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How can we analyze timing
properties in a compositional
framework?
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When does it get hot ?
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Can we determine worst case
temperatures in such a
compositional framework?
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/

bound on event arrivals workload model
period: 120 ms execution time: 30ms
jitter: 240 ms

interarrival: 30 ms
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/'

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

peak temperatures

average workload of tasks (25%):
random trace (500 s):

reasonable heuristic:

worst case:
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workload model
execution time: 30ms
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Given
* a bound on workload arrivals (arrival curves)
» a computation model (from workload to task executions)
= 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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» 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
the arrival curve:

R(s,t) < a(t — s) Vs <t

= Multiple inputs:

a(A) = Zinputs ; ()
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Event Stream

R(2.5): total workload
In t=[0 .. 2.5] ms

wquload

Arrival Curve o

maximum workload
in any interval of
length 2.5 ms
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» Computation Model

* Arriving workload is buffered in FIFO
» Work conserving schedule (EDF, FP, GPS, ...)

FIFO buffer [ s
f e

cumulative workload

accumulated computing time

!

C'(s,t) = .sgi%fgt{(t —u) + R(s,u)}
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C(0,t
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» Computation Model
= Bound on the computing time

FIFO buffer

/

arrival curve

(tight!) computing time bound
!

Ct =) <y(A) = inf {(A=X)+a(\)}
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Given bound on task arrivals ® :
all feasible accumulated computing times are bounded by °

active mode Idle mode
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» Power Model
= active and idle modes

P = o{’"T +8" P'=a'T+p

temperature-dependent leakage

» Temperature Model
environment temperature

1
& _(G-a)T+ (B+GT" |

d
Cdt
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thermal conductance

IR
o

thermal capacity

W=t
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What is the worst-case task arrival
sequence that leads to maximal
peak temperature?
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Suppose that the accumulated computing time function
C*(0,A) = (1) —~(r — A)

for all 0 < A < 7 leads to temperature T*(7) at time 7.
Then T*(7) is an upper bound on the highest tempera-
ture

T™(r) 2 T(t)

for all 0 <t < 7 for all feasible workload traces that are
bounded by the service curve a.
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reverse time
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Does there exist a feasible input trace
that leads to the peak temperature ?

FIFO buffer |E 48
R*(s,t) o— —f L
/'
w.c. cumulative workload *
C*(s,t)
1

w. c. accumulated computing time
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The worst-case workload function
R*(0,A) = C*(0,A)

for 0 < A < 7 leads to the accumulated computing time
C*(0,A) and complies to the arrival curve a.

If the step size of a(A) is an integer multiple of ¢ then

A

R (0,8) = ¢ [ _R(0,A)

has stepsize ¢ and is a feasible worst case trace as well.
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L 4
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reeeennnnns CF(0,1) = R*(0, 1)

— RN

maximal temperature
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How large should ¢4, be?

All observation times 7 that satisfy the following relation
guarantee a peak-temperature precision of T%(7) — T%(7)

1 TooNa (700 )
T > — - log (™) ( . )

a’ Te(t) —T(1)
(T>°)" and (T>)® denote the steady state temperatures

in idle and active mode, respectively.

T"(t) and T%(7) denote the temperatures at time 7

with initial temperatures (7°°)" and (17°°)%, respectively.
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/'

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

peak temperatures

average workload of tasks (25%):
random trace (500 s):

reasonable heuristic:

worst case:
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workload model
execution time: 30ms
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Video Audio | Network
period [20, 90|ms 30ms 30ms
jitter [20, 90|ms [0ms 10ms

min. interarrival Ims Ims Ims
execution demand 6ms 3ms 2ms
deadline [20, 90]ms 30ms 30ms

Table 1

PARAMETERS OF THE VIDEO CONFERENCING APPLICATION.

G C Joa'=a"] 7B 3° T° T
03% | 0035 | 017 | —=25W | —11W | 300K | 1.5s
Table II
PARAMETERS OF THE CONSIDERED EMBEDDED SYSTEM
ARCHITECTURE.
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worst case peak temperature
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under EDF
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Application Scenario

» MPEG-2 decoding: Picture-in-picture application

high resolution

Output
Device

| O
/Q Q

] N\
input rate \ constant
low resolution read rate
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Complete System Composition
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Scenario

» Model Calibration: SimpleScalar Simulation

1.3 GHz 3 GHz
Network Network Video Processing Video Output
Interface System Interface Deivce
s \ h
8Mbps N X pE, PE; PBhR
Riie o) IDCT
»> > > >
o) e
i\ | | o WL
/ PE; PBLg HR
RLR ="
@ T
b4 By rig
576 macrobl. / / \ 25 frames/s
1315 macrob 1 frame
125 GHz 2 frames
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Input Characterization

4

number of macrobocks [x1 04]

0 200 400 600 800 1000
A [ms]
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Application Scenario

Time/Space questions: We know how to do that ...

‘ Do buffers overflow ?‘

e

‘ Do buffers overflow or underflow ?
ETH | Wik
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Application Scenario

Temperature question

‘ Maximal Temperature?

Output
Device

®hr + @
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Analysis Results
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Worst Case Temperature
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Critical instance for real-time analysis

> time

8
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Critical instance for temperature analysis

time <
A

’YZA@CV/ o
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Intel SCC

» Multiprocessor Extensions
= complex heat propagation
= explicit solution complex
* model reduction necessary

» General Problems
* how to determine power model?

= how to determine temperature
model?
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