%7%9%F%‘M}O@1i=, I I (7) >uBV$HJQ?t$X$NBeF~ A}861QI’ (masuhar a@gr ac o.c.u-tokyo.ac.jp) 1997 G/ 6 7n 13 F| 1 4D6- (en vironmen t) � !V$"$kJQ?t$,$I$N$h$&$JCM$r;}$C$F$$$k$+!W$H$$$&>pJs$r B+G{ (binding) $H8@$&!# ( Nc (define x 10) ) � <jB3 $r E, MQ $7 $?$h $& $J >l 9g $K$O!" J# ?t $N B+G{ $, $^ $H $a $FH/ @8 $9 $k!# 0l O"$N B+ G{ $r $^ $H$a $F %U %l!< %‘ (frame) $H 8F$V!# ( Nc (define (distance x y) (sqrt (+ (square x) (square y)))) ) � 3F%U%l!<%‘$K$O!"!T30B&$N%U%l!<%‘!U$,$"$k ( enclosing envir onment $H8@$& ) !# (define (sum n) (define (iter i) (if (< i n) ...)) ...) � %U%l!<%‘$NNs$r 4D6- (environmen t) $H8@$&!# 2 I>2A5,B’ A4BNE*$JI>2A$NJ}?K$O!"E,MQE*=g=x (applicative order) $K$J$k!# 2.1 Lam b da 7A<0 <jB3$-$O!" lambda 7A<0$K$h$C$F$N$_:n$i$l$k$b$N$H$9$k!#$D$^$j!" (define (square x) (* x x)) $N$h$&$JDj5A$,$"$C$?>l9g$O!"<!$N$h$&$KFI$_$+$($k!# (define square (lambda (x) (* x x))) 0J2<$N$h$&$J lambda 7A<0$,$"$C$?>l9g : (lambda (x) (* x x)) $3$l $r I> 2A $7 $? CM $O!" 2> 0z ?t $N %j %9 %H!& <j B3 K\ BN!& 8=:_$N4D6- $, AH $K $J$C $? $b $N $G $" $k!# $3 $3 $G $O!" 0J 2< $N $h $& $K =q$/$3$H$K$9$k!# f param = x ; b o dy = (* x x) ; en v = global-en v g (1) $3$N$h$&$J%G!<%?$N$3$H$r 4X?t%/%m!<%8%c (closur e) !"$"$k$$$OC1$K%/%m!<%8%c$H8F$V!# 1

2.2 De�ne 7A<0 JQ?t$d<jB3$-$NDj5A$O!" (define square (lambda (x) (* x x))) $H$$$&7A$r$7$F$$$k!#$3$N$h$&$J<0$NI>2A$O!"$^$: (lambda (x) (* x x)) $rI>2A$7$F ( <0 (1) $N$h$&$JCM$K$J$k ) !" <!$K 8=:_$N%U%l!<%‘ $K x = f param = x ; b o dy = (* x x) ; env = global-env g $H$$$&B+G{$r:n$k!# 2.3 E,MQ7A<0 <jB3$-$KCM$rE,MQ$9$k7A<0 (square 5) $rI>2A$9 $k$K$O!" $^$:!" square $H 5 $rI> 2A$9 $k!# square $NCM $O!"<0 (1) $G$"$k!# $=$3 $G!" param $H0z?t $rB+ G{ $9$k$h$&$J!"$D$^$j!" x = 5 $H$$$&B+G{$r;}$D%U%l!<%‘$r?7$?$K:n$k!#$3$N%U%l!<%‘$N enclosing en vironmen t $O!" square $N en v !"$D$^$j global-en v $G$"$k!# $3$N$h$&$K$7$F?7$7$/:n$C$?4D6-$N2<$G!" square $N b o dy !"$D$^$j (* x x) $rI>2A$9$k!# 2.4 JQ?t JQ?t x $,;2>H$5$l$?>l9g$O!"8=:_$N%U%l!<%‘Cf$G x = v $H$$$&B+G{$rC5$7!"8+$D$+$C$?>l9g$O v $, x $NCM$H$J$k!# 8+$D$+$i$J$$>l9g$O!" enclosing environmen t $r=g$K$?$I$C$F!"0lHV:G=i8+$D$+$C$?B+G{$NCM$H$9$k!# $^$?!" (set! x 123) $N$h$&$JBe F~$,$"$C$?>l9g$O!"JQ?t$N;2>H$HF1 MM$K%U%l!<%‘$rC5$7$F$f$-!":G=i $K8+$D$+$C $?B+G{$r=q$-49$($k!# 3 I>2A$NNc 3.1 4JC1$JNc : <!$N0lO"$N<0 : (define square (lambda (x) (* x x))) (square 5) $NI>2A$O!"0J2<$N$h$&$K$J$k!# gen v $G (define square ... $NI>2A gen v $G I{<0 (lambda ... $rI>2A f param=x,body=(* x x), genv g (= v 1 ) $rF@$k define $r<B9T : gen v =[square= v 1 ,...] $K$J$k gen v $G (square 5) $NI>2A gen v $GI{<0 square $rI>2A : v 1 $rF@$k gen v $GI{<0 5 $rI>2A : 5 $rF@$k v 1 $K 5 $rE,MQ env1 =[x=5]+ gen v $,$G$-$k env1 $G (* x x) $rI>2A env1 $GI{<0 * $rI>2A : 86;O4X?t$rF@$k env1 $GI{<0 x $rI>2A : 5 $rF@$k env1 $GI{<0 x $rI>2A : 5 $rF@$k * $K 5 5 $rE,MQ : 25 $rF@$k 2

3.2 6d9T8}:B$NNc : $b$&>/$7J#;($JNc$H$7$F!"6d9T8}:B$NNc$r5s$2$k!# (define make-withdraw (lambda (balance) (lambda (amount) (set! balance (- balance amount)) balance))) (define W1 (make-withdraw 10000)) (W1 5000) $3$l$NI>2A$O!"?^ 1 $N$h$&$K$J$k!# gen v $G (define make-withdraw... $rI>2A gen v $GI{<0 (lambda (balance... $rI>2A f param =balance, b o dy =(lambda ...), env = gen v g $rF@$k $3$l$r v 1 $H$9$k define $r<B9T : gen v =[make-withdraw= v 1 , ...] $H$J$k gen v $G (define W1 ... $rI>2A gen v $GI{<0 (make-withdraw 10000) $rI>2A ( CfN, ) v 1 $K 10000 $rE,MQ env1 =[balance=10000]+ genv $,$G$-$k env1 $G (lambda (amount... $rI>2A f param =amount, b o dy =(set! ...) balance, en v = en v1 g $rF@$k $3$l$r v 2 $H$9$k define $r<B9T : gen v =[make-withdraw= v 1 ,W1= v 2 ,...] $H$J$k gen v $G (W1 5000) $rI>2A ( CfN, ) v 2 $K 5000 $rE,MQ env2 =[amount=5000]+ en v1 $,$G$-$k env2 $G (set! balance ...) balance $NI>2A env2 $G (set! balance ...) $NI>2A ( CfN, ) set! $r<B9T : env1 $O [balance=5000]+ genv $K$J$k env2 $G balance $NI>2A : 50000 $rF@$k ?^ 1: 6d9T8}:B$NI>2A$N$5$lJ} 2]Bj 7-1: ( JQ?t%9%3!<%W ) Let 7A <0$O!" lambda 7A<0 $N>JN,5-K! $G$"$C$?!#$^$: <!$N<0$r lam b da 7A<0$K=q $-49$($h!#<! $K>e$NNc$K =>$C$FI> 2A$N$5$lJ}$r@bL@$;$h!# (let ((a 10)) (+ (let ((a 20)) a) a)) 2]Bj 7-2: ( 6d9T8}:B ) 6d9T8}:B$NNc$N$H$3$m$G!"$5 $i$K0J2<$N <0$,I>2A$5$l $?$H$9$k!#$3$N >l9g$NI>2A$N $5$lJ}$r@bL@ $7!" W1 $H W2 $N;D 9b$,$I$3$K$"$k$+=R$Y$h!# (define W2 (make-withdraw 3000)) (W2 1000) 3

2]Bj 7-3: ( $b$C$H6d9T8}:B ) 6d9T 8}:B $N Nc $N $H $3 $m $G $O!" Fb It >u BV balance $r <j B3 $- $N 0z ?t $H $7 $F MQ $$ $F $$ $?!# $3 $l $H!" L@ <( E*$K let $r ;H$C $F;}$D$h$&$K$7$?Dj5A : (define (make-withdraw initial-amount) (let ((balance initial-amount)) (lambda (amount) (set! balance (- balance amount)) balance))) $rHf3S$;$h!#6qBNE*$K$O!" (define W1 (make-withdraw 10000)) (W1 4000) $H$7$?>l9g$NI>2A$5$lJ}$r@bL@$7!"$=$3$G$N0c$$$r<($;!# %R%s%H : let $, lambda $NN,5-$G$"$k!# 4