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Ââåäåíèå Öåëè è Çàäà÷è

Öåëü:
Îïòèìèçèðîâàòü ïðîöåäóðó ðàñïðåäåëåíèÿ çàäà÷

èñïîëíèòåëÿì â ìóëüòèàãåíòíîé ñðåäå â óñëîâèÿõ àïðèîðíîé
íåîïðåäåëåííîñòè íà ïðèìåðå ñèñòåìû íåïðåðûâíîé
èíòåãðàöèè.

Çàäà÷è:

1 Èññëåäîâàòü ïîäõîäû ïðèìåíÿåìûå â îáëàñòè ïëàíèðîâàíèÿ
(àíãë. scheduling theory).

2 Ñôîðìóëèðîâàòü êðèòåðèè îöåíêè êà÷åñòâà ðàñïðåäåëåíèÿ.

3 Âûÿâèòü ïîäõîäû óëó÷øàþùèå êà÷åñòâî ðàñïðåäåëåíèÿ.

4 Ðåàëèçîâàòü ïðåäëîæåííûå ðåøåíèÿ.

5 Ñðàâíèòü ïðåäëîæåííûå ðåøåíèÿ ñ èìåþùèìñÿ.
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Ââåäåíèå Ââåäåíèå

Continuous Integration

×òî æå òàêîå Continuous Integration?

Íåïðåðûâíàÿ èíòåãðàöèÿ (àíãë. Continuous Integration a, CI) � ýòî
ïðàêòèêà ðàçðàáîòêè ÏÎ, êîòîðàÿ çàêëþ÷àåòñÿ â âûïîëíåíèè
÷àñòûõ àâòîìàòèçèðîâàííûõ ñáîðîê ïðîåêòà äëÿ ñêîðåéøåãî
âûÿâëåíèÿ è ðàçðåøåíèÿ èíòåãðàöèîííûõ ïðîáëåì.

ahttp://en.wikipedia.org/wiki/Continuous_integration
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Ââåäåíèå Ââåäåíèå

Continuous Integration

TeamCity � îäíî èç ðåøåíèé â îáëàñòè continuous-integration îò
êîìïàíèè JetBrains.

TeamCity ðåàëèçóåò êîíöåïöèþ computational-grid :

Èñïîëíèòåëü #1
...

Èñïîëíèòåëü #N
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Çàäà÷àÐåçóëüòàò
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Ââåäåíèå Ââåäåíèå

Ìîòèâàöèÿ

Áûñòðî èäåíòèôèöèðîâàòü ðåãðåññèè.

Áûñòðî èäåíòèôèöèðîâàòü èçìåíåíèÿ, ââîäÿùèå ðåãðåññèè.

Ïîääåðæèâàòü êîíñèñòåíòíîñòü èñõîäíîãî êîäà.
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Ââåäåíèå Ââåäåíèå

Ïëàíèðîâàíèå

t

Task #1 Task #4

Task #2

Task #3 Task #5
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Ââåäåíèå Ââåäåíèå
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Ââåäåíèå Ïîñòàíîâêà çàäà÷è

Îïðåäåëåíèÿ

J (Jobs)
Ìíîæåñòâî çàäà÷.

E (Executors)
Ìíîæåñòâî èñïîëíèòåëåé.

rj , j ∈ J (release-date)
Ìîìåíò âðåìåíè, êîãäà çàäà÷à j ñòàíîâèòñÿ äîñòóïíîé äëÿ

èñïîëíåíèÿ.

Cj , j ∈ J (completion-time)
Ìîìåíò âðåìåíè, êîãäà çàäà÷à j çàâåðøàåò ñâîå èñïîëíåíèå.
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Ââåäåíèå Ïîñòàíîâêà çàäà÷è

Êðèòåðèè

Íåîáõîäèìî ñîñòàâèòü ðàñïèñàíèå Ŝ (J,E), óäîâëåòâîðÿþùåå
ñëåäóþùåìó óñëîâèþ:

Ŝ = argmin
S

R(S)

Cavg : R(S) =
∑

j∈J(S)

Cj

Cmax : R(S) = max
j∈J(S)

Cj
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Ââåäåíèå Ïîñòàíîâêà çàäà÷è

Îãðàíè÷åíèÿ

Íà ìíîæåñòâå çàäà÷ J îïðåäåëåíî îòíîøåíèå
ïðåäøåñòâîâàíèÿ RPREC :

(j, k) ∈ RPREC → rk ≥ Cj | j, k ∈ J

Compilation Test

Îòñóòñòâóåò âûòåñíåíèå (àíãë. preemption) çàäà÷.

Ñîâìåñòèìîñòü çàäà÷è j è èñïîëíèòåëÿ e îïðåäåëÿåòñÿ
îòíîøåíèåì ñîâìåñòèìîñòè RCOMPAT :

(j, e) ∈ RCOMPAT ↔ tej <∞ | j ∈ J, e ∈ E

Èñïîëíèòåëè ñóùåñòâåííî íå îäíîðîäíû.
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Ñóùåñòâóþùèå ïîäõîäû

Èñïîëüçóåìûé ïîäõîä

Òåêóùèé ïîäõîä ê ðåøåíèþ çàäà÷è ïëàíèðîâàíèÿ:

Îñíîâàí íà ñòðàòåãèè FIFO (First-In � First-Out).

Íàçíà÷àåò çàäà÷ó íåçàíÿòîìó èñïîëíèòåëþ, òðåáóþùåìó
íàèìåíüøåå âðåìÿ äëÿ åå èñïîëíåíèÿ.
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Ñóùåñòâóþùèå ïîäõîäû

Èññëåäîâàííûå ïîäõîäû

Àäàïòèðîâàííûé list-algorithm (Graham, 1966).

Àäàïòèðîâàííûé virtual circuit routing algorithm (Azar et. al.,
1992).

Ñâåäåíèå ê `çàäà÷å î ìàñòåðñêîé'.

Ñâåäåíèå ê `çàäà÷å î íàçíà÷åíèÿõ'.

Êóäèíêèí À., ÑÏáÀÓ 11 / 19



Ñóùåñòâóþùèå ïîäõîäû Ñâåäåíèå ê çàäà÷å î íàçíà÷åíèÿõ

Ïðîáëåìà #1

J1 J2 J3

E1 E2 E3

J1, J2, J3 ïðåäñòàâëÿþò ñîáîé çàäà÷è;
E1, E2, E3 ïðåäñòàâëÿþò ñîáîé èñïîëíèòåëåé;

Ïðè êàæäîì íàçíà÷åíèè ïëàíèðîâùèê äîëæåí ñòðåìèòñÿ ðàñïðå-
äåëèòü ìàêñèìàëüíîå (ïî âêëþ÷åíèþ) ïîäìíîæåñòâî ìíîæåñòâà

çàäà÷ Jt.
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Ñóùåñòâóþùèå ïîäõîäû Ñâåäåíèå ê çàäà÷å î íàçíà÷åíèÿõ

Ñâåäåíèå ê çàäà÷å î íàçíà÷åíèÿõ

Äîïîëíèì ìíîæåñòâî èñïîëíèòåëåé E ïñåâäî-èñïîëíèòåëÿìè
e ∈ ECF , ñîâìåñòèìûìè ñ êàæäîé èç çàäà÷ j ∈ Jt, ïðè÷åì:

tej =∞ | j ∈ Jt, e ∈ ECF

Assignment-Problem-Reduction

Ñêîíñòðóèðóåì äâóäîëüíûé ãðàô

G = (Jt, E ∪ ECF , RCOMPAT )

â êîòîðîì ïàðà âåðøèí (j, e) ñîåäèíåíà ðåáðîì i� çàäà÷à j ìîæåò
áûòü âûïîëíåíà èñïîëíèòåëåì e. Âåñ ðåáðà:

ω(j,e) = tej
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Ñóùåñòâóþùèå ïîäõîäû Ñâåäåíèå ê çàäà÷å î íàçíà÷åíèÿõ

Ïðîáëåìà #2
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je2
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Ñóùåñòâóþùèå ïîäõîäû Ñâåäåíèå ê çàäà÷å î íàçíà÷åíèÿõ

Ñâåäåíèå ê çàäà÷å î íàçíà÷åíèÿõ 2.0

Çàìåíèì ìíîæåñòâî èñïîëíèòåëåé E ìíîæåñòâîì ïàð:

P = {(e, k) | e ∈ E}

ãäå k � ïîðÿäêîâûé íîìåð çàäà÷è â ðàñïèñàíèè äëÿ èñïîëíèòåëÿ e.

k ≤ |Je
t | : Je

t = { j ∈ Jt | (j, e) ∈ RCOMPAT }

Assignment-Problem-Reduction-Revisited

Ñêîíñòðóèðóåì äâóäîëüíûé ãðàô

G = (Jt, P,RCOMPAT )

â êîòîðîì ïàðà âåðøèí (j, p) ñîåäèíåíà ðåáðîì i� çàäà÷à j ìîæåò
áûòü âûïîëíåíà èñïîëíèòåëåì p.e.

ω(j, p) = tp.ej × p.k
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Ìîäåëèðîâàíèå

Ìîäåëèðîâàíèå
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DEF            Default
APR            Assignment Problem Reduction
APR 2.0*       Assignment Problem Reduction 2.0*
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Ðåçóëüòàòû

Ðåçóëüòàòû

Ïðîâåäåíî èññëåäîâàíèå ïîäõîäîâ ïðèìåíÿåìûõ â
îíëàéí-ïëàíèðîâàíèè.

Âûÿâëåíû ïîäõîäû, ïîâûøàþùèå êà÷åñòâî ïëàíèðîâàíèÿ â
ðàññìàòðèâàåìîé ñèñòåìå.

Íåêîòîðûå ðåøåíèÿ ðåàëèçîâàíû.

Ïðîâåäåíî ìîäåëèðîâàíèå ñ öåëüþ ñðàâíåíèÿ ýôôåêòèâíîñòè
ðàçëè÷íûõ ïîäõîäîâ.
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Ðåçóëüòàòû

Q & A

Ñïàñèáî çà âíèìàíèå!
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