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Abstract 
This review compares seven packages for simulating single neuron models, and discusses which 
software features should be considered when selecting a program. 
Anyone who started modeling neurons in the early eighties faced a lack of modeling software. So 
several groups started writing programs, sometimes just for a specific model, but often `general 

purpose' neural simulators. The result is that prospective modelers can now choose among about 
10 different packages, all with their own peculiarities! 

 
All the software packages described here can simulate accurate models of single neurons and their 

ionic channels. They are all based on compartmental modeling (1,2), a popular method of representing 
the neuron. Compartmental modeling is derived from cable theory and uses discretization to 

simplify the differential equations involved (3). The consequence is that it is easy to represent 
neuronal morphology accurately and incorporate equations describing ionic and synaptic channels 
(4). A few packages can also simulate networks of such synaptically connected neurons, but these 
simulations often require powerful workstations because of the huge number of variables that need 

to be computed. Another class of programs which models neural networks consisting of simple 
threshold elements, euphemistically called neurons (5), is not the subject of this review. 

Neuron simulation programs differ mainly in how the user interface is organized, how much 
physiological detail can be added to the model and how the integration is implemented (6). Relevant 

information about packages which have proven useful has been summarized in Table 1. Some 
programs have not been included, either because they have not yet been extensively used by the 

general community or because they are no longer supported (CAJAL (9), MANUEL (15), 
NEURODYNAMIX (16), SYNETSIM (17)). Most of the packages can be obtained free or for a small fee (a 

few hundred $), except SABER which is an expensive commercial package and the commercial 
versions of SPICE (13,14) (the user unfriendly basic version is described here). The table does not 

compare efficiency measures like computation speed and memory use of these programs, because 
no standardized, comparable numbers are currently available. Elsewhere in this TINS issue a new 

standard is proposed which will allow a more quantitative comparison between different simulators. 
It seems likely that differences in computation speed will be small because most fast packages 

(AXONTREE (7), GENESIS (8,9), NEMOSYS (9), NEURON (9,10) use implicit integration schemes based on 
the Hines method (18) (a method of reordering the matrices associated with the differential equations 

for passive current flow in the dendritic tree). Prospective users should realize that some important 
software features such as user interfaces cannot be quantitated. About half of the time spent on a 

typical simulation project involves creating and tuning the model. Thus, a good user interface may 
contribute more to the overall efficiency of a project than pure computation speed. 

The first step in selecting a program is to define the user. Newcomers to neuronal modeling will have 
to learn both the program and the theory and practice of modeling itself. One should first learn 

modeling techniques(2,19) before selecting a software package, unless a preexisting model is going to 
be used. Most of the programs were written by computer hackers and, despite continuous 

improvements in the user interfaces, they demand considerable time to master. None of the 
packages described here require programming skills, but compilation of the source code may 



sometimes be necessary. Often the documentation is obtuse and incomplete, so that outside help 

might be useful. New users should try to find help locally from experienced modelers and consider 
using the same software. They should also check whether anyone has succeeded in running the 

selected program on the type of computer and system software that is going to be used. One cannot 
assume that a program that depends on the unix system will run without problems on any computer 

that uses unix. If modeling is going to be a prime research project for the coming years, then it will 
be worthwhile to invest time into learning the more powerful packages like GENESIS or NEURON. 

Otherwise NEMOSYS or NODUS (9,11) offer more accessible user interfaces, but less modeling 
options. A third alternative is to use a general simulation package like SABER (12) or SPICE, which 

can also model dynamical systems other than neurons. 
There are three categories of user interfaces. Some packages let the user alternate between 2 user 

interface types. Older software like MANUEL and SPICE reads the complete model description from 
files and allows little interaction during run-time. Most packages allow interactive control over the 

model, either by menu-driven dialogs or scripts. Script interpreters offer a very flexible interface, but 
require learning of the script language. The newest user interfaces allow graphic control over model 

description and display. Detailed neuronal models have nowadays about 1000 compartments and 
multiple channels. This complexity requires flexible modes of specifying selections of single 

compartments or groups of compartments (like all compartments having a specific channel or 
property) for editing and display. GENESIS and NEMOSYS are more sophisticated in this regard. All 

packages can store the model description in a file, but only a few programs can import morphology 
files produced by different neuron tracing programs, which will often be the source of the 

morphological data. For complex models, automatic detection of errors in the model description 
(like loops in the dendritic tree or negative conductances) can be quite useful. 

Modelers interested in the passive electronic structure of large neurons will find functions to 
automatically lump parts of the dendritic tree into single compartments helpful. Storage of 

intermediate values of parameters, to be used as initial values in a next run, can be useful when 
active membrane models are simulated. 

It is also quite important to check whether the software has sufficient scope to handle the modeling 
project. While all the packages described here can model passive membrane models, they differ 

greatly in their ability to simulate ionic channels, ionic concentrations, plasticity and biochemical 
processes. Some programs developed for network simulations, like CAJAL and NEURODYNAMIX, 

force the use of simplified neuron models. 
Finally the choice can be limited by the hardware that is available. In the near future complex models 

will run on parallel supercomputers, which have become faster than standard serial supercomputers 
(20). At present only GENESIS allows parallelized modeling of single neurons and networks on 

multiple-instruction-multiple-data parallel computers. Recently GENESIS users demonstrated a new 
type of scientific collaboration by running separate simulations on machines situated in different 

cities, connected to each other over computer networks so that one simulation provided synaptic 
input to the other one. 

Computational neuroscience is continually evolving and at least 2 groups are working on new 
packages. While innovation can be useful, modelers need no longer write their own software from 

scratch. The available choice is wide and several programs can be extended by the user, so that new 
features can be incorporated. 



(Note that this table is a bit outdated as it was made in 1992. I will provide a more up to date table 

soon) 

 
AXON- 
TREE 

GENESIS NEURON 
NEMO- 

SYS 
NODUS SABER SPICE 

Version 1.4 2.36 2.0 3.2 3.0 3.2  

Author Y. Manor Caltech M. Hines 

UC 
Berkeley 

E. De 
Schutter 

Analogy 
Inc. 

UC 
Berkeley 

Type 

neuron, 
axon 

circuit 
neuron + 

network neuron neuron 
neuron + 

network 

general 

simulator simulator 

Operating 
system unix + X unix + X unix, PC, ... unix + X Macintosh 

VMS, 
unix, PC, 

... 

VMS, 
unix, 

Mac, ... 

Interface graphic 

script or 

graphic 

script + 

equations 

files + 

graphic 

dialogs + 

buttons 

script + 

equations file input 

Source 

code yes (C) yes (C) yes (C) yes (C) no no yes (C) 

User 
extensions no yes yes yes no yes no 

Online 
graphics image 

XYgraph, 
image Xygraph 

XYgraph, 
image Xygraph no no 

Docs minimal minimal minimal minimal yes yes yes 

On line help no yes no yes no yes yes 

Tutorials no yes yes no minimal no no 

Import 
morphology minimal minimal minimal minimal yes no no 

Integration 

method implicit implicit/expl implicit implicit explicit 

implicit/e

xpl 

implicit/e

xpl 

Initial value 

storage yes yes no no yes yes no 

Model error 

detection minimal minimal yes minimal yes no no 

Automatic 
lumping dynamic no no no optional no no 

Ionic 
channels 

only 
Hodgkin yes yes yes yes yes 

minimal 
Huxl. 

Synaptic 
channels no yes yes yes yes yes minimal 

Synapse 

plasticity no minimal yes no no yes no 

Concentrati

on pools no yes yes no yes yes no 

Enzymatic 

kinetics no no yes no no yes no 

Networks no yes minimal no minimal yes yes 

Best 

features 

image, 

interface 

scripts, 

scope 

speed, 

scope 

graph 

interface 

user 

interface 

scripts, 

scope 

passive 

models 

Table 1: Seven software packages for simulating single neurons 

 



Contact addresses 
0. AXONTREE: I. Segev, Dept. of Neurobiology, Hebrew University, Jerusalem, Israel. fax: 972-2-666804; 

e-mail: idan@vms.huji.ac.il 
0. CAJAL: E.K. Blum, University of Southern California, Loas Angeles, CA 90089. e-mail: 

blum@pollux.usc.edu 
0. GENESIS J. Macias, Div. of Biology 216-76, California Institute of Technology, Pasadena, CA 91125. 

fax: 818-7952088; e-mail: genesis@cns.caltech.edu 
0. NEMOSYS: J, Miller, MCB Dept., University California, Berkeley, CA 94720. fax: 415-4234980; e-mail: 

jpm@cicada.berkeley.edu 
0. NEURODYNAMIX: W.O. Friesen, Dept. of Biology, University of Virginia, Charlottesville, VA 22901. fax 

804-9825626; e-mail: wof@virginia.edu 
0. NEURON: M. Hines, Dept. of Computer Science, Yale University, PO Box 208285, New Haven, CT 

06520-8285. fax: 203-432-3440; e-mail: hines-michael@yale.edu 
0. NODUS: Dr. E. De Schutter, Born Bunge Foundation University of Antwerp - UIA Universiteitsplein 1, 

B2610 Antwerp, Belgium, fax: +32-3-8202541 
0. SABER: Analogy, Inc. PO Box 1669, Beaverton, OR 97095. tel. 503-6269700; e-mail (uucp) 

sun!nosun!analogy!aacl 
0. SPICE: EECS Industrial Liason Program, University California, Berkeley, CA 94720. tel. 510-6436687. 
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