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A Short History of the MSC

MathSciNet  ZbMATH"Open

Mathematical Reviews THE FIRST RESOURCE FOR MATHEMATICS

The Mathematics Subject Classification (MSC) is an indexing schema for
mathematics used in libraries, publishing houses, and research institutions to
classify and sort mathematical information or research activity.

The MSC is updated every decade.

* Here are the latest news about zbMATH Open. Check it out!



https://drive.google.com/file/d/16kggK9pjZwN7Jn2HVsOl0uZ-D8pygWvF/view?usp=sharing

A Short History of the MSC (and where to find it)

@ — MSC 1991

@  MSC 2000

MSC 2010

MSC 2020

http://msc2010.org/msc1991/index.html

http://www.mat.ucm.es/~arrondo/classification-AMS.pdf

https://mathscinet.ams.org/msc/msc2010.html

https://mathscinet.ams.org/mathscinet/msc/msc2020.html

https://zbmath.org/classification/



https://mathscinet.ams.org/mathscinet/msc/msc2020.html
https://zbmath.org/classification/
https://mathscinet.ams.org/msc/msc2010.html
http://www.mat.ucm.es/~arrondo/classification-AMS.pdf
http://msc2010.org/msc1991/index.html

A Short History of the MSC

in Facts & Numbers)

63 top level classes, e.g., 14-XX

1.037 second level classes, e.g., 14Axx
5.503 third level classes, e.g., 14A05
Meta classes for:

reference works, biographies, software

& research data, conference
proceedings

Source: https://demonstrations.wolfram.com/MathematicsSubjectClassificationGraphs/
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Mathematics Subject Classification - MSC2020

Serials

zbMATH™Open

THE FIRST RESOURCE FOR MATHEMATICS

Classification

Software

Formulze

Q  Fields v Operators ~

Help ~

MSC2020 is the latest revision of the Mathematics Subject Classification (MSC), jointly published by
Mathematical Reviews and zbMATH Open under a Creative Commons CC-BY-NC-SA license. It replaces the
2010 Mathematics Subject Classification. For more details on the revision, read more in the article

https://doi.org/10.4171/NEV
00 General and overarching
topics; collections &

History and biography

03 Mathematical logic and
foundations
Combinatorics

Order, lattices, ordered
algebraic structures
General algebraic systems
11 Number theory 8

e

o
L3

3

12 Field theory and polynomials
13 Commutative algebra &
14 Algebraic geometry &

15 Linear and multinear algebra;
matrix theory 8

16 Associative rings and algebras

Nonassociative rings and

algebras &

Category theory; homological

algebra

19 K-theory

Group theory and

generalizations

8

22 Topological groups, Lie groups

26 Real functions ©

28 Measure and integration

30 Functions of a complex
variable &

31 Potential theory &

32 Several complex variables and
analytic spaces B
Special functions &

34
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Ordinary differential equations

Partial differential equations
Dynamical systems and
ergodic theory

Difference and functional
equations

Sequences, series,
summability
Approximations and
expansions

Harmonic analysis on
Euclidean spaces

Abstract harmonic analysis
Integral transforms, operational
calculus

Integral equations
Functional analysis
Operator theory &

Calculus of variations and

ER-R-

7
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3 &

8
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o

8

Statistics &

Numerical analysis
Computer science
Mechanics of particles and
systems

Mechanics of deformable
solids

Fluid mechanics

Optics, electromagnetic theory

Classical thermodynamics,
heat transfer &

Quantum theory

Statistical mechanics, structure
of matter &

Relativity and gravitational
theory &

Astronomy and astrophysics &
Geophysics &

Operations research,

optimal control;
Geometry &

Convex and discrete geometry
Differential geometry
General topology

Algebraic topology
Manifolds and cell complexes
Global analysis, analysis on
manifolds

Prababilty theory and
stochastic processes

8

8

3

R

S

L)
Game theory, economics,
finance, and other social and
behavioral sciences

Biology and other natural
sciences

Systems theory; control
Information and communication
theory, circuits

Mathematics education

Source: https://zbmath.org/classification/



A Review of the SKOSified MSC 2010

Motivation

deriving formats from an LOD version:
pdf, html, LaTeX

semantic applications

visualisation

mapping to other classifications

open maintenance / editorial process

LANGE, Christoph, et al. Reimplementing the mathematics
subject classification (MSC) as a linked open dataset. In:
International Conference on Intelligent Computer Mathematics.
Springer, Berlin, Heidelberg, 2012. S. 458-462.
https://arxiv.ora/abs/1204.5086.

SKOS Core

mSCc mscvocab

rdf rdfs xml xsd
dc foaf

MSC specific references
(selection):
01-XX History and biography [See

. see also also the classification number —-03
see malnly in the other sections]

related part of
see conditionally

'/'@ https://spargl.arg20.formulasearchengine.com/bigdata/#query

i1 e


https://arxiv.org/abs/1204.5086
https://sparql.arq20.formulasearchengine.com/bigdata/#query

Review of the SKOSified MSC 2010 (in Protégée)

<€ OntologylD(Anonymous-8) : [http://msc2010.org/resources/MSC/2010/info/msc2010.skos]

File Edit View Reasoner Tools Refactor Window Ontop Help

< @ OntologyID(Anonymous-8) v Search...

skos:Concept
DL Query x|MIREOT x| SWRLTab x|OntoGraf x| SHACL Editor x Debugger x| VOWL x| SPARGL Query x|span x|imports x| Datatypes x xml x
Active ontology ><lCIasses ><IObject properties ><[Data properties XIAnnotation properties ><[Individuals by class XIIndividuaIs matrix ><]|ndividua! Hierarchy Tab X

Ontology header: 1[0 =™ § Ontology metrics: IS M

Ontology IRI | Metrics
Ontology Version IRI Axiom 78645
Logical axiom count 8816
Annotations
Class count 6
Individual count 8809
Annotation Property count 34

’Ontology imports !Onto!ogy Prefixes lGeneraI class axioms ]

Imported ontologies: ElD = mE

Direct Imports

Indirect Imports

To use the click > Start v Show




A Review of the SKOSified MSC 2010

—<rdf:RDF>
<script id="__gaOptOutExtension"/>
—<Concept rdf:about="http://msc2010.org/resourcesMSC/2010/68-XX">
<msc:matchDewey rdf:resource="http://dewey.info/class/004/2009/08/"/>
<msc:seeConditionally rdf:resource="http://msc2010.org/resources/MSC/2010/Section--04 in that area"/>
<msc:seeFor rdf:resource="http://msc2010.org/resources MSC/2010/68-XX-to-Section--04 in that area-seeFor"/>
<seeAlso rdf:resource="http://msc2010.org/resources/MSC/2010/Section--04 in that area"/>
—<altLabel xml:lang="en">
Computer science {For papers involving machine computations and programs in a specific mathematical area see Section--04 in that area}
</altLabel>
<historyNote rdf:resource="http://msc2010.org/resources MSC/2010/68-XX-formerly-1991"/>
<historyNote rdf:resource="http://msc2010.org/resourcesMSC/2010/68-XX-formerly-2000"/>
<inScheme rdf:resource="http://msc2010.org/resources/MSC/2010/MSC2010"/>
<narrower rdf:resource="http://msc2010.org/resources/MSC/2010/68-00"/>
<narrower rdf:resource="http://msc2010.org/resources/MSC/2010/68-01"/>
<narrower rdf:resource="http://msc2010.org/resources/MSC/2010/68-02"/>
<narrower rdf:resource="http://msc2010.org/resources/MSC/2010/68-03"/>

<narrower rdf:resource="http://msc2010.org/resources/MSC/2010/68-04"/> U R I reso I ves to a pe r-conce pt_d ocume ntat| on

<narrower rdf:resource="http://msc2010.org/resources/MSC/2010/68-06"/>
<narrower rdf:resource="http://msc2010.org/resources/MSC/2010/68Mxx"/> .
<narrower rdf:resource="http://msc2010.org/resources/MSC/2010/68Nxx"/> h tt p: // ms C2 0 1 0 .0 rq/re source S/ M S C/2 O 1 0/6 8 -XX
<narrower rdf:resource="http://msc2010.org/resources/MSC/2010/68Pxx"/>
<narrower rdf:resource="http://msc2010.org/resources/MSC/2010/68Qxx"/>
<narrower rdf:resource="http://msc2010.org/resources/MSC/2010/68Rxx"/>
<narrower rdf:resource="http://msc2010.org/resources/MSC/2010/68Txx"/>
<narrower rdf:resource="http://msc2010.org/resources/MSC/2010/68Uxx"/>
<narrower rdf:resource="http://msc2010.org/resources/MSC/2010/68 Wxx"/> fl
<notation rdf:datatype="http://msc2010.org/resourcesMSC/2010/mscfet#MSCNotation">68-XX</notation> )
—<note>
For papers involving machine computations and programs in a specific mathematical area. see Section--04 in that area.
</note>
<prefLabel xml:lang="en">Computer science</prefLabel>
<prefLabel xml:lang="zh">{1 EH R Z S HEF MG TF RLEITEMERNIEI. B FXE-043855)</prefLabel>
<semanticRelation rdf:resource="http://msc2010.org/resourcesMSC/2010/Section--04 in that area"/>
<topConceptOf rdf:resource="http://msc2010.org/resourcesMSC/2010/MSC2010"/>
</Concept>
</rdf:RDF>



http://msc2010.org/resources/MSC/2010/68-XX

A Review of the first SKOSified MSC 2010

Lessons learned for editing & SKOSifying the MSC 2020
e standardisation of relations f
e separation of unique class names and descriptions

fix misconstructed identifiers (spaces or special characters in URIs)
reifications with RDF terms

correct wrongly applied datatype “XMLLiteral”

review of the lost & found mscvocab extension




License

A SKOS version for the MSC 2020 ,

Motivation - specific use cases are waiting Automation

e automated indexing in libraries with annif
e extensive classification mapping \ &
e mathematical template for the ORKG ‘ MSC MSC
e provision via terminology services in - 2010 2020
research data management (see MaRDI) ’ ' Languages

Formula representation

consistently in HTML: MathML

OpenRefine, Protégé, EXCEL

$(a+b)*2$ 0 https://github.com/runnwerth/MSC2020_SKOS



https://www.orkg.org/orkg/
https://www.mardi4nfdi.de/

A SKOS version for the MSC 2020 (in Protéege)

<€ MSC2020 (https://msc2020.org/resources/MSC/2020/MSC2020/0.0.0) : [C:\Users\Suse\Documents\MSC2020_SKOS\msc-2020-suggestion2-incomplete.ttl]

File Edit View Reasoner Tools Refactor Window Ontop Help

< © MSC2020 (https://msc2020.org/resources/MSC/2020/MSC2020/0.0.0) v Search...

Individual Hierarchy Tab x| SWRLTab x| MIREOT x|SHACL Editor x| OntoGraf x Debugger x| VOWL x|SPARGL Query x|span x imports x|Datatypes x| xml x
Active ontology XLClasses XIObject properties XIData properties ><{Annotation properties XIlndividuals by class x[Individuals matrix ><|DL Query X

Ontology header: 1[0 =® ] § Ontology metrics: EINEm X

Ontology IRI hitps://msc2020.org/resources/MSC/2020/MSC2020, Metrics

Ontology Version IRI hitps://msc2020.org/resources/MSC/2020/MSC2020, Axiom 67912
Logical axiom count 40021
Annotations Declaration axioms count 7119
dc:title Class count 29
MSC2020 Object property count 35
Data property count 1
dc:description [language: en] (hdividualeonnt 13217
Mathematics Subject Classification 2020 Edition Annotation Property count 32

P P e e et

’Ontology imports IOntology Prefixes lGeneraI class axioms ]

Imported ontologies: BN EmE

Direct Imports
<http:/fww w3 .0rg/1999/02/22-rdf-syntax-ns#>
22-rdf-syntax-ns
Ontology IRI: <http:iwww.w3.0rg/1 998/02/22-rdf-syntax-ns#>

To use the reasoner click > Start V| Show @

Git: main




A SKOS version for the MSC 2020

Reification for conditional references between concepts:

<https://msc20208.org/resources/MSC/2020/MSC2020/063B45> mscvocab:seeFor msc:SeeForStatement-03B45-t0-03B42

msc:SeeForStatement-03B45-t0-03B42 rdf:type owl:NamedIndividual ,
mscvocab:SeeForStatement ;
rdf:object <https://msc20208.org/resources/MSC/2020/M5C2020/03B42> ;
rdf:predicate mscvocab:seeConditionally ;
rdf:subject <https://msc2020.org/resources/MSC/2020/MSC20268/03B45> ;
mscvocab:scope "For knowledge and belief"@en .



A SKOS version for the MSC 2020

<https://msc2020.org/resources/MSC/2020/MSC2020/01A99>

Outgoing Links

rdf:type skos:Concept

skos:broader <https://msc2020.org/resources/MSC/2020/MSC2020/01Axx>
skos:inScheme | <https://msc2020.org/resources/MSC/2020/MSC2020/>
rdf:type owl:Namedindividual

skos:closeMatch | <http://msc2010 org/resources/MSC/2010/msc2010/01A99> «——— eXplicit relations to MSC 2010 predecessor

Incoming Links

<https://msc2020.org/resources/MSC/2020/MSC2020/HistoricalCollection> | skos:member \4— concept collections for specific topics

Attributes
skos:notation 01A99 Change notes
skos:prefLabel Geschichte der Mathematik und Mathematiker y
skos:prefLabel History of mathematics and mathematicians /
skos:scopeNote None of the above, but in this section /
dcterm:description | description text changed in comparison to MSC 2010 (skos:prefLabel and description (skos:scopeNote in MSC 2020) were changed)



https://sparql.arq20.formulasearchengine.com/bigdata/#explore:wdq:%3Chttps://msc2020.org/resources/MSC/2020/MSC2020/01A99%3E

ook at a single concept

<€ MSC2020 (https://msc2020.0rg/resources/MSC/2020/MSC2020/0.0.0) : [C: 020_SKO! i = X

File Edit View Reasoner Tools Refactor Window Ontop Help

< © MSC2020 (https://msc2020.org/resources/MSC/2020/MSC2020/0.0.0) ~ Search
|Individuals matrix | Individual Hierarchy Tab |DL query [MIREOT | SHACL Editor | OntoGraf | SWRLTab | Debugger [vowL  [sPARaL auery [span  limports | Datatypes bl |
LActive ontology J Classes \Object properties JData properties lAnnotaﬂon properties ‘ Individuals by class
Class hierarchy: ‘Annctaﬁons {Usage'\
PSS CLRd Annotations: Applications of differential geometry to sciences and engineering [l = OS]
»-® owl:Thing Annotations

skos:prefLabel [language: en]

Applications of differential geometry to sciences and engineering
skos:prefLabel [language: de]

Anwendungen der Di netrie an und 1schaften

dc:dcterms:description  [language: en]

description text changed in comparison to MSC 2010 (skos:prefLabel changed)
skos:scopeNote [langu
None of the above, but in this section

en]

Individuals by type: Applications of differential geome

nd engineering (NS

LalE: N

@ Geometry education
@ General models, approaches, and methods
@ Equilibrium (steady-state) problems in solid mechanics Description: Applications of differential geometry to sciences and engineering @msmz | Property assertions: Applications of differential geometry to sciences and engineering
:General aerodynamics and subsonic flows Types ect property assertions
\ 4 Hons of and csll ; with science and engineering ® skos:Concept = skos:closeMatch
QAppllcaﬂons of global analysis to the sciences <http:/imsc20 3299>
@D calculus Same Individual As ™ skos:broader ications of dif ial geometry to sci and
@ Homological methods (field theory) engineering’

[ - ®Ari d ic geometry (Di ine geometry) Different Individuals ™ skos:inScheme

@ Algebraic logic

@ Applications to the sciences ™ skos:notation "53299"AAxsd:string
QIntegraI calculus (educational aspects)

@ Research data for problems pertaining to field theory
®Linear algebraic groups and related topics

L ] p ion theory of iative rings and Negative data property assertions
@ Ari ic p in ic geometry; Di ine geometry

t property assertions

ot main To e the reasaner clck Reasonas > Str ressoner [ Show inferences ()



A look at a single concept

<l-- https://msc2020.org/resources/MSC/2020/MSC2020/53299 -->

<owl:NamedIndividual rdf:about="https://msc2020.org/resources/MSC/2020/MSC2020/53299">

<rdf:type rdf:resource="http://www.w3.0rg/2004/02/skos/core#Concept"/>

<skos:broader rdf:resource="https://msc2020.org/resources/MSC/2020/MSC2020/53Zxx"/>

<skos:closeMatch rdf:resource="http://msc2010.org/resources/MSC/2010/msc2010/53Z299"/>

<skos:inScheme rdf:resource="https://msc2020.org/resources/MSC/2020/MSC2020/"/>

<skos:notation rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">53Z99</skos:notation>

<dc:description xml:lang="en">description text changed in comparison to MSC 2010 (skos:prefLabel changed)</dc:description>
<skos:prefLabel xml:lang="de">Anwendungen der Differentialgeometrie in den Natur- und Ingenieurwissenschaften</skos:prefLabel>
<skos:prefLabel xml:lang="en">Applications of differential geometry to sciences and engineering</skos:prefLabel>
<skos:scopeNote xml:lang="en">None of the above, but in this section</skos:scopeNote>

</owl:NamedIndividual>



Outlook - Our house

We need to build a proper ‘home’ for all versions

o resolving the URIs to a documentation site
o providing a SPARQL endpoint
o reliable and sustainable citation

Source: Giphy

Current workaround

http://purl.org/msc2020/mscvocab

http://purl.org/msc2020/msc

https://sparql.arq20.formulasearchengine.com/bigdata/#query

Wikibase Query Service instance for MSC 2020: https://query.arqg20.formulasearchengine.com/

(see the following example)


http://purl.org/msc2020/mscvocab
http://purl.org/msc2020/msc
https://sparql.arq20.formulasearchengine.com/bigdata/#query
https://query.arq20.formulasearchengine.com/

Query meaning: Show me all concepts of MSC 2020 that were changed in comparison to MSC 2010,
what change was made, and which MSC 2010 concept the concepts were derived from.

|“”I|I“ DockerWikibaseQueryService &> Beispiele @ Hife ~ £ Weitere Werkzeuge  ~

1| prefix dct: <http://purl.org/dc/terms/>

https://tinyurl.com/yzbna22x



https://tinyurl.com/yzbna22x

Outlook - Let’'s come together

e \Would you like to provide more languages?

Source: Giphy

e \Would you like to participate in the editing process for MSC 20307

e \Would you like to help us to maintain / modularise this monster file?

e Do you have further use cases?
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