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literal

R— Hi s :

| 1
p(A1, .., Ai) :- g1(B1,...Bk), ..., gn(C1,...,Cm)

!

||
head body
literal1 5 2D literal2 H/*D ... 5D literaln 755 head

JL—IL

head :- literal1, literalz, ..., literaln

Jlnl

5 (bodyH N ELVER)
head
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father G, HHI) father (RF, AVA) father (RFE, 77X4)
father GE&, K TF) mother (35 I, 354)

JL—Ib

parent (A, B) :- father (A, B)
parent (A, B) :- mother (A, B)

BRIEETT
? parent (BT, 25%)
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£

father G, HHI) father (RF, AVA) father (RFE, 77X4)
father GE&, K TF) mother (35 I, 354)

JL—Ib
parent (A, B) :- father (A, B)
parent (A, B) :- mother (A, B)
B EELT
? parent (YL, 257%)

|
father (4T, 454) mother (¥ I, #5%)

15



MBORBRERBEBRETOISL
£

father G, HI) father (RF, AVA) father (RFE, 75HX4)
father GE&, K TF) mother (4 I, 454)

JL—Ib

parent (A, B) :- father (A, B)
parent (A, B) :- mother (A, B)

BREEIT
? parent (I, 257%)
|
father (4T, 454) mother (¥ I, #5%)
| l
X O
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£

father G, HHI) father (RF, AVA) father (RFE, 77X4)
father GE&, K TF) mother (35 I, 354)

JL—Ib

parent (A, B) :- father (A, B)
parent (A, B) :- mother (A, B)

BRIEELT
? parent (4 I, 254)
Yes
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£

father G, HHI) father (RF, AVA) father (RFE, 77X4)
father GE&, K TF) mother (35 I, 354)

JL—Ib

parent (A, B) :- father (A, B)
parent (A, B) :- mother (A, B)

BRIERT(ERZ=2THEE)
? parent (&3, B)
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£

father G, HHI) father (RF, AVA) father (RFE, 77X4)
father GE&, K TF) mother (35 I, 354)

JL—Ib

parent (A, B) :- father (A, B)
parent (A, B) :- mother (A, B)

BRIEETT
? parent (;E¥F, B)
l
father (&, B) mother (X, B)
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=32

father (R, 5 I) father CEFE, B1'UA) father CRE, THA)
father GER&, KF) mother (35 I, 354)

Jlinl

JL—Ib

parent (A, B) :- father (A, B)
parent (A, B) :- mother (A, B)

BRIEETT
? parent (G, B)
l
father (&, B) mother (X, B)
l l
father (K, 4 T) X

father (K, 1V7)

father GRIE, THA) 20
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£

father G, HHI) father (RF, AVA) father (RFE, 77X4)
father GE&, K TF) mother (35 I, 354)

JL—Ib

parent (A, B) :- father (A, B)
parent (A, B) :- mother (A, B)

BREEET

? parent (&3, B)
B = YHI, HVFE, ThA
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father G, HHI) father (RF, AVA) father (RFE, 77X4)
father GE&, K TF) mother (35 I, 354)

JL—Ib
parent (A, B) :- father (A, B)
parent (A, B) :- mother (A, B)
Bl EET
? parent (&3, B)
B = YHI, HVF, ThA

plf
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cO £ Untitled38.ipynb
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»

77IIL RE TR OBA FrIVAL VY=L AL

= Tral Ox *rATE
Q E‘c a Q °
[+ W
&} » [l sample_data 17')“}7
Or
& 2

lwget https://www.rs.tus.ac.jp/mune/ai/code/ape.zip

771 ®E EBER BA TVYAL VY=L NS

Ir4I Ox *A7F+
R AR N

o
ry -

» [ sample_data
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a1
— J—FIT VO D
2. HEftlape.zipDfEE
SEEEII ] =1L Shift+Enter

@ lunzip ape.zig

771 #wE TR BA FVIAL VI ANT IRTOEEZEF
“ M1 o == + Jd—K + FFXb
SZD19) I THERT = M X
AN S
Q G B & % [11 lunzip ape.zip
- Archive: ape.zip
» @ sample_data inflating: ape.js
| animals.pl inflating: isono.pl
or . inflating: list.pl
B epeis inflating: isono2.pl
- B apezip inflating: animals.pl
B isono.pl
B isono2.pl °
B listpl

25
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JEE 1
— =T DIRE
3. XApeDZE{T

© 'node ape.jq » @ )node ape.js

[\ a
|-
CC’&?U“JOL’\C,
4. XApeMavYK AN XApeDIAY %A T
(Z74 JLisono.plD A+ )

Ex (LT Enter .
6) Mnode ape.js - @ Mnode ape.js

|- consult(isono)?

»

FITORTI consult

000000000

coEoYyy -

26
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EE 1
— J—FITVI DIk
5. XApeDav2K AR

(EMDEIT)
@ o . @ 'node ape.js
Inode ape.js
I- consult(isono)?
|- consult(isono)? consult
consult » I- mother(X,tarao)?
I- mother(X,tarao)? X = sazae
X = sazae Yes;
Yes No.

[ 1ZANT DERIZFHZERT.
[ZANTHERT.
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N—1 B
AT _
isono.pl X oo

— /—|~7“‘J70)?§T“<1’|5 1 person(mokuzu).

2 person(mozuku).

6. 77’()[/%5%(/%%%?%) 3 person(ikari).

4 person(hesaki).
5 person(namihei).

770 RBE JER BA FVIAL VY= AT IRTOEEEE 6 person(katsuo).
_ M X + O—R 4+ FE£2K 7 person(tarao).
= 77A) 8 person(masuo).
& B S 9 person(fune).
Q C I\ % [1]1 lunzip ape.zip 10 person(wakame).
11 person(sazae).
(%) BT Archive: ape.zip 12
» [ sample_data inflating: ape.js 13 male(mokuzu).
B animals.pl inflating: isono.pl 14 male(ikari).
or inflating: list.pl

B areijs 15 male(namihei).

inflating: isono2.pl
B apezip inflating: animals.pl 16 male(katsuo).
B m' 17 male(tarao).
— 18 male(masuo).
b |'son02.pl ° 19
B listpl 20 female(hesaki).
21 female(mozuku).
S 22 female(fune).
I ]
9 7 )[/7 )\17 23 female(wakame).
24 female(sazae).
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7. isono.pliZlparent]Z#INZ TH LS.

@ Mnode ape.js

w owd 1IN Gl ] \QULUU, LUI“U}- . ?
36 mother(fune, sazae). e+ |- consult(isono)?
37 mother(fune, katsuo). ;:onsultt x 12
38 mother(fune, wakame). - parentiA, Sdazae):
39 X = fune

Yes;
40|parent(X,Y) :- father(X,Y). X = namihei
41 |parent(X,Y) :- mother(X,Y). Yes:

No.

- |-

gl
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B A
father GEF, Y I) father (RF, AYA) father GRTFE, THA4)
father G/, K F) mother (I, 2574)
parent (A, B) :- father (A, B)
parent (A, B) :- mother (A, B)

14§ (grandfather)
[TEA1] =N
grandfather (RS, 257) grandfather (R, Y5 L)

grandfather (E/&, 7'V7) grandfather G£&, #574)

RER CETLLYL—IL) D HERK
EEMBLBEHONN—YDHEEE — EHIZEL. BHlERH-SA0

IL—IVEAERL
grandfather (A, B) :- father (A, C), parent (C, B)
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0

grandfather (A, B)

grandfather (A, B) grandfather (A, B) : grandfather (A, B) :
- father (A, C)_ - mother (C, D) - mother (C, B)
grandfather (A, B) : grandfather (A, B) : grandfather (A, B) :

- father (A, C), - father (A, C), === - father (A, C),
mother (D, C) mother (C, B) parent (C, B)

— =

ROFERGRER MSH (most specific hypothesis)

31
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JEfNERIBET OO S35

_— []
FHIER-L, BflERE-SAL /)
R AR \

grandfather (A, B)

/ \\

grandfather (A, B) : grandfather (A, B) : "t
- mother (C, D) - mother (C, B)

grandfather (A, B)\:
- father (A, C)

grandfather (A, B) : grandfather (A, B) :
- father (A, C), - father (A, C), ==
mother (D, C) mother (C, B)

MSH (most specific hypothesis) 2
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MSH® 4 X

MSH (Most Specific Hypothesis) : & 53 {R &
B O IR IR R ER
— A% EY iS5

p(A.B) > p(AA) | |
p(A’B) > p(A’B) - Q(A,B)
p(A,B) > p(f)*iqz, B)

— A& AT

>

- COEERR

v
e S

1E 451 33



MSH® & Rk

HFEFEE—FFEEDNLER

e e E—FEE
~ #l:grandfather(xF, 357) :-modeh(*, grandfather(+person,-person))?
1. + « HIBLEER :-modeb(*, father(+person,-person))?
2. - «— BaH#EEm-9TEE | -modeb(*, mother(+person,-person))?
3. BEMETHTEMR. :-modeb(*, parent(+person,-person))?

+father C grandfather((&F, 257) :- father((F, 774,
father(GEFE, AYA), father(GEF, 44 I),

mother/ . grandfather(KF, 457) - father(KF, THX4),
. father(E, 71°WA), fatherGE T, H4HT),
mother(3YA_—2), mother(YH I, 357%)
r -
+parent | grandfatherGEE, 254) - father(RTE, THA),
\ fatherGEE, 7'YA), fatherGRF, HHI),
mother(HYH I, 25%),
parent(GE ¥, T AHR), parentGEFE, hHvA),
parent( 3, S5 I), parent{THA—2),
parent{BJA 2 -parent(HH I, 25F), parent(B854+—2) 34
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HFEFEE—FFEEDNLER

e e E—FEE
~ #l:grandfather(xF, 357) :-modeh(*, grandfather(+person,-person))?
1. + « HIBLEER :-modeb(*, father(+person,-person))?
2. - «— BaH#EEm-9TEE | -modeb(*, mother(+person,-person))?
3. BEMETHTEMR. :-modeb(*, parent(+person,-person))?

grandfather(GR ¥, #57) :- father(E I, THA),
father(GE 3, 7°V#), father(GEF, U+ I),
mother(YH I, 25%),
parent(GRF, D HA), parentGEFE, HUA),
parent(GEE, Y I), parent(YHI, 2574)

C}Tizlz —A, 354+ B, Jh*—>C, A -D, Y¥IT > E

grandfather(A, B) :- father(A, C),
father(A, D), father(A, E),
mother(E, B),
parent(A, C), parent(A, D),
parent(A, E), parent(E, B)
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=2 T
= 70
1& aJL, D 1:* %

A*-like7 LT X Ls
— FBEAL(F—TV): WREFERMFEICMSHMNLUTTILEMZD

MSH: grandfather(A, B) :-
father(A, C), father(A, D), father(A, E),
parent(A, C), parent(A, D), parent(A, E),
mother(E, B), parent(E, B).

IR ERIZSE : grandfather(A, B) :- father(A, E).

S

1t

r—Jr g
<

R ER %4 : grandfather(A, B) :- father(A, E), parent(E,B).

4

ST E DR
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[

grandfather (A, B)

grandfather (A, B) grandfather (A, B) : grandfather (A, B) :
- father (A, C) - mother (C, D) - mother (C, B)

S

grandfather (A, B) : grandfather (A, B) :
- father (A, C), - father (A, C),
mother (D, C) mother (C, B)

MSC (most specific clause) -




RER DR
A*-like7 )L X L

— WE: EFICEFNREREZRE-TEE, TDRFRFZDEHNCEHZE
WEID.

— FHMMRE%L f: EHEMEZEFTE (RIT7HARENEIHLLY)
f=p—(n+c+h)

o\

THETS | |HETS R E=D &Y DT
IEGID# =Lk T3 ILER )TSILE

1. WEIBEHMNEL,
2. WETHEENDLL ) sLEB
3. UTTILEA DU (B )
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IRINRIET NI 539
EE 2
— [grandfather] D&

1. Tisono2.pl 1Z&&#AA L.
2. Tgeneralise(grandfather/2)? |1z ZE1T.

@ »node ape.js

II\

eee |- consult(isono?2)?
C
I-lgeneralise(grandfather/ 2)?|

[Generalising grandfather(namihei, tarao)]
[Most specific clause is]
arandfather(A. R) :- father(A. C). father(A. D). father(A. F). mott

grandfather(A, B) :- father(A, C), mother(C, B).
grandfather(A, B) :- father(A, C), father(C, B).
39



IRHRERIETOY SIS

EE 2
— BEHNFEEmoded 0

1. Tisono2.plJIZRMDmodeEEZ{F/0:
:-modeb(*, parent(+person,-person))?

2. Tisono2.pllIZRDE = FNFEZ A0
parent(X,Y) :- father(X,Y).
parent(X,Y) :- mother(X,Y).

3. Tisono2.pl1 MDA .
4. Tgeneralise(grandfather/2)? 1D 3E1T.

— lanimals | O F&E

1. Tanimals.pl] D EtA & .
2. Tgeneralise(class/2)? | D E1T.
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EFIMNDES

MERRIBT O S532 % (SLP, stochastic logic programming)
~ BHZEREHROERLH = EFOERST

¥

— SLPIZ&> T, HERMICIEFIDERZEHAD.

¥

[FEAEDNE

- Bl z—pEE: - modeh(*,p(+list,-elem))?
Ch-vib R elem(a). elem(b). elem(c).
list([]).
list([H|T]) :- elem(H), list(T).
IEf5: p([b,c],c).
p([a,b,c],b).
p([a,al,a).

— modehMSEIZAER: “*p'(A,B) - list(A), elem(B).

41



EfIDSDHE

MERRIBET O 53245 (SLP, stochastic logic programming)

— #l: =—rEE: .- modeh(*,p(+list,-elem))?
CR-wilE: % elem(a). elem(b). elem(c).
list([]).
list([H|T]) :- elem(H), list(T).
IE5: p([b,c],c).
p([a,b,c],b).
p([a,al.a).

modehMSEIZAER: “p’(A,B) - list(A), elem(B).

2. HEMMFE: I XTHOEHIZHLT, prologhIT—)LEIEL TEST
(BERIEHENIUL). 4:elem(a). 3:elem(b). 3:elem(c).
3:list([]). 7:list([H|T]) :- elem(H), list(T).

3. HUTYoT *p(XY). EERIT
liStEIR: 3/10DFER : list([]). 7/10DFEZ:list([H|T] :- elem(H), list(T).
elem®iEIR:
410D FEER  elem(a). 3/10DHEE elem(b). 3/10DFESZE: elem(c).
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IRHRERIETOY SIS

EE3
— lisono2.pl 1M %cEEIZ#H B set(posonly)? |DAAREILT L TELT.
— Tanimals.pl 1D FcEEIZd A set(posonly)? IO A M IET L TEST.
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—a—AORESNIBIZL53FHRE

_— []
FHIER-L, BflERE-SAL /)
R AR \

grandfather (A, B)

/ \\

grandfather (A, B) : grandfather (A, B) : "t
- mother (C, D) - mother (C, B)

grandfather (A, B)\:
- father (A, C)

grandfather (A, B) : grandfather (A, B) :
- father (A, C), - father (A, C), ==
mother (D, C) mother (C, B)

MSH (most specific hypothesis) 44
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1. ZLDEFIEFE-T. }_

2. LW EHZEE-T.
3. Hfi.
EACTE
— grandfather(A,B) :- parent(A,C), parent(C,B).
(IEH:4, &H:1)
1Ef31:

grandfather (&, 2574)
grandfather G£/&, 4 I)

grandfather /&, Av4) [ 7 A
grandfather G2&, T HA)

=kE
grandfather (&, 9+ I)
grandfather (&, 71°V74)
grandfather GE3E, 7HX4)
grandfather &8, JK ) B =42

grandfather (I, 454) }+  grandfather(A,B) :- father(A,C), parent(C,B).
(IEH:4, &4:0) 45




—a—OERBNIEBIZLLIFHRE

1. ZLDEFIEFE-T. }_

2. LW EHZEE-T.
3. Hfi.

EACTE

grandfather(A,B) :- parent(A,C), parent(C,B).
(IE:20%, %&:80%)

—
EfI-
grandfather (&, 2574)
grandfather G£/&, 4 I) O
grandfather =&, 7*V7)
grandfather G2&, T HA) =l
=LF
grandfather (R, 4 T)
grandfather (&3, 71°V7) |
grandfather GE3E, 7HX4) X
grandfather (&g, &) B =42
grandfather (7, 257%) grandfather(A,B) :- father(A,C), parent(C,B).
(IE:90%, & :10%)
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Za—OF S LEICLLIEHERE
515“0)?@ X9 5)T7T7)L:1.0, 1:0.0

o 1|

father(A,C), mother(A,C), parent(A,C), parent(C,B), ...

1E451:
grandfather (<, 2574)
grandfather GEf&, 4 I)
grandfather =&, 1*V7)
grandfather GE&, 7HX)

=LK
grandfather (&, ¥4 I)
grandfather (&, 7°V#)
grandfather (&, 75HX4)
grandfather G, K¥)
grandfather (71, 257%)

)

)

HMA: (E:100%, F:0%) (E:0%,Z:100%)
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=1 —DRSVBICLZEHRE

ERAREM=2—S L xorT—5 |, ] T
=B SRRE R ) / .

grandfather (A, B) |

grandfather (A, B)\ grandfather (A, B) : grandfather (A, B) :

- father (A, C) - mother (C, D) - mother (C, B) /
grandfather (A, B) : grandfather (A, B) :
- father (A, C), - father (A, C),
mother (D, C) mother (C, B)

— =

MSH (most specific hypothesis) 48



—a—OERBNIEBIZLLIFHRE

RERIGR

5 . .
_ Positve |Negative Dl
45 examples|examples
animals 16 64 4
4 chess 22 88 3
3.5 grammar| 188 752 3
patient 1124 4496 21
’ sample | 1124 | 4496 21
25 — =
2
15
i
0.5 = I I
0 _J— *ﬁtﬁb% 1 I
animals grammar chess patient sample

W neuroProgol- search  m neuroProgol-train  m original Progol
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—a—RAREELIE > EIZTEZ DA
KBREEEETIL(LLM) + IB#NEH

IL

A A

*%ﬂ&:
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—a—0OiEBNIE o B(ZEZ A
KIFBEEZEETIL(ILLM) + IBHHERIETIOS S35 (ILP)

IL

AABEDERKIFRE T ROIEHR

-
aa»
™

class(A, 0:Not_Recurred) :- osm(A, 10), oss(A, 0:LIVING), threegene(A, ER+/HER2-_High_Prolif).

class(A, 1:Recurred) :- hist(A, Mixed), hormone(A, YES), vital(A, Died_of Disease).

class(A, 1:Recurred) :- claudin(A, LumB), vital(A, Died_of_Disease), subtype(A, Breast_Invasive_Ductal_Carcinoma).
class(A, 0:Not_Recurred) :- surgery(A, BREAST_CONSERVING), vital(A, Died_of_Other_Causes), pr(A, Negative).
class(A, 1:Recurred) :- radio(A, NO), er(A, Negative), vital(A, Died_of Disease).

class(A, 1:Recurred) :- diagnosis(A, 12), threegene(A, ER+/HER2-_Low_Prolif), vital(A, Died_of_Disease).

class(A, 0:Not_Recurred) :- oss(A, 0:LIVING), claudin(A, Normal), laterality(A, Right).

class(A, 0:Not_Recurred) :- oss(A, O:LIVING), rfsm(A, I1), intclust(A, Iv2).

class(A, 1:Recurred) :- cellularity(A, Low), cohort(A, 1), vital(A, Died_of Disease).

class(A, 1:Recurred) :- osm(A, I1), rfsm(A, 10), vital(A, Living).

class(A, 1:Recurred) :- hist(A, Lobular), threegene(A, ER+/HER2-_High_Prolif), vital(A, Died_of Disease).

o
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1. BA#EEl (Pre-menopausal) BETOBHRURY

ARER
FRiFRI B & T,

o EENFRICL > THFENKEL DK
o $5(C claudin-low B2 TIXBHRY X 718X

NRERENTVNET,

45ETE & ORSEHR

FARERIFLIEI,

o B

« EERYXA

e AKLZX

o IZMOTVRH
o (HERF

REEFEREBETZIENZL, ILPH TEHRIRAE) @< FE> TVWDAIXERENTT,
B R{R
EARFIERE T, EFTEBRRORIVEVREZHD, claudin-low RESDBEHKE(RHET 5 AIREK,

FHREMAEED B D £
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AL FRIDREFAL X

RREFEXZOHEHALEIZOBRZEHLTLS.

SRR REMELIE TR RGIFMREIOT S0 NER
TE%S.

SRIBRIALT, ALOFIT=HILAORIL—%F !

HWELEIRBFE EREEALA
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