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Outline

1 Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå

Îñíîâíàÿ èäåÿ

Ñõåìà

2 Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Íà÷àëüíûå äàííûå è ïîäðîáíàÿ ñõåìà

Ãåíåòè÷åñêèå îïåðàöèè

Ïðèìåð

Îáñóæäåíèå

3 Êðåñòèêè-íîëèêè

Ïîñòàíîâêà çàäà÷è è ñòðóêòóðà ñåòè

Àëãîðèòì

×òî ïîëó÷èëîñü è ÷òî äàëüøå?
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Èñòîðèÿ

Åù¼ Òüþðèíã ïèñàë î ãåíåðàöèè ïðîãðàìì ïîñðåäñòâîì

ìóòàöèé è åñòåñòâåííîãî îòáîðà.

Çàòåì îá ýòîì âñïîìíèëè â ñåðåäèíå 1980-õ, áûëà

ðàçðàáîòàíà îñíîâíàÿ ïàðàäèãìà.
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Óñïåõè ãåíåòè÷åñêîãî ïðîãðàììèðîâàíèÿ

Áûë ïîëó÷åí ðÿä ðåçóëüòàòîâ, êîòîðûå âïîëíå ìîãóò

ñîïåðíè÷àòü ñ ÷åëîâå÷åñêèìè.

Íàïðèìåð, â 2002 ãîäó áûëè ðàçðàáîòàíû òðè

àâòîìàòè÷åñêèõ êîíòðîëëåðà, êîòîðûå áûëè ëó÷øå, ÷åì

âñå ðàíåå èçâåñòíûå. Íà ýòè êîíòðîëëåðû ïîäàíà

ïàòåíòíàÿ çàÿâêà, êîòîðóþ, ñêîðåå âñåãî, óäîâëåòâîðÿò.

Ôàêòè÷åñêè, ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå óæå ìîæåò

ñîâåðøàòü íàñòîÿùèå îòêðûòèÿ.

Ñì. http://www.genetic-programming.com
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Ãåíåòè÷åñêèå àëãîðèòìû

Âñïîìíèì ñõåìó ãåíåòè÷åñêîãî àëãîðèòìà:

Ñãåíåðèðîâàòü íà÷àëüíóþ ïîïóëÿöèþ.

Ïîêà íå äîñòèãíóòî çíà÷åíèå, áîëüøåå Fitnessmax:

Âûáðàòü ÷àñòü ñóùåñòâóþùåé ïîïóëÿöèè (îòäàâàÿ

ïðåäïî÷òåíèå áîëåå ïðèñïîñîáëåííûì îñîáÿì).

Ïðèìåíèòü ê ýòîé ÷àñòè ãåíåòè÷åñêèå îïåðàöèè, ïîðîäèâ

ïîòîìêîâ.

Ïîäñ÷èòàòü Fitness äëÿ îñîáåé íîâîé ïîïóëÿöèè.
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Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå

Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå � ïðèìåíåíèå

ãåíåòè÷åñêèõ àëãîðèòìîâ, ïîïóëÿöèåé êîòîðûõ ÿâëÿþòñÿ

ïðîãðàììû (àëãîðèòìû).

Ò.å. ôàêòè÷åñêè ìû óæå çíàåì, ÷òî äåëàòü. Äàâàéòå

êîíêðåòèçèðóåì.
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Íà÷àëüíûå äàííûå

Ìû áóäåì ñòðîèòü ïðîãðàììó êàê äåðåâî. ×åëîâåê äîëæåí

óêàçàòü:

Íàáîð òåðìèíàëîâ � íåçàâèñèìûõ ïåðåìåííûõ, íóëüàðíûõ

ôóíêöèé, êîíñòàíò � êîòîðûå áóäóò ñòîÿòü â ëèñòüÿõ

äåðåâà.

Íàáîð ïðèìèòèâíûõ ôóíêöèé, êîòîðûå áóäóò â äðóãèõ

óçëàõ äåðåâà.

Ìåðó ïðèñïîñîáëåííîñòè (�tness measure).

Ïàðàìåòðû çàïóñêà ïðîãðàììû (óâèäèì íèæå).

Êðèòåðèé îñòàíîâêè è öåëü âñåãî ïðîöåññà.
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Áîëåå ïîäðîáíàÿ ñõåìà
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Ñëó÷àéíîå ïîðîæäåíèå

Ñëó÷àéíî âûáèðàåì óçëû èç ñïèñêà, âêëþ÷àÿ òåðìèíàëû,

à çàòåì ãåíåðèðóåì ñëåäóþùèå óðîâíè íà îñíîâå àðíîñòè

âûáðàííûõ ôóíêöèé.

Ìîæíî çàäàòü ìàêñèìàëüíóþ ãëóáèíó.
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Ìóòàöèÿ

Âûáðàòü ñëó÷àéíûé óçåë è âûðàñòèòü èç íåãî íîâóþ

ñëó÷àéíóþ ïðîãðàììó.

Óçåë íå îáÿçàòåëüíî äîëæåí áûòü ëèñòîì
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Êðîññîâåð

Âûáðàòü äâå ñëó÷àéíûå ïðîãðàììû.

Âûáðàòü â íèõ äâà ñëó÷àéíûõ óçëà è ïîìåíÿòü ìåñòàìè

ïîääåðåâüÿ, ðàñòóùèå èç ýòèõ óçëîâ

Âàðèàíò: îäíó èç ïðîãðàìì íå òðîãàòü, òîëüêî ñêîïèðîâàòü

å¼ ïîääåðåâî âî âòîðóþ.

Ñåðãåé Íèêîëåíêî Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå



Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

Íà÷àëüíûå äàííûå è ïîäðîáíàÿ ñõåìà
Ãåíåòè÷åñêèå îïåðàöèè
Ïðèìåð
Îáñóæäåíèå

Êðîññîâåð
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Ïîñòàíîâêà çàäà÷è

Áóäåì ðåàëèçîâûâàòü ïðîãðàììó, ïîäñ÷èòûâàþùóþ

ôóíêöèþ x2 + x + 1.

Ìíîæåñòâî òåðìèíàëîâ � îäíà ïåðåìåííàÿ x è êîíñòàíòû

(íàïðèìåð, îò −5 äî 5).

Ìíîæåñòâî ýëåìåíòàðíûõ ôóíêöèé � {+,−, ∗,%}.
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Ïîñòàíîâêà çàäà÷è

Êàêóþ âûáðàòü ôóíêöèþ îøèáêè?
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Êàêóþ âûáðàòü ôóíêöèþ îøèáêè?

Ôóíêöèÿ îøèáêè � èíòåãðàë îò ðàçíîñòè ìåæäó

ôóíêöèåé, êîòîðóþ ðåàëèçóåò ïðîãðàììà èç ïîïóëÿöèè, è

öåëåâîé ôóíêöèåé x2 + x + 1.

Ñåðãåé Íèêîëåíêî Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå



Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

Íà÷àëüíûå äàííûå è ïîäðîáíàÿ ñõåìà
Ãåíåòè÷åñêèå îïåðàöèè
Ïðèìåð
Îáñóæäåíèå

Ïåðâûé øàã

Ñãåíåðèðîâàëè ñëó÷àéíóþ ïîïóëÿöèþ:
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Ïåðâûé øàã

Å¼ ïðèñïîñîáëåííîñòü äàëåêà îò èäåàëà:
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Îáñóæäåíèå

Âòîðîé øàã

Âûáðàëè (a) äëÿ âîñïðîèçâîäñòâà.

Âûáðàëè (c) äëÿ ìóòàöèè, ïîìåíÿëè 2 íà äåðåâî,

ïîäñ÷èòûâàþùåå (x%x).

Âûáðàëè (a) è (b) äëÿ êðîññîâåðà, ïîìåíÿëè ìåñòàìè

äåðåâî ñ êîðíåì â + è x .
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Ïîñëå âòîðîãî øàãà

Ïîëó÷èëîñü:

Îñòàëîñü ïîäñ÷èòàòü ôóíêöèþ ïðèñïîñîáëåííîñòè íîâîé

ïîïóëÿöèè è óáåäèòüñÿ, ÷òî â íåé åñòü èäåàëüíàÿ îñîáü.
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Âûðàáîòêà çàäà÷è äëÿ ðåøåíèÿ

Êàêèå çàäà÷è ìîæíî ðåøàòü ãåíåòè÷åñêèì

ïðîãðàììèðîâàíèåì? Äàâàéòå âûðàáîòàåì ¾òåõíè÷åñêîå

çàäàíèå¿ îäíîé èç òàêèõ çàäà÷.

Óïðàæíåíèå

Ðåàëèçîâàòü âûáðàííóþ çàäà÷ó ãåíåòè÷åñêîãî

ïðîãðàììèðîâàíèÿ.

Ñåðãåé Íèêîëåíêî Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå



Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

Ïîñòàíîâêà çàäà÷è è ñòðóêòóðà ñåòè
Àëãîðèòì
×òî ïîëó÷èëîñü è ÷òî äàëüøå?

Outline

1 Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå

Îñíîâíàÿ èäåÿ

Ñõåìà

2 Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Íà÷àëüíûå äàííûå è ïîäðîáíàÿ ñõåìà

Ãåíåòè÷åñêèå îïåðàöèè

Ïðèìåð

Îáñóæäåíèå

3 Êðåñòèêè-íîëèêè

Ïîñòàíîâêà çàäà÷è è ñòðóêòóðà ñåòè

Àëãîðèòì

×òî ïîëó÷èëîñü è ÷òî äàëüøå?

4 Net�ix Prize

Ñåðãåé Íèêîëåíêî Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå



Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

Ïîñòàíîâêà çàäà÷è è ñòðóêòóðà ñåòè
Àëãîðèòì
×òî ïîëó÷èëîñü è ÷òî äàëüøå?

Çàäà÷à

Çàäà÷à: ðåàëèçîâàòü ïðîãðàììó, êîòîðàÿ áû èãðàëà â

¾êðåñòèêè-íîëèêè¿, ñàìîîáó÷àÿñü ïî äîðîãå.

Êàê âû äóìàåìå, êàêîé êîíêðåòíûé àïïàðàò ëó÷øå

ïðèìåíèòü?

Ñåðãåé Íèêîëåíêî Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå



Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

Ïîñòàíîâêà çàäà÷è è ñòðóêòóðà ñåòè
Àëãîðèòì
×òî ïîëó÷èëîñü è ÷òî äàëüøå?

Çàäà÷à

Çàäà÷à: ðåàëèçîâàòü ïðîãðàììó, êîòîðàÿ áû èãðàëà â

¾êðåñòèêè-íîëèêè¿, ñàìîîáó÷àÿñü ïî äîðîãå.

Êàê âû äóìàåìå, êàêîé êîíêðåòíûé àïïàðàò ëó÷øå

ïðèìåíèòü?

Ýòî, ñêîðåå âñåãî, íå ëó÷øèé ñïîñîá, íî ÿ ðåàëèçîâàë

¾êðåñòèêè-íîëèêè¿ íåéðîííîé ñåòüþ.

Ñåðãåé Íèêîëåíêî Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå



Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

Ïîñòàíîâêà çàäà÷è è ñòðóêòóðà ñåòè
Àëãîðèòì
×òî ïîëó÷èëîñü è ÷òî äàëüøå?

Ñòðóêòóðà ñåòè

Ïðåäïîëîæèì, ÷òî èãðàåì íà ïîëå n × n.

Òîãäà ó ñåòè n2 âõîäîâ, ðåàëèçóþùèõ ïîçèöèþ íà äîñêå

(1 � ñòîèò êðåñòèê, −1 � ñòîèò íîëèê, 0 � ïóñòî).

Ñåòü áóäåò ãëóáèíû 2 � åñòü ñêðûòûé óðîâåíü è îäèí

ïåðöåïòðîí íà âòîðîì óðîâíå, ðåçóëüòàò êîòîðîãî ïîäà¼òñÿ

íà âûõîä.

Ñåðãåé Íèêîëåíêî Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå



Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

Ïîñòàíîâêà çàäà÷è è ñòðóêòóðà ñåòè
Àëãîðèòì
×òî ïîëó÷èëîñü è ÷òî äàëüøå?

Ñòðóêòóðà ñåòè

Ïåðöåïòðîíû � íåëèíåéíûå (ñèãìîèä).

Ðåçóëüòàòîì ðàáîòû íåéðîííîé ñåòè äîëæíà áûòü îöåíêà

ïîçèöèè.

Êàêîé äîëæåí áûòü àëãîðèòì?

Ñåðãåé Íèêîëåíêî Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå



Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

Ïîñòàíîâêà çàäà÷è è ñòðóêòóðà ñåòè
Àëãîðèòì
×òî ïîëó÷èëîñü è ÷òî äàëüøå?

Àëãîðèòì

Äàíà ïîçèöèÿ.

Äëÿ âñåõ âîçìîæíûõ ñâîèõ õîäîâ ïåðåáèðàåì âñå

âîçìîæíûå õîäû ïðîòèâíèêà.

Âûáèðàåì õîä, äàþùèé ìàêñèìóì ïî ñâîèì õîäàì èç

ìèíèìóìîâ ïî õîäàì ïðîòèâíèêà:

Result = arg max
OwnMoves

min
AdvMoves

Net(Board).
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Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

Ïîñòàíîâêà çàäà÷è è ñòðóêòóðà ñåòè
Àëãîðèòì
×òî ïîëó÷èëîñü è ÷òî äàëüøå?

Àëãîðèòì îáó÷åíèÿ

Ñòàëî ïîíÿòíî, êàê ïðèìåíÿòü ïîëó÷åííóþ íåéðîííóþ

ñåòü; òî åñòü êàê èãðàòü, åñëè ñåòü óæå îáó÷åíà.

Êàê îáó÷àòü ñåòü? Ìû íå çíàåì öåëåâîé ôóíêöèè!

Ñåðãåé Íèêîëåíêî Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå



Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

Ïîñòàíîâêà çàäà÷è è ñòðóêòóðà ñåòè
Àëãîðèòì
×òî ïîëó÷èëîñü è ÷òî äàëüøå?

Àëãîðèòì îáó÷åíèÿ

Îêàçûâàåòñÿ, ÷òî õîðîøî ðàáîòàåò ñëåäóþùàÿ ýâðèñòèêà:

ïóñòü äàíà çàïèñü ïàðòèè, çàêîí÷èâøåéñÿ ñ èçâåñòíûì

ðåçóëüòàòîì (ò.å. öåëåâàÿ ôóíêöèÿ ó ïîñëåäíåé ïîçèöèè

åñòü).

Òîãäà öåëåâàÿ ôóíêöèÿ ïîçèöèè � ýòî ëèáî 1, 0 èëè 0.5,

åñëè óæå ñòîèò âûèãðûø, ïîðàæåíèå èëè íè÷üÿ, ëèáî

çíà÷åíèå òåêóùåé ãèïîòåçû íà ñëåäóþùåé ïîçèöèè â

ïàðòèè.

Êàæåòñÿ ñòðàííûì: èñïîëüçóåì ãèïîòåçó äëÿ å¼ æå

òðåíèðîâêè; íî ðàáîòàåò.
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Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

Ïîñòàíîâêà çàäà÷è è ñòðóêòóðà ñåòè
Àëãîðèòì
×òî ïîëó÷èëîñü è ÷òî äàëüøå?

×òî ïîëó÷èëîñü

Äëÿ ¾êëàññè÷åñêèõ¿ êðåñòèêîâ-íîëèêîâ íà äîñêå 3× 3

ïðîãðàììà äîâîëüíî áûñòðî îáó÷èëàñü èäåàëüíîé

ñòðàòåãèè.

Äàëüøå íà÷àëèñü ïðîáëåìû ñî ñêîðîñòüþ ðàáîòû,

òðåáóþòñÿ îïòèìèçàöèè, íî íà äîñêå 10× 10 â ïðèíöèïå

åù¼ ðàáîòàåò; ïðàâäà, ÿ ïîêà íå óñïåë õîðîøî å¼ îáó÷èòü.

Ñåðãåé Íèêîëåíêî Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå



Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

Ïîñòàíîâêà çàäà÷è è ñòðóêòóðà ñåòè
Àëãîðèòì
×òî ïîëó÷èëîñü è ÷òî äàëüøå?

Âîçìîæíûå óëó÷øåíèÿ

Ïîëíî âñåãî, ÷òî íåäîäåëàíî èëè ñäåëàíî ïëîõî:

Àëãîðèòì

Èäåíòèôèêàöèÿ îäèíàêîâûõ ïîçèöèé

Áåñêîíå÷íàÿ äîñêà

Èãðà çà ëþáîãî èãðîêà

Îïòèìèçàöèè

Èíòåðôåéñ

...

Ñåðãåé Íèêîëåíêî Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå



Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

Outline

1 Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå

Îñíîâíàÿ èäåÿ

Ñõåìà

2 Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Íà÷àëüíûå äàííûå è ïîäðîáíàÿ ñõåìà

Ãåíåòè÷åñêèå îïåðàöèè

Ïðèìåð

Îáñóæäåíèå

3 Êðåñòèêè-íîëèêè

Ïîñòàíîâêà çàäà÷è è ñòðóêòóðà ñåòè

Àëãîðèòì

×òî ïîëó÷èëîñü è ÷òî äàëüøå?

4 Net�ix Prize

Ñåðãåé Íèêîëåíêî Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå



Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

×òî òàêîå Net�ix

Êîìïàíèÿ, êîòîðàÿ ïðîäà¼ò ôèëüìû ïî ñõåìå:

ïëàòèòå çà ïîäïèñêó;

çàêàçûâàåòå äî òð¼õ DVD;

ïîñìîòðåëè � ïðèñûëàåòå îáðàòíî, âàì âûñûëàþò íîâûå

DVD.
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Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

Ñóòü çàäà÷è

Net�ix õî÷åò íàó÷èòüñÿ ïðåäñêàçûâàòü âêóñû ñâîèõ

ïîëüçîâàòåëåé, ÷òîáû ðåêîìåíäîâàòü ôèëüìû, êîòîðûå èì

ïîíðàâÿòñÿ.

Åñòü îãðîìíàÿ áàçà äàííûõ (100 ìèëëèîíîâ çàêàçîâ).

Íóæíî íàïèñàòü ïðîãðàììó, êîòîðàÿ îáó÷èòñÿ ïî ýòîé áàçå

è ñìîæåò ëó÷øå äðóãèõ ïðåäñêàçàòü òåñòîâûé íàáîð

äàííûõ.
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Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

Ïðèçû

Ãëàâíûé ïðèç � $1000000 � åñëè óäàñòñÿ óëó÷øèòü èõ

àëãîðèòì íà 10%.

Progress Prize � $50000 åæåãîäíî � åñëè óäàñòñÿ óëó÷øèòü

íåíàìíîãî è îêàçàòüñÿ ëó÷øå äðóãèõ.

Ìåðà óëó÷øåíèÿ � ñðåäíåêâàäðàòè÷íàÿ îøèáêà. Ó íèõ

ñåé÷àñ � îêîëî 0.95 çâ¼çäî÷åê (ïî ïÿòèáàëëüíîé øêàëå).
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Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå
Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå â äåòàëÿõ

Êðåñòèêè-íîëèêè
Net�ix Prize

Ñïàñèáî çà âíèìàíèå!

Lecture notes, ñëàéäû è êîäû ïðîãðàìì ïîÿâÿòñÿ íà ìîåé

homepage:

http://logic.pdmi.ras.ru/∼sergey/index.php?page=teaching

Ïðèñûëàéòå ëþáûå çàìå÷àíèÿ, êîäû ïðîãðàìì íà äðóãèõ

ÿçûêàõ, ðåøåíèÿ óïðàæíåíèé, íîâûå ÷èñëåííûå ïðèìåðû è

ïðî÷åå ïî àäðåñàì:

sergey@logic.pdmi.ras.ru, smartnik@inbox.ru

Ñåðãåé Íèêîëåíêî Ãåíåòè÷åñêîå ïðîãðàììèðîâàíèå


