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CHEMICAL SEMANTICS

Two Ph.D. theoretical chemists who are close friends and
have extensive experience in computer science and
running successful software companies.

Neil Ostlund,
founder, 1985,

of Hypercube, Inc.
(www.hyper.com).
Hypercube, is a
Canadian Company,
that is a leader in
molecular modeling

W Mirek Sopek,
founder, 1989,

of MakoLab S.A.
(www.makolab.pl).
MakoLab is a public
company in Poland
with extensive
experience in web

design, business T e software. It has
software, and recently dealers in 35
the semantic web. countries selling its

HyperChem product.

50 years running software companies.
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CHEMICAL SEMANTICS

Chemical Semantics

Applying the Semantic Web
To Computational Chemistry

What are the Principal Ildeas?
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CHEMICAL SEMANTICS

°* Web 3.0
* Web of Data
* Web of Meaning

* RDF, OWL,
An SBAR @lh.e current Web that

provides an easier way to find, share,
reuse and combine information. It is
based on machine-readable
information and builds on XML
technology's capability to define
customized tagging schemes and
RDEF's (Resource Description Framework)
flexible approach to representing data.
The Semantic Web provides common
formats for the interchange of data
(where on the Web there is only an
interchange of documents)

4 Chemical Semantics,

e What is Semantic Web?

. SPRIMGER PROFESSIONAL COMPUTING

Viadimir Geroimenko

Dictionary 01

XML Technologies

and the
Semantic Web

6 Springer
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* WWW 1.0 — The Original - read only

* WWW 2.0 — The Social Web

Example Facebook, YouTube

- read/write
* WWW 3.0 — The Semantic Web — read/write/execute
Semantic Web is a group of methods and technologies to allow

machines to understand the meaning - or "semantics" - of
information on the World Wide Web.

Technologies - Resource Description Framework (RDF) - Data
- Web Ontology Language (OWL) - Meaning of Data
- SPARQL Protocol and RDF Query Language
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CHEMICAL SEMANTICS

* Create Publishing Software that allows scientists,
principally computational chemists and biochemists, to
publish their data in a semantic (knowledge base)
fashion.

* Create Agent Software that allows these scientists to
search the world for relevant scientific results using
inference to create new results from the existing
global data.
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The established system of journals for communicating
the results of scientific research is already being
challenged by the existence of the web. But we are only
in the early days of a new Internet revolution, one
which will have a deeper and more disruptive impact on
scientific, and other, web publishing, and have profound
implications for the web itself.

An emerging successor to the web, the Semantic Web,
will likely profoundly change the very nature of how
scientific knowledge is produced and shared, in ways
that we can now barely imagine.

T Berners-Lee, J. Hendler — Nature, 2001
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Sir Tim Berners-Lee Gives Congress Vision Of The
Future, Information Week, 2007

“Science thrives when ideas, hypotheses, data, and
knowledge are quickly and easily shared within
disciplines and communities. The advent of the Internet
and Web accelerated information sharing with tools such
as e-mail, online publishing, digital libraries, and
comprehensive search engines such as Google.

Researchers and developers are now exploring a new
idea that many believe will further enhance scientists'
ability to share knowledge: the Semantic Web.”

Congressional subcommittee hearing, entitled
The Digital Future of the United States, T Berners-Lee.
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Is the idea any good?

CHEMICAL SEMANTICS

@ semanticweb.com &

Home Events Community Leaming Industry Verticals Answers Jobs

BIG DATA, ENTERPRISE DATA

Garther Names Semantic Technologies To Its
Top Technology Trends Impacting Information
Infrastructure in 2013

By Jennifer Zaino on March 7, 2013 10:53 AM

L'STED Semantic technologies have made it to Gartner’s list of the top technology
trends that will impact information infrastructure this year.

The research firm yesterday released the list of nine trends that it says will play key roles in
modernizing information management and in making the role of information governance
increasingly important. Semantic technologies come in at No.3 on the list — right behind closely-
tied-to trends Big Data and modern information infrastructure.
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CHEMICAL SEMANTICS

Scientific Publishers

* |naccessible Data

* Take Too Long

* Have Archaic
Tools

* Charge Too Much

“ A revolution, then, has
begun. Technology
permits it; researchers
and politicians want it. If
scientific publishers are
not trembling in their
boots, they should be.”
The Economist.

10 Chemical Semantics,

The

Economist

World politics | Business & finance | Economics | Science & technology | Cultuwre | Blogs | D

This site uses codloes. By continuing to browse the site you are agreeing to our use of cooloes, Review

Scientific publishing
Brought to book

Academic journals face a radical shake-up
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There is a widespread feeling that the journal publishers who bave mediated this exchange for the
past century or more are becommg an enpediment to #t. In 2011 Elsevier, a large Dutch publisher,
made a profit of £768m oa revenwes of £2.06 bilion—a margn of 37%
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XML - Extensible Markup Language
XML - a good way to structure data
XML - tree structured

XML - precursor to Semantic Web?
XML - not semantic web however

Markup used for more than Semantic Web

CML - Chemical Markup Language
- Murray-Rust and the English Mafia (:>)

CSX - Chemical Semantics XML - test bed

11 MakoLab
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CML (CS dictionary)

CHEMICAL SEMANTICS

File Edit View |[nset Window Help

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

fileId C:\MyDocuments\SemanticChemistry\Ex_.
convention convention:compchem
xmlns:convention http://www.xml-cml.org/convention
xmlns:compchem http://www.xml-cml.org/dicticonary/c..
xmlins:nwchem http://www.nwchem-sw.org/dictionary..
xmlns:cs http://chemicalsemantics.com/dictio..
xmlns:xsd http://www.w3.0xrg/2001/XMLSchema
http://purl.org/dc/elements/1.1/
http://www.xml-cml.org/unit/si
#---I) molecule

=3 cs:calculationlList

(=

& cs:technology cs:semiEmpiricalQM
& cs:spinType cs:RHF

‘D cs:basisSet cs:defaultBasis

& cs:method cs:PM3

) cs:scfEnergies

E3 cs:scfWaveFunction

Error List | Dynamic Helpl
Description

12 Chemical Semantics, June 2013 MakoLab ‘ Hypercube



CSX (proteins and dna)

CHEMICAL SEMANTICS
File Edit View Insert Window

ples\BatonRoug

version="1.0"
- #¥comment Version 1.0 CSX file created by..
=3 chemicalSemantics
i f xmlns:cs http://ChemicalSemantic.com/sch._.
-3 molecularSystem
v M) sSystemTemperature
M) systemCharge
& systemMultiplicity
-3 molecule
& numberZitoms
L3 residue
resName
sequence
insertion
chain
O secondaryStructure
D atom
2 atom

[t R s R s s

e

g B s s B
(LI 1+

a4
element (o]
atomName
formalAtomCharge o
calculatedAtomCharge o]

& xCoord3D 1.568268
vyCooxrd3D 1.8917073

& zCoord3D —1.941512e-017

€ basisSet] None

-------- 3 coordination

mmmmmmmmm
s R s s s s LN LN A

2

Frrorlist | Mumamis Haln |
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Uniform Resource Indicator (URI) — name data
Resource Description Framework (RDF) — hold data
Web Ontology Language (OWL) — describe data

SPARQL Protocol and RDF Query Language - find
data

Each of these is a standard set by World Wide Web Consortium
(W3C) and is a component of the semantic web.

Linked Data a subset of Semantic Web with less emphasis on
Ontology.

Been around for a decade but still essentially unimplemented.

IT’S TIME HAS COME!
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Generalization of URL
An unambiguous name for a “resource” (thing, idea, etc.)

e.g. http://cs.com/neil/dogs/lucy

(not a page about Lucy but Lucy!)

e.g. http://cs.com/chem/dictionary/scfTotalEnergy
e.g. http://cs.com/chem/molecules/ethane

e.g. http://cs.com/chem/structure/hasBond
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Graphical Database

(subject, predicate, object)

Subject is a unique resource named by URI
Predicate is unique resource named by URI
Object is literal or a resource named by URI

(neil, hasDog, lucy)
Subject = <http://cs.com/neil>

Predicate = <http://cs.com/vocabulary/hasDog>

Object = <http://cs.com/neil/dogs/lucy>

o hasDog o

16 MakoLab | Hypercube



S,

CHEMICAL SEMANTICS

TRIPLES
http://cs.com/chem/molecules/water
http://cs.com/chem/dictionary/scfTotalEnergy
“-76.01”

http://cs.com/chem/molecules/water
http://cs.com/chem/dictionary/basisSet
http://cs.com/chem/dictionary/6-31g*

scfTotalEnerg basisSet

17 MakoLab
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CHEMICAL SEMANTICS

RDF Triples

Subiject: http://chemicalsemantics.com

Predicate: has_publisher
Object: http://makolab.pl

http://chemicalsemantics.com

has_subject has_publisher

"Chemical Semantics - Main Page"
http://makolab.pl

<?xml version="1.0"?>

< rdf:RDF

xmlns:rdf="http:/ / www.w3.0org/1999/02/22-rdf-syntax-ns#"
xmlns:dc= "http:/ /purl.org/dc/elements/1.1/">

< rdf:Description rdf:about="http:/ /chemicalsemantics.com">
<dc:subject>Chemical Semantics - Main Page</dc:subject>
<dc:publisher>"http:/ /makolab.pl</dc:publisher>

< /rdf:Description>

< /rdf:RDF>

18

(URI, Uniform resource indicator)
(defined by Dublin Core)
(literal or URI)

Wikipedia

By encouraging the
inclusion of semantic
content in web pages, the
Semantic Web aims at
converting the current
web dominated by
unstructured and semi-
structured documents into
a "web of data".
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0 RDF Serialization — preliminary example

CHEMICAL SEMANTICS

RDF/XML or
Turtle (Terse RDF Triple Language)

@prefix cs: <http://ChemicalSemantics.com/chem/dictionary/ns#> .

@prefix mol: <http://ChemicalSemantics.com/chem/molecules/simplewater.ttli#> .
@prefix xs: <http://www.w3.0rg/2001/XMLSchema#> .
mol:molecule_31 a cs:molecule ;

cs:name “water" ;

cs:atom :atom31 1;

cs:atom :atom31_2;

cs:atom :atom31_3;

cs:bond :bond31 1;
0 cs:bond :bond31_2.
11 _:atom31_1 cs:atomType cs:O ;
12 c¢s:x3 "-0.381950"*xs:double;
13 cs:y3 "0.243825"*xs:double;
14 c¢s:z3 "0.000000"*xs:double.

= O 0 N O O H W N -

19 Chemical Semantics, MakoLab Hypercu be
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32

20

_:atom31_2 cs:atomType cs:H ;

cs:x3 "-0.381950"*xs:double;

cs:y3 "1.203825"Mxs:double;

cs:z3 "0.000000"*xs:double.

_:atom31_3 cs:atomType cs:H ;

cs:x3 "0.523148"xs:double;

cs:y3 "-0.076172" xs:double;

cs:z3 "-0.000000"*xs:double.

_:bond31_1 cs:bondedAtom1 :atom31_1;
cs:bondedAtom2 :atom31 2;

cs:label "Bond1";

cs:bondLength "0.960000"xs:double;
cs:bondOrder "1"*xs:integer.

_:bond31_2 cs:bondedAtom1 :atom31_1;
cs:bondedAtom2 :atom31_3;

cs:label "Bond2";

cs:bondLength "0.960000"*xs:double;
cs:bondOrder "1"*xs:integer.

MakoLab | Hypercube
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Wikipedia - An ontology formally represents knowledge as a
set of concepts within a domain, and the relationships
between pairs of concepts. It can be used to model a domain
and support reasoning about concepts.

Domain - computational chemistry
Reasoning - about properties of molecules

Web Ontology Language (OWL)

e.g. Chemical Entities of Biological Interest (ChEBI)
database plus ontology

e.g. Protege (Stanford) - software for creating and
manipulating ontologies

21 MakoLab | Hypercube
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ChEBI - Chemical Entities of Biological Interest
— Public Domain

Project of EMBL-EBI

European Bioinformatics Institute (Cambridge) of European
Molecular Biology Lab (Heidelberg)

Database of 29,000 molecules

Ontology for molecular characterization e.g.
Methane is_a alkane
Methane is_conjugate acid_of methanide

22 MakoLab | Hypercube



Chemical Semantics Ontology

CHEMICAL SEMANTICS Hﬂ

hasBondType

@:ﬁhassoﬁtom isEIemen(
Gainesville Core y < }
Gﬂdu Molecule hasidentiicatio {mm

http:/ /purl.org/gc/ g

Id

olecula
gc.owl < GVD < )

aaaaaaaaaaaaaaa

ha M thod  hasOrbital
Vibrational hasResult Calculation hasResult
Analysis
h asSpinType hasOpenShel IIT atment

hasResult hasResult
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gc.owl
with
Protege

= gc (http://purl.org/ges) - [CAMyDocuments\SemanticChemistnADominichge.rdf]

File

ﬂ o> |© gc (hitp:ipourl.orgiges)

Chemical Semantics Ontology

Edit ‘iew Reasoner Tools Refactor Window  Help

[E=N HoR =3

MAL]

[ Active Ontology | Entities | Classes | Object Properties | Data Properties | Individusls | OWLViz | DL Query | OntoGraf |

Class hierarchy: 'Calculation Re: B EE

(%] ] s

OntoGraf:

Y

v--@ Thing

@ Atom
»-@Bond

~@ Calculation

v 'Calculation Result'

- @'system Energies
@ Yibrational Analy:
~-@"Wave Function'

~@'Frequency Peak'
- @ dentification
~@'Molecular System'
~@Molecule

@ Orbital

@ Residue

- OValue

|m. Float Value' I

|

i [T

& Vibrational
Analysis'

e

" 'Calculation | @ 'System
Result' Energies'

[+ . P P Z
Thin ~ 4

e
& Orbital f/f/fflf[ & "Wave Function'
’E‘. Vector Value' ] /é///;/ i
s
Vs // b
75/
5 /
e Frequency s
Peak' il
il
// //

/-

To use the reasoner click Reasoner-=Start reasoner Show Inferences
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SPARQL Query

CHEMICAL SEMANTICS

= *queryPM3.ra

save [> Run @ Cancel
Base URI

Data URL file: /C: MyDocuments/SemanticChemistry/Examples/BatonRouge /semiwater, tt

PREFIX chem: <http://ChemicalSemantics.com/chem/dictionary/ns#>

[ 10 Memory ()

Planet RDF Feed & Blogroll

select ?calc ?name ?ener ?method
Periodic Table s

WHERE
{

& Inferencing (&)
Planet Feed (RDFS)

?calc chem:basisSet ?basis.
?calc chem:hasMolecule 2?mol.
?mol chem:name ?name.

@ Pelsistentstores@ ?calc chem:totalEnergy ?energy.
?calc chem:method ?method

@ Remote Services @

Reyvu.com energy method
GovTrack.us

DBpedia.org ionary/ns#calculation_18> | "water" "-7492,.499819" | <http://ChemicalSemantics.com/chem/dictionary/ns#PM3>
ionary/ns#calculation_17> | "water" "-7968.558117" | <http://ChemicalSemantics.com/chem/dictionary/ns#RM1>
ionary/ns#calculation_16> | "water" "-8037.525221" | <http://ChemicalSemantics.com/chem/dictionary/nsfaMi>

v

< >

text | table

Loaded Query C:\MyDocuments\SemanticChemistry \Examples\BatonRouge\queryPM3.rq
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An emerging successor to the web, the
Semantic Web, will likely profoundly

change the very nature of how
scientific knowledge is produced and
shared, in ways that we can now barely
Imagine.
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Mirek Sopek Neil Ostlund,

MakoLab SA Hypercube, Inc.

Demokratyczna 46, 93-430 Lodz, Poland 1115 NW 4th St. Gainesville, FL 32608,
USA

Phone: +48 600 814 537

Web: www.makolab.com Phone: (352) 371 7744

eMail: sopek@makolab.com Web: www.hyper.com

eMail: ostlund@hyper.com
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