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Power

® Power consumption is a key factor in modern processor design
® Architectural design decisions make great impact on power

® Need better models to make better decisions!
® The Dilemma:

T Archltectural level: Wattch SlmpIePower etc..
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FAST [ICCAD2007, MICRO2007]

® FPGA-Accelerated Simulation Technology (FAST)
® Partition simulator into:
® Functional Model (FM)

® simulates ISA, peripheral functionality
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FAST Bird’s-eye view

Host Processor
Functional Model (FM)

Timing Model (TM

Traces

Interface

Feedback
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Power Models for FAST

e |dentify key contributor signals to power consumption
and create models based on them

® “Architectural Signals™
® Available at high-level
® (Cache hit/miss signals, RegFile write data

® Have more impact on power as they drive more logic
and have larger fan-out
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Experiments

® Applied proposed approach to Freescale z650
embedded processor

® 32-bit Power ISA

® /-stage in-order pipeline
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Example (Caches)

Cache Read

PowerTheater

deled
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Example (Reg File)

PowerTheater
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Total Power (z650 core)

PowerTheater

Modeled Power
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Results
(Average Power)
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Results
(Cycle-by Cycle Power)

B Modeling Error of Estimating Cycle-by-Cycle Power (%)
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® Measured as RMS average of difference between PowerTheater
and Modeled power

® Less than 20% off!
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What about other irregular logic?

® Macromodeling [GuptaTVLSI2000]
® Avg Input Signal Probability

® How many ones!? mmm_
® Avg Input Transition Density 1

® How many bits flip?

° Avg Input Spatlal Correlatlon Coeff s
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Macromodeling Results

® |SCAS-85 Benchmark circuits (ALUs, etc.)
® Compared against Synopsys PrimeTime estimates
e [SMC |30nm library

® Cycle-by-Cycle power modeled within 20%!
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Integration with
Architectural Simulators

® (Can use any architectural simulator

® Power models only use signals that are available
at high-level

® Runs significantly faster than RTL simulation

® FPGA-Accelerated Simulation Technologies (FAST)
Simulators

® Power Models very suitable for FPGAs

® Virtually no overhead on simulation performance

® Even faster! (10 MIPS?)
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Conclusion

® High-level Power Models
® Can model average power very accurately (<2%)

® Can model cycle-by-cycle power at reasonable
accuracy (<20%)
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Tech Transfer

® |ndustrial Liaisons

® James C. Holt (Freescale)

e Carl E.Lemonds (AMD)

® Peng Yang (Freescale)
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Thank you!




Backup Slides




Power Breakdown

Pipeline
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Stanford ELM processor
[DallylEEEComputers2008] e

Reg iiiii

Pipeline

@® Cache @ RegFile @ Others




Why is “Reg File Write Data™

important!? l
/\

;A ;A | ;A . ;A | ‘ : ;A >A
. . Reg Write Data A WE2 ‘
® Although only one register is
“write-enabled”, switching still .
occurs at all register inputs
/\

® Write Data is globally routed : ‘
' WEn

Regn
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Benchmarks

® Profiled power model using one benchmark

® Ran |2 different benchmarks from standard
benchmark suites

® Dhrystone, Hiperstone, etc.
® Sampled 10,000ns from VCD dump

® Simulating 10,000ns in PowerTheater takes

around 4 hours
Benchmarks @ /
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Modeling Flow

Run RTL / Gate-level
Power Estimation
dentify key contributo
signals

Calculate
coefficients

Accurate

k=4

Existing
omponent?

Divide component into
uilding blocks in librar

eate power model by usi
xtrapolating library model

enough?

All models

done?
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