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Abstract: The trade-off between system performance and energy efficiency (service time) is critical for the
battery-based aerospace real-time embedded system. By adopting a probabilistic approach, this paper proposes a
model and a set of algorithms to address the processor and voltage assignment with probability (PVAP) problem of
data-dependent aperiodic tasks in real-time embedded systems, ensuring that all the tasks can be done under the time
constraint with a guaranteed probability. A task directed acyclic graph (DAG) is adopted to model the PVAP
problem. This paper first proposes a task-scheduling algorithm to map the task DAG onto a set of voltage-variable
processors, and then uses the dynamic programming algorithm to assign a proper voltage to each task. Finally.to
escape from local optima, a local search with restarts searches the optimal solution from candidate solutions by
updating the objective function, until the task ends or the task deadline is reached. The test results show that
compared with other algorithms, this algorithm has higher energy efficiency under all the time constraints.
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Tab.3 Energy consumption of DVS with ILP,DVS without ILP and PVAP_LSR

PVAP_LSR
ILP1 ILP2
TC/Pes 0.8 0.9 1.0
REFE REFE HEFE %11 %12 REFE %1 %12 REFE %1 %12
750/2 21 520 17 934 15 140 25. 1 15.6 16 119 25. 1 10. 1 16 107 25. 2 10. 2
800/2 20 440 15 509 12 702 37.9 18.1 13 767 32.6 11.2 13 767 32.6 11.2
850/2 20 108 14 107 12 109 39. 8 14.8 12 518 37.7 11.9 13 412 33.8 6.3
900/2 19 103 13 560 11 745 38.5 13.4 12 103 36. 6 10. 7 13 097 32.5 4.9
600/3 22 987 17 112 13 796 10.0 19.4 14 138 38.5 17.4 14 701 36.0 14.1
700/3 20 671 15 861 12 105 41.4 23.7 13 502 34.7 14.9 13 665 33.9 13.8
800/3 18 972 14 703 11 607 38. 8 21. 1 12 570 33.7 14.5 13 148 30. 7 10. 6
900/3 17 209 13 896 10 937 36. 4 21.3 11 764 31.6 15.3 12 907 25.0 7.1
T4 TE - 37.2 18. 4 — 33.8 13.3 — 31.2 9.8
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Tab.4 Energy consumption of DVS with ILP,DVS without ILP and PVAP_LSR
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400/2 8 155 6 638 5 268 35. 4 20. 6 5 829 28.5 12.2 6 377 21. 8 3.9
440/2 8 048 5 990 4746 41.0 20. 8 5047 37.3 15.7 5773 28.3 3.6
320/3 8277 7 831 6616 20. 1 15.5 7 317 11.6 6.6 7715 6.8 1.5
360/3 7912 7212 6 093 23.0 15.5 6618 16. 4 8.2 7 303 7.7 —1.3
400/3 7 635 6 901 5701 25. 3 17. 4 6 001 21. 4 13.0 6 589 13.7 4.5
440/3 7 323 6 008 5138 29. 8 14.5 5 389 26. 4 10.3 6 147 16.1 —2.3
T4 T — 28.0 17.4 — 22. 2 10. 8 — 14.0 1.3
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ILP2 and PVAP_LSR based on TGEF-1
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Tab.5 Benchmark energy consumption of ASAP,ALAP and PVAP_LSR based on TGFF-2

PVAP_LSR
ASAP ALAP
TC/(Pes) 0.8 0.9 1.0
HEAE fiefE HEAE %A1 % A2 fig e Y%Al % A2 fe#E %A1 % A2
1100/2 X X X X X X X X 27 380 X X
1150/2 26 440 25 934 22 330 15.5 13.9 23 074 12.7 11.0 23 141 12.5 10. 8
1200/2 25 079 24 870 21 019 16. 2 15.5 21197 15.5 14. 8 22 516 10. 2 9.5
1250/2 23 158 23 715 19 674 15.0 17.0 20 209 12.7 14.8 20 951 9.5 11.7
1000/3 24 901 25 327 19 173 23.0 24.3 20 117 19.2 20. 6 20 574 17.4 18.8
1050/3 23 887 23 597 22 013 7.8 6.7 21 774 8. 85 7.7 21 989 7.9 6.8
1100/3 23 712 23 106 19 994 15.7 13.5 20 512 13.5 11.2 21 174 10. 7 8.4
1150/3 23 107 22 847 19 375 16. 2 15.2 19 763 14.5 13.5 20 338 12.0 11.0
4R TR — 15.6 15.2 — 13.9 13. 4 — 11.5 11.0
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