The
Slnstit‘ate for

ystems

Research

Introduction The Methodology Flow Sensing Infrastructure Design

fabrication process made the situation even worse.
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[1] Eren Kursun and Chen-Yong Cher, “Variation-awar Thermal Characterization and Management of Multi-core Architectures”, Proc.
IEEE International Conference on Computer Design, October 2008

How to Cure the Chip Fever?
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2. The Diagnosis
 Reconstruct the entire thermal profile given limited and noise-
corrupted sensor observations
3. The Treatment
« Dynamic frequency scaling under thermal constraints
--- Estimated thermal profile as the input to guide decision making
--- Use more flexible constraints to improve performance

Infrastructure Design Flow

Statistical
Power/Thermal
Information

Sensor Placement

Sensor Design

Fusion Center
Design

Accuracy
Satisfied?

[Output: Overall Design]

Sensing & Actuation Flow

Sensor Collected
Thermal Data
(Fusion Center Output)

Estimate the Real
Sensor Temperatures

!

Estimate the Chip Level
Thermal Profile

Thermal
Constraints
l Input

Dynamic Frequency
Scaling

Input

Repeat

--- Exploit the thermal correlations among different chip modules
--- Better accuracy can be achieved with less sensors.
Fusion Center Design:

--- Use hypothesis testing to reconstruct the accurate sensor
temperatures from the compressed and noise-corrupted sensor
readings

--- Combine all sensor readings and send to OS
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Feedback Control Design

Fit a Gaussian PDF using moment matching e A A
Use Hypothesis Testing — details omitted

3.Dynamic Frequency Scaling
Model the thermal behavior by an
RC circuit, in which voltage/current - |

P(t)
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« Soft constraint: allow the temperature to violate the constraint, as
long as the total duration of violation is within a certain threshold.

 Optimal solution: always run the processor at the maximum
frequency first, and then shut it down so as to let T go back to T,...
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