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T A)HBERIZ, RAVTA—R S —F AV AT+«
71—k (SRI)T, JILATTDELV=Prolog4 271
ADYVRTA4VTEFR B L, ETLIZEHLIRES(1976%),

cHISAD, FDIVRATAUT L. EDE D,

- PrologZA M igFE Y,

- PrologTT. 72923V AT LEFEY  IL—E WD
Xa1—J70TSLEEHM LT,
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Prolog CEWN=705 923 0 AT A

prodSystem(WM, FinalState) :-
member(FinalState, WM). % T &H

prodSystem(WM, FinalState) :-

member(Fact,WM),
recognize(Fact, WM,RHS), %recognize-act
act(RHS,WM,NewWM), %cycle

prodSystem(NewWM, FinalState).

recognize(Fact, WM,RHS) :-
rule(LHS=>RHS), %rule®recognize
member(Fact,LHS), YoSe 1

deduce(LHS,WM).
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rule([cube(front(FC,_, , , , , . ,_ )
back(_, ,TC, , , , ., , ),
top(TC, ,FC. , , , ., ), ) =:X]
=>
[call(apply([lup,bccw,ldown,tright],X,Y)),
replace(X,Y)]).
N

AR A
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- 19814108 19~22H . RET 54 RT )L TFifth
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- Key Note: JtiE =

- DEEHmE BE—H—E, HESFX
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[C16FETd, LALEARIEE . FLVEWVIETLES, BARIZ, &F

[SIBWNDLE=OIC, REGENZFLEITNIE G50, EBVET ]
(Al CLISPEAR—XIZLELNDHV?)

- H TESABERZFRATIOLIICE LM, FAFDFESHLC

[FGE->TWSERWFT . VEF RADERZXLEHE., FE (T
NIFELHEVDIEHENTY . LML, BATHERIT S EELRUITIE
EWD ENICESOTOEFBEORETADTY

cH:ThhbnEEFNZFIZ, GATERYANSFHIZFO>TULVE

T LI EF A—TUICCOEBEZLHWN-OTY, hlil-A
[XFHEMNMIKATLEY, TH. BEAHYITETTC. EOMNELLR R 4K
HHOTWADTIEHYFEE AN

(’I«-HE)EE 8% TLogic ProgrammingZi®iRd 3. ELVSH|EET

=

=

(SEFE - BNEOERHKIE1—4%, TBSTA=H, 1989)
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Alan Turing D148

- Alan Turingld. Computer(Z & AAINDEH
Al REMEZER L TLY4(1950),

- 3DMDE
(1) Al by programming,
(2) Al by ab initio machine learning,
(3) Al using logic, probabilities, learning
and background knowledge.
- BIDTITO—FHRILELETHS
EFaRLT=,

Turing, A.M. (1950). Computing machinery and intelligence.
Mind, 59, 433-460.

S. Muggleton (2014). Alan Turing and the development of
Artificial Intelligence. Al communications, Vol.17, No.1, 3-10.
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- Prolog M 8 : A 4TALIE M EEk TEXELY, T D=8,
OSHMEIFTLELY,

- TEREBIOST SV DOHIR

- Keith ClarklZ&kA®IEBIOT S0 DA TOHTI0
T30 DIREITEB(1981)
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Keith Clark&fi3£(1981)

— >
sl s2

( tagmerge )

screen screen
S

/oooo\ (monitor) © 0o ¢ o

0o o o o 0 ¢ O O Q0
keyboard /t\k keyboard
kl ( tagmerge ) k2
> <
Figure 4

Keith L. Clark and Steve Gregory. 1981.
A relational language for parallel programming. In Proceedings of the 1981 conference
on functional programming languages and computer architecture, 171-178. ACM Press.
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- Prolog7’B49'5 L
?- keyboard(K1), keyboard(K2), append(K1,K2, K),
monitor(K,S), append(S1,S2,S), screen(S1), screen(S2).
- FUTIILDIEREITENS,

I

I TAEEZSAZREIOT S L
?- keyboard(K1), keyboard(K2), tagmerge(K1,K2, K),
monitor(K,S), tagmerge(S1,52,S), screen(S1), screen(S2).
- FUTIILHIEFIZETENS,




- (x4
- Keith Clark, Steve Gregory : PARLOG
« Ehud Shapiro : Concurrent Prolog

- EAM#KLIE. #FH-H=5EGuarded Horn

Clauses(GHC)#i2%=(1984 #'JRX<X)

- GHCOD R &= ;
H—FEBDT—270—E4TRR AN &K 5 3 51| Fll il
T7/—T7—3> F—FEE-O/NN\MILHFE
mbHI T IV
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Manthey, BrylZ&kdRrLT7 v
TE ERFIEEAZR SATCHMO

 SATCHMO  :1=27=8 DD EI A LD I IL YD —
M E D= D EEATOT S 4

satisfiable :- is_violated(C), !, satisfy(C), satisfiable.
satisfiable.
Is_violated(C) :- (A--->C), call(A), not(C).
satisfy(C) :- component(X,C), asserta(X),
on_backtracking(retract(X)),
not(false).
component(X,(Y;2)) :- !, (X=Y; component(X,2)).
component(X,X).
on_backtracking(X).
on_backtracking(X) :- call(X), !, fail.

Manthey, R. and Bry, F. (1988): SATCHMO: a theorem prover implemented in Prolog.
Proceedings of CADE 88 (9th Conference on Automated Deduction),SpringerVerlag.
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-HAE B4E: SATCHMOMGHCIZ &b R%
-HINZEDHEXDHER. 7O IFDHERE
cHA—TaY
- KA BERIZKSA2—T1) 20D
- MGTP(Model Generation Theorem Prover)~&FHE

i BHERTS E T BEETEERM (2567 0y
T2201%)

-MGTPODER L, MHHF/DAIEEEZRLT=,
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¢ GHCd)ﬁ:ﬁ%lﬁ
1. GHCIZ. ORI 51| AVH

2. AZ T4 —avIZHEHIENH D FUOHEINTT
OFALMNERIMETRATHENTELLY,

- [B1RE[E

1. OR:

WD iE
i 5l EE(L . AND:?

P A AN

Bl REIC K> THRALT=,

2. AZ047—2aVMOHIRIE, SATCHMOIZE T4

&

5 fR %

FHEDEE

|12k Y[e
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SATCHMO®DGHCA > 3—1) 32 (—Ep)

do(A) :- true | satchmo_problem:model(M), false(M,A).
false(M,A) :- true | satchmo_problem:nc(NC),
satisfy clauses(0,NC,M,cl_sat,A).

satisfy clauses(Cn,NC,M,A2,A) :- Cn < NC |
Cnl:=Cn+1,
satisfy _ante(Cn1,[],[true|M],M,A2,A1),
satisfy clauses(Cn1,NC,M,A1,A).
satisfy clauses(NC,NC,_,sat(M1), A) :- true | A= sat(M1).
satisfy clauses(NC,NC,M,cl_sat, A) :- true | A = sat(M).
satisfy clauses(NC,NC,M,unsat(Ms),A) :- true | A = unsat(Ms).

satisfy _ante(Cn,GS,[P|M2],M,cl_sat,A) :- true |
satchmo_problem:c(Cn,P,GS,R),
satisfy_antel(Cn,R,P,GS,M2,M,A).

satisfy _ante(Cn,_,[],_,cl sat,A) :- true | A=cl_sat.

otherwise.

satisfy_ante(_, , , ,Al,A) :- true | A=Al.
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(1 ARA A T1) AN EIRE (Production System,
Bottom Up Parser#i&)

OZF RN RTLOEZEHIL—ILOERETREIZES
iE Hi(Goebel, Poole, Furukawa)

O BEEARRSSEFETOT 54 (H. Fujita)
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e R ki BHE
Prolog#p 5 &t & 2%

- Prolog AR A2 3271)4

solve(true).
solve((P,Q)) :- solve(P), solve(Q).
solve(G) :- clause(G,B), solve(B).

- Prolog&f 5t & 2e

psolve(true,true).
psolve((G1,G2),(R1,R2)) :-

psolvel(G1,R1), psolvel(G2,R2).
psolve(G,R) :- clause(G,B), psolvel(B,R).
psolvel(G,R) :- proceed(G), psolve(G,R).
psolvel(G,G) :- stop(G).
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Logic Programming Trio
(Piano: J.A. Robinson (Resolution Principle),
Violin: Jacques Cohen,
Cello: Koichi Furukawa)
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ALPOBRREIL—ILTITZEHL Y

- ALP (Abductive Logic
Programming) M R F

- ALPTIE., 770U MREREL
TIRETAZEMNTEALY,

I

— R EBREBLEOT7TIRY
AV ARLRITITEY
=

cJL—ILHREREL TERTES,

MEEF RN TES,

ALP

known known unknown | known

JL—IL EREEA
FTIZH 3y
unknown
s E)u\nknown

/ unknown  unknown Unknown

\ / \

known known known known
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SOLARIZ&ABTITZE LAY

- SOLARIE. ZILtybD— &R 55 5mE L o T G

BH %%
- BEEHMBEB, SAERGHSALONT=EE, TTF VI avIE
UTD2D%FERT AIERHE R E R GER B D FM 5K
H5.

1. BUH|=G (BA—G |= —H)

- 2. BUHIZEFFETHSD.
BA—GDEHETH-T BOEETIIRZWLK >R HE
SHEL. BEEEDHLETE(Consequence Finding),

- ZOE . SOLEH B LIUATO—(ZHAVTHERMICHEZ ST
435 XATLMNSOLARTH S,

Nabeshima, H., Iwanuma, K., and Inoue, K.: SOLAR: A Consequence Finding Sys-
tem for Advanced Reasoning, Proc. International Conference on Automated Rea-
soning with Analytic Tableaux and Related Methods (TABLEAUX 2003), LNCS,
Springer, Vol.2796, pp.257-263(2003)
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- REEAER GEBAIZITABIZEYZEREIND) ZAFILANILD
causedibZBIC KXY T FLKRIET 5,

caused( spiccato, support_bow_with_ringfinger )

- AREHZRAIT O UTOLREZEAT S,
caused(A,B)«<connected(A,B).
caused(A,B)«<connected(A,X)
A caused(X,B).
“connected”: B #BEERE R
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ATOTHORRILEAFILARIL

AITOTURLANIL AFLARJL
?- a. ?- caused(a,b).

caused(X,Y)«connected(X,Y).

a:.- X. caused(X,Y)«connected(X,2)
X - b. Acaused(Z,Y).
b connected(a,x).

E% 8F 4 connected(x,b).

connected caused(a,b)

X SN—7

connected(a,x) connected(x,b)
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- SOLARTIH.. #FHEREXZHZSTCHRHAZTEMTE D,
UTDEIGEREBREDERINTZET D,
3 X. ( connected(g, X) Aconnected(X, s) ).

X [ZFBREE (XS L TULNA,
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TIFo 3> 0H

visl SN 21 ( Target World )

spiccato

#7;81(G) : caused( spiccato,
support_bow_with_ringfinger ).

A
|
% 7 "l gEh 55 : [connected/2] CausedI cdnnected

B = FNE3(B): support_bow_
ﬁg 1: \ Wlth_rlngfingerj
.
connected(spiccato,
N support_bow_wnp_rlpgflnger ): 2o ( Target World
[EIE TR ZRFINIEIREYI—FNTES] spiccato
ﬁt':z: 1 chnnected

connected(spiccato, X) A

connected(X, support_bow_with_ringfinger). ~ [cased
[?‘i‘é?‘é‘f%?&ﬁﬁ?‘hliﬁb\fé XMW TENIER cgnnected
Evh—FNTES] support_bow_

with_ringfinger

\ /
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s B—TYMEREFBLUDA—AHRETHYILDOERZTD
HAITHSRAATHRZGIT DA,

c R—IAHERF:

c R—ZAHRTERXXEYYDREICRYIIDEEFRREG:
b_connected(XX,YY)

- A=Ay R

- BT YMERTERXEYDMEITHRYILD

t connected(X,Y)

- $ALE

- N—RAHFDE
W IL DR :

EEFERER:

S RXXER— T YMERTODE
similar(X,XX)

= ZXDMEIZR



7FHrao—nDEA BN E

- FRHED =D

connected by analogy(X,Y) « S—rryh Rz
b _connected(XX, YY), i3 it

similar(X,XX),

similar(Y,YY). w
N—XHRIZHELVTb _connected(XX,YY) ©
MAYILE ., S, FHibsimilar(X,XX).
similar(Y, YY)D YLD EE, A—4 vl

FIZHLVTconnected by analogy(X,Y) similar
MRAL,

connected

Z
b
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7O AITIZOI a0 N NE

N—AHFRTOLE
b_caused(X,Y):- b_connected(X,Y).
b_caused(X,Y):- b_connected(X,Z), b_caused(Z,Y).

a—4yMERTOLE
t caused(X,Y):- t_connected(X,Y).
t caused(X,Y):- t_connected(X,2), t caused(Z,Y).

FHEANE -

connected_by_analogy(X,Y):- ' 1.originally_connected : [E ##3&

b_connected(XX, YY), similar(X,XX), similar(Y,YY). wrE= L TEz2Lx(-FE.
Eﬁ@i% %E_.cop;eicted;by_ab‘;uction:
t_connected(X,Y)<—originally_connected(X,Y). == ;'%ﬁ%”?ﬁﬁ&bt%l#ét
t connected(X,Y)«connected by abduction(X,Y). 3.connected by analogy: :
t connected(X,Y) «connected_by analogy(X, Y) TTDQ—’&FEL\’E{&EE’&%'ZAT
Aprint_connected by analogy(X, Y).  BLE(ZF . !




FZFAaoAITIZEII 3V NDEST

-[ERE: REYH—FREEZFEHIELH-HITHELELESN
HIEIRTEEZREFTHICENIERZE, BEHEIIREED
SR TR SElRE

 a—HFuk ) moR—=z )
mxEvh—bE [ &5 5
SETOF7FaOs spiccato (€ > forced_vibration
Y mi A
HILFIHY H smilar 8
N o
v N g
: 3
| |
B S OHHE . S
fREi &L TR support_bow_ |} _ _ _ _ _ | | _ 5l shock_
HB. with_ringfinger absorber

C ) similar? \ /




- TRT5 .
£#81(G): t _caused( spiccato,
support_bow_with_ringfinger ).
{&IFEEI Lnl:l(r)
[connected by abduction, similar,
print_connected by analogy]

== HEE(B):
N—XH 5 :b_connected( forced_vibration,
shock absorber ).

A—TyHEHR
«—connected by abduction
( spiccato,support_bow_with_ringfinger ).
#a Lk - similar( spiccato, forced_vibration ).



L
SOLARMDEFTHR

HREELIRIO, REEHRALLIBE, COTOYS
LOEFIZEY, 7DD

print_connected by analogy( spiccato,
support_bow_with_ringfinger) A
similar( support_bow_with_ringfinger, shock absorber)

=>EEBICXHBEDRENRFHIREITD avI7
TV)—N\OFENZER-LTWSEMNTRESIT=,



F7FashILF7IZHI 3D
LERTRIRA DIt FH

- LER(X, FHHED—FETH S,
- BEBEICELVVIREZERET LIHIRERIRZ 7O
SHIVTITE L arTRAIELT=.
o T=C ¢
BT, SRBADREZR-T,
RIS, A A= DIEE0RENER =T,




L
stp(RTAIVI7P—RET /) DFEiE

STp(RI7H IV 77—k
D—F&

=7 /) EWLNSTOEVE

HAOEEENEBEDEABWNIEREFL-OICITNZ

%TJ"—CL\%) &%W'T;E.FLT:O

<EBHEOBRHABLNNDA A=)
HEEHVDERES->TEBEEE OIZHRY AL D Hisf,
ADE-ODTAZEALT,. 7oaDHAZTZE LD DA



A7 7—DBINEZRATS

ST D EDEEEMBEOEA BV INOONIHETERS,
TEREDEABLICHSEIEDERLSEE,
BEQERIE. TL— VR CHETES,
 FFOSHLT IS THRIETES,

- BNEFH A4S T7T A —:
/~ TargetWorld "\ /~ BaseWorld "\
sforzatop |€ =|—=————-— - — > BIRDEH

A similar L
I
: I b_connectgd
|

REVEIZEIC REWVLODE

BSINSWE) (€ = |- — = = = = - = > FIHNS
x similar? N =1} 3

\_ J \_ J




e
HRFBRICEHMA—T DI

IR IR L. ENE =T THL EDFITSSHLLNVA
A—TDEEAK LN,

cRABVWTEHEEDEBRWMTEI. FOHED. (N
HWWEDIZT5=0DHODEE. LE,

/" TargetWorld "\ /~ BaseWorld "\

EBEDEH
sforzatop (€ =|— === =+ - =>
A similar BL
|
: b_connected
1
REVAZLE h{<{LEHLEEE
FITHCROD | | _ _ _ _ FECARLL. TOhHE
*LZ'JIL\EJE(D'J\ Sim”ar? ( ﬁ’jb‘h{ib\é‘:5%c
\ Bz / — EBR&ITS




L
SEDEFEE
cA—FT b —Z2 T D= D LERFRIBOE|H
- FIOFFD-ODRIFEADIE (FARHERKES

H12)

- FxAODBIEEEL
- ZEMEAND N (AT ARFEZDIES)
- NEERBENTEDH/NNMAY)ARYNDEF !




D
ERHaVE1a—4TO0 TR
ALY AT REIRY RS T

-5G7AYIOMNE. ZLDIMBIMGHEEL LT
HCEMWTET-,

MAEFLHEAMEHZERLT-,

- BAE DA EZ BN CRIBESEAZEICERTE
1=

FEE.ERTHAOVE AT N LRFE
IWHALIORAANKRELGH T o= BRICITHE
JAaTSIUT B0t

-SGHXDAFTAT ST - IGHNHEH - REHRD
MYUFBANRATIL A IORIZEMNESNT=,




THET

- NILEgEFE=IC

BITA5G7A OB LUV RFIL

B ATOAAND iR - FHEIZERH T B,

- ZLDIEEA. 3

ERE. ERBICHEZRT S,




2 (T e DN e P :

ZIEHEHO NI TSI WELT,

EMIE 2 BELEY THD (FEARAF LX)

{22 ih B
Max Bruch (1838-1920)
Kol Nidrei (H4LK)
BT/ BEESS, Fxu: i) RE—

» »




