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1 Ïîñòàíîâêà çàäà÷è

Â äàííîé ðàáîòå áûëè ïîñòàâëåíû ñëåäóþùèå çàäà÷è:

� Èçó÷èòü òåîðåòè÷åñêèé ìàòåðèàë;

� Îçíàêîìèòüñÿ ñ âàðèàíòàìè êîäèðîâàíèÿ õðîìîñîìû;

� Ðàññìîòðåòü ñïîñîáû âûïîëíåíèÿ îïåðàòîðîâ ðåïðîäóêöèè, êðîññèíãîâåðà è
ìóòàöèè;

� Âûïîëíèòü èíäèâèäóàëüíîå çàäàíèå íà ëþáîì ÿçûêå âûñîêîãî óðîâíÿ ñ íåîá-
õîäèìûìè êîììåíòàðèÿìè è âûâîäàìè

Èíäèâèäóàëüíîå çàäàíèå âàðèàíò 18:

Äàíî: Ôóíêöèÿ îäíîé ïåðåìåííîé f(x) = sin(x)
x2 ; ïðîìåæóòîê íàõîæäåíèÿ ðåøå-

íèÿ x ∈ [3.1, 20.0].

Òðåáóåòñÿ:

1. Ðàçðàáîòàòü ïðîñòîé ãåíåòè÷åñêèé àëãîðèòì äëÿ íàõîæäåíèÿ ìèíèìóìà äàí-
íîé ôóíêöèè â çàäàííîì ïðîìåæóòêå;

2. Èññëåäîâàòü çàâèñèìîñòü âðåìåíè ïîèñêà, ÷èñëà ïîêîëåíèé (ãåíåðàöèé) è òî÷-
íîñòè íàõîæäåíèÿ ðåøåíèÿ îò ÷èñëà îñîáåé â ïîïóëÿöèè è âåðîÿòíîñòè êðîñ-
ñèíãîâåðà è ìóòàöèè;

3. Âûâåñòè íà ýêðàí ãðàôèê ôóíêöèè ñ óêàçàíèåì íàéäåííîãî ýêñòðåìóìà äëÿ
êàæäîãî ïîêîëåíèÿ;

4. Ñðàâíèòü íàéäåííîå ðåøåíèå ñ äåéñòâèòåëüíûì.

Îãðàíè÷åíèÿ:

1. min f(x) = sin(x)
x2 ≈ −0.04957

2. Òî÷íîñòü ðåøåíèÿ ñîñòàâëÿåò 3 çíàêà ïîñëå çàïÿòîé.
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2 Òåîðåòè÷åñêèå ñâåäåíèÿ

Ãåíåòè÷å ñêèå àëãîðèòìû (ÃÀ) èñïîëüçóþò ïðèíöèïû è òåðìèíîëîãèþ, çàèì-
ñòâîâàííûå ó áèîëîãè÷åñêîé íàóêè � ãåíåòèêè. Â ÃÀ êàæäàÿ îñîáü ïðåäñòàâëÿåò
ïîòåíöèàëüíîå ðåøåíèå íåêîòîðîé ïðîáëåìû. Â êëàññè÷åñêîì ÃÀ îñîáü êîäèðóåò-
ñÿ ñòðîêîé äâîè÷íûõ ñèìâîëîâ � õðîìîñîìîé, êàæäûé áèò êîòîðîé íàçûâàåòñÿ ãå-
íîì. Ìíîæåñòâî îñîáåé � ïîòåíöèàëüíûõ ðåøåíèé ñîñòàâëÿåò ïîïóëÿöèþ. Ïîèñê
(ñóá)îïòèìàëüíîãî ðåøåíèÿ ïðîáëåìû âûïîëíÿåòñÿ â ïðîöåññå ýâîëþöèè ïîïóëÿöèè
- ïîñëåäîâàòåëüíîãî ïðåîáðàçîâàíèÿ îäíîãî êîíå÷íîãî ìíîæåñòâà ðåøåíèé â äðóãîå
ñ ïîìîùüþ ãåíåòè÷åñêèõ îïåðàòîðîâ ðåïðîäóêöèè, êðîññèíãîâåðà è ìóòàöèè.

Ïðåäâàðèòåëüíî ïðîñòîé ÃÀ ñëó÷àéíûì îáðàçîì ãåíåðèðóåò íà÷àëüíóþ ïîïóëÿ-
öèþ ñòðèíãîâ (õðîìîñîì). Çàòåì àëãîðèòì ãåíåðèðóåò ñëåäóþùåå ïîêîëåíèå (ïîïó-
ëÿöèþ), ñ ïîìîùüþ òðåõ îñíîâíûõ ãåíåòè÷åñêèõ îïåðàòîðîâ:

1. Îïåðàòîð ðåïðîäóêöèè (ÎÐ);

2. Îïåðàòîð ñêðåùèâàíèÿ (êðîññèíãîâåðà, ÎÊ);

3. Îïåðàòîð ìóòàöèè (ÎÌ).

ÃÀ ðàáîòàåò äî òåõ ïîð, ïîêà íå áóäåò âûïîëíåíî çàäàííîå êîëè÷åñòâî ïîêîëåíèé
(èòåðàöèé) ïðîöåññà ýâîëþöèè èëè íà íåêîòîðîé ãåíåðàöèè áóäåò ïîëó÷åíî çàäàííîå
êà÷åñòâî èëè âñëåäñòâèå ïðåæäåâðåìåííîé ñõîäèìîñòè ïðè ïîïàäàíèè â íåêîòîðûé
ëîêàëüíûé îïòèìóì. Íà Ðèñ. 1 ïðåäñòàâëåí ïðîñòîé ãåíåòè÷åñêèé àëãîðèòì.
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Ðèñ. 1. Ïðîñòîé ãåíåòè÷åñêèé àëãîðèòì

2.1 Îñíîâíàÿ òåðìèíîëîãèÿ â ãåíåòè÷åñêèõ àëãîðèò-

ìàõ

Ãåí � ýëåìåíòàðíûé êîä â õðîìîñîìå si, íàçûâàåìûé òàêæå çíàêîì èëè äåòåê-
òîðîì (â êëàññè÷åñêîì ÃÀ si = 0, 1).
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Õðîìîñîìà � óïîðÿäî÷åííàÿ ïîñëåäîâàòåëüíîñòü ãåíîâ â âèäå çàêîäèðîâàííîé
ñòðóêòóðû äàííûõ S = (s1, s2, . . . , sn), îïðåäåëÿþùàÿ ðåøåíèå (â ïðîñòåéøåì ñëó÷àå
äâîè÷íàÿ ïîñëåäîâàòåëüíîñòü � ñòðèíã, ãäå si = 0, 1).

Ëîêóñ � ìåñòîïîëîæåíèå (ïîçèöèÿ, íîìåð áèòà) äàííîãî ãåíà â õðîìîñîìå.

Àëëåëü � çíà÷åíèå, êîòîðîå ïðèíèìàåò äàííûé ãåí (íàïðèìåð, 0 èëè 1).

Îñîáü � îäíî ïîòåíöèàëüíîå ðåøåíèå çàäà÷è (ïðåäñòàâëÿåìîå õðîìîñîìîé).

Ïîïóëÿöèÿ � ìíîæåñòâî îñîáåé (õðîìîñîì), ïðåäñòàâëÿþùèõ ïîòåíöèàëüíûå
ðåøåíèÿ.

Ïîêîëåíèå � òåêóùàÿ ïîïóëÿöèÿ ÃÀ íà äàííîé èòåðàöèè àëãîðèòìà.

Ãåíîòèï � íàáîð õðîìîñîì äàííîé îñîáè. Â ïîïóëÿöèè ìîãóò èñïîëüçîâàòüñÿ
êàê îòäåëüíûå õðîìîñîìû, òàê è öåëûå ãåíîòèïû.

Ãåíîôîíä � ìíîæåñòâî âñåõ âîçìîæíûõ ãåíîòèïîâ.

Ôåíîòèï � íàáîð çíà÷åíèé, ñîîòâåòñòâóþùèé äàííîìó ãåíîòèïó. Ýòî äåêîäè-
ðîâàííîå ìíîæåñòâî ïàðàìåòðîâ çàäà÷è (íàïðèìåð, äåñÿòè÷íîå çíà÷åíèå x, ñîîòâåò-
ñòâóþùåå äâîè÷íîìó êîäó).

Ðàçìåð ïîïóëÿöèè N � ÷èñëî îñîáåé â ïîïóëÿöèè.

×èñëî ïîêîëåíèé � êîëè÷åñòâî èòåðàöèé, â òå÷åíèå êîòîðûõ ïðîèçâîäèòñÿ
ïîèñê.

Ñåëåêöèÿ � ñîâîêóïíîñòü ïðàâèë, îïðåäåëÿþùèõ âûæèâàíèå îñîáåé íà îñíîâå
çíà÷åíèé öåëåâîé ôóíêöèè.

Ýâîëþöèÿ ïîïóëÿöèè � ÷åðåäîâàíèå ïîêîëåíèé, â êîòîðûõ õðîìîñîìû èçìå-
íÿþò ñâîè ïðèçíàêè, ÷òîáû êàæäàÿ íîâàÿ ïîïóëÿöèÿ ëó÷øå ïðèñïîñàáëèâàëàñü ê
ñðåäå.

Ôèòíåññ-ôóíêöèÿ � ôóíêöèÿ ïîëåçíîñòè, îïðåäåëÿþùàÿ ìåðó ïðèñïîñîáëåí-
íîñòè îñîáè. Â çàäà÷àõ îïòèìèçàöèè îíà ñîâïàäàåò ñ öåëåâîé ôóíêöèåé èëè îïèñû-
âàåò áëèçîñòü ê îïòèìàëüíîìó ðåøåíèþ.

2.2 Ãåíåòè÷åñêèå îïåðàòîðû

2.2.1 Îïåðàòîð ðåïðîäóêöèè

Ðåïðîäóêöèÿ � ïðîöåññ êîïèðîâàíèÿ õðîìîñîì â ïðîìåæóòî÷íóþ ïîïóëÿöèþ äëÿ
äàëüíåéøåãî �ðàçìíîæåíèÿ� â ñîîòâåòñòâèè ñî çíà÷åíèÿìè ôèòíåññ-ôóíêöèè. Â äàí-
íîé ðàáîòå ðàññìàòðèâàåòñÿ ìåòîä êîëåñà ðóëåòêè. Êàæäîé õðîìîñîìå ñîîòâåòñòâóåò
ñåêòîð, ïðîïîðöèîíàëüíûé çíà÷åíèþ ôèòíåññ-ôóíêöèè. Õðîìîñîìû ñ áîëüøèì çíà-
÷åíèåì èìåþò áîëüøå øàíñîâ ïîïàñòü â ñëåäóþùåå ïîêîëåíèå.

2.2.2 Îïåðàòîð ñêðåùèâàíèÿ (êðîññèíãîâåðà)

Îäíîòî÷å÷íûé êðîññèíãîâåð âûïîëíÿåòñÿ ñëåäóþùèì îáðàçîì:

1. Èç ïðîìåæóòî÷íîé ïîïóëÿöèè âûáèðàþòñÿ äâå õðîìîñîìû (ðîäèòåëè).
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2. Îïðåäåëÿåòñÿ ñëó÷àéíàÿ òî÷êà ñêðåùèâàíèÿ k ∈ [1, n− 1], ãäå n � äëèíà õðî-
ìîñîìû.

3. Äâå íîâûå õðîìîñîìû (ïîòîìêè) ôîðìèðóþòñÿ ïóò¼ì îáìåíà ïîäñòðîê ïîñëå
òî÷êè k.

2.2.3 Îïåðàòîð ìóòàöèè

Ìóòàöèÿ ïðèìåíÿåòñÿ ñ ìàëîé âåðîÿòíîñòüþ PM ≈ 0.001:

1. Â õðîìîñîìå A = a1a2 . . . an âûáèðàåòñÿ ñëó÷àéíàÿ ïîçèöèÿ k.

2. Ãåí ak èíâåðòèðóåòñÿ: a
′
k = ¬ak.
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3 Îñîáåííîñòè ðåàëèçàöèè

Â ðàìêàõ ðàáîòû ñîçäàíà ìèíè-áèáëèîòåêà gen.py äëÿ ýêñïåðèìåíòîâ ñ ïðîñòûì
ãåíåòè÷åñêèì àëãîðèòìîì (ÃÀ) íà îäíîé ïåðåìåííîé. Âòîðîé ìîäóëü expirements.py
îðãàíèçóåò ñåðèéíûå ýêñïåðèìåíòû (ïåðåáîð ïàðàìåòðîâ, ôîðìàòèðîâàíèå è ñîõðà-
íåíèå ðåçóëüòàòîâ).

� Êîäèðîâàíèå îñîáåé: êàæäàÿ õðîìîñîìà � ñïèñîê áèòîâ ôèêñèðîâàííîé
äëèíû L. Äëèíà L ïîäáèðàåòñÿ àâòîìàòè÷åñêè òàê, ÷òîáû øàã äèñêðåòèçà-
öèè ïî x áûë íå õóæå çàäàííîé òî÷íîñòè (íàïðèìåð, 10−3). Äåêîäèðîâàíèå �
ëèíåéíîå â [xmin, xmax]. Çà ýòî îòâå÷àþò:

� bits_for_precision(x_min: float, x_max: float,
digits_after_decimal: int) -> int

� decode_bits_to_x(bits: list[int], x_min: float, x_max: float)
-> float

� random_bits(L: int) -> list[int]

� Ôèòíåññ è ìèíèìóì/ìàêñèìóì: öåëåâàÿ ôóíêöèÿ ïåðåäà¼òñÿ ïàðàìåòðîì.
Äëÿ ðåæèìà ìèíèìèçàöèè èñïîëüçóåòñÿ âíóòðåííåå ïðåîáðàçîâàíèå ïðè ñå-
ëåêöèè (èíâåðòèðîâàíèå çíàêà/ñäâèã), ÷òî ïîçâîëÿåò åäèíîîáðàçíî ïðèìåíÿòü
ðóëåòêó ïðè îòðèöàòåëüíûõ çíà÷åíèÿõ. Çà ýòî îòâå÷àþò:

� eval_population(population: list[list[int]], x_min: float, x_max:
float, fitness_func(x: float) -> float)
-> (list[float], list[float])

� Ëîãèêà ðåæèìà ìèíèìèçàöèè â genetic_algorithm(config: GARunConfig)
-> GARunResult

� Ñåëåêöèÿ (ðóëåòêà): âåðîÿòíîñòè íîðìèðóþòñÿ ïîñëå ñäâèãà íà ìèíèìàëü-
íîå çíà÷åíèå â ïîêîëåíèè (óñòîé÷èâî ê îòðèöàòåëüíûì ôèòíåññàì). Ôóíêöèÿ:
reproduction(population: list[list[int]], fitnesses: list[float])
-> list[list[int]].

� Êðîññèíãîâåð: îäíîòî÷å÷íûé, ïîïàðíî ïî ïåðåìåøàííîé ïîïóëÿöèè. Ïðè
íå÷¼òíîì ðàçìåðå ïîñëåäíÿÿ îñîáü ñêðåùèâàåòñÿ ñî ñëó÷àéíîé äðóãîé îñîáüþ
(âîçìîæíî ïîâòîðíîå ó÷àñòèå â êðîññèíãîâåðå îäíîé èç îñîáåé). Ïàðû ñêðå-
ùèâàþòñÿ ñ âåðîÿòíîñòüþ pc, èíà÷å ðîäèòåëè äîáàâëÿþòñÿ â íîâóþ ïîïóëÿöèþ
áåç èçìåíåíèé. Ôóíêöèè:

� crossover_pair(p1: list[int], p2: list[int], pc: float) -> (list[int],
list[int])

� crossover(population: list[list[int]], pc: float) -> list[list[int]]

� Ìóòàöèÿ: ñ âåðîÿòíîñòüþ pm íà õðîìîñîìó èíâåðòèðóåòñÿ ðîâíî îäèí ñëó-
÷àéíûé áèò. Ôóíêöèÿ: mutation(chrom: list[int], pm: float) -> None.
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� Êðèòåðèé îñòàíîâêè: ïîääåðæàíû êðèòåðèè ïî äèñïåðñèè çíà÷åíèé ôèòíåññ
ôóíêöèè â ïîïóëÿöèè è ïî ñðåäíåìó çíà÷åíèþ (íàñòðàèâàåìûå ïîðîãè), íî äëÿ
ýêñïåðèìåíòîâ â äàííîé ëàáîðàòîðíîé ðàáîòå èñïîëüçóåòñÿ òîëüêî êðèòåðèé
ïî ñðåäíåìó çíà÷åíèþ. Õðàíèòñÿ èñòîðèÿ ëó÷øèõ îñîáåé è âñåõ ïîïóëÿöèé ïî
ïîêîëåíèÿì. Ïðîâåðêà âûïîëíÿåòñÿ âíóòðè ôóíêöèè:

genetic_algorithm(config: GARunConfig) -> GARunResult (èñïîëüçóþòñÿ ïî-
ëÿ variance_threshold, fitness_avg_threshold èç GARunConfig).

� Âèçóàëèçàöèÿ: ñíèìîê ïîêîëåíèÿ âêëþ÷àåò ãðàôèê öåëåâîé ôóíêöèè, òî÷êè
âñåé òåêóùåé ïîïóëÿöèè, ëó÷øóþ îñîáü (âûäåëåíà êðàñíûì öâåòîì), à òàêæå
èñòîðèþ ëó÷øèõ ïî ïðåäûäóùèì ïîêîëåíèÿì (âûäåëåíû îðàíæåâûì öâåòîì).
Ôóíêöèÿ: plot_generation_snapshot(... ) -> str.

� Èçìåðåíèå âðåìåíè: äëèòåëüíîñòü âû÷èñëåíèé âîçâðàùàåòñÿ â ìèëëèñåêóí-
äàõ; äëÿ ñðàâíåíèÿ ïàðàìåòðîâ â ñåðèè ýêñïåðèìåíòîâ ââåä¼í åäèíûé ôîðìàò
âûâîäà. Çíà÷åíèå äîñòóïíî êàê GARunResult.time_ms èç
genetic_algorithm(config: GARunConfig) -> GARunResult.

� Ôàéëîâàÿ îðãàíèçàöèÿ: ïî æåëàíèþ ñîõðàíÿþòñÿ èçîáðàæåíèÿ ïîêîëå-
íèé â results/. Ñåðèè ýêñïåðèìåíòîâ ïèøóò ðåçóëüòàòû èåðàðõè÷åñêè:
experiments/N /pc_p /pm_m / ñ àãðåãèðîâàííîé òàáëèöåé â CSV íà óðîâíå ïî-
ïóëÿöèè. Çàäåéñòâîâàííûå ôóíêöèè:

� clear_results_directory(results_dir: str) -> None

� run_single_experiment(pop_size: int, pc: float, pm: float) -> (float,
int)

� run_experiments_for_population(pop_size: int) -> PrettyTable

Â ìîäóëå expirements.py çàäà¼òñÿ öåëåâàÿ ôóíêöèÿ (target_function(x:
float) -> float (sin(x)/x2) ) è äðóãèå ïàðàìåòðû äëÿ ýêñïåðèìåíòîâ. Ñåðèéíûå
çàïóñêè è ñîõðàíåíèå ðåçóëüòàòîâ ðåàëèçîâàíû â ôóíêöèÿõ:

� run_single_experiment(pop_size: int, pc: float, pm: float) -> (float,
int),

� run_experiments_for_population(pop_size: int) -> PrettyTable,

� main().
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4 Ðåçóëüòàòû ðàáîòû

Íà Ðèñ. 2� 9 ïðåäñòàâëåíû ðåçóëüòàòû ðàáîòû ãåíåòè÷åñêîãî àëãîðèòìà ñî ñëå-
äóþùèìè ïàðàìåòðàìè:

� N = 15 � ðàçìåð ïîïóëÿöèè.

� pc = 0.5 � âåðîÿòíîñòü êðîññèíãîâåðà.

� pm = 0.01 � âåðîÿòíîñòü ìóòàöèè.

� −0.049 � ìèíèìàëüíîå ñðåäíåå çíà÷åíèå ôèòíåññ ôóíêöèè ïî ïîïóëÿöèè
äëÿ îñòàíîâêè àëãîðèòìà. Íàñòîÿùèé ìèíèìóì ôóíêöèè ðàâåí ïðèìåðíî
−0.04957.

Ñ êàæäûì ïîêîëåíèåì òî÷íîñòü íàéäåííîãî ìèíèìóìà ñòàíîâèòñÿ âûøå. Íà
âòîðîì ïîêîëåíèè ïîïóëÿöèÿ åùå ðàñïðåäåëåíà ïî âñåé îáëàñòè ïîèñêà ðåøåíèÿ. Íà
ïîêîëåíèè 8 îñîáè ¾êîíäåíñèðóþòñÿ¿ âáëèçè íóæíîãî íàì ýêñòðåìóìà, à íà ïîêîëå-
íèè 14 äîñòèãàåòñÿ çàäàííàÿ òî÷íîñòü íàõîæäåíèÿ ìèíèìóìà ôóíêöèè.

Ðèñ. 2. Ãðàôèê öåëåâîé ôóíêöèè è ïîïóëÿöèè ïîêîëåíèÿ �1
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Ðèñ. 3. Ãðàôèê öåëåâîé ôóíêöèè è ïîïóëÿöèè ïîêîëåíèÿ �2

Ðèñ. 4. Ãðàôèê öåëåâîé ôóíêöèè è ïîïóëÿöèè ïîêîëåíèÿ �3
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Ðèñ. 5. Ãðàôèê öåëåâîé ôóíêöèè è ïîïóëÿöèè ïîêîëåíèÿ �4

Ðèñ. 6. Ãðàôèê öåëåâîé ôóíêöèè è ïîïóëÿöèè ïîêîëåíèÿ �6
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Ðèñ. 7. Ãðàôèê öåëåâîé ôóíêöèè è ïîïóëÿöèè ïîêîëåíèÿ �8

Ðèñ. 8. Ãðàôèê öåëåâîé ôóíêöèè è ïîïóëÿöèè ïîêîëåíèÿ �11
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Ðèñ. 9. Ãðàôèê öåëåâîé ôóíêöèè è ïîïóëÿöèè ïîêîëåíèÿ �15
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5 Èññëåäîâàíèå ðåàëèçàöèè

5.1 Ïðîâåäåíèå èçìåðåíèé

Â ðàìêàõ ëàáîðàòîðíîé ðàáîòû íåîáõîäèìî áûëî èññëåäîâàòü çàâèñèìîñòü âðå-
ìåíè âûïîëíåíèÿ çàäà÷è è êîëè÷åñòâà ïîêîëåíèé îò ïîïóëÿöèè è âåðîÿòíîñòåé êðîñ-
ñèíãîâåðà è ìóòàöèè õðîìîñîìû

Äëÿ èññëåäîâàíèÿ áûëè âûáðàíû ñëåäóþùèå çíà÷åíèÿ ïàðàìåòðîâ:

� N = 10, 25, 50, 100 � ðàçìåð ïîïóëÿöèè.

� pc = 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 � âåðîÿòíîñòü êðîññèíãîâåðà.

� pm = 0.001, 0.01, 0.05, 0.1, 0.2 � âåðîÿòíîñòü ìóòàöèè.

Ðåçóëüòàòû èçìåðåíèé ïðåäñòàâëåíû â òàáëèöàõ 1�4. Â ÿ÷åéêàõ óêàçàíî óñðåä-
íåííîå âðåìÿ â ìèëëèñåêóíäàõ íàõîæäåíèÿ ìèíèìóìà ôóíêöèè. Â ñêîáêàõ óêàçàíî
óñðåäíåííîå êîëè÷åñòâî ïîêîëåíèé, çà êîòîðîå áûëî íàéäåíî ðåøåíèå. Êàæäûé ýêñ-
ïåðèìåíò çàïóñêàëñÿ 30 ðàç. Åñëè â ÿ÷åéêå ñòîèò ïðî÷åðê, òî ýòî îçíà÷àåò, ÷òî ðå-
øåíèå íå áûëî íàéäåíî çà 200 ïîêîëåíèé. Ëó÷øåå çíà÷åíèå ïî âðåìåíè âûïîëíåíèÿ
äëÿ êàæäîãî ðàçìåðà ïîïóëÿöèè âûäåëåíî æèðíûì øðèôòîì.

Òàáëèöà 1. Ðåçóëüòàòû äëÿ N = 10

Pc \ Pm 0.001 0.010 0.050 0.100 0.200

0.3 11.5 (167) 8.4 (123) 5.4 (78) 4.9 (71) 3.3 (48)

0.4 10.1 (144) 7.1 (104) 6.3 (92) 4.7 (67) 4.7 (67)

0.5 11.4 (168) 7.7 (112) 5.4 (79) 6.1 (83) 3.1 (44)

0.6 11.0 (160) 6.7 (97) 4.9 (70) 4.7 (67) 5.3 (74)

0.7 12.1 (174) 9.3 (135) 3.7 (52) 4.7 (67) 6.5 (92)

0.8 8.7 (126) 8.3 (119) 3.9 (57) 7.9 (113) 4.4 (61)
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Òàáëèöà 2. Ðåçóëüòàòû äëÿ N = 25

Pc \ Pm 0.001 0.010 0.050 0.100 0.200

0.3 14.7 (111) 8.2 (62) 4.9 (37) 4.7 (35) 8.7 (63)

0.4 12.8 (95) 7.3 (54) 4.7 (35) 4.3 (32) 8.2 (61)

0.5 10.5 (78) 5.4 (40) 2.2 (16) 5.5 (40) 12.1 (89)

0.6 14.0 (103) 6.5 (48) 3.4 (25) 4.0 (30) 14.0 (87)

0.7 11.5 (84) 6.2 (46) 3.0 (22) 3.2 (24) 11.6 (83)

0.8 9.2 (64) 5.8 (41) 2.5 (18) 3.0 (22) 11.2 (78)

Òàáëèöà 3. Ðåçóëüòàòû äëÿ N = 50

Pc \ Pm 0.001 0.010 0.050 0.100 0.200

0.3 6.1 (26) 5.2 (22) 6.3 (26) 11.6 (48) 40.2 (147)

0.4 6.1 (26) 4.5 (19) 5.2 (22) 9.8 (40) 37.2 (149)

0.5 10.5 (44) 4.9 (20) 7.6 (28) 17.1 (65) 36.2 (144)

0.6 7.5 (31) 4.6 (19) 5.6 (23) 18.8 (76) 42.0 (158)

0.7 7.6 (31) 4.7 (20) 7.6 (31) 13.9 (55) 34.3 (136)

0.8 10.8 (44) 5.0 (21) 6.1 (24) 13.9 (56) 36.5 (145)

Òàáëèöà 4. Ðåçóëüòàòû äëÿ N = 100

Pc \ Pm 0.001 0.010 0.050 0.100 0.200

0.3 7.6 (16) 9.5 (21) 29.0 (60) 62.9 (128) �

0.4 8.0 (17) 9.6 (21) 31.5 (68) 56.6 (120) �

0.5 9.1 (20) 9.2 (20) 22.6 (48) 59.4 (124) �

0.6 17.8 (38) 12.3 (26) 30.0 (64) 61.1 (128) 95.3 (196)

0.7 10.0 (22) 14.3 (31) 30.3 (64) 49.1 (103) �

0.8 16.4 (34) 12.1 (25) 31.4 (64) 54.9 (114) �
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5.2 Àíàëèç ðåçóëüòàòîâ

Êëþ÷åâûå íàáëþäåíèÿ:

� Ïðè íåáîëüøèõ ïîïóëÿöèÿõ (N = 10) ïîâûøåíèå pm óñêîðÿåò ïîèñê; íàèëó÷-
øåå âðåìÿ ïðè pc = 0.5, pm = 0.2 (3.1 ìñ, 44 ïîê.).

� Äëÿ N = 25 îïòèìóì ïðè óìåðåííîé ìóòàöèè pm ∈ [0.05, 0.10]; ìèíèìóì âðåìå-
íè ïðè pc = 0.5, pm = 0.05 (2.2 ìñ, 16 ïîê.) � ëó÷øåå ñðåäè âñåõ ýêñïåðèìåíòîâ.

� Äëÿ N = 50 ëó÷øåå âðåìÿ ïðè pc = 0.6, pm = 0.01 (4.6 ìñ, 19 ïîê.). Ñëèøêîì
áîëüøàÿ ìóòàöèÿ (pm = 0.2) ðåçêî óõóäøàåò ðåçóëüòàòû.

� Äëÿ N = 100 îïòèìàëüíû íèçêèå pm; ëó÷øèé ðåçóëüòàò ïðè pc = 0.3,
pm = 0.001 (7.6 ìñ, 16 ïîê.). Ïðè pm = 0.2 ðåøåíèå ÷àñòî íå íàõîäèòñÿ çà
200 ïîêîëåíèé.

� Ðîñò N íå ãàðàíòèðóåò óñêîðåíèÿ: ÷èñëî ïîêîëåíèé ìîæåò óìåíüøàòüñÿ, íî
ñóììàðíîå âðåìÿ ÷àñòî ðàñò¼ò èç-çà áîëüøåé ñòîèìîñòè îäíîé èòåðàöèè.

Ïðàêòè÷åñêèå âûâîäû:

� Äëÿ óìåðåííûõ çàòðàò âðåìåíè è ñòàáèëüíîé ñõîäèìîñòè ðàçóìíî âûáèðàòü
N ≈ 25�50, pc ≈ 0.5�0.6, pm ≈ 0.01�0.05.

� Îïòèìàëüíîå pm ñíèæàåòñÿ ñ ðîñòîì N : ïðè ìàëûõ ïîïóëÿöèÿõ ïîëåçíà áîëåå
àãðåññèâíàÿ ìóòàöèÿ, ïðè áîëüøèõ � ñëàáàÿ.

� Ñëèøêîì áîëüøèå çíà÷åíèÿ pm è pc ìîãóò ðàçðóøàòü õîðîøèå ðåøåíèÿ è óõóä-
øàòü ñõîäèìîñòü; ñòîèò èçáåãàòü pm ≥ 0.2 è âûñîêèõ pc ïðè áîëüøèõ N .
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6 Îòâåò íà êîíòðîëüíûé âîïðîñ

Âîïðîñ: Êàêóþ ðîëü â ÃÀ èãðàåò îïåðàòîð ðåïðîäóêöèè (ÎÐ)?

Îòâåò: Îïåðàòîð ðåïðîäóêöèè (ÎÐ) â ÃÀ èãðàåò ðîëü ñåëåêöèè. Îí âûáèðàåò
íàèáîëåå ïðèñïîñîáëåííûõ îñîáåé äëÿ äàëüíåéøåãî ó÷àñòèÿ â ñêðåùèâàíèè è ìóòà-
öèè. Ýòî ïîçâîëÿåò ñîõðàíèòü íàèáîëåå ïðèñïîñîáëåííûå îñîáè è ïîñòåïåííî óëó÷-
øèòü ïîïóëÿöèþ.
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Çàêëþ÷åíèå

Â õîäå ïåðâîé ëàáîðàòîðíîé ðàáîòû:

1. Áûë èçó÷åí òåîðåòè÷åñêèé ìàòåðèàë, îñíîâíàÿ òåðìèíîëîãèÿ ÃÀ, ãåíåòè÷åñêèå
îïåðàòîðû, èñïîëüçóþùèåñÿ â ïðîñòûõ ÃÀ;

2. Ðåàëèçîâàíà ïðîãðàììà íà ÿçûêå Python äëÿ íàõîæäåíèÿ ìèíèìóìà çàäàííîé
ôóíêöèè;

3. Ïðîâåäåíî èññëåäîâàíèå çàâèñèìîñòè âðåìåíè âûïîëíåíèÿ ïðîãðàììû è ïîêî-
ëåíèÿ îò ìîùíîñòè ïîïóëÿöèè è êîýôôèöèåíòîâ êðîññèíãîâåðà è ìóòàöèè.
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Ñïèñîê ëèòåðàòóðûÑïèñîê ëèòåðàòóðû

[1] Ìåòîäè÷åñêèå óêàçàíèÿ ïî âûïîëíåíèþ ëàáîðàòîðíûõ ðàáîò ê êóðñó ¾Ãåíåòè÷å-
ñêèå àëãîðèòìû¿, 119 ñòð.
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