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bound on event arrivals
period: 120 ms

workload model
execution time: 30ms

jitter: 240 ms
interarrival: 30 ms
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bound on event arrivals
period: 120 ms

workload model
execution time: 30ms

jitter: 240 ms
interarrival: 30 ms

peak temperaturespeak temperatures
average workload of tasks (25%): 342.5K
random trace (500 s): 362 2 Krandom trace (500 s): 362.2 K
reasonable heuristic: 363.5 K
worst case: 366.9 K
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heuristic
worst case
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Given
 a bound on workload arrivals (arrival curves)
 a computation model (from workload to task executions)

(f ) a power model (from task executions to power)
 a temperature model (from power to temperature)

What is the worst case peak temperature?
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The Models
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Workload Arrival Model
 Cumulative workload: In time interval [s, t), tasks with an 

accumulated workload of R(s,t) arrive.
 Arrival curve: The cumulative workload is upper bounded by Arrival curve: The cumulative workload is upper bounded by 

the arrival curve:

 Multiple inputs:p p

…
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•workload•Event Stream

R(0,2.5): total workload

Event Stream

•t [ms]•2.5

( )
in t=[0 .. 2.5] ms

tt [ms] 2.5 

•Arrival Curve 

maximum workload

•events •u

in any interval of 
length 2.5 ms

9
Computer Engineering and Networks

Technische Informatik und Kommunikationsnetze

• [ms] •2.5 



10
Computer Engineering and Networks

Technische Informatik und Kommunikationsnetze



11
Computer Engineering and Networks

Technische Informatik und Kommunikationsnetze



12
Computer Engineering and Networks

Technische Informatik und Kommunikationsnetze



Computation Model
 Arriving workload is buffered in FIFO
 Work conserving schedule (EDF, FP, GPS, …)

•FIFO buffer

cumulative workloadcumulative workload
accumulated computing time
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Computation Model
 Bound on the computing time

•FIFO buffer

arrival curvearrival curve
(tight!) computing time bound
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Given bound on task arrivals α :
all feasible accumulated computing times are bounded by γ

active mode idle mode
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Power Model
 active and idle modes

T t M d l

temperature-dependent leakage

Temperature Model

environment temperature

thermal capacity
thermal conductance
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What is the worst-case task arrival 
sequence that leads to maximalsequence that leads to maximal 

peak temperature?
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The Results
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reverse timereverse time

maximal temperature
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Does there exist a feasible input trace 
that leads to the peak temperat re ?that leads to the peak temperature ?

•FIFO buffer

w.c. cumulative workload

w c accumulated computing time
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maximal temperature
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H l h ld b ?How large should τ be?
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Some Simulations
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……

bound on event arrivals
period: 120 ms

workload model
execution time: 30ms

jitter: 240 ms
interarrival: 30 ms

peak temperaturespeak temperatures
average workload of tasks (25%): 342.5K
random trace (500 s): 362 2 Krandom trace (500 s): 362.2 K
reasonable heuristic: 363.5 K
worst case: 366.9 K
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worst case peak temperatureworst case peak temperature

100 d100 random
simulations
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not schedulable
under EDF

h d l blschedulable
under EDF

change task
i l f id
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arrival of video



Conclusion
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C iti l i t f l ti l iCritical instance for real-time analysis

titime
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C iti l i t f t t l iCritical instance for temperature analysis

titime

maximal temperature
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