%W %m %0 %i %‘ 8! >Z O@ $H LISP %W %m %0 %i %‘ %_ %s %0 5~ ET ;: 6H Bg 3X M} 3X It 7W ;; 5! 2J 3X 2J I[ ;\ ED IR <y (Y oshiki FUSED A)

$O $8 $a $K $3 $N %l %] !< %H $O H, ?y K~ Mx ;R 65 <x ;X F3 $N 2< $G !" FC JL 8& 5f $H $7 $F $* $3 $J $C $? !" %W %m %0 %i %‘ 8! >Z O@ 5Z $S Lisp $K $h $k %W %m %0 %i %_ %s %0 $K $D $$ $F =q $- $^ $7 $? !# A0 H> $O !" %W %m %0 %i %‘ 8! >Z O@ $K $D $$ $F 8e H> $O !" Lisp $K $h $k OB @Q I8 =‘ 7A $N %W %m %0 %i %‘ $H $= $N 2r @b $K $D $$ $F =q $- $^ $7 $? !# ;d $N :n $C $? %W %m %0 %i %‘ $O Bg JQ MW NN $N 0- $$ =j !" 2~ NI $N M> CO $, $? $/ $5 $s $^ $" $k $+ $b CN $l $^ $; $s $, !" ;~ 4V $, B- $j $J $+ $C $? $? $a $4 N; >5 $/ $@ $5 $$ !#

L\ <!

1 7A <0 E* M} O@ $3 $N >O $G $O !" %[ !< %" O@ M} $N 4p AC $r $J $9 7A <0 E* M} O@ $K $D $$ $F =R $Y $k !# 1.1 7A <0 E* M} O@ $N 8@ 8l 8@ 8l $r Dj 5A $9 $k $H $O !" JQ ?t !" Dj ?t !" 4X ?t 5- 9f !" =R 8l 5- 9f $N #4 $D $N 8l WC $r Dj 5A $9 $k $3 $H $G $" $k !# $= $7 $F !" $= $l $i $N ;M =E BP h JQ ?t ; Dj ?t ; 4X ?t 5- 9f ; =R 8l 5- 9f i $r $3 $N 8@ 8l $N 8l WC $H $$ $& !# $3 $3 $G $O !" <! $N >O $G MQ $$ $k <+ A3 ?t O@ $N 8l WC V N $r Dj 5A $9 $k !# JQ ?t !’ a; a 0 ; a 1 ; � � � ; b; b 0 ; � � � Dj ?t !’ 0 ; 1 4X ?t 5- 9f !’ + ; � =R 8l 5- 9f !’ = ; � <! $K 8l WC V N $r ;H $C $F <+ A3 ?t O@ $N 9‘ $H O@ M} <0 $r Dj 5A $9 $k !# 1 : JQ ?t $H Dj ?t $O 9‘ $G $" $k !# 2 :t 1 ; t 2 $, 9‘ $J $i $P +( t 1 ; t 2 ), � ( t 1 ; t 2 ) $O 9‘ $G $" $k !# $3 $l $r BNF 5- K! $G I= $; $P <! $N $h $& $K $J $k !# 9‘ :== JQ ?t !C 0 !C 1 !C + ( 9‘ ; 9‘ ) !C � ( 9‘ ; 9‘ ) : F1 MM $K O@ M} <0 $r BNF 5- K! $G Dj 5A $9 $l $P O@ M} <0 ::= � ( 9‘ ; 9‘ ) !C = ( 9‘ ; 9‘ ) !C : ( O@ M} <0 ) !C ( O@ M} <0 ) ^ ( O@ M} <0 ) !C ( O@ M} <0 ) _ ( O@ M} <0 ) !C $H $J $k !# 8l WC V N $+ $i Dj 5A $5 $l $? 9‘ $N =8 9g $r T er m ( V ) $H =q $- !" 8l WC V $+ $i Dj 5A $5 $l $? O@ M} <0 $N =8 9g $r F ml ( V ) $H =q $/ !# $= $7 $F !" $3 $N Fs $D $r 9g $o $; $? BP h T er m ( V ) ; F ml ( V ) i $r 8l WC V N $+ $i Dj 5A $5 $l $k 8@ 8l $H 8F $V !# 1.2 7A <0 E* M} O@ $N 0U L# O@ A0 >. @a $G V N $N 8@ 8l $r M? $( $? !# $7 $+ $7 !" 7A <0 8@ 8l $O $" $/ $^ $G 5- 9f Ns $K 2a $. $: !" $= $l $K 0U L# $r M? $( $k $K $O 2r <a (interpretation) $H $$ $& $b $N $r 9M $( $k !# 2r <a $N Lr 3d $O !" 9‘ $H O@ M} <0 $K 0U L# $r M? $( $k $3 $H $G $" $k !# 8l WC V N $N ( I8 =‘ E* 2r <a ) I N $r Dj 5A $9 $k !# #1 .D= N N $O <+ A3 ?t $N =8 9g $r I= $9 !# ( $3 $N D $r 2r <a $N NN 0h $H 8F $V !# ) #2 . I N (0) = 0 ; I N (1) = #1 . #3 . I N (+) = !H + !I ; I N ( � ) = !H � !I . #4 . I N (=) = !H = !I ; I N ( � ) = !H � !I . 1

$? $@ $7 !H + !I ; !H � !I $O <+ A3 ?t $N OB @Q $r Fs JQ ?t 4X ?t $H 9M $( $? $b $N !" !H = !I $O <+ A3 ?t $N Ey 2A 4X ?t $H 9M $( $? $b $N $G $" $k !# 8l WC V Z $N ( I8 =‘ E* 2r <a ) V N $N Dj 5A !# 1 #1 .D= Z Z $O @0 ?t $N =8 9g $r I= $9 !# #2 . I N ( Z ) = !H � !I . #3 . B> $O I N $N >l 9g $H F1 $8 !# <! $K 9‘ $N 2r <a $r Dj 5A $9 $k !# $= $l $K $O $^ $: JQ ?t $K M? $( $k 4D 6- $H $$ $& $b $N $r 9M $( $k !# 4D 6- � $H $$ $& $N $O !" JQ ?t $N =8 9g $+ $i NN 0h D $H $9 $k !# $= $7 $F 9‘ t $N I 5Z $S � $N $b $H $G $N 2r <a I � [ t ] $r <! $N $h $& $K Dj 5A $9 $k !# I � [ t ] = 8 > < > : I [ t ] t $, Dj ?t $N $H $- � [ t ] x $, JQ ?t $N $H $- I [ f ] I � [ t 1 ] ; !D ; I � [ t n ]) t $, f ( t 1 ; � � � ; t n ) $N $H $- $^ $? !" 4D 6- � !" JQ ?t x !" D $N MW AG a $K BP $7 $F !" ?7 $7 $$ 4D 6- $r � [ a=x ] $r <! $N $h $& $K Dj 5A $9 $k !# I � [ t ] = ( a y $, JQ ?t x $G $" $k $H $- � ( y ) $= $N $[ $+ $N $H $- $3 $N ;~ <! $N 9‘ $N Be F~ @- (substitution prop erty) $, @. $j N) $D !# I � [ t 1 [ t 2 =x ]] = I � [ I � [ t 2 ] =x ] [ t 1 ] 9‘ $N 2r <a ( 0U L# ) $, 7h $^ $C $? $N $G !" :# EY $O O@ M} <0 $N 2r <a $r Dj 5A $9 $k !# O@ M} <0 $N 2r <a $H $O !" O@ M} <0 $N 0U L# $H $O ?? M} CM $N $3 $H $G $" $k !# 8B NL ;R $r =| $/ O@ M} 5- 9f C $K BP $9 $k $= $N 2r <a _ C $r ?? M} CM $+ $i ?? M} CM $r M? $( $k . . . 8 $H . . . 9 $r BP 1~ $5 $; !" 4X ?t $H $7 $F <! $N $h $& $K Dj 5A $9 $k !# v 1 v 2 _ ^ _ _ _ ) _ : T rue T rue T rue T rue T rue F alse T rue F alse F alse T rue F alse F alse F alse T rue F alse T rue T rue T rue F alse F alse F alse F alse T rue T rue 8B NL ;R $K BP $7 $F $O 6u $G $J $$ ?? M} CM $N =8 9g S $+ $i ?? M} CM $X $N 4X ?t $H $7 $F Dj 5A $9 $k !# S _ 8 ( S ) _ 9 ( S ) f T rue g T rue T rue f T rue ; F alse g F alse T rue f F alse g F alse F alse 1 $3 $l $O 8e $N >O $G %[ !< %" O@ M} $N It J, >Z L@ $K ;H $& !# 2

8l WC I , 2r <a I 5Z $S 4D 6- � $N $b $H $G $N O@ M} <0 F $N 0U L# I � [ F ] $O <! $N $h $& $K Dj 5A $9 $k !# I � [ F ] = 8 > > > > > > > > > > > < > > > > > > > > > > > : I [ p ]( I � [ t 1 ] ; � � � ; I � [ t n ]) F $, P ( t 1 ; � � � ; t n ) $G $" $k $H $- _ ^ ( I � [ F 1 ] ; I � [ F 1 ]) F $, [ F 1 ] ^ [ F 2 ] $G $" $k $H $- _ _ ( I � [ F 1 ] ; I � [ F 1 ]) F $, [ F 1 ] _ [ F 2 ] $G $" $k $H $- _ ) ( I � [ F 1 ] ; I � [ F 1 ]) F $, [ F 1 ] ) [ F 2 ] $G $" $k $H $- _ : ( I � [ F 1 ]) F $, [ F 1 ] $G $" $k $H $- _ 8 ( f I � [ a=x ] [ F 1 ] j a 2 D g ) 8 x:F $, [ F 1 ] $G $" $k $H $- _ 9 ( f I � [ a=x ] [ F 1 ] j a 2 D g ) 9 x:F $, [ F 1 ] $G $" $k $H $- $3 $l $i $N Dj 5A $N $b $H $K O@ M} <0 $N @5 $7 $5 $r Dj 5A $9 $k !# � [ A ] = T rue $J $i $P !" O@ M} <0 A $O 2r <a I $H 4D 6- � $K BP $7 $F @5 $7 $$ ( ?? $G $" $k ) $H $$ $$ !" I ; � j = A $H =q $/ !# G$ 0U $N 4D 6- � $K BP $7 $F I ; � j = A $H $J $k ;~ !" I j = A $H =q $- !" O@ M} <0 A $O 2r <a I $K BP $7 $F @5 $7 $$ $H $$ $& !# $5 $i $K !" G$ 0U $N 2r <a I $K BP $7 $F !" I j = A $, @. $j N) $C $F $$ $k ;~ $K $O !" O@ M} <0 A $O 91 ?? O@ M} <0 $G $" $k $H $$ $& !# 1.3 7A <0 E* M} O@ $N >Z L@ 1i eh $K 4p $E $/ ?t 3X E* M} O@ $, B8 :_ $9 $k ;~ !" $3 $N >/ ?t $N 86 M} $r 8x M} 7O (axiom system) $H $$ $& !# $3 $N 8x M} 7O $r ;X Dj $9 $k $3 $H $, 7A <0 E* M} O@ $r Dj 5A $9 $k $H $$ $& $3 $H $G $" $k !# $^ $? 7A <0 E* M} O@ $N 8x M} 7O $O !" 8x M} (axiom) $H 8F $P $l $k O@ M} <0 $H !" ?d O@ 5, B’ (inference rule) $H 8F $P $l $k $b $N $r ;X Dj $9 $k $3 $H $K $h $C $F Dj 5A $5 $l $k !# <+ A3 ?t $N 7A <0 E* M} O@ !J 7A <0 E* M} O@ $N 8l WC !K 8x M} !J I 72 !K I.1 A ) ( B ) A ) !$ I.2 ( A ) B ) ) !J A ) B ) C ) ) A ) C !$ I.3 A ) ( B ) ( A ^ B )) !$ I.4a ( A ^ B ) ) A !$ I.4b ( A ^ B ) ) B !$ I.5a A ) ( A _ B ) !$ I.5b B ) ( A _ B ) !$ I.6 ( A ) C ) ) ( B ) C ) ) ( A _ B ) ) C !$ I.7 ( A ) B ) ) ( A ) : B ) ) : A !$ 3

I.8 :: A ) A !$ I.9 8 x:A ) A [ t=x ] !$ I.10 A [ t=x ] ) 9 x:A !$ I.11 a !a a !$ I.12 a !a b ) A [ a=x ] ) A [ b=x ] !% 8x M} !J I I 72 !K I I.N1 a !\ 0 !a a !$ I I.N2 a !\ !J b !\ 1 !K !a !J a !\ b !K !\ 1 !$ I I.N3 a � 0 !a 0 !$ I I.N4 a � ( b !\ 1) !a a � b !\ a !$ I I.N5 a !\ 1 !a b !\ 1 ) a !a b; I I.N6 : a !\ 1 !a 0 !$ I I.N7 A [0 =x ] ) 8 x: ( A ) A [ x + 1 =x ]) ) 8 x:A !$ I I.N8 a � b "N 9 x:x !\ a !a b !% ?d O@ 5, B’ ?d O@ 5, B’ $O !" $9 $G $K >Z L@ $5 $l $? O@ M} <0 $+ $i ?7 $? $J O@ M} <0 $r >Z L@ $9 $k $? $a $N 5, B’ $G $" $k !# R 1 A A ) B B ;0 CJ O@ K! R 2 C ) A C ) "O x:A $? $@ $7 JQ ?t X $O C $N <+ M3 JQ ?t $G $O $J $$ R 3 A ) C 9 x:A ) C $? $@ $7 JQ ?t X $O C $N <+ M3 JQ ?t $G $O $J $$ $? $@ $7 !" 0J >e $N 8x M} !" ?d O@ 5, B’ $N $& $A A; B ; C $O O@ M} <0 $r a; b; x $O JQ ?t $r !" t $O 9‘ $r I= $9 !# 0J >e $N $h $& $K 7A <0 E* M} O@ $N 8x M} I 72 $H I I 72 $K J, N‘ $5 $l $k !# 8x M} I 72 $O !" O@ M} E* 8x M} $H 8F $P $l $k $b $N $G !" $9 $Y $F $N 7A <0 E* M} O@ $K 6& DL $N 8x M} $G $" $k !# ?d O@ 5, B’ R 1 � R 3 $b $9 $Y $F 7A <0 E* M} O@ $K 6& DL $G $" $k !# $3 $N 6& DL $N 8x M} $H ?d O@ 4

5, B’ $@ $1 $r ;} $D 7A <0 E* M} O@ $r 0l 3, =R 8l O@ M} $H $$ $& !# $^ $? !" I I 72 $N 8x M} $O Hs O@ M} E* 8x M} $H $h $P $l $k !# <! $K 7A <0 E* >Z L@ $K $D $$ $F Dj 5A $9 $k !# 7A <0 E* >Z L@ $H $O !" 9T HV 9f !" O@ M} <0 !" %3 %a %s %H $N AH $_ $, JB $s $@ ?^ $G <! $N Fs $D $N >r 7o $r K~ $? $9 !# $? $@ $7 %3 %a %s %H $O !" T hy N $N 8x M} $N HV 9f !" $" $k $$ $O ?d O@ 5, B’ $N HV 9f $H 9T HV 9f $N M- 8B Ns $N $3 $H $G $" $k !# #1 . i 9T L\ $N %3 %a %s %H C i $, 8x M} $N HV 9f $G $" $k ;~ !" $= $N 9T $N O@ M} <0 F i $O !" $= $N 8x M} $G $" $k !# #2 . i 9T L\ $N %3 %a %s %H C i $, ?d O@ 5, B’ $N HV 9f $H ?t $N Ns R !" j 1 ; � � � ; j m $G $" $k $H $- $O !" j 1 ; � � � ; j m < i $G $" $j !" F j 1 ; !D ; F j m F i $, ?d O@ 5, B’ R $H $J $k !# $? $@ $7 !" F j $O j 9T L\ $N O@ M} <0 $N $3 $H $G $" $k !# 7A <0 E* >Z L@ $K $h $C $F O@ M} <0 $, >Z L@ $G $- $? ;~ !" O@ M} <0 $O 7A <0 E* $K >Z L@ 2D G= $G $" $k $H $$ $& !# 5

2 %W %m %0 %i %‘ 8! >Z O@ (Theory of Program V eri- �cation) %W %m %0 %i %‘ 8! >Z O@ $H $O !" %W %m %0 %i %‘ M} O@ $N <g Bj $N 0l $D $G !" %W %m %0 %i %‘ $N @5 Ev @- $J $I !" %W %m %0 %i %‘ $N $b $D <o !9 $N @- <A $N >Z L@ J} K! $K 4X $9 $k M} O@ $r $$ $& !# <B :] $N 8! >Z $O !" >Z L@ $7 $? $$ @- <A $r 7A <0 E* $K 5- =R $7 $F !" 7A <0 E* 0U L# O@ $K 1h $C $? %W %m %0 %i %‘ 8! >Z K! $r ;H $& $3 $H $K $h $j 9T $& !# L\ I8 !’ %W %m %0 %i %‘ 8! >Z O@ $O !" ?t 3X %l %Y %k $G $N %W %m %0 %i %‘ $N 8! >Z $r 9T $& $3 $H $K $" $j %W %m %0 %i %‘ 8! >Z O@ $N ?t 3X E* M} O@ $r :n $k $3 $H $r L\ I8 $K $7 $F $$ $k !# 2.1 %[ !< %" O@ M} %W %m %0 %i %‘ 8! >Z O@ $O %U %m %$ %I $K $h $C $F ;O $^ $j $^ $7 $? !# %U %m %$ %I $N J} K! $O !" N. $l ?^ $N @5 $7 $5 $r 8! >Z $9 $k $b $N $G D> @\ %W %m %0 %i %‘ $r 07 $& $b $N $G $O $J $+ $C $? !# %U %m %$ %I $N J} K! $O %[ !< %" $K $h $C $F %W %m %0 %i %‘ $N @5 $7 $5 $r D> @\ 8! >Z $9 $k J} K! $K 2~ NI $5 $l $k !# %[ !< %" O@ M} $G $O !V %W %m %0 %i %‘ P $O !" ;E MM S $r K~ $? $9 !W $H $$ $& J8 >O $r I= L@ IU $- %W %m %0 %i %‘ $H $$ $& $b $N $r ;H $C $F =q $- $^ $9 !# I= L@ IU $- %W %m %0 %i %‘ $H $$ $& $N $O !" %W %m %0 %i %‘ $N :G =i $H :G 8e $K I= L@ $H 8F $P $l $k >r 7o $r IU 2C $7 $? 7A <0 $N %W %m %0 %i %‘ $G f A g P f B g , h A i P h B i $H =q $- !" 0U L# $O 0J 2< $N DL $j $G $" $k !# A !" B $O I= L@ $H 8F $P $l $k J8 >O !J %I %- %e %a %s %H !K $G $" $j !" P $O %W %m %0 %i %‘ $r $7 $a $9 !# It J, @5 Ev @- f A g P f B g !’ %W %m %0 %i %‘ P $r >r 7o A $, @. N) $7 $F $$ $k >u BV $G <B 9T $7 $? ;~ !" Dd ;_ $9 $k $J $i $P !" $= $N ;~ >r 7o B $, I, $: @. N) $9 $k !# 40 A4 @5 Ev @- h A i P h B i !’ %W %m %0 %i %‘ P $r >r 7o A $, @. N) $7 $F $$ $k >l 9g $G <B 9T $9 $k $H !" <B 9T $O I, $: @. N) $7 !" @. N) 8e $K >r 7o B $, @. N) $9 $k !# %W %m %0 %i %‘ $, >o $K @5 $7 $5 $r J] $D $? $a $K $O 40 A4 @5 Ev $G $J $/ $F $O $J $i $J $$ !# $7 $+ $7 !" %[ !< %" O@ M} $G $O It J, @5 Ev @- $r 9M $( $k $3 $H $, B? $$ !# $3 $l $O It J, @5 Ev @- $, 40 A4 @5 Ev @- $h $j $b 07 $$ $d $9 $$ $? $a $G $" $k !# 40 A4 @5 Ev @- $O It J, @5 Ev @- $H Dd ;_ @- $K J, 3d $9 $k $3 $H $, $G $- $k !# $f $( $K 40 A4 @5 Ev @- $O !" It J, @5 Ev @- $r 8! F$ $7 $F $+ $i Dd ;_ @- $N >r 7o $r IU 2C $9 $l $P $h $$ !# 6

2.2 It J, @5 Ev @- $N %[ !< %" O@ M} %[ !< %" O@ M} $G $O !" It J, @5 Ev @- $H 40 A4 @5 Ev @- $N #2 <o N‘ $N M} O@ $, $" $k $N $G !" $= $N 7A <0 E* M} O@ $b It J, @5 Ev @- $N 7A <0 E* M} O@ $H 40 A4 @5 Ev @- $N 7A <0 E* M} O@ $N #2 <o N‘ $, $" $k !# $3 $3 $G $O !" [1] $K $J $i $C $F It J, @- @5 Ev @- $r P H L !" 40 A4 @5 Ev @- $r T H L $H =q $/ $3 $H $K $9 $k !# P H L $O 0l $D $@ $1 Dj 5A $9 $k $N $G $O $J $/ !" Fs $D $N 8l WC P V , AV $H 8l WC AV >e $N O@ M} <0 S $r 7h $a $k $4 $H $K !" 0l $D $N 7A <0 E* M} O@ P H L ( P V ; AV ; S ) $r Dj 5A $9 $k !# P V $O %W %m %0 %i %‘ $N 8l WC $G $" $j !" AV $O I= L@ !" $9 $J $o $A O@ M} <0 $N 8l WC $G $" $k !# $^ $? O@ M} <0 $N =8 9g S $O 5" 7k 5, B’ $N A0 Ds >r 7o $K $" $k Fs $D $N !V @5 $7 $$ I= L@ !W $r ;X Dj $9 $k $? $a $K ;H $& !# %W %m %0 %i %‘ $N 8l WC !" I= L@ $N 8l WC $O 0l 3, $N 7A <0 E* M} O@ $G $" $k !# %[ !< %" O@ M} $N 7A <0 E* M} O@ $r Dj 5A $9 $k $? $a $K $O !" %W %m %0 %i %‘ $N 8l WC !" I= L@ $N 8l WC AV $r 8l WC $H $9 $k O@ M} <0 $N =8 9g F ml ( AV ) $N It J, =8 9g S $r A* $V !# $= $7 $F !" $3 $N S $r Hs O@ M} E* 8x M} $N =8 9g $H $_ $J $9 !# %[ !< %" O@ M} $G $O !# I= L@ IU $- %W %m %0 %i %‘ $r >Z L@ $9 $k BN 7O $G $" $k $, !" Hs O@ M} E* 8x M} $O I= L@ $G $" $k !# %[ !< %" O@ M} $N 7A <0 E* M} O@ P H L ( P V ; AV ; S ) $r 8l WC P V , AV $H =8 9g S $+ $i Dj 5A $9 $k !# $3 $N M} O@ $N 7A <0 8@ 8l $O !" I= L@ !" %W %m %0 %i %‘ !" I= L@ IU $- %W %m %0 %i %‘ $+ $i $J $j !" %W %m %0 %i %‘ $N Dj 5A $O %? !< %2 %C %H $K $9 $k %W %m %0 %i %‘ %_ %s %0 8@ 8l $K $h $C $F 0[ $J $k $, !" $3 $3 $G $O [1] $K $J $i $C $F Min $H $$ $& while %W %m %0 %i %‘ $N 8@ 8l $@ $1 9M $( $k !# Min $O !" %W %m %0 %i %‘ $N 8l WC P V $K $@ $1 0M B8 $7 !" I= L@ $N 8l WC AV $d Hs O@ M} E* 8x M} $N =8 9g S $K $O 0M B8 $7 $J $$ !# $= $3 $G !" 8l WC P V $+ $i Dj 5A $5 $l $? Min $r Min ( V ) $H =q $/ $3 $H $K $9 $k !# Min ( V ) $N J8 K! $O 0J 2< $N $h $& $K Dj 5A $9 $k !# %W %m %0 %i %_ %s %0 8@ 8l Min ( V ) JQ ?t :: !a 8l WC PV $N JQ ?t !% PV $O 7A <0 E* M} O@ <0 :: !a Term(PV) $N 9‘ !% %V !< %k <0 :: !a Fml(PV) $N 86 ;R O@ M} <0 !C %V !< %k <0 "J %V !< %k <0 !C %V !< %k <0 "K %V !< %k <0 !C %V !< %k <0 "M %V !< %k <0 !C "L %V !< %k <0 !% J8 :: !a skip !C JQ ?t :: !a <0 !C begin J8 {" !( "} end !C if %V !< %k <0 then J8 else J8 fi !C while %V !< %k <0 do J8 od !% %W %m %0 %i %‘ :: !a J8 !% %W %m %0 %i %‘ $, Dj 5A $G $- $? $N !" <! $O I= L@ $H I= L@ IU $- %W %m %0 %i %‘ $r Dj 5A $9 $k !# 7

It J, @5 Ev @- $N I= L@ $H I= L@ IU $- %W %m %0 %i %‘ I= L@ ::= F ml ( AV ) $N O@ M} <0 !% I= L@ IU $- %W %m %0 %i %‘ ::= \ f " I= L@ \ g " %W %m %0 %i %‘ \ f " I= L@ \ g " !% 8

0J >e $G %[ !< %" O@ M} $N 7A <0 8@ 8l $, Dj 5A $G $- $? $N $G :# EY $O 7A <0 E* >Z L@ $r Dj 5A $9 $k !# It J, @5 Ev @- $N 7A <0 E* M} O@ $N 8x M} $H ?d O@ 5, B’ 8x M} A as !J Be F~ J8 $N 8x M} !K f A[t/x] g x := t f A g A sk !J %9 %- %C %W J8 $N 8x M} !K f A g Skip f A g ?d O@ 5, B’ R if !J >r 7o J8 $N 5, B’ !K f C "J A g P f B g f "L C "J A g Q f B g f A g if C f then g P else Q � f B g R w h !J while J8 $N 5, B’ !K f C "J A g P f A g f A g while C do P o d f "L C "J A g R cp !J J# 9g J8 $N 5, B’ !K f A g P 1 f S 1 g !D f S i � 1 g P i f S i g !D f S n � 1 g P n f B g f A g b egin P 1 !( !D !( P n end f B g R cs !J 5" 7k 5, B’ !K S ‘ A ) B f B g P f C g S ‘ C ) D f A g P f D g %[ !< %" O@ M} $N 7A <0 E* >Z L@ P H L ( P V ; AV ; S ) $N >Z L@ 2D G= @- $O !" I= L@ $N 7A <0 E* M} O@ $K $* $1 $k >Z L@ 2D G= @- $H F1 $8 $h $& $K Dj 5A $9 $k !# P H L ( P V ; AV ; S ) $N 7A <0 E* >Z L@ $H $O !" 9T HV 9f !" I= L@ IU $- %W %m %0 %i %‘ %3 %a %s %H $+ $i $J $k 9T $r JB $Y $? $b $N $G !" <! $N >r 7o $r K~ $? $9 $b $N $r $$ $& !# 1 i 9T L\ $N %3 %a %s %H C i $, 8x M} $N HV 9f $G $" $k ;~ !" $= $N 9T $N I= L@ IU $- %W %m %0 %i %‘ AP i $O $= $N 8x M} $G $" $k !# 2 i 9T L\ $N %3 %a %s %H C i $, ?d O@ 5, B’ $N HV 9f $H ?t $N Ns R J i ; � � � ; J m $G $" $k ;~ $O J 1 ; � � � ; J m < i $G $" $j AP j 1 ; � � � ; AP j m AP i $, !" $= $N ?d O@ 5, B’ R $H $J $k !# 9

2.3 %[ !< %" O@ M} $K $h $k %W %m %0 %i %‘ $N >Z L@ 0J >e $G Dj 5A $7 $? %[ !< %" O@ M} $N 8x M} 5Z $S ?d O@ 5, B’ $r ;H $C $F !" 0J 2< $N %f !< %/ %j %C %I 8_ =| K! $K $h $k GCD $N %W %m %0 %i %‘ $N It J, >Z L@ $r 9T $& !# GCD $r 5a $a $k %W %m %0 %i %‘ !c @0 ?t x !" y $N >/ $J $/ $H $b 0l J} $, %< %m $G $O $J $$ !d begin a:=x; b:=y; while b !b 0 do begin a:= a mod b; c:= a;a:= b;b:= c end if a < 0 then a:= !> a fi end !c a $O x $H y $N :G Bg 8x Ls ?t $G $" $k !# !d while b !b 0 do !D end $N !D $r 4 $D $N It J, E* %W %m %0 %i %‘ $K J, $1 $F >Z L@ $r 9T $J $C $F $_ $k !# 1 !" a:= a mo d b 2 !" c:= a 3 !" a:= b 4 !" b:= c While J8 $N It J, %W %m %0 %i %‘ $N >Z L@ !’ A1 "a "L x !a 0 "K "L y !a 0 A2 "a A1 "J "L a "K "L b !a 0 1 !P "L b = 0 "J A2 "J gcd(a mod b,b) !a gcd(x,y) !Q a: !a a mod b !P "L b = 0 "J A2 "J gcd(a mod b,b ) !a gcd(x,y) !Q !J Aas !K 2 !P "L b = 0 "J A2 "J gcd(a,b) !a gcd(x,y) !Q a: !a a mod b !P A2 "J gcd(a,b ) !a gcd(x,y) !Q !J Rcs,1 !K 3 !P A2[c/b] [b/a] [a/c] "J gcd(a,b) !a gcd(x,y) !Q c:=a !P A2[c/b] [b/a] "J gcd(c,b) !a gcd(x,y) !Q !J Aas !K 10

4 !P A2 "J gcd(a,b) !a gcd(x,y) !Q c:=a !P A2[c/b] [b/a] "J gcd(c,b) !a gcd(x,y) !Q !J Rcs,3 !K 5 !P A2[c/b] [b/a] "J gcd(c,b ) !a gcd(x,y) !Q a:=b !P A2[c/b] "J gcd(c,a) !a gcd(x,y) !Q !J Aas !K 6 !P A2[c/b] "J gcd(c,a) !a gcd(x,y) !Q b:=c !P A2 "J gcd(b,a) !a gcd(x,y) !Q !J Rcs,5 !K 7 !P "L b = 0 "J A2 "J gcd(a,b) !a gcd(x,y) !Q begin a: !a a mod b !( c:=a !( a:=b !( b:=c !( end !P A2 "J gcd(b,a) !a gcd(x,y) !Q !J Rcp 2,4,5,6 !K 8 !P "L b = 0 "J A2 "J gcd(a,b) !a gcd(x,y) !Q begin a: !a a mod b !( c:=a !( a:=b !( b:=c !( end !P A2 "J gcd(a,b) !a gcd(x,y) !Q (Rcs,7) 9 !P A2 "J gcd(a,b) !a gcd(x,y) !Q while "L b=0 do begin a:= a mod b; c:= a; a:= b; b:= c end od { "L "L b=0 "J A2 "J gcd(a,b) !a gcd(x,y) !Q (Rwh,8) 11

%W %m %0 %i %‘ $N It J, >Z L@ $N 35 N, ?^ 1( A as ) 2 ( R cs ; 1) 3( A as ) 4 ( R cs ; 3) 5( A as ) 6( A as ) 7 ( R cp 2 ; 4 ; 5 ; 6) 8 ( R cs ; 7) 9 ( R w h ; 8) 7A <0 E* >Z L@ $N @b L@ !’ $3 $N >Z L@ $N 8l WC $O V Z $K 4X ?t mod $r DI 2C $7 $? $b $N $G $" $k !# $3 $N 8l WC P V 1 $H =q $/ $3 $H $K $9 $k !# $? $@ $7 !" mod ( a; b ) $O a mo d b $N $3 $H $G $" $k !# I= L@ $N 8l WC $O !" P V 1 $K !" 4X ?t 5- 9f g cd; abs !" $= $7 $F =R 8l 5- 9f \ < 00 $r DI 2C $7 $? $b $N $G $" $k !# $3 $N 8l WC $r AV 1 $H =q $/ $3 $H $K $9 $k !# Hs O@ M} E* 8x M} $O !" 8x M} $H $J $k O@ M} <0 $r JB $Y $k $N $G $O $J $/ !" 2r <a $+ $i Dj 5A $9 $k !# I= L@ $N 2r <a $O V Z $N I8 =‘ E* 2r <a I Z $r AV 1 $K 3H D% $7 !" 2r <a I 1 $r Dj 5A $9 $k !# I 1 $G $O mod $O 3d ;; $N M> $j $r !" g cd $O :G Bg 8x Ls ?t !" abs $O @d BP CM $r 7W ;; $9 $k 4X ?t !" $= $7 $F \ < 00 $O Bg >. 4X 78 $G 2r <a $9 $k !# 12

2r <a I 1 $N Dj 5A I 1 ( mo d ( a; b )) = ( 0 b = 0 $G $" $k $H $- a $r b $G 3d $C $? M> $j $= $l 0J 30 $N $H $- I 1 ( g cd ( a; b )) = ( 0 a = b = 0 $G $" $k $H $- a $H b $N :G Bg 8x Ls ?t $= $l 0J 30 $N $H $- I 1 ( abs )( a ) = a $N :G Bg 8x Ls ?t I 1 (( < )( a; b )) = ( T rue a < b $G $" $k $H $- F alse $= $l 0J 30 $N $H $- $3 $N 2r <a I 1 $, $G @5 $7 $$ O@ M} <0 $N =8 9g $r S 1 $H S 1 � f F j I 1 j = F g $K $J $k !# GCD %W %m %0 %i %‘ $N 7A <0 E* >Z L@ $O !" %[ !< %" O@ M} P H L ( P V ; AV ; S ) 3H D% P H L ( P V 1 ; AV 1 ; S 1 ) $N 7A <0 E* >Z L@ $K $J $C $F $$ $k !# 13

2.4 40 A4 @5 Ev @- $N %[ !< %" O@ M} $3 $l $^ $G $O It J, @5 Ev @- $K $D $$ $F 9M $( $F $- $? $, !" :# EY $O !" 40 A4 @5 Ev @- $N >l 9g $K $D $$ $F 9M $( $F $_ $k !# 40 A4 @5 Ev @- $H $$ $& $N $O It J, @5 Ev @- !\ Dd ;_ @- $G $" $C $? $+ $i !" It J, @5 Ev @- $N %[ !< %" O@ M} $r 40 A4 @5 Ev $N It J, $K 3H D% $9 $k $K $O !" Dd ;_ @- $, Ld Bj $H $J $k !# w hil e %W %m %0 %i %‘ $N 8@ 8l $G $" $k Min $K 8B $C $F $$ $( $P %W %m %0 %i %‘ $, Dd ;_ $7 $J $$ 2D G= @- $, $" $k $N $O !" w hil e J8 $N 5, B’ $, Ld Bj $H $J $k !# It J, @5 Ev @- $N >l 9g $O !" Hs O@ M} E* 8x M} S $r ;X Dj $7 $F P H L ( P V ; AV ; S ) $r Dj 5A $7 $? $N $G $" $C $? !# $7 $+ $7 !" 40 A4 @5 Ev @- $N >l 9g $K $O !" Hs O@ M} E* 8x M} S $r ;X Dj $9 $k P H L ( P V ; AV ; S ) $H $$ $& 7A $G $O !" @5 $7 $$ 7A <0 E* M} O@ $r Dj 5A $G $- $J $$ !# $= $N $? $a $^ $: 2r <a I $r ;X Dj $7 $F P H L ( P V ; AV ; I ) $r Dj 5A $9 $k !# <! $K 40 A4 @5 Ev @- $N 7A <0 E* M} O@ T H L ( P V ; AV ; I ) $r Dj 5A $9 $k !# T H L $r Dj 5A $9 $k $K $O !" P H L $N w hil e J8 $r JQ 99 $9 $k $@ $1 $G $h $$ !# $= $N $? $a $K $O $^ $: @0 AC I= L@ $H $$ $& $b $N $r Dj 5A $9 $k !# G$ 0U $N =8 9g B $N MW AG $r 0z ?t $H $9 $k #2 9‘ 4X 78 W ( x; y ) $, @0 AC $G $" $k $H $O !" x 0 , !D , x i , !D $H $$ $& B $N MW AG $N L5 8B Ns $G W ( x i +1 ; x i ) $H $J $k $b $N $, L5 $$ $3 $H $r $$ $& !# Nc $( $P !" � � � x i < x i +1 < � � � < x 1 < x 0 $H $J $k <+ A3 ?t $N L5 8B Ns x 0 ; � � � ; x i ; � � � $r :n $k $3 $H $O $G $- $J $$ $+ $i !" <+ A3 ?t $r 0z ?t $H $9 $k !# #2 9‘ 4X 78 x !c y $O @0 AC $G $" $k !# $7 $+ $7 !" x !c y $r @0 ?t $r 0z ?t $H $9 $k #2 9‘ 4X 78 $H $_ $J $; $P � � � < � 2 < � 1 < 0 $H $$ $& ?t Ns $O :n $l $k $N $G @0 AC $G $J $/ $J $k !# 4X 78 W ( x; y ) $r !V x $, y $h $j >. $5 $$ !W FI $a $P !" W $, @0 AC $G $" $k $H $O !" $$ $/ $i $G $b >. $5 $/ $J $k $h $& $J MW AG $N L5 8B Ns $O B8 :_ $7 $J $$ $H $$ $& $3 $H $G $" $k !# @0 AC I= L@ $H $O !" $3 $N @0 AC 4X 78 $r I= 8= $9 $k $h $& $J I= L@ $r $$ $& !# I= L@ R $N <+ M3 JQ ?t $, $A $g $& $I p 1 ; � � � ; p n ; p 0 1 ; � � � ; p 0 n $G $" $k !# $3 $N $H $- !" I= L@ R $, !J $3 $N JQ ?t Ns $K BP $7 $F !K @0 AC I= L@ $G $" $k $H $O !" W ( h v 0 1 ; !D ; v 0 n i ; h v 1 ; !D ; v n i ) ( ) ( I ; � 0 j = R ) $H Dj 5A $7 $? #2 9‘ 4X 78 W $, @0 AC $H $J $k $3 $H $G $$ $& !# $? $@ $7 !" v 0 1 ; � � � ; v 0 n ; v 1 ; � � � ; v n $O 2r <a I $N NN 0h $N MW AG $G $" $j !" h v 0 1 ; � � � ; v 0 n i $H h v 1 ; � � � ; v n i $O $= $N n =E BP $G $" $k !# $^ $? � 0 $O � 0 = v i ; � 0 ( p 0 i ) = v i ( i = 1 ; � � � ; n ) $H $J $k 4D 6- $G $" $k !# $3 $N >r 7o $r K~ $? $9 � 0 $O 0l $D $G $O $J $$ $, !" R $N <+ M3 JQ ?t $, $A $g $& $I p 1 ; � � � ; p n ; p 0 1 ; � � � ; p 0 n $J $N $G !" $I $N � 0 $r A* $s $G $b NI $$ !# $? $H $( $P !" 2r <a I $, Bg >. 4X 78 $r 4^ $‘ <+ A3 ?t $N 8l WC $N I8 =‘ E* 2r <a $J $i $P !" I= L@ p 0 i � p 1 $O @0 AC I= L@ $G $" $k !# F1 $8 $3 $H $G $" $k $, !" p 0 i + 1 � p 1 $b @0 AC I= L@ $K $J $k !# $7 $+ $7 p 1 � p 0 1 $O @0 AC I= L@ $G $O $J $$ !# $^ $? 2r <a I $, @0 ?t $N 8l WC $N I8 =‘ E* 2r <a $G $" $k >l 9g $K $O !" I= L@ p 0 1 � p 1 $O @0 AC $G $J $/ $J $k !# $7 $+ $7 p 0 1 � N p 1 "a p 0 1 � p 1 ^ � p 0 1 $H Dj 5A $9 $l $P I= L@ p 0 1 � N p 1 $O @0 AC $H $J $k !# 0J >e $N Nc $G $O !" JQ ?t p i $H p 0 i $, 14

0l $D $: $D $G $" $C $? $, !" $3 $l $, J# ?t $H $J $k >l 9g $H $7 $F $O p 0 1 + p 0 2 � p 1 + p 2 $d p 0 1 � p 1 _ p 0 1 = p 1 ^ 0 p 0 2 � p 2 $J $I $, $" $k !# $? $@ $7 !" $$ $: $l $b <+ A3 ?t $N I= L@ $G $" $k !# @0 AC 4X 78 $r ;H $C $F 40 A4 @5 Ev @- $N %[ !< %" O@ M} T H L ( P V ; AV ; S ) $r Dj 5A $9 $k !# T H L ( P V ; AV ; S ) $O w hil e J8 0J 30 $N ?d O@ 5, B’ $O P H L ( P V ; AV ; I ) $H F1 $8 $G $" $j !" w hil e J8 $N 5, B’ $N $_ $r R twh $H $$ $& 5, B’ $G CV $- 49 $( $k !# $= $N 5, B’ $O @0 AC 4X 78 $r I, MW $H $9 $k $N $, !" @0 AC 4X 78 $O 2r <a I $r ;X Dj $7 $F ;O $a $F 0U L# $r ;} $D 35 G0 $J $N $G !" $3 $N ?d O@ 5, B’ $N Dj 5A $K $O 2r <a $, 7g $+ $; $J $$ !# $= $N $? $a $K T H L ( P V ; AV ; S ) $, Dj 5A $G $- $J $$ !# $= $3 $G T H L ( P V ; AV ; I ) $r D> @\ Dj 5A $9 $k $3 $H $K $J $k !# 15

T H L ( P V ; AV ; I ) $N 8x M} $H ?d O@ 5, B’ T H L ( P V ; AV ; I ) $N 8x M} $H w hil e J8 0J 30 $N ?d O@ 5, B’ $O T H L ( P V ; AV ; I ) $H F1 $8 $G $" $k !# $= $7 $F !" w hil e J8 $N 5, B’ R wh $O !" <! $N 5, B’ R twh $K JQ 99 $9 $k !# R twh !’ h ( t 1 = p 1 ) "J !D "J ( t n = p n ) "J C "J A i P h R [ t 1 =p 0 1 ; !D ; t n =p 0 n ] "J A i h A i while C do P o d h: C "J A i $? $@ $7 !" t 1 ; � � � ; t n $O 9‘ $G $" $k !# $3 $N 9‘ $r w hil e J8 $N ?d O@ 5, B’ $N JQ NL (v arian t) $H 8F $V $3 $H $K $9 $k !# $^ $? !" <! $N Fs $D $N IU BS >r 7o $, @. $j N) $D $H $9 $k !# #1 . p 1 ; � � � ; p n ; p 0 1 ; � � � ; p 0 n $O !" I= L@ A !" C $K $b !" 9‘ t 1 ; � � � ; t n $K $b !" $^ $? !" %W %m %0 %i %‘ P $K $b 8= $l $J $$ JQ ?t $G $" $k !J $D $^ $j !" R 0J 30 $K $b 8= $l $J $$ !K !# #2 . R $O JQ ?t Ns p 1 ; � � � ; p n ; p 0 1 ; � � � ; p 0 n $K BP $7 $F @0 AC I= L@ $G $" $k !# $3 $N 5, B’ $, 40 A4 @5 Ev @- $r J] >Z $9 $k @b L@ !’ 4J C1 $N $? $a $K n = 1 $H $7 $F @b L@ $9 $k !# $^ $: !" w hil e J8 $N 5, B’ $N A0 Ds $, @. $j N) $D $H 2> Dj $9 $k !# >u BV p $, t 1 = p 1 ^ C ^ A $H $$ $& A0 >r 7o $r K~ $? $9 $H $- $K P $r <B 9T $9 $k $H R [ t 1 =p 0 1 ] $H $$ $& 8e >r 7o $, @. $j N) $C $F $$ $k !# $3 $N $H $- A $, @. $j N) $D $N $G !" $3 $l $, %k !< %W IT JQ I= L@ $G $" $k !# $7 $? $, $C $F !" w hil e %k !< %W $N Dd ;_ @- $5 $( >Z L@ $G $- $l $P $h $$ !# Dd ;_ @- $r >Z L@ $9 $k $K $O !" <B 9T 8e $K R [ t 1 =p 0 1 ] $, @. $j N) $C $F $$ $k $3 $H $r Mx MQ $9 $k !# $^ $: !" <B 9T A0 $K JQ NL t 1 $N CM $, v 1 $G $" $C $? $H $9 $k !# $= $7 $F !" P $r <B 9T $7 $? $H $9 $k !# Bh Fs $N IU BS >r 7o $+ $i p 1 $N CM $O P $N <B 9T A0 8e $G IT JQ $J $N $G !" <B 9T 8e $N t 1 $N CM $r v 0 1 $H $9 $k $H !" I ; � 0 j = R $H $J $k !# $? $@ $7 !" � 0 $O � 0 ( p 1 ) = v 1 ; � 0 ( p 0 1 ) = v 0 1 $H $J $k 4D 6- $G $" $k !# $h $C $F !" W $N Dj 5A $+ $i W ( v 0 1 ; v 1 ) $, K~ $? $5 $l $k !# w hil e %k !< %W L5 8B $K <B 9T $5 $l $k $H !" F1 MM $K $I $s $I $s !V >. $5 $/ !W $J $k L5 8B Ns v 1 ; v 0 1 ; v 00 1 $, $G $- $k !# $H $3 $m $, !" W $O @0 AC 4X 78 $@ $+ $i !" $3 $l $i $O L7 =b $G $" $k !# $h $C $F !" w hil e %k !< %W J8 $O =* N; $9 $k !# 0J >e $G 40 A4 @5 Ev @- $N Dj 5A $, $G $- $? !# 16

3 %[ !< %" O@ M} !J %W %m %0 %i %‘ 8! >Z O@ !K $N 8= <B E* 8B 3& @h $[ $I $N %f !< %/ %j %C %I 8_ =| K! $K $h $k %W %m %0 %i %‘ $N It J, >Z L@ $+ $i $b $o $+ $k $h $& $K >. $5 $J %W %m %0 %i %‘ $r >Z L@ $9 $k $N $b Bg JQ $G $" $k !# %[ !< %" O@ M} $O 1 ;E MM 5- =R $H >Z L@ $N ;E MM %3 %9 %H $, KD Bg $G $" $k !# 2 >Z L@ $K %P %0 $, $J $$ $H J] >Z $O $J $$ !# 3 ;E MM $K %P %0 $P $J $$ $H $$ $& J] >Z $O $J $$ !# $H $$ $& FC D’ $r $b $D !# $3 $l $i $N Ld Bj $O !" %[ !< %" O@ M} $K $* $1 $k FC <l $J Ld Bj $G $O $J $/ !" %W %m %0 %i %‘ 8! >Z O@ A4 BN $N Ld Bj $G $" $k !# $3 $N $h $& $J 8B 3& $N $? $a !" 1980 G/ Be $K $O !" 40 A4 $J %W %m %0 %i %‘ 8! >Z O@ $O Fq $7 $$ $H $$ $& 0U 8+ $, ;Y G[ E* $G $7 $? !# $7 $+ $7 8= :_ $G $O !" 7A <0 E* 5; K! $H Am >N $5 $l $k $h $j 8= <B E* $J J} K! $, 3+ H/ $5 $l !" =y !9 $K <B MQ $, ;O $^ $j $D $D $" $j $^ $9 !# 4 7A <0 E* 5; K! $X 7A <0 E* 5; K! $H $O %= %U %H %& %’ %" $N 3+ H/ $K $* $$ $F !" 5- 9f O@ M} 3X ( 7A <0 E* O@ M} 3X ) $+ $i @8 $^ $l $? 5; K! $r Mx MQ $9 $k $3 $H $G $9 !# 7A <0 E* 5; K! $N :G Dc >r 7o $O !" 7A <0 E* ;E MM 5- =R $G $9 !# $7 $+ $7 !" $3 $l $O :G Dc >r 7o $G $" $j >Z L@ $r $J $$ $, $7 $m $K $9 $k $o $1 $G $O $" $j $^ $; $s !# 7A <0 E* 5; K! $G $O !" I, MW $J $@ $1 !" 2D G= $J HO 0O $G @5 $7 $5 $N >Z L@ $r 9T $$ $^ $9 !# $D $^ $j !" 40 A4 $J @5 $5 $N >Z L@ $, $G $- $J $$ >l 9g $K $O !" ?. Mj @- $N 8~ >e $r L\ E* $H $7 $F !" It J, E* $J @5 $5 $N >Z L@ $r 9T $& $N $G $9 !# 7A <0 E* 5; K! $O !" %P %0 $r :, @d $9 $k 5; =Q $G $O $J $/ %P %0 $N 4m 81 @- $r Dc 8: $9 $k 5; =Q $J $N $G $9 !# $3 $N Dj 5A $+ $i $9 $k $H !" %[ !< %" O@ M} $O $^ $5 $K 7A <0 E* 5; K! $N 0l $D $H $$ $( !" !V %[ !< %" O@ M} $N $h $& $J %W %m %0 %i %‘ 8! >Z O@ !W $, 7A <0 E* 5; K! $N 8; N. $G $" $j !" 8= :_ $b $= $N 4p AC $G $" $k $3 $H $O $+ $o $j $, $" $j $^ $; $s !# 17

5 LISP (LISt Pro cessor) %j %9 %H =h M} !" 5- 9f =h M} $N $? $a $K @_ 7W $5 $l $? %W %m %0 %i %_ %s %0 8@ 8l $* $h $S $= $l $i $N 8@ 8l =h M} 7O $N Am >N !# Lisp $N L> $O LISt Pro cessor $" $k $$ $O LISt Pro cessing $N N, $G $" $k !# ?M 9) CN G= MQ %W %m %0 %i %‘ 8@ 8l $H $7 $F 1950 G/ Be Kv $+ $i 1960 G/ Be =i $a $K $+ $1 $F JF 9q %^ %5 %A %e !< %; %C %D 9) 2J Bg 3X (MIT) $N J.Mc.Carth y 65 <x $, 9M 0F $7 $? %W %m %0 %i %‘ 8@ 8l !# $3 $N :G =i $N Lisp $O !" :# F| =c Lisp $H $h $P $l $F $$ $k !# $= $N 8e !" 1~ MQ J, Ln $N 3H Bg $H 7W ;; 5! 5; =Q $N 8~ >e $K H< $$ !" ?t B? $/ $N Lisp $N J} 8@ $H $= $l $i $N =h M} 7O $, 3+ H/ $5 $l $F $- $? !# %" %a %j %+ $G 3+ H/ $5 $l $? Lisp1.5,In terlisp,MacLisp, $o $, 9q $G 3+ H/ $5 $l $? UTILisp Lisp1.9 $J $I $, M- L> $G $" $k !# [2] LISP $N FC D’ !’ %j %9 %H %* %V %8 %’ %/ %H $O %3 %s %9 $+ %" %H %‘ $G $" $k !# %" %H %‘ $O $b $C $H $b 4p K\ E* $J %* %V %8 %’ %/ %H $G $9 !# $^ $? Lisp $G 07 $& $b $N $O $9 $Y $F %j %9 %H $N 7A $r $7 $F $$ $k !# Lisp %W %m %0 %i %‘ $O $$ $/ $D $+ $N 4X ?t $r 9= @. C1 0L $H $7 !" :F 5" 8F $S =P $7 $r 4^ $‘ 4X ?t 8F $S =P $7 $r @) 8f $N 4p K\ $H $7 $^ $9 !# JQ ?t $d 4X ?t $N 7? @k 8@ $r $9 $k I, MW $, $" $j $^ $; $s !# %W %m %0 %i %‘ $O !J 4X ?t 0z ?t !K $N 7A $G !" 4X ?t $r 0z ?t $K E, MQ $9 $k 7A $K $J $C $F $$ $k !# $[ $+ $N 8@ 8l $G $b :F 5" $O $" $j $^ $9 $, !" %k !< %W $G =q $/ >l 9g $K $O !" :F 5" $H $$ $& $3 $H $O I= $K $G $^ $; $s !# $" $H %i %‘ %@ ( � ) $H $$ $& ET 9g $N $h $$ I= 8= K! $, $" $k !# $3 $l $K $h $j !" 4X ?t $K $$ $A $$ $A L> A0 $r $D $1 $J $/ $F $b !" $R $H $D $N %W %m %0 %i %‘ $N Cf $G $O 4X ?t $H $7 $F ;H $( $k !# Nc (defun my-function ( 0z ?t ) . . . (my-function ... . . . )) 18

6 OB @Q I8 =‘ 7A !J Pro duct of Sum !K OB @Q I8 =‘ 7A $H $O !’ L? Bj JQ ?t (x) $^ $? $O $= $N H] Dj !J : x !K $N 7A $N <0 $r %j %F %i %k !" %j %F %i %k $+ $i _ (OR) $N $_ $G :n $i $l $k <0 $r 4p K\ OB !" 4p K\ OB $+ $i ^ (and) $N $_ $G :n $i $l $k <0 $r OB @Q I8 =‘ 7A $H $$ $& !# Nc ( : X _ Y _ Z ) ^ ( X _ : Z ) ^ ( : Y _ Z ) ( $? $@ $7 !’ : $r not !" ^ $r and !" _ $r or $H $7 $^ $9 !# ) %j %F %i %k X !" : X !" Y !" : Y !" Z !" : Z 4p K\ OB ( : X _ Y _ Z ) !" ( X _ : Z ) !" ( : Y _ Z ) OB @Q I8 =‘ 7A ( : X _ Y _ Z ) ^ ( X _ : Z ) ^ ( : Y _ Z ) [ L? Bj ] G$ 0U $N <0 $r <! $N <j B3 $- $G !" F1 CM $J OB @Q I8 =‘ 7A $K JQ 7A $9 $k !# OB @Q I8 =‘ 7A $X $N <j B3 $- [3] ( 0l M} O@ $G $" $j B> $K $b B? ?t JQ 7A $N <j B3 $- <j =g $" $j ) (1) A ) B $r : A _ B $G CV $- 49 $( $k !# (2) :: A $r A $G CV $- 49 $( $k !# (3) : ( A _ B ) $r : A ^ : B $G CV $- 49 $( $k !# (4) : ( A ^ B ) $r : A _ : B $G CV $- 49 $( $k !# (5) A _ ( B ^ C ) $r ( A _ B ) ^ ( A _ C ) $G CV $- 49 $( $k !# (6)( A ^ B ) _ C $r ( A _ C ) ^ ( A _ B ) $G CV $- 49 $( $k !# Nc !’ ( X ) ( Y ^ Z )) ^ (( : Y ) ) ( X ^ Y )) $N OB @Q I8 =‘ 7A $r 5a $a $k !# = ( : X _ ( Y ^ Z )) ^ ( :: Y _ ( X ^ Y )) !J #1 !K $r Fs 2s E, MQ = ( : X _ ( Y ^ Z )) ^ ( Y _ ( X ^ Y )) !J #2 !K E, MQ = ( : X _ Y ) ^ ( : X _ Z ) ^ ( Y _ X ) ^ ( Y _ Y ) !J #5 !K E, MQ !D Answer Not T autology !J 91 ?? $J <0 $+ $I $& $+ H= Dj $9 $k !# !K ;H MQ Nc !{ G$ 0U $N <0 $r OB @Q I8 =‘ 7A $K D> $9 $3 $H $, $G $- $k $N $G 91 ?? @- $N H= Dj $K ;H $( $^ $9 !# !{ OB @Q I8 =‘ 7A $O !" O@ M} 2s O) $N 8z N( E* @_ 7W $K 1~ MQ $G $- $^ $9 !# !J L? Bj O@ M} $H O@ M} 2s O) $O BP 1~ $7 $^ $9 !# !K 19

$3 $N %W %m %0 %i %‘ $O Cf CV 5- K! $r A0 CV 5- K! $K D> $9 %W %m %0 %i %‘ $G $9 !# $? $@ $7 !J A and B or C) $G $O @5 $7 $$ Ez $( $O JV $C $F $- $^ $; $s !# ((A and B) or C) $^ $? $O (A and (B or C)) $N $h $& $K =q $- 49 $( $F $/ $@ $5 $$ !# >(defun prefix (exp) (cond ((atom exp) exp) ((or (eq ’and (second exp)) (eq ’or (second exp)) (eq ’=> (second exp))) (list (second exp) (prefix (first exp)) (prefix (third exp)))) ((eq ’not (first exp)) (list (first exp) (prefix (second exp)))) (T ’nil))) prefix Nc > (prefix ’((a and b) or c)) (OR (AND A B) C) > (prefix ’((not x) => ((a and b) or c))) (=> (NOT X) (OR (AND A B) C)) $3 $N %W %m %0 %i %‘ $O implication( ) ) $r NOT OR $N 7A $K =q $- 49 $( $k %W %m %0 %i %‘ $G $9 !# >(defun implication (exp) (cond ((atom exp) exp) ((eq ’=> (car exp)) (list ’or (list ’not (implication (second exp))) (implication (third exp)))) ((eq ’or (car exp)) (list ’or (implication (second exp)) (implication (third exp)))) ((eq ’and (car exp)) (list ’and (implication (second exp)) (implication (third exp)))) ((eq ’not (car exp)) (list ’not (implication (second exp)))) (T ’nil))) implication 20

Nc > (implication ’(=> x y)) (OR (NOT X) Y) > (implication ’(=> (=> a b) c)) (OR (NOT (OR (NOT A) B)) C) $3 $N %W %m %0 %i %‘ $O double negation $r =h M} $9 $k %W %m %0 %i %‘ $G $9 !# >(defun mynot (exp) (cond ((atom exp) exp) ((and (eq ’not (car exp)) (atom (cadr exp))) exp) ((and (eq ’not (first exp)) (eq ’not (first (second exp)))) (mynot (second (second exp)))) ((and (eq ’not (first exp)) (eq ’or (first (second exp)))) (list ’and (mynot (list ’not (second (second exp))) (mynot (list ’not (third (second exp)))))) ((and (eq ’not (first exp)) (eq ’and (first (second exp)))) (list ’or (mynot (list ’not (second (second exp)))) (mynot (list ’not (third (second exp)))))) ((eq ’or (car exp)) (list ’or (mynot (second exp)) (mynot (third exp)))) ((eq ’and (car exp)) (list ’and (mynot (second exp)) (mynot (third exp)))) (T ’nil))) mynot Nc > (mynot ’(not (not (not (not a))))) A > (mynot ’(not (not (or a b)))) (OR A B) 21

$3 $N %W %m %0 %i %‘ $O J, G[ K! B’ $K 4X $9 $k %W %m %0 %i %‘ $G $9 !# (A or (B and C)) $r (A or B) and (A or C) $K JQ 49 $7 ((A and B) or C)) $r (A or C) and (B or C) $K JQ 49 $7 $^ $9 !# (defun subpos (exp) (cond ((atom exp) exp) ((eq ’not (first exp)) (list ’not (subpos (second exp)))) ((eq ’and (first exp)) (list ’and (subpos (second exp)) (subpos (third exp)))) ((and (eq ’or (first exp)) (atom (second exp))) (cond ((atom (third exp)) (list ’or (subpos (third exp)) (subpos (second exp)))) ((eq ’not (first (third exp))) (list ’or (subpos (second exp)) (subpos (third exp)))) ((eq ’or (first (third exp))) (list ’or (subpos (second exp)) (subpos (third exp)))) ((eq ’and (first (third exp))) (list ’and (subpos (list ’or (subpos (second exp)) (subpos (second (third exp))))) (subpos (list ’or (subpos (second exp)) (subpos (third (third exp))))))) (T (subpos (list ’or (subpos (third exp)) (subpos (second exp))))))) ((and (eq ’or (first exp)) (eq ’not (first (second exp)))) (cond ((atom (third exp)) (list ’or (subpos (third exp)) (subpos (second exp)))) ((eq ’not (first (third exp))) (list ’or (subpos (second exp)) (subpos (third exp)))) ((eq ’or (first (third exp))) (list ’or (subpos (second exp)) (subpos (third exp)))) ((eq ’and (first (third exp))) (subpos (list ’or (subpos (third exp)) (subpos (second exp))))) (T (subpos (list ’or (subpos (third exp)) (subpos (second exp))))))) ((and (eq ’or (first exp)) 22

(eq ’or (first (second exp)))) (cond ((atom (third exp)) (list ’or (subpos (third exp)) (subpos (second exp)))) ((eq ’not (first (third exp))) (list ’or (subpos (second exp)) (subpos (third exp)))) ((eq ’or (first (third exp))) (list ’or (subpos (second exp)) (subpos (third exp)))) ((eq ’and (first (third exp))) (list ’and (subpos (list ’or (subpos (second exp)) (subpos (second (third exp))))) (subpos (list ’or (subpos (second exp)) (subpos (third (third exp))))))) (T (subpos (list ’or (subpos (third exp)) (subpos (second exp))))))) ((and (eq ’or (first exp)) (eq ’and (first (second exp)))) (list ’and (subpos (list ’or (subpos (third exp)) (subpos (second (second exp))))) (subpos (list ’or (subpos (third exp)) (subpos (third (second exp))))))) (T ’nil))) SUBPOS Nc > (subpos ’(or a (and b c))) (AND (OR B A) (OR C A)) > (subpos ’(or (and a b) c)) (AND (OR A C) (OR B C)) $3 $N %W %m %0 %i %‘ $O A0 CV 5- K! $r Cf CV 5- K! $K JQ 49 $9 $k %W %m %0 %i %‘ $G $9 !# $? $@ $7 (and or A B C) $G $O @5 $7 $$ Ez $( $O JV $C $F $- $^ $; $s !# (or (and A B) C) $^ $? $O (and A (or B C)) $N $h $& $K =q $- 49 $( $F $/ $@ $5 $$ !# >(defun center (exp) (cond ((atom exp) exp) ((or (eq ’and (first exp)) (eq ’or (first exp)) (eq ’=> (first exp))) (list (center (second exp)) (center (first exp)) (center (third exp)))) 23

((eq ’not (first exp)) (list (first exp) (center (second exp)))) (T ’nil))) CENTER Nc > (center ’(and a (or a b))) (A AND (A OR B)) > (center ’(or (and a b) (or a c))) ((A AND B) OR (A OR C)) 24

$3 $N %W %m %0 %i %‘ $O G$ 0U $N O@ M} <0 $N 91 ?? @- $r H= Dj $9 $k SUB %W %m %0 %i %‘ $G $9 !# >(defun wang (l la r ra) (if (null l) (if (null r) (if (intersect la ra) (format T "~% Tautology~%") (format T "~% Not Tautology~%")) (let ((r0 (car r)) (r1 (cdr r))) (if (atom r0) (wang l la r1 (cons r0 ra)) (case (car r0) (not (wang (cons (cadr r0) l) la r1 ra)) (and (and (wang l la (cons (cadr r0) r1) ra) (wang l la (cons (caddr r0) r1) ra))) (or (wang l la (cons (cadr r0) (cons (caddr r0) r1)) ra)) )))) (let ((l0 (car l)) (l1 (cdr l))) (if (atom 10) (wang l1(cons l0 la) r ra) (case (car l0) (not (wang l1 la (cons (cadr l0) r) ra)) (and (wang (cons (cadr l0)(cons (caddr l0) l1)) la r ra)) (or (and (wang (cons (cadr l0) l1) la r ra) (wang (cons (caddr l0) l1) la r ra)))))))) WANG Nc > (wang nil nil ’(and a (or a b)) nil) Not Tautology NIL > (wang nil nil ’(or a (or (not a) (not b))) nil) Tautology NIL 25

91 ?? @- $r H= Dj $9 $k %W %m %0 %i %‘ $N Jd =u 4X ?t $G $9 !# >(defun intersect (x y) (if (null x) nil (if (memq (car x) y) t (intersect (cdr x) y)))) INTERSECT 91 ?? @- $r H= Dj $9 $k %W %m %0 %i %‘ $N Jd =u 4X ?t $G $9 !# >(defun memq (el lst) (member el lst :test #’eq)) MEMQ 91 ?? @- $r H= Dj $9 $k %W %m %0 %i %‘ $N Main $G $9 !# $? $@ $7 !J A and B or C) $G $O @5 $7 $$ Ez $( $O JV $C $F $- $^ $; $s !# ((A and B) or C) $^ $? $O (A and (B or C)) $N $h $& $K =q $- 49 $( $F $/ $@ $5 $$ !# >(defun judge (exp) (setq formula (subpos (mynot (implication (prefix exp))))) (wang nil nil formula nil)) JUDGE Nc > (judge ’(((not a) => (a or b)))) Not Tautology NIL > (judge ’((a => b) => (a => (b => c)) => (a => c))) Tautology NIL 26

$3 $N %W %m %0 %i %‘ $O !" :# $^ $G $N 3F %W %m %0 %i %‘ $r AH $_ 9g $o $; $F O@ M} <0 $r Be F~ $9 $k $H !" OB @Q I8 =‘ 7A $H 91 ?? @- $r H= Dj $9 $k $, $G $- $^ $9 !# >(defun pos (exp) (setq answer (center (subpos (mynot (implication (prefix exp)))))) (format T "~% ~S ~%" answer) (judge exp)) POS Nc > (pos ’((a => b) => (a => (b => c)) => (a => c))) ((A OR ((NOT A) OR (C OR (NOT B)))) AND (((NOT A) OR (C OR (NOT B))) OR (NOT B))) Tautology NIL > (pos ’(((not a) => (a or b)) and (not a))) ((A OR (B OR A)) AND (NOT A)) Tautology NIL $3 $N %W %m %0 %i %‘ $O %f !< %/ %j %C %I 8_ =| K! ( Bh ;0 >O ) $K $h $k #2 JQ ?t @0 ?t $N GCD $r 5a $a $k $3 $H $, $G $- $^ $9 !# >(defun mygcd (x y) (setq a x)(setq b y) (cond ((not(zerop b)) (setq a (mod a b)) (setq c a)(setq a b)(setq b c) (mygcd a b)) (if (< a 0) (abs a) a ))) MYGCD Nc >(mygcd ’12 ’24) 2 27

>(mygcd ’-12 ’-48) 12 28

;2 9M J8 8% [1] NS ?8 %W %m %0 %i %‘ 8! >Z O@ 6& N) =P HG 3t <0 2q <R >p Js ?t 3X 9V :B 8 1995 [2] RODNEY A.BROOKS 0f ED >; G7 Lu Common Lisp %W %m %0 %i %_ %s %0 4] A1 3t <0 2q <R 1986 [3] H, ?y K~ Mx ;R NS ?8 >p Js 7O $N ?t 3X F~ Lg %* !< %‘ <R 1993 [4] Gk C+ >; L& %= %U %H %& %’ %" 2J 3X $N $? $a $N O@ M} 3X 4d GH 9V :B %= %U %H %& %’ %" 2J 3X 11 4d GH =q E9 [5] 4d GH >p Js 2J 3X <- E5 4d GH =q E9 1990 29

7 :G 8e $K K\ 8& 5f $N A4 2a Dx $r DL $8 $F !" 8f 65 <x !" 8f ;X F3 $r D: $- $^ $7 $? H, ?y K~ Mx ;R 65 <x $K $O ?4 $h $j 46 <U CW $7 $^ $9 !# $^ $? !" K\ 8& 5f $K $* $$ $F ?’ !9 $H =u 8@ $r $7 $F $$ $? $@ $$ $? !" H, ?y 8& 5f << $N 1! @8 $N Cf ED >; 9( $5 $s !" <B F# K! F; $5 $s $K $b 46 <U CW $7 $^ $9 !# 30