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Most data is never published



Most data is never published

Time / Effort / Difficulty

Competition

Why would anyone want my data?



Most published data is unusable

Virtually unreadable

Totally undiscoverable



Supporting information can require massive effort



Some disciplines are better than others...



... but not CompChem

PDF destroys data



Virtually no data published at all



The Problem

• No standard way to archive or search the data from CompChem calculations; 

valuable data festers on disk.

• There isn‟t even a standard data format (despite the data being rigorously 

defined) so each computational chemistry code needs specialised tools to 

understand its output.

Generate data

from scratch

Expensive

computation

Cumbersome

data format
Black hole



The Quixote Project

• An Open Source, Open Data international collaboration, based entirely in 

the internet started following a CECAM meeting in Zaragoza:

http://neptuno.unizar.es/events/qcdatabases2010/

• Three key ideas:

• scientific data (and ideally codes too) should be "open"

• a standard data model/format is a Very Good Thing

• universally accessible and open databases of the results of calculations are 

scientifically highly valuable.

• Aim:

• create a useful infrastructure and consolidate the model around the tools



The Quixote Project

Countless CPU-hours are spent calculating data most of which is “archived” 

(discarded?) ... never to be found again

Data is the bread-and-butter of computational chemistry, yet most of it is 

never seen by the community

• Lots of people have tried to solve the problem of QC interoperability, but no one 

can agree on a solution.

• Quixote is… an internet-based, international community of scientists, 

passionate about open-source and open-data, looking to solve the problem in a 

bottom-up, pragmatic way.

...

Build it, and they will come.



The Quixote Project

• Standard Data Model:

• different codes can interoperate to create complex workflows.

• tools (e.g. GUI's) can operate on the input and output of any code.

• Open results databases:

• codes can be easily validated and benchmarked

• are essential for the development of new methods

• avoid costly duplication of results

• provide a valuable resource for data mining

• a straightforward way of archiving / publishing



The Quixote Project

• Mailing lists + Wiki

• Skype meetings, Collaborative authoring: EtherPad

• No funding... 

Just enthusiasm

• Engaging with existing

Open Source projects

• Daresbury workshop

late March 2011
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Pablo Echenique Zaragoza

Noel O'Boyle University College Cork

Weerapong Phadungsukanan Cambridge

Marcus Hanwell Kitware, Inc, NY

Jorge Estrada Zaragoza

Egon Willighagen Karolinska Institutet

Sam Adams Cambridge



Chemical Markup Language

eXtensible Markup Language (XML) vocabulary for Chemistry

One of the earliest XML dialects... over the past fifteen years has become the 

de facto XML standard for chemistry – accepted by publishers and the open 

source and commercial software communities.  Supported by well over 1 million 

lines of Open Source code.

<molecule xmlns=“http://www.xml-cml.org/schema”>

<atomArray>

<atom id=“a1” elementType=“C” formalCharge=“0” />

<atom id=“a2” elementType=“O” formalCharge=“0” />

<atom id=“a3” elementType=“O” formalCharge=“0” />

</atomArray>

<bondArray>

<bond id=“b1” atomRefs2=“a1 a2” order=“2” />

<bond id=“b2” atomRefs2=“a1 a3” order=“2” />

</bondArray>

</molecule>

Example CML supporting tools:

• JUMBO / JUMBOConverters

• ChemDraw / ChemBioOffice

• Open Babel

• CDK

• Microsoft Word



Dictionaries and Conventions

• Conventions:

• molecular

• cmlcomp

• crystallographic

• Dictionaries:

• units

• properties

• data types

Documentation:

http://www.xml-cml.org/

Validator Service: 

http://validator.xml-cml.org/

Impose data models and

semantics on sections of 

CML documents



Dictionaries

<entry id="counterpoiseEnergy" cmlx:name="counterpoiseEnergy" cmlx:type="xsd:float" 
cmlx:definition="energy calculated by the Counterpoise method; differentiate from Counterpoise 

keyword which takes an integer"
cmlx:description="Counterpoise method resultant energy" cmlx:superclass="property">
<h:p class="manual">

See <h:a href="http://www.gaussian.com/g_tech/g_ur/k_counterpoise.htm">Gaussian09 online manual</h:a>

</h:p>
<h:p class="notes"><h:pre>
Example:
Counterpoise: corrected energy =   -2660.083831739527
Counterpoise: BSSE energy =       0.003902746890
</h:pre> 
Units are not specified, we guess they are ???
</h:p> 

</entry>



JUMBO-Converters

Legacy

File

Syntactic

„Raw‟ CML

Semantic 

„Complete‟ CML

CIF

GAMESS-UK

GAMESS-US

GAUSSIAN

NWCHEM

Reflects structure of

legacy input format
Properties and parameters

are referenced against

application specific dictionaries

Loss-less transformation

Data re-factored to fit

standard data model
Where possible properties

and parameters referenced

against standard dictionary



CrystalEye

ACS

Nature

RSC

IUCr



Lensfield

http://como.cheng.cam.ac.uk/cmcc/



CLARION

CHEM-0
repository

EmMa
Embargo Mgr

ELN

(IDBS)

Crystall-

ography

Files (CIF)

NMR

files

RDF  triplestores

+ chemical indexing

+ static web pages

CHEM-1
repository

Data Releaser

Publications

database

EmMa 

user

interface

External

Scientist

Internal

Scientist



Tools

Lensfield2

„make‟ for data

handles both file

*and*

code versioning

Java oriented

Chempound (chem#)

Semantic Chemical 

Data Repository



Chempound

Chempound stores

legacy and semantic files

indexed using RDF

linked open data:

the chemical semantic web



Vision



Fit existing workflows



Blue Obelisk

• An internet group dedicated to creating open interoperable 

resources for chemistry. Some of the software is the de facto

approach in specific sub-domains.

Open Data, Open Standards, Open Source

Reproducible science

cinfony



Summary

• Data drives science, but masses of scientific data is currently lost

• Publication needs to be easy – fit into scientist‟s existing workflows

• Lightweight, modular technologies

Faster Science, New Discoveries, Avoid Duplication, Improve Repeatability, 

Advertise Work, Better (communal) Tools, Funder Mandates, Improved Data 

Management

“rough consensus and running code”

– IETF  http://www.ietf.org/tao.html



Use existing tools
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The Quixote Project

http://groups.google.com/group/quixote-qcdb

http://quixote.wikispot.org/


