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The Power Problem

AProcessor designs today are pos@nstrained
AV, has stopped scaling, so the problem will only get worse
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A New Era of Design

AWe have to be careful with power consumption in designs
AMany design features offer performance, but come at a power cost

AQuestion: How should you spend your power budget?
AWhat design features are worth including?
AHow can we optimize designs for energy efficiency?

AThe New Design Objectifze=sign for Energy Efficiency



The EnergyPerformance Design Space

AEvery design can be plotted in the performaneegy space
AWe want designs on the eraffigient frontier
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Optimizing for Energy Efficiency

AGoal: Find the processors on the efficient frontier

AStudy: Consider a large part of the processor design space
AHighIeveI architectures
Alnorden/soutoiorder, singlesuevsdualissuevsquadssue, etc.
AMicrearchitecturaI design knobs
Acache sizes, pipeline depth, instruction window sizes, etc.
Acircuit design
AGate sizing, circuit topology, circuit style, etc.



Outline

AQuick review of optimization and marginal costs

AExperimentaI Methodology

AModeling approach for performance and power
Alntegrated architecteireuit optimization framework

AResults

ACompare designs from a simpleissogefo r der cor e é
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Marginal Costs & Optimization

AFinding efficient designs is a trawféanalysis problem
AA design feature usually affects both performance and energy

ATo gauge efficiency of design choices, we use marginal costs

Awant those choices with the lowest cost per unit performance
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Alf we know marginal costs, then we can optimize a design
AfiBuyo parameters with a | ow marg



A CircutAware Approach To Energy Modeli

ACurrent power modeling tools use fixed energy costs for circuit

ABut circuits can be designed in different ways
ATradeoff: faster circuits require more energy, slower circuits save energy

AFor true optimization, we nestuitawarearchitectural models
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Example: Simple-brder Processor

How big should | make-oache?
How fast should I run it?
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Optimization Framework Overview
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Optimization Framework Overview

AStep 1: Create Architectural Models
AUse statistical inference to capture a large design space
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Statistical Performance Modeling

TRADITIONAL
PERFORMANCE MODELING & DESIGN OPTIMIZATION
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Optimization Framework Overview

AStep 2. Characterize Circuit Traffe
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Optimization Framework Overview

AStep 3: Integrate circuit tradiés into architectural models
ATo createircuitawaremodels
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Optimization Framework Overview

AStep 4: Optimize
AUse special mathematical models to eraiiigex optimization
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Experimental Setup

A90nm CMOS technology
AStatic logic, except for SRAMs

AEnergydelay tradeffs

ALogic units: use synthesis tools
ALarge memories: use CACT]

AArchitectural Simulator
AJoshua simulator from UIUC

AApplications
ASPECint

ALetc”)s | ook at the design spa



EnergyPerformance Tradeoff Space

AOptimization of a dusisue ouf-order processor

ASignificant performannergy tradef range as we tune underlying paramets
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EnergyPerformance Tradeoff Space

AOptimization of a dusisue ouf-order processor
ASigniﬁcant perCIock Cycle:
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Exploring Higi.evel Architectures
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Exploring Higi.evel Architectures
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Exploring Higi.evel Architectures
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Exploring Higi.evel Architectures
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Exploring Higi.evel Architectures
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Voltage Scaling

AVoltage is a powerful parameter
AJust turn up the voltage a bit, and everything runs faster

ASo |l etds add voltage scaling






