TUTORIAL 2
DESIGN SOLUTIONS AND CHALLENGES FOR LOW POWER SYSTEMS
Speakers:

Massoud Pedram, University of Southern California, Los Angeles, CA,is assistant professor of
electrical engineering and systems. He has worértbnsivelyon logic synthesis and physical design
problems, and on CAD tools for the analysis and design of low power circuits.

Jan Rabaey Universityof California, Berkeley,CA, is professor otlectrical engineering and computer
science. He has beemctivein design automation andrchitecturedesign for digital signal processing,
and in the development of design methodologies for ultra low power components.

Background: This tutorial is intendedfor both researchemnd practitionersinterestedin the designof
low power circuitsand systems. Knowledgeof integratedcircuit designand familiarity with CAD tools
for synthesis and layout will be helpful.

Description: In recent years, the desirabilibf portable operationf all typesof electronicsystemshas
becomeevident. Oneof the primaryobjectivesin the designof portable systemsis power reduction
needed taminimize the sizeand weight allocated to batteriesAnother driver of the progressn low
power design is thencreasingneed to reduce activend/orstandby power consumption all electronic
systemsJow to high end, analogand digital. Essential elementsf a low power design environment
include meansof analyzingthe dissipationof a proposed oran existing design, mechanisms for
minimizing the power consumption when neededl techniques to explore the impaaft design trade-
offs on the power consumption, area and performance of a design.

In this tutorial, techniquedevelopedo address eactf these issues will be described. The fpatt of
the tutorial will analyze the sourcesf power dissipatiorin integratedcircuits and will summarizethe
various poweminimization approachesnd techniques currently practicdad industry and academia.
The secongart will address methods fagstimating,analyzing,and simulating power consumption at
various abstraction levels: behavioral, functional, logic, swétet circuit. Special emphasis wibe
placed on the dependenad power consumption orsignal statistics (transition probabilities and
correlations)and delay models (zero-delay versus real-dekay)lon how these can be addres&edhe
estimatorsand simulators. The efficiency and accuracyof the various approaches will be evaluated. In
the third part, various approaches for powminimizationat thealgorithmicandarchitecturalevels will

be discussed, usingansformations.architecturecompositionand hardwareselection as the driving
examples. Some mechanisms to reduce power consumption at the rtegiettar,logic and physical
levels will be describedincluding low power techniques for stat@ssignment,logic restructuring,
technologymapping, placementand clock routing). Complications due to a real delay model which
accounts for glitches will be addressaddthe effectsof powerminimizationtechniques on circuit area
and performance will be described. Finally, reliability concemarsd design-for-reliability will be
discussed.

The tutorial will be illustratedwith real life examples, taken from the desmfra wireless, multi-media
terminal ("The Infopad"), currentlyunder development at the Universityf California, Berkeley. In
addition, extensiveexperimentalesults on a representative sétbenchmarkcircuits will be givenin
order to assess the efficiency and effectiveness of the power optimization techniques.
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