(Mitchel, 1997]

(Knowedge Discovery from Database)

[Waibel , 1989 Lee, 1989
[Cooper , 1997]
[Pomerieau, 1989
[Tesauro, 1992; 199



[Laird , 1986; Qin , 1992, Chi Bassock, 1989]

11

Sphinx [Lee, 1989 (phonemes)
(words)
(Hidden Markov Model) [Waibel , 1989, Lee, 1989

12
ALVINN - [Pomerleau, 1989
10 0
13
NASA (Decision Tree Leaming

Algorithm) [Fayyad

, 1%
14 (backgammon)

TD-Gammon [Tesauro 1992, 199



[Mitchell, 1997)
(Logic  Programming)

1 (knowleage)

BAhhE

(imply)
(Inductive
Inference) (Inverse Resolution, IR) (Relative Least General Generalization,



RLGG)  (Inverse Entailment, IE) !

[Mitchell, 1997]
" D x> X
f(Xj) (target value) B
h (X)) X, h
x Bn (1)
N <xt fx)> € D)BA hAx)h f(x) 1)
X I- Y Y X" (1)
, o) B h
)
<YV
v child( V) child(sharon.bob)
male(boh), female(sharon) father(bob,sharon)
parent(U,V) <— father(U)V) )
Xt : m ak(bob), fem ak(sharon), father(lbob, sharon)
f(x) : chid(sharon, bob)
B ¢ parent(u,V)<—fa1her(U,V)
(M) BNAhAX)\- f(x) 2
A chid(U,V)<— fatheriv, )
A ¢ chid(U,V)<—parent(V, )
chid(sharonbob) A Axt
B A A x] B
chid(sharonbob) B

e An Ax)h )



(Ve« f(x)> @ D)BA hA x)\- f(x)

22 [Mitchell, 1997

"I 1 (resolution rule)

GGOL [Muggleton  Buntine; 1998]

L P R
PV L
V R
PV R
Pv 7? Pv L - L VR
) cx Q2 L ( iZ
(
2 C L in
c=( -y ( -{p
L (positive lteral)
(negative literal) C 21

L = _-1knowMaterial



—J(—knowM aterial} = know M aterial

- {L} = passExam c2 - {—\L) =

—ktudy 1

C c~ AV B
=BV o ( A(!c

A
(7
-V 12 |
1. C L
C
2
=(C-( - )) H4
22 =knowM aterial
Astudy C = passExam V - study = passExam V

= know M aterial
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23 (First-Order Resolution) [Mitchell, 1997]
!
(unifying substitution)
O - {x/bob1Y/z\ bob X
Y 9 o , L
father(X ,M ) 9 = {x/bob,Y/Z} 9 :father(bobbib)
9 L2
0. L2 = fatheiix Y], L2 = fathei{bil,z),
\X/bULZ/Y\, 9 L2 0- L2 - fathe Abill.Y)
c
1. 1 2 c2
Lx9= L29
2. 0 = c20 0
— 29

9



24 ! (Inverse Resolution: First-Order Case) (Mitchell,
1997]

L2=— 1 c2

ce=cc-ccr-{ }) ) 1 &= %

23 grandchidyY ,X)
D = grandchidbob,shannon) B
[fatheiishannon,tom), fatheiitom.bob)} 23 B C
grandchidibob,shannon) = father(shannon.tom)

fatheiishannon,tond)

'1:{} 92 = [shannon/X] c2
(c ( - { }) ) 1= (17 ) ' = grandchidibob X) {— ]}:

—\fa th e iix tond) grandchildbob.X) V —fatheiXtom)
grandchidbob.X) <— fatheiiXtom )

grandchild y,X) <— fathefiX,2) A fathefyz.Y)

25 [Muggleton  Feng, 1997]

!
Plotkin  [Plotkin, 1971]
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2.3 grandchild(Y.X)

Plotkin d-subsume c
0-subsum e D ¢c<D (substitution) o
co @b Plotkin (least general generalisation: Igg)
(general) (lattice)
tem) 2 po@a  pobo)  pOKXLX)
{Xla} pg(X)X) plo(a)a) {xib} p(o(b))
2
1
2 (combination) (body)
3 1
2

0(0(a)) <@ plgfa. b), rth(o). c), b, d
ok Pl y) 1, 2 1), 2 (), hiy))

00 «plx, ),z )iV, ), rhlY), ) olY, ).

{x{g(@). x}, Yib, y}, ZKh(0), v} A, 2 v, hE, K, )



.) v oe2)

el e2 el e2 e \E el K \he2
e, K C
ssubsumption  AACN e a ez 1 C
el e2
KAC h el
C h Khel
| ch(ath()
h C-> (HK Vel
h Ch (—lalA a2A ..)V eJ)
h C>(—lalv —li, vV ..) Vel
(2) K a, A a2A ..

A el
| Ch (—lalv —la2Vv .)V e2)

cl ¢, ((-lal . .a2v ..)V el)

1- Ch |gg(C, c2)

partition(X,[ ],0).
partition(X,[Head Tail],[HeadISublistl ],Sublist2) h
lte(Head.X),
partition(X, Tail, Sublistl Sublist2).
partition(X,[HeadITail], ublistL[Head! ] !ist2) h
0t(Head,X),
partition(X, Tail, Sublistl,Sublist2).
append([] List,List).
append([HeadITaill.List,[HeadIRest]) <
append(Tail List,Rest).

— ¢ h (la, V-

14

azv



e.=qsortdl,[]) ... gsort(243.1,0][01234)

C, =gsort(ff,[) »

append([, 1,1

append([0,],2.34],[0,.2,34]), .

partltiond,),[[]),

partition(2,[4,3.1,0L,[1,0],[43)), ...

gsortdl,[)

gsortdl,0}[0,1]),

asort([43][34]), ..

c2=qsortd2,4,31,01,[0,,2,34]) «
append([ 111,
append([0,)],2.34],[0.2,34]), .
partitiond, [,
partiion(2,[4,3,,01,101,[4.3]), ..
gsortd]),
gsortd,01[0,1]),
osort([4:3][34]) ..

c - |gg[c1,c 2)
= qsort([AIB],[CID])
append(E,[AIFL,[CID]),
append([], 1,1
append(G [HI,[JK])
append([0.1],[2.3.4],10),2,34]),
parttion(A,B,L,M),

15
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partitiond,[J,[']]),
partition(H,N,0,P),
partition(2,[4,3,,01,[1,01,[4,3]),
gsort(L,E),

gsort([ ).
gsort(0.G),

gsort([lo],fo,l]),
gsort(M.F),

gsort(P,)),
gsort(4,3],[3.4]) m

3 (Backpropagation Neural Network)
[ !

(real-valued) (discrete-valued) (vector-
valued)

(neuron)

(perception)

(bipolar) (sigmoid  unit)
(Inear combination)

1 -1

(hyperplane decision surface) 1 1

-1

(Inearly separable sets of examples)

(Boolean Function)
1 -1

AND, OR, NOR, NAND



i

o, , 1 (Mulilayer  Backpropagation ~ Neural
Network)
(nonlinear decision surface)
10 [Huang , 1988 hd (
*hid", *had”, *head”, "hood”, ) 2
(Spectral analysis) 2

(Inear decision surface)

(nonlinear ~ function)

24
(threshold)

(Continuous Function) 0
0 = afw. X)
)=,

0

X

G - (sigmoid function) 0 1

[Mitchell, 1997
(gradient  descent)
(squared eror)



(leaming rate)
y

( Q05 005

4 k|
4 <O - K- O
h h

| ), X s

1

n< - ]_1+A]1

Awtl= X1

X
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4 (Majority Class Method)
CN2  Clark  Niblett (1989)

(Breast Cancer)

L IvanBrako  Stephen H. Muggleton (19%)

! (Finite
Element)
(Biomolecular modeling)

2 Boan Dolsak ~ Stephen Muggleton (199)

(tress) Dolsak ~ Muggleton GOLEM

important, not_important, circuit, half_circuit short_for_hole
(boundary condiions)  free one_side fixed
(load)  not loaded, one side loaded cont_loaded
[ 618 53
2 10%
%%



3. Johannes Fumnkianz (19%)

! FOSSIL
(statistical - correlation)
(decision tree leaming algorithm)

FOIL [Quilan,
1990]
!
(King-Rook-King  illegal)
3 (king) (rook)
FOSSIL FOIL
6 8
4. Wiliam . Cohen (19%)
| ! (frst order leaming system)
FOIL (Text Categorization)
51,991
10 !
2 8

5 Ashwin Srinivsan, Stephen H. Muggleton, R D. King M. J. B Stenberg
(19%)

! PROGOL !

anthracene, phenanthrene, ball3, ring_size 6, carbon 5 aromatic ring
benzene 125 63 18
8%
% %
1%

6. Hendrk Blockeel  Luc De Raedt (1997)

TILDE (Top-down Induction of Logical Decision Treg)



PROGOL, FOIL  Indigo

[Geibel , 199%] TILDE
PROGOL Indigo FOIL
FOIL, Indigo, FFOIL [Quinlan, 1996]  FORS [Karalic, 19%]
TILDE Indigo ~ FFOIL FOIL  FORS
7. MayEL 1 Mooney (1997)

!
(natural language information extraction)

(precision)
837 (recal) 531

8. Saso Dzeroski, Nico Jacobs, Martin Molina ~ Carlos Moure (19%)

9. Sam Roberts, Wimi Van Laer, Nico Jacobs, Stephen Muggleton  Jeremy
Broughton (1998)



(1999)

(Bayesian  Classification)

1BC
2

(structural predicate) (property predicate)

(Naive Bayes)

0% 062 8%
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