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Cerebral Cortex

Models of Cortical Circuits

long-termplasticityandwithapproachestolearningandmemorybasedonmodifica-
tionofHebbiansynapsesarenotconsidered. Relativelyabstractattemptstounder-
standhigherlevelandcognitiveprocessesbasedonneuralnetsrepresentasecond,
majorareaofworkthatisnottreated. Modelsofcognitiveprocessesbasedon
dynamicalsystemsmethodsinwhichnoattemptismadetoincludethebiophysical
featuresofindividualneuronsarealsonotconsidered. vii viii
Thetenmajorchaptersfallintothreegroups. Thefirstgroupdealswith
compartmentalmodelsofindividualcorticalneurons. LyleBorg-Grahamprovides PREFACE
anintroductiontothemethodsinvolvedinconstructingcompartmentalmodels
andthenreviewstheexistingmodelsofhippocampalpyramidalcells. Becauseof
theeffectivenessofhippocampalslicepreparations,theseneuronshavewell-ehar-
acterizedbiophysicalproperties. Thischapterillustrateshowcompartmentalmod-
elscanbeusedtosynthesizeexperimentaldataandprovideanintegrativeviewof
thepropertiesofindividualneurons. PaulRhodescontinuesthethemebyfocusing
ontheroleofvoltage-gatedchannelslocatedonthedendritesofcorticalneurons.
Thisisanareainwhichtechnologicaladvancesinthevisualizationofneuronsin
slicepreparationsbasedoninfraredmicroscopyhavegreatlyexpandedtheinfor-
mationavailableondendriticfunctioninjustafewyears. Thechapterbothreviews
theexperimentaldataonactivedendriticconductancesandemphasizestheirpo-
tentialfunctionalroles. Thesecondgroupofchaptersdealwiththegenerationofreceptivefield
propertiesofneuronswithinvisualcortex. Theyaddressissuesstemmingfromthe
originalattempttounderstandhowthereceptivefieldpropertiesofneuronsincat
andmonkeyprimaryvisualcortexaregeneratedbyinteractionsbetweengenicu-
lateafferentsandcorticalneurons. ThechapterbyFlorentin\Worgotterevaluates
modelsthathavebeenusedtoanalyzethegenerationofreceptivefieldproperties.
RodneyDouglasandhiscolleaguesaddressaspecificsetofissuesdealingwiththe
roleofintracorticalexcitationmediatedbypyramidalcellcollaterals. Animportant
featureofthischapterisitsrelationtoattempttoconstructfabricatedcircuitsthat
duplicatethefunctionsofcorticalcircuits. ThechapterbyPhilipUlinskifocuseson
thegenerationofmotion-selectivepropertiesincorticalneurons. Itseekstoidenti-
tycellularmechanismsusedbyneuronsthatrespondpreferentiallytovisualstimuli
movingwithparticularspeedsordirections. MatteoCarandiniandhiscolleagues
discussthefeatureofcorticalneurons,knownasgaincontrol,thatallowsneurons
torespondeffectivelytovisualstimulibypoolinginformationacrosspopulationsof
corticalneurons. ThechapterbyHughWilsondealswiththereceptivefieldproper-
tiesofextrastriateareasandintroducesnewworkanalyzingface-selectiveneurons.
Thefinalsetofchaptersconsidermodelsofensemblesofthalamicandcortical neurons.
ThechapterbyWilliamLyttonandElizabethThomasusesthetheoryof
dynamicalsystemstoanalyzethetemporalrelationshipsbetweenthalamicand
corticalneurons. Animportantfeatureoftheinteractionbetweenthalamusand
cortexisthepresenceofoscillationsthatdependinpartuponthevoltage-gated
conductancespresentonindividualneuronsandinpartonthestructureofthe overallnetwork.
PaulBushcontinuesthisemphasisonoscillationsbydiscussinga
modelthatdealswiththegenerationofsynchronizedoscillationsinvisualcortex.
Oscillationsofthiskindhaveattractedsubstantialattentioninrecentyearsbecause
oftheirpotentialroleincognitiveprocesses. Thelastchapter,byMichaelHasselmo
andChristianeLinster,reviewstheirworkonmodelingpiriformcortex,emphasiz-
ingtheroleofcholinergicmechanismsinmodulatingtheactivityofcorticalneu rons.
Anattempthasbeenmadethroughouttomakethevolumeaccessibleto
readerswithminimalmathematicalbackgrounds. Thevolumethusbeginswitha
shorthistoryofmodelsofcorticalneuronsandcircuitrythatintroducestheprinci-
palmodelingstyles. ThechaptersbyWorgotterandUlinskicontainmoreextensive ix
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