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What Is KInNeSS?
TheKDE Integrated NeuroSimulation Software (KInNeSS) is
built using modern object-oriented approach based on C++,
utilizesstandard KDE interface libraries, and hasaplugin
based architecture to help third party developers.

General Public Licenseensuresacomplete freedom for
developersand simpleexampleof plugin shell code is
provided with thedistribution to encourage thedevelopment.

KInNeSSusesNeuroML (Goddard et al. 2001) (aversion of
XML that is speci� cally tailored for neurophysiological data
and is intended to bridge thegap between different simulation
packages) to describe thesimulations.

Theability to integratean arbitrary number of arbitrary
equationsspawns from

Polymorphism – theability to determineat run-timewhich
speci� c implementation of the function should becalled for
theobject depending on the typeof thisobject.
Using functional objects– objects that can beboth passed
asaparameter and called asa function, moreover they also
can keep all internal variablesbetween calls.
A set of templateclasses, which provideall thenecessary
basic functionality.

Each equation iscombined from piecesaccording to the
structurede� ned by theuser.

A set of standard building blocks isprovided by thesoftware,
and theuser can alwaysderiveadditional blocks from those
that areprovided.



Biophysical foundations I
Thecurrent through thecell membraneconsistsof
thecapacitiveand resistivecomponent and results in
acurrent

I m = Cm
dVm

dt
+ GmVm (1)

Form theextracellular point of view:

If this current � ow in thecell then it createsa
current sink
If it � owsoutsideof thecell it creates thecurrent
source

in thisparticular part of themembrane.
If theelectrode isplaced at adistance twiceas large
as thedistancebetween partsof thecell with major
currents, then the®eld thiselectrodewill besimilar
to the®eld generated by thecurrent dipole
(Humphrey 1979).
Assuming theextracellular � uid hasconstant
conductance, thepotential on theelectrode is
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where I -sand r -sarecurrentsand distances, respectively, + and � mark theattributesof
sourceand sink, respectively, and � is theextracellular conductivity. Note, that currents
haveoppositesigns: I + is positive, while I � is negative. Therefore, if r + > r � then
Ve < 0, and if r + < r � then Ve > 0.



Biophysical foundations II
In thecaseof morecomplex cell with many possible
sourcesand sinks
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or rewriting it for current densitiesJ in [ �A
cm2]
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whereSi is theareaof themembrane that isa
subject to the i -th current.
From hereHumphrey (1979) goes to thecontinuous
casewith thesum replaced by the integral and then
discusses theeffectsof thecell morphology.
This isnot necessary for thesimulation of
extracellular recordingswith KInNeSSsince

Compartmental cell modelsarediscrete
approximationsof cells
KInNeSSso far only allows linear
(non-branching) cell architectures



Software foundations
KInNeSSusescompartmental cellular architecture.
Each cell model consistsof several compartments
representing dendritesand acompartment
representing soma.
Thesomatic compartment provides itsoutput to a
delay line that representsan axon.
Each compartment is implemented using

CM
dVm

dt
=

X

i

Ji (5)

whereCM ismembranecapacitance in [ � F
cm2 ], Vm ismembranepotential in [mV], t is time

in [ms], and Ji is thedensity of the i -th current (in [ � A
cm2 ]) in this compartment.

KInNeSSallowsaset of different currentson the right
sideof theequation (5).
Weareonly interested in these that ¯ ow across the
membrane.
Bad news: most of them do.
Good news: wecan apply Kirchhoff 's law.
Thesum of all currents that do ¯ ow acrossmembrane is
equal to thesum of all currents that don' t.
Theonly currents that do not ¯ ow acrossmembraneare
the intercompartmental currents1. Thereareat most two
of thesecurrents for any compartment no matter how
complex it is.

1Thusmeasuring CSD or LFP in KInNeSS for asinglecompartmental cell makesno sense, it doesnot createany currents.



Calculating the
Transmembrane Currents

Intercompartmental current is calculated in
KInNeSSaccording to

Ji =
gidi

4l2
i

(V �
m � Vm) (6)

whereV �
m is themembranepotential of theneighboring compartment in [mV], gi is the

axial conductance2 in [mS
cm ], di and l i are thediameter and length of thecompartment in

[cm], respectively.

Asany respectablesimulation software, KInNeSSallows
to record voltages in all compartments throughout the
simulation.
Equation (6) allowsus to restore thevalueof Ji from
thesevoltagesof¯ ineany timeafter thesimulation.
There isno need to slow down thesimulation by
recording theextradata.
Each compartment has®xed dimensionsand area. So
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This is saved in * TMC. dat ®les for each compartment.
Therefore these®lescontain precisevaluesof total
transmembranecurrent for each compartment in [�A ].
Note that thesecurrentsdo not depend on theposition of
theelectrode

2Often in the literature this value isgiven asan axial resistanceRA in [kOhm � cm], which is the inverseof gi .



Positioning the Electrode
For each electrode tip thedistance r i to thecompartment center
isdifferent

Need to determine theplacement of theelectrodeand the
number of tips

KInNeSSgenerates theelectrodepositioned parallel to all cells
in thepopulation

Thedistance to theselected cell isdrawn from auniform
distribution on the interval [10 � 200]� m
Thedistance to all other cells in thepopulation isdrawn from a
uniform distribution on the interval [10 � 1000]� m.

You select thenumber of tips

KInNeSScomputes r i -sand calculates local ®eld potentialsVe
for every electrode tip using � = 15mS

cm .

Local ®eld potentialshave themagnitude in [�V ]. They are
saved in * LFP. dat , where the®rst column is time, and each
other column corresponds to theelectrode tip

This®lecan beplotted with a third party plotting program



Current Source Density
CSD iscalculated both in experimental studiesand
in KInNeSSby linear approximation of thesecond
derivativeof voltage

CSD =
Ve+1 + Ve� 1 � 2Ve

� x
(8)

where � x is thedistancebetween neighboring
electrode tips.
Since this calculation cannot bedone for the®rst
and the last electrode tips, KInNeSSsimply
calculates it for N-2 intermediateelectrode tips.
The resultsaresaved in * CSD. dat , where the®rst
column is time, and each other column corresponds
to theelectrode tip
What if you do not haveor do not want to use
external plotting tools?
KInNeSScan plot your results for you.



Further Analysis and
Limitations

You can analyze these resultswith conventional
techniquesused for experimental dataanalysis
Thisexampleshows thepower spectrum of the local
®eld potential from previousslides

Software limitations

KInNeSSonly calculates local ®eld potentials
and CSDs for asinglepopulation
Compartmentsareconsidered aspoints for the
purposeof LFP/CSD calculations

Theseproblemswill becorrected in the future
versionsof KInNeSS
Currently they can beovercomeby someextrawork
on theuser sideasshown in the rest of thisposter



Reconstruction of a Laminar
Cortical Area

Spatial con®guration of thecortical 6-layered laminar circuit
used in the following plots

Herewearenot concerned about thedetailsof themodel.
Thesedetailswill bepresented at Society for Neuroscience
later this year (Versaceand Grossberg 2005)

Each 10x10 cell population isspatially organized in a1.2 mm
laminar cortical sheet. In the®gure, only onecell per
population isshown.

Abbreviations: Lx = layer x; S= soma; Dx = Dendritex,
INT = interneurons.

All measurementsare in mm.



Relationship Between CSD
and Membrane Potential

Exampleof relationship between membrane
potential of acell situated in layer 6, and theCSD
(®ltered at gammafrequency band) measured in an
electrode tip close to the laminar depth where the
recorded cell is situated.



Spontaneous Gamma
Oscillations

CSD and LFPof a1.2 mm thick laminar cortical
sheet during 1 second of sensory stimulation.
Top: color imageplot of CSD and LFP.
Bottom: contour plot of CSD and LFP.
Color barsshow current sources/sinks (CSD) and
depolarization/hyperpolarizations (LFP).



Long-term Potentiation of
Thalamocortical Synapses I

Heynen and Bear (2001) haveshown how LTP is
readily induced in primary visual cortex of adult rats
in vivo after application of theta-burst stimulation to
thedLGN.
Current-sourcedensity analysis suggests that
thalamocortical and intracortical synapsesare
potentiated, and CSD analysisallowsdetermining
the laminar location, nature (sourcevssink),
temporal order and magnitudeof transmembrane
currentsgenerating local ®eld potentials (LFP).



Long-term Potentiation of
Thalamocortical Synapses II

The®gureon thepreviousslideshows the typical
CSD pro®leof cortical activation (occipital cortex)
following visual stimulation.
CSD analysisof themodel showsan early
development of sourcesand sinks in thevicinity of
layer 4.
In Heynen and Bearsdataand in themodel, the®rst
prominent current sinksoccurring in
geniculo-recipient layer IV and deep III.
(a) Data: imageplotsof CSD datashowing
activation pro®les in occipital cortex (rats) after
photic stimulation of thedLGN. Horizontal thick
dashed line indicates theborder of layer VI with
whitematter (WM) (modi®ed from
Heynen and Bear, 2001).
(b) Model: CSD analysisof response in a laminar
primary sensory cortical areashowsasimilar pattern
of CSD, with acurrent sink following acurrent
source in layer 4 and acurrent source in layer 1,
which qualitatively matches thedata.
Note that thealignment of layers isonly acrude
approximation. Dashed boxesshowssimilarities in
thepattern of activation in roughly corresponding
layers.



Long-term Potentiation of
Thalamocortical Synapses III

Data: Photic stimulation of the retinasproduces the laminar
activation pro®les in Oc1 shown by LFPand CSD.

LFPs recorded at different cortical depthswith a16-tips
electrode.

Cortical layersand boundaries (arrowheads) are indicated on
the left.

In theCSD pro®les, current sinksaredownward and are
shaded, and current sourcesareupward-going.

Bottom trace (S) is summation of all CSD tracesacrossdepth
(modi®ed from Heynen and Bear, 2001).

Model: sensory stimulation of a laminar primary sensory
cortical areashowsanegativepotentials in theLFP, and a
prevalenceof sinks in thesupragranular and infragranular
layers.



Long-term Potentiation of
Thalamocortical Synapses IV

Data: LTP in Oc1 in vivo isaccompanied by an increase in
granular and supragranular current sinks.

Note the increase in FPamplitude through layers IV (modi®ed
from Heynen and Bear, 2001).

CSD show an increase in current sink amplitude in
thalamorecipient (layer IV and deep III) and supragranular
(layer II/III) cell layersafter LTP induction. (modi®ed from
Heynen and Bear, 2001).

Model: LFPand CSD plotsat an early (before learning) and
late (after learning) trial in a1-second sensory stimulation.



Spontaneous Gamma
Oscillations II

Spontaneous fast and slow oscillations in
anesthetized cats resemble fast stimulus-dependent
oscillations in amodel of laminar visual cortical
area.



Spontaneous Gamma
Oscillations III

(a) Simultaneous recording through multiple
electrodes inserted at variousdepthsof area5.
AveragesCSD ®ltered between 15 and 80 Hz,
display in-phase fast (about 35 Hz) oscillations,
transiently suppressed during thedepth-positive
phaseof theslow oscillation.
Theblack thick trace isan un®ltered wave
superimposed on ®ltered activities.
(b) CSD measured by an 8-tip-electrode in a
primary sensory areaduring presentation of an
external stimulation, and ®ltered at gamma
frequency (15-80 Hz).
(c) CSD contour plot analysisof theperiod
indicated in (a).
Note fast (about 35-Hz) alternating sinksand
sources.
(d) CSD contour plot of theperiod indicated in (b).
Arrowshighlight laminar depth of fast source-sink
alternation. Plotting conventions (sink and sources)
weremapped in order to confront simulationsand
data (Steriadeand Amizca1996).



Conclusions
Wesuggest asimplemethod to construct
extracellular recordings from simulationsof
multicompartmental cells.
Thismethod isbased on equations that describe the
physicsof real extracellular recordings.
Our implementation of thismethod in KInNeSS
simulation softwarepackageworksof¯ ineand does
not increase thecomputational load during the
simulation.
KInNeSS implementation iscurrently limited to
extracellular recordings in asinglepopulation, but
providessuf®cient data to reconstruct ®eld
potentials in morecomplex neuronal structures.
Thesuggested method provides theability to
comparesimulation resultswith thehugevolumeof
theexperimental extracellular recordings that was
accumulated over last decades.
Often extracellular recordingsare theonly
description of theneural dynamicsduring
experiment, and in thesecasesour method is the
only way to comparesimulation resultswith the
experimental data.
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KInNeSS isavailable from http://www.kinness.net
Wesuggest using theCVSto keep your version up-to-date


