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AdvantagesAdvantages
–– Larger opportunities for power reductionLarger opportunities for power reduction

•• x10~x20x10~x20 as compared to logic levelas compared to logic level

–– Faster estimationFaster estimation
•• Enables thorough design space explorationEnables thorough design space exploration

–– Power profile given in the system contextPower profile given in the system context
•• Prevents from falling into a local optimumPrevents from falling into a local optimum
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RequirementsRequirements
–– System level simulation platformSystem level simulation platform

•• VViiiiiiiiP (Virtual Platform)P (Virtual Platform)

–– Power models of system componentsPower models of system components

ProblemsProblems
–– Diversity of components (power characteristics)Diversity of components (power characteristics)
–– TradeTrade--off among the below three factorsoff among the below three factors

•• Simulation speed Simulation speed �������� to maximizeto maximize
•• Estimation accuracy Estimation accuracy �������� to maximizeto maximize
•• Modeling effort Modeling effort �������� to minimizeto minimize
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Frequently 
reused IPs

Continuously 
evolving IPs

3rd party IPs

• Processor: ARM, StarCore
• Bus: AXI, AHB
• Off-chip memory: DDR, Flash
• Memory controller
• Peripheral: GPIO, USB
• Image filters

• Video IP
(MPEG4,  H.264)

• 3D graphics

PlatformPlatform--based based 
design enables design enables 
maximum maximum 
reusabilityreusability

Model once, Model once, 
reuse many reuse many 
timestimes
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Identification of IP classesIdentification of IP classes
Power models for major SoC componentsPower models for major SoC components
–– SpeedSpeed
–– AccuracyAccuracy
–– Modeling effortModeling effort

Provide cycleProvide cycle--accurate power profile in the accurate power profile in the 
system contextsystem context
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Simple Simple mWmW/MHz model does not reflect power phase /MHz model does not reflect power phase 
transitions during the course of a program executiontransitions during the course of a program execution
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Separate core and cache power statesSeparate core and cache power states
–– Cache size needs to be configurableCache size needs to be configurable
–– Cache power shows large variation (3~60% of Cache power shows large variation (3~60% of 

total power)total power)

Core power statesCore power states

Single 
state

Busy Idle

~ 70%
accuracy

95%
accuracy

2-state model 
shows 

satisfactory 
accuracy
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Cache power statesCache power states
–– Activity based coarseActivity based coarse--grained power modelgrained power model
–– Differentiates Differentiates nonnon--sequential, sequential, and fill buffer sequential, sequential, and fill buffer 

accessesaccesses

$ read miss
$ read hit NS

$ read hit Seq

tagtag datadata

tagtag datadata

tagtag

FB hit Seq

fill bufferfill buffer

(a) Non-sequential access

(b) Sequential access

(c) Fill buffer access

fill bufferfill buffer

datadata fill bufferfill buffer

PC
I$_w0
I$_w1
I$_w2
I$_w3

4CC:  ADD     r0,r4,#1
4D0:  STR      r0,[r7,r4,LSL #2]
4D4:  ADD      r4,r4,#1
4D8:  CMP     r4,#0xa
4DC:  BLT      0x4cc 
4E0:   MOV     r4,#0
4E4:   B         0x500 

for (i=0;i<10;i++)
*(word_wr+i)=i+1;

Non-sequential access Sequential accesses
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Core states are visible in the ARM926EJS  Core states are visible in the ARM926EJS  
ISS (instruction set simulator)ISS (instruction set simulator)
Cache states need to be inferred from Cache states need to be inferred from 
transaction level activitiestransaction level activities

I$ read hit I-FB filled

Seq. read

Non-seq. read

PC+4 in 
the same 

line

Y

Y

Non-seq. read

N

N
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Average estimation accuracy ( < 93%)Average estimation accuracy ( < 93%)

CycleCycle--byby--cycle power profilecycle power profile

93.1%96.6%98.2%97.3%97.1%

h264 encFFTadpcmcav_detectdhrystone
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Full crossbar architecture

Power characterization 
when only one master and 
one slave are active

Master 0Master 0

Master 1Master 1

Master 2Master 2

Slave 0Slave 0

Slave 1Slave 1

Slave 2Slave 2
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Characterize each componentCharacterize each component
–– For each basic state, find out which component is active and howFor each basic state, find out which component is active and how

much power it consumesmuch power it consumes

Compose the basic modelCompose the basic model
–– For each cycle, add the power consumption of all active For each cycle, add the power consumption of all active 

componentscomponents

Linear regression modelLinear regression model
–– Consider the coupling effectConsider the coupling effect

AR
SpDecoder

[i]

AR
SpRouter

[i]

R
SpRegister

[i]

R
SpRouter

[i]

AXIAXI
Slave[mSlave[m]]

AMpArbiter
[m]

AR
MpRouter

[m]

R
MpRouter

[m]

AXIAXI
Master[iMaster[i]]
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Each AXI subEach AXI sub--component has its own linear component has its own linear 
regression model.regression model.

Coupling
effects
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READ
(AR,R)

WRITE
(AW,W,B)

5 channels

~200 signalsAXI
Master

AXI
Slave

Write Address/Control

AWID[3:0] write addr ID (0~4 bits)

AWADDR[31:0] write addr ID
AWLEN[3:0] burst length

AWSIZE[2:0] burst size

AWBURST[1:0] burst type

AWLOCK[1:0] lock info

AWCACHE[3:0] cache type

AWPROT[2:0] protection type

AWVALID write address valid

AWREADY write address ready

Write data

WID[3:0] write ID tag, AWID = WID (0~4 bits)

WDATA[31:0] write data

WSTRB[3:0] write strobes

WLAST write last

WVALID write valid

WREADY write ready

52~56

39~43

ID R R ID ID RAR

AW W ID W ID BID
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6464553377conf. 4conf. 4

3232442266conf. 3conf. 3

3232444444conf. 2conf. 2

3232004444conf. 1conf. 1

data data 
widthwidth

ID widthID width# slave# slave# master# master

Max < ~10%
estimation error

Read cases

0.00%

2.00%

4.00%

6.00%

8.00%

10.00%

12.00%

er
ro

r

avg. max.

burst length 1 burst length 4 burst length 8 burst length 16

Write cases

0.00%

1.00%

2.00%

3.00%

4.00%

5.00%

6.00%

7.00%

8.00%

9.00%

er
ro

r

avg. max.

burst length 1 burst length 4 burst length 8 burst length 16
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RTL design

ViiiiP Model

RTL to ViiiiP 
translator

Test bench

Transaction level
simulation platform

Simulation
trace

Virtually no effort is needed 
for building cycle-accurate 

ViiiiP models

Easy-to-prepare system level 
simulation test benches

Register transfer level 
simulation traces can be 
acquired (VCD format)
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Simulation based
RTL power estimator

Technology
library

RTL power
macro model

Characterized
power value

Annotation

Process-specific libraries 
(130G, 90LP, etc.)

RTL design

Simulation
trace

Power-representative FSM 
must be manually extracted 

from the RTL design

Characterized power 
numbers are back-

annotated to the power 
macro model
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RTL design

ViiiiP Model

RTL to ViiiiP 
translator

Test bench

Transaction level
simulation platform

Simulation
trace

Simulation based
RTL power estimator

Technology
library

RTL power
macro model

Characterized
power value

Annotation

PowerPower--annotatedannotated
VViiiiiiiiP modelP model

80% target-
accuracy vs. 

gate-level
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Processor and bus logic power: Integrated into ViiiiP

Custom IP power will be integrated into ViiiiP

SDRAM SRAM

ARM D$

TCMIEM I$

IP

IP

Bus IP

IPIP
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Peak power analysisPeak power analysis
–– We can find realistic test patterns to avoid      We can find realistic test patterns to avoid      

““overover--designdesign”” of power gridof power grid

Low power bus architecture explorationLow power bus architecture exploration
Early development of power management Early development of power management 
softwaresoftware
Software code optimization for low powerSoftware code optimization for low power
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Development of component power modelsDevelopment of component power models
–– 93% accuracy for ARM926EJS93% accuracy for ARM926EJS
–– 95% accuracy for AXI bus95% accuracy for AXI bus
–– 80% target80% target--accuracy for custom IP blocksaccuracy for custom IP blocks

Integration into single simulation platformIntegration into single simulation platform
CycleCycle--accurate power profile of each accurate power profile of each 
component is showncomponent is shown
PowerVPowerViiiiiiiiP can be used in variety of P can be used in variety of 
applicationapplication


