%7%9%F%‘M}O@1i=, I I (2) B3 4X?tE*%W%m%0%i%_%s%0 A}861QI’ (masuhar a@gr ac o.c.u-tokyo.ac.jp) 1997 G/ 4 7n 25 F| 1 !VCj>]2=!W$NI|=, � Cj>]2=$NBh0lJb$O!" CM $KL>A0$rIU$1$k$3$H$G$"$k!# %W%m%0%i%‘Cf$KF1$8CM$, ( F1$80UL#$G ) ;H$o$l$F$$$?>l9g!"$=$l$rJQ?t$GCV$-$+$($k!# Nc$($P!" (+ (/ (* 3.14 10 10) (* 2 3.14 10)) (/ (* 3.14 20.8 20.8) (* 2 3.14 20.8))) $3$l$, (+ (/ (* pi radius-a radius-a) (* 2 pi radius-a)) (/ (* pi radius-b radius-b) (* 2 pi radius-b))) $N$h$&$KCj>]2=$5$l$k!# � BhFsJb$O!"F1$8 7W;;<j=g $KL>A0$rIU$1$k$3$H$G$"$k!# %W%m%0%i%‘Cf$GF1$87W;;%Q%?!<%s$,$"$C$?>l9g!"$=$l$r4X?tDj5A$H4X?t8F=P$KCV$-$+$($k!# >e$NNc$G$O!" (* pi "" "" ) $H (* 2 pi "$ ) $H$$$&7W;;%Q%?!<%s$,FsEY=P8=$7$F$$$k$N$G!" (define (area x) (* pi x x)) (define (circumference x) (* 2 pi x)) (+ (/ (area radius-a) (circumference radius-a)) (/ (area radius-b) (circumference radisu-b))) $N$h$&$KCV$-$+$(!"$5$i$K!" (/ (area !{ ) (circumference !{ )) $H$$$&$b$N$bFsEY=P8=$7$F$$$k$N$G!" (define (area/circum x) (/ (area x) (circumference x))) (+ (area/circum radius-a) (area/circum radius-b)) $H$J$k!# >e $NNc $N$h $& $K!" radius-a $N$h $& $J6q BNE* $J <0$@$C $?$H $3 $m$r!" 4X ?t$N 0z?t $K CV$- 49$( $F $f$/ $3 $H$r!" %Q%i %a!<%?2=$9$k $H8@$&!# 1

2 9b3,4X?t : 4X?t$N%Q%i%a!<%?2= $3$3$^$G$O!"$"$k1i;;$N0z?t$,%Q%i%a!<%?2=$5$l$kNc$r8+$F$$$?!#<B$O!"1i;;;R$NItJ,$b%Q%i%a!<%?2=$G$-$k!# Nc$($P!" (1) a $+$i b $^$G$N?t$NOB$r5a$a$k4X?t sum-integers !" (2) a $+$i b $^$G$N?t$r 2 >h$7$??t$NOB$r5a$a $k4X?t sum-cubes $H!" (3) � = 8 $N5i?tE83+ 1 1 � 3 + 1 5 � 7 + 1 9 � 11 + � � � $r5a$a$k4X?t pi-sum $O!"$=$l$>$l2<$N$h$&$JDj5A$,$G$-$k!# ;;; (1) (define (sum-integers a b) (if (> a b) 0 (+ a (sum-integers (+ a 1) b)))) ;;; (2) (define (sum-cubes a b) (if (> a b) 0 (+ (cube a) (sum-cubes (+ a 1) b)))) ;;; (3) (define (pi-sum a b) (if (> a b) 0 (+ (/ 1.0 (* a (+ a 2))) (pi-sum (+ a 4) b)))) 3 $D$N4X?t$NDj5A$r$h$/8+$k$H!"6&DLItJ,$,B?$$$3$H$,J,$+$k!#$D$^$j!"$I$l$b (define ( h L>A0 i a b) (if (> a b) 0 (+ h 9‘ i ( h L>A0 i h <! i b)))) $H$$$&3J9%$r$7$F$$$k!# $3$N$h$&$J7W;;%Q%?!<%s$rCj>]2=$G$-$k$H$&$l$7 $$!# Scheme $G$O!"$3$N$h$& $JCj>]2=$O h 9‘ i $d h <! i $NItJ,$r4X ?t$N0z?t$K$7$?4X?t$r:n$j!" 3F9‘$d<!$N78?t$rM?$($k4X?t$r0z?t$H$7$F8F$S=P$9$h$&$K$9$l$P$h$$!# <B:]!"Cj>]2=$5$l$?4X?t sum $O (define (sum term next a b) (if (> a b) 0 (+ (term a) (sum term next (next a) b)))) $N$h$&$KDj5A$5$l$k!#$3$l$r;H$C$F@h$N 3 $D$N4X?t$O!" ;;; Jd=u4X?t (define (identity x) x) (define (inc x) (+ x 1)) ;;; (1) (define (sum-integers a b) (sum identity inc a b)) ;;; (2) (define (sum-cubes a b) (sum cube inc a b)) ;;; (3) (define (pi-sum a b) (define (pi-term x) (+ (/ 1.0 (* x (+ x 2))))) (define (pi-next x) (+ x 4)) (sum pi-term pi-next a b)) 2

$N$h$&$K$J$k!# $3$N$h$&$K!"4X?t$r0z?t$H$7$F<u$1<h$k4X?t$N$3$H$r!" 9b3,4X?t (higher-order functions) $H8@$&!# ( $3$3$G!" pi-term $d pi-next $, pi-sum $NFbB&$GDj5A$5$l$F$$$k$N$K!" identity $d inc $N$h$&$JJd=u4X?t$, 30B&$GDj5A$5$l$F$$$k$N$O!"$=$l$>$l$,$I$l$@$10lHLE*$+$K$h$C$F7h$a$F$$$k!# ) 2]Bj 2-1: ( product ) 6h4V [ a; b ] $N4X?t f $N@Q$r7W;;$9$k9b3,4X?t product $r sum $K$J$i$C$FDj5A$;$h!# $5$i$K!" product $r;H$C$F3,>h$r5a$a$k4X?t factorial $rDj5A$7D>$;!# 2]Bj 2-2: ( accumulate ) 4X?t sum $H product $O!" a $+$i b $^$G $N4X?t f $NCM$r2C ;;$d>h;;$G =8$a$k $H$$ $&E@$G6&DL $7$F$$$k!#$= $3$G!" $3$l$i$rCj>]2=$7$?9b3,4X?t accumulate $rDj5A$;$h!#$3$N4X?t$O (accumulate combiner null-value term next a b) $N$h$&$K 5 0z?t$N4X ?t$G$"$j!" combiner $,?t$N =8$aJ} ( 2C ;;$d>h;; ) !" null-value $,HO0O30 $KMh$?$H$-$N CM ( 2C;; $@$C$?$i 0 !">h;;$@$C$?$i 1 ) $G$"$k$H$9$k!# $5$i$K!" sum , product $r accumulate $r;H$C$FDj5A$7D>$;!# 3 F?L>$N4X?t pi-sum $NNc $G 8+ $?$h $& $K!"4X ?t %Q%i %a!< %? $r;H $& $H!"$= $N >l 8B$j $N 4X?t $, Bt ;3=P 8= $9$k!# $3 $&$$$C $? 4X ?t$r!" 4X ?t$,I,MW$H$7$F$$$k>l=j$K<0$H$7$F=q$/ lambda 7A<0$H$$$&$b$N$,$"$k!# (lambda ( h 2>0z?t i : : : ) h K\BN$N<0 i ) Nc$($P!" pi-sum $N>l9g$O (define (pi-sum a b) (sum (lambda (x) (+ (/ 1.0 (* x (+ x 2))))) (lambda (x) (+ x 4)) a b)) $N$h$&$K=q$1$k!# 4 6I=jJQ?t$H let f ( x; y ) = x (1 + xy ) 2 + y (1 � y ) + (1 + xy )(1 � y ) $N$h$&$J<0$O!"Jd=uE*$JJQ?t$r;H$C$F a = 1 + xy b = 1 � y f ( x; y ) = xa 2 + y b + ab $N$h$&$K4JC12=$G$-$k!# 4X?t$N0z?t$O!">e$N a; b $N$h$&$JJd=uE*$JJQ?t$NL\E*$K$b;H$($k!# 3

(define (f x y) (define (f-helper a b) (+ (* x (square a)) (* y b) (* a b))) (f-helper (+ 1 (* x y)) (- 1 y))) $5$i$K!"$3$N f-help er $O$=$N>l8B$j$N4X?t$G$"$k$+$i!" lambda $r;H$C$F!" (define (f x y) ((lambda (a b) (+ (* x (square a)) (* y b) (* a b))) (+ 1 (* x y)) (- 1 y))) $H$b$G$-$k!#$3$N$h$&$JJd=uJQ?t$O!"B?$/$N>lLL$GLr$KN)$D!#$=$N$?$a!">JN,5-K!$H$7$F let $H$$$&7A<0$,$"$j!" (define (f x y) (let ((a (+ 1 (* x y))) (b (- 1 y))) (+ (* x (square a)) (* y b) (* a b)))) $N$h$&$K;H$&$3$H$,$G$-$k!# $3$N let 7A<0$O!" (let (( h JQ?t 1 i h <0 1 i ) ( h JQ?t 2 i h <0 2 i ) . . . ( h JQ?t n i h <0 n i )) h K\BN i ) $G $" $j!" D> 46 E* $J 0U L# $O !V h <0 1 i !A h <0 n i $r I> 2A $7 $F!" $= $N CM $r h JQ?t 1 i !A h JQ?t n i $K 7k $S $D $1 $k!# $= $& $7 $? >e $G h K\BN i $rI>2A$9$k!W$G$"$k!#@53N$K$O!" ((lambda ( h JQ?t 1 i : : : h JQ?t n i ) h K\BN i ) h <0 1 i : : : h <0 n i ) $H=q$$$?$N$HF1$8$3$H$G$"$k!# 2]Bj 2-3: ( JQ?t$N%9%3!<%W ) <!$N$h$&$J4X?t foo $,$"$C$?$H$-!" (foo 1) $NCM$O$$$/$D$K$J$k$+!#$^$?!"$=$NM}M3$r@bL@$;$h!# (define (foo a) (let ((a (+ a a)) (b (+ a a))) (+ a b))) 5 9b3,4X?t$NNc J}Dx<0$N2r$r5a$a$kNc$r 2 $D5s$2$k!# 5.1 6hJ,K! ( FsJ,K! ) 4X?t f ( x ) = 0 $N2r$r5a$a$kJ}K!$H$7$F!" 4 f ( x ) = 0 $N2r$,!" a $H b $N4V$K $"$j!" f ( a ) < 0 < f ( b ) $@$C$?$H $9$k!#$3$N$H $-!" f � a + b 2 � > 0 $J$i $P!" x $O a $H a + b 2 $N4V$K!" f � a + b 2 � < 0 $J$i$P!" x $O b $H a + b 2 $N4V$K$"$k!# $H$$$&@-<A$r;H$&J}K!$,$"$k!# $3$l$r Scheme $N4X?t$H$7$FDj5A$9$k$H!" (define (search f neg-point pos-point) (let ((midpoint (average neg-point pos-point))) (if (close-enough? neg-point pos-point) midpoint (let ((test-value (f midpoint))) (cond ((positive? test-value) (search f neg-point midpoint)) ((negatvie? test-value) (search f midpoint pos-point)) (else midpoint)))))) $N$h$&$K$J$k!# $?$@$7!" (search f u v) $N u , v $O!" ( fu ) < 0 < ( fv ) $G $J$1$l$P $J$i$J$$ $N$G!"<!$N4X ?t$r;H$& $N$,JXMx $G$" $k!# (define (half-interval-method f a b) (let ((a-value (f a)) (b-avlue (f b))) (cond ((and (negative? a-value) (positive? b-value)) (search f a b)) ((and (negative? b-value) (positive? a-value)) (search f b a)) (else (error "Values are not of opposite sign" a b))))) $3$l$r;H$C$F!" sin( x ) = 0 $N 2 < x < 4 $K$"$k2r$r5a$a$k$K$O!" (half-interval-method sin 2.0 4.0) $H$9$l$P$h$$$7!" 1 < x < 2 $K$"$k x 3 � 2 x � 3 = 0 $N2r$r5a$a$k$K$O!" (half-interval-method (lambda (x) (- (cube x) (* 2 x) 3)) 1.0 2.0) $H$9$l$P$h$$!# 5.2 ITF0E@ J}Dx<0 f ( x ) = x $N2r$r f $N ITF0E@ (�xed-p oint) $H$$$&!#ITF0E@$O!"E,Ev$J=i4|CM a $+$i=PH/$7$F!" a; f ( a ) ; f ( f ( a )) ; f ( f ( f ( a ))) ; : : : ; f ( � � � ( f ( a )) � � � ) ; : : : $N$h$&7W;;$7$F ( <}B+$9$l$P ) 5a$a$i$l$k!# $3$NITF0E@$K$h$kJ}Dx<0$N2rK!$O!"0J2<$N$h$&$KDj5A$G$-$k!# (define (fixed-point f first-guess) (define (try guess) (let ((next (f guess))) (if (close-enough? guess next) next (try next)))) (try first-guess)) Nc$($P!" cos x = x $N2r$O!" 5

(fixed-point cos 1.0) $G5a$a$i$l$k!#$^$?!" y = sin y + cos y $N2r$O!" (fixed-point (lambda (y) (+ (sin y) (cos y))) 1.0) $5$i$K!"J?J}:, p x = y $r5a$a$kLdBj$KBP$7$F$b!" y = 1 2 ( y + x=y ) $HJQ7A$7$F (define (sqrt x) (fixed-point (lambda (y) (average y (/ x y))) 1.0)) $H$7$F5a$a $i$l$k!# ( y = x=y $@$+$i $H$$$C$F (lambda (y) (/ x y)) $H$7$F $O$$$1 $J$$?t 3X$,F@ 0U$J?M $OM}M3$r 9M$($F$_$h$&!# ) 5.3 JV$jCM$H$7$F$N4X?t $$$^$^$G!" 4X?t$X $N0z?t $H$7$F 4X?t$r EO$9 $H$$$& $N$r8+ $F$-$? $,!"5U$K!" 4X?t$, 7k2L $NCM$H $7$F4X ?t$rJV $9$3$H $b $G$-$k!# @h$N sqrt $NNc$N$h$&$K!" y = f ( y ) $r2r$/>l9g$K!" g ( y ) = 1 2 ( y + f ( y )) $H$*$$$F g $NITF0E@$r5a$a$k$H2r$,5a$^$j$d$9$$ ( $i$7$$ ) !#$3$l$r av erage-damping $H$$$&!# $=$3$G!"4X?t f $r<u$1<h$C$F4X?t g $r:n$k$h$&$J4X?t$r:n$k!# (define (avreage-damp f) (lambda (y) (average y (f y)))) $3$l$r;H$($P!" (define (sqrt x) (fixed-point (average-damp (lambda (y) (/ x y))) 1.0)) $N$h$&$KDj5A$G$-$k!#F1MM$K!";0>h:, 3 p x $O!" (define (cube-root x) (fixed-point (average-damp (lambda (y) (/ x (square y)))) 1.0)) $N$h$&$K$J$k!# $3$N$h$&$K!" 4X?t$N7k2L$H$7$F4X?t$r:n$C$FJV$9 $3$H$b2DG=$G$"$k!# (C 8@8l$N4X?t%]%$%s%?$H$N0c$$$O2?$+ ?) 5.4 %K%e!<%H%sK! %K%e!<%H%sK!$H$O!"HyJ,2DG=$J4X?t g $NJ}Dx<0!" g ( x ) = 0 $r2r$/J}K!$N0l$D$G!" f ( x ) = x � g ( x ) D g ( x ) $J$k4X?t f $NITF0E@$r5a$a$k$3$H$KAjEv$9$k!# 6

$?$@$7 D $OHyJ,1i;;;R$G!"=<J,>.$5$$ d x $r;H$C$F D g ( x ) = g ( x + d x ) � g ( x ) d x $G6a;w$G$-$k!# $D$^$j!"%K%e!<%H%s$rK!$G2r$/$K$O!" � f $+$i g $r:n$k4X?t newton-transform � g $NHyJ,4X?t$r D g $r:n$k4X?t derive $rDj5A$7$F$"$2$l$P$h$$!# (define dx 0.00001) ;;; g $rHyJ,$9$k (define (derive g) (lambda (x) (/ (- (g (+ x dx)) (g x)) dx))) ;;; g $+$i f $r:n$k (define (newton-transform g) (lambda (x) (- x (/ (g x) ((derive g) x))))) ;;; %K%e!<%H%sK! (define (newtons-method g guess) (fixed-point (newton-transform g) guess)) ;;; %K%e!<%H%sK!$K$h$kJ?J}:, (define (sqrt x) (newtons-method (lambda (y) (- (square y) x)) 1.0)) 6 $^$H$a 4X?t$r0z ?t$H$7 $FEO$7 $?$j !" 4X?t$r :n$C$FJV $7$?$j $G$-$k $3$H $K$h$C$F!" B?$/$N 7W;;$, $h$j Cj>]2= $G$-$k $3$H$r 8+ $F$-$?!#$3$N$h$&$J@-<A$r!"4X ?t$, 0l5i%G!<%? (�rst class data) $G$" $k$H$b8@$&!#0lHL$K!"0l 5i%G!<%?$G$"$k$H$$$& $3$H$O!" � JQ?t$K$h$C$FL>A0$,IU$1$i$l$k � 4X?t$N0z?t$H$7$FEO$9$3$H$,$G$-$k � 4X?t$NJV$jCM$H$7$F<u$1<h$k$3$H$,$G$-$k � %G!<%?9=B$$NCf$KF~$l$k$3$H$,$G$-$k $H$$$C$?@-<A$rK~$?$9$b$N$r8@$&!# 2]Bj 2-4: ( Hf3S ) P ascal $N pro cedure, function $O0l5i%G!<%?$+ ? $^$?!" C $N4X?t%]%$%s%?$O0l5i%G!<%?$+ ? $b$7$=$&$J$i!" Scheme $N4X?t$H$N0c$$$O$"$k$+ ? 2]Bj 2-5: ( double ) 4X?t$r0z?t$H$7$F<u$1<h$j!"!V$=$N4X?t$r 2 2sE,MQ$9$k$h$&$J4X?t!W$rJV$94X?t double $rDj5A$;$h!#$D$^$j ((dobule f) x) $, (f (f x)) $H$J$k!# $=$N$H$-$N (((double (double double)) inc) 5) $NCM$O2?$+ ? 7

2]Bj 2-6: ( compose ) Fs$D$N4X?t f ; g $r9g@.$9$k$h$&$J 4X?t compose $rDj 5A$;$h!#$D$^$j!" (compose f g) $, (f (g x)) $H$J$k$h$& $J$b$N$G$"$k!# $=$N$H$-$N ((compose square inc) 6) $NCM$O2?$+ ? 2]Bj 2-7: ( repeat ) 4X?t f $H<+A3?t n $r<u$1<h$j!"!V f $r n 2sE,MQ$9$k$h$&$J4X?t!W$rJV$94X?t repeat $rDj5A$;$h!# ( F,$NBNA‘ ) 4X?t repeat , inc $@$1$r;H$C$FOB!"@Q!"QQ>h$r7W;;$9$k4X?t$r$=$l$>$lDj5A$;$h!# 8