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OverviewOverview
NEST: NEST: NEuralNEural Simulation TechnologySimulation Technology
Simulation of large Simulation of large networksnetworks of of spikingspiking pointpoint--
neuronneuron modelsmodels
No No easyeasy way to way to integrateintegrate morphologymorphology oror
geometrygeometry of of neuronsneurons
Flexible Flexible forfor designdesign of of networknetwork architecturearchitecture
ChangesChanges to to internalinternal workingworking of a of a neuronneuron modelmodel
((oror otherother componentscomponents) ) shouldshould bebe donedone at C++ at C++ 
levellevel and and requiresrequires recompilationrecompilation



StructureStructure of NESTof NEST



SLISLI

NEST NEST isis writtenwritten in OOP style in C++in OOP style in C++
SLI: Simulation SLI: Simulation LanguageLanguage InterpreterInterpreter
SLI SLI providesprovides primaryprimary useruser interfaceinterface
SLI also SLI also providesprovides a a setset of of basicbasic datadata
structuresstructures usedused to to exchangeexchange datadata betweenbetween
modulesmodules
SLI SLI isis a simple a simple stackstack machinemachine, , optimizedoptimized
forfor fast fast processingprocessing of of higherhigher--levellevel
commandscommands and and objectsobjects



Simulation Simulation KernelKernel

Simulation Simulation kernelkernel: : definitiondefinition and and simulationsimulation
of large of large structuredstructured networksnetworks of of biologicallybiologically
realisticrealistic neuralneural networksnetworks
Elements: Elements: objectsobjects likelike neuronsneurons, , synapsessynapses, , 
columnarcolumnar circuitscircuits, , wholewhole corticalcortical areaarea, and , and 
devicesdevices
Elements Elements areare hardhard--codedcoded in C++, in C++, butbut
configurationsconfigurations areare dynamicdynamic at SLI at SLI levellevel



NetworkNetwork ElementsElements
Element Element hierarchyhierarchy



ConfigurationConfiguration Interface Interface forfor
ElementsElements

TheThe elementelement basebase classclass definesdefines thethe
minimal minimal interfaceinterface thatthat eacheach elementelement has has 
to to implementimplement
ItIt isis notnot trivial to trivial to definedefine a a genericgeneric interfaceinterface
forfor all all neuronsneurons whichwhich cancan bebe usedused byby
interpreterinterpreter to to accessaccess an an element‘selement‘s internalinternal
parametersparameters
TheThe solutionsolution usedused isis keywordkeyword parametersparameters, , 
usingusing SET and GET SET and GET commandscommands



Simulation DriverSimulation Driver

TasksTasks::
Administration of Administration of networknetwork structurestructure
Administration of Administration of networknetwork elementselements
OrganizingOrganizing thethe temporal update of temporal update of eacheach
elementelement
CommunicatingCommunicating informationinformation betweenbetween

elementselements



Update and Update and CommunicationCommunication

Element update: Element update: fixedfixed simulationsimulation stepstep sizesize
Common Common interfaceinterface forfor updateupdate
Spike Spike eventsevents: : duringduring update a update a neuronneuron
modelmodel combinescombines all all incomingincoming spikesspikes and and 
determinesdetermines itsits outputoutput
WhenWhen spikespike isis generatedgenerated, , itit isis
simultaneouslysimultaneously sentsent to all to all targettarget neuronsneurons
TheThe dynamicsdynamics of of thethe synapsessynapses areare placedplaced
on on thethe postpost--synapticsynaptic sideside



Time Time DrivenDriven vsvs Event Event DrivenDriven

Event Event drivendriven: : usefuluseful wherewhere communicationcommunication
isis cheapercheaper thanthan evaluationevaluation of of eacheach
elementelement
Time Time drivendriven: : usefuluseful wherewhere evaluationevaluation of of 
eacheach elementelement isis cheapercheaper thanthan
communicationcommunication
Hybrid: Hybrid: updatingupdating neuronsneurons withwith everyevery time time 
stepstep, , synapsessynapses withwith everyevery spikespike



ComparisionComparision
NESTNEST CSIMCSIM

Major GoalMajor Goal Large Large ScaleScale SNNSNN Large Large ScaleScale SNNSNN

CoreCore C++C++ C++C++

InterfaceInterface SLISLI MATLABMATLAB

Neuron Neuron 
ModelsModels

I&F I&F modelsmodels withwith Different Different 
PSPsPSPs

Most of Most of SpikingSpiking Neuron Neuron 
Models and also Models and also 
SigmoidalSigmoidal NeuronsNeurons

SynapseSynapse
ModelsModels

NoneNone DynamicDynamic and and StaticStatic
ModelsModels

SynapticSynaptic
PlasticityPlasticity

NoneNone STDP and STDP and OtherOther
LearningLearning Mech.Mech.



ComparisionComparision
NESTNEST CSIMCSIM

VisualizationVisualization
ToolsTools

NoneNone ProvidedProvided ThroughThrough
MATLABMATLAB

DocumentationDocumentation GoodGood Not so Not so muchmuch

HigherHigher Level Level 
FunctionsFunctions

NoneNone NMC and NMC and LearningLearning

Simulation Simulation 
StrategyStrategy

HybridHybrid HybridHybrid

ParallelizationParallelization YesYes, , butbut notnot
availableavailable forfor publicpublic

NoneNone

DownloadDownload IndirectIndirect (GPL (GPL 
BasedBased))

DirectDirect (GPL)(GPL)
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SomeSome ExamplesExamples

A A veryvery shortshort introductionintroduction to SLIto SLI
SimulatingSimulating an an integrateintegrate--andand--firefire neuronneuron
SimulatingSimulating a a networknetwork of of spikingspiking neuronsneurons
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