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The CombeChem
Project

End to End linking of data and information
Laboratory to publication and back again
Very long data chains can be involved e.g.

from a chemistry lab to mouse genetic
expression

The exponential world of combinatorial
synthesis and high throughput analysis meets
the exponentially growing power of computing
“Automation, Semantics & the Grid”
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Plan & 
COSHH

Digital Model

Information
Integration

Report

Knowledge
Goal

Literature

Synthesis

not just one laboratory 
but many co-laboratories

working together

Analysis

Smart Laboratory

Smart Storage Smart Dissemination

CombeChem Data and Knowledge Cycle
End-to-End Management 

Smart HCI
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e-Science
 ‘e-Science is about global collaboration in key areas of

science, and the next generation of infrastructure
that will enable it.’

John Taylor, DG of UK OST

  ‘[The Grid] intends to make access to computing
power, scientific data repositories and experimental
facilities as easy as the Web makes access to
information.’

Tony Blair, 2002
 What is the web?
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The concept of
Publication@Source

Trace all the way back from publication
to the original data – provenance

The data is the key - DataGrid
Start as you mean to go on – ELNs are a

necessity
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Observations are never
collected on note pads,

 filter paper or other 
temporary  paper for 
later transfer into a 

notebook

If you are caught using the 
“scrap of paper” technique, 

your improperly recorded data 
may be confiscated by your TA
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Lab books are a big block to
publication@source: if it’s not
digital, it is more difficult to share

Need a usable digital lab book. Design by
analogy to help Chemists and Computer
Scientists work together.

Only some
equipment is
networked

This is where it all
starts: The Lab &
The Lab Book
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COSHH
leverage off things we already have to do

Perhaps computational chemists should be made to do the same!
Statistical modelling and design requires planning to be most
effective
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There is a potential
containment
problem in pulling
back partial RDF
graphs from the
triple store.

Solved by using
multiple triple
stores but
boundaries are a
major issue for the
future.
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Architecture
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The Laboratory
 Capture information from

places you would not want to
put your eyes

 Capture environmental data
automatically

 Capture people and
movements

 Provide this information in
real time as well as for the
laboratory record
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Data Source

Archive
Client

Web
Client

Mobile
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Data Source

PDA
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Broker

Translator
Service

Pub-Sub systems provide the flexible &
extensible approach to distribution

BLOG
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Temperature – room, laser

Door & interlock, Motion Sensors

Air Conditioning failed
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Databases - Our experience

What do you do when the actual users keep
changing their mind?

Is a traditional relational database suitable?
Danger of re-enforcing scientific bias against

relational database for laboratory data.
RDF & Triple stores were again the solution
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RDF/RDFS
High level
Schema for
chemical
properties
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Property in
RDF

 <c:OrganicMolecule
rdf:about="file:///storage/ba8efc2ce0edada69d63b02d1b8630c6.rdf">

 <c:has-inchi>1.12Beta/C12H13NO2/c1-2-15-8-9-5-6-11(14)12-10(9)4-3-7-
13-12/h1H3,2H2,3-7H,8H2,14H</c:has-inchi>

  <c:has-cas>22049-19-0</c:has-cas>
  <c:has-empirical-formula>C12H13NO2</c:has-empirical-formula>
  <c:has-stereocentres>0</c:has-stereocentres>
  <c:has-property>
   <c:MeltingPoint>
    <c:has-information>
     <c:Information>
      <c:has-value>150
         </c:has-value>
      <c:has-uncertainty>
       <c:Range>
        <c:has-value>16
          </c:has-value>
       </c:Range>
      </c:has-uncertainty>
     </c:Information>
    </c:has-information>
   </c:MeltingPoint>
  </c:has-property>
 </c:OrganicMolecule>

 <rdfs:Class rdf:about="&c;OrganicMolecule">
         <rdfs:label>Organic Molecule</rdfs:label>
         <rdfs:subClassOf rdf:resource="&c;Molecule" />
 </rdfs:Class>

 <rdfs:Class rdf:about="&c;PhysicalProperty">
         <rdfs:label>Property</rdfs:label>
 </rdfs:Class>

 <rdfs:Class rdf:about="&c;PartitionCoefficient">
         <rdfs:label>Paritition Coefficient</rdfs:label>
         <rdfs:subClassOf rdf:resource="&c;PhysicalProperty" />
         <rdfs:description>Ratio of substance dissolved in octan-

1-ol and water
</rdfs:description>

 </rdfs:Class>
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Triple Stores - The Heart of the Semantic Web
Scaling - 3Store response

Memory leak in testing
program!
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Scaling the triplestores
Moved from…
A model of harvesting data from multiple

sources into one scalable store
to
A model of distributed RDF sources and

caching what is needed for the task at
hand into multiple stores fit-for-purpose

The Semantic Web!
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 Very Complex RDF
 Use a graph-based model.

 Base on RDF ideas
 Actual data is stored as a graph

Contrast with models like E-R, where the graph “models”
the data, rather than actually being the data.

A node in E-R might be “customer”, and represent the class
of entities that are customers, rather than any specific
customer.

 The pseudograph model:
 Each node is a datum.
 Each edge denotes an association/attribute/property.
 Nodes can be grouped into nodesets, which are also

nodes.
A node may be in more than one nodeset.

 A node-edge-node triple can also be a node.
 Main difference from RDF is an attempt to build

reification into the model.
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 The edge with the attribute name set_attr_1 is an attribute of a nodeset.
 The edge with the attribute name triple_prop is an attribute of the above

edge.

13

20

temperature

angle

set_attr_1

triple_prop

Nodeset

Nodeset

The “nodeset” has attributes
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Experiments on the Grid

National Crystallography
Grid Service
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Security and
trust for
experiments
and data

Role based
authorisation
needed for
experiments
not entirely
the same as
for
computers
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NCS Grid Service
Architecture
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HTP Portlets

HTP Portlets

Browser

HTP
Database

Data Unpack 
Script

Hibernate
(-> JDBC )

CLI / Perl /
Python ?

HTP Server

Tomcat Servlet Container

HTP Architecture (First Prototype )

Lab Server

Results Data 
Pack Script
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Upload ZIP file

Launches

CLI / Perl /
Python ?

Experiment PC

Experiment Driver
(e.g. XAFS )

Filesystem

Drives

XAFS

Manual Copy

User

Drives

Using ideas from the
NCS Grid Service
we have produced a
prototype for a high
throughput catalyst
experiment involving
array samples
investigated by
Raman, MS, EXAFS
with the samples
manufactured at one
site and tested at
several others

HTP Sample Tracking
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Dissemination
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A Data-Rich Subject – the
Crystallography Problem

ClO

N

30,000,000

1.5,000,000

450,000
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The eCrystals Data Archive

http://ecrystals.chem.soton.ac.uk
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Access to the underlying
data
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SVG “active”
graphics

Link to data, follow links
back to the raw data
archive

Link to simulation, full
simulation data archived
in BioSimGrid

 

R4L

Paper organized
using RDF
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Need for a data archive in the
laboratory

Not just the published spectra!
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The R4L Repository
Deposit

Search
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Several groups making and
analysing the library Administrative
Domains transfer or share the data

Researcher
National
Archive

Research
Group Institution International

Database

Research
Group
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Summary:
Making sure other people can find,

understand and re-use your data easily
and with confidence (even when there
is a huge amount of it!)

Make use of Plans to inform the digital
context - metadata in advance

Have concern for the “End-to-End life
cycle” of chemistry information from the
start.

Understanding Usability and Human
Computer Interaction is vital for
adoption
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Summary:
Is the semantic web/grid enough
It is sufficient to evolve and improve

the practice of chemistry
It is not enough - ‘Pictures are worth a

thousand words’ more like 10,000
words of metadata

The Semiotic Web will be needed to
improve the communication of models
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Information
Providers

Information
Consumers

All I am saying is that now is the
time to develop the technology to
deflect an asteroid
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www.combechem.org


