34 [74] dendriticinbulb. olfactoryosci.Neur1991.54,[75] 11:1837-18J.synapse. hebbianc.o871990.:6718-6721,[76] USASci.,singleinIn brane.Infor-al4(Eds.),Lippmann,33 [58] ulationaccumation. activ3411989.:533-536,[59] eNaturpreparation.in[60] uscriptManpar-forIn cessing.thein1Cam-(Eds.),1986.Bradford,[61] MA:bridge,reduced. andTINS complex ersimple,15:414-4211992. vo[62] dels:moalgorithmsy:In ns.plasticity(Eds.),,1989.Press,[63] AcademicMA:computer-ofspines. dendritic21:151-166, eoscienc1987. Neurexcitable[64] eenwSignalW.eactivspines. dendritic821985.,[65] :2192-2195PNASprop-ecomputations.neuronal11989.:273-286,[66] osci.NeurofdelingIn cortex.onMiall,C.1989.,[67] esleyWcalciumedslice. ellar2421988.:773-777,[68] eSciencneurons. campalosci.Neur7 o1982.:1233-1242,[69] hippCA3ionicdendriticepileptogenesis. and42:476-496, ophysiol.Neur1979. J.function[70] neuronalforexin-sensitivcampus. oophysiol.Neur1989.7,[71] 2:1375-138J.visualeyIn texture?gy,ophysiolodels53-73.pp.[72] 1991,reund,ertiespropIn neurons.omputationS.F.&1992.Press,[73] AcademicMA:hip-fromneurons. campal7632 [41] theinretina. rabbitUSA Sci.1983.073,[42] 80:3069-3ad.cor-visual. receptors86:5183- USASci.1989.5187,[43] ad.cinbranespines. dendritices. R1985.0,[44] 325:325-33ainCaof2+ kineticsGatingKated+ -activR.fromhannelsers. y821983.:511-542,[45] Physiol.Gen.fortsCasynaptic2+ compartmenneuronalonses. resp3541991.:73-76,[46] eNaturmotionvisualin ear5S.,1993.Kaufmann,[47] MorganMateo:indiscriminationdetectors. ye Scienc,-10411990. 279:1037disparit[48] assuiteddulatingmo. e�cacyes.1985.35,[49] 325:331-3,eymonkgaps. bridgingosci. Neur1989.763,[50] 9:1749-1J.totorks. w2471990.:978-982,[51] eSciencIn teractions.innotes21G.&89-115.pp.[52] 1977,Springer,receptor-Acells. yramidales. R1990.6,[53] 524:342-34ainrelations.input-ouputIn neuronal fordelingStanfordCalifornia:1964.Press,[54] yersitsoma-tinputs. synapticophysiol. Neur1967.68,[55] 30:1138-11J.In neurons.ofok1V.B.&pp.1977,39-98. Maryland,Baltimore,[56] Co.,Wilkins,dendriticonIn spines.functionNew(Eds.),1987.,[57] Wileyork:den-andbulb. olfactoryophysiol. Neur884-915,31:1968. 31 [24] hannelreceptor-cvior. eha101990.,[25] :1830-1837osci.con-macroscopickinetics. hannel101990.:3178-3182,[26] osci.Neurterpretationin. morphologyond. L1982.64,[27] 298:227-2BIn neurons.onneuromputationMA:e,1992.Press,[28] Academicbridgmem-andIn branes.function(Eds.),an,1987.,[29] Wileyork:ofcortexdistributions. Spineol. Neur1991.306:332-343,[30] Comp.J.re-ofterneu-inrons. cal loosci. Neur1989.,[31] 9:3030-3039J.deter-kineticsts. curren346:565- eNatur1990.567,[32] synapticmediatedinsomatacells. purkinje341971.534-551,[33] :ophysiol.of ertieso vitrcellpurkinjeslices. ellar3051980.:197-213,[34] Physiol.J.ybneurons. yramidales.R399 ain1986.:303-309,[35] Brptheinsystem. ous281987.:197-276,[36] obiol.Neurcor-neoInstituteCalifornia1990.,[37] yhnologcorticalandIn learning.2, vol.systems,1990.Kaufmann,[38] MorganCA:neuron. corticalalNeurComputation deled mo1992a.502-516,[39] 4:aInneuron.4&Hanson,1992b.Kaufmann,[40] MorganMateo:preparation,in1993. 30 [6] yactivitcells. yramidalSci.ad.USA c A1991.11569-11573,[7] 88:Natl.theinpath.t2321973.:331-356,[8] Physiol.J.inputthecells. ganglion&gy321991.:2067,[9] eSciencsynapticLong-termtiation. oten2421988b.:724-728,[10] eSciencheb-ofIn neurons.ngessi3MorganAlto:1991.Kau�man,[11] aloPyra-p1992.July[12] rancisco,Fneu-corticalrons. neo erseTINS div of1990.13:99-104,[13] patterns�ringIn cortex.ain, brthe389-438.pp.[14] 1990,Press,bio-andorks. w1:133, Computational1989. Neurnet[15] kpropagationbacerties. propgnitiveCo61982.:205-254,[16] eSciencA-NMDcortex. visualophysiol. Neur1990.,[17] 64:1413-1428J.high-orderinorks. w261987.:4972-4978,[18] Opticsdelectricalofneurons. culturedSci.ad.781981.:3245-3249,[19] USAcealedrevspines. dendritic3541991.76-80,[20] :edualofslices. campal5:247- onNeur1990.253,[21] ohipp1989.,[22] dyoR.W. Tsien,ls. elOxford cexcitable1975.Press,[23] yersitRoss,&Naof+ spreadTheCadendritic2+ ofpatterntoinneurons. campal35729 thefromofhematicsub-anatomicalisdemonstrationtoneuronydisparitaofossible pisItevidencedcomputationinerationtoursconderonwskiSejnowithincomputationfurtherofconsideration. yorthtswledgemenyrami-pomTim-hannelUsherMariushigher-ordertout-earlmtothankstenaswONR.theReferences andwship,[1] felloNRSAelectricale1993.preparation,[2] Incortex.ybcampus oo. vitr inJ. hipprat3831987.:509-526,[3] Physiol.tehround-asymmetricalof17areacat. the2311985.:180-189,[4] ol.Neurhip-isolateddendrites. yramidal21982.:1614-1622,[5] osci.NeurPro-Systems28 yzero-disparitdeledmoustherageAvforgreaterpairs.imagecor-learning,riseeybstereoywithinationos-pdeledmostereohedor�elds,exactlycases,treedendriticonsesrespthreeoutheSinceerage vamount a pairs.cate-othaswspatial theering dtacts.con27 c-binoeseyond-correspvision,normaltheofac-tocon-ulusateactiv26 re-ylargeacell.theviai.e.sincecasesynapsesateddromicorthoject-proontactsymicroscoptcurrenfullandit.eySensitivitdemon-�rstinput-ouputnonlinearnon-forestimatedeenorderthe1993(Mel,directlyvideda dendrites:elation orrisItnonlinear thatctivity seleexam-forfrominputs�elds.eax-tThesestream.atore-ofisfeatureet-eyduringatedcon-1)ymanandtree,ondingnon-correspglobalThestereohedsamethetheacrosscellscomplexa wal. et1990). (Ohzasystempro-learning25 en opmasse entsigni�cantialsotentcurrenoriginsSimilaraubTinviorebolarizingdeptrunk.apicalPredictions mainand/oraseemsselec-areation.activtendenevidencedx oal. etMiller 1990;al. etAmitai 1989;al. etheenMeline-vbranememation,activphenomenontheInh.forellyramidalpcells.purkinjeal-vThesedendrites.excitatoryofout-tksnec3)synapses,ost-pyerativitmorphol-cellebdisrup-highlyrendercouldhigheryoutputscellssenetheininhangessynapsese24 SomaatytiallTheconstruction.actionsomaticerewstronglyfacts.onenfourto40 a� ofbranememspikingwdgkin-HuxleyHoatwidthwidth.inrestTheinjectedasaswonse.respwsloci.looffactor15 only� asfrommtrunkapicalsomaticeakbasala200 (C),� dendrite220,ofespikfold360andeoltagevD.cusoten-pdendriticfordendritice.dyseenkind(Amitai dyal. et1993). obBursting celltheaswThis9).theinUnderconditions.andthresholderew23 steady-stateanduationattenre-oltage40 a� cases,aswoten-pws:g Na 0: =S= 2cm 2 and g K 0: =S= 1cm 2 withrerunparameters braneR memerem wtests21; = samecm000 2 theseWhenC;m .1: =0 =cm �F2 R;a 306 cm,=Stratford fromal. etin-somewhatinputs.stateactsdydendritebasalespikybtopropagatedtoenswithine�ectdendriticbasalermitpash22 high-anmdfast-3)tcurrenresult-ts),osi-erptradendriticincellyramids21 in5,high- sizea nmd(exceptplacidwslo7E),�g.Intraces.sensitiv-clusterw-spikingslo