0 ( 0 ) <+8JH?1GE*>ZL@BN7O RP T $NM}O@$H<B8= 55;39,5A :4F#2mI’ BN7O Re ective Pro of Theory( RP T ) [11] $O!$9=@. E*%W%m%0%i%_%s%0$r9T$&$?$a$N4pAC$H$J$kBN7O$N$R$H$D $G$"$k!%K\O@J8$G$O!$$^$:!$0UL#O@E*BN7O$H$7$FM?$($i $l $? RP T $N7A <0 2= RPT $r M? $(!$ $= $N BEEv @- $K $D $$ $F =R$Y$k!%$3$3$GM?$($?7A<02=$K4p$E$-!$7W;;5!>e$K<B8= $7 $? RPT $N >Z L@ %7 %9 %F %‘ $N 35 MW $K $D $$ $F =R $Y $k!% $3 $N %7 %9 %F %‘ $r ;H$C $F!$ RPT $N 9‘ $N Churc h-Rosser $N @- <A$r>ZL@$7$?Nc$*$h$S9=@.E*%W%m%0%i%_%s%0$NNc$K$D$$ $F=R$Y$k!% 1 $O $8 $a $K 9= @.E* %W %m%0 %i %_%s %0 $O!$ Curry-How ard $NF1 7? BP 1~$K4p$E$-!$9=@.E*O@M}BN7O$K$*$1$k>ZL@$H%W%m%0%i%_ %s%08@8l$K$*$1$k%W%m%0%i%‘$rF10l;k$9$k$3$H$K$h$j!$ %W%m%0%i%‘:n@.$r>ZL@:n@.$GCV$-49$($k?7$7$$%W%m%0%i %_%s%0!&%9%?%$%k$G$"$k [2] [8] [10] !% 9=@.E*%W%m%0%i%_%s%0$K$*$$$F$O!$0J2<$N<j=g$G%W%m %0%i%‘$r:n@.$9$k!% 1. %W %m %0%i %‘ $N;E MM$r 8 x:A ( x ) � 9 y :B ( x; y ) $N 7A $NO@M}<0$G5-=R $9$k!%$3$3 $G!$ x $OF~NO!$ A ( x ) $O F~ NOCM $K 4X $9$k >r 7o!$ y $O =PNO , B ( x; y ) $O F~=P NO Re ective Pro of Theory and its Pro of System. Y ukiy oshi Kameyama, El KL Bg 3X EE 5$ DL ?. 8& 5f =j , Re- search Institute of Electrical Communication, T o- hoku Universit y . Masahiko Sato, El KL Bg 3X EE 5$ DL ?. 8& 5f =j , Re- search Institute of Electrical Communication, T o- hoku Universit y . %3 %s %T%e!< %? %= %U %H %&%’ %" , V ol.x, No.x (199x), pp.xx{ xx. [ O@J8 ] 1993 G/ 6 7n 10 F|<uIU . 4X78$K4X$9$k>r7o$G$"$k!% 2. 9=@.E*$JO@M}BN7O$G$=$NO@M}<0$r>ZL@$9$k!% 3. <B 8= 2DG= @- 2r<a $J $I$r MQ$$ $F!$ >ZL@ $+ $i%W %m %0%i %‘$r<+F0E*$KCj=P$9$k!% $3$N<j=g$G:n@.$5$l$?%W%m%0%i%‘$O!$;EMM$rK~$?$9$3$H $,J]>Z$5$l$F$$$k!% 9=@. E*%W%m %0%i%_%s %0$r9T $&%7%9 %F%‘$K$O!$ 0J2<$N 2 MWAG$,=EMW$G$"$k!% � 4pAC$H$J$k9=@.E*$JO@M}BN7O � $3 $N O@ M} BN 7O $K $* $1 $k >Z L@ :n @.!$ %W %m %0 %i %‘ Cj =P $r9T$&%7%9%F%‘ O@M}BN7O$O!$%W%m%0%i%‘Cj=P$r9T$&$3$H$N$G$-$kBN7O $G$J$1$l$P$J$i$J$$!%$^$?!$6/NO$J%W%m%0%i%‘8@8l$rJq 4^$9$k$3$H!$$=$N@-<A$K4X$9$kK-$+$JI=8=NO$r;}$D$3$H $,I,MW$G$"$k!% 0lJ}!$>e5-$N<j=g$G:n@.$5$l$?%W%m%0%i%‘$O!$@5$7$$ $3 $H ( ;E MM $r K~ $? $9 $3 $H ) $, J] >Z $5 $l $F $$ $k!% $7 $+ $7!$ >ZL@$,8m$C$F$$$F$O$3$N$3$H$OJ]>Z$5$l$J$$!%=>$C$F!$ 7W;;5!$K$h$k>ZL@%A%’%C%+$,I,MW$G$"$k!%$^$?!$Bg5,LO $J>ZL@:n@.$r40A4$K?M<j$G9T$&$N$O:$Fq$G$"$k$N$G!$$= $N4QE@$+$i$b7W;;5!$K$h$k>ZL@:n@.;Y1g%7%9%F%‘$,I,MW $G$"$k!% K\ O@J8 $G$O!$ $3 $l$i $NMW 5a$r K~ $?$9 $Y$/!$ RP T [11] $K4p$E$/9=@.E*%W%m%0%i%_%s%0$H$=$l$r<B8=$7$?%7%9%F %‘$K$D$$$F=R$Y$k!% RP T $O (1) %j %U %l %/ %7%g %s ( <+ 8J H? 1G ) y 1 $N 5! 9= $K y 1 $3$3 $G$$$& %j%U%l %/%7%g %s$OO@ M}3X$N 8@MU$G $"$j!$%* %V %8%’%/ %H;X 8~8@ 8l$J $I$K $*$1 $k%j %U%l %/%F%# %V$J 7W;; 5! 9=$H$OD>@\$N4X78$O$J$$!%

( 1 ) V ol. 0 No. 0 1983 1 $h$j!$%a%?$J8@L@$rBN7OFb$G9T$&$3$H $,$G$-$k!% (2) >Z L@$rI=$99‘$rBN7OFb$K;}$A!$>ZL@$rD>@\<h$j07$&$3$H$, $G$-$k!% (3) 9-$$HO0O$N5"G<E*Dj5A$,2D G=$G$"$k!$$H$$ $&FCD’$r;}$DBN7O$G$"$k!%$3$l$i$NFCD’$K$h$j!$ RP T $OI=8=NO$,K-$+$K$J$j!$;EMM5-=R$,MF0W$K$J$k!% RP T $O $3 $N $h $& $J FC D’ $r ;} $D BN 7O $G $" $k $,!$ [11] $K $* $$ $F $O 0U L# O@ E* BN 7O (semantical theory) $H $7 $F M? $( $i $l $F $$ $k!% $3 $l $O!$ Martin-L� of $N BN 7O [9] $H F1 MM $K!$ ?t 3X $N 4p AC IU $1 $r 9T $& $3 $H $r L\ I8 $H $7 $F $$ $k $? $a!$7A<0E*BN7O$NI=8=$r<h$i$:!$$=$l<+?H$N0UL#$,L@3N $K$J$k$h$&<+A38@8l$G5-=R$9$k!$$H$$$&J}K!$r<h$C$?$? $a$G$"$k!%$7$+$7!$<B:]$K9=@.E*%W%m%0%i%_%s%0$r9T$& $?$a$K!$7W;;5!>e$K>ZL@%7%9%F%‘$r<B8=$9$k$?$a$K$O!$ 7A<0E*BN7O$rDj5A$9$kI,MW$,$"$k!% K\ 9F $G $O!$ $^ $:!$ 2 @a $G RP T $N 35 MW $r @b L@ $9 $k!% 3 @a $G!$ RP T $N 7A <0 2= RPT $r Ds 0F $7!$ $= $N @- <A $K $D $$$F=R$Y$k!%<!$K!$ 4 @a$G!$ RPT $G$N>ZL@Nc$K$D$$$F=R $Y$k!% 5 @a$G!$$3 $N7A<0 2=$K4p $E$$$F 7W;;5! >e$K<B 8=$7 $? >Z L@ %7 %9 %F %‘ $K $D $$ $F =R $Y $k!% RPT $* $h $S!$ $3 $N >Z L@%7%9%F%‘$NM-8z@-$r<($9$?$a!$9‘$N4JLs$N9gN.@-$r>Z L@ $7$? <B Nc $K$D $$ $F 6 @a $G =R$Y $k!% 7 @a $G!$ $3 $N%7 %9 %F %‘$rMQ$$$?9=@.E*%W%m%0%i%_%s%0$NJ}K!$K$D$$$F=R$Y!$ 8 @a$G7kO@$r=R$Y$k!% 2 0UL#O@E*BN7O RP T K\@a $G$O!$ [11] $N Re ective Pro of Theory ( RP T ) $N35MW$r@bL@$9$k!% RP T $O Aczel $N F rege 9= B$ [1] $r 4p $K!$ 9= @. E* %W %m%0%i%_%s%0$r9T$&$?$a$N3HD%$r;\$7$?$b$N$G$"$k!% F rege 9= B$ $O!$ %i %‘ %@ 7W ;; $N G$ 0U $N %b %G %k $+ $i 9= @. $G $- $k!% %b %G %k $N NN 0h $r M $H $7!$ M $K $O!$ ^ ; _ ; � ; 8 ; 9 $H $$$& O@M} 5- 9f$K BP1~ $9 $k9‘ _ ^ ; _ _ ; _ � ; _ 8 ; _ 9 $,4^$^$l$F$$$k$H$9$k!% M $N 2 $D$NItJ,=8 9g P ; Q ( $? $@ $7 P � Q ) $r!$ $= $l $> $l!$ L? Bj $r I= $9 9‘ $N =8 9g!$ @5 $7$$L?Bj$rI=$99‘$N=89g$KBP1~$9$k$h$&Dj5A$9$k!%$?$H $($P!$ _ _ ab $H$$$&9‘$KBP$7$F$O!$ _ _ ab 2 P ( ) a 2 P $+$D b 2 P _ _ ab 2 Q ( ) ( a 2 Q $+$D b 2 P ) $^$?$O ( a 2 P $+$D b 2 Q ) $H$$$&@-<A$rK~$?$9$H$9$k!% $3 $N $h $& $J @- <A $r ;} $D 9= B$ $r F rege 9= B$ $H 8F $V!% F rege 9= B$ $G $O!$ L? Bj 4X ?t (1 0z ?t $N 4X ?t $G CM $, L? Bj $H $J$k $b$N ) $r =89g$H 8+$J$9 $3$H$K $h$j!$ F rege N.$N=8 9g O@$rE83+$9$k$3$H$,$G$-$k!% Aczel $O$3$l$r!$ Russell $N5UM}$N2r@O$J$I$KMQ$$$? [1] !% RP T $O F rege 9= B$ $K 0J 2< $N 3H D% $r ;\ $7 $? $b $N $G $" $k!% 4pAC$H$J$k%i%‘%@7W;;$NNN0h$N3HD% RP T $N 9‘ $O =c ?h $J %i %‘ %@ 7W ;; $K!$ BP (Lisp $N %3 %s %9!&%Z%" ) $d if a then b else c fi $J$I$r2C$($? $b$N$G$"$k!%=c?h$J%i%‘%@7W;;$G$bE,Ev$J%3!<%G%#%s%0 $K $h $j RP T $N 9‘ $r I= 8= $9 $k $3 $H $, $G $- $k $N $G!$ $3 $N 3H D% $O 7W ;; G= NO $N E@ $+ $i $O Hs K\ <A E* $G $" $k!% $7 $+ $7!$ RP T $N9‘$r%W%m%0%i%‘$H8+$J$9N)>l$+$i!$$3$N 3HD%$O Hs>o$KM-MQ$G$"$k!% >ZL@$rI=$99‘$rL@<(E*$K;}$D F rege 9= B$$G$O!$ !V p $,L?Bj $G$"$k!W$H $$$&I= 8=$N$[ $+ $K!$ !V p $, @5 $7 $$ L? Bj $G $" $k!W $H $$ $& I= 8= $, $" $k!% RP T $G $O!$>ZL@ <+?H$r BN7O Fb$G<h $j07 $&$?$a!$ !V p $, L? Bj $G $" $k!W $H $$ $& I= 8= $N $[ $+ $K!$ !V a $, p $N >Z L@ $G $"$k!W $3$H$r 0UL#$9$k I=8=$r <h$j$$ $l$?!%!V p $,@5$7 $$ L?Bj$G$"$k!W$3 $H$r!V p $KBP$9$k>ZL@$,B8:_$9 $k!W$3$H $H Dj 5A $9 $l $P!$ RP T $O F rege 9= B$ $N 3H D% $K $J$C $F $$ $k$3$H$,$o$+$k!% $J $*!$ RP T $G $O!$ !V p $, L? Bj $G$" $k!W $3 $H$r j = i p $H I= $7!$ !V a $, p $N >Z L@ $G $" $k!W $3 $H $r a ‘ i p $H I= $9!%$3$3$GE:;z$N i $O!$<!9‘$G=R$Y$k<+8JH? 1G$N3,AX$N %l%Y%k$rI=$9 =g=x?t$G$"$k!%DL>o!$5-9f j = $H ‘ $O$=$l $>$l!$%b%G%k$G??$H$J$k$3$H!$7A<0E*BN7O$G>ZL@2DG=$J $3 $H $r I= $9 $,!$ RP T $G $O 0[ $J $k 0U L# $K ;H $& $3 $H $K Cm 0U$5$l$?$$!% a ‘ i p $H$$$&I=8=$O7?M}O@$K$*$1$k a : p $H$$$&I=8=!$$*$h$S!$<B8=2DG= @-2r<a$K$*$1$k!V a $,O@ M} <0 p $N <B 8= ;R $G $" $k!W $H $$ $& I= 8= $K BP 1~ $9 $k $b $N $G $"$k!% <+8JH?1G (re ection) $N3,AX !V p $, L? Bj $G $" $l $P p � p $O @5 $7 $$!W $H $$ $& I= 8= $O DL >o $N O@ M} BN 7O $N OH $r $O $: $l $k!% $3 $N <o $N %a %? $J L? Bj

2 %3%s%T%e!<%?%=%U%H%&%’%" ( 2 ) ( %9 %- !] %^ ) $O!$ 6/ NO $J Fb MF $r 4J 7i $K I= 8= $G $- $k $? $a!$ Hs >o $K M- MQ $G $" $k!% $7 $+ $7!$ %a %? $J L? Bj $r C1 $K L? Bj $H $9 $k $H!$ Russell $N 5U M} $J $I L7 =b $r @8 $8 $k!% RP T $G $O!$L?Bj $K%l%Y%k$N 35G0$rF3F~ $7!$Bh i %l%Y%k$NL? Bj$K 4X$9 $k%a%?L? Bj$OBh i + 1 %l%Y%k $H$9$k$3 $H$K$h $j!$L7 =b$r2sHr$7$D$D!$$3$N<o$N%a%?DjM}$rBN7OFb$G07$&$3$H $r2DG=$K$7$F$$$k!% <+ 8J H? 1G 3, AX $O!$ 9= @. E* %W %m %0 %i %_ %s %0 $K $H$C $F $b M-MQ $J35 G0$G $"$k!% 1 3, =R8lO@ M}$K 4p$E $/BN 7O ( $?$H $( $P!$ Beeson $N EON [2] $J $I ) $G $O!$ 9‘ $N B8 :_ $K 4X $9 $k @-<A (T erm Existence Prop erty) $H8F $P$l $k0J 2< $N @-<A$,@.N)$9$k$3$H$,!$>ZL@$+$i$N%W%m%0%i%‘Cj=P$N$? $a$KI,MW$G$"$k!% L?Bj 1 O@M} <0 9 x:A ( x ) $, >ZL@ $5 $l $l$P!$ $= $N >ZL@ $+ $i <B8zE*$K9‘ t $HO@M}<0 A ( t ) $N>ZL@$H$,F@$i$l$k!% 2 $3$N@-<A$r>ZL@$9$k$?$a!$<B8=2DG=@-2r<a$d>ZL@?^$N@5 5, 2= $J $I $N 5; K! $, MQ $$ $i $l $k $,!$ $$ $: $l $K $; $h!$ >Z L@ O@ E* $J ( %a %? $J ) %l %Y %k $G $N ?d O@ $, I, MW $G $" $k!% 0l J}!$ RP T $G$O!$$3$N@-<A$rBN7OFb$GI=8=$7$?@-<A$, @.N)$9 $k!% L?Bj 2 RP T $K$*$$$F!$$"$k9‘ a $KBP$7$F!$ a ‘ i +1 8 y : (( y ‘ i 9 x:p ) � ( cdr ( y ) ‘ i p x [ car ( y )])) $,@.N)$9$k!% 2 $3 $l $O!$ L? Bj 9 x:p $N >Z L@ y $+ $i 9‘ car ( y ) $H L? Bj p x [ car ( y )] $N >Z L@ cdr ( y ) $H $, F@ $i $l $k $3 $H $r 0U L# $7$F$$$k!%$3$3$GMQ$$$?5-9f$N>\:Y$O<!@a$G@bL@$9$k!% 5" G< E* Dj 5A :F5"%G!<%?7?$NDj5A$d$=$l$K4X$9$kL?Bj$N5-=R$K$*$$ $F!$5"G<E*Dj5A$H$=$l$KBP1~$9$k5"G<K!$,I,MWIT2D7g$G $" $k!% RP T $G $O!$ =R 8l $N 5" G< E* Dj 5A $N $? $a $N 0l HL E* OHAH$_$,M?$($i$l$F$$$k!% RP T $O F rege 9= B$ $H F1 MM $K!$ 0U L# O@ E* BN 7O (se- mantical theory) $G $"$k!% $9$J $o $A!$ RP T <+ ?H$O $$ $o $f $k 9= B$ $d %b %G %k $K Aj Ev $9 $k $b $N $G $" $j!$ 7A <0 E* ?d O@$r$9$k$?$a$NO@M}BN7O$G$O$J$$!%K\O@J8$G$O!$ RP T $N>ZL@%7%9%F%‘$r7W;;5!>e$K<B8=$7$F!$9=@.E*%W%m%0%i %_%s%0$r9T$&$3$H$,L\E* $G$"$k$?$a!$ [11] $G0UL#O@E*$K M? $( $i $l $? RP T $N 7A <0 2= $r 9T $& $3 $H $, I, MW $G $" $k!% RP T $N7A<02=$K$D$$$F$O<!@a$G=R$Y$k!% 3 7A<0E*BN7O RPT K\@a$G$O!$ RP T $N7A<02= ( $N$R$H$D ) $G$"$k RPT $K $D $$ $F =R $Y $k!% 0J 2< $G $O!$ :. F1 $r Hr $1 $k $? $a!$ 0U L# O@ E*BN7O $r RP T $HI=5-$7!$7A<0E*BN7O$r RPT $HI=5-$9 $k!% 3.1 7A<02=$NBP>] RP T [11] $G $O!$ a ‘ i p ^ q $, @. N) $9 $k $H $-!$ a $, BP $G$" $k ( $" $k9‘ b $K BP$7 $F b ‘ 0 pair? ( a ) = true $, @.N)$9$k ) $+$I$&$+ Dj$^$C$F$$$J$$!% $7$+$7!$ RP T $N K\Mh$N0U?^$O$3$l$,@.N)$9$k$3$H$G$"$C$?$N$G!$0J2<$G $O!$ p ^ q ; p & q ; p _ q ; 9 p $N >Z L@9‘ $O BP$G $" $k$3 $H!$ p � q ; 8 p $N>Z L@9‘$O 4X?t $G$" $k$3 $H$, @.N) $9$k 9=B$$N $_ $r!$ RP T $H 8F $V $3 $H $K $9 $k!% $J $*!$ L? Bj p $N >Z L@ 9‘$H$O!$ a ‘ i p $,@.N)$9$k9‘ a $N$3$H$G$"$k!% RP T $N 7A <0 2= $K $* $1 $k 2f!9 $N L\ I8 $O!$ RP T $N <g MW$JItJ,$r$[$\%+%P!<$9$k$h$&$J7A<0E*BN7O$r:n$k$3$H $G$"$k!% RP T $H Hf 3S $7 $F!$ 0J 2< $G =R $Y $k RPT $K $* $1 $k <g MW $J@)8B!$JQ99E@$O0J2<$NDL$j$G$"$k!% 1. <+8JH?1G3,AX$K$*$1$k%l%Y%k$K4X$9$k@)8B RP T $K$*$$$F!$%l%Y%k$O!$9‘$H$7$FI=8=2D G=$J$$ $/$i$G$bBg$-$$=g=x?t$H$J$jF@$k!%$^$?!$%l%Y%k$N >e $r F0 $/ JQ ?t $r 8 $d 9 $G 8B NL $9 $k $3 $H $, $G $- $k!% $?$H$($P!$ t 4 = �ixay z :z $H$*$/$H!$ t ‘ ! 8 i < ! : 8 a: (( j = i a ) � a � a ) $O @5 $7 $$ H= Dj $G $" $k!% $3 $N I= 8= $O!$ !V ! $h $j 2< $N G$ 0U $N %l %Y %k $K $* $$ $F!$ a $, L? Bj $G $" $l $P a � a $O@5$7$$!W$H$$$&$3$H$r7A<02=$7$?$b$N$G$"$k!% $7$+$7!$%W%m%0%i%_%s%0$N4QE@$+$i$O!$$=$N$h$&$K 9b$$%l%Y%k$d%l%Y%k$K4X$9$k8BNL;R$OI,MW$J$$$HH= CG $7!$ RPT $K $* $$ $F $O!$ %l %Y %k $O <+ A3 ?t $N Dj ?t $N $_$H$7 $?!%0J2<$G$O!$%a %?JQ?t i; j $O!$<+A3?t$N Dj ?t ( $r RPT $N E, Ev $J 9‘ $G %3!< %G%# %s %0 $7 $? $b $N ) $H $9$k!% 2. 5"G<E*Dj5A$K4X$9$k@)8B RP T $G$O!$69@5 (strictly p ositive) $G$"$k$H$$$& >r 7o $N $b $H $G =R 8l $r 5" G< E* $K Dj 5A $9 $k $3 $H $, $G

( 3 ) V ol. 0 No. 0 1983 3 $- $k!% 69 @5 $H $O!$ 5" G< E* Dj 5A $N K\ BN $K 4^ $^ $l $k A � B $N 7A $N A4 $F $N It J, O@ M} <0 $K BP $7 $F!$ A $N Cf$K$O!$Dj5A$7$h$&$H$7$F$$$k=R8lJQ?t$,$"$i$o$l $J $$$3 $H$G $"$k!% [11] $K =R$Y $i$l $F$$ $k $h$& $K!$$3 $N >r7o $O!$ 0U L#E* $K 7hDj $5 $l $k!%$? $H $($P!$ X $r 1 0z ?t $N =R 8l JQ ?t!$ P $r ( X [ x ] � X [ x ] ) ^ X [ x ] $H $9 $k $H!$ X [ x ] $, � $N A0 H> $K =P 8= $9 $k $N $G!$ 9= J8E*$K$O 69@5$G$O$J$$$,!$ P $O X [ x ] $H$$$&69@5 $JO@M}<0$HF1CM$J$N$G!$0UL#E*$K$O!$69@5$K$J$k!% =>$C $F!$ RP T $K $* $$$F $O!$ P $r Mx MQ$7 $F 5"G< E* Dj5A$r$9$k$3$H$,$G$-$k!% $7$+$7!$<BMQ>e!$9=J8E*$JH=CG$N$_$G!$<+A3?t!$%j %9 %H!$ LZ $J $I == J, 9- $$ HO 0O $N 5" G< E* =R 8l $r Dj 5A $9 $k $3 $H $, $G $- $k!% $7 $? $,$C $F!$ RPT $K $* $$ $F $O!$ 9= J8 E* $K 69 @5 $J >l 9g $K $N $_ 5" G< E* Dj 5A $r 5v $7 $F $$ $k!% $3 $l $K $h $j!$ 69 @5 $J L? Bj $K BP $9 $k I= 8= $G $" $k j = + $d ‘ + $O;HMQ$7$J$$$3$H$H$J$C$?!% 3. a # $H$$$&L?Bj$NF3F~ RPT $N ?d O@ $G $O!$ !V9‘ a $, CM $r ;} $D!W $H $$ $& L? Bj $r $7 $P $7 $P Mx MQ $9 $k!% RPT $G $N 7W ;; $O!$ CY 1d I> 2A $G9T$o$l$k$N$G!$ a $,CM$r;}$D$3$H$O!$ a = nil _ a = true _ a = false _ pair? ( a ) = true _ fun? ( a ) = true $HI=8=$5$l$k!%$3$NL?Bj$O 4 $D$NO@M}OB5-9f$r4^$‘ $? $a!$ $= $N >Z L@ 9‘ $O $+ $J $j D9 $$ $b $N $G $" $k!% $7 $+ $7!$$3$NL?Bj$,>Z L@$r;}$D $H$-!$>ZL@ 9‘ ( $N$R$H$D ) $O a $+$i7W;;$K$h$C$F5a$a $k$3$H$,$G $-$k$N$G!$>Z L@9‘$KM-1W$J>pJs$O$J$$!% $= $3 $G RPT $G $O!$ >e =R $N L? Bj $H O@ M} E* $K $O Ey 2A $G $" $k $,!$ >Z L@ 9‘ $, trivial $J Dj ?t $G $" $k L? Bj $H $7 $F!$ [2] $N 5- 9f $K $J $i $$ a # $r F3 F~ $9 $k $3 $H $H $7 $?!% 3.2 9‘$H$=$N4JLs2= Dj5A 1 ( 9‘ ) t ::= x j nil j null? ( t ) j true j true? ( t ) j false j false? ( t ) j [ t . t ] j car ( t ) j cdr ( t ) j pair? ( t ) j �x:t j t ( t ) j fun? ( t ) j �t j if t then t else t fi $3$3$G!$ x $OJQ?t$rI=$9!% 2 nil ; car ( t ) ; cdr ( t ) $O Lisp $K$*$1$k$=$l$i$H F1$80U L# $G$" $k!% $?$@ $7!$ BP$O [ t . t ] $GI= $7!$ 9‘$N Cj >]!$E, MQ$O %i%‘%@7W ;;$HF1MM �x:t , t ( t ) $G I=$9!%$^ $?!$ �t $H $$$&9‘$O!$:F5"8F$S=P$7$N$?$a$K;H$o$l$k!% >e 5- Dj 5A $N Cf $G!$ F1 $8 9T $K $" $k 9‘ $r F1 <o $N 9‘!$ 0[ $J $k 9T $K $" $k 9‘ $r 0[ <o $N 9‘ $H 8F $V!% $? $H $( $P!$ nil $H null? ( t ) $O F1 <o $G $" $j!$ nil $H true? ( t ) $O 0[ <o $N 9‘$G$"$k!%9‘$N$&$A!$ null? ( t ), true? ( t ), false? ( t ), pair? ( t ), fun? ( t ) $N 7A$N 9‘ $rH= JL 9‘$H 8F $S!$9‘ $N <oN‘ $rH=JL$9$k$?$a$KMQ$$$i$l$k!% B+G{JQ?t!$<+M3JQ?t!$BeF~$N35G0$ODL>oDL$jDj5A$5$l $k!%<+M3JQ?t$r;}$?$J$$ 9‘$rJD$8$?9‘ $H8F$V!%9‘ a Cf$N JQ ?t x 1 ; � � � ; x n $K 9‘ b 1 ; � � � ; b n $r F1 ;~ $K Be F~ $7 $? 7k 2L $r a x 1 ; � ;x n [ b 1 ; � � � ; b n ] $HI=$9!%9‘ a $NCf$N<+M3 JQ?t$N =89g$r F V ( a ) $HI=$9!% $^$?!$ ab 4 = a ( b ) a ( b 1 ; . . . ; b n ) 4 = a ( b 1 ) � � � ( b n ) [ ] 4 = nil [ a ] 4 = [ a . nil] [ a b ] 4 = [ a . [ b . nil]] [ a b c ] 4 = [ a . [ b . [ c . nil]]] $J$I$N>JN,$rMQ$$$k!% Dj5A 2 ( @5=‘9‘ (canonical term)) c ::= nil j true j false j [ t . t ] j �x:t Dj5A 3 ( @55,9‘ (normal term)) n ::= x j nil j true j false j [ n . n ] j �x:n 9‘ a $r4JLs2=$7$F@5=‘9‘$^$? $O@55,9‘ b $,F@$i$l$k$H $-!$ b $r9‘ a $N@5=‘7A$^$?$O@55,7A$H8F$V!% 2 RPT $N 4JLs2=5,B’$G$O!$$?$H$($P!$ pair? ( a ) $r7W;; $9 $k >l 9g!$ a $, @5 =‘ 7A $K $J $j $5 $( $9 $l $P!$ A4 BN $N 7W ;; $,2DG=$K$J$k$N$G!$ a $r@55,7A$K$J$k$^$G 7W;;$9$kI,MW $O $J $$!% =>$C $F!$ @5 =‘ 9‘ $O RPT $N 7W ;; $K $* $$ $F =E MW $J

4 %3%s%T%e!<%?%=%U%H%&%’%" ( 4 ) I= 1 9‘$N4JLs2=5,B’ 4JLs2= >r7o #( a ) > true #( a ) $O H=JL 9‘!$ a $O @5 =‘9‘ $G #( a ) $H a $OF1<o$N9‘$N$H$- #( a ) > false #( a ) $O H= JL9‘!$ a $O @5 =‘ 9‘$G #( a ) $H a $O0[<o$N9‘$N$H$- car ( [ a . b ] ) > a cdr ( [ a . b ] ) > b ( �x:a ) b > a x [ b ] �x: ( �y :a ) x > �y :a x 62 F V ( a ) $N$H$- �a > a ( �a ) if true then a else b fi > a if false then a else b fi > b a x [ b ] > a x [ c ] b > c $N$H$- 35G0$G$"$k!% Dj5A 4 ( <09‘ ) p ::= nil j [ p . p ] $^$?!"<+A3?t i $r 0 4 = nil i + 1 4 = [nil . i ] $HDj5A$9$k!% 8e $K =R $Y $k RPT $N H= Dj $H L? Bj $O!$ 0J 2< $N $h $& $K E, Ev $J9‘$G%3!<%G%#%s%0$5$l$F$$$k!% a = b 4 = [1 a b ] a [ b ] 4 = [2 a b ] j = i b 4 = [3 i b ] a ‘ i b 4 = [5 i a b ] a ^ b 4 = [7 a b ] a & b 4 = [8 a b ] a _ b 4 = [9 a b ] a � b 4 = [10 a b ] 8 a 4 = [11 a ] 9 a 4 = [12 a ] $^ $?!$ 8 x:b; 9 x:b; : a $O!$ $= $l $> $l!$ 8 ( �x:b ), 9 ( �x:b ), a � false $N >J N, 7A $G $" $k $H $9 $k!% a [ b ] $O 1 0z?t$N=R8l a $K0z?t b $rM?$($?L?Bj$r$"$i$o$9!% Dj5A 5 ( 9‘$N4JLs2= ) 9‘ a; b $K BP$7!$ a > b $rI= 1 $GDj 5A$9$k!% 2 > $O $$ $o $f $k 1 %9 %F%C %W $N 4J Ls 2= $K Aj Ev $9 $k!% > $NH?<M E*?d0\E* JDJq$r5- 9f > � $G I=$7 , > � $r4^ $‘:G>. $N F1 CM4X 78 $r 5- 9f � $GI= $9!% 4J Ls 2=$, Dd ;_ $7 $J $$9‘ $N BeI=$H$7$F!$ 4 = ( �x:xx )( �x:xx ) $H$*$/!% 0J >e $N 9= J8 $H 4J Ls 2= 5, B’ $G Dj 5A $5 $l $k %W %m %0 %i %‘ 8@ 8l $r � $H 8F $V!% � $N Churc h-Rosser $N @- <A ( 9g N.@- ) $O [11] $G >ZL@$5 $l$F $$$k!% $3$N >ZL@ $N7A<0 2=$K $D$$ $F$O 6 @a$G =R$Y$k!% � $N7W ;;$OHs7h DjE*$G $"$k$,!$I, MW8F$S (call by need) $K$h$k@oN,$O@5 5,2=@oN,$K$J$C $F$*$j!$ $3 $l $r 7W ;; 5! >e $K <B 8= $7 $?!% � $O!$ K\ O@ J8 $G 5- =R $N BP >]$H$J$k$HF1;~$K!$7W;;5!>e$K%7%9%F%‘$r<B8=$9$k$?$a $N%W%m%0%i%‘8@8l$G$b$"$k!% 3.3 H=Dj$H?dO@5,B’ RPT $G $O!$ Martin-L� of $N BN 7O ( $N 7A <0 2= ) $H F1 MM!$ H=Dj (judgement) $,?dO@$NBP>]$H$J$k!% Dj5A 6 ( H=Dj ) a; p $r 9‘!$ i $r <+ A3 ?t $H $9 $k $H $-!$ 0J 2< $N$b$N$O!$H=Dj$G$"$k!% j = i p a ‘ i p a ‘ i p $N 7A $N H= Dj $K BP $7 $F!$ 9‘ a $r >Z L@ 9‘ $H 8F $V!% 0J 2<!$ a; b; c; p; q ; s; t; � � � $r 9‘!$ i; j $r <+ A3 ?t!$ J; J i $r H=Dj$H$7!$ f ; g ; x; y ; z $rJQ?t$r$"$i$o$9%a%?JQ?t$H $7$F;H$&!%

( 5 ) V ol. 0 No. 0 1983 5 ?d O@ 5, B’ $O!$ <+ A3 1i eh K! $N 7A <0 $G 5- =R $5 $l $k!% RPT $N?dO@5,B’$O0J2<$N<oN‘$+$i$J$k!% 1. %l%Y%k$K4X$9$k5,B’ 2. Ey9f$H@5=‘9‘$K4X$9$k5,B’ 3. L?Bj$K4X$9$k5,B’ 4. >ZL@9‘$K4X$9$k5,B’ 5. =R8lDj5A$K4X$9$k5,B’ $3 $3 $G $O!$ 1, 5 $N A4 $F $H 2, 3, 4 $N <g MW $J $b $N $N $_ @b L@ $7!$;D$j$OIUO?$G=R$Y$k!% 3.3.1 %l%Y%k$K4X$9$k5,B’ j = j p j = i p ( i > j ) a ‘ j p a ‘ i p ( i > j ) a ‘ i p j = j p a ‘ j p ( i > j ) $3$3$G i; j $O<+A3?t$NDj?t$r$"$i$o$9%a%?JQ?t$G$"$k!% =>$C$F!$$3$l$i$O!$$=$l$>$l!$C10l$N5,B’$G$O$J$/!$5, B’$N%9%-!<%^$r$"$o$i$7$F$$$k!%0J2<!$K\O@J8$rDL$8$F i; j $O$3$NLsB+;v$K=>$&!% >e 5- $N $& $A!$ :8 $N 2 $D $N 5, B’ $O!$ $" $k %l %Y %k $G @. N) $9$k;v<B$O!$$=$l$h$j9b$$%l%Y%k$G$b@.N)$9$k$3$H$r$" $i$o$7$F$$$k!%0lHV1&$N5,B’$O!$5U$K!$$"$k%l%Y%k$G@. N)$9 $k a ‘ i p $N7A$N H=Dj$O!$ p $,L?Bj $H$J$k %l%Y%k$G 4{ $K @. N) $7 $F $$ $? $3 $H $r $" $i $o $7 $F $$ $k!% 8@ $$ 49 $( $k $H!$ p $,>ZL@$r;}$D$+$I$&$+$O!$$=$l$, L?Bj$H$J$k0lHV Dc$$%l%Y%k$N;~E@$G7h$^$j!$$=$l$h$j>e$N%l%Y%k$O$=$N >u67$r0z$-7Q$$$G$$$k$@$1$G$"$k!% 3.3.2 Ey9f$H@5=‘9‘$K4X$9$k5,B’ <g$J5,B’$O0J2<$NDL$j$G$"$k!% 0 ‘ i a = b ( $?$@$7 a � b ) �x: 0 ‘ i : ( a = b ) ( $?$@$7 a $H b $O0[<o$N@5=‘9‘ ) a ‘ i b x [ d ] c ‘ i d = e a ‘ i b x [ e ] a x [ d ] ‘ i b c ‘ i d = e a x [ e ] ‘ i b :G8e$N5,B’$r:8Ey9f5,B’$H8F$V!%>e5-0J30$N5,B’$OIUO? $K5-:\$9$k!% 3.3.3 L?Bj$K4X$9$k5,B’ L?Bj$H$J$k9‘$O!$DL>o$N 1 3,=R8lO@M}$H$[$\F1$87A$r $7 $F$$ $k!%86 ;O L?Bj $H $7$F true , false , a = b , j = i p , a ‘ i p $r ;} $A!$ O@ M} 5- 9f $H $7 $F ^ ; & ; _ ; � ; 8 ; 9 $r ;} $D!% 0[ $J $k E@ $O (1) j = i p $d a ‘ i p $H $$ $& I= 8= <+ ?H $b i + 1 %l %Y%k $NL? Bj$H $J$k!% $3$3 $G a $d p $O$I $s$J 9‘$G $b $h $$!% (2) p $, >Z L@ $r ;} $? $J $$ L? Bj $G $" $l $P!$ q $, L? Bj $G $J $/ $F $b p � q $d p & q $, L? Bj $H $J $k , $N 2 E@ $G$"$k!% $J $*!$ p & q $O!$ DL >o $N O@ M} @Q p ^ q $H ;w $? 0U L# $r ;} $D $,!$ L? Bj $H $J $k $? $a $N >r 7o $, 0[ $J $k!% $9 $J $o $A!$ p ^ q $, L? Bj $K $J $k $? $a $K $O p , q $H $b $K L? Bj $G $J $1 $l $P $J $i $J $$ $,!$ p & q $,L? Bj $K $J $k $N $O!$ p $,L? Bj $G $" $j!$ $+ $D!$ p $, @5 $7 $$ L? Bj $G $" $k $H $$ $& 2> Dj $N $b $H $G q $, L? Bj $K $J $k$H $- $G $" $k!% & $N 6qBN Nc $O Bh 4.2 @a $G=R$Y$k!% L?Bj$K4X$9$k5,B’$OIUO?$K5-:\$9$k!% 3.3.4 >ZL@9‘$K4X$9$k5,B’ >Z L@ 9‘ $K 4X $9 $k 5, B’ $O 0J 2< $N DL $j $G $" $k!% $3 $3 $G $O i > j $H2>Dj$9$k!% 0 ‘ i true a ‘ i true 0 ‘ i a = 0 a ‘ i false a ‘ i p j = j p 0 ‘ i ( j = j p ) a ‘ j p 0 ‘ i ( a ‘ j p ) a ‘ i ( b ‘ j p ) b ‘ j p a ‘ i ( b ‘ j p ) 0 ‘ j a = 0 a ‘ i p b ‘ i q [ a . b ] ‘ i p ^ q a ‘ i p ^ q 0 ‘ i pair? ( a ) = true a ‘ i p ^ q car ( a ) ‘ i p a ‘ i p ^ q cdr ( a ) ‘ i q a ‘ i p j = i q [true . a ] ‘ i p _ q j = i p b ‘ i q [false . b ] ‘ i p _ q a ‘ i p _ q 0 ‘ i pair? ( a ) = true a ‘ i p _ q [ P x ‘ i p ] . . . . b ‘ i r [ Q x ‘ i q ] . . . . c ‘ i r D ‘ i r ( x $O8GM-JQ?t ) $?$@$7!$:G8e$N5,B’$K$*$$$F!$ P 4 = 0 ‘ i car ( a ) = true Q 4 = 0 ‘ i car ( a ) = false

6 %3%s%T%e!<%?%=%U%H%&%’%" ( 6 ) D 4 = ( if car ( a ) then �x:b else �x:c fi )( cdr ( a )) $H$9$k!%$3$N5,B’$r _ =|5n5,B’$H8F$V!% j = i p [ x ‘ i p ] . . . . a ‘ i q �x:a ‘ i p � q ( x $O8GM-JQ?t ) a ‘ i p � q 0 ‘ i fun? ( a ) = true a ‘ i p � q b ‘ i p a ( b ) ‘ i q a ‘ i p b ‘ i q [ a . b ] ‘ i p & q a ‘ i p & q 0 ‘ i pair? ( a ) = true a ‘ i p & q car ( a ) ‘ i p a ‘ i p & q cdr ( a ) ‘ i q a ‘ i p �x:a ‘ i 8 ( �x:p ) ( x $O8GM-JQ?t ) a ‘ i 8 p 0 ‘ i fun? ( a ) = true a ‘ i p x [ b ] [ b . a ] ‘ i 9 ( �x:p ) a ‘ i 9 p 0 ‘ i pair? ( a ) = true a ‘ i 8 p a ( b ) ‘ i p ( b ) a ‘ i 9 p cdr ( a ) ‘ i p ( car ( a )) 8G M- JQ ?t $O DL >o $N O@ M} $H F1 MM $N 8G M- JQ ?t >r 7o $r K~ $? $5 $J $1 $l $P $J $i $J $$!% $? $H $( $P!$ _ $N =| 5n 5, B’ $G $O!$ x 62 F V ( p ) [ F V ( q ) [ F V ( r ) $G $" $j!$ $5 $i $K!$ x $O 1& 2 $D$NItJ,>ZL@$N2>DjCf$K$O!$$3$N5, B’$GI=<($5$l$F $$$k$b$N0J30$K$O$"$i$o$l$F$O$$$1$J$$!% $3$l$i$N5,B’$O!$$I$&$$$&9‘$,L?Bj$N>ZL@$K$J$k$+!$ $K $D $$ $F ?d O@ $9 $k 5, B’ $G $" $k!% RPT $G $O!$ >Z L@ $, B8 :_ $9$kL?Bj$r@5$7$$L?Bj$H8F$V$N$G!$$I$NL?Bj$,@5$7$$$+ $K$D$$$F$N?dO@$r$9$k5,B’$G$"$k$H$b8@$($k!%>ZL@$H$J $k 9‘$O!$ Curry-How ard $N F17? BP 1~ $K=>$C $F <+A3 $K Dj $^$k$b$N$G$"$k!%$9$J$o$A!$O@M}@Q$N7A$NL?Bj$OBP$N7A $N >Z L@ 9‘ $r $b $A!$ $= $N Bh 1, 2 MW AG $O $= $l $> $l!$ O@ M} @Q $NBh 1, 2 MWAG$N>ZL@$H$J$C$F$$$k!%B>$bF1MM$G$"$k!% 3.3.5 =R8lDj5A$K4X$9$k5,B’ =R8l$OA4$F5"G<E*=R8l$N7A$GF3F~$5$l$k!%0J2<$N?dO@ 5, B’ $G P $O �f :�x:F $N $3 $H $G $" $k!% $^ $?!$ F $O!$ f $K4X $7$F 69@5$G $J$1 $l$P $J$i $J$$!$$9 $J$o $A!$ F Cf $N p � q $N7A $N A4$F $N ItJ, 9‘$K BP $7!$ p $, f $N <+ M3$J =P 8=$r4^$s$G$O$$$1$J$$!% [ w ‘ i +1 ( 8 y : j = i f [ y ] )] . . . . j = i F j = i P [ a ] ( x; f ; w $O8GM-JQ?t ) $3 $N5, B’$O!$ 5"G< E* =R8l P $, L?Bj $H$J $k >r7o $r$" $i $o $7$F$$$k!% b ‘ i F x;f [ a; P ] b ‘ i P [ a ] b ‘ i P [ a ] b ‘ i F x;f [ a; P ] $3 $l $i $N 5, B’ $O!$ $= $l $> $l!$ 5" G< E* =R 8l Dj 5A $N fold, unfold $KAjEv$9$k!% b ‘ i 8 x: ( F f [ p ] � p [ x ] ) ind P ( b ) ‘ i 8 x: ( P [ x ] � p [ x ] ) $3 $N5, B’$, 5" G<K! $K AjEv $9$k!% $3 $3$G ind P $O P $K1~ $8$FDj$a$i$l$k9‘$G$"$k!%>\:Y$O [11] $r;2>H$N$3$H!% $3$3$G$O4JC1$N$?$a!$ 1 0z?t$N=R8lDj5A$K$D$$$F$N$_ 5-=R$7$?$,!$ 2 0z?t0J>e$N=R8lDj5A$KBP $9$k?dO@5,B’$b F1MM$G$"$k!% =R8lDj5A$NNc !V p $, 1 0z ?t $N L? Bj 4X ?t $G $" $k $3 $H!W $O RPT $G $O 8 x: j = i p ( x ) $H $$$& L? Bj $GI= 8= $5$l $k!% $3$l $r PF [ p ] $H $$ $& ( %a %? $J ) L? Bj $G I= 8=$9 $k $? $a $K $O!$ =R 8l PF $r 0J 2< $N$h$&$KDj5A$9$l$P$h$$!% PF 4 = �f :�p: 8 x: j = i p ( x ) =R 8l PF $O!$ Dj 5A $N Cf $G f $r ;2 >H $7 $F $$ $J $$ $N $G 5" G< E* $G$J$$!%$3$N>l9g!$5"G<K!$N?dO@5,B’$O<+L@$J$b$N$K$J $k!% <+A3?t$rI=$9=R8l Nat $O0J2<$N$h$&$KDj5A$5$l$k!% Nat 4 = �f :�x: x = 0 _ 9 y : ( x = [ 0 . y ] ^ f [ y ] ) $3 $N $h $& $K Dj 5A $9 $k $H!$ @h $K Dj 5A $7 $? <+ A3 ?t n $K BP $7 $F!$ Nat [ n ] $, @.N) $9 $k $3$H $, $o $+$k!% 5" G< K!$N ?d O@5, B’$K Nat $N Dj5A $r$" $F$O $a$k $H!$DL >o$N?t 3XE* 5"G< K!$H F1CM$G$"$k$3$H$,$o$+$k!%$?$@$7!$ ind Nat $O0J2<$N$h $&$KDj5A$5$l$k!% ind Nat 4 = �r:� ( �f xq : r ( x )([ car ( q ) : if car ( q ) then cdr ( q ) else [ cadr ( q ) : [ caddr ( q ) : f ( cadr ( q ))( cdddr ( q ))]] fi )) $3$3$G Lisp $HF1MM$K cadr Ey$NN,5-$rMQ$$$?!%

( 7 ) V ol. 0 No. 0 1983 7 3.4 RP T $H RPT K\ @a $G =R $Y $? $h $& $K!$ 7A <0 2= $N BP >] $H $7 $? RP T $O [11] $N RP T $K $o $: $+ $J JQ 99 $r 2C $( $? $b $N $G $" $k!% JQ 99 8e$N RP T $,!$$3 $3$G M?$( $? 7A<0 E*BN 7O RPT $N%b %G %k$K$J$k$3$H$OMF0W$K8@$($k!% DjM} 1 ( %b%G%k ) RP T $O RPT $N%b%G%k$G$"$k!% 2 7O 1 ( L5L7=b@- ) RPT $OL5L7=b$G$"$k!% 2 RP T $O!$ 9‘ $N =8 9g $r F1 CM 4X 78 � $G 3d$C $? $b $N $r NN 0h $H $9 $k %b %G %k $G $" $k!% $3 $l $, RPT $N %b %G %k $H $J $k $3 $H$+$i!$0J2<$N7O$,@.N)$9$k!% 7O 2 RPT $G p ‘ i a = b $, 2> Dj $J $7 $K >Z L@ $5 $l $k $3 $H $H!$ a � b $OF1CM$G$"$k!% 2 $3$N7O$O!$ RPT $NF1CM4X 78 = $,!$ RP T $NF1CM4X78 � $r Ci <B $K I= 8= $7 $F $$ $k $3 $H $r $" $i $o $7 $F $$ $k!% $3 $N F1CM4X78$O!$A‘:nE*$KDj5A$5$l$kFbJqE*$J$b$N$G$"$k!% 7 @a$G$O!$ RPT $N30$GJL$NF1CM4X78$rF3F~$9$k!% 3.5 RPT $N @- <A 7A <0 E* BN 7O RPT $+ $i :8 Ey 9f 5, B’ $r =| $$ $? BN 7O $G $O!$ >ZL@?^$H!$$=$N>ZL@?^$N7kO@$K$"$?$kH=Dj$N>ZL@9‘$H$O $[$\F1$89=B$$r;}$C$F$$$k!%$9$J$o$A!$>ZL@9‘$K$*$1$k 4JLs2=2DG=$JItJ,$O!$>ZL@?^$K$*$1$k$=$l$KBP1~$7$F$$ $k!% RPT $N >Z L@ ?^ ( $" $k $$ $O $= $N7k O@ $N >Z L@ 9‘ ) $O!$ DL >o$NO@M}BN7O$N$h$&$K6/@55,2=2DG=!$$D$^$j!$$=$NCf$K 4^$^$l$k4p$r$I$N$h$&$J=gHV$G4JLs2=$7$F$b@55,7A$KE~ C# $9 $k!$ $H $O 8B $i $J $$!% $^ $?!$ 8e $K Dj M} 3 $G =R $Y $k $h $&$K<e@55,2=2DG=$G$9$i$J$$!%$7$+$7!$ � � Cj>]$NFbIt$r4JLs2=$7$J$$!% � B8 :_ 5- 9f $N F3 F~!$ A4 >N 5- 9f $N =| 5n $N 5, B’ $G >Z L@ 9‘ $K<h$j9~$s$@9‘$O4JLs2=$7$J$$!% $H$$$&@)8B$D$-$N4JLs2=$K4X$7$F$ONI$$@-<A$r;}$D!%$3 $3$G!$B8:_5-9f$NF3F~Ey$G<h$j9~$s$@9‘$H$$$&$N$O!$$? $H $( $P!$ [ . 0 ] ‘ i 9 x:x = $H $$ $& H= Dj $N >Z L@ 9‘ $K $* $1 $k $N It J, $N $3 $H $G $" $j!$ $3 $l $O!$ 0UL# E* $K $O >Z L@$N9=B$$r$"$i$o$9$N$G$O$J$/!$BP>]$N@$3&$NMWAG$rI= $7$F$$$k!% DjM} 2 RPT $+$i :8Ey9f5,B’ $r=|$$$? BN7O$K$* $$$F!$2> Dj$J $7$KH= Dj a ‘ i p $,>Z L@$G$- $?$H$9 $k$H!$ a $O@)8B $D$-4JLs2=$K4X$7$F6/@55,2=2DG=$G$"$k!% 2 7O 3 RPT $K $* $$ $F!$ 2> Dj $J $7 $K H= Dj a ‘ i p $, >Z L@ $G $- $? $H $9 $k $H!$ a $O @) 8B $D $- 4J Ls 2= $K 4X $7 $F <e @5 5, 2= 2DG=$G$"$k!% 2 $3$N DjM}$O!$ 9b3, $NM}O@ $KBP$9 $k T ait $N<jK! $rJQ7A $9$k$3$H$K$h$j>ZL@$5$l$k!%$^$?!$$3 $N>ZL@$+$i!$ RPT $N L5 L7 =b @- $N JL >Z $d!$ RPT $N >Z L@ ?^ $K 4X $9 $k 7k 2L $, $$ $/ $D $+ F@ $i $l $k!% $7 $+ $7!$ K\ 9F $G $O!$ BN 7O RPT $N >Z L@ O@E*@-<A$rD4$Y$k$N$,L\E*$G$O$J$$$N$G!$>\:Y$O>JN,$9 $k!% 4 RPT $G$N>ZL@$NNc 4.1 S combinator DL >o $N L? Bj O@ M} $K $* $$ $F!$ A; B ; C $, O@ M} <0 $N $H $-!$ ( A � B � C ) � ( A � B ) � A � C $H$$ $&O@ M}<0 ( $3$l $r F $H $9$k ) $,>Z L@2D G=$G $"$k!% $3 $N<gD%$O$$$o$f$k%a%?DjM}$KAjEv$9$k$,!$0J2<$N$h$&$K RPT $G$OBN7OFb$G>ZL@$9$k$3$H$,$G$-$k!% P 1 � x ‘ 0 A � B � C z ‘ 0 A xz ‘ 0 B � C y ‘ 0 A � B z ‘ 0 A y z ‘ 0 B xz ( y z ) ‘ 0 C P 2 � j = 0 A � B � C j = 0 A � B j = 0 A P 0 1 �z :xz ( y z ) ‘ 0 A � C �y z :xz ( y z ) ‘ 0 ( A � B ) � A � C S ‘ 0 F $3 $3 $G!$ P 0 1 $O P 1 Cf $N 3 $D $N 2> Dj $, P 2 $K $* $1 $k � F3 F~ $K $h$C $F =| 5n $5 $l $? >Z L@ ?^!$ S 4 = �xy z :xz ( y z ), F 4 = ( A � B � C ) � ( A � B ) � A � C $G$"$k!% P 3 � [ u ‘ 1 ( j = 0 A )] j = 0 A [ w ‘ 1 ( j = 0 C )] j = 0 C [ v ‘ 1 ( j = 0 B )] j = 0 B . . . . P 2 S ‘ 0 F 0 ‘ 1 ( S ‘ 0 F ) . . . . �uv w : 0 ‘ 1 T �AB C:�uv w : 0 ‘ 1 8 AB C :T $? $@ $7!$ T 4 = ( j = 0 A ) � ( j = 0 B ) � ( j = 0 C ) � ( S ‘ 0 F ) $H$9$k!% >ZL@ P 3 $O!$ :G=i $N<g D%$= $N$b $N$r 7A<0 2=$7 $?>Z L@$K $J$C$F$$$k!%

8 %3%s%T%e!<%?%=%U%H%&%’%" ( 8 ) 4.2 =89g$NDj5A$H Russell $N5UM} RP T $G$O!$L?Bj4X?t$r=89g$H8+$J$7$F9=@.E* $J=89g O@ $r E8 3+ $9 $k $3 $H $, $G $- $k!% $9 $J $o $A!$ G$ 0U $N 9‘ a $K BP$7$F p ( a ) $,Bh i %l%Y%k$NL?Bj$K$J$k$H$-!$ f x j p ( x ) $, @. N) $9 $k g $H $$ $& =8 9g $, Dj 5A $5 $l $k $H 9M $( $k!% $3 $l $O FbJq (comprehension) $N 5, B’ $K BP 1~ $7 $F$$ $k!%$3$N$3$H$O RPT $G$O!$0J2<$N$h$&$KI=8=$5$l$k!% Set i [ p ] 4 = 8 x: ( j = i p ( x )) a 2 i p 4 = Set i [ p ] & p ( a ) Set i [ p ] $O p $, i %l %Y %k $N =8 9g $G $" $k $3 $H $r I= $7!$ a 2 i p $O!$ p $, =8 9g $G $"$C $F a $, $= $N MW AG $G $" $k $3 $H $r I= $9!% a 2 i p $N Dj 5A $G!$ DL >o $N O@ M} @Q ^ $G $O $J $/!$ 5- 9f & $, ;H $o $l $F $$ $k!% 2> $K!$ a 2 i p $N Dj 5A $r Set i [ p ] ^ p ( a ) $H$9$k$H!$ a $NCM$K$h$C$F$OL? Bj$K$J$i $J $$ $3$H $, $" $k!%0l J}!$ >e 5-Dj 5A $G $"$l $P!$ a 2 i p $O $$$D$G$b i + 1 %l%Y%k$NL?Bj$K$J$k$3$H$,>ZL@$G$-$k!% =89g$NNc$H$7$F!$<+A3?t$N=89g NatSet $O NatSet 4 = �x: Nat [ x ] $H$7$F Dj5A$G$-$k!% $3$l$h$j!$ Set 0 [ NatSet ] $dG$ 0U$N <+A3?t n $KBP$7$F!$ n 2 0 NatSet $,8@$($k!% AG KQ =8 9g O@ $K $* $1 $k Russell $N 5U M} $O!$ =8 9g R $r R 4 = f x j x 62 x g $H $7 $F Dj 5A $7!$ $3 $N Dj 5A <0 $N x $K R <+ ?H $r Be F~ $9 $k $3 $H $K $h $j!$ L7 =b $r F3 $/ $b $N $G $" $k!% ZF =8 9g O@ $K $* $$ $F $O!$ =8 9g $r 9= @. $9 $k 5, B’ $+ $i comprehension $N5,B’$rGS=|$7$F!$ R $r=89g$H$7$F9= @.$G$-$J$$$h$&$K$9$k$3$H$K$h$j!$$3$N5UM}$rHr$1$F$$ $k!% 0l J}!$ RPT $G $O R $r =8 9g$H $7 $F Dj 5A $9 $k $3$H $, $G $-$k!%$7$+$7!$0J2<$K=R$Y$k$h$&$K!$$3$N=89g$O%l%Y%k IU $1 $5 $l $F $$ $k $? $a!$ 5U M} $, @8 $8 $J $$ $h $& $K $J$C $F $$ $k!% DjM} 3 R 4 = �f : : ( f 2 0 f ) $H $9 $k $H 0J2< $N 4 $D $N H= Dj$,>ZL@2DG=$G$"$k!% a ‘ 1 : Set 0 [ R ] �w :a ( car ( w )) ‘ 1 : ( R 2 0 R ) �u: 0 ‘ 2 Set 1 [ R ] [ �u: 0 . �w :a ( car ( w )) ] ‘ 2 R 2 1 R $?$@$7!$ a 4 = �u: ( �v : cdr ( v ) v ) [ u . ( �v : cdr ( v ) v ) ] $H$9$k!% 2 R $O Russell =8 9g $r L? Bj 4X ?t $N 7A $G =q $$ $? $b $N $G $" $k!% Dj M} 3 $N 0U L# $O!$ R $O %l %Y %k 0 $G $O =8 9g $G $O $J $/!$%l%Y%k 1 0J>e$N@$3&$G=89g$H$J$k!$ $H$$$&$3$H$G$" $k!%=>$C$F!$ R $NDj5A$G;2 >H$7$F$$ $k : ( f 2 0 f ) $K R $r Be F~ $G $- $:!$ L7 =b $O @8 $8 $J $$!% $J $*!$ 9‘ a $O!$ RPT $NJD$8$?>ZL@$N>ZL@9‘$G$"$k$,!$@55,7A$r;}$?$J$$!%8@ $$ 49 $( $k $H!$ RPT $N >Z L@ ?^ $O I, $: $7 $b @5 5, 2= 2D G= $G $O $J$$!% 4.3 <+8JH?1G3,AX$NM-MQ@- -1 RP T $NBg$-$JFCD’$O!$<+8JH?1G$N3,AX$K$h$j F10l$N BN7OFb$G%a%?DjM}$r<h$j07$&$3$H$,$G$-$kE@$G$"$k!%K\ @a$G$O!$$=$NNc$r$"$2$k!% O@M}OB $K4X$9$k@- <A (Disjunction Prop erty) $H9‘$N B8:_$K4X$9$k@- <A (T erm Existence Prop erty) [2] $O!$ 9=@.E*O@M}BN7O$G$"$l$P@.N)$9$k$3$H$,K>$^$7$$@-<A$G $"$k!% 2 @a$G=R$Y $?$h$&$K!$ 1 3, =R8lO@M}$K 4p$E$/BN 7O Ey$G$O!$$3$l$i$N@-<A$O!$<B8=2DG=@-2r<a$J$I$rMQ$$$F %a %? $J N) >l $+ $i >Z L@ $5 $l $k $,!$ RPT $G $O!$ BN 7O Fb $G 7A <02=$7$?$3$l$i$N@-<A$r>ZL@$9$k$3$H$,$G$-$k!% 0J2<$G$O 9 x: x ‘ i p $r ‘ i p $HN,5-$9$k!% DjM} 4 O@ M} OB $K 4X $9 $k @- <A !VL? Bj p; q $K BP $7 $F!$ p _ q $, >Z L@ 2D G= $G $" $l $P!$ p $+ q $, >Z L@ 2D G= $G $" $k $3 $H!W $r 7A <0 2= $7 $? L? Bj $O RPT $G >Z L@ $G $- $k!% $9 $J $o $A!$$"$k9‘ a $KBP$7$F!$ a ‘ i +1 8 p: 8 q : ( j = i p ) � ( j = i q ) � ( ‘ i p _ q ) � ( ‘ i p ) _ ( ‘ i q ) $,@.N)$9$k!% 2 DjM} 5 9‘$NB8 :_$K4X$9 $k@-<A !VL?Bj 9 x:p $,>ZL@ 2DG= $G $" $l $P!$$= $N >Z L@ $+ $i9‘ t $H L? Bj p x [ t ] $N>Z L@ $H $, F@ $i $l $k!W $3 $H $r 7A <0 2= $7 $? L? Bj $O RPT $G >Z L@ $G $- $k!% $9$J$o$A!$$"$k9‘ a $KBP$7$F!$ a ‘ i +1 8 f : ( PF [ f ] � 8 y : (( y ‘ i 9 x:f ( x )) � ( ‘ i f ( car ( y ))))) $, @. N) $9 $k!% $3 $3 $G PF $O @h $K Dj 5A $7 $? !V 1 0z ?t L? Bj 4X ?t$G$"$k$3$H!W$r$"$i$o$9=R8l$G$"$k!% 2 4.4 <+8JH?1G3,AX$NM-MQ@- -2 A0 @a $G $b <+ 8J H? 1G 3, AX $r Mx MQ $7 $? Nc $K $D $$ $F =R $Y $? $,!$$3$3$G$O$h$j0lHLE*$JNc$H$7$F!$%O%m%C%WO@M}<0$K

( 9 ) V ol. 0 No. 0 1983 9 4X$9$k%a%?DjM}$r7A<02=$9$k!% 1 3, =R8lO@ M}$G$O!$ %O%m%C%W O@M}<0 $O0J2< $N$h$& $KDj 5A$5$l$k!% Dj5A 7 ( %O%m%C%WO@M}<0 ) H ::= true j false j t = t j H ^ H j P � H j 8 x:H $3$3$G P $OG$0U$NO@M}<0$G$"$k!% 2 D> 4Q <g 5A $N 1 3, =R 8l O@ M} $K $* $$ $F!$ 9‘ a $, O@ M} <0 P $N<B 8=;R $G$" $k$3 $H$r a r P $HI= 8=$9 $k [2] !%<B 8=2D G= @-2r<a a r P $O!$9‘ a $, P $N>ZL@$HF1$89=B$$r;}$C$F $$ $k $3 $H $r I= $7 $F $$ $k $N $G!$ RPT $K $* $1 $k a ‘ i P $H $$ $& H= Dj$H 0U L# E* $J 6&DL @- $, $" $k!% P $, %O %m%C %W O@ M} <0$G$"$k>l9g!$0J2<$NNI$/CN$i$l$?DjM}$,@.N)$9$k!% DjM} 6 H $r%O %m%C%W O@M} <0!$ F V ( H ) � f x g $H $9 $k $H!$ $" $k 9‘ t $K BP $7 $F H � ( t ( x ) r H ) $, @. N) $9 $k!% 2 RPT $G $O!$ $3 $N %a %? Dj M} $K BP 1~ $7 $? Dj M} $r BN 7O Fb $G >Z L@ $9 $k $3 $H $, $G $- $k!% 0J 2< $G $O!$ G$ 0U $N 9‘ a $K BP $7 p ( a ) $, %O %m%C %W L? Bj $K$J $k 9‘ p $r %O %m%C %W L? Bj 4X ?t $H 8F$V$3$H$K$9$k!% Dj5A 8 ( %O%m%C%WL?Bj4X?t ) HPF i 4 = �f :�p: p = �x: true _ p = �x: false _ 9 y : 9 z : p = ( �x: y ( x ) = z ( x )) _ 9 q : 9 r: ( p = ( �x: q ( x ) ^ r ( x ))) ^ f [ q ] ^ f [ r ] _ 9 q : 9 r : ( p = ( �x: q ( x ) � r ( x ))) ^ 8 x: ( j = i q ( x )) ^ f [ r ] _ 9 q : ( p = �x: 8 y : q ( [ x . y ] )) ^ f [ q ] DjM} 7 E,Ev$J9‘ a $KBP$7$F a ‘ i +2 8 p: ( HPF i [ p ] � 8 x: ( j = i +1 p ( x ))) $,@.N)$9$k!% 2 DjM} 8 E,Ev$J9‘ a $KBP$7$F a ‘ i +2 8 p: ( HPF i [ p ] � 9 f : 8 x: ( p ( x ) � ( f ( x ) ‘ i +1 p ( x )))) $,@.N)$9$k!% 2 $$$: $l$b!$ =R8l HPF i $K 4X$9 $k5" G<K! $G>Z L@$5 $l$k!% Dj M} 7, 8 $O!$%O %m%C %WL? Bj 4X?t $N Dj5A $K �x: a ( x ) # $d �x: a ( x ) & b ( x ) $rDI2C$7$F$b@.N)$9$k!% 5 >ZL@%7%9%F%‘$N<B8= K\ @a $G $O!$ 7W ;; 5! >e $K <B 8= $5 $l $? RPT $N >Z L@ %7 %9 %F %‘$K$D$$$F=R$Y$k!% 5.1 7W;;5!$K$h$k;Y1g%7%9%F%‘$NI,MW@- 1 @a $G=R $Y $? <j=g $K =>$C$F 9= @.E* %W %m %0%i %_ %s%0 $r 9T $&$K$O!$;EMM$N>ZL@$r8m$j$J$/M?$($kI,MW$,$"$k!%8@$& $^$G$b$J$/!$>ZL@$,8m$C$F$$$l$PCj=P$5$l$?%W%m%0%i%‘ $N@5$7$5$OJ]>Z$5$l$J$$!%=>$C$F!$9=@.E*%W%m%0%i%_%s %0$N<B9T$K$O!$7W;;5!>e$K>ZL@%A%’%C%+$r<B8=$9$k$3$H $,I,MW$G$"$k!% $^$?!$0lHL$K!$;EMM$N>ZL@$OBg$-$J$b$N$K$J$k$N$G!$ ?M4V$N<j4V$r$J$k$Y$/8:$i$9$?$a7W;;5!%7%9%F%‘$N;Y1g $,I,MW$G$"$k!%$3$l$O!$NI9%$J%f!<%6%$%s%?!<%U%’!<%9 $d<+F0>ZL@7O$r4^$‘!%K\%7%9%F%‘$O!$<+F0>ZL@$N2DG=@- $K$D$$$F8!F$$9$k$3$H$,L\E*$G$O$J$$$,!$8e=R$9$k$h$& $K$"$kDxEY$N<+F02=$r$O$+$C$F$$$k!% 5.2 <B 8= K\ %7 %9 %F %‘ $N <B 8= $K $O!$ %W %m %0 %i %‘ 8@ 8l � $r MQ $$ $?!%$[$H$s$I$N>ZL@;Y1g%7%9%F%‘$G$O!$$=$NBN7O$N9‘$N =89g$h$j!$%7%9%F%‘$r<B8=$9$k$?$a$K;H$&%W%m%0%i%‘8@ 8l$,$O$k$+$K6/NO$G$"$k!%$3$N$h$&$J%7%9%F%‘$G$O!$%7 %9 %F %‘ ( $= $l <+ BN %W %m %0 %i %‘ $G $" $k ) $K $D $$ $F $N ?d O@ $r 9T $& $? $a $K $O!$ $5 $i $K 6/ NO $J BN 7O $, I, MW $K $J$C $F $7 $^ $&!% K\ %7 %9 %F %‘ $G $O!$ BN 7O RPT $N ?d O@ BP >] $G $" $k 9‘ $N =8 9g$H!$%7%9%F%‘$r<B8=$9$k%W%m%0%i%‘8@8l$H$r0lCW$5$; $k$3$H$rL\I8$H$7$?!%$3$l$K$h$j!$:G=*E*$K$O!$>ZL@%7 %9%F%‘$N%W%m%0%i%‘<+?H$K4X$9$k?dO@$r%7%9%F%‘$G9T$& $3$H$,2DG=$K$J$k!% RPT $N 9‘ $d H= Dj $r � >e $K $N $; $k $? $a!$ quote $N 5! 9= $r ;H$C $?!% quote $O!$ � $N A4 $F $N 9‘ $r <0 9‘ $K 0l BP 0l $K <L A| $9 $k $b $N $G $" $k!% � $G $O!$ Lisp $N quote $H $O 0[ $J $j!$ quote ( a ) $r 7W ;;$7 $? 7k 2L$O quote ( a ) <+ ?H $G$" $k!%

10 %3%s%T%e!<%?%=%U%H%&%’%" ( 10 ) 5.3 %7%9%F%‘9=@. K\%7%9%F%‘$OBPOCE*$K>ZL@$r:n@.$9$k$?$a$N%7%9%F%‘ $G$"$k!%$?$@$7<+F0>ZL@$r=E;k$7$?$b$N$G$O$J$/!$>ZL@ ?^$NMU$NJ}$+$i:,$NJ}$X=gHV$K>ZL@$r@8@.$7$F$$$/$b$N $G$"$k!% %7%9%F%‘$N%H%C%W%l%Y%k$GF~NO2DG=$J%3%^%s%I$O!$8= :_ $N %l %Y %k $d >Z L@ 9‘ $r I= <( $9 $k $b $N $N $[ $+ $O!$ RPT $N ?dO@5,B’$K0lBP0l$KBP1~$7$F$$$k!% RPT:0> true-intro Result:0: |- #T RPT:1> proof proof-term is 0 RPT:1> $"$k$N$,A4$F$@$C$?$H;W$$ $^$9!%$3$NNc$G!$ RPT:0> $O %W %m %s %W %H $G $" $j!$ $= $l $K BP $7 $F true-intro $H $$ $& ?d O@ 5, B’ $r F~ NO $7 $? 7k 2L!$ 0 ‘ 0 true $r 7k O@ $K ;} $D >Z L@$, F@$i$l $?!%$J $*!$%7%9 %F%‘$G $O true $r#T$H I=<( $9 $k!%>ZL@$rI=$99‘$*$h$S%l%Y%k$OHQ;($K$J$k$N$GDL>o$O I=<($5$l$:!$$=$l$i$rI=<($9$k%3%^%s%I$rF~NO$7$?;~$N $_I=<($5$l$k!%>e$NNc$G$O!$ RPT:1> $H$$$&%W%m%s%W%H $K 1~$8 $F proof $H $$ $&%3 %^%s %I $rF~ NO$7 >Z L@9‘ $rI= <( $5$;$F$$$k!%$J$*!$I=<(%3%^%s%I$O>ZL@$r?J$a$k$b$N$G $O $J$$ $N$G!$ %W%m %s%W %H$N 8e$N ?t;z ( >ZL@ $N%9 %F%C %W?t $K$[$\BP1~$9$k ) $O 1 $N$^$^$G$"$k!% ?d O@ 5, B’ $K BP 1~ $9 $k %3 %^ %s %I $O!$ 0z ?t $r $$ $/ $D $+ <h $j!$$=$l$i$rAH$_9g$o$;$?>ZL@$rJV$9!%$b$7!$@5$7$/>Z L@$,@8@.$G$-$J$$>l9g$O%(%i!<$rJV$9!%F~NO$N<j4V$r7Z 8: $9 $k $? $a!$ 0z ?t $r >J N, $9 $k $H J8 L. $K $h $j E, 59 Jd $o $l $k!%$?$H$($P!$ RPT:72> (and-intro -2 -1) $HF~NO$9$l$P!$ 2 %9%F%C%WA0$N >ZL@$H 1 %9%F%C%WA0$N>Z L@ $K!$ ^ F3 F~ 5, B’ $r E, MQ $9 $k $b $N $G $" $k $,!$ $3 $l $O!$ C1$K!$ RPT:72> and-intro $HF~NO$9$k$@$1F1$88z2L$,F@$i$l$k!%$^$?!$>JN,$5$l$? 0z?t$,!$>ZL@$G$O$J$/!$9‘$rI=$9$b$N$G$"$k$H$-$O!$F~ NOBT$A>uBV$H$J$k!% RPT:74> prop-eql term? $3 $N Nc $G $O!$ j = 0 a = b $N 7A $N H= Dj $r F3 $/ $? $a!$ 9‘ a $NF~NOBT$A>uBV$H$J$C$F$$$k!% K\%7%9%F%‘$G$O!$>ZL@9‘$rI=<($7$?$j!$$=$l$KE,Ev$J CM $r E, MQ $7 $F 7W ;; $r 9T $; $k $3 $H $, $G $- $k!% $^ $?!$ RPT $K4^$^$l$k?dO@5,B’0J30$K!$$$$/$D$+$NGI@85,B’$bMxMQ $G $- $k!% $? $H $( $P!$ B8 :_ 5- 9f =| 5n 5, B’ $K BP 1~ $9 $k ?d O@ $O!$ RPT $G $O GI @8 5, B’ $G $" $k $,!$ <B :] $N >Z L@ $G $O M- MQ $J$N$G!$%3%^%s%I$H$7$FMQ0U$7$F $$$k!%$^$?!$ 3 8D0J>e $NL?Bj$NO@M}@Q!$O@M}OB!$ 2 8D0J>e$NJQ?t$K$h$k8BNL$J $I$r 1 $D$NGI@85,B’$G9T$($k$h$&$K $7$?!%$?$@$7!$$3$l $i $O %W %j %_ %F%# %V $J ?d O@ 5, B’ $G $O $J $$ $N $G!$ RPT $N ?d O@5,B’$NAH$_9g$o$;$r8F$S=P$9$@$1$G$"$k!% K\%7%9%F%‘$N;HMQNc$K$D$$$F$O!$<!@a$G=R$Y$k!% 5.4 >ZL@$N<+F02= K\%7%9%F%‘$O!$<B:]$K>ZL@$r:n@.$9$k>e$GM-MQ$J$$$/ $D$+$N4JC1$J<+F02=<jB3$-$rAH$_$3$s$G$"$k!% � L?Bj$G$"$k$3$H$N>ZL@ RP T $NFCD’$N 1 $D$O!$L?Bj$G$"$k$3$H$,@5$7 $5$K 0M B8 $9 $k $3 $H $G $" $k!% $? $H $( $P!$ nil $H $$ $& 9‘ $O L? Bj $K $J $i $J $$ $N $G!$ a � nil $, L? Bj $K $J $k $3 $H $H!$ a $,@5$7$/$J$$L?Bj$K $J$k$3$H$O F1CM$G$"$k!% =>$C$F!$L?Bj$K$J$k$3$H$b>ZL@$rMW$9$k!%$3$N$3$H $O!$ RP T $r I= 8= NO K- $+ $J BN 7O $K $7 $F $$ $k $,!$ >Z L@ %A%’%C %+ $N N) >l $+ $i $O!$ DL >o $N O@ M} BN 7O $N $h $& $K!$O@M}<0$G$"$k$3$H$,4JC1$K%A%’%C%/$G$-$J$$!$ $H$$$&<h$j07$$$K$/$$@-<A$H$J$k!% $7 $+$7 <B:] $K$O!$ a � b $H a & b $N 7A$N 9‘ $K$* $$ $F!$@5$7$5$K0MB8$7$J$$$GL?Bj$G$"$k$3$H$,>ZL@$G $-$k>l9g$,B?$/!$$=$N>l9g!$L?Bj$G$"$k$3$H$O7hDj 2DG=$G$"$k!%$3$N7hDj<jB3$-$rAH$_9~$s$@!% � 7W;; 1 %9 %F%C%W $N7W;; $N$[$+ $K!$2?%9 %F%C%W$G $b@55, 7A $K;j$k$^$G7W;;$9$k!$$H$$$&%3%^%s%I$r:n@.$7$?!% � 4JC12= $3$3$G$$$&4JC12=$O!$ true ^ A $H$$$&7A$NL?Bj$r A $KJQ7A$9$k!$@55,9‘$G$J$$L?Bj $r7W;;$9$kEy $NDL >o$N4JC12=<jB3$-$r!$B8:_5-9f$N=|5n5,B’$HAH$_9g $o$;$?$b$N$G$"$k!% $$$/ $D$+ $NL? Bj ( $? $@$7!$ Ey<0 $r 1 $D0J >e4^ $‘$H $9 $k ) $N O@ M} @Q $r B8 :_ 5- 9f $G 8B NL $7 $? L? Bj $r E L? Bj

( 11 ) V ol. 0 No. 0 1983 11 $H$h$V$3$H$K$9$k!%$?$H$($P!$ e 1 4 = 9 x: 9 y : 9 z : ( u = [ x . y ] ^ y = [ 0 . z ] ^ P [ z ]) $O E L?Bj$G$"$k!% L? Bj p $H E L? Bj e $K BP $7 $F!$ a ‘ i p $H b ‘ i e $, >Z L@ $5 $l $F $$ $k $H $9 $k!% 0J 2< $N <j B3 $- $, @. 8y $9 $l $P!$ p $r 4J C1 2= $7 $? L? Bj q $K BP $7 $F!$ a ‘ i q $N >Z L@$,F@$i$l$k!%$3$N<jB3$-$r E 4JC12=$H$h$V!% 1. $" $i $+ $8$a e $G B8 :_5- 9f $GB+ G{ $5 $l$F $$ $kJQ ?t $r p , e $N <+ M3 JQ ?t $H $O 0[ $J $k L> A0 $K JQ 99 $7 $F$*$/!% 2. e $K 4^ $^ $l $k Ey <0 $N =8 9g $K BP $7 $F!$ C1 0l 2= $r 9T$$!$$=$N:GHFC10l2=;R (mgu) $r � $H$9$k!% 3. p� $K BP $7!$ pair? ( [ a . b ] ) $r true $G CV $- 49 $( $k , true ^ A $r A $GCV $- 49 $( $k$J $I $N 4J C12=$r9T$C$FF@$i$l$kL?Bj$r r $H$9$k!% 4. r Cf $K!$ e $G B8 :_ B+ G{ $5 $l $F$$ $k JQ ?t $, =P 8= $7$J$$$H$-!$$3$N<jB3$-$O @.8y$9$k!% 1 $D$G$b =P8=$9$k$H$-!$<:GT$9$k!% Nc $H $7 $F!$ >e 5- $N E L? Bj e 1 $H 0J 2< $N L? Bj p 1 $r AH $_9g$o$;$k!% p 1 4 = pair? ( u ) = true ^ fun? ( cdr ( u )) = true _ p 2 $3 $3 $G p 2 $O JQ ?t u $r 4^ $^ $J $$ L? Bj $H $9 $k!% e 1 $N Ey<0=89g$+$iF@$i$l$k mgu $O!$ � 1 4 = f u := [ x . [ 0 . z ]] ; y := [ 0 . z ] g $G $" $k!% p 1 � $r 7W ;; $9 $k $H true = true ^ false = true _ p 2 $H $J $j!$ $5 $i $K 4J C1 2= $7 $F p 2 $, F@ $i $l$k!% JQ ?t x; y ; z $r 4^$^ $J $$ L? Bj $rF@ $i $l$?$N$G p 2 $N>ZL@$,F@$i$l$?!% $3 $l $O C1 =c $J J} K! $G $" $k $,!$ 5" G< E* =R 8l Dj 5A $r <+ A3 $K =q $/ $H!$ E L? Bj $N O@ M} OB $N 7A $K $J $k $3 $H $, B? $/!$5"G<K!$N%9%F%C%W$N>ZL@$KM-8z$G$"$k!%FC$K!$ <!@a$G=R $Y$k Churc h-Rosser $N DjM}$N>ZL@$K$* $$ $FM-8z$G$"$C$?!% 6 Churc h-Rosser $NDjM}$N>ZL@ 6.1 >Z L@ <j =g Churc h-Rosser $N Dj M} $O!$ 9‘ =q 49 $( %7 %9 %F %‘ $d 4X ?t 7?%W%m%0%i%‘8@8l$K$H$C$F:G$b4pK\E*$JDjM}$G$"$k!% Dj5A 9 (Diamond Prop erty) 2 9‘ 4X 78 R $, Dia- mond Pr op erty $r ;} $D $H $O!$ aRb $+ $D aRc $H $J $k G$ 0U $N 9‘ a; b; c $K BP $7 $F!$ bRd $+ $D cR d $H $J $k 9‘ d $,B8:_$9$k$3$H$G$"$k!% 2 Diamond Prop ert y $+ $i Churc h-Rosser $N Dj M} $O F3 $+ $l $k $N $G!$0J 2< $G $O $b$C $Q $i Diamond Prop erty $K$D$$$F9M;!$9$k!% 7W;;5!>e $G$N Churc h-Rosser $N DjM}$N>ZL@$K$O!$ =c ?h $J %i %‘ %@ 7W ;; $K BP $9 $k Shank ar $N ;E ;v [13] $, $" $k!% $3$3$G $O!$K\%7%9%F %‘$N<g$?$k 6=L#$O!$ RPT $d � <+ ?H $K4X$9$k?dO@$G$" $k$N$G!$ � $KBP$9$k Churc h-Rosser $NDjM}$rI=8=$7!$$=$N>ZL@$r7W;;5!>e$N%7%9%F%‘$G>ZL@ $9$k$3$H$r;n$_$?!% 6.2 >Z L@ J} K! =c ?h $J %i %‘ %@ 7W ;; $K BP $9 $k Churc h-Rosser $N Dj M} $O!$ T ait, Martin-L� of $N J} K! $r 9b 66 [14] $, 2~ NI $7 $?!% $3$NJ}K! $O [11] $K$h$j � $KE,MQ$5 $l$F$$$k!%$3$NJ} K! $O!$0J2<$NDL$j$G$"$k!% 1. 9‘$NJB9T4JLs ! $rDj5A$9$k!% JB 9T 4J Ls $O F1 ;~ $K 4J Ls 2= $G $- $k 4p $N $& $A $N $$ $/ $D $+ $r 4J Ls 2= $9 $k!$ $H $$ $& 2 9‘ 4X 78 $G $" $k!% $? $H $( $P!$ ( �x:xx )( car ( [ y . z ] )) $r JB 9T 4J Ls $9 $k $H!$ $3 $N 9‘ <+ ?H!$ ( car ( [ y . z ] ))( car ( [ y . z ] )), ( �x:xx ) y , y y $N 4 DL$j$N9‘$K$J$jF@$k!% 2. 9‘ a $KBP$7$F a * $rDj5A$9$k!% 9‘ a $KBP$7$F a * $O!$9‘ a $NCf$N F1;~$K4JLs2= $G$- $k4p$NA4$F$r4JLs2=$7$?$b$N$G$"$k!%$?$H$($P!$>e $NNc$G$O!$ (( �x:xx )( car ( [ y . z ] ))) * � y y $H$J$k!%EvA3$J$,$i!$ a ! a * $,@.N)$9$k!% 3. ! $H * $N0J2<$N@-<A$r>ZL@$9$k!% � a ! a � a ! c $+$D b ! d $J$i$P a x [ b ] ! c x [ d ] � a ! b $J$i$P b ! a * $3 $l $K $h$C $F ! $, Diamond Prop erty ( 9g N. @- ) $r;}$D$3$H$,8@$($k!% 4. :G 8e $K!$ Diamond Prop erty $r ;} $D 4J Ls 2= $N H? <ME*?d0\E*JDJq$, Diamond Prop erty $r;}$D$3$H $r<($9!%

12 %3%s%T%e!<%?%=%U%H%&%’%" ( 12 ) >e5-$N>ZL@$rK\%7%9%F%‘$rMQ$$$F<B9T$7$?<j=g$O0J2< $NDL$j$G$"$k!% 1. BP>]$H$J$k � $N9‘$r!$<09‘$G7A<02=$9$k!% K\ %7 %9 %F %‘ $O %W %m %0 %i %‘ 8@ 8l � $N >e $K!$ BN 7O RPT $r<B 8=$9$k $?$a!$ RPT $NMWAG $OA4$F quote $5 $l$F $$$k$,!$9‘$N4JLs2=$J$I$r<h$j07$&$?$a$K$O99$K$b $& 0l EY quote $7 $F 7A <0 2= $9 $k I, MW $, $" $k!% $= $l $K 4p$E$$$F!$!V � $N9‘$G$"$k!W!VJB9T4JLs!W$J$I$r5" G<E*=R8l$H$7$FDj5A$9$k!% 2. ! $, Diamond Prop erty $r ;} $D $3 $H $r >Z L@ $9 $k!% 3. ! $N?d0\E*JDJq$, Diamond Prop erty $r;}$D$3 $H$r>ZL@$9$k!% L@$i $+$K ! $N ?d0\ E*JD Jq$H > � $O0l CW$9 $k$N $G!$$3 $l$K$h$C$F > � $N Diamond Prop erty $b>ZL@$G$-$?$3 $H$K$J$k!% ! $, Diamond Prop erty $r ;} $D $3 $H $N >Z L@ $O!$ 9‘ $N 9= @. $K 4X $9 $k 5" G< K! $r MQ $$ $?!% =c ?h $J %i %‘ %@ <0 $K Hf $Y!$ >l 9g J, $1 $N ?t $, Hs >o $K B? $$ $,!$ A0 @a $G =R $Y $? E L? Bj $K 4X $9 $k 4J C1 2= $J $I $r Mx MQ $9 $k $3 $H $K $h $j!$ Diamond Prop erty $r>ZL@$9$k$3$H$,$G$-$?!% $3$3$G$O!$>ZL@$N:G8e$NItJ,$K$D$$$F@bL@$9$k!% 6.3 Diamond Prop erty $N?d0\E*JDJq$X$N3HD% DjM} 9 E,Ev$J9‘ a $KBP$7$F!$ a ‘ 1 8 S: 8 A: ( Unary ( S ) � Binary ( A ) � Persis ( A; S ) � Diamond ( A; S ) � Diamond ( Trans ( A ) ; S )) $,>ZL@2DG=$G$"$k!% $?$@$7!$ Unary ( S ) 4 = 8 x: j = 0 S [ x ] Binary ( A ) 4 = 8 x: 8 y : j = 0 A [ x; y ] Trans ( A ) 4 = �f :�x:�y : ( x = y _ 9 z :A [ x; z ] ^ f [ z ; y ] ) Persis ( A; S ) 4 = �x; y : ( A [ x; y ] � S [ x ] � S [ y ] ) Diamond ( A; S ) 4 = 8 x: ( S [ x ] � 8 y : 8 z : ( A [ x; y ] ^ A [ x; z ] � 9 u: ( A [ y ; u ] ^ A [ z ; u ] ))) $H$9$k!% 2 $3 $N Dj M} $O!$ Fs 9‘ 4X 78 A $, Diamond Prop erty $r ;}$F$P!$$=$N?d0\ E*JDJq Trans ( A ) $b Diamond Prop- erty $r ;} $D $3 $H $r I= $7 $F $$ $k!% $J $*!$ C1 9‘ =R 8l S $O ( 7A <0 2= $5 $l $? ) 9‘ $G $" $k $3 $H $r 0U L# $9 $k =R 8l $G $" $j!$ Persis ( A; S ) $O!$9‘$G$"$k$H$$$&@-<A$,4JLs2= A $GJ] B8$5$l$k$3$H$r0UL#$7$F$$$k!% DjM} 9 $O!$ G$0U $N Fs9‘ 4X78$K BP$9$k <gD%$G $"$k$N $G!$ ! 0J 30 $N 4J Ls 2= $K BP $7 $F $b E, MQ $G $- $k 0l HL @- $r M- $7 $F $$$k!%$3$N$h$&$JI=8=$,$G$-$k$3$H$,!$ RPT $ND9=j$N 1 $D $G $" $k!% $3 $N >Z L@ $O K\ %7 %9 %F %‘ $r Mx MQ $7 $F Ls 170 %9 %F%C%W$G$"$C$?!%>ZL@$NMWE@$rIUO?$K5-$9!% 7 %W%m%0%i%‘@8@. K\ @a $G $O!$ >Z L@ $+ $i %W %m %0 %i %‘ :n @. $^ $G $r 0l 4S $7 $F 9T$C$?Nc$H$7$F%j %9%H$N append %W%m%0%i%‘$K$D$$$F=R $Y$k!% 7.1 append $N;EMM$H$=$N>ZL@ append %W%m%0%i%‘$N;EMM$O0J2<$NDL$j$G$"$k!% 8 x: ( List [ x ] � 8 y : ( List [ y ] � 9 z : Append [ x; y ; z ] )) $3$3 $G List , Append $O!$$= $l$>$l 0J2<$N $h$& $KDj5A $5$l$?5"G<E*=R8l$G$"$k!% List 4 = �f :�x: ( x = nil _ 9 x 1 : 9 x 2 : x = [ x 1 . x 2 ] ^ f [ x 2 ] ) Append 4 = �f :�x:�y :�z : x = nil ^ y = z _ 9 x 1 : 9 x 2 : ( x = [ x 1 . x 2 ] ^ 9 z 1 : ( f [ x 2 ; y ; z 1 ] ^ z = [ x 1 . z 1 ] )) >e 5- ;E MM $N >Z L@ $r K\ %7 %9 %F %‘ $G 9T$C $?!% List $d Append $H $$$& =R8l $NDj 5A$d ESCf $GF@ $i$l $?Dj M}$X $NL> A0 IU$1 $J $I>i D9 $J$b $N $b4^ $a!$ 80 %9 %F%C%W $[ $I$G >Z L@ $, 40 @. $7 >Z L@ 9‘ T app $, F@ $i $l $?!% F@ $i $l $? 9‘ T app $r IUO?$K5-$9!% T app $O!$ � %j%9%H x � x $,%j%9%H$G$"$k$3$H$N>ZL@ q � %j%9%H y � y $,%j%9%H$G$"$k$3$H$N>ZL@ l $N 4 $D $N 0z ?t $r <h $j!$ 9 z :Append [ x; y ; z ] $N >Z L@ $r JV $9 %W %m %0 %i %‘ $G $" $k!% =>$C $F!$ x $, %j %9 %H $G $" $k $3 $H $N >Z L@ $r r list ( x ) $H $9 $k $H!$ car ( T app x ( r list ( x )) y ( r list ( y ))) $, x $H y $r app end

( 13 ) V ol. 0 No. 0 1983 13 $7$?7k2L$H$J$k!% 7.2 F@$i$l$?%W%m%0%i%‘$N2~A1 L@ $i $+ $K T app $O Hs >o $K 8z N( $, 0- $$ %W %m %0 %i %‘ $G $" $k!% $^ $?!$ F~ NO $N %j %9 %H x $H y 0J 30 $K!$ $= $l $i $, %j %9 %H$G$"$k$3$H$N>ZL@$rI,MW$H$9$k$H$$$&0UL#$G!$K~B-$G $-$k%W%m%0%i%‘$H$O$$$($J$$!%Bh 1 $NLdBj$K$D$$$F$O<! @a$G5DO@$9$k$3$H$H$7!$K\@a$G$OBh 2 $NLdBj$K$D$$$F9M ;!$9$k!% DjM} 10 E,Ev$J9‘ a $KBP$7$F0J2<$,@.N)$9$k!% a ‘ 1 ( List [ x ] � r list ( x ) ‘ 0 List [ x ] ) $?$@$7!$ r list 4 = � ( �f :�x: if null? ( x ) then [true . 0 ] else [false : [car ( x ) : [cdr ( x ) : [ 0 . f ( cdr ( x )) ]]]] fi ) $H$9$k!% 2 $3 $N Dj M} $O x $, %j %9 %H $G $" $k $3 $H $N >Z L@ r list ( x ) $, x $+$i7W;;$9$k$3$H$,$G$-$k$H$$$&<gD%$G$"$k!%<+A3?t!$ %j%9%H!$LZ$J$I<BMQ>eM-MQ$JB?$/$N%G!<%?7?$KBP$7$F!$ F1MM$NDjM}$,@.N)$9$k!% 7.3 %W%m%0%i%‘JQ49$K$h$k>iD9@-$N=|5n K\@a $G$O!$ app end %W %m%0%i%‘ T app $+ $i>iD9@- $r=| 5n$9$k$3$H$rL\I8$H$9$k!%$=$N$?$a$K%W%m%0%i%‘$NEy2A @-$rJ]$A$J$,$i%W%m%0%i%‘JQ49$r9T$&!%%W%m%0%i%‘JQ49 $N L\ E*$N $? $a $K $O!$A‘ :n E* $K M? $($i $l $? F1 CM4X 78 � $h $jAF$$F1CM4X78$,I,MW$G$"$k!% CM 8F $S (call by v alue) $N 7W ;; 7O $G $O!$ @5 5, 7A $, 7W ;; $N 7k 2L $H 9M $( $i $l $k!% F $H G $r 1 0z ?t $N 4X ?t $H $9 $k $H!$G$0U$N@55,9‘ n $H m $KBP$7$F!$ F ( n ) > � m $H G ( n ) > � m $OF1CM $G$"$k$H$-!$ F $H G $O301dE* (extensional) $KEy$7$$ 4X ?t $G $" $k!% F $H G $O I, $: $7 $b Fb Jq E* (intensional) $K Ey $7 $/$O $J $$ $,!$ 7W ;;$N Ez $( $K Ce L\ $9$k 8B $j!$ F $r G $G CV $- 49 $( $F $b 9= $o $J $$ $3 $H $, D> 4Q E* $K M} 2r $G $- $k!% � $N %W %m %0 %i %‘ JQ 49 $K $* $1 $k 9‘ $N F1 CM @- $O 4p K\ E* $K $O $3 $N 9M $( $K 4p $E $/ $,!$ � $N 7W ;; $O K\ <A E* $K CY 1d I> 2A$G$"$j!$7W;;$NCM$r@55,7A$G$O$J$/@5=‘7A$G$H$i$($k $Y$-$G$"$k!% $?$H$($P!$ I 4 = ( � ( �f :�n: [ n . f ( suc ( n )) ] ))0 ( $3$3$G!$ suc ( n ) $O n + 1 $r$"$i$o$9 9‘$H$9$k ) $H$*$/ $H!$ I $O <+ A3 ?t $N L5 8B %j %9 %H $r $" $i $o $9!% 9‘ $H I $O $I$A$i$b;_$^$i$J$$7W;;$rI=$7$F$*$j!$>e$NCM8F$S7W;; 7O$KBP$9$k301d@-$NDj5A$G$OF1CM$K$J$k!%$7$+$7!$$3$l $i$OG$0U$NJ8L.$GF1$80UL#$r;}$D$o$1$G$O$J$$!%$?$H$( $P!$ pair? ( x ) $N x Cf$K$3$l$i$N9‘$rBeF~$9$k$H!$A0<T $O @5 =‘ 7A $r ;} $? $J $$ $, 8e <T $O true $r JV $9!% $3 $l $i $r 6h JL$9$k$?$a!$>e5-$NC1=c$JDj5A$r9)IW$9$kI,MW$,$"$k!% $3 $3$G $O!$ � $r [7] $NCY 1d I>2A 7O (lazy computation system) $N0lNc$H8+$J$7$F!$F1CM4X78 � $rF3F~$9$k!% Dj5A 10 ( CY1dI>2A7O$K$*$1$kA0=g=x [7] ) R $r JD $8 $? 9‘ $N >e $N 2 9‘ 4X 78 R $H $9 $k $H $-!$ 2 9‘ 4X 78 T [ R ] $r 0J 2< $GDj5A$9$k!% s T [ R ] t 4 = ( s > � nil � t > � nil ) ^ ( s > � true � t > � true ) ^ ( s > � false � t > � false ) ^ 8 s 1 ; s 2 : ( s > � [ s 1 . s 2 ] � 9 t 1 ; t 2 : ( t > � [ t 1 . t 2 ] ^ ( s 1 R t 1 ) ^ ( s 2 R t 2 ))) ^ 8 a: ( s > � �x:a � 9 b: ( t > � �y :b ^ 8 u: ( a x [ u ] R b y [ u ]))) $3$3$G!$ s 1 ; s 2 ; t 1 ; t 2 ; u $NF0$/HO0O$OG$0U$NJD$8 $?9‘!$ a; b $NF0$/ HO0O$OG$ 0U$N9‘ $G$"$k y 2 !%JD$8 $?9‘$N>e $NA0 =g=x (pr e or der) � $O!$ R = T [ R ] $H$$$&Ey<0$N:GBgIT F0E@$H$7$FDj5A$5$l$k!% <+ M3 JQ ?t $r ;} $D 9‘ F ; G $K BP $7 $F $O!$ F V ( F ) [ F V ( G ) = f x 1 ; � � � ; x n g $H $9 $k $H!$ G$ 0U $N JD $8 $? 9‘ $N Ns d 1 ; � � � ; d n $K BP $7 $F!$ F ~ x [ ~ d ] � G ~ x [ ~ d ] $, @. N) $9 $k $H $- F � G $G$"$k$HDj5A$9$k!% 2 >e 5- $N Ey <0 $N 1& JU $O R $, 69 @5 $K $N $_ $" $i $o $l $k $N $G C1D4$G$"$j!$:GBgITF0E@$O$?$7$+$KB8:_$9$k!% � $N Nc $H $7 $F!$ G$ 0U $N 9‘ t $K BP $7 $F!$ � t $, @. N) $9$k!%$^$?!$ I � [ 0 . [ x . y ]] $,@.N)$9$k!% Dj5A 11 ( CY1dI>2A7O$K$*$1$k301dE*F1CM@- [7] ) 2 $D $N 9‘ F ; G $, 30 1dE* $K F1 CM$H $O!$ F � G $+$D G � F $, y 2 K\ @a $G MQ $$ $k O@ M} 5- 9f ^ $d 8 $J $I $O RPT $N BN 7O Fb $G $O $J$/BN7O$N30$G$N%a%?$J5-9f$G$"$k!%

14 %3%s%T%e!<%?%=%U%H%&%’%" ( 14 ) @.N)$9$k$3$H$G$"$k!%$3$N$H$-!$ F � G $H=q$/!% 2 DjM} 11 ( � $H � $N@-<A [7] ) 0J2<$,@.N)$9$k!% 1. � $OH?<ME*$+$D?d0\E*$G$"$k!% 2. a � b $J$i$P a � b $G$"$k!% 3. � $OF1CM4X78$G$"$k!% 2 1 $N H? <M N’ $N >Z L@ $K $O!$ � $, IT F0 E@ $N Cf $G :G Bg $N $b $N$G$"$k$3$H$r;H$C$F$$$k!%DjM}$N>ZL@$OMF0W$G$"$k!% � $O [7] $N MQ 8l $G!$ 4X ?t 5- 9f $K 4X $7 $F 30 1d E* (op- erator extensional) $J 7O $G $" $k $N $G!$ � $O 9g F1 4X 78 (congruence relation) $K $J$C $F $$ $k!% $9 $J $o $A!$ � $O 9‘ $N 9= @. $H 2D 49 $G $" $k!% $5 $i $K!$ � $O [7] $N 7h Dj E* (deterministic) $J$I$N>r7o $rK~$?$9$N $G!$ � $O4QB,F1 CM (observ ational equiv alence) y 3 $N 35 G0 $H 0l CW $9 $k $3 $H$,$o$+$k!% 0J 2<$G $O!$ � $K 4X $7$F!$ � $K $* $1$k $$ $/ $D$+ $N M-MQ $JJQ7A$,@5Ev2=$5$l$k$3$H$r<($9!% DjM} 12 JQ?t x; y ; z ; u; v ; w , 9‘ a; b $KBP$7$F0J2<$,@. N)$9$k!% car ( if x then y else z fi ) � if x then car ( y ) else car ( z ) fi $3 $N <0 $N car $r cdr, null?, true?, false?, pair?, fun? $KCV$-49$($?<0$b@.N)$9$k!% ( if x then y else z fi )( w ) � if x then y ( w ) else z ( w ) fi if ( if x then y else z fi ) then u else v fi � if x then ( if y then u else v fi ) else ( if z then u else v fi ) fi if x then a else b fi � if x then a x [ true ] else b x [ false ] fi 2 DjM} 12 $N>ZL@ car $KBP$9$kEy<0$@$1$r>ZL@$9$k!% � $r x; y ; z $KJD$8$?9‘$r$$$l$kBeF~ L 4 = car ( if x then y else z fi ) � M 4 = ( if x then car ( y ) else car ( z ) fi ) � $H$9$k!% $^ $: L � M $r <( $9!% L $, @5 =‘ 7A $r ;} $? $J $$ >l 9g!$ y 3 G$ 0U $N J8 L. C h�i $K BP $7 $F!$ C h a i $H C h b i $, F1 <o $N @5 =‘9‘ $K $J $k $+!$$" $k $$ $O @5=‘ 7A $r ;} $?$J $$ $H $-!$ a $H b $O4QB,F1CM$G$"$k!$$H8@$o$l$k!% L � M $O @. N) $9 $k $N $G!$ L $O @5 =‘ 7A $r ;} $D $H 2> Dj $9 $k!%$9$k$H!$ � $N4JLs2=5,B’$h$j!$ (i) x� > � true $+ $D E,Ev$J9‘ a; b $KBP$7$F y � > � [ a . b ] $H$J$k$+!$ (ii) x� > � false $+$D E,Ev$J9‘ a; b $KBP$7$F z � > � [ a . b ] $H$J $k$+!$ $N$$ $:$l $+$G$" $k!%$$ $:$l $K$;$h!$ L > � a $+$D M > � a $,$$$($k$N$G!$ L � M $O@.N)$9$k!% M � L $bF1MM$K<($9$3$H$,$G$-$k!% 2 DjM} 12 $N � $NN>JU$N9‘$O � $N0UL#$G $OEy$7$/ $J$$!% =>$C$F!$ F � G $J$i$P F � G $H$$ $&L?Bj $OI,$: $7$b @.N)$7$J$$!% <!$K@53J (strict) $J9‘$H$$ $&35G0$rDj5A$9$k!%D>4QE* $K $O!$ JQ ?t f $K 4X $7 $F 9‘ c $, @5 3J $G $" $k $H $O!$ c $N 7W ;;$K f $NCM$,I,MW$H$5$l$k$H$$$&$3$H$G$"$k!% Dj5A 12 ( @53J$J9‘ ) JQ?t f $K4X$7$F @53J$J9‘ c $O0J2< $GDj5A$5$l$k!% c ::= f j null? ( c ) j true? ( c ) j false? ( c ) j pair? ( c ) j fun? ( c ) j car ( c ) j cdr ( c ) j c ( t ) j if c then t else t fi $3$3$G t $O9‘$rI=$9!% 2 DjM} 13 9‘ F , Aj 0[ $J $k JQ ?t f ; x 1 ; � � � ; x n , 9‘ c; a; b j i ( 1 � i � n; 1 � j � k ) $KBP$7$F!$ F V ( F ) = f f g F V ( a ) = ; F V ( b j i ) � f x 1 ; � � � ; x n g F V ( c ) � f f ; x 1 ; � � � ; x n g c $O f $K4X$7$F @53J c f [ F ] � a ( c ~ x [ ~ b 1 ] ; � � � ; c ~ x [ ~ b k ] ; ~ x ) $J$i$P!$ c f [ � ( �f :F )] � G ( ~ x ) $, @. N) $9 $k!% $? $@ $7!$ G $O 0J 2< $G Dj 5A $5 $l $k 9‘ $G $" $k!% G 4 = � ( �g :�~ x:a ( g ( ~ b 1 ) ; � � � ; g ( ~ b k ) ; ~ x )) 2 Dj M} 13 $O!$ � $K $h $k :F 5" 8F =P $7 $K $* $$ $F!$ 7W ;; $N L5BL$r$J$/$9$?$a$NCf?4$H$J$kDjM}$G$"$k!%$?$H$($P!$ F 4 = �x: if null? ( x ) then [ b . c ]

( 15 ) V ol. 0 No. 0 1983 15 else [ p ( car ( f ( pr ed ( x )))) . q ( f ( pr ed ( x ))) ] fi $H $$ $& 9‘ $r 9M $( $k!% $3 $3 $G!$ pr ed ( x ) $O x � 1 $r $" $i $o $7!$ p $N <+ M3 JQ ?t $O x $N $_ $G $" $k $H 2> Dj $9 $k!% F 0 4 = � ( �f :F ) $H $7$F!$ F 0 $r<+ A3?t n $KE, MQ$9$k $H!$ � $K$h$k:F5"8F$S=P$7$N 2aDx$GESCf7k2L$OBP$N 7A$GJ];} $5 $l $F $$ $k!% F 0 ( n ) $N 7W ;; $O F 0 ( pr ed ( n )) $N CM $r ;2 >H $7$F$$$k$,!$BP$NBh 1 MWAG$O car ( F 0 ( pr ed ( n ))) $N$_$r ;2>H $7$F$$$k $N$G!$:G=* 7k2L$H$7 $F car ( F 0 ( n )) $N$_$, M_$7$$>l9g$K$O!$:F5"8F$S=P$7<+BN $rBh 1 MWAG$K8BDj$7 $F$bNI$$$H;W$o$l$k!%$9$J$o$A!$ H 4 = �x: if null? ( x ) then b else p ( g ( pr ed ( x ))) fi $H$*$/$H!$ car ( � ( �f :F ) x ) $r � ( �g :H ) x $GCV$-49$($F $bNI$$$H9M$($i$l$k!% car ( � ( �f :F ) x ) � � ( �g :H ) x $O 8@$($J$$$,!$ car ( � ( �f :F ) x ) � � ( �g :H ) x $O>ZL@$G$- $k$N$G!$ � $K4X$7$F>e5-$NCV$-49$($O@5Ev2=$5$l$k!% $3 $N Nc $O!$ Dj M} 13 $G!$ c $r car ( f x ) $H CV $-!$ F ; G $r>e5-$N F ; � ( �g :H ) $HCV$$$?$3$H$KAjEv$9$k!%$^$?!$ c f [ F ] � if null? ( x ) then b else p ( car ( f ( pr ed ( x )))) fi $NJQ7A$GDjM} 12 $rMQ$$$?!% DjM} 13 $N>ZL@$OIUO?$K5-$9!% DjM} 14 Aj 0[ $J $k JQ ?t f ; y ; x 1 ; � � � ; x m , 9‘ F ; G , a; b j i ; c j ( 1 � i � m; 1 � j � k ) $KBP$7$F!$ F � �~ x:�y :a ( f ( ~ b 1 ; c 1 ) ; � � � ; f ( ~ b k ; c k ) ; ~ x ) G � � ( �f :F ) F V ( a ) = ; F V ( b j i ) � f x 1 ; � � � ; x m g F V ( c j ) � f x 1 ; � � � ; x m ; y g $J$i$P!$ G ( ~ x; y ) � � ( �g :�~ x:a ( g ( ~ b 1 ) ; � � � ; g ( ~ b k ) ; ~ x ))( ~ x ) $,@.N)$9$k!% 2 $3 $N Dj M} $O!$ � $K $h $k :F 5" 8F =P $7 $G!$ ;H $o $l $F $$ $J $$ JQ ?t ( $3 $N >l 9g $O y ) $, $" $l $P!$ $= $l $r =| 5n $G $- $k $3 $H $r 0U L# $7 $F $$ $k!% $3 $N Dj M} $b Dj M} 13 $H F1 MM $K >Z L@ $5 $l$k!% 7.3.1 append %W%m%0%i%‘$N8zN(2= $3 $N 9‘ $K!$ Dj M} 13 $r E, MQ $9 $k $? $a!$ T app $N � $N Cf ?H $r F , car ( f x ( r list ( x )) y l ) $r c $H $* $/!% $9 $k $H!$ c f [ F ] $O!$ Dj M} 12 $r ;H$C $F 4J C1 2= $9 $k $3 $H $, $G $-!$ Dj M} 13 $+$i<!$N<0$rF@$k!% car ( T app x ( r list ( x )) y l ) � � ( �g :�x; y ; l : if null? ( x ) then y else [car ( x ) . g ( cdr ( x ) ; y ; l ) ] fi ) $,F@$i $l$k!%1&JU $NJQ?t l $OL5BL $JJQ?t$G $"$k$N$G!$ Dj M} 14 $rE,MQ$9$k$3$H$K$h$j!$ car ( T app x ( r list ( x )) y l ) � � ( �g :�x; y : if null? ( x ) then y else [car ( x ) . g ( cdr ( x ) ; y ) ] fi ) $, F@ $i $l $k!% :G 8e $N <0 $N 1& JU $O ?M 4V $, D> @\ :n @. $9 $k append $N%W%m%0%i%‘$HF1$8$G$"$k!% K\ @a $G =R $Y $? Dj M} $K 4p $E $/ 8z N( 2= $N <j K! $O <B 8= $5 $l $? %7 %9 %F %‘ $K AH $_ 9~ $^ $l $F $$ $k!% <B :]!$ 9‘ car ( T app x ( r list ( x )) y l ) $+$i :G=*$N append %W %m%0%i%‘ $r F@ $k $^ $G $N <j =g $O!$ 40 A4 $K <+ F0 E* $K 9T $& $3 $H $, $G $- $?!% =>$C $F!$ K\ %7 %9 %F %‘ $G $N J} K! $K $h $j!$ 8z N( NI $$ append %W %m %0%i %‘$r!$ @5$7 $5$N J]>Z IU$- $GCj =P$9 $k$3 $H $, $G $- $? $H 8@ $( $k!% $? $@ $7!$ Dj M} 13 $J $I $N %a %? Dj M} $* $h $S � $N 0U L# $G Ey $7 $$ 9‘ $K CV $- 49 $( $k $3 $H $N @5 Ev 2= $OBN7O$N30$K$"$k$?$a!$BN7O$K:GBgITF0E@$K4X$9$k5,B’ DI2C $7$? >e$G!$ Churc h-Rosser $NDj M}$N>Z L@$H F1MM $N Id9f2=$K$h$jBN7OFb$K<h$j$3$s$G>ZL@$9$kI,MW$,$"$k!% 0lHLE*$K>ZL@$+$iCj=P$7$?9‘$N8zN(2=$r<+F0E*$K9T$& $N$O:$Fq$G$"$k!%$7$+$7!$K\@a$G=R$Y$?J}K!$O86M}E*$K [15] $KBP1~$7$?%W%m%0%i%‘$N8zN(2=$r9T$&$3$H$,$G$-!$ $+$J$jB?$/$N>l9g$KE,MQ2DG=$G$"$k$H9M$($i$l$k!% 8 $^ $H $a K\9F$G$O!$9=@.E*%W%m%0%i%_%s%0$r9T$&$?$a$K!$4pAC $H $J $k RP T $N 7A <0 2= RPT , $= $N @- <A!$ RPT $r <B 8= $7 $?>Z L@%7 %9%F %‘!$$=$N Nc$H $7$F $N Churc h-Rosser $N Dj M} $N >Z L@ Nc!$ RPT $H >Z L@ %7 %9 %F %‘ $r MQ $$ $? 9= @. E* %W %m %0%i%_%s%0$K$D$$$F=R$Y$?!% 9= @. E* ?t 3X $K 4p $E $$ $? M} O@ BN 7O $H $7 $F $O!$ Martin- L� of $N 7? M} O@ I T T n [9] , F eferman $N T 0 [6] , NS $i $N P X [8] , :4 F# $i $N S S T [12] , Co quand $i $N Calculus of Constructions (CoC) [4] $J $I $, $" $k!% I T T n $* $h

16 %3%s%T%e!<%?%=%U%H%&%’%" ( 16 ) $S CoC $, 7? $r ;} $D BN 7O $G $" $k $N $K BP $7!$ T 0 , P X , S S T $O$$$:$l$b 7?$r;}$?$J$$ BN7O$G$"$k!% RP T $O!$ 7?$J$7%i%‘%@7W;;$K4p$E$/$?$a!$G$0U$N7W;;2DG=4X?t$r Dj 5A$9 $k $3$H $, $G$- $k!% $7$+ $b!$ Curry-How ard $N F1 7?BP1~$K4p$E$-!$D>4Q<g5A$NO@M}5-9f$N2r<a$rM?$($F$$ $k!%=>$C$F!$7?$"$j!$7?$J$7$NN>J}$NBN7O$NFCD’$r9g$o $;;}$D$H$$$($k!% 7W;;5!$K$h$k9=@.E*%W%m%0%i%_%s%0$N$?$a$N%7%9%F%‘ $H $7 $F $O!$ Martin-L� of $N M} O@ $N <B 8= $G $" $k Nuprl %7 %9 %F%‘ [3] !$ PX %7 %9%F %‘ , 5" G<E* Dj5A $r DI2C $7$? CoC $r<B8=$9$k Co q %7%9%F%‘ [5] $J$I$,$"$k!%$3$l$i $O!$<+ F0>ZL@!$8zN(E*$J%3!<%I$N@8@.!$%f!<%6%$%s%?!<%U%’!< %9$J$I$K$*$$$FFCD9$r;}$D%7%9%F%‘$G$"$k!%K\9F$G=R$Y $? RP T >Z L@ %7 %9 %F %‘ $O!$ >Z L@ <+ F0 2= $* $h $S @8 @. $5 $l $?%3!<%I$N8zN(2=$r$"$kDxEY<B9T$9$k<jB3$-$r4^$s$G$$ $k!%$^$?!$>ZL@%7%9%F%‘<+?H$N?dO@$r9T$&$3$H$,2DG=$G $" $k!$ $H $$ $& FC D’ $r ;}$C $F $$ $k!% Nuprl %7 %9 %F %‘ $K 4X $9$k8&5f$G$O!$Bg5,LO$J>ZL@:n@.2aDx$K$*$$$F!$%a%?M} O@$NDjM}$NM-MQ@-$,;XE&$5$l$F$$$k$,!$K\9F$G=R$Y$?$h $& $K!$ RP T $G $O!$ %a %? M} O@ $r BN 7O Fb $G E8 3+ $G $- $k $H $$$&MxE@$,$"$k!% :#8e$N2]Bj$O!$ � K\ %7 %9 %F %‘ $r MQ $$!$ $h $j B? $/ $N >Z L@ $* $h $S %W %m %0 %i%_%s%0$NNcBj$r:n@.$9$k$3$H!$FC$K5,LO$NBg$-$J $b$N$r:n@.$9$k$3$H!% � F@ $i $l $? %W %m %0 %i %‘ $N 8z N( 2= $K $D $$ $F 9M ;! $9 $k $3 $H � 9= @. E* %W %m %0 %i %_ %s %0 $r I{ :n MQ $d JB Ns @- $r 4^ $‘ 8@ 8l$J$I!$B>$N8@8l$KE,MQ$9$k$3$H $J$I$G$"$k!% <U <- K\9F$r$^$H$a$k$K$"$?$j!$ElKLBg3XN6ED??Gn;N$K%3%a %s%H$r$$$?$@$$$?!%$^$?!$::FI<T$NJ}!9$K$OB?$/$N=EMW $J<(:6$r$$$?$@$$$?!%$3$3$K5-$7$F<U0U$rI=$7$^$9!% ;2 9M J8 8% [ 1 ] Aczel, P .: F rege Structures and the Notions of Prop osition, T ruth and Set, in The Kleene Symp o- sium (Barwise, J., et al. eds.), North-Holland, 1980, pp. 31{59. [ 2 ] Beeson, M.: F oundations of Constructive Math- ematics , Springer-V erlag, 1985. [ 3 ] Constable, R. L., et al.: Implementing Mathe- matics with the Nuprl Pr o of Development System , Prentice-Hall, 1986. [ 4 ] Co quand, T. and Huet, G.: The Calculus of Constructions, Information and Computation , V ol. 76 (1988), pp. 95{120. [ 5 ] Dow ek, G., et al: The Co q Pro of Assistant User’s Guide, V ersion 5.8, Pro ject F ormel, INRIA- Ro cquencourt, 1993. [ 6 ] F eferman, S.: Constructive Theories of F unc- tions and Classes, in L o gic Col loquium ’78 (Bo�a, M., et al. eds.), North-Holland, 1979, pp. 159{224. [ 7 ] How e, D. J.: Equality in Lazy Computation Sys- tems, Pro c. the F ourth Annual Symp. on Logic in Computer Science, IEEE Computer So ciety Press, 1989, pp. 198{203. [ 8 ] Hay ashi, S. and Nak ano, H.: PX: A Computa- tional L o gic , The MIT Press, 1988. [ 9 ] Martin-L� of, P .: Intuitionistic T yp e The ory , Bib- liop olis, 1984. [ 10 ] Sato, M. and Kameyama, Y.: Constructive Pro- gramming in SST, Pro c. the Japanese-Czechoslo v ak Seminar on Theoretical F oundations of Knowledge Information Pro cessing, Prague, 1989, pp. 23{30. [ 11 ] Sato, M.: Adding Pro of Ob jects and Inductive De�nition Mechanisms to F rege Structures, Pro c. International Conference on Theoretical Asp ects of Computer Softw are, Lecture Notes in Computer Sci- ence, No. 526 (Ito, T. and Meyer, A. eds.), Sendai, Springer, 1991, pp. 53{87. [ 12 ] :4 F# 2mI’!$ :y 0f 5.J8 : %W %m%0 %i %‘ $N4p AC M} O@ , 4d GH 9V :B %=%U%H%&%’%"2J3X 13, 4dGH=qE9 , 1991. [ 13 ] Shank ar, N.: A Mechanical Pro of of the Churc h- Rosser Theorem, J. ACM , V ol. 35, No. 3 (1988), pp. 475{522. [ 14 ] T ak ahashi, M.: Parallel Reductions in � - Calculus, J. Symb olic Computation , V ol. 7, (1989), pp. 113{123. [ 15 ] 9b ;3 9,=( : >Z L@%3 %s %Q%$ %i $K $*$1 $k 3HD% <M 1F <jK! , %3 %s %T%e!<%?%=%U%H %&%’%" , V ol. 7, No. 4 (1990), pp. 19{38. A RPT $N?dO@5,B’ RPT $N ?dO@5, B’$N$&$A!$ K\J8Cf$G =R$Y$i$l $J$+$C$?$b $N$K$D $$$F=R$Y$k!% Ey9f$H@5=‘9‘$K4X$9$k5,B’ p ‘ i [ a . b ] = [ c . d ] p ‘ i a = c p ‘ i [ a . b ] = [ c . d ] p ‘ i b = d p ‘ i null? ( a ) = true 0 ‘ i a = nil p ‘ i true? ( a ) = true 0 ‘ i a = true p ‘ i false? ( a ) = true 0 ‘ i a = false p ‘ i pair? ( a ) = true 0 ‘ i a = [car ( a ) . cdr ( a ) ]

( 17 ) V ol. 0 No. 0 1983 17 p ‘ i fun? ( a ) = true 0 ‘ i #( a ) = false (#( a ) $O fun? ( a ) $N7A$G$J$$H=JL9‘ ) a ‘ i b = c 0 ‘ i a = 0 j = i a x [ d ] c ‘ i d = e j = i a x [ e ] a ‘ i p 0 ‘ i a # 0 ‘ i a # ( $?$@$7 a $O @5=‘9‘ ) p ‘ i #( a ) # 0 ‘ i a # ( $?$@$7 #( a ) $OH=JL9‘ ) p ‘ i car ( a ) # 0 ‘ i pair? ( a ) = true p ‘ i cdr ( a ) # 0 ‘ i pair? ( a ) = true p ‘ i a ( b ) # 0 ‘ i fun? ( a ) = true p ‘ i �a # 0 ‘ i fun? ( a ) = true p ‘ i if a then b else c fi # [ a . 0 ] ‘ i a = true _ a = false p ‘ i a # 0 ‘ i p = 0 p ‘ i a # D ( a ) ‘ i a = nil _ a = true _ a = false _ pair? ( a ) = true _ fun? ( a ) = true $?$@$7 D ( a ) 4 = if null? ( a ) then [true . 0 ] else if true? ( a ) then c 1 else if false? ( a ) then c 2 else if pair? ( a ) then c 3 else c 4 fi fi fi fi c 1 4 = [false . [true . 0 ]] c 2 4 = [false . [false . [true . 0 ]]] c 3 4 = [false . [false . [false . [true . 0 ]]]] c 4 4 = [false . [false . [false . [false . 0 ]]]] $H$9$k!% L?Bj$K4X$9$k5,B’ j = i a = b j = i a # j = i true j = i false j = i ( j = j p ) ( i > j ) j = i ( p ‘ j q ) ( i > j ) j = i p j = i q j = i p ^ q j = i p ^ q j = i p j = i p ^ q j = i q j = i p j = i q j = i p _ q j = i p _ q j = i p j = i p _ q j = i q j = i p [ x ‘ i p ] j = i q j = i p � q ( x $O8GM-JQ?t ) j = i p � q j = i p j = i p � q a ‘ i p j = i q j = i p [ x ‘ i p ] j = i q j = i p & q ( x 62 F V ( q )) j = i p & q j = i p j = i p & q a ‘ i p j = i q j = i p j = i 8 ( �x:p ) ( x $O8GM-JQ?t ) j = i 8 p j = i p ( t ) j = i p j = i 9 ( �x:p ) ( x $O8GM-JQ?t ) j = i 9 p j = i p ( t ) a ‘ i ( j = j p ) j = j p ( i > j ) a ‘ i ( j = j p ) 0 ‘ i a = 0 ( i > j ) B >ZL@%7%9%F%‘$rMQ$$$?DjM} 9 $N>ZL@Nc $3$3$G$O!$ RPT >Z L@%7%9%F%‘$rMQ $$$?DjM} 9 $N35MW$r5-=R$9 $k!% 0J 2< $G$O!$ %; %_ %3 %m %s (;) $G;O $^ $k 9T $O %3 %a%s %H $G $" $k!% $^ $?!$ Result: n : $G$O $8 $^$k 9T $O>Z L@ %7%9 %F %‘$+ $i $N1~ Ez$G $"$k$,!$$3$3$G$O!$>Z L@9‘$H%l%Y%k$O0lHL$K>JN,$5$l$F ‘ p $N 7A$G=PNO$5$l$k!% Result:1: |- "O x.(|= S[x]) ; $3$NL?Bj$r2>Dj$7 S-is-unary $HL>IU$1$k Result:3: |- "O x. "O y.(|= A[x,y]) ; $3$NL?Bj$r2>Dj$7 A-is-binary $HL>IU$1$k Result:5: |- "O x. "O y.(A[x,y] "? S[x] "? S[y]) ; $3$NL?Bj$r2>Dj$7 PersisProp $HL>IU$1$k Result:14: |- "O x.(S[x] "? "O z. "O y.(A[x,y] "J A[x,z] "? "P u.(A[y,u] "J A[z,u]))) ; $3$NL?Bj$r2>Dj$7 Diamond $HL>IU$1$k RPT:21> (defindpred TransA (x y) it X) pred-name: TransA pred-body: x=y "K "P z.(A[x,z] "J TransA[z,y]) OK ; =R8l TransA $rDj5A$9$k!% RPT:26> (name BasicProp1 (all-intro it w)) Result:26: |- "O w.TransA[w,w] ; w->*w $N>ZL@ RPT:35> (name BasicProp2 (all-intro (all-intro it y) x)) Result:35: |- "O x. "O y.(A[x,y] "? TransA[x,y]) ; x->y "? x->*y $N>ZL@

18 %3%s%T%e!<%?%=%U%H%&%’%" ( 18 ) RPT:69> (defpred Prop1 (x y) it) pred-name: Prop1 pred-body: S[x] "? "O z.(A[x,z] "? "P u.(TransA[y, u] "J TransA[z,u])) OK ; $3$NL?Bj$r Prop1 $H$$$&=R8l$H$9$k!% RPT:80> (name IH (assume (prop-and (prop-pred A (x z)) (prop-pred Prop1 (z y))) a3)) Result:80: |- A[x,z] "J Prop1[z,y] ; Prop1 $N>ZL@$K$*$1$k5"G<K!$N2>Dj RPT:117> (name Proof-of-Prop1) Result:117: |- "O x. "O y.(TransA[x,y] "? Prop1[x, y]) RPT:123> (defpred Prop2 (x y) it) pred-name: Prop2 pred-body: S[x] "? "O z.(TransA[x,z] "? "P u.( TransA[y,u] "J TransA[z,u])) OK ; $3$NL?Bj$r Prop2 $H$$$&=R8l$H$9$k!% RPT:133> (name IH2 (assume (prop-and (prop-pred A (x z)) (prop-pred Prop2 (z y))) a13)) Result:133: |- A[x,z] "J Prop2[z,y] ; Prop2 $N>ZL@$K$*$1$k5"G<K!$N2>Dj RPT:175> (name Proof-of-Prop2) Result:175: |- "O x. "O y.(TransA[x,y] "? Prop2[x, y]) ; L\I8$N Diamond Property C >ZL@$+$iF@$i$l$? append %W%m%0%i%‘ >Z L@$+ $iF@ $i$l $?8z N($N 0-$$ append %W %m%0 %i%‘ T app $O 0J 2< $N DL $j $G $" $k!% $3 $3 $G $O!$ �x:�y :t $r �xy :t $H =q $/ Ey $N >J N,$rMQ$$$F$$$k!% � ( � fxq. ( � r.if car(r) then � yl. [y true 0 . 0] else � yl. [[cadr(r) . car(cddddr(r)yl)] false cadr(r) caddr(r) 0 car(cddddr(r)yl) cdr(cddddr(r)yl) . 0] fi) [car(q) . if car(q) then cdr(q) else [cadr(q) caddr(q) cadddr(q) . f(caddr(q))(cddddr(q))] fi ] ) D DjM} 13 $N>ZL@ D.1 =‘ Hw Dj5A 13 ( J8L. ) J8 L. (c ontext) $O!$ 7j (hole) $H $h $P $l $k ?7 $7 $$ Dj ?t h i $r ;} $D 9‘ $G $" $k!% n 8D $N 7j $r ;} $D J8 L. C $N 7j $K!$ 9‘ a 1 ; � � � ; a n $r Be F~ $7 $F $G $- $? 9‘ $r C h a 1 ; � � � ; a n i $^ $? $O C h ~ a i $H 5- =R $9 $k!% C ; D $r F1 $8 8D ?t $N 7j $r ;} $D J8 L. $H $9 $k $H $-!$ C � D 4 = C h ~ y i � D h ~ y i $H Dj 5A $9 $k!% $3 $3 $G!$ ~ y $O %U %l%C%7%e$JJQ?t$NNs$H$9$k!% 2 JdBj 1 f $rJQ?t!$ c $r f $K4X$7@53J$J9‘ , C $rJ8L. , v $r@5=‘ 9‘ , � $r f 0J30$NJQ?t$KBP$9$kBeF~ , y $r%U%l%C%7%e$JJQ?t$H$9 $k$H , C h c� i > � v $J$i $P!$ C h y i > � w $+$D v � w y [ c� ] $H $J$k v $HF1<o$N@5=‘9‘ w $,B8:_$9$k!% 2 $3 $NJd Bj$O c $N Cf$N f $K!$ 6qBN E*$J 9‘$, Be F~$5 $l$J $$8B $j!" c $OK\ <AE* $K7W;; $K;H$o $l$J $$$3$H $r<( $7$F$$ $k!%>ZL@ $OMF 0W$G $"$k!% JdBj 2 9‘ F ; e , JQ ?t f , @5 =‘ 9‘ s 0 , Be F~ � 4 = f f := � ( �f :F ) g $K BP $7 $F!$ F V ( F ) = f f g , e� > � s 0 $, @. N) $9$k $H $9 $k!% $3 $N $H $-!$ E, Ev $J <+ A3 ?t m $* $h $S s 0 $H F1 <o $N @5 =‘ 9‘ v $K BP $7 $F!" e f [ unfold ( m; f ; F )] > � v $+$D s 0 � v � $,@.N)$9$k!%$?$@$7!$ unfold (0 ; f ; F ) 4 = f unfold ( k + 1 ; f ; F ) 4 = F f [ unfold ( k ; f ; F )] $H$9$k!% 2 $3 $N Jd Bj$O!$ 4J Ls 2= Ns $K$* $1 $k � ( �f :F ) $N 7A$N 9‘ $N =q $- 49 $($N2s?t$K4X$9$k5"G<K!$G>ZL@$5$l$k!% D.2 >Z L@ F ; f ; x 1 ; � � � ; x n ; a; b j i ; c $r Dj M} $N A0 Ds >r 7o $r K~ $? $9 $b $N $H $9 $k!% 4J C1 $N $? $a!$ k = n = 1 $H 2> Dj $7!" b 1 1 $r b , x 1 $r x $H =q $/ $3 $H $K $9 $k!% 0l HL $N k ; n $N >l 9g $b A4 $/ F1 MM $K >Z L@ $G $- $k!%$H$/$KA0Ds>r7o$N$&$A:G8e$N$b$N$O!$ c f [ F ] � a ( c x [ b ] ; x ) (1) $H$J$k!%

( 19 ) V ol. 0 No. 0 1983 19 9‘$N 2 9‘4X78 R 0 ; R 1 $r0J2<$GDj5A$9$k!% s R 0 t 4 = 9 C; D : context: 9 d : ter m: C � D ^ s � C h ( c� ) x [ d ] i ^ t � D h G ( d ) i s R 1 t 4 = 9 C; D : context: 9 d : ter m: C � D ^ s � C h G ( d ) i ^ t � D h ( c� ) x [ d ] i $? $@$7!$ � $O!" � 4 = f f := � ( �f :F ) g $H $$$& BeF~ $r $"$i $o $9 $H $9 $k!% $^ $?!$ C ; D $O 7j $r 1 $D ;} $D J8 L. , d $O 9‘ $N >e $r F0 $/%a%?JQ?t$G$"$k!% $b $7!$ 8 s; t: ( s R 0 t � s T [ R 0 ] t ) $r 8@ $& $3 $H $, $G $- $l $P!" � $, T [ � ] $K 4X $9 $k :G Bg IT F0 E@ $G $" $k $3 $H $+ $i!$ 8 s; t: ( s R 0 t � s � t ) $, F3 $+ $l!$ FC $K!$ s; t $H $7 $F c� $H G ( x ) $r<h $k $3 $H $K $h$j!$ c� � G ( x ) $, <($5 $l $k!% F1 MM $K!$ $b $7!$ 8 s; t: ( s R 1 t � s T [ R 1 ] t ) $r 8@ $& $3 $H $, $G $- $l $P!" G ( x ) � c� $, <( $5 $l!$ >e $H 9g $o $; $F!" Dj M} $N 7k O@ $r F@ $i $l $k!% 0J2<$G$O!$ 8 s; t: ( s R 0 t � s T [ R 0 ] t ) $r<($9!% s; t $r 8G Dj $7!$ s R 0 t $H 2> Dj $9 $k!% Dj 5A $K $h $j!$ C � D , s � C h c� i , t � D h G ( d ) i $H $J $k J8 L. C; D , 9‘ d $, B8 :_ $9 $k!%$3$3$G � 4 = f x := d g $H$9$k!% s T [ R 0 ] t $r8@$&$?$a!$ s $,@5=‘7A s 0 $r;}$D$H2>Dj $9$k!%$9 $k$H JdBj 2 $G!$ e $r C h c� i $HCV $/$3 $H$K$h $j!$ C h c � i > � v $+ $D s 0 � v � $H$J $k @5=‘ 9‘ v $* $h$S <+A3 ?t m $, B8:_ $9$k!% $3 $3$G 4 = f f := unfold ( m; f ; F ) g $H$*$$$?!% Case 1: v $, nil , true $^$?$O false $N$H$- Case 2 $H$[$\F1MM$K$7$F>ZL@$5$l$k$N$G>JN,$9$k!% Case 2: v � [ v 1 . v 2 ] $N$H$- $3 $N $H $-!$ s � [ v 1 � . v 2 � ] $G $" $k!% s i 4 = v i � $H CV $/!% $" $k 9‘ t 1 ; t 2 $K BP $7 $F!$ t > � [ t 1 . t 2 ] $+ $D s i R 0 t i ( i = 1 ; 2) $, @. N) $9 $k $3 $H $r!$ m $K 4X $9 $k 5"G<K!$G>ZL@$9$k!% Base Case: m = 0 $N$H$- unfold (0 ; f ; F ) � f $h $j!$ C h c� i > � [ v 1 . v 2 ] $H $J $k!% c $O f $K 4X $7 $F @5 3J $J $N $G!$ Jd Bj 1 $h $j C h y i > � [ w 1 . w 2 ] $+ $D w i y [ c� ] � v i $H $J $k 9‘ w 1 ; w 2 $,B8:_$9$k!%$3$N$H$- C � D $N2>Dj$h$j!$ D h y i > � [ p 1 . p 2 ] $+$D w i � p i ( i = 1 ; 2) $H$J$k p 1 ; p 2 $,B8:_ $9$k!% t i 4 = p i y [ G ( d )] ( i = 1 ; 2) $H$* $/$H!$ t > � [ t 1 . t 2 ] $H$J$k!% s i $H t i $N Dj 5A $* $h$S R 0 $N Dj 5A $h $j s i R 0 t i ( i = 1 ; 2) $,@.N)$9$k$N$G!$ s T [ R 0 ] t $,8@$($?!% Step: m = m 0 + 1( m 0 � 0) $N$H$- 0 4 = f f := unfold ( m 0 ; f ; F ) g , w 4 = C h ( a ( c x [ b ] ; x )) 0 � i $H $* $/!% C h c � i � C h ( c f [ F 0 ]) � i $H 2> Dj (1) $+ $i!$ C h c � i � w $G $" $k!% $3 $l $H!$ C h c � i > � [ v 1 . v 2 ] $h $j!" w > � [ w 1 . w 2 ] $+ $D w i � � s i $H $J $k w i ( i = 1 ; 2) $,B8:_$9$k!% J8 L. C 0 ; D 0 $r C 0 4 = C h a ( h i ; d ) i , D 0 4 = D h a ( h i ; d ) i $G Dj 5A $9 $k!% $3 $l $i $O!$ C ; D $N 7j $K a ( h i ; d ) $rBeF~$7$F$G$-$kJ8L.$G $"$k!% D h G ( d ) i � D h a ( G ( b x [ d ]) ; d ) i $h $j!$ 5" G< K! $N 2> Dj $r J8 L. C 0 , D 0 $H $= $l $i $N 7j $K Be F~ $9 $k 9‘ ( c� ) x [ b� ], G ( b� ) $K E, MQ $9 $k $3 $H $K $h $j!$ w � T [ R 0 ] t $, $$ $( $k!% $3 $l $H s � w � $h$j s T [ R 0 ] t $,$$$($k!% Case 3: v � �x:v 1 $N$H$- Case 2 $HF1MM$K$7$F8@$($k!% $$$:$l$N Case $b s T [ R 0 ] t $,8@$( $k$3$H$,<($5$l$?!%=>$C $F!$ 8 s; t: ( s R 0 t � s T [ R 0 ] t ) $G$"$k!% 8 s; t: ( s R 1 t � s T [ R 1 ] t ) $bF1MM$K$7$F8@$($k!% ( DjM}$N >ZL@=*$o$j ) 2