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Abstract

Modern software systems for simulation, database access, visualisation and data analysis, sup-
porting distributed, extensible, evolutionary development, are designed around a small core that
loads plug-in components. We have designed such a system for the neurosciences using an
XML-based protocol, NeuroML, to exchange information between components. NeuroML sup-
ports high-level descriptions of data, models, references, and other types of information. We
have built simulation kernel plug-ins, visualisation plug-ins, and model-description GUI plug-ins
which interoperate in this framework. We describe the current status of these plug-ins and our
future plans for further plug-in components. c© 2002 Published by Elsevier Science B.V.
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1. Introduction

We are interested in methodologies which will improve the ability of neuroscientists
to collaborate in exchange and development of data and models. There are two key
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technical requirements for supporting this kind of collaborative work. First, there must
be computational technologies to enable collaboration at the level of exchange of soft-
ware components, and we have been developing such methods over the last few years
[6,9]. Second, it is crucial for neuroscientists to have access to tools which support dis-
cussion, development and exchange of data, methods, and models, including databases
of models [1]. Recently, the methodological bases for these informational tools have
been developed. In this paper, we introduce the software architecture and reEne Neu-
roML, the XML-based protocol we have previously introduced [7]. We have built
simulation kernel plug-ins, visualisation plug-ins, and model-description GUI plug-ins
which interoperate in this framework. We describe the current status of these plug-ins
and our future plans for further plug-in components.

2. NeuroML

Software systems for simulation, database access, visualisation and data analysis in
neuroscience need to be developed by distributed teams in an extensible and evolution-
ary manner. Modern software systems with these needs are designed around a small
core that loads plug-in components. Integration between the components is provided in
part by protocols for exchanging information. NEOSIM [6] is such a plug-in framework
for simulation components that implement single-cell and ion-channel processes. The
Modeler’s Workspace [9] is a complementary plug-in framework for user-level com-
ponents such as databases, GUIS, and simulators. The Modeler’s Workspace uses Neu-
roML as the information exchange protocol, while NEOSIM uses NeuroML’s model
description features as the (machine-level) descriptive language mediating between
model-speciEcation components (e.g., a GUI) and computational simulation compo-
nents (e.g., a solver). Fig. 1 illustrates the architecture.

In Goddard et al. [7] we proposed a set of conceptual schemas for describing
models of neural systems, as an initial step towards NeuroML. We proposed that
model descriptions be given in a declarative form, so that models can be described by
database schemas, and simulated by encapsulated code modules. Models composed of
well understood and accepted components can be described merely by naming these
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Fig. 1. Module interfaces allow tools to interact without being tightly coupled.
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Fig. 2. A standard model description format allows exchange of models between simulators.

components. Database schemas can be created corresponding to these named compo-
nents. Simulation code modules which create and execute these components can be
written and invoked using the components name. We identiEed three key requirements
for these model-description components: clarity, portability and modularity, and intro-
duced a representational framework supporting these requirements. The representational
framework is based loosely on object-oriented programming concepts, and the particular
choice of Erst-level classes was inspired by the work of Gardner et al. [5].

This representational framework gives rise to NeuroML as an XML-based language
for describing concepts used in neuroscience. XML, the Extensible Markup Language
[2] is a language used to express self-describing, semi-structured representations of in-
formation. We use XML Schemas [10] to describe model templates, and actual models
are encoded in NeuroML using these Schemas. The XML Schemas ensure that model
descriptions in NeuroML adhere to the structural requirements of the model templates
and can support other software tools such as visual editors. Extensibility is provided
by allowing software developers and users to deEne new templates which refer to dy-
namically loaded code modules that implement the new functionality. The NeuroML
website, www.neuroml.org, contains current information about the models, code mod-
ules, and extensions to base NeuroML, which are available. It also contains toolkits to
aid developers and a facility for distributed sharing of models and modules along the
lines of Napster. Fig. 2 illustrates the value of this approach.

3. NEOSIM

NEOSIM is a framework to support large-scale multi-level modelling of the nervous
system. It:

http://www.neuroml.org
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(1) Allows plug-in of diIerent simulation components for simulation, visualisation and
I=O.

(2) Is speciEed in a way which allows running on workstations as well as networks
of workstations and parallel machines without having to write a parallel program.

(3) Is based on discrete event simulation.

The NEOSIM kernel provides just the basic support necessary for building and run-
ning large simulation models. All the interesting behaviour of model components is
provided by plug-in modules. These modules are intended to be developed indepen-
dently by diIerent groups, and can communicate with each other using the kernel
interface. For example, a model could be built using a visualisation component written
in one lab, a neuron simulation component from the NEURON simulator, another from
the GENESIS simulator and a number of home grown Java or C++ components. When
(and if) the time comes to scale up a model to more realistic sizes, the NEOSIM kernel
will support the distribution of the model onto multiprocessors, networked workstations
or parallel machines without having to modify the model description.

Plug-in components currently under development supporting NeuroML as a descrip-
tive language and the NEOSIM kernel for simulation runtime include:

(1) Single-cell solution engines derived from Catacomb [4] and NEURON [8] and
GENESIS [3].

(2) Single-cell model description GUIs from Catacomb and NEURON.
(3) Channel mechanism description GUI from Catacomb.
(4) Network structuring GUIs.
(5) Network-level structure and activity visualisation components.

For current information on the facilities available in NEOSIM, see the website
www.neosim.org.

4. Conclusion

The work described here has been motivated by the increasingly large-scale needs
in neuroscience for handling data and models. Structuring the exploding volume of
experimental data according to the models which use it is likely to lead greater syn-
ergy between modelling and experimental eIorts. NeuroML is a markup language that
can support, amongst other things, database information structure and simulation model
execution. The inclusion of an ability to interface imperitive code modules to the declar-
ative templates via a well-deEned, parameterised interface, provides a path for specu-
lative research-oriented structures to be supported and, crucially, to gradually migrate
into the standard model description language. For both database entries and simulation
execution, the model description capabilities are naturally extensible to support evolu-
tion of conceptualisation of brain function. Our major aim in this work is to facilitate
collaborative modelling work which requires the ability to share and reuse model com-
ponents developed at other times in other labs on other computational systems. We are

http://www.neosim.org
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well on the way to supporting these requirements, using the NeuroML-based tools for
description and the NEOSIM framework for execution.
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