Ja v a %P%$%H%3!<%I$K$*$1$k %*%V%8%’%/%H;HMQ2r@O$N$?$a$N7?%7%9%F%‘ IMCf ?.9T El5~Bg3XBg3X1!M}3X7O8&5f2J hamanak a@yl.is.s.u-toky o.ac.jp =;0f 1QFsO: El5~Bg3XBg3X1!>pJsM}9)3X7O8&5f2J sumii@yl.is.s.u-toky o.ac.jp >.NS D><y El5~9)6HBg3XBg3X1!>pJsM}9)3X8&5f2J k oba y asi@cs.titec h.ac.jp JF_7 L@7{ El5~Bg3XBg3X1!>pJsM}9)3X7O8&5f2J y oneza w a@yl.is.s.u-toky o.ac.jp J?@. 14 G/ 2 7n 15 F| 35 MW Ja v a %P %$ %H %3 !< %I (JVML) $K $* $$ $F !$%* %V %8%’%/ %H $N ;H MQ J} K! $r 2r @O !& 8! >Z $9 $k 7? %7 %9 %F %‘ $r Ds 0F $9 $k !% $3$3$G %*%V %8 %’%/ %H$N ;HMQ J}K!$H $O!$ %a %=%C %I 5/F0 $d %U%# !<%k %IJQ?t %"%/%; %9$N=g =x$d2s?t $r$$$& !% $3$l $K $h $j !$ $? $H $( $P !V 3F !9 $N File %*%V %8 %’ %/ %H $O !$ @8 @. $5 $l$?$i$^$:=i4|2=$5$l !$<!$K open $5$l$F$+$i read $^ $?$O write $5$l!$:G 8e$K close $5$l$k!W $H$$ $C$? !$ 7W ;;;q8; $N;HMQ J}K!$, @EE*$K ?dO@ !& 8!:: $G$-!$ %;%- %e %j %F%# $d %G%P %C %0$N 4QE@$+ $iM- MQ$G$" $k$H 4|BT$5 $l$k !% 1 =x>O 0lHL $K!$ %W%m %0%i%_ %s%0 8@8l $G$O!$ %U %! %$%k $d%G !< %?%Y!<%9!$%9%?%C%/ !$%-%e!<Ey%W%m%0%i%‘$N30It$^ $? $OFb It$K B8:_ $9$k 7W;;;q 8;$K %"%/ %;%9 $r9T $&$, !$ $3 $l $i7W ;;;q 8;$X $N%" %/%; %9$O 1} !9 $K$7 $F=g =x$, A[ Dj$5 $l $F $$ $k !% Nc $( $P !$ UNIX $N �le $O :G =i $K op en $5 $l <! $K read $^$? $O write $, G$ 0U2s 9T$o $l!$:G 8e$K close $5 $l $k$H $$$& %" %/%; %9 $,A[ Dj $5$l $F $$$k !%$^ $? so c k et $O!$ bind !$ listen !$ connect Ey$N A‘ :n $K 4X $7 $F J# ;( $J %" %/ %; %9=g=x $,A[Dj $5$l$F $*$j !$ $3$l$i $KH?$9 $k%"%/ %;%9 $r 9T$&$H %(%i !<$H$J $k!% => $C $F!$ 7W;; ;q8; $KBP$9 $k%" %/ %;%9=g =x$N@) 8f$r9T $&$3$H $O=EMW $G$" $j !$ FC$K $=$N @E E*$J8! >Z$O %G%P %C %0 $d%;%- %e %j %F %# $N4QE@ $+$i M-MQ $G $"$k!% 0lJ} !$ %* %V%8 %’ %/%H ;X8~ 8@8l$K $*$$ $F$O !$ 3F <o7W ;; ;q8;$O%*%V %8 %’ %/%H $H$7 $FI=8= $5$l !$ $=$l $i$K BP$9$k %"%/%;%9$O %a%= %C %I $N5/ F0$d %U %# !<%k %IJQ ?t$N FI$_=q $-$rDL$8$F9T$o$l$k$3 $H$,B?$$!% C++ $d Ja v a $J$I8= :_<gN.$N %/%i %9%Y !<%9 7?IU $-%* %V%8 %’ %/ %H;X 8~8@ 8l$G $O!$ %*%V %8 %’%/ %H$N B0$9 $k%/%i %9$K $7$?$, $C $F @EE*7? IU$1$r9T$&$3$H $K$h$j !$ 3F!9 $N%*%V %8%’ %/%H $,<uM}$7 $&$k%a%=%C %I$N =8 9g $r4IM}$7 $F$$$k !% $3$l $K$h$j !$ $? $H$($P !V %9%? %C %/ $KBP $7 $F dequeue %a%= %C %I $, 8F$P $l $J$$ !W !V %- %e !< $K BP $7 $F pop %a%= %C %I $, 8F $P $l $J $$ !W $H $$$C$? @- <A $, J] >Z $5 $l !$ Smalltalk $N $h $& $J $$ $o $f $k \message not understo o d" %(%i !< $, KI ;_ $G $- $k !% $7 $+ $7 $= $l $@ $1 $G $O !$$? $H $( $P!V open $5 $l $F $$ $J $$ File %*%V%8 %’ %/ %H $, read $5$l $k !W !V 0l $D $N File %*%V %8 %’ %/ %H$, open $5 $l !$ close $5 $l $J $$ $^ $^ :F $S open $5 $l $k !W $H$$$C $?!$ %a %= %C %I8F $S=P$7 $N =g =x $d 2s ?t $K0M B8$9$k %(%i !< $O KI ;_ $G $- $J $$ !% $3 $N Ld Bj $K $D $$ $F $O !$ File %/ %i %9 $r UnopenedFile $H OpenedFile $K :Y J, 2= $9 $k $H $$$C$? BP=h K!$b $"$k $,!$ HQ ;($9$. $F8= <B$K $O$" $^$j<B A)$5$l$F$$$J$$!% $=$3$GK\ O@J8 $G$O !$ %W %m%0 %i%‘ $r2a EY$K J#;( $K$9 $k $3 $H $J $/ >e =R $N $h $& $J Ld Bj $r 2r 7h $9 $k $? $a $K !$ %* %V %8 %’ %/%H$,<u M}$9 $k%a %= %C %I $N Ns $r 4IM} $9$k 7?%7 %9%F %‘$r Ds0F !& Dj<02= $9$k!% 8@8l$H $7$F$O !$ C1 =c$+$D 8=<BE*$J %* %V %8%’%/ %H ;X 8~ 8@ 8l $N 0l <o $G $" $k Ja v a %P %$ %H %3 !< %I (JVML) [10] $N%5 %V %; %C %H $r BP >] $H $9 $k !% F1 MM $N 7? %7 %9 %F %‘ $r Ja v a $N I= LL 8@ 8l $d B> $N %* %V %8%’%/ %H ;X 8~ 8@8l ( $NAj Ev $9 $k %5 %V %; %C %H ) $K$D $$ $F 1~ MQ $9 $k $3 $H $b 2DG=$J$O$:$G$"$k!% 1

0J 2< $K !$ 2f !9 $N 7? %7 %9 %F %‘ $N 35 MW $r =g $r DI $C $F =R $Y $k !% 1.1 Stata $H Abadi $N7?%7%9%F%‘ 2f!9$N 7? %7 %9 %F %‘ $O !$ Stata $H Abadi $, Ds 0F $7 $? JVML $N 7? %7 %9 %F %‘ [13] $K 4p $E $$ $F $$ $k !% JVML %W %m%0 %i%‘$N <B9T $G$O !$ %a%= %C %I 8F$S=P $7Kh $K6I =jJQ ?t $H %* %Z %i %s %I %9 %? %C %/ ( 0J2< $G $O %9 %? %C %/ $H 8F $V ) $,M? $($i$l $k!% H‘ $i$N 7?%7%9 %F%‘ $O!$ $3 $N<B9T %b%G %k$K BP $7%W %m%0 %i%‘ $N3F HVCO Kh$K 6I=j JQ?t $*$h $S%9 %? %C %/ $K 3JG< $5$l $F$$ $kCM $N7?$r Dj$a $k$? $a$K !$ 3F HVCO $4$H $K 7?4D6-$rM?$($k!% $? $H $( $P !$<! $N $h $& $J JVML %W %m %0 %i %‘ $r 9M $( $k ( @b L@ $N $? $a $K !$<B :] $H $O $d $d 0[ $J $k 5? ;w %3 !< %I $r MQ $$$k ) !% 1: load x 2: dup 3: invoke File.open 4: invoke File.close $3$N %W %m%0 %i %‘ $O!$ $^$: Bh 1 HVCO$G JQ ?t x $NCM$r FI $_ 9~$_ !$ $=$N CM$r Bh 2 HVCO$G 2 8D$KJ#@= $7$F %9%? %C %/ $K push $9 $k !%$= $N 1 8D L\ $N CM $r Bh 3 HV CO $G %9 %?%C%/ $+ $i p op $7!$ File %/%i%9$N%*%V%8 %’ %/%H ( $X$N;2>H ) $H $_$J $7 $F!$ open %a%= %C %I$r 8F $S=P $9 !% $5 $i $K!$ 2 8DL\ $NCM $rBh 4 HV CO$G %9%?%C%/ $+ $i p op $7 !$ File %/ %i%9 $N close %a%=%C%I$r8F$S=P$9 !% Stata $H Abadi $N7?%7%9%F %‘$O!$ >e $N%W%m%0 %i%‘$N Bh 1 HVCO$+ $iBh 4 HVCO$K $=$l $>$l <! $N$h $&$J 7? 4D6- $r M?$($k$3$H$,$G$-$k!% � 1 = x : File � 2 = s 0 : File � 3 = s 0 : File ; s 1 : File � 4 = s 0 : File $3 $3 $G x : File Ey$O !$ JQ ?t x Ey$N CM $, File %*%V %8 %’ %/ %H$X$N;2>H$G$" $k$3$H$rI=$9 !% s i $O%9%?%C%/$N i HVL\ $rI= $9 FC <l $J JQ ?t L> $G $" $k !% ( 86 O@ J8 [13] $N Dj <0 2= $G $O%9 %? %C %/$H %m!< %+%k JQ?t $N7? 4D6- $,J, N%$5 $l $F$$ $? $, !$ $3 $3 $G $O 0J 9_ $N @b L@ $N $? $a $K $= $l $i $r E} 0l $9 $k !% ) 1.2 7?$N3HD% >e $N $h $& $K Stata $H Abadi $N7? %7 %9 %F %‘ $G $O !$ 3F %* %V%8 %’ %/ %H$N 7?$H$7 $F$= $N%* %V%8 %’ %/ %H$, B0$9 $k%/ %i %9$N$_$r9M $($k !% $7$+$7 KAF, $G5D O@$7$? $h$& $K!$ $=$l $@$1$G$O<B:]$K$O%*%V%8%’ %/%H$,=hM}$G $-$J$$%a%= %C %I8F$S=P$7 $,H/ @8$7 $&$k !% Nc$($P >e$N Nc$G !$ Bh 3 HVCO $N open %a %= %C %I 8F $S =P $7 $H Bh 4 HV CO $N close %a%= %C %I 8F$S=P$7$rF~$lBX $($F$b!$ Stata $H Abadi $N7?%7%9%F %‘ $G $O ( 7? $N >e $G $O ) @5 $7 $$ %W %m %0 %i %‘ $H H= Dj $5 $l $k $,!$<B9T;~$K$O open $5$l$F$$$J$$ File %*%V%8%’%/%H $KBP$7$F close %a%=%C%I$,8F$S=P$5$l$F$7$^$& !% $3 $N Ld Bj $r 2r 7h $9 $k $? $a $K 2f!9$N 7? %7 %9 %F %‘ $G $O !$ $^$: 3F %* %V %8 %’ %/ %H $N 7? $r usage $H8F $P$l $k <0 [14] $K $h$C$F 3HD% $9$k!% 0l HL$K usage $O7?$N0l It$H$7 $FIU 2C $5$l!$$=$N7?$r;}$DCM $N;HMQJ}K!$rI= $9 [6{9, 14] !%K\ O@J8$G$O!$ %* %V%8 %’ %/%H $KBP$9 $k%a %= %C%I 8F$S =P$7$N =g =x $d 2s ?t $r I= $9 $? $a $K usage $r MQ $$ $k !%$? $H $( $P !$ !V open $5$l$F$+$i close $5$l$k!W $H $$$&%*%V %8%’ %/%H $N ;H MQ J} K! $O !$ open ; close $H $$ $& usage $K $h$C$F I= $5$l$k!% usage $r MQ$$$k $H!$@h $N%W%m %0%i %‘$KBP $9$k 7?4D6- $O<!$N$h$&$K3HD%$5$l$k!% � 1 = x : File = ( op en ; close ) � 2 = s 0 : File = ( op en ; close ) � 3 = s 0 : File = op en ; s 1 : File = close � 4 = s 0 : File = close $3 $3 $G !$ File = ( op en ; close ) Ey $K $* $1 $k op en ; close $N It J, $, IU 2C $5 $l $? usage $G $" $k !%$? $H $( $P !$ x : File = ( op en ; close ) $O!V JQ ?t x $N CM $O !$$3 $l $+ $i $^ $: open $5$l!$$=$N8e$K close $5$l$k$h$&$J File %*%V %8%’%/%H$X$N;2>H$G$"$k!W$3$H$rI=$9 !% $3 $N $h $& $J 7? 4D 6- $O !$ <! $N $h $& $K %\ %H %‘ %" %C %W $K 5a $a $k$3 $H $, $G $- $k !% $^ $: !$ Bh 4 HV CO $G $O s 0 $K BP $7 close %a %=%C%I$,8F$P$l$k$N$G!$ � 4 $K$*$1 $k s 0 $N usage $O close $H$J$k!%Bh 3 HVCO$G$O s 0 $, p op $5$l$F open %a %= %C %I $, 8F $P $l $k $N $G !$ � 3 $K $* $1 $k s 0 $N usage $O op en $H $J$j !$$^$? � 3 ( s 1 ) $O � 4 ( s 0 ) $KEy $7$$!%Bh 2 HV CO$G $O dup L? Na $K $h $j s 0 $, s 1 $K J# @= $5 $l $k $N $G !$ � 2 ( s 0 ) $O � 3 ( s 0 ) $H � 3 ( s 1 ) $r 9g $o $; $? 7? $K $J $k !% :G 8e $K !$ Bh 1 HV CO $G $O x $N CM $, s 0 $K FI $_ 9~ $^ $l $k $N $G !$ � 1 = [ x=s 0 ]� 2 $H$J$k!% 1.3 7?4D6-$N3HD% $H $3 $m $, !$ >e $N $h $& $J 7? 4D 6- $r 5a $a $k :] $K !$ <B :] $K $O 0J 2< $N $h $& $J Ld Bj $, H/ @8 $9 $k !% Bh 2 HV CO $N L? Na $, dup $G $"$k $3 $H $+ $i � 2 ( s 0 ) $O � 3 ( s 0 ) $H � 3 ( s 1 ) $r9g $o $; $? 7? 2

$K $J $k $, !$ � 2 ( s 0 ) $N usage ItJ, $K $D $$ $F op en $H close $N =g =x $O � 3 $+ $i $O CN $j F@ $: !$ op en ; close $H close ; op en $N$I $A$i$+ H=CG $G$- $J$$ !% $3$N LdBj$O !$ Bh 3 HVCO$K$* $1 $k s 0 $H s 1 $, <B $O F1 $8 %* %V %8 %’ %/ %H $r ;X $9 JL L> (alias) $G$" $k$N$K !$ $=$l $i$N 4V$N %a%= %C %I8F $S=P $7$N =g=x >p Js$, � 3 $K$* $$ $F <:$o $l $F $$$k $? $a $K5/ $3 $k !%F1MM $N LdBj$O dup $@$1$G$J$/ !$JLL>$r@8@.$7$&$k$9$Y$F$NL? Na ( %m!<%+%kJQ?t$NFI$_9~$_$r9T$& load Ey ) $K$D$$$F H/@8$9$k!% $3 $N Ld Bj $r 2r 7h $9 $k $? $a $K 2f!9$O !$0[ $J $k JQ ?t $b $^ $? $,$C$F %a %=%C%I 8F $S =P $7 $N =g =x $r 07 $& $h $& !$ s 0 : File = op en ; s 1 : File = close $N$h$&$J !VJQ?t L>$+$i7? $X $N <L A| !W $G $O $J $/ !$ s 0 : File = op en ; s 1 : File = close $N $h $& $J !V 3F JQ ?t $N 7? IU $1 $N =g =x Ns !W $K 7? 4D 6- $r 3H D% $9 $k !% $3$l$K$h$j !$$?$H$($P@h$NNc$G$O � 3 = s 0 : File = op en ; s 1 : File = close $H $H $l $P !$ � 2 ( s 0 ) $N usage It J, $, op en ; close $H $J $k $3$H$,$o$+$k!% 1.4 usage $N3HD% $5$i $K!$ 2f !9 $N7? %7%9 %F%‘$G $O%a %= %C %I8F$S =P$7 $@ $1$G$J $/ !$ %U %#!< %k%IJQ ?t$KBP $9$kFI $_=q$- $N=g=x $d 2s?t $N>pJs $b!$ JX 59E* $K%* %V%8 %’ %/%H $N;H MQJ} K!$H 9M $($F7? $KIU $12C $($k!% $= $NM} M3$O !$ 7?%7%9 %F%‘ $N7r A4 @-$K4X$o$k$b$N$G!$0J2<$NDL$j$G$"$k!% JVML $G$O putfield L? Na$K $h$j !$%*%V %8%’%/%H $N %U %# !<%k %IJQ ?t$K BP$7 $FGK 2uE* BeF~ $r9T $&$3 $H $,$G $- $k!% $3 $N$h $&$J GK2u E*Be F~$O JLL> $,B8 :_$7 $&$k >u67 $G $O7? %7%9 %F%‘ $N 7rA4 @-$N $?$a $KFC JL $JCm 0U$r I,MW $H $9 $k !% ( $3 $l $i $N GK 2u E* Be F~ $O ;2 >H $J $$ $7 %] %$ %s %? $, !V ;X $9@h!W $X$NBe F~$G$"$j !$ C1$J$k <jB3$- 7?8@8l $NBeF~ J8 $d JVML $N store L?Na$H $O0[ $J$k !% Sc heme 8@8l$K Nc $($l $P set! $G $O $J $/ set-car! $d set-cdr! $K !$ C 8@ 8l$G 8@ $( $P x = y Ey $G $O $J $/ p->x = y $d *p = z $K $"$?$k!% ) $^ $: AG KQ $J J} K! $, :$ Fq $G $" $k $3 $H $r 3N G’ $9 $k $? $a $K !$ <! $N $h $& $J %W %m %0 %i %‘ $r 9M $( $k !% ( $3 $3 $G $O 4J C1 $N $? $a $K!$%P %$ %H %3 !< %I $G $O $J $/ Ja v a $N I= LL 8@ 8l Iw $N 9= J8 $r;HMQ$9$k!% ) 1: f = new File(); 2: g = new File(); 3: f.open(); 4: g.open(); 5: x = new FileContainer(); 6: y = new FileContainer(); 7: if (...) then y = x; 8: x.contents = f; 9: y.contents = g; 10: x.contents.close(); 11: y.contents.close(); $3 $l $O !$Fs $D $N File %* %V %8%’%/ %H $r @8 @. $7 !$$= $l $> $l open $7 $? 8e %3 %s %F %J $K 3J G< $7 $F $+ $i close $9 $k $H $$$&%W%m%0%i%‘$G$"$k!% $3 $N %W%m %0%i %‘ $K$* $$ $F!$Bh 8 9T L\$N 7? 4D6- � 8 $H $7 $F $9 $Y $F $N usage $, 6u $G $" $k $b $N $r $H $j !$Bh 10 9T L\$N7?4D6- � 10 $H$7$F2>$K x : c ontents : File = close ; y : c ontents : File = close $N$h$&$J $b$N$r $H$l $P!$ 0l8+ $9$k $H7? IU$1 $,@.8y $7$F $7 $^ $& !%$3 $3 $G x : c ontents : File = close Ey $O !$ !VJQ ?t x $N %U%#!< %k %I contents $O !$$3 $l $+ $i close $5 $l $k $Y $- File %*%V%8%’%/%H$r;}$D!WEy$rI=$9$H$9$k!% $7 $+ $7 !$Bh 7 9T L\ $h$j x $H y $O F1$8 %3 %s%F %J $r ;X$7 $F$$$k$+$b$7$l$: !$<!$N$3$H$,5/$3$jF@$k!% � Bh 1 9T L\ $G @8 @. $5 $l $? File %*%V %8 %’ %/ %H $, close $5$l$J$$ � Bh 2 9TL\$G@8@.$5$l$? File %*%V%8%’%/%H$KBP $7!$ close $,Fs2s8F$P$l$k $h$C$F !$ $3$N %W%m %0%i %‘$O $‘$7$m 7?%( %i!< $H$J $k$Y$- $G$"$j !$>e$N$h$&$J%"%W%m!<%A$O$&$^$/$$$+$J$$!% $3$NLdBj$r 2r7h $9$k $?$a$K !$ 2f !9 $O%U %# !<%k %IJQ ?t $NFI$_=q $-$K 4X$9 $k>p Js$b %*%V %8 %’ %/%H $N7? $KIU 2C$9 $k!% 6q BN E* $K$O !$ !V:# 8e 7? � $K=> $C $F ;H $o $l$k $Y $- CM $r %U %# !< %k %I a $+ $i FI =P $9 !W $3 $H $r I= $9 9‘ r ( a; � ) $H!$ !V :# 8e7? � $K=> $C $F;H $o $l$k $Y $- CM$r %U %# !< %k %I a $K=q 9~ $‘!W$3$H$rI=$99‘ w ( a; � ) $r usage $K2C$($k!% $9$k$H!$$?$H$($P>e=R$N%W%m%0%i%‘$G � 10 $O x : FileContainer = r ( c ontents ; File = close ); y : FileContainer = r ( c ontents ; File = close ) $H$J$j !$ � 8 $O x : FileContainer = w ( c ontents ; File = close ); y : FileContainer = w ( c ontents ; File = close ); � 10 3

$N$h $& $K$J $k !% $5 $i$K Bh 7 9TL\$N 7?4D 6- � 7 $O!$ !V � 8 $H [ x=y ]� 8 $N$I $A$i $+ !W $r I= $97? 4D 6- � 8 & [ x=y ]� 8 $KEy $7 $$ $H 9M $( $i $l $k !% $3 $3 $G !$ � 8 $O Bh 3 9T L\ $G y = x $, <B9T $5 $l $J $$ >l 9g $K !$ [ x=y ]� 8 $O $=$l $, <B 9T $5 $l $k >l 9g$K AjEv $9$k 7?4D 6-$G$" $k!% $3$l $i$N $&$A 8e<T $N7? 4D 6-$K$*$1$k x $N usage $r8+$F$_$k$H w ( c ontents ; File = close ); w ( c ontents ; File = close ); r ( c ontents ; File = close ); r ( c ontents ; File = close ) $H$J$C$F$*$j !$ � :G=i $K contents $K=q $- 9~ $^ $l $k File %*%V %8 %’ %/ %H $, !$ close $H $$$& usage $K H?$7 $F !$ close $5 $l $J$$$^$^>e=q$-$5$l$k � <!$K contents $K=q $- 9~ $^ $l $k File %*%V %8 %’ %/ %H $K BP $7 !$ close $H$$ $& usage $KH? $7 $F !$ close $, Fs2s8F$P$l$k $3$H $,$o$+ $k$N $G!$ 7? %(%i !<$H$J $C $F 7?%7 %9%F %‘$N 7r A4@-$,J]$?$l$k!% K\ O@ J8 $N 0J 9_ $N 9= @. $O <! $N DL $j $G $" $k !% $^ $: !$ 2 >O $G BP>]8@ 8l JVML R $rDj 5A$9 $k!%<! $K!$ 3 >O $G JVML R $N7?%7%9%F %‘$rM?$($k !% 4 >O $G4XO"8&5f $K$D$$$F 5DO@ $7!$:G8e$K 5 >O$G7kO@$r=R$Y$k!% 2 BP>]8@8l JVML R BP >] 8@ 8l JVML R $O !$ Ja v a %P %$ %H %3 !< %I 8@ 8l JVML $N It J, 8@ 8l $G $" $k !%<B 9T %b %G %k $O JVML F1 MM $G !$%a %= %C %I8F$S =P$7 $4$H $K%U %l!<%‘ $,@8 @.$5 $l!$ %U %l!< %‘ $4$H$K 6I=j JQ?t$H %9%? %C %/$, M?$($i $l$k !% $^$?!$ $3 $l $H$O JL$K F0E* $J%G !<%?NN 0h$H $7$F %R!< %W$r M-$9 $k!% $= $7$F!$ 6I =jJQ?t !$ %9%? %C %/$* $h$S%R !<%W $KBP$9 $kA‘ :n $H$7$FL?Na$,M?$($i$l$k!% JVML R $r0J2<$GDj5A$9$k!% 2.1 JVML R $N9=J8 A $r %"%I%l%9 $N=89g !$ N $r<+A3?t$N =89g !$ L V $r 6I =jJQ ?t $N =8 9g $H $9$k !% A $H L V $NMW AG$O <B :] $O <+ A3?t $G$"$k!% L V $NMWAG$K$D$$$F $O!$ N $NMWAG$HL@ <(E*$K 6hJL$9$k$?$a f n $HI=5-$9$k!% Dj5A 1 ( L?Na ) JVML R $N L?Na I $N9= J8 $O !$ 0J 2< $G Dj 5A$5$l$k!% I ::= inc j push0 j pop j if j j load f n j store f n j dup j putfield � :a j getfield �:a j new � j invoke � :m j return $3 $3 $G !$ f n !$ j $O$= $l $> $l L V !$ A $N MW AG $r CM $K $H $k JQ?t $G $" $k!% $^ $? !$ � !$ m !$ a $O$= $l$> $l %/ %i %9 L> !$ %a %= %C %I L> !$ %U %# !< %k %I L> $r I= $9 !% � !$ m !$ a $KBP $7 � :m !$ �:a $r $= $l $> $l @d BP %a%=%C%I L> !$ @d BP %U%#!< %k %I L> $H 8F$V!% I $N=89g$r Inst $H=q$/ !% 3FL?Na$N0UL#$O<!$NDL$j$G$"$k!% inc $O!$%9%?%C %/ %H%C%W$N@0?t $r 1 A}$d$9 !% push0 $O!$%9%? %C%/%H %C%W $K@0?t 0 $rCV$/ !% pop $O!$%9%?%C%/%H%C%W$+$iCM$r<h $j =| $/ !% if j $O !$%9 %?%C%/%H%C%W $N @0 ?t $r <h $j =| $-!$ $=$l$, 0 $J$i$P<!$N %"%I %l%9$K 0\$j !$ $=$& $G$J$1 $l$P %"%I %l %9 j $K J, 4t $9 $k !% load f n $O!$ 6I =j JQ ?t f n $NCM $r%9 %? %C %/ $K @Q $‘ !% store f n $O!$ %9 %? %C %/ %H %C %W $+ $i CM$r =|$-!$$=$NCM$r6I=jJQ?t f n $K3JG<$9$k!% dup $O!$ %9%? %C %/ %H %C %W $N CM $r J# @= $7 $F %9 %? %C %/ %H %C %W $K CV $/ !% putfield � :a $O !$%9 %?%C%/ $N 2 HV L\ $N CM $, ;X $9 %/ %i %9 � $N%*%V%8 %’ %/ %H$N%U %# !<%k%I a $K!$ %9 %? %C %/%H %C %W $N CM $r =q $- 9~ $‘ ( N> CM $O <h $j =| $/ ) !% getfield � :a $O!$ %9%? %C %/%H %C %W$NCM $r<h$j =|$- !$ $= $NCM$N ;X$9%* %V %8 %’ %/ %H $N %U %# !< %k %I a $N CM $r %9 %? %C %/ $K @Q $‘ !% new � $O!$ %/ %i %9 � $N%* %V %8 %’ %/ %H $r @8 @. $7 %9 %? %C %/ $K @Q $‘ !% invoke �:m $O !$ n = numar gs ( � :m ) $H $9 $k $H !$ %9 %? %C %/ %H%C%W$+$i n HVL\$^$G$NCM$r 0z?t$H$7$F!$ n + 1 HV L\$NCM $N ;X $9%/ %i %9 � $N%* %V%8 %’ %/ %H$N %a %= %C %I $r 8F $S =P$7 ( n + 1 HVL\ $^$G %9%?%C%/$+ $i<h$j =|$/ ) !$JV $j CM$r %9 %? %C %/ $K @Q $‘ !% return $O%9 %? %C %/ %H %C %W $r JV $j CM$H$7$F8=:_<B9TCf$N%a%=%C%I$r=*N;$9$k!% %a %=%C%I K\ BN $O !$ A $+ $i Inst $X $N It J,4X ?t $G $" $j !$ %a%? JQ?t P $rMQ $$ $F I= $9 !% %a %= %C %I Dj 5A $O !$ %a %= %C %I L>$N =8 9g $+ $i P $N=8 9g $X $N It J, 4X ?t $G $" $j !$ %a %? JQ ?t MD $rMQ$$$FI=$9 !% $^ $?!$ %U %#!< %k%I Dj5A $O!$ %U %# !< %k%IL>$N =89g$+ $i4p K\7? $N=8 9g$X $NIt J,4X ?t$G !$ %a%? JQ?t FD $rMQ $$$F I= $9 !% $? $@ $7!$ 4p K\ 7? $O In t $^$?$O %/%i%9 L> � $GI=$5 $l !$ $= $l $> $l$= $N %U %# !< %k %I $K3J G< $5$l$k CM $,@0 ?t CM !$ %/ %i %9 � $N%*%V %8 %’ %/ %H $X $N;2 >H $G$"$k$3$H$rI=$9 !% %/%i %9 Dj 5A $O !$ AH ( MD ; FD ) $G$" $j !$ %a %? JQ ?t � $r MQ $$$FI=$9 !% JVML R $N %W %m%0%i%‘ $O!$%/ %i%9L>$N=8 4

9g $+ $i � $N =8 9g $X $N It J, 4X ?t $G $" $j !$ %a %? JQ ?t Q $rMQ $$$FI=$9 !%%W%m%0%i%‘Cf$K$O$?$@0l$D$N %a%$%s%a%=%C %I $,B8 :_$7!$ <B9T $O%a%$ %s%a %= %C %I$+ $i;O $^$k $b$N $H $9 $k !% %W %m %0 %i %‘ Q $N%a %$ %s %a %= %C %I $N @d BP %a %= %C %I L>$r Q main $HI=$9 !% %/ %i %9 Dj 5A � = ( MD ; FD ) $K BP $7 $F !$ Mtd $H Fld $r !$ Mtd (�) = MD !$ Fld (�) = FD $H Dj 5A $9 $k !%$^ $? !$ %/ %i %9 L> � !$ %a %= %C %I L> m !$ %W %m %0 %i %‘ Q $KBP $7 $F !$ %a %= %C %I K\ BN Mtd ( Q ( � ))( m ) $r4J JX $N $? $a @d BP %a %=%C%I L>$rMQ$$$F Q ( �:m ) $H$b=q$/$3$H$K$9$k !%F1 MM $K!$ Fld ( Q ( � ))( a ) $r Q ( � :a ) $H=q$/ !% $^ $? !$@d BP %a %=%C%I L> � :m $K BP $7 $F !$0z ?t $N ?t $r numar gs ( �:m ) !$ i HV L\ $N 0z ?t $N 4p K\ 7? $r ar gtyp ( �:m; i ) !$JV $j CM $N 4p K\ 7? $r r ettyp ( � :m ) $H =q$/ !% 2.2 A‘:nE*0UL# K\ @a $G $O !$ JVML R $KBP $7 $F A‘ :n E* 0U L# $r Dj 5A $9 $k !% $^$: !$ JVML R $N<B9T%b %G%k$r%^%7%s %9%F!<%H$NA+ 0\ $H$7$F Dj<0 2=$9 $k!% <!$K !$ %W%m %0%i %‘$N<B 9T2a Dx$G 3F %* %V %8 %’ %/ %H $, @5 $7 $/ ;H MQ $5 $l $k $3 $H $r 8! >Z $9 $k $? $a !$ %*%V %8 %’ %/%H ;HMQ $K4X $9$k 0BA4 @-$N 35G0 $rDj 5A $7$3 $l $rA‘:nE*0UL#$KAH$_9~$‘!% O $r%* %V %8 %’ %/ %H $X $N ;2 >H $N =8 9g $H $9 $k !% O $O!$ L5 8z $J ;2 >H $r I= $9 CM nul l $r 4^ $‘ $b $N $H $9 $k !% CM $O !$ =8 9g N [ O $NMWAG $G$"$k !%CM$N=8 9g$r V AL $H $9$k !%$^$?!$ %* %V %8 %’ %/ %H CM $H $O !$ %U %# !< %k %I L> $N =8 9g $+ $i V AL $X $N It J, 4X ?t $G $" $k !% %* %V %8 %’ %/ %H CM $N =8 9g $r R $H $9 $k !% %U %# !<%k %IDj 5A$O%U %# !< %k%I L>$X 4pK\ 7?$r 3d$j Ev$F $k $N$KBP $7!$ %* %V%8 %’ %/%H CM$O%U %# !< %k%IL> $XCM $r3d $j Ev$F$k!% $J$* !$ 0J 2<$G$O 4X?t f $K$D$$$F!$ f $NDj5A0h$* $h$S CM0h$r$=$l$>$l dom ( f ) !$ c o dom ( f ) $GI=$9 !% Dj5A 2 ( ;H MQ !$;H MQ =8 9g ) %* %V %8%’%/ %H $N ;H MQ $H $O !$ $=$N %*%V%8 %’ %/%H$N %a%= %C %I L>$N M-8B Ns$^ $?$O L58B Ns $G$" $k ( 6uNs$r 4^ $‘ ) !% ;H MQ =89g $H $O !$ ;H MQ $N=8 9g $G$" $j%a%?JQ?t � $rMQ$$$FI=$9 !% ;H MQ $O !$ %* %V %8 %’ %/ %H $N ;H $o $l J} $r I= $9 $b $N $G !$ $I $N =g =x $G $I $N %a %= %C %I $, 8F $P $l $k $+ $r I= $9 !% M- 8B Ns $N ;H MQ $O %W %m %0 %i %‘ =* N; $^ $G $K 9T $o $l $k %a %= %C %I 8F $S =P $7 $r I= $7 !$ L5 8B Ns $N ;H MQ $O %5 !< %P %W %m %0 %i %‘ $N $h $& $J Dd ;_ $7 $J $$ %W %m %0 %i %‘ $N <B 9T $K $* $1 $k %a %= %C %I 8F $S =P $7 $r I= $9 !% ;H MQ =8 9g � $O !$ %W %m %0 %i %‘ $N <B 9T $K $* $$ $F %* %V %8 %’ %/ %H $K BP $9 $k ;H MQ $r 5, Dj $7 !$ $= $N ;~ E@ $G � $K 4^ $^ $l $k ;H MQ $N I=$9 %a %= %C %I 8F $S =P $7 $N $_ 9T $& $3 $H $, $G $- $k !% Nc $( $P !$ � = f op en � close ; op en � r e ad � close ; op en � write � close g $H$$$&;HMQ=89g$,M?$($i$l$F$$ $k$H$-!$ $=$N%*%V%8 %’ %/ %H $K BP $7 $F <B 9T 2D G= $J %a %=%C%I 8F $S =P $7 $O !$ !V $^ $: op en $7 !$<! $K 9b!9 1 2s read $^ $? $O write $r 9T $$ :G 8e $K close $9$k!W$H$J$k!% K\O@J8$G$O !$ ;HMQ =89g $NM? $(J}$O FC$K Dj$a $J$$ !% @5 B’ I=8=$dJ8 L.<+M3J8 K!$GI=8=$7 $F$b$h$$ $7!$ 3 >O $GDj 5A$9$k usage ( 7?4D6- ) $rMQ$$$F$b$h$$!% $J $* !$ JVML R $G $O ;H MQ =8 9g $O %/ %i %9 Kh $K 4{ Dj $H $7 !$%/ %i %9 � $K BP $9 $k ;H MQ =8 9g $r � � $H I= $9 !%$^ $? !$ � � m $r f s j ms 2 � g $H Dj 5A $9 $k !%$3 $l $O !$;H MQ =8 9g $, � $G $" $k %* %V %8%’%/ %H $K BP $7 %a %=%C%I m $r 8F $s $@ 8e $N ;H MQ =8 9g $r I= $9 !%Nc $( $P !$@h $N � $K BP $7 $F !$ � � op en = f close ; r e ad � close ; write � close g !$ (� � op en ) � r e ad = f close g $H$J$k!% <!$K<B9T%b%G%k$NDj<02=$r9T$& !% AH h � :m; p c ; f ; s i $r %U %l !< %‘ $H 8F $V !% � :m $O 8= :_ <B 9TCf $N %a %= %C %I $N @d BP %a %= %C %I L> $G $" $k !% p c $O A $N MW AG $r CM $H $9 $k JQ ?t $G !$8= :_ $N <B 9T %" %I %l %9 $r I= $9 !% f $O L V $+ $i V AL $X $N It J, 4X ?t $G !$ 6I =j JQ ?t $X $N CM $N 3d $jEv$F$rI= $9 !% s $OCM$N Ns$G!$ %9 %? %C%/ $N>u BV$rI= $9 !% Nc$( $P !$ @d BP %a %= %C %I L> � :m $N%a %= %C %I $N <B 9T 3+ ;O ;~ E@$G $N %U %l !< %‘ $O h �:m; 1 ; f ; � i $H $J $k ( � $O6u Ns $G !$ 6u $N%9 %? %C %/ $r I= $9 ) !% %U %l !< %‘ %9 %? %C %/ $H $O !$ %U %l !< %‘ $NNs$G$"$j !$ %a%= %C%I $N8F$S =P$7!$ =* N;$4$H $K%U%l!< %‘$,@8@.!$ GK 4~$5$l $k$3$H $rI=$9 !% %a%?JQ ?t F S $rMQ $$$FI=$9 !%6u$N%U%l!<%‘%9%?%C%/$O6uNs � $GI=$9 !% %R!<%W CM $H $O !$ R $NMW AG � $H;H MQ =8 9g $NAH ( �; �) $G $"$k!% %R !< %W $H$O !$ O $+$i%R !< %W CM $N=8 9g $X $N ItJ, 4X ?t$G $" $j !$ %a %? JQ ?t H $rMQ $$ $F I= $9 !% %* %V %8 %’ %/ %H $N ;HMQ $r 5, Dj $9 $k ;H MQ =8 9g � $O!$ <B :] $N ;H MQ $K H< $$ F0 E* $KJQ2=$9 $k$b $N$G !$ %* %V%8 %’ %/ %HCM � $H9g$o $;$F %R !< %WCM$H$9$k!% $? $@$7!$ � $O8e$GDj 5A$9$k %*%V%8 %’ %/ %H ;HMQ$K4X$9$k0BA4@-$NDj5A $N$?$a$KMQ$$ $k$b$N$G$" $C $F!$8=<B$N<B9T$K$*$$$F$O%R!<%W$KJ];}$5$l$J$$!% AH ( FS ; H ) $r!$ %^ %7%s %9 %F !<%H $H $9 $k !% %W %m %0 %i %‘ Q $K$* $$$F $" $k L? Na$r <B 9T $7$? $H $- $K %^%7 %s %9 %F!< %H $, ( FS ; H ) $+$i ( FS 0 ; H 0 ) $K0\$k4X78$r Q ‘ ( FS ; H ) ! ( FS 0 ; H 0 ) $G I=$9 !% JVML R $NA‘:n E*0UL#$O!$%^ %7%s%9%F!<%H $N A+0\4X78$H$7$FM?$($i$l$k!% 5

Dj5A 3 %^%7 %s%9%F !<%H $NA+ 0\4X 78 Q ‘ ( FS ; H ) ! ( FS 0 ; H 0 ) $H $O !$ ?^ 1 $N 5, B’ $r K~ $? $9 :G >. $N 4X 78 $G $" $k !% ?^ 1 $N3F5, B’$K $*$$$F !$ n !$ o !$ v !$ � $O$=$l$> $l N !$ O !$ V AL !$ R $NMW AG $rCM $K $H $kJQ ?t $G $"$k !% 4X?t f $K $D $$ $F f [ f n 7! v ] $O !$ f ( f n ) $N CM $r v $K JQ 99 $7 $F F@ $i$l$k 4X?t$H $9$k !% � !$ H $K $D$$ $F$bF1 MM$G $"$k!%$^ $?!$ %^%7 %s %9 %F!< %H ( FS ; H ) $KBP$7 $F !$ ?^ 1 $N$&$A E, MQ$G $- $k 5,B’ $, $J $$>l 9g !$ Q ‘ ( F S; H ) ! Error $H =q$/ !% $^ $?!$ $3$N A+0\4X 78$NH? <ME*?d0\ E*JDJq $r Q ‘ ( FS ; H ) ! � ( FS 0 ; H 0 ) $H=q$/ !% $=$l $> $l $N A+ 0\ 5, B’ $N @b L@ $O O@ J8 [5] $K >y $j !$$3$3 $G$OBeI=E*$J5,B’$N$_@bL@$9$k!% 5, B’ (E-New): :8 $N A0 Ds $O !$%" %I %l %9 p c $N L? Na $, new � 0 $G$" $k $3 $H $r I= $9 !% L? Na $N <B 9T $K $h $j %/ %i %9 � 0 $N%* %V %8 %’ %/%H $, @8@. $5 $l!$ ;H MQ =89g � � 0 $H6&$K %R !< %W $K 3d $j Ev $F $i $l $k !%Lp 0u $N 1& $N %^ %7 %s %9 %F !< %H $, !$ L?Na<B 9T8e $N>u BV$rI= $7!$ %9%? %C %/ %H %C%W $O@8 @.$5 $l $?%*%V%8%’%/%H$X$N;2>H$H$J$k!% 5, B’ (E-In v ok e): Lp 0u $N :8 $N %^ %7 %s %9 %F !< %H $O !$ L? Na <B9T A0$N %9%? %C %/$K 0z?t ~ v $H%a%= %C %I$r 8F$S =P$9 %*%V %8 %’ %/ %H $X $N ;2 >H o $, @Q $^ $l $F $$ $k $3 $H $r I= $9 !% %a %= %C %I 8F $S =P $7 $O o $N;H MQ =8 9g � $K$h $C $F A[ Dj $5 $l $F $$ $k I,MW$,$"$j !$$3$l$OA0Ds � � m 0 6 = ; $,I=$7$F$$$k !%L? Na<B9T8e !$%9%?%C%/ %H%C%W$KJV $jCM$, @Q$^$l !$ o $N;H MQ=89g $O � � m 0 $H$J$k!% <B9T8e $N%^ %7%s%9 %F!< %H$N%9 %? %C%/ %U%l !<%‘$N 1d$S $,!$ %a%= %C %I 8F$S=P $7$K H<$& %U %l!<%‘$N@8@.$rI=$9 !% :G 8e $K !$ %* %V %8 %’ %/ %H ;H MQ $N 0B A4 @- $N Dj 5A $r 9T $& !% %W %m %0 %i %‘ Q $,%* %V %8 %’ %/ %H ;H MQ $K 4X $7 $F 0B A4 $G $" $k $H $O!$ Q $N<B9T $K$* $$ $F3F %*%V %8 %’ %/ %H$N %a %= %C %I 8F$S =P$7 $,@5 $7$/ 9T$o $l!$ $+ $D<B 9T$N =*N; ;~$K $9$Y $F$N %* %V%8%’%/%H$,@5$7$/;H$$?T$/$5$l$F$$$k$3$H$r8@$& !% Dj 5A 4 %W %m %0 %i %‘ Q $K BP $7 $F !$ <! $N >r 7o $, @. $j N) $D $H $- $+ $D $= $N ;~ $K 8B $j !$ Q $O %* %V %8 %’ %/ %H ;H MQ $K 4X $7 $F 0B A4 $G $" $k $H$$ $& !% (1) Q ‘ ( h Q main ; 1 ; f 0 ; � i ; H 0 ) 9 � Error $+ $D (2) Q ‘ ( h Q main ; 1 ; f 0 ; � i ; H 0 ) ! � ( �; H ) $J$i$P !$ h 2 dom ( H ) $G$"$k $9$Y$F $N h $KBP$7$F$" $k � !$ � $, B8 :_ $7 H ( h ) = ( �; �) $+ $D � 2 � !% $? $@ $7 !$ H 0 $O dom ( H 0 ) = ; $G$"$k$h$&$J%R!<%W$H$9$k!% <! @a $G !$ %W %m %0 %i %‘ Q $N%* %V %8 %’ %/ %H ;H MQ $N 0B A4 @- $rH=Dj$9$k7?%7%9%F%‘$rDj5A$9$k!% 3 7?%7%9%F%‘ 3.1 7?!$ usage !$7?4D6- =x>O$G=R $Y$?$h $&$K !$ DL>o $N%* %V%8 %’ %/ %H$N 7?$K $= $N%*%V%8 %’ %/ %H$, :#8e $I$N $h$& $K;H $o$l $k$+ $rI= $9<0 usage $rIU 2C $9 $k !% $^ $? !$ 0[ $J $k JQ ?t 4V $N =g =x $r J] B8 $9$k$h$&7? 4D6- $r3HD% $9$k !% $=$N >e$G!$ ;H MQ$K 4X$9$k 7?4D6-$N0UL#$rDj5A$9$k!% 3.1.1 7?!$ usage !$7?4D6-$NDj5A %9 %?%C%/ $N n ( 2 N ) HV L\ $N MW AG $r %9 %?%C%/ JQ ?t s n $GI= $9 !% %9 %? %C %/ JQ ?t $N =8 9g $r SV $H$9 $k !% JQ ?t $H $O !$ L V [ SV $NMW AG $G $" $j !$ 0J 2< $N 7? 4D 6- $G 7? $N 3d $j Ev $F $r9T$&JQ?t$G$"$k!%JQ?t$N=89g$r V $H$9$k!% Dj 5A 5 ( 7? !$ usage !$7? 4D 6- ) 7? � !$ usage U !$7? 4D 6- $r0J2<$GDj5A$9$k!% � ::= In t j T op j � =U U ::= 0 j m j w ( a; ) j r ( a; ) ::= ; j � j x : � j �: j 1 ; 2 j 1 & 2 j 3 j [+ n ] j [ � n ] j [ x 2 =x 1 ] j # x j " x x ::= f n j s n 7? � $K $D $$ $F !$ In t $O @0 ?t CM $N 7? $G $" $k !% T op $O Ja v a 2> A[ 5! 3# $N ;E MM >e I, MW $J $b $N $G !$ :# 8e ;H $o $l $J $$ CM $N7?$rI=$9 !% � =U $O:#8e U $K=>$C$F;HMQ$5$l $k$h $&$J%/%i%9 � $N%*%V%8%’%/%H$N7?$G$"$k!% usage U $N 0U L# $O <! $N DL $j $G $" $k !% 0 $O !$ :# 8e ;H $o $l $J$$ $H $$ $& ;H MQ $r I= $9 !% m $O!$ %a %= %C %I m $, $A $g $& $I 0l2s 8F $P $l $k ;H MQ $r I= $9 !% w ( a; ) !$ r ( a; ) $O %U %# !< %k %I$KBP$9 $kFI $_=q $-$r I= $7!$ $=$l $>$l %U %# !< %k%I a $K BP$7$F $K=> $C $F;H $o $l $kCM $r =q 9~$‘ $" $k $$$O FI =P $9 $H $$ $& ;H MQ $r I= $9 !% =x >O $G <( $7 $? ; $d & $N $h $& $J usage $N9=@.;R$O@b L@$N$? $a$N$b $N$G$" $j !$ $3 $3$G$O Dj5A$7 $J$$!% F1MM $N9= @.;R $,7? 4D6- $KDj 5A$5 $l$F $$$k$+ $i$G $"$k !% $^ $? !$ %U %# !< %k %I A‘ :n w , r $K$D $$ $F $b !$ 7? $G $O $J$/7?4D6-$rJ];}$9$k$h$&$JDj5A$H$J$C$F$$$k!% 7?4D 6- $K $D $$ $F !$ ; $O !$ 6u $N 7? 4D 6- $r I= $9 !% � $O !$ 7? 4D 6- $r CM $K $H $k JQ ?t $G $" $j �: $K $h$C$F B+ G{ $5 $l $k !% x : � $O !$JQ?t x $N CM $O 7? � $K =>$C$F ;HMQ $5 $l $k $3$H 6

$rI=$9 !%$3$3$G x $O V $NMWAG$rCM$K$H$kJQ?t $G$"$j !$ f n ( 2 L V ) $, 6I =j JQ ?t !$ s n ( 2 SV ) $, %9 %?%C%/ JQ ?t $r I=$9 !% �: $O!$ :F5" 7?4D 6-$G !$ Cf$N � $r �: A4BN $G CV $- 49 $( $F F@ $i $l $k 7? 4D 6- $r I= $9 !% 1 ; 2 $O !$ 1 $K => $C $F %W %m %0 %i %‘ $, <B 9T $5 $l $? 8e !$ 2 $K=> $C $F <B 9T $5$l $k $3$H $r I=$7 !$ C‘ <! <B9T $K BP1~ $9 $k!% 1 & 2 $O!$ 1 $^$? $O 2 $K=>$C$F%W %m%0%i%‘ $,<B9T$5 $l$k$3 $H$r I= $7 if L?Na $J $I $N J, 4t $K BP 1~ $9 $k !% 3 $O!$ %W %m %0 %i %‘ $, 7? 4D 6- $N 9= @. ;R \; " $K4X $7 $F :# $" $k $$ $O 8e $G $K => $C $F <B 9T $5 $l $k $3 $H $r I= $9 $b $N $G !$ Nc $( $P ( 3 1 ); 2 $O!$%W %m%0%i%‘$, 1 $K=>$C$F<B9T $5$l$?8e 2 $K=>$C $F<B9T$5$l $k!$$"$k $$$O 2 $K=>$C$F <B9T$5$l $?8e 1 $K=>$C$F <B 9T $5 $l $k $3 $H $r I= $9 !% 3 $O !$ putfield $d return $N $h $& $K CM $, %( %9 %1 !< %W $7 F@ $k >l 9g $r 07 $& $? $a$N$b$N$G$"$k!% [+ n ] $* $h$S [ � n ] $O !$ Cf$N $9$Y $F$N %9 %?%C%/JQ ?t s n 0 $r$=$l$>$l s n 0 + n $"$k$$$O s n 0 � n $GCV$-49$($F F@ $i $l $k 7? 4D 6- $G $" $k !%$? $@ $7 !$ n 0 � n < 0 $G $" $k s n 0 � n : � $O ; $GCV$-49 $($i $l$k !% $3 $l$O !$ L?Na $N<B 9T $K H< $$ %9 %? %C %/ $, JQ F0 $9 $k ( E:;z $, $: $l $k ) $3 $H $K BP 1~ $9 $k !% [ x 2 =x 1 ] $O Cf$N x 1 $r$9 $Y $F x 2 $KCV $- 49 $( $F F@$i$l$k7?4D 6-$G$"$k!% load !$ store !$ dup $N<B9T ;~ $KJLL>$,H/@8$9$k$3$H$KBP1~$9$k!% # x $O!$ $+$iJQ ?t x $K4X $9 $kB+ G{ $N $_$r <h =P $7 $? 7? 4D 6- $G $" $k ( x 0J 30 $N B+ G{ $O ; $G CV 49 $9 $k ) !% " x $O !$ 5U $K x 0J30 $N JQ ?t $K 4X $9 $k B+ G{ $r $+$i <h =P $7 $? 4D 6- $H $J $k !% # x $*$h $S " x $N7A <0 E* $J Dj 5A $O O@ J8 [5] $K >y$k!% $J $* !$ 7? 4D 6- $N 9= @. ;R $N 7k 9g $K $D $$ $F !$ Fs 9‘ 9= @. ;R $h $j C1 9‘ 9= @. ;R $N 7k 9g $, 6/ $/ !$ $^ $? ; $h $j & $N 7k 9g $, 6/ $$ $b $N $H $9 $k !% $9 $J $o $A !$ 1 ; 3 2 & 3 $O 1 ; (( 3 2 )& 3 ) $r0UL#$9$k!% Nc 6 s 0 : File = op en ; s 1 : File = r e ad & s 1 : File = write $O !$ JQ?t s 0 $N;X $9 File %*%V %8 %’ %/ %H$N %a %= %C %I open $r 1 2s 8F $S !$ <! $K JQ ?t s 1 $N ;X $9 File %* %V %8 %’ %/ %H $N %a %= %C %I read $" $k $$ $O write $r 1 2s 8F $V %W %m %0 %i %‘ $N 7? 4D 6- $G $" $k !% $^ $? !$ x : In t ; � : (( y : File = r e ad ; � )& ; ) $O !$ x $N CM $r @0 ?t $H $7 $F ;H MQ $7 $? 8e !$ y $N ;X $9 File %* %V %8 %’ %/ %H $N read %a %= %C %I $r G$ 0U 2s ?t 8F $V %W %m %0 %i %‘ $N 7?4D6-$G$"$k!% Nc 7 <! $N %W %m %0 %i %‘ $O !$ Socket %* %V %8%’%/ %H $r UNIX $N so c k et $NMM $K ;H MQ $9 $k Nc $G $" $k !% $? $@ $7 !$ $3 $N;H$$J}$O @bL@$N$?$a $N$b$N$G$" $j Ja v a I8=‘ API $N Dj5A$H$O0[$J$k!% 1: Socket s = new Socket(); 2: if (server==1) { // server side 3: s.bind(); s.listen(); 4: while(x>=0) s.accept(); 5: } else { // client side 6: s.connect(); 7: while (y==0) if (z<0) s.read(); 8: else s.write(); 9: } 10: s.close(); %"%I%l%9 2 $O!$<!$N7?4D6- $G7?IU$1$5$l$k!% = server : In t ; s & c ; s : So cket = close s = ( s : So cket = bind ; s : So cket = listen ; � s : ( x : In t ; ( s : So cket = ac c ept ; � s )& ; )) c = ( s : So cket = c onne ct ; � c : ( y : In t ; ( z : In t ; s : So cket = r e ad & s : So cket = write ; � c ) & ; )) Nc 8 7? 4D 6- = x : F =open ; y : F =r ead ; ( y : F =r ead ; x : F =cl ose ) & y : F =w r ite $KBP$7$F # x = x : F =open ; x : F =cl ose & ; # y = y : F =r ead ; y : F =r ead & y : F =w r ite 7? 4D 6- $K BP $9 $k A‘ :n b ase ( ) $r Dj 5A $9 $k !%Dj 5A $N >\ :Y $O O@ J8 [5] $K >y $k $, !$D> 4Q E* $K $O !$ $r $" $k 0l $D $N JQ ?t $K BP $9 $k 7? 4D 6- $H $_ $J $7 $= $N JQ ?t $N CM $N 4p K\ 7? ( $" $k $$ $O T op ) $r JV $9 A‘ :n $G $" $k !%Nc $( $P !$ b ase ( x : File = op en ; x : File = close & x : T op ) = File $G $" $j !$ b ase ( �: ( y : In t & ; ; � )) = In t $G $" $k !%0l J} !$ b ase ( x : File = r e ad ; x : In t ) $ODj5A$5$l$J$$!% $^ $?!$3HD% $7$? 7?4D6- $KBP $7!$ Dj5A 0h dom ( ) $r DL >o $N 7? 4D 6- $N Dj 5A 0h $H F1 MM $K Dj 5A $9 $k ( Dj 5A $N >\ :Y $O O@ J8 [5] ;2 >H ) !%Nc $( $P !$ dom ( s 0 : File = op en ; s 1 : In t ; s 0 : File = 0 ) = f s 0 ; s 1 g $G $" $j !$ dom ( x : In t ; � : ( y : So cket = ac c ept )) = f x; y g $G$"$k!% <! $K !$It J, 7? 4X 78 � 1 � � 2 $* $h $S It J, 7? 4D 6- 4X 78 1 � 2 $rDj 5A $9 $k !% D> 4Q E* $K $O !$ � 1 � � 2 $O!$ 7? $, � 1 $G $" $k CM $r 7? $, � 2 $G $" $k CM $H $7 $F MQ $$ $F $h $$ $3 $H $r I=$9 !% 1 � 2 $O!$ 2 $K=>$C$F<B9T$5$l$k%W%m%0%i%‘ $r 1 $K=>$C$F<B9T$5$l$k$H$_$J$7$F$h$$$3$H$rI=$9 !% Dj 5A 9 It J,7? 4X 78 � $O !$0J 2<$N 5, B’$r K~ $?$9 :G >. $NA0=g=x4X78$G$"$k!% In t � T op � = 0 � T op 7

Cm : K\ O@J8$G$O!$DL >o$NItJ, 7?4X78$G $"$kItJ,%/ %i %94X78 � 1 � � 2 $O07$o$J$$!% 7? 4D 6- $N 2 9‘ 4X 78 � $r !$ & $K 4X $9 $k 8r 49 N’ $H 7k 9g N’!$ ; $K4X $9$k7k 9gN’ $*$h$S ; ; � ; ; � !$ � : � [ � 7! �: ] $rK~$?$9:G>.$N9gF14X78$G$"$k$H$9$k!% Dj 5A 10 ItJ, 7? 4D 6- 4X 78 � $O!$ 7? 4D 6- $N 2 9‘4X 78 � $r 4^ $_ !$ 0J 2< $N 5, B’ $r K~ $? $9 :G >. $N A0 =g =x 4X 78 $G $" $k !% 1 & 2 � i ( i = 1 ; 2) x : T op � ; 3 � 3 1 ; 2 ; 3 � 2 ; 3 1 ; 3 � 1 � � 2 x : � 1 � x : � 2 1 � 0 1 2 � 0 2 1 ; 2 � 0 1 ; 0 2 1 � 0 1 2 � 0 2 1 & 2 � 0 1 & 0 2 1 � 2 3 1 � 3 2 1 � 2 1 # x � 2 # x 1 � 2 1 " x � 2 " x 1 � 2 [ � n ] 1 � [ � n ] 2 1 � 2 [ x 2 =x 1 ] 1 � [ x 2 =x 1 ] 2 1 � 2 x : � = w ( a; 2 ) � x : � = w ( a; 1 ) 1 � 2 x : � = r ( a; 1 ) � x : � = r ( a; 2 ) 2<$+ $i 2 $DL\$N5, B’$K $D$$ $F!$ x : � = w ( a; ) $N4X78 $O $N4X78$H5U$K$J$C$F$$$k$3$H$KCm0U$5$l$?$$!% 3.1.2 usage $K4X$9$k7?4D6-$N0UL# 7? 4D6- Cf$N usage $NI= $9 ;H MQ$, BP 1~ $9 $k;H MQ =8 9g � $K$h $C $F A[Dj $5 $l$? $b $N$G $" $k$H $-!$ $O � $KBP$7 $FBEEv$G$"$k $H$$$& !% 0J 2<$G !$ usage $K4X$9 $k 7? 4D 6- $N4J Ls 5, B’ $r Dj5A $7 !$ $3 $l $r MQ $$ $F 7? 4D 6- Cf $N usage $, I= $9 ;H MQ $N =8 9g [ [ ] ] $rDj5A$9$k !%$=$7$F !$ [ [ ] ] $H � $N 4X78$r$_ $k$3$H $G $, � $KBP$7$FBEEv$G$"$k$+H=Dj$9$k!% %a %= %C %I L> $N =8 9g $K 6u Ns � $r 2C $( $? $b $N $r MS $H$7 !$ MS $NMWAG$r%a%?JQ?t M $GI=$9 !% Dj 5A 11 usage $K4X $9$k7? 4D6-$N4J Ls5,B’ m � ! 0 $O0J2<$rK~$?$9:G>.$N4X78$G$"$k!% x : � =m m � ! ; x : � = w ( a; ) � � ! ; x : � = r ( a; ) � � ! ; �: � � ! [ � 7! �: ] 1 M � ! 0 1 1 ; 2 M � ! 0 1 ; 2 1 � 0 1 0 1 M � ! 0 2 0 2 � 2 1 M � ! 2 K\ O@ J8 $G $O !$ BE Ev @- $r 9M $( $k :] $N ;H MQ $N BP >] $O %a %= %C %I8F$S=P$7$N$_ $G$"$j !$ %U %#!< %k%IA‘ :n$OL5 ;k$5$l$k ( � 4JLs ) !% Dj5A 12 7?4D6- $KBP$7$F!$=89g [ [ ] ] $r<!$N$h$&$K Dj5A$9$k!%$?$@$7!$ n � 0 $H$9$k!% f s = M 1 � � � M n j 9 1 ; � � � ; n � 1 : ( M 1 � ! 1 M 2 � ! � � � M n � 1 � ! n � 1 M n � ! ; ) ; s 2 MS � g [ f s = M 1 � � � M n � � � j 9 1 ; � � � ; n ; � � � : ( M 1 � ! 1 M 2 � ! � � � M n � 1 � ! n � 1 M n � ! n M n +1 � ! � � � ) ; s 2 MS ! g >e$N=89g $, %W%m %0%i %‘ =*N; $^$G $K9T $o $l$k ;HMQ $K BP 1~$7!$ 2<$N =89g $,Dd ;_$7 $J$$ %W%m %0%i %‘$K $*$$$F 9T$o $l$k;HMQ$KBP1~$7$F$$$k!% Nc 13 [ [ s 0 : File = op en ; s 0 : File = r e ad & s 0 : File = write ] ] = f op en ; op en � r e ad ; op en � write g [ [ x : File = op en ; � : (( x : File = r e ad ; � )& ; )] ] = f op en ; op en � r e ad ; op en � r e ad � r e ad ; : : : g [ [ x : So cket = op en ; �: ( x : Sc oket = ac c ept ; � )] ] = f op en � ac c ept � ac c ept � ac c ept � ac c ept � � � g Dj5A 14 7?4D 6- $H;H MQ =8 9g � $K$D $$ $F !$ 0J 2< $, @. $jN)$D$H$- $O � $KBP$7$FBEEv$G$"$k$H$$$& !% [ [ ] ] � � 7? ?d O@ $G $O :G =* E* $K 7? 4D 6- $N BE Ev @- $N H= Dj $r 9T $& $, !$ � $NM? $( J} $K $h $C $F $O BE Ev @- $N H= Dj $O 7h Dj IT G= $K $J $k !% $3$l$K$D$$$F$O!$ 3.4 @a$G=R$Y$k!% 8

3.1.3 %U%#!<%k%IA‘:n$K4X$9$k7?4D6-$N@5Ev@- 7?4D 6- Cf $N usage $K 8=$l $k <0 w ( a; w ) !$ r ( a; r ) $K$D $$$F !$ %U %# !<%k %I a $KBP$9$k w ( a; w ) $H r ( a; r ) $N@09g$,$H$l $F$$$k$H$-!$ $O %U%#!<%k%I a $NFI$_=q $-$K4X $7$F@5 Ev$G$" $k $H$$$$ !$ r el ( ; a ) $H=q$/ !% $3$3 $G $N @0 9g @- $H $O !$ D> 4Q E* $K $O !$ =q 9~ $s $@ CM $N usage $O!$ <!$N =q9~ $_$^ $G$K 9T$o $l$k 0 2s0J>e$N FI=P $7$K $h $C $F FI=P$5$l;H $$?T$/$5$l $k@-<A$G$" $k!% r el ( ; a ) $N7A<0 E*$JDj5A$O0J2<$GM?$($k!% Dj5A 15 %U%#!<%k%IL>$H4pK\7?$NAH $KBP$9$k7?4D6- $N AH $N A+ 0\ 4X 78 ( ; rst ) a � ! r el ( 0 ; 0 rst ) $O 0J 2< $r K~ $? $9:G>.$N4X78$G$"$k!% ( x : � =m ; ; rst ) a � ! r el ( ; rst ) rst � ; ( x : � = w ( a; w ); ; rst ) a � ! r el ( ; w ) rst � 3 r ; 0 rst ( x : � = r ( a; r ); ; rst ) a � ! r el ( ; 0 rst ) b 6 = a ( x : � = op ( b; ); ; rst ) a � ! r el ( ; rst ) ( op = w ; r ) 1 � 0 1 ( 0 1 ; rst ) a � ! r el ( 2 ; 0 rst ) ( 1 ; rst ) a � ! r el ( 2 ; 0 rst ) >e$N5,B’Cf$N ( ; rst ) $K$D$$$F!$ $O@5Ev@-$r8=:_ 8!>ZCf$N7? 4D6-$rI= $7!$ rst $O%U%# !<%k%I$K=q 9~$^$l $?CM$N:#8eFI=P$5$l$k$Y$-7?4D6-$rI=$9 !% Dj5A 16 0J2<$,@.$j N)$D$H $-!$ 7?4D6- $O%U%# !<%k %I a $NFI $_=q $-$K 4X$7 $F@5 Ev$G $"$k $H$$ $$!$ r el ( ; a ) $H=q$/ !% 8 0 ; 0 rst : ( ; ; ) a � ! r el � ( 0 ; 0 rst ) a 9 r el = ) 0 � ; ^ 0 rst � ; Nc 17 0J2<$O!$%U %#!<%k%I$NFI$_ =q$-$K4X$7$F@5Ev $G$J$$7?4D6-$H@5Ev$J7?4D6-$NNc$G$"$k!% � @5Ev$G$J$$7?4D6- x : C = w ( a; s 0 : F = op en ); x : In t y : C = w ( a; s 0 : F = op en ); y : C = r ( a; s 0 : In t ) z : C = w ( a; s 0 : F = op en ); z : C = r ( a; s 0 : F = close ) x : C = w ( a; s 0 : F = r e ad ); x : C = w ( a; s 0 : F = write ) � @5Ev$J7?4D6- x : C = w ( a; s 0 : F = 0 ); x : C = w ( a; s 0 : F = op en ); x : C = r ( a; s 0 : F = op en ) y : C = w ( a; s 0 : F = op en ; s 0 : F = close ); y : C = r ( a; s 0 : F = op en ; s 0 : F = close ) %/%i%9 � $N%U %# !< %k %I$N FI $_ =q $- $K 4X $9 $k7? 4D 6- $N @5Ev@- r el ( ; � ) $O0J2<$GDj5A$5$l$k!% Dj5A 18 %W%m %0 %i %‘ Q $N $b $H $G %/ %i %9 � $KBP $7 7? 4D 6- $,<!$r K~$? $9 $H$- !$ $O%/%i%9 � $N%U%# !<%k %I$N FI$_ =q $- $K 4X $7 $F @5 Ev $G $" $k $H $$ $$ !$ r el ( ; � ) $H=q $/ !% b ase ( ) = � ^ 8 a 2 Fld ( Q ( � )) : r el ( ; a ) %W %m %0 %i %‘ Cf $N 3F %* %V %8%’%/ %H $K BP $9 $k 7? 4D 6- $O !$ $=$N%*%V%8 %’ %/ %H$, B0$9 $k%/ %i%9 $N%U %# !< %k%I $NFI$_ =q$-$K4X$7$F@5Ev$G$J$1$l$P$J$i$J$$!% 3.2 7?H=Dj5,B’ K\@a$G$O!$%W%m%0%i%‘$N 7?H=Dj$rDj5A$9 $k!%%a%= %C %I$N7?H=Dj5,B’$+$i=g$KDj5A$9$k!% 7?4D6-I= $H$O !$ A $+$i7?4D 6-$N =8 9g$X $NIt J,4X ?t$G $"$j !$ %a %?JQ ?t � $rMQ$$$FI= $9 !% $^$? !$ %a %= %C %II=$H $O !$@dBP%a%=%C%IL> $N=89g$+$i 7?4D6-$N AH ( p ; r ) $N =89g$X$NItJ,4X?t$G$"$j !$%a%?JQ?t � $rMQ$$$FI=$9 !% Dj 5A 19 � ; � ; � :m; j ‘ Q $O?^ 2 $N 5, B’ $r K~$? $9 :G >.$N4X78$G$"$k!% ?^ 2 Cf $G $O !$ �( j ) $r � j $H 5- $7 $F $$ $k !%H= Dj � ; � ; � :m; j ‘ Q $O !$ %a %= %C %I K\ BN Q ( � :m ) $N L? Na %" %I %l %9 j ( $*$h$S$=$l0J 9_ ) $N<B9T$K$* $$$F6I=jJQ?t$* $h $S%9 %? %C %/ $, �( j ) $K=> $C $F MQ $$ $i $l $k $3 $H $r I= $9 !% %a %=%C%II= � $O!$L?Na invoke �:m $N<B9T;~$K!$%a%=%C %I � :m $N 0z ?t $* $h $S JV $j CM $N ;H $o $l J} $r I= $9 7? 4D 6- $r M?$($k$b $N$G $"$k !% � :m $O7?IU$1 $r9T $&%a %= %C %I $N@d BP%a%=%C%IL>$G$"$k!% 9

0J2<$O3F5,B’$N@bL@$G$"$k!% 5,B’ (INC):1 9TL\ $O7? IU $1$7 $h $& $H$7 $F $$$k %" %I%l %9 $N L? Na $, inc $G $" $k $3 $H $r I= $7 $F $$ $k !% 2 9T L\ $O !$ <! $N L? Na $, B8 :_ $9 $k $3 $H $r =R $Y $F $$ $k !% inc L? Na $O %9 %? %C %/ %H %C %W $N @0 ?t $r %$ %s %/ %j %a %s %H $9 $k $, !$ $h $C $F !$ %" %I %l%9 j $G$O%9%? %C %/%H %C %W$N CM$, @0?t$H $7$F ;HMQ$5 $l $k$@ $1$G!$ $= $l0J 30$N 6I=j JQ?t$* $h$S %9%? %C %/ JQ?t $N CM $O %" %I %l %9 j + 1 0J 9_ $G ;H $o $l $k !% $3 $l $i $N ;v JA $r I= $7 $F $$ $k $N $, 3 !$ 4 9T L\ $G $" $k !% 5, B’ (PUSH) !$ (POP) $K$D$$$F$bF1MM$G$"$k!% 5, B’ (IF): if j 0 L?Na $O !$ %9 %? %C %/ %H %C %W $N @0 ?t CM$K 1~ $8 $F %" %I %l %9 j + 1 $"$k $$ $O j 0 $KJ, 4t $9 $k !% $h $C $F !$ %"%I%l %9 j $G$O%9%? %C %/%H %C %W$N CM$O@0 ?t$H $7$F;H MQ $5$l $k$@$1 $G!$ $= $l0J 30$N 6I=jJQ ?t$* $h$S %9%? %C %/ JQ ?t$N CM$O %"%I %l%9 j + 1 0J9_$" $k$$ $O%" %I%l %9 j 0 0J9_ $G;H $o $l $k!% $3$l $i $r I=$7 $F $$ $k$N $, !$ 3 9TL\$G $" $k !% 5, B’ (LO AD): load f n L?Na $O !$ 6I =j JQ ?t f n $NCM $r %9%? %C %/%H %C %W$K $N$; $k$@$1 $GCM $N;H MQ$O9T $J$$ !% $9 $J$o$A!$%"%I%l %9 j + 1 $G$N %9%?%C%/%H%C%W$NCM $O%" %I%l %9 j $G $N f n $N CM $H $J $j !$$^$? 3F JQ ?t $N CM $O %" %I %l%9 j + 1 0J 9_$G ;H $o $l $k!% 3 9T L\ $, $3$l $i $N ;vJA $r I=$7 $F$$ $k!% 5,B’ (STORE) !$ (DUP) $K$D$$$F $b F1MM $G$"$k!% 5,B’ (PUTFIELD): putfield � 0 :a L?Na$O!$%"%I%l %9 j $G$N %9 %? %C %/ $N 2 HVL\ ( s 1 ) $NCM $N ;X $9 %* %V %8 %’ %/ %H $N %U %# !< %k %I a $K=q 9~ $_ $r 9T $& $N $G !$ s 1 $NCM $N 7? $N usage ItJ, $O w ( a; ) $H$J $k!%$^ $?!$%9 %?%C%/%H%C%W $K$"$C$?CM$O%"%I%l %9 j + 1 0J9_$G ;H$o$l$k$3$H $K$J $k$, !$ putfield $K $h $j CM $, %( %9 %1 !< %W $7 $F$7 $^ $$ :# 8e@5 3N$K $$ $D;H MQ$5 $l $k$+ J, $+$i $J$/ $J $k ( %" %I%l %9 j + 1 0J9_!$$H$7 $+CN$jF@$J$$ ) !% $=$N $?$a!$ $=$NCM$N ;H$o $l J}$r I= $9 7?4D 6- $K 3 $, IU $1 $i$l $k !% 4 !$ 5 9TL\ $,$3$l$i$N ;vJA$rI= $7$F$$$k !% 3 9TL\ $O!$=q9~$‘ CM$N 4pK\7?$H%U%#!<%k%I$N7?$N0lCW$rI=$9 !% 5,B’ (GETFIELD): getfield � 0 :a L? Na$O!$%9%?%C %/%H %C %W $NCM $, ;X$9 %*%V %8 %’ %/%H $N %U %# !<%k %I a $NCM $r%9%? %C %/%H %C%W $K$N$; $k!% $9 $J$o$A !$ %" %I%l%9 j $G $N%9 %?%C%/ %H%C%W $N CM $N7? $N usage It J, $O r ( a; ) $H $J$k!%$^$?!$FI$_=P $5$l$?CM$O %"%I%l%9 j + 1 0J 9_$G ;H$o $l $k !% 4 9T L\ $, $3 $l $i $N >p Js $r I= $7 $F $$ $k !% 3 9T L\$O !$ FI$_=P $9CM $N4p K\7? $H%U %# !<%k %I$N 7?$N 0lCW $r I=$9 !% 5,B’ (NEW): new � 0 L?Na$O !$%/%i%9 � 0 $N%* %V%8%’ %/%H$r @8@. $7!$ $=$l $X$N ;2>H$r %9%? %C %/ %H%C %W $K$N $; $k!%$h$C $F!$ %"%I%l %9 j $G$OCM$N;HMQ$O9T$o $l$: !$ $^ $? @8@.$7$?%* %V%8%’%/%H$O%"%I %l%9 j + 1 0J9_ $G;HMQ $5$l $k !% 3 !$ 4 9TL\ $, $3 $l $r I= $7 $F $$ $k !% @8 @. $7 $? %* %V %8%’%/ %H$N%"%I%l %9 j + 1 0J9_$G$N ;HMQ$O@5$7 $$$b$N $G$J $1 $l $P $J $i $J $$ $, !$ $= $l $r I= $7 $F $$ $k $N $, 5 !$ 6 9T L\ $G$"$k!% 5 9TL\ $O%U%#!<%k%I $NFI$_=q $-$K4X$9 $k@5 Ev@-$rJ]>Z$7!$ 6 9TL\$OBP1~$9$k;HMQ=89g � � 0 $KBP$7 BEEv@-$rJ]>Z$9$k!% 5, B’ (INV OKE): invoke � 0 :m 0 L? Na $O !$%9 %?%C%/ %H%C%W $+$i n 8D $NCM$r0z?t$H$7 !$ n + 1 HVL\$NCM$N;X $9 � 0 %*%V%8 %’ %/ %H$K BP $7$F %a %= %C %I m 0 $r8F$V !% %" %I %l%9 j $K$*$$$F%a %= %C %I8F$S =P$7 $,5/$k $N$G %9%? %C %/ $N n + 1 HV L\ $N CM $, m 0 $H $$ $& ;H MQ $r $5 $l $k !% $^ $? !$ 0z ?t $H $7 $F EO $7 $? CM $O %a %=%C%I Fb $G p $K =>$C$F ;H MQ $5 $l$k!% 5 9TL\$,$3$l$i$N;vJA$r I=$7$F$$$k!% 6 9TL\$O!$ %a %=%C%I$NJV$jCM $,%"%I%l%9 j + 1 $K$*$$ $F%9%?%C%/ %H%C%W $K$N$C$F $*$j !$%"%I%l%9 j + 1 0J9_$G ;HMQ $5$l $k$3$H $r =R $Y $F $$ $k !% $J $* !$ 7? 4D 6- $N 4X 78 <0 Cf $N [+ n ] $K$D $$ $F !$ invoke $K $h $j n + 1 8D $N CM ( 0z ?t ) $, %9 %? %C %/$+ $i <h $j =| $+ $l 1 8D $N CM ( JV $j CM ) $, CV $+ $l $k $? $a $3 $N$h$&$K$J$k!% 5, B’ (RETURN): return $O !$ %a %= %C %I $N <B 9T $r =* N; $9 $k $N $G <! $N L? Na $N B8 :_ $O MW 5a $7 $J $$ !% $^ $? !$ 2 9T L\ $G JV $j CM $N 7? 4D 6- $K 3 $, $D $$ $F $$ $k $, !$ $3 $l $O putfield $HF1MM$NM} M3$+ $i$G$" $k!% $9 $J$o $A!$ CM$, %(%9 %1!<%W $7$F $7 $^ $$ @5 3N $J ;H MQ $N =g =x $, J, $+ $i $J $/ $? $a $G $" $k !% Dj5A 20 ( %a%=%C%I$N7?H=Dj ) �( �:m ) = ( p ; r ) numar gs ( � :m ) = n p � [ s n � 1 � i =f i ]� 1 ( i = 0 ; : : : ; n � 1) SV \ dom (� 1 ) = ; b ase ( r ) = r ettyp ( �:m ) b ase (� 1 # f i ) = ar gtyp ( � :m; i ) ( i = 0 ; : : : ; n � 1) 8 j 2 dom ( Q ( � :m )) : � ; � ; � :m; j ‘ Q � ; � ; � :m ‘ Q %"%I%l%9 1 $,%a%= %C %IK\ BN$N :G=i $NL? Na%" %I %l%9 $G$" $k$H $9 $k !% 3 9TL\ $O !$ p $O!$ � 1 $N%9 %? %C %/ JQ ?t $r !$ E: ;z$r5U$K $7$? 6I=j JQ ?t$G CV49 $7$? 7? 4D6- $G$" $k$3 $H$r I=$7!$ $9 $J$o $A%a%= %C %I $N<B9T $,%a %= %C%I I=$, M?$($k 7?4D6-$K=>$C $F;O$^ $k$3$H$r I=$9 !% 4 9TL\$O!$ �(1) $K %9%?%C %/JQ ?t$,4^ $^$l $F$$$J $$!$ $9 $J$o$A %a%= %C %I$N 3+;O;~ E@$G %9 %? %C %/ $, 6u$G $" $k$3 $H $rI= $9 !% 5 9TL\ $O!$ %a %=%C%I$N JV$j CM$N4p K\7? $, r ettyp ( � :m ) $G $"$k$3 $H 10

$rI= $7!$ 6 9T L\ $O%a %=%C%I $N i HV L\$N 0z ?t$N 4p K\7? $, ar gtyp ( �:m; i ) $G$" $k $3 $H $r I= $9 !% 7 9TL\ $O !% %a %= %C %I K\BN $N3F %"%I %l%9 $G%a %= %C %I$, 7?IU $1$5 $l$F $$ $k$3 $H $rI=$9 !% Dj5A 21 ( %W%m%0%i%‘$N7?H=Dj ) 8 � 2 dom ( Q ) : 8 m 2 dom ( Mtd ( Q ( � ))) : 9 � : � ; � ; � :m ‘ Q �( Q main ) = ( p ; s 0 : T op ) � ‘ Q 1 !$ 2 9TL\ $O !$ %W %m %0 %i %‘ Cf $N $9 $Y $F $N %a %= %C %I $, 7? IU $1$5$l $k$3 $H$r I=$9 !% 3 9T L\$O !$%a%$ %s%a %=%C%I$N JV $jCM $, T op $H $7 $F;H $o $l $k !$$9$J $o $A %W %m %0%i %‘ $N =*N; ;~$K $9$Y $F$N %*%V %8 %’ %/%H $,@5 $7$/ ;H$$ @Z $i$l $F $$$k$3$H$rI=$9 !% %W%m%0%i%‘ Q $KBP$7 � ‘ Q $rK~$?$9%a%=%C%II= � $,B8:_$9$k$H$-!$ Q $O 7?IU$12DG=$G$"$k $H$$$& !% 3.3 7?%7%9%F%‘$N7rA4@- 7rA4@- $,J] >Z$5$l $k8+9~ $_$G$" $j !$ <! $NL? Bj$,@. $j N)$D$H;W$o$l$k!% L? Bj 22 ( 7?%7 %9 %F %‘ $N 7r A4 @- ) %W%m %0 %i %‘ Q $,7? IU $12D G=$G $" $k$J $i $P!$ Q $O%* %V%8 %’ %/ %H;H MQ$K 4X $7$F 0BA4$G$"$k!% 87L) $J>Z L@$O F@$i $l$F $$$J $$$, !$ >. NS$i $N;q 8;;H MQ 2r@O [7] $HF1MM$N<jK!$G>ZL@$G$-$k8+9~$_$G$"$k!% 3.4 7??dO@%"%k%4%j%:%‘ A0 @a $N 7? %7 %9 %F %‘ $N 7r A4 @- $, @. $j N) $D $H 2> Dj $9 $k $H !$ %W %m %0 %i %‘ Q $N<B 9T $K $* $$ $F 3F %* %V %8 %’ %/ %H $, @5 $7 $/ ;HMQ $5 $l$k $3 $H$r J] >Z$9 $k $K$O !$ Q $KBP$7 $F7? ?d O@$r 9T $$ Dj 5A 21 $N4X 78 � ‘ Q $r K~ $? $9 � $, B8 :_ $9 $k $3 $H $r <( $; $P == J, $G $" $k !% 7? ?d O@ $O !$ [6, 7] $N@) Ls 2r >C $K 4p $E $/ 7? ?d O@ $H F1 MM $K 9T $& $3 $H$, $G $- $k !% $9 $J $o $A !$ 1). 7?H= Dj5,B’ $K4p IU$- !$ 3F%a %= %C %IK\BN $N%" %I%l %9$+ $i 7?4D6- $K4X$9 $k@) Ls$r@8 @.$7 !$ 2). @8@.$5 $l$? @)Ls$r 4JLs$7 !$ =<B- 2DG= @-$rD4 $Y$k !% %"%k %4%j%: %‘$N >\:Y $O O@J8 [5] $K >y $j !$0J2< $G $O Nc $r DL $7 $F 7? ?d O@ $N 35 N, $r =R$Y$k!% 1: new File ; File %*%V%8%’%/%H@8@. 2: dup ; ;2>H$rJ#@= 3: invoke File.open ; %a%=%C%I op en 8F$S=P$7 4: load f1 ; 6I=jJQ?t f1 $NCM$r%m!<%I 5: if 8 ; 0 0J30$J$i%"%I%l%9 8 $X 6: invoke File.close ; %a%=%C%I close 8F$S=P$7 7: return ; %a%=%C%I=*N; 8: invoke File.close ; %a%=%C%I close 8F$S=P$7 9: return ; %a%=%C%I=*N; >e$O %a %= %C %I K\ BN $N Nc $G $" $k !% $? $@ $7 !$ File %/ %i %9 $N %a %=%C%I open !$ close $O 0z ?t $b JV $j CM $b $J $$ $H $9 $k!%$^$?!$ � File = f op en � close g $H$9$k!% >e $NNc $G$O !$%"%I %l%9 1 $G File %/ %i%9 $N%* %V%8%’ %/%H$r@8@. $7!$ $=$N%* %V%8 %’ %/ %H$K BP$7 %"%I %l%9 3 $G %a %=%C%I open $r 8F $S =P $7 $? 8e %" %I %l %9 5 $G J, 4t $7 !$ $I$A $i $N J, 4t $G $b %a %= %C %I close $r 8F $s $@ 8e %a %= %C %I K\BN $r =* N; $7 $F $$ $k !% $h $C $F !$ File %* %V %8 %’ %/ %H $O @5 $7$/;HMQ$5$l$F$$$k!% $^$?!$ %"%I%l%9 5 $NL?Na$,8m$C $F if 9 $H $J$C$F$$$?>l 9g!$J,4t$K $h$C$F$O%a%=%C%I close $,8F $P $l $: !$ File %* %V %8 %’ %/ %H $O @5 $7 $/ ;H MQ $5 $l$J$$!% 0J2<$G !$ 2f!9 $N 7?%7%9 %F%‘ $,$I$N $h$& $KN><T $NH=Dj$r9T$&$+$r<($9 !% %" %I %l %9 j $r 7? IU$1 $9 $k 7?4D 6- $r � j $H $9 $k $H!$?^ 2 $N 7? IU $1 5, B’ $+ $i <! $N @) Ls $r F@ $k !%$? $@ $7 !$ open !$ close %a %=%C%I $K $O JV $j CM $, $J $$ $? $a !$5, B’ (IN- V OKE) $* $h $S (RETURN) $K $h $k @) Ls $O <B :] $N $b $N $H$O<c430[$J$k!% 1. � 1 � [ � 1 ] � 2 ( %"%I%l%9 1 $h$j ) 2. � F � � 2 # s 0 ( %"%I%l%9 1 $h$j ) 3. r el ( � F ; File ) ( %"%I%l%9 1 $h$j ) 4. [ [ � F ] ] � � File ( %"%I%l%9 1 $h$j ) 5. � 2 � [ � 1 ]([ s 1 =s 0 ] � 3 ) ( %"%I%l%9 2 $h$j ) 6. � 3 � s 0 : File = op en ; [+ 1 ] � 4 ( %"%I%l%9 3 $h$j ) 7. � 4 � [ � 1 ]([ f 1 =s 0 ] � 5 ) ( %"%I%l%9 4 $h$j ) 8. � 5 � s 0 : In t ; [+ 1 ]( � 6 & � 8 ) ( %"%I%l%9 5 $h$j ) 9. � 6 � s 0 : File = close ; � 7 ( %"%I%l%9 6 $h$j ) 10. � 7 � ; ( %"%I%l%9 7 $h$j ) 11. � 8 � s 0 : File = close ; � 9 ( %"%I%l%9 8 $h$j ) 12. � 9 � ; ( %"%I%l%9 9 $h$j ) $3 $l $i $N @) Ls $h $j !$ � 1 � f 1 : In t !$ � 2 � s 0 : File = op en ; y : In t ; s 0 : File = close $, 5a $^ $k $, !$ � 1 $O Dj 5A 18 $N 4 9T L\ $r K~ $? $9 !% � 2 $K $D $$ $F !$ � 2 # s 0 = s 0 : File = op en ; s 0 : File = close $G$"$k$+$i!$@)Ls 2 !$ 3 !$ 4 $h$j@)Ls r el ( s 0 : File = op en ; s 0 : File = close ; File ) [ [ s 0 : File = op en ; s 0 : File = close ] ] � � File $r F@ $k !% 1 $D L\ $N @) Ls $O =< B- $5 $l !$ $^ $? !$ � File = f op en � close g $G $" $k $+ $i 2 $D L\ $N @) Ls $b =< B- $5 $l $k !% => $C $F !$ 11

>e $N Nc $G $O File %*%V %8 %’ %/ %H $N ;H MQ $O @5 $7 $$ $H H= Dj $5 $l$k!% 0l J} !$ %" %I %l %9 5 $, if 9 $G $" $C $? $H $9 $k $H !$ � 2 # s 0 = s 0 : File = op en ; ( s 0 : File = close & s 0 : File = 0 ) $H$J $j !$ @) Ls [ [ s 0 : File = op en ; ( s 0 : File = close & s 0 : File = 0 )] ] � � File $rF@$k $,$3$l $O=<B-IT 2DG=$G $"$k!% $h $C$F !$ File %*%V %8%’%/%H$N;HMQ$O@5$7$/$J$$$HH=Dj$5$l$k!% @)8B 2f !9 $N7? ?d O@%" %k%4 %j %:%‘ $O !$ 8= :_ <!$N 2 E@$K $*$$$F@)8B$,$"$k!% 1. r el ( ; � ) $N@)Ls$r2r>C$9$k0lHLE*J}K!$OL$2r7h!% 2. [ [ ] ] � � $NH=Dj$O0lHL$K$O7hDjITG=!% 1 $K$D$$$F!$ $O0lHL$K $OL5 8B$N>u BV$r <h$j F@$k$, !$ 8= :_ $N $H $3 $m @) Ls r el ( ; � ) $rM- 8B $N @) Ls =8 9g $K JQ 49 $G $-$F$$ $J$$ !% :#8e 2DG=$K $J$k $+$b $7$l$J $$$7 !$ $=$& $G $J$$>l9g$O6a;w$,I,MW$H$J$k!% 2 $N @) 8B $O !$7? 4D 6- $O 9= @. ;R �: $H 3 $r ;} $D $? $a J8L.<+ M3J8K! 0J>e$N I=8=NO $rM-$9 $k$, ( Nc !’ �: ( 3 ( x : In t ); � )) !$J8L.<+ M38@8l$NJq 4^4X78$NH=Dj LdBj$O7hDj ITG= $G $"$k $3$H $+ $i@8 $8 $k!% K\ O@J8 $G $O [ [ ] ] � � $rH= Dj$9 $k%" %k%4%j %:%‘ $NB8 :_$r 2>Dj $7$F $$$k !% � $r@5B’ 8@8l$K8B$l $P [ [ ] ] $rJ8L.<+M38@8l$"$k $$$O@5B’ 8@8l$K 6a;w $9$k $3$H $K $h$j 6a;w 2r$r 5a$a $k $3$H $O2D G=$H ;W $o $l$k$,!$$3$l$O:#8e$N2]Bj$G$"$k!% 4 4XO"8&5f =x>O $G =R$Y $?K\ 8& 5f$N 7?%7 %9 %F%‘ $K$* $1 $k 3 $D$N%" %$ %G %" $O !$ 8^ == Mr $H >. NS $K $h $k ;q 8; ;H MQ 2r @O [7] $* $h $S � 7W ;; $K $* $1 $k 0l HL 7? %7 %9 %F %‘ [6] $+ $i <h $j F~ $l $? !% [7] $G$O!$ ;q 8;@8@. !$ %"%/%; %9$N %W%j%_ %F %# %t$rDI 2C$7 $? � 7W;;$KBP$7$F!$;q8;;HMQ$N2r@O$r9T$&7?%7%9%F%‘$r M?$( $F$$ $k!% ;q 8;$* $h$S 4X?t $N7? $K;H MQ$K 4X$9 $k>p Js $rIU2C $9$k $,!$ 2f !9$N usage $O$3$l$K$J $i $C $?$b$N $G $" $k !% $J $* !$ K\ 8& 5f $O JL L> !$ %R !< %W $b 07 $C $F $* $j !$ H‘ $i $N 7? %7 %9 %F %‘ $N 3H D% $K $J $C $F $$ $k !% [6] $N7? %7 %9 %F %‘ $G $O!$ 7? 4D6-$O 3F%A %c %M %k$K $D$$ $FAw<u ?.$9 $kCM $N7? >p Js$* $h$S Aw?. !$ <u?. $N$I $A$i $r9T $&$+ $N>p Js$@ $1$G $J $/ !$ Aw <u?.$r 9T$J$& =g=x$d Aw<u?. $5$l$k CM$N;H $o$l J} $N>pJs$bJ];}$9 $k!%K\8&5f $G$N7?4D6-$N3HD% $O!$%A %c %M%k $NAw<u ?.$N =g=x $N2r @O$K$J $i $C $?$b $N$G $"$k!% $^ $? !$ putfield $H getfield $N %* %V %8%’%/ %H $N ;H MQ $H $7$F$N07$$$O!$ � 7W;;$G$N%A%c%M%k$KBP$9$kAw?. !$<u ?.$+$i$NN‘?d$G$"$k!% DeLine $H F ahndric h $K$h$k V ault 8@8l [1] $b!$ 7? %7 %9 %F %‘$r MxMQ $7 $F;q 8; $N;H MQ2r @O $r9T $& !% V ault 8@ 8l $G $O !$;q 8; $K BP $7 $F $= $N >u BV $r I= $9 key $, M? $( $i $l !$ k ey $N>uBV$K$h$j$=$N ;~E@$G5v2D$5$l$k ;q8;$NA‘:n$, 7h$^$k!% 7?%7 %9%F %‘ $K$h $j3F ;q8; $N k ey $rDI @W$9 $k$3 $H$G;HMQ 2r@O$r 9T$J $&$, !$ $3 $NE@ $K$* $$$F k ey $O2f!9 $N7? %7 %9 %F %‘ $N usage $KAj Ev $9 $k !% <g $J Aj 0c E@ $H $7 $F !$ 2f!9$N 7?%7 %9%F %‘$O7? ?dO@ $r9T $&$N $KBP$7 !$ V ault 8@ 8l $G $O %W%m %0 %i%^ $, L@<( E* $K k ey $r=q $/ I,MW $, $" $k!% $^$?!$%*!<%H%^%H%s$K $h$j;q8;$N>uBV $rI=$9E@$b2f !9 $N7?%7%9%F%‘$H0[$J$k!% Pun tigam $H P eter $N 7?%7 %9%F %‘ [11] $O!$<u M}2D G= $J%a%= %C %I$,F0 E*$K JQ2= $9$k JB9T %*%V %8 %’ %/%H $KBP$7 $F!$ <u M}IT2D G=$J %a%= %C %I 8F$S=P $7$, 9T$o $l$J $$$3$H $rJ]>Z$9$k !% %*%V%8 %’ %/ %H$X$N ;2>H $rDL$7 $F%a %= %C%I 8F$S=P$7$r 9T$& $,!$ ;2 >H$K <B9T2D G=$J %a%= %C %I $NNs$r IU 2C $9 $k $3 $H $G 2r @O $r 9T $& !%H‘ $i $N 7? %7 %9 %F %‘ $G $O !$ ;2>H$NJ# @=;~ $K<B 9T2D G=$J %a%= %C %I $NNs $,?7 5lN> ;2>H $GJ,G[$5$l !$ $= $l$i $N=g=x >pJs $O<:$o $l$k $,!$ 2f !9$N 7?%7%9%F %‘$G $OJL L>4V $N%a %= %C %I8F $S=P $7$N =g=x $b2r @O2DG=$G$" $k!% $^$? !$ K\ 8&5f $G$O%R !<%W $r07 $C $F$$$k E@$bAj0cE@$G$"$k!% F0 E* $K 7W ;; ;q 8; $N %" %/ %; %9 @) 8f $r 9T $& $b $N $H $7 $F !$ Monitor $KBP $9$k P ath <0 [3] $d Sc hneider $N%; %- %e %j %F%# !& %* !< %H %^ %H %s [12] $,$" $k!% [3] $G$O !$ Monitor $X $N%"%/%; %9$,!$ IU2C $5$l $?@5 B’I= 8=Iw $N<0 $G5-=R $5$l $?%"%/%; %9=g =x$K => $C $F<B :]$K 9T$o $l$k $3$H $rF0 E*$K 8!>Z$9$k!%$^$?!$ [12] $O!$;q8;$N>uBV$rI=$9%*!<%H%^ %H%s $N >u BV $4 $H $K <B 9T 2D G= $J %a %= %C %I $N =8 9g $r Dj 5A $7 !$ %a%=%C %I 8F$S =P$7 $4$H $K%* !<%H %^%H %s$r >uBV A+0\ $5$; $k$3$H$K$h$j %"%/%; %9@)8f $r9T$& !% $3$l $i$N8& 5f$N<g 4c$O;q8; $X$N %"%/ %; %9=g =x$N 5-=R $* $h$S F0E* 8!:: $G$" $k$N$KBP $7!$ K\ 8&5f $N<g 4c$O %W%m %0%i %‘$, <B:]$K $=$N 5- =R $K => $& $3 $H $r @E E* $K 2r @O $9 $k $3 $H $G $" $k !%$^ $? !$ W alk er $N7? %7 %9 %F %‘ [15] $O!$ %; %- %e %j %F %# !& %* !< %H %^ %H %s$NL5BL $J%A%’ %C%/$r>J$/$, !$$9$Y$F$N 8!::$r@E E* $K9T$&$o$1$G $O$J$/ !$ K\8& 5f$N7? %7%9%F %‘$H$O MxMQL\ E*$,0[$J$k!% K\8& 5f $N 7? %7 %9 %F %‘ $O !$ Stata $H Abadi $N7? %7 %9 %F %‘ [13] $N3HD% $H $7 $F Dj5A $7 $? !% H‘$i $N 7? %7 %9%F %‘ $* $h $S Gk C+ $H 8M_7 $N 7? %7%9 %F %‘ [4] $O%5 %V %k !< %A%s $r 07 $& $,!$ 2f !9 $N7? %7%9 %F%‘ $G$b %5%V%k !<%A %s$r 07$& $h$&JQ 99$9$k$3$H$OMF0W$H;W$o$l$k!% 12

JVML $K BP $9 $k B>$N 7? %7 %9 %F %‘ $H $7 $F !$ F reund $i $N =i 4| 2= 2r @O [2] !$4d 4V $H >. NS $N %m%C%/ 2r @O [16] $, $" $k!% =i4|2= %a%= %C%I $d%m %C %/$N<h F@!$ 2rJ|$b %a%= %C %I 8F$S=P $7$N0l $D$H$_$J $9$3$H $K$h$j !$ 2f !9$N 7?%7%9 %F %‘$O$3$l$i$N2r@O$bJq4^$9$k!% 5 7kO@ 2f !9 $O !$ Ja v a %P%$ %H %3 !< %I $K $* $$ $F %* %V %8 %’ %/ %H $N ;H MQ 2r @O $r 9T $& 7? %7 %9 %F %‘ $r Ds 0F $7 $? !%$3 $l $K $h $j !$ %W%m %0%i %‘$N <B9T $K$* $$$F 3F%* %V%8 %’ %/ %H$, A[ Dj$5 $l $?=g=x$K=>$C$F;H$o$l$k$3$H$,@EE*$KJ]>Z$5$l$k!% :#8e $N2] Bj$H $7$F $O!$ $^$: 7??d O@$K $*$1 $k@) Ls2r >C $N6a;w 2rK! $N9M 0F$,$" $k!% $= $N>e $G!$ 7??d O@%" %k%4 %j %:%‘ $r<B Au$7 8=<B E*$J %W%m %0%i %‘$K BP$9 $k2f !9 $N7? %7 %9%F%‘ $N<B MQ@-$r 8!>Z $9$kM= Dj$G $"$k!% $^ $?!$ 2f !9 $N 7?%7 %9%F %‘$r $h$j 8=<BE* $J$b $N$K $9$k $?$a !$ 7? %7%9 %F %‘$N 3H D% $b =E MW $J 2] Bj $G $" $k !%Nc 30 ( athrow ) $* $h $S %5%V%k !<%A%s ( jsr ) L?Na$O8=:_BP>] 30$G$" $k$,!$ $3$l $i $N F3 F~ $O MF 0W $G $" $k $H ;W $o $l $k !% JVML K\Mh $N It J, 7?4X 78$G $"$k It J,%/ %i%9 4X78 $bK\ 8& 5f$N ItJ, 7?4X 78 $K AH$_9~$‘I,MW$,$"$k!% ;29MJ88% [1] Rob ert DeLine and Man uel F ahndric h. Enforcing high-lev el proto cols in lo w-lev el soft w are. In Pr o c e e d- ings of A CM SIGPLAN Confer enc e on Pr o gr amming L anguages Design and Implementation , pp. 59{69, 2001. [2] Stephen N. F reund and John C. Mitc hell. A t yp e system for ob ject initialization in the Ja v a b yteco de language. In Pr o c e e dings of the c onfer enc e on Obje ct- oriente d pr o gr amming, systems, languages, and ap- plic ations , pp. 310{328, Octob er 1998. [3] A. N. Hab ermann and R. H. Campb ell. The sp ec- i�cation of pro cess sync hronization b y path expres- sions. In Pr o c e e dingsof an International Symp osium , V ol. 16 of L e ctur e Notes in Computer Scienc e , pp. 89{102. Springer-V erlag, April 1974. [4] Masami Hagiy a and Akihik o T oza w a. On a new metho d for data o w analysis of Ja v a virtual mac hine subroutines. In Pr o c e e dings of Static A nalysis Sym- p osium , 1998. [5] Nobuyuki Hamanak a. A t yp e system for ob ject usage analysis in Ja v a b yteco de. Master’s thesis, Univ ersit y of T oky o, F ebruary 2002. T o app ear at http://www.yl.is.s.u-tokyo.ac.jp/ ~ hamanaka/pub/ . [6] A tsushi Igarashi and Naoki Koba y ashi. A generic t yp e system for the pi-calculus. In Pr o c e e dings of A CM SIGPLAN/SIGA CT Symp osium on Principles of Pr o gr amming L anguages , pp. 128{141, Jan uary 2001. [7] A tsushi Igarashi and Naoki Koba y ashi. Resource us- age analysis. In Pr o c e e dings of A CM SIGPLAN/ SIGA CT Symp osium on Principles of Pr o gr amming L anguages , pp. 331{342, 2002. [8] Naoki Koba y ashi. A t yp e system for lo c k-free pro cesses. Information and Computation , to ap- p ear. A preliminary v ersion app eared in Pro ceed- ings of TCS2000, Springer LNCS 1872, pp.365- 389, under the title \T yp e Systems for Concur- ren t Pro cesses: F rom Deadlo c k-F reedom to Liv elo c k- F reedom, Time-Boundedness". [9] Naoki Koba y ashi, Eijiro Sumii, and Shin Saito. An implicitly-t yp ed deadlo c k-free pro cess calculus. In Pr o c e e dings of CONCUR2000 , V ol. 1877 of L e ctur e Notes in Computer Scienc e , pp. 489{503. Springer- V erlag, August 2000. A full v ersion is a v ailable as tec hnical rep ort TR00-01, Dept. Info. Sci., Univ. T oky o. [10] Tim Lindholm and F rank Y ellin. The Java Virtual Machine Sp e ci�c ation . Addison W esley , 2nd edition, 1999. [11] F ranz Pun tigam and Christof P eter. Changeable in- terfaces and promised messages for concurren t com- p onen ts. In Pr o c e e dingsof Symp osium on Applie d Computing (SA C’99) , pp. 141{145, 1999. [12] F red B. Sc hneider. Enforceable securit y p olicies. T ec hnical Rep ort TR98-1664, Cornell Univ ersit y , 1998. [13] Ra ymie Stata and Martin Abadi. A t yp e system for Ja v a b yteco de subroutines. A CM T r ansactions on Pr o gr amming L anguages and Systems , V ol. 21, No. 1, pp. 90{137, 1999. [14] Eijiro Sumii and Naoki Koba y ashi. A general- ized deadlo c k-free pro cess calculus. In Pr o c e e dings of Workshop on High-L evel Concurr ent L anguage (HLCL’98) , V ol. 16(3) of Ele ctr onic Notes in The- or etic al Computer Scienc e , pp. 55{77, 1998. [15] Da vid W alk er. A t yp e system for expressiv e secu- rit y p olicies. In Pr o c e e dings of A CM SIGPLAN/ SIGA CT Symp osium on Principles of Pr o gr amming L anguages , pp. 254{267, Jan uary 2000. [16] 4d4V B@ , >.NS D><y . JVM $K$* $1$k %m%C%/$N@0 9g@- 8!>Z $N$? $a $N ?7 $7 $$ 7? %7 %9 %F %‘ . F| K\ %= %U %H %& %’ %" 2J 3X 2q Bh 18 2sBg2q O@J8=8 , 2001. 13

Q ( � :m )( p c ) = inc Q ‘ ( h �:m; p c ; f ; n � s i � FS ; H ) ! ( h � :m; p c + 1 ; f ; ( n + 1) � s i � FS ; H ) (E-Inc) Q ( � :m )( p c ) = push0 Q ‘ ( h � :m; p c ; f ; s i � FS ; H ) ! ( h �:m; p c + 1 ; f ; 0 � s i � FS ; H ) (E-Push) Q ( �:m )( p c ) = pop Q ‘ ( h � :m; p c ; f ; v � s i � FS ; H ) ! ( h � :m; p c + 1 ; f ; s i � FS ; H ) (E-P op) Q ( �:m )( p c ) = if j Q ‘ ( h �:m; p c ; f ; 0 � s i � FS ; H ) ! ( h �:m; p c + 1 ; f ; s i � FS ; H ) (E-If0) Q ( �:m )( p c ) = if j n 6 = 0 Q ‘ ( h � :m; p c ; f ; n � s i � FS ; H ) ! ( h � :m; j; f ; s i � FS ; H ) (E-Ifn) Q ( � :m )( p c ) = load f n Q ‘ ( h � :m; p c ; f ; s i � FS ; H ) ! ( h �:m; p c + 1 ; f ; f ( f n ) � s i � FS ; H ) (E-Load) Q ( �:m )( p c ) = store f n Q ‘ ( h � :m; p c ; f ; v � s i � FS ; H ) ! ( h � :m; p c + 1 ; f [ f n 7! v ] ; s i � FS ; H ) (E-Store) Q ( �:m )( p c ) = dup Q ‘ ( h � :m; p c ; f ; v � s i � FS ; H ) ! ( h � :m; p c + 1 ; f ; v � v � s i � FS ; H ) (E-Dup) Q ( � :m )( p c ) = putfield � 0 :a H ( o ) = ( �; �) Q ‘ ( h �:m; p c ; f ; v � o � s i � FS ; H ) ! ( h � :m; p c + 1 ; f ; s i � FS ; H [ o 7! ( � [ a 7! v ] ; �)]) (E-Put�eld) Q ( �:m )( p c ) = getfield � 0 :a H ( o ) = ( �; �) � ( a ) = v Q ‘ ( h � :m; p c ; f ; o � s i � FS ; H ) ! ( h � :m; p c + 1 ; f ; v � s i � FS ; H ) (E-Get�eld) Q ( � :m )( p c ) = new � 0 o = 2 D om ( H ) o 6 = nul l dom ( � ) = dom ( Fld ( Q ( � 0 ))) 8 a 2 dom ( � ) :� ( a ) = 0 or nul l Q ‘ ( h �:m; p c ; f ; s i � FS ; H ) ! ( h �:m; p c + 1 ; f ; o � s i � FS ; H [ o 7! ( �; � � 0 )]) (E-New) Q ( �:m )( p c ) = invoke � 0 :m 0 H ( o ) = ( �; �) � � m 0 6 = ; Q ‘ ( h �:m; p c ; f ; ~ v � o � s i � FS ; H ) ! ( h � 0 :m 0 ; 1 ; f 0 ; � i � h � :m; p c + 1 ; f ; s i � FS ; H [ o 7! ( �; � � m 0 )]) (E-In v ok e) Q ( �:m )( p c ) = return Q ‘ ( h � :m; p c ; f ; v � s i � h � 0 :m 0 ; p c 0 ; f 0 ; s 0 i � FS ; H ) ! ( h � 0 :m 0 ; p c 0 ; f 0 ; v � s 0 i � FS ; H ) (E-Return) ?^ 1: %^%7%s%9%F!<%H$NA+0\5,B’ 14

(INC) Q ( � :m )( j ) = inc j + 1 2 dom ( Q ( � :m )) � j � � j +1 � j # s 0 � s 0 : In t � ; � ; �:m; j ‘ Q (PUSH) Q ( �:m )( j ) = push0 j + 1 2 dom ( Q ( � :m )) � j � [ � 1 ]� j +1 s 0 : In t � � j +1 # s 0 � ; � ; � :m; j ‘ Q (POP) Q ( � :m )( j ) = pop j + 1 2 dom ( Q ( � :m )) � j � s 0 : T op ; [+ 1 ]� j +1 � ; � ; �:m; j ‘ Q (IF) Q ( � :m )( j ) = if j 0 j + 1 ; j 0 2 dom ( Q ( � :m )) � j � s 0 : In t ; [+ 1 ](� j +1 &� j 0 ) � ; � ; � :m; j ‘ Q (LO AD) Q ( � :m )( j ) = load f n j + 1 2 dom ( Q ( �:m )) � j � [ � 1 ]([ f n =s 0 ]� j +1 ) � ; � ; � :m; j ‘ Q (STORE) Q ( � :m )( j ) = store f n j + 1 2 dom ( Q ( � :m )) � j � [ s 0 =f n ]([+ 1 ]� j +1 ) � ; � ; � :m; j ‘ Q (DUP) Q ( � :m )( j ) = dup j + 1 2 dom ( Q ( � :m )) � j � [ � 1 ]([ s 1 =s 0 ]� j +1 ) � ; � ; � :m; j ‘ Q (PUTFIELD) Q ( � :m )( j ) = putfield � 0 :a j + 1 2 dom ( Q ( � :m )) b ase ( ) = Q ( � 0 :a ) � j � s 1 : � 0 = w ( a; ); 3 ; [+ 2 ]� j +1 dom ( ) = f s 0 g � ; � ; � :m; j ‘ Q (GETFIELD) Q ( � :m )( j ) = getfield � 0 :a j + 1 2 dom ( Q ( �:m )) b ase (� j +1 # s 0 ) = Q ( � 0 :a ) � j � s 0 : � 0 = r ( a; � j +1 # s 0 ); � j +1 " s 0 � ; � ; � :m; j ‘ Q (NEW) Q ( �:m )( j ) = new � 0 j + 1 2 dom ( Q ( � :m )) � j � [ � 1 ]� j +1 � � j +1 # s 0 r el ( ; � 0 ) [ [ ] ] � � � 0 � ; � ; � :m; j ‘ Q (INV OKE) Q ( � :m )( j ) = invoke � 0 :m 0 j + 1 2 dom ( Q ( � :m )) �( � 0 :m 0 ) = ( p ; r ) n = numar gs ( � 0 :m 0 ) � j � s n : � 0 =m 0 ; p ; [+ n ](� j +1 " s 0 ) r � � j +1 # s 0 � ; � ; �:m; j ‘ Q (RETURN) Q ( �:m )( j ) = return �( � :m ) = ( p ; r ) � j � 3 r dom ( r ) = f s 0 g � ; � ; � :m; j ‘ Q ?^ 2: 7?H=Dj5,B’ 15