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Ýâîëþöèÿ

Ãåíåòè÷åñêèå àëãîðèòìû òîæå ñïèñàíû ñ ïðèðîäû.

Îðãàíèçìû ýâîëþöèîíèðóþò ñî âðåìåíåì, èçìåíÿÿ ñâîé

ãåíîòèï.

Ìåõàíèçì äàðâèíîâñêîé ýâîëþöèè:

Ðîäèëîñü íîâîå ïîêîëåíèå.

Èç íåãî ÷àñòü îñîáåé âûðîñëà è äàëà ïîòîìñòâî, ÷àñòü

ïîãèáëà.

Ïîãèáàþò íåïðèñïîñîáëåííûå, âûæèâàþò

ïðèñïîñîáëåííûå, ó ïîòîìêîâ îñòàþòñÿ ëó÷øèå ÷åðòû.
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Îñíîâíûå êîìïîíåíòû

Ïðîñòðàíñòâî ãèïîòåç, èç êîòîðûõ ìû äîëæíû âûáðàòü

ëó÷øóþ

Ôóíêöèÿ ïðèñïîñîáëåííîñòè Fitness

Íàáîð ãåíåòè÷åñêèõ îïåðàöèé, êîòîðûå ìîæíî ïðèìåíÿòü:

Îïåðàöèè ñêðåùèâàíèÿ (êðîññîâåð) � ðàçìíîæåíèå

îñîáåé.

Ìóòàöèè � ðåäêèå èçìåíåíèÿ îòäåëüíûõ îñîáåé.

Öåëåâîå çíà÷åíèå Fitnessmax , ê êîòîðîìó ìû ñòðåìèìñÿ
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Îáùàÿ ñõåìà 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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Ïðåäñòàâëåíèå ãèïîòåç

×òîáû óñïåøíî ïðèìåíÿòü ãåíåòè÷åñêèå àëãîðèòìû, ãèïîòåçû

æåëàòåëüíî ïðåäñòàâëÿòü â âèäå ñòðîêè áèòîâ. Òîãäà ñ íèìè

ëåãêî äåëàòü ÷òî óãîäíî. Íî êàê ïðåäñòàâëÿòü?
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Ïðåäñòàâëåíèå ãèïîòåç: ïðèìåð

Âñïîìíèì ïðèìåð äåðåâà

ïðèíÿòèÿ ðåøåíèé.

Ãèïîòåçà, îíà æå îñîáü

ïîïóëÿöèè � ýòî â äàííîì

ñëó÷àå ïðàâèëî, îïèñûâàþùåå

ïîâåäåíèå öåëåâîé ôóíêöèè. À

Fitness � ýòî òî, íàñêîëüêî

õîðîøî ïðàâèëî ñîîòâåòñòâóåò

òåñòîâûì ïðèìåðàì.
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Íàïðèìåð, äëÿ ôóíêöèè,

çàäàííîé ýòèì äåðåâîì,

ãèïîòåçà

(x1 = 0) ∧ (x2 = 1) =⇒ (f = 0)

áóäåò áîëåå ïðèñïîñîáëåííîé,

÷åì ãèïîòåçà

(x1 = 0) =⇒ (f = 0).
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Êàê çàäàòü ãèïîòåçó ñòðîêîé èç

áèò?
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Êàê çàäàòü ãèïîòåçó ñòðîêîé èç

áèò?

Ëîãè÷íàÿ èäåÿ: çàêîäèðîâàòü

êàæäóþ áóëåâñêóþ ïåðåìåííóþ

áèòîì; íàïðèìåð, ãèïîòåçà

(x1 = 1)∧(x2 = 0)∧(x3 = 1) ⇒⇒ (f = 1)

ïðåäñòàâëÿåòñÿ êàê

x1 x2 x3 f

1 0 1 1
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Íî êàê òîãäà çàêîäèðîâàòü

ãèïîòåçó

(x1 = 0) ∧ (x2 = 1) ⇒ (f = 0)?

x1 x2 x3 f

0 1 ??? 0
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Ïðåäñòàâëåíèå ãèïîòåç

Îáû÷íî äëÿ êîäèðîâàíèÿ ãèïîòåç èñïîëüçóþò ïî îäíîìó áèòó

íà êàæäîå çíà÷åíèå àòðèáóòà; åñëè ñòîèò 1, çíà÷èò, ýòî

çíà÷åíèå ó÷àñòâóåò â ïîñûëêå ãèïîòåçû; çíà÷åíèÿ îäíîãî è òîãî

æå àòðèáóòà ñîåäèíÿþòñÿ, êîíå÷íî, êàê OR.

x1 x2 x3 f

10 01 11 1

Ñòðîêà 11 çíà÷èò, ÷òî íà ýòîò àòðèáóò ìîæíî íå îáðàùàòü

âíèìàíèÿ. À äëÿ öåëåâîé ôóíêöèè ìîæíî îñòàâèòü îäèí áèò �

ãèïîòåçà ñî ñëåäñòâèåì ¾áóäåò êàêîå-òî çíà÷åíèå¿ íå èìååò

ñìûñëà.
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Ãèïîòåçû èç íåñêîëüêèõ ïðàâèë

Äî ñèõ ïîð ìû êîäèðîâàëè

îäíî ïðàâèëî (îäíó âåòêó

äåðåâà). Íî, íàïðèìåð, ýòî

äåðåâî ñîîòâåòñòâóåò

íåñêîëüêèì ïðàâèëàì. Èõ ìû

áóäåì çàïèñûâàòü ïðîñòîé

êîíêàòåíàöèåé ñòðîê.

Óïðàæíåíèå

Âûðàçèòü ýòî äåðåâî áèòîâîé

ñòðîêîé ïî íàøåé ñõåìå.
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Óïðàæíåíèÿ

Óïðàæíåíèå

Ðàçðàáîòàòü ñõåìó êîäèðîâàíèÿ äëÿ ïðèìåðà ñ èãðàìè

¾Çåíèòà¿.

Óïðàæíåíèå

Ðåàëèçîâàòü ïðîöåäóðó ïîäñ÷¼òà ïî ïðàâèëó ôóíêöèè

Fitness � êâàäðàòà îòíîøåíèÿ óñïåøíî ïðîéäåííûõ òåñòîâûõ

ïðèìåðîâ ê èõ îáùåìó êîëè÷åñòâó.
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Êðîññîâåð

Ïðè ðàçìíîæåíèè îñîáü äîëæíà óíàñëåäîâàòü ÷åðòû îáîèõ

ïðåäêîâ. Êàê ýòîãî äîñòè÷ü íà áèòîâûõ ñòðîêàõ?

Ñåðãåé Íèêîëåíêî Ãåíåòè÷åñêèå àëãîðèòìû



Îñíîâíàÿ èäåÿ
Ãåíåòè÷åñêèå îïåðàöèè

Àëãîðèòì

Ïðåäñòàâëåíèå äàííûõ
Êðîññîâåð
Ìóòàöèè
Ôóíêöèÿ Fitness

Êðîññîâåð

Ïðè ðàçìíîæåíèè îñîáü äîëæíà óíàñëåäîâàòü ÷åðòû îáîèõ

ïðåäêîâ. Êàê ýòîãî äîñòè÷ü íà áèòîâûõ ñòðîêàõ?

Êðîññîâåð (crossover) � îïåðàöèÿ, êîòîðàÿ ïî çàäàííîé

ìàñêå äåëàåò èç äâóõ ñòðîê îäíó.

Åñòü íåñêîëüêî ðàçíûõ âèäîâ êðîññîâåðà.
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Âèäû êðîññîâåðà

Single-point crossover:

Èñõîäíûå ñòðîêè Ìàñêà Ðåçóëüòàò

1001101011

0010101100 1111100000 1001101100
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Double-point crossover

Èñõîäíûå ñòðîêè Ìàñêà Ðåçóëüòàò

1001101011

0010101100 0001111100 0010101100

Ñåðãåé Íèêîëåíêî Ãåíåòè÷åñêèå àëãîðèòìû



Îñíîâíàÿ èäåÿ
Ãåíåòè÷åñêèå îïåðàöèè

Àëãîðèòì

Ïðåäñòàâëåíèå äàííûõ
Êðîññîâåð
Ìóòàöèè
Ôóíêöèÿ Fitness
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Uniform crossover

Èñõîäíûå ñòðîêè Ìàñêà Ðåçóëüòàò

1001101011

0010101100 0110100110 0000101010
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Êðîññîâåð íà ñòðîêàõ ïåðåìåííîé äëèíû

Âñå ýòè âèäû � äëÿ ñòðîê îäèíàêîâîé äëèíû. Íî íàøè

ãèïîòåçû � èç íåñêîëüêèõ ïðàâèë, è ñòðîêè ðàçíîé äëèíû.

×òî äåëàòü?
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Êðîññîâåð íà ñòðîêàõ ïåðåìåííîé äëèíû

Ðåøåíèå:

Èñïîëüçóåì double-point crossover òàê, ÷òîáû ñîõðàíÿòü

ïîñòîÿííîå ðàññòîÿíèå äî êðà¼â ïðàâèë.

Íàïðèìåð, ïðàâèëà äëèíû 5, è ìû ñëó÷àéíî âûáðàëè äâå

òî÷êè èç ãèïîòåçû

0[0101 110]10.

Òîãäà âî âòîðîé ãèïîòåçå íóæíî âûáèðàòü òàêèå òî÷êè,

÷òîáû ðàññòîÿíèå îò ëåâîé òî÷êè äî ëåâîãî êðàÿ ïðàâèëà è

îò ïðàâîé òî÷êè äî ïðàâîãî êðàÿ ïðàâèëà áûëè òåìè æå.

Íàïðèìåð, â ïðàâèëå äëèíû 15 ìîãóò áûòü âàðèàíòû:

1[10]11 01010 01110 1[1011 010]10 01110

1[1011 01010 011]10 11011 0[10]10 01110

11011 0[1010 011]10 11011 01010 0[11]10
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Òåïåðü êðîññîâåð áóäåò ïîðîæäàòü êîððåêòíûå ãèïîòåçû:
Èñõîäíûå ñòðîêè Ðåçóëüòàò

0[0101 110]10 01010

1[10]11 01010 01110 10101 11011 01010 01110
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Ìóòàöèè

Ìóòàöèè íà áèòîâûõ ñòðîêàõ:

Èçìåíèòü îäèí ñëó÷àéíûé áèò.

Ñäåëàòü íåñóùåñòâåííûì (çàáèòü åäèíè÷êàìè) îäèí

ñëó÷àéíûé àòðèáóò.

...
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Êðîññîâåð
Ìóòàöèè
Ôóíêöèÿ Fitness

Fitness

Ôóíêöèÿ Fitness äîëæíà çàâèñåòü îò òîãî, íàñêîëüêî

õîðîøî ãèïîòåçà ñïðàâëÿåòñÿ ñ çàäà÷åé.

Â ñëó÷àå çàäà÷è êëàññèôèêàöèè ðàçóìíàÿ ôóíêöèÿ:

Fitness(h) =

(
Correct(h)

TotalExamples

)2

,

ãäå Correct(h) � êîëè÷åñòâî ïðèìåðîâ, âåðíî

ðàñêëàññèôèöèðîâàííûõ ãèïîòåçîé h, TotalExamples �

îáùåå êîëè÷åñòâî ïðèìåðîâ.
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Ñõåìà
Âûáîð ñàìûõ ïðèñïîñîáëåííûõ
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Outline

1 Îñíîâíàÿ èäåÿ

Ìîòèâàöèÿ

Ñõåìà ãåíåòè÷åñêîãî àëãîðèòìà

2 Ãåíåòè÷åñêèå îïåðàöèè

Ïðåäñòàâëåíèå äàííûõ

Êðîññîâåð

Ìóòàöèè

Ôóíêöèÿ Fitness

3 Àëãîðèòì

Ñõåìà

Âûáîð ñàìûõ ïðèñïîñîáëåííûõ

Àëãîðèòì
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Âñïîìíèì îáùóþ ñõåìó

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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×òî îñòàëîñü

Ìû óæå íàó÷èëèñü:

Äåëàòü êðîññîâåð.

Ìóòèðîâàòü.

Ïîäñ÷èòûâàòü ôóíêöèþ Fitness.

Îñòàëîñü

Íàó÷èòüñÿ âûáèðàòü ñàìûõ ïðèñïîñîáëåííûõ.
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Âûáîð ñàìûõ ïðèñïîñîáëåííûõ

Çàäà¼ì äîëþ âûæèâøèõ s � îñòàëüíàÿ ÷àñòü ïîïóëÿöèè

áóäåò çàìåíåíà íà ðåçóëüòàòû êðîññîâåðà äðóãîé ÷àñòè.

Íóæíî âûáðàòü sN ãèïîòåç èç ïîïóëÿöèè ðàçìåðà N.

Ìåòîä ðóëåòêè (roulette wheel selection): ó êàæäîé ãèïîòåçû

hi âåðîÿòíîñòü áûòü âûáðàííîé

Pr(hi ) =
Fitness(hi )∑N
j=1 Fitness(hj)
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Âûáîð ñàìûõ ïðèñïîñîáëåííûõ

Çàäà¼ì äîëþ âûæèâøèõ s � îñòàëüíàÿ ÷àñòü ïîïóëÿöèè

áóäåò çàìåíåíà íà ðåçóëüòàòû êðîññîâåðà äðóãîé ÷àñòè.

Íóæíî âûáðàòü sN ãèïîòåç èç ïîïóëÿöèè ðàçìåðà N.

Òóðíèðíûé ìåòîä (tournament selection): ñëó÷àéíî

âûáèðàåì äâå ãèïîòåçû. Ñ ôèêñèðîâàííîé âåðîÿòíîñòüþ p

âûæèâàåò áîëåå ïðèñïîñîáëåííàÿ, ñ âåðîÿòíîñòüþ 1 − p �

ìåíåå ïðèñïîñîáëåííàÿ.
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Âûáîð ñàìûõ ïðèñïîñîáëåííûõ

Çàäà¼ì äîëþ âûæèâøèõ s � îñòàëüíàÿ ÷àñòü ïîïóëÿöèè

áóäåò çàìåíåíà íà ðåçóëüòàòû êðîññîâåðà äðóãîé ÷àñòè.

Íóæíî âûáðàòü sN ãèïîòåç èç ïîïóëÿöèè ðàçìåðà N.

Ðàíãîâûé ìåòîä (ranking selection): ñíà÷àëà ñîðòèðóåì

ãèïîòåçû ïî ïðèñïîñîáëåííîñòè. Çàòåì êàê â ìåòîäå

ðóëåòêè, íî âåðîÿòíîñòü âûæèòü ïðîïîðöèîíàëüíà íå

çíà÷åíèþ Fitness(h), à ìåñòó, êîòîðîå çàíÿëà ãèïîòåçà.
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Âûáîð ñàìûõ ïðèñïîñîáëåííûõ

Çàäà¼ì äîëþ âûæèâøèõ s � îñòàëüíàÿ ÷àñòü ïîïóëÿöèè

áóäåò çàìåíåíà íà ðåçóëüòàòû êðîññîâåðà äðóãîé ÷àñòè.

Íóæíî âûáðàòü sN ãèïîòåç èç ïîïóëÿöèè ðàçìåðà N.

Ìû áóäåì èñïîëüçîâàòü ìåòîä ðóëåòêè.
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Àëãîðèòì

Genetic(N, p, s,m,Fitness,Fitnessmax)

Ñîçäàòü N ñëó÷àéíûõ ãèïîòåç H = {h1, . . . , hn}.

Äëÿ êàæäîé ãèïîòåçû h ∈ H âû÷èñëèòü Fitness(h).

Ïîêà maxh Fitness(h) < Fitnessmax:

H ′ = ∅.
Ñëó÷àéíî âûáðàòü sN ãèïîòåç èç H è äîáàâèòü èõ â H ′.

Âåðîÿòíîñòü âûáðàòü ãèïîòåçó hi Pr(hi ) =
Fitness(hi )∑
N
j=1

Fitness(hj )
.

Ñëó÷àéíî âûáðàòü (1−s)p
2

ïàð ãèïîòåç èç H ñ òåìè æå

âåðîÿòíîñòÿìè. Äëÿ êàæäîé ïàðû (hi , hj) çàïóñòèòü

îïåðàöèþ êðîññîâåðà è äîáàâèòü å¼ ðåçóëüòàò â H ′.

Ðàâíîìåðíî âûáðàòü mN ñëó÷àéíûõ ãèïîòåç èç H ′ è â

êàæäîé èç íèõ èíâåðòèðîâàòü ñëó÷àéíûé áèò.

H = H ′.

Äëÿ êàæäîé ãèïîòåçû h ∈ H âû÷èñëèòü Fitness(h).

Âûäàòü argmaxhFitness(h).
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Ãåíåòè÷åñêèå îïåðàöèè

Àëãîðèòì

Ñõåìà
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Àëãîðèòì

Óïðàæíåíèÿ

Óïðàæíåíèå

Ðåàëèçîâàòü ãåíåòè÷åñêèé àëãîðèòì, âûáèðàþùèé ãèïîòåçó äëÿ

îáúÿñíåíèÿ èãðû ¾Çåíèòà¿ èç ïðèìåðà â ïåðâîé ëåêöèè.
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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
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