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The best is yet to come
Å Clients:

ÅCreate, innovate, Collaborate

ÅPerform complex tasks

ÅDeliver computational density 

ÅEconomy of scale

ÅUbiquitous computing

ÅLower entry cost

ÅRich content Ą compute demand

ÅAudio visual

ÅCognitive computing

Å Servers:

ÅDrive the connected world

ÅGoogle, Facebook é

ÅPerform some of the compute for thin clients 

ÅLarge scale computing

ÅFinance, science, engineering, cloud computing
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MooreΩs law for power performance

Å Theoretical scaling of new Process technology:
ï Linear Dimensions: Shrinks by 0.7
ï Area: Shrinks by 0.5
ï Capacitance: Shrinks by 0.7
ï Voltage: Scale down by 0.7
ï Frequency: Scale up by 1/0.7
ï Power Scale down by 0.5

¸ ThereΩs additional transistor and power budget for:
¿ New features
¿ Architectural extensions 
¿ Performance improvement

Half the area

Half the power

Sustainable Performance improvement at same power consumption

Power = C * V2 * F + Leakage
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Recent Reality - Deep in the power wall
¸ Practicalscaling factors:

¿ Linear Dimensions, Area and active capacitance continue to shrink
¿ Interconnect impact increases

¿ Voltage: Roughly the same!!!
¿ Frequency A design choice Between leakage and speed
¿ Power = C * V2 * F + Leakage Roughly the same @ 1/0.7 higher freq.
¿ Power = C * V2 * F + Leakage 0.7X power @ same freq. and ½ area

Same transistor count Ą 0.7-1X 

power, Higher power density

Same area Ą 1.5-2X power

¸ The Power wall ςMoors law will continue delivering transistor density but 
tough design and architectural choices:
¿ Higher power density to enable the frequency speedup

Â Harder to cool

¿ Any architectural additions come at cost on higher power

Cdyn/mm^ 2 increases with process shrink and architectural improvements

Process energy efficiency break even ï2X transistors Ą 1.5X perf.

*Reference: άMultiAmdahl: How Should I Divide My Heterogeneous Chip?έ, T. Zidenberget. al.
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Energy Density Over Time
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More then MooreΩs Law

ÅMoors law delivers transistor density

ÅNo longer delivers energy efficiency

ÅAt the same area, power and energy consumption increase

ÅPower and energy efficiency is back in engineering hands

6



Fifth Workshop on Energy-Efficient Design ςWeed 2013June -2013

Historical power trends
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P ~ Cdyn*V2*f
Cdyntrending ~ fixed for a given architecture ςcore area shrinks
Dynamic range of power increases (10X on recent products)

486 Pentiumϰ P6 Centrinoϰ Coreϰ

~ equal Cdyn

@ smaller area
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Power Management Fundamentals
Maximize user experience under multiple constraints
Å User Experience (May have different preferences):

ïThroughput performance 

ïResponsiveness  - burst performance

ïErgonomics (acoustic noise, skin temp)

ïBattery life / energy consumption: on and standby

ÅOptimizing around Constraints to meet user preferences
ïSilicon capabilities

ïSystem Thermo-Mechanical capabilities ςshort and long

ïPower delivery capabilities ςfrom the wall to the transistor

ïWorkload and usage

ïWorkload dynamic range
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Physical constraints

thermo-mechanical 

//upload.wikimedia.org/wikipedia/commons/8/85/Eight_founding_schools.png
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TDP ςThermal design power

Traditional design approach ςworst case design
Max realistic power at steady state for long period of time 

ARD Application Power (5s Peak)
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Recent years change

ÅThe rules of the game changed

ïFocus on User Experience

ÅNew innovative Form Factors

ïHigh computation low power devices

ïSkin temperature sensitive

ïImpose changes on system engineering

ÅNew usage models emerge at the data center

ïInteractive web services: Google, Facebook *

*Source: άOnline data intensive servicesέ, D. Meisneret. al. 
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Classic Model
Steady-State Thermal Resistance

Design guide for steady state

New Model
Steady-State Thermal Resistance

GPU and CPU sharing
AND

Dynamic Thermal Capacitance

New Concept: Thermal Capacitance
T
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Time

More realistic 
response to 

power changes

PCU manages energy budgets over multiple time constants

Classic model 
respond

CPU GPU

12

Example:
Cp_Al~ 0.9 J/(gr*ΩK)
100gr heat sink @ 35W Ą 100Sec
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Tablet  Thermal example

Tj=90

Tskin=40

10sec

100sec

1000sec

1w 5w4w3w2w 6w

355sec

210sec
~100sec

~50sec

1906sec

98sec

14.4sec

6.4sec

7200sec

Sustained

operation

System temp limit

Tj (junction) Limited

Operation region

Max power limit

Traditional 
òTDPó

Turbo
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Mapping the Usages Of Interest

Short
(hitting PD, Freq constraints)

Long 
(hitting system power constraints, Tskin)

Max Perf 
within 
system 
constraints

Meet QoS@ 
min Energy 
(BL)

Idle

Video PB

MP3 PB

Casual game

Web surfing

Video encode

Create PDF

Photo editing

File compression

Video encode

Create PDF

Photo editing

File compression

Math Apps Math Apps Heavy games

AOAC

Time

P
o
w

e
r/

P
e

rf

VIRUS

TDP
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Mapping the Usages Of Interest

Short
(hitting PD, Freq constraints)

Long 
(hitting system power constraints, Tskin)
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What is CPU άTurboέ
ÅP1 is Guaranteed frequency
ïWide dynamic power rage

ÅP0 is max possible frequency
ïP1 to P0 range is fully H/W controlled

ÅP1-P0 has significant frequency range (GHz)
ïSingle thread performance

ïLight load performance

ÅVarious possible policies and user 
preferences

ÅPnis the energy efficient point
ïLower then Pnis controlled by T-state 

άTurboέ
H/W 

Control

OS 
Visible
States

OS 
Control

T-state &
Throttle
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