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Abstract

We describe a software-engineering strategy called the ‘View-Primitive Data Model framework’ (or
‘VPDMTY’) derived from the design of leading commercial software engineering tools. We describe a
prototypical implementation of the strategy and its use within neuroinformatics. We present the argument
that the only way to fulfill on demands for reliable, easy-to-use software by non-computational
communities of neuroscientists is for developers within neuroinformatics to adopt and contribute to
approaches such the VPDM{f under the open-source paradigm. We present the VPDMTf as one such
development opportunity.
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Introduction

The development of neuroinformatics systems may be accelerated enormously with the use of malleable,
cheap, reliable, well-documented tools that could automate the software development process. We describe
a computer-aided software engineering (CASE) approach called the ‘View-Primitive Data Model
framework’ (or “VPDMT{’). This system generates a representation of a data model of relational, object-
relational or object-oriented systems for subsequent manipulation and use. The core of the VPDMT( that
captures the design of a data-model is based on the constructs and definitions of the Universal Modeling
Language (‘the UML’, [1]), which is widely becoming a de-facto standard for object oriented system-
modeling and design. After the data model of the system of interest has been captured, users may define
‘views’ which act as complex encapsulations of data within the system. Views are constituted by several
‘primitives’, so that the cardinality of all parts of the primitive is conserved (i.e., if a primitive was derived
from data from several relational database tables, the data from each table would have the same number of
entries). Views may be linked within a ‘vGraph’ representation, so that each view may be considered as a
node in a graph, where the overlap, containment or associations between primitives defines the graph’s
edges. These concepts are illustrated in the schematic below:
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Figure 1: The basic design of the VPDMf. The data model is made up of classes from the UML which are
sampled to provide primitives making up views. The overlap and interaction between primitives determines
the composition of the vGraph.

The primary purpose of this methodology is to accelerate the development of neuroinformatics systems.
This is provided by forward- and reverse-engineering methods, allowing rapid turnaround between the
testing, and design phases of project work. An earlier implementation of this system was based entirely on
relational databases and was designed to permit data mediation between different systems [2].

Methods

The VPDM framework is implemented as a fully open-source project within the Sourceforge open-source
development system. Sourceforge provides a web portal for open-source software development including
software for versioning, release-, user-, bug- and documentation-management. At the time of writing
(October 2001), Sourceforge administers 29608 projects. The URL for project website is
http://vpdmf.sourceforge.net and project page within Sourceforge may be found at
http://www.sourceforge.net/projects/vpdmf.

Results

The design of the system’s forward- and reverse-engineering capabilities is described in Figure 2. The core
set of libraries provides a non-specific representation of the VPDMT (i.e., a data model, views, and
vGraphs) that must be populated by loading a data-model from an appropriate source. This source may be
a live database system, a database schema, a general data-schema document (such as a Rational Rose
Model file), or code for an object-oriented system (such as a Java file). The VPDMTf performs translations
and data checks to confirm the validity of the data. The user may specify the delineation of views by
identifying the constituent elements of each primitive and how primitives link together. This is done in a
generic file format that contains no implementation-specific information other that the names of tables,
classes or entities comprising primitives.
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Figure 2: The variety of channels available for schema upload and download within the VPDMf.

Once populated, the core VPDMT system may use different subroutines within the component libraries to
generate and execute implementation-specific source code from the generic VPDMT{ representation. This is
a very general approach that has the capability of translating schema from many different types of schema
sources to many different types of functional systems. We describe an illustrative case demonstrating
forward engineering of a simple UML model from a Rational Rose *.mdl file to a Microsoft Access
Database with an web-based user interface, implemented using Active Server Pages (ASPs).

The UML design of the system is expressed as a class diagram in Figure 3. The attributes of the
‘publication’ class are derived from the so called ‘Dublin core’ metadata set as a compact representation of
the information required to reference a publication as an unambiguous citation [6]). Each publication has an
n-to-n association with the ‘person’ class denoting the paper’s authors. Each fragment object contain a
datum of information as it appears within the original source material. The ‘textual fragment’ class is a
specialization of the fragment class. Each publication instance may contain several fragment instances.
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Figure 3: A simple example of a VPDMf schema expressed in the UML, see text for description.

In order to translate this model to a relational schema, we require that each class in the model maps onto a
relational table. Each class is given a primary key and additional classes may need to be added to the
schema to accommodate the n-to-n relationships within the model. Finally, foreign keys are generated to
provide the substrate for references to associations, typed attributes and inheritance relationships. When
complete, the VPDMT{ generates the schema shown in Figure 4.
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Figure 4: A relational database implementation of the design shown in Figure 3.

In conjunction with the generation of the database, the VPDMT acts to encapsulate the data and then present
it to the user in a straightforward and convenient manner. Figure 5 shows an HTML mockup of the user
interface of a VPDMT{ system. The right panel houses a form that can be used to modify data within a
typical publication view. Note that data on the line with the ‘Authors’ label is derived from the person table
within the database and has a cardinality of two (i.e., data from two people are represented there). Note
how the two primitives (derived from the publication and person tables) appear seamlessly within the same
view. The left frame of the page shows a tree-based traversal of the vGraph, illustrating all the fragment
views contained within the publication.
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Figure 5: Screenshot from an artificial mockup of HTML pages generated by VPDMf. These pages may be
provided dynamically.



Discussion

Neuroinformatics is an applied field of computer science, requiring software solutions that impact and
enhance the work of non-computational biologists. If the subject is to realize its potential,
neuroinformaticians must be able to develop software solutions that operate reliably and understandably, at
the heightened level of precision needed to accommodate the academic rigor of scientific research and at a
fraction of the cost of commercial solutions.

It is unfortunate that the financial resources generated and required by the software industry are an order of

magnitude higher than those generally provided for academic research, leading to the situation where the
tools and programming expertise required to build software adequately are not available to the majority of
academics. The open-source community provides both programmers and tools at zero cost, permitting the
generation of powerful, community-based software that can compete and in some ways surpass commercial
products [5]. Within this paper, we present the following argument: firstly, that the open-source
methodology is ideal for development work within the discipline of neuroinformatics; secondly: that
community-based computer aided software engineering (CASE) systems may provide a uniformity of
approach that facilitates the much-desired quality of interoperability between neuroinformatics systems and
finally, that the tools described in this paper deliver on both these promises.

Scientists often require an understanding of the inner workings of all parts of their experimental apparatus,
including the algorithms they use to analyze and manipulate their data. By its nature, open source software
actively encourages users and developers to understand and modify source code at the level of the
algorithm. This provides users with unparalleled control over the implementation of software. The work is
performed within a distributed development community that is actively committed to enabling users to
understand the source code providing expert feedback and help with technical issues.

The core of the VPDMT{ is based on the constructs and definitions of the Universal Modeling Language
(‘the UML), which is widely becoming a de facto standard for object oriented system-modeling and
design. Although common in industry, broad adoption of CASE software in academia is slow (due mainly
to the high cost of these products). An example of a leading academic visual design CASE tool is
ArgoUML. It is completely open-source and provides an excellent alternative approach to Rose, but at
present has limited forward and reverse engineering capabilities. The Protégé 2000 system provides another
alternative with an large user base [4].

One additional important limitation of commercial or large-scale projects is the ease with which they may
be adapted by individual users for their own coding purposes. The VPDMT( is a fully extensible scripting
library that can work in conjunction with existing applications to unify components of a system to a given
data model. The system is based on a library of input/output extensions that may be freely written or
adapted by users to reverse-engineer or generate source code for their own programs.
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