%* %V%8 %’ %/ %H ;X8~ %G !< %? %Y !< %9 $K$* $1 $k 7?8!::LdBj $N 7W;;NL @6?e Ur8c y !$@P86 LwE/ y !$4X 9@G7 y !$0KF# <B y y F‘NI@hC<2J3X5;=QBg3X1!Bg3X 630-01 F‘NI8)@86p;T9b;3D. 8916-5 E-mail: shougo-s@is.aist-nara.ac.jp FbMF9<35 %* %V %8%’%/ %H ;X8~ %W %m %0 %i%_ %s %0 8@8l $NK\<A E* $JFCD’ $N0l $D $H $7 $F !$%a %=%C %I 8F=P $7 5!9= $, 5s $2 $i$l $k !% $3$N 5!9= $O !$ %G !<%?$N %+ %W %;%k 2=$d%3!< %I $N :FMx MQ $N$?$a $K =EMW $J$b$N$G$" $k $, !$ <B9T;~ $K 7? %(%i!< $, 5/ $3$k4m81 @- $,$" $k!% FC $K !$ %* %V %8%’%/ %H ;X8~ %G !<%? %Y!<%9 !J OODB !K $N Ld 9g$o$; %W %m %0 %i %‘$N >l 9g $O !$<B9T;~$K 7?%( %i !< $, 5/$3 $k$H !$%m!<%k%P %C %/ $r 9T $&I,MW $, $" $k !% $7 $? $, $C $F !$ M? $($i $l$? OODB %9 %-!<%^ $, 7?@09g@- $r ;}$D $3 $H !$ $9 $J$o$A!$ $I $s $J %G !< %? %Y!<%9%$ %s %9 %? %s %9 $N2< $G$bLd9g $; %W %m %0 %i%‘ $N<B9T Cf $K7? %(%i !< $, 5/ $3 $i$J $$ $3 $H $rJ]>Z $G $-$k $3$H $, K>$^ $7 $$ !% K\ 9F $G $O !$ Hull $i$K$h$C $FDs0F $5 $l$? 99?7%9 %-!<%^ $r OODB %9 %-!< %^$N%b %G%k $H $7 $F :NMQ $7 !$ !J 1 !K Dd;_@- $r K~$?$9 %9 %-!< %^ $K BP$9$k7?8!::LdBj , $*$h $S , !J 2 !K %a %=%C %I Dj5A Cf $K 99?7 A‘ :n $,$J$$%9 %-!<%^ $K BP $9$k 7?8! :: LdBj $,$$ $: $l$b7hDjIT G= $G$"$k $3 $H$r <($9 !% 1. $^$( $, $- %* %V %8 %’ %/ %H ;X8~ %W %m %0 %i %_ %s%0 8@ 8l$N K\<AE*$J FCD’$N 0l$D$H $7 $F !$ %a %=%C %I 8F =P $7 5!9= $, 5s $2 $i$l $k !% $3$N 5!9= $O !$ %/ %i%93,AX $K 1h$C $?7Q>5 $K $h$k %a %=%C %I $N B?=E Dj5A $H CY1d B+G{ $K 4p $E$$$F$$$k!% B? =EDj 5A $K$h$j !$ $"$k %a %= %C %I L> m $K BP $7 $F !$ J# ?t $N %/ %i %9 $, m $N 0[$J$C$?Dj5A $r ;}$D $3$H $,$G $- $k!%%* %V %8 %’ %/ %H o $K BP $7 $F m $, 8F $S =P$5 $l$?$H$- !$ o $, B0$9$k%/ %i%9 $K =>$C $F m $N Dj5A $N $& $A $N0l $D $, A*Br$5 $l !$ <B 9T ;~ $K m $K B+G{$5 $l $k !J CY1dB+G{ $^ $? $O F0E*B+ G{ !K !% $3$N5!9= $O !$ %G !<%?$N%+ %W %; %k 2= $d%3!< %I $N:FMxMQ $N $?$a $K =EMW $J$b$N $G$"$k $, !$ <B 9T;~ $K 7? %(%i!< !J Nc $( $P !$ m $K B+ G{$9$Y$-Dj5A $, B8:_ $7 $J$$ >l9g $J $I !K $, 5/ $3$k4m81@- $, $" $k!%FC $K !$ %* %V %8 %’ %/ %H ;X 8~ %G !<%?%Y!< %9 $NLd9g $o$; %W %m %0 %i%‘$N>l9g $O !$ <B9T ;~ $K 7? %(%i!< $, 5/ $3$k $H !$ %m!< 1

%k%P %C %/ $r 9T $& I,MW $,$" $k !% $7 $? $, $C $F !$M? $($i $l$?%* %V %8 %’%/ %H ;X8~ %G !<%?%Y!< %9 %9 %-!<%^ S $, 7?@09g@- $r ;}$D $3$H !$ $9 $J $o$A !$ $I $s$J %G !<%? %Y!<%9 %$ %s %9 %? %s %9 $N2< $G $b Ld9g $o$; %W %m %0 %i %‘ $N<B9TCf $K 7?%(%i!< $, 5/ $3 $i$J$$$3$H$r !$ %3 %s %Q %$ %k ;~ !J <B 9TA0 !K $K J]>Z $G$- $k $3$H $, K>$^ $7 $$ !%0J2<!$ S $, 7?@09g@- $r ;}$D $+ H] $+$r H=Dj$9$kLd Bj $r !$ S $K BP$9$k7?8!::LdBj $H 8F$V!%7?8!::LdBj $r 2r$/ $?$a $K$O !$DL>o!$3F %a %=%C %I $N JV$jCM $d %a %=%C %I Dj5A !J%W %m %0 %i%‘ !K Cf $NJQ?t $NCM $, $I $N %/%i%9 $N%* %V %8 %’ %/ %H $K $J $jF@$k $+$r 2r@O$9$kI,MW $, $" $k !% %* %V %8 %’ %/ %H ;X8~ %G !<%?%Y!< %9%9 %-!< %^$N%b %G %k$H $7 $F$O !$ Hull $i$K $h$j 99?7%9 %-!<%^ $H 8F $P$l $k%b %G%k $, Ds0F $5 $l$F$$$k [1] !$ [9] !% 99 ?7%9 %-!<%^ $O !$ %/ %i%93, AX!$ 7Q >5 !$ J#9g %* %V %8 %’%/ %H $H$$ $C $?%* %V %8 %’ %/ %H ;X8~ %G !<%?%Y!<%9 $N4pK\E* $JFCD’ $r$9$Y $F ;} $D !% %a %=%C %I $N Dj 5A $O <j B3$- 7?%* %V %8 %’ %/ %H ;X 8~ %W %m %0 %i %_ %s%0 8@ 8l$K 4p $E $/ !% $7 $? $, $C $F !$ %G !<%?%Y!<%9 %$ %s %9%? %s %9 $N99?7 $O%* %V %8 %’ %/ %H $N B0@- $X$N%* %V %8 %’ %/ %H $N BeF~$H $7 $F MF0W $K%b %G %k 2=$5 $l $k !% 99?7 %9 %-!< %^ $K BP$9$k 7?8! ::LdBj $O !$0lHL $K$O 7h DjITG= $G $" $k$3$H $, CN $i$l $F $$ $k [1] !$ [9] !% $5 $i$K !$ 0J2< $N $h $& $J99?7%9 %-!<%^ $NItJ, %/ %i%9 $K BP $9$k7? 8! :: Ld Bj $N7W ;;NL $, CN $i $l $F$$ $k !% { %/%i%93,AX $N 9b$5 $, 0 $N$H$- !$B?9‘<0;~4V2D2r [10] !% { %/%i%93,AX $N 9b$5 $, 9b !9 1 $G $" $C$F$b !$7hDjITG= [10] !% { Dd;_@-$r K~$? $7 !$ $+ $D %a %=%C %I Dj 5ACf $K 99?7 A‘:n $, $J $$$H $- !$B?9‘<0 ;~4V2D 2r [14] !% { %a %=%C %I Dj5ACf $K :F5" $, $J $$$H$- !$ co Hs7hDj@-;X?t;~4V40A4 [10] !% K\9F $G$O !$0J2<$N$h $& $J 99?7 %9 %- !< %^$NIt J,%/%i %9 $K BP$9 $k7? 8!::LdBj $, 7hDj IT G= $G$" $k$3$H$r<($9 !J ?^ 1 ;2>H !K !% 1. Dd;_@- $r K~ $? $7 !$ $+ $D %/%i%93,AX$N9b$5 $, 9b !9 1 $G $" $k %9 %-!<%^ !% 2. %a %= %C %I Dj 5A Cf $K99 ?7 A‘ :n $, $J$/ !$ $+$D %/ %i %9 3, AX $N 9b $5 $,9b !9 1 $G$" $k %9 %- !< %^ !% K\9F $G $O !$ 99 ?7%9 %-!<%^ $K 0J2< $N 3 $D$N@)Ls $r$*$/ !% $^ $:!$ B?=E 7Q >5 $O B8:_ $7 $J$$ $H$$ $&@)Ls $r$* $/ !% $7 $+ $7 !$ E,Ev $J 7Q>55!9= $r 2>Dj$9 $l $P !$K\9F $N7k2L $O B?=E7Q>5 $, 2

?^ 1 7?8!::LdBj$N7W;;NL $" $k>l9g $K$D$$$F$b@.$jN)$D!% $9 $J$o$A !$ $3$N@)Ls $O 5DO@$N4JC1 $N$? $a $K $*$$ $?@)Ls $G$" $k!% <! $K !$ %a %= %C %I Dj5ACf $K$O>r7oJ8 $, ;H $( $J$$ $H$$$&@) Ls $r$*$/ !% $7 $+ $7 !$ 2.2 $N Nc 2 $G <($9$h $& $K !$99?7A‘:n $r MQ$$ $F if-then J8$r LOJo$9 $k $3$H $, $G $- $k !%:G8e $K !$ 3F %a %=%C %I $N 0z?t $N8D?t $O 1 $G $" $k $H$$ $&@)Ls $r$*$/ !% $3$N@)Ls $r$* $+$J$$ >l9g!$ J8 8% [2] $N 7k 2L $K $h$j!$ Dd;_@- $r K~$? $7 !$ $+ $D %a %=%C %I Dj5ACf $K 99 ?7A‘:n $, $J $$ %9 %-!< %^ $K BP$9$k7?8!:: LdBj $, 7hDjITG= $H$J$k $3$H $, MF0W $K <($;$k!% $=$N0lJ} $G !$ %/ %i%93, AX$N 9b$5 $, 0 $N %9 %- !< %^ $K BP$9 $k 7?8! ::Ld Bj $O B? 9‘<0 ;~4V 2D2r$G$" $k$3$H $, <($; $k !% $^$? !$:F5" $J $7 %9 %-!<%^ $K BP $7 $F$b !$7hDj2DG= $G$" $k$3$H $, M=A[$5 $l $k !% 4XO" 8& 5f$H $7 $F$O !$$^ $:!$ Abiteb oul $i $N J8 8% [2] $, 5s $2 $i$l $k !% $3$N J8 8%$G$O !$ %a %=%C %I %9 %-!<%^ $H8F $P $l $k4X?t7? %* %V %8 %’ %/ %H ;X8~ %W %m %0 %i %_ %s %0 8@8l %b %G%k$, Ds 0F$5 $l$F $*$j !$ $=$N$$$/$D $+$N ItJ, %b %G %k$K BP$9$k7?8!:: LdBj $N7W;;NL $, <($5 $l $F$$ $k !% $5 $i $K !$ J8 8% [15] $G$O !$ :F 5" $J $7 %a %=%C %I %9 %-!<%^ $N7?8!:: $r 9T $& :GE, $J %$ %s %/ %j %a %s %? %k%" %k %4 %j %: %‘ $, <($5 $l $F$$$k !% $^ $? !$ J88% [12] $G$O !$ <jB3 $-7?%* %V %8 %’ %/ %H ;X8~ %W %m %0 %i %_ %s %0 8@8l $K BP$9$k7??dO@ %" %k %4 %j %: %‘ $, Ds0F$5 $l $F$$$k !% $3$N%" %k %4 %j %: %‘ $G$O !$ %W %m %0 %i %‘ Cf$N 3F <0 e $K BP $7 $F e $N 7?$r I=$9 JQ ?t [ [ e ] ] $r F3 F~ $7 !$ $3 3

$l $i $N JQ?t4V $N4X78 $r I=$9Ey<0 $N:G>.2r $r 5a $a$k $3$H $K$h $C $F %W %m %0 %i%‘$N7?@09g@- $r 2r@O$9$k !J J88% [11] !$ [13] $b ;2>H$5 $l $?$$ !K !% $J$*!$J8 8% [4], [5], [14] $J $I $G !$ %* %V %8 %’ %/ %H ;X8~ %G !<%?%Y!<%9 $K $* $1 $k %a %=%C %I %Y !< %9 $N %" %/ %;%98" %b %G%k$, Ds0F$5 $l $F $$ $k $, !$ $3 $l$i$N%b %G%k >e $G$N%" %/ %;%98" $NH=Dj $K$O 7?8!:: $N5;=Q $, I,MW $G$" $k $3 $H $, CN $i $l $F$$ $k !% 0lJ} !$ J8 8% [3] $d [6] $G$O !$ 3F %a %= %C %I $N %7 %0 %M%A %c !J 0z?t $N %* %V%8%’%/ %H $N %/ %i%9 $H JV$jCM$N%* %V %8 %’ %/ %H $N %/ %i %9 $H$N4X78 !K $rF~NO $H $7 $F !$ $= $l$i$, con tra v ariance $J $I $N >r7o$r K~$? $7 $F $$ $k$+ $I $& $+$r 8!::$9 $k Ld Bj $K $D$$$F 9M;! $7 $F $$ $k !% $7 $+ $7 !$ $3$N LdBj $O !$ 2f!9 $d Abiteb oul $i$, 07$C $F$$$kLdBj $H 0c$$!$ %W %m %0 %i %‘$NFbMF $r 2r@O $;$: $K 2r$/ $3$H $,$G $-$k!% $^ $?!$ [7], [8] $G$O !$ %W %m %0 %i %‘Cf $NJQ?t $d<B9TJ8 $J $I $N 7? $r ?dO@$9$k $? $a$N8xM}7O $rM? $($F$$$k $, !$ 7?8!:: LdBj $r2r$/$? $a$N7W;;NL $K$D$$$F $O $[ $H$s $I 5DO@$5 $l $F$$$J$$ !% 2. %a %= %C %I <B9T%b %G %k 2.1 9=J8 %G !<%?%Y!< %9%9 %-!< %^ $O !$<! $N 6 9‘AH S = ( C ; � ; Attr ; A d ; Meth ; Impl ) $G $" $k!% 1. C $O %/ %i %9L> $NM-8B=89g !% 2. � $O %/%i %93,AX $r I=$9 C >e$N H>=g=x!% c � c 0 $N$H$- !$ c $O c 0 $N 2<0L%/%i %9 !J $^$? $O !$ c 0 $O c $N >e0L%/ %i %9 !K $G$" $k $H 8@ $& !% 5DO@ $N4JC1 $N$? $a !$ � $O ?9 $G$"$k !J $9 $J$o $A !$ $b $7 c � c 1 $+ $D c � c 2 $J$i $P !$ c 1 � c 2 $^$? $O c 2 � c 1 !K $H2>Dj$9$k!% � $N 9b$5 $r !$0[ $J$k c 0 ; c 1 ; . . . ; c n $K BP $7 $F c 0 � c 1 � . . . � c n $, @.$jN)$D:GBg$N n $H Dj5A$9$k!% 3. A ttr $O B0@-L>$NM-8B=89g!% 4. A d : C � A ttr ! C $O B0@-@k8@ $rI=$9ItJ, 4X ?t!% Ad ( c !$ a ) = c 0 $O !$ !V %/ %i%9 c $NG$ 0U$N%* %V %8 %’ %/ %H $N B0 @- a $N CM $O !$%/ %i %9 c 0 $^$? $O $=$N 2< 0L%/%i %9 $N%* %V %8 %’ %/ %H $G $" $k !W $3$H$r I=$9 !J >\ $7 $/ $O 2.2 $N %G !< %?%Y !< %9 %$ %s %9%? %s %9$N Dj 5A$r ;2>H !K !% 5. Meth $O %a %=%C %I L> $N M-8B=89g!% 4

6. Impl : C � Meth ! WFS $O %a %=%C %I $N <B9T %W %m %0 %i%‘ $r I=$9It J,4X ?t!% $3 $3 $G WFS $O !$ 0J 2< $G Dj5A$9$k!$ 9=J8 E* $K @5 $7 $$ %W %m %0 %i %‘A4BN $N=89g $G$"$k !% G$0U $N c 2 C $H m 2 Meth $K BP $7 $F !$ Impl ( c; m ) $r !$ c $G Dj5A$5 $l $? m $N %a %=%C %I Dj5A $H 8F$V!% 3F<B9TJ8 $O !$<! $N 6 $D$N 7A<0 $N$$ $: $l$+$G $" $k !% 1. y := y 0 , 2. y := self , 3. y := self :a , 4. y := m ( y 0 ), 5. self :a := y 0 , 6. return( y 0 ). $3$3$G !$ y ; y 0 $O JQ?t !$ a 2 Attr !$ m 2 Meth !$ self $O %a %=%C %I $, 8F $S =P$5 $l $? %* %V %8 %’ %/ %H !J <B0z?t $H $J$k %* %V%8%’%/ %H !K $rI=$9M= Ls 8l $G$"$k!% $3$N $& $A!$ 2.2 $G =R $Y$k $h $& $K !$ 7A<0 5 $N <B9TJ8 $@$1 $, %G !<%?%Y!<%9 $N99?7 $r9T $& $3$H $,$G $-$k !% 0J2<!$ 7A<0 5 $N <B9TJ8$r99?7A‘:n$H8F$V !% s 1 ; s 2 ; � � � ; s n (= � ) $r<B 9T J8 $N M- 8B 7O Ns $H $9 $k !% $b $7 !$ !J 1 !K $I $N <B 9T J8 s i (1 � i � n ) $b CM $, L$ Dj5A$N JQ?t$r ;2>H$;$:!$ $+ $D !$ !J 2 !K :G8e $N <B9T J8 s n $@ $1$, return( y ) $N 7A<0 $G $" $k$J $i $P !$ � $r 9=J8E* $K @5 $7 $$ %W %m %0 %i %‘ $H 8@ $& !% 0l HL @-$r <: $&$3 $H $J $/ !$ 0l ;~ JQ ?t$r >J N, $7 $F =q $/ $3 $H $, $" $k !%Nc$($P !$ " y 0 := self :a ; y := m ( y 0 );" $r !$0l;~JQ?t y $r N, $7 $F " y := m (self :a );" $H =q$/ !% 2.2 0UL# %a %= %C %I Dj 5A $N7Q >5 $rI= $9 It J, 4X ?t Impl � : C � Meth ! WFS $r<! $N $h$& $KDj5A $9 $k!% c 2 C ; m 2 Meth $H$9 $k !% c 0 $r!$ Impl ( c 0 ; m ) $, Dj 5A $5 $l$F $$ $k c $N !J � $K4X $9 $k !K :G >. $N >e 0L %/ %i%9 $H $9 $k !% $9 $J $o$A !$ c 0 $O!$ !V$b $7 Impl ( c 00 ; m ) $, Dj 5A $5 $l $F $$ $F $+ $D c � c 00 $J $i $P !$ c 0 � c 00 !W $rK~ $? $9 $h$& $J%/ %i%9 $G$"$k !% $3 $N $H$-!$ Impl � ( c; m ) = Impl ( c 0 ; m ) $H Dj5A$9$k !% $b $7 $=$N $h $& $J c 0 $, B8:_ $7 $J$1$l $P !$ Impl � ( c; m ) $O L$Dj5A $H $9$k !% 5

F1MM $K !$ B0 @-@k8@ $N7Q>5 $rI=$9ItJ,4X ?t A d � : C � A ttr ! C $r <! $N$h $& $K Dj5A$9 $k !% c 2 C ; a 2 A ttr $H $9 $k !% $b $7 A d ( c 0 ; a ) $, Dj 5A$5 $l $F $$ $k c $N :G>.$N >e0L %/%i %9 c 0 $, B8 :_$9 $k$J$i $P A d � ( c; a ) = A d ( c 0 ; a ) $H $7 !$ $5$b$J$1$l$P A d � ( c; a ) $O L$ Dj 5A $H $9$k !% S $N %G !<%?%Y!< %9 %$ %s %9 %? %s %9 $O !$<! $N 2 9‘AH I = ( �; � ) $G $" $k!% 1. � $O C $r Dj 5A 0h$H $9 $k 4X ?t$G !$ � ( c ) ( c 2 C ) $O %* %V %8 %’ %/ %H $N M- 8B =8 9g !%$? $@ $7 !$3F%/%i %94V$N%* %V %8 %’ %/ %H =89g$O 8_$$ $K AG !J $9$J$o $A !$$b $7 c 6 = c 0 $J$i $P � ( c ) \ � ( c 0 ) = � !K $H$9 $k !%3F o 2 � ( c ) $r !$ !J I $K $* $1 $k !K %/ %i %9 c $N%* %V %8 %’ %/ %H $H 8F $V!% 99 $K !$ O S ; I = S c 2 C � ( c ) $H $7 !$ 3F o 2 O S ; I $r !$ C1 $K !J I $K $* $1 $k !K %* %V %8 %’%/ %H$H 8F $V!% cl ( o ) $K $h$j !$ o 2 O S ; I $N B0 $9$k%/ %i%9!$ $9 $J $o$A!$ o 2 � ( c ) $H$J $k c $r I=$9 !% 2. � $O M-8~ %0 %i%U � = ( V ; E ) $G$" $k!% $3$3 $G !$ V $O %* %V %8 %’%/ %H $r I=$9D:E@ $N=89g O S ; I $G $"$j!$ E $O 0J2< $N >r7o $r K~ $?$9%i%Y %k IU$-M-8~JU $N =89g $G$" $k !% � o 2 � ( c ) $H$9$k!% A d � ( c; a ) = c 0 $J $i $P !$ $A $g $& $I 0l $D $N o 0 2 � ( c 00 )( c 00 � c 0 ) $K BP $7 $F !$ o a ! o 0 2 E !% A d � ( c; a ) $, L$Dj5A $J $i $P !$ o $O %i%Y %k a $r $b$D=P <MJU $r$b$?$J$$ !% o a ! o 0 2 E $N$H $- !$ o 0 $r %* %V %8 %’ %/ %H o $N B0@- a $N CM $H 8F $S !$ o:a $G I=$9 !% 0J2< $G$O !$ I $N 2< $G$N S $N <B9T $r 4JC1 $K @bL@ $9$k !J 7A<0E* $JDj5A $O [1] !$ [9] $^ $? $O [10] $r ;2>H !K !% %* %V %8 %’ %/ %H o $K BP $7 $F %a %=%C %I m $, 8F $S =P$5 $l $?$H$- !$ o $r !$ $=$N 8F =P $7 $K $*$1 $k%;%k%U %* %V %8 %’ %/ %H $H 8@$$ !$ self $H N,5-$9 $k !% 6 <oN‘$N 3F<B 9TJ8 $K BP $7 $F !$<! $N$h $& $J0UL#$rM? $( $k !% y := y 0 $O !$ y 0 $N FbMF $r y $K BeF~$9$k!% y := self $O !$ self $r JQ?t y $K BeF~$9$k !% y := self :a $O !$ self $N B0@- a $N CM $r y $K BeF~$9$k !% y := m ( y 0 ) $O !$ JQ?t y 0 $K BeF~ $5 $l$F$$ $k %* %V%8 %’%/ %H $K BP$9$k %a %=%C %I m $N 8F=P $7 $r I= $7 !$ <! $N$h$& $K <B9T$5 $l $k!% JQ ?t y 0 $K BeF~ $5 $l$F$$ $kCM $r o 2 � ( c ) $H $9$k!% $b $7 Impl � ( c; m ) $, L$Dj5A $J $i $P 7?%(%i!< $G Dd;_$9$k!% $b $7 Impl � ( c; m ) = � $J $i $P !$ � $K $*$$$F o $r self $K B+G{ $7 !$ � $r <B9T$9$k!%JV$jCM $O y $K BeF~$9$k!% 6

� � Class employ ee b oss ; sup ervisor : emplo y ee � � � � Class manager b oss ; sup ervisor : director � � � � Class director secretary : emplo y ee � � ?^ 2 A d 1 $N Dj5A � � (director ; get secretary ) : return(self : secretary ) : � � � � (employ ee ; query1) : y := get secretary (self : sup ervisor); return( y ) : � � ?^ 3 Impl 1 $N Dj5A <B9TJ8 self :a := y 0 $r 9M $( $k!% self $N B0$9$k%/ %i%9 $r c $H $7 !$ y 0 $K BeF~ $5 $l$F$$ $kCM $r o $H $9 $k!% A d � ( c; a ) = c 0 $N$H$- !$ $b $7 o $, c 00 � c 0 $r K~$?$9 %/%i %9 c 00 $N%* %V %8 %’ %/ %H $J$i $P !$ self $N B0@- a $N CM $r o $H $9$k !%$5 $b$J $1 $l $P !$7? %(%i!< $G Dd;_$9$k !% return( y ) $O JQ?t y $N FbMF $r JV$jCM $H $9$k $3$H$r I=$9 !% S Cf$N $I $N %a %=%C %I $r $I $s $J %G !< %?%Y !< %9 %$ %s %9%? %s %9$N$b$H$G <B9T $7 $F $b 7?%( %i !< $, 5/ $3$i$J$$$H$- !$ S $O 7?@09g@- $r$b$D$H8@ $& !% C" $7 !$:G=i $N %a %=%C %I $N 8F $S =P $7 $H $7 $F$O , Impl � ( cl ( o ) ; m ) $, Dj5A $5 $l$F$$ $k $h $& $J o $K BP$9$k m $N <B9T $N$_ $r9M $( $k !% $^ $? !$ S Cf$N $I $N %a %=%C %I $r $I $s $J %G !<%? %Y!< %9 %$ %s %9 %? %s %9 $N$b$H $G <B9T $7 $F $b I, $: Dd;_$9$k$H$- !$ S $O Dd;_@- $r K~$?$9 $H 8@ $& !% Nc 1: %G !< %?%Y !< %9 %9 %- !< %^ S 1 = ( C 1 ; � 1 ; Attr 1 ; A d 1 ; Meth 1 ; Impl 1 ) $r 9M$( $k !% $3 $3$G !$ � C 1 = f director ; manager ; employ ee g $G $" $j!$ director � 1 manager � 1 emplo y ee !% � A ttr 1 = f b oss ; sup ervisor ; secretary g $G$" $j !$ A d 1 $O ?^ 2 $G Dj5A$5 $l $k !% � Meth 1 = f get secretary ; query1 g $G $"$j!$ Impl 1 $O ?^ 3 $G Dj5A$5 $l $k !% 7

?^ 4 I 1 $N %G !<%?%Y!< %9 %$ %s %9%? %s %9 � � (employ ee ; calc sup ervisor) : y := calc sup ervisor(self : b oss); return( y ) : � � � � (director ; calc sup ervisor) : return(self ) : � � � � (director ; get secretary ) : return(self : secretary ) : � � � � (employ ee ; query2) : self : sup ervisor := calc sup ervisor(self ); y := get secretary (self : sup ervisor); return( y ) : � � ?^ 5 Impl 0 1 $N Dj5A ?^ 4 $O S 1 $N %G !< %? %Y !< %9 %$ %s %9 %? %s %9 I 1 = ( � 1 ; � 1 ) $r I= $7 $F $$ $k !% $3 $N ?^ $K $* $$ $F !$ Bob !$ Sara !$ . . . $O %* %V %8 %’ %/ %H $G $" $j !$ Bob ! Sara $O � 1 (Bob ; b oss) = � 1 (Bob ; sup ervisor) = Sara $G $" $k $3 $H $r I= $7 $F $$ $k !% Bob $K BP $9 $k query1 $N <B 9T$r 9M$( $k !% � 1 (Bob ; sup ervisor) = Sara 2 � 1 (manager) $G $" $j Impl � 1 (manager ; get secretary ) $O L$Dj 5A $G$"$k $+$i !$ 7? %(%i!< $, 5/ $3$k!% $7 $? $, $C $F!$ S 1 $O 7?@09g@-$r;}$?$J$$ !%$^ $? !$ S 1 $, Dd;_@- $r K~ $?$9$3$H $O MF0W $K <($;$k!% S 0 1 = ( C 1 ; � 1 ; A ttr 1 ; A d 1 ; Meth 0 1 ; Impl 0 1 ) $r 9M $( $k !% $3 $3 $G !$ Meth 0 1 = f calc sup ervisor ; get secretary ; query2 g $G $" $j!$ Impl 0 1 $O ?^ 5 $G <( $5$l $k !% $3 $N $H $- !$ I 1 $O S 0 1 $N %$ %s %9%? %s %9 $G$b$" $k!% Bob $K BP$9 $k calc sup ervisor $N <B9T $O @5>o $K =*N; $7 !$ John $, JV $5 $l $k!% 0l J} !$ Alice $K BP $9$k calc sup ervisor $N<B9T $ODd;_ $7 $J$$!% calc sup ervisor $N <B9T $, Dd;_ $9$k $H$- !$ >o $K %/ %i%9 director $N%* %V %8 %’%/ %H$, JV$5 $l 8

� � Class c t a 1 ; a 2 ; a 0 ; a 00 : c a f : c f � � (a) (b) � � ( c t ; nor[ a 1 ; a 2 ]) : self :a 0 := self ; y := nor 0 (self :a 1 ); y := nor 0 (self :a 2 ); return(self :a 0 ) : � � � � ( c t ; nor 0 ) : self :a 0 := self :a f ; return(self ) : � � � � ( c; nor 0 ) : return(self ) : � � � � ( c t ; if then[ a 1 ; m ]) : self :a 00 := nor[ a 1 ; a 1 ](self ); self :a 00 := nor[ a 00 ; a 00 ](self ); y := if then 0 [ m ](self :a 00 ); return( y ) : � � � � ( c t ; if then 0 [ m ]) : y := m (self ); return( y ) : � � � � ( c; if then 0 [ m ]) : return(self ) : � � (c) ?^ 6 S 2 $N Dj5A $k !%<! $K Bob $K BP$9$k query2 $N <B9T $r 9M $( $k !%?^ 5 $N (emplo y ee ; query2) $N Bh 2 J8 $h$j !$ Bob : sup ervisor $N CM $O John 2 � 1 (director) $H$J $j !$ Bob $K BP$9$k query2 $N <B 9T $O @5>o $K =*N;$9$k !% S 0 1 $, 7?@09g@- $r ;}$D $3$H $O MF0W $K <( $;$k !% 2 Nc 2: 0J2< $N$h$& $J %G !<%? %Y!<%9 %9 %-!<%^ S 2 = ( C 2 ; � 2 ; A ttr 2 ; A d 2 ; Meth 2 ; Impl 2 ) $r 9M $( $k !% { C 2 = f c; c t ; c f g $G $" $j !$ c t � 2 c; c f � 2 c $H $9$k !J ?^ 6 !J a !K !K !% { Ad 2 $O ?^ 6 !J b !K $G Dj5A$5 $l $k!% 9

S 2 $K $*$$ $F O@M}CMI=8= $r <!$N$h $& $K Dj$a$k!% o $r %/ %i %9 c t $N%* %V %8 %’ %/ %H $H $9 $k!% o $N 3F B0@- a 2 f a 1 ; a 2 ; a 0 ; a 00 ; a f g $K $D$$$F !$ o:a = o $N$H $- ?? !$ $= $& $G$J $$$H $- 56 $r I=$9$b$N$H$9 $k !% o:a f $O !$ Ad 2 ( c t ; a f ) = c f $H $$ $&@k8@ !J ?^ 6 !J b !K !K $K $h$j o:a f = o $H $O $J $jF@$J$$ $+$i !$ o:a f $O >o $K 56 $r I=$9 !% $3 $N $H $- !$ 2 $D $N %a %= %C %I nor[ a 1 ; a 2 ] $H if then[ a 1 ; m ] $r?^ 6 !J c !K $N $h$& $KDj 5A $9 $k !% nor[ a 1 ; a 2 ] $O o:a 1 $H o:a 2 $N NOR $r7W ;; $7 !$ 7k 2L $,?? $N $H $- $O o $r!$ 56 $N $H $- $O o:a f $rJV $9 !% $9 $Y $F$NO@ M} 1i ;; ;R $O NOR $rMQ $$ $FI= $9 $3 $H $,$G $-$k $N $G!$ nor[ a 1 ; a 2 ] $rMQ $$ $l $P G$ 0U $NL? Bj O@ M} <0 $r7W ;; $9 $k%a %= %C %I $r9= @. $9 $k $3 $H $, $G$- $k !% $^ $?!$ if then[ a 1 ; m ] $O if-then J8$NLO Jo $r 9T$$ !$ o:a 1 = o $N$H$-$+ $D$=$N$H $-$K 8B$j !$ o $K BP $7 $F m $r 8F $S =P$9 !% 2 3. 7?8!::LdBj$N7W;;NL 3.1 Dd;_@- $r K~$? $9%9%-!<%^ DjM} 1: S $r Dd;_@- $rK~$?$9 %G !<%?%Y!< %9%9 %-!<%^ $H$9 $k!% $3$N$H$- S $N 7?8!::LdBj $O !$%/ %i %93,AX $N9b$5$r9b !9 1 $K 8BDj $7 $? >l9g $G$b 7hDjITG= $H$J $k!% 2 $3$3 $G $O !$ >Z L@ $N35N, $K$D$$ $F$N $_=R $Y$k !J >ZL@ $N>\:Y $O IUO? A ;2>H !K !% K\ Dj M} $N >ZL@ $r %A %e !<%j %s %0 5!3# $N<u M} Ld Bj $+ $i$N5" Ce $K$h $j 9T$& !% 6q BN E* $K $O!$ G$ 0U $N %A %e !< %j %s %0 5!3# M $H$= $l$K BP$9$kF~NO x $K BP $7 !$<! $N>r7o $r K~ $?$9 %9 %- !<%^ S M ;x $r 9=@. $9$k !% { Dd;_@- $r K~ $?$9 !% { %/%i%93,AX $N 9b$5 $, 1 !% { M $, x $r <uM}$9$k$H$- !$ $+ $D$=$N$H$-$N$_ !$ S M ;x $, 7?@09g@- $r ;}$? $J$$ !% S M ;x $N %/%i %93,AX$r ?^ 7 !$B0@-@k 8@ $r ?^ 8 $N$h $& $K Dj5A$9 $k !% S M ;x $O %/%i %93,AX $N 9b$5 $, 1 $G $" $k !% %a %=%C %I TM $r ?^ 9 $N$h $& $K Dj 5A$9 $k !% %a %=%C %I test 0J30$N %a %=%C %I $O !$ S M ;x $N$9$Y $F$N %/ %i%9 $K BP $7 $F Dj5A $7 $F $*$/ !% test $O %/ %i%9 c f $K BP $7 $F$N $_ Dj5A $7 $F $* $/ !% 0J2< !$ %G !<%?%Y !< %9 %$ %s %9%? %s %9 I = ( � ; � ) $N 2< $G !$ o 2 O S M ;x ; I $r 0z ?t $H $7 $F %a %= %C %I m $r <B9T$9$k $3$H$r m ( o ) $H =q$/ !% 10

?^ 7 S M ;x $N %/%i%93,AX � � Class c t a ) : c a 1 ; . . . ; a K : c a 0 1 ; . . . ; a 0 K : c a 00 1 ; . . . ; a 00 K : c a 000 1 ; . . . ; a 000 K : c a cont : c a yes ; a 0 yes : c a f : c f a ws ; a 0 ws : c � � � � Class c 0 t a 0 y es : c a f : c f � � � � Class c a 0 t : c 0 t � � ?^ 8 S M ;x $N B0@-@k8@ %* %V %8 %’ %/ %H o 2 � ( c t ) $N B0 @- a ws $O !$ %a %=%C %I m $N Dj 5A Cf $K :F5" $, $" $k >l9g$G $b !$ m $N<B9T $, L58B %k!< %W $K 4Y $i$J$$ $3 $H $r J]>Z $9 $k $? $a $KMQ$$ $i $l $k!% S M ;x Cf $N:F 5"$r4^ $‘3F %a %=%C %I m $N F0:n $r 0J2< $N$h $& $K Dj5A$9$k!% � o 2 � ( c t ) $K BP $7 $F m $, 8F $S =P$5 $l $?$H $- !$ o:a ws $N CM $, ?? $G$" $l $P !$ o:a ws $N CM $r 56$H $7 $? 8e !$ m ( o ) $N <B 9T $r B3 $1 $k !% $= $& $G$J$1$l $P !$ m ( o ) $N <B9T$r$3$l 0J >eB3 $1$J $$ !% O S M ;x ; I $O M- 8B =8 9g $G $"$k $N $G !$ $3 $l$K$h $j S M ;x $, Dd ;_ @- $rK~ $?$9 $3 $H $, <( $5 $l $k!% $^ $? !$ m ( o ) $N <B9T $, =*N;$9$kD>A0 $K o:a ws $N CM $r ?? $K La $7 $F $* $/ $3$H $G !$ B> $N %a %=%C %I $b B0@- a ws $r MxMQ $G$- $k !% $3$3$G !$DjM} 1 $N>ZL@ $r 9T $&A0 $K !$ %A%e!< %j %s %0 5!3#$NDj5A $r $7 $F $*$/ !% Dj5A 1: 7hDj@-%A %e!< %j %s %0 5!3# M $O 3 ;zAH ( Q; � ; � ) $G I=$5 $l $k!% $3$3$G !$ 11

� � ( c t !$ TM) : y := get ws(self ); y := init ws(self ); y := step(self ); y := accept(self ); y := test( y ); return(self ) : � � ?^ 9 %a %=%C %I TM $N Dj5A { Q $O >u BV$NM-8B=8 9g $G$" $j !$ =i4|>uBV q 0 !$<uM}>uBV q yes $H $$ $& 2 $D$N FC JL $J >u BV $r 4^ $‘!% { � $O %F !< %W 5- 9f$N M-8B =8 9g $G $" $j !$6uGr5-9f B !$@hF, 5-9f > $H$$ $& 2 $D$N FC JL $J 5-9f $r 4^ $‘!% { � $O ( Q � f q yes g ) � � $+ $i Q � � � f ; ! ; �g $X $N 4X ?t $G $"$k !% � ( q ; > ) = ( q 0 ; �; d ) $J$i $P !$ � = > $+ $D d = ! $G$" $k$H $9$k !%$D$^$j !$ %F !< %W %X %C %I $, %F !< %W $N :8 C< $+$i Mn$A$k $3$H$O$J$$$b$N$H$9 $k!% 2 Dj5A 2: M $N ;~ E@ I= <( I $O M- 8B Ns h q 1 ; � 1 i ; . . . ; h q k ; � k i ( k � 1) $G I=$5 $l $k !% $3$3$G !$ q i 2 Q [ f?g ; � i 2 � (1 � i � k ) !$ $+ $D!$ � 1 = > $G$"$j !$ $A $g$& $I 1 $D$N q i $@$1 $, Q $N MWAG $H$J$C $F$$$k !J i $O %F!< %W %X%C %I $N 0LCV $rI=$9 !K !% ;~E@I= <( I $N i HVL\$NMWAGBP h q i ; � i i $r I [ i ] $H =q$/ !% ;~ E@I=<( 4V $NA+0\4X78 ‘ M $O DL>o $N$h $& $K Dj5A$9$k!% $^ $? !$ M $, F~NO x $K BP $7 j 2sA+0\ $7 $? 8e $N ;~E@I=<( $r I j $G I=$9 !% 2 0J2<!$ %a %=%C %I TM $N 3F<B9TJ8 $N F0:n $r @bL@$9$k!% o 0 2 � ( c t ) $H $9$k!% get ws( o 0 ) $N <B9T $K$h$j !$ M? $( $i $l$? %G !<%? %Y!<%9 %$ %s %9 %? %s %9 $+$i !$ M $N LOJo $r 9T $& $?$a$N<!$N$h $& $J :n6HNN0h $r F@$k!% { %G !<%? %Y!<%9 %$ %s %9 %? %s %9 $K$h$jDj $^$k $"$k k ( � 1) $K BP $7 $F !$ o i :a ) = o i +1 2 � ( c t ) (0 � i � k � 2) ; o k � 1 :a ) = o k 2 � ( c 0 t ) !% 12

?^ 10 get ws( o 0 ) <B9T8e$N %G !<%?%Y!< %9 %$ %s %9%? %s %9 $b $7 !$ %G !<%?%Y!< %9 %$ %s %9%? %s %9Cf $N a ) $K $h$j 9=@.$5 $l $k%* %V %8 %’ %/ %H Ns $, !$ 1. %/%i %9 c t $N%* %V %8 %’ %/ %H$, $$ $/$D $+ B3$$$? 8e!$%/%i %9 c f $^$? $O %/%i %9 c $N %* %V %8 %’ %/ %H $H$J $k>l9g 2. JDO) $r$J$9 >l9g $O !$ o k � 1 :a ) $NCM $r6/@)E* $K %/ %i%9 c 0 t $N%* %V%8 %’%/ %H $r ;X$9$h$& $K =q $-49 $( $k $3 $H $G !$ >e $N>r 7o $rK~ $?$9 %* %V%8 %’ %/ %H Ns $rF@ $k !J ?^ 10 !K !% $3 $3 $G !$ o i (1 � i � k � 1) $O%A %e !< %j %s%0 5!3#$N;~E@ I=<( $r I=$9$N $K MQ$$ $i $l $k!% o:a 1 ; . . . ; o:a K $O ;~E@I=<($NMW AG $r !J 2 ?JI=8= $G !K I=$9 !% o:a ) $O o $N 1&NY$NMWAG $r ;X$9 !% %a %=%C %I init ws $O !$ M $N =i4|;~E@I=<( $r o i :a 1 ; . . . ; o i :a K (0 � i � k � 1) $K 3JG< $9$k !% %a %= %C %I step $O !$ M $NF0 :n $NLO Jo $r!$ !J M $, Dd;_ $9 $k $+ $7 $J$$ $+ $K4X $o $i $: !K %G !< %? %Y!< %9%$ %s%9 %? %s%9 $K $h $j Dj $^ $k $" $k M- 8B %9 %F %C %W ?t !J 8e =R !K $@ $19T $& !% %G!< %? %Y !< %9 %$ %s %9 %? %s %9 $NNc $r?^ 11 !J a !K $K<( $9 !% M $N;~ E@ I= <( I j $O o i :a 1 ; . . . ; o i :a K ( j � i � k � 1) $K !J 2.2 $NNc 2 $G<( $7 $? 2 ?JI= 8= $G !K 3J G< $5 $l $k!% I j +1 [ i ] $O I j [ i � 1] ; I j [ i ] ; I j [ i + 1] $+$i 7W ;;$9$k $3$H $,$G $- $k$N $G !$ $3 $l$i 3 $D$N CM $r 0J2< $G =R$Y$k %a %=%C %I copy[ a 1 ; a 2 ] $r MQ $$ $F3F %* %V%8%’ %/ %H $NB0@- a 0 1 ; . . . ; a 0 K ; a 00 1 ; . . . ; a 00 K ; a 000 1 ; . . . ; a 000 K $K%3 %T !< $7 $F$*$- !J ?^ 13

?^ 11 M $N LOJo $r 9T $&:n6HNN0h 11 !J b !K !K !$ 2.2 $NNc 2 $G<( $7 $? %a %= %C %I nor $r MQ $$ $F I j +1 [ i ] $r 7W ;; $9 $k !% cop y[ a 1 ; a 2 ] $O ?^ 12 $N$h$& $KDj5A $5 $l !$ o 2 � ( c t ) $K BP $7 $F8F $S =P $5 $l$?$H $- o:a 1 $G I= $5 $l $kO@ M} CM $r o:a ) :a 2 $K %3 %T !< $9 $k !% $3 $l $K$h $j !$ M $N<! $N ;~ E@ I= <( I j +1 $, o i :a 1 ; . . . ; o i :a K ( j + 1 � i � k � 1) $K 5a$^$k !J ?^ 11 !J c !K !$ C" $7 !$ � ( q ; 1) = ( q 0 ; 0 ; ! ) !K !% M $N <! $N%9 %F %C %W $N LO Jo $r 9T $& $+ $I $& $+$O !$ B0@- a cont $K $h$j 7hDj $9$k!% o $r ;~E@I=<( $N@hF, $NMWAG $, 3JG<$5 $l $F$$ $k %* %V %8 %’ %/ %H $H $9 $k!% o:a cont $, ?? $G$" $l $P !$ M $N LOJo $r :F5"E* $K B3 $1 $k !% $= $& $G$J $1 $l $P !$ M $N LOJo $r =*N; $9$k!% ?^ 11 $NNc $G$O !$ M $N LOJo $r !J c !K $+$i 2 %9 %F %C %W 9T$C$?8e !$Dd;_$9$k !J ?^ 11 !J d !K !K !% 14

� � ( c t ; cop y[ a 1 ; a 2 ]) : y := set f [ a 2 ](self :a ) ); y := if then[ a 1 ; set t[ a 2 ]](self ); return(self ) : � � � � ( c t ; set f [ a 2 ]) : self :a 2 := self :a f ; return(self ) : � � � � ( c; set f [ a 2 ]) : return(self ) : � � � � ( c t ; set t[ a 2 ]) : y := set t 0 [ a 2 ](self :a ) ); return(self ) : � � � � ( c t ; set t 0 [ a 2 ]) : self :a 2 := self ; return(self ) : � � � � ( c; set t 0 [ a 2 ]) : return(self ) : � � ?^ 12 %a %=%C %I cop y[ a 1 ; a 2 ] $N Dj5A %a %=%C %I accept $O !$ M $N LOJo=*N;;~ $N;~E@I=<( $NCf $K <uM}>uBV q y es $, 4^$^ $l $k $+ $I $& $+ $r !$B0@- a yes ; a 0 y es $r MQ$$$F D4$Y $k !% accept $O q yes $, 4^$^ $l $k$H$- o k ( 2 � ( c 0 t )) $r JV $7 !$ $= $& $G$J$$$H$- o k :a f ( 2 � ( c f )) $r JV$9 !% %a %=%C %I test $O %/%i%9 c f $K BP $7 $F$N$_ Dj5A$5 $l $F $*$j !$ accept $, JV$9%* %V %8 %’ %/ %H $r 0z?t$H $7 $F <B9T$5 $l $k !J ?^ 9 !K !% $7 $? $, $C $F !$ M $N LOJo=* N;;~$N;~ E@I=<($NCf $K <uM}>uBV q yes $, 4^$^ $l $k $H$- !$ $+$D$=$N$H$-$N$_ !$7? %(%i!< $, 5/ $3 $k !% M $, x $r <uM}$9$k $H2>Dj$9$k!% k !$ $* $h $S a cont $G 7hDj$5 $l $k M $N %9 %F%C %W ?t $, == J,Bg $- $J ?t $H$J$k %G !<%? %Y!<%9 %$ %s %9 %? %s %9 $N2< $G $O !$ M $N LOJo=*N; ;~ $N;~E@I= <( $N Cf $K q yes $, 4^$^ $l !$ ( c t ; TM) $N Bh 5 J8 $G %/ %i %9 c 0 t $K B0$9$k%* %V %8 %’ %/ %H $r 0z?t $H $7 $F test $, 8F $S =P$5 $l !$7? %(%i!< $, 5/ $3 $k!% $7 $? $, $C $F !$ S M ;x $O 7?@09g@- $r ;}$?$J$$ !% 0lJ}!$ S M ;x $, 7?@09g@-$r ;} $?$J$$$H 2>Dj$9$k !%Dj5A$h$j !$7? %(%i!< $, 5/ $3 $k2DG= @- $, $" $k %a %=%C %I $O test $N $_$G $" $k !% ( c t ; TM) $N Bh 5 J8 $G$O %/%i %9 c 0 t $K B0$9 $k%* %V %8 %’ %/ %H $^$? $O %/%i %9 c f $K B0$9$k%* %V %8 %’ %/ %H $r 0z?t$H $7 $F test $, 8F $S =P$5 $l $k $, !$ Dj 5A$h$j !$ c 0 t $K B0$9$k%* %V %8 %’ %/ %H $r 0z ?t $H $7 $F 8F $S =P$5 $l $?$H$-$N$_ 7? %(%i!< $, 5/ $3 $k !% accept $, %/%i %9 c 0 t $N%* %V %8 %’ %/ %H $r JV$9$N$O M $N LO Jo=* N;;~$N ;~E@I= <($NCf 15

?^ 13 S w ;u $N %/%i %93,AX � � Class c i (1 � i � n ) a ! : c � � � � Class c a ) : c 0 � � � � Class c 0 0 !$ c 0 1 a ) : c 0 � � ?^ 14 S w ;u $N B0@-@k8@ $K q yes $r 4^ $‘ $H$-$N$_$G$" $k $+$i !$ M $O x $r <uM}$9$k !% 3.2 %a %= %C %I Dj5ACf $K 99?7A‘:n $, $J $$ %9%-!<%^ DjM} 2: S $r %a %=%C %I Dj5ACf $K 99 ?7A‘:n $, $J $$ %G !<%?%Y!< %9%9 %-!< %^ $H$9 $k!% $3$N$H $- S $N 7?8! ::Ld Bj $O !$ %/ %i%93, AX $N9b $5 $r9b !9 1 $K 8BDj $7 $? >l9g $G$b7hDj ITG= $H$J$k!% 2 $3$3 $G $O !$ >Z L@ $N35N, $K$D$$ $F$N $_=R $Y$k !J >ZL@ $N>\:Y $O IUO? B ;2>H !K !% K\Dj M} $N >Z L@ $r P ost $N BP1~ LdBj $+$i $N 5"Ce $K $h$j 9T $& !%6qBNE* $K$O !$ P ost $N BP1~LdBj $K BP$9 $k F~ NO w = h w 1 ; . . . ; w n i ; u = h u 1 ; . . . ; u n i $K BP $7 !$<!$N >r7o$r K~$?$9 %9 %- !< %^ S w ;u $r 9=@.$9$k !% { 99?7A‘:n $r 4^$^ $J$$ !% { %/%i%93,AX $N 9b$5 $, 1 !% { P ost $N BP1~Ld Bj $N2r $, B8:_ $9$k $H$-!$ $+ $D$= $N $H$- $N$_!$ S w ;u $, 7?@09g @- $r;} $?$J$$ !% w ; u $*$h $S %"%k %U%!%Y %C %H � = f 0 ; 1 g $K BP $7 !$%9 %- !< %^ S w ;u $N %/%i %9 3, AX$r ?^ 13 !$ B0@-@k8@ $r ?^ 14 $N$h $& $K Dj5A$9$k!% S w ;u $N %/ %i%93,AX $N9b$5 $O 1 $G $" $k!% o $, %/ %i%9 c i (1 � i � n ) $N %* %V %8 %’ %/ %H $G $" $k$H$- !$ o $O 8l w i $*$h $S u i $r I= $7 !$ o 0 $, %/%i %9 c 0 0 ( c 0 1 ) $N%* %V%8%’%/ %H $G$"$k $H$- o 0 $O%" %k%U %! %Y %C %H 0 !J 1 !K $rI=$9 !% %a %=%C %I p ost $N 16

� � ( c i ; p ost)(1 � i � n ) : y := m w (self ); y := isc 0 ( y ); y := m u (self ); y := isc 0 ( y ); y := test(self ); return(self ) : � � ?^ 15 %a %=%C %I p ost $N Dj5A Dj5A $r?^ 15 $K <($9 !% test $O $I $N %/ %i%9 $KBP $7 $F$bDj5A $; $:!$ $= $NB> $N %a %= %C %I $O S w ;u $N $9$Y$F$N %/ %i %9 $K BP $7 $F Dj5A $7 $F $* $/ !% S w ;u $N %G !<%?%Y!< %9 %$ %s %9%? %s %9 I $H $7 $F !$0J2< $N7A$N$b$N$r9M $( $k !J ?^ 16 !K !% o i :a ! = o i +1 ; o i 2 � ( c 1 ) [ . . . [ � ( c n ) (1 � i � k ) ; o k +1 2 � ( c ) ; o k +1 :a ) = o 0 1 ; o 0 j :a ) = o 0 j +1 ; o 0 j 2 � ( c 0 0 ) [ � ( c 0 1 ) (1 � j � l ) ; o 0 l +1 2 � ( c 0 ) $3 $3$G !$ o 1 . . . o k $, Post $N BP 1~ LdBj$N 2r$N 8uJd$r I= $7 !$ o 0 1 . . . o 0 l $, � >e$N 7O Ns$r I=$9 !% %* %V %8 %’ %/ %H o i $N I=$98l $r w o i ; u o i !$ %* %V %8 %’%/ %H o 0 j $N I=$9 %" %k%U%!%Y%C %H $r x j $H =q $/ !% $J $* !$ $3$N 7A $K Ev$F$O $^ $i$J $$ !J %G !< %?%Y !< %9 %$ %s %9%? %s %9 $K JDO) $, B8:_$9 $k !K >l9g $O I, $: L58B %k !< %W $H$J $k$h $& $K !$ S w ;u Cf $N 3F %a %=%C %I $r Dj5A $7 $F $* $/ . 0J2<!$ %a %=%C %I p ost $N 3F<B9TJ8 $K $D$$$F@bL@$9$k !% %a %=%C %I m w $O !$ w o 1 . . . w o k = x l 0 . . . x 1 $+ $D l 0 � l $, @.$j N)$D$+ $I $& $+$r D4$Y $k !% m w $N F0:n$r<!$N$h $& $K Dj5A$9$k !% � $" $k l 0 ( � l ) $K BP $7 $F w o 1 . . . w o k = x l 0 . . . x 1 $, @.$jN) $D $J $i $P !$ m w ( o 1 ) $O o 0 l 0 +1 $r JV$9 !% � $= $& $G$J$1 $l $P !$ m w ( o 1 ) $O Dd;_ $7 $J $$ !% $7 $? $, $C$F !$ w o 1 . . . w o k = x l 0 . . . x 1 ( l 0 � l ) $, @. $j N) $D $H $- !$ $+ $D $= $N $H $- $N $_ !$ ( cl ( o 1 ) ; p ost) $N Bh 2 J8$N %a %=%C %I isc 0 $, o 0 l 0 +1 $r 0z?t $H $7 $F <B9T$5 $l $k!% isc 0 $N F0:n $r <!$N$h $& $K Dj5A$9$k!% 17

?^ 16 S w ;u $N %G !<%?%Y!< %9 %$ %s %9 %? %s %9 � %/%i%9 c 0 $N%* %V %8 %’ %/ %H $r 0z?t $H $7 $F 8F $S =P$5 $l $?$H$- !$Dd;_$9$k!% � $= $& $G$J $$$H$- !$Dd;_ $7 $J $$ !% $7 $?$, $C$F !$ o 0 l 0 +1 = o 0 l +1 $N $H $- !$ $+ $D $= $N $H $- $N $_ , isc 0 ( o 0 l 0 +1 ) $N <B 9T$, Dd ;_ $7 !$ ( cl ( o 1 ) ; p ost) $N Bh 3 J8 $, <B 9T$5 $l $k !%$^ $? !$ %a %=%C %I m u $N Dj 5A $r m w $H F1MM $K 9T $& !% $7 $?$, $C$F , w o 1 . . . w o k = x l . . . x 1 = u o 1 . . . u o k $, @.$jN)$D$H$- !$ $+ $D$= $N$H $-$N$_ !$ ( cl ( o 1 ) ; p ost) $N Bh 5 J8$N %a %=%C %I test $, 8F $S =P$5 $l !$7? %(%i!< $, 5/ $3 $k!% w ; u $r F~ NO $H $9 $k P ost $N BP 1~ Ld Bj $N 2r $, B8 :_ $9 $k $H 2> Dj $9 $k !% $3 $N $H $- !$ w o 1 . . . w o k = u o 1 . . . u o k = x l . . . x 1 $, @. $j N) $D S w ;u $N%G !< %? %Y !< %9 %$ %s %9 %? %s %9 I $, B8:_ $7 !$ I $N 2< $G p ost( o 1 ) $r <B9T$9$k $H !$ ( cl ( o 1 ) ; p ost) $N Bh 5 J8 $G test $, 8F $S =P$5 $l !$7? %(%i!< $, 5/$3$k !% $7 $? $, $C$F !$ S w ;u $O 7?@09g@- $r ;} $?$J$$ !% 0l J} !$ S w ;u $, 7? @0 9g @- $r ;} $? $J $$ $H 2> Dj $9 $k !% Dj 5A $h $j 7? %( %i !< $,5/ $3 $k 2D G= @- $, $" $k $N $O test $N $_ $G $"$k $+ $i!$ ( c i ; p ost) (1 � i � n ) $NBh 5 J8 $G test $, 8F $S =P $5 $l$k $h$& $J S w ;u $N %G !< %? %Y !<%9%$ %s %9 %? %s %9 $,B8:_ $9 $k !% $7 $? $,$C $F!$ w o 1 . . . w o k = u o 1 . . . u o k $r K~$?$9 o 1 ; . . . ; o k $, B8:_ $7 !$ w ; u $r F~NO $H$9 $k Post $N BP1~LdBj$N2r $, B8:_$9$k !% %G !<%?%Y!< %9%9 %-!< %^ S $, Dd;_@- $r K~$?$9 $+ H] $+$r H=Dj$9$k LdBj $r !$ S $K BP$9$k 18

Dd;_@- H= DjLd Bj $H8F $V!% S w ;u $K $* $$ $F7? %(%i!< $, 5/ $3$k $N $O !$%a %= %C %I p ost $N<B9T $, Dd;_$9$k$H$- !$ $+ $D$=$N$H$-$N$_ $G$" $k !% $7 $? $, $C$F !$0J2< $N7O $, F@ $i $l $k !% 7O 1: S $r %a %=%C %I Dj5ACf $K 99?7A‘:n $, $J$$ %9 %-!< %^ $H$9$k !% $3$N $H$- S $N Dd;_@-H= DjLdBj $O !$%/ %i %93,AX $N9b$5$r9b !9 1 $K 8BDj $7 $? >l9g $G$b 7hDjITG= $H$J $k!% 2 4. $"$H $, $- K\9F $G$O !$0J2<$N 2 $D$N 99?7 %9 %-!< %^$N ItJ,%/%i %9 $K BP$9$k 7?8!:: LdBj $, 7h DjIT G= $G$" $k$3$H$r<( $7 $? !% 1. Dd;_@- $r K~ $? $7 !$ $+ $D %/%i%93,AX$N9b$5 $, 9b !9 1 $G $" $k %9 %-!<%^ !% 2. %a %= %C %I Dj 5A Cf $K99 ?7 A‘ :n $, $J$/ !$ $+$D %/ %i %9 3, AX $N 9b $5 $,9b !9 1 $G$" $k %9 %- !< %^ !% $3 $l$K $h$j !$ J88% [10] $G F3F~$5 $l$? $9$Y $F$NItJ,%/ %i%9 $K BP$9$k 7?8!:: LdBj $N7W;;NL $, 5a$^$j !$ 1. %/%i%93,AX$N9b$5 $, 0 $N$H$- 2. Dd;_@- $r K~ $? $7 !$ $+ $D %a %=%C %I Dj5ACf $K 99?7A‘:n $, $J $$$H$- $H$$ $& 2 $D$N>l9g $r=| $$ $F $O !$ <j $K Ii $( $J$$ $b $7 $/ $O7hDjIT G= $H $J$k $3 $H $, <( $5 $l$? !% :#8e$N 2]Bj $H $7 $F$O !$7?8!:: LdBj $, 7hDj2D G= $H$J $k !$ $h$j <BMQE*$J ItJ, %/%i %9 $r Ds0F $7 !$ $=$N7W;;NL$r<($9$3$H $, 9M $($i $l $k !% References [1] S. Abiteb oul, R. Hull and V. Vianu, \F oundations of Databases," Addison- W esley , 1995. [2] S. Abiteb oul, P . Kanellakis, S. Ramaswam y and E. W aller, \Metho d Sc hemas," Journal of Computer and System Sciences, V ol. 51, No. 3, pp. 433{455, Dec. 1995. [3] R. Agra w al, L. DeMic hiel and B. Lindsa y , \Static Type Chec king of Multi- Metho ds," Pro c. OOPSLA’91, pp. 113{128, Oct. 1991. 19

[4] R. Ahad, J. Da vis, S. Go w er, P . Lyngbaek, A. Maryno wski and E. On uegb e, \Supp orting Access Con trol in an Ob ject-Orien ted Database Language," Pro c. EDBT’92, LNCS 580, pp. 184{200, Mar. 1992. [5] E. Bertino, \Data Hiding and Securit y in Ob ject-Orien ted Databases," Pro c. 8th IEEE Int’l Conf. on Data Engineering, pp. 338{247, F eb. 1992. [6] C. Cham b ers and G. T. Lea v ens, \Typechec king and Mo dules for Multimeth- o ds," A CM T rans. on Programming Languages and Systems, V ol. 17, No. 6, pp. 805{843, Nov. 1995. [7] J. Eifrig, S. Smith, V. T rifono v and A. Zw arico, \Application of OOP T yp e Theory: State, Decidabilit y , Integration," Pro c. OOPSLA’94, pp. 16{30, Oct. 1994. [8] G. Ghelli, \A Static T yp e System for Message P assing," Pro c. OOPSLA’91, pp. 129{145, Oct. 1991. [9] R. Hull, K. T anak a and M. Y oshik a w a, \Behavior Analysis of Ob ject-Orien ted Databases: Metho d Structure, Execution T rees, and Reac habilit y ," Pro c. 3rd In t’l Conf. on F oundations of Data Organization and Algorithms, pp. 372{388, June 1989. [10] Y. Ishihara, H. Seki and M. Ito, \Type-Consistency Problems for Queries in Ob ject-Oriented Databases," Pro c. 6th In t’l Conf. on Database Theory , LNCS 1186, pp. 364{378, Jan. 1997. [11] N. Oxh � j, J. Palsberg and M. I. Sch w artzbac h, \Making T yp e Inference Prac- tical," Pro c. ECOOP , LNCS 615, pp. 329{349, June 1992. [12] J. Palsberg and M. I. Sch w artzbac h, \Ob ject-Orien ted T yp e Inference," Pro c. OOPSLA’91, pp. 146{161, Oct. 1991. [13] J. P alsb erg and M. I. Sc h w artzbac h, \Ob ject-Orien ted T yp e Systems," John Wiley & Sons, 1994. [14] H. Seki, Y. Ishihara and M. Ito, \Authorization Analysis of Queries in Ob ject- Orien ted Databases," Pro c. DOOD’95, LNCS 1013, pp. 521{538, Dec. 1995. [15] E. W aller, \Sc hema Up dates and Consistency ," Pro c. DOOD’91, LNCS 566, pp. 167{188, Dec. 1991. A. DjM} 1 $N >ZL@ 0J2< !$ self :a := self $r self :a := true !$ self :a := self :a f $r self :a := false $H N,5- $9 $k!% TM Cf $N %a %=%C %I test ; get ws ; init ws ; step ; accept $N Dj5A $r$= $l $>$l ?^ 17{21 $K <($9 !% Dj5ACf!$ 2<@~ $r IU $7 $? J8 $O%^%/%mI=5- $G$"$j !$ %A %e!<%j %s %0 5!3# M $H $= $l $X$NF~NO x 20

� � ( c f ; test) : return(self ) : � � ?^ 17 %a %=%C %I test $N Dj5A � � ( c t ; get ws) : self :a ws := true; y := get ws 0 (self ); return(self ) : � � � � ( c; get ws) : return(self ) : � � � � ( c t ; get ws 0 ) : y := self if self :a ws = true and y := self :a 0 t otherwise ; y 0 := if then[ a ws ; get ws 00 ](self ); return( y ) : � � � � ( c t ; get ws 00 ) : self :a ws := false; y := get ws 0 (self :a ) ); self :a ) := y ; self :a ws := true; self :a 0 ws := true; set a 1 ; . . . ; a K to h? ; B i ; return(self ) : � � � � ( c; get ws 0 ) : return(self :a 0 t ) : � � � � ( c; get ws 00 ) : return(self ) : � � ?^ 18 %a %=%C %I get ws $N Dj5A $, 6qBNE* $K M? $($i $l $?$H$-$K !$DL>o $N<B9TJ8$N7ONs $K E83+$9$k$3$H $,$G $- $k !% JdBj 1: S M ;x $N G$0U $N %G !<%? %Y!<%9 %$ %s %9 %? %s %9 I $N 2< $G !$ get ws( o 0 )( o 0 2 O S M ;x ; I ) $N <B9T $, I, $: Dd;_$9$k !% [ >ZL@ ] o 0 2 � ( c 0 t ) [ � ( c f ) [ � ( c ) $N$H $- !$ ( c; get ws) $, 8F $S =P$5 $l $k$N $G !$L@ $i$+ $K Dd;_$9$k !% o 0 2 � ( c t ) $N $H $- $O !$ ( c t ; get ws) $N Bh 1 J8$G o 0 :a ws $r ??$H $7 $? 8e , o 0 $K BP $7 $F get ws 0 $r 8F $S =P$9 . get ws 0 $+$i get ws 00 $r 2p $7 $F get ws 0 $, :F5"E* $K 8F $S =P$5 $l $k!% get ws 0 $N i 2s L\ $N 8F =P $7 $K $* $1 $k 0z ?t $N CM$r o i � 1 $H $9 $k !% get ws 0 ( o i � 1 ) $G $O !$ ( c t ; get ws 0 ) $NBh 2 J8 $K$h $j !$ o i � 1 :a ws $, ?? $G $" $l $P !$ o i � 1 $KBP $7 $F get ws 00 $r8F $S =P $9 . 21

� � ( c t ; init ws) : set a 1 ; . . . ; a K to h q 0 ; > i ; y := init ws1(self :a ) ); return(self ) : � � � � ( c; init ws) : return(self ) : � � � � ( c t ; init ws1) : set a 1 ; . . . ; a K to h? ; x 1 i ; y := init ws2(self :a ) ); return(self ) : � � � � ( c; init ws1) : return(self ) : � � . . . � � ( c t ; init ws n ) : set a 1 ; . . . ; a K to h? ; x n i ; return(self ) : � � � � ( c; init ws n ) : return(self ) : � � ?^ 19 %a %=%C %I init ws $N Dj5A get ws 00 ( o i � 1 ) $O ( c t ; get ws 00 ) $N Bh 1 J8$G o i � 1 :a ws $N CM$r 56$H $7 $? 8e !$Bh 2 J8$G o i � 1 :a ) = o i $K BP $7 $F get ws 0 $r :F5" E* $K 8F $S =P$9 !% !J 1 !K o i 2 � ( c 0 t ) [ � ( c f ) [ � ( c ) !$$^ $?$O !$ !J 2 !K o i 2 � ( c t ) $+ $D o i :a ws $, 56$G $" $k$H $- !$ get ws 0 $N :F 5" 8F =P $7 $O =* N; $9 $k !% o i 2 � ( c t ) $+ $D o i :a ws $, ?? $G$" $k $H$- !$ get ws 0 $N :F5"8F=P $7 $O B39T$9$k!% get ws 0 $N :F 5"8F=P $7$, 9T $o $l$F $$$k4V $O o i � 1 :a ws $N CM $, ?7 $? $K ?? $H$J$k $3$H $O$J$$ $N $G !$ get ws 0 $N :F5"8F=P $7 $, 1 2s9T $o $l $kKh $K a ws $, ?? $G$" $k%* %V %8 %’ %/ %H $N ?t $, 1 $D $: $D 8:$C $F $$ $/ !% I Cf $K B8:_$9$k %* %V%8 %’ %/ %H $N ?t $O M-8B $G$"$k$N $G !$ I, $: M-8B2s $N get ws 0 $N :F 5"8F=P $7 $G ( c t ; get ws 0 ) $N Bh 2 J8$N>r7o $, @.$jN) $? $J $/ $J$j !$ get ws 0 $N :F5"8F=P $7 $, =*N;$9$k !% $7 $? $, $C$F !$ get ws( o 0 ) $N <B9T $O I, $: Dd;_$9$k!% 2 Jd Bj 1 $H F1 MM $N >Z L@ K!$K $h $j !$ S M ;x $N G$ 0U $N%G !< %? %Y !< %9 %$ %s %9%?%s %9$N 2<$G !$ S M ;x Cf$N:F5" E* $K Dj5A$5 $l $? %a %=%C %I (step ; delta ; accept $J $I ) $N <B9T $, I, $: Dd;_$9 $k$3$H $, >ZL@$5 $l $k !% $7 $? $, $C$F !$<! $NJdBj $, @.$jN)$D !% JdBj 2: S M ;x $O Dd;_@- $r K~$?$9 !% 2 22

� � ( c t ; step) : y := if then[ a con t ; step 0 ](self ); return(self ) : � � � � ( c; step) : return(self ) : � � � � ( c t ; step 0 ) : y := if then[ a ws ; step 00 ](self ); return(self ) : � � � � ( c; step 0 ) : return(self ) : � � � � ( c t ; step 00 ) : self :a ws := false; y := delta(self ); y := step(self :a ) ); self :a ws := true; return(self ) : � � � � ( c; step 00 ) : return(self ) : � � � � ( c t ; delta) : y := if then[ a 0 ws ; delta 0 ](self ); return(self ) : � � � � ( c; delta) : return(self ) : � � � � ( c t ; delta 0 ) : self :a 0 ws := false; for each i (1 � i � K ) self :a 0 i := self :a i ; y := copy[ a 0 i ; a 00 i ](self ); y := copy[ a 00 i ; a 000 i ](self ); Calculate h q ; � i from a 0 1 ; . . . ; a 0 K ; a 00 1 ; . . . ; a 00 K ; a 000 1 ; . . . ; a 000 K and assign the result to a 1 : . . . ; a K ; y := delta(self :a ) ); self :a 0 ws := true; return(self ) : � � � � ( c; delta 0 ) : return(self ) : � � ?^ 20 %a %=%C %I step $N Dj5A 23

� � ( c t ; accept) : self :a 0 yes := false; y := accept 0 (self ) : return( y ) : � � � � ( c; accept) : return(self ) : � � � � ( c t ; accept 0 ) : y := if then[ a ws ; accept 00 ](self ); return( y ) : � � � � ( c 0 t ; accept 0 ) : return(self :a 0 yes ) : � � � � ( c; accept 0 ) : return(self ) : � � � � ( c t ; accept 00 ) : self :a ws := false; self :a yes := true if q yes is stored in self ; and self :a yes := false otherwise ; Calculate self :a yes _ self :a 0 y es and assign the result to self :a yes ; y := cop y[ a yes ; a 0 yes ](self ); y := accept 0 (self :a ) ); return( y ) : � � � � ( c; accept 00 ) : return(self ) : � � ?^ 21 %a %=%C %I accept $N Dj5A %/ %i %9 c t $N %*%V %8 %’ %/%H o $O %A%e!< %j%s %0 5! 3# $N ;~ E@ I= <( $N MW AG $r I= $9 $N $K MQ $$$i $l $k !%0J 2< !$ o $N <g$J B0 @-$N 0U L#$K $D $$ $F 4J C1$K =R $Y $F $* $/ !% o:a 1 ; . . . ; o:a K $O ;~ E@ I= <( $N MW AG $r !J 2 ?J I= 8= $G !K I= $9 !% o:a ) $O o $N 1& NY $N MW AG $r ;X $9 !%B0 @- a 0 1 ; . . . ; a 0 K ; a 00 1 ; . . . ; a 00 K ; a 000 1 ; . . . ; a 000 K $O %A%e !< %j %s%0 5! 3#$N 1 F0 :n 8e$N ;~ E@ I= <($r 7W ;; $9$k $?$a$N:n6HNN0h $G !$ >\:Y $O 8e=R$9$k!% a y es ; a yes 0 $O %A%e!<%j %s %0 5!3# $, <uM}>uBV $K F~$C $? $+ $I $& $+$rD4 $Y$k $? $a $NB0@- $G$"$k!% B0 @- a cont $O%A%e !<%j %s %0 5!3# $NLOJo $r2? %9 %F%C %W 9T $& $+$r 7hDj$9$k$?$a $K MQ$$ $i $l $k !% JdBj 3: I = ( � ; � ) $r S M ;x $N G$ 0U$N %G !<%?%Y !< %9 %$ %s %9%? %s %9 $H $7 !$ o 0 2 � ( c t ) $r G$ 0U$N%* %V %8 %’ %/ %H $H $9$k !% $3$N$H$- !$ I $N 2< $G$N get ws( o 0 ) $N <B9T8e $K$*$$$F !$ $"$k k ( k � 1) $, B8:_ $7 $F !$0J2< $N >r7o !J C1 !K $, @.$jN)$D!% !J C1 !K !J C1{1 !K o i :a ) = o i +1 2 � ( c t ) (0 � i � k � 2) ; o k � 1 :a ) = o k 2 � ( c 0 t ) !% 24

!J C1{2 !K o i :a ws = o i ; o i :a 0 ws = o i (0 � i � k � 1). !J C1{3 !K o i :a 1 ; . . . ; o i :a K (0 � i � k � 1) $, h? ; B i $r I=$9 !% [ >ZL@ ] get ws( o 0 ) $N <B9T=*N;;~ $^ $G$K ( c t ; get ws 00 ) $N Bh 2 J8 $+$i get ws 0 $, 8F $S =P $5 $l$?2s ?t k $KBP $7$F !$ Jd Bj $N >r 7o !J C1 !K $, @. $j N) $D $3 $H $r<( $9 !% $^ $: !$ ( c t ; get ws) $N Bh 2 J8 $K$h$j o 0 $K BP $7 $F get ws 0 $, 8F $S =P$5 $l $k!% get ws 0 ( o 0 ) $G$O !$ ( c t ; get ws) $N Bh 1 J8 $K$h$j o 0 :a ws $O ?? $G$"$k $N $G ( c t ; get ws 0 ) $NBh 2 J8 $N>r 7o $, @. $jN) $A !$ o 0 $K BP $7 $F get ws 00 $, 8F $S =P$5 $l $k!% get ws 00 ( o 0 ) $G$O !$ ( c t ; get ws 00 ) $N Bh 2 J8 $K$h$j o 0 :a ) = o 1 $K BP $7 $F get ws 0 $, 8F $S =P$5 $l $k !% $7 $? $, $C $F !$ k � 1 $, @.$jN)$D !% get ws 0 ( o i ) (1 � i � k � 1) $K $*$$$F $O !$ o i :a ws $N CM $O ?? $G$" $k$N$G !$ ( c t ; get ws 0 ) $N Bh 1 J8$*$h $S Bh 3 J8 $K $h$j o i $, JV$5 $l $k!% $7 $? $, $C $F !$ ( c t ; get ws 00 ) $N Bh 2 J8$*$h $S Bh 3 J8 $K $h$j o i � 1 :a ) = o i 2 � ( c t ) $H$J $k !% get ws 0 ( o k ) $G$O !$JdBj 1 $N !J 1 !K !$ !J 2 !K $N $$ $:$l$+$, @.N)$9$k !% !J 1 !K $N>l9g $O ( c; get ws 0 ) $N Dj5A$h$jL@ $i$+$K !$ !J 2 !K $N>l9g $O ( c t ; get ws 0 ) $N Bh 1 J8 !$Bh 3 J8$h$j !$ $$ $: $l $N >l9g$b %/%i %9 c 0 t $N%* %V %8 %’ %/ %H$, JV$5 $l $k !J $= $l $>$l K\J8Cf $N?^ 10 $N !J 1 !K !$ !J 2 !K ;2>H !K !% $7 $? $, $C $F !$ o k � 1 :a ) 2 � ( c 0 t ) $H$J $k !%0J>e$h$j !$ !J C1{1 !K $, @.$jN)$D!% $^$? !$ ( c t ; get ws 00 ) $N Bh 4 J8!$Bh 5 J8 !$ Bh 6 J8 $K$h$j!$ !J C1{2 !K !$ !J C1{3 !K $, @.$jN) $D !% 2 JdBj 4: $" $k k ( k � 1) $K BP $7 $F >r7o !J C1 !K $r K~$?$9 %G !<%?%Y !< %9 %$ %s %9%? %s %9 I = ( � ; � ) $r 9M$( $k !% $3$N $H $- !$ I $N 2<$G $N init ws( o 0 ) $N <B 9T 8e $K $*$$ $F !$0J2<$N >r 7o !J C2 !K $, @.$jN)$D!% !J C2 !K !J C2{1 !K o i :a ) = o i +1 2 � ( c t ) (0 � i � k � 2) ; o k � 1 :a ) = o k 2 � ( c 0 t ) !% !J C2{2 !K o i :a ws = o i ; o i :a 0 ws = o i (0 � i � k � 1) !% !J C2{3 !K o i :a 1 ; . . . ; o i :a K (0 � i � k � 1) $, M $N=i4|;~ E@ I= <( $NMWAG I 0 [ i + 1] $r I=$9 !% 2 [ >Z L@ ] init ws ; init ws i (1 � i � n ) $NDj 5A $h $j !$ o i :a ) ; o i :a ws ; o i :a 0 ws (0 � i � k � 1) $N CM $O =q$-49 $($i $l $J$$$N$G !$ !J C2{1 !K !$ !J C2{2 !K $, @.$jN)$D!% 25 init ws( o 0 ) $G $O !$ o 0 :a 1 ; . . . ; o 0 :a K $N CM $r h q 0 ; > i $K @_ Dj$7 $? 8e !$ o 1 $K BP$7 $F init ws1 $r 8F $S =P $9 !% j x j = n < k $N $H$-!$ init ws i ( o i ) (1 � i � n ) $G$O !$ ( c t ; init ws i ) $NBh 2 J8 $K$h $j o i :a 1 ; . . . ; o i :a K $NCM $, h? ; x i i $K @_Dj $5 $l $k!% o i :a 1 ; . . . ; o i :a K ( n + 1 � i � k � 1) $NCM $O=q $- 49 $( $i $l$J $$ $N $G !$ Jd Bj 3 !J C1{3 !K $h $j $3 $l $i$NB0 @- CM $O h? ; B i $r I=$9 !% F1MM $K !$ n � k $N$H $-$O !$ o i :a 1 ; . . . ; o i :a K (1 � i � k � 1) $N CM $, h? ; x i i $K @_ Dj$5 $l $k !% $$$: $l $N >l9g$b !$ o i :a 1 ; . . . ; o i :a k (0 � i � k � 1) $K M $N =i 4|;~E@ I=<( $N MWAG I 0 [ i + 1] $, 3JG<$5 $l $k !% $7 $? $, $C$F !$ !J C2{3 !K $, @.$jN)$D!% 2 JdBj 5: $" $k k ( k � 1) $K BP $7 $F 0J2< $N>r7o !J C3 !K $r K~$?$9 %G !<%?%Y!< %9 %$ %s %9%? %s %9 I = ( �; � ) $r 9M $( $k !% !J C3 !K !J C3{1 !K o i :a ) = o i +1 2 � ( c t ) (0 � i � k � 2) ; o k � 1 :a ) = o k 2 � ( c 0 t ) !% !J C3{2 !K o i :a 0 ws = o i (0 � i � k � 1) !% !J C3{3 !K $"$k j (0 � j � k � 1) $, B8:_ $7 $F !$ o i :a 1 ; . . . ; o i :a K ( j � i � k � 1) $, M $N ;~E@I=<($NMWAG I j [ i � j + 1] $r I=$9 !% $3$N $H $-!$ I $N 2< $G$N delta( o j ) $N<B9T 8e $K$* $$ $F!$ 0J 2< $N>r7o !J C3 0 !K $, @. $jN) $D!% !J C3 0 !K !J C3 0 {1 !K o i :a ) = o i +1 2 � ( c t ) (0 � i � k � 2) ; o k � 1 :a ) = o k 2 � ( c 0 t ) !% !J C3 0 {2 !K o i :a 0 ws = o i (0 � i � k � 1) !% !J C3 0 {3 !K o i :a 1 ; . . . ; o i :a K ( j + 1 � i � k � 1) $, M $N;~ E@ I= <( $NMW AG I j +1 [ i � j ] $r I=$9 !% 2 [ >ZL@ ] Dj5A $h$j o i :a ) (0 � i � k � 1) $N CM $O =q$-49 $( $i $l$J$$$N $G !$ !J C3{1 !K $h $j !J C3 0 {1 !K $, @.$jN)$D!% cop y[ a 1 ; a 2 ] $OK\ J8 Cf $N ?^ 12 $N $h$& $KDj 5A $5 $l !$ %/ %i %9 c t $KB0 $9 $k %* %V%8 %’ %/ %H o $K BP $7 $F8F $S =P $5 $l$? $H$- o:a 1 $G I= $5 $l $kO@ M} CM $r o:a ) :a 2 $K%3 %T !<$9 $k !% ( c t ; delta 0 ) $N Bh 2 J8 $* $h $S Bh 3 J8!$ Bh 4 J8 $N copy J8 $H !J C3{3 !K $h $j !$ o i :a 0 1 ; . . . ; o i :a 0 K ( j � i � k � 1) $K$O I j [ i � j + 1] $N CM $, !$ o i :a 00 1 ; . . . ; o i :a 00 K ( j + 1 � i � k � 1) $K$O I j [ i � j ] $N CM $, !$ 26 o i :a 000 1 ; . . . ; o i :a 000 K ( j + 2 � i � k � 1) $K $O I j [ i � j � 1] $N CM $, $= $l$> $l 3J G<$5$l $k !% $3$l $i 3 $D $N B0 @-$N CM$+$i <! $N ;~ E@ I= <($N MW AG I j +1 [ i � j ] $N CM $, 7W ;;$G $- $k $N$G !$ ( c t ; delta 0 ) $N Bh 5 J8 $K$h$j $3$NCM $r5a $a$k!% $3 $3 $G !$ ( c t ; delta 0 ) $NBh 5 J8 $O 2.2 $NNc 2 $G <( $7 $? %a %=%C %I nor $r MQ $$$F<B8= $G$-$k !% o j ; o j +1 $K $D$$$F $O$= $l $>$l a 0 ; a 00 $N Cf $K > $r 4^ $‘ $N $G !$ o j $N >l 9g $O <!$N;~ E@I=<($NMW AG $r h? ; B i $H $7 !$ o j +1 $N >l9g $O a 0 $H a 00 $N$_$+$i <!$NCM$r5a$a$k$h $& $K Dj5A$9$k !% ( c t ; delta 0 ) $NBh 6 J8 $G delta $r:F 5" E* $K8F $S =P $9 $3 $H $K$h $j !$ I j +1 $NMW AG I j +1 [ i � j ] $, o i :a 1 ; . . . ; o i :a K ( j + 1 � i � k � 1) $K 5a$^$k !% $7 $? $, $C$F !$ !J C3 0 {3 !K $, @.$jN)$D!% $^$? !$ ( c t ; delta 0 ) $N Bh 7 J8 $K $h$j!$ !J C3 0 {2 !K $, @.$jN)$D !% 2 JdBj 6: $" $k k ( k � 1) $K BP $7 $F >r7o !J C2 !K $r K~$?$9 %G !<%?%Y !< %9 %$ %s %9%? %s %9 I = ( � ; � ) $r 9M $( $k!% $3$N $H$-!$ I $N 2< $G$N step( o 0 ) $N <B9T 8e $K $*$$ $F !$ 0J 2< $N>r7o !J C4 !K $, @.$jN)$D !% !J C4 !K !J C4{1 !K o i :a ) = o i +1 2 � ( c t ) (0 � i � k � 2) ; o k � 1 :a ) = o k 2 � ( c 0 t ) !% !J C4{2 !K o i :a ws = o i ; o i :a 0 ws = o i (0 � i � k � 1) !% !J C4{3 !K o i :a 1 ; . . . ; o i :a K ( j 0 � i � k � 1) $, M $N;~ E@ I= <( $N 3F MW AG I j 0 [ i � j 0 + 1] $r I=$9 !% $3$3$G !$ j 0 = max f j j j ^ i =0 o i :a cont = o i g $G $" $k!% [ >ZL@ ] Dj5A $h$j o i :a ) (0 � i � k � 1) $N CM $O =q$-49 $( $i $l$J$$$N $G !$ !J C2{1 !K $h $j !J C4{1 !K $, @.$jN)$D!% o i (0 � i � k � 1) $K BP $7 $F step $, 8F $S =P $5 $l$?$H $-!$ o i :a cont $, ?? $G$" $l $P o i $K BP $7 $F step 0 $, 8F $S =P$5 $l !$ $5 $i$K !$ step 0 ( o i ) $G$O o i :a ws $, ?? $G$" $l $P o i $K BP $7 $F step 00 $, 8F $S =P$5 $l $k !% step 00 ( o i ) $G$O ( c t ; step 00 ) $N Bh 2 J8 $K $h$j o i $K BP $7 $F %a %=%C %I delta $, 8F $S =P$5 $l $k!% I $O !J C2 !K $rK~$?$9 $N $G !$ delta( o 0 ) <B9TA0 $N %G !<%? %Y!<%9 %$ %s %9%? %s %9 $O !J C3 !K $r K~$? $9 !% JdBj 5 $h$j !$ delta( o i ) $N <B9T$G M $N LOJo $, 1 %9%F%C %W 9T $o $l !$ <B 9T8e $N %G !<%? %Y!<%9%$ %s %9 %? %s %9 $O !J C3 0 !K $r K~ $?$9 !% !J C3{3 !K $O !J C3 0 {3 !K $K$* $$$F j + 1 $r j $H CV $-49 $( $?>l9g $G$"$k $+ $i !$ !J C3 0 !K $O !J C3 !K $r4^0U $9 $k $N $G delta( o i ) <B9T8e$N %G !<%?%Y!< %9 %$ %s %9 %? %s %9 $O !J C3 !K $r K~$?$9 !% $=$N8e !$ ( c t ; step 00 ) $N Bh 3 J8 $K $h$j !$ o i :a ) $K BP $7 $F step $, :F5"E* $K 8F $S =P$5 $l $k!% 27

0J>e $N5D O@ $h$j !$ I $N2< $G step( o 0 ) $r <B9T $7 $?$H$-!$ step $N 0z?t $H $J$k %* %V %8%’%/ %H $N B0@- a cont $N CM $, ?? $G$"$k8B $j M $N LOJo $, B3 $1 $i $l $k!% $7 $? $, $C $F !$ !J C4{3 !K $, @. $jN)$D !% $^$? !$ ( c t ; step 00 ) $N Bh 4 J8$h$j !$ !J C4{2 !K $, @.$jN)$D!% 2 JdBj 7: $" $k k ( k � 1) $K BP $7 $F >r7o !J C4 !K $r K~$?$9 %G !<%?%Y !< %9 %$ %s %9%? %s %9 I = ( � ; � ) $r9M $($k !% $3 $N $H $-!$ I $N2< $G $N accept( o 0 ) $N<B 9T 8e $K$* $$ $F!$ 0J 2< $N>r 7o !J C5 !K $, @.$jN)$D !% !J C5 !K B0@- a 1 ; � � � ; a K $N CM$NCf $K q yes $r 4^ $‘ %* %V %8 %’ %/ %H o i (0 � i � k � 1) $, B8 :_$9$k $H$- accept( o 0 ) $O o k $r JV $7 !$ $= $& $G$J $$$H$- o k :a f $r JV$9 !% [ >ZL@ ] accept( o 0 ) $G$O !$ ( c t ; accept) $N Bh 1 J8 $G o 0 :a 0 yes $N CM $r56 $H $7 $? 8e !$Bh 2 J8 $G o 0 $K BP $7 $F accept 0 $r 8F $S =P$9 !% accept 0 ( o i ) (0 � i � k � 1) $G$O o i :a ws $, ?? $G $" $l $P o i $K BP $7 $F accept 00 $, 8F $S =P $5 $l $k !% accept 00 ( o i ) (0 � i � k � 1) $G$O !$ ( c t ; accept 00 ) $N Bh 2 J8 $K $h $j !$ o i :a 1 ; . . . ; o i :a K $N Cf$K q yes $, 4^ $^ $l $k$H $- o i :a yes $N CM$r ??$H $7 !$ $= $& $G$J $$$H $- 56$H $9 $k !%$= $7 $F !$ Bh 3 J8 $G o i :a y es $H o i :a 0 y es $N O@M} OB $r o i :a y es $K 3JG< $7 !$ Bh 4 J8 $G$= $NCM $r o i +1 :a 0 yes $K%3 %T !<$9$k !% ( c t ; accept 00 ) $N Bh 5 J8$G accept 0 $r :F 5"E*$K 8F $S =P$9$3 $H$K $h $j!$ a 1 ; . . . ; a K $N Cf $K q yes $r 4^ $‘%* %V %8 %’ %/ %H o i (0 � i � k � 1) $, B8 :_ $9 $k$H $- o k :a 0 yes $O ?? !J $9$J$o $A o k :a 0 yes = o k !K $H$J $j!$ $= $& $G$J $$$H $- o k :a 0 yes $O 56 !J $9$J$o $A o k :a 0 yes = o k :a f !K $H $J $k !% I $N 2<$G accept( o 0 ) $r <B9T $7 $?$H $- !$ ( c 0 t ; accept 0 ) $N return J8 $K $h $j o k :a 0 yes $N CM $, JV$5 $l $k$N $G !$ !J C5 !K $, @.$jN)$D!% 2 JdBj 8: M $, x $r <uM}$9$k $H$- !$ $+ $D$=$N $H$-$N$_!$ S M ;x $O 7?@09g@- $r;} $?$J$$!% 2 [ >ZL@ ] M $, x $r <u M}$9 $k$H 2> Dj$9 $k !%JdBj 3 $G Dj 5A$5 $l $k k $*$h $S Jd Bj 6 $G Dj5A $5 $l $k j 0 $, ==J,Bg $- $J?t $H$J$k %G !<%?%Y!<%9 %$ %s %9%? %s %9 $N2< $G $O !$ M $N LOJo=* N;;~ $N ;~E@I=<( $, q yes $r 4^$‘ $N $G !$Jd Bj 7 $h$j ( c t ; TM) $N Bh 5 J8 $G %/ %i%9 c 0 t $K B0$9$k %* %V 28

� � ( c 1 ; m w ) : y := m w (self :a ! ); if w 1 ;d 1 is 0 then y := is0( y ) ; else y := is1( y ) ; . . . if w 1 ; 1 is 0 then y := is0( y ) ; else y := is1( y ) ; return( y ) : � � . . . � � ( c n ; m w ) : y := m w (self :a ! ); if w n;d n is 0 then y := is0( y ) ; else y := is1( y ) ; . . . if w n; 1 is 0 then y := is0( y ) ; else y := is1( y ) ; return( y ) : � � � � ( c; m w ) : return(self :a ) ) : � � � � ( c 0 ; m w ) : return(self ) : � � ?^ 22 %a %=%C %I m w $N Dj5A %8%’%/ %H$r 0z?t $H $7 $F test $, 8F $S =P $5 $l !$ 7? %(%i !< $, 5/ $3$k!% $7 $? $, $C $F!$ S M ;x $O 7? @09g@-$r;}$?$J$$ !% 0lJ}!$ S M ;x $, 7?@09g@- $r ;} $?$J$$ $H 2>Dj$9$k!% S M ;x $N Dj5A$h$j !$ 7? %(%i!< $, 5/ $3 $k2DG=@- $, $" $k %a %=%C %I $O test $N$_$G$" $k!%Jd Bj 7 $h$j !$ ( c t ; TM) $N Bh 5 J8 $G$O %/%i %9 c 0 t $K B0 $9$k %* %V%8 %’%/ %H $^ $? $O %/ %i%9 c f $K B0$9$k %* %V%8%’%/ %H $r 0z?t $H $7 $F test $, 8F $S =P$5 $l $k $, !$Dj5A $h$j !$ c 0 t $K B0$9$k%* %V %8 %’ %/ %H $r 0z?t $H $7 $F 8F $S =P$5 $l $?$H $- $N$_ 7?%(%i!< $, 5/$3$k !% %a %=%C %I accept $, %/ %i %9 c 0 t $N%* %V %8 %’ %/ %H $r JV$9$N $O M $N LOJo=*N;;~$N;~E@I=<($NCf $K q y es $r 4^ $‘ $H$-$N$_$G$" $k $+$i !$ M $O x $r <uM}$9$k !% 2 JdBj 2 $H JdBj 8 $h$j !$DjM} 1 $, @.$jN)$D !% B. DjM} 2 $N>ZL@ � = f 0 ; 1 g $H $7 !$ P ost $NBP 1~ Ld Bj $KBP $9 $k F~ NO w = h w 1 ; . . . ; w n i ; u = h u 1 ; . . . ; u n i $r !$ w 1 = w 1 ; 1 w 1 ; 2 . . . w 1 ;d 1 ( w 1 ;i 2 � (1 � i � d 1 )) . . . 29

� � ( c 1 ; m u ) : y := m u (self :a ! ); if u 1 ;e 1 is 0 then y := is0( y ) ; else y := is1( y ) ; . . . if u 1 ; 1 is 0 then y := is0( y ) ; else y := is1( y ) ; return( y ) : � � . . . � � ( c n ; m u ) : y := m u (self :a ! ); if u n;e n is 0 then y := is0( y ) ; else y := is1( y ) ; . . . if u n; 1 is 0 then y := is0( y ) ; else y := is1( y ) ; return( y ) : � � � � ( c; m u ) : return(self :a ) ) : � � � � ( c 0 ; m u ) : return(self ) : � � ?^ 23 %a %=%C %I m u $N Dj5A w n = w n; 1 w n; 2 . . . w n;d n ( w n;i 2 � (1 � i � d n )) u 1 = u 1 ; 1 u 1 ; 2 . . . u 1 ;e 1 ( u 1 ;i 2 � (1 � i � e 1 )) . . . u n = u n; 1 u n; 2 . . . u n;e n ( u n;i 2 � (1 � i � e n )) $H $9$k !%K\J8Cf $N?^ 15 $G Dj5A$5 $l $k %a %=%C %I p ost Cf$N3F %a %=%C %I $r ?^ 22{ ?^ 25 $N$h $& $K 9=@.$9$k !% %a %=%C %I test $O $I $N %/ %i %9 $K BP $7 $F$b Dj5A $7 $J$$ !% %G !< %?%Y!< %9 %$ %s %9%? %s %9Cf $K JDO) $, B8:_ $7 $J $$ >l9g !$ S w ;u Cf$N %a %=%C %I $G C5:w $5 $l F@ $k$N$O %/%i %9 c i (1 � i � n ) $K B0 $9 $k%* %V %8 %’ %/ %H $N B0 @- a ! $* $h $S %/%i %9 c; c 0 0 ; c 0 1 $K B0$9$k %* %V %8 %’ %/ %H $N B0@- a ) $N$_$G$" $k $+$i !$ I $H $7 $F !$ !J B-1 !K o i :a ! = o i +1 ; o i 2 � ( c 1 ) [ . . . [ � ( c n ) (1 � i � k ) ; o k +1 2 � ( c ) ; o k +1 :a ) = o 0 1 ; o 0 j :a ) = o 0 j +1 ; o 0 j 2 � ( c 0 0 ) [ � ( c 0 1 ) (1 � j � l ) ; o 0 l +1 2 � ( c 0 ) 30

� � ( c 0 0 ; is0) : return(self :a ) ) : � � � � ( c 0 1 ; is1) : return(self :a ) ) : � � � � ( c 0 ; is0) : lo op forev er ; � � � � ( c 0 ; is1) : lo op forev er ; � � � � ( c; is0) : return(self ) : � � � � ( c; is1) : return(self ) : � � ?^ 24 %a %=%C %I is0 $*$h $S is1 $N Dj5A � � ( c 0 0 ; isc 0 ) : lo op forev er ; � � � � ( c 0 1 ; isc 0 ) : lo op forev er ; � � � � ( c 0 ; isc 0 ) : return(self ) : � � � � ( c; isc 0 ) : return(self ) : � � ?^ 25 %a %=%C %I isc 0 $N Dj5A $N 7A $N $b $N $r9M $( $l $P ==J, $G$"$k ( K\J8 Cf $N?^ 16 ;2>H ) !% 0J 2<!$ %* %V%8%’%/ %H o i $N I=$9 8l $r w o i ; u o i !$ %* %V %8%’ %/ %H o 0 j $N I= $9 %" %k%U %! %Y %C %H$r x j $H =q $-!$ I $N 2< $G$N p ost( o 1 ) $N <B9T $K $D$$$F9M $( $k !% JdBj 9: $" $k l 0 ( l 0 � l ) $K BP $7 $F w o 1 . . . w o k = x l 0 . . . x 1 $, @.$jN)$D $J$i $P !$ m w ( o 1 ) $N <B9T $, Dd;_ $7 $F o 0 l 0 +1 $, JV$5 $l $k!%$= $& $G$J$$$H$- !$ m w ( o 1 ) $N <B9T $O Dd;_ $7 $J $$ !% [ >ZL@ ] >e $NJdBj $, @. $jN) $D $3 $H $r k $K 4X$9 $k5" G< K! $K$h$j>Z L@ $9 $k!% 0l HL @- $r<:$& $3$H$J $/ o 1 2 � ( c 1 ) $H 2>Dj$9$k!% [ 4p Dl CJ 3, ] k = 1 $H$9$k !% ( c 1 ; m w ) $NBh 1 J8 $* $h $S ( c; m w ) $NBh 1 J8 $K$h $j ( c 1 ; m w ) $NBh 1 J8 $N :8 JU y $NCM $O o 0 1 $H $J $j !$ Bh 2 J8 0J 9_ $G w o 1 = w 1 = x d 1 . . . x 1 $+$D d 1 � l $,@. $jN) $D $+ $I $& $+ $r!$ %a %= %C %I is0 ; is1 $rMQ $$ $FD4 $Y $k !% $3 $3 $G is0(is1) $O !$ o 0 2 � ( c 0 0 ( c 0 1 )) $r 0z?t$H $7 $F 8F $S =P$5 $l $?$H $- o 0 :a ) $r JV $7 !$ $= $& $G$J $$$H$- Dd;_ $7 $J $$ !% $7 $?$, $C $F !$ w o 1 = x d 1 . . . x 1 $, @.$jN) $D $H$- !$ m w ( o 1 ) $N <B9T $O o 0 d 1 +1 $r JV $7 !$ $= $& $G$J$$ $H$- Dd;_ $7 $J$$ !% [ 5"G<CJ3, ] k = s ( s � 1) $N$H$- @.$jN)$D $H 2>Dj$9$k!% 31 k = s + 1 $N $H $- !$ m w ( o 1 ) $G $O ( c 1 ; m w ) $N Bh 1 J8 $K $h $j o 2 $K BP $7 $F m w $, 8F $S =P $5 $l $k !%5"G< K!$N 2> Dj $h $j !$ $" $k r ( r � l ) $K BP $7 $F w o 2 . . . w o s +1 = x r . . . x 1 $, @. $jN)$D $H$- !$ $+ $D$=$N$H$-$N$_ !$ m w ( o 2 ) $N <B9T $, Dd;_ $7 !$ o 0 r +1 $, JV$5 $l $k !% $=$N8e!$ ( c 1 ; m w ) $N Bh 2 J80J9_ $G w o 1 = x r + d 1 . . . x r +1 $+ $D r + d 1 � l $, @.$jN)$D $+ $I $& $+$r %a %=%C %I is0 ; is1 $r MQ$$ $F D4 $Y $k!% $7 $? $, $C $F !$ m w ( o 1 ) $N<B9T $O w o 1 . . . w o s +1 = x r + d 1 . . . x 1 $, @. $jN) $D $H$- o 0 r + d 1 +1 $r JV $7 !$ $= $& $G$J$$$H$- Dd;_ $7 $J$$ !% 2 JdBj 9 $h$j !$ w o 1 . . . w o k = x l 0 . . . x 1 ( l 0 � l ) $, @.$j N)$D$H$- !$ $+ $D$=$N$H $- $N$_ !$ ( cl ( o 1 ) ; p ost) $N Bh 2 J8$N %a %=%C %I isc 0 $, o 0 l 0 +1 $r 0z?t $H $7 $F <B9T$5 $l $k!% JdBj 10: o 0 l 0 +1 = o 0 l +1 $N$H$- !$ $+$D$=$N$H$-$N$_ !$ isc 0 ( o 0 l 0 +1 ) $N <B9T $O Dd;_$9$k !% [ >ZL@ ] o 0 l 0 +1 6 = o 0 l +1 $N$H$- !$ o 0 l 0 +1 $N B0$9$k%/ %i %9 $K =>$C $F ( c 0 0 ; isc 0 ) $^$? $O ( c 0 1 ; isc 0 ) $N$$ $: $l$+ $, <B9T $5 $l $k $, !$ Dj 5A $h$j $$ $: $l $N >l9g $b isc 0 ( o 0 l 0 +1 ) $N <B9T $O Dd;_ $7 $J$$ !% 0lJ}!$ o 0 l 0 +1 = o 0 l +1 $N$H$- $O ( c 0 ; isc 0 ) $, <B9T $5 $l !$ isc 0 ( o 0 l 0 +1 ) $N <B9T $ODd;_$9$k!% 2 Jd Bj 9 !$ Jd Bj 10 $h $j w o 1 . . . w o k = x l . . . x 1 $N $H $- !$ $+$D $= $N $H $- $N $_!$ ( cl ( o 1 ) ; p ost) $NBh 3 J8 $,<B 9T $5 $l$k !% $^ $?!$ ( cl ( o 1 ) ; p ost) $NBh 3 J8 !$ Bh 4 J8 $K$D $$ $F $b!$ $= $l $> $lJd Bj 9 !$ Jd Bj 10 $HF1MM $NJdBj $, @. $jN) $D!% $7 $? $,$C $F !$ w o 1 . . . w o k = x l . . . x 1 = u o 1 . . . u o k $, @.$jN) $D $H$- !$ $+$D$=$N $H$- $N$_!$ ( cl ( o 1 ) ; p ost) $N Bh 5 J8 $N %a %=%C %I test $, 8F $S =P $5 $l !$7? %(%i!< $, 5/$3$k !% <! $K !$ %G !<%?%Y !< %9 %$ %s %9%? %s %9Cf $K JDO) $, B8 :_$9$k >l9g $K $D$$$F 9M $( $k !% S w ;u $N JDO)$r4^ $‘ %G !<%?%Y!< %9 %$ %s %9%? %s %9 $H $7 $F$O !$ 1. %* %V %8%’%/ %H o $+$i B0@- a ! $r 1 2s0J >e $? $I $C $F:F $S o $K E~C# $9$k $h$& $JJDO) $, B8:_$9$k 2. %* %V %8%’%/ %H o 0 $+$i B0@- a ) $r 1 2s0J >e $? $I $C $F:F $S o 0 $K E~C# $9$k $h $& $JJDO) $, B8:_$9$k $H$$$& 2 $D $N>l 9g $r9M $( $l $P ==J, $G $" $k $, !$ !J 1 !K $N >l 9g $O ( c i ; m w ) (1 � i � n ) $NBh 1 J8 $N m w $N8F =P $7$, =* N; $; $:!$ m w $N<B 9T $, Dd ;_ $7 $J$$ !% !J 2 !K $N >l 9g $O ( c i ; m w ) (1 � i � n ) Cf$N is0 ; is1 $N <B 9T $, L58B %k !< %W $H$J $k $+ !$$^ $? $O p ost Cf$N isc 0 $N <B9T $, L58B %k !< %W $H$J $k !% $7 $? $, $C$F !$ $$ $: $l $N >l9g$b7?%(%i!< $O 5/$3 $i$J$$ !% 32 w ; u $r F~NO $H$9$k P ost $N BP1~LdBj $N2r $, B8:_$9$k $H 2>Dj$9$k $H !$ !J B-1 !K $G I=$;$k w o 1 . . . w o k = u o 1 . . . u o k = x l . . . x 1 $, @.$jN)$D S w ;u $N %G !<%?%Y !< %9 %$ %s %9%? %s %9 I $, B8:_ $7 !$ I $N2< $G p ost( o 1 ) $r <B9T$9$k $H !$ ( cl ( o 1 ) ; p ost) $NBh 5 J8 $G test $, 8F $S =P$5 $l 7?%(%i!< $, 5/$3$k !% $7 $? $, $C$F !$ S w ;u $O 7?@09g@- $r ;}$? $J$$ !% 0l J}!$ S w ;u $, 7?@0 9g @- $r;} $? $J $$ $H2>Dj $9 $k $H!$ Dj 5A $h $j 7? %( %i !< $, 5/ $3$k 2D G= @- $, $"$k $N $O %a %= %C %I test $N $_ $G $" $k $+ $i!$ ( c i ; p ost) (1 � i � n ) $NBh 5 J8 $G test $, 8F $S =P$5 $l $k$h $& $J S w ;u $N %G !<%?%Y!< %9 %$ %s %9%? %s %9 $, B8:_ $7 !$ w o 1 . . . w o k = u o 1 . . . u o k $r K~ $?$9 o 1 ; . . . ; o k $, B8:_$9$k!% $7 $? $, $C $F !$ w ; u $r F~NO $H$9$k Post $N BP1~LdBj $N2r $, B8:_$9$k !% 0J>e$h$j !$DjM} 2 $, @.$jN)$D !% 33