Revised 5 Rep ort on the Algorithmic Language Sc heme [ %"%k %4 %j %:%‘8@8l Scheme Js9p=q 8^D{HG ] R ICHARD K ELSEY , W ILLIAM C LINGER, AND J ONA THAN R EES ( Editors ) H. A BELSON R. K. D YBVIG C. T. H A YNES G. J. R OZAS N. I. A DAMS IV D. P . F RIEDMAN E. K OHLBECKER G. L. S TEELE J R . D. H. B AR TLEY R. H ALSTEAD D. O XLEY G. J. S USSMAN G. B ROOKS C. H ANSON K. M. P ITMAN M. W AND R ob ert Hieb $N$_$? $^ $K $5$5 $0 1998 G/ 2 7n 20 F| ;d2HLu � 1999 G/ 3 7n 22 F| MWLs K\Js9p=q$O %W %m %0 %i %_ %s%0 8@8l Scheme $r Dj5A$9 $k 0l$D$N 5-=R $rM?$($k !# Sc heme $O Lisp %W %m %0 %i %_ %s %0 8@8l$N $&$A $N !$@EE* %9%3!< %W $r $b $A !$ $+ $D ?? @5$K Kv Hx :F5" E*$G $" $k 0l J}8@ $G$"$j!$ Guy Lewis Steele Jr. $H Gerald Jay Sussman $K$h$C $FH/L@ $5 $l$? !# Sc heme $O JB30 $l$F L@2w $GC1=c $J0UL# O@ $r $b $A !$ $+ $D <0$r $D $/$k J} K!$N <o N‘ $, $4 $/ >/?t$K$J $k$h $& $K@_7W $5 $l$? !# L? Na7? !$ 4X?t 7?!$ $* $h $S %a %C %;!< %8EO $7 $N 3F%9%? %$ %k$r 4^ $‘ 9-HO 0O$N %W %m%0 %i %_ %s%0 !&%Q%i %@ %$%‘ $, Sc heme $K $h $C$F<j7Z $K I=8= $G$- $k !# =x>O $O K\8@8l$HK\Js9p=q$NNr;K$r4J7i $K =R$Y$k !# :G =i $N;0 $D $N>O $OK\8@ 8l $N4p K\ E* $J %" %$ %G %# %" $rDs <( $9$k $H $H$b $K!$ K\ 8@ 8l $r5-=R $9 $k $? $a!$ $* $h $S K\8@ 8l $G %W %m %0%i%‘ $r=q$/$?$a $K MQ$$ $i$l $k5-K!>e$N5,Ls$r5-=R$9$k !# Bh 4 >O$H Bh 5 >O$O <0 !$ %W %m %0 %i %‘ !$$*$h $S Dj 5A$N 9=J8$H 0U L# $r5-=R$9$k !# Bh 6 >O $O Scheme $NAH9~ $_<j B3 $- $r5- =R $9 $k!# $3 $l$K $OK\8@ 8l $N %G !<%?A‘:n $H F~=PNO %W %j%_%F%# %V $N$9$Y$F $, 4^$^ $l $k !# Bh 7 >O $O3HD% BNF $G=q $+ $l$? Scheme $N7A<0 E*9= J8 $r!$ 7A <0E*$J I= <(E* 0U L#O@$H$H $b$K Dj$a $k !#K\8@ 8l$N ;H MQ$N 0l Nc $, !$$3$N7A<0E*$J9=J8$H0UL#O@$N8e $K B3$/!# K\ Js 9p=q $N:G 8e $O;29M J8 8%0l Mw $H %" %k%U %! %Y %C %H =g $N:w0z $G $"$k !# � T ranslated into Japanese by Hisao Suzuki < suzuki@acm.org > L\<! $O$8 $a$K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1 Scheme $N354Q . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1.1 0UL#O@ . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1.2 9=J8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1.3 5-K!$HMQ8l . . . . . . . . . . . . . . . . . . . . . . . . . 3 2 ;z6g5,Ls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 2.1 <1JL;R . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 2.2 6uGr$HCm<a . . . . . . . . . . . . . . . . . . . . . . . . . 5 2.3 $=$N B>$N5-K! . . . . . . . . . . . . . . . . . . . . . . . . 5 3 4pK\35G0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 3.1 JQ?t!$9=J8%-!<%o!< %I !$$*$h $S NN0h . . . . . . . . . . . . 6 3.2 7?$NJ,N%@- . . . . . . . . . . . . . . . . . . . . . . . . . 6 3.3 30ItI=8= . . . . . . . . . . . . . . . . . . . . . . . . . . 6 3.4 5-21%b %G%k . . . . . . . . . . . . . . . . . . . . . . . . . 7 3.5 ??@5$JKvHx:F5" . . . . . . . . . . . . . . . . . . . . . . 7 4 <0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 4.1 86;O<07? . . . . . . . . . . . . . . . . . . . . . . . . . . 8 4.2 GI@8<07? . . . . . . . . . . . . . . . . . . . . . . . . . . 10 4.3 %^%/%m . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 5 %W %m %0 %i%‘9=B$ . . . . . . . . . . . . . . . . . . . . . . . . . . 15 5.1 %W %m %0 %i %‘ . . . . . . . . . . . . . . . . . . . . . . . . . 15 5.2 Dj5A . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 5.3 9=J8Dj5A . . . . . . . . . . . . . . . . . . . . . . . . . . 16 6 I8=‘<jB3$- . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 6.1 Ey2A@-=R8l . . . . . . . . . . . . . . . . . . . . . . . . . 17 6.2 ?t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 6.3 B>$N %G !<%? 7? . . . . . . . . . . . . . . . . . . . . . . . . 24 6.4 @)8f5!G= . . . . . . . . . . . . . . . . . . . . . . . . . . 31 6.5 Eval . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 6.6 F~NO$H=PNO . . . . . . . . . . . . . . . . . . . . . . . . . 34 7 7A<0E*$J9=J8$H0UL#O@ . . . . . . . . . . . . . . . . . . . . . . 37 7.1 7A<0E*9=J8 . . . . . . . . . . . . . . . . . . . . . . . . . 37 7.2 7A<0E*0UL#O@ . . . . . . . . . . . . . . . . . . . . . . . . 39 7.3 GI@8<07? . . . . . . . . . . . . . . . . . . . . . . . . . . 42 Cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 DI2C;qNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 Nc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 ;29MJ88% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 35G0$NDj5A!$%-!<%o!< %I !$$*$h $S <jB3$-$N:w0z . . . . . . . . . . . 47

2 Revised 5 Scheme $O$8 $a$K %W %m %0 %i %_ %s%0 8@8l$N @_7W$O !$5!G=$N >e$K 5! G=$r @Q$_ =E$M $k $3 $H $K$h $C $F $G $O$J$/ !$ M> J, $J5!G= $, I,MW $G$"$k $h$& $K;W $o$;$F $$ $k<e E@$H @)8B$r <h$j =| $/$3$H$K $h$C$F$J $5$l $k$Y $- $G$"$k!# <0 $r$D$/ $k $? $a$N5, B’ $, >/?t $7$+$J$/ $F$b!$ $= $N AH$_9g$o $; J} K!$K A4 $/ @)8B$,$J $1$l$P !$:#F| ;H$o$l$F $$ $k <g MW $J %W %m %0%i%_ %s %0 !& %Q%i %@ %$ %‘ $N $[$H $s $I $r%5 %]!< %H $9 $k$N$K == J,$J$@$1 $N =@Fp @-$r Hw$( $? <B MQE*$G 8zN( E*$J %W %m %0 %i %_ %s %0 8@8l$rK~B-$K$D $/$j>e $2 $i$l $k $3$H$r !$ Scheme $O <B>Z $7 $F$$ $k !# Sc heme $O !$ &K7W;; $K $* $1$k$h$& $J%U %!!<%9 %H!& %/ %i%9 $N<j B3 $- $r6qBN 2= $7 $?=i $a$F $N %W %m %0%i %_ %s %0 8@8l $N0l $D $G$" $C $?!# $= $7 $F$= $l$K$h$C $F!$ F0E* $K7?IU $1$5 $l $k8@8l $G$N@EE* %9 %3!< %W 5,B’$H %V %m%C %/9=B$$NM-MQ@- $r >ZL@ $7 $? !# Sc heme $O !$ <j B3 $- $r&K<0 $H %7 %s %\%k $+$i6hJL $7 !$ $9 $Y $F$NJQ ?t $KBP $7 C10l $N;z 6g E* 4D 6- $r;HMQ $7 !$ <j B3 $-8F =P $7 $N1i;; ;R $N0L CV $r%*%Z %i%s %I $N 0L CV$H F1 $8 $h $& $K I>2A$9 $k =i$a$F $N <gMW$J Lisp J}8@$G$"$C$? !#A4LLE* $K <jB3$-8F=P $7 $K $h$C$F7+ JV $7 $rI=8= $9$k $3 $H$G!$ Sc heme $O !$ KvHx :F5" $N<jB3 $-8F =P $7$, K\<AE* $K$O 0z ?t$rEO$9 goto $G $" $k$H$$ $&;v<B$r6/ D4 $7 $? !# Sc heme $O !$ %U %!!<%9 %H!& %/ %i%9 $NC&=P<jB3 $- $r:NMQ $7 $? =i $a $F$N9- $/ ;H $o $l$? %W %m %0%i%_ %s %0 8@8l $G$" $C $? !# $3$NC& =P <jB3 $- $+$i !$ $9 $Y$F$N4{CN $NC‘<!E*@)8f9=B$ $, 9g@. $G$-$k !# 8e $NHG $N Scheme $O !$ @53N ?t $HIT@53N?t $N35G0 $rF3F~ $7 $? !# $3 $l$O Common Lisp $N Am>N E*;; =Q1i ;;$N3H D%$G$" $k !#:G 6a $K$J $C$F Scheme $O !$J]7rE*%^%/%m (h ygienic macro) $r %5 %]!< %H $7 $?=i$a $F $N %W %m %0%i %_ %s %0 8@8l $K$J $C $?!# J]7r E* %^%/ %m $O !$ %V %m %C %/9= B$ $r$b $C $?8@8l $N9=J8 $rL7=b $J$/?. Mj @- $r$b$C$F3HD%$9$k$3$H$r2DG= $K $9$k !# GX7J Sc heme $N :G =i$N 5- =R$O 1975 G/$K =q$+$l $? [28] !#2~D{ Js 9p=q $O 1978 G/$K 8=$l$? [25] !#2~D{Js 9p=q$O !$ MIT $N <B Au $, 3W ?7E*$J%3%s %Q %$ %i [26] $r %5%] !< %H $9 $k$?$a$K 2~NI$5$l $?$3$H $K 9g$o$;$F!$$=$N8@8l$N?J2= $r5-=R $7 $? !# 1981 G/ $H 1982 G/$K$O ;0$D$N 8D JL$N %W %m%8 %’ %/ %H$, MIT !$ Y ale $*$h $S Indiana Bg3X$G 9V :B $K Sc heme N‘$r MQ$$$k$?$a$K ;O$^$C $? [21, 17, 10] !# Sc heme $rMQ$$ $?7W ;;5! 2J 3X F~Lg $N65 2J =q $, 1984 G/ $K =PHG$5 $l$? [1] !# Sc heme $, 9-$^ $k$K $D $l !$ %m!< %+%k$J J}8@ $, J,$+$l$O $8 $a !$ 3X@8$d 8& 5f<T$, B>$N %5 %$ %H $G =q$+$l $? %3 !< %I $N M} 2r$K $7$P $7$P :$Fq $r$* $\$( $k$^ $G $K$J$C $F$- $?!# $= $3 $G !$ Sc heme $N $h$j NI $$!$ $h$j 9-$/ <u $1F~ $l$i $l $kI8 =‘ $K8~ $1$F:n 6H $9$k $? $a!$ Sc heme $N <gMW $J<BAu $NBeI= <T 15 ?M $, 1984 G/ 10 7n $K 2q 9g $7 $? !# $=$NJs 9p =q [4] $O 1985 G/$N2F $K MIT $H Indiana Bg3X $G=PHG$5 $l $? !# $5 $i$K 1986 G/$N=U [23] $H !$ 1988 G/$N =U [6] $K 2~D{ $, 9T $o $l$? !# K\ Js9p=q $O 1992 G/ 6 7n$N Xerox P AR C $G $N2q9g $G9g0U $5 $l$?DI2CE* $J2~D{ $rH?1G $7$F$$$k !# 2f !9 $O!$ $3$NJs 9p=q $r Scheme %3%_ %e %K %F%# A4 BN $KB0$9 $k $b $N $H $7 $h $& $H;W$& !# $= $N $?$a2f!9 $O!$ $3 $l$NA4It $^ $? $O0lIt $rL5 NA $GJ# <L $9 $k $3 $H $r5v 2D $9 $k!# $H $j $o $12f !9 $O!$ Sc heme $N<BAu <T $,$3$NJs 9p =q $r%^ %K %e %" %k$= $NB> $NJ8 =q $N $? $a$N=P H/E@ $H $7 $F!$ I, MW $K1~ $8 $F2~JQ $7 $D$D!$ MxMQ $9 $k $3 $H$r>)Ne $9$k !# 86 J8 : W e in tend this rep ort to b elong to the entire Sc heme comm unit y , and so we grant p ermission to copy it in whole or in part without fee. In par- ticular, we encourage implementors of Scheme to use this rep ort as a starting p oint for manuals and other do cumen tation, mo difying it as necessary . <U<- <! $N?M !9 $N6( NO $K46<U $7 $^$9 : Alan Bawden, Michael Blair, George Carrette, Andy Cromarty , P a v el Curtis, Je� Dal- ton, Olivier Danvy , Ken Dick ey , Bruce Duba, Marc F ee- ley , Andy F reeman, Richard Gabriel, Y ekta G � ursel, Ken Haase, Rob ert Hieb, Paul Hudak, Morry Katz, Chris Lind- blad, Mark Mey er, Jim Miller, Jim Philbin, John Ramsdell, Mik e Sha�, Jonathan Shapiro, Julie Sussman, Perry W a- gle, Daniel W eise, Henry W u, Ozan Yigit !#2f!9 $O Scheme 311 version 4 ;2>H%^%K%e%"%k$+$iJ8 >O $r ;HMQ$9$k5v 2D $r$$ $?$@ $$$?$3$H$K BP $7 $F Carol F essenden, Daniel F riedman, Christopher Haynes $K 46 <U $7 $^$9!# TI Scheme L anguage R efer enc e Manual [30] $+ $iJ8 >O $r ;H MQ $9 $k 5v 2D $r $$ $? $@ $$ $? $3$H $KBP $7$F T exas Instruments, Inc. $K 46 <U $7 $^$9 !# 2f !9 $O MIT Scheme[17], T[22], Scheme 84[11],Common Lisp[27], Algol 60[18] $N 3F%^%K%e%"%k$+$i$N1F6A$r4n $s$G G’$a$^$9!# 2f!9 $O $^$? $3$NJs9p=q $r T E X $G AH$‘$? $a$KJ’$C $?B?Bg$JEX NO $KBP $7 $F Betty Dexter $K !$ $= $7 $FH‘=w$N6lO+$N85 $H$J$C $? $=$N %W %m%0 %i %‘$r @_7W $7 $? $3$H $K BP $7 $F Donald Knuth $K 46<U $7 $^$9!# Massac h usetts Institute of T ec hnology ?M9) CN G= 8& 5f =j !$ In- diana Bg3X 7W;; 5!2J3X 2J!$ Oregon Bg3X 7W ;;5!5Z $S >pJs2J 3X2J !$ NEC Research Institute $O !$ $3$N Js9p =q$N=‘ Hw$r%5 %]!< %H $7 $^ $7$? !# MIT $N:n 6H $KBP $9 $k %5 %]!< %H$N0l It $O9q KI >J Adv anced Research Pro jects Agency $K $h$C$F 3$738&5f 6I 7@Ls N00014-80-C-0505 $N$b$H$GM?$( $i$l$^ $7 $? !# Indi- ana Bg3X $KBP $9$k %5 %]!< %H$O NFS %0 %i %s %H NCS 83-04567 !$ NCS 83-03325 $K $h$C$FM?$($i $l $^ $7 $? !#

1. Scheme $N 354Q 3 8@8l$N5-=R 1. Sc heme $N 354Q 1.1. 0UL#O@ $3$N @a$O Scheme $N 0U L#O@$N 35 4Q$r M?$( $k !#>\:Y$J Hs7A <0 E*0U L# O@$O 3 >O$+ $i 6 >O$G O@$: $k !#E55r$H$7 $F !$ 7.2 @a$O Sc heme $N 7A<0E* $J 0UL#O@ $r Dj$a$k !# Algol $K$J$i $$ !$ Sc heme $O @EE*%9%3!< %W $r $b$D %W %m %0 %i %_ %s %0 8@8l $G $"$k!# $"$k JQ ?t $N $= $l $>$l$N;HMQ $O !$ $= $NJQ?t $N ;z6gE* $K 8+3] $1 $I $*$j$NB+G{$H7k9g$5 $l $k !# Sc heme $N$b$D7? $O82:_E* $G$O$J$/@x:_ E* $G$"$k!# 7? $OJQ?t $H$G$O $J $/ CM$H 7k 9g$5$l $k ( CM$O %*%V %8 %’ %/ %H$H $b 8F $P $l $k ) !# ( Cx <T $K$h$C $F $O@x:_E* $J7? $r$b$D8@8l $N$3 $H$r!$ <e$/ 7? IU $1$5 $l$?8@8l $^ $? $OF0E* $K7?IU $1$5 $l$k8@8l $H8F $V $3 $H $,$" $k ) !#@x:_E* $J 7?$r$b$D8@8l$K$O B> $K APL !$ Snobol $* $h $S B>$N Lisp J}8@ $,$" $k !#82:_E* $J7?$r$b$D 8@8l ( 6/$/7? IU $1 $5$l $? 8@ 8l$^$?$O @E E*$K 7? IU$1 $5$l$? 8@ 8l$H$$$o$l $k $3$H$b$"$k ) $K$O Algol 60 !$ P acal, C $, $" $k !# Sc heme $N7W;;$NES>e $GB$ $i $l$?%* %V%8%’%/ %H$O !$ <jB3 $- $H 7QB3 (contin uation) $r 4^$a !$$9$Y$F L54| 8B$N<w L? (extent) $r$b $D !# $I $N Scheme %* %V %8 %’ %/ %H $b 7h $7 $F >C LG$5$;$i$l $J$$ !#$? $@$7 <B Au$O !$$b $7 $" $k%* %V %8 %’ %/ %H $, >- Mh$N$$$+ $J $k7W ;;$K $b 4X 78 $7 F@$J $$$3$H $r >Z L@$G$- $k$J$i$P !$ $=$N %* %V%8 %’ %/ %H$, @j$a$k5-21 NN0h $r :FMxMQ $7 $F$h$$ !# $3 $l$, !$ Sc heme $N<BAu $, ( $? $$$F$$ $N>l9g $K$O !) 5-21NN 0h $r;H $$2L $?$5 $J$$M} M3 $G$"$k!# Bg B? ?t $N %* %V%8%’ %/ %H$, L54| 8B $N<w L? $r$b$D8@8l $K$O B> $K APL $d B>$N Lisp J}8@ $,$" $k !# Sc heme $N<BAu $O??@5 $KKv Hx :F 5" E* (prop erly tail-recursive) $G$"$k $3 $H $, MW5a $5 $l$F$$$k!# $3 $l$O!$ $? $H $(7+JV $7 7W;; $, 9= J8 E* $K:F5" E* <j B3 $- $G5-=R $5 $l$F$$$k $H$- $G$b!$ Dj?t 6u 4V $G$=$N7+ JV $7 7W;; $r<B9T $9 $k $3 $H$r2D G= $K$9$k!# $3$N $h$& $K ?? @5 $KKvHx :F 5" E* $J<BAu $G $O!$ 7+ JV $7$ODL>o $N<j B3 $-8F =P $7 $N5! 9= $r;H $C $FI= 8= $G$-$k $+ $i!$ FC JL $J7+ JV $7 %3 %s %9 %H%i%/ %H$O$? $@%7 %s%?%C %/%9 !& %7 %e %, !< $H $7 $F M-MQ $G$"$k $K$9 $. $J $$ !# 3.5 @a$r8+$h !# Sc heme $N<jB3$- $O$= $l <+BN $G%* %V%8%’%/ %H$G$" $k!# <j B3 $- $rF0E* $KB$$k $3$H!$ %G !<%?9= B$ $NCf $K3JG< $9$k $3 $H!$ <jB3 $- $N7k 2L $H $7 $FJV$9 $3 $HEy!9 $,2DG= $G$"$k!# $3 $l$i$N@- <A $r$b $D8@8l $K$O B> $K Common Lisp $d ML $, $" $k !# Sc heme $N 0l$D $NFC D9 $O!$ 7QB3 $b$^ $? \ %U %!!<%9 %H !& %/ %i%9 " $NCO0L $K$"$k $3$H $G$"$k!# B> $NBgB? ?t $N8@8l $G$O!$ 7Q B3 $O$? $@IqBfN" $G0ELv$9 $k $K$9 $. $J$$ !# 7QB3 $OHs6I=j E* C&=P!$ %P%C %/ %H%i%C %- %s %0 !$ %3 %k!<%A %s$J $I 9-HO0O $N9b EY $J@)8f 9=B$ $r <BAu$9$k $3$H $K M-MQ $G$" $k !# 6.4 @a$r8+$h !# Sc heme $N<jB3$- $X$N0z?t $O$D $M $K CM $K$h$C $FEO $5 $l $k !# $3 $l$O!$ <j B3 $- $,<B0z?t $NI> 2A7k 2L $rI, MW $H$9$k $+H] $+ $K $+ $+ $o$j $J$/ !$ <j B3 $- $,@)8f $rF@$k A0 $K<B0z ?t $N<0 $, I>2A $5 $l $k $3 $H$r0UL# $9$k!# ML !$ C !$ APL $O $D $M$KCM $K$h$C $F0z?t $r EO $9 B> $N;0 $D $N8@8l $G$"$k!# $3 $l$O Haskell $NCY1d I>2A $N0U L# O@ $d Algol 60 $NL>A0 8F $S$N0UL#O@ | $= $l$i$O<jB3 $- $, CM $r I,MW$H $7 $J $$8B$j!$ 0z?t<0 $r I>2A $7 $J $$ | $H$O L@3N $K 6h JL$5 $l $k !# Sc heme $N ;;=Q %b %G%k$O7W;;5!Fb It $G$N?t $NFCDj $NI= 8=J} K! $+$i$G $- $k8B$jFHN)$rJ]$D$h $& $K @_7W$5 $l$F $$$k !# Sc heme $G $O !$ $"$i $f $k@0 ?t$O M- M} ?t$G$" $j!$ $"$i $f $k M- M} ?t$O <B ?t $G$" $j !$ $" $i$f$k<B ?t $OJ#AG?t $G$"$k!# $7$?$,$C $F!$ @0?t ;;=Q $H<B?t ;;=Q $N6hJL $O!$ B? $/ $N %W %m %0%i%_ %s %0 8@8l $K$H$C $F$O$H$F$b=EMW $G$"$k $, !$ Sc heme $K$O 8= $l$J$$ !# $= $N $+$o $j!$ ?t 3XE* M} A[ $K0lCW $9 $k@5 3N ;; =Q (exact arithmetic) $H6a ;w $K 4p $E $/IT@5 3N;; =Q $N6hJL $,$"$k !# Common Lisp $H F1 $8 $/ !$@53N;;=Q $O @0?t $K 8B $i $l$J $$ !# 1.2. 9=J8 Sc heme $O !$ Lisp $N Bg B??t$N J} 8@$H F1 $8 $/ !$ %W %m %0 %i %‘$H ( $= $l 0J 30$N ) %G !<%?$r I=$9$? $a$K !$>JN,$J $/%+%C%3$G $/$/ $i$l$?A0CV5-K! $r;HMQ$9$k!# Sc heme $NJ8K! $O!$ %G !<%? $rI= $9$? $a$K ;H$o$l $k 8@ 8l$N !$ItJ, 8@8l$r @8@. $9 $k !# $3$N C1=c $G 0l MM$J I=8=$N 0l$D$N =E MW$J 5"7k$O !$B>$N Sc heme %W %m %0 %i%‘ $K$h$k<h07 $$ $r!$ Sc heme $N %W %m %0%i%‘ $K BP $7 $F$b %G !< %? $KBP $7 $F$b0lMM2= $G$-$k $3 $H $G$"$k!# $? $H $( $P eval <jB3 $-$O !$ %G !<%?$H $7 $F I= 8=$5$l$? Scheme %W %m %0 %i %‘$r I>2A $9$k !# read <jB3$- $O !$ ;z6g $@$1$G$J $/9=J8 $b2r@O $7 $F %G !<%?$rFI $‘!# read <jB3$- $OF~NO$r %W %m %0 %i%‘$H $7 $F$G$O$J $/ %G !<%? (7.1.2 @a ) $H $7 $F %Q!< %9$9$k!# Sc heme $N 7A<0E*$J9=J8$O 7.1 @a$G5-=R$9$k !# 1.3. 5-K! $H MQ8l 1.3.1. 86;O5!G= !$ %i %$ %V %i%j 5!G= !$>JN,2DG=5!G= Sc heme $N $I $N <B Au$b !$ >JN, 2D G= ( optional ) $H %^!< %/$5$l $F $$$J$$5!G= $r$9$Y$F%5 %]!< %H $9$k $3$H $, MW5a$5 $l$F$$ $k!# <BAu $O<+M3 $K !$ Sc heme $N >JN,2D G=5! G= $r>JN, $9$k $3 $H !$ $^ $? $O3HD% $rDI2C $9$k $3 $H $,$G$-$k!# $? $@ $7 !$ $= $N3HD% $,$3 $3 $G Js9p$5 $l $k8@8l$H>WFM $7 $F$O$J$i$J $$ !# $H$j$o$1 <BAu $O !$ $3 $N Js 9p=q$N $I $N ;z6g 5, Ls$b L5 8z $K $7 $J $$ 9=J8%b !< %I $r MQ 0U $9$k $3 $H $K$h $C $F!$ %]!<%? %V%k$J%3!< %I $r%5 %]!< %H $7$J$1 $l$P $J$i$J $$ !# Sc heme $N M}2r $H<BAu $r=u $1$k$? $a!$ $$$/ $D $+$N5!G= $O %i %$ %V %i%j ( libr ary ) $H %^!<%/ $5 $l$F$$$k!# $3 $l $i$O$= $l0J30 $N!$ 86;OE* (primitive) $J 5!G= $K$h$C $FMF0W $K <BAu $G$-$k!# $3 $l $i$O8@MU $N87 L) $J0U L# $K$* $$ $F>i D9 $G$"$k $, !$ $" $j$U $l$?47 MQK! $N%Q %? !< %s$r $H $i $($F$* $j !$ $= $l$f $(JXMx $JN,5- K! $H $7 $F MQ0U$5 $l$F $$$k !# 1.3.2. %(%i!<>uBV$HL$5,Dj$N?6Iq

4 Revised 5 Scheme %(%i !<>u BV $K$D$$ $F8@$& $H$-!$ $3 $NJs9p =q $O \ %(%i!< $, DLCN $5 $l $k " $H$$ $&I= 8= $r;H$C $F!$ <BAu $,$=$N %(%i!< $r8!=P $7 Js 9p $7$J$1 $l $P$J$i$J $$ $3 $H $r<($9 !# $b $7 $"$k%( %i!< $N5DO@ $K $= $N$h$& $J8@ $$2s $7$, 8= $l$J$$ $J $i $P !$ <BAu $,$= $N %(%i !< $r 8! =P $^ $? $OJs9p$9 $k $3 $H $O !$ >) Ne $5 $l$F$$ $k $1 $l $I $b!$ MW 5a $5 $l$F$$ $J $$!# <BAu $K$h$k 8!=P $, MW5a $5 $l$F$$ $J$$ %(%i !<>u BV $O !$IaDL$? $@ C1 $K \ %(%i!< " $H 8F $P$l $k !# $? $H $( $P !$ $"$k <jB3 $- $K$= $N<jB3 $- $G=h M} $9$k $3 $H $, L@<( E* $K5,Dj $5 $l$F$$ $J$$0z ?t $rEO $9 $3 $H $O !$ $? $H $($= $N$h$& $JDj 5A0h %(%i!< $,$3$N Js9p=q$G$[$H$s $I 8@5Z$5 $l$F$$$J $/$F$b !$ %(%i !< $G$"$k!# <BAu $O !$ $= $N$h$& $J0z ?t $r4^ $a$k $h$& $K<jB3 $-$NDj5A0h$r3HD% $7 $F$b$h$$ !# $3$NJs 9p=q $O \ <BAu@)8B $N0cH? $rJs9p $7$F$b$h$$ " $H$$ $& I= 8= $r;H $C $F!$ <B Au $N2] $9 $J $s $i $+$N@)8B $N $;$$ $G@5Ev $J %W %m %0%i%‘$N<B 9T $rB3 9T $G$- $J$$!$ $HJs9p $9 $k $3$H $,<BAu $K5v $5 $l$F $$$k >u67$r<($9!# $b$A$m$s <BAu@)8B $O K>$^ $7 $/$J$$ $, !$ <BAu $, <BAu@)8B$N0cH?$rJs9p$9$k$3$H $O >)Ne$5 $l$F$$ $k !# $? $H $( $P <BAu $O !$ $"$k %W %m %0 %i%‘ $rAv $i$; $k $@ $1$N==J, $J5- 21NN0h $,$J$$$H$- !$<BAu@)8B$N0cH?$rJs9p $7 $F$b$h$$ !# $b $7$"$k<0 $NCM $, \ L$5, Dj " (unsp eci�ed) $G$"$k $H=R $Y $i $l $F$$$k $J $i $P !$ $= $N<0 $O!$ %(%i!< $, DLCN $5 $l$k $3$H $J$/ !$ $J $s$i $+$N %* %V%8%’ %/ %H$X$HI> 2A $5 $l$J $1 $l $P$J$i $J$$!# $7$+ $7 !$ $= $NCM $O<BAu $K0MB8 $9$k!# $3$NJs 9p=q $O !$ $I $s$JCM $, JV $5 $l $k$Y$- $+$r L@<(E* $K$O =R$Y$J$$ !# 1.3.3. %( %s %H %j $N =q<0 4 >O $H 6 >O $O%( %s %H %j $4 $H$KJT@.$5 $l$F$$$k!# 3F %( %s %H %j $O 0l $D $N8@ 8l 5! G=!$ $^ $? $O4XO" $9$k J# ?t $N5!G= $+ $i$J$k0l $D $N %0%k!< %W $r5-=R$9 $k!# $? $@ $7 !$ $3$3 $G5!G= $H $O9=J8 %3 %s %9 %H %i%/ %H$^$? $OAH9~ $_<j B3 $- $N $3 $H $G$"$k!# %( %s %H %j $O2<5- $N =q<0$N 1 9T0J >e$N8+=P $7 $G ;O$^$k !# $=$N5! G= $, I,?\$N 86;O 5!G= $J $i $P !$ template c ate gory $= $& $G$J$1$l $P !$ template quali�er c ate gory $? $@ $7 !$ $3 $3$G quali�er $O !$ 1.3.1 @a $GDj5A $7 $?$h $& $J \ %i %$ %V %i %j " $^$? $O \ >JN,2DG= " $N $I $A$i$+$G$"$k !# $b $7 c ate gory $, \ 9= J8 " $J$i$P !$$=$N%( %s %H %j $O <07?$r 5- =R $7 !$ template $O $=$N <07?$N9=J8$r M? $( $k !#<0 $N9=@.MW AG $O9=J8JQ?t $K$h$C $F<( $5 $l $k!# 9=J8 JQ?t $O < <0 > !$ < JQ?t > $N $h $& $K ;3 7A %+%C%3$r ;H$C $F =q$+$l $k !#9=J8 JQ ?t$O %W %m %0 %i %‘ !& %F%-%9 %H $N$= $l $>$l $N ItJ, $rI=$9$HM}2r$9$Y$- $G$"$k !# $? $H$( $P < <0 > $O !$ 9= J8E* $KBEEv $J0l $D $N<0 $G$"$kG$ 0U $NJ8 ;z $NNs$rI=$9!# 5-K! < $J $K$+ 1 > : : : $O < $J $K$+ > $N 0 8D0J>e$N=P8=$r<( $7 !$ < $J $K$+ 1 > < $J $K$+ 2 > : : : $O < $J$K$+ > $N 1 8D0J>e$N=P8=$r<($9!# $b $7 c ate gory $, \ <jB3$- " $J$i$P !$ $=$N%(%s %H %j $O <jB3$- $r 5-=R $7 !$ 8+ =P $7 9T $O$= $N<j B3 $- $N8F =P $7$rI=$9 %F %s %W %l !< %H $r M?$( $k !# %F%s %W%l !< %H $N Cf$N 0z ?tL>$O italic BN$G =q $+ $l $k !# $7 $? $, $C $F 8+=P $7 9T (vector-ref ve ctor k ) <jB3$- $O AH9~$_<jB3$- vector-ref $, Fs$D$N 0z?t !$ %Y %/%? ve ctor $H @53NHsIi@0?t k ( 2<5-;2>H ) $r$H $k$3$H$r <($9!# 8+=P $7 9T (make-vector k ) <jB3$- (make-vector k �l l ) <jB3$- $O make-vector <jB3 $- $, 0l$D$^ $? $OFs$D $N0z?t $r$H$k $h$& $K Dj5A$5 $l$J$1$l $P $J$i$J $$$3$H$r <($9!# $" $k 1i ;; $K BP $7 =h M}$9 $k$3$H$, 5,Dj$5$l $F $$$J $$ 0z?t$r M? $( $k $3 $H $O%(%i !< $G$"$k!# 4J 7i $N $? $a2f!9 $O!$ $b $7 0z?t L> $, 3.2 @a $K5s $2$i$l$? 7?$NL>A0 $G$b$"$k$J $i $P $=$N 0z?t $O$=$N L>A0 $, <( $97? $G$J$/ $F $O$J $i$J $$!$ $H$$$& 5, Ls $K=>$& !# $? $H $($P >e 5-$N vector-ref $N 8+ =P $7 9T$O !$ vector-ref $N Bh #10z?t $,%Y%/ %? $G$J $1 $l $P $J $i$J$$ $3 $H$rL? $8$F$$$k!# 0J2< $N L?L>5,Ls$b$^$?7?$N@)Ls $r 0UL#$9$k !# obj G$0U$N%* %V %8 %’ %/ %H l ist , list 1 , : : : l ist j , : : : %j%9 %H (6.3.2 @a;2>H ) z , z 1 , : : : z j , : : : J#AG?t x , x 1 , : : : x j , : : : <B?t y , y 1 , : : : y j , : : : <B?t q , q 1 , : : : q j , : : : M-M}?t n , n 1 , : : : n j , : : : @0?t k , k 1 , : : : k j , : : : @53NHsIi@0?t 1.3.4. I>2A$NNc %W %m %0 %i %‘ Nc$G ;H$o$l $k 5- 9f \= ) " $O \ $X$H I> 2A$5$l $k " $H FI$‘$Y$- $G$"$k !# $? $H$( $P !$ (* 5 8) = ) 40 $O <0 (* 5 8) $, %* %V%8 %’ %/ %H 40 $X$H I>2A$5 $l $k$3$H$r 0U L# $9 $k!# $D $^ $j !$ $h $j @: 3N $K $O!$ J8 ;z $NNs \ (* 5 8) " $K$h $C $F M? $( $i $l $k<0 $, !$ J8 ;z $NNs \ 40 " $K $h$C $F30It E* $KI=8=$5 $l F@$k $"$k %* %V%8%’ %/ %H $X$H!$ =i 4| 4D 6- $NCf $GI>2A $5 $l$k $3 $H $r 0U L#$9 $k !# %* %V %8 %’ %/ %H $N 30It I= 8=$N 5D O@$K $D$$ $F$O 3.3 @a $r 8+$h !# 1.3.5. L?L>5,Ls 5,Ls $K$h$j !$ $D $M $K %V !<%j %" %s CM $rJV $9<j B3 $-$NL> A0 $OIaDL \ ? " $G =* $o$k !# $3$N$h$& $J<jB3$- $O =R8l (predicate) $H 8F $P $l $k !# 5,Ls$K $h $j!$0JA0$K 3d$j IU$1$i$l $? >l=j$N Cf$X CM$r 3J G<$9 $k <jB3$- (3.4 @a;2>H ) $N L>A0 $O IaDL \ ! " $G =*$o$k !# $3$N$h $& $J<jB3$- $O =q49 $( <jB3$- (mutation pro cedure) $H 8F $P$l $k !#5,Ls $K$h$j!$=q49 $( <jB3$- $, JV$9CM $O L$5,Dj $G$"$k !#

2. ;z6g5,Ls 5 5, Ls $K$h$j !$ $"$k7? $N%* %V%8%’%/ %H$r$H$C $FJL $N7? $NAjEv $9 $k %* %V%8%’%/ %H$r JV$9<j B3 $- $NL>A0 $NESCf $K $O \ -> " $, 8= $l $k!# $? $H $( $P list->vector $O !$ 0l $D $N%j%9 %H$r$H $C $F!$ $= $N%j%9 %H $H F1 $8 MWAG $+$i$J $k%Y%/%?$rJV$9!# 2. ;z6g5,Ls $3$N @a$O Scheme %W %m %0 %i %‘$r =q$/$H$-$K ;H$o $l $k ;z6g E* $J5,Ls $N $$$/$D $+$rHs7A<0 E* $K@bL@$9$k!# Sc heme $N 7A<0E* $J9=J8 $K$D$$$F$O 7.1 @a$r8+$h !# 1Q ;z $NBg J8 ;z $H>. J8;z $O!$ J8;z Dj ?t $HJ8 ;zNs Dj ?t $NCf $r=| $$ $F!$ 7h $7 $F6hJL$5 $l$J$$ !# $?$H $( $P Foo $O FOO $H F1 $8 <1JL ;R $G$"$j!$ #x1AB $O #X1ab $H F1 $8 ?t $G$"$k !# 2.1. <1JL;R B> $N %W %m %0 %i %_ %s %0 8@ 8l $G 5v $5 $l $k Bg B? ?t $N <1 JL ;R $O Sc heme $K $b <u M} $5 $l $k !#<1 JL ;R $r $D $/ $k >\ :Y $J 5, B’ $O Sc heme $N <B Au$K $h$C$F 0[$J $k$, !$1Q;z$H ?t ;z$H \ 3H D% %" %k%U %! %Y%C %H J8;z " $+$i$J$kNs $G$"$C $F!$ ?t $N@hF, $K$J$jF@ $J$$ J8 ;z$G ;O $^ $k$b$N$O !$ $I $N <B Au$G$b <1JL ;R$G $" $k !# $5 $i$K + $H - $H ... $b <1JL ;R$G$" $k !#2<5-$O <1JL ;R$N Nc$G $"$k !# lambda q list->vector soup + V17a <=? a34kTMNs the-word-recursion-has-many-meanings 3H D% %" %k%U %! %Y %C %H J8;z $O !$ <1 JL;R $NCf $G$" $? $+$b1Q ;z $G$" $k $+$N $h$& $K;H$C $F$h $$!# 0J2< $O3HD% %" %k%U %! %Y %C %H J8;z $G $"$k !# ! $ % & * + - . / : < = > ? @ ^ _ ~ <1JL;R $N7A<0E*$J9=J8 $K$D$$$F$O 7.1.1 @a$r8+$h !# <1JL;R $K$O Scheme %W %m %0 %i%‘$N Cf $G Fs$D$NMQES $, $"$k !# � $I $N <1JL ;R$b JQ ?t $H $7 $F !$$^$?$O 9=J8%- !<%o !< %I $H $7 $F;H$C$F$h$$ (3.1 @a$*$h $S 4.3 @a;2>H ) !# � <1 JL;R$, %j%F%i%k $H $7 $F !$$^$?$O %j%F%i%k $N Cf$K 8=$l $?$H$- (4.1.2 @a;2>H ) !$ $= $l$O %7 %s%\%k $r I=$9$? $a $K ;H $o $l$F$$ $k (6.3.3 @a;2>H ) !# 2.2. 6uGr$HCm<a 6uGr J8 ;z ( whitesp ac e c haracter) $O !$%9%Z !< %9$H 2~ 9T$G $" $k!# ( <BAu $O E57?E* $K$O%? %V $^$? $O 2~%Z!< %8$J $I $N IU2CE*$J 6uGrJ8;z $rDj$a$k ) !#6uGr $O !$2DFI@-$r2~A1$9$k$?$a $K ;H $o $l !$$= $7 $F%H !< %/ %s $I $& $7 $r J, N%$9 $k$?$a$K 7g$+$;$J $$$b $N $H $7 $F;H $o $l $k $, !$ $= $l 0J30 $N0UL# $O$J$$!# $3$3 $G %H!<%/ %s$H $O!$ <1 JL ;R $^ $? $O?t $J $I $N !$ $"$k J,3d $G$- $J$$;z 6gC1 0L $G $" $k !#6uGr$O $I $N Fs$D $N %H !< %/ %s $N $" $$$@$K =P 8= $7 $F $b $h$$ $, !$ 0l $D $N %H !<%/ %s$NESCf $K=P8= $7 $F$O $J $i$J$$!# 6uGr $O J8;z Ns $NFb It $K=P8= $7 $F$b$h$/ !$ $= $3 $G $O6uGr $OL5;k $5 $l $J $$ !# %; %_%3%m%s ( ; ) $O Cm<a (comment) $N 3+;O$r <($9!# Cm<a$O $=$N%;%_ %3%m %s $, 8= $l$?9T$N9TKv $^ $G B3$/ !# Cm<a $O Scheme $K$H$C $FIT2D ;k $@ $, !$ $= $N9TKv $O6uGr $H $7 $F2D;k $G$"$k!# $7 $? $,$C $F!$ Cm<a $,0l$D $N<1 JL ;R $^ $? $O?t$NES Cf $K8= $l$k $3 $H $O$G $-$J$$ !# ;;; FACT <jB3$- ;;; HsIi@0?t$N3,>h (factorial) $r 7W;;$9$k (define fact (lambda (n) (if (= n 0) 1 ; :F5"$NDl : 1 $r JV$9 (* n (fact (- n 1)))))) 2.3. $=$N B>$N5-K! ?t $K BP $7 $F ;H $o $l $k 5-K!$N5-=R $K$D$$$F$O 6.2 @a $r 8+$h !# . + - $3$l$i$O ?t$G ;H$o $l !$$= $7 $F $^$? :G=i$N J8;z$r =|$- <1JL ;R$N $I $3$K $G $b =P8=$G $- $k !# #18D$N 8I N) $7 $? @5Id 9f$^ $? $OIiId9f $b<1 JL ;R $G$"$k!# #18D $N8IN) $7 $? ( ?t $d <1JL ;R $NCf $K=P8= $9$k $N $G$O $J$$ ) %T %j %* %I $O !$ %Z %" $N I=5- (6.3.2 @a ) $G !$ $* $h $S 2>%Q %i %a %? JB $S $N;DM> %Q %i%a %? (4.1.4 @a ) $r<($9 $? $a $K;H $o $l $k!# #3 8D $NO" B3 $7$? %T %j%* %I $+$i$J $k8IN) $7 $? Ns$b<1JL;R $G$" $k !# ( ) 4] %+%C %3$O%0%k !< %W 2=$H %j%9 %H $N I= 5-$N$?$a$K ;H$o$l $k (6.3.2 @a ) !# ’ C10l 0z MQ Id $O%j %F %i %k !& %G!< %? $r<( $9 $? $a $K;H $o $l$k (4.1.2 @a ) !# � 5U0z MQ Id $O=‘Dj ?t %G!<%? $r<( $9 $? $a $K;H $o $l$k (4.2.6 @a ) !# , ,@ J8 ;z !V %3%s %^ !W $H Ns !V %3%s %^ !W !V %"%C %H %^!< %/ !W $O 5U 0zMQId $H AH$_9g $o$;$F ;H $o $l $k (4.2.6 @a ) !# " Fs=E0zMQId$OJ8;zNs$r6h@Z$k$?$a$K;H$o $l $k (6.3.5 @a ) !# \ 5U %9%i%C%7%e$O J8 ;z Dj ?t$r I=$9 9= J8$G ;H$o$l (6.3.4 @a ) !$ $= $7 $F J8 ;zNs Dj ?t$N Cf$N%( %9%1!< %W J8;z$H $7 $F ;H$o$l $k (6.3.5 @a ) !# [ ] { } | :81&$N3Q%+%C %3$HGH%+%C%3 $H ?bD> %P!<$O !$8@8l $K$H $C $F >-Mh$"$jF@$k3HD%$N$?$a $K M=Ls$5 $l$F $$ $k !# # %7 %c !< %W 5-9f $O2<5- $N$h$& $K$= $ND> 8e $KB3$/ J8 ;z $K$h $C $F 7h$^$kMM !9 $J L\E*$N$?$a $K ;H $o $l $k !# #t #f $3$l$i$O %V !< %j %" %s Dj?t$G$"$k (6.3.1 @a ) !# #\ $3$l$O J8;zDj?t$N@hF,$H$J$k (6.3.4 @a ) !# #( $3$l $O %Y %/%? Dj ?t$N @h F,$H$J $k (6.3.6 @a ) !#%Y%/%? Dj ?t $O ) $r KvHx$H$9$k !#

6 Revised 5 Scheme #e #i #b #o #d #x $3 $l $i $O ?t $N I= 5- $K ;H $o $l $k (6.2.4 @a ) !# 3. 4pK\35G0 3.1. JQ?t!$9=J8 %-!<%o!< %I !$ $*$h $S NN0h <1 JL;R $O!$ 9=J8 $N7? $NL>A0 $K !$ $^ $? $OCM $r3J G< $G$-$k >l=j $N L> A0 $K$J$jF@ $k!# 9= J8 $N7? $NL> A0 $K$J $C $F $$$k<1 JL ;R $O!$ 9= J8 %-!<%o!< %I ( syntactic keywor d ) $H 8F $P$l !$ $= $N9=J8 $K B+ G{ ( b ound ) $5$l$F $$ $k$H8@$o$l $k !#>l=j$NL>A0$K$J $C$F$$ $k<1JL;R$O !$ JQ?t ( variable ) $H 8F $P $l !$$=$N>l =j$K B+G{ $5 $l$F$$ $k $H8@ $o $l$k !# %W %m %0 %i%‘ $NCf $N$" $kCO E@ $GM-8z $J$9 $Y$F $N 2D ;k$J B+ G{ $+$i $J $k =89g$O !$$=$N CO E@$G M- 8z$J 4D 6- ( envir onment ) $H $7$F CN $i $l$k !# JQ ?t $, B+G{ $5 $l$F$$$k>l =j $K 3JG<$5$l $F $$ $k CM$O !$$=$N JQ ?t$N CM$H 8F $P $l $k !#MQ8l$N 8m MQ $K$h $C $F!$ JQ?t $,CM$NL> A0 $K$J$k $H $+ !$ CM $KB+G{ $5 $l $k $H $+ 8@$o $l $k$3$H $, $"$k !# $3 $l$O I, $: $7 $b @5 $7 $/ $O$J$$$, !$ $3 $& $7 $? MQK! $+$i :.Mp $,$b$?$i$5$l $k$3$H $O LGB? $K$J$$ !# $"$k <o $N<0 7? $, !$ ?7 $7 $$<oN‘ $N9= J8 $rB$ $C $F9=J8 %-!< %o !< %I $r $=$N?7 $7 $$9=J8 $KB+G{ $9 $k $?$a $K;H $o $l$k0lJ}!$ JL $N<0 7? $O?7 $7 $$>l=j $rB$ $C $FJQ?t $r$= $N>l =j $KB+G{ $9 $k!# $3 $l$i$N <07? $r B+G{%3 %s %9 %H %i%/ %H ( binding c onstruct ) $H 8F$V !#9= J8 %-!<%o!< %I $r B+ G{$9$k%3 %s %9 %H %i %/ %H $O 4.3 @a$G 5s $2 $k !# :G $b4pK\E* $JJQ?tB+G{ %3 %s %9 %H %i %/ %H$O lambda <0 $G$"$k !# $J $< $J $iB> $NJQ ?t B+ G{ %3 %s %9 %H%i%/ %H$O$9 $Y $F lambda <0 $K $h $C $F@b L@ $G$-$k $+ $i $G$"$k!# B> $NJQ?t B+ G{ %3 %s %9 %H %i%/ %H $O let , let* , letrec , do $N 3F<0 $G$" $k (4.1.4 @a , 4.2.2 @a , 4.2.4 @a;2>H ) !# Algol $d Pascal $H F1 $8 $/ !$ $= $7 $F Common Lisp $r =| $/B> $NBgB??t$N Lisp $N J}8@$H$O0[$J$j!$ Sc heme $O%V %m%C %/9= B$ $r$b $C $F@EE* $K %9 %3!< %W$, 7h$^$k 8@ 8l $G$"$k!# %W %m %0%i%‘ $NCf $G<1JL ;R $,B+G{ $5 $l$k2U =j $K $O$= $l $>$l !$ $= $l$KBP1~ $7 $F!$ $= $NB+G{ $, 2D;k $G$"$k $h$& $J %W %m %0%i%‘ !& %F %-%9 %H $N NN 0h ( r e gion ) $, $" $k !#NN0h $O !$B+G{$r@_$1$?$^$5$K$=$N B+G{ %3 %s %9 %H %i%/ %H$K$h$C $F7h Dj $5 $l$k!# $? $H$( $P !$ $b $7 B+G{ $, lambda <0 $K$h$C $F@_ $1$i $l$?$J$i $P !$ $= $NB+G{ $NNN0h $O$= $N lambda <0 A4BN$G $" $k !#<1JL;R$X $N 8@ 5Z$O $=$l$>$l !$$= $N <1JL ;R$N ;H MQ$r 0O $‘NN 0h$N $&$A :GFb$N $b$N$r @_$1 $? B+ G{ $r ;2>H $9 $k !#$b $7 $b ;H MQ$r 0O $‘$h $&$J NN0h$r$H $k B+ G{ $, $= $N<1JL ;R $K$J$$ $J $i $P !$ $= $N;HMQ $OJQ?t $KBP$9$k %H%C %W!& %l %Y%k 4D6-$G$N B+G{$r !$$b $7 $"$l$P !$;2>H$9$k (4 >O$*$h $S 6 >O ) !# $b $7 $b$=$N <1JL;R $K BP$9$kB+G{ $, A4$/$J$$$J $i $P !$$= $N<1JL;R $O L$B+G{ ( unb ound ) $G $" $k$H8@$o $l $k !# 3.2. 7?$NJ,N%@- $I $N %* %V%8 %’ %/ %H$b2< 5- $N =R 8l $r Fs $D 0J >e K~ $? $9 $3 $H $O $J $$!# boolean? pair? symbol? number? char? string? vector? port? procedure? $3$l $i$N=R 8l $, %V !< %j%" %s !$ %Z %" !$ %7 %s%\ %k !$ ?t !$ J8 ;z !$ J8 ;zNs !$ %Y%/ %? !$ %]!< %H !$ <jB3 $- $N 3F7?$rDj5A$9$k !#6u%j%9 %H$O !$ $= $lFH<+ $N7? $KB0$9$k 0l $D $NFC <l $J%* %V%8%’%/ %H$G$" $j!$>e5- $N=R8l$N $I $l $r $b K~$?$5 $J$$ !# C1FH $N %V !< %j %" %s 7? $H$$$& $b$N $O$"$k $, !$ $" $i$f$k Scheme CM $r>r7o %F%9 %H$NL\E* $N $?$a $K %V !<%j %" %sCM $H $7$F;H$& $3 $H $, $G$-$k!# 6.3.1 @a $G@bL@$9$k $h$& $K !$ #f $r=|$/$9 $Y $F$NCM $O$3 $N$h $& $J%F%9 %H$G ??$H8+$J$5 $l $k !# $3$NJs9p=q $O \ ?? " (true) $H$$$&8@ MU $r #f $r=|$/ $" $i$f$k Scheme CM $N $3$H $r 8@ $& $?$a $K ;H$$ !$ \ 56 " (false) $H $$ $&8@MU $r #f $N$3$H$r 8@ $&$?$a $K ;H$&!# 3.3. 30ItI=8= Sc heme ( $*$h $S Lisp) $N 0l$D$N =E MW$J35 G0 $O !$J8;z$NNs$H $7 $F$N%* %V%8%’ %/ %H$N 30It I= 8= ( external r epr esentation ) $H $$ $&35 G0 $G$"$k!# $? $H$( $P !$ @0 ?t 28 $N30ItI=8= $OJ8;z $NNs \ 28 " $G $"$j!$@0?t 8 $H 13 $+$i$J $k %j%9 %H $N 30ItI=8= $O J8 ;z$NNs \ (8 13) " $G$" $k !# %* %V %8 %’ %/ %H $N 30 It I=8=$O I,$: $7 $b 0l0U E*$G$O $J $$ !#@0?t 28 $K$O \ #e28.000 " $d \ #x1c " $H $$ $&I=8=$b$"$j !$>e $NCJ Mn $N%j%9 %H$K$O \ ( 08 13 ) " $d \ (8 . (13 . ())) " $H$$ $&I=8=$b$"$k (6.3.2 @a;2>H ) !# B? $/$N%* %V %8 %’%/ %H $K $O I8 =‘ E*$J 30 ItI= 8=$, $" $k$, !$<jB3 $-$J $I !$I8=‘ E*$J I=8= $, $J $$%* %V %8 %’ %/ %H $b$" $k ( $?$@ $7 !$ 8D !9 $N<BAu $, $= $l$i$K BP$9$kI=8= $r Dj5A $7 $F $b$h$$ ) !# BP1~ $9 $k %* %V%8%’%/ %H$r F@$k $? $a $K!$ 30It I= 8= $r %W %m %0 %i%‘ $N Cf $K =q$$ $F$b$h$$ (4.1.2 @a quote ;2>H ) !# 30ItI=8= $O F~=PNO $N$?$a $K;H $& $3$H$b $G$-$k !# <jB3 $- read (6.6.2 @a ) $O 30It I=8=$r%Q !< %9 $7 !$<jB3$- write (6.6.3 @a ) $O 30It I= 8= $r@8@. $9 $k!# $3 $l $i$O6&F1 $7 $F%( %l %,%s %H$G6/NO $J F~=PNO$N<jCJ $r M? $($F$$$k !# J8;z $NNs \ (+ 2 6) " $O !$ @0 ?t 8 $X$HI> 2A $5 $l$k<0 $G $"$k $, !$ @0?t 8 $N 30ItI= 8= $G$O $J$$ $3$H$K Cm0U$;$h !#@5 $7 $/$O !$$= $l $O%7 %s%\%k + $H @0?t 2 $H 6 $+$i$J $k#3MWAG $N%j%9 %H$N 30 ItI=8= $G$"$k!# Sc heme $N 9=J8 $N@-<A $H $7 $F !$ #18D$N<0 $G$" $k$h$& $JJ8 ;z $NNs $O$J $s$G$" $l !$ #18D $N $J $s$i $+$N%* %V%8%’ %/ %H$N 30ItI=8= $G$b$"$k !# $3 $l$O:.Mp$r$b$? $i $7 $+$M$J$$ !# $J $< $J$i !$M?$($i$l $? J8;z$N Ns $,%G !< %?$r I=$= $& $H $7 $F $$ $k$N $+ !$ $= $l$H$b %W %m %0%i%‘ $rI= $=$& $H $7 $F$$$k $N $+!$ J8L. $+$i N% $l$F$O I, $: $7 $b L@ $i$+$G$O$J $$$+$i$G$"$k !# $7 $+ $7 !$ $3$l$O6/NO $5 $N8; $G$b $"$k!# $J $<$J $i!$ $3 $l$O %$ %s%?!< %W %j %?$d %3 %s%Q %$ %i $J $I !$ %W %m %0 %i%‘$r %G!<%?$H $7 $F ( $"$k $$ $O 5U $K %G !<%? $r %W %m %0 %i%‘ $H $7$F ) 07 $& %W %m %0 %i%‘ $r=q$/ $3 $H $r MF0W $K$9$k$+$i$G$"$k !# MM!9 $J<oN‘ $N %* %V%8%’%/ %H$N30ItI= 8= $N9= J8 $K$D $$ $F $O!$ $= $N%* %V%8 %’%/ %H$r A‘:n$9$k $? $a$N %W %j%_ %F%# %V $N !$ 6 >O $N3: Ev$9$k@a $K$*$1$k 5-=R$NCf $G =R$Y$k !#

3. 4pK\35G0 7 3.4. 5-21%b %G %k JQ ?t $H!$ %Z %" $d%Y%/ %? $dJ8 ;zNs $J $I $N%* %V%8%’%/ %H$O !$ 0E L[ $N$& $A $K>l=j$^ $? $O>l=j $NNs $rI= $7 $F$$$k!# $? $H $( $P !$ J8 ;z Ns $O $=$N J8;z Ns$N Cf$K$" $k J8;z ?t$H F1 $8 $@$1 $N >l =j$r I= $7 $F$$$k !# ( $3 $l$i$N >l=j $O I, $: $7 $b %^ %7%s$N#1 8lD9 $K BP1~ $7 $F$$$k$H $O 8B $i$J$$ ) !# $?$H $( ?7 $7 $$ CM$r$3 $l$i$N >l=j$N0l $D $K string-set! <jB3 $- $r;H $C $F3JG< $7 $F$b!$ J8;z Ns $O$" $$ $+$o$i$: F1 $8 >l=j$rI= $7 B3 $1 $k !# JQ?t;2>H$^$?$O car !$ vector-ref !$ string-ref $J $I $N <j B3 $- $K$h $C $F!$ $"$k >l =j $+ $i %* %V%8 %’ %/ %H$r<h $j=P $7 $? $H$-!$ $= $N%* %V%8%’%/ %H$O !$ <h =P $7 $NA0 $K$= $N>l =j $K:G8e $K3JG< $5 $l$?%* %V%8 %’ %/ %H $H !$ eqv? (6.1 @a ) $N 0UL# $G Ey2A $G$" $k !# >l =j $K $O$= $l $>$l !$ $= $N>l =j $, ;HMQ Cf $+ $I $& $+$r<( $9%^ !<%/ $,IU $1 $i $l$F$$$k!# ;H MQCf $G $J$$>l=j $rJQ?t $^ $? $O%* %V%8%’ %/ %H$, ;2>H $9$k $3 $H $O7h $7 $F$J$$!# $3 $NJs9p =q $, !$ 5- 21NN 0h $rJQ ?t$^ $? $O%* %V%8%’%/ %H$N$?$a $K3d$jIU $1$k!$ $H=R $Y$k $H $->o $K$= $l$,0UL# $9$k $3 $H $O!$ ;H MQ Cf $G $J$$>l =j $+$i $J$k=8 9g $+$iE,@Z $J8D ?t $N>l =j $rA* $S =P $7 !$ $= $l$i$N>l =j $K:# $d;H MQ Cf $G$"$k $3 $H $r<( $9%^ !< %/ $rIU $1$F $+$i!$ $= $l$i$N>l =j $r I= $9 $h$& $KJQ?t$^ $? $O%* %V%8%’%/ %H$r@0 $($k!$ $H$$$& $3 $H $G $"$k !# B? $/ $N %7%9 %F %‘ $K$* $$ $F!$ Dj ?t ( $D $^ $j %j %F %i %k<0 $N CM ) $rFI =P $7 @lMQ%a %b%j $KCV$/ $3 $H $, K> $^ $7 $$!# $3 $l$rI= 8= $9 $k $? $a!$ >l =j $rI= $9 %* %V %8 %’ %/ %H $K $= $l $> $l!$ $= $N %* %V%8 %’ %/ %H $,=q 49 $( 2D G= (mutable) $+$= $l $H $b =q 49 $(IT 2D G= (immutable) $+ $r <( $9 %U%i %0$,IU $1 $i $l$F$$$k $HA[A| $9 $k $HJXMx $G$"$k!# $3 $N $h$& $J %7 %9 %F%‘ $K$* $$ $F!$ %j %F %i %kDj?t $H symbol->string $NJV $9J8 ;z Ns $, =q49 $(IT2D G= %* %V%8%’%/ %H$G$"$k0l J}!$ $3$N Js9p=q$K 5s $2 $i $l $F $$ $k B>$N <j B3$-$, B$$k%* %V %8 %’ %/ %H $O $9 $Y $F=q49 $(2DG= $G$"$k!# =q 49 $(IT2D G= %* %V%8%’ %/ %H$, I= $7 $F$$ $k >l =j $K ?7 $7 $$ CM$r 3J G< $7 $h $&$H$9 $k$3$H $O %( %i !<$G $"$k !# 3.5. ??@5$JKvHx:F5" Sc heme $N<BAu $O ??@5 $KKvHx :F5" E* $G$"$k $3$H $, MW5a $5 $l$F $$$k!# 2< 5- $GDj5A $9$k FC Dj $N9=J8 E* J8 L. $K=P8= $7 $F$$$k<j B3 $-8F =P $7$O ‘ KvHx 8F =P $7 ’ $G$"$k!# $b $7 L5@) 8B 8D ?t $N %"%/ %F%# %V$JKv Hx 8F =P $7$r Scheme $N<B Au $,%5 %]!< %H $7$F$$ $k $J $i $P !$ $= $N<BAu $O??@5 $KKvHx :F5" E* $G$"$k!# 8F=P $7$, %"%/%F%# %V $G $" $k$H$O !$8F $S =P $7 $? <j B3$-$+$i La $k 2DG= @- $, $^$@ $" $k$H $$$& $3$H $G$"$k!# $3$N!$ La $k2D G= @- $N $"$k8F =P $7$K$O !$ 8= :_ $N7QB3$K$h $k$b$N$H !$ call-with-current-continuation $K$h$C $F0JA0 $K$H $i$( $i $l !$ 8e $K$J$C $F8F $S 5/ $3$5 $l$?7QB3 $K$h$k $b $N $,$"$k $3 $H $KCm0U $;$h!# $H $i $( $i $l$?7Q B3 $H$$$& $b $N $,$J $+$C $? $J $i $P !$ 8F =P $7$O 9b!9 #12sLa $k $3 $H $,$G$-$k $@$1 $G$"$j !$ %"%/ %F%# %V$J 8F=P $7$H$O$^ $@La$C $F$$ $J$$8F =P $7 $N$3$H $G$"$k!$ $H$J $C $? $@$m$& !# ??@5 $JKvHx :F 5" $N7A<0 E* Dj5A $O [8] $K 8+ $i$l $k !# :,5r : D>4QE* $K8@$C $F !$ %" %/ %F %# %V $J KvHx8F=P $7$K 6u4V $OA4$/I,MW $J$$ !# $J$<$J$i KvHx 8F=P $7 $G ;H$o$l $k7Q B3$O !$$=$NKv Hx8F =P $7 $r $9$k <j B3$-$K EO$5$l$F $$ $k 7QB3$H !$F1 $8 0UL# O@$r$b $D$+$i$G $" $k !# $?$H $( Hs ??@5$J <BAu$, Kv Hx8F =P $7 $G ?7 $7 $$ 7QB3$r ;H$C$?$H $7 $F$b !$ $3 $N ?7 $7 $$ 7QB3$X$N La$j$O !$$?$@ $A$K 85 !9<jB3$-$K EO$5$l$F $$ $k 7Q B3 $X $NLa $j $X $H0z$-7Q $, $l$k$3 $H $K$J $C $? $@$m$& !# ?? @5 $KKvHx :F5" E*$J<BAu $O !$D>@\$=$N7QB3$X $H La$k$N $G$"$k !# ??@5$J Kv Hx :F5"$O !$ Steele $H Sussman $N %* %j %8 %J%k HG Scheme $K$"$C $?Cf?4E* $J%" %$ %G %# %" $N0l$D $@$C $?!# H‘ $i$N:G=i $N Sc heme %$ %s%?!< %W %j %? $O4X?t $H %"%/ %? (actor) $NN>J} $r<BAu $7 $? !# @)8f %U %m !<$O%" %/%?$r ;H$C$F I=8=$5$l $? !# %" %/%?$O !$7k 2L$r 8F=P $7 85$K JV$9 $+$o$j $KJL$N%"%/%?$XEO$9 $H$$$&E@ $G!$4X?t $H0[$J$C $F$$$?!# $3$N @a$NMQ 8l$G 8@$( $P !$3F%" %/%?$O JL$N%" %/%?$X$N Kv Hx8F =P $7 $G =* $o $C$? $o$1$G$"$k !# Steele $H Sussman $O$=$N8e!$ H‘ $i$N%$ %s%?!< %W %j%? $NCf $N %"%/ %? $r 07$& %3!< %I $, 4X?t $N $= $l$HF10l $G$"$j !$ $7 $? $,$C $F8@ 8l $NCf $KN> J} $r 4^$a$kI,MW $,$J$$$3$H$K 5$ $E$$$? !# KvHx8F=P $7 ( tail c al l ) $H$O !$ KvHxJ8L. ( tail c ontext ) $K =P8= $7 $F$$$k <jB3 $-8F =P $7$G$"$k!# KvHx J8 L. $O5"G<E* $KDj5A $5 $l $k !# KvHx J8 L. $O$D $M $K8D!9 $N&K<0 $K4X $7$F 7hDj $5 $l $k $3 $H $K Cm0U$;$h !# � 2<5- $K < KvHx<0 > $H $7$F <( $5 $l$F$$ $k&K <0 K\ BN Fb $N:G 8e $N <0 $O KvHxJ8L. $K =P8= $7 $F $$ $k !# (lambda < 2>0z?tIt > < Dj5A > * < <0 > * < KvHx<0 >) � $b $7 0J2< $N<0 $N0l $D $,KvHx J8 L. $K $"$k $J $i $P !$ < KvHx<0 > $H$7 $F <($5$l $F $$ $k ItJ, <0$O Kv HxJ8 L.$K$" $k !# $3$l$i $O 7 >O $GM? $($kJ8 K! $N5, B’ $+ $i < <0 > $N$$$/ $D $+$N=P8= $r < KvHx<0 > $G CV $-49 $($k $3$H $K$h$C $FF3 =P $5 $l$? !# $= $l $i $N $&$A KvHx J8L.$r $b$D 5,B’$@$1$, !$ $3$3$K <($5$l $F $$ $k !# (if < <0 > < KvHx<0 > < KvHx<0 >) (if < <0 > < KvHx<0 >) (cond < cond @a > + ) (cond < cond @a > * (else < KvHxNs >)) (case < <0 > < case @a > + ) (case < <0 > < case @a > * (else < KvHxNs >)) (and < <0 > * < KvHx<0 >) (or < <0 > * < KvHx<0 >) (let (< B+G{;EMM > * ) < KvHxK\BN >) (let < JQ?t > (< B+G{;EMM > * ) < KvHxK\BN >) (let* (< B+G{;EMM > * ) < KvHxK\BN >) (letrec (< B+G{;EMM > * ) < KvHxK\BN >) (let-syntax (< 9=J8;EMM > * ) < KvHxK\BN >)

8 Revised 5 Scheme (letrec-syntax (< 9=J8;EMM > * ) < KvHxK\BN >) (begin < KvHxNs >) (do (< 7+JV $7 ;EMM > * ) (< %F %9 %H > < KvHxNs >) < <0 > * ) $? $@ $7 < cond @a > � ! (< %F%9 %H > < KvHxNs >) < case @a > � ! ((< %G !<%? > * ) < KvHxNs >) < KvHxK\BN > � ! < Dj5A > * < KvHxNs > < KvHxNs > � ! < <0 > * < KvHx<0 > � $b $7 cond <0 $,KvHx J8L. $K$" $C $F!$ (< <0 1 > => < <0 2 >) $H$$ $&7A<0$N @a$r$b$D$J$i $P !$ < <0 2 > $N I>2A $+$i 7k2L $H $7 $F@8 $:$k ( 0EL[ $N ) <jB3 $-8F =P $7$OKvHx J8 L. $K$" $k!# < <0 2 > $=$l <+?H$OKvHxJ8L.$K$O$J$$ !# FC Dj $NAH 9~ $_ <jB3 $- $bKv Hx 8F =P $7$r9T$& $3 $H $, MW5a $5 $l$F $$ $k !# apply $*$h $S call-with-current-continuation $X EO $5 $l$kBh #10z ?t $H!$ call-with-values $XEO $5 $l$kBh #2 0z ?t $O!$ Kv Hx 8F =P $7$K $h$C $F8F $S =P $5 $l$J $1 $l $P $J $i$J$$!# F1 MM $K !$ eval $O $=$N 0z?t $r !$$"$? $+$b$= $l$, eval <jB3$-$N Cf $NKvHx0LCV $K$"$k$+$N$h $& $K !$I>2A $7 $J$1$l $P$J$i$J$$ !# 0J2< $NNc$GKvHx8F=P $7 $O f $N 8F=P $7$@ $1$G$" $k !# g $H h $N 8F=P $7 $O Kv Hx8F =P $7 $G $O $J $$ !# x $N ;2 >H$O KvHx J8 L.$K$" $k $, !$8F=P $7 $G$O $J$$$+$i KvHx8F=P $7 $G$O $J$$ !# (lambda () (if (g) (let ((x (h))) x) (and (g) (f)))) Cm : <BAu $O!$>e5- $N h $N8F=P $7 $J $I $N !$ $" $? $+$b KvHx8F=P $7$G $" $k $+$N $h $&$K I>2A$G$- $k$$ $/$D$+ $N HsKv Hx8F=P $7 $r G’<1$9 $k$3$H $, !$ MW 5a $5 $l$F$$$J $$ $, !$ 5v $5 $l$F$$$k!# >e 5- $NNc $G $O !$ let <0 $r h $N KvHx8F=P $7 $H$7 $F%3%s %Q %$ %k$G $-$k$@$m $& !# ( h $, M=4| $7 $J $$ 8D?t$NCM$r JV$9 2DG= @-$O L5;k $7 $F $h$$ !# $J$<$J$i !$ $=$N >l9g let $N8z2L$OL@<(E* $K L$5,Dj$G$"$j<BAu0MB8 $@$+$i$G$" $k ) 4. <0 <0 7? $O!$ 86;O <0 7? ( primitive expression t yp e) $H !$ GI @8 <0 7? ( derive d expression type) $K BgJL $5 $l$k !# 86 ;O<0 7? $OJQ?t $H <j B3 $- 8F =P $7$r4^$‘!# GI @8 <0 7? $O0U L# O@ E* $K86 ;O E* $G $O $J$/ !$ %^%/ %m $H $7 $FDj5A $G$-$k!# %^%/ %mDj5A $,J#;( $J quasiquote $rNc30 $H $7$F !$ GI@8 <0 $O%i %$ %V %i%j5! G= $KJ,N‘ $5 $l $k!# Aj 1~ $9$kDj5A $O 7.3 @a $G M?$( $i$l$F$$ $k !# 4.1. 86;O<07? 4.1.1. JQ?t;2>H < JQ?t > 9=J8 0l$D$N JQ?t (3.1 @a ) $+ $i $J $k <0 $O !$JQ?t;2 >H$G$" $k !#JQ?t ;2>H $NCM $O!$ $= $NJQ ?t $, B+G{ $5 $l$F$$$k >l =j $K3JG< $5 $l$F$$ $kCM$G$"$k !# L$B+G{ $NJQ?t $r;2>H$9$k $3$H $O%(%i!<$G$"$k!# (define x 28) x = ) 28 4.1.2. %j %F%i%k<0 (quote < %G !<%? >) 9=J8 ’< %G !<%? > 9=J8 < Dj?t > 9=J8 (quote < %G !<%? >) $O < %G !<%? > $X $HI> 2A $5 $l$k!# < %G !<%? > $O Sc heme %* %V %8 %’ %/ %H $N 30It I= 8=$J$i$J$s $G $b $h$$ (3.3 @a;2>H ) !# $3$N5-K! $O %j %F%i %k Dj?t $r Scheme %3 !< %I $N Cf $K 4^$a$k$?$a $K ;H $o $l $k !# (quote a) = ) a (quote #(a b c)) = ) #(a b c) (quote (+ 1 2)) = ) (+ 1 2) (quote < %G !<%? >) $O ’< %G !<%? > $H N,5- $7 $F $b$h $$ !# $3$N Fs$D$N5-K! $O$9$Y$F$N E@ $G Ey2A $G$"$k !# ’a = ) a ’#(a b c) = ) #(a b c) ’() = ) () ’(+ 1 2) = ) (+ 1 2) ’(quote a) = ) (quote a) ’’a = ) (quote a) ?tCMDj ?t!$ J8;z NsDj ?t!$ J8;z Dj?t!$ %V !<%j %" %s Dj?t $O \ $= $l <+?H $X $H " I>2A $5 $l $k!# $= $l$i $O%/ %) !< %H (quote) $7 $J $/ $F $b$h$$ !# ’"abc" = ) "abc" "abc" = ) "abc" ’145932 = ) 145932 145932 = ) 145932 ’#t = ) #t #t = ) #t 3.4 @a$GCm0U $7 $? $h $& $K !$Dj?t ( $D$^$j%j%F%i %k <0$NCM ) $r !$ set-car! $d string-set! $N$h $& $J=q49$(<jB3$-$r;H$C$F =q$-49 $($k$3$H$O%(%i!<$G$"$k !#

4. <0 9 4.1.3. <jB3$-8F=P $7 (< 1i;;;R > < %*%Z%i %s %I 1 > : : : ) 9=J8 <j B3 $-8F =P $7$O !$ 8F $S =P$5 $l $k<jB3 $- $H $7$F$N<0 $H!$ $= $N<j B3 $- $KEO $5 $l$k0z?t $H $7 $F$N3F <0 $r!$ C1=c $K4]%+ %C %3 $G$/$/ $k $3$H $K$h$C $F=q $+ $l$k !# 1i;; ;R $H%* %Z%i %s %I $N 3F<0 $, ( L$ 5,Dj $N=g=x $G ) I>2A$5 $l !$ $= $7 $F$=$N7k2L $H $7 $F F@ $i $l$? <j B3 $- $K !$7k2L$H $7 $F F@ $i$l$? 0z?t $, EO$5 $l $k !# (+ 3 4) = ) 7 ((if #f + *) 3 4) = ) 12 ?tB?$/$N <jB3$-$, =i 4|4D 6-$K $*$$$F JQ ?t$N CM$H $7 $F MxMQ 2D G= $G$"$k!# $? $H $( $P !$ >e $NNc $N2C ;; $H>h;; $N<jB3 $- $OJQ?t + $H * $N CM$G$" $k !#?7 $7 $$ <jB3$-$O lambda <0$r I>2A$9 $k$3 $H $K$h $C$FB$ $i$l $k (4.1.4 @a;2>H ) !# <jB3$- 8F =P $7 $O G$0U 8D ?t$N CM$r JV $7 $F $h $$ (6.4 @a values ;2 >H ) !# values $r Nc30 $H $7$F !$ =i 4| 4D 6- $K$* $$ $FMx MQ 2DG= $J <jB3$-$O#1 8D$N CM$r JV$9$+ $^$?$O !$ apply $N $h $& $J <jB3$- $K$D$$ $F$$ $( $P !$ <j B3 $- $N0z?t $N$& $A $N0l $D $X $N8F =P $7$, JV $7 $? ( J#?t8D$N ) CM $r$=$N$^$^ <u $1 <h$C$FJV$9!# <jB3 $-8F=P $7 $O %3%s %S %M!< %7 %g %s $H$b 8F $P$l $k !# Cm : $[$+ $N Lisp $N J} 8@$H$O BP>HE*$K !$I>2A$N =g=x$O L$5,Dj$G$" $j !$ $+$D 1i ;;;R <0$H%* %Z%i%s %I <0$O$D$M$K F1 $8 I> 2A5, B’$G I>2A$5 $l $k !# Cm : $? $7 $+ $K $= $N B>$N E@$G$O I> 2A$N =g =x$O L$ 5,Dj$@$, !$$?$@ $7 !$ 1i ;;;R <0 $H%* %Z %i %s %I <0 $r %3 %s %+ %l%s %H$KI>2A $9 $k $H $- $O!$ $= $N8z 2L $O $J $s$i $+$NC‘ <! E* $JI>2A =g=x $H0l CW $7 $J$/ $F $O$J $i $J$$!# I> 2A $N=g=x $O$= $l $>$l$N<jB3 $-8F =P $7 $4 $H$KJL!9 $KA*Br $5 $l$F$b$h $$!# Cm : B?$/$N Lisp $N J}8@ $G$O!$ 6u $N %3 %s %S %M!< %7%g %s () $O @5Ev $J <0 $G$"$k!# Sc heme $G$O !$ %3 %s %S %M!< %7%g %s$K>/ $J$/ $H$b#18D $NIt J,<0 $,$J$1 $l $P $J$i$J$$ $+ $i !$ () $O 9=J8E* $KBEEv $J<0 $G $O$J$$!# 4.1.4. <jB3$- (lambda < 2>0z?tIt > < K\BN >) 9=J8 9=J8 : < 2>0z?tIt > $O 8e =R$N $h $&$J 2> 0z ?tJB $S $G $" $k$3$H !# < K\BN > $O #1 8D0J>e$N<0 $+$i$J $kNs $G$" $k$3$H !# 0U L# : lambda <0 $O<jB3 $- $X $HI>2A $5 $l$k !# lambda <0 $, I>2A $5 $l$k;~ $KM-8z $@$C $?4D 6- $O!$ $= $N<jB3 $- $N0lIt $H $7$F 5-21 $5 $l $k !# $=$N <j B3$-$r 8e$+$i $J$s $i$+ $N <B 0z ?t$H$H $b$K 8F $S =P$9 $H !$ lambda <0 $, I>2A$5 $l$? ;~$N4D6- $, !$2> 0z?tJB $S $N Cf$N 3F JQ?t$r ?7 $7 $$ >l =j$X B+ G{$9 $k$3$H$K $h $C$F3H D%$5 $l !$BP1~ $9 $k<B 0z ?t CM $, $=$l $i $N >l=j$X 3JG< $5$l !$$= $7 $F lambda <0$NK\BN $N3F<0 $, !$ $= $N3HD%$5 $l$? 4D6-$NCf $GC‘<! E* $KI>2A $5 $l $k!# K\ BN $N:G8e $N<0 $N7k 2L $, !$ $= $N<j B3 $-8F =P $7 $N 7k2L$H $7 $F JV$5 $l $k !# (lambda (x) (+ x x)) = ) 0l$D$N<jB3$- ((lambda (x) (+ x x)) 4) = ) 8 (define reverse-subtract (lambda (x y) (- y x))) (reverse-subtract 7 10) = ) 3 (define add4 (let ((x 4)) (lambda (y) (+ x y)))) (add4 6) = ) 10 < 2>0z?tIt > $O <!$N7A<0$N0l$D$r$H$k$3$H !# � (< JQ?t 1 > : : : ) : <jB3 $- $O8GDj8D?t $N0z?t $r$H$k!# <j B3 $-$, 8F $S =P$5$l $k;~$K$O !$3F 0z?t $, $=$l$>$l BP1~$9 $k JQ?t$NB+G{ $K 3JG<$5 $l $k !# � < JQ?t > : <j B3$-$O G$ 0U 8D?t$N 0z ?t$r$H $k !#<jB3$-$, 8F $S =P$5$l $k ;~$K$O !$<B0z ?t$N Ns $, !$0l$D$N ?7 $7 $/ 3d$j IU$1$i$l $? %j %9 %H $X $H JQ 49$5$l !$$= $7 $F $=$N %j %9 %H$, < JQ?t > $NB+G{$K3JG<$5 $l $k !# � (< JQ?t 1 > : : : < JQ?t n > . < JQ?t n +1 >) : $b $7 %9 %Z !<%9 $G 6h@Z $i $l$? %T %j%* %I $, :G8e$NJQ?t $NA0 $K$" $k$J $i $P !$ <jB3 $- $O n 8D0J>e $N0z?t $r $H$k !# $3 $3$G n $O%T %j %* %I $N A0$K$" $k 2>0z ?t$N 8D?t$G$" $k ( $3 $l$O 1 0J>e$G$J$1 $l$P $J$i$J$$ ) !# $^ $::G8e$NJQ?t0J30 $N2>0z?t $K BP $7 $F <B0z ?t $,$= $l $> $l BP1~ $E $1 $i $l$k!# $= $N $" $H;D M> $N <B 0z ?t$+$i$J $k 0l$D$N ?7 $7 $/3d$j IU$1$i$l $? %j %9 %H $, !$:G 8e$NJQ?t$NB+G{ $K 3JG<$5 $l $kCM $K$J $k !# 0l$D $N < JQ?t > $, < 2>0z?tIt > $K J#?t2s8= $l $k $3$H $O%(%i!< $G $"$k !# ((lambda x x) 3 4 5 6) = ) (3 4 5 6) ((lambda (x y . z) z) 3 4 5 6) = ) (5 6) <j B3$-$K BP $7 $F eqv? $H eq? $, 5! G= $9 $k $h $& $K $9 $k$? $a !$ lambda <0$NI> 2A7k2L$H $7 $F B$ $i$l $k<j B3$- $O$=$l$>$l ( 35 G0 E* $K ) 5-21 >l =j $r0J ( $b $C ) $F%? %0 IU $1$5 $l$k (6.1 @a;2 >H ) !# 4.1.5. >r7o<0 (if < %F %9 %H > < 5"7kIt > < BeBXIt >) 9=J8 (if < %F %9 %H > < 5"7kIt >) 9=J8 9=J8 : < %F%9 %H > !$ < 5"7kIt > !$ < BeBXIt > $O G$0U$N<0 $G$h$$ !# 0UL# : if <0 $O<! $N$h$& $KI>2A $5 $l$k!# $^ $: < %F %9 %H > $, I>2A $5$l $k !# $b $7 $=$l$, ??CM (6.3.1 @a ;2>H ) $r $b$?$i $9$J$i $P !$ < 5"7kIt > $, I>2A$5 $l$F$=$N CM $, JV$5 $l $k !# $= $& $G$J $1$l $P < BeBXIt > $, I> 2A$5$l $F $= $N CM$, JV$5$l $k !# $b $7 < %F %9 %H > $, 56CM $r$b $? $i $7 !$ $+$D < BeBXIt > $, 5,Dj $5 $l$F$$ $J $1 $l $P !$ <0$N7k2L $O L$5,Dj $G$"$k !# (if (> 3 2) ’yes ’no) = ) yes (if (> 2 3) ’yes ’no) = ) no (if (> 3 2) (- 3 2) (+ 3 2)) = ) 1

10 Revised 5 Scheme 4.1.6. BeF~ (set! < JQ?t > < <0 >) 9=J8 < <0 > $, I>2A $5 $l !$ < JQ?t > $, B+G{$5 $l$F$$$k>l =j $K7k2L $NCM $, 3JG<$5 $l $k !# < JQ?t > $O set! <0 $r <h$j0O $‘ $J$s$i$+$N NN 0h $G !$ $^ $? $O %H%C %W !& %l %Y%k $GB+G{ $5 $l$F$$ $J $1 $l $P $J$i$J $$ !# set! <0$N7k2L $O L$5,Dj $G$" $k !# (define x 2) (+ x 1) = ) 3 (set! x 4) = ) L$5,Dj (+ x 1) = ) 5 4.2. GI@8<07? $3$N @a$N %3%s %9 %H %i %/ %H $O !$ 4.3 @a$G O@$: $k$h $&$J 0U L#$G !$ J]7rE* $G$"$k !# ;2>H $N $?$a!$ 7.3 @a $O !$ $3$N@a $G 5-=R$9$k %3 %s %9 %H %i %/ %H $N Bg It J,$r$5 $-$N @a$G 5- =R $7 $? 86;O%3%s %9 %H %i%/ %H $X$H JQ49$9$k%^%/%mDj5A$rM?$($F$$$k !# 4.2.1. >r7o<0 (cond < @a 1 > < @a 2 > : : : ) %i %$ %V %i %j9=J8 9=J8 : 3F < @a > $O <!$N7A<0 $G$" $k$3 $H !# (< %F%9 %H > < <0 1 > : : : ) $3$3$G < %F %9 %H > $O G$0U$N<0$G$" $k !# $"$k$$$O !$ < @a > $O <! $N7A<0 $G$b$h$$ !# (< %F%9 %H > => < <0 >) :G 8e $N < @a > $O \else @a " $G$b $h $$!# $3 $l $O<! $N7A <0 $r $H $k!# (else < <0 1 > < <0 2 > : : : ) . 0UL# : cond <0$O !$0lO"$N < @a > $N < %F %9 %H > <0$r !$$=$N0l $D $, ?? CM (6.3.1 @a ;2 >H ) $X$H I> 2A$5$l $k $^$G =g$K I> 2A$9 $k $3 $H $K$h$C $FI>2A $5 $l $k!# $"$k < %F %9 %H > $, ??CM $X $HI>2A$5 $l $k $H !$ $= $N < @a > $N ;D$j$N3F < <0 > $, =g $KI>2A$5 $l !$ $= $7 $F$=$N < @a > $N :G8e$N < <0 > $N7k2L $,$=$N cond <0A4BN$N7k 2L $H $7 $F JV$5 $l $k !# $b $7 A*Br $5 $l$? < @a > $K < %F %9 %H > $@$1 $"$C$F < <0 > $, $J$1$l$P !$ < %F %9 %H > $N CM $, 7k2L$H $7 $F JV$5 $l $k !# $b $7 A*Br$5 $l$? < @a > $, => BeBX7A<0 $r;H$C $F$$$k $J $i $P !$ $= $N < <0 > $, I>2A$5 $l$k !# $= $NCM $O !$ #10z?t $r$H$k<j B3 $- $G$J$1 $l $P $J$i$J $$ !# $= $l$+$i$3$N <jB3$- $, < %F %9 %H > $NCM $r0z?t $H $7$F8F $S =P $5 $l !$ $= $7 $F$3$N<j B3 $- $,JV $7 $?CM $, cond <0 $K$h$C $FJV$5 $l $k!# $b $7 $9$Y $F$N < %F %9 %H > $, 56 CM $X $HI>2A $5 $l$?$H $-!$ else @a $,$J $1 $l $P $=$N>r 7o <0 $N7k 2L $O L$5,Dj $G$"$k $, !$ else @a $,$" $l $P $=$N3F < <0 > $, I>2A $5 $l $F$=$N:G8e$N<0$NCM $, JV$5 $l $k !# (cond ((> 3 2) ’greater) ((< 3 2) ’less)) = ) greater (cond ((> 3 3) ’greater) ((< 3 3) ’less) (else ’equal)) = ) equal (cond ((assv ’b ’((a 1) (b 2))) => cadr) (else #f)) = ) 2 (case < %-!< > < @a 1 > < @a 2 > : : : ) %i %$ %V %i %j9=J8 9=J8 : < %-!< > $O $I $s $J <0$G$b$h $$ !#3F < @a > $O <!$N 7A<0$r $H $k$3$H !# ((< %G !<%? 1 > : : : ) < <0 1 > < <0 2 > : : : ) , $3$3$G3F < %G !<%? > $O !$ $J $s$i $+$N%* %V%8%’%/ %H$N30ItI=8= $G$"$k!# < %G !<%? > $O$9 $Y $F 0[ $J $C $F $$ $J $1 $l $P$J$i $J $$!# :G 8e $N < @a > $O \else @a " $G$b$h $$!# $3 $l $O<!$N7A <0 $r $H$k!# (else < <0 1 > < <0 2 > : : : ) . 0UL# : case <0$O <!$N $h $& $K I> 2A$5$l $k !# < %-!< > $, I> 2A$5 $l !$ $= $N7k2L $, 3F < %G !<%? > $H Hf3S$5 $l $k !# $b $7 < %-!< > $r I>2A $7 $? 7k 2L$, !$$"$k < %G !<%? > $H ( eqv? $N 0U L#$G ) Ey 2A $J$i $P (6.1 @a;2>H ) !$ BP1~$9$k < @a > $N 3F<0 $, :8 $+$i 1&$X $H I>2A $5 $l !$ $= $7 $F$=$N < @a > $N:G8e$N<0 $N7k2L $, case <0$N 7k 2L$H $7 $F JV$5$l $k !# $b $7 < %-!< > $r I> 2A $7 $? 7k 2L$, $I $N < %G !<%? > $H $b0[$J$k$H$- !$ else @a $,$"$l $P $=$N 3F<0 $, I>2A $5 $l$F$= $N:G8e $N7k2L $, case <0$N7k 2L $K$J$k $, !$ $J $1 $l $P case <0$N7k2L$OL$5,Dj$G$"$k !# (case (* 2 3) ((2 3 5 7) ’prime) ((1 4 6 8 9) ’composite)) = ) composite (case (car ’(c d)) ((a) ’a) ((b) ’b)) = ) L$5,Dj (case (car ’(c d)) ((a e i o u) ’vowel) ((w y) ’semivowel) (else ’consonant)) = ) consonant (and < %F %9 %H 1 > : : : ) %i %$ %V %i %j9=J8 3F < %F %9 %H > <0 $, :8$+$i 1&$X$H I> 2A$5$l !$56CM (6.3.1 @a ;2 >H ) $X$HI>2A$5 $l$?:G=i $N<0 $NCM $, JV$5 $l$k !# ;D $j $N<0 $OI> 2A$5 $l $J$$ !# $b $7 $9$Y$F$N<0 $, ??CM$X$HI>2A$5 $l $?$J$i $P !$ :G8e $N<0 $NCM $, JV$5 $l $k!# $b $7 <0 $, 0l$D $b $J $1 $l $P #t $, JV $5 $l $k !# (and (= 2 2) (> 2 1)) = ) #t (and (= 2 2) (< 2 1)) = ) #f (and 1 2 ’c ’(f g)) = ) (f g) (and) = ) #t (or < %F %9 %H 1 > : : : ) %i %$ %V %i %j9=J8 3F < %F %9 %H > <0 $, :8$+$i 1&$X$H I> 2A$5$l !$??CM (6.3.1 @a ;2 >H ) $X$HI>2A$5 $l$?:G=i $N<0 $NCM $, JV$5 $l$k !# ;D $j $N<0 $OI> 2A$5 $l $J$$ !# $b $7 $9$Y$F$N<0 $, 56CM$X$HI>2A$5 $l $?$J$i $P !$ :G8e $N<0 $NCM $, JV$5 $l $k!# $b $7 <0 $, 0l$D $b $J $1 $l $P #f $, JV $5 $l $k !# (or (= 2 2) (> 2 1)) = ) #t (or (= 2 2) (< 2 1)) = ) #t (or #f #f #f) = ) #f (or (memq ’b ’(a b c)) (/ 3 0)) = ) (b c)

4. <0 11 4.2.2. B+G{%3 %s %9 %H %i%/ %H ;0 $D$NB+G{%3 %s %9 %H %i %/ %H let , let* , letrec $O !$ Sc heme $K Algol 60 $N$h $& $J %V %m%C%/9=B$ $r M? $($k !# $3$N;0$D$N %3 %s %9 %H%i%/ %H$N9=J8 $OF10l $@ $, !$ $= $NJQ ?tB+ G{ $N $? $a $K$= $l $i $, @_ $1$kNN0h $, 0[ $J$k!# let <0 $O !$ 3F =i 4|CM $r$9 $Y $F7W ;; $7 $F$+$iJQ?t$rB+G{$9$k!# let* <0 $O !$B+G{ $HI>2A$r0l$D0l $DC‘<! E* $K9T$& !# $7$+ $k $K letrec <0 $G $O!$ =i 4|CM $r7W;; $7 $F$$ $k4V $9 $Y $F $NB+G{ $,M-8z $G$"$j !$ $7 $? $,$C $FAj8_ :F5" E* $JDj5A $, 2DG= $G$" $k !# (let < B+G{It > < K\BN >) %i %$ %V %i %j9=J8 9=J8 : < B+G{It > $O <!$N7A<0$r$H$k$3$H !# ((< JQ?t 1 > < =i4|CM 1 >) : : : ) , $3$3 $G3F < =i4|CM > $O <0 $G$"$k !# $+$D < K\BN > $O #18D0J>e$N <0 $+$i $J$kNs $G $"$k $3$H!# B+G{ $5 $l$kJQ ?t $NJB $S$NCf $K0l $D $N < JQ?t > $, J#?t2s8= $l $k $3$H$O%(%i!<$G$" $k !# 0UL# : 3F < =i4|CM > $, 8=:_$N4D6-$N Cf $G ( $"$kL$5,Dj$N=g=x $G ) I> 2A $5$l $k !# $=$N 7k 2L$r J] ;} $9 $k ?7 $7 $$ >l =j$X !$$= $l $> $l $N < JQ?t > $, B+ G{$5$l $k !#$=$N 3H D%$5$l $? 4D6- $N Cf$G < K\BN > $, I>2A$5$l $k !#$= $7 $F < K\BN > $N :G8e$N <0$NCM $, JV $5 $l $k !# < JQ?t > $N $I $N B+G{$b < K\BN > $r $=$N NN0h $H$9$k !# (let ((x 2) (y 3)) (* x y)) = ) 6 (let ((x 2) (y 3)) (let ((x 7) (z (+ x y))) (* z x))) = ) 35 4.2.4 @a$NL>A0IU$- let $b 8+$h !# (let* < B+G{It > < K\BN >) %i %$ %V %i %j9=J8 9=J8 : < B+G{It > $O <!$N7A<0$r$H$k$3$H !# ((< JQ?t 1 > < =i4|CM 1 >) : : : ) , $+$D < K\BN > $O #1 8D0J>e$N<0 $+$i$J $kNs $G$" $k $3$H !# 0UL# : let* $O let $H ;w$F$$$k $, !$ B+ G{ $rC‘<!E* $K:8 $+$i1& $X$H9T$& $+ $i !$0l $D$N (< JQ?t > < =i4|CM >) $, <($9B+G{ $NNN 0h $O let* <0 $G$= $NB+G{ $+ $i1&$NIt J, $G$"$k!# $7$?$,$C $F#2 HV L\ $NB+ G{ $O#1HV L\ $NB+ G{ $, 2D;k $G$"$k 4D 6- $G$J$5 $l $kEy !9 $G$" $k !# (let ((x 2) (y 3)) (let* ((x 7) (z (+ x y))) (* z x))) = ) 70 (letrec < B+G{It > < K\BN >) %i %$ %V %i %j9=J8 9=J8 : < B+G{It > $O <!$N7A<0$r$H$k$3$H !# ((< JQ?t 1 > < =i4|CM 1 >) : : : ) , $+ $D < K\BN > $O#18D0J>e $N<0 $+ $i$J$kNs $G$"$k $3$H!# B+ G{ $5 $l $kJQ?t $NJB $S $NCf $K 0l $D $N < JQ?t > $, J#?t 2s8= $l $k $3 $H $O %(%i!<$G$"$k !# 0U L# : L$ Dj 5A CM $r J] ;} $9 $k ?7$7 $$ >l =j $X !$$= $l $> $l $N < JQ?t > $, B+ G{ $5 $l$k!# $= $N 7k 2L $H $7$FF@ $i $l$? 4D 6- $NCf $G3F < =i4|CM > $, ( $"$kL$5,Dj$N=g=x $G ) I>2A$5 $l $k !#3F < JQ?t > $K$= $l $>$l BP1~ $9$k < =i4|CM > $N7k2L $, BeF~$5 $l $k!# $=$N7k 2L $H $7 $FF@ $i $l$?4D6- $NCf $G < K\BN > $, I>2A $5 $l $k!# $= $7 $F < K\BN > $N :G 8e$N <0$N CM $, JV $5$l $k !# < JQ?t > $N $I $N B+G{$b letrec <0A4BN $r$=$NNN0h $H$9$k!# $3 $l$O Aj8_:F5"E* $J<jB3 $-$r Dj5A$9$k $3$H$r 2DG= $K $7 $F $$$k !# (letrec ((even? (lambda (n) (if (zero? n) #t (odd? (- n 1))))) (odd? (lambda (n) (if (zero? n) #f (even? (- n 1)))))) (even? 88)) = ) #t letrec $N 0l$D $N@) 8B $O$H$F$b=E MW $G$"$k!# 3F < =i4|CM > $O !$ $I $N < JQ?t > $NCM$b;2>H $J$$ $7 BeF~$9 $k $3 $H $J$/I>2A $9 $k $3 $H$,2DG= $G $J $1 $l $P$J$i $J$$!# $b $7$3$N@)8B $K0cH? $9 $k $J $i $P !$ %( %i!< $G$"$k!# $3$N@)8B $, I,MW $J$N $O!$ Sc heme $, 0z?t $r L>A0 $G$J$/CM $GEO$9 $+ $i$G$"$k !# :G $b$"$j$U $l$? letrec $N MQES$G$O !$ < =i4|CM > $O $9$Y$F lambda <0$G$"$j!$ $3$N @) 8B $O <+F0E* $K K~$?$5 $l $k !# 4.2.3. C‘<!<0 (begin < <0 1 > < <0 2 > : : : ) %i %$ %V %i %j9=J8 3F < <0 > $, C‘<!E* $K:8 $+$i 1& $X$HI>2A$5 $l !$:G8e $N < <0 > $N CM $,JV$5 $l $k!# $3 $N<07? $O !$ F~ =PNO $J $I $N I{:n MQ $r=g=x $I $* $j$K 5/ $3$9$?$a$K ;H $o $l $k !# (define x 0) (begin (set! x 5) (+ x 1)) = ) 6 (begin (display "4 plus 1 equals ") (display (+ 4 1))) = ) L$5,Dj $*$h $S 4 plus 1 equals 5 $r 0u;z$9$k 4.2.4. 7+JV $7 (do ((< JQ?t 1 > < =i4|CM 1 > < %9 %F%C %W 1 >) %i %$ %V %i %j9=J8 : : : ) (< %F%9 %H > < <0 > : : : ) < %3%^ %s %I > : : : )

12 Revised 5 Scheme do $O 7+JV $7 $N%3 %s %9 %H %i%/ %H $G$" $k !# $3 $l$O B+G{$9 $Y$-JQ ?t $N=89g $H!$ $= $l$i$r7+ JV $7 3+;O;~ $K $I $&=i 4| 2= $9$k $+ !$ $= $7 $F7+JV $7 $4 $H$K $I $& 99 ?7 $9 $k $+$r5, Dj $9 $k!# =* N; >r7o $, K~ $?$5 $l$? ;~!$ %k !< %W$O 3F < <0 > $r I>2A $7 $F =* $o $k !# do <0 $O<! $N $h$& $KI>2A $5 $l$k !# 3F < =i4|CM > <0 $, ( $"$k L$ 5, Dj $N=g=x $G ) I>2A $5 $l !$ 3F < JQ?t > $, ?7 $7 $$>l=j $KB+G{ $5 $l !$ 3F < =i4|CM > <0 $N7k2L $, 3F < JQ?t > $N B+G{ $K 3JG<$5 $l !$ $= $7 $F7+JV $7 $, ;O$^$k !# $= $l $>$l$N7+JV $7$O < %F %9 %H > $rI>2A$9 $k $3 $H $G;O$^$k!# $b $7 $= $N 7k 2L $, 56 (6.3.1 @a;2 >H ) $J$i$P !$I{ :nMQ$r 4| BT $7 $F 3F < %3%^ %s %I > <0 $, =g $KI>2A$5 $l !$ 3F < %9 %F%C %W > <0 $,$"$k L$ 5,Dj $N=g =x $GI>2A$5 $l !$ 3F < JQ?t > $, ?7 $7 $$>l=j $KB+G{$5 $l !$3F < %9%F%C %W > $N 7k 2L $, 3F < JQ?t > $N B+ G{$K 3J G<$5$l !$ $= $7 $F <!$N7+JV $7 $, ;O$^$k !# $b $7 < %F %9 %H > $, ??CM$X $HI>2A$5 $l$?$J$i $P !$ 3F < <0 > $, :8 $+$i 1&$X$H I> 2A $5$l !$:G 8e$N < <0 > $N CM $, JV$5$l $k !#$b $7 < <0 > $, $J$$$J$i $P !$$=$N do <0$NCM $O L$5,Dj $G$"$k !# < JQ?t > $NB+G{ $NNN0h $O !$ A4 < =i4|CM > $r =|$/ do <0A4BN $G$" $k!# do JQ?t$N JB $S $N Cf$K 0l$D$N < JQ?t > $, J#?t 2s8= $l $k$3 $H $O%(%i !< $G$" $k !# < %9 %F%C %W > $r >J N,$7 $F $b $h $$ !# $3 $N $H $- !$$= $N 8z 2L $O !$ (< JQ?t > < =i4|CM >) $G $O $J $/ (< JQ?t > < =i4|CM > < JQ?t >) $H=q$$$?>l9g$HF1 $8 $G $" $k !# (do ((vec (make-vector 5)) (i 0 (+ i 1))) ((= i 5) vec) (vector-set! vec i i)) = ) #(0 1 2 3 4) (let ((x ’(1 3 5 7 9))) (do ((x x (cdr x)) (sum 0 (+ sum (car x)))) ((null? x) sum))) = ) 25 (let < JQ?t > < B+G{It > < K\BN >) %i %$ %V %i %j9=J8 \ L>A0IU$- let " $O let $N 9= J8$N0l JQ<o$G$" $k !# $3 $l$O do $h$j $b0l HL @- $N9b $$7+ JV $7 %3 %s %9 %H%i%/ %H$r Dj $a $F$* $j !$ :F 5" $r I= 8=$9 $k$? $a$K ;H $&$3$H $b$G $- $k !# $=$N 9=J8$H 0UL# O@ $O DL>o$N let $H F1 $8 $@$, !$ $? $@ $7 !$ < JQ?t > $, < K\BN > $N Cf $G !$ B+G{ JQ ?t $r2>0z ?t $H $7 < K\BN > $r K\BN $H$9$k <jB3 $- $X $H B+G{ $5 $l $k!$ $H$$ $& E@ $, 0[ $J$k!# $7 $? $,$C $F < JQ?t > $r L>A0 $H $7 $F$$ $k<jB3$- $r 8F $S 5/$3$9$3$H $K$h $C$F!$ < K\BN > $N <B 9T $r7+$jJV$9$3$H $,$G$- $k !# (let loop ((numbers ’(3 -2 1 6 -5)) (nonneg ’()) (neg ’())) (cond ((null? numbers) (list nonneg neg)) ((>= (car numbers) 0) (loop (cdr numbers) (cons (car numbers) nonneg) neg)) ((< (car numbers) 0) (loop (cdr numbers) nonneg (cons (car numbers) neg))))) = ) ((6 1 3) (-5 -2)) 4.2.5. CY1dI>2A (delay < <0 >) %i %$ %V %i %j9=J8 delay %3%s %9 %H %i %/ %H$O !$ CY1dI>2A ( lazy evaluation ) $D $^ $j c al l by ne e d $r <BAu$9$k$?$a $K !$<jB3$- force $H$H $b$K ;H $o $l$k !# (delay < <0 >) $O LsB+ ( pr omise ) $H8F $P$l $k%* %V %8 %’ %/ %H $r JV$9!# $3$N%* %V %8 %’ %/ %H $O !$L$Mh$N$"$k;~E@$G !$ < <0 > $r I> 2A $7 $F 7k2L$N CM $r$+$J$( $k$3$H$r ( force <jB3$- $K$h $C $F ) 5a $a $i $l$k $+$b $7$l$J$$!# J# ?t 8D $NCM $rJV $9 < <0 > $N 8z2L $O L$5,Dj $G$"$k !# delay $N $h$j 40A4$J 5-=R $K $D$$$F$O force $N 5- =R (6.4 @a ) $r 8+$h !# 4.2.6. =‘0zMQ (quasiquote < qq %F%s %W%l !< %H >) 9=J8 �< qq %F %s %W%l !< %H > 9=J8 \ %P %C %/ %/ %) !< %H " <0 $D$^ $j \ =‘0z MQ " <0 $O!$ %j %9 %H$^ $? $O %Y %/ %? $N$"$k $Y$-9= B$ $, A0 $b $C $F $[ $H $s $I J, $+$C $F$$$k $, !$ $? $@ $7 40A4 $K $G $O$J $$>l 9g $K!$ $= $N%j%9 %H $^ $? $O%Y%/ %? 9= B$ $r 9=C[ $9 $k $N $KM-MQ $G$"$k!# $b $7 %3 %s %^ $, < qq %F%s %W%l !< %H > $N Cf $K 0l$D$b8= $l $F$$$J$1$l $P !$ �< qq %F %s %W%l !< %H > $r I> 2A $7 $?7k2L $O ’< qq %F%s %W%l !< %H > $rI>2A $7 $?7k2L $HEy2A $G $"$k!# $7$+ $7 !$ $b $7 %3 %s %^ $, < qq %F%s %W%l !< %H > $NCf $K8= $l $F $$$k$J$i $P !$$=$N %3 %s %^$KB3$/<0 $, I>2A$5 $l (\unquote" $5 $l ) !$$= $7 $F $=$N 7k2L $,%3%s %^$H<0$N$+$o$j$K9=B$$NCf$K A^F~$5 $l $k !#$b $7 %3%s %^$ND>8e $,%" %C %H %^!<%/ ( @ ) $J$i $P !$ $=$l$K B3$/ <0$O %j%9 %H $X $H I>2A$5$l $J$1$l$P $J$i $J $$ !# $3 $N >l9g !$ $=$N %j%9 %H $N N>C<$N4]%+%C%3 $, \ $O $. $H$i$l " !$%j %9 %H $N 3F MW AG$, %3 %s %^ - %"%C %H %^ !< %/ - <0 $N Ns$N 0L CV$K A^ F~$5 $l $k !# %3 %s %^ - %"%C %H %^!< %/ $O !$%j%9 %H $^$?$O%Y %/%?$N < qq %F %s %W%l !< %H > $NCf$K$@$18= $l $k$3$H$H$9$k !# �(list ,(+ 1 2) 4) = ) (list 3 4) (let ((name ’a)) �(list ,name ’,name)) = ) (list a (quote a)) �(a ,(+ 1 2) ,@(map abs ’(4 -5 6)) b) = ) (a 3 4 5 6 b) �(( foo ,(- 10 3)) ,@(cdr ’(c)) . ,(car ’(cons))) = ) ((foo 7) . cons) �#(10 5 ,(sqrt 4) ,@(map sqrt ’(16 9)) 8) = ) #(10 5 2 4 3 8) =‘0z MQ 7A <0$O F~$l ;R$K $7 $F $b $h $$ !#CV49$O !$:G30$N%P %C %/ %/%)!< %H$H F1 $8 F~ $l ;R %l %Y%k$G 8= $l $kHo unquote MWAG $K BP $7 $F $@$19T $o $l $k!# F~ $l ;R %l%Y%k $O !$ =‘0z MQ $K F~ $C $F9T$/ $? $S $K #1 $@ $1 A} $(!$ unquote $5 $l $kMWAG $KF~$C $F9T$/ $? $S$K 1 $@$1 8:$k !#

4. <0 13 �(a �(b ,(+ 1 2) ,(foo ,(+ 1 3) d) e) f) = ) (a �(b ,(+ 1 2) ,(foo 4 d) e) f) (let ((name1 ’x) (name2 ’y)) �(a �(b ,,name1 ,’,name2 d) e)) = ) (a �(b ,x ,’y d) e) �< qq %F%s %W%l !< %H > $H (quasiquote < qq %F%s %W%l !< %H >) $N Fs $D $N 5- K! $O $9 $Y $F $N E@ $GF1 0l $G $" $k !# ,< <0 > $O (unquote < <0 >) $H F1 0l $G $" $k !# ,@< <0 > $O (unquote-splicing < <0 >) $H F1 0l $G$" $k !# $3 $l$i $N%7%s%\ %k $N 0l$D$r car $H $9 $k#2MWAG%j%9 %H$K BP $7 $F write $, @8@.$9$k30It9=J8 $O !$<B Au $4 $H$K 0[$J$C$F$b$h$$ !# (quasiquote (list (unquote (+ 1 2)) 4)) = ) (list 3 4) ’(quasiquote (list (unquote (+ 1 2)) 4)) = ) �(list ,(+ 1 2) 4) i.e., (quasiquote (list (unquote (+ 1 2)) 4)) $b $7 %7%s %\ %k quasiquote , unquote , unquote-splicing $N $I $l $+ $, !$>e $K =R $Y $? $h $& $J 0L CV 0J 30 $N $H $3 $m $G < qq %F%s %W%l !< %H > $N Cf$K 8=$l $F $$ $k >l 9g$O !$M=B,$G $- $J $$?6Iq $, 7k2L$H $7 $F F@ $i$l $k $+$b $7 $l $J$$ !# 4.3. %^%/%m Sc heme %W %m %0%i%‘ $O?7 $7 $$GI@8<0 7? $rDj5A $7 $F ;HMQ $9$k $3 $H $,$G$-$k !# $3 $N<07? $r %^ %/%m ( macr o ) $H 8F $V !# %W %m %0 %i %‘ $G Dj5A$5 $l $k<07? $O <!$N9=J8$r$H$k !# (< %-!<%o!< %I > < %G !<%? > ...) $3 $3 $G < %-!<%o!< %I > $O$=$N<0 7? $r0l 0UE* $K7hDj$9 $k<1 JL ;R $G$" $k !# $3$N<1JL ;R $r %^%/%m$N 9=J8%-!<%o!< %I $^$?$O C1 $K %-!< %o!< %I $H 8F$V!# < %G !<%? > $N8D?t $H$= $N9=J8 $O$= $N<07? $K 0MB8$9$k !# %^%/ %m $N %$ %s %9%? %s %9 $O$= $l $>$l !$ $=$N%^%/ %m $N ;HMQ ( use ) $H8F $P$l $k!# $"$k%^ %/ %m $N;HMQ $,$h$j86 ;OE* $J<0 $X $H $I $N$h $& $KJQ49 $5 $l$k $N $+ $r5,Dj $9 $k5, B’ $N=8 9g $r!$ $= $N%^%/ %m $N JQ49;R ( tr ansformer ) $H 8F$V !# %^%/ %mDj5A$N<jCJ $O Fs$D$NItJ, $+$i$J $k !# � FC Dj$N <1 JL;R$, %^ %/%m!&%- !<%o !< %I $G $" $k$3$H $r 3N N) $7 !$$= $l$i $r %^ %/%m JQ49 ;R$H 7k 9g$5$; !$$= $7 $F %^%/%m $, Dj5A$5$l $k %9%3!< %W $r @) 8f$9 $k !$ $H $$ $& $3$H $N$? $a $K ;H$o $l $k<0$N=89g � %^ %/%mJQ49;R $r5,Dj$9$k$?$a$N%Q%?!< %s 8@8l %^ %/ %m $N 9= J8 %- !< %o !< %I $, JQ ?t B+ G{$r 1# JC $7 $F $b $h $$$7 !$ %m!<%+%kJQ?tB+ G{ $,%- !<%o!< %I B+G{$r1#JC $7 $F $b$h$$ !# %Q %?!< %s 8@8l$r;H$C$FDj5A$5 $l $k$9$Y$F$N%^ %/%m $O \ J]7rE* " (h ygienic) $+ $D \ ;2>H F)2a E* " (referentially transparent) $G $"$j!$ $7 $?$, $C$F Scheme $N ;z 6gE* %9%3 !< %T%s%0 $r ?/$5$J $$ [14, 15, 2, 7, 9] !#$D$^$j !$ � %^%/%m JQ49;R $, !$$"$k<1 JL;R ( JQ?t$^$?$O%- !<%o !< %I ) $K BP$9 $k B+ G{ $rA^F~ $9$k $H $-!$ $= $N<1 JL ;R $O!$ B> $N<1 JL ;R $H $N>W FM $rHr $1$k$? $a $K !$ $= $N%9 %3!< %W A4BN $K$o$? $C $F <B<AE* $K2~L> $5 $l $k!# %H%C %W !& %l %Y %k$G$N define $O B+G{$r F3 F~$9 $k$+ $b $7 $l $J $$ $7 !$ $7 $J $$$+ $b $7 $l $J $$ $3$H$K Cm0U$;$h (5.2 @a;2>H ) !# � %^ %/%m JQ49 ;R $, !$$"$k <1 JL;R$X $N <+ M3$J ;2>H$r A^ F~$9 $k$H$- !$$=$N ;2>H$O !$$=$N %^ %/%m ;HMQ$r <h$j 0O $‘%m!< %+%k B+ G{$K$O 0l @Z4X 78$J $/ !$ $b$H$b$H $= $N JQ49 ;R $, 5, Dj$5 $l $? 2U=j $G 2D;k $@ $C$?B+G{ $r ;2>H$9$k !# 4.3.1. 9=J8%-!<%o!< %I $N$?$a$NB+G{%3 %s %9 %H %i%/ %H let-syntax $H letrec-syntax $O !$ let $H letrec $K AjEv $9$k $, !$ JQ ?t $rCM $NJ];} >l =j $KB+G{ $9$k $+$o$j $K!$ 9= J8 %-!< %o !< %I $r %^ %/%m JQ 49 ;R$K B+ G{ $9 $k !#9=J8%- !< %o !< %I $r%H %C %W !& %l %Y%k$G B+G{$9$k $3$H$b$G$-$k !# 5.3 @a $r 8+$h !# (let-syntax < B+G{It > < K\BN >) 9=J8 9=J8 : < B+G{It > $O <!$N7A<0 $r$H$k$3$H !# ((< %-!<%o!< %I > < JQ49;R;EMM >) : : : ) 3F < %-!<%o!< %I > $O <1 JL ;R $G $" $k !#3F < JQ49;R;EMM > $O syntax-rules $N %$ %s %9%? %s %9 $G$" $k !# < K\BN > $O #1 8D0J>e $N <0$+$i $J $k Ns$G$" $k$3 $H !#B+G{$5$l $k%- !< %o!< %I $N JB $S $NCf $K0l $D $N < %-!<%o!< %I > $, J#?t2s 8= $l $k $3 $H $O%(%i !< $G $"$k !# 0U L# : let-syntax <0$N 9= J8 4D 6-$r %^ %/%m$G 3H D% $9 $k$3 $H $K $h$C$F F@$i$l $k 9= J8 4D6-$N Cf$G !$ < K\BN > $, E8 3+$5$l $k !# $?$@$7 !$$= $l $i $N %^ %/%m$O $=$l$> $l < %-!<%o!< %I > $r %- !< %o !< %I $H$7 !$;E MM $, 5, Dj$9 $k JQ 49;R$K B+G{$5$l $F $$ $k !#3F < %-!<%o!< %I > $NB+G{$O < K\BN > $r$=$N NN0h$H$9$k !# (let-syntax ((when (syntax-rules () ((when test stmt1 stmt2 ...) (if test (begin stmt1 stmt2 ...)))))) (let ((if #t)) (when if (set! if ’now)) if)) = ) now (let ((x ’outer)) (let-syntax ((m (syntax-rules () ((m) x)))) (let ((x ’inner)) (m)))) = ) outer (letrec-syntax < B+G{It > < K\BN >) 9=J8 9=J8 : let-syntax $H F1 $8 $G $"$k !# 0UL# : letrec-syntax <0$N9=J84D 6-$r%^ %/%m $G 3HD%$9 $k$3 $H$K$h $C $FF@ $i $l$k9=J8 4D 6- $NCf $G!$ < K\BN > $, E83+ $5 $l $k!# $?$@$7 !$$= $l $i $N %^ %/%m$O $=$l$> $l < %-!<%o!< %I > $r %- !< %o !< %I $H$7 !$;E MM $, 5, Dj$9 $k JQ 49;R$K B+G{$5$l $F $$ $k !#3F

14 Revised 5 Scheme < %-!<%o!< %I > $NB+G{ $O!$ < K\BN > $P $+ $j$G$J$/ < B+G{It > $r $b$=$NNN0h $H$9$k$+$i !$JQ49;R $O <0$r!$ letrec-syntax <0 $, F3F~$9$k%^%/%m$N;HMQ$X$HJQ49 $G$- $k !# (letrec-syntax ((my-or (syntax-rules () ((my-or) #f) ((my-or e) e) ((my-or e1 e2 ...) (let ((temp e1)) (if temp temp (my-or e2 ...))))))) (let ((x #f) (y 7) (temp 8) (let odd?) (if even?)) (my-or x (let temp) (if y) y))) = ) 7 4.3.2. %Q %?!< %s 8@8l < JQ49;R;EMM > $O <!$N7A<0$r$H$k !# (syntax-rules < %j%F%i %k It > < 9=J85,B’ > : : : ) 9= J8 : < %j%F%i %k It > $O <1JL;R $NJB $S $G$"$k!# 3F < 9=J85,B’ > $O <!$N7A<0 $G$" $k$3$H !# (< %Q%?!< %s > < %F %s %W%l !< %H >) < 9=J85,B’ > $K $*$+$l $k < %Q%?!< %s > $O !$Dj5A$5 $l $k%^%/%m $N%-!<%o!< %I $G ;O$^$k%j%9 %H < %Q%?!< %s > $G $" $k !# 0l HL $K < %Q%?!< %s > $O<1 JL ;R !$ Dj ?t !$ $^ $? $O <! $N 0l $D $G $" $k !# (< %Q%?!< %s > ...) (< %Q%?!< %s > < %Q%?!< %s > ... . < %Q%?!< %s >) (< %Q%?!< %s > ... < %Q%?!< %s > < >JN,Id9f >) #(< %Q%?!< %s > ...) #(< %Q%?!< %s > ... < %Q%?!< %s > < >JN,Id9f >) $= $7 $F %F%s%W%l !<%H $O <1 JL;R !$Dj ?t !$$^$?$O <!$N 0l$D$G $" $k!# (< MWAG > ...) (< MWAG > < MWAG > ... . < %F %s %W%l !< %H >) #(< MWAG > ...) $3$3$G < MWAG > $O 0l$D$N < %F %s %W%l !< %H > !$$^$?$O$=$l$K 0l $D$N < >JN,Id9f > $r B3 $1$? $b$N$G$" $k !# < >JN,Id9f > $O <1 JL ;R \ ... " $G $" $k ( $3$l$O %F%s %W%l !< %H $d%Q %?!<%s $N Cf$G <1 JL;R $H $7 $F ;H $& $3$H $O$G$-$J$$ ) !# 0UL# : syntax-rules $N %$ %s %9 %? %s %9 $O!$ J] 7rE* $J=q49 $(5, B’ $NNs $r5,Dj $9$k $3 $H $K$h $C $F!$ ?7 $7 $$%^%/ %mJQ 49 ;R $r@8@. $9 $k!# %^%/ %m $N;HMQ $O !$ $= $N %-!< %o!< %I $H 7k9g $7 $F$$$kJQ 49 ;R $r5, Dj $9$k syntax-rules $N!$ 3F < 9=J85,B’ > $K <} $a $i $l $?%Q%?!< %s$K BP $7 $F >H9g$5 $l $k !#>H9g $O :G:8$N < 9=J85,B’ > $+$i3+;O$5 $l $k!# >H9g $, 8+$D $+$C $?;~!$ %^ %/ %m;H MQ $O!$ %F %s %W %l !< %H$K =>$C $F J]7rE* $K JQ49$5 $l $k !# < 9=J85,B’ > $N %Q%?!< %s$K 8= $l $k<1JL;R $O %Q%?!< %s JQ?t $G$" $k !# $? $@ $7 !$ $= $l $,$=$N%Q %?!< %s$r;O $a$k %-!<%o !< %I $G$"$k $+ !$ < %j %F%i%kIt > $K5s $2$i $l $F $$ $k $+!$ $^ $? $O<1 JL ;R \ ... " $G$"$k>l9g $r=|$/ !# %Q%? !< %s JQ?t $O!$ G$ 0U $NF~NO MWAG $H>H9g $9$k!# %Q%? !< %s JQ?t $O!$ F~NO $N3FMW AG $r %F %s %W%l !< %H$NCf $G ;2>H$9$k $?$a$K;H$o $l $k !# < %Q%?!< %s > $N Cf$KF1 $8 %Q %?!< %s JQ?t $, J#?t2s8= $l $k$3$H$O%(%i!<$G$"$k !# < 9=J85,B’ > $N %Q%?!< %s$N @hF, $K$" $k %-!<%o!< %I $O !$>H9g $K 4XM? $7 $J$$!# $= $l$O%Q %? !< %sJQ?t $H$b%j %F%i %k<1JL ;R $H$b8+ $J $5 $l$J $$ !# :,5r : %- !<%o!< %I $N %9%3!< %W $O !$%-!<%o!< %I $r %^ %/%mJQ49;R $K B+ G{ $7 $F 7k 9g$5$; $k<0$J $$ $7 9= J8Dj 5A$K$h $C$F7h Dj$5$l $k !#$b $7 $b 2> $K%-!<%o!< %I $, %Q%?!< %s JQ?t$^$? $O %j%F%i %k <1JL;R $@$H$9$k$H !$ let-syntax $H letrec-syntax $N $I $A $i $,%-!<%o !< %I $rB+G{$9$k $+ $K 4X78$J $/ !$ $=$N %9%3!< %W $N Cf$K !$%Q%?!<%s$K 8e B3$9 $k%F%s %W %l !< %H$, 4^$^ $l$k$3$H$K$J $C$? $@$m $&!# < %j%F%i %k It > $K 8= $l $k<1JL;R $O !$%j%F%i %k<1JL;R$H2r<a$5 $l $k!# $3 $l$OF~NO $+ $i$NBP 1~ $9 $kIt J, 7A <0 $H>H9g $5 $l$k $3 $H $K$J$k!# F~NO $K$* $1$kItJ, 7A <0 $, %j %F %i %k<1JL;R $H>H 9g $9 $k $?$a $NI,MW ==J, >r 7o $O!$ $= $l $, <1JL ;R $G$" $C $F!$ $+$D $= $l$N %^ %/%m <0 $K $*$1 $k =P8=$H %^%/%m Dj5A$K $*$1 $k=P 8= $, $H $b$K F1 $8 ;z6g E*B+ G{ $r $b$D $+!$ $"$k $$ $OFs $D $N<1 JL;R $,Ey $7 $/ $+ $D $I $A $i$b ;z6gE*B+G{ $r$b$?$J$$$3$H$G$"$k !# ItJ,7A<0 $K ... $, 8eB3$9$k$H$-!$$=$NItJ,7A <0 $O F~NO$N#0 8D0J >e $NMWAG $H>H9g $G$-$k!# ... $, < %j%F%i %kIt > $K 8= $l$k $3$H $O %(%i !< $G $"$k!# %Q %? !< %s$NFb It $G $O<1 JL ;R ... $O !$ It J,%Q%? !<%s $N Hs 6u$J Ns$N :G8e$N MWAG$K 8e B3 $7 $J$1$l$P $J$i $J $$ !# $h $j7A <0E*$K$O !$F~NO 7A<0 F $, %Q%? !< %s P $H >H 9g$9$k$N $O !$<! $, @.$jN)$D $H$-$+$D$=$N$H$-$K 8B$k !# � P $, %j%F%i %k<1JL;R$G$J$$<1JL;R$G$"$k !#$^$? $O � P $, %j %F%i %k <1JL;R $G$"$j !$ $+$D F $, F1 $8 B+G{ $r$b$D <1JL;R $G$" $k !# $^$? $O � P $, %j%9 %H ( P 1 : : : P n ) $G $"$j!$ $+$D F $, !$ P 1 $+$i P n $^$G$=$l$>$l >H 9g$9 $k n 8D$N 7A <0 $+$i $J $k %j%9 %H $G $" $k !# $^$? $O � P $, Hs ?? @5 %j %9 %H ( P 1 P 2 : : : P n . P n +1 ) $G$" $j !$ $+ $D F $, !$ P 1 $+$i P n $^$G$= $l$>$l >H9g$9$k n 8D0J>e $N7A<0 $+ $i$J$k%j %9 %H$^$? $OHs?? @5 %j%9 %H$G$" $C $F!$ $+ $D$=$N n HVL\$N \cdr" $, P n +1 $K >H9g$9$k !#$^ $? $O � P $, ( P 1 : : : P n P n +1 < >JN,Id9f >) !$$?$@$7 $3 $3 $G < >JN,Id9f > $O <1 JL;R ... $H $9$k !$$H$$ $&7A<0 $r$H $j!$ $+ $D F $, !$:G =i$N n 8D $, P 1 $+ $i P n $^$G $=$l$>$l >H9g$9$k>/ $J $/ $H$b n 8D$N7A<0$+$i$J$k??@5 %j%9 %H$G $"$C$F!$ $+$D F $N ;D$j $NMWAG $, $*$N$*$N P n +1 $K >H9g $9 $k !# $^$? $O

5. %W %m %0 %i %‘9=B$ 15 � P $, #( P 1 : : : P n ) $H $$ $&7A<0$N%Y %/%?$G$" $j!$ $+ $D F $, !$ P 1 $+$i P n $^$G >H 9g$9 $k n 8D$N 7A<0$+$i $J $k %Y%/%? $G$" $k !#$^ $? $O � P $, #( P 1 : : : P n P n +1 < >JN,Id9f >) !$$? $@ $7 $3$3$G < >JN,Id9f > $O <1JL;R ... $H $9 $k !$ $H$$ $&7A<0$r$H$j!$ $+$D F $, !$ :G=i $N n 8D $, P 1 $+$i P n $^$G$= $l $>$l >H 9g $9$k>/ $J$/ $H$b n 8D$N7A <0 $+$i$J$k %Y%/ %? $G$"$C $F !$ $+$D F $N ;D$j$NMWAG $,$*$N$*$N P n +1 $K >H9g$9$k!# $^ $? $O � P $,%G !<%?$G$" $j!$ $+$D F $, P $H equal? <jB3$-$N 0UL# $G Ey $7 $$ !# %^%/%m!&%- !<%o !< %I $r !$$=$N B+G{$N %9%3 !< %W $N FbIt$G !$ $I $N%Q %? !< %s $H $b >H9g $7 $J $$ <0$K ;H MQ$9 $k$3$H $O !$%(%i !<$G $"$k !# %^%/ %m;H MQ $,$= $l$H>H9g $9$k < 9=J85,B’ > $N%F %s %W%l !< %H$K => $C $FJQ 49 $5 $l $k;~!$ %F %s %W%l !< %H$K =P8= $9 $k %Q%? !< %s JQ?t $O !$ F~ NO $K$* $$ $F>H9g $7$? ItJ, 7A<0 $GCV$-49 $($i $l $k!# <1 JL ;R ... $N %$ %s %9%? %s %9 $,#1 8D0J>e8e B3 $7 $F$$ $kItJ,%Q%?!< %s$N Cf$K=P8=$9 $k%Q%?!< %s JQ?t$O !$F1?t$N ... $N %$ %s %9%? %s %9 $,8eB3 $7$F$$$kIt J, %F %s %W%l !< %H$NCf $K $@ $1=P8= $r5v $5 $l$k!# =PNO $K$*$$ $F$= $l$i $O!$ F~ NO $K$*$$ $F$= $l$i $,>H9g $7 $?ItJ,7A<0A4It$K$h$C$F !$ $?$@ $7 ;X<( $I $*$j$K J,G[$5 $l$F !$ CV $-49 $( $i $l$k!# $b $7 ;EMM $I $*$j $K=PNO $r7A@. $G$- $J$$ $J $i $P %(%i !< $G$" $k !# %F %s%W%l !< %H $K 8=$l$F $$ $k $, %Q %? !< %s JQ ?t$G$b <1JL ;R ... $G $b$J $$ <1JL ;R$O !$%j%F%i%k <1 JL;R$H $7 $F =P NO$K A^ F~$5$l $k !# $b $7 %j%F %i%k <1JL ;R $, <+ M3 <1JL ;R$H $7 $F A^F~$5$l $k$J $i$P !$$=$N >l9g !$$=$N <1 JL ;R$N B+G{$G $" $C$F !$ $+ $D 85 !9 $N syntax-rules $N %$ %s%9%? %s %9 $,8= $l$F$$ $k2U =j $r4^ $s $G$$ $k $h$& $J%9 %3!< %W $NB+G{ $,;2>H $5 $l$k!# $b $7 %j %F %i %k<1JL ;R $,B+G{<1 JL ;R $H $7 $FA^F~ $5 $l$k$J $i $P !$ $= $N>l 9g!$ $=$N<1 JL ;R $O!$ <+ M3 <1 JL ;R $NIT N8 $NJa3M $rKI $0 $?$a $K<B<A E* $K2~L> $5 $l $k !# 0lNc$H $7 $F !$$b $7 let $H cond $, 7.3 @a$N$h $& $K Dj5A$5$l $F$$$k $J$i $P !$ $=$N $H$-$= $l$i$O ( MW5a $I $*$j ) J]7rE* $G$" $j !$2<5- $O%(%i !< $K$J$i$J$$ !# (let ((=> #f)) (cond (#t => ’ok))) = ) ok cond $N%^%/ %mJQ 49 ;R $O => $r%m!< %+ %kJQ?t $H $7$F!$ $7 $? $,$C $F0l $D $N<0 $H $7$FG’<1 $9$k!# %^%/ %mJQ 49 ;R $, 9=J8 %-!< %o !< %I $H $7 $F 07 $& %H %C %W !& %l %Y%k <1JL;R => $H $7 $F$O G’<1 $7 $J$$ !# $7 $?$, $C$F!$$3$NNc $O (let ((=> #f)) (if #t (begin => ’ok))) $N$h$& $KE83+ $5 $l $k $N $G$" $C $F!$ IT @5 $J<j B3 $-8F =P $7$K =* $o $k $3$H $K$J $k (let ((=> #f)) (let ((temp #t)) (if temp (’ok temp)))) $H $O$J$i$J$$ !# 5. %W %m %0 %i %‘ 9=B$ 5.1. %W %m %0 %i %‘ Sc heme %W %m %0%i %‘ $O<0!$ Dj 5A!$ $* $h $S 9=J8Dj 5A $NNs $+$i$J $k !#<0 $O 4 >O$G5- =R $7 $F $$ $k !#Dj5A $H 9=J8Dj5A$O K\>O$N ;D $j$G O@ $:$k !# %W %m %0 %i%‘ $OE57?E* $K $O%U %! %$ %k $K3JG< $5 $l $k $+ !$ $^ $? $O<B 9TCf$N Scheme %7 %9%F%‘$K BP OCE*$K F~ NO$5$l $k $, !$B>$N%Q %i %@ %$ %‘ $b2D G= $G$"$k!# $7 $+ $7 !$ %f!<%6 !& %$ %s%?%U %’ !<%9 $N LdBj$O$3 $N Js9p =q$N HO0O 30$G$" $k !# ( <B:] !$ Sc heme $O $?$H $( 5! 3# >e$N <BAu$, $J $/$F$b 7W ;; J}K!$r I= 8=$9 $k 5- K!$H $7 $F 0MA3M-MQ $@$m $& ) !# %W %m %0 %i %‘$N %H %C %W !& %l %Y%k$K =P8=$9$kDj5A$H 9=J8Dj5A $O !$ @k8@ E* $K2r<a$5 $l F@$k!# $= $l$i$OB+G{ $r %H %C %W!& %l%Y%k4D6- $NCf $KB$ $i$;$k $+ !$ $^ $? $O4{B8 $N %H%C %W = %l %Y %kB+G{ $NCM $r 2~JQ $9$k!# %W %m %0 %i%‘$N %H%C %W!& %l %Y%k $K=P8=$9 $k<0 $O!$ L? NaE* $K2r<a $5 $l$k !# $= $l $i$O!$ %W %m %0%i%‘ $, 5/F0 $^ $? $O%m!< %I $5 $l$? $H$- $K=g $K<B9T $5 $l!$ $= $7 $FE57? E* $K $O$J $s$i $+$N <oN‘$N=i4|2= $r 9T$&!# %W %m %0%i%‘ $N %H%C %W !& %l%Y%k $G $O (begin < 7A<0 1 > : : : ) $O !$ $=$N begin $N K\BN$r$D$/$k<0!$Dj5A!$$*$h $S 9=J8Dj5A $+$i $J $k Ns $H Ey2A $G$"$k !# 5.2. Dj5A Dj5A $O!$ <0 $, 5v $5 $l$kJ8L. $N!$ A4It $G $O$J$/0l It $K$* $$ $FBE Ev $G $" $k!# Dj 5A $O!$ < %W %m %0 %i%‘ > $N %H %C %W !& %l%Y %k $H < K\BN > $N @hF, $G$@$1 BEEv $G$"$k !# Dj5A $O <!$N7A<0$N0l$D $r$H$k$3$H !# � (define < JQ?t > < <0 >) � (define (< JQ?t > < 2>0z?tIt >) < K\BN >) < 2>0z?tIt > $O !$ #08D0J>e$NJQ?t $+$i$J$kNs $+ !$$^ $? $O #18D 0J >e $NJQ ?t $+ $i $J$k Ns $KBP $7 %9 %Z !<%9 $G6h @Z $i $l$? %T %j %* %I $H$b $& #18D $NJQ?t $rB3 $1$?$b $N $G$"$k $3$H ( &K <0 $N>l 9g $HF1 MM $G$" $k ) !# $3$N7A <0 $O<! $HEy 2A $G$" $k!# (define < JQ?t > (lambda (< 2>0z?tIt >) < K\BN >)) . � (define (< JQ?t > . < 2>0z?t >) < K\BN >) < 2>0z?t > $O C10l$NJQ?t $G$"$k$3$H !# $3$N7A<0 $O<!$HEy 2A $G$" $k !# (define < JQ?t > (lambda < 2>0z?t > < K\BN >)) .

16 Revised 5 Scheme 5.2.1. %H %C %W !& %l %Y %k Dj5A %W %m %0 %i %‘$N %H %C %W !& %l %Y%k$G$O !$Dj5A (define < JQ?t > < <0 >) $O!$ $b $7 < JQ?t > $, B+G{ $5 $l$F $$$k $J $i $P !$ K\ <A E* $KBe F~ <0 (set! < JQ?t > < <0 >) $HF1 $8 8z2L$r$b $D !# $7 $+ $7 !$$b $7 < JQ?t > $, L$ B+G{$J$i $P !$ $3$NDj 5A $OBeF~ $r<B9T$9 $kA0 $K$^ $: < JQ?t > $r?7 $7 $$>l=j $K B+ G{ $9$k!# $7$+ $k $K set! $rL$B+G{ $NJQ?t $K BP $7 $F <B9T $9 $k $H%(%i!< $K$J $k $@ $m $& !# (define add3 (lambda (x) (+ x 3))) (add3 3) = ) 6 (define first car) (first ’(1 2)) = ) 1 Sc heme $N<BAu $K$h$C $F$O!$ =i4| 4D6- $H $7 $F !$ 2D G= $J$" $i$f $kJQ ?t $, $J$s $i $+ $N >l =j$K B+ G{$5$l $F $*$j!$ $= $7 $F $=$N >l =j $NBgB? ?t $, L$Dj5A CM $rF~ $l$F$$$k !$ $H$$$& 4D 6- $r;H$& !# $3 $N$h $&$J <B Au$G$O%H %C %W !& %l %Y%k Dj 5A$O BeF~$H A4 $/Ey 2A$G $"$k !# 5.2.2. FbItDj5A Dj 5A $O < K\BN > ( $D $^ $j lambda , let , let* , letrec let-syntax , letrec-syntax $N3F<0$NK\BN!$ $^ $?$OE,@Z $J 7A <0 $N Dj 5A $N K\ BN ) $N@h F, $K=P 8= $7$F $b $h $$!# $3 $N $h$& $JDj 5A $r!$ >e =R $N %H%C %W !& %l%Y %kDj5A $KBP 93 $7$F FbIt Dj 5A ( internal de�nition ) $H $$ $&!# FbIt Dj5A$G Dj 5A $5$l $k JQ ?t$O < K\BN > $K%m !<%+ %k$G$" $k !#$D$^$j !$ < JQ?t > $O BeF~$5 $l $k$N$G$O$J $/B+ G{ $5 $l$k$N $G$"$j !$ $= $NB+G{ $NNN0h $O < K\BN > A4BN $G$" $k!# $?$H$( $P !$ (let ((x 5)) (define foo (lambda (y) (bar x y))) (define bar (lambda (a b) (+ (* a b) a))) (foo (+ x 3))) = ) 45 Fb It Dj 5A $r $b $D < K\BN > $O$D $M $K $= $l$H 40 A4 $KEy 2A $J letrec <0 $K JQ49$G$-$k !# $? $H$( $P !$>e$NNc$N let <0 $O <!$HEy2A$G $"$k !# (let ((x 5)) (letrec ((foo (lambda (y) (bar x y))) (bar (lambda (a b) (+ (* a b) a)))) (foo (+ x 3)))) Ey2A $J letrec <0 $, $= $& $G$"$k$h $& $K !$ < K\BN > $N Cf$N3FFb It Dj 5A $N $= $l $>$l$N < <0 > $O !$ $= $3 $GDj 5A $5 $l$k $I $N < JQ?t > $N CM$N Be F~$b ;2>H$b $9 $k$3$H $J $/ I>2A 2DG=$G $J$1$l$P $J$i $J$$ !# $I $3 $KFb It Dj 5A $,=P 8= $7$h$& $H $b (begin < Dj5A 1 > : : : ) $O !$ $=$N begin $N K\BN $r$D $/$kDj5A $+$i$J $kNs $H Ey2A $G$" $k !# 5.3. 9=J8Dj5A 9=J8Dj 5A $O < %W %m %0 %i %‘ > $N %H %C %W!& %l%Y%k$G $@$1BEEv $G$" $k !# 9=J8Dj5A$O<!$N7A<0$r$H$k !# (define-syntax < %-!<%o!< %I > < JQ49;R;EMM >) < %-!<%o!< %I > $O <1 JL ;R$G $" $j!$ $=$7 $F < JQ49;R;EMM > $O syntax-rules $N %$ %s %9%?%s %9$G $" $k$3 $H !# < %-!<%o!< %I > $r !$ ;E MM $, 5,Dj$9 $kJQ 49;R $X $HB+G{$9 $k $3 $H $K$h$C $F!$ %H %C %W !& %l %Y%k 9=J84D6- $, 3HD%$5 $l $k !# define-syntax $K$O !$FbItDj5A $KAjEv$9$k$b$N$O$J$$ !# %^%/%m $O !$Dj5A$d9=J8Dj5A$r5v$9J8L.$NCf$J$i $P $I $3$G $b !$ Dj5A $d9=J8 Dj 5A $X $HE8 3+ $7 $F$h$$!# $? $@ $7 !$ Dj 5A $d9=J8 Dj5A $, 9=J8 %-!< %o !< %I $r1#JC $9$k $3 $H $O!$ 1# JC $9 $k $[ $& $NDj 5A $r <}$a$F $$ $k 7A<0$N%0 %k !< %W $N Cf$N $I $l $+ $N 7A<0$, <B:]$K Dj 5A $G$"$k $+ $I $& $+$r7h Dj $9$k $? $a $K!$ $"$k $$ $O!$ FbIt Dj 5A $K BP $7 $F !$ $= $N %0%k!< %W$H$=$N %0%k!< %W$K B3$/ <0 $H$N6- 3& $r7h Dj $9$k $? $a $K!$ 1# JC $5 $l $k9= J8 %-!< %o !< %I $N0UL# $,I,MW $H$5 $l $k>l9g $K$O!$ %( %i!< $G$"$k!# $? $H $( $P !$ 2< 5- $O$= $l $>$l%( %i!<$G$"$k !# (define define 3) (begin (define begin list)) (let-syntax ((foo (syntax-rules () ((foo (proc args ...) body ...) (define proc (lambda (args ...) body ...)))))) (let ((x 3)) (foo (plus x y) (+ x y)) (define foo x) (plus foo x))) 6. I8=‘<jB3 $- $3$N>O $O Scheme $NAH9~ $_<jB3 $- $r5-=R $9 $k!# =i4| $N ( $D$^ $j \ %H %C %W !& %l %Y%k " $N ) Scheme 4D6-$O !$M-MQ$J CM$r<}$a $F$$$k>l =j $X $HB+G{ $5 $l$??tB? $/ $NJQ ?t $H $H$b $K;O$^ $k!# $= $7 $F !$ $= $NCM $NBg B? ?t $O %G!<%? $rA‘:n $9 $k %W %j%_ %F%# %V <jB3 $-$G$" $k !# $?$H$( $P !$JQ?t abs $O ?t$N@dBPCM$r 7W;;$9$k#1 0z?t $N<jB3$- ( $r=i4|CM $H $7 $F <}$a$F$$$k>l=j ) $X$HB+G{$5 $l !$JQ?t + $O ?t$NOB$r 7W;;$9$k<j B3$-$X$H B+G{$5 $l $k !#B> $NAH9~ $_<j B3 $- $r;H $C $FMF 0W $K=q$/ $3 $H $N $G$-$k AH 9~ $_<jB3 $-$O !$ \ %i %$ %V %i %j<jB3$- " $H $7 $F J,N‘$5 $l $k !# %W %m %0%i%‘ $O %H %C %W = %l%Y%kDj5A $r;H $C $FG$0U $NJQ?t $rB+G{ $7 $F$h$$!# $= $7$F 8e $+$i$= $NB+ G{ $rBeF~ $K$h $C $FJQ99 $7$F$h $$ (4.1.6 @a;2>H ) !# $3 $l$i$N 1i;; $O Scheme $N AH9~$_<jB3 $- $N?6Iq $r2~JQ $7$J$$ !# Dj 5A $K$h $C $FF3F~ $5 $l$F$$ $J$$ %H%C %W = %l%Y%k$NB+G{ $rJQ99 $9$k $3 $H$O!$ AH 9~ $_<jB3 $-$N?6 Iq $KBP $7 $F L$5,Dj$N8z2L $r$b$D !#

6. I8=‘<jB3$- 17 6.1. Ey2A@-=R8l =R 8l ( pr e dic ate ) $H$O!$ $$ $D $G $b %V !<%j %" %sCM ( #t $^ $? $O #f ) $rJV $9 <j B3 $- $G$"$k!# Ey 2A @- =R 8l ( e quivalenc e pr e dic ate ) $H $O !$ ?t3X E* $JEy2A4X 78 $N7W;; 5!>e $NAjEvJ* $G$"$k ( BP>NN’ $H H? <M N’ $H?d 0\ N’ $,@. $j N) $D ) !# $3 $N @a $G5- =R $9 $k Ey 2A @- =R 8l $N $& $A !$ eq? $, :G $b :Y $+$/ ( $D$^ $j :G $b<1 JL $,87 $7 $/ ) !$ equal? $, :G$bAF$$ !# eqv? $O eq? $h$j$b$o$:$+$K 4E$/<1JL$9$k!# (eqv? obj 1 obj 2 ) <jB3$- eqv? <jB3$- $O$"$kM-MQ$JEy2A4X78 $r%* %V%8 %’ %/ %H$K BP $7 $F Dj5A$9$k !#4JC1 $K $$$( $P !$ $b $7 $b obj 1 $H obj 2 $, DL >oF1 $8 %* %V%8 %’ %/ %H$@ $H 8+$J $7 $F $h$$$b$N$J$i $P !$ #t $r JV$9!# $3 $N 4X78$K$O $$$5 $5$+ 2r <a$N M> CO $, $" $k$, !$2< 5-$N It J,E*$J eqv? $N 5,Dj $O Scheme $N $9$Y$F$N<BAu$KBP $7 $F @.$jN)$D !# <! $, @.$jN)$D$J $i $P eqv? <jB3$- $O #t $r JV$9 : � obj 1 $H obj 2 $,$H $b$K #t $^$?$O$H$b$K #f $G$" $k !# � obj 1 $H obj 2 $,$H $b$K%7%s %\%k$G $" $C$F!$ $+$D (string=? (symbol->string obj1) (symbol->string obj2)) = ) #t Cm : $3$l$O obj 1 $H obj 2 $N $I $A $i$b !$ 6.3.3 @a$G$[$N$a$+ $5 $l$F $$ $k$h $&$J \ L$ %$ %s %? !< %s $N%7%s%\%k " $G$O $J $$$3$H$r 2> Dj $7$F$$$k!# $3$NJs 9p=q $O!$ <BAu 0MB8 $N3HD% $KBP$9 $k eqv? $N?6Iq$r$"$($F5,Dj$9$k$h $& $J$3$H$O $7 $J$$ !# � obj 1 $H obj 2 $, $H $b$K?t$G$"$C$F , ?tCME* $K Ey $7 $/ (6.2 @a $N = $r 8+$h ) !$ $+$D$H$b $K @53N?t $^ $? $O$H$b $KIT@53N ?t $G$" $k !# � obj 1 $H obj 2 $, $H$b$KJ8;z $G$"$C $F!$ $+$D char=? <jB3 $- (6.3.4 @a ) $G F1 $8 J8;z $@$H H=Dj$5 $l $k !# � obj 1 $H obj 2 $,$H $b$K 6u%j%9 %H$G $" $k !# � obj 1 $H obj 2 $,$H$b $K %Z %" !$ %Y%/ %? !$ $^ $? $OJ8 ;z Ns $G$" $C $F!$5-21NN0h$NCf$NF1 $8 >l=j$rI=$9 (3.4 @a ) !# � obj 1 $H obj 2 $,$H $b $K<jB3$- $G$"$C $F!$ >l =j%? %0$, Ey $7 $$ (4.1.4 @a ) !# <! $, @.$jN)$D$J $i $P eqv? <jB3$- $O #f $r JV$9 : � obj 1 $H obj 2 $N 7? $, 0[$J$k (3.2 @a ) !# � obj 1 $H obj 2 $N 0lJ} $, #t $G B>J} $, #f $G$" $k !# � obj 1 $H obj 2 $,$H $b$K%7%s %\%k$@$, (string=? (symbol->string obj 1 ) (symbol->string obj 2 )) = ) #f � obj 1 $H obj 2 $N0lJ} $, @53N?t$GB>J} $, IT@53N?t$G$"$k !# � obj 1 $H obj 2 $, $H $b $K ?t$G $" $C$F !$ = <j B3$-$, #f $r JV$9!# � obj 1 $H obj 2 $, $H$b$K J8;z$G$"$C$F !$ char=? <jB3$- $, #f $r JV$9!# � obj 1 $H obj 2 $N0lJ} $, 6u %j%9 %H$@$, B>J} $, $= $& $G$J$$ !# � obj 1 $H obj 2 $,$H$b $K%Z %" !$ %Y%/ %? !$ $^ $? $OJ8;z Ns $G $" $C $F !$JL !9 $N>l=j $r I= $7 $F $$ $k !# � obj 1 $H obj 2 $, $H$b$K<jB3$- $G$"$C $F!$ $J $s$i$+$N0z?t $K BP $7 $F 0[ $J$C $??6Iq $r$9$k ( 0[$J$C $?CM $rJV$9 !$ $^ $? $O 0[ $J $C$?I{:nMQ $r$b$D ) $@ $m $& !# (eqv? ’a ’a) = ) #t (eqv? ’a ’b) = ) #f (eqv? 2 2) = ) #t (eqv? ’() ’()) = ) #t (eqv? 100000000 100000000) = ) #t (eqv? (cons 1 2) (cons 1 2)) = ) #f (eqv? (lambda () 1) (lambda () 2)) = ) #f (eqv? #f ’nil) = ) #f (let ((p (lambda (x) x))) (eqv? p p)) = ) #t 2<5- $NNc $O !$ >e 5- $N5,B’ $, eqv? $N ?6Iq $r40A4 $K $O5,Dj $7 $F $$$J $$ $H$$$& <B Nc $r<( $7 $F$$$k!# $3$N $h$& $J>l9g $K$D$$ $F8@ $( $k$3$H $O !$ eqv? $N JV$9CM $O %V !<%j%" %s$G$J$1$l $P$J$i$J $$$H$$ $& $3$H$@$1$G$"$k !# (eqv? "" "") = ) L$5,Dj (eqv? ’#() ’#()) = ) L$5,Dj (eqv? (lambda (x) x) (lambda (x) x)) = ) L$5,Dj (eqv? (lambda (x) x) (lambda (y) y)) = ) L$5,Dj <! $NNc $O !$ %m!< %+ %k$J>uBV $r$b $C $?<jB3 $- $KBP$9$k eqv? $N ;HMQ$r<( $7 $F $$$k !# gen-counter $O Kh2sJL !9 $N<jB3$-$rJV $7 $F$$$k $O $:$G$"$k!# $J $< $J $i!$ 3F <j B3 $- $O$= $l<+?H $NFbIt %+%& %s %?$r$b $C$F$$$k$+$i$G $" $k !#0lJ}!$ gen-loser $O Kh 2sEy 2A $J<jB3 $- $rJV $7$F$$$k!# $J $< $J $i!$ $= $N%m !<%+ %k>uBV $O !$<jB3$-$NCM$^$? $O I{:nMQ $K 1F6A $7 $J $$$+$i$G$"$k !# (define gen-counter (lambda () (let ((n 0)) (lambda () (set! n (+ n 1)) n)))) (let ((g (gen-counter))) (eqv? g g)) = ) #t (eqv? (gen-counter) (gen-counter)) = ) #f (define gen-loser (lambda () (let ((n 0)) (lambda () (set! n (+ n 1)) 27)))) (let ((g (gen-loser)))

18 Revised 5 Scheme (eqv? g g)) = ) #t (eqv? (gen-loser) (gen-loser)) = ) L$5,Dj (letrec ((f (lambda () (if (eqv? f g) ’both ’f))) (g (lambda () (if (eqv? f g) ’both ’g)))) (eqv? f g)) = ) L$5,Dj (letrec ((f (lambda () (if (eqv? f g) ’f ’both))) (g (lambda () (if (eqv? f g) ’g ’both)))) (eqv? f g)) = ) #f Dj?t %* %V%8 %’ %/ %H ( %j %F%i %k <0 $, JV$9 %* %V%8 %’ %/ %H ) $r 2~JQ $9 $k $3 $H $O%( %i!< $@ $+ $i!$ E,@Z $J$H $3$m $G<BAu $,Dj?t $I $& $7 $N9=B$$r6&M-2=$9$k$3$H$O !$MW5a $O$5$l$F$$$J$$$1$l $I $b !$ 5v $5 $l$F$$$k!# $7 $? $,$C $FDj?t $K$D $$ $F$N eqv? $NCM $O$H$- $I $- <BAu0MB8 $G$" $k !# (eqv? ’(a) ’(a)) = ) L$5,Dj (eqv? "a" "a") = ) L$5,Dj (eqv? ’(b) (cdr ’(a b))) = ) L$5,Dj (let ((x ’(a))) (eqv? x x)) = ) #t :, 5r : eqv? $N >e5- $NDj 5A $O !$ <j B3 $- $H%j %F%i %k$N<h 07 $$ $K$* $$ $F <B Au $K<+M3EY $r5v $7 $F$$$k!# $D$^ $j !$ <B Au $O !$ Fs $D $N<j B3 $- $J$$ $7 Fs$D$N %j%F%i%k$, 8_$$$K Ey2A$G$" $k$3$H$r 8!=P $9$k$3$H $b 8!=P $7 $=$3$J $&$3$H $b <+M3$G$" $j!$N><T$N I=8=$K ;H MQ$9 $k%] %$ %s %? $^$? $O %S %C %H !& %Q%? !< %s $, F10l $G$"$k $3 $H$r0J $FEy2A $J%* %V%8%’%/ %H$G $"$k$3$H$HF10l;k$9$k$3$H $K $7 $F$b $7 $J $/$F$b$h$$ !# (eq? obj 1 obj 2 ) <jB3$- eq? $O !$ $$$/ $D $+$N>l 9g $K$*$$ $F eqv? $h$j$b:Y $+$/:90[ $r 8+J, $1$i$l $k$3$H$r=| $1 $P !$ eqv? $H F1MM $G$" $k !# eq? $H eqv? $O%7%s %\%k !$ %V !<%j %" %s !$6u%j%9 %H !$ %Z %" !$ <j B3 $-!$ $* $h $S Hs6u $NJ8 ;z Ns $H%Y%/ %? $KBP $7$F F1 $8 ?6Iq $r$9$k $3$H $, J]>Z$5 $l$F $$ $k !#?t $HJ8;z$KBP$9$k eq? $N ?6Iq$O<B Au 0MB8 $@ $, !$ $$$D $G$b?? $+56 $rJV $7 !$ $= $7 $F?? $rJV$9 $h$& $J $H$- $O !$ eqv? $b $^$??? $r JV$9 !# eq? $O 6u%Y%/%? $H6uJ8;zNs $K BP $7 $F$b eqv? $H 0c $&?6Iq $r $7 $F$h$$ !# (eq? ’a ’a) = ) #t (eq? ’(a) ’(a)) = ) L$5,Dj (eq? (list ’a) (list ’a)) = ) #f (eq? "a" "a") = ) L$5,Dj (eq? "" "") = ) L$5,Dj (eq? ’() ’()) = ) #t (eq? 2 2) = ) L$5,Dj (eq? #\A #\A) = ) L$5,Dj (eq? car car) = ) #t (let ((n (+ 2 3))) (eq? n n)) = ) L$5,Dj (let ((x ’(a))) (eq? x x)) = ) #t (let ((x ’#())) (eq? x x)) = ) #t (let ((p (lambda (x) x))) (eq? p p)) = ) #t :,5r : IaDL !$ eq? $O eqv? $h$j$b$: $C$H8zN(E*$K | $?$H$( $P !$$J $K$+ J# ;($J1i ;;$G$O$J $/ C1=c$J%] %$ %s %? Hf 3S$H $7 $F | <BAu$9 $k$3 $H$,2DG= $@$m $& !# 0l $D $NM}M3 $H $7 $F !$ eq? $r%] %$ %s%?Hf3S $H $7$F <B Au$9$k $H$$$D $G$bDj?t;~4V $G =*N;$9$k $@$m $& $, !$Fs $D $N?t$N eqv? $r Dj?t ;~4V$G 7W ;;$9$k$3$H$O I,$: $7 $b 2DG=$H$O 8B $i$J $$$+$i $G $" $k !# <jB3 $- $r;H $C $F>uBV IU $- %* %V%8%’%/ %H$r <BAu $9 $k $h$& $J1~MQ $K $*$$$F $O!$ eq? $O eqv? $H F1 $8 @)Ls $K=>$& $+$i!$ eq? $r eqv? $N$h $& $K ;H$C$F$b$h$$!# (equal? obj 1 obj 2 ) %i %$ %V %i %j<jB3$- equal? $O :F5"E* $K%Z%" !$ %Y%/%? !$$*$h $S J8;zNs$NFbMF$r Hf 3S $7 !$ $= $l0J30 $N?t $d %7 %s %\%k$J $I $N%* %V%8%’%/ %H$KBP $7$F $O eqv? $rE,MQ$9$k!# $* $* $6 $C $Q $J86B’ $H $7 $F !$ F1 $8 $h $& $K 0u;z $5 $l $k %* %V%8%’%/ %H $I $& $7$O 0lHL $K equal? $G$"$k!# $b $7 0z?t $, =[4D %G !<%?9=B$ $J $i $P !$ equal? $O Dd;_ $7 $J $$ $+$b $7 $l $J $$ !# (equal? ’a ’a) = ) #t (equal? ’(a) ’(a)) = ) #t (equal? ’(a (b) c) ’(a (b) c)) = ) #t (equal? "abc" "abc") = ) #t (equal? 2 2) = ) #t (equal? (make-vector 5 ’a) (make-vector 5 ’a)) = ) #t (equal? (lambda (x) x) (lambda (y) y)) = ) L$5,Dj 6.2. ?t ?tCM 7W ;; $OEAE} E* $K Lisp %3%_ %e %K %F%# $+ $iL5;k $5 $l$F$- $?!# Common Lisp 0JA0 $K$O?tCM7W ;; $rBN7O2= $9$k $?$a $N=ON8 $5 $l $? @oN, $O3’L5 $@$C$?!# $= $7 $F MacLisp %7 %9%F%‘ [20] $r Nc 30 $H $7 $F !$ ?t CM %3!< %I $r 8zN( E* $K<B9T $9$k $? $a$NEX NO $O $[ $H $s $I $J $5 $l $J$+ $C$? !# $3$N Js 9p=q$O Common Lisp 0Q 0w2q $NO+:n $r9b$/ G’ $a!$ H‘ $i$N4+9p $NB?$/ $r<u $1F~ $l$k!# 8+ J} $K $h $C $F$O !$ $3$N Js9p =q$O H‘$i$N Ds 0F$r Scheme $N L\E*$K 1h $&$h$& $K C1=c2= $7 0lHL2= $7 $F $$$k !# ?t3X >e$N ?t!$$= $l $r %b %G %k 2= $7 $h $& $H $7 $F $$ $k Sc heme $N ?t!$ Sc heme $N ?t $N<BAu $K ;H $o $l $k5!3#I=8=!$ $* $h $S ?t $r=q $/ $? $a $K;H $o $l $kI= 5- K!!$ $3 $N;M<T $r6hJL $9 $k $3$H $,Bg@Z $G $" $k !# $3$N Js 9p=q$O numb er , c omplex , r e al , r ational , $*$h $S inte ger $H$$ $&7? $r;H$C $F!$ ?t3X >e $N?t $H Scheme $N?t$N N>J} $r8@ $$I= $9 !# 8GDj >. ?t E@?t $dIb F0>. ?t E@ ?t $N $h$& $J5!3# I=8= $O !$ �xnum $d onum $N $h $&$JL>A0$K$h $C$F8@$$ I=$5 $l $k !# 6.2.1. ?tCM7? ?t3X E* $K $O!$ ?t $O !$ 3F %l %Y %k $,$= $l $>$l$=$N>e 0L %l %Y %k$NIt J,=89g $G$"$k$h $& $J ItJ,7?$NEc $K JT@. $G$-$k :

6. I8=‘<jB3$- 19 n um ber ( ?t ) complex ( J#AG?t ) real ( <B?t ) rational ( M-M}?t ) in teger ( @0?t ) $?$H $($P !$ 3 $O @0 ?t$G $" $k !# $7 $?$, $C$F 3 $O M- M} ?t$G $b !$ <B?t $G$b !$J#AG ?t $G$b$" $k !#F1 $8 $3$H$, 3 $r %b %G %k 2= $7 $? Sc heme $N ?t$K $D$$ $F $b @.$j N)$D !# Sc heme $N ?t$K BP $7 $F !$ $3 $l$i$N 7?$O=R8l number? , complex? , real? , rational? , $* $h $S integer? $K $h $C$FDj5A$5 $l $k !# ?t$N7?$H $=$N 7W;; 5! FbIt$G $N I= 8=$H$N 4V$K C1 =c$J 4X 78$O$J $$ !# $?$$$F$$$N Scheme $N <B Au $O >/$J$/$H$b Fs<oN‘$N 3 $N I= 8= $rDs6! $9 $k $@$m$& $, !$ $3 $l$iMM!9 $JI= 8= $O$_ $JF1 $8 @0?t $rI=$9$H$$ $& $o $1$G$" $k !# Sc heme $N ?tCM 1i;; $O?t $r | 2DG= $J8B $j$= $NI= 8= $+ $iFHN) $7 $? | Cj >] %G !< %?$H $7 $F <h$j 07 $& !# $?$H$( Scheme $N <BAu$, �xn um $d onum !$ $"$k $$ $O$=$NB> $N?t $NI= 8= $r;H$& $H $7$F $b!$ $3 $N $3 $H $OC1=c $J %W %m %0 %i%‘ $r=q$/ %+ %8 %e %" %k$J %W %m %0 %i%^$NL\ $K L@ $i$+$G$" $k$Y$- $G$O$J$$ !# $7 $+ $7 !$ @5 3N $KI=8= $5 $l$??t $H!$ $=$& $H $O8B $i $J$$?t $H $r6h JL$9$k$3$H $O I, MW$G$" $k !# $?$H$( $P !$ %G !<%? 9= B$$X $N E: ;z $O !$ 5- 9fBe ?t 7O $K$* $1$kB?9‘ <0 78?t $HF1MM!$ @53N $KCN $i $l$J $1$l$P $J$i $J $$ !#B>J} !$7WB,$N 7k 2L$H $$ $&$b$N$O K\<A E*$K IT @53N $G$"$k!# $^ $?!$ L5M} ?t $OM-M} ?t $K$h $C $F6a;w $5 $l F@$k $, !$ $= $N $H$- $OIT@53N $J6a;w $K$J$k!# @53N ?t $, MW5a $5 $l $k2U =j $G$NIT@53N ?t $N;HMQ $rJaB*$9 $k $? $a!$ Sc heme $O @53N?t $r IT @5 3N?t $+ $iL@<( E* $K6hJL $9 $k!# $3 $N6h JL $O7? $N<! 85 $KBP $7 $FD>8rE* $G$" $k !# 6.2.2. @53N@- Sc heme $N ?t$O exact ( @5 3N ) $+ inexact ( IT @53N ) $+ $N$$$: $l$+ $G$"$k!# $b $7 $b?t $,@53NDj ?t $H $7 $F=q $+ $l$? $+!$ $^ $? $O @5 3N ?t $+ $i@53N1i ;; $@$1 $r;H $C $FF3 =P $5 $l$?$J $i $P !$ $= $N?t $O @53N?t$G$"$k !#$b $7 $b?t $, IT@53NDj?t$H $7 $F =q $+$l$?$+ !$ IT @5 3N $J:‘ NA $r;H $C $FF3=P $5 $l$? $+ !$ $"$k $$ $OIT@5 3N 1i;; $r ;H $C $FF3=P $5 $l$?$J $i $P !$ $= $N?t $OIT@53N ?t $G$"$k!# $3$N $h $& $K IT@53N@- $O !$?t$N$b$DEA@w@-$N@-<A $G$" $k !# Fs$D $N<BAu $,$" $k7W;;$K BP $7 $F @53N$J7k2L$r;;=P$9$k$H$- !$ $= $3 $GIT@5 3N $JCf4V 7k 2L $H $+ $+$o $i$J $+$C $? $J $i $P !$ Fs $D $N :G =*7k 2L $O?t3X E* $KEy2A $K$J$k $@$m$& !# $3 $l$O0lHL $K!$ IT @5 3N ?t $H $+ $+$o$k 7W ;; $K $O@.$j N) $? $J $$!# $J $<$J $iIbF0>. ?t E@ 1i ;; $N $h$& $J6a ;w E*J} K! $,;H $o $l F@$k $+$i $G$"$k!# $7$+ $7 7k 2L $r ?t 3X >e$N M}A[ E*$J 7k 2L$K 8= <B E*$J HO0O$G 6aIU$1 $k$3 $H $O 3F<BAu$N5AL3 $G$" $k !# + $N$h$& $JM-M} 1i;; $O !$ @5 3N $J0z?t $,M? $($i $l$?$H$- $O!$ $$ $D $G$b@5 3N $J7k 2L $r;;=P $9 $k $Y $- $G$"$k!# $b $7 1i;; $, @53N $J 7k 2L $r;;=P $G$- $J$$ $J $i $P !$ <B Au @) 8B $N0cH? $rJs 9p $7$F$b$h $$ $7 !$L[$C$F$=$N 7k2L$r IT @53N CM$K JQ49 $7 $F $b $h$$ !# 6.2.3 @a $r8+$h !# inexact->exact $r Nc 30$H $7 $F !$ $3$N @a$G 5- =R$5$l $k1i ;; $O0lHL $K !$ $J $s$G$" $lIT@53N $J0z?t $, M? $( $i $l$? $H$- $O !$ IT @53N $J7k2L $rJV $5 $J $1 $l $P $J$i $J$$!# $? $@ $7 !$ $b $7 $b0z?t $N IT@53N@- $, 7k2L$NCM $K 1F6A $7 $J $$$3$H $, >ZL@$G$-$k$J$i $P !$ $=$N1i ;; $O@53N $J7k2L $rJV $7 $F$h$$!# $? $H $( $P !$ @53N $J %<%m $H$N>h;; $O !$ $? $H $(B>J} $N0z ?t $, IT@53N $G$"$C $F$b!$ @5 3N $J %< %m$r 7k2L $H $7 $F ;;=P $7 $F $h$$ !# 6.2.3. <BAu@)8B Sc heme $N <BAu$O !$ 6.2.1 @a$G M?$($i$l $? ItJ,7?$N Ec A4BN$r <BAu $9$k $3 $H $OMW5a$5 $l$F$$ $J$$ $, !$ <B Au $NL\E* $H Scheme 8@8l $N@: ?@ $K $H$b $K9gCW $7$? 0l4S @- $N $"$k %5 %V %;%C %H$r<BAu $7 $J $1 $l $P $J$i $J$$!# $? $H $( $P !$ $9 $Y $F $N?t $,<B?t $G$"$k $h $& $J <BAu $G$b 0MA3!$ $+$J$j M-MQ $G$"$j F@$k !# <BAu $O$^ $?!$ $3 $N@a $NMW5a $rK~ $?$98B $j !$ $I $N7? $G$" $l !$ $= $l $K BP $7 $F $" $k 8B Dj$5$l $? CM 0h$N ?t$r %5%] !< %H $9$k$@$1 $G $h$$!# $I $N7? $G$" $l !$ $=$N@5 3N ?t $KBP $7$F%5 %]!< %H$9$kCM0h $, !$ $= $NIT @5 3N?t $KBP $7$F%5 %]!< %H$9$kCM0h $H0[ $J$C $F$$ $F $b$h$$ !# $?$H$( $P !$ on um $r ;H$C$F$9$Y$F$NIT@53N<B?t$r I=8= $9$k $h$& $J<BAu $, !$ IT@5 3N<B ?t $NCM0h $r ( $7 $? $, $C $FIT @53N@0 ?t$HIT@5 3NM-M} ?t$NCM0h$r$b ) onum 7A<0$N %@ %$ %J %_ %C %/ !& %l%s%8$K8BDj $9$k0l J} $G!$ @53N @0?t $H@53N M-M} ?t $K BP $7 $F$O ;v<B>eL5@)8B$NCM0h$r%5%]!< %H $7 $F $b$h$$ !# $J$*!$ $3$N$h$& $J<BAu $G $O !$ I= 8= 2D G= $JIT@5 3N @0 ?t $* $h $S IT@5 3NM- M}?t $N?t $N4V 3V $O !$ $3$N %l%s %8$N8B3& $K@\6a $9 $k $K$D $l$FHs >o $K Bg$-$/ $J$j$d$9$$ !# Sc heme $N <BAu $O !$ %j %9 %H $d%Y%/%? $dJ8;zNs $NE:;z $H $7 $F;H $o$lF@$k $+!$ $^ $? $O%j%9 %H$d%Y%/ %? $dJ8 ;z Ns $ND9 $5 $N7W ;; $+ $i 7k2L $H $7$F F@ $i $lF@$k $h$& $J?t $NCM 0h $K $o$? $C $F@5 3N @0?t $r %5%] !< %H $7 $J$1$l $P $J$i$J $$ !# length , vector-length , $*$h $S string-length $N3F<j B3 $- $O@53N@0 ?t $rJV $5 $J $1 $l $P $J $i$J$$!# @5 3N @0 ?t0J 30 $N $b $N $rE:;z $H $7$F ;H$& $3 $H $O%( %i!< $G$"$k!# $J$*!$ E: ;zCM 0h Fb $N@0 ?tDj ?t $, !$ @5 3N@0 ?t $N9= J8 $GI=8= $5 $l$F$$$k $J $i $P !$ $? $H $($$ $+$J$k <BAu @) 8B $,$3$N CM0h 30 $KE,MQ $5 $l$F$$ $h$& $H $b!$ $= $NDj ?t $O<B:] $K@53N @0?t $H $7 $FFI$_9~ $^ $l $k $b $N $H$9$k!# :G 8e $K!$ 2< 5- $K5s $2 $k<jB3 $- $O !$ $b $7 $b0z?t $, $9$Y $F@5 3N@0 ?t $G$" $C $F!$ $+$D?t3X E* $K 4|BT$5$l $k 7k2L$, <BAu$K $* $$$F @53N @0?t$H $7 $F I= 8=2D G=$J $i $P !$$$$D $G$b @53N@0?t$N7k2L $r JV$9$b$N $H$9$k : + - * quotient remainder modulo max min abs numerator denominator gcd lcm floor ceiling truncate round rationalize expt ;v<B >e L5 @) 8B $N %5%$ %: $H@: EY $r$b $C $?@5 3N@0 ?t $H@5 3N M- M}?t $r %5%] !< %H $9$k$3 $H$H !$@53N$J 0z ?t $, M?$($i$l $?$H $-$O $$ $D$G$b @53N$J 7k2L$rJV$9$h $& $K>e 5-$N<jB3$-$H / <jB3$-$r <BAu $9$k$3 $H !$ $3$N Fs$D$, <BAu$K BP $7 $F | MW 5a$O$5$l $F $$ $J $$ $, | >)Ne$5 $l$F $$$k !#$b $7 $b$3 $l$i$N <jB3$-$N0l$D $, !$ @53N 0z ?t $, M?$($i$l $? $H $-$K @5 3N$J 7k2L$r$+ $J $($i$l $J $$ $J$i $P !$ <BAu @) 8B $N0c H? $rJs9p $7 $F$b$h $$ $7 !$ L[ $C $F$= $N7k 2L $rIT @5 3N?t $KJQ49 $7$F$b$h $$!# $3$N $h$& $JJQ49 $O8e $+$i%( %i!<$N 860x $H$J$k$+$b $7$l $J $$ !#

20 Revised 5 Scheme <BAu$O Ib F0>. ?tE@$d $=$N B>$N 6a ;w E*$J I=8= @o N,$r IT @53N ?t $rI=$9$?$a $K ;H$C $F$h$$ !# $3$NJs9p=q $O !$ onum I=8=$r;H $& <BAu $, IEEE 32-bit and 64-bit oating p oint standards $K=>$& $3 $H!$ $= $7$F B> $NI= 8= $r;H$& <B Au $O $3 $l $i$NIbF0 >. ?t E@5,3J [12] $r ;H$C $F C#@. 2DG=$J @: EY$H 8_3Q0J >e$G$" $k$3$H $r | MW5a $O $7 $J$$$, | ?d>)$9$k !# $H$j$o $1!$ on um I=8=$r;H $&<BAu $O <!$N5,B’ $K =>$o$J $1$l $P $J$i $J$$ : onum 7k 2L $O$= $N 1i;;$X$N IT@53N 0z?t$N $I $l $r I=8= $9 $k$?$a$K ;H$o$l $? @: EY$H$b !$>/$J $/$H $b F1 Ey$N @: EY $G I=8=$5 $l$J$1 $l $P $J$i$J$$ !# sqrt $N$h $& $J@x:_E* $K IT @53N$J 1i ;;$O !$@53N 0z?t$K E,MQ$5$l $? $H $- !$2DG=$J$i$P $$ $D$G$b @53N$J Ez$($r ;;=P$9 $k ( $?$H$($P !$@53N ?t 4 $N J? J} :, |square ro ot| $O@5 3N ?t 2 $K$J $k $Y $- $G $" $k ) $3$H $,K>$^ $7 $$ ( $,MW5a $O$5 $l$F$$ $J $$ ) !# $7$+ $7$J $,$i!$ $b $7$b ( sqrt $G$N $4 $H $/ ) @53N?t $r1i;; $7 $? 7k2L $,IT@53N?t $K$J$C $F $7 $^ $& $J $i $P !$ $= $7 $F$=$NIT@53N ?t $, onum $H $7 $FI=8=$5 $l $k $J $i $P !$ $= $N $H$- $O!$ Mx MQ2DG= $J:G $b9b@:EY $N onum 7A<0 $,;H $o $l$J $1 $l $P$J$i$J $$!# $7 $+ $7 !$ $b $7 $b7k2L $,$J $K $+JL $NJ}K! $GI=8= $5 $l$k $J $i $P !$ $= $N $H$- $O !$ $= $NI=8= $OMxMQ2D G= $J:G $b9b@: EY $N onum 7A<0 $H>/ $J$/ $H$bF1 Ey $N@: EY $G$J $1$l $P $J$i$J$$ !# Sc heme $O ?t $K BP $7 $FMM !9 $JI=5-K! $r5v $7 $F$$$k $, !$ 8D!9 $N <B Au $O$= $N0lIt $r%5 %]!< %H $9$k $@ $1$G$h $$!# $? $H $( $P !$ $9 $Y $F $N?t $, <B?t $G $"$k $h$& $J<B Au $, !$ J# AG ?t $KBP$9 $k D>8r :B I8 $*$h $S 6K :BI8$N 5-K!$r %5%] !< %H $9 $k I,MW$O$J $$ !# $b $7 <B Au $, !$ @53N ?t $H $7 $F I=8= $G$- $J$$ $h$& $J@53N?t CM Dj?t $K=P2q $C $? $J $i $P !$ <BAu $O<BAu@)8B $N0cH? $rJs9p $7 $F$b$h$$ $7 !$ L[ $C $F$=$NDj?t$rIT@53N?t $G I=8= $7 $F$b$h$$ !# 6.2.4. ?tCMDj?t$N9=J8 ?t $KBP $9 $k I= 5- I= 8= $N9= J8 $O 7.1.1 @a $G7A<0 E* $K5- =R $5 $l$k!# 1Q;z$N Bg J8;z$H >. J8 ;z$O ?t CMDj ?t$K $*$$$F 6h JL$5$l$J $$$3 $H $K Cm0U$;$h !# ?t $O !$4p?t @\F,<- (radix pre�x) $N ;HMQ$K$h $j Fs?J !$H,?J !$ == ?J !$ $^ $? $O== O; ?J $G=q $+ $lF@$k!# 4p ?t @\ F, <- $O #b (binary , Fs ?J ), #o (o ctal, H,?J ), #d (decimal, ==?J ), $*$h $S #x (hex- adecimal, ==O;?J ) $G$" $k !#4p?t@\F,<- $,$J$1$l $P !$==?J?t $G$N I=8= $@$H 2>Dj$5 $l $k !# ?tCMDj ?t $O !$ @\F,<- $K$h$j@53N $+ IT@53N $+$r;XDj$5 $l F@$k !# $=$N @\ F, <-$O @5 3N (exact) $, #e !$IT@5 3N (inexact) $, #i $G $" $k !#4p?t @\F, <-$r ;H $& $H $- !$@53N @-@\ F, <- (exactness pre�x) $O $=$N A0 $K 8= $l$F $b8e$m$K 8= $l$F$b $h$$ !#$b $7 ?t$N I= 5- I=8= $K@53N @- @\F, <- $,$J $1 $l $P !$ $=$NDj ?t $OIT@53N $G$b @5 3N $G$b $"$jF@ $k!# $b $7 $= $l $,>.?tE@!$ ;X ?t It!$ $^ $? $O?t;z Be $o$j$N \ # " J8 ;z$r4^ $s$G $$ $k$J$i $P IT@53N ?t $G$" $j!$ $= $& $G$J$1$l $P @53N?t $G$" $k !# MM!9 $J@:EY $NIT @53N ?t $r$b $C $? %7 %9 %F%‘ $G $O!$ Dj?t $N@:EY $r ;X Dj $9$k $3 $H $, M-MQ $G$" $jF@ $k!# $3$NL\ E* $N $? $a!$ ?t CMDj ?t $O $=$N IT @53N I=8=$N K>$^ $7 $$ @: EY$r <($9 ;X ?t It%^ !< %+$H$H $b$K=q$+$l F@$k !#1Q;z s , f , d , $*$h $S l $O $=$l$>$l short , single , double , $*$h $S long @:EY $N;H MQ $r;XDj $9$k!# ( IT @53N ?t $NFbIt I= 8= $,;M<oN‘ $KK~ $? $J$$ $H$-!$ $3$N;M $D $N%5%$ %:;X Dj $OMxMQ2D G= $J;XDj $N>e $X $H<L A| $5 $l$k!# $? $H $( $P !$ Fs <oN‘ $NFbItI=8=$r$b$C $?<BAu $O short $H single !$$* $h $S long $H double $r $= $l $>$l 0l$D $K <L $7 $F$h$$ !# ) $J$* !$;X?tIt%^!< %+ e $O <BAu$N %G %U%)%k %H @:EY$r ;XDj$9$k !# %G %U %) %k %H @: EY $O double $H >/ $J $/ $H$bF1Ey$N@:EY $@$, !$<BAu $O$3$N %G %U%) %k%H$r MxMQ<T $, @_Dj $G$-$k$h $& $K $7 $F $b$h$$ !# 3.14159265358979F0 single $K 4]$a$F | 3.141593 0.6L0 long $K 3HD% $7 $F | .600000000000000 6.2.5. ?tCM1i;; FI<T $O 1.3.3 @a $r;2>H $7 $F !$ ?tCM %k!<%A %s$N 0z?t $N7? $K$D$$ $F$N@)8B $r;X Dj $9 $k $? $a $K;H $o $l$?L?L> 5, Ls $N$^ $H $a $rFI $^ $l $?$$ !# $3$N@a $K$* $1$kMQNc $O!$ @5 3N 5-K! $r;H $C $F=q $+ $l$? ?tCM Dj ?t $, $I $l$b<B:] $K@53N ?t $H $7 $FI=8= $5 $l$k $H$$$& $3 $H $r 2>Dj $7 $F$$$k!# Nc $K$h $C $F $O!$ IT @53N 5- K! $r;H $C $F=q $+ $l $? ?t CM Dj?t$N $$ $/$D$+$, @:EY$r <: $&$3$H$J $/I= 8= 2DG=$G $" $k$H$$ $& $3 $H$b 2>Dj $7 $F $*$j !$ $=$NIT@53NDj?t $K$O onum $r ;H $C $FIT @53N ?t $rI= 8= $9 $k<B Au $K$*$$ $F $3 $l$,@.$j N) $A $= $& $J$b$N $, A* $P$l $F $$$k !# (number? obj ) <jB3$- (complex? obj ) <jB3$- (real? obj ) <jB3$- (rational? obj ) <jB3$- (integer? obj ) <jB3$- $3$l$i$N?t CM7? =R 8l $O!$ ?t $K8B $i $:!$ $I $N<oN‘ $N0z?t $K$bE, MQ $G$-$k!# $3 $l$i $O!$ $b $7 %* %V%8%’%/ %H$,=R8l $NL>A0 $N7? $J $i $P #t $r JV $7 !$ $=$& $G$J $1$l $P #f $r JV$9!# 0lHL $K !$$b $7 $"$k7? =R 8l $,$"$k?t $K$D $$ $F?? $J $i $P !$ $9 $Y $F$N>e 0L $N7?=R 8l $b$^ $? $= $N?t $K$D$$ $F?? $G$"$k!# $7 $? $,$C $F!$ $b $7 $"$k7? =R8l $,$"$k?t $K$D $$ $F56 $J $i $P !$ $9 $Y $F $N2< 0L $N7? =R 8l $b $^ $?$=$N ?t $K$D$$$F 56 $G$"$k !# z $r IT @53N J#AG ?t$H$9 $k$H$- !$ (real? z ) $, ??$G$" $k I,MW ==J, >r7o$O (zero? (imag-part z )) $, ??$G$" $k$3$H$G $" $k !# x $r IT@5 3N<B ?t $H$9$k $H$-!$ (integer? x ) $, ?? $G$"$k I,MW==J,>r7o $O (= x (round x )) $G $" $k !# (complex? 3+4i) = ) #t (complex? 3) = ) #t (real? 3) = ) #t (real? -2.5+0.0i) = ) #t (real? #e1e10) = ) #t (rational? 6/10) = ) #t (rational? 6/3) = ) #t (integer? 3+0i) = ) #t (integer? 3.0) = ) #t (integer? 8/4) = ) #t Cm : IT @53N?t $K BP$9$k$3 $l$i$N 7?=R8l$N?6Iq$O?.Mj$G$-$J$$ !# $J $<$J$i!$ $$ $+ $J$k8m:9 $,7k2L $K1F6A$9 $k $+$b $7$l$J$$ $+ $i$G$"$k!# Cm : B? $/$N <BAu$G$O rational? <j B3$-$O real? $H F1 0l$K$J $j!$ complex? <jB3$-$O number? $H F10l$K$J$k$@$m $& !# $7 $+ $7 !$IaDL

6. I8=‘<jB3$- 21 $G$J$$ <B Au$G$O$$ $/$D$+$N L5 M}?t$r @53N$K I=8=$G $- $k$+$b $7$l $J $$ $7 !$$"$k$$$O ?t$N BN7O$r 3HD% $7 $F $" $k<o$N Hs J#AG ?t$r%5%] !< %H $7 $F$$ $k $+$b $7$l $J$$ !# (exact? z ) <jB3$- (inexact? z ) <jB3$- $3 $l $i $N ?tCM =R8l$O ?tNL$N @53N @-$K $D$$$F $N %F %9 %H $r Dj$a $F$$ $k !# $I $N Scheme ?t $K $D$$$F $b !$ $3$l$i $N =R8l$N $&$A $N@53N $K 0l$D $, ?? $G$" $k !# (= z 1 z 2 z 3 : : : ) <jB3$- (< x 1 x 2 x 3 : : : ) <jB3$- (> x 1 x 2 x 3 : : : ) <jB3$- (<= x 1 x 2 x 3 : : : ) <jB3$- (>= x 1 x 2 x 3 : : : ) <jB3$- $3 $l$i$N<jB3 $- $O0z?t $, ( $= $l $>$l ) Ey $7 $$ !$ 695A C1D4 A} 2C!$ 695AC1 D4 8:>/ !$9-5A C1D4 A} 2C !$$^$?$O 9- 5A C1D4 8: >/$J$i$P #t $r JV$9!# $3 $l$i$N =R8l $O ?d0\E* $G$" $k$3$H $, MW5a$5 $l$F$$ $k !# Cm : Lisp %i %$%/ $J8@8l $K$* $1$k$3 $l$i$N=R8l$NEAE}E* $J<BAu $O?d 0\E* $G$O$J$$ !# Cm : IT@53N?t$r$3 $l$i $N=R8l$r;H$C$F Hf3S$9$k$3$H $O%(%i !<$G$O $J$$ $,!$ $=$N7k 2L $O?.Mj $G$- $J$$ $+$b $7$l$J$$!# $J $< $J $i>.$5 $J8m :9 $,7k2L $K1F 6A $9 $k $+ $b $7$l$J $$ $+ $i $G$" $k!# $H$j $o $1 = $H zero? $, 1F 6A$5$l$d $9 $$ !#5?$o $7 $$$H $-$O !$?tCM 2r@O$N @l Lg2H$K AjCL$5 $l$?$$ !# (zero? z ) %i %$ %V %i %j<jB3$- (positive? x ) %i %$ %V %i %j<jB3$- (negative? x ) %i %$ %V %i %j<jB3$- (odd? n ) %i %$ %V %i %j<jB3 $- (even? n ) %i %$ %V %i %j<jB3$- $3 $l$i $N ?t CM=R 8l $O FCDj$N @- <A $K $D$$ $F ?t$r%F %9 %H$7 !$ #t $^ $? $O #f $r JV$9!# >e5- $NCm$r8+$h !# (max x 1 x 2 : : : ) %i %$ %V %i %j<jB3$- (min x 1 x 2 : : : ) %i %$ %V %i %j<jB3$- $3 $l $i $N =R 8l$O 0z ?t$N $&$A$N :GBg CM (maximum) $^$?$O :G >.CM (minimum) $r JV$9 !# (max 3 4) = ) 4 ; @53N?t (max 3.9 4) = ) 4.0 ; IT@53N?t Cm : $b $7 0z?t$N $I $l $+$, IT@53N?t$J$i $P !$7k2L$bIT@53N?t $K$J $k ( $? $@ $7 !$$= $N8m:9 $, 7k2L $K 1F6A$9$k $[ $I Bg$-$/$J$$ $3$H$r<jB3$- $,>ZL@ $G$- $k $J $i $P !$ $=$N8B $j $G $O$J$$ $,!$ $=$N $h$& $J$3 $H $OIaDL $G$J$$ <BAu$K$*$$$F$N $_2D G=$G$"$k ) !#$b $7 min $^$?$O max $, @5 3N?t$HIT @53N ?t$r Hf3S$9 $k$?$a$K ;H$o $l !$ $+ $D @:EY$r <: $&$3$H$J $/IT@53N ?t$H $7 $F $=$N 7k 2L$G$" $k ?tCM$r I=8=$G $-$J $$$J$i$P !$$= $N$H$-<jB3$-$O<BAu@)8B$N0cH?$rJs9p $7 $F$h$$ !# (+ z 1 : : : ) <jB3$- (* z 1 : : : ) <jB3$- $3 $l$i$N <jB3$- $O 0z?t$NOB$^$? $O @Q$rJV$9!# (+ 3 4) = ) 7 (+ 3) = ) 3 (+) = ) 0 (* 4) = ) 4 (*) = ) 1 (- z 1 z 2 ) <jB3$- (- z ) <jB3$- (- z 1 z 2 : : : ) >JN,2DG=<jB3$- (/ z 1 z 2 ) <jB3$- (/ z ) <jB3$- (/ z 1 z 2 : : : ) >JN,2DG=<jB3$- #2 8D 0J >e$N 0z ?t $K BP $7 !$ $3$l$i $N <jB3$-$O 0z ?t$N | :87k 9g $G$N | :9$^ $? $O>& $rJV $9 !# #10z ?t $KBP $7 $F$O!$ 0z ?t $N2CK! $^ $?$O >hK! $G$N 5U85 $r JV$9!# (- 3 4) = ) -1 (- 3 4 5) = ) -6 (- 3) = ) -3 (/ 3 4 5) = ) 3/20 (/ 3) = ) 1/3 (abs x ) %i %$ %V %i %j<jB3 $- abs $O 0z?t$N@dBPCM (absolute v alue) $r JV$9!# (abs -7) = ) 7 (quotient n 1 n 2 ) <jB3$- (remainder n 1 n 2 ) <jB3$- (modulo n 1 n 2 ) <jB3$- $3$l$i$N<j B3 $- $O?tO@E* $J ( @0?t $N ) =|;; $r<B Au $9$k!# n 2 $O Hs %<%m $G$"$k $3$H!# ;0 $D $9 $Y $F$N<j B3 $- $,@0?t $rJV$9 !# $b $7 $b n 1 / n 2 $, @0?t$J $i $P : (quotient n 1 n 2 ) = ) n 1 / n 2 (remainder n 1 n 2 ) = ) 0 (modulo n 1 n 2 ) = ) 0 $b $7 $b n 1 / n 2 $, @0?t $G$J$1$l $P : (quotient n 1 n 2 ) = ) n q (remainder n 1 n 2 ) = ) n r (modulo n 1 n 2 ) = ) n m $3 $3 $G n q $O %< %m J} 8~$K 4] $a $? n 1 =n 2 , 0 < j n r j < j n 2 j , 0 < j n m j < j n 2 j , n r $H n m $O n 1 $+ $i n 2 $N G\ ?t $@$1 0[$J $k , n r $O n 1 $H F1Id9f , $+ $D n m $O n 2 $H F1Id9f $H$9$k !# $3 $N$3$H$+$i ;d$?$A $O @0?t n 1 $H @0?t n 2 ( 6 = 0) $K BP $7 $F <! $r 7kO@ $G$-$k : (= n 1 (+ (* n 2 (quotient n 1 n 2 )) (remainder n 1 n 2 ))) = ) #t $?$@ $7 !$ $3$N 7W ;;$K 4X 78 $7 $? $9$Y $F $N ?t$, @53N ?t$G$" $k$H $9$k !#

22 Revised 5 Scheme (modulo 13 4) = ) 1 (remainder 13 4) = ) 1 (modulo -13 4) = ) 3 (remainder -13 4) = ) -1 (modulo 13 -4) = ) -3 (remainder 13 -4) = ) 1 (modulo -13 -4) = ) -1 (remainder -13 -4) = ) -1 (remainder -13 -4.0) = ) -1.0 ; IT@53N?t (gcd n 1 : : : ) %i %$ %V %i %j<jB3$- (lcm n 1 : : : ) %i %$ %V %i %j<jB3$- $3 $l$i $N <jB3$-$O 0z?t$N :G Bg8x Ls?t (greatest common di- visor) $^$?$O :G>.8xG\ ?t (least common multiple) $r JV$9!# 7k2L $O$D$M$K HsIi $G$" $k !# (gcd 32 -36) = ) 4 (gcd) = ) 0 (lcm 32 -36) = ) 288 (lcm 32.0 -36) = ) 288.0 ; IT@53N?t (lcm) = ) 1 (numerator q ) <jB3$- (denominator q ) <jB3$- $3 $l$i$N <jB3$-$O 0z?t$NJ,;R (numerator) $^$? $O J,Jl (de- nominator) $r JV$9!# 7k2L $O !$0z?t $,$"$?$+ $b4{LsJ,?t$H $7 $FI= 8= $5 $l$F$$$k $+$N $h$& $K7W;; $5 $l$k!# J, Jl $O$D $M $K@5 $G $"$k !# 0 $N J,Jl $O 1 $G$" $k$HDj5A$5 $l$F $$$k !# (numerator (/ 6 4)) = ) 3 (denominator (/ 6 4)) = ) 2 (denominator (exact->inexact (/ 6 4))) = ) 2.0 (floor x ) <jB3$- (ceiling x ) <jB3$- (truncate x ) <jB3$- (round x ) <jB3$- $3 $l $i$N <j B3 $- $O@0 ?t $rJV $9 !# floor $O x 0J2< $N:G Bg $N @0 ?t $rJV$9 !# ceiling $O x 0J>e$N:G>. $N@0?t $rJV$9!# truncate $O @dBPCM $, x $N @dBPCM0J2< $G$"$C $F x $K :G$b6a$$@0?t $rJV $9 !# round $O x $K :G$b6a$$@0?t $rJV$9 !$ $? $@ $7 x $, Fs$D $N @0?t $NCf4V$J $i $P 6v?t$X$H4]$a$k !# :, 5r : round $, 6v ?t $X $H 4] $a $k $3 $H $O !$ IEEE oating p oint standard $G 5,Dj$5 $l$? %G %U %) %k %H 4]$a%b!< %I $H 0lCW$9$k !# Cm : $b$7 $b $3 $l $i $N <j B3 $- $X $N 0z ?t$, IT @5 3N ?t $J $i$P !$$= $N 7k 2L $b $^ $? IT @5 3N ?t $K $J $k !# $b$7 @5 3N CM$, I, MW $J $i$P !$7k 2L $r inexact->exact <jB3$- $K EO$; $P $h$$ !# (floor -4.3) = ) -5.0 (ceiling -4.3) = ) -4.0 (truncate -4.3) = ) -4.0 (round -4.3) = ) -4.0 (floor 3.5) = ) 3.0 (ceiling 3.5) = ) 4.0 (truncate 3.5) = ) 3.0 (round 3.5) = ) 4.0 ; IT@53N?t (round 7/2) = ) 4 ; @53N?t (round 7) = ) 7 (rationalize x y ) %i %$ %V %i %j<jB3$- rationalize $O !$ x $K BP $7 $F y 0J Fb$N 8m :9$G Ey $7 $$ :G$b C1=c$J M-M} ?t$r JV$9!# M-M}?t r 1 , r 2 $K $D$$$F r 1 = p 1 =q 1 , r 2 = p 2 =q 2 ( $?$@ $7 4{LsJ, ?t ) $H $9 $k$H$- !$ j p 1 j � j p 2 j $+ $D j q 1 j � j q 2 j $J$i $P !$M-M}?t r 1 $O M-M}?t r 2 $h$jC1=c $G$"$k !# $?$H$( $P 3 = 5 $O 4 = 7 $h$jC1=c $G$"$k !# $9$Y $F$NM-M}?t $,$3 $N=g=x $GHf3S $G$-$k $o $1 $G$O$J$$ $, ( $?$H $( $P 2 = 7 $H 3 = 5) !$ ?tD> @~ >e $N $$ $+$J$k 6h 4V $b!$ $= $N6h4V Fb $NB> $N $I $NM-M} ?t $h $j$bC1=c $G$"$k$h $& $JM-M}?t $r#18D4^ $s$G$$$k (2 = 7 $H 3 = 5 $N 4V $K$O$h$jC1=c$J 2 = 5 $, B8:_$9$k ) !# 0 = 0 = 1 $, $9$Y$F$N M-M}?t$N$&$A $G :G$bC1=c $G$"$k$3$H$K Cm0U$;$h !# (rationalize (inexact->exact .3) 1/10) = ) 1/3 ; @53N?t (rationalize .3 1/10) = ) #i1/3 ; IT@53N?t (exp z ) <jB3$- (log z ) <jB3$- (sin z ) <jB3$- (cos z ) <jB3$- (tan z ) <jB3$- (asin z ) <jB3$- (acos z ) <jB3$- (atan z ) <jB3$- (atan y x ) <jB3$- $3$l $i $N <j B3$-$O !$0l HLE*$J <B?t$r %5%] !<%H $9 $k $I $N <BAu $K $b 4^ $^$l $k !# $3$l $i $O $*$J$8 $_ $N D6 1[ 4X ?t$r 7W ;; $9 $k !# log $O z $N<+A3BP?t $r7W;; $9$k ( >oMQBP?t $G$O$J $$ ) !# asin , acos , $* $h $S atan $O $=$l$> $l arcsine (sin � 1 ), arccosine (cos � 1 ), $*$h $S arctangent (tan � 1 ) $r 7W;;$9$k !#Fs0z?t$N atan $O !$ $? $H $(0l HL E* $JJ# AG ?t $r %5 %]!< %H $7$J$$ <B Au $G$" $C $F $b!$ (angle (make-rectangular x y )) $r 7W;;$9$k ( 2< 5-;2>H ) !# 0lHL$K !$?t3X >e$N 4X?t log, arcsine, arccosine, $*$h $S arc- tangen t $O B? 2A 4X ?t$H$7 $F Dj 5A $5$l $k !# $7 $+$7 !$$3$3$G $O log z $N CM$H $7 $F !$5uIt $, 6h4V ( � � ; � ] Fb $K B8:_$9$k$h $& $J CM $r:N $k $3 $H $K$9$k!# log 0 $O L$Dj 5A $H$9 $k!# $3 $N$h$& $K log $r Dj5A $7 $?$H$- !$ sin � 1 z , cos � 1 z , $*$h $S tan � 1 z $N CM $O0J 2<$N8x<0 $K$h $C $F 7h$^$k : sin � 1 z = � i log ( iz + p 1 � z 2 )

6. I8=‘<jB3$- 23 cos � 1 z = � = 2 � sin � 1 z tan � 1 z = (log (1 + iz ) � log (1 � iz )) = (2 i ) >e 5- $N5, Dj $O [27] $K => $C $F$* $j !$ $= $7$F$= $l $OK] $C $F [19] $r 0zMQ $7 $F$$ $k !# $3$l$i $N 4X?t$N branch cut !$6-3&>r7o !$$* $h $S <B Au$N $h$j >\ :Y$J 5D O@$K $D$$$F $O $3$l$i $N 86 E5$r ;2 >H $;$h!# 2DG= $J $i $P $$$D $G$b!$ $3 $l$i$N<jB3 $- $O<B?t 0z ?t $+ $i <B?t7k2L $r;;=P$9$k !# (sqrt z ) <jB3$- z $NJ?J}:, $N<g CM $rJV$9 !# 7k 2L $O@5$N<BIt $r$b $D $+!$ $"$k $$ $O%<%m$N <BIt$HHsIi$N5uIt$r$b$D !# (expt z 1 z 2 ) <jB3$- z 1 $N z 2 >h$rJV$9!# z 1 6 = 0 $K BP $7 $F z 1 z 2 = e z 2 log z 1 0 z $O !$ z = 0 $J$i $P 1 !$$=$& $G$J$1 $l $P 0 $G $" $k !# (make-rectangular x 1 x 2 ) <jB3$- (make-polar x 3 x 4 ) <jB3$- (real-part z ) <jB3$- (imag-part z ) <jB3$- (magnitude z ) <jB3$- (angle z ) <jB3$- $3 $l$i$N<j B3 $- $O!$ 0l HL E* $JJ#AG ?t $r%5 %]!< %H $9$k $I $N<BAu $K$b4^$^ $l$k !# x 1 , x 2 , x 3 , $*$h $S x 4 $, <B?t $G$"$j!$ z $, J# AG?t $G$" $C$F!$<!$N$h $& $G$" $k$H2>Dj$9$k$H$-!$ z = x 1 + x 2 i = x 3 � e ix 4 <! $, @.$jN)$D !# (make-rectangular x 1 x 2 ) = ) z (make-polar x 3 x 4 ) = ) z (real-part z ) = ) x 1 (imag-part z ) = ) x 2 (magnitude z ) = ) j x 3 j (angle z ) = ) x ang le $3$3$G � � < x ang le � � !$$?$@ $7 !$ $" $k @0 ?t n $K BP $7 $F x angle = x 4 + 2 � n $H $9$k !# :,5r : magnitude $O <B?t0z ?t$K BP $7 $F abs $H F10l$G$" $k !# $7 $+ $7 !$ abs $, $9$Y$F$N <BAu $K$J$1$l $P $J$i $J$$ 0lJ}!$ magnitude $O 0lHLE* $JJ#AG?t$r%5%]!< %H $9$k<BAu $K$@$1$"$l $P $h$$ !# (exact->inexact z ) <jB3$- (inexact->exact z ) <jB3$- exact->inexact $O z $N IT@53NI=8= $rJV$9 !# JV$5 $l $kCM $O !$ 0z ?t $K?tCM E* $K:G$b6a $$IT @5 3N?t $G$"$k!# $b $7 $b@53N0z ?t $K $[ $I $h$/6a $$IT @5 3N?t $,$J $1 $l $P !$ <B Au @)8B $N0c H? $rJs9p $7 $F$b$h$$ !# inexact->exact $O z $N@53N I= 8= $rJV $9 !# JV $5 $l$kCM $O!$ 0z ?t $K?tCM E* $K:G $b6a $$ @53N ?t $G $"$k!# $b $7 $bIT@5 3N 0z ?t $K $[ $I $h$/6a $$@5 3N ?t $,$J $1 $l $P !$ <BAu @) 8B $N0c H? $rJs9p $7$F$b $h$$ !# $3$l $i$N<jB3 $- $O !$ @53N @0 ?t $HIT@5 3N @0 ?t $N$" $$ $@$N<+ A3 $J 0lBP0l $NBP1~ $r !$ $"$k<BAu0MB8 $NCM0h $K$o$?$C $F<BAu$9$k!# 6.2.3 @a $r 8+$h !# 6.2.6. ?tCMF~=PNO (number->string z ) <jB3$- (number->string z r adix ) <jB3$- r adix $O @53N@0?t 2, 8, 10, $^$?$O 16 $G$J$1$l $P $J$i$J$$ !# >J N, ;~ !$ radix $O 10 $H8+ $J $5 $l$k!# <j B3 $- number->string $O ?t ( number ) $H 4p?t ( r adix ) $r <h$C$F !$$=$N?t$N$= $N 4p ?t $G$N 30ItI=8= $r !$<!<0 $, ?? $G$"$k J8;zNs $H $7 $F JV$9!# (let ((number number ) (radix r adix )) (eqv? number (string->number (number->string number radix) radix))) $b $7 $3$N <0 $r??$K$9$k7k2L $,$"$j F@ $J$1 $l $P %(%i!<$G$"$k!# $b $7 z $, IT@53N $G$"$j !$ 4p ?t $, 10 $G $"$C $F!$ $+$D>e<0 $, >. ?tE@ IU $- $N7k 2L $K$h $C $F=<B- $5 $l F@$k $J $i $P !$ $= $N $H $-7k2L $O >.?t E@IU $- $G$"$j !$ >e <0 $r?? $K$9$k $? $a $KI,MW $J:G>. 8D?t $N?t;z ( ;X?tIt $HKvHx$N %<%m$r7W;; $K F~ $l$J$$$G ) $r ;H$C $F I=8=$5 $l $k [3, 5] !#$= $l 0J30 !$7k2L $N=q<0$OL$5,Dj$G$"$k !# number->string $, JV $9 7k 2L$O 7h $7 $F L@<( E*$J 4p ?t@\ F, <- $r 4^$^ $J$$ !# Cm : %(%i !< $, 5/$3$j F@$k$N$O !$ z $, J#AG ?t $G$J$$$+ !$$^$? $O M-M} ?t $G$J$$ <BIt$^$? $O 5uIt $r$b$D J#AG?t $G$"$k$H$-$@$1$G$"$k !# :,5r : $b $7 z $, onum $r ;H$C$FI=8=$5 $l$? IT@53N?t $G$"$j!$ 4p ?t $, 10 $J$i $P !$ $=$N $H$->e<0 $ODL>o!$ >.?tE@ IU $-$N7k2L $K$h$C $F =<B- $5 $l$k!# L$ 5, Dj $N>l 9g $H $7$F$OL5 8B Bg !$ NaN, $*$h $S Hs onum I=8= $, 9M $($i$l$F$$$k !# (string->number string ) <jB3$- (string->number string r adix ) <jB3$- M? $($i $l $? J8;zNs ( str ing ) $K $h$C$FI=$5 $l $k :GBg $K @:EY$N 9b$$I=8= $N?t $rJV$9!# radix $O @53N@0?t 2, 8, 10, $^$?$O 16 $G$J$1 $l $P$J$i$J$$!# radix $r M? $($k $H$= $l $, %G%U%) %k %H$N 4p?t $K$J $k $, !$ $= $l $h$j$b str ing Fb$NL@<(E*$J4p ?t ( $?$H $( $P "#o177" ) $, M%@h$5 $l $k !# r adix $N>JN,;~!$ %G %U%) %k %H $N 4p?t $O 10 $G $" $k !# $b $7 str ing $, 9= J8E* $K BEEv$J?t$N I= 5- $G$J$1 $l $P !$ string->number $O #f $r JV$9!# (string->number "100") = ) 100 (string->number "100" 16) = ) 256 (string->number "1e2") = ) 100.0 (string->number "15##") = ) 1500.0

24 Revised 5 Scheme Cm : string->number $N Dj5A0h$r<BAu$O<!$N$h $& $K @)8B $7 $F$b $h $$ !# string->number $O !$ str ing $, L@ <(E*$J4p?t@\F,<-$r4^ $s$G $$$? >l 9g$K BP $7 $F $D$M$K #f $r JV$9$3$H$, 5v$5$l $F $$ $k !#$b $7 $b <BAu $,%5%]!< %H $9 $k?t $, $9$Y$F<B?t$J$i $P !$ string->number $O !$ string $, J#AG?t$KBP$9$k 6I:BI85-K!$^$? $O D>8r:BI85-K!$r;H$C$? >l 9g $KBP $7$F$D$M $K #f $r JV$9 $3 $H $,5v$5 $l$F$$$k!# $b $7 $b$9$Y$F $N ?t $, @0?t$J$i$P !$ string->number $O !$J,?t 5- K! $, ;H$o$l$? >l 9g $KBP $7 $F$D$M $K #f $rJV $7$F$h$$ !# $b $7 $b$9$Y $F$N?t $,@53N?t $J $i $P !$ string->number $O !$;X?t It%^!< %+ $^$?$O L@<( E*$J @53N @- @\F,<- $, ;H$o $l $? >l9g $K BP $7 $F $D$M$K !$$"$k$$ $O # $, ?t;z$N0LCV $K 8= $l$?$J$i $P !$ #f $r JV $7 $F$h$$ !# $b $7 $b$9$Y$F$NIT@53N?t $, @0 ?t $J$i$P !$ string->number $O !$>.?t E@ $, ;H$o$l $? >l 9g$K BP $7 $F $D $M $K #f $r JV $7 $F$h$$ !# 6.3. B>$N %G !< %?7? $3$N @a$O Scheme $N Hs?t CM %G !< %? 7?$N$$ $/$D$+ | %V !< %j%" %s !$ %Z %" !$ %j %9 %H!$ %7 %s %\%k !$ J8 ;z!$ J8 ;zNs $* $h $S %Y %/%? | $K$D$$$F$N 1i;;$r5-=R$9$k !# 6.3.1. %V !<%j%" %s ?? $H56$r$" $i$o$9 I8=‘E* $J %V !< %j %" %s!&%* %V %8 %’ %/ %H$O #t $H #f $H=q $+ $l$k!# $7 $+ $7 !$ <B :] $KLd Bj $K $J$k $N $O!$ Sc heme $N>r 7o<0 ( if , cond , and , or , do ) $, ??$^$?$O56$H $7 $F 07 $& %* %V%8%’%/ %H$G$"$k !# \ ??CM " ( $^$? $OC1 $K \ ?? ") $H$$ $&I= 8= $O>r7o <0 $, ?? $H $7$F07$& $$ $+$J$k %* %V%8%’ %/ %H$N$3 $H$b0U L# $7 !$ \ 56 CM " ( $^ $? $O \ 56 ") $H$$ $&I= 8= $O>r7o<0 $, 56 $H $7 $F07 $& $$ $+$J $k%* %V%8 %’ %/ %H $N$3$H$b 0UL#$9$k !# $9 $Y $F $NI8=‘ E* $J Scheme CM $N$&$A $G!$ $? $@ #f $@$1$, >r7o <0 $K $*$$$F56 $H 8+ $J$5 $l $k !# #f $r =|$$$F!$$9$Y $F$NI8=‘E* $J Scheme CM $O | #t !$ %Z %" !$ 6u%j %9 %H !$ %7 %s %\%k !$ ?t !$ J8 ;z Ns!$ %Y%/%? !$$* $h $S <jB3$-$r4^$a | ??$H8+$J$5 $l $k !# Cm : Lisp $N B>$N J}8@$K 47 $l $F $$$k %W %m %0 %i %^$O !$ Scheme $, #f $H6u%j%9 %H $r$H$b$K%7%s %\%k nil $+$i 6hJL $7 $F$$ $k$3$H $K Cm0U$9 $Y$-$G$"$k !# %V !<%j %" %s Dj?t $O$= $l <+?H $X $HI>2A $5 $l$k $+ $i!$ %W %m %0%i%‘ $NCf $G$=$l$i$r %/%)!< %H $9$kI,MW $O$J$$ !# #t = ) #t #f = ) #f ’#f = ) #f (not obj ) %i %$ %V %i %j<jB3$- not $O obj $, 56$J$i$P #t $r JV $7 !$$= $&$G$J$1$l$P #f $r JV$9 !# (not #t) = ) #f (not 3) = ) #f (not (list 3)) = ) #f (not #f) = ) #t (not ’()) = ) #f (not (list)) = ) #f (not ’nil) = ) #f (boolean? obj ) %i %$ %V %i %j<jB3$- boolean? $O obj $, #t $+ #f $J$i$P #t $r JV $7 !$ $= $& $G$J $1$l $P #f $r JV$9!# (boolean? #f) = ) #t (boolean? 0) = ) #f (boolean? ’()) = ) #f 6.3.2. %Z%"$H%j%9 %H %Z%" p air ( $H$- $K$O E@BP dotte d p air $H 8F $P$l $k ) $H$O !$ ( Nr ;KE*$JM}M3$+$i ) car It!$ cdr It$H 8F $P$l $kFs$D$N%U %# !< %k %I $r$b$C $? %l %3!< %I 9=B$ $G$"$k!# %Z %" $O<jB3$- cons $K $h$C $F B$$i$l $k !# car It$H cdr It$O <j B3$- car $H cdr $K $h$C $F %" %/%; %9$5$l $k !# car It$H cdr It$O <j B3$- set-car! $H set-cdr! $K $h$C$FBeF~$5 $l $k !# %Z%" $O$^ $:%j%9 %H$rI=8= $9$k $? $a $K;H $o $l $k!# %j %9 %H$O !$ 6u %j%9 %H (the empty list) !$ $^ $? $O cdr It $, %j%9 %H$G $"$k$h$& $J%Z%" !$ $H $7 $F:F5"E* $KDj5A $G$-$k!# $h$j @:3N $K $O !$ %j%9 %H $N =89g $O !$2<5- $r K~$?$9:G>.$N=89g X $H $7 $F Dj5A$5 $l $k !# � ( $? $@ 0l$D$N ) 6u%j%9 %H$O X $K $" $k !# � $b $7 list $, X $K$" $k $J $i $P !$ cdr It $, list $r <} $a$F$$ $k $I $N%Z%"$b$^$? X $K $" $k !# 0l$D$N %j %9 %H $N 0lO"$N%Z%" $N 3F car It$K$" $k%* %V%8 %’ %/ %H $O !$$=$N %j %9 %H $N MWAG$G $" $k !# $?$H$($P !$#2MW AG %j%9 %H $H $O !$ car $, Bh#1MWAG $G$"$C $F cdr $, %Z%"$G$"$j !$ $= $7 $F$=$N %Z%"$N car $, Bh#2MWAG$G$" $C$F cdr $, 6u %j%9 %H $G$" $k$h $& $J%Z%" $G$"$k!# %j %9 %H$N D9 $5 $H $OMWAG $N8D ?t $G$"$j !$ $= $l$O %Z%"$N 8D?t $H F1 $8 $G $"$k !# 6u%j%9 %H $O !$ $= $lFH<+ $N7? $KB0 $9$k 0l $D $NFC <l $J%* %V%8%’%/ %H $G $" $k ( %Z%"$G$O $J $$ ) !#6u%j%9 %H $K MW AG $O$J $/!$ $=$N D9 $5$O%<%m$G$"$k !# Cm : >e5-$NDj5A $O !$$9$Y$F$N%j%9 %H$, M-8B$ND9$5$r$b$A !$6u%j%9 %H $r =*C< $H$9$k$3$H$r !$0EL[$N$&$A $K 0UL# $7 $F$$$k !# Sc heme $N%Z%" $rI=$9:GHF $N5-K! ( 30ItI=8= ) $O !$ \ E@BP " 5- K! dotted notation ( c 1 . c 2 ) $G$" $k !# $3$3$G c 1 $O car It $NCM $G$" $j !$ c 2 $O cdr It $NCM $G $"$k!# $? $H $( $P (4 . 5) $O !$ car $, 4 $G $"$j cdr $, 5 $G$" $k%Z%" $G$"$k !# (4 . 5) $O%Z %"$N30 It I=8= $G$"$k $, !$ %Z %" $X $HI>2A $5 $l$k<0 $G $O$J$$ $3 $H $K Cm0U$;$h !# %j%9 %H$K BP $7 $F$O!$ $h $jG= N(E* $J5- K! $, ;H $($k!# %j %9 %H$N 3F MWAG $r%9 %Z!<%9 $G6h@Z $C $F4]%+ %C %3 $G0O$‘ $@$1 $G$h$$!# 6u%j %9 %H$O () $H =q$+ $l $k !# $?$H$( $P !$ (a b c d e) $H (a . (b . (c . (d . (e . ())))))

6. I8=‘<jB3$- 25 $O !$ %7%s %\%k$+$i$J $k$"$k%j%9 %H $r I=$9Ey2A $J5-K! $G$"$k !# %Z %"$NO" :? $G$" $C $F!$ 6u%j %9 %H$G =* $o $i$J $$$b $N $O !$ Hs?? @5 %j%9 %H ( impr op er list ) $H 8F $P$l $k !#Hs??@5%j%9 %H $O %j%9 %H $G$O $J$$ $3 $H $KCm0U $; $h!# %j %9 %H 5-K! $HE@BP 5- K! $rAH $_9g $o $;$F!$Hs??@5%j%9 %H $r I=8= $7 $F$h$$ : (a b c . d) $O <!$HEy2A $G$" $k !# (a . (b . (c . d))) $"$k%Z%"$, %j %9 %H$+ $I $& $+$O !$2? $, cdr It $K 3J G<$5 $l$F $$ $k $+$K0MB8$9$k!# set-cdr! <jB3$- $r;H$( $P !$ $"$k%* %V%8 %’ %/ %H$,$"$k;~ E@ $G $O%j%9 %H$G$"$j !$ $+$D<! $N;~E@ $G$O$=$& $G $J$$!$$H$$ $& $3$H $,$G$- $k : (define x (list ’a ’b ’c)) (define y x) y = ) (a b c) (list? y) = ) #t (set-cdr! x 4) = ) L$5,Dj x = ) (a . 4) (eqv? x y) = ) #t y = ) (a . 4) (list? y) = ) #f (set-cdr! x x) = ) L$5,Dj (list? x) = ) #f %j%F %i %k <0 $N Cf$H !$ read <j B3$-$, FI $‘%*%V %8 %’ %/%H $N I= 8= $N Cf $G !$7A <0 ’< %G !<%? > $H �< %G !<%? > $H ,< %G !<%? > $H ,@< %G !<%? > $O $= $l $> $l #2 MW AG %j %9%H $r I=$7 $F $* $j!$ $= $N Bh #1 MW AG $O $= $l $> $l %7 %s %\ %k quote !$ quasiquote !$ unquote !$ unquote-splicing $G$"$k!# 3F >l 9g $H$bBh #2MW AG $O < %G !<%? > $G$"$k!# $3$N5,Ls $O!$ G$ 0U $N Scheme %W %m %0%i %‘ $r%j %9 %H$H $7$FI= 8= $G $- $k $h$& $K $H!$ %5 %]!< %H$5 $l $F $$ $k!# $D $^$j!$ Sc heme $N J8 K!$K =>$($P !$ $I $N < <0 > $b < %G !<%? > $G$"$k (7.1.2 @a;2>H ) !# $H$j $o $1!$ $3 $N $3$H $O !$ read <jB3 $- $r;H$C$F Scheme %W %m %0 %i %‘$r%Q !< %9$9$k$3$H$r 2D G= $K $7 $F$$$k !# 3.3 @a$r8+$h !# (pair? obj ) <jB3$- pair? $O !$$b $7 obj $, %Z%" $J$i $P #t $r JV $7 !$ $= $&$G$J$1 $l $P #f $r JV$9!# (pair? ’(a . b)) = ) #t (pair? ’(a b c)) = ) #t (pair? ’()) = ) #f (pair? ’#(a b)) = ) #f (cons obj 1 obj 2 ) <jB3$- 0l $D $N?7 $7 $/3d $jIU $1 $i $l$?%Z %" $rJV $9!# %Z %" $N car $O obj 1 $G$" $j!$ cdr $O obj 2 $G$" $k !# $3$N%Z%"$O !$B8:_$9 $k $I $N %* %V %8 %’ %/ %H $+$i $b ( eqv? $N 0U L#$G ) 0[$J $C$F$$ $k$3$H$, J] >Z $5 $l$F$$ $k !# (cons ’a ’()) = ) (a) (cons ’(a) ’(b c d)) = ) ((a) b c d) (cons "a" ’(b c)) = ) ("a" b c) (cons ’a 3) = ) (a . 3) (cons ’(a b) ’c) = ) ((a b) . c) (car p air ) <jB3$- p air $N car It$NFb MF $r JV$9!# 6u%j%9 %H $N car $r <h$k$3$H$O %(%i!<$G$"$k$3$H$K Cm0U$;$h !# (car ’(a b c)) = ) a (car ’((a) b c d)) = ) (a) (car ’(1 . 2)) = ) 1 (car ’()) = ) %(%i!< (cdr p air ) <jB3$- p air $N cdr It$NFbMF $r JV$9 !# 6u%j%9 %H $N cdr $r <h$k$3$H $O %(%i!<$G$"$k$3$H$K Cm0U$;$h !# (cdr ’((a) b c d)) = ) (b c d) (cdr ’(1 . 2)) = ) 2 (cdr ’()) = ) %(%i!< (set-car! p air obj ) <jB3$- p air $N car It$K obj $r 3J G<$9$k !# set-car! $, JV$9 CM $O L$ 5,Dj $G$"$k !# (define (f) (list ’not-a-constant-list)) (define (g) ’(constant-list)) (set-car! (f) 3) = ) L$5,Dj (set-car! (g) 3) = ) %(%i!< (set-cdr! p air obj ) <jB3$- p air $N cdr It $K obj $r 3JG<$9$k !# set-cdr! $, JV$9 CM $O L$ 5,Dj $G$"$k !# (caar p air ) %i %$ %V %i %j<jB3$- (cadr p air ) %i %$ %V %i %j<jB3$- . . . . . . (cdddar p air ) %i %$ %V %i %j<jB3$- (cddddr p air ) %i %$ %V %i %j<jB3$- $3$l$i$N<jB3$- $O car $H cdr $N9g@. $G$"$k !# $3$3 $GNc $( $P caddr $O <!$N$h $& $KDj5A$G$-$k !# (define caddr (lambda (x) (car (cdr (cdr x))))) . ?<$5 4 $^$G$N G$ 0U$N9g@. $, MQ0U$5 $l $F$$ $k !# $3 $l$i $N <j B3 $-$O A4It $G 28 8D$"$k !# (null? obj ) %i %$ %V %i %j<jB3$- $b $7 obj $, 6u %j%9 %H$J$i $P #t $r JV $7 !$ $= $& $G$J $1$l $P #f $r JV$9!#

26 Revised 5 Scheme (list? obj ) %i %$ %V %i %j<jB3 $- $b $7 obj $, %j%9 %H $J$i $P #t $r JV $7 !$ $=$& $G $J$1 $l $P #f $r JV $9 !# Dj 5A $K$h$j !$ $9 $Y$F $N%j%9 %H$O M-8B $ND9 $5 $r$b$A!$ 6u %j%9 %H $r =*C<$H$9$k !# (list? ’(a b c)) = ) #t (list? ’()) = ) #t (list? ’(a . b)) = ) #f (let ((x (list ’a))) (set-cdr! x x) (list? x)) = ) #f (list obj : : : ) %i %$ %V %i %j<jB3$- $=$N 0z ?t$+$i $J $k !$0l$D$N ?7 $7 $/3d$j IU$1$i$l $? %j %9 %H $r JV$9 !# (list ’a (+ 3 4) ’c) = ) (a 7 c) (list) = ) () (length list ) %i %$ %V %i %j<jB3$- list $N D9$5 $r JV$9!# (length ’(a b c)) = ) 3 (length ’(a (b) (c d e))) = ) 3 (length ’()) = ) 0 (append list : : : ) %i %$ %V %i %j<jB3$- :G=i $N list $N MWAG$K !$ $[$+$N 3F list $N MW AG $r B3 $1$?$b$N$G 9=@. $5 $l$? %j%9 %H $r JV$9!# (append ’(x) ’(y)) = ) (x y) (append ’(a) ’(b c d)) = ) (a b c d) (append ’(a (b)) ’((c))) = ) (a (b) (c)) 7k 2L $N%j %9 %H$O$D $M $K?7 $7 $/3d $jIU $1$i $l$k $, !$ $? $@ $7 :G8e $N list 0z?t$H$O 9=B$$r 6&M-$9 $k !#:G8e$N 0z?t$O !$<B$N$H$3 $m!$ $I $s$J%* %V%8%’%/ %H$G$b$h$$!# $b $7 $b:G8e $N0z?t $, ??@5 %j%9 %H$G $J$1$l $P !$7k2L $O Hs??@5%j%9 %H$G $" $k !# (append ’(a b) ’(c . d)) = ) (a b c . d) (append ’() ’a) = ) a (reverse list ) %i %$ %V %i %j<jB3$- 5U=g $K $7 $? list $N MW AG $G 9= @.$5 $l $? !$0l$D$N ?7 $7 $/3d$j IU $1$i$l$? %j%9 %H $r JV$9!# (reverse ’(a b c)) = ) (c b a) (reverse ’(a (b c) d (e (f)))) = ) ((e (f)) d (b c) a) (list-tail list k ) %i %$ %V %i %j<jB3$- list $+$i :G=i$N k MWAG $r>J$$ $FF@ $i$l $kItJ,%j%9 %H$r JV$9!# $b $7 $b list $N MW AG ?t$, k $h $j >/$J $1 $l$P %( %i !< $G $" $k !# list-tail $O <!$N$h $& $K Dj5A $G$- $k !# (define list-tail (lambda (x k) (if (zero? k) x (list-tail (cdr x) (- k 1))))) (list-ref list k ) %i %$ %V %i %j<jB3$- list $N Bh k MWAG$rJV$9 ( $3 $l$O (list-tail list k ) $N car $H F1 $8$G $"$k ) !# $b $7 $b list $NMWAG?t $, k $h$j>/ $J $1 $l $P%( %i!<$G$"$k !# (list-ref ’(a b c d) 2) = ) c (list-ref ’(a b c d) (inexact->exact (round 1.8))) = ) c (memq obj list ) %i %$ %V %i %j<jB3$- (memv obj list ) %i %$ %V %i %j<jB3$- (member obj list ) %i %$ %V %i %j<jB3$- $3$l$i$N<jB3$- $O!$ list $N ItJ,%j%9 %H$N $& $A!$ car $, obj $G $"$k:G=i $N $b$N $rJV$9 !# $3 $3 $G list $N ItJ,%j %9 %H$H$O!$ k < list $ND9$5 $K BP $7 $F (list-tail list k ) $, JV$9Hs 6u%j%9 %H $G$" $k!# $b $7 $b obj $, list $K =P8= $7 $J $$$J $i $P !$ ( 6u%j%9 %H $G$O$J$/ ) #f $, JV$5 $l$k !# memq $O eq? $r ;H $C $F obj $r list $N 3F MWAG$H Hf 3S$9 $k $, !$ memv $O eqv? $r ;H$$ !$ member $O equal? $r ;H $& !# (memq ’a ’(a b c)) = ) (a b c) (memq ’b ’(a b c)) = ) (b c) (memq ’a ’(b c d)) = ) #f (memq (list ’a) ’(b (a) c)) = ) #f (member (list ’a) ’(b (a) c)) = ) ((a) c) (memq 101 ’(100 101 102)) = ) L$5,Dj (memv 101 ’(100 101 102)) = ) (101 102) (assq obj alist ) %i %$ %V %i %j<jB3$- (assv obj alist ) %i %$ %V %i %j<jB3$- (assoc obj alist ) %i %$ %V %i %j<jB3$- alist ( $D$^$j !$ O"A[%j%9 %H \asso ciation list") $O !$ %Z%" $+$i $J $k%j%9 %H $G$J$1$l $P $J$i $J$$ !# $3$l$i $N <jB3$- $O !$ alist $NCf $N%Z %"$N$& $A!$ car It $, obj $G$" $k:G =i $N $b$N $r8+$D $1 $F !$ $=$N%Z %"$rJV$9!# $b $7 $b alist $N $I $N%Z%"$b obj $r car $H $7$J $$$J $i $P !$ ( 6u%j%9 %H$G$O$J$/ ) #f $, JV$5 $l $k!# assq $O eq? $r ;H$C$F obj $r alist $N Cf$N3F%Z%"$N car It$H Hf3S $9$k $, !$ assv $O eqv? $r ;H$$ !$ assoc $O equal? $r ;H$&!# (define e ’((a 1) (b 2) (c 3))) (assq ’a e) = ) (a 1) (assq ’b e) = ) (b 2) (assq ’d e) = ) #f (assq (list ’a) ’(((a)) ((b)) ((c)))) = ) #f (assoc (list ’a) ’(((a)) ((b)) ((c)))) = ) ((a))

6. I8=‘<jB3$- 27 (assq 5 ’((2 3) (5 7) (11 13))) = ) L$5,Dj (assv 5 ’((2 3) (5 7) (11 13))) = ) (5 7) :,5r : memq , memv , member , assq , assv , $*$h $S assoc $O !$DL>o $O=R8l $H $7 $F;H$o $l$k $, !$ $7$+ $7 !$ C1 $J$k #t $d #f $@$1$G$O$J$$ M-MQ $JCM$rJV$9 $+$i !$L>A0 $K 5?LdId$rIU $1$J$$ !# 6.3.3. %7%s %\%k %7%s%\ %k $H$O !$Fs$D$N%7%s%\ %k$, ( eqv? $N 0U L#$G ) F1 0l$J $N$O L> A0 $, F1 $8 $h $& $K $D$E$i$l $k$H$-$+ $D$= $N$H $-$K 8B$i $l$k $H$$$& ;v<B $K !$ $=$NM- MQ @- $,$+$+$C $F$$$k %* %V%8%’%/ %H $G$"$k!# $3 $l$O$^$5 $K!$ %W %m %0%i%‘ $G<1JL ;R $rI=8= $9 $k $? $a $KI,MW $H$5 $l$k@- <A $G$" $j !$ $7$? $,$C $F Scheme $NBgB? ?t $N <BAu $O%7 %s %\%k$r FbItE* $K$=$NL\E*$N$? $a$KMxMQ $7 $F $$$k !# %7 %s %\%k $OB>$NB? $/ $N1~ MQ $K$bM- MQ $G$"$k!# $? $H $( $P !$ Ns 5s CM $r Pascal $G MxMQ$9$k $N $H F1 $8 MQES $K !$ %7 %s %\%k$r MxMQ $7 $F$b$h$$ !# %7 %s %\%k $r=q$/ $? $a$N5, B’ $O!$ <1 JL ;R $r=q$/ $? $a $N5,B’ $H@5 3N $K F1 $8 $G $" $k !# 2.1 @a$H 7.1.1 @a$r8+$h !# $I $N%7%s%\%k$G$"$l !$%j%F%i %k <0$N0lIt$H $7 $F JV$5 $l$?$+ !$ $^ $? $O read <jB3 $- $r;H $C $FFI$^ $l$? %7 %s %\%k$r!$ write <j B3 $- $r;H $C $F30 $K=q$$ $?>l9g!$ $= $l $O ( eqv? $N0UL# $G ) F10l $N %7 %s%\%k$H $7 $F :F $S FI$_9~$^ $l $k$3 $H $, J]>Z$5 $l$F $$$k !# $? $@ $7 !$ string->symbol <jB3 $- $O!$ L> A0 $KFC<l J8 ;z $dHs I8 =‘ %1!<%9 $N1Q;z $, 4^$^ $l$F$$ $k$N $G$3$N write/read ITJQ@- $, I,$: $7 $b @.$j N)$?$J $$ !$ $H$$ $&%7%s%\ %k $r B$$k$3$H$, $G $-$k !# Cm : Scheme $N <B Au$K $h$C$F $O !$$9 $Y $F $N %7 %s %\ %k $K BP $9 $k write/read IT JQ @-$r J] >Z$9 $k$? $a !$ \slashi�cation" $H$7 $F CN$i $l $k 5!G=$r $b$D $b$N$, $" $k $, !$Nr;K E*$K$$$($P !$ $3$N 5! G=$N:G$b =EMW $JMQES $O J8;zNs %G!<%?7?$N7gG! $KBP$9$kKd $a9g$o$; $G$"$C $? !# <BAu$K$h $C$F$O $^$? \ L$ %$ %s %? !<%s $N%7%s%\ %k " $r $b $D $b$N$, $" $k!# $3$l$O slashi�cation IU$-$N <BAu$K $*$$$F $5$( $b write/read ITJQ@-$r $/$D$,$( $7 !$$+$D $^$? !$Fs$D$N%7%s%\ %k$, F1 $8 $J $N$O L> A0$N$D$E$j$, F1 $8 $H $-$+ $D$= $N$H $-$K 8B$i$l $k$H $$ $&5,B’$KNc 30 $r$b$?$i$9!# (symbol? obj ) <jB3$- $b $7 obj $, %7%s%\%k $J$i $P #t $r JV $7 !$$=$& $G$J$1 $l $P #f $rJV$9!# (symbol? ’foo) = ) #t (symbol? (car ’(a b))) = ) #t (symbol? "bar") = ) #f (symbol? ’nil) = ) #t (symbol? ’()) = ) #f (symbol? #f) = ) #f (symbol->string symb ol ) <jB3$- symb ol $N L>A0$r0l$D$NJ8;zNs$H $7 $F JV$9!# $b $7 $b%7 %s%\%k $, !$ %j %F%i %k<0 (4.1.2 @a ) $NCM$H $7 $F !$ $"$k $$ $O read <jB3 $-$X $N8F=P $7$K$h$C $F!$ JV $5 $l$?%* %V%8%’%/ %H $N0lIt $@$C $? $J$i $P !$ $+$D $= $NL>A0 $K%" %k%U %! %Y %C %H J8;z $, 4^$^ $l$F$$$k $J $i$P !$$=$N$H $- JV $5$l $k J8 ;z Ns$O !$<B Au$N A* Br $7 $? I8=‘ %1 !< %9$N J8 ;z$r 4^$s$G $$ $k$@ $m $& | BgJ8 ;z$r A*Br $9 $k<B Au $b$" $l $P !$ >. J8 ;z $rA*Br $9$k <BAu $b $"$k $@$m$& !# $b $7 $b%7 %s %\ %k$, string->symbol $K $h $C$FJV$5 $l$? $b$N$@ $C$?$J $i $P !$ JV $5 $l$kJ8;z Ns $NJ8 ;z $N%1 !<%9 $O!$ string->symbol $X EO $5 $l$?J8;z Ns $N%1 !<%9 $HF1 $8$K$J$k $@$m$& !# string-set! $N$h$& $J=q49 $(<jB3 $- $r!$ $3 $N<jB3 $- $,JV$9 J8;z Ns $XE, MQ $9 $k$3$H$O%(%i!<$G$"$k !# 0J2< $NNc $O!$ <B Au $NI8=‘ %1!<%9 $, >.J8 ;z $G $"$k $3$H $r2> Dj $7 $F $$$k : (symbol->string ’flying-fish) = ) "flying-fish" (symbol->string ’Martin) = ) "martin" (symbol->string (string->symbol "Malvina")) = ) "Malvina" (string->symbol string ) <jB3$- L>A0 $, string $G$" $k%7 %s%\%k $r JV$9!# $3$N<jB3$-$O !$FC<l J8;z$d HsI8 =‘%1 !< %9$N 1Q;z$r 4^ $s$G $$ $k L> A0$r$b $C$?%7%s %\ %k$rB$$k $3$H $,$G$-$k $, !$ Sc heme $N <BAu $K$h$C $F $O$=$N $h $&$J%7%s%\ %k $O $=$l <+ ?H$H$7 $F read $G $-$J $$$+ $i !$$= $&$$$& %7 %s %\%k$r B$$k$3 $H$OIaDL $O 0-$$ %" %$ %G %# %"$G$"$k!# symbol->string $r 8+$h !# 0J2< $NNc $O!$ <B Au $NI8=‘ %1!<%9 $, >.J8 ;z $G $"$k $3$H $r2> Dj $7 $F $$$k : (eq? ’mISSISSIppi ’mississippi) = ) #t (string->symbol "mISSISSIppi") = ) "mISSISSIppi" $H $$ $&L>A0$N %7%s %\%k (eq? ’bitBlt (string->symbol "bitBlt")) = ) #f (eq? ’JollyWog (string->symbol (symbol->string ’JollyWog))) = ) #t (string=? "K. Harper, M.D." (symbol->string (string->symbol "K. Harper, M.D."))) = ) #t 6.3.4. J8;z J8;z $H $O!$ 1Q ;z $d?t ;z $N $h$& $J0u ;z J8 ;z (printed character) $r I= 8= $9 $k%* %V %8 %’ %/ %H $G $" $k !#J8;z$O #\< J8;z > $^$?$O #\< J8;zL> > $H $$ $&5-K! $r;H$C$F=q$+ $l $k !# $?$H$( $P : #\a ; 1Q>.J8;z #\A ; 1QBgJ8;z #\( ; :84]%+%C%3 #\ ; %9%Z!<%9J8;z #\space ; %9%Z!<%9$r=q$/$?$a$N9%$^ $7 $$ J}K! #\newline ; 2~9TJ8;z

28 Revised 5 Scheme %1!<%9 $O #\< J8;z > $G$O 0UL# $r$b$D $, !$ #\< J8;zL> > $G$O 0U L# $r$b $?$J$$ !# $b $7 $b #\< J8;z > $N < J8;z > $, %"%k%U%!%Y%C %H $J$i $P !$ < J8;z > $N 8e$KB3$/J8;z $O !$%9%Z!<%9 $d %+%C %3$J $I $N 6h @Z$j J8 ;z$G$J$1 $l$P $J$i $J $$ !# $3$N 5, B’$O !$$?$H$( $P !$J8;z $NNs \ #\space " $, #18D$N%9%Z!<%9J8;z $NI=8= $G$" $k $H$b<h $l $k $7 !$ $"$k$$$OJ8;z \ #\s " $N I=8=$N8e $K%7%s %\ %k \ pace " $NI=8= $, B3 $$ $?$b $N $H$b<h $l$k!$ $H$$$& $"$$$^ $$ $J%1!<%9$r2r7h$9$k !# #\ 5-K! $G =q $+ $l$? J8;z$O<+8JI>2AE* $G$" $k !# $9 $J$o$A !$ %W %m %0 %i %‘$NCf $G$=$l$i$r %/%)!< %H $9$kI,MW $O$J$$ !# J8;z$K$D $$$F 1i ;;$9 $k <jB3$- $N $$ $/$D$+$O !$BgJ8 ;z$H >. J8 ;z $N%1!< %9 $N0c$$$rL5;k$9$k !# %1!<%9 $r L5;k$9$k<jB3$- $O !$ $= $NL>A0 $K \ -ci " ( $D$^ $j \case insensitiv e") $r Kd $a9~ $s$G $$$k !# (char? obj ) <jB3$- $b $7 obj $, J8 ;z$J$i$P #t $r JV $7 !$$= $&$G$J$1$l$P #f $r JV$9 !# (char=? char 1 char 2 ) <jB3$- (char<? char 1 char 2 ) <jB3$- (char>? char 1 char 2 ) <jB3$- (char<=? char 1 char 2 ) <jB3$- (char>=? char 1 char 2 ) <jB3$- $3 $l$i$N<j B3 $- $OJ8;z $N=8 9g $KA4=g =x $r2] $7 $F$$$k!# $3$N=g =x $N$b$H $G J]>Z$5 $l $k$3$H $O : � 1Q Bg J8 ;z $I $& $7 $O $= $N =g =x $I $* $j $G $" $k !# $? $H $($P !$ (char<? #\A #\B) $O #t $r JV$9!# � 1Q >. J8 ;z $I $& $7 $O $= $N =g =x $I $* $j $G $" $k !# $? $H $($P !$ (char<? #\a #\b) $O #t $r JV$9!# � ?t ;z $I $& $7 $O $= $N =g =x $I $* $j $G $" $k !# $? $H $( $P!$ (char<? #\0 #\9) $O #t $r JV$9!# � $9$Y$F$N?t;z $O !$$9 $Y$F$N1QBgJ8;z$h$j$bA0 $G$"$k$+ !$ $^ $? $O 8e $G$" $k !# � $9$Y$F$N?t;z $O !$$9 $Y$F$N1Q>.J8;z$h$j$bA0 $G$"$k$+ !$ $^ $? $O 8e $G$" $k !# <B Au $O!$ $3 $l $i$N<jB3 $- $r!$ $= $l$HBP1~ $9$k ?tCM =R 8l $HF1 $8 $/ !$#28D0J>e $N0z?t$r$H$k$h $& $K 0lHL2= $7 $F$b$h$$ !# (char-ci=? char 1 char 2 ) %i %$ %V %i %j<jB3$- (char-ci<? char 1 char 2 ) %i %$ %V %i %j<jB3$- (char-ci>? char 1 char 2 ) %i %$ %V %i %j<jB3$- (char-ci<=? char 1 char 2 ) %i %$ %V %i %j<jB3$- (char-ci>=? char 1 char 2 ) %i %$ %V %i %j<jB3$- $3 $l$i$N<j B3 $- $O char=? Ey $HF1 MM $@ $, !$ 1QBg J8 ;z $H1Q>. J8 ;z $rF1 $8$b $N $H $7$F07$& !# $? $H $( $P !$ (char-ci=? #\A #\a) $O #t $r JV$9!# <BAu $O !$ $3 $l$i$N<jB3$- $r!$ $= $l$H BP1~$9$k ?tCM =R 8l $HF1 $8 $/!$ #28D 0J >e $N0z ?t $r $H$k $h$& $K0lHL 2= $7$F $b$h$$ !# (char-alphabetic? char ) %i %$ %V %i %j<jB3 $- (char-numeric? char ) %i %$ %V %i %j<jB3$- (char-whitespace? char ) %i %$ %V %i %j<jB3 $- (char-upper-case? letter ) %i %$ %V %i %j<jB3$- (char-lower-case? letter ) %i %$ %V %i %j<jB3$- $3$l$i$N<j B3 $- $O!$ $= $l $>$l !$ $=$N0z ?t $,%"%k%U %! %Y %C %H J8 ;z!$?tCMJ8;z!$6uGrJ8;z!$BgJ8;z!$ $^ $?$O>.J8;z$J $i $P #t $r JV $7 !$ $=$& $G$J $1 $l $P #f $r JV$9 !# <! $NCm<a $O!$ ASCII J8 ;z=8 9g$K 8G M-$G$" $j!$0l$D$N ;X ?K$H $7 $F$@ $1 0U?^ $5$l $F $$ $k : %"%k %U%!%Y%C %H J8 ;z$O Bg>.$"$o $; 52 8D$N 1Q ;z $G $" $k !# ?tCMJ8 ;z$O 10 8D$N ==?J ?t;z$G$" $k !#6uGrJ8;z$O %9%Z!< %9 !$ %? %V!$2~9T!$2~JG!$ $*$h $S I|5"J8;z $G$"$k !# (char->integer char ) <jB3$- (integer->char n ) <jB3$- J8;z $, M?$($i $l$?$H$- !$ char->integer $O$=$N J8;z$N0l$D $N@53N@0 ?tI= 8= $rJV$9 !# $"$kJ8 ;z $N char->integer $K $h$k A| (image) $G $" $k @53N @0?t$, M?$($i$l $?$H $- !$ integer-> char $O $=$NJ8;z $rJV$9 !# $3 $l$i$N <jB3 $- $O !$ char<=? =g=x $N$b$H$K$"$kJ8;z$N=89g$H!$ <= =g=x$N$b$H $K$" $k@0?t$N$" $k It J, =89g$H $N 4V$K !$=g=x J] B8E*$J F17A <L A|$r <B Au $7 $F $$ $k !# $9 $J$o $A!$$b $7 $b (char<=? a b ) = ) #t $+ $D (<= x y ) = ) #t $G $" $C$F!$ $+$D x $H y $, integer->char $N Dj5A0h$K$"$k $J$i $P !$$=$N $H$- (<= (char->integer a ) (char->integer b )) = ) #t (char<=? (integer->char x ) (integer->char y )) = ) #t (char-upcase char ) %i %$ %V %i %j<jB3 $- (char-downcase char ) %i %$ %V %i %j<jB3$- $3 $l$i $N<j B3 $- $O!$ (char-ci=? char char 2 ) $rK~ $? $9J8 ;z char 2 $r JV$9 !# $5 $i$K !$ $b $7 $b char $, %"%k%U%!%Y%C %H$J$i $P !$ char-upcase $N 7k2L $O BgJ8;z $G$"$j!$ char-downcase $N 7k2L $O >.J8;z $G$"$k !# 6.3.5. J8;zNs J8;zNs (string) $H$O !$ J8 ;z $NNs (sequence of characters) $G $" $k !#J8;zNs $O !$Fs=E 0zMQ Id ( " ) $G 0O$^$l$? J8;z$N Ns$H $7 $F =q$+$l $k !#Fs=E0z MQ Id $O !$$= $l $r 5U %9%i%C%7%e ( \ ) $G %( %9 %1!< %W $9$k $3 $H $K$h $C $F$N $_J8;z Ns $NFbIt $K=q $1$k!# $? $H $( $P "The word \"recursion\" has many meanings."

6. I8=‘<jB3$- 29 5U%9 %i %C %7 %e $O!$ $= $l$r$b$&0l $D $N5U%9 %i %C %7 %e $G%(%9 %1!< %W $9 $k$3 $H$K $h$C$F$N $_ J8 ;z Ns$N Fb It$K =q$1 $k !#J8;zNs$N Fb It $N5U%9 %i %C %7 %e $G $"$C $F!$ $= $N8e$m $KFs=E 0zMQ Id $b5U %9 %i%C %7%e$b B3 $+$J$$$b$N$N 8z2L$r Scheme $O 5,Dj $7 $J $$ !# J8 ;z Ns $O0l $D $N9T $+ $i<! $N9T $X $H7QB3 $7$F$b$h $$ $, !$ $= $N $h $& $JJ8;zNs$N@53N$JFbMF $O L$5,Dj $G$" $k !# J8;zNs$N D9$5 ( length ) $H$O !$J8;zNs $, 4^$‘J8;z$N 8D?t $G$" $k !# $3 $N 8D ?t$O !$J8;z Ns $, B$$i$l $k$H $-$K 8GDj $5$l $k @5 3N HsIi@0?t $G$"$k !# J8;zNs $N BEEv $JE:;z ( valid index ) $O !$J8 ;zNs$N D9$5 $h$j >.$5$$ @53N Hs Ii@0 ?t$G$" $k !#J8;z Ns$N :G =i $NJ8;z$NE:;z $O 0 $G$" $j !$ $=$N<!$NJ8;z$NE:;z$O 1 $G$" $k Ey!9 $G$" $k !# \ E: ;z start $G ;O$^ $j !$ E: ;z end $G =* $o$k string $NJ8;z " $H $$$& $h$& $J8@$$2s $7 $G$O!$ E: ;z start $O$=$NJ8;z $K4^$^ $l$k $, !$E:;z end $O 4^$^ $l$J$$$H M}2r$5 $l $k !# $7 $?$, $C$F$b $7 $b start $H end $, F1 $8 E: ;z$J $i $P 6u$NIt J,J8;zNs$N$3$H$K $J$j !$ $b $7 $b start $, %< %m $G$"$C $F end $, string $N D9$5 $J $i $P J8;zNsA4BN$N$3$H $K$J $k !# J8;zNs$K $D $$$F 1i;; $9$k <j B3$-$N $$ $/$D$+$O !$BgJ8 ;z$H >. J8 ;z $N%1 !<%9 $N0c $$ $rL5;k $9$k!# %1 !<%9 $rL5;k $9$k %P!< %8%g %s$O!$ $= $NL>A0 $K \ -ci " ( $D$^$j \case insensitive") $r Kd $a 9~ $s$G$$ $k !# (string? obj ) <jB3$- $b $7 obj $, J8;zNs $J $i $P #t $r JV $7 !$ $=$& $G$J$1 $l $P #f $r JV$9 !# (make-string k ) <jB3$- (make-string k char ) <jB3$- make-string $O !$0l $D $N?7 $7 $/3d$jIU $1$i $l$? !$D9 $5 k $N J8;z Ns$r JV$9!# $b $7 $b char $, M?$($i $l $? $J$i$P J8 ;z Ns$N $9$Y$F $N MW AG$, char $K =i 4| 2=$5$l $k $, !$$= $&$G$J$1 $l$P string $N FbMF $O L$5,Dj $G$"$k !# (string char : : : ) %i %$ %V %i %j<jB3$- 0z ?t $+ $i9=@. $5 $l$?!$ 0l $D $N?7 $7 $/3d $j IU $1 $i $l$?J8;z Ns $r JV$9 !# (string-length string ) <jB3$- M? $( $i$l$? string $N Cf$NJ8;z$N8D?t$rJV$9!# (string-ref string k ) <jB3$- k $O string $NBEEv $JE:;z $G$J $1 $l $P $J$i$J$$!# string-ref $O string $N !$ %<%m$+$i?t$($FBh k $N J8;z$rJV$9!# (string-set! string k char ) <jB3$- k $O string $NBE Ev $JE: ;z $G $J $1 $l $P$J $i $J$$!# string-set! $O string $NMW AG k $K char $r3JG< $7 $F!$ L$ 5, Dj $NCM $rJV $9 !# (define (f) (make-string 3 #\*)) (define (g) "***") (string-set! (f) 0 #\?) = ) L$5,Dj (string-set! (g) 0 #\?) = ) %(%i!< (string-set! (symbol->string ’immutable) 0 #\?) = ) %(%i!< (string=? string 1 string 2 ) %i %$ %V %i %j<jB3$- (string-ci=? string 1 string 2 ) %i %$ %V %i %j<jB3$- $b $7 $bFs$D $NJ8 ;z Ns $,F1 $8 D9$5 $G$" $C $FF1 $8 0LCV $KF1 $8 J8;z $r 4^ $s$G$$$k$J $i $P #t $r JV$9 $, !$$=$& $G$J $1$l $P #f $r JV $9!# string-ci=? $O 1Q BgJ8;z$H1Q >.J8;z$r$"$?$+$b F1 $8 J8 ;z $G$"$k $+$N$h$& $K07 $& $, !$ string=? $O BgJ8;z $H>.J8;z $r 0[ $J $C$?J8;z $H $7 $F 07$&!# (string<? string 1 string 2 ) %i %$ %V %i %j<jB3$- (string>? string 1 string 2 ) %i %$ %V %i %j<jB3$- (string<=? string 1 string 2 ) %i %$ %V %i %j<jB3$- (string>=? string 1 string 2 ) %i %$ %V %i %j<jB3$- (string-ci<? string 1 string 2 ) %i %$ %V %i %j<jB3$- (string-ci>? string 1 string 2 ) %i %$ %V %i %j<jB3$- (string-ci<=? string 1 string 2 ) %i %$ %V %i %j<jB3$- (string-ci>=? string 1 string 2 ) %i %$ %V %i %j<jB3$- $3$l$i$N<j B3 $- $O!$ J8;z $K$D$$ $F $NBP1~ $9 $k=g =x IU $1$N!$ J8 ;zNs $X$N<-=q E* $J3HD% $G$"$k !# $? $H$( $P !$ string<? $O !$ J8 ;z $N=g =x IU $1 char<? $K$h$C $F5"G< $5 $l$k<- =qE* $JJ8 ;z Ns $N =g=x IU $1$G$"$k!# $b $7 $bFs$D $NJ8;z Ns $, !$ D9 $5 $NE@ $G0[ $J$C $F$$$k $, !$ C; $$J} $NJ8;z Ns $ND9 $5$^ $G $OF1 $8$J$i $P !$ C; $$J} $N J8 ;z Ns $, D9$$ J}$N J8 ;z Ns$h$j $b <- =qE*$K >.$5$$$H 8+$J $5 $l $k !# <BAu $O!$ $3 $l$i$*$h $S string=? $H string-ci=? $N<jB3 $- $r !$ $= $l$HBP1~ $9$k ?t CM=R 8l $HF1 $8 $/!$ #2 8D0J >e $N0z?t $r $H $k$h $& $K 0lHL2= $7 $F $b$h$$ !# (substring string start end ) %i %$ %V %i %j<jB3$- string $O J8;z Ns $G$J $1 $l $P$J$i $:!$ start $H end $O 2<5- $rK~ $?$9 @53N@0?t $G$J$1 $l $P $J$i$J $$ !# 0 � start � end � (string-length string ) . substring $O !$ string $N !$E:;z start $G ;O$^ $j ( 6- 3&$r 4^ $‘ ) !$E:;z end $G =*$o$k ( 6- 3& $r 4^$^$J$$ ) J8 ;z $+$i 9=@.$5 $l $? !$0l$D$N?7 $7 $/3d$jIU $1$i $l $? J8;zNs $r JV$9!# (string-append string : : : ) %i %$ %V %i %j<jB3$- M? $( $i $l$?J8;z Ns $NO" 7k $r$= $NJ8 ;z $, 9=@. $7$F$$$k!$ 0l $D $N ?7 $7 $/3d$jIU $1$i $l $? J8;zNs $r JV$9!# (string->list string ) %i %$ %V %i %j<jB3$- (list->string list ) %i %$ %V %i %j<jB3$- string->list $O !$ M? $( $i $l$?J8 ;zNs $r9= @. $7$F$$$kJ8 ;z $+ $i$J$k!$ 0l $D $N?7 $7 $/3d $jIU $1 $i $l$?%j %9 %H$rJV $9!# list-> string $O !$%j%9 %H list | $3 $l$O J8;z $+$i$J$k %j%9 %H$G $J$1

30 Revised 5 Scheme $l $P $J$i $J $$ | $N J8 ;z$+$i 9=@.$5$l $? !$0l$D$N ?7 $7 $/ 3d$j IU $1 $i $l$?J8;z Ns $rJV $9!# string->list $H list->string $O !$ equal? $K 4X$9$k8B$j $K $*$$$F5U4X?t $I $& $7 $G $" $k !# (string-copy string ) %i %$ %V %i %j<jB3 $- M? $( $i$l$? string $N !$0l$D$N?7 $7 $/3d$jIU $1$i$l$?%3 %T !< $rJV$9!# (string-fill! string char ) %i %$ %V %i %j<jB3$- M? $($i$l$? string $N 3F MWAG $K char $r 3JG< $7 $F !$L$5,Dj$N CM $rJV$9!# 6.3.6. %Y %/%? %Y%/ %? $H $O !$ $= $NMWAG $, @0?t $K$h $C $FE:;z IU $1 $i $l$kIT6Q <A $J ( LuCm : $D$^$j MWAG $I $& $7$, F1 $8 7?$H$O 8B $i$J$$ ) 9=B$ $G $"$k!# %Y%/ %? $OE57? E* $K $OF1 $8 D9 $5 $N%j%9 %H$h$j $b>/ $J$$6u 4V $7$+ @j $a $:!$ $+$D %i %s %@ %‘ $KA* $s $@MWAG $r %"%/ %;%9 $9$k $? $a$K MW$5$l $k J?6Q ;~ 4V$O E5 7?E*$K$O %Y %/%?$N J} $, %j %9 %H $h $j$bC;$$ !# %Y%/%?$N D9$5 ( length ) $H$O !$%Y%/%? $, 4^$‘MWAG$N 8D?t $G$" $k!# $3 $N8D?t $O !$ %Y%/ %? $,B$ $i $l $k $H$- $K8GDj $5 $l$kHsIi @0 ?t $G$" $k !# %Y%/%?$N BEEv$JE:;z ( valid index ) $O !$%Y%/%?$N D9 $5 $h $j>. $5 $$@5 3NHs Ii @0 ?t $G$"$k!# %Y%/ %? $N:G =i $NMW AG $O %<%m $GE:;z IU $1$i $l !$ :G 8e $NMWAG $NE: ;z $O%Y%/ %? $ND9 $5 $h $j 1 $@$1 >.$5$/E:;zIU $1$i$l $k !# %Y%/%? $O5-K! #( obj : : : ) $r ;H$C $F=q $+ $l$k !# $? $H$( $P !$ D9 $5 $, 3 $G $" $C$F !$MWAG 0 $K ?t%<%m$r !$MWAG 1 $K %j %9 %H (2 2 2 2) $r !$ $= $7 $F MWAG 2 $K J8;zNs "Anna" $r4^ $s$G$$$k %Y %/%? $O 2<5-$N$h $& $K =q $1 $k : #(0 (2 2 2 2) "Anna") $3 $l$O%Y%/ %? $N30 ItI= 8= $G $"$k $, !$ %Y%/ %? $X $HI> 2A $5 $l $k<0 $G$O $J$$ $3 $H $KCm0U $;$h!# %j %9 %H Dj?t $HF1 $8 $/ !$ %Y%/ %?Dj ?t $b%/%)!< %H $7 $J$1$l $P $J$i$J$$ : ’#(0 (2 2 2 2) "Anna") = ) #(0 (2 2 2 2) "Anna") (vector? obj ) <jB3$- $b $7 obj $, %Y %/%? $J $i $P #t $r JV $7 !$ $=$& $G$J$1 $l $P #f $r JV$9 !# (make-vector k ) <jB3$- (make-vector k �l l ) <jB3$- k 8D $NMWAG $+$i $J$k!$ 0l $D $N?7 $7 $/3d $j IU $1 $i $l$?%Y%/ %? $r JV $9 !# $b $7 $bBh#2 0z?t $, M? $( $i $l$?$J $i $P !$ 3F MWAG $O �l l $K =i 4| 2= $5 $l $k!# $=$& $G$J $1 $l $P 3FMW AG $N=i4| Fb MF $OL$5, Dj $G $"$k !# (vector obj : : : ) %i %$ %V %i %j<jB3$- M? $( $i $l$?0z?t $rMWAG $H $7$F;}$D!$ 0l $D $N?7 $7 $/3d $jIU $1 $i $l$?%Y %/%?$rJV$9!# list $K AjEv$9$k !# (vector ’a ’b ’c) = ) #(a b c) (vector-length ve ctor ) <jB3$- ve ctor $N Cf$NMWAG$N8D?t$r@53N@0?t$H $7 $F JV$9!# (vector-ref ve ctor k ) <jB3$- k $O ve ctor $NBEEv $JE: ;z $G$J $1 $l $P $J$i $J$$!# vector-ref $O ve ctor $N MWAG k $N FbMF $r JV$9!# (vector-ref ’#(1 1 2 3 5 8 13 21) 5) = ) 8 (vector-ref ’#(1 1 2 3 5 8 13 21) (let ((i (round (* 2 (acos -1))))) (if (inexact? i) (inexact->exact i) i))) = ) 13 (vector-set! ve ctor k obj ) <jB3$- k $O ve ctor $NBE Ev $J E: ;z $G $J $1 $l $P$J $i $J $$!# vector-set! $O ve ctor $N MWAG k $K obj $r 3JG<$9$k !# vector-set! $N JV $9 CM $O L$5,Dj $G$"$k !# (let ((vec (vector 0 ’(2 2 2 2) "Anna"))) (vector-set! vec 1 ’("Sue" "Sue")) vec) = ) #(0 ("Sue" "Sue") "Anna") (vector-set! ’#(0 1 2) 1 "doe") = ) %(%i!< ; Dj?t%Y%/%? (vector->list ve ctor ) %i %$ %V %i %j<jB3$- (list->vector list ) %i %$ %V %i %j<jB3$- vector->list $O !$ ve ctor $N MW AG$H $7 $F 4^ $^ $l $F $$ $k%* %V %8%’%/ %H$+ $i$J$k!$ 0l $D $N?7 $7 $/3d $j IU $1 $i $l$?%j%9 %H$r JV $9!# list->vector $O !$%j %9 %H list $N MW AG$X$H =i4| 2=$5$l $? !$0l$D$N?7 $7 $/3d$jIU $1$i $l $?%Y %/%? $r JV$9!# (vector->list ’#(dah dah didah)) = ) (dah dah didah) (list->vector ’(dididit dah)) = ) #(dididit dah) (vector-fill! ve ctor �l l ) %i %$ %V %i %j<jB3$- ve ctor $N 3FMW AG$K �l l $r 3JG<$9 $k !# vector-fill! $N JV $9 CM $O L$5,Dj $G$"$k !#

6. I8=‘<jB3$- 31 6.4. @)8f5!G= $3$N >O$O !$ %W %m %0 %i %‘ <B 9T$N N. $l $r FC <l$J ;E J}$G @) 8f$9 $k MM!9 $J %W %j%_ %F%# %V <jB3 $- $r5-=R $9$k!# procedure? =R8l $b $3$3 $G 5-=R$5 $l $k !# (procedure? obj ) <jB3$- $b $7 obj $, <jB3 $-$J $i $P #t $r JV $7 !$ $=$& $G$J$1 $l $P #f $r JV$9 !# (procedure? car) = ) #t (procedure? ’car) = ) #f (procedure? (lambda (x) (* x x))) = ) #t (procedure? ’(lambda (x) (* x x))) = ) #f (call-with-current-continuation procedure?) = ) #t (apply pr o c ar g 1 : : : ar gs ) <jB3$- pr o c $O<jB3 $- $G $J $1 $l $P$J $i $:!$ ar gs $O%j%9 %H$G $J $1 $l $P$J $i$J$$ !# pr o c $r !$ %j%9 %H (append (list ar g 1 : : : ) ar gs ) $N3FMWAG$r3F<B0z?t$H $7 $F 8F $S =P$9!# (apply + (list 3 4)) = ) 7 (define compose (lambda (f g) (lambda args (f (apply g args))))) ((compose sqrt *) 12 75) = ) 30 (map pr o c list 1 list 2 : : : ) %i %$ %V %i %j<jB3$- 3F list $O %j%9 %H$G$J$1$l $P $J$i$:!$ pr o c $O list $N8D?t$HF1 $8 $@ $1 $N 8D?t$N 0z ?t$r$H $C$F C10l$N CM$r JV$9 <j B3$-$G $J$1 $l $P $J$i$J $$ !# $b $7 $b J# ?t$N list $, M?$($i$l$?$J$i$P !$$= $l$i$O$9$Y $FF1 $8 D9$5 $G$J $1 $l $P $J$i$J$$ !# map $O pr o c $r 3F list $N MWAG$K MWAG $4 $H$K E,MQ $7 !$$=$N7k 2L$r=g =x $I $*$j $K JB$Y$? %j%9 %H $r JV$9!# pr o c $, 3F list $N MWAG$KE,MQ$5 $l $k F0E* $J=g=x $O L$5,Dj $G$" $k !# (map cadr ’((a b) (d e) (g h))) = ) (b e h) (map (lambda (n) (expt n n)) ’(1 2 3 4 5)) = ) (1 4 27 256 3125) (map + ’(1 2 3) ’(4 5 6)) = ) (5 7 9) (let ((count 0)) (map (lambda (ignored) (set! count (+ count 1)) count) ’(a b))) = ) (1 2) $^$?$O (2 1) (for-each pr o c list 1 list 2 : : : ) %i %$ %V %i %j<jB3$- for-each $N 0z ?t$O map $N 0z ?t$H F1 MM$@$, !$ for-each $O pr o c $r $=$N CM$r5a$a$F$G$O$J $/$=$N I{:nMQ$r5a$a$F 8F $S =P $9!# map $H 0[$J$j !$ for-each $O pr o c $r 3F list $N MWAG $K BP $7 $F :G =i$N MWAG$+$i :G 8e$N MW AG$X$H $$ $&=g =x$G 8F $S =P$9$3 $H$, J]>Z $5 $l $F $*$j!$ $+ $D for-each $, JV$9 CM$O L$ 5,Dj$G $"$k !# (let ((v (make-vector 5))) (for-each (lambda (i) (vector-set! v i (* i i))) ’(0 1 2 3 4)) v) = ) #(0 1 4 9 16) (force pr omise ) %i %$ %V %i %j<jB3 $- LsB+ pr omise $N CM$r0z$- =P$5$;$k (4.2.5 @a delay ;2 >H ) !# $b $7 $b LsB+$K BP $7 $F$J$s $i CM $, 7W ;;$5$l$F $$$J$1$l$P !$0l $D$NCM $, 7W;; $5 $l$FJV$5 $l $k!# Ls B+ $NCM $O !$ $= $l $, FsEY L\ $K force $5 $l$? $H$-!$ 0J A0 $K7W;; $7$?CM $rJV $;$k $h$& $K !$ %- %c %C %7 %e$5 $l $k ( $D$^$j \memoize" $5 $l $k ) !# (force (delay (+ 1 2))) = ) 3 (let ((p (delay (+ 1 2)))) (list (force p) (force p))) = ) (3 3) (define a-stream (letrec ((next (lambda (n) (cons n (delay (next (+ n 1))))))) (next 0))) (define head car) (define tail (lambda (stream) (force (cdr stream)))) (head (tail (tail a-stream))) = ) 2 force $H delay $O !$4X?tE*%9 %? %$ %k$G=q $+$l$? %W %m %0 %i%‘ $G MQ$$$i$l $k$3$H $r <g$K 0U ?^ $7 $F $$ $k !#2<5-$N Nc$O NI$$ %W %m %0 %i%_ %s %0 !& %9 %?%$ %k $rNc<( $7 $F$$$k $H8+ $J$5 $l$k$Y $- $G $O$J $$ $, !$0l$D $NLsB+ $K BP $7 $F$O !$ $?$H$($= $l$, 2?EY force $5 $l$h$& $H$b!$ $?$C $?0l $D $NCM $@$1 $, 7W;; $5 $l$k!$ $H$$$&@- <A $r Nc<( $7 $F $$$k !# (define count 0) (define p (delay (begin (set! count (+ count 1)) (if (> count x) count (force p))))) (define x 5) p = ) LsB+ (force p) = ) 6 p = ) LsB+ ( $N$^$^ ) (begin (set! x 10) (force p)) = ) 6

32 Revised 5 Scheme $3 $3 $K$"$k $N $O delay $H force $N!$ 0l $D $N2DG= $J<BAu $G$" $k!# Ls B+ $O$3$3 $G $O L50z?t $N<jB3 $- $H $7 $F<BAu$5 $l !$ force $O C1 $K$=$N 0z?t$r8F $S =P$9 $@$1$G$" $k : (define force (lambda (object) (object))) 2f!9 $O <0 (delay < expression >) $r<!$N<jB3$-8F=P $7 $H F1 $8 0UL#$r$b$D$b$N$H $7 $F Dj5A$9$k : (make-promise (lambda () < expression >)) $9 $J$o$A!$<!$N$h $& $K Dj5A$9$k : (define-syntax delay (syntax-rules () ((delay expression) (make-promise (lambda () expression))))), $3$3 $G make-promise $O <!$N$h $& $K Dj5A$5 $l $k : (define make-promise (lambda (proc) (let ((result-ready? #f) (result #f)) (lambda () (if result-ready? result (let ((x (proc))) (if result-ready? result (begin (set! result-ready? #t) (set! result x) result)))))))) :,5r : A0=R$N:G8e$NNc$N$h $& $K !$LsB+ $O$=$l <+?H$NCM$r;2>H$9$k $+$b $7$l$J$$!# $= $N$h$& $JLsB+ $r force $9$k $H!$ :G =i $N force $NCM $, 7W ;;$5$l =*$o $k A0$K !$FsEYL\$N force $, $R $- 5/$3 $5$l $k$+ $b $7 $l$J$$ !# $3$N$3$H $, make-promise $N Dj5A $r J#;(2= $7 $F$$$k !# delay $H force $N$3$N0UL#O@$X$NMM!9 $J3HD% $, !$ $$$/$D $+ $N<BAu $G%5%] !< %H $5$l$F$$ $k : � LsB+ $G$O $J$$ %* %V%8%’%/ %H$K BP $9$k force $N8F=P $7$O !$ C1 $K$=$N%* %V%8 %’ %/ %H $r JV $7 $F$h$$ !# � Ls B+$r $=$N force $5$l $? CM$+$i A‘ :n E*$K 6h JL$9 $k <jCJ $,A4$/ $J$$ $H$$$& %1!<%9 $,$"$C $F$b $h $$!# $D$^ $j !$ <! $N $h $& $J<0$O !$<BAu $K 0MB8 $7 $F !$ #t $H #f $N $I $A $i$K I> 2A $5 $l$F$b$h$$ : (eqv? (delay 1) 1) = ) L$5,Dj (pair? (delay (cons 1 2))) = ) L$5,Dj � <B Au $K $h$C$F $O !$ cdr $d + $N $h $& $J %W %j %_ %F %# %V <j B3 $- $K $h$C$F Ls B+ $N CM $, force $5 $l $k $H $$ $& �implicit forcing’’ $r <BAu$9$k $+$b $7$l $J $$ : (+ (delay (* 3 7)) 13) = ) 34 (call-with-current-continuation pr o c ) <jB3$- pr o c $O !$#1 0z ?t $N <j B3 $- $G $J $1 $l $P $J $i $J $$ !#<j B3 $- call-with-current-continuation $O !$8=:_ $N7QB3 ( 2<5- $N :,5r$r8+$h ) $r \ C&=P<j B3$- " (escap e pro cedure) $H $7 $F %Q%C%1!< %8 2= $7 !$ $= $l$r pr o c $X 0z?t $H $7 $F EO$9!# C&=P<j B3 $-$O 0l$D$N Scheme <j B3$-$G $" $j !$ $b $7 $b $=$l$, 8e$+$i 8F $S =P$5$l $k$J$i$P !$ $=$l$O !$ $=$N ;~$?$H$( $I $s $J 7Q B3$, M- 8z $G$" $C $F $b<N $F$F $7 $^$$!$ $= $N $+$o$j $KC&=P <jB3 $- $,B$ $i $l $?;~ $KM-8z $@$C $?7QB3 $r;H$& $@$m$& !# C&=P <j B3 $- $N8F =P $7 $O !$ dynamic-wind $r ;H$C$F %$ %s %9 %H !<%k$5$l$? b efor e $H after $N%5%s %/$N5/F0$r $R$- 5/$3$9 $+$b $7 $l $J$$ !# C& =P <j B3 $- $O !$ call-with-current-continuation $X $N 85 !9 $N8F =P $7 $K BP$9 $k 7Q B3$H F1 $8 $@ $1 8D ?t$N 0z ?t$r <u M}$9 $k !# call-with-values <jB3$-$, B$$C$? 7QB3$r =|$- !$$9$Y $F$N7QB3 $O@53N $K#18D $NCM $r<u $1<h$k!# call-with-values $, B$ $C $? $N $G $O $J$$7Q B3 $X!$ %<%m8D $^ $? $OJ#?t 8D $NCM $rEO $9 $3$H $N 8z2L $O L$5,Dj $G$"$k !# pr o c $X EO$5$l $k C& =P<j B3$-$O !$ Scheme $N B>$N $9$Y $F $N <j B3 $- $HF1 $8 $h $& $KL54| 8B $N<w L? $r$b $D!# C& =P <jB3 $- $rJQ ?t $d %G !<%?9= B$ $NCf $K3JG< $7 $F!$ 2? 2s $G$bK>$‘ $@$1$N2s ?t 8F $S =P $7 $F $h$$ !# 2< 5- $N Nc $O call-with-current-continuation $r ;H $& :G $b J? K^ $J J} K! $@ $1 $r <($7 $F $$ $k !# $b$7 $b !$<B :] $N MQ K! $, $9 $Y $F !$$3 $l $i $N Nc $H F1$8 $h $& $K C1 =c $@ $C$? $J $i $P !$ call-with-current-continuation $N$h$& $J6/ NO $5 $rHw $( $? <jB3$- $O$J$s$i I,MW $J$+ $C$? $@$m $&!# (call-with-current-continuation (lambda (exit) (for-each (lambda (x) (if (negative? x) (exit x))) ’(54 0 37 -3 245 19)) #t)) = ) -3 (define list-length (lambda (obj) (call-with-current-continuation (lambda (return) (letrec ((r (lambda (obj) (cond ((null? obj) 0) ((pair? obj) (+ (r (cdr obj)) 1)) (else (return #f)))))) (r obj)))))) (list-length ’(1 2 3 4)) = ) 4 (list-length ’(a b . c)) = ) #f :,5r : call-with-current-continuation $NJ?K^ $JMQES $O!$ %k!< %W $^ $? $O <j B3$-K\ BN$+$i$N 9=B$2=$5$l $? Hs 6I=j E*C&=P$G$" $k !# $7 $+$7 <B

6. I8=‘<jB3$- 33 $N $H $3$m!$ call-with-current-continuation $O 9-HO 0O $N9b EY $J @)8f9=B$ $r<BAu$9$k$3$H $K$b 6K$a$FM-MQ$G$"$k !# 0l$D$N Scheme <0 $, I>2A$5 $l $k;~$O$$ $D$G$b !$$=$N<0$N7k2L$r M_ $7 $F$$ $k0l$D $N 7QB3 ( c ontinuation ) $, B8:_$9$k!#7QB3 $O !$7W;; $K BP $9$k ( %G%U%)%k %H $N ) L$MhA4BN $rI=8=$9$k!# $?$H$( $P !$ $b $7 $b<0 $,%H %C %W !& %l %Y%k $G I>2A$5$l $k$J$i $P !$$=$N$H $- 7QB3$O 7k 2L$r <u $1 <h$j!$ $= $l$r 2hLL$K0u;z $7 !$<!$NF~NO $r :EB% $7 !$$= $l$r I>2A $7 !$ Ey!9 $r1J1s $KB3 $1$k$3 $H $@$m$&!# $? $$ $F$$ $N>l9g!$ 7QB3 $O !$ %f!<%6 $N%3 !< %I $, 5, Dj$9 $kF0 :n$r4^$s$G $$ $k !# $?$H$( $P !$7k2L$r <u$1 <h $j !$ $"$k %m!<%+ %kJQ?t $K3JG<$5 $l$F$$$kCM $G$= $l$r>h;; $7 !$ 7 $r 2C ;; $7 !$$=$N Ez$($r%H %C %W !& %l %Y%k $N 7QB3$K M?$($F 0u ;z$5$; $k !$$H $$ $&7QB3$K $*$1 $k$h $& $K$G $" $k !#DL>o !$ $3$l$i $N JW :_$9$k 7QB3$O IqBfN"$K 1#$5$l $F $*$j!$ %W %m %0 %i %^$O$=$l $K $D $$$F$" $^$j 9M$($J $$ !# $7 $+$7 !$$^ $l$K $O%W %m %0 %i %^$, 7Q B3$r M[$K <h$j 07 $&I,MW $, $" $j F@ $k!# call-with-current-continuation $O !$ $^ $5 $7 $/8= :_ $N 7QB3$N$h $& $K ?6Iq $&<jB3$-$r B$ $k$3$H$K $h$C$F !$$= $&$9$k$3$H $r Sc heme %W %m %0 %i %^ $K$H $C$F2DG= $K $7 $F$$ $k !# $?$$ $F$$$N %W %m %0 %i%_ %s %0 8@8l $O !$ exit $d return !$ 2L $F $O goto $N$h $& $J L>A0$r$b $D @lMQ$N C& =P%3 %s %9 %H %i %/ %H $r #1 8D0J >e:N$j F~ $l$F $$ $k !$ $7 $+$7 !$ 1965 G/ !$ Peter Landin [16] $O !$ J 1i ;;;R$H 8F $P $l $k HF MQ$N C& =P 1i ;;;R$r H/ L@ $7 $? !# John Reynolds [24] $O !$ $h$jC1=c $@$, F1Ey $K 6/NO $J%3 %s %9 %H %i%/ %H$r 1972 G/$K5-=R $7 $? !# Sussman $H Steele $, 1975 G/HG Scheme Js9p =q $K5-=R $7 $? catch FC<l 7A<0$O !$$=$N L> A0$3$= MacLisp $K $" $kHF MQ @-$N Nt$k%3%s %9 %H %i %/ %H $K M3 Mh $7 $F $$ $k$, !$ Reynolds $N%3%s %9 %H %i %/ %H $H @5 3N $K F1 $8 $G $" $k !#2??M$+ $N Scheme <B Au <T$, !$ catch %3%s %9%H %i %/ %H $N 40 A4$J 6/NO$5$r !$FC<l$J 9= J8$N%3%s %9 %H %i %/ %H$K $h$C$F$G $O$J $/<j B3$-$K $h$C$F MQ0U$G $- $k$3$H$K 5$IU$- !$$= $7 $F $=$N L> A0 call-with-current-continuation $, 1982 G/ $K $D $/ $j =P $5 $l$?!# $3 $NL>A0 $O@bL@ E* $@ $, !$ $3$N $h$& $JD9 $$L> A0 $NMx E@ $K$D $$ $F $O0U8+ $NAj0c $,$"$j!$0lIt $N?M !9 $O call/cc $H$$ $&L>A0 $r $+$o$j$K;H$C $F$$$k !# (values obj : : : ) <jB3$- $=$N 7QB3$K 0z ?t$r $9$Y $F 0z$- EO$9!# call-with-values <j B3 $- $, B$ $C $?7Q B3 $r=| $-!$ $9 $Y $F $N7QB3 $O@53N $K#18D $NCM $r <u $1 <h$k !# values $O <!$N$h $& $K Dj5A$5 $l F@$k : (define (values . things) (call-with-current-continuation (lambda (cont) (apply cont things)))) (call-with-values pr o duc er c onsumer ) <jB3$- pr o duc er 0z?t $rL50z?t $G8F $S =P $7 !$ $= $7 $F 7QB3 $r8F $S =P$9!# $3 $N7QB3 $O !$ $$$/ $D $+$NCM $, EO$5 $l$?$H$-!$ $= $l$i$NCM $r0z ?t $H $7 $F c onsumer <jB3 $- $r8F $S =P$9!# c onsumer $X$N8F=P $7 $K BP $9 $k7Q B3$O !$ call-with-values $X $N 8F =P $7 $N 7Q B3 $G$" $k !# (call-with-values (lambda () (values 4 5)) (lambda (a b) b)) = ) 5 (call-with-values * -) = ) -1 (dynamic-wind b efor e thunk after ) <jB3$- thunk $rL5 0z ?t $G8F $S=P $7 !$ $= $N 8F =P $7$N7k 2L $rJV $9 !# b efor e $H after $b !$<! $N 5, B’$, MW 5a $9 $k $H $* $j $K !$L5 0z ?t $G 8F $S =P$5 $l $k ( call-with-current-continuation $r ;H$C $F $H $i $($i$l $? 7QB3$X $N 8F =P $7 $H $$ $&$b$N$, $J$1$l$P !$$3$N ;0 $D $N 0z ?t $O $= $l $> $l #1 2s $: $D =g $K 8F$S =P $5 $l $k $3 $H $K Cm 0U$; $h ) !# b efor e $O !$$$$D$G $"$l <B 9T$, thunk $X $N 8F=P $7 $N F0 E* <w L?$K F~ $k ;~$K 8F $S =P $5$l !$ after $O !$$$ $D$G $" $l $=$N F0E* <w L? $, =*$o $k ;~$K 8F $S =P$5$l $k !#<jB3$- 8F =P $7 $N F0 E* <w L? (dynamic extent) $H $O !$8F =P $7 $, 3+ ;O $5$l $k ;~$+ $i 8F =P$7 $, La $k ;~ $^ $G $N 4| 4V$G $" $k !# Sc heme $G $O !$ call-with-current-continuation $, $"$k $? $a!$ 8F =P $7 $N F0E*<wL? $O I, $: $7 $bC10l$N!$O"B3 $7 $? ;~4V$N4|4V $G $O$J$$ !# $= $l$O <!$N$h$& $K Dj5A$5 $l $k : � 8F $S =P$5$l $? <j B3$-$N K\BN$, ;O $^$k ;~ !$$=$N F0E* <w L? $K F~$k !# � ( call-with-current-continuation $r;H $C $F ) F0 E* <w L?$N 4|4V Cf$K$H$i $($i$l $? 7QB3 $, !$<B9T $, $= $N F0 E*<w L?$NCf $K$J$$$H$- $K 5/F0$5 $l$?$J$i $P !$ $=$N;~$b$^$?!$ $=$N F0E*<wL? $K F~$k !# � 8F $S =P$5 $l$? <jB3$- $, La$k;~!$ $=$NF0E* <wL? $O =* $o$k !# � F0E* <w L?$N 4|4V 30$K$H$i $($i$l $? 7QB3 $, !$<B9T $, $= $N F0E* <wL?$N Cf $K $" $k$H $-$K 5/F0$5$l $?$J$i$P !$ $=$N ;~ $b$^$? !$$=$NF0E*<wL? $O =* $o $k !# $b $7 $b dynamic-wind $X$N Fs EYL\$N8F =P $7$, !$ thunk $X $N 8F=P $7 $N F0 E* <wL?$N 4|4V Cf$K =P 8= $7 !$ $= $7 $F $3$l $i Fs$D $N dynamic-wind $N 5/ F0$K M3 Mh$9 $k Fs $D$N after $,$I $A$i $b 8F $S =P$5 $l $k$h $& $K 7QB3 $, 5/F0$5 $l$?$J$i $P !$$=$N $H$-$O !$ dynamic-wind $X $N Fs EY L\$N ( Fb B& $N ) 8F =P $7 $K BP 1~ $9 $k after $N J} $, :G=i $K 8F $S =P$5 $l $k !# $b $7 $b dynamic-wind $X$N Fs EYL\$N8F =P $7$, !$ thunk $X $N 8F=P $7 $N F0 E* <wL?$N 4|4V Cf$K =P 8= $7 !$ $= $7 $F $3$l $i Fs$D $N dynamic-wind $N 5/ F0 $K M3Mh$9$k Fs$D$N b efor e $, $I $A$i$b 8F $S =P$5 $l $k$h $& $K 7QB3 $, 5/F0$5 $l$?$J$i $P !$$=$N $H$-$O !$ dynamic-wind $X $N 0l EY L\$N ( 30 B& $N ) 8F =P $7 $K BP 1~ $9 $k b efor e $N J} $, :G=i$K8F $S =P$5 $l $k !# $b $7 $b !$$"$k 7Q B3$N 8F =P $7 $, !$ dynamic-wind $X $N 0l$D $N 8F=P $7 $K M3Mh$9$k b efor e $H !$$b$&0l$D$N8F=P $7 $K M3Mh$9$k after $N!$ Fs $D $N 8F =P $7$rMW 5a $9 $k $J $i $P !$ $= $N $H $- $O!$ after $N J} $, :G=i $K 8F $S =P$5 $l $k !# $H$i$( $i $l$?7QB3 $r;H $C $F!$ b efor e $^$? $O after $X$N8F=P $7 $NF0E* <w L? $KF~$k $^ $? $O$= $l$r=* $($k $3 $H $N8z2L $O!$ L$ 5,Dj $G $"$k !# (let ((path ’()) (c #f)) (let ((add (lambda (s) (set! path (cons s path))))) (dynamic-wind (lambda () (add ’connect)) (lambda ()

34 Revised 5 Scheme (add (call-with-current-continuation (lambda (c0) (set! c c0) ’talk1)))) (lambda () (add ’disconnect))) (if (< (length path) 4) (c ’talk2) (reverse path)))) = ) (connect talk1 disconnect connect talk2 disconnect) 6.5. Eval (eval expr ession envir onment-sp e ci�er ) <jB3$- expr ession $r !$;X Dj$5$l$? 4D 6- $K $* $$$F I>2A $7 !$$=$N CM$r JV$9!# expr ession $O !$ %G !<%?$H$7 $F I=8= $5$l $? 0l $D$N BE Ev $J Sc heme <0 $G$J$1 $l $P $J$i$:!$ envir onment-sp e ci�er $O !$ 0J 2< $K5-=R $9$k ;0 $D $N<jB3 $- $N$& $A $N0l $D $K$h $C $FJV $5 $l$? CM $G$J $1 $l $P$J$i$J$$!# <B Au $O eval $r !$ Bh #10z?t $H $7 $F <0 0J30 $N %W %m %0 %i%‘ ( Dj5A ) $r 5v $7 $?$j!$ 4D6- $H $7 $F B>$NCM $r 5v $9$h$& $K3HD% $7 $F$b$h$$ $, !$ <! $N@)Ls $, H< $& : eval $K$O !$ null-environment $^ $?$O scheme-report-environment $H7k 9g $7 $?4D6- $K$* $$ $F!$ ?7 $7 $$B+G{ $rB$ $k $3 $H $O5v $5 $l$F $$$J$$ !# (eval ’(* 7 3) (scheme-report-environment 5)) = ) 21 (let ((f (eval ’(lambda (f x) (f x x)) (null-environment 5)))) (f + 10)) = ) 20 (scheme-report-environment version ) <jB3$- (null-environment version ) <jB3$- version $O !$@5 3N @0 ?t 5 $G $J $1 $l$P $J $i $J $$ !# $3 $N ?t$O !$ Sc heme Js9p=q$N$3$N HG (the Revised 5 Rep ort on Scheme) $K BP 1~ $7 $F $$ $k !# scheme-report-environment $O !$$3$N Js 9p =q$G Dj 5A $5$l $F $$ $k $9 $Y $F $N B+ G{ | MW 5a $5$l $F $$ $k $+ !$$"$k$$$O >JN, 2D G=$@$, <B Au$K $h$C$F%5%] !< %H $5$l $F $$ $k | $r =| $$ $F 6u$G $" $k 4D 6- $N ;X Dj ;R (sp eci�er) $r JV $9!# null-environment $O !$ $3$N Js9p =q$G Dj 5A$5$l $F $$ $k $9$Y $F$N 9= J8%- !<%o !< %I | MW 5a$5$l $F $$ $k$+ !$ $" $k$$$O >J N,2D G= $@$, <B Au$K$h $C$F%5%] !< %H $5$l $F $$ $k | $r =|$$$F 6u$G$" $k4D6- $N;XDj;R$rJV$9!# $3$N Js 9p =q$N 2a 5n$N HG$K %^%C%A$9 $k 4D6-$r ;XDj $9 $k$?$a$K B>$NCM$N version $r ;H $& $3$H $b$G $- $k$, !$$=$N%5%] !< %H $O MW5a$5 $l $F$$$J $$ !# $b $7 $b version $, 5 $G $b$J $/ !$ <BAu $K $h$C$F%5%] !< %H $5$l $F $$ $k B>$N CM$G$b $J$1$l$P !$<BAu$O %( %i!<$rDLCN$9$k $@ $m $& !# scheme-report-environment $K$* $$ $F B+ G{ $5 $l $F $$ $k JQ ?t ( $? $H $( $P car ) $X!$ ( eval $r;H $C $F ) BeF~ $r $9 $k $3 $H $N8z 2L $O L$5,Dj $G$"$k!# $7 $? $,$C $F!$ scheme-report-environment $K $h$C$F;XDj$5 $l $k4D6- $O !$=q49 $(IT2DG= $G$"$C$F$b$h$$!# (interaction-environment) >JN,2DG=<jB3$- $3$N<jB3 $- $O!$ <B Au Dj 5A $NB+ G{ $r4^$‘ 4D6- | E5 7? E* $K $O$3 $N Js9p =q $K$*$$ $F%j%9 %H $5 $l$?4D6- $N!$ $"$k %9 !< %Q !< %; %C %H | $N ;X Dj ;R$r JV$9!# $=$N 0U ?^$O !$%f!< %6$, F0 E*$K BG 80 $7 $? <0 $r <B Au $, I> 2A$9 $k$H $-$N 4D 6-$r !$$3$N <j B3$-$, JV$9$3 $H$G $"$k !# 6.6. F~NO $H =PNO 6.6.1. %] !< %H %] !< %H (p ort) $O !$F~NO (input) $H =P NO (output) $N AuCV$r I=8= $9$k!# Sc heme $K$H $C $F!$ F~NO %]!< %H $H$OJ8;z $r%3%^ %s %I $X G[Aw$G $- $k Scheme %* %V %8 %’ %/ %H $G $" $j!$=PNO %] !< %H $H$O J8;z $r <uM} $G$-$k Scheme %* %V%8 %’ %/ %H $G$" $k !# (call-with-input-file string pr o c ) %i %$ %V %i %j<jB3$- (call-with-output-file string pr o c ) %i %$ %V %i %j<jB3$- string $O !$0l $D $N %U%! %$ %k $r ;X L> $9 $k J8 ;z Ns$G $" $k $3 $H !# $=$7 $F !$ pr o c $O !$ #1 8D $N 0z ?t $r $H $k <j B3 $- $G $" $k $3 $H !# call-with-input-file $G$O !$ %U %!%$ %k $, 4{B8 $G$"$k $3 $H !# 0lJ}!$ call-with-output-file $G$O !$ %U %! %$ %k $,4{B8 $@$C $?$H$-$N8z2L $O L$5,Dj $G$"$k !# $3 $l$i$N<jB3$- $O pr o c $r#1 8D$N 0z ?t | ;XL>$5$l $? %U%! %$ %k$r F~ NO$^$?$O =PNO$N $?$a$K 3+$/ $3 $H $K$h $C $FF@ $i $l$? %]!< %H | $H $H$b $K8F $S =P$9 !# $b $7 $b%] !< %H $r 3+ $/$3$H$, $G $-$J $$$J$i$P !$%(%i !<$, DLCN$5$l $k !# pr o c $, La$k$H$-$K$O !$ %] !< %H$, <+F0E*$K JD $8 $i$l !$$= $7 $F pr o c $, $b$?$i $7 $? CM $, JV$5$l $k !# $b $7 $b pr o c $, La $i $J $$$J $i $P !$ %]!< %H$O !$ $= $l$, read $^$? $O write 1i;; $KFs EY $H:F $S ;H $o $l$J$$ $H>ZL@ $G$- $J $$8B $j !$ <+ F0 E* $KJD $8 $i $l $k$3$H$O$J$$ !# :,5r : Scheme $N C&=P<jB3$-$O L54|8B$N <wL?$r$b$D$+$i !$8=:_$N 7QB3 $+ $iC&=P $7 $?8e $G$b!$ :F $S$=$NCf $KLa$k $3 $H $,$G$-$k!# $b $7 $b <BAu $, !$8=:_$N 7Q B3$+$i$N $I $N C& =P$K$*$$ $F%] !< %H $r JD $8 $k$3$H $K $7 $F $b$h$+$C$?$H $7 $?$i !$ call-with-current-continuation $r !$ call-with-input-file $^$? $O call-with-output-file $H $H $b$K ;H $&%]!< %? %V %k $J %3 !< %I $r =q$/$3$H$O !$IT 2DG=$K$J $C$?$@ $m $&!# (input-port? obj ) <jB3$- (output-port? obj ) <jB3$- $=$l $>$l !$$b $7 obj $, F~NO%]!< %H $^$?$O =PNO%] !< %H $J$i $P #t $r JV $7 !$$=$& $G$J$1 $l $P #f $r JV$9!# (current-input-port) <jB3$- (current-output-port) <jB3$- 8=:_$N %G %U%)%k %H $N F~NO %]!< %H $^$?$O =PNO %]!< %H$r JV$9!#

6. I8=‘<jB3$- 35 (with-input-from-file string thunk ) >JN,2DG=<jB3$- (with-output-to-file string thunk ) >JN,2DG=<jB3$- string $O !$0l $D $N %U%! %$ %k $r ;X L> $9 $k J8 ;z Ns$G $" $k$3 $H !# $=$7 $F !$ thunk $O !$0z ?t $r $H $i $J $$ <j B3 $- $G $" $k $3 $H !# with-input-from-file $G$O!$ %U %! %$ %k $, 4{B8 $G$"$k $3 $H!# 0lJ}!$ with-output-to-file $G$O !$ %U %! %$ %k $, 4{B8 $@$C $? $H$- $N8z 2L $OL$5, Dj $G$"$k!# F~NO $^ $? $O=PNO $N $?$a $K%U %!%$ %k$, 3+$+$l !$$= $l$K @\ B3$5$l $? F~NO%] !< %H $^$?$O =P NO%]!< %H $,!$ current-input-port $^ $? $O current-output-port $K$h$C $FJV$5 $l$k ( $+$D (read) !$ (write obj ) $J $I $G ;H$o $l$k ) %G%U%) %k %H CM$X $H;EN) $F $i $l!$ $= $7 $F thunk $, L50z?t $G8F $S =P$5 $l $k!# thunk $, La$k $H$- $K $O!$ %]!< %H $, JD $8$i$l $F0J A0 $N %G%U %) %k %H$,2sI| $5 $l $k!# with-input-from-file $H with-output-to-file $O !$ thunk $, $b$?$i$7 $? CM$r JV $9 !# $b $7 $bC&=P <jB3 $- $, !$ $3 $l$i$N<j B3 $- $N7Q B3 $+ $iC&=P$9 $k $? $a $K;H $o $l$k $J $i $P !$ $3 $l$i$N<j B3 $- $N?6 Iq $O<BAu 0M B8 $G$" $k !# (open-input-file �lename ) <jB3$- 4{B8 $N%U %! %$ %k$r;XL>$9 $kJ8 ;zNs $r<h$j !$ $= $7 $F !$ $= $N %U %! %$ %k $+$i$NJ8 ;z $rG[Aw $G$-$k F~NO %]!< %H$r JV$9 !# $b $7 $b%U %! %$ %k$r 3+$/$3$H $,$G$-$J$$$J$i $P !$%(%i!< $, DLCN$5 $l $k !# (open-output-file �lename ) <jB3$- ?7B$$5 $l $k =PNO%U%! %$ %k$r;X L>$9$kJ8;zNs$r <h$j !$ $= $7 $F !$ $=$N L> A0$r IU$1$i$l $? 0l$D$N ?7 $7 $$%U%! %$ %k$X $H J8;z$r =q $/ $3 $H$N $G$-$k =P NO %]!< %H$r JV$9 !# $b $7 $b%U %!%$ %k$r3+$/ $3 $H $, $G $- $J $$$J$i$P !$ %(%i !<$, DL CN$5$l $k !#$b $7 $b M?$($i $l$?L>A0 $r $7 $?%U %!%$ %k $,4{B8 $J $i $P !$ $= $N8z2L $OL$5,Dj $G $"$k !# (close-input-port p ort ) <jB3$- (close-output-port p ort ) <jB3$- p ort $H 7k9g $7 $?%U%! %$ %k$rJD $8 $F !$ p ort $, J8;z $rG[Aw$^$? $O <uM}$G$-$J$$$h $& $K$9 $k !# $3$l$i$N%k !<%A %s$O !$$b $7 $b %U %! %$ %k $, 4{ $K JD $8 $i$l$F$$$k$J$i $P !$ $J $s$N 8z2L$b $J$$ !# JV $5 $l $kCM $O L$5,Dj $G$" $k !# 6.6.2. F~NO (read) %i %$ %V %i %j<jB3$- (read p ort ) %i %$ %V %i %j<jB3$- read $O Sc heme %* %V%8 %’ %/ %H$N30 It I= 8= $r %* %V%8 %’ %/ %H$= $l <+ ?H $X $HJQ49 $9 $k!# $D $^ $j !$ read $O !$ Hs =*C< 5- 9f < %G !<%? > $KBP$9 $k %Q !< %5 $G$" $k (7.1.2 @a $H 6.3.2 @a $r;2 >H ) !# read $O !$ M? $($i $l$? F~NO p ort $+$i <! $K%Q!< %92DG= $J%* %V %8%’ %/ %H $r JV $7 !$ $= $7$F$=$N %* %V%8%’%/ %H$N30ItI= 8= $N=* $o$j $r2a $. $F :G=i $NJ8;z$r;X$9$h $& $K p ort $r 99?7$9$k !# $b $7 $b%* %V %8 %’ %/ %H $N @hF,$K$J $j F@ $kJ8 ;z $, 8+ $D$+ $k A0$K F~NO $NCf$G end of �le ( %U%! %$ %k$N=*$o$j ) $K =P2q$C$?$J$i $P !$ end of �le %* %V %8 %’%/ %H$, JV$5 $l $k !# %] !< %H$O 3+$$$? $^$^ $G$"$j !$ 99 $K read $7 $h $& $H;n$_$k $H$^ $? end of �le %* %V %8%’%/ %H$, JV $5 $l $k $3 $H $K$J$k!# $b $7 $b%* %V%8%’%/ %H$N 30 ItI=8=$N @hF,$N 8e $G end of �le $K =P2q$C$? $, !$$=$N 30ItI= 8= $, $^$@ 40 N; $7 $F $$$J $$$? $a %Q!< %92D G=$G$J $$$J $i$P !$ %( %i!< $, DLCN$5 $l $k !# p ort 0z ?t $O>J N, 2D $G $" $j !$ >J N, ;~ CM $O current-input-port $NJV$9CM $G$"$k!# JD $8 $?%]!< %H$+$i read $9$k $3$H $O%(%i!< $G $"$k !# (read-char) <jB3$- (read-char p ort ) <jB3$- F~NO p ort $+$i <! $K F~<j2DG= $JJ8;z $rJV $7 !$ $= $7 $F $=$N<! $K Mh $k J8 ;z $r;X $9 $h$& $K p ort $r99?7 $9 $k!# $b $7$b!$ $b$& J8 ;z $, F~<j 2D G= $G $J $$ $J $i $P !$ end of �le %* %V%8%’ %/ %H $, JV $5 $l$k!# p ort $O >JN,2D $G$"$j !$ >J N,;~ CM $O current-input-port $N JV$9CM $G$"$k !# (peek-char) <jB3$- (peek-char p ort ) <jB3$- F~ NO p ort $+ $i <!$K F~ <j 2D G= $J J8 ;z$r JV $9!# $?$@$7 !$$=$N <! $K Mh $kJ8 ;z$r;X$9$h $& $K p ort $r 99?7$9 $k$3$H$O $7 $J$$ !# $b $7 $b !$$b $&J8 ;z$, F~<j 2D G=$G$J $$$J$i$P !$ end of �le %* %V %8 %’ %/ %H$, JV$5$l $k !# p ort $O >J N,2D$G$" $j!$ >JN,;~CM$O current-input-port $NJV$9CM$G$"$k !# Cm : peek-char $r 8F $S =P $9$H !$ $=$l $H F1 $8 p ort $r 0z ?t$H $9 $k read-char $X $N 8F =P $7 $, JV $7 $? $O$: $N CM$H !$F1 $8 CM$, JV$5$l $k !# M#0l $N0c $$ $O !$ <! 2s $= $N p ort $G read-char $d peek-char $r8F $S =P$9 $H!$ $= $l$K@h9T$9$k peek-char $X$N8F=P $7$, JV $7 $? CM $, JV$5 $l $k!$ $H $$$& $3 $H $G$" $k!# $H $j $o $1!$ BP OCE* %]!< %H$G$N peek-char $X$N8F=P $7$O !$ $=$N %]!< %H$G$N read-char $X$N8F=P $7$, F~NOBT$A $G %O%s %0 $9$k$3$H$K$J$k$H$-$O$$$D$G$b%O%s %0 $9$k$@$m $&!# (eof-object? obj ) <jB3$- $b $7 obj $, end of �le %* %V%8%’%/ %H$J$i $P #t $rJV $7 !$ $=$& $G$J$1$l $P #f $r JV$9!# end of �le %* %V%8 %’ %/ %H $N @:3N $J =8 9g $O<BAu $K$h$C $F0[ $J$k $@$m $& $, !$ $$ $: $l$K$;$h!$ $I $N end of �le %* %V%8 %’ %/ %H $b !$ read $r ;H$C$FFI $‘ $3$H$N$G$-$k%* %V %8 %’ %/ %H$G $"$k$3$H$O 7h $7 $F$J $$ !# (char-ready?) <jB3$- (char-ready? p ort ) <jB3$- $b $7 F~ NO p ort $G J8 ;z $, =‘ Hw$G $-$F $$ $k$J$i$P #t $r JV $7 !$ $= $& $G$J $1$l $P #f $r JV$9!# $b $7 char-ready $, #t $r JV$9 $J$i$P !$$=$N$H$-$=$N p ort $G $N <!2s$N read-char 1i;;$O %O %s %0 $7 $J$$$HJ]>Z $5 $l$F$$$k !# $b $7 p ort $, end of �le $K $"$k$J $i $P !$ $= $N$H$- char-ready? $O #t $r JV$9!# p ort $O >JN,2D $G$"$j !$ >JN,;~CM $O current-input-port $N JV$9CM $G $"$k !# :,5r : char-ready? $O !$ %W %m %0 %i%‘ $,F~NOBT$A $G;_$^ $C $F $7 $^$& $3$H$J $/BP OCE*%] !< %H$+ $i J8;z$r <uM}$G $- $k$h $& $K $9 $k$?$a$K B8

36 Revised 5 Scheme :_ $9 $k!# $J $s $G$" $l$=$N $h$& $J %]!< %H$K7k9g $7 $F$$$kF~ NO %( %G %# %? $O!$ $$$C $? $s char-ready? $K $h$C $FB8:_ $rI=L@ $5 $l$? J8;z $,JT=8 $K $h$j >C 5n$5$l F@$J $$$3$H$r !$J]>Z $7 $J$1$l$P $J$i $J $$ !# $b $7 2> $K char-ready? $, end of �le $G #t $r JV$9 $H $7 $?$J$i $P !$ end of �le $K $"$k %]!< %H$O !$ J8;z $, =‘Hw $G$-$F$$ $J$$BPOC E* %]!< %H$H 8+J, $1$, $D $+$J $/$J$C$F $7 $^$C$?$3$H $@ $m $& !# 6.6.3. =PNO (write obj ) %i %$ %V %i %j<jB3 $- (write obj p ort ) %i %$ %V %i %j<jB3$- obj $N I=5-I=8=$r !$M? $($i $l $? p ort $X =q$/!# $3$N I=5-I=8= $NCf $K8= $l $kJ8 ;z Ns $OFs=E 0z MQId $K0O$^ $l !$ $= $7 $F$=$NJ8 ;z Ns $NFbIt $G $O5U%9 %i %C %7 %e $HFs=E0z MQ Id $O5U%9 %i %C %7 %e $G%( %9 %1!< %W $5 $l$k !# J8;z %* %V%8 %’%/ %H$O #\ 5-K! $r;H$C $F=q $+ $l $k !# write $O L$ 5,Dj$NCM$r JV$9!# p ort 0z ?t $O >JN,2D$G$" $j !$>JN,;~CM $O current-output-port $N JV$9CM $G$" $k !# (display obj ) %i %$ %V %i %j<jB3$- (display obj p ort ) %i %$ %V %i %j<jB3$- obj $NI=8= $r!$ M? $( $i $l$? p ort $X=q $/ !# $3 $NI= 5- I= 8= $NCf $K 8= $l$kJ8;z Ns $OFs=E 0z MQId $K0O$^ $l$:!$ $= $7$F$=$NJ8 ;zNs $N Fb It $G $O $I$NJ8 ;z $b %(%9 %1 !< %W$5 $l $J $$!# J8 ;z %* %V %8 %’ %/ %H $O $3 $N I= 8= $N Cf $K $" $? $+ $b write $G $O $J$/ write-char $G=q $+ $l$? $+$N $h$& $K8= $l$k !# display $O L$5, Dj $NCM $rJV $9 !# p ort 0z ?t $O>J N, 2D $G$" $j !$ >J N, ;~ CM $O current-output-port $N JV$9CM $G$" $k !# :,5r : write $O 5!3#2D FI$J=PNO$r @8@.$9$k$?$a$K$" $j!$ display $O?M 4V 2D FI $J =P NO $r@8 @. $9 $k $? $a $K$" $k!# %7 %s %\ %k$N Cf $K \slashi�- cation" $r 5v$9<BAu $O !$ %7 %s%\%k$NCf $K$"$k4qL/ $JJ8;z $r slashify $9$k$3$H$r !$$*$=$i $/ write $K $O K> $‘ $, display $K$O K>$^$J$$ $@ $m $& !# (newline) %i %$ %V %i %j<jB3$- (newline p ort ) %i %$ %V %i %j<jB3$- end of line $r p ort $X =q$/ !# @53N $J$H$3$m!$ $3 $l$, $I $N$h $& $K $J $5$l $k$N$+ $O %* %Z%l !<%F %# %s%0 !&%7 %9%F %‘ $4 $H $K 0[$J $k!#L$5,Dj$N CM$r JV$9!# p ort 0z ?t$O >JN, 2D$G$" $j!$ >JN,;~ CM $O current-output-port $N JV$9CM $G$" $k !# (write-char char ) <jB3$- (write-char char p ort ) <jB3$- J8;z char ( J8;z$N 30It I=8=$G$O $J $/J8 ;z$=$l <+BN ) $r !$M? $( $i $l$? p ort $X =q $-!$ L$ 5,Dj $NCM $rJV$9 !# p ort 0z?t $O >JN, 2D $G $" $j!$ >JN, ;~ CM$O current-output-port $N JV$9 CM$G $"$k !# 6.6.4. %7 %9%F%‘!& %$ %s %?%U%’!<%9 %7 %9 %F%‘ !& %$ %s%?%U %’ !<%9 $NLdBj $O0lHL $K$3 $NJs9p =q $NHO0O $r 1[ $( $F$$$k!# $7 $+ $7 !$ 2<5- $N1i;; $O$3 $3 $K5-=R $9$k $@$1$N =EMW@- $, $"$k !# (load �lename ) >JN,2DG=<jB3$- �lename $O Scheme %=!< %9!&%3!< %I $r FbMF$H$9$k 4{B8$N%U %! %$ %k $r ;X L> $9 $k J8 ;z Ns$G $" $k $3 $H !# load <j B3 $-$O $= $N %U%! %$ %k$+$i <0$H Dj 5A$r FI$s$G C‘ <! E*$K I> 2A$9 $k !#<0$N7k 2L$, 0u ;z $5$l $k$+ $I $&$+$O L$ 5, Dj$G $" $k !# load <j B3 $-$O current-input-port $H current-output-port $N $I $A$i $N JV $9 CM$K $b 1F 6A$r $* $h$\ $5$J $$ !# load $O L$ 5, Dj $N CM$r JV$9!# :,5r : %] !<%? %S %j%F%# $N$? $a!$ load $O%=!<%9 !& %U %!%$ %k$K$D$$ $F 1i;; $7 $J$1 $l $P$J$i$J$$!# B> $N<oN‘ $N%U %! %$ %k$K$D $$ $F$N load 1i ;; $O I,A3E* $K <BAu4V $G 0[$J$k!# (transcript-on �lename ) >JN,2DG=<jB3$- (transcript-off) >JN,2DG=<jB3$- �lename $O B$$i $l $k =P NO %U%! %$%k $r ;X L> $9 $k J8 ;z Ns $G $J $1 $l $P $J $i $J $$ !# transcript-on $N 8z 2L$O !$;X L> $5$l $? %U%! %$ %k$r =P NOMQ$K 3+ $/$3$H !$$= $7 $F %f !< %6$H Scheme %7 %9%F %‘$H $G 8r$o $5$l $k$=$l 0J 9_ $N BP OC $N <L $7 (transcript) $, $=$N %U%! %$ %k$X =q$+$l $k$h $&$K $9 $k$3$H$G $" $k !#<L $7 $O transcript-off $r 8F $S =P $9 $3 $H $K$h $C $F=* $o$k!# $3 $l $O<L $7 $N%U %! %$ %k $rJD $8 $k!# $$$D $G$b $? $C $?0l $D $N<L $7$@$1 $, ?J 9T $G$-$k $, !$ <B Au $O $3$N@) 8B $r4KOB $7 $F$h$$!# $3 $l$i$N<jB3 $-$N JV$9CM $O L$5,Dj $G$"$k !#

7. 7A<0E*$J9=J8$H0UL#O@ 37 7. 7A<0E*$J9=J8 $H 0UL#O@ $3$N >O$O$3 $N Js9p =q$N$3$l $^$G $N >O$G Hs7A <0 E*$K 5- =R$5$l $F$-$?$3$H$N7A<0E*$J5-=R$rM?$($k !# 7.1. 7A<0E*9=J8 $3$N @a$O 3H D% BNF $G =q$+$l $? Scheme $N 7A<0 E*9= J8$r Dj $a$k !# J8K! $K$*$1$k$9$Y $F$N %9 %Z!<%9 $OFI$_$d$9$5 $N$?$a $K$"$k !# 1QBg J8 ;z$H 1Q >. J8 ;z$O 6h JL $5$l $J $$ !# $?$H $($P !$ #x1A $H #X1a $O Ey2A $G$" $k !# < 6u > $O 6uJ8;zNs $r I=$9!# 5- =R $r 4J 7i $K $9 $k $? $a BNF $X $N 2< 5- $N 3H D% $r ;H $& : < $J $K$+ > * $O < $J $K$+ > $N 0 8D 0J >e $N =P 8= $r 0U L# $7 !$ < $J $K$+ > + $O >/$J$/$H$b 1 8D$N < $J$K$+ > $r 0UL#$9$k !# 7.1.1. ;z6g9=B$ $3$N@a $O8D !9 $N %H !< %/ %s ( <1JL;R $d?t$J $I ) $, J8;z$NNs $+$i $I $N $h $& $K $D $/$i$l $k$+$r 5- =R$9 $k !#B3$/ 3F @a$O <0$H %W %m %0 %i %‘$,%H !< %/ %s $N Ns$+$i $I $N $h $& $K $D $/ $i$l $k$+$r 5- =R $9$k!# < %H !<%/ %s 4V%9%Z!<%9 > $O G$0U $N %H !<%/ %s$N :81& $I $A$i$NB& $K$b =P8= $G$- $k $, !$ %H !<%/ %s$N FbB& $K$O =P8= $G$-$J$$ !# 0EL[ $N=*;_ $rMW5a$9 $k %H !< %/ %s ( <1JL;R!$ ?t!$ J8;z!$ $*$h $S %I %C %H ) $O G$0U $N < 6h@Z$jJ8;z > $K $h$C$F=*;_ $G$-$k $, !$ $= $l 0J30$N$b$N $G$O I, $: $7 $b =*;_ $G$- $k$H $O 8B $i$J$$ !# <! $K 5s $2 $k 8^$D $N J8 ;z$O 8@ 8l$X$N >-Mh$N 3H D%$N$? $a$K M= Ls $5 $l$F$$ $k : [ ] { } | < %H !<%/ %s > � ! < <1JL;R > j < %V !< %j %" %s > j < ?t > j < J8;z > j < J8;zNs > j ( j ) j #( j ’ j � j , j ,@ j . < 6h@Z $jJ8;z > � ! < 6uGr > j ( j ) j " j ; < 6uGr > � ! < %9%Z!<%9$^$? $O 2~9T > < Cm<a > � ! ; h 9TKv$^$G$N$9$Y$F$N8eB3$9$kJ8;z i < %" %H %b %9%U %# %" > � ! < 6uGr > j < Cm<a > < %H !<%/ %s 4V%9%Z!<%9 > � ! < %" %H %b %9%U %# %" > * < <1JL;R > � ! < F,J8;z > < 8eB3J8;z > * j < FHFC$J<1JL;R > < F,J8;z > � ! < 1Q;z > j < FC<lF,J8;z > < 1Q;z > � ! a j b j c j ... j z < FC<lF,J8;z > � ! ! j $ j % j & j * j / j : j < j = j > j ? j ^ j _ j ~ < 8eB3J8;z > � ! < F,J8;z > j < ?t;z > j < FC<l8eB3J8;z > < ?t;z > � ! 0 j 1 j 2 j 3 j 4 j 5 j 6 j 7 j 8 j 9 < FC<l8eB3J8;z > � ! + j - j . j @ < FHFC $J<1JL;R > � ! + j - j ... < 9=J8 %-!<%o!< %I > � ! < <0 %-!<%o!< %I > j else j => j define j unquote j unquote-splicing < <0 %-!<%o!< %I > � ! quote j lambda j if j set! j begin j cond j and j or j case j let j let* j letrec j do j delay j quasiquote < JQ?t > � ! h < 9=J8%-!<%o!< %I > $G$J$$G$0U$N < <1JL;R > i < %V !< %j%" %s > � ! #t j #f < J8;z > � ! #\ < G$0U$NJ8;z > j #\ < J8;zL> > < J8;zL> > � ! space j newline < J8;zNs > � ! " < J8;zNsMWAG > * " < J8;zNsMWAG > � ! <" $H \ $r=|$/G$0U$NJ8;z > j \" j \\ < ?t > � ! < 2 ?J?t > j < 8 ?J?t > j < 10 ?J?t > j < 16 ?J?t > < R ?J?t > !$ < R ?JJ#AG?t > !$ < R ?J<B?t > !$ < R ?JL5Id9f<B?t > !$ < R ?JL5Id9f@0?t > !$$*$h$S < R ?J@\F,<- > $K BP$9 $k 2< 5-$N 5,B’ $O R = 2 ; 8 ; 10 ; 16 $K BP $7 $F$=$l $>$l 7+$jJV$5 $l $k$b$N $H $9$k!# < 2 ?J>.?t > !$ < 8 ?J>.?t > !$ $* $h $S < 16 ?J>.?t > $K BP $9 $k 5, B’$O$J $$$, !$$3 $l $O >. ?tE@$d ;X?t It$r$b $D ?t$O ==?J (decimal radix) $G$J$1$l $P $J$i$J $$$3$H$r0UL#$9$k !# < R ?J?t > � ! < R ?J@\F,<- > < R ?JJ#AG?t > < R ?JJ#AG?t > � ! < R ?J<B?t > j < R ?J<B?t > @ < R ?J<B?t > j < R ?J<B?t > + < R ?JL5Id9f<B?t > i j < R ?J<B?t > - < R ?JL5Id9f<B?t > i j < R ?J<B?t > + i j < R ?J<B?t > - i j + < R ?JL5Id9f<B?t > i j - < R ?JL5Id9f<B?t > i j + i j - i < R ?J<B?t > � ! < Id9f > < R ?JL5Id9f<B?t > < R ?JL5Id9f<B?t > � ! < R ?JL5Id9f@0?t > j < R ?JL5Id9f@0?t > / < R ?JL5Id9f@0?t > j < R ?J>.?t > < 10 ?J>.?t > � ! < 10 ?JL5Id9f@0?t > < @\Hx<- > j . < 10 ?J?t;z > + # * < @\Hx<- > j < 10 ?J?t;z > + . < 10 ?J?t;z > * # * < @\Hx<- > j < 10 ?J?t;z > + # + . # * < @\Hx<- > < R ?JL5Id9f@0?t > � ! < R ?J?t;z > + # * < R ?J@\F,<- > � ! < R ?J4p?t@\F,<- > < @53N@-@\F,<- > j < @53N@-@\F,<- > < R ?J4p?t@\F,<- > < @\Hx<- > � ! < 6u > j < ;X?tIt%^!<%+ > < Id9f > < 10 ?J?t;z > + < ;X?tIt%^!<%+ > � ! e j s j f j d j l < Id9f > � ! < 6u > j + j - < @53N@-@\F,<- > � ! < 6u > j #i j #e < 2 ?J4p?t@\F,<- > � ! #b < 8 ?J4p?t@\F,<- > � ! #o < 10 ?J4p?t@\F,<- > � ! < 6u > j #d < 16 ?J4p?t@\F,<- > � ! #x < 2 ?J?t;z > � ! 0 j 1

38 Revised 5 Scheme < 8 ?J?t;z > � ! 0 j 1 j 2 j 3 j 4 j 5 j 6 j 7 < 10 ?J?t;z > � ! < ?t;z > < 16 ?J?t;z > � ! < 10 ?J?t;z > j a j b j c j d j e j f 7.1.2. 30ItI=8= < %G !<%? > $H $O read <j B3 $- (6.6.2 @a ) $, %Q !< %9$K @. 8y $9 $k$b$N$G $" $k !# < <0 > $H $7 $F %Q !< %9$G $- $k J8 ;z Ns$O $9 $Y$F !$ < %G !<%? > $H $7 $F $b%Q!< %9 $G$-$k$3$H $K$J $kE@ $K Cm0U$;$h!# < %G !<%? > � ! < C1=c %G !<%? > j < J#9g %G !<%? > < C1=c %G !<%? > � ! < %V !< %j%" %s > j < ?t > j < J8;z > j < J8;zNs > j < %7 %s%\%k > < %7%s %\%k > � ! < <1JL;R > < J#9g %G !<%? > � ! < %j%9 %H > j < %Y %/%? > < %j%9 %H > � ! (< %G !<%? > * ) j (< %G !<%? > + . < %G !<%? >) j < N,5-7A > < N,5-7A > � ! < N,5-@\F,<- > < %G !<%? > < N,5-@\F,<- > � ! ’ j � j , j ,@ < %Y%/%? > � ! #(< %G !<%? > * ) 7.1.3. <0 < <0 > � ! < JQ?t > j < %j%F%i %k > j < <jB3$-8F=P $7 > j < &K<0 > j < >r7o<0 > j < BeF~ > j < GI@8<0 > j < %^%/%m;HMQ > j < %^%/%m!& %V %m %C%/ > < %j %F%i %k > � ! < 0zMQ > j < <+8JI>2AE* %G !<%? > < <+8JI>2AE* %G !<%? > � ! < %V !< %j%" %s > j < ?t > j < J8;z > j < J8;zNs > < 0zMQ > � ! ’< %G !<%? > j (quote < %G !<%? >) < <jB3 $-8F=P $7 > � ! (< 1i;;;R > < %*%Z%i %s %I > * ) < 1i;;;R > � ! < <0 > < %*%Z%i %s %I > � ! < <0 > < &K<0 > � ! (lambda < 2>0z?tIt > < K\BN >) < 2>0z?tIt > � ! (< JQ?t > * ) j < JQ?t > j (< JQ?t > + . < JQ?t >) < K\BN > � ! < Dj5A > * < Ns > < Ns > � ! < %3 %^ %s %I > * < <0 > < %3%^ %s %I > � ! < <0 > < >r7o<0 > � ! (if < %F %9 %H > < 5"7kIt > < BeBXIt >) < %F%9 %H > � ! < <0 > < 5"7kIt > � ! < <0 > < BeBXIt > � ! < <0 > j < 6u > < BeF~ > � ! (set! < JQ?t > < <0 >) < GI@8<0 > � ! (cond < cond @a > + ) j (cond < cond @a > * (else < Ns >)) j (case < <0 > < case @a > + ) j (case < <0 > < case @a > * (else < Ns >)) j (and < %F %9 %H > * ) j (or < %F %9 %H > * ) j (let (< B+G{;EMM > * ) < K\BN >) j (let < JQ?t > (< B+G{;EMM > * ) < K\BN >) j (let* (< B+G{;EMM > * ) < K\BN >) j (letrec (< B+G{;EMM > * ) < K\BN >) j (begin < Ns >) j (do (< 7+JV $7 ;EMM > * ) (< %F %9 %H > < do 7k2L >) < %3%^ %s %I > * ) j (delay < <0 >) j < =‘0zMQ > < cond @a > � ! (< %F %9 %H > < Ns >) j (< %F%9 %H >) j (< %F%9 %H > => < %l %7 %T %(%s %H >) < %l%7%T %( %s%H > � ! < <0 > < case @a > � ! ((< %G !<%? > * ) < Ns >) < B+G{;EMM > � ! (< JQ?t > < <0 >) < 7+JV $7 ;EMM > � ! (< JQ?t > < =i4|CM > < %9%F%C %W >) j (< JQ?t > < =i4|CM >) < =i4|CM > � ! < <0 > < %9%F%C %W > � ! < <0 > < do 7k2L > � ! < Ns > j < 6u > < %^%/%m;HMQ > � ! (< %-!<%o!< %I > < %G !<%? > * ) < %-!<%o!< %I > � ! < <1JL;R > < %^%/%m!& %V %m%C %/ > � ! (let-syntax (< 9=J8;EMM > * ) < K\BN >) j (letrec-syntax (< 9=J8;EMM > * ) < K\BN >) < 9=J8;EMM > � ! (< %-!<%o!< %I > < JQ49;R;EMM >) 7.1.4. =‘0zMQ =‘0z MQ <0 $KBP $9$k 2< 5- $NJ8 K! $OJ8L.<+ M3 $G$O $J$$!# $3 $l$OL5 8B8D$N @8@. 5,B’$r @8$_ =P$9$? $a $N %l %7%T $H $7 $F M?$($i$l $F $$$k!# D = 1 ; 2 ; 3 ; : : : $K BP$9$k 2<5- $N5,B’ $N%3 %T !<$rA[A| $; $h !# D $O F~ $l ;R$N?<$5 (depth) $r J];}$9$k !# < =‘0zMQ > � ! < =‘0zMQ 1 > < qq %F %s %W%l !< %H 0 > � ! < <0 > < =‘0zMQ D > � ! �< qq %F%s %W%l !< %H D > j (quasiquote < qq %F%s %W%l !< %H D >) < qq %F %s %W%l !< %H D > � ! < C1=c %G !<%? >

7. 7A<0E*$J9=J8$H0UL#O@ 39 j < %j%9 %H qq %F%s %W%l !< %H D > j < %Y%/%? qq %F%s %W%l !< %H D > j < C&0zMQ D > < %j%9 %H qq %F%s %W%l !< %H D > � ! (< qq %F %s %W%l !< %H $^$?$O7Q $. 9g$o$; D > * ) j (< qq %F%s %W%l !< %H $^$? $O 7Q $. 9g$o$; D > + . < qq %F%s %W%l !< %H D >) j ’< qq %F%s %W%l !< %H D > j < =‘0zMQ D + 1 > < %Y%/%? qq %F%s %W%l !< %H D > � ! #(< qq %F %s %W%l !< %H $^$?$O7Q $. 9g$o$; D > * ) < C&0zMQ D > � ! ,< qq %F %s %W%l !< %H D � 1 > j (unquote < qq %F %s %W%l !< %H D � 1 >) < qq %F%s %W%l !< %H $^$? $O 7Q $. 9g$o$; D > � ! < qq %F %s %W%l !< %H D > j < 7Q $. 9g$o$;C&0zMQ D > < 7Q $. 9g$o$;C&0zMQ D > � ! ,@< qq %F %s %W%l !< %H D � 1 > j (unquote-splicing < qq %F %s %W%l !< %H D � 1 >) < =‘0zMQ > $K $*$$ $F!$ < %j%9 %H qq %F %s %W%l !< %H D > $O$H$- $I $- < C&0zMQ D > $^$?$O < 7Q $. 9g $o$; C&0zMQ D > $H J6$i$o $7 $$!# < C&0zMQ D > $^ $? $O < 7Q $. 9g$o$;C&0zMQ D > $H $7 $F$N2r <a $, M%@h$5 $l $k !# 7.1.5. JQ49;R < JQ49;R;EMM > � ! (syntax-rules (< <1JL;R > * ) < 9=J85,B’ > * ) < 9=J85,B’ > � ! (< %Q%?!< %s > < %F %s %W%l !< %H >) < %Q%?!< %s > � ! < %Q%?!< %s <1JL;R > j (< %Q%?!< %s > * ) j (< %Q%?!< %s > + . < %Q%?!< %s >) j (< %Q%?!< %s > * < %Q%?!< %s > < >JN,Id9f >) j #(< %Q%?!< %s > * ) j #(< %Q%?!< %s > * < %Q%?!< %s > < >JN,Id9f >) j < %Q%?!< %s!& %G !<%? > < %Q%?!< %s!& %G !<%? > � ! < J8;zNs > j < J8;z > j < %V !<%j%" %s > j < ?t > < %F %s %W%l !< %H > � ! < %Q%?!< %s <1JL;R > j (< %F %s %W%l !< %H MWAG > * ) j (< %F %s %W%l !< %H MWAG > + . < %F %s %W%l !< %H >) j #(< %F %s %W%l !< %H MWAG > * ) j < %F %s %W%l !< %H !& %G !<%? > < %F %s %W%l !< %H MWAG > � ! < %F %s %W%l !< %H > j < %F %s %W%l !< %H > < >JN,Id9f > < %F %s %W%l !< %H !& %G !<%? > � ! < %Q%?!< %s !& %G !<%? > < %Q%?!< %s <1JL;R > � ! <... $r =|$/G$0U$N<1JL;R > < >JN,Id9f > � ! < <1JL;R ...> 7.1.6. %W %m %0 %i%‘$H Dj5A < %W %m %0 %i %‘ > � ! < %3 %^ %s %I $^$?$O Dj5A > * < %3 %^ %s %I $^$?$O Dj5A > � ! < %3%^ %s %I > j < Dj5A > j < 9=J8Dj5A > j (begin < %3%^ %s %I $^$?$ODj5A > + ) < Dj5A > � ! (define < JQ?t > < <0 >) j (define (< JQ?t > < def 2>0z?tIt >) < K\BN >) j (begin < Dj5A > * ) < def 2>0z?tIt > � ! < JQ?t > * j < JQ?t > * . < JQ?t > < 9=J8Dj5A > � ! (define-syntax < %-!<%o!< %I > < JQ49;R;EMM >) 7.2. 7A<0E*0UL#O@ $3 $N @a $O Scheme $N 86;O <0$H$$ $/$D$+ A* $s$@ AH9~$_ <j B3$- $K BP$9 $k 7A<0 E* $JI= <( E*0U L# O@ $rDj $a$k!# $3 $3 $G;H$& 35 G0 $H 5-K! $O [29] $K 5-=R$5 $l$F $$$k !#5-K! $r2<5-$KMWLs$9$k : h : : : i Ns$N7A@. s # k Ns s $N Bh k MWAG (1 $+$i ?t$($F ) # s Ns s $N D9$5 s x t Ns s $H Ns t $N O"7k s y k Ns s $N :G=i$N k 8D$NMWAG$rMn$H$9 t ! a; b McCarthy $N >r7o<0 \if t then a else b " � [ x=i ] CV49 \ i $N Be $o$j$K x $r ;}$C$? � " x in D %I %a%$ %s D $N Cf$X$N x $N C1<M x j D %I %a%$ %s D $X$N x $N <M1F <0 $N7Q B3 $, C10l $NCM $NBe $o$j $KCM$NNs $r $H$k M}M3 $O!$ <j B3 $- 8F=P $7 $H J# ?t8D$N La$j CM$N 7A <0 E*$J <h07$$$r C1 =c 2=$9 $k$? $a$G$"$k !# %Z%" !$ %Y%/%? !$ $* $h $S J8;zNs $K7k9g $7 $? %V !< %j %" %s$N%U%i %0 $O !$=q49$( 2DG=%* %V %8 %’ %/ %H $J$i$P ?? !$=q49$( IT 2D G=%* %V %8 %’ %/ %H$J$i $P 56 $K$J$k !# 0l $D $N8F =P $7$K $* $1$kI>2A $N=g =x $OL$5, Dj $G $"$k!# $3 $3 $G $O ;d $?$A $O$= $l$r!$ 8F =P $7$K $* $1$k0z?t $rI> 2A $9 $kA0 $HI> 2A $7 $? 8e$K $=$l$i $N 0z ?t$K Ws 0U E*$J =g NsJB$Y BX$( 4X ?t p ermute $H$=$N5U 4X ?t unp ermute $rE,MQ $9 $k $3 $H $K$h $C $FLO Jo $9 $k!# $3$l$OI, $: $7 $bE,@Z $G $O$J$$!# $J $<$J $i ( $I $s $J=jM? $N8D?t $N0z?t $K$D$$ $F$b ) %W %m %0%i%‘$N$$ $?$k $H$3$m $GI>2A $N=g =x $, 0lDj $G$"$k $H!$ 4V0c $C $F!$ ;W $o$;$k $+ $i$G$"$k!# $7$+ $7$3 $l$O !$ :8 $+$i1& $X $NI>2A $KHf$Y $l $P !$ 0U ?^ $7 $?0UL#O@ $X $N$h $j$h$$ 6a;w $G$"$k !# 5- 21 NN 0h $r3d $j IU $1$k 4X ?t new $O<BAu 0M B8 $@ $,!$ <! $N 8x M} $K => $o $J $1 $l $P$J$i $J$$ : $b $7 new � 2 L $J $i $P � ( new � j L ) # 2 = false . K $NDj5A $O>JN,$9$k!# $J $<$J $i K $N @:L) $JDj5A $O!$ $"$^$j $*$b $7 $m$_$J $/0UL#O@ $r J#;(2=$9$k $@$m $& $+$i$G$"$k !# $b $7 $b P $,%W %m %0 %i%‘$G$"$C$F !$ $=$N$9$Y$F$NJQ?t $, ;2>H $^$?$O BeF~$5 $l $k A0 $K Dj5A$5 $l$F $$$k$J$i $P !$ P $N0UL#$O E [ [ ((lambda ( I* ) P ’) < unde�ned > : : : ) ] ]

40 Revised 5 Scheme $G$" $k !# $3$3$G I* $O P $G Dj5A$5 $l$F $$$kJQ ?t$NNs $G$"$j!$ P 0 $O P $N Cf$NDj5A $r$= $l $>$l BeF~ $GCV$-49 $($k $3$H $K$h$C $FF@ $i $l$k<0$NNs $G$"$j !$ < unde�ned > $O unde�ne d $X$HI> 2A$5 $l $k <0 $G$" $j !$ $= $7 $F E $O 0UL#$r <0 $K 3d$jEv$F$k 0UL# 4X?t $G$" $k !# 7.2.1. Cj>]9=J8 K 2 Con Dj?t (constants), 0zMQ$r4^ $‘ I 2 Ide <1JL;R (identi�ers) $D $^$jJQ?t E 2 Exp <0 (expressions) � 2 Com = Exp %3 %^ %s %I (commands) Exp � ! K j I j ( E 0 E* ) j (lambda ( I* ) �* E 0 ) j (lambda ( I* . I ) �* E 0 ) j (lambda I �* E 0 ) j (if E 0 E 1 E 2 ) j (if E 0 E 1 ) j (set! I E ) 7.2.2. %I %a%$ %s Ey<0 � 2 L >l=j (lo cations) � 2 N <+A3?t T = f false, true g %V !< %j %" %s Q %7%s%\%k H J8;z R ?t E p = L � L � T %Z%" E v = L * � T %Y %/%? E s = L * � T J8;zNs M = f false, true, nul l, unde�ne d, unsp e ci�e d g ;(CM (miscellaneous) � 2 F = L � ( E * ! K ! C ) <jB3$-CM � 2 E = Q + H + R + E p + E v + E s + M + F <0$NCM � 2 S = L ! ( E � T ) 5-21AuCV (stores) � 2 U = Ide ! L 4D6- � 2 C = S ! A %3 %^ %s %I $N 7QB3 � 2 K = E * ! C <0$N7QB3 A Ez$( (answers) X %(%i !< 7.2.3. 0UL#4X?t K : Con ! E E : Exp ! U ! K ! C E * : Exp* ! U ! K ! C C : Com* ! U ! C ! C $3$3$G K $N Dj5A$O8N0U $K >JN,$9$k !# E [ [K] ] = � : send ( K [ [K] ]) � E [ [I] ] = � : hold ( lo okup � I) ( single ( � : � = unde�ne d ! wr ong \ L$Dj5AJQ?t " ; send � � )) E [ [ ( E 0 E* ) ] ] = � : E *( p ermute ( h E 0 i x E*)) � ( � * : (( � * : applic ate ( � * # 1) ( � * y 1) � ) ( unp ermute � *))) E [ [ (lambda ( I* ) �* E 0 ) ] ] = � : � : new � 2 L ! send ( h new � j L ; � * � 0 : # � * = #I* ! tievals ( � * : ( � 0 : C [ [�*] ] � 0 ( E [ [E 0 ] ] � 0 � 0 )) ( extends � I* � *)) � * ; wr ong \ 0z?t$N8D?t0c$$ " i in E ) � ( up date ( new � j L ) unsp e ci�e d � ) ; wr ong \ %a %b%jITB- " � E [ [ (lambda ( I* . I ) �* E 0 ) ] ] = � : � : new � 2 L ! send ( h new � j L ; � * � 0 : # � * � #I* ! tievalsr est ( � * : ( � 0 : C [ [�*] ] � 0 ( E [ [E 0 ] ] � 0 � 0 )) ( extends � (I* x h I i ) � *)) � * (#I*) ; wr ong \ 0z?t $, >/$J2a $. $k " i in E ) � ( up date ( new � j L ) unsp e ci�e d � ) ; wr ong \ %a %b%jITB- " � E [ [ (lambda I �* E 0 ) ] ] = E [ [ (lambda ( . I ) �* E 0 ) ] ] E [ [ (if E 0 E 1 E 2 ) ] ] = � : E [ [E 0 ] ] � ( single ( � : truish � ! E [ [E 1 ] ] �; E [ [E 2 ] ] � )) E [ [ (if E 0 E 1 ) ] ] = � : E [ [E 0 ] ] � ( single ( � : truish � ! E [ [E 1 ] ] �; send unsp e ci�e d � )) $3$3$G $b B>$N$H$3 $m$G $b !$ unde�ne d ( L$ Dj5A CM ) $r =| $/G$ 0U$N <0 $N CM $r !$ unsp e ci�e d ( L$5,DjCM ) $NBe$o$j$K;H$C$F$h$$ !# E [ [ (set! I E ) ] ] = � : E [ [E] ] � ( single ( � : assign ( lo okup � I) � ( send unsp e ci�e d � ))) E *[ [ ] ] = � : � h i E *[ [E 0 E*] ] = � : E [ [E 0 ] ] � ( single ( � 0 : E *[ [E*] ] � ( � * : � ( h � 0 i x � *)))) C [ [ ] ] = � : � C [ [� 0 �*] ] = � : E [ [� 0 ] ] � ( � * : C [ [�*] ] � )

7. 7A<0E*$J9=J8$H0UL#O@ 41 7.2.4. Jd=u4X?t lo okup : U ! Ide ! L lo okup = � I : � I extends : U ! Ide* ! L * ! U extends = � I* � * : #I* = 0 ! �; extends ( � [( � * # 1) = (I* # 1)]) (I* y 1) ( � * y 1) wr ong : X ! C [ <BAu0MB8 ] send : E ! K ! C send = � : � h � i single : ( E ! C ) ! K single = � � * : # � * = 1 ! ( � * # 1) ; wr ong \ La$jCM$N8D?t0c$$ " new : S ! ( L + f err or g ) [ <BAu0MB8 ] hold : L ! K ! C hold = � : send ( � � # 1) � assign : L ! E ! C ! C assign = � � : � ( up date � � ) up date : L ! E ! S ! S up date = � : � [ h �; true i =� ] tievals : ( L * ! C ) ! E * ! C tievals = � � * � : # � * = 0 ! h i �; new � 2 L ! tievals ( � * : ( h new � j L i x � *)) ( � * y 1) ( up date ( new � j L )( � * # 1) � ) ; wr ong \ %a %b %jITB- " � tievalsr est : ( L * ! C ) ! E * ! N ! C tievalsr est = � � * � : list ( dr op�rst � * � ) ( single ( � : tievals (( take�rst � * � ) x h � i ))) dr op�rst = �l n : n = 0 ! l; dr op�rst ( l y 1)( n � 1) take�rst = �l n : n = 0 ! h i ; h l # 1 i x ( take�rst ( l y 1)( n � 1)) truish : E ! T truish = � : � = false ! false ; true p ermute : Exp* ! Exp* [ <BAu0MB8 ] unp ermute : E * ! E * [ permute $N5U4X?t ] applic ate : E ! E * ! K ! C applic ate = � * � : � 2 F ! ( � j F # 2) � * �; wrong \ L58z<jB3$- " one ar g : ( E ! K ! C ) ! ( E * ! K ! C ) one ar g = � � * � : # � * = 1 ! � ( � * # 1) �; wr ong \ 0z?t$N8D?t0c$$ " two ar g : ( E ! E ! K ! C ) ! ( E * ! K ! C ) two ar g = � � * � : # � * = 2 ! � ( � * # 1)( � * # 2) �; wr ong \ 0z?t$N8D?t0c$$ " list : E * ! K ! C list = � * � : # � * = 0 ! send nul l �; list ( � * y 1)( single ( � : c ons h � * # 1 ; � i � )) c ons : E * ! K ! C c ons = two ar g ( � 1 � 2 � : new � 2 L ! ( � 0 : new � 0 2 L ! send ( h new � j L ; new � 0 j L ; true i in E ) � ( up date ( new � 0 j L ) � 2 � 0 ) ; wr ong \ %a %b%jITB- " � 0 ) ( up date ( new � j L ) � 1 � ) ; wr ong \ %a %b%jITB- " � ) less : E * ! K ! C less = two ar g ( � 1 � 2 � : ( � 1 2 R ^ � 2 2 R ) ! send ( � 1 j R < � 2 j R ! true ; false ) �; wr ong \ < $K Hs?tCM0z?t ") add : E * ! K ! C add = two ar g ( � 1 � 2 � : ( � 1 2 R ^ � 2 2 R ) ! send (( � 1 j R + � 2 j R ) in E ) �; wr ong \ + $K Hs?tCM0z?t ") c ar : E * ! K ! C c ar = one ar g ( � : � 2 E p ! hold ( � j E p # 1) �; wr ong \ car $K Hs%Z%"0z?t ") c dr : E * ! K ! C [ c ar $H F1MM ] setc ar : E * ! K ! C setc ar = two ar g ( � 1 � 2 � : � 1 2 E p ! ( � 1 j E p # 3) ! assign ( � 1 j E p # 1) � 2 ( send unsp e ci�e d � ) ; wr ong \ set-car! $K =q49$(IT2DG=0z?t " ; wr ong \ set-car! $K Hs%Z%"0z?t ") e qv : E * ! K ! C e qv = two ar g ( � 1 � 2 � : ( � 1 2 M ^ � 2 2 M ) ! send ( � 1 j M = � 2 j M ! true ; false ) �; ( � 1 2 Q ^ � 2 2 Q ) ! send ( � 1 j Q = � 2 j Q ! true ; false ) �; ( � 1 2 H ^ � 2 2 H ) ! send ( � 1 j H = � 2 j H ! true ; false ) �; ( � 1 2 R ^ � 2 2 R ) ! send ( � 1 j R = � 2 j R ! true ; false ) �; ( � 1 2 E p ^ � 2 2 E p ) ! send (( �p 1 p 2 : (( p 1 # 1) = ( p 2 # 1) ^ ( p 1 # 2) = ( p 2 # 2)) ! true ; false ) ( � 1 j E p ) ( � 2 j E p )) �;

42 Revised 5 Scheme ( � 1 2 E v ^ � 2 2 E v ) ! : : : ; ( � 1 2 E s ^ � 2 2 E s ) ! : : : ; ( � 1 2 F ^ � 2 2 F ) ! send (( � 1 j F # 1) = ( � 2 j F # 1) ! true ; false ) �; send false � ) apply : E * ! K ! C apply = two ar g ( � 1 � 2 � : � 1 2 F ! valueslist h � 2 i ( � * : applic ate � 1 � * � ) ; wr ong \ apply $K L58z<jB3$-0z?t ") valueslist : E * ! K ! C valueslist = one ar g ( � : � 2 E p ! c dr h � i ( � * : valueslist � * ( � * : c ar h � i ( single ( � : � ( h � i x � *))))) ; � = nul l ! � h i ; wr ong \ values-list $K Hs%j%9 %H 0z?t ") cwc c : E * ! K ! C [ call-with-current-continuation ] cwc c = one ar g ( � : � 2 F ! ( � : new � 2 L ! applic ate � hh new � j L ; � * � 0 : � * i in E i � ( up date ( new � j L ) unsp e ci�e d � ) ; wr ong \ %a %b%jITB- " � ) ; wr ong \ L58z<jB3$-0z?t ") values : E * ! K ! C values = � * � : � * cwv : E * ! K ! C [ call-with-values ] cwv = two ar g ( � 1 � 2 � : applic ate � 1 h i ( � * : applic ate � 2 � *)) 7.3. GI@8<07? $3$N@a $O 86;O<07? ( %j%F%i %k !$JQ?t!$8F=P $7 !$ lambda !$ if , set! ) $K $h $k GI @8<0 7?$N %^ %/%m Dj5A$r M?$( $k !# delay $N 0l $D$N2DG=$JDj5A $K$D$$$F$O 6.4 @a $r 8+$h !# (define-syntax cond (syntax-rules (else =>) ((cond (else result1 result2 ...)) (begin result1 result2 ...)) ((cond (test => result)) (let ((temp test)) (if temp (result temp)))) ((cond (test => result) clause1 clause2 ...) (let ((temp test)) (if temp (result temp) (cond clause1 clause2 ...)))) ((cond (test)) test) ((cond (test) clause1 clause2 ...) (let ((temp test)) (if temp temp (cond clause1 clause2 ...)))) ((cond (test result1 result2 ...)) (if test (begin result1 result2 ...))) ((cond (test result1 result2 ...) clause1 clause2 ...) (if test (begin result1 result2 ...) (cond clause1 clause2 ...))))) (define-syntax case (syntax-rules (else) ((case (key ...) clauses ...) (let ((atom-key (key ...))) (case atom-key clauses ...))) ((case key (else result1 result2 ...)) (begin result1 result2 ...)) ((case key ((atoms ...) result1 result2 ...)) (if (memv key ’(atoms ...)) (begin result1 result2 ...))) ((case key ((atoms ...) result1 result2 ...) clause clauses ...) (if (memv key ’(atoms ...)) (begin result1 result2 ...) (case key clause clauses ...))))) (define-syntax and (syntax-rules () ((and) #t) ((and test) test) ((and test1 test2 ...) (if test1 (and test2 ...) #f)))) (define-syntax or (syntax-rules () ((or) #f) ((or test) test) ((or test1 test2 ...) (let ((x test1)) (if x x (or test2 ...)))))) (define-syntax let (syntax-rules () ((let ((name val) ...) body1 body2 ...) ((lambda (name ...) body1 body2 ...) val ...)) ((let tag ((name val) ...) body1 body2 ...) ((letrec ((tag (lambda (name ...) body1 body2 ...))) tag) val ...))))

7. 7A<0E*$J9=J8$H0UL#O@ 43 (define-syntax let* (syntax-rules () ((let* () body1 body2 ...) (let () body1 body2 ...)) ((let* ((name1 val1) (name2 val2) ...) body1 body2 ...) (let ((name1 val1)) (let* ((name2 val2) ...) body1 body2 ...))))) 2< 5- $N letrec %^%/ %m $O !$ $J $K $+>l=j $K3JG< $5 $l$k $H!$ $= $N >l=j$K 3J G<$5$l$? CM$r F@ $k ;n$_$r%( %i !<$K$7 $F $7 $^ $&$h $& $J $"$k $b $N $rJV$9<0 ( $3$N $h$& $J<0 $O Sc heme $G$ODj5A$5 $l $J$$ ) $N Be $o$j$H $7 $F !$ %7%s %\%k <undefined> $r ;H$C$F$$ $k!# CM $, I>2A $5 $l$k=g=x $r5,Dj $9$k $3 $H $rHr $1$k $? $a $KI,MW $J0l;~JQ?t $r@8@.$9$k $?$a !$ $"$k %H %j%C%/ $, ;H $o $l$F $$$k !# $3 $l$OJd=u E* $J%^ %/ %m $r;HMQ $9 $k $3 $H $K$h $C $F $bC# @. $G$- $? $@ $m $& !# (define-syntax letrec (syntax-rules () ((letrec ((var1 init1) ...) body ...) (letrec "generate temp names" (var1 ...) () ((var1 init1) ...) body ...)) ((letrec "generate temp names" () (temp1 ...) ((var1 init1) ...) body ...) (let ((var1 <undefined>) ...) (let ((temp1 init1) ...) (set! var1 temp1) ... body ...))) ((letrec "generate temp names" (x y ...) (temp ...) ((var1 init1) ...) body ...) (letrec "generate temp names" (y ...) (newtemp temp ...) ((var1 init1) ...) body ...)))) (define-syntax begin (syntax-rules () ((begin exp ...) ((lambda () exp ...))))) 2<5- $NBeBXE*$J begin $N E83+$O !$&K<0 $NK\BN $K J#?t$N<0 $r =q $1$k $H $$$&G= NO $rMxMQ $7 $F$$$J $$!# $$ $: $l$K$;$h!$ $3 $l$i $N 5,B’ $, E, MQ$G$- $k$N$O !$ begin $N K\ BN $K Dj5A $, A4 $/4^ $^ $l$F$$$J$$$H$-$@$1$G$" $k$3$H $K Cm0U$;$h !# (define-syntax begin (syntax-rules () ((begin exp) exp) ((begin exp1 exp2 ...) (let ((x exp1)) (begin exp2 ...))))) 2<5- $N do $NDj5A $OJQ?t@a $rE83+ $9$k $? $a $K$"$k %H %j %C%/ $r ;H$C $F $$ $k !#>e5-$N letrec $H F1 $8 $/ !$Jd=u%^ %/%m$G $b $h $+ $C$? $@ $m $& !# <0 (if #f #f) $O L$ 5, Dj$N CM$r F@$k$?$a$K ;H $o $l$F $$$k !# (define-syntax do (syntax-rules () ((do ((var init step ...) ...) (test expr ...) command ...) (letrec ((loop (lambda (var ...) (if test (begin (if #f #f) expr ...) (begin command ... (loop (do "step" var step ...) ...)))))) (loop init ...))) ((do "step" x) x) ((do "step" x y) y)))

44 Revised 5 Scheme Cm 8@8lJQ2= $3$N @a$O \Revised 4 rep ort" [6] $, =PHG$5$l $F 0J Mh Scheme $K$J$5$l$F Mh$?JQ99E@$rNs5s$9$k !# � K\ Js 9p =q$O :#$d Scheme $K BP $9 $k IEEE 5, 3J [13] $N %9 !< %Q!< %; %C %H$G$"$k : K\Js9p =q $K9gCW $9 $k<B Au $O$= $N 5,3J $K $b $^$? 9g CW$9 $k$3$H$K $J $k !# $3$N$3$H$O 2<5-$N JQ99 $rMW5a $7 $? !# { 6u%j%9 %H$O:# $d?? $H$_ $J$5 $l$k $3 $H $,MW5a $5 $l $k!# { 5! G= $, K\ <A E* (essential) $+ Hs K\ <A E* (inessen- tial) $+ $H $$ $& J, N‘ $O $J $/ $J $C$? !#:# $d AH 9~ $_ <j B3 $- $N <o N‘ $O 86 ;O E* !$%i %$ %V %i %j !$$* $h $S >J N, 2D G= $N ;0 <o N‘ $G $" $k !#>J N, 2D G= <j B3 $- $O load !$ with-input-from-file !$ with-output- to-file !$ transcript-on !$ transcript-off !$ $*$h $S interaction-environment !$$= $7 $F ;0 0z ?t 0J >e$N - $H / $G $" $k !# $3$l$i $N $I $l $b IEEE 5,3J$K$O$J$$ !# { %W %m%0 %i %‘$, AH 9~$_ <j B3$- $r :F Dj 5A $7 $F $b $h $$ !# $= $&$9$k $3$H$K$h $C$FB>$NAH9~$_<jB3$-$N ?6Iq $, JQ$o$k$3$H$O$J$$ !# � %]!< %H $, !$J,N%E* $J7?$N %j%9 %H $K 2C$($i $l$? !# � %^%/ %m $NIU O? $O$J$/ $J $C $?!# 9b ?e =‘ %^%/ %m $O:# $dJs 9p =q $N K\BN$N 0l It$G$" $k !#GI@8<0$K BP$9 $k=q 49$( 5, B’$O %^ %/ %mDj5A $G CV$-49 $($i $l$? !# M=Ls<1 JL;R $OB8:_ $7 $J$$ !# � syntax-rules $O :#$d%Y%/%?!&%Q%?!< %s$r 5v$9!# � J#?t 8D $NCM $NLa $7 (multiple-v alue return) !$ eval !$ $* $h $S dynamic-wind $, 2C $($i $l $? !# � ?? @5$K KvHx :F 5"E*$J J} <0$G <BAu$5$l $k$3$H$, MW 5a$5$l $k8F=P $7 $, !$L@<(E* $K Dj5A$5 $l$? !# � ‘ @ ’ $r <1 JL;R$N Cf $K ;H$C$F$h$$ !# ‘ | ’ $O >-Mh$" $j F@$k 3H D% $N$?$a $K M=Ls$5 $l$? !# DI2C;qNA The Internet Sc heme Rep ository at http://www.cs.indiana.edu/scheme-repository/ $O 9-HO$J Sc heme J8 8%L\ O?$K 2C$( !$O@J8 !$ %W %m %0 %i %‘ !$<B Au!$$* $h $S $=$N B>$N Scheme 4XO";qNA $r 4^ $s$G$$$k !# Nc integrate-system $O HyJ,J}Dx<0$N7O y 0 k = f k ( y 1 ; y 2 ; : : : ; y n ) ; k = 1 ; : : : ; n $r Runge-Kutta K!$G@QJ,$9$k !# %Q %i %a %? system-derivative $O 7O $N >u BV ( >u BV JQ ?t y 1 ; : : : ; y n $K BP $9 $k CM$+ $i $J $k %Y %/ %? ) $r <u$1 <h$C$F 7O $N HyJ,78?t ( CM y 0 1 ; : : : ; y 0 n ) $r ;;=P$9$k 4X?t$G$" $k !# %Q%i %a %? initial-state $O 7O$N=i4| >uBV $rDj$a$k!# $= $7 $F h $O @QJ, $N 9o$_I}$N=i4|?dDjCM $G$"$k !# integrate-system $, JV$9 CM$O !$7O$N >u BV$+$i$J $k L5 8B %9 %H %j!<%‘ $G$"$k !# (define integrate-system (lambda (system-derivative initial-state h) (let ((next (runge-kutta-4 system-derivative h))) (letrec ((states (cons initial-state (delay (map-streams next states))))) states)))) runge-kutta-4 $O !$7O $N>uBV $+$i7O$NHyJ,78?t$r;;=P$9$k 4X ?t f $r <u$1 <h $k !# runge-kutta-4 $O !$7O$N >u BV$r <u$1 <h$C $F ?7 $7 $$ 7O$N>uBV $r ;;=P$9$k4X?t $r ;;=P$9$k !# (define runge-kutta-4 (lambda (f h) (let ((*h (scale-vector h)) (*2 (scale-vector 2)) (*1/2 (scale-vector (/ 1 2))) (*1/6 (scale-vector (/ 1 6)))) (lambda (y) ;; y is a system state (let* ((k0 (*h (f y))) (k1 (*h (f (add-vectors y (*1/2 k0))))) (k2 (*h (f (add-vectors y (*1/2 k1))))) (k3 (*h (f (add-vectors y k2))))) (add-vectors y (*1/6 (add-vectors k0 (*2 k1) (*2 k2) k3)))))))) (define elementwise (lambda (f) (lambda vectors (generate-vector (vector-length (car vectors)) (lambda (i) (apply f (map (lambda (v) (vector-ref v i)) vectors))))))) (define generate-vector (lambda (size proc) (let ((ans (make-vector size))) (letrec ((loop

;29MJ88% 45 (lambda (i) (cond ((= i size) ans) (else (vector-set! ans i (proc i)) (loop (+ i 1))))))) (loop 0))))) (define add-vectors (elementwise +)) (define scale-vector (lambda (s) (elementwise (lambda (x) (* x s))))) map-streams $O map $K AjEv$9$k : $3$l$O $=$N Bh0l0z ?t ( <j B3 $- ) $r BhFs 0z?t ( %9 %H %j !<%‘ ) $N$9$Y $F$NMWAG $K E,MQ $9$k!# (define map-streams (lambda (f s) (cons (f (head s)) (delay (map-streams f (tail s)))))) L58B%9 %H %j!< %‘ $O !$$=$N %9 %H %j!<%‘$N :G=i$N MW AG$r car $, J] ;} $7 !$ $= $7 $F$=$N%9 %H %j !<%‘ $N;D $j $r $+$J $($kLsB+ $r cdr $, J];}$9$k%Z%"$H $7 $F <BAu$5 $l $k !# (define head car) (define tail (lambda (stream) (force (cdr stream)))) 2<5- $K <($9$N $O 8:?j?6F0$r%b %G%k 2= $7 $? 7O C dv C dt = � i L � v C R L di L dt = v C $N@QJ, $K integrate-system $r 1~MQ $7 $? Nc $G$" $k !# (define damped-oscillator (lambda (R L C) (lambda (state) (let ((Vc (vector-ref state 0)) (Il (vector-ref state 1))) (vector (- 0 (+ (/ Vc (* R C)) (/ Il C))) (/ Vc L)))))) (define the-states (integrate-system (damped-oscillator 10000 1000 .001) ’#(1 0) .01)) ;29MJ88% [1] Harold Ab elson and Gerald Jay Sussman with Julie Sussman. Structur e and Interpr etation of Computer Pr o gr ams, se c ond e dition. MIT Press, Cambridge, 1996. [2] Alan Bawden and Jonathan Rees. Syntactic closures. In Pr o c e e dings of the 1988 ACM Symp osium on Lisp and F unctional Pr o gr amming , pages 86{95. [3] Rob ert G. Burger and R. Kent Dybvig. Printing oating-p oint num bers quickly and accurately . In Pr o c e e dings of the ACM SIGPLAN ’96 Confer enc e on Pr o gr amming L anguage Design and Implementa- tion , pages 108{116. [4] William Clinger, editor. The revised revised rep ort on Scheme, or an uncommon Lisp. MIT Arti�cial Intelligence Memo 848, August 1985. Also published as Computer Science Department T ec hnical Rep ort 174, Indiana Universit y , June 1985. [5] William Clinger. How to read oating p oint num bers accurately . In Pr o c e e dings of the ACM SIGPLAN ’90 Confer enc e on Pr o gr amming L anguage Design and Implementation , pages 92{101. Pro ceedings pub- lished as SIGPLAN Notic es 25(6), June 1990. [6] William Clinger and Jonathan Rees, editors. The revised 4 rep ort on the algorithmic language Scheme. In A CM Lisp Pointers 4(3), pages 1{55, 1991. [7] William Clinger and Jonathan Rees. Macros that work. In Pr o c e e dings of the 1991 ACM Confer enc e on Principles of Pr o gr amming L anguages , pages 155{ 162. [8] William Clinger. Prop er T ail Recursion and Space E�ciency . T o app ear in Pr o c e e dings of the 1998 ACM Confer enc e on Pr o gr amming L anguage Design and Implementation , June 1998. [9] R. Kent Dybvig, Rob ert Hieb, and Carl Bruggeman. Syntactic abstraction in Scheme. Lisp and Symb olic Computation 5(4):295{326, 1993. [10] Carol F essenden, William Clinger, Daniel P . F ried- man, and Christopher Haynes. Scheme 311 version 4 reference manual. Indiana Universit y Computer Sci- ence T ec hnical Rep ort 137, F ebruary 1983. Sup er- seded b y [11]. [11] D. F riedman, C. Haynes, E. Kohlb eck er, and M. W and. Scheme 84 in terim reference manual. Indi- ana Universit y Computer Science T ec hnical Rep ort 153, Jan uary 1985.

46 Revised 5 Scheme [12] IEEE Standar d 754-1985. IEEE Standar d for Binary Flo ating-Point Arithmetic. IEEE, New Y ork, 1985. [13] IEEE Standar d 1178-1990. IEEE Standar d for the Scheme Pr o gr amming L anguage. IEEE, New Y ork, 1991. [14] Eugene E. Kohlb ec k er Jr. Syntactic Extensions in the Pr o gr amming L anguage Lisp. PhD thesis, Indi- ana Universit y , August 1986. [15] Eugene E. Kohlb eck er Jr., Daniel P . F riedman, Matthias F elleisen, and Bruce Duba. Hygienic macro expansion. In Pr o c e e dings of the 1986 ACM Con- fer enc e on Lisp and F unctional Pr o gr amming , pages 151{161. [16] P eter Landin. A corresp ondence b etw een Algol 60 and Churc h’s lambda notation: P art I. Communic a- tions of the ACM 8(2):89{101, F ebruary 1965. [17] MIT Department of Electrical Engineering and Com- puter Science. Sc heme manual, seven th edition. Septem ber 1984. [18] P eter Naur et al. Revised rep ort on the algorith- mic language Algol 60. Communic ations of the ACM 6(1):1{17, January 1963. [19] P aul P en�eld, Jr. Principal v alues and branch cuts in complex APL. In APL ’81 Confer enc e Pr o c e e d- ings, pages 248{256. A CM SIGAPL, San F ran- cisco, September 1981. Pro ceedings published as APL Quote Quad 12(1), ACM, September 1981. [20] Ken t M. Pitman. The revised MacLisp manual (Sat- urda y evening edition). MIT Lab oratory for Com- puter Science T ec hnical Rep ort 295, May 1983. [21] Jonathan A. Rees and Norman I. Adams IV. T: A dialect of Lisp or, lambda: The ultimate softw are tool. In Confer enc e R e c or d of the 1982 ACM Sym- p osium on Lisp and F unctional Pr o gr amming , pages 114{122. [22] Jonathan A. Rees, Norman I. Adams IV, and James R. Meehan. The T manual, fourth edition. Y ale Univ ersit y Computer Science Department, January 1984. [23] Jonathan Rees and William Clinger, editors. The revised 3 rep ort on the algorithmic language Scheme. In ACM SIGPLAN Notic es 21(12), pages 37{79, De- cem ber 1986. [24] John Reynolds. De�nitional interpreters for higher order programming languages. In ACM Confer enc e Pr o c e e dings , pages 717{740. ACM, 1972. [25] Guy Lewis Steele Jr. and Gerald Ja y Sussman. The revised rep ort on Scheme, a dialect of Lisp. MIT Ar- ti�cial In telligence Memo 452, January 1978. [26] Guy Lewis Steele Jr. Rabbit: a compiler for Scheme. MIT Arti�cial Intelligence Lab oratory T ec hnical Re- p ort 474, Ma y 1978. [27] Guy Lewis Steele Jr. Common Lisp: The L anguage, se c ond e dition. Digital Press, Burlington MA, 1990. [28] Gerald Jay Sussman and Guy Lewis Steele Jr. Scheme: an interpreter for extended lambda calcu- lus. MIT Arti�cial In telligence Memo 349, Decem b er 1975. [29] Joseph E. Stoy . Denotational Semantics: The Sc ott- Str achey Appr o ach to Pr o gr amming L anguage The- ory. MIT Press, Cambridge, 1977. [30] T exas Instruments, Inc. TI Scheme Language Ref- erence Manual. Preliminary version 1.0, Nov em ber 1985.

:w0z 47 35G0$NDj5A!$ %-!<%o!< %I !$$*$h $S <jB3 $-$N %"%k%U %!%Y%C %H =g:w0z $= $l $>$l$NMQ8l!$ <jB3 $-!$ $^ $? $O%-!<%o !< %I $K BP $7 !$ $=$N<g MW %( %s %H %j $r!$ B> $N %( %s %H %j $+$i%;%_ %3%m %s$GJ, $1$F!$ :G =i $K 5s $2 $k !# ! 5 ’ 8; 26 * 22 + 22; 5, 42 , 13; 26 ,@ 13 - 22; 5 -> 5 ... 5; 14 / 22 ; 5 < 21; 42 <= 21 = 21; 22 => 10 > 21 >= 21 ? 4 ‘ 13 abs 22; 24 acos 23 and 11; 43 angle 24 append 27 apply 32; 8, 43 asin 23 assoc 27 assq 27 assv 27 atan 23 #b 21; 38 bac kquote 13 begin 12; 16, 44 binding 6 binding construct 6 boolean? 25; 6 bound 6 caar 26 cadr 26 call 9 call by need 13 call-with-current-continuation 33; 8, 34, 43 call-with-input-file 35 call-with-output-file 35 call-with-values 34; 8, 43 call/cc 34 car 26; 42 case 10; 43 catch 34 cdddar 26 cddddr 26 cdr 26 ceiling 23 char->integer 29 char-alphabetic? 29 char-ci<=? 29 char-ci<? 29 char-ci=? 29 char-ci>=? 29 char-ci>? 29 char-downcase 29 char-lower-case? 29 char-numeric? 29 char-ready? 36 char-upcase 29 char-upper-case? 29 char-whitespace? 29 char<=? 29 char<? 29 char=? 29 char>=? 29 char>? 29 char? 29; 6 close-input-port 36 close-output-port 36 com bination 9 comma 13 commen t 5; 38 complex? 21; 19 cond 10; 15, 43 cons 26 constan t 7 con tin uation 33 cos 23 current-input-port 35 current-output-port 35 #d 21 define 16; 14 define-syntax 17 de�nition 16 delay 13; 32 denominator 23 display 37 do 12; 44 dotted pair 25 dynamic-wind 34; 33

48 Revised 5 Scheme #e 21; 38 else 10 empt y list 25; 6, 26 eof-object? 36 eq? 18; 10 equal? 19 equiv alence predicate 17 eqv? 17; 7, 10, 42 error 4 escape pro cedure 33 eval 35; 8 even? 22 exact 17 exact->inexact 24 exact? 21 exactness 19 exp 23 expt 24 #f 25 false 6; 25 floor 23 for-each 32 force 32; 13 gcd 23 h ygienic 13 #i 21; 38 iden ti�er 5; 6, 28, 38 if 10; 41 imag-part 24 imm utable 7 implemen tation restriction 4; 20 improper list 26 inexact 17 inexact->exact 24; 20 inexact? 21 initial environmen t 17 input-port? 35 integer->char 29 integer? 21; 19 interaction-environment 35 in ternal de�nition 16 k eyw ord 13; 38 lambda 9; 16, 41 lazy ev aluation 13 lcm 23 length 27; 20 let 11; 12, 15, 16, 43 let* 11; 16, 44 let-syntax 14; 16 letrec 11; 16, 44 letrec-syntax 14; 16 library 3 library pro cedure 17 list 27 list->string 30 list->vector 31 list-ref 27 list-tail 27 list? 26 load 37 lo cation 7 log 23 macro 13 macro keyw ord 13 macro transformer 13 macro use 13 magnitude 24 make-polar 24 make-rectangular 24 make-string 30 make-vector 31 map 32 max 22 member 27 memq 27 memv 27 min 22 modulo 22 m utable 7 negative? 22 newline 37 nil 25 not 25 null-environment 35 null? 26 n um ber 19 number->string 24 number? 21; 6, 19 numerator 23 n umerical types 19 #o 21; 38 ob ject 3 odd? 22 open-input-file 36 open-output-file 36 optional 3 or 11; 43 output-port? 35 pair 25 pair? 26; 6 peek-char 36 p ort 35

:w0z 49 port? 6 positive? 22 predicate 17 procedure call 9 procedure? 31; 6 promise 13; 32 proper tail recursion 7 quasiquote 13; 26 quote 8; 26 quotient 22 rational? 21; 19 rationalize 23 read 36; 26, 39 read-char 36 real-part 24 real? 21; 19 referen tially transparent 13 region 6; 10, 11, 12 remainder 22 reverse 27 round 23 scheme-report-environment 35 set! 10; 16, 41 set-car! 26 set-cdr! 26 setcar 42 simplest rational 23 sin 23 sqrt 24 string 30 string->list 30 string->number 24 string->symbol 28 string-append 30 string-ci<=? 30 string-ci<? 30 string-ci=? 30 string-ci>=? 30 string-ci>? 30 string-copy 30 string-fill! 31 string-length 30; 20 string-ref 30 string-set! 30; 28 string<=? 30 string<? 30 string=? 30 string>=? 30 string>? 30 string? 30; 6 substring 30 symbol->string 28; 7 symbol? 28; 6 syn tactic keyw ord 6; 5, 13, 38 syn tax de�nition 17 syntax-rules 14; 17 #t 25 tail call 7 tan 23 tok en 38 top level environmen t 17; 6 transcript-off 37 transcript-on 37 true 6; 10, 25 truncate 23 t yp e 6 un b ound 6; 8, 16 unquote 13; 26 unquote-splicing 13; 26 unsp eci�ed 4 v alid indexes 30; 31 values 34; 9 v ariable 6; 5, 8, 38 vector 31 vector->list 31 vector-fill! 31 vector-length 31; 20 vector-ref 31 vector-set! 31 vector? 31; 6 whitespace 5 with-input-from-file 35 with-output-to-file 35 write 37; 13 write-char 37 #x 21; 39 zero? 22