Chapter 11

Ňăèĺŋŋő áăňőőąãçěŋĺě

11.1 Ńěłæĺĺ

11.1.1 Őáŋőćŋĺ ŕőŋïâĺï ŋă ňăèĺŋŋőâő áăňőőąãçěŋĺě • Ŕàőáâàăŋáâćő ŋă ŕàĺňěàĺâě: x1, x2, x4 ∈ {0, 1, 2}, x3, x6 ∈ {0, 1}, x5 ∈ {0, 1, 2, 3}, |{(x1, x2, x3, x4, x5, x6)}| = 432 • Őąãçăćăéă/âěáâőćă ĺğćăďłă:

No. x1 x2 x3 x4 x5 x6 y 1 0 0 0 2 3 1 1 2 2 1 1 1 0 0 0 3 2 1 1 1 3 0 1 4 1 0 0 0 0 1 0 5 2 2 1 2 2 1 1 6 1 2 1 0 2 1 0 7 1 1 0 2 2 1 1 8 0 1 0 1 2 0 0 9 0 0 1 0 0 0 1 10 2 0 1 0 0 0 0 11 1 1 1 0 1 0 ?

• Ťőàňĺàăŋě ŋă ŕőŋïâĺï/àěčàěáĺï: f?, y = f(X)

– Ŕàőŕőğĺæĺőŋăńŋĺ ŕàăćĺńă:

x1 = 0 ∧ x2 = 0 → y = 1 x1 = 1 ∧ x2 = 1 → y = 1 x1 = 2 ∧ x2 = 2 → y = 1 x5 = 3 → y = 1 x1 = 0 ∧ x2 = 1 ∧ x5 = 0 → y = 0 ... – Řěńăæĺőŋŋő ŕàěďáâăćïŋě (ŕàőňěŋńĺćĺ, àěńăæĺĺ: =, ≠):

x_1 = x_2 ∨ x_5 = 3 → y = 1 x_1 ≠ x_2 ∧ x_5 ≠ 3 → y = 0

• Ŕàěďáłăğćăŋě: f(1, 1, 1, 0, 1, 0) = ? • Őæěŋłă ŋă čàěèłăâă: Error(f) =^{|{(x1,...,x6)|f (x1,...,x6)≠y}|} 432 11.1.2 Ĺŋďãłâĺćŋă ğăďăçă

• Ěğĺł L á âàĺ ŕőďňŋőęěáâćă – L_B (ěğĺł ŋă őáŋőćŋĺâě ğŋăŋĺï), L_E (ěğĺł ŋă ŕàĺňěàĺâě) ĺ L_H (ěğĺł ŋă åĺŕőâěğĺâě), ĺ àěńăæĺï ğă ĺğćőďĺňőáâ ”→” (”≥”) – áêőâćěâáâćĺě ňěęďã ěńěňěŋâĺ őâ ěğĺłă L.

• Ĺŋďãłâĺćŋă ğăďăçă: Ŕàĺ ďăďěŋĺ őáŋőćŋĺ ğŋăŋĺï B ∈ L_B , ŕőńőęĺâěńŋĺ ŕàĺňěàĺ E^+ ∈ L_E ĺ őâàĺæăâěńŋĺ ŕàĺňěàĺ E^− ∈ L_E , ďă áě ŋăňěàĺ åĺŕőâěğă h ∈ L_H , ŕàĺ áńěďŋĺâě ãáńőćĺï:

1. B ↛ E^+ (ŋěőąåőďĺňőáâ);

2. B ↛ E^− (ŋěŕàőâĺćőàěçĺćőáâ ŋă őáŋőćŋĺâě ğŋăŋĺï);

3. B ∪ h → E^+ (ďőáâăâêçŋőáâ);

4. B ∪ h ↛ E^− (ŋěŕàőâĺćőàěçĺćőáâ ŋă åĺŕőâěğăâă). • Ŋăľ-őąéă åĺŕőâěğă ⊤: e ∈ L_E ⇒ ⊤ → e.

• Ŋăľ-áŕěæĺäĺçŋă åĺŕőâěğă ⊥: e ∈ E^+ ⇔ ⊥ → e (ŋăŕàĺňěà ⊥ = E^+). • Ŕàőáâàăŋáâćő ŋă åĺŕőâěğĺâě: {h|h ≥ ⊥, h ≤ ⊤} • Őŕěàăâőàĺ ğă őąőąéěŋĺě/áŕěæĺăńĺğăæĺï: h^′ = ρ(h), h^′ ≥ h (h^′ ≤ h) • Ŋăľ-áŕěæĺäĺçŋő őąőąéěŋĺě (lgg): h = lgg(h_1, h_2) ăłő h ≥ h_1, h ≥ h_2 ĺ ∀h^′, h^′ ≥ h_1, h^′ ≥ h_2 ⇒ h^′ ≥ h.

11.1.3 Ěğĺł ăâàĺąãâ-áâőľŋőáâ

• L = {a_1 = v_1, ..., a_n = v_n|v_1 ∈ V_{a1} , ..., v_n ∈ V_{an} }. V_{ai} ě ňŋőęěáâćő őâ ćêğňőęŋĺâě áâőľŋőáâĺ ŋă ăâàĺąãâă a_i.

Ŋăŕàĺňěà [æćïâ=ğěńěŋ, äőàňă=ŕàăćőêčêńŋă], ĺńĺ ŕàĺ ŕőğĺæĺőŋěŋ ğăŕĺá: [ğěńěŋ, ŕàăćőêčêńŋă]. • Ŋăàěďąă ňěęďã ŕàĺňěàĺ/åĺŕőâěğĺ: X ∈ L, Y ∈ L, X ≥ Y , ăłő X ⊆ Y ; lgg(X, Y ) = X ∩ Y . • Ěğĺł ŋă åĺŕőâěğĺâě: L_H = {C_1 ∨C_2 ∨...∨C_n|C_i ∈ L, i ≥ 1} (ňŋőęěáâćő őâ ŕàăćĺńă); h → e ⇔ ∃C_i ∈ h, C_i ≥ e. • Ĺŋďãłâĺćŋă ğăďăçă ğă ŕőćěçě őâ ěďŋő ŕőŋïâĺě (łńăá): E = ∪^k_{i=1}E^i. Ŕőńőęĺâěńŋĺâě ŕàĺňěàĺ ğă łńăáă i áă E^i, ă őâàĺæăâěńŋĺâě E\E^i.

• Ŕàěďáâăćïŋě ŋă őáŋőćŋĺâě ğŋăŋĺï: B = ∅ (ĺğŕőńğãćăâ áě ŋěïćŋő ć àěńăæĺĺâě ğă ĺğćőďĺňőáâ ĺ ŋăàěďąĺâě ňěęďã ŕàĺňěàĺâě).

11.1.4 Ŕőłàĺćăéă áâàăâěčĺï

• Őąé ăńčőàĺâêň (h = {h_1, h_2, ..., h_n}):

1. Ŋăňěàĺ h_i, â. çě ̸∃e ∈ E^−, h_i ↛ e; 2. E^+ = E^+ \ {e|h_i → e};

3. Ăłő E^+ ≠ ∅ âő ŕàőďêńęĺ á 1, ć ŕàőâĺćěŋ áńãçăľ łàăľ.

• Šêàáěŋě ć čàăäă ŋă őąőąéěŋĺïâă/áŕěæĺăńĺğăæĺĺâě (äĺčãàă 11.1). Őŕěàăâőàĺ ğă őąőąéěŋĺě/áŕěæĺăńĺğăæĺï (ŕőğĺæĺőŋŋő ŕàěďáâăćïŋě, ŕàőŕãáŋăâ ăâàĺąãâ = ăŋőŋĺňŋă ŕàőňěŋńĺćă):

variabilize([X|T],[_|T]) :-
    nonvar(X).
variabilize([X|T],[X|V]) :-
    variabilize(T,V).

instantiate([X|T],[Y|_],[Y|T]) :-
    var(X).
instantiate([X|T],[_|V],[X|W]) :-
    instantiate(T,V,W).

• Šêàáěŋě őâďőńã ŋăčőàě çàěğ lgg: ğăďăçă ğă k łńăáă, E = ∪^k_{i=1}E^i, B = ∅, h_i ∈ L_E.

1. Ĺğąěàĺ e_i, e_j ∈ E^k ğă ŋïłőě k; 2. h_{ij} = lgg(e_i, e_j );

3. Ăłő ̸∃e ∈ E^l, ğă l ≠ k, âăłőćă çě h_{ij} → e âő E^k = (E^k \ {e|h_{ij} → e}) ∪ {h_{ij} }; 4. Ăłő áâêŕłĺ 1 ĺńĺ 3 áă ŋěćêğňőęŋĺ âő łàăľ, ć ŕàőâĺćěŋ áńãçăľ ŕàőďêńęĺ á 1. 5. Őłőŋçăâěńŋăâă åĺŕőâěğă ě h = ∪^k_{i=1}E^i.

• Řěăńĺğăæĺï ŋă Ŕàőńőč (ŕőğĺæĺőŋŋő ŕàěďáâăćïŋě ŋă ŕàĺňěàă/åĺŕőâěğăâă [A1=V1,...,An=Vn] łăâő

[Class,V1,...,Vn]):

Figure 11.1: Čàăä ŋă őąőąéěŋĺïâă/áŕěæĺăńĺğăæĺĺâě

lrn(E,R) :-
    del([C|A],E,E1),
    del([C|B],E1,E2),
    lgg(A,B,LGG),
    \+((member([C1|LGG],E2),\+(C=C1))),
    lrn([[C|LGG]|E2],R).
lr(R,R).

lgg([],[],[]).
lgg([X|T],[Y|L],[X|V]) :-
    X==Y, !,
    lgg(T,L,V).
lgg([_|T],[_|L],[_|V]) :-
    lgg(T,L,V).

11.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï

• Řăńĺğăæĺï ŋă Ŕàőńőč ŋă őŕěàăâőàĺ ğă őąőąéěŋĺě, áŕěæĺăńĺğăæĺï ĺ lgg ŕàĺ ŋőňĺŋăńŋĺ ăâàĺąãâĺ.

• Řěăńĺğăæĺï ŋă ăńčőàĺâêň ğă âêàáěŋě çàěğ lgg.

• Šěáâćăŋě ŋă ăńčőàĺâňĺ ğă ĹŇŚ çàěğ őąãçăćăéă ĺ âěáâőćă ĺğćăďłă. Čàăäĺłă ŋă ŕàěďáłăğăŋăâă âőçŋőáâ ŕàĺ ŋăàăáâćăéă őąãçăćăéă ĺğćăďłă.

11.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï

• Ěłáŕěàĺňěŋâĺ á ăńčőàĺâňĺâě ğă âêàáěŋě çàěğ őąőąéěŋĺě/áŕěæĺăńĺğăæĺï (search.pl) ĺ âêàáěŋě çàěğ lgg (simple.pl) ćêàåã ďăŋŋĺâě animals.pl ĺ monks1.pl.

• Śàăćŋěŋĺě ŋă ăńčőàĺâňĺâě ğă âêàáěŋě çàěğ őąőąéěŋĺě/áŕěæĺăńĺğăæĺï (search.pl) ĺ âêàáěŋě çàěğ lgg (simple.pl) ŋă ąăğăâă ŋă ŕàěďáłăğćăéăâă ĺň âőçŋőáâ (ĺğçĺáńěŋă áêőâćěâŋő çàěğ ŕàěďĺłăâĺâě test/3 ĺ test/2).