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Ïñèõîëîãèÿ ïðèíÿòèÿ ðåøåíèé

Èãðà â øàõìàòû ÿâëÿåòñÿ òðàäèöèîííûì ïðåäìåòîì èçó÷åíèÿ

ïñèõîëîãèè ïðèíÿòèÿ ðåøåíèé. Ïåðâûå ðàáîòû îïóáëèêîâàíû â

1894 ãîäó.

Áîëüøîé âêëàä âí¼ñëè ðàáîòû À. äå Ãðîîòà (1946), Ñàéìîíà

(1982) è äðóãèå. Ïðîâîäèëèñü èññëåäîâàíèÿ ïî äâóì îñíîâíûì

íàïðàâëåíèÿì:

Âîñïðèÿòèå (çàïîìèíàíèå ïîçèöèè)

Ïðèíÿòèå ðåøåíèÿ ïðè âûáîðå õîäà
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Âîñïðèÿòèå

Ýêñïåðèìåíò

Íà âðåìÿ t1 = 5ñ ïðåäúÿâëÿëàñü ïîçèöèÿ. ×åðåç âðåìÿ
t2 = 30ñ ïðåäëàãàëîñü å¼ âîññòàíîâèòü. Àíàëèçðîâàëñÿ
ïîðÿäîê è ÷èñëî ïðàâèëüíî âîññòàíîâëåííûõ ôèãóð.

Ðåçóëüòàòû

1 Íà ðåàëüíûõ ïîçèöèÿõ åñòü ðàçëè÷èå ìåæäó ýêñïåðòàìè è

íîâè÷êàìè.

2 Äëÿ ñëó÷àéíûõ ïîçèöèé ðàçëè÷èÿ íåò.

3 Ôèãóðû ðàññìàòðèâàþòñÿ ëîãè÷åñêè ñâÿçàííûìè

ãðóïïàìè.

4 Íåêîòîðûå ïîçèöèè âîññòàíàâëèâàþòñÿ ïî àññîöèàöèè ñ

äðóãèìè ïàðòèÿìè.
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Ïðèíÿòèå ðåøåíèÿ

Ýêñïåðèìåíò

Ýêñïåðòàì ïðåäúÿâëÿëàñü ïîçèöèÿ èç ðåàëüíîé ïàðòèè.

Ïðåäëàãàëîñü âûáðàòü íàèëó÷øèé õîä. Ïðîèçâîäèòü

ðàññóæäåíèÿ òðåáîâàëîñü âñëóõ.

Ðåçóëüòàòû

1 Ðàññìàòðèâàåòñÿ íåáîëüøîå ÷èñëî õîäîâ-êàíäèäàòîâ.

2 Íåáîëüøàÿ ãëóáèíà àíàëèçà (äî 5 õîäîâ) âíå çàâèñèìîñòè

îò ìàñòåðñòâà.

3 Äåðåâî àíàëèçà ñîäåðæèò 20− 80 óçëîâ.

4 ×àñòûå âîçâðàùåíèÿ íàçàä: àíàëèç õîäà èëè ýïèçîäà ÷àñòî

ïîâòîðÿåòñÿ.
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Òåîðèÿ ïðîãðåññèâíîãî óãëóáëåíèÿ

Ïî ðåçóëüòàòàì ïðîâåäåííûõ èññëåäîâàíèé äå Ãðîîòîì áûëè

âûäåëåíû îñíîâíûå ôàçû ìûøëåíèÿ øàõìàòèñòà1

îðèåíòèðîâêà (âûäåëåíèå ãðóïïû êëþ÷åâûõ ôèãóð);

ðàçâåäêà (ïðîáû íåñêîëüêèõ õîäîâ);

îáðàáîòêà (ñèñòåìàòè÷åñêèé ãëóáîêèé ïðîñ÷¼ò âàðèàíòîâ);

äîêàçàòåëüñòâî (ïðîâåðêà íàä¼æíîñòè ðåçóëüòàòà).

1de Groot A.D., 1946, 2008. Thought and Choice in Chess, Amsterdam
University Press // Amsterdam Academic Archive.
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Ïîëíûé ïåðåáîð

Â 1913 ãîäó â ðàáîòå Öåðìåëî2 áûëî äîêàçàíî ñóùåñòâîâàíèå

îïòèìàëüíîé ñòðàòåãèè èãðû ñ ïîëíîé èíôîðìàöèåé. Ïîäõîä

ñîñòîèò â ïîñòðîåíèè ïîëíîãî äåðåâà èãðû.

2Å. Zermelî, Obereine Anwendung der Mengenlehre attfdie Theorie des
Schachspiels (Cambridge, 1913)
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Îñîáåííîñòè ïåðåáîðíîãî ïîäõîäà

Ïîñëå m õîäîâ äåðåâî èãðû ñîäåðæèò ïîðÿäêà dm ëèñòîâ,

ãäå d � ñðåäíåå êîëè÷åñòâî âîçìîæíûõ õîäîâ â ïîçèöèè.

Äëÿ êðåñòèêîâ-íîëèêîâ d ≈ 5, äëÿ øàõìàò d ≈ 60,
äëÿ ãî d ≈ 400.

Ïîñòðîåíèå òðåáóåò áîëüøîé âû÷èñëèòåëüíîé ìîùíîñòè.

Âêëþ÷àåò â ñåáÿ ìíîæåñòâî î÷åâèäíî áåññìûñëåííûõ

õîäîâ.

Ïðîâîäèòñÿ ñîêðàùåíèå äåðåâà ñ ïîìîùüþ ðàçëè÷íûõ

ýâðèñòè÷åñêèõ ìåòîäîâ (minimax, alpha-beta è äðóãèå).

Ó ñîâðåìåííûõ ïðîãðàìì, ñ ó÷åòîì îòñå÷åíèé,

îñóùåñòâëÿåòñÿ ïåðåáîð 100.000 ïîçèöèé â ñåêóíäó.

(¾Rybka¿)
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Íåéðîííûå ñåòè

Èãðîâûå çàäà÷è ÷àñòî èñïîëüçóþòñÿ êàê ñïîñîá òåñòèðîâàíèÿ è

ïðîâåðêè ýôôåêòèâíîñòè ïðèìåíåíèÿ àëãîðèòìîâ

àâòîìàòè÷åñêîãî îáó÷åíèÿ3.

Ëó÷øèé õîä ðàññìàòðèâàåòñÿ êàê ôóíêöèÿ îò òåêóùåãî

ðàñïîëîæåíèÿ ôèãóð íà äîñêå.

Òðåáóåò áîëüøèõ îáúåìîâ îáó÷àþùèõ äàííûõ.

Âîçìîæíî ñàìîîáó÷åíèå.

Äîñòèãíóòû âûäàþùèåñÿ ðåçóëüòàòû: 13-òè ñëîéíàÿ

íåéðîííàÿ ñåòü îäåðæàëà ïîáåäó 4:1 íàä îäíèì èç

ñèëüíåéøèõ èãðîêîâ ìèðà â ãî Ëè Ñåäîëåì.

Îáúÿñíèòü âûáîð êîíêðåòíîãî õîäà íåëüçÿ.

3Silver D. et al. Mastering the game of Go with deep neural networks and
tree search //Nature. � 2016. � Ò. 529. � �. 7587. � Ñ. 484-489.
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Ñðàâíåíèå

Ïîçèöèè àíàëèçèðóþòñÿ

íåçàâèñèìî

Áîëüøîé îáúåì

îáðàáàòûâàåìûõ äàííûõ

Ñëîæíî îáúÿñíèòü

ïðèíöèïû âûáîðà õîäà

Áëî÷íîå âîñïðèÿòèå

Îãðàíè÷åííûé ïåðåáîð

Ïðîãðåññèâíîå óãëóáëåíèå

Äîëãîñðî÷íîå

ïëàíèðîâàíèå
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È âñ¼-òàêè çà÷åì?

Øàõìàòû, êàê èãðà ñ ïîëíîé èíôîðìàöèåé, ñâîäèòñÿ ê

ðåøåíèþ çàäà÷è êîìáèíàòîðíîé îïòèìèçàöèè.

×åëîâåê ñïîñîáåí ýôôåêòèâíî ðåøàòü ýòó çàäà÷ó íå

ïðèáåãàÿ ê ïîëíîìó ïåðåáîðó âîçìîæíûõ âàðèàíòîâ.

Ñóùåñòâóþùèå èãðîâûå ïðîãðàììû îñíîâûâàþòñÿ íà

àáñîëþòíî èíûõ ìåòîäàõ ðåøåíèÿ.

Ïîíèìàíèå ïðèíöèïîâ, êîòîðûìè ðóêîâîäñòâåòñÿ ÷åëîâåê,

ìîæåò ñïîñîáñòâîâàòü ñîçäàíèþ ýâðèñòè÷åñêèõ

àëãîðèòìîâ ðåøåíèÿ äðóãèõ êîãíèòèâíûõ çàäà÷.

Ïðîöåññ ìûøëåíèÿ ÷åëîâåêà â íàñòîÿùåå âðåìÿ

ñìîäåëèðîâàòü íå óäàëîñü.
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×òî ìîæíî äåëàòü?

Ãëîáàëüíàÿ öåëü ðàáîòû ñâÿçàíà ñ ïîïûòêîé ðåøåíèÿ

ñëåäóþùèõ çàäà÷.

Ôîðìàëüíîå îïèñàíèå ìîäåëè, ñîãëàñóþùåéñÿ ñ

ðåçóëüòàòàìè ïñèõîëîãè÷åñêèõ èññëåäîâàíèé ìûøëåíèÿ

øàõìàòèñòîâ.

Ðåàëèçàöèÿ àëãîðèòìà.

Ïðîâåðêà àäåêâàòíîñòè ìîäåëè, íàïðèìåð, ïóòåì

ñðàâíåíèÿ òðàåêòîðèé äâèæåíèÿ ãëàç øàõìàòèñòîâ è

ñîîòâåòñòâóþùèõ ýëåìåíòîâ ìîäåëè (öåïî÷åê, î êîòîðûõ

áóäåò ðàññêàçàíî äàëåå).



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ñîäåðæàíèå

1 Çà÷åì ýòèì íóæíî çàíèìàòüñÿ?

Êàê äóìàåò ÷åëîâåê

Êàê èãðàþò ñîâðåìåííûå ïðîãðàììû

2 Ìåòîä Ì.Ì. Áîòâèííèêà

3 Ñâî¼

4 Çàêëþ÷åíèå



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ïîäõîä Ì.Ì.Áîòâèííèêà

Áîòâèííèê ïðåäëàãàë àíàëèçèðîâàòü ðàñïîëîæåíèå ôèãóð íà

ñòàòè÷åñêîé äîñêå. Äëÿ ýòîãî íåîáõîäèìî:

îïðåäåëèòü ëîêàëüíûå öåëè äëÿ äàííîé ïîçèöèè;

íàìåòèòü ïëàí äîñòèæåíèÿ öåëè;

ïðîâåðèòü îñóùåñòâèìîñòü ïëàíà;

ïðåäóñìîòðåòü äåéñòâèÿ ïðîòèâíèêà;

îáúåäèíèòü âñå ïëàíû â åäèíîå ïðåäñòàâëåíèå ïîçèöèè;

îïðåäåëèòü îïòèìàëüíóþ ïîñëåäîâàòåëüíîñòü äåéñòâèé.

Äàííûé ïîäõîä ðàññìàòðèâàëñÿ êàê ñðåäñòâî ðåøåíèÿ

øèðîêîãî êëàññà êîìáèíàòîðíî-îïòèìèçàöèîííûõ çàäà÷.
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Îñíîâíûå ïîíÿòèÿ

Òðàåêòîðèÿ ïîñëåäîâàòåëüíîñòü ïîëåé äâèæåíèÿ ôèãóðû íà

ïóñòîé äîñêå

Ãîðèçîíò ìàêñèìàëüíàÿ äëèíà ðàññìàòðèâàåìûõ òðàåêòîðèé

Öåëü ôèãóðû ïðîòèâíèêà èëè ïîëÿ

Ïîäöåïî÷êà äåéñòâèÿ, íàïðàâëåííûå íà äîñòèæåíèå öåëè

Öåïî÷êà ñîâîêóïíîñòü äåéñòâèé, íàïðàâëåííûõ íà

äîñòèæåíèå öåëè

Âèëî÷íîñòü ñîâïàäåíèå ÷àñòåé öåïî÷åê

Îöåíêà ôèãóðû ÷èñëîâàÿ õàðàêòåðèñòèêà ¾ïîëåçíîñòè¿

ôèãóðû

Âðåìÿ óñïåâàíèÿ äîïóñòèìîå ÷èñëî õîäîâ äëÿ çàùèòû îò àòàêè

ïðîòèâíèêà
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Öåïî÷êà � êëþ÷åâîå ïîíÿòèå ìåòîäà

8 0Z0Z0Z0Z
7 M0Z0Z0Z0
6 0Z0Z0Z0Z
5 O0Z0Z0Z0
4 0Z0Z0Z0Z
3 Z0Z0Z0Zb
2 0Z0Z0Z0Z
1 Z0Z0Z0Z0

a b c d e f g h

Öåëü - äîñòèæåíèå ïåøêîé

ïîëÿ a8

Òðàåêòîðèÿ - a5-a6-a7-a8

Ïîäöåïî÷êà-1 - îñâîáîæäåíèå

òðàåêòîðèè a7-b5, a7-c6, a7-c8

Ïîäöåïî÷êà-1 - çàùèòà

ïðîòèâíèêà h3-g2-(a8),

h3-f1-(a6), h3-c8-(a6)

Ïîäöåïî÷êà-2 - ïîääåðæêà

a7-b5-c7-(a8, a6), a7-c8-b6-(a8)

(çàùèòà îò ïîäöåïî÷êè-1)

Âèëî÷íîñòü - îñâîáîæäåíèå +

ïîääåðæêà
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Âèëî÷íîñòü - îñâîáîæäåíèå +

ïîääåðæêà



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Öåïî÷êà � êëþ÷åâîå ïîíÿòèå ìåòîäà

8 0Z0Z0Z0Z
7 M0Z0Z0Z0
6 0Z0Z0Z0Z
5 O0Z0Z0Z0
4 0Z0Z0Z0Z
3 Z0Z0Z0Zb
2 0Z0Z0Z0Z
1 Z0Z0Z0Z0

a b c d e f g h

Öåëü - äîñòèæåíèå ïåøêîé

ïîëÿ a8

Òðàåêòîðèÿ - a5-a6-a7-a8

Ïîäöåïî÷êà-1 - îñâîáîæäåíèå

òðàåêòîðèè a7-b5, a7-c6, a7-c8

Ïîäöåïî÷êà-1 - çàùèòà

ïðîòèâíèêà h3-g2-(a8),

h3-f1-(a6), h3-c8-(a6)

Ïîäöåïî÷êà-2 - ïîääåðæêà

a7-b5-c7-(a8, a6), a7-c8-b6-(a8)

(çàùèòà îò ïîäöåïî÷êè-1)

Âèëî÷íîñòü - îñâîáîæäåíèå +

ïîääåðæêà



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ïðèìåð öåïî÷êè: äåðåâî

a5 a6 a7 a8

a7 b5 c7

h3 g2

8 0Z0Z0Z0Z
7 M0Z0Z0Z0
6 0Z0Z0Z0Z
5 O0Z0Z0Z0
4 0Z0Z0Z0Z
3 Z0Z0Z0Zb
2 0Z0Z0Z0Z
1 Z0Z0Z0Z0

a b c d e f g h

Ïóíêòèðîì îòìå÷åíû ïîëÿ, ê êîòîðûì ¾ïîäòÿíóòû¿

ñîîòâåñòâóþùèå ïîäöåïî÷êè.



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Çàäà÷à ïîñòðîåíèÿ öåïî÷êè

Çàäà÷à ïîñòðîåíèÿ öåï÷êè ñîñòîèò â íàõîæäåíèè äëÿ çàäàííîé

íà÷àëüíîé ïîäöåïî÷êè-0 ¾îïòèìàëüíîãî¿ íàáîðà ïîäöåïî÷åê,

çà áåëûõ è ÷åðíûõ. Ïîäöåïî÷êà-0 � ýòî íà÷àëüíûé ïëàí

äîñòèæåíèÿ öåëè. Öåïî÷êà � åãî ðåàëèçàöèÿ.

Öåïî÷êè ñòðîÿòñÿ íåçàâèñèìî äðóã îò äðóãà (äå Ãðîîò).

Îñíîâíûå ñëîæíîñòè:

âûñîêàÿ âàðèàòèâíîñòü;

çàâèñèìîñòè ìåæäó ïîäöåïî÷êàìè (âèëî÷íîñòü);

êàê ñëåäñòâèå � èçìåí÷èâîñòü äîñòóïíîãî âðåìåíè;

ïîäâèæíîñòü öåëè.

Ñòîèìîñòü öåïî÷êè è âûáîð ïîäöåïî÷åê, âõîäÿùèõ â å¼ ñîñòàâ,

çàâèñèò îò îöåíêè ñòîèìîñòè ôèãóð.



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ýòþä Ð. Ðåòè (1921): âçàèìîñâÿçü öåïî÷åê

8 0Z0Z0Z0J
7 Z0Z0Z0Z0
6 kZPZ0Z0Z
5 Z0Z0Z0Zp
4 0Z0Z0Z0Z
3 Z0Z0Z0Z0
2 0Z0Z0Z0Z
1 Z0Z0Z0Z0

a b c d e f g h

Õîä áåëûõ. Íè÷üÿ.



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ýòþä Ð. Ðåòè (1921): âçàèìîñâÿçü öåïî÷åê

8 0Z0Z0Z0J
7 Z0O0Z0Z0
6 kZ0Z0Z0Z
5 Z0Z0Z0Zp
4 0Z0Z0Z0Z
3 Z0Z0Z0Z0
2 0Z0Z0Z0Z
1 Z0Z0Z0Z0

a b c d e f g h

Õîä áåëûõ. Íè÷üÿ.

Ïðîâåñòè ñâîþ ïåøêó â ôåðçè

íå óäà¼òñÿ, òàê êàê êîðîëü

÷åðíûõ å¼ ëåãêî äîãîíÿåò.



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ýòþä Ð. Ðåòè (1921): âçàèìîñâÿçü öåïî÷åê

8 0Z0Z0Z0J
7 Z0Z0Z0Z0
6 kZPZ0Z0Z
5 Z0Z0Z0Zp
4 0Z0Z0Z0Z
3 Z0Z0Z0Z0
2 0Z0Z0Z0Z
1 Z0Z0Z0Z0

a b c d e f g h

Õîä áåëûõ. Íè÷üÿ.



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ýòþä Ð. Ðåòè (1921): âçàèìîñâÿçü öåïî÷åê

8 0Z0Z0Z0Z
7 Z0Z0Z0ZK
6 kZPZ0Z0Z
5 Z0Z0Z0Zp
4 0Z0Z0Z0Z
3 Z0Z0Z0Z0
2 0Z0Z0Z0Z
1 Z0Z0Z0Z0

a b c d e f g h

Õîä áåëûõ. Íè÷üÿ.

Äîãíàòü ÷¼ðíóþ ïåøêó íå

ïîëó÷àåòñÿ. Îíà óáåãàåò.



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ýòþä Ð. Ðåòè (1921): âçàèìîñâÿçü öåïî÷åê

8 0Z0Z0Z0J
7 Z0Z0Z0Z0
6 kZPZ0Z0Z
5 Z0Z0Z0Zp
4 0Z0Z0Z0Z
3 Z0Z0Z0Z0
2 0Z0Z0Z0Z
1 Z0Z0Z0Z0

a b c d e f g h

Õîä áåëûõ. Íè÷üÿ.

×òî æå òîãäà äåëàòü?



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ýòþä Ð. Ðåòè (1921): âçàèìîñâÿçü öåïî÷åê

8 0Z0Z0Z0Z
7 Z0Z0J0Z0
6 kZPZ0Z0Z
5 Z0Z0Z0Zp
4 0Z0Z0Z0Z
3 Z0Z0Z0Z0
2 0Z0Z0Z0Z
1 Z0Z0Z0Z0

a b c d e f g h

Õîä áåëûõ. Íè÷üÿ.

Åñëè êîðîëü áåëûõ áûë áû íà

ïîëå e7, òî ìîæíî áûëî áû

ïîéòè 1. c7 Kb7 2. Kd7 è 3. c8Q



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ýòþä Ð. Ðåòè (1921): âçàèìîñâÿçü öåïî÷åê

8 0Z0Z0Z0Z
7 Z0O0J0Z0
6 kZ0Z0Z0Z
5 Z0Z0Z0Zp
4 0Z0Z0Z0Z
3 Z0Z0Z0Z0
2 0Z0Z0Z0Z
1 Z0Z0Z0Z0

a b c d e f g h

Õîä áåëûõ. Íè÷üÿ.

Åñëè êîðîëü áåëûõ áûë áû íà

ïîëå e7, òî ìîæíî áûëî áû

ïîéòè 1. c7 Kb7 2. Kd7 è 3. c8Q



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ýòþä Ð. Ðåòè (1921): âçàèìîñâÿçü öåïî÷åê

8 0Z0Z0Z0Z
7 ZkO0J0Z0
6 0Z0Z0Z0Z
5 Z0Z0Z0Zp
4 0Z0Z0Z0Z
3 Z0Z0Z0Z0
2 0Z0Z0Z0Z
1 Z0Z0Z0Z0

a b c d e f g h

Õîä áåëûõ. Íè÷üÿ.

Åñëè êîðîëü áåëûõ áûë áû íà

ïîëå e7, òî ìîæíî áûëî áû

ïîéòè 1. c7 Kb7 2. Kd7 è 3. c8Q



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ýòþä Ð. Ðåòè (1921): âçàèìîñâÿçü öåïî÷åê

8 0Z0Z0Z0Z
7 ZkOKZ0Z0
6 0Z0Z0Z0Z
5 Z0Z0Z0Zp
4 0Z0Z0Z0Z
3 Z0Z0Z0Z0
2 0Z0Z0Z0Z
1 Z0Z0Z0Z0

a b c d e f g h

Õîä áåëûõ. Íè÷üÿ.

Åñëè êîðîëü áåëûõ áûë áû íà

ïîëå e7, òî ìîæíî áûëî áû

ïîéòè 1. c7 Kb7 2. Kd7 è 3. c8Q



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ýòþä Ð. Ðåòè (1921): âçàèìîñâÿçü öåïî÷åê

8 0Z0Z0Z0J
7 Z0Z0Z0Z0
6 kZPZ0Z0Z
5 Z0Z0Z0Zp
4 0Z0Z0Z0Z
3 Z0Z0Z0Z0
2 0Z0Z0Z0Z
1 Z0Z0Z0Z0

a b c d e f g h

Ðåøåíèå ïîëó÷àåì

îáúåäèíåíèåì äâóõ èäåé (äâóõ

öåïî÷åê).

Ïåðâàÿ � Êðh8-g7-f6-e7

(ïîäöåïî÷êà-1 äëÿ c6-c7-c8Ô).

Âòîðàÿ �

Êðh8-g7-f6-e5-f4-g3-h2

(¾çàùèòíàÿ¿ ïîäöåïî÷êà-1 äëÿ

h5-h4-h3-h2-h1Ô)

Íàëè÷èå îáùåé ÷àñòè ïîçâîëÿåò âûèãðàòü íåîáõîäèìîå âðåìÿ.



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Îáùåå îïèñàíèå ¾àëãîðèòìà¿

Îñíîâûâàÿñü íà àíàëèçå ïîäîáíûõ ïðèìåðîâ, âûäåëÿþòñÿ

ñëåäóþùèå ýòàïû èòåðàöèîííîãî àëãîðèòìà:

ïîñòðîåíèå öåïî÷åê (ëîêàëüíàÿ îïòèìèçàöèÿ âíóòðè

öåïî÷êè);

îáúåäèíåíèå öåïî÷åê â åäèíîå ïåðäñòàâëåíèå ïîçèöèè

(âèëî÷íîñòü, âûáîð íàèáîëåå âàæíîé öåïî÷êè äëÿ

¾ïåðåãðóæåííîé¿ ôèãóðû);

ðàñ÷åò íîâûõ îöåíîê ñòîèìîñòè ôèãóð (ñ ó÷åòîì íàáîðà èõ

öåïî÷åê);

âûáîð õîäîâ-êàíäèäàòîâ;

âûáîð ëó÷øåãî õîäà ïóòåì ïîñòðîåíèå äåðåâà ïåðåáîðà.



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ïðîáëåìû ðåàëèçàöèè

Âîçìîæíîñòü ðåàëèçàöèè äàííîãî ìåòîäà ñîïðÿæåíà ñ öåëîì

ðÿäîì ïðîáëåì.

Äèíàìè÷åñêèé ãîðèçîíò ñîáûòèé: íåëüçÿ ñðàçó

îòáðàñûâàòü âàðèàíò, òàê êàê âèëî÷íîñòü ìîæåò ñäåëàòü

åãî âîçìîæíûì.

Äèíàìè÷åñêàÿ îöåíêà ôèãóð è öåïî÷åê: ñõîäèìîñòü

èòåðàöèîííîãî àëãîðèòìà íå î÷åâèäíà.

Ñâÿçü ìåæäó öåïî÷êàìè: âèëêà, ñâÿçêà, çàâëå÷åíèå,

îòâëå÷åíèå, ïåðåãðóçêà ôèãóðû è ò.ï.

Òðàåêòîðèè ñ ïîäâèæíîé öåëüþ.

Îòñóòñòâèå ñòðîãîé ôîðìàëüíîé ïîñòàíîâêè.



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ñîäåðæàíèå

1 Çà÷åì ýòèì íóæíî çàíèìàòüñÿ?

Êàê äóìàåò ÷åëîâåê

Êàê èãðàþò ñîâðåìåííûå ïðîãðàììû

2 Ìåòîä Ì.Ì. Áîòâèííèêà

3 Ñâî¼

4 Çàêëþ÷åíèå



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Òåõíè÷åñêèå øàãè äëÿ ðåøåíèÿ çàäà÷è

Äëÿ ðåøåíèÿ ñîäåðæàòåëüíûõ çàäà÷ íåîáõîäèìî ðåàëèçîâàòü

ðÿä âñïîìîãàòåëüíûõ ôóíêöèé:

îïðåäåëèòü ñîîòâåòñòâèå õîäà ïðàâèëàì;

ñòðîèòü òðàåêòîðèè íà ïóñòîé äîñêå;

îöåíèâàòü ïîñëåäîâàòåëüíîñòü âçÿòèé è âåëè÷èíó ðàçìåíà

íà ïîëå;

íàõîäèòü ôèãóðû, ñïîñîáíûå ïîâëèÿòü íà ðàçìåí, è

ïîçèöèè, êîòîðûå èì íåîáõîäèìî çàíÿòü;

Âñå ýòè ôóíêöèè áûëè ðåàëèçîâàíû.



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ïðèìåð öåïî÷êè: äåðåâî (ïîâòîð)

a5 a6 a7 a8

a7 b5 c7

h3 g2

8 0Z0Z0Z0Z
7 M0Z0Z0Z0
6 0Z0Z0Z0Z
5 O0Z0Z0Z0
4 0Z0Z0Z0Z
3 Z0Z0Z0Zb
2 0Z0Z0Z0Z
1 Z0Z0Z0Z0

a b c d e f g h

Ïóíêòèðîì îòìå÷åíû ïîëÿ, ê êîòîðûì ¾ïîäòÿíóòû¿

ñîîòâåñòâóþùèå ïîäöåïî÷êè.



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ôîðìàëüíàÿ ìîäåëü

Ìíîæåñòâî ïîëåé äîñêè S := {a1, b1, . . . , h8}.
Òèïû ïîëåé ST := {stop, internal} � ïîëÿ îñòàíîâêè èëè

ïðîìåæóòî÷íûå.

Ìíîæåñòâî òèïîâ ôèãóð K := {K ,Q,R,B,N,P}
Öâåòà ñîïåðíèêîâ C := {black,white}
Òðàåêòîðèÿ T ∈ (S × ST )+ � óïîðÿäî÷åííûé íàáîð ïîëåé.

Äîñêà ∆: S → K × C � ñîîòâåòñâòèå ïîëþ ôèãóðû (òèïà è

öâåòà).

Öåïî÷êà Chain := 〈color , traj , sa〉, ãäå color ∈ C � öâåò öåïî÷êè,
traj ∈ T � îñíîâíàÿ òðàåêòîðèÿ öåïî÷êè, sa ⊂ N× 2Chains �
ìíîæåñòâî âñïîìîãàòåëüíûõ äåéñòâèé äëÿ ïðîõîäèìîñòè ïîëÿ

òðàåêòîðèè.

Â ýòîì êîíòåêñòå ïîíÿòèå ôèãóðû ïðèíèìàåò âèä âñåõ öåïî÷åê

îäíîãî öâåòà ñ îáùèì íà÷àëîì òðàåêòîðèé.



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ïðèìåð ôèãóðû

a7 b5 c7

b6

b8 a6

a8

c6

c8

8 0Z0Z0Z0Z
7 M0Z0Z0Z0
6 0Z0Z0Z0Z
5 O0Z0Z0Z0
4 0Z0Z0Z0Z
3 Z0Z0Z0Zb
2 0Z0Z0Z0Z
1 Z0Z0Z0Z0

a b c d e f g h

Ïóíêòèðîì îòìå÷åíû öåïî÷êè, ¾ïîääåðæèâàþùèå¿ ðàçìåí.



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Îöåíî÷íàÿ ôóíêöèÿ

Äëÿ âû÷èñëåíèÿ îöåíî÷íîé ôóíêöèè öåïî÷êè íåîáõîäèìû:

epchain (n) ∈ 2Pieces � ìíîæåñòâî ôèãóð, ó÷àñòâóþùèõ â

ðàçìåíå íà n-îì ïîëå òðàåêòîðèè.

value (p) ∈ Z � ñòîèìîñòü ôèãóðû, áåëûå ôèãóðû èìåþò

ïîëîæèòåëüíóþ îöåíêó, ÷åðíûå � îòðèöàòåëüíóþ.

lenchain (traj) ∈ N+ � äëèíà òðàåêòîðèè.

Îïðåäåëèì îöåíî÷íóþ ôóíêöèþ ϕ : Chains→ N:

ϕ (ch) =
∑

k∈[0,l ]

∑
p∈ep(k)

value (p) +
∑

sch∈sa(k,traj)

ϕ (sch)

Ñîãëàñíî ïîëó÷åííîé îöåíêå, ïîñòðîèì ãðàô, óçëàìè êîòîðîãî

ÿâëÿþòñÿ îöåíåííûå öåïî÷êè, èìåþùèå îäèíàêîâóþ

èçíà÷àëüíóþ ñòðóêòóðó - ïîäöåïî÷êó-0.



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Ãðàô öåïî÷åê

Åñëè äâå öåïî÷êè (Γ0,0, α0) è (Γ0,1, α1) òàêîâû, ÷òî α0 > α1, òî

ïðîâîäèòñÿ ðåáðî ÷åðíîãî öâåòà. Ýòî îçíà÷àåò, ÷òî ÷åðíûå

ìîãóò óëó÷øèòü îöåíêó â ñâîþ ïîëüçó.

Γ0,0, α0 Γ0,1, α1 Γ2,1, α4

Γ1,1, α2Γ1,0, α3

Γ2,2, α5

Γ2,3, α6 Γ2,4, α7



Çà÷åì Ìåòîä Ì.Ì. Áîòâèííèêà Ñâî¼ Çàêëþ÷åíèå

Îïòèìàëüíàÿ öåïî÷êà

Âûáîð öåïî÷êè ñ íàøåé ñòîðîíû îïðåäåëÿåòñÿ ìàêñèìàëüíûì

çíà÷åíèåì îöåíî÷íîé ôóíêöèè, â òî âðåìÿ êàê ïðîòèâíèê,

íàîáîðîò, ñòðåìèòñÿ ðåàëèçîâàòü öåïî÷êó, êîòîðàÿ å¼

ìèíèìèçèðóåò.

Òî åñòü, ïðîòèâíèê âûáèðàåò öåïî÷êó òîé æå ñòðóêòóðû íàøåãî

öâåòà, çàìåíÿÿ â íåé ïîäöåïî÷êè ñâîåãî öâåòà, ÷òîáû

ìàêñèìàëüíî óìåíüøèòü îöåíêó.

Â ñëó÷àå öèêëà, îïòèìàëüíûì ñ÷èòàåòñÿ òîò óçåë, â êîòîðîì

ïðè íàèëó÷øåì âûáîðå ïðîòèâíèêà, ìû èìååì âîçìîæíîñòü

óëó÷øèòü îöåíêó.

Ïðè ëèíåéíîé ñòðóêòóðå îïòèìàëüíà ëèñòîâàÿ âåðøèíà ñ

ìàêñèìàëüíîé îöåíêîé.
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Òðóäíîñòè íàõîæäåíèÿ îïòèìàëüíîé öåïî÷êè

Îñíîâíàÿ òðóäíîñòü çàêëþ÷àåòñÿ â ïîñòðîåíèè ãðàôà öåïî÷åê,

òàê êàê ïðè ïîñòðîåíèè íåîáõîäèìî âêëþ÷àòü â íåãî

âñåâîçìîæíûå öåïî÷êè.

Âìåñòî ïîëíîãî ïåðåáîðà âàðèàíòîâ, õîòåëîñü áû èìåòü

ñòðóêòóðó, äîñòðàèâàþùóþ ïîäöåïè äèíàìè÷åñêè, åñëè

âîçíèêàåò òàêàÿ íåîáõîäèìîñòü.

Òàê æå îöåíêà ôèãóð íå ÿâëÿåòñÿ ôèêñèðîâàííûì ÷èñëîì, à

çàâèñèò îò öåïî÷åê, â êîòîðûõ îíà ó÷àñòâóåò.

Îäíà è òà æå ôèãóðà â îäíîé öåïî÷êå ìîæåò âûïîëíÿòü

íåñêîëüêî ôóíêöèé, òî åñòü, ó÷àñòâîâàòü â íåñêîëüêèõ

ïîäöåïî÷êàõ. Â çàâèñèìîñòè îò âðåìåííûõ ðàìîê, å¼ ïîâåäåíèå

òàê æå ìîæåò ðàçëè÷àòüñÿ.
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Ñîäåðæàíèå

1 Çà÷åì ýòèì íóæíî çàíèìàòüñÿ?

Êàê äóìàåò ÷åëîâåê

Êàê èãðàþò ñîâðåìåííûå ïðîãðàììû

2 Ìåòîä Ì.Ì. Áîòâèííèêà

3 Ñâî¼

4 Çàêëþ÷åíèå
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Èòîãè

Ðåçóëüòàòû, ïîëó÷åííûå íà äàííûé ìîìåíò:

ðåàëèçîâàíû âñïîìîãàòåëüíûå ôóíêöèè;

ñôîðìóëèðîâàíî ïîíÿòèå îïòèìàëüíîé öåïî÷êè;

íàìå÷åí àëãîðèòì ðåøåíèÿ îáùåé çàäà÷è èòåðàöèîííûì

ìåòîäîì.
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Ñïàñèáî çà âíèìàíèå
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