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I
Introduction

e Powerful embedded systems become popular
— multi-core
— full-scale OS

e Energy consumption is a critical issue for embedded
systems, especially for these high-end systems

e The energy consumption evaluation tools are highly
demanded
— SoC design phase
— system integration phase
— end product phase




Related Work

e Model-based
— SoC design phase
— system integration phase
— end product phase

e Measurement-based
— system integration phase
— end product phase

In this paper, we consider a SoC design phase tool and a
model-based approach




Model-based Approaches
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Model-based Approaches

e Gate-level and circuit-level simulations
— Synopsys HSPICE and Synopsys PrimeTime

e Architecture-level simulations
— Wattch and EMSIM

e Require considerable simulation time for evaluating
complex embedded systems
— why not utilize hardware speedup
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Model-based Approaches with

e Utilize hardware performance and energy
counters/registers in evaluating the power consumption
of the system

— need target SoC supports
» SoC design-in counters/registers

— introduce considerable profiling software tool overheads




Our Solution

e Reconfigurable hardware-assisted log profiler (REALprof)
— SoC design phase tool
— model-based approach

— reconfigurable profiling hardware

« A profiling hardware module which can be easily integrated into the
target design

« static and run-time re-configurability at different profiling
granularities

— hardware logs instead of software sampling
« Minimize the software profiling overheads




Design Flow based on
REALprof
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REALprof Hardware Design
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REALprof Hardware Design
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REALprof Software Design

e Can configure event logs/parameters at
the run-time

Register Description

Status Control status of a REALprof monitor

Sampling Peniod Sampling peniod of a REALprof monitor

Start Offset Start time for profiling i number of delay cycles for
a REAL prof monitor

Sampling Number Number of samples for a REALprof monitor

Event Mask Enable/disable of a REALprof monitor

e Off-line calculation based on hardware
(event) logs and power models

k= dfe fota]_l_ Z event everfr
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Event Logs/Parameters

Examples

Component Event Energv/Power
Power down 16.1 mW
Idle 492 mW
Normal 58.2 mW
Pipeline Multiplication operafion 32pJ
Dhvision operation 21875 p]
Instruction TLB mass 425p]
Data TIB miss 425p]
Power down 0.4034 mW
Idle 491 mW
Instruction cache Flush 16.403 nJ
Hit 126.575 pl
Miss 123 pJ
Idle 0.601 mW
Flush 25869 n]
Data cache T 314 pJ
Miss 05205 pJ
Idle 6.28 mW
Regmster file Smgle access 0.65 mW
Double access 129 mW
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LEON3 Events

Component Event Energyv/Power
Power down 16.1 mW
Idle 492 mW
Normal 582 mW
Pipeline Multiphication operation 32pJ
Division operation 218.75pJ
Instruction TLB muss 425p]
Data TLB miss 425p]
Power down 0.4084 mW
Idle 49.1 mW
Instruchion cache Flush 16.403 nJ
Hit 126.575 pl
Miss 123 pJ
Idle 0.601 mW
Flush 25.869 nJ
Data cache o 4 pl
Miss 05295 pl
Idle 6.28 mW
Register file Simgle access 9.65 mW
Double access 129 mW




Detailed Power Consumption
. Evaluation
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Profiling Overheads

e Overhead comparison between architecture-level
simulations and REALprof
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Profiling Overheads
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Comparisons

Profiling based on : o
REALprof hardware gfw?liicgrj\n[e9l]evel scjlrzqcﬁllgtlice)\rlmeée][7]
counters [12]
Method Hardwgre directly execute S_oftwa e S_oftwa re
emulation simulation simulation
Speed ~ 100 MHz real speed KIPS ~ MIPS extremely slow
FIex!I?lllty of v N Y v
profiling
Profiling Negligible  (less | Software profiling N/A N/A
overhead than 30 cycles) overhead
Profiling - :
: ~30 cycles ~ millisecond ~microsecond cycle
granularity
E;?gcvnagre Hardware Hardware N N
counters + RAM | counters
resource
Progra_m Remain . Remain Remain
behavior influenced
) . unchanged unchanged unchanged
while profiling
Operating Y Y usually N N
system




StratixIIl 340 FPGA Resource

Combinational | Logic | DSP | 2% | Number of
ALUTs registers | block bit components
LEONS | 15581 451 | 4 343036 | 4
PIOCES50T
DDEJ 781 601 o | 400 1
controller
peripherals | 2600 1369 | 0 16384 | NA
3826 2001 | 0 557056 | 1 controller
REALprof | 7oy a%) | 0% | @%) 68 manitors
o 58531 37765 | 16 | 1953280
(22%) aey | e | aew




Conclusions and Future Work

e We proposed REALprof

— SoC design phase tool/model-based approach/reconfigurable
profiling hardware/hardware logs

e We implemented REALprof on LEON3 multi-core and
Linux

e Less than 1% overhead while offering microsecond-level
profiling granularity




Conclusions and Future Work

e Move from EXCEL report to GUI interface

% PowerMeMo Control Center

Main [ Settings |

TestDurationts), | (bl (NNRNRRRRRRRRNAANN
820 P Cancel Process
sTOP Pp | PROCESS TOTALENERGY _ | CPU ENEFGY CPU POWER WLAN ENERGY o V|eW
CPU Voltage Reading |o swapp 140.0109 140.0109 0.1780 0.0000 0 T
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Thanks for your attention
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