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Have you ever found yourself Have you ever found yourself 
running late, desperatelyrunning late, desperately

looking for misplaced car looking for misplaced car 
keys? Did you ever stridekeys? Did you ever stride

purposefully into a room, only purposefully into a room, only 
to forget why you're there? to forget why you're there? 

But But dondon´́tt be worried, these be worried, these 
relatively minor memoryrelatively minor memory

lapses are perfectly normal. lapses are perfectly normal. 
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MemoryMemory, an , an shortshort overviewoverview

•• MemoryMemory is the retention of, and ability to recall, information, is the retention of, and ability to recall, information, 
personal experiences, and procedures (skills and habits).personal experiences, and procedures (skills and habits).

•• ThereThere areare threethree mainmain subdivisionssubdivisions of of memorymemory..

•• EachEach of of whichwhich isis processedprocessed in a different in a different areaarea of of thethe brainbrain..

•• WorkingWorking memorymemory happenshappens at at thethe front of front of thethe brainbrain, in , in thethe
prefrontalprefrontal cortexcortex..

•• ThisThis typetype of of memorymemory coordinatescoordinates sightssights, , soundssounds ♫♪♫♪ and and feelingsfeelings, , 
so so oneone cancan respondrespond to to eventsevents as as theythey happenhappen..

♫♪♫♪ ♫♪♫♪ ♫♪♫♪ ♫♪♫♪
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•• Long Long ––Term Term MemoryMemory isis thethe classclass, , wewe areare mostmost familiarfamiliar
withwith. . ItIt isis usedused to to storestore factsfacts, , observationsobservations and and thethe storystory
of of ourour liveslives

•• ItIt last last fromfrom an an hourhour to to manymany yearsyears

•• Immediate Immediate MemoryMemory isis typicallytypically so so shortshort--livedlived thatthat wewe
eveneven dontdont thinkthink of of itit as as memorymemory

•• ItIt last last onlyonly millisecondsmilliseconds

PDF wurde mit FinePrint pdfFactory-Prüfversion erstellt. http://www.context-gmbh.de

http://www.context-gmbh.de


NondeclarativeNondeclarative and and DeclarativeDeclarative MemoryMemory

•• SkillsSkills likelike catchingcatching a a baseballbaseball oror ridingriding a a bicyclebicycle areare
calledcalled nondeclarativenondeclarative memorymemory

•• DeclarativeDeclarative memoriesmemories, , on on thethe otherother hand hand areare memoriesmemories
of of factsfacts and and eventsthateventsthat wewe cancan consciouslyconsciously recallrecall and and 
describedescribe verballyverbally
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HowHow memoriesmemories areare mademade

•• An An eventevent startsstarts out in out in immediate immediate memorymemory, , spreadspread out in out in variousvarious
modalitymodality--specificspecific regionsregions of of thethe brainbrain. . ReinforcementReinforcement throughthrough
attentionattention causescauses thethe relationshiprelationship betweenbetween sightsight soundsound, and , and contextcontext
to to consolidateconsolidate intointo workingworking memorymemory in in thethe prefrontalprefrontal lobe. lobe. 
FurtherFurther reinforcementreinforcement throughthrough practicepractice causescauses moremore consolidationconsolidation, , 
and and thethe mostmost criticalcritical relationshipsrelationships in in thethe eventevent ((thethe namename, , thethe face, face, 
and and thethe contextcontext) ) areare tiedtied togethertogether in in thethe hippocampushippocampus. . FromFrom therethere, , 
thethe memorymemory relationshiprelationship isis probablyprobably storedstored diffuselydiffusely acrossacross thethe
cerebral cerebral cortexcortex, , butbut researchresearch on on thethe actualactual locationlocation of of memorymemory
relationshipsrelationships isis still still inconclusiveinconclusive..
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In In shortshort form:form:

OurOur memoriesmemories areare formedformed troughtrough associationsassociations. . WhenWhen wewe experienceexperience

an an eventevent, , ourour brainsbrains tietie thethe sightssights, , smellssmells, , soundssounds♫♪♫♪ ♫♪♫♪
♫♪♫♪, and , and ownown impressionsimpressions togethertogether intointo a a relationshiprelationship,,

♫♪♫♪ +  +  ☻☻ ++
ThatThat relationship relationship itsselfitsself is the is the thethe memory of the eventmemory of the event
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FromFrom a a practicalpractical perspectiveperspective

•• WeWe cancan rememberremember somethingsomething
best, best, ifif wewe learnlearn itit in a in a 
contextcontext thatthat wewe understandunderstand, , 
oror ifif itit isis emotionallyemotionally
importantimportant to us.to us.

•• TheThe human human brainbrain isis notnot good good 
at at rememberingremembering longlong listslists of of 
unrelatedunrelated numbersnumbers oror
nonsensenonsense wordswords
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TheThe BrainBrain
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MythsMyths and and MysteriesMysteries aboutabout thethe brainbrain

•• A A commoncommon mythmyth isis, , thatthat wewe useuse onlyonly 10% of 10% of ourour

brainbrain☻☻

►►ButBut: : NeverNever will will youyou seesee activityactivity in just 10 % of in just 10 % of 
thethe brainbrain
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•• MemoryMemory is the retention of, and ability to is the retention of, and ability to 
recall, information, personal experiences, recall, information, personal experiences, 
and procedures (skills and habits).and procedures (skills and habits).

•• Human memory exists in the Human memory exists in the brainbrain..

•• This is an organ, which works through an This is an organ, which works through an 
electroelectro--chemical process. chemical process. 
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•• There are about There are about 10101111 active brain cells or active brain cells or 
neuronsneurons in a normal human brain.in a normal human brain.

•• About About 10101010 of these are in the of these are in the cerebral cortexcerebral cortex

•• TheThe brainbrain isis divideddivided intointo different different hemisphereshemispheres..

•• EveryEvery hemisperehemispere has a has a specializedspecialized functionfunction..
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•• TheThe cortexcortex isis thethe outerouter layerlayer of of thethe brainbrain..

•• ThoughThough itit isis onlyonly a a fewfew milimetersmilimeters thickthick, , thethe deepdeep
foldsfolds of of thethe cortexcortex containcontain 70% of a 70% of a personspersons oneone
hundredhundred billionbillion brainbrain cellscells..
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•• TheThe cellscells of of thethe cortexcortex areare responsibleresponsible forfor thethe
highesthighest levellevel of of cognitioncognition whichwhich includesincludes all all 
thoughtthought and and memorymemory..

•• HumansHumans havehave a larger a larger cortexcortex thanthan otherother animalsanimals..

PDF wurde mit FinePrint pdfFactory-Prüfversion erstellt. http://www.context-gmbh.de

http://www.context-gmbh.de


BrainBrain StructuresStructures
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•• TheThe darkdark colouredcoloured toptop of of 
thethe cortexcortex isis calledcalled greygrey
mattermatter. . ItIt getsgets it´sit´s
colourcolour fromfrom thethe darkdark
nucleinuclei of of thethe brains´sbrains´s
cellcell bodiesbodies..

•• TheThe inner inner lighterlighter layerlayer isis
calledcalled whitewhite mattermatter. . ItIt isis
mademade up of  up of  thethe longlong
whitewhite extensionsextensions, , calledcalled
axonsaxons, , whichwhich areare runningrunning
fromfrom thethe cellcell bodiesbodies..
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•• TheThe axonsaxons of of eacheach brainbrain
cellscells reachesreaches out out throughthrough
thethe brainbrain to to makemake
connectionsconnections withwith otherother
brainbrain cellscells..

•• ItIt isis throughthrough thesethese
connectionsconnections thatthat billionsbillions
of of brainbrain cellscells relayrelay
informationinformation to to billionsbillions of of 
otherother brainbrain cellscells , , creatingcreating
a a communicationcommunication networknetwork
thatthat makesmakes thoughtthought
possiblepossible..
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Neurons and Neurons and GliaGlia cellscells
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Neurons and Neurons and GliaGlia

•• Neurons Neurons areare thethe basebase of of memorymemory
•• ninenine timestimes as as muchmuch gliaglia cellscells thanthan

neuronsneurons..
•• MoreMore thanthan half of half of thethe cellcell massmass containscontains of of 

gliaglia cellscells!!
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Neurons and Neurons and GliaGlia

•• Neurons and Neurons and gliaglia areare in in contactcontact withwith
eacheach otherother

•• gliaglia cellscells communicatecommunicate withwith eacheach otherother!!
•• ThereThere areare twotwo networksnetworks in in thethe brainbrain::

–– thethe neuralneural networknetwork and and thethe
–– GlialGlial networknetwork
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Neurons and Neurons and GliaGlia

•• TheThe gliaglia cellscells influenceinfluence synapticalsynaptical strengthstrength
of of thethe neuralneural networknetwork!.!.

•• Neurons Neurons actact throughthrough thethe electricalelectrical
pathwaypathway

•• GliaGlia actact throughthrough thethe chemicalchemical pathwaypathway
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Neurons and Neurons and GliaGlia

•• TypesTypes of of neuronsneurons::
–– Receptor cellsReceptor cells -- receive information from receive information from 

the environment.the environment.
–– Sensory neuronsSensory neurons -- messages travel from messages travel from 

the receptor cells through the sensory the receptor cells through the sensory 
neurons to the spinal cord and brain.neurons to the spinal cord and brain.

–– InterneuronsInterneurons -- connect sensory neurons to connect sensory neurons to 
the motor neurons.the motor neurons.
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Neurons and Neurons and GliaGlia

–– Motor neuronsMotor neurons -- messages travel from the messages travel from the 
brain and spinal cord through motor neurons brain and spinal cord through motor neurons 
to the muscles and glandsto the muscles and glands

–– Effector cellsEffector cells -- cells stimulated by the motor cells stimulated by the motor 
neurons. neurons. 
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Neurons and Neurons and GliaGlia

•• The The Cell BodyCell Body,, tthe he 
largest part of a cell, largest part of a cell, 
general partsgeneral parts,,
nucleus. nucleus. 

•• AxonsAxons, contact target , contact target 
structures structures 

•• DDendritesendrites
information from the information from the 
axons of other axons of other 
neuronsneurons
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Neurons and Neurons and GliaGlia

•• AAstrocytes, mechanical support and strocytes, mechanical support and 
maintain the ionic environmentmaintain the ionic environment..

•• Oligodendrocytes, specialised glial cells Oligodendrocytes, specialised glial cells 
produceproduce myelin. myelin. 

•• Microglia, specialised macrophages. Microglia, specialised macrophages. 
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Neurons and Neurons and GliaGlia

•• Nerves are triggered Nerves are triggered throughthrough
neurotransmittersneurotransmitters. . 

•• The nerves send and receive various The nerves send and receive various 
neurotransmitters as the nerve impulse neurotransmitters as the nerve impulse 
travels the length of the neuron. travels the length of the neuron. 
Neurotransmitters are released by the Neurotransmitters are released by the 
axonal end and bind to receptors on the axonal end and bind to receptors on the 
Dendrite end of the neuron.Dendrite end of the neuron.

PDF wurde mit FinePrint pdfFactory-Prüfversion erstellt. http://www.context-gmbh.de

http://www.context-gmbh.de


ElectricalElectrical networknetwork
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GLIAGLIA

•• Experiment Experiment withwith Calcium. Calcium. 
•• WhenWhen thethe neuronneuron getsgets an an electricalelectrical

stimulusstimulus calciumcalcium get´sget´s freefree and and flowsflows intointo
it. it. 

•• ThisThis cancan bebe proovedprooved becausebecause theythey beginbegin
to “to “glowglow““

•• TheThe amazingamazing thingthing was was thatthat afterafter aboutabout 15 15 
sec. sec. thethe gliaglia cellscells also also beganbegan to “to “glowglow““
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GLIAGLIA

•• So So gliaglia cellscells reactreact to to electricalelectrical impulsesimpulses
withoutwithout generatinggenerating anyany actionaction potentialspotentials!!

•• ButBut whywhy??
•• ItIt was was foundfound out out thatthat thethe neuronsneurons pass on pass on 

a a signalsignal and and thethe gliasglias taketake itit up and pass up and pass 
itit on to all on to all otherother relevant relevant gliaglia..

•• ThisThis happenshappens withoutwithout contactcontact to to eacheach
otherother..
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GLIAGLIA

•• GliaGlia cellscells getget thosethose impulsesimpulses fromfrom ATP.ATP.
•• WhenWhen an an electricalelectrical impulseimpulse stimulatesstimulates thethe

neuronneuron itit releasesreleases ATP. ATP. 
•• GliaGlia cellscells taketake itit up and pass on up and pass on thethe

informationinformation theythey receivedreceived..
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GLIAGLIA

•• Experiment Experiment withwith ratsrats::
•• GliaGlia cellscells do do influenceinfluence thethe productionproduction of of newnew

synapsessynapses..
•• TheyThey stimulatestimulate impulsesimpulses fromfrom neuronsneurons
•• TheyThey definedefine –– eveneven overover a a longlong distance distance –– thethe

strengthstrength of of synapsessynapses
•• TheyThey coordinatecoordinate neuronneuron populationpopulation
•• And And thusthus ““regulateregulate“ and “ and stimulatestimulate memorymemory and and 

plasticityplasticity!!
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GLIAGLIA

•• WouldWould youyou comparecompare neuronsneurons and and gliaglia withwith
phonesphones, , thenthen neuronsneurons wouldwould bebe normal normal 
onesones and and gliaglia wouldwould bebe handyshandys. . 

•• Normal Normal phonesphones needneed a a cablecable to send and to send and 
receivereceive informationinformation. . 

•• GliaGlia send send informationinformation intointo thethe openopen
environmentenvironment –– overover longlong distancesdistances..
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GLIAGLIA

•• AnotherAnother proofproof thatthat gliaglia cellscells areare neededneeded
forfor memorymemory isis thethe factfact thatthat thethe numbernumber of of 
gliaglia riserise withwith stepssteps in in evolutionevolution..

•• TheThe higherhigher an an organismorganism isis –– accordingaccording to to 
evolutionevolution, , thethe moremore gliaglia cellscells therethere will will bebe!!

•• FromFrom mammalsmammals to to humanshumans therethere isis a a hugehuge
riserise in in numbersnumbers!!
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GLIAGLIA

•• ByBy thethe way...way...
•• Parts of Parts of thethe brainbrain of Albert Einstein of Albert Einstein werewere

examinedexamined accirdingaccirding to to thethe amountamount of of 
neuronsneurons and and gliaglia......

•• ComparedCompared to “normal“ human to “normal“ human beeingsbeeings, he , he 
hadhad an an enourmousenourmous high high amountamount of of gliaglia
cellscells!!
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AplysiaAplysia--seasea slugslug

•• Genus Genus OpithobranchiaOpithobranchia
•• HermaphroditesHermaphrodites: : bothboth

partnerspartners fertilizefertilize eacheach otherother
withwith theirtheir spermsperm duringduring
matingmating

•• FeedsFeeds on on delicatedelicate seaweedsseaweeds
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AplysiaAplysia -- seasea slugslug
•• AplysiaAplysia snailsnail isis a a giantgiant

marinemarine snailsnail
•• AboutAbout 5 5 inchesinches longlong
•• DirtyDirty yellowishyellowish colourcolour

veinedveined withwith purplepurple
•• WhenWhen disturbeddisturbed itit

emitsemits a a veryvery fine fine 
purplishpurplish--redred fluidfluid

•• ((slugslug isis lessless complexcomplex))
Large neurons
Many of the nerve cells are gigantic and uniquely identifyable
Only a few hundred neurons
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MemoryMemory
••ShortShort--TermTerm MemoryMemory
involvesinvolves an an increaseincrease in in efficiencyefficiency withwith wich wich 
nerve nerve impulsesimpulses pass pass acrossacross synapsessynapses

••LongLong--Term Term MemoryMemory
involvesinvolves formationformation of of newnew synapticsynaptic
connectionsconnections
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SensitizationSensitization::
•• Definition:Definition:

ItIt isis an an increaseincrease in in thethe responseresponse to an to an 
innocuousinnocuous stimululusstimululus whenwhen thatthat stimulusstimulus
occursoccurs afterafter a a punishingpunishing stimulusstimulus

PDF wurde mit FinePrint pdfFactory-Prüfversion erstellt. http://www.context-gmbh.de

http://www.context-gmbh.de


SensitizationSensitization::

•• GentlyGently touchtouch of of siphonsiphon, , 
aplysiaaplysia withdrawswithdraws ist ist gillgill forfor
a a briefbrief periodperiod

•• IfIf precededpreceded byby an an electricalelectrical
shockshock to ist to ist tailtail, , thethe samesame
gentlegentle touchtouch to to thethe siphonsiphon
will will elictelict a a longerlonger periodperiod of of 
withdrawalwithdrawal..
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SensitizationSensitization::
•• ShortShort--TermTerm MemoryMemory

Response to a Response to a singlesingle
shockshock ((blueblue bar)diesbar)dies out out 
afterafter oneone hourhour andand
returnsreturns to to baselinebaseline afterafter a a 
dayday ((yellowyellow).).

•• LongLong--Term Term MemoryMemory
After multiple After multiple shocksshocks afterafter
severalseveral daysdays thethe responseresponse
isis
muchmuch larger andlarger and
isis retainedretained longerlonger ((tantan
and and brownbrown barsbars).).
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SensitizationSensitization::
•• WithdrawalWithdrawal of of thethe gillgill requiresrequires a a 

twotwo--neuronneuron connectionconnection::
a a sensorysensory neuronneuron ((pickspicks up up thethe
touchtouch stimulusstimulus at at thethe siphonsiphon and and 
transmitstransmits throughthrough a a synapsesynapse toto
a a motormotor neuronneuron ((transmitstransmits))
to to musclemuscle of of thethe gillgill..

Sensitization to a noxious stimulus delivered to the tail requires:
a sensory neuron (blue), that picks up the stimulus from the tail
connecting to
interneurons, that terminate on the sensory neuron in the siphon-gill
pathway.
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FacilitationFacilitation::
•• ShortShort--termterm FacilitationFacilitation::

a a singlesingle shockshock to to tailtail triggerstriggers releaserelease
of of serotoninserotonin at at terminalsterminals of of 
interneuronsinterneurons
SerotoninSerotonin bindsbinds to to GG--proteinprotein--
coupledcoupled--receptorsreceptors in in cellcell bodybody and and 
terminalsterminals of of thethe sensorysensory neuronneuron
AdenylAdenyl cyclasecyclase isis activatedactivated and and 
catalysescatalyses cycliccyclic AMP (second AMP (second 
messengermessenger
cAMPcAMP activatesactivates PKAPKA
and and increasesincreases thethe releaserelease of of 
neurotransmitterneurotransmitter at at itsits synapticsynaptic
connectionconnection to to thethe motormotor neuronsneurons..Result:

A longer period of gill-withdrawal in response to a light touch to the siphon
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FacilitationFacilitation::
•• LongLong--Term Term FacilitationFacilitation::

ApplicationApplication of of serotoninserotonin
causescauses a a higherhigher levellevel of of cAMPcAMP
somesome of of thethe activatedactivated PKA PKA movesmoves intointo
thethe nucleusnucleus
ThereThere PKA PKA phosphorylatesphosphorylates andand
ActivatesActivates CREBCREB--1 (1 (cAMPcAMP Response Response 
Element Binding proteinElement Binding protein--1) and1) and
bindsbinds thethe cAMPcAMP Response Element. (a Response Element. (a 
DNA DNA sequencesequence in in thethe promoterspromoters of of 
manymany genes genes whosewhose transcriptiontranscription and and 
translationtranslation produceproduce proteinsproteins))
New New synapticsynaptic connectionsconnections areare formedformed..
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ShortShort-- and and LongLong--termterm MemoryMemory

•• MolecularMolecular BiologyBiology of Shortof Short-- and Longand Long--Term Term 
MemoryMemory StorageStorage

•• cAMPcAMP and and SerotonineSerotonine cause cause increasedincreased excitabilityexcitability
and and broadeningbroadening of of actionaction potential (potential (byby reducingreducing
specificspecific KK++ currentscurrents allowingallowing greatergreater CaCa++++ influxinflux))

•• TheThe activeactive catalyticcatalytic subunitsubunit of of cAMPcAMP dependentdependent
kinasekinase producesproduces broadeningbroadening of of thethe actionaction
potential and potential and enhancementenhancement of of glutamateglutamate releaserelease..

PDF wurde mit FinePrint pdfFactory-Prüfversion erstellt. http://www.context-gmbh.de

http://www.context-gmbh.de


NeuralNeural NetworksNetworks
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•• IsIs a a powerfulpowerful datadata modelingmodeling tooltool thatthat
isis ableable to to capturecapture and and representrepresent
complexcomplex inputinput/ / outputoutput relationshipsrelationships
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NeuralNeural NetworksNetworks areare a form of a form of 
multiprocessormultiprocessor computercomputer systemsystem

•• Simple Simple processingprocessing elementselements
•• A high A high degreedegree of of interconnectioninterconnection
•• Simple Simple scalarscalar messagesmessages
•• Adaptive Adaptive interactionsinteractions betweenbetween elementselements
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BiologicalBiological NeuronNeuron

•• As As manymany as 10.000 different as 10.000 different inputsinputs
•• Send ist Send ist outputoutput to to manymany otherother neuronsneurons
•• WiredWired up in a 3up in a 3-- dimensional dimensional patternpattern
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HowHow thethe Human Human BrainBrain LearnsLearns??

•• a a neuronneuron receivesreceives excitatoryexcitatory inputinput thatthat isis sufficientlysufficiently
large large comparedcompared withwith ist ist inhibitoryinhibitory inputinput, , itit sendssends a a 
spikespike of of electricalelectrical activityactivity down down itsits axonaxon

•• LearningLearning::
changingchanging thethe effectivenesseffectiveness of of thethe synapsessynapses so so thatthat
thethe influenceinfluence of of oneone neuronneuron on on anotheranother changechange
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FromFrom Human to Human to ArtificalArtifical
NeuronsNeurons
1.1. DeduceDeduce thethe essential essential featuresfeatures
2.2. ProgramProgram a a computercomputer to to simulatesimulate thesethese

featuresfeatures
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HowHow ArtificalArtifical NeuralNeural NetworksNetworks
learnlearn??
•• InterconnectedInterconnected unitsunits →→ serveserve as as modelmodel

neuronsneurons
•• ModifiableModifiable weightweight →→ synapsesynapse

PerformsPerforms thisthis conversationconversation in in twotwo stagesstages::
1.1. MultipiesMultipies eacheach incomingincoming activityactivity byby thethe weightweight

and and addsadds togethertogether all all weightedweighted inputsinputs →→ total total 
inputinput

2.2. InputInput-- outputoutput functionfunction →→ outgoingoutgoing activityactivity
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•• Linear  Linear  unitsunits
outputoutput activityactivity isis propotionalpropotional to to thethe total total 
weightedweighted outputoutput

•• ThresholdThreshold unitsunits
outputoutput isis setset at at oneone of of twotwo levelslevels, , dependingdepending
on on thethe total total inputinput isis greatergreater thanthan oror lessless thanthan
somesome thresholdthreshold valuesvalues

•• SigmoidSigmoid unitsunits
outputoutput variesvaries continuouslycontinuously butbut linearlylinearly as as thethe
inputinput changeschanges
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TheThe mostmost commoncommon typetype of ANNof ANN

•• LayerLayer of „of „inputinput“ “ unitsunits
•• LayerLayer of „of „hiddenhidden“ “ unitsunits
•• LayerLayer of „of „outputoutput“ “ unitsunits
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HowHow to to teachteach an ANN ?an ANN ?

1.1. PresentPresent thethe networknetwork withwith trainingtraining examplesexamples, , 
whichwhich consistconsist of a of a patternpattern of of activitiesactivities forfor thethe
inputinput unitsunits togethertogether withwith thethe desireddesired patternpattern of of 
activitiesactivities forfor thethe outputoutput unitsunits

2.2. DetermineDetermine howhow closelyclosely thethe actualactual oputputoputput of of 
thethe networknetwork matchesmatches thethe desireddesired outputoutput

3.3. Change Change thethe weightweight of of eacheach connectionconnection so so thatthat
thethe networknetwork producesproduces a a betterbetter approximationapproximation
of of thethe desireddesired outputoutput
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H O P F I E L D   NetworkH O P F I E L D   Network

•• IntroductionIntroduction

•• DescriptionDescription

•• SimulationSimulation
-- Pattern and Correlation between themPattern and Correlation between them
-- States and OverlapStates and Overlap
-- ExampleExample

•• ConclusionConclusion

PDF wurde mit FinePrint pdfFactory-Prüfversion erstellt. http://www.context-gmbh.de

http://www.context-gmbh.de


IntroductionIntroduction

•• Simple artificial network analogical to the brain Simple artificial network analogical to the brain 

•• Able to store certain memories or patterns in a manner Able to store certain memories or patterns in a manner 
similar to the brain similar to the brain 

•• Nodes/pixels: simplified neurons Nodes/pixels: simplified neurons 

•• 2 possible "states" 2 possible "states" -- firing or not firingfiring or not firing

•• Full connectivityFull connectivity

•• Change of stateChange of state
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IntroductionIntroduction

•• The pattern of firing and nonThe pattern of firing and non--firing nodes changes firing nodes changes 
with time with time 

•• One node One node –– signal signal –– other node other node 

•• Some nodes fire laterSome nodes fire later

•• The certain pattern is establishedThe certain pattern is established

•• Some nodes remain „on“, others „off“Some nodes remain „on“, others „off“
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IntroductionIntroduction

•• Recall of activity burned at the beginningRecall of activity burned at the beginning

•• Recalled memory Recalled memory -- starting pattern starting pattern 

•• Corrupted image: reconstruction of network  Corrupted image: reconstruction of network  

•• Poor image: recall of incorrect memory  Poor image: recall of incorrect memory  
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DescriptionDescription

•• Neurons = Neurons = pixelspixels

•• Take Take thethe valuesvalues of of --1 (1 (off)off) oror +1 (on)+1 (on)

•• TheThe networknetwork has has storedstored a a certaincertain numbernumber of of pixelpixel
patternspatterns
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DescriptionDescription

ConnectionConnection betweenbetween synapsessynapses

WWikik= (1/N)= (1/N) ∑∑mmXXii
mmXXkk

mm

-- WWikik: : strengthstrength of of connectionconnection betweenbetween 2 2 synapsessynapses
-- N: N: numbernumber of of neuronsneurons
-- m: m: certaincertain patternpattern
-- ii,,kk: : neuronsneurons
-- XXii

mm: : valuevalue of of neuronneuron ii in in patternpattern numbernumber m m 

Theoretical capacity

p = a * N             p: number of patterns
a = 0.14

p ~ 0.14 * N
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Simulation Simulation –– Pattern and Correlation Pattern and Correlation 
between thembetween them
•• A A patternpattern u u is a specific pixel is a specific pixel 

set set XXuu
ii = = ++1 defined for all 1 defined for all NN

neuronsneurons
(pixels)(pixels)

{ { XXuu
ii | 1 | 1 ≤≤ i i ≤≤ NN }}

•• The patterns are labelled by The patterns are labelled by 
the index the index u u with with 

1 1 ≤≤ u u ≤≤ pp

CorrelationCorrelation between patterns between patterns uu and and 
vv can be defined ascan be defined as

CCuvuv = (1/N) = (1/N) ∑∑ii XXuu
ii XXvv

ii

-- NN: number of neurons: number of neurons
-- XXuu

ii: : iithth neuron of pattern neuron of pattern uu
-- XXvv

i i : : iithth neuron of pattern neuron of pattern vv
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Simulation Simulation -- States and OverlapStates and Overlap

•• A network state is the setA network state is the set

{ { SSii((tt) | 1 ) | 1 ≤≤ ii ≤ ≤ NN }}

SSii: neuronal activity: neuronal activity

SSii((tt): +1 active neuron ): +1 active neuron 
(red pixel)(red pixel)

SSii((tt): ): --1 inactive neuron 1 inactive neuron 
(blue pixel)(blue pixel)

at time at time tt

•• is one if the momentary state is one if the momentary state 
of the network is identical of the network is identical 
with one of the patternswith one of the patterns

•• is measure of similarity is measure of similarity 
between the momentary between the momentary 
network state and one of the network state and one of the 
patterns patterns 

•• e.g., the overlap with pattern e.g., the overlap with pattern 
uu is defined as is defined as 

mmuu = (1/= (1/N) N) ∑∑ii ((XXuu
iiSSii))

-- XXuu
ii: : iithth neuron of neuron of 

pattern pattern uu
-- SSii: neuronal activity : neuronal activity 
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Simulation Simulation -- ExampleExample

•• Network of 400 neurons Network of 400 neurons 
•• 20 patterns20 patterns

•• 1 recognizable pattern1 recognizable pattern
•• 19 random patterns 19 random patterns 

-- 50% white pixels 50% white pixels 
-- 50% black pixels50% black pixels

•• White pixel = +1White pixel = +1
•• Black pixel = Black pixel = -- 11
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CompletitionCompletition of a of a fragmentaryfragmentary inputinput patternpattern

ReconstructionReconstruction of a of a noisynoisy patternpattern

Simulation - Example
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Hopfield Network Hopfield Network -- ConclusionConclusion

•• „The Hopfield model is an artificial neural network „The Hopfield model is an artificial neural network 
designed to model the memory recall process of the designed to model the memory recall process of the 
brain“brain“

•• With a part of the original memory it is possible to With a part of the original memory it is possible to 
present  a perfect image present  a perfect image 

•• Alteration of nodes Alteration of nodes -- to some degree to some degree -- doesn't cause doesn't cause 
lost of memory (up to 20%)lost of memory (up to 20%)
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