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Schedule of Presentations

NTC Ted Carnevale
MLH Michael Hines
TMcT Tom McTavish
GMS Gordon Shepherd

Morning session

Time Speaker Title Page
9:00 AM MLH Welcome 3
9:05 NTC NEURON: a brief tour 5
The basics 9
Construction and use of models 19
Using the CellBuilder to make a stylized model 20
Creating and using an interface 32
for running simulations
10:15 NTC The Linear Circuit Builder 43
10:30 Coffee Break
10:45 MLH Using NMODL to add new 51
biophysical mechanisms
11:15 MLH Numerical methods: accuracy, stability, speed 59
11:30 AM NTC Networks: spike-triggered synaptic transmigsio 65

events, and artificial spiking cells

12:15 PM Lunch

Afternoon session

1:15 PM MLH Numerical methods: adaptive integration 75
and events

1:30 MLH Parallelizing network simulations 89

2:00 MLH NEURON + threads 103
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2:30 GMS Databases for computational neuroscience 111
3:00 TMcT Python + NEURON part 1 123
3:30 Coffee Break

3:45 TMcT Python + NEURON part 2

4:45 MLH Future directions

5:00 End of afternoon session

Receipt and Survey last two pages

We value your opinions and suggestions for improving thsse. Please take a moment to fill out and
hand in the survey.
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NEURON: a brief tour

A tool for empirically-based models of neurons
and neural circuits

Open source project directed by Michael Hines

Active development and user support

Documentation, tutorials, and forum at
http://www.neuron.yale.edu/

Courses
SFN meetings
summer course at UCSD
other courses

The NEURON user community

Used by experimentalists, theoreticians, and educators
for neuroscience research and teaching

As of November 2011
more than 1090 publications

more than 1600 subscribers to mailing list and forum
http://www.neuron.yale.edu/phpBB/

source code for > 320 published models at ModelDB
http://modeldb.yale.edu/
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Specifying and using models with NEURON

Model specifications written in hoc and/or Python
and/or
created with GUI tools (work via hoc)

CellBuilder, Channel Builder,
Network Builder, Linear Circuit Builder

Add new functionality with NMODL (compiled)
new density mechanisms and point processes
described by ODEs, kinetic schemes,

algebraic equations
events, state machines, artificial spiking cells

Not model specification, but necessary

Instrumentation
stimulators, current or voltage clamps

plotting and recording variables

Simulation control
default and custom initializations
integration methods
fixed time step
adaptive integration
event system useful for implementing
"experimental protocols"

User interface
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Other features

Parallel simulation
multithreaded execution
embarrassingly parallel problems
distributed models

Optimization tools

Model analysis
Impedance tools
ModelView

Import3D for detailed morphometric data

Where to learn more

The NEURON Book

The WWW page http://www.neuron.yale.edu/
Documentation
hints and tutorials
link to FAQ list
links to key papers about NEURON
Programmer's Reference
Courses

The Forum http://www.neuron.yale.edu/phpBB/
Hot tips
Getting started
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The What and the Why
of Neural Modeling

The moment-to-moment processing of information
in the nervous system involves the propagation
and interaction of electrical and chemical signals
that are distributed in space and time.

Empirically-based modeling is needed to test
hypotheses about the mechanisms that govern
these signals and how nervous system function
emerges from the operation of these mechanisms.

Topics

1. How to create and use models of neurons
and networks of neurons

How to specify anatomical and biophysical
properties

How to control, display, and analyze models
and simulation results

2. How NEURON works

3. How to add user-defined biophysical
mechanisms
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From Physical System
to Computational Model

Physical Conceptual Computational
System Model Model

Conceptual model
a simplified representation of the physical system

Computational model
an accurate representation of the conceptual model

From Physical System
to Computational Model

Physical Conceptual Computational
system model model

dendrite
create soma, dendrite
soma connect dendrite(0), soma(1)
ball hoc
pyramidal and code
cell stick
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Hierarchies of Complexity
Structure

Single compartment ()

Stylized

Anatomically detailed

Network %

Hierarchies of Complexity
Mechanism

Passive and Active currents
HH-style
kinetic scheme

Synaptic transmission
continuous
spike-triggered

Gap junctions

Extracellular fields, Linear circuits
Diffusion, buffers, transport & exchange
Artificial spiking cells ("integrate & fire")

Copyright © 1998-2011 N.T. Carnevale and M.L. Hirabrights reserved Page 11



Using NEURON to Model Cells and Networks 2011

Fundamental Concepts in NEURON

What Driving What is
Signals moves force conserved
Electrical charge voltage charge
carriers gradient
Chemical solute  concentration mass
gradient

Conservation of Charge
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The Model Equations

dvj Vi Vv

c.—* .
on.
V. membrane potential in compartment j

I net transmembrane ionic current in compartment |

cj membrane capacitance of compartment j
rjk axial resistance between the centers of
compartment j
and

adjacent compartment k

Separating Anatomy and Biophysics
from Purely Numerical Issues

section
a continuous length of unbranched cable

Anatomical data from A.l. Gulyas
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Mathematical description of a section

What we want:

. dvj - Ve v
' ion.

What a new section gives us:

dvj \Y;

k7
C. =
idt

i.e. membrane capacitance and axial resistance,
but no ionic current.

How can we put ion channels in the membrane?

Adding mechanisms to sections

Density mechanisms
distributed channels
ion accumulation

Point processes
electrodes, synapses

Described by
differential equations
kinetic schemes
algebraic equations

Constructed with
NMODL
Channel Builder

2011
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create soma, dend
connect dend(0), soma(1)

soma {

L =50 // [um] length
diam =50 // [um] diameter
insert hh // Hodgkin-Huxley mechanism

nseg =1
}
dend {
L =200
diam =2
insert pas // passive channels
nseg =3
}
Range Variables
Name Meaning Units
diam diameter [um]
cm specific membrane [uf/cm?]
capacitance
g_pas specific conductance [siemens/cm?]
of the pas mechanism
% membrane potential [mV]
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range
normalized position along the length of a section
O range 1
any variable name can be used for range, e.g. X
physical
distance physical
0 \|/ length
[ ]
normalized
distance
0 v 1

Syntax:
sectionname.rangevar(range)
returns or sets value of rangevar
at location that corresponds to range

Examples:
dend.v(0.5)
returns v at middle of dend
Shortcut: dend.v
dend for (x) print x*L, v(X)
prints physical distance and v
at each point in dend where v was calculated
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nseg

Using NEURON to Model Cells and Networks

the number of points in a section section where
membrane current and potential are computed

nseg=1 e ) *
nseg=2 ¢ ° [ D (]
nseg=3 ¢ ___o [ ® [ e @

Example: axon nseg =3

To test spatial resolution
forall nseg = nseg*3
and repeat the simulation

Category Variable
Time t
Distance diam, L
Voltage Y
Current
specific i
absolute
Capacitance
specific cm
absolute
Conductance
specific g
absolute
Cytoplasmic resistivity Ra
Resistance SEClamp.rs

Concentration cai , nao, etc.
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Units

[ms]
[um]
[mV]

[mA/cm?] (density)
[NA] (point process)

[uf/cm?]
[nf] (point process)

[S/cm?] (density)
[US] (point process)
[ cm]

[106 ]

[mM]
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Model specification summary

Topology: create and connect sections
Geometry: stylized (L & diam) or 3D (x,y,z,diam)

Biophysics: insert density mechanisms,
attach "biological” point processes (synapses)

Network models
Create cells
Connect cells
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Construction and Use of Models

1. Specify the model ("virtual organism").
2. Specify the user interface (“virtual lab rig").

3. Tests

structural integrity
spatial grid
time steps

Example: using the GUI to build
and exercise a stylized model

1. How to use the CellBuilder to create and
manage a model cell.

2. How to use NEURON's graphical tools
to make an interface for running
simulations.
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Step 0: Conceptualize the task

Shape

stick figure / detailed
Channel distribution

uniform / nonuniform

whole cell / region / individual neurite
Creation

single cell / use in a network

Step 1: using the CellBuilder
to make a stylized model

1
bas ap[1]

soma

axon ap[2]
Section L diam Biophysics
soma 20 um 20 um hh
ap[0] 400 2 reduced hh *
ap[1] 300 1 reduced hh *
ap[2] 500 1 reduced hh *
bas 200 3 pas §
axon 800 1 hh

* - gnabar_hh and gkbar_hh reduced to 10%, el_hh = - 64 mV
§-e pas=-65mV
Throughout the cell Ra = 160 Wcm, cm = 1 pf / cm?
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Launch NEURON with its
library of graphical tools

UNIX/Linux nrngui

nrniy

MSWin or OS X MQ
nkrugui

Bring up a CellBuilder

= NEURON -1of x|

leonify

|Fi|e Edit BuilleooIs Graph  Wector '\Mndowl

single compart ment

Cell Builder
Hetworlk Cell
MetWork Builder

Linear Circuit

Channel Builder

NEURON Main Menu / Build / Cell Builder
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The CellBuilder

CellBuild[0]
Close

4 About ., Topology ., Subsets ., Geometry -, Bi ics Df' i Create

Topology refers to section names, connections, and 2d orientation

without regard to section length or diameter.

Short sections are represented in that tool as circles, longer ones as lines.
Subsets allows one to define named section subsets as functional

groups for the purpose of specifying membrane properties.
Geometry refers to specification of L and diam {microns), and nseg

for each section (or subset) in the topology of the cell.
Biophysics is used to insert membrane density mechanisms and specify their parameters.
Management specifies how to actually bring the cell into existence for simulatien.

The default is to first build the entire cell and export it to the top level

Or else specify it as a cell type for use in networks,

It also allows you to import the existing top level cell into this builder

for modification.

If "Continuous Create" is checked, the spec is continuously instantiated

atthe top level as itis changed.

Use buttons from left to right.

Topology

-iojx|

Close Hide

+ About # Topology « Subsets - Geometry < Eiophysics « Managemert D Cortinuous Craste

| dend

Click and drag to
# Make Section
w Copy Subtree
v Feconnect Subtres

Reposition

v

e W Move Label
Click ta
& Insert Section
w Delete Section
+ Delete Subtree
& Change Name

Hint= I

CB starts with a "soma" section.
We want to create new sections.
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Specifying the "Basename”

Basename: gdend

IVOC

Section hame prefix:

|dend N

‘ Accept ¢ H Cancel |

IVOC ]

Section name prefix:

fap

‘ Accept ¢ H Cancel |

Making a new section

Place cursor near end O
of existing section &

Click to start new section  sgpr—,

Drag to desired length  sp——

Release mouse button  skp—=—,
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Save your work as you make progress!

il NEUR.ON Mai

NEURON Main Menu / File / save session

Group sections that have shared properties.
We want to make an "apicals" subset.
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Making a new subset

Select One

. v
Click "Select Subtree" H Select Subtree
N

Select Basename

ap[1]
. . ap
Click root of apical tree . . .

soma
axon ap[2]

.. . then "New SectionList" H New5e°&tionList|

Making a new subset continued

IvOC B

Mew SectionList hame

|al N

‘ Accept ¢ H Cancel |

IvOC B

Mew SectionList hame

| apicals

‘ Accept ¢ H Cancel |
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Subsets finished

T ol

< About < Topology # Subsets < Geometry < Biophysics < Msragement Continuous Craste

First, select,

[EE—

« Selact One
w Select Subtres
& Select Basename
then, act.

Note "apicals".
Time to save a new session file.

Geometry

mcetpudiol e [= .

« About + Topalogy < Subsets # Geometry < Biophysics « Managemert Cortinuous Craste

I?Specwfy Strategy | Distinct values owver subset

Constant value owver subset

=p[1]
ap

R SR () —
=wan =pl2]
Spatizl Grid

nseg
e
|l 4 x

"Specify Strategy" is ON.
A good strategy is a concise strategy.
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Geometry strategy
ol x|

« fbout . Topology ~ Subsets 4 Geometry . Biophysios

Distinct walues over subset
L

Constart walue over subset

Each section has a different L and diam.
Compartmentalize according to | 100 Hz (d_lambda rule).

Implementing geometry strategy

=101

[ CellBuild[0]

« About - Topology « Subsets 4 Geometry « Biophysics + Management Continuous Create

forsecall { ...

fambda_wif]h2 = dizmfd*P I Ratcm)

bas apl1] 1
= I—
soma
axan =pl2 I-

=L |

When strategy is complete, turn "Specify Strategy" OFF
and start assigning values to parameters.

d_lambda = 0.1 at 100 Hz usually gives good spatial accuracy.
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Implementing geometry continued

o About < Topology « Subsats # Geometry «, Biophysics « Managemert Continuous Create

Set L and diam for all sections.
Time to save to a session file!

Biophysics

e

« #bout - Topology + Subsets < Geomeiry 4 Biophysics « Management Continuous Creats

"Specify Strategy" is ON.
Base the plan on shared properties.
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2011

Biophysics strategy
[Bssesis stateay bt

Fy

em
pas
extracelular

bR

Ra and cm are homogeneous

||?Bpeciiy strateqy | mwon [ tspecify
Ra

all: manage .. | &
. spicals:  manag cm
apicals, soma and axon have hh | zm =
ap[1] axtracellular
ap2] T
bas
||2'Speci'y Strategy bas [ ispecify
all: manage .. | A s
spicals:  manag cm
bas has pas | z™ ™=
ap[1] extracellul
3 hh

Implementing biophysics strategy
D Specify Strategy | forsec all { i specify Ra
E A e 2 oy ]

Double Ra | T

al_hh [Siem2)

&l_hh (m)

Fix apicals hh params [

||j Specify Strategy bas [insert pas
all A QJES[SICmZ]Ij IDDD1 ;]

&_pas [mv] 5

Shift e_pas in bas [

Copyright © 1998-2011 N.T. Carnevale and M.L. Hirabrights reserved

Page 29



Using NEURON to Model Cells and Networks 2011

Save another session file!!

Management

Option 1: save as a Cell Type
for use in a network

4 Management Continuous Create
g

mcall Type .. Export .. Import ‘ (illits |

This is necessary only if the cell is used in a network

This creates a file that declares a cell type
with the current specification
Such a cell class is usable in networks and

can be employed by the network builder toel.

Classname

Cell

~r Select Qutput
soma.v({1)

Save hoc code in file

Page 30 Copyright © 1998-2011 N.T. Carnevale and M.L. Hirabrights reserved



2011

Using NEURON to Model Cells and Networks

Management continued

Option 2: save as hoc file

4 Management D Continuous Create

. Cell Type 4 Export . Import Qiots |

Expeortto file (or top level with "Continuous")
i.e. does not encapsulate the cell in an object.

Kind of infermation experted

Topology (Destroys all existing top level sections]
Subsets
Geometry

Membrane

Exportto file

Management continued

Option 3: export to interpreter

Toggle Continuous Create ON and OFF

E@Continuous Create

EContinuous Create

EContinuous Create

or just leave it ON all the time.
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Step 2: creating and using an interface
for running simulations

1
bas ap[1]

ap

soma
axon ap[2]

We want to
attach a stimulating electrode
evoke an action potential
show time course of Vm at soma
show Vm along a path from one end of the cell
to the other
We need
a "Run" button
graphs to plot results
a stimulator

Get a "Run" button

I NEURON 1 -10] x|

lzonify

File Edit Build ToolslGraph wactor \Mndowl

RunCortral .

RumnButton L«@
“ariableStepControl
Foint Processes
Distributed Mechanisms
Fitting

Impedance

Model Wiews

Mowie Run

Mizcellaneous

NEURON Main Menu / Tools / RunControl
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Init sets time to O, RuncontrOI panel
Vm to displayed value, and - (0] x|
conductances to steady-state\ Clase Hide

Init & Run does an Init,

" . Imit [’ A | -5 ;I
then starts a smulanon\

Init & Run
Stop interrupts the simulation —_—

Stop

Continue til runs until displayed time~_ | [ms]d-'lj IS—E

Continue for runs for displayed_______ Commuefor[mswljh—‘g
interval

i Single Step
Single step advances by / : :
1/(Points plotted/ms ) / JEETLON
t numeric field shows model time 15 =) E E
dt [m=] [oozs ;I

Foirts plottedims

Tstop specifies when simulation ends

dt is integration time step;
must be integer fraction of
1/(Points plotted/ms )

Points plotted/ms is plotting interval

Scrn update invl (=) 0.05

Real Time (=]

We need to plot Vm(t) at soma
-1oj x|

leonify

|Fi|e Edit EBEuild Tools GraEhl\-'ec‘tor Windowl

Voltage axis

Currert axis
State axis
Shape plot
Vecotor mowvie

Fhase Flane

Grapher

NEURON Main Menu / Graph / Voltage axis
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Graph window

I Graph x -0.5:5.5 y -92:52 =] 3]
Close Hide I
40—

w[.5)
n | | | | |
1 2 3 4 5

-40 —

-80 —

v(.5) is Vm at middle of default section
(soma in this example)

We need to plot Vm along a path

_Injx

lzonify

|Fi|e Edit EBuild Tools GraEhl\-'ec‘tor \Mndowl

Yoltage axis

Currert zxis
State axis
Shape plot

Wector mowi

Fhase Flane

Grapher

NEURON Main Menu / Graph / Shape plot
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Bringing up a space plot

i Shape # -824.931 -0/ x|

T

Use this "shape plot" to create a "space plot".
Click on its "menu box" . . .

Bringing up a space plot continued

=
-

Hide I

Wiewr . .

Axis Type
Morwre Text
Change Text
Delate

# Section

30 Rotate
Redr=w Shape
Shape Ste

Plot Wihat?
Wariable scale
Time Plat

Space Plot
Shape Plot

... and scroll down to "Space Plot".
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Bringing up a space plot continued

Click just left of the shape
Hold button down while dragging
from left . ..

...toright. ..

... then release button.

3199

Thispopsupa. ..

Space plot

[ Graph x-972: 1092 y -92:52 =]

Close Hide

40—

-300 -300 300 [00

-40 —

-e0 —

A plot of Vm vs. distance along a path.
Better save a session file.
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We need a stimulator

=k
lconify
|Fi|e Edit Euild ToolslGraph “ector '\Mndowl
—RunCDrerI

RunButton

“ariable Step Contral
Foirt Processes
Distribiuted Mechanisms
Fitting

Impedance

Model View

Movwie Run

Managers|([point Manag
Wigwers | Point Group
Electrode

Miscellaneous

NEURON Main Menu / Tools / Point Processes
/ Managers / Point Manager

PointProcessManager window

[ PointProcessManag =] 3]
Closa Hide
SelectPoirtProcess I
Shaer I

Mone

at: soma(0.5)

L

To make this an IClamp . . .
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Creating an IClamp

11

Close Hide

SelectPointProcess

none
IC1= |
Alpha st\}ipse
ExpSwn
Exp2Syn
SEClamp
WClamp
OClzmp

AP Court
MetStinm
IntFire1

IntFiraZ
IntFired
PairtProcess hdar ke

... click on SelectPointProcess
and scroll down to IClamp.

|IClamp parameter panel

[ PointProcessManag =]

Close Hide
SelectPointProcess | I
Showr I

ICIamp[0]
at: soma(0.5)

IClarmpo]
del [ms) o |
dur [ms) | ER—
=mp inA) | ER—

ina) Mo

[oo]e

Next: set parameter values.
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Entering values into numeric fields

Direct entry

_wwon [ T8)

Note yellow highlight on button

Spinner

EEERE (—r

Red check means value has been
changed from default

Mathematical expression

Our user interface

 Runconor S1=TE]

i Graph % -0.5:5.5 ¥ =10 x|

kool

iy o 80—

Time to save to a new session file!
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It works!

NEURON Main Menu / Tools / Movie Run
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Space plot "movies" continued

_iix

Cloze Hide

Init & Run

Seconds per step (=] IIZI.IZI'I ;I

Movie Run / Init & Run

What if channel density in the apical tree varies
systematically with position, e.g. distance from
the soma?

See "Specifying parameterized variation of
biophysical properties" in the CellBuilder tutorial
at http://www.neuron.yale.edu/neuron/docs
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The Linear Circuit Builder

For building models that have linear circuit elements
and may also involve neurons

Circuit elements include ground, current & voltage
source, R, C, op amp

Potential applications include
effects and compensation of electrode R & C
two-electrode voltage clamp
ohmic and nonlinear gap junctions

1. Bring up a Linear Circuit Builder

[ NEURON 10 x|

leanify

|Fi|e Edit BuilleDDIs Graph  “ector \Mndowl

single compart mert
Cell Builder
Netwiork Cell
Netwiork Builder
Linear Circuit

Channel Buildel

NEURON Main Menu / Build / Linear Circuit
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The Linear Circuit Builder

i LinearCircuit[0] =
Close Hide

. 4 Arrange

wire W Label
Py resiSIOI‘ a1 Parameters
f s Simulate

= CapaCItor Keep Conmected
—+ voltage source Hirts

current source
ground

intra- and extracellular nodes

¥

operational amplifier
Qintracellular node
3

Close

RA1

T

¥
5
3

Arrange: spawn components

Click on palette

and drag onto canvas

[ LinearCircuit[0]

Close

i
e
—+ Rt

L {3
S
-

s

Page 44
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Arrange: connect components

Click and drag to
overlap red circles

R4 O—|§26

Black square is e %‘é

"solder joint"

Pull apart to break connection

Label: move labels

Arrange
Label
v Parameters
R1 cz 5 Simulzte

Click and drag E\gv—{ q I
to new location
Label

W Parameters

R1 cz W Simulate
i * Mowve
B%J ii Chanle

Arrange
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Label: change labels 1

B oy

Arrange
Label
+ Parameters

R1 cz 5 Simulate

Click on a label . . . B&Wq

CIEEET - ioix|

e Mloree
4 Change

4+—

...tochangeitsname |

E==en]| e

Label: change labels 2

L [=
Arrange
x Label

1 Paramsters

R t v Simlate
Click on a node . . . M © Wove
Bl o

» Chanie

=10] x|

...tolabelavoltage (I~ "

=] |
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Parameters: non-source elements
e _ioix

W Arrange
Label

c x Farameters

R 5 Simulate

i = q FParameters C“Ck On
§ E—” - "Parameters"
A Turn off consistency checking
RI=TE

Primt hatriz Infol
Cloze Hide |

Hirts
R (Mahm) [ ;]
€ inF) i A;]

Parasitic aFhbattery mOhm

Parameters: signal sources

i -10] x|

Hide

e Arrange
Label

C x Parameters

R W Simulate

kil o [
+ FParameters
E
Source f(t) / B =_' Turn off consistency checking

K Parasitic aFbattery mOhm

Frint Matrizc Info

Hint=
——

Copyright © 1998-2011 N.T. Carnevale and M.L. Hirabrights reserved Page 47



Using NEURON to Model Cells and Networks 2011

Parameters: signal sources continued
JRL=IE
R

Close Hide

External Stim Pattern
durd (ms] | 1 a
ampl [mY] ID_E
dur4 [ms) 1 F Y
ampd (mv] | 1 &
durz [ms] W
ampz [mY) ID—E

twec is Wector [261E]
amp is Vector [3614]
amp is Wector[3515]

Configured

Simulate: creating a graph
E— -I0ix

A Arrange

+ Label
Parameters

R t + simuiate

Farameters

Source i)

Initizl Conditions

States
_

New Graph b B

Narme map

Hirts |

N
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Simulate: specifying what to plot
_ici x

| Close Hide

08—

PlotWhat? / variable label

Simulate: simulation results

[ LincirGraph[0] for LinearCircuit[0] - |EI|1|
Close Hide
Flotihat? I
i
Wi ()
o (]
ng—
aE [—
04—
0z
o | |
a 1 2 3 il 5

After minor cosmetic changes
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Patch clamp with electrode R and C
Fel Rez
Ve L
lclam :;!
P Ce
soma(0.5]
§| LincirGraph[1] for LinearCircuit[0] |Ix] = | LincirGraph[0] for LinearCircuit[0] [E3
Close Hide Close Hide
[ Plotwihat? | | Protwat? |
i Iclamp (n&) a0 Vi (mv)
oer- 10 | | ‘ | \fel (]
0E[- _qd08 101 1ozff 103 4 108
.4 -3~
oz ek
| | |
100 101 102 103 104 10% -70=

NEURON demo: dynamic clamp

LinearCircuit[0] |7|
Hide

o

nth(0.5) Source ()
Fer Y I' Initial Conditions
e r
y Bez 2 States
somaf0.s)

. Arrange

[ -~ Label

; é_\\ < Parameters
4 Simulate

’ [ i Parameters
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NMODL

NEURON Model Description Language
Add new membrane mechanisms to NEUF

Density mechanisms Point Processe
e Distributed Channels e Electrodes
e lon accumulation e Synapses

Described by

e Differential equations
¢ Kinetic schemes
e Algebraic equations

Benefits

e Specification only -- independent of solution meth
e Efficient -- translated into C.

e Compact

o One NMODL statement -> many C statements
o Interface code automatically generated.

e Consistent ion current/concentration interactions.

e Consistent Units

Copyright © 1998-2011 N.T. Carnevale and M.L. Hirabrights reserved Page 51



Using NEURON to Model Cells and Networks 2011

NMODL general block structure

What the model looks like from outside

NEURON {
SUFFIX kchan
USEION k READ ek WRITE ik
RANGE gbar, ...

}
What names are manipulated by this model

UNITS { (mV) = (millivolt) ... }

PARAMETER { gbar = .036 (mho/cm2) <0, 1€9>... }
STATE{n...}

ASSIGNED { ik (mA/cm2) ... }

Initial default values for states

INITIAL {
rates(v)
n = ninf

}

Calculate currents (if any) as function of v, t, state

(and specify how states are to be integrated)
BREAKPOINT {
SOLVE deriv METHOD cnexp
ik = gbar * n*4 * (v - ek)
}

State equations

DERIVATIVE deriv {
rates(v)
n' = (ninf - n)/ntau

Functions and procedures

PROCEDURE rates(v(mV)) {

-
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UNIX MSWIN
nrnivmodl =

nrongui mknmdll Choose directory [cortaining mod files]for creating nrnmech.dil

""" A Recert dirwtorie
% | out |

NEURON Main Menu

p
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Density mechanism

NEURON {
SUFFIX leak
NONSPECIFIC_CURRENT i
RANGE |, e, g

}

PARAMETER {
g =.001 (mho/cm2) <0, 1e9>
e = -65 (millivolt)

}

ASSIGNED {
i (milliamp/cm?2)
v (millivolt)

BREAKPOINT {
i=g*(v-e)

Density mechanism

NEURON {
SUFFIX leak
NONSPECIFIC_CURRENT
RANGE i, e, g

}

SingIeComE

soma
pas
hh
leak

soma {
insert leak
g_leak =.0001

}

print soma.i_leak(.5)

Page 54
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Point Process

NEURON {
POINT_PROCESS Shunt
NONSPECIFIC_CURRENT i
RANGE i, e, r

}

PARAMETER {
r =1 (gigaohm) <le-9,1e9>
e = 0 (millivolt)

ASSIGNED {
i (nanoamp)
v (millivolt)

BREAKPOINT {
i = (.001)*(v-e)r

Point Process
NMODL

NEURON {
POINT_PROCESS Shunt
NONSPECIFIC_CURRENT i
RANGE i, e, r

}

GUI

PointProcessManager

SelectPointProcess

Show |

Shunt[0]
at:soma(0.5)

Interpreter

objref s
soma s = new Shunt(.5)
sr=2
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lon Channel lon Accumulation
NEURON { NEURON {
USEION k READ ek WRITE ik USEION k READ ik WRITE ko
} }
BREAKPOINT { BREAKPOINT {
SOLVE states METHOD cnexp SOLVE state METHOD cnexp
ik = gbar*n*n*n*n*(v - ek) }
}
DERIVATIVE states { DERIVATIVE state {
rate(v*1(/mV)) ko' = ik/fhspace/F*(1e8)
n' = (inf - n)/tau + k*(kbath - ko)
} }
(mM) (mV) (mA/cm2)
20 — 40 — 3~
v(.5) soma.ik(0.5)
15
o 1 1 1 1 J L
6 10
(ms)
10 (~
-40 H 1+
5
soma.ko( 0.5)
= soma.ek(0.5)
o 1 1 1 1 J 80 0 1 1 1 1 J
0 2 4 6 8 10 0 2 4 6 8 10

Vesicle

kAchase
[m] .
Ach O Internal Free Calcium

% 0 o o

Saturable Calcium Buffer

ica

STATE {
Vesicle Ach Achase Ach2ase X Buffer[N] CaBuffer[N] Ca[N]

KINETIC calcium_evoked_release {

: release
~ Vesicle + 3Ca[0] <-> Ach (Agen, Arev)
~ Ach + Achase <-> Ach2ase (Aase2, 0) : idiom for enzyme reaction
~ Ach2ase <-> X + Achase (Aase2, 0) : requires two reactions

: Buffering

FROM i=0TO N-1 {

~ Ca[i] + Buffer[i] <-> CaBuffer[i] (kCaBuffer, kmCaBuffer)

: Diffusion
FROMi=1TO N-1 {
~ Ca[i-1] <-> Ca[i] (Dca*a]i-1], Dca*bli])

> inward flux
~Ca[0] << (ica)
}
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UNITS Checking

NEURON { POINT_PROCESS Shunt ... }
PARAMETER ({

e = 0 (millivolt)

r = 1 (gigaohm) <l1le-9,1€9>

}

ASSIGNED {
i (nanoamp)
v (millivolt)

}
BREAKPOINT {
i=(v-e)r

Units are incorrect in the "i = ..." current assignment

BREAKPOINT {
i=(v-er

The output from
modlunit shunt
IS.
Checking units of shunt.mod
The previous primary expression with units: 1-12 coul/sec
is missing a conversion factor and should read:
(0.001)*()

at line 14 in file shunt.mod
i=(v-e)r<>

To fix the problem replace the line with:
i = (.001)*(v - e)/r

What conversion factor will make the following consistent?

nai' = ina /| FARADAY *  (c/radius)
(uM/ms) (mA/cm2) / (coulomb/mole) / (um)
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Compartmental Modeling

Not much mathematics required.

Good judgment essential!

0.02 —

0.015 —
nA
0.01 —

0.005 —

°V
i =-l
1+ i+ 12=0 .
1772773 i, =C dV/dt
i3:V/R
Cdv/dt+gV = |
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SectioN —m8 ———

) ) ) ¥

Segment
v(0) v(1.5/nseq) v(1)
Membrane
v(0) v(1)
Membrane
vext(0) vext(1)
Extracellular
barrier
I T T I
y' =1(y)
2
\ \ ¥(0) =1
\\ \\ y= exp(-)
W W
\.\ \.\
—o—
0 |
0 o 1 e 2 3
A
Ll /./ /-/
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Forward Euler

1.00 ,
y' =1(y)

080 | YD YO -y

\

' y(t + dt) = y(t) + dt *f(y(t))
0.60 |
040 |
020 |
0.00

1/20

. dt  Forward
.072 Euler
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Backward Euler

1.00

y' =1(y)
080 | YD YO < fy(eean)
N y(t + dt) = y(t) + dt *f(y(t + dt))
060 | \
040 |
020 |
000 | | J
0 1 2 3
t
N Backward Euler
Vv V
1.5 ' g
dt= .2 i § 1 . § |
1 ’I; ’I;
0.5
0 \ \ \ \ |
0 0.2 0.4 0.6 0.8 1
2
dt
1.5
.072
11—
0.5
0 \ \ \ \ |
0 0.2 0.4 0.6 0.8 1
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1.00 Crank-Nicholson
1 = f

080 - y(t+dt) -yZ) v

\ T = fy(tau2)
0.60 y(t + dt) = y(t) + dt *f(y(t+dt/2))
0.40 |
020 | 4=
0.00

Cvode.atol(1e-3)

1.5
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40 — CN dt=.001 ms
CN dt=.025 ms
CVode atol = 1e-2
mV

0 | 4\ | |

4 ths

Implicit dt=.025 ms
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Networks:
spike-triggered synaptic transmission,
events, and artificial spiking cells

1. Define the types of cells
2. Create each cell in the network
3. Connect the cells

Communication between cells

Gap junctions

Synaptic transmission
graded
spike-triggered
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Spike-triggered synaptic transmission

Physical system: © /
Presynaptic neuron with axon
that projects to synapse on target cell

Conceptual model:
Spike in presynaptic terminal
triggers transmitter release;
presynaptic details unimportant
Postsynaptic effect described by
DE or kinetic scheme that is perturbed by
occurrence of a presynaptic spike

Spike-triggered transmission:
computational implementation

Basic idea
Complete
representation
of propagation Spike Synaptic g Postsynaptic
from Sﬁike init. detector latency S/ region
zone through
axon to terminal

More efficient: "virtual spike propagation”

Delay
Spike : conduction .
CEL Spike Postsynaptic
initiation latency gsg .
Zone detector N region
synaptic
latency
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The NetCon class

hoc usage

netcon = new NetCon(source, target)
presection netcon = new NetCon(&v(x), \
target, threshold, delay, weight)

Defaults

threshold = 10
delay =1 // must be >=0
weight =0

NMODL specification of synaptic mechanism
NET_RECEIVE(weight(microsiemens)) {

-

Efficient divergence

Multiple NetCons with a common source
share a single threshold detector
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Efficient convergence

Multiple NetCons can share
a single target (many inputs,
but only one equation)

Example: g¢ with fast rise
and exponential decay

NEURON {
POINT_PROCESS ExpSyn
RANGE tau, e, i
NONSPECIFIC_CURRENT i

}

... declarations . . .
INITIAL{g=0}

BREAKPOINT {
SOLVE state METHOD cnexp

i = g*(v-e)

DERIVATIVE state { ¢g' = -g/tau }
NET_RECEIVE(w (uS)) {g=g+w}
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g with fast rise and exponential decay
continued

BREAKPOINT {
SOLVE state METHOD cnexp

i =g*(v-e)

DERIVATIVE state { g' = -g/tau }
NET_RECEIVE(w (uS)) {g=g+w}

Example: use-dependent synaptic plasticity
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Use-dependent synaptic plasticity continued

BREAKPOINT {
SOLVE state METHOD cnexp
g=B-A
i =g*(v-e)

DERIVATIVE state {
A' = -Altaul
B' = -B/tau2

}

NET_RECEIVE(weight (uS), w, G1, G2, t0 (ms)) {
INITIAL {w=0 G1=0 G2=0 t0=t}
G1 = G1l*exp(-(t-t0)/Gtaul)

G2 = G2*exp(-(t-t0)/Gtau2)
G1 = G1 + Ginc*Gfactor
G2 = G2 + Ginc*Gfactor
t0=t

w = weight*(1 + G2 - G1)
g=g+w

A = A + w*factor

B = B + w*factor

Artificial spiking cells
"Integrate and fire" cells
Prerequisite: all state variables must be
analytically computable from a new initial condition

Orders of magnitude faster than numerical integration

Event-driven simulation run time is
proportional to # of received events
independent of # of cells, # of connections,

and problem time

Hybrid networks

2011
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Example: leaky integrate and fire model

Leaky integrate and fire model continued

NEURON {
ARTIFICIAL_CELL IntFire
RANGE tau, m

}

... declarations . . .
INITIAL{m=0 t0=t}
NET_RECEIVE (w) {

m = m*exp(-(t-t0)/tau)

t0=t

m=m+w

if (m>1)({

net_event(t)
m=0

}

}
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IntFirel

IntFire2

IntFired4

Defining the types of cells

Artificial spiking cells
ARTIFICIAL_CELL with a NET_RECEIVE block
that calls net_event

NetStim, IntFirel, IntFire2, IntFire4

Biophysical model cells
"Real" model cells
Sections and density mechanisms

Synapses are POINT_PROCESSes
that affect membrane current
and have a NET_RECEIVE block,
e.g. ExpSyn, Exp2Syn
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Defining types of biophysical model cells

Encapsulate in a class

begintemplate Cell
public soma, E, |
create soma
objref E, |
proc init() {
soma {
insert hh
E = new ExpSyn(0.5)
I = new Exp2Syn(0.5)
l.e =-80
}
}

endtemplate Cell

objref bag_of cells
bag_of cells = new List()
fori=1,1000 bag_of_cells.append(new Cell())

Connecting cells

Which setup strategy is more efficient?

Iterate over sources

for each cell {
connect this cell to its targets

}
or iterate over targets?

for each cell {
connect sources to this cell

}
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Connecting cells

For a net distributed over multiple CPUs,
it is most efficient to iterate over targets first.

for each cell {
connect sources to this cell

}
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NEURON Main Menu

cvode_active(l)

VariableTimeStep

Use variable dt

I0.00l i

VariableTimeStep

Use variable dt

0001 |2

Absolute Tolerance Scale Factors Numerical Method Selection

ODE model allows any method
l- DAE model allows implicit fixed step or daspk
Implicit Fixed Step
C-NFixedStep
Cvode
Daspk
Local step
DAE and daspk require sparse solver, cvode requires tree solver

Mx=b tree solver
Mx=b sparse solver

2nd order threshold (for variable step)
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RunControl

Graph x-100:1100 y-92:52

407
v(.5)

\ \ \ \ |
0 200 400 600 800 1000

80

Shape x-1250:550 y-653.43

Insert/Rem

soma
pas
hh
ca
cad
kca
km
kv
na

RunControl

Graph x-100:1100 y-92:52

I 40 v(5)
1
S |

|
( 800 1000

|4O i 40
lLen b
VariableTimeStep

Use variable dt
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Graph Change Textx-100:1100 y-92:52

40

r 3376 steps
v(.5)

Graph Move Textx-100:1100 y-3.4:1.4

1

_ log10(dt+1e-9)

R

’f 200 400 60&. 800 r 1000

Graph Move Textx-100:1100 y-0.5:5.5

5

4

— cvode.order

N 200 ann ANN 2NN 1000
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Graph Pick Vector x 664 : 676 y -92 : 52

407
v(.5)

Graph Move Textx 664 : 676 y-3.4:1.4
log10(dt+ 1e-9)

1

Graph Move Textx 664 : 676 y-0.5:5.5

5 cvode.order

0
ARR AR7 ARA R71 A7 AR78
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ModelDB: Model Information http://senselab.med.yale.edu/senselab/ModelDB/ShowModel.as

Spinal Motor Neuron: Mclintyre et al 2002

Simulation of peripheral nervous system (PNS) mylelinated axon. This model is described in detail in: Mcintyre C
Grill WM.(2002)

Reference:Mcintyre CC, Richardson AG, Grill WM (2002) Modeling the excitability of Mammalian nerve fibers: in
afterpotentials on the recovery cycleNeurophysio87:995-1006PubMed

Citations Citation Browser

Model Information (Click on a link to find other models with that propégrty

Model Type:Axon;

Cell Type(s):Spinal motor neurgn

Channel(s)l Na,p | Na,t; 1 K; | Sodiuny | Potassium
Receptor(s):
Transmitter(s):
Simulation EnvironmentiNeuron
Model Concept(s)Axonal Action PotentialsAction Potentials

Implementer(s)Maclntyre, CC;
Search NeuronDBfor information about:Spinal motor neurori Na,p | Na.t; | K; | Sodiumn | Potassium

Model files Download zip file| Auto-launch| Help downloading and running models

o) SIMULATION OF PNS MYELINATED AXON
o MRGaxon . . ) ) -
5 README This model is described in detail in:

2 AXNODE.mod |Mclintyre CC, Richardson AG, and Grill WM. Modeling the excitability of
o MRGaxon.hoc |mammalian nerve fibers: influence of afterpotentials on the recovery
mmosinit.hoc  cycle. Journal of Neurophysiology 87:995-1006, 2002.

b MRGaxon.ses The model is set up to reproduce part of Fig 2A from this paper.

This model can not be used with NEURON v5.1 as errors in the
extracellular mechanism of v5.1 exist related to xc. The original
stimulations were run on v4.3.1. NEURON v5.2 has corrected the
limitations in v5.1 and can be used to run this model.

Please contact mcintyre@bme.jhu.edu if you have any questions about the model

Total site hits since January 1, 20826093

ModelDB Home SenseLab HomeHelp
Questions, comments, problems? EmailNteglel DB Administrator
How to cite ModelDB

Page 78 Copyright © 1998-2011 N.T. Carnevale and M.L. Hirabrights reserved



2011 Using NEURON to Model Cells and Networks

ModelView[0]
Graph[0] Crosshair x-15: 165 y-81 :-69
node[10].v(0.5)
-70 ||~
=72 I
7
74 37s
dt =.005 (ms)

-76
-78 [
50 \ | |

0 50 100 150

Graph Change Textx-2000: 22000 y -81 : -69

~ 5ms v
70 vext($1) - 75

= T

JUUUUUULUUUUUUUUULY

0] 5000 10000 15000 20000
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DIAMII U] IVIUVT ITTALA LY . LUV y "0l . "VJ

2011

VariableTimeStep

E’Use variable dt
Absolute Tolerancelj [0.001 |ﬂ

Atol Scale TooII Details I

Numerical Method Selection

37s node[10].v(0.5)
70 I” gt =.005 (ms)
72 I 2's 1070 steps
74 |-
76
78 |
0, S~ R‘ﬂ 1r‘m fl;n

Refresh I o

Graph[0] Move Textx 0.98:1.22 y-92:52

current model type: ODE <*DAE*>
ODE model allows any method
DAE model allows implicit fixed step or daspk
Implicit Fixed Step
C-NFixedStep
Cvode
Daspk
Local step
DAE and daspk require sparse solver, cvode requires tree solver

Mx=b tree solver
Mx=b sparse solver

D 2nd order threshold (for variable step)

~ 37s node[10].v(0.5)
40" 4t =.005 (ms)
2's 1070 steps
0 | | | |
1 1.05 11 1.15 1.2
40 —
80
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LinearCircuit[0]

v Arrange
v Label

v Parameters
4 Simulate

Parameters I

LincirGraphl[0] for LinearCircuit[0]

Source 10 | PlotWhat? |
Initial Conditions | '
Vv States 500 [~ Control I (nA)
axon[1](0) axon[2](0) New Graph b0 -

\ \ I
00 0 N7 3 5

00 [~

NewView x -56.8: 224.203 y-39.2291 : 9: Lo -

axon[2]

ﬁ LincirGraph[1] for LinearCircuit[0]

axon I PlotWhat? |

40 Vm (mV)
Graph[4] Move Text x-30: 330 y-92: 52
40— \ \ |
0
Sms v 1 2 3 4 5
0 \ \ |
40 -
100 15ms 300
40 [ 80 —
80 —
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VariableTimeStep
LinearCircuit[0] %Use variable dt
v Arrange 0001
12 v Label o001 l-
v Parameters
& S o1 Seale Tool|_Detais |

1 %\
VC Ry | '
fF VRVZE .@" out
, /

axon[1](0) axon[2](0)

Values for LinearCircuit[0]

NewView x 0.86:1.34 y-36: 36
30 vm (mV)
10
| | | J
0|9 1 \/ 11 1.2 1.3
210
30 —
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40 — iy
I’ "““IH
Global Step |I ' |
| I |
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0
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113 points !
107 advance |
5 interpolate
4init I'
40 |- 177 f(y) III
! I
I \NH“'HH : SRR a
i I
8- I’lll Iy |
|
Local Step I|I "||II
|I |
|
0 \ \ || \
1 78 points ? d 713p0ints
Uinterpolate | rimerpoae || (A77%8)/(138%4 + 115%4) = 1.4
2 init | 3 init ‘ |
ol 138 f(y) III| 115 f(y) H“ N |
I 1L |
[l I [l |
i \,n""”‘ I 'ln
I,
.80
One integrator instance per cell
Vij: ta; < th,
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O o O
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O e ) interpolate
O @ advance
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Graph NewView x -0.5:5.5 y-92: 52

40

L40

-80

Graph Crosshairx-0.5:5.5 y-1.2:1.2

0.5

0.5

SEClamp[0].i
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Parallel Computation

"Faster" is the only reason

But...

greater programming complexity

new kinds of bugs
...and not much help for fixing them.

Can the day or week of user effort be recovered?

16384 core EPFL IBM BlueGene/P
1 hour at 850MHz
6 months at 3GHz

Parallel Computation

A simulation run takes about a second
want to do 1000's of them,
varying a dozen or so parameters.
e Screensaver Calin-Jageman and Katz, 2006
e Bulletin-board (Linda)

A simulation run takes hours.
want to spread the problem over several machines.
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Parallel Computation

A simulation run takes hours.
want to spread the problem over several machines.

Network
Subnets on different machines

Cells communicate by:

logical spike events with significant
axonal, synaptic delay.

postsynaptic conductance depends
continuously on presynaptic voltage.

gap junctions

Parallel Computation

A simulation run takes hours.
want to spread the problem over several machines.

Single cells

portions of the tree cable equation on
different machines.
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PreCell PostCell

PostSyn

NetCon //
e

nc = new NetCon(PreSyn, PostSyn)

CPU 2

PreCell CPU4 PostCell

PostSyn

Copyright © 1998-2011 N.T. Carnevale and M.L. Hirabrights reserved

Page 91



Using NEURON to Model Cells and Networks 2011

CPU 2
PreCell CPU4

PostCell

PostSyn

pc = new ParallelContext()

CPU 2
CPU 4

gid=7
gid=9

Every spike source (cell) must have a global id number.
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CPUO CPU 3 CPU 4
pc.id 0 pc.id 3 pc.id 4
pc.nhost 5 pc.nhost 5 pc.nhost 5
ncell 14 - ncell 14  ncell 14

gid gid gid
0 3 4
5 8 9
10 13

An efficient way to distribute:

for (gid = pc.id; gid < ncell; gid += pc.nhost) {
pc.set_gid2node(gid, pc.id)

}

body executed only ncell/nhost times, not ncell.

CPU 2
PreCell CPU 4

gid=7
gid=9

Create cell only where the gid exists.

if (pc.gid_exists(7)) {
} PreCell = new Cell()
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CPU 2
PreCell CPU4

Associate gid with spike source.

nc = new NetCon(PreSyn, nil)
pc.cell(7, nc)

CPU 2
PreCell CPU4

PostCell

PostSyn

x
NetCon/,’
e

Create NetCon on CPU where target exists.

nc = pc.gid_connect(7, PostSyn)
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Run using the idiom

pc.set_maxstep(10)
stdinit()
pc.psolve(tstop)

pc.set_maxstep() uses
MPI_Allreduce
to determine minimum delay.

any spike here must be delivered her

| minimum delay |
exchange exchange

CPU 2
PreCell CPU 4

PostCell

PostSyn

P
NetCon//
P d
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CPU 2
PreCell CPU4

PostCell

PostSyn

NetCon ,’/
/,/
o
n 1
gid 7
t 2875
gd —
t -
t
4 '2_'_.4 b
CPU 2
PreCell CPU 4 PostCell
PostSyn
NetCon ,’/
/,/-
o

n 0O

gid —

-

gid —
n1 E T

: 2

gid 7 MPI_Aligather  [gid 7 cpu
L2575 ) |t 2875
gid --- gid ---
t - t P

n 0
s — ) —
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CPU 2
PreCell CPU 4

PostCell

PostSyn

4
NetCon//
P d

T

2

k gd 7| ™
{ 2875

j cpu 3

O
N
IN
o=

Migliore et al (2006) J. Comput. Neurosci. 21(2):119

Santhakumar et al. (2005) Davison et al., (2003) Bush et al., (1999)

2500
2000

1500

cell number

1000

500

0 50 100 150 200 250 0 400 800 1200 1600 0 100 200 300 400 500

time (ms) time (ms) time (ms)

® Mac G5
O Beowulf 32-bit
1600 A Beowulf 64-bit
800 O IBM Linux cluster
A
200 EPFL IBM BlueGene
N

Trun (sec)

1 2 4 8 16 32 64 128256 512 1 2 4 8 16 32 64 128 256 512 1 2 4 8 16 32 64 128 256 512
number of processors number of processors number of processors
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Bush, Prince, & Miller (1999) J. Neurophys. 82:17

Increased pyramidal excitability and posttraum
u e e n e epileptogenesis without disinhibition: a model.

256 — 4096 700MHz dual processor Powerpc64
10k
64~
sec
16/
runtime
———-ideal
O computation time
‘r ® runtime (spike exchange
compression + bin queue)
N N
1 1 1 1 >
125 500 #cpu 2000 T 8000
#cells #states #netcons #outputSpikes #spikedeliver
10k 444,664 17,167,785 31,118 52,040,794
20k 888,664 68,655,566 33,960 110,634,002
40k 1,777,664 274,591,128 69,529 452,987,907
80k 3,553,664  1,098,302,267 294974 2,147,483,647 *
160k 7,107,664  4,393,084,577 844,175 22,847,784,937
Artificial Spiking Net Performance
256 -
point process
artificial cell
spike compression + bin queue
e L + self events not on queue
sec
16 | AN
N
262144\8\\ N
o
N
N
V]
4 @ 'untime
o computation
~ ———— ideal
o
1 1_ 1 1 J
2 128 512 2048 8192
#CPU
Each cell fires randomly every 10 to 20 ms. tstop = 200(ms)
65K cells, 1000 random connections per cell delay = 1(ms)
256K cells, 10,000 random connections per cell weight =0
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Gap Junction Specification

Continuous Voltage Exchange

pc.source_var(&source_var, sgid)
pc.target var(&target_var, sgid)

pc.source_var(&sl.v(x1), 1)
S1.V(X1) <—p391d

pc.target_var(&g2.vgap, 1)

1 ————— =
e —— - ~
- ~~ g2.vgap N
s \
" s1{gl = new HalfGap(x1) } s2 { g2 = new HalfGap(x2) }//
\\\ gl.vgap \\\\ _____ _,///

~
~
~———————

pc.target_var(&gl.vgap, 2)

sgid
2 ~—S2.V(X2)
pc.source_var(&s2.v(x2), 2)

gap.mod
NEURON { ASSIGNED {
POINT_PROCESS HalfGap v (millivolt)
ELECTRODE_CURRENT i vgap (millivolt)
RANGE r, i, vgap i (nanoamp)
} }

PARAMETER {r = 1e9 (megohm) }

Pittsburgh Supercomputing Center
Cray XT3

2068 2.4 GHz Opteron Processors

Bigben

1024 —

256 —

® Runtime
g4l T~ lIdealruntime
= Spike exchange time

()

CURRENT {i=(vgap - v)/r}

Traub et. al. (2005) J. Neurophysiol 93: 2194

A single column thalamocortical network model
exhibiting gamma oscillations, sleep spindles and
epileptogenic bursts.

\| Mean, max, min Computation time ~
16 - . . . ® 5516
-|- Mean, max, min variable transfer time so50
3560 cells 14 types
4 3500 gap junctions
5,596,810 equations
73,465 spikes
1,122,520 connections
19,844,187 delivered
1L
| | | | | J
25 50 100 200 400 800
#CPU
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2011

1024 - 80
60
— #Cells
356 Cells 0
256 -
S I 3000 4000 500C
Complexity
64 -
e Runtime 4058 pieces
o Computation time \42\ ig%
16 - wWhole cell balance & 132
Multisplit, No Gap Junctions (1) '
— = Multisplit, With Gap Junctions
4 L | | | | | |
32 128 512 2048
CPUs
16 Pieces y o
4 CPU scomn B °
i oe®
50— @@
o PO 1 1 ]

Time (s)
CPU  Computation Exchange
0 13.82 0.56
1 13.35 1.03
2 13.47 0.90
3 13.56 0.82
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Piece

401 395 400 404

400 — l ™ ]
#comp
| - n
|
300 [
200 [
| |
Runtime(s)
16 pieces, 1 cpu 55.0
100 |
wholecell, 1 cpu 56.2
16 pieces, 4 cpu 14.4 o 1' 2' ; ‘:
CPU
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200

16694
Pieces
i 10000 cells eor
#
- 100
50 11
| Ladiand " L | 0 ]
0 10000 20000 30000 40000 50000 0 10000
Complexity Complexity

2048

1024

512

256

128

64
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Average Computation time
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NEURON + Threads

Simulations on multicore desktops

Not for extracellular or LinearCircuit
Only for "large" models > 3000 states
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Fixed step: t->t + dt

S T R B U G
setup triang reduce bksub update cond
solve gates
. 1 1 1 ] |
S T B U G
1 ]
I .
(111
S TB U

=T =

ST R BU G

| [ || . --I-v---l-v---l
==

Global var dt Y =10 dy/dy
27 ||Vector operatio

2011
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Ideal cache efficiency

CPU1

cache line
8 or 16 doubles

CPU 2

Runtime (s)
Cache Efficienc
Threads Off On

1 492 0.45

, 2 1.14 0.23

10000 passive compartments
4 core 3GHz x86_64 4 0.29 0.12
8 0.23 0.09
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$ mkthreadsafe
NEURON {
SUFFIX CAIM95
USEION ca READ cai,cao WRITE ica
RANGE gbar,ica
GLOBAL minf,tau
}
Translating CAIM95.mod into CAIM95.c
Notice: Assignment to the GLOBAL variable, "minf", is not thread
Notice: Assignment to the GLOBAL variable, "tau", is not thread ¢
Force THREADSAFE? [y][n]: n

DERIVATIVE state {
rate(v)
m' = (minf - m)/tau

}

PROCEDURE rate(v (mV))
LOCAL a
a =alp()
tau = 1/(tfa*(a + bet(v
minf = tfa*a*tau

}

Force THREADSAFE? [y|[n]: n
y

NEURON {
THREADSAFE
SUFFIX CAIM95
USEION ca READ cai,cao WRITE
RANGE gbar,ica
GLOBAL minf,tau
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$ mkthreadsafe

NEURON {
POINT_PROCESS GABAa
POINTER pre
}
VERBATIM
return O;

ENDVERBATIM
Translating gabaa.mod into gabaa.c
Notice: Use of POINTER is not thread safe.
Notice: VERBATIM blocks are not thread safe
Notice: Assignment to the GLOBAL variable, "Rtau", is not threac
Notice: Assignment to the GLOBAL variable, "Rinf", is not thread
Force THREADSAFE? [y][n]: n
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SenselLab

Neuron Course SfN 2011
Gordon Shepherd
Friday November 11
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