1 O@ J8 T echnical P ap ers � � L? Bj %l %Y %k $N 9b B. 2r K! $N Mx MQ $r ?^ $k %3 %9 %H $K 4p $E $/ =R 8l O@ M} HG 2> @b ?d O@ K! A Predicate-logic-v ersion Meh to d for Cost-based Hyp othetical Reasoning emplo ying E�cien t Prop ositional-lev el Reasoning Mec hanism C* 66 0l Li � , y 1 Kazuya T anahashi J! ED LP 5* � , y 2 Shigeki F ukuta @P DM K~ � Mitsuru Ishizuk a � El 5~ Bg 3X 9) 3X It EE ;R >p Js 9) 3X 2J Dept. of Information and Communication Engineering, School of Engineering, The Univ ersit y of T oky o 19YY G/ MM 7n DD F| <u M} Keyw ords: cost-based hypothetical reasoning, e�cient ab ductive reasoning, prop ositional/predicate-level reasoning, reformation of predicate rules. Summary F or prop ositional-v ersion h yp othetical reasoning (or ab duction), particularly for its cost-based one, some e�cien t metho ds hav e b een dev elop ed, which ac hiev e p olynomial-time reasoning with re- sp ect to problem size to compute a near-optimal solution. How ev er, for predicate-version h yp othetical reasoning that allows ric h and compact knowledge represen tation, it seems di�cult to �nd such a metho d with p olynomial-order e�ciency as long as w e stick to symbolic manipulation. As a result, there has b een no go o d e�cien t metho d so far in predicate-logic domain. A naiv e approach for e�cien t predicate-version h yp othetical reasoning is to transform predicate knowledge in to prop ositional knowledge, and then to apply an e�cient metho d in prop ositional domain. This can b e accomplished by a transformation in the Herbrand universe; ho w ev er, this is impractical since a v ast num b er of prop ositional clauses will b e pro duced. W e tried to use a deductiv e database technique, namely , QSQR metho d, to extract a kno wledge p ortion b eing related to the pro of of a given goal of hypothetical reasoning, and then to transform only this p ortion in to prop ositional knowledge. Nevertheless, it can not improv e reasoning e�ciency enough b ecause a considerable computational time is required for the transformation into prop ositional knowledge by the QSQR metho d, and the num b er of the resulting prop ositional clauses is still large. In this pap er, we prop ose a kno wledge reformation scheme for predicate rules such that the transformation in to prop ositional rules is e�cient and the num ber of the resulting prop ositional rules is small. This kno wledge reformation is based on unfolding/folding pro cesses for predicate rules. Although its applicable range is still limited, it is shown exp erimen tally that, b y in tro ducing this knowledge reformation, a large amoun t of e�ciency improv emen t is achiev ed for predicate-version cost-based hypothetical reasoning 1. $^ $( $, $- 2> @b ?d O@ [ @P DM 96] $O CN <1 =h M} $N M- MQ $J OH AH $_ $G $" $k $, !" 2> @b ?d O@ <+ BN $O NP 40 A4 !" $" $k $$ $O NP :$ Fq Ld Bj $G $" $j [Kautz89, Bylander89] !" <B MQ Ld Bj $K E, MQ $9 $k $K $O y 1 8= :_ !" !J 3t ) IY ;N DL y 2 8= :_ !" !J 3t ) IY ;N DL 8& 5f =j Dc $$ ?d O@ B. EY $, Bg $- $J Ld Bj $G $" $C $? [ @P DM 94] !# $7 $+ $7 !" L? Bj HG 2> @b ?d O@ $K 4X $7 $F $O $$ $/ $D $+ $N M- 8z $J 9b B. ?d O@ %a %+ %K %: %‘ $, 9M 0F !" 3+ H/ $5 $l $F $- $F $$ $k !# FC $K !" %3 %9 %H $K 4p $E $/ 2> @b ?d O@ !J $" $k $$ $O %3 %9 %H $K 4p $E $/ %" %V %@ %/ %7 %g %s [Charniak90] !K $N =‘ :G E, 2r 7W ;; $K $D $$ $F $O !" ?t M} 7W 2h $N <j K! $b Mx MQ $9 $k $3 $H $G !" Ld Bj %5 %$ %: $K BP $7 $F Dc <! $N B? 9‘ <0 ;~ 4V $H $J $k 9b B. 2= $, C# @. $5 $l $F $$ $k [ 2, K\ 93, Bg _7 94,95, Ohsaw a97, >> Hx 98] !# L? Bj %l %Y %k $N ?d O@ $K Nov. 1999 L? Bj %l %Y %k $N 9b B. 2r K! $N Mx MQ $r ?^ $k %3 %9 %H $K 4p $E $/ =R 8l O@ M} HG 2> @b ?d O@ K! 1

2 $D $$ $F $O 2> @b ?d O@ $K 8B $i $: !" SA T(Satis�abilit y Prob- lem) $d CSP(Constraint Satisfaction Problem) $K $D $$ $F $b GSA T[Selman93a, 93b] $d Gu $N J} K! [Gu93] $N $h $& $K !" 8z 2L E* $J J} K! $, 9M 0F $5 $l $F $$ $k !# L? Bj %l %Y %k $N ?d O@ $O B? $/ $N AI Ld Bj $N 4p HW $H $J $k [Selman97] !# 0l J} !" L? Bj O@ M} JQ ?t $H O@ M} 5- 9f $K $h $k L? Bj O@ M} $O CN <1 I= 8= G= NO $N E@ $G $O I, $: $7 $b == J, $G $J $/ !" JQ ?t $r 4^ $‘ 9‘ $r 0z ?t $H $7 $F $H $k =R 8l I= 8= $N ( #1 3, ) =R 8l O@ M} $, I, MW $K $J $k $3 $H $, B? $$ !# C< E* $K $O !" >/ ?t $N =R 8l O@ M} <0 $G I= $o $5 $l $k CN <1 $G $b !" L? Bj O@ M} <0 $G $O ?t 100 !" ?t 1000 G\ $b $N ?t $K $J $k $3 $H $b 5) $G $O $J $$ !# =R 8l O@ M} $O I= 8= NO $O 9b $$ $b $N $N !" 8z N( E* ?d O@ $N <B 8= $K 4X $7 $F $O Fq $7 $/ $J $k !# 4X ?t $r 4^ $^ $J $$ #1 3, =R 8l %[ !< %s @a I= 8= $H L5 L7 =b @- @) Ls $r 07 $& 2> @b ?d O@ $K $D $$ $F $O !" [ 6a F# 93,94, Kondo93,96] $N $h $& $J 8z N( E* ?d O@ K! $, 3+ H/ $5 $l $F $$ $k !# $7 $+ $7 $3 $l $O !" Ld Bj 5, LO $K BP $7 $F ;X ?t E* $K A} Bg $9 $k ?d O@ B. EY $N JI $r 9n I~ $9 $k $b $N $H $O $J $C $F $$ $J $$ !# Bg _7 $i $O H‘ Ey $N %M %C %H %o !< %/ 2= %P %V %k EA GE K! !J NBP K! !K $r =R 8l $N 0z ?t 4V $K E, MQ $9 $k $3 $H $K $h $j !" !J 4X ?t $J $7 !K =R 8l %[ !< %s @a I= 8= $N %3 %9 %H $K 4p $E $/ 2> @b ?d O@ $K BP $7 $F $b !" ;X ?t %* !< %@ $N ?d O@ ;~ 4V $N JI $r 9n I~ $9 $k $h $& $J J} K! $r 3+ H/ $7 $F $$ $k [ Bg _7 95, Ohsa w a97] !# $7 $+ $7 !" %a %+ %K %: %‘ $O Bg I} $K J# ;( 2= $7 !" =j MW %a %b %j NL $N A} Bg $J $I $G !" >. 5, LO Ld Bj $N HO 0O $K $7 $+ ;H MQ $G $- $: !" %9 %1 !< %k %" %C %W $b Fq $7 $$ !# L? Bj O@ M} %l %Y %k $N NI $$ 2r K! $, B8 :_ $9 $k $J $i !" =R 8l O@ M} %l %Y %k $N Ld Bj $r L? Bj O@ M} %l %Y %k $K E8 3+ $7 $F !" L? Bj O@ M} %l %Y %k $N 9b B. 2r K! $N Mx MQ $r ?^ $k $H $$ $& $N $O Ia DL $K 9M $( $D $/ $3 $H $G $" $m $& !# =R 8l O@ M} $N JQ ?t $O %( %k %V %i %s NN 0h $K E8 3+ $9 $l $P !" Dj ?t !J 4p AC 9‘ !K $H $9 $k $3 $H $, $G $- $k $N $G !" =R 8l O@ M} I= 8= $r L? Bj O@ M} I= 8= $X $H 86 M} E* $K $O E8 3+ $G $- $k $3 $H $K $J $k !# !J 4X ?t $J $7 $N >l 9g $O M- 8B 8D $N L? Bj O@ M} <0 $H $J $k !# !K $7 $+ $7 !" $3 $N $h $& $J AG KQ $J J} K! $O @8 @. $5 $l $k L? Bj O@ M} $N @a ?t $, KD Bg $J $b $N $H $J $j !" <B MQ E* $K $O ;H $( $J $$ !# 2f !9 $O 0J A0 $K !" 1i eh %G !< %? %Y !< %9 $N Ld $$ 9g $o $; =h M} <j K! $G $" $k QSQR K! [Vieille86, @> Hx 88] $r MQ $$ $F !" =R 8l O@ M} HG 2> @b ?d O@ $K $* $$ $F %4 !< %k $N >Z L@ $K 4X M? $9 $k It J, $N $_ $r L? Bj O@ M} $K E8 3+ $9 $k J} K! $r ;n $_ $? [ J! ED 97] !# $= $7 $F !" @8 @. $5 $l $? %3 %9 %H $K 4p $E $/ L? Bj O@ M} HG 2> @b ?d O@ Ld Bj $K BP $7 $F !" =‘ :G E, 2r $r B? 9‘ <0 ;~ 4V $G 5a $a $k $3 $H $, $G $- $k %M %C %H %o !< %/ 2= %P %V %k EA GE K! $N E, MQ $r ;n $_ $? !# $7 $+ $7 !" $3 $l $G $b L? Bj O@ M} $X $N E8 3+ ;~ 4V $, $+ $+ $j !" @8 @. $5 $l $k L? Bj @a ?t $b B? $/ $J $j 2a $. !" == J, $J 9b B. 2= $N 8z 2L $, F@ $i $l $J $+ $C $? !# K\ O@ J8 $G $O !" =R 8l O@ M} HG $N %3 %9 %H $K 4p $E $/ 2> @b ?d O@ %3 %9 %H $K 4p $E $/ =R 8l O@ M} HG 2> @b ?d O@ Ld Bj ? =R 8l %k !< %k CN <1 $N %j %U %) %a !< %7 %g %s ? QSQR K! $K $h $k =R 8l O@ M} $N L? Bj O@ M} 2= ? %3 %9 %H $K 4p $E $/ L? Bj O@ M} HG 2> @b ?d O@ Ld Bj ? ? NBP K! SL K! ? ( =‘ ) :G E, 2r 2> @b ?^ 1 %7 %9 %F %‘ $N 4p K\ 9= @. Ld Bj $r L? Bj %l %Y %k $K E8 3+ $7 $F =‘ :G E, 2r $r 7W ;; $9 $k %" %W %m !< %A $K $* $$ $F !" L? Bj $X $N E8 3+ ;~ 4V $r C; =L $7 @8 @. $5 $l $k L? Bj @a ?t $r M^ @) $9 $k $h $& $K !" 85 $N =R 8l %[ !< %s @a $r JQ 7? $9 $k A‘ :n !J %j %U %) %a !< %7 %g %s !K $r F3 F~ $7 $? <j K! $r <( $7 !" $= $l $K $h $C $F F@ $i $l $k 9b B. 2= $N 8z 2L $r <( $9 !# $9 $J $o $A !" K\ O@ J8 $N %3 %9 %H $K 4p $E $/ =R 8l O@ M} HG 2> @b ?d O@ %7 %9 %F %‘ $G $O !" ?^ 1 $K <( $9 $h $& $K !" L? Bj O@ M} <0 $X $N JQ 49 $, 8z N( E* $K 9T $( $k $h $& $K 85 $N =R 8l %[ !< %s @a !J %k !< %k !K $N %j %U %) %a !< %7 %g %s $r 9T $$ !" QSQR K! $K $h $j %4 !< %k $N >Z L@ $K 4X M? $9 $k It J, $N $_ $r Cj =P $7 $F L? Bj 2= $7 !" L? Bj O@ M} HG 2> @b ?d O@ Ld Bj $K JQ 49 $9 $k !# $= $7 $F !" 9b B. $N L? Bj O@ M} HG 2> @b ?d O@ K! !J 6q BN E* $K $O %M %C %H %o !< %/ 2= %P %V %k EA GE K! [ Bg _7 94,95, Ohsa w a97] !" 5Z $S SL K! [ >> Hx 98] !K $r E, MQ $7 !" =‘ :G E, 2r $r 5a $a $k !# O@ M} I= 8= $d O@ M} %W %m %0 %i %‘ $N JQ 7? $d Ey 2A JQ 49 $K 4X $9 $k 8& 5f $O $3 $l $^ $G $K $b $" $C $? $, [ 8E @n 87, F2 A0 94] !" =R 8l I= 8= $N L? Bj 2= $r 8z N( E* $K 9T $& $? $a $N =R 8l O@ M} CN <1 $N JQ 7? $H $$ $& 4Q E@ $+ $i $N 8& 5f $O $3 $l $^ $G $K 8+ Ev $? $i $J $$ !# 2. GX 7J $H $J $k <j K! :G =i $K K\ O@ J8 $N <j K! $N GX 7J $H $J $k <j K! $K $D $$ $F 4J C1 $K 5- $7 $F $* $/ !# 2 !& 1 %3 %9 %H $K 4p $E $/ 2> @b ?d O@ 2> @b ?d O@ $N CN <1 %Y !< %9 $K $O !" BP >] @$ 3& $G >o $K @. $j N) $D GX 7J CN <1 � $H !" >o $K @. $j N) $D $H $O 8B $i $: B> $H L7 =b $9 $k 2D G= @- $r M- $9 $k 2> @b CN <1 $N =8 9g H $r 5- =R $9 $k !# H 2 ?M 9) CN G= 3X 2q ;o Vol.14 No.6

3 $N It J, =8 9g $r h !" $9 $J $o $A h � H $H $9 $k !# 2> @b ?d O@ $N 4p K\ F0 :n $O <! $N DL $j $G $" $k !# %4 !< %k G $, M? $( $i $l $? ;~ !" $^ $: � $+ $i G $, 1i eh E* $K >Z L@ $G $- $k $+ 3N $+ $a $k !# � $+ $i $@ $1 $G $O >Z L@ $G $- $J $$ ;~ !" <! $N >r 7o $r K~ $? $9 G $r >Z L@ !J @b L@ !K $9 $k $N $K I, MW $J 2r 2> @b h $r 5a $a $k !# (1) � [ h ‘ G !J � $H h $+ $i G $, >Z L@ $G $- $k !( ‘ $O 1i eh E* >Z L@ $r <( $9 O@ M} 5- 9f !K (2) � [ h $O L5 L7 =b $9 $J $o $A !" GX 7J CN <1 � $@ $1 $+ $i G $r >Z L@ $G $- $l $P $= $l $G $h $$ $, !" � $@ $1 $G $O G $r >Z L@ $G $- $J $$ $H $- !" 2> @b =8 9g H $N Cf $+ $i L5 L7 =b $J It J, =8 9g h $r @Z $j =P $7 !" � $H 9g $o $; $F G $r >Z L@ $9 $k $h $& $K $9 $k !# B? $/ $N >l 9g !" h $O 6K >. @- !J $^ $? $O Hs >i D9 @- !K !" $9 $J $o $A h $N ?? It J, =8 9g h 0 ( � h ) $, >e 5- $N >r 7o $r K~ $? $5 $J $$ $3 $H $b MW @A $5 $l $k !# $5 $i $K !" 8D !9 $N MW AG 2> @b $K =E $_ $, IU $5 $l $F $$ $k $H $- !" 4^ $^ $l $k MW AG 2> @b $N =E $_ $N OB $r %3 %9 %H $H Dj 5A $9 $k $H !" %3 %9 %H $, :G >. $N 2r 2> @b h $r 5a $a $? $$ >l 9g $r =E $_ IU $- 2> @b ?d O@ !" $" $k $$ $O %3 %9 %H $K 4p $E $/ 2> @b ?d O@ $H $$ $& [ @P DM 96, Charniak90] !# K\ O@ J8 $G BP >] $H $9 $k $N $O !" 4X ?t $r 4^ $^ $J $$ #1 3, =R 8l %[ !< %s @a $H L5 L7 =b @- @) Ls $G I= $5 $l $k %3 %9 %H $K 4p $E $/ 2> @b ?d O@ $N Ld Bj $G $" $k !# 2 !& 2 %M %C %H %o !< %/ 2= %P %V %k EA GE K! !J NBP K! !K %3 %9 %H $K 4p $E $/ L? Bj HG 2> @b ?d O@ $N =‘ :G E, 2r $N B? 9‘ <0 ;~ 4V 7W ;; K! $H $7 $F $O !" :G =i $K 0-1 @0 ?t 7W 2h $N A] =P $7 Jd ?t K! $N E, MQ $r ?^ $C $? 2, K\ $i $N J} K! $, $" $k [ 2, K\ 93] !# %M %C %H %o !< %/ 2= %P %V %k EA GE !J NBP !K K! [ Bg _7 94,95, Oh- saw a97] $O !" $3 $N A] =P $7 Jd ?t K! $N F0 :n $r CN <1 %M %C %H %o !< %/ >e $N F0 :n $K CV $- 49 $( !" F1 ;~ $K Ld Bj $N CN <1 9= B$ $r Mx MQ $9 $k $3 $H $K $h $j ?d O@ $N 8z N( 2= $r ?^ $C $? $b $N $G $" $k !# %3 %9 %H $K 4p $E $/ L? Bj HG 2> @b ?d O@ $K $D $$ $F $O !" 2D G= $J MW AG 2> @b ?t $r N $H $9 $k $H !" =‘ :G E, 2r $r $[ $\ N 1 : 5 $N B? 9‘ <0 ;~ 4V $G 8+ =P $9 $H $$ $& Hs >o $K 9b $$ 8z N( $r C# @. $7 $F $$ $k !# NBP K! $O %3 %9 %H $K 4p $E $/ =R 8l O@ M} HG 2> @b ?d O@ $K BP $7 $F $b E, MQ $, ?^ $i $l $F $$ $k !# $3 $l $O =R 8l 0z ?t $G $" $k 9‘ $N 4V $K %M %C %H %o !< %/ $r 7A @. $7 !" 9* L/ $J J} K! $G %M %C %H %o !< %/ 2= %P %V %k EA GE K! $K $h $k ?d O@ $r 2D G= $H $7 $? $b $N $G $" $k !# $7 $+ $7 !" %a %+ %K %: %‘ $N J# ;( 2= $K H< $$ !" <B MQ 5, LO $N Ld Bj $X $N E, MQ $X $N %9 %1 !< %k %" %C %W $, Fq $7 $$ !# 2 !& 3 Slide-down & Lift-up K! (SL K! ) A] =P $7 Jd ?t K! !" NBP K! $K 6& DL $9 $k $N $O !" 5- 9f ?d O@ Ld Bj $r @~ 7A IT Ey <0 @) Ls $K JQ 49 $7 !" C1 BN K! $K $h $j <B ?t :G E, 2r !J 3F JQ ?t $O 0 !A 1 4V $N CM $r $H $j ?? / 56 !" $" $k $$ $O 1/0 $N 2 CM $G $O $J $$ !K $r 8z N( E* $K 5a $a !" $3 $l $r C5 :w $N =i 4| E@ $K @_ Dj $7 !" $3 $N 6a K5 $N 1/0 =‘ :G E, 2r !J 3F JQ ?t $, ?? / 56 $N CM $H $J $k !K $r 6I =j C5 :w $K $h $j 5a $a $k $H $$ $& $b $N $G $" $k !# $3 $N >l 9g $N 6I =j C5 :w $O !" %a %+ %K %: %‘ $, J# ;( $G $" $j !" GD 0. $7 $K $/ $/ $J $C $F $7 $^ $C $F $$ $k !# SL K! [ >> Hx 98] $O $3 $N 6I =j C5 :w It $r !" Hs @~ 7A 7W 2h K! $N <j K! !J 6q BN E* $K $O Hs @~ 7A 4X ?t $N :G 5^ 9_ 2< K! !K $N Mx MQ $H !" 6I =j :G E, E@ $X $N Ja 3M $+ $i C& =P 5! 9= $H $7 $F !" 6I =j E* $J IT @0 9g >u BV $r @5 $9 $h $& $J JQ ?t $N ?? / 56 >u BV $X $N 8G Dj 2= $r F3 F~ $7 $F <B 8= $7 $? $b $N $G $" $k !# $3 $l $K $h $C $F !" $3 $N 6I =j C5 :w It $N F0 :n $, 4J 7i $K $J $j !" GD 0. $7 $d $9 $/ $J $C $F $$ $k !# %3 %9 %H $K 4p $E $/ 2> @b ?d O@ $N =‘ :G E, 2r $N 7W ;; ;~ 4V $O !" 8= >u $G $O NBP K! $K $d $d Nt $j !" Ls N 1 : 85 $N B? 9‘ <0 ;~ 4V $H $J $C $F $$ $k $, !" =j MW %a %b %j NL $O NBP K! $h $j $b Bg I} $K >/ $J $$ !# 2 !& 4 QSQR K! 1i eh %G !< %? %Y !< %9 $N 8z N( E* Ld $$ 9g $o $; =h M} K! $H $7 $F $h $/ CN $i $l $F $$ $k $N $, !" %^ %8 %C %/ %; %C %H K! $G $" $k $, !" QSQR K! [Vieille86, @> Hx 88] $O %H %C %W %@ %& %s $N @) 8f $N $b $H $G !" %\ %H %‘ %" %C %W $N 2r $N 9g @. $r 9T $& $3 $H $G !" %^ %8 %C %/ %; %C %H K! $H F1 Ey $N 8z N( $r C# @. $9 $k !# BP >] $O 4X ?t $r 4^ $^ $J $$ =R 8l %[ !< %s @a $N CN <1 !J 1i eh %G !< %? %Y !< %9 $N Datalog I= 8= !K $G $" $k !# QSQR K! $O >Z L@ LZ $N $" $k J, ;^ $+ $i %\ %H %‘ %" %C %W $K @8 @. $5 $l $? JQ ?t $X $N B+ G{ >p Js $N 2# J} 8~ !J 7; Do %N !< %I !K $X $N EA GE $H !" %\ %H %‘ %" %C %W $K @8 @. $7 $? It J, 2r $r lemma $H $7 $F J] ;} $7 $F :F 7W ;; $r 2s Hr $9 $k $3 $H $G !" 8z N( E* $J %4 !< %k ;X 8~ %\ %H %‘ %" %C %W ?d O@ $r 2D G= $H $9 $k !# K\ 8& 5f $G $O !" %4 !< %k $N >Z L@ $K 4X 78 $9 $k It J, $N =R 8l %[ !< %s @a $N $_ $r 8z N( E* $K Cj =P $9 $k $? $a $K QSQR K! $r MQ $$ $k !# $= $7 $F !" Cj =P $5 $l $? 4p AC 6q BN 2= $5 $l $? %j %F %i %k $+ $i @. $k =R 8l %k !< %k $r L? Bj %k !< %k $K JQ 49 $9 $k !# $3 $3 $G 4p AC 6q BN 2= $5 $l $? %j %F %i %k $+ $i @. $k =R 8l %k !< %k $, @8 @. $5 $l $k $N $O !" <! >O $G 5- $9 $h $& $K 2> @b $H $7 $F 4p AC 6q BN 2= $5 $l $? C1 @a $N MW AG 2> @b $N $_ $r 07 $$ !" QSQR K! $K $h $j %\ %H %‘ %" %C %W $K %4 !< %k $N >Z L@ $K 4X 78 $9 $k CN <1 $r 9= @. $9 $k $3 $H $K $h $k !# QSQR K! $, BP >] $H $9 $k 1i eh %G !< %? %Y !< %9 $G MQ $$ $i $l $k MQ 8l $K $D $$ $F !" 0J 2< $K <c 43 $N @b L@ $r 5- $7 $F $* $/ !# � EDB (extensional database): O@ M} %W %m %0 %i %‘ $N %U %! %/ %H =8 9g � IDB (in tensional database): %k !< %k $N =8 9g $G $" $k $, !" DL >o K\ BN $K Ii $N %j %F %i %k $, $J $$ 3N Dj @a � EDB =R 8l : EDB Cf $K Dj 5A $5 $l $F $$ $k =R 8l � IDB =R 8l : IDB Cf $N %k !< %k $r Dj 5A $9 $k $? $a $K F3 F~ $5 $l $? =R 8l Nov. 1999 L? Bj %l %Y %k $N 9b B. 2r K! $N Mx MQ $r ?^ $k %3 %9 %H $K 4p $E $/ =R 8l O@ M} HG 2> @b ?d O@ K! 3

4 3. =R 8l O@ M} HG 2> @b ?d O@ Ld Bj $+ $i L? Bj HG $X $N JQ 49 8z N( E* $J L? Bj HG 2> @b ?d O@ K! !J NBP K! $d SL K! !K $r Mx MQ $7 $F !" =R 8l O@ M} HG 2> @b ?d O@ K! $r 9= @. $9 $k $? $a $N JQ 49 K! $r 9M $( $k !# 86 M} E* $K $O 4X ?t $r 4^ $^ $J $$ =R 8l O@ M} <0 $O %( %k %V %i %s NN 0h $K E8 3+ $9 $k $3 $H $G L? Bj O@ M} 2= $G $- $k $, !" $3 $l $O @8 @. $5 $l $k L? Bj @a ?t $, KD Bg $J $b $N $H $J $j <B MQ E* $G $O $J $$ !# $3 $3 $G $O !" %4 !< %k $N >Z L@ !J @b L@ !K $K 4X 78 $9 $k It J, $N $_ $r Cj =P $7 $F L? Bj O@ M} 2= $r ?^ $k $? $a $K !" QSQR K! $r MQ $$ $k !# $3 $3 $G !" %3 %9 %H $K 4p $E $/ =R 8l O@ M} HG 2> @b ?d O@ $O <! $N 7A <0 $G I= $5 $l $? $b $N $r BP >] $H $9 $k !# � 4X ?t $J $7 =R 8l %[ !< %s @a !J GX 7J CN <1 !K � L7 =b $N AH 9g $; $r I= $9 @) Ls !J L7 =b @) Ls !K � ?t CM E* =E $_ !J %G %# %U %) %k %H CM $O 1 !K $, IU M? $5 $l !" 4p AC 6q BN 2= !J Dj ?t 2= !K $5 $l $? C1 @a $N MW AG 2> @b !J MW AG 2> @b $K $D $$ $F $O %k !< %k 7? CN <1 $b 2> @b $H $7 $F 07 $& $3 $H $, I, MW $K $J $k $3 $H $b $" $k $, !" $3 $l $O C1 @a $N MW AG 2> @b $H %[ !< %s @a GX 7J CN <1 $K JQ 49 2D G= $G $" $k $3 $H $h $j !" >e 5- $N MW AG 2> @b $N 07 $$ $O E, MQ HO 0O $r 69 $a $k $b $N $H $O $J $i $J $$ !# !K L? Bj O@ M} 2= $r ?^ $k $K $O !" QSQR K! $G L7 =b @) Ls $O L5 ;k $7 $F %4 !< %k !J 4p AC 6q BN 2= $5 $l $? C1 @a !" $" $k $$ $O $= $N $h $& $J C1 @a $N O" 8@ $G M? $( $i $l $k !K $N >Z L@ $r 9T $& $3 $H $K $h $j !" %4 !< %k $N >Z L@ $K 4X 78 $9 $k 4p AC 6q BN 2= $5 $l $? C1 @a $N MW AG 2> @b $H !" $3 $l $b 4p AC 6q BN 2= $5 $l $? =R 8l %[ !< %s @a $r Cj =P $9 $k !# $= $7 $F !" $3 $l $i $r L? Bj 5- 9f !" 5Z $S L? Bj %[ !< %s @a $X JQ 49 $9 $k !# L7 =b @) Ls $K $D $$ $F $b 4p AC 6q BN 2= $5 $l $? MW AG 2> @b $N AH 9g $; $K E8 3+ $7 !" L? Bj 2= $5 $l $? L7 =b @) Ls $X $H JQ 49 $9 $k !# $3 $N ;~ !" >e 5- $G %4 !< %k $N >Z L@ $K 4X 78 $9 $k $H $7 $F Cj =P $5 $l $? MW AG 2> @b $N $_ $N O" 8@ $G 9= @. $5 $l $k L7 =b @) Ls $@ $1 $K @) 8B $9 $k $3 $H $K $h $j !" 07 $& L7 =b @) Ls $r M? $( $i $l $? %4 !< %k $N >Z L@ $K 4X 78 $9 $k $b $N $K 8B Dj $7 !" IT MW $K ?t $, A} $( $k $3 $H $r Hr $1 $k $3 $H $, $G $- $k !# 0J >e $N $h $& $K $7 $F !" %4 !< %k $N >Z L@ ( @b L@ ) $K 4X M? $9 $k It J, $N $_ $r L? Bj HG 2> @b ?d O@ Ld Bj $X $H JQ 49 $G $- !" 9b B. L? Bj HG 2> @b ?d O@ <j K! $K $h $j =‘ :G E, 2r $r 7W ;; $G $- $k $3 $H $K $J $k [ J! ED 97] !# $7 $+ $7 %4 !< %k $N >Z L@ $K 4X M? $9 $k It J, $K @) 8B $7 $F $b !" L? Bj $X $N E8 3+ $O 4p AC 6q BN 2= $5 $l $? =R 8l %j %F %i %k !J $3 $l $, L? Bj JQ ?t $K $J $k !K $r MQ $$ 2D G= @- $N $" $k >Z L@ LZ $r $9 $Y $F 9= @. $9 $k $3 $H $K $J $j !" $7 $P $7 $P 5, LO $, Hs >o $K Bg $- $/ $J $j !" L? Bj $X $N E8 3+ ;~ 4V !" $* $h $S @8 @. $5 $l $k L? Bj %k !< %k !J %[ !< %s @a !K $N ?t $, A} Bg $7 $F $7 $^ $& $H $$ $& Ld Bj $r @8 $8 $k !# $3 $N 7k 2L !" 4| BT $9 $k ?d O@ B. EY $N 8~ >e $, C# @. $5 $l $J $$ $3 $H $, $7 $P $7 $P @8 $8 $k !# $3 $N 2] Bj $K BP =h $9 $k $? $a !" K\ 8& 5f $G $O L? Bj $X $N E8 3+ $r 8z N( 2= $7 !" @8 @. $5 $l $k L? Bj %k !< %k ( %[ !< %s @a ) ?t $r M^ @) $9 $k $h $& $J !" 85 Mh $N =R 8l %[ !< %s @a $K JQ 7? ( %j %U %) %a !< %7 %g %s ) $r ;\ $9 A‘ :n $r F3 F~ $9 $k !# 0J 2< $K E, MQ $7 $F $$ $k unfolding %U %’ !< %: !J 05 =L %U %’ !< %: !K !" Bh 1 folding %U %’ !< %: !J Hs 8I N) JQ ?t J, N% %U %’ !< %: !K !" Bh 2 folding %U %’ !< %: !J 8I N) JQ ?t J, N% %U %’ !< %: !K $K $D $$ $F =g $K =R $Y $k !# $J $* !" $3 $3 $G $N %j %U %) %a !< %7 %g %s $O %k !< %k 7? CN <1 !J 1i eh %G !< %? %Y !< %9 $N IDB =R 8l !K $N $_ $r BP >] $H $7 $F 9T $$ !" C1 @a !J EDB =R 8l !K $N ;v <B 5Z $S 2> @b $r MQ $$ $F $N E8 3+ $O QSQR K! $K $h $C $F 9T $& $b $N $H $9 $k !# Prolog 7? %k !< %k p(X ; Z) : � q1(X ; Y) ; q2(Y ; A) ; q3(Z) : $K $* $$ $F 3F <o JQ ?t $H A‘ :n $N Dj 5A $r <( $9 !# F, It JQ ?t F, It $N 0z ?t $H $J $C $F $$ $k JQ ?t !J >e $N Nc $G X,Z !K Hs F, It JQ ?t F, It JQ ?t 0J 30 $N JQ ?t 8I N) JQ ?t Hs F, It JQ ?t $G !" %k !< %k K\ BN $G !" 0l $D $N =R 8l $N Cf $K $7 $+ 8= $l $J $$ JQ ?t !J >e $N Nc $G A !K Hs 8I N) JQ ?t Hs F, It JQ ?t $G !" 8I N) JQ ?t $G $J $$ JQ ?t !J >e $N Nc $G Y !K unfolding 2 $D $N %k !< %k A !" B $, $" $j !" B $N F, It $H %f %K %U %! %$ 2D G= $J A $N K\ BN $N =R 8l %j %F %i %k $r %f %K %U %# %1 !< %7 %g %s $7 $? B $N K\ BN $G CV $- 49 $( $k !# CV $- 49 $( $k BP >] $, J# ?t $" $k $H $- $K $O !" :8 M% @h $G 0l $D $@ $1 CV $- 49 $( !" B> $O $= $N $^ $^ $K $9 $k !# 3 !& 1 unfolding %U %’ !< %: !J 05 =L %U %’ !< %: !K <! $N $h $& $J CN <1 %Y !< %9 $N >u 67 $r 9M $( $k !# [I-i] g(X,Z):- p(X,Y),q(Y,Z). q(Y,Z):- r(Y),s(Z). [I-ii] g(X,Z):- p(X,Y),r(Y),s(Z). [I-ii] $O [I-i] $N Bh 1 <0 $K Bh 2 <0 $r Be F~ $7 unfolding A‘ :n $r 9T $C $? $b $N $G $" $k !# $3 $3 $G !" 3F JQ ?t X, Y, Z $O 3 <o $N Dj ?t CM a, b, c $r $H $k 2D G= @- $, $" $k $H $9 $k !# g(X,Y) $r %4 !< %k $H $7 $F %4 !< %k $N >Z L@ $K 4X 78 $9 $k It J, $N $_ =R 8l %k !< %k $N L? Bj 2= $r ?^ $k >l 9g !" $^ $: @8 @. $5 $l $k L? Bj %k !< %k ?t $r ;X I8 $K $7 $F 9M $( $F $_ $k !# !J 0l HL $K $3 $N ?t $, >/ $J $1 $l $P L? Bj $X $N E8 3+ ;~ 4V $b >/ $J $$ !# !K [I-i] $N Bh 1 <0 $O 3 � 3 � 3 = 27 !J Hs 8I N) JQ ?t Y $O F1 0l $N Dj ?t $H $J $k I, MW $, $" $k $? $a !K !" Bh 2 <0 $O 3 � 3 = 9 !" 9g 7W 36 8D $N L? Bj %k !< %k $K JQ 49 $5 $l $k $3 $H $K $J $k !# 0l J} !" [I-ii] $G $O !" Hs 8I N) JQ ?t Y $O F1 0l Dj ?t $K $J $k I, MW $, $" $k $3 $H $+ $i 3 � 3 � 3 = 27 8D $N L? Bj %k !< %k $K $h $k JQ 49 $G $- $k $3 $H $K $J $k !# %4 !< %k $, g(a,b) $N $h $& $J >l 9g $O !" L? Bj %k !< 4 ?M 9) CN G= 3X 2q ;o Vol.14 No.6

5 %k ?t $O [I-i] $G $O 3 !\ 3 = 6 8D !" [I-ii] $G $O 3 8D $H $J $k !# $3 $N $h $& $K unfolding $K $h $j @8 @. $5 $l $k L? Bj %k !< %k ?t $r :o 8: $G $- $k 2D G= @- $, $" $k !# => $C $F !" $3 $N %U %’ !< %: $G $O $3 $N $h $& $J =R 8l %k !< %k $N unfolding =h M} $r 9T $& !# $? $@ $7 !" <! $N $h $& $J :F 5" %k !< %k g(X) : � p(X ; Y) ; g(Y) : $N :F 5" %j %F %i %k g(X) $K $D $$ $F $O !" $3 $l $r unfolding $7 !" g(X) : � p(X ; Y) ; p(Y ; Y2) ; g(Y2) : $K $9 $k $h $& $J $3 $H $O $7 $J $$ !# 3 !& 2 Bh 1 folding %U %’ !< %: !J Hs 8I N) JQ ?t J, N% %U %’ !< %: !K >e 5- $N $h $& $J unfolding =h M} $, @8 @. $5 $l $k L? Bj %k !< %k ?t $N :o 8: $N E@ $G M- 8z $G $" $k $H $O I, $: $7 $b 8B $i $J $$ !# 1 $D $N %k !< %k Cf $K 2 8D $N Hs 8I N) JQ ?t $r 4^ $‘ <! $N $h $& $J CN <1 %Y !< %9 $N >u 67 $r 9M $( $F $_ $k !# [II-i] g(X,Z):- p1(X,Y1),p2(Y1,Y2), p3(Y2,Z). [II-ii] g(X,Z):- p1(X,Y1),q(Y1,Z). q(Y1,Z):- p2(Y1,Y2),p3(Y2,Z). $3 $N $H $- [I I-i] $O [I I-ii] $N Bh 2 <0 $r Bh 1 <0 $K Be F~ $7 unfolding $7 $? 4X 78 $K $J $C $F $$ $k !# >u 67 $r 4J C1 $K $7 !" X,Y1,Y2,Z $N JQ ?t $O 3F !9 a,b,c, � � � , $N $h $& $J n <o $N Dj ?t $r $H $k 2D G= @- $, $" $k $H $9 $k !# g(X,Z) $r %4 !< %k $H $7 $F %4 !< %k $N >Z L@ $K 4X 78 $9 $k It J, $N $_ $N =R 8l %k !< %k $r L? Bj 2= $9 $k $H $9 $k $H !" [I I-i] $G $O n 4 8D $N L? Bj %k !< %k $K !" [I I-ii] $G $O 2 � n 3 8D $N L? Bj %k !< %k $K JQ 49 $5 $l $k $3 $H $K $J $k !# $3 $N >l 9g !" [I I-i] $O [I I-ii] $N n= 2 G\ $N L? Bj %k !< %k ?t $H $J $j !" n $, Bg $- $J Dx [I I-ii] $N J} $, M- Mx $K $J $k !# JL ES <! @a $G Nc <( $9 $k $h $& $K !" @8 @. $5 $l $k L? Bj %k !< %k ?t $N 8: >/ $K BP 1~ $7 $F !" L? Bj $X $N E8 3+ ;~ 4V $b 8: >/ $9 $k !# => $C $F !" $3 $N %U %’ !< %: $G $O 1 =R 8l %k !< %k Cf $K J, N% 2D G= $J J# ?t 8D $N Hs 8I N) JQ ?t $, B8 :_ $9 $k ;~ !" $3 $l $r J# ?t $N =R 8l %k !< %k $K J, N% $9 $k !# $3 $3 $G J, N% 2D G= $H $O !" 0J 2< $K <( $9 Nc $N $h $& $K ?7 =R 8l $N F3 F~ $K $h $j !" Hs 8I N) JQ ?t $, JL $N =R 8l %k !< %k $K 8= $l $k $h $& $K $9 $k $3 $H $, $G $- $k >l 9g $r ;X $9 !# g(X ; Z) : � p1(X ; Y1) ; p2(Y1 ; Y2) ; p3(Y2 ; Z) : $N >l 9g !" ?7 =R 8l new(X,Y) $r F3 F~ $7 !" g(X ; Z) : � new(X ; Y2) ; p3(Y2 ; Z) : new(X ; Y2) : � p1(X ; Y1) ; p2(Y1 ; Y2) : $N $h $& $K !" 85 $N #1 =R 8l %k !< %k Cf $K 8= $l $F $$ $? Hs 8I N) JQ ?t Y1 $H Y2 $H $r !" JL $N =R 8l %k !< %k $K J, N% $9 $k !# $3 $3 $G $N Hs 8I N) JQ ?t J, N% $O !" BP >] $N %k !< %k K\ BN $r :8 M% @h $G 8+ $F $$ $- !" J, N% 2D G= $J Hs 8I N) JQ ?t $r 4^ $‘ %j %F %i %k $r =g <! J, N% $7 $F $$ $/ $h $& $K $7 $F $$ $k !# J, N% $7 $? %j %F %i %k $O ?7 =R 8l $r F, It $H $9 $k ?7 %k !< %k $r :n @. $9 $k $N $@ $, !" 4{ $K B8 :_ $9 $k %k !< %k $H F1 0l $K $J $k ;~ $O ?7 %k !< %k $N :n @. $O 9T $o $J $$ $h $& $K $9 $k !J Prolog $G DL >o 8@ $o $l $F $$ $k $H $3 $m $N folding =h M} $K Aj Ev !K !# J# ?t 8D $N Hs 8I N) JQ ?t $r 4^ $‘ %k !< %k $G $" $C $F $b !" 0J 2< $N Nc $N $h $& $K $= $l $i $, J, N% IT 2D G= $G $" $k >l 9g $K $O !" $3 $N %j %U %) %a !< %7 %g %s =h M} $O 9T $o $J $$ !# g(X ; Z) : � p1(X ; Y1 ; Y2) ; p2(Y1 ; Y2 ; Z) : 3 !& 3 Bh 2 folding %U %’ !< %: !J 8I N) JQ ?t J, N% %U %’ !< %: !K J# ?t 8D !J m $H $9 $k !K $N Dj ?t CM $r $H $k 2D G= @- $r ;} $D 8I N) JQ ?t $O $= $l $, 4^ $^ $l $k =R 8l %k !< %k $, L? Bj %k !< %k 2= $5 $l $k ;~ $K !" m G\ $N ?t $K $7 $F $7 $^ $& $3 $H $K $J $k !# $3 $l $O 8I N) JQ ?t $@ $1 $r 4^ $‘ =R 8l %k !< %k $K J, N% $9 $k $3 $H $K $h $j 2s Hr $9 $k $3 $H $, $G $- $k !# Nc $( $P !" g(X ; Y) : � p1(X ; Z) ; p2(Z ; Y) ; p3(A) : !J A $, 8I N) JQ ?t !K $K BP $7 $F !" ?7 %" %H %‘ $r F3 F~ $7 !" <! $N $h $& $K J, N% $9 $k !# g(X ; Y) : � p1(X ; Z) ; p2(Z ; Y) ; new1 : new1 : � p3(A) : $3 $N Bh 1 <0 $+ $i k 8D $N L? Bj %k !< %k $, @8 @. $5 $l !" Bh 2 <0 $, m 8D $N L? Bj %k !< %k $, @8 @. $5 $l $k !J B( $A A $, m 8D $N Dj ?t CM $r $H $k !K ;~ !" k + m 8D $N L? Bj %k !< %k ?t $H $J $k $, !" 85 $N 7A <0 $N $^ $^ $G $" $k $H k � m 8D $N ?t $K $J $C $F $7 $^ $& !# => $C $F !" $3 $N %U %’ !< %: $G $O ?7 %" %H %‘ F3 F~ $K $h $k 8I N) JQ ?t J, N% $N folding =h M} $r 9T $& !# p3(Z,A) !P A $O 8I N) JQ ?t $@ $, !" Z $O 8I N) JQ ?t $G $J $$ !Q $N $h $& $J %j %F %i %k $N J, N% $O $G $- $J $$ $, !" p3(a,A) !P a $O Dj ?t !Q $N $h $& $K 8I N) JQ ?t 0J 30 $N JQ ?t $r 4^ $^ $J $$ %j %F %i %k $O J, N% $9 $k !# 3 !& 4 3F %j %U %) %a !< %7 %g %s %U %’ !< %: $N E, MQ =g =x 0J >e $N %j %U %) %a !< %7 %g %s =h M} $r <! $N =g =x $G E, MQ $7 $F $$ $k !# (1) unfolding %U %’ !< %: !J 05 =L %U %’ !< %: !K (2) Bh 1 folding %U %’ !< %: !J Hs 8I N) JQ ?t J, N% %U %’ !< %: !K (3) Bh 2 folding %U %’ !< %: !J 8I N) JQ ?t J, N% %U %’ !< %: !K $3 $N =g =x $O !" $^ $: 2D G= $J unfolding $r 9T $C $F O" 7k $7 $? =R 8l %k !< %k $r @8 @. $7 !" $= $N 8e $K Hs 8I N) JQ ?t J, N% 5Z $S 8I Nov. 1999 L? Bj %l %Y %k $N 9b B. 2r K! $N Mx MQ $r ?^ $k %3 %9 %H $K 4p $E $/ =R 8l O@ M} HG 2> @b ?d O@ K! 5

6 N) JQ ?t J, N% $N folding $K $h $j !" %k !< %k $N M- 8z $J J, N% $r 9T $& $3 $H $K $J $k !# $3 $N =R 8l %l %Y %k $N %j %U %) %a !< %7 %g %s $O L7 =b @) Ls CN <1 !J %k !< %k !K $K $b E, MQ $5 $l !" $= $N 8e $K L? Bj $N L7 =b @) Ls CN <1 $X $H E8 3+ $5 $l $k !# $J $* !" 8I N) JQ ?t J, N% $N Bh 2 folding %U %’ !< %: $r =| $- !" B> $N =R 8l %k !< %k !& %j %U %) %a !< %7 %g %s =h M} $N B? MM $J CN <1 I= 8= >u 67 $K BP $7 $F $N @8 @. $5 $l $k L? Bj %k !< %k ?t :o 8: NL $N M} O@ E* 8! F$ $O :# 8e $N 2] Bj $G $" $k $, !" >e 5- $N (1),(2),(3) $N =h M} =g =x $K $h $j !" 3.1, 3.2, 3.3 @a $G <( $7 $? :o 8: 8z 2L $, :G $b M- 8z $K H/ 4x $5 $l $k $h $& $K $J $k !# <! >O $G <B 83 E* 8! F$ $K $h $j !" $3 $N %j %U %) %a !< %7 %g %s =h M} $, NI 9% $J 7k 2L $r $b $? $i $9 $3 $H $r <( $9 !# 4. %j %U %) %a !< %7 %g %s $N 8z 2L $3 $3 $G $O >e 5- $N =R 8l CN <1 $N %j %U %) %a !< %7 %g %s $, !" %3 %9 %H $K 4p $E $/ =R 8l HG 2> @b ?d O@ $N =‘ :G E, 2r 7W ;; $N A4 ?d O@ ;~ 4V $N 8z N( 2= $r <B 8= $9 $k 8z 2L $r !" Nc $K $h $C $F <( $9 !# ?^ 2 $O double lo op(a,b) $r %4 !< %k $H $7 $F M? $( $k $H !" X=a $+ $i Y1,Y2,Y3,Y4( %j %s %/ 1 !" %j %s %/ 2 !" %j %s %/ 3 !" %j %s %/ 4 !" %j %s %/ 5) $r 7P M3 $7 $F X=a $K La $k %k !< %W $H !" F1 MM $K Z=b $+ $i Y1,Y2,Y3,Y4 ( %j %s %/ 1 !" %j %s %/ 2 !" %j %s %/ 3 !" %j %s %/ 4 !" %j %s %/ 5) $r 7P M3 $7 $F Z=b $K La $k %k !< %W $N 2 K\ $N %k !< %W 7P O) $r !" L7 =b @) Ls $K 0c H? $; $: ;H MQ $9 $k 3F %j %s %/ $N =E $_ $N OB ( %3 %9 %H ) $, :G $b >. $5 $$ >r 7o $G 8+ $$ =P $= $& $H $9 $k !# ?^ 2 $O Y1 !A Y4 $, 3F !9 5 8D (a0 !A a4) $N CM $r $H $l !" Y1 $H Y2 4V $N $h $& $J 3F %j %s %/ $O 5 � 5 = 25 K\ $N 2D G= @- $r ;} $D >l 9g $G $" $k $, !" Y1 !A Y4 $N $H $j F@ $k CM $H B8 :_ $9 $k %j %s %/ ?t $r JQ $( $k $3 $H $K $h $j Ld Bj 5, LO $r JQ $( $k $3 $H $, $G $- $k !# ( ?^ 2 $O 8+ $+ $1 $O MW AG 2> @b 125 $N >l 9g $H $J $k $, !" 2 K\ $N %k !< %W 3F !9 $G $3 $N ?t $@ $1 $N 2> @b $r ;} $D 9= B$ $H $J $k $3 $H $+ $i !" <B <A $O MW AG 2> @b ?t 250 $N >l 9g $K Aj Ev $9 $k $3 $H $K $J $k !# ) ?^ 2 $N =R 8l %k !< %k $N %j %U %) %a !< %7 %g %s $G $O !" unfolding %U %’ !< %: $G 0l EY double_loop(X,Z):- link1(X,Y1),link2(Y1,Y2),link3(Y2,Y3), link4(Y3,Y4),link5(Y4,X), link1(Z,YY1),link2(YY1,YY2), link3(YY2,YY3),link4(YY3,YY4), link5(YY4,Z). $, @8 @. $5 $l !" $3 $l $, Bh 1 folding %U %’ !< %: $G J# ?t %k !< %k $K @^ $j >v $^ $l $k !# $3 $N ;~ !" K\ BN $N :8 $+ $i J, N% 2D G= $J Hs 8I N) JQ ?t $, J, N% $5 $l ?7 %k !< %k $, @8 @. $5 $l $F $$ $/ $N $@ $, YY1 0J 9_ $N Hs 8I N) JQ ?t $N J, N% ;~ $K $O 4{ $K BP 1~ $9 $k /***** 85 $N CN <1 %Y !< %9 !J %j %U %) %a !< %7 %g %s A0 !K *****/ double lo op(X,Z) :- lo op(X),lo op(Z). lo op(X) :- link1(X,Y1),link2(Y1,Y2),link3(Y2,Y3), link4(Y3,Y4),link5(Y4,X). inc :- link1(X,Y),link2(Y,X). /* L7 =b @) Ls inc :- link2(X,Y),link3(Y,X). /* L7 =b @) Ls inc :- link3(X,Y),link4(Y,X). /* L7 =b @) Ls inc :- link4(X,Y),link5(Y,X). /* L7 =b @) Ls inc :- link5(X,Y),link1(Y,X). /* L7 =b @) Ls /* 0J 2< $O =E $_ IU $- (/ $N 8e $N ?t CM ) MW AG 2> @b link1(a0,a0)/3. link1(a0,a1)/9. link1(a0,a2)/1. link1(a0,a3)/5. link1(a0,a4)/2. link1(a1,a0)/10. link1(a1,a1)/3. link1(a1,a2)/5. link1(a1,a3)/10. link1(a1,a4)/10. link1(a2,a0)/9. link1(a2,a1)/9. link1(a2,a2)/1. link1(a2,a3)/5. link1(a2,a4)/10. link1(a3,a0)/5. link1(a3,a1)/4. link1(a3,a2)/3. link1(a3,a3)/7. link1(a3,a4)/3. link1(a4,a0)/2. link1(a4,a1)/10. link1(a4,a2)/5. link1(a4,a3)/2. link1(a4,a4)/4. /* 0J 2< !" link2,link3,link4,link5 $K $D $$ $F $N MW AG 2> @b /* $b F1 MM $G >J N, /***** %j %U %) %a !< %7 %g %s 8e $N CN <1 %Y !< %9 *****/ double lo op(X,Z) :- nn4(X),nn3(Z,XX6),link5(XX6,Z). nn4(X) :- nn3(X,Y4),link5(Y4,X). nn3(X,Y4) :- nn2(X,Y3),link4(Y3,Y4). nn2(X,Y3) :- nn1(X,Y2),link3(Y2,Y3). nn1(X,Z) :- link1(X,Y1),link2(Y1,Y2). /* L7 =b @) Ls $H MW AG 2> @b $K $D $$ $F $O JQ 2= $J $7 $G F1 $8 ?^ 2 %5 %s %W %k CN <1 %Y !< %9 #2 !J %j %U %) %a !< %7 %g %s $N A0 $H 8e !K %k !< %k $, B8 :_ $9 $k $N $G !" ?7 %k !< %k $O @8 @. $5 $l $J $$ $3 $H $K $J $k ( DL >o MQ $$ $i $l $k 0U L# $G $N folding =h M} $K Aj Ev ) !# ?^ 3 $O %j %U %) %a !< %7 %g %s A0 8e $N =R 8l CN <1 $r E8 3+ $7 $F @8 @. $5 $l $k L? Bj %k !< %k ?t $N Hf $r <( $7 $F $$ $k !# Ld Bj 5, LO $N A} Bg $K $D $l $F !" @8 @. $5 $l $k L? Bj %k !< %k ?t $N %j %U %) %a !< %7 %g %s $K $h $k 8: >/ N( $O Bg $K $J $C $F $$ $k !# ?^ 4 $O L? Bj %k !< %k $X $N E8 3+ $r 9T $$ !" %3 %9 %H $K 4p $E $/ 6 ?M 9) CN G= 3X 2q ;o Vol.14 No.6

7 ?^ 3 %j %U %) %a !< %7 %g %s $K $h $k @8 @. L? Bj %k !< %k ?t $N 8: >/ 8z 2L ( ?^ 2 $N CN <1 %Y !< %9 $N $H $- ) ?^ 4 %j %U %) %a !< %7 %g %s $K $h $k ?d O@ ;~ 4V $N 9b B. 2= 8z 2L ( ?^ 2 $N CN <1 %Y !< %9 $N $H $- ) L? Bj HG 2> @b ?d O@ $N 9b B. 2r K! $G $" $k %M %C %H %o !< %/ 2= %P %V %k EA GE K! (NBP K! ) $r E, MQ $7 $F !" =‘ :G E, 2r 2> @b $r 5a $a $k $^ $G $N ?d O@ ;~ 4V $r <( $7 $F $$ $k !# %j %U %) %a !< %7 %g %s $N 8z 2L $O Bg JQ Bg $G $" $j !" Ld Bj 5, LO $N A} Bg $K $D $l $F Bg $- $/ $J $C $F $$ $/ !# $J $* !" ?d O@ ;~ 4V $N $& $A 90% Dx $O QSQR K! $K $h $k =R 8l %k !< %k $N L? Bj %k !< %k $X $N E8 3+ $, @j $a $F $$ $k !# QSQR K! $K Be $o $k <j K! $K $h $k $3 $N E8 3+ ;~ 4V $N =L >. $O :# 8e $N 2] Bj $G $" $k $, !" $3 $3 $G $N %j %U %) %a !< %7 %g %s $O $3 $N E8 3+ ;~ 4V $N =L >. $K $b 4s M? $7 $F $$ $k !# L? Bj %k !< %k ?t $H ;H MQ $5 $l $k L? Bj JQ ?t $N ?t ( N $H $9 $k ) $O Hf Nc $9 $k $H 2> Dj $9 $k $H !" L? Bj %l %Y %k $N =‘ :G E, 2r 7W ;; $O %M %C %H %o !< %/ 2= %P %V %k EA GE K! $G $[ $\ O ( N 1 : 5 ) $N ?d O@ ;~ 4V $G $" $k $N $G !" L? Bj %k !< %k ?t $, 1 =n $K $J $k $H 1 =n 1 : 5 $K C; =L $5 $l $k $3 $H $J $k !# KICK-HOPE I I [ 6a F# 94, Kondo96] $O =R 8l O@ M} HG 2> @b ?d O@ $N :G E, 2r $r =R 8l I= 8= $N $^ $^ 5a $a $k %7 %9 %F %‘ $G $" $k $, !" $3 $N ?d O@ ;~ 4V $O ?^ 4 $N %j %U %) %a !< %7 %g %s $J $7 $N >l 9g $N 2,3 G\ Dx EY $H $J $C $F $$ $k !# ( $3 $N KICK-HOPE I I $b %j %U %) %a !< %7 %g %s $7 $? =R 8l CN <1 $r BP >] $K $9 $k $H 8z N( 2= $, ?^ $l $k 2D G= @- $, $" $k $, !" L$ 8! F$ $G $" $k !# ) 0J >e $O FC Dj $N CN <1 %Y !< %9 $r Nc $K $7 $F <( $7 $? $b $N $@ $, !" %j %U %) %a !< %7 %g %s $N 8z 2L $O 35 $M $3 $N $h $& $J 79 8~ $r <( $9 !# ?^ 5 %j %U %) %a !< %7 %g %s $K $h $k @8 @. L? Bj %k !< %k ?t $N 8: >/ 8z 2L ( JL $N CN <1 %Y !< %9 $N $H $- ) ?^ 6 %j %U %) %a !< %7 %g %s $K $h $k ?d O@ ;~ 4V $N 9b B. 2= 8z 2L ( JL $N CN <1 %Y !< %9 $N $H $- ) ?^ 5, ?^ 6 $O 3F <o %? %$ %W $N =R 8l %[ !< %s @a CN <1 $, 4^ $^ $l $F $$ $k %3 %9 %H $K 4p $E $/ 2> @b ?d O@ Ld Bj $K BP $9 $k F1 $8 <B 83 7k 2L $r <( $7 $F $$ $k !# JQ F0 $O 8+ $i $l $k $, !" Ld Bj %5 %$ %: $N A} Bg $H $H $b $K K\ O@ J8 $N =R 8l %k !< %k !& %j %U %) %a !< %7 %g %s $K $h $k ?d O@ ;~ 4V $N 8: >/ 8z 2L $O 82 Cx $K $J $C $F $- $F $$ $k !# 5. $‘ $9 $S L? Bj %l %Y %k $N ?d O@ Ld Bj $K $O 9b B. 2r K! $, 9M 0F !" 3+ H/ $5 $l $F $$ $k $, !" I= 8= NO $, 9b $$ =R 8l O@ M} %l %Y %k $H $J $k $H !" $J $+ $J $+ NI $$ 9b B. 2r K! $r 8+ $$ =P $9 $3 $H $, Fq $7 $$ >u 67 $K $" $k !# K\ O@ J8 $G $O %3 %9 %H $K 4p $E $/ =R 8l O@ M} HG 2> @b ?d O@ $N 2r K! $H $7 $F !" =R 8l %k !< %k $r L? Bj %k !< %k $K E8 3+ $7 !" 9b B. L? Bj HG 2> @b ?d O@ K! $r E, MQ $7 $F =‘ :G E, 2r $r 5a $a $k 8z N( E* $J <j K! $r <( $7 $? !# FC $K !" 1i eh %G !< %? %Y !< %9 $N <j K! $G $" $k QSQR K! $K $h $j M? $( $i $l $? %4 !< %k $N >Z L@ $K 4X 78 $9 $k It J, $N $_ $r Cj =P $7 $F L? Bj %k !< %k $K E8 3+ $9 $k $K :] $7 $F !" $3 $N E8 3+ $r 8z N( E* $K 9T $( $k $h $& $K $7 !" @8 @. $5 $l $k L? Bj %k !< %k ?t $N :o 8: $r ?^ $k =R 8l %k !< %k $N %j %U %) %a !< %7 %g %s $, !" K\ <j K! $r 8z 2L E* $J $b $N $K $9 $k $3 $H $r L@ $i $+ $K $7 $? !# :# 8e $N <g $J 2] Bj $O 0J 2< $N 9‘ L\ $G $" $k !# � K\ O@ J8 $K 5- $7 $? =R 8l %k !< %k $N #3 <o $N %j %U %) %a !< %7 %g %s $O HO 0O $, 8B Dj $5 $l $? $b $N $G $" $j !" $^ $? 8z 2L $N Dj Nov. 1999 L? Bj %l %Y %k $N 9b B. 2r K! $N Mx MQ $r ?^ $k %3 %9 %H $K 4p $E $/ =R 8l O@ M} HG 2> @b ?d O@ K! 7

8 NL E* I> 2A $b $^ $@ == J, $G $J $$ !# $h $j 9- HO 0O $J I= 8= $K BP $7 $F 8z 2L E* $J J} K! $r 8+ $$ =P $9 $H 6& $K !" 8z 2L $r $h $j L@ 3N $K I> 2A $G $- $k $h $& $K $9 $k I, MW $, $" $k !# � M? $( $i $l $? %4 !< %k $K 4X 78 $9 $k =R 8l %k !< %k $r Cj =P $7 $F L? Bj %k !< %k $K E8 3+ $9 $k $N $K !" $3 $3 $G $O QSQR K! $r Mx MQ $7 $? !# $3 $N QSQR K! $O 1i eh %G !< %? %Y !< %9 $N 8z N( E* Ld $$ 9g $o $; =h M} $N <j K! $G $" $j !" $3 $3 $G $N =R 8l %k !< %k $N L? Bj %k !< %k $X $N E8 3+ $H $$ $& L\ E* $N $? $a $K $O $h $j E, $7 $? <j K! $, $" $k $O $: $G !" C5 5a $9 $k I, MW $, $" $k !# � 3F <o =h M} %b %8 %e !< %k $r E} 9g $7 !" E} 9g $5 $l $? %7 %9 %F %‘ $H $7 $F Mx MQ 2D G= $K $9 $k !# <U <- 5D O@ $$ $? $@ $$ $? Dr. Helmut Prendinger (Univ. of Salzburg/ El Bg ) !" 5Z $S 5- =R $N 2~ A1 $N %3 %a %s %H $r $$ $? $@ $$ $? :: FI <T $K 46 <U $7 $^ $9 !# !~ ;2 9M J8 8% !~ [Bylander89] T.Byladner et al.: Some Results Concern- ing the Complexity of Ab duction, Pro c.1st Conf. on Principles of Knowledge Representation and Reasoning (KR’89) (1989) [Charniak90] E.Charniak and S.Shimony: Probabilistic Semantics for Cost Based Ab duction, Pro c.AAAI-90, pp.106-111 (1990) [ F2 A0 94] F2 A0 !" @P DM !’ 2> @b ?d O@ 9b B. 2= $N $? $a $N CN <1 %Y !< %9 %j %U %) %a !] %7 %g %s !" ?M 9) CN G= 3X 2q ;o !" V ol.9, No.4, pp.595-603 (1994) [ J! ED 97] J! ED !" @P DM !’ %M %C %H %o !< %/ 2= %P %V %k EA GE K! $K $h $k =R 8l HG 2> @b ?d O@ %7 %9 %F %‘ $N 9= C[ !" >p =h A4 Bg !" No.5G-8 (1997.3) [ 8E @n 87] 8E @n !" 9B 8} ( 6& JT ) !’ %W %m %0 %i %‘ JQ 49 !" 6& N) =P HG (1987) [Gu93] J.Gu: Lo cal Search for Satis�ability(SA T) Prob- lem, IEEE T rans. SMC, V ol.23, No.4, pp.1108-1129 (1993) [ @P DM 94] @P DM K~ !’ 2> @b ?d O@ $N 7W ;; NL $H 9b B. 2= %a %+ %K %: %‘ !" ?M 9) CN G= 3X 2q ;o !" V ol.9, No.3, pp.342-349 (1994) [ @P DM 96] @P DM K~ !’ CN <1 $N I= 8= $H 9b B. ?d O@ { Bh #6 >O !’ 2> @b ?d O@ $H $= $N 9b B. 2= %a %+ %K %: %‘ !" 4] A1 (1996) [Kautz89] H.Kautz and B.Selman: Hard Problems for Simple Default Logics, Pro c.1st on Principles of Knowl- edge Representation and Reasoning (KR’89) (1989) [ 6a F# 93] 6a F# !" KR Ln !" @P DM !’ =R 8l O@ M} CN <1 $r 07 $& 9b B. 2> @b ?d O@ %7 %9 %F %‘ !" ?M 9) CN G= 3X 2q ;o !" V ol.8, No.6, pp.819-827 (1993) [Kondo93] A.Kondo, T.Makino and M.Ishizuk a: E�- cient Hyp othetical Reasoning System for Predicate- logic Knowledge Base, Knowledge-Based Systems, V ol.6, No.2, pp.87-94 (1993) [ 6a F# 94] 6a F# !" @P DM !’ =R 8l O@ M} CN <1 $r 07 $& 2> @b ?d O@ $K $* $1 $k :G E, 2r $N 9b B. ?d O@ K! !" ?M 9) CN G= 3X 2q ;o !" V ol.9, No.2, pp.290-298 (1994) [Kondo96] A.Kondo and M.Ishizuk a: E�cient Infer- ence Metho d for Computing an Optimal Solution in Predicate-Logic Hyp othetical Reasoning, Knowledge- Based Systems, V ol.9, pp.163-171 (1996) [ >> Hx 98] >> Hx !" Fs ED !" @P DM !’ SL K! !’ @~ 7A !& Hs @~ 7A 7W 2h K! $N J; MQ $K $h $k %3 %9 %H $K 4p $E $/ 2> @b ?d O@ $N =‘ :G E, 2r 7W ;; !" ?M 9) CN G= 3X 2q ;o !" V ol.13, No.6, pp.953-961 (1998.11) [ @> Hx 88] @> Hx !" Fo 8+ !’ 1i eh %G !< %? %Y !< %9 $K $* $1 $k :F 5" E* $J Ld $$ 9g $o $; I> 2A K! !" >p Js =h M} !" V ol.29, No.2, pp.240-255 (1998) [ Bg _7 94] Bg _7 !" @P DM !’ 2> @b ?d O@ $K $* $1 $k =‘ :G E, 2r $r B? 9‘ <0 ;~ 4V $G 7W ;; $9 $k %M %C %H %o !< %/ 2= %P %V %k EA GE K! !" EE ;R >p Js DL ?. 3X 2q ;o !" V ol.J77-D-II, No.9, pp.1817-1829 (1994) [ Bg _7 95a] Bg _7 !" @P DM !’ 2~ NI 7? %M %C %H %o !< %/ 2= %P %V %k EA GE K! $K $h $k Dc <! B? 9‘ <0 ;~ 4V 2> @b ?d O@ K! !" ?M 9) CN G= 3X 2q ;o !" V ol.10, No.5, pp.731-740 (1995) [ Bg _7 95b] Bg _7 !" @P DM !’ B? 9‘ <0 ;~ 4V 2> @b ?d O@ $r C# @. $9 $k %M %C %H %o !< %/ 2= %P %V %k EA GE K! $N =R 8l O@ M} $X $N 3H D% !" ?M 9) CN G= 3X 2q ;o !" V ol.11, No.5, pp.731-740 (1995) [Ohsaw a97] Y.Ohsaw a and M.Ishizuk a !’ Netw ork Bubble Propagation: A Polynomial-time Hyp othetical Reason- ing Metho d for Comuting Near-optmal Solutions, Ar- tif.Intelli., V ol.91, No.1, pp.131-154 (1997) [ 2, K\ 93] 2, K\ !" @P DM !’ @0 ?t 7W 2h K! $N 6a ;w 2r K! $r E, MQ $7 $? =‘ :G E, 2r 7W ;; $N 9b B. 2> @b ?d O@ K! !" ?M 9) CN G= 3X 2q ;o !" V ol.8, No.2, pp.222-229 (1993) [Santos94] E.Santos Jr.: A Linear Constraint Satisfac- tion Approach to Cost-based Ab duction, Arti�cial In- telligence, V ol.65, pp.1-27 (1994) [Selman93a] B.Selman and H.Kautz: An Empirical S- tudy of Greedy Lo cal Search for Satis�ability T esting, Pro c.AAAI-93, pp.46-51 (1993) [Selman93b] B.Selman and H.Kautz: Domain-indep endent Extension to GSA T: Solving Large Structured Satis�a- bility Problems, Pro c.IJCAI-93, pp.290-295 (1993) [Selman97] B.Selman, H.Kautz and D.McAllester: T en Challenges in Prop ositional Reasoning and Search, Pro c.IJCAI-97, pp.50-54 (1997) [Vielle86] L.Vieille: Recursive Axious in Deductive Databases: The Query/Subsequery Approach, Pro c.1st Int’l Conf. on Exp ert Database Systems, pp.179-193 (1986) !L C4 Ev JT =8 0Q 0w !’ !_ !_ !{ !{ !$ :: FI <T !’ !{ !{ !_ !_ !M Cx <T >R 2p C* 66 0l Li !J Hs 2q 0w !K 1998 G/ El 5~ Bg 3X 9) 3X It EE ;R >p Js 9) 3X 2J B4 6H !# :_ 3X Cf $K CN <1 %j %U %) %a !< %7 %g %s $K $h $k ?d O@ $N 9b B. 2= $N 8& 5f $r 9T $C $? !# 8= :_ !" ( 3t ) IY ;N DL $K 6P L3 $7 !" 6b M; %7 %9 %F %‘ $N 3+ H/ $K => ;v !# !R k azuy a@happ y .email.ne.jp !S J! ED LP 5* !J Hs 2q 0w !K 1997 G/ El 5~ Bg 3X 9) 3X It EE ;R >p Js 9) 3X 2J B4 6H !" 1999 G/ !" F1 Bg 3X 1! =$ ;N 2] Dx =$ N; !# :_ 3X Cf $K =R 8l HG 2> @b ?d O@ %7 %9 %F %‘ $H JB Ns O@ M} %W %m %0 %i %_ %s %0 8@ 8l $N 8& 5f $r 9T $C $? !# 8= :_ !" ( 3t ) IY ;N DL 8& 5f =j !" %M %C %H %a %G %# %" 8& 5f %; %s %? !< $K =j B0 !# !R sfukuta@ ab.fujitsu.ne.jp !S @P DM K~ !J @5 2q 0w !K $O A0 7G (V ol.14, No.1, p.101) ;2 >H !# !R ishizuk a@miv.t.u-toky o.ac.jp !S 8 ?M 9) CN G= 3X 2q ;o Vol.14 No.6