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Dynamical physical systems

* Processes which are evolving in time

« Characterized by:

1. A state space S, where a state is represented by a number
of variables that describe the physical situation

2. A setoftimes T, continuous or discrete, at which the state
of the system is evaluated

3. Arrule R that specifies how the consecutive state(s) of a
state s € § should be found: R:S XT - §
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Dynamical electronic systems

In Electronics:

“Dynamism is the system property that enables the
system behavior to adapt at run-time under the
Influence of changing environmental stimuli.”

Wireless network
Mobile audio-visual media devices devices

Ma et al., Systematic Methodology for Real-Time Cost Effective Mapping of Dynamic Concurrent
Task-Based Systems on Heterogeneous Platforms, 2007.
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Epileptic seizure predictor

« Software algorithm developed by Prof. L. lasemidis et al., Arizona State
University, Tempe, USA

« Long-term prospective on-line real-time prediction of seizures

« Based on maximum short-term Lyapunov exponent (STLmax) estimated
from EEG signals
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lasemidis et al. Seizure prediction and its applications, 2011
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Estimation of STLmax from experimental time series
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Dynamism in STLmax estimation

 Experiments performed on CoolBio DSP processor:

——Channel 19

P '(r'J\WWWMvuWlwrwx'”‘" Ll et

Estimation number




The Embedded System Design Process

Identification of requirements

Specification
Hardware

Design of architectureg
Software

Design of components

Integration of components

Final system
W. Wolf. Computers as Components, Principles of Embedded Computer System Design 2005
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System scenario concept

«System scenarios group system behaviors
that are similar from the multidimensional cost perspective,
such as resource requirements, delay and energy consumption,
In such a way that the system can be configured
to exploit this cost similarity.»

Gheorghita et al. System Scenario based Design of Dynamic Embedded Systems, 2008
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System scenario concept

System scenarios

Software architecture with predictor and
G(T, D), System behaviors ~ System scenarios switching mechanism
T ={V,F} P:{(VP’CP)|I'M}

Simulation on the cost 2 Clustering Characterization
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System scenario based design methodology

Identification == Prediction == Exploitation == Switching == Calibration

System System Optimized  Optimized system
scenarios scenarios system scenarios scenarios
+ +

+
Predictor Predictor Predictor ,

Switching Final
DESIGN-TIME mechanism  system

Gheorghita et al. System Scenario based Design of Dynamic Embedded Systems, 2008



Overview of completely designed system

Selected scenario System settings

Input signal ==» Prediction == Switching == Exploitation == [nformation

, gathering
/ .\6!) Variable values

and cost measurements

Calibration

System settings:
RUN-TIME * Processor voltage
» Processor frequency
» Use of processing resources
» Code version
. etc...
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Scenario clustering and characterization approaches

Bottom-up Top-down
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System scenarios for STLmax calculation
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System scenarios for STLmax calculation
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Estimation number

Energy consumption per channel on CoolBio DSP processor:

J

channel

(6 hours patient monitoring)

« Without system scenarios: 829

« With 10 system scenarios: 594

channel

J

channel

« Theoretically best input-adaptive solution: 567
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