?M9)CNG=FCO@!’ LdBj2r7h%7%9%F%‘ Bh 7 2s 1. LdBj2r7h%7%9%F%‘ (Problem Solving System) � F o rbus, K. and de Kleer, J.: Building Pr oblem Solvers , MIT Press, 1993. Lisp %3!<%I$O8x3+ ftp://b eta.xer ox.c om/pub/bps/BPS*. f tar.Z,sit,zip g � 1|G5 : ?M9)CNG=3X2q;o , 5(3) ’90, 6 (1) ’91, 11(3) 2. B?=EJ8L.?dO@ (Multiple Context Reasoning) !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-1

LdBj2r7h%7%9%F%‘$N0lHLE*$J9=@. ?dO@%(%s%8%s (Inference Engine): LdBj$N2r7h ??560];}%7%9%F%‘ (T ruth Maitenance System): ?dO@4IM} !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-2

$J$<??560];}%7%9%F%‘ (TMS) $r;HMQ$9$k$N$+ 6 $D$NI,MW$J5!G= 1. DD=R4V$NO@M}E*$J4X78$N=e<i ( = AH9g$;C5:wLdBj$N2r$r8+$D$1$k$N$KI,MW 2. 7kO@$KBP$9$k:,5r$NF1Dj ( = 7kO@$KBP$9$k@bL@$r@8@.$9$k$N$KI,MW 3. <:GT860x$NF1Dj ( = L7=b>uBV$+$i2sI|$9$k$N$KI,MW 4. ?dO@7k2L$N%-%c%C%7%e0];} 5. 8e$mLa$j$N%,%$%I 6. %G%U%)!<%k%H?dO@ !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-3

Nc : AH9g$;C5:wLdBj select f A,B g , select f C,D g , select f E,F g $?$@$7 , A ^ C � !? , B ^ E � !? !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-4

A4CNA4G=$N?@MM$,$3$NLdBj$r8+$k$H select f A,B g , select f C,D g , select f E,F g $?$@$7 , A ^ C � !? , B ^ E � !? = ) 8D$N@x:_E*$J2r$,$"$k . !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-5

A42r$r Prolog $G5a$a$h$& . solve :- first(F), second(S), third(T), constraint(F,S,T), print([F,S,T]), fail. first(a). first(b). second(c). second(d). third(e). third(f). constraint(a,c,_) :- !, fail. constraint(b,_,e) :- !, fail. constraint(_,_,_). <B9TJ}K!!’ ;~4VE*$J8e$mLa$j ( Chr onolo gic al Backtr acking ) !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-6

;~4VE*$J8e$mLa$j$N7gE@ (1) L5BL$J7W;; D $H E $G$O7W;;;~4V$,KDBg$K$+$+$k$H$9$k$H , 2~A1:v = ) ?dO@$d7W;;$N7k2L$r%-%c%C%7%e$K !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-7

;~4VE*$J8e$mLa$j$N7gE@ (2) F1$8L7=b$KAx6x !V B ^ E � !? !W $r;W$$=P$=$& 2~A1:v = ) ?dO@7k2L ( L7=b ) $r%-%c%C%7%e$K !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-8

8e$mLa$j$N%,%$%I $I$A$i$N8e$mLa$jJ}K!$NJ}$,$h$$$+ : !V A ^ C � !? !W $r;W$$=P$=$& J}K! 1: = ) 0MB84X78$K$h$k8e$mLa$j ( Dep endency-Dir e cte d Backtr acking, DDB ) !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-9

%G%U%)!<%k%H?dO@ !XH?Nc$,$J$$8B$j x $,@.N)$9$k$3$H$r2>Dj$9$k!Y [ Nc 1] 2>Dj!V Since Tw eet y is a bird, Tw eet y can y . !W !V Tw eet y can y . !W$r>ZL@$9$k$?$a$K$O , LdBj2r7h%7%9%F%‘$O0J2<$N$3$H$r<($9I,MW$,$"$k : 8 > > > > > < > > > > > : � Tw eet y is not a p enguin, an ostrich, a kiwi, . . . � Tw eet y is not dead, b oiled, . . . . . . $3$l$O 2DG=!$$=$l$H$b IT2DG= Cr e do ut intel ligam. (I b elieve in or der to understand.) !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-10

%G%U%)!<%k%H?dO@ ( B3$- ) [ Nc 2] JD@$3&2>@b ( Close d World Assumption, CW A ) !X=89g$N%a%s%P$O<+J,$,CN$C$F$$$k$b$N$@$1$G$"$k!Y � O@M}7?%W%m%0%i%_%s%0 : <:GT$K$h$kH]Dj$N<B8= (Negation as F ailure) constraint(a,_,c) :- !, fail. constraint(_,b,e) :- !, fail. constraint(_,_,_). � @_7W7?%7%9%F%‘$X$N1~MQ : = ) 8uJd=89g$r;XDj$9$k ( !XA*Br=89g!Y ) !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-11

LdBj2r7h%7%9%F%‘ = ?dO@%(%s%8%s !\ TMS %( %- %9 %Q!< %H %7 %9 %F %‘ %7%’ %k (KEE, ART), Dj @- %7 %_%e %l!< %7%g %s , @_ 7W %7 %9 %F %‘ , 8N >c ?G CG %7 %9 %F %‘ , ;~ 4V E* ?d O@ , CN E* CAI %7%9%F%‘ , @)Ls8@8l , HsC1D4?dO@ , . . . !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-12

?dO@%(%s%8%s$H??560];}%7%9%F%‘$NBP1~4X78 ?dO@%(%s%8%s ( ) ??560];}%7%9%F%‘ %G!<%? (Datum) ( ) %N!<%I (No de) ?dO@2aDx (Inference) ( ) @5Ev2= (Justi�cation) 2>@b (Hyp othesis) ( ) 2>Dj (Assumption) L7=b (Contradiction) ( ) Nogo o d, $"$k$$$O , 8e$mLa$j$K$h$kL7=b2r>C ?.G0 (Belief ) ( ) %i%Y%k (Lab el) !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-13

?dO@%(%s%8%s (IE) !&??560];}%7%9%F%‘ (TMS) 4V$NDL?. Graduate-Student( x ) � ! Underpaid( x ) ^ Overw o rk ed( x ) Graduate-Student(T anak a) Underpaid(T anak a) ^ Overw o rk ed(T anak a) %N!<%I N0001 !’ ?dO@%(%s%8%s$N%k!<%k$rI=8= (rule (Graduate-Student ?x) (assert (and (Underpaid ?x) (Overworked ?x)))) %N!<%I N0002 !’ 8@L@ (assertion) $rI=8= (Graduate-Student Tanaka) %N!<%I N0003 !’ ?dO@7k2L$rI=8= (and (Underpaid Tanaka) (Overworked Tanaka) @5Ev2= J0001 !’ %k!<%kE,MQ (inference) $rI=8= (N0003 MODUS-PONENS N0002 N0001) !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-14

%N!<%I$N<oN‘$H@5Ev2= � A0Ds (p remise) | 91??$G$"$k%G!<%? � L7=b (contradiction) | 9156$G$"$k%G!<%? � 2> Dj (assumption) | ?d O@ %( %s %8 %s$, 0l ;~ E* $K @. N) $9 $k $HA*Br$7$?%G!<%? . 8e$G<h$j>C$5$l$k$3$H$b$"$k � DL>o$N%N!<%I | >e5-0J30 @5Ev2= $O ( < 8e7o > < >pJsIt > !& < A07o > ) $GI=8= . � 8e7o (Consequent) !’ %N!<%I . � A07o (Antecedents) !’ %N!<%I . � >pJsIt (Info rmant) !’2?$G$b2D!% TMS $OL$;HMQ . !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-15

0MB84X78$N%M%C%H%o!<%/I=8= !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-16

@5Ev2=$NLr3d!’ 7kO@$KBP$9$k:,5r$NF1Dj !V%=%/%i%F%9$O$J$<;‘$s$@$+!W$N@bL@@8@. !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-17

@5Ev2=$NLr3d!’ 8e$mLa$j$N%,%$%I ;~4VE*$J8e$mLa$j$G$NLa$j@h!’ 0MB84X78$K$h$k8e$mLa$j$G$NLa$j@h!’ !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-18

L?BjO@M}$K$h$k??560];}%7%9%F%‘$N5-=R � %N!<%I x 1 ; . . . ; x m $, , %N!<%I n $r@5Ev2=!’ : x 1 _ � � � _ : x m _ n $GI=8= . $D$^$j , @5Ev2= z }| { x 1 ^ � � � ^ x m | {z } A07o ) n |{z} 8e7o 0lHL$K$O , x 1 ^ � � � ^ x m ) y 1 _ � � � _ y k k = 1 $N;~ , !V%[!<%s@a!W$H8F$V . � A0Ds n !’ C10l@a (unit clause) n $GI=8= . � L7=b m !’ H]Dj@a (negative clause) : m $GI=8= . !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-19

%i%Y%k (Lab el) | %N!<%I$N?.G0>uBV$NI=8= IN | !V?.G0$,$"$k!W , OUT | !V?.G0$,$J$$!W Cm0U : IN ( ?.G0$"$j ) 6 = TRUE ( 91?? ) P IN P OUT : P IN L7=b ( Contr adiction ) : P TRUE : P OUT P TRUE ( 91?? ) L$CN ( Unknown ) [ 3HD% ] @a C $N%i%Y%k$r6K>.;Y;}=89g MinSup $GDj5A!’ � A4@5Ev2=$N=89g$H$9$k$H , M inS up ( C ; �) = f S j S 2 �( C ; �) ; S : $O6K>. g $?$@$7 , �( C ; �) = f P I � C j P I : � $N<g9‘ ; P I [ C 6 = fgg !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-20

??560];}%7%9%F%‘$N7rA4@- $H40A4@- 7rA4@- (Soundness) 40A4@- (Completeness) 40A4@-$,@.N)$9$k$+$I$&$+$O TMS $N%U%!%_%j!<$K0MB8 . !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-21

IT40A4@-$NNc P = ) ( Q _ W ) Q = ) R W = ) R � = f P g 9 > > > > > > > > > > > = > > > > > > > > > > > ; R $O � $+$iF3$+$l$k . $I$N$h$&$J TMS $G$b R $N@5$7$$%i%Y%k$,5a$^$k$+ ? !y !y !y @5Ev2= x 1 ^ � � � ^ x m ) y 1 _ � � � _ y n !’ %[!<%s@a (n=1) $N3NDj@a ( JQ?t$r4^$^$J$$ ) $7$+I=8=$G$-$J $$ TMS $G$O@5$7$$%i%Y%k$O5a$^$i$J$$!% !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-22

HsC1D4@- (Non-Monotonicit y) � C1 D4 @- (Monotonicit y): $9 $G $K8@ L@ :Q $_$N B> $N A4;v <B $H L5 L7 =b $J ?7 ;v <B $, DI 2C $5 $l $F $b , L7 =b $, @8 $< $:!$ 4{ CN $N ??$N;v<B$N=89g$+$i$J$K$b<h$j>C$9I,MW$,$J$$ . � HsC1D4@- (Non-Monotonicit y): >e5-$,@.N)$7$J$$!% [ Hs C1 D4 @- $N Nc ] !XD; $O Ht $V!Y $H $$ $& CN <1 $N 2< $K 9T $o $l $? ?d O@ 7k 2L $N 0l It $, , !X%Z %s %. %s $O D; $@ $, , Ht $P $J $$!Y $H $$ $& CN <1 $, 2C$($i$l$?$3$H$K$h$C$F , @.$jN)$?$J$/$J$k . !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-23

HsC1D4@- (Non-Monotonicit y) $NNc | Nixon LdBj R epubl ican ( N ixon ) Quak er ( N ixon ) Quak er ( x ) ) D ov e ( x ) R epubl ican ( x ) ) H aw k ( x ) D ov e ( x ) ^ H aw k ( x ) )? !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-24

TMS $NJ,N‘ JTMS (Justi�cation-based TMS), A TMS (Assumpition-based TMS), NMJ (Non Monotonic JTMS), L TMS (Logic-based TMS), CMS (Clause Management System) !V?M9)CNG=FCO@!W , 5~ETBg3XBg3X1!>pJs3X8&5f2JCNG=>pJs3X@l96 , June 13, 2001 Lecture 7-25