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Îêðåñòíîñòè

Îáîçíà÷åíèÿ

min
s∈S

f(s)

f � öåëåâàÿ ôóíêöèÿ

S � ìíîæåñòâî äîïóñòèìûõ ðåøåíèé
s ∈ S � äîïóñòèìîå ðåøåíèå

N ⊆ S × S � îêðåñòíîñòü íà ìíîæåñòâå S

N (s) = {s′ ∈ S|(s, s′) ∈ N} ⊆ S � îêðåñòíîñòü ðåøåíèÿ s

N ∗(s) = {s′ ∈ N (s)|f(s′) 6 f(s)}

s ∈ S � ëîêàëüíûé ìèíèìóì (ñòðîãèé ëîêàëüíûé ìèíèìóì), åñëè

f(s) 6 f(s′)(f(s) < f(s′)) ∀s′ ∈ N (s)
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Îêðåñòíîñòè

Ðàçíîâèäíîñòè îêðåñòíîñòåé

îêðåñòíîñòü k-çàìåíà

ðåøåíèÿ îòëè÷àþòñÿ â k êîìïîíåíòàõ Nk(s) = {s′ ∈ S|d(s, s′) = k},
1 6 k 6 n ãäå d � ðàññòîÿíèå Õýììèíãà, n � ÷èñëî êîìïîíåíò â

ðåøåíèè.

Ìíîæåñòâî âñåõ
ðåøåíèé çàäàííûõ
ïåðåñòàíîâêîé è èõ
ñîñåäè ïî
îêðåñòíîñòè
2-çàìåíà,
|N2(s)| = n(n−1)

2
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Ïðèìåð. Ñîñåäè íà ïåðåñòàíîâêàõ

ïåðåñòàíîâêà ìåñòàìè äâóõ ðàçíûõ êîìïîíåíò

|Ntran(s)| = n(n−1)
2

ïåðåñòàíîâêà äâóõ ðÿäîì ñòîÿùèõ êîìïîíåíò

|Ninv(s)| = n− 1

ïåðåñòàíîâêà êîìïîíåíòû íà ëþáîå äðóãîå ìåñòî â ïåðåñòàíîâêå

|Nins(s)| = n(n− 2) + 1
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Îêðåñòíîñòè

Ðàçíîâèäíîñòè îêðåñòíîñòåé

îêðåñòíîñòü Ëèíà-Êåðíèãàíà N (k, s)

s0 := s, i := 1, Tabu := ∅;
ïîêà i 6 k

âûáðàòü si|f(si) = mins′∈N (si−1)\Tabu f(s
′);

îáíîâèòü Tabu, çàïðåòèâ âîçâðàò ê si−1;
i := i+ 1;
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Îêðåñòíîñòè

Âàæíî ó÷èòûâàòü ïðè âûáîðå îêðåñòíîñòè:

ìîùíîñòü

ñëîæíîñòü îöåíêè ñîñåäíèõ ðåøåíèé

ñòðóêòóðó ðåøàåìîé çàäà÷è

îêðåñòíîñòü íàçûâàåòñÿ òî÷íîé, åñëè ëþáîé ëîêàëüíûé îïòèìóì
ÿâëÿåòñÿ ãëîáàëüíûì

Ïðèìåð òî÷íîé è ïîëèíîìèàëüíîé îêðåñòíîñòè

Ëèíåéíîå ïðîãðàììèðîâàíèå. Ïåðåõîä îò îäíîãî áàçèñíîãî

ðåøåíèÿ ê äðóãîìó â ñèìïëåêñ-ìåòîäå.

Ìèíèìàëüíîå îñòîâíîå äåðåâî. Îïåðàöèÿ ëîêàëüíîé ïåðåñòðîéêè

îñòîâíîãî äåðåâà.
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Îêðåñòíîñòè

Çàäà÷à ìàðøðóòèçàöèè òðàíñïîðòíûõ ñðåäñòâ

Äàíî:
áåñêîíå÷íîå ìíîæåñòâî ãðóçîâèêîâ, ãðóçîïîäúåìíîñòüþ V ;
m ãðóçîâ ñ âåñàìè vi, i = 1, ...,m;
m êëèåíòîâ;
dij � ðàññòîÿíèå ìåæäó êëèåíòàìè i è j;
ãðóçîâèêè äîëæíû íà÷èíàòü è çàêàí÷èâàòü ìàðøðóò â äåïî.

Íàéòè:
ìàðøðóòû ðàçâîçêè ãðóçîâ êëèåíòàì, ìèíèìèçèðóþùåå
ñóììàðíîå ðàññòîÿíèå, ïðîéäåííîå ãðóçîâèêàìè.
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Îêðåñòíîñòè

Ïîñòðîåíèå îêðåñòíîñòè äëÿ çàäà÷è ìàðøðóòèçàöèè

Íàèáîëåå ÷àñòî èñïîëüçóåìûå îêðåñòíîñòè

Íîâàÿ îêðåñòíîñòü íà îñíîâå âûòàëêèâàþùèõ ïóòåé
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Îêðåñòíîñòè

Ïîñòðîåíèå îêðåñòíîñòè äëÿ çàäà÷è ìàðøðóòèçàöèè

Âåðøèíû ñåòè: èñòî÷íèê, ñòîê, êëèåíòû è îáõîäû.
Äóãè ñåòè:
åäèíè÷íîé ïðîïóñêíîé ñïîñîáíîñòè è íóëåâîé ñòîèìîñòè ìåæäó
èñòî÷íèêîì è êëèåíòàìè, ìåæäó âåðøèíàìè, ñîîòâåòñòâóþùèìè
îáõîäàì è ñòîêó
ìåæäó âåðøèíàìè�êëèåíòàìè è âåðøèíàìè-îáõîäàìè, åñëè êëèåíòà i
ìîæíî ïåðåìåñòèòü â îáõîä Tj (ñîãëàñíî TabuList), ñòîèìîñòü äóãè
îïðåäåëÿåòñÿ âûãîäîé îò ïåðåìåùåíèÿ êëèåíòà â íîâûé îáõîä.

Ðåøàåòñÿ çàäà÷à î ïîèñêå ïîòîêà ìàêñèìàëüíîé ñòîèìîñòè.
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Ìåòàýâðèñòèêè

Îáùàÿ ñõåìà àëãîðèòìà ëîêàëüíîãî ñïóñêà

Øàã 1. Âûáðàòü íà÷àëüíîå ðåøåíèå s ∈ S, âû÷èñëèòü f(s);
Øàã 2. Âûáðàòü ñîñåäíåå ðåøåíèå s′ èç îêðåñòíîñòè N (s);
Øàã 3. Åñëè f(s′) < f(s), òî s := s′ è âåðíóòüñÿ íà øàã 2

èíà÷å STOP.
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Ìåòàýâðèñòèêè

Ïðàâèëà çàìåùåíèÿ

Ñïóñê â íàïðàâëåíèè íàèëó÷øåãî ýëåìåíòà. Íà êàæäîì øàãå
ëîêàëüíîãî ñïóñêà â ìíîæåñòâå N ∗ âûáèðàåòñÿ äîïóñòèìîå
ðåøåíèå ñ íàèìåíüøèì çíà÷åíèåì öåëåâîé ôóíêöèè.
	 òðåáóåò ïðîñìîòðà âñåé îêðåñòíîñòè.

Ñïóñê â íàïðàâëåíèè íàèõóäøåãî ýëåìåíòà. Â N ∗ âûáèðàåòñÿ
ýëåìåíò ñ íàèáîëüøèì çíà÷åíèåì öåëåâîé ôóíêöèè.
⊕ ïîëîãèé ñïóñê ê ëîêàëüíîìó ìèíèìóìó
	 ìîæåò ïîòðåáîâàòüñÿ áîëüøå øàãîâ, ÷åì â ïðåäûäóùåì ñëó÷àå

Ñïóñê â íàïðàâëåíèè ñëó÷àéíîãî ýëåìåíòà â N ∗ âûáèðàåòñÿ
ýëåìåíò ñëó÷àéíûì îáðàçîì, íàïðèìåð, ñ ðàâíîìåðíûì
ðàñïðåäåëåíèåì.

Ñïóñê â íàïðàâëåíèè ïåðâûé ïîäõîäÿùèé. Ïîèñê ñîñåäíåãî
ðåøåíèÿ çàâåðøàåòñÿ, êàê òîëüêî îáíàðóæåí ïåðâûé ýëåìåíò èç
ìíîæåñòâà N ∗.
⊕ íå òðåáóåòñÿ ïðîñìîòðà âñåé îêðåñòíîñòè.
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ýëåìåíò ñëó÷àéíûì îáðàçîì, íàïðèìåð, ñ ðàâíîìåðíûì
ðàñïðåäåëåíèåì.

Ñïóñê â íàïðàâëåíèè ïåðâûé ïîäõîäÿùèé. Ïîèñê ñîñåäíåãî
ðåøåíèÿ çàâåðøàåòñÿ, êàê òîëüêî îáíàðóæåí ïåðâûé ýëåìåíò èç
ìíîæåñòâà N ∗.
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	 òðåáóåò ïðîñìîòðà âñåé îêðåñòíîñòè.

Ñïóñê â íàïðàâëåíèè íàèõóäøåãî ýëåìåíòà. Â N ∗ âûáèðàåòñÿ
ýëåìåíò ñ íàèáîëüøèì çíà÷åíèåì öåëåâîé ôóíêöèè.
⊕ ïîëîãèé ñïóñê ê ëîêàëüíîìó ìèíèìóìó
	 ìîæåò ïîòðåáîâàòüñÿ áîëüøå øàãîâ, ÷åì â ïðåäûäóùåì ñëó÷àå

Ñïóñê â íàïðàâëåíèè ñëó÷àéíîãî ýëåìåíòà â N ∗ âûáèðàåòñÿ
ýëåìåíò ñëó÷àéíûì îáðàçîì, íàïðèìåð, ñ ðàâíîìåðíûì
ðàñïðåäåëåíèåì.

Ñïóñê â íàïðàâëåíèè ïåðâûé ïîäõîäÿùèé. Ïîèñê ñîñåäíåãî
ðåøåíèÿ çàâåðøàåòñÿ, êàê òîëüêî îáíàðóæåí ïåðâûé ýëåìåíò èç
ìíîæåñòâà N ∗.
⊕ íå òðåáóåòñÿ ïðîñìîòðà âñåé îêðåñòíîñòè.
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Ïðàâèëà çàìåùåíèÿ
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Ñðàâíåíèå ïðàâèë çàìåùåíèÿ

p-ìåäèàíà ñ ïðåäïî÷òåíèÿìè p-ìåäèàíà
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Àëãîðèòì èìèòàöèè îòæèãà
(SA: S. Kirkpatrick, C. Gelatt, M. P. Vecchi, 1982)

Âûáðàòü íà÷àëüíîå ðåøåíèå s ∈ S, âû÷èñëèòü f(s)
Çàäàòü íà÷àëüíóþ òåìïåðàòóðó T
Ïîêà íå âûïîëíåí êðèòåðèé îñòàíîâêè âûïîëíèòü:

âûáðàòü ðåøåíèå s′ ∈ N (s) ñëó÷àéíûì îáðàçîì;
åñëè f(s′) < f(s), òî s := s′

èíà÷å ñ âåðîÿòíîñòüþ e
f(s)−f(s′)

T ïîëîæèòü s := s′;
ïîíèçèòü òåìïåðàòóðó T := T · r;

Âûäàòü â êà÷åñòâå îòâåòà s � ëîêàëüíûé îïòèìóì.
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Ïîâåäåíèå àëãîðèòìà èìèòàöèè îòæèãà
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Àëãîðèòì ïîèñêà ñ çàïðåòàìè (TS: F. Glover, 1986)

Âûáðàòü íà÷àëüíîå ðåøåíèå s ∈ S, âû÷èñëèòü f(s)
Ïîêà íå âûïîëíåí êðèòåðèé îñòàíîâêè âûïîëíèòü:

âûáðàòü íàèëó÷øåå ðåøåíèå s′ ∈ N (s) \ TabuList ñ f(s′) < f(s)
s := s′

ïî ðåøåíèþ s′ îáíîâèòü TabuList
Âûäàòü â êà÷åñòâå îòâåòà s � ëîêàëüíûé îïòèìóì.
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Çàïðåò ïîâòîðÿþùèõñÿ ðåøåíèé

hash(x) =
∑m

i=1 xi3
m−i, ãäå xi ∈ {0, 1, 2}
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Ôîðìèðîâàíèå Tabu List

Ïóñòü ðåøåíèå çàäàíî ïåðåñòàíîâêîé ÷èñåë îò 1 äî n.
s = (..., i, j,k, p, ...)

s1 = (..., j, i, k, p, ...), TabuList := TabuList ∪ (j, i)

s2 = (..., j, i, p, k, ...), TabuList := TabuList ∪ (p, k)

s3 = (..., j, p, i, k, ...), TabuList := TabuList ∪ (p, i)

s4 = (..., k, p, i, j, ...), TabuList := TabuList ∪ (k, j)

s5 = (..., i, p, k, j, ...), TabuList := TabuList ∪ (i, k)

s6 = (..., i, j, k, p, ...), TabuList := TabuList ∪ (j, p)
Êàê íóæíî áûëî ôîðìèðîâàòü çàïðåòû, ÷òîáû íå áûëî öèêëà?

Íàïðèìåð, ïóñòü pi � ìåñòî ýëåìåíòà i â ïåðåñòàíîâêå. Òîãäà
TabuList := TabuList ∪ (i, pi), (j, pj)
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Ôîðìèðîâàíèå Tabu List

Ïóñòü ðåøåíèå çàäàíî ïåðåñòàíîâêîé ÷èñåë îò 1 äî n.
s = (..., i, j,k, p, ...)

s1 = (..., j, i, k, p, ...), TabuList := TabuList ∪ (j, i)

s2 = (..., j, i, p, k, ...), TabuList := TabuList ∪ (p, k)

s3 = (..., j, p, i, k, ...), TabuList := TabuList ∪ (p, i)

s4 = (..., k, p, i, j, ...), TabuList := TabuList ∪ (k, j)

s5 = (..., i, p, k, j, ...), TabuList := TabuList ∪ (i, k)

s6 = (..., i, j, k, p, ...), TabuList := TabuList ∪ (j, p)
Êàê íóæíî áûëî ôîðìèðîâàòü çàïðåòû, ÷òîáû íå áûëî öèêëà?

Íàïðèìåð, ïóñòü pi � ìåñòî ýëåìåíòà i â ïåðåñòàíîâêå. Òîãäà
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Ôîðìèðîâàíèå Tabu List
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Ôîðìèðîâàíèå Tabu List
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Ôîðìèðîâàíèå Tabu List
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Ôîðìèðîâàíèå Tabu List
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Êàê íóæíî áûëî ôîðìèðîâàòü çàïðåòû, ÷òîáû íå áûëî öèêëà?
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Ôîðìèðîâàíèå Tabu List

Ïóñòü ðåøåíèå çàäàíî ïåðåñòàíîâêîé ÷èñåë îò 1 äî n.
s = (..., i, j,k, p, ...)

s1 = (..., j, i, k, p, ...), TabuList := TabuList ∪ (j, i)

s2 = (..., j, i, p, k, ...), TabuList := TabuList ∪ (p, k)

s3 = (..., j, p, i, k, ...), TabuList := TabuList ∪ (p, i)

s4 = (..., k, p, i, j, ...), TabuList := TabuList ∪ (k, j)

s5 = (..., i, p, k, j, ...), TabuList := TabuList ∪ (i, k)

s6 = (..., i, j, k, p, ...), TabuList := TabuList ∪ (j, p)
Êàê íóæíî áûëî ôîðìèðîâàòü çàïðåòû, ÷òîáû íå áûëî öèêëà?
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Ôîðìèðîâàíèå Tabu List

Ïóñòü ðåøåíèå çàäàíî ïåðåñòàíîâêîé ÷èñåë îò 1 äî n.
s = (..., i, j,k, p, ...)

s1 = (..., j, i, k, p, ...), TabuList := TabuList ∪ (j, i)

s2 = (..., j, i, p, k, ...), TabuList := TabuList ∪ (p, k)

s3 = (..., j, p, i, k, ...), TabuList := TabuList ∪ (p, i)

s4 = (..., k, p, i, j, ...), TabuList := TabuList ∪ (k, j)

s5 = (..., i, p, k, j, ...), TabuList := TabuList ∪ (i, k)

s6 = (..., i, j, k, p, ...), TabuList := TabuList ∪ (j, p)
Êàê íóæíî áûëî ôîðìèðîâàòü çàïðåòû, ÷òîáû íå áûëî öèêëà?

Íàïðèìåð, ïóñòü pi � ìåñòî ýëåìåíòà i â ïåðåñòàíîâêå. Òîãäà
TabuList := TabuList ∪ (i, pi), (j, pj)

Ìåëüíèêîâ À. À. (ÔÈÒ ÍÃÓ) Òåîðèÿ ïðèíÿòèÿ ðåøåíèé. Ëåêöèÿ 7. 11 ìàÿ, 2013 ã. 18 / 35



Ìåòàýâðèñòèêè

Äëèíà Tabu List.
Ðåçóëüòàòû ýêñïåðèìåíòîâ äëÿ êâàäðàòè÷íîé çàäà÷è î
íàçíà÷åíèÿõ

n = 12, 3000 ïðèìåðîâ, 50 èòåðàöèé TS.
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Âàðüèðîâàíèå äëèíû Tabu List.
Ðåçóëüòàòû ýêñïåðèìåíòîâ äëÿ êâàäðàòè÷íîé çàäà÷è î
íàçíà÷åíèÿõ

n = 15, 500 ïðèìåðîâ
Ïðîäîëæèòåëüíîñòü çàïðåòà íà ïîâòîðíîå èñïîëüçîâàíèå õîäîâ
âàðüèðóåòñÿ îò ìèíèìàëüíîãî äî (ìèíèìàëüíîãî+Delta).
Ðàçìåð êðóãà � ñðåäíåå ÷èñëî øàãîâ TS äî ïîëó÷åíèÿ îïòèìóìà.
Îêðóæíîñòü îçíà÷àåò çàöèêëèâàíèå.
Ðàçìåð îêðóæíîñòè � ïðîïîðöèîíàëåí êîëè÷åñòâó ðåøåííûõ çàäà÷.
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Ïîèñê ñ ÷åðåäóþùèìèñÿ îêðåñòíîñòÿìè
(VNS: N. Mladenović, P. Hansen, 1997)

Çàäàíà ñèñòåìà ðàçíîòèïíûõ îêðåñòíîñòåé N1, . . ., Nk.

Âûáðàòü íà÷àëüíîå ðåøåíèå s ∈ S, âû÷èñëèòü f(s)
Ïîêà íå âûïîëíåí êðèòåðèé îñòàíîâêè ïîâòîðÿòü:
i := 1;
Ïîêà i 6 k âûïîëíèòü:
âûáðàòü ðåøåíèå s′ ∈ Ni(s) ñëó÷àéíûì îáðàçîì;
çàïóñòèòü ñ s′ ëîêàëüíûé ñïóñê ïî îêðåñòíîñòè N ,
s′′�ïîëó÷åííîå ðåøåíèå
åñëè f(s′′) < f(s), òî s := s′′

èíà÷å i := i+ 1;
Âûäàòü â êà÷åñòâå îòâåòà s � ëîêàëüíûé îïòèìóì.
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Ïîâåäåíèå VNS
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Âåðîÿòíîñòíûé æàäíûé àëãîðèòì (GRASP: Feo, Resende,
1989)

Ïîêà íå âûïîëíåí êðèòåðèé îñòàíîâêè âûïîëíèòü:
æàäíîé ñòðàòåãèåé ïîêîìïîíåíòíî ïîñòðîèòü ðåøåíèå s
çàïóñòèòü ïðîöåäóðó ëîêàëüíîãî ïîèñêà ñî ñòàðòîâûì ðåøåíèåì s

Âûäàòü â êà÷åñòâå îòâåòà ëîêàëüíûé îïòèìóì.
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GRASP äëÿ çàäà÷è MAX-SAT

Ïóñòü L ìíîæåñòâî ïåðåìåííûõ,
h(i, v) � êîëè÷åñòâî âûïîëíåííûõ äèçúþíêöèé ïðè xi = v, v ∈ {0, 1}.
i âûáèðàåòñÿ èç ñïèñêà, ñîñòîÿùåãî èç k-ëó÷øèõ íàçíà÷åíèé
êîìïîíåíò, ò.å. ñ íàèáîëüøåì çíà÷åíèåì h(i, v).
Ïîñòðîåíèå ñïèñêà:
îïðåäåëèòü hmin = min{h(i, v)|i ∈ L, v ∈ {0, 1}},
hmax = max{h(i, v)|i ∈ L, v ∈ {0, 1}}
i-àÿ êîìïîíåíòà âìåñòå ñî çíà÷åíèåì v ïîïàäàåò â ñïèñîê, òîãäà è
òîëüêî òîãäà, êîãäà h(i, v) 6 hmin + α(hmax − hmin)
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Ìåòàýâðèñòèêè

Àëãîðèòì ìóðàâüèíûõ êîëîíèé (ACO: M. Dorigo, V.
Maniezzo, 1991)

1. Çàäàòü èñõîäíóþ ñòàòèñòè÷åñêóþ èíôîðìàöèþ.
2. Ïîêà íå âûïîëíåí êðèòåðèé îñòàíîâêè äåëàòü ñëåäóþùåå:

2.1. Ïîñòðîèòü ïîïóëÿöèþ ðåøåíèé ðàíäîìèçèðîâàííûì
àëãîðèòìîì

2.2. Ïðèìåíèòü ïðîöåäóðó ëîêàëüíîãî ïîèñêà ê ðåøåíèÿì èç
ïîïóëÿöèè
2.3. Âûáðàòü ÷àñòü íàèëó÷øèõ ðåøåíèé èç ïîïóëÿöèè
2.4. Ïî âûáðàííûì ðåøåíèÿì îáíîâèòü ñòàòèñòè÷åñêóþ

èíôîðìàöèþ
Â êà÷åñòâå îòâåòà ïðåäúÿâèòü íàèëó÷øåå íàéäåííîå ðåøåíèå.
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Ýâîëþöèîííûå àëãîðèòìû

Ãèáðèäíàÿ ñõåìà ãåíåòè÷åñêîãî àëãîðèòìà
1. Âûáðàòü íà÷àëüíóþ ïîïóëÿöèþ èç k ðåøåíèé. Çàïîìíèòü ðåêîðä
f∗ = mini=1,...,k f(si).
2. Ïîêà íå âûïîëíåí êðèòåðèé îñòàíîâêè äåëàòü ñëåäóþùåå:

2.1. Âûáðàòü "ðîäèòåëåé" si1 si2 èç ïîïóëÿöèè.
2.2. Ïðèìåíèòü ê si1 si2 îïåðàòîð ñêðåùèâàíèÿ è ïîëó÷èòü íîâîå
ðåøåíèå s′.
2.3. Ïðèìåíèòü ê s′ îïåðàòîð ìóòàöèè è ïîëó÷èòü íîâîå ðåøåíèå

s′′.
2.4. Ïðèìåíèòü ê s′′ îïåðàòîð ëîêàëüíîãî óëó÷øåíèÿ è ïîëó÷èòü

íîâîå ðåøåíèå s′′′.
2.5. Åñëè f(s′′′) < f∗, òî ñìåíèòü ðåêîðä f∗ := f(s′′′).
2.6. Äîáàâèòü s′′′ ê ïîïóëÿöèè è óäàëèòü èç íåå íàèõóäøåå ðåøåíèå.

Ãåíåòè÷åñêèé àëãîðèòì (GA, Holland, 1975, Goldberg, 1989)
Èìèòàöèîííûé àëãîðèòì áåç âñïîìîãàòåëüíîé ïðîöåäóðû ëîêàëüíîãî
óëó÷øåíèÿ íà øàãå 2.4.
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Ðàçíîâèäíîñòè îïåðàòîðîâ êðîññîâåðà

Ðàâíîìåðíûé

íîâîå äîïóñòèìîå ðåøåíèå y′: åñëè y1i = y2i äëÿ íåêîòîðîãî i ∈ I,
òî y′i = y1i = y2i . Äëÿ îñòàëüíûõ i ∈ I ñíà÷àëà ïîëàãàåòñÿ y′i = 0, à
çàòåì âûáèðàåòñÿ îäíà èç êîîðäèíàò, äëÿ êîòîðîé y′i = 0 è
ïîëàãàåòñÿ y′i = 1. Âûáîð êîîðäèíàòû ïðîâîäèòñÿ ñëó÷àéíûì
îáðàçîì ñ ðàâíîìåðíûì ðàñïðåäåëåíèåì.

Æàäíûé

Ñðåäè ïðåòåíäåíòîâ âûáèðàåòñÿ òà êîîðäèíàòà, äëÿ êîòîðîé
óìåíüøåíèå öåëåâîé ôóíêöèè áóäåò íàèáîëüøèì. Åñëè
óìåíüøåíèå öåëåâîé ôóíêöèè òàêèì ñïîñîáîì íåâîçìîæíî, òî
âûáèðàåòñÿ êîîðäèíàòà ñ íàèìåíüøèì óâåëè÷åíèåì öåëåâîé
ôóíêöèè. Â îñòàëüíîì æàäíûé îïåðàòîð ñîâïàäàåò ñ
ðàâíîìåðíûì. Ïî ñóòè äàííûé îïåðàòîð ïðåäïîëàãàåò ðåøåíèå
èñõîäíîé çàäà÷è ñ ïîìîùüþ æàäíîé ïðîöåäóðû íà ìíîæåñòâå
êîîðäèíàò, ãäå ðîäèòåëè îòëè÷àþòñÿ äðóã îò äðóãà.
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Ðàçíîâèäíîñòè îïåðàòîðîâ êðîññîâåðà

Ðàâíîìåðíûé

íîâîå äîïóñòèìîå ðåøåíèå y′: åñëè y1i = y2i äëÿ íåêîòîðîãî i ∈ I,
òî y′i = y1i = y2i . Äëÿ îñòàëüíûõ i ∈ I ñíà÷àëà ïîëàãàåòñÿ y′i = 0, à
çàòåì âûáèðàåòñÿ îäíà èç êîîðäèíàò, äëÿ êîòîðîé y′i = 0 è
ïîëàãàåòñÿ y′i = 1. Âûáîð êîîðäèíàòû ïðîâîäèòñÿ ñëó÷àéíûì
îáðàçîì ñ ðàâíîìåðíûì ðàñïðåäåëåíèåì.

Æàäíûé

Ñðåäè ïðåòåíäåíòîâ âûáèðàåòñÿ òà êîîðäèíàòà, äëÿ êîòîðîé
óìåíüøåíèå öåëåâîé ôóíêöèè áóäåò íàèáîëüøèì. Åñëè
óìåíüøåíèå öåëåâîé ôóíêöèè òàêèì ñïîñîáîì íåâîçìîæíî, òî
âûáèðàåòñÿ êîîðäèíàòà ñ íàèìåíüøèì óâåëè÷åíèåì öåëåâîé
ôóíêöèè. Â îñòàëüíîì æàäíûé îïåðàòîð ñîâïàäàåò ñ
ðàâíîìåðíûì. Ïî ñóòè äàííûé îïåðàòîð ïðåäïîëàãàåò ðåøåíèå
èñõîäíîé çàäà÷è ñ ïîìîùüþ æàäíîé ïðîöåäóðû íà ìíîæåñòâå
êîîðäèíàò, ãäå ðîäèòåëè îòëè÷àþòñÿ äðóã îò äðóãà.
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Ðàçíîâèäíîñòè îïåðàòîðîâ êðîññîâåðà

Îäíîòî÷å÷íûé

âûáèðàåòñÿ ñëó÷àéíûì îáðàçîì îäíà êîîðäèíàòà i0, è ïîëàãàåòñÿ
y′i = y1i äëÿ i 6 i0 è y

′
i = y2i äëÿ i > i0.

Íåäîñòàòêè:
åäèíè÷íûå êîìïîíåíòû âåêòîðà y2 ñ áîëüøèìè íîìåðàìè èìåþò
ìàëî øàíñîâ áûòü óíàñëåäîâàííûìè â âåêòîðå y′

âåêòîð y′ ìîæåò îòëè÷àòüñÿ îò ðîäèòåëåé ïî òåì êîîðäèíàòàì, ãäå
y1i = y2i .

Ñâÿçûâàþùèõ ïóòåé

Èç äâóõ ðåøåíèé y1 è y2 âûáèðàåòñÿ ðåøåíèå ñ ìåíüøèì
çíà÷åíèåì öåëåâîé ôóíêöèè è ñòðîèòñÿ ïîñëåäîâàòåëüíîñòü
äîïóñòèìûõ ðåøåíèé y1, y2, ..., yk, òàêèõ, ÷òî y1 = y1, yk = y2 è
ðàññòîÿíèå Õýììèíãà ìåæäó ñîñåäíèìè ðåøåíèÿìè ðàâíî äâóì.
Ðåøåíèå y′ âûáèðàåòñÿ ñðåäè ýëåìåíòîâ ýòîé ïîñëåäîâàòåëüíîñòè.
Ñêîëüêî ïóòåé äëÿ çàäàííûõ y1, y2 ìîæíî ïîñòðîèòü?
Êàêèå ïóòè ñòîèò ðàññìàòðèâàòü?
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Ðàçíîâèäíîñòè îïåðàòîðîâ êðîññîâåðà

Îäíîòî÷å÷íûé

âûáèðàåòñÿ ñëó÷àéíûì îáðàçîì îäíà êîîðäèíàòà i0, è ïîëàãàåòñÿ
y′i = y1i äëÿ i 6 i0 è y

′
i = y2i äëÿ i > i0.

Íåäîñòàòêè:
åäèíè÷íûå êîìïîíåíòû âåêòîðà y2 ñ áîëüøèìè íîìåðàìè èìåþò
ìàëî øàíñîâ áûòü óíàñëåäîâàííûìè â âåêòîðå y′

âåêòîð y′ ìîæåò îòëè÷àòüñÿ îò ðîäèòåëåé ïî òåì êîîðäèíàòàì, ãäå
y1i = y2i .
Ñâÿçûâàþùèõ ïóòåé

Èç äâóõ ðåøåíèé y1 è y2 âûáèðàåòñÿ ðåøåíèå ñ ìåíüøèì
çíà÷åíèåì öåëåâîé ôóíêöèè è ñòðîèòñÿ ïîñëåäîâàòåëüíîñòü
äîïóñòèìûõ ðåøåíèé y1, y2, ..., yk, òàêèõ, ÷òî y1 = y1, yk = y2 è
ðàññòîÿíèå Õýììèíãà ìåæäó ñîñåäíèìè ðåøåíèÿìè ðàâíî äâóì.
Ðåøåíèå y′ âûáèðàåòñÿ ñðåäè ýëåìåíòîâ ýòîé ïîñëåäîâàòåëüíîñòè.

Ñêîëüêî ïóòåé äëÿ çàäàííûõ y1, y2 ìîæíî ïîñòðîèòü?
Êàêèå ïóòè ñòîèò ðàññìàòðèâàòü?
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Ðàçíîâèäíîñòè îïåðàòîðîâ êðîññîâåðà

Îäíîòî÷å÷íûé

âûáèðàåòñÿ ñëó÷àéíûì îáðàçîì îäíà êîîðäèíàòà i0, è ïîëàãàåòñÿ
y′i = y1i äëÿ i 6 i0 è y

′
i = y2i äëÿ i > i0.

Íåäîñòàòêè:
åäèíè÷íûå êîìïîíåíòû âåêòîðà y2 ñ áîëüøèìè íîìåðàìè èìåþò
ìàëî øàíñîâ áûòü óíàñëåäîâàííûìè â âåêòîðå y′

âåêòîð y′ ìîæåò îòëè÷àòüñÿ îò ðîäèòåëåé ïî òåì êîîðäèíàòàì, ãäå
y1i = y2i .
Ñâÿçûâàþùèõ ïóòåé

Èç äâóõ ðåøåíèé y1 è y2 âûáèðàåòñÿ ðåøåíèå ñ ìåíüøèì
çíà÷åíèåì öåëåâîé ôóíêöèè è ñòðîèòñÿ ïîñëåäîâàòåëüíîñòü
äîïóñòèìûõ ðåøåíèé y1, y2, ..., yk, òàêèõ, ÷òî y1 = y1, yk = y2 è
ðàññòîÿíèå Õýììèíãà ìåæäó ñîñåäíèìè ðåøåíèÿìè ðàâíî äâóì.
Ðåøåíèå y′ âûáèðàåòñÿ ñðåäè ýëåìåíòîâ ýòîé ïîñëåäîâàòåëüíîñòè.
Ñêîëüêî ïóòåé äëÿ çàäàííûõ y1, y2 ìîæíî ïîñòðîèòü?

Êàêèå ïóòè ñòîèò ðàññìàòðèâàòü?
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Ðàçíîâèäíîñòè îïåðàòîðîâ êðîññîâåðà

Îäíîòî÷å÷íûé

âûáèðàåòñÿ ñëó÷àéíûì îáðàçîì îäíà êîîðäèíàòà i0, è ïîëàãàåòñÿ
y′i = y1i äëÿ i 6 i0 è y

′
i = y2i äëÿ i > i0.

Íåäîñòàòêè:
åäèíè÷íûå êîìïîíåíòû âåêòîðà y2 ñ áîëüøèìè íîìåðàìè èìåþò
ìàëî øàíñîâ áûòü óíàñëåäîâàííûìè â âåêòîðå y′

âåêòîð y′ ìîæåò îòëè÷àòüñÿ îò ðîäèòåëåé ïî òåì êîîðäèíàòàì, ãäå
y1i = y2i .
Ñâÿçûâàþùèõ ïóòåé

Èç äâóõ ðåøåíèé y1 è y2 âûáèðàåòñÿ ðåøåíèå ñ ìåíüøèì
çíà÷åíèåì öåëåâîé ôóíêöèè è ñòðîèòñÿ ïîñëåäîâàòåëüíîñòü
äîïóñòèìûõ ðåøåíèé y1, y2, ..., yk, òàêèõ, ÷òî y1 = y1, yk = y2 è
ðàññòîÿíèå Õýììèíãà ìåæäó ñîñåäíèìè ðåøåíèÿìè ðàâíî äâóì.
Ðåøåíèå y′ âûáèðàåòñÿ ñðåäè ýëåìåíòîâ ýòîé ïîñëåäîâàòåëüíîñòè.
Ñêîëüêî ïóòåé äëÿ çàäàííûõ y1, y2 ìîæíî ïîñòðîèòü?
Êàêèå ïóòè ñòîèò ðàññìàòðèâàòü?
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Âëèÿíèå ïàðàìåòðîâ GA íà ïðèìåðå
çàäà÷è î p-ìåäèàíå ñ ïðåäïî÷òåíèÿìè êëèåíòîâ

m = n = 100, p = 14 Ñðåäíåå çíà÷åíèå öåëåâîé ôóíêöèè äëÿ 10
ïðèìåðîâ è 100 èñïûòàíèé. Ðàçìåð ïîïóëÿöèè 20 ðåøåíèé.
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Çàäà÷à îá (r|p)-öåíòðîèäå

Äâå ôèðìû, Ëèäåð è Êîíêóðåíò, ïîñëåäîâàòåëüíî ïðèíèìàþò ðåøåíèÿ
î ðàçìåùåíèè ïðåäïðèÿòèé.
Ïåðâûì îòêðûâàåò p ïðåäïðèÿòèé Ëèäåð.
Çàòåì, çíàÿ ýòî ðåøåíèå, Êîíêóðåíò îòêðûâàåò r ïðåäïðèÿòèé â
ñâîáîäíûõ ìåñòàõ.

Êàæäûé êëèåíò èç (p+ r) ïðåäïðèÿòèé âûáèðàåò îäíî, ñîãëàñíî
ñîáñòâåííûì ïðåäïî÷òåíèÿì, è ïðèíîñèò äîõîä îäíîé èç ôèðì.
Â çàâèñèìîñòè îò ðàçìåùåíèÿ ïðåäïðèÿòèé ìíîæåñòâî êëèåíòîâ
äåëèòñÿ ìåæäó äâóìÿ ôèðìàìè.
Êàæäàÿ ôèðìà ñòðåìèòñÿ ìàêñèìèçèðîâàòü ñâîþ äîëþ ðûíêà.

Íåîáõîäèìî âûáðàòü p ïðåäïðèÿòèé, ïîçâîëÿþùèå ìàêñèìèçèðîâàòü
ñóììàðíûé äîõîä Ëèäåðà.
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Ìåòàýâðèñòèêè

Îñîáåííîñòè ãèáðèäíîãî àëãîðèòìà äëÿ çàäà÷è îá
(r|p)-öåíòðîèäå

Ôîðìèðîâàíèå íà÷àëüíîé ïîïóëÿöèè

Íàéòè xL � îïòèìàëüíîå ðåøåíèå çàäà÷è Ëèäåðà,
ìèíèìèçèðóþùåå ñóììàðíûå ðàññòîÿíèÿ äî êëèåíòîâ, â ñëó÷àå
êîãäà íà ðûíêå îòñóòñòâóåò Êîíêóðåíò.

Ïîêà ïîïóëÿöèÿ íå ñôîðìèðîâàíà â íóæíîì îáúåìå ïîâòîðÿòü:
âûáðàòü ñëó÷àéíûì îáðàçîì ïàðó ýëåìåíòîâ (i1; i0):
xLi1 = 1, xLi0 = 0,

ïîñòðîèòü íîâîå ðåøåíèå xL
′
, â êîòîðîì xL

′
i1

= 0, xL
′

i0
= 1;

ïðèìåíèòü ê xL
′
ïðîöåäóðó ëîêàëüíîãî óëó÷øåíèÿ;

äîáàâèòü ïîëó÷åííûé ëîêàëüíûé îïòèìóì â ïîïóëÿöèþ.
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Îñîáåííîñòè ãèáðèäíîãî àëãîðèòìà äëÿ çàäà÷è îá
(r|p)-öåíòðîèäå

Ðàíäîìèçàöèÿ îêðåñòíîñòè

Ïóñòü S = {i|xLi = 1}, S = {i|xLi = 0}

Ïîâòîðèòü t ðàç:
äëÿ êàæäîãî i ∈ S íàéòè l áëèæàéøèõ ïðåäïðèÿòèé èç ìíîæåñòâà S;
âûáðàòü ñëó÷àéíûì îáðàçîì i1 ∈ S,
âûáðàòü ñëó÷àéíûì îáðàçîì i0 èç l áëèæàéøèõ ê i1 ïðåäïðèÿòèÿì;
ðåøèòü çàäà÷ó Êîíêóðåíòà íà íîâîì ìíîæåñòâå îòêðûòûõ

ïðåäïðèÿòèé.
Åñëè çíà÷åíèå öåëåâîé ôóíêöèè Ëèäåðà îêàæåòñÿ ëó÷øå íà íîâîì
ìíîæåñòâå, òî àëãîðèòì ïðîäîëæàåò ðàáîòó ñ íîâûì ðåøåíèåì.
Èíà÷å íàéòè äðóãóþ ïàðó (i1; i0) ñðåäè íå ó÷àñòâîâàâøèõ ðàíåå.

Êàêîâà ìîùíîñòü òàêîé îêðåñòíîñòè?
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Ìåòàýâðèñòèêè

Ðåêîìåíäàöèè ïðè ðàçðàáîòêå ìåòàýâðèñòèê

Âûáðàòü ïîäõîäÿùóþ îêðåñòíîñòü, ÷òîáû áûñòðî íàõîäèòü
ñîñåäíåå ðåøåíèå

Èçîáðàæàòü ãðàôè÷åñêè "ïîñåùàåìûå" ðåøåíèÿ ïðè
ôèêñèðîâàííûõ ïàðàìåòðàõ àëãîðèòìà

Ïðîâåðÿòü íå ñòàë ëè ìåòîä ïîõîæ íà ñëó÷àéíûé ïîèñê? Íå
óñòàíîâëåíû ëè ïàðàìåòðû àëãîðèòìà íà ìàêñèìóì?
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Ìåòàýâðèñòèêè

Ñðàâíåíèå ìåòàýâðèñòèê íà ïðèìåðå çàäà÷è î ñúåìêå
êèíîôèëüìà

Ïðèìåð TS SA GA

1 2926 2793 2794
2 3191 3191 3308
3 3289 3218 3256
4 3303 3254 3254
5 3299 3184 3223
6 3336 3268 3262
7 3391 3367 3403
8 3223 3213 3294
9 3356 3293 3405
10 3281 3204 3268
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