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.....[ Techlriques1Application

VideoTeleconferencing
ImageCompress/Decompress
ImageEnhancement
Video ResolutionConversion
Audio Compress/Decompress
Modem

DocumentImageProcessing
Optical CharacterRecognition
ImageCompress/Decompress
FontGeneration
Graphics

ComputerGraphics
GUIs
2-D Graphics
3-D Graphics

Algorithm Analysis
Flow Diagram
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SignalProcessing
Fitering
Conditioning
Restoration
FrequencyTransforms

ImageAnalysis
Segmentation
Grouping/Labcling
FeatureExtraction
Matching
Cassifying

Compression
EntropyEncoding
DifferenceEncoding
Quantization
Motion estimation

2-D Graphics
bitBlt
Text
FontGc:neration
LinelCircle/Ellipse
Curves

3-D Graphics
3-DTransfoltnS
HiddenSurface
Shaded Surfaces

[ Algorithms

Convolution
Correlation
Morphology
EdgeOps
WaIp
Pyramids
FFT
OCT
FIR Filters
FractalTransfoltns
MedianFilter
RunLength Encoding
DeltaModulation
RadonTransfoltn
Projections
Histograms& HistogramEqualization
Segmentation
AdaptiveThreshold
CormcetedComponent
Geometric:SRI Ops
Texture:StatisticalOps
Motion: OpticalFlow
Arithmetic& BooleanPixel Ops
Binary-to-ColorExpand
FontCompiling
Line Draw
Dithcring/Halftoning
Anti-Aliasing
Phong,(JouraudShading
Alpha 0Janne1
z..Buffer
Color SpaceConversion
ADPCM
SubBandCoding
LinearPredictiveCoding
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WhatIs DonePoorlyCanDominatePerfonnance
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ProgrammableMultimediaProcessorRequirements

Massiveamountsof imaging,graphics,andsignalprocessing
- Requiresparallelprocessing(of somefonn)

Mixture of processingneeds
- Forhigh resolutionstill images,full motionvideo,3-D graphics,andAudio
- Requiresmassiveintegerandfast floating point math
- Heterogeneousprocessingrequirement

Flexibleenoughto handlea rangeof algorithms
- More thanjustcompressionstandards
- Algorithmsarein a stateof flux (newonesconstantlyappearing)
- Algorithmsvary dramaticallyevenfor thesametask(ex Video Compression)

Very high bandwidth
- Wide andfaston-chipmemory
- Largeamountof on-chipmemoryto reduceoff-chip bandwidth
- Low lossof bandwidthdueto inter-processorcommunications
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MIMD Inter-processorConnection Models

Pipeline(ex. Graphics)
- Bucketbrigadeprocessing

Multiple ChannelMesh/Array/Hypercube(Transputor,320C40)

Mixed PrivateandBusSharedMemory(Workstationsusetoday)
- Singlesharedmemorywith only oneprocessoraccessata time
- Mostprocessingoutof privatememory
- Typically multipleprocessorsto 1 sharedmemory

Fully SharedMemory
- Multiple processorsto multiple sharedmemories
- Cycleby cyclecrossbarconnection
- Requireshugebusses
- Becomespracticalonly if theCPUsand memoryareon thesamechip
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ParallelProcessingAlternatives
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MIMD ProcessingModels

SharedMemory

BusSharedMemory
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•
ProcessingModelsandTheirLimitations

Mixed hardwired/programmablesupportsonly a few Algorithms

SIMD only workswell for massiveuniform processing
- Very poorat decisionmaking

Pipelinemodelis restrictiveto algorithmsthatcanbepipelined

Communicationport systemsareexpandablebut:
- Requirethat thecommunicationof datais limited (ie coarsegrain parallelism)
- The typeof processingmustbe mappableontothecommunicationstructure

BusSharedMemoryrequirescoarsegrainparallelism
- Thrasheson accessto sharedmemoryotherwise.

Fully sharedmemoryrequiresa largecrossbarbus
- Canbedoneeconomicallyonly ona singlechip
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MVP DataandInstructionRouting

RISCAdvanced Advanced FPU Frame
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Data 12/

Address 16/
Local "x" ｾ AddressComparer

(LocalDSPonly) Read v
Write ｾＯ

Ack. ·v
,

Ｔｾ

Data 12/

Address 16,
Global 1 to "n" ｾ AddressCompare I

(1 Crosspoint/DSP) Read l/

Write 4/ ,

Ack. L.,
ｉｾ

Data 64,

Masterand
Address 16,
ｾ AddressComparet-TransferController Read 1/

(1 CrosspointEach) Write 5/ ',/

Ack. 1/,
U

••
4 •

" l' • r ., r

Crossbarfor 1RAM Rq Ack Rq Ack Rq Ack Data Addr. Rd Write
(MP/fC) awu (Local)

(Only a few of thecrosspointsshown) RoundRobin RAM
Prioritization

•
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MVP UseOf CachesandSoftwareManagedMemory

MasterProcessorhasinstructionanddatacaches
- Foreaseof programmingin high level languages

ParallelDSPshaveinstructioncaches

Sharedmemorydirectly mappedandnot cached
- CommonReferenceby all processors
- No needfor coherencydetection/protection

Sharedmemoryis softwaremanagedby any/allprocessor(s)
- Anticipatory loadingof dataandbackgroundsavingof resultsby TransferController
- Usually transferredin packets(ex. blocks)of data

TransferControllermanagesall memorytraffic
- Autonomoustransfersofmulti-dimensionaldatapackets
- Performscachemissand datapackettransfers
- Prioritizesrequestsfor transfers
- Controlsroundrobin accessto eachsharedRAM
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MVP UseOf CachesandSoftwareManagedMemory

MasterProcessorhasinstructionanddatacaches
- Foreaseof programmingin high level languages

ParallelDSPshaveinstructioncaches

Sharedmemorydirectly mappedandnot cached
- CommonReferenceby all processors
- No needfor coherencydetection/protection

Sharedmemoryis softwaremanagedby any/allprocessor(s)
- Anticipatoryloadingof dataandbackgroundsavingof resultsby TransferController
- Usually transferredin packets(ex. blocks)of data

TransferControllermanagesall memorytraffic
- Autonomoustransfersofmulti-dimensionaldatapackets
- Performscachemissanddatapackettransfers
- Prioritizesrequestsfor transfers
- Controlsroundrobin accessto eachsharedRAM

Texas
Instruments



FlexibleParallelProgrammingModelsWith TheMVP

Fully·SharedParallel

Masterwith ParallelServers
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Pipelined

Mixed SeparateTasks
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I 31 32-bitRegisters IScoreboanlI
SinglePrecision

Integer FloatingPoint

Data Multiplier

Path
DoublePrecision IAccumulators

I ScalableTimer I

I I
DoublePrecision

Insttuction FloatingPoint
Control ALU

I PC I
InsttuctionCache DataCache

IController Controller

I ICrossbar/MemoryInterface

f64 f2 ｾ f2, 32

MasterProcessor

32-Bit RISCProcessor
Load/StoreArchitecture

31 32-Bit GeneralPurposeRegisters
PlusRO=O
Scoreboardedfor LoadsandF.P.operations

IEEE-754FloatingPointUnit
SingleCycleAdd/Sub(singleor double)
SingleCycleMultiply (single)
MicrocodedMultiply (double),Divide, Sq. root

ParallelFloatingPointInstructions
Multiply II Add II 64-bitLD/ST(p++) in 1cycle

DelayedBranchesWith 1 DelaySlot

15-Bit or 32-Bit ImmediateConstants

Left-mostandRight-mostonelogic
Data Data Insauction Insttuction InstructionandDataCaches

Address Address
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AdvancedDSPCPUs
DataUnit

PCRegisters InstructionControl

LoopControllers CacheController

ParallelExecutionUnits
Multiplier
ALU (Splitableat 8- or 16-bitboundaries)

- SIMD operationwithin aninstruction
2 IndependentAddressUnits
Programmableloop controllers

Shift andbit field hardware
BarrelRotator
MaskGenerator
1-to-nBit Expander
LMO, RMO, LMBC, RMBC Bit Detectors

Two dataandoneinstructionports

LargeInstructionWords(64-bit)
- supportsparallelindependentoperations

AddressUnit 2

ｾｘＭｒ･ｧｳｬ

IAdderDatapathl

Flow ControlUnit

ID-Registers II S.R IM-FlagsReg. I
Shift andBit Field

Multiplier Hardware
Datapath

I SplitableALU I
AddressUnit 1

ｾｸＭｒ･ｧｳｬ

IAdderDatapathI

32 +32

Addr. 1 , Addr. 2
Data1 Data2
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AchievingTheMVP's Perfonnance

Aimed at tasksthatrun well onparallelprocessors
- I.E. not aimeda runningexistingbinaryobjectcodes

Multiple on-chipRAMs to providevery high on-chipbandwidth

Crossbarto preseIVebandwidth

AdvancedDSPCPUs
- Parallelexecutionunits
- Split ALU andbit expanderhardware
- Barrelrotation,bit field masking,andbit detectionhardware
- Hardwareloopcontrollers

RISCMasterProcessorwith FPU
- PreventsDSPsfrom beingburdenedwith othersystemfunctions
- ParallelFloatingPointoperations(DSPlike)

TransferController(Very IntelligentDMA Controller)
- Autonomouslycontrolstransfersof databetweenmemoryspaces
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