@E E* 2r @O $K $h $k JB Ns O@ M} 7? 8@ 8l KL1 $N DL ?. :G E, 2= <j K! Bg Ln OB I’ J? @. 7 G/ 2 7n 15 F| Abstract Bh 8^ @$ Be 7W ;; 5! 7W 2h $N 3K 8@ 8l $H $7 $F 3+ H/ $5 $l $? JB Ns O@ M} 7? 8@ 8l KL1 $O !" DL ?. !& F1 4| $, 0E L[ $G $" $k $3 $H $d F0 E* $J %G !< %? 9= B$ $r MF 0W $K 07 $( $k $3 $H $J $I $N Mx E@ $r ;} $A !" 5- 9f =h M} $d ?M 9) CN G= $H $$ $C $? Hs ?t CM J, Ln $K $* $1 $k Ld Bj 5- =R $K E, $7 $F $$ $k !# KL1 $N =h M} 7O $O !" => Mh $N 8& 5f $K $* $$ $F $$ $/ $D $+ $N <B Au $, 9T $o $l $F $$ $k !# :G 6a $G $O KLIC $H 8F $P $l $k 0\ ?" @- $K M% $l $? =h M} 7O $, 3+ H/ $5 $l !" MM !9 $J JB Ns 7W ;; 5! $d %o !< %/ %9 %F !< %7 %g %s >e $G $N Mx MQ $, 4| BT $5 $l $F $$ $k !# $7 $+ $7 $3 $l $i $N <B Au $O <B 9T 8z N( $N LL $G <j B3 $- 7? 8@ 8l $K 5Z $P $: !" <B 9T J} <0 $N 2~ NI $, I, MW $H $5 $l $F $$ $k !# $H $/ $K %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $r BP >] $H $7 $? >l 9g !" IQ H/ $9 $k :Y N3 EY DL ?. $N %* !< %P %X %C %I $, <B 9T B. EY Dc 2< $N Bg $- $J MW 0x $K $J $C $F $$ $k !# $3 $l $O !" F0 E* $J %G !< %? 9= B$ $r 07 $& $? $a %G !< %? 9= B$ Cf $N DL ?. It J, $, @E E* $K 7h Dj $G $- $: !" %G !< %? $, I, MW $K $J $C $? ;~ E@ $G J] ;} <T $K BP $7 MW 5a %a %C %; !< %8 $r Aw ?. $7 !" $3 $l $K BP $7 $F %G !< %? $r JV ?. $9 $k $H $$ $& 7A $G DL ?. $, 9T $o $l $k $? $a $G $" $k !# $7 $? $, $C $F !" Bg $- $J 9= B$ %G !< %? $G $O MW AG $N ;2 >H Kh $K DL ?. $, 9T $o $l $F $7 $^ $& !# $= $3 $G K\ 8& 5f $G $O !" N3 EY $N 9b $$ 8z N( E* $J DL ?. $r <B 8= $9 $k 0l 3g Aw ?. <j K! $r Ds 0F $9 $k !# K\ <j K! $O !" @E E* 2r @O >p Js $r Mx MQ $7 $F <u ?. B& $, ;2 >H $9 $k %G !< %? $N $_ $r 0l EY $K Aw $k $3 $H $K $h $j !" IT MW $J %G !< %? $r Aw ?. $9 $k $3 $H $J $/ DL ?. 2s ?t $r :o 8: $9 $k !# K\ <j K! $O !" BP >] %W %m %0 %i %‘ $N @E E* 2r @O !" 0l 3g Aw ?. %3 !< %I $N @8 @. !" $* $h $S KL1 %i %s %? %$ %‘ $N 3H D% $+ $i $J $k !# @E E* 2r @O $G $O !" 3F %N !< %I $K G[ CV $5 $l $k JB Ns %W %m %; %9 Kh $K %b !< %I !& %? %$ %W 2r @O $r 9T $& !# $3 $N 2r @O $G $O !" 3F JQ ?t $, <B 9T ;~ $K $H $j F@ $k %G !< %? 7? $d 6q BN 2= !& ;2 >H $r 9T $& 2U =j $, L@ $i $+ $K $J $k !# $3 $N 7k 2L !" F1 0l 2= $K $h $j B> $N JB Ns %W %m %; %9 $H 6& M- $5 $l $k JQ ?t v $K $D $$ $F !" $= $N %W %m %; %9 $, ;2 >H !& 6q BN 2= $N $I $A $i $r 9T $& $+ !" $^ $? <B 9T ;~ $K $H $j F@ $k v $N %G !< %? 7? $N $& $A !" $I $N It J, $r ;2 >H $9 $k $+ $, H= L@ $9 $k !# 0l 3g Aw ?. %3 !< %I $N @8 @. $G $O !" @E E* 2r @O >p Js $+ $i !" v $N $& $A $= $N %W %m %; %9 $, ;2 >H $9 $k MW AG $N $_ $r 0l EY $K Aw ?. $9 $k %3 !< %I $r @8 @. $9 $k !# $3 $N %3 !< %I $O KL1 %W %m %0 %i %‘ $N 7A $G @8 @. $5 $l $k $? $a !" =h M} Cf $N %G !< %? A‘ :n $K KL1 %i %s %? %$ %‘ $N %a %b %j 4I M} 5! G= $J $I $r Mx MQ $G $- $k !# 3H D% $7 $? KL1 %i %s %? %$ %‘ $G $O !" v $N 6q BN 2= $r 9T $& %W %m %; %9 $K $* $$ $F !" @8 @. $7 $? 0l 3g Aw ?. %3 !< %I $r KL1 %4 !< %k $H $7 $F <B 9T $9 $k !# $3 $N $? $a !" KL1 %i %s %? %$ %‘ $N %+ !< %M %k It $r JQ 99 $9 $k $3 $H $J $/ 0l 3g Aw ?. $r <B Au $G $- $k !# 2f !9 $, 0\ ?" $7 $? AP1000 HG KLIC >e $r BP >] $H $7 $F !" K\ <j K! $r <B Au $7 @- G= I> 2A $r 9T $C $? !# I> 2A $K MQ $$ $? %W %m %0 %i %‘ $O %N !< %I 4V $G %9 %? %C %/ A‘ :n $r 9T $& stack !" ?t ;z $N JB $S $r ?d B, $9 $k %2 !< %‘ $G $" $k mastermind !" $* $h $S N-queen Ld Bj $r 2r $/ nqueen $N 3 <o N‘ $G $" $k !# $3 $N 7k 2L !" K\ <j K! $K $h $k 0l 3g Aw ?. %3 !< %I @8 @. $G $O !" %9 %? %C %/ A‘ :n L? Na Ns $d %2 !< %‘ HW $N >u 67 $r <( $7 $? %j %9 %H $J $I %N !< %I 4V Aw ?. $, 9T $o $l $k 9= B$ %G !< %? $K 4X $7 $F !" E, @Z $J %G !< %? $N $_ $r Aw ?. $9 $k %3 !< %I $, F@ $i $l $? !# $^ $? !" 0l 3g Aw ?. $r <B Au $7 $? %i %s %? %$ %‘ >e $G <B 9T $7 !" => Mh $N <B Au $H Hf 3S $r 9T $C $? !# $3 $N 7k 2L !" DL ?. $, IQ H/ $9 $k stack $* $h $S mastermind $G $O Ls 2 G\ $N B. EY 8~ >e $, F@ $i $l $? !# $^ $? !" 1i ;; ;~ 4V $K Hf $Y DL ?. NL $N >/ $J $$ nqueen $K $D $$ $F $b !" :G Bg 8% $N B. EY 8~ >e $, F@ $i $l $? !# 0l J} !" J* M} DL ?. 2s ?t $K $D $$ $F $O !" $$ $: $l $b 1 = 4 0J 2< $K 8: >/ $9 $k $H $$ $& NI 9% $J 7k 2L $, F@ $i $l $? !# 1

E�cien t Message Comm unication of Concurren t Logic Programming Language KL1 Based on Static Analysis Kazuhik o OHNO F eb. 15, 1995 Abstract The concurrent programming language KL1 was designed as a kernel language of the Fifth Generation Computer Systems pro ject. This language has some adv an tages that communi- cations and synchronizations are implicit, and handling dynamic data structure is simple. As a result, it is appropriate for nonnumerical pro cessing. Several implementations of KL1 has b een made in previous researc hes. KLIC, one of suc h implementations, has high p ortability , which is promising for the use on several parallel computers and workstations. How ev er, the executing e�ciency of these implementations are inferior to the parallel programming languages based on pro cedural language, thus improv e- men t of the execution metho d is required. On message-passing multiprocessors, frequen t o ccurrence of �ne grained comm unication is a ma jor factor of slow execution. This is b ecause of the demand-driven communication due to the handling of dynamic data structure. Therefore, messages are required for each elemen t of the structure to send a large data structure. In this pap er, we prop ose a packing-send metho d, which makes the grain of message larger and results in e�cient communications. By using information of static analysis, this metho d packs data which receiver pro cess refers to, and reduces num ber of communications without sending unnecessary data. In the �rst step, each parallel pro cess is analyzed by mo de-type analysis, which extracts p ossible data types and input/output directions of v ariables. With the v ariable v which is shared with other parallel pro cesses, direction of comm unications and required elements of the p ossible data structures are identi�ed. In the second step, packing-send program co de, which creates a message consisted of re- quired elements, is generated. Because this co de is a KL1 program, the memory management function of KL1 runtime routine is av ailable in the data manipulation of packing-send. On the mo di�ed KL1 runtime routine, the generated co de is executed as KL1 goals in the pro cess which creates data structure of v . Therefore, the mo di�cation of the KL1 runtime routine kernel is not necessary in implementation of packing-send metho d. W e made implementation and ev aluation of this metho d on KLIC, which we p orted on AP1000. The programs used for ev aluation are stack which makes inter-node manipulation of stack, mastermind which guesses a sequence of num bers, and nqueen whic h solves the N-queen problem. By applying our metho d to these programs, we obtained prop er packing-send program co de. W e also executed these programs on mo di�ed KLIC runtime routine and compared the result with that of unmo di�ed runtime routine. As a result, we obtained 2 times sp eedup with stack and mastermind , on which frequent communications o ccur. W e obtained a maximum of 8% sp eedup with nqueen , on which op eration time dominate execution time. The num ber of communications is reduced to 1 = 4 or less of its initial v alue. 2

1 $O $8 $a $K 8= :_ 8& 5f $, ?J $_ $D $D $" $k JB Ns 7W ;; 5! $O !" ?t CM 7W ;; $@ $1 $G $J $/ !" 5- 9f =h M} $d ?M 9) CN G= $H $$ $C $? Hs ?t CM J, Ln $N Mx MQ $b 4| BT $5 $l $F $$ $k !# $7 $+ $7 !" :# $N $H $3 $m 8& 5f $N <g N. $G $" $k <j B3 $- 7? 8@ 8l $N JB Ns 2= %3 %s %Q %$ %i $G $O !" 8e <T $N J, Ln $G 5a $a $i $l $k MW 7o $r K~ $? $7 $F $* $i $: !" 7W ;; 5! $N G= NO $r == J, $K H/ 4x $G $- $J $$ !# $3 $l $K BP $7 !" Bh 8^ @$ Be 7W ;; 5! 7W 2h $N 3K 8@ 8l $H $7 $F 3+ H/ $5 $l $? JB Ns O@ M} 7? 8@ 8l KL1 $O !" O@ M} E* $K JB Ns $J <B 9T %b %G %k $H 0E L[ $N DL ?. !& F1 4| $K $h $j 7W ;; 5! $N J* M} 9= @. $+ $i FH N) $7 $? %" %k %4 %j %: %‘ $r <+ A3 $K 5- =R $G $- $k !" Cj >] EY $N 9b $$ 5- =R $K $h $j J# ;( $J %G !< %? 9= B$ $, MF 0W $K 07 $( $k !" $H $$ $C $? FC D’ $r ;} $A !" Hs ?t CM J, Ln $N %W %m %0 %i %‘ 5- =R $K E, $7 $F $$ $k !# F1 7W 2h $G 3+ H/ $5 $l $? JB Ns ?d O@ %^ %7 %s PIM >e $K $O KL1 =h M} 7O $, <B Au $5 $l !" Dj M} >Z L@ $d 0d EA ;R >p Js =h M} $J $I ?t !9 $N CN <1 =h M} %W %m %0 %i %‘ $, :n @. $5 $l $F $$ $k !# $^ $? !" :G 6a $G $O 0\ ?" @- $N 9b $$ =h M} 7O KLIC $, 3+ H/ $5 $l !" MM !9 $J JB Ns 7W ;; 5! $d %o !< %/ %9 %F !< %7 %g %s >e $G $N Mx MQ $r L\ ;X $7 $F $$ $k !# $3 $& $7 $? $3 $H $+ $i >- Mh E* $K $O B? $/ $N JB Ns 7W ;; 5! 4D 6- >e $G !" $3 $l $i $N %= %U %H %& %’ %" $N Mx MQ $d KL1 $N 5- =R G= NO $r @8 $+ $7 $? JB Ns %W %m %0 %i %‘ 3+ H/ $, 4| BT $G $- $k !# $7 $+ $7 $J $, $i !" KLIC $J $I => Mh $N <B Au $G $O !" B. EY $d %a %b %j $J $I <B 9T 8z N( $N LL $G <j B3 $- 7? 8@ 8l $K 5Z $P $: !" <B MQ E* $J =h M} 7O <B 8= $N $? $a $K $O <B 9T J} <0 $N 2~ NI $, 7g $+ $; $J $$ !# $H $/ $K %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $r BP >] $H $7 $? >l 9g !" IQ H/ $9 $k :Y N3 EY DL ?. $N %* !< %P %X %C %I $, B. EY Dc 2< $N Bg $- $J MW 0x $K $J $k !# $3 $l $O !" F0 E* $J %G !< %? 9= B$ $r 07 $& $? $a !" %G !< %? Cf $N DL ?. BP >] It J, $, <B 9T ;~ $K 7h Dj $7 !" I, MW $K $J $k $H MW 5a !& JV ?. $H $$ $& 7A $G DL ?. $, 9T $o $l $k $? $a $G $" $k !# $= $3 $G K\ 8& 5f $G $O !" DL ?. BP >] $H $J $k %G !< %? 7? $d DL ?. J} 8~ $r @E E* 2r @O $7 !" $3 $N 2r @O >p Js $r Mx MQ $7 $F N3 EY $N 9b $$ 8z N( E* $J DL ?. $r 9T $& 0l 3g Aw ?. <j K! $r Ds 0F $9 $k !# $^ $? !" KLIC =h M} 7O $O K\ 8& 5f << $K $* $$ $F JB Ns 7W ;; 5! AP1000 >e $K 0\ ?" $5 $l $F $* $j !" $3 $l $r MQ $$ $? K\ <j K! $N @- G= I> 2A $K $D $$ $F $b =R $Y $k !# K\ <j K! $G $O !" $^ $: %b !< %I !& %? %$ %W 2r @O [1], [2], [3] $K $h $j !" <B 9T ;~ $K @8 $8 $k %G !< %? $N 7? $d 0M B8 4X 78 $r %3 %s %Q %$ %k ;~ $K Cj =P $9 $k !# B3 $$ $F $3 $N >p Js $r Mx MQ $7 !" I, MW $J %G !< %? $N $_ $r 0l 3g Aw ?. $9 $k %3 !< %I $r @8 @. $9 $k !# <B 9T ;~ $K $O 3H D% $7 $? KLIC %i %s %? %$ %‘ $, $3 $N %3 !< %I $r Mx MQ $9 $k $3 $H $K $h $j !" J* M} DL ?. $N N3 EY $r >e $2 !" DL ?. 2s ?t $N :o 8: $r ?^ $k !# 0J 2< !" $^ $: 2 >O $G KL1 $H KLIC $K $D $$ $F @b L@ $9 $k !# B3 $$ $F 3 >O $* $h $S 4 >O $G !" :# 2s Ds 0F $9 $k <j K! $* $h $S $= $N @- G= I> 2A $K $D $$ $F !" 5 >O $G K\ <j K! $N Ld Bj E@ $H 2r 7h J} K! $K $D $$ $F !" $= $l $> $l =R $Y $k !# :G 8e $K 6 >O $G !" $^ $H $a $r 9T $& !# 2 GX 7J K\ >O $G $O !" JB Ns O@ M} 7? 8@ 8l KL1 [4], [5] $* $h $S $= $N =h M} 7O KLIC [6], [7] $K $D $$ $F 4J C1 $K @b L@ $9 $k !# 2.1 JB Ns O@ M} 7? 8@ 8l KL1 2.1.1 %W %m %0 %i %‘ 9= B$ KL1 $O Flat GHC $K 4p $E $/ 8@ 8l $G $" $j !" %W %m %0 %i %‘ $O 0J 2< $N 7A $r $7 $? @a ( %/ %m !< %: ) $N =8 9g $G I= $5 $l $k !# H : � G 1 ; . . . ; G m j B 1 ; . . . ; B n H ; G; B $O =R 8l $G $" $j !" $= $l $> $l %/ %m !< %: %X %C %I !" %, !< %I %4 !< %k !" %\ %G %# %4 !< %k $H 8F $P $l $k !# =R 8l $O !" %X %C %I $N =R 8l L> !" $* $h $S 0z ?t $N ?t $, Ey $7 $$ @a $N =8 9g $G Dj 5A $5 $l !" \ =R 8l L> / 0z ?t $N 8D ?t " $N 7A $G I= 5- $5 $l $k !# <B 9T $N C1 0L $O %4 !< %k $H 8F $P $l $k !# M? $( $i $l $? %4 !< %k H $r =R 8l $H F1 0l 2= $7 !" $= $N Dj 5A It $r <! $N ?7 $? $J <B 9T %4 !< %k $H $9 $k =h M} $r %j %@ %/ %7 %g %s $H 8F $V !# $3 $N %j %@ %/ %7 %g %s $r 7+ $j JV $9 $3 $H $K $h $C $F !" %W %m %0 %i %‘ $N <B 9T $, 9T $o $l $k !# $3 $N $H $- !" =R 8l H $r Dj 5A $9 $k 3F @a $N %X %C %I H i $H $N F1 0l 2= !" $J $i $S $K %, !< %I It G i 1 ; . . . ; G i m $N <B 9T $r !" JB Ns $K 9T $& $3 $H $, $G $- $k !# $? $@ $7 !" H $N 0z ?t $r 6q BN 2= $9 $k $3 $H $O $G $- $J $$ !# B3 $$ $F !" %, !< %I It $, @. 8y $7 $? @a $N $& $A 0l $D $, A* Br $5 $l !" $= $N %\ %G %# It B j 1 ; . . . ; B j n $, JB Ns <B 9T $5 $l $k !# 3

?^ 1: KL1 $N %G !< %? 9= B$ %\ %G %# %4 !< %k B j k $G !" $" $k 0z ?t v $r ;2 >H $7 $h $& $H $7 $? >l 9g !" v $, $^ $@ CM $r ;} $? $J $$ L$ 6q BN 2= JQ ?t $J $i B j k $O <B 9T $r Cf CG $7 !" v $, 6q BN 2= $5 $l $F CM $r ;} $D $H <B 9T $r :F 3+ $9 $k !# $3 $l $r %4 !< %k $N %5 %9 %Z %s %7 %g %s $H 8F $S !" $3 $N 5! 9= $K $h $j <+ F0 E* $K %4 !< %k 4V $N 0M B8 4X 78 $, J] $? $l $k $h $& $K $J $C $F $$ $k !# $J $* !" KL1 $G $O !" %, !< %I %4 !< %k $K =q $1 $k $N $O AH 9~ =R 8l $N $_ $H $$ $& @) 8B $, IU $1 $i $l $F $$ $k !# %\ %G %# %4 !< %k $K $O !" AH 9~ =R 8l $H %f !< %6 Dj 5A =R 8l $r 5- =R $G $- $k !# $^ $? !" <B 9T 3+ ;O ;~ $N =i 4| %4 !< %k $H $7 $F !" main/0 $, M? $( $i $l $k !# 2.1.2 %G !< %? 9= B$ KL1 $N %G !< %? NN 0h $O !" %; %k $H 8F $P $l $k :G >. C1 0L $G 4I M} $5 $l $k !# %; %k $O 0J 2< $N $h $& $J 7? $r ;} $D ( ?^ 1) !# ;2 >H %] %$ %s %? (reference) 1 %; %k $K B> $N %; %k $X $N %] %$ %s %? $, 3J G< $5 $l $k !# JQ ?t $O $3 $l $G I= 8= $5 $l !" CM $K 4X $7 $F FC Dj $N 7? $O ;} $? $J $$ !# =i 4| >u BV $G $O L$ 6q BN 2= $G CM $r ;} $? $: !" F1 0l 2= $K $h $j BP >] $X $N %] %$ %s %? $, 3J G< $5 $l $k !# 6q BN CM $H $N F1 0l 2= ( 6q BN 2= ) $, 9T $o $l $k $H 6q BN CM !" $" $k $$ $O 6q BN CM $X $N %] %$ %s %? $, 3J G< $5 $l !" 0J 8e $3 $N JQ ?t $r ;2 >H $9 $k $H CM $r FI $_ =P $9 $3 $H $, $G $- $k !# 0l EY 6q BN 2= $5 $l $? JQ ?t $O !" B> $N CM $K =q $- 49 $( $k $3 $H $O $G $- $J $$ !# %" %H %_ %C %/ (atomic) =h M} $N :G >. C1 0L $H $J $k 7? $G $" $j !" 1 %; %k $K CM $, D> @\ 3J G< $5 $l $k !# %" %H %‘ (atom) $* $h $S @0 ?t (integer) $O $3 $N 7? $G I= 8= $5 $l $k !# 9= B$ %G !< %? (structure) J# ?t $N %; %k $+ $i $J $j !" <! $N $h $& $J $b $N $, $" $k !# %3 %s %9 (cons) car, cdr $N O" B3 $7 $? 2 %; %k $+ $i $J $k !# %W %m %0 %i %‘ $G $O [ car | cdr ] $H I= 5- $5 $l $k !# car $* $h $S cdr $O G$ 0U 7? $r $H $k $3 $H $, $G $- !" %j %9 %H $J $I $N F0 E* %G !< %? 9= B$ $r I= 8= $9 $k $N $K MQ $$ $i $l $k !# $? $H $( $P @~ 7A %j %9 %H $O !" car %; %k $K %j %9 %H MW AG $N 6q BN CM ( $X $N %] %$ %s %? ) !" cdr %; %k $K B> $N cons %; %k $X $N %] %$ %s %? $^ $? $O 6u %j %9 %H $r I= $9 %" %H %‘ [] $r 3J G< $9 $k $3 $H $G I= $9 !# %U %! %s %/ %? (functor) %U %! %s %/ %? L> $H 0z ?t $N 8D ?t n $r 3J G< $7 $? %; %k $K n 8D $N 0z ?t 3J G< MQ %; %k $, B3 $- !" 8e <T $K $O 6q BN CM ( $X $N %] %$ %s %? ) $, 3J G< $5 $l $k !# 8= :_ $N KLIC $K $O %Y %/ %? 7? $d %9 %H %j %s %0 7? $J $I $b <B Au $5 $l $F $$ $k $, !" K\ O@ $G $O >J N, $9 $k !# 2.1.3 %W %m %; %9 $H %9 %H %j !< %‘ KL1 $G $O !" =R 8l $, <+ J, <+ ?H $r :F 5" E* $K 8F $S =P $9 $3 $H $K $h $C $F !" $" $k >r 7o $, K~ $? $5 $l $k 4V !" B8 :_ $7 B3 $1 $k $h $& $J %W %m %; %9 $r <B 8= $9 $k !# %W %m %; %9 $N Fb It >u BV $O !" 8F $S =P $7 ;~ $N 0z ?t $r 8= >u BV $H $7 $F <! >u BV $r @8 @. $7 !" $3 $l $r :F 5" 8F $S =P $7 $N ?7 $7 $$ 0z ?t $H $9 $k $3 $H $G J] ;} $7 $F $$ $k !# 2.1.2 @a $G =R $Y $? $h $& $K KL1 $N JQ ?t $O 0l EY 6q BN 2= $5 $l $k $H CM $r JQ 99 $G $- $J $$ $? $a !" %9 %H %j !< %‘ $H 8F $P $l $k %j %9 %H $r MQ $$ $F %W %m %; %9 4V $N >p Js 8r 49 $r 9T $& !# %9 %H %j !< %‘ DL ?. $G $O !" Aw ?. B& $, <u ?. B& $H 6& M- $7 $F $$ $k JQ ?t $r !" car $, Aw $j $? $$ %a %C %; !< %8 !" cdr $, ?7 $7 $$ JQ ?t $G $" $k $h $& $J cons %; %k $G 6q BN 2= $9 $k !# cdr $N JQ ?t $K F1 MM $J 6q BN 2= $r 7+ $j JV $9 $3 $H $G !" <! !9 $K %a %C %; !< %8 $r Aw $k $3 $H $, $G $- $k !# <u ?. B& $O !" car,cdr 6& $K L$ 6q BN 2= $N JQ ?t $G $" $k $h $& $J cons %; %k $H 6& M- JQ ?t $r F1 0l 2= $9 $k $3 $H $K $h $C $F !" car B& JQ ?t $N 6q BN CM $H $7 $F %a %C %; !< %8 $r <u ?. $G $- $k !# $^ $? !" cdr B& JQ ?t $r <! $N 6& M- JQ ?t $H $7 $F :F 5" 8F $S =P $7 $r 9T $& $3 $H $G !" <! !9 $K %a %C %; !< %8 $r <u $1 $H $k $3 $H $, $G $- $k !# Nc $( $P ?^ 2 $K <( $7 $? %W %m %0 %i %‘ $O !" %W %m %; %9 4V $G %9 %? %C %/ A‘ :n $r 9T $& %W %m %0 %i %‘ $G $" $k !# <B 4

1 main :- drive(10000,S),stack(S,none)@node(1). 2 drive(M,S) :- M=:=0 | S=[]. 3 drive(M,S) :- M=\=0 | S=[push(M)|S0],S0=[pop(N)|S1], N1:=N-1,drive(N1,S1). 4 stack([] ,D ) :- terminate(D). 5 stack([push(X)|S],D ) :- stack(S,p(X,D)). 6 stack([pop(X)|S] ,p(Y,D1)) :- X=Y,stack(S,D1). 7 terminate(D). "( 9T @h F, $N @a HV 9f $O !" @b L@ $N $? $a $K IU 2C !# ?^ 2: %W %m %0 %i %‘ stack 9T $K $h $j %9 %? %C %/ %W %m %; %9 stack $H A‘ :n %W %m %; %9 drive $, @8 @. $5 $l !" A0 <T $N Bh 1 0z ?t $H 8e <T $N Bh 2 0z ?t $, 6& M- JQ ?t $H $J $k !# drive $O 6& M- JQ ?t S $r [push(M),pop(N),S1] $G 6q BN 2= $7 !" S1 $r ?7 $? $J Bh 2 0z ?t $H $7 $F <+ 8J :F 5" $r 9T $& $3 $H $G !" <! !9 $K %j %9 %H MW AG $r @8 @. $9 $k !# 0l J} stack $O Bh 1 0z ?t $N car It J, $r ;2 >H $7 !" cdr It J, $r ?7 $? $J Bh 1 0z ?t $H $7 $F <+ 8J :F 5" $r 9T $& $3 $H $G !" %j %9 %H MW AG $r =g $K ;2 >H $9 $k !# $3 $N F0 :n $K $h $j !" drive $O A‘ :n L? Na push(N) $* $h $S pop(N) $r %9 %H %j !< %‘ $N MW AG $H $7 $F stack $K Aw $j !" stack $O push(N) $K BP $7 $F $O N $N CM $r 9= B$ %G !< %? $N 7A $G =g $K 3J G< $7 !" pop(N) $K BP $7 $F $O N $r %9 %? %C %/ %H %C %W $N CM $G 6q BN 2= $9 $k !# 2.2 KL1 =h M} 7O => Mh $N 8& 5f $K $* $$ $F !" $$ $/ $D $+ $N KL1 =h M} 7O $, <B Au $5 $l $F $$ $k $, !" 4p K\ E* $J J} ?K $O ;w DL $C $F $$ $k !# $= $3 $G K\ @a $G $O !" KLIC $r Nc $K @b L@ $9 $k !# KLIC $O !" ( :b ) ?7 @$ Be %3 %s %T %e !< %? 5; =Q 3+ H/ 5! 9= (ICOT) $G 3+ H/ $5 $l $? KL1 =h M} 7O $G $" $k !# $3 $l $O KL1 %W %m %0 %i %‘ $r $$ $C $? $s C %W %m %0 %i %‘ $K JQ 49 $7 !" %? !< %2 %C %H %^ %7 %s $N %* %V %8 %’ %/ %H %3 !< %I @8 @. $O !" $= $N 7W ;; 5! MQ $N C %3 %s %Q %$ %i $K 9T $o $; $k J} <0 $r <h $C $F $$ $k !# $3 $N $? $a !" J* M} DL ?. $J $I $N 5! <o 0M B8 It $r =| $- !" 0\ ?" @- $N 9b $$ =h M} 7O $K $J $C $F $$ $k !# ?^ 3: %4 !< %k $N <B 9T ?^ 4: JQ ?t $X $N %4 !< %k %U %C %/ 2.2.1 C‘ <! <B 9T J} <0 $" $k @a $, A* Br $5 $l $? ;~ $N JQ ?t A‘ :n $d %, !< %I !? %\ %G %# %4 !< %k 8F $S =P $7 $J $I $O !" D> @\ $" $k $$ $O KLIC %i %s %? %$ %‘ %k !< %A %s $N 8F $S =P $7 $K $h $j $3 $l $i $N =h M} $r 9T $& $h $& $J !" C 8@ 8l %W %m %0 %i %‘ $K JQ 49 $5 $l $k !# <B 9T ;~ $N %4 !< %k $N <B BN $O %4 !< %k %l %3 !< %I $H $7 $F I= 8= $5 $l !" BP 1~ $9 $k %3 !< %I $X $N %] %$ %s %? $H 0z ?t $N Fb MF $J $I $N 4D 6- $r ;} $D !# $3 $N %4 !< %k %l %3 !< %I $d <B 9T ;~ $K @8 @. $5 $l $k %G !< %? $O !" %R !< %W >e $K 3J G< $5 $l !" %3 %T !< 7? %, !< %Y %8 %3 %l %/ %7 %g %s $r MQ $$ $? F0 E* $J %a %b %j 4I M} $, 9T $o $l $k !# %W %m %0 %i %‘ $N <B 9T $O !" <B 9T %- %e !< $K $D $J $, $l $? %4 !< %k %l %3 !< %I $r <h $j =P $7 $F BP 1~ $9 $k %3 !< %I $r <B 9T $7 !" $= $N 7k 2L F@ $i $l $? %\ %G %# %4 !< %k $N %l %3 !< %I $r %- %e !< $K $D $J $0 $3 $H $G 9T $o $l $k ( ?^ 3) !# <B 9T $7 $h $& $H $7 $? %4 !< %k $G CM $r ;2 >H $9 $k 0z ?t $, !" L$ 6q BN 2= JQ ?t X $@ $C $? >l 9g !" 2.1.1 @a $G =R $Y $? $h $& $K %4 !< %k $N %5 %9 %Z %s %7 %g %s $, @8 $8 $k !# 6q BN E* $K $O !" X $, ;X <( $9 $k %- %e !< $K $= $N %4 !< %k %l %3 !< %I $, $D $J $, $l ( ?^ 4) !" <B 9T %- %e !< $+ $i JL $N %4 !< %k $, <h $j =P $5 $l $F <B 9T $5 $l $k !# $3 $l $r !" %4 !< %k $, JQ ?t X $K %U %C %/ $9 $k $H I= 8= $9 $k !# $N $A $K X $, 6q BN 2= $5 $l $k $H !" $D $J $, $l $F $$ $? %4 !< %k $O :F $S <B 9T %- %e !< $K La $5 $l $k !# $3 $N 5! 9= 5

?^ 5: %N !< %I 4V DL ?. $K $h $j !" %4 !< %k $N <B 9T %9 %1 %8 %e !< %j %s %0 $r F0 E* $K 9T $$ $J $, $i !" JQ ?t $N Dj 5A !& ;2 >H =g =x $, J] >Z $5 $l $k $h $& $K $J $C $F $$ $k !# 2.2.2 JB Ns <B 9T J} <0 KLIC $r 4^ $a $? KL1 J, ;6 =h M} 7O $N 7W ;; %b %G %k $O !" 6& M- %a %b %j $r ;} $? $J $$ J# ?t $N %N !< %I $, !" 8_ $$ $K %a %C %; !< %8 DL ?. $r $7 $J $, $i =h M} $r 9T $& $H $$ $& $b $N $G $" $k !# JB Ns <B 9T $O @node %W %i %0 %^ $r MQ $$ $F L@ <( E* $K 5- =R $9 $k $h $& $K $J $C $F $* $j !" g oal ( X 1 ; . . . ; X n )@node( N c ) $H $$ $& 7A $N %\ %G %# %4 !< %k $, %N !< %I N p >e $K 8= $l $k $H !" $3 $N %4 !< %k $O throw %a %C %; !< %8 $K $h $j %N !< %I N c $K Aw $i $l !" $= $3 $G <B 9T $5 $l $k !# $3 $N $H $- !" L$ 6q BN 2= $N JQ ?t X i $K $D $$ $F $O N p >e $N X i $r ;X $9 30 It ;2 >H %] %$ %s %? $, N c $K Aw $i $l $k !# ( ?^ 5a) !# N c >e $G X i $N CM $, ;2 >H $5 $l $k $H !" N c $+ $i N p $K !" $3 $N 30 It ;2 >H %] %$ %s %? $, ;X $9 CM $r MW 5a $9 $k read %a %C %; !< %8 $, Aw $i $l $k !# N p $O answer %a %C %; !< %8 $K $h $j !" MW 5a $5 $l $? CM $r Aw ?. $9 $k ( ?^ 5b) !# 0l J} !" N c >e $G X i $r 6q BN 2= $7 $? >l 9g $O !" N p $K $3 $N 6q BN CM $H $N F1 0l 2= $r MW 5a $9 $k unify %a %C %; !< %8 $r Aw $k ( ?^ 5c) !# A0 <T $N >l 9g $O answer %a %C %; !< %8 <u ?. 8e !" $= $N 30 It ;2 >H %] %$ %s %? $K $h $k ;2 >H $, $J $/ $J $C $? $3 $H $r CN $i $; $k release %a %C %; !< %8 $, N c $+ $i N p $K Aw ?. $5 $l $k ( ?^ 5d) !# $3 $l $O !" read %a %C %; !< %8 Aw ?. 8e $+ $i answer %a %C %; !< %8 <u ?. $^ $G $N 4V $K N c $K $* $$ $F X i $N 6q BN 2= $, 5/ $3 $k 2D G= @- $, $" $k $? $a !" N c $, answer %a %C %; !< %8 $r <u ?. $7 $? $3 $H $r 3N G’ $9 $k $^ $G N p >e $N X i $r %, !< %Y %8 $H H= Dj $7 $F $O $J $i $J $$ $? $a $G $" $k !# 8e <T $N >l 9g $O unify %a %C %; !< %8 E~ Ce $K $h $j N c $+ $i $N ;2 >H $, $J $/ $J $C $? $H H= CG $G $- $k $N $G !" release %a %C %; !< %8 $O IT MW $G $" $k !# $^ $? !" X i $N CM $H $7 $F B> $N JQ ?t Y j $r 4^ $s $@ 9= B$ %G !< %? $, Aw ?. $5 $l $k $3 $H $, $" $k !# $3 $N >l 9g $b %4 !< %k Aw ?. ;~ $H F1 MM $K !" Aw ?. %N !< %I >e $N JQ ?t Y j $r ;X $9 30 It ;2 >H %] %$ %s %? $, <u ?. %N !< %I $K :n $i $l $k !# answer $r BT $C $F $$ $k 4V $d !" unify $, Mh $k A0 $K N p $G CM $r ;2 >H $7 $h $& $H $7 $? >l 9g !" $= $l $i $N %4 !< %k $O 30 It ;2 >H %] %$ %s %? $d X i $K %U %C %/ $7 !" B> $N %4 !< %k $N <B 9T $K @Z $j BX $o $k !# %a %C %; !< %8 E~ Ce $K $h $j $3 $l $i $, 6q BN 2= $5 $l $k $H !" $3 $N %4 !< %k $N <B 9T $, :F 3+ $5 $l $k !# $3 $N =h M} $K $h $j !" %N !< %I 4V $G $b JQ ?t 4V $N 0M B8 4X 78 $, J] $? $l $F $$ $k !# 2.2.3 Generic ob ject B> $N KL1 =h M} 7O $K $O $J $$ FC D’ $H $7 $F !" KLIC $K $O 4p K\ E* $J %G !< %? 7? $N B> $K generic ob ject $H 8F $P $l $k %G !< %? 9= B$ $, MQ 0U $5 $l $F $$ $k !# $3 $l $O !" KLIC %i %s %? %$ %‘ $N %+ !< %M %k It J, $r JQ 99 $9 $k $3 $H $J $/ !" ?7 $? $J %G !< %? 7? $J $I $r 3H D% $9 $k $? $a $N $b $N $G $" $k !# generic ob ject $O !" $= $l $, I= $9 %G !< %? $N CM $J $I Fb It >p Js $r 3J G< $9 $k %G !< %? NN 0h $H !" %a %= %C %I $H 8F $P $l $k %G !< %? A‘ :n MQ $N C %3 !< %I $+ $i @. $k !# generic ob ject $O data, generator, consumer $N 3 <o N‘ $, MQ 0U $5 $l $F $* $j !" 8e <T $N 2 <o $O 0l <o $N L$ 6q BN 2= JQ ?t $H $7 $F 07 $o $l $k !# consumer $G $O $= $N ob ject $K BP $9 $k 6q BN 2= $, 9T $o $l $k $H unify %a %= %C %I $, 5/ F0 $9 $k !# $^ $? generator $G $O !" CM $, ;2 >H $5 $l $k $H generate %a %= %C %I $, 5/ F0 $9 $k $[ $+ !" 6q BN 2= $, 9T $o $l $k $H consumer $H F1 MM $K 6 unify %a %= %C %I $, 5/ F0 $9 $k !# 2.3 AP1000 HG KLIC 8= :_ 8x 3+ $5 $l $F $$ $k KLIC =h M} 7O $O %o !< %/ %9 %F !< %7 %g %s >e $G HF MQ JB Ns DL ?. %i %$ %V %i %j $G $" $k PVM $r MQ $$ $F F0 :n $9 $k !# 2f !9 $O $3 $N KLIC $r JB Ns 7W ;; 5! AP1000 >e $X 0\ ?" $7 $F $* $j [8] !" K\ 8& 5f $G $N @- G= I> 2A $K $O !" $3 $N AP1000 HG KLIC $r MQ $$ $? !# AP1000 $O %a %C %; !< %8 8r 49 7? $N JB Ns 7W ;; 5! $G $" $j !" %H !< %i %9 LV $G 7k 9g $7 $? :G Bg 1024 8D $N %; %k !" $* $h $S %[ %9 %H $H $J $k %o !< %/ %9 %F !< %7 %g %s $+ $i 9= @. $5 $l $k [9] !# 8= :_ $N %; %k MQ OS $O !" %? %$ %‘ %9 %i %$ %9 7? $N %^ %k %A %W %m %; %9 $, %5 %] !< %H $5 $l $F $$ $J $$ !# $= $N $? $a AP1000 HG KLIC $G $O !" J# ?t %N !< %I $r 1 %; %k $K 3d $j Ev $F $i $l $J $$ $H $$ $& @) 8B $, $" $k !# $3 $N $? $a !" KL1 $N O@ M} E* $J %N !< %I $O !" J* M} E* $J %; %k $H 0l BP 0l BP 1~ $9 $k !# $^ $? !" 3d $j 9~ $_ DL ?. $b %5 %] !< %H $5 $l $F $$ $J $$ $? $a !" KLIC %i %s %? %$ %‘ $, 1 %j %@ %/ %7 %g %s Kh $K %] !< %j %s %0 $r 9T $& $3 $H $G !" %a %C %; !< %8 E~ Ce $r 8! =P $7 $F $$ $k !# 3 DL ?. :G E, 2= <j K! 3.1 <j K! $N 35 MW 3.1.1 KL1 J, ;6 =h M} 7O $N Ld Bj E@ KL1 $G $O !" O@ M} E* $K JB Ns $J <B 9T %b %G %k $d 0E L[ $N DL ?. !& F1 4| $K $h $j !" 7W ;; 5! $N J* M} 9= @. $r 0U <1 $9 $k $3 $H $J $/ JB Ns %W %m %0 %i %‘ $r MF 0W $K 5- =R $G $- $k !# KL1 J, ;6 =h M} 7O $G $O !" <B 9T ;~ $K %i %s %? %$ %‘ %7 %9 %F %‘ $, I, MW $K 1~ $8 $? DL ?. $r 9T $& $3 $H $d !" %5 %9 %Z %s %7 %g %s $K $h $j %4 !< %k 4V $N 0M B8 4X 78 $r J] $D $3 $H $G !" $3 $l $i $N Mx E@ $r <B 8= $7 $F $$ $k !# $7 $+ $7 $J $, $i !" $3 $l $i $N F0 E* =h M} $N %* !< %P %X %C %I $K $h $j !" <j B3 $- 7? 8@ 8l $r %Y !< %9 $H $7 $? JB Ns 8@ 8l =h M} 7O $J $I $H Hf 3S $9 $k $H !" <B 9T B. EY $, Nt $k $H $$ $& 7g E@ $, $" $k !# Nc $( $P KLIC $G $O <B 9T %3 !< %I @8 @. $r C %3 %s %Q %$ %i $, 9T $& $N $G !" Dc %l %Y %k It J, $N :G E, 2= $K 4X $7 $F $O Hf 3S E* 8z N( $N NI $$ %3 !< %I $, F@ $i $l $k !# $7 $+ $7 >e 5- $N %* !< %P %X %C %I $O 2r 7h $G $- $F $* $i $: !" ?^ 6: 9= B$ %G !< %? $N Aw ?. $J $+ $G $b %a %C %; !< %8 8r 49 7? JB Ns 7W ;; 5! $r BP >] $H $7 $? >l 9g !" :Y N3 EY DL ?. $N IQ H/ $, Bg $- $J B. EY Dc 2< $N MW 0x $H $J $C $F $$ $k !# $3 $l $O !" F0 E* $J %G !< %? 9= B$ $d %4 !< %k %9 %1 %8 %e !< %j %s %0 $N $? $a !" %G !< %? Cf $N DL ?. BP >] It J, $d Dj 5A !& ;2 >H $r 9T $& %N !< %I $, 0l HL E* $K $O <B 9T ;~ $^ $G H= L@ $; $: !" I, MW $K $J $C $? ;~ E@ $G Aw ?. $r MW 5a $9 $k $H $$ $& MW 5a 6n F0 E* $J %G !< %? $N $d $j $H $j $r 9T $& $? $a $G $" $k !# $3 $N $? $a !" <! $N $h $& $J Ld Bj E@ $r @8 $8 $F $$ $k !# 1. 1 8D $N %G !< %? $r <u $1 $H $k $H $$ $& 1 O@ M} %a %C %; !< %8 $N $? $a $K !" %G !< %? MW 5a (read) !" JV ?. (answer) !" $* $h $S 30 It ;2 >H %] %$ %s %? $N 2r J| (release) $H !" 3 8D $N J* M} %a %C %; !< %8 $, I, MW $H $J $k !# 2. %j %9 %H $d %U %! %s %/ %? $J $I $N 9= B$ %G !< %? $r 07 $& >l 9g !" $I $N It J, $r ;2 >H $9 $k $+ $, H= $i $J $$ $? $a !" 8D !9 $N MW AG $, ;2 >H $5 $l $k Kh $K DL ?. $r 9T $C $F $7 $^ $& !# Nc $( $P %N !< %I N p >e $N 9= B$ %G !< %? f(10,g(h(a))) $K $D $$ $F !" %N !< %I N c >e $G $3 $N %G !< %? $N f(10,g(X)) $H $$ $& It J, $, ;2 >H $5 $l $k $H !" ?^ 6 $N $h $& $K 2 2s $K J, $1 $F Aw ?. $, 9T $o $l $k !# $3 $N 7k 2L !" DL ?. $, :Y N3 EY 2= $9 $k !# Ld Bj E@ 2 $K $D $$ $F $O !" :G =i $N MW AG $, ;2 >H $5 $l $? ;~ E@ $G !" 9= B$ %G !< %? A4 BN $r Aw ?. $7 $F $7 $^ $& $H $$ $& <B Au $b 9M $( $i $l $k !# $3 $N >l 9g !" DL ?. 2s ?t $O 8: $i $9 $3 $H $, $G $- $k $, !" Aw ?. $7 $? 9= B$ %G !< %? Fb 7

?^ 7: 9= B$ %G !< %? $N 0l 3g Aw ?. $K <u ?. B& $G ;2 >H $7 $J $$ MW AG $, $" $C $? >l 9g !" $= $N It J, $N DL ?. ;~ 4V $* $h $S <u ?. B& $G @j $a $k %a %b %j $, L5 BL $K $J $k !# Nc $( $P ?^ 6 $N Nc $G $O !" %N !< %I N c $G $O ;2 >H $7 $J $$ h(a) $^ $G Aw ?. $7 $F $7 $^ $& !# 3.1.2 DL ?. :G E, 2= $N J} ?K 3.1.1 @a $G =R $Y $? Ld Bj E@ $r 2~ A1 $9 $k $? $a !" K\ 8& 5f $G $O <! $N $h $& $J 0l 3g Aw ?. <j K! $r Ds 0F $9 $k !# %N !< %I N p >e $N %W %m %; %9 P p $, %N !< %I N c >e $K %W %m %; %9 P c $r @8 @. $9 $k >l 9g $r 9M $( $k !# P p $, P c $+ $i $N %G !< %? MW 5a %a %C %; !< %8 $r <u ?. $7 $? $H $- !" 9= B$ %G !< %? Cf $N $9 $G $K 6q BN 2= $5 $l $? It J, $N $& $A P c $, I, MW $H $9 $k It J, $N $_ $r $9 $Y $F Aw $k $h $& $K $9 $l $P !" M> J, $J %G !< %? $r Aw ?. $9 $k $3 $H $J $/ %a %C %; !< %8 N3 EY $r >e $2 $k $3 $H $, $G $- !" DL ?. 2s ?t $, 8: >/ $9 $k !# $3 $l $K $h $j !" $N $A $N %G !< %? MW 5a 2s ?t $r 8: $i $9 !" $b $7 $/ $O $J $/ $9 $3 $H $, 2D G= $G $" $k !# ?^ 6 $N Nc $G $O !" N p >e $N 9= B$ %G !< %? $G $" $k f(10,g(h(a))) $N $& $A !" N c $, ;2 >H $9 $k It J, f(10,g(X)) $r 0l EY $K Aw ?. $9 $k !# $3 $N $H $- h(a) $K $D $$ $F $O !" $? $H $( $3 $N It J, $, 6q BN 2= $5 $l $F $$ $F $b Aw ?. $r 9T $o $J $$ ( ?^ 7) !# $3 $N 7k 2L !" L5 BL $J %G !< %? $r Aw $k $3 $H $J $/ Aw ?. 2s ?t $r 2 2s $+ $i 1 2s $K 8: $i $9 $3 $H $, $G $- $k !# KL1 $G $O JQ ?t $, 7? $r ;} $? $J $$ $? $a !" J8 K! >e $O 0z ?t $N %G !< %? 7? $O H= L@ $7 $J $$ !# $7 $+ $7 !" %? %$ %W 2r @O $H 8F $P $l $k <j K! $K $h $j !" <B 9T ;~ $K $" $k JQ ?t $, $H $j F@ $k %G !< %? 7? ( %? %$ %W ) $r @E E* $K 7h Dj $G $- $k !# $^ $? !" %b !< %I 2r @O $H 8F $P $l $k <j K! $K $h $j !" 3F =P 8= Kh $K JQ ?t $N F~ =P NO J} 8~ ( %b !< %I ) $r @E E* $K 2r @O $G $- $k !# $3 $l $i $N >p Js $r Mx MQ $7 !" >e 5- $N $h $& $J %G !< %? Aw ?. $r 9T $& KL1 %3 !< %I $r @8 @. $9 $k !# 0J 2< !" $3 $N %3 !< %I $r 0l 3g Aw ?. %3 !< %I $H 8F $V !# $^ $? !" 0l 3g Aw ?. %3 !< %I $h $j <B 9T ;~ $K @8 @. $5 $l $k %4 !< %k $r !" 0l 3g Aw ?. %4 !< %k $H 8F $V !# 0l 3g Aw ?. %3 !< %I $r KL1 $G 5- =R $9 $k $3 $H $K $h $j !" 0l 3g Aw ?. =h M} $r KL1 %4 !< %k $N 0l $D $H $7 $F 07 $& $3 $H $, $G $- !" Aw ?. $9 $k KL1 %G !< %? $N 7? H= Dj $d %a %b %j 4I M} $K KLIC %i %s %? %$ %‘ $N 5! G= $r Mx MQ $G $- $k !# $^ $? !" 0l 3g Aw ?. %4 !< %k $N @8 @. =h M} $d Aw ?. %G !< %? 3J G< %P %C %U %! $K generic ob ject $r MQ $$ $k $3 $H $G !" KL1 %i %s %? %$ %‘ $N %+ !< %M %k $r JQ 99 $9 $k $3 $H $J $/ 0l 3g Aw ?. $r <B Au $9 $k $3 $H $, $G $- $k !# $^ $? !" %b !< %I 2r @O 7k 2L $K $h $j JQ ?t $N 6q BN 2= !& ;2 >H $r 9T $& %W %m %; %9 $, $= $l $> $l P p , P c $H Dj $^ $C $F $$ $l $P !" read %a %C %; !< %8 $K $h $j CM MW 5a $r =P $7 $? P c $G 6q BN 2= $, 5/ $3 $k $3 $H $O $J $$ !# $7 $? $, $C $F release %a %C %; !< %8 $, IT MW $K $J $j !" Ld Bj E@ 1 $, 2~ A1 $G $- $k !# 0J 2< !" $^ $: 3.2 @a $G >e 5- $N %b !< %I !& %? %$ %W >p Js $r Cj =P $9 $k 2r @O <j K! $K $D $$ $F =R $Y $k !# <! $K 3.3 @a $G !" 0l 3g Aw ?. $r <B 8= $9 $k KLIC %i %s %? %$ %‘ $N 3H D% $K $D $$ $F @b L@ $9 $k !# :G 8e $K 3.4 @a $G !" 3H D% HG %i %s %? %$ %‘ $G Mx MQ 2D G= $J 0l 3g Aw ?. %3 !< %I $r 2r @O 7k 2L $h $j @8 @. $9 $k <j K! $K $D $$ $F =R $Y $k !# $J $* !" 0J 2< $N @b L@ $G $O Nc $H $7 $F ?^ 2 $K <( $7 $? %W %m %0 %i %‘ stack $r MQ $$ $k !# 3.2 @E E* 2r @O 3.2.1 F~ NO %W %m %0 %i %‘ 0l HL $K O@ M} 7? 8@ 8l $G $O !" J# ?t $N %W %m %; %9 P 1 ; . . . ; P n $, F1 0l 2= $K $h $j JQ ?t v $r 6& M- $7 $F $$ $k >l 9g $K !" G$ 0U $N P i $, v $r 6q BN 2= $9 $k $h $& $J %W %m %0 %i %‘ $r =q $/ $3 $H $, $G $- $k !# $7 $+ $7 KL1 $G $O !" $9 $G $K 6q BN 2= $5 $l $? v $r :F $S 6q BN 2= $7 $h $& $H $7 $? >l 9g $K $O !" %W %m %0 %i %‘ A4 BN $, Dd ;_ $7 $F $7 $^ $& !# $3 $N $? $a !" J8 K! >e $O >e 5- $N $h $& $J %W %m %0 %i %‘ $r 5- =R $G $- $k $b $N $N !" 0l HL $K KL1 %W %m %0 %i %‘ $N B? $/ $G $O v $N 6q BN 2= $r 9T $& %W %m %; %9 $O P i $N $& $A $I $l $+ 0l $D $G $" $j !" ;D $j $N %W %m %; %9 $O $9 $Y $F ;2 >H $r 9T $& !# $3 $N $h $& $J %W %m %0 %i %‘ $G $O !" %W %m %0 %i %‘ Cf $N 6q BN 2= !& ;2 >H 2U =j $r 0l 0U $K 7h Dj $9 $k $3 $H $, $G $- $k !# $3 $l $r well-moded $J %W %m %0 %i %‘ $H 8F $S !" K\ <j K! $G $O $3 $N @- <A $r K~ $? $9 %W 8

%m %0 %i %‘ $r BP >] $H $9 $k !# 6q BN E* $J 2r @O BP >] $H $7 $F $O !" KLIC %3 %s %Q %$ %i $, %3 %s %Q %$ %k ES Cf $G @8 @. $9 $k Cf 4V I= 8= $r Mx MQ $9 $k !# $3 $N I= 8= $G $O ;; =Q 1i ;; <0 $J $I $N %^ %/ %m $, E8 3+ $5 $l !" $9 $Y $F $N %4 !< %k $O g oal ( X 1 ; . . . ; X n ) $N 7A $G I= $5 $l $F $$ $k !# $^ $? !" %/ %m !< %: %X %C %I $N 0z ?t $O !" $9 $Y $F JQ ?t $G $" $k !# @a $N 0l HL 7A $O !" <! $N $h $& $K $J $k !# g H ( V H ) : � G G ( V H ; V B ) j G B ( V B ) g H %/ %m !< %: %X %C %I G G %, !< %I %4 !< %k =8 9g G B %\ %G %# %4 !< %k =8 9g V H %X %C %I JQ ?t =8 9g V B %\ %G %# JQ ?t =8 9g 0J 8e $N 5- =R $G $O =R 8l p ( v 1 ; . . . ; v n ) $K $D $$ $F !" %/ %m !< %: %X %C %I p / n $* $h $S %\ %G %# %4 !< %k p / n $N =8 9g $r $= $l $> $l H p=n , B p=n !" p / n $N Bh i 0z ?t $N =8 9g $r $= $l $> $l H p=n;i , B p=n;i $H I= 5- $9 $k !# $^ $? !" f ( v 1 ; . . . ; v m ) $G JQ ?t v 1 ; . . . ; v m $r 4^ $‘ 9= B$ %G !< %? $r I= $9 $3 $H $K $9 $k !# 3.2.2 JB Ns %W %m %; %9 J, 3d KL1 $G $O %W %i %0 %^ $K $h $j JB Ns <B 9T $9 $k %4 !< %k $r ;X Dj $7 !" $= $l 0J 30 $N It J, $O C1 0l %N !< %I >e $G <B 9T $5 $l $k !# $7 $? $, $C $F !" %W %i %0 %^ $G ;X Dj $5 $l $? %4 !< %k $N 3F !9 $r 3+ ;O E@ $H $7 !" $= $3 $+ $i F1 0l %N !< %I >e $G <B 9T $5 $l $k It J, $r !" $= $l $> $l %W %m %; %9 $H $_ $J $9 $3 $H $, $G $- $k !# %W %m %0 %i %‘ $N =i 4| %4 !< %k $G $" $k main/0 !" $* $h $S $9 $Y $F $N @node %W %i %0 %^ IU $- $N %4 !< %k $r JB Ns %W %m %; %9 =i 4| %4 !< %k $H $9 $k $H !" JB Ns %W %m %; %9 =i 4| %4 !< %k I $+ $i B> $N JB Ns %W %m %; %9 =i 4| %4 !< %k $r 7P M3 $; $: $K 8F $P $l $k %4 !< %k $N =8 9g $, !" I $N 3d $j Ev $F $i $l $? %N !< %I >e $G C‘ <! <B 9T $5 $l $k It J, $G $" $k !# $3 $N =8 9g $r !" JB Ns %W %m %; %9 I $H 8F $V !# F~ NO %W %m %0 %i %‘ $r JB Ns %W %m %; %9 $K J, 3d $9 $k %" %k %4 %j %: %‘ $O !" 0J 2< $N $h $& $K $J $k !# JB Ns %W %m %; %9 =i 4| %4 !< %k 1. G 1 = f main/0 g , pmax = 1 $H $9 $k !# 2. %W %m %0 %i %‘ Cf $N 3F @node %W %i %0 %^ IU $- %4 !< %k g / n Kh $K !" 8 G i 6 = f g / n g ( i = 1 ; . . . ; pmax ) $J $i !" pmax pmax + 1 , G pmax = f g / n g $H $9 $k !# JB Ns %W %m %; %9 i = 1 ; . . . ; pmax $K $D $$ $F !" 1. g i 2 G i $r =i 4| %4 !< %k $H $9 $k JB Ns %W %m %; %9 $r !" @a $N =8 9g P i $G I= $9 !# =i 4| CM $H $7 $F !" P i = ; $H $9 $k !# 2. G i $+ $i %4 !< %k $r 0l $D <h $j $@ $7 g / n $H $9 $k !# g / n $r %/ %m !< %: %X %C %I $K ;} $D @a $N =8 9g $r C g =n $H $9 $k !# 3. P i \ C g =n = ; $J $i P i P i [ C g =n $H $7 !" C g =n $N %f !< %6 Dj 5A %\ %G %# %4 !< %k $N $& $A @node %W %i %0 %^ $N $J $$ $b $N $r G i $K F~ $l $k !# 4. G i = ; $J $i =* N; !# $= $& $G $J $1 $l $P 2 $X !# %W %m %0 %i %‘ stack $N >l 9g !" @node %W %i %0 %^ IU $- $N %4 !< %k $O stack/2 $@ $1 $G $" $k $+ $i !" main/0 $r =i 4| %4 !< %k $H $7 drive/2 $G :F 5" $9 $k %W %m %; %9 ( @a 1,2,3) !" $* $h $S !" stack/2 $r =i 4| %4 !< %k $H $7 <+ 8J :F 5" $r 7+ $j JV $9 %W %m %; %9 ( @a 4,5,6,7) $K J, 3d $5 $l $k !# 3.2.3 %b !< %I 2r @O %b !< %I $H $O !" $" $k %4 !< %k $K $* $1 $k JQ ?t $N =P 8= $K $D $$ $F !" $= $N 0L CV $G F~ NO !" =P NO $N $$ $: $l $G $" $k $+ $r I= $7 $? $b $N $G $" $k !# K\ O@ $G $O JQ ?t v i $N %b !< %I $r m ( v i ) $G I= $7 !" in; out; unk now n $N $$ $: $l $+ $r $H $k $b $N $H $9 $k !# $3 $3 $G !" g oal ( v 1 ; . . . ; v n ) $G m ( v i ) = in $H $O !" g oal / n Fb $G v i $N CM $, ;2 >H $5 $l $k $3 $H $r <( $9 !# m ( v i ) = out $H $O !" g oal / n Fb $G v i $, 6q BN 2= $5 $l $k $3 $H $r <( $9 !# m ( v i ) = unk now n $H $O !" %W %m %; %9 Fb >p Js $@ $1 $G $O %b !< %I $, 0l 0U $K 7h Dj $G $- $J $$ $3 $H $r <( $9 !# $^ $? !" m ( v i ) $N 5U %b !< %I $r I= $9 5- 9f $H $7 $F !" m ( v i ) $r MQ $$ $k !# 5U %b !< %I $O 0J 2< $N $h $& $K Dj 5A $9 $k !# 9 in = out; out = in; unk now n = unk now n %/ %m !< %: %X %C %I h $K $D $$ $F $O !" h $H F1 0l 2= $7 $& $k %\ %G %# %4 !< %k $N BP 1~ $7 $? 0z ?t $N %b !< %I $H 0l CW $9 $k $b $N $H $9 $k !# 0J 2< !" 6q BN E* $J %b !< %I 2r @O <j =g $r =R $Y $k !# $J $* !" <0 $N 5- =R $G $O JQ ?t $r v i $J $I $H $7 $F $$ $k $, !" K\ @a $K $* $1 $k 2r @O 7k 2L $G 6q BN E* $J JQ ?t $r ;X $9 >l 9g $O !" @a Kh $N JQ ?t HV 9f $r MQ $$ $F V(0) $N $h $& $K I= 5- $9 $k $3 $H $K $9 $k !# @a Fb 2r @O $^ $: 3F @a Kh $K 6I =j E* $J 2r @O $r 9T $& !# @a Fb $N JQ ?t $K $D $$ $F 0J 2< $N @) Ls >r 7o $r E, MQ $7 !" %b !< %I $r 7h Dj $9 $k !# 1. F1 0l 2= $r =| $/ AH 9~ =R 8l $N 0z ?t $K $D $$ $F $O !" =R 8l L> $H 0z ?t $N 0L CV $G 7h Dj $5 $l $k !# 2. %, !< %I $K =P 8= $9 $k =/2 $K $D $$ $F (a) =( v i , atomic ) ! m ( v i ) = in (b) =( v i , f ( v j 1 ; . . . ; v j n ) ) ! m ( v i ) = in (c) =( v i , v j ) , v i 2 V H , v j 2 V B ! m ( v i ) = m ( v j ) (d) =( v i , v j ) , =( v k , v j ) , v i ; v k 2 V H , v j 2 V B ! m ( v i ) = m ( v k ) = in , m ( v j ) = out 3. %\ %G %# $K =P 8= $9 $k =/2 $K $D $$ $F (a) =( v i , atomic ) , v i 2 V B ! m ( v i ) = out (b) =( v i , f ( v j 1 ; . . . ; v j n ) ) , v i 2 V B ! m ( v i ) = out (c) =( v i , v j ) , v i ; v j 2 V B ! m ( v i ) = m ( v j ) 4. $" $k v i $N A4 =P 8= $K $D $$ $F !" (a) %/ %m !< %: %X %C %I $G $N =P 8= $, in %b !< %I $N $H $- !" %\ %G %# %4 !< %k $G $N =P 8= $O $9 $Y $F in (b) %/ %m !< %: %X %C %I $G $N =P 8= $, out %b !< %I !" $^ $? $O %/ %m !< %: %X %C %I $K =P 8= $7 $J $$ $H $- !" %\ %G %# %4 !< %k $G $N =P 8= $N $& $A 0l $D $@ $1 $, out $G ;D $j $O $9 $Y $F in $? $@ $7 !" >r 7o 2d $K 3: Ev $9 $k F1 0l 2= %4 !< %k 2 8D $K 4X $7 $F $O !" N> <T $N v j $r 9g $o $; $F 0l $D $N =P 8= $H 9M $( $k !# 5. m ( v i ) = in; v i 2 V B $G $" $k =P 8= $, %, !< %I It $K $" $k >l 9g !" m ( v i ) = out $G $" $k =P 8= $, %, !< %I It $K B8 :_ $9 $k !# %/ %m !< %: %X %C %I $N 0z ?t $O %, !< %I It $G 6q BN 2= $G $- $J $$ $+ $i !" >r 7o 2a, 2b, 2d, $, @. N) $9 $k !# $^ $? !" %, !< %I It $G $N F1 0l 2D G= @- %F %9 %H $r =| $- !" F1 0l 2= =R 8l $O :G =* E* $K 0l J} $N CM $G B> J} $r 6q BN 2= $9 $k $+ $i !" >r 7o 2c, 3a, 3b, 3c $, @. N) $9 $k !# $5 $i $K !" @a Fb $G $O J# ?t $N %4 !< %k $, F1 $8 JQ ?t $r 6q BN 2= $9 $k $3 $H $O $J $$ $+ $i !" >r 7o 4 $, @. N) $9 $k !# :G 8e $K !" %\ %G %# JQ ?t v k $r ;2 >H $9 $k %, !< %I %4 !< %k g i $O !" B> $N %, !< %I %4 !< %k g j $K $h $j v k $, 6q BN 2= $5 $l $J $$ $+ $. $j @. 8y $7 $J $$ !# %, !< %I %4 !< %k $, $9 $Y $F @. 8y $7 $J $$ $H %\ %G %# %4 !< %k $O <B 9T $G $- $J $$ $+ $i !" $= $N @a $, <B 9T 2D G= $G $" $k $? $a $K $O !" $3 $N $h $& $J g j $, B8 :_ $7 $J $1 $l $P $J $i $J $$ !# $7 $? $, $C $F >r 7o 5 $, @. N) $9 $k !# Nc $( $P %W %m %0 %i %‘ stack $N %W %m %; %9 main/0 $G $O !" equal/2 $O 2 8D $N @0 ?t CM $, 0l CW $9 $k $+ $I $& $+ H= Dj $9 $k AH $_ 9~ $_ =R 8l $G $" $k $+ $i !" @a 2 $N equal(V(0),0) $K $* $$ $F mode ( V(0) ) = in $H $J $k ( >r 7o 1) !# $5 $i $K =(V(2),V(0)) $K $* $$ $F !" @a 2 Cf $G V(0) $N =P 8= $O 2 2U =j $7 $+ $J $$ $+ $i >r 7o 4 $h $j mode ( V(0) ) = out !" >r 7o 2c $h $j mode ( V(2) ) = in $H $J $k !# %W %m %0 %i %‘ stack $N @a Fb %b !< %I 2r @O 7k 2L $r !" ?^ 8 $K <( $9 !# %W %m %; %9 Fb 2r @O B3 $$ $F %W %m %; %9 A4 BN $K $D $$ $F !" %/ %m !< %: %X %C %I !& %\ %G %# %4 !< %k 4V $N F1 0l 2= $K $h $k %b !< %I GH 5Z $r 2r @O $9 $k !# 3.2.1 @a $G =R $Y $? $h $& $K well-moded $r 2> Dj $7 $F $$ $k $N $G !" 8_ $$ $K F1 0l 2= 2D G= $J %/ %m !< %: %X %C %I !& %\ %G %# %4 !< %k 4V $G !" BP 1~ $9 $k 0z ?t $N %b !< %I $, 0[ $J $k $3 $H $O $J $$ !# $= $3 $G !" H p=n;i ; B p=n;i $N 10

%W %m %; %9 main/0 1 main :- drive(10,V(0:?)), stack(V(0:?),none)@node(1). 2 drive(V(2:i),V(3:o)) :- =(V(0:o),V(2:i)),=(V(1:i)V(3:o)), equal(V(0:i),0) | =(V(1:o),[]). 3 drive(V(6:?),V(7:o)) :- =(V(0:?),V(6:?)),=(V(1:i),V(7:o)), not_equal(V(0:i),0) | =(V(1:o),[push(V(0:?))|V(2:i)]), =(V(2:o),[pop(V(3:o))|V(4:?)]), subtract(V(3:i),1,V(8:o)), =(V(5:o),V(8:i)),drive(V(5:i),V(4:?)). %W %m %; %9 stack/2 1 stack(V(1:i),V(2:?)) :- =(V(1:i),[]),=(V(2:?),V(0:?)) | terminate(V(0:?)). 2 stack(V(3:i),V(4:?)) :- =(V(3:i),[push(V(0:?))|V(1:?)]), =(V(4:?),V(2:?)) | stack(V(1:?),p(V(0:?),V(2:?))). 3 stack(V(4:i),V(5:i)) :- =(V(4:i),[pop(V(0:?))|V(1:?)]), =(V(5:i),p(V(2:?),V(3:?))) | =(V(0:?),V(2:?)),stack(V(1:?),V(3:?)). 4 terminate(V(1:?)) :- =(V(1:?),V(0:?)). JQ ?t $O V( HV 9f : %b !< %I ) $G I= 5- !# %b !< %I i: in , o: out , ?: unk now n ?^ 8: stack @a Fb %b !< %I 2r @O 7k 2L 3F MW AG Cf $K %b !< %I $, H= L@ $7 $F $$ $k $b $N $, 0l $D $G $b $" $l $P !" B> $N MW AG $b F1 %b !< %I $K 7h Dj $G $- $k !# $7 $? $, $C $F !" m ( 9 v j 2 H p=n;i [ B p=n;i ) = mode ( 6 = unk now n ) ) m ( 8 v k 2 H p=n;i [ B p=n;i ) = mode ( 6 = unk now n ) $H $J $k !# $3 $N 7k 2L !" ?7 $? $K %b !< %I $, H= L@ $7 $? v k $K $D $$ $F $O !" $= $l $r 4^ $‘ @a $K $D $$ $F :F $S @a Fb 2r @O $r 9T $& !# $3 $N 2a Dx $r 7+ $j JV $7 !" %b !< %I $N ?7 5, H= L@ $, $J $/ $J $l $P 2r @O $O =* N; $9 $k !# $3 $N CJ 3, $G 7h Dj $G $- $J $+ $C $? %b !< %I $K 4X $7 $F $O unk now n $H $J $k !# Nc $( $P %W %m %0 %i %‘ stack $N %W %m %; %9 stack/2 $G $O !" @a 3 $N @a Fb 2r @O $K $h $j %/ %m !< %: %X %C %I $N Bh 2 0z ?t $, in %b !< %I $G $" $k $3 $H $, H= L@ $7 $F $$ $k !# %W %m %; %9 main/0 1 main :- drive(10,V(0:o)), stack(V(0:i),none)@node(1). 2 drive(V(2:i),V(3:o)) :- =(V(0:o),V(2:i)),=(V(1:i)V(3:o)), equal(V(0:i),0) | =(V(1:o),[]). 3 drive(V(6:i),V(7:o)) :- =(V(0:o),V(6:i)),=(V(1:i),V(7:o)), not_equal(V(0:i),0) | =(V(1:o),[push(V(0:i))|V(2:i)]), =(V(2:o),[pop(V(3:o))|V(4:i)]), subtract(V(3:i),1,V(8:o)), =(V(5:o),V(8:i)),drive(V(5:i),V(4:o)). %W %m %; %9 stack/2 1 stack(V(1:i),V(2:i)) :- =(V(1:i),[]),=(V(2:i),V(0:o)) | terminate(V(0:i)). 2 stack(V(3:i),V(4:i)) :- =(V(3:i),[push(V(0:?))|V(1:o)]), =(V(4:i),V(2:o)) | stack(V(1:i),p(V(0:?),V(2:i))). 3 stack(V(4:i),V(5:i)) :- =(V(4:i),[pop(V(0:?))|V(1:o)]), =(V(5:i),p(V(2:?),V(3:o))) | =(V(0:?),V(2:?)),stack(V(1:i),V(3:i)). 4 terminate(V(1:i)) :- =(V(1:i),V(0:o)). JQ ?t $O V( HV 9f : %b !< %I ) $G I= 5- !# %b !< %I i: in , o: out , ?: unk now n ?^ 9: stack %W %m %; %9 Fb %b !< %I 2r @O 7k 2L $7 $? $, $C $F !" %W %m %; %9 Cf $N $9 $Y $F $N stack/2 $K $* $$ $F Bh 2 0z ?t $, in %b !< %I $K 7h Dj $G $- $k !# %W %m %0 %i %‘ stack $N :G =* E* $J %b !< %I 2r @O 7k 2L $r !" ?^ 9 $K <( $9 !# 3.2.4 %? %$ %W 2r @O 2.1.2 @a $G =R $Y $? $h $& $K !" KL1 $N JQ ?t $O 7? $r ;} $? $J $$ !# $7 $? $, $C $F %? %$ %W $H $O !" $" $k JQ ?t $, <B 9T ;~ $K $I $N $h $& $J %G !< %? 7? $K 6q BN 2= $5 $l F@ $k $+ $r <( $7 $? $b $N $G $" $k !# $? $@ $7 !" F1 $8 JQ ?t $, <B 9T %Q %9 $K $h $j 0[ $J $k %G !< %? 7? $K 6q BN 2= $5 $l $k $h $& $J %W %m %0 %i %‘ $b 9M $( $i $l $k $+ $i !" @E E* 2r @O $G $O 6q BN CM $N 7? $, 0l 0U $K 7h $^ $k $H $O 8B $i $J $$ !# $= $3 $G !" %? %$ %W $O 2D G= @- $N $" $k 6q BN CM $N 7? $N =8 9g $G I= $9 !# JQ ?t $O @a Kh $K %m !< %+ %k $G $" $j !" 0l EY 6q BN 2= $5 11

$l $? JQ ?t $O CM $r JQ 99 $G $- $J $$ $+ $i !" F1 $8 @a Fb $G F1 0l JQ ?t $, 0c $& CM $r $H $k $3 $H $O $J $$ !# $7 $? $, $C $F !" @a Fb $N =P 8= ?t $K $+ $+ $o $j $J $/ !" JQ ?t Kh $K 1 8D $N %? %$ %W $r 9M $( $l $P $h $$ !# JQ ?t v i $N %? %$ %W $r T ( v i ) = f t 1 ; . . . ; t m g $G I= $9 $H !" 3F t k $O 0J 2< $N $$ $: $l $+ $N CM $r $H $k !# $J $* !" <0 $N 5- =R $G $O A0 @a $H F1 MM $K JQ ?t $r v i $J $I $G I= $9 $, !" K\ @a $K $* $1 $k 2r @O 7k 2L $G 6q BN E* $J JQ ?t $r ;X $9 >l 9g $O !" %W %m %; %9 Fb $N @a HV 9f $* $h $S @a Kh $N JQ ?t HV 9f $r MQ $$ $F V(1,0) $N $h $& $K I= 5- $9 $k $3 $H $K $9 $k !# 1. atom; integ er ; [] $= $l $> $l %" %H %‘ !" @0 ?t !" 6u %j %9 %H $r I= $9 !# 6u %j %9 %H $O %" %H %‘ $N 0l <o $G $" $k $, !" $3 $3 $G $O FH N) $7 $? %? %$ %W $H $_ $J $9 !# 2. v j ( m j ) 9= B$ %G !< %? $N MW AG $H $7 $F 8= $l $k JQ ?t $r I= $9 !# m j $O %b !< %I $G $" $j !" in; out; unk now n $N $$ $: $l $+ $r $H $k !# v j ( m j ) $, <B :] $K $H $k %? %$ %W $O !" T ( v j ) $N CM $G $" $k !# $J $* !" 2r @O 7k 2L $G 6q BN E* $J JQ ?t $r ;X $9 >l 9g $O !" %W %m %; %9 Fb $N @a HV 9f $* $h $S @a Kh $N JQ ?t HV 9f $r MQ $$ $F !" V(1,0, in ) $N $h $& $K I= 5- $9 $k !# 3. [ t car | t cdr ] , %U %! %s %/ %? L> ( t 1 ; . . . ; t n ) $= $l $> $l %3 %s %9 $* $h $S %U %! %s %/ %? $r I= $9 !# 9= B$ %G !< %? $N %? %$ %W $O !" car, cdr $d 3F 0z ?t $r 3F !9 $N %? %$ %W $K CV $- 49 $( $? 7A $G I= 8= $9 $k !# 4. unk now n 2r @O $N 7k 2L !" :G =* E* $K H= L@ $7 $J $+ $C $? %? %$ %W $r I= $9 !# $^ $? !" b j $, 6q BN CM $N ;~ !" T ( b j ) $O b j $N 7? $r I= $9 $b $N $H $9 $k !# Nc $( $P !" T (10) = f integ er g ; T ( move(left) ) = f move( atom ) g $G $" $k !# $5 $i $K !" F1 0l 2= $K $h $k F1 CM 4X 78 $r !" =8 9g U 1 ; . . . ; U M $G I= $9 $3 $H $K $9 $k !# U k $N 3F MW AG $O JQ ?t v i !" $b $7 $/ $O =8 9g ^ U l = f u l 1 ; . . . ; u l m g $G $" $j !" u l j $O JQ ?t !" $^ $? $O %\ %G %# %4 !< %k $N 0z ?t $K D> @\ 8= $l $k 6q BN CM $G $" $k !# 8e <T $O !" <B 9T ;~ $K A* Br $5 $l $k @a $K $h $j !" ^ U l $N MW AG $N $$ $: $l $+ $, U k Fb $N B> $N JQ ?t $H F1 0l 2= $9 $k $3 $H $r I= $7 $F $$ $k !# 0J 8e !" U k $r F1 0l 2= =8 9g !" ^ U l $r F1 0l 2= 8u Jd =8 9g $H 8F $V !# 0J 2< !" 6q BN E* $J %? %$ %W 2r @O <j =g $r =R $Y $k !# @a Fb 2r @O %b !< %I 2r @O $H F1 MM $K !" $^ $: 3F @a Kh $K 6I =j E* $J 2r @O $r 9T $& !# @a Fb $N 3F %4 !< %k $K BP $7 !" <! $N A‘ :n $r E, MQ $9 $k !# 1. AH $_ 9~ $_ =R 8l g oal ( . . . ; v i ; . . . ) ) T ( v i ) = f $= $N 0L CV $K Mh $k $Y $- 7? g 2. v i = b m ( b m $O 6q BN CM ) ) T ( v i ) = T ( b m ) $? $@ $7 b m $, JQ ?t v j $r 4^ $‘ 9= B$ %G !< %? $N >l 9g !" 3.2.3 @a $N 7k 2L $h $j !" $= $N It J, $N 7? $O v j ( m j ) ; m j = m ( v j ) $H $9 $k !# $3 $l $O v i Cf $N v j $K BP 1~ $9 $k It J, $K $D $$ $F !" %b !< %I m ( v j ) = in $J $i $3 $3 $G 6q BN 2= $5 $l !" %b !< %I m ( v j ) = out $J $i $3 $3 $G ;2 >H $5 $l $k $+ $i $G $" $k !# 3. v i = v j ) v i 2 U k , v j 2 U l $H $J $k F1 0l 2= =8 9g U k ; U l $, $9 $G $K N> <T $H $b B8 :_ $9 $l $P !" $3 $l $i $r M; 9g $9 $k !# $9 $J $o $A U k U k [ U l $H $7 !" U l $O :o =| $9 $k !# U k $N $_ B8 :_ $9 $k >l 9g $O !" U k U k [ f v i ; v j g $H $9 $k ( U l $N $_ B8 :_ $9 $k >l 9g $b F1 MM ) !# $I $A $i $b B8 :_ $7 $J $1 $l $P M M + 1 $H $7 !" ?7 $? $K U M = f v i ; v j g $r @8 @. $9 $k !# >e 5- $N A‘ :n $K $h $j H= L@ $7 $J $+ $C $? T ( v j ) $K $D $$ $F $O !" =i 4| CM $H $7 $F T ( v j ) = ; $H $9 $k !# Nc $( $P %W %m %0 %i %‘ stack $N %W %m %; %9 main/0 @a 2 $G $O !" A‘ :n 1, 2 $K $h $j !" $= $l $> $l T ( V(2,0) ) = f integ er g , T ( V(2,1) ) = f [] g , $, H= L@ $9 $k !# $^ $? !" A‘ :n 3 $K $h $j !" U 1 = f V(2,0) ; V(2,2) g , 12

%W %m %; %9 main/0 T ( V(1,0) ) = fg T ( V(2,0) ) = f integ er g T ( V(2,1) ) = f [] g T ( V(2,2) ) = fg T ( V(2,3) ) = fg T ( V(3,0) ) = f integ er g T ( V(3,1) ) = f [push(V(3,0, o ))|V(3,2, o )] g T ( V(3,2) ) = f [pop(V(3,3, i ))|V(3,4, o )] g T ( V(3,3) ) = f integ er g T ( V(3,4) ) = fg T ( V(3,5) ) = fg T ( V(3,6) ) = fg T ( V(3,7) ) = fg T ( V(3,8) ) = f integ er g U 1 = f V(2,0) ; V(2,2) g U 2 = f V(2,1) ; V(2,3) g U 3 = f V(3,0) ; V(3,6) g U 4 = f V(3,1) ; V(3,7) g U 5 = f V(3,5) ; V(3,8) g %W %m %; %9 stack/2 T ( V(1,0) ) = fg T ( V(1,1) ) = f [] g T ( V(1,2) ) = fg T ( V(2,0) ) = fg T ( V(2,1) ) = fg T ( V(2,2) ) = fg T ( V(2,3) ) = f [push(V(2,0, ? ))|V(2,1, i )] g T ( V(2,4) ) = fg T ( V(3,0) ) = fg T ( V(3,1) ) = fg T ( V(3,2) ) = fg T ( V(3,3) ) = fg T ( V(3,4) ) = f [pop(V(3,0, ? ))|V(3,1, i )] g T ( V(3,5) ) = f p(V(3,2, ? ),V(3,3, i )) g T ( V(4,0) ) = fg T ( V(4,1) ) = fg U 1 = f V(1,0) ; V(1,2) g U 2 = f V(2,2) ; V(2,4) g U 3 = f V(3,0) ; V(3,2) g U 4 = f V(4,0) ; V(4,1) g JQ ?t $O V( @a HV 9f , @a Fb $N JQ ?t HV 9f ) $^ $? $O V( @a HV 9f , @a Fb $N JQ ?t HV 9f , %b !< %I ) $G I= 5- !# %b !< %I i: in , o: out , ?: unk now n ?^ 10: stack @a Fb %? %$ %W 2r @O 7k 2L U 2 = f V(2,1) ; V(2,3) g $, H= L@ $9 $k !# %W %m %0 %i %‘ stack $N @a Fb %? %$ %W 2r @O 7k 2L $r !" ?^ 10 $K <( $9 !# %W %m %; %9 Fb 2r @O %W %m %; %9 A4 BN $K $D $$ $F !" %\ %G %# %4 !< %k !& %/ %m !< %: %X %C %I 4V $N F1 0l 2= $K $h $k %? %$ %W GH 5Z $r 2r @O $9 $k !# %" %k %4 %j %: %‘ $O !" 0J 2< $N $h $& $K $J $k !# 1. 8 v h 2 H p=n;m ; 8 v b 2 B p=n;m $K BP $7 $F !" ^ U h = H p=n;m ; ^ U b = B p=n;m $H $7 !" 8 U h 3 v h ; 8 U b 3 v b $K $D $$ $F !" U h U h [ f ^ U b g , U b U b [ f ^ U h g $H $7 $F !" F1 0l 2= 8u Jd =8 9g ^ U $r 3F U $K 2C $( $k !# $? $@ $7 v h $K BP $7 3: Ev $9 $k U h $, $J $$ >l 9g $O !" M M + 1 ; U M = f v h g [ f ^ U b g $H $9 $k !# v b $K $D $$ $F $b F1 MM $G $" $k !# 2. U k $K 4^ $^ $l $k 3F JQ ?t $N %? %$ %W $N =8 9g T k $r 5a $a $k !# 0J 2< $3 $l $r F1 0l 2= %? %$ %W =8 9g $H 8F $V !# T k $O <! $N $h $& $K Dj 5A $G $- $k !# T k = S v i 2 U k T 0 ( v i ), T 0 ( v i ) = ( f v i g if T ( v i ) = ; T ( v i ) otherwise $^ $? !" F1 0l 2= 8u Jd =8 9g ^ U l 2 U k $K $D $$ $F $b !" F1 MM $K F1 0l 2= 8u Jd %? %$ %W =8 9g ^ T l = S 8 u m 2 ^ U l T 0 ( u m ) $r 5a $a !" T k T k [ f ^ T l g $H $9 $k !# $? $@ $7 !" u m = f (. . . ; v j ; . . .) ; m ( v j ) = m j $N $H $- !" T ( u m ) = f (. . . ; v j ( m j ) ; . . .) $H $9 $k !# 3. U $O F1 CM 4X 78 MW AG $N =8 9g $G $" $k $+ $i !" v i ; v j ; ^ U l 2 U k $N $H $- !" T ( v i ) $H T ( v j ) !" $^ $? ^ T l $N >/ $J $/ $H $b 0l MW AG $H T ( v i ) $, !" $= $l $> $l F1 0l 2= 2D G= $G $J $1 $l $P $J $i $J $$ !# $= $3 $G !" F1 0l 2= %? %$ %W =8 9g T k $N 3F MW AG $K BP $7 !" 0J 2< $N A‘ :n $r E, MQ $9 $k !# (a) F1 0l MW AG $O 0l J} $r :o =| $9 $k !# $9 $J $o $A !" t i ; t j 2 T k ; t i = t j $N $H $- !" T k T k � f t j g ^ T l 2 T k ; t i ; t j 2 ^ T l ; t i = t j $N $H $- !" ^ T l ^ T l � f t j g (b) v i ; v j 2 U k $N $H $- !" v i ; v j $O F1 %? %$ %W $H $J $k $+ $i !" t i ; v j 2 T k ; t i 6 = 8 v m $N $H $- !" T ( v j ) = f t i g ; T k T k � f v j g , $^ $? !" 8 ^ T l ( 3 v j ) $K $D $$ $F !" 13

^ T l ^ T l [ T ( v j ) � f v j g $H $9 $k !# (c) Fs $D $N 9= B$ %G !< %? t n 1 ; t n 2 2 T k $N >l 9g !" N> <T $O F1 0l 2= 2D G= $G $J $1 $l $P $J $i $J $$ !# $7 $? $, $C $F !" f (. . . ; t i ; . . .) 2 T k ; f (. . . ; v j ( m j ) ; . . .) 2 T k ; t i 6 = 8 v m ( m m ) $N $H $- !" T k T k � f f (. . . ; v j ( m j ) ; . . .) g ; T l ( 3 v j ) T l [ t i � f v j g $H $9 $k !# $^ $? !" f (. . . ; v i ( m i ) ; . . .) 2 T k ; f (. . . ; v j ( m j ) ; . . .) 2 T k $N $H $- !" v i ; v j $K $D $$ $F !" @a Fb 2r @O $N A‘ :n 3 $H F1 MM $K U $N 99 ?7 $r 9T $& !# (d) F1 0l 2= 8u Jd %? %$ %W =8 9g Cf $N 2 $D $N MW AG $K $D $$ $F !" 0z ?t $N 0l $D $N $_ $, 0[ $J $k 9= B$ %G !< %? $G $" $k >l 9g $O !" N> <T $r 0l $D $K $^ $H $a 0[ $J $k It J, $r %? %$ %W =8 9g $G I= $9 !# $9 $J $o $A !" f (. . . ; t i ; . . .) ; f (. . . ; t j ; . . .) 2 ^ T l $N $H $- !" ^ T l ^ T l [ f f (. . . ; f t i ; t j g ; . . .) g �f f (. . . ; t i ; . . .) ; f (. . . ; t j ; . . .) g $H $9 $k !# (e) F1 0l 2= 8u Jd %? %$ %W =8 9g ^ T l 2 T k $N MW AG $, 0l $D $K $J $C $? >l 9g !" v i 2 T k $O I, $: $3 $l $H F1 %? %$ %W $K $J $k !# $7 $? $, $C $F !" ^ T l 2 T k ; ^ T l = f t i g $N $H $- !" T k T k [ f t i g � f ^ T l g $H $9 $k !# ^ T l 2 T k ; ^ T l = f v i g $N $H $- !" T k T k [ f v i g � f ^ T l g $H $7 !" 9 T m ( 3 v i ) $, B8 :_ $9 $l $P !" T k T k [ T m $H $7 $F T m ; U m $O :o =| $9 $k 4. 3 $G $N 3F A‘ :n $G 99 ?7 $5 $l $? U k ; T l $, $" $l $P !" $= $l $> $l 2, 3 $+ $i 7+ $j JV $9 !# ?7 5, >p Js $, F@ $i $l $J $/ $J $C $? $i !" 5 $X !# 5. T k $N MW AG $, v i $^ $? $O ^ T l j $N >l 9g !" v i $N %? %$ %W $O $3 $N @a Fb $G 0l 0U $K 7h Dj $5 $l $J $$ !# $7 $? $, $C $F !" ^ T l j $N 3F MW AG $N $& $A !" 7? $, H= L@ $7 $F $$ $k $b $N $N =8 9g $G I= $9 !# (a) 9 v i ; 2 T k ; 9 ^ T l j 2 T k $N $H $- !" T ( v i ) = S 8 ^ T l j 2 T k ^ T l j $H $9 $k !# (b) 7h Dj $7 $? T ( v i ) $r !" B> $N T ( v j ) $K GH 5Z $5 $; $k !# $9 $J $o $A !" 8 v j $K $D $$ $F v i 2 T ( v j ) ; T ( v i ) 6 = ; $J $i !" T ( v j ) T ( v j ) [ T ( v i ) � f v i g (c) T ( v i ) $K $D $$ $F !" $^ $@ v j $, 4^ $^ $l $F $$ $k >l 9g !" $3 $N It J, $K $D $$ $F $O %? %$ %W IT L@ $H $9 $k !# $9 $J $o $A !" 9 v j 2 T ( v i ) $J $i !" T ( v i ) T ( v i ) [ f unk now n g � S 8 v j 2 T ( v i ) f v j g $H $9 $k !# 6. 5 $N E, MQ $K $h $C $F $b %? %$ %W $, H= L@ $7 $J $+ $C $? v i $K $D $$ $F $O !" %W %m %; %9 Fb >p Js $@ $1 $G $O %? %$ %W IT L@ $G $" $k !# $7 $? $, $C $F !" T ( v i ) = ; $G $" $k 8 v i $K $D $$ $F !" T ( v i ) = f unk now n g 8 f (. . . ; v i ( m j ) ; . . .) 2 T ( 8 v m ) $K $D $$ $F !" f (. . . ; v i ( m j ) ; . . .) ! f (. . . ; unk now n; . . .) $H $9 $k !# 7. 8 T ( v i ) $K $D $$ $F !" 3a, 3d $H F1 MM $K =8 9g MW AG $N :o 8: !& M; 9g $r ?^ $k !# $D $^ $j !" t k ; t l 2 T ( v i ) ; t k = t l $N $H $- !" T ( v i ) T ( v i ) � f t l g f (. . . ; t k ; . . .) ; f (. . . ; t l ; . . .) 2 T ( v i ) $N $H $- !" T ( v i ) T ( v i ) [ f f (. . . ; f t k ; t l g ; . . .) g �f f (. . . ; t k ; . . .) ; f (. . . ; t l ; . . .) g $H $9 $k !# 0J >e $N %" %k %4 %j %: %‘ $r %W %m %0 %i %‘ stack $N %W %m %; %9 stack/2 $K E, MQ $9 $k $H !" 14

%W %m %; %9 main/0 U 1 = f V(2,0) ; V(2,2) ; f integ er; V(3,5) gg U 2 = f V(2,1) ; V(2,3) ; f V(1,0) ; V(3,4) gg U 3 = f V(3,0) ; V(3,6) ; f integ er; V(3,5) gg U 4 = f V(3,1) ; V(3,7) ; f V(1,0) ; V(3,4) gg U 5 = f V(3,5) ; V(3,8) ; f V(2,2) ; V(3,6) gg U 6 = f V(1,0) ; f V(2,3) ; V(3,7) gg U 7 = f V(3,4) ; f V(2,3) ; V(3,7) gg T 1 = f integ er g T 2 = f [] ; f V(1,0) ; V(3,4) gg T 3 = f integ er g T 4 = f [push(V(3,0, o ))|V(3,2, o )] ; f V(1,0) ; V(3,4) gg T 5 = f integ er g T 6 = f V(1,0) ; f [] ; [push(V(3,0, o ))|V(3,2, o )] gg T 7 = f V(3,4) ; f [] ; [push(V(3,0, o ))|V(3,2, o )] gg %W %m %; %9 stack/2 U 1 = f V(1,0) ; V(1,2) ; f V(4,1) g ; f p(V(2,0, ? ),V(2,2, i )) ; V(3,3) gg U 2 = f V(2,2) ; V(2,4) ; f p(V(2,0, ? ),V(2,2, i )) ; V(3,3) gg U 3 = f V(3,0) ; V(3,2) g U 4 = f V(4,0) ; V(4,1) ; f V(1,0) gg U 5 = f V(1,1) ; f V(2,1) ; V(3,1) gg U 6 = f V(2,3) ; f V(2,1) ; V(3,1) gg U 7 = f V(3,4) ; f V(2,1) ; V(3,1) gg U 8 = f V(2,1) ; f V(1,1) ; V(2,3) ; V(3,4) gg U 9 = f V(3,1) ; f V(1,1) ; V(2,3) ; V(3,4) gg U 10 = f V(3,5) ; f p(V(2,0, ? ),V(2,2, i )) ; V(3,3) gg U 11 = f V(3,3) ; f V(1,2),V(2,4),V(3,5) gg T 1 = f V(1,0) ; V(1,2) ; V(4,0) ; V(4,1) ; f p(V(2,0, ? ),V(2,2, o )) ; V(3,3) gg T 2 = f V(2,2) ; V(2,4) ; f p(V(2,0, ? ),V(2,2, o )) ; V(3,3) gg T 3 = f V(3,0) ; V(3,2) g T 5 = f [] ; f V(2,1) ; V(3,1) gg T 6 = f [push(V(2,0, ? ))|V(2,1, i )] ; f V(2,1) ; V(3,1) gg T 7 = f [pop(V(3,0, ? ))|V(3,1, i )] ; f V(2,1) ; V(3,1) gg T 8 = f V(2,1) ; f [] ; [push(V(2,0, ? ))|V(2,1, i )] ; [pop(V(3,0, ? ))|V(3,1, i )] gg T 9 = f V(3,1) ; f [] ; [push(V(2,0, ? ))|V(2,1, i )] ; [pop(V(3,0, ? ))|V(3,1, i )] gg T 10 = f p(V(3,2, ? ),V(3,3, i )) ; f p(V(2,0, ? ),V(2,2, o )) ; V(3,3) gg T 11 = f V(3,3) ; f V(1,2),V(2,4), p(V(3,2, ? ),V(3,3, i )) gg JQ ?t $O V( @a HV 9f , @a Fb $N JQ ?t HV 9f ) $^ $? $O V( @a HV 9f , @a Fb $N JQ ?t HV 9f , %b !< %I ) $G I= 5- !# %b !< %I i: in , o: out , ?: unk now n ?^ 11: stack F1 0l 2= =8 9g 2r @O 7k 2L H stack= 2 ; 1 = f V(1,1) ; V(2,3) ; V(3,4) g B stack= 2 ; 1 = f V(2,1) ; V(3,1) g %W %m %; %9 main/0 T ( V(1,0) ) = f [] ; [push(V(3,0, o ))|V(3,2, o )] g T ( V(2,0) ) = f integ er g T ( V(2,1) ) = f [] g T ( V(2,2) ) = f integ er g T ( V(2,3) ) = f [] g T ( V(3,0) ) = f integ er g T ( V(3,1) ) = f [push(V(3,0, o ))|V(3,2, o )] g T ( V(3,2) ) = f [pop(V(3,3, i ))|V(3,4, o )] g T ( V(3,3) ) = f integ er g T ( V(3,4) ) = f [] ; [push(V(3,0, o ))|V(3,2, o )] g T ( V(3,5) ) = f integ er g T ( V(3,6) ) = f integ er g T ( V(3,7) ) = f [push(V(3,0, o ))|V(3,2, o )] g T ( V(3,8) ) = f integ er g %W %m %; %9 stack/2 T ( V(1,0) ) = f p(V(2,0, ? ),V(2,2, o )) p(V(3,2, ? ),V(3,3, i )) g T ( V(1,1) ) = f [] g T ( V(1,2) ) = f p(V(2,0, ? ),V(2,2, o )) p(V(3,2, ? ),V(3,3, i )) g T ( V(2,0) ) = f unk now n g T ( V(2,1) ) = f [] ; [push(V(2,0, ? ))|V(2,1, i )] ; [pop(V(3,0, ? ))|V(3,1, i )] g T ( V(2,2) ) = f p(V(2,0, ? ),V(2,2, o )) ; V(3,3) g T ( V(2,3) ) = f [push(V(2,0, ? ))|V(2,1, i )] g T ( V(2,4) ) = f p(V(2,0, ? ),V(2,2, o )) ; V(3,3) g T ( V(3,0) ) = f unk now n g T ( V(3,1) ) = f [] ; [push(V(2,0, ? ))|V(2,1, i )] ; [pop(V(3,0, ? ))|V(3,1, i )] g T ( V(3,2) ) = f unk now n g T ( V(3,3) ) = f p(V(2,0, ? ),V(2,2, o )) p(V(3,2, ? ),V(3,3, i )) g T ( V(3,4) ) = f [pop(V(3,0, ? ))|V(3,1, i )] g T ( V(3,5) ) = f p(V(3,2, ? ),V(3,3, i )) g T ( V(4,0) ) = f p(V(2,0, ? ),V(2,2, o )) p(V(3,2, ? ),V(3,3, i )) g T ( V(4,1) ) = f p(V(2,0, ? ),V(2,2, o )) p(V(3,2, ? ),V(3,3, i )) g JQ ?t $O V( @a HV 9f , @a Fb $N JQ ?t HV 9f ) $^ $? $O V( @a HV 9f , @a Fb $N JQ ?t HV 9f , %b !< %I ) $G I= 5- !# %b !< %I i: in , o: out , ?: unk now n ?^ 12: stack %W %m %; %9 Fb %? %$ %W 2r @O 7k 2L $G $" $k $+ $i !" 1 $h $j U 8 = f V(2,1) ; f V(1,1) ; V(2,3) ; V(3,4) gg U 9 = f V(3,1) ; f V(1,1) ; V(2,3) ; V(3,4) gg $J $I $H $J $k !# $7 $? $, $C $F !" 2 $h $j T 8 = f V(2,1) ; f [] ; [push(V(2,0, unk now n ))|V(2,1, in )] ; [pop(V(3,0, unk now n ))|V(3,1, in )] gg T 9 = f V(3,1) ; f [] ; [push(V(2,0, unk now n ))|V(2,1, in )] ; 15

[pop(V(3,0, unk now n ))|V(3,1, in )] gg $H $J $j !" 5 $h $j T ( V(2,1) ) = T ( V(3,1) ) = f [] ; [push(V(2,0, unk now n ))|V(2,1, in )] ; [pop(V(3,0, unk now n ))|V(3,1, in )] gg $, F@ $i $l $k !# %W %m %0 %i %‘ stack A4 BN $N F1 0l 2= =8 9g $* $h $S %W %m %; %9 Fb %? %$ %W $N 2r @O 7k 2L $r !" $= $l $> $l ?^ 11, ?^ 12 $K <( $9 !# 3.3 KLIC %i %s %? %$ %‘ $N 3H D% K\ @a $G $O !" 3.2 @a $G =R $Y $? 2r @O >p Js $r Mx MQ $7 $F 0l 3g Aw ?. $r 9T $& $h $& $J !" KLIC %i %s %? %$ %‘ $N 3H D% $K $D $$ $F =R $Y $k !# 0J 8e $N @b L@ $G $O !" %N !< %I N p >e $N %W %m %; %9 P p $, %N !< %I N c >e $K %W %m %; %9 P c $r @8 @. $9 $k >l 9g $r 9M $( $k !# P p $, thro w %a %C %; !< %8 $K $h $j N c $K Aw $k %\ %G %# %4 !< %k ( P c $N =i 4| %4 !< %k ) $r g oal ( v 1 ; . . . ; v n ) $H $9 $k !# $^ $? !" %W %m %; %9 P c $K $* $$ $F !" $9 $Y $F $N %/ %m !< %: %X %C %I g oal ( v k 1 ; . . . ; v k n ) $N Bh i 0z ?t $N =8 9g $r A i $G I= $9 !# $D $^ $j A i = H g oal =n;i $G $" $k !# $3 $N A i $r MQ $$ $F !" T ( A i ) = S 8 v j 2 A i T ( v j ), m ( A i ) = m ( 8 v j 2 A i ) $H Dj 5A $9 $k !# $3 $N $H $- !" %W %m %0 %i %‘ A4 BN $, well-moded $G $" $k $3 $H $r 2> Dj $7 $F $$ $k $+ $i !" P c $N 2r @O 7k 2L $h $j H= L@ $7 $? m ( A i ) $O P p $N 2r @O 7k 2L $K $h $j H= L@ $7 $? m ( v i ) $H 0l CW $7 $F $$ $k $b $N $H $9 $k !# 3.3.1 Aw ?. %b !< %I 3F v i $K $D $$ $F !" m ( v i ) = unk now n $J $i Aw ?. J} 8~ $, IT L@ $G $" $k $+ $i !" => Mh $H F1 MM $K 0l MW AG $E $D $N Aw ?. $r 9T $& !# m ( v i ) = in $J $i P p B& $, !" m ( v i ) = out $J $i P c B& $, !" $= $l $> $l 0l 3g Aw ?. $r 9T $& !# $? $@ $7 !" v i $N <h $k 6q BN CM $, %" %H %_ %C %/ %G !< %? $N >l 9g $K $O 0l 3g Aw ?. $r 9T $& 0U L# $, $J $$ $N $G !" M> J, $J %* !< %P %X %C %I $r Hr $1 $k $? $a !" => Mh $H F1 $8 Aw ?. J} K! $r $H $k !# ?^ 13: Aw ?. %b !< %I in $N $H $- $N =h M} $= $3 $G !" 3F 0z ?t $K $D $$ $F Aw ?. %b !< %I $r 0J 2< $N $h $& $K Dj 5A $9 $k !# in m ( v i ) = in !" $+ $D T ( A i ) $, 9= B$ %G !< %? 7? $r 4^ $‘ >l 9g !# out m ( v i ) = out !" $+ $D T ( v i ) $, 9= B$ %G !< %? 7? $r 4^ $‘ >l 9g !# normal m ( v i ) = unk now n !" $" $k $$ $O T ( v i ) $^ $? $O T ( A i ) $, unk now n $^ $? $O %" %H %_ %C %/ 7? $N >l 9g !# 3.3.2 0l 3g Aw ?. =h M} g oal / n $N 3F 0z ?t v i $K $D $$ $F !" Aw ?. %b !< %I $K $h $j 0J 2< $N =h M} $r 9T $& !# Aw ?. %b !< %I in $N $H $- v i $O P p $N B& $G 9= B$ %G !< %? $K 6q BN 2= $5 $l $k $+ $i !" 8e $K P c $+ $i read %a %C %; !< %8 $K $h $j CM $, MW 5a $5 $l $? $H $- !" P p $, 0l 3g Aw ?. $r 9T $o $J $1 $l $P $J $i $J $$ !# $3 $N $H $- ;H MQ $9 $k 0l 3g Aw ?. %3 !< %I C c $O %4 !< %k g oal / n Bh i 0z ?t $K BP $7 P c $N 2r @O 7k 2L $h $j @8 @. $5 $l $? $b $N $K $J $k !# 16

$= $3 $G !" throw %a %C %; !< %8 $K $h $j %4 !< %k g oal / n $r Aw ?. $9 $k :] $K !" Aw ?. %b !< %I in MQ $N 30 It ;2 >H %] %$ %s %? $G $" $k generator ob ject IN EXREF $r N c $K Aw $k !# IN EXREF $O Fb It >p Js $H $7 $F C c $X $N %] %$ %s %? $r ;} $D !# ( ?^ 13(a)) !# P c $K $* $$ $F v i $N ;2 >H $, @8 $8 $? >l 9g !" DL >o $O EXREF $, N p $K read %a %C %; !< %8 $r Aw ?. $9 $k $, !" IN EXREF $O pack read %a %C %; !< %8 $r Aw ?. $9 $k !# $3 $N $H $- !" IN EXREF $, J] ;} $7 $F $$ $? 0l 3g Aw ?. %3 !< %I $X $N %] %$ %s %? C c $, pac k read %a %C %; !< %8 $K 3J G< $5 $l $k !# N p $G $O pack read %a %C %; !< %8 $N <u ?. $K $h $j !" C c $G ;X Dj $5 $l $? 0l 3g Aw ?. %4 !< %k $r %4 !< %k %- %e !< $N @h F, $K $D $J $. !" JV ?. =h M} $r 9T $& consumer ob ject ANSWER HOOK $r :n @. $9 $k !# JV ?. @h $N 0L CV $J $I $O !" $3 $N $H $- ANSWER HOOK $K 3J G< $5 $l $k ( ?^ 13(b)) !# 0l 3g Aw ?. %4 !< %k $O !" Aw ?. BP >] v i $* $h $S ANSWER HOOK $r 0z ?t $K $H $k !# v i $, L$ 6q BN 2= $J $i 6q BN 2= $5 $l $k $^ $G BT $A !" v i $N 6q BN CM $r 0l 3g Aw ?. $9 $k $N $K I, MW $J %P %C %U %! %5 %$ %: $r ?t $( !" 0l 3g Aw ?. %P %C %U %! $G $" $k data ob ject PACK BUF $r @8 @. $9 $k !# B3 $$ $F v i $N 6q BN CM $r $? $I $j $J $, $i !" PACK BUF $N %a %= %C %I $K $h $j 6q BN CM $N 3F MW AG $r PACK BUF $K 3J G< $9 $k !# 3J G< $, 40 N; $9 $k $H PACK BUF $r ANSWER HOOK $H F1 0l 2= $7 $F =* N; $9 $k !# $3 $N :G 8e $N A‘ :n $K $h $j ANSWER HOOK $N unify %a %= %C %I $, 5/ F0 $7 PACK BUF $K 3J G< $5 $l $? Fb MF $r answer %a %C %; !< %8 $H $7 $F 0l 3g Aw ?. $9 $k ( ?^ 13(c)) !# Aw ?. %b !< %I out $N $H $- v i $O P c $N B& $G 9= B$ %G !< %? $K 6q BN 2= $5 $l $k $+ $i !" %4 !< %k Aw ?. ;~ $K $O I, $: L$ 6q BN 2= JQ ?t $G $" $k !# $7 $? $, $C $F !" P c $K $h $j 6q BN 2= $, 9T $o $l unify %a %C %; !< %8 $, P p $K Aw ?. $5 $l $k ;~ !" 0l 3g Aw ?. $r 9T $o $J $1 $l $P $J $i $J $$ !# $3 $N $H $- ;H MQ $9 $k 0l 3g Aw ?. %3 !< %I C p $O !" Aw ?. %b !< %I in $N >l 9g $H 5U $K !" %4 !< %k g oal / n Bh i 0z ?t $K BP $7 P p $N 2r @O 7k 2L $h $j @8 @. $5 $l $? $b $N $K $J $k !# $= $3 $G Aw ?. %b !< %I in $N >l 9g $H F1 MM !" throw %a %C %; !< %8 $K $h $j %4 !< %k g oal / n $r Aw ?. $9 $k :] $K !" Aw ?. %b !< %I out MQ $N 30 It ;2 >H %] %$ %s %? $G $" $k generator ob ject OUT EXREF $r N c $K Aw $k !# OUT EXREF $O Fb It >p Js $H $7 $F C p $X $N %] %$ %s %? ?^ 14: Aw ?. %b !< %I out $N $H $- $N =h M} $r ;} $D ( ?^ 14(a)) !# P c $G $N v i $N 6q BN 2= $O !" P p >e $N v i $r ;X $9 30 It ;2 >H %] %$ %s %? $H 6q BN CM $H $N F1 0l 2= $K $J $k !# => Mh $N Aw ?. J} K! $G $O EXREF $, unify %a %C %; !< %8 $K $h $j 6q BN CM $r P p $K Aw ?. $9 $k $, !" $3 $N >l 9g $O OUT EXREF $N unify %a %= %C %I $, 5/ F0 $9 $k !# $3 $N %a %= %C %I $G $O C p $G ;X Dj $5 $l $? 0l 3g Aw ?. %4 !< %k $r %4 !< %k %- %e !< $N @h F, $K $D $J $. !" Aw ?. =h M} $r 9T $& consumer ob ject UNIFY HOOK $r :n @. $9 $k ( ?^ 14(b)) !# 0l 3g Aw ?. %4 !< %k $O Aw ?. %b !< %I in $N >l 9g $H F1 MM $K data ob ject PACK BUF $r @8 @. $7 $F Aw ?. Fb MF $r 3J G< $7 !" PACK BUF $r UNIFY HOOK $H F1 0l 2= $9 $k !# $3 $N A‘ :n $K $h $j UNIFY HOOK $N unify %a %= %C %I $, 5/ F0 $7 !" %P %C %U %! $K 3J G< $5 $l $? Fb MF $r unify %a %C %; !< %8 $H $7 $F 0l 3g Aw ?. $9 $k ( ?^ 14(c)) !# Aw ?. %b !< %I normal $N $H $- => Mh $H F1 MM $K !" 2.2.2 @a $G =R $Y $? =h M} $r 9T $& !# 17

3.3.3 L$ 6q BN 2= JQ ?t $r 4^ $‘ 9= B$ %G !< %? $N =h M} 0l 3g Aw ?. %4 !< %k $, v i $N 6q BN CM $r %P %C %U %! PACK BUF $K 3J G< $9 $k :] !" 6q BN CM $, L$ 6q BN 2= JQ ?t v k $r 4^ $‘ 9= B$ %G !< %? $N >l 9g $, $" $k !# $3 $N >l 9g !" v k $K $D $$ $F $O :# 2s 6q BN CM $r Aw ?. $9 $k $3 $H $O $G $- $J $$ $+ $i !" %4 !< %k Aw ?. ;~ $N v i $H F1 MM $K v k $r ;X $9 30 It ;2 >H %] %$ %s %? $N $_ $r Aw ?. $9 $k $3 $H $K $J $k !# $3 $N $H $- !" v k $N 6q BN CM $K $D $$ $F $b 0l 3g Aw ?. <u ?. B& $N %W %m %; %9 $, ;2 >H $9 $k $3 $H $, H= L@ $7 $F $$ $k >l 9g $O !" $$ $: $l v k $, 6q BN 2= $5 $l $? 8e $G !" v k $K $D $$ $F $N 0l 3g Aw ?. $r 9T $& $N $, K> $^ $7 $$ !# $= $3 $G !" 0J 2< $N =h M} $r 9T $& !# v i $N Aw ?. %b !< %I $, in $N $H $- f (. . . ; v k ( mode ) ; . . .) 2 T ( A i ) $H $9 $k !# mode $, in $^ $? $O out $G T ( v k ) $, 9= B$ %G !< %? $r 4^ $‘ >l 9g !" <! $N $h $& $K $J $k !# mode = in $N >l 9g !’ v k $K $D $$ $F $b 0z B3 $- P c $, ;2 >H $9 $k !# $7 $? $, $C $F P p $O IN EXREF $r Aw ?. $9 $k !# $3 $N IN EXREF $K $O !" P c $N 2r @O 7k 2L $h $j @8 @. $5 $l $? !" v k $N 0l 3g Aw ?. %3 !< %I C 0 c $X $N %] %$ %s %? $, 3J G< $5 $l $k !# mode = out $N >l 9g !’ v i $H $O 5U $K !" v k $O P c $, 6q BN 2= $7 !" P p $, ;2 >H $9 $k !# $3 $N >l 9g N p >e $N JQ ?t v k $K BP $7 !" P c $, unify %a %C %; !< %8 $K $h $j 6q BN CM $r Aw ?. $9 $k $3 $H $K $J $k !# $7 $? $, $C $F P p $O OUT EXREF $r Aw ?. $9 $k !# $3 $N OUT EXREF $K $O !" P p $N 2r @O 7k 2L $h $j @8 @. $5 $l $? v k $N 0l 3g Aw ?. %3 !< %I C 0 p $X $N %] %$ %s %? $, 3J G< $5 $l $k !# mode = unk now n $N $H $- !" $* $h $S T ( v k ) $, unk now n $^ $? $O %" %H %_ %C %/ 7? $N $H $- !" 0l 3g Aw ?. $O IT 2D G= $b $7 $/ $O L5 0U L# $G $" $k !# $7 $? $, $C $F v k $K $D $$ $F $O => Mh $H F1 $8 Aw ?. J} K! $r $H $k $3 $H $H $7 !" FC JL $J =h M} $O 9T $o $J $$ !# v i $N Aw ?. %b !< %I $, out $N $H $- f (. . . ; v l ( mode ) ; . . .) 2 T ( v i ) $H $9 $k !# mode $, in $^ $? $O out $G T ( v l ) $, 9= B$ %G !< %? $r 4^ $‘ >l 9g !" <! $N $h $& $K $J $k !# mode = in $N >l 9g !’ v l $K $D $$ $F $b 0z B3 $- P p $, ;2 >H $9 $k !# $? $@ $7 !" N c >e $N v l $r N p >e $N 30 It ;2 >H %] %$ %s %? $, ;X $9 7A $K $J $k $+ $i !" v l $N ;2 >H $O pack read $* $h $S answer %a %C %; !< %8 $r ;H $C $? $b $N $K $J $k !# $7 $? $, $C $F P c $O IN EXREF $r Aw ?. $9 $k !# $3 $N IN EXREF $K $O !" P p $N 2r @O 7k 2L $h $j @8 @. $5 $l $? v l $N 0l 3g Aw ?. %3 !< %I C 0 p $X $N %] %$ %s %? $, 3J G< $5 $l $k !# mode = out $N >l 9g !’ v i $H $O 5U $K !" v l $O P p $, 6q BN 2= $7 !" P c $, ;2 >H $9 $k !# $3 $N >l 9g N c >e $N JQ ?t v l $K BP $7 !" P p $, unify %a %C %; !< %8 $K $h $j 6q BN CM $r Aw ?. $9 $k $3 $H $K $J $k !# $7 $? $, $C $F P c $O OUT EXREF $r Aw ?. $9 $k !# $3 $N OUT EXREF $K $O !" P c $N 2r @O 7k 2L $h $j @8 @. $5 $l $? v l $N 0l 3g Aw ?. %3 !< %I C 0 c $X $N %] %$ %s %? $, 3J G< $5 $l $k !# mode = unk now n $N $H $- !" $* $h $S T ( v l ) $, unk now n $^ $? $O %" %H %_ %C %/ 7? $N $H $- !" v i $N Aw ?. %b !< %I $, in $N $H $- $H F1 MM $K !" FC JL $J =h M} $O 9T $o $J $$ !# Nc $( $P %W %m %0 %i %‘ stack $G $O !" stack/2 Bh 1 0z ?t $N %j %9 %H $K $* $$ $F cdr It J, $, L$ 6q BN 2= $H $$ $& >u 67 $, H/ @8 $9 $k !# $3 $N >l 9g cdr It J, $N %b !< %I $b F1 MM $K in $G $" $k $N $G !" N p >e $G ?7 $? $K @8 @. $5 $l $? IN REF $r ;X $9 30 It ;2 >H %] %$ %s %? $, N c $K Aw ?. $5 $l $k !# $7 $? $, $C $F !" P c $G cdr It J, $N ;2 >H $, @8 $8 $k $H !" :F $S 0l 3g Aw ?. $, 9T $o $l $k !# 3.4 0l 3g Aw ?. %3 !< %I $N @8 @. 3.3 @a $G =R $Y $? $h $& $K !" 0l 3g Aw ?. $G $O %G !< %? <u ?. B& $N 2r @O 7k 2L $h $j @8 @. $7 $? 0l 3g Aw ?. %3 !< %I $r Mx MQ $9 $k !# =i 4| %4 !< %k init ( v h 1 ; . . . ; v h m ) $G @node %W %i %0 %^ IU $- $N %4 !< %k g oal ( v b 1 ; . . . ; v b n ) $r 4^ $‘ %W %m %; %9 P $r 9M $( $k $H !" 3.2 @a $N @E E* 2r @O 7k 2L $K $* $$ $F m ( v h i ) = in $G $" $k 8 v h i $* $h $S m ( v b j ) = out $G $" $k 8 v b j $O !" B> %W %m %; %9 $, 6q BN 2= $7 $? CM $r P Fb $G ;2 >H $9 $k !# $^ $? !" m ( v h i ) = out $G $" $k 8 v h i $* $h $S m ( v b j ) = in $G $" $k 8 v b j $K $D $$ $F !" v h i ; v b j $N %? %$ %W $, v k ( out ) $r 4^ $‘ >l 9g !" v k $K $D $$ $F $O $d $O $j 6q BN CM $r P Fb $G ;2 >H $9 $k !# $7 $? $, $C $F !" $3 $l $i $K $D $$ $F $= $l $> $l 0l 3g Aw ?. %3 !< %I $r @8 @. $9 $l $P $h $$ !# 18

3.4.1 0l 3g Aw ?. %3 !< %I $N Fb MF 0l 3g Aw ?. %4 !< %k $O Aw ?. BP >] v i !" $* $h $S JV ?. =h M} $r 9T $& consumer ob ject ANSWER HOOK $^ $? $O UNIFY HOOK ( 0J 2< !" N> <T $r 9g $o $; $F HOOK $H 8F $V ) $r 0z ?t $K $H $j !" 0J 2< $N =h M} $r 9T $& !# 0l 3g Aw ?. NL $N 7W ;; 0l 3g Aw ?. %4 !< %k $O %G !< %? 3J G< Cf $K %5 %9 %Z %s %I $9 $k 2D G= @- $, $" $k $? $a !" 0l 3g Aw ?. %P %C %U %! PACK BUF $r KL1 $N data ob ject $G <B 8= $9 $k $3 $H $K $h $j !" Aw ?. Kh $K F0 E* $J 3N J] $r 9T $C $F $$ $k !# $3 $N $? $a !" PACK BUF @8 @. A0 $K !" I, MW $J %P %C %U %! %5 %$ %: $r 7W ;; $9 $k I, MW $, $" $k !# $3 $N 7W ;; $O 8e =R $N Aw ?. %G !< %? 3J G< $H F1 MM $K !" v i $N 6q BN CM $N 9= B$ $r $? $I $j $J $, $i I, MW $J %G !< %? %5 %$ %: $r N_ 7W $9 $l $P $h $$ !# 0l 3g Aw ?. %P %C %U %! data ob ject PACK BUF $r @8 @. $9 $k !# PACK BUF $N @8 @. MQ %a %= %C %I new $O %P %C %U %! %5 %$ %: S $* $h $S HOOK $X $N ;2 >H %] %$ %s %? H $r 0z ?t $K $H $j !" @8 @. $5 $l $? PACK BUF $X $N ;2 >H %] %$ %s %? B $r JV $9 !# Aw ?. %G !< %? 3J G< v i $N 6q BN CM 9= B$ $r $? $I $j $J $, $i !" Aw ?. $9 $k %G !< %? $r %P %C %U %! $K 3J G< $9 $k !# PACK BUF $K $O !" put atomic $J $I 3F %G !< %? 7? 3J G< MQ $N %a %= %C %I $, MQ 0U $5 $l $F $$ $k !# %P %C %U %! Fb MF Aw ?. PACK BUF $N send %a %= %C %I $r 8F $S =P $9 !# send %a %= %C %I $G $O !" PACK BUF <+ ?H $r H $, ;X $9 HOOK $H F1 0l 2= $9 $k !# $3 $l $K $h $C $F HOOK $N unify %a %= %C %I $, 5/ F0 $7 !" PACK BUF $N %P %C %U %! Fb MF $r J* M} E* $K Aw ?. $9 $k !# 3.4.2 Aw ?. %G !< %? 3J G< =h M} KLIC $G $O !" Aw ?. B& $, ( =h M} 4X ?t $X $N %] %$ %s %? , Aw ?. %G !< %? ) $N AH $G %a %C %; !< %8 $r :n @. $7 !" <u ?. B& $O <u ?. %a %C %; !< %8 Cf $K M? $( $i $l $? %] %$ %s %? $N 4X ?t $r 8F $S =P $9 $3 $H $G %a %C %; !< %8 =h M} $r 9T $& !# %G !< %? MW 5a B& %W %m %; %9 $, ;2 >H $9 $k %G !< %? 7? $r T R $H $9 $k $H !" T R $N 3F MW AG t k $K BP $7 !" 0J 2< $N $h $& $J Aw ?. %G !< %? 3J G< @a $r @8 @. $9 $k !# 3F @a $O %/ %m !< %: %X %C %I $N 0z ?t $H $7 $F !" BP >] $H $J $k %G !< %? 9= B$ $X $N ;2 >H %] %$ %s %? V !" $* $h $S 0l 3g Aw ?. %P %C %U %! PACK REF $X $N ;2 >H %] %$ %s %? B $r $H $j !" %, !< %I It $K $* $$ $F V $N 6q BN CM $, t k $G $" $k $+ $I $& $+ %A %’ %C %/ $9 $k !# 1. t k $, %" %H %_ %C %/ 7? ( atom; integ er; [] ) %a %= %C %I put atomic $K $h $j !" %" %H %_ %C %/ 7? <u ?. 4X ?t $X $N %] %$ %s %? !" $* $h $S V $N 6q BN CM $r %P %C %U %! $K 3J G< $9 $k !# 2. t k $, %3 %s %9 7? %a %= %C %I put cons $K $h $j %3 %s %9 7? <u ?. 4X ?t $X $N %] %$ %s %? $r %P %C %U %! $K 3J G< $9 $k !# B3 $$ $F !" V $N car $* $h $S cdr $r $= $l $> $l ?7 $? $J V $H $7 $F :F 5" 8F =P $r 9T $$ !" 3F !9 $r =h M} $9 $k !# 3. t k $, %U %! %s %/ %? 7? %a %= %C %I put functor $K $h $j %U %! %s %/ %? 7? <u ?. 4X ?t $X $N %] %$ %s %? !" $* $h $S %U %! %s %/ %? L> ( f unctor / m ) $r %P %C %U %! $K 3J G< $9 $k !# B3 $$ $F !" V $N 3F 0z ?t $r $= $l $> $l ?7 $? $J V $H $7 $F :F 5" 8F =P $r 9T $$ !" 3F !9 $r =h M} $9 $k !# 4. t k $, IT L@ ( unk now n ) %a %= %C %I put unused $r 8F $S =P $9 !# put unused $O V $N 6q BN CM $, %" %H %_ %C %/ $N >l 9g $N $_ CM $r %P %C %U %! $K 3J G< $7 !" B> $N >l 9g $O 30 It ;2 >H %] %$ %s %? EXREF <u ?. 4X ?t $X $N %] %$ %s %? !" $* $h $S V $X $N 30 It ;2 >H %] %$ %s %? EXREF $r 3J G< $9 $k !# 5. t k $, v j ( in ) v j $K $D $$ $F $b !" 8= :_ $3 $N 0l 3g Aw ?. =h M} $r 9T $C $F $$ $k %W %m %; %9 $, 6q BN 2= $9 $k !# $7 $? $, $C $F !" 0z B3 $- %G !< %? 3J G< =h M} $r 9T $& I, MW $, $" $k !# $= $3 $G !" t k $, v j ( in ) $N >l 9g $O V $r 0z ?t $K v j $N Aw ?. %G !< %? 3J G< @a $r 8F $S =P $9 !# 8F $S =P $5 $l $k 3J G< @a $O !" T ( v j ) $N 3F MW AG $K BP $7 !" K\ @a $N <j K! $r E, MQ $7 $F @8 @. $9 $k !# 6. t k $, v j ( out ) :# 2s $N 0l 3g Aw ?. $G %G !< %? $r <u ?. $9 $k B& $N %W %m %; %9 $, !" v j $r 6q BN 2= $9 $k !# 3.3.3 @a $G =R $Y $? $h $& $K !" 8= :_ $N Aw ?. %b !< %I $K $+ $+ $o $i $: v j $N Aw ?. %b !< %I $r out $K $9 $l $P $h $$ !# $= $3 $G %a %= %C %I put out exref $K $h $j !" OUT EXREF <u ?. 4X ?t $X $N %] %$ %s %? !" $* 19 packsend_stack_2_1_top(V,H) :- packsend_stack_2_1_count_init(V,S), packsend_stack_2_1_pack_init(V,S,H). packsend_stack_2_1_count_init(V,S) :- packsend_stack_2_1_count(V,0,S). packsend_stack_2_1_pack_init(V,S,H) :- wait(S) | generic:new(packbuf,B,S,H), packsend_stack_2_1(B,V), packsend_end(B). packsend_end(B) :- generic:sendbuf(B). packsend_stack_2_1_count(V,S0,S1) :- inline:"guard_unbound(%0,%f)":[V+any] | S1 := S0+5. otherwise. packsend_stack_2_1_count(V,S0,S1) :- V = [] | S1 := S0+2. packsend_stack_2_1_count(V,S0,S3) :- V = [V0|V1] | S1 := S0+1, packsend_stack_2_1_cons_count(V0,S1,S2), packsend_stack_2_1_count(V1,S2,S3). packsend_stack_2_1(B,V) :- inline:"guard_unbound(%0,%f)":[V+any] | generic:put_in_exref(B,V,0). otherwise. packsend_stack_2_1(B,V) :- V = [] | generic:put_atomic(B,V). packsend_stack_2_1(B,V) :- V = [V0|V1] | generic:put_cons(B,V), packsend_stack_2_1_cons(B,V0), packsend_stack_2_1(B,V1). packsend_stack_2_1_cons_top(V,H) :- packsend_stack_2_1_cons_count_init(V,S), packsend_stack_2_1_cons_pack_init(V,S,H). packsend_stack_2_1_cons_count_init(V,S) :- packsend_stack_2_1_cons_count(V,0,S). packsend_stack_2_1_cons_pack_init(V,S,H) :- wait(S) | generic:new(packbuf,B,S,H), packsend_stack_2_1_cons(B,V), packsend_end(B). packsend_stack_2_1_cons_count(V,S0,S1) :- inline:"guard_unbound(%0,%f)":[V+any] | S1:=S0+5. otherwise. packsend_stack_2_1_cons_count(V,S0,S2) :- V = push(V0) | S1:=S0+2, S2:=S1+4. packsend_stack_2_1_cons_count(V,S0,S2) :- V = pop(V0) | S1:=S0+2, S2:=S1+4. packsend_stack_2_1_cons(B,V) :- inline:"guard_unbound(%0,%f)":[V+any] | generic:put_in_exref(B,V,1). otherwise. packsend_stack_2_1_cons(B,V) :- V=push(V0) | generic:put_functor(B,V), generic:put_unused(B,V0). packsend_stack_2_1_cons(B,V) :- V=pop(V0) | generic:put_functor(B,V), generic:put_unused(B,V0). packsend_stack_2_2_top(V,H) :- packsend_stack_2_2_count_init(V,S), packsend_stack_2_2_pack_init(V,S,H). packsend_stack_2_2_count_init(V,S) :- packsend_stack_2_2_count(V,0,S). packsend_stack_2_2_pack_init(V,S,H) :- wait(S) | generic:new(packbuf,B,S,H), packsend_stack_2_2(B,V), packsend_end(B). packsend_end(B) :- generic:sendbuf(B). packsend_stack_2_2_count(V,S0,S3) :- inline:"guard_unbound(%0,%f)":[V+any] | S1:=S0+5. otherwise. packsend_stack_2_2_count(V,S0,S3) :- V = p(V0,V1) | S1:=S0+2, S2:=S1+4, S3:=S2+4. packsend_stack_2_2(B,V) :- inline:"guard_unbound(%0,%f)":[V+any] | generic:put_in_exref(B,V,0). otherwise. packsend_stack_2_2(B,V) :- V = p(V0,V1) | generic:put_functor(B,V), generic:put_unused(B,V0), generic:put_unused(B,V1). ?^ 15: stack 0l 3g Aw ?. %3 !< %I $h $S v j $X $N 30 It ;2 >H %] %$ %s %? OUT EXREF $r %P %C %U %! $K 3J G< $9 $k !# $^ $? !" t k $N CM $K 4X $o $j $J $/ !" 0J 2< $N KL1 @a $r @8 @. $9 $k !# 7. L$ 6q BN 2= JQ ?t =h M} @a 6 $K 3: Ev $7 $J $$ V $, L$ 6q BN 2= $N >l 9g !" $= $N It J, $O :# 2s Aw ?. $9 $k $3 $H $r D| $a !" <! 2s $N pac k read %a %C %; !< %8 $G :F $S 0l 3g Aw ?. $r 9T $& !# 6q BN E* $K $O %a %= %C %I put in exref $K $h $j !" IN EXREF <u ?. 4X ?t $X $N %] %$ %s %? !" $* $h $S V $X $N 30 It ;2 >H %] %$ %s %? IN EXREF $r %P %C %U %! $K 3J G< $9 $k !# $3 $N <j K! $K $h $j @8 @. $7 $? %W %m %0 %i %‘ stack $N 0l 3g Aw ?. %3 !< %I $r !" ?^ 15 $K <( $9 !# 4 @- G= I> 2A K\ >O $G $O 3 >O $G =R $Y $? 0l 3g Aw ?. <j K! $N @- G= I> 2A $K $D $$ $F =R $Y $k !# I> 2A MQ =h M} 7O $K $O 2.3 @a $G @b L@ $7 $? AP1000 HG KLIC $r MQ $$ $? !# $^ $? !" 3.3 @a $G =R $Y $? KLIC %i %s %? %$ %‘ $N 3H D% $K $D $$ $F $O !" K\ 8& 5f << $N 0K @n 20

$, <B Au $r 9T $C $? [8] !# 4.1 I> 2A %W %m %0 %i %‘ :# 2s $N @- G= I> 2A $G $O !" <! $N 3 <o N‘ $N %W %m %0 %i %‘ $r BP >] $H $7 $? !# stack ( ?^ 2) 2 >O $G @b L@ $N Nc $H $7 $F MQ $$ $? !" %N !< %I 4V $G %9 %? %C %/ A‘ :n $r 9T $& %W %m %0 %i %‘ $G $" $k !# $3 $N %W %m %0 %i %‘ $K $D $$ $F $O 2.1.3 @a $G =R $Y $? $N $G !" K\ @a $G $O @b L@ $r >J N, $9 $k !# mastermind ( IU O? A) %^ %9 %? !< %^ %$ %s %I $H $O 1 !A N $^ $G $N G$ 0U $N ?t ;z L 8D $N JB $S $r ?d B, $9 $k %2 !< %‘ $G $" $k !# $" $k ;n 9T $G $N ?d B, 2r $, @5 2r $G $J $+ $C $? >l 9g $O !" ?d B, 2r $H @5 2r $G ?t ;z $* $h $S 0L CV $, 0l CW $7 $? $b $N $N 8D ?t !" $* $h $S ?t ;z $O 9g $C $F $$ $k $, 0L CV $, 0[ $J $C $F $$ $k $b $N $N 8D ?t !" $N $= $l $> $l $, %R %s %H $H $7 $F M? $( $i $l !" <! $N ;n 9T $G $N ?d B, 2r $r 7h Dj $9 $k :] $N >p Js $H $7 $F Mx MQ $G $- $k !# K\ %W %m %0 %i %‘ $G $O !" $3 $N %2 !< %‘ $K $* $$ $F M 2r 0J Fb $N ;n 9T $G @5 2r $r Ev $F $k $h $& $J ?d B, $N JB $S $r !" A4 2r C5 :w $9 $k !# C5 :w $N ES Cf $G J, 4t $, @8 $8 $? >l 9g $O !" %N !< %I HV 9f $, NY $N %N !< %I $+ $i =g $K ;E ;v $r 3d $j Ev $F $F $$ $/ !# nqueen ( IU O? B) N-queen Ld Bj $O !" %A %’ %9 $N 6p $N 0l $D %/ %$ !< %s $r !" 8_ $$ $K Aj <j $r <h $k $3 $H $N $G $- $J $$ 0L CV $r @j $a $k $h $& !" N � N $N HW LL >e $K N 8D G[ CV $9 $k $H $$ $& Ld Bj $G $" $k !# K\ %W %m %0 %i %‘ $G $O !" $3 $N >r 7o $r K~ $? $9 G[ CV $r A4 2r C5 :w $7 !" 8+ $D $+ $C $? 2r $N 8D ?t $r =P NO $9 $k !# >e 5- $N >r 7o $r K~ $? $9 $K $O !" HW LL >e $N 3F Ns $K $O I, $: %/ %$ !< %s $, 1 8D $: $D G[ CV $5 $l $J $1 $l $P $J $i $J $$ $H $$ $& @- <A $, $" $k !# $3 $l $r Mx MQ $7 !" HW LL $N >u BV $r \ i Ns L\ $N %/ %$ !< %s $, B8 :_ $9 $k 9T " $r I= $9 @0 ?t (1 ; . . . ; N ) $r N 8D JB $Y $? %j %9 %H $G I= 8= $9 $k !# 1 Ns L\ $N %/ %$ !< %s $, B8 :_ $9 $k 9T $K $h $j Ld Bj $r N 8D $K J, 3d $7 !" 3F !9 $r 3F %N !< %I $K 3d $j Ev $F $F JB Ns C5 :w $r 9T $& !# 4.2 :G E, 2= 7k 2L I> 2A %W %m %0 %i %‘ $N $= $l $> $l $K $D $$ $F !" 3 >O $G =R $Y $? <j K! $K $h $j 0l 3g Aw ?. %3 !< %I $N @8 @. $r 9T $C $? !# stack 2r @O $N 7k 2L !" stack/2 $N 0z ?t $O 6& $K in %b !< %I $G $" $C $? !# $7 $? $, $C $F %W %m %; %9 stack/2 $N 2r @O 7k 2L $h $j !" ?^ 15 $N 0l 3g Aw ?. %3 !< %I $, F@ $i $l $? !# stack/2 Bh 1 0z ?t $K BP $7 !" %U %! %s %/ %? $r MW AG $H $9 $k %j %9 %H $r 0l 3g Aw ?. $9 $k %3 !< %I $, F@ $i $l $F $* $j !" $3 $N %G !< %? 9= B$ $K BP $9 $k 0l 3g Aw ?. $N 8z 2L $, 4| BT $G $- $k !# $^ $? !" %W %m %; %9 main/0 $N 2r @O $G $O %U %! %s %/ %? push/1 $N 0z ?t $r ;2 >H $9 $k $3 $H $, H= L@ $7 $F $$ $k !# $7 $? $, $C $F !" K\ Mh $J $i $3 $N It J, $N 0l 3g Aw ?. %3 !< %I $, @8 @. $5 $l $k $, !" $3 $N >l 9g $O 0z ?t $N %? %$ %W $, %" %H %_ %C %/ ( @0 ?t ) $N $_ $G $" $k $N $G !" DL >o $N Aw ?. $, 9T $o $l $k !# mastermind %4 !< %k Aw ?. $N BP >] $H $J $k spawn/8 $K $O %b !< %I in $* $h $S out $N 0z ?t $, 6& $K 8= $l $F $$ $k !# $7 $? $, $C $F K\ %W %m %0 %i %‘ $G $O Aw ?. %b !< %I in $* $h $S out $N 0l 3g Aw ?. $, 9T $o $l $k !# $^ $? !" 0z ?t $N $$ $/ $D $+ $O %? %$ %W $, %j %9 %H $G $" $j !" 0l 3g Aw ?. $N 8z 2L $, 4| BT $G $- $k !# $? $H $( $P Bh 1 0z ?t $O @0 ?t %j %9 %H $r MW AG $H $9 $k %j %9 %H $G $" $j !" 3F %W %m %; %9 $, :G =i $N %j %9 %H MW AG $G $" $k @0 ?t %j %9 %H A4 BN $r ;2 >H $9 $k $3 $H $, H= L@ $7 $F $$ $k !# $3 $N $? $a I, MW =< J, $J 0l 3g Aw ?. %3 !< %I $N @8 @. $K @. 8y $7 $F $$ $k !# nqueen mastermind $H F1 MM $K 0z ?t $N $$ $/ $D $+ $O %j %9 %H $G $" $j !" $3 $l $i $K BP $7 0l 3g Aw ?. $, @8 $8 $k !# $7 $+ $7 C5 :w $N J, 4t Kh $K Ii 2Y J, ;6 $r 9T $& mastermind $H 0[ $J $j !" K\ %W %m %0 %i %‘ $G $O :G =i $K 0l EY Ii 2Y J, ;6 $r 9T $C $? 8e !" 3F %N !< %I $, $= $l $> $l FH N) $7 $? =h M} $r 9T $& !# $7 $? $, $C $F DL ?. $O !" :G =i $N Ii 2Y J, ;6 ;~ !" $* $h $S :G 8e $K 2r $N 8D ?t $r =8 7W $9 $k $H $- $K $7 $+ @8 $8 $J $$ !# $3 $N $? $a =h M} A4 BN $K @j $a $k DL ?. $N 3d 9g $O >. $5 $/ !" 0l 3g Aw ?. $K $h $k B. EY 8~ >e $O $" $^ $j 4| BT $G $- $J $$ !# 4.3 <B 9T 7k 2L A0 5- $N 3 %W %m %0 %i %‘ $K $D $$ $F !" %* %j %8 %J %k $N AP1000 MQ KLIC %i %s %? %$ %‘ >e !" $* $h $S 0l 3g Aw ?. %3 !< %I $r MQ $$ $? 3H D% HG %i %s %? %$ %‘ >e $N $= $l $> $l $G <B 9T $7 !" <B 9T ;~ 4V $* $h $S J* M} DL ?. $N 2s ?t $r 21

I= 1: stack <B 9T 7k 2L 0l 3g Aw ?. $J $7 0l 3g Aw ?. $" $j %; %k ;~ 4V ( IC ) DL ?. 2s ?t ;~ 4V ( IC ) DL ?. 2s ?t 1 1.7 0 | | 2 24.1 130004 10.3 30003 I= 2: mastermind <B 9T 7k 2L 0l 3g Aw ?. $J $7 0l 3g Aw ?. $" $j %; %k ;~ 4V ( IC ) DL ?. 2s ?t ;~ 4V ( IC ) DL ?. 2s ?t 1 2.0 0 | | 2 22.7 190762 11.2 49501 4 15.7 263667 7.9 47081 8 11.3 278663 5.2 48872 16 9.9 290703 4.5 52496 32 8.7 296751 4.3 55245 I= 3: nqueen <B 9T 7k 2L 0l 3g Aw ?. $J $7 0l 3g Aw ?. $" $j %; %k ;~ 4V ( IC ) DL ?. 2s ?t ;~ 4V ( IC ) DL ?. 2s ?t 1 42.7 0 | | 2 24.8 4104 23.2 369 4 12.6 6576 11.9 427 6 9.0 7439 8.7 760 8 8.6 7496 8.0 346 10 7.8 7713 7.4 193 11 5.7 8508 5.6 809 7W B, $7 $? !# $= $l $> $l $N 7W B, 7k 2L $r !" I= 1, 2, 3 $K <( $9 !# $^ $? !" mastermind $* $h $S nqueen $K $D $$ $F %N !< %I ?t $K $h $k <B 9T ;~ 4V $N JQ 2= $r ?^ 16,17 $K <( $9 !# $J $* !" 3F %W %m %0 %i %‘ $O 64 %; %k 9= @. $N AP1000 >e $G !" -LSEND -R 0 %* %W %7 %g %s $r ;X Dj $7 $F <B 9T $7 $? !# stack push, p op $N 7+ $j JV $7 2s ?t $r 10000 2s $H $7 $? !# $^ $? !" main/0 $H stack/2 $N 2 %W %m %; %9 $7 $+ B8 :_ $7 $J $$ $? $a !" %; %k 1,2 Bf $G I> 2A $r 9T $C $? !# %; %k 2 Bf $G 0l 3g Aw ?. $" $j $N >l 9g !" 0l 3g Aw ?. $J $7 $N >l 9g $K Hf $Y 2.3 G\ $N B. EY 8~ >e $, F@ $i $l $? !# J* M} DL ?. 2s ?t $O Ls 1 = 4 $K $J $C $F $* $j !" 4.2 @a $G =R $Y $? $h $& $K stack/2 Bh 1 0z ?t $K BP $7 $F 0l 3g Aw ?. $N 8z 2L $, F@ $i $l $F $$ $k !# $^ $? !" K\ %W %m %0 %i %‘ $O 1i ;; NL $, >/ $J $/ !" DL ?. ?^ 16: mastermind <B 9T ;~ 4V ?^ 17: nqueen <B 9T ;~ 4V ;~ 4V $, <B 9T ;~ 4V $r ;Y G[ $7 $F $7 $^ $& !# $3 $N $? $a !" >e 5- $N DL ?. 2s ?t 8: >/ $, $= $N $^ $^ B. EY 8~ >e $K H? 1G $5 $l $F $$ $k !# mastermind 2r $/ Ld Bj $O ( L; M ; N ) = (5 ; 3 ; 2) $H $7 $? !# K\ %W %m %0 %i %‘ $G $O <+ J, $r 5/ E@ $H $7 $F %N !< %I HV 9f =g $K %4 !< %k Aw ?. $r 9T $& $3 $H $G Ii 2Y J, ;6 $r 9T $& !# $7 $? $, $C $F !" Ii 2Y J, ;6 C1 0L $G $" $k ?d B, 2r $N 8D ?t 22

$r D6 $( $k %N !< %I ?t $G <B 9T $9 $k $H !" Ii 2Y $K $P $i $D $- $, @8 $8 $F $7 $^ $& !# :# 2s $N Ld Bj $G $O ?d B, 2r $H $7 $F 9M $( $i $l $k AH 9g $; $, 9b !9 32 DL $j $J $N $G !" %; %k 32 Bf $^ $G $K $D $$ $F I> 2A $r 9T $C $? !# 0l 3g Aw ?. $K $h $j !" J* M} DL ?. 2s ?t $O Ls 1 = 4 !A 1 = 6 $K 8: >/ $7 !" Ls 2 G\ $H $$ $& NI 9% $J B. EY 8~ >e $, F@ $i $l $? !# $3 $l $O 4.2 @a $G =R $Y $? $h $& $K !" spawn/8 Bh 1 0z ?t $J $I $K $D $$ $F E, @Z $J 0l 3g Aw ?. %3 !< %I $, F@ $i $l $? $? $a $G $" $k !# $7 $+ $7 $J $, $i !" 0l 3g Aw ?. $N M- L5 $K $+ $+ $o $i $: !" Bf ?t 8z 2L $O $" $^ $j F@ $i $l $F $$ $J $$ !# $3 $l $O !" JB Ns C5 :w $N Ii 2Y J, ;6 C1 0L $, >. $5 $$ $? $a !" stack F1 MM $K DL ?. ;~ 4V $, <B 9T ;~ 4V $r ;Y G[ $7 $F $7 $^ $& $? $a $G $" $k !# nqueen Ld Bj $N Bg $- $5 $O N = 11 $H $7 $? !# K\ %W %m %0 %i %‘ $G $b !" Ii 2Y J, ;6 C1 0L $G $" $k Ns $N ?t $r D6 $( $k %N !< %I ?t $G $O !" Ii 2Y $K $P $i $D $- $r @8 $8 $k !# $= $3 $G 11 %; %k $^ $G $K $D $$ $F I> 2A $r 9T $C $? !# mastermind $H 0[ $J $j Ii 2Y J, ;6 $O :G =i $K 0l EY 9T $& $@ $1 $G $" $j !" DL ?. 2s ?t $O Hf 3S E* >/ $J $$ !# $3 $N $? $a %; %k 11 Bf $N >l 9g !" 0l 3g Aw ?. $J $7 $G 7.5 G\ !" 0l 3g Aw ?. $" $j $G 7.6 G\ $H !" NI 9% $J Bf ?t 8z 2L $, F@ $i $l $F $$ $k !# $= $N $+ $o $j 0l 3g Aw ?. $N 8z 2L $O >. $5 $/ !" DL ?. 2s ?t $O 1 = 10 $+ $i 1 = 40 $H Bg I} $K 8: >/ $7 $? $K $b $+ $+ $o $i $: !" <B 9T B. EY $O 2% $+ $i 8% Dx EY $N C; =L $K N1 $^ $C $F $$ $k !# 4.4 9M ;! stack $d mastermind $N $h $& $K DL ?. 2s ?t $, B? $/ <B 9T ;~ 4V $r ;Y G[ $7 $F $7 $^ $& >l 9g !" 0l 3g Aw ?. $K $h $j Bg $- $J 8z 2L $, F@ $i $l $? !# $3 $l $i $N %W %m %0 %i %‘ $O C‘ <! <B 9T $7 $? J} $, 9b B. $G $" $j !" JB Ns <B 9T $K 0U L# $, $J $$ $H $b $$ $( $k $, !" Bg 5, LO $J JB Ns %W %m %0 %i %‘ $N 0l It $K $3 $N $h $& $J DL ?. $N =8 Cf $, @8 $8 $k >l 9g $b 9M $( $i $l $k $+ $i !" $= $N $h $& $J %\ %H %k %M %C %/ $N 2r >C :v $H $7 $F 0l 3g Aw ?. $O M- 8z $G $" $k !# $^ $? !" nqueen $N $h $& $K DL ?. NL $, >/ $J $/ NI 9% $J Bf ?t 8z 2L $, F@ $i $l $k %W %m %0 %i %‘ $G $b !" 8z 2L $O Dc $$ $b $N $N B. EY $N 2~ A1 $, F@ $i $l $? !# 0J >e $N 7k 2L $+ $i !" 0l 3g Aw ?. $O 0l HL $K DL ?. :G E, 2= J} K! $H $7 $F M- 8z $G $" $j !" BP >] %W %m %0 %i %‘ $N @- <A $K $+ $+ $o $i $: B. EY $, 2~ A1 $5 $l $k $3 $H $, H= L@ $7 $? !# 5 Ld Bj E@ $H 2r 7h J} K! K\ >O $G $O !" :# 2s Ds 0F $7 $? 0l 3g Aw ?. $N Ld Bj E@ $H 2r 7h J} K! $K $D $$ $F =R $Y $k !# 5.1 0l 3g Aw ?. <B Au J} <0 $N 2~ NI 5.1.1 0l 3g Aw ?. %P %C %U %! $N @E E* 3N J] 8= :_ $N <B Au $G $O pack read %a %C %; !< %8 $r <u ?. $9 $k Kh $K !" data ob ject PACK BUF $K $h $j 0l 3g Aw ?. %G !< %? 3J G< MQ %P %C %U %! $r F0 E* $K 3N J] $7 $F $$ $k !# $3 $N J} <0 $K $O KLIC %i %s %? %$ %‘ $K $" $^ $j <j $r 2C $( $: $K :Q $_ !" M> J, $J %a %b %j $r @j M- $9 $k ?4 G[ $, $J $$ $H $$ $& Mx E@ $, $" $k !# $7 $+ $7 !" I, MW $J %P %C %U %! %5 %$ %: $r 7W ;; $9 $k $? $a $K 0l EY %G !< %? 9= B$ $r $? $I $k I, MW $, $" $j !" Aw ?. %* !< %P %X %C %I $, A} 2C $9 $k !# $^ $? !" 3N J] $7 $? %P %C %U %! $O Aw ?. =* N; 8e %, !< %Y %8 $H $J $k $? $a !" %, !< %Y %8 %3 %l %/ %7 %g %s (GC) $N 2s ?t $r A} 2C $5 $; $k 86 0x $K $J $k !# $= $3 $G !" %W %m %0 %i %‘ <B 9T $N :G =i $K 8G Dj D9 $N 3J G< MQ %P %C %U %! $r @E E* 3N J] $9 $k J} K! $, 9M $( $i $l $k !# $3 $N >l 9g !" I, MW %P %C %U %! %5 %$ %: $N 7W ;; $O IT MW $G $" $j !" GC 2s ?t $N A} 2C $b Hr $1 $i $l $k !# $? $@ $7 !" 0l 3g Aw ?. %4 !< %k $N <B 9T Cf $K ?7 $? $K pack read %a %C %; !< %8 $, E~ Ce $7 $? >l 9g !" $= $l $K BP $9 $k 0l 3g Aw ?. %4 !< %k $r <B 9T $7 $F $7 $^ $& $H !" 3J G< Cf $N 0l 3g Aw ?. %G !< %? $r >e =q $- $7 $F $7 $^ $& !# $= $3 $G KLIC %i %s %? %$ %‘ $K 0l 3g Aw ?. %4 !< %k %- %e !< $r 3H D% $7 !" pack read %a %C %; !< %8 <u ?. $K $h $j @8 @. $5 $l $? 0l 3g Aw ?. %4 !< %k $O !" $3 $N %- %e !< $K $D $J $, $l $F 0l 3g Aw ?. %P %C %U %! $, 6u $/ $N $r BT $D $h $& $K $9 $k !# $3 $N J} <0 $G $O 3J G< MQ %P %C %U %! J, $N %a %b %j $, >o $K @j M- $5 $l $F $7 $^ $& !# Bg 5, LO $J 9= B$ %G !< %? $b 0l 3g Aw ?. $G $- $k $h $& $K $9 $k $K $O !" $3 $N %P %C %U %! $r =< J, Bg $- $/ <h $k I, MW $, $" $j !" %R !< %W $J $I B> $N NN 0h $r 05 Gw $9 $k $3 $H $K $J $k !# $7 $+ $7 Bg 5, LO $J %G !< %? $N =h M} $K $O $" $k Dx EY ;~ 4V $, $+ $+ $k $3 $H $, M= A[ $5 $l !" 0l EY $K Aw ?. $9 $k $h $j $O E, Ev $J %5 %$ %: $K J, 3d $7 $F Aw $k J} $, !" %Q %$ %W %i %$ %s 8z 2L $, 8+ 9~ $a $k 2D G= @- $, $" $k !# $^ $? !" Bg 5, LO $J %G !< %? $r 0l EY $K Aw $C $F $7 $^ $& $H !" $= $l $i $, D9 4| 4V %R !< %W >e $K B8 :_ $9 $k $? $a !" GC 2s ?t $r A} 2C $5 $; $k 4m 81 $b $" $k !# $7 $? $, $C $F !" 3J G< MQ %P %C %U %! %5 %$ %: $r E, Ev $K @_ Dj $7 !" 0l 3g Aw ?. %3 !< %I $K $h $k %G !< %? 3J G< Cf $K 23

$3 $N %5 %$ %: $r D6 $( $? >l 9g $O !" 6q BN 2= :Q $_ %G !< %? $, ;D $C $F $$ $F $b B( :B $K Aw ?. $r 9T $& !# E, Ev $J %P %C %U %! %5 %$ %: $K $D $$ $F $O !" :# 8e @- G= I> 2A $r 9T $C $F 7h $a $k I, MW $, $" $k !# 5.2 Aw ?. J} <0 $N 2~ NI 5.2.1 CY 1d Aw ?. 0l 3g Aw ?. $G $O !" 0l 3g Aw ?. %4 !< %k $N <B 9T ;~ $K 6q BN 2= $5 $l $F $$ $k It J, $N $_ $, BP >] $H $J $k !# $7 $? $, $C $F !" 6q BN 2= B. EY $K BP $7 $F pack read %a %C %; !< %8 $K $h $k CM MW 5a $N IQ EY $, 9b $$ >l 9g !" 7k 2L E* $K $[ $H $s $I $^ $H $a $F Aw ?. $5 $l $k $3 $H $, $J $/ !" 8z 2L $, F@ $i $l $J $$ 2D G= @- $, $" $k !# $^ $? !" Aw ?. %b !< %I out $N 0z ?t $N >l 9g !" OUT EXREF $, 6q BN 2= $5 $l $k $H 0l 3g Aw ?. $, 9T $o $l $k !# $3 $N $? $a !" %j %9 %H $r =g $K 6q BN 2= $9 $k $h $& $J >l 9g !" @h F, MW AG $r 6q BN 2= $7 $? ;~ E@ $G 0l 3g Aw ?. %4 !< %k $, <B 9T $5 $l $F $7 $^ $$ !" 7k 2L E* $K => Mh $H F1 $8 Aw ?. $K $J $C $F $7 $^ $& !# $3 $l $i $N >l 9g $K $b 0l 3g Aw ?. $N 8z 2L $r >e $2 $k $K $O !" $" $k Dx EY $N 6q BN 2= $, ?J $‘ $^ $G 0l 3g Aw ?. $r CY $i $; $k J} K! $, 9M $( $i $l $k !# 6q BN E* $K $O !" $^ $: 0l 3g Aw ?. $H F1 MM $K Aw ?. BP >] v i $N 6q BN CM $r $? $I $j $J $, $i !" Aw ?. %G !< %? $N %5 %$ %: $N $_ =8 7W $9 $k !# $3 $N %5 %$ %: $, og CM L$ K~ $G Aw ?. %G !< %? Cf $K L$ 6q BN 2= JQ ?t v j $, B8 :_ $9 $k >l 9g !" 0l 3g Aw ?. %4 !< %k $r v j $K %U %C %/ $7 0l 3g Aw ?. $r Cf CG $9 $k !# v j $, 6q BN 2= $5 $l $k $H %5 %$ %: =8 7W $r :F 3+ $7 !" %G !< %? %5 %$ %: $, og CM $r D6 $( $? ;~ E@ $G <B :] $K 0l 3g Aw ?. %4 !< %k $r <B 9T $7 !" 0l 3g Aw ?. $r 9T $& !# $3 $l $K $h $j !" %a %C %; !< %8 $N N3 EY $r >o $K 0l Dj $K J] $D $3 $H $, $G $- $k !# $3 $N Aw ?. J} K! $r CY 1d Aw ?. $H 8F $V $3 $H $K $9 $k !# CY 1d Aw ?. $G $O %W %m %; %9 4V $G %G !< %? $N Aj 8_ 0M B8 4X 78 $, $" $C $? >l 9g !" %G %C %I %m %C %/ $r 5/ $3 $9 4m 81 $, $" $k !# $3 $l $r 2r 7h $9 $k $K $O !" KLIC %i %s %? %$ %‘ $r JQ 99 $7 0l Dj 4| 4V Fb $K %G !< %? 3J G< $, :F 3+ $7 $J $+ $C $? >l 9g $O $= $N ;~ E@ $G 3J G< :Q $_ $N %G !< %? $N $_ $r Aw ?. $9 $k !" $" $k $$ $O !" %W %m %0 %i %‘ Cf $N %G !< %? 0M B8 4X 78 $r 2r @O $7 %G %C %I %m %C %/ $r @8 $8 $J $$ >l 9g $N $_ CY 1d Aw ?. $r 9T $& !" $H $$ $C $? J} K! $, I, MW $K $J $k !# 5.2.2 C1 J} 8~ Aw ?. 3.1.1 @a $G =R $Y $? $h $& $K !" KLIC $G :Y N3 EY DL ?. $, IQ H/ $9 $k M} M3 $O !" 1 O@ M} %a %C %; !< %8 $N $? $a $K %G !< %? MW 5a (read) !" JV ?. (answer) !" $* $h $S 30 It ;2 >H %] %$ %s %? 2r J| (release) $H J* M} %a %C %; !< %8 3 8D $r MW $9 $k $3 $H $H !" 9= B$ %G !< %? $N 3F MW AG $, ;2 >H $5 $l $k $? $S $K DL ?. $r 9T $& $3 $H $G $" $k !# K\ O@ $G $O 8e <T $N 2r 7h J} K! $H $7 $F 0l 3g Aw ?. $r Ds 0F $7 !" $3 $l $K $h $j A0 <T $N release %a %C %; !< %8 $b IT MW $K $J $C $? !# $7 $+ $7 !" $^ $@ read(pack read), answer $H AP J} 8~ $N %a %C %; !< %8 $, I, MW $G $" $k !# KL1 $N %9 %H %j !< %‘ DL ?. $G $O stack $N >l 9g $N $h $& $K !" %W %m %; %9 P p $, 6q BN 2= $9 $k %j %9 %H $N MW AG $r %W %m %; %9 P c $, Kv Hx $^ $G <! !9 $K ;2 >H $9 $k 7A $, >/ $J $/ $J $$ !# $3 $N >l 9g !" P p $, 6q BN 2= $9 $k MW AG $O I, $: P c $, MW 5a $9 $k $3 $H $K $J $k !# $7 $? $, $C $F P c $, B> $N %N !< %I $K 0\ F0 $9 $k $3 $H $, $J $1 $l $P !" 0l EY %N !< %I N c >e $N P c $, 7h Dj $9 $k $H !" P p $O ?7 $? $J MW AG $r 6q BN 2= $9 $k EY $K !" MW 5a $r BT $? $: $K N c $K Aw ?. $9 $k $3 $H $, $G $- $k !# $3 $l $K $h $j read %a %C %; !< %8 $, IT MW $K $J $j !" J* M} DL ?. 2s ?t $r H> J, $K $9 $k $3 $H $, $G $- $k !# $3 $N Aw ?. J} K! $r C1 J} 8~ Aw ?. $H 8F $V $3 $H $K $9 $k !# 8= :_ $N 0l 3g Aw ?. $K $* $$ $F Aw ?. %b !< %I in $G $" $k $h $& $J g oal / n $N 0z ?t v i $, >e 5- $N >r 7o $r K~ $? $9 $H $- !" $3 $l $r Aw ?. %b !< %I onewa y $H $9 $k !# $3 $N $H $- !" C1 J} 8~ Aw ?. $O 0J 2< $K =R $Y $k J} K! $G 2D G= $K $J $k !# $^ $? Aw ?. %b !< %I out $N >l 9g $O !" unify %a %C %; !< %8 $K $h $j $b $H $b $H C1 J} 8~ $N Aw ?. $, 9T $o $l $F $$ $k !# P p $O thro w %a %C %; !< %8 $K $h $j %4 !< %k g oal / n $r Aw ?. $9 $k :] $K !" %b !< %I in MQ 30 It ;2 >H %] %$ %s %? IN EXREF $N Be $o $j $K %b !< %I onewa y MQ 30 It ;2 >H %] %$ %s %? $G $" $k generator ob ject ONEWAY EXREF $r N c $K Aw ?. $9 $k ( ?^ 18a) !# P c $G v i $N ;2 >H $, @8 $8 $k $H !" ONEWAY EXREF $N generate %a %= %C %I $, 5/ F0 $9 $k !# $3 $N %a %= %C %I $O consumer ob ject ONEWAY RECEIVE $r @8 @. $7 !" DL >o $N read %a %C %; !< %8 $N Be $o $j $K onewa y read %a %C %; !< %8 $r N p $K Aw ?. $9 $k !# $3 $N $H $- onewa y read %a %C %; !< %8 Cf $K $O !" C1 J} 8~ Aw ?. $N Aw ?. @h $H $7 $F ONEWAY RECEIVE $X $N 30 It ;2 >H %] %$ %s %? $r 3J G< $7 $F $* $/ ( ?^ 18b) !# 24

?^ 18: C1 J} 8~ Aw ?. N p $G $O onewa y read %a %C %; !< %8 $r <u ?. $9 $k $H !" v i $N 6q BN CM $r ONEWAY EXREF $K answer %a %C %; !< %8 $H $7 $F Aw ?. $7 !" consumer ob ject ONEWAY SEND $r @8 @. $7 $F 6q BN CM Cf $N L$ 6q BN 2= JQ ?t v j $K %U %C %/ $5 $; $k !# ONEWAY SEND $O Fb It >p Js $H $7 $F !" C1 J} 8~ Aw ?. @h $G $" $k ONEWAY RECEIVE $X $N 30 It ;2 >H %] %$ %s %? $r ;} $D !# N c $G $O answer %a %C %; !< %8 <u ?. $K $h $j ONEWAY EXREF $N unify %a %= %C %I $, 5/ F0 $9 $k !# <u ?. $7 $? 6q BN CM Cf $N L$ 6q BN 2= JQ ?t $O !" K\ Mh $J $i N p >e $N v j $X $N 30 It ;2 >H %] %$ %s %? $K $J $k $, !" $3 $N unify %a %= %C %I $K $h $j ONEWAY RECEIVE $r ;X $9 %] %$ %s %? $K $J $k !# $9 $J $o $A !" ONEWAY RECEIVE $, %U %C %/ $9 $k !# $^ $? !" ONE WAY RECEIVE $b Fb It >p Js $H $7 $F !" $3 $N %] %$ %s %? $X $N %] %$ %s %? $r 3J G< $9 $k ( ?^ 18c) !# P p $G v j $, 6q BN 2= $5 $l $k $H ONEWAY SEND $N unify %a %= %C %I $, 5/ F0 $7 !" v j $N 6q BN CM $r ONEWAY RECEIVE $K onew a y %a %C %; !< %8 $K $h $j Aw ?. $7 $F $+ $i v j Cf $N L$ 6q BN 2= JQ ?t v k $K <+ ?H $r :F $S %U %C %/ $5 $; $k !# 0l J} !" onewa y %a %C %; !< %8 $r <u ?. $7 $? ONEWAY RECEIVE $G $O !" <+ ?H $, %U %C %/ $7 $? JQ ?t $r <u ?. %G !< %? $G 6q BN 2= $7 !" :F $S <u ?. $7 $? 6q BN CM Cf $N L$ 6q BN 2= JQ ?t $K %U %C %/ $9 $k ( ?^ 18d) !# 0J >e $N =h M} $K $h $j !" 0l EY P c $+ $i read %a %C %; !< %8 $, Aw $i $l $? 8e $O !" onewa y %a %C %; !< %8 $K $h $j <! !9 $H 6q BN CM $, C1 J} 8~ Aw ?. $5 $l $k !# C1 J} 8~ Aw ?. $G $O 0l MW AG Kh $K Aw ?. $7 $F $7 $^ $& $+ $i !" 0l O@ M} %a %C %; !< %8 $" $? $j $N J* M} DL ?. 2s ?t $O H> 8: $9 $k $+ $o $j $K 0l 3g Aw ?. $N 8z 2L $O F@ $i $l $J $$ !# $3 $l $r 2r 7h $9 $k $K $O CY 1d Aw ?. $H AH $_ 9g $o $; !" $" $k Dx EY $N 6q BN 2= $, ?J $‘ $? $S $K C1 J} 8~ $N 0l 3g Aw ?. $r 9T $& $h $& $K $9 $l $P $h $$ !# 6 $* $o $j $K K\ O@ $G $O !" JB Ns O@ M} 7? 8@ 8l KL1 $N =h M} 7O KLIC $r BP >] $H $7 !" @E E* 2r @O >p Js $r MQ $$ $? DL ?. :G E, 2= <j K! $K $D $$ $F =R $Y $? !# K\ <j K! $G $O !" %b !< %I !& %? %$ %W 2r @O $K $h $j JQ ?t $N F~ =P NO J} 8~ $d <B 9T ;~ $K $H $j F@ $k 7? $r @E E* 2r @O $9 $k !# <! $K $3 $N >p Js $h $j I, MW $J %G !< %? $N $_ $r 0l 3g Aw ?. $9 $k %3 !< %I $r @8 @. $7 !" <B 9T ;~ $K KLIC %i %s %? %$ %‘ $, $3 $N %3 !< %I $r Mx MQ $9 $k $3 $H $K $h $C $F !" N3 EY $N 9b $$ 0l 3g Aw ?. $r 9T $$ J* M} DL ?. 2s ?t $r :o 8: $9 $k !# K\ O@ $G $O $3 $N @E E* 2r @O <j K! !" 0l 3g Aw ?. %3 !< %I $N @8 @. <j K! !" $* $h $S 0l 3g Aw ?. $r 9T $& $? $a $N KLIC %i %s %? %$ %‘ $N 3H D% J} K! $K $D $$ $F !" $= $l $> $l =R $Y $? !# $^ $? !" 3 <o N‘ $N %W %m %0 %i %‘ $K $h $j K\ <j K! $N @- G= I> 2A $r 9T $C $? !# $3 $N 7k 2L !" DL ?. IQ EY $N 9b $$ stack $d mastermind $G $O DL ?. 2s ?t $, 1 = 4 Dx EY $K 8: >/ $7 !" Ls 2 G\ $N NI 9% $J B. EY 8~ >e $r F@ $? !# $^ $? !" DL ?. IQ EY $N Dc $$ nqueen $G $b !" <B 9T ;~ 4V $K BP $7 :G Bg 8% B. EY $, 8~ >e $7 $? !# $7 $? $, $C $F K\ <j K! $O !" DL ?. IQ EY $N 9b $$ %W %m %0 %i %‘ $K BP $7 $F M- 8z $G $" $k $H F1 ;~ $K !" DL ?. IQ EY $N Dc $$ %W %m %0 %i %‘ $K E, MQ $7 $F $b J@ 32 $O @8 $8 $J $$ $H $$ $( $k !# :# 2s $N @- G= I> 2A $K MQ $$ $? %W %m %0 %i %‘ $O $$ $: $l $b >. 5, LO $J $b $N $G $" $C $? $, !" $$ $: $l Bg 5, LO $J <B MQ %W %m %0 %i %‘ $K $* $$ $F !" K\ <j K! $N @- G= I> 2A $r 9T $& I, MW $, $" $k !# $^ $? !" 5 >O $G =R $Y $? 2~ NI 0F $N <B Au $* $h $S I> 2A $b !" :# 8e $N 2] Bj $G $" $k !# 25

<U <- K\ 8& 5f $N 5! 2q $r M? $( $F $/ $@ $5 $C $? IY ED bC <# 65 <x $K !" ?< ?S $J <U 0U $r I= $7 $^ $9 !# E, @Z $J 8f ;X F3 $r ;r $o $C $? Cf Eg 9@ =u 65 <x !" $* $h $S ?t !9 $N M- MQ $J 8f 0U 8+ $r BW $$ $? ?9 bC 0l O: =u <j $K ?4 $+ $i 46 <U CW $7 $^ $9 !# $^ $? !" 3F <o ;q NA $r Ds 6! $7 $F 2< $5 $C $? ( :b ) ?7 @$ Be %3 %s %T %e !< %? 3+ H/ 5! 9= !" $* $h $S JB Ns 7W ;; 5! AP1000 $N <B 9T 4D 6- $r 8f Ds 6! D: $- $^ $7 $? ( 3t ) IY ;N DL 8& 5f =j $K 46 <U CW $7 $^ $9 !# $5 $i $K !" 6& F1 8& 5f <T $G $" $k 0K @n 2m I’ ;a $r $O $8 $a $H $7 $F !" F| :" 8f F$ O@ D: $/ IY ED 8& 5f << $N =t ;a $K 46 <U CW $7 $^ $9 !# ;2 9M J8 8% [1] Kazunori Ueda and Masao Morita. Message- oriented parallel implementation of mo ded at GHC. In Pr o c. Intl. Conf. on FGCS’92 , pp. 799{808, 1992. [2] S. K. Debray and D. S. W arren. Automatic mo de inference for logic programs. Journal of L o gic Pr o gr amming , V ol. 5, pp. 207{229, 1988. [3] A. K. Bansal and L. Sterling. An abstract in- terpretation sc heme for logic programs based on t yp e expression. In Pr o c. Intl. Conf on FGCS’88 , pp. 422{429, 1988. [4] K. Ueda. Guarded horn clauses:a parallel logic programming language with the concept of a guard. T ec hnical rep ort, ICOT, 1986. [5] K. Ueda and T. Chik a y ama. Design of the kernel language for the parallel inference ma- chine. The Computer Journal , V ol. 33, No. 6, pp. 494{500, 1990. [6] T ak ashi Chik a y ama, T etsuro F ujise, and Daigo Sekita. A p ortable and e�cient imple- mentation of KL1. In Pr o c. 6th Intl. Symp. PLILP’94 , pp. 25{39, 1994. [7] Cg @% L@ I’ , F# @% E/ O/ , 6a ;3 N4 . %] !< %? %V %k KL1 =h M} 7O KLIC $N 35 MW . >p Js =h M} 3X 2q Bh 47 2s A4 9q Bg 2q 9V 1i O@ J8 =8 , pp. 5{55{5{56, Octob er 1993. [8] 0K @n 2m I’ . JB Ns O@ M} 7? 8@ 8l =h M} 7O KLIC $K $* $1 $k DL ?. $N 9b B. 2= . 5~ ET Bg 3X FC JL 8& 5f Js 9p =q , F ebruary 1995. [9] IY ;N DL 3t <0 2q <R . AP1000 %W %m %0 %i %‘ 3+ H/ <j 0z =q !J #1 !K C 8@ 8l %$ %s %? %U %’ !< %9 , Nov em ber 1989. [10] Cf Eg 9@ . JB Ns O@ M} 7? 8@ 8l (KL1) $N <B Au :G E, 2= $K 4X $9 $k D4 :: 8& 5f Js 9p =q . T ec hnical rep ort, :b CD K! ?M ?7 @$ Be %3 %s %T %e !< %? 5; =Q 3+ H/ 5! 9= , March 1994. [11] Bg Ln OB I’ , Cf Eg 9@ , IY ED bC <# . @E E* 2r @O $K $h $k JB Ns O@ M} 7? 8@ 8l $N <B 9T :G E, 2= . >p =h 8& Js 94-PRG- 18, pp. 17{24, 1994. [12] Bg Ln OB I’ , 0K @n 2m I’ , ?9 bC 0l O: , Cf Eg 9@ , IY ED bC <# . JB Ns O@ M} 7? 8@ 8l KL1 $N :G E, 2= <j K! . >p =h 8& Js 94-OS-67, pp. 183{190, 1994. 26

A mastermind %W %m %0 %i %‘ %j %9 %H main :- solve(3,2,A), display(A). solve(NG,NC,Out) :- code(C), length(C,0,CL), gen(NC,Clist), genGuess(Guesses,Clist,CL), spawn_cl0(Guesses,Guesses,CL,[],0,NG,Out,[]). code(C) :- C=[1,2,1,2,1]. genGuess(Out,L,CL) :- N:=CL-1, addmyself([[]],L,In,[]), genGuess(N,In,L,Out). genGuess(N,In,L,Out) :- N>0 | N1:=N-1, addmyself(In,L,Temp,[]), genGuess(N1,Temp,L,Out). genGuess(0,In,_,Out) :- Out=In. addmyself([I|Is],Myself,O1,O3) :- combo(Myself,I,O1,O2), addmyself(Is,Myself,O2,O3). addmyself([] ,_ ,O1,O2) :- O1=O2. combo([C|Cs],L,O1,O3) :- O1=[[C|L]|O2], combo(Cs,L,O2,O3). combo([] ,_,O1,O2) :- O1=O2. spawn_cl0(Guesses,Plist,CL,A,N,NG,S0,S2) :- nextnode(Node), spawn_cl1(Guesses,Plist,CL,A,N,NG,S0,S2,Node). spawn_cl1(Guesses,Plist,CL,A,N,NG,S0,S2,Node) :- wait(Node) | spawn(Guesses,Plist,CL,A,N,NG,S0,S2)@node(Node). nextnode(Node) :- builtin:current_node(CC,TC), CL:=(CC+1) mod TC. spawn([] ,_ ,_ ,_,_,_ ,S0,S1) :- S0=S1. spawn([G|Gs],Plist,CL,A,N,NG,S0,S2) :- test(A,G,Plist,CL,A,N,NG,S0,S1), spawn_cl0(Gs,Plist,CL,A,N,NG,S1,S2). test([p(OldBulls,OldCows,Tried)|Gs],Guess,Plist,CL,A,N,NG,S0,S1) :- eval(Guess,Tried,Bulls,Cows), check(OldCows,Cows,OldBulls,Bulls,Gs,Guess,CL,Plist,A,N,NG,S0,S1). test([] ,Guess,Plist,CL,A,N,NG,S0,S1) :- code(Code),eval(Guess,Code,Bulls,Cows), loop(Bulls,Cows,Guess,CL,Plist,A,N,NG,S0,S1). eval(X,Y,Bulls,Cows) :- exact(X,Y,Bulls,0,X1,Y1), inexact(X1,Y1,Cows,0). exact([] ,T2 ,N,I,S1,S2) :- N=I, S2=T2, S1=[]. exact([H|T] ,[H|T2],N,I,S1,S2) :- I1:=I+1, exact(T,T2,N,I1,S1,S2). otherwise. exact([X|T1],[Y|T2],N,I,X1,Y1) :- X1=[X|S1], Y1=[Y|S2], exact(T1,T2,N,I,S1,S2). inexact(_ ,[] ,N,I) :- I=N. inexact([] ,_ ,N,I) :- I=N. otherwise. inexact([Ht|Tt],Choice,N,I) :- delete(Choice,Ht,F,F,Choice,Tt,N,I). delete([] ,_,_,_ ,Choice,Tt,N,I) :- inexact(Tt,Choice,N,I). delete([X|Y] ,X,F,NewChoice,_ ,Tt,N,I) :- I1:=I+1 | F=Y, inexact(Tt,NewChoice,N,I1). otherwise. delete([X1|Y],X,F,NewChoice,Choice,Tt,N,I) :- F=[X1|Z], delete(Y,X,Z,NewChoice,Choice,Tt,N,I). check(Sum,Sum,Bulls,Bulls,Gs,Guess,CL,Plist,A,N,NG,S0,S1) :- test(Gs,Guess,Plist,CL,A,N,NG,S0,S1). otherwise. check(_ ,_ ,_ ,_ ,_ ,_ ,_ ,_ ,_,_,_ ,S0,S1) :- S0=S1. loop(Bulls,Cows,Guess,CL,Plist,A,N,NG,S0,S1) :- Bulls<CL, N1:=N+1, N1<NG | spawn_cl0(Plist,Plist,CL,[p(Bulls,Cows,Guess)|A],N1,NG,S0,S1). loop(CL ,_ ,_ ,CL,_ ,A,_,_ ,S0,S1) :- S0=[A|S1]. otherwise. loop(_ ,_ ,_ ,_ ,_ ,_,_,_ ,S0,S1) :- S0=S1. display(A) :- count(A,N),io:outstream([print(N),nl]). gen(N,X) :- N>0 | M:=N-1, X=[N|Xs], gen(M,Xs). gen(N,X) :- N=:=0 | X=[]. length([_|T],X,Y) :- X1:=X+1, length(T,X1,Y). length([] ,X,Y) :- X=Y. count(L,N) :- count(L,0,N). count([] ,M,N) :- M=N. count([X|Xs],M,N) :- M1:=M+1, count(Xs,M1,N). 27

B nqueen %W %m %0 %i %‘ %j %9 %H main :- generate(11,[],L), nqueenD(L,[],X,[]), display(X). generate(N,T,L) :- N>0 | T1=[N|T], N1:=N-1, generate(N1,T1,L). generate(N,T,L) :- N=<0 | L=T. nqueenD([N|T],R,I,O) :- worknode(N,M), nqueenD(M,N,T,R,I,O). nqueenD([] ,R,I,O) :- I=O. worknode(N,M) :- builtin:current_node(_,TC), M:=N mod TC. nqueenD(M,N,T,R,I,O) :- M>0 | append(T,R,NN), nqueenD(T,[N|R],I,X), c1(N,1,NN,[],[],X,O)@node(M). nqueenD(M,N,T,R,I,O) :- M=:=0 | append(T,R,NN), nqueenD(T,[N|R],I,X), c1(N,1,NN,[],[],X,O). c1(T,D,N,[P|R],B,I,O):- T=\=P+D, T=\=P-D | D1:=D+1, c1(T,D1,N,R,B,I,O). c1(T,D,N,[P|_],B,I,O):- T=:=P+D | I=O. c1(T,D,N,[P|_],B,I,O):- T=:=P-D | I=O. c1(T,D,N,[] ,B,I,O):- queen(N,[],[T|B],I,O). queen([P|U],C ,L,I,O) :- append(U,C,N), c1(P,1,N,L,L,I,X), queen(U,[P|C],L,X,O). queen([] ,[_|_],_,I,O) :- I=O. queen([] ,[] ,L,I,O) :- I=[L|O]. display(X) :- count(X,N), io:outstream([print(N),nl]). count(L,N) :- count(L,0,N). count([X|Xs],M,N) :- M1:=M+1, count(Xs,M1,N). count([] ,M,N) :- M=N. append([A|X],Y,Z) :- Z=[A|Z1], append(X,Y,Z1). append([] ,Y,Z) :- Z=Y. 28