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Çàäà÷à ñîñòàâëåíèÿ ïðîèçâîäñòâåííîãî
ðàñïèñàíèÿ

Ïîñòàíîâêà çàäà÷èa.

J � ìíîæåñòâî ðàáîò, I � ìíîæåñòâî ìàøèí.

Êàæäàÿ ðàáîòà äîëæíà áûòü âûïîëíåíà ðîâíî îäèí ðàç.

pij � äëèòåëüíîñòü âûïîëíåíèÿ ðàáîòû j íà ìàøèíå i.

[ej, dj] � âðåìåííîå îêíî äëÿ îêîí÷àíèÿ ðàáîòû j.

sj � ìàêñèìàëüíî âîçìîæíîå çàïàçäûâàíèå ðàáîòû j.

zi � ¾ñòîèìîñòü¿ çàïóñêà ëþáîé ðàáîòû íà ìàøèíå i.
a J. Berndorfer, S. N. Parragh. Modeling and solving a real world machine scheduling problem

with due windows and processing set restrictions. Procedia Computer Science, V. 200, 2022, P.
1646�1653. https://doi.org/10.1016/j.procs.2022.01.365
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Çàäà÷à ñîñòàâëåíèÿ ïðîèçâîäñòâåííîãî
ðàñïèñàíèÿ

Êðèòåðèé.

L + 0.001 · Z → min,

ãäå L � ñóììàðíîå çàïàçäûâàíèå
Z � ñóììàðíàÿ ñòîèìîñòü çàïóñêà âñåõ ðàáîò.
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Ïàðàëëåëüíûé ñëó÷àéíûé ëîêàëüíûé
ïîèñê

1. Ïàðàëëåëüíûé ïðîñìîòð îêðåñòíîñòè

Àëãîðèòì (1+K)-EA
1. Ïîñòðîèòü íà÷àëüíîå ðåøåíèå S(0).

2. Íà êàæäîé èòåðàöèè t âûïîëíÿòü:

2.1. ÑãåíåðèðîâàòüK ñëó÷àéíûõ ðåøåíèé S′1, ..., S
′
K èç îêðåñòíîñòè

òåêóùåãî ðåøåíèÿ S(t). Èç íèõ âûáðàòü ëó÷øåå S∗.

2.2. Åñëè f(S∗) < f(S(t)), òî S(t+1) := S∗, èíà÷å S(t+1) := S(t).
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Ïàðàëëåëüíûé ëîêàëüíûé ïîèñê ñ
ïåðåçàïóñêîì
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Ïðåäñòàâëåíèå ðåøåíèé

(j1, j2, ..., jn) � ïåðåñòàíîâêà ðàáîò
(u1, u2, ..., un) � óïîðÿäî÷åííûé ñïèñîê ìàøèí, íàïðèìåð

(1,1,2,2,2,3,3,3,3).

Ðåøåíèå õðàíèòñÿ â âèäå ìàññèâà int[n]. Äëÿ óìåíüøåíèÿ îáðàùåíèé
ê ïàìÿòè, îáà çíà÷åíèÿ (jk, uk) çàïèñûâàþòñÿ â îäíó ÿ÷åéêó
(â ñòàðøèå è ìëàäøèå 16 áèò).
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Îïåðàòîðû ìóòàöèè

1. Swap

2. Insertion
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Òåñòîâûé ïðèìåð

500 ðàáîò, 150 ìàøèí.

¾Ïîïóëÿöèÿ¿ èç 64 ðåøåíèé, äëÿ êàæäîãî ñîçäàþòñÿ 512 ïîòîìêîâ,
èñïîëüçóåòñÿ òîëüêî îïåðàòîð Insertion. Òàêèì îáðàçîì, íà êàæäîé
èòåðàöèè LS îáðàáàòûâàþòñÿ 30720 ðåøåíèé. LS çàïóñêàåòñÿ íà
100000 èòåðàöèé.

Âðåìÿ âûïîëíåíèÿ.

CPU INTEL Xeon 4210: 930 ñåê.

CPU AMD EPYC 7502: 794 ñåê.

GPU Tesla V100 : 66 ñåê.

Óñêîðåíèå â 12 - 14 ðàç.
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Ïàðàëëåëüíûé ëîêàëüíûé ïîèñê
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Äðóãàÿ ãðóïïèðîâêà ïîòîìêîâ
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Îáúåäèíåíèå çàïðîñîâ ê ïàìÿòè (memory
coalescing)
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Õðàíåíèå ìíîæåñòâà ðåøåíèé â ïàìÿòè

Âðåìÿ âûïîëíåíèÿ íà GPU: 9 ñåê. Óñêîðåíèå ïî ñðàâíåíèþ ñ CPU
ïðèìåðíî â 100 ðàç.
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Ñðàâíåíèå ñ Gurobi

Òåñòîâûå ïðèìåðû ñ êîëè÷åñòâîì ðàáîò n = 500 è ìàøèí m = 150.

Ïàðàìåòðû àëãîðèòìà: ÷èñëî ðîäèòåëüñêèõ ðåøåíèé N = 256, ÷èñëî
ïîòîìêîâ K = 512, êîëè÷åñòâî èòåðàöèé � ñòî òûñÿ÷.

Âðåìÿ âûïîëíåíèÿ ñ òàêèìè íàñòðîéêàìè ñîñòàâëÿëî 260 ñåêóíä.
Äëÿ êàæäîé çàäà÷è áûëî ñäåëàíî 10 íåçàâèñèìûõ çàïóñêîâ àëãîðèòìà.

Gurobi çàïóñêàëñÿ ñ îãðàíè÷åíèåì ïî âðåìåíè ñ÷åòà â ïÿòü ÷àñîâ
è ñ èñïîëüçîâàíèåì äî âîñüìè ÿäåð CPU.
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Ðåçóëüòàòû
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Çàêëþ÷åíèå

• Âû÷èñëåíèÿ íà GPU ìîãóò óñïåøíî ïðèìåíÿòüñÿ ïðè ðåøåíèè
çàäà÷ îïòèìèçàöèè â ïðîèçâîäñòâå.

• Â ñðàâíåíèè ñ èçâåñòíûìè àíàëîãàìè ðàññìîòðåííûé ïîäõîä
ïîçâîëÿåò ïîëó÷àòü ïîõîæèå ïî êà÷åñòâó ðåøåíèÿ, íî çà
çíà÷èòåëüíî ìåíüøåå âðåìÿ.

• Îñîáî ñòîèò îòìåòèòü ïðîñòîòó ðåàëèçàöèè àëãîðèòìà, ÷òî
ïîçâîëÿåò èñïîëüçîâàòü åãî äëÿ øèðîêîãî êëàññà çàäà÷.

• Ïðåäñòàâëÿåòñÿ ïåðñïåêòèâíûì îïðîáîâàòü äàííûé ïîäõîä â
êîìáèíàöèè ñ äðóãèìè ýâðèñòèêàìè, òàêèìè êàê ãåíåòè÷åñêèé
àëãîðèòì èëè ïîèñê ñ çàïðåòàìè.
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Ñïàñèáî çà âíèìàíèå!


