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Â äàííîé ðàáîòå ðàññìàòðèâàåòñÿ çàäà÷à ïîñòðîåíèÿ âû÷èñëèòåëüíûõ ñè-
ñòåì, èñïîëüçóþùèõ íàèìåíüøåå âîçìîæíîå ÷èñëî àïïàðàòíûõ ðåñóðñîâ äëÿ
âûïîëíåíèÿ ïðèêëàäíîé ïðîãðàììû çà âðåìÿ, íå ïðåâûøàþùåå çàäàííîãî
è îáëàäàþùèõ òðåáóåìîé íàäåæíîñòüþ. Çàäà÷è òàêîãî òèïà âîçíèêàþò ïðè
ïðîåêòèðîâàíèè ñèñòåì ðåàëüíîãî âðåìåíè, ãäå åñòü îãðàíè÷åíèÿ íà âðåìÿ
âûïîëíåíèÿ ïðîãðàììû, èç-çà êîòîðûõ ïîÿâëÿåòñÿ íåîáõîäèìîñòü çàïóñêàòü
ïðîãðàììó ïàðàëëåëüíî íà íåñêîëüêèõ ïðîöåññîðàõ.

Ïðåäïîëàãàåòñÿ, ÷òî âûäåëåíèå çàäàíèé, ïîäëåæàùèõ ïëàíèðîâàíèþ, è
ïàðàëëåëèçì, äîïóñêàåìûé ïðè âûïîëíåíèè ïðîãðàììû çàäàíû (âûÿâëåíû)
ïðåäâàðèòåëüíî. Ðàñïðåäåëåíèå çàäàíèé ïî ïðîöåññîðàì ñ óêàçàíèåì î÷å-
ðåäíîñòè âûïîëíåíèÿ çàäàíèÿ íà ïðîöåññîðå íàçûâàåòñÿ ðàñïèñàíèåì.

Íàäåæíîñòüþ íàçûâàþò ñâîéñòâî ñèñòåìû ðàáîòàòü áåç îøèáîê. Â äàí-
íîé ðàáîòå ê âû÷èñëèòåëüíîé ñèñòåìå ïðåäúÿâëÿþòñÿ òðåáîâàíèÿ ïî íàäåæ-
íîñòè: îíà äîëæíà áûòü íå íèæå îïðåäåëåííîé âåëè÷èíû. Ïîâûøàòü íà-
äåæíîñòü ñèñòåìû ìîæíî ñ ïîìîùüþ ââåäåíèÿ ðåçåðâíûõ ýëåìåíòîâ � êàê
ïðîöåññîðîâ, òàê è êîïèé ïðîãðàììû [2,3].

Â çàäà÷å, ðåøàåìîé â äàííîé ðàáîòå, òðåáóåòñÿ ðàñïðåäåëèòü çàäàíèÿ íà
íàèìåíüøåå âîçìîæíîå ÷èñëî ïðîöåññîðîâ ïðè ñîáëþäåíèè îãðàíè÷åíèé íà
íàäåæíîñòü è âðåìÿ âûïîëíåíèÿ.

Äëÿ ðåøåíèÿ ïîñòàâëåííîé çàäà÷è ïðåäëàãàåòñÿ àëãîðèòì, îñíîâàííûé íà
àëãîðèòìàõ èìèòàöèè îòæèãà [1,4]. Ââåäåíà ñèñòåìà îïåðàöèé, ïîçâîëÿþùàÿ
ïðåîáðàçîâûâàòü ðàñïèñàíèÿ, è ñ ïîìîùüþ ïîñëåäîâàòåëüíîãî ïðèìåíåíèÿ
ðàçëè÷íûõ îïåðàöèé ïðîèñõîäèò ïîèñê îïòèìàëüíîãî ðåøåíèÿ. Îáùàÿ ñõåìà
ðàáîòû àëãîðèòìà ñëåäóþùàÿ:

1. Àíàëèçèðóåòñÿ òåêóùåå ïðèáëèæåíèå ðåøåíèÿ è âûáèðàåòñÿ îïåðàöèÿ
äëÿ âûïîëíåíèÿ.

2. Âûáèðàþòñÿ ïàðàìåòðû îïåðàöèè.

3. Åñëè ïîñëå âûïîëíåíèÿ îïåðàöèè íîâîå ðàñïèñàíèå îêàçûâàåòñÿ ëó÷øå
ïðåäûäóùåãî, íîâîå ðàñïèñàíèå ñ çàäàííîé âåðîÿòíîñòüþ áåðåòñÿ â êà÷åñòâå
ñëåäóþùåãî ïðèáëèæåíèÿ.

4. Åñëè äîñòèãíóò êðèòåðèé îñòàíîâà, àëãîðèòì çàâåðøàåò ðàáîòó.

Íàèáîëåå âàæíûì ýëåìåíòîì àëãîðèòìà ÿâëÿåòñÿ èñïîëüçóåìàÿ â íåì
ñòðàòåãèÿ ïðèìåíåíèÿ îïåðàöèé íàä ðàñïèñàíèåì. Ñòðàòåãèÿ äëÿ çàäàííîãî
òåêóùåãî ïðèáëèæåíèÿ îïðåäåëÿåò, êàêóþ îïåðàöèþ ñëåäóåò ïðèìåíèòü è

1



Êîíôåðåíöèÿ ¾Ëîìîíîñîâ 2011¿

êàêèå äëÿ ýòîé îïåðàöèè ñëåäóåò âûáðàòü ïàðàìåòðû, òî åñòü çàäàåò ïîâåäå-
íèå àëãîðèòìà íà 1 è 2 ýòàïàõ â âûøå îïèñàííîé ñõåìå. Â ðàáîòå âûäåëåíî
òðè ñòðàòåãèè è ïðîâåäåíî èññëåäîâàíèå èõ ýôôåêòèâíîñòè.

Ëèòåðàòóðà

1. Êàëàøíèêîâ À.Â., Êîñòåíêî Â.À. Ïàðàëëåëüíûé àëãîðèòì èìèòàöèè îò-
æèãà äëÿ ïîñòðîåíèÿ ìíîãîïðîöåññîðíûõ ðàñïèñàíèé// Èçâåñòèÿ ÐÀÍ.
Òåîðèÿ è ñèñòåìû óïðàâëåíèÿ, 2008., N.3, Ñ.101-110.

2. Dave E. Eckhardt, Alper K. Caglayan, John C. Knight, Larry D. Lee, David
F. McAllister, Mladen A. Vouk, and John P. J. Kelly. An experimental
evaluation of software redundancy as a strategy for improving reliability.
IEEE Transactions on Software Engineering, 17(7):692�702, July 1991.

3. P.T. Popov, L. Strigini, J. May, and S. Kuball, �Estimating Bounds on the
Reliability of Diverse Systems,� IEEE Transactions on Software Engineering,
vol. 29, no. 4, April 2003, pp. 345�359.

4. X. Qin and H. Jiang, �A Dynamic and Reliability-Driven Scheduling Algorithm
for Parallel Real-Time Jobs on Heterogeneous Clusters,� J. Parallel and
Distributed Computing, vol. 65, no. 8, pp. 885-900, Aug. 2005.

2


