HsF14|6&M- %a %b %j %7 %9%F%‘$K$* $1 $k %] %$ %s %H 6%9gEYE,1~7?7+$jJV $7 2~L> %"%k %4 %j %: %‘ G_C+ ??Li y 0f>e H~CR;R y A}_7 Mx8w z F#86 =(M: y y F‘NI@hC<2J3X5;=QBg3X1!Bg3X >pJs2J3X8&5f2J z Bg:eBg3XBg3X1! 4pAC9)3X8&5f2J $" $i $^ $7 K\ %l %] !< %H $G $O !$Hs F1 4| 6& M- %a %b %j%7 %9%F %‘ >e$G !$8z N( NI $/ L> A0$N 3M F@$H 2r J|$r 7+$j JV $7 9T $&J,;6 %"%k %4 %j %: %‘ ( 7+$j JV $7 M - 2~L>%"%k %4 %j %: %‘ ) $r Ds0F$9 $k !% %7 %9%F%‘ $K B0$9$k N 8D$N %W %m%; %9 $O !$ 0 ; 1 ; � � � ; N � 1 $N HO0O $NAj0[ $J$kL>A0 $r:G=i $K ;}$C $F$$$k!% 7+ $jJV $7 M - 2~L> %" %k %4 %j %:%‘ $r<B9T$9$k $3$H $G !$ 0 ; 1 ; � � � ; M � 1 $N HO0O$NL> A0 $r ?7 $7 $/3MF@ $7 !$$=$NL> A0 $r ;H MQ $7 $? 8e $K 2rJ|$9 $k !%J#?t$N %W %m%; %9 $, F1;~ $K F10l$NL>A0 $r J];}$9$k $3$H$O$J$$ !% =>Mh $N:G NI $N k (2 k � 1)- 2~L> %" %k %4 %j %:%‘ $H $7 $F !$ Afek $i $, %9 %F %C %W 7W;; NL O ( k 3 ) !$ 6u 4V 7W ;; NL O ( n 3 N ) $N %" %k %4 %j %:%‘ $rDs0F $7 $? [14] !% $3 $3 $G!$ k $O%] %$ %s %H 6%9g EY!$ n $O k $N>e3& $r<( $9 !% %] %$ %s %H 6%9g EY $H $O!$ L>A0 $r 3MF@$9$k:] $K !$F1;~ $K %9%F%C %W $r <B9T $7 $? $jL>A0 $r J];} $7 $F $$ $k %W %m%; %9 $N :GBg?t $G$" $k !% $5 $i$K !$ JQ?t $NCM $, HsM-3& $H$J$k $, !$%9 %F%C %W 7W;;NL O ( k 2 log k ) !$ 6u4V7W;; NL O ( n 3 N ) $N k (2 k � 1)- %" %k %4 %j %:%‘ $bDs0F $7 $F $$$k [14] !%K\ %l%] !< %H$G$O !$ $3 $l$i =>Mh $N k (2 k � 1)- 2~L> %" %k %4 %j %:%‘$h$j8zN( $NNI$$!$%9 %F%C %W 7W;;NL O ( k 2 ) !$6u4V7W;;NL O ( n 2 N ) $+ $DJQ?t$NCM $, M-3&$J k (2 k � 1)- 2~L> %"%k %4 %j %: %‘ $r Ds0F$9$k!% P oin t-con ten tion Adaptiv e Long-liv ed Renaming Algorithm for Async hronous Shared Memory Systems Shin y a Umetani y Mic hik o Inoue y T oshimitsu Masuza w a z Hideo F ujiw ara y y Graduate School of Information Science, Nara Institute of Science and T ec hnology z Graduate Sc ho ol of Engineering Science, Osak a Univ ersit y Abstract. This rep ort presen ts an adaptive long-lived M -renaming algorithm in an asynchronous shared memory system. The system consists of N async hronous pro cess, and each pro cess initially has a distinct name in the range f 0 ; 1 ; � � � ; N � 1 g . Ev ery pro cess acquires a new name in the range f 0 ; 1 ; � � � ; M � 1 g , and releases it after the use. No tw o pro cesses holds the same name concurrently . The previous b est k (2 k � 1)-renaming algorithm is the algorithm with O ( k 3 ) step complexit y and O ( n 3 N ) space complexity presented by Afek et. al [14], where k is the p oint conten tion and n is upp er b ound of k . The p oint con ten tion is the maxim um num b er of pro cesses that actually tak e steps or hold a name while the new name is b eing acquired. They also presen ted k (2 k � 1)-renaming algorithm with O ( k 2 log k ) step complexit y and O ( n 3 N ) space complexity under the condition where un b ounded v alues are allo w ed. This rep ort shows k (2 k � 1)-renaming algorithm which is more e�cien t than tw o previous algorithms. The step complexity of this algorithm is O ( k 2 ), and space complexit y is O ( n 2 N ).

1 $O $8 $a$K J,;6 %7 %9 %F %‘ $O !$ <+ N’ E* $KF0:n $9 $k N 8D $N %W %m %; %9 $H DL ?. %a %G %# %" $+$i 9= @.$5 $l $k !%J, ;6 %7 %9%F %‘ $K$O%7 %9%F%‘ A4BN$r =8 Cf4I M}$9$k 7W;; 5! $O B8:_ $7 $J $$$N$G !$3F %W %m%; %9 $, DL?. %a %G %# %"$r 2p $7 $F >pJs$r 8r 49 $7 $J$,$i !$6(D4 $7 $F 7W;;$r 9T $& %"%k %4 %j %: %‘ $r @_7W$9 $k I,MW $, $" $k !% $3$N $h $& $J J, ;6 %7 %9%F %‘$N$?$a$N%"%k %4 %j %: %‘$r J, ;6 %"%k %4 %j%: %‘ $H8F $V!% J, ;6 %7%9 %F%‘ $O3HD% @- !$ 2D MQ @-!$ ;q 8; 6& M- @-Ey$K M% $l $? FC @-$r ;}$C$F$* $j !$J,;6%"%k %4 %j %: %‘ $K 4X$9$k8& 5f $N=EMW@- $O$^$9$^$99b $^$C $F$$$k!% J, ;6 %7 %9%F%‘$N Be I=E*$J%b %G %k $K !$ %W %m%; %94V $G D> @\DL ?.$r 9T $& %a %C%;!< %8 %Q %C %7%s%0%7 %9%F %‘ $H !$3F %W %m%; %9 $, 6& DL $K @\ B3$5 $l $F $$ $k %a %b %j $r 2p $7 $F DL ?. $r 9T $& 6&M- %a %b%j %7 %9%F%‘ $, $" $k !%K\ %l %] !< %H $G$O !$ %W %m %; %9$N<B 9TB. EY !$ %W %m%; %9$N 6I=j ;~ 7W$N B. EY $K 2>Dj$r CV $+$:!$ %W %m%; %9 $O 6&M- %a %b %j$X HsF14|$K%" %/%; %9$9$k Hs F14|6& M- %a%b %j %7 %9%F%‘ $K $* $1 $kJ, ;6%"%k %4 %j %: %‘$K $D$$$F 5DO@ $9 $k!% J, ;6 %7 %9 %F %‘ $r 9= @. $9 $k N 8D $N%W %m %; %9$O !$ 0 ; 1 ; :::; N � 1 $N HO 0O$N Aj 0[ $J $k L> A0 $r ;}$C$F $$ $k !%J,;6%"%k %4 %j %: %‘$N Cf $K$O !$7W;;NL $, %W %m%; %9$N L>A0 6u4V$N Bg$-$5$K 0MB8$9 $k$b$N $, ?tB? $/B8 :_$9$k!% $3$N$h $& $J %" %k %4 %j %: %‘ $r<B9T$9$k >l9g!$ %W %m%; %9 $N L> A06u 4V $, Bg$- $$$[ $I !$B? $/$N7W ;;NL $, I, MW $H$J $k !%F1;~ $K 6&M- %a %b %j$X%" %/%; %9$9$k $3$H $r 6% 9g $9 $k $H 8@$$ !$6%9g$9 $k %W %m%; %9$N 8D?t $r 6% 9gEY $H 8F$V !%8=<B$N%7 %9 %F %‘ $K $*$$$F !$ %7 %9 %F %‘$r 9= @.$9$k A4$F$N %W %m%; %9 $, 6%9g$9 $k$3$H$O >/$J $/ !$ 6%9g EY $O %W %m%; %9$N Am ?t $K Hf$Y$F Hs >o $K >.$5$$>l9g $, B?$$!% $= $3 $G!$ $= $N $h$& $J %" %k %4 %j %:%‘ $r<B 9T $9 $k %W %m %;%9 $K!$ 6% 9g EY $K1~ $8 $?>. $5 $JL> A0 $r?7 $7 $/ M? $( $i $l $l $P !$ 7k 2L $H $7$F%" %k %4 %j %:%‘ $N 7W ;; NL $r>. $5 $/ $G$-$k!% ?7 $7 $/M? $($kL>A0 $NHO0O $r 0 ; 1 ; :::; M � 1 $H $9 $k $H !$ $3$N $h $& $J %W %m%; %9$NL> A06u 4V$N Bg$- $5$r JQ 99$9 $k Ld Bj$r M - 2~ L> Ld Bj $H 8@ $& !% :G6a$G $O !$ %7 %9%F %‘Fb $K KD Bg $J ?t$N %W %m%; %9 $, 4^$^ $l $k $3 $H$, B?$$$?$a !$2~L>$r 9T $&0U5A$O Bg$-$$ !% $3 $l $^$G$K !$ %3 %l %/ %H %"%k %4 %j %: %‘ [12] $d !$%9 %J%C %W %7 %g %C %H %"%k %4 %j %: %‘ [13] Ey !$MM !9 $J%"%k %4 %j%: %‘ $K M - 2~L>%" %k %4 %j %: %‘ $, 1~MQ$5 $l $F$$ $k!% I= 1: 0l2s M - 2~L> %" %k %4 %j %:%‘ J88% L>A06u4V %9 %F%C %W 7W;;NL J,N‘ [1] 2 n o � 1 O (4 n o N ) L5BT5! [3] 2 n o � 1 O ( n o 2 N ) L5BT5! [11] 2 n o � 1 O ( n o 4 ) 9bB. [4] 2 k o � 1 O ( n o log n o ) 9bB. 6 k o � 1 O ( k o log k o ) E,1~7? [16] 2 k o � 1 O ( k o 2 ) E,1~7? M - 2~L>LdBj $O !$ %W %m%; %9 $, 9b !9 1 2s $@$1 ?7 $7 $$ L>A0 $r3M F@ $9 $k 0l 2s M - 2~L> Ld Bj $H!$ L> A0 $N3M F@ $H $= $N 2r J|$r 7+$j JV $7 9T $& 7+$j JV $7 M - 2~ L> Ld Bj $K J,N‘$9$k$3$H $,$G $- $k !% I= 1 $K !$ $3 $l$^ $G $KDs0F $5 $l$F $$$k 0l 2s M - 2~L> %"%k %4 %j %: %‘ $r<($9 !% $3$3$G !$ N $O%7 %9 %F%‘ $K B0 $9$k %W %m%; %9 $NAm?t!$ k o $O %" %/ %F %# %V $J %W %m%; %9 $N 8D ?t $G$" $k6% 9gEY !$ n o $O k o $N >e3&$r <($9 !% %" %/ %F%# %V $J %W %m %;%9 $H $O !$ $9 $G $K0l2s M - 2~L> %" %k %4 %j %: %‘$N <B9T$r 3+;O $7 $F $$ $k %W %m%; %9 $N$3$H$r 8@ $& !% >e $G$b=R$Y $?$h $& $K !$ M - 2~L>LdBj $O%" %k %4 %j %: %‘$N 7W ;;NL$r :o8:$9 $k$3$H$r L\ E* $H $7 $F $$ $k $N$G !$ M - 2~L> %" %k %4 %j %:%‘<+?H $N7W;; NL $b>. $5 $$ J} $, K>$^ $7 $$ !% M - 2~L>Ld Bj $N8& 5f=i 4| CJ3, $K$*$$ $F !$ 0l 2s (2 n o � 1)- 2~L> %" %k %4 %j %:%‘ $, Ds0F $5 $l$? [1, 3] !% $3 $l$i$N%"%k %4 %j %:%‘ $O !$B> $N %W %m%; %9 $N F0 :n $K$+ $+ $o$i $:!$M-8B 8D$N %9%F%C %W $G 2~L>$r 9T $( $k $3 $H $rJ] >Z $9 $k !% $3 $N $h$& $J M - 2~L> %" %k %4 %j %: %‘ $r !$ L5BT5! 0l2s M - 2~ L>%" %k %4 %j %: %‘$H 8@ $& !% $7 $+ $7 !$ $3 $l$i 0l 2s (2 n o � 1)- 2~ L>%"%k %4 %j %: %‘ $N %9 %F %C %W 7W ;; NL $O!$ O (4 n o N ) [1] $d O ( n o 2 N ) [3] $G$"$j !$ %7 %9 %F%‘ $K 4^$^ $l $k %W %m%;%9 $NAm ?t N $K 0MB8$9$k$b$N $G$" $C$? !% $=$N8e!$ %9 %F %C %W 7W;; NL $, N $K 0MB8 $; $:!$ 6% 9g EY k o $N >e3& n o $K $N$_ 0MB8$9$k 9bB. 0l2s M - 2~L> %"%k %4 %j %: %‘ $, Ds0F$5 $l$? !%J88% [11] !$ [4] $G$O %9 %F%C %W 7W;;NL $, $= $l $>$l O ( n o 4 ) !$ O ( n o log n o ) $N 9b B. 0l 2s (2 k o � 1)- 2~ L> %" %k %4 %j %:%‘ $,Ds 0F $5 $l$?!% $5$i$K !$9bB. 0l 2s M - 2~ L>%"%k %4 %j%: %‘$N Cf$G $b !$ %9 %F %C %W 7W;; NL $, 6%9g EY k o $N$_ $K0MB8 $9 $k %" %k %4 %j %:%‘ $r!$ E, 1~ 7? 0l 2s M - 2~ L> %" %k %4 %j %:%‘ $H 8@$& !% J8 8% [4] $G $O!$ %9 %F %C %W 7W ;; NL $, O ( k o log k o ) $N E, 1~ 7? 0l2s (6 k o � 1)- 2~L>%"%k %4 %j%: %‘ !$J88% 1

I= 2: 7+$jJV $7 M - 2~L>%" %k %4 %j %: %‘ J88% L>A06u4V %9 %F%C %W 7W;;NL 6u4V7W;;NL JQ?t$NCM J,N‘ [15] 4 k i 2 O ( k i 2 ) O ( n i 2 N ) M-3& E,1~7? k (2 k � 1) O ( k 2 log k ) HsM-3& M-3& E,1~7? [14] k (2 k � 1) O ( k 2 log k ) O ( n 3 N ) HsM-3& E,1~7? 2 k � 1 E xp ( k ) O ( n 3 N ) HsM-3& E,1~7? k (2 k � 1) O ( k 3 ) O ( n 3 N ) M-3& E,1~7? [6] 2 k � 1 O ( k 4 ) HsM-3& HsM-3& E,1~7? K\ %l %] !< %H k (2 k � 1) O ( k 2 ) O ( n 2 N ) M-3& E,1~7? [16] $G $O %9%F%C %W 7W ;; NL $, O ( k o 2 ) $N E, 1~ 7? 0l 2s (2 k o � 1)- 2~L>%" %k %4 %j %: %‘ $, Ds0F$5 $l $? !% I= 2 $K !$ $3 $l$^ $G $KDs0F $5 $l$F$$ $k 7+ $j JV $7 M - 2~L>%"%k %4 %j %: %‘$H !$K\ %l %] !< %H $G Ds0F$9 $k 7+$j JV $7 M - 2~ L>%"%k %4 %j%: %‘$r <($9 !% $3$3$G !$ N $O %7 %9 %F%‘ $K B0$9$k %W %m%; %9 $NAm?t !$ k i $O 7+$jJV $7 M - 2~L> %" %k %4 %j %: %‘ $N<B9T6h 4V $K$*$$ $F%"%/ %F %# %V $K $J $k %W %m%; %9$N Am ?t $G $" $k 6h 4V6% 9gEY !$ k $O 7+$j JV $7 M - 2~ L>%"%k %4 %j%: %‘$N <B 9T 6h 4V$K $* $$ $F F1 ;~ $K%" %/ %F %# %V $K $J $k %W %m %; %9$N:G Bg?t$G$" $k %] %$ %s %H 6%9gEY $r<($9 !% n i !$ n $O$= $l $>$l k i !$ k $N >e 3&$H$9 $k !%%" %/%F %# %V $J %W %m%; %9 $H$O !$7+$j JV $7 M - 2~ L> %" %k %4 %j %:%‘ $r<B 9T $7 $F$$$k!$ $b $7 $/ $O L>A0 $r J];} $7 $F $$ $k %W %m%; %9$N $3$H$r 8@ $& !% 7+ $jJV $7 M - 2~L> %" %k %4 %j %:%‘ $NCf $G!$ %9 %F %C %W 7W ;; NL $,6% 9g EY $N $_ $K0M B8 $9 $k %" %k %4 %j %:%‘ $r!$ E, 1~7? 7+ $j JV $7 M - 2~L> %" %k %4 %j %:%‘ $H8@$& !% E, 1~ 7? 7+$j JV $7 M - 2~ L>%"%k %4 %j%: %‘$O 6% 9g EY$N Dj 5A$K => $C $F!$ 6h 4V 6% 9g EY E, 1~ 7? M - 2~L> %" %k %4%j %: %‘ $H %] %$ %s %H 6% 9g EY E, 1~ 7? M - 2~ L>%" %k %4 %j%: %‘ $K J, N‘ $G$- $k!% J88% [15] $G$O !$6u4V7W;;NL $, M-3&$J6h4V 6%9gEY E, 1~ 7? 7+ $j JV $7 4 k i 2 - 2~ L> %" %k %4 %j%: %‘$H !$6u 4V 7W;; NL $, HsM-3&$J%] %$ %s%H 6% 9gEY E,1~7? 7+$j JV $7 k (2 k � 1)- 2~ L> %" %k %4 %j %:%‘ $,Ds 0F $5 $l$? !% J8 8% [14] $G $O!$ J8 8% [15] $N %" %k %4 %j %:%‘ $,2~ NI $5 $l !$ JQ ?t $N CM $, HsM-3& $G $O$"$k $, !$ 6u 4V7W;; NL $r O ( n 3 N ) $K :o 8: $7 $? %] %$ %s %H 6%9g EY E, 1~ 7? 7+ $jJV $7 k (2 k � 1)- 2~L>%" %k %4 %j %: %‘ $, Ds0F$5 $l$? !%J88% [14] $G$O B> $K !$ %9 %F %C %W 7W;;NL $, O ( E xp ( k )) $HBg$- $$ $, !$ 2~ L>8e $NL>A06u4V$NBg$-$5 $, :GE, $G$"$k [10] %] %$ %s %H 6%9gEYE,1~ 7?7+ $jJV $7 (2 k � 1)- 2~L> %" %k %4 %j %: %‘ $H !$%9 %F%C %W 7W;;NL $O O ( k 3 ) $H Bg$-$/ $J$k $, JQ ?t$N CM$r M- 3& $K 2~NI $7 $? !$ %] %$ %s%H 6% 9gEY E,1~ 7? 7+ $j JV $7 k (2 k � 1)- 2~L> %" %k %4 %j %:%‘ $b Ds 0F $5 $l$F $$$k!% J88% [6] $G$O !$ %] %$ %s %H 6%9g EY E,1~ 7? 7+ $jJV $7 (2 k � 1)- 2~L> %" %k %4 %j %:%‘$r !$ O ( k 4 ) $N %9%F%C %W 7W;;NL $G <B8= $7 $F$$ $k !% K\ %l%] !< %H$G$O !$ M - 2~L> %" %k %4 %j %:%‘ $K$* $1$k :G 6a$N 8&5f$N Cf ?4 $G$" $k !$ %] %$ %s%H 6% 9gEY E,1~ 7? 7+ $jJV $7 M - 2~L> %" %k %4 %j %:%‘ $rBP >] $H $7 !$ => Mh $N %"%k %4 %j %: %‘$h $j 8zN($N NI$$%] %$ %s%H 6%9g EYE, 1~ 7? 7+$j JV $7 k (2 k � 1)- 2~ L>%"%k %4 %j %: %‘ $r Ds0F$9 $k!% K\2~ L> %" %k %4 %j %:%‘ $O !$ Afek $i $, J88% [14] $G Ds0F $7 $? %9 %F%C %W 7W;;NL $, O ( k 3 ) $N k (2 k � 1)- 2~ L> %" %k %4 %j %:%‘ (Afek $i$N %" %k %4 %j %:%‘ ) $r 2~ NI $7 $?$b$N $G$"$k !% Afek $i $N%" %k %4 %j %: %‘ $G $O !$ L>A0 $r 3MF@$9 $k$?$a$K !$ %7 !< %V $H 8F $P $l $k 4pK\ MWAG$N G[Ns $rMQ $$ $F$$$k!% 3F %7!< %V $G$O !$ B+ 9g0U [4] $H 8F $P $l $k%* %V %8 %’ %/ %H $r MxMQ$9 $k$3$H$G !$ $=$N%7 !< %V $K%"%/ %;%9 $7 $F$$$k %W %m%;%9 $N%9 %J %C %W %7 %g %C %H $r F@$k !%K\%"%k %4 %j %: %‘ $G$O !$B+9g0U$r$h $j C1 =c $J %* %V %8 %’ %/ %H $G $" $k %3 %l %/ %H %j %9 %H $K CV$- 49$( $k$3$H$K $h $j!$ JQ?t$N Bg$- $5$O M-3&$N $^ $^$K !$%9 %F%C %W 7W;;NL $r O ( k 2 ) !$ 6u 4V7W ;;NL $r O ( n 2 N ) $K :o 8:$9 $k$3$H $, $G $-$? !% %3 %l %/ %H %j%9 %H $O !$E,1~ 7?%3 %l %/ %H %"%k %4 %j %: %‘ [5] $K 4p $E $$$F$$ $k!% K\ %l%]!< %H$N9=@. $O<! $NDL $j $G$"$k !% 2 @a $G $OHs F1 4|6& M- %a %b %j $N%b %G %k $H !$ $3$N %b %G %k$K $*$1 $k 2~ L>Ld Bj !$ $5 $i$K 2~L>%"%k %4 %j %: %‘$N I>2A <\EY$D $$$FDj 5A $9 $k!% 3 @a $H 4 @a $G $O !$ $= $l $>$l K\ %l%]!< %H $G Ds 0F$9$k%3 %l %/ %H %j %9 %H $H 2~L>%"%k %4 %j %: %‘ $K $D$$$F >\ $7 $/=R$Y $k!%:G 8e $K 5 @a$G$O !$$^ $H$a $H :#8e$N2]Bj $K $D$$$F=R$Y$k !% 2

2 =tDj5A 2.1 HsF14|6&M- %a %b %j %7 %9%F%‘ K\ %l %] !< %H $G Ds 0F$9$k M - 2~L>%"%k %4 %j %: %‘ $O !$ HsF1 4|6& M- %a %b %j %7 %9 %F %‘$r BP>]$H $9 $k !% $3$N%7 %9 %F%‘ $O !$ N 8D $N %W %m %;%9 p 0 ; p 1 ; :::; p N � 1 $H !$ 6& M- %a %b%j $K $h $C $F 9=@.$5 $l $k ( ?^ 1)[7, 17] !% %W %m %; %9 $O >u BV5! 3# $G $" $k$H $7 !$6&M- %a %b %j $X $N%" %/%; %9 !$$^ $?$O %W %m%; %9 $N FbIt 7W;; Ey$N %$ %Y %s %H $K $h $C $F >uBV A+ 0\$r 9T $& !% A4 $F$N %W %m %; %9 $O Aj0[$J $k L>A0 $r ;}$A !$B> $N %W %m%; %9 $H 6h JL$9 $k$3 $H$, $G $- $k !%$^$? 3F %W %m%; %9 $O HsF1 4| $K F0:n$9 $k $H $7 !$3F %W %m%; %9 $K $h $k %$ %Y %s%H $N @85/ 4V3V $K 4X $7 $F$O 2?$b2>Dj $7 $J $$ !% 6& M- %a%b %j $O !$J#?t$N %W %m%; %9 $K 6&M-$5 $l $k6& M-JQ ?t$N =89g$G$" $k !%6&M- %a %b %j $K BP$9 $kL? Na $K $D $$ $F!$ FI $_9~ $_ (read) A‘ :n $H=q $- 9~ $_ (write) A‘ :n$N $_$, Mx MQ 2D G=$J read/write %b %G %k $d !$ read- mo dify-write A‘ :n $,Mx MQ 2D G= $J read-mo dify-write %b %G%k Ey $,$" $k!% read-mo dify-write A‘:n $N $h$& $J 6/NO $J L?Na $r ;H $& $H !$ read/write %b %G%k $h$j$b >. $5$J 7W;; NL $G LdBj $, 2r7h $G $-$?$j!$ read/write %b %G %k $G$O 2r7h $G $-$J $$ Ld Bj $, 2r7h $G $- $k >l9g $, $" $k !% $7 $+$7 !$8=<B $K$O 0lHL E*$J 7W;; 5! $, 6/NO$J A‘ :n$r Hw $($F $$ $k$H$O I, $: $7 $b 8@ $($J $$ !%$=$3$G K\ %l %] !< %H$G$O !$ $h$j0l HL E* $J read/write %b %G%k$r 2>Dj$9 $k !%=>$C $F !$ %W %m%; %9FbIt$G$O 0J 2<$N %$ %Y %s%H $N$_ $, H/@8$9$k$b$N $H$9 $k!% 1. 6&M-JQ?t$X$N read A‘:n 2. 6&M-JQ?t$X$N write A‘:n 3. FbIt7W;; A4$F$N %W %m%; %9 $N >uBV$H !$A4 $F$N 6&M- JQ?t$N >u BV $+ $i $J$k %Y%/ %H%k $r!$ %7 %9 %F%‘ $N >u 67 $H8@$& !% FC $K A4 %W %m%; %9 $, =i 4|>u BV$K$" $j!$ $+ $D A46& M- JQ?t $, =i4|CM $r J];} $7 $F $$ $k>u67 $r =i4|>u67 $H 8F$V!% $" $k %$ %Y %s%H $N M-8B ( $^$? $O L58B ) 7O Ns E = e 0 ; e 1 ; e 2 ; ::: $KBP $7 $F !$ =i 4| >u 67 c 0 $+ $i;O $^ $k $"$k >u 67$NM-8B ( $^ $? $O L58B ) 7ONs C = c 0 ; c 1 ; c 2 ; ::: $, B8 :_ $7 !$3F>u67 c i � 1 ( i � 1) $K $*$$$F %$ %Y %s %H e i � 1 $, @8 5/$9 $k$3 $H$G >u 67 c i $K A+ 0\ $9 $k$H $- !$ E $r <B9T $H8@ $& !% $J$* !$ read A‘:n $d write A‘:n $O 86;R 6&M- %a %b%j p 0 %W %m%; %9 write read write p 1 p N � 2 p N � 1 ?^ 1: HsF14|6&M- %a %b%j %7 %9 %F %‘ A‘ :n $G $" $k$N$G !$ $3 $l$i $N A‘ :n $K $h $k %$ %Y %s %H $, J# ?t$N %W %m%; %9 $K $*$$$F F1 ;~ $K @85/$9 $k$3$H$O$J $$ !% $3$N @- <A $K $h$j!$ F10l$N 6& M- JQ?t$K BP $7 $F J# ?t$N %W %m%; %9 $, F1 ;~ $K%" %/ %; %9$9$k$3$H$O$J $$ $N $G !$ read A‘:n $d write A‘:n$N6%9g $K$D$$$F9MN8$9 $k I,MW$O$J $$ !%86;RA‘ :n $r J] >Z$9 $k6& M-JQ ?t$N <B 8= $K 4X $7 $F$O !$J88% [2, 7, 8, 9] $r ;2>H$5 $l $?$$ !% 2.2 M - 2~L>LdBj M - 2~L> Ld Bj $H $O !$ %W %m%;%9 $NL> A0 6u4V $NBg $-$5 $r=L>. $9 $k Ld Bj $G $"$j !$ 0l 2s M - 2~ L> Ld Bj $H 7+ $j JV $7 M - 2~L>LdBj $K J,N‘ $G$- $k!% M - 2~L>%" %k %4 %j %: %‘$N G$ 0U$N <B9T $, <!$N >r7o$r K~$? $9$H$- !$ %"%k %4 %j %: %‘ $O M - 2~L>LdBj $r 2r7h$9$k $H Dj5A$9$k [11] !% 0l2s M - 2~L> %"%k %4 %j %: %‘ $" $k %W %m%; %9 p i $O !$ L> A0 $r3M F@ $9 $k $? $a $N<j B3 $- getName $r9b !9 1 2s<B 9T $9 $k!% <j B3 $- getName $NJV $jCM name i $K BP $7 $F !$0J2< $, @.$jN)$D!% 1. %W %m %; %9 p i $, L> A0 name i $r 3M F@ $7 $?$J $i name i 2 f 0 ; 1 ; :::; M � 1 g 2. 0[ $J $k %W%m %; %9 p i !$ p j $,$= $l $> $lL> A0 name i !$ name j $r 3MF@ $7 $?$J$i !$ name i 6 = name j 7+$jJV $7 M - 2~L> %"%k %4 %j %: %‘ $"$k %W %m%;%9 p i $O !$ L>A0 $r3MF@$9$k $?$a$N<jB3 $- getName $H L>A0 $N;HMQ!$L> A0 $r 2rJ|$9$k $? $a$N<jB3$- re- leaseName $r 7+ $j JV $7 <B9T $9$k !% ?^ 2 $K !$ 7+ $j JV $7 M - 2~L> %" %k %4 %j %:%‘$N9=@. $r<($9 !% $3$3 $G !$ Remainder S ection $O L> A0 $N 3M F@ !$;H MQ 5Z $S 2rJ| $K4X78 $NL5 $$It J,!$ W or k ing S ection $O 3MF@ $7 $? L>A0 $r ;HMQ$9$kItJ, $G$" $k!% 3

?^ 2: 7+$jJV $7 M - 2~L> %" %k %4 %j %:%‘$N 9=@. Pro cess p i // 0 � i � N � 1 Non-shared v ariables name i : 0 ; :::; M � 1 while ( true ) do Remainder S ection ; name i := getName( i ) ; W or k ing S ection ; releaseName( name i ) ; o d; %W %m %; %9 p i $O !$<j B3 $- getName $N JV $j CM name i $r p i $N 6I =j JQ ?t$K Be F~ $7 $F$+ $i !$<j B3$- releaseName $K $h $k L> A0$N 2r J|$r 3+;O $9 $k$^ $G$N4V!$ L> A0 name i $r J];} $7 $F$$$k $H$$ $& !%G$0U $N >u67 $K $*$$$F !$0J2< $, @.$jN)$D!% 1. %W %m%; %9 p i $, L> A0 name i $r J] ;} $7 $F $$ $k $J$i name i 2 f 0 ; 1 ; :::; M � 1 g 2. 0[ $J $k %W%m %; %9 p i !$ p j $,$= $l $> $lL> A0 name i !$ name j $rF1 ;~ $K J] ;} $7$F $$ $k $J $i!$ name i 6 = name j 2.3 6%9gEY 2.3.1 0l2s M - 2~L> %" %k %4 %j %: %‘$K $* $1 $k6%9g EY 0l2s M - 2~ L> %" %k %4 %j %:%‘ $N $" $k <B 9T $r � !$ � $N @\F,It $r � 0 $H $9$k !%$b $7 � 0 $N :G8e$N %$ %Y %s %H e $K $*$$ $F !$ %W %m%; %9 p i $, $9$G$K <j B3$- getName $r 8F $S =P $7 $F$$ $k $J $i !$ %W %m%;%9 p i $O %$ %Y %s %H e $K $*$$$F %" %/ %F %# %V $G $" $k$H $$ $& !% $9 $J$o $A !$ %" %/%F %# %V $J %W %m%; %9 $O !$L>A0$N 3MF@$r ;n$_$F $$ $k $+ !$ $b $7 $/$O 4{ $K ?7 $7 $$ L>A0$r 3M F@ $7 $F $$ $k !% %$ %Y %s %H e $K $*$$$F%" %/ %F %# %V $J %W %m%; %9$N8D?t $r 6%9g EY $H8F $S !$ k o $H I=5- $9$k !% $^ $?!$ k o $N>e3& $r n o $H $9$k!% 0l HL $K Hs F14| 6&M- %a %b %j %7 %9 %F %‘ $G$O !$ %"%k %4 %j %: %‘$N <B9T A0 $K !$G$0U$N <B9T$K $*$1 $k 6%9g EY $r CN$k$3$H$O$G $-$J $$ !% $7 $+$7 !$G$0U$N <B 9T $K BP$9 $k6% 9gEY$N >e 3& $O !$ $"$i$+ $8 $a M? $($i$l $F $$ $k $H $9 $k!% 2.3.2 7+ $jJV $7 M - 2~L> %" %k %4 %j %: %‘$K $* $1 $k6% 9gEY 7+$jJV $7 M - 2~L>%" %k %4 %j %: %‘$N$" $k<B9T$r � !$ � $N @\F,It $r � 0 $H $9$k !% $b $7 � 0 $N :G8e $N %$ %Y %s %H e $K $*$$$F !$ %W %m %; %9 p i $, $9$G$K <jB3$- get- Name $r 8F $S =P $7 $F $* $j !$ $+ $D $= $l $K BP 1~ $9 $k <j B3$- releaseName $+$i JV$C $F$$$J$$ $J $i $P !$ p i $O %$ %Y %s %H e $K $*$$$F %"%/%F %# %V $G $" $k$H 8@ $& !% $9 $J$o $A !$ %" %/%F %# %V $J %W %m%; %9 $O !$L>A0$N 3MF@$r ;n$_ $F$$$k!$ $b $7 $/ $O ?7 $7 $$ L>A0 $r J];} $7 $F$$$k !% <B9T � $K BP $7 $F !$ � = � 1 � � 2 $J $k <B 9T 6h4V � $r 9M$( $k !% $3$3$G !$ � 1 !$ � 2 $O D9$5 0 0J>e$N It J, <B9T !$ � $O D9$5 1 0J>e$NItJ,<B9T $G$"$k !% $3$N$H $- !$ <B 9T6h4V � $K $* $1 $k6%9gEY $H $7 $F !$ 6h 4V6%9g EY $H %] %$ %s %H 6%9gEY $,$3 $l $^ $G$KDs0F$5 $l$F$$$k !% 6h4V6%9gEY %W %m%; %9 p i $, !$ <B9T6h 4V � 1 � $N$" $k@\ F, It � 1 � 0 $N:G8e $N %$ %Y %s %H$K$*$$ $F %"%/ %F %# %V $G$"$k $H$-!$ %W %m%;%9 p i $O 6h4V � $G%" %/%F %# %V $G $" $k$H 8@ $& !% <B9T6h4V � $K $*$$$F %" %/ %F %# %V $J %W %m%; %9 $N8D?t $r � $N 6h4V6%9g EY $H 8F$V !%6h 4V6% 9gEY$r k i !$ k i $N >e 3& $r n i $H I=5-$9$k!% %] %$ %s %H 6%9gEY $" $k <B 9T 6h 4V � 1 � $N :G 8e$K $* $$$F %" %/%F %# %V $J %W %m%; %9$N 8D ?t$r !$ � 1 � $N :G8e $K $* $1 $k 6%9gEY $H8@ $& !%<B9T6h4V � 1 � $N A4 $F$N@\ F, It � 1 � 0 $N :G8e $K$* $1$k:G Bg $N6% 9g EY$r !$6h4V � $K $*$1 $k %] %$ %s %H 6% 9g EY $H 8F $V !% %] %$ %s%H 6% 9gEY$r k !$ k $N >e 3& $r n $H I= 5-$9$k!% ?^ 3 $K !$ 7+ $jJV $7 M - 2~ L> %" %k %4 %j %:%‘ $N<B 9T Nc $r <($9 !% $3$NNc $G $O !$ <B9T6h4V � $K $* $1 $k6h4V6% 9gEY $O 3 !$ %] %$ %s %H 6%9gEY $O 2 $G$" $k !% 0lHL $K Hs F14| 6&M- %a %b %j %7 %9%F%‘$G$O !$ %" %k %4 %j %: %‘$N <B 9TA0 $K !$G$0U$N<B 9T6h 4V $K $*$1 $k6h 4V 6% 9gEY$d%] %$ %s%H 6%9g EY$r$"$i$+ $8 $a CN$k$3$H$O $G $-$J $$ !% $7 $+ $7 !$G$0U$N <B 9T $K BP$9 $k3F 6%9g EY $N >e3& $O !$ $" $i$+ $8 $a M? $($i $l $F$$ $k$H$9$k !% 4

;~4V getName L>A0 $r ;HMQ releaseName releaseName releaseName getName getName L>A0 $r ;HMQ L>A0 $r ;HMQ <B9T6h4V � p 0 p 1 p 2 p 3 ?^ 3: 6h4V6%9gEY $H%] %$ %s %H 6%9gEY 2.4 %"%k %4 %j %: %‘$N I>2A<\EY 2.4.1 2~L>8e$NL>A06u4V$NBg$-$5 2~ L> $NF0 5! $+ $iL@ $i $+ $J $h$& $K!$ 2~ L> 8e $NL> A0 6u 4V$NBg$-$5 M $O $G $-$k $@$1 >.$5$$J} $, K>$^ $7 $$ !% M $r $I $3 $^ $G >.$5$/ $G$-$k $+ $O !$ %7 %9 %F%‘ $N7W;; %b %G%k$K 0MB8$9$k!% Nc $( $P !$ read A‘:n $H write A‘ :n $@ $1 $r;H MQ $G$- $k read/write %b %G%k $G $O !$ M < 2 k � 1 $J$i $P M - 2~ L> $r L5BT 5! $G <B 8=$9 $k$h $& $J %"%k %4 %j %: %‘ $O B8:_ $7 $J $$$3$H$, >ZL@$5 $l $F $$ $k [10] !%$^ $? !$J# ?t $N read A‘:n $H write A‘:n $rAH$_ 9g $o $; $?6/ NO $J A‘ :n $G $" $k read-mo dify-write A‘ :n $r;HMQ $9 $k read-mo dify-write %b %G%k $G $O!$ k - 2~ L> %"%k %4 %j %: %‘ $, Ds0F$5 $l$F $$ $k [11] !% 2.4.2 %9%F%C %W 7W;;NL 2~ L> $r 9T $& %W %m%; %9 $O !$6&M- %a %b %j $K BP $7 $F %" %/ %;%9 $9 $k I, MW $,$"$k!% 0l 2s M - 2~ L> %" %k %4 %j %:%‘ $K $* $1$k %9 %F %C %W 7W ;; NL $O !$ 1 $D $N %W %m%;%9 $, ?7 $7 $$ L> A0 $r 3MF@$9 $k$?$a$K I,MW$J 6& M- %a %b %j$X$N%" %/ %;%9 2s ?t $H$9 $k!% $^ $?!$ 7+ $jJV $7 M - 2~L> %" %k %4 %j%: %‘$G$O !$ 1 $D$N %W %m %; %9 $, ?7 $7 $$ L> A0$r 1 2s 3MF@ $7 !$3MF@ $7 $? L> A0 $r 1 2s 2rJ|$9 $k$?$a$K I, MW $J 6&M- %a %b%j$X$N %" %/%;%92s?t $H$9 $k!% M - 2~L> %" %k %4 %j %: %‘ $N%9 %F %C %W 7W;; NL $O !$ %7 %9 %F%‘ $KB0 $9 $k %W %m %;%9 $N8D ?t N $H6% 9g EY ( 0l 2s M - 2~L> %" %k %4 %j %:%‘ $K$* $1$k6% 9g EY k o $d !$ 7+ $j JV $7 M - 2~L> %" %k %4 %j %:%‘ $K$* $1$k6h 4V 6% 9g EY k i !$ $^ $? $O%] %$ %s %H 6%9gEY k ) !$ $= $7 $F 6%9gEY $N>e3& ( n o $d n i !$ $^ $? $O n ) $N 4X?t $G M? $( $i $l $k!% %9 %F %C %W 7W;; NL $r <( $94X?t $N@-<A $K => $C $F!$ M - 2~L> %" %k %4 %j %: %‘ $O L5BT5!!$ 9b B.5Z $S E,1~7? $N 3 $D $K J,N‘ $G$-$k !% %9 %F %C %W 7W;; NL $, M-3& $G $"$k M - 2~L> %" %k %4 %j %: %‘ $r!$ L5 BT 5! M - 2~L> %"%k %4%j %: %‘ $H8@$& !% L5 BT 5! M - 2~L> %" %k %4 %j %:%‘ $r<B9T$9 $k %W %m%;%9 $O !$ <+ $i $, %"%k %4 %j %: %‘$N 7W ;; %9%F%C %W $r M-8B 2s<B 9T$9 $k $3$H $G !$2~ L>$r 40 N; $9 $k$3$H$, J] >Z$5$l $k !%=>$C $F !$<+J,$h$j $b <B 9TB. EY$NB.$$ %W %m%; %9 $K @h$r 1[ $5 $l $F 40 N; $G $-$J $$$3 $H$O $J $/ !$<+J,$h$j $b CY$$ %W %m%; %9 $N7k2L $rBT$AB3 $1$k$3 $H$b $J$$ !% $5 $i $K !$ B>$N %W %m%; %9 $, 8N>c$K$h $j Dd ;_ $7 $? >l 9g $G $" $C $F $b2~L> $, 2D G= $J $3 $H $+ $i !$ L5 BT 5! M - 2~L> %" %k %4 %j %: %‘ $O !$ %W %m%; %9 $N Dd ;_8N>c$K BP $7 $F BQ@-$r ;}$D $H 8@ $( $k !% L5 BT 5! M - 2~L> %" %k %4 %j %:%‘ $NCf $G !$ %9 %F %C %W 7W ;;NL $, %W %m %;%9 ?t N $K 0M B8 $; $:!$ <j B3 $- getName $N <B9T 6h4V $K $* $1 $k6% 9gEY$N >e 3& $K 0MB8$9 $k%"%k %4 %j %: %‘$r !$ 9bB. M - 2~L> %"%k %4 %j %: %‘ $H 8@ $& !% 9b B. M - 2~ L> %" %k %4 %j %:%‘ $NCf $G !$ %9 %F %C %W 7W;; NL $, <jB3 $- getName $N<B9T 6h 4V $K$* $1$k6% 9g EY $N $_ $K0M B8 $9 $k %" %k %4 %j %:%‘ $r!$ E, 1~ 7? M - 2~L> %" %k %4 %j%: %‘ $H 8@ $& !% $5$i$K !$%9%F%C %W 7W ;;NL $, <j B3 $- getName $N<B9T 6h4V $K$* $1$k %] %$ %s %H 6%9g EY k $N $_ $K 0MB8$9$k 7+$jJV $7 M - 2~ L> %"%k %4 %j %: %‘$r !$ %] %$ %s %H 6% 9g EY E, 1~ 7? 7+$j JV $7 M - 2~ L>%" %k %4 %j %: %‘ $H 8@ $& !% 2.4.3 6u4V7W;;NL 2~L>%"%k %4 %j%: %‘$N <B9T $K I, MW$J 6&M- JQ?t$N 8D ?t$r 6u 4V7W ;;NL $H 8F$V !%EvA3 !$6u4V7W ;;NL$O$G $- $k $@$1 >.$5 $$J} $, K>$^ $7 $$ !% 3F JQ?t $NCM $K $D$$ $F !$ M- 3& $G $" $k $+ Hs M-3&$G$" $k$+$K J, $+$l $k !%HsM- 3& $G $" $l $P !$ $" $i$+ $8 $a $I $N Dx EY$N 5-21 NN0h$r 3N J] $7 $F $* $1 $P ==J, $G $" $k$+ 8+ @Q$b$k$3$H$, :$ Fq $G $" $k !% $3$N$?$a !$M-3& $G$" $kJ} $, K>$^ $7 $$ !% 5

3 %3 %l %/ %H %j %9 %H 3.1 %"%k %4 %j %: %‘ %3 %l%/ %H %j%9 %H $O !$ n t 8D $N %9 %W%j %C %? $H 8F $P $l$k 4pK\MW AG $NG[Ns $H !$ 3 $D$N<jB3 $- register !$ collect !$ clea r list $G9=@. $5 $l$F $$ $k !% 3F %9 %W %j %C %? $K $O=g $K 0 $+$i n t � 1 $N %l%Y %k $rM? $($k ( ?^ 4) !% n t $K $D$$ $F $O!$ 3.2. $K$* $$ $F@b L@ $9 $k !% <j B3 $- register $G $O %3 %l %/ %H %j %9 %H$KB0 $9 $k $$ $: $l $+$N %9 %W %j %C %? $X EP O? $7 !$ collect $G$O %9 %W %j%C%?$XEPO? $7 $? %W %m%; %9 $N=89g ( EPO?<T=89g ) $r <}=8$9$k!$ <jB3 $- clear list $G $O!$ register $d collect $G ;H MQ $7 $?%9 %W %j %C %? $r=i 4|2=$9$k!% %3 %l %/ %H %j%9 %H $N%3!< %I $r ?^ 6 $K <($9 !% 3F%9 %W %j %C %? $KBP $7 $F !$ <j B3 $- splitter $r <B9T $9 $k $3$H $,$G $- $k!% splitter $O !$JV $jCM $H $7 $F stop !$ ab ort !$$b $7 $/$O next $N $$$: $l $+ $r JV $9 !% d 8D ( d > 1) $N %W %m %; %9 $, F1 0l$N %9 %W %j%C %?$K BP $7 $F splitter $r <B9T $9 $k $H!$ 9b!9 1 8D $N %W %m%;%9 $, stop $r JV $5$l !$$=$l$> $l 9b !9 d � 1 8D $N %W %m %; %9$, ab ort $d next $r JV$5 $l $k ( ?^ 5) !% d 8D$9$Y$F $N %W %m %; %9 $K F1 0l$N CM$r JV$5 $l $k$3$H$O $J $/ !$ $" $k %9 %W %j%C %? $KBP $7 $F 1 $D$N %W %m%; %9 $N$_ $, splitter $r <B 9T$9 $k$H stop $r JV$5 $l $k !%$9$J$o $A !$%9 %W %j%C%?$r Mx MQ$9 $k$3$H$G !$F10l$N %9 %W %j %C%? $K %" %/%; %9$9$k %W %m%; %9$N=8 9g$r !$$h$j >.$5$J %W %m%; %9$N=89g $K J,3d$9$k $3$H $,$G $- $k!% <jB3$- register $G$O !$ %l %Y%k 0 $N %9 %W %j%C%? $+ $i =g$K <j B3$- splitter $r <B 9T$9 $k !%3F %l %Y%k $N %9 %W %j%C%? $K BP$9$k<jB3 $- splitter $+$i !$ stop $, JV $5 $l $k$H$=$N %9 %W %j %C%?$X$N EPO? $K @. 8y $7 !$$=$N %9 %W %j%C %?$N %l %Y%k$r JV $7 $F register $r =*N;$9$k!% ab ort $, JV$5 $l $k $H %9 %W %j %C %? $X $NEP O? $K <:GT $7 !$ %l %Y%k 0 %l %Y%k n t � 1 %l %Y%k 1 ?^ 4: %3 %l %/ %H %j%9 %H � d � 1 next � d � 1 ab ort � 1 stop d %W %m%; %9 ?^ 5: %9 %W %j%C %? ? $rJV $7 $F register $r =* N; $9 $k!% next $, JV $5 $l$k $H !$<!$N %l %Y%k $N %9 %W %j%C%? $K ?J$_ !$:F $S <jB3$- splitter $r <B9T$9$k !% <jB3$- register $K $* $$$F !$3F%9 %W %j%C%? $K BP $7 $F<jB3 $- splitter $r <B9T $9$k D> A0 $K !$ $= $N%9 %W %j %C %?$N %U%i %0 mar k $r N) $F$k!% %U%i %0 mar k $r N) $F $i $l$?%9 %W %j %C %? $O !$ %^ !< %/ $5 $l$F$$ $k $H$$$& !% <j B3$- collect $G$O !$ %^ !<%/ $5 $l$F$$$k%9 %W %j %C %? $r %l %Y%k 0 $+$i =g $K D4$Y$k !%%^ !<%/$5 $l$F $$$k %9 %W %j%C%?$N Cf$G !$<jB3$- register $r <B 9T $7 $? %W %m%; %9 $K $h$C$F$9$G$K EPO?$5 $l $F $$ $k %9 %W %j%C%? $K $D $$$F !$ $=$N %9 %W %j%C%?$N %l %Y%k $H !$EPO? $7 $F $$ $k %W %m%; %9$N <1JL ;R$N Fs9‘AH$r =8$a $k !% $3$N $h $& $K $7 $F =8$a $i $l $kFs9‘AH $N=89g $r EPO?<T =89g $H$$$$!$ <jB3$- collect $O EPO?<T=89g $r JV$9 !% %3 %l %/ %H %j %9 %H$K $O!$ 3F %9 %W %j %C %? $KG$ 0U $N %G!< %? $r;} $? $;$k $3 $H $,$G$-!$ $3 $3 $G $O7+ $jJV $7 M - 2~ L> %" %k %4 %j %: %‘ $G MxMQ$9$k 6&M- JQ?t done $H v iew $r3F%9 %W %j %C %? $K;} $? $; $k !% $3 $N %G!<%? $rFI $_ 9~ $‘ $? $a $K $O <j B3 $- read list !$ =q $- 9~ $‘ $? $a $K $O write list $rMQ $$$k !% %3 %l %/ %H %j %9 %H$N;H MQ $, =* N; $9 $k $H!$ <j B3$- clea r list $r MQ$$$k $3 $H$G !$ %3 %l %/ %H %j%9 %H$r =i 4|2=$9 $k !%=i4| 2=$r <B9T$9 $k$3$H$G !$:F $S F1 0l $N%3 %l %/ %H %j%9 %H $r =i4|>uBV $+$i ;HMQ $G$- $k !% 3.2 %3 %l %/ %H %j %9 %H $N @5Ev@- 0J2<$N Jd Bj $G$O !$ %3 %l %/ %H %j%9 %H $K B0$9 $k$9$Y $F $N 6& M-JQ ?t$N CM $, =i4|CM$G$" $k>u 67 $+$i !$=i4| 2=$N<jB3 $- clear list $, :G=i $K3+;O$5 $l $kD>A0 $^ $G $N <B9T R col $K $*$1 $k !$<jB3$- register $d collect !$ splitter $N @-<A $d7W;;NL $r<($9 !% $3 $3$G !$ G$0U $N<B 9T R col $K $*$$ $F!$ <j B3 $- register $r <B9T$9 $k %W %m %; %9$N 8D ?t$r k t !$ k t $N >e 3&$r n t $H $9 $k !% $J $* !$ 6& M- JQ ?t done $H v iew $r FI$_ =q$- $9 $k$?$a $N <j B3$- read list !$ write list $d !$6&M-JQ?t mar k $r FI 6

?^ 6: %3 %l %/ %H %j%9 %H Shared v ariables : l ist f // collect list mar k [0 ; :::; n t � 1] : Bo olean, initially false ; id [0 ; :::; n t � 1] : id, initially ? ; X [0 ; :::; n t � 1] : in teger, initially ? ; Y [0 ; :::; n t � 1] : Bo olean, initially false ; done [0 ; :::; n t � 1] : Bo olean, initially false ; v iew [0 ; :::; n t � 1] : set of h id,in teger i , initially ? ; // done and v iew are the v ariables // used in the renaming algorithm. g Non-shared v ariables : sp , mov e : integer, initially 0; V : set of h id,integer i , initially ; ; pro cedure splitter ( l ist; sp ) 1 l ist:X [ sp ] := p i ; 2 if ( l ist:Y [ sp ] = true ) then return ab ort ; 3 l ist:Y [ sp ] := true ; 4 if ( l ist:X [ sp ] = p i ) then return stop ; 5 else return next ; pro cedure clear list ( l ist; sp ) 6 while ( l ist:mar k [ sp ]) do 7 write initial v alue to sp in l ist ; 8 sp ++; 9 o d; pro cedure register ( l ist ) 10 sp := 0; 11 while ( true ) do 12 l ist:mar k [ sp ] := true ; 13 mov e := splitter ( l ist; sp ); 14 if ( mov e = next ) then sp ++; 15 if ( mov e = ab ort ) then return ? ; 16 if ( mov e = stop ) then 17 l ist:id [ sp ] := p i ; 18 return sp ; 19 o d; pro cedure collect ( l ist ) 20 sp := 0; V := ; ; 21 while ( l ist:mar k [ sp ] = true ) do 22 if ( l ist:id [ sp ] 6 = ? ) then V := V [ fh l ist:id [ sp ] ; sp ig 23 sp ++; 24 o d; 25 return V ; pro cedure read mark ( list; sp ) 26 return l ist:mar k [ sp ]; pro cedure read list ( l ist; sp; v ar ) 27 switc h ( v ar ) f 28 case ’done’: return l ist:done [ sp ]; 29 case ’view’: return l ist:v iew [ sp ]; 30 g pro cedure write list ( l ist; sp; v ar ; v al ue ) 31 switc h ( v ar ) f 32 case ’done’: l ist:done [ sp ] := v al ue ; 33 case ’view’: list:v iew [ sp ] := v al ue ; 34 g 7

$_ 9~ $‘ $?$a$N <jB3$- read ma rk $O !$0J2< $N JdBj $K $O 4X78 $7 $J $$ !% %9 %W %j%C%? $O !$ 2 $D$N 6&M- JQ?t X $H Y $r MQ$$ $k !%=i 4| CM $O $=$l$> $l X = ? !$ Y = false $G $" $k!%<jB3 $- splitter $r <B9T$9$k %W %m%; %9 p i $O !$$^ $: X $K <+$i$N <1 JL;R p i $r =q$- 9~$_ !$<! $K Y $N CM$r FI$_ 9~ $‘ !% $b $7 Y = true $G $"$l$P !$ p i $O ab ort $r JV$9 !% Y = false $G $" $l$P !$ Y $K true $r =q $-9~ $_!$ X $N CM $r3NG’ $9$k!% X $, <+ $i$N<1JL ;R p i $r 3JG< $7 $F$$ $l $P next $rJV $7 !$ $=$& $G$J $1 $l$P next $r JV$9 !% %"%k %4 %j%: %‘$h $j!$ <! $K <( $9 %9 %W %j%C%?$N@-<A $, F3 $+$l $k!% JdBj 1 G$0U$N<B 9T R col $K $*$$$F !$ d 8D$N %W %m%; %9 $, F10l$N %9 %W %j%C%? $K%" %/%; %9 $7 $?$H $- !$0J2< $N @-<A $, @.$jN)$D!% 1. 9b !9 1 8D $N %W %m%; %9 $, stop $r JV$5 $l $k !% 2. 9b!9 d � 1 8D $N %W %m %;%9 $, ab ort $r JV $5 $l $k!% 3. 9b !9 d � 1 8D $N %W %m%; %9 $, next $r JV$5 $l $k!% JdBj 2 G$ 0U $N <B 9T R col $K$* $$ $F!$ $" $k %3 %l %/ %H %j %9 %H$K B0 $9 $k %9 %W %j %C %? v $N %l%Y %k $, l (0 � l � k t ) $G$" $k $H$-!$ 9b!9 k t � l 8D$N %W %m%;%9 $, v $K BP $7 $F <jB3$- splitter $r <B9T$9$k !% ( >ZL@ ) %9 %W %j %C %? v $N %l %Y %k l $K $D$$ $F $N5"G< K! $G >Z L@$9 $k !%<jB3$- register $r <B 9T$9 $k %W %m%; %9 $O !$ %l %Y %k 0 $N %9 %W %j %C %? $+ $i =g $K<jB3 $- splitter $r <B 9T$9 $k$N$G !$ l = 0 $N$H $-$O L@$i$+ $K Jd Bj $, @.$jN)$D!%<! $K !$ %l %Y%k l � 1(0 < l < k t ) $N %9 %W %j%C %? u $K $D$$$FJdBj $, @.$jN)$D $H2>Dj$9$k!%2> Dj$h$j!$ u $K BP $7 $F 9b !9 k t � l + 1 8D$N %W %m%; %9 $, splitter $r <B9T$9 $k !%$h$C $F Jd Bj 1(3) $h $j !$ %l %Y %k l $N %9 %W %j%C %? v $K BP $7 $F !$ 9b!9 k t � l 8D$N %W %m%;%9 $, splitter $r <B9T $9$k!% => $C $F !$ %l %Y%k l $N %9 %W %j%C%? v $K $D$$$F$b 2>Dj $, K~ $?$5 $l $k !% JdBj 2 $h$j !$ %l %Y%k k t 0J>e $N%9 %W %j %C %? $K BP $7 $F <j B3$- splitter $r <B 9T$9 $k %W %m %; %9 $O B8 :_ $7 $J $$ !%=>$C $F !$<jB3$- register $r <B 9T $9 $k %W %m%; %9 $O !$ %l %Y%k 0 $+$i%l %Y%k k t � 1 $N $$ $: $l$+ $N %9 %W %j %C%? $K$*$$ $F !$%9 %W %j %C %? $X$NEPO? $K @.8y$9$k!$ $b $7 $/$O EP O?$K <: GT$9 $k$3$H$K $h $j register $r =* N; $9 $k !% $^ $?!$ Jd Bj 1(1) $h$j !$ 3F %9 %W %j %C %? $X9b !9 1 8D$N %W %m%; %9 $, EPO?$9$k!% JdBj 3 G$0U $N<B 9T R col $K $* $$ $F!$ <j B3 $- register $r <B9T$9 $k %W %m%; %9 $O !$ %l %Y %k k t � 1 0J2< $N%9 %W %j%C%?$XEP O?$9 $k !%$^$? !$B>$N %W %m%; %9 $, F10l$N %9 %W %j%C%? $XEPO?$9$k$3$H $O$J$$ !% JdBj 3 $h$j !$ <j B3 $- register $*$h $S collect $G$O 9b !9 k t 8D$N%9 %W %j %C%? $K BP $7 $F <jB3$- splitter $r <B 9T$9 $k !%$^$? !$3F%9 %W %j %C%?$G I, MW$J %9%F%C %W 7W ;;NL !$$*$h $S 6u 4V7W ;;NL$O Dj ?t $G $" $k$N$G !$<! $N JdBj $, F3 $+ $l $k !% JdBj 4 G$0U $N<B 9T R col $K $* $$ $F!$ <j B3 $- register $*$h $S collect $N %9 %F%C %W 7W;;NL $O O ( k t ) !$ 6u 4V7W ;;NL $O O ( k t ) $G $" $k !% <! $K !$ <jB3 $- collect $, JV$9EP O?<T =8 9g $N@-<A $K $D $$ $F=R $Y $k !% Jd Bj 3 $h$j !$ %3 %l %/ %H %j %9 %H$G;HMQ $9$k%9 %W %j %C %? $N?t $O9b!9 k t 8D $G$"$k!% JdBj 1(1) $h$j !$ 3F%9 %W %j %C %? $X9b!9 1 8D $N %W %m%;%9 $@$1 $, EP O?$9$k !% JdBj 5 G$0U $N<B9T R col $K $*$$ $F !$ <jB3 $- collect $, JV$9EPO?<T=89g$NMWAG?t $O 9b !9 k t $G $" $k!% JdBj 6 G$ 0U$N <B 9T R col $K $* $$$F !$ %W %m%; %9 p i !$ p j $, F10l $N %3 %l %/ %H %j%9 %H$K BP $7 $F <jB3 $- collect $r <B 9T $7 !$ $= $l $> $l EPO? <T =89g V 1 !$ V 2 $r JV$5 $l $? $H $9 $k !% p i $K $h $k collect $, =* N; $7 $? 8e $K !$ p j $K $h$k collect $, 3+;O $5 $l$?$J $i !$ V 1 � V 2 $, @.$j N)$D !% ( >ZL@ ) JdBj 3 $h$j !$ $"$k %W %m%;%9 $, %9 %W %j %C %? sp $X EP O? $9 $k$J $i !$ $=$N %W %m %; %9 0J 30 $, l ist:id [ sp ] $r 99?7 $9$k $3 $H $O$J$$!% $^ $? collect $G$O !$ %^ !<%/ $5 $l$F$$$k%9 %W %j %C %? $r %l %Y %k 0 $+$i =g $KD4 $Y$k!% G$0U $N%9 %W %j %C %? sp x $r %W %m%; %9 p x $, EPO? $7 !$ l ist:id [ sp x ] $K p x $N <1 JL;R$r =q$- 9~ $‘ $H $9 $k !%<B 9T R col $K $*$$ $F !$ l ist:id [ sp x ] $K ? $, =q$-9~$^ $l $k$3$H $O$J$$ !% p i $, sp x $r D4 $Y$k A0 $K p x $, <1JL ;R$r =q$- 9~ $‘>l9g !$ h p x ; sp x i 2 V 1 ; V 2 $H $J $k !% p i $, sp x $r D4$Y $?8e $K p x $, <1JL;R $r=q$-9~$‘>l 9g!$ h p x ; sp x i = 2 V 1 $+ $D h p x ; sp x i 2 V 2 $H$J$k !% $h $C $F JdBj $, @.$jN)$D !% 8 siev e [0] siev e [1] siev e [2] siev e [2 n � 1] count status 0 1 2 i N � 1 inside al l D one copy [0] inside al l D one copy [1] inside all D one copy [2 N � 1] ?^ 7: %7 !< %V $N 35G0?^ 4 2~L> %"%k %4 %j %: %‘ 4.1 %"%k %4 %j %: %‘ K\2~L> %" %k %4 %j %:%‘ $G$O !$ 0 ; 1 ; 2 ; :::; 2 n � 2 $H HV 9f IU $1$5 $l $? %7!< %V $H8F $P $l$k 4p K\ MW AG $N G[ Ns $r;H MQ $7 $F !$ %] %$ %s %H 6%9g EY E, 1~ 7? 7+ $j JV $7 k (2 k � 1)- 2~L> %"%k %4 %j %: %‘ $r <B8=$9$k!% K\ 2~ L> %" %k %4 %j %:%‘ $O!$ L> A0 $r3M F@ $9 $k $? $a $N <j B3 $- getName $H !$ 3M F@ $7 $?L>A0 $r2rJ| $9 $k $? $a $N <jB3 $- releaseName $+$i$J$k !% <j B3 $- getName $r <B9T $9$k %W %m%; %9 $O !$ L>A0 $N3MF@ $K @.8y$9$k $^ $G !$ 0 HVL\ $N %7!< %V $+$i=g $K <jB3 $- interleaved sc sieve $r <B 9T$9$k !%<j B3$- interleaved sc sieve $+ $i$O <j B3 $- sc sieve $, 8F $P$l$k!% <j B3 $- sc sieve $O !$ F1 0l $N%7 !< %V $+ $i F1 ;~ $K L>A0$r 3M F@$9$k 2DG= @-$N$" $k %W %m%; %9 $N=89g ( 8uJd<T=89g ) $r JV$9 !% 8uJd<T=8 9g $K sc sieve $r 8F $s$@ %W %m%; %9$N<1 JL;R $, 4^$^ $l $F $$ $k$J$i $P !$ $=$N %W %m%; %9 $O ?7 $7 $$ L>A0$r 3M F@ $G $- $k !%?7 $7 $$ L> A0 $O !$ $3$N sc sieve $r 8F $s$@ %7 !< %V $N HV9f$H !$8uJd<T =89g $K $* $1 $k$3$N %W %m%; %9$N %i %s %/ $+$i 9=@.$5 $l $k!% K\2~ L> %" %k %4 %j %:%‘ $N %3!< %I $r !$ ?^ 8 $+$i ?^ 10 $K <($9 !% 1 $D $N %7!< %V$O 0 ; 1 ; :::; 2 N � 1 $HHV 9f IU $1$5 $l$? 2 N 8D$N %3 %T !< $H !$6&M- JQ?t count !$ status $+$i 9= @. $5 $l$k ( ?^ 7) !% %3 %T!< $O<jB3 $- sc sieve $r<B9T $9$k $? $a $N:n6H NN0h $G$"$j !$ count $O 8=:_ sc sieve $r <u$1 IU$1 $F $$ $k %3%T !< $r ;X $9 %] %$ %s %?$G $" $k !% status $O $3$N%7 !< %V $G 3MF@ $7 $? L>A0$rJ];} $7 $F $$ $k !$$b $7 $/ $O L>A0$N 3MF@$r ;n$_$F $$ $k%" %/%F %# %V $J %W %m%; %9 $r<($9G[Ns $G$" $k !% 3F %3 %T !< $O !$6&M-JQ ?t inside !$ all D one $H A0@a $G =R$Y$? %3 %l %/ %H %j%9 %H l ist $+$i $J $k!% $J$* !$ %3 %l %/ %H %j %9 %H $K B0$9 $k 3F %9 %W %j%C%? $K$O !$6&M- JQ ?t v iew $H done $r ;} $?$;$F$$$k !% $" $k%7!< %V s $K $* $1 $k<jB3$- sc sieve $G$O !$6& M-JQ ?t siev e [ s ] :count $, ;X$9%3 %T !< c $K BP $7 $F <j B3 $- op en $r<B 9T $9 $k !% op en $G $O!$ $3 $N $H $- %3 %T!< c $r ;HMQ $7 $F$$$k %W %m %;%9 $, $^ $@ B8:_ $; $:!$ $+$DD> A0$N%3 %T !< c � 1 mo d 2 N $K $* $1 $k8u Jd<T=89g $K 4^$^ $l $F $$ $k$9$Y$F $N %W %m%; %9 $, =* N; $7 $F $k $+$r %A %’ %C %/ $9 $k !% >r 7o $rK~ $?$5 $J $1 $l $P sc sieve $O 6u =8 9g $rJV $9 !% $3 $N>r 7o $rK~ $? $; $P !$ 6& M- JQ ?t inside $K true $r =q$- 9~ $s$@ 8e $K !$ %3 %T !< c $N%3 %l %/ %H %j %9 %H$KBP $7$F<jB3 $- register $K$h$k %9 %W %j %C %? $X $N EPO?$r ;n$_ $k !%EPO? $G $-$J$1$l $P sc sieve $O 6u =89g $rJV $9 !% EP O? $G $- $l $P <jB3 $- pa rtial scan $r 8F $S =P $7 !$ %3 %T !< c $N%3 %l %/ %H %j%9 %H$K B0$9$k %9 %W %j %C%? $XEPO? $7 $? %W %m%; %9 $N=89g ( %9 %J%C %W %7 %g %C %H ) $r$H $k!% $3$N $H$-%9 %J%C %W %7%g %C %H$r$H $k $3 $H $, $G $- $?$J$i $P !$7W;; $7 $? %9 %W %j%C%? $, ;}$D 6& M- JQ?t v iew $K %9 %J%C %W %7 %g %C %H $r 3JG<$9$k!% 9

?^ 8: 2~L> %"%k %4 %j %:%‘ (1/3) Shared v ariables : siev e [0 ; :::; 2 n � 1] f count : h integer, f 0 ; 1 gi , initially h 0 ; 1 i ; status [0 ; :::; N � 1] : Bo olean, initially false ; copy [0 ; :::; 2 N � 1] f al l D one : f 0 ; 1 g , initially 1; inside : Bo olean, initially false ; l ist : collect list; gg Non-shared Global v ariables : s , c : integer, initially 0; dir ty B : f 0 ; 1 g , initially 0; my spl itter : in teger, initially ? ; W : set of h id,in teger i , initially ; ; pro cedure getName () 35 s := 0; 36 while ( true ) do 37 s ++; 38 siev e [ s ] :status [ i ] := activ e ; 39 h c; dir ty B i := siev e [ s ] :count ; 40 if (( c mo d N = i ) or ( siev e [ s ] :status [ c mo d N ] = idle )) then 41 W := interleaved sc sieve ( s; c; dir ty B ); 42 if ( h p i ; �i 2 W ) then 43 siev e [ s ] :count := h c + 1 mo d 2 N , next dirt yB ( dir ty B ; c ) i ; 44 return h s; rank of p i in W i ; 45 else-if ( siev e [ s ] :copy [ c ] :al l D one = next dirt yB ( dir ty B ; c )) then 46 clea r ( s; c; 0); 47 siev e [ s ] :status [ i ] := idle ; 48 o d; pro cedure releaseName () 49 leave ( s; c; dir ty B ); 50 if ( siev e [ s ] :copy [ c ] :al l D one = next dirtyB ( dirty B ; c )) then clear ( s; c; 0); 51 siev e [ s ] :status [ i ] := idle ; 10

?^ 9: 2~L> %"%k %4 %j %:%‘ (2/3) Shared v ariables : l ast modif ied : p oin ts to last shared v ariable mo di�ed by p i ; // l ast modif ied is assumed to b e up dated immediately b efore the write. pro cedure interleaved sc sieve ( s; c; dir ty B ) // in terlea v e is a tw o part construct. P art I of the in terlea v e is executed after every // read or write to a shared v ariable in Part I I,the sc sieve() and an y pro cedure // recursiv ely called from sc sieve() . 52 l ast modif ied := ? ; 53 in terlea v e f // Part I 54 if ( siev e [ s ] :copy [ c ] :al l D one = next dirt yB ( dir ty B ; c )) then 55 if ( l ast modif ied is a v ariable mar k in some splitter of siev e [ s ] :copy [ c ] :l ist ) then 56 clea r ( s; c; level of l ast modif ied ); 57 else-if ( l ast modif ied 6 = ? ) then 58 write initial v alue to l ast modif ied ; 59 return ; ; // ab ort curren t sc sieve() , and con tin ue to next siev e. 60 gf // P art I I 61 return sc sieve ( s; c; dir ty B ); 62 g pro cedure sc sieve ( s; c; dir ty B ) 63 if ( op en ( s; c; dir ty B ) = true ) then 64 siev e [ s ] :copy [ c ] :inside := true ; 65 my spl itter := register ( siev e [ s ] :copy [ c ] :l ist ); 66 if ( my spl itter 6 = ? ) then 67 V := pa rtial scan ( siev e [ s ] :copy [ c ] :l ist ); 68 write list ( siev e [ s ] :copy [ c ] :l ist; my spl itter; 0 view 0 ; V ); 69 W := candidates ( s; c ); 70 if ( h p i ; my spl itter i 2 W ) then return W ; 71 write list ( siev e [ s ] :copy [ c ] :l ist; my spl itter; 0 done 0 ; true ); 72 W := candidates ( s; c ); 73 leave ( s; c; dir ty B ); 74 return ; ; pro cedure next dirtyB( dirty B ; c ) 75 if ( c = 0) then return : dir ty B ; 76 else return dir ty B ; 11

?^ 10: 2~L> %" %k %4 %j %:%‘ (3/3) pro cedure leave ( s; c; dir ty B ) 77 write list ( siev e [ s ] :copy [ c ] :l ist; my spl itter ; 0 done 0 ; true ); 78 if ( W 6 = ; and for ev ery h p j ; sp i 2 W , read list ( siev e [ s ] :copy [ c ] :l ist; sp; 0 done 0 ) = true ) then 79 siev e [ s ] :copy [ c ] :al l D one := next dirtyB ( dirty B ; c ); pro cedure partial scan ( l ist ) 80 V 1 := collect ( l ist ); 81 V 2 := collect ( l ist ); 82 if ( V 1 = V 2 ) then return V 1 ; 83 else return ; ; pro cedure candidates ( s; c ) 84 sp := 0; V := ; ; 85 while ( read ma rk ( siev e [ s ] :copy [ c ] :l ist; sp )) do 86 v := read list ( siev e [ s ] :copy [ c ] :l ist; sp; 0 view 0 ); 87 if ( v 6 = ? and v 6 = ; ) then V := V [ f v g ; 88 sp ++; 89 o d; 90 if ( V = ; ) then return ; ; 91 U := min f v iew j v iew 2 V g ; 92 if (for every h p j ; sp i 2 U , read list ( siev e [ s ] :copy [ c ] :l ist; sp; 0 view 0 ) � U or read list ( siev e [ s ] :copy [ c ] :l ist; sp; 0 view 0 ) = ; ) then 93 return U ; 94 else 95 return ; ; pro cedure op en ( s; c; dir ty B ) 96 if (( siev e [ s ] :copy [ c � 1 mo d 2 N ] :al l D one = dir ty B ) and ( siev e [ s ] :copy [ c ] :inside = false )) then 97 return true ; 98 else 99 return false ; pro cedure clear ( s; c; sp ) 100 siev e [ s ] :copy [ c ] :inside := false ; 101 clea r list ( siev e [ s ] :copy [ c ] :l ist; sp ); 12

%9 %J %C %W %7%g %C %H$r$H $C $?8e $K!$ 3F %W %m%;%9 $N%9 %J%C %W %7 %g %C %H$r Hf3S $7 $F !$ :G>. $N%9 %J%C %W %7%g %C %H $r 7W;; $9$k !% :G >. $N%9 %J %C %W %7%g %C %H$O !$ $3$N %3 %T !< $K $* $1 $k 8uJd <T=89g$H$J $k !%8uJd<T =89g$r 3M F@ $G $-$? %W %m%; %9 $, !$8uJd<T=8 9g $K 4^$^ $l $F $$ $k $J $i $P !$ $3 $N %W %m %;%9 $OL> A0 $N 3M F@ $K@. 8y $9 $k !% 8u Jd <T =8 9g $K4^ $^ $l$F$$ $J $1 $l $P !$ <j B3 $- leave $r8F $S !$ EPO? $7 $? %9 %W %j %C %? $K;}$? $; $?6&M-JQ ?t done $K true $r =q$-9~$_ !$ %7 !< %V s $G $N <jB3$-$r =*N; $9$k!% <j B3 $- leave $G$O!$ 8u Jd <T =8 9g $K4^ $^ $l$k$9 $Y$F$N %W %m%; %9 $, !$ $9 $G$K 6&M-JQ?t done $X true $r =q$-9~ $s$G$$$? $J $i !$ 6&M- JQ?t al l D one $r <jB3 $- next dirtyB $, JV$9CM $K 99?7$9$k!% <jB3$- releaseName $G$O !$EPO? $7 $? %9 %W %j%C%? $K ;} $? $; $?6& M- JQ ?t done $K true $r=q $-9~ $_!$ L> A0 $r 2rJ| $7 $?$3$H$r B>$N %W %m%; %9 $K CN $i$; $k!% 4.2 %3 %T !<$N :F;HMQ K\ 2~L>%"%k %4 %j %: %‘ $G$O !$6u4V7W ;;NL$r M- 3& $K $9$k $? $a $K !$ %3 %T !< $r:F ;H MQ $9 $k !% $D $^ $j !$ %3 %T!< 2 N � 1 $r ;HMQ $7 $? <! $O!$ %3 %T !< 0 $r ;HMQ $9 $k!% %3 %T !<$N :F ;HMQ$r <B 8=$9$k$?$a$K$O !$ %3 %T !<$N ;HMQ $, =* N; $7 $? 8e $K !$ $=$N%3 %T !<$K B0$9 $k$9$Y$F $N 6& M-JQ ?t $K $= $l$>$l $N =i4| CM$r =q$- 9~ $‘ $3$H$G !$ %3 %T !<$r =i 4|2= $7 $J$1$l$P $J$i $J $$ !% $3$N$? $a $N <j B3$-$, clea r $G $" $j !$ %3 %T !< $N =i 4| 2= $, =* N;$9 $k $H !$F10l$N %3 %T !<$r :F $S ;HMQ$9$k $3$H $,$G $- $k!% %3 %T!< $N ;H MQ $,=* N; $7$? $3 $H $O!$ 6& M- JQ ?t al l D one $NCM $N JQ 2= $K $h $C $F 8! CN $9 $k !% all D one $+ $i %3 %T !< $N ;H MQ $, =*N; $7 $?$3$H $r <($9 CM $r FI$_9~ $s$@ %W %m %; %9!$ $b $7 $/ $O al l D one $r$=$NCM $K 99?7 $7 $? %W %m %; %9 $O !$ %3 %T !<$N =i 4|2=$r 3+;O$9 $k !% $7 $+ $7 !$ %3 %T !<$N =i4| 2= $r $9$k :] $K$O !$<! $N 2 E@ $K Cm0U $7 $J $1$l $P $J$i$J $$ !% 1 $DL\ $O !$ $"$k %W %m %;%9 $,%3 %T !< $r=i4| 2= $7$F$$ $k $H $- $K!$ B> $N %W %m %;%9 $,$= $N %3 %T !< $KB0 $9 $k JQ ?t $NCM $rFI $_ =q $- $9 $k 2D G= @- $,$"$k $3 $H $G $" $k !% $3 $N $h$& $J %W %m %;%9 $OL7 =b $7 $?CM $rFI $_ 9~ $_ !$ M= 4| $7$J $$F0:n $r$9$k 2D G= @- $,$"$k!% $= $3 $G!$ <j B3 $- inter- leaved sc sieve !$$*$h $S <j B3$- interleaved sc sieve $+ $i 8F $P $l $k <jB3$-$K $*$$$F !$6&M- JQ?t$N CM$r FI $_ =q$- $9 $k Kh$K al l D one $N CM$r 3N G’ $9 $k !% $b $7 !$ al l D one $NCM $,99 ?7 $5 $l $F $$ $? $J $i!$ <j B3 $- sc sieve $r CfCG $7 !$D>A0 $K =q$- 9~ $s$@ 6&M- JQ?t$K$O =i4| CM $r=q $-9~$‘ !$ $b $7 $/ $O <jB3 $- clear $r <B9T $9 $k!% $3 $l $r %$ %s %?%j !< %V 5! 9= $H 8F$V !% $3 $N 5! 9=$K $h $j!$ al l D one $, ?7 $7 $$ CM $K 99?7$5 $l $? 8e $K$O !$3F %W %m %; %9 $O$= $N %3 %T !< $K$* $$ $F9b!9 1 %9 %F %C %W $7$+ <B9T $7 $J$$$N$G !$ %3 %T !<$N=i4|2=$rJ]>Z $G$- $k !% 2 $DL\ $O!$ %3 %T !< $N=i 4| 2= $K$* $$ $FC1 $K al l D one $K =i4| CM $r =q$- 9~ $‘ $N$G$O !$ %3 %T !<$N ;HMQ $, =* N; $7 $? $3$H$r @5 $7 $/8!CN$9 $k$3$H$,$G $-$J$$ 2DG= @- $, $"$k !% $= $3 $G!$ all D one $O 2 CMJQ ?t $H $7 !$ %3 %T !< $N ;HMQ $, =* N;$9$k$H$3 $N CM$r F~ $l 49$( $k !% %3 %T !< $N ;HMQ $, =*N; $7 $F $$ $k$N$+ $I $& $+$O !$ all D one $N CM $H count $N BhFs9‘ $+$i FI$_9~ $s$@ CM $rHf3S$9$k $3$H$G H=JL $G$- $k !% 4.3 2~L> %"%k %4 %j %: %‘$N @5Ev@- 2~ L>%" %k%4 %j%: %‘ $N <B 9T R $O %$ %Y%s%H $N 7O Ns e 0 ; e 1 ; e 2 ; ::: $G $" $k !% R $K B0$9 $k %$ %Y %s%H $N Cf$G !$ $" $k %W %m%; %9 p i $, <B9T$9$k<jB3$- getName $N 3+ ;O $+$i !$$= $l$K BP 1~$9$k releaseName $N :G8e$^ $G $N %$ %Y %s %H Ns $r � $H $9$k!% � $K $*$$ $F !$ p i $, 6I=j JQ ?t s $K x $r =q$- 9~ $‘ %$ %Y%s%H $+ $i x + 1 $r =q $-9~$‘%$ %Y %s %H $ND>A0 $^ $G $r!$ %7!< %V %"%/ %;%9 A x � $H $7 !$ $3$N$H $- p i $, %7 !< %V x $K %" %/ %; %9$9 $k $H $$ $& !% x + 1 $r =q $-9~$‘%$ %Y %s %H$, B8:_ $7 $J$$>l9g $O !$ A x � $O <B 9T � $N :G 8e$^$G$H $9 $k !%$D$^ $j !$ p i $N <B 9T � $O %" %/%; %9$9 $k%7 !< %V$4 $H$K J, 3d $G $- !$ � = A 0 � ; A 1 � ; ::: $H =q $1$k!% 0J 2< $N5DO@ $G $O !$ A x � $r A x $H >JN,$9$k$3 $H$b$" $k !% 2~ L>%" %k %4 %j%: %‘$N <B 9T R $K B0 $9 $k %$ %Y%s%H $N Cf $G !$ %7 !< %V s $K %" %/%; %9 $7 $F$$ $k %W %m%; %9 $, <B9T$9$k %$ %Y %s %H $NItJ,7ONs $r !$ %7 !< %V s $N <B9T R s = e s 0 ; e s 1 ; e s 2 ; ::: $H$9$k!% $3 $N $H$-!$ R s $K B0 $9 $k %$ %Y %s%H t s 0 ; t s 1 ; :::; t s l � 1 ; t s l ; ::: $r !$<!$N$h $& $K 5" G< E* $K Dj5A$9$k !% � t s 0 = e s 0 � l � 1 $N$H$- t s l � 1 $, B8:_$9 $k$J $i !$ t s l � 1 $h$j 8e $K 6I=jJQ?t c $K l mo d 2 N $r FI$_9~ $‘:G=i $N %$ %Y %s %H $r t s l $H $9 $k!% $3 $N $H $- !$ %$%Y %s%H t s l $+ $i t s l +1 $N D> A0 $^$G $r !$ 13

%7 !< %V s $N <B9T R s $N 6h4V l $H $9$k !% t s l +1 $, B8:_ $7 $J$1$l $P !$ R s $O l HVL\$N6h4V $G =*N; $7 $F $$ $k!% %W %m%; %9 p i $, <B9T $9 $k %7!< %V %" %/ %;%9 A s $K $* $$$F !$ siev e [ s ] :count $r 6I=jJQ?t h c; dir ty B i $K FI $_ 9~ $‘ %$ %Y %s %H $r e 2 A s $H $9$k !% $3$N$H $- !$ R s $K $*$$ $F %$ %Y %s %H e $, B0$9 $k 6h 4V $r int ( A s ) $H $7 !$ int ( A s ) = l $r K~ $?$9 %7!< %V %" %/ %; %9 $O R s $N 6h4V l $K B0 $9$k $H8@$& !% $^ $?!$ %$ %Y %s %H e $K $* $$ $F!$ 6I =j JQ ?t c $KFI $_ 9~ $‘ CM $r r v ( A s ) !$ 6I =j JQ ?t dir ty B $K FI$_9~ $‘CM $r r d ( A s ) $H $9$k !% 0J 2<$NMQ 8l$r !$K\2~L>%"%k %4 %j %: %‘$N @5Ev @-$N >ZL@ $G MQ$$$k!% � %W %m%; %9 p i $, <B9T$9$k %7 !< %V %" %/ %; %9 A s $K B0$9 $k %$ %Y %s %H e $N D>A0 $K $*$$$F !$6&M- JQ?t siev e [ s ] :status [ i ] = activ e $J $i$P !$ A s $O e $K $*$$$F %"%/%F %# %V $G $" $k $H 8@ $& !% � %W %m%; %9 p i $, <B9T$9$k %7 !< %V %" %/ %; %9 A s $K B0$9 $k %$ %Y %s %H e $N D>A0 $K $*$$$F !$6I=j JQ?t c = x $J $i $P !$ A s $O e $K $*$$ $F %7!< %V s $N%3 %T !< x $r ;HMQ $7 $F$$ $k $H 8@ $& !% � %W %m%; %9 p i $, <B9T$9$k %7 !< %V %" %/ %; %9 A s $, int ( A s ) mo d 2 N = x $r K~$? $9$H $9 $k !% %$ %Y %s%H e 2 A s $N D>A0$^ $G$K !$$9 $G$K p i $, %7 !< %V s $N%3 %T !< x $N 6&M- JQ ?t inside $K true $r =q$-9~ $s $G$$$k $J $i !$ A s $O e $K $*$$ $F %7!< %V s $N%3 %T !< x $K F~$C $F $$ $k $H 8@ $& !% � %W %m %;%9 p i $, <B9T $9 $k %7!< %V %" %/ %;%9 A s $, !$ %3 %T !< c $N%3 %l %/ %H %j %9 %H $K B0$9 $k$" $k %9 %W %j%C%? sp i $X EP O?$9 $k$H $9 $k !% $3$N$H $- !$ %$ %Y %s %H e 2 A s $K $* $$ $F%9 %W %j %C %? sp i $, ;} $D JQ?t done $K true $r =q $-9~ $s $G$$ $k $J $i !$ A s $O e $K $*$$$F 40N; $7 $F$$ $k $H 8@ $& !% � <j B3 $- partial scan $, JV $9 6u$G $J $$ =8 9g$r %9 %J %C %W%7%g %C %H !$ <j B3 $- candidates $, JV $9 6u $G $J$$ =89g$r 8uJd<T=89g $H 8@ $& !% � %W %m%; %9 p i $, %7 !< %V %" %/ %;%9 A s $K $*$$ $F %9 %W %j%C%? sp i $X EPO? $7 !$<jB3$- candidates $+ $i 8uJd<T =8 9g W $r JV $5 $l$? $H$9$k!% $3 $N $H$- h p i ; sp i i 2 W $J$i $P !$ p i $r 6h4V int ( A s ) $K $* $1 $k >!Mx %W %m%;%9 !$ A s $r 6h4V int ( A s ) $K $* $1 $k >!Mx %7 !< %V %"%/ %; %9 $H 8@ $& !% JdBj 7 G$ 0U$N%7 !< %V s $N <B 9T R s $K $*$$$F !$0J 2<$N@-<A $, @.$jN)$D !% 1. G$ 0U $N %7!< %V%"%/ %;%9 A s $, !$ %$ %Y %s %H e 2 A s $K $*$$$F%"%/%F %# %V $G$" $j !$ e $, R s $N 6h4V l $K B0 $7 $F $$ $k $J$i !$ int ( A s ) � l � N !% 2. G$ 0U $N %7!< %V%"%/ %;%9 A s $, !$ %$ %Y %s %H e 2 A s $ND> A0 $K $* $$ $F $9 $G $K siev e [ s ] :count $NCM $rFI $_ 9~ $s $G $$ $k $J $i!$ r v ( A s ) = int ( A s ) mo d 2 N !% 3. G$ 0U $N %7!< %V%"%/ %;%9 A s $, !$ %$ %Y %s %H e 2 A s $ND> A0 $K $* $$ $F $9 $G $K siev e [ s ] :count $NCM $rFI $_9~ $s$G$$$k $J $i!$ r d ( A s ) = db ( int ( A s ) � 1) !% $3 $3 $G!$ x � 0 $N $H $- db ( x ) = ( x div 2 N ) mo d 2 !$ x < 0 $N$H $- db ( x ) = 1 $G $" $j !$ div $O >&$r I=$9 !% 4. G$ 0U$N%7 !< %V %" %/%; %9 A s $, !$ %$ %Y %s%H e 2 A s $K $* $$$F $" $k%3%T !<$K F~$C$F$$ $k$H $9 $k !% $3 $N $H $- !$ int ( A s ) = l � 1 $J $i$P !$6h 4V l � 1 $K B0 $7 !$ e $ND>A0 $^ $G $K siev e [ s ] :copy [ l � 1 mo d 2 N ] :al l D one $K db ( l � 1) $r =q$- 9~ $s $@ %7 !< %V %" %/%;%9 $, >/ $J $/ $H$b 1 $DB8:_$9$k !% 5. G$ 0U $N %7!< %V%"%/ %;%9 A s $, !$ %$ %Y %s %H e 2 A s $K$* $$ $F $" $k %3 %T !< $K F~ $C $F $$$k $H$9 $k !% $3 $N $H $- !$ e $K $*$$$F int ( A s w ) < int ( A s ) $r K~$? $9 G$ 0U$N >!Mx %7 !< %V %" %/%; %9 A s w $O 40N; $7 $F $$ $k!% 6. %$ %Y %s %H t s l $, B8:_ $9$k $J $i !$ t s l $N D>A0 $K %7!< %V s $N%3 %T !< l mo d 2 N $r ;HMQ $7 $F$$ $k %" %/ %F %# %V $J%7 !< %V %" %/%;%9 $O B8:_ $7 $J $$ !% 7. %$ %Y %s %H t s l $, B8:_ $9$k $J $i !$ t s l $N D>A0 $K %7!< %V s $N%3 %T !< l mo d 2 N $K B0$9$kG$0U $N6&M- JQ?t $O =i4|CM $G$" $k!% 8. %7 !< %V %" %/ %;%9 A s 1 !$ A s 2 $, <jB3 $- pa rtial scan $r<B 9T $7 !$ %9 %J %C %W%7 %g %C %H V 1 !$ V 2 $r $= $l $> $l JV $5 $l $? $H $9 $k !% $3 $N $H $- !$ int ( A s 1 ) = int ( A s 2 ) $J$i $P !$ V 1 � V 2 $b $7 $/ $O V 2 � V 1 $r K~ $?$9 !% 9. %7 !< %V %" %/%; %9 A s 1 !$ A s 2 $, <j B3$- candidates $r <B9T $7 !$ 8u Jd<T =89g W 1 !$ W 2 $r$= $l $>$l JV $5 $l $?$H $9 $k !% $3$N$H $- !$ int ( A s 1 ) = int ( A s 2 ) $J$i $P !$ W 1 = W 2 $r K~ $?$9 !% 14

( >ZL@ ) G$0U $N %7!< %V s $N<B9T R s $ND9$5 $K 4X $9$k 5"G< K! $GJdBj $r>ZL@ $9$k!% $^ $:!$ R s $N:G=i $N %$ %Y %s%H e s 0 $K $*$$$F !$JdBj 7 $, @.$jN)$D$3$H$r<($9 !% 1. %$ %Y %s %H e s 0 $, %7 !< %V %" %/ %;%9 A s $K B0 $7 $F $$ $k $H$9 $k !% e s 0 $K$* $$ $F A s $O L@ $i $+ $K%"%/ %F%# %V $G$O $J$$$N$G !$ e s s $K $*$$$F 1. $, @.$jN)$D !% 2. %$ %Y %s %H e s 0 $, %7 !< %V %" %/ %;%9 A s $K B0 $7 $F $$ $k$H $9 $k !% e s 0 $G $O A s $O $^$@ siev e [ s ] :count $r FI$_ 9~ $s $G $$$J $$$N$G !$ e s 0 $K $*$$$F 2. $, @.$jN)$D !% 3. %$ %Y %s %H e s 0 $, %7 !< %V %" %/ %;%9 A s $K B0 $7 $F $$ $k$H $9 $k !% e s 0 $G $O A s $O $^$@ siev e [ s ] :count $r FI$_ 9~ $s $G $$$J $$$N$G !$ e s 0 $K $*$$$F 3. $, @.$jN)$D !% 4. %$ %Y %s %H e s 0 $O R s $N:G =i $N%$ %Y %s %H$J $N $G!$ %$ %Y %s %H e s 0 $K $*$$ $F!$ %3 %T !< $K F~ $C $F$$$k %7!< %V %" %/%; %9 $O B8:_ $7 $J $$ !%$h$C $F !$ e s 0 $K $*$$ $F 4. $, @.$jN)$D !% 5. %$ %Y %s%H e s 0 $O R s $N :G =i$N %$ %Y %s%H $J $N$G !$ %$ %Y %s %H e s 0 $K $*$$ $F!$ >! Mx %7 !< %V %" %/ %;%9 $O B8 :_ $7 $J $$ !%$h$C $F !$ e s 0 $K $*$$$F 5. $, @.$j N)$D !% 6. %$ %Y %s%H t s 0 = e s 0 $O R s $N :G =i$N %$ %Y %s%H $J $N$G !$ t s 0 $ND>A0 $K !$ %7!< %V s $N%3 %T !< 0 $r ;H MQ $7 $F$$ $k %"%/ %F%# %V$J %7!< %V %"%/ %;%9 $OB8 :_ $7 $J$$ !% $h$C$F !$ t s 0 $K $*$$$F 6. $, @.$jN)$D!% 7. %$ %Y %s%H t s 0 = e s 0 $O R s $N :G =i$N %$ %Y %s%H $J $N$G !$ t s 0 $ND>A0 $K !$ %7!< %V s $N%3 %T !< 0 $K B0 $9$kG$ 0U$N6&M-JQ?t $O =i4| CM $G$" $k!%$h$C $F !$ t s 0 $K $*$$$F 7. $, @.$jN)$D!% 8. %$ %Y %s%H e s 0 $O R s $N :G =i$N %$ %Y %s%H $J $N$G !$ e s 0 $K $* $$$F !$$9$G$K %9%J%C %W %7 %g %C %H $r JV $7 $F$$ $k %7 !< %V %" %/%; %9 $O B8 :_ $7 $J $$ !%$h$C $F !$ e s 0 $K $*$$$F 8. $, @.$jN)$D !% 9. %$ %Y %s%H e s 0 $O R s $N :G =i$N %$ %Y %s%H $J $N$G !$ e s 0 $K $*$$$F !$$9 $G$K 8u Jd<T=89g$r JV $7 $F $$ $k %7 !< %V %" %/%; %9 $O B8:_ $7 $J $$ !%$h$C $F !$ e s 0 $K $*$$$F 9. $, @.$jN)$D !% <! $K 5" G<CJ$H $7 $F !$G$0U$N %$ %Y %s%H e 2 R s $N D> A0 $K $*$$$F Jd Bj 7 $, @.$j N)$D$H 2> Dj $7 !$ e $K $* $$$F$b @.$jN)$D$3$H$r<($9 !% 1. $" $k %7 !< %V %" %/%; %9 A s $, !$ %$ %Y %s%H e 2 A s $* $$ $F %" %/ %F %# %V $G $" $j!$ e $O R s $N 6h 4V l $K B0 $7 $F $$$k $H $7 !$ GX M}K! $G>ZL@$9$k!% A s $, int ( A s ) < l � N $r K~ $?$9$H 2>Dj$9$k!% N $O @5 $NDj @0 ?t $J $N $G !$ int ( A s ) < l 0 < l $+ $D l 0 mo d N = i $rK~ $? $9 l 0 $, B8 :_ $9 $k !% %" %k %4 %j %:%‘ $h $j !$ A s $O6h 4V int ( A s ) $G siev e [ s ] :count $rFI $_ 9~ $_!$ $= $N8e 6h 4V l $N %$ %Y %s %H e $^ $G $O >/ $J $/ $H$b%" %/%F %# %V $G $" $k !% $h$C$F A s $O !$ 6h4V l 0 $K 4^$^ $l $k$9$Y$F$N %$ %Y %s %H $K $*$$$F %" %/%F %# %V $G $" $k!% 6h4V l 0 $G 6&M-JQ ?t siev e [ s ] :count $r FI $_9~$‘!$ G$ 0U $N%7 !< %V %" %/%; %9 A s 1 $r 9M$( $k !% 1 $D $N %7 !< %V %" %/ %;%9 $K$*$$ $F!$ siev e [ s ] :count $r FI $_9~ $‘ $N $O 1 EY $@ $1 $J $N $G!$ A s $H A s 1 $O0[ $J $k %7!< %V %" %/ %;%9 $G$"$k !% Dj 5A $h $j int ( A s 1 ) = l 0 $J$N$G !$ 2. $h$j r v ( A s 1 ) = int ( A s 1 ) mo d 2 N = l 0 mo d 2 N !% $3 $N $? $a !$ A s 1 $O siev e [ s ] :count $N Bh0l9‘ $+$i l 0 mo d 2 N $r FI$_9~$‘ $, !$6h 4V l 0 $G A s $O%" %/ %F %# %V $J$N$G !$ A s 1 $O 6&M-JQ?t siev e [ s ] :count $NBh0l 9‘ $r l 0 + 1 mo d 2 N $K 99 ?7 $9$k $3 $H $O$J$$!% $^ $? 6. $h$j !$ %$ %Y %s %H t s l 0 $N D>A0 $K%3 %T !< l 0 mo d 2 N $r ;HMQ $7 $F$$ $k %" %/ %F%# %V $J%7!< %V %" %/ %;%9 $OB8:_ $7 $J$$!% $h $C $F !$%$ %Y %s %H t s l 0 0J9_ $K siev e [ s ] :count $N Bh0l 9‘$X l 0 + 1 mo d 2 N $r =q$- 9~ $‘ %7 !< %V %" %/%; %9 $O B8:_ $7 $J $$ $N$G !$6h4V$O l 0 + 1 0J>e$K$J $i $J $$ !% $3 $l$O e $, 6h4V l $K B0$9 $k$H$$ $&2> Dj $K L7=b$9$k$N $G !$ 1. $, @.$jN)$D !% 2. GXM}K! $G >ZL@$9$k!% int ( A s ) = l $r K~$?$9 %7!< %V %" %/ %; %9 A s $, !$%$ %Y %s %H e 2 A s $K $*$$ $F r v ( A s ) 6 = int ( A s ) mo d 2 N $r K~ $?$9$H 2>Dj$9 $k!% $3$N2>Dj $O !$ %$ %Y %s %H t s l $, H/@8 $7 $F$+$i A s $, siev e [ s ] :count $N CM$r FI$_ 9~ $‘$^$G$K !$ siev e [ s ] :count $NCM $r=q $-49 $($?>! Mx %7!< %V %" %/ %;%9 A s 1 $, B8:_ $7 !$ $= $NCM $r A s $, FI $_9~ $s $@ $3$H$r <( $7 $F $$ $k!% GX M} K! $N2> Dj $h $j int ( A s 1 ) � l !% int ( A s 1 ) = l $H $9$k $H!$ 5" G< K! $N2> Dj $h $j int ( A s 1 ) mo d 2 N = 15 r v ( A s 1 ) = l mo d 2 N $J $N $G!$ A s 1 $O siev e [ s ] :count $N Bh 0l9‘$K l + 1 mo d 2 N $r =q$- 9~ $‘!% $3$N $? $a r v ( A s ) = l + 1 mo d 2 N $H $J $k $N $G !$ int ( A s ) = l + 1 $H $J $k !% $^ $? int ( A s 1 ) = l � 1 $H $9$k $H !$ F1 MM $K r v ( A s ) = l mo d 2 N $H$J$k$N $G!$ int ( A s ) = l $H $J $k !% $3 $l $G $OGX M} K! $N 2> Dj $K$= $l $>$l L7 =b $9 $k $N $G!$ int ( A s 1 ) = l 0 < l � 1 $G $" $k !% 6h4V l $, B8:_ $9$k $? $a $K $O !$ 6h 4V l 0 + 1 $K $* $1 $k>! Mx %7!< %V %" %/ %;%9 A s 2 $, B8 :_ $7 !$ 6& M- JQ ?t siev e [ s ] :count $NBh0l9‘ $K l 0 + 2 mo d 2 N $r =q $- 9~$‘I, MW $,$" $k!% A s 2 $, 6h4V l 0 + 1 $K $*$$ $F %3 %T !< $KF~$k $H$-!$ 5. $h$j6h4V l 0 $K $* $1 $k>! Mx %7!< %V %" %/ %; %9 $O !$ A s 1 $b4^$_$9 $Y $F40N; $7 $F $$ $k$O$: $G $" $k !% $3 $l $O !$6h 4V l $K $* $$$F A s 1 $, 6&M-JQ ?t siev e [ s ] :count $r =q $-49 $($k $H $$ $&2>Dj $K L7=b$9$k$N $G !$ 2. $, @.$jN)$D!% 3. int ( A s ) = l $rK~ $? $9 %7 !< %V%"%/ %;%9 A s $, !$ %$ %Y %s %H e $r4^$‘ $H$9 $k !% $3 $N $H $-!$ e = t s l $G$" $k !$ $b $7 $/ $O e $N D> A0 $^ $G $K%$ %Y %s %H t s l $,B8 :_ $9 $k !% %" %k %4 %j %: %‘ $h $j !$ 6& M- JQ ?t siev e [ s ] :count $NCM $r99 ?7 $9 $k $N $O !$ 3F 6h 4V $K$* $1$k >! Mx %7!< %V %" %/ %;%9 $N$_ $G$"$k!% $h $C $F!$ l mo d 2 N $r 6& M- JQ ?t siev e [ s ] :count $N Bh 0l 9‘$K =q$- 9~$s $@ !$6h4V l � 1 $K $*$1 $k >! Mx%7 !< %V %" %/%; %9 A s w $, >/ $J $/ $H$b 1 $D B8:_$9$k!% 5" G< K! $N 2> Dj $h $j r d ( A s w ) = db ( int ( A s w ) � 1) = db ( l � 2) $G $"$j !$ A s w $O <jB3 $- next dirt yB $, JV$9 CM$r siev e [ s ] :count $N BhFs 9‘ $K =q$- 9~ $‘!% $b $7 !$ l � 1 mo d 2 N = 0 $G $" $l $P next dirtyB $O : db ( l � 2) $r JV $9 $N $G !$ : db ( l � 2) = : (( l � 2) div 2 N ) mo d 2 = (( l � 1) div 2 N ) mo d 2 = db ( l � 1) !%$^ $? !$ l � 1 mo d 2 N 6 = 0 $G $" $l $P next dirtyB $O db ( l � 2) $rJV $9 $N $G!$ db ( l � 2) = (( l � 2) div 2 N ) mo d 2 = (( l � 1) div 2 N ) mo d 2 = db ( l � 1) !% 6. $h $j !$ %$ %Y %s%H t s l � 1 $N D> A0$K %3%T !< l � 1 mo d 2 N $r ;H MQ $7 $F $$ $k%" %/%F %# %V $J %7 !< %V %" %/ %; %9 $O B8:_ $7 $J$$ !% $h$C $F !$ int ( A s 1 ) � l � 1 (mo d 2 N ) $+ $D int ( A s 1 ) < l � 1 $r K~ $? $9 %7 !< %V %" %/ %; %9 A s 1 $, !$ %$ %Y %s %H t s l � 1 0J9_ $K 6&M- JQ ?t siev e [ s ] :count $NBhFs 9‘ $K : db ( l � 1) $r =q$-9~ $‘ $3 $H$O$J$$ !% 0J >e $N 5D O@ $K $h $j !$ %$ %Y %s %H e $K$* $$ $F r d ( A s ) = db ( l � 1) $, 8@ $( $k$N $G !$ 3. $, @.$jN)$D!% 4. %$ %Y%s%H e 2 A s $K $* $$$F !$ %7 !< %V %" %/%; %9 A s $, %3 %T !<$K F~$C $F$$$J $$$J$i $P 4. $, @.$j N)$D !%0J2<$G$O !$ %$ %Y %s%H e 2 A s $K $*$$$F !$ A s $,%3 %T !< $KF~ $C $F $$$k $H$- $K$D $$ $F9M $($k!% %" %k %4 %j %: %‘ $h $j !$ int ( A s ) mo d 2 N = c � 1 $r K~ $? $9 %7 !< %V%" %/ %; %9 $N $_ $,!$ siev e [ s ] :copy [ c � 1] :al l D one $r99?7 $9 $k $3 $H $,$G $-$k !% l � 2 N � 1 � 0 $N >l 9g !$5"G< K!$N 2> Dj $h $j!$ 6h 4V l � 2 N � 1 $K B0 $7 !$ siev e [ s ] :copy [ c � 1] :al l D one $K db ( l � 2 N � 1) $r =q$-9~ $‘ %7 !< %V %" %/%; %9 A s w 0 $, >/ $J$/ $H $b 1 $DB8 :_ $9 $k !% $3 $N %7!< %V %" %/ %;%9 $O !$ 6. $h$j %$ %Y %s %H t s l � 1 $ND>A0 $^ $G $K %" %/ %F %# %V$G $O $J$/ $J$k !% $3 $3 $G!$ db ( l � 2 N � 1) = (( l � 2 N � 1) div 2 N ) mo d 2 = : (( l � 1) div 2 N ) mo d 2 = : db ( l � 1) $J $N$G !$ t s l � 1 $N D>A0$K siev e [ s ] :copy [ c � 1] :al l D one $N CM $O : db ( l � 1) $G$" $k !% l � 2 N � 1 < 0 $N>l 9g !$ %" %k %4 %j %:%‘ $h $j !$ t s l � 1 $ND>A0 $K siev e [ s ] :copy [ c � 1] :al l D one $N CM $O$O =i4| CM 1 = : db ( l � 1) $G $" $k!% 2. $h $j r v ( A s ) = int ( A s ) mo d 2 N = l mo d 2 N $J$N$G !$ A s $O%3 %T !< c = l mo d 2 N $K F~$C $F $$$k !% 3. $h$j r d ( A s ) = db ( l � 1) !% => $C $F!$ A s $O <jB3 $- enter $N 97 9TL\ $K$*$$$F !$ 6&M- JQ?t siev e [ s ] :copy [ c � 1] :al l D one $+$i db ( l � 1) $r FI $_9~ $s $@$H8@ $($k!% => $C $F !$ 6h 4V l � 1 $K B0 $7 !$ siev e [ s ] :copy [ c � 1] :al l D one $K db ( l � 1) $r =q $-9~$‘ %7!< %V %"%/ %;%9 A s w $, >/ $J$/ $H $b 1 $DB8 :_ $7 !$ $= $NCM $r A s $, FI $_ 9~ $s $@ $H8@ $($k !% 5. %$ %Y%s%H e 2 A s $K $* $$$F !$ %7 !< %V %" %/%; %9 A s $, %3 %T !<$K F~$C $F$$$J $$$J$i $P 5. $, @.$j N)$D !%0J2<$G$O !$ %$ %Y %s%H e 2 A s $K $*$$$F !$ A s $,%3 %T !< $KF~ $C $F $$$k $H$- $K$D $$ $F9M $($k!% int ( A s ) = l $H $9$k !% 4. $h$j!$6h4V l � 1 $K B0 $7 !$ %$ %Y %s %H e $ND>A0 $^ $G $K siev e [ s ] :copy [ c � 1] :al l D one $K db ( l � 1) $r =q $-9~ $s $@%7!< %V %" %/ %;%9 $, !$ >/ $J$/ $H$b 1 $DB8 :_ $9 $k!% $3$N %7!< %V %" %/%;%9 $r A s 1 $H $9$k !% A s 1 $, <B 9T $7 $?<j B3 $- candidates $, JV $98u Jd <T =89g$r W $H $9 $k$H !$ 9. $h$j 6h4V l � 1 $K $* 16

$1 $k G$ 0U$N >! Mx %W %m%; %9 $O W $K B0$9 $k !% A s 1 $O !$ G$ 0U $NMW AG h p j ; sp j i 2 W $K $D$$ $F!$ %9 %W %j%C%? sp j $, ;}$D JQ ?t done $+ $i true $r FI $_ 9~ $‘!%$h$C $F A s $, %3 %T !< l mo d 2 N $K F~ $k $H$-!$ 6h4V l � 1 $K $* $1$k$9 $Y $F $N>!Mx %W %m %; %9 $O40N; $7 $F$$$k!% 5" G< K! $N2> Dj $h $j !$ %$ %Y %s%H e $K $*$$$F int ( A s ) < l � 1 $r K~$? $9 G$ 0U$N>! Mx %7!< %V %" %/%; %9 $O 40N; $7 $F $$ $k$N $G !$ %$ %Y %s %H e $K $*$$$F 5. $, @.$jN)$D !% 6. G$ 0U $N 6h 4V l ( l > 0) $KBP $7$F!$ %$ %Y %s %H e 6 = t s l $J $i $P 6. $, @. $j N) $D !% 0J 2< $G $O!$ e = t s l ( l � 1) $N$H$-$K $D$$$FGXM}K! $G >ZL@$9$k !% t s l $N D> A0 $K $*$$$F !$$9$J$o $A 6h 4V l � 1 $K $* $$$F%3%T !< l mo d 2 N $r ;HMQ $7 $F $$ $k%7 !< %V %" %/%; %9 A s $, B8 :_ $9 $k$H 2> Dj$9 $k !%%"%k %4 %j%: %‘ $h $j r v ( A s ) = l mo d 2 N !$ 2. $h $j r v ( A s ) = int ( A s ) mo d 2 N !$ $5$i$K GX M} K!$N 2> Dj $h $j int ( A s ) < l $J $N $G!$ int ( A s ) � l � 2 N $G$"$k !% $H $3$m $, !$ 1. $h$j int ( A s ) � ( l � 1) � N !% $h$C$FL7=b$9$k$N $G !$ 6. $, @.$jN)$D!% 7. G$ 0U $N 6h 4V l ( l > 0) $KBP $7$F!$ %$ %Y %s %H e 6 = t s l $J $i $P 7. $, @. $j N) $D !% 0J 2< $G $O!$ e = t s l ( l � 1) $N$H$-$K $D$$$F5DO@$9$k !% l < 2 N $J$i $P !$ %$ %Y %s%H t s l $N D>A0$^$G$K%3 %T !< c = l mo d 2 N $r ;HMQ $7 $?%7 !< %V %" %/%; %9 $O B8:_ $7 $J$$$N$G !$ 7. $, @.$jN)$D!% l � 2 N $J$i $P !$ 4. $h$j 6h 4V l � 2 N $K B0 $7 !$ siev e [ s ] :copy [ c ] :al l D one $K db ( l � 2 N ) $r =q $- 9~ $‘ %7 !< %V %" %/%; %9 $, >/$J $/$H$b 1 $D B8 :_ $9 $k !% $3$3$G !$ c = l mo d 2 N !% $3$N %7 !< %V %" %/ %; %9 $r A s $H$9$k $H!$ A s $O B3 $$ $F<jB3 $- clea r $r<B 9T $9 $k $3 $H $G!$ %3 %T !< c $K B0 $9 $k 6& M- JQ ?t $r =i 4|2=$9 $k !%$D$^$j siev e [ s ] :copy [ c ] :inside $d!$ %l%Y %k 0 0J >e $N%^ !< %/ $5 $l$F $$$k %9 %W %j %C %?$r =i 4| 2=$9 $k !%$5$i$K !$6h 4V l � 2 N $K B0 $9$k %7!< %V %/ %"%/ %;%9 $NCf $G !$ <j B3 $- clea r $r <B9T$9 $kG$0U$N%7 !< %V %" %/%; %9 $r A s c $H $9 $k !% 2. $h $j int ( A s c ) = l � 2 N $J $N $G !$G$ 0U $N %$ %Y %s%H e c 2 A s c $K $*$$$F A s c $, %" %/%F %# %V $G $" $k$J$i !$ 1. $h $j e c $, B0$9 $k 6h 4V $O 9b !9 l � 2 N + N = l � N $G$" $k !%=>$C $F A s c $K $h $k <jB3$- clear $O !$ %$ %Y %s %H t s l $N D>A0$^$G$K =*N;$9$k!% <! $K !$ 6h 4V l � 2 N $G ;HMQ $5 $l $?$9$Y $F $N %9 %W %j%C%? $, !$<jB3$- clea r list $K $h $C $F =i4| 2=$5 $l $k $3 $H$rGXM}K! $G <($9 !% 6h4V l � 2 N $K B0$9 $k %7!< %V %"%/ %;%9 $, %^ !< %/ $7 $?%9 %W %j %C %? $NCf $G !$%$ %Y %s %H t s l $N D>A0 $K =i4|2= $5 $l$F $$$J$$ %9 %W %j %C %? $, B8 :_ $9 $k $H2> Dj $7 !$ $3 $N $h$& $J%9 %W %j %C %? $NCf $G:G $b Dc $$ %l%Y %k$N%9 %W %j %C %? $r sp d ( %l%Y %k l d ) $H$9 $k !% l d = 0 $N>l 9g !$ L@ $i $+ $K A s $, sp d $r=i 4| 2= $9 $k !% l d > 0 $N>l 9g !$ sp d $NJQ?t mar k $, =i4| 2= $5 $l$F$$$k $J $i!$ mar k $K =i 4| CM$r =q$- 9~$s$@ %7 !< %V %" %/%; %9 $, sp d $r =i4| 2=$9 $k !% sp d $N JQ ?t mar k $, =i4| 2=$5 $l$F$$ $J $$ $J $i!$ 2> Dj $h $j %l%Y %k l d � 1 $N%9 %W %j %C %? sp d � 1 $O =i4| 2= $5 $l$F$$$k $N $G !$ sp d � 1 $r =i 4|2= $7 $?%7 !< %V %" %/%; %9 $, B3$$$F sp d $b =i4|2= $9$k!$ $b $7 $/ $O !$ sp d $N mar k $K true $r=q $-9~ $‘ %7!< %V %"%/ %;%9 $, !$ %$ %s%?%j !< %V 5! 9= $K $h $j sp d $r =i4| 2=$9 $k !%$h$C $F GX M}K!$N 2>Dj $K L7=b $9$k $N $G !$ 6h 4V l � 2 N $G ;HMQ $5 $l $? $9$Y$F$N %9 %W %j%C%? $O =i4|2=$5 $l $k!% 0J>e $N5DO@ $K$h$j !$ %$ %Y %s %H e $K $*$$ $F 7. $, @.$jN)$D!% 8. 0lHL@- $r <: $& $3$H$J $/ !$ A s 1 $, V 1 $r JV$5 $l $? 8e $K !$ A s 2 $, V 2 $r JV$5 $l $k$H 2>Dj$9$k!% %$ %Y %s %H e $N D>A0 $^ $G $K V 1 $H V 2 $N N>J} $, $9 $G $K JV$5 $l $F $$$k >l9g $K$O !$ 8. $, @.$j N)$D!% %$ %Y %s %H e $N D>A0 $^ $G $K V 1 $, JV $5 $l$F$*$j !$ e $K $*$$$F V 2 $, JV$5 $l$? >l9g $K $D$$$F 9M $($k !% int ( A s 1 ) = int ( A s 2 ) = l $J$N$G !$ 2. $h$j A s 1 $H A s 2 $O F10l $N %3 %T !< l mo d 2 N $rMQ $$ $k!% 7. $h $j!$ %$ %Y %s %H t s l $N D>A0 $K%3 %T !< l mo d 2 N $K B0 $9 $k G$ 0U $N 6& M- JQ ?t $O=i 4| CM $G $" $k !% $h $C $F!$ <jB3 $- partial scan $N <B9T $G $O !$ =i 4|2= $5 $l$? >uBV $+ $i ;O$^$k %3 %l %/ %H %j%9 %H $N<B9T R col $K $* $$ $F !$<j B3$- collect $, 2 2s 8F $P $l $k !% A s 1 $N <B9T $K $*$$ $F 8F $P$l $k collect $N <B9T $r=g $K cop 1 i !$ cop 2 i $H$9$k!% A s 2 $N<B9T $K$* $$ $F$bF1 MM $K cop 1 j !$ cop 2 j $H $9$k!% $5 $i $K !$ collect $N<B9T $G JV$5 $l $kEPO? <T=8 9g $r$= $l $>$l v 1 i !$ v 2 i !$ v 1 j !$ v 2 j $H $9 $k!% 0lHL @- $r<:$& $3 $H$J$/ !$ cop 1 i $, cop 1 j $h$j $b@h 17

$K =*N;$9$k$H 2>Dj$9 $k !% $3$N$H$- !$ cop 1 i $, =* N; $7 $? 8e $K cop 2 j $, 3+;O $5 $l $k$H 8@$( $k$N$G !$ Jd Bj 6 $h $j v 1 i � v 2 j $, @.$j N)$D !% %"%k %4 %j %: %‘$h$j V 1 = v 1 i = v 2 i !$ V 2 = v 1 j = v 2 j $J $N$G !$ V 1 � V 2 $, @.$j N)$D !%$h$C $F !$ %$ %Y %s%H e $K $*$$$F 8. $, @.$jN)$D !% 9. 0lHL@- $r <:$& $3 $H $J $/ !$ A s 1 $K $*$$ $F W 1 $, JV $5 $l$?8e $K !$ A s 2 $K $*$$ $F W 2 $, JV $5 $l $k $H2> Dj$9 $k !% %$ %Y %s %H e $N D>A0$^$G$K W 1 $H W 2 $N N> J} $, $9$G$K JV$5 $l$F $$ $k>l 9g $K$O !$ 9. $, @.$jN)$D !% %$ %Y %s %H e $N D>A0 $^ $G $K W 1 $, JV$5 $l$F$*$j !$ e $K $* $$ $F W 2 $, JV $5 $l$?>l 9g $K$D $$ $F!$ GX M} K!$G >ZL@$9 $k !% W 1 6 = W 2 $G $" $k$H 2> Dj$9 $k !% int ( A s 1 ) = int ( A s 2 ) = l $J $N$G !$ 7. $h $j!$%$ %Y%s%H t s l $N D> A0$K %3%T !< l mo d 2 N $K B0 $9 $kG$ 0U $N6& M- JQ ?t $O=i4| CM $G$"$k !% $h $C $F %" %k %4 %j %: %‘$h $j !$ W 1 $H W 2 $O 6h 4V l $K B0$9 $k %7 !< %V %" %/%; %9 $, <B 9T $7 $? <jB3$- partial scan $K $h$C $FJV $5 $l$? %9 %J%C %W %7%g %C %H$G $b$"$k $N $G !$ 8. $h $j W 1 � W 2 $b $7 $/ $O W 1 � W 2 $, @. $j N)$D !% $3$3 $G $O !$0l HL @-$r <: $& $3$H $J $/ W 1 � W 2 $H 2>Dj$9$k!% <j B3 $- pa rtial scan $r <B 9T $7 $F W 1 $r 3M F@$9 $k %W %m%; %9 $r p i !$<jB3 $- candidates $r <B9T $7 $F W 2 $r 3M F@ $9 $k %W %m %; %9$r p j $H $9 $k !% 2. $h $j A s 1 $H A s 2 $O F1 0l$N%3 %T !< l mo d 2 N $r MQ$$ $k !% p i $O %9 %W %j%C %? sp i $X EPO? $7 $? 8e $K partial scan $r<B9T $9 $k $N $G!$ >/ $J$/ $H $b p i $O W 1 $K B0 $7 $F $$ $k !% c = l mo d 2 N $H $9 $k$H !$ 6h4V l $K $*$$ $FJQ?t siev e [ s ] :copy [ c ] :v iew [ sp i ] $r 99 ?7 $9 $k %W %m %; %9$O p i $N $_ $J $N $G !$$= $N CM $O ? $b$7 $/$O W 1 $N $_ $G $" $k !% $7 $+$7 !$ p j $, candidates $K $* $$$F W 2 $r JV $9$? $a$K $O !$ siev e [ s ] :copy [ c ] :v iew [ sp i ] � W 2 $b $7 $/ $O siev e [ s ] :copy [ c ] :v iew [ sp i ] = ; $r K~ $? $9 CM $, !$ siev e [ s ] :copy [ c ] :v iew [ sp i ] $K 3JG< $5 $l$F$$$J $1 $l $P$J$i $J$$!% $h $C $F!$ GX M} K! $N2> Dj $K L7=b $9 $k$N $G !$ %$ %Y %s %H e $K $*$$$F 9. $, @.$jN)$D !% Dj M} 1 $G $OJd Bj 7 $rMQ $$ $F!$ J# ?t $N %W %m%;%9 $, F1 ;~ $K F10l $NL>A0 $rJ];}$9$k $3$H $O$J$$$3 $H$r<($9 !% DjM} 1 %W %m%;%9 p i !$ p j $, F1;~ $K$= $l $>$lL>A0 y i !$ y j $rJ] ;} $7$F$$ $k $H $- ( i 6 = j ) !$ y i $H y j $O0[ $J $k !% ( >ZL@ ) <jB3$- getName $, JV$9?7 $7 $$ L>A0 $O !$L> A0$N 3M F@ $K @.8y $7 $?%7 !< %V $N HV 9f$H !$$=$N$H$- $N 8u Jd<T =89g $K $* $1 $k %W %m%; %9$N%i %s %/$NFs 9‘AH $+ $i $J $k !% $h$C $F !$ %W %m%; %9 p i $H p j $, 0[ $J $k %7!< %V $+$i L>A0 $r3MF@ $7 $?$H$- $O !$ L@ $i $+ $K L>A0 y i $H y j $O 0[$J$k !% <! $K!$ %W%m %;%9 p i $H p j $, !$ F1 0l $N %7!< %V s $+$i L>A0 $r 3MF@ $7 $?$H$-$r 9M $($k !% p i $N >!Mx %7!< %V %" %/ %;%9 A s 1 $, L>A0 y i $rJV $7 !$ p j $N>!Mx %7!< %V %" %/ %; %9 A s 2 $, L>A0 y j $r JV$9 $H$9$k!% $b $7 int ( A s 1 ) = int ( A s 2 ) $J$i $P !$ JdBj 7- 9. $h$j p i $H p j $O F10l $N 8u Jd<T =8 9g $r F@$k !%$h$C $F !$F10l$N 8u Jd<T =89g $K $* $1 $k3F %W %m%; %9 $N%i %s %/ $O Aj0[ $J$k$N $G !$ y i $H y j $O 0[ $J$k!% int ( A s 1 ) 6 = int ( A s 2 ) $J $i $P ( 0lHL @- $r <: $& $3 $H$J $/ int ( A s 1 ) < int ( A s 2 ) $H 2>Dj$9$k ) !$ Jd Bj 7- 5. $h $j%7 !< %V s $N 6h 4V int ( A s 1 ) $K $*$1 $k$9 $Y$F $N>!Mx %W %m%;%9 $, 40N; $7 $J $1 $l $P !$ A s 2 $,%7 !< %V s $N%3 %T !< int ( A s 2 ) mo d 2 N $K F~$k $3 $H $,$G$- $J$$ !% $h$C $F !$ %W %m%; %9 p i !$ p j $, F1;~ $K$= $l $>$l L>A0 y i !$ y j $r ;}$D $3$H$O$J$$ !% K\2~ L>%" %k %4 %j %: %‘$G MQ$$ $k%7 !< %V $N ?t$N >e3& $r <($9$? $a$K !$0J2<$N Jd Bj 8 $+ $i JdBj 12 $r <($9 !% $3$l$i $N JdBj$K $h $j !$K\2~L>%"%k %4 %j %: %‘ $, M?$( $k ?7 $7 $$ L>A0$N HO0O ( DjM} 2) $d !$K\2~L> %"%k %4 %j %: %‘$N7W;;NL ( DjM} 3) $r <($9$3$H $,$G $- $k !% JdBj 8 G$ 0U$N%7 !< %V s $N 6h 4V l $K B0 $7 !$ $+ $D <j B3$- partial scan $r <B 9T $7 $? %7 !< %V %" %/%; %9$N Cf $N >/$J $/ $H$b 1 $D$O %9 %J%C %W %7 %g %C %H $r 3MF@$9$k!% ( >Z L@ ) GX M} K! $G >Z L@$9 $k !% %7 !< %V s $K 6h 4V l $K B0 $7 !$ $+$D<j B3 $- partial scan $r<B9T $7 $?$9 $Y $F $N %7 !< %V %"%/ %;%9 $, !$ %9 %J %C %W%7%g %C %H$r 3MF@ $G$- $J $$ $H2> Dj $9 $k !% Jd Bj 7- 2. $h $j !$ $3 $l $i $N Cf $N G$ 0U $N %7!< %V%"%/ %; %9 A s $O!$ rv ( A s ) = int ( A s ) mo d 2 N = l mo d 2 N $r K~ $?$9 $N $G!$ %3 %T !< c = l mo d 2 N $r ;HMQ$9 $k!%GXM}K!$N 2>Dj$h$j !$ %3 %T !< c $N%3 %l %/ %H %j%9 %H $K B0$9 $kG$0U$N %9 %W %j%C%? sp $K $D$$$F !$ sp $, ;}$D JQ?t v iew $X %9%J%C %W %7 %g %C %H $r =q$- 9~ 18

$‘ %7!< %V %"%/ %;%9 $OB8 :_ $7 $J$$!% $5 $i $K !$ 6h 4V l $K B0$9 $k%7 !< %V %" %/%; %9$N Cf$G !$<jB3$- candidates $r <B 9T $7 $F 8uJd <T=8 9g$r JV$5 $l $k$b$N$O B8:_ $7 $J $$ !% $3$N$? $a !$ siev e [ s ] :copy [ c ] :al l D one $N CM$r 99 ?7$9 $k %7 !< %V %" %/%; %9 $, B8:_ $7 $J $$$N$G !$<jB3$- clea r $r <B9T$9$k %7!< %V %" %/ %; %9 $O B8:_ $7 $J $$ !% 6h4V l $K B0$9 $k %7 !< %V %"%; %/ %9 $N Cf $G !$<jB3$- register $K $*$$ $F %9 %W %j %C %? $XEPO? $7 !$ %9 %W %j %C %? $NJQ?t id $K <1JL ;R $r=q $-9~$‘ :G 8e $N %7!< %V %" %/ %; %9$r A s 1 $H $9 $k !% A s 1 $O B3$$$F <j B3$- pa rtial scan $r<B 9T $9 $k $, !$ $3 $N $H $- G$ 0U $N%9 %W %j %C %? $N JQ ?t id $, 99?7$5 $l $k!$ $b $7 $/ $O =i4|2= $5 $l $k $3 $H$O$J$$!% $h $C $F!$ pa rtial scan $+$i8F $P$l $k <j B3 $- collect $O F1 0l $N EP O? <T =8 9g $rJV $9 $N $G!$ A s 1 $O %9 %J %C %W%7 %g %C %H $r F@$k$3$H$,$G $- $k !% $3 $l$O GXM} K!$N 2>Dj $K L7 =b $7 $F $$ $k!% JdBj 9 G$0U$N%7 !< %V s $N 6h4V l $K B0 $7 !$ $+ $D%3 %T !<$K F~$C$?%7 !< %V %" %/%; %9$N Cf$N >/$J $/$H $b 1 $D$O >!Mx %7!< %V %" %/%;%9 $H$J $k!% ( >ZL@ ) Jd Bj 8 $h $j !$ %7 !< %V s $N 6h 4V l $K B0$9 $k %7 !< %V %" %/ %; %9 $N Cf$N>/$J $/$H$b 1 $D $O !$<jB3$- pa rtial scan $r <B 9T$9$k $3$H$G %9 %J%C %W %7 %g %C %H $r 3MF@ $9$k !% $3 $l$i$N%9 %J %C %W %7%g %C %H $NCf $G !$ %W %m %; %9 p i $N%7!< %V %" %/ %; %9 A s $, 3MF@ $9$k%9 %J %C %W %7 %g %C %H W $, :G>.$G$" $k$H$9 $k !% A s $O %9 %W %j%C %? sp i $X EPO? $7 $?$H $9$k!% W $K B0 $9 $k%7 !< %V %" %/ %; %9 $N Cf$G !$%9%J %C %W %7 %g %C %H $r %9 %W %j %C%? sp j $N JQ ?t v iew $X =q$- 9~ $‘ :G 8e $N %7!< %V %" %/ %;%9 $r!$ %W %m%;%9 p j $N%7!< %V %" %/%; %9 A s 1 $H 2> Dj$9$k !%2>Dj$h$j !$ A s $, p i $N JQ?t v iew $K W $r =q$-9~ $s$@ 8e$K !$ A s 1 $O p j $N JQ?t v iew $K %9 %J %C %W %7%g %C %H $r =q $-9~ $_!$ B3 $$ $F <j B3$- candidates $r <B 9T$9 $k !% $3$N$H $- !$ A s 1 $O %9 %W %j %C%? sp i $N JQ?t v iew $+$i W $r FI$_9~ $‘!% W $K B0$9$k $9 $Y $F$N %7!< %V %" %/ %; %9 $O !$ Jd Bj 7- 8. $h$j W 0 � W $b $7 $/ $O W 0 = ; $rK~ $? $9 CM W 0 $r $9$G$K JQ ?t v iew $K =q$-9~ $s$G $$ $k !%$h$C $F !$ A s 1 $N <jB3$- candidates $O 8uJd <T=89g $H $7 $F W $r JV $9 !% %"%k %4 %j %: %‘$h $j L@$i$+$K h p j ; sp j i 2 W $J $N$G !$ A s 1 $O >!Mx %7 !< %V %" %/ %; %9 $H$J$k !% JdBj 10 G$0U $N %W %m %;%9 p i $N6h 4V l $K B0 $9 $k %7!< %V %" %/ %;%9 A s $, !$ %$ %Y %s %H e 2 A s $K $* $$ $F %7!< %V s $N %3%T !< c = l mo d 2 N $K F~$C $F $$ $k$H $9 $k!% $3$N$H$- !$ 9b!9 k 8D $N %7!< %V %" %/ %;%9 $, F1;~ $K %7 !< %V s $N%3%T !< c $K F~$k !% $3$3$G k $O !$ p i $, <B9T $9 $k <j B3 $- getName $N<B 9T 6h 4V $K$* $1$k %] %$ %s %H 6%9gEY$H$9$k !% ( >ZL@ ) 6h 4V l $K B0 $9 $k $" $k %7!< %V %" %/ %;%9 A s 1 $, !$ %$ %Y %s %H e 0 2 A s 1 $K$* $$ $F %7!< %V s $N %3 %T!< c $KF~ $C $F $$ $k $H $9 $k !% int ( A s ) = int ( A s 1 ) = l $J $N $G!$ Jd Bj 7- 2. $h$j r v ( A s ) = r v ( A s 1 ) = l mo d 2 N $r K~ $? $9 !% $h $C $F!$ A s $H A s 1 $O6& $K%3 %T !< c = l mo d 2 N $K F~$C$F$$$k !% 6h 4V l $K $* $$ $F !$ A s $H A s 1 $, 6&$K %7 !< %V s $N %3%T !< c $K F~ $k$K$O !$ A s $H A s 1 $, 63 9T L\$G siev e [ s ] :copy [ c ] :inside $+$i false $r FI $_9~ $s$@ 8e $K !$ 64 9TL\ $G siev e [ s ] :copy [ c ] :inside $K true $r=q $- 9~ $‘I,MW $, $" $k !%JdBj 7- 6. $h$j !$6h4V l $K $*$$ $F A s $, siev e [ s ] :copy [ c ] :inside $K true $r =q$-9~ $s $@8e $K!$ 6h 4V l 0 ( l 0 < l ) $KB0 $9 $k %7!< %V%"%/ %;%9 $, !$<jB3 $- clear $K $* $$$F siev e [ s ] :copy [ c ] :inside $K false $r =q $-9~ $_!$ A s 1 $,%3 %T !< c $K F~$k $3 $H $O $J$$!% => $C $F A s $H A s 1 $O !$ siev e [ s ] :copy [ c ] :inside $K BP$9$k FI$_9~$_$H =q$- 9~$_$N 4V $G !$JB9T $K get- Name $r <B9T $7 $F $$ $k!% %] %$ %s %H 6%9gEY$NDj5A$h$j !$ p i $, <B9T$9$k <jB3 $- getName $NCf $NG$0U $N %$ %Y %s %H$K$*$$ $F !$ %"%/ %F %# %V $J %W %m%; %9 $O 9b !9 k 8D $G$" $k!%$h$C$F !$ p i $, %7 !< %V s $N%3 %T !< c $K F~$C $F$$$k $H$- !$9b!9 k 8D$N %7 !< %V %" %/ %; %9 $, F1;~ $K%3 %T !< c $K F~$k !% $"$k %7!< %V s $N<B 9T R s $K$* $$ $F!$ s $K%"%/ %;%9 $7 $F $$ $k %W %m%; %9 $, $$$J $$ <B9T 6h4V$r 5Y;_ 4|4V $H $$ $& !% $^ $?!$ 2 $D$NO" B3 $9$k 5Y ;_ 4| 4V $K $O$5$^ $l$? <B9T6h4V $r ;HMQ4|4V $H$$ $& !% $"$k;HMQ4| 4V $NCf $G !$ :G=i $K releaseName $, =*N; $7 $F$+$i ;HMQ 4|4V$N=* $j$^ $G !$ %7 !< %V s $O ;HMQ2DG=>uBV $G$" $k $H$$ $& !% JdBj 11 $" $k %7 !< %V s $N <B9T R s $K $*$$ $F !$ G$0U $N ;HMQ4| 4V R b $K B8:_$9$k :G=i $N6h4V $r l $H $9$k!% 6h 4V l $K B0 $7 !$ $+ $D R b $K B0$9$k %$ %Y %s%H $r <B 9T $9$k%7 !< %V %" %/ %; %9 $N Cf $G !$>/ $J $/$H$b 1 $D$O%3 %T !< l mo d 2 N $K F~$k$3 $H $,$G $- $k !% 19

( >ZL@ ) $" $k %7!< %V s $N<B9T R s $O !$ ;HMQ 4|4V !& 5Y ;_4| 4V $H6h4V $N4X78 $K CmL\ $9 $k $3 $H $G !$ ?^ 11 $K <( $9 ( a ) !A ( c ) !$ ( a 0 ) $N;M <o N‘ $N <B 9T $KJ, N‘ $G$- $k !% 0J 2< $G $O$3 $l$i$NJ,N‘ $K => $C $F!$ G$ 0U $N;HMQ 4| 4V R b $K $D$$$F JdBj $, @.$jN)$D $3$H$r >ZL@$9$k!% ( a ) ;HMQ 6h 4V R b $O !$ %7!< %V s $N<B9T R s $N:G=i $N %$ %Y %s %H e 0 $+$i ;O$^ $j !$ 6h 4V 0 $N :G8e $N %$ %Y %s%H 0J9_$^ $GB3$/ $H$9$k!%%$ %Y %s %H e 0 $r <B9T $7 !$ %7 !< %V 0 $K %" %/%; %9$9$k%7 !< %V %" %/%; %9 $r A s 0 $H$9$k!% JdBj 7- 2. $h$j !$ A s 0 $O%3 %T !< 0 $r ;HMQ $9$k!%%$ %Y %s %H e 0 $ND>A0 $K$*$$ $F !$ %3 %T !< 0 $N 6& M- JQ ?t siev e [ s ] :copy [0] :inside $N CM $O false !$ sieve [ s ] :copy [0] :al l D one $NCM $O 1 $G $" $k !%$h$C $F !$6h4V 0 $K B0$9 $k %7 !< %V %" %/ %; %9 $N Cf$N>/$J $/ $H$b 1 $D$O 40 9TL\$H 97 9T L\$rK~$? $7 !$ %3 %T !< 0 $K F~$k$3 $H $,$G $- $k !% $J $* ( a 0 ) $K <($9 $h $& $K !$ %$ %Y %s%H e 0 $+ $i ;O $^$j!$ 6h4V 0 $N :G8e$N %$ %Y %s%H $N D> A0$^$G$K =*$k;HMQ6h 4V R b $O B8:_ $7 $J$$ !% $J $<$J $i ( a ) $H F1MM $K !$ e 0 $+$i R b $N :G8e$N %$ %Y %s%H $^ $G $K !$ >/ $J$/ $H$b 1 $D $N %7!< %V %"%/ %;%9 $,%3 %T !< 0 $K F~$k $3 $H $,$G$-$k!% JdBj 9 $h$j !$ $= $l$i$N %7 !< %V %" %/%; %9$N Cf$N >/$J $/$H$b 1 $D$O >! Mx %7 !< %V %" %/ %;%9 A w $H$J$k!% A w $O !$ BP 1~ $9 $k <j B3$- releaseName $N <B 9T$r =*$( $k $^$G%7 !< %V s $K%"%/ %;%9 $7 $F$$$k $N $G!$ releaseName $N :G8e $N %$ %Y %s %H$O R b $K B0$9 $k !% R b $K B3$/ R i $N 8e $K !$ R b 0 $N :G=i $N %$ %Y %s %H e 1 $O 6h4V 0 $K B0 $9 $k $O $: $G $" $k !% $7$+ $7 !$ e 1 $r<B9T $9 $k %7!< %V %" %/ %;%9 $O!$ 6& M- JQ ?t siev e [ s ] :count $NBh 0l 9‘ $+ $i!$ A w $, 99 ?7 $7 $?CM 1 $r FI $_9~ $‘ $O $: $G $" $k!% => $C $F !$ R b 0 $N :G=i $N %$ %Y %s %H$O 6h4V 1 $K B0$9$k $N $G !$ ( a 0 ) $K <($9$h $& $J ;HMQ6h4V R b $O B8:_ $7 $J$$ !% ( b ) ;H MQ4| 4V R b $O !$6h4V l $N :G=i$N %$ %Y %s %H t s l $+$i;O $^ $j !$ 6h 4V l $N:G8e $N %$ %Y %s %H 0J9_ $^ $G B3$/ $H$9$k!% ( a 0 ) $H F1MM $N5DO@ $K$h$j !$ 6h 4V l $N :G8e $N %$ %Y %s %H $N D>A0$^ $G$K !$ R b $, =*$k $3 $H$O $J$$ !% Jd Bj 7- 7. $h $j !$ R b $N:G =i $N%$ %Y %s %H t s l $K$* $$ $F!$ %3 %T!< l $N6& M- JQ ?t siev e [ s ] :copy [ l ] :inside $N CM $O false $G$" $k !% $^ $? !$ R b $N D>A0 $N;HMQ 6h 4V R b 0 $H R b $O !$5Y;_ 6h 4V R i $r 64 $s$G $$ $k$N$G !$ e $N D> A0 $^$G $K 6h 4V l � 1 $K B0$9 $k %7!< %V %"%/ %;%9 $O$9 $Y $F=* N; $7 $F$k!% $h $C $FJd Bj 9 $h $j!$ 6h4V l � 1 $K >! Mx%7 !< %V %" %/%; %9 $, B8:_ $7 !$ siev e [ s ] :copy [ l � 1] :al l D one $NCM $O db ( l � 1) $H$J $C $F$$ $k !% $h$C$F%"%k %4 %j %: %‘ $h$j !$ 6h 4V l $K B0 $9 $k %7!< %V %"%/ %;%9 $NCf $N>/ $J $/$H$b 1 $D$O%3 %T !< l mo d 2 N $K F~$k$3$H $, $G $- $k!% ( c ) ;HMQ 4| 4V R b $O !$ 6h 4V l $NESCf $N %$ %Y %s %H e $+ $i ;O$^ $j!$ 6h4V l $N :G 8e$N %$ %Y %s%H 0J 9_ $^$G B3$/ $H$9$k!% ( a 0 ) $H F1MM $N5DO@ $K$h$j!$ 6h4V l $N:G 8e $N %$ %Y %s %H $ND> A0 $^ $G $K R b $, =* $k $3 $H $O $J $$ !%$^$? !$ %$ %Y %s%H t s l $+ $i !$ R b $N D> A0 $N ;H MQ4| 4V R b 0 $N :G8e$N %$ %Y %s%H $^$G$K !$ %3 %T !< l mo d 2 N $K F~$k%7 !< %V %" %/ %; %9 $O B8:_ $7 $J $$ !% R b $N:G=i $N %$ %Y %s %H e $ND>A0 $^ $G $K %$ %Y %s %H t s l $, B8:_$9$k$N $G !$JdBj 7- 7. $h$j!$ e $K $*$$ $F %3 %T !< l $N 6& M- JQ?t siev e [ s ] :copy [ l ] :inside $N CM $O false $G$" $k !% $^ $? !$ R b $N D>A0 $N;HMQ 6h 4V R b 0 $H R b $O !$5Y;_ 6h 4V R i $r 64 $s$G $$ $k $N $G !$ e $N D>A0$^ $G $K 6h4V l � 1 $K B0$9$k$9 $Y $F $N %7!< %V %" %/ %;%9 $O=*N; $7 $F$$$k !% $h $C $F JdBj 9 $h$j !$ 6h4V l � 1 $K >!Mx %7!< %V %" %/ %;%9 $, B8:_ $7 !$ siev e [ s ] :copy [ l � 1] :al l D one $NCM $O db ( l � 1) $K 99 ?7$5 $l $F $$ $k !% $3$N$?$a !$6h4V l $K B0$9$k %7!< %V %" %/ %;%9 $NCf $G !$ >/ $J$/ $H$b 1 $D$O%3 %T !< l mo d 2 N $K F~$k $3$H $, $G $-$k !% JdBj 12 %W %m%; %9 p i $, %7 !< %V s $K %" %/%; %9 $7 $F $*$j!$ p i $, <B 9T$9 $k getName $K $*$1 $k%] %$ %s%H 6%9gEY $r k $H $9 $k!% $3$N $H$- !$G$0U $N s 0 ( � s ) $K $D$$ $F !$ %7!< %V s 0 ; :::; 1 $K%" %/ %;%9 $7 $F $$$k %W %m %; %9$N 8D?t S p ( s 0 ) $H !$ %7 !< %V s 0 ; :::; 1 $N Cf $G ;H MQ2DG=>uBV $K$" $k %7 !< %V $N 8D?t S u ( s 0 ) $N OB S ( s 0 ) $O !$9b !9 2 k � s 0 � 1 $G $" $k!% ( >ZL@ ) %W %m%;%9 p i $, <B9T $9$k <j B3 $- getName $N <B9T6h4V$ND9$5 $K $D$$$F$N5"G<K! $G >ZL@$9$k !% 20

( a ) ( a 0 ) ( b ) ( c ) 0 1 5Y;_4|4V R i ;HMQ4|4V R b ;HMQ4|4V R b 0 2 0 5Y;_4|4V R i ;HMQ4|4V R b ;HMQ4|4V R b 0 1 5Y;_4|4V R i ;HMQ4|4V R b 0 ;HMQ4|4V R b l l � 1 5Y;_4|4V R i ;HMQ4|4V R b 0 ;HMQ4|4V R b l l l � 1 l + 1 R s R s R s R s e 0 e e 0 t s 1 t s 1 t s l t s l e 1 ?^ 11: <B9T R b $N J,N‘ $^$: =i 4| CJ$H $7 $F !$ %W %m %; %9 p i $, <j B3$- get- Name $r 3+ ;O$9$k$H$- !$$D$^$j%7 !< %V 0 $X$N%" %/ %; %9$r 3+ ;O $9 $k $H $- $K $D $$ $F <( $9 !% p i $, %" %/ %; %9$r 3+ ;O $9 $k D> A0$K $O !$9b !9 k � 1 8D $N%W %m %; %9 $,%7 !< %V 0 ; :::; 1 $K %" %/%; %9 $7 $F $$ $k !%$9$Y$F $N ;H MQ2D G=>u BV$N %7 !< %V $K$O !$$= $l$>$l >/$J $/ $H $b 1 $D $N %W %m %; %9 $, $^$@ %" %/%; %9 $7 $F $$ $k $N $G !$ %7 !< %V 0 ; :::; 1 $N Cf $G 9b !9 k � 1 8D $, ;HMQ2DG= >u BV$G $" $k !%$h$C $F !$ %W %m %; %9 p i <+ ?H$r 9g$o $; $F S (0) = ( k � 1) + ( k � 1) + 1 = 2 k � 1 !% <! $K 5"G< CJ $K$D$$ $F<( $9 !% %W %m%;%9 p i $N<jB3 $- getName $N <B 9T$K $* $$$F !$ S ( s 0 ) $N CM$N A} 2C$O 0J 2<$N;0$D$N>l9g $, 9M $($i $l $k!% 1. %W %m %;%9 p i $,%7 !< %V s ( � 0) $K%"%/ %;%9 $7$F$$ $k $H$- $K !$ $"$k %W %m%;%9 p j ( 6 = p i ) $, getName $r 3+;O$9$k >l9g!$ S (0) $N CM $, A}2C$9$k !% $3$N $H $- !$=i4|CJ $H F1MM $K $7 $F JdBj $, @.$jN)$D !% 2. $" $k %7 !< %V s 0 $,;H MQ 2D G= >u BV $K $J $k >l 9g !$ ;H MQ 2DG=>uBV $NDj5A $h$j !$ $"$k %W %m%;%9 $, release- Name $r=*N; $9 $k !% $3 $N $H$-!$ S u ( s 0 ) $NCM $O 1 $D A}2C$9 $k $H F1;~ $K !$ S p ( s 0 ) $N CM$O 1 $D 8:>/ $9$k!% $h $C $FG$0U $N s 0 ( � s ) $K BP $9$k S ( s 0 ) $N CM $K JQ2= $O$J$$$N$G !$JdBj $, @.$jN)$D !% 3. $" $k %W %m%; %9 p j $, %7 !< %V s 1 � 1 ( s 1 � 1) $X $N%"%/ %;%9 $r =*N; $7 $? 8e $K !$ %7!< %V s 1 $X$N%" %/%; %9 $r 3+ ;O$9$k >l9g$r 9M $( $k !% s 1 > s $J$i $P !$ p j $,%7!< %V s 1 $K%" %/ %;%9 $9$k A0 $K %7!< %V s 1 � 1 $K %"%/ %;%9 $7$F$$ $k $N $G!$ S p ( s 0 ) ( s 0 � s ) $NCM $O A}2C $7 $J$$!% $^ $? p j $O%7!< %V s 1 � 1 $G <j B3 $- releaseName $r<B9T $7$J$$ $N $G!$ S u ( s 0 ) $N CM $O A}2C $7 $J $$ !%$h$C $F JdBj $, @.$jN)$D!% s 1 � s $J$i $P !$5"G<K! $N2>Dj$h$j !$ p j $, %7 !< %V s 1 $X$N %"%/ %;%9 $r3+ ;O $9 $k D> A0 $K S ( s 1 � 1) $NCM $O9b!9 2 k � ( s 1 � 1) � 1 = 2 k � s 1 $G$"$k!% $3$3 $G!$ %7!< %V s 1 � 1 $N $"$k ;H MQ 4| 4V R b $K$* $$$F!$ p j $, %7 !< %V s 1 � 1 $X$N%"%/ %; %9 $r=*N; $9$k :G 8e $N %W %m %;%9 $G $"$k >l 9g $r9M $($k!% Jd Bj 11 $h$j!$ R b $N :G=i $N %$ %Y %s %H$, B0$9$k6h4V l $K$* $$ $F!$ %3 %T !< $KF~ $k $3 $H $,$G$- $k %7!< %V %" %/ %;%9 $, >/ $J$/ $H$b 1 $D $OB8:_ $9 $k!% Jd Bj 9 $h $j!$ 6h 4V l $K $* $$ $F>/ $J$/ $H $b 1 $D$N>! Mx %7!< %V %"%/ %;%9 $,B8:_ $7 !$ p j 0J 30 $N %W %m %;%9 p w $, <B9T$9$k %7 !< %V %/ %"%/ %; %9 $G$"$k !% p w $N%7!< %V %" %/%; %9 $O !$<j B3$- releaseName $r <B 9T $7 $? 8e $K !$ %7 !< %V s 1 � 1 $X$N%" %/ %; %9 $r=*N;$9 $k!% $3$N $?$a !$ R b $N :G8e $N %$ %Y %s %H$K $*$$$F %7 !< %V s 1 � 1 $O ;HMQ2D G=>u BV $G$"$k!% => $C $F!$ p j $, s 1 $X $N %" %/%; %9 $r 3+ ;O$9 $k$H $- !$ %7 !< %V s 1 � 1 $K %" %/ %; %9 $7 $F$$ $k %W %m%; %9$N8D?t 21

$, 1 $D8:>/ $7 !$ %7!< %V s 1 $K %" %/ %;%9 $7 $F$$$k %W %m %; %9$N 8D ?t $, 1 $D A} 2C $9 $k !%$^$? !$ %7 !< %V s 1 � 1 $O ;HMQ2DG=>uBV $G $O$J $/ $J$k !%0J>e $h $j !$ p j $, s 1 $X $N%" %/ %; %9 $r 3+ ;O$9$k$H$- !$ S ( s 1 ) $NCM $O9b!9 2 k � s 1 � 2 + 1 = 2 k � s 1 � 1 $H $J $k !% $h$C$FJdBj $, @.$jN)$D !% <!$K !$ p j $, %7 !< %V s 1 � 1 $X $N %" %/%; %9$r =* N;$9$k :G8e$N %W %m%; %9 $G$O$J $$ >l9g $r 9M $( $k !% p j $, %7 !< %V s 1 $X$N%" %/ %; %9 $r 3+;O$9$k$H$- !$ %7 !< %V s 1 � 1 $K %" %/ %; %9 $7 $F $$ $k %W %m%; %9 $N 8D ?t $, 1 $D 8: >/ $7 !$ %7 !< %V s 1 $K %" %/%; %9 $7 $F$$ $k %W %m%; %9 $N 8D?t $, 1 $DA} 2C$9$k!%$^ $? !$ S u ( s 1 � 1) $N CM$K JQ 2= $O L5$$ !% $3$N $? $a !$ p j $, s 1 $X$N %"%/ %;%9 $r3+;O $9$k $H$-!$ S ( s 1 � 1) $N CM $O9b !9 2 k � s 1 � 1 $H$J $k$N $G !$ S ( s 1 ) $N CM$b9b!9 2 k � s 1 � 1 $G$" $k!% $h$C $FJdBj $, @. $jN)$D !% JdBj 13 $" $k %W %m%; %9 p i $, <jB3 $- getName $r <B 9T $7 $?$H$-$N %] %$ %s %H 6%9gEY $r k $H $9$k!% $3$N $H $- !$ p i $O getName $K $*$$ $F9b!9 2 k � 1 8D $N %7!< %V $K %" %/%;%9$9$k!% ( >ZL@ ) JdBj 12 $h$j !$ %7!< %V 2 k � 1 ; :::; 1 $K %" %/ %; %9 $7 $F$$ $k %W %m%; %9 $d !$ %7!< %V 2 k � 1 ; :::; 1 $N Cf $G;H MQ 2D G= >u BV $K$" $k %7!< %V$O B8 :_ $7 $J$$!% $h $C $F !$ %W %m %; %9 p i $O <j B3$- getName $K $*$$ $F !$ 0 $+ $i 2 k � 2 $N 9b !9 2 k � 1 8D$N %7 !< %V $K %" %/ %; %9 $9 $k!% DjM} 2 <jB3$- getName $O 0 ; 1 ; :::; k (2 k � 1) � 1 $NHO 0O $N L> A0 $r JV $9 !% $3 $3 $G!$ k $O <j B3 $- getName $N <B9T6h4V $K $* $1 $k %] %$ %s %H 6%9gEY $H$9 $k!% ( >Z L@ ) Jd Bj 13 $h$j !$ 9b !9 2 k � 1 8D $N %7!< %V$K %"%/ %;%9 $9 $l $P%i %s%/ $r3M F@ $G $-$k !% <j B3 $- candidates $, JV $98u Jd <T =89g $K B0 $9$k MW AG $O 9b!9 k 8D $J$N $G !$ 8uJd<T=89g $K$* $1 $k%i %s %/ $O 9b !9 k $G $"$k !%<jB3 $- getName $, JV $9L> A0 $O%i %s %/ $H %7!< %V HV9f $NFs 9‘AH $J$N $G !$ L> A0 $NHO 0O $O 0 ; 1 ; ::; k (2 k � 1) � 1 $G $" $k!% DjM} 3 K\2~L> %" %k %4 %j %:%‘ $O !$ %] %$ %s %H 6%9g EY E, 1~7?7+$jJV $7 k (2 k � 1) - 2~L> %" %k %4 %j %:%‘ $G$"$j !$ %9 %F%C %W 7W;;NL$O O ( k 2 ) !$6u4V7W;; NL $O O ( n 2 N ) $G$" $k!% $3 $3 $G !$ k $O <jB3 $- getName $N <B9T 6h4V $K $* $1$k %] %$ %s %H 6%9gEY!$ n $O k $N>e3&!$ N $O%7 %9 %F%‘ $K B0$9$k %W %m%; %9 $NAm?t$H$9$k !% ( >Z L@ ) <j B3$- getName $G $O !$Jd Bj 13 $h $j 9b !9 2 k � 1 8D $N %7!< %V$K%"%/ %;%9 $9 $k !% 3F %7!< %V$K$* $$ $F !$ %7!< %V$K F~$k $3 $H $,$G$- $? $J $i<jB3 $- register $r8F $V!% register $K$h$j %9 %W %j %C %? $XEP O? $G$- $k $H!$ <jB3$- pa rtial scan !$ $5 $i$K <jB3$- collect $r 8F$V !% Jd Bj 10 $h $j register $H partial scan $r 8F$V %W %m%; %9 $O 9b !9 k 8D $J$N $G !$ JdBj 4 $h$j$3 $l$i$N <jB3$- $N %9%F%C %W 7W;; NL $O O ( k ) $G $" $k !%Jd Bj 5 $h $j %9 %J %C %W %7 %g %C %H $K B0$9$k %W %m%; %9 $O 9b !9 k 8D $J$N $G !$ candidates $N %9 %F%C %W 7W;;NL $O O ( k ) $G $" $k !% %7 !< %V $K F~ $k$3$H $, $G $-$J $$ >l9g$N %9%F%C %W 7W ;; NL $O O (1) $J$N$G !$ getName $N %9%F%C %W 7W;; NL $O O ((2 k � 1)( k + [ k + k ] + 1)) = O ( k 2 ) $G$" $k !% <j B3 $- releaseName $G$O !$ %9 %F %C %W 7W;; NL O ( k ) $N<jB3 $- leave $r<B9T $9 $k!% B3 $$ $F!$ $b $7 6&M- JQ ?t al l D one $, $9 $G $K 99?7 $5 $l$F$$ $l $P !$ <j B3 $- clea r $r <B9T$9$k!% clea r $G$O !$ %3 %T !< $K B0$9$k6&M-JQ ?t $H%3 %l %/ %H %j%9 %H $r =i4|2=$9 $k !%JdBj 3 $h $j %^!< %/$5 $l $F $$ $k %9 %W %j%C%? $O 9b !9 k 8D $G$" $j!% 1 $D $N %9 %W %j %C%?$r =i 4|2=$9 $k$?$a $N %9%F%C %W 7W;; NL $O O (1) $G$" $k !%$h$C $F !$ clea r $N %9 %F%C %W 7W;;NL $O O ( k ) $J$N $G!$ releaseName $N %9 %F %C %W 7W;; NL $O O ( k + k ) = O ( k ) $G $" $k !% JdBj 13 $h$j!$ %"%/ %;%9$5 $l $k %7!< %V $N ?t $O 9b!9 2 k � 1 8D $J $N$G !$ 2 n � 1 8D$N %7!< %V $r MQ0U$9$k !% $^$?Jd Bj 6 $h$j!$ 3F %7 !< %V $K$O 2 N 8D$N%3 %T !<$r MQ0U $9 $l $P !$ %3 %T !< $r@5 $7 $/:F Mx MQ $G$-$k !% Jd Bj 3 $h$j !$ 1 $D$N%3 %T !< $K $D$- n 8D$N %9 %W %j%C%? $r MQ 0U $7 !$ 1 $D$N%9 %W %j %C %? $N6u4V 7W ;;NL $O O (1) $G$" $k!% $h$C $F!$ K\2~L> %" %k %4 %j %: %‘ $N6u4V7W;;NL $O !$ O ((2 n � 1) � 2 N � n ) = O ( n 2 N ) $G $" $k !% 22

5 $^$H$a K\ %l%]!< %H$G $O!$ Hs F1 4| 6& M-%a %b %j %7%9 %F%‘ $K$* $1 $k!$ %] %$ %s %H 6%9g EY E, 1~ 7? 7+ $jJV $7 k (2 k � 1)- 2~ L> %" %k %4 %j %:%‘ $rDs 0F $7 $?!% K\ 2~ L> %" %k %4 %j %:%‘ $N %9 %F%C %W 7W;;NL $O O ( k 2 ) !$ 6u 4V7W ;;NL $O O ( n 2 N ) !$ 6&M- %l %8 %9%?$N CM $O M-3&$G$" $k !%=>$C $F !$ $3$l$i $N E@ $K $*$$$F =>Mh$N%" %k %4 %j %: %‘ [14] $h$j$b M% $l $F $$ $k!% $J$* !$ k $O%] %$ %s%H 6%9g EY!$ n $O k $N >e 3&!$ N $O%7 %9 %F%‘ $K B0 $9$k %W %m%;%9 $NAm?t $r<($9 !% $3$l $^ $G$K !$2~L>%"%k %4 %j %: %‘$r 1~MQ $7 $? %"%k %4 %j %: %‘ ( 1~MQ %" %k %4 %j %:%‘ ) $, $$ $/ $D$bDs0F $5 $l $F$$$k [12, 13] !% K\ 2~L> %" %k %4 %j %:%‘ $O !$ $3 $l$i$N 1~MQ%"%k %4 %j %: %‘ $G MQ$$ $i$l $F $$ $k 2~L>%"%k %4 %j %: %‘$h $j$b !$%9%F%C %W 7W ;;NL$d 6u4V 7W;; NL $, M% $l $F $$ $k !% $=$3$G !$ $3 $l $i $N 1~MQ%"%k %4 %j %: %‘ $K K\ 2~L>%"%k %4 %j %: %‘$r 1~MQ$9 $k$3$H$G !$ $=$N 7W ;;NL $r :o8: $G$- $k $H 9M $($i $l $k!% :# 8e$N2] Bj $O !$K\2~L>%"%k %4 %j %: %‘$N%" %$ %G %" $r !$ read/write %a %b%j%b %G %k$K $*$$$F L>A06u4V$N Bg $-$5 $, :GE, $J [10] 7+$jJV $7 (2 k � 1)- 2~L> %" %k %4 %j %: %‘ $K 2~NI$9 $k$3$H$G $" $k !%0lHL $K !$7+$j JV $7 (2 k � 1)- 2~ L> %" %k %4 %j %: %‘ $G $O!$ 7+ $j JV $7 k (2 k � 1)- 2~ L> %" %k %4 %j %:%‘ $h $j $b J# ;( $J@) 8f $rI, MW $H $7 !$ B? $/ $N %l%8 %9 %? $, I,MW $G$" $k $HM=A[ $G$-$k [6] !% $3$N $? $a !$B?9‘ <0 %9%F%C %W 7W ;;NL$+ $D M- 3&$J 6u4V 7W;; NL $N7+$jJV $7 (2 k � 1)- 2~L> %" %k %4 %j %:%‘ $O !$ $3 $l $^$G $K Ds0F$5 $l$F $$$J$$ !% $^$? !$K\2~L>%"%k %4 %j %: %‘$N %9%F%C %W 7W;; NL$d 6u4V 7W;; NL $r !$$5 $i$K 2~A1$9 $k$3$H $b :# 8e$N 2]Bj $H $7 $F 5s $2 $i$l $k!% ;29MJ88% [1] A.Bar-Noy and D.Dolev. Shared memory v ersus message-passing in an asynchronous distributed en vironmen t. In Pr o c. 8th ACM Symp. on Principles of Dist. Comup. , pages 307{318, 1989. [2] A.Lynch. Distribute d Algorithms . Morgan Kaufmann Publishers, Inc., 1996. [3] E.Borowsky and E.Gafni. Immediate atomic snapshots and fast renaming. In Pr o c. 12th ACM Symp. on Principles of Dist. Comp. , pages 41{52, 1993. [4] H.A ttiy a and A.F ouren. Adaptive w ait-free algorithms for lattice agreement and renam- ing. In Pr o c. 17th ACM Symp. on Principles of Dist. Comp. , pages 277{286, 1998. [5] H.A ttiy a and A.F ouren. An adaptive collect algorithm with applications. 1999. Av ailable at www.cs.tehnion.ac.il/ � hagit/pubs/AF99 ful.ps.gz. [6] H.A ttiy a and A.F ouren. P olynomial and adaptive long-lived (2k-1)-renaming. In Pr o c. 14th Int. Symp. on Dist. Comp. , pages 149{163, 2000. [7] H.A ttiy a and J.W elc h. Distribute d Com- puting: F undamentals, Simulations and A d- vanc e d T opics . McGra w-Hill Publishing Company , 1998. [8] L.Lamp ort. On in terpro cess communication, part i : Basic formalism. Distribute d Com- puting , 1(2):77{85, 1986. [9] L.Lamp ort. On in terpro cess communication, part ii : Algorithms. Distribute d Computing , 1(2):86{101, 1986. [10] M.Herlih y and N.Sha vit. The async hronous computability theorem for t -resilient tasks. In Pr o c. 25th A CM Symp. on The ory of Comp. , pages 111{120, 1993. [11] M.Moir and J.H.Anderson. F ast, long-liv ed renaming. In Pr o c. 8th Int. Workshop on Dist. A lgorithms , pages 141{155, 1994. [12] Y.Afek, G.Stupp, and D.T ouitou. Long-lived and adaptiv e collect with applications. In Pr o c. 40th Symp. on F oundations of Com- puter Scienc e , pages 262{272, 1999. [13] Y.Afek, G.Stupp, and D.T ouitou. Long-lived and adaptive atomic snapshot and immedi- ate snapshot. In Pr o c. 19th ACM Symp. 23 on Principles of Dist. Comp. , pages 71{80, 2000. [14] Y.Afek, H.A ttiy a, A.F ouren, G.Stupp, and D.T ouitou. Adaptiv e long-liv ed renaming using b ounded memory . 1999. Av ailable at www.cs.tec hnion.ac.il/ � hagit/pubs/AAFST 99disc.ps.gz. [15] Y.Afek, H.A ttiy a, A.F ouren, G.Stupp, and D.T ouitou. Long-liv ed renaming made adap- tiv e. In Pr o c. 18th ACM Symp. on Principles of Dist. Comp. , pages 91{103, 1999. [16] Y.Afek and M.Merritt. F ast, w ait-free (2k- 1)-renaming. In Pr o c. 18th ACM Symp. on Principles of Dist. Comp. , pages 105{112, 1999. [17] Y.Zomay a, editor. Par al lel and Distribute d Computing Handb o ok , chapter 5. McGraw- Hill Publishing Company , 1996. 24