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Overview	
  

•  Seman-cs	
  will	
  give	
  us	
  MUCH	
  beIer,	
  faster,	
  
more	
  usable,	
  scien-fic	
  knowledge	
  

•  The	
  revolu-on	
  is	
  comparable	
  to	
  railways,	
  
telephones.	
  	
  

•  We	
  scien-sts	
  must	
  work	
  together	
  to	
  create	
  
the	
  tools…and	
  network	
  

•  PLANNING	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  INVESTMENT	
  
	
  



Themes	
  

•  WE	
  can	
  will	
  change	
  the	
  world	
  
•  Formaliza-on	
  of	
  knowledge	
  is	
  a	
  community	
  
ac-vity	
  

•  Let’s	
  consider	
  some	
  communal	
  problems	
  in	
  
the	
  next	
  2	
  hours	
  

•  Open	
  Science	
  means	
  beIer	
  science	
  
•  We	
  want	
  OUR	
  sugges-ons	
  

	
  



Hackathons	
  



PMR	
  Timeline	
  for	
  Seman-c	
  Materials	
  
•  1994	
  1st	
  WWW	
  Conference,	
  Chemical	
  MIME	
  
•  1994	
  Chemical	
  Markup	
  Language	
  (HenryRzepa,	
  PMR)	
  
•  2001	
  UK	
  eScience	
  programme,	
  eMinerals	
  
•  2005	
  Materials	
  Grid	
  (Mar-n	
  Dove	
  group)	
  
•  2006	
  Blue	
  Obelisk	
  (Open	
  Source	
  chemistry)	
  
•  2006	
  Polymer	
  Informa-cs	
  (Unilever,	
  Nico	
  Adams)	
  
•  2009	
  Chem4Word,	
  OREChem	
  (Microsob	
  Research)	
  
•  2011	
  PNNL	
  mee-ngs	
  and	
  visit	
  
•  2012	
  Seman-c	
  Physical	
  Science	
  (Cambridge)	
  
•  2013	
  CSIRO	
  mee-ngs	
  and	
  visit	
  	
  
•  2013	
  LSU	
  LA-­‐Sigma	
  



The	
  Seman-c	
  Web	
  

"The	
  Seman-c	
  Web	
  is	
  an	
  extension	
  of	
  the	
  
current	
  web	
  in	
  which	
  informa-on	
  is	
  given	
  well-­‐
defined	
  meaning,	
  beIer	
  enabling	
  computers	
  
and	
  people	
  to	
  work	
  in	
  coopera-on."	
  	
  
	
  
Tim	
  Berners-­‐Lee,	
  James	
  Hendler,	
  Ora	
  Lassila,	
  The	
  
SemanAc	
  Web,	
  ScienAfic	
  American,	
  May	
  2001	
  	
  



Seman0c	
  web	
  (2006)	
  
	
  

•  I	
  think	
  maybe	
  when	
  you've	
  got	
  an	
  overlay	
  of	
  
scalable	
  vector	
  graphics	
  [...]	
  on	
  Web	
  2.0	
  and	
  
access	
  to	
  a	
  seman-c	
  Web	
  integrated	
  across	
  a	
  
huge	
  space	
  of	
  data,	
  you'll	
  have	
  access	
  to	
  an	
  
unbelievable	
  data	
  resource.	
  
Tim	
  Berners-­‐Lee,	
  A	
  'more	
  revoluAonary'	
  Web	
  
(2006)	
  

	
  



Linked	
  Open	
  Data	
  –	
  the	
  world’s	
  
knowledge	
  

•  hIp://upload.wikimedia.org/wikipedia/
commons/3/34/
LOD_Cloud_Diagram_as_of_September_2011.
png	
  	
  



Linked	
  Open	
  Data	
  –	
  the	
  world’s	
  
knowledge	
  

•  hIp://upload.wikimedia.org/wikipedia/
commons/3/34/
LOD_Cloud_Diagram_as_of_September_2011.
png	
  	
  



The	
  scien-st’s	
  amanuensis	
  
•  "The	
  bane	
  of	
  my	
  life	
  is	
  doing	
  things	
  I	
  know	
  computers	
  could	
  do	
  for	
  

me"	
  (Dan	
  Connolly,	
  W3C)	
  

Example:	
  A	
  seman-c	
  amanuensis	
  could	
  
•  Give	
  me	
  a	
  daily	
  digest	
  of	
  zeolite	
  papers	
  
•  Extract	
  all	
  the	
  structures	
  from	
  them	
  
•  Submit	
  those	
  structures	
  to	
  GULP	
  and	
  NWChem	
  
•  Compare	
  the	
  results	
  sta-s-cally	
  
•  Preserve	
  and	
  distribute	
  the	
  complete	
  opera-on	
  
•  Prepare	
  the	
  results	
  for	
  publica-on	
  
	
  
The	
  semanAc	
  web	
  is	
  having	
  a	
  personal	
  amanuensis	
  
	
  

I’m	
  AMI.	
  I	
  can’t	
  
think,	
  but	
  I	
  am	
  
very	
  good	
  at	
  
doing	
  what	
  I’m	
  
told	
  



Connolly	
  Challenge	
  

•  The	
  bane	
  of	
  my	
  life	
  is	
  doing	
  things	
  I	
  know	
  
computers	
  could	
  do	
  for	
  me"	
  (Dan	
  Connolly,	
  
W3C)	
  

	
  
NOW!	
  Iden0fy	
  a	
  single	
  task	
  where	
  you	
  think	
  
computers	
  could	
  save	
  you	
  significant	
  0me.	
  	
  
	
  
(This	
  is	
  NOT	
  related	
  to	
  raw	
  cpu	
  power,	
  but	
  new	
  
sobware	
  and	
  informa-on).	
  	
  



Scalable	
  Vector	
  Graphics	
  (SVG)	
  

<?xml	
  version="1.0"	
  encoding="UTF-­‐8"?>	
  
<svg	
  xmlns="hIp://www.w3.org/2000/svg"	
  xmlns:xlink="hIp://www.w3.org/1999/xlink"	
  width="1280"	
  height="640"	
  viewBox="0	
  0	
  
30240	
  15120">	
  
<defs	
  id="defs6">	
  
<polygon	
  points="0,-­‐9	
  1.735535,-­‐3.6038755	
  7.0364833,-­‐5.6114082	
  3.8997116,-­‐0.89008374	
  8.7743512,2.0026884	
  3.1273259,2.4939592	
  
3.9049537,8.1087198	
  0,4	
  -­‐3.9049537,8.1087198	
  -­‐3.1273259,2.4939592	
  -­‐8.7743512,2.0026884	
  -­‐3.8997116,-­‐0.89008374	
  
-­‐7.0364833,-­‐5.6114082	
  -­‐1.735535,-­‐3.6038755	
  0,-­‐9	
  "	
  id="Star7"/>	
  
</defs>	
  
<path	
  d="M	
  0,0	
  L	
  30240,0	
  L	
  30240,15120	
  L	
  0,15120	
  L	
  0,0	
  z"	
  style="fill:#00008b"/>	
  
<use	
  transform="matrix(252,0,0,252,7560,11340)"	
  id="Commonwealth_Star"	
  style="fill:#fff"	
  xlink:href="#Star7"/>	
  
<use	
  transform="matrix(120,0,0,120,22680,12600)"	
  id="Star_Alpha_Crucis"	
  style="fill:#fff"	
  xlink:href="#Star7"/>	
  
<!–	
  snipped	
  	
  
217,2520	
  L	
  10080,2520	
  L	
  15120,0	
  z"	
  id="Red_Diagonals"	
  style="fill:red"/>	
  
<use	
  transform="matrix(-­‐1,0,0,-­‐1,15120,7560)"	
  id="Red_Diagonals_Rotated"	
  style="fill:red"	
  xlink:href="#Red_Diagonals"/>	
  
</svg>	
  

Human-­‐friendly	
  

Machine-­‐friendly	
  

Automa0c!	
  



Mathema-cs	
  Markup	
  Language	
  
Energy	
  of	
  c.c.p	
  lasce	
  of	
  argon	
  

4	
  pages	
  clipped	
  Human-­‐friendly	
  

Machine-­‐	
  
friendly	
  

Many	
  editors	
  and	
  tools	
  exist	
  
We	
  used	
  MathWeaver	
  

Automa0c!	
  

MathML	
  



CML	
  (Chemical	
  Markup	
  Language)	
  

Human-­‐friendly	
   Machine-­‐friendly	
  

Automa0c!	
  



Chemical	
  seman0c	
  web	
  (2007)	
  
	
  

	
  
•  maybe	
  when	
  you've	
  got	
  an	
  overlay	
  of	
  scalable	
  
vector	
  graphics	
  [CML,	
  InChI	
  and	
  chemical	
  
ontologies	
  -­‐	
  everything	
  well-­‐defined	
  and	
  
marked	
  up	
  ]	
  on	
  Web	
  2.0	
  and	
  access	
  to	
  a	
  
seman-c	
  Web	
  integrated	
  across	
  a	
  huge	
  space	
  
of	
  data,	
  	
  …	
  Peter	
  Murray-­‐Rust	
  (2007)	
  



Benefits	
  of	
  seman-cs	
  
•  "The	
  bane	
  of	
  my	
  life	
  is	
  doing	
  things	
  I	
  know	
  computers	
  

could	
  do	
  for	
  me"	
  (Dan	
  Connolly,	
  W3C)	
  

•  Automa-on	
  
•  Reliability	
  
•  Interoperability	
  
•  Valida-on	
  
•  Transparency	
  
•  The	
  seman-c	
  web	
  is	
  having	
  a	
  personal	
  
amanuensis	
  

	
  



Componen-sed	
  approach	
  liberates	
  

Individual,	
  manual,	
  
unreusable,	
  flaky	
  	
  

Commodity,	
  standard,	
  
reliable,	
  re-­‐usable	
  	
  



Non-semantic 
data 

Data extraction 
difficult and 
incomplete 

Human 
readers 

Current scientific information flow  
… is broken for data-rich science 

PDF 
Lineprinter output 

Text files 

Human input 



Semantic network closes the loop 

Data mined from 
document 

Data available for 
e-science and re-
use 

Computation 
Measurement 

Semantic 
Authoring 

Community 

Analysis 



The network grows autonomously 

Machine-­‐machine	
  

Machine-­‐human	
  

Human-­‐machine	
  

Human-­‐human	
  



Overview	
  

•  Seman-cs:	
  Telling	
  machines	
  PRECISELY	
  what	
  
we	
  mean	
  

•  Transla-ng	
  machine	
  output	
  into	
  human	
  
language	
  

•  Extrac-ng/transla-ng	
  our	
  current	
  chemistry	
  
into	
  seman-c	
  form:	
  
1.  Program	
  output	
  
2.  Chemical	
  databases	
  	
  
3.  Natural	
  Language	
  Processing	
  (wriIen)	
  (NLP)	
  



Represen-ng	
  Seman-cs	
  
Complementary	
  approaches:	
  	
  
Markup	
  Languages	
  (“hardcoded	
  objects”)	
  MathML,	
  
G(eo)ML,	
  CellML,	
  S(ys)B(io)ML,	
  	
  
•  CML	
  (Chemistry	
  and	
  numeric	
  science):	
  	
  

1.  Molecules	
  (atoms,	
  bonds,	
  coordinates,	
  	
  
2.  Reac-ons,	
  	
  
3.  Spectra,	
  	
  
4.  Solid	
  state,	
  	
  
5.  Computa-on	
  

RDF	
  (rela-onships,	
  annota-ons,	
  linking).	
  	
  
	
  



Problem:	
  Explaining	
  chemistry	
  to	
  a	
  
machine	
  

	
  
“The	
  calculated	
  dipole	
  moment	
  of	
  ethanol	
  was	
  1.6	
  D”	
  
	
  
The	
  machine	
  “understands”	
  basic	
  chemical	
  structure	
  (atoms,	
  bonds	
  
and	
  coordinates)	
  and	
  numeric	
  proper-es	
  (“1.6”).	
  	
  It	
  does	
  not	
  
understand	
  	
  
•  “calculated”,	
  	
  
•  “dipole	
  moment”,	
  	
  
•  “ethanol”,	
  	
  
•  “D”.	
  

NOW:	
  Communal	
  discussion	
  of	
  how	
  to	
  tackle	
  this	
  



Humans	
  and	
  machines	
  use	
  different	
  
languages	
  



<cml:molecule xmlns:cml=“http://www.xml-cml.org/schema” “ title=“ethanol”> 
  <cml:atomArray> 
    <cml:atom id=“a1” elementType=“O” x3=“0.0”, y3=“0.0, z3=“0.0”/>  

    <cml:atom id=“a2” elementType=“C” x3=“0.0”, y3=“0.0, z3=“1.54”/> 
    <cml:atom id=“a3” elementType=“C” x3=“0.0”, y3=“1.2”, z3=“2.2”/> 
        <!– atoms omitted à 
    <cml:atom id=“a1h” elementType=“H” x3=“0.0”, y3=“-0.8”, z3=“-0.4”/> 
  </cml:atomArray> 
  <cml:bondArray> 

    <cml:bond id=“a1_a2” atomRefs2=“a1 a2” order=“S”/> 
    <cml:bond id=“a2_a3” atomRefs2=“a2 a3” order=“S”/> 
    <!– bonds omitted à 
  </cml:bondArray> 
  <cml:property dictRef=“compchem:scalarDipole” role=“compchem:calculated”> 
    <cml:scalar dataType=“xsd:double” 

         units=“compchem:debye”>1.60</cml:scalar> 
  </cml:property> 
  <cml:property dictRef=“compchem:vectorDipole” role=“compchem:calculated”> 
    <cml:vector3 
         units=“compchem:debye”>1.1 1.3 0.2</cml:vector3> 
  </cml:property> 
</cml:molecule> 

DIPOLE	
  MOMENT	
  OF	
  ETHANOL	
  



Seman-c	
  authoring	
  IUCr	
  
•  hIp://blogs.ch.cam.ac.uk/pmr/2012/01/23/brian-­‐mcmahon-­‐

publishing-­‐seman-c-­‐crystallography-­‐every-­‐science-­‐data-­‐publisher-­‐
should-­‐watch-­‐this-­‐all-­‐the-­‐way-­‐through/	
  	
  

•  1:08	
  CIF	
  	
  
•  3:36	
  CIF	
  Syntax	
  and	
  dataTypes	
  	
  
•  4:30	
  Publishing	
  with	
  CIF	
  	
  
•  6:41	
  Demonstra-on:	
  CheckCIF	
  	
  
•  12:02	
  Interac-ve	
  Chemical	
  valida-on	
  	
  
•  14:42	
  Linking	
  data	
  to	
  journal	
  ar-cle	
  and	
  search	
  for	
  novelty	
  of	
  data	
  	
  
•  15:08	
  Jmol	
  display	
  applet	
  	
  
•  21:03	
  Supplementary	
  data	
  	
  
•  21:47	
  PublCIF	
  a	
  tool	
  to	
  merge	
  data	
  and	
  text	
  and	
  annotate	
  them	
  	
  



Sociopoli-cal	
  aspects	
  

•  LiIle	
  communal	
  interest	
  in	
  formalising	
  
chemistry	
  (excep-ons:	
  InChI,	
  IUPAC	
  books)	
  

•  Most	
  ini-a-ves	
  are	
  boIom-­‐up	
  (CML,	
  
Computa-onal	
  Materials,	
  PubChem,	
  
Wikipedia)	
  

•  Broken	
  publica-on	
  system	
  (no	
  seman-cs	
  and	
  
widespread	
  legal	
  prohibi-on	
  of	
  machine	
  
extrac-on	
  from	
  literature)	
  



Challenge	
  

Extrac-ng	
  seman-c	
  informa-on	
  from	
  a	
  typical	
  
materials	
  paper.	
  
hIp://www.mdpi.com/1996-­‐1944/5/1/27	
  	
  
Could	
  you	
  reproduce	
  this	
  work?	
  
Could	
  you	
  use	
  the	
  data?	
  



•  Example:	
  Materials	
  2012,	
  5,	
  27-­‐46;	
  doi:
10.3390/ma5010027	
  

	
  



CHEMICAL	
  STRUCTURES	
  



	
  
REACTIONS	
  	
  

	
  
	
  
	
  
	
  
	
  
	
  

ABBREVIATIONS	
  
	
  
“…	
  electron	
  donor	
  (ED),	
  such	
  as	
  an	
  electron	
  rich,	
  
metal-­‐based	
  light	
  absorber	
  (LA),	
  and	
  electron	
  
acceptor	
  (EA)	
  sites.”	
  

	
  



SPECTRA	
  



TABLES	
  



PROPERTIES	
  (NAME-­‐VALUE-­‐UNITS)	
  

Name	
   Value	
   Units	
  
N	
  V	
  U	
  

	
  	
  	
  	
  

	
  	
  

N	
  V	
  U	
  
	
  	
  

	
  	
  

N	
   V	
  

U	
  
	
  	
  	
  	
  

	
  	
  

N	
  

V	
  

V	
   V	
   U	
  

Note	
  CML	
  supports	
  value	
  ranges	
  and	
  errors	
  



Mathema-cs	
  

CML	
  is	
  being	
  integrated	
  with	
  
computable	
  (content)	
  MathML	
  	
  



Materials	
  Search	
  Challenge	
  

•  What	
  would	
  you	
  like	
  a	
  “Google	
  for	
  materials”	
  
to	
  find	
  for	
  you	
  in	
  the	
  scien-fic	
  literature?	
  

	
  



Crea-ng	
  CML	
  

•  Hand-­‐edi-ng	
  (tedious	
  and	
  errorprone)	
  
•  Tools	
  (Avogadro,	
  JChempaint,	
  Chem4Word)	
  
•  Direct	
  output	
  from	
  programs	
  (FoX,	
  JUMBO)	
  
•  Conversion	
  from	
  structured	
  files	
  (Openbabel)	
  
•  Online	
  knowledgebase	
  (Wikipedia,	
  PubChem)	
  
•  Conversion	
  from	
  semistructured	
  (log)files	
  
(JUMBOConverters)	
  

•  Extrac-on	
  from	
  text	
  (ChemicalTagger,	
  OSCAR,	
  
OPSIN,	
  AMI2-­‐SVG2CML)	
  

	
  



Demos	
  

•  OPSIN	
  hIp://opsin.ch.cam.ac.uk	
  	
  
•  ChemicalTagger	
  
hIp://chemicaltagger.ch.cam.ac.uk	
  	
  



Crystaleye	
  

•  A	
  database	
  of	
  200,000	
  crystal	
  structures	
  
scraped	
  from	
  supplemental	
  informa-on	
  

•  CML	
  molecules	
  and	
  name-­‐value	
  pairs	
  
•  Re-­‐usable	
  as	
  fragment	
  base	
  
	
  
	
  
hIp://wwmm.ch.cam.ac.uk/crystaleye	
  	
  



Knowledgebases	
  

•  Quixote.	
  Logfiles	
  from	
  compchem	
  output	
  
parsed	
  into	
  CML	
  

•  Integrated	
  into	
  an	
  XML/RDF	
  knowledgebase	
  
•  Searchable	
  on	
  chemistry	
  and	
  proper-es	
  
•  hIp://quixote.ch.cam.ac.uk	
  	
  
•  Sam	
  Adams,	
  Cambridge	
  



Ontologies	
  in	
  physical	
  science	
  

•  #animalgarden	
  produc-on	
  





Jumbo	
  Converters	
  



JumboConverters	
  -­‐	
  templates	
  

LOGFILE	
  



Dic-onaries	
  

•  hIp://www.xml-­‐cml.org/conven-on/unit-­‐
dic-onary	
  

•  hIp://www.xml-­‐cml.org/conven-on/
compchem	
  



JumboConverters	
  Structure	
  



•  hIp://pantonprinciples.org/	
  Open	
  data	
  	
  



Research	
  data:	
  managing	
  and	
  training	
  

•  hIp://blogs.ch.cam.ac.uk/pmr/2013/02/13/
rds2013-­‐principles-­‐for-­‐managing-­‐research-­‐
data/	
  	
  

•  hIp://sophiekershaw.wordpress.com/author/
sophiekershaw/	
  

•  hIp://www.opensciencetraining.com/
content.php	
  	
  



TimBl’s	
  Open	
  data	
  
hIp://5stardata.info	
  	
  

★	
   make	
  your	
  stuff	
  available	
  on	
  the	
  Web	
  (whatever	
  
format)	
  under	
  an	
  open	
  license	
  

★★	
   make	
  it	
  available	
  as	
  structured	
  data	
  (e.g.,	
  Excel	
  
instead	
  of	
  image	
  scan	
  of	
  a	
  table)	
  

★★★	
   use	
  non-­‐proprietary	
  formats	
  (e.g.,	
  CSV	
  instead	
  of	
  
Excel)	
  

★★★
★	
  

use	
  URIs	
  to	
  denote	
  things,	
  so	
  that	
  people	
  can	
  
point	
  at	
  your	
  stuff	
  

★★★
★★	
   link	
  your	
  data	
  to	
  other	
  data	
  to	
  provide	
  context	
  



Jailbreaking	
  the	
  PDF	
  Hackathon	
  

•  hIp://scholrev.org/hackathon/	
  a	
  group	
  of	
  
enthusiasts	
  commiIed	
  to	
  libera-ng	
  data.	
  



Conclusions	
  


