CS6290

Fall 2009
Prof. Hyesoon Kim

Georgia Cadllege of
Tech | Compuiing



Why Power?

Power density continues to get worse
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Power Dissipation in CMOS
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Power Basics

 Power vs. Energy

 Dynamic power vs. Static power
— Dynamic: “switching” power
— Static: “leakage” power

— Dynamic power dominates, but static power is
Increasingly important
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Tech  Compuidng



h
b 4

Why do we care?

e 1) Increase the CPU cost

— Thermal cost: keeping the devices below the
special temperature

« 2) the cost of power delivery

Georgia GCadllege of
Te%h Compuding
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CPU Cycles

« Max Power
» Worst-case application
 Average power

 Thermal power: running average of worst-case app for several
seconds : used to decide cooling option

« Transient power (power delivery) , standby power (batter life),

: : : : Georgia ¢
Reducing Power in High-performance Microprocessors, ﬁswl:a <
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Where does Power Go?

Clock power consumption is high
Even when AF is 0.5

AF (activity factor)

: : : : Ge(_:'igia College off
Reducing Power in High-performance Microprocessors, wharicetalu 98



Power Reduction Techniques

* Voltage scaling Low power
» Clock gating \ 4
« Utilize circuilt design
techniques
* Low power logic synthesis »
— Non-critical path  low power Slower

circuit (slow but so what? )

e Specific circuilt technology
— Reduce AF (domino circuit)

Dynamic Thermal Management for High-Performance Mic  roprocessors,
Brooks and Martonosi (01)



DVS (Dynamic Voltage Scaling)

* O/S control the processor speed: find the
minimum voltage required for the desired
Speed.



DTM (Dynamic Thermal Management)
Techniques

 DTM: software and hardware
techniques at run-time to control
a chip’s operating temperature

 Thermal package is designed
for normal operating conditions
rather than worst case

 Key goals:

— To provide inexpensive
hardware/software responses

— Reduce power

— Reduce impacts on
performance as little as
possible

Dynamic Thermal Management for High-Performance Mic  roprocessors,
Brooks and Martonosi (01)



DTM

e Trigger mechanisms
— Temperature sensors, on-chip activity counters

« DTM Response mechanisms
— Clock frequency scaling
— Voltage and frequency scaling
— Decode throttling (PowerPC G3)
— Speculation control
— I-cache toggling (disabling instruction cache)
ration computatlon

Dynamic Thermal nagement for High-Performance Microprocessors,
Brooks and Martonosi (01), Temperature-Aware Microarchitecture:
Modeling and Implementation, skadron et al. ‘04



DTM: Migration Computation

[ e Spare unit is located
In cold area of chip

’ * Primary unit reaches
81.6, issue Is stalled,
Instructions ready to
write back is allowed.

« All instructions use
second register file.

 When the primary
register file reaches
81.5C the process is
reversed

Temperature-Aware Microarchitecture: Modeling and Implementation, skadron et al. ‘04



Leakage Power Trend

 Technology scales, leakage power consumption is
Increased

« Leakage power/current increases as temperature
Increases

DESIGN CHALLENGES OF TECHNOLOGY SCALING, Borkar’99



Leakage Power Control Techniques

* Body-bias control

e Dual-threshold domino circuits
 Input vector control

 Power gating



Power Gating

Power blocker

\

Virtual Vdd(V)

e Sleep signal to turn off the supply voltage

e Save both dynamic power and leakage
power

Microarchitectural Techniques for Power Gating
of Execution Units, Hu et al.



Pipeline Gating (Manne et al. ‘98)

 Determine when a branch is more likely
mispredicted and gate a pipeline

e Use confildence estimator



Clock Gating

e Adds additional logic to a circuit to prune the
clock tree

 Reduce dynamic power consumption

 Power up delay (timing problem)
e Variations in current



Architecture Power Simulators

o SimpleScalar ( Performance simulator)
o Wattch : Dynamic Power Simulator
 HotLeakage: Leakage current simulator
 HotPower: thermal spot




Wattch (Brooks et al. ‘00)

Power estimation

Hardware config

Parameterizable —
\| performance model
Cycle-level performance

—> simulation Performance estimation

Binary

Pd = CvVdd?af C: load capacitance, Vdd: supply voltage, f: clock frequency
A: switching activity

e Array structures

« Fully associative content-addressable memories
(CAM)

 Combinational logic and wires
e Clocking



Array structure vs. CAM

Array

CAM
Wattch (Brooks et al. ‘00)



Hardware Structures in Wattch

Instruction cache
Wakeup logic

Issue selection logic
Instruction window
Branch predictor
Register file

TLB

Load/Store Queue
Data Cache

Integer functional units
FP functional units
Global clock

Wattch (Brooks et al. ‘00)



Metrics

 Power
 Energy
« EDP (Energy Delay Product)

« EDDP (Energy Delay”2 Product) : more
emphasis on performance

 EPI (Energy per instructions)




Runtime Power Monitoring

 Measuring current
* Real time power monitoring

 Power(Ci) = AccessRate(Ci)* architecturalScaling(Ci) * MaxPower(Ci) +
NongatecClockPower(Ci)

« MaxPower proportional to area
 Accessrate dynamic events

 MaxPower, architecturalScaling, NongatedClockPower: foundout from
empirical data

Isci and Martonosoni’'03



Examples of Processor Components

» Use train benchmarks to stress particular units
 Pentium 4 based design
o Different architectures have different units

Isci and Martonosoni’'03



Power Breakdowns

Isci and Martonosoni’03



Heat Sink

Low power pressure

Medium - high power pressure

http://download.intel.com/technology/itj/q32
000/pdf/thermal_perf.pdf



Thermal Model

 Thermal behavior is modeled using RC circuit

Temperature-Aware Microarchitecture:
Modeling and Implementation, skadron et al. ‘04



Power Virus

 Maximum power consumption code
e How?
— Use data from L1 or L2

— Pipelines and queues are maintained full
— For longer period (meaningful program




Other Techniques

o Sleep transistor
 Drowsy cache
e Thread migration



