( 1 ) 1 FC=8!|%W%m%0%i%_%s%0$*$h$S%W%m%0%i%_%s%08@8l Dc%l%Y%k8@8l$N$?$a$N>pJsN.2r@O$N7?%7%9%F%‘ >.NS D><y Gr:, 7DB@ %7 %9 %F %‘ %= %U %H %&%’ %" $J $I $, 07 $& %G!< %? $K $O!$ %Q %9 %o!< %I >p Js $N $h $& $K FC Dj $N <T $K $7 $+ O3 $i $7 $F $O $J $i $J $$5!L)>pJs$,4^$^$l$F$$$k$3$H$,$"$k$,!$%W%m%0%i%‘$, 8m$C $F 5- =R $5 $l $F $$ $l $P $= $N >p Js $, Bh 3 <T $K O3 $l $F $7 $^$&!%$=$N$h$&$J8m$j$r@EE*$K8!=P$9$k$?$a!$>pJsN.2r @O$H8F$P$l$k%W%m%0%i%‘2r@O$,<jB3$-7?8@8l!$4X?t7?8@ 8l$J$I$rBP>]$H$7$F8&5f$5$l$F$-$?!%K\8&5f$NL\E*$O!$ %"%;%s%V%j8@8l$d2>A[5!3#8@8l$J$I$NDc%l%Y%k8@8l$N$? $a$N>pJsN.2r@O$N<jK!$r3NN)$7!$%=!<%9%W%m%0%i%‘$,B8 :_$7$J$$%3!<%I$N>pJsN.2r@O$r2DG=$H$9$k$3$H$G$"$k!% K\ O@ J8 $G $O $= $N Bh 0l Jb $H $7 $F!$ Ja v a $N 2> A[ 5! 3# 8@ 8l $N It J, 8@ 8l $K BP $9 $k >p Js N. 2r @O <j K! $r!$ Stata $H Abadi $N%P%$%H%3!<%I8!>Z$N$?$a$N7?%7%9%F%‘$N3HD%$H$7$FDs 0F$9$k!% 1 =x O@ %W%m%0%i%‘$OMM!9$JFbIt%G!<%?$r=hM}$9$k$,!$$=$NCf $K $O %Q %9 %o!< %I $N $h $& $K Bh 3 <T $K O3 $i $7 $F $O $J $i $J $$ 5!L)%G!<%?$,4^$^$l$F$$$k>l9g$,$"$k!%DL>o!$$=$N$h$& $J>l9g$K$O%W%m%0%i%‘$N<B9T8"8B$r@)8B$9$k$3$H$K$h$C $F5!L)%G!<%?$,O3$l$k!J$"$k$$$O2~cb$5$l$k!K$3$H$rKI $0$,!$%W%m%0%i%‘$=$N$b$N$K8m$j$,$"$k>l9g$K$O$3$NBP :v$@$1$G$OIT==J,$G$"$k!%Nc$($P!$%Q%9%o!<%I$r99?7$9 $k%W%m%0%i%‘$,4V0c$C$F$*$j!$JQ997k2L$rC/$K$G$bFI$a $k%U%!%$%k$K=q$-9~$s$G$7$^$($P!$$=$N%W%m%0%i%‘$N<B 9T8"8B$r4IM}<T$N$_$K@)8B$7$F$b%Q%9%o!<%I>pJs$NO31L Naoki Koba y ashi, El5~9)6HBg3X >pJsM}9)3X8&5f2J Keita Shirane, El5~9)6HBg3X >pJsM}9)3X8&5f2J $rKI$0$3$H$O$G$-$J$$!% >e 5- $N $h $& $J Ld Bj $r 2r 7h $9 $k $? $a!$ %W %m %0 %i %‘ $N <B 9T A0 $K $= $N %W %m %0 %i %‘ $, 5! L) >p Js $r 30 It $K O3 $i $5 $J $$ $+ $r 8! :: $9 $k!$ >p Js N. 2r @O ( information ow analy- sis ) $H8F$P$l $k@EE*%W%m%0%i%‘ 2r@O$,Ds0F!$8&5f $5$l$F $- $? [3, 4, 12, 17, 21] !% $3 $l $i $O!$ %Q %9 %o!< %I $J $I 5! L) @-$N9b$$%G!<%?$N>pJs$,$I$N$h$&$KEAGE$9$k$+$r2r@O$9 $k!%Nc$($P non se cr et := if p asswd < s then 1 else 2 $H $$ $& Be F~ J8 !J p asswd $O %Q %9 %o!< %I J8 ;z Ns , s $O J8 ;z Ns!$ 2 9‘ 1i ;; ;R < $O J8 ;z Ns $N <- =q <0 =g =x $G $N Hf 3S $H $9 $k!K$G$O!$Be F~$5$l$kCM $rFI$‘$3$H$K $h$j p asswd $N >p Js $N 0l It $, J, $+ $k $N $G!$ p asswd $N >p Js $, non se cr et $H$$$&JQ?t$KEAGE$7$F$$$k!JN.$l$F$$$k!K$H$_$J$9 y 1 !% non se cr et $, C/ $G $b FI $‘ $3 $H $, $G $- $k JQ ?t $G $" $l $P >p JsO3$($$$N2DG=@-$,$"$k$H$7$F>pJsN.2r@O$K$h$C$F5q@d !J$"$k$$$O7Y9p!K$5$l$k!%<B:]!$>e$NJ8$,30It$+$i8F$S =P $9 $3 $H $N $G $- $k <j B3 $- $N 0l It $G $" $j!$ s $, $= $N <j B3 $-$N0z?t$G$"$k>l9g$K$O!$$=$N<jB3$-$rJ#?t2s8F$S=P$9 $3$H$K$h$C $F4JC1$K p asswd $NCM$rCN $k$3$H$,$G$- $k!% !J$J $*!$ >e $N 4p =‘ $G $O login %W %m %0 %i %‘ $J $I $b login $, @.8y$7$?$+$K$h$C$F%Q%9%o!<%I$N>pJs$N0lIt$,O3$l$k$N $G!$>p JsO3 $($$ $N2DG= @-$, $"$k $HH= CG$5$l $k!% login $J $I $, 0B A4 $G $" $k $+ $r H= CG $9 $k $K $O 3N N( E* $J 5D O@ [20] $, I,MW$K$J$k$,!$$3$3$G$O07$o$J$$!%=>$C$F!$K\O@J8$GDs y 1 %G!<%?%U%m!< 2r@O [14] $H$O0[$J$k $3$H$KCm0U$5$l$? $$!% >e $N J8 $G $O p assswd $= $N $b $N $, Be F~ $5 $l $F $$ $k $o $1 $G $O $J $$ $N $G!$ p assswd $+ $i non se cr et $X $N !J%G!< %? %U%m!<2r@O$NDj5A>e$O!K%G!<%?$NN.$l$O$J$$!%

2 %3%s%T%e!<%?%=%U%H%&%’%" ( 2 ) 0F$9 $k2r @O$G$O B>$N B?$/ $N2r@O F1MM!$ login %W %m%0%i %‘ $b5q@d$^$?$O7Y9p$NBP>]$H$J$k!%!K >e5-$N$h$&$J>pJsN.2r@O$N<jK!$O!$$3$l$^$G<g$K<jB3 $-7?8@8l$d4X?t7?8@8l$J$IHf3SE*9b%l%Y%k$J8@8l$KBP$7 $F Ds 0F $5 $l $F $- $?!% Nc $( $P Denning [3] $d V olpano $i [21] $O if J8 $H while J8!$ Be F~ J8 $J $I $+ $i $J $k <j B3 $- 7? 8@ 8l $K BP $9 $k >p Js N. 2r @O $N <j K! $r Ds 0F $7 $?!% Hein tze $H Riec k e [4] $O � 7W ;; $K BP $9 $k >p Js N. 2r @O $N $? $a $N 7? %7 %9 %F %‘ $r Ds 0F $7 $?!% $^ $?!$ Smith $H V olpano [17] $d K\ ED $i [5, 6] $K $h$C $F!$ JB 9T 8@ 8l $K BP $9 $k >p Js N. 2r @O <j K!$b8&5f$5$l$F$$$k!% K\ 8& 5f $G $O!$ Ja v a $N 2> A[ 5! 3# 8@ 8l $J $I $N $h $j Dc %l %Y %k$J8@8l$N$?$a$N!$7?%7%9%F%‘$K4p$E$/>pJsN.2r@O$N<j K!$rDs0F$7!$$=$N@5$7$5$r>ZL@$9$k!%K\<jK!$K$h$j!$%i %$%V%i%j$J$I%=!<%9%W%m%0%i%‘$,B8:_$7$J$$%3!<%I$KBP $9$k>pJsN.2r@O$,2DG=$H$J$k!%K\<A$rL@3N$K$9$k$?$a!$ BP >] 8@ 8l $H $7 $F Ja v a $N 2> A[ 5! 3# 8@ 8l $r C1 =c 2= $7 $? 8@ 8l $rMQ$$$k!%0J2<$G$O2f!9$N>pJsN.2r@O$N%"%$%G%"$K$D$$ $F4JC1$K@bL@$9$k!% K\ O@ J8 $G Ds 0F $9 $k >p Js N. 2r @O <j K! $N 4p K\ E* $J OH AH $_ $O!$ V olpano $i [21] $N <j K! $d Hein tze $H Riec k e [4] $N <j K! $H F1 $8 $/!$ 7? %7 %9 %F %‘ $K 4p $E $/ $b $N $G $" $k!% 7? %7 %9 %F %‘ $K 4p $E $/ >p Js N. 2r @O $N %" %$ %G %" $O!$ J8 ;z Ns!& @0 ?t$J$I%G!<%?$N<oN‘$rI=$9DL>o$N7?$K!$%G!<%?$N5!L)EY !J%;%-%e%j%F%#%l%Y%k!K$rI=$9>pJs$rIU2C$9$k$3$H$G$" $k!% Nc $( $P @0 ?t $N 7? In t $O!$ !V5! L) EY $N 9b $$ @0 ?t!W $N 7? In t H !$ !V5! L) EY $N Dc $$ @0 ?t!W $N 7? In t L !$ $K $o $1 $k $3$H$,$G$-$k!%$3$N$h$&$J7?$N35G0$N3HD%$K$"$o$;$F7? $D $1 5, B’ $r JQ 99 $G $- $k y 2 !% Nc $( $P if <0 $N DL >o $N 7? $D $1 5,B’$O � ‘ b : Bo ol � ‘ e 1 : � � ‘ e 2 : � � ‘ if b then e 1 else e 2 : � $G$"$k!J Bo ol $O%V!<%kCM$N7?!$ � $OG$0U$N7?$rI=$9%a %? JQ ?t!$ � $O 3F <+ M3 JQ ?t $K $I $N $h $& $J 7? $N CM $, 3J G< $5 $l$F$$$k$+$rI=$97?4D6-$H$9$k!K$,!$>pJsN.2r@O$N$?$a y 2 0J 2< $G $O 7? %7 %9 %F %‘ $K 4X $9 $k $" $k Dx EY $N CN <1 $r 2> Dj $9 $k!% Fk @w $_ $N $J $$ FI <T $O K\ CJ Mn $N ;D $j $N It J, $r FI $_ Ht $P $7$F$b$+$^$o$J$$!% $N7?%7%9%F%‘$G$O � ‘ b : Bo ol � 1 � ‘ e 1 : � � 2 � ‘ e 2 : � � 3 � 1 ; � 2 ; � 3 v � 4 � ‘ if b then e 1 else e 2 : � � 4 $H $J $k!% $3 $3 $G!$ � � $O 5! L) EY $, � $N %G!< %? $N 7? $r I= $9!% � 1 ; � 2 ; � 3 v � 4 $O if <0$NCM$N5!L)EY$, e 1 $*$h$S e 2 It$NCM$N5!L)EY$N$_$J $i$:!$J,4t$KMQ$$$k%V!<%k<0 b $N CM $N 5! L) EY $H F1 Ey $+ $= $l 0J >e $G $J $1 $l $P $J $i $J $$ $3 $H $rI=$9!%0J>e$N$h$&$K$7$F!$!V7?$D$1$G$-$k%W%m%0%i%‘ $O5!L)>pJs$rO3$i$9$3$H$O$J$$!W$H$$$&@-<A$rK~$?$97? %7%9%F%‘$r9=C[$9$k$3$H$,$G$-$k!%$3$l$K$h$j!$>pJsN. 2r@O$NLdBj$O7?H=Dj$"$k$$$O7??dO@$NLdBj$X$H5"Ce$5$l $k!% K\ O@ J8 $G Ds 0F $9 $k Dc %l %Y %k 8@ 8l $N $? $a $N >p Js N. 2r @O $, $3 $l $^ $G $K Ds 0F $5 $l $F $- $? 9b %l %Y %k 8@ 8l $N $? $a $N >p Js N. 2r @O $N >l 9g $H Hf 3S $7 $F :$ Fq $J E@ $H $7 $F $O!$ Dc %l %Y %k8@8l$G$O!J#1!KF1$8JQ?t!J%l%8%9%?!K$K%W%m%0%i%‘$N >l =j $K $h$C $F 0[ $J $k 7? $d 5! L) EY $r ;} $D CM $, 3J G< $5 $l $k $3 $H !J#2!K if J8 $J $I $N J, 4t L? Na $, 9= B$ 2= $5 $l $F $$ $J $$ $3$H!$ $,$" $2$i $l$k!% !J#1!K$N LdBj $K$D $$$F $O!$ Stata $H Abadi $N %P %$ %H %3!< %I 8! >Z $N $? $a $N 7? %7 %9 %F %‘ [18] $K $J $i $$!$ 3F JQ ?t $K %W %m %0 %i %‘ $N 3F >l =j !JL? Na %" %I %l %9!K $4 $H $K 0[ $J $k 7? $r 3d $j Ev $F $k $3 $H $K $h$C $F 2r 7h $9 $k!%!J#2!K$NLdBj$rM}2r$9$k$?$a$K:F$S if <0 if b then e 1 else e 2 $r 9M $( $k!% goto J8 $N $h $& $J Bg 0h C& =P $, $J $$ >l 9g $K $O!$ J, 4t $K MQ $$ $k <0 b $N CM $N >p Js $, D> @\ EA GE $9 $k $N $O if <0 A4 BN $* $h $S e 1 , e 2 $G Be F~ $5 $l $k JQ ?t $G $" $k!% $H $3 $m $,!$ goto J8 $, $" $k >l 9g!$ b $N CM $N >p Js $, EA GE $9 $k HO 0O $, <+ L@ $G $O $J $$!% Nc $( $P <! $N $h $& $J %W %m %0 %i %‘ $r 9M $( $k!% 1 : x := 0; 2 : x := x + 1; 3 : if b goto 2; 4 : � � � $3 $3 $G!$ :8 $N Ns $O 9T HV 9f $r I= $7!$ 3 9T L\ $N L? Na $O b $, ?? $J $i 2 9T L\ $X Ht $S!$ $= $& $G $J $1 $l $P 4 9T L\ $X ?J $‘ L? Na $H $9 $k!% $3 $N >l 9g!$ b $N >p Js $O 2 9T L\ $G Be F~ $5 $l $k JQ ?t x $K $b EA GE $9 $k $H 9M $( $J $1 $l $P $J $i $J $$ !J x $N CM $K $h$C $F 2 9T L\ $, 2? 2s <B 9T $5 $l $? $+ $, $o $+ $j!$ $= $l $K

( 3 ) V ol. 0 No. 0 1983 3 $h$C$F b $NCM$N>pJs$,$o$+ $k$?$a!K!%K\O@J8$G$O!$$3$N $h$&$JJ,4t>pJs$,EAGE$9$kHO0O$r!VJ,4t$7$?8e$N:G=i$N 9g N. E@ y 3 $K ;j $k $^ $G $K DL 2a $9 $k HO 0O!W $H $9 $l $P $h $$ $3 $H$r<($7!$$=$N@5$7$5$N>ZL@$N35N,$rM?$($k$H$H$b$K!$ $=$NHO0O$r5a$a$k$?$a$N%"%k%4%j%:%‘$bM?$($k!% K\8&5f$N?75,@-$O!$BP>]8@8l$,Dc%l%Y%k8@8l$G$"$k$3 $H $K 2C $(!$ DL >o $h $j $b 6/ $$ 0U L# $G $N @5 $7 $5 $r J] >Z $9 $k E@$K$"$k!%>pJsN.2r@O$N@5$7$5$N4p=‘$H$7$F$O!$DL>o!$ !V5!L)EY$NDc$$=PNO%G!<%?$O5!L)EY$N9b$$%G!<%?$N>pJs $K0MB8$7$J$$!J$7$?$,$C$F5!L)EY$NDc$$=PNO%G!<%?$+$i 5! L) EY $N 9b $$ %G!< %? $N >p Js $r ?d B, $G $- $J $$!K!W $3 $H $r I= $9 Hs 43 >D @- !J non-in terference !K [4, 21] $, MQ $$ $i $l $k!%$7$+$7$J$,$i!$$3$N@-<A$,@.$jN)$C$F$b!$<B9T;~4V $N>pJs$+$i5!L)EY$N9b$$%G!<%?$N>pJsO3$l$,5/$3$k2DG= @- $, $" $k!% Nc $( $P long c omputation $, D9 $$ 7W ;; ;~ 4V $r MW $7 $? 8e 1 $r JV $9 <0 $G $" $k $H $7!$ <! $N $h $& $J <0 $r 9M $($k!% if b then long c omputation else 1 $3 $N <0 $N <B 9T 7k 2L $, 1 $G $" $k $3 $H $, $o $+$C $F $b b $N CM $rCN$k$3$H$O$G$-$J$$ $,!$<B9T;~4V$,J,$+$l$P b $NCM$r ?dB,$9$k$3$H$,$G$-$k!%K\O@J8$N>pJsN.2r@O$N7?%7%9%F %‘$G$O!$$3$N$h$&$J<B9T;~4V$+$i$N>pJsO3$l$bKI$0$3$H $,$G$-$k!%<B9T;~4V$+$i$N>pJsO3$l$rKI$0J}K!$H$7$F!$ 9b %l %Y %k 8@ 8l $K $D $$ $F $O Agat [2] $K $h$C $F %W %m %0 %i %‘ JQ49$rMQ$$$k<jK!$,Ds0F$5$l$F$$$k$,!$K\O@J8$N<jK!$O %W%m%0%i%‘JQ49$NI,MW$O$J$/!$$h$j4J7i$G$"$k!% K\ O@ J8 $N 0J 2< $N 9= @. $O <! $N DL $j $G $" $k!% 2 @a $G BP >] 8@ 8l$r F3 F~$9 $k!% 3 @a $K$* $$ $F!$7? %7 %9%F %‘ $rDj 5A $7!$ 4 @a $G 7? ?d O@ %" %k %4 %j %: %‘ $r @b L@ $9 $k!% 5 @a $G $O K\ 8& 5f $N <j K! $N BE Ev @- $K $D $$ $F O@ $8 $k!% 6 @a $G 4X O" 8& 5f $K ?( $l!$ 7 @a$G7kO@$r=R$Y$k . 2 BP>]8@8l BL K\ O@ J8 $N >p Js N. 2r @O $N BP >] 8@ 8l $H $7 $F MQ $$ $k BL $r Dj 5A $9 $k!% BL $O Ja v a $N 2> A[ 5! 3# 8@ 8l $+ $i %* %V %8%’ %/ %H$d$=$N%a%=%C%I$N8F$S=P$7!$%5%V%k!<%A%s$J$I$r<h$j y 3 :G E, 2= %3 %s %Q %$ %i $J $I $G MQ $$ $i $l $F $$ $k imme diate forwar d dominators [11] !J$"$k$$$O immediate p ost- dominators !K $K 6a $$ 35 G0 $@ $,!$ <c 43 Dj 5A $, 0[ $J $k!% >\ $7$/$O8e=R$r;2>H!% =|$$$FC1=c2=$7$?8@8l$G$"$k!%C1=c2=$7$?8@8l$rMQ$$$k $N$O!$Ds0F$9$k2r@O<jK!$NK\<A$r$o$+$j$d$9$/$9$k$?$a $G$"$j!$K\O@J8$N<jK!$r%*%V%8%’%/%H$d%a%=%C%I8F$S=P $7$J$I$r4^$a$?8@8l$K3HD%$9$k$3$H$OFq$7$/$J$$!% BL $N %W %m %0 %i %‘ $O Ja v a $N %P %$ %H %3!< %I F1 MM!$ 2> A[ 5!3#$rA‘:n$9$kL?NaNs$+$i$J$k!%2>A[5!3#$O%*%Z%i%s%I %9%?%C%/$H6I=jJQ?tNN0h$+$i9=@.$5$l$F$*$j!$3FL?Na$O %9%?%C%/>e$N%G!<%?$K4X$9$k1i;;$d%9%?%C%/$H6I=jJQ?t NN0h$N4V$G$N%G!<%?$N0\F0$r9T$&!%A‘:n$9$k%G!<%?$H$7 $F$O@0?t$N$_$r9M$($k!% K\ @a$G $O 2.1 @a$K $*$$ $F BL $N 9=J8 $rDj 5A $7!$ 2.2 @a $K$*$$$F BL $NA‘:nE*0UL#$r<($9!% 2.1 9= J8 0J2<$G$O!$<+A3?t$N=89g$N2D;;ItJ,=89g$H$7$F!$L?Na %" %I %l %9 !J0J 2< C1 $K %" %I %l %9 $H 8F $V!K $N =8 9g Adr !$ 6I =jJQ?t L>$N=89g L V ar !$%9%?%C%/%" %I%l%9$N =89g SV ar $NB8:_$r2>Dj$9$k!% Dj5A 2.1 BL $N L? Na I $N 9= J8 $O 0J 2< $K $h$C $F Dj 5A $5 $l $k!% I ::= inc j p op j push0 j load x j store x j if l j goto l j return $?$@$7%a%?JQ?t l ; x $O$=$l$>$lL?Na%"%I%l%9!$6I=jJQ?t L>$rI=$9%a%?JQ?t$G$"$k!%L?Na$N=89g$r I $H=q$/!% 3FL?Na $N0UL#$O <!$NDL$j!% inc $O%9 %?%C%/$N%H%C %W$N CM !J@0 ?t!K $r 1 A} $d $9!% p op $O!$ %9 %?%C %/ $N %H%C %W $+ $i CM $r <h $j =P $9!% push0 $O!$ %9 %?%C %/ $N %H%C %W $K @0 ?t 0 $r $N $; $k!% load x $O!$ 6I =j JQ ?t !J0J 2< JQ ?t $H 8F $V!K x $N CM $r %9 %?%C %/ $N %H%C %W $K $N $; $k!% store x $O!$ %9 %?%C %/ $N %H%C %W $+ $i CM $r <h $j =P $7!$ $= $N CM $r JQ ?t x $K 3JG< $9$k!% if l $O!$%9 %?%C%/$N %H%C%W$N CM$r<h $j=P$7!$ $= $N CM $, @0 ?t 0 $J $i <! $N %" %I %l %9 $X!$ $= $l 0J 30 $N @0 ?t $J $i!$ %" %I %l %9 l $K $H $V!% goto l $O!$ %" %I %l %9 l $K $H $V!% return $O!$ %9 %?%C %/ $N %H%C %W $N CM $r <h $j =P $7!$ $= $NCM$rJV$jCM$H$7$F%a%=%C%I$r=*N;$9$k!%87L)$JA‘:nE* 0U L# $O Stata $H Abadi $N 7? %7 %9 %F %‘ [18] $N BP >] 8@ 8l $H F1MM$KDj5A$G$-$k!% Dj5A 2.2 %; %-%e %j %F%# %l %Y %k $H $O L $^ $? $O H $G $" $k!%%;%-%e%j%F%#%l%Y%k$N4V$N 2 9‘4X78 v $O L v H $r K~$?$9A4=g=x4X78$G$"$k!%

4 %3%s%T%e!<%?%=%U%H%&%’%" ( 4 ) %; %-%e %j %F%# %l %Y %k $r I= $9 %a %? JQ ?t $H $7 $F � $r MQ $$ $k!% H $O %G!< %? $N 5! L) EY $, 9b $$ !JFC Dj $N <T $K $7 $+ CN $i $l $F $O $J $i $J $$!K $3 $H $r!$ L $O %G!< %? $N 5! L) EY $, Dc $$ $3 $H $r I= $9!% K\ O@ J8 $G 2 $D $N %; %-%e %j %F%# %l %Y %k $N $_ $r9M$($k$N$OC1=c2=$N$?$a$G$"$j!$0lHL$K$OG$0U$NB+$r 9M$($k$3$H$,$G$-$k [3] !% %;%-%e%j%F%#%l%Y%k$K4X$9$k 2 9‘1i;;;R t $r � 1 t � 2 = ( � 1 if � 2 v � 1 � 2 $=$NB>$N>l9g $K$h$C$FDj5A$9$k!# Dj5A 2.3 %a %=%C %I K\ BN $H $O!$ Adr $N M- 8B It J, =8 9g $+ $i I $X $N 4X ?t $G $" $j!$ %a %? JQ ?t B $r MQ $$ $F I= $9!% %a %=%C%I $H$O!$%;%-%e%j%F%#%l%Y%k$NAH$H%a%=%C%IK\BN$N AH (( � 1 ; !D ; � n ; � r ) ; B ) $G$"$j!$%a%?JQ?t M $rMQ$$$F I=$9!% %a %=%C %I Cf $N %; %-%e %j %F%# %l %Y %k $N AH ( � 1 ; !D ; � n ; � r ) $O!$0z?t$N8D?t$, n 8D$G!$!J6I=jJQ?t i $K3JG<$5$l$k!K i HV L\ $N 0z ?t $N %; %-%e %j %F%# %l %Y %k $, � i $G $" $j!$ JV $j CM $N CM $N %; %-%e %j %F%# %l %Y %k $, � r $G $" $k $3 $H $r I= $9!% � r = H $G $" $k >l 9g $K $O!$ L 0J 2< $N %; %-%e %j %F%# %l %Y %k$N%G!<%?$7$+FI$‘$3$H$N5v$5$l$J$$<T$K$O%a%=%C%I$N <B9T$,=*N;$7$?$+$I$&$+$N>pJs$b1#$9$H2>Dj$9$k y 4 !% Nc $( $P!$ %a %=%C %I (( H ; L ; L ) ; B ) $O 1 HV L\ $N 0z ?t $H $7 $F 5! L) EY $N 9b $$ %G!< %? $r!$ 2 HV L\ $N %G!< %? $H $7 $F 5! L)EY$NDc$$%G!<%?$r<u$1<h$j!$5!L)EY$NDc$$%G!<%?$rJV $9 %a %=%C %I $r I= $9!% !J=>$C $F!$ $3 $N %a %=%C %I $O 1 HV L\ $N0z?t$NCM$N>pJs$,4^$^$l$kCM$rJV$jCM$H$7$FJV$9$3$H $O $J $$!%!K K\ O@ J8 $G $O %W %m %0 %i %‘ $H $7 $F $? $@ 1 $D $N %a %=%C%I$N$_$+$i$J$k$b$N$r9M$($k!%$7$?$,$C$F%a%=%C%I $H%W%m%0%i%‘$H$rF10l;k$9$k!% Nc 2.1 ?^ 1 $N%a%=%C%IK\BN B $r$b$D%a%=%C%I (( H ; L ) ; B ) $r 9M $( $k!%%" %I %l %9 2 $K $* $$ $F $O!$ 0z ?t 1 $N CM $, 0 $G $" $k $+ $I $& $+ $r H= Dj $7!$ 0 $J $i $P %" %I %l %9 3 !A 4 $K $* $$ $F JQ ?t 2 $K @0 ?t 0 $r 3J G< $7!$ 0 $G $J $1 $l $P %" %I %l %9 6 !A 8 $K $* $$ $F JQ ?t 2 $K 1 $r 3J G< $9 $k!% %" %I %l %9 11 $G JQ ?t 2 $K 3J G< $5 $l $F $$ $k CM $r JV $j CM $H $7 $F $$ $k $N $G!$ JV $jCM $r FI$‘ $3$H $K $h$C$F!$ 0z ?t$N >pJs !J 0 $G $"$k $+ $I y 4 %a %=%C%I $N <B9T $, =*N; $7 $?$+ $I $&$+ $N >pJs $r 8x3+ $9 $k$N $G$" $l$P!$%;%-%e%j %F%#%l%Y%k L $NCM $7$+J,4t $KMQ$$$k $3 $H $, $G $- $J $$ $h $& $K 3 @a $N 7? %7 %9 %F %‘ $r JQ 99 $9 $k I, MW $,$"$k!% l B ( l ) @bL@ 1 load 1 0z?t 1 $NCM$r%m!<%I 2 if 6 %m!<%I$7$?CM$, 0 $G$J$$;~ %"%I%l%9 6 $XJ,4t 3 push0 0 $r%9%?%C%/$K%W%C%7%e 4 store 2 0 $rJQ?t 2 $K3JG< 5 goto 10 %"%I%l%9 10 $X$H$V 6 push0 0 $r%9%?%C%/$K%W%C%7%e 7 inc %W%C%7%e$7$? 0 $r 1 A}$d$9 8 store 2 1 $rJQ?t 2 $K3JG< 9 goto 10 %"%I%l%9 10 $X$H$V 10 load 2 JQ?t 2 $NCM$r%m!<%I 11 return %m!<%I$7$?CM$rJV$7!$ %a%=%C%I$N<B9T=*N; ?^ 1 %a%=%C%IK\BN$NNc $&$+!K$,J,$+$k!%$H$3$m$,0z?t$N%;%-%e%j%F%#%l%Y%k$, H !$ JV $j CM $N %; %-%e %j %F%# %l %Y %k $, L $J $N $G!$ >e $N %a %=%C%I$O!JHkL)$N>pJs$rO3$i$7$F$$$k$H$$$&E@$G!K8m$j $G $" $k!% 0l J}!$ B $r >e $N %a %=%C %I K\ BN $H $7 $F!$ %a %=%C %I (( H ; H ) ; B ) $* $h$S (( L ; L ) ; B ) $O @5$7 $$%W %m%0 %i%‘ $G $" $k!% 3 @a $G $O!$ $3 $N $h $& $J >p Js $N O3 1L $N 4Q E@ $+ $i %W%m%0%i%‘$,@5$7$$$+$I$&$+$rH=Dj$9$k$?$a$N7?%7%9%F %‘$rDs0F$9$k!% 5-K! 2.1 0J 2<$G$O!$ =89g S 1 $+ $i=8 9g S 2 $X$N ItJ, 4X?t $N =8 9g $r A * B $H =q $-!$ 4X ?t f $N Dj 5A 0h $r dom ( f ) $H =q $/!% $^ $?!$ 4X ?t f $N Dj 5A 0h $+ $i x $r <h $j =| $$ $F F@ $i $l $k 4X ?t $r f n x $H =q $-!$ Dj 5A 0h $, 6u =8 9g $G $" $k 4X ?t $r ; $H =q $/!% f f x 7! v g $O!$ 0J 2< $K $h$C $F Dj 5A $5 $l $k 4X?t$rI=$9!% dom ( f f x 7! v g ) = dom ( f ) [ f x g ( f f x 7! v g )( y ) = ( v y = x $N$H$- f ( y ) $=$l0J30$N$H$- 2.2 A‘ :n E* 0U L# %a%=%C %I$N <B9T >uBV $rL? Na%" %I%l %9 p c 2 Adr , 6I =j JQ ?t L>$N M- 8B =8 9g $+$i <+ A3 ?t $N =8 9g Nat $X$N <L A| f 2 L V ar * Nat , %9 %?%C%/ %" %I %l%9 $N It J,=8 9g f i j 0 � i < n g $+ $i Nat $X $N <L A| s 2 SV ar * Nat $N AH ( p c ; f ; s ) $H $7 $F I= $9!% p c $O 8= :_ <B 9T $7 $h $& $H $7 $F

( 5 ) V ol. 0 No. 0 1983 5 $$ $kL? Na %"%I %l %9 $r!$ f ( x ) $O6I =j JQ?t x $K 3J G< $5$l $F $$ $k CM $r!$ s ( i ) $O %9 %?%C %/ $N i HV L\ $K 3J G< $5 $l $F $$ $k CM $r I= $9!% 0J 2< $G $O!$ p c $r %W %m %0 %i %‘ %+ %& %s %? !$ f $r 6I =j JQ ?t $N >u BV !J$" $k $$ $O 4D 6- !K!$ s $r %9 %?%C %/ $N >u BV !J$"$k$$$OC1$K %9%?%C%/ !K!$$H8F$V!% <B9T$N 1 %9%F%C%W$rI=$94X78 ( p c ; f ; s ) � ! B ( p c 0 ; f 0 ; s 0 ) $r ?^ 2 $N5, B’ $K$h$C $F Dj5A $9 $k!%$3 $l $O!$%W %m %0%i %‘ %+ %& %s %? $, p c !$ 4D 6- $, f !$ %9 %?%C %/ $, s $N $H $-!$ %" %I %l %9 p c $NL?Na B ( p c ) $r<B9T$9 $k$H!$%W%m%0%i%‘%+%&%s%? $, p c 0 !$ 4D 6- $, f 0 !$ %9 %?%C %/ $, s 0 $H $J $k $3 $H $r I= $9!% ?^Cf $N v � s $O!$ ( v � s )(0) = v ; ( v � s )( n + 1) = s ( n ) $K$h$C$FDj5A$5$l$k%9%?%C%/$rI=$9!%5,B’$K$OI=$5$l$F $$ $J $$ $,!$ return L? Na $, <B 9T $5 $l $? ;~ $K $O!$ %9 %?%C %/ $N%H%C%W$NCM$,7k2L$H$7$FJV$5$l!$;D$j$N%9%?%C%/$d6I =jJQ?tCf$NCM$O<N$F$i$l$F30It$KO3$l$J$$$b$N$H$9$k!% � ! B $N H? <ME* ?d 0\E* JD Jq $r � ! � B $H =q$/!% $^ $?!$ n %9 %F%C %W $N <B 9T $r I= $9 4X 78 � ! n B $r 0J 2< $N 5, B’ $K $h$C $F5"G<E*$KDj5A$9$k!% ( p c ; f ; s ) � ! 0 B ( p c ; f ; s ) ( p c ; f ; s ) � ! B ( p c 00 ; f 00 ; s 00 ) ( p c 00 ; f 00 ; s 00 ) � ! n B ( p c 0 ; f 0 ; s 0 ) ( p c ; f ; s ) � ! n +1 B ( p c 0 ; f 0 ; s 0 ) $5$i$K!$ n 0J2<$N$"$k<+A3?t i $K$D$$$F ( p c ; f ; s ) � ! i B ( p c 0 ; f 0 ; s 0 ) $,@.$jN)$D$H$-!$ ( p c ; f ; s ) � ! � n B ( p c 0 ; f 0 ; s 0 ) $H=q$/!% 3 7? %7 %9 %F %‘ K\@a$G$O!$%W%m%0%i%‘$,HkL)$N>pJs$rO3$i$7$F$$$J$$ $+$rH=Dj$9$k$?$a$N7?%7%9%F%‘$rM?$($k!%2f!9$N7?%7%9 %F%‘$G@5$7$/7?$D$1$G$-$k%W%m%0%i%‘$O>pJsO31L$r$7$J $$$3$H$,J]>Z$5$l$k!% 1 @a $G =R $Y $? $h $& $K!$ 2f!9 $N 7? %7 %9 %F %‘ $N 4p K\ E* $J %" %$ %G %" $O!$ DL >o $N 7? $K %G!< %? $N 5! L) EY $r I= $9 >p Js !J%;%-%e%j%F%#%l%Y%k!K$r2C$($F3HD%$9$k$3$H$G$"$k!% Stata $H Abadi $N 7? %7 %9 %F %‘ [18] $K $J $i $$!$ %W %m %0 %i %‘ $N 3F L? Na %" %I %l %9 $4 $H $K!$ $= $N L? Na $r <B 9T $9 $k ;~ $K %9 %?%C %/ $* $h $S 6I =j JQ ?t $K 3J G< $5 $l $F $$ $k %G!< %? $N 7? $r IT @0 9g $J $/ 3d $j Ev $F $k $3 $H $, $G $- $k $+ $I $& $+ $r H= Dj $9 $k!% $? $@ $7!$ 2f!9 $N 7? %7 %9 %F %‘ $K $* $$ $F $O!$ !JB> $N >p Js N. 2r @O $N $? $a $N 7? %7 %9 %F %‘ [15, 21, 22] $H F1 MM $K!K 3F L? Na %" %I %l %9 $K !V$= $N %" %I %l %9 $N L? Na $r <B 9T $7 $? $+ $I $& $+ $N >p Js $, O3 $l $F $b $h $$ $+!W $r I= $9 %; %-%e %j %F%# %l %Y %k $b 3d $j Ev $F $k!% Nc $( $P Nc 2.1 $G $O!$ %"%I %l %9 6 $r <B9T $7$? $3$H$, J,$+ $k$H!$%" %I%l %9 2 $G8! ::$7$? 0z?t 1 $NCM $, 0 $G$J $$$3 $H$,J, $+$C$F $7$^ $&$N$G!$ %"%I %l%9 6 $N %; %-%e %j %F%# %l %Y %k $H $7 $F H $r 3d $j Ev $F $k!% $3 $l $K $h $j!$ %" %I %l %9 6 $K $* $$ $F %9 %?%C %/ $K 3J G< $7 $? CM $N %; %-%e %j %F%# %l %Y %k $b H $G $J $1 $l $P $J $i $J $$ !J%9 %?%C %/ $K 3J G< $5 $l $? CM $N >p Js $, %; %-%e %j %F%# %l %Y %k L $N JV $j CM $K EA GE $9 $k $H %" %I %l %9 6 $, <B 9T $5 $l $k $3 $H $, J, $+$C $F $7 $^ $& $N $G!K $3 $H $, J, $+ $j!$ 7k 6I JV $j CM $N %; %-%e %j %F%# %l %Y %k $b H $G $J $1 $l $P $J $i $J $$ $3 $H $, J, $+ $k!% $3 $N$h$&$K$7$F!$!V%"%I%l%9$N%;%-%e%j%F%#%l%Y%k!W$N35 G0$rF3F~$9$k$3$H$K$h$j!$J,4t$K$h$k>pJsO3$l$N2r@O$r >e<j$/Dj<02=$9$k$3$H$,$G$-$k!% 0J 2< $G $O!$ $^ $: 3.1 @a $K $* $$ $F CM $* $h $S %9 %?%C %/!$ %m!< %+ %k JQ ?t $N 7? $r F3 F~ $7!$ 3.2 @a $K $* $$ $F %" %I %l %9 $N %;%-%e%j%F%#%l%Y%k$HJ,4t$KMQ$$$kCM$N%;%-%e%j%F%#%l %Y %k $H $N 4X 78 $r F3 $/ >e $G =E MW $H $J $k 35 G0 $r F3 F~ $9 $k!% 3.3 @a $K $* $$ $F 7? $D $1 5, B’ $r M? $(!$ 3.4 @a $K $* $$ $F 7? %7 %9%F%‘$N7rA4@-$r<($9!%M?$($i$l$?%a%=%C%I$,>pJs$rO3 1L$7$F$$$J$$$+$r<B:]$KH=Dj$9$k$K$O7??dO@$r9T$&I,MW $,$"$k$,!$$3$l$K$D$$$F$O 4 @a$K>y$k!% 3.1 7? $H 7? 4D 6- Dj5A 3.1 7? $O=89g f In t L ; In t H ; >g $NMWAG$G$"$k!% In t L $O!$ 5! L) EY $N Dc $$ @0 ?t $N 7?!$ In t H $O!$ 5! L) EY $N 9b $$ @0 ?t $N 7?!$ > $O A4 $/ ;H $o $l $J $$ CM !J8@ $$ 49 $( $l $P!$C/$b8+$k$3$H$N$G$-$J$$6K8B$N5!L)EY$r$b$DCM!K$N 7?$rI=$9!% 0J 2< $G Dj 5A $9 $k 4X 78 � 1 � � 2 $O!$ � 1 7? $N CM $r � 2 7? $NCM$H$7$FMQ$$$F$b$h$$$3$H$rI=$9!% Dj5A 3.2 ItJ, 7?4X 78 � $O0J 2<$N>r 7o$r K~$? $9A4=g =x4X 78$G$"$k!% In t L � In t H � > � 1 � � 2 $,@.$jN)$D$H$-!$ � 1 $r � 2 $NItJ,7?$H8F$V!%

6 %3%s%T%e!<%?%=%U%H%&%’%" ( 6 ) B ( pc ) = inc ( pc; f ; v � s ) � ! B ( pc + 1 ; f ; ( v + 1) � s ) ( R-Inc ) B ( pc ) = p op ( pc; f ; v � s ) � ! B ( pc + 1 ; f ; s ) ( R-Pop ) B ( pc ) = push0 ( pc; f ; s ) � ! B ( pc + 1 ; f ; 0 � s ) ( R-Push ) B ( pc ) = load x ( pc; f ; s ) � ! B ( pc + 1 ; f ; f ( x ) � s ) ( R-Load ) B ( pc ) = store x ( pc; f ; v � s ) � ! B ( pc + 1 ; f f x 7! v g ; s ) ( R-Str ) B ( pc ) = if l 0 ( pc; f ; 0 � s ) � ! B ( pc + 1 ; f ; s ) ( R-IfT ) B ( pc ) = if l 0 v 6 = 0 ( pc; f ; v � s ) � ! B ( l 0 ; f ; s ) ( R-IfF ) B ( pc ) = goto l 0 ( pc; f ; s ) � ! B ( l 0 ; f ; s ) ( R-Goto ) ?^ 2 A‘:nE*0UL# 6I =j JQ ?t $N 7? $O JQ ?t $N M- 8B =8 9g $+ $i 7? $X $N <L A| $G $" $j!$ %a %? JQ ?t F $r MQ $$ $F I= $9!% F ( x ) $O!$ 6I =j JQ ?t x $K 3J G< $5 $l $F $$ $k CM $N 7? $r I= $9!% %9 %?%C %/ $N 7? $O f i j 0 � i < n g ( n $O G$ 0U ) $N 7A $N %9 %?%C %/ %" %I %l %9 $N M- 8B =8 9g $+ $i 7? $X $N <L A| $G $" $j!$ %a %? JQ ?t S $r MQ $$ $F I= $9!% S ( k ) $O!$ %9 %?%C %/ $N k HV L\ !J 0 HV L\ $, %H%C %W!K $K 3J G<$5 $l$F $$$k CM$N 7?$r I=$9!% � � S $O!$ ( � � S )(0) = � ; ( � � S )( n + 1) = S ( n ) $K $h$C$FDj 5A$5$l $k%9 %?%C%/ $N7?$rI=$9!%%"%I%l%9$NM-8B=89g$+$i6I=jJQ?t$N7?$X$N <L A| $r 6I =j JQ ?t $N 7? 4D 6- $H 8F $S!$ %a %? JQ ?t F $r MQ $$ $F I=$9!%%"%I%l%9$NM-8B=89g$+$i%9%?%C%/$N7?$X$N<LA|$r %9 %?%C %/ $N 7? 4D 6- $H 8F $S!$ %a %? JQ ?t S $r MQ $$ $F I= $9!% %"%I%l%9$NM-8B=89g$+$i%;%-%e%j%F%#%l%Y%k$N=89g$X$N <L A| $r %" %I %l %9 $N 7? 4D 6- $H 8F $S!$ %a %? JQ ?t A $r MQ $$ $F I= $9!% F ( l ) !$ S ( l ) $O $= $l $> $l %" %I %l %9 l $r <B 9T $9 $k :] $N 6I =j JQ ?t $N 7?!$ %9 %?%C %/ $N 7? $r I= $9!% A ( l ) $O %" %I %l %9 l $N L?Na $r<B 9T$7 $?$+$I $&$+ $N>p Js$N 5!L) EY$r I=$9!% Nc $( $P!$ A ( l ) = H $J $i $P %" %I %l %9 l $N L? Na $r <B 9T $7 $?$+$I$&$+$N>pJs$N5!L)@-$,9b$$$3$H$rI=$9!% F 1 !$ F 2 $, 0J 2< $N 4X 78 $r K~ $? $9 $H $-!$ F 1 $O F 2 $N It J,7?$G$"$k$H8@$$!$ F 1 � F 2 $H$+$/!% dom ( F 1 ) = dom ( F 2 ) ^ 8 x 2 dom ( F 1 ) : ( F 1 ( x ) � F 2 ( x )) : %9 %?%C %/ $N 7? $K 4X $9 $k It J, 7? 4X 78 S 1 � S 2 $b F1 MM $K Dj 5A$9$k!% 3.2 @)8f>pJs$NEAGEHO0O depend ( l ) 3FL?Na%"%I%l%9$N%;%-%e%j%F%#%l%Y%k!$$9$J$o$A3FL? Na $r <B 9T $7 $? $+ $I $& $+ $N >p Js $N 5! L) EY $O!$ $= $l 0J A0 $K 7P M3 $7 $? J, 4t 7k 2L $N 5! L) EY $K 0M B8 $9 $k!% Nc $( $P Nc 2.1 $N %W %m %0 %i %‘ $G $O!$ %" %I %l %9 3 $+ $i 9 $N $I $l $r <B 9T $7 $? $3 $H $, J, $+ $k $H %" %I %l %9 2 $N J, 4t 7k 2L $, J, $+$C $F $7 $^ $& $N $G!$ %" %I %l %9 3 $+ $i 9 $N %; %-%e %j %F%# %l %Y %k $O %" %I %l %9 2 $N J, 4t 7k 2L $N 5! L) EY!$ $9 $J $o $A J, 4t $K MQ $$ $? CM $N %; %-%e %j %F%# %l %Y %k H 0J >e $K J] $? $J $1 $l $P $J $i $J $$!% 0l J}!$ %" %I %l %9 1 $d 10 $O %" %I %l %9 2 $G $N J, 4t 7k 2L $K $+ $+ $o $i $: <B 9T $5 $l $k $N $G!$ $= $l $i $N %; %-%e %j %F%# %l %Y %k $O %" %I %l %9 2 $N J, 4t 7k 2L $N 5! L) EY $N 1F 6A $r <u $1 $J$$!% >e$N $h$& $K%" %I%l %9 l $G$N J,4t 7k2L $N5! L)EY $N1F 6A $r $& $1 $k %" %I %l %9 $N =8 9g $r l $N @) 8f >p Js $N EA GE HO 0O $H 8F $S!$ dep end ( l ) $H =q $/!% >e $N Nc $G $O dep end (2) = f 3 ; 4 ; 5 ; 6 ; 7 ; 8 ; 9 g $G $" $k!% 0J 2< $G $O!$ dep end ( l ) $N Hs 7A<0E*$JDj5A$r=R$Y!$87L)$JDj5A$OIUO? A $K>y$k!% L? Na %" %I %l %9 l $+ $i $N 40 A4 <B 9T 7P O) $H $O!$ l 0J 9_ $K =g $K<B 9T$5 $l$& $k%" %I%l %9$N Ns!J:G =i$N l $O4^ $^$J $$!K$N $& $A!$ L5 8B Ns $" $k $$ $O Kv Hx $N %" %I %l %9 $N L? Na $, return $G $" $k M- 8B Ns $N $3 $H $G $" $k!% L? Na %" %I %l %9 l $+ $i $N 9g N.E@ $H$O!$ L?Na %"%I %l%9 l $+ $i$N $9$Y $F$N 40A4 <B9T 7PO) $K4^ $^$l $k%" %I%l %9$N $3$H $G$" $k!%L?Na %"%I %l%9 l $+$i $N :G =i$N 9gN. E@ $H $O!$L? Na%" %I%l %9 l $+$i $N9g N.E@ $N$& $A!$$$$:$l$+$N40A4<B9T7PO)$K:G=i$K8=$l$k%"%I%l%9$N $3$H$G$"$k!%$?$@$7$=$N$h$&$JE@$,J#?tB8:_$9$k>l9g$K $O y 5 !$ $= $N Fb :G $b >. $5 $$ %" %I %l %9 $H $9 $k!% L? Na %" %I %l %9 l $N @) 8f >p Js $N EA GE HO 0O dep end ( l ) $H $O!$ 9g N. E@ $, y 5 <B $O!$40 A4 7P O)Cf $K M-8B Ns $,4^ $^ $l$F $$ $l $P!J$9 $J $o$A $$ $: $l $+ $N 7P O) $G return L? Na $K E~ C# $9 $k >l 9g $K $O!K!$ >e $N >r 7o $r K~ $? $9 E@ $O 9b!9 0l $D $7 $+ B8 :_ $7 $J $$!% $7 $? $,$C $F!$ J# ?t B8 :_ $9 $k >l 9g $O Dd ;_ $7 $J $$ %W %m %0 %i %‘ $J $N $G <B $O :G =i $N 9g N. E@ $r $I $N $h $& $K A* $s $G $b $+ $^ $o $J $$!% >\:Y$OIUO? A $r;2>H

( 7 ) V ol. 0 No. 0 1983 7 B8:_$9$k>l9g$K$O$$$:$l$+$N40A47PO)$N:G=i$N9gN.E@0J A0$KEP>l$9$kE@$N=89g$G$"$j!$9gN.E@$,B8:_$7$J$$>l9g $K$O$$$:$l$+$N40A47PO)$K4^$^$l$kE@$N=89g$G$"$k!% Nc $( $P Nc 2.1 $N %a %=%C %I $G $O!$ 2 $+ $i $N 40 A4 <B 9T 7P O) $O 3 : 4 : 5 : 10 : 11 $* $h $S 6 : 7 : 8 : 9 : 10 : 11 $G $" $j!$ 9g N. E@ $N =8 9g $O f 10 ; 11 g !$ :G =i $N 9g N. E@ $O 10 $G $" $k!% $7 $? $,$C $F!$ dep end (2) = f 3 ; 4 ; 5 ; 6 ; 7 ; 8 ; 9 g $G$"$k!%$=$l0J30 $N%"%I%l%9 l $K$D$$$F$O dep end ( l ) = ; $H$J$k!% D> 4QE* $K$O!$ %"%I %l%9 l $N L?Na $,J, 4tL? Na $G$" $k;~!$ J, 4t 8e $K $9 $Y $F $N <B 9T 7P O) $, 9g N. $9 $k %" %I %l %9 $, $" $l $P!$ $= $l 0J 9_ $O J, 4t $N 1F 6A $r $& $1 $J $$ $N $G!$ %" %I %l %9 l $+$i :G=i $N9g N.E@ $K;j$k 7PO) >e$K $"$k %"%I %l%9$r l $N@) 8f>pJs$NEAGEHO0O$H$_$J$7$F$$$k!$$HM}2r$9$l$P$h$$!% >e $N Dj 5A $G!$ 40 A4 <B 9T 7P O) $+ $i L5 8B Ns $r =| $1 $P :G E, 2= %3 %s %Q %$ %i $J $I $G MQ $$ $i $l $F $$ $k \immediate fo w ard dominator" [11] !J immediate p ost-dominator $H$b8F $P$l$k!K$K0lCW$9$k!%2f!9$N2r@O$G$O%W%m%0%i%‘$,Dd;_ $9$k$+$I$&$+$G>pJs$,O3$l$F$7$^$&2DG=@-$,$"$k$N$G!$ 40A4<B9T7PO)$KL58BNs$r4^$‘$3$H$OI,MWIT2D7g$G$"$k!% 3.3 7? H= Dj 5, B’ K\ @a $G $O !V%a %=%C %I M $N 3F %" %I %l %9 l $G $N 6I =j JQ ?t!$%9 %?%C%/ $N7? $, F ( l ) !$ S ( l ) $G $"$j!$ $+$D %"%I %l%9 $N %; %-%e %j %F%# %l %Y %k $, A ( l ) $G $" $l $P M $r @5 $7 $/ <B 9T $G $- $k!W $3 $H $r I= $9 4X 78 F ; S ; A ‘ M $r Dj 5A $9 $k!% A0 =‘ Hw $H $7 $F!$ $^ $: 3F 9T $G $N 7? $N @0 9g @- $r I= $9 4X 78 F ; S ; A ; l ‘ M $r Dj 5A $9 $k!% $3 $N 4X 78 $O!$ !V3F %" %I %l %9 k $G $N 6I =j JQ ?t $N 7?!$ %9 %?%C %/ $N 7?!$ %" %I %l %9 $N %; %-%e %j %F%# %l %Y %k $, $= $l $> $l F ( k ) ; S ( k ) ; A ( k ) $J $i$P!$ %"%I %l%9 l $NL? Na$r @5$7 $/<B 9T$G $-$k!W $3$H $rI= $9!% Dj5A 3.3 F ; S ; A ; l ‘ M $O!$ ?^ 3 $N 5, B’$r K~ $? $9 :G >. $N4X78$G$"$k!% ?^ 3 $NCf$G!$ F ( l ) !$ S ( l ) $r F l !$ S l $HN,$9!%0J2<$G!$ $=$l$>$l$N5,B’$K$D$$$F@bL@$9$k!% 5, B’ ( T-Inc ) !’ 1 9T L\ $O!$ 7? IU $1 $7 $h $& $H $7 $F $$ $k %" %I %l %9 l $N L? Na $, inc $G $" $k $3 $H $r I= $7 $F $$ $k!% inc L? Na $O %9 %?%C %/ $N %H%C %W $N @0 ?t $K 1 $r B- $9 $N $G!$ L? Na <B9TA0 $N%9%?%C%/ $N%H%C%W$N 7? S ( l )(0) $O @0?t7?$G$J $1 $l$P$J$i$J$$!%L?Na<B9T8e$N%9%?%C%/$N%H%C%W$N7?$b@0 ?t 7? $^ $? $O > $G $J $1 $l $P $J $i $:!$ $= $N %; %-%e %j %F%# %l %Y%k$O85$NCM$N%;%-%e%j%F%#%l%Y%k0J>e$G$J$1$l$P$J$i $J $$!% $3 $l $i $O 2 9T L\ $N >r 7o $K $h$C $F J] >Z$5 $l $k!% inc L? Na $O $= $l 0J 30 $N %9 %?%C %/ $N CM $* $h $S 6I =j JQ ?t $N CM $K $O %" %/ %; %9 $7 $J $$ $N $G!$ 3 9T L\ $N @) Ls $K <( $5 $l $k $h $& $K!$ F ( l ) $O F ( l + 1) $N It J, 7? $G $J $1 $l $P $J $i $J $$!% $5 $i $K!$ %9 %?%C %/ $N %H%C %W $N CM $N %; %-%e %j %F%# %l %Y %k $O%" %I%l %9 l $N %;%-%e %j%F%# %l%Y %k0J >e$G $J$1 $l$P $J$i $J$$!% $3$l $i$N @)Ls$r I=$7 $F$$ $k$N$, 3 9T L\$G $"$k!% 4 9TL\$O<!$N%"%I%l%9$NL?Na$,B8:_$9$k$3$H$rI=$9!% 5, B’ ( T-Pop ) !’ p op L?Na $O %9%?%C %/ $N%H%C %W $NCM $r <h$j=P$7!$<!$N%"%I%l%9$X?J$‘!%6I=jJQ?t$OL?Na<B9TA0 $H8e$GF1$8$J$N$G!$ F ( l ) $O F ( l + 1) $NItJ,7?$H$J$k!% %9%?%C%/$O%H%C%W$NCM$,<h$i$l!$;D$j$NItJ,$OL?Na<B9T A0$H8e$GF1$8$J$N$G!$ S ( l ) $O � � S ( l + 1) $NItJ,7?$H$J $k!%$3$l$i$N>r7o$rI=$7$F$$$k$N$, 2 9TL\$G$"$k!% 5, B’ ( T-Push ) !’ push0 L? Na $O %9 %?%C %/ $N %H%C %W $K @0 ?t 0 $r $N $;!$ <! $N %" %I %l %9 $X ?J $‘!% 6I =j JQ ?t $O L? Na <B 9T A0 $H 8e $G F1 $8 $J $N $G!$ F ( l ) $O F ( l + 1) $N It J, 7? $H$J$k!%%9%?%C%/$N%H%C%W$K$N$;$kCM$N%;%-%e%j%F%#%l %Y %k $O %" %I %l %9 l $N %; %-%e %j %F%# %l %Y %k A ( l ) 0J >e $G $J $1$l$P$J$i$:!$;D$j$NItJ,$OL?Na<B9TA0$H8e$GF1$8$J$N $G!$ In t A ( l ) � S ( l ) $O S ( l + 1) $NItJ,7?$H$J$k!%$3$l$i $N>r7o$rI=$7$F$$$k$N$, 2 9TL\$G$"$k!% 5, B’ ( T-Lo ad ) !’ load x L? Na $O!$ 6I =j JQ ?t$O JQ 99 $7 $J $$ $N $G!$ 2 9T L\ $K <( $5 $l $k $h $& $K F ( l ) $O F ( l + 1) $NIt J,7?$G $J$1$l $P$J $i$J$$!% %9%?%C%/ $K$O6I =jJQ?t x $N CM $, @Q $^ $l $k $N$G!$ F ( l )( x ) � S ( l ) � S ( l + 1) $, @. $jN)$?$J$1$l$P$J$i$J$$!%$^$?!$@Q$^$l$?CM$N%;%-%e%j %F%#%l %Y %k$O %"%I %l%9 l + 1 $N %;%-%e %j%F%# %l%Y %k0J >e $G $J $1 $l $P $J $i $J $$!% $3 $N >r 7o $r I= $7 $F $$ $k $N $, 4 9T L\$N>r7o$G$"$k!% 5, B’ ( T-Str ) !’ 2 9T L\ $O!$ 6I =j JQ ?t x $,!$ B8 :_ $9 $k $3$H $rI=$7$F $$$k!% store x L? Na$O!$%9 %?%C%/$N%H%C %W $N CM $r JQ ?t x $K 3J G< $9 $k $N $G!$ S ( l ) $O F ( l + 1)( x ) � S ( l + 1) $N It J, 7? $G $J $1 $l $P $J $i $J $$!% $5 $i $K!$ 3J G< $5$l $?CM $N%; %-%e%j %F%#%l %Y%k $O%" %I%l %9 l $N $=$l 0J>e $G $J $1 $l $P $J $i $J $$!% $3 $l $i $N @) Ls $r I= $7 $F $$ $k $N $, 2 9T L\$G $"$k!% ;D$j $N ItJ, $OL? Na<B 9T A0$H 8e$G F1$8 $J $N $G!$ 3 9TL\$,<($9$h$&$K F ( l ) $O F ( l + 1) $NItJ,7?$G$J

8 %3%s%T%e!<%?%=%U%H%&%’%" ( 8 ) B ( l ) = inc S l (0) = In t � S l � S l +1 F l � F l +1 In t A ( l ) � S l +1 (0) l + 1 2 dom ( B ) F ; S ; A ; l ‘ (( � 1 ; : : : ; � n ; � r ) ; B ) ( T-Inc ) B ( l ) = p op F l � F l +1 S l � � � S l +1 l + 1 2 dom ( B ) F ; S ; A ; l ‘ (( � 1 ; : : : ; � n ; � r ) ; B ) ( T-Pop ) B ( l ) = push0 F l � F l +1 In t A ( l ) � S l � S l +1 l + 1 2 dom ( B ) F ; S ; A ; l ‘ (( � 1 ; : : : ; � n ; � r ) ; B ) ( T-Push ) B ( l ) = load x F l � F l +1 F l ( x ) � S l � S l +1 In t A ( l ) � S l +1 (0) l + 1 2 dom ( B ) F ; S ; A ; l ‘ (( � 1 ; : : : ; � n ; � r ) ; B ) ( T-Lo ad ) B ( l ) = store x S l � F l +1 ( x ) � S l +1 In t A ( l ) � F l +1 ( x ) F l n x � F l +1 n x l + 1 2 dom ( B ) F ; S ; A ; l ‘ (( � 1 ; : : : ; � n ; � r ) ; B ) ( T-Str ) B ( l ) = if l 0 F l � F l +1 F l � F l 0 S l � In t � � S l +1 S l � In t � � S l 0 8 k 2 dep end ( l ) :� v A ( k ) l + 1 ; l 0 2 dom ( B ) F ; S ; A ; l ‘ (( � 1 ; : : : ; � n ; � r ) ; B ) ( T-If ) B ( l ) = goto l 0 F l � F l 0 S l � S l 0 l 0 2 dom ( B ) F ; S ; A ; l ‘ (( � 1 ; : : : ; � n ; � r ) ; B ) ( T-Goto ) B ( l ) = return S l (0) � In t � r A ( l ) v � r F ; S ; A ; l ‘ (( � 1 ; : : : ; � n ; � r ) ; B ) ( T-Ret ) ?^ 3 7?H=Dj5,B’ $1$l$P$J$i$J$$!% 5, B’ ( T-If ) !’ if l 0 L? Na $O!$ %9 %?%C %/ %H%C %W $N CM $K $h$C $F <! $N %" %I %l %9 $b $7 $/ $O %" %I %l %9 l 0 $X ?J $‘ $N $G!$ 2 !A 3 9T L\ $, <( $9 $h $& $K F ( l ) $O F ( l + 1) $* $h $S F ( l 0 ) $NItJ,7?$G$J$1$l$P$i$J$$!% S ( l ) $O In t � � S ( l + 1) $* $h $S In t � � S ( l 0 ) $N It J,7? $G $J $1$l $P $i $J$$!% $5 $i $K 4 9TL\$, <($9$h$& $K!$J,4t7k2L $K0MB8$9 $kHO0O dep end ( l ) $N%"%I%l%9$N%;%-%e%j%F%#%l%Y%k$OJ,4t$KMQ$$$i$l$kCM $N%;%-%e%j%F%#%l%Y%k � 0J>e$G$J$1$l$P$i$J$$!% 5, B’ ( T-Goto ) !’ goto l 0 L? Na $O %" %I %l %9 l 0 $K ?J $‘!%6I=jJQ?t$*$h$S%9%?%C%/$OL?Na<B9TA0$H8e$GF1$8$J $N$G!$ F ( l ) $O F ( l 0 ) $NItJ, 7?!$ S ( l ) $O S ( l 0 ) $NIt J,7? $G$J$1$l$P$J$i$J$$!% 5, B’ ( T-Ret ) !’ return L? Na $O %9 %?%C %/ $N %H%C %W $N CM$N@0?t$r%a%=%C%I$NJV$jCM$H$9$k$N$G!$%9%?%C%/%H%C %W $N CM $N 7? $O In t � r $N It J, 7? $G $J $1 $l $P $J $i $J $$!% $5 $i $K!$ JV $j CM $N %; %-%e %j %F%# %l %Y %k � r $O %" %I %l %9 $N %; %-%e%j%F%#%l%Y%k0J>e$G$J$1$l$P$i$J$$!%$3$l$i$N>r7o $rI=$7$F$$$k$N$, 2 !A 3 9TL\$G$"$k!% >e $N4X 78 $rMQ $$ $F4X 78 F ; S ; A ‘ M $r 0J 2<$N $h $&$K Dj5A$G$-$k!% Dj5A 3.4 %a %=%C %I$N 7?H= Dj4X 78 F ; S ; A ‘ M $O<! $N5, B’$rK~$?$9:G>.$N4X78$G$"$k!% f 1 ; : : : ; n g � dom ( F (1)) 8 j 2 f 1 ; : : : ; n g : F (1)( j ) = In t � j 8 j 2 dom ( F (1)) nf 1 ; : : : ; n g : F (1)( j ) = > S (1) = ; 8 l 2 dom ( B ) : F ; S ; A ; l ‘ (( � 1 ; : : : ; � n ; � r ) ; B ) F ; S ; A ‘ (( � 1 ; : : : ; � n ; � r ) ; B ) F ; S ; A ‘ M $r K~ $? $9 F ; S ; A $, B8 :_ $9 $k $H $-!$ %a

( 9 ) V ol. 0 No. 0 1983 9 %=%C%I M $O7?$D$12DG=$G$"$k$H8@$&!% 1 !A 3 9T L\ $O!$ %a %=%C %I $N @h F, $G $" $k %" %I %l %9 1 $G $O!$6I=jJQ?t$N7?$N%;%-%e%j%F%#%l%Y%k$,0z?t$N%;%-%e %j %F%# %l %Y %k � 1 ; : : : ; � n $H 9g CW $7 $F $$ $k $3 $H $r I= $9!% 4 9T L\$O!$ :G =i$N %"%I %l %9$K $* $$$F!$ %9%?%C %/ $,6u $G $" $k $3 $H $r I= $9!% 5 9T L\ $O!$ 3F %" %I %l %9 $K $* $$ $F 7? $N @0 9g@-$,$H$l$F$$$k$3$H$rI=$7$F$$$k!% 3.4 7?%7%9%F%‘$N7rA4@- K\@a$G$O!$7?%7%9%F%‘$N7rA4@-$H$7$F!$7?IU$1$G$-$k %W%m%0%i%‘$O0J2<$N>r7o$rK~$?$9$3$H$r<($9!% � %W %m %0 %i %‘ $N F~ NO Cf $N 5! L) EY $, 9b $$ %G!< %? $r JQ 99 $7$F$b!$<B9T7k2LCf$N$=$l$h$j$b5!L)EY$,Dc$$%G!< %?$K$O1F6A$rM?$($J$$!% � <B 9T 7k 2L $K 5! L) EY $, Dc $$ %G!< %? $, 4^ $^ $l $k $H $-!$ %W%m%0%i%‘$NF~NOCf$N5!L)EY$,9b$$%G!<%?$rJQ99$7 $F$b!$<B9T;~4V$ODj?tG\$G$7$+JQ2=$7$J$$!% 1 HV L\ $N @- <A $O!$ DL >o $N >p Js N. 2r @O $N 7r A4 @- $N 4p =‘ $H $7 $F :N MQ $5 $l $F $$ $k Hs 43 >D @- (non-in terference) [4] $H 8F $P $l $k @- <A $G $" $k!% $3 $N @- <A $, @. $j N)$C $F $b!$ %W %m %0 %i %‘ $N <B 9T ;~ 4V $N 4Q B, $K $h$C $F 5! L) EY $N 9b $$ %G!< %? $N >pJs $,O3 $l$k >l9g $, $"$k!% Nc$( $P long c omputation $,D9$$7W;;;~4V$r if b then long c omputation else 1 $3 $N <0 $N <B 9T 7k 2L $, 1 $G $" $k $3 $H $, $o $+$C $F $b b $N CM $rCN$k$3$H$O$G$-$J$$ $,!$<B9T;~4V$,J,$+$l$P b $NCM$r ?d B, $9 $k $3 $H $O $G $- $k!% 8e $G =R $Y $k $h $& $K!$ 2 HV L\ $N @-<A$rMQ$$$k$H!$$3$N$h$&$J%W%m%0%i%‘$N<B9T;~4V$+$i $N5!L)>pJs$NO3$l$rKI$0$3$H$,$G$-$k!% 0J2<$K>e$N7rA4@-$N4p=‘$N$h$j87L)$JDj5A$*$h$S>ZL@ $rM?$($k!%$^$:CM$*$h$S>uBV$N4V$NEy2A@-$rDj5A$9$k!% $3$l$O!$DL>o$NEy2A@-$H0[$J$j!$3FCM$N5!L)EY$K$h$C$F 7h$^$k!% Dj5A 3.5 @0 ?t v 1 ; v 2 $H %; %-%e %j %F%# %l %Y %k � $H $N 4V $N 3 9‘4X78 v 1 � � v 2 $r0J2<$K$h$C$FDj5A$9$k!% v 1 � � v 2 , v 1 = v 2 _ � = H $5$i$K@0?t v 1 ; v 2 $H7? � $H$N4V$N 3 9‘4X78 v 1 � � v 2 $r 0J2<$K$h$C$FDj5A$9$k!% v 1 � � v 2 , ( � = > ) _ 9 �: ( � = In t � ^ v 1 � � v 2 ) >e $N 4X 78 v 1 � � v 2 $O!$ v 1 ; v 2 $N %; %-%e %j %F%# %l %Y %k $, � $G $" $k $H $-!$ %; %-%e %j %F%# %l %Y %k $, L $N %G!< %? $7 $+ 4Q B, $G $- $J $$ <T $K $H$C $F $O v 1 $H v 2 $, 6h JL $G $- $J $$ !J8@ $$ 49 $( $l $P!$ v 1 ; v 2 $N %; %-%e %j %F%# %l %Y %k $, L $G $" $l $P v 1 $H v 2 $O F1 0l $N CM $G $J $1 $l $P $J $i $J $$!K $3 $H $rI=$9 y 6 !% Dj5A 3.6 f ; f 0 $r 6I =j JQ ?t $N >u BV!$ s; s 0 $r %9 %?%C %/ $N >u BV $H $7!$ F !$ S $r $= $l $> $l 6I =j JQ ?t $N 7?!$ %9 %?%C %/ $N 7? $H $9 $k!% 0J 2< $N $9 $Y $F $N >r 7o $, @. $j N) $D $H $-!$ ( f ; s ) � F ;S ( f 0 ; s 0 ) $H =q $/!% $^ $? >r 7o (i) !$ (iii) $, @. $j N) $D $H $-!$ f � F f 0 !$ >r 7o (ii) !$ (iv) $, @. $j N) $D $H $-!$ s � S s 0 $H=q$/!% (i) dom ( f ) \ dom ( f 0 ) � dom ( F ) (ii) dom ( s ) \ dom ( s 0 ) � dom ( S ) (iii) 8 x 2 dom ( F ) :f ( x ) � F ( x ) f 0 ( x ) (iv) 8 i 2 dom ( S ) :s ( i ) � S ( i ) s 0 ( i ) >e $N 4X 78 ( f ; s ) � F ;S ( f 0 ; s 0 ) $O 3F %9 %?%C %/ %" %I %l %9 i $* $h $S 6I =j JQ ?t x $K 3J G< $5 $l $F $$ $k CM $, $= $l $> $l 7? S ( i ) ; F ( x ) $r ;} $D $H 2> Dj $9 $k $H!$ %; %-%e %j %F%# %l %Y %k $, L $N %G!< %? $7 $+ 8+ $k $3 $H $N $G $- $J $$ <T $K $H$C $F $O ( f ; s ) $H ( f 0 ; s 0 ) $H $, 6h JL $G $- $J $$ $3 $H $r I= $9!% $J $*!$ Dj 5A $h $j!$ � ( F ;S ) $O It J, F1 CM 4X 78 !J partial equiv a- lence relation !K $G $" $k!% $9 $J $o $A ?d 0\ N’ $H BP >N N’ $r K~ $?$9!% 0J>e$N4X78$rMQ$$$F!$7?%7%9%F%‘$N7rA4@-$r<!$N$h$& $K=R$Y$k$3$H$,$G$-$k!% DjM} 3.1 ( 7?%7%9%F%‘$N7rA4@- ) %a %=%C %I (( � 1 ; : : : ; � n ; � r ) ; B ) $, 7? IU $1 2D G= $G $" $k $H $9 $k!% $9 $k $H!$ !J B $K $h$C $F Dj $^ $k!K $" $k Dj ?t c $, B8 :_ $7!$ (1 ; f 1 ; ; ) � ! m B ( p c 1 ; f 0 1 ; s 0 1 ) !$ � r = L $+ $D B ( p c 1 ) = return $J $i $P 8 i 2 f 1 ; : : : ; n g :f 1 ( i ) � � i f 2 ( i ) $r K~ $? $9 G$ 0U $N 6I =j JQ ?t $N >u BV f 2 $K $D $$ $F!$ $" $k p c 2 ; f 0 2 ; s 0 2 $,B8:_$7$F0J2<$N>r7o$,@.$jN)$D!% y 6 %; %-%e %j%F%# %l %Y%k $, 0l HL$N B+ 9=B$ $r $J $9>l 9g $K $O!$4Q B,<T $N%;%-%e%j%F%# %l%Y%k$H$7 $F L 0J30$N$b$N $r9M$($k I, MW $, :_ $k $N $G!$ >e $N 4X 78 v 1 � � v 2 , v 1 � � v 2 $r !V%; %-%e %j %F%# %l %Y %k $, � o 0J 2< $N %G!< %? $7 $+ 4Q B, $G $- $J$$ <T$K$H$C $F$O v 1 $H v 2 $r6hJL $G$-$J$$!W $3$H$r I=$9 v 1 � � o � v 2 , v 1 � � o � v 2 $G CV $- 49 $( $k I, MW $, $" $k!% $5 $i $K 2< $N Dj 5A 3.6 $b F1 MM $K JQ 99 $7!$ Dj M} 3.1 $O � r = L $H $$ $& >r 7o $r <h $j =| $-!$ 4Q B, <T $N %; %-%e %j %F%# %l %Y %k $r � r $H$9$k!J � $r � � r $GCV$-49$($k!KI,MW$,$"$k!%

10 %3%s%T%e!<%?%=%U%H%&%’%" ( 10 ) (i) (1 ; f 2 ; ; ) � ! � cm B ( p c 2 ; f 0 2 ; s 0 2 ) (ii) B ( p c 2 ) = return (iii) s 0 1 (0) � � r s 0 2 (0) D> 4Q E* $K $O!$ !J%; %-%e %j %F%# %l %Y %k $, L $N %G!< %? $7 $+8+$k$3$H$,$G$-$J$$<T$K$H$C$F!K6hJLITG=$JF~NO$,M? $( $i $l$l $P 7k 2L$H $7 $F JV$5 $l $k CM ( >e$N s 0 1 (0) $H s 0 2 (0)) $b6hJLITG=$G$"$j!$<B9T;~4V$O9b!9 c G\ $7$+0[$J$i$J$$ $3$H$rI=$9!% >e$N;v<B$rMQ$$$k$H!$<!$N$h$&$K$7$F%a%=%C%I$N<B9T ;~4V$+$i$N>pJsO3$l$rKI$0$3$H$,$G$-$k!%!J$J$*!$<B9T $N3F%9%F%C%W$K$+$+$k;~4V$ODj?t$G$"$k$H$9$k!%<B:]$N 7W;;5!$G$3$l$rJ]>Z$9$k$K$OI,MW$K1~$8$F3F%9%F%C%W$4 $H $K CY 1d $r A^ F~ $9 $l $P NI $$!%!K JV $j CM $N 5! L) EY $, L $G $"$k%a%=%C%I$,5/F0$5$l$?>l9g!$ (1) $^ $: 5! L) EY $, H $N %G!< %? $r $9 $Y $F 0 $K $7 $? >e $G %a%=%C %I$r<B9T $9$k!%$=$N $H$-$N<B 9T%9%F%C%W $r n $H$9$k!% (2) <! $K 5! L) EY $, H $N %G!< %? $r @5 $7 $$ CM $K La $7 $? >e $G%a%=%C%I$r<B9T$9$k!%$=$N$H$-$N<B9T%9%F%C%W$r m $H$9$k!% (3) cn � m %9%F%C %WJ,$N;~4VBT$C$?8e$K!$<B9T7k2L $rJV$9!%!JDjM}$h$j!$ cn � m $OHsIi@0?t$G$"$k$3 $H$KCm0U!%!K $3$N$h$&$K$9$l$P!$<B9T7k2L$,JV$k$^$G$N;~4V$O!$5!L) EY$, H $N%G!<%?$K$+$+$o$i$:!$>o$K ( c + 1) n $G$"$k!% =>$C $F!$ <B 9T 7k 2L $r <u $1 <h$C $? <T $O <B 9T ;~ 4V $r 4Q B, $7 $F $b 5! L) EY $, H $N %G!< %? $N CM $r ?d B, $9 $k $3 $H $O $G $- $J $$ y 7 !% 0J 2< $K Dj M} 3.1 $N >Z L@ $r <( $9!% $^ $: $$ $/ $D $+ $N Jd Bj $r >ZL@$9$k!%<!$NJdBj$O!$8_$$$K6hJL$G$-$J$$>uBV$+$iL? Na $r 1 $D <B 9T $7 $? >l 9g!$ $= $N L? Na $, 5! L) EY $, 9b $$ CM $K 4X$9$kJ,4tL?Na$G$J$$$+$.$j!$<B9T8e$N>uBV$b6hJL$G$- $J$$$3$H$rI=$9!% JdBj 3.1 0J 2< $N >r 7o (i) !A (iv) $, @. $j N) $D $H 2> Dj $9 y 7 $J $*!$$3 $N $h $&$J 1# JC$, 2D G=$G $" $k$? $a $K $O!$<B 9T ;~4V $, Dj ?t G\ $G 2! $5 $( $i $l $k $3 $H $O I, ?\ $G $O $J $/!$ 0l HL $K $O $" $k 4X ?t g $, B8 :_ $7 $F g ( n ) $G 2! $5 $( $i $l $l $P == J, $G $" $k!% $7 $+ $7 g ( n ) %9 %F%C %W $N CY 1d $r A^ F~ $7 $J $1 $l $P $J $i $J $$ $3 $H $r 9M N8 $9 $k $H!$ <B MQ >e $O K\ O@ J8 $N >l 9g $N $h $& $K g $,@~7A4X?t$G$"$k$3$H$,K>$^$7$$$H;W$o$l$k!% $k!% (i) F ; S ; A ‘ (( � 1 ; : : : ; � n ; � r ) ; B ) (ii) ( p c ; f 1 ; s 1 ) � ! B ( p c 0 ; f 0 1 ; s 0 1 ) (iii) B ( p c ) = if l $J$i$P S ( p c )(0) = In t L (iv) ( f 1 ; s 1 ) � ( F ( p c ) ; S ( p c )) ( f 2 ; s 2 ) $9 $k $H!$ 0J 2< $N >r 7o (v) $* $h $S (vi) $r K~ $? $9 f 0 2 ; s 0 2 $, B8:_$9$k!% (v) ( p c ; f 2 ; s 2 ) � ! B ( p c 0 ; f 0 2 ; s 0 2 ) (vi) ( f 0 1 ; s 0 1 ) � ( F ( p c 0 ) ; S ( p c 0 )) ( f 0 2 ; s 0 2 ) >ZL@ IUO? B.1 $r;2>H!% 2 L?Na$,5!L)EY$N9b$$CM$K4X$9$kJ,4tL?Na$N>l9g$K$O!$ ( %; %-%e %j %F%# %l %Y %k $, L 0J 2< $N %G!< %? $7 $+ 4Q B, $G $- $J $$<T$K$H$C$F!KEy2A$J>uBV$G$"$C$F$bJ,4t7k2L$,0[$J$k >l 9g $, $" $k $N $G >e $N Jd Bj $O @. $j N) $? $J $$!% $7 $+ $7!$ $= $N >l 9g $K $O 9g N. E@ $K C# $9 $k $^ $G $O %" %I %l %9 $N %; %-%e %j %F%# %l %Y %k $, H $N $^ $^ $G $" $k $N $G!$ %; %-%e %j %F%# %l %Y %k $, L 0J 2< $N %G!< %? $7 $+ 4Q B, $G $- $J $$ <T $K $H$C $F $O!$ %9%?%C%/$N7A$r=|$$$F$O>uBV$OJQ2=$7$J$$!%$3$l$r<($9 $N$,0J2<$NJdBj$G$"$k!% JdBj 3.2 $" $k <+ A3 ?t n $K $D $$ $F 0J 2< $N >r 7o (i) !A (iv) $,@.$jN)$D$H2>Dj$9$k!% (i) F ; S ; A ‘ (( � 1 ; : : : ; � n ; � r ) ; B ). (ii) 8 i 2 f 0 ; : : : ; m � 1 g : ( p c i ; f i ; s i ) � ! B ( p c i +1 ; f i +1 ; s i +1 ) (iii) 8 i 2 f 0 ; : : : ; m � 1 gA ( p c i ) = H . (iv) ( f 0 ; s 0 ) � ( F ( p c 0 ) ; S ( p c 0 )) ( f 0 0 ; s 0 0 ). $9$k$H!$0J2<$N>r7o (v) $,@.$jN)$D!% (v) ( " F ( p c m ) ( f 0 0 ) ; " S ( p c m ) S ( p c 0 ) ( s 0 0 )) � ( F ( p c m ) ; S ( p c m )) ( f m ; s m ) $? $@ $7!$ dom ( S ) = f 0 ; : : : ; n � 1 g ; dom ( S 0 ) = f 0 ; : : : ; n 0 � 1 g $N$H$-!$ " F ( f ) $*$h$S " S 0 S ( s ) $O0J2<$K $h$C$FDj5A$9$k!% dom ( " F ( f )) = dom ( F ) ( " F ( f ))( x ) = ( f ( x ) if x 2 dom ( f ) ? if x 2 dom ( F ) n dom ( f ) dom ( " S 0 S ( s )) = dom ( S 0 ) " S 0 S ( s )( i ) = 8 > < > : s ( i + n 0 � n ) if i + n 0 � n 2 dom ( s ) ? if i + n 0 � n 62 dom ( s )

( 11 ) V ol. 0 No. 0 1983 11 ? $O <B :] $N 7W ;; $K $O =P 8= $7 $J $$ FC JL $J CM $G $" $j!$ 4X 78 � � $r 0J 2< $K $h$C $F Nat [ f ? g >e $N F1 CM 4X 78 $K 3H D% $9$k!% ? � � v , v � � ? , ( � = H _ v = ? ) >ZL@ IUO? B.2 $r;2>H!% 2 >e $N 2 $D $N Jd Bj $r MQ $$ $F 0J 2< $N Jd Bj $r <( $9 $3 $H $, $G $- $k!% $3 $l $O 8_ $$ $K Ey 2A $J >u BV $+ $i <B 9T $r 9T$C $F L? Na return $K ;j$C $? >l 9g!$ N> <T $N JV $j CM $O Ey 2A $G $" $k $3 $H $rI=$9!%DjM} 3.1 $O$3$NJdBj$N7O$G$"$k!% JdBj 3.3 0J 2< $N >r 7o (i) !A (iv) $, @. $j N) $D $H 2> Dj $9 $k!% (i) F ; S ; A ‘ (( � 1 ; : : : ; � n ; L ) ; B ) (ii) ( p c ; f 1 ; s 1 ) � ! m B ( p c 0 ; f 0 1 ; s 0 1 ) (iii) B ( p c 0 ) = return (iv) ( f 1 ; s 1 ) � ( F ( p c ) ; S ( p c )) ( f 2 ; s 2 ) B $N Dj 5A 0h dom ( B ) $N MW AG ?t $r c $H $9 $l $P!$ 0J 2< $N >r 7o (v) $*$h$S (vi) $rK~$?$9 f 0 2 ; s 0 2 $,B8:_$9$k!% (v) ( p c ; f 2 ; s 2 ) � ! � cm B ( p c 0 ; f 0 2 ; s 0 2 ) (vi) s 0 1 (0) � L s 0 2 (0) >ZL@ m $K4X$9$k?t3XE*5"G<K!$K$h$j<($9!% m = 0 $N>l9g $O!$ (i) !A (iv) $*$h$S return L? Na$N7? $D $1 5, B’ $h $j!$ p c 0 = p c , s 0 1 (0) = s 1 (0) = s 2 (0) $, @.$jN)$D!%$7$? $,$C$F!$ f 0 2 = f 2 ; s 0 2 = s 2 $H $9$l$P (v) $*$h$S (vi) $,@.$jN)$D!% m � 1 $N>l9g!$ B ( p c ) = if l ^ S ( p c )(0) = In t H $G $"$k$+$I$&$+$K$h$k>l9gJ,$1$r9T$&!% B ( p c ) = if l ^ S ( p c )(0) = In t H $G$J$$>l9g!$ ( p c ; f 1 ; s 1 ) � ! B ( p c 00 ; f 00 1 ; s 00 1 ) � ! m � 1 B ( p c 0 ; f 0 1 ; s 0 1 ) $r K~ $? $9 p c 00 ; f 00 1 ; s 00 1 $, B8 :_ $9 $k!% Jd Bj 3.1 $h $j!$ <! $N >r7o$rK~$?$9 f 00 2 ; s 00 2 $,B8:_$9$k!% ( p c ; f 2 ; s 2 ) � ! B ( p c 00 ; f 00 2 ; s 00 2 ) ( f 00 1 ; s 00 1 ) � ( F ( p c 00 ) ; S ( p c 00 )) ( f 00 2 ; s 00 2 ) $h$C$F!$5"G<K!$N2>Dj$h$j!$ ( p c 00 ; f 00 2 ; s 00 2 ) � ! � c ( m � 1) B ( p c 0 ; f 0 2 ; s 0 2 ) s 0 1 (0) � L s 0 2 (0) $rK~$?$9 f 0 2 ; s 0 2 $,B8:_$9$k!% 1 + c ( m � 1) � cm $h$j!$ ( p c ; f 2 ; s 2 ) � ! � cm B ( p c 0 ; f 0 2 ; s 0 2 ) $,@.$jN)$D!% B ( p c ) = if l ^ S ( p c )(0) = In t H $G $" $k >l 9g!% JV $j CM $N %; %-%e %j %F%# %l %Y %k $, L $J $N $G!$ 7? IU $1 5, B’ $h $j A ( p c 0 ) = L $G $J $1 $l $P $J $i $J $$!% $7 $? $,$C $F!$ pc $+$i$N:G=i$N9gN.E@ l 0 $,B8:_$7!$ ( p c ; f 1 ; s 1 ) � ! m 1 B ( l 0 ; f 00 1 ; s 00 1 ) � ! m � m 1 B ( p c 0 ; f 0 1 ; s 0 1 ) ( p c ; f 2 ; s 2 ) � ! m 2 B ( l 0 ; f 00 2 ; s 00 2 ) $r K~ $? $9 f 00 1 ; s 00 1 ; f 00 2 ; s 00 2 $, B8 :_ $9 $k!% $3 $3 $G!$ !V:G =i $N 9g N. E@!W $N Dj 5A $+ $i 1 � m 1 ; m 2 � c $, @. $j N) $D $N $G!$ m 2 � cm 1 $, @. $j N) $D!% $5 $i $K 5, B’ ( T-If ) $h $j!$ <B 9T %9 %F%C %W ( p c ; f 1 ; s 1 ) � ! m 1 B ( l 0 ; f 00 1 ; s 00 1 ) $* $h $S ( p c ; f 2 ; s 2 ) � ! m 2 B ( l 0 ; f 00 2 ; s 00 2 ) $N Cf 4V >u BV $N %W %m %0 %i %‘ %+ %& %s %? $N %; %-%e %j %F%# %l %Y %k $O $9 $Y $F H $G $" $k!%$7$?$,$C$F!$JdBj 3.2 $K$h$j!$ ( f 00 1 ; s 00 1 ) � ( F ( l 0 ) ; S ( l 0 )) ( " F ( l 0 ) ( f 2 ) ; " S ( l 0 ) S ( p c ) ( s 2 )) � ( F ( l 0 ) ; S ( l 0 )) ( f 00 2 ; s 00 2 ) $,@.$jN)$D!%$h$C$F5"G<K!$N2>Dj$h$j!$ ( l 0 ; f 00 2 ; s 00 2 ) � ! � c ( m � m 1 ) B ( p c 0 ; f 0 2 ; s 0 2 ) s 0 1 (0) � L s 0 2 (0) $r K~ $? $9 f 0 2 ; s 0 2 $, B8 :_ $9 $k!% m 2 + c ( m � m 1 ) � cm 1 + c ( m � m 1 ) = cm $h $j!$ ( p c ; f 2 ; s 2 ) � ! � cm B ( p c 0 ; f 0 2 ; s 0 2 ) $,@.$jN)$D!% 2 4 7??dO@%"%k%4%j%:%‘ Dj M} 3.1 $G =R $Y $? $h $& $K!$ A0 @a $N 7? %7 %9 %F %‘ $G 7? IU $1 $G $- $k %W %m %0 %i %‘ $O!$ Hk L) $N >p Js $r O3 $i $5 $J $$!% $7 $? $,$C $F!$ %W %m %0 %i %‘ $, Hk L) $N >p Js $r O3 $i $5 $J $$ $3 $H $r 3NG’$9$k$?$a$K$O!$M?$($i$l$?%W%m%0%i%‘!J%a%=%C%I!K M $K BP $7 $F 7? ?d O@ $r 9T $$!$ Dj 5A 3.4 $N 4X 78 F ; S ; A ‘ M $r K~ $? $9 F ; S ; A $, B8 :_ $9 $k $3 $H $r 3N G’ $9 $l $P == J, $G $" $k!% 7? ?d O@ $O DL >o $N @) Ls $K 4p $E $/ 7? ?d O@ [7, 9] $H F1 MM$K!$<!$N%9%F%C%W$G9T$&$3$H$,$G$-$k!% (1) 7? H= Dj 5, B’ $K 4p $E $-!$ %a %=%C %I K\ BN $N 3F %" %I %l %9$+$i7?$d%;%-%e%j%F%#%l%Y%k$K4X$9$k@)Ls$r@8@. $9$k!% (2) @8 @. $5 $l $? @) Ls $r 4J Ls $7!$ =< B- 2D G= @- $r D4 $Y $k!% 0J 2< $G $O!$ Nc 2.1 $N %W %m %0 %i %‘ $r DL $7 $F 7? ?d O@ $N 35 N, $r<($9!%C1=c2=$N$?$a!$%;%-%e%j%F%#%l%Y%k$r=|$$$?DL >o $N 7? >p Js $O !J Stata $H Abadi $N 7? %7 %9 %F %‘ [18] $J $I

12 %3%s%T%e!<%?%=%U%H%&%’%" ( 12 ) $r MQ$$ $F!K $9$G $K F@$i $l $F$$ $k $b$N $H $9$k!% I= 1 $K!$ Nc 2.1 $N %a %=%C %I (( H ; L ) ; B ) $K BP $9 $k 7? 4D 6- F ; S ; A $N $&$A!$%;%-%e%j%F%#%l%Y%k0J30$N7?>pJs$r<($9!%%;%-%e %j %F%#%l %Y%k $K$D $$$F $OL$ CN $H$7 $FJQ ?t � l ; � l ; l ; � l $r 3d $jEv $F$F $$ $k!%?^ 3 $N 5,B’ $+ $i:G 1&Ns $K <($9 @)Ls $r F@ $k$3 $H$,$G $-$k!%Nc $($P!$ 4 9TL\$N store 2 L? Na$K4X$9 $k@)Ls$O!$?^ 3 $N5,B’$K$h$l$P S 4 � F 5 (2) � S 5 In t A (4) � F 5 (2) F 4 n 2 � F 5 n 2 $G$"$k!%$3$l$KI= 1 $N7?$rBeF~$9$k$H In t � 4 � ; � In t � 5 � ; In t � 4 � In t � 5 f 1 7! In t � 4 g � f 1 7! In t � 5 g $, F@ $i $l $k!% $3 $l $i $N @) Ls $r 3.1 @a $N It J, 7? 4X 78 $N Dj 5A $K=>$C$F4JLs$9$k$H!$I= 1 $N:G1&Ns$K<($7$?$h$&$J@)Ls � 4 v � 5 ; � 4 v � 5 ; � 4 v � 5 $,F@$i$l$k!% JQ ?t $r ~ � = ( � 2 ; � 3 ; : : : ; � 11 ) $H $* $/ $H!$ I= 1 $N @) Ls $O ~ g ( ~ � ) v ~ � , ( 11 ; � 11 ) v ( L ; L ) $N 7A $K $^ $H $a $k $3 $H $, $G $- $k!% $3 $3 $G!$ v $O %; %-%e %j %F%# %l %Y %k $N 4V $N 4X 78 $r %; %-%e %j %F%# %l %Y %k $N AH $N 4V $N 4X 78 $K <+ A3 $K 3H D% $r $7 $F $( $i $l $k 4X 78 $G $" $j!$ ~ g $O $= $N 4X 78 $K 4X $7 $F C1 D4 $J 4X ?t $G $" $k!% $7 $? $,$C $F!$ $" $k <+ A3 ?t n $K $D $$ $F!$ ~ � = ~ g n ( L ; : : : ; L ) $, ~ g ( ~ � ) v ~ � $N :G >. 2r $H $J $k!% >e $N Nc $G $O <B :] $K 2r $r 5a $a $k $H !J n = 0 $+ $i =g $K ~ g n ( L ; : : : ; L ) $r 7W ;; $7 $F $$ $-!$ ~ g n +1 ( L ; : : : ; L ) = ~ g n ( L ; : : : ; L ) $H $J $k n $r C5 $; $P $h $$!K 11 = H $H $J $j!$ >r 7o 11 v L $K H? $9 $k!% $7 $? $,$C $F!$ Nc 2.1 $N %a %=%C%I (( H ; L ) ; B ) $O 7?$D$12DG=$G $J$$$HH=Dj$G$- $k!% 0l J}!$ (( H ; H ) ; B ) $G $" $l $P 7? $D $1 2D G= $G $" $k !J$h$C $FHkL)$N>pJs$rO3$i$5$J$$!K$3$H$,F1MM$KH=Dj$G$-$k!% 0lHL$N>l9g$b>e$HF1MM$K$7$F!$ ~ g ( ~ � ) v ~ � , ~ g 0 ( ~ � ) v ~ � $N 7A$N@)Ls$,F@$i$l$k$N$G!$A0<T$N:G>.2r$r$^$:5a$a!$$= $l$,8e<T$rK~$?$9$+$r8!::$9$k$3$H$K$h$C$F7?H=Dj$,9T $( $k!% %a %=%C %I $N %5 %$ %: !JL? Na ?t!K $r n $H $9 $k $H $-!$ 3FL?Na $+$i@8@.$5$l $k@)Ls$N?t$, O ( n ) $J$N$G!$@)Ls $N 8D ?t $O O ( n 2 ) $G $" $k!% $7 $? $,$C $F!$ Rehof $i $N @~ 7A ;~ 4V $N @) Ls 2r >C %" %k %4 %j %: %‘ [16] $r MQ $$ $l $P!$ 7? ?d O@ $N 7W;;;~4V$O:G0-$G$b O ( n 2 ) $G$"$k!% 5 5D O@ 5.1 B>$NDc%l%Y%k8@8l$X$NE,MQ2DG=@-$K$D$$$F K\ 8& 5f $G $O Dc %l %Y %k 8@ 8l $H $7 $F Ja v a $N 2> A[ 5! 3# 8@ 8l !J$NItJ,8@8l!K$rMQ$$$?$,!$BP>]$NDc%l%Y%k8@8l$K$h$C $F $O!$ K\ 8& 5f $N 7? %7 %9 %F %‘ $r $5 $i $K 3H D% $9 $k I, MW $, $" $k!% Ja v a $N 2> A[ 5! 3# 8@ 8l $O!$ 3F L? Na %" %I %l %9 $K $* $1 $k %9%?%C%/$N?<$5$,0lDj!$%8%c%s%WL?Na$NHt$S@h$,7h$^$C $F $$ $k!$ $J $I $N E@ $G Dc %l %Y %k 8@ 8l $H $7 $F $O Hf 3S E* !V9= B$2=!W$5$l$?$b$N$G$"$j!$$=$N$?$a$KK\O@J8$N7?%7%9%F %‘$bHf3SE*C1=c$J$b$N$K$J$C$F$$$k!%3FL?Na%"%I%l%9$K $*$1$k%9%?%C%/$N?<$5$dCf?H$N7?$,Dj$^$i$J$$!JF0E*$K JQ2=$9$k!K$J$I$NLdBj$K$D$$$F$O!J Stata $H Abadi [18] $,%5%V%k!<%A%s$NLdBj$KBP=h$7$?$N$HF1MM$N9M$(J}$G!K B? Aj 7? $J $I $r MQ $$ $F $" $k Dx EY BP =h $G $- $k $H ;W $o $l $k!% $7 $+ $7 $J $, $i!$ <B :] $N 5! 3# 8l $N $h $& $K %" %I %l %9 $K 4X $9 $k1i;;$r9T$C$?$N$A$K$=$N%"%I%l%9$K%8%c%s%W$9$k!$$J $I$NL?Na$,$"$k>l9g$K$O!$@)8f9=B$<+BN$,F0E*$KJQ2=$9 $k$N$G!$K\8&5f$N$h$&$K7?%7%9%F%‘$K$h$C$F<+F0E*$K8! >Z$9$k$H$$$&<jK!$rE,MQ$9$k$N$OFq$7$$$H;W$o$l$k!%$= $N $h $& $J >l 9g $K $O!$ 7? IU %" %; %s %V %j 8@ 8l [10] $d Pro of- Carrying Co de [13] $N $h $& $K 8! >Z $N $? $a $N IU 2C >p Js $, I,MW$H$J$k$H;W$o$l$k!% 5.2 7?%7%9%F%‘$N!JIT!K40A4@-$K$D$$$F 7?$D$1$G$-$k%W%m%0%i%‘$OHkL)$N>pJs$rO3$i$5$J$$$H $$$&0UL#$GK\8&5f$N7?%7%9%F%‘$O7rA4$G$O$"$k$,!$EvA3 $N$3$H$J$,$i$=$N5U$O8@$($J$$!%$9$J$o$A!$HkL)$N>pJs $rO3$i$5$J$$$K$b$+$+$o$i$:!$7?$D$1$G$-$J$$%W%m%0%i %‘ $, B8 :_ $9 $k $H $$ $& 0U L# $G K\ 8& 5f $N 7? %7 %9 %F %‘ $O 40 A4 $G$O$J$$!%0lHL$KG$0U$N%W%m%0%i%‘$,M?$($i$l$?$H$-$K $=$N%W%m%0%i%‘$,>pJs$rO3$i$9$+$I$&$+$rH=Dj$9$k$3$H $O7hDjITG=$G$"$k!JDd;_@-LdBj$KMF0W$K4T85$G$-$k!K$N $G!$40A4@-$,@.$jN)$?$J$$$N$OEvA3$G$"$k$,!$0J2<$G$O K\8&5f$N7?%7%9%F%‘$K$h$k@)8B$NBEEv@-$K$D$$$F5DO@$9 $k!%0J2<$N5DO@$ODc%l%Y%k8@8l$G$"$k$3$H$K$O0MB8$7$J $$$N$G!$$o$+$j$d$9$5$N$?$a$K<jB3$-7?8@8l$d4X?t7?8@ 8l$N9=J8$rMQ$$$k!% K\8&5f$N7?%7%9%F%‘$K$h$k@)8B$G0lHVLdBj$H$J$k$H;W $o$l$k$N$O!$7+$jJV$7$d:F5"$K$*$1$k>r7oJ,4t$K4X$9$k

( 13 ) V ol. 0 No. 0 1983 13 l B ( l ) F l (1) F l (2) S l A ( l ) @)Ls 1 load 1 In t H > ; � 1 H v � 2 ; H v 2 ; � 1 v 2 2 if 6 In t � 2 > In t 2 � ; � 2 � 2 v � 3 ; � 2 v � 6 ; 8 k 2 f 3 ; 4 ; 5 ; 6 ; 7 ; 8 ; 9 g : 2 v � k 3 push0 In t � 3 > ; � 3 � 3 v � 4 ; � 3 v 4 4 store 2 In t � 4 > In t 4 � ; � 4 4 v � 5 ; � 4 v � 5 ; � 4 v � 5 5 goto 10 In t � 5 In t � 5 ; � 5 � 5 v � 10 ; � 5 v � 10 6 push0 In t � 6 > ; � 6 � 6 v � 7 ; � 6 v 7 7 inc In t � 7 > In t 7 � ; � 7 7 v 8 ; � 7 v 8 ; � 7 v � 8 8 store 2 In t � 8 > In t 8 � ; � 8 8 v � 9 ; � 8 v � 9 ; � 8 v � 9 9 goto 10 In t � 9 In t � 9 ; � 9 � 9 v � 10 ; � 9 v � 10 10 load 2 In t � 10 In t � 10 ; � 10 � 10 v � 11 ; � 10 v � 11 ; � 10 v 11 ; � 10 v 11 11 reurn In t � 11 In t � 11 In t 11 � ; � 11 11 v L ; � 11 v L I= 1 Nc 2.1 $N%a%=%C%I$KBP$9$k%;%-%e%j%F%#%l%Y%k0J30$N7?$E$1$*$h$S@)Ls @)Ls$G$"$k!%2f!9$N7?%7%9%F%‘$G$O (i) 5!L)EY $,9b$$%G!<%? $K4X$9$k>r 7o$rMQ$$$? 7+$jJV $7$d:F5" ( while se cr et data > 0 do � � � $J$I!K (ii) 5! L) EY $, 9b $$ %G!< %? $K 0M B8 $9 $k >r 7o $K $h $k J, 4t $NCf$G$N!J7+$jJV$7$N>r7o$GMQ$$$k%G!<%?$N5!L)EY $K$+$+$o$i$:!K7+$jJV$7$d:F5" !J if se cr et data > 0 then while b do � � � else � � � $J$I!K $O5v$5$l$J$$!%$7$+$7$J$,$i!$5!L)EY$NDc$$%G!<%?$K4X $9 $k 7+ $j JV $7 $d :F 5" $O 5v $5 $l $k $N $G!$ M- MQ $J %W %m %0 %i %‘$r=q$/$3$H$O2DG=$G$"$k!%Nc$($P!$B>?M$N6d9T8}:B$K ?6 9~ $_ $r 9T $& >l 9g $r 9M $( $k $H!$ ?6 9~ $_ =h M} $r $9 $k 4X ?t tr ansfer $O!$ 8} :B HV 9f!$ ?6 9~ $_ 6b 3[!$ 6d 9T 8} :B $N %G!< %?%Y!<%9$NAH$r$H$C$F!$?69~$_$,@.8y$7$?$+$*$h$S99?7 $5 $l$? %G!< %?%Y!< %9 $rJV $9!$ ?^ 4 $K<( $9 $h$& $J 4X?t $H $7 $FI=$9$3$H$,$G$-$k!%$3$3$G!$6d9T8}:B$N%G!<%?%Y!<%9 $O8}:BHV9f$HMB6b3[$NAH$N%j%9%H$H$7$FI=8=$7!$MB6b3[ $O?6$j9~$s$@<T$KCN$i$l$F$O$J$i$J$$$N$G$=$N%;%-%e%j %F%# %l %Y %k $O H $G $" $k!% %; %-%e %j %F%# %l %Y %k $O f g Fb $K5-=R$5$l$F$$$k!%$3$N%W%m%0%i%‘$K$O:F5"8F$S=P$7$, 4^$^$l$F$$$k$,!$>r7oJ,4t$KMQ$$$F$$$k%G!<%?$N%;%-%e %j %F%# %l %Y %k $O L $J $N $G 2f!9 $N 7? %7 %9 %F %‘ $H F1 MM $N @) Ls$N2<$G$b7?$D$1$9$k$3$H$,$G$-$k!% 0lJ}!$:G6a$N>pJsN.2r@O$N$?$a$N7?%7%9%F%‘$NB?$/$N 8& 5f [15, 22] $G $O!$ >e $N $h $& $J !J7+ $j JV $7 $d :F 5"$N >r 7o J,4t$K4X$9$k!K@)8B$O87$7$9$.$k$H$7$F!$$=$N$h$&$J@) 8B$O2]$5$:!$%W%m%0%i%‘$NDd;_@-$,5!L)EY$N9b$$%G!<%? $K0MB8$9$k$N$r$"$($F5v$7$F$$$k!%$7$+$7$3$l$K$h$j!$ %W %m %0 %i %‘ $N 1 2s $N <B 9T $N $? $S $K J? 6Q $7 $F 1 %S%C %H $N >pJs$,O3$l$F$7$^$&!%$h$j8=<BE*$G0BA4$J2~A1J}K!$H$7 $F$O!$7+$jJV$7$d:F5"$N>r7oJ,4t$K4X$9$k@)8B$r4K$a!$ $=$NBe$o$j$H$7$F%W%m%0%i%‘$NDd;_@-$rJL$NJ}K!$K$h$C $F2r@O$9$k$3$H$,9M$($i$l$k!%Dd;_@-$,J]>Z$5$l$+$D>p JsN.2r@O$N7?8!::$rDL$k%W%m%0%i%‘$N$_$r<uM}$9$l$P!$ %W%m%0%i%‘$NDd;_@-$NLdBj$K$h$k>pJsO3$l$O5/$-$J$$!% $?$@$7!$2f!9$N7?%7%9%F%‘$N$h$&$K<B9T;~4V$+$i$N>pJs O3$l$r$bKI$0$K$O!$Dd;_@-$N$_$G$J$/<B9T;~4V$K4X$9$k 2r@O$b9T$&I,MW$,$"$k!% 2f!9$N>pJsN.2r@O$N7?%7%9%F%‘$G$O5!L)>pJs$rA4$/O3 $i $5 $J $$ $3 $H $r J] >Z $9 $k $3 $H $r L\ E* $H $7 $F $$ $k $,!$ 8= <B $K $O 1 @a $G ?( $l $? login %W %m %0 %i %‘ $N $h $& $K!$ $" $k Dx EY$N>pJsO3$l$O5vMF$7$?$$>l9g$bB?$$!%$=$N$h$&$J>l9g $O!$5!L)EY$N9b$$%G!<%?$+$iDc$$%G!<%?$r@8@.$9$k$3$H $r5v$9FC<l$J%W%j%_%F%#%V$rMQ0U$9$k$3$H$K$h$C$FBP=h $9$k$3$H$,$G$-$k!%Nc$($P!$0E9f2=$5$l$?%G!<%?$O85$N %G!<%?$N>pJs$K0MB8$7$F$$$k$,!$0E9f%7%9%F%‘$,==J,7x O4$G$"$l$P!$0E9f2=$5$l$?%G!<%?$+$i85$N%G!<%?$r?dB, $9$k$3$H$O8=<BE*$K$OIT2DG=$G$"$k!%$=$3$G!$$=$N$h$& $J 0E9f %7 %9%F %‘ $N0E 9f 2=4X ?t enc o de $r <!$N $h $&$J 7? $r ;}$D%W%j%_%F%#%V$H$7$F8@8l$KDI2C$9$k$3$H$,$G$-$k!% String H � Key H ! String L $?$@$7!$$=$N$h$&$J%W%m%0%i%‘$N0BA4@-$r87L)$K8!>Z$9

14 %3%s%T%e!<%?%=%U%H%&%’%" ( 14 ) fun transfer(account:int{L}, amount:int{L}, database:(int{L}*int{H}) list{L}) : bool{L} * (int{L}*int{H}) list{L}) = Case database of [] => (false, database) | (accunt’,money)::database’ => if account=account’ then (true, (account’, amount+money))::database’ else let val (result, new_database)=transfer(account,amount,database’) in (result, (account’,money)::new_database) end ?^ 4 7?$D$1$G$-$k%W%m%0%i%‘Nc $k$K$O3NN(E*5DO@ [20] $,I,MW$G$"$k!% 6 4X O" 8& 5f 1 @a $K =R $Y $? $h $& $K!$ >p Js N. 2r @O $N Ld Bj $K $D $$ $F $O $9 $G $K!$ <j B3 $- 7? 8@ 8l [3, 21] !$ 4X ?t 7? 8@ 8l [4, 15, 22] !$ %* %V %8%’ %/ %H ;X 8~ 8@ 8l [12] JB Ns 8@ 8l [5, 17] $J $I $r BP >] $H $7$FB?$/$N8&5f$,$J$5$l$F$$$k!%$7$+$7$J$,$i!$2f!9$N CN$k8B$j$K$*$$$F$OK\8&5f$G07$C$?$h$&$JDc%l%Y%k8@8l $KBP$7$FL@3N$J2r@OJ}K!$rM?$(!$$+$D<B9T;~4V$K$h$k>p JsO3$l$K$bBP=h$7$?$N$OK\8&5f$,=i$a$F$G$"$k!% Denning [3] $O!$ <j B3 $- 7? 8@ 8l $N $? $a $N >p Js N. 2r @O $N 3H D% $H $7 $F!$ goto J8 $N 07 $$ $K $D $$ $F $b 4J C1 $K $U $l $F $$ $k!%$7$+$7$J$,$i!$$=$3$G<($5$l$F$$$k2r@OJ}K!$G$O!$ 3.2 @a $G 2f!9 $, F3 F~ $7 $? !V:G =i $N 9g N. E@!W $N Be $o $j $K!$ immediate forw ard dominator !JL58B$N<B9T7PO)$rL5 ;k $7 $? $b $N!K [11] $, MQ $$ $i $l $F $* $j!$ >/ $J $/ $H $b 2f!9 $N >p Js O3 $l $N 4p =‘ $G $O @5 $7 $/ $J $$ !J<B :]!$ H‘ $i $O $= $N 2r@OJ}K!$N@5$7$5$r>ZL@$7$F$$$J$$!K!%Nc$($P0J2<$N%a %=%C%IK\BN B $r;}$D%a%=%C%I (( H ; L ) ; B ) $r9M$($k!% l B ( l ) @bL@ 1 load 1 0z?t 1 $NCM$r%m!<%I 2 if 1 %m!<%I$7$?CM$, 0 $G$J$$;~ 1 $XJ,4t 3 push0 4 return immediate forw ard dominator $O 3 $G$"$k$N$G!$ 3 9T L\ 0J 9_ $r <B 9T $7 $? $H $$ $& >p Js $, O3 $l $F $b $h $$ $3 $H $K $J $j!$H‘$i$N2r@OJ}K!$G$O@5$7$$%W%m%0%i%‘$H$J$k!%$7$+ $7$J$,$i!$>e$N%W%m%0%i%‘$O<B9T$,=*N;$9$k!JJV$jCM$, B8:_$9$k!K$+$I$&$+$r4QB,$9$k$3$H$K$h$j0z?t$N>pJs$r CN$k$3$H$,$G$-$F$7$^$&!% My ers [22] $N >p Js N. 2r @O $N 7? %7 %9 %F %‘ $G $O 4X ?t 7? 8@ 8l $K 7Q B3 (con tin uation) $r F3 F~ $9 $k $3 $H $K $h $j Bg 0h %8%c%s%W$r07$C$F$$$k$,!$$3$N7?%7%9%F%‘$G$bF1MM$K%W %m%0%i%‘$NDd;_$7$?$+$N>pJs$,O3$l$F$7$^$$!$2f!9$N4p =‘$G$O@5$7$/$J$$!%$^$?!$H‘$i$N7?%7%9%F%‘$G$O7QB3$N ;H$$J}$N@)8B$,6/$$$N$G!$K\8&5f$,BP>]$H$9$k$h$&$JDc %l%Y%k8@8l$N%W%m%0%i%‘$K=P8=$9$k%8%c%s%WL?Na$,$=$N $^$^07$($k$N$+$I$&$+$O<+L@$G$O$J$$!% <B 9T ;~ 4V $+ $i $N >p Js O3 $l $r J] >Z $9 $k J} K!!$ V olpano $H Smith [19] $d Agat [2] $K $h$C $F 8& 5f $5 $l $F $$ $k!% V olpano $H Smith [19] $O!$ <B 9T ;~ 4V $, 5! L) EY $N 9b $$ %G!< %? $N CM $K A4 $/ 1F 6A $r <u $1 $J $$ 7? %7 %9 %F %‘ $r <( $7 $F $$ $k $,!$ $3 $N 7? %7 %9 %F %‘ $G $O 5! L) EY $N 9b $$ %G!< %? $K 4X $9 $k >r 7o J, 4t $r 6X $8 $F $$ $k $H $$ $& E@ $G @) 8B $, $- $D $9 $. $k!% Agat [2] $O %W %m %0 %i %‘ JQ 49 $K $h$C $F <B 9T ;~ 4V $N >p Js $r 1# JC $9 $k J} K! $r Ds 0F $7 $F $$ $k!% $3 $l $O!$ 5! L) EY $N 9b $$%G!< %? $NCM $K4X $9 $k if J8$K $* $$$F!$ then It $H else It$N<B9T ;~4V$,F10l$K $J$k$h$&$K!$ then It$K $O else It $N%@%_!< $N<0$r!$ else It$K$O then It$N %@%_!<$rA^F~ $9 $kJ}K!$G$"$k!%K\8&5f$NCY1d$rA^F~$9$kJ}K!$H0[$J$j!$ $3$NJ}K!$G$OL5BL$J7W;;%3%9%H$,$+$+$k!%$^$?!$K\8&5f $G 07$C $? $h $& $J if J8 $, 9= B$ 2= $5 $l $F $$ $J $$ Dc %l %Y %k 8@ 8l$KF1$8J}K!$rE,MQ$9$k$N$OFq$7$$$H;W$o$l$k!% K\8&5f$N7?%7%9%F%‘$O!$ Stata $H Abadi $K$h$k Ja v a $N 2> A[ 5! 3# 8@ 8l $N 7? %7 %9 %F %‘ [18] $K %; %-%e %j %F%# %l %Y %k$r2C$($F3HD%$7$?$b$N$G$"$k!%H‘$i$N7?%7%9%F%‘$G$O %5%V%k!<%A%s$K$D$$$F$b07$C$F$$$k$,!$K\8&5f$N7?%7%9 %F%‘$G$bF1MM$K%5%V%k!<%A%s$r07$&$h$&$KJQ99$9$k$3$H

( 15 ) V ol. 0 No. 0 1983 15 $OMF0W$G$"$k$H;W$o$l$k!% Abadi $i $N 0M B8@- 2r @O $N 8& 5f [1] $K $h $j!$ >p Js N.2r @O $b It J, I> 2A $N $? $a $N B+ G{ ;~ 2r @O $b 0M B8 @- 2r @O $N 0l <o $H $7$F$H$i$($k$3$H$,$G$-!$N><T$,L)@\$K4X78$9$k$3$H$, ;XE&$5$l$F$$$k!%$7$?$,$C$F!$K\8&5f$N>pJsN.2r@O$N7? %7 %9 %F %‘ $H A} 86 $i $K $h $k Ja v a %P %$ %H %3!< %I $N B+ G{ ;~ 2r @O $N $? $a $N 7? %7 %9 %F %‘ [8] $K $b L) @\ $J 4X O" $, $" $k $O $: $G $" $k!% <B :]!$ K\ 8& 5f $N >p Js N. 2r @O $H F1 MM!$ Ja v a %P %$ %H %3!<%I$NB+G{;~2r@O$K$*$$$F$bJ,4t$N07$$$K4X$7$F!J9b %l %Y %k 8@ 8l $N $? $a $N 2r @O $H Hf 3S $7 $F!K Hy L/ $J Ld Bj $, @8 $8 $k!% $3 $N Ld Bj $K 4X $7 $F A} 86 $i [8] $O $d $d %" %I %[%C %/ $J J}K!$G2r7h$7$F$$$k$,!$K\8&5f$NJ}K!$r<h$jF~$l$k$3$H $G!$$h$jL@2w$JB+G{;~2r@O$N$?$a$N7?%7%9%F%‘$,F@$i$l $k$3$H$,4|BT$5$l$k!%N><T$N>\:Y$JHf3S$O:#8e$N2]Bj$G $"$k!% 7 7k O@ Ja v a $N 2> A[ 5! 3# 8@ 8l $N It J, 8@ 8l $r BP >] $H $7 $F!$ %W %m %0%i%‘$,HkL)$N>pJs$rO3$i$5$J$$$+$rH=Dj$9$k$?$a$N7? %7 %9 %F %‘ $r 9= C[ $7 $?!% $3 $l $K $h $j!$ Ja v a $N DL >o $N %P %$ %H%3!<%I8!>Z$HF1MM$K$7$F!$%=!<%9%W%m%0%i%‘$G$O$J$/ %P%$%H%3!<%I$K$D$$$FD>@\>pJsN.2r@O$,9T$&$3$H$,2DG= $K$J$k!% :#8e$N2]Bj$H$7$F!$K\O@J8$G07$C$F$$$J$$L?Na!JFC$K %a%=%C%I8F$S=P$7$r4^$‘%*%V%8%’%/%H$K4X$9$kL?Na!$%5 %V%k!<%A%s!$%9%l%C%I%W%j%_%F%#%V!K$rDI2C$7$F7?%7%9 %F%‘$r3HD%$7!$$=$l$K4p$E$$$F8=<B$N%W%m%0%i%‘$,HkL) $N>pJs$rO3$i$7$F$$$J$$$+$rH=Dj$9$k8!>Z4o$r<BAu$9$k $3 $H $, 5s $2 $i $l $k!% $^ $?!$ 7? IU %" %; %s %V %j 8@ 8l [10] $J $I$NB>$NDc%l%Y%k8@8l$KBP$9$k>pJsN.2r@O$N7?%7%9%F%‘ $r9=C[$9$k$3$H$b:#8e$N2]Bj$G$"$k!% <U <- K\8&5f$NFbMF$K4X$7$F0l=o$K$45DO@$$$?$@$$$?El5~Bg 3XJF_78&5f<<$*$h$SEl5~9)6HBg3X>.NS8&5f<<$N!V%W%m%0 %i%_%s%08@8l$N4pAC!W%0%k!<%W$N%a%s%P!<$NJ}!9!$M-1W $J%3%a%s%H$r$/$@$5$C$?::FI<T$*$h$SJT=80Q0w$NJ}!9$K 46<U$$$?$7$^$9!% ;2 9M J8 8% [ 1 ] Mart � �n Abadi, Anindy a Banerjee, Nevin Hein tze, and Jon G. Riec k. A core calculus of dep endency . In Pr o c. of POPL , pages 147{169, 1999. [ 2 ] Johan Agat. T ransforming out timing leaks. In Pr o c. of POPL , pages 40{53, 2000. [ 3 ] Doroth y E. Denning and P eter J. Denning. Cer- ti�cation of programs for secure information o w. Communic ations of the A CM , 20(7):504{513, 1977. [ 4 ] Nevin Hein tze and Jon Riec k e. The slam cal- culus: programming with secrecy and in tegrit y . In Pr o c. of POPL , pages 365{377, 1998. [ 5 ] Kohei Honda, V asco V asconcelos, and Nobuk o Y oshida. Secure information o w as t yp ed pro cess b eha viour. In Pr o c. of Eur op e an Symp osium on Pr o gr amming (ESOP) 2000 , v olume 1782 of LNCS , pages 180{199. Springer-V erlag, 2000. [ 6 ] Kohei Honda and Nobuk o Y oshida. A uniform t yp e structure for secure information o w. In Pr o c. of POPL , pages 81{92, 2002. [ 7 ] A tsushi Igarashi and Naoki Koba y ashi. Type re- construction for linear pi-calculus with I/O subt yp- ing. Info. Comput. , 161:1{44, 2000. [ 8 ] Hidehik o Masuhara and Akinori Y oneza w a. A p ortable approac h to dynamic optimization in run- time sp ecialization. New Gener ation Computing , 20(1):101{124, 2002. [ 9 ] T orb en Mogensen. T yp es for 0, 1 or man y uses. In Implementation of F unctional L anguages , v ol- ume 1467 of LNCS , pages 112{122, 1998. [ 10 ] J. Gregory Morrisett, David W alk er, Karl Crary , and Neal Glew. F rom system F to t yp ed as- sem bly language. A CM T r ans. Pr o g. L ang. Syst. , 21(3):527{568, 1999. [ 11 ] Stev en S. Muc hnic k. A dvanc e d Compiler De- sign Implementation . Morgan Kaufmann Publish- ers, 1997. [ 12 ] Andrew C. My ers. JFlo w: Practical mostly- static information o w con trol. In Pr o c. of POPL , pages 228{241, 1999. [ 13 ] George C. Necula. Pro of-carrying co de. In Pr o c. of POPL , pages 106{119, 1997. [ 14 ] Flemming Nielson, Hanne Riis Nielson, and Chris Hankin. Principles of Pr o gr am Analysis . Springer-V erlag, 1999. [ 15 ] F ran� cois P ottier and Vincen t Simonet. Informa- tion o w inference for ML. In Pr o c. of POPL , pages 319{330, 2002. [ 16 ] Jak ob Rehof and T orb en Mogensen. T ractable constrain ts in �nite semilattices. Scienc e of Com- puter Pr o gr amming , 35(2):191{221, 1999. [ 17 ] Geo�rey Smith and Dennis V olpano. Secure in- formation o w in a m ulti-threaded imp erative lan- guage. In Pr o c. of POPL , pages 355{364, 1998. [ 18 ] Ra ymie Stata and Mart � �n Abadi. A t yp e system for ja v a b yteco de subroutines. A CM T r ans. Pr o g. L ang. Syst. , 21(1):90{137, 1999. [ 19 ] Dennis V olpano and Geo�rey Smith. Eliminat-

16 %3%s%T%e!<%?%=%U%H%&%’%" ( 16 ) ing co v ert o ws with minim um t ypings. In Pr o c. 10th IEEE Computer Se curity F oundations Work- shop , pages 156{168, 1997. [ 20 ] Dennis V olpano and Geo�rey Smith. V erifying secrets and relativ e secrecy . In Pr o c. of POPL , pages 268{276, 2000. [ 21 ] Dennis V olpano, Geo�rey Smith, and Cyn thia Irvine. A sound t yp e system for secure o w anal- ysis. Journal of Computer Se curity , 4(3):167{187, 1996. [ 22 ] Stev e Zdancewic and Andrew C. My ers. Secure information o w via linear con tin uations. Higher- Or der and Symb olic Computation , 2002. T o app ear. A preliminary v ersion app eared in Pro ceedings of ESOP 2001, Springer LNCS 2028, pp.46{61. A @)8f>pJs$NEAGEHO0O dep end ( l ) $NDj5A K\ @a $G $O!$ 3.2 @a $G Hs 7A <0 E* $K F3 F~ $7 $? @) 8f >p Js $N EA GE HO 0O dep end ( l ) $N 87 L) $J Dj 5A $* $h $S $= $l $r 5a $a $k $? $a$N%"%k%4%j%:%‘$rM?$($k!% $^$:3FL?Na%"%I%l%9$N!V<!$N!W%"%I%l%9$N=89g$rM?$( $k4X?t next $rDj5A$9$k!% Dj5A A.1 B $r %a %=%C %I K\ BN!$ l $r dom ( B ) $N MW AG $H $9 $k!% $3 $N $H $-!$ next B ( l ) $O 0J 2< $K $h$C $F Dj 5A $5 $l $k %"%I%l%9$N=89g$G$"$k!% next B ( l ) = 8 > > > > < > > > > : f l + 1 ; l 0 g if B ( l ) = if l 0 f l 0 g if B ( l ) = goto l 0 ; if B ( n ) = return f l + 1 g $=$l0J30$N;~ Nc$($P!$Nc 2.1 $N%a%=%C%IK\BN B $K$D$$$F next B (2) = f 3 ; 6 g $G$"$k!% B3$$$F!V40A4<B9T7PO)!W$rDj5A$9$k!% Dj5A A.2 ( 40A4<B9T7PO) ) B $r%a%=%C%IK\BN!$%"%I%l%9 l $r dom ( B ) $N MW AG $H $9 $k!% B $K $* $1 $k l $+ $i $N 40 A4 <B9T7PO) $H$O%"%I%l%9$NNs p ( 2 Adr � [ Adr ! ) $G0J2< $N>r7o$N$$$:$l$+$rK~$?$9$b$N$G$"$k!% (i) p $O L5 8B Ns l 0 l 1 l 2 � � � ( $9 $J $o $A p 2 Adr ! ) $G $" $j!$ l 0 2 next B ( l ) $+ $D G$ 0U $N <+ A3 ?t i $K $D $$ $F l i +1 2 next B ( l i ) !% (ii) p $O M- 8B Ns l 0 l 1 � � � l n ( $9 $J $o $A p 2 Adr � ) $G l 0 2 next B ( l ), B ( l n ) = return $+ $D G$ 0U $N i ( 2 f 0 ; : : : ; n � 1 g ) $K$D$$$F l i +1 2 next B ( l i ) !% (iii) p $O6uNs � $G B ( l ) = return !% B $K$*$1$k l $+$i$N40A4<B9T7PO)$N=89g$r ful l p ath B ( l ) $H=q$/!% %"%I%l%9$NNs p $N i HVL\$NMWAG$r p ( i ) $H=q$/!% Dj5A A.3 ( 9gN.E@ ) B $r %a %=%C %I K\ BN!$ l 2 dom ( B ) $H $9 $k!% B $K $* $1 $k l $+ $i $N 9g N. E@ $N =8 9g mer ge B ( l ) $r0J2<$NEy<0$K$h$jDj5A$9$k!% mer ge B ( l ) = f l 0 j 8 p 2 ful l p ath B ( l ) : 9 i: ( p ( i ) = l 0 ) g Dj5A A.4 ( :G=i$N9gN.E@ ) B $r %a %=%C %I K\ BN!$ %" %I %l %9 l $r dom ( B ) $N MW AG $H $9 $k!% B $K $* $1 $k l $+ $i $N :G =i $N 9g N. E@ fmer ge B ( l ) $H $O!$ 0J 2< $N =8 9g !J fmr g B ( l ) $H=q$/!K$NMWAG$G:G$b!J%"%I%l%9$NBg>.4X78$K$D$$$F!K >.$5$$$b$N$G$"$k!% f l 0 j l 0 2 mer ge B ( l ) ^ 9 p 2 ful l p ath B ( l ) : 9 i: ( p ( i ) = l 0 ^ 8 j: ( j < i ) p ( j ) 62 mer ge B ( l ))) g =8 9g fmr g B ( l ) $, 6u $N >l 9g $O fmer ge B ( l ) $r L$ Dj 5A $H $9 $k!% Dj5A A.5 ( @)8f>pJs$NEAGEHO0O ) B $r %a %=%C %I K\ BN!$ l 2 dom ( B ) $H $9 $k!% B $K $* $1 $k l $N @) 8f >p Js $N EA GE HO0O dep end B ( l ) $H$O0J2< $KM?$($i$l$k%" %I%l%9$N=89g $G$"$k!% f l 0 j 9 p 2 ful l p ath B ( l ) : 9 i: ( p ( i ) = l 0 ^ 8 j: ( j < i ) p ( j ) 6 = fmer ge B ( l )) g $J $*!$ fmer ge B ( l ) $, L$ Dj 5A $N ;~ $O l $+ $i E~ C# 2D G= $J $9 $Y$F$NE@$N=89g!$$9$J$o$A!$ f l 0 j 9 p 2 ful l p ath B ( l ) : 9 i:p ( i ) = l 0 g $H$9$k!% 0J2<$G$O!$ dep end B ( l ) $r 5a$a$k%"%k%4 %j%:%‘$rM?$( $k!% $^ $: 9g N. E@ $N =8 9g mer ge B ( l ) $O!$ 0J 2< $N Ey <0 $N :G >.2r$H$7$F5a$a$k$3$H$,$G$-$k!% mer ge B ( l ) = 8 > < > : T l 0 2 next B ( l ) ( f l 0 g [ mer ge B ( l 0 )) if next B ( l ) 6 = ; ; if next B ( l ) = ; :G =i$N 9g N. E@$N 8u Jd=8 9g fmr g B ( l ) $O<! $N Ey<0 $N :G >.2r �rst B ( l ; S ) $r MQ $$ $F �rst B ( l ; mer ge B ( l )) $H $9 $l $P $h $$!% �rst B ( l ; S ) = ( next B ( l ) \ S ) [ ( S l 0 2 next B ( l ) n S �rst B ( l 0 ; S )) :G8e$K dep end B ( l ) $O!$<!$NEy<0$N:G>.2r btwn B ( l 1 ; l 2 ) $rMQ$$$F btwn B ( l ; fmer ge B ( l )) $H$9$l$P$h$$!% btwn B ( l 1 ; l 2 ) = [ l 0 1 2 next B ( l 1 ) nf l 2 g ( f l 0 1 g [ btwn B ( l 0 1 ; l 2 )) $J $*!$ 3.2 @a $N 5S Cm $K =R $Y $? $h $& $K!$ G$ 0U $N L? Na %" %I %l %9 l $K $D $$ $F!$ L? Na %" %I %l %9 l $+ $i $N $$ $: $l $+ $N 40 A4

( 17 ) V ol. 0 No. 0 1983 17 <B9T 7PO) $,M- 8BNs $G$" $l$P!$ l $+ $i$N :G=i $N9g N.E@ $N8u Jd !J>e$N fmr g B ( l ) $NMW AG!K $O9b!9 1 $D $G $"$k $3 $H$, >Z L@$G$-$k!% :#!$ l $+ $i$N 9gN. E@$* $h$S M-8B $N40 A4<B 9T7P O)$, B8:_ $9 $k $H $9 $k!% G$ 0U $N 40 A4 <B 9T 7P O) $O!$ 9g N. E@ n !$ 9g N. E@ $r4^ $^ $J$$ M- 8BNs s 0 !$M- 8B$^ $? $OL5 8B Ns s 1 $r MQ$$ $F s 0 ns 1 $N 7A $K I= $9 $3 $H $, $G $- $k!% M- 8B $N 40 A4 <B 9T 7P O) $N B8 :_ $+ $i!$ s 1 $, M- 8B Ns $G $" $k $b $N $, B8 :_ $9 $k!% $= $3 $G!" s 1 $N It J, $, :G C; $N 40 A4 <B 9T 7P O) s 0 ns 1 $r 9M $( $k!% 2> $K n $H $O 0[ $J $k :G =i $N 9g N. E@ $N 8u Jd n 0 $r ;} $D 40 A4 <B 9T 7P O) s 0 0 n 0 s 0 1 $, B8 :_ $9 $k $H 2> Dj $9 $k!% n 0 $O s 0 ns 1 $K $b 4^ $^ $l $J $1 $l $P $J $i $J $$ $N $G!$ s 1 = s 2 n 0 s 3 $r K~ $? $9 Ns s 2 ; s 3 $, B8 :_ $9 $k!% $9 $k $H!$ s 0 0 n 0 s 3 $b 40 A4 <B 9T 7P O) $H $J $k $,!$ s 3 $O s 1 $h $j $b C; $$ $N $G 7P O) s 0 ns 1 $N A* $S J}$K H? $9$k!% 0J>e $+ $i!$:G =i $N9g N.E@ $N 8uJd $O 9b!9 1 $D$7$+B8:_$7$J$$!% M-8B$N40A4<B9T7PO)$,B8:_$7$J$$>l9g!J$9$J$o$A$I$N $h $& $J J, 4t $r $7 $F $b return L? Na $K C) $j $D $1 $J $$ B^ >. O) $H$J$C$F$$$k>l9g!K$K$O!$:G=i$N9gN.E@$N8uJd$OI,$:$7 $b 1 $D $G $O $J $$!% Nc $( $P 0J 2< $N $h $& $J %W %m %0 %i %‘ $N CG JR$G$O!$ 1 $+$i$N40A4<B9T7PO)$O 2 � 3 � 4 � 2 � : : : $*$h$S 3 � 4 � 2 � 3 � : : : $J$N$G!$:G=i$N9gN.E@$N8uJd$O 2 $*$h$S 3 $H$J$k!% l B ( l ) 1 if 3 2 inc 3 inc 4 goto 2 B Jd Bj $N >Z L@ B.1 JdBj 3.1 $N>ZL@ JdBj B.1 v � � v 0 $+ $D � v � 0 $J$i $P!$ v � � 0 v 0 $, @. $jN)$D!% >ZL@ v � � v 0 $NDj5A$h$jL@$i$+!% 2 7O B.1 (1) ( v � � v 0 ^ � � � 0 ) ) v � � 0 v 0 . (2) ( f � F f 0 ^ F � F 0 ) ) f � F 0 f 0 . (3) ( s � S s 0 ^ S � S 0 ) ) s � S 0 s 0 . >ZL@ JdBj B.1 $*$h$SDj5A$h$jL@$i$+!% 2 JdBj B.2 G$0U$N<+A3?t v ; v 0 $*$h$S7? � $K$D$$$F!$ v � � v 0 $,@.$jN)$D$J$i$P v + 1 � � v 0 + 1 $,@.$jN)$D!% >ZL@ Dj5A$h$jL@$i$+!% 2 >Z L@ !JJd Bj 3.1 !K 0J 2< $N >r 7o (i) !A (iv) $, @. $j N) $D $H 2>Dj$9$k!% (i) F ; S ; A ‘ (( � 1 ; : : : ; � n ; � r ) ; B ) (ii) ( p c ; f 1 ; s 1 ) � ! B ( p c 0 ; f 0 1 ; s 0 1 ) (iii) B ( p c ) = if l $J$i$P S ( p c )(0) = In t L (iv) ( f 1 ; s 1 ) � ( F ( p c ) ; S ( p c )) ( f 2 ; s 2 ) ( p c ; f 1 ; s 1 ) � ! B ( p c 0 ; f 0 1 ; s 0 1 ) $r F3 $$ $? 5, B’ $K $h $k >l 9g J, $1 $K $h $j!$ 0J 2< $N >r 7o (v) $* $h $S (vi) $r K~ $? $9 f 0 2 ; s 0 2 $,B8:_$9$k$3$H$r<($9!% (v) ( p c ; f 2 ; s 2 ) � ! B ( p c 0 ; f 0 2 ; s 0 2 ) (vi) ( f 0 1 ; s 0 1 ) � ( F ( p c 0 ) ; S ( p c 0 )) ( f 0 2 ; s 0 2 ) 0J 2< $G $O 5, B’ ( R-Inc ) $* $h $S ( R-IfT ) $N >l 9g $K $D $$ $F$N$_<($9!%B>$N>l9g$bF1MM$G$"$k!% � 5,B’ ( R-Inc ) $N;~!%5,B’$h$j!$ B ( pc ) = inc pc 0 = pc + 1 f 0 1 = f 1 s 0 1 ( i ) = ( s 1 ( i ) + 1 if i = 0 s 1 ( i ) if i 2 dom ( s 1 ) n f 0 g $,@.$jN)$D!% f 0 2 ; s 0 2 $r f 0 2 = f 2 s 0 2 ( i ) = ( s 2 ( i ) + 1 if i = 0 s 2 ( i ) if i 2 dom ( s 2 ) n f 0 g $K $h$C $F Dj 5A $9 $k $H!$ >r 7o (v) $* $h $S (vi) $, K~ $? $5 $l $k $3 $H $r <( $9!% >r 7o (v) $O 5, B’ ( R-Inc ) $h $j L@$i$+!% >r7o (iv) $h$j dom ( f 1 ) \ dom ( f 2 ) � dom ( F ( p c )) dom ( s 1 ) \ dom ( s 2 ) � dom ( S ( p c )) $,@.$jN)$D!%:G=i$N>r7o$h$j!$ dom ( f 0 1 ) \ dom ( f 0 2 ) = dom ( f 1 ) \ dom ( f 2 ) � dom ( F ( p c )) = dom ( F ( p c 0 ))

18 %3%s%T%e!<%?%=%U%H%&%’%" ( 18 ) $,@.$jN)$D!%F1MM$K dom ( s 0 1 ) \ dom ( s 0 2 ) � dom ( S ( p c 0 )) $b@.$jN)$D!% $5 $i $K!$ >r 7o (iv) $* $h $S 7? IU $1 5, B’ ( T-Inc ) $h $j!$ 8 x 2 dom ( F ( p c )) :f 1 ( x ) � F ( p c )( x ) f 2 ( x ) 8 i 2 dom ( S ( p c )) :s 1 ( i ) � S ( p c )( i ) s 2 ( i ) F ( p c ) � F ( p c 0 ) S ( p c ) � S ( p c 0 ) $,@.$jN)$D$N$G!$7O B.1 $*$h$SJdBj B.2 $h$j!$ 8 x 2 dom ( F ( p c 0 )) :f 0 1 ( x ) � F ( p c 0 )( x ) f 0 2 ( x ) 8 i 2 dom ( S ( p c 0 )) :s 0 1 ( i ) � S ( p c 0 )( i ) s 0 2 ( i ) $,F@$i$l$k!%0J>e$h$j!$>r7o (vi) $,@.$jN)$D!% � 5,B’ ( R-IfT ) $N;~!%5,B’$*$h$S>r7o (iii) $h$j!$ B ( pc ) = if l 0 pc 0 = pc + 1 f 0 1 = f 1 s 1 = 0 � s 0 1 S ( p c )(0) = In t L $,@.$jN)$D!% f 0 2 ; s 0 2 $r f 0 2 = f 2 s 0 2 ( i ) = s 2 ( i + 1) if i + 1 2 dom ( s 2 ) $K $h$C $F Dj 5A $9 $k $H!$ >r 7o (v) $* $h $S (vi) $, K~ $? $5$l$k$3$H$r<($9!% >r7o (iv) $* $h$S S ( p c )(0) = In t L $h$j!$ s 2 (0) = s 1 (0) = 0 !% $h$C $F!$ 5, B’ ( R-If ) $h $j (v) $, @. $j N)$D!% >r7o (iv) $h$j dom ( s 1 ) \ dom ( s 2 ) � dom ( S ( p c )) $,@.$jN)$D$N$G!$ dom ( s 0 1 ) \ dom ( s 0 2 ) = f i j i + 1 2 dom ( s 1 ) g \f i j i + 1 2 dom ( s 2 ) g = f i j i + 1 2 dom ( s 1 ) \ dom ( s 2 ) g � f i j i + 1 2 dom ( S ( p c )) g = dom ( S ( p c 0 )) $,F@$i$l$k!%F1MM$K!$ dom ( f 0 1 ) \ dom ( f 0 2 ) � dom ( F ( p c 0 )) $b@.$jN)$D!% $5$i$K!$>r7o (iv) $*$h$S7?IU$15,B’ ( T-If ) $h$j!$ 8 x 2 dom ( F ( p c )) :f 1 ( x ) � F ( p c )( x ) f 2 ( x ) 8 i 2 dom ( S ( p c )) :s 1 ( i ) � S ( p c )( i ) s 2 ( i ) 8 x 2 dom ( F ( p c )) : F ( p c )( x ) � F ( p c 0 )( x ) 8 i 2 dom ( S ( p c 0 )) S ( p c )( i + 1) � S ( p c 0 )( i ) $,@.$jN)$D$N$G!$7O B.1 $h$j!$ 8 x 2 dom ( F ( p c 0 )) :f 0 1 ( x ) � F ( p c 0 )( x ) f 0 2 ( x ) 8 i 2 dom ( S ( p c 0 )) :s 0 1 ( i ) � S ( p c 0 )( i ) s 0 2 ( i ) $,F@$i$l$k!%0J>e$h$j!$>r7o (vi) $,@.$jN)$D!% 2 B.2 JdBj 3.2 $N>ZL@ JdBj B.3 0J 2< $N >r 7o (i) !A (iv) $, @. $j N) $D $H 2> Dj $9 $k!% (i) F ; S ; A ‘ (( � 1 ; : : : ; � n ; � r ) ; B ) (ii) ( p c ; f ; s ) � ! B ( p c 0 ; f 0 ; s 0 ) (iii) A ( p c ) = H (iv) ( dom ( f ) � dom ( F ( p c ))) ^ ( dom ( s ) � dom ( S ( p c ))) $9$k$H!$0J2<$N>r7o (v) $,@.$jN)$D!% (v) ( " F ( p c 0 ) ( f ) ; " S ( p c 0 ) S ( p c ) ( s )) � ( F ( p c 0 ) ; S ( p c 0 )) ( f 0 ; s 0 ) >Z L@ Jd Bj $N (i) !A (iv) $r 2> Dj $9 $k!% (ii) $N F3 =P 5, B’ $K 4X$9$k>l9gJ, $1$K$h$j!$ (v) $,@.$jN)$D$3$H$r <($9!%0J 2<$G $O 5,B’ ( R-Push ) $* $h$S ( R-IfT ) $N >l9g $K$D $$$F $N$_<($9!%B>$N>l9g$bF1MM$G$"$k!% � 5,B’ ( R-Push ) $N;~!%5,B’$h$j!$ B ( pc ) = push0 pc 0 = pc + 1 f 0 = f s 0 = 0 � s $,@.$jN)$D!%$^$?!$7?IU$15,B’ ( T-Push ) $h$j!$ F ( p c ) � F ( p c 0 ) In t H � S ( p c ) � S ( p c 0 ) $,@.$jN)$D!%=>$C$F!$ " F ( p c 0 ) ( f ) = f 0 " S ( p c 0 ) S ( p c ) ( s )( i ) = ( ? if i = 0 s 0 ( i ) if i 2 dom ( s 0 ) nf 0 g $, @. $j N) $D!% $3 $l $i $H In t H � S ( p c 0 )(0) $h $j!$ >r7o (v) $,@.$jN)$D!%

( 19 ) V ol. 0 No. 0 1983 19 � 5,B’ ( R-IfT ) $N;~!%5,B’$h$j!$ B ( pc ) = if l 0 pc 0 = pc + 1 f 0 1 = f 1 s 1 = 0 � s 0 1 $,@.$jN)$D!%$^$?!$7?IU$15,B’ ( T-If ) $h$j!$ F ( p c ) � F ( p c 0 ) S ( p c ) � In t � � S ( p c 0 ) $,@.$jN)$D!%=>$C$F!$ " F ( p c 0 ) ( f ) = f 0 " S ( p c 0 ) S ( p c ) ( s )( i ) = s 0 $,@.$jN)$D!%$h$C$F!$>r7o (v) $,@.$jN)$D!% 2 JdBj B.4 ( f ; s ) � ( F ;S ) ( f 0 ; s 0 ) $, @. $j N) $D $H $9 $k!% $5 $i $K!$ 6I =j JQ ?t $* $h $S %9 %?%C %/ $N 7? F 0 ; S 0 $O <! $N >r 7o $rK~$?$9$b$N$H$9$k!% (i) 8 x 2 dom ( F 0 ) nf y j F ( y ) = In t L g : ( In t H � F 0 ( x )) (ii) dom ( S ) = f 0 ; : : : ; n � 1 g !$ dom ( S 0 ) = f 0 ; : : : ; n 0 � 1 g $J$k n; n 0 $K$D$$$F!$ 8 i 2 f j j S ( j + n � n 0 ) = In t L g : ( In t H � S 0 ( i )) : $9$k$H!$ ( " F 0 ( f ) ; " S 0 S ( s )) � ( F 0 ;S 0 ) ( " F 0 ( f 0 ) ; " S 0 S ( s 0 )) $,@.$jN)$D!% >Z L@ " F 0 ( f )( x ) $H " F 0 ( f 0 )( x ) $, 0[ $J $k $N $O!$ x 2 dom ( F 0 ) n ( dom ( f ) \ dom ( f 0 )) � dom ( F 0 ) n dom ( F ) !$ $^$? $O f ( x ) 6 = f ( x 0 ) $+$D In t H � F ( x ) $N$H $-$N$_ $G $"$k!%$$$:$l$N>l 9g$b F 0 $N>r7o$h$j In t H � F 0 ( x ) $, @. $j N) $D $N $G!$ " F 0 ( f )( x ) � F 0 ( x ) " F 0 ( f 0 )( x ) $, F@ $i $l$k!% $7$? $,$C$F!$ " F 0 ( f ) � F 0 " F 0 ( f 0 ) $, @.$j N)$D!% F1MM$K " S 0 S ( s ) � S 0 " S 0 S ( s 0 ) $b@.$jN)$D!% 2 >Z L@ !JJd Bj 3.2 !K m $K 4X $9 $k ?t 3X E* 5" G< K! $K $h $j!$ (i) !A (iv) $, @. $j N) $D $J $i $P (v) $* $h $S dom ( f m ) � dom ( F ( p c m )) !$ dom ( s m ) � dom ( S ( p c m )) $, @.$jN) $D$3$H$r<($9!% m = 0 $N$H$-$O!$ " F ( p c 0 ) ( f 0 ) = f 0 $*$h$S " S ( p c m ) S ( p c 0 ) ( s 0 ) = s 0 $h$jL@$i$+!% m � 1 $G!$ (i) !A (iv) $, @. $j N) $D $H 2> Dj $9 $k!% 5" G< K!$N2>Dj$h$j!$ ( " F ( p c m � 1 ) ( f 0 0 ) ; " S ( p c m � 1 ) S ( p c 0 ) ( s 0 0 )) � ( F ( p c m � 1 ) ; S ( p c m � 1 )) ( f m � 1 ; s m � 1 ) dom ( f m � 1 ) � dom ( F ( p c m � 1 )) dom ( s m � 1 ) � dom ( S ( p c m � 1 )) $, @. $j N) $D!% 2 HV L\ $H 3 HV L\ $N >r 7o $* $h $S 7? IU $1 5, B’!$A‘:nE*0UL#O@$h$jL@$i$+$K dom ( f m ) � dom ( F ( p c m )) dom ( s m ) � dom ( S ( p c m )) $,@.$jN)$D!% 1 HVL\$N>r7o$*$h$SJdBj B.4 $h$j!$ ( " F ( p c m ) ( " F ( p c m � 1 ) ( f 0 0 )) ; " S ( p c m ) S ( p c m � 1 ) ( " S ( p c m � 1 ) S ( p c 0 ) ( s 0 0 ))) � ( F ( p c m ) ; S ( p c m )) ( " F ( p c m ) ( f m � 1 ) ; " S ( p c m ) S ( p c m � 1 ) ( s m � 1 )) $, @. $j N) $D !J F ( p c m ) ; S ( p c m ) $, Jd Bj B.4 $N >r 7o $r K~ $?$9$3$H$O7?IU$15,B’$h$jL@$i$+!K!% $^$?!$JdBj B.3 $h$j!$ ( " F ( p c m ) ( f m � 1 ) ; " S ( p c m ) S ( p c m � 1 ) ( s m � 1 )) � ( F ( p c m ) ; S ( p c m )) ( f m ; s m ) $,@.$jN)$D!%=>$C$F!$>r7o (v) $r<($9$K$O!$ ( " F ( p c m ) ( " F ( p c m � 1 ) ( f 0 0 )) ; " S ( p c m ) S ( p c m � 1 ) ( " S ( p c m � 1 ) S ( p c 0 ) ( s 0 0 ))) � ( F ( p c m ) ; S ( p c m )) ( " F ( p c m ) ( f 0 0 ) ; " S ( p c m ) S ( p c 0 ) ( s 0 0 )) $,@.$jN)$D$3$H$r<($;$P==J,$G$"$k!% $3$3$G!$ " F ( p c m ) ( " F ( p c m � 1 ) ( f 0 0 ))( x ) $H " F ( p c m ) ( f 0 0 )( x ) $H$,0[$J$k$N$O!$ " F ( p c m � 1 ) ( f 0 0 )( x ) = ? $G$"$k$h$&$J x $K$D$$$F$N$_$G$"$k!% " F ( p c m � 1 ) ( f 0 0 ) � F ( p c m � 1 ) f m � 1 $h $j!$ $= $N $h $& $J x $K $D $$ $F In t H � F ( p c m � 1 )( x ) $,@. $jN) $D!%7?IU $15,B’ $h$j!$ In t H � F ( p c m )( x ) $, @.$jN)$D$N$G!$ " F ( p c m ) ( " F ( p c m � 1 ) ( f 0 0 ))( x ) � F ( p c m )( x ) " F ( p c m ) ( f 0 0 )( x ) $,F@$i$l$k!%=>$C$F!$ " F ( p c m ) ( " F ( p c m � 1 ) ( f 0 0 )) � F ( p c m ) " F ( p c m ) ( f 0 0 ) $,@.$jN)$D!%F1MM$K " S ( p c m ) S ( p c m � 1 ) ( " S ( p c m � 1 ) S ( p c 0 ) ( s 0 0 ))) � S ( p c m ) " S ( p c m ) S ( p c 0 ) ( s 0 0 ) $b@.$jN)$D!%$h$C$F==J,>r7o$,@.$jN)$D!% 2