Sc hematic/DSM sumio J?@. 10 G/ 10 7n 15 F| MW;] $3 $N %_!< %F%# %s %0 $G $O!" Sc hematic $r DSM %^ %7 %s ( 6q BN E* $K $O Origin 2000) $G!"$h$j9bB.2=$9$k$?$a$N;n$_$H!"8=;~E@$G$N?JD=$r=R$Y$k!# 1 SW oPP $^$G$NOC Bg ;3$5 $s $, <B Au$7 $F $$ $k Sc hematic[2] $O!" $I $N PE $+ $i $G$b %a %b %j $N%" %/ %; %9B. EY $, 6Q Ey $J!" SMP %^ %7 %s $r A0 Ds $H $7 $F $$ $k!# ;d $O!" $= $N Sc hematic $K <j $r 2C $( $F!" DSM %^ %7 %s$G$"$k Origin 2000 $GF0:n$5$;$k$h$&$K$7$?!# Origin 2000 $N $h $& $J DSM %^ %7 %s $G $O!" Ia DL $N 6& M- %a %b %j $N $h $& $K!" ( J* M} E* $K ) $I $N PE $K $" $k %a %b %j $G $b %" %/ %; %9 $G $- $k $N $@ $,!" <+ J, $N PE $K $" $k %a %b %j ( %m!< %+ %k %a %b %j ) $H B> ?M $N PE $K $" $k %a %b %j ( %j %b!< %H %a %b %j ) $N %" %/ %; %9 B. EY $, 0[ $J $k $H $$ $& FC D’ $, $" $k!# Origin 2000 $G$O!"%m!<%+%k$H%j%b!<%H$G!"Ls 2 G\$N%"%/%;%9B.EY$N:9$,$"$k!# Sc hematic $O!" %9 %l%C %I (POSIX %9 %l%C %I $d Solaris %9 %l%C %I ) $r MQ $$ $F <B Au $5 $l $F $$ $k $? $a!" pthread %i %$ %V %i %j $, $" $k 5! 3# $G $O!" KX $I 0\ ?" $N <j 4V L5 $7 $K F0 $+ $9 $3 $H $, $G $- $k!# Origin 2000 $b pthread %i%$%V%i%j$,$"$C$?$?$a!"0\?"$=$N$b$N$O$9$0$K40N;$7$? 1 !# $7 $+ $7!" $3 $N $h $& $K 0\ ?" $7 $? =h M} 7O $O!" L$ $@ $K %a %b %j $N %" %/ %; %9 B. EY $, 6Q Ey $G $" $k $H 2> Dj $5 $l $F $$ $k $N $G!" 1? 0- $/!" IQ HK $K %" %/ %; %9 $5 $l $k %a %b %j $, %j %b!< %H $K $"$C $? $j $9 $k $H!" 8z N($,0-2=$9$k62$l$,$"$k!# $7 $+ $7!" !V$I $N %a %b %j $, IQ HK $K %" %/ %; %9 $5 $l $k $+!W $H $$ $& $N $r run time $d %3 %s %Q %$ %i $, CN$k$N$OBgJQ$J$N$G!"%W%m%0%i%^$K;XDj$7$F$b$i$&$3$H$K$7$?!#6qBNE*$K$O!" (... (let ((cha (future (f x) :on l ))) (touch cha) ...)) 1 $3$^$+$$%P%0<h$j$OBgJQ$@$C$?$,!D 1

$H $$ $& $h $& $K!" :on $H $$ $& =$ >~ ;R $r ;H$C $F!" $= $N 4X ?t ( $3 $3 $G $O (f x) ) $r $I $3 $G <B 9T $7 $F M_$7$$$+;XDj$G$-$k$h$&$K$7$?!# $^ $?!" $" $k %* %V %8%’ %/ %H $, $I $N PE $N %a %b %j >e $K $" $k $+ D4 $Y $k $? $a $N %W %j %_ %F%# %V (whereis l ) $r F3 F~ $7 $?!# $3 $l $O!" C1 $K %* %V %8%’ %/ %H $r I= $o $9 9= B$ BN (Sc heme $N v ec- tor) $K!" $= $N %* %V %8%’ %/ %H :n @. ;~ $N PE HV 9f $r F~ $l $F $* $-!" $= $l $r ;2 >H $7 $F $$ $k $@ $1 $G $" $k!# $H $3$m $G!" :on $, $"$C $? $i!"I, $: $= $3 $G$d $m $& $H $9$k $H!" :on $, :Y N3 EY$K IU $$ $F $$$? $H $- $K 8z N( $, 0- 2= $7 $F $7 $^ $& $7!" %? %9 %/ %9 %1 %8%e!< %j %s %0 $K I, MW $J %a %b %j NL $, G| Bg $K $J $k!" $H $$$&LdBjE@$,$"$k$N$G!"$=$l$r2r7h$9$k$?$a$K � :on $,$"$C$?$i!"$=$l$>$l$N%?%9%/%9%?%C%/$r8r49$9$k � :on $,$"$C$F$b!"0lDj;~4V$O<B:]$K8r49$O$7$J$$ $H$$$&J}K!$r:N$k$3$H$K$7$?!#$=$N7k2L!" � %-%c%C%7%e$K F~$j$- $i$J$$ $h$&$J Bg$-$J %*%V%8%’ %/%H$r 07$&%W %m%0%i %‘$G$O 15{30% $N@-G=8~>e$,$_$i$l$?!# � %-%c%C%7%e$KF~$k$h$&$J$b$N$O!"KX$I@-G=$KJQ2=$O$J$$!# � <B MQ E* $J %" %W %j %1!< %7%g %s $H $7 $F!" n-b o dy $r 7W B, $7 $? $,!" @- G= $O 0- 2= $7 $F $7 $^$C $?!# $H$$$&$3$H$,$o$+$C$?!#$3$3$^$G$, SW oPP $NOC$G$"$k!# 2 :on $H GC $$ $- $J$j OC $O JQ $o $k $,!" Sc hematic $G $O!" GC $r 5/ $3 $9 $H $-$K $O!" %" %W %j %1!< %7%g %s$N <B9T $r0l C6Cf CG$7!" 1 Bf $N PE $GC‘ <!$N cop y GC $r 9T$C$F $$$k!# $5$i $K!"$" $k PE $K liv e ob ject $, =8 Cf $9 $k >u BV $r Hr $1 $k $? $a $K!" PE $r 8Y $$ $G cop y $r 9T $J$C $F $$ $k!# $9 $J $o $A!" GC $K $h$C $F!" $$ $^ $^ $G PE 1 HV $K $"$C $? $b $N $, PE 10 HV $K 9T$C $F $7 $^ $& $+ $b CN $l $J $$ $N $G$"$k!# !V$@$+$i$I$&$7$?$N!)!W$H;W$o$l$k$+$bCN$l$J$$$,!"$3$N$3$H$O?’!9$HLdBj$K$J$k!# 2.1 whereis $,@5$7$/$J$/$J$k $5 $- $[ $I!" whereis $O!" %* %V %8%’ %/ %H $K =q $$ $F $" $k !V PE HV 9f!W $r 8+ $F $$ $k $@ $1 $G $" $k!" $H =q $$ $?!# !V PE HV 9f!W $O!" %* %V %8%’ %/ %H :n @. ;~ $K 3J G< $5 $l!" 0J 9_ GC $, 5/ $- $F $b JQ $o $i $J $$ $N $G!" 0l EY GC $, 5/ $- $F $7 $^ $& $H!" $= $l $+ $i @h $O whereis $O 4V 0c$C $? >p Js $r JV $7 $F $7 $^ $&!# $= $N $? $a!" SW oPP $G 9T$C $? 7W B, $G $O!" PE 4V $r 8Y $$ $@ %3 %T!< $r $7 $J $$ $h $& $K!" GC $r2~B$$7$F9T$C$F$$$?!# 2

?^ 1: FsJ,LZ$r:n$C$?$H$-$N!"3F%N!<%I$N PE $X$N3d$jEv$F ?^ 2: Sc hematic $K$*$1$k%*%V%8%’%/%H$NI=8= ( ;0<!85$N%Y%/%H%k$r%-!<$K;}$DFsJ,LZ%*%V%8%’%/%H$N>l9g ) 2.2 %*%V%8%’%/%H$N%m!<%+%j%F%#$,<:$o$l$k $3 $3 $G 8@ $& %m!< %+ %j %F%# $H $O!" !V$" $k >l =j $N %a %b %j $r ?($C $? $i!" $= $N D> 8e $K ?( $k %a %b %j $b6a$/ ( F1$8 PE) $K$"$k!W$H$$$&0UL#$G$"$k!# future $r ;H$C $F Fs J, LZ $r :n $k %3!< %I $r <B 9T $9 $k $H!" Lazy T ask Creation (L TC)[1] $N $b $H $G $O!" ( 1? $, NI $1 $l $P ) ?^ 1 $N $h $& $K $J $k!# $3 $N ?^ $K $* $$ $F!" GK @~ $G 0O $^ $l $F $$ $k It J, $OF1$8 PE $G<B9T$5$l$k ( %N!<%I$bF1$8 PE $K3NJ]$5$l$k ) $3$H$rI=$7$F$$$k!# $3 $N Fs J, LZ $K BP $7 $F!" ?< $5 M% @h $K %H %i %P!< %9 $9 $k >l 9g $r 9M $( $k!# Nc $( $P!" Origin 2000 $G!" !V%m!< %+ %k %a %b %j $N J} $, B. $$!W $3 $H $r Mx MQ $7 $h $& $H $7 $F !VA4 It $N %N!< %I $K $* $$ $F!" $= $3 $X %" %/ %; %9 $9 $k PE $O!" $= $N %N!< %I $N 3N J] $5 $l $F $$ $k %a %b %j $r ;}$C $F $$ $k PE $K $7 $h $&!W $J $I $H 7h $a $F <B 9T $5 $; $? $H $7 $h $&!# $" $i $f $k %N!< %I $, K\ Ev $K %P %i %P %i $J PE $K 3d $j Ev $F $i $l $F $7 $^$C $F $$ $k >l 9g $O!" %N!< %I $r 0\ $k $? $S $K <B 9T $9 $k PE $r JQ $( $J $1 $i $P $J $i $J $/ $J $j!" $b $N $9 $4 $$ %*!< %P %X%C %I $, 3] $+ $k $3 $H $K $J $k $,!" $3 $N ?^ $N $h $& $J %N!< %I G[ CV $G $" $l $P!" $" $k Dx EY ?< $$ =j $G $O!" A4 $F $N %N!< %I $, F1 $8 PE $K 3d $j Ev $F $i $l $F $$ $k $N $G!" %N!< %I $r 0\$C $F $b <B 9T $9 $k PE $r JQ 99 $7 $J $/ $F $b NI $/ $J $j!" 7k 2L E* $K!" Dc %*!< %P %X%C %I $G <B 9T $G $- $k$3$H$K$J$k!# $3 $N $h $& $K!" L TC $G $O!" $" $k Dx EY %m!< %+ %j %F%# $N NI $$ G[ CV $r $7 $F $/ $l $k $N $@ $,!" GC $, 5/ $3 $k $H!" $3 $l $i $N %N!< %I $,!" NI $/ J, $+ $i $J $$ >l =j $X %3 %T!< $5 $l $F!" 7k 2L E* $K %P %i %P %i $K$J$C$F$7$^$&62$l$,$"$k!# $^$?!" Sc hematic $N %*%V%8%’%/%H$N<BBN$O v ector $G!"$=$l$>$l$NMWAG$K%$%s %9%?%s%9JQ 3

?t $X $N %] %$ %s %? (1 w ord $G I= $; $k >l 9g $O <B BN ) $, 3J G< $5 $l $F $$ $k ( ?^ 2) !# $7 $+ $7!" GC $+ $i$O!" $3 $l $,%* %V %8%’%/ %H $J$N $+!" !VIb F0>. ?t E@$, 3 $D $H v ector $X$N %] %$%s %? $, 2 $D F~$C $F $$ $k 5 MW AG $N v ector !W$J $N $+ 6h JL $, IU $+ $J $$ $N $G!" GC 8e $K $O!" $3 $l $i $, A4 $/ %P %i %P %i $N PE $K G[ CV $5 $l $F $7 $^ $& 2D G= @- $, $" $k!# $3 $l $O!" !VEv A3 %* %V %8%’ %/ %H $O 1 $D $N PE $K $" $k $@ $m $&!W $H ;W$C $F $$ $k %W %m %0 %i %^ $N 0U ?^ $K H? $9 $k $3 $H $K $J $k $7!" whereis $b!" $" $^ $j 0U L#$r$J$5$J$/$J$C$F$7$^$&!# 3 2r7hJ}K! 3.1 %*%V%8%’%/%H$r;X$9%"%I%l%9$NCM$+$i PE HV9f$r5a$a$k :# Kx $N whereis $N <B Au $, $$ $1 $J $+$C $? E@ $O!" %* %V %8%’ %/ %H $r :n$C $? ;~ E@ $N PE HV 9f $r J] B8 $7 $F $7 $^$C $? $3 $H $G $" $k!" $3 $l $r 2r 7h $9 $k $K $O!" GC $N EY $K!" $= $N PE HV 9f $r =q $- 49 $( $k!" $H $$ $& <j $b $" $k $,!" $= $l $O LL E] $J $N $G!" %* %V %8%’ %/ %H $r ;X $9 %" %I %l %9 $N CM $+ $i PE HV 9f$r5a$a$i$l$k$h$&$KJQ99$7$?!# 3F PE $K 3N J] $5 $l $F $$ $k %R!< %W $N @h F, %" %I %l %9 $H =* C< %" %I %l %9 $O!" 6& M- JQ ?t $K J] B8 $5 $l $F $$ $k!# whereis $r <B 9T $9 $k $? $S $K!" $3 $l $i $N %" %I %l %9 A4 $F $H Hf 3S $7 $F!" PE HV 9f $r 8+ $D $1$k$N $O!"$"$^$j $KL5BL$,B? $$$N$G!"3F PE $N %R!<%W$r$^ $H$a$F 1 2s$N mallo c $G<h$k $h$& $K $7 $F!" $= $l $r 3F PE $K J, 3d $9 $k $h $& $K $7 $?!# $3 $l $G!" whereis $O 0z $- ;; $H 3d $j ;; 1 2s $: $D$GCM$rJV$;$k$h$&$K$J$k!# 3.2 GC $NJQ99 ( L$<BAu ) GC $H %m!< %+ %j %F%# $N Ld Bj $K $D $$ $F $O!" $^ $@ 2? $b $7 $F $$ $J $$ $7!" %5!< %Y %$ $b $7 $F $$ $J $$ $,!" 7k 6I!" cop y $9 $k :] $N N3 EY $, Ld Bj $J $N $G $O $J $$ $+ $H ;W$C $F $$ $k!# :# $G $O!" v ector $H $+ cons cell $H $+ $, cop y $N C1 0L $J $N $@ $,!" $3 $l $r!" $b $& >/ $7 Bg $- $J C1 0L $G %3 %T!< $9 $l $P!" $9 $/ $J $/ $H $b!" $= $N C1 0L $N Cf $G $O %m!< %+ %j %F%# $O J] $? $l $k $3 $H $K $J $k!# Ld Bj $O!" :G E, $J Bg $- $5$O$I$l$/$i$$$+!"$H$$$&$3$H$J$N$@$,!"?’!9;n$7$F$_$?$$$H;W$C$F$$$k!# 4 :#8e$NM=Dj 4.1 GC $H $j $" $( $:!" %* %V %8%’ %/ %H $N 9= @. MW AG $^ $G $, %P %i %P %i $K G[ CV $5 $l $k $N $O $$ $? $@ $1 $J $$ $N $G!" v ector $K ;w $? %G!< %? 9= B$ $G$" $k !V%* %V %8%’ %/ %H!W$r ?7 $? $K %? %0 $K DI2C $7 $F!" <! $N $h $& $J@oN,$G GC $r$9$k$h$&$KJQ99$7$h$&$H9M$($F$$$k!# � %* %V %8%’ %/ %H $+ $i %] %$ %s %? $r 1 $D $@ $1 C)$C $F E~ C# $G $- $k $H $3 $m $O!" 0l =o $K %3 %T!< $9 $k!# 4

� A09‘$K$*$$$F!"%]%$%s%?$rC)$C$?@h$,%*%V%8%’%/ %H$@$C$?>l9g$O!"$=$3$O%3%T!<$7$J $$!# $9 $J $o $A!" ?^ 2 $N >l 9g $@ $H!" Ib F0 >. ?t E@ $N It J, $O!" %* %V %8%’ %/ %H K\ BN $H 0l =o $K %3 %T!< $5 $l $k$,!" Child1 $H Child2 $NItJ,$O%3%T!<$5$l$J$$!# $^ $?!" :G =* E* $O %m!< %+ %j %F%# $r J] B8 $9 $k GC $H $$ $& $N $r :n$C $F!" <! $$ $G 2 $K Sc hematic $N GC $rJBNs2=$G$-$?$i!"$H;W$C$F$$$k!# 4.2 n-b o dy( M>CL ) SW oPP $G <B 83 $7 $? n-b o dy $N 7k 2L $, K’ $7 $/ $J $+$C $? $N $@ $,!" $= $N 86 0x $H $7 $F !V:n$C $? <A E@ $, %i %s %@ %‘ $@ $+ $i!" %m!< %+ %j %F%# $, L5 $/ $J$C $F $$ $k $N $G $O!W $H $$ $& 8f ;X E& $r <u $1 $? $N $G!" J* M} E* $K 6a $/ $N <A E@ $O $^ $H $a $F LZ $K A^ F~ $9 $k $h $& $K!" %i %s %@ %‘ $K :n$C $? <A E@ $r $N %m %0 $rJB$S49$($F$+$iB,$C$F$_$?$N$@$,!"7k2L$O$$$^$^$G$HA4$/JQ$o$i$J$+$C$?!# $R$g$C$H$7$?$i!" p erl $G=q$$$? sort $N%" %k%4%j%:%‘$K %P%0$,$"$k$+ $bCN$l$J$$$N $@$,!" K\ Ev $K @5 $7 $/ JB $s $G $$ $k $N $+ D4 $Y $k =Q$, $J $/ $F :$$C $F $$ $k!# X $G =g!9 $K E@ $r %W %m%C %H $7 $F $$$/%W%m%0%i%‘$G$b:n$C$F3N$+$a$k$N$,$$$$$N$+!) $^ $?!" !V$= $N $h $& $K JB $Y $? $H $7 $F!" K\ Ev $K ?^ 1 $N $h $& $K 9T 57 NI $$ %m!< %+ %j %F%# $K $J$C $F $$ $k $N $+!W $H $$ $& 5? Ld $b $" $k!# $3 $l $b!" 3F %N!< %I $N PE HV 9f $r %@ %s %W $5 $; $F D4 $Y $h $& $H ;W$C$F$$$k!# $H$K$+$/!"$I$3$+$K860x$"$,$k$O$:$J$N$G!"2?$H$+FM$-;_$a$?$$!# ;29MJ88% [1] Eric Mohr, Da vid A. Kranz, and Rob ert Halstead Jr. Lazy T ask Creation: A T ec hnique for Increasing the Gran ularit y of P arallel Programs. IEEE T r ansactions on Par al lel and Distribute d Systems , V ol. 2, No. 3, pp. 264{280, July 1991. [2] Y oshihiro Oy ama, Kenjiro T aura, T oshio Endo, and Akinori Y oneza w a. An Im- plemen tation and P erformance Ev aluation of Language with Fine-Grain Thread Creation on Shared Memory P arallel Computer. In Pr o c e e dings of PDCS ’98 , Las V egas, Nev ada, USA, Octob er 1998. IASTED. 2 $I$C$A$,<!$$$G$J$N$+J,$+$i$s$,!D 5