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TEAXxX Goals

Adaptive Thermal Control for:
1. Workload adaptation.
2. Reduced power consumption.
3. Improved reliability.
4. Disaster tolerance (always enabled).
5
6

. Improved performance.
. ...and all in a production machine.

« BUT: can’t redesign or build Pentium’s.

e S0O: userea IBM/Intel-standard PC.
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Samples of Related Work

 Rohou & Smith, 1999 — temperature adaptive system
— Adjusted temperature with frequency changes
— BUT: required modifying OS (Linux)
— Performance not enhanced
o Skadron et al, 2002 — temperature adaptive system
— Used classical feedback control theory
— Modeled and controlled temperatures of parts of a chip
— Instruction-fetch toggling controlled temperature
— Performance reduced
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TEAPC Control System

Microarc hitecture Research Institute
University of Rhode Island

* Only sensor input is CPU temperature (feedback line)

* Primary output is CPU frequency (N) [sometimes. Vcore =f (N)]
o State-space discrete control system design (modern)

e Quick response

Clock Synthesizer, CPU
and CPU internal sensor

freq freg
A°K AN AN N N (Hz) (Hz)
Ta{O) Knr N BN K o5 o K < >
N/°K G S freq/N s+A °Clfreq
17.4 0.28 8.26e6 B=0.0364  6.900e-9
A=0.03345
/'
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teapc Control Program

 \Windows application — no changesto OS

e Usesx86 |I/O address space
to access hardware

« Small: 800 kilobytes

e Fast: < 5% CPU utilization

e Control loop updated every second
e Hard [imits on max./min. frequency
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Experiment Setup - Paper

Microarchitecture Research Institute
University of Rhode Island
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...and now I1t’stime for the:

Video Demo: TEAND

(TEAND: notebook PC, or “ note bene” )

Clip 1: Basic Operation
Clip 2: Disaster Tolerance
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Summary

e TEAXXredize:

1. Thermally Adaptive operation to
both environment and/or |oading.

2. Low-power, high-reliability operation.
3. Better-than-worst-case performance.
4. Disaster tolerance.

* Feedback-control great for a system, too.
e |tWorks!!
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