $J $& $N $G $O$J $/ !$ %a %=%C %I $N$"$k FC Dj $NE@ $G 0l3g 99 ?7 $9 $k $3 $H $K $h $C $F !$ GS B> @) 8f 6h 4V $r :G>.8B $K M^ $( $k $3$H $,$G $- $k !% 2.4 B?=E>uBV A0@a $G=R $Y $? R O %a %= %C %I $H R W %a %= %C %I $H$$ $C $? instan t %a %= %C %I $N=h M} $N $? $a $K !$ $= $l $i $,5/ F0 $5 $l $k $? $S $K !$ $= $N %a %= %C %I MQ $K%* %V %8%’%/ %H $N >uBV $NJ#@= $, :n@. $5 $l $k!% $3 $l$K $h$C $F 0l $D $N %* %V %8 %’ %/ %H $, J#?t 8D $N>uBV $rF1;~ $K ;} $DB? =E >u BV $, B8 :_ $9 $k!% $3$N >uBV $r ?^ 2 $K <($9 !% instan t %a %= %C %I $, 5/ F0$5 $l $k$H !$ %$ %s %9%? %s %9 JQ ?t $J $I $N%* %V %8%’%/ %H $N %G !<%? $O !$ 85 $H$J$k %* %V %8 %’ %/ %H (common state) $+ $i %a %= %C %I <B 9T $N $? $a $N :n 6H NN 0h (w orking state) $K 0l3g $7 $F FI $_9~ $^ $l $k!% 0J 8e!$ instan t %a %= %C %I $O w orking state $N %G !<%? $K BP $7 $F FI $_=q $- $r9T $J$$ !$ R W %a %= %C %I <B9T $N0l3g 99 ?7 $K$h $C $F!$ w orking state $+ $i common state $X %G !< %? $, =q$- La $5 $l $k !%0l3g 99 ?7 $9 $k A0$N R W %a %=%C %I $N w orking state $O !$F1;~ $K 0l$D $7 $+ B8:_ $r 5v $7 $F$$ $J $$ $? $a!$ J# ?t $N R W %a %= %C %I <B 9T MW 5a $O C‘ <! $K =hM} $5 $l $k!% R W %a %= %C %I $H R O %a %=%C %I $O %G !< %? $N0l 3g 99 ?7 Cf $r =|$/ $H JBNs $K =hM} $5 $l $k!% $^ $? !$ $"$k%* %V %8 %’ %/ %H $N instan t %a %= %C %I $r <B9TCf $K F1 $8 %* %V %8%’%/ %H $N R O %a %= %C %I $r 8F $S =P $7 $? >l 9g $O !$<j85 $N w orking state $N %G !<%?$r MQ$$ $:!$ :F EY common state $+$i %G !<%?$N FI$_9~$_ $r 9T $J $& !% DL >o %9 %l %C %I $, %* %V %8 %’ %/ %H $r @j M- $7 $F $$ $k $N $O !$ R W %a %= %C %I <B 9T $N0l 3g 99 ?7 A0 $N4V $@ $1 $G $"$k !% ?^ 2: B?=E>uBV $3 $N$? $a !$0l 3g 99 ?7 8e$b @j M- $7 B3 $1 $F $$ $? $$ ;~ $O !$ sync hronized $rMQ $$ $k !% $3 $N sync hronized $K$D $$ $F $bB? =E >u BV $rMQ $$ $F<B 8= $9 $k !% sync hronized $N=h M} 3+ ;O ;~ $K !$ R W %a %= %C %I $N;~ F1 MM !$ common state $+ $i SYNC w orking $K %3 %T !< $7 !$ %3 %T !< $5 $l$? %G !< %? $KBP $7$F!$ FI $_ =q $- $r 9T $J$& !% $3 $N 4V !$ sync hronized $N =hM} $r 9T $J$C $F$$$k%9 %l %C %I $O ?^ $N1&B& $r 8+ $F$* $j !$ B>$N %9 %l %C %I $O :8 B&$r 8+ $k $b $N $H $9 $k !%C" $7 !$ %* %V%8%’ %/ %H $N 0l 4S @- $rJ] $D $? $a !$ sync hronized >u BV $N %* %V %8 %’ %/ %H $, B8 :_ $7 $F $$ $k 4V$O !$ $= $N %* %V %8 %’ %/ %H $K BP $7 $F $N R W %a %= %C %I $N <B 9T$r 5v$5$J $$!% %G !<%? $N=q $-La $7 $K $D $$ $F $O !$ sync hronized $N =hM}=*N;;~ $K 9T $J$o $l $k !% 3 Nc30=hM} 3.1 @_7WJ}?K OP A $N JBNs =h M} $O !$ $" $k Bg$-$J Ld Bj $K 4^$^ $l $k JBNs =h M} 2D G= $JItJ, Ld Bj $r5-=R $7 $d$9$/@_ 7W $5 $l$F $$$k!% $3 $NItJ, Ld Bj $K $* $$ $F !$ JB Ns $K <B9T $5 $l$F$$ $k%9 %l %C %I $O !$ $= $l $>$l F1 $8 L\E* $r;} $C $F<B9T $5 $l $F$$$k $3 $H $, B? $$!% $3$N $?$a!$ $3 $l$i$N %9 %l %C %I $K $D $$ $FF1 4| $rMF 0W $K $H$k $3 $H $, $G $- $k $h$& !$ OP A $G $O fork-join %V %m%C %/ $r MQ$$ $F$$ $k !% Nc30 =h M} $K$D$$ $F $bF1MM $K 9M $($k $H !$ 3F%9 %l %C %I $4 $H$K Nc 30 $, H/ @8 $7 $? ;~$N =h M} $r 5- =R$9 $k$h $j$O !$ JBNs $K ItJ, Ld Bj $r2r$/ >e $G H/@8 $7 $? Nc30 $r0l3g $7 $F =h M} $9 $k $h$& $K5- =R $G $- $? J} $, <+ A3 $G $" $k !% $= $3 $G !$ OP A $N Nc 30=h M} $O !$ fork-join %V %m %C %/Fb$N JBNs =h M}$G H/ @8 $9 $k Nc 30$r join @h $G <u $1 ;_$a $k$3 $H$, $G $- $k$h $& $K $9 $k !% 3

3.2 J8K! OP A $G $NNc30 =h M} $NJ8 K! $O !$ 4p K\ E* $K $O Ja v a $H F1 $8 $G$" $k!% Nc 30 $, H/@8 $9$k HO 0O $N;XDj $H !$ Nc 30 =h M} $N5-=R $K $O try-catc h %V %m %C%/ $r MQ $$ $F$* $j !$ try %V %m%C %/$N Fb $G H/ @8 $7 $? Nc 30$r catc h $G <u $1 ;_$a !$ $=$N $H$-$N F0:n $r catc h @a $K 5-=R$9$k !% try { ... join{ // %9 %l %C %I @8@. !& <B9T par obj1.method(); par obj2.method(); } ... }catch(ExceptionName1 expObj){ // Nc30 1 H/@8;~<B9T ... throw expObj; // Nc30 $r 30 $X Ej $2 $k }catch(ExceptionName2 expObj){ // Nc30 2 H/@8;~<B9T ... }finally{ // I, $: <B9T ... } try %V %m%C %/ $N Cf $G H/@8$9$k J#?t $N <oN‘$N Nc30 $r 8DJL $K =hM}$9$k $H$-$O !$8D !9 $N Nc30 $K BP$9$k catc h @a $r$= $l $>$l 5-=R $9$k !% H/ @8 $7 $? Nc30 $r$h $j30 B& $N catc h @a $K EAGE $5 $;$k $H$- $O thro w J8 $r MQ $$$k !% Nc 30 H/ @8 $NM- L5 $K 4X $o $i $: $K I, $: <B9T $7 $?$$=hM} $,$" $l $P �nally @a $K 5-=R$9 $k !%$^ $? !$ try-catc h %V %m %C %/ $O F~ $l ;R $K =q$/ $3$H $, 2DG= $G $" $k !% 0l $D $N%9 %l%C %I Fb $G2r 7h $9 $k Nc 30 =h M} $K$D $$ $F $O!$ ja v a $N Nc30 =h M} $HF1MM $K 9M $( $k!% JB Ns =h M} $G$NNc30 $K$D $$ $F !$ OP A $G $O !$ join %V %m %C %/ $r try %V %m %C %/ $NCf $K 5-=R $G$- !$ $= $N join %V %m %C %/ Fb $N %9 %l %C %I $, Ej $2 $? Nc30 $r catc h @a $G <u $1 ;_ $a $k $3$H $,$G $- $k !% 3.3 F0:n $"$k%9 %l %C %I $K $*$$ $FNc30 $, H/@8 $7 $? >l9g !$ $= $N %9 %l %C %I Fb $G Nc30 =h M} $, 40N; $9 $k ;~ $O !$ ja v a $N Nc30 =h M} $H F1MM $K F0:n $9 $k!% :G $bFbB& $N catc h @a $G Nc30 $r <u $1 ;_ $a$F =hM} $7 !$ $= $3 $+$i 30B&$N try-catc h @a $K Nc30 $r Ej $2 $k $3$H$b$G $- $k !% %a %=%C %I Fb $N catc h @a $G <u $1 ;_ $a$k $3 $H $,$G$- $J$$;~ $O !$ %a %= %C %I 8F=P B& $K Nc30 $, EAGE $7 $F $$ $/ !% Nc30 $, H/@8 $7 $? %9 %l %C %I $G Nc30 =h M} $, 40N; $7 $J$$ ;~ $O !$ %9 %l %C %I $N join @h $K Nc 30 $, Ej $2 $i $l $k!% $= $7 $F !$ $= $N join %V %m %C %/$r 0O $s $G $$ $k :G$b Fb B&$G Dj 5A $5 $l $? catc h @a $G Nc30 $r <u $1 ;_ $a$k!% $3$N;~!$ Nc 30 $r <u $1 ;_ $a $? try-catc h %V %m %C %/ $K 4^ $^ $l $k fork- join %V %m%C%/ Fb $N %9 %l %C %I $O !$ $9 $Y $F6/@)=* N; $5 $; $k ( ?^ 3) !% 6/ @) =* N; $5 $l $k %9 %l %C %I $O !$=*N; A0 $K �nally @a $r <B9T $7 !$ =* N; ;~ $K$=$N %9 %l %C %I $, 3NJ] $7 $F$$$? %* %V %8 %’%/ %H $r $9 $Y $F2rJ| $9 $k!% $3$N $H$- !$ 0l 3g99 ?7 $r 9T $J$C $F$$ $J$$ %* %V %8 %’%/ %H $K BP $7 $F $O !$ 99?7 $r 9T $J $o $J$$!% $7 $+ $7 !$ Nc 30 $, H/@8 $7 $? %9 %l %C %I $N >l 9g $O !$ %f!<%6 $, thro wing $r H< $& return J8 $r L@<( $9 $k $3$H $G 99?7$5 $; $k $3$H $,$G $- $k !% ?^ 3: Nc30=hM} 3.4 1~MQNc J#?t 2r $r$b $DLd Bj $r2r$/ ;~ !$ A4 2r $G $O$J$/0l $D $b $7 $/ $O$$$/ $D $+$N 2r $, J, $+ $l $P NI $$ $3 $H $, $"$k!% $3 $N ;~!$ J# ?t $N %9 %l %C %I $, JBNs $K 2r $r C5:w $9 $kJ} K! $, 0lHL E* $G$"$j !$ $3 $NC5:w =* N; >r 7o $O I,MW 8D?t $N2r $r 8+ $D $1$?;~ $H $J$k!% $7 $+ $7 !$ => Mh $N8@ 8l $G $O JBNs C5 :w $r 9T $J $C $F $$ $k $9 $Y $F $N %9 %l %C %I $N <B 9T Dd ;_ $H $$ $C 4

$?@) 8f $N5- =R $, I,MW $G$"$k $? $a %W %m %0 %i%_ %s %0$, J# ;( $K$J $k !% A0 @a $G =R$Y$? $h $& $K !$ OP A $N Nc 30=h M} $r MQ$$ $k $H !$ JB Ns <B 9T $7 $F$$$k%9 %l %C %I $N =*N; $r MF0W $K 9T $J $& $3 $H $,$G $-$k!% $3$N $? $a !$ Nc 30 =h M} $rMQ $$ $F !$ $3 $N<o $NC5 :w Ld Bj $r !$ 8z N( NI $/ <B 9T $G$-$k %W %m %0 %i%‘ $r 5-=R$9$k $3$H $,$G $- $k !% 0J2< $K 2r $r Fs$DC5:w$9$kLdBj$NNc $r <($9 !% // %a%$ %s %/ %i %9 // ( Nc30 $r <u $1 ;_ $a $k ) public class SearchStart { static void main(String argv[]) { try{ join{ Search node1 = new Search(), node2 = new Search(); Table table = new Table(); // JBNsC5:w3+;O par node1.calc(table, 1); par node2.calc(table, 2); } System.out.println("UnFounded"); }catch(Founded excp){ // Nc30=hM} System.out.println("Founded"); } } } // 2rC5:w $r 9T $J $&%/ %i %9 class Search { void calc(Table table, int p) throws Founded { ... if ( 2rH/8+ ) table.add(answer); else join { Search node1 = new Search(), node2 = new Search(); par node1.calc(table, 2*p+1); par node2.calc(table, 2*p+2); }; } // 2r $r J]B8$9$k %/ %i %9 // ( Nc30 $, H/@8$9$k ) class Table { int answer1, answer2, num = 0; instant void add(int ans) throws Founded { if (num == 0) { answer1 = ans; num++; }else{ answer2 = ans; num++; // Nc30 $r H/@8$5 $;$k // $3 $N ;~0l3g99?7 $b L@<( $7 $F 9T $J $& return throwing new Founded(); } } } 3.5 4XO"8&5f 3.5.1 Ja v a Ja v a $N Nc 30 =h M} $O !$4pK\ E* $K Nc 30 $, H/ @8 $7 $? %9 %l %C %I Fb $G$= $NNc30 $r2r7h $9$k $h$& $K @_7W $5 $l$F$$ $k !%Nc30=hM} $N 5- =R $K$O try-catc h %V %m %C %/ $r MQ$$ $F $$ $k !% OP A $O !$ JB Ns $N5- =R 0J 30 $O Ja v a $H$N 8_ 49 @- $r $G $-$k $@ $1 J] $D $h$& $K $7 $F$$$k $? $a !$ Nc 30 =h M} $N5-=R K! $O Ja v a $H F1 $8 try-catc h %V %m%C %/ $r MQ$$$F $*$j !$ %9 %l %C %I Fb $G $NNc 30 =h M} $O !$ Ja v a $NNc 30 =h M} $HF1 MM $K 07 $o $l $k !% $7 $+ $7 OP A $G$O $5 $i$K !$%9 %l %C %I $G H/@8 $7 $? Nc30 $r join @h $K Ej $2 $F fork-join %V %m %C %/ Fb $N %9 %l %C %I $r =*N;$5 $; $k $3$H $,$G $- $k !% 3.5.2 ABCL/1 ABCL/1 $N Nc30 =hM} [5] $O !$ Nc 30 %a %C %;!< %8$K BP $9$k=h M} $H $7 $F Dj5A $9 $k!% %7 %9 %F%‘ $O !$ Nc30 H/ @8 ;~ $K Nc 30 %a %C %; !< %8 $r:n @. $7 %* %V%8 %’ %/ %H$K Aw ?. $9 $k !% Nc 30%a %C %; !< %8 $N Aw ?. @h $K $O!$ Nc 30 $,H/ @8 $7$? %a %= %C %I $N%? %$ %W $d 0z?t $K 1~ $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%"%/ %? $r %Y !< %9 $H $7 $?JB Ns %* %V%8 %’ %/ %H ;X8~ 8@ 8l $G$"$k $? $a !$ Nc 30=h M} $O !$ Nc 30H/ @8 ;~ $N %* %V %8%’%/ %H $N ?6Iq $$ $r8D!9 $K Dj5A $9$k $3 $H $G BP=h $7 $F $$ $k !% $= $l $K BP $7 !$ OP A $O %9 %l %C %I $r %Y !< %9 $H $7 $F $$ $k$? $a !$Nc 30 =h M} $O !$ try-catc h $G 5- =R $G $- $k !% 5

3.5.3 KL1 KL1 $O JB Ns O@ M} 7? 8@ 8l$G $" $j !$ Nc 30 =h M} $K $O Aq 1‘ [6] $r MQ $$ $F$$ $k !%Aq1‘ $H $O !$ $" $kJ#?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$$$k!% $^ $?!$ Aq 1‘ $O F~ $l ;R9= B$ $K$G$-$k!% %W %m%; %9 $, H/@8 $5 $; $?Nc30 $O !$ %W %m%; %9 C1 0L $G$J $/ !$ $= $N %W %m%; %9 $, B0 $9 $k Aq 1‘ C1 0L $G 07 $o $l $k!% Aq 1‘ $NFb 30 $H$NDL ?. $N $? $a $K !$ Js 9p%9 %H %j !<%‘ $H @)8f%9 %H %j !< %‘ $, MQ0U $5 $l$F $*$j !$ $3 $l$r MQ $$ $F Aq1‘ Fb It $G H/@8 $7 $? Nc30 $r 30 It $K EA $( $k $3 $H $,$G $- !$ $^ $? !$ Aq 1‘ Fb It $K @)8f L? Na $r Aw$k $3$H $,$G $- $k !% KL1 $H OP A $G$O !$ JB Ns =h M} $K $* $1 $kNc30 =h M} $N 9M $(J} $O;w $F $$ $k !% $7$+ $7 KL1 $NAq 1‘ $O !$ F~ =P NO $r $b $DFH N) $7 $? %W %m %; %9 $H$_$k $3 $H $,$G$- !$ $= $N %W %m %;%9 $N Nc 30 $r07$& $H9M $($k $3 $H $, $G $- $k !% 0l J} OP A $G $O !$ $"$k Bg $- $J=hM} A4 BN $NCf $N0lIt $N=h M} Cf $G H/ @8 $9$kNc30 $r 07 $& $H 9M $($F$$ $k !% 4 <BAuJ}K! 4.1 %9 %l %C %I Dd;_ $N%? %$%_ %s%0 $" $k %9 %l %C %I $OB> $N %9 %l %C %I $, 5/ $3 $7 $? Nc 30 $K $h $C $F !$ 6/ @) =* N; $7 $J $1 $l $P $J$i$J$$ $3 $H $,$" $k!% $3 $N $? $a !$ %9 %l %C %I $O <B9T Cf $K Nc30H/ @8 $N %U%i %0$, N)$C $F $$ $J $$ $+ %A %’ %C %/ $9 $k I, MW $,$"$k !% $3 $N %A %’ %C %/ $r 0l L? Na <B 9T $4 $H $K 9T $J $( $P !$ %U %i %0$, N) $D $H$9 $0 $K =* N; $9 $k $3 $H $,$G$-$k $, !$ <B 9T B. EY $O Bg $-$/ Dc 2< $9 $k $H 9M $( $i $l $k!% $= $3 $G :#2s $N<BAu $G$O !$ <+%9 %l %C %I $G Nc30 $, H/@8 $7 $? ;~ $H yield() $, <B 9T$5 $l $? ;~ $K %U%i %0 $N%A%’ %C%/ $r 9T $J $& !% 4.2 %9 %l %C %I Dd;_J}K! OP A $G$O !$ fork-join %V %m %C %/ $O join frame $r MQ $$ $F <BAu $7 $F $* $j !$ $3 $l$r MxMQ $7 $F 3F%9 %l %C %I $r =* N; $5$;$k !% join frame $O fork-join %V %m %C %/ 3+ ;O ;~ $K !$ %9 %l %C %I $N join $N 40 N; $r8! =P $9 $k $? $a $K :n $i $l !$ fork-join %V %m%C%/ Fb $G @8@. $5 $l $? %9 %l %C %I $O$3$N join frame $X $N %] %$ %s %? $r ;} $D!% $= $3 $G !$ join @h $K Ej $2 $i $l $k Nc 30 $, H/@8 $7 $? >l 9g!$ $= $N %9 %l %C %I $N join @h $N join frame $K !$ Nc30 $, H/@8 $7 $?$3$H $r <($9 %U%i %0 $r N) $F $k $h$& $K$9$k!% fork-join Fb $N%9 %l %C %I $O A0 @a $G =R $Y $? %? %$%_ %s%0 $G $3 $N %U %i %0 $r %A%’ %C%/ $9 $k$3 $H $G !$ %9 %l %C %I $r =* N;$5 $; $k$3$H$, $G $- $k !%Nc30 =h M} $O !$ %9 %l %C %I $, =*N; $7 $? 8e $K 9T $J $& !% 5 7kO@ $H :#8e $N 2]Bj K\ O@ J8 $G $O!$ %* %V%8 %’ %/ %H ;X 8~ JB Ns 8@ 8l OP A $NJB Ns =h M} $H Nc 30 =h M} $K$D $$ $F=R $Y $?!% OP A $G $O!$ fork- join 7? $G 9=B$ 2= $5 $l $?JBNs =h M} Cf $K H/@8 $7 $? Nc 30 $r join @h $G <u $1 ;_ $a$k $3 $H $,$G$- !$ join %V %m%C%/ Fb $N $9 $Y $F $N %9 %l %C %I $r =*N; $5 $;$k $3 $H $,$G$-$k!% :# 8e $O !$Nc30=hM} $N <BAu $r ?J $a$F$$ $/M=Dj $G$" $k !% ;29MJ88% [1] H,?y >; 9( , BmOB CK . 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& 5fJs9p , V ol. 96, No. 82, pp. 157{162, 1996. [2] H, ?y >; 9( , BmOB CK . <BMQ E* $JJBNs =h M} $N $? $a $N %* %V %8 %’ %/ %H ;X8~8@8l OP A $N @_7W . Bh 13 2s%* %V %8 %’ %/ %H ;X 8~ 7W ;;%o !< %/ %7 %g %C %W (W OOC’97), Mar 1997. [3] K. Arnold and J. Gosling, editors. The Ja v a Programming Language. Addison-W esley Pub- lishing Compan y , 1996. [4] A. Y oneza w a, editor. ABCL:A n Obje ct- Oriente d Concurr ent System - The ory, L an- guage, Pr o gr amming, Implementation and Ap- plic ation . MIT Press, 1990. [5] Y uuji Ic hisugi and Akinori Y oneza w a. Ex- ception Handling and Real Time F eatures in an Ob ject-Orien ted Concurren t Language. In Concurr ency: The ory, L anguages and A r- chite ctur e , V ol. 491 of LNCS , pp. 92{109. Springer-V erlag, 1990. [6] Bm OBCK !J JT !K . Bh 8^ @$ Be %3 %s%T %e !<%?$N JB Ns =h M} . 6&N)=PHG , 1993. 6-E