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The Power Problem

ÁProcessor designs today are power-constrained

ÁVDDhas stopped scaling, so the problem will only get worse

Power Ceiling
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A New Era of Design

ÁWe have to be careful with power consumption in designs

ÁMany design features offer performance, but come at a power cost

ÁQuestion: How should you spend your power budget?

ÁWhat design features are worth including?

ÁHow can we optimize designs for energy efficiency?

ÁThe New Design Objective: Design for Energy Efficiency
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The Energy-Performance Design Space

ÁEvery design can be plotted in the performance-energy space

ÁWe want designs on the energy-efficient frontier

Energy-Efficient

Frontier
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Optimizing for Energy Efficiency

ÁGoal: Find the processors on the efficient frontier

ÁStudy: Consider a large part of the processor design space

ÁHigh-level architectures

ÁIn-order vsout-of-order, single-issue vsdual-issue vsquad-issue, etc.

ÁMicro-architectural design knobs

ÁCache sizes, pipeline depth, instruction window sizes, etc.

ÁCircuit design

ÁGate sizing, circuit topology, circuit style, etc.
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Outline

ÁQuick review of optimization and marginal costs

ÁExperimental Methodology

ÁModeling approach for performance and power

ÁIntegrated architecture-circuit optimization framework

ÁResults

ÁCompare designs from a simple singe-issue in-order coreé

Áéto an aggressive quad-issue out-of-order processor
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Marginal Costs & Optimization

ÁFinding efficient designs is a trade-off analysis problem

ÁA design feature usually affects both performance and energy

ÁTo gauge efficiency of design choices, we use marginal costs

ÁWant those choices with the lowest cost per unit performance

ÁIf we know marginal costs, then we can optimize a design

ÁñBuyò parameters with a low marginal cost, ñsellò parameters with high cost
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ÁCurrent power modeling tools use fixed energy costs for circuits

ÁBut circuits can be designed in different ways

ÁTrade-off: faster circuits require more energy, slower circuits save energy

ÁFor true optimization, we need circuit-awarearchitectural models

A Circuit-Aware Approach To Energy Modeling
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Example: Simple In-order Processor
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Optimization Framework Overview
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Optimization Framework Overview
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ÁStep 1: Create Architectural Models

ÁUse statistical inference to capture a large design space
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Statistical Performance Modeling

Simulator
Architecture

Configuration

Performance

Data Point

Evaluate 

Design

Design Optimization Loop

Simulator

Random 

Architecture 

Configurations

Analytical 

Performance

Model

Evaluate 

Design

Design Optimization Loop

Statistical

Inference

(Data Fit)

TRADITIONAL 

PERFORMANCE MODELING & DESIGN OPTIMIZATION

STATISTICAL INFERENCE

PERFORMANCE MODELING & DESIGN OPTIMIZATION



13
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ÁStep 2: Characterize Circuit Trade-offs

Optimization Framework Overview
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Optimization Framework Overview
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ÁStep 3: Integrate circuit trade-offs into architectural models

ÁTo create circuit-awaremodels
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Optimization Framework Overview
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ÁStep 4: Optimize

ÁUse special mathematical models to enable convex optimization
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Experimental Setup

Á90nm CMOS technology

ÁStatic logic, except for SRAMs

ÁEnergy-delay trade-offs

ÁLogic units: use synthesis tools

ÁLarge memories: use CACTI

ÁArchitectural Simulator

ÁJoshua simulator from UIUC

ÁApplications

ÁSPECint

ÁLetõs look at the design space without voltage firsté
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Energy-Performance Tradeoff Space

ÁOptimization of a dual-issue out-of-order processor

ÁSignificant performance-energy trade-off range as we tune underlying parameters

~3x energy

~6x performance

TSMC 90nm

1.2 V



18

Energy-Performance Tradeoff Space

ÁOptimization of a dual-issue out-of-order processor

ÁSignificant performance-energy trade-off range as we tune underlying parameters

~3x energy

~6x performance

TSMC 90nm

1.2 V

Clock Cycle: 18.6 FO4

Integer Unit: 1 cycle

I-cache: 32Kb @ 2 cycles

D-cache: 42Kb @ 1 cycle

Instr. Window Size: 8 entries

é

Clock Cycle: 19.0 FO4

Integer Unit: 1 cycle

I-cache: 32Kb @ 2.2 cycles

D-cache: 18Kb @ 1 cycle

Instr. Window Size: 9 entries

é

Clock Cycle: 28.4 FO4

Integer Unit: 1 cycle

I-cache: 32Kb @ 1.6 cycles

D-cache: 10Kb @ 1 cycle

Instr Window Size: 9 entries

é
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Exploring High-Level Architectures
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out-of-order

architecture
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Exploring High-Level Architectures
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Exploring High-Level Architectures
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Exploring High-Level Architectures
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in-order

architecture
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Exploring High-Level Architectures
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Exploring High-Level Architectures
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Exploring High-Level Architectures
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Voltage Scaling

ÁVoltage is a powerful parameter

ÁJust turn up the voltage a bit, and everything runs faster

ÁSo letõs add voltage scaling to the study nowé




