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MIXED-CRITICALITY SPORADIC TASKS

Ci(Lo): WCET at low-criticality
Ci(u1): WCET at high-criticality
D;: Relative deadline
T;: Period
L;: Criticality (Lo or Hr)

(Ci(ro) < Cy(m1))
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MIXED-CRITICALITY SPORADIC TASKS
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MIXED-CRITICALITY SPORADIC TASKS
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MIXED-CRITICALITY SPORADIC TASKS
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SCHEDULABILITY ANALYSIS

Classic EDF analysis

A task set 7 is schedulable if

VE=0: Y dbf(r,€) < sbf(0).

TiET
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SCHEDULABILITY ANALYSIS

Classic EDF analysis

A task set 7 is schedulable if

VE=0: ) dbf(ri, €) < sbf(f).

TiET

--» Time

VT '
Low-criticality mode High-criticality mode
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SCHEDULABILITY ANALYSIS

Mixed-criticality EDF analysis

A task set 7 is schedulable if both A and B hold:

A VL2 0: ) dbfig(mi,£) < sbfio(0)

TiET
B:  V£20: ) dbfiu(r,€) < sbfiu(0)
TE€HI(T)
E --» Time
VT I '
Low-criticality mode High-criticality mode
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DEMAND-BOUND FUNCTIONS

Each 7; behaves exactly like a standard
sporadic task with WCET C;(r0).
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DEMAND-BOUND FUNCTIONS

Use dbfs from Baruah et al., 1990!

Each 7; behaves exactly like a standard
sporadic task with WCET C;(r0).
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Low-criticality mode High-criticality mode
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DEMAND-BOUND FUNCTIONS

Each 7; behaves similar to a standard
sporadic task with WCET C; ().

Use dbfs from Baruah et al., 1990!

Each 7; behaves exactly like a standard
sporadic task with WCET C;(r0).
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> Time
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DEMAND-BOUND FUNCTIONS

Each 7; behaves similar to a standard
sporadic task with WCET C; ().

Use dbfs from Baruah et al., 1990!

Each 7; behaves exactly like a standard
sporadic task with WCET C;(r0).

—~ D

\ / > Time

~ ~

Low-criticality mode High-criticality mode

Half-finished jobs are carried over to high-criticality mode.
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CARRY-OVER JOBS

N, > Time

VT VT

Low-criticality mode High-criticality mode

Half-finished jobs are carried over to high-criticality mode.
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CARRY-OVER JOBS

N, > Time

VT VT

Low-criticality mode High-criticality mode

Half-finished jobs are carried over to high-criticality mode.

Restricting to the interesting cases

To show A A B, we show A A (A — B).
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CARRY-OVER JOBS

Switch to high-criticality mode

(T .

t : t+ D;
7 \
Release of 7; Absolute deadline
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CARRY-OVER JOBS

Switch to high-criticality mode

Remaining scheduling

window
t ! t+ D
7 A
Release of 7; Absolute deadline
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CARRY-OVER JOBS

Switch to high-criticality mode

Remaining scheduling

window
| |
. }
t : t+ D;
7 \
Release of 7; Absolute deadline
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CARRY-OVER JOBS

Switch to high-criticality mode

Remaining scheduling
window Ci(u1)—Ci(ro)

t | i |

t : t+ D;
7 \
Release of 7; Absolute deadline
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ADJUSTING THE DEMAND OF CARRY-OVER JOBS

t . : b,

t t+ D;(10) t+ D;(Hr)

/s
Release of 7 /

Deadlines in low- and high-criticality mode

Time
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ADJUSTING THE DEMAND OF CARRY-OVER JOBS

f

Switch to high-criticality mode

: A

t

7

Release of 7;

PonTUS EKBERG

Time
t+ D;i(10) t+ D; (HI)

N

Deadlines in low- and high-criticality mode
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ADJUSTING THE DEMAND OF CARRY-OVER JOBS

Switch to high-criticality mode

Remaining scheduling window

A
t v b, Time
t | t+ D;(r0) t+ D;()

/s
Release of 7 /

Deadlines in low- and high-criticality mode
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ADJUSTING THE DEMAND OF CARRY-OVER JOBS

Switch to high-criticality mode

Remaining scheduling window

A
T : * l Time
t | t+ D;(r0) t+ D;()

/s
Release of 7 /

Deadlines in low- and high-criticality mode
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ADJUSTING THE DEMAND OF CARRY-OVER JOBS

Switch to high-criticality mode

Remaining scheduling window

A
t | Y 4, Time
t | t+ D;(r0) t+ D;()
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Release of 7 /

Deadlines in low- and high-criticality mode
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DEMAND-BOUND FUNCTIONS FOR HIGH-CRITICALITY MODE
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DEMAND-BOUND FUNCTIONS FOR HIGH-CRITICALITY MODE
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THE EFFECT OF THE LOW-CRITICALITY RELATIVE DEADLINE

Shifting lemma N

If D;(10) is decreased by ¢ € Z, then

dbfio(13,¢) ~  dbfo(7, €+ 0)
dbfy;(73,£)  ~  dbfy (73, £ — 0)
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THE EFFECT OF THE LOW-CRITICALITY RELATIVE DEADLINE
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PonTUS EKBERG
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SHAPING THE DEMAND OF THE TASK SET

Mixed-criticality EDF analysis

A task set 7 is schedulable if both A and B hold:

A VL2 0: ) dbfie(mi,£) < sbfio(0)

TiET

B:  V£>0: > dbfiu(r,8) < sbfiu(0)

T€HI(T)
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SHAPING THE DEMAND OF THE TASK SET

Mixed-criticality EDF analysis

A task set 7 is schedulable if both A and B hold:

A VL2 0: ) dbfie(mi,£) < sbfio(0)

TiET

B:  V£>0: > dbfiu(r,8) < sbfiu(0)

T€HI(T)

\.

A constraint satisfaction problem

Is there a valid assignment of D;(L0)s to each high-criticality
task 7; such that both A and B hold?

\.
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SHAPING THE DEMAND OF THE TASK SET

PonTUS EKBERG
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SHAPING THE DEMAND OF THE TASK SET

PonTUS EKBERG
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SHAPING THE DEMAND OF THE TASK SET
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SHAPING THE DEMAND OF THE TASK SET
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SHAPING THE DEMAND OF THE TASK SET

PonTUS EKBERG
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SHAPING THE DEMAND OF THE TASK SET

PonTUS EKBERG
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SHAPING THE DEMAND OF THE TASK SET
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SHAPING THE DEMAND OF THE TASK SET

PonTUS EKBERG
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EVALUATION

PonTUS EKBERG
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EVALUATION

PonTUS EKBERG

Weighted acceptance ratio (%)
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EVALUATION
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CONCLUSIONS

Demand-bound functions are useful also for mixed-criticality systems.

The particulars of mixed-criticality demand-bound functions allow
us to easily shape the demand to the supply of the platform.

Experiments indicate that this approach performs well.

PonTUS EKBERG BOUNDING AND SHAPING THE DEMAND OF MIXED-CRITICALITY SPORADIC TASKS 41



PonTUS EKBERG

Questions?
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