%7%9%F%‘M}O@1i=, I I (4) Cj>]%G!<%?!&3,AX%G!<%? A}861QI’ (masuhar a@gr ac o.c.u-tokyo.ac.jp) 1997 G/ 5 7n 9 F| 1 Cj>]%G!<%? J#9g%G!<%? (comp ound data) $H$O!"J#?t$N%G!<%?$r 1 $D$N%G!<%?$H$7$F$^$H$a$"$2$k<jCJ$G$"$k!# ( cf. C $N struct , P ascal $N record .) Nc$($PJ,?t $r07$&%W %m%0%i %‘$r9M$( $k!# 2 $D$NJ,?t $NOB$N 7W;;$9$k $K$O!" 1 $DL\$N J,?t$N J,Jl$HJ, ;R!" 2 $DL\$NJ, ?t$NJ,Jl$H J,;R$r $b$H$K!"OB $NJ,?t $HJ,Jl $HJ,;R$r 5a$a$F $"$2$l $P$h$$!D !D$,!" 1 $D$N J,?t$r 1 $D$N %G!<%?$H $7$F07 $($?J}$,JXMx$G$"$k!#$D$^$j!" 1 $D$NJ,?t = J,Jl$HJ,;R$N AH !"$H$7$?$$!# 1.1 %G!<%?$NCj>]2= � %G!<%?$,<B:]$K$O$I$N$h$&$K$h$&$K$7$F:n$i$l$F$$$k$+!"$r0U<1$9$k@$3&$r FbItI=8= $H$$$& � %G!<%?$r;HMQ$9$k@$3&$G$O!" 9=C[;R (constructor) $r;H$C$FJ#9g%G!<%?$r:n$j!" A*Br;R (selector) $r;H$C$F!"%G!< %?$NMWAG$r$H$j=P$9 $3$NFs$D$N@$3&$rFHN)$5$;$F07$&$N$,!" %G!<%?$NCj>]2= $N4pK\$G$"$k!# Nc$($P!"J,?t$NNc$G$O!"0J2<$N$h$&$J4X?t$,9=C[;R!&A*Br;R$H$J$jF@$k!# (make-rat h n i h d i ) : J,;R$, h n i !"J,Jl$, h d i $N$h$&$JJ,?t$r:n$k (numer h x i ) : J,?t h x i $NJ,;R$rJV$9 (denom h x i ) J,?t h x i $NJ,Jl$rJV$9 FbItI=8=$r8e2s$7$K$7$F!"$^$:$OJ,?t$r ;H$&@$3& $H$7$F!";MB’1i;;$J$I$rDj5A$9$k!# J,Jl$N2C8:>h=|$*$h$SF1CM@-$O!" n 1 d 1 + n 2 d 2 = n 1 d 2 + n 2 d 1 d 1 d 2 n 1 d 1 � n 2 d 2 = n 1 d 2 � n 2 d 1 d 1 d 2 n 1 d 1 � n 2 d 2 = n 1 n 2 d 1 d 2 n 1 =d 1 n 2 =d 2 = n 1 d 2 d 1 n 2 n 1 d 1 = n 2 d 2 n 1 = n 2 $+$D d 1 = d 2 $N>l9g $N$h$&$JDj5A$J$N$G!" (define (add-rat x y) (make-rat (+ (* (numer x) (denom y)) (* (numer y) (denom y))) (* (denom x) (denom y)))) 1

$N$h$&$KDj5A$G$-$k!# $5$i$K!"J,?t$r0u;z$9$k$?$a$N<jB3$- (define (print-rat x) (display (numer x)) (display "/") (display (denom x)) (newline)) $rDj5A$7$F$*$/$HJXMx$G$"$k!# 2]Bj 4-1: ( J,?t$N7W;; ) add-rat $NDj5A$K$J$i$C$F!"0z$-;;!&3]$1;;!&3d$j;;$H!"F1CM@-$rD4$Y$k4X?t sub-rat mul-rat div-rat equal-rat? $rDj5A$;$h!#Dj5A$O!"Nc$($P rat-simple.scm $H$$$&L>A0$G0l$D$N%U%!%$%k$K$7$F$*$/$H8e!9JXMx$G$"$k!# 1.2 BP (pair) J#9g%G!<%?$NFbItI=8=$r9M$($k!# Scheme $K$O!"J#9g%G!<%?$r:n$k$?$a$K BP (pair) $H$$$&$b $N$,$"$j!"$=$N$?$a$K <!$N$h$&$J86;OE*$J4X?t$,MQ0U$5$l$F$$$k!# cons : 2 $D$N0z?t$r9g@.$7$F!" 1 $D$N%G!<%?$H$7$FJV$9 car : 9g@.$5$l$?%G!<%?$+$i 1 $DL\$NCM$r$H$j=P$9 cdr : 9g@.$5$l$?%G!<%?$+$i 2 $DL\$NCM$r$H$j=P$9 $3$l$i$N4X?t$r;H$&$3$H$G!"J#?t$N%G!<%?$r0l$D$NCM$H$7$F07$&$3$H$,$G$-$k!# > (define x (cons 1 2)) ; 1 $H 2 $NBP$r:n$k > (car x) ; BP$N 1 HVL\ 1 > (cdr x) ; BP$N 2 HVL\ 2 > (define y (cons 3 x)) ; 3 $H x $NBP$r:n$k > (car y) ; BP$N 1 HVL\ 3 > (car (cdr y)) ; BP$N 2 HVL\ ( $D$^$jBP x) $N 1 HVL\ 1 $3$NBP$r;H$C$F!"J,?t$NFbItI=8=$rDj5A$9$k$H!" (define (make-rat n d) (cons n d)) (define (numer x) (car x)) (define (denom x) (cdr x)) $N$h$&$K$J$k!# $3$N$h$&$K$7$FDj5A$7$?J,?t$O!" 0l8D$N%G!<%? $H$7$F07$&$3$H$,$G$-$k!# > (define one-half (make-rat 1 2)) > (print-rat one-half) 1/2 > (define one-third (make-rat 1 3) > (print-rat (mul-rat one-half one-third)) 1/6 > (print-rat (add-rat one-third one-third)) 6/9 2

2]Bj 4-2: ( 4{LsJ,?t ) >e$N Dj 5A $N $^ $^ $@$H!" 4{ Ls J, ?t $G $J $$ $b $N$, $G $- $F $7 $^ $&!# $= $3 $G!" (make-rat n d) $r!" n $H d $N :G Bg 8x Ls ?t $G$=$l $>$l $r3d$C $?>&$I $&$7 $GBP $r:n $k$h $&$K make-rat $N Dj5A $r2~NI $;$h!# $?$@ $7!" n $H d $N:G Bg8x Ls?t (Great- est Common Divisor) $O!"4X?t (gcd n d) $K$h$C$F5a$a$i$l$k$b$N$H$9$k!# 2]Bj 4-3: ( @5 5,2= ) $5$i $K!" (1) Ii $N J, ?t$r I= 8=$9 $k >l 9g$K!" I, $: J,;R $r Ii$K $7 $F J,Jl $r @5 $K$9 $k!" (2) %< %m $O 0 = 1 $G I= 8= $9 $k!"$N $h $& $K 2~NI $; $h!# 2~ NI$7 $? Dj 5A $O Nc$( $P %U%! %$ %k rat-normal.scm $KJ] B8 $7 $F $*$/ $H JX Mx $G$" $k!# 1.3 Cj>]2=$K$h$kJI $3$l$^$G 8+$F $-$?$h $&$K!" F1$8!VJ, ?t$r 07$&!W$H 8@$C$F $bMM!9$J 0U<1 $N%l %Y%k$, $"$k!# %G!<%?$N Cj>] 2= $G$O!" !V2< 0L$N Fb It I= 8= $r 0U <1 $; $: $K %G!< %? $r ;H $& %l %Y %k!W $H !V>e 0L $+ $i 1# $5 $l $F $$ $k Fb It I= 8= $N %l %Y %k!W $, $" $j!" $= $l $i $N !VJI!W$N4V$r 9=C[;R!& A*Br ;R$H$$$C $?4X?t $,66 EO$7$r $7$F$$ $k4X 78$,$" $k!#<B:] $KBg $-$J%" %W%j%1!< %7%g%s %W%m%0 %i %‘$r=q$/>l9g$K$O!"$3$&$$$C$?%l%Y%k$,2?CJ$K$b@Q$_=E$C$F$G$-$F$$$k!# $3$N$h$&$K!"J#?t$N%l%Y%k$K$h$C$F%W%m%0%i%‘$r9=@.$9$k$3$H$NMxE@$O!" � 3F%l%Y%k$,FHN)$7$F$$$k � J#;($J%G!<%?9=B$$r9M$($k:]$K!"$$$-$J$j>\:Y$^$G9M$($:$K:Q$‘ $H$$$C$?$3$H$G$"$k!# 3F%l%Y%k $,FHN) $7$F$$ $k$3$H $NMxE@ $O!"FbIt I=8=$N Dj5A$r JQ$( $F$b!"$= $l$r;H $&B&$N Dj5A$r JQ99$9 $kI,MW $,$J$$ $3 $H$G $" $k!# Nc$( $P!" !V4{ Ls J,?t 2=!W $N 2] Bj $G8+ $? $h $& $KJ, ?t $N Fb It I=8= $r JQ $( $F$b!" ;H $& B& ( add-rat $J $I ) $N Dj 5A $rJQ99$9$kI,MW$,$J$$!# 2]Bj 4-4: ( 4{LsJ,?t2=$=$N 2) @h$N2]Bj$G$O!"J, ?t$r :n$k EY$K 4{LsJ,?t2= $7$F$$$?!#JL $NJ}K!$H$7 $F$O!" make-rat $G J,?t$r:n$k:] $K$O!"$=$N$^ $^$NCM$rBP$K$7$F$*$-!" numer , denom $GJ,Jl!&J,;R$r$H$j=P$9:]$K4{LsJ,?t2=$9$k!"$H$$$&$b$N$,9M$($i$l$k!# $3$N%"%$%G%"$K=>$C $F make-rat , numer , denom $rDj5A$7D> $;!#$5$i$K!"$3$N Dj5A$rMQ$$$F $b add-rat $N Dj5A$r JQ99$9$kI,MW$,$J$$$3$H$r3NG’$;$h!# 2]Bj 4-5: ( $5$i$K9b%l%Y%k$J;HMQ ) >e$N2]Bj$G Dj5A$7 $?J,Jl$K $h$k;M B’1i;; $N4X?t$r ;H$C$F!"%K%e!< %H%sK!$K $h$C$FJ? J}:,$r 5a$a$k4X ?t sqrt $r!" J, ?t$G7W;;$9$k$h$&$KDj5A$rJQ99$;$h!# $?$@$7!";MB’1i;;$N$[$+$K!" � J,?t$NId9f$,@5$G$"$k$3$H$rD4$Y$k4X?t (positive-rat? x) � J,?t x , y $, x < y $G$"$k$3$H$rD4$Y$k4X?t (less-than-rat? x y) � J,?t x $N@dBPCM$r5a$a$k (abs-rat x) $J$I$r I, MW$K 1~$8 $FDj 5A $;$h!# $^$?!" $$ $^$^ $G$K :n$C$? J, ?t$N FbIt I=8= $N $I$l $r;H$C $F $b!" sqrt $N7k 2L$, F1$8 $K $J $k$+$I$&$+$rD4$Y$F$_$h!# 3

1.4 %G!<%?$N0UL# $3$l$^$G!" J,?t$N FbItI= 8=$H $7$F2? <oN‘$+ $NDj5A $r8+$F $-$?!# $3$l$i $O$I$l $bBEEv $J$h $&$G$" $k!#$7$+ $7!"$"$k Cj >]%G!<%?$NFbItI=8=$rDj5A$9$k$H$-!"$I$&$d$C$F Dj5A$,BEEv$G$"$k $HH=CG$9$k$N$@$m$&$+ ? $D$^$k$H $3$m!"!V;H $&B&!W $,$=$N Cj>]%G!< %?$H$7 $F4| BT$7$F $$$k$h $&$J@- <A$r K~$?$7 $F$$$l $P$h $$$o$1 $G$"$k!# J, ?t$N>l9g$G$"$l$P!" (make-rat n d) $N7k2L$, x $G$"$k$H$-$K!" (numer x) (denom x) = n d $H$$$&@-<A$rK~$?$7$F$$$l$P$h$$!# <B:]$K!":G=i$K<($7$?Dj5A$,$3$N@-<A$rK~$?$7$F$$$k$3$H$O!" (numer x) (denom x) $?$@$7 x = (make-rat n d) (1) = (numer x) (denom x) $?$@$7 x = (cons n d) ( make-rat $NDj5A$h$j ) (2) = (numer (cons n d)) (denom (cons n d)) ( x $rCV$-49$( ) (3) = (car (cons n d)) (cdr (cons n d)) ( numer , denom $NDj5A$h$j ) (4) = n d ( car , cdr , cons $N@-<A$h$j ) (5) $N$h$&$K$7$F3N$a$i$l$k!# $^$?!"BP$K$D$$$F$b!" G$0U$N%G!<%? x , y $K$D$$$F (cons x y ) $N7k2L$, z $G$"$k$H$-$K!" (car z ) $, x $K!" (cdr z ) $, y $K$J$k $H$$$&@-<A$rK~$?$;$P$h$$!# Sc heme $K$*$$ $F!"BP $O86;O E*$J 4X?t$K $h$C$F Ds6! $5$l$F $$$k $H@bL@ $7$F $-$?$,!" I,$: $7$b$= $NI, MW$O$J $$!#Nc $( $P!"0J2<$N$h$&$JDj5A (define (cons x y) (lambda (m) (cond ((= m 0) x) ((= m 1) y) (else (error "argument should be 0 or 1" m))))) (define (car z) (z 0)) (define (cdr z) (z 1)) $O!"BP$NFbItI=8=$H$7$F!V 0 $+ 1 $r<u$1 <h$C$F car It$+ cdr It$rJV$94X?t!W$H$7$F$$$k!#$3$l$,BP$H$7$F$N@-<A$rK~ $?$7$F$$$k$3$H$bMF0W$K3N$+$a$i$l$k!# 2]Bj 4-6: ( BP ) BP$NFbItI=8=$H$7$F!"$5$i$K0c$C$?J}K!$b$"$jF@$k!# (define (cons x y) (lambda (f) (f x y))) (define (car z) (z (lambda (a b) a))) F1MM$K$7$F cdr $rDj5A$;$h!#$5$i$K!"$3$l$,BP$H$7$F$N@-<A$rK~$?$7$F$$$k$3$H$r3N$+$a$h!# 4

2 3,AX%G!<%? Cons $O BP$r :n $k 86 ;OE* $J <j CJ $G$" $j!" $I $N $h$& $J %G!< %? $G$b BP $K $9 $k$3 $H $, $G $- $k!#Ev A3!" BP $N BP$r :n$C $F $b $h $$!#$3$N$3$H$O!"BP$rAH$_9g$o$;$F$f$/$3$H$G!"MM!9$J<oN‘$N%G!<%?9=B$$r:n$l$k$3$H$r<(:6$7$F$$$k!# $3$3$G$O!" BeI=E* $+$D4p K\E* $J%G!<%? 9=B$$H $7$F!" Ns $H!"9=B$ $N0l It$,$= $N9=B$ <+?H$G :n$i $l$F$$ $k$h$& $J 3,AX E* $J (hierachical) %G!<%?$K$D$$$F8+$F$f$/!# 2.1 Ns Ns (sequence) $r :n$k >l 9g!"3F MWAG $K $D$$ $F!V car It $KMW AG$,!" cdr It $K <!$N MWAG $N BP!W$, F~$C$F $$ $k$h $&$J %j %9 %H 9=B$$r:n$k!#Nc$($P!" 1,2,3,4 $H$$$&Ns$O!" (cons 1 (cons 2 (cons 3 (cons 4 ’())))) $H$J$k!# ( $?$@$7!" ’() $O!V6u$N%j%9%H!W$r:n$k$?$a$NJ}K!$G$"$k!# ) Sc heme $K$O!"%j%9%H$r:n$k$?$a$N4X?t$H$7$F list $,$"$j!">e$NNc$O (list 1 2 3 4) $H=q$/$3$H$b$G$-$k!# %j%9%H$KBP$9$kA‘:n %j%9%H$KBP$9$kA‘:n$O!" cdr It$r<j7+$C$F$$$/7A$K$J$k$N$,IaDL$G$"$k!#Nc$($P!" n HVL\$NMWAG$r$H$j=P$9 list-ref $O!" (define (list-ref items n) (if (= n 0) (car items) (list-ref (cdr items) (- n 1)))) $N$h$&$K$J$k!# $^$?!"%j%9%H$ND9$5$r5a$a$k length $O!" (define (length items) (if (null? items) 0 (+ 1 (length (cdr items))))) $N$h$&$K$J$k!#$?$@$7 null? $O!"0z?t$,!V6u$N%j%9%H!W$G$"$k$+$I$&$+$rD4$Y$k86;OE*$J4X?t$G$"$k!# 2 $D$N%j%9%H$r$D$J$2$k append $O!" (define (append list1 list2) (if (null? list1) list2 (cons (car list1) (append (cdr (list 1)) list2)))) $N$h$&$K$J$k!# 2]Bj 4-7: (last-pair) %j%9%H$N:G8e$NMWAG$@$1$rJV$9 last-pair : > (last-pair (list 23 72 149 34)) (34) $rDj5A$;$h!# ( C"$7!"0z?t$H$7$F6u$G$J$$%j%9%H$r<u$1<h$k$H$9$k!# ) 5

2]Bj 4-8: (reverse) %j%9%H$r5U=g$K$9$k4X?t reverse : > (reverse (list 1 4 9 16 25)) (25 16 9 4 1) $rDj5A$;$h!# %j%9%H$KBP$9$k<LA| %j%9%H$N3FMWAG$KBP$7$F2?$i$+$NJQ49$r$7$?%j%9%H$r:n$k!"$H$$$&$3$H$OIQ=P$9$kA‘:n$G$"$k!# Nc$($P!"%j%9%H$N3FMWAG$rDj?tG\$9$k scale-list $O : (define (scale-list items factor) (if (null? items) ’() (cons (* (car items) factor) (scale-list (cdr items) factor)))) $N$h$&$K$J$k!# $9$G$K3X$s$@$h$&$K!"!V3FMWAG$rDj?tG\!W$NItJ,$r%Q%i%a!<%?2=$9$k$3$H$G!"0lHL2=$7$?9b3,4X?t map $rDj5A$9$k $3$H$,$G$-$F!" (define (map f items) (if (null? items) ’() (cons (f (car items)) (map f (cdr items))))) $N$h$&$K$J$k!# Scale-list $O map $r;H$C$F (define (scale-list factor items) (map (lambda (x) (* x factor)) items)) $N$h$&$K=q$-D>$;$k!# 2]Bj 4-9: (square-list) ?t$NNs$r<u$1<h$C$F!"$=$l$>$l$NMWAG$rFs>h$7$?Ns$rJV$9 square-list $rDj5A$;$h!#Nc$($P!" (square-list (list 1 2 3 4)) $O (1 4 9 16) $H$J$k!# ;;; Dj5A 1 (define (square-list items) (if (null? items) ’() (cons h ?? i h ?? i ))) ;;; Dj5A 2 (define (square-list items) (map h ?? i h ?? i )) 2.2 3,AXE*9=B$ Ns$NMWAG<+?H$,Ns$G$"$k$h$&$J%G!<%?$r07$&$3$H$b$G$-$k!#Nc$($P!" (cons (list 1 2) (list 3 4)) $NCM$O!" Bh 1 MWAG$, (1 2) !"Bh 2, Bh 3 MWAG$, 3 , 4 $G$"$k$h$&$J%j%9%H$G$"$k!# $3$N%G!< %?9= B$$O!" LZ9= B$ (tree structure) $H8+ $k$3 $H$b $G$- $k!#LZ 9=B$ $KBP $9$k 7W;; $O!":F 5"E* $K9T $&$N $,<+ A3 $G$"$k!# Nc$($P!"LZ9=B$$NMU ( KvC<$NMWAG ) $N8D?t$r?t$($k4X?t count-leaves $O!" � 6u$N%j%9%H$N count-leaves $O 0 6

� $"$kLZ x $N count-leaves $O!" x $N car It$N count-leaves $H cdr It$N count-leaves $NOB � MU$N count-leaves $O 1 $N$h$&$K9M$($k$3$H$,$G$-$k!# (define (count-leaves x) (cond ((null? x) 0) ((not (pair? x)) 1) (else (+ (count-leaves (car x)) (count-leaves (cdr x)))))) $?$@$7 pair? $O!"0z?t$, cons $K$h$C$F:n$i$l$?%G!<%?$G$"$k$+$I$&$+$rD4$Y$k4X?t$G$"$k!# 2]Bj 4-10: (deep-reverse) 4X?t reverse $K!"3F MWAG $,Ns $G$" $k$h $&$J Ns$r M?$( $F$b!" FbB& $NNs $N=g =x$O $=$N $^$^ $G$" $k!#MW AG$, Ns$G $"$C$? >l9g!"$=$l$b5U=g$K$9$k$h$&$J deep-reverse $rDj5A$;$h!# > (define x (list (list 1 2) (list 3 4))) > x ((1 2) (3 4)) > (reverse x) ((3 4) (1 2)) > (deep-reverse x) ((4 3) (2 1)) 2]Bj 4-11: (fringe) LZ9=B$$r0z?t$H$7$F<u$1<h$j!"LZ$N3FMWAG$,=gHV$KJB$s$@Ns$rJV$94X?t fringe $rDj5A$;$h!# > (define x (list (list 1 2) (list 3 4))) > (fringe x) (1 2 3 4) > (fringe (list x x)) (1 2 3 4 1 2 3 4) 7