Chapter 7

Ňőďěńĺàăŋě ŋă àăğáêęďěŋĺï – ďěďãłâĺćěŋ ĺğćőď

7.1 Ńěłæĺĺ

7.1.1 Ńőčĺçěáłĺ ĺğćőď

• Ŕàăćĺńő ğă ńőčĺçěáłĺ ĺğćőď I ě ŕàőæěďãàă, çàěğ łőïâő őâ ěďŋă äőàňãńă S_1 ňőęě ďă áě ĺğćěďě ďàãčă äőàňãńă S_2, őğŋăçěŋő á S_1 ⊢_I S_2. Ŕàăćĺńőâő I ě ŕêńŋő ĺ łőàěłâŋő, ăłő S_1 ⊢_I S_2 âőčăćă ĺ áăňő âőčăćă, łőčăâő S_1 |= S_2.

• Ńőčĺçěáłĺ ĺğćőď ŕàĺ łńăãğĺ

– Ŕőčńêéăŋě ŋă łńăãğĺ (łőàěłâŋő, ŋő ŋěŕêńŋő ŕàăćĺńő ğă ĺğćőď). C ⪰ D, ăłő áêéěáâćãćă áãąáâĺâãæĺï θ, âăłăćă çě Cθ ⊆ D. Łőàěłâŋőáâ: Ăłő C ⪰ D, âő C |= D. Ŋěŕêńŋőâă (łőŋâàăŕàĺňěà): C = p(f(X)) ← p(X)), D = p(f(f(X))) ← p(X)), C |= D, C ⪰̸ D. – Řěğőńîæĺï (ŕêńŋő ĺ łőàěłâŋő ŕàăćĺńő ğă ĺğćőď).

7.1.2 Řěğőńîæĺï

• Řěğőńćěŋâă. Ŋěłă C_1 ĺ C_2 áă łńăãğĺ, âăłĺćă çě áêéěáâćãćăâ ďćőľłă ńĺâěàăńĺ L_1 ∈ C_1 ĺ L_2 ∈ C_2, ğă łőĺâő áêéěáâćãćă ŋăľ-őąé ãŋĺäĺłăâőà μ, łőľâő čĺ ŕàăćĺ łőŋâàăàŋĺ, â. ě. L_1μ = ¬L_2μ. Šőčăćă łńăãğăâă C = (C_1\{L_1} ∪ C_2\{L_2})μ áě ŋăàĺçă àěğőńćěŋâă ŋă C_1 ĺ C_2. §áŋő ě, çě C_1 ∧ C_2 |= C. Ŋăŕàĺňěà C_1 = grandparent(X, Y ) ← parent(X, Z), father(Z, Y ), C_2 = parent(A, B) ← father(A, B). Řěğőńćěŋâăâă ŋă C_1 ĺ C_2 ě C = grandparent(X, Y ) ← father(X, Z), father(Z, Y ). Ńĺâěàăńĺâě ¬parent(X, Z) őâ C_1 ĺ parent(A, B) őâ C_2 áâăćăâ łőŋâàăàŋĺ çàěğ áãąáâĺâãæĺïâă μ = {A/X, B/Z}.

• Őâďěńïŋě ŋă ŕàőňěŋńĺćĺâě. Łńăãğĺâě, łőĺâő áě àěğőńćĺàăâ, ŋě âàïąćă ďă áêďêàęăâ őąéĺ ŕàőňěŋńĺćĺ.

Šőćă áě őáĺčãàïćă, łăâő ŕàĺ àěğőńîæĺïâă ŋě áě ĺğŕőńğãćăâ őàĺčĺŋăńŋĺâě łńăãğĺ, ă ŕőďåőďïéĺ âěåŋĺ ćăàĺăŋâĺ. Ŕő âőğĺ ŋăçĺŋ ěďŋă łńăãğă ňőęě ďă áě àěğőńćĺàă áăňă áêá áěąě áĺ. Ŋăŕàĺňěà p(f(X)) ← p(X) ňőęě ďă áě àěğőńćĺàă á ŋěľŋĺï ćăàĺăŋâ p(f(Y )) ← p(Y ), ŕàĺ łőěâő áě ŕőńãçăćă àěğőńćěŋâăâă p(f(f(X))) ← p(X). • Řěğőńîæĺï [Robinson, 65]. Ŕàőæěďãàă ğă ŋăňĺàăŋě ŋă őŕàőćěàęěŋĺě (ďőłăğćăŋě ŋă ŋěãďőćńěâćőàĺňőáâ).

Ŋěłă S e ňŋőęěáâćő őâ łńăãğĺ. Ďă őğŋăçĺň á R^n(S) áńěďŋăâă äãŋłæĺï:

– R^0(S) = S – R^i(S) = R^{i−1}(S) ∪ {C|C ě àěğőńćěŋâă ŋă łńăãğĺ őâ R^{i−1}(S)}.

• Ŕêńŋőâă ĺ łőàěłâŋőáâ ŕàĺ ŋăňĺàăŋě őŕàőćěàęěŋĺě (refutation completeness). S ě ŋěãďőćńěâćőàĺňő âőčăćă ĺ áăňő âőčăćă, łőčăâő áêéěáâćãćă n, âăłőćă çě □ ∈ R^n(S).

• Šěőàěňă ğă ŕőčńêéăŋěâő [Lee, 67]. S – ňŋőęěáâćő őâ łńăãğĺ, C – łńăãğă. Ăłő S |= C, âő C ĺńĺ ě âăćâőńőčĺï, ĺńĺ áêéěáâćãćă łńăãğă D, âăłăćă çě D ⪰ C ĺ D áě ĺğćěęďă őâ S çàěğ àěğőńîæĺï.

• Śâàăâěčĺĺ ğă àěğőńîæĺï. Śêéěáâćãćăâ ňŋőęěáâćő àăğńĺçŋĺ áâàăâěčĺĺ ğă àěğőńîæĺï, łőĺâő áě àăğńĺçăćăâ ŕő ŋăçĺŋĺâě ğă ĺğąőà ŋă łńăãğĺ ğă àěğőńćĺàăŋě, őâ łőĺâő ğăćĺáĺ âïåŋăâă ěäěłâĺćŋőáâ ĺ ŕêńŋőâă.

• Ŕàőńőč. Ŕàăćĺńőâő ğă ĺğćőď ć ěğĺłă Ŕàőńőč ŕàőćěàïćă ďăńĺ ěďĺŋ ăâőň A ě ńőčĺçěáłő áńěďáâćĺě őâ ŕàőčàăňăâă P , â.ě. ďăńĺ äőàňãńăâă P ∧ ¬A e ŋěãďőćńěâćőàĺňă çàěğ â. ŋăà. ćåőďŋă ńĺŋěľŋă àěğőńîæĺï (SLD-àěğőńîæĺï). Ŕàĺ âăğĺ áâàăâěčĺï ŋă ŕêàćăâă áâêŕłă ăâőňêâ A áě àěğőńćĺàă á ŕőďåőďïé ćăàĺăŋâ ŋă łńăãğă őâ P , ă ŋă ćáïłă áńěďćăéă áâêŕłă àěğőńćěŋâăâă, ŕőńãçěŋă ŋă ŕàěďĺèŋăâă áâêŕłă (ńĺŋěľŋă áâàăâěčĺï) áě àěğőńćĺàă á ćăàĺăŋâ ŋă łńăãğă őâ P (ćåőďŋă áâàăâěčĺï).

• Ŕêńŋőâă ŋă SLD-àěğőńîæĺïâă. Ăłő P |= A SLD-ďêàćőâő ŋă őŕàőćěàęěŋĺěâő ŋă P ∧ ¬A ćĺŋăčĺ áêďêàęă ŕêâ, ğăćêàèćăé á □ (ãáŕěèěŋ łńőŋ).

• Ŋěŕêńŋőâă ŋă Ŕàőńőč (áâàăâěčĺï âêàáěŋě ć ďêńąőçĺŋă). p(a, b) p(c, b) p(X, Y ) ← p(X, Z), p(Z, Y ) p(X, Y ) ← p(Y, X) ← p(a, c) 7.1.3 Ŋěňőŋőâőŋěŋ ńőčĺçěáłĺ ĺğćőď

• Řăğáêęďěŋĺï ŕő ŕőďàăğąĺàăŋě [Reiter,80].

– Ŕàăćĺńő ğă ĺğćőď ŕő ŕőďàăğąĺàăŋě:^{⊬P}_Q – Ŕàěďŕőńőęěŋĺě ğă ğăâćőàěŋĺï áćïâ (CWA):^{⊬P}_{¬P} – Ŕàőâĺćőàěçĺćőáâ, ŋěňőŋőâőŋŋőáâ, ğăćĺáĺňőáâ őâ àěďă ŋă ŕàĺńăčăŋě: T = {^{⊬A}_B ,^{⊬B}_A }. – Ŕàĺáćőïćăŋě ŋă áâőľŋőáâĺ ŕő ŕàěňêńçăćăŋě:^{⊬∃y p(x1 ,,...,xn,y)} p(x_1,...,x_n,D_y ) • Őâàĺæăŋĺě çàěğ ŋěãáŕěå ć Ŕàőńőč. Ğă ďěäĺŋĺàăŋěâő ŋă not ć Ŕàőńőč áě ĺğŕőńğãćă ŋěňőŋőâőŋŋő ŕàăćĺńő ğă ĺğćőď, łőěâő čńăáĺ, çě ăłő P e ńőčĺçěáłă ŕàőčàăňă, ă A – ăâőň, âő (not A) áńěďćă őâ P , ăłő A ŋě áńěďćă őâ P ĺ őąàăâŋőâő. Ć őąéĺï áńãçăľ ĺğŕőńğãćăŋěâő ŋă not ć ŃŔ áêğďăćă áěàĺőğŋĺ âěőàěâĺçŋĺ ĺ ŕàăłâĺçěáłĺ ŕàőąńěňĺ.

7.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï

• Ŕàěďáâăćïŋě ŋă ğŋăŋĺïâă ŋă ăčěŋâă ć wumpus world (äăľń agents.pl):

– Őáŋőćŋĺ ğŋăŋĺï:

∗ Ăłő ć (X,Y) ĺňă ğćïà, âő ć áêáěďŋĺâě ŋă (X,Y) ŕěéěàĺ ĺňă ňĺàĺğňă. ∗ Ăłő ć (X,Y) ĺňă ŕàőŕăáâ, âő ć áêáěďŋĺâě ŋă (X,Y) ŕěéěàĺ ĺňă âěçěŋĺě.

– Ğŋăŋĺï, łőĺâő áě ĺğćěęďăâ őâ ŋăąńîďěŋĺïâă ŋă ăčěŋâă ŕő ćàěňě ŋă őąåőęďăŋě ŋă ŕěéěàĺâě:

∗ Ăłő ć (X,Y) ŋïňă ğćïà ĺ ŋïňă ŕàőŕăáâ, âő âï ě ąěğőŕăáŋă. ∗ Ŕěéěàăâă, ć łőïâő áě ŋăňĺàă ăčěŋâêâ ć ňőňěŋâă (ĺ őéě ě ęĺć) ě ąěğőŕăáŋă. ∗ Ăłő ć ŕěéěàăâă ĺňă ąńïáêł, âő ăčěŋâêâ ě ćğěń ğńăâőâő.

– Ŕàăćĺńă ğă ďěľáâćĺï:

∗ Ăłő ãáěéăè áćěâńĺŋă ĺ áĺ ćğěń ğńăâőâő ĺğńĺğăľ ŋăćêŋ. ∗ Ăłő ãáěéăè ąńïáêł ćğěňĺ ğńăâőâő.

∗ Ăłő ŋě ãáěéăè ňĺàĺğňă, âěçěŋĺě ĺńĺ ãďăà ćêàćĺ ŋăŕàěď. ∗ Ăłő ŕěéěàăâă, łêň łőïâő áĺ áě ŋăáőçĺń, ě ąěğőŕăáŋă, âő ćêàćĺ ŋăŕàěď. ∗ Ăłő ãáěéăè ňĺàĺğňă, âěçěŋĺě ĺńĺ ãďăà ğăćêàâĺ áě ŋăďïáŋő.

• Řěăńĺğăæĺï ŋă àěğőńîæĺï ŋă Ŕàőńőč.

• Śâàăâěčĺï ğă ĺğćőď ŋă ďěľáâćĺïâă ŋă ăčěŋâă.

7.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï

• Ěłáŕěàĺňěŋâĺ á łńăğãğŋă àěğőńîæĺï (resolve.pl).

• Ĺğąïčćăŋě ŋă ğăæĺłńïŋěâő ŕàĺ Ŕàőńőč (ŕàőčàăňăâă őâ âőçłă ”Ŋěŕêńŋőâă ŋă Ŕàőńőč”) çàěğ łńăãğŋă àěğőńîæĺï.

• Řăąőâă áêá áĺňãńăæĺőŋŋăâă áàěďă ğă ĺŋâěńĺčěŋâŋĺ ăčěŋâĺ (wumpus.pl).