%7%9%F%‘M}O@1i=, I I (9) 7Q>5 A}861QI’ (masuhar a@gr ac o.c.u-tokyo.ac.jp) 1997 G/ 6 7n 27 F| 1 %/%i%9$N3HD% %/%i%9$rDj5A$9$k>l9g!"$I$NDxEY0lHLE*$J$b$N$r:n$k$N$,E,Ev$@$m$&$+ ? Nc$($P!"A02sDj5A$7 $?!V>h$jJ*!W$O!" (1) >uBV$H $7$F 0L CV$H B.EY $,$" $j!" (2) B. EY$r JQ$( $k$3 $H $,$G $-!" (3) 8=:_ $NB. EY $H7P 2a;~ 4V$r 4p $K0L CV$, 99?7 $5 $l$k $b $N$G$"$C$?!#$3$l$O<+F0<V$G$"$m$&$H!"<+E><V$G$"$m$&$H!"EE<V$G$"$m$&$H6&DL$7$F$$$k!# Av$l $P Av $k $[ $I G3 NA $r >C Hq $9 $k $h $& $J !V<+ F0 <V!W $r I= 8= $9 $k $? $a $K!" $3 $N >h $j J* %/ %i %9 $r ;H $& $3 $H $r 9M $( $k $H!" (4) FbIt >uBV$H $7$F G3NA $,$"$k!" (5) 0\ F0$9 $k$H G3NA$, 8:$k!" (6) G3 NA$, L5$/$J $k$H F0$1$J $/$J $k!"$H $$$&@- <A$r 2C $($k$3$H $K$J$k!# $^$?!" !VEE<V!W$G $"$l$P!" %l!<%k $N8~$- $K0\F0 J}8~ $,@)8B $5$l$? $j!">h 5R$,$$ $k$H$$ $&@- <A$r2C $( $k!# $3$N$h$& $J>l9g!" $"$j $H$"$i $f$k@- <A$r7s $MHw $($k$h $&$K!V>h $jJ*!W%/ %i%9 $r3HD% $9$k$H!" 5pBg $JDj5A $K$J$C$F $7 $^$$!"%*%V %8%’%/%H $K$h$k ItIJ2= $N287C $,B; $o$l$F $7$^$&!# $=$3$G!" 0lHLE* $J%/%i %9$K $O6&DL $9$k@- <A$@$1 $rDj5A $7 $F$* $-!"$= $N %/%i %9 $r$b $H $K!"FC <l $J@- <A $r$D $1 2C$( $? ?7$7 $$ %/ %i%9 $r :n$k $3 $H$r 7Q >5 ( inheritanc e ) $H8@ $&!# $b$H $K$J$k%/%i %9$r ?F %/%i%9 !" %9!< %Q!<%/%i %9 ( sup er class ) $"$k$$ $O 4pDl %/%i%9 ( b ase class ) $H8F $S!"3HD% $7$?%/%i %9$N $3$H$r ;R%/%i%9 !" ItJ,%/%i%9 ( sub class ) $"$k$$$O GI@8%/%i%9 ( derive d class ) $H8F$V!# ;R%/%i %9$r :n$k <jB3 $H$7 $F make-inherited-class $H$$ $&<j B3 $rMQ 0U$9 $k!#$3 $l$K $h$C$F :n$i $l$? %/%i %9$O!" 4p K\E*$K h ?F%/%i%9 i $HF1$8>uBVJQ?t$H%a%=%C%I$r;}$A!"$5$i$KFH<+$N$b$N$b;}$D!# (make-inherited-class h ?F%/%i%9 i h >uBVI=:n@.<jB3 i h %a%=%C%I%j%9%H i ) !V<+F0<V!W%/%i%9$G$O!"0J2<$N 3 E@$K$D$$$F$,!V>h$jJ*!W%/%i%9$+$i$NJQ99$K$J$k!# � >uBVJQ?t$H$7$F position , velocity , fuel $r;}$D � ?7$7$$%a%=%C%I$H$7$F!"G3NA$N;DNL$rCN$k fuel , G3NA$,L5$/$J$C$?$i!"B.EY$r 0 $K$9$k check-fuel $r;}$D � %a %=%C %I move! $O!" %/ %i %9 vehicle $N %a %=%C %I $K =>$C $F 0\ F0 $7 $? $" $H!" 0\ F0 5w N% $K 1~ $8 $F G3 NA $r 8: $i$7!" $5 $i$K$=$N8e$G check-fuel $r8F$S=P$9$b$N$H$9$k!# 7k6I!"<jB3 make-inherited-class $O0J2<$N$h$&$K;H$&!# (define automobile (make-inherited-class vehicle ; ?F%/%i%9 (lambda (p v f) ; >uBVI=:n@.<jB3 (list ’position ’velocity v ’fuel f)) (list ’fuel automobile-fuel ; DI2C / JQ99$5$l$k%a%=%C%I ’check-fuel automobile-check-fuel ’move! automobile-move!))) 1

1.1 %a%=%C%II= 7Q>5%/ %i %9$N %$%s %9 %?%s %9$K BP $7$F!" send $r 9T$C$? >l9g!" $$ $^$^ $G$N $b $HF0 :n$, JQ $o$C$F $/$k!# $^ $:=j B0%/ %i %9 $N%a%=%C%II=$rC5$9!#$=$3$G;XDj$5$l$?L>A0$N%a%=%C%I$,8+$D$+$i$J$+$C$?$i!" ?F%/%i%9$N%a%=%C%II=$rC5$9 !# $=$3$G!"%a%=%C%II= Cj>]%G!<%?$N Dj5A$r0J2< $N$h$&$KJQ 99$9$k!#$$$^ $^$G$N make-method-table $N0z?t $N@09g@- $rJ]$D$?$a$K!" make-inherited-method-table $H$$$&<jB3$-$G%a%=%C%II=$r:n$k$3$H$K$9$k!# � (make-inherited-method-table (list h L>A0 i h <jB3 i : : : ) h ?F%a%=%C%II= i ) | %a%=%C%II=$r:n$k!# h ?F%a%=%C%II= i $O!"?F%/%i%9$N%a%=%C%II=!#?F%/%i%9$,L5$$>l9g$K$O!"56 ( #f ) $rM?$($k!# � (make-method-table (list h L>A0 i h <jB3 i : : : )) | ?F%/%i%9$NL5$$%a%=%C%II=$r:n$k!# (define (make-method-table method-list) (make-inherited-method-table method-list #f)) � (method-table-lookup h %a%=%C%II= i h L>A0 i ) | h L>A0 i $KBP1~ $9$k<j B3$r $H$j=P $9!#$b$7 8+$D$+ $i$J $+$C$? >l9g$O56 ( #f ) $rJV$9 LdBj$O method-table-lookup $G $" $k$,!" <+ %/%i %9 "*?F %/%i %9 "*$= $N ?F%/ %i%9 "* !D!D $H $$ $&=g $G %a%=%C %I$r C5 $9 $N$G!"0J2<$N$h$&$J:F5"E*$JDj5A$K$J$k!# (define (method-table-lookup method-table name) (let ((proc h <+%/%i%9$N%a%=%C%II=$+$i name $rC5$9 i ) (super h ?F%/%i%9$N%a%=%C%II= i )) (cond (proc proc) ; <+%/%i%9$KDj5A$,$"$C$? (super (method-table-lookup super name)) ; ?F%/%i%9$,$"$k (else #f)))) ; %a%=%C%I$,$J$$ 2]Bj 9-1: (metho d-table-lo okup) <jB3 method-table-lookup $r40@.$5$;$h!# 1.2 %/%i%9%G!<%? 7Q>5%/%i%9$rDj5A$9$k (make-inherited-class h ?F%/%i%9 i h >uBVI=:n@.<jB3 i h %a%=%C%I%j%9%H i )) $O!"<!$NE@$r =|$$$F make-class $HF1$8$b$N$K$J$k!# � 0z?t$H$7$F h ?F%/%i%9 i $,A}$($F$$$k � h ?F%/%i%9 i $+$i%a%=%C%II=$r<h$j=P$7$F!" make-inherited-method-table $r;H$C$F%a%=%C%II=$r:n$k 2]Bj 9-2: (make-inherited-class) <jB3 make-inherited-class $rDj5A$;$h!# $?$@$7!"%/%i%9%G!<%?$+$i%a%=%C%II=$r<h$j=P$9<jB3 class-method-table $,I,MW$H$J$k$N$G!"$=$l$bDj5A$;$h!# 1.3 %a%=%C%I ?7$7$$ ( $D$^$j?F%/%i%9$KDj5A$5$l$F$$$J$$ ) %a%=%C%I$rDj5A$9$k>l9g$O!"$$$^$^$GF1$8$h$&$KDj5A$G$-$k!# 2

(define fuel (send ’fuel)) ; Am>N4X?t$NDj5A (define check-fuel (send ’check-fuel)) (define (automobile-fuel a) ; G3NA$N;DNL (with-slots ((fuel velocity) a))) (define (automobile-check-fuel a) (if (< (fuel a) 0) ; G3NA$,L5$/$J$k$H (set-speed! a (scale velocity 0)))) ; B.EY$r 0 $K$9$k $^$?!"?F%/%i%9$KDj5A$5$l$F$$$k%a%=%C%I$rJQ99$9 $k>l9g!"F0:n$N$D$1B-$7$K$J$k$3$H$, B?$$!#Nc$($P!" move! %a %=%C%I$O!"<!$N$h$&$JF0:n$r$9$k!# 1. $^$:!"!V>h$jJ*!W%a%=%C%I$N move! $r;H$C$F!"0LCV$rF0$+$9 2. <!$K!"0\F05wN%$HG3Hq$+$i>CHq$7$?G3NA$r5a$a!"G3NA$r8:$i$9 3. :G8e$K!"G3NA7W$N%A%’%C%/$r$9$k (define *cost/distance* 10) ; G3Hq (define (automobile-move! a time) (define (fuel-consumption dist) (* dist *cost/distance*)) (let ((pos-before (position a))) ; 0\F0A0$N0LCV (vehicle-move! a time) ; ?F%/%i%9$N%a%=%C%I (let ((pos-after (position a))) ; 0\F08e$N0LCV (with-slot ((fuel) a) (set! fuel (- fuel ; G3NA$r8:$i$9 (fuel-consumption (distance pos-before pos-after))))) (check-fuel a)))) ; G3NA@Z$l$N%A%’%C%/ Cm0U : ?F%/%i%9$N move! %a%=%C%I$r8F$S=P$9$?$a$K!"<jB3 vehicl-move! $rD>@\8F$S=P$7$F$7$^$C$F$$$k!#$^$?!" >uBVJQ?t$NJQ99$,$"$k>l9g!" with-slots $,=E$J$i$J$$$h$&$K$9$kCm0U$,I,MW$K$J$k!# 2 Cj>]%/%i%9 %G%+%k%H:B I8$H6K :BI8$N 2 $D $N%/%i %9$K$O!" 6&DL$9 $k@-<A $bB?$$ $N$@$,!" 0lJ}$,B> J}$r7Q >5$7$F $$$k$H 8+$J$9 $3$H $OFq $7 $$!# $‘ $7 $m!" $3 $N 2 $D $N %/ %i %9 $K !VE@!W %/ %i %9 $H $$ $& 6& DL $N AD @h $, $$ $F!" N> <T $O $= $N ;R %/ %i %9 $K $J$C $F $$ $k $H9M $( $k J} $, ET 9g $, $h $$!# E@ %/ %i %9 $O!" FC Dj $N Fb It I= 8= $r ;}$C $F $$ $J $$ $N $G!" D> @\ %$ %s %9 %? %s %9 $r :n $k $3 $H $O $G $- $J$$!# $7 $+ $7!" 2 E@ $r B-$9 add $d!" E@ $N %9 %+ %i!< G\ $r 5a $a$k scale $J $I $O!" 6& DL $N Dj 5A $G$" $j!" E@ %/ %i %9 $N %a %=%C %I$H $7 $F Dj 5A $G $- $k!# 5U $K!" x-coord $d radius $N $h $& $J %a %=%C %I $O!" Fb It I= 8= $K 0M B8 $9 $k $N $G!" E@ %/ %i %9 $G $O $J $/!"$=$l$>$l$N;R%/%i%9$GDj5A$9$kI,MW$,$"$k!#$3$N$h$&$J%/%i%9$r Cj>]%/%i%9 ( abstr act class ) $H$$$&!# ;;; E@%/%i%9 ( Cj>]%/%i%9 ) $NDj5A (define (point-add p1 p2) (let ((x1 (x-coord p1)) (y1 (y-coord p1)) (x2 (x-coord p2)) (y2 (y-coord p2))) (new cartesian (+ x1 x2) (+ y1 y2)))) (define (point-mul p1 p2) (let ((r1 (radius p1)) (a1 (angle p1)) (r2 (radius p2)) (a2 (angle p2))) (new polar (* r1 r2) (+ a1 a2)))) (define point (make-class (lambda () ’()) (list ’add point-add ’mul point-mul ...))) 3

%/%i%9 cartesian !" polar $O!" point $N;R%/%i %9$H$7$FDj5A$9 $k$3$H$,$G$-$k!# %a%=%C%I add !" mul Ey$O $b$O$d 8GJL$KDj5A$9$kI,MW$,$J$$!# (define cartesian (make-inherited-class point (lambda (x y) (list ’x x ’y y)) (list ’x-coord cartesian-x ’y-coord cartesian-y ’radius cartesian-radius ’angle cartesian-angle ’print cartesian-print))) (define ploar (make-inherited-class point (lambda (r a) (list ’r r ’a a)) (list ’x-coord polar-x ’y-coord polar-y ’radius polar-radius ’angle polar-angle ’print polar-print))) 2]Bj 9-3: ( Cj>]%/%i%9 ) %/%i%9 point $K!"0J2<$N<jB3$-$rDj5A$;$h!# � %9%+%i!<G\$r$9$k (scale p s) ( E@ ( s; 0) $H$N>h;;$K$J$k ) � 2 E@$N0z$-;;$r$9$k (sub p1 p2) ( � 1 G\$7$FB-$9 ) � 2 E@4V$N5wN%$r5a$a$k (distance p1 p2) ( :9$N radius $K$J$k ) 7W;;Nc : > (let ((p0 (new cartesian 1 2))) (let ((p1 (add p0 (new cartesian (sqrt 12) 0))) (p2 (add p0 (new polar 4 (/ pi 6))))) (distance p1 p2))) h ?? i 2]Bj 9-4: ( $5$i$KCj>]%/%i%9 ) 2]Bj 8-2, 8-3 $G $OD9 J}7A!" 1_!"9g @.?^7A $rDj 5A$7 $?$,!"$3 $l$i $K6& DL$9$k ?F%/ %i%9 $H$7$F!" graphic-object $r Dj5A$;$h!# $3$N ;R%/%i %9$O!" center ( Cf?4$N :BI8 $rJV$9 ) !" width ( ?^7A A4BN$N I}$r JV$9 ) !" height ( 9b$5 ) !" move! !" scale! !" draw! ( 3($rIA$/ ) $J$I$N%a%=%C%I$rDj5A$7$F$$$k$b$N$H$9$k!#$^$?!";R%/%i%9 rectangle , circle , composite $NDj5A$r=$@5$;$h!# � � C R fit! ! n Cj>] %/ %i %9 graphic-object $N %a %=%C %I $H $7 $F!"?^ 7A $r $" $k D9 J} 7A $N NN 0h $K $* $5$^ $k $h $& $K 0\ F0!" 3H Bg!& =L >. $9 $k fit! $, Dj 5A $G $- $k!#Nc $( $P!" (fit! C R) $H $9 $k $H!" >e $N ?^ $N $h $& $J JQ 7A $r $7 $F $/ $l $k $b $N $H$9 $k!# $3 $N %a %=%C %I $NDj5A$O!"0J2<$N$h$&$J46$8$K$J$k!#<B:]$KF0:n$r3N$a$h!# 4

(define (graphic-object-fit! obj rect) (let ((obj-w (width obj)) (obj-h (height obj)) ; I}!&9b$5$r5a$a$k (rect-w (width rect)) (rect-h (height rect))) (let ((scaling-ratio ; =D2#$N3FHfN($r5a$a (min (/ rect-w obj-w) (/ rect-h obj-h)))); >.$5$$J}$r$H$k (scale! obj scaling-ratio) ; ?^7A$r3HBg!&=L>. (move! obj (center rect))))) ; Cf?4$r9g$o$;$k 3 %a%?%/%i%9 ( $N$*OC$7 ) :#2s$N;q NA$G $O!"%/%i %9$K7Q >55! G=$rIU 2C$9 $k$?$a $K!"%/%i %9%G!< %?$d%a %=%C%I I=$H$$$C $?%G!<%? $r3H D%$7$F $$$C $?!#$3 $N @h!" $h $j 6/ NO $J %* %V %8%’ %/ %H ;X 8~ %W %m %0 %i %_ %s %0 $r Ds $l $7 $h $& $H ;W$C $? $i!" $5 $i $K 3H D% $, I, MW $K $J $k $@ $m $&!# $b$7%/%i %9%G!< %?$d%a %=%C%II= <+?H $,%*%V %8%’%/ %H$G$"$C $?$i!"$3 $&$$$C $?3HD% $bMF 0W$K$G $-$k$+ $bCN $l$J$$!# $= $3$G!" automobile $N $h$&$J%/%i %9$b!"$"$k%/%i %9$N%$%s%9 %?%s%9$G$"$k $H$9$k!#$=$N $h$&$J%/%i %9$N$3$H$r %a %?%/ %i%9 ( metaclass ) $H8@$&!#F1MM$K!"%a%=%C%II=$KBP$7$F$b2?$i$+$N%a%?%/%i%9$,$"$k$3$H$K$J$k!# $^$?!" automobile $N $h$&$J%/%i %9$r!"%a%?%/ %i%9$N%$%s %9%?%s%9$@ $H;W$&>l9g!"$3 $N$h$&$J%* %V%8%’%/%H$N $3$H $r %a %? %* %V %8%’ %/ %H ( metaobje ct ) $H 8F $V!# %a %? %*%V %8%’ %/ %H $, 5, Dj $9 $k %a %=%C %I $d >u BV JQ ?t $N L> A0 $H $$$C $?$b $N $r %a%?%*%V%8%’%/%H%W%m%H%3%k ( metaobje ct pr oto c ol ) $H$$$&!# EvA3!"%a%? %/%i%9 $O%/%i %9$G $"$k$N $G!">e$H F1$85D O@$r7+ $jJV $;$P!"2? $i$+$N %/%i%9 $N%$ %s%9%? %s%9!"$H $$$&$3 $H $K$J$j!"L58B$K%/%i%9 $,I,MW$K$J$k $,!"B?$/$N>l9g $O!"$I$3$+$K86 ;O%/%i%9 c $rMQ0U$7$F $*$$$F!" c $N%a%?%/ %i%9$b c $G$"$k!"$H$$$&>uBV$r:n$C$F$*$/!# $H$3$m$G!" make-class $N$h$&$J <jB3$O!"%a%?%/ %i%9$N%$%s %9%?%s%9$r @8@.$9$k$b $N$K$J$k$o$1 $@$,!"%a%?%/ %i%9 $rDj5A$9$k$?$a$K$O make-class $,L5$1$l$P$$$1$J$$!#$3$N$h$&$J%7%9%F%‘$O!"0l8+!"<B8=IT2DG=$K8+$($k$,!" 1. $3$l $^ $G$d$C $? $h$& $K!" %/%i %9 $d%a %=%C%I I= $r!"C1 $J Cj>] %G!< %?$H $7 $FDj 5A $7$F!" %* %V%8%’ %/ %H;X 8~ $J%7 %9%F %‘$r:n$k!# 2. $=$N>e$G%a%?%/%i%9$NDj5A$r:n$k!# 3. %a%?%/ %i%9$N %a%=%C%I ( %$%s %9%?%s %9@8@.!& ;R%/%i %9Dj5A Ey!9 ) $O!"D> @\BP1~ $9$k<j B3$-$r <B9T$7!" $"$? $+$b%a %=%C%I$,<B9T$5$l$?$+$N$h$&$K?6$kIq$& $N$h$&$K$7$F:n$k$3$H$,$G$-$k!# 4 :G=*2]Bj ( $NM=9p ) 2?$+ 5,LO $NBg $-$J or Lr $KN) $D or 6E$C$? %W %m%0 %i%‘ $r:n@. $;$h!# FC$K J#?t?M $G6& F13+ H/$9$k $3$H $b G’ $a$k$D $b$j $J $N$G!"$3$N CJ3,$+ $i9=A[ $rN)$F $F$*$/ $H%9 %‘!<%9$K $G$-$k $+$bCN $l$J$$!# >\$7$$ $3$H $K$D$$ $F$O!"<! 2s0J9_ $K@bL@ $9 $kM=Dj$G$"$k!# 5