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 Given
 A set of applicatons of mixed critcality levels
 A set of N processing elements (PEs)
 Mapping of tasks to PEs
 The size of the Major Frame and of the Applicaton Cycle

 Determine
 The allocaton of applicatons to parttons
 Sequence and length of partton slices for each PE
 Schedule for the SC applicatons

 Such that
 SC and NC applicatons are schedulable
 The available slack is maximized (for upgrades)
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 Simulated Annealing 
 Minimizes the cost functon
 Explores the soluton space using design transformatons



Optmizaton Strategy: Cost Functon

 Degree of schedulability
 Captures the diference between the worst case response 

tme and the deadline
The response tme for SC is obtained through List Scheduling.

The response tme for NC is obtained using a Response Time Analysis. 



Optmizaton Strategy: Cost Functon

 Degree of schedulability
 Captures the diference between the worst case response 

tme and the deadline
The response tme for SC is obtained through List Scheduling.

The response tme for NC is obtained using a Response Time Analysis. 

 Cost Functon
 Weighted combinaton of the degree of schedulability for 

SC and NC applicatons
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Experimental Results

 Benchmarks
 10 synthetc 
 2 real life test cases from E3S

 Evaluated using 
 Straightorward Soluton (SS)

 Allocates to each applicaton a partton size proportonal to the 
utlizaton of the tasks mapped on that PE

 Time Partton Optmizaton (TPO)
 For 120 minutes
 wSC   = 400

 wNC  = 100
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Experimental Results

Set

SC NC

PE

SS TPO (120 min.)

Apps Tasks Tasks

1

3 15 5 2 1 of 3 All All All 1709.76 -44.00 832.88
3 20 6 3 1 of 3 All All All 107.94 -53.23 27.36
4 34 6 4 None All All All 169.68 7.14 88.41
4 40 10 5 None All All All 147.54 -0.40 73.57
5 53 9 6 3 of 5 All All All 542.78 14.66 278.72

2

1 6 6 4 All All All All 78.38 0.00 39.19
2 12 6 4 All All All All 59.20 -2.87 28.17
3 20 6 4 None 5 of 6 All All 518.06 1453.85 985.96
4 30 6 4 1 of 4 All All All 211.66 0.00 105.83
5 34 6 4 2 of 5 5 of 6 All All 466.36 673.33 569.85

3
3 19 5 3 None All All All 227.33 0.57 113.95
4 19 6 3 All All All All 135.29 -11.56 61.87

Sched. SC 
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Sched. NC 
tasks

Sched. SC 
Apps

Sched. NC 
Tasks

ΔSC ΔNC

Avg. % increase 
in degree of 

sched.



Conclusions

 Mixed critcality systems, with safety-critcal and non-critcal 
applicatons running on the same processor, are implemented using a 
parttoned architecture.

 The safety-critcal applicatons are scheduled using 
Statc Cyclic Scheduling.

 The non-critcal applicatons are scheduled using 
Fixed Priority Scheduling.

 We proposed a SA based optmizaton of tme parttons.

Optmizaton of tme parttons is needed for mixed critcality 
applicatons implemented on parttoned systems.



Future work

 Map tasks to PEs

 Allow partton slice sharing among applicatons

 Consider separaton requirements 

 Consider certfcaton costs



Thank you!

Domițian Tămaș-Selicean
dota@imm.dtu.dk

Paul Pop
paul.pop@imm.dtu.dk
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