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Abstract. The CombeChem e-Science project has demonstraetitantages

of using Semantic Web technology, in particular R&¥e triplestores, to de-
scribe and link diverse and complex chemical infation, covering the whole

process of the generation of chemical knowledgenfinception in the syn-

thetic chemistry laboratory, through analysis @& thaterials made which gen-
erates physical measurements, computations baséuisodata to develop in-
terpretations, and the subsequent disseminatidgheoknowledge gained. The
project successfully adopted a strategy of capgusemantic annotations ‘at
source’ and establishing schema and ontologiesdbzlesely on current opera-
tional practice in order to facilitate implementatiand adoption. The resulting
‘Semantic Data Grid’ comprises around 45 million RBiples across multiple

stores.

1 Introduction

This paper reports on our experiences in buildir@emantic Web infrastructure for
chemical research as part of the CombeChem prhjedied by the U.K. e-Science
programme. We set out to use the available Gridsamdaantic technology to support
the entire chemical research sequence. This typistdits from an experiment pro-
ducing data, which is then searched for relevattepss, which lead to results, con-
clusions and publications and which in turn leadButther experiments. All progress
depends on individual scientists building on theuhes already produced by others.
While in the past this process has served the sgieammunity well, it is now in
danger of paralysis from the sheer quantity of dmtimg produced [1]. We consid-
ered it essential that semantic support be intredwat every stage in the process to
facilitate automated mechanisms for research stppooviding an infrastructure
where complex applications and services can beogleglwith minimal manual inter-
vention [2,3]. This level of automation is requireddeal with the increasing rate at
which scientific data is being generated and néztte processed if the integration of
the data and its transformation into informationl &nowledge is to keep pace with



the generation of the data. We describe our soluwdi® a “Semantic Data Grid” as
considered from a Grid perspective in [4].

Our architecture has been designed to enable igBecapture of both data and
metadata at the earliest opportunity during therdtic investigation. [5] Once cap-
tured the material is maintained and organized @raverses the virtual organisation
that represents the whole Chemistry community melin converting a new piece
of data into accepted chemical facts and knowle@e&. methodology has been to
draw as far as possible on established chemistagtipes and then augment them.
Our principle is that by constructing schema antblogies based on current opera-
tional practice we have a solution that is knownwiark, and we regard this as an
essential first step to facilitate deployment addgion.

In section 2 we explain our use of Semantic Wediditey us to the Semantic Data
Grid. We then go on to explain our implementatiowd @&xperiences in Section 3,
illustrate the system by focusing on two partse-‘tBmart Lab” and the large store of
chemical descriptions. The conclusions and futurekviamrm Section 4.

2. Semantic Web Approach

To enter this semantically-described world we adbptgolicy that we call “annota-
tion at source”, recognising that the digital wonlecessary to implement our vision
must start as soon as possible in the informatiainc For example, the CombeChem
project set out to support the relatively smallklsazeeds of everyday scientists in
recording experiments. This resulted in an interegthe Electronic Laboratory Note-
book (ELN) research area as part of the overall qurtceprovide effective semantic
support for experimental and computational scienidere the “annotation” starts in
the safety plan before the experiment has evenrbegu
We set out to provide comprehensive semantic stpothe whole spectrum of
chemistry research in as transparent a fashiorossilpje, adopting RDF to capture
the semantic content and describe the scientitig. dafundamental part of this strat-
egy was to study established practice in the field to introduce as few changes to
normal everyday working practice as possible. Thas wart of the objective of cap-
turing as much metadata at source (i.e. as itnemged), completely automatically.
We adopted the additional premise that it wouldriygossible to predict in advance
the way that data would be accessed and used, flerif#®lity of use was a funda-
mental objective. This led directly to the requirenthat the information infrastruc-
ture to hold this data and metadata should be asrgkeas possible. We adopted the
InChl (a character string that uniquely describesoeganic molecule based on its
structure) as our shared identifier [6].
In summary our design approach adopted four priesip
1. Grounding in established operational practice — starting point is to study
chemists at work;
2. Capturing a rich set of associations between pkdyof things, expressed per-
vasively in RDF and hence explicitly addressinggharing of identifiers;
3. Metadata capture should be automated as far atbfgosour goal is augmenta-
tion not disruption;



4. Information will be reused in both anticipated amdnticipated ways.

Other approaches to the problem include the WorldéAVolecular Matrix [7],
while the Collaboratory for Multi-Scale Chemicali&@we [8] is developing an in-
formatics-based approach to synthesising multiesdafiormation to create knowl-

edge.

3. Implementation

3.1Smart Lab

The back-end of the Smart Lab [9] system consista database which stores the
details of the experiments, and presents a quéeyfate for interrogating the datas-
tore. The data for the experiment is stored in arRiple store based on Jena [10],
and is accessed by the front-end applications girauSOAP-based query interface.
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Fig. 1. Fragments of the RDF graph, showing the distindietween Plan and Record.

We have developed three primary applications: amiey tool, which is used to
set up the plan and ingredients for the experimanyeigh-station/liquid-measure
application, used for recording the quantitiesrgfredients actually used, as an ex-
ample of a measurement device; and a "bench" apigic used for making notes
and annotations on the plan while performing thpeexnent. The methodological
approach is described in [11]. The latter two apgpions we have implemented on a
Tablet PC, to be carried around in the laboratorye @ilwrrent prototype planner ap-



plication is implemented as a set of dynamic, fdvased web pages. The "smart lab"
system is modular. For instance, other measured®iites, such as a digital camera
or a formatter for adding mass spectrograph rengsjican also be added to the
system in the same way as the weigh-station ajpiglica

The functional core of the SmartLab software is th&ea library. This library pro-
vides abstraction of the low-level RDF data streesukept in the triple store, and
queried and served by the ModelServer. The prograginiterface (API) for libtea
abstracts away some of the details of the undeylRBDF structures from the pro-
grammer, and presents a simpler interface for stentlard" structures and properties
encoded in the base SmartLab ontology. It doeshostever, explicitly hide the RDF
from the programmer, so if it is necessary to ada fieatures or structures to the
schema, it is possible to do so in a flexible manmighout having to add support
directly to libtea. The libtea API presents a sebbjects to the programmer, each
object representing a different concept within RigF structure, and encapsulating a
subgraph of one or more triples.

3.2Triple Store

The digital record from the Smart Lab data then faéetisthe scientific data process-
ing. The creation of original data is accompaniedirtigrmation about the experi-
mental conditions in which it is created. There tlieifows a chain of processing
such as aggregation of experimental data, seleofiarparticular data subset, statisti-
cal analysis, or modelling and simulation. The hengdbf this information may in-
clude explicit annotation of a diagram or editirfgaadigital image. All manipulation
of the data through the chain of processing iscéiffely an annotation upon it and the
provenance is explicit. The annotations are requioede machine processable, and
useful for both their anticipated purpose and operable to facilitate subsequent
unanticipated reuse. This is achieved by RDF begegl uhrough the system. At the
time of writing there are 45 million RDF triples the Combechem triplestore. The
current target is about ten times this number,asgmting a very substantial Semantic
Web deployment.

Figure 2 shows the schema for the CombeChem databgised around chemical
properties. Objects are marked as ellipses, ttmvarshow how predicates link ob-
jects together, and rectangles are literal values.

We evaluated several triplestores and adoptede3fl@l because it has good scal-
ing properties. Additionally it is easily batch perl scriptable, supports RDFS, and it
can use RDBMS tools for maintenance of data (eagklps and migration) as all
application state is held in the database. 3stgppats the SPARQL query language.
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Fig. 2. The schema for the CombeChem Semantic Data Grid

We have succeeded in feeding approximately 80anilliiples into the triplestore.
Queries remain responsive, but data import perfooméhas begun to degrade, i.e.
reassertions of the RDF schema are taking a long. tiVrite performance on large
stores is known to be a challenging issue and weetwisage how a single large
triplestore with frequent insertions would be umatd cope with potential demand.
80 million triples equates to a reasonably-sizeehubal dataset, but could easily be
doubled or trebled when populating with computedpprties. Hence we are now
contemplating alternative ways of partitioning amdintaining the triples across
multiple stores. Progress is also now being madeking the RDF structures for
the molecular properties and those describing #tpe=rments from the ELN, tied
together by the molecules URI.

Figure 3 illustrates one interface to this dataefteped in the eBank project [13].
The information contained within an entry in thigtdve is all the underlying data
generated during the course of a structure detatioim from a single crystal x-ray
diffraction experiment. An individual entry consisif three parts: core bibliographic
data, such as authors, affiliation and a numbehemmical identifiers; data collection
parameters that allow the reader to assess ahagytaertain aspects of the crystallo-
graphic dataset; files available for download (sigations of the raw data, the raw



data itself, experimental conditions, outputs fretages of the structure determina-
tion, the final structural result and the validati@port of the derived structure).

4. Conclusions and Future Work

RDF has been shown to be an effective method faludag highly detailed chemical
data, allowing it to be indexed in a persistendléstore such that it can be searched
and data-mined in useful ways. The triplestore @8 reached a viable state with
further addition of chemical properties as an onggirocess. We are now beginning
to develop automated calculations using the maajlable structures and to store the
results alongside all the details of the computetithat produced them. Beyond that
we can achieve high-throughput data processingbagih to develop new models
based on those computations.
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Fig. 3. The eCrystals interface.



The ELN proves to be an excellent model system fontheting of the semantic
chemical grid descriptions of materials and sewviséth the pervasive environment
needed to capture the information within the soded®ratory. We are currently
conducting more investigations in the use the shabrsystems in an active synthetic
organic chemistry laboratory looking at the use esise of information captured
using our systems. The studies will soon be extendeidvestigate the pervasive
aspects of the grid looking at the use of handbgdlems (e.g. PDA, tablets) systems
vs. distributed computers in different positionshivi the laboratory.

More work is required to build up the chemical dogyy to the level comparable
with the XML structure provided by CML. In the INCkIe have a computable URI
for organic molecules, but this leaves large acda®mpounds (inorganic, mixtures,
materials etc.) without adequate URIs of this fovkfe have seen in the need to pro-
vide an RDF structure for units that the processladcribing a piece of scientific
data, with all the necessary descriptions and prawee, propagates requirements out
in an extensive net, meeting though with other domavhere we can link up with
other semantic descriptions. An area which demaapgl attention because of the
importance of unhindered and accurate informatiow foetween different knowl-
edge domains, is the need to integrate the cherialogy with for example the
LSI identifiers is a part of the whole processedirdding Bio- and Chemical Infor-
matics, to aid for example drug modelling (sampid eodel selection in QSAR) and
on to the larger spatial scale of the environmalhtof which are major purposes of
our current investigations.

We have also commenced an exploration of captwsaigntific discourse within
the Data Grid, fully linked in following the pubition@source approach. This in-
cludes materials from meetings and videoconfereraed is achieved through the
use of meeting support tools which capture semantiwtation following a similar
approach to the smart lab. [14]

The importance of provenance cannot be overstateaot just with respect to un-
derstanding where information has come from, butriderstanding how to interpret
it. An item of information is rendered almost ussléf the details of the provenance
are not known (in practice this leads to experimém@ing unnecessarily repeated).

Our principle of pragmatism has brought us a lomy w this is a significant piece
of the Semantic Web. In a sense, we are now readhegin! We have benefited
from flexible associations and from the sharingdeintifiers, and from graph queries
and chaining in the triplestore. Much of the powéthe Semantic Web that comes
from ontologies is yet to be explored. Also at tleisel we see opportunities for use
of rules as these solutions emerge within the Saméreb stack.
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