Vol. 36 No. 12

WELEE S
BXAODEHZFAYT S5 RLS 0FE

B % E

H B 5F E |

ARIIHEE O BBR LT BE Y 27 4 RLS (Recursive Learning System) 0% LRIz o0 T
BRTHE, EELRA 205 — 2E2FFOEMELTH DODOREARERLTHS. chiz, RLS F
LB dNic sy — 271 5" 5 24 RLS-Othello 2834 — ADBAT, MB®RZOFTHEFORTN S LR OE
RAEBT U CTERRERZ2EET 205 TH 5. MUNBETEEL LT RLS i3 EBCG #fFLTNAS. L
ML To RLS-Othello 0FE T3 EBG AOMBOTRBRAD1 5 tetctd, BHOBELFRONK
DRFLOMOEREDOBFREE ULFIFATET, ff- CTHEBRE X VOL S BBERSEAEERC LN T
Whhote. COMBEARMRRT 7%, €Tk RLS-Othello D HIEMS, HURER, IEHOZhENICKE
FABAL, B2 CORRITBOT, HEM & LRSS OMOAREITEICE Y 2 TE0RAE oM
BEFLLBTEZ XU, chitkd, SRORMNBEREERLBTIITEE TERNI S LM o4
Y (RE) OMEMREFEAREE 72, ARXTIRET RLS OBEABNANL, AR THET 355514
BAT B, ROTZOEFICKE EBG AEBEREZHEL, HRERIAD EBG OBRERICOVTE
N, ChoAFALIHREZEEO2RT. BBICKY R T ADERETS

Learning of RLS that Uses Clauses Including Time
Moriniko TanmMal and Noriakr SANEcHIKATT

This paper describes the new result produced by our learning system named RLS
(Recursive Learning System). RLS-Othello is the game playing and learning system on
RLS. It learns useful concepts by analyzing the cause of failure from a record of a
game. RLS also utilizes EBG as an auxiliary means. Because of the shortage of the
knowledge for EBG, RLS-Othello has not been able to learn very useful concepts includ-
ing complex patterns. In this paper, we introduced variables denoting time into goal
concept, domain theory, and training example, and enabled RLS-Othello to describe the
relations between any two moments. By the improvement of RLS-Othello, RLS-Othello
became to be able to learn the concept of “pair wing” which is one of the complex
patterns of the game. In this paper, we introduce the outline of RLS firstly. Next, we
introduce a learning case which is used in this paper. The designing of the domain
theory needed for the case, the other elements of EBG, and an example of the game
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playing and learning follows it.
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We give consideration of the system in conclusion.
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Fig. 1 The learning model.
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Fig. 3 Moments for inference.
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bad_move/3 #/RT9. HiELS S

bad_move (4, B, C) :-move (B, C), move(4, B, C), opponent (B, D), future(good_move(E, D, F)),
nove(E, D, F), corner_pair(F, G), move(H, D, &), earlier_than(H, E), edges2(1, J),
pre_state(E, F, v), just_before(X, E), pre_state(K, F, v), just_before(H, K),
pre_state(H, F, v), just_before(L,H), pre_state(L, F,v), just_before(, L),
pre_state(M, F, v), just_before(, ¥), pre_state(N, F, v), just_before(0, N),
pre_state(0, F,v), just_before(P,0), pre_state(P, F, v), just_before(Q, P),
Jjust_before(4,Q), pre_state(Q, F, v), corner(F), near_lc(I, F,R), direction(F, R, S),
pre_state(E, R, B), pre_state(K,R, B), pre_state(H, R, B), pre_state(L, R, B),
pre_state(M, R, B), pre_state(N,R, B), pre_state(0, R, B), pre_state(P, R, B),
pre_state(Q, R, B), just_before(E, T), pre_state(T,R, D), lc(R), next(F, S, R),

next(R, S,U), la(U), near_la(I,F, U), pre_state(R, U, B), pre_state(K, U, B),
pre_state(H, U, B), pre_state(L, U, B), pre_state(M, U, B), pre_state(N, U, B),
pre_state(0, U, B), pre_state(P, U, B), pre_state(Q, U, B), next (U, S, C), 1b(C),
near_1b(I, F, C), pre_state(E, C, B), pre_state(X, C, B), pre_state(H, C, B),

pre_state(L, C, B), pre_state(M, C, B), pre_state(N, C, B), pre_state(0, C, B),
pre_state(P, C, B), pre_state(Q, C, B), next(C, §, V), 1b(V), far_1b(I, F, V),
pre_state(E, V,B), pre_state(K, V, B), pre_state(H, V, B), pre_state(L, V, B),
pre_state(, V,B), pre_state(N,V,B), pre_state(0,V, B), pre_state(P,V, B),
pre_state(Q, V, B), next(V, S, W), la(W), far_la(I, F,W), pre_state(E, W, B),
pre_state(k, W, B), pre_state(H, W, B), pre_state(L, W, B), pre_state(M, W, B),
pre_state(N, W, B), pre_state(0, W, B), pre_state(P, W, B), pre_state(q, ¥, B),

next (¥, S,X), 1c(X), far_lc(I, F, X), move(¥,D,X), earlier_than(H4, E), pre_state(M, X, v),
pre_state(N, X, v), pre_state(0, X, v), pre_state(P, X, v), pre_state(Q, X, v), at (¥),
neighbor(X,Y),direction(X, Y, Z), pre_state(M, Y, B), pre_state(N, Y, B),

pre_state(0, Y, B), pre_state(P, Y, B), pre_state(Q, Y, B), pre_state(L, Y, D),

move(Q, D, A1), earlier than(Q, M), neighbor(Y¥, A1), hoshi(Al),direction(¥, AL, S),
mid_edge(Y,Al, I),direction(Al, Y, B1), pre_state(Q, Al, v), next(Al, BL, Y),
near_at(I, AL, Y), next(Y, B1,C1), sa(Cl), near_sa(I,Al, Cl), pre_state(Q, C1, B),
next(Cl, B1,D1), sa(D1), far_sa(I, Al,D1), pre_state(Q, D1,B), next(D1, B1, E1), at(E1),
far_at(I,Al, E1), pre_state(Q, E1, B), next(EL, B, F1), hoshi (F1), pre_state(Q, F1, v),
dummy, next (X, Z, Y), next (Y, Z, G1), assume_true, pre_state(H, G, v), pre_state(L, G, v),
pre_state(M, G, v), pre_state(N, G, v), pre_state(0, G, v), pre_state(P, G, v),
pre_state(Q, G, v), corner(@), near_lc(J, G, H1), direction(G, K, I1),

pre_state(H, H1,B), pre_state(L, H1, B), pre_state(M, H1, B), pre_state(N, H1, B),
pre_state(0, H1, B), pre_state(P, H1, B), pre_state(Q, H1, B), pre_state(K, H1, D), 1c(H1),
next (G, I1,H1), next (H1, I1,J1), l1a(J1), near_la(J, G, J1), pre_state(H, J1, B),
pre_state(L, J1,B), pre_state(, J1, B), pre_state(¥, J1,B), pre_state(0, J1, B),
pre_state(P, J1,B), pre_state(Q, J1, B), next (J1, I1, K1), Ib{K1), near_1b{J, G, K1),
pre_state(H, K1, B), pre_state(L, X1, B), pre_state(M,K1, B), pre_state(N, K1, B),
pre_state(0,K1,B), pre_state(P, K1, B), pre_state(Q, K1, B), next (K1, I1, L1), 1b(L1),
far_1b(J,G,L1), pre_state(H, L1, B), pre_state(L, L1, B), pre_state(M, L1, B),
pre_state(N, L1, B), pre_state(0, L1, B), pre_state(P, L1, B), pre_state(Q, L1, B),
next(Ll, I1,M1), la(Ml), far_la(J, G, M1), pre_state(H, M1, B), pre_state(L, M1, B),
pre_state(M, M1, B), pre_state(N, K1, B), pre_state(0, M1, B), pre_state(P, M1, B),
pre_state(Q, M1, B), next (M1, I1,N1), 1c(N1), far_lc(J, G, N1), move(0, D, N1),
earlier_than(0,H), pre_state(0, N1, v), pre_state(P, N1, v), pre_state(q, N1, v), at (01),
neighbor (N1,01), direction(N1,01, Z), pre_state(0, 01, B), pre_state(P, 01, B),
pre_state(Q, 01, B), pre_state(N, 01, D), earlier_than(Q,0), neighbor (01, A1),
direction(01, Al, I1), mid_edge(01, Al, J),direction(Al, 01, P1), next(Al, P1,01),
near_at(J, AL, 01), next(01, P1,Q1), sa(Ql), near_sa(J, Al, Q1), pre_state(Q, Q1, B),
next(QL, P1,R1), sa(R1), far_sa(J, Al,R1), pre_state(Q,R1,B), next(R1, P1, S1), at(S1),
far_at(J, Al, 81), pre_state(Q, S1, B), next (81, P1, T1), hoshi(T1), pre_state(Q, T1,v),
next(N1, Z, 01), next (01, Z,U1)

B 7 EBG ickbfEohreiis
Fig. 7 The concept obtained by EBG.
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A= TOIUL le()) RRETHEH, COYAFL
TREICHRE LT, BEERFREEE 05—

HRERSE->TN A
(2) HbhlWERARE

1$ near_lc¢(G,E, ])

Dec. 1994

bad_move(4, B, C) :-move(B, C), move(4, B, C), opponent (B, D), corner_pair(E, F),
edges2(G, H), just_before(a, I) pre_ state(I E, v), corner(E), near_lc(G, E, J),
direction(E, J,K), pre_state(I, J, B), 1c(J), next (E, K, J), next (J, K, L), la(L).
near_la(G, E, L), pre_state(I, L, B), next (L. K, C), 1b(C), near. 1b(G, E, C),

pre_state(l, C, B),next(C KM, lb(M) far_ 1b(G E, M), pre_state(I, N, B) next(M, X, N),
la(N), far_ la(G E,N), pre_ state(I N, B), next(N, X, 0), 1c(0), far lc(G E 0),
pre_state(I, 0, v), at(P), nelghbor(O, P), d1rect10n(0, P,Q), preﬁstate(l, P, B),
neighbor (P, R), hoshi(R),direction(P, R, K), mid_edge(P, R, &), direction(R, P, S),
pre_state(I, R, v),next(R, S, P), near_at(G,R,P), next(?,S,T), sa(T), near_sa(G,R, T),
pre_state(I, T, B), next(T, S, U), sa(U), far_sa(G, R, U), pre_state(I, U, B), next (U, S, V),
at(V), far_at(G,R, V), pre_state(I,V, B), next(V, S, ), hoshi (W), pre_state(I, W, v),
next(0, Q, P), next(P, Q, X), pre_state(I, F, v), corner(F), near_lc(H,F,Y),
direction(F,Y, Z), pre_state(1, Y, B), 1c(Y), next(F, Z, Y), next (Y, Z, AL), la(Al),
near_la(H, F, A1), pre_state(I, A1, B), next(Al, Z, B1), 1b(B1), near_lb(H, F, B1),
pre_state(I, B1, B), next (B1, Z, C1), 1b(C1), far_lb(H, F, C1), pre_state(I, C1,B),
next(Cl, Z,D1), 1la(D1), far_la(H, F,D1), pre_state(I, D1, B), next(D1, Z,E1), lc(E1),
far_lc(H, F,El), pre_state(I, E1,v),at(F1), neighbor(E1, F1),direction(El, F1, Q),
pre_state(1, F1, B), neighbor(F1,R), direction(F1, R, Z), mid_edge(F1,R, H),
direction(R, F1,G1), next (R, G1, F1), near_at(H, R, F1), next (F1, G1, H1), sa(H1),
near_sa(H, R,H1), pre_state(I, H1, B), next (H1, G1, I1), sa(I1), far_sa(H, R, I1),
pre_state(I, I1,B), next (11, Gl, J1),at(J1), far_at(H,R, J1), pre_state(I, J1,B),
next(J1,G1, K1), hoshi (K1), pre_state(I, K1, v), next(El, Q, F1), next (F1,Q, L1)

X 8 BKMICEShI S
Fig. 8 The concept finally obtained.
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