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A Dynamic Rescheduling Scheme for Reducing
Scheduling Overhead Using Static Information

MASAKI MATSUMOTO, ! KazuHIKO OHNO, !
TAKAHIRO SASAKL ! TosHio Konpof!
and HIROSHI NAKASHIMA 2

Task scheduling is very important for efficient execution of large-scale work-
flows in distributed computing environments. Static scheduling schemes achieve

high performance when executing workflows in stable environments. However,
the scheduling costs are very high for large-scale workflows and they may per-
form poorly if the system performance is changed dynamically. Demand-driven
scheduling schemes achieve high performance for independent tasks, but they
may perform poorly for workflows. Dynamic rescheduling schemes have the ad-
vantages of these two types of schemes, because tasks are rescheduled using algo-
rithms from static scheduling schemes when the performance is changed. Thus,
better performance can be achieved in workflow applications, although the
scheduling costs are increased if the system performance is frequently changed.
Therefore, we propose a new dynamic scheduling scheme to reduce the number
of reschedulings. The rescheduling trigger of this scheme is based on task termi-
nations. Moreover, the scheme reduces the number of reschedulings compared
to a scheme using a simple task termination trigger by checking dependencies
between tasks. Evaluation using an abstract simulation demonstrated that the
number of reschedulings was reduced to approximately 1/4 to 1/100 of that
without, and with a 5% increase of the execution time.
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Fig.1 Example of tasknetwork.
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Fig.4 Example of independent task sets.
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1.Schedule()

2.while (DAG is not finished) do

3. 000DOO00bOOooDbOOooDooooooooog
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5. H, =000000000000

6. if IsPerformanceChanged(message) = true then
7. 000 H; 00000 = GetChangedPerformance(message)
8. end

9. if Trigger() = true then
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11. end

12.end
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Fig.5 Algorithm of dynamic rescheduling scheme.
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function TriggerPerformanceChanged(message)
if IsPerformanceChanged(message) = true then
return true

return false
end

1.
2
3
4. else
5
6
7.

end function

0 6 TriggerPerformanceChanged() 00000 DODO
Fig.6 Algorithm of TriggerPerformanceChanged().
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Fig.7 Problem of TriggerPerformanceChanged().

4.5.1 TriggerPer formanceChanged() 00

0000000000000 0000000000000000000000goooa
dodododooooubooobboodoooooobooodooooooooooog
doddddoobooooooooobooboobooooooooooooooooooog
O0000000D00000000000000 TriggerPerformanceChanged() D00 00O
000000 6 0000 TriggerPerformanceChanged() 00000000000 0O0ODOO
0o00oo0o0o0oooooooooooooooooooooog
oooOoU00oooOooDOO0UU0OoOooOoOODOoOoUOoooDOoUOooooooOoO
gdooooOoOoOooOoooOoooODoOoOOOYOOOOOODOOOOYTOOOOOOO
00000000 200000000000000()OMO(c)pb00O0DOoOoOooo
0000000000000 0000000U00o0O0o00o0ooooooooon Task2—4
0O (¢)00O000000000O0DO0O0ULO0OOO0DO0OUOUDUOO(R) O (h)OoODOOoOo
000000000ooooooooooo0o0o000O00o0ooOoUoooooooooon
TriggerPerformanceChanged() 00 000000000000 0O0O0O0O0OO0O0OOOOO
000000000000 ooooooooooooo0o0o0oOoOOooooOoOooo

(© 2011 Information Processing Society of Japan



61 O0O00O0O0OO0OO0OCOOO0OO0OO0O0OOOOOOOO00000O0O0O0

1.flag = false
2.function TriggerTaskFinished(message)
3. if IsTaskFinished(message) = true and flag = true then

4. flag = false

5. return true

6. else if IsPerformanceChanged(message) = true then
7. flag = true

8. return false

9. else

10. return false

11. end

12.end function

0 8 TriggerTaskFinished() 0000000
Fig.8 Algorithm of TriggerTaskFinished().
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Fig.9 Problem of TriggerTaskFinished().
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1.flag = false

2.function TriggerTaskFinished(message)

3. if IsTaskFinished(message) = true then
4. T; = GetFinishedTask(message)

5. I; = GetContainedITS(T;)

6. if I; = nil then

7. if flag = true then

8. flag = false

9. return true

10. else

11. return false

12. end

13. else

14. if IsAllTaskFinished(I;) = true then
15. if flag = true then

16. flag = false

17. return true

18. else

19. return false

20. end

21. end

22. end

23. else if IsPerformanceChanged(message) = true then
24. flag = true

25. return false

26. else

27. return false

28. end

29.end function

0 10 TriggerITSFinished() 0000000
Fig. 10 Algorithm of TriggerITSFinished().
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Table 1 Attributes of task networks.
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Table 2 Attributes of heterogeneous environments.
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Fig. 12 Relationship of makespan and frequency of performance changes.
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Table 3 Relationship of the number of rescheduling execution and frequency of performance

changes.
1/A 10 50 100 500 1,000
TriggerPerformanceChanged() | 8,167 | 2,003 | 1,013 | 246 148
TriggerTaskFinished() 823 573 411 136 72
TriggerI TSFinished() 33 33 32 32 26
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Fig. 13 Makespans of reduced resceduling executions.
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Table 4 The number of static scheduling execution of reduced resceduling executions.

1/X 10 50 100 500 1,000
TriggerPerformanceChangedR() | 31 | 35 35 37 27
TriggerI TSFinished() 33 | 33 32 32 26
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Fig.14 Relationship of makespan and CCR.
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Table 5 Relationship of the number of static scheduling execution and CCR.
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