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MotivationMotivation
•• Extreme Extreme staticstatic & & dynamicdynamic variationsvariations will will resultresult in in unreliableunreliable componentscomponents

•• HowHow to to buildbuild reliablereliable systemssystems withwith „„physical layerphysical layer““ ??

•• Resilient architectures tolerating variabilty and sporadic errorResilient architectures tolerating variabilty and sporadic errorss

α-particle
Cosmic neutrons
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CaseCase StudyStudy: LDPC Decoder: LDPC Decoder
•• Emerging Killer ApplicationsEmerging Killer Applications

–– Recognition, Mining, Synthesis (RMS)Recognition, Mining, Synthesis (RMS)

–– Probabilistic belief propagation algorithmsProbabilistic belief propagation algorithms

•• LDPC decoding representative for RMS algorithmsLDPC decoding representative for RMS algorithms
–– Hot topic in wireless communications (WiMAX, DVBHot topic in wireless communications (WiMAX, DVB--S2, WiFi, space applications)S2, WiFi, space applications)

–– High troughput, low latency requirements, large flexibilityHigh troughput, low latency requirements, large flexibility

•• CommunicationCommunication and and memorymemory centriccentric architecturearchitecture

•• SourcesSources of of unreliabilityunreliability
–– E.gE.g. . timingtiming errorserrors in in communicationcommunication networknetwork duedue to cross to cross talktalk and and voltagevoltage noisenoise

–– E.gE.g. soft . soft errorserrors in in memories and communication networkmemories and communication network

Goal:Goal: IncreaseIncrease LDPC LDPC decoder reliabilitydecoder reliability forfor a a givengiven systemsystem performanceperformance

withwith minimumminimum hardware overhead and throughput degradationhardware overhead and throughput degradation

Unreliable physical layer
(transistor, circuit)

Error ResilientError Resilient LDPC DecoderLDPC Decoder

•• Large design space for resilient architecturesLarge design space for resilient architectures

–– SpatialSpatial-- and time and time redundancyredundancy e.g. e.g. TRMTRM (space), ARQ(space), ARQ (time)(time)

–– Error Error detection/correction codesdetection/correction codes e.ge.g. . CRC, HammingCRC, Hamming codescodes

•• Application resilience (probabilistic & iterative)Application resilience (probabilistic & iterative)

Architecture

Subblocks

Algorithm

LDPC Decoding
Application
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Algorithm/Architecture/EDC CodesignAlgorithm/Architecture/EDC Codesign

•• ALGORITHM:ALGORITHM: investigationinvestigation w.r.tw.r.t. . faultfault--tolerance, errortolerance, error sensitivity e.g.sensitivity e.g.

–– Single/twoSingle/two phase belief propagation, layeredphase belief propagation, layered belief belief propagation algorithmspropagation algorithms

–– SumSum--ProductProduct, 3, 3--min, min, MinMin--SumSum

•• ARCHITECTURE: ARCHITECTURE: selectselect robust robust architecture e.g.architecture e.g.

–– SingleSingle--Phase, Phase, TwoTwo--PhasePhase

–– SignSign--magnitude, 2Kmagnitude, 2K

–– Critical signalsCritical signals

•• SUBBLOCKSUBBLOCK: : identifyidentify „„reliabilityreliability sensitivitysensitivity““ forfor eacheach subblocksubblock

–– SelectSelect appropriateappropriate techniquetechnique forfor eacheach subblocksubblock to to increaseincrease SYSTEM SYSTEM reliabilityreliability

AllAll stepssteps areare stronglystrongly interrelatedinterrelated!!

UKL LDPC Decoder UKL LDPC Decoder ImplementationsImplementations
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•• Selected WiMax Standard as case studySelected WiMax Standard as case study
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SingleSingle--Phase 3Phase 3--MinMin AlgorithmAlgorithm
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•• EncodingEncoding (ENC2): MSB of (ENC2): MSB of channelchannel valuesvalues doubleddoubled

•• Error Error detection:detection: ComparisonComparison of of thethe MSBMSB

•• Error Error correction: Puncturing i.e. channelcorrection: Puncturing i.e. channel valuesvalues areare setset to 0 to 0 (algorithmic fault tol.)(algorithmic fault tol.)
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ChannelChannel RAMRAM
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Message RAMMessage RAM

•• InherentInherent fault fault tolerancetolerance of of thethe belief belief propagationpropagation algorithmalgorithm

Permutation Permutation NetworkNetwork: Soft and Timing Errors: Soft and Timing Errors
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Data RepresentationData Representation
•• K2 versus Sign/MagnitudeK2 versus Sign/Magnitude: : Sign/Magnitude reducesSign/Magnitude reduces power and power and noisenoise

Algorithmic fault toleranceAlgorithmic fault tolerance

Only sign is important!Only sign is important!

10-4: 90000 bits/iteration => 9 bits/iteration

Permutation NetworksPermutation Networks

Permutation Network Π

CFU_i

sign_i magn_i

sign_i magn_i
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•• EncodingEncoding
–– SignSign bitbit doubled,doubled, toggle redundant signtoggle redundant sign everyevery clockclock cyclecycle ((timingtiming errors)errors)

XOR

rst

par_i
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rst

XOR

par_i

•• ErrorError detectiondetection and and correctioncorrection
–– ErrorError in in inputinput messagemessage: all : all outputoutput messagesmessages of of thisthis check check nodenode areare setset to 0to 0
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Permutation NetworksPermutation Networks

Check Check NodesNodes
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•• EncodingEncoding: : signsign calculationcalculation doubleddoubled / / controllercontroller tripledtripled

•• Error Error correctioncorrection
–– Message puncturing: reuse PUN unit of errors in permutation netwMessage puncturing: reuse PUN unit of errors in permutation networkork
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Check Check NodesNodes

Putting all togetherPutting all together
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OverheadOverhead ~20 %~20 %
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Controller (including address Controller (including address 
and permutation ROM)and permutation ROM)

UnitUnit

•• WiMAXWiMAX LDPC LDPC codecode decoderdecoder, , parallelismparallelism degreedegree 9696

•• Synthesis Synthesis withwith 65 nm 65 nm standardstandard cellcell librarylibrary @ 400 MHz@ 400 MHz

ConclusionConclusion

•• ContinousContinous CMOS CMOS scalingscaling
–– ResilientResilient architecturesarchitectures becomebecome mandatorymandatory

•• IncreaseIncrease of of systemsystem reliabiltyreliabilty
–– All All levelslevels of of abstractionabstraction havehave to to bebe consideredconsidered

–– Application has to be understoodApplication has to be understood

•• Algorithm/Architecture/EDC CodesignAlgorithm/Architecture/EDC Codesign
–– Wirless communication is a good exampleWirless communication is a good example


