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Abstract: This paper proposes an inductive inference method (GA-CIGOL) which can generate rule
sets explaining a given set of positive or negative examples in the framework of logic programming. Inverse
resolution method was proposed for effectively creating new predicates to automatically acquire a new
concept from examples. With this method, however, it is difficlut to select a target concept from created
candidate concepts. This paper, therefore, investigates how to select a target concept, and hypothesizes
that comparison among candidate concepts is an important process in selection. Based on the hypothesis,
we proposes a new concept acquisition method based on a genetic algorithm and an inverse reso]uf,ion, and
evaluates the performance of the proposed method by some computer experiments.
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rev([l. {I).

mMPAJﬁJﬂJ]WJJﬁJAJD

rev ([9]. (8])

rev{{y,u,i,0}, (o, i,

rev ( [2. 3. 4. 5,86, 7, B. 9] [9. 8,7.6,54,3,2)).

rev ([h j. k l] (1, k. h]).

rev([1],
rev([u, i, o] [o u] ).
rev(56789] [9.8.7,6,5]).

HOEM
not (rev({1.2,3,4,56,78,9], (1,2,3,4,55,7,8,9])).
not (rev([t.u,y, i,0], [0, i.u.y, t])).
not (rev([s,d, f, gl, [lLk j.h gt ds])).
not(rev([h hjoko 1, (LK b gl)).
not (rev([q,w, e, r, t,y,u,i,0}, [0, i,u, y. t, T, e, v])).
not (rev(([6,7,8,8], [9.8,7.7))).
not (rev ({y,u, i, 0}, [0, i, u, v, t])).
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reverse ({], (]).
reverse ([A]. [A ])
reverse ( A ]
reverse( 3 BJ, [B A 31).
reverse( 2. . .5.6], 6,5.4.3.2])
reverse({j| B, C.j )'-reverse(A ). ¥
reverse ( 5|A B, C, 5] ):-reverse (A, { Cj). *
reverse ({5]A], [B,C,D,5]):~reverse (A, (B C.D]). *

intra-construction2MfH3 3
!

reverse((]. []).

reverse ([A], [A ]

reverse( (A, B],

reverse( 3, A B [B A.3])

revcrseé[z 3,4,5.6],[6.5.4,3,2]).

% reverse A[B] c)~-rcverse(B D), nev (A, C, D).
% new(j. (AB. ]

% new (5, A B.5]. AB]) *

% new (5, (A, B.C, 5]. fA.B.C]). *

ahlsorpt ionZRMAET 3

i
A 8], [B. A]).
(3. 8.B], (B.4.3]).

reverse( 2 3,4,5,6]. [6,5.4.3,2]).
reverse ( AIB] C)-~reverse(B D). new (A, C, D).

reverse(
reverse(
reverse (
reverse(

new(j, [A.B, j A 5 )
nev (3, [A B, 5
% new (A, {B|C]. IBID])'-nev(A C.D)

t&unca!ionéiﬂ}ﬁ’ﬁ‘é
1. 1),

reverse([A], A

reverse ([A, B], {B Al).

reverse ([AlB], C) -reverse (B. D), new (A, C, D).
% new (A, [B, C, A,

nev (A, [B|C]. [BJD]) -nev(A C.D)

reverse (
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rev((]. (1).
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rev((3,y, 7, i,0}, [0, i, 7.y, 3]).
rev((4,1,2,7,8,9], [8,8,7.2, 1, 4]).
rev{[y. 7. i.0], [e, i, 7. ¥]).
rev({a,s,d, f,g hoa k1], [}, koahgfds,a]).
rev([A|B], (A C,D, A]):-rev (B, [A,C,D]).
rev([2, A 3], {3,A,2]):-rev([A 5, 6], 6,5, A]).
rev ({A[B], C) :-new337(A, B, C, D, E), rev (D, E).
newdd7(A, B, [A, C.D, A], B, [A C,D]).
new337(2, (A, 3]. (3,A.2], {A, 5, 6], [6,5,4])
rev (A, [6,5,4]):-

rev([4, 5 6], [6,5.4]),

new337(6, B, [6|A], B, (6.4, 5])
rev([z, e r], [r.e z}).
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%% Member[%% -
member (X, (X|Ys]).
member (X, [Y|Ys]):-aenber (X, Ys).

%% LastP%y -
last (X, [X]).
tast (X, [Y|Ys])):-last (X, Ys).

%% Archl%k :

arch((X bean, X)) : -coluan (X).

coluan((]).
column([X|Xs]):-brick_or_block(X), column(Xs).
brick_or_block(brick).

brick_or_block (block).

%% Less—Than[}!‘]&i
X =< X

X =< Y - successor (X) =< Y.

Y% Minimun(E :
minimun{X, {X}).
mininun(X, {Y]Ys]):-X -< Y, ninimun (X, Ys).
mininun(Y, {Y|Ys]):-X > Y,minimun(X, Ys).

%% Reverse[{]§g :
reverse({] -
reverse ([X|Xs], Zs):-

reverse(Xs Ys), append (Ys, [X]. Zs).
append([] Xs, Xs).
append { {X|Xs]. Ys, [X|Zs]):-append (Xs, Ys, Zs).

%% Insert-Sort{%y :
insert_sort ([}, [1).
insert sort([X}Xs] Ys):-
msert sort(Xs Zs), insert (X, Zs, Ys).

insert (X,
insert (X, Y|Ys] YlZs ):=X > Y, msert(X Ys. 2s).
insert (X, [Y]Ys]. [X. Y[Ys]):-X =C Y.
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A (size-of clause set) #fiie L<Hd (FHEB

BR) . FEAIERCL, FROR 2 Trdtic, RPN LT
WEHR B ATR O A R E BIHIMIG & LT
RT3,
ERIhIHEE :

size-of clause set{C},...,Cr}=1+ Z(size~of clause C;),

.=t [Menmber] : FE{EDI%R 1. FRMEM%R 2
size-of clause {Ly,...,La}=1+ Z(size-of literal L;), member (X. [X|Xs]).

i=1 . neaber (X, Y|Ysl ) :-member (X, Ys).
size-of literal or term f(t;,...,t,) =2+ Z(size-of t:),

i=1

size-of variable V =1 {Arch] : TE{HBI%L 1

arch((x beam, X)) : —newl(X).‘
evl((]).

newl ({brick|Xs]):-newl (Xs).
1l ea—¥Y 2574 » 7K newl ( [bloek{Xs]):-newl (Xs).

¥ newl i column (CHE43 3

5.6 CIGOL &mxtte

CIGOL vht, $IAIRH% e ARICHER L, [Aren) : RN 2

arch ((X, beam, X)) :~newi (X).

RETAEDET . TOAD, ROWHEHIHGIC new2 (brick).

B3 5 BARO ORI A 4 A — & % BAICHBEE S 5 25 ront (135"

ERHoi. Livl, ¢ TR HIHISA TS 0 Hiic newl ([X]Xs]):-new2 (X), newl (Xs).
R332 X new2 (& brick_or_block {C}E24% 2
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L% CIGOL ORIEA 1 - 2 %Iy 5. oD D E R R e D e b Al
rev(A (B.C,D.E, F]):-rev([r]A], [B.C.D,E.F.,r])
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HREFTR o 7. reverse ((]. []).
reverse ([{A], [A]
Rk (Population) 100 & L. % reverse ( (4, B], [B, A]).
o, BEBOMTRIEE LT, WU (Max gen- rerg;‘:ss(c)&)s(s]m)lsnc;s(x s, Ys).
eration) 1000 R 2 L. & bic, HHAE (Pres. rovs i BB D news i, 25, vs),
sure) [6] #RREL, ETFRERD DM Y % M % new3 {3 append (CHE4F 3
& o 7.
BB NHHRA ¥R 1273 4, M
L 7B % [ 13 1CR 5 B 12: J9 & BRI

SEROFER,  member ITECLITVMBIRC T & NS
2TY YT T us T n EFIUHRME R IDL L.
arch ;REH 1, “"l’ﬂmﬁéﬁl 1 & FHMBHR 2 CHETT L A BIH0
HEXRERA Y, TR 2 YT s Tu sk
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FIUIERYBE C 28 CE A reverse REE, VM
BEN 2T, FHRMEOIEILEHERSPRE DN, v
T T a7 EERNCEEARNES YIS
B LT E. FHERS L T’ BIHRMKKy v
e TurZIn B 5 HABRG LR TE Rl
7. reverse IREE (L,
BBIC T b ORGH], step MEPEL 4.

Max generation = 1000 Population = 100
Low pressure = 0.1 High pressure = 1.0
Pressure period = 25

Cross-over rate = 0.3 Mutation rate = 0.2

TR 2RI
Turdn | ELFIR | AFFIR SIS | | SRR 2
member 13 10 57 12
arch 11 13 15 96
reverse 21 38 (267) 536

13: FBRER

B X D, REFHICH L CLI T OREANE b
richk - .

MBS HST 3RRESOERIC & > CEHERKD
BREEZZEETILENDHS

FMEAL WM RAESE L, HERROREH Hil
ERd '

B XD, —AM IR BT 5 R
BrETALND. FARIEMAG XD, BUEAEAISS
Y, HARATRAGERIC I\ TR ORI ICHES ¢
HERLETHELELDNS.

7T BbLYIC

ARCH, WEREEOMESICHET 3 ER:, ¥
yIr e Ty a3 RECKSE, MBS
BT B KT 5 ¢ LRERTH B, & ORE
%Th. Thick b, BE&L I, HAL T,
LSRR LT, EDDRBEEL .

¥, RBICES %, MEICHES TR 2580
HAWIGTRRE LT, WHHIEE : BEHT LY X
LRSS DY HERSS AT GA-CIGOL %1#
R, EMERICY VEEREIERELL TO/K
B, BilE vy a22ECH LT, REFEOH
FATIREYE % HEE L .

member HREE* arch REBIC A,

L5810k, X bR DEEBERYTAY, REFRO
PMMERRIET B & & bic, FHEBMEROBREAL»
ko REECOWTEBEYED T FETH 3.

Har

HEX Y CHWEZTHE, CXEFE3, NIT VY
by = THFGEER ¥ 7 b v = TIEBEIINUITCES S
B ME, XU NTT EBPIIEET HRIEpIeE 5
BFER BEFRRCEHL T

SE R
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