1 Lego MindStorms @)8f %W %m %0 %i %‘ $N BPOC7?3+H/ !& <B9T4D6- Er^I B@0l !J 5~ETBg3X !K y $o $, 9q $G$b %V %m %C %/4a6q $G $h $/CN $i $l $F $$ $k Lego <R $, !$ MindStorms $H $h $P $l $k%m %\ %C %H %7 %9 %F %‘ $r Ds6! $7 $F $$ $k !% $3$N%7 %9 %F %‘ $O !$ 8 %S %C %H $N MPU $r Hw $($? R CX $H 8F $P $l $k !V%V %m%C%/ !W $K %W %m %0 %i %‘ $rM? $( !$ Lego %7 %j !< %:$N %V %m%C %/ $rAH $_9g $o $;$k $3 $H $K$h$C $F !$$5$^ $6 $^$J%m %\ %C %H $r 9=C[$9$k$3$H $,$G $- $k !%=>Mh $O !$ R CX $N @)8f %W %m %0 %i %‘ $r 5- =R$9$k $?$a $K !$ Dc3X G/ $N;R6! $G$b MF0W $K ;H $( $k8@8l $"$k $$ $O K\3JE* $J %W %m %0 %i %_ %s %0 $b 2D G= $J C 8@8l $J $I $N 8@8l $, Ds6! $5 $l$F$$$?!% A0<T $O %7 %s %W %k 2a $. $F !$ $- $o$a $FC1=c $J %W %m %0 %i %‘ $7 $+ 5-=R $G$- $:!$ 8e <T $O ;R6! $b4^ $a %W %m %0 %i %_ %s %0 $N =i?4<T $K $O ;H $($J$$ >e $K !$ %3 %s %Q %$ %i ;X 8~$N 8@ 8l $G $" $j !$ 4JC1$J @) 8f%F %9 %H $r $9 $k $K $b !$40 7k $7 $? %W %m %0 %i %‘ $r :n @. $7 !$ $= $l $r%3 %s %Q %$ %k $7 $F R CX $K %@ %& %s %m!< %I $9$k $H$$ $& LLE] $J <j4V $r I,MW $H $9$k !%K\H/I= $G$O !$ Dc 3XG/ $N;R6! $d %W %m %0 %i %_ %s %0 $N =i?4<T $G$b MF0W $K MxMQ $G$- !$ Aj Ev9b EY $J @)8f %W %m %0 %i%‘3+H/ $K$b MxMQ $G$- !$ $7 $+ $b BPOCE* $K %W %m %0 %i %‘ $r3+H/ $G$-$k %W %m %0 %i %_ %s %0 4D6- $r Js9p$9$k!% $3$N %7 %9 %F%‘ $O XS $H $h $P $l !$ BPOCE* %W %m %0 %i %‘3+H/ $, 2DG= $J %W %m %0 %i %_ %s %0 8@ 8l Sc heme $r %Y !< %9 $H $7 !$ $= $l $K MindStorms $r @) 8f$9 $k$?$a $N =t 5! G=$r DI 2C $7 $? 8@ 8l$r Ds 6! $7 !$ $=$N 8@ 8l$G 5- =R$5 $l $? %W %m %0 %i %‘$r BP OC E* $K 3+ H/$9 $k$?$a $N Lin ux $* $h $S Windo ws PC >e $N %W %m %0 %i %‘ 3+H/ !& <B9T4D6- $G$" $k !% 1. MindStorms $N 35MW MindStroms 1) $N Cf ?4$H$J $k$N$O !$ R CX $H $h $P $l $k %W %m %0 %i %‘ 2D G= $J %V %m%C %/ !J =D 95mm !_ 2# 65mm !_9b $5 35mm !K $G$"$k !% $3$N %V %m %C %/ $K%b!< %? $d%; %s %5 $J $I $N3F<o %G%P %$ %9 $rAuCe $7 !$ B> $N %V %m%C %/ $rAH $_ 9g $o$;$k $3 $H $K$h$C $F !$ $5$^ $6 $^ $J%m %\ %C %H $r <+:n $G $- $k ( ?^ 1 ;2>H ) !% R CX $N MPU $O !$ 16 %S %C %H $N%" %I %l %9 6u4V $r;}$A 16 MHz $G F0:n$9$kF|N) H8 %W %m%; %C%5 $G$" $k !%8D !9 $N R CX $O !$ 32K !J $" $k $$ $O 16K !K %P %$ %H $N R OM $H 32K %P %$ %H $N RAM $r Ek :\ $7 $F $$ $k !% R OM $N Fb MF $O 8GDj $5 $l$F $*$j !$ RAM $N 0lIt $O R OM %W %m %0 %i%‘ <B 9T$N $? $a $K M= Ls$5$l $F $$ $k !%;D$j $N RAM 6u 4V$r ;H $C $F !$ R CX MQ $N %U %!!< %‘ %& %’ %" !J $"$k $$ $O OS !K $H %f !< %6 %W %m %0 %i %‘ $, F0 :n $9 $k !%Fs <! 5- 21 Au CV$O Hw$( $F $$$J $$ !% %a %b %j$N @)Ls $, $3 $N $h $& $K 87 $7 $$$? $a$K !$ MindStorms MQ $N %W %m %0 %i%_ %s %0 4D6- $r9= C[ $9$k :] $K $O !$<B9TB.EY $h$j$b %a %b %j;HMQNL $, =EMW $H$J $k!% R CX %V %m %C %/ $N>e LL $K $O !$ 5 J8 ;z Dx EY $rI= <( $G $-$k y In teractiv e Programming En vironmen t for Lego Mind- Storms by T aiic hi Y uasa (Ky oto Univ ersit y). K\8&5f $O !$ >pJs =h M}?6 6=;v 6H 6(2q !J IP A !K $+ $i !$ J? @. 15 G/EYL$ F’%=%U %H %&%’%" AOB$;v6H $H $7 $F ;Y1g $r <u $1$F$$ $k!% LCD %G %# %9 %W %l %$ !$;M$D$N A‘ :n %\ %? %s !J EE 8;$N On- O� !$ %W %m %0 %i %‘$r A* Br $9 $k Prgm !$<B 9T$r 3+ ;O $9 $k Run !$ <B 9T >u BV $r %b %K %? $9 $k View $N3F %\ %? %s !K !$ %b!< %? Ey $r@\ B3 $9 $k ;0 $D $N e�ector %]!< %H !J %]!< %H A !A C !K !$ %; %s %5 $r @\B3 $9$k;0 $D $N %; %s %5 %] !< %H !J %] !< %H 1 !A 3 !K $, Hw $o $C $F $$ $k !% R CX <+ BN $O !$ %V %m %C %/ $N 2< H>J, $K <}G<$5 $l $? 6 K\ $N C1;04%EECS $G F0:n$9$k!% R CX $O !$ %U %m %s %H%( %s %I $G$" $k PC $H@V 30 @~ $r;H $C ?^ 1 R CX $N354Q !J %b!<%? 2 8D $,%]!< %H A $H C $K !$ %? %C %A%; %s %5 2 8D $,%] !< %H 1 $H 3 $K !$8w %; %s %5 1 8D $,%] !< %H 2 $K @\B3$5 $l $F$$ $k !K !%

2 $F DL?. $9 $k!% DL ?. $9 $k $? $a $K $O !$ @V 30 @~ %? %o!< $H$h $P $l $k @l MQ %G%P %$ %9 $r PC $K @\B3 $9 $k I, MW $,$"$k !% R CX $K$O ;0$D $N%b %G %k $, $"$j !$ %b %G %k 1.0 $H 1.5 $N @V30@~ %?%o!< $O PC $N %7 %j %" %k%]!< %H $K !$ %b %G%k 2.0 $N >l9g $O USB %] !< %H $K @\B3$9$k !%@V30@~ $K $h $kDL?. $O M-8z HO0O $, 69$/;X8~ @- $, 6/$$$?$a $K !$ PC $H R CX $O $7$P $7$P !J FC $K !$ R CX $, 0\F0$9 $k%m %\ %C %H $K AH$_ 9~$^ $l $F $$ $k>l9g $K !K %a %C %;!< %8 $r$H $j$3 $\ $9 !% 2. %7 %9%F%‘$N 35MW >e=R$N$h $& $K !$ R CX $N %a %b %j@)Ls $O 87 $7 $/ !$ %W %m %0 %i %_ %s%0 4D 6-$N Cf 3K$H $J $k <B 9T 7O$O $- $o $a $F >. $5 $/ $J $1 $l $P $J$i$J $$ !% $3$N$?$a $K !$K\ %7 %9 %F%‘ $r XS (eXtra Small) $H $h $s$G $$ $k !% $3$N XS %7 %9 %F %‘ $N <g MW $J FCD’ $r 0J2< $K$" $2 $k!% � BPOC7? %W %m %0 %i %‘3+H/4D6- $r Ds6!$9$k !% { DL >o $N Lisp =h M} 7O $HN‘ ;w $N!$ read-ev al-prin t %k !< %W $r ;}$D !% { BPOCE* $K 4X?t $r Dj5A $7 !$:FDj5A $G $- $k !% { %( %i !< $,8! =P $5 $l $? $H $- $O!$ E, @Z $J %( %i !<%a %C %; !< %8$H%P %C %/ %H%l !< %9 $r I=<($9$k !% { 4X?t 8F $S =P $7 $N 0z?t $HLa $jCM $rI=<( $9$k 4X ?t %H%l !< %95!G= $r Ds6!$9$k !% � <B9T7O $O R CX Fb $G <+N’E* $K F0:n$9$k !% { %G !<%? %* %V %8 %’%/ %H $r F0E* $K 3d $jIU $1!$ $4 $_ =8$a$9$k !% { ?? $K KvHx :F 5" E* $J %$ %s %?!< %W %j %? $K$h$C $F %W %m %0 %i %‘ $r <B9T$9$k !% { %W %m %0%i %‘ %( %i !< $d !$ %9 %? %C %/ !? %P %C %U %! %* !< %P !<%U%m!< $K BP $7 $F 4h7r $G$" $k !% { C<Kv5!3d$j9~$_5!G= $r ;}$D !% � %m %\ %C %H @)8f$N$? $a$N ==J, $J 5!G= $r Ds6!$9$k !% { Sc heme 2) $r %Y !< %9 $K $7 $? 8@ 8l $r %5%] !< %H $9 $k !% $? $@ $7 !$ Sc heme $N 0l5i7QB3 $O 4^$^ $J$$ $N $G !$ $3 $N8@ 8l $r Sc heme $G$O $J$/ !$ Lisp $N 0lJ}8@ $H$_$J $7 $F $$ $k !% { %b !<%? !$ %; %s %5 !$ %i %s %W $J $I $N Lego %G %P %$ %9 $N$?$a$N %$ %s %?!<%U%’ %$ %9 $r Ds6!$9$k !% { %$ %Y %s %H BT$A!$ %? %$ %^!$ Hs F1 4| %$ %Y %s %H 3d$j 9~$_ !J 8e=R !K $N5!G= $r Ds6!$9$k !% XS $N%7 %9 %F %‘ 9=@.$r ?^ 2 $K <($9 !% %f!< %6 $O !$ %U%m %s %H %(%s %I $G $" $k PC !J Lin ux $^ $?$O Windo ws !K $r ;H$C $F %W %m %0 %i %‘ $r 3+H/$9$k !% %f!<%6 $, Lisp $N S <0 $r 0l $DF~ NO $9 $k $H !$ %U %m %s %H%( %s %I %7 %9 %F%‘ $N reader $,$3 $l$rFI $_ 9~ $_!$ 4J C1 $JA0 =h M} $r9T $C $? $" $H !$ R CX B&$N <B 9T 7O !J ev aluator !K $K Aw ?. $9 $k !%<B 9T 7O $O $3 $N ?^ 2 XS %7 %9 %F%‘9=@. !% S <0 $r I>2A $7 $F 7k2L $r%U%m %s %H %( %s %I $K JVAw$9$k!% %U %m %s %H %( %s %I %7 %9 %F%‘$N prin ter $, $3 $N 7k2L $r PC $N %G %# %9 %W%l %$ $K I=<( $9$k!% $3 $N0lO" $N%9 %F %C %W $r 7+ $j JV $9$3 $H $K $h $C $F !$ %f !< %6$O MindStorms MQ$N %W %m %0 %i%‘ $r3+H/ $9$k $N $G$"$k!% $3$N7+ $jJV $7 $O !$ DL >o $N Lisp =hM} 7O $K $* $1 $k read-ev al-prin t %k !< %W $K AjEv$9 $k!% DL >o $N=hM} 7O $H K\<A E* $K 0[ $J$k $N $O !$ <B9T 7O $, JL %W %m %; %C %5>e $G F0:n $7 !$ @V 30 @~ DL ?. $r ;H $C $F S <0 $r<u $1 EO$9E@ $G$" $k!% <B 9T 7O $O!$ R CX MQ $K3+ H/ $5 $l$? %* !< %W %s%= !< %9 $N D6 >.7? OS $G$" $k bric kOS 3) >e $G F0:n $9 $k!% bric kOS $O $+ $D $F legOS 4) $H$h $P$l $F$$ $? OS $N 8e7Q $G$"$k!% 8e =R $N $h $& $K !$ 3+ H/ Ev =i $N XS $O legOS $r ;H MQ $7 $F$$ $? $, !$ 8= :_ $O bric kOS $K 0\9T $7 $F$$ $k!% R CX $H%U%m %s %H %( %s %I PC $H$N4V $NDL ?. $K$O !$ bric kOS $N 0lIt $H $7 $F G[ I[$5 $l $F $$ $k LNP (LegOS Net w ork Proto col) $r ;HMQ $7 $F $$ $k!% 3. %G !< %? 7? XS $O !$<! $N %G !<%? 7? $r Ds6!$9$k!% � ??56CM !J #t $H #f !K � 14 %S %C %H Id9fIU$-@0?t � 6u %j%9 %H � %3 %s %9 !&%; %k � 4X?t { AH$_9~$_4X?t { 4X?tJDJq !J %f !< %6Dj5A4X?t !K � 5-9f { AH$_9~$_5-9f !J AH$_9~$_4X?t$NL>A0 !K { %f !< %6Dj5A5-9f R CX $N MPU $G $O !$ 1 %o !< %I $O 16 %S %C %H D9$G $" $j !$ @0?t$b 16 %S %C %H D9 $G$" $k !% $7 $+ $7 8e =R $N$h $& $K !$<B 9T7O $G $O%o!< %I $N 2<0L 2 %S %C %H $r !$ %* %V %8 %’%/ %H $N 7? $r 6h JL$9 $k$?$a $N %? %0 $H $7 $F ;H MQ $7 $F $$ $k$N$G !$ XS $G ;HMQ $G $- $k@0?t $O 14 %S %C %H D9 $H$J $C $F$$ $k!% <B :] $N %W %m %0 %i %‘ $G $O!$ $3 $l $i $N7? $N B> $K!$ PC %G %#

3 %9 %W %l %$ $" $k$$$O R CX $N LCD %G %# %9 %W%l %$ $K %a %C %;!< %8$rI=<( $9 $k $? $a $K !$ J8 ;z Ns $H J8;z $r %G !<%? $H $7 $F07 $$ $? $$!% XS $G $O!$ 87 $7 $$ %a %b%j @) Ls $N $? $a $K!$ $3 $l$i$r 0l5i %* %V %8 %’%/ %H $H $7 $F $O <BAu $7 $F$$ $J$$!% $= $N$+ $o $j !$ %U %m %s%H %(%s %I $N reader $, J8 ;z %3 !< %I $N %j%9 %H !J J8;z Ns $N>l9g !K $* $h $S J8;z %3!< %I !J J8;z $N>l 9g !K $K E8 3+ $9 $k !V 5?;w %G !< %? 7? !W $H $7 $F <B Au $7 $F$$$k !% Nc $( $P !$F~NO $5 $l $? J8;zNs "abc" $O (97 98 99) $K JQ 49$5 $l !$J8;z #\a $O 97 $H JQ49$5 $l $k !% $5 $i $K!$ %W %m %0%i %‘ 5- =R $r 4J C1 $K $9 $k $? $a $K !V reader Dj ?t !W $H $$ $& $b $N $r MQ 0U $7 $F $$ $k !% reader Dj ?t $O !$ Common Lisp 5) $N%- !<%o!< %I $H F1MM $K !$ %3%m %s !J : !K $G ;O$^ $k L> A0$r ;}$A !$F~NO ;~ $K reader $K $h $C $F @0?t $K JQ49$5 $l $k!%<g $J reader Dj?t $r <! $K$" $2 $k!% � :most-positive-integer , :most-negative- integer � :a , :b , :c !J e�ector %] !< %H ;XDj !K � :off , :forward , :back , :brake , :max-speed !J %b !<%?$NF0:n;XDj !K � :white , :black !J 8w %; %s %5 CM;XDj !K � :La0 , :La#0 , :Si0 , . . ., :So#8 , :La8 !J 2;3, ;X Dj !K 4. AH $_ 9~ $_ 4X?t K\9FKvHx $K !$ XS $, Ds6!$9$kA44X?t !J FC<l7A<0 $r 4^ $‘ !K $r$" $2 $k !%A0H> $, DL >o$N Lisp =hM} 7O $K $b$_$i$l $k 0l HL E*$J 4X ?t 72$G $" $j !$8eH> $, MindStorms @l MQ $N 4X?t 72 $G$"$k!% 0l HL E* $J4X?t $K $D$$ $F $O !$ %Y!<%9 $H $7 $? Sc heme $N CN<1 $,$" $l $P !$ $* $* $h $= $N8+Ev $, $D$/ $G $"$m $& !% $3 $3 $G $O !$ FC $K Cm0U $rMW$9 $kE@ $r$" $2 $k $K $H $I $a $k!% Bg0h JQ?t $H Bg0h4X ?t $r Dj5A $9$k $K $O !$ %H %C %W%l %Y %k 7A<0 $N define $r ;H$& !% Sc heme F1 MM!$ XS $K $* $$ $F $b JQ ?t$H 4X ?t$O L> A0 6u 4V$r 6& M- $9 $k !%@) 8f 4X 78$G $O !$ Sc heme $N 0l 5i 7Q B3$r Ds 6! $7 $J $$$+ $o $j$K !$ Common Lisp $J $I $G Hs6I=j E*C& =P $N$? $a $K MQ $$ $i $l $k catc h&thro w $r Ds6! $7 $F $$ $k !%7+$jJV $7 $N$? $a $N 9=J8 $O FC $K MQ0U $; $:!$ Sc heme F1MM $K !$4X?t $NKvHx:F 5"E* 8F $S =P $7 $K $h$C $F <B8= $9$k!% Nc $( $P !$ L58B %k!< %W $O <! $N <0 $G <B8= $G $- $k!% (let loop () (loop)) Mp?t $r @8@.$9$k random $O !$ %m %\ %C %H$K %i %s %@ %‘ $JF0 :n $r$5 $; $?$$ $H$- $K M-8z $J$N $G :NMQ $7 $? !% J8 ;z Ns $HJ8 ;z$O !$ reader $, $=$l$> $l @0 ?t %j %9 %H $H @0 ?t $K JQ 49 $7 $F $7 $^ $& $N $G !$0lHLE* $J =PNO4X?t$N write $r ;H $& $H !$ @0?t%j %9 %H $" $k $$ $O @0?t $H $7 $F I=<( $5 $l$F $7 $^ $& !% $= $N$? $a $K !$ J8 ;z Ns $HJ8;z@l MQ $N4X?t $r$= $l $>$l MQ0U $7 $? !% <B 9T 7O $O <+F0E* $K $4 $_=8 $a $r 5/F0 $9$k $, !$ 6/ @) E* $K $4 $_ =8 $a $r 9T $$ $?$$ $H$- $O gc $r ;H $& !% gc $O !$ MxMQ 2DG= $J%; %k ?t $r CM $H $7 $F JV$9 !% <! $K !$ MindStorms @lMQ $N4X?t $K$D $$ $F4JC1 $K @bL@ $9$k!% %H %C %W%l %Y %k 7A<0 $N last-value $O !$ :G 8e $K <B 9T $7 $? S <0$N CM$r JV $9 !% DL >o !$<B9T 7O $, S <0$r I> 2A $9$k $HD>$A $K$= $NCM $, PC %G %# %9 %W%l %$ $K I=<( $5 $l $k $, !$ 0\ F0 $9$k %m %\ %C %H $r @)8f $7 $F$$$k>l9g $O !$ @V 30 @~ DL?. $N@)Ls $N $? $a $K CM $r %U%m %s %H %( %s %I $K JVAw $G$- $J $$ $3 $H $, $"$k!% $= $N$h$& $J>l9g $K !$ @V 30 @~ DL?. $, 2DG= $H$J$C $F $+ $i last-value $r ;H $( $P !$ $$$C $? $s$H$j $3 $\$7 $? CM $r <u $1 <h$k $3$H $,$G $- $k!% with-watchers $O !$HsF1 4| %$ %Y %s%H 3d$j 9~$_ $N $? $a$N 9=J8 $G$" $k !% XS $O %a %b %j@)Ls $N$?$a $K %^ %k%A %9 %l %C %I 5!G= $r ;} $C $F$$ $J$$ !J %9 %l %C %I $4 $H $K 3d$jEv $F $k%9 %? %C %/ NN 0h $r3NJ] $G$- $J$$ !K $, !$ with-watchers $r ;H $( $P !$ %^ %k%A %9 %l %C %I 5!G= $K 6a $$HsF1 4| F0 :n $r<B 8= $G $- $k!% $=$N 0lHL7A $O (with-watcher (( event 1 . hand ler 1 ) � � � ( event n . hand ler n )) . b o dy ) $G$"$k !% $3 $N <0 $, <B 9T $5 $l $k $H!$ K\ BN $G $"$k b o dy $N<B 9T $, 3+ ;O $5 $l $k !% K\ BN $N<B 9T Cf !$ event 1 !A event n $N3F >r7o $, @.$jN)$D $+ $I $& $+$r !$<B9T7O $, $H $- $I $-%A%’ %C %/ $9 $k !% $b $7 $$ $: $l $+$N>r 7o event i $, @. $jN) $F $P !$ K\ BN$N <B 9T $r 0l;~ E* $K CfCG $7 !$BP1~$9 $k hand ler i $r <B 9T $7 !$<B9T $, =*N;$9 $l $P K\BN $N <B9T $r :F3+$9$k!% time $O !$ XS 5/F08e $N7P2a;~4V $r 1/10 ICC10L $G @0 ?t $H $7 $FJV $9 !% XS $N@0 ?t $O 14 %S %C %H D9 $J $N $G !$ time $NJV $9 CM $O!$ Ls 13 J, $G %* !< %P !< %U %m !< $7 $F $7 $^$& !% $3 $N$?$a $K !$ reset-time $r ;H$C $F %7 %9 %F%‘%/%m%C%/ $r 0 $K =i 4| 2= $7 $J$* $7 $F $+ $i;~4V $r7WB, $N $, 8-L@ $G $"$k!% XS $G MxMQ2DG= $J%; %s %5 $O !$ 8w %; %s %5 !$ 3Q EY %; %s %5 !$ 29EY %; %s %5 !$ %? %C %A%; %s %5$N 4 <oN‘ $G$"$k !% $3$N $& $A 8w %; %s %5 $H 3QEY %; %s %5 $O%" %/ %F %# %V %; %s %5 $G$"$j !$ %; %s %5 $r;H MQ $9 $k A0 $K activ ate $7 $F $*$/ I, MW $,$"$k!% $^ $? ;HMQ8e $O%P%C %F %j $N >CLW $r 2! $( $k $?$a $K inactiv ate $9$k $N $, K> $^ $7 $$ !% light $O !$ ;X Dj $5 $l$?%; %s %5 %]!< %H $K @\B3 $5 $l$F$$$k8w %; %s %5 $, 46CN $7 $? 8wNL $r 0 !A 98 $N @0?t$H $7 $F JV$9 !% rotation $O !$ activ ate $5 $l $F$+ $i $N 3QEY$N JQ F0 $r 360/16 EY C10L$N @0 ?t !J 1 2s E>$9 $k $H � 16 !K $H $7 $F JV$9 !% temperature $O !$29 EY%;%s %5 $, 46 CN $7 $F $$ $k 8= :_ 29 EY $r @0 ?t !J @] ;a !K $H $7 $F JV $7 !$ touched? $O !$ %?%C %A %;%s %5$, J* BN $K @\ ?( $7 $F $$ $k$+ $I $& $+$N ??56CM $r JV$9 !% %b !< %?$r @) 8f$9 $k$? $a$K $O !$$^ $: speed $G B. EY$r

4 ?^ 3 %G !<%?I=8= !% ;XDj $7 $F $*$$ $F $+$i !$ motor $r ;H$C $F F0:n !J %*%U !$ A0 ?J!$ 8e B‘!$ Dd ;_ !K $r;XDj $9 $k!% A0 ?J $+ 8eB‘ $+ $O !$ R CX $N e�ector %] !< %H $X$N@\B3 $N8~ $- $K 0MB8 $9 $k $N $G !$ 0U ?^ $I $* $j $NF0 :n $r $7 $J$$ >l9g $O !$ @\ B3 $N8~ $- $rJQ99 $9 $k !% R CX $O%7%s %W %k $J 2; 8; $r Hw $($F $*$j !$ 4JC1 $J 6J $r 1iAU $9$k $3 $H $,$G$-$k!% 6J $O 2;Dx $H2; $ND9 $5 $rO"A[ %j %9 %H $N7A $G play $K M? $($k!% play $O 1i AU $r3+ ;O $9$k $H !$ =* N; $rBT $? $: $K D>$A $K %j %? !< %s $9$k!% D> A0 $N1iAU $, =*N; $7 $? $+ $I $& $+$r D4 $Y $k $K$O !$ playing? $r ;H $& !% XS $G$O !$ R CX %V %m %C %/ $K$D $$ $F $$$k ;M $D $N %\ %? %s $N $& $A Prgm %\ %? %s$r !$ %W %m %0 %i%‘ $G MxMQ 2D G= $J?.9f $r Aw$k <jCJ $H $7 $F MxMQ $G$-$k!% Nc $( $P !$ %W %m %0 %i%‘ $N 5/F0 8e!$ FC Dj $NF0 :n $r 3+;O $9 $k %? %$ %_ %s %0 $r ;XDj $9$k >l9g $K JXMx $G$" $k!% $3$N$?$a $K$O !$ (wait-until (pressed?)) $H $9 $l $P $h$$ !% LCD %G %# %9 %W %l %$ $rA‘ :n $9 $k 4X ?t $K $O !$ J8 ;z Ns !J <B :] $K $O J8 ;z %3 !< %I $N %j %9%H !K $r I= <( $9 $k puts !$FC Dj $N 0L CV$K J8 ;z !J <B :]$K $O J8 ;z%3 !< %I !K $r I= <( $9 $k putc !$ LCD %G %# %9 %W%l %$ A4BN $r %/%j %"$9$k cls $, $" $k!% battery $O R CX $N%P%C %F%j !<;D NL $r D4 $Y$k4X ?t $G $" $k !% %P%C%F %j!< $O @V 30 @~ DL ?. $K $b ;H$o $l $k$N$G !$ EE05 $, Dc2< $9 $k $H !$ %U %m %s %H %( %s %I $H$N8r?. $b $G$- $J $/ $J$k!% $= $3 $G !$ $3 $N4X?t $r$H$- $I $-;H$C $F !$ EE 05 $, Dc $1$l $P E, 59%P%C%F %j!<$r 8r 49$9 $k$3$H$, K>$^ $7 $$ !% linked? $O !$ R CX $, %U %m %s%H %(%s %I $H 8r ?. 2D G= $+ $I $& $+$rD4 $Y$k4X ?t $G !$ 0\ F0 $9 $k %m %\ %C %H$, 8r?. $G$- $J ?^ 4 %;%k$N 2r<a !% $/ $J $C $? >l9g $K !$8r?. $r :F3+$9$k $?$a $K 7g $+$;$J $$ !% 5. <B9T7O $N 35MW ?^ 3 $K !$ XS <B9T7O $, :N MQ $7 $F $$ $k %G !< %? I=8= $r <( $9 !% MPU $N 1 %o!< %I $O 16 %S %C %H$G$"$j !$ $= $N2<0L 2 %S %C %H $r %G !<%? %? %0 $H $7 $F ;HMQ $7 $F$$ $k!% @0 ?t!$ AH $_ 9~ $_4X ?t!$ AH $_9~ $_5-9f!$ $= $NB> $N??56 CM $d6u%j%9 %H $O B(CM $G$"$j !$ %3 %s %9 !& %; %k !$ 4X?t JDJq!$ %f!<%6Dj 5A 5-9f $O !$ %R!< %W $K 3d $jIU $1$i $l $?%; %k$X $N %] %$ %s %? $r 5-21 $7 $F$$$k!% >. $5 $$ %R!< %W NN0h $r M-8z $K MxMQ $9$k $? $a $K !$ %R!< %W $K$O 2 %o!< %I $N%; %k $@ $1$r G[CV $7 !$ %3 %s %9 !& %; %k !$ 4X ?t JDJq!$ %f!<%6Dj 5A5- 9f $N<BBN $O !$ $3 $l $i $N %;%k $r AH$_ 9g $o $; $k$3$H $K $h$C$F I= 8= $7 $F $$ $k !% $= $l $>$l$N%; %k $, $I $N$h $& $K 2r<a $5 $l $k $+ $O !$ $= $l $, $I $N%* %V%8 %’%/ %H$+$i %j %s %/ $5 $l$F$$$k $+ $K 0MB8 $9$k !J ?^ 4 ;2>H !K !% %R!< %W $K 3d $jIU $1 $i $l $k %; %k $, $9 $Y $FF1 $8 %5 %$ %: $J $N $G !$ $4 $_=8 $a $K !J GC !K $O !$ C1 =c $J%^ !< %/ !& %9%$ !< %W GC $r :NMQ $7 !$ MxMQ 2DG= $J%; %k $O%U %j !<%j%9 %H $H $7 $F 4IM} $7 $F$$$k!% <B ;~ 4V @- $, MW5a $5 $l $k %m %\ %C %H $r @)8f $9 $k$?$a$K$O !$0lHLE* $K$O <B ;~4V GC $, K>$^ $7 $$ $, !$ %R !< %W $, >.$5$$ $3$H$H !$ R CX $N MPU $, Hf3SE*9b B. $G $" $k $3$H $+$i !$ XS $N >l9g $O %W %m %0 %i %‘ $r CfCG$9$k Dd;_ 7? GC $G$b == J, 5! G= $9$k $h$& $G$"$k!% <B :]!$ $3 $l $^ $G$N R CX ;HMQ7P83 $G$O !$ GC $N Dd;_ $K $h$k %H %i %V %k$O Js9p$5 $l $F $$$J$$ !% XS $N %7 %9 %F%‘A4 BN $O C 8@8l $G 5- =R $5 $l$F$$$k!% R- CX >e$G F0 :n $9 $k <B 9T 7O $O !$ R CX $N H8 MPU MQ$N GNU %/ %m%9 %3 %s%Q %$ %i $r;H $C $F %3 %s%Q %$ %k$9 $k !% %U %m %s %H %( %s %I %7 %9 %F%‘ $N $[ $& $O !$ DL >o $N C %3 %s%Q %$ %i $r Mx MQ $9 $k!% Lin ux HG $O GNU %3 %s%Q %$ %i $r !$ Windo ws HG $O Visual C $r ;H$C $F$$$k!% <B 9T7O $r C 8@8l $G <BAu $7 $?$? $a $K !$ ?? $K KvHx :F 5"E* $J %$ %s %?!< %W %j %? $r<B8= $9$k $? $a $K !$ ?7 $7 $$<B Au 5; =Q $r3+ H/ $9 $k I, MW $,$" $C $?!% $3 $l$K$D$$ $F $O !$ K\9F $NHO0O 30 $J$N $G !$ B> $N5!2q $K Js 9p $7 $? $$ !%

5 8=;~E@ $G$N %a %b %j;HMQNL $r 0J2< $K <($9 !% � bric kOS: 9K %P %$ %H � <B9T7O %P %$ %J %j : 11K %P %$ %H !J A4AH $_9~ $_4X?t $r 4^ $‘ !K � @V30@~DL?.MQF~=PNO %P %C%U %! : 256 %P %$ %H � C 8@8l %9 %?%C %/ : 1K %P %$ %H !J = 512 %o!< %I !K � JQ?t %9 %?%C %/ : 0.5K %P %$ %H !J = 256 %o!< %I !K � %R !< %W : 5K %P %$ %H !J 1280 %;%k !K %R !< %W %5 %$ %: $O !$ <B 9T7O $r R CX $K %@ %& %s %m!< %I $7 $? 8e $G !$ ;D $C $F$$$kMx MQ 2D G= %a %b %j NL $r3d=P $7 !$ $-$j $N $h$$?t CM $K 4] $a $F7hDj $7 $F$$$k!%%a %b %j ;H MQ NL $N9g 7W $, RAM MF NL $N 32K %P %$ %H$KC# $7 $J$$ $N $O !$ RAM NN 0h $N0l It $, R OM %W %m %0 %i%‘ <B 9T MQ $K M=Ls $5 $l$F$$$k $?$a$G$" $k!% 6. 8=>u $H :#8e %7 %j %" %k %?%o!< !J PC $N%7 %j %" %k%] !< %H $K @\B3$9$k @V 30 @~ %? %o !< !K $rMx MQ $9 $k R CX %b %G%k 1.0 $* $h $S 1.5 $K BP $7 $F$O !$ Lin ux HG $H Windo ws HG $H$b $K %W %m %H %? %$ %W$, 40@. $7 $F$* $j !$ Redhat Lin ux !$ Debian Lin ux !$ Windo ws XP >e $G F0 :n $,3N G’ $5 $l $F $$ $k !% USB %? %o !< $r Mx MQ $9 $k %b %G %k 2.0 $K BP $7 $F $O !$8= >u $G $O !$ Win- do ws HG $O BP1~ $7 $F $$ $k $, !$ Lin ux HG $O $^ $@ BP1~ $7 $F $$ $J $$!% $3 $l $O !$ %Y!<%9 $H $J$k bric kOS $, !$ Lin ux >e $N USB %?%o!<$r%5 %] !< %H $7 $F $$$J$$$?$a $G $" $k !% $$ $:$l 5!2q $r$_$F <BAu $7 $? $$ !% XS $N %W %m %8 %’ %/ %H$O!$ $^ $:K\ 9F $NI. <T $, !$ %7%j %" %k %? %o !< BP 1~$N Lin ux HG %W %m %H %? %$ %W $r legOS >e $K 3+ H/ $9 $k $3 $H $+ $i;O$^ $C $?!% 3+ H/ 3+ ;O ;~ $K legOS $N8e7Q $G$"$k bric kOS $, $9 $G $KB8:_ $7 $? $, !$ legOS $H Hf 3S $7 $F bric kOS $O 5, LO $, Bg $- $$ $? $a $K !$ $h $j B? $/ $N %a %b%j NN0h $rMxMQ $G$-$k legOS $r :NMQ $7 $? !% I.<T $K$O Win- do ws $N %W %m %0 %i%_ %s %0 7P 83 $, $H $\ $7 $$ $N $G!$ Lin ux HG %W %m %H %? %$ %W $, 40 @. $7 $? ;~E@ $G !$ Windo ws >e $X$N 0\ ?" $r JF9q %U%i %s %D<R $K 0QBw $7 $? !% Ev;~!$ Cygwin BP1~ $N legOS $, B8:_ $7 $? $, !$ Windo ws >e $G $O D>@\F0:n $7 $F$$ $J $+$C $?!% $3 $N $? $a $K%U %i %s%D<R $G $O !$ Windo ws BP1~ $N bric kOS $r ;HMQ $7 !$ $= $3 $+ $i XS $K IT MW $J5! G= !J %^ %k%A %9 %l %C %I 5!G= $J $I !K $r:o=|$9 $k $3 $H $K$h$C $F !$ Ev=i $N legOS $h$j$b %3 %s %Q %/ %H $J bric kOS $r 9=C[ $7 !$ E,59=$ @5 $r 2C $( $k $3$H $K$h$C $F XS $r F0:n $5 $;$k $3 $H $K @.8y $7 $? !% 0\ ?" :n 6H $NCf ?4 $H $J$C $? John F o deraro ;a $K$3$N >l $r <Z$j $F 46<U $7 $? $$ !% XS $O !$ %*!< %W %s %= !< %9 $N%=%U %H %&%’%"$H $7 $F !$<! $N W eb %Z !< %8$+$i 8x3+$9$kM=Dj $G$" $k !% http:\\www.xslisp.com K\9F <9 I.;~ E@ $G $O !$ %j %U %! %i %s %9 %^ %K %e %" %k$dH/I= ;q NA $J $I $N %I %-%e %a %s %H N‘ $, !$ $3$N W eb %Z !< %8$+$i %@ %& %s %m!< %I 2DG= $G$"$k!% %W %m %0 %i %_ %s %0%7 %s%] %8 %&%‘ EvF| $^ $G $K $O !$ %= %U %H %& %’ %" $, %@ %& %s %m!< %I $G $-$k $h $&EXNO $9$k!% ;2 9M J8 8% 1) LEGO.com MindStorms Home, http://mindstorms.lego.com/ . 2) IEEE Standard for the Sc heme Programming Language, IEEE (1991). 3) bric kOS at SourceF orge, http://brickos.sourceforge.net/ . 4) legOS Alternativ e Lego OS, http://sourceforge.net/projects/legos . 5) Guy Steele: Common Lisp the L anguage, Se c- ond Edition , Digital Press (1990). IU O? A.1 4X ?t 0l Mw XS $, Ds6!$9$kA4 4X?t !J FC<l7A<0 $r 4^ $‘ !K $r !$ $= $l $i$N 4X?t %W %m%U %! %$ %k$H $H$b $K 0J2< $K Ns5s $9 $k!% <! $N 5-K! $r MQ$$$k!% X *: 0 8D0J>e $N X X + : 1 8D0J>e $N X f X 1 j� � �j X n g : X 1 ; . . . ; X n $N$$$: $l$+ [ X ] : X $, >JN,2DG= 4X ?t%W %m %U%! %$%k X 1 ; X 2 ; . . . ; X n $, 4X ?t L> $r =| $$ $F F1 0l $N $H $- $O !$$^ $: X 1 $r =q $$ $F !$ $= $N $" $H $K X 2 ; . . . ; X n $N 4X ?tL> $r =q $/ $3$H $, $" $k !%Nc $( $P !$ or $N 4X?t %W %m%U %! %$ %k$O (or expr * ) $G $"$k !% %;%_ %3%m %s !J ; !K 0J9_ $O%3 %a %s %H $G $" $k!% A.1.1 0lHLE* $J 4X?t � %H %C %W%l %Y %k 7A<0 (define sym expr ) (define ( sym sym * [. sym ]) expr * ) (load �le-name ) ; %U%! %$ %k$+$i$N%m !< %I (trace function-name ) $H untrace (bye) ; %; %C %7 %g %s =*N; � 4pK\E* $J 7A<0 (quote obje ct ) (set! sym expr ) (lambda ( sym * [. sym ]) expr * ) � @)8f (begin expr * ) (apply function obje ct * list ) (if expr expr [ expr ])

6 (catch expr expr * ) (throw obje ct obje ct ) � >r7o<0 (and expr * ) $H or (not obje ct ) � B+G{ (let [ sym ] (( sym expr ) * ) expr * ) (let* (( sym expr ) * ) expr * ) $H letrec � 7?=R8l (boolean? obje ct ) $H integer? , null? , pair? , symbol? , function? � Hf3S (eq? obje ct obje ct ) (< int + ) $H > , = , >= , <= � ;;=Q7W;; (+ int * ) (- int int * ) (* int * ) (/ int int ) $H remainder (logand int int ) $H logior , logxor , logshl , logshr � Mp?t (random int ) � %j%9 %H =hM} (car p air ) $H cdr (cons obje ct obje ct ) (set-car! p air obje ct ) $H set-cdr! (list obje ct * ) (list* obje ct * obje ct ) (list-ref list int ) (append [ list * obje ct ]) (assoc obje ct a-list ) (member obje ct list ) (length list ) $H reverse � PC C<Kv$NF~=PNO (read) $H read-char , read-line (write obje ct ) (write-char char ) (write-string string ) � $4 $_ =8 $a (gc) ; CM $O%U %j !< %; %k$N 8D?t A.1.2 MindStorms 8GM- $N 4X?t � %H %C %W%l %Y %k 7A<0 (last-value) ; :G8e $N CM $O 2? $@ $C $1!) � @)8f (sleep int ) ; C10L 1/10 IC (wait-until expr ) ; %$ %Y %s %H BT$A (with-watcher (( expr expr * ) * ) expr * ) ; HsF14| %$ %Y %s %H 3d$j9~ $_ � %7 %9 %F%‘ %/ %m%C %/ (time) ; C10L 1/10 IC !J 13 J, $G%* !< %P!<%U%m!< !K (reset-time) � 8w%; %s %5 !J 0z?t$N?tCM $O%] !< %H HV9f !K (light-on f 1 j 2 j 3 g ) $H light-off (light f 1 j 2 j 3 g ) ; CM $O 0 !J $^ $C 9u !K !A 98 !J $^ $C Gr !K � 3QEY%; %s %5 !J 0z?t$N?tCM $O%] !< %H HV9f !K (rotation-on f 1 j 2 j 3 g ) $H rotation-off (rotation f 1 j 2 j 3 g ) ; C10L 360/16 EY � 29EY%; %s %5 !J 0z?t$N?tCM $O%] !< %H HV9f !K (temperature f 1 j 2 j 3 g ) ; C10L $O @];a � %?%C%A%; %s %5 !J 0z?t$N?tCM $O%] !< %H HV9f !K (touched? f 1 j 2 j 3 g ) � %b!<%? !J 0z?t$N :a , :b , :c $O%] !< %H L> !K (motor f :a j :b j :c g f :off j :forward j :back j :brake g ) (speed f :a j :b j :c g sp e e d ) ; CM $O 0 !A 255 � 2; (play (( pitch . length ) * )) (playing?) � Prgm %\ %? %s (pressed?) � LCD %G %# %9 %W%l %$ (puts string ) (putc char c olumn ) (cls) � %P %C%F %j;DNL (battery) ; C10L 1/10 %\ %k %H � @V30@~DL?. (linked?) ; DL?.2DG= $+ $I $& $+