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What is the semantic web really about?

� “… an extension of the current web in which information is 
given well-defined meaning, better enabling computers 
and people to work in cooperation." (Tim Berners-Lee et 
al)

� The vision:
� web-accessible information encoded in multiple ontologies
� “intelligent” inference engines mediating between humans and the

semantic web and performing complex tasks

� The reality:
� RDF & OWL from W3C
� machine-processable metadata
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NAG’s Interest

� Large body of maintained documentation
� originally in TeX & SGML
� … migrated to structured specifications in XML
� … can be manipulated by tools to perform various complex tasks

­ requires content markup for mathematics ­

� Web is an increasingly important marketing tool
� how do potential customers find us?
� case studies in different application domains
� comprehensive product descriptions

� Web services, e-science & the grid
� increasingly popular software development paradigms
� lack mechanisms for describing function of services or composing

abstract services
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OpenMath & MathML

� OpenMath: Extensible mechanism for semantic-rich 
representation of mathematical objects

� Developed under EU RTD project 1997-2000
� Now coordinated by The OpenMath Society
� Main representation XML, also binary representation
� Includes mechanism for defining semantics of new symbols

� MathML: Recommendation for presentation of 
mathematical objects with (mainly) externally-defined 
semantic markup

� Worldwide Web Consortium Recommendation
� First ever XML application
� Defines very limited set of semantic markup tags
� Can use externally defined semantics via csymbol and 

semant i cs elements
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Mathematical Presentation On The Web
� Presentation MathML supported in

� Mozilla (native)
� Netscape 7 (native)
� Internet Explorer 6 (via MathPlayer plug-in)

� Currently non-trivial for authors to support all these platforms
� need to use XSL stylesheet from W3C or server-side transformations 
� problem may disappear with MathPlayer 2

� Can encode information in content form (OpenMath or 
MathML-C) and translate to MathML-P via XSL

� Currently few web pages in the wild include MathML
� MSN encarta uses MathPlayer
� Maple and Mathematica support MathML import and export
� for most mathematicians, its still much easier to write LaTeX and 

publish PDF



Over 30 years of mathematical excellence

OpenMath Objects

� Abstract model for a concrete mathematical entity

sin(x)

sin
CD="transc1"

Variable x

Apply
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OpenMath Encoding

<OMOBJ>
<OMA>

<OMS ur i st ub=“ ht t p: / / www. openmat h. or g/ cd”  cd=“ t r ansc1”  name=“ si n” / >
<OMV name=“ x” / >

</ OMA>
</ OMOBJ>

<mat h>
<appl y>

<csymbol  def i ni t i onURL=“ ht t p: / / www. openmat h. or g/ cd/ t r ansc1. ocd#si n” >
si n

</ csymbol >
<ci > x </ ci >

</ appl y>
</ mat h>
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Mixing Presentation and Arbitrary Content

<semant i cs> 
<mr ow>

<mi >si n</ mi >
<mo>&Appl yFunct i on; </ mo>
<mf enced><mi >x</ mi ></ mf enced>

</ mr ow> 
<annot at i on- xml encodi ng=" OpenMat h" > 

<OMA xml ns=" ht t p: / / www. openmat h. or g/ OpenMat h" >
<OMS cd=" t r ansc1"  name=" si n" / > 
<OMV name=“ x” / > 

</ OMA> 
</ annot at i on- xml > 

</ semant i cs> 
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Content Dictionaries 

� XML documents which describe the semantics of a group 
of related symbols

� Definition of each symbol can include:
� informal descriptions
� formal mathematical properties
� examples of use

� Associated information can include:
� default presentation information
� associated type information

� Each CD/Symbol has a unique URI
� Anybody can write new CDs, but basic set maintained by 

OpenMath Society
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Existing Content Dictionaries

� MathML Fixed Content

� Calculus
� Combinatorics
� Differential Equations
� Geometry
� Group Theory
� Linear Algebra
� Logic

� Permutations
� Physical Constants
� Polynomials
� Sets
� Special Functions
� Transcendental Functions
� Units & Dimensions
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Transforming Legacy LaTeX Maths To XML

� Non-trivial
� LaTeX remarkably forgiving!

� Syntactic formulae ¹ semantic formulae
� Ambiguity of symbols

� Practical experience
� NAG’s Fortran Library documentation 
� Over a million existing $ … $ reduced to 235,000 logically distinct 

<math> … <math> (mixed content and presentation)

� Presentation ® Content possible but relies heavily on context 
(subject area, age of document, author, …) 

� How do you proof-read or validate the results in a production 
environment?
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OpenMath & The Semantic Web

� Semantic web relies on notion of ontologies: shared 
vocabularies and grammars

� An OpenMath Content Dictionary can be viewed as a 
“micro-ontology”

� provides a well-defined vocabulary for a very narrow area

� Any collection of Content Dictionaries plus a grammar for 
constructing objects is an ontology

� Can cast OpenMath symbols, CDs etc. into RDF or OWL
� standard mechanism for generating URI for a symbol
� relate CDs and symbols to other mathematical classifications 
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MONET – Mathematics On the NET

� 2 Year FP5 RTD activity
� Principal goals:

� Design an architecture for brokering mathematical web 
services

� Develop the necessary mechanisms for describing 
services, problems and queries

� Build prototype brokers and services based on generic 
technologies

� Partners:
� NAG Ltd, Stilo Technology Ltd, Universities of Bath,

Eindhoven, Manchester and Western Ontario, I3S Nice
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Simplified MONET Architecture

Service Service

Client

Service
Manager

Planning
Manager

Client
Manager

BROKER
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MONET Protocols

� Mathematical Problem consists of
1. Concrete problem
2. or Problem description

� Mathematical Query consists of
1. Problem
2. Logistical information

� Mathematical Service Description consists of:
1. Functional Description
2. Implementation Description
3. Service Interface Document
4. Service Binding Document
5. Service Metadata
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MSDL: Functional Description of Service

� Reference to Mathematical 
Problem Description Library

� Input: 

1. F(v1…vn): Rn ® R
2. A � Rn

3. {Di : Rn ® R, i=1..n }
� Output: 

1. x �  A 
2. f �  R

� Pre-Conditions
1. Di = ¶F/¶� i

� Post-Conditions: 

1. F(x) = f 

2. There is no y �  A | F(y) < f

� Taxonomies
� e.g. GAMS G2h1a2
� Provide a hook into UDDI

� Semantics Supported
� OpenMath CDs

� Directives
� Find

� Semantic Description
� RDFS/OWL + OpenMath
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Web Ontology Language (OWL)

� W3C Candidate Recommendation
� limited tool support as yet

� Three “species”
� OWL Lite (taxonomies, simple constraints)
� OWL DL (decidable, expressive)
� OWL Full (not decidable, expressive, classes as first order objects)

� Open world
� an ontology can import other ontologies (e.g. Dublin Core, GAMS)

� MONET experimenting with OWL DL
� best tool support at present
� decidability a useful, but not essential feature
� rigid separation of classes and instances a problem
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MONET Ontology in OWL

� Designed to provide a context for reasoners
� Hierarchies/vocabularies

� GAMS classification
� OpenMath Symbols
� MONET Directives
� standard Dublin Core, Citation Ontology, …
� …
� MONET Problems, Algorithms, Services

� Relates e.g.
� OpenMath Symbol and MONET Problem
� MONET Problem and GAMS
� …
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The Matching Process

� Query and service descriptions are converted to 
OWL documents using MONET ontology

� Use generic Instance Store component to find 
service documents which are consistent with the 
query

� Assemble plans for solving problem using 
extension of generic orchestration language 

� currently experimenting with BPEL4WS

� Return those plans to user with details of how 
closely they match 
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Summary
� Mathematical presentation on the web

� MathML is usable but
� still plenty of older browsers about
� need for special stylesheet complicates matters

� Mathematical content markup
� MathML good for simple maths (K12) or for referring to pre-existing 

semantics (including OpenMath!)
� OpenMath good for more advanced mathematics, or where semantics 

need to be agreed between different parties
� Legacy documents hard to deal with: transformation to XML 

presentation form at least makes them machine processable

� Mathematical ontologies
� OWL Full seems to be more natural than OWL DL for mathematics
� Can compose OpenMath, MathML, GAMS, Citations etc. very naturally
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Further Information

� NAG:
� http://www.nag.co.uk

� OpenMath:
� http://www.openmath.org

� MathML:
� http://www.w3.org/Math

� MONET:
� http://monet.nag.co.uk


