(Machine Learning) [20]

(learning by being told)
(learning by discovery)

(learning from examples)

(Inductive Logic Programming, ILP) [18]

(ILP

(proof theory)
(model theory)
(Inverse Resolution, IR) (Relative Least General Generalizations, RLGG)
1 (Inverse Implication) (Inverse Entailment, IE)
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(Computational Learning Theory, COLT)

(learning drug structure-activity rules)
(learning rules for predicting mutagenesis)
(learning rules for predicting protein secondary structure)
(learnig rules from chess databases)
(learning rules for finite element mesh design)

(learning diagnosis rules for qualitative models of
satellite power supplies) (learning qualitative models of the -
tube system) [11]

GOLEM PROGOL CIGOL FOIL

[17]
Plotkin I}
(relative subsumption) 2. (Relative Least General
Generalization, RLGG)
2
- Shapiro (general-to-specific)
(Horm Clause) Plotkin
1 (specific-to-general) Shapiro
(algorithmic debugging)
- Sammut and Banerji MARVIN
1 (background clause)
- Muggleton and Buntine CIGOL

- Banerji, Wirth, Ishizaka, Ling and Dawes, Rouveirol and Puget
(propositional)
(first-order learning systems)



- Quinlan FO
order Horn clause)
(informati
FOIL
- Buntine

(Herband model)
- Muggleton and Feng
GOLEM

- Muggleton

Directed Inverse Resolution, MDIR)

FOIL [19]

Ross Quinlan Mike Cameron-Jo

FOIL

FOIL

L FOIL
FOIL

(tuple)
(information-based heuristic

2 FOIL

ta_klom.txt
$foil6 < >

18

IL (first-

A9

on based heuristic)

(determinate)
FOIL Quinlan

PROGOL (Mode-

FOIL 6.4

nes FOIL

FOIL

(function-free Hom clause)

(atch)
Gain)



$f0il6 <ta_klom.txt >ta,klom.out

FOIL

3

21 (specification of types)

2.2

name(type, type.....type)

positive tuple

positive tuple

negative tuple

negative tuple

positive tuple

2.3

relation name

test tuples

(extensional definitions of relations)

negative tuple

1

(test case for learned definitions)

19



2

3 FOIL
FOIL 2
31 (Outermost level)
1 (stopping criterion 1)
3.2 (Inner-loop) (local training set)
i 1 (Iiteral)
(Gain)

2 (stopping criterion?)

QW...v1) Q
1V,
Equalty.vJ vk
1 2
Gain= +*(()-I(Ti)
() ~log2 (4 ++ )

(prune)



YT

van - aimnr.ri Ta

FOIL (stopping criteria) 1

(encoding-length heuristics)

P M
EC = log2(T) + log2 m
P
B(L)
1+ log2( ) + log2( )
BC = (B(Lt1)) - log2(nt)
1
1
2
2
85%
100 % FOIL
(backup facility)
FOIL
6.4 5 20
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1
FOIL
L .. (ifjhen)
2
3
can-reach (directional networks)

21 FOIL linked-into(X.Y) : (0,1), (0,3), (1,2), (3.2), (34),
(4.5) ,(46), (68), (76, (7.8) can-reach(X.Y) : (0,2), (0,2),
03), (0:4). (05), (06), (08), (1.2), (32), (34), 35), 3, ) (38). (45), (46), (48), (68)
(76) (79 FOIL

can-reach(X.Y)  linked-into(X,Y).
can-reach(X.Y)  linked-into(X,Z), can-reach(Z.Y).

@ ®
31
FOIL T 8
19 62
Vo (01) 02 (03) 04 (05) 0608 (L2 (32 (34)
(35) (36) (38) (45) (46) 48 (68) (76) (19
V00 07 (L0 L) 13 LAHLE) (L8 (L7 (L)



(20 (21) (22) (23 (2425 (26) (27 (2,8 (3.0
(31 B33)(3B7) 40 4142 @43 44 “76o
(5.1) (5.2)(53) (5.4) (5,5 ((56) (57 (58) (6,0)(6.1)
(6.2) (6,3) (6,4) (6,5 (6,6)(6,7) (7,0) (7,1) (7.2)(7.3)

(7.4) (7,5) (7,7)(8,0)(8,1)(8,2) (8,3) (8,4) (8,5)(8,6)

(8,7) (8,8)
linked-into(X,Y)
can-reach(X.Y)  linked-into(X.Y).
9 62

02) (04) (05) (06) (08) (35) (36) (38 ()
FOIL linked-into(X,2) 2,.) 5,...)  (8..)

Z (XY.2)

(XY) linked-into (X2 T2

18 b4

T2+: (021) (023) (04,2) (043) (051) (0,53) (06.1)
(0,6,3) (0,8,1) (0,8,3) (3,5,2) (3,5,4) (3,6,2) (3,6,4)
(38.2) (384) (485) (4856)

v : (0,0,1) (0,0,3) (0,7,1) (0,7,3) (1,0,2) (1,1,2) (1,3,2)
(1.4.2) (1,5,2) (1,6,2) (1,7,2) (1,8,2) (3,0,2) (3,0,4)
(3.1.2) (3,1,4) (3,3,2) (3,3,4) (3,7,2) (3,7,4) (4,0,5)
(4,0,6) (4,1,5) (4,1,6) (4,2,5) (4,2,6) (4,3,5) (4,3,6)
(4.4.5) (4,4,6) (4,7,5) (4,7,6) (6,0,8) (6,1,8) (6,2,8)
(6.3.8) (6,4,8) (6,5,8) (6,6,8) (6,7,8) (7,0,6) (7,0,8)
(7.1.6) (7,1,8) (7,2,6) (7,2,8) (7,3,6) (7,3,8) (7,4,6)
(7.4.8) (7,5,6) (7,5,8) (7,7,6) (7,7,8)

linked-into(X.2)
can-reach(Z.Y)

T3+:(0,2,1) (0,2,3) (0,4,3) (0,5,3) (0,6,3) (0,8,3) (3,5,4) (3,6,4) (3,8,4) (4,8,6)



can-reach linked-into(X,Z), can-reach(Z.Y).

can-reach

can-reach(Z.Y)

3.64) 486  FOIL
18

(12 = -log2(18/(18+54)) = 2.0

=3 = - 10g2(10/(10+0)) = 0

linked-into(Z,Y)

I(T3)=-log2(6/(6+0))=0

linked-into(z,Y) FOIL

can-reach(X.Y) Iinked-into(X,Y).

can-reach(X.Y) linked-into(X,Z), can-reach(Z.Y).

RIPPER M2.131

FOIL

RIPPER
RIPPER

1 RIPPER
RIPPER
(ruleset)
(training data)
ifT1and T2and ... and Tnthen class Cx
Tland T2and ... and Tn

6*(1(T2)-1(T3)= 12.0

linked-into(Z.Y)

T3+ . (0,2,1) (0,2,3) (0,4,3) (3,5,4)

can-reach(Z.Y)

54

can-reach(Z.Y)

10 *(I('2) - 1m3) = 20.0
6
can-reach(Z.Y)

can-reach(Z.Y)

RIPPER
RIPPER

RIPPER

(propositional rule leaming)

(and)
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An=V Ac>e Ac<e VeAs An
(nominal attribute) V An Ac 6
Ac As (set-value attribute) ~ V
As
Cx
2 RIPPER
Sripper 1> out 2>&1
RIPPER 4
21 (data file) (data
1
2.2 (test file) test
2.3 (name file) names
: atom
( _
) continuous set
bag (bag-valued)  symbolic nominal
class_name.

attribute_namel : atom,

attribute_name?2 : set.
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2.4 (grammar file) .gram
RIPPER ' 1
RIPPER
RIPPER
3. RIPPER
RIPPER (IREP : Incremental Reduced

Error Pruning) Furnkranz and Widmer 1 (Pruning rules)
RIPPER 1
1 2. RIPPER

(description length)
Cohen [12] 64

50 % 3. RIPPER

(Multiple class) 2
1 2

RIPPER
(growing set)
(pruning set)

(orung)  RIPPER

RIPPER
(ruleset)
(description length)

| [12]
b4
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RIPPER
L v (if-then)

2 RIPPER (Rule
learning algorithm)

3

4. RIPPER (set-value attribute)
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