V ol. 0 No. 0 >pJs=hM}3X2qO@J8;o 1959 C++ %F%s%W%l!<%H$rJ,3d%3%s%Q%$%k$9$k$?$a$N%"%W%m!<%A A} ;3 N4 y =; 0f 1Q Fs O: y JF _7 L@ 7{ y 4{ B8$N C++ %F %s %W%l!< %H$N %3 %s%Q %$%k %b %G%k $O!$%$ %s %i%$ %s 2=$K $h$k $b $N$G $"$k!% $3 $N%b %G%k $G $O!$ 3F %* %V %8%’ %/ %H %3!< %I!$ <B 9T 2D G= %3!< %I $N %5%$ %: $, Bg $- $/ $J $j $, $A $G $" $j!$ $^ $? %F %s %W %l!< %H $G =q $+$l $? <B Au $,1# JC $G$- $J $$ $H$$ $& LdBj $, $"$k!% K\ O@ J8$G $O!$ C++ $N %F%s %W %l!< %H$r J, 3d%3 %s %Q%$ %k $9 $kJ} K! $r <( $9!% $3 $NJ} K! $O C++ $N %=!<%9 %3!< %I $+ $i%=!< %9 %3!< %I $X$N JQ 49 $K4p $E $$ $F $$$k!% JQ 49 8e $N%3!< %I $O <B 9T ;~ $K!$ (1) %F %s %W %l!< %H $N parametric B? Aj @- $r 07 $& $? $a $K!$ 7? B? Aj $J %G!< %? $K BP $7!$ ( B? $/ $N ML %3 %s %Q %$ %i $, 9T $& $h $& $K ) b o xing $H un b o xing $N A‘ :n $r $9 $k!% (2) C++ $N ad ho c B? Aj @- $r 07 $& $? $a $K (Hask ell %3 %s%Q %$%i $, 9T$& $h$& $K ) %*!< %P!<%m!< %I $5$l $?4X ?t$r EO$9!% $^ $?!$7? B?Aj $J%* %V%8%’ %/ %H$K BP $9$k%a%=%C%I5/F0$r07$&$?$a$K!$ C++ $NB?=E7Q>5$HCj>]%$%s%?!<%U%’%$%9$N5!G=$rMQ$$$k!% An Approac h to Separate Compilation of C++ T emplate T akashi Masuy ama, Eijir o Sumi i and Akinori Yoneza w a The existing compilation mo del of C++ templates|namely inlining |su�ers from a prob- lem that eac h ob ject co de and the resulting executable tend to b ecome h uge, and also, that implemen tations of templates cannot b e hidden. In this presen tation, w e prop ose a metho d of separately compiling C++ templates. This metho d is based on source-to-source transfor- mation of C++ co de. A t run time, the transformed co de (1) p erforms b o xing and un b o xing on p olymorphic data (as man y ML compilers do) in order to deal with the parametric p oly- morphism of templates and (2) passes around ov erloaded functions (as Hask ell compilers do) in order to treat the ad ho c p olymorphism of C++. Our metho d also exploits the m ulti- ple inheritance and abstract in terface mec hanisms of C++ to handle metho d in v o cations on p olymorphic ob jects. 1. =x O@ 1.1 %Q%i%a%H%j%C%/B?Aj@-$N0U5A %W %m %0 %i %^ $O %W %m %0 %i %‘ $r 7? B? Aj $K =q $/ $3 $H $K $h$C $F!$ %G!< %? 7? $K 0M $i $: $K %" %k %4 %j %: %‘ <+ ?H $r 5- =R $G $- $k!% 0l EY %" %k %4 %j %: %‘ $, B? Aj 7? $r MQ $$ $? %9 %? %$ %k $G =q $/ $H!$ 0[ $J $k 7? $N %G!< %? $K BP $7 $F E, MQ $9 $k $3 $H $, $G $- $k!%$h$C$F!$B?Aj7?%W%m%0%i%‘$O%=!<%9 $N5-=RNL$r8:$i $7!$3+H/$r8zN(NI$/$9$k!% C++ $N%F%s%W%l!<%H$O%Q%i %a%H%j%C%/B?Aj@-$r$b$D%W%m%0%i%_%s %0$r2DG=$K$9$k!% Standard T emplate Library 1) $O %F %s %W %l!< %H $r MQ $$ $F7?B?Aj$J%j%9%H!$=89g$J$I$N4pK\E* $GM-MQ$J%G!<%?9= B$$rDs6!$7$F$$$k!% 1.2 J,3d%3%s%Q%$%k$N0U5A 0lJ}!$J,3d%3%s%Q%$%k$O%3%s%Q%$ %k:Q$_$N%3!<%I$r:F %3%s%Q%$%k$9$k$3$HL5$7$K!$:FMxMQ$9 $k$3$H$r2DG=$K$9 $k!%99$KJ,3d%3%s%Q%$%k$K$h$C$F!$0lEY $K%3%s%Q%$%k$5 y El5~Bg3X>pJsM}9)3X7O8&5f=j%3%s%T%e!<%?2J3X@l96 Departmen t of Computer Science, Universit y of T oky o, Graduate School of Infomation Science and T ec hnology $l$k%U%!%$%k%5%$%:$O>.$5$/$J$k$N$G!$%3%s%Q%$ %i$,I, MW$H$9 $k CPU ;~ 4V$d%a %b%jNN 0h$O>.$5 $/$F$9 $‘!%:G8e $N%3%s%Q%$%k$+$i!$JT=8$5$l$?%U%!%$%k$H!$$= $N%U%!%$ %k$K0MB8$9$k%U%!%$%k$N$_:F%3%s%Q%$%k$5$l$l $P$h$$!% Bg5,LO%W%m%0%i%_%s%0$G$O$3$N@-<A$O=EMW$G$"$k!% 1.3 %Q %i%a %H %j%C %/ B? Aj @- $H J, 3d %3 %s %Q %$ %k $N N> N) $N:$Fq$5 $7$+$7!$0lHL$K%Q%i%a%H%j%C%/B? Aj@-$HJ,3d%3%s%Q%$ %k$ON>N)$,:$Fq$G$"$k!%7?B?Aj$JDj5A$r%3%s%Q %$%k$9$k $H$-$K$O!$7?B?Aj$J%*%V%8%’%/%H$N6qBNE*$J7?$, J,$+$i $J$$$+$i$G$"$k!% %*%V%8%’%/%H$NI=8=$b%5%$%: $b7?$K$h$C$F0[$J$k!%$^ $?!$7?$K$h$C$F0[$J$C$?8F$S=P$75,B’$,;H$o $l$k!%$h$C $F!$7?B?Aj$J4X?t$r%3%s%Q%$%k$9$k;~E@$G$O!$7? B?Aj$J %*%V%8%’%/%H$r2?%P%$%H!$$I$N0LCV$K3d$jEv$F$k $N$,$h $$$+$OJ,$+$i$J$$!% $5$i$K C++ $G$O!$B?=EDj5A $r5v$7 $F$$$k!%4X ?tL>$H 0z?t$N6qBNE*$J7?$K$h$C$F8F$S=P$5$l$k4X?t$, FCDj$G$- $k$,!$%F%s%W%l!<%H4X?t$N%3%s%Q%$%k;~$K$O!$B? Aj7?$r ;}$D%*%V%8%’%/%H$KE,MQ$5$l$k4X?t$OFCDj$G$-$J$$!% 1

2 >pJs=hM}3X2qO@J8;o 1959 <B:]!$$[$H$s $I$N C++ %3%s%Q%$%i$OB? Aj@-$r ;}$DDj 5A$r$=$N;HMQ$HJ,3d$7$F%3%s%Q%$%k $9$k5!G=$O%5%]!<%H $7$F$$$J$$!%$=$l$i$O!$%F%s%W%l!<%H4X ?t$r;HMQ$7$F$$ $k2U=j$r%3%s%Q%$%k$9$k;~$K!$6qBNE* $J7?$GFCJL2=$7$? Dj5A$r@8@.$9$k$3$H$G2r7h$7$F$$$k!% $=$N$?$a!$%3%s%Q %$%k$5$l$?%3!<%I$O5pBg$K$J$j!$%3%s%Q %$%k$K$OB?$/$N ;~4V$,$+$+$k$3$H$,LdBj$H$J$C$F$$$k!% 1.3.1 Ds0F$9$kJ}<0 K\O@J8$G$O!$4{$K3N N)$5$l$? ML !$ Hask ell $N<jK!$r MQ$$$F C++ $N%F%s%W%l!<%H$rJ,3d%3%s%Q%$ %k$9$kJ}K! $rDs0F$9$k!% %G!<%? $N I=8= $K 4X $9 $kLd Bj $K BP $7$F $O!$ B? $/ $N ML %3 %s%Q%$%i$,9T$&$h$&$K!$%\%C%/%92=$r 9T$$!$E}0l$5$l$? I= 8= $K $7 $F EO $9!% b o xing !$ un b o xing $N >\ :Y $K $D $$ $F $O 2 @a$G=R$Y$k!% $^$?!$7?B?Aj$J%*%V%8%’%/%H$KE,MQ $5$l$kB?=EDj5A$5 $l$?4X?t$D$$$F$O!$ Hask ell %3%s%Q%$%i$,9T$&$h$&$K%F %s%W%l!<%H4X?t$NDI2C$N0z?t$H$7$FEO $7$F2r7h$9$k!%B? =E Dj 5A $5 $l $? 4X ?t $N <h $j 07 $$ $d!$ 7? B? Aj $J 9= B$ BN!$ %a %=%C%I5/F0!$$^$?B?=EDj5A$5$l$?1i;;;R $N<h$j07$$$K4X $9$k9)IW$K$D$$$F$O 3 @a$G=R$Y$k!% B?=EDj5A$5$l$?4X?t$rDI2C$N0z?t $H$7$F<u$1<h$k$3$H $G!$ =>Mh $N %F%s %W %l!< %H$N @k 8@$K $O 8=$o $l $J $+$C$? \ B? Aj7? T $KDj5A$5$l$F $$$k$Y $-4X?t " $,JQ498e$N4X ?t$N@k 8@ $K I, MW $H $J $k!% %F %s %W %l!< %H $N %$ %s %?!< %U%’ %$ %9 $K $D$$$F$N>\:Y$O 5 @a$G=R$Y$k!% K\O@J8$G$O C++ $N%F%s%W%l!< %H$rJ,3d %3%s%Q %$%k2D G=$K$7!$%*%V%8%’%/%H%3!<%I!$<B9T2DG= %3!<%I$N%5%$%: $r >. $5 $/ $9 $k $3 $H $r L\ E* $H $9 $k!% <B :] $K K\ O@ J8 $G JQ 49 $7!$%3%s%Q%$%k$7$?%3!<%I$H!$=>Mh$NJ} K!$G%3%s%Q%$%k $7 $?%3!< %I $N<B 9T 8z N(!$%3!< %I %5%$ %: $NHf 3S $O 6 @a $G9T $&!% 1.4 9W 8% $3$NO@J8$O C++ $N%F%s%W%l!< %H$rJ,3d %3%s%Q %$%k2D G=$K$9$k%"%W%m!<%A$rDs0F$9$k!%$^ $?!"$=$N%"%W%m!<%A $r $$ $/ $D $+ $N %W %m %0 %i %‘ $K BP $7 $F E, MQ $7 $F <B 83 $r 9T$C $?!%7k2L$H$7$F!$=>Mh$NJ}K!$K$h$C$F%3 %s%Q%$%k$5$l$? %3!<%I$h$j>.$5$J%*%V%8%’%/%H%3!<%I $H<B9T2DG=%3!<%I $,F@$i$l$k!%B?Aj@-$r4^$‘%3!<%I$O0lEY %3%s%Q%$%k$5$l $l$P$h$$!% K\O@J8$G=R$Y$i$l$F$$$kJQ494o$O $^$@<BAu$5$l$F$$$J $$!%$5$i$K!$%1!<%9%P%$%1!<%9$G9M$($i $l$F$$$k$N$G!$ C++ $N ;E MM $N A4 $F $K $O 9g $o $J $$ $+ $b $7 $l $J $$!% C++ $N;EMM$rLVMe$9$k$3$H$OL\E*$H$7$F$$$J$$!% 2. b o xing !? un b o xing $NA‘:n $3$NO@J8$G$O!$JQ49A0$+$i0l8l $N%G!<%?$dC1Aj7?$r;} $D%*%V%8%’%/%H$OD>@\EO$7!$B?Aj7?$r;}$D%*%V %8%’%/%H $O7?$K$h$i$J$$E}0l$7$?I=8=$GEO$9!%$"$k6qBN E*$J7?$N J,$+$C$F$$$k%*%V%8%’%/%H$r0l8l$NI=8=$KJQ49$9 $kA‘:n $, b o xing $G $" $j!$ 5U$K 0l 8l $N I=8= $r $" $k FCDj $N 7? $N I= 8= $K La $9 A‘ :n $, un b o xing $G $" $k!% 0J 9_ $G $O b o xing $H un b o xing $, I, MW @-$G $" $k M} M3 $d I,MW $H $J $k 2U =j $K$D $$ $F=R$Y$k!% 2.1 b o xing !? un b o xing $,I,MW$H$J$kM}M3 %W %m %0 %i %‘ Cf $G $O MM!9 $J %G!< %? 7? $, ;H $o $l $k!% $= $7 $F!$%*%V%8%’%/%H$N%5%$%:$O%G!<%?7?$K$h$C$F 0[$J$k!% $5$i$K!$8F$S=P$75,Ls$K$h$C$F$O!$4X?t$N0z?t$r 3d$jEv $F$k>l=j$,0[$J$k$+$b$7$l$J$$!%Nc$($PIbF0>. ?tE@%l%8 %9%? $N $" $k %^ %7 %s $G $O!$ IbF0 >. ?t E@ ?t $O Ib F0 >. ?t E@ ?t %l %8 %9 %? $r 2p $7 $F D> @\ <u $1 EO $5 $l!$ 0l 8l $G <} $^ $k %G!< %? $OHFMQ%l%8%9%?$r2p$7$F<u$1EO$5$l!$$=$l0J30 $O%9%?%C %/$r2p$9$k$+$b$7$l$J$$!#8F$S=P$7B&$H8F$S=P $5$l$kB& $O7?$,J,$+$C$F$$$k$+$i!$7?$K1~$8$?8zN($N$h$$ 8F$S=P $75,Ls $r;H$&$3$H$,$G$-$k!% $7$+$7!$B?Aj7?$r$b$D4X?t$r$= $N;HMQ$HJ,3d$7$F%3%s %Q%$%k$7$h$&$H$9$k$H!$B?Aj7?$r$b$D4X?t$r%3 %s%Q%$%k $9$k;~E@$G$O!$$=$l$,$I$N7?$G;HMQ$5$l$k$+$O!$ J,$+$i $J$$!% $h$C $F!$ 6qBN E* $J 7? $K FC 2= $7 $? 8F $S =P $7 5, Ls $d!$ %*%V%8%’%/%H$N%5%$%:$N>pJs$OMxMQ$G$-$J$$!% Nc$( $P!$<! $N$h$& $JB? Aj4X ?t \second arg" $r 9M$( $F $_$k!# template <class S, class T> T second_arg(S x,T y) { return y; } $3$3$G$O!$%a%b%j>e$N%9%?%C%/$r2p$7$F0z?t$r<u $1EO$7 $9$k8F$S=P$75, Ls$r9M$( $k!%$b$7!$ x $,B?8l$N%G!<%?$H $7$F!$%9%?%C%/$K %3%T!<$5$l $F@Q$^$l$? $i!$ y $N%9%?%C %/%U%l!<%‘Fb$G$N 0LCV$O x $N%5%$%:$K0MB8$9$k $,!$$=$N %5%$ %: $O \second arg" $r J,3d %3 %s%Q %$%k $9$k ;~ E@$G $O MxMQ$G$-$J$$$N $G!$ y $N0LCV$O%3%s%Q %$%k;~$K$O 7h$^$i $J$$!% x $N7?$K$h $i$:$K y $r%9%?%C%/ $+$i<h $j=P $92?$i $+$NJ}K!$,I,MW$G$"$k!%$^$?!$$3$N4X?t$O!$B?Aj 7?$r;} $DJV$jCM y $rJV$9!%$3$N $H$-!$JV$jCM $r5,Ls$K=>$C $?>l =j$K%3%T!<$7$FJV $5$J$1$l$P $J$i$J$$$,!$ y $N%5%$%:$b $d$O $j \second arg" $N%3 %s %Q%$ %k;~ $K $OJ, $+$i $J $$!% y $r%3%T!<$9$k2?$i$+$NJ}K!$,I,MW$G$"$k!% $=$3$G!$B?Aj$J 7?$r;}$D x !$ y $r7?$K $h$i$:$KE}0l $7 $F0l8l$GI=$9$3 $H$K$9$k $H!$ y $N%9%?%C%/%U%l!<%‘ Fb$G $N0LCV$O%3%s%Q%$%k;~$K7h$^$k!%$5$i$K!$0l8l $r%3%T!< $9$l$PNI$$$N$G!$$=$N0l8l$NI=8=$rJV$9$3$H$G!$ B?Aj$J

V ol. 0 No. 0 C++ %F%s%W%l!<%H$rJ,3d%3%s%Q%$%k$9$k$?$a$N%"%W%m!<%A 3 %G!<%?$rJV$9$3$H$,$G$-$k!%$3$N0l8l$N I=8=$K$O%a%b%j $K3d$jEv$F$i$l$?%G!<%?$X$N%]%$%s%?$r;H$($P$h$$!% 2.2 b o xing !? un b o xing $,I,MW$H$J$k2U=j C1Aj7?$+B?Aj7?$+$H$$$&4QE@$+ $i!$0z?t$N<uEO$7$dBe F~$rJ,N‘$9$k$H<!$N 4 DL$j$KJ,$1$i$l$k!% ( 1 ) C1Aj7?$N%G!<%?$rC1Aj7?$NJQ?t$KBeF~ ( 2 ) C1Aj7?$N%G!<%?$rB?Aj7?$NJQ?t$KBeF~ ( 3 ) B?Aj7?$N%G!<%?$rC1Aj7?$NJQ?t$KBeF~ ( 4 ) B?Aj7?$N%G!<%?$rB?Aj7?$NJQ?t$KBeF~ 1 $N >l 9g $O!$ B? Aj 7? $O 4X $o $i $J $$ $N $G!$ 2f!9 $N JQ 49 $K $h$C $F JQ2= $7 $J$$!% 4 $N>l 9g $O!$%F %s %W%l!< %H 4X ?t$N Cf $G7? B?Aj$J%*%V%8%’%/%H$K%F%s%W%l!<%H4X?t $rE,MQ$7$F$$$k >l 9g $G!$$3 $N >l 9g $O b o xing $5 $l $?$^ $^ <u EO $7$9 $l $P $h $$!% b o xing $O 2 $N >l 9g $K I, MW $G $" $k!% $h $j 6q BN E* $K $O 0J2<$N>u67$GI,MW$H$J$k!% � %F%s%W%l!<%H4X?t$r C1Aj7?$N %*%V%8%’%/ %H$KE,MQ $9 $k!% (a) � 9b3,4X?t$d!$B?=EDj 5A$5$l$? 4X?t$G!$6q BNE*$J7? $N J,$+$C$F$$$k %*%V%8%’%/ %H$r7?B? Aj$J%*%V %8%’%/%H $H$7$F4X?t$,JV$9!% (b) F1MM $K un b o xing $O 3 $N >l 9g$K I,MW $G $"$j!$ 0J 2<$N >u 67$G9T$o$l$k!% � %F %s%W %l!< %H$+ $i8F $P$l $k 4X?t $N0z ?t$O b o xing $5 $l $? >u BV $G EO $9!% $= $l $r!$ 6q BN E* $J 7? $K BP $7 $F Dj 5A$5 $l $? 4X?t !J un b o xing $5 $l$? %* %V %8%’%/ %H $r07 $&!K$KEO$9A0!% (b) � 4X ?t $N 7? B? Aj $J JV $j CM $r 6q BN E* $J 7? $H $7 $F ;H MQ $9 $k!% (a) (a) $O %F %s %W %l!< %H 4X ?t $r 8F $V A0 8e!$ (b) $O %F %s %W %l!<%H4X?tFb$G7?B?Aj$J%*%V%8%’%/%H$K E,MQ$5$l$k4X?t Fb It $G $N b o xnig !? un b o xing $, I, MW $J >u 67 $G $" $k!% 0J 9_ $G Nc $r5s $2 $J $, $i (a),(b) $= $l $> $l $N >l 9g$K $D $$ $F @b L@$9$k!% 2.2.1 %F %s %W %l!< %H 4X ?t $N 0z ?t $H $7 $F EO $9 A0!$ JV $j CM$r<u$1<h$C$?8e$N b o xing !? un b o xing %F%s%W%l!<%H4X?t$O7?B?Aj$J%*%V %8%’%/%H$K$D$$$F7? $N>pJs$rCN$i$J$$$^$^0l8l$NI=8=$GEO $5$l$k$b$N$H$7$F JQ49$5$l$k!%$3$N7?B?Aj$J0z?t$O7?$K $h$i$J$$$h$&$K0l 8l$NI=8=$KE}0l$9$k!%$=$7$F!$$3$N4X?t $N8F$S=P$7B&$, %G!< %? $r b o xing $7 $F 0l 8l$N I= 8= $K $7 $F EO$9!% 6q BN E* $K $O!$B?8l$N%G!<%?$O%a%b%j$K3d$jEv$F $F!$$=$l$X$N%]%$ %s%?!J0l8l!K$r$=$N%G!<%?$NI=8=$H$7 $F;H$$!$$b$H$b$H 0l8l$G$"$k%G!<%?$O%G!<%?$=$N$b$N$r 0l8l$N%G!<%?$H$9 $k!% Nc $H $7 $F 2.1 @a $G <( $7 $? \second arg" 4X ?t $O 0J 2< $N$h$&$KJQ49$5$l$k!% //# template <class S, class T> //# T second_arg(S,T) wrapped_t second_arg(wrapped_t x, wrapped_t y) { return y; } \wrapp ed t" $O 0l 8l $N I= 8= $G C++ $G $N 7? $O v oid* $G $" $k!% %F %s %W %l!< %H 4X ?t $N 7? 0z ?t $O \wrapp ed t" $G CV$-49$($k!% 2 $D$N0z?t$N7?$,0[$J$C$F$$$F$h $$$+!$$^ $?F1$8$G$J$1$l$P$J$i$J$$$+$H$$$&%F%s%W%l!< %H4X?t$N 7?0z?t$N>pJs$O!$$3$NCV$-49$($K$h$C$F<:$o$l $k$N$G!$ :G=i$N%3%a%s%H$N$h$&$KI=$7$F$*$/!%$3$N%3%a %s%H$OJQ 494o$,$3$N4X?t$X$N8F$S=P$7$rJQ49$9$k$H$-$KMQ$$$k!% \second arg" $N E, MQ B& $O 0z ?t $r EO $9 A0 $K b o xing $7 $J$1$l$P$J$i$J$$!%<!$NE,MQNc$K$D$$$F9M$($F$_$k!% void foo() { double d = second_arg(1,1.34); } \fo o" $N $J $+ $G!$ \second arg" $O in t 7? $H double 7? $N%G!< %? $KE, MQ$5 $l$F $$ $k!% in t 7?$N %5%$ %:$O 0l 8l$J $N $G!$ JQ 49 8e $b $= $N $^ $^ EO $9!% 0l J}!$ double 7? $N %5 %$ %: $O 2 8l$J$N $G!$%G!< %?$r %a%b %j$K 3d$j Ev$F $F!$$= $l$X $N %]%$%s%?$rEO$9!%JQ498e$N%3!<%I$O0J2<$N$h$& $K$J$k!% 0J2< $N%=!< %9 %3!<%I $G$O <0 exp $rI> 2A$7 $?7? t yp e $N CM $r b o xing $9$k%W%j %_%F%# %V$r \WRAP(t yp e,exp)" $H $7!$ b o xing $5 $l $? JQ ?t v ar $r 7? t yp e $G un b o xing $9 $k%W%j%_%F%#%V$r \UNWRAP(t yp e,v ar)" $H$9$k!% void foo() { //copy data itself wrapped_t tmp0 = (wrapped_t)1; //boxing wrapped_t tmp1 = WRAP(double,1.34); wrapped_t tmp2 = second_arg(tmp0,tmp1); //unboxing double d = UNWRAP(double,tmp2); } $3$N Nc$G $O \second arg" $O 7?B?Aj $JCM $rJV $9!%$= $N 6qBNE*$J7?$O!$%F%s%W%l!<%H$N 7?>pJs$+$iBh 2 0z?t$N7? !J$3 $3 $G $O double !K $G $" $k $3 $H $O \fo o" $N %3 %s %Q %$ %k ;~ $K $O J, $+$C $F $$ $k!% double $O %a %b %j $K 3d $j Ev $F $F JV $5$l$k$N$G!$%a%b%j$+$iCM$r<h$j=P$7$F;H$&!% 2.2.2 B?Aj 7? $r ;} $D 4X ?t $K E, MQ $5$l $k 4X ?t $N Fb It $G $N b o xing !? un b o xing 7? B? Aj $J 0z ?t $K E, MQ $5 $l $k 7? B? Aj $J 9b 3, 4X ?t $O b o xing $5$l$?%*%V%8%’%/%H$r07$o$J$1$l$P$J$i$J$$!%<! $NNc$K

4 >pJs=hM}3X2qO@J8;o 1959 $D$$$F9M$($F$_$k!% template <class S,class T> T apply(T (*f)(S), S x) { return f(x); } $3$NNc$G $O4X ?t \f " $O7?B?Aj$J 0z?t x $KE,MQ$5 $l!$7? B?Aj$JCM$rJV$9!%$3$N%F%s%W%l!<%H4X?t $,JQ49A0$K0J2< $N$h$&$K;H$o$l$F$$$?$H$9$k!% double plus_one(double x) { return x + 1.0; } void goo() { double d = apply(plus_one,2.0); } 4X ?t \plus one" $O 0z ?t $r double $K FC 2= $7 $? 5, Ls $G <u $1 <h $k $@ $m $&!% $7 $+ $7!$ \apply" $N $[ $& $+ $i $O $= $N 5, Ls $O J, $+ $i $J $$!% $3 $N :9 $r Kd $a $k $? $a $K 2f!9 $N JQ 49 J} <0 $G $O b o xing $5 $l $? %* %V %8%’ %/ %H $r 0z ?t $H $7 $F <u $1 <h $j!$ $= $l $r %\%C %/ %9 <h $j =P $7 2= $7 $F!$ 85 $N 4X ?t \plus one" $K EO $9 4X ?t $r ?7 $? $K Dj 5A $9 $k!% $5 $i $K!$ $= $N 4X ?t $O \plus one" $+ $i $N JV $j CM $r b o xing $9 $k!% 0J 2< $N \wrapp ed plus one" $,$= $N 4X ?t $K $" $? $k!% $3 $N 4X ?t $O6qBNE*$J7?$NJ,$+$C$F$$$k CM!J double 7?!K$r b o xing $7$F7?B?Aj$JCM$H$7$FJV$9!% //# template <class S,class T> //# T apply(T (*f)(S), S x) wrapped_t apply(wrapped_t (*f)(wrapped_t), wrapped_t x) { return f(x); } wrapped_t wrapped_plus_one(wrapped_t x) { double tmp0 = UNWRAP(double,x); //unboxing double tmp1 = plus_one(x); double tmp2 = WRAP(double,x); //boxing return tmp2; } void goo() { wrapped_t tmp0 = WRAP(double,2.0); wrapped_t tmp1 = apply(wrapped_plus_one,tmp0); double d = UNWRAP(double,tmp1); } $3 $N \wrapp ed plus one" $N $h $& $J 4X ?t $O 0z ?t $+ $i <u$1<h$C$?4X?t$NE,MQ$N$_$J$i$:!$B?=EDj5A$5$l $?4X?t $N8F$S=P$7$KBP$7$F$b!$7?B?Aj$J%*%V%8%’%/%H$K BP$7$F E,MQ$5$l$F$$$l$PF3F~$5$l$k!%B?=EDj5A$5$l$? 4X?t$N07 $$$K$D$$$F$O!$ 3 @a$G=R$Y$F$$$k!% 2.2.3 9=B$BN$NB?Aj7?$r;}$D%a%s%P 7? B? Aj $J 9= B$ BN $d %/ %i %9 !JNc $( $P MW AG $, B? Aj 7? $G $" $k %Z %"!$ %j %9 %H!$ %D %j!< $J $I!K $G!$ 7? B? Aj $J %U%#!< %k %I $O 9= B$ BN $N 7A $, 7? $K $h $i $: $K F1 $8 $K $J $k $h $& $K $9 $k $? $a $K!$ b o xing $5 $l $F$$ $J $1 $l $P $J $i$J $$!% Nc $H $7 $F ?^ 2 $N $h $& $K Dj 5A $5 $l $? \MyP air" $H $= $l $r 07 $& 4X ?t \map pair" $r9M$($k!% JQ 49 8e $N %3!< %I $O ?^ 3 $N $h $& $K $J $k!% %Z %" $N MW AG \�rst" !$ \second" $O b o xing $5$l$k!% \MyP air" $N 3F MW AG $, b o xing $5 $l $F $$ $k $? $a $K!$ \map pair" $O MW AG$N 7?$r 5$$K $9$k $9$k $3 $H$J $/E} 0l$5 $l$?J}K!$GMWAG$r<h$j=P$9$3$H$,$G$-$k!% 2.3 7? B? Aj $J %* %V %8%’ %/ %H $r 3d $j Ev $F $k %a %b %j %m %1!<%7%g%s 7?B?Aj$J%*%V%8%’%/%H$O!$%a%b %j>e$K3d$jEv$F$k!%AG KQ$JJ}K!$H$7$F!$A4$F$N7?B?Aj$J%*%V%8%’%/%H $r%R!<%W $K3d$jEv$F$kJ}K!$,5s$2$i$l$k!%%R!<%W$K3d$jEv $F$k>l 9g!$ \WRAP" !$ \UNWRAP" $O 0J2< $N $h $&$J %^ %/%m $G<B8=$G$-$k!% #define WRAP(type,exp) \ (wrapped_t) new type(exp) #define UNWRAP(type,var) *(type*)var 4X?t Fb It$G b o xing $5 $l $?CM $O 4X?t $N JV$j CM $H$7 $F JV $i$J$1$l$P%9%?%C%/>e$K3d$jEv$F$k$3$H$,$G$- $k$,!$JV $jCM$+$i%]%$%s%?$r$?$I$C$FE~C#$G$-$k$J$i$P %R!<%W$K 3d$jEv$F$J$1$l$P$J$i$J$$!% 2.2.1 $r<!$N $h$&$K;H $&>l9g$O!$ b o xing $9$k CM$O \f " $N6I=jJQ?t$H$7$F%9%?%C%/$K3d$jEv$F$F$h$$!% double f() { //box x and y int x = 1; double y = 3.14; wrapped_t result = second_arg(x,&y); return *result; } 0l J} $G!$ Nc $( $P!$ 2.2.2 $G JQ 49 8e $K Dj 5A $7 $? \wrapp ed plus one" $O double $N JV $j CM $O B? Aj 7? $H

V ol. 0 No. 0 C++ %F%s%W%l!<%H$rJ,3d%3%s%Q%$%k$9$k$?$a$N%"%W%m!<%A 5 ?^ 1 JQ498e$N%Z%"$NI=8= template <class _T1, class _T2> struct MyPair { _T1 first; _T2 second; MyPair(const _T1& __a, const _T2& __b) : first(__a), second(__b) {} }; template <class T1,class T2> MyPair<T2,T2> map_pair(T2 (*f)(T1),MyPair<T1,T1> data) { return MyPair<T2,T2>::MyPair(f(data.first),f(data.second)); } ?^ 2 JQ49A0$N%Z%"$N%=!<%9%3!<%I //# template <class _T1, class _T2> struct MyPair { typedef wrapped_t _T1; typedef wrapped_t _T2; typedef _T1 first_type; typedef _T2 second_type; _T1 first; _T2 second; MyPair(const _T1& __a, const _T2& __b) : first(__a), second(__b) {} }; //# template <class T1,class T2> //# MyPair<T2,T2> map_pair(T2 (*f)(T1),MyPair<T1,T1> data) MyPair map_pair(wrapped_t (*f)(wrapped_t),MyPair p) { return MyPair(f(p.first),f(p.second)); } ?^ 3 JQ498e$N%Z%"$N%=!<%9%3!<%I

6 >pJs=hM}3X2qO@J8;o 1959 $7 $F JV $9 $N $G!$ CM $r %a %b %j $K 3d $j Ev $F $J $1 $l $P $J $i $J $$!% $3 $N CM $O \wrapp ed plus one" $h $j <w L? $, D9 $$ $N $G!$ b o xing $9 $k CM $O %R!< %W$K 3d $j Ev $F $J $1$l $P $J $i $J $$!%$3$NCM$N@j$a$k%a%b%jNN0h$r2r J|$9$k$K$O%,!<%Y!< %8%3%l%/%?$,I,MW$G$"$k!% 3. B?=EDj5A$H%a%=%C%I5/F0 3.1 B?=EDj5A$5$l$?4X?t C++ $O4X ?t$N B?=E Dj 5A$r 5v$7 $F$$ $k$N $G!$B? Aj7? $r ;}$D%*%V%8%’%/%H$KE,MQ$5$l$?4X?t$O %F%s%W%l!<%H4X?t $N%3%s%Q%$%k;~$K$O0l0U$K7hDj$G$- $J$$!%0J9_$G!$%F%s %W%l!<%H6!5kB&!$;HMQB&4V$G$NB?=EDj5A $5$l$?4X?t$N<u EO$7$NJ}K!$K$D$$$F@bL@$9$k!% 3.1.1 %F%s%W%l!<%H6!5kB& %F%s%W%l!<%H4X?tFb$G!$7?B?Aj$J %*%V%8%’%/%H$KE,MQ $5$l$F$$$k4X?t$O!$%F%s%W%l!<%H4X?t$r %3%s%Q%$%k$9$k ;~E@$G$OFCDj$G$-$J$$!%Nc$H$7$F!$<! $N%F%s%W%l!<%H4X ?t \fo o" $K$D$$$F9M$($F$_$k!% template <class T> void foo(T x) { goo(x); } 4X ?t \go o" $O!$ 7? B? Aj $J %* %V %8%’ %/ %H x $K BP $7 $F E, MQ$5$l$F$$ $k$N$G!$ \fo o" $N%3%s%Q %$%k;~ $K$O0l 0U$K7h Dj$G$-$J$$!% $= $3 $G!$ >e $N \go o" $N $h $& $K 0l 0U $K FC Dj $G $- $J $$ 4X ?t$r!$%F%s%W%l!<%H4X?t$N0z?t$H$7$F<u $1<h$k$h$&$KJQ 49$9$k!%$3$N \fo o" 4X?t$r 8F$S=P $9B&$+ $i$O!$$3 $N4X?t \go o" $r ?7 $? $J 0z ?t $H $7 $F EO $5 $J $1 $l $P $J $i $J $$ $3 $H $H!$ \go o" 4X?t $N 0z ?t $N 7? $, J, $+$C $F $$ $k I, MW $, $" $k $N $G!$$=$N>pJs$rJQ498e$N%X%C%@%U%!%$%k$K4^$a$F$*$/!% //# template <class T> void foo(T x) //# require void goo(T) void foo(T x,void (*goo)(wrapped_t)) { goo(x); } >e$N Nc$G \//#" $G ;O $^$k 9T$G =q$+ $l$? >pJs $O<B :]$O %$%s%?!<%U%’%$%9$H$7$F%X%C%@%U%!%$%k$K=q$$$F$*$/!% 3.1.2 %F%s%W%l!<%H;HMQB& %F %s %W %l!< %H 4X ?t $N 7? B? Aj $J 0z ?t $K 6q BN E* $J 7? $N J, $+$C$?%*%V%8%’%/%H$rM?$($F8F$S=P $9>l9g!$%F%s%W%l!< %H4X?t$N%3%s%Q%$%k;~$KFCDj$G$-$J $+$C$?4X?t$rFCDj$G $-$k$h$&$K$J$k!%E,MQB&$G!$%F%s%W%l!< %H4X?t$,B?Aj7? $KBP$7$FMW5a$7$F$$$k4X?t$r!$6qBNE* 7?>pJs$+$iFCDj$7 $FEO$9!% <!$NNc$K$D$$$F9M$($F$_$k!% template <class T> T max(T x, T y) { return x > y ? x : y; } template <class S> S array_max(S array[],int size) { S result = array[0]; for(int i = 1; i < size; i++) { result = max(array[i],result); } return result; } void zoo(int array[], int size) { int max_value = array_max(array,size); } $3 $N Nc $G $O!$ %F %s %W %l!< %H 4X ?t \arra y max" $, %F %s %W %l!< %H 4X ?t \max" $r 8F $s $G $$ $k!% $5 $i $K!$ %F %s %W %l!< %H 4X ?t \max" $b!$ $= $N 0z ?t $N 7? $K BP $7 $F Dj 5A $5 $l $?1i ;;;R \ > " $r;HMQ $7$F $$ $k!%4X ?t \arra y max" $O!$ \max" $r B? Aj 7? S $r $b $D G[ Ns MW AG $r 0z ?t $K M? $( $F 8F $S =P $7 $F $$ $k!% $3 $N \max" 4X ?t $r 8F $S =P $7 B& $+ $i <u $1 <h $k $? $a $K!$ \arra y max" $K $O!$ ?7 $? $J 0z ?t $H $7 $F 7? S $K BP $7 $F Dj 5A $5 $l $? \max" $r IU $1 2C $( $k!% \max" $K 1i ;; ;R \ > " $r DI 2C $N 0z ?t $H $7 $F 2C $( $k $N $b F1 MM $G $" $k!% 3.1.1 @a$G=R$Y$?$h$&$K%F%s%W%l!<%H4X?t \max" !$ \arra y max" $O?^ 4 $N$h$&$KJQ49$5$l$k!% !y %F%s %W %l!< %H 4X ?t $r ;H MQ $7 $F $$ $k 4X ?t \zo o" $K$D $$ $F 9M$( $F $_ $k!% 4X ?t \zo o" $O \arra y max" $rC1 Aj 7? !J in t $NG[Ns!K$G8F$S=P$7$F$$$k!%$3$N;~E@$G!$7?JQ?t $KBeF~ $5$l$k6qBNE*$J7?$,J,$+$k$N$G!$%F%s%W%l!<%H4X ?t$,MW 5a $9 $k 4X ?t $r @8 @. $7 EO $9!% $^ $:!$ \arra y max" $O 4X ?t \in t max(in t,in t)" $r MW 5a $7 $F $$ $k!% JQ 49 4o $O \max" 4X?t$N<B:]$NDj5A$rC5$9!%$3$NNc$G$O!$%F%s%W %l!<%H4X ?t $H $7 $F!$ Dj 5A $5 $l $F $$ $k \max" $, 8F $P $l $k $H $9 $k!% <! $K %F %s %W %l!< %H 4X ?t \max" JQ 49 8e $N 4X ?t $r 8+ $k $H!$ \max" $O in t 7?$N 0z ?t$r 2 $D <h$k 1i ;;;R \ > " $r I, MW$H $7 $F $$ $k $3 $H $, J, $+ $k!% B? Aj 7? $r ;} $D %* %V %8%’ %/ %H $O b o xing $5$l $F \greater than" $KEO $5 $l $k $N $G!$ $3 $l $r un b o xing $7 $F!$ in t $N JQ ?t $K F~ $l $F!$ <B :] $K in t $K BP $7$F Dj 5A$5 $l $? 1i ;;;R \ > " $KEO $9 4X ?t$r ?^ 5 $N$h $& $KDj 5A$9$k!% !y 4X ?t \max" $G MQ $$ $k 1i ;; ;R \ > " $O \greater than" $K L> A0 $r IU$1JQ$($F$$$k!%

V ol. 0 No. 0 C++ %F%s%W%l!<%H$rJ,3d%3%s%Q%$%k$9$k$?$a$N%"%W%m!<%A 7 //# template <class T> max(T x,T y) //# require bool operator>(T,T) : greater_than wrapped_t max(wrapped_t x, wrapped_t y, bool (*greater_than)(wrapped_t,wrapped_t)) { return greater_than(x,y) ? x : y; } //# template <class S> //# require S max(S,S) //# require S operator[](S*,int) : array_ref : right-value wrapped_t array_max(wrapped_t array,int size, wrapped_t (*max)(wrapped_t,wrapped_t), wrapped_t (*array_ref)(wrapped_t,int)) { wrapped_t result = array_ref(array,0); for(int i = 1; i < size; i++) { result = max(array_ref(array,i),result); } return result; } ?^ 4 \max", \max arra y" $NJQ498e$N%=!<%9%3!<%I bool operator_greater_than_on_wrapped_int(wrapped_t wa, wrapped_t wb) { int a = (int)wa; int b = (int)wb; //1 word data return a > b; } ?^ 5 b o xing $5$l$?%*%V%8%’%/%H$rFCDj$N4X?t$K un b o xing $7$FEO$94X?t B3 $$ $F \arra y max" $N JQ 49 8e $N 4X ?t $N MW 5a $r 8+ $k $H!$ G[ Ns $N MW AG 7? $K BP $9 $k 2 0z ?t $N \max" 4X ?t $r MW 5a $7 $F $$ $k $3 $H $, J, $+ $k!% \arra y max" $+ $i $O!$ \max" $, %F %s %W %l!< %H $G Dj 5A $5 $l $F $$ $k $+ H] $+ $O!$ \arra y max" $O CN $i $J $$!% $h$C $F ?^ 6 $N $h $& $J \max" 4X ?t $N MW 5a $r K~$?$7$?4X?t$rDj5A$7$? 2 0z?t$N4X?t$r?7$?$KDj 5A$7!$ $= $l $r \arra y max" $K EO $9!% G[Ns %" %/ %; %9$N 1i ;; ;R \[ ]" $b \arra y ref " $H$$$&4X?t$GM? $($k!%G[ Ns;2>H!$ BeF~ $K$D$$$F$N9)IW$K$D$$$F$O 3.3.1 @a$G=R$Y$F$$$k!% $= $7 $F!$ %F %s %W %l!< %H 4X ?t \arra y max" $r ;H MQ $9 $k 4X?t \zo o" $O?^ 7 $N$h$&$KJQ49$5$l$k!% 3.2 %a%=%C%I5/F0$H%U%#!<%k%I%"%/%;%9 $b$7!$B?Aj$J%*%V%8%’%/%H$KBP$7 $F%a%=%C%I$,8F$P$l $F$$$?$i!$$3$NB?Aj$J%*%V%8%’%/%H$O $=$N%a%=%C%I$HF1 L>$N%a%=%C%I$r$b$D$"$k%/%i%9$N%$%s %9%?%s%9$G$"$k!% Nc$H$7$F<!$N%=!<%9%3!<%I$K$D$$$F9M$($F$_$k!% template <class T> void print_something(T* printer) { printer->print(); } $3 $N Nc $G $O!$ \prin ter" $O \prin t" $H $$ $& L> A0 $N %a %=%C %I $r ;} $D %/ %i %9 $N %$ %s %9 %? %s %9 $G $J $1 $l $P $J $i $J $$!% $7 $+ $b \prin t something" $+ $i %" %/ %; %9 $G $- $k %a %=%C %I$G $" $k!% 5U $K \prin t" $H$$ $& L> $N \prin t something" $+ $i %" %/ %; %9 2D G= $J %a %=%C %I $r $b $D %/ %i %9 $N %$ %s %9 %? %s %9 $G $" $l $P!$ 2? $G $b $3 $N 4X ?t $K E, MQ $9 $k $3 $H $, $G $- $k!% $=$3 $G!$ 7?JQ ?t $r 0J2< $N \T with prin t" $N $h $&$K \prin t" $H $$ $& L> $N %a %=%C %I $r $b $D %/ %i %9 $K CV $- 49 $( $k!% class T_with_print { protected: T_with_print() {} ~T_with_print() {}

8 >pJs=hM}3X2qO@J8;o 1959 wrapped_t binded_max(wrapped_t x, wrapped_t y) { //fill a requirement max(x,y,operator_greater_than_on_wrapped_int); } ?^ 6 %F%s%W%l!<%H \max" $NMW5a$rK~$?$7$?4X?t wrapped_t array_ref_on_int(wrapped_t array, int i) { int* tmp0 = (int*)array; return (wrapped_t)tmp0[i]; } void zoo(int array[],int size) { wrapped_t tmp0 = (wrapped_t)array; //whole array is boxed wrapped_t tmp1 = array_max(tmp0,size, array_ref_on_int,binded_max); } ?^ 7 %F%s%W%l!<%H4X?t$r;HMQ$9$k4X?t \zo o" $NJQ498e$N%3!<%I public: virtual void print() = 0; }; %a%=%C%I \prin t" $O=c?h2>A[ 4X?t$K$9$k!% $D$^$j$3 $N %/ %i %9 $r 7Q >5 $9 $k %/ %i %9 $K $h$C $F!$ %*!< %P!< %i %$ %I $5 $l!$<BAu$5$l$k!% \T with prin t" %/%i%9<+?H$O!$D> @\ $N%$%s%9%?%s%9$r;}$?$J$$!%$=$7$F!$ %F%s%W%l!<%H4X?t \prin t something" <+BN$r0J2<$N$h$&$KJQ49$9$k!% //# template <class T> //# require void T::print() void print_something(T_with_print* printer) { printer->print(); } \prin t something" $N 8F $S =P $7 $r 8+ IU $1 $? $i!$ JQ 49 4o $O \T with prin t" $r 7Q >5 $7!$ <B Au $, JQ 49 A0 $N \prin t something" $N0z ?t $N 7? !J$" $k %/ %i %9!K$N $b $N $H F1$8%/%i%9$rDj5A$9$k!%Nc$H$7$F<!$N $h$&$J8F$S=P$7B& $N%3!<%I$r9M$($k!% class Printer { public: Printer(int x) { //... } void print(); }; //implementation void Printer::print() { //... } void foo(Printer* p) { print_something(p); } $3$N%3!<%I$O0J2<$N$h$&$KJQ49$5$l$k!% class T_with_print_and_Printer : public T_with_print, public Printer { public: T_with_print_and_Printer(Printer* p) : m_printer(p) {} ~T_with_print_and_Printer() {} void print(); Printer* m_printer; }; void T_with_print_and_Printer::print() { //call original method // on original object m_printer->print(); } void foo(Printer *p) { print_something (new T_with_print_and_Printer(p)); } 4X ?t \fo o" $N 0z ?t $N 7? $O JQ 49 $K $h$C $F ?7 $? $K Dj 5A

V ol. 0 No. 0 C++ %F%s%W%l!<%H$rJ,3d%3%s%Q%$%k$9$k$?$a$N%"%W%m!<%A 9 ?^ 8 JQ49A0$N0z?t$N%/%i%9$HJQ49$K$h$C$FDj5A$5$l$?%/%i%9$H$N4X78 $5 $l $? \T with prin t and Prin ter" $K JQ $( $? $/ $O $J $$!% $b $7 \T with prin t and Prin ter" $K JQ 99 $7 $F $7 $^ $& $H!$ \fo o" $N E, MQ $r =q $- 49 $( $J $1 $l $P $J $i $J $$ $+ $i $G $" $k!% \fo o" $N 0z ?t $N 7? $r JQ $( $J $$ $? $a $K \T with prin t and Prin ter" $O %3 %s %9 %H %i %/ %? $G Prin t $N%$%s%9%?%s%9$X$N%]%$%s%?$r<u $1<h$j!$$=$l$r%U%#!< %k%I$H$7$F J];}$9$k!% \T with prin t and Prin ter" $N %a %=%C %I \prin t" $O!$ $= $N %$ %s %9 %? %s %9 $N \prin t" %a %=%C%I$r8F$S=P$9!%%U%#!<%k%I%"%/%;%9 $O%a%=%C%I5/F0 $H$[$\F1$8J}K!$G07$&$3$H$,$G$-$k!% $7$+$7!$$"$kL>A0 $N%U%#!<%k%I$r$b$D%/%i%9$rCj>]E*$KI= $9$3$H$,$G$-$J $$$N$G!$$=$NJQ?t$X$N%"%/%;%C%5$r %$%s%?!<%U%’%$%9$H $J$k%/%i%9$GDj5A$7$F$*$$$F!$<B:]$= $l$r7Q>5$9$k%/%i %9$G!$%"%/%;%C%5$N<BAu$rM?$($k$3$H$K$9$k!% 3.3 1i;;;R$NB?=EDj5A C++ $O4X ?t$N $_$J $i$: 0lIt $N1i ;;;R $r$b B?=E Dj5A $9 $k$3$H$r5v$7$F$$$k!%1i;;;R \=" !$ \[ ]" $bB?=EDj5A$5 $l $& $k!% $b $7 $3 $l $i $N 1i ;; ;R $r 4X ?t $H F1 MM $K 07 $& $H B? Aj@-$r;}$D%3!<%I$N<B9T8zN($OCx$7$/ Mn$A$k!%$3$l$i$N 1i;;;R$,B?=EDj5A$5$l$F$$$J$$$H2> Dj$9$k$H!$8zN($NDc 2<$rM^$($k9)IW$,9M$($i$l$k!% 3.3.1 1i;;;R \[ ]" 1i ;; ;R \[ ]" $O G[ Ns $K BP $7 $F E, MQ $5 $l $k $,!$ Nc $( $P STL (Standard T emplate Library) $N v ector !$ set !$ map $N $h $& $K O" A[ %3 %s %F %J $K BP $7 $F ;H $o $l $k $3 $H $b $" $k!% $3 $N 1i ;; ;R $O %f!< %6!< $, B? =E Dj 5A $9 $k $3 $H $, $G $- $k!% $D $^ $j!$ 1i ;; ;R \[ ]" $, ;H $o $l $F $$ $k $+ $i $H $$$C $F!$ $=$l$OG[Ns$G$"$k$H$O8B$i$J$$!% $b $7 $3 $N 1i ;; ;R $r!$ O" A[ %3 %s %F %J $H $7 $F 07 $& $H $9 $k $J $i $P!$ Be F~!$ ;2 >H $r 9T $& 4V ?t $r MQ 0U $7 $F!$ B? =E Dj 5A $5 $l $? 4X ?t $H F1 MM $K 07 $& $3 $H $, $G $- $k!% Nc $( $P G[ Ns $r $3 $N J} K! $G 07 $&>l9g \something[i] = 1;" $H$$$& :8JU CM $r JV$9 1i ;;;R \[ ]" $r;H$C $? J8 $O 4X ?t8F $S =P $7 \set(something,i,1);" $K JQ 49 $5 $l $k!% $3 $3 $G!$ 4X ?t \set(arra y ,i,v alue);" $O G[ Ns arra y $N i HV L\ $K v alue $r Be F~ $9 $k 4X ?t $G $" $k $H $9 $k!% $= $7 $F!$ 1& JU CM $r JV $9 1i ;; ;R \[ ]" $r ;H$C $? J8 \fo o(something[i]);" $O \fo o(get(something,i))" $N$h $& $K JQ 49 $5 $l $k!% $3 $3 $G 4X ?t \get(arra y ,i)" $O G[ Ns ar- ra y $N i HV L\ $N MW AG $r CM $H $7 $F JV $9 4X ?t $G $" $k $H $9 $k!% $3 $N %" %W %m!< %A $O!$ 1i ;; ;R \[ ]" $, B? =E Dj 5A $5 $l $? 7? $N %*%V%8%’%/%H$HG[Ns$rF1$8%3!<%I$G07$&$3$H$r2D G=$H$9 $k!%$7$+$7!$4X?t8F$S=P$7$N%*!<%P!<%X%C%I$,<B 9T8zN( $rMn$H$9!%G[Ns$KIQHK$K%"%/%;%9$9$k%W%m%0%i %‘$G$OFC $KBg$-$/$J$k!% 1i ;; ;R \[ ]" $, ;H $o $l $F $$ $k $b $N $r D9 $5 $, J, $+$C $F $$ $kG[Ns$G$"$k$H2>Dj$9$k$H%F%s%W%l!<%H4X?t$N 7?B?Aj$J 0z ?t$H $7 $F EO $9A0 $K G[ Ns A4BN $r b o xing $7$? %* %V %8%’ %/ %H$NG[Ns$KJQ49$7$FEO$9$3$H$,2DG=$G$"$k!%$3 $N$h$&$K $9$k$H!$%F%s%W%l!<%H4X?tFb$G$OMWAG%5%$%:$,0l 8l$NG[ Ns$r07$($P$h$$!%$3$N%"%W%m!<%A$OG[NsMWAG$N@0 Ns$N$h $& $J G[ Ns %" %/ %; %9 $, B? $$ %W %m %0 %i %‘ $K BP $7 $F M- 8z $G $" $k!%$7$+$7!$$3$N%"%W%m!<%A$G$O4X?t$N8F$S=P$7 A0$H8F $S =P $7 8e $G !J b o xing $5 $l $? %* %V %8%’ %/ %H $N G[ Ns $r JV $9 $J $i $P!K G[ Ns $N D9 $5 $K Hf Nc $9 $k b o xing !$ un b o xing $N %*!<%P!<%X%C%I$,$+$+$k!%G[Ns$K$[$H$s$I%"%/%; %9$7$J $$4X?t$@$H$3$N%"%W%m!<%A$OITMx$G$"$k!% 3.3.2 1i;;;R \=" Be F~ 1i ;; ;R \=" $O B? Aj 7? $r $b $D %* %V %8%’ %/ %H $K BP $7 $F$bIQHK$K;H$o$l$k!%$3$N1i;;;R$b%f!<%6!<Dj5A $N9=B$ BN$d%/%i%9$KBP$7$FB?=EDj5A$9$k$3$H$,$G$- $k!%$b$7!$ 1i ;; ;R \=" $r B> $N 4X ?t $H F1 MM $K 4X ?t $N 0z ?t $H $7 $F EO $9 $3$H$K$9$k$H \=" $N b o xing !$ un b o xing $NJQ49!$4X?t 8F$S=P$7$N%*!<%P!<%X%C%I$OG|Bg$K$J$k!% 1i ;; ;R \=" $r 7? $K 0M $i $: $K 0l 8l $N %3 %T!< $K JQ 49 $9 $k $H!$ \=" $K BP $7 $F b o xing !$ un b o xing !$ 4X ?t 8F $S =P $7 $r9T$&I,MW$O$J$/$J$k!% $3$&$9$k$H!$JQ49A0$N%=!<%9 $G$OCM$r%3%T!<$G$"$C$? $b$N$,!$%]%$%s%?$N%3%T!<$K$J$j!$F1$8NN0h$r;X $9%]%$

10 >pJs=hM}3X2qO@J8;o 1959 %s%?$,?7$?$KH/@8$7$&$k!%$b$H$N%3!< %I$K$O$J$+$C$?%] %$%s%?4IM}$,I,MW$H$J$k!% $^$:!$1i;;;R \." $K$h$k7?B?Aj $J%*%V%8%’%/%H$N99 ?7 $O!$B>$NJQ?t$,F1$89=B$BN$r;X$7$F$$ $k$+$b$7$l$J$$$N $G!$9=B$BN$r%R!<%W$NJLNN0h$K%3%T!< $7$F!$$=$N%3%T!< $KBP$7$FJQ99$r9T$o$J$1$l$P$J$i$J $$!%7?B?Aj$J9=B$BN $r%R!<%W >e$K 3NJ] $9 $k4X ?t!J new $KEv$? $k$b $N!K$O B? =E Dj5A$5$l$?4X?tF1MM$KDI2C$N0z?t$H$7 $F<u$1<h$i$J$1$l $P$J$i$J$$!% $5$i$K!$7?B?Aj$JCM$OB>$K;2>H$7 $F$$$kJQ?t$,$"$k$+ $bCN$l$J$$$N$G!$CM$r;X$9JQ?t$,A4$F ;H$o$l$J$/$J$k$^ $G%a%b%jNN0h$r2rJ|$G$-$J$$!%5U$K!$$I $NJQ?t$+$i$b;2 >H$5$l$J$/$J$C$?CM$O2rJ|$7$J$1$l$P $J$i$J$$!%$"$kCM $r;2>H$9$kJQ?t$,$$$/$D$"$k$+$OF0 E*$KJQ2=$9$k$N$G!$ $3$NJ}K!$r;H$&$H$-$K$O%,!<%Y!<%8%3%l %/%?$,I,MW$G$" $k 4. $=$NB>$N%F%s%W%l!<%H$N5!G= 4.1 L@<(E*FCJL2= %F%s%W%l!<%H4X?t$O!$6qBNE*$J7?$K BP$7$FFCJL2=$7$? Dj5A$r$"$?$($F!$$=$A$i$rM%@h$7$FE, MQ$9$k$3$H$,$G$- $k!%Nc$($P<!$N$h$&$JNc$,9M$($i$l$k!% template <class T> void print(T x) { cout << "template varsion called" << endl; } template <> void print(double x) { cout << "double version called" << endl; } template <class T> void f(T x) { print(x); } void foo() { //call template version f(1); //call double version //(specialized) f(1.9); } $3 $N Nc $G $O \f(1.9)" $N 8F $S =P $7 $G $O!$ \prin t(double)" $N J} $, 8F $S =P $5 $l!$ \double v ersion called" $H=PNO$5$l$k!% $3 $N Nc $N 4X ?t \f " $O!$ B? Aj 7? T $K BP $7 $F Dj 5A $5 $l $? \prin t" 4X ?t$r E, MQ B&$+ $i <u $1<h $k $h $&$K JQ 49 $5$l $k!% in t $K FC JL 2= $5 $l $? prin t $r EO $9 $+!$ %F %s %W %l!< %H 4X ?t $GDj 5A$5$l $? prin t 4X?t $rEO$9 $+$OE, MQB&$N JQ49;~ $K0z ?t$N7?>pJs$+$i7h$a$k!%%F%s%W%l!<%H4X?t $N \prin t" $, 8F $P $l$k >l 9g $O!$ 0z ?t$O b o xing $5 $l $?%G!< %? $r <u $1 <h $k $N $G!$ 3.1.2 $G @b L@ $7 $? $h $& $J!$ b o xing $5 $l $? 0z ?t $r un b o xing $7$F \prin t" $r8F$V4X?t$ODj5A$7$J$/$FNI $$!%JQ498e$N%=!<%9$O0J2<$N$h$&$K$J$k!% //# template <class T> //# void print(T x) void print(wrapped_t x) { cout << "Template varsion called" << endl; } //# template <> void print(double x) { cout << "double version called" << endl; } //# template <class T> //# void f(T x) //# require void print(T) void f(T x) { print(x); } void print_on_double(wrapped_t x) { double dx = UNWRAP(x); print(dx); } void foo() { //call template function wrapped_t tmp = (wrapped_t)1; void (*tmp2)(wrapped_t) = print; f(tmp,tmp2); //call double version //(specialized) wrapped_t tmp3 = WRAP(1.9);

V ol. 0 No. 0 C++ %F%s%W%l!<%H$rJ,3d%3%s%Q%$%k$9$k$?$a$N%"%W%m!<%A 11 f(tmp3,print_on_double); } 4.2 7Q>54X78$N?F$r%Q%i%a%?2=$9$k>l9g $b$7?F%/%i%9$,%F%s%W%l!<%H$G%Q %i%a%?2=$5$l$F$$$? >l 9g!$ $= $N ;R %/ %i %9 $O ?F $N public $^ $? $O protected $J %a%s%P$K%"%/%;%92DG=$G$"$k!% template <class Parent> class Child : public Parent { void goo(); void print(); }; template <class Parent> void Child<Parent>::goo() { //access to parent’s member //(public or protected) Parent::foo(); } template <class Parent> void Child<Parent>::print() { cout << "I’m child" << endl; } $3$NNc$N$h$&$J>l9g!$$3$N%/%i%9 %F%s%W%l!<%H$r%3%s %Q%$%k$9$k$H$-$K$O!$?F%/%i%9$,2?$G $"$k$+$OJ,$+$i$J $$!%$h$C$F!$$3$N%F%s%W%l!<%H$N7?0z?t $K6qBNE*$J7?$r BeF~$7$F;HMQ$5$l$k2U=j$rJQ49$9$k :]$K!$<B:]$N?F%/%i %9$r7Q>5$9$k%/%i%9$rDj5A$9$kI,MW $,$"$k!%$=$N%/%i%9 $G!$ ;R %/ %i %9 \Child" $G <B Au $, Dj 5A $5 $l $F $$ $k $b $N $K $D$$$F$O!$$=$l$r8F$S=P$9%3!<%I$rJQ 49$K$h$C$FA^F~$9 $k!% class Father { protected: void foo() { //... } }; typedef Child<Father> Son; //# template <class Parent> //# class Child : Parent //# require Parent::foo() class Child { void zoo() { //... } } class Son : public Father { //private: // void foo() { //... } public: //Child::zoo is shared void goo() { Child::goo(); } void print() { Child::print(); } } $3$N>l9g $O%F%s %W%l!<%H $GDj5A $5$l $?%/%i %9 \Child" $N \prin t" $N$h$&$J!$%*!<%P!<%i%$%I$5$l$? %3!<%I$d!$ ?F$K$O$J$/?7$?$KDj5A$5$l$?%a%=%C%I$N%3!<%I $,!$6&M- $5$l$k!% %F %s %W %l!< %H 4X ?t $+ $i $O public $+ protected $J %a %s %P$N $_$r8+ $k$3$H $,$G$-!$ priv ate $J%a %s%P$O 8+$k$3 $H $, $G $- $J $$!% $J $< $J $i!$ %F %s %W %l!< %H 4X ?t $N 7? 0z ?t $O $?$C$?:#Dj5A$7$h$&$H$7$F$$$k%/%i%9$NL>A0$r %Q%i%a%? 2=$9 $k$3$H $O$G$- $J$$$+ $i$G$" $k!%$D$^ $j priv ate $J %a %s%P$K$D$$$F$N%"%/%;%9$N2DG=@-$,JQ498e$KBe $o$k$3$H $O$J$$!% 4.3 9MN8$7$F$$$J$$5!G= K\ O@ J8 $N %" %W %m!< %A $O traits 2) $d v alue template $K BP1~ $9$k $+$I$& $+$O 9MN8 $7$F$$ $J$$!% $?$H$( $P!$ traits $r;H$&$H<!$N$h$&$J9=B$BN$rDj5A$G$-$k!% template <class T> struct p { T first; T second; }; struct p<double> { double first; double second; double third; }; template <class T> T get_first(p<T> x) { return x.first; } K\ Mh $N %F %s %W %l!< %H $G $O!$ 4X ?t \get �rst" $O!$ %F %s %W %l!<%H $GDj 5A$5 $l$? 9= B$BN p $b double 7?$G FCJL 2= $5$l $?9=B$BN p $b$I$A$i$b07 $&$3$H$, $G$-$k!% $3$N$h$& $J>l 9g$KBP1~$9$k$K$OK\O@J8$NJ}K!$r99$K3HD%$9$k I,MW$,$" $j$=$&$G$"$k!%

12 >pJs=hM}3X2qO@J8;o 1959 ?^ 9 JQ49$H%3%s%Q%$%k$NN.$l 5. 0J>e$r9MN8$7$?JQ494o$N9=@. 5.1 %3%s%Q%$%k$N2aDx K\O@ J8$, Ds0F $7$? JQ49 $H%3 %s%Q %$%k $O?^ 9 $K IA$+ $l$F $$$k $h $& $K 9T $o $l $k!% :G =i $K!$ JQ49 4o $, <B Au $r 4^ $‘ %=!< %9 %U%! %$ %k $H @k 8@ $r 4^ $‘ %X%C %@ %U%! %$ %k $r FI $_ 9~ $‘!% JQ494o$OA0@a$^$G$G=R$Y$?JQ49$G%F %s%W%l!<%H$r<h$j=| $-!$ 7? B? Aj $J %* %V %8%’ %/ %H $K E, MQ $7 $F $$ $k 4X ?t $K $D $$ $F$N>pJs$r=8$a$k!%$=$7$F!$JQ49$5 $l$?%=!<%9%3!<%I$H %X%C%@%U%!%$%k$r=PNO$9$k!%JQ498e$N %X%C%@%U%!%$%k$O A0@a$^$G$G=R$Y$?B?Aj7?$KE,MQ$9$k4X ?t$K$D$$$F$N>pJs $r4^$‘!% $3$NJQ49$K$h$C$F!$%F%s%W%l!<%H4X ?t$GITB-$7$F$$$? B?Aj7?$K$D$$$F$N>pJs$,4X?t$N@k8@ $H$7$F8=$o$l$k!%Nc $( $P <! $N \max" 4X ?t $N JQ 49 $K $D $$ $F 8+ $F $_ $k!% => Mh $N %F%s%W%l!<%H4X?t$N@k8@$O0J2<$N$h$&$K$J$k!% template <class T> T max(T x,T y); $3$N@k8@$O0z?t$N x,y $N7?$H4X?t$NJV$jCM$N7?$,A4$FF1 $8 $G $" $k $3 $H $r MW 5a $7 $F $$ $k $K $9 $. $J $$!% $3 $N \max" 4X?t $, x,y $K1i ;; ;R > $rE, MQ $7 $F $$ $? >l 9g!$ JQ 49 8e$N 4X ?t @k8@ $O ?^ 4 $N 4X?t \max" $h $& $K$J $j!$ T 7? $K BP$7 $F 1i;;;R > $,I,MW$G$"$k$H$$$&>pJs$,8=$o$l$k!% $3 $N \greater than" $O B? =E Dj 5A $r 2r 7h $9 $k $? $a $K F3 F~$5$l$?0z?t$G$"$k$,!$%F%s%W%l!<%H$N B?Aj7?$KBP$9$k 7? >p Js $r Jd $& Lr L\ $b 2L $? $7 $F $$ $k!% $3 $N >p Js $O \max" $N 8F $S =P $7 $r JQ 49 $9 $k :] $K I, MW $G $" $k!% $5 $i $K \max" $rMxMQ$9$k%W%m%0%i%^$K<h$C$F$bI,MW$J>pJs$G$"$k!% 5.2 0MB8@-$N<h$j07$$ K\O@J8$NJQ49 $G$O%U%!%$ %k$N0MB8$O Bg$-$/J, $1$F 2 <o N‘9M$($i$l$k!% B?Aj$J%*%V%8%’%/%H$KBP$9$kMW5a $rJQ494o$K$h$C$F<+ F0E*$KCj=P$5$;$k$H!$JQ49$K$h$C$F<+F0 E*$K@k8@$,F@$i $l$kH>LL!$B?Aj4X?t$N<BAu$,@k8@$H$=$N;HMQ$K 0MB8$9$k $?$a!$<BAu$,$J$1$l$P$=$l$r;H$&%3!<%I$N%A%’%C %/$,$G $-$J$$$H$$$&7gE@$,$"$k!% $b$& 1 $D$OJQ498e$N @k8@$K$" $?$k$b$N$r M=$a%W%m %0%i %^!<$,=q$$$F!$E,MQB&$bB?AjDj5A$N<BAuB&$b$=$N @k8@$K => $& $H $$ $& J} K! $G $" $k!% $3 $N J} K! $G $O!$ B? Aj 4X ?t $N Dj 5A $b!$ $= $N ;H MQ $b @k 8@ $K 0M B8 $9 $k $N $G!$ <B Au $, $J $$ >u 67$G!$E,MQB&$,Dj5AB&$NMW5a$rK~$?$9$+$r%A%’%C %/$G$- $k!% $3$NN>J}$r@^Co$7$F!$40A4$G$O $J$$$,B?Aj7?$KBP$9$k >p Js $r Cj =P $9 $k $N $K =< J, $J <B Au $r JQ 49 $7 $F!$ %$ %s %?!< %U%’%$%9$r<+F0@8@.$7!$0J8e$O$=$N%$%s%?!<%U%’ %$%9$K <BAuB&!$E,MQB&$,=>$&$H$$$&J}K!$b9M$($i$l$k!% 6. <B 83 7k 2L %F %s %W %l!< %H $r ;H MQ $7 $? %W %m %0 %i %‘ $r <j $G JQ 49 $7 $F <B 9T 8z N( $H <B 9T 2D G= %U%! %$ %k $N %5 %$ %: $r D4 $Y $?!% 0J 2< $9 $Y $F $N <B 83 $O P en tiumI I 450Mhz !$ %a %$ %s %a %b %j 128MByte $N%^%7 %s $G 9T$C$?!% ;~ 4V$O gettimeofda y 4X ?t $r MQ $$ $F 7W B, $7 $?!% C++ $N %3 %s %Q %$ %k $K $O GNU C++ compiler $N%P!<%8%g %s 3.02 $r :GE,2=%l %Y%k 3 $G ;H$C $?!% $9 $Y $F $N <B 9T %U%! %$ %k $O strip $r ;H$C $F %7 %s %\ %k>pJs$r<h$j=|$$$F$$$k!%$3$N<B83$G$NJQ498e $N%3!<%I $OA4$F 3.3.2 @a$G=R$Y$?$h$&$K!$1i ;;;R \=" $OB?=EDj5A $5$l$F$$$J$$$b$N$H2>Dj$7$F07$C$F$$$k!% 1 $D $a $N %W %m %0 %i %‘ $O MW AG $, B? Aj 7? $G $" $k %/ %$%C %/ %=!< %H $G $" $k!% $3 $N <B 83 $G $O double $N G[ Ns $r %=!< %H $7 $?!% $3 $N >l 9g %/ %$%C %/ %=!< %H $O MW AG $K E, MQ $9 $k 1i ;; ;R \ < " !$ \ > " $HG[Ns ;2 >H$N 1i ;;;R \[ ]" $rI,MW $H $9$k!% $3 $N 1i ;; ;R $r 3.3.1 $G =R $Y $? Fs DL $j $N %" %W %m!< %A $r ;H$C $F!$ =>Mh$N%F%s%W%l!<%H$N%3%s%Q%$%kJ}K!$G%3%s%Q %$%k$7$? $b $N $H <B 9T 8z N(!$ %3!< %I %5 %$ %: $r Hf 3S $7 $?!% 2. $N M= $a 3F MWAG $r b o xing $7$? G[ Ns $r EO$9 %" %W %m!< %A$O G[ Ns $N D9

V ol. 0 No. 0 C++ %F%s%W%l!<%H$rJ,3d%3%s%Q%$%k$9$k$?$a$N%"%W%m!<%A 13 I= 1 %/%$%C%/%=!<%H$N<B9T8zN( <B9T;~4V ( IC ) 1. JQ49$J$7 0.023 2. G[NsMWAG$rM=$a b o xing 0.086 3. G[NsMWAG$r%"%/%;%9$NEY$K b o xing 0.57 I= 2 %/%$%C%/%=!<%H$N<B9T2DG=%3!<%I$N%5%$%: (b yte) double double & int double & in t & c har 1. JQ49L5$7 4376 4576 4772 2. G[NsMWAG$r$rM=$a b oxing 4740 4964 5124 3. G[NsMWAG$r%"%/%;%9$NEY$K b oxing 5344 5608 5848 $5 $K Hf Nc $7 $? b o xing !$ un b o xing $N %*!< %P!< %X%C %I $r I,MW $H$9 $k!%0lJ} $G 3. $NG[Ns %"%/ %;%9$N EY$K b o xing !$ un b o xing $r 9T $& %" %W %m!< %A $G $O G[ Ns D9 $N BP ?t %*!< %@!< $N b o xing !$ un b o xing $rI,MW$H$9$k!% 3. $O=>Mh$N %"%W%m!< %A 1. $HHf$Y$F 20 G\0J>e<B 9T;~ 4V $,$+ $+$C $F $$ $k!% 2. $N%" %W %m!< %A $r ;H $& $3 $H $G => Mh $N J} K!$N 3.5 G\DxEY $KM^$( $i$l$k!%$3 $N7k2L$+ $i!$%\%C%/ %9 2=!$ un b o xing $N%*!<%P!<%X%C%I$OBg$-$/!$2?$i$+$N9) IW$r$9$k$3$H$G!$<B9T8zN($NB;<:$rM^ $($i$l$k$3$H$,J, $+ $k!% %3!< %I %5 %$ %: $r Hf 3S $9 $k $H!$ K\ O@ J8 $N %" %W %m!< %A$rMQ$$$F%3%s%Q%$%k$5$l$?%3!<%I$O =>Mh$N%3%s%Q%$%k J}K!$K$h$k$b$N$KHf$Y$F$+$($C$F%3!< %I$,Bg$-$/$J$C$F $7 $^$C $F $$ $k!% $3 $l $O!$ quic k sort 4X ?t <+ BN $N %3!< %I $KHf$Y$F!$JQ49$K$h$C$F?7$?$K2C$($i $l$k4X?t$N%3!<%I $N%5%$%:$,Bg$-$$$?$a$G$"$k!% 2 $D $a $N %F %9 %H $O MW AG $, B? Aj 7? $G $" $k =8 9g 1i ;; $N %W %m %0 %i%‘ $G $" $k!% functor $rMQ $$ $F <B Au $5 $l $F $$ $k Ocaml 3) $N%i%$%V%i%j$r C++ $N%F%s%W%l!<%H$rMQ $$$F0\?"$7!$ $=$l$r<j$GJQ49$7$?!%=89g$NMW AG$KI,MW$J4X?t$O!$ 2 MW AG 4V $r Hf 3S $9 $k 4X ?t compare $G $" $k!% $3 $N =8 9g $O <B :] $O %P %i %s %9 $7 $? 2 J, LZ $G <B Au $5 $l $F $$ $k $,!$ $= $N <B Au $O 1# JC $5 $l $F $* $j!$ =8 9g $K BP $7 $F 7h $a $i $l $? 4X ?t $r DL $7 $F $N $_ %" %/ %; %9 $G $- $k $h $& $K $J$C $F $$ $k!% 5U $K =8 9g $K BP $7 $F 7h $a $i $l $? 4X ?t $+ $i %" %/ %; %9 $G $- $l $P $= $l $G NI $$ $N$G!$ =8 9g $N MWAG $O >o $K b o xing $5 $l $? >uBV $G =8 9g Fb $K B8 :_ $7 $F $$ $k!% $D $^ $j!$ =8 9g $r :F 5" E* $K b o xing !$ un b o xing $O$7$F$$$J$$!% =89g 1i;; $N<B 9T 8zN( $OI= 3 $K <($7 $?DL $j$G $"$k!% $3$N %W %m %0 %i %‘ $G $O double 7? $N %G!< %? $K BP $7 $F =8 9g $N <g $J A‘ :n $r 0l DL $j 9T $&!% add !$ remo v e !$ �lter !$ fold !$ cardi- nal !J=89g Fb $N MW AG $N ?t $r ?t $( $k!K , $=$7 $F!$ max elt !$ min elt $r %F %9%H $7 $F $$ $k!% I= $r8+ $k $H %/ %$%C %/ %=!<%H $N %W %m %0 %i %‘ $[ $I $O <B 9T 8z N( $, Mn $A $F $$ $J $$ $3 $H $, J, $+ $k!% MW AG 7? $, 5a $a $k 1i ;; $, compare 4X ?t 0l $D $N $_ $G $" $j!$ compare 4X ?t $r 0z ?t $H $7 $F EO $9 %*!< %P!< %X%C %I $d compare 4X?tFb $G$N b o xing !$%\%C %/ %9<h $j=P $72= $N %*!<%P!<%X%C%I$,82Cx$K8=$o$l$F$$$J$$$?$a$@$H 9M$($i $l$k!% I= 4 $O=89g1i ;; $NE, MQ$9 $k 7?$K BP $9$k %3!<%I %5 %$%: $N A} 2C $N MM ;R $r <( $7 $F $$ $k!% quic k sort $H 0[ $J $j!$ =8 9g 1i;;$O%P%i%s%9$7$?LZ$rK,Ld$7$?$j!$LZ$N%N!<%I $r07$& $H$$$&MWAG7?$KD>@\4X78$7$J$$A‘:n$,B?$$$N $G!$JQ498e $N%3!<%I$O0[$J$k7?$N4V$G$N%3!<%I6&M-$,$h$j?J $s$G$$ $k!%$3$N$h$&$J%W%m%0%i%‘$KBP$7$F$OK\O@J8$N J}K!$OM- 8z$G$"$k!% 7. 4X O" 8& 5f V eldh uizen 4) $O C++ $N 5 $D $N %3 %s %Q %$ %k %b %G %k $r Ds 0F $7 $?!% $= $N $J $+ $N $$ $/ $D $+ $O %F %s %W %l!< %H $N Dj 5A $r $= $N E, MQ $H J, 3d %3 %s %Q %$ %k 2D G= $K $9 $k $b $N $G $" $k!% C++ $O Cf4V 8@8l $K JQ49 $5 $l$k!% $= $NCf 4V8@ 8l $G$O $= $l $>$l$N7?$r \t yp e info" $H$$$&9=B$BN$GI=8=$7!$%F%s%W %l!<%H4X?t$N7?JQ?t$O<B9T;~$KEO$5$l$k!%$3$N7? >pJs$O B? =E Dj 5A $5 $l $? 4X ?t $N 2r 7h $K ;H $o $l $k!% K\ O@ J8 $N J} K! $O!$<B9T;~$K7?>pJs$r<uEO$7$9$k$N$G$O$J$/E, MQ$N%3%s %Q%$%k;~$K2r7h$7$F$$$k!% Lero y 5) $O ML $G b o xing $5 $l $? %* %V %8%’ %/ %H $H!$ %\%C%/%9$5$l$F$$$J$$%*%V%8%’%/%H$r:.9g$7$?I= 8=$r;H $&J}K! $r Ds0F $7$?!% $[ $H$s $I $N ML %3%s%Q %$%i $O B?8l $N %G!< %? $K b o xing $7 $? I=8= $r MQ $$ $k $,!$ %W%m %0 %i %‘ $N 7? C1 Aj $J It J, $O IT I, MW $J b o xing !$ un b o xing $G 8z N( $, Dc 2<$9$k!%$=$3$G!$ Lero y $O7?C1Aj$J%3!<%I$O b o xing $5 $l$F$$$J$$%*%V%8%’%/%H$rD>@\07$&JQ49$r$9$k $3$H$G!$ <B9T8zN($r>e$2$k$3$H$rL\;X$7$?!%K\O@J8$G$O F1MM$JJ} K! $r C++ $N %F %s %W %l!< %H $N J, 3d %3 %s %Q %$ %k $r L\ E* $H $7 $F ;H MQ $7 $?!% $^ $?!$ $3 $N b o xing !$ un b o xing $N A‘ :n $r!$B?=EDj5A$5$l$?4X?t$KBP$7$F$bE,MQ$7$?!% W adler 6) $O %" %I %[%C %/ B? Aj @- $r 2r 7h $9 $k \t yp e class" $rDs0F$7$?!% W adler $NJ}K!$G$O!$B?=EDj5A$O$"$k%/%i %9$KB?=EDj5A$5$l$?4X?t$,EPO?$5$l$F$$$k<-=q $r4X?t$K EO$9$3$H$G2r7h$7$F$$$k!%K\O@J8$NB?=EDj5A$K BP$9$k%" %W%m!<%A$O$3$NO@J8$NJ}K!$r;29M$K$7$F$$$k!%K\ O@J8$G

14 >pJs=hM}3X2qO@J8;o 1959 ?^ 10 %/%$%C%/%=!<%H$N<B9T2DG=%3!<%I$N%3!<%I%5%$%: T ranslated-1 G[NsMWAG$rM=$a b o xing T ranslated-2 G[NsMWAG$r%"%/%;%9$NEY$K b o xing ?^ 11 =89g1i;;$N<B9T2DG=%3!<%I$N%3!<%I%5%$%:

V ol. 0 No. 0 C++ %F%s%W%l!<%H$rJ,3d%3%s%Q%$%k$9$k$?$a$N%"%W%m!<%A 15 I= 3 =89g1i;;$N<B9T8zN( <B9T;~4V!JIC!K JQ49$J$7 0.14 JQ49$"$j 0.17 I= 4 =89g1i;;$N<B9T2DG=%3!<%I$N%5%$%: (byte) c har* c har* & in t c har* & in t & double JQ49$J$7 24796 30612 36748 JQ49$"$j 27292 27620 28044 $O \ <- =q " $r EO $9 $N $G $O $J $/ $F!$ 4X ?t $= $N $b $N $r EO $9 E@ $,0[$J$k!% Elsman 7) $OF1 $87? $N 2 0z?t$r $H$k 7? B?Aj $J Ey2A @- $r D4$Y$k4X?t$K$D$$$F=R$Y$F$$$k!#$3$N O@J8$O%Z%"$N8D!9 $NMWAG$KBP$9$kEy2A@-$rD4$Y$k4X?t$O 4X?t$N0z?t$H$7$F EO$5$l$k!#K\O@J8$G$O!$$3$NJ}K!$r3HD% $7$F4X?t$OG$0U $N?t$N0z?t!$G$0U$N7?$r$H$j$&$kB?=E Dj5A$5$l$?4X?t$r 07$C$?!# MLton !$ MLj 8) $O$[ $H $s $I $N C++ %3%s %Q %$%i $H F1 MM$K!$%3%s%Q%$%k;~$KB?Aj7?$rC1Aj2= $9$k%"%W%m!<%A$r :NMQ$7$F $$$k!% MLton $O Standard ML $N%=!< %9%3!< %I $r 0l 3g %3 %s %Q %$ %k $9 $k!% MLj $O Monadic Cf 4V 8@ 8l $+ $i 4p K\%V %m%C %/ %3!< %I (BBC) $K JQ 49 $9 $k:] $K $3 $N %" %W%m!<%A$rMQ$$$F$$$k!%N><T$OB?Aj7?$r 0l3g%3%s%Q%$%k $9$k$3$H$GC1Aj2=$7<B9T8zN($r>e$2$k $3$H$rL\E*$H$7$F $$$k!%0lJ}$G!$N><T$H$b%3%s%Q%$%k;~ 4V$,B?$/$+$+$C$F $7$^$&$3$H$d!"%3!<%I%5%$%:$NHnBg2=$9 $k$3$H$,LdBj$K $J$C$F$$$k!% 8. 7kO@$H:#8e$N2]Bj K\O@J8$G$O C++ $N%F%s%W%l!< %H4X?t$N Dj5A$H $=$NE, MQ$rJ,3d%3%s%Q%$%k$9$k%"%W%m!<%A$r Ds0F$7$?!%$3$N%" %W%m!<%A$O!$=>Mh$N%3%s%Q%$%kJ}K!$G LdBj$K$J$C$F$$$? %3!<%I%5%$%:$NHnBg2=$rM^$($&$k!% $^$?!$B?Aj7?$KBP$7$FB?=EDj5A$N @)Ls$r5-=R$G$-$k$h $&$K$7$F!$1i;;;R$NB?=EDj5A$r@)8B$9 $k$H!$<B9T8zN($N %*!<%P!<%X%C%I$r5vMF$G$-$k$[$I$KM^ $($J$,$i!$%F%s%W %l!<%H$NJ,3d%3%s%Q%$%k$r<B8=$G$-$k!% traits,v alue template $J $I $N K\ O@ J8 $G 9M N8 $5 $l $F $$ $J$$%F%s%W%l!<%H$N5!G=$K$D$$$F$O:#8e9MN8$7$?$$!% <U <- ?t!9 $N =u 8@!$ Ne $^ $7 $r D: $$ $? 8& 5f << 4X 78 <T $N J}!9$K6‘$s$G46<U$N0U$rI=$9$k!% ;2 9M J8 8% 1) Stepano v, A. A. and Lee, M.: The Standard T emplate Library , T ec hnical Rep ort X3J16/94- 0095, W G21/N0482, ISO Programming Lan- guage C++ Pro ject (1994). 2) V eldh uizen, T. L.: C++ T emplates as P artial Ev aluation, Partial Evaluation and Semantic- Base d Pr o gr am Manipulation , pp. 13{18 (1999). 3) Lero y , X.: The Ob jectiv e Caml system: Do c- umen tation and user’s guide (1996). 4) V eldh uizen, T. L.: Fiv e compilation mo dels for C++ templates, First Workshop on C++ T em- plate Pr o gr amming, Erfurt, Germany (2000). 5) Lero y , X.: Un b o xed ob jects and p olymor- phic t yping, Confer enc e r e c or d of the Nine- te enth A nnual A CM SIGPLAN-SIGA CT Sym- p osium on Principles of Pr o gr amming L an- guages: p ap ers pr esente d at the symp osium, Al- buquer que, New Mexic o, January 19{22, 1992 (A CM(ed.)), New Y ork, NY, USA, A CM Press, pp. 177{188 (1992). 6) W adler, P . and Blott, S.: Ho w to mak e ad-ho c p olymorphism less ad ho c , 16th A CM Symp o- sium on Principles of Pr o gr amming L anguages , pp. 60{76 (1989). 7) Elsman, M.: P olymorphic Equalit y { No T ags Required, Se c ond International Workshop on T yp es in Compilation , Springer V erlag (1998). to app ear. 8) Ben ton, N., Kennedy , A. and Russell, G.: Compiling Standard ML to Ja v a Byteco des, A CM SIGPLAN Notic es , V ol. 34, No. 1, pp. 129{140 (1999). ( J?@. ? G/ ? 7n ? F|<uIU ) ( J?@. ? G/ ? 7n ? F|:NO? ) A};3 N4 1979 G/ @8!% 2002 G/ El 5~ Bg 3X M} 3X It >p Js 2J 3X 2J B4 6H!% 8= :_!$ El 5~ Bg 3X M} 9) 3X 7O 8& 5f 2= %3 %s %T%e!< %? 2J 3X @l 96 =$ ;N 2a Dx $K :_ 3X!% FC $K %b %8%e!< %k %7 %9 %F %‘ $H %3!< %I $N :F Mx MQ $K 4X $7 $F 6=L#$r;}$C$F$$$k!%

16 >pJs=hM}3X2qO@J8;o 1959 =;0f1QFsO: 1975 G/@8 . 2000 G/ 3 7nEl 5~ Bg 3X Bg 3X 1! M} 3X 7O 8& 5f 2J >p Js 2J 3X @l 96 =$ ;N 2] Dx=$N; . F1G/ 4 7nGn;N2]Dx?J3X . F1G/ $h$jMbG/$K$+$1$F , JF9q%Z%s%7%k%P%K %" Bg 3X K, Ld 8& 5f <T . 2001 G/ 4 7n $h $j El 5~ Bg 3X Bg 3X 1! >p Js 3X 4D =u <j ( >p Js M} 9) 3X 7O 8& 5f 2J %3 %s %T%e!<%? 2J 3X@l 96 $h $j N.F0 ). 4X?t 7?8@ 8l , %W%m %;%9 7W ;; , ItJ, I> 2A , >pJs %; %-%e %j %F%# Ey $N NN 0h $K $* $1 $k , @h?J E* $J 7? %7 %9 %F %‘ $N M} O@ $H 1~ MQ $K 4X $9 $k 8& 5f $K => ;v . A CM 2q 0w . JF_7 L@7{ !J@52q0w!K 1947 G/ @8!% 1977 G/ Ph.D. in Computer Science (MIT) !% 1989 G/ $h $j El 5~ Bg 3X M} 3X It >p Js 2J 3X 2J 65 <x!% D6 JB Ns!& J, ;6 %= %U %H %&%’ %" %"!< %- %F %/ %A%c $J $I $K 6= L# $r ;} $D!% 6& Cx =q !V%b %G %k $H I= 8=!W Ey ( 4d GH =q E9 ) !" JT Cx =q !V ABCL !W (MIT Press) Ey $, $" $k!% 1992{1996 G/ %I %$ %D 9q N) >p Js =h M} 8& 5f =j (GMD) 2J 3X 8\ Ld!" A CM T ransaction on Programming Languages and Systems I{ JT =8 D9!" IEEE P arallel & Distributed T ec hnology $* $h $S Computer JT =8 0Q 0w $J $I $r Nr G$!" 85 %= %U %H %&%’ %" 2J 3X2qM};vD9!" A CM F ello w !%