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Hypothesis Searcher HYPOSE

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

The framework of theory formation and Theorist system by Poole
et. al. is only a very basic tool for acquisition of hypothetical
knowledge in inductive learning systems, but they may become an
important programming tool if we provide it with inferential
efficiency and ability to propose new hypotheses. At the first
step toward this, we give a Horn clause version of Theorist,
called HYPOSE, which has a built-in predicate that can add new
hypotheses into the currrent set of hypotheses. This allows
faster implementation preserving the logical meaning for the
result of inferences. We illustrate the character of HYPOSE by
solving a puzzle in prolog and HYPOSE and comparing them with
each other.



1. RUL&HE

NMe%ﬁ,&@;5@&%&&@#ﬁh“tﬁﬁbt.&5%#&.W%mﬁﬁm§éﬂ(m
ssible hypotheses), HECEFERMBROEAF (facts), B##% G (observations) »nhH &
3, L, ﬁ%ﬁ@%ﬁ*ﬂ@?)é%ﬁﬁﬁéDtﬁvdﬁbr, FUDMREFE LV S 5H#DD
tf,GtFUD@%E%ﬁ%&?é:arba.ﬂaﬁ.co#ﬁat%ﬁfévx%AtLT.
ﬁ%iﬂ&é%ﬁ&%lﬁﬁ%%ﬂtﬁﬁkbnTMm%t&w5v2?Atﬁ&Lk.%n&.
H=¢nr & Prolog KRETS 25Kk, Prolog D1HO0RE BRI LNTED.

NMe%mﬁﬁmLkﬁm¢&®$ﬁ8ﬁ.fﬁﬂ&&Jﬂ%ﬁtXﬁoﬁ%ok3$m5wi
&,biUKﬁEKM1.ﬁmim&m%brw<tb®§wmmﬁﬂmlomﬁ?mwtamf
&5?55.MMe&,&&OE%omm”mz&ﬁATwéﬁ,%nté»fﬁﬁmﬁ%ﬁmﬁ
LTEU.ﬁﬁ&&@ﬁ%&@bé:ﬂ%%t@?bé.ﬂ%%ﬁ@vxikomﬁﬂf&,kﬂ
(m%)kd.ﬂﬁmaﬁﬁméﬁﬁtﬁwbr,ﬁmm&&%%&ﬁab.%ﬁm:u&<mg
#6#Ekﬂﬁsnrmé.%o;5&%&@&%%%%%%@%%%@«@%%&,WMemo
ERbTik, TREEBCRERY.

LmbmﬁB,ﬂmn“toﬁﬁ&&##ﬂ%*%fﬁ%rbé.ﬁm&&twiﬁﬁwﬁb$
an%iét,Eﬁ%%tmwtﬁk&?ﬁbrwé.Hmnmt@@ﬂ&&ﬁﬁkbrﬁ%%
AR TEBD. BN, BroBEbBBELRBEIETHD. bbAATNRIE, RBBNEYEYRT
Amﬁ%ﬁﬁ%?éﬁ&&%ﬂbr.m%wm%tﬁﬁ$ﬁtw&m5ﬁgﬁéiné.

&brﬁﬂ&brﬁéﬁ,nmnmtﬁﬁ%r&mm.%émﬁlﬁmﬁﬁﬂégwtbrwa
PR, Bk RAFLAEERTIONRETHS. Al bEEEY R A (ESERRET
&,ﬁ%ﬁ@ﬁ%&ﬁ%gkmﬁﬁmlorméme.EE&&##KE%T%%)&EU:&ﬁ
rémw.it,mmtmﬁbkbn,ﬁﬁﬁﬁﬁ%“%,ﬂﬁ%é&ﬁ”mgwﬁmkﬁﬁfa
@%mﬁﬂzw.$5m.ﬁ%mﬁavz%Amgummiémﬁ,%Lwﬁa&ﬂﬁbtw<ﬁ
I LV,

cnboBEBOFIC, ARKL Tk, Theorist ZHMLL T, EBBONEE Horn HiDHICHIR
Ltvx%béﬁi.ﬁm&ﬁM?ém%&ﬁkfé.%5#éckaxar,mmnn&ﬁﬁa
%ﬂmmﬁ%ﬁw&%bfn,%ﬁvﬁwvx%Aﬂwnéﬂ%ﬁﬁfr<é.:mwz%Aﬁg
mmmﬁﬁ&bt.Ea%ﬁén,EA&&M%%kbﬁém.ﬁ%m#%vzibtm¥yv7
iSO A BT E 0. chnEHEEE LTEREL TV ERY.

2. E3EROHES

NMe%&,ﬁﬁi&mﬁbﬁ@mmmﬁa&&wx5mﬁﬁwbt.&bnéﬂmu,W%m
EBn®EAH (possible hypotheses), BERMBOREF (facts), Bijl#E4 G (observations)
msma.::vmﬁ%&,ﬁﬁ@%ﬁﬂo&%%ﬁ%ﬁD%ﬁmer,Funﬁﬁ%ﬁkw
5%#@%af,G&FUDmmﬂmﬁ%kibcarbé.ﬁ%éﬂF&%hﬁ&#%Eaﬁi
XnTwa. ol Theorest WS Y AF L LTERIA TV,

Theorist BRI, SS22H 1 EAFRERMEDNR TV, Theorist v RF LDSTHR
20, 2¥D L > r—RoOHBRORTHD.

LlVL2V"'VLn < - Lnfl/\Ln+2/\ se /\Lnﬂn
CC?,h&EﬁOU?iWGNWﬂ)?ﬁU.EEﬁﬁﬁf&é.%fﬁTMMth8H
AFELIE, D7 b (FFRER) rrpEENEbrlErhidctehb.

TMmmtmvx%Atﬁéﬁﬁ,%1%ﬁﬁ%ﬂéﬁtﬁ5ﬁﬁﬁmﬁﬂﬂ%ﬁﬂﬁﬁf%%.
#5ikeh#% Prolog TEHRL TV, FOERITHIBOERLRDZT AT 4TI, (1) —g oot
BAoFx D+ T contrapesitive form £AdicBmL, Prolog XEU I —VERE, #A0H
3&%%?6:&&42%6m3ﬁ%f,ﬁtﬁbmﬁ—wméﬁﬁimmﬁoj—wtls7
rAHEREEE, FHERX sTHEDT - ARTAHSh LTI 2ETHD.




TmMutogtmm7»jDXA&.4&5&&:ﬁﬁ$ﬁoﬁ%tﬁ6k»o&ém3&%t
ﬁbétékﬂmréé(mmthwf?é)mﬂt.Fik&ﬂm%&°ﬁt#irﬁ<:&
rbé.cmﬁé,Fomﬂuﬁ%#?ﬂmﬁ%mﬂﬂrbﬂ,Hoﬂ&&FUD#&%E&w5
%#@ﬁtfﬂﬁﬂ%mﬂﬁrbé.—&m.béiw%éﬁ%ﬁfﬂ&.%@%ﬁ&&omoi
%ﬁMLkﬁét@&U%Ef%.Lkﬁor,HoihEEMLrw<&a,§éFUD&,

a :BRBITCFFLEY.

b:H3RSLEFESS.
mwfnmwma1mMut&,ﬁah&nmﬁb<ﬂm16kvnﬁﬁmf;vatﬁmw,
FEERER UKL, backtrack +3. L7 Theorist (2, W & omEREBT RS
Pmmgrbéawis.tﬁb&oﬂ%&.#mmwﬁw#%ﬁﬁw%#ﬁﬁrba

3. [RSBERRZAFLHYPOSE

TMmthVX?A&,%lﬁﬁﬁﬁﬂéﬁtﬂﬁtb.ﬁﬁkb.Eﬁ%ﬁ%ﬁﬁ?b%.
*%Xfﬁ,ﬂmnmt&ﬁ%ﬁbf,%%wﬂﬁ&ﬂmnmmﬁﬁﬁﬁb.ﬁ%tﬁ%f%ﬁ%
2FIHTE3> X5 L-HYPOSE ( HYPOthesis SEarcher) » {E#323 —%¥A T3, DR
Bz, Theoristik&xh? THlf XRIEE® S Prolog) > LT oislEx, R AHER S
kii.Eﬁﬁ%ﬁ?évxihé%ﬁbtme%wﬁtkﬁﬁﬁ%,&ﬁ%ﬁmzﬁﬂrm
o BA—BD70Y5 3 v P oRBMaMA L+ 2TEELEEC + v 3.

HYPOSE ik, {K3icH3HH : head <~ body {2,

(hypo head . body)
tEMND. T, BECHAHA : head <— body I,

(fact head . body)

LEPND. BEOEAF L BRI ARBROBAET R+ 285 H L LT, contr 21> >4
ﬁﬁbna.:mﬁ%&(&m<&a)2E®ﬁ%r,mw5né.1ou,ﬁéﬁﬂﬁﬁﬁ(m
tegrity constraint) & L. ®#H+ 3013483 contr 2HV T,

(fact (contr) . body)
kéé.bMyﬁ&ﬁ?h&%E?béthﬁﬁfé.C@%é,cmhﬁ,%ﬁ(meﬁﬂ
im)m%aﬁnw;w.ﬁalommwﬁd.ﬁﬁwﬁmmgtﬁmacavb5.mi&.

(fact (contr) (parent *p *c) (add (child *c *p)))
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(hypo (fly %) (bird %))

(fact (bird *) (emu %))

(fact (bird Tweety))

(fact (emu Edna))

(fact (not-fly *) (emu %))

(fact (contr) (fly %) (not-fly %))
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Pi(solve (fly Tweety))

(--- select-h new u00011 (fly Tweety) (bird Tweety))
(select u00011 (fly Tweety) ((bird Tweety)))
(=~-=---—---> check in (u00011))

(--- select-f (contr) (fly %) (mot-fly %))

(--- select-h old u00011 (fly Tweety) (bird Tweety))
(--- select-f (bird Tweety) (emu Tweety))

(--- select-f (bird Tweety))

(—-- select-f (not-fly Tweety) (emu Tweety))
Gt > consistent: (u00011))

(--- select-f (bird Tweety) (emu Tweety))

(--- select-f (bird Tweety))

(fly Tweety)

(u00011 (fly Tweety) (bird Tweety))
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(u00011 (fly Tweety) (bird Tweety))
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Pi(solve (fly Edna))

(--- select-h new u00012 (fly Edna) (bird Edna))

(select u00012 (fly Edna) ((bird Edna)))

(—m=m - > check in (u00012))

(--- select-f (contr) (fly %) (mot-fly %))

(--- select-h old u00012 (fly Edna) (bird Edna))

(--- select-f (bird Edna) (emu Edna))

(--- select-f (emu Edna))

(--- select-f (not-fly Edna) (emu Edna))

(--- select-f (emu Edna))

(=== contradiction found in (u00012))
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(fact (contr) (love miyuki *) (add (love * yuuko)))
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(fact (contr) (love miyuki *) (not (love * yuuko)))
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FUD= { (love miyuki kazuo) }
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(define test

((%x *y %z %*a *b *c)

(member *x (osamu yasuo kazug))

(member *y (osamu yasuo kazuo))

(member *z (osamu yasuo kazuo))

(member *a (yuuko miyuki tomoko))

(member *b (yuuko miyuki tomoko))

(member *c (yuuko miyuki tomoko))

(= *hypo ((yuuko *x) (miyuki *y) (tomoko *z)
(osamu *a) (yasuo *b) (kazuo *c)))

(not (constl *hypo))

(not (const2 *hypo))

(not (comnst3 *hypo))

(checkl *hypo)

(check2 *hypo)

(check3 *hypo)

(print (-—------ > *hypo))
(print (osamu loves *a))
(terpri)
(false)))

(define constl ((%h) (member (x *1) *h) (member (* *2) *h) (not (= *1 %*2))))
(define const2 ((*h) (member (*1 *) *h) (member (%2 %) %h) (not (= *1 %2))))
(define const3 ((*h) (member (yasuo tomoko) *h)))

(define checkl ((¥h) (member (miyuki *) %h) (member (* yuuko) *h)))
(define check? ((*h) (member (yasuo *) *h) (member (¥ kazuo) *h)))
(define check3 ((*h) (member (tomoke *1) *h)

(member (%1 #2) *h)

(member (%2 osamu) *h)))

1 LOVE AFFAIR %M < = Prolog 72 5 Lrnbi

Pl(test . %)

(--------> ((yuuko yasuo) (miyuki kazuo) (tomoko osamu)
(osamu tomoko) (yasuo miyuki) (kazuo yuuko)))

(osamu loves tomoko)

(- > ((yuuko kazuo) (miyuki yasuc) (tomoke osamu)
(osamu tomoko) (yasuo yuuke) (kazuo miyuki)))
(osamu loves tomoko)

failure

{2 Prolog B 5 ADETIK X o> Tz LOVE AFFAIR oliir 1)




(hypo (love yuuko osamu))

(hypo (love yuuko yasuo))

(hypo (love yuuko kazuo))

(hypo (love miyuki osamu))

(hypo (love miyuki yasuo))

Chypo (love miyuki kazue))

(hypo (love tomoko osamu))

(hypo (love tomoko yasuo))

(hypo (love tomoko kazuo))

Chypo (love osamu yuuko))

(hypo (love osamu miyuki))

(hypo (love osamu tomoko))

(hypo (love yasuo yuuko))

(hypo (love yasuo miyuki))

(hypo (love yasuo tomcko))

(hypo (love kazuo yuuko))

(hypo (love kazuo miyuki))

(hypo (love kazuo tomoko))

(fact (love-affair *1 %2 %3 %4 %5 #%6)
(love yuuko  *1) (love miyuki *2) (love tomoko *3)
(love osamu *4) (love yasuo *5) (love kazuo *6))

(fact (contr) (love * *1) (love * %2) (exec (dif *1 *2)))

(fact (contr) (love *1 %) (love *2 %) (exec (dif *1 #2)))

(fact (contr) (love yasuo tomoko))

(fact (contr) (love miyuki *) (add (love * yuuko)))

(fact (contr) (love yasuo *) (add (love * kazuo)))

(fact (contr) (love tomoko *) (love * *%) (add (love ** osamu)))

K3 HYPOSEZX? LOVE AFFAIR 0070 45 honfil

(love-affair yasuo kazuo osamu tomoko miyuki yuuko)

(h00005 (love
(h00009 (love
(h00019 (love
(h00010 (love
(h00015 (love
(h00017 (love

(love-affair kazuo yasuo osamu tomoke yuuko miyuki)

(h00006 (love
(h00008 (love
(h00016 (love
(h00010 (love
(h00015 (love
(h00020 (love

B4 HYPOSER X% LOVE AFFAIR oof

yuuko yasuo))
miyuki kazuo))
kazuo yuuko))
tomoko osamu))
osamu tomoko))
yasuo miyuki))

yuuko kazuo))
miyuki yasuo))
yasuo yuuko))
tomoko osamu))
osamu tomoko))
kazuo miyuki))
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