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Abdract

Neurostience poses a number of challenges to the conoept of
“ oftware and data as a servieg' advocated by Web Senvices A
primary one is the heterogendity of the data sources at a
conoeptual led.  In this paper, we desribe a knowledge
enginearing sydem (called ‘NeuroScholar’) that adts as a Web
Snice WS for knoMedge nmodds based on the published
neuroscientific literature It incorporates several exising web
snices into a framenork that empowers a neurosdentis to
represnt the neural bads of a preddined physological
phenomenon (eg. dress). This paper provides an overview of
NeuroScholar and outlinesitsfuture ressarch directions

1. Introduction

A Web Savice (WYS) is basad on the concept of * software and
daaasasavice'. Itsesenceisaremote procedure cal (RPC) thet
conaumes and processes some input data in order to produce
output data. It is a.concept that rendersweeb gpplications extensble:
By idertifying and combining WS components an organization
may repidy devdop a new web goplication. The new web
gpplication may condg of web sarvices that oan the boundaries of
sved (if not many) organizations

Neuroscience, the academic udy of how the brain works is
an ided WS glication. This gpplication domain suffers
massvely from information overload and heterogeneity [7]. Thisis
because the subject is extremdy complex with a large amount of
daa becoming avaldle due to the emagence of
‘Neuroinformatics as a disdpline [1] and there is little
dandardization within neurosdientific nomendature (see [11] for a
higoricd review). The emeging technology of web services
provides gandard methods of communication and consolidation
withimmediate, direct gpplicationswithin this subject.

We preset a knowledge enginesring environment for
neuroscientiss based on the published literature, thet seeks to
permit usersto synthesize new theories about how the brain works
[2]. Thisenvironment, cdled ' NeuroScholar', usesweb servicesin
three separae ways by (9) utiliziing exiding web sarvices, (b)
adting as a gpeddized web savice for its own content and (C)
meaking use of oftware enginegring todlsto automaicaly generate
web savice gpplications from a design spedfication. Within this
paper, we will introduce the NeuroSchalar gpplication and describe
how web sarvices offer a powerfu methodology for solving

problems that would othewise be intractable We will dso
detribe the date of implementation within the sysem and our
future reseerch directions

2. Approach

The NeuroScholar system itsdf is a prototypicd knowledge
engineering environment to enhance neurotientists capability to
make sanse of an extremdy complicated subject [2]. Our gpproach
is to provide essy-to-use tools thet permit non-computationd
ientigs to ancess and process heterogeneous data sources from
within our gpplication, 0 tha then, they can gynthesize the
product of these tasks into a dngle unified condruct: the
knowledge modd.

Initidly, they may manage their online library of downloaded
documents (we only support the use of Portable Document Format
files ‘PDF's, dnce they are universaly usad within the academic
phee). They may use a highlighting tod from within the
gpplication to any sHect text or figures of interest and then compile
a libray of text or imege fragments in a daabese (the
‘fragmenter’, see [6]). They may use any combingtion of a st of
Sedidized tools to build sructured representations based on the
humanreadable contents of the fragments These dructured
representations could be anything: editable maps of brain sections
flowcharts representing different experimental designs large scde
networks of interconnected brain regions, or neurd modding todls
(= [6] for two examples). The lagescde NeuroScholar
gpplication can use amdler goplications (written in Java) asplugins
as long a quitable adgptor dass is wrritten to link them to the main
goplication. The NeuroScholar sysem represants thee dda as
nodes in a grgph, permitting the rdationships between them to be
viewed aswdl (as edges linking the nodes). The vighility of types
of nodes and edges may be turned on and off, dlowing the user to
soutinize different combinations of data nodes and their
interrdationships
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Figure 1. Application Organization

Hgure 1 illugrates how the NeuroScholar sysem is organized.
Within this gpplication, we make use of avalable web-sarvices
within the plugin tools and spedidized form contrals One such
form contral (the * Artidle Robot') accesses the Nationd Library of
Medidne s PubMed Web Savice to lookup ditation information,
retrieve data and even asig end usrs to navigde to full-text
atidesfor subseguent download and fragmentation.

An example of aplugin tool that demondrates the principle of
NeuroScholar’s use of web savicesisthe Atlas Magpper. Thisisa
tool that dlows users to draw ddinestions of regions on Specified
sdtions of a bran alas [2]. This pamits neurosdentids to
accuratdy date where they bdieve a valume of brain tissue is
located in the gandardized framework of abrain alas Theimages
thet these ddinedtions are protected by copyright and there are a
totd of 73 separae alas levds [10]. A web-sarvice removes the
ned for any locd gorage of files and can be usad to provide low-
reolution imeges (with gppropriste copyright datements)
following the agreement of thar copyright owners We ervissge
web savices beng usd a dl levds of the NeuroScholar to
provide access to Sandardized data sts or named sarvices (uch as
dmulation or andyd's processes).

The daa ocontained within the centraized NeuroScholar
database (e FHoure 1) will be served to the endruser as a web
savice providing information concerning the deta of interest (see
[3] for a complete destription of the data modd underlying the
NeuroScholar system). This web sarvice could interact with the
NeuroScholar dient gpplication of any given user to examine the
work of dl users of the sysem, and could dso provide a range of
data srvices to anyone wishing to useit. Thiswould permit users
to examine the contents of the sysem without the need for the
spedidized plugins contained within the dient goplication.

Hrdly, the NeuroScholar sysem is huilt on a Software
enginegring framework cdled the View Primitive Data Modd
framework (or ‘VPDMT, [5]) thet operates on adatamodd design
to generate a database, a us interface and Smple non-gpedidized
web sarvices Such ageneratied system could be used to asa amdl
repogitories of locd dataor could serve as the template for amore
complex gpplication.

Orne of the reesons why web sarvices areided for the purposes
of the NeuroScholar gpplication is that different neuroinformatics
developers or groups tends to use a different datamodd (with the
exception of some dandard data formats such as NeuroML, [8]).
For exanple there ae sevad neuroinformatics databases
concaned with neurd  connectivity and esch one differs
ubdantivey in ther internd representetion ([4, 9]). If each of
these sydems presanted themsdves as a web sarvice within a
dealy ddfined namespace, then XSL-based trandformaion
gpproaches could draghtforwardy dlow deta to be mediated
between sources

3. Current Satus

At present, NeuroScholar is il a prototype gpplication. The
gysdem is functiond, but only one plugin (the Fragmenter) has
been incorporated into the sysem’simplementation. The sysem’s
behaviour as a web savice is dill in the dpha phese of
devdopment. The mog maure section of the sysem is the
VPDMf sysem builder, which is regularly used to build the test
gpplication used in devd opment.

4. Future Adtivities

Our goedfic god is to address red problems within
Neurosdience and to use that as a goringboard into developing
goplications for other disciplines To thet end, we are callaborating
with experimenta neurosdentids to invedigae neurd sysems
invalved in the phydologicad phenomenon of dress We ae
incorporating datisical andyds engines to paform inference,
condsency checking and data andysis The ultimate vison of this
work is that expeimentd neurodentids should be dle to
condruct modds of ther own knowledge within an online
ervironment  without having any eddized computationd
expatise They should be able to dhare these modds with each
other so that their idess can be undergtood, usad, tested and maybe
even adopted by other sdentigsin their modds
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