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Best First Search System
by
Meta-programming in Inheritance Hierarchy Prolog

Kiyoshi AKAMA
(Faculty of Letters, Hokkaido University, Sappro-shi, 060, Japan)

Logic program with uncertainties (LPU) is a framework which
allows us to specify certainties of rules and to compute
certainties of inferred conclusions. Best first search algorithm
for LPU provides a powerful interpreter that can give, to a given
query, the current best one in the remaining solutions (or can
tell us the failure of finding one) each time we ask the
interpreter for another solution. Important is that each solution
is found with the minimal computation required. By utilizing
meta-programming technique in inheritance hierarchy (IH) prolog :
PAL, we implemented a best first search system. It has two
important mechanisms (a) best first search mechanism for LPU, and
(b) fast inference mechanism for IH, so that we can represent
human everyday knowledge freely by using certainty factors and
class names. We demonstrate an availability of the system by an
example of narrative story understanding.
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(define bfsc (O (loop (rindc "w>” *q) (if (= *q (end)) (exit)) (c-exec *q))))
(define c-exec
&1 . %) &kl . ®)
(((load *f)) (load *f))
(((list . 7)) (list db))
(((retract . 7)) (retract db))
((xq)
(onbt (and (terpri) (print "failure”) (terpri)))
(solve %q %q ’a *process)
(terpri) (print (——---- --> solution))
(terpri) (print *a)
(terpri) (pp-form sprocess)
(terpri) (rind "more? (y/n) ” n) (terpri)))
(define solve
((*ansv *goal *anms *process) (demos ((100 (%goal) *amnsv () ())) *ans %*process)))
(define demos
(€ (Ctw O *v O *process) . 7) (*w #y) *process))
(C (xp . %q) *ans *process)
(demo *p *next)
(insert-sort *next %q *newq)
(cut)
(demos *newq *ans *process)))
(define demo
( Cw Q% Q%) O ) (cut))
(C ('w ) *v (*nextgoal . ¥stack) *r) *next) (cut)
(demo (*w *nextgoal *v *stack *r) #*next))
(( (fw (%p) %v %stack *r) *next) (cut)
(demol (*w *p #v #*stack *r) *next))
(C (tw (xp . %q) *v *stack *r) *next) (cut)
(demol Ckw *p *v (kq . *stack) *r) *pext)))
(define demol
(¢ (ewx (xp . *arg) *v *stack *r) *next)
@ 7?2 0p.7 .7
(cut)
(accumulate (*ww *body *v *stack ((twy (kp . %arg) . *body) . *r))
(and (db *wy (¢p . *arg) . *body)
(pp-form (twy (p . *arg) . *body))
(plus *wx *wy -100 *uww))
*next))
(C Crw (xp . *arg) *v *stack *r) (Ckw O %v xstack ((blt Cxp . Karg)) . *r))))
(exec (xp . *arg))))
(define insert-sort
(O * %))
((Cep . *x) %y *2) (insert-sori:s *p ¥y %z1) (insert-sort *x *zl ¥z)))
(define insert-sort:s
(CCrux . *px) (Cewy . *py) . #y) (Crax . *px) (twy . *py) . Xy))
(greaterp *ux *wy)
(cut)) ,
(¢ (xa . *y) (ra . *z)) (insert-sort:s »*x *y %z))
(CGx O (x)))) .
(define kl (Ctw *h . *b) (asp (db *w *h . *b))))
(define sv ((kw %h . *b) (asp (db *w *h . *b))))
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(k1 100 (action santarou denwa-suru *x))
s SRR ICBEEL Z L.
(k1 100 (action benriya demwa-ukeru *y))
 ERIRR M BEEE ST LA,
(k1 100 (action santarou moru bikel))
s SRR AL 21T IZEY T L.
(k1 100 (action benriya ayamaru takeda))
s FRERRARECHY L.
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(defc human (kaishain benriya))

(defi kaishain (santarou takeda))

(defi benriya (benriyal))

(defc vehicle (bike))

(defi bike (bikel))

(defc sosiki (kaisha))

(defi kaisha (kaishal kaisha2))
(defc place (placel place2))

(k1 100 (belong santarou kaishal))

(k1 100 (belong takeda kaishal))
(k1 100 (speed *“bike hayai))
(k1 90

(action *h“human yatou %b~benriya)

(action *h renraku-suru *b))
(k1 80
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(action *hl1~human renraku-suru %h2 human) ; WEEk L. BEERUT

(action *hl denwa-suru %h2)
(action *h2 denwa-ukeru *hl1))
(k1 70

. b AV ANE (T

.o

(action *h1~human renraku-suru %h2~human) ; ML L CHEiET 5.

(action *hl denwa-suru %h2))
(k1 80

(action *h“human hayaku-iku *p~place)

(action *h noru *v“vehicle)
(speed *v hayai))
(k1 100 (useful hayaku-iku))
(k1 100 (useful renraku-suru))
(k1 10 (useful ayamaru))

s HOEYHKES TRUT
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e we

(k1 70 (state exist *h"kaishain *p“place) cARBREOSHOBZBF RV I LAH,

(belong *h *k"kaisha)
(exist *k *p))
(kl 100 (exist kaishal placel))

(sv 80

s & 1IIBHLIEH D,

(action *h~human tikoku-suru #s°sosiki) ;  LAMNS BEBICEA LB,

(action *h renraku-suru %0~ human)

(exist *s *p~place)
(state exist *o *p))
(sv 80

. 2 OAROBITI VB ACHE T ZLHELDH D,

(action *h*human tikoku-suru ws~sosiki) ; b LAMS IZEBEALS,

(exist %s *p~place)
(action *h hayaku-iku *p))
(sv 80

FORBOFICHE AT LEHDH D

(action *h“human tikoku-suru ws~sosiki) ; b LADS ZHRGEAL D,

(action *h ayamaru *o”human)
(belong *o *s))
(sv 20

(action *h“kaishain *action %object)

(useful *action)

(action *b~benriya *action *object)

(action *h yatou %b))
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c B0y cntesTES>T LR TED.
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w>(action santarou tikoku-suru kaishal)
( > solution)

EABRAHEALE L.

(60 (action santarou tikoku-suru kaishal)) s SRBIRAHEALE L,

((100 (speed bikel hayai)) s BRI H AT LERBY T4,

(100 (action santarou noru bikel)) ;s SHOBHTITH T eIz,

(80 (action santarou hayaku-iku placel) s L. A - Fodnw 4 s
(action santarou noru bikel) s EVE LA,

(speed bikel hayai))
(100 (exist kaishal placel))
(80 (action santarou tikoku-suru kaishal) (exist kaishal placel)
(action santarou hayaku-iku placel)))
more? (y/n) y
(--- —_— > solution)
(20 (action santarou tikoku-suru kaishal))
((100 (exist kaishal placel))
(100 (belong santarou kaishal))
(70 (state exist santarou placel)
(belong santarou kaishal)
(exist kaishal placel))
(100 (exist kaishal placel))
(100 (action santarou denwa-suru santarou))
(70 (action santarou remraku-suru santarou) (action santarou denwa-suru santarou))
(80 (action santarou tikoku-suru kaishal)
(action santarou renraku-suru santarou) (exist kaishal placel)
(state exist santarou placel)))
more? (y/n) y
(

ZXRBretcE#ALE L.

Bk, roMEoRkBI, it
EXBrBECHEBLELA,
BEZKBBIEE LN >T?.
EABRE‘OHER NS, E5)
SHRVBEESRATT.

e ws we we we we

---> solution)

(20 (action santarou tikoku-suru kaishal)) s EXRBIRASHIEALE L,
((100 (exist kaishal placel)) s R, St oRHEICRES CHE
(100 (belong takeda kaishal)) s LELXE,

(70 (state exist takeda placel) (belong takeda kaishal) (exist kaishal placel))

(100 (exist kaishal placel))

(100 (action santarou denwa-suru takeda))

(70 (action santarou renraku-suru takeda) (action santarou denwa-suru takeda))

(80 (action santarou tikeku-suru kaishal) (action santarou renraku-suru takeda)
(exist kaishal placel) (state exist takeda placel)))

> solution)

(-120 (action santarou tikoku-suru kaishal)) s SRS AL L,

((100 (belong takeda kaishal)) s MEASHoRBICHBERIZEY THA.
(100 (action benriya demwa-ukeru santarou)) s B CRIBEFIBICEIECHEE L.
(100 (action santarou denwa-suru benriya)) UM ->TchsHbVE LA,

(80 (action santarou renraku-suru benriya) (action santarou denwa-suru benriya)
(action benriya denwa-ukeru santarou))
(90 (actien santarou yatou benriya) (actien santarou renraku-suru benriya))
(100 (action benriya ayamaru takeda))
(10 (useful ayamaru))
(20 (action santarou ayamaru takeda) (useful ayamaru)
(action benriya ayamaru takeda) (action santarou yatou benriya))
(80 (action santarou tikoku-suru kaishal) (action santarou ayamaru takeda)
(belong takeda kaishal)))
(-—- > solution)
more? (y/n) n
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