Ńěłæĺĺ ŕő ĺğłãáâćěŋ ĺŋâěńěłâ

Ğďàăćłő Ňăàłőć January 11, 1999

2 Ğďàăćłő Ňăàłőć, Ńěłæĺĺ ŕő ĺğłãáâćěŋ ĺŋâěńěłâ, ŤŇĹ, 1998

Contents

1 Şćőď 7 1.1 Ńěłæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 1.1.1 Ŕàěďňěâ ŋă ĺğłãáâćěŋĺï ĺŋâěńěłâ (ĹĹ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 1.1.2 Ďěäĺŋĺæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 1.1.3 Ŕőďåőďĺ (ňěâőďĺ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 1.1.4 Śćêàğăŋĺ őąńăáâĺ (őáŋőćĺ ŋă ĹĹ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 1.1.5 Ĺáâőàĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 1.1.6 Ĺŋâěńĺčěŋâŋĺ ăčěŋâĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 1.1.7 Łŋĺčĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 1.1.8 Řěáãàáĺ ďőáâêŕŋĺ çàěğ Ĺŋâěàŋěâ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 1.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 1.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2 Ŕàőáâàăŋáâćő ŋă áêáâőïŋĺïâă ĺ âêàáěŋě 11 2.1 Ńěłæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 2.1.1 Ăčěŋâĺ àěèăćăéĺ ğăďăçĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 2.1.2 Ťăàňăńĺğăæĺï ŋă ğăďăçăâă . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 2.1.3 Ğăďăçă . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 2.1.4 Ŕàĺňěàĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 2.1.5 Řěèăćăŋě ŋă ğăďăçăâă . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 2.1.6 Ăńčőàĺâňĺ ğă ŕêńŋő ĺğçěàŕćăŋě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 2.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 2.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3 Ěćàĺáâĺçŋő âêàáěŋě 13 3.1 Ńěłæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 3.1.1 Ğăéő áă ŋěőąåőďĺňĺ ěćàĺáâĺłĺ? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 3.1.2 Ăńčőàĺâňĺ ğă ěćàĺáâĺçŋő âêàáěŋě ć čàăäĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 3.1.3 Śćőľáâćă ŋă A^∗ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 3.1.4 Ěćàĺáâĺçŋĺ äãŋłæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 3.1.5 Ěćàĺáâĺłĺ ŕàĺ ãďőćńěâćőàïćăŋě ŋă őčàăŋĺçěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . 14 3.1.6 Ěćàĺáâĺçŋĺ ŕőďőąàěŋĺï ŋă ăńčőàĺâňĺâě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 3.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 3.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

4 Ňőďěńĺàăŋě ŋă ĺčàĺ 17 4.1 Ńěłæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 4.1.1 Ćàêğłă á ĹĹ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 4.1.2 Ťőàňăńĺğăæĺï ŋă ğăďăçăâă . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 4.1.3 Ňĺŋĺňăłáěŋ ăńčőàĺâêň . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 4.1.4 Şáêćêàèěŋáâćãćăŋě ŋă ňĺŋĺňăłáŋĺï ăńčőàĺâêň . . . . . . . . . . . . . . . . . . . . . . . . . 19 4.1.5 Ăńäă-Ąěâă őâáĺçăŋě (ěäěłâĺćŋă àěăńĺğăæĺï ŋă ňĺŋĺňăłáŋĺï ăńčőàĺâêň) . . . . . . . . . . 19 4.1.6 Ĺčàĺ á ěńěňěŋâ ŋă áńãçăľŋőáâ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 4.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 4.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 3

5 Ŕàěďáâăćïŋě ŋă ğŋăŋĺï - ńőčĺçěáłĺ ŕőďåőď 21 5.1 Ńěłæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 5.1.1 Ĺâěńĺčěŋâěŋ ăčěŋâ ĺğŕőńğãćăé ğŋăŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 5.1.2 Śĺňãńăæĺőŋŋă áàěďă ğă ăčěŋâĺ ĺğŕőńğãćăéĺ ğŋăŋĺï – wumpus world . . . . . . . . . . . . . 21 5.1.3 Ěğĺłêâ ŋă ŕàěďĺłâŋőâő áňïâăŋě őâ I-ćĺ àěď . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 5.1.4 Ńőčĺçěáłő ŕàěďáâăćïŋě ŋă ăčěŋâă . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 5.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 5.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

6 Ňőďěńĺàăŋě ŋă àăğáêęďěŋĺï - ďěďãłâĺćěŋ ĺğćőď 25 6.1 Ńěłæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 6.1.1 Ńőčĺçěáłĺ ĺğćőď . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 6.1.2 Řěğőńîæĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 6.1.3 Ŋěňőŋőâőŋěŋ ńőčĺçěáłĺ ĺğćőď . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 6.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 6.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

7 Ŕàěďáâăćŋě ŋă ğŋăŋĺï çàěğ ŕàăćĺńă 29 7.1 Ńěłæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 7.1.1 Ŕàěďáâăćïŋě ŋă ğŋăŋĺï çàěğ ŕàăćĺńă (äĺčãàă 7.1) . . . . . . . . . . . . . . . . . . . . . . . . 29 7.1.2 Ĺğćőď ŋăğăď ĺ ěłáŕěàâŋĺ áĺáâěňĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 7.1.3 Ĺğćőď ŋăŕàěď ĺ ŕàőďãłæĺőŋŋĺ áĺáâěňĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 7.1.4 Ĺğŕőńğãćăŋě ŋă äăłâőàĺ ğă áĺčãàŋőáâ (äĺčãàă 7.2) . . . . . . . . . . . . . . . . . . . . . . . 30 7.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 7.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

8 Śěňăŋâĺçŋĺ ňàěęĺ ĺ äàěľňĺ 33 8.1 Ńěłæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 8.1.1 Śěňăŋâĺçŋĺ ňàěęĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 8.1.2 Šĺŕőćě àěńăæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 8.1.3 Ťàěľňĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 8.1.4 Ĺğćőď ć áěňăŋâĺçŋĺ ňàěęĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 8.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 8.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

9 Ŕàěďáâăćïŋě ŋă ŋěáĺčãàŋĺ ğŋăŋĺï ĺ ćěàőïâŋőáâŋĺ àăğáêęďěŋĺï 37 9.1 Ńěłæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 9.1.1 Ŋěőąåőďĺňőáâ őâ àăğáêęďěŋĺï á ŋěáĺčãàŋĺ ğŋăŋĺï . . . . . . . . . . . . . . . . . . . . . . . . 37 9.1.2 Ŕàěďáâăćïŋě ŋă ŋěáĺčãàŋĺ ğŋăŋĺï á ćěàőïâŋőáâĺ . . . . . . . . . . . . . . . . . . . . . . . . . 37 9.1.3 Ňěåăŋĺğňĺ ğă ĺğćőď . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 9.1.4 Őâłêďě áě ŕőïćăćăâ ćěàőïâŋőáâĺâě? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 9.1.5 Ąěľáőćĺ ňàěęĺ (ĄŇ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 9.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 9.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

10 Ŕńăŋĺàăŋě 41 10.1 Ńěłæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 10.1.1 Ďěäĺŋĺæĺï ŋă ğăďăçăâă ğă ŕńăŋĺàăŋě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 10.1.2 Situation Calculus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 10.1.3 Ŕàőďåőď ğă ŕńăŋĺàăŋě STRIPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 10.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 10.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

11 Őąàăąőâłă ŋă ěáâěáâćěŋ ěğĺł 45 11.1 Ńěłæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 11.1.1 Łőňãŋĺłăæĺï ňěęďã ĺŋâěńĺčěŋâŋĺ ăčěŋâĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 11.1.2 Śĺŋâăłâĺçěŋ ăŋăńĺğ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 11.1.3 Śěňăŋâĺçěŋ ăŋăńĺğ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 11.1.4 Śĺáâěňă ğă ćêŕàőáĺ ĺ őâčőćőàĺ ŋă ěáâěáâćěŋ ěğĺł . . . . . . . . . . . . . . . . . . . . . . . . 47 11.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

11.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 11.4 Ğăďăŋĺě ğă ďőňăèŋă àăąőâă . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

12 Ňăèĺŋŋő áăňőőąãçěŋĺě (1) 49 12.1 Ńěłæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 12.1.1 Őáŋőćŋĺ ŕőŋïâĺï ŋă ňăèĺŋŋőâő áăňőőąãçěŋĺě . . . . . . . . . . . . . . . . . . . . . . . . . . 49 12.1.2 Ĺŋďãłâĺćŋă ğăďăçă . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 12.1.3 Ěğĺł ăâàĺąãâ-áâőľŋőáâ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 12.1.4 Ŕőłàĺćăéă áâàăâěčĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 12.1.5 Řăğďěńïéă áâàăâěčĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 12.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 12.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

13 Ňăèĺŋŋő áăňőőąãçěŋĺě (2) 53 13.1 Ńěłæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 13.1.1 Řěńăæĺőŋěŋ ěğĺł . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 13.1.2 Ĺŋďãłâĺćŋĺ ăńčőàĺâňĺ ğă ĺğćőď ŋă łńăãğĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 13.1.3 Ŕàěďáłăğćăŋě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 13.1.4 Řăğáâőïŋĺě ňěęďã âěàňőćě . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 13.1.5 Łńăáâěàĺğăæĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 13.1.6 Ăčńőňěàăâĺćŋă łńăáâěàĺğăæĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 13.1.7 Łőŋæěŕâãăńŋă łńăáâěàĺğăæĺï (áâêŕłă 3 őâ ăńčőàĺâêňă) . . . . . . . . . . . . . . . . . . . . 55 13.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 13.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

14 Łàĺâĺłă ŋă áĺńŋĺï âěğĺá ć ĹĹ 57 14.1 Ńěłæĺĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 14.1.1 Śĺńěŋ ĺ áńăą âěğĺá ć ĹĹ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 14.1.2 Ţĺŕőâěğă ğă áĺňćőńŋăâă őąàăąőâłă (Ă. Ŋîěń, Ţ. Śăľňêŋ, 61) . . . . . . . . . . . . . . . . . 57 14.1.3 Šěáâ ğă áĺńŋĺï âěğĺá – âěáâ ŋă Šîàĺŋč . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 14.1.4 Łĺâăľáłăâă áâăï ŋă Śêàń . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 14.1.5 Ăàčãňěŋâĺ ŋă Ř. Ŕěŋàőãğ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

6 Ğďàăćłő Ňăàłőć, Ńěłæĺĺ ŕő ĺğłãáâćěŋ ĺŋâěńěłâ, ŤŇĹ, 1998

Chapter 1

Şćőď

1.1 Ńěłæĺĺ

1.1.1 Ŕàěďňěâ ŋă ĺğłãáâćěŋĺï ĺŋâěńěłâ (ĹĹ)

Śêğďăćăŋě ŋă ĺŋâěńĺčěŋâŋĺ (ňĺáńěéĺ) áĺáâěňĺ (ňăèĺŋĺ, àőąőâĺ, áêéěáâćă) á æěń:

• Ňőďěńĺàăŋě ŋă ěáâěáâćěŋĺï ĺŋâěńěłâ (çőćěłă) ĺ ĺğãçăćăŋěâő ňã. Ğă àăğńĺłă őâ äĺńőáőäĺïâă ĺ ŕáĺåőńőčĺïâă őáŋőćŋăâă æěń ŋă ĹĹ ćłńîçćă ĺ áêğďăćăŋě ŋă ĺŋâěńěłâ (őáćěŋ ĺğãçăćăŋěâő ňã).

• Ăćâőňăâĺğĺàăŋě ŋă äãŋłæĺĺ ĺ àěèăćăŋě ŋă ğăďăçĺ, łőĺâő ĺğĺáłćăâ ĺŋâěńĺčěŋâŋőáâ. Ćêŕàőáĺ: Řěèăćăŋěâő ŋă łőĺ ğăďăçĺ ĺğĺáłćă ĺŋâěńĺčěŋâŋőáâ? Łăłćő ě ĺŋâěńĺčěŋâŋőáâ? Łăłćő ě ĺŋâěńěłâ?

1.1.2 Ďěäĺŋĺæĺĺ

• Ďă ŋăłăàăňě łőňŕîâàĺâě ďă ”ňĺáńïâ”, áêğďăćăŋě ŋă ”ňăèĺŋĺ á ňőğêæĺ” (Haugeland, 1985). • Ĺğãçăćăŋě ŋă ŕáĺåĺçěáłĺâě äãŋłæĺĺ ŋă çőćěł çàěğ ĺğçĺáńĺâěńŋĺ ňőďěńĺ (Charniak & McDermott, 1985). • Ĺğáńěďćăŋě ŋă ĺğçĺáńĺâěńŋĺ ňőďěńĺ, łőĺâő ňőčăâ ďă ćêğŕàĺěňăâ, àăğáêęďăćăâ ĺ ďěľáâćãćăâ àăæĺőŋăńŋő (àăğãňŋő) (Winston, 1992).

• Ĺğłãáâćőâő ďă áě áêğďăćăâ ňăèĺŋĺ, łőĺâő ĺğŕêńŋïćăâ äãŋłæĺĺ, ĺğĺáłćăéĺ ĺŋâěńĺčěŋâŋőáâ, łőčăâő áě ĺğŕêńŋïćăâ őâ çőćěł (Kurzweil, 1990).

• Łăł ďă ŋăłăàăňě łőňŕîâàĺâě ďă ćêàèăâ ŋěéă, łőĺâő ğăáěčă ŋĺě (åőàăâă) ćêàèĺň ŕő-ďőąàě (Rich & Knight, 1991).

• Őąńăáâ ŋă ĺŋäőàňăâĺłăâă, łőïâő áě ğăŋĺňăćă á ňőďěńĺàăŋě ŋă ĺŋâěńĺčěŋâŋő ŕőćěďěŋĺě (Luger & Stubblefield, 1993).

1.1.3 Ŕőďåőďĺ (ňěâőďĺ)

1. Ňőďěńĺàăŋě ŋă çőćěèłĺ àăğáêęďěŋĺï – łőčŋĺâĺćŋő ňőďěńĺàăŋě (łőčŋĺâĺćŋă ŋăãłă). GPS (Newell and Simon, 1972).

2. Ňőďěńĺàăŋě ŋă ďěľáâćĺïâă (ŕőćěďěŋĺěâő) ŋă çőćěł. Šěáâ ŋă Šîàĺŋč (1950), Loebner Prize (http://www.loebner.net/Prizef/loebner-prize.html). Ŋěőąåőďĺňĺ łőčŋĺâĺćŋĺ áŕőáőąŋőáâĺ: őąàăąőâłă (àăğąĺàăŋě) ŋă ěáâěáâćěŋ ěğĺł, ŕàěďáâăćïŋě ŋă ğŋăŋĺï, àăğáêęďěŋĺï ĺ áăňőőąãçěŋĺě.

3. Ňőďěńĺàăŋě ŋă àăæĺőŋăńŋő (àăğãňŋő) ňĺáńěŋě. Ńőčĺçěáłĺ ŕőďåőď - ğăłőŋĺ ŋă ňĺáńěŋěâő (áĺńőčĺğňĺâě ŋă Ăàĺáâőâěń - ”Śőłàăâ ě çőćěł. Ćáĺçłĺ åőàă áă áňêàâŋĺ. Śńěďőćăâěńŋő Śőłàăâ ě áňêàâěŋ”). Ŋěďőáâăâêæĺ - ŋěőąåőďĺňőáâ őâ ŕêńŋő ĺ 100% ćïàŋő ğŋăŋĺě.

4. Ňőďěńĺàăŋě ŋă àăæĺőŋăńŋő (àăğãňŋő) ďěľáâćĺě (ŕőćěďěŋĺě). Ŕőďåőďêâ ŋă àăæĺőŋăńŋĺâě (àăğãňŋĺ) ăčěŋâĺ.

Ćłńîçćă ŋěőąåőďĺňőáâ őâ łőčŋĺâĺćŋĺ áŕőáőąŋőáâĺ (2) ĺ ńőčĺçěáłĺï ŕőďåőď, ŋő ě ŕő-őąé őâ âïå.

1.1.4 Śćêàğăŋĺ őąńăáâĺ (őáŋőćĺ ŋă ĹĹ)

• Ťĺńőáőäĺï. ”Ĺáâőàĺïâă ŋă ĹĹ ğăŕőçćă őâ Śőłàăâ (-450) ...” (H. Dreyfus, 1979) - ăńčőàĺâêň. Ăàĺáâőâěń - ăŋăńĺğ ŋă æěńĺâě ĺ áàěďâáâćăâă - GPS (Newell and Simon, 1972).

• Ňăâěňăâĺłă. Ńőčĺłă, ăńčőàĺâňĺ, ĺğçĺáńĺňőáâ, àěğőńîæĺï.

• Ŕáĺåőńőčĺï. Ěłáŕěàĺňěŋâăńŋă ŕáĺåőńőčĺï, łőčŋĺâĺćŋă ŕáĺåőńőčĺï, łőčŋĺâĺćŋő ňőďěńĺàăŋě. • Ĺŋäőàňăâĺłă.

• Ńĺŋčćĺáâĺłă. Śĺŋâăłâĺçŋĺ áâàãłâãàĺ (Chomsky, 1957). • Ŋăãłă ğă ňőğêłă. Ŋěćàőŋĺ ĺ ŋěćàőŋŋĺ ňàěęĺ.

1.1.5 Ĺáâőàĺï

• Ŕàěďĺáâőàĺï – àăęďăŋěâő ŋă ĺŋäőàňăâĺłăâă. Řăğćěŋçăćăŋě ŋă ňĺâă ğă áňěâăńăâă, â.ě. łőňŕîâàĺâě ňőčăâ ďă ňăŋĺŕãńĺàăâ áĺňćőńĺ ĺ ňőďěńĺàăâ ńőčĺçěáłĺ àăğáêęďěŋĺï. Ďę. Ąãń (ğăłőŋĺâě ŋă ňĺáńěŋěâő), Ů. Ąăąĺďę (ăŋăńĺâĺçŋă ňăèĺŋă), Ă. Šîàĺŋč (âěáâ ŋă Šîàĺŋč), Ďę. Ťőŋ Ŋőľňăŋ (áăňőćêğŕàőĺğćěęďăéĺ áě łńěâêçŋĺ ăćâőňăâĺ).

• Řăęďăŋě (1943-1956). Preceptron (Rosenblatt, 1957), LT (Newell, Simon,1956), Łőŋäěàěŋæĺïâă ć Dartmouth (McCarthy, 1956).

• Ŋăçăńěŋ ěŋâãáĺăğêň (1952-1969). GPS, Ĺčàă ŋă èăèłĺ (Samuel, 1952), ANALOGY, SIR, STUDENT, ARCH. • Řăğőçăàőćăŋĺï ĺ àěăńĺğêň (1966-1974). ELIZA (Weizenbaum, 1965). Ňăèĺŋěŋ ŕàěćőď. ”The spirit is willing but the flesh is weak - ćőďłăâă ě åãąăćă, ŋő ňěáőâő ě àăğćăńěŋő”. Perceptrons (Minsky and Papert, 1969). Ąőàąă á łőňąĺŋăâőàŋăâă ěłáŕńőğĺï.

• Ŕàěďáâăćïŋě ŋă ğŋăŋĺï ĺ ěłáŕěàâŋĺ áĺáâěňĺ. DENDRAL (Buchanan et al, 1969). MYCIN (Feigenbaum et al, 1970). PROSPECTOR (Duda et al,1979). SHRDLU (Winograd).

• ĹĹ - ĺŋďãáâàĺï (1980-1988). R1 (DEC), Ŕěâő ŕőłőńěŋĺě, Ŕàőńőč, §ďàă ŋă ěłáŕěàâŋĺ áĺáâěňĺ. 2 ňĺńïàďă USD, 1988.

• Ğăćàêéăŋěâő ŋă ŋěćàőŋŋĺâě ňàěęĺ. PDP (Rumelhart and McClelland, 1986). • Ŋăáâőïéě.

– Ŕàőčàăňăâă Deep Blue ŋă IBM ąĺě Łăáŕăàőć ŋă èăå, 1997 č.

(http://www.chess.ibm.com/home/html/b.html). – Řăğŕőğŋăćăŋě ŋă àěç ć àěăńŋő ćàěňě.

– Ăćâőňăâĺçŋő ďőłăğăâěńáâćő ŋă âěőàěňĺ (1996, áĺáâěňăâă EQP àěèăćă 60-čőďĺèěŋ ŋěàěèěŋ ŕàőąńěň, http://www-unix.mcs.anl.gov/~mccune/papers/robbins/).

– Ĺğŕőńğãćăŋě ŋă ěłáŕěàâŋĺ áĺáâěňĺ ć ŕàăłâĺłăâă (http://auai.org/BN-Routine.html). – Ŋăãçŋĺ őâłàĺâĺï ć åĺňĺïâă ĺ ąĺőńőčĺïâă çàěğ ňěâőďĺâě ŋă ňăèĺŋŋőâő áăňőőąãçěŋĺě (http://www.cs.jhu.edu/~salzberg/glimmer-nar.pdf).

– Őąàăąőâłă ŋă ĺğőąàăęěŋĺï ĺ àőąőâĺłă (”No hands across America” – ãŕàăćńěŋĺě ŋă ăćâőňőąĺń őâ Ŕĺâáąêàč ďő Śăŋ Ďĺěčő, 1995, http://www.cs.cmu.edu/~pomerlea/nhaa.html)

1.1.6 Ĺŋâěńĺčěŋâŋĺ ăčěŋâĺ

• Ăčěŋâ = Ăàåĺâěłâãàă + Ŕàőčàăňă.

• Ćĺďőćě ăčěŋâĺ: àěäńěłáěŋ, ăčěŋâ á ŕăňěâ (ćêâàěèŋő áêáâőïâĺě), æěńěćĺ ăčěŋâ, ăčěŋâ ňăłáĺňĺğĺàăé ŕőńğăâă őâ áćőĺâě ďěľáâćĺï.

• Śàěďă, ć łőïâő ďěľáâćãćăâ ăčěŋâĺâě.

1.1.7 Łŋĺčĺ

• Bratko, I. Prolog Programming for Artificial Intelligence, Addison-Wesley, Reading, Massachusetts, 1986. • Bratko, I. Prolog Programming for Artificial Intelligence, Addison-Wesley, Reading, Massachusetts, second edition, 1990.

• Haugeland, J. (editor). Artificial Intelligence: The Very Idea, MIT Press, Cambridge, Massachusetts, 1985. • Charniak, E. and D. McDermott. Introduction to Artificial Intelligence, Addison-Wesley, Reading, Massachusetts, 1985. Ąêńčăàáłĺ ŕàěćőď: Ď. Ďőçěć, Ţ. Ďĺçěć, Ğ. Ňăàłőć, Ń. Śĺŋăŕőćă, TEMPUS JEP 1497 & ŚŐŤŠĚŢ, Śőäĺï, 1997.

• Winston, P.H. Artificial Intelligence, Addison-Wesley, Reading, Massachusetts, third edition, 1992. • Kurzweil, R. The Age of Intelligent Machines, MIT Press, Cambridge, Massachusetts, 1990. • Rich, E. and K. Knight. Artificial Intelligence, McGraw-Hill, New York, second edition, 1991. • Luger, G.F and W. A. Stubblefield. Artificial Intelligence: Structures and Strategies for Complex Problem Solving, Benjamin/Cummings, Redwood City, California, second edition, 1993.

• Russell, S and P. Norvig. Artificial Intelligence: A Modern Approach, Prentice Hall, Upper Saddle River, New Jersey, 1995.

• Ďőçěć Ď., Ţà. Ďĺçěć, Ğ. Ňăàłőć, Č. Ăčàě. Ŕàőčàăňĺàăŋě ŋă Ŕàőńőč: Őáŋőćĺ ĺ ŕàĺńőęěŋĺï, Ŋăãłă ĺ ĺğłãáâćő, Śőäĺï, 1989.

• Ňăàłőć, Ğ. Ĺŋďãłâĺćŋĺ ňěâőďĺ ğă ňăèĺŋŋő áăňőőąãçěŋĺě, TEMPUS JEP 1497 & ŚŐŤŠĚŢ, Śőäĺï, 1996.

1.1.8 Řěáãàáĺ ďőáâêŕŋĺ çàěğ Ĺŋâěàŋěâ

• World-Wide Web Virtual Library: Artificial Intelligence (http://www.cs.reading.ac.uk/people/dwc/ai.html) • CMU Artificial Intelligence Repository (http://www.cs.cmu.edu/Groups/AI/html/repository.html) • NRC AI Page (http://ai.iit.nrc.ca/ai_top.html) • ASM SIGART (http://sigart.acm.org/) • AI, Cognitive Science, and Robotics (http://www-mice.cs.ucl.ac.uk/misc/ai/)

1.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï

• Řěèăćăŋěâő ŋă łőĺ ğăďăçĺ ĺğĺáłćă ĺŋâěńĺčěŋâŋőáâ? Łăłćő ě ĺŋâěńĺčěŋâŋőáâ? Łăłćő ě ĺŋâěńěłâ? Ŕàĺâěęăćăâ ńĺ ęĺćőâŋĺâě ĺŋâěńěłâ ? (ďĺáłãáĺï) • Šěáâ ŋă Šîàĺŋč ĺ Loebner Prize (ćĺę ďĺáłãáĺïâă á Ňăàćĺŋ Ňĺŋáłĺ ŋă http://www.loebner.net/Prizef/minsky.html ĺ áâăâĺïâă ŋă Stuart Shieber)

1.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï

Řăąőâă áêá áĺáâěňăâă Sicstus Prolog.

10 Ğďàăćłő Ňăàłőć, Ńěłæĺĺ ŕő ĺğłãáâćěŋ ĺŋâěńěłâ, ŤŇĹ, 1998

Chapter 2

Ŕàőáâàăŋáâćő ŋă áêáâőïŋĺïâă ĺ âêàáěŋě

2.1 Ńěłæĺĺ

2.1.1 Ăčěŋâĺ àěèăćăéĺ ğăďăçĺ

Ğă ďă ãďőćńěâćőàïâ æěńĺâě áĺ ăčěŋâĺâě âàïąćă ďă ĺğŕêńŋïâ ŕőáńěďőćăâěńŋőáâ őâ ďěľáâćĺï, łőĺâő ŕőáńěďőćăâěńŋő ŕàőňěŋïâ áàěďăâă ďő ďőáâĺčăŋě ŋă æěńěćőâő ĺ áêáâőïŋĺě. Ğă âőćă ě ŋěőąåőďĺňő äőàňăńŋő ŕàěďáâăćïŋě ŋă áêáâőïŋĺïâă ŋă áćěâă (ăčěŋâ + áàěďă). Ŋăçĺŋĺ ğă àěăńĺğăæĺï:

• Šăąńĺæă őâ ďćőľłĺ ”áêáâőïŋĺě-ďěľáâćĺě”, ŕêńŋő őŕĺáćăéĺ ćáĺçłĺ ćêğňőęŋőáâĺ ĺ áêőâćěâŋőâő ŕàăćĺńŋő ďěľáâćĺě.

• Ĺğŕőńğãćăŋě ŋă ğŋăŋĺï ğă ňőďěńĺàăŋě ŋă áêáâőïŋĺïâă ŋă áćěâă ĺ ğă ŋăçĺŋă, ŕő łőľâő ďěľáâćĺïâă ąĺåă čĺ ŕàőňěŋĺńĺ (ŕàěåőďĺâě őâ ěďŋő ć ďàãčő áêáâőľŋĺě) – áĺňãńĺàăŋě ŋă ĺğŕêńŋěŋĺěâő ŋă ďěľáâćĺï á æěń ŋăňĺàăŋě ŋă ŕőáńěďőćăâěńŋőáâ, łőïâő ąĺ ďőćěńă ďő æěńěćőâő áêáâőïŋĺě. Šőćă őąĺłŋőćěŋő áě ŕàăćĺ çàěğ âêàáěŋě ć ŕàőáâàăŋáâćőâő ŋă áêáâőïŋĺïâă.

2.1.2 Ťăàňăńĺğăæĺï ŋă ğăďăçăâă

• Śêáâőïŋĺï (ďőŕãáâĺňĺ, ŋăçăńŋő) • Őŕěàăâőàĺ • Űěńěćő áêáâőïŋĺě ĺńĺ âěáâ ğă ŕàőćěàłă ŋă æěńěćőâő áêáâőïŋĺě

2.1.3 Ğăďăçă

• Ďăďěŋő: ŋăçăńŋő ĺ æěńěćő áêáâőïŋĺě • Šêàáĺ áě: ŕőáńěďőćăâěńŋőáâ őâ őŕěàăâőàĺ (ŕêâ), łőĺâő ćőďïâ őâ ŋăçăńŋőâő ďő æěńěćőâő áêáâőïŋĺě.

2.1.4 Ŕàĺňěàĺ

• Šêàáěŋě ŋă ŕêâ ňěęďã ďćă čàăďă ŕő łăàâă. • Ğăďăçăâă ğă äěàňěàă, ćêńłă, ğěńěâő ĺ łőğăâă. • Ĺčàăâă á 8 ŕńêğčăéĺ áě ŕńőçłĺ.

• Ŋăàěęďăŋě ŋă 8 æăàĺæĺ ŋă èăåňăâŋăâă ďêáłă. • Łàĺŕâőăàĺâňěâĺłă (SEND+MORE=MONEY).

• Řěăńŋĺ ğăďăçĺ: âêàčőćáłĺ ŕêâŋĺł, ŕàőěłâĺàăŋě ŋă çĺŕőćě, ãŕàăćńěŋĺě ŋă àőąőâĺ.

2.1.5 Řěèăćăŋě ŋă ğăďăçăâă

• Šêàáěŋě

– Řăğèĺàěŋĺě ŋă áêáâőïŋĺě (ćêğěń). – Ťãŋłæĺï ğă ĺğąőà ŋă ŋăáńěďŋĺł. – Ďêàćő ŋă âêàáěŋě.

– Ăńčőàĺâňĺ: áńěŕĺ (ŕêńŋő ĺğçěàŕćăŋě, uninfromed, blind, exhaustive) ĺ ěćàĺáâĺçŋĺ (informed). – Őæěŋłă ŋă ăńčőàĺâňĺâě: æěŋă ŋă ŕêâï ĺ æěŋă (áńőęŋőáâ) ŋă âêàáěŋěâő.

• Şďőćńěâćőàïćăŋě ŋă őčàăŋĺçěŋĺï (constraint satisfaction).

– Ňŋőęěáâćő őâ ŕàőňěŋńĺćĺ (á őąńăáâĺ ŋă áâőľŋőáâĺâě).

– Ňŋőęěáâćő őâ őčàăŋĺçěŋĺï (ďőŕãáâĺňĺ/ŋěďőŕãáâĺňĺ łőňąĺŋăæĺĺ őâ áâőľŋáâĺ ŋă ŕàőňěŋńĺćĺâě – ďćőľłĺ, âàőľłĺ ĺ â.ŋ.).

– Űěńěćő áêáâőïŋĺě (áêáâőïŋĺï) – ňŋőęěáâćő őâ áâőľŋőáâĺâě ŋă ćáĺçłĺ ŕàőňěŋńĺćĺ, łőĺâő ŋě ŋăàãèăćăâ őčàăŋĺçěŋĺïâă.

– Ŕàĺňěà: ğăďăçăâă ğă 8-âě æăàĺæĺ.

– Ăńčőàĺâňĺ: âêàáěŋě á ćêğćàăâ (backtracking), àăğŕàőáâàăŋěŋĺě ŋă őčàăŋĺçěŋĺïâă (forward checking).

2.1.6 Ăńčőàĺâňĺ ğă ŕêńŋő ĺğçěàŕćăŋě

• Őąé ăńčőàĺâêň – àěăńĺğăæĺï çàěğ ĺğŕőńğãćăŋě ŋă őŕăèłă.

• Šêàáěŋě ć ďêńąőçĺŋă (depth-first) – ďőąăćïŋě ŋă ŋőć ćêğěń ć ŋăçăńőâő ŋă őŕăèłăâă. Ćăàĺăŋâ: ĺâěàăâĺćŋő âêàáěŋě ŕő ŋĺćă (iterative deepening).

• Šêàáěŋě ć èĺàĺŋă (breadth-first) – ďőąăćïŋě ŋă ŋőć ćêğěń ć łàăï ŋă őŕăèłăâă. Ćăàĺăŋâ: âêàáěŋě á àăćŋőňěàŋă æěŋă ŋă ŕêâï (uniform cost search) – áőàâĺàăŋě ŋă őŕăèłăâă ŕő æěŋăâă ŋă ĺğňĺŋăâĺï ŕêâ.

• Ĺğąïčćăŋě ŋă ŕőćâőàěŋĺï ĺ ğăæĺłńïŋě.

• Ŕêńŋőâă, őŕâĺňăńŋőáâ ĺ áńőęŋőáâ (ŕő ćàěňě = ąàőľ ĺğáńěďćăŋĺ ćêğńĺ ĺ ŕő ŕăňěâ = ňăłáĺňăńŋă ďêńęĺŋă ŋă őŕăèłăâă) ŋă ăńčőàĺâňĺâě.

2.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï

• Řěèăćăŋě ŋă ğăďăçăâă ğă 8-âě æăàĺæĺ çàěğ âêàáěŋě ć ŕàőáâàăŋáâćő ŋă áêáâőïŋĺïâă ĺ çàěğ ãďőćńěâćőàïćăŋě ŋă őčàăŋĺçěŋĺï (áêá ĺ ąěğ forward checking). Śàăćŋěŋĺě ŋă áńőęŋőáââă ŋă ďćěâě àěèěŋĺï.

• Őæěŋłă ŋă áńőęŋőáââă ŋă ăńčőàĺâňĺâě ğă âêàáěŋě ć âàăäĺ. • Őæěŋłă ŋă áńőęŋőáââă ŋă àěèăćăŋěâő ŋă ğăďăçĺ á őčàăŋĺçěŋĺï.

2.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï

• Ŕàőčàăňĺàăŋě ŋă ğăďăçăâă ğă äěàňěàă, ćêńłă, ğěńěâő ĺ łőğăâă.

• Ŕàőčàăňĺàăŋě ŋă ąăğőćĺï ăńčőàĺâêň ğă âêàáěŋě ć čàăäĺ (á ĺğŕőńğãćăŋě ŋă őŕăèłă) ĺ ćáĺçłĺ ŋěčőćĺ ćăàĺăŋâĺ (ĺğŕőńğãćăŋě ŋă àăğńĺçŋĺ äãŋłæĺĺ ğă ĺğąőà ŋă ćêğěń ĺ ďőąăćïŋěâő ňã őâŕàěď ĺńĺ őâğăď ŋă őŕăèłăâă). Ŋěőąåőďĺňă ńĺ ě őŕăèłă ğă àěăńĺğăæĺïâă ŋă âêàáěŋě ć ďêńąőçĺŋă?

• Řěèăćăŋě ŋă ğăďăçăâă ğă 8-âě æăàĺæĺ çàěğ ãďőćńěâćőàïćăŋě ŋă őčàăŋĺçěŋĺï.

• Śőàâĺàăŋě ŋă áŕĺáêł çàěğ âêàáěŋě ć ŕàőáâàăŋáâćő ŋă áêáâőïŋĺïâă. Śàăćŋěŋĺě á ”ňěâőďă ŋă ňěåãàçěâő”.

Chapter 3

Ěćàĺáâĺçŋő âêàáěŋě

3.1 Ńěłæĺĺ

3.1.1 Ğăéő áă ŋěőąåőďĺňĺ ěćàĺáâĺłĺ?

• Ŕőćěçěâő ğăďăçĺ ğă âêàáěŋě áă ěłáŕőŋěŋæĺăńŋĺ, áńěďőćăâěńŋő ŋěàěèĺňĺ ŕàĺ čőńěňĺ àăğňěàŋőáâĺ.

• Ěćàĺáâĺçŋĺ äãŋłæĺĺ – ďăćăâ őæěŋłă (ŕàĺąńĺęěŋĺě) ŋă æěŋăâă ŋă ŕêâï ďő æěńâă. Ŕàĺňěà: àăğáâőïŋĺěâő ŕő ŕàăćă ńĺŋĺï ďő æěńâă ŕàĺ âêàáěŋě ŋă ŕêâ ŕő łăàâă.

• Ŕàĺ ĺğŕőńğãćăŋě ŋă ěćàĺáâĺçŋĺ äãŋłæĺĺ ňőęě ďă áě ŋăňěàĺ ěäěłâĺćŋő ŋěőŕâĺňăńŋő àěèěŋĺě ŋă ŕàőĺğćőńŋă ğăďăçă ĺńĺ őŕâĺňăńŋő àěèěŋĺě ŋă áàěďă ŕő âàãďŋőáâ ğăďăçă.

3.1.2 Ăńčőàĺâňĺ ğă ěćàĺáâĺçŋő âêàáěŋě ć čàăäĺ

• Šêàáěŋě ŋă ŋăľ-ďőąêà ŕêâ (best-first search) – áőàâĺàăŋě ŋă őŕăèłăâă ć áêőâćěáâćĺě á ěćàĺáâĺçŋăâă äãŋłæĺï h(n) = {őæěŋłă ŋă æěŋăâă ŋă ŕêâï őâ n ďő æěńâă}. Ŋěőŕâĺňăńěŋ ăńčőàĺâêň.

• Šêàáěŋě á őčàăŋĺçěŋă èĺàĺŋă (beam search) – őčàăŋĺçăćăŋě ŋă őŕăèłăâă ďő ŕêàćĺâě n ŋăľ-ďőąàĺ ćêğěńă (ć áêőâćěáâćĺě á ěćàĺáâĺłăâă). Ćăàĺŋăâ (n = 1): ňěâőď ŋă ŋăľ-ąêàğőâő áŕãáłăŋě (hill climbing search). Ŋěŕêńěŋ ĺ ŋěőŕâĺňăńěŋ ăńčőàĺâêň.

• Ňĺŋĺňĺğĺàăŋě ŋă őąéăâă æěŋă ŋă ŕêâï: A^∗. Łőňąĺŋĺàă âêàáěŋě á àăćŋőňěàŋă æěŋă ŋă ŕêâï (ŕêńŋő, őŕâĺňăńŋő, ŋěěäěłâĺćŋő) á âêàáěŋě ŋă ŋăľ-ďőąêà ŕêâ (ŋěőŕâĺňăńŋő, ěäěłâĺćŋő). Őŕăèłăâă áě áőàâĺàă ć áêőâćěáâćĺě á äãŋłæĺïâă f(n) = g(n) + h(n). (g(n) – æěŋă ŋă ŕêâï őâ ŋăçăńőâő ďő n.)

3.1.3 Śćőľáâćă ŋă A^∗

• Ŕêńŋőâă: łàăěŋ ąàőľ àăğłńőŋěŋĺï őâ ćáěłĺ ćêğěń ĺ ŕőńőęĺâěńŋă æěŋă ŋă ŕàěåőďĺâě őâ ěďŋő áêáâőïŋĺě ć ďàãčő.

• Ŕàĺěňńĺćă (admissible) ěćàĺáâĺçŋă äãŋłæĺï: h(n) ŋě ŋăďňĺŋăćă æěŋăâă ŋă ŋăľ-ďőąàĺï ŕêâ őâ n ďő æěńâă.

• Őŕâĺňăńŋőáâ ŕàĺ ĺğŕőńğãćăŋě ŋă ŕàĺěňńĺćă ěćàĺáâĺłă.

• Śńőęŋőáâ: O(b^d) ć ŋăľ-ńőèĺï áńãçăľ.

3.1.4 Ěćàĺáâĺçŋĺ äãŋłæĺĺ

• Ŕàĺňěà: ĺčàăâă á 8 ŕńêğčăéĺ áě ŕńőçłĺ (áàěďěŋ ąàőľ àăğłńőŋěŋĺï őâ ćêğěń = 3, áàěďŋă ďêńęĺŋă ŋă àěèěŋĺïâă = 20, ŕàőáâàăŋáâćő ŋă áêáâőïŋĺïâă 9! = 362880, âêàáěŋě á ŕêńŋő ĺğçěàŕćăŋě – 3^{20}). Ěćàĺáâĺłĺ: àăğáâőïŋĺï ďő æěńěćőâő áêáâőïŋĺě (Ţěňĺŋč, Ňăŋåăâêŋ).

• Śćőľáâćă ĺ áàăćŋěŋĺě ŋă ěćàĺáâĺłĺ (ďőňĺŋĺàăéă ěćàĺáâĺłă).

• Ĺğąőà ŋă ěćàĺáâĺłĺ: ăąáâàăłæĺï (őâáńăąćăŋě ŋă őčàăŋĺçěŋĺïâă) ĺ âěčńőćŋă áãňă őâ áćőľáâćă ŋă áêáâőïŋĺěâő (áăňőőąãçěŋĺě).

Oradea Zerind

Arad Sibiu Fagaras

Timisoara Rimnicu Pitesti

Craiova

Dobreta

Lugoj

Mehadia

Giurgiu

Bucharest

Urziceni Hirsova

Eforie

Vaslui

Iasi

Neamt 71

75 151

140

118

111

70 75 120

80 99

211 97 146

138 101

90

85 98 86

142

92

87

Figure 3.1: Ŕêâŋă łăàâă ŋă Řãňêŋĺï

3.1.5 Ěćàĺáâĺłĺ ŕàĺ ãďőćńěâćőàïćăŋě ŋă őčàăŋĺçěŋĺï

• Ĺğąőà ŋă ŕàőňěŋńĺćă á ŋăľ-ňăńłő ćêğňőęŋĺ áâőľŋőáâĺ (ćêğňőęŋĺâě áâőľŋőáâĺ áě őčàăŋĺçăćăâ çàěğ àăğŕàőáâàăŋěŋĺě ŋă őčàăŋĺçěŋĺïâă) – ŋăňăńïćă áě ąàőïâ ŋă àăğłńőŋěŋĺïâă ŋă âěłãéăâă áâêŕłă. Ŕàĺňěà: őæćěâïćăŋě ŋă łăàâă (æćěâêâ ŋă E ě áĺŋ – ěďĺŋáâćěŋăâă ćêğňőęŋă áâőľŋőáâ).

• Ĺğąőà ŋă ŕàőňěŋńĺćă, łőïâő ãçăáâćă ć ŋăľ-ňŋőčő őčàăŋĺçěŋĺï ćêàåã ďàãčĺ ŋěŕàĺáćőěŋĺ ŕàőňěŋńĺćĺ – ŋăňăńïćă ąàőïâ ŋă àăğłńőŋěŋĺïâă ŋă ąêďěéĺâě áâêŕłĺ.

• Śńěď łăâő ŕàőňěŋńĺćăâă ğă ŕàĺáćőïćăŋě áě ĺğąěàě, ğă ŋěï áě ĺğąĺàă áâőľŋőáâ, łőïâő ňĺŋĺňĺğĺàă őčàăŋĺçěŋĺïâă ćêàåã őáâăŋăńĺâě ŕàőňěńŋĺćĺ (ăłő áě ĺğąěàě C, âő ğă ŋěčőć æćïâ âàïąćă ďă áě ĺğąěàě çěàćěŋ, łőěâő ňĺŋĺňĺğĺàă őčàăŋĺçěŋĺïâă ćêàåã E ĺ F ).

A B

C

D E F

Ğěńěŋő Ůěàćěŋő

Figure 3.2: Ğăďăçă ğă őæćěâïćăŋě ŋă łăàâă á âàĺ æćïâă (çěàćěŋ, ğěńěŋ ĺ áĺŋ)

3.1.6 Ěćàĺáâĺçŋĺ ŕőďőąàěŋĺï ŋă ăńčőàĺâňĺâě

• Ĺâěàăâĺćŋő ŕőďőąàïćăŋě ŋă ŋăçăńŋőâő áêáâőïŋĺě (łőčăâő æěńěćőâő áêáâőïŋĺě áêďêàęă àěèěŋĺěâő, ŋăŕàĺňěà 8-âě æăàĺæĺ, ğăďăçăâă ğă äěàňěàă, ćêńłă, ğěńěâő ĺ łőğăâă).

• Ĺğąőà ŋă áńãçăľŋő ŋăçăńŋő áêáâőïŋĺě ĺ ňŋőčőłàăâŋő ŕàĺńăčăŋě ŋă ňěâőďă ŋă ŋăľ-ąêàğőâő áŕãáłăŋě. • Śĺňãńĺàăŋő ”ğăłăńïćăŋě” (simulated annealing). Ĺğŕőńğãćăŋě ŋă ŕăàăňěâêà T (ãáńőćŋő ”âěňŕěàăâãàă”), łőľâő ćŋăáï áńãçăľŋőáâ ŕàĺ àăąőâăâă ŋă ăńčőàĺâêňă (ŋăŕàĺňěà ĺğąőàă ŋă áńěďćăé ćêğěń ŕàĺ ňěâőďă ŋă ŋăľ-ąêàğőâő áŕãáłăŋě). T áě ŕàőňěŋï ŕő ŋïłăłêć ğăłőŋ (ňěâăńă ”ĺğâĺćă”) ŕő ćàěňě ŋă àăąőâă ŋă ăńčőàĺâêňă. Űěń: ĺğąïčćăŋě ŋă ŕőŕăďăŋě ć ńőłăńěŋ ěłáâàěňãň.

3.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï

• Řěăńĺğăæĺï ŋă ăńčőàĺâňĺâě ğă âêàáěŋě ŋă ŋăľ-ďőąêà ŕêâ, âêàáěŋě á őčàăŋĺçěŋă èĺàĺŋă ĺ A^∗. • Ďőłăğćăŋě ŋă őŕâĺňăńŋőáââă ŋă A^∗. • Ĺğáńěďćăŋě áńőęŋőáââă ŋă ăńčőàĺâňĺâě.

• Ŋăňĺàăŋě ŋă ěćàĺáâĺłĺ ğă: áőàâĺàăŋě ŋă áŕĺáêł, ĺčàăâă á 8 ŕńêğčăéĺ áě ŕńőçłĺ ĺ ŋăàěęďăŋěâő ŋă 8 æăàĺæĺ ŋă èăåňăâŋăâă ďêáłă.

• Ĺğąőà ŋă ăńčőàĺâêň ĺ ěćàĺáâĺłĺ ğă àěèăćăŋě ŋă ğăďăçăâă ğă őæćěâïćăŋě ŋă łăàâă (äĺčãàă 3.2).

3.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï

• Ŕàőčàăňĺàăŋě ŋă ăńčőàĺâňĺâě ğă âêàáěŋě ŋă ŋăľ-ďőąêà ŕêâ, âêàáěŋě á őčàăŋĺçěŋă èĺàĺŋă ĺ A^∗. • Ěłáŕěàĺňěŋâăńŋő áàăćŋïćăŋě ŋă àăąőâăâă ŋă ăńčőàĺâňĺâě (ćàěňě ĺ ąàőľ ŋă ĺğáńěďćăŋĺ áêáâőïŋĺï) ćêàåã ğăďăçĺâě: âêàáěŋě ŋă ŕêâ őâ Arad ďő Bucharest (äĺčãàă 3.1), áőàâĺàăŋě ŋă áŕĺáêł, ĺčàăâă á 8 ŕńêğčăéĺ áě ŕńőçłĺ.

• Řěèăćăŋě ŋă ğăďăçăâă ğă őæćěâïćăŋě ŋă łăàâă (äĺčãàă 3.2).

16 Ğďàăćłő Ňăàłőć, Ńěłæĺĺ ŕő ĺğłãáâćěŋ ĺŋâěńěłâ, ŤŇĹ, 1998

Chapter 4

Ňőďěńĺàăŋě ŋă ĺčàĺ

How Intelligent is Deep Blue? Drew McDermott

http://www.cs.yale.edu/HTML/YALE/CS/homepage/op-ed/deep_blue.html

4.1 Ńěłæĺĺ

4.1.1 Ćàêğłă á ĹĹ

• Ďőąàě ďěäĺŋĺàăŋĺ ğăďăçĺ, ĺğĺáłćăéĺ ĺŋâěńĺčěŋâŋőáâ.

• Šàãďŋĺ ğăďăçĺ (1): ŕàěďŕőńăčăâ ŋěőŕàěďěńěŋőáâ (ŋě ňőęě ŕàěďćăàĺâěńŋő ďă áě őŕàěďěńĺ åőďêâ ŋă ŕàőâĺćĺłă). • Šàãďŋĺ ğăďăçĺ (2): ŕàőáâàăŋáâćőâő ŋă áêáâőïŋĺïâă ć ŕőćěçěâő áńãçăĺ ě őčàőňŋő (èăå: àăğłńőŋěŋĺï = 35, ďêńąőçĺŋă = 50, ćêğńĺ = 35^{100}) .

• Ćêŕàěłĺ âőćă åőàăâă ĺčàăïâ ďőąàě ąěğ ďă áě ŕàĺâěáŋïćăâ őâ őčàőňŋőâő ŕàőáâàăŋáâćő ŋă âêàáěŋě. • Ŕőďåőďïéă őąńăáâ ğă ĺğáńěďćăŋě ŋă ňěâőďĺâě ğă âêàáěŋě.

4.1.2 Ťőàňăńĺğăæĺï ŋă ğăďăçăâă

• Ůăáâěŋ áńãçăľ ŋă ğăďăçăâă ğă âêàáěŋě ć ŕàőáâàăŋáâćőâő ŋă áêáâőïŋĺïâă. • Śêáâőïŋĺïâă, ć łőĺâő ĺčàăâă áćêàèćă áě ŋăàĺçăâ âěàňĺŋăńŋĺ.

• Ťãŋłæĺï ŋă ŕőńěğŋőáâ (utility) – ŕàĺáćőïćă áâőľŋőáâ ŋă âěàňĺŋăńŋĺâě áêáâőïŋĺï (ŋăŕàĺňěà: ŕőąěďă = 1, ğăčãąă = −1, àăćěŋ = 0).

• Ďêàćőâő ŋă âêàáěŋě ě àăğďěńěŋő ŋă ŋĺćă, ŋă ćáïłő őâ łőĺâő áă åőďőćěâă ŋă ěďĺŋ ĺčàăç. Ĺčàăçĺâě ãáńőćŋő ňőčăâ ďă áě ŋăàěłăâ MIN (âőğĺ, łőľâő áě áâàěňĺ ŋă ňĺŋĺğĺàă äãŋæĺïâă ŋă ŕőńěğŋőáâ) ĺ MAX (áâăàăěé áě ďă ňăłáĺňĺğĺàă äãŋłæĺïâă ŋă ŕőńěğŋőáâ).

4.1.3 Ňĺŋĺňăłáěŋ ăńčőàĺâêň

• Čěŋěàĺàăŋě ŋă ŕêńŋőâő ďêàćő ŋă ĺčàăâă ďő âěàňĺŋăńŋĺâě ćêğńĺ (ćĺę äĺčãàă 4.1). • Ĺğçĺáńïćăŋě ŋă äãŋłæĺïâă ŋă ŕőńěğŋőáâ ğă ćáěłĺ ćêğěń őâďőńã ŋăčőàě, ğăŕőçćăľłĺ őâ âěàňĺŋăńĺâě (ćĺę äĺčãàă 4.2).

• Ğă ćáěłĺ ćêğěń MAX áě ĺğąĺàă ňăłáĺňăńŋăâă áâőľŋőáâ ŋă ŋěčőćĺâě ŋăáńěďŋĺæĺ (â.ě. åőďêâ, łőľâő ňăłáĺňĺğĺàă ŕőńěğŋőáââă).

• Ğă ćáěłĺ ćêğěń MIN áě ĺğąĺàă ňĺŋĺňăńŋăâă áâőľŋőáâ ŋă ŋěčőćĺâě ŋăáńěďŋĺæĺ (â.ě. åőďêâ, łőľâő ňĺŋĺňĺğĺàă ŕőńěğŋőáââă).

• Ŕő âőğĺ ŋăçĺŋ áě őŕàěďěńï őŕâĺňăńŋĺï åőď ć łőàěŋă ŋă ďêàćőâő (ĺğąőàêâ ŋă âěłãé åőď).

Šěàňĺŋăńĺ

Ŕőńěğŋőáâ -1 0 1

MIN(o)

MAX(x)

MAX(x)

MIN(o)

... ... ... ...

...

...

... x x x x x x x x o x x o o

o o o x x x x x x

x x x x x x x o o o o o o o o o o x x x x x x

Figure 4.1: Ďêàćő ŋă ĺčàăâă ”łàêáâçěâă ĺ ŋãńĺ”

4 5 6 2 1 1 1

4 6 2 1

4 1

4 a

b c

d e f g

MAX

MAX

MIN

1

Figure 4.2: Ŕàĺńăčăŋě ŋă ňĺŋĺňăłáŋĺï ăńčőàĺâêň łêň ŕàĺňěàŋő ĺčàőćő ďêàćő (åőďőćěâě, ĺğąàăŋĺ ŕő âőğĺ ăńčőàĺâêň á őğŋăçěŋĺ áêá áâàěńłĺ á ŕńêâŋă ńĺŋĺï)

4 5 2 1

....

....

.... . . ....

....

..........

.... .. 4 5 2

....

....

....

....

.... ...

4 2

4 a

b c

d e f g

MAX

MAX

MIN

.

1

Figure 4.3: Ŕàĺńăčăŋě ŋă ăńäă-ąěâă ŕàőæěďãàă łêň ŕàĺňěàŋő ĺčàőćő ďêàćő

4.1.4 Şáêćêàèěŋáâćãćăŋě ŋă ňĺŋĺňăłáŋĺï ăńčőàĺâêň

• Őáćěŋ ğă áêćáěň ŕàőáâĺ ĺčàĺ (ŋăŕàĺňěà 3X3 ”łàêáâçěâă ĺ ŋãńĺ”) ăńčőàĺâêňêâ ě ŋěŕàĺńőęĺň ŕőàăďĺ őčàőňŋĺï ąàőľ ćêğńĺ ć ďêàćőâő.

• Őâáĺçăŋě ŋă ďêàćőâő őâ őŕàěďěńěŋ ćêğěń ŋăďőńã ĺ ŋăňĺàăŋě ŋă ěćàĺáâĺçŋă őæěŋłă ŋă ŕőńěğŋőáââă.

• Ĺďěăńŋăâă ěćàĺáâĺłă ąĺ âàïąćăńő ďă őâàăğïćă ćěàőïâŋőáââă, çě MAX éě ŕőąěďĺ (MIN éě ğăčãąĺ) ŕàĺ ğăďăďěŋâă ŕőğĺæĺï ŋă ĺčàăâă.

• Ŕàĺňěà ğă ŕàőáâă ěćàĺáâĺłă (èăå): âěčńőćŋă áãňă őâ ąàőï ŋă ŕàĺâěęăćăŋĺâě äĺčãàĺ (ŋěďőáâăâêł: ŋě őâçĺâă ŕőğĺæĺïâă).

• Őŕàěďěńïŋě ŋă ŋĺćőâő ŋă őâáĺçăŋě (ŕàěďŕőńăčă áě, çě ěćàĺáâĺłĺâě ğă ŕő-ďőńŋĺâě ŋĺćă ŋă ďêàćőâő áě ŋăňĺàăâ ŕő ńěáŋő ĺ áă ŕő âőçŋĺ):

– Ŕàěďćăàĺâěńŋő ğăďăćăŋě ŋă čàăŋĺæă ŋă ďêńąőçĺŋăâă d.

– Ĺğŕőńğãćăŋě ŋă ĺâěàăâĺćŋő âêàáěŋě ŕő ŋĺćă ŕàĺ ŕàěďćăàĺâěńŋő ğăďăďěŋő ćàěňě ğă ĺğçĺáńěŋĺě. – Ŕàĺńăčăŋě ŋă ěćàĺáâĺçŋă őæěŋłă áăňő ć ”áŕőłőľŋĺâě” ŕőğĺĺæĺĺ ŋă ĺčàăâă (ŕőğĺæĺĺ, łőĺâő ŋě ŕàěďŕőńăčăâ àïğłă ŕàőňïŋă ŋă őæěŋłăâă ŕàĺ ŕő-ŋăâăâêèŋăâă ĺčàă).

– Ŕàőąńěňêâ á åőàĺğőŋâă: ŋïłőĺ áĺâãăæĺĺ ĺğĺáłćăâ ŕàőďêńęăćăŋě ŋă âêàáěŋěâő őéě ŕő-ďêńąőłő (ŋě ňőčăâ ďă áě őæěŋïâ, ğăéőâő áă ”ğăď åőàĺğőŋâă”). Ŋăŕàĺňěà ŕàěćàêéăŋěâő ŋă ŕěèłă ć æăàĺæă ŕàĺ èăåă.

4.1.5 Ăńäă-Ąěâă őâáĺçăŋě (ěäěłâĺćŋă àěăńĺğăæĺï ŋă ňĺŋĺňăłáŋĺï ăńčőàĺâêň)

• Ŕàĺąńĺęěŋő ĺğçĺáńïćăŋě ŋă áâőľŋőáâĺâě ŋă ŕőńěğŋőáââă (őâąěńěęěâě àăğńĺłĺâě ňěęďã äĺčãàĺ 4.2 ĺ 4.3), łőěâő őąăçě ě ďőáâăâêçŋő ğă őŕàěďěńïŋě ŋă ćěàŋĺï åőď.

• Šêàáěŋě ć ďêńąőçĺŋă.

• Ďćă âěłãéĺ ŕăàăňěâêàă ŕő ćàěňě ŋă âêàáěŋě ć ĺčàőćőâő ďêàćő:

– α = ňăłáĺňăńŋăâă áâőľŋőáâ ğă MAX, ŕőńãçěŋă ďő ňőňěŋâă. – β = ňĺŋĺňăńŋăâă áâőľŋőáâ ğă MIN, ŕőńãçěŋă ďő ňőňěŋâă.

• Ăłő MIN ŕőńãçĺ áâőľŋőáâ ŕő-čőńïňă őâ β, âő ŋěčőćĺâě áêáěďĺ ŋă áêéőâő ŋĺćő ňőčăâ ďă ŋě áě őæěŋïćăâ (őâáĺçăŋě ŋă ďêàćőâő). Ŋăŕàĺňěà ć ŕőğĺæĺï ńěćĺï ŋăáńěďŋĺł ŋă ě (äĺčãàă 4.3) MIN ŕőńãçăćă 5, łőěâő ě ŕő-čőńïňő őâ β = 4, áńěďőćăâěńŋő ďěáŋĺï ŋăáńěďŋĺł ŋă e ŋě áě őæěŋïćă.

• Ăłő MAX ŕőńãçĺ áâőľŋőáâ ŕő-ňăńłă őâ α, âő ŋěčőćĺâě áêáěďĺ ŋă áêéőâő ŋĺćő ňőčăâ ďă áě ŕàőŕãáŋăâ.

Ŋăŕàĺňěà ć ŕőğĺæĺï f (äĺčãàă 4.3) MAX ŕőńãçăćă 2, łőěâő ě ŕő-ňăńłő őâ α = 4, áńěďőćăâěńŋő ŕőğĺæĺï g ňőęě ďă áě ŕàőŕãáŋě.

• Ŋěďőáâăâêł: ğăćĺáĺ őâ àěďă ŋă őąåőęďăŋě ŋă ŋăáńěďŋĺæĺâě ŋă ŕőğĺæĺĺâě ć ďêàćőâő. Ăłő ŋăľ-ŕěàáŕěłâĺćŋĺâě åőďőćě áě àăğčńěęďăâ ŕêàćĺ, âő áě ŕőńãçăćă ŋăňăńïćăŋě ŋă áńőęŋőáââă ŕő ćàěňě őâ O(b^d) ďő O(b^{d2} ).

4.1.6 Ĺčàĺ á ěńěňěŋâ ŋă áńãçăľŋőáâ

• Ŋăŕàĺňěà ĺčàĺ áêá ğăàőćě (âăąńă).

• Őáćěŋ MIN ĺ MAX ďêàćőâő ŋă ĺčàăâă áě àăğèĺàïćă á őéě ěďĺŋ ćĺď ŋĺćă – ŋĺćă áêá áńãçăľŋĺ ćêğńĺ. • Śńãçăľŋĺâě ŋĺćă áêďêàęăâ âőńłőćă ćêğěńă, łőńłőâő áă ćêğňőęŋĺâě ĺğåőďĺ ŕàĺ åćêàńïŋěâő ŋă ğăàőćěâě, á àăğńĺçŋă àőńï ğă ĺčàăâă (ŋăŕàĺňěà ğă âăąńăâă ĺňă 21 àăğńĺçŋĺ ĺğåőďă).

• Ćăàĺăŋâ ŋă ňĺŋĺňăłáŋĺï ăńčőàĺâêň, ćłńîçćăé áńãçăľŋőáâ:

– d_i (i = 1, ..., n) – àăğńĺçŋĺâě ĺğåőďĺ őâ áńãçăľŋőâő ŋĺćő; – P (d_i) – ćěàőïâŋőáâ ğă áńãçăěŋ ĺğåőď d_i;

– S(N, d_i) – ňŋőęěáâćă åőďőćě őâ ŕőğĺæĺï N ğă ćáěłĺ ěďĺŋ áńãçăěŋ ĺğåőď d_i; – Ăłő ć N MAX ě ŋă åőď: utility(N) = ∑_n i=1 p(d_i) max_{s∈S(N,di)} utility(s) – Ăłő ć N MIN ě ŋă åőď: utility(N) = ∑_n i=1 p(d_i) min_{s∈S(N,di)} utility(s) • Śâőľŋőáâĺâě ŋă äãŋłæĺïâă ŋă ŕőńěğŋőáâ ŋě áă áăňő ĺğňěęďã âăğĺ ŋă âěàňĺŋăńĺâě. Śńěďőćăâěńŋő őáćěŋ ŋăàěďąăâă ňěęďã âěàňĺŋăńĺâě (ŕěçěńĺ, čãąĺ, àăćěŋ) ćăęŋă ě ĺ ăąáőńîâŋăâă ĺň áâőľŋőáâ. Ŋăŕàĺňěà àăğńĺçŋĺ àěèěŋĺï éě áě ćğěňăâ ŕàĺ +1, 0 ĺ −1, ĺ ŕàĺ +10, 0 ĺ −10.

• Ŋăàăáâćăŋě ŋă áńőęŋőáââă ŕő ćàěňě: O(b^dn^d) (n – áńãçăľŋĺ ĺğåőďă). Ć àěăńŋĺ ĺčàĺ àïďłő áě ĺğŕőńğãćă čőńïňă ďêńąőçĺŋă.

• Ăŋăńőčêâ ŋă ăńäă-ąěâă őâáĺçăŋěâő ě ŕő-áńőęěŋ. Ŋěőąåőďĺňő ě ŋă áě ŋăňěàĺ čàăŋĺæă ŋă ŕőńěğŋőáââă, łőïâő őąăçě ě áàěďŋă áâőľŋőáâ ĺ ğăćĺáĺ őâ ąàőï ŋă ĺğáńěďćăŋĺâě ćêğńĺ. Šőćă ňőęě ďă áâăŋě łăâő áě ŕőáâăćïâ čàăŋĺæĺ ŋă áâőľŋőáâĺâě ŋă âěàňĺŋăńĺâě (ŋăŕà. +1 ĺ −1) ĺ ĺğŕőńğãćăľłĺ ąàőï ŋă áńãçăľŋĺâě ćêğńĺ ďă áě ĺğçĺáńĺ čàăŋĺæă ĺ ğă áńãçăľŋĺâě ćêğńĺ.

4.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï

• Ŕàěďáâăćïŋě ŋă ĺčàőćőâő ďêàćő ć őąéĺï áńãçăľ (ŕőğĺæĺĺ, åőďőćě, őæěŋłĺ ŋă âěàňĺŋăńĺâě). • Řěăńĺğăæĺï ŋă ňĺŋĺňăłáŋĺï ăńčőàĺâêň. • Řěăńĺğăæĺï ŋă ăńäă-ąěâă ăńčőàĺâêňă.

• Řěăńĺğăæĺï ŋă ĺčàăâă ”łàêáâçěâă ĺ ŋãńĺ” á àăğňěàŋőáâ 3X3.

• Ŋăňĺàăŋě ŋă ŕőďåőďïéă őæěŋêçŋă äãŋłæĺï ğă ŋěâěàňĺŋăńŋĺ ŕőğĺæĺĺ ŋă ĺčàăâă ”łàêáâçěâă ĺ ŋãńĺ”.

Řěăńĺğăæĺï ŋă ăńčőàĺâêň ğă ĺâěàăâĺćŋő âêàáěŋě ŕő ŋĺćă (ňĺŋĺňăłá ĺ ăńäă-ąěâă).

4.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï

• Ŕàőčàăňĺàăŋě ŋă ňĺŋĺňăłáŋĺï ăńčőàĺâêň. • Ŕàőčàăňĺàăŋě ŋă ăńäă-ąěâă ăńčőàĺâêňă.

• Ěłáŕěàĺňěŋâăńŋĺ áàăćŋěŋĺï (ąàőľ ŋă ĺğáńěďćăŋĺ ćêğńĺ) ŋă ňĺŋĺňăłá ĺ ăńäă-ąěâă ćêàåã áĺňãńăæĺőŋŋő ĺčàőćő ďêàćő (äĺčãàă 4.2).

• Ŕàőčàăňĺàăŋě ŋă ĺčàăâă ”łàêáâçěâă ĺ ŋãńĺ” ć âàĺ ćăàĺăŋâă: ňĺŋĺňăłá, ăńäă-ąěâă ĺ ĺâěàăâĺćŋő âêàáěŋě ŕő ŋĺćă (ňĺŋĺňăłá ĺ ăńäă-ąěâă) ĺ ěłáŕěàĺňěŋâĺ (ąàőľ ŋă ĺğáńěďćăŋĺ åőďőćě ĺ ąêàğőďěľáâćĺě).

Chapter 5

Ŕàěďáâăćïŋě ŋă ğŋăŋĺï - ńőčĺçěáłĺ ŕőďåőď

5.1 Ńěłæĺĺ

5.1.1 Ĺâěńĺčěŋâěŋ ăčěŋâ ĺğŕőńğãćăé ğŋăŋĺï

• Ąăğă őâ ğŋăŋĺï – ňŋőęěáâćő őâ ĺğàěçěŋĺï (ŋă ěğĺłă ğă ŕàěďáâăćïŋě ŋă ğŋăŋĺï) őâŋőáŋő äăłâĺ, őŕĺáćăéĺ áćěâă.

• Ěğĺł ğă ŕàěďáâăćïŋě ŋă ğŋăŋĺï.

• Ňěåăŋĺğêň ğă ĺğćőď. Łăłćő áńěďćă (ňőęě ďă áě ĺğćěďě) őâ ąăğăâă ğŋăŋĺï ĺ âőćă, łőěâő ě ćêğŕàĺěń ăčěŋâêâ ğă áćěâă (áàěďăâă) ć ďăďěŋ ňőňěŋâ. Łőě ďěľáâćĺě ě ŋăľ-ŕőďåőďïéő ďă áě ĺğŕêńŋĺ ć ňőňěŋâă.

• Őáŋőćŋĺ ğŋăŋĺï – ŋăçăńŋĺ ğŋăŋĺï ğă áćěâă (ăčěŋâ + áàěďă). • Ŋĺćă ŋă őŕĺáăŋĺě ŋă ăčěŋâă:

– Ŋĺćő ŋă ğŋăŋĺïâă.

– Ńőčĺçěáłő ŋĺćő. Ğŋăŋĺěâő, ğăŕĺáăŋő ŋă ěğĺłă ğă ŕàěďáâăćïŋě ŋă ğŋăŋĺï. – Řěăńĺğăæĺőŋŋő ŋĺćő. Řěăńĺğăæĺïâă ŋă ěğĺłă ğă ŕàěďáâăćïŋě ŋă ğŋăŋĺï.

• Śêğďăćăŋě ŋă ăčěŋâ, ĺğŕőńğãćăé ğŋăŋĺï

– Ďěłńăàăâĺćěŋ ŕőďåőď. – Ŕőďåőď ŋă áăňőőąãçěŋĺě.

5.1.2 Śĺňãńăæĺőŋŋă áàěďă ğă ăčěŋâĺ ĺğŕőńğãćăéĺ ğŋăŋĺï – wumpus world

Ĺďěïâă ĺďćă őâ áâăàă łőňŕîâêàŋă ĺčàă, ŋăàěçěŋă ”Wumpus”. Ňàěęă őâ łćăďàăâĺ (ŕěéěàĺ), őčàăďěŋĺ áêá áâěŋă. Śêáěďŋĺâě łćăďàăâĺ (åőàĺğőŋâăńŋő ĺ ćěàâĺłăńŋő) áă áćêàğăŋĺ á ŕàőåőďĺ, ŕàěğ łőĺâő ňőęě ďă ňĺŋăćă ăčěŋâêâ. Ć ěďĺŋ őâ łćăďàăâĺâě ĺňă ğńăâő. Ć ŋăçăńőâő ăčěŋâêâ áě ŋăňĺàă ć ďőńŋĺï ńïć êčêń ĺ âàïąćă ďă ďőáâĺčŋě ďő ğńăâőâő, ďă čő ćğěňě ĺ ďă áě ćêàŋě ć ŋăçăńőâő, łêďěâő ňőęě ďă ĺğńěğě ŋăćêŋ (łőěâő ě æěńâă ŋă ĺčàăâă). Ć ěďĺŋ őâ łćăďàăâĺâě ĺňă ğćïà, łőľâő ĺğïęďă ăčěŋâă, ăłő âőľ ćńěğě ć ŋěčőćĺï łćăďàăâ. Ć ŋïłőĺ őâ łćăďàăâĺâě ĺňă ŕàőŕăáâĺ, ć łőĺâő ăčěŋâêâ ŕàőŕăďă ăłő ćńěğě ć âïå. Ŕàĺňěà ŋă âőğĺ áćïâ ě ďăďěŋ ŋă äĺčãàă 5.1.

Ăčěŋâêâ ňőęě ďă ćêğŕàĺěňă áńěďŋăâă ĺŋäőàňăæĺï őâ áàěďăâă: • Ňĺàĺğňă, łőčăâő áě ŋăňĺàă ć áêáěďŋĺâě (ąěğ ďĺăčőŋăńŋĺâě) ŋă ğćïàă ŕěéěàĺ. • Šěçěŋĺě, łőčăâő áě ŋăňĺàă ć áêáěďŋĺâě (ąěğ ďĺăčőŋăńŋĺâě) ŋă ŕàőŕăáâĺâě ŕěéěàĺ. • Ąńïáêł, łőčăâő áě ŋăňĺàă ć ŕěéěàăâă áêá ğńăâőâő. • Śćěâńĺŋă, łőčăâő áě ŋăňĺàă ć ŋăçăńŋăâă ŕěéěàă (ďőńŋĺï ńïć êčêń). • Łőčăâő áě ąńêáŋě ć áâěŋăâă ãáěéă ãďăà. • Łőőàďĺŋăâĺâě ŋă ŕěéěàăâă, łêň łőïâő áě ě ŋăáőçĺń.

1 2 3 4

1

2

3

4 ŕàőŕăáâ

ŕàőŕăáâ

ŕàőŕăáâ

ĞŃĂŠŐ âěçěŋĺě ňĺàĺğňă

âěçěŋĺě

âěçěŋĺě âěçěŋĺě âěçěŋĺě

âěçěŋĺě

ňĺàĺğňă

ŚŠĂŘŠ

ĞĆ§Ř ňĺàĺğňă

Figure 5.1: Śĺňãńăæĺőŋŋă áàěďă ğă ĺŋâěńĺčěŋâŋĺ ăčěŋâĺ – wumpus world

Ăčěŋâêâ ňőęě ĺğćêàèćă áńěďŋĺâě ďěľáâćĺï: • Ďćĺęěŋĺě ěďĺŋ łćăďàăâ ŋăŕàěď. • Ğăćêàâăŋě ŋă 90^∘ ŋăńïćő ĺńĺ ŋăďïáŋő.

• Ćğěňăŋě ŋă ğńăâőâő (ćêğňőęŋő áăňő ć ŕěéěàăâă áêá ğńăâő). • Ĺğńĺğăŋě ŋăćêŋ (ćêğňőęŋő áăňő ć ŋăçăńŋőâő ŕőńőęěŋĺě)

5.1.3 Ěğĺłêâ ŋă ŕàěďĺłâŋőâő áňïâăŋě őâ I-ćĺ àěď

Śĺŋâăłáĺá • Ăğąãłă (ŕêàćĺâě çěâĺàĺ łńăáă áĺňćőńĺ ŋě áă äĺłáĺàăŋĺ ĺ ňőčăâ ďă áě ďěäĺŋĺàăâ ŕő àăğńĺçěŋ ŋăçĺŋ):

– Ŕàőňěŋńĺćĺ (čńăćŋĺ ąãłćĺ). – Łőŋáâăŋâĺ (ňăńłĺ ąãłćĺ ĺńĺ çĺáńă). – Ťãŋłæĺĺ (f, g, h).

– Ŕàěďĺłăâĺ (p, q, r, ąăéă, ňăľłă, őąĺçă).

– Ńőčĺçĺáłĺ áêîğĺ: ∧ (łőŋîŋłæĺï), ∨ (ďĺğîŋłæĺï), ¬ (őâàĺæăŋĺě), ← (ĺňŕńĺłăæĺï, ğăŕĺáćă áě ĺ łăâő →) ĺ ↔ (ěłćĺćăńěŋâŋőáâ).

– Łćăŋâőàĺ: ∀ (łćăŋâőà ğă őąéŋőáâ) ĺ ∃ (łćăŋâőà ğă áêéěáâćãćăŋě). – Śĺňćőńĺ ğă ŕãŋłâãăæĺï: (, ) ĺ ,.

• Šěàň:

– Ŕàőňěŋńĺćăâă ě âěàň. – Łőŋáâăŋâăâă ě âěàň.

– Ăłő f ě n-ňěáâŋă äãŋłæĺï (n ≥ 0) ĺ t_1, t_2, ..., t_n áă âěàňőćě, âő f(t_1, t_2, ..., t_n) ě âěàň. • Ťőàňãńă:

– Ăłő p ě n-ňěáâěŋ ŕàěďĺłăâ (n ≥ 0) ĺ t_1, t_2, ..., t_n áă âěàňőćě, âő p(t_1, t_2, ..., t_n) ě äőàňãńă (ŋăàěçěŋă ăâőňăàŋă äőàňãńă ĺńĺ ŕàőáâő ăâőň).

– Ăłő F ĺ G áă äőàňãńĺ, âő (¬F ), (F ∧ G), (F ∨ G), (F ← G) ĺ (F ↔ G) áă äőàňãńĺ. – Ăłő F ě äőàňãńă ĺ X ě ŕàőňěŋńĺćă, âő (∀XF ) ĺ (∃XF ) áă äőàňãńĺ.

• Ŕàĺňěà: ∀X (ňêę(X) → (∃Y (ęěŋă(Y ) ∧ őąĺçă(X, Y )))). Ŋěäőàňăńŋő: ”Ğă ćáěłĺ ňêę áêéěáâćãćă ęěŋă, łőïâő âőľ őąĺçă”. Šăğĺ äőàňãńă ňőęě ďă áě ğăŕĺèě ĺ ŕő-ŕàőáâő: ∀X ∃Y ňêę(X) → ęěŋă(Y ) ∧ őąĺçă(X, Y ).

• Ťőàňãńă, ć łőïâő ćáĺçłĺ ŕàőňěŋńĺćĺ áă łćăŋâĺäĺæĺàăŋĺ (áàěéăâ áě ŋěŕőáàěďáâćěŋő áńěď łćăŋâőà ĺ áńěď âőćă áăňő ć őąńăáââă ŋă ŋěčőćőâő ďěľáâćĺě), áě ŋăàĺçă ğăâćőàěŋă (âăłăćă ě čőàŋăâă äőàňãńă).

• Šěàňőćě ĺ äőàňãńĺ, łőĺâő ŋě áêďêàęăâ ŕàőňěŋńĺćĺ, áě ŋăàĺçăâ őáŋőćŋĺ.

• Šàăŋáäőàňăæĺĺ, ğăŕăğćăéĺ ĺáâĺŋŋőáââă ŋă äőàňãńĺâě (ŕàěőąàăğãćăŋě ć ěłćĺćăńěŋâŋă äőàňă).

• Łńăãğĺ:

– Ăâőň ĺńĺ őâàĺæăŋĺě ŋă ăâőň áě ŋăàĺçă ńĺâěàăń.

– Ďćőľłăâă ńĺâěàăńĺ A ĺ ¬A áě ŋăàĺçăâ łőŋâàăàŋĺ;.

– Łńăãğăâă ě ãŋĺćěàáăńŋő łćăŋâĺäĺæĺàăŋă ďĺğîŋłæĺï őâ ńĺâěàăńĺ.

– Łńăãğă ąěğ ńĺâěàăńĺ áě ŋăàĺçă ŕàăğŋă łńăãğă (□) ĺ őğŋăçăćă ńőčĺçěáłăâă łőŋáâăŋâă ńêęă.

– Śêéěáâćãćă äőàňăńŋă ŕàőæěďãàă ğă ŕàěćőď ŋă äőàňãńĺ ć ěłćĺćăńěŋâŋă łńăãğŋă äőàňă. Ŕàĺňěà: 1. ∀Xman(X) → ∃Y woman(Y ) ∧ loves(X, Y ) 2. ∀X¬man(X) ∨ ∃Y woman(Y ) ∧ loves(X, Y ) (ŕàěňăåćăŋě ŋă ĺňŕńĺłăæĺĺâě) 3. ∀X¬man(X) ∨ (woman(s(X) ∧ loves(X, s(X))) (áłőńěňĺğăæĺï) 4. ¬man(X) ∨ (woman(s(X)) ∧ loves(X, s(X))) (ŕàěňăåćăŋě ŋă łćăŋâőàĺâě ğă ćáěőąéŋőáâ) 5. (¬man(X)∨woman(s(X))∧(¬man(X)∨loves(X, s(X))) (ŕàěåőď ć ŋőàňăńŋă łőŋîŋłâĺćŋă äőàňă) • Łńăãğĺ ŋă Ţőàŋ: łńăãğă á ŋě ŕőćěçě őâ ěďĺŋ ŕőńőęĺâěńěŋ ńĺâěàăń (ăâőň ąěğ őâàĺæăŋĺě).

• Ŕàőńőč: Łńăãğĺâě ŋă Ţőàŋ őâ ćĺďă ∀X_1...∀X_n(A ∨ ¬B_1 ∨ ¬B_2 ∨ ... ∨ ¬B_m), łêďěâő A, B_1, ..., B_m (m ≥ 0) áă ăâőňĺ, ă X_1, ..., X_n áă ćáĺçłĺ ŕàőňěŋńĺćĺ ć âïå, áě őğŋăçăćăâ áêéő ĺ âăłă (łćăŋâőàĺâě ğă őąéŋőáâ áě ĺğŕãáłăâ, âêľ łăâő áě ŕőďàăğąĺàăâ): A ← B_1 ∧ B_2 ∧ ... ∧ B_m ĺńĺ A : −B_1, B_2, ..., B_m. A áě ŋăàĺçă čńăćă ŋă łńăãğăâă (ăłő ńĺŕáćă łńăãğăâă áě ŋăàĺçă æěń), ă B_1, B_2, ..., B_m – âïńő ŋă łńăãğăâă (ăłő ńĺŕáćă łńăãğăâă áě ŋăàĺçă äăłâ). Łńăãğĺâě ć Ŕàőńőč áă ŕő-őąéĺ őâ łńăãğĺâě ŋă Ţőàŋ, âêľ łăâő ć âěńăâă ĺň áě ďőŕãáłă ãŕőâàěąăâă ŋă őéě ěďĺŋ ćĺď őâàĺæăŋĺě – â. ŋăà. őâàĺæăŋĺě çàěğ ŋěãáŕěå, łőěâő éě őğŋăçăćăňě á not B_i, łêďěâő B_i ě ăâőň őâ âïńőâő ŋă łńăãğăâă. Ŕàőčàăňăâă ŋă Ŕàőńőč ě łőŋîŋłæĺï (ňŋőęěáâćő) őâ łńăãğĺ őâ čőàŋĺï ćĺď.

Śãąáâĺâãæĺĺ ĺ ãŋĺäĺłăæĺï

Ňŋőęěáâćő őâ ćĺďă θ = {v_1/t_1, v_2/t_2, ..., v_n/t_n}, łêďěâő v_i áă àăğńĺçŋĺ ŕàőňěŋńĺćĺ (v_i ≠ v_j ğă ćáïłő i ≠ j), ă t_i – âěàňőćě (t_i ≠ v_i, i = 1, ..., n), áě ŋăàĺçă áãąáâĺâãæĺï. Śãąáâĺâãæĺïâă θ áě ŕàĺńăčă łêň äőàňãńăâă E, łăâő ğă ćáïłő i ŋă ňïáâőâő ŋă ćáïłő ãçăáâĺě ŋă ŕàőňěŋńĺćăâă v_i ć E áě ŕőáâăćï t_i. Ğăňěáâćăŋěâő áě ŕàăćĺ ěďŋőćàěňěŋŋő ŋă ćáĺçłĺ ŕàőňěŋńĺćĺ. Řěğãńâăâêâ őâ ŕàĺńăčăŋěâő ŋă θ łêň E áě őğŋăçăćă á Eθ ĺ áě ŋăàĺçă ěłğěňŕńïà ŋă E. Śãąáâĺâãæĺï, łőïâő ğăňěáâćă ŕàőňěŋńĺćĺ á ďàãčĺ ŕàőňěŋńĺćĺ (â. ě. ćáĺçłĺ t_i áă ŕàőňěŋńĺćĺ), áě ŋăàĺçă ŕàěĺňěŋãćăŋě ŋă ŕàőňěŋńĺćĺâě, ă àěğãńâăâêâ őâ ŕàĺńăčăŋěâő – ćăàĺăŋâ. Ďćě äőàňãńĺ F ĺ G áă ćăàĺăŋâĺ ěďŋă ŋă ďàãčă, ăłő áêéěáâćãćăâ áãąáâĺâãæĺĺ θ ĺ σ, âăłĺćă çě F θ = G ĺ Gσ = F .

Ŋěłă θ = {u_1/s_1, ..., u_m/s_m} ĺ σ = {v_1/t_1, ..., v_n/t_n}. Łőňŕőğĺæĺïâă ŋă áãąáâĺâãæĺĺâě θ ĺ σ, őğŋăçěŋă á θσ, áě ďěäĺŋĺàă á ňŋőęěáâćőâő {u_1/s_1σ, ..., u_m/s_mσ, v_1/t_1,..., v_n/t_n}, őâ łőěâő áă ŕàěňăåŋăâĺ ćáĺçłĺ u_i/s_iσ, ğă łőĺâő u_i = s_iσ, ĺ ćáĺçłĺ v_j /t_j , âăłĺćă çě v_j ∈ {u_1, ..., u_m}. Ŕàĺńăčăŋěâő ŋă łőňŕőğĺæĺïâă θσ ě ěłćĺćăńěŋâŋő ŋă ŕőáńěďőćăâěńŋőâő ŕàĺńăčăŋě ŋă θ ĺ σ, â. ě. Eθσ = (Eθ)σ.

Ŕàĺńăčăŋěâő łêň ďćă àăğńĺçŋĺ âěàňă t_1 ĺ t_2 ŋă áãąáâĺâãæĺï θ, łőïâő čĺ ŕàăćĺ ěďŋăłćĺ, â. ě. t_1θ = t_2θ, áě ŋăàĺçă ãŋĺäĺłăæĺï, ă θ – ãŋĺäĺłăâőà. Ěďĺŋ ãŋĺäĺłăâőà μ ŋă t_1 ĺ t_2 áě ŋăàĺçă ŋăľ-őąé ãŋĺäĺłăâőà (mgu), ăłő ğă ćáěłĺ ďàãč ãŋĺäĺłăâőà γ ŋă t_1 ĺ t_2 áêéěáâćãćă áãąáâĺâãæĺï δ, âăłăćă çě μδ = γ.

Ňőďěń, ńőčĺçěáłő áńěďáâćĺě

Ŋěłă S ě łőŋîŋłæĺï őâ łńăãğĺ. Ňŋőęěáâćőâő őâ ćáĺçłĺ őáŋőćŋĺ ăâőňĺ á ŕàěďĺłăâĺ őâ S ĺ ăàčãňěŋâĺ, ŕőńãçěŋĺ çàěğ łőňąĺŋăæĺĺ ŋă łőŋáâăŋâĺ ĺ äãŋłæĺĺ, ãçăáâćãćăéĺ ć S, áě ŋăàĺçă ěàąàăŋőćă ąăğă ŋă S ĺ áě őğŋăçăćă á B_S . Ŋěłă M ě ŕőďňŋőęěáâćő ŋă B_S , ă C – łńăãğă őâ S. Łăğćăňě, çě M ě ňőďěń ŋă C, ăłő ğă ćáĺçłĺ őáŋőćŋĺ ěłğěňŕńïàĺ Cθ ŋă C ĺńĺ áêéěáâćãćă ŕőńőęĺâěńěŋ ńĺâěàăń P ∈ C, âăłêć áě P θ ∈ M ĺńĺ áêéěáâćãćă őâàĺæăâěńěŋ ńĺâěàăń N ∈ C, âăłêć áě Nθ ∉ M. M ě ňőďěń ŋă łőŋîŋłæĺï őâ łńăãğĺ S, ăłő ě ňőďěń ŋă ćáïłă łńăãğă őâ S. Ĺŋâãĺâĺćŋĺïâ áňĺáêń ŋă ňőďěńă ŋă ěďŋă łńăãğă ě ďă őŕĺèě áńãçăĺâě, ć łőĺâő âï ě ćïàŋă. Ć âőğĺ áňĺáêń ňőďěńêâ ňőęě ďă áě àăğčńěęďă łăâő ĺğőąàăęěŋĺě ŋă łńăãğăâă ć ňŋőęěáâćőâő {ĺáâĺŋă, ńêęă}, łőěâő áě ğăďăćă őâ ĺŋâěàŕàěâăæĺïâă (áňĺáêńă) ć ŋïłăłćă ŕàőąńěňŋă őąńăáâ.

Ŋěłă S_1 ĺ S_2 áă äőàňãńĺ (łőŋîŋłæĺĺ őâ łńăãğĺ). S_2 e ńőčĺçěáłő áńěďáâćĺě őâ S_1, őğŋăçěŋő á S_1 |= S_2, ăłő ćáěłĺ ňőďěń ŋă S_1 ě ĺ ňőďěń ŋă S_2. Ěďŋă äőàňãńă (ňŋőęěáâćőâő őâ łńăãğĺ) S ě ãďőćńěâćőàĺňă, ăłő ĺňă ňőďěń ĺ ŋěãďőćńěâćőàĺňă ć ŕàőâĺćěŋ áńãçăľ. S ě ŋěãďőćńěâćőàĺňa, ăłő S |= □. S_1 |= S_2 ě ěłćĺćăńěŋâŋő ŋă S_1 ∧ ¬S_2 |= □ (âěőàěňă ğă ďěďãłæĺïâă).

Ŋěłă P e łőŋîŋłæĺï őâ łńăãğĺ ŋă Ţőàŋ (ŕàőčàăňă ŋă Ŕàőńőč ąěğ not). Śěçěŋĺěâő ŋă ćáĺçłĺ ňőďěńĺ ŋă P ě áêéő ňőďěń, łőľâő áě ŋăàĺçă ňĺŋĺňăńěŋ ěàąàăŋőć ňőďěń ŋă P ĺ áě őğŋăçăćă á M_P . Ćăęěŋ àěğãńâăâ ć ńőčĺçěáłőâő ŕàőčàăňĺàăŋě ě, çě ňĺŋĺňăńŋĺïâ ěàąàăŋőć ňőďěń ě ěďĺŋáâćěŋ ğă ćáïłă ŕàőčàăňă P ĺ áě áêáâőĺ őâ ňŋőęěáâćőâő őâ ćáĺçłĺ őáŋőćŋĺ ăâőňĺ, łőĺâő áă ńőčĺçěáłĺ áńěďáâćĺï őâ P , â. ě. M_P = {A|A ě őáŋőćěŋ ăâőň, P |= A}.

Ŋěàăğàěèĺňőáâ ŋă ŕàěďĺłâŋőâő áňïâăŋě őâ I-ćĺ àěď Ŋěłă F_1 ĺ F_2 áă äőàňãńĺ. Ğăďăçăâă ğă ŕàőćěàłă ŋă ćěàŋőáââă ŋă âćêàďěŋĺěâő F_1 |= F_2 ě ŋěàăğàěèĺňă. (Ěďĺŋ łńăá őâ ğăďăçĺ, ĺğĺáłćăéĺ őâčőćőà ďă ĺńĺ ŋě, ě àăğàěèĺň, ăłő áêéěáâćãćă ăńčőàĺâêň, łőľâő ŕàĺ ćåőď – ŕàőĺğćőńěŋ ŕàőąńěň őâ łńăáă, ćĺŋăčĺ áŕĺàă á őâčőćőà ďă ĺńĺ ŋě.) Ŕő-âőçŋő, ğăďăçăâă ě ŋěàăğàěèĺňă áăňő ć áńãçăï, łőčăâő F_2 ŋě ě ńőčĺçěáłő áńěďáâćĺě őâ F_1 (ŕőńãàăğàěèĺňőáâ).

Ŕàăćĺńő ğă 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.

5.1.4 Ńőčĺçěáłő ŕàěďáâăćïŋě ŋă ăčěŋâă

• Ŋěďőáâăâêæĺ ŋă áêęďĺâěńŋőâő áňïâăŋě ŕàĺ őŕĺáăŋĺě ŋă ğŋăŋĺïâă ŋă ăčěŋâă. • 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.

5.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï

• Ŕàěćěęďăŋě ŋă äőàňãńĺ ć łńăãğŋă äőàňă.

• Łőďĺàăŋě ŋă ğŋăŋĺïâă ŋă ăčěŋâă ŋă ěğĺłă ŋă ŕàěďĺłăâŋőâő áňïâăŋě. • Ŕàěćěęďăŋě ŋă ğŋăŋĺïâă ŋă ăčěŋâă ć łńăãğŋă äőàňă. • Ŕàěďáâăćïŋě ŋă ŕàăćĺńăâă ğă ďěľáâćĺě ĺ àőńïâă ŋă ŋăàěďąăâă ĺň.

5.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï

• Ŕàőčàăňă ğă ŕàěćőď ŋă äőàňãńĺ őâ ŕêàćĺ àěď ć łńăãğŋă äőàňă (clausify.pl). • Ŕàőčàăňĺàăŋě ŋă ăčěŋâĺ ğă wumpus world (agents.pl).

Chapter 6

Ňőďěńĺàăŋě ŋă àăğáêęďěŋĺï - ďěďãłâĺćěŋ ĺğćőď

6.1 Ńěłæĺĺ

6.1.1 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.

• Ěáâěáâćěŋă ďěďãłæĺï [Gentzen,1935]. ∧ − I:^{A B}_{A∧B} ∧ − E:^{A∧B}_A^{A∧B}_B ∨ − I:^A_{A∨B}^B_{A∨B} ∨ − E:^{A∨B C[A] C[B]} C ∀ − I:^F_{∀c F} ∀ − E:^{∀x F}_{F {x/t}} ∃ − I:^{F {x/t}}_{∃x F} ∃ − E:^{∃c F C[F ]}_C → −I:^{B[A]}_{A→B} → −E:^{A A→B}_B ¬ − I:^{□[A]}_{¬A} ¬ − E:^{A ¬A}_F^□_D • Ŕàĺňěà (ŕàőňěŋńĺćĺâě a, b ĺ c ŋě âàïąćă ďă ãçăáâćãćăâ ěďŋőćàěňěŋŋő ć ğăćĺáĺňĺ äőàňãńĺ): 2: ∀y p(a, y) p(a, b) ∀ − E ∃x p(x, b) ∃ − I 1: ∃a ∀y p(a, y) ∀b ∃x p(x, b) ∀ − I ∀b ∃x p(x, b) ∃ − E_2 ∃a ∀y p(a, y) → ∀b ∃x p(x, b) → −I_1 • Ńőčĺçěáłĺ ĺğćőď = âêàáěŋě ć ŕàőáâàăŋáâćőâő őâ äőàňãńĺ. • 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).

6.1.2 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) 6.1.3 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.

6.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï

• Śâàăâěčĺĺ ğă àěğőńîæĺï ĺ âïåŋăâă àěăńĺğăæĺï ŋă Ŕàőńőč.

• Řěăńĺğăæĺï ŋă àăğáêęďěŋĺïâă ŋă ăčěŋâă ć wumpus world çàěğ łńăãğŋă àěğőńîæĺï. • Śâàăâěčĺï ğă ĺğćőď ŋă ďěľáâćĺïâă ŋă ăčěŋâă.

6.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï

• Řěăńĺğăæĺï ŋă ćåőďŋă ńĺŋěľŋă áâàăâěčĺï ğă łńăãğĺ ŋă Ţőàŋ çàěğ őčàăŋĺçěŋĺě ŋă őąéĺï ăńčőàĺâêň ğă àěğőńîæĺï (resolve.pl).

• Ěłáŕěàĺňěŋâĺ á łńăğãğŋă àěğőńîæĺï. Ĺğąïčćăŋě ŋă ğăæĺłńïŋěâő ŕàĺ Ŕàőńőč (ŕàőčàăňăâă őâ âőçłă ”Ŋěŕêńŋőâă ŋă Ŕàőńőč”).

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

28 Ğďàăćłő Ňăàłőć, Ńěłæĺĺ ŕő ĺğłãáâćěŋ ĺŋâěńěłâ, ŤŇĹ, 1998

Chapter 7

Ŕàěďáâăćŋě ŋă ğŋăŋĺï çàěğ ŕàăćĺńă

7.1 Ńěłæĺĺ

7.1.1 Ŕàěďáâăćïŋě ŋă ğŋăŋĺï çàěğ ŕàăćĺńă (äĺčãàă 7.1)

• Ťőàňăâ:

– ĂŁŐ <ŕàěďŕőáâăćłĺ> ŠŐ <ğăłńîçěŋĺě> – ĂŁŐ <ãáńőćĺě> ŠŐ <ďěľáâćĺï> • Łőďĺàăâ äàăčňěŋâĺ őâ ğŋăŋĺě (ŋě ě ŋěőąåőďĺňă ŕêńŋőâă). • Ńěáŋő áě ňőďĺäĺæĺàăâ ĺ àăğèĺàïćăâ. • Ńěáŋă àěăńĺğăæĺï ŋă ňěåăŋĺğňĺ ğă ĺğćőď. • Łőčŋĺâĺćŋĺ åăàăłâěàĺáâĺłĺ:

– Śàăćŋĺâěńŋő ńěáŋő ĺğćńĺçăŋě őâ ěłáŕěàâĺ. – Řăğąĺàăěňĺ ğă ŕőâàěąĺâěńĺâě.

• Ďĺàěłâŋă àěăńĺğăæĺï ŋă:

– Ŕàőńőč (ŋěďőáâăâêæĺ: ńĺŕáă ŋă őąïáŋěŋĺě).

– Ěğĺæĺ ğă ŕàőčàăňĺàăŋě ŋă ŕàăćĺńă (OPS5, CLIPS ĺ ňŋőčő ďàãčĺ).

7.1.2 Ĺğćőď ŋăğăď ĺ ěłáŕěàâŋĺ áĺáâěňĺ

• Ćêćěęďăŋě ŋă ŕàěďŕőáâăćłĺ ŕàĺ ŋěőąåőďĺňőáâ çàěğ ćêŕàőá łêň ŕőâàěąĺâěńï. • Őâčőćőà ŋă ćêŕàőá ”Ğăéő?”. • Őâčőćőà ŋă ćêŕàőá ”Łăł?”. • Ěáłŕěàâŋĺ áĺáâěňĺ:

– Ąăğă őâ ŕàăćĺńă. – Ňăèĺŋă ğă ĺğćőď. – Ĺŋâěàäěľá.

• Ŕàĺďőąĺćăŋě ŋă ğŋăŋĺï:

– Ďĺăńőč á ěłáŕěàâ (ŕàăğŋĺ ĚŚ, ïďàă ŋă ĚŚ).

– Ňăèĺŋŋő áăňőőąãçěŋĺě (äőàňĺàăŋě ŋă ŕőŋïâĺï őâ ŕàĺňěàĺ)

Ŕàőğőàěæ

Ćàăâă

Łãåŋï

Ąăŋï Ţőń

Łãåŋïâă ě áãåă Ć åőńă ĺňă ćőďă Ąăŋïâă ě áãåă Ŕàőğőàěæă ě ğăâćőàěŋ ĺ ĺ

ĺńĺ

Ŕàőąńěňêâ ě ć łãåŋïâă

Šěçě ć ąăŋïâă

Ŋě âěçě őâćêŋ Ŋě ćăńĺ ďêęď ĺ Šěçě ć łãåŋïâă

Ĺğćőď ŋăŕàěď (forward chaining) Ĺğćőď ŋăğăď (backward chaining)

Figure 7.1: Ğŋăŋĺï ĺ àăğáêęďěŋĺï ğă ğăďăçăâă ”ŕőćàěďă ćêć ćőďőŕàőćőďă”

7.1.3 Ĺğćőď ŋăŕàěď ĺ ŕàőďãłæĺőŋŋĺ áĺáâěňĺ

• Řăąőâŋă ŕăňěâ őâ äăłâĺ (ŕőńőęĺâěńŋĺ őáŋőćŋĺ ńĺâěàăńĺ) • Ąăğă őâ ŕàőďãłæĺőŋŋĺ ŕàăćĺńă: P_1 ∧ P_2... ∧ P_n → A_1, A_2, ..., A_m. P_i – ŕàěďĺłăâĺ, A_j – ďěľáâćĺï (ďőąăćĺ ĺńĺ ĺğâàĺľ äăłâ őâ àăąőâŋăâă ŕăňěâ, ćåőď/ĺğåőď).

• Ňăèĺŋă ğă ĺğćőď:

– Śêŕőáâăćěŋě ĺ ĺğćńĺçăŋě ŋă ŕàőďãłæĺĺ (áŕĺáêł őâ ”ăłâĺćŋĺ” ŕàăćĺńă).

– Řăğàěèăćăŋě ŋă łőŋäńĺłâĺ (ĺğąőà ŋă ŕàăćĺńő ğă ĺğŕêńŋěŋĺě): ĺğąïčćăŋě ŋă ŕőćâőàěŋĺï, ŕő-ŋőćĺ ãáńőćĺï, ŕő-áŕěæĺäĺçŋő ŕàăćĺńő.

– Ĺğŕêńŋïćăŋě ŋă ďěľáâćĺï

7.1.4 Ĺğŕőńğãćăŋě ŋă äăłâőàĺ ğă áĺčãàŋőáâ (äĺčãàă 7.2)

• Ťăłâőà ğă áĺčãàŋőáâ äăłâĺâě (ŋăąńîďěŋĺïâă).

• Ťăłâőà ğă áĺčãàŋőáâ ŋă ŕàăćĺńăâă (ŕàěŋăáïŋě ŋă ãáńőćĺěâő łêň ğăłńîçěŋĺěâő). • Ĺğçĺáńïćăŋě ŋă äăłâőàĺâě ğă áĺčãàŋőáâ ć ãáńőćĺïâă ŋă ŕàăćĺńăâă. • Ĺğŕőńğãćăŋě ŋă ŕàăč ğă őâáĺçăŋě ŋă ĺğćőďă.

7.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï

• Ĺğćőď ŋăğăď ćêàåã ŕàăćĺńă – ňěâăĺŋâěàŕàěâăâőà ŋă Ŕàőńőč áêá ğăďăćăŋě ŋă ćêŕàőáĺ ĺ áĺáâěňă ğă őąïáŋěŋĺě (ćĺę äăľńă rules.pl).

• Ŕàőďãłæĺőŋŋĺ áĺáâěňĺ – ĺğćőď ŋăŕàěď (Unit Resulting resolution).

• Ĺğŕőńğãćăŋě ŋă not ć ãáńőćĺïâă ŋă ŕàăćĺńăâă – ĺğćěęďăŋě ŋă flies(tweety) çàěğ ĺğćőď ŋăŕàěď (ćĺę äăľńă rules.pl).

• Śêğďăćăŋě ŋă ąăğĺ őâ ğŋăŋĺï ğă ŕőŕàăćłă ŋă ľěàăàåĺçŋĺ áĺáâěňĺ (ćĺę äăľńă cars.pl).

not(car_−starts) turns−over gas_−in_−carb runs(rough) plugs(dirty) not(tuned_−recently) bad_−system(ignition),80 bad_−component(timing),80 bad_−component(plugs),90 fix(plugs),45

bad_−system(ignition),80

-100 100 100 80 50 50

Figure 7.2: Ğŋăŋĺï ĺ àăğáêęďěŋĺï ğă ğăďăçăâă ”ŕőŕàăćłă ŋă ăćâőňőąĺń”

7.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï

• Ěłáŕěàĺňěŋâĺ á ĺğćőď ŋăŕàěď ĺ ŋăğăď (rules.pl).

• Řăğèĺàăćăŋě ŋă ĺğćőďă ŋăğăď á ćêŕàőá ”ğăéő?” ĺ áêåàăŋěŋĺě ŋă őâàĺæăâěńŋĺâě őâčőćőàĺ (rules.pl). • Řăğèĺàïćăŋě ŋă ĺğćőďă ŋăŕàěď á ćêğňőęŋőáâ ğă ĺğŕőńğãćăŋě ŋă not (rules.pl). • Ěłáŕěàĺňěŋâĺ á ąăğĺ őâ ŕàăćĺńă ğă ŕőŕàăćłă ŋă ľěàăàåĺçŋĺ áĺáâěňĺ (es.pl ĺ cars.pl).

32 Ğďàăćłő Ňăàłőć, Ńěłæĺĺ ŕő ĺğłãáâćěŋ ĺŋâěńěłâ, ŤŇĹ, 1998

Chapter 8

Śěňăŋâĺçŋĺ ňàěęĺ ĺ äàěľňĺ

8.1 Ńěłæĺĺ

8.1.1 Śěňăŋâĺçŋĺ ňàěęĺ

• Ŕàěďáâăćïŋě ŋă ŕăňěââă ĺ âćêàďěŋĺï ŋă ěáâěáâćěŋ ěğĺł

– Ŕőďňŋőęěáâćő ŋă ŕàěďĺłăâŋőâő áňïâăŋě őâ I-ćĺ àěď – Šàăŋáäőàňĺàăŋě ŋă n-ăàčãňěŋâŋĺ àěńăæĺĺ ć ďćã-ăàčãňěŋâŋĺ (ďćã-ăàčãňěŋâŋőâő ŕàěďáâăćïŋě ě ŕőĺŋäőàňăâĺćŋő): Mary wants John to give her the book.

                                      event(e)
                                      act_of(e,giving)
wants(mary,give(john,book,mary)) actor(e,john)
                                      object(e,book)
                                      recipient(e,mary)

– Ŕàěďáâăćïŋě ŋă âěłáâ ŋă ěáâěáâćěŋ ěğĺł: John gave book to Mary. She was grateful to him.

event(e1) event(e2).
act_of(e1,giving) act_of(e2,gratefullness).
actor(e1,john) follows(e2,e1) actor(e2,mary).
object(e1,book) object(e2,john).
recipient(e1,mary)

8.1.2 Šĺŕőćě àěńăæĺĺ

• R(a, b) ↔ a ĺ b áă ěďĺŋĺçŋĺ őąěłâĺ;

• R(a, B) ↔ a ŕàĺŋăďńěęĺ ŋă B, a ě ěłğěňŕńïà ŋă B (instance_−of);

• R(A, B) ↔ A ě ŕőďňŋőęěáâćő ŋă B (is_−a);

• R(A, B) ↔ ğă ćáïłő a őâ A áêéěáâćãćă b őâ B, â.çě R(a, b);

8.1.3 Ťàěľňĺ

Śâàãłâãàĺàăŋĺ őąěłâĺ áêá áńőâőćě (áâőľŋőáâĺ ĺńĺ ãłăğăâěńĺ łêň ďàãčĺ äàěľňĺ). Ŕőŋïłőčă ĺň áě ďőąăćïâ ŕàőæěďãàĺ (ŕőďőąŋő ŋă őąěłâŋőâő ŕàőčàăňĺàăŋě).

              follows
Frame e1 ------------> Frame e2
-------- --------
type: event type: event
act_of:giving act_of: gratefullness
actor:john actor: ------------------> Frame mary
object:book object:john ---------- ęĺćőâŋő

ąőğăľŋĺł ŕâĺæă

åĺéŋĺł

âĺčêà ŕĺŋčćĺŋ

Šãĺâĺ ňńěłőŕĺâăěé áŋăáï ïľæă

ńěâĺ

ŋě ńěâĺ áćőľáâćő áćőľáâćő

áćőľáâćő

ĺğłńîçěŋĺě

Figure 8.1: Śěňăŋâĺçŋă ňàěęă á ŋăáńěďïćăŋě ŋă áćőľáâćă ĺ ĺğłńîçěŋĺï

recipient: -----------------------------------------> type: person
                                                      age: 20
                                                      sex: female

8.1.4 Ĺğćőď ć áěňăŋâĺçŋĺ ňàěęĺ

• Śêŕőáâăćïŋě

– Ďĺàěłâŋő áêŕőáâăćïŋě: łőŋîŋłâĺćěŋ ćêŕàőá ŋă Ŕàőńőč ĺ äăłâĺ ć ąăğăâă.. – Śêŕőáâăćïŋě á ŋăáńěďïćăŋě (áĺáâěňăâă ARCH ŋă Şľŋáâêŋ):

– ğăďêńęĺâěńŋĺ àěńăæĺĺ – ğăďêńęĺâěńŋő őâáêáâćãćăéĺ àěńăæĺĺ – áêŕőáâăćïŋě ŋă âĺŕă ŋă őąěłâĺâě çàěğ ĺğŕőńğãćăŋě ŋă âăłáőŋőňĺï

% object(Name,Parts,IsaRelations,MustRelations,MustNotRelations)
object(arch,[a,b,c],
            [isa(a,4-side),isa(b,4-side),isa(c,polygon)],
            [support(a,c),support(b,c)],
            [touch(a,b)]).
?- object(Object,[X,Y,Z],
            [isa(X,rectangle),isa(Y,rectangle),isa(Z,triangle)],
            [support(X,Z),support(Y,Z)]).
Object=arch

• Ŋăáńěďïćăŋě ŋă áćőľáâćă ĺ ĺğłńîçěŋĺï (äĺčãàă 8.1).

is_a(ŕâĺæă,ęĺćőâŋő).
is_a(ŕĺŋčćĺŋ,ŕâĺæă).
is_a(âãĺâĺ,ŕĺŋčćĺŋ).

ňńěłőŕĺâăěéő(ąőğăľŋĺł). ňńěłőŕĺâăěéő(X) :-

is_a(X,Y), % ŋăáńěďïćăŋě ŕő is_a-ľěàăàåĺïâă ąěğ ĺğłńîçěŋĺï

ňńěłőŕĺâăěéő(Y).

ńěâĺ(ŕâĺæă). ńěâĺ(X) :-

\+ X=ŕĺŋčćĺŋ, % ĺğłńîçěŋĺě - ŋě ŋăáńěďïćă áćőľáâćőâő "ńěâĺ"
is_a(X,Y),

ńěâĺ(Y).

áńőŋ

Łńăľď áĺć

őàăŋęěć æćïâ

m_1 m_2

m_1&m_2

Figure 8.2: Śěňăŋâĺçŋă ňàěęă á ŕàěďăćăŋě ŋă ňăàłěàĺ

• Ňŋőčőğŋăçŋő ŋăáńěďïćăŋě.

– Ŋăâàãŕćăŋě ŋă áćőľáâćă – Řăğàěèăćăŋě ŋă łőŋäńĺłâ • Řăğŕàőáâàăŋăćăéă áě ăłâĺćăæĺï (ŕàěďăćăŋě ŋă ňăàłěàĺ): Łăłêć ě æćěâêâ ŋă Łńăľď ? (äĺčãàă 8.2).

8.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï

• Ăńčőàĺâêň ğă áêŕőáâăćïŋě ŋă áěňăŋâĺçŋĺ ňàěęĺ (äăľń match.pl) – ŕàěďáâăćïŋě ŋă ďàãčĺ őąěłâĺ, őáćěŋ ăàłĺ.

• Řěăńĺğăæĺï ŋă ŋăáńěďïćăŋě ŋă áćőľáâćă ĺ ĺğłńîçěŋĺï (äĺčãàă 8.1). • Řěăńĺğăæĺï ŋă ňŋőčőğŋăçŋő ŋăáńěďïćăŋě çàěğ ŋăâàãŕćăŋě ŋă áćőľáâćă. • Řěèăćăŋě ŋă łőŋäńĺłâ ŕàĺ ňŋőčőğŋăçŋő ŋăáńěďïćăŋě çàěğ ďêńęĺŋăâă ŋă ŕêâï. • Řěăńĺğăæĺï ŋă ăńčőàĺâêň ğă ŕàěďăćăŋě ŋă ňăàłěàĺ (á ŕőďâĺáłăéĺ ćàêğłĺ ĺ á ěŋěàčĺï ŋă ňăàłěàĺâě).

8.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï

• Ěłáŕěàĺňěŋâĺ áêá áêŕőáâăćïŋě ŋă áěňăŋâĺçŋĺ ňàěęĺ (äăľń match.pl). • Ŕàőčàăňă ğă ŋăáńěďïćăŋě ŋă áćőľáâćă ĺ ĺğłńîçěŋĺï (äĺčãàă 8.1). • Ŕàőčàăňă ğă ňŋőčőğŋăçŋő ŋăáńěďïćăŋě çàěğ ŋăâàãŕćăŋě ŋă áćőľáâćă. • Řěèăćăŋě ŋă łőŋäńĺłâ ŕàĺ ňŋőčőğŋăçŋő ŋăáńěďïćăŋě çàěğ ďêńęĺŋăâă ŋă ŕêâï. • Ŕàőčàăňă ğă ŕàěďăćăŋě ŋă ňăàłěàĺ (á ŕőďâĺáłăéĺ ćàêğłĺ ĺ á ěŋěàčĺï ŋă ňăàłěàĺâě).

36 Ğďàăćłő Ňăàłőć, Ńěłæĺĺ ŕő ĺğłãáâćěŋ ĺŋâěńěłâ, ŤŇĹ, 1998

Chapter 9

Ŕàěďáâăćïŋě ŋă ŋěáĺčãàŋĺ ğŋăŋĺï ĺ ćěàőïâŋőáâŋĺ àăğáêęďěŋĺï

9.1 Ńěłæĺĺ

9.1.1 Ŋěőąåőďĺňőáâ őâ àăğáêęďěŋĺï á ŋěáĺčãàŋĺ ğŋăŋĺï

• Ůőćěł őąĺłŋőćěŋő àăğáêęďăćă ć âěàňĺŋĺâě ŋă ŋěáĺčãàŋĺ ŕàěďŕőńőęěŋĺï ĺ âćêàďěŋĺï (ŋě 100% ĺáâĺŋă). • Łńăáĺçěáłăâă ńőčĺłă ĺğĺáłćă 100% ĺáâĺŋŋă.

• Ďĺàěłâŋőâő ŕàĺńăčăŋě ŋă âěőàĺïâă ŋă ćěàőïâŋőáâĺâě ĺğĺáłćă ŋăńĺçĺěâő ŋă ŕàěłăńěŋő ňŋőčő ďăŋŋĺ (ãáńőćŋĺ ćěàőïâŋőáâĺ).

• Ŕàăćĺńăâă á äăłâőàĺ ğă áĺčãàŋőáâ áă ŕàěłăńěŋő őŕàőáâěŋ ňőďěń.

9.1.2 Ŕàěďáâăćïŋě ŋă ŋěáĺčãàŋĺ ğŋăŋĺï á ćěàőïâŋőáâĺ

• Śńãçăľŋă ŕàőňěŋńĺćă. Šěàň ć ěğĺłă ğă ŕàěďáâăćïŋě ŋă ğŋăŋĺï, łőľâő ňőęě ďă ĺňă ŋïłőńłő (ćłń. ąěğłàăľŋő ňŋőčő) ćêğňőęŋĺ áâőľŋőáâĺ.

• Őąńăáâ ŋă ŕàőňěŋńĺćă dom(x) = ňŋőęěáâćőâő őâ ćêğňőęŋĺ áâőľŋőáâĺ ŋă x.

• Šćêàďěŋĺě – ąãńěć ĺğàăğ őâ ŕàĺáćőïćăŋĺï ŋă ŕàőňěŋńĺćĺ (x_i = v_j ). Ŋăŕàĺňěà: (ćàěňě = ďêęďőćŋő) ∨ (ąőńěáâ = čàĺŕ) ∨ ¬ (âěňŕěàăâãàă = ŕőćĺèěŋă).

• Ćěàőïâŋőáâ (çĺáńő ňěęďã 0 ĺ 1) = ňïàłă ğă ãćěàěŋőáâ ć ďăďěŋő âćêàďěŋĺě: P (A) = 0 → 100% ãćěàěŋőáâ, çě âćêàďěŋĺěâő A ě ńêęă. P (A) = 1 → 100% ãćěàěŋőáâ, çě âćêàďěŋĺěâő A ě ĺáâĺŋă.

• Ćěàőïâŋőáâ = ňïàłă ğă ŋěğŋăŋĺě: Ăłő âćêàďěŋĺěâő ĺňă ćěàőïâŋőáâ ňěęďã 0 ĺ 1, âőćă ŋě ğŋăçĺ, çě âő ě ĺáâĺŋă ”ć ĺğćěáâŋă áâěŕěŋ”, ă ŕő-áłőàő, çě ŋĺě ŋě ğŋăěň áêá áĺčãàŋőáâ ŋěčőćăâă ĺáâĺŋŋőáâŋă áâőľŋőáâ.

• Ćěàőïâŋőáâŋőâő àăğŕàěďěńěŋĺě ğăďăćă ćěàőïâŋőáâă ŋă ćáïłă ćêğňőęŋă áâőľŋőáâ ŋă ŕàőňěŋńĺćăâă. Ŋăŕàĺňěà ăłő dom(x) = {v_1, ..., v_n}, âő ∑_n i=1 P (x = v_i) = 1.

• Ăŕàĺőàŋă ćěàőïâŋőáâ – ćěàőïâŋőáâ ŕàĺ őâáêáâćĺě ŋă łăłćăâő ĺ ďă ě ĺŋäőàňăæĺï. • Şáńőćŋă ćěàőïâŋőáâ – ćěàőïâŋőáâ ŕàĺ ŋăńĺçĺěâő ŋă ĺŋäőàňăæĺï ğă áâőľŋőáâĺâě ŋă ďàãčĺ áńãçăľŋĺ ŕàőňěŋńĺćĺ. Ŋăŕàĺňěà: P (âěňŕěàăâãàă = ŕőćĺèěŋă | ąőńěáâ = čàĺŕ).

• Őáŋőćŋĺ äőàňãńĺ (A, B – âćêàďěŋĺï): – P (A ∨ B) = P (A) + P (B) − P (A ∧ B) – A, B – ŋěğăćĺáĺňĺ (ğŋăŋĺěâő ŋă ěďŋőâő ŋě ŕàőňěŋï ćěàőïâŋőáââă ŋă ďàãčőâő), P (A ∧ B) = P (A)P (B) – A, B – ŋěáêćňěáâĺňĺ (ŋĺłőčă ŋě áě áńãçćăâ ğăěďŋő), P (A ∧ B) = 0. – Ďěäĺŋĺæĺï ŋă ãáńőćŋă ćěàőïâŋőáâ: P (A|B) =^{P (A∧B)}_{P (B)} – Ąěľá: P (A|B) =^{P (B|A)P (A)}_{P (B)}

• Ćěàőïâŋőáâěŋ ňőďěń ŋă ŕàőąńěňŋăâă őąńăáâ:

– Ăâőňăàŋő áêąĺâĺě – (x_1 = v_1) ∧ (x_2 = v_2) ∧ ... ∧ (x_n = v_n), łêďěâő x_1, ..., x_n áă áńãçăľŋĺ ŕàőňěŋńĺćĺ.

Őŕĺáćă łőŋłâàěâŋő áêáâőïŋĺě ŋă ŕàőąńěňŋăâă őąńăáâ.

– Śêćňěáâŋő àăğŕàěďěńěŋĺě – n-ňěàŋă âăąńĺæă á m_i łńěâłĺ (i = 1, ..., n) ŕő ćáïłă àăğňěàŋőáâ, ăłő x_i ĺňă m_i ćêğňőęŋĺ áâőľŋőáâĺ. Ćêć ćáïłă łńěâłă áě ğăŕĺáćă ćěàőïâŋőáââă ŋă áêőâćěâŋőâő ăâőňăàŋő áêąĺâĺě. Šêľ łăâő ăâőňăàŋĺâě áêąĺâĺï áă ŋěáêćňěáâĺňĺ (ćğăĺňŋő ĺğłńîçćăéĺ áě) ĺ âăąńĺæăâă áêďêàęă ćáĺçłĺ ăâőňăàŋĺ áêąĺâĺï, áãňăâă őâ áâőľŋőáâĺâě ŋă ćáĺçłĺ łńěâłĺ ě 1. Ŋăŕàĺňěà: ğêąőąőń = ďă ğêąőąőń = ŋě łăàĺěá = ďă 0.04 0.06 łăàĺěá = ŋě 0.01 0.89 – Ŕàĺ ďăďěŋő áêćňěáâŋő àăğŕàěďěńěŋĺě ňőčăâ ďă áě ĺğçĺáńïćăâ ćěàőïâŋőáâĺâě ŋă ŕàőĺğćőńŋĺ âćêàďěŋĺï.

Ŋăŕàĺňěà (ğă łàăâłőáâ áâőľŋőáâĺâě ŋă ŕàőňěŋńĺćĺâě áă ŕàőŕãáŋăâĺ): P (łăàĺěá) = 0.04 + 0.06 = 0.1 (áãňă ŋă àěďă) P (łăàĺěá ∨ ğêąőąőń) = 0.04 + 0.01 + 0.06 = 0.11 P (łăàĺěá | ğêąőąőń) = P (łăàĺěá ∧ ğêąőąőń) / P (ğêąőąőń) = 0.04/(0.04 + 0.01) = 0.8

9.1.3 Ňěåăŋĺğňĺ ğă ĺğćőď

• Ĺğŕőńğãćăŋě ŋă áêćňěáâŋő àăğŕàěďěńěŋĺě.

• Ĺğŕőńğãćăŋě ŋă äőàňãńăâă ŋă Ąěľá.

– Ďăďěŋĺ áă e – ňŋőęěáâćő őâ áĺňŕâőňĺ ĺ d_1, ..., d_n – ďĺăčŋőğĺ. Ĺğćěáâŋĺ áă P (d_i) ĺ P (e|d_i) ğă i = 1, ..., n. – Ĺğçĺáńïćăňě P (d_i|e) ğă ćáïłő i ĺ ŋăňĺàăňě ŋăľ-ćěàőïâŋăâă ďĺăčŋőğă ŕàĺ ďăďěŋĺâě áĺňâőňĺ e. P (d_i|e) = P (d_i)P (e|d_i) P (e) – P (e) ňőęě ďă áě ĺğçĺáńĺ (ăłő ě ŋěőąåőďĺňő) őâ äőàňãńăâă: n∑ i=1 P (d_i|e) = n∑ i=1 P (d_i)P (e|d_i) P (e) = 1

P (e) = n∑ i=1 P (d_i)P (e|d_i) – Ĺğçĺáńïćăŋěâő ŋă P (e|d_i) ĺğĺáłćă ĺğąàőïćăŋě ŋă ćáĺçłĺ ćêğňőęŋĺ łőňąĺŋăæĺĺ őâ áâőľŋőáâĺ ŋă ěńěňěŋâăàŋĺ áĺňâőňĺ (ãçăáâćãćăéĺ ć ňŋőęěáâćőâő e), łőĺâő ŕàĺçĺŋïćăâ d_i (ěłáŕőŋěŋæĺăńŋă áńőęŋőáâ).

• Řăğáêęďěŋĺï ŕàĺ ŕàěďŕőńőęěŋĺě ğă ŋěğăćĺáĺňőáâ ŋă áĺňâőňĺâě (”naive” Bayes).

– Ăłő ŕàĺěňěň, çě ěńěňěŋâăàŋĺâě áĺňâőňĺ, áêáâăćïéĺ e, e = {e_1, ..., e_k}, áă ŋěğăćĺáĺňĺ, âő P (e|d_i) = k∏ j=1 P (e_j |d_i) – e_j (j = 1, ..., k) ňőčăâ ďă áě őŕàěďěńïâ ńěáŋő őâ ěłáŕěàâ ĺńĺ ďă áě ĺğćńěłăâ őâ ěłáŕěàĺňěŋâăńŋĺ ďăŋŋĺ. – Ŕàĺňěà:

Ćěàőïâŋőáâ ğďàăć čàĺŕ ăńěàčĺï P (d) 0.9 0.05 0.05 P (łĺåăŋě|d) 0.1 0.9 0.9 P (łăèńĺæă|d) 0.1 0.8 0.7 P (âěňŕěàăâãàă|d) 0.01 0.7 0.4 Ăłő áĺňâőňĺâě e áă łĺåăŋě ĺ łăèńĺæă ąěğ ŕőćĺèěŋă âěňŕěàăâãàă, âő: P (ğďàăć|e) = (0.9)(0.1)(0.1)(0.99)/P (e) = 0.0089/P (e) P (čàĺŕ|e) = (0.05)(0.9)(0.8)(0.3)/P (e) = 0.01/P (e) P (ăńěàčĺï|e) = (0.05)(0.9)(0.7)(0.6)/P (e) = 0.019/P (e) P (e) = 0.0089 + 0.01 + 0.019 = 0.0379 P (ğďàăć|e) = 0.23 P (čàĺŕ|e) = 0.26 P (ăńěàčĺï|e) = 0.50

Őąĺà Ğěňěâàěáěŋĺě

Ăńăàňă

Ďęőŋ_−ğćêŋĺ Ňěàĺ_−ğćêŋĺ

P(Ő) 0.001

P(Ğ) 0.002

Ă T F P(Ď) 0.90 0.05 Ă T F P(Ň) 0.70 0.01

Ő Ğ P(A) T T T T F F F F

0.95 0.94 0.29 0.001

Figure 9.1: Ąěľáőćă ňàěęă

– Ŕàőąńěň: ŕàěďŕőńőęěŋĺěâő ğă ŋěğăćĺáĺňőáâ ŋă ěńěňěŋâăàŋĺâě áĺňâőňĺ ě ŕàěłăńěŋő áĺńŋő ĺ ŋěàěăńĺáâĺçŋő.

• Ąěľáőćĺ ňàěęĺ – ĺğŕőńğãćăŋě ŋă ŋăáőçěŋ ăæĺłńĺçěŋ čàăä ğă ŕàěďáâăćïŋě ŋă ğăćĺáĺňőáâĺâě ňěęďã ŕàőňěŋńĺćĺâě á æěń áąĺâő őŕĺáăŋĺě ŋă áêćňěáâŋőâő ĺň àăğŕàěďěńěŋĺě.

9.1.4 Őâłêďě áě ŕőïćăćăâ ćěàőïâŋőáâĺâě?

• Ůěáâőâěŋ ŕőďåőď – ěłáŕěàĺňěŋâĺ.

• Őąěłâĺćěŋ ŕőďåőď – ćěàőïâŋőáâĺâě áă ŕàőïćă ŋă áêéěáâćãćăéĺ áćőľáâćă ŋă àěăńŋĺï áćïâ.

• Śãąěłâĺćěŋ ŕőďåőď – őŕĺáăŋĺě ŋă áâěŕěŋâă ŋă ãćěàěŋőáâ ŋă ăčěŋâă (ğŋăŋĺěâő ňã ğă ďăďěŋő őąěłâĺćŋő áêéěáâćãćăéő ïćńěŋĺě).

• Ĺğąőà ŋă łńăá ğă áàăćŋěŋĺě (reference class).

• Ŕàĺňěà: łăłćă ě ćěàőïâŋőáââă áńêŋæěâő ğă ĺğčàěě ãâàě? (ŋěőŕàěďěńěŋă, 1, 1 − ϵ,^{d+1}_{d+2} ).

9.1.5 Ąěľáőćĺ ňàěęĺ (ĄŇ)

• Ğă ćáïłă áńãçăľŋă ŕàőňěŋńĺćă – ćêğěń.

• Ćàêğłĺâě ğăďăćăâ ďĺàěłâŋĺ ŕàĺçĺŋŋő-áńěďáâćěŋĺ ćàêğłĺ.

• Ğă ćáěłĺ ćêğěń ě ďěäĺŋĺàăŋă âăąńĺæă á ãáńőćŋĺ ćěàőïâŋőáâĺ, łőïâő ğăďăćă ćěàőïâŋőáââă ŋă ćáïłă áâőľŋőáâ ŋă ŕàőňěŋńĺćăâă ćêć ćêğěńă ć ğăćĺáĺňőáâ őâ ćáïłă ěďŋă łőňąĺŋăæĺï őâ áâőľŋőáâĺ ŋă ŕàőňěŋńĺćĺâě ć àőďĺâěńáłĺâě ćêğńĺ (ěłáŕőŋěŋæĺăńěŋ ąàőľ àěďőćě ŋă âăąńĺæĺâě). Ŕàĺňěà: äĺčãàă 9.1.

• ĄŇ ğăďăćïâ ŋěïćŋő áêćňěáâŋőâő àăğŕàěďěńěŋĺě ŋă ŕàőňěŋńĺćĺâě áĺ. Ŋěłă x_1, ..., x_n áă áńãçăľŋĺ ŕàőňěŋńĺćĺ ĺ P (v_1, ..., v_n) ě áêćňěáâŋăâă ćěàőïâŋőáâ âě ďă ŕőńãçăâ áâőľŋőáâĺâě v_1, ..., v_n áêőâćěâŋő. Šőčăćă P (v_1, ..., v_n) = n∏ i=1 P (v_i|P arents(x_i)), łêďěâő P (v_i|P arents(x_i)) ě ãáńőćŋăâă ćěàőïâŋőáâ ğă x_i = v_i ŕàĺ ãáńőćĺě, çě áă ďăďěŋĺ áâőľŋőáâĺâě ŋă àőďĺâěńáłĺâě ŕàőňěŋńĺćĺ ŋă x_i, P arents(x_i). Ŋăŕàĺňěà:

P (Ďęőŋ_−ğćêŋĺ, Ňěàĺ_−ğćêŋĺ, Ăńăàňă, ¬Őąĺà, ¬Ğěňěâàěáěŋĺě) = (0.9)(0.7)(0.001)(0.999)(0.998) = 0.000628

• Şáńőćŋă ŋěğăćĺáĺňőáâ (ĺğŕőńğãćă áě ŕàĺ ĺğćőďă). Ăłő ŕàĺ ŕàěňăåćăŋě ŋă ŕőďňŋőęěáâćő őâ ćêğńĺâě ŋă ňàěęăâă S ćêğńĺâě x ĺ y áâăŋăâ ŋěáćêàğăŋĺ, âő łăğćăňě, çě x ĺ y áă ŋěğăćĺáĺňĺ őâŋőáŋő S, â.ě. P (x|y, S) = P (x, S).

• Šĺŕőćě ćàêğłĺ:

– x ← y → z: x ĺ z áă ŋěğăćĺáĺňĺ őâŋőáŋő y.

– x ← y ← z ĺńĺ x → y → z: x ĺ z áă ŋěğăćĺáĺňĺ őâŋőáŋő y.

– x → y ← z: x ĺ z áă ŋěğăćĺáĺňĺ őâŋőáŋő y ąěğ ŋăńĺçĺěâő ŋă ĺŋäőàňăæĺï ğă áâőľŋőáââă ŋă y. Ŕàĺ ďěďěŋă áâőľŋőáâ ŋă y (ĺńĺ ŋěčőćĺ ŋăáńěďŋĺæĺ) âě áâăćăâ ğăćĺáĺňĺ. Ŕàĺňěà: Őąĺà → Ăńăàňă ← Ğěňěâàěáěŋĺě. Ăłő ćěçě ĺňă ăńăàňă ĺ áě ě áńãçĺńő ğěňěâàěáěŋĺě, ćěàőïâŋőáââă ğă őąĺà ě ŕő-ňăńłă.

• Ćĺďőćě ĺğćőď ć ĄŇ. Ŕàĺ ďăďěŋă áâőľŋőáâ ŋă ŕőďňŋőęěáâćő őâ ŕàőňěŋńĺćĺâě (ŋăąńîďăěňĺ, evidence variables) ďă áě őŕàěďěńĺ ćěàőïâŋőáââă ŋă áâőľŋőáâĺâě ŋă ďàãčő ŕőďňŋőęěáâćő ŕàőňěŋńĺćĺ (âêàáěŋĺ, query variables).

– Ďĺăčŋőáâĺłă – őâ áńěďáâćĺěâő łêň ŕàĺçĺŋăâă: P (Őąĺà|Ďęőŋ_−ğćêŋĺ)? – Ŕàěďáłăğćăŋě – őâ ŕàĺçĺŋăâă łêň áńěďáâćĺěâő: P (Ďęőŋ_−ğćêŋĺ|Őąĺà)? – Ňěęďãŕàĺçĺŋěŋ ĺğćőď – ňěęďã ŕàĺçĺŋĺâě ŋă ďăďěŋő áńěďáâćĺě: P (Őąĺà|Ğěňěâàěáěŋĺě)? – Śňěáěŋ – łőňąĺŋăæĺï ŋă čőàŋĺâě âàĺ: P (Ăńăàňă|Ďęőŋ_−ğćêŋĺ∧¬Ğěňěâàěáěŋĺě)?

• Ăńčőàĺâňĺ ğă ĺğćőď ć ĄŇ.

– Ĺğçĺáńïćăŋě ŋă ŕêńŋőâő áêćňěáâŋő àăğŕàěďěńěŋĺě.

– Řăğŕàőáâàăŋěŋĺě ŋă ãćěàěŋőáââă – ĺğçĺáńïćăŋě ŋă ćěàőïâŋőáââă ŋă ćáĺçłĺ ŕàőňěŋńĺćĺ ć áêőâćěâáâćĺě á ŋăąńîďěŋĺïâă. Ĺâěàăâĺćŋă ňőďĺäĺłĺæĺï ŋă ćěàőïâŋőáâŋĺâě ćěłâőàĺ ğă ćáïłă ŕàőňěŋńĺćă çàěğ ŕàěďăćăŋě ŋă áêőąéěŋĺï ňěęďã ćêğńĺâě: ”ŋăáńěďŋĺæĺ→àőďĺâěńĺ” ĺ ”àőďĺâěńĺ→ŋăáńěďŋĺæĺ”, ğăŕőçćăľłĺ őâ ŋăąńîďěŋĺïâă.

– Ăńčőàĺâňĺ, ćőďěŋĺ őâ æěńěćĺâě (query) ŕàőňěŋńĺćĺ – ŋě ĺğçĺáńïćăâ ćáĺçłĺ ŕàőňěŋńĺćĺ. – Ć őąéĺï áńãçăľ ğăďăçăâă ě ěłáŕőŋěŋæĺăńŋă ŕő ąàőï ŋă ŕàőňěŋńĺćĺâě. – Ğă ěďŋőáćêàğăŋĺ ňàěęĺ (ąěğ ŋěŋăáőçěŋĺ æĺłńĺ) áêéěáâćãćăâ ŕőńĺŋőňĺăńŋĺ ăńčőàĺâňĺ.

9.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï

• Ĺğçĺáńïćăŋě ŋă ăŕàĺőàŋĺ ĺ ăŕőáâěàĺőàŋĺ ćěàőïâŋőáâĺ çàěğ çěáâőâěŋ ăŋăńĺğ ŋă ďăŋŋĺ őâ ćĺďă:

example(Id,Diagnosis,[S1=V1,S2=V2,...,Sn=Vn]) (äăľń tumor.pl).

• Řěăńĺğăæĺï ŋă ăńčőàĺâêň ğă łńăáĺäĺłăæĺï (ďĺăčŋőáâĺłă) ”naive Bayes” ğă àăąőâă á ďăŋŋĺ őâ čőàŋĺï ćĺď. • Ĺğćőď ć ĄŇ çàěğ ĺğçĺáńïćăŋě ŋă ŕêńŋőâő áêćňěáâŋő àăğŕàěďěńěŋĺě (ĄŇ őâ äĺčãàă 9.1). • Śêğďăćăŋě ŋă ĄŇ ğă ďĺăčŋőáâĺłă ŋă ăćâőňőąĺńĺ çàěğ ĺğŕőńğãćăŋě ŋă ąăğăâă őâ ŕàăćĺńă á äăłâőàĺ ğă áĺčãàŋőáâ (cars.pl).

9.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï

• Ŕàőčàăňĺàăŋě ŋă ŕàěďĺłăâĺ ğă ĺğçĺáńïćăŋě ŋă ăŕàĺőàŋĺ ĺ ăŕőáâěàĺőàŋĺ ćěàőïâŋőáâĺ çàěğ çěáâőâěŋ ăŋăńĺğ ŋă ďăŋŋĺ (äăľń tumor.pl).

• Ŕàőčàăňĺàăŋě ŋă ăńčőàĺâêň ğă łńăáĺäĺłăæĺï (ďĺăčŋőáâĺłă) ”naive Bayes” ğă àăąőâă á ďăŋŋĺ őâ čőàŋĺï ćĺď.

• Ěłáŕěàĺňěŋâĺ á ŕàĺňěàŋăâă ĄŇ (bnet_−dat.pl) ĺŋâěàŕàěâăâőàă ŋă ĄŇ (bnet.pl). • Ŕàőčàăňĺàăŋě ŋă ĄŇ őâ äĺčãàă 9.1 ĺ ĺğŕêńŋěŋĺě á ĺŋâěàŕàěâăâőàă ŋă ĄŇ (bnet.pl). • Ŕàőčàăňĺàăŋě ŋă ĄŇ ğă ďĺăčŋőáâĺłă ŋă ăćâőňőąĺńĺ ĺ ĺğŕêńŋěŋě á ĺŋâěàŕàěâăâőàă ŋă ĄŇ (bnet.pl).

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.

44 Ğďàăćłő Ňăàłőć, Ńěłæĺĺ ŕő ĺğłãáâćěŋ ĺŋâěńěłâ, ŤŇĹ, 1998

Chapter 11

Őąàăąőâłă ŋă ěáâěáâćěŋ ěğĺł

11.1 Ńěłæĺĺ

11.1.1 Łőňãŋĺłăæĺï ňěęďã ĺŋâěńĺčěŋâŋĺ ăčěŋâĺ 1. Ŋăňěàěŋĺě (a1) : knows(a2, ¬alive(wumpus, t_n)). 2. Čěŋěàĺàăŋě ŋă âěłáâ (a1): The wumpus is dead. 3. Śĺŋâěğĺàăŋě ŋă čőćőà (a1): ”...thewampusisdead...”. 4. Řăğŕőğŋăćăŋě ŋă čőćőà (a2): The wumpus is dead. 5. Śĺŋâăłâĺçěŋ ăŋăńĺğ (a2): S NP VP Det Noun

Verb Adj The wumpus is dead

6. Śěňăŋâĺçŋă ĺŋâěàŕàěâăæĺï (a2): ¬alive(wumpus, now) ∨ tired(wumpus, now). 7. Ŕàăčňăâĺçŋă ĺŋâěàŕàěâăæĺï (áćêàğćăŋě á âěłãéĺï łőŋâěłáâ ŋă a2): ¬alive(wumpus, t_n)∨tired(wumpus, t_n). 8. Ŕàěňăåćăŋě ŋă ňŋőčőğŋăçŋőáââă (a2): ¬alive(wumpus, t_n).

9. Ĺğŕőńğãćăŋě (ŕàőćěàłă ğă áêćňěáâĺňőáâ ĺ ćłńîçćăŋě łêň ğŋăŋĺïâă ŋă a2): tell(KB, ¬alive(wumpus, t_n)).

11.1.2 Śĺŋâăłâĺçěŋ ăŋăńĺğ • Čàăňăâĺłă G = ⟨S, T, N, R⟩: – Ňŋőęěáâćő őâ âěàňĺŋăńŋĺ áĺňćőńĺ (ďãňĺ őâ ěğĺłă), T = {wumpus, dead, the, is}. – Ňŋőęěáâćő őâ ŋěâěàňĺŋăńŋĺ áĺňćőńĺ (čàăňăâĺçŋĺ łăâěčőàĺĺ), N = {S, NP, V P, Det, Noun, Adj}. – Ŋăçăńěŋ áĺňćőń S ∈ N.

– Čàăňăâĺçŋĺ ŕàăćĺńă (rewrite rules) R : N → N ∪ T . Ŕàĺňěà (łőŋâěłáâŋő-áćőąőďŋă čàăňăâĺłă – ěďĺŋ áĺňćőń őâńïćő): S → NP V P NP → Det Noun V P → V erb Adj Det → the Noun → wumpus V erb → is Adj → dead

I Det N NP Prep PP

Det N

NP

Det N NP Prep

PP

V

VP

ProN

S

I Det N NP Prep

Det N

PP NP

Det N NP Prep

PP

V

VP

ProN

S

saw the man on hill the with the telescope saw the man on hill the with the telescope

Figure 11.1: Ďêàćěâă ŋă àăğąőàă ŋă ňŋőčőğŋăçŋő ĺğàěçěŋĺě

• Ďêàćő ŋă àăğąőàă (äĺčãàă 11.1).

• Śĺŋâăłâĺçŋă ňŋőčőğŋőçŋőáâ (äĺčãàă 11.1).

• Ăńčőàĺâňĺ ğă áĺŋâăłâĺçěŋ ăŋăńĺğ - őâďőńã ŋăčőàě (bottom-up parsing) ĺ őâčőàě ŋăďőńã (top-down parsing).

the wumpus is dead S
Det wumpus is dead (Det -> the) NP VP (S -> NP VP)
Det Noun is dead (Noun -> wumpus) Det Noun VP (NP -> Det Noun)
NP is dead (NP -> Det Noun) the Noun VP (Det -> the)
NP Verb dead (Verb -> is) the wumpus VP (Noun -> wumpus)
NP Verb Adj (Adj -> dead) the wumpus Verb Adj (VP -> Verb Adj)
NP VP (VP -> Verb Adj) the wumpus is Adj (Verb -> is)
S (S -> NP VP) the wumpus is dead (Adj -> dead)

11.1.3 Śěňăŋâĺçěŋ ăŋăńĺğ

• Ŕàěďáâăćïŋě ŋă áěňăŋâĺłăâă ĺ áěňăŋâĺçŋĺ őčàăŋĺçěŋĺï çàěğ case-frames. Ŋăŕàĺňěà çàěğ áêŕőáâăćïŋě ŋă áĺŋâăłâĺçŋőâő ďêàćő, sem(Syntactic_tree,Semantics):

sem(s(np(Ag),vp(V,np(_,Obj))),[action=Act,agent=Ag,object=Obj]) :-
  meaning(V,Act,_).
sem(s(np(Ag),vp(vp(V,np(_,Obj)),pp(to,np(_,To)))),[action=Act,agent=Ag,object=Obj,Prop=To]) :-
  meaning(V,Act,Prop).
sem(s(np(Ag),vp(vp(V,np(_,Obj)),pp(for,np(For)))),[action=sponsor,agent=Ag,object=Obj,Prop=For]) :-
  meaning(V,sponsor,Prop).

meaning(threw,propel,direction).
meaning(threw,sponsor,recipient).
meaning(gave,giving,subject).

• Ŕàěňăåćăŋě ŋă ňŋőčőğŋăçŋőáââă:

[tom,threw,a,ball] -> s(np(tom),vp(threw,np(a,ball)))
                           -> [action=propel,agent=tom,object=ball]
[tom,threw,a,ball,for,charity] -> s(np(tom),vp(vp(threw,np(a,ball)),pp(for,np(charity))))
                           -> [action=sponsor,agent=tom,object=ball,recipient=charity]
[tom,threw,a,ball,to,the,dog] -> s(np(tom),vp(vp(threw,np(a,ball)),pp(to,np(the,dog))))
                           -> [action=propel,agent=tom,object=ball,direction=dog]

• Łőőàďĺŋăæĺï ŋă çăáâĺâě ŋă ĺğàěçěŋĺěâő (ŕàĺňěàĺ őâ ŕàőčàăňăâă nlp.ncl):

?- parse([tom,takes,the,cake,from,the,table,and,eats,it).
pre_location_of(cake) = table
verb_action = eating
subject_of(eating) = tom
d_object_of(eating) = cake
verb_action = taking
subject_of(taking) = tom
d_object_of(taking) = cake

?- parse([tom,takes,the,cake,from,the,table,and,washes,it]).
pre_location_of(cake) = table
verb_action = washing
subject_of(washing) = tom
d_object_of(washing) = table
verb_action = taking
subject_of(taking) = tom
d_object_of(taking) = cake

• Ŕàěćőď ŋă ĺğàěçěŋĺï ćêć äőàňãńĺ őâ ŕàěďĺłăâŋőâő áňïâăŋě (ŕàĺňěà á ŕàőčàăňăâă qa.pl):

?- sentence([every,man,that,lives,loves,a,woman],[],S).
S = all(_A,man(_A)&lives(_A)->exists(_B,woman(_B)&loves(_A,_B)))

11.1.4 Śĺáâěňă ğă ćêŕàőáĺ ĺ őâčőćőàĺ ŋă ěáâěáâćěŋ ěğĺł

• Ŕàěćőď ŋă ĺğàěçěŋĺïâă ćêć äőàňãńĺ

• Ŕàěćőď ć łńăãğŋă äőàňă

• Ďěďãłâĺćěŋ ĺğćőď çàěğ łńăãğŋă àěğőńîæĺï

11.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï

• Řěăńĺğăæĺï ŋă čàăňăâĺłĺ çàěğ ŋěďěâěàňĺŋĺàăŋ append ĺ çàěğ àăğńĺłă ŋă áŕĺáêæĺ (ŋăŕàĺňěà čàăňăâĺłă, łőïâő àăğŕőğŋăćă ĺğàěçěŋĺïâă ”john loves mary” ĺ ”john eats apples”).

• Řěăńĺğăæĺï ŋă čàăňăâĺłă, łőïâő čěŋěàĺàă áĺŋâăłâĺçŋő ďêàćő. Ŋăŕàĺňěà ĺğàěçěŋĺěâő ”john loves mary” áě ŕàěćěęďă ć âěàňă s(np(john),vp(loves,np(mary))).

• Ďőąăćïŋě ŋă áěňăŋâĺçŋĺ ŕàőćěàłĺ (ŋăŕà. áêčńăáãćăŋě ŕő çĺáńő ĺńĺ ĺğąïčćăŋě ŋă ąěğňĺáńěŋĺ ĺğàěçěŋĺï łăâő ”john eats mary”).

• Őáŋőćŋĺ ŕàĺŋæĺŕĺ ğă àěăńĺğăæĺïâă ŋă čàăňăâĺłă, ŕàěćěęďăéă ĺğàěçěŋĺï ćêć äőàňãńĺ (ŕàěďĺłăâă sentence őâ ŕàőčàăňăâă qa.pl).

11.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï

• Ŕàőčàăňĺàăŋě ŋă čàăňăâĺłĺ çàěğ ŋěďěâěàňĺŋĺàăŋ append ĺ çàěğ àăğńĺłă ŋă áŕĺáêæĺ (ŋăŕàĺňěà čàăňăâĺłă ğă ĺğàěçěŋĺïâă ”john loves mary” ĺ ”john eats apples”).

• Řěăńĺğăæĺï ŋă čàăňăâĺłă, łőïâő čěŋěàĺàă áĺŋâăłâĺçŋő ďêàćő. Ďőąăćïŋě ŋă áěňăŋâĺçŋĺ ŕàőćěàłĺ ĺ čěŋěàĺàăŋě ŋă áěňăŋâĺłă çàěğ áêŕőáâăćïŋě ŋă áěňăŋâĺçŋőâő ďêàćő.

• Ěłáŕěàĺňěâŋĺ á ŕàěďĺłăâĺâě sentence ĺ translate őâ ŕàőčàăňăâă qa.pl. Łőčă ĺğàěçěŋĺïâă áě ŕàěćěęďăâ ć ŕőćěçě őâ ěďŋă łńăãğă ĺ łőčă ć ŋě-åőàŋőćă łńăãğă?

• Čěŋěàĺàăŋě ŋă ĺğàěçěŋĺï őâ äőàňãńĺ (ŕàěďĺłăâă sentence őâ qa.pl). Łőčă ŕàőčàăňăâă áě ğăæĺłńï?

• Ěłáŕěàĺňěŋâĺ á ŕàőčàăňĺâě qa.pl ĺ nlp.ncl.

11.4 Ğăďăŋĺě ğă ďőňăèŋă àăąőâă

Ŋăŕĺèěâě čàăňăâĺłă, łőïâő ŋă ąăğăâă ŋă áêŕőáâăćïŋě ŋă áĺŋâăłâĺçŋőâő ďêàćő á case-frames ĺ çàěğ ğăďăďěŋă áěňăŋâĺłă ŋă ŋěőąåőďĺňĺâě ďãňĺ ďă àăğŕőğŋăćă áńěďŋĺâě ĺğàěçěŋĺï łăâő čěŋěàĺàă ĺ áêőâćěâŋăâă ĺň áěňăŋâĺłă:

[tom,threw,a,ball] -> [action=propel,agent=tom,object=ball]
[tom,threw,a,ball,for,charity] -> [action=sponsor,agent=tom,object=ball,recipient=charity]
[tom,threw,a,ball,to,the,dog] -> [action=propel,agent=tom,object=ball,direction=dog]
[tom,gave,a,ball,to,the,dog] -> [action=giving,agent=tom,object=ball,subject=dog]
[tom,gave,a,ball,to,bob] -> [action=giving,agent=tom,object=ball,subject=bob]
[tom,gave,the,dog,to,bob] -> [action=giving,agent=tom,object=dog,subject=bob]
[tom,threw,a,ball,for,bob] -> [action=sponsor,agent=tom,object=ball,recipient=bob]
[tom,threw,a,ball,for,the,dog] -> [action=sponsor,agent=tom,object=ball,recipient=dog]

Čàăňăâĺłăâă âàïąćă ďă àăğŕőğŋăćă ŋě áăňő čőàŋĺâě ĺğàěçěŋĺï, ŋő ĺ ćáĺçłĺ ćêğňőęŋĺ âăłĺćă á čőàŋĺâě ďãňĺ, łăâő ŋě âàïąćă ďă ďőŕãáłă áńěďŋĺâě łőŋáâàãłæĺĺ:

• Ŋěŕàăćĺńŋő ĺğŕőńğãćăŋě ŋă çńěŋ, ŋăŕàĺňěà ”the,tom”, ”dog” (ąěğ çńěŋ), ”the,charity”, ĺ â.ŋ.

• ”dog” ĺ ”ball” łăâő ĺğćêàèĺâěńĺ ŋă ďěľáâćĺě, ĺńĺ ”tom” ĺ ”bob” łăâő őąěłâĺ ŋă ďěľáâćĺěâő (ŋăŕà. ”the dog gave tom to bob”).

• ”charity” łăâő ĺğćêàèĺâěń ĺńĺ őąěłâ ŋă ďěľáâćĺě, ŋăŕàĺňěà ”tom gave charity to bob”.

• Ŕőćâőàěŋĺï łăâő ”tom gave the dog to the dog”.

• ”gave a ball” ć áňĺáêń ŋă ”őàčăŋĺğĺàăň ąăń”.

Ğďàăćłő Ňăàłőć, Ńěłæĺĺ ŕő ĺğłãáâćěŋ ĺŋâěńěłâ, ŤŇĹ, 1998 49

Chapter 12

Ňăèĺŋŋő áăňőőąãçěŋĺě (1)

12.1 Ńěłæĺĺ

12.1.1 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 x1 = 0 ∧ x2 = 2 ∧ x5 = 0 → y = 0 x1 = 0 ∧ x2 = 1 ∧ x5 = 1 → y = 0 – Łńăáĺäĺłăæĺőŋŋő ďêàćő (ŁĎ):

– 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) = ?

• Łńăáâěàĺğăæĺï (y – ŋěĺğćěáâŋő): {(x_1, ..., x_6)} = {(x_1, ..., x_6)|y = 0} ∪ {(x_1, ..., x_6)|y = 1} • Őæěŋłă ŋă čàěèłăâă: Error(f) =^{|{(x1,...,x6)|f (x1,...,x6)≠y}|} 432

12.1.2 Ĺŋďãłâĺćŋă ğăďăçă

• Ťőàňăńŋă áĺáâěňă: 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). • Ŋăàěďąă ňěęďã åĺŕőâěğĺ: h ≥ h^′ ⇔ {e|e ∈ L_E, h → e} ⊇ {e|e ∈ L_E , h^′ → e}. • 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.

12.1.3 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}.

• Šĺŕőćě ăâàĺąãâĺ ĺ ďěäĺŋĺæĺĺ ŋă àěńăæĺïâă ŕőčńêéăŋě (≥):

– Ŋőňĺŋăńŋĺ (ŋïňă ŋăàěďąă): X ∈ L, Y ∈ L, X ≥ Y , ăłő X ⊆ Y ; lgg(X, Y ) = X ∩ Y . – Ńĺŋěľŋĺ (ŕêńŋă ŋăàěďąă) ĺ áâàãłâãàŋĺ (çăáâĺçŋă ŋăàěďąă): X = {a_1 = x_1, ..., a_n = x_n}, Y = {a_1 = y_1, ..., a_n = y_n}, X ≥ Y , ăłő x_i ≥ y_i (ŋăàěďąă ňěęďã áâőľŋőáâĺ) (i = 1, ..., n).

• 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).

12.1.4 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 12.1) – ěćàĺáâĺłĺ, ãáńőćĺě ğă łàăľ. • 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.

Figure 12.1: Čàăä ŋă őąőąéěŋĺïâă/áŕěæĺăńĺğăæĺĺâě

12.1.5 Řăğďěńïéă áâàăâěčĺï

• Ąăğőć ăńčőàĺâêň ğă ŕőáâàőïćăŋě ŋă ŁĎ (E – ňŋőęěáâćő őâ ŕàĺňěàĺ őâ àăğńĺçŋĺ łńăáőćě):

1. Ăłő ćáĺçłĺ ŕàĺňěàĺ ć E áă őâ łńăá k ⇒ ńĺáâő őâ âĺŕ k. Ć ŕàőâĺćěŋ áńãçăľ áě ĺğąĺàă ăâàĺąãâ a áêá áâőľŋőáâĺ v_1, v_2, ..., v_n ĺ áě čěŋěàĺàă àăğďěńïé ćêğěń:

v_1 v_n a v_2 . . .

2. E = ∪^n_{i=1}E_i, â. çě ćáïłő E_i áêďêàęă ŕàĺňěàĺâě őâ E, łőĺâő ĺňăâ áâőľŋőáâ v_i ŋă ăâàĺąãâă a. 3. Ăńčőàĺâêňêâ áě ŕàĺńăčă àěłãàáĺćŋő ğă ćáïłő E_i, i = 1, ..., n.

• Ĺŋäőàňăæĺőŋěŋ łàĺâěàĺĺ ğă ĺğąőà ŋă ăâàĺąãâ [Quinlan,ID3]:

– Ěŋâàőŕĺï (őæěŋłă ğă ŋĺćőâő ŋă ”ĺğŋěŋăďă” ĺńĺ ”ŋěőŕàěďěńěŋőáâ” ŕàĺ ŕőńãçăćăŋěâő ŋă n àăğńĺçŋĺ áêőąéěŋĺï): I = − ∑_n i=1 P_i log_2 P_i.

– Ĺŋäőàňăæĺőŋŋő áêďêàęăŋĺě (ěŋâàőŕĺï) ŋă ňŋőęěáâćő őâ ŕàĺňěàĺ őâ k łńăáă (E = ∪^k_{i=1}E^i): I(E) = ∑_k i=1 |E_i| |E| log_2^{|Ei|}_{|E|} . – Ĺŋäőàňăæĺï, ŋěőąåőďĺňă ğă ďőćêàèćăŋě ŋă ďêàćőâő áńěď ĺğąőàă ŋă a: R(a) = ∑_n i=1 |E_i| |E| I(E_i). – Ŕěçăńąă ŕàĺ ĺğąőà ŋă ăâàĺąãâ a: gain(a) = I(E) − R(a). – Ŕàěáŕěæĺăńĺğăæĺï ĺ ŕőďàïğćăŋě ŋă ďêàćőâő.

12.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï

• Řăńĺğăæĺï ŋă Ŕàőńőč ŋă őŕěàăâőàĺ ğă őąőąéěŋĺě, áŕěæĺăńĺğăæĺï ĺ lgg ŕàĺ ŋőňĺŋăńŋĺ ăâàĺąãâĺ. • Řěăńĺğăæĺï ŋă ăńčőàĺâêň ğă âêàáěŋě çàěğ őąőąéěŋĺě/áŕěæĺăńĺğăæĺï (äĺčãàă 12.1). • Řěăńĺğăæĺï ŋă ăńčőàĺâêň ğă âêàáěŋě çàěğ lgg.

• Śàăćŋěŋĺě ŋă ŁĎ ğă E = E^+ ∪ E^−, E^+ = {2, 5, 6}, E^− = {1, 3, 4} á ŕêàćĺ ăâàĺąãâĺ äőàňă ĺ æćïâ:

1. [æćïâ=çěàćěŋ, äőàňă=őłàêęŋőáâ] −
2. [æćïâ=çěàćěŋ, äőàňă=łćăďàăâ] +
3. [æćïâ=çěàćěŋ, äőàňă=âàĺêčêńŋĺł] −
4. [æćïâ=áĺŋ, äőàňă=âàĺêčêńŋĺł] −
5. [æćïâ=áĺŋ, äőàňă=łćăďàăâ] +
6. [æćïâ=áĺŋ, äőàňă=őłàêęŋőáâ] +

• Ĺğçĺáńïćïŋě ŋă gain(äőàňă) ĺ gain(æćïâ) ğă E.

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

12.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï

• Ěłáŕěàĺňěŋâĺ á ăńčőàĺâňĺâě ğă âêàáěŋě çàěğ őąőąéěŋĺě/áŕěæĺăńĺğăæĺï (search.pl), âêàáěŋě çàěğ lgg (simple.pl) ĺ ŁĎ (id3.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).

• Śàăćŋěŋĺě ŋă ćĺďă ŋă ŕàăćĺńăâă, ŕőńãçăćăŋĺ çàěğ ŕőłàĺćăéĺâě ĺ àăğďěńïéĺâě ăńčőàĺâňĺ.

Chapter 13

Ňăèĺŋŋő áăňőőąãçěŋĺě (2)

13.1 Ńěłæĺĺ

13.1.1 Řěńăæĺőŋěŋ ěğĺł

• Ăŋâĺãŋĺäĺłăæĺï (lgg ŋă âěàňőćě, t ≥ t_1 ⇔ ∃θ, tθ = t_1): t = lgg(t_1, t_2), ăłő t ≥ t_1, t ≥ t_2 ĺ ∀t^′, t^′ ≥ t_1, t^′ ≥ t_2 ⇒ t^′ ≥ t.

• θ-Ŕőčńêéăŋě: C_1 ≥_θ C_2 ⇔ ∃θ C_1θ ⊆ C_2. • lgg_θ(C_1, C_2) = {L|L = lgg(L_1, L_2), L_i ∈ C_i, i = 1, 2} • Řěńăâĺćŋő lgg: C = rlgg(C_1, C_2, B) ⇔ B ∪ C |= C_1, B ∪ C |= C_2. Ăłő C_1 ĺ C_2 áă ăâőňĺ, ă B – ňŋőęěáâćő őâ őáŋőćŋĺ ăâőňĺ, âő rlgg(C_1, C_2, B) = lgg_θ((C_1 : −B), (C_2 : −B)).

13.1.2 Ĺŋďãłâĺćŋĺ ăńčőàĺâňĺ ğă ĺğćőď ŋă łńăãğĺ

• Šêàáěŋě őâďőńã ŋăčőàě:

1. Ĺğąěàĺ e_i, e_j ∈ E^+; 2. C_{ij} = rlgg(e_i, e_j , B); 3. Řěďãæĺàăľ C_{ij} (θ-őąőąéěŋĺě ďőłăâő C_{ij} ŋě ŕőłàĺćă ŕàĺňěàĺ őâ E^−); 4. E^+ = E^+ \ {e|B ∪ C_{ij} |= e}; 5. Ăłő E^+ = ∅ âő łàăľ, ć ŕàőâĺćěŋ áńãçăľ ŕàőďêńęĺ á 1.

• Šêàáěŋě őâčőàě ŋăďőńã (äĺčãàă 13.1): E^+ = {member(a,[a,b]), member(b,[b]), member(b,[a,b])}, E^− = {member(c,[a,b])}, őŕěàăâőà ğă áŕěæĺăńĺğăæĺï: – ρ(C) = Cθ, |θ| = 1 – ρ(C) = C ∪ ¬L member(X, L)

member(X, X) member(X, [Y |Z]) member(L, L) member(X, L):-member(L, X)

member(X, [X|Z]) member(X, [Y |Z]):-member(X, Z)

Figure 13.1: Čàăä ŋă áŕěæĺăńĺğăæĺĺâě

Łàăľ ŋă áŕěæĺăńĺğăæĺïâă (ńĺáâă ć ďêàćőâő):

– Şáŕěèŋő ńĺáâő (ďőąăćï áě łêň åĺŕőâěğăâă): ∀e, C |= e ⇒ e ∈ E^+

– Ŋěãáŕěèŋő: ̸∃e ∈ E^+, C |= e.

13.1.3 Ŕàěďáłăğćăŋě

• Ĺğŕőńğãćăŋě äőàňãńăâă ŋă Ąěľá ŕàĺ ŋěğăćĺáĺňőáâ ŋă ăâàĺąãâĺâě (naive Bayes).

• Ăńčőàĺâêň ŋă ŋăľ-ąńĺğłĺï áêáěď:

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 X 1 1 1 0 1 0 ?

– Řăğáâőïŋĺě: D(X, Y ) =

∑_6 i=1 d(x_i, y_i), d(x, y) = { 0, x = y 1, x ≠ y Y 1 2 3 4 5 6 7 8 9 10 D(X, Y ) 6 3 3 4 5 3 4 4 3 3

– Śőàâĺàăŋě ŕő àăğáâőïŋĺě:

D(X, Y ) 3 3 3 3 3 4 4 4 5 6 X 2 3 6 9 10 4 7 8 6 1

– Ĺğąőà ŋă ŕàěőąńăďăćăé łńăá őâ ŕêàćĺâě k ŕàĺňěàă:

k 1 2 3 4 5 6 7 #1/#0 0/1 1/1 1/2 2/2 2/3 2/4 3/4 y(X) 0 ? 0 ? 0 0 0

13.1.4 Řăğáâőïŋĺě ňěęďã âěàňőćě

• size(A) = ąàőľ áĺňćőńĺ ć A − ąàőľ àăğńĺçŋĺ ŕàőňěŋńĺćĺ ć A • Ŕàĺňěàĺ: size(p(X, Y )) = 1, size(p(X, X)) = 2 • A ≥ B ⇔ size(A) ≤ size(B) • Řăğáâőïŋĺě: D(A, B) = size(A) + size(B) − 2 ∗ size(lgg(A, B)) • Ŕàĺňěà: D(p(a, a), p(b, b)) = size(p(a, a)) + size(p(b, b)) − 2 ∗ size(p(X, X)) = 3 + 3 − 2 ∗ 2 = 2 13.1.5 Łńăáâěàĺğăæĺï

• Řăğáâőïŋĺï ňěęďã ňŋőęěáâćă őâ ŕàĺňěàĺ (min, max, Hausdorff).

• Őąé ăńčőàĺâêň (E – ňŋőęěáâćő őâ ŕàĺňěàĺ):

1. Ĺğąěàĺ e_i, e_j ∈ E, â.çě d(e_i, e_j ) ě ňĺŋĺňăńŋő;

2. Őąěďĺŋĺ e_i ĺ e_j ć čàãŕă ĺ čĺ ğăňěáâĺ á ŋěï ć E.

3. Ăłő ěğĺłă ŕőğćőńïćă, ŕőáâàőľ h_{ij} – őąőąéěŋĺě (lgg) ŋă e_i ĺ e_j ĺ ĺğłńîçĺ őâ E ŕàĺňěàĺâě, łőĺâő âő ŕőłàĺćă. Ŕőáâàőľ ŕőďďêàćő á łőàěŋ h_{ij} ĺ ŋăáńěďŋĺæĺ – ćáĺçłĺ ěńěňěŋâĺ ŋă E, ŕőłàĺćăŋĺ őâ h_{ij} .

4. Ŕàőďêńęĺ á 1 ďőłăâő ć E őáâăŋě áăňő ěďŋă čàãŕă.

• Ŕàĺňěà:

E_1 E_2 E_3 E_4 color = light color = light color = dark color = dark nuclei = 1 nuclei = 2 nuclei = 2 nuclei = 3 tails = 1 tails = 2 tails = 2 tails = 1 13.1.6 Ăčńőňěàăâĺćŋă łńăáâěàĺğăæĺï

E_2 E_3 E_4 E_1

13.1.7 Łőŋæěŕâãăńŋă łńăáâěàĺğăæĺï (áâêŕłă 3 őâ ăńčőàĺâêňă)

E_2 E_3

E_1 E_4 nuclei = 2 ∧ tails = 2 nuclei = tails

13.2 Śěňĺŋăàŋĺ ãŕàăęŋěŋĺï

• Ăńčőàĺâêň ğă àěďãłæĺï ŋă łńăãğĺ (áâêŕłă 3 őâ ăńčőàĺâêňă ğă âêàáěŋě çàěğ lgg).

• Ěćàĺáâĺłĺ ğă ĺğąőà ŋă áãąáâĺâãæĺï ĺ ńĺâěàăń ŕàĺ ŕàĺńăčăŋě ŋă őŕěàăâőàă ğă áŕěæĺăńĺğăæĺï – âĺŕ ŋă ăàčãňěŋâĺâě ĺ ŋăçĺŋ ŋă ĺğŕőńğãćăŋě (ćåőďŋĺ/ĺğåőďŋĺ).

• Ŕőáâàőïćăŋě ŋă łńăáâěàĺğăæĺőŋŋĺ ďêàćěâă (ăčńőňěàăâĺćŋő ĺ łőŋæěŕâãăńŋő) ğă ęĺćőâŋĺâě őâ äăľńă animals.pl.

13.3 Ńăąőàăâőàŋĺ ãŕàăęŋěŋĺï

• Ěłáŕěàĺňěŋâĺ á rlgg ŋă łńăãğĺ (ŕàěďĺłăâă rlgg/4 őâ ilp.pl).

• Ěłáŕěàĺňěŋâĺ á ăńčőàĺâňĺâě ğă ĺğćőď ŋă łńăãğĺ induce_−rlgg/2 ĺ induce_−spec/2 (őâ äăľńă ilp.pl) ćêàåã ďăŋŋĺâě ğă element/2 ĺ append/3 (äăľńőćě bot_−up1.pl, bot_−up2.pl, top_−dow1.pl ĺ top_−dow2.pl). Ěłáŕěàĺňěŋâĺ á ŕàőňïŋă ŋă ąàőï ŋă ŕőńőęĺâěńŋĺâě (őâàĺæăâěńŋĺâě) ŕàĺňěàĺ.

• Śàăćŋěŋĺě ŋă ąěľáőćĺï łńăáĺäĺłăâőà (bayes.pl) á ăńčőàĺâêňă ğă ŋăľ-ąńĺğłĺï áêáěď (knn.pl) ćêàåã ďăŋŋĺâě monks1.pl.

56 Ğďàăćłő Ňăàłőć, Ńěłæĺĺ ŕő ĺğłãáâćěŋ ĺŋâěńěłâ, ŤŇĹ, 1998

Chapter 14

Łàĺâĺłă ŋă áĺńŋĺï âěğĺá ć ĹĹ

14.1 Ńěłæĺĺ

14.1.1 Śĺńěŋ ĺ áńăą âěğĺá ć ĹĹ 14.1.2 Ţĺŕőâěğă ğă áĺňćőńŋăâă őąàăąőâłă (Ă. Ŋîěń, Ţ. Śăľňêŋ, 61)

• Ąĺőńőčĺçŋő ŕàěďŕőńőęěŋĺě – ŋěćàőŋĺâě ŋă ŋăľ-ďőńŋőâő áĺ ŋĺćő őąàăąőâćăâ ďĺáłàěâŋĺ áĺňćőńĺ. • Ŕáĺåőńőčĺçěáłő ŕàěďŕőńőęěŋĺě – ňĺáńěŋěâő ě ŕàőæěá ŋă ŕàěàăąőâłă ŋă ĺŋäőàňăæĺï, ŋěğăćĺáĺňő őâ ŕàőæěáőàă (ňőğêł, łőňŕîâêà ĺ â.ŋ.)

• Ěŕĺáâěňĺőńőčĺçŋő ŕàěďŕőńőęěŋĺě – âőćă, łőěâő çőćěł ňőęě ďă àăğąěàě (ćêğŕàĺěňě őâ àěăńŋĺï áćïâ), ňőęě ďă áě őŕĺèě äőàňăńŋő.

• Őŋâőńőčĺçŋő ŕàěďŕőńőęěŋĺě – àěăńŋĺïâ áćïâ ňőęě ďă áě őŕĺèě äőàňăńŋő (ŋăŕàĺňěà łăâő ňŋőęěáâćő őâ äăłâĺ).

14.1.3 Šěáâ ğă áĺńŋĺï âěğĺá – âěáâ ŋă Šîàĺŋč 14.1.4 Łĺâăľáłăâă áâăï ŋă Śêàń

Łőňŕîâêàêâ ňőęě ĺ ďă ě áŕőáőąěŋ ďă ĺğďêàęĺ ãáŕěèŋő âěáâă ŋă Šîàĺŋč, ŋő âőľ ŋě ”àăğąĺàă” âőćă łőěâő ćêàèĺ. Łàĺâĺłă ŋă Śêàń:

• Śĺáâěňěŋ őâčőćőà – áĺáâěňăâă őâ çőćěłă, ŕàőčàăňăâă ĺ áâăïâă ”àăğąĺàă”.

• Řőąőâáłĺ őâčőćőà – ăłő ďăďěň ŋă áĺáâěňăâă áěŋğőàĺ ĺ ěäěłâőàĺ, âő âï éě ”àăğąĺàă”. Śĺňćőńĺâě éě ŕőńãçăâ ĺŋâěàŕàěâăæĺï (grounding) çàěğ ćàêğłăâă ĺň á àěăńŋĺï áćïâ ŕőáàěďáâćőň áěŋğőàĺâě ĺ ěäěłâőàĺâě.

• Śĺňãńăæĺï ŋă ňőğêłă – łăłćő éě áâăŋě, ăłő ĺŋłàěňěŋâăńŋő ŕőďňěŋïňě ŋěćàőŋĺâě ć ňőğêłă á ĺğłãáâćěŋĺ âěåŋĺ ěłćĺćăńěŋâĺ?

• Ńĺŕáă ŋă őąěłâĺćěŋ âěáâ ğă ”àăğąĺàăŋěâő” – łăł ďă ďőłăęěň, çě ěďŋă áĺáâěňă (ěáâěáâćěŋă ĺńĺ ĺğłãáâćěŋă) àăğąĺàă, áăňő çàěğ ŋăąńîďěŋĺě őâćêŋ ŋă ŋěľŋőâő ŕőćěďěŋĺě.

14.1.5 Ăàčãňěŋâĺ ŋă Ř. Ŕěŋàőãğ

• Ćáïłă łőňŕîâêàŋă ŕàőčàăňă ě ěłćĺćăńěŋâŋă ŋă äőàňăńŋă áĺáâěňă őâ ăłáĺőňĺ ĺ áńěďőćăâěńŋő ŋěŕêńŋă (âěőàěňăâă ŋă Čìőďěń ğă ŕêńŋőâăâă).

• Ňĺáńěŋěâő ě äőàňăńĺğĺàãěň, ŋő ŋěĺğçĺáńĺň (ăńčőàĺâňĺçŋő ŋěàăğàěèĺň) ŕàőæěá. • Ăłő łőňŕîâêàêâ ě ”ąěğčàěèěŋ” (àăğáêęďăćă ŕő ğăłőŋĺâě ŋă ěďŋă äőàňăńŋă áĺáâěňă), âő âőľ ŋě ňőęě ďă ąêďě ĺŋâěńĺčěŋâěŋ, ŋě ăłő ŋě e (ŋăŕàĺňěà àěăńĺğĺàă ŋăŕêńŋő ŋěďěâěàňĺŋĺàăŋő ŕőćěďěŋĺě ĺńĺ ŋïłăłêć ŋěŕàěłêáŋăâ äĺğĺçěáłĺ ŕàőæěá), âő ďőłőńłő ĺŋâěńĺčěŋâěŋ ňőęě ďă ąêďě âőľ?