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MotivationMotivation
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ReferencesReferences (I)(I)

�� HighHigh--LevelLevel SynthesisSynthesis (C(C--toto--HardwareHardware):):

– Lexical Analysis

– Algorithm Optimizations

– Control and Data Dependencies Analysis

– Technology Library Processing

– Resource Allocation

– Operation Scheduling

– Functional Units & Register Binding

– Output: RTL (Register Transfer Level) Code

[Gaj92]
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ReferencesReferences (II)(II)

�� NNNNNNNNoo--IIIIIIIInstructionnstruction--

SSSSSSSSet et CCCCCCCComputeromputer

ConceptConcept

�� AutomatedAutomatedAutomatedAutomatedAutomatedAutomatedAutomatedAutomated

ProcessorProcessorProcessorProcessorProcessorProcessorProcessorProcessor

ModelingModelingModelingModelingModelingModelingModelingModeling

NISC CompileNISC Compile

Logic SynthesisLogic Synthesis

Data 

Out

puts

DataData

MemoryMemory

RFRF

ALUALU MulMul CompCompDivDiv

for(i=0; i<8; i++)

for(j=0; j<8; j++)

{

sum = 0;

for(k=0; k<8; k++)

sum = sum + A[i][k]*B[k][j];

C[i][j] = sum;

}

ApplicationApplication ArchitectureArchitecture

wire[ADDR_WIDTH:0] pcPlusOne;

assign pcPlusOne = pc+1'b1;

reg signed [ADDR_WIDTH-1:0] target;

always @(interrupt, isJump, isConditional, 

isCall, status, jumpTarget, pcPlusOne) begin

if (isJump) . . .
RTL CodeRTL Code

FPGA FPGA 

ImplementationImplementation

[CECS]

[NISC]



66/29/29

10.9.2012

ProposedProposed FlowFlow

Data 

Outputs

DataData

MemoryMemory

RRFF

ALUALU MulMul
A

G

Program Program 

MemoryMemory

StatusStatus

AddressAddress

OffsetOffset

ContCont

rolrolPP

CC

FPGA Implementation

Architecture Model
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ProposedProposed FlowFlow

Data 

Outputs

DataData

MemoryMemory

RRFF

ALUALU MulMul
A

G

Program Program 

MemoryMemory

StatusStatus

AddressAddress

OffsetOffset

ContCont

rolrolPP

CC

Architecture Model

FPGA ImplementationPlatform

Description
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PublicPublic Talk (Talk (JulyJuly 2009)2009)

�� Processor ModelProcessor Model

Control 

Outputs

Data 

Outputs

DataData

MemoryMemory

Register Register 

FileFile

ALUALU MulMul

ProgramProgram

MemoryMemory

StatusStatus

AddressAddress

OffsetOffset

ControlControl

PP

CC

Parameters
Controller Size

Controller Type DMem Size

RF Size# RF In/Out Ports #RFs

# DMem Ports

# Busses

# Registers# Functional Units

Bus Width

# Fw Paths

pp11

pp22
pp33

pp88
pp99 pp1212 pp44

pp66
pp55

pp77

pp1010

pp1111

pp1212
Functional Units

Multi-Cycling
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DevelopedDeveloped ToolsetToolset
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FlowFlow –– IntroIntro

�� C C CodeCode PreprocessingPreprocessing

�� HierarchicalHierarchical splitsplit

�� ByBy modulesmodules

�� ByBy proceduresprocedures
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Flow Flow –– CDFG GenerationCDFG Generation

�� CDFG GenerationCDFG Generation

�� per routineper routine

�� Control FlowControl Flow

�� Basic Blocks of CodeBasic Blocks of Code

�� ThreeThree--Address Notation:Address Notation:

�� var3var3 = = var1 op var2var1 op var2
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FlowFlow –– SchedulingScheduling and and OptimizationOptimization

�� SchedulingScheduling::

�� ASAPASAP

�� ALAPALAP

�� RCRC

�� AllocationAllocation, , BindingBinding and and OptimizationOptimization::

�� UsageUsage TablesTables

�� CompatibilityCompatibility GraphsGraphs
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FlowFlow –– SchedulingScheduling

�� RC RC withwith specialspecial constraintsconstraints::

�� DataData MemoryMemory PortsPorts constraintconstraint

�� AllowedAllowed combinationcombination of of unitsunits ((insideinside PlatformPlatform
descriptiondescription))

�� MulticyclingMulticycling unitsunits supportsupport



1414/29/29

10.9.2012

FlowFlow –– AllocationAllocation, , BindingBinding, , OptimizationOptimization

�� UsageUsage TablesTables PerPer CycleCycle::

�� VariablesVariables

�� OperationsOperations

�� ConnectionsConnections

�� CompatibilityCompatibility GraphsGraphs::

�� VariableVariable LifetimesLifetimes

�� OperationOperation OverlapsOverlaps
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FlowFlow –– ProfilingProfiling

�� Global Global FlowFlow CapturingCapturing

�� ApplicationApplication ProfilingProfiling

�� At (At (betweenbetween) ) RoutineRoutine LevelLevel

�� At At BasicBasic BlockBlock LevelLevel (in (in RoutineRoutine LevelLevel))

�� BasisBasis forfor performanceperformance estimationestimation::

�� CycleCycle countcount
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FlowFlow –– IntegrationIntegration AlgorithmAlgorithm

�� BasesBases

�� ProfilingProfiling at at basicbasic blockblock levellevel

�� SortingSorting basicbasic blocksblocks byby significancesignificance

�� SubstatementsSubstatements dedicateddedicated to to functionalfunctional unitsunits

�� InputsInputs::

�� C C codecode –– CDFGCDFG

�� PlatformPlatform descriptiondescription

�� AlgorithmAlgorithm::

�� forfor everyevery basicbasic blockblock fromfrom sortedsorted listlist

�� { ... { ... buildbuild finalfinal architecturearchitecture ... }... }
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FlowFlow –– IntegrationIntegration AlgorithmAlgorithm
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FlowFlow –– IntegrationIntegration AlgorithmAlgorithm

�� IntegrationIntegration of of ArchitecturesArchitectures

�� AddAdd componentscomponents incrementallyincrementally

�� Test Test allocationallocation –– platformplatform limitationslimitations

�� CheckCheck ““accompanyingaccompanying logiclogic””

�� AlgorithmAlgorithm::

�� ForFor everyevery basicbasic blockblock fromfrom sortedsorted listlist

�� ForFor everyevery funcionalfuncional unitunit sortedsorted byby significancesignificance

�� CheckCheck allocationallocation withwith accompanyingaccompanying logiclogic

�� IfIf fitsfits, , addadd itit to to finalfinal architecturearchitecture

�� IfIf notnot, stop and , stop and assignassign remainingremaining substatementssubstatements

�� CheckCheck connectivityconnectivity and and conflictsconflicts
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IntegrationIntegration AlgorithmAlgorithm

�� ExampleExample CodeCode::

�� g = ((a * b) + (c * d)) / (e * f);g = ((a * b) + (c * d)) / (e * f);

�� ExpectedExpected DatapathDatapath::

ADD/MUL MUL/DIV
FU_2

RF_1 RF_2 RF_3

Mux2 Mux4

Mux2

FU_1

RF_4

Mux2 Mux4
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IntegrationIntegration AlgorithmAlgorithm

�� FU_1 FU_1 withwith

accompanyingaccompanying

logiclogic::

�� FU_2 FU_2 withwith

accompanyingaccompanying

logiclogic::

ADD/MUL

RF1 RF2 RF3

Mux2

FU_1

RF4

Mux2
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IntegrationIntegration AlgorithmAlgorithm

�� IncrementalIncremental approachapproach::

�� FU_2 is FU_2 is addedadded firstfirst

�� ContributionContribution ((redred) of FU_1 (new ) of FU_1 (new MuxMux requiredrequired):):
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IntegrationIntegration AlgorithmAlgorithm -- PseudoCodePseudoCode
DP = DP = ØØ

OcctotalOcctotal = = ØØ

ExistsopExistsop = NOTE_OPS(CDFG), = NOTE_OPS(CDFG), opop ЄЄ {ADD, SUB, {ADD, SUB, ……, ASSIGN}, ASSIGN}

FUmaxopFUmaxop = GET_MAX_INSTANCES(CDFG), = GET_MAX_INSTANCES(CDFG), opop ЄЄ {ADD, SUB, {ADD, SUB, ……, ASSIGN}, ASSIGN}

base_base_logiclogic = {CTRL, DMEM_WRAP}= {CTRL, DMEM_WRAP}

DPDP += += base_base_logiclogic

OccbaseOccbase = ESTIMATE_OCC(= ESTIMATE_OCC(base_base_logiclogic) + ESTIMATE_OCC() + ESTIMATE_OCC(fuopfuop, , opop ЄЄ ExistsopExistsop))

OcctotalOcctotal += += OccbaseOccbase

BBsortedBBsorted = SORT_BB(CDFG, = SORT_BB(CDFG, descdesc))

zazazazazazazaza bbcurrentbbcurrent ЄЄ BBsortedBBsorted

akoakoakoakoakoakoakoako OcctotalOcctotal < < ResplatformResplatform

ACCOMPdmemACCOMPdmem = ACCOMP_LOGIC(DMEM(= ACCOMP_LOGIC(DMEM(bbcurrentbbcurrent))))

OccACCOMPdmemOccACCOMPdmem = ESTIMATE_OCC(= ESTIMATE_OCC(ACCOMPdmemACCOMPdmem))

akoakoakoakoakoakoakoako ((OcctotalOcctotal ++ OccACCOMPdmemOccACCOMPdmem)) < < ResplatformResplatform

DP DP +=+= ACCOMPdmemACCOMPdmem

OcctotalOcctotal += += OccACCOMPdmemOccACCOMPdmem

inainainainainainainainaččččččččeeeeeeee

UPDATE_DP_RFS(UPDATE_DP_RFS(bbcurrentbbcurrent))

FUsortedFUsorted = SORT_FU (= SORT_FU (bbcurrentbbcurrent, , descdesc))

zazazazazazazaza fucurrentfucurrent ЄЄ FUsortedFUsorted

OpOp= GET_OPERATION(= GET_OPERATION(fucurrentfucurrent))

akoakoakoakoakoakoakoako FUinstancesopFUinstancesop < < FUmaxopFUmaxop

ACCOMPfucurrentACCOMPfucurrent = ACCOMP_LOGIC(= ACCOMP_LOGIC(fucurrentfucurrent))

OccACCOMPfucurrentOccACCOMPfucurrent = ESTIMATE_OCC(= ESTIMATE_OCC(ACCOMPfucurrentACCOMPfucurrent))

akoakoakoakoakoakoakoako ((OcctotalOcctotal ++ OccfucurrentOccfucurrent + + OccACCOMPfucurrentOccACCOMPfucurrent)) < < ResplatformResplatform

DP DP +=+= fucurrentfucurrent + + ACCOMPfucurrentACCOMPfucurrent

OcctotalOcctotal += += OccfucurrentOccfucurrent + + OccACCOMPfucurrentOccACCOMPfucurrent

inainainainainainainainaččččččččeeeeeeee

UPDATE_DP(UPDATE_DP(bbcurrentbbcurrent))

inainainainainainainainaččččččččeeeeeeee

UPDATE_DP(UPDATE_DP(bbcurrentbbcurrent))

inainainainainainainainaččččččččeeeeeeee

UPDATE_DP(UPDATE_DP(bbcurrentbbcurrent))

OPTIMIZE(OPTIMIZE(DPDP))

UPDATE_CTRL_CONNS(UPDATE_CTRL_CONNS(DPDP, , CTRLCTRL))

10.9.2012

Terms:

• Total allocation

• Accompanying logic

• Final architecture
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IntegrationIntegration AlgorithmAlgorithm

�� KeyKey QuestionsQuestions::

�� WhatWhat is is ““minimalminimal architecturearchitecture””??

�� TradeoffTradeoff betweenbetween performanceperformance and and allocationallocation

�� IfIf therethere are are freefree resourcesresources on on platformplatform is is itit worthworth to to spendspend

itit??



2424/29/29

DCT DCT -- ResultsResults

########instancesinstancesinstancesinstancesinstancesinstancesinstancesinstances ADDADDADDADDADDADDADDADD MULMULMULMULMULMULMULMUL COMPCOMPCOMPCOMPCOMPCOMPCOMPCOMP CONVCONVCONVCONVCONVCONVCONVCONV RFsRFsRFsRFsRFsRFsRFsRFs Mux2Mux2Mux2Mux2Mux2Mux2Mux2Mux2 Mux4Mux4Mux4Mux4Mux4Mux4Mux4Mux4 Mux8Mux8Mux8Mux8Mux8Mux8Mux8Mux8 Mux16Mux16Mux16Mux16Mux16Mux16Mux16Mux16 ########cyclescyclescyclescyclescyclescyclescyclescycles

unlimitedunlimitedunlimitedunlimitedunlimitedunlimitedunlimitedunlimited 55 22 33 44 1717 1010 77 22 00 1083010830

<=3<=3<=3<=3<=3<=3<=3<=3 33 22 33 22 1616 1010 99 22 00 1083010830

<=2<=2<=2<=2<=2<=2<=2<=2 22 22 22 11 1717 77 88 55 00 1083010830

<=1<=1<=1<=1<=1<=1<=1<=1 11 11 11 00 1515 33 88 22 22 1083010830
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DCT DCT -- ResultsResults

OccupationOccupationOccupationOccupationOccupationOccupationOccupationOccupation EstimationEstimationEstimationEstimationEstimationEstimationEstimationEstimation RealRealRealRealRealRealRealReal OccupationOccupationOccupationOccupationOccupationOccupationOccupationOccupation
Min.Min.Min.Min.Min.Min.Min.Min.

PeriodPeriodPeriodPeriodPeriodPeriodPeriodPeriod

/ns/ns/ns/ns/ns/ns/ns/ns

MaxMaxMaxMaxMaxMaxMaxMax. . . . . . . . 

FrequencyFrequencyFrequencyFrequencyFrequencyFrequencyFrequencyFrequency////////

MHzMHzMHzMHzMHzMHzMHzMHz########instancesinstancesinstancesinstancesinstancesinstancesinstancesinstances SLICESSLICES DSP SLICESDSP SLICES SLICESSLICES DSP SLICESDSP SLICES

unlimitedunlimitedunlimitedunlimitedunlimitedunlimitedunlimitedunlimited 860860 66 351351 55 14.67814.678 68.12968.129

<=3<=3<=3<=3<=3<=3<=3<=3 874874 66 379379 55 14.10314.103 70.90770.907

<=2<=2<=2<=2<=2<=2<=2<=2 852852 66 429429 55 14.63514.635 68.32968.329

<=1<=1<=1<=1<=1<=1<=1<=1 808808 33 429429 33 17.54117.541 57.00957.009
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ProcessorProcessor ModelingModeling vs. HLSvs. HLS

• High-Level Synthesis (C-to-Hardware):
– Lexical Analysis

– Algorithm Optimizations � Architectural Optimizations

– Control and Data Dependencies Analysis

– Technology Library Processing � Platform Description File

– Resource Allocation

– Operation Scheduling

– Functional Units & Register Binding

– Output: RTL (Register Transfer Level) Code
� Processor Architecture Level
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ConclusionConclusion

• Hardware Design through Processor

Architecture abstraction

• Relation of Processor Architecture to HW: 

platform descriptions of architectural

components
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QuestionsQuestions??


