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Öåëü ðàáîòû

Ðàçðàáîòêà ïàðàëëåëüíîãî àëãîðèòìà ðåøåíèÿ øèðîêîãî êëàññà çàäà÷
ñîñòàâëåíèÿ ðàñïèñàíèé (ïåðåñòàíîâî÷íûõ).

Êà÷åñòâà õîðîøåãî àëãîðèòìà:

• Òî÷íîñòü ðåøåíèé

• Ñêîðîñòü ðàáîòû

• Óíèâåðñàëüíîñòü

• Ïðîñòîòà ðåàëèçàöèè

• Ìàñøòàáèðóåìîñòü
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Çàäà÷à ñîñòàâëåíèÿ ïðîèçâîäñòâåííîãî
ðàñïèñàíèÿ ñ âðåìåííûìè îêíàìè (Pro-
duction Scheduling with Time Windows,
PSTW)

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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Êëàññè÷åñêàÿ çàäà÷à Flow Shop

Ìíîæåñòâî ðàáîò J = {j1, ..., jn};

ìíîæåñòâî ìàøèí I = {i1, ..., im}.

Êàæäàÿ ðàáîòà ñîñòîèò èç m îïåðàöèé, êîòîðûå äîëæíû áûòü
âûïîëíåíû íà ìàøèíàõ i1, i2, ..., im. Ïîðÿäîê âûïîëíåíèÿ ðàáîò
äîëæåí áûòü îäèíàêîâûì íà âñåõ ìàøèíàõ.

Äëèòåëüíîñòü îïåðàöèè ðàáîòû j íà ìàøèíå i ðàâíà pij.

Òðåáóåòñÿ íàéòè òàêîå óïîðÿäî÷åíèå ðàáîò, ïðè êîòîðîì ìîìåíò
îêîí÷àíèÿ ïîñëåäíåé ðàáîòû ìèíèìàëåí.
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Ñëó÷àéíûé ëîêàëüíûé ïîèñê (Hillclimb-
ing, (1+1)-EA)

1. Ïîñòðîèòü íà÷àëüíîå ðåøåíèå S(0).

2. Íà êàæäîé èòåðàöèè t âûïîëíÿòü:

2.1. Ñãåíåðèðîâàòü ñëó÷àéíîå ðåøåíèå S′ èç îêðåñòíîñòè òåêóùåãî
ðåøåíèÿ S(t) (ò.å. ïðèìåíèòü íåáîëüøèå ñëó÷àéíûå èçìåíåíèÿ S(t)).

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 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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Ãèáðèäíûé àëãîðèòì
¾Èäè ñ ïîáåäèòåëÿìè¿a ñ èòåðàòèâíûì
ëîêàëüíûì ïîèñêîì

a Aldous, D., Vazirani, U.: "Go with the winners" Algorithms. Proceedings of 35th IEEE
Symposium on Foundations of Computer Science (FOCS), pages 492�501, 1994.
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Êëàññè÷åñêèé ãåíåòè÷åñêèé àëãîðèòì
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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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Ñðàâíåíèå àëãîðèòìîâ íà çàäà÷å Flow
Shop

Íàñòðîéêè:

GwW: ðàçìåð ïîïóëÿöèè 256, êîë-âî ïîòîìêîâ 256 · 64 = 16384
GA: ðàçìåð ïîïóëÿöèè 5000, ðàçìåð òóðíèðà â ñåëåêöèè 20.

Òàáëèöà 1. Ñðåäíÿÿ ïîãðåøíîñòü
n ·m Tmax GwW GA MAa

min avg max min avg max min avg max
50 x 10 5 0 0.06 0.09 0.09 0.34 0.55 0.03 0.08 0.09
75 x 20 36 0.26 0.56 0.88 1.03 1.51 2.5 0.32 0.67 1.06
50 x 20 14 0.37 0.71 1.07 0.86 1.48 2.24 0.29 0.59 0.92
100 x 10 14 0.02 0.05 0.13 0.15 0.45 0.75 0.03 0.17 0.28
100 x 20 64 0.3 0.55 0.82 0.81 1.36 1.87 0.42 0.79 1.16

a Borisovsky, P., Kovalenko, Y. A Memetic Algorithm with Parallel Local Search for Flowshop
Scheduling Problems // In: Filipic B., Minisci E., Vasile M. (eds) Bioinspired Optimization Methods
and Their Applications (BIOMA 2020). 12438 LNCS. - 2020. - P. 201-213.
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Ñðàâíåíèå àëãîðèòìîâ íà çàäà÷å PSTW

Íàñòðîéêè:

GwW: ðàçìåð ïîïóëÿöèè 256, êîë-âî ïîòîìêîâ 256 · 512 = 131072
GA: ðàçìåð ïîïóëÿöèè 5000, ðàçìåð òóðíèðà â ñåëåêöèè 200.

Òàáëèöà 2. Çíà÷åíèÿ öåëåâîé ôóíêöèè
� Gurobi GwW GA

íèæ. âåðõ. min avg max min avg max
1 121.6 402.1 122.13 123.00 126.14 125.34 132.33 145.37
2 128.8 128.9 129.02 129.69 133.08 129.27 138.74 148.26
3 140.3 480.8 140.75 141.50 145.73 143.90 152.05 162.98
4 84.2 84.3 84.39 84.95 86.42 85.57 91.76 104.59
5 70.5 70.6 71.70 72.80 74.71 71.99 80.25 89.92
6 119.6 119.7 119.86 120.63 121.91 121.17 131.79 142.14
7 124.2 124.3 124.39 124.56 127.4 124.65 127.93 133.66
8 70.4 70.4 70.56 72.497 76.61 73.82 79.86 87.84
9 191.7 520.1 192.19 193.27 195.22 198.45 209.89 227.52
10 68.9 453.4 69.39 70.10 72.39 69.605 73.646 82.63
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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 èìèòàöèÿ îòæèãà
èëè ïîèñê ñ çàïðåòàìè.
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Ñïàñèáî çà âíèìàíèå!


