
2017 Using NEURON to Model Cells and Networks

Schedule of Presentations

NTC Ted Carnevale

RAM Robert McDougal

Morning session

Time Speaker Title Page

9:00 AM NTC Welcome 3

9:05 NTC NEURON: a brief tour 5

NTC The basics 9

NTC Why the GUI? 19

NTC Construction and use of models 23

NTC Using the CellBuilder to make a stylized model 24

NTC Creating and using an interface 
for running simulations

36

10:15 NTC The Linear Circuit Builder 47

10:30 Coffee Break

10:45 NTC Using NMODL to add new 
biophysical mechanisms

55

11:15 NTC Numerical methods: accuracy, stability, speed 63

11:30 AM NTC Networks: spike-triggered synaptic transmission,
events, and artificial spiking cells

69

12:14:59 PM NTC At last: how to start and stop NEURON 79

12:15 PM Lunch

Afternoon session

1:15 PM RAM Numerical methods: adaptive integration 81

1:30 RAM NEURON with Python 87
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2:00 RAM Parallelizing network simulations 113

3:15 Coffee Break

3:30 RAM ModelDB and other resources 
for computational neuroscience

129

4:00 RAM Reaction-diffusion 149

4:45 Future directions

5:00 End of afternoon session

Online references and supplementary materials:
NEURON's home page https://www.neuron.yale.edu/neuron/ has links to:

� Download page https://www.neuron.yale.edu/neuron/download
� Documentation page https://www.neuron.yale.edu/neuron/docs
� Programmer's Reference 

Python https://www.neuron.yale.edu/neuron/static/py_doc/index.html
hoc https://www.neuron.yale.edu/neuron/static/new_doc/index.html

� NEURON Forum https://www.neuron.yale.edu/phpBB/
� Publications https://neuron.yale.edu/neuron/publications which include 

articles that used NEURON and articles about NEURON

Receipt and Survey last two pages

We value your opinions and suggestions for improving this course. 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 
https://www.neuron.yale.edu/

Courses

SFN meetings

Summer course at UCSD and elsewhere

Other courses

The NEURON user community

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

As of October 2017
� more than 1930 publications
� more than 1800 subscribers to mailing list and forum

http://www.neuron.yale.edu/phpBB/
� source code for almost 600 published models at 

ModelDB https://modeldb.yale.edu/
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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)
ion channels, synaptic mechanisms
signal sources
accumulation, diffusion, transport, reactions 

described by ODEs, kinetic schemes, 
algebraic equations

events, state machines, artificial spiking cells

Add reactive diffusion (uses Python)

Specifying and using models with NEURON

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

Not model specification, but necessary
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Parallel simulation
multithreaded execution
embarrassingly parallel problems
distributed models

Optimization tools

Model analysis
Impedance tools
ModelView

Import3D for detailed morphometric data

Other features

The NEURON Book

NEURON's home page neuron.yale.edu

Documentation
hints and tutorials
FAQ list
key papers about NEURON

Programmer's Reference
Courses

The NEURON Forum neuron.yale.edu/phpBB

Getting started
Hot tips

Where to learn more
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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

Conceptual model

a simplified representation of the physical system

Computational model

an accurate representation of the conceptual model

Computational
Model

Conceptual
Model

Physical
System

From Physical System
to Computational Model

dendrite

soma

Conceptual
model

ball
and
stick

Physical
system

Ca1
pyramidal

cell

Computational
model

hoc
code

create soma, dendrite
connect dendrite(0), soma(1)v
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Hierarchies of Complexity

Structure

Single compartment

Stylized
v

Anatomically detailed

Network

Hierarchies of Complexity

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")

Mechanism

Copyright © 1998-2017 N.T. Carnevale and M.L. Hines, all rights reserved Page 11



Using NEURON to Model Cells and Networks 2017

Fundamental Concepts in NEURON

Signals

Electrical

Chemical

What
moves

charge
carriers

solute

Driving
force

voltage
gradient

concentration
gradient

What is
conserved

charge

mass

Conservation of Charge

C
m

d V
m

dt
� i

ion
= � i

a

im

im
im

im

ia

ia

ia

ia

Page 12 Copyright © 1998-2017 N.T. Carnevale and M.L. Hines, all rights reserved



2017 Using NEURON to Model Cells and Networks

The Model Equations

c
j

d v
j

d t
� i

ion
j

=�
k

v
k
� v

j

r j k

v
j

membrane potential in compartment j

i
ion

j

net transmembrane ionic current in compartment j

c
j

membrane capacitance of compartment j

r
jk

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.I. Gulyás
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Mathematical description of a section

c
j

d v
j

d t
� i

ion
j

=�
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v
k
� v

j
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c
j

d v
j

d t
=�

k

v
k
� v

j

r
jk

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

How can we put ion channels in the membrane? 

What we want:

What a new section gives us:

Density mechanisms
distributed channels
ion accumulation

Point processes
electrodes, synapses

Described by
differential equations
kinetic schemes
algebraic equations

Constructed with
NMODL
Channel Builder

Adding mechanisms to sections
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hoc

create soma, dend

connect dend(0), soma(1)

soma {
  L = 50 // [um] length
  diam = 50 // [um] diameter

  nseg = 1
  insert hh // HH mechanism
}

dend {
  L = 200
  diam = 2
  nseg = 3
  insert pas // passive channels
  e_pas = -65

}

Python

from neuron import h

soma = h.Section()
dend = h.Section()

dend.connect(soma(1))

soma.L = 50 # [um] length
soma.diam = 50

soma.nseg = 1
soma.insert('hh')

dend.L = 200
dend.diam = 2
dend.nseg = 3
dend.insert('pas')
dend.e_pas = -65

Range Variables

Name Meaning Units

diam diameter [µm]

cm specific membrane [µf/cm2]

capacitance

g_pas specific conductance [siemens/cm2]

of the pas mechanism

v membrane potential [mV]
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range

normalized position along the length of a section

0 � range � 1

any variable name can be used for range, e.g. x

0 1
distance

normalized

0
distance
physical

length
physical

nseg

the number of points in a section section where

membrane current and potential are computed

nseg=1

nseg=2

nseg=3

Example:  axon.nseg = 3

To test spatial resolution
for sec in h.allsec():

sec.nseg = sec.nseg*3

and repeat the simulation

hoc: forall nseg = nseg*3
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Syntax:

  # access value of rangevar
  # at location that corresponds to range
  sectionname(range).rangevar

Examples:

  dend(0.5).v # v at middle of dend
              # hoc: dend.v(0.5)

  # print physical distance and v
  # at every segment center in dend
  for seg in dend:
    print seg.x, seg.x*dend.L, dend(seg.x).v

Category Variable Units

Time t [ms]

Distance diam, L [µm]

Voltage v [mV]

Current

specific i [mA/cm2] (density)

absolute [nA] (point process)

Capacitance

specific cm [µf/cm2]

absolute [nf] (point process)

Conductance

specific g [S/cm2] (density)

absolute [µS] (point process)

Cytoplasmic resistivity Ra [� cm]

Resistance SEClamp.rs [106 �]

Concentration cai, nao, etc. [mM]
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Why the GUI?

Improves productivity regardless of programming (in)experience 
by making it easier to

� develop, debug, and maintain models

� understand models developed by others

� visualize and understand simulation results

� use exploratory simulations to study model behavior

� optimize model parameters

� quickly create prototype models that can be mined for 
reusable code

Save time and avoid creating bugs--write less code!

Result: get more done faster and with less effort.

Using the GUI with Python

"I don't need to hear this. I won't use the GUI because I use 
Python, and the GUI doesn't work with Python."--Anonymous

Not so.  The GUI works with Python, as long as the sections 
were created by hoc.

Example:  pyrtest.py

from neuron import h,gui
h.load_file('Pyr.hoc') # defines Pyr class
# exported from CellBuilder
pyr = h.Pyr() # create instance of Pyr class
h.load_file('pyrtestrig.ses') # user interface
# built with NEURON's GUI tools

>>> python -i pyrtest.py
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GUI tools

Many do things that would be very difficult, if not impossible, 
to accomplish with user-written code.

Import3d, Linear Circuit Builder, Multiple Run Fitter (optimizer), 
Impedance tools for analyzing electrical signaling in cells.

Some export code that can be reused with hoc and Python.

CellBuilder, Channel Builder, Linear Circuit Builder, 
Network Builder, Import3d, Model View (exports NeuroML)

Many can be saved directly to files for use by user-written hoc 
or Python script (example: pyrtest.py's custom interface)

Graphs, RunControl, any of the "Builders," Variable Step Control

See GUI tool tutorials on the Documentation page
https://neuron.yale.edu/neuron/docs
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The most powerful approach:
combine code and the GUI

The GUI
� always works
� can only do what it was designed to do

Coding is best for classical programming tasks, e.g.
� dealing with collections of things
� specifying custom initializations
� constructing complex simulation protocols
� filling gaps that aren't covered by the GUI

For maximum productivity, combine user-written code 
and the GUI to exploit the strengths of both.
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Construction and Use of Models

Construction of cell models

Specify topology: create and connect sections

Specify geometry: stylized (L & diam)
or 3D (x,y,z,diam)

Specify biophysics: insert density mechanisms, 
attach "biological" point processes (synapses)

Construction of network models

Define cell classes

Create cells (instances of cell classes)

Connect cells

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.

Copyright © 1998-2017 N.T. Carnevale and M.L. Hines, all rights reserved Page 23



Using NEURON to Model Cells and Networks 2017

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

Section L diam Biophysics
soma 20 µm 20 µm hh
ap[0] 400 2
ap[1] 300 1
ap[2] 500 1
bas 200 3

axon 800 1 hh

reduced hh *
reduced hh *
reduced hh *

pas §

* - gnabar_hh and gkbar_hh reduced to 10%, el_hh = - 64 mV

§ - e_pas = - 65 mV

Throughout the cell Ra = 160 Ω cm, cm = 1 µf / cm2
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Launch NEURON with its 
library of graphical tools

UNIX/Linux nrngui

MSWin or OS X

Bring up a CellBuilder

NEURON Main Menu / Build / Cell Builder
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The CellBuilder

Use buttons from left to right.

Topology

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

Making a new section

Place cursor near end
of existing section

Click to start new section

Drag to desired length

Release mouse button
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Save your work as you make progress!

NEURON Main Menu / File / save session

Subsets

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

Click "Select Subtree"

 . . . then "New SectionList"

Click root of apical tree . . . 

Making a new subset continued
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Subsets finished

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

Geometry

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

Each section has a different L and diam.

Compartmentalize according to λ100 Hz (d_lambda rule).

Implementing geometry strategy

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

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

Biophysics

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

Ra and cm are homogeneous

bas has pas

apicals, soma and axon have hh

Implementing biophysics strategy

Double Ra

Fix apicals hh params

Shift e_pas in bas
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Save another session file!!

Management

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

Option 2: save as hoc file

Management continued

Option 3: export to interpreter

Toggle Continuous Create ON and OFF

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

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

NEURON Main Menu / Tools / RunControl
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Init & Run does an Init, 
then starts a simulation

Init sets time to 0, 
Vm to displayed value, and 
conductances to steady-state

Stop interrupts the simulation

Continue til runs until displayed time

Continue for runs for displayed 
interval

Single step advances by 
1/(Points plotted/ms)

t numeric field shows model time

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

RunControl panel

We need to plot Vm(t) at soma

NEURON Main Menu / Graph / Voltage axis
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Graph window

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

We need to plot Vm along a path

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

Use this "shape plot" to create a "space plot".

Click on its "menu box" . . .

Bringing up a space plot continued

. . . and scroll down to "Space Plot".
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Click just left of the shape

Bringing up a space plot continued

Hold button down while dragging
from left . . .

. . . to right . . .

. . . then release button.

This pops up a . . .

Space plot

A plot of Vm vs. distance along a path.

Better save a session file.
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We need a stimulator

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

PointProcessManager window

To make this an IClamp . . .
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Creating an IClamp

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

IClamp parameter panel

Next: set parameter values.
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Entering values into numeric fields

Direct entry

Note yellow highlight on button

Spinner

Red check means value has been
changed from default

Mathematical expression

Our user interface

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

How to get nice space plot "movies"

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

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 https://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 Main Menu / Build / Linear Circuit
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The Linear Circuit Builder

wire
resistor
capacitor
voltage source
current source
ground

operational amplifier
intracellular node
intra- and extracellular nodes

Arrange: spawn components
Click on palette and drag onto canvas
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Arrange: connect components

Click and drag to
overlap red circles

Black square is
"solder joint"

Pull apart to break connection

Label: move labels

Click and drag
to new location
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Label: change labels 1

Click on a label . . .

. . . to change its name

Label: change labels 2

Click on a node . . .

. . . to label a voltage
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Parameters: non-source elements

Click on
"Parameters"

Parameters: signal sources

Source f(t) / B
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Parameters: signal sources continued

Configured

Simulate: creating a graph

New Graph
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Simulate: specifying what to plot

PlotWhat? / variable_label

Simulate: simulation results

After minor cosmetic changes
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Patch clamp with electrode R and C

NEURON demo: dynamic clamp

Page 54 Copyright © 1998-2017 N.T. Carnevale and M.L. Hines, all rights reserved



2017 Using NEURON to Model Cells and Networks

NMODL
NEURON Model Description Language

Add new membrane mechanisms to NEURON

Density mechanisms Point Processes
Distributed Channels

Ion accumulation

Electrodes

Synapses

Described by

Differential equations
Kinetic schemes
Algebraic equations

Benefits

Consistent Units

Consistent ion current/concentration interactions.

One NMODL statement −> many C statements.

Interface code automatically generated.

Compact

Efficient −− translated into C.

Specification only −− independent of solution method.
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NMODL general block structure

What the model looks like from outside

NEURON {

    USEION k READ ek WRITE ik
    RANGE gbar, ...
}

What names are manipulated by this model

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

PARAMETER { gbar = .036 (mho/cm2) <0, 1e9>... }

STATE { n ... }

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

Initial default values for states

INITIAL {
    rates(v)
    n = ninf
}

    SUFFIX kchan

Calculate currents (if any) as function of v, t, states
(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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Density mechanism Point Process

NEURON {
    SUFFIX leak
    NONSPECIFIC_CURRENT i
    RANGE i, e, g
}
 
PARAMETER {
    g = .001 (mho/cm2) <0, 1e9>
    e = −65 (millivolt)
}
 
ASSIGNED {
    i (milliamp/cm2)
    v (millivolt)
}
 
BREAKPOINT {
    i = g*(v − e)
}
 

NEURON {
    POINT_PROCESS Shunt
    NONSPECIFIC_CURRENT i
    RANGE i, e, r
}
 
PARAMETER {
    r = 1 (gigaohm) <1e−9,1e9>
    e = 0 (millivolt)
}
 
ASSIGNED {
    i (nanoamp)
    v (millivolt)
}
 
BREAKPOINT {
    i = (.001)*(v − e)/r
}
 

NMODL

soma {
    insert leak
    g_leak = .0001
}
print soma.i_leak(.5)

Density mechanism Point Process

objref s
soma s = new Shunt(.5)
s.r = 2

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

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

GUI

Interpreter

soma
pas
hh
leak

SingleCompartment
SelectPointProcess

Show

Shunt[0]

at: soma(0.5)

PointProcessManager
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Ion Channel Ion Accumulation

NEURON {
  USEION k READ ek WRITE ik
}
BREAKPOINT {
  SOLVE states METHOD cnexp
  ik = gbar*n*n*n*n*(v − ek)
}
DERIVATIVE states {
  rate(v*1(/mV))
  n’ = (inf − n)/tau
}

NEURON {
  USEION k READ ik WRITE ko
}
BREAKPOINT {
  SOLVE state METHOD cnexp

DERIVATIVE state {
  ko’ = ik/fhspace/F*(1e8)
         + k*(kbath − ko)
}

}
 

0 2 4 6 8 10

−80

−40

0

40

v(.5)

soma.ek( 0.5 )

0 2 4 6 8 10
0

5

10

15

20

soma.ko( 0.5 )

0 2 4 6 8 10
0

1

2

3

soma.ik( 0.5 )

(ms)

(mM) (mV) (mA/cm2)

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 = 0 TO N−1 {
     ~ Ca[i] + Buffer[i] <−> CaBuffer[i]  (kCaBuffer, kmCaBuffer)
   }
   : Diffusion
   FROM i = 1 TO N−1 {
     ~ Ca[i−1] <−> Ca[i]     (Dca*a[i−1], Dca*b[i])
   }
   : inward flux
 ~ Ca[0] <<      (ica)
}

Internal Free Calcium

Vesicle

Saturable Calcium Buffer

ica

Ach

Achase
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UNITS Checking

NEURON { POINT_PROCESS Shunt ... }
PARAMETER {
    e = 0 (millivolt)
    r = 1 (gigaohm) <1e−9,1e9>
}
ASSIGNED {
    i (nanoamp)
    v (millivolt)
}
BREAKPOINT {
    i = (v − e)/r
}

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

BREAKPOINT {
    i = (v − e)/r
}

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?

(uM/ms) (mA/cm2) (coulomb/mole) (um)
  nai’    =    ina       /      FARADAY      *      (c/radius)

/ /
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Compartmental Modeling

Not much mathematics required.

Good judgment essential!

Section

Node

Segment

Membrane

v(1)v(0) v(1.5/nseg)

Membrane

Extracellular
barrier

v(1)v(0)

vext(0) vext(1)
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y =  exp(−t)

y’ = −y
y(0) = 1

y’ = f(y)

0 1 2 3

−1

0

1

2

Forward Euler

0 1 2 3
 0.00 

 0.20 

 0.40 

 0.60 

 0.80 

 1.00 

t

dt = .5

y(t + dt) = y(t) + dt *f(y(t))

y’ = f(y)

=
y(t+dt) − y(t)

dt
f(y(t))
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1 1

1 1

1/20
V

1
V

2

0 0.2 0.4 0.6 0.8 1
0

0.5

1

1.5

2

dt
.02

.2

Forward
Euler

0 1 2 3
 0.00 

 0.20 

 0.40 

 0.60 

 0.80 

 1.00 

t

Backward Euler

y(t + dt) = y(t) + dt *f(y(t + dt))

dt = .75

y’ = f(y)

=
y(t+dt) − y(t)

dt
f(y(t+dt))
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1 1

1 1

1/20
V

1
V

2

dt
.02

.2
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2

dt = .2

Backward Euler
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1/20
V

1
V

2
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0
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1
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2

dt = .2
dt

.02
.2

0 0.2 0.4 0.6 0.8 1
0

0.5

1

1.5

2

1

1

V
1

0 1 2 3
 0.00 

 0.20 

 0.40 

 0.60 

 0.80 

 1.00 

t

Crank−Nicholson

dt = .75

y(t + dt) = y(t) + dt *f(y(t+dt/2))

y’ = f(y)

=
y(t+dt) − y(t)

dt
f(y(t+dt/2))
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0 0.2 0.4 0.6 0.8 1
0

0.5

1

1.5

2

Cvode.atol(1e−3)

0 0.2 0.4 0.6 0.8 1
0

0.5

1

1.5

2

Cvode.atol(1e−1)

_

na
2g   = .12 S/cm

.15 nA

.061 nA

mV

ms0 1 2 3 4 5

−80

−40

0

40

− 1%

.15 nA

.061 nA

mV

ms

Implicit dt=.025 ms

0 1 2 3 4 5

−80

−40

0

40 CN dt=.001 ms
CN dt=.025 ms
CVode atol = 1e−2
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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

More efficient: "virtual spike propagation"
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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: gs 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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gs 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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BREAKPOINT {
  SOLVE state METHOD cnexp
  g = B - A
  i = g*(v-e)
}

DERIVATIVE state {
  A' = -A/tau1
  B' = -B/tau2
}

NET_RECEIVE(weight (uS), w, G1, G2, t0 (ms)) {
  INITIAL {w=0 G1=0 G2=0 t0=t}
  G1 = G1*exp(-(t-t0)/Gtau1)
  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
}

Use-dependent synaptic plasticity continued

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
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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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IntFire1

IntFire2

IntFire4

Defining the types of cells

Artificial spiking cells

ARTIFICIAL_CELL with a NET_RECEIVE block 
that calls net_event

NetStim, IntFire1, 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, I
  create soma
  objref E, I
  proc init() {
    soma {
      insert hh
      E = new ExpSyn(0.5)
      I = new Exp2Syn(0.5)
      I.e = -80
    }
  }
endtemplate Cell

objref bag_of_cells
bag_of_cells = new List()
for i = 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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Launch NEURON

via the GUI
� double click on nrngui icon
� double click on hoc file
� drag and drop hoc file onto nrngui icon

via the command line in a terminal

  (MS Win: double click on bash shell icon)

� nrngui # loads NEURON's GUI library

� nrniv  # omits GUI library

� nrngui bah.hoc # executes bah.hoc

� nrngui -python foo.py # executes foo.py

Start Python,
use NEURON as a module

python foo.py

where foo.py contains

    from neuron import h
    # get NEURON's GUI with
    # from neuron import h,gui
    h.load_file('bah.hoc')

� may need PYTHONPATH
� prevent autoexit with -i switch, e.g.

    python -i foo.py
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Exit NEURON

Command:

    hoc interpreter (oc> prompt) quit()

    Python interpreter (>>> prompt) exit()

Keyboard shortcut:

    ^D (ctrl-D) works for both hoc and Python

Page 80 Copyright © 1998-2017 N.T. Carnevale and M.L. Hines, all rights reserved



2017 Using NEURON to Model Cells and Networks

Numerical Methods: Adaptive Integration

Robert A� McDougal

Yale School of Medicine

11 November 2016

Enabling adaptive integration

Use variable dt

Absolute Tolerance 0.001

Atol Scale Tool Details

h.cvode active�1)

h�cvode active is defined in stdrun�hoc which is loaded automatically whenever the gui is imported.

This is a composite image, not a screenshot to allow combining the window decoration and vector-based window contents.

Copyright © 1998-2017 N.T. Carnevale and M.L. Hines, all rights reserved Page 81



Using NEURON to Model Cells and Networks 2017

Options: per state variable tolerance, integration methods

Use variable dt

Absolute Tolerance 0.001

Atol Scale Tool Details Refresh

current model type: <*ODE*>   DAE  

ODE model allows any method

DAE model allows implicit fixed step or daspk

Implicit Fixed Step

C-N Fixed Step

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)

This is a composite image, not a screenshot to allow combining the window decoration and vector-based window contents.

Mainen � Sejnowski 1996, Figure 1D, fixed step: 9.49s

Init (mV) -70

Init & Run

Stop

Continue til (ms) 5

Continue for (ms) 1

Single Step

t (ms) 1000

Tstop (ms) 1000

dt (ms) 0.025

Points plotted/ms 40

Scrn update invl (s) 0.05

Real Time (s) 9.49

v

Use variable dt

Absolute Tolerance 0.001

Atol Scale Tool Details

0 200 400 600 800 1000

-80

-40

0

40

0 200 400 600 800 1000

-80

-40

0

40
v(.5)

Code for this model is available at: http://modeldb.yale.edu/2488

Timings ran with NEURON 7.5 (cbd6261ecbad) on a 3.4 GHz i7-4770 with 24 GB RAM via the Windows Subsystem for Linux in Windows 10.

This is a composite image, not a screenshot to allow combining the window decoration and vector-based window contents.
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Mainen � Sejnowski 1996, Figure 1D, variable step: 1.4s

Init (mV) -70

Init & Run

Stop

Continue til (ms) 5

Continue for (ms) 1

Single Step

t (ms) 1000

Tstop (ms) 1000

dt (ms) 4.1633

Points plotted/ms 40

Scrn update invl (s) 0.05

Real Time (s) 1.4

v

Use variable dt

Absolute Tolerance 0.001

Atol Scale Tool Details

0 200 400 600 800 1000

-80

-40

0

40

0 200 400 600 800 1000

-80

-40

0

40
v(.5)

Code for this model is available at: http://modeldb.yale.edu/2488

Timings ran with NEURON 7.5 (cbd6261ecbad) on a 3.4 GHz i7-4770 with 24 GB RAM via the Windows Subsystem for Linux in Windows 10.

This is a composite image, not a screenshot. Due to pdf rendering problems, the original checkmarks have been replaced.

A closer look at change, time steps, and order
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Results shown are for variable step method for Mainen ; Sejnowski 1996, Figure 1D.
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Question

Suppose we inject a current pulse to trigger an

action potential that we record at a fixed rate� We

then use this time series for a voltage clamp

experiment on an identical cell�

What are the dynamics of the current that must

be injected through the voltage clamp?

Fixed step (same timestep)
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Variable step

Variable step with linear interpolation

vvec.play�h.SEClamp[0]. ref amp1, tvec, 1)

The last argument of 1 indicates that the the values at intermediate time points should be estimated by linear interpolation.
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Scripting NEURON

Robert A. McDougal

Yale School of Medicine

10 November 2017

What is a script?

A script is a file with computer-readable instructions for performing a task.

In NEURON, scripts can: set-up a model, define and perform an experimental
protocol, record data, . . .

Why write scripts for NEURON?

Automation ensures consistency and reduces manual effort.

Facilitates comparing the suitability of different models.

Facilitates repeated experiments on the same model with different parameters
(e.g. drug dosages).

Facilitates recollecting data after change in experimental protocol.

Provides a complete, reproducible version of the experimental protocol.
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Documentation

neuron.yale.edu

Use the “Switch to HOC” link in the upper-right corner of every page if you need documentation for HOC, NEURON’s original programming language.
HOC may be used in combination with Python: use h.load file to load a HOC library; the functions and classes are then available with an h. prefix.
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Introduction to Python

Displaying results

The print command is used to display non-graphical results.

It can display fixed text:
print ('Hello everyone.') Hello everyone.

or the results of a calculation:
print (5 * (3 + 2)) 25

Storing results

Give values a name to be able to use them later.

a = max([1.2, 5.2, 1.7, 3.6])

print (a) 5.2

In Python 2.x, print is a keyword and the parentheses are unnecessary. Using the parentheses allows your code to work with both Python 2.x and 3.x.
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Don’t repeat yourself

Lists and for loops

To do the same thing to several items, put the items in a list and use a for loop:

numbers = [1, 3, 5, 7, 9]

for number in numbers:

print (number * number) 1 9 25 49 81

Items can be accessed directly using the [] notation; e.g. n = number[2]

To check if an item is in a list, use in:

print (4 in [3, 1, 4, 1, 5, 9]) True

print (7 in [3, 1, 4, 1, 5, 9]) False

Dictionaries
If there is no natural order, specify your own keys using a dictionary.

data = {'soma': 42, 'dend': 14, 'axon': 'blue'}
print (data['dend']) 14

Don’t repeat yourself

Functions
If there is a particularly complicated calculation that is used once or a simple one
used at least twice, give it a name via def and refer to it by the name. Return the
result of the calculation with the return keyword.

def area_of_cylinder(diameter, length):

return 3.14 / 4 * diameter ** 2 * length

area1 = area_of_cylinder(2, 100)

area2 = area_of_cylinder(10, 10)
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Using libraries

Libraries (“modules” in Python) provide features scripts can use.
To load a module, use import:

import math

Use dot notation to access a function from the module:
print (math.cos(math.pi / 3)) 0.5

One can also load specific items from a module.
For NEURON, we often want:

from neuron import h, gui

Other modules

Python ships with a large number of modules, and you can install more (like
NEURON). Useful ones for neuroscience include: math (basic math functions),
numpy (advanced math), matplotlib (2D graphics), mayavi (3D graphics),
pandas (analysis and databasing), . . .

Getting help

To get a list of functions, etc in a module (or class) use dir:

from neuron import h

print (dir(h))

Displays:

['APCount', 'AlphaSynapse', 'BBSaveState', 'CVode', 'DEG', 'Deck',

'E', 'Exp2Syn', 'ExpSyn', 'FARADAY', 'FInitializeHandler',

'File', 'GAMMA', 'GUIMath', 'Glyph', 'Graph', 'HBox', 'IClamp',

'Impedance', 'IntFire1', 'IntFire2', 'IntFire4', 'KSChan', ...]

To see help information for a specific function, use help:
help(math.cosh)

Python is widely used, and there are many online resources available, including:

docs.python.org – the official documentation

Stack Overflow – a general-purpose programming forum

the NEURON programmer’s reference – NEURON documentation

the NEURON forum – for NEURON-related programming questions
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Basic NEURON scripting

Creating and naming sections

A section in NEURON is an unbranched stretch of e.g. dendrite.

To create a section, use h.Section and assign it to a variable:
apical = h.Section(name='apical')

A section can have multiple references to it. If you set a = apical, there is still
only one section. Use == to see if two variables refer to the same section:

print (a == apical) True

To access the name, use .name():
print (apical.name()) apical

Also available: a cell attribute for grouping sections by cell.

In recent versions of NEURON, named Sections will print with their name; e.g. it suffices to say print (apical).
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Making NEURON GUI compatible sections

The NEURON GUI cannot read the names of sections created in Python, which
imposes certain limitations to the mouse-based interface.

One work-around is to use the following function which creates a section in HOC
and returns a Python Section object:

def Section(name):

h('create ' + name)

return getattr(h, name)

To make multi-cell simulations fully manipulatable through the GUI, define each
cell inside of a HOC Template and wrap that with a Python class.

Controlling the GUI from the Python prompt has no such limitations. All graphical functions may be accessed through the command line.

Connecting sections

To reconstruct a neuron’s full branching structure, individual sections must be
connected using .connect:

dend2.connect(dend1(1))

Each section is oriented and has a 0- and a 1-end. In NEURON, traditionally the
0-end of a section is attached to the 1-end of a section closer to the soma. In the
example above, dend2’s 0-end is attached to dend1’s 1-end.

dend1

dend2

0 1

0 1

To print the topology of cells in the model, use h.topology(). The results will
be clearer if the sections were assigned names.

h.topology()

If no position is specified, then the 0-end will be connected to the 1-end as in the example.
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Example

Python script: Output:

from neuron import h

# define sections
soma = h.Section(name='soma')
papic = h.Section(name='proxApical')
apic1 = h.Section(name='apic1')
apic2 = h.Section(name='apic2')
pb = h.Section(name='proxBasal')
db1 = h.Section(name='distBasal1')
db2 = h.Section(name='distBasal2')

# connect them
papic.connect(soma)
pb.connect(soma(0))
apic1.connect(papic)
apic2.connect(papic)
db1.connect(pb)
db2.connect(pb)

# list topology
h.topology()

|-| soma(0-1)

‘| proxApical(0-1)

‘| apic1(0-1)

‘| apic2(0-1)

‘| proxBasal(0-1)

‘| distBasal1(0-1)

‘| distBasal2(0-1)

Morphology:

proxBasal    soma     proxApical apic1

apic2

distBasal1

distBasal2

Length, diameter, and position

Set a section’s length (in µm) with .L and diameter (in µm) with .diam:
sec.L = 20

sec.diam = 2

Note: Diameter need not be constant; it can be set per segment.

To specify the (x , y , z ; d) coordinates that a section passes through, use e.g.
h.pt3dadd(x, y, z, d, sec=section). The section sec has sec.n3d() 3D
points; their ith x-coordinate is sec.x3d(i). The methods .y3d, .z3d, and
.diam3d work similarly.

Warning: the default diameter is based on a squid giant axon and is not
appropriate for modeling mammalian cells. Likewise, the temperature
(h.celsius) is by default 6.3 degrees (appropriate for squid, but not for
mammals).
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Tip: Define a cell inside a class

Consider the code

class Pyramidal:

def __init__(self):

self.soma = h.Section(name='soma', cell=self)

The init method is run whenever a new Pyramidal cell is created, e.g. via

pyr1 = Pyramidal()

The soma can be accessed using dot notation:

print(pyr1.soma.L)

By defining a cell in a class, once we’re happy with it, we can create

multiple copies of the cell in a single line of code.

pyr2 = Pyramidal()

or even

pyrs = [Pyramidal() for i in range(1000)]

Viewing the morphology with h.PlotShape

from neuron import h, gui

class Cell:
def __init__(self):

main = h.Section(name='main', cell=self)
dend1 = h.Section(name='dend1', cell=self)
dend2 = h.Section(name='dend2', cell=self)

dend1.connect(main)
dend2.connect(main)

main.diam = 10
dend1.diam = 2
dend2.diam = 2

# Important: store the sections
self.main = main; self.dend1 = dend1
self.dend2 = dend2

my_cell = Cell()

ps = h.PlotShape()
# use 1 instead of 0 to hide diams
ps.show(0)

Note: PlotShape can also be used to see the distribution of a parameter or
variable. To save the PlotShape ps use ps.printfile('filename.eps').
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Viewing voltage, sodium, etc

Suppose we make the voltage ('v')
nonuniform, which we can do via:

my_cell.main.v = 50
my_cell.dend1.v = 0
my_cell.dend2.v = -65

We can create a PlotShape that
color-codes the sections by voltage:

ps = h.PlotShape()
ps.variable('v')
ps.scale(-80, 80)
ps.exec_menu('Shape Plot')
ps.show(0)

After increasing the spatial resolution:
for sec in h.allsec(): sec.nseg = 101

We can plot the voltage as a function of
distance from main(0) to dend2(1):

rvp = h.RangeVarPlot('v')
rvp.begin(0, sec=my_cell.main)
rvp.end(1, sec=my_cell.main)
g = h.Graph()
g.addobject(rvp)
g.exec_menu('View = plot')

Sodium concentration could be plotted with 'nai' instead of 'v', etc.

Aside: Jupyter

Page 96 Copyright © 1998-2017 N.T. Carnevale and M.L. Hines, all rights reserved



2017 Using NEURON to Model Cells and Networks

Aside: Jupyter

Loading morphology from an swc file

To create pyr, a Pyramidal cell with morphology from the file c91662.swc:

from neuron import h, gui

h.load_file('import3d.hoc')

class Pyramidal:

def __init__(self):

self.load_morphology()

# do discretization, ion channels, etc here

def load_morphology(self):

cell = h.Import3d_SWC_read()

cell.input('c91662.swc')

i3d = h.Import3d_GUI(cell, 0)

i3d.instantiate(self)

pyr = Pyramidal()

pyr has lists of Sections: pyr.apic, .axon, .soma, and .all. Each Section has
the appropriate .name() and .cell().

Only do this in code after you’ve already examined the cell with the Import3D GUI tool and fixed any issues in the SWC file.
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Working with multiple cells

Suppose Pyramidal is defined as before and we create several copies:

mypyrs = [Pyramidal(i) for i in range(10)]

We then view these in a shape plot:

Where are the other 9 cells?

Working with multiple cells

To can create a method to reposition a cell and call it from init :

class Pyramidal:
def _shift(self, x, y, z):

soma = self.soma[0]
n = soma.n3d()
xs = [soma.x3d(i) for i in range(n)]
ys = [soma.y3d(i) for i in range(n)]
zs = [soma.z3d(i) for i in range(n)]
ds = [soma.diam3d(i) for i in range(n)]
for i, (a, b, c, d) in enumerate(zip(xs, ys, zs, ds)):

h.pt3dchange(i, a + x, b + y, c + z, d, sec=soma)

def __init__(self, gid, x, y, z):
self._gid = gid
self.load_morphology()
self._shift(x, y, z)

def load_morphology(self):
cell = h.Import3d_SWC_read()
cell.input(’c91662.swc’)
i3d = h.Import3d_GUI(cell, 0)
i3d.instantiate(self)

Now if we create ten, while specifying offsets,

mypyrs = [Pyramidal(i, i * 100, 0, 0) for i in range(10)]

The PlotShape will show all the cells separately:
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Does position matter?

Sometimes.

Position matters with:

Connections based on proximity of axon to dendrite.

Connections based on cell-to-cell proximity.

Extracellular diffusion.

Communicating about your model to other humans.

Distributed mechanisms
Use .insert to insert a distributed mechanism into a section. e.g.

axon.insert('hh')

Point processes

To insert a point process, specify the segment when creating it, and save the
return value. e.g.

pp = h.IClamp(soma(0.5))

To find the segment containing a point process pp, use
seg = pp.get segment()

The section is then seg.sec and the normalized position is seg.x.

The point process is removed when no variables refer to it.

Use List to find out how many point processes of a given type have been defined:

all_iclamp = h.List('IClamp')

print ('Number of IClamps:')

print (all_iclamp.count())
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Setting and reading parameters

In NEURON, each section has normalized coordinates from 0 to 1.
To read the value of a parameter defined by a range variable at a given normalized
position use: section(x).MECHANISM.VARNAME
e.g.

gkbar = apical(0.2).hh.gkbar

Setting variables works the same way:

apical(0.2).hh.gkbar = 0.037

To specify how many evenly-sized pieces (segments) a section should be broken
into (each potentially with their own value for range variables), use
section.nseg:

apical.nseg = 11

To specify the temperature, use h.celsius:

h.celsius = 37

Setting and reading parameters

Often you will want to read or write values on all segments in a section. To do
this, use a for loop over the Section:

for segment in apical:

segment.hh.gkbar = 0.037

The above is equivalent to apical.gkbar hh = 0.037, however the first version
allows setting values nonuniformly.

A list comprehension can be used to create a Python list of all the values of a
given property in a segment:

apical_gkbars = [segment.hh.gkbar for segment in apical]

Note: looping over a Section only returns true Segments. If you want to include
the voltage-only nodes at 0 and 1, iterate over, e.g. apical.allseg() instead.

HOC’s for (x,0) and for (x) are equivalent to looping over a section and looping over allseg, respectively.
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Running simulations

Basics
To initialize a simulation to -65 mV:

h.finitialize(-65)

To run a simulation until t = 50 ms:

h.continuerun(50)

Additional h.continuerun calls will continue from the last time.

Ways to improve accuracy

Reduce time steps via, e.g. h.dt = 0.01

Enable variable step (allows error control): h.CVode().active(True)
Increase the discretization resolution: sec.nseg = 11

To increase nseg for all sections:
for sec in h.allsec(): sec.nseg *= 3

Recording data

To see how a variable changes over time, create a Vector to store the time course:
data = h.Vector()

and do a .record with the last part of the name prefixed by ref .

e.g. to record soma(0.3).ina, use
data.record(soma(0.3). ref ina)

Tips

Be sure to also record h. ref t to know the corresponding times.

.record must be called before h.finitialize().

If v is a Vector, then v.as numpy() provides the equivalent numpy array; that is, changing one changes the other.
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Example: Hodgkin-Huxley

from neuron import h, gui
from matplotlib import pyplot

# morphology and dynamics
soma = h.Section(name='soma')
soma.insert('hh')

# current clamp
i = h.IClamp(soma(0.5))
i.delay = 2 # ms
i.dur = 0.5 # ms
i.amp = 50

# recording
t = h.Vector()
v = h.Vector()
t.record(h._ref_t)
v.record(soma(0.5)._ref_v)

# simulation
h.finitialize(-65)
h.continuerun(49.5)

# plotting
pyplot.plot(t, v)
pyplot.show()
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��
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��
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A spike occurs whenever Vm crosses some threshold (e.g. 0 mV).
Python can easily find all spike times. Only changes from the previous example
are highlighted.

from neuron import h, gui
from matplotlib import pyplot
soma = h.Section(name='soma')
soma.insert('hh')
# current clamps
iclamps = []
for t in [2, 13, 27, 40]:

i = h.IClamp(soma(0.5))
i.delay = t # ms
i.dur = 0.5 # ms
i.amp = 50
iclamps.append(i)

# recording
t = h.Vector()
v = h.Vector()
t.record(h._ref_t)
v.record(soma(0.5)._ref_v)
# simulation
h.finitialize(-65)
h.continuerun(49.5)
# compute spike times
st = [t[j] for j in range(len(v) - 1)

if v[j] <= 0 and v[j + 1] > 0]
print ('spike times:')
print (st)
# plotting
pyplot.plot(t, v)
pyplot.show()
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��

��

��

The console displays:
spike times:
[3.1750000000000114, 28.149999999998936,
41.6250000000009]

That is, the cell spiked at: 3.175
ms, 28.150 ms, and 41.625 ms.
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Interspike intervals (ISIs) are the delays between spikes; that is, they are the
differences between consecutive spike times.

To display ISIs for the previous example, we add the lines:

isis = [next - last for next, last in zip(st[1:], st[:-1])]

print ('ISIs:'); print (isis)

The result:

[24.974999999998925, 13.475000000001966]

That is, the delays between spikes were 24.975 ms and 13.475 ms.

Networks of neurons

Suppose we have the simple neuron model:
from neuron import h, gui

class Cell:
def __init__(self):

self.soma = h.Section(name='soma', cell=self)
self.soma.insert('hh')

and two cells:
neuron1 = Cell()
neuron2 = Cell()

one of which is stimulated by a current clamp:
ic = h.IClamp(neuron1.soma(0.5))
ic.amp = 50
ic.delay = 2 # ms
ic.dur = 0.5 # ms

A synapse from that cell to the other may cause the second cell to fire when the
first cell is stimulated. In NEURON, the post-synaptic side of the synapse is a
point process; presynaptic threshold detection is done with an h.NetCon.
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Networks of neurons

Setup the post-synaptic side:
postsyn = h.ExpSyn(neuron2.soma(0.5))
postsyn.e = 0 # reversal potential

Setup the presynaptic side, transmission delay, and synaptic weight:
syn = h.NetCon(neuron1.soma(0.5)._ref_v, postsyn, sec=neuron1.soma)
syn.delay = 1
syn.weight[0] = 5

Then we can setup recording, run, and plot as usual:
t, v1, v2 = h.Vector(), h.Vector(), h.Vector()
t.record(h._ref_t)
v1.record(neuron1.soma(0.5)._ref_v)
v2.record(neuron2.soma(0.5)._ref_v)

h.finitialize(-65)
h.continuerun(10)

from matplotlib import pyplot
pyplot.plot(t, v1, t, v2)
pyplot.xlim((0, 10))
pyplot.show()
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h.ExpSyn is one of several general synapse types distributed with NEURON; additional ones may be specified in NMODL or downloaded from
ModelDB.

The use of h.NetCon must be modified slightly to support parallel simulation; this is discussed in a different presentation.

Storing data to CSV to share with other tools

The CSV format is widely supported by mathematics, statistics, and spreadsheet
programs and offers an easy way to pass data back-and-forth between them and
NEURON.

In Python, we can use the csv module to read and write csv files.

Adding the following code after the continuerun in the example will create a file
data.csv containing the course data.

import csv

with open('data.csv', 'wb') as f:

csv.writer(f).writerows(zip(t, v))

Each row in the file corresponds to one time point. The first column contains t
values; the second contains v values. Additional columns can be stored by adding
them after the t, v.

For more complicated data storage needs, consider the pandas or h5py modules.
Unlike csv, these must be installed separately.

Page 104 Copyright © 1998-2017 N.T. Carnevale and M.L. Hines, all rights reserved



2017 Using NEURON to Model Cells and Networks

Version control

Version control: git

Why use version control?

Protects against losing working code: if something used to work but no
longer does, you can test previous versions to identify what change caused
the error.

Provides a record of script history: authorship, changes, . . .

Promotes collaboration: provides tools to combine changes made
independently on different copies of the code.
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Version control: git basics

Setup

git init

Declare files to be tracked

git add FILENAME

Commit a version (so can return to it later)

git commit -a

Return to the version of FILENAME from 2 commits ago

git checkout HEAD~2 FILENAME

Version control: git

View list of changes

git log

Remove a file from tracking

git rm FILENAME

Rename a tracked file

git mv OLDNAME NEWNAME
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Version control: git and remote servers

git (and mercurial) is a distributed version control system, designed to allow you
to collaborate with others. You can use your own server or a public one like github
or bitbucket.

Download from a server

git clone http://URL.git

Get changes from server and merge with local changes

git pull

Sync local, committed changes to the server

git push

Version control: syncing data with code

One simple way to ensure you always know what version of the code generated
your data is to include the git hash in the filename. The following function can
help:

def git_hash():

import subprocess

suffix = ''

if subprocess.check_output(['git', 'diff']):

suffix = '+'

return '%s%s' % (subprocess.check_output([

'git', 'log', '-1', '--pretty=format:%h']),

suffix)

Then, for example, save matplotlib graphics with:
pyplot.savefig('filename ' + git hash() + '.pdf')
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GUI development

Making your own graphical interface

To ensure your GUI responds
to user input, be sure to:
from neuron import gui

Place basic widgets (text,
buttons, checkboxes, . . . ) in
an h.xpanel.

from neuron import h, gui

h.xpanel('Example 1')

h.xlabel('Hello class')

h.xbutton('Click me')

h.xpanel()
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Button actions

To perform an action when a
button is pressed, write it as a
function, and then pass the
function to h.xbutton.

from neuron import h, gui

def say_hello():

print 'hello!'

h.xpanel('Example 2')

h.xbutton('Click me',

say_hello)

h.xpanel()

Pressing the button displays:

hello!

Pressing the button twice:

hello!

hello!

Number fields and classes

Place your GUI commands in a class to allow independent reuse.

from neuron import h, gui

class Demo:

def __init__(self):

self.value = 7.18

h.xpanel('Demo')

h.xvalue('Choose a number:',

(self, 'value'))

h.xbutton('Press me',

self.print_value)

h.xpanel()

def print_value(self):

print ('You chose:')

print (self.value)

# make two demos

d1 = Demo()

d2 = Demo()

Clicking “Press me” on the left
window and then on the right
window displays:

You chose:

3.67

You chose:

7.11
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Layout: HBox and VBox

Combine windows horizontally with HBox and vertically with VBox.

from neuron import h, gui

hbox = h.HBox()

hbox.intercept(1)

h.xpanel('Example 1')

h.xlabel('Hello class')

h.xbutton('Click me')

h.xpanel()

h.xpanel('Example 3')

h.xbutton('Say hello')

h.xpanel()

h.xpanel()

hbox.intercept(0)

hbox.map()

Note: HBox and VBox can contain: H/VBox, Deck, xpanel, Graph, . . .

Layout: HBox and VBox

Complicated layouts can be constructed using nested VBox and HBox objects:
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For more information

For more background and a step-by-step guide to creating a network model, see
the NEURON + Python tutorial at:

http://neuron.yale.edu/neuron/static/docs/neuronpython/index.html

The NEURON Python programmer’s reference is available at:

http://neuron.yale.edu/neuron/static/py doc/index.html

Ask questions on the NEURON forum:

http://neuron.yale.edu/phpbb
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Building, Running, and Visualizing
Parallel NEURON Models

Robert A. McDougal

Yale School of Medicine

10 November 2017

Why use parallel computation?

Three reasons:

Get the results for a simulation in less real time.

Run a larger simulation in the same amount of time.

Run models needing more memory than is available on one machine.

What are the downsides?
Parallel models introduce:

Greater programming complexity.

New kinds of bugs.

You have to decide if the time spent parallelizing your model can be recovered.

Other considerations

The 16384 core EPFL IBM BlueGene/P can theoretically do as many calculations
in 1 hour at 850 MHz as a 3 GHz desktop computer can do in 6 months.

Building a parallelizable model typically requires little extra effort from building a
serial model; converting a serial model to a parallel model is often more difficult.
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Three main classes of parallel problems

Parameter sweeps

Running the same (typically fast) simulation 1000s of times with different
parameters is an example of an embarrassingly parallel problem. NEURON
supports this natively with bulletin boards; Calin-Jageman and Katz (2006)
developed a screen saver solution.

Distributing networks across processors

Cells can communicate by

logical spike events with significant axonal, synaptic delay.

postsynaptic conductance depending continuously on presynaptic voltage.

gap junctions.

Distributing single cells across processors

The multisplit method distributes portions of the tree cable equation across
different machines.

A parallel model can fall in 1, 2, or 3 of these classes.

Some parallel philosophy

A network of neurons is composed of many individual neurons of potentially
many cell types. As much as possible, design and debug each cell type
separately before building the network.

A simulation should give the same results regardless of the number of
processors used to run it.

When possible, parameterize your network so you can run a small test first.

Page 114 Copyright © 1998-2017 N.T. Carnevale and M.L. Hines, all rights reserved



2017 Using NEURON to Model Cells and Networks

Synaptic connections with one processor

PreCell PostCell

PostSyn

PreSyn

Ne
tC
on

nc = h.NetCon(PreSyn, PostSyn, sec=presyn section)

nc.delay = 1

Delay is measured in ms.

We can also set: nc.weight and nc.threshold[].

PreSyn is a pointer, e.g. soma(0.5). ref v; PostSyn is a point process e.g. an instance of h.ExpSyn.

If cells in different processes, a different approach is needed

PreCell PostCell

PostSyn

PreSyn

Net
Con

CPU 2 CPU 4

?
?

Net
Con

The ParallelContext object facilitates building parallel models.

pc = h.ParallelContext()
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Every spike source must have a GID.

1 5 2 6

3 7 4

Processor 1 Processor 2

Processor 3 Processor 4

Note: to ensure the model produces identical results regardless of the number of
processors, also use GIDs to selecting random streams (e.g. Random123).

Building synapses

PreCell PostCell

PostSyn

PreSyn

gid = 9gid = 7
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Configuring the presynaptic connection site

Create cell only where the gid exists:
if pc.gid_exists(7):

PreCell = Cell()

Associate gid with spike source:
nc = h.NetCon(PreSyn, None, sec=presec)
pc.cell(7, nc)

PreSyn here is a pointer, e.g. PreCell.soma(0.5). ref v

Configuring the postsynaptic connection site

Create NetCon on node where target exists:

nc = pc.gid connect(7, PostSyn)

PostSyn here is a Point Process, e.g. an ExpSyn.
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Spike exchange method

Spike exchange method
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Spike exchange method

Spike exchange method
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Exploit transmission delays: using pc.set maxstep

Run using the idiom:

pc.set_maxstep(10)

h.stdinit()

pc.psolve(tstop)

NEURON will pick an event exchange interval equal to the smaller of all the
NetCon delays and of the argument to pc.set maxstep. In general, larger
intervals are better because they reduce communication overhead.

exchange exchange

min delay

spikes here are delivered here

pc.set maxstep must be called on each node; it uses MPI Allreduce to
determine the minimum delay.

Simple load-balancing strategy: round-robin.

1 5 2 6

3 7 4

Processor 1 Processor 2

Processor 3 Processor 4
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Simple load-balancing strategy: round-robin.

CPU 0
pc.id      0

pc.nhost   5

ncell     14

CPU 3
pc.id      3

pc.nhost   5

ncell     14

CPU 4
pc.id      4

pc.nhost   5

ncell     14

 0

 5

10

gid
 3

 8

13

gid
 4

 9

gid

An efficient way to distribute, especially if all cells similar:

for gid in range(int(pc.id()), ncell, int(pc.nhost())):

pc.set_gid2node(gid, pc.id())

...

(Note: the body is executed at most ⌈ncell/nhost⌉ times, not ncell.)

Advanced load-balancing: balance work not number of cells

Strategy:

Distribute cells round-robin to all processors, instantiate them.

Compute an estimate of the computational complexity:

def complexity(self):
h.load_file('loadbal.hoc')
lb = h.LoadBalance()
return lb.cell_complexity(sec=self.all[0])

Destroy the cells, send the gid-complexity data to node 0.

(On node 0): distribute gids such that the next gid goes to the node with the
least amount of complexity.

Send the gids to the nodes; instantiate the cells.

For a more accurate (but computationally more intensive) estimate of complexity, use lb.ExperimentalMechComplex and lb.read complex.
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Performance: MPI scaling

Performance: Spike exchange strategies

Strong Scaling

Weak Scaling
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Allgather

Record−Replay − One Subinterval

MPI_ISend − Two Phase, Two Subinterval

DCMF_Multicast − Two Phase, Two Subinterval

Computation Time (includes queue) Argonne National Lab

Blue Gene/P

Artificial Spiking Net

Page 122 Copyright © 1998-2017 N.T. Carnevale and M.L. Hines, all rights reserved



2017 Using NEURON to Model Cells and Networks

Performance Tip

Tip: For network models, use a fixed step solver and not a variable step solver.

Tip: Store synaptic events; recreate single cells as needed

initial conditions

+

synaptic events

neuron dynamics

Use NetCon.record method to store spike times. Save them as e.g. JSON. Play
them back into a single cell simulation using VecStim.

VecStim is defined in vecevent.mod which is available at https://github.com/nrnhines/nrn/blob/master/share/examples/nrniv/netcon/vecevent.mod
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Multisplit

Improve load balancing with multisplit

0 4 8 12 16
0

50

100

150

200

0 1 2 3 4

100

200

300

400

401 395 400 404

16 Pieces

4 CPU

Computation

Time (s)

ExchangeCPU

0

1

2

3

wholecell, 1 cpu

16 pieces, 4 cpu

56.2

55.0

Runtime(s)

CPU

Piece

#comp

#comp

16 pieces, 1 cpu

14.4

13.82 0.56

13.35 1.03

13.47 0.90

13.56 0.82

Multisplit algorithm described in Hines et al 2008. DOI: 10.1007/s10827-008-0087-5
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Using multisplit (MPI)

For process-based multisplit (with MPI), use pc.multisplit to declare split
nodes:

pc.multisplit(x, subtreeid, sec=sec)

After all split nodes are declared, every process must execute:

pc.multisplit()

If created, destroy any parts of the cell that do not belong on the processor.

Rules:

Each subtree can have at most two split nodes.

Does not support variable step, linear mechanisms, extracellular, or
reaction-diffusion.

h.distance cannot compute path distances that cross a split node.

Tip: For load balancing, it is sometimes convenient to split cells into more pieces
than processes.

For an example, see the file multisplit distrib.py at http://modeldb.yale.edu/151681

Gap Junctions
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Continuous voltage exchange

s1(x1).v

s2(x2).v

g2 = h.HalfGap(s2(x2))
g1 = h.HalfGap(s2(x1))

g1.vgap

g2.vgap

HalfGap.mod

NEURON  {

 POINT_PROCESS HalfGap

 ELECTRODE_CURRENT i

 RANGE r, i, vgap

}

PARAMETER { r = 1e9 (megohm) }

ASSIGNED {

  v (millivolt)

  vgap (millivolt)

  i (nanoamp)

}

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

pc.source var to declare source sgid

s1(x1).v

s2(x2).v

g2 = h.HalfGap(s2(x2))
g1 = h.HalfGap(s2(x1))

g1.vgap

g2.vgap

HalfGap.mod

NEURON  {

 POINT_PROCESS HalfGap

 ELECTRODE_CURRENT i

 RANGE r, i, vgap

}

PARAMETER { r = 1e9 (megohm) }

ASSIGNED {

  v (millivolt)

  vgap (millivolt)

  i (nanoamp)

}

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

sgid

1

sgid

2

pc.source_var(s2(x2)._ref_v, 2)

pc.source_var(s1(x1)._ref_v, 1)
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pc.target var to declare target connection

s1(x1).v

s2(x2).v

g2 = h.HalfGap(s2(x2))
g1 = h.HalfGap(s2(x1))

g1.vgap

g2.vgap

HalfGap.mod

NEURON  {

 POINT_PROCESS HalfGap

 ELECTRODE_CURRENT i

 RANGE r, i, vgap

}

PARAMETER { r = 1e9 (megohm) }

ASSIGNED {

  v (millivolt)

  vgap (millivolt)

  i (nanoamp)

}

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

sgid

1

sgid

2

pc.source_var(s2(x2)._ref_v, 2)

pc.source_var(s1(x1)._ref_v, 1)

pc.target_var(g2._ref_vgap, 1)

pc.target_var(g1._ref_vgap, 2)

Performance: Traub model

Pittsburgh Supercomputing Center

2068 2.4 GHz Opteron Processors

Bigben Cray XT3

25 50 100 200 400 800

1

4

16

64

256

1024

#CPU

(s)

5954

8516

Run time

Spike exchange time

Ideal run time

Mean, max, min Computation time

Mean, max, min variable transfer time

0 50 100 150 200
0

70

140

210

280

350

Traub et. al. (2005) J. Neurophysiol 93: 2194
A single column thalamocortical network model
exhibiting gamma oscillations, sleep spindles and
epileptogenic bursts.

3560 cells 14 types

3500 gap junctions

5,596,810 equations

73,465 spikes

1,122,520 connections

19,844,187 delivered
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Performance: Traub model with multisplit

2000 3000 4000 5000
0

20

40

60

80

#Cells

Traub

Complexity

32 128 512 2048
CPUs

1024

256

64

16

4

s

13.2

18.7

26.1
Runtime

Computation time

Whole cell balance

Multisplit, No Gap Junctions

Multisplit, With Gap Junctions

356 Cells

4058 pieces
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Don’t reinvent the brain
Using ModelDB and other archives for your research

Robert A. McDougal

Yale School of Medicine

11 November 2016

What is ModelDB?
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modeldb.yale.edu

Twenty years of ModelDB and beyond: building essential
modeling tools for the future of neuroscience

Robert A. McDougal1
& Thomas M. Morse1

& Ted Carnevale1
& Luis Marenco1,2,3

&

Rixin Wang3,4
& Michele Migliore1,5

& Perry L. Miller2,3,4
& Gordon M. Shepherd1

&

Michael L. Hines
1

Received: 9 June 2016 /Revised: 17 August 2016 /Accepted: 30 August 2016
# Springer Science+Business Media New York 2016

Abstract� Neuron�modeling�may�be�said� to�have�originated�

with�the�Hodgkin�and�Huxley�action�potential�model�in�1952�

and�Rall’s�models�of�integrative�activity�of�dendrites�in�1964.�

Over� the� ensuing� decades,� these� approaches� have� led� to� a�

groups�(Allen�Brain�Institute,�EU�Human�Brain�Project,�etc.)�

are�emerging�that�collect�data�across�multiple�scales�and�inte-

grate� that�data� into�many� complex�models,�presenting�new�

challenges�of�scale.�We�end�by�predicting�a�future�for�neuro-

J Comput Neurosci

DOI 10.1007/s10827-016-0623-7
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What is in ModelDB?

Models for:

178 cell types

16+ species

48 ion channels, pumps, etc

139 topics )Alzheimer’s, STDP, etc)

25+ mammalian brain regions

1134 published models from 76
simulators

544 NEURON models

318 “realistic” networks

45 connectionist networks

Numbers are as of October 24, 2016

Why use ModelDB?
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On reproducibility

“Non-reproducible single occurrences are of no significance to science.”
– Karl Popper in The logic of scientific discovery, 1959.

What is needed for a model to be reproducible?

Model

an approximation of the system of interest
e.g. a model organism or a complete statement of the properties of the
model in mathematical or computable form

Experimental protocol

what was done with the model to produce the data

Science builds upon previous work; in order to do that, the previous work needs to
be reproducible.

Models are complicated

0 to 4
28.5%

5 to 9
14.6%

10 to 19
21.7%

20 to 49
23.5%

50 to 99
6.7%

100+
5%

Files per Model File Size

< 0.5K
10.9%

0.5 to 1K
13.6%

1 to 2K
20.6%

2 to 5K
30.7%

5 to 10K
9.1%

10 to 100K
12.1%

> 100 K
3.0%

38.5� of ModelDB models have over 20 files; 24.2� of files are over 5K.

It is often hard to fully describe this complexity in a paper.

Any bugs, typos, errors, or omissions might completely change the dynamics.

Distributions from ModelDB, Fall 2013. A model was counted as having 0 files if it was not hosted on ModelDB.
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Model sharing helps, but only reuse what you understand

The easiest way to replicate someone else’s results – a first step toward building
on them – is to get their model code from a repository such as ModelDB.

But beware:

They may be solving a different problem than you )with respect to species,
temperature, age, etc).

Their code may have bugs.

To reduce the risk of problems:

Read the associated paper.

Compare the model and results to other similar models.

Examine the model with ModelView and/or psection.

Test ion channels individually.

Collaborate with an experimentalist.

Reproducibility in Computational Neuroscience

Models and Simulations
Robert A. McDougal, Anna S. Bulanova, William W. Lytton

Abstract—Objective: Like all scientific research, computational
neuroscience research must be reproducible. Big data science,
including simulation research, cannot depend exclusively on
journal articles as the method to provide the sharing and
transparency required for reproducibility.

build novel theoretical frameworks. A century ago, work by

Lapicque led to the development of integrate-and-fire models

[4]. A half century later, Hodgkin and Huxley provided a

detailed multiscale biophysical model of the squid axon [2],

paving the way for subsequent advances in computational

Simulators )NEURON, MCell, XPPAUT, NEST, etc)

Multi-simulator interoperability )NeuroML, SWC, PyNN, NeuroConstruct,
etc)

Shared resources )Neuroscience Gateway, Simulation Platform)

Sharing resources )ModelDB, OpenSourceBrain, NeuroMorpho.Org, etc)

More: NSDF, NeuroLex, NIF, MIASE, licensing, etc

McDougal et al 02016) IEEE TBME 63010):2021-2035; doi:10.1109/TBME.2016.2539602
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Neurobiological context

ModelDB is a place to see what
has been modeled in a cell type.

Not only can you get code, but
by comparing models, you can
see what mechanisms are
considered critical by the
community.

�etadata associated with

CA1 Pyramidal Cell Models )n = 71)
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How to use ModelDB

Finding models

Search box on the top-left of every page.
Do full text or attribute searches.
Word completions 0based on ModelDB entries not English) and attribute results updated as you type.
Advanced search and browsing are also available.
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ShowModel features

(1) Search models. (2) Browse models. (3) Link to download the entire model code.

(4) Auto-launch a NEURON simulation 0requires browser configuration). (5) View model files.

(6) Find models and papers cited by this model’s paper, or that cite this model. (7) ModelView:

visualize model structure. (8) Simulation platform 05 minutes of remote desktop access to

experiment with the model). (9) 3D printable versions of cells from the model 0in 3DModelDB).

(10) Description of model. (11) Paper0s) describing or using model. (12) Searchable metadata.

(13) Links to NeuronDB 0channel distributions etc within cell types).

ShowModel features

(14) Download the currently selected file. (15) Directory browser, showing model files.

(16) View pane for the currently selected file.
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Identifying existing reuse

Amyloid beta (IA block) effects on a model CA1 pyramidal cell (Morse et al. 2010)

   

Help downloading and running models

Download zip file Auto-launch

/

CA1_abeta

translate

readme.html

cacumm.mod

cagk.mod *

cal2.mod *

can2.mod *

cat.mod *

distr.mod *

h.mod

ipulse2.mod *

kadist.mod

kaprox.mod

kdrca1.mod

na3n.mod

naxn.mod *

zcaquant.mod

aBeta.hoc

add_ca.hoc

This is the readme for a model used in the paper

Morse TM, Carnevale NT, Mutalik PG, Migliore M, Shepherd GM (2010)
Abnormal excitability of oblique dendrites implicated in early
Alzheimer's: a computational study Front. Neural Circuits 4:16

The model code was contributed by Tom Morse.  It was created (see
paper for details) from earlier models (especially Migliore et
al. 2005 and calcium channels from Hemond et al. 2008) with
modifications and additions by Tom Morse and Ted Carnevale with
interaction with the other authors. It requires the NEURON simulator
to be installed (available at http://www.neuron.yale.edu).

To recreate figures from the paper, start the simulator by
auto-launching from ModelDB *OR*

Under unix systems:
-------------------
In the expanded archive's folder compile the mod files using the
command "nrnivmodl"
run the simulation with the command "nrngui mosinit.hoc"

Under Windows systems:
----------------------
Compile the mod files using the "mknrndll" program.
A double click on the simulation file
mosinit.hoc
will open the simulation window.

Under MAC OS X:
---------------

Model Information Model File Citations Model Views  Simulation Platform 3D Print

Download the displayed file
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Asterisks in the file browser indicate that the file is reused in other models; click
the asterisk to see a list of the other models.

ICGenealogy: ion channel metadata

Help downloading and running models

/

CA1_abeta

translate

readme.html

cacumm.mod

cagk.mod *

cal2.mod *

can2.mod *

cat.mod *

distr.mod *

h.mod

ipulse2.mod *

kadist.mod

kaprox.mod

kdrca1.mod

na3n.mod

naxn.mod *

zcaquant.mod

aBeta.hoc

add_ca.hoc

bAP_peak_vecs.hoc

c91662.ses

C91662_Link.txt

cond_report.hoc

control_boxes.hoc

distribute_currents.hoc

fig1.jpg

fig2.jpg

fig2A_c91662.hoc

TITLE CaGk
: Calcium activated K channel.
: Modified from Moczydlowski and Latorre (1983) J. Gen. Physiol. 82

UNITS {
(molar) = (1/liter)

}

UNITS {
(mV) = (millivolt)
(mA) = (milliamp)
(mM) = (millimolar)

}

NEURON {
SUFFIX cagk
USEION ca READ cai
USEION k READ ek WRITE ik
RANGE gbar,gkca,ik
GLOBAL oinf, tau

}

UNITS {
FARADAY = (faraday)  (kilocoulombs)
R = 8.313424 (joule/degC)

}

PARAMETER {
celsius (degC)
v (mV)
gbar=.01 (mho/cm2) : Maximum Permeability
cai (mM)
ek (mV)

d1 = .84
d2 = 1.
k1 = .48e-3 (mM)
k2 = .13e-6 (mM)
abar = .28 (/ms)
bbar = .48 (/ms)

 st=1  (1)
}

ASSIGNED {
ik (mA/cm2)
oinf

Model Information Model File Citations Model Views  Simulation Platform 3D Print

Download the displayed file ICGenealogy

General data

� ICG id: 2464
� ModelDB id: 87284
� Reference: Morse TM, Carnevale NT, Mutalik PG, Migliore M,

Shepherd GM �2010): Abnormal Excitability of Oblique Dendrites
Implicated in Early Alzheimer’s: A Computational Study.

Metadata classes

� Animal Model: rat
� Brain Area: hippocampus, CA1
� Classes: KCa
� Ion Type: K
� Neuron Region: unspecified
� Neuron Type: pyramidal cell
� Runtime Q: Q4 0slow)
� Subtype: not specified

Metadata generic

� Age: 7-14 weeks old.
� Comments: Calcium activated k channel, modified from

moczydlowski and latorre 01983). From hemond et al. 02008),
model no. 101629, with no changes 0identical mod file). Animal
model taken from chen 02005) which is used to constrain model.
Channel kinetics from previous study on hippocampal pyramidal
neuron 0hemond et al. 2008)

� Runtime: 76.722

When viewing most mo� files describing an ion channel, an ICGenealogy button
appears. Clicking this button loads the corresponding page of the ICGenealogy
database which shows curated information about the channel model )how it was
derived, information about the underlying data, etc) and response curves.

Podlaski, Seeholzer, Vogels

Copyright © 1998-2017 N.T. Carnevale and M.L. Hines, all rights reserved Page 137



Using NEURON to Model Cells and Networks 2017

ModelView

McDougal et al, Neuroinformatics 2015
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McDougal et al, Neuroinformatics 2015

McDougal et al, Neuroinformatics 2015
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McDougal et al, Neuroinformatics 2015
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How do people use ModelDB?

Find a model described in a paper, download it, and experiment to
understand the model’s predictions.

Find a model described in a paper. Use ModelView to understand the
model’s structure.

Locate models and modeling papers on a given topic.

Locate model components )e.g. L-type calcium channel) for potential reuse.

Search for simulator keywords )e.g. FInitializeHandler) to find examples of
how to use them.

You can help by sharing your model code on ModelDB after publication.

Sharing your models

McDougal, Dalal, Shepherd in preparation
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Sharing your models

McDougal, Dalal, Shepherd in preparation

Sharing your models

McDougal, Dalal, Shepherd in preparation; abstract from Morse et al, 2010.
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Sharing your models

McDougal, Dalal, Shepherd in preparation

Sharing your models

McDougal, Dalal, Shepherd in preparation
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Other resources

NeuroMorpho.Org

Tools    Miscellaneous    Import 3D

NeuroMorpho.Org is home to 50,356 reconstructed neurons from 212 cell
types and 37 species as of October 24, 2016.

Warning: not every morphology was reconstructed with the intent of being in
a simulation. Before using: rotate to check for z-axis errors, check to make
sure the diameters are not all equal.

Use the Import 3D tool to import morphologies into NEURON. For details,
see: neuron.yale.edu/neuron/docs/import3d
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Channelpedia )Channelpedia.epfl.ch)

Home to information
about ion channels.

Many channels have
one or more
associated models
)e.g. different
species or cell types);
all are downloadable
as MOD files.

Shows gating
variable and channel
response to voltage
clamp for each
model.

Biomodels )www.ebi.ac.uk/biomodels-main)

Biomodels model (SBML)             LEMS model             MOD file
jnml -sbml-import BIOMD0000000073.xml 1000 5

jnml BIOMD0000000073_LEMS.xml -neuron

Biomodels is a systems biology model repository.

Models are in SBML but can be converted to MOD files via e.g. jNeuroML
)github.com/NeuroML/jNeuroML). Test converted models before using in a
larger model. Edits will likely be necessary to get them to interoperate with
other mechanisms.

A native SBML importer for NEURON’s rxd module is under development.
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Open Source Brain )OpenSourceBrain.org)

Open Source Brain promotes collaborative model development via github.

Models are typically in NeuroML or neuroConstruct format; neuroConstruct
)neuroConstruct.org) converts both formats to NEURON.

The conversion process places different ion channels in different MOD files,
which allows extracting model components.

NeuroElectro )NeuroElectro.org)

NeuroElectro archives experimentally measured electrophysiology values for different cell
types; it shows the spread and allows comparing values across different cell types.

Read the paper associated with a value to understand: species, experimental conditions,
etc.
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SenseLab )senselab.med.yale.edu)

Locations of

I A in CA1

Pyramidal

SenseLab is a suite of 10 interconnected databases )listed at left).

ModelDB and NeuronDB )at right) are the most useful for modeling.

NeuronDB shows what channels are present and the inputs and outputs �y

cell region )e.g. distal apical dendrite vs proximal apical dendrite).

Stay up to date

Twitter
Many groups announce new developments on Twitter, including:

SenseLab )including ModelDB): @SenseLabProject

Open Source Brain: @OSBTeam

NeuroMorpho.Org: @NeuroMorphoOrg

ICGenealogy Project: @ICGenealogy

Int. Neuroinformatics Coordinating Facility )INCF): @INCForg
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Specifying 3D Simulations

Just add one line of code2:
rxd.set solve type
dimension=3)
all = rxd.Region�h.allsec�))
ca = rxd.Species�all, d=1)
ca.initial = lambda node: 1 if node.x3d � 50 else 0

Plotting

Get the concentration values expressed on a regular 3D grid via
nodelist.value to grid�)

values = ca.nodes.value to grid�)

Pass the result to a 3d volume plotter, such as Mayavi’s VolumeSlicer:

graph = VolumeSlicer�data=ca.nodes.value to grid�))
graph.configure traits�)
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Journal Articles on Reaction-Diffusion in NEURON

McDougal, R. A., Hines, M. L., Lytton, W. W. �2013). Reaction-diffusion in
the NEURON simulator. �rontiers in Neuroinformatics, 7.

McDougal, R. A., Hines, M. L., Lytton, W. W. �2013). Water-tight
membranes from neuronal morphology files. Journal of Neuroscience
Methods, 220�2), 167-178.

Online Resources

NEURON Forum

Programmer’s Reference

NEURON Reaction-Diffusion Tutorials
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Survey

We'd appreciate your frank opinions and suggestions to help us refine this course and design 
future offerings on related subjects.

Please score these ..... according to this scale

Overall impression no opinion 0

Relevance to my research poor, not helpful 1

Didactic presentations fair 2

Written handouts good 3

Slides excellent, very helpful 4

Computer projection

Classroom

Food

Best feature

Weakest feature

Additional topics that should be covered, topics that should receive more or less coverage, or 
other suggestions for improvement.

Circle one

Y N I would recommend this course to others who are interested in neural modeling.

Y N I have developed my own modeling software using a high-level language 
(FORTRAN, C/C++, Python etc.).

Y N I have created my own models using modeling software.

Which software? _____________________________________________

My primary area of research interest is ________________________________________

To help us better meet the needs of NEURON users, please circle all platforms that you plan 
to use for modeling.

Hardware Mac PC Other __________________________________________

OS MacOS X Win 7 | 8 | 9 | 10 UNIX | Linux | OS X | BSD

If Linux, which distribution?  __________________________________________
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