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SoCSoC SwSw: Multimedia & Communication: Multimedia & Communication

Scalable video rendering 3D Virtual reality games

Complex objectComplex object--oriented highoriented high--level design (level design (C++, Java)C++, Java)
Very dynamic (variable use of resources for each input)Very dynamic (variable use of resources for each input)
High demands for processing (energy cost?)High demands for processing (energy cost?)

Wireless protocols

http://www.nokia.com/nokia/0,6771,47550,00.html
http://www.sonystyle.com/is-bin/INTERSHOP.enfinity/eCS/Store/en/-/USD/SY_DisplayProductInformation-Start;sid=RQQFelX1WrcFehX6Jm0PcRr5pEytk9mpLQo=?CategoryName=hp_InternetCommunicator&ProductSKU=PEGUX50%2fUKIT1&Dept=hp
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SoCSoC HwHw: : MPSoCMPSoC

6 Cores: Motorola’s MSC8126 
FourFour 400400 MHzMHz StarCoreStarCore SC140 SC140 
DSP, 16DSP, 16 ALUsALUs: 5600/6400 MMACS : 5600/6400 MMACS 
1436 KB 1436 KB SRAMSRAM & & multimulti--levellevel
memorymemory hierarchyhierarchy
TwoTwo internalinternal coprocesssorscoprocesssors (TCOP (TCOP 
and VCOP) and VCOP) toto provideprovide specialspecial--
purposepurpose processing processing capabilitycapability in in 
parallelparallel withwith the core the core processorsprocessors
Complex hierarchy of buses

Source: Federico Angiolini

Complex hierarchy of buses

How to design/tune them fast and well?
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Project Project GoalsGoals

Fast exploration of MPSoC architectures
Easy addition of new HW & SW components
Configurable & cycle-accurate statistics
Cheap HW/SW framework: standard tools & IPs
Tests with real-life inputs (long executions)
Not intrusive statistics: transparent to tested MPSoC
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MPSoCMPSoC SW SW SimulationSimulation

AnalyticalAnalytical andand highhigh--levellevel studiesstudies (C (C oror C++ C++ basedbased))
FastFast pruningpruning, , notnot real real applicationsapplications [ P. [ P. MishraMishra et al., J. Braun et al., R. 
Gupta et al. …]

TransactionTransaction--LevelLevel ModellingModelling ((SystemCSystemC, 100, 100--200 200 KHzKHz))
To evaluate latency & To evaluate latency & throughtputthroughtput [ [ J. Madsen et al,   F. Angiolini et al, P.G. J. Madsen et al,   F. Angiolini et al, P.G. 
PaulinPaulin, W. Hang, W. Hang--ShengSheng et al, S. et al, S. KolsonKolson et al... ]et al... ]
In industry [ARM In industry [ARM PrimeXsysPrimeXsys, , CoWareCoWare LisaTekLisaTek……]]

CycleCycle--Accurate (HDL, Accurate (HDL, SystemCSystemC, ~100 KHz):, ~100 KHz):
Industry [ Industry [ SynopsysSynopsys RealviewRealview, Mentor Graphics , Mentor Graphics PrimecellPrimecell ]]
Explore energyExplore energy--performance tradeperformance trade--offs [ MPARM]offs [ MPARM]

At the desired cycle-accurate level, they 
are too slow for real-life applications!
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MPSoCMPSoC HW HW PrototypingPrototyping

IndustryIndustry, , largelarge systemssystems ((fewfew MHzMHz, , veryvery expensiveexpensive):):
CadenceCadence PalladiumPalladium II (256M II (256M gatesgates, , $1M$1M, 1.6 , 1.6 MHzMHz))

Industry, smaller systems, but proprietary cores (~50Industry, smaller systems, but proprietary cores (~50--150 MHz): 150 MHz): 
ARM Integrator IP (ARM Cores, AMBA buses)ARM Integrator IP (ARM Cores, AMBA buses)
Heron Engineering (Few cores and interconnections, plugHeron Engineering (Few cores and interconnections, plug--andand--play)play)

Industry, multiIndustry, multi--FPGA (fixed protocols, few MHz):FPGA (fixed protocols, few MHz):
AptixAptix System Explore,  Verification Engineering (Zebu XL and ZV) System Explore,  Verification Engineering (Zebu XL and ZV) 

Academia (or mixed with industry): Academia (or mixed with industry): 
T4SoC, fixed cores & T4SoC, fixed cores & NIsNIs exploration [exploration [STMicroelectSTMicroelect. & A. . & A. JerrayaJerraya’’ss group]group]
To validate To validate NIsNIs & & NoCsNoCs [ [ T. Marescaux et al, C. Zeferino et al]]

Very expensive and lots of man-power 
required to perform MPSoC exploration!
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EmulationEmulation vsvs SimulationSimulation//PrototProtot..

SW Simulation

•Lower performance
•Maximum flexibility

HW Emulation

•Great performance
•Good flexibility

•Independent from
actual HW

Prototyping
•Close to final 
performance

•Reduced flexibility
•Dependent on
available HW

(May alter results)

More More efficientefficient thanthan SW SW simulationsimulation (HW (HW efficiencyefficiency in in signalsignal managementmanagement))
ConclusionsConclusions can be can be drawndrawn earlierearlier in in developmentdevelopment thanthan HW HW prototypingprototyping

Lenoski, Gupta, Henessy et al. ‘92

““ToTo emulateemulate anan electronicelectronic systemsystem isis toto buildbuild a a 
platformplatform capablecapable ofof imitatingimitating itsits behaviourbehaviour in in anan
accurateaccurate andand analyzableanalyzable wayway..””
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EmulatedEmulated MPSoCMPSoC FeaturesFeatures

Exploration of 3 MPSoC HW architectural levels:
1. Scalable number of processors (softcores and hardcores) 
2. Interconnections

NoC topologies
Real-life and configurable buses (latencies, arbitration, etc.) 

3. Complex memory hierarchies
Shared main memories: SRAM, SDRAM, DDR, …
I- and D-caches, scratchpads
Private SRAM memories

Additional peripherals:
Custom-made IPs (e.g. VHDL module for data/instr. prefetching) 

SW running coming from real-life programming lenguages
C, C++ or Java
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MPSoCMPSoC EmulationEmulation ArchitectureArchitecture

Non-cacheable Main Memory Accesses

Main Memory Accesses
Bus Snooping

Memory Mapped
Peripheral Controller
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Virtual Virtual PlatformPlatform ClockClock Manager (VPCM)Manager (VPCM)

Processor 1

Memory
Controller 1

Processor 0

Memory
Controller 0

READ W1 W2 W3 W3 W3

Mem1 Mem2 Mem3 Mem4 Mem5 DReady

Processor 1

Memory
Controller 1

Processor 0

Memory
Controller 0

Concurrent reads without collision in memory hierarchy

Concurrent reads wich collide in memory hierarchy

READ W1 W2 W3 W3 W3

Mem1 Mem2 Mem3 Mem4 Mem5 DReady

Mem1 Mem2 Mem3 Mem4 Mem5 DReady

W1 W1 W1 W2 W3READ

X Y Y Y Y Z

READ W1 W1 W1 W2 W3 W3 W3 W3 X

DReadyMem5Mem4Mem3Mem2Mem1Stall Stall Stall

- Desired latency:
3 cycles

- Real latency:
5 cycles

STALL1 - VPCMRead 1

STALL1 - VPCMRead 2 RESUME- VPCM

Read 1

Read 2

STALL1 - VPCM

STALL1 - VPCM STALL2 - VPCM

RESUME- VPCM

STALL1 - VPCM

1)

2)

RESUME- VPCM



15 / 31
David Atienza Alonso LSI/EPFL & DACYA/UCM 
Workshop SI/EPFL 07-10-2005

Standard Hw Components & ToolsStandard Hw Components & Tools

Hardware:Hardware: ($1800)($1800)
VirtexVirtex--II Pro II Pro XC2VP30 XC2VP30 AVNET (2 Power PCs and AVNET (2 Power PCs and softcoresoftcore MicroblazeMicroblaze))
MicronMicron MobileMobile SDRAM 32 MB,  DDR 128 MB, SDRAM 32 MB,  DDR 128 MB, CypressCypress SRAM 2 MB, SRAM 2 MB, 
Intel Intel StrataFlashStrataFlash 16 MB, Compact FLASH 16 MB, Compact FLASH cardcard
Ethernet connection Ethernet connection 10/100/1000 10/100/1000 MBitMBit/s /s EthernetEthernet , PCI connector, PCI connector

Software: Software: (All donated, but buying it: ~$4000)(All donated, but buying it: ~$4000)
XilinxXilinx EDK v6.3 EDK v6.3 
XilinxXilinx ISE v6.3ISE v6.3
Mentor Mentor ModelSimModelSim v7.0 v7.0 
XilinxXilinx ChipScopeChipScope v6.3v6.3
XilinxXilinx CoreGenCoreGen v6.3v6.3
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ProposedProposed EmulationEmulation ToolflowToolflow

DoubleDouble integrationintegration ofof
HW & SW HW & SW flowsflows in in 
oneone overalloverall frameworkframework..
MinimalMinimal interactioninteraction: : 

ModificationsModifications in in oneone
branchbranch do do notnot tipicallytipically
affectaffect thethe otherother..

JustJust standardstandard tools

Define HW architecture

Synthesize HW platform Compile SW

Write application code

Run & extract statistics

Cache size & line length, latencies, 
memory ranges, etc

Define architectural parameters

Define analysis targets &
write/connect suitable sniffers

Generate platform binaries

Define modifications for
next experiment

tools
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RealizationRealization ofof HW/SW HW/SW ToolflowToolflow

EDK GCC

ISE

HW Sniffers GDB

.MHS

CPUs, IPs,  
NoC bridges

.VHD, .V, .EDIF

Interconnection
mechanisms (Bus and/or
NoC Xpipes Compiler)

.VHD

.EDIF .B
M

N
.B

IT

.C , .CPP

Source code

.XCF, .UCF

External pinout

Sanity test only
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StatisticsStatistics ExtractionExtraction SubsystemSubsystem
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StatisticsStatistics ExtractionExtraction SubsystemSubsystem: HW : HW PartPart

SNF_0 SNF_1 SNF_N

Emulated MPSoC System

Statistics
Manager

(processing)

1 MB SRAM 
(circular buffer) Ethernet

Controller

Mess 0 Mess 1

Packet 0
Packet 1

When connection available
VPCM

Dedicated bus & HW: Not intrusive, concurrently running
Another clock domain (150 MHz) 
Standard Mac packets (Eth. Ctrl)
2 2 TypesTypes ofof statisticsstatistics::

1.1. EventEvent countingcounting
2.2. MemoryMemory accessesaccesses tracingtracing

Statistics Bus
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StatisticsStatistics ExtractionExtraction SubsystemSubsystem: SW : SW PartPart

MPSoCMPSoC emulationemulation platformplatform sendssends
data data throughthrough EthernetEthernet connectionconnection
GraphicalGraphical tooltool in in hosthost pcpc displaysdisplays
realreal--time time informationinformation
LogsLogs thethe data data forfor postpost--emulationemulation
analysesanalyses



21 / 31
David Atienza Alonso LSI/EPFL & DACYA/UCM 
Workshop SI/EPFL 07-10-2005

OutlineOutline

1.1. MotivationMotivation & & RelatedRelated WorkWork
2.2. EmulationEmulation FrameworkFramework DescriptionDescription
3.3. Case Case StudiesStudies & Experimental & Experimental ResultsResults

4.4. ConclusionsConclusions
5.5. FutureFuture WorkWork



22 / 31
David Atienza Alonso LSI/EPFL & DACYA/UCM 
Workshop SI/EPFL 07-10-2005

MPSoCMPSoC HW HW ComponentComponent

Data 8KB Instr 8KB

Microblaze
1

RAM 64Kb RAM 64Kb

BUSES PLB & OPB      vs Xpipes (with OCP-NIs)

Spad 16Kb

Data 8KB Instr 8KB

PowerPC
8

Spad 16Kb

…
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MPSoCMPSoC SW SW ComponentComponent
Case 1: Case 1: MatrixMatrix multiplicationmultiplication
Case 2: Multimedia Case 2: Multimedia pipelinepipeline withwith multiplemultiple bufferingbuffering ((synchrosynchro: : semaphoressemaphores))

SteganographySteganography techniquestechniques (i.e. (i.e. watermarkwatermark checkingchecking))
Color Color spacespace transformationtransformation
DitheringDithering
VisualizationVisualization
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ResultsResults 1: 1: PerformancePerformance ComparisonsComparisons

HW HW emulationemulation doesdoes notnot laglag withwith largelarge numbernumber ofof processingprocessing
elementselements (100 (100 MHzMHz) ) oror signalssignals managedmanaged ((NoCNoC).).

Speed-ups of 3 orders of magnitude with cycle-accurate simulators!

MPARMMPARM HW HW 
EmulatorEmulator

MatrixMatrix ((oneone corecore)) 106 106 secsec 1.2 1.2 secsec (88x)(88x)

MatrixMatrix (4 (4 corescores)) 55’’ 23 23 secsec 1.2 1.2 secsec (269x)(269x)

MatrixMatrix (8 (8 corescores)) 1313’’ 17 17 secsec 1.2 1.2 secsec (664x)(664x)

Multimedia Multimedia pipelinepipeline
(4 (4 corescores--bus)bus)

22’’ 35 35 secsec 0.18 0.18 secsec
(861x)(861x)

Multimedia Multimedia pipelinepipeline
(4 (4 corescores--NoCNoC))

33’’ 15 15 secsec 0.17 0.17 secsec
(1147x)(1147x)

Perform ance Im provem ent

0
200
400
600
800

1000
1200
1400

Matrix
(one core)
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cores)

Matrix (8
cores)

Dithering
(4 cores-

bus)

Dithering
(4 cores-

NoC)
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ResultsResults 2: 2: AccuracyAccuracy & & FlexibilityFlexibility ofof statisticsstatistics

Similar Similar kindkind ofof statisticsstatistics thanthan obtainedobtained withwith MPARM MPARM andand otherother
SWSW--basedbased simulatorssimulators..
SameSame cyclecycle--accuracyaccuracy, , e.ge.g. data . data allocatedallocated in in scratchpadscratchpad & DMA: & DMA: 

MetricMetric MatrixMatrix (1 (1 corecore)) MatrixMatrix (4 (4 corecore))

1.3x101.3x1077 5.2x105.2x1077

00

11x1011x1044

101x10101x1044

1,23x101,23x1044

00

1,697x101,697x1044

12x1012x1044

00

32x1032x1033

256x10256x1033

4,096x104,096x1033

00

4,064x104,064x1033

32x1032x1033

MatrixMatrix (8 (8 corescores))

ProcessorProcessor cyclescycles 1.1x101.1x1088

MemoryMemory readsreads 00

MemoryMemory blockblock--readsreads 24x1024x1044

MemoryMemory writeswrites 271x10271x1044

ScratchpadScratchpad readsreads 3,132x103,132x1044

ScratchpadScratchpad writeswrites 00

CacheCache readread hitshits 3,214x103,214x1044

CacheCache readread missesmisses 25x1025x1044
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ConclusionsConclusions

FirstFirst VersionVersion FPGAFPGA--BasedBased MPSoCMPSoC EmulationEmulation PlatformPlatform
RealReal--time, time, itit runsruns real real applicationsapplications (C (C oror C++)C++)
Use Use ofof standardstandard IPsIPs & & toolstools ((notnot expensiveexpensive oror timetime--consumingconsuming))
ArchitecturalArchitectural MPSoCMPSoC explorationexploration

SpeedSpeed--upsups ofof 3 3 ordersorders ofof magnitudemagnitude withwith simulatorssimulators
HW HW emulationemulation scalesscales, SW , SW simulationsimulation doesdoes notnot

CycleCycle--accurateaccurate andand flexible flexible statisticsstatistics
PlugPlug--andand--play use play use ofof HW HW snifferssniffers
EasilyEasily extensible as in SW extensible as in SW simulatorssimulators, simple , simple interfaceinterface
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FutureFuture WorkWork

EthernetEthernet interfaceinterface inefficientinefficient forfor hugehuge amountsamounts ofof
data (data (GigabitGigabit interfaceinterface?)?)
StatisticsStatistics fromfrom insideinside processingprocessing elementselements andand corecore
architecturearchitecture explorationexploration: : IntegrationIntegration ofof URLAP.URLAP.
PortingPorting O.SO.S. . toto selectedselected processorprocessor ((e.ge.g. . uCLinuxuCLinux).).
ExtensionsExtensions ofof memorymemory controllercontroller forfor otherother memoriesmemories
(DDR (DDR interfaceinterface notnot fullyfully done).done).
ExternalExternal pinoutpinout limitationslimitations, , multimulti--FPGA FPGA protocolsprotocols
Virtual file Virtual file systemsystem onon thethe Compact Flash Compact Flash memorymemory..
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QUESTIONS ?
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