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Why this session on the ACA? 
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Currently,  the subject ''research data'' is a hype in the discussion of 
scientific infrastructure? 
➢ It would be carrying owls to Athens  in this auditorium to make the statement that

research results can't be reduced to the content of publications.

Some further more or less platitudes: 
➢ The spectrum of research data has broadened within the computer age.
➢ Research data are depending on the science.
➢ Research results cannot be evaluated, repeated or reused without 

research data.
➢ Libraries are a powerful provider for maintaining the scientific literature,

but information on and maintaining research data is a new challenge.

Do we need an e-infrastructure for our information? How should such 
a infrastructure be designed  

 



 

Mathematical Research Data

Also the Symbolic Computation community (mathematical community) has - up 
to now - no general approach to handle the whole set of mathematical research 
data. 

What is research data (in mathematics)?
''Research data (in mathematics) is data that is collected, observed, (used), 
or created, for purposes of analysis to produce original research results (in 
mathematics).'' 
(Boston University, Library) 
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What is mathematical research data? A (very rough) 
landscape

  ''Non-classical'' mathematical research data 

➢ Mathematical software (code)

➢ Related data

➢ Documentations

➢ Programming languages or 
environments

➢ Benchmarks and test data

➢ Data formats

➢ Simulations  and visualisations

➢ Services (Repositories, Directories, ...)

➢ ...

     ''Classical'' mathematical research data 

➢ Publications:

➢ Mathematicals models

➢ Mathematical terminology

➢ Mathematical theories

➢ Proofs

➢ Algorithms

➢ Data

➢ Visualizations

➢ …

                                  programming languages
                                   and environments,
                                   benchmarks, testdata 
                                   data formats)
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A new glossary for mathematics - why

Research data and Symbolic Computation

Symbolic Computation Resources: 

➢ CAS Systems 
➢ Services for CAS Systems (SIGSAM, CA Fachgruppe, Wikipedia, 

swMATH, ...)
➢ CAS Data and CAS Models  
➢ Services for CAS Data and CAS Models (Symbolic Data, benchmarks, ...)
➢ (more general): Virtual Research Environments (OpenDreamKit)
➢ ... 

Development of  a suitable infrastructure for Symbolic Computation is 
not-trivial 

It requires the cooperation between the Symbolic Computation community and 
information experts in this field (~ Mathematical Knowledge Management 
Initiative) 
https://en.wikipedia.org/wiki/Mathematical_knowledge_management
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Services for CAS Systems State of the art

➢ no comprehensive repository for CAS Systems

➢ but directories for CAS Systems support searching CAS Systems

➢ SIGSAM

➢ CA Fachgruppe

➢ Wikipedia

➢ swMATH (focused on software)

➢ Symbolic Data (general information about  symbolic computation, software plus data)

➢ ...
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SIGSAM → Resources → Software
http://www.sigsam.org/Resources/Software.html 



 

FA Fachgruppe → Computeralgebrasysteme
http://www.fachgruppe-computeralgebra.de/systeme/



 

 

Wikipedia → list of computer algebra systems
https://en.wikipedia.org/wiki/List_of_computer_algebra_systems



 

Wikipedia → list of computer algebra systems (II)
https://en.wikipedia.org/wiki/List_of_computer_algebra_systems
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A new glossary for mathematics - why

Some problems

 ➢ No standardized structure
The existing directories differ in structure and content. The information in SIGSAM and 
CA Fachgruppe restricts oneself to information on the software product, Wikipedia has 
also some information about version.

➢ No standardized metadata scheme 
The directories lists different metadata of a CAS System. More standardized 
information would be better but  requires a higher effort.   

➢ Maintenance
The presented list are maintained manually. For more information about version and 
content the effort increases dramatically. 
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A new glossary for mathematics - why

swMATH:  The publication-based approach

 swMATH is an approach for a comprehensive directory on mathematical software.
basing on the close connection between publications and research data:  

➢ (Mathematical) publications cite a (mathematical) software used.
➢ Hence, publications can be used to identification for software.
➢ The information of the publication provides a lot of relevant information 
➢ about a software. 

Unfortunately, software citations  are very rudimentary, in the most cases they 
contain not more than the name of the software:
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A new glossary for mathematics - why

 Identification  of mathematical software  

 

 
We use some heuristic methods (searching for characteristic phrases 
such software/package/module/...) in connection with a name/artificial 
word in the zbMATH entries.  The heuristic methods work surprisingly 
well.

but: 
➢ Not all software can be identified.
➢ Most entries are really mathematical software but some belong to other 

classes of mathematical research data.

Of course, the publication-based approach is limited: Currently we don't 
get information about versions. But this information is necessary for the 
verification of research results and reuse of methods.
What can we do?    
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A new glossary for mathematics - why

Development of a citation standard  

 

 
A citation standard which describes exactly the used software would be a 
smart and fundamental solution of the problem. 

A  citation standard for software is discussed intensively in the Web for a 
long time. 
A good summary about the existing practice is the blog of Mike Jackson: 
http://www.software.ac.uk/how-cite-and-describe-software?mpw
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A new glossary for mathematics - why

Citation standard for software (I) 

 

 
Moreover, he gives some recommendations. He distinguishes four 
scenarios: 

Software purchased off-the shelf
ProductName. Version. Release Date. Publisher. Location

Software downloaded from the web
ProductName. Version. ReleaseDate. Publisher. Location  (DOI or URL). 
DownloadDate

Software checked-out from a public repository
ProductName. (Version). Publisher. CheckoutDate. (Location (URL 
Repository)). RepositorySpecificCheckoutInformation

Software provided by a researcher
ProductName. (Version). Publisher. Location. ContactDetails. 
ReceivedDate
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A new glossary for mathematics - why

Citation standard for software (II) 

 

 

An agreement on such a standard model would allow a precise identification of the 
used software.

The next step would be the implementation: In LaTeX, the BibLaTeX/Biber framework 
can be used. It allows the definition of arbitrary types and their corresponding 
features
The data model is  defined in BibLaTeX in the *.dbx file. 
There are some further configuration files, e.g. for the output.)

A first prototypic implementation is shown on the next slide.
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The prototype: 
A configuration file   and   the resulting page  
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Another solution: Web Archives

The establishment of a BibLaTeX citation standard requires time ( I hope, that 
some communities as the CAS community could play a pioneering role).   

What can we do in the meantime?

We could use Web Archives to find out more information on a mathematical 
software (the method will be explained later).
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Analysis of information from the publication-based 
approach    

A lot of the software packages listed in swMATH is referenced in more than one 
publication.  
This allows a lot of conclusions 
➢ What are the mathematical subjects of the software? (description, keywords 

and MSC codes)
➢ What are the most important application areas? (keyword and MSC codes)
➢ How is the acceptance of the software? (number of references)
➢ What is related (similar) software? (citations plus MSC code)
➢ Is the software outdated? (citation profile)
➢ ...

The number of references is also an (heuristic) indicator for the quality, the 
subjects and the number of references for the granularity, ...

A lot of open questions, e.g., How can we classify the type of the swMATH 
entries with the aid of  publications? 
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Enhancement of information in swMATH  
 

by using Internet resources, for CAS especially 

➢ search engines 
➢ websites of a software 
➢ mathematical software journals
➢ Web Archives

to

➢ identify a URL of websites and the source code of a software  
➢ get more specific information about the available information of  a software, 

especially source code, versions, documentations, authors, license conditions, 
and further context information (e.g. publications, algorithms, test data, ...)
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Web Archives   

➢ Archiving  of (selected) web sites with the goal to have a consistent state at 
any time (This cannot always be achieved).

➢ Alternative to existing web archives: archiving on demand, e.g. to ensure a 
consistent state among all information of the software

➢ Allows preserving descriptions, change logs, documentation, …
Source code in case of open source software
Even binaries if freely available on the web
The website where bought / downloaded the artifact

➢ Even external resources, such as discussions on forums, tutorials, etc
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Web Archives   

 

➢ Challenges
➢ Not all pages archived at the exact same time / state / version
➢ Mathematical software and its related websites not always easy to discover

(the list of swMATH resources was used as a seed list)
➢ Questions

➢ How well do websites represent software?
➢ What does the web tell us about software?
➢ What has already been archived?
➢ What can we recover from the past?
➢ What are we losing?

The experiments were done by Helge Holzmann (L3S), a cooperation partner of 
swMATH.
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An example: The Singular website of swMATH
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An example: Analysis of the archived websites (by some 
heuristics)
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First results: What kind of information can be found on 
the websites?
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Conclusions and an invitation for cooperation    

 

Information services are part of the scientific infrastructure
Information services are an important part of the scientific infrastructure. Up to 
now, a comprehensive concept for the information infrastructure is missing.  

The Web provides new opportunities
New concepts from the knowledge management allow the build up and maintain 
a suitable scientific infrastructure in an efficient way. 

But we need your feedback!  
The development of a powerful information infrastructure requires the 
cooperation of the scientific community and experts in information sciences.
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Thank you for your patience!
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