Chapter 10

Ŕńăŋĺàăŋě

10.1 Ńěłæĺĺ

10.1.1 Ďěäĺŋĺæĺï ŋă ğăďăçăâă ğă ŕńăŋĺàăŋě

• Ůăáâěŋ áńãçăľ ŋă âêàáěŋě ć ŕàőáâàăŋáâćőâő ŋă áêáâőïŋĺïâă ŕàĺ łőěâő áě ĺğŕőńğãćă ńőčĺçěáłő ŕàěďáâăćïŋě ŋă æěńĺâě ĺ őŕěàăâőàĺâě.

• Śêáâőïŋĺïâă ĺňăâ ńőčĺçěáłă áâàãłâãàă (ŋě áă çěàŋĺ łãâĺĺ, łăłâő ŕàĺ âêàáěŋěâő), łőěâő ďăćă ćêğňőęŋőáâ ğă ěäěłâĺćŋő ŕńăŋĺàăŋě.

• Ŕàĺňěà: ŕńăŋĺàăŋě ŋă ďěľáâćĺï ŋă àőąőâ ć ”áćěâă ŋă łãąçěâăâă” (äĺčãàă 10.1).

10.1.2 Situation Calculus

• Ĺğŕőńğãćăŋě ŋă ŕàěďĺłăâŋőâő áňïâăŋě ğă äőàňăńĺğăæĺï ŋă áĺâãăæĺĺâě ĺ ďěľáâćĺïâă (McCarthy& Hayes, 1969).

• Ďěľáâćĺï ĺ äăłâĺ áě ŕàěďáâăćïâ çàěğ âěàňőćě, ŋăŕàĺňěà: puton(A, B), on(A, B).

• Ćěàŋĺâě äăłâĺ ć ďăďěŋă áĺâãăæĺï áě őŕĺáćăâ á ŕàěďĺłăâă holds. Ŋăŕàĺňěà holds(on(A, B), S) őğŋăçăćă, çě A ě ćêàåã B ć áĺâãăæĺïâă S.

• Śĺâãăæĺĺâě áă âěàňőćě, őŕĺáćăéĺ áêáâőïŋĺïâă ŋă áćěâă. Ŕàĺ ğăďăďěŋă ŋăçăńŋă áĺâãăæĺï, ŋăŕàĺňěà s0, ćáïłă áńěďćăéă áě ŕőńãçăćă çàěğ äãŋłæĺïâă result. Ŋăŕàĺňěà result(puton(a, b), s0) ŕàěďáâăćï áĺâãăæĺïâă, ŕőńãçěŋă ŕàĺ ŕàĺńăčăŋě ŋă ďěľáâćĺě puton(a, b) ć áĺâãăæĺï s0. Ŕő âőğĺ ŋăçĺŋ ňőęěň ďă ğăŕĺáćăŋě ĺ ŕő- áńőęŋĺ áĺâãăæĺĺ: result(puton(c, a), result(puton(a, b), s0)). • Şďőąŋő ŕàěďáâăćïŋě ć Ŕàőńőč: ŋăçăńŋă áĺâãăæĺï [], ďěľáâćĺěâő puton(A, B) ć áĺâãăæĺï S ćőďĺ ďő áĺâãăæĺï [puton(A, B)|S]. Ŕő âőğĺ ŋăçĺŋ ćáïłă áĺâãăæĺï ďĺàěłâŋő őŕĺáćă ŕńăŋă (ďěľáâćĺïâă áă ć őąàăâěŋ àěď) ğă ďőáâĺčăŋěâő áĺ.

• Ăłáĺőňĺâě áě ŕàěďáâăćïâ á ĺňŕńĺłăæĺĺ, áćêàğćăéĺ ŕàěďãáńőćĺï ĺ ěäěłâĺ, ĺğàăğěŋĺ çàěğ ŕàěďĺłăâă holds.

Ŋăŕàĺňěà: holds(clear(A), S) ∧ holds(clear(B), S) → holds(on(A, B), result(puton(A, B), S)) • Šêľ łăâő ŕő âőğĺ ŋăçĺŋ áĺâãăæĺïâă áě ŕàőňěŋï, ŋěőąåőďĺňő ě ďă áě ŕőáâãńĺàă ĺ łőľ äăłâĺ őáâăćăâ ć áĺńă ĺ ć ŋőćăâă áĺâãăæĺï, â.ě. łăłćő ŋě áě ŕàőňěŋï ŕàĺ ĺğćêàèćăŋě ŋă ďěľáâćĺěâő. Šőćă áâăćă çàěğ â.ŋăà. äàěľňőćĺ ăłáĺőňĺ. Ŋăŕàĺňěà: holds(clear(X), S) ∧ ¬eq(X, B) → holds(clear(X), result(puton(A, B), S)) • Ğă ćáěłĺ ěďĺŋ äăłâ, łőľâő áě ĺğŕőńğãćă ŕàĺ ŕàěďáâăćïŋěŋâő âàïąćă ďă áě ğăďăďě áêőâćěâŋă äàěľňőćă ăłáĺőňă (frame problem).

• Ŋěěäěłâĺćŋőáâ ŕàĺ âêàáěŋěâő.

a b c c b a

Ŋăçăńŋő áêáâőïŋĺě Űěńěćő áêáâőïŋĺě on(a, b) on(b, table) on(c, table) clear(a) clear(c) on(a, b) on(b, c) on(c, table) clear(a) Ŕńăŋ: puton(a, table), puton(b, c), puton(a, b)

Figure 10.1: Ŕńăŋĺàăŋě ć ”áćěâă ŋă łãąçěâăâă”

10.1.3 Ŕàőďåőď ğă ŕńăŋĺàăŋě STRIPS

• Őŕĺâ ğă àěèăćăŋě ŋă äàěľňőćĺï ŕàőąńěň (Fikes&Nilsson, 1971).

• Ćáïłő ďěľáâćĺě áě ŕàěďáâăćï á âàĺ łőňŕőŋěŋâă:

– Ŕàěďãáńőćĺě: äőàňãńă, łőïâő âàïąćă ďă ě ćïàŋă ğă ďă áě ĺğŕêńŋĺ ďěľáâćĺěâő. – Śŕĺáêł ğă ďőąăćïŋě: äőàňãńĺ, łőĺâő áâăćăâ ćěàŋĺ áńěď ĺğŕêńŋěŋĺě ŋă ďěľáâćĺěâő. – Śŕĺáêł ğă ĺğâàĺćăŋě: äőàňãńĺ, łőĺâő áâăćăâ ŋěćăńĺďŋĺ áńěď ĺğŕêńŋěŋĺě ŋă ďěľáâćĺěâő. • Ŕàĺňěà: puton(X, Y ) – Precondition: clear(X) ∧ clear(Y ) ∧ on(X, Z) – Add list: {on(X, Y ), clear(Z)} – Delete list: {clear(Y ), on(X, Z)} • Ŕàěďŕőńőęěŋĺě: ćáïłă äőàňãńă, łőïâő ě ąĺńă ĺáâĺŋă ŕàěďĺ ďěľáâćĺěâő ĺ ŋě ŕàĺŋăďńěęĺ ŋă áŕĺáêłă ğă ĺğâàĺćăŋě, ě ĺáâĺŋă ĺ áńěď ĺğŕêńŋěŋĺě ŋă ďěľáâćĺěâő.

• Ŋěğăćĺáĺňĺ ŕőďæěńĺ: æěńĺ, łőĺâő ňőčăâ ďă áě ďőáâĺčŋăâ ŋěğăćĺáĺňő ěďŋă őâ ďàãčă ć ŕàőĺğćőńěŋ àěď. Ŕàĺňěà: ŋăçăńŋő áêáâőïŋĺě = {on(a, table), on(b, table), on(c, table), on(d, table), clear(a), clear(b), clear(c), clear(d)}, æěń = {on(a, b), on(c, d)}. • Ğăćĺáĺňĺ (ćğăĺňőďěáâćãćăéĺ áĺ) æěńĺ: ğăćĺáĺňőáâ őâ àěďă ŋă ĺğŕêńŋěŋĺě ŋă æěńĺâě. Ŕàĺňěà: ŋăçăńŋő áêáâőïŋĺě = {on(a, table), on(b, table), on(c, table), clear(a), clear(b), clear(c)}, æěń = {on(a, b), on(b, c)}. Ăłő ŕêàćő áě ĺğŕêńŋĺ puton(b, c), ă áńěď âőćă puton(a, b) æěńâă ě ãďőćńěâćőàěŋă. Łăłćő áâăćă ŕàĺ őąàăâěŋ àěď?

• Ăŋőňăńĺï ŋă Śãğňăŋ (ćğăĺňŋő àăğćăńïéĺ áě æěńĺ): ŋăçăńŋő áêáâőïŋĺě = {on(a, table), on(b, table), on(c, a), clear(b), clear(c)}, æěń = {on(a, b), on(b, c)}. • Őáŋőćěŋ ăńčőàĺâêň ŋă STRIPS (+ ĺ − áă őŕěàăæĺĺ ćêàåã ňŋőęěáâćă):

strips_plan(State,Goals,NewState,Plan) :-
% [Goal|Rest_of_unsatisfied_goals] = Goals - State
    planning_rule(Action,Precondition,Add_list,Delete_list),
    member(Goal,Add_list),
    strips_plan(State,Precondition,State1,Plan1),
% State2 = State1 + Add_list - Delete_list
    strips_plan(State2,Rest_of_unsatisfied_goals,NewState,Plan2),
% Plan = Plan1 + [Action|Plan2]
strips_plan(State,_,State,[]).

c a b a b c

on(a, b) puton(a, b) clear(a) clear(b) puton(c, table) clear(c) puton(b, c) on(b, c)

clear(b) clear(c) 1 2 3

Őŕâĺňăńěŋ ŕńăŋ: puton(c, table), puton(b, c), puton(a, b)

Figure 10.2: Ŕńăŋĺàăŋě çàěğ ŋăàěďąă ŋă çăáâĺçŋĺ ŕńăŋőćě

• Şďőćńěâćőàïćăŋě ŋă ğăćĺáĺňĺ æěńĺ: ňŋőčőłàăâŋő ĺğŕêńŋěŋĺě ŋă őáŋőćŋĺï ăńčőàĺâêň. • Őŕâĺňăńŋőáâ ŋă ŕńăŋőćěâě (ňĺŋĺňăńěŋ ąàőľ ďěľáâćĺï) ĺ ěäěłâĺćŋőáâ ŋă ŕńăŋĺàăéĺâě áĺáâěňĺ:

– Ŕàěŋăàěęďăŋě ŋă æěńĺ.

– Ĺğąőà ŋă ŕàăćĺńő á Add_list, ćłńîçćăé áńěďćăéĺ æěńĺ (ŋăçăńŋő áêáâőïŋĺě = {on(a, table), on(b, table), on(c, a), clear(b), clear(c)}, æěń = {on(a, c), on(c, b)}). – Ŕőďåőď ŋă çăáâĺçŋő-ŋăàěďěŋĺ ŕńăŋőćě: âêàáěŋě ć ŕàőáâàăŋáćőâő őâ çăáâĺçŋĺ ŕńăŋőćě (äĺčãàă 10.2):

∗ ŕńăŋ1 < ŕńăŋ3 (ďěľáâćĺěâő ŋă 1 őáĺčãàïćă ŕàěďãáńőćĺěâő ŋă 3). ∗ ŕńăŋ1 < ŕńăŋ2 (ďěľáâćĺěâő ŋă 2 àăğćăńï ŕàěďãáńőćĺěâő ŋă 1). ∗ ŕńăŋ2 < ŕńăŋ3 (ďěľáâćĺěâő ŋă 3 àăğćăńï ŕàěďãáńőćĺěâő ŋă 2). ∗ Śńěďőćăâěńŋő: ŕńăŋ = {ŕńăŋ1, ŕńăŋ2, ŕńăŋ3}.

10.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï

• Ăńčőàĺâêň ğă ďěďãłâĺćŋő ŕńăŋĺàăŋě ŋă Ŕàőńőč. • Ăńčőàĺâêň STRIPS ŋă Ŕàőńőč.

• Ćêćěęďăŋě ŋă őčàăŋĺçěŋĺï ć ”áćěâă ŋă łãąçěâăâă” (ŋăŕà. àăğňěà ŋă łãąçěâő ĺ őčàăŋĺçěŋĺě ğă ŕőáâăćïŋě ŋă ŕő-čőńïňő łãąçě ćêàåã ŕő-ňăńłő).

• Ťőàňăńĺğăæĺï ŋă ğăďăçăâă ğă åăŋőľáłĺâě łãńĺ łăâő ğăďăçă ğă ŕńăŋĺàăŋě.

10.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï

• Ěłáŕěàĺňěŋâĺ á ďěďãłâĺćŋĺï ŕńăŋĺàőćçĺł (scalc.pl). Řěèăćăŋě ŋă ğăďăçĺ á 4 ĺ ŕőćěçě łãąçěâă. Řăğèĺàěŋĺě ŋă ŕàőčàăňăâă ğă ĺŋâěàăłâĺćŋă àăąőâă (ğăďăćăŋě ŋă ŋăçăńŋőâő áêáâőïŋĺě őâ ćêŕàőáă) ĺ àěăńĺğăæĺï ŋă ăńčőàĺâêň ğă ĺâěàăâĺćŋő âêàáěŋě ŕő ŋĺćă.

• Śàăćŋĺâěńŋĺ ěłáŕěàĺňěŋâĺ á ďěďãłâĺćŋĺï ŕńăŋĺàőćçĺł (scalc.pl) ĺ STRIPS (planner.pl). Śàăćŋěŋĺě ŕő ąêàğőďěľáâćĺě ĺ őŕâĺňăńŋőáâ ŋă ŕńăŋőćěâě.