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The best is yet to come

A Clients:
A Create, innovate, Collaborate

A Perform complex tasks
A Deliver computational density
A Economy of scale
A Ubiquitous computing
A Lower entry cost
A Rich content A compute demand
A Audio visual

A Drive the connected world

A Cognitive computing
A Google, Facebook é

A Perform some of the compute for thin clients
A Large scale computing
A Finance, science, engineering, cloud computing
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MooreQ law for power performance

Power=CC V& F +ekkage

A Theoretical scaling of new Process technology:
I Linear Dimensions: Shrinks by 0.7
I Area: Shrinks by 0.5
i Capacitance: Shrinks by 0.7
I Voltage: Scale down b0.7
I Frequency: Scale up by/0.7
I Power Scale down b0.5

— Half the area
Half the power

® Therel aditititonalttearBision e g poywerudgegeirfor:
£ New featiures
£ Architecturélext@nRions
£ Perfonmanes nmppsoyement

Sustainable Performance improvement at same power consumption
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Recent RealityDeepin the powerwall

e Pragicalscslngfiaciess:
© Linearineesisios) 3\ rAien ot aetiw sapacikance coatinkertokshrink
) |nterconmettinpacirinareases

£ \Voltage: Rowugtthe sane!l!

O Freguengy A designctbiic e Bebvedpaleakagealapdesspeed
£ Power=CC V¥ F +akkage Roughiyt e saun e @)/ 0.7 higher fireg).

O Powers C*\W" F +eekkage 0.7X power @k santreq. and Yaesea

Giyn/mm™2 increaseswithpprecess shrink-andaichitectural improvements
o The mowewall € Moors lawwiillcconiineal deliveingdransistae aensitytbut

tough designaddflchitectarahcheices:
© Higher pawerddearisityo enalble ttheffeegeengyspeegup

A Harder to cool
£ Any arthitectusabadditonsccomea abast bigltgbenpgower

Same transistor count A 0.7-1X
power, Higher power density
Same area A 1.5-2X power

Process energy efficiency break even 1 2X transistors A 1.5X perf.

*Reference dMultiAmdaht How Should | Divide My Heterogeneous C§ipZidenberget. al.
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More then MooreQ Law

Energy Density Over Time
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A Moors law delivers transistor density
A No longer delivers energy efficiency
A At the same area, power and energy consumption increase
A Power and energy efficiency is back in engineering hands
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Historical power trends

P ~CdyrV2*f
Cdyntrending ~ fixed for a given architectucecore area

shrinks

Dynamic range of power increasd®X on recent products)

Cdyn[nH

W

486 Pentiunu P6 Centrinot Corext

~ equalGy,
@ smaller area
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Power Management Fundamentals

Maximize user experience under multiglenstraints
A User Experience (May have different preferences):

Throughput performance

Responsivenessburst performance
Ergonomics (acoustic noise, skin temp)

Battery life/ energy consumption: oand standby

A Optlmlzmg around Constraints to meet user preferences

Siliconcapabilities

- System Thermdlechanical capabilities short and long

Powerdelivery capabilitieg from the wall to thetransistor

" Workloadand usage
" Workload dynamicange
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Physicatonstraints
thermo-mechanical

Ecole Polytechnique| Glasgow school Berlin school Edinburgh school

Sadi Carnot William Thomson Rudolf Clausius James Maxwell
(1796-1832) (1824-1907) (1822-1888) (1831-1879)
Vienna school | Gibbsian school Dresden school Dutch school

Ludwig Boltzmann Willard Gibbs Gustav Zeuner Johannes der Waals
(1844-1906) (1839-1903) (1828-1907) (1837-1923)



//upload.wikimedia.org/wikipedia/commons/8/85/Eight_founding_schools.png
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Recent years change

A The rules of the game changed ,
I Focus on User Experience g
A New innovative Form Factors 62

I High computation low power devices |
I Skin temperature sensitive

LELELE =
!E-Hé@

I Impose changes on system engineerin; e

A New usage models emerge at the data center
I Interactive web services: Google, Facebook *

*Source:0d0nline data intensive serviced®.Meisneret. al.
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New Concept: Thermal Capamtance

4 Classic/Model New Madel
SteatlyState THhermak Resistance SteatlyState THhermak Resistance
Designe-guidedforisteady state GRU-and GPU sharing
AND
Dynamicihhermial Capaeitance
. L /
w il al
Example: T T
Cp_AK0.9J/(gr*®)
100gr heat sink@ 35W A 100Sec o
a ) a )
o o
= : 2
g Classic model o More realistic
e respond 2 response to
° e power changes
K Time / K Time /

PCU manages energy budgets over multiple time constants
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Tablet Thermal example

Tj (junction) Limited

1000sec [ _____1__- S|
Y

Sustained
operation

100sec | _____1__

Traditional
olfDF . .
Operation region

10sec (-----1--




Mapping the Usages Of Interest

y
(V-
o Short Long
= (hitting PD, Freq constraints) (hitting system power constraintsJskin
)
= Math Apps Math Apps Heavy games  VIRUS
X @ ® r ®
Max Perf Video encode Photo editing Video encode Photo editing
@ Ves © & © ®
within Creat‘ePDFF”e c$pression Cre%PDFFiIe cwpression
System

constraints

Casual game Video PB
b surfi g‘
&/e surfin MP3PB  Idle

Meet Q0S@ QOAC.
min Energy ®

(BL)
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Mapping the Usages Of Interest

y
5 Short Long
% (hitting PD, Freq constraints) (hitting system power constraintsJskin
)
= Math Apps Math Apps Heavy games  VIRUS
X @ ®  Tor ®
O\ Max Perf Video encode Photo editing Video encode Photgditing ®
within Creat‘ePDFF”e c$pression Create PDF e compression
system
constraints
I s #Sual game  Video PB
1000sec s 8 d\/Eb Surfing‘ MP3PB I[dle
M.eet QOS@ 100sec 3":-,;39*“: - QOA’
min Energy . Y @®
(B L) 10sec ?S o
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Voltage and frequency

1 ETurboe?

H/W

Contivol

oS
Visible

What is CPUTurbce

—

ot

Gt

A Plis Guaranteed frequency
I Wide dynamic power rage
A PO is max possible frequency
I Plto POrange is fully H/W controlled

A P1-PO has significant frequency range (GHz

I Single thread performance
I Light load performance

A Various possible policies and user
preferences

A Pnis the energy efficient point
I Lower thenPnis controlled by Jstate
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