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Introduction

Computer Algebra Systems (CASs) and their use in re-
search are a critical part of modern mathematics and
moreover for a broad class of applications. More gen-
erally, scientific software has established itself as an au-
tonomous kind of scientific research. But the existing
scientific infrastructure is focussed on articles and books
and does not support the information about software op-
timally. Also, methods for the evaluation and quality
control of scientific software, in particular computer al-
gebra software, must be developed and the development
of scientific software should be given the same credit
and reputation as it is given to other research results.

Citations play an essential role for identifying re-
sources, as they help to track and weight the develop-
ment and the realization of ideas and theories. Further-
more, the evaluation of research results, improvement of
visibility of the cited resources and proper credits to au-
thors are the origin for developing information services.
Section Software Citations describes recommendations
for a better citation practice for software.

Scientific software development and software infor-
mation are widely distributed which complicates the in-
tegration of scientific software into existing infrastruc-
tures in an adequate way. In The Landscape of Mathe-
matical Software Information we give a brief overview
about existing information resources, their role, and
some problems in scientific software information ser-
vices in mathematics. At the top, portal and catalogues
are a first contact point to find software and information

about it. There exist a lot of portals, also for symbolic
computation, but manual maintenance and updating the
information is expensive. The swMATH service — for a
brief description of this system see Section swMATH —
is an attempt to create a comprehensive information ser-
vice on mathematical software in a (nearly) automatic
way. To this end the close relationships between soft-
ware and publications are used in an essential way. But
the context of mathematical software is broader, it cov-
ers also algorithms, data, languages, people, communi-
ties, institutions, etc. The idea of a social network for
the symbolic computation community is introduced in
Section The CA Social Network. It is based on semantic-
web technologies allowing to maintain the information
in distributed resources. It is one of the aims of this pa-
per to sensitize the symbolic computation community to
the questions and problems of a suitable scientific in-
frastructure for this mathematical subject. We hope that
it will lead to an intensive discussion on these addressed
problems within the community.

Software Citations

Publications — as the classical products of scientific re-
search — use citations for embedding the content of a
publication into its scientific context. Citations of pub-
lications are — at least in principle — standardized. But
this is not at all true for software citations up until now.
This results from the character of software. Software
is dynamic and has a life cycle, has often different ver-
sions, releases, or bug fixes, etc., which prompt ques-
tions of archiving, reproducibility, and sustainability.
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Software is written in a formal language and is accom-
panied by documentation, manuals, metadata files, etc.
The line between software and other types of research,
especially algorithms, languages, environments and ser-
vices is fuzzy. Software is dependent on hardware, the
operating system and other software; licenses and us-
ability conditions for software are varying. A metadata
standard for software is missing. Mathematical software
is closely linked to models and mathematical objects,
theories and algorithms.

With respect to the use of computer algebra systems
and packages within these systems the missing citation
standard leads to the absurd situation that in most cases
citation is just “turned off,” hence the author of the soft-
ware is not cited at all. Users of such systems who get
results that they use in their papers often are not aware
of whom they should cite and how they should do this
properly.

Recently, the increasing importance of software ex-
presses itself in more software citations in scientific
publications. But these citations often provide not
enough information about the software used. Fig. 1
gives an example for the citation of the Singular soft-
ware in a publication.

Bohm, Janko; Decker, Wolfram; Keicher, Simon; Ren, Yue

Current challenges in developing open source algebra sy (English) (bl ossesoos
Kotsireas, llias S. (ed.) et al., lical aspects of pt and i ion sciences. 6th il i

MACIS 2015, Berlin, Germany, November 11-13, 2015. Revised selected papers. Cham: Springer (ISBN
978-3-319-32858-4/pbk; 978-3-319-32859-1/ebook). Lecture Notes in Computer Science 9582, 3-24 (2016).

Summary: This note is based on the plenary talk given by the second author at MACIS 2015, the Sixth International Conference on
Mathematical Aspects of Computer and Information Sciences. Motivated by some of the work done within the Priority Programme SPP 1489
of the German Research Council DFG, we discuss a number of current challenges in the development of Open Source computer algebra
systems. The main focus is on algebraic geometry and the system Singular.

Figure 1: An example of a typical software citation.

Such a citation practice for software is more or less
typical not only in mathematics. Howison and Bullard
[9] analyzed nearly 300 software references in biology:

Mention Type Count (n=286) Percentage
Cite to publication 105 37%

Cite to users manual 6 2%

Cite to name or website 15 5%
Instrument-like 53 19%

URL in text 13 5%

In-text name only 90 31%

Not even name 4 1%

Figure 2: Software citing in biology.

A lot of initiatives, being run by e.g., software com-
panies, publishers, or repositories have discussed and
developed proprietary recommendations for software ci-
tations. Mike Jackson has given in his blog [11] a de-
tailed state-of-the-art analysis and pitfalls of software
citation and recommendations for a better citation prac-
tice. Currently, the FORCE 11 Software Citation Work-
ing group [18], an international initiative of more than
50 information experts from different scientific areas,
has discussed basic concepts for software citation. As

one result the group has published the Software Cita-
tion Principles (SCPs) [16]. They emphasize that soft-
ware is a legitimate product of research and therefore
must be citable. The six principles address the impor-
tance of software within research which should mani-
fest that all relevant software will be cited, that software
citations should facilitate giving credit and attribution
to the developers and contributors of software, include
methods for a unique identification, refer to persistent
information about software, should facilitate access to
the software, and provide accurate information about
software (e.g., the version used). The SCPs define a
general frame for software citations and moreover for-
mulate principles for maintaining of information about
software.

The SCPs do not discuss the realization of the prin-
ciples. This is planned to be subject for a follow-up
working group.

Exact information about software — together with
the data used — is a necessary condition to evaluate and
reproduce scientific results which were achieved by us-
ing mathematical software. Therefore, for the citation
format, the following recommendation is given: “We
recommend that all text citation styles support the fol-
lowing: a) a label indicating that this is software, e.g.,
[software], potentially with more information such as
[Software: Source Code], [Software: Executable], or
[Software: Container], and b) support for version infor-
mation, e.g., Version 1.8.7” [16]. Each researcher who
uses a software for research and publishes her or his re-
sults (e.g., in form of a paper, software, or data file) is
recommended to cite software according to this recom-
mendation.

The mathematical community uses the TgX format
for publishing. References are encoded in the (outdated)
BibTEX format or, more up to date, in the BibI&TEX for-
mat. Actually, neither BibTEX nor BibIATEX support a
type “software.” Up to now, the BibI&TEX standard con-
tains no special document type for software. Software
must be typed as “misc.” A pragmatic recommendation
is that it should be added to the title if a citation refers to
a software, together with detailed information about the
software instance. This could be done in the following
form: title [Software:special type (Source Code, Pack-
age, Executable, Library, Other)] [Version or release or
URL and/or date of the update and/or date of the down-
load]. This would be a first step to a better software
citation practice and provides the required information
for the human user.

A more rigorous and Semantic Web-compatible so-
lution would be an extension of BibI&TEX standard.
BibI&TEX together with the backend software Biber pro-
vides the opportunity to define new document types,
e.g., software and the corresponding fields. A prototype
for a TEX implementation is under development within
the framework of the sSwMATH activities. It is planned
to provide a template for TEX encoding of software cita-
tions.

The BibI&TEX encoding allows also a simple trans-
formation to other formats, e.g., JSON, which can be
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used for a machine-based semantic processing of soft-
ware citations.

Comment: Also software which cites another soft-
ware should contain the corresponding notations. This
could be done by separate citation files which are en-
coded in the same form as for papers, e.g., in BibI&TEX.

The SCPs recommend that “the software itself
should be cited on the same base as any other research
product,” and should have a unique and persistent identi-
fier, preferably a DOI. This does not mean that the DOI
is assigned to the software code. Outdated software is
often removed from the Web. Instead, “the software
identifier should resolve to a persistent landing page that
contain metadata and a link to the software itself, rather
than directly to the source code files, repository, or ex-
ecutable”, [16]. The problem of persistent identifiers
and landing pages, especially of a DOI, is connected
with additional efforts. Up to now, the existing land-
ing pages, e.g., portals and software directories, provide
only metadata about families of software which is of-
fered under the same name, not about versions. But
it seems to make sense that — similar to publications
— persistent identifiers should be provided and main-
tained by special information services which integrate
the information about software in a subject and make it
available. The SCPs make clear that a citation standard
would be very helpful for better software information
but it is only a building block in a better digital infor-
mation infrastructure for software and scientific infor-
mation in general. That is why we continue with a brief
description about resources which are relevant for math-
ematical software information.

The Landscape of Mathematical
Software Information in the Web

The landscape of Web resources of mathematical soft-
ware information is heterogeneous, widely distributed,

Functionality [edit]
Below is a summary of significantly developed symbolic functionality in each of the systems.

Calculus Solvers

Formula _  Arbitrary

System & Integral

and has different layers. Here is an incomplete list of
the relevant resources:

o Individual websites of a software

This is in some sense the basic layer of the soft-
ware information infrastructure. Websites exist
for many though not all software packages (from
our experiences in the swMATH project we esti-
mate that nearly two thirds of mathematical soft-
ware packages provide information on own web-
sites). Typically, these websites contain a lot of
detailed information about a software, documen-
tation, manuals, tutorials, software code (if the
software is free), the programming language used,
contact information, usability and licences, hard-
and software requirements, publication lists, etc.

® Repositories

Software repositories as “The Comprehensive R
Archive Network (CRAN)” [15] or “The Compre-
hensive Perl Archive Network (CPAN)” [14] pro-
vide and maintain metadata plus the source code
of software collections. CRAN is a repository
for statistical software written in the R language
and presents standardized meta information, the
version history, and links to the source code for
nearly 10,000 packages.

e Portals, directories and information services
Portals or directories of software provide lists of
software, metadata, and links. “Fachgruppe Com-
puteralgebra” [2] or “SIGSAM” [17] offer struc-
tured webpages for computer algebra systems.
These services, like the Symbolic Data project
[6], are not limited to information about soft-
ware but also on conferences and workshops, re-
searchers, and data. We will discuss this in more
detail below.

An informative list of computer algebra systems
can also be found in Wikipedia [20].

h N tifi Bool itrol i
Graph | Number _ | Quantfier _ Boolean | o |l o, o Control | Coding | Group |

editor precision Integration & 4 | Equations ¢ | Inequalities ¢ " ®
transforms equations

Axiom No Yes Yes Yes Yes Yes Yes Yes

Magma No Yes No No Yes No Yes No
Maple Yes Yes Yes Yes Yes Yes Yes Yes
Mathcad Yes No Yes No Yes No No No
Mathematica | Yes Yes Yes Yes Yes Yes Yes Yes
Mathomatic No No Yes Yes Yes No No No
Symbolic
Math
No Yes Yes Yes Yes No No Yes
Toolbox
(MATLAB)
Maxima No Yes Yes Yes Yes Yes No Yes
SageMath No Yes. Yes Yes Yes Yes Yes!A! Yes
SymPy No Yes Yes Yes Yes Yes Yesl2!) Yes
Wolf P i
ToRn | catetn D Yes Yes Yes Yes Yes Yes
Alpha only
GAP No Yes No No Yes Yes Yes No

Xcas/Giac Yes Yes Yes No Yes Yes No Yes
Yacas No Yes Yes No Yes No No No

equations

o  theory * elimination theory ° | theory ° | theory

relations

theory algebra

Yes No Yes Yes Yes Yes Yes No No Yes
No Yes Yes No No No ? ? Yes Yes
Yes Yes Yes No Yes Yes Yes Yes No Yes
No No No No No No No No No No
Yes Yes Yes Yes Yes Yes!20l Yes Yes No Yes
No No Yes No No No No No No No
No No No No No No No No No No
Yes Yes Yes No Yes Yes Yes Yes No Yes
Yes Yes Yes No Yes Yes Yes No Yes Yes
Yes No Yes No Yes Yes Yes No No Yes
Yes Yes Yes Yes Yes No ? ? No Yes
Yes Yes Yes Yes Yes Yes No No Yes Yes
Yes No Yes No No No Yes L3 No

No No No No No No ? ? No No

Figure 3: A snippet of Wikipedia (1): functionalities of computer algebra systems
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First

Development - Latest stable Latest stable .
System * Creator * 4 public & ¥ % Cost (USD) % License % Notes %
started version release date
release
. . 1993 and modified BSD | General purpose CAS. Continuous Release using Docker
Axiom Richard Jenks 1977 August 20140 Free ) ;
200217 license Containers
Cadabra Kasper Peeters 2001 2007 212 January 4, 2017 Free GNU GPL (CAS for tensor field theory
CoCoA-4 The CoCoA Team 1987 1995 4.7.5 2009 Free for non-commercial use own license Specialized CAS for commutative algebra
CoCoA-5 Abbott, Bigatti, Lagorio 2000 2011 51,4 2014 Free GNU GPL Specialized CAS for commutative algebra
3 — ) CAS designed for pocket calculators; it was discontinued
Derive Soft Warehouse 1979 1988 6.1 November 2007 Discontinued Proprietary In 2007
in
DataMelt (DMet) Work.ORG (Sergei 2005 2015 15 May 14, 2016 $0 for academic usage, commercial license Propristin Java-based. Runs on the Java platform. Supports Python,
Chekanov) unknown Ruby, Groovy, Java and Octave.
Bemard Parisse, Mika CAS designed for Hewlett-Packard scientific graphing
Erable (aka ALGB) Heiskanen, Claude- 1993 1993 4.20060919 April 21, 2009 Free LGPL calculators of the HP 48/49/40/50 series; discontinued in
Nicolas Fiechter 2009
) . ’ ) ) Specialized CAS for resultant computation and linear
Fermat Robert H. Lewis 1986 1993 525 July 5, 2016 $70 if grant money avallable, otherwise S0 Proprietary X 4 i
algebra with polynomial entries
FORM J.AM. Vermaseren 1984 1989 4.1 October 25, 20131 Free GNU GPL CAS designed mainly for particle physics
v modified BSD Full-featured general purpose CAS, Especially strong at
FriCAS ‘Waldek Hebisch 2007 2007 130 August 31, 2016 Free y 4
license symbolic integration.
GAP GAP Group 1986 1986 48.6 November 12, 2016 Free GNU GPLI0! Specialized CAS for group theory and combinatorics.
Christian Bauer,
. Alexander Frink, Integrate symbolic computation into C++ programs; no
GiNaC ) 1999 1889 174 October 2, 2016 Free GNU GPL ; i L] i
Richard B. Kreckel, et high-level interface, but emphasis on interoperabiliy.
al.
KANT/KASH KANT Group ? ? 3 2005/2008 Free for nan-commercial use own license Specialized CAS for algebraic number theory
Daniel Grayson and Specialized CAS for algebraic geometry and commutative
Macaulay2 i 1992 1994 18 2015 Free GNU GPL B o 8 t
Michael Stillman algebra
MIT Project MAC and . X
Macsyma SET 1968 1978 24 1999 $500 Proprietary The oldest general purpose CAS. Siill alive as Maxima.
General purpose CAS, originally specialized in group
Magma University of Sydney ~1990 1983 2223 July 20, 2016 1,440 Proprietary theory. Works with elements of algebraic structures rather
than with non typed mathematical expressions
2,275 (Ci ial), $2,155
Symbolic Computation S CommeRisliNs
Maple Group, University of 1980 1984 2018 March 2, 2016 (Gevaimant); $1245 (hestonic). 290 Proprietar One of the major general purpose CAS
o o ¥ : (Personal Edition), $08 (Student), $79 PR g PUTE:
Waterloo
(Student, 12-Month term)1]
P tric Technols 1,600 (C 1), $105 (Student), Fi . .
Mathcad Y, 1985 1985 15.0 M045 November 2015 ¥ (Gommerciel) S, jRucenD.iee Proprietary Numerical software with some CAS capabilities
Corporation (Express Edition)!12]
o $2,495 (Professional), $1095 (Education),
§ : 295 (Personal),I"*) $140 (Student), -
Mathematica Wolfram Research 1986 1988 (September 28, 2016) April 18, 2016 Proprietary One of the major general purpose CAS

3l

$69.95 (Student annual license),'3! free on
Raspberry Pi hardware! 1]

Figure 4: A snippet of the Wikipedia (1l): list of computer algebra systems.

The lists mentioned here are manually maintained
and updated, have different structure also for
metadata and are weakly coordinated, see also the
remarks about the Computer Algebra Social Net-
work (CASN) below.

o Further resources
Services:

Software can be available in different forms,
e.g., as a service (cloud computing, Class Group
Database [1, 13]).

Journals specialized in mathematical software:

Also the software journals are mentioned here be-
cause they play a pioneering role for the quality
control and evaluation of software. There exists
a number of journals specialized in mathematical
software, e.g., the Journal of Software for Alge-
bra and Geometry [12], where the peer reviewing
also includes mathematical software.

Conferences (including proceedings) on CASs

Moreover, mathematical software must be considered
in its context which is given by mathematical theories,
algorithms, programming languages, applications, data,
e.g., benchmarks and data formats, and also the devel-
opers and user communities of software. Context analy-
sis is also an important method to build up and develop
powerful machine-based information services for math-
ematical software which will be demonstrated by the
sSWMATH concept in the next section.
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swMATH

The publication-based approach

An important feature of the swMATH [3] concept, the
publication-based approach, has its origin in the analy-
sis of context information. Instead of analyzing mathe-
matical publications for software citations and informa-
tion about software, the database zbMATH [4] is used.
Specifically, the zbMATH database contains the follow-
ing data of publications which are of relevance for the
analysis: title, keywords, reviews or abstracts, reference
lists, and classification codes.

The data analysis and knowledge generation of the
swWMATH approach has several steps:

1. Identification of software references within the zb-
MATH data
The title, the review or abstract, and the reference
lists of publications are searched for indicators
for software references by heuristic means. Such
indicators can be artificial names in combina-
tion with characteristic words as software, mod-
ule, package, etc. Of course, the methods used
are very simple but work surprisingly well. The
acceptance of a software citation standard cor-
responding to the recommendations given above
would make the heuristic methods obsolete and
permit a secure and complete identification of
software.



2. Extraction of information about software

Reviews and abstracts of a mathematical publica-
tion contain most of all content information, espe-
cially a description of the problems investigated,
the used methods, and results.
For software references it is useful to distinguish
between two classes of publications: The publica-
tions which describe a software (labeled as “stan-
dard publications™) and publications which use a
software for solving a problem (labeled as “user
publications”). Both types provide different in-
formation about a software and are processed in
different ways. Some information directly enters
into swMATH, e.g., keywords or MSC codes.

3. Aggregation and ranking of information
Currently, swWwMATH has nearly 16,000 entries
on software packages and other mathematical re-
search data which contain more than 215,000
software citations in more than 130,000 publica-
tions. In other words, there is often a great num-
ber of publications citing a software. This allows
to weight the information by the corresponding
number of the keyword frequencies which is done
in the keyword cloud, to create an “acceptance
profile” of the software (citation graph) by the
number of annual publications citing a software.
It’s also possible to give some information about
related software based on the MSC classification
codes. The number of publications citing a soft-
ware could also be used as a measure for credit
to the developers. Further features are possible,
e.g. the definition of an application profile of the
software. All this can be done automatically by
heuristic means.

The Web-based approach

The publication-based method is a powerful tool but
has limitations. Publications do not cover technical de-
tails about the implementation, the programming lan-
guage, or the required hard- and software environment
of a software. Typically, this information is given in
manuals and documentations. Also other context infor-
mation, e.g., test data and benchmarks or programming
languages, are important for reproducing the results of a
publication. As said above, this kind of information can
often be found on other resources on the Web.

Therefore swMATH tries to enrich the information
about software by adding information from the Web. At
first, swMATH tries to find the website of a software and
links it if the search was successful. We have started to
develop methods for analyzing the websites, see [8]. For
this purpose the Internet Archive [10] is used which pro-
vides also the data from a lot of websites of mathemati-
cal software from the past. Also the information of some
repositories is integrated in swMATH. swMATH shows
that the analysis of different resources is a promising
way to run and maintain useful and efficient informa-
tion services for mathematical software.
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swMATH in a Nutshell

Currently swMATH provides the following information:

1. a list of mathematical software packages (and
other related mathematical research data), as
complete as possible

. a persistent identifier (a five digit number) for
each software,

metadata, especially about its content (descrip-
tion, keywords, MSC codes),

links to the websites of the software (if existing).
a list of publications citing a software
a list of similar software

an acceptance profile for the software

® N s

links from the publications to the corresponding
versions (currently only in the test version)

links to the Internet archive

10. links to manuals, documentation, source code,

etc.

Moreover, swMATH provides a simple and an extended
search functionality for software. In the case of com-
puter algebra systems, swWwMATH lists more than 100
entries, cutouts of this list and the swMATH page for
the software “Singular” are shown below.

Results 1 to 20 of 124 Sortby: Name = Relevance
Mathematica Referenced in 3800 articles [sw00554]

individual or enterprise solutions. Computer algebra system (CAS...

Maple Referenced in 3762 articles [sw00545]
images, sound, and diagrams. Computer algebra system (CAS...

GAP Referenced in 1587 articles [sw00320]
your special use. Computer algebra system (CAS...

Magma Referenced in 1564 articles [sw00540]
Computer algebra system (CAS). Magma is a large, well-supported software package designed for computations...

Macaulay2 Referenced in 920 articles [sw00537]
rings, and more. Computer algebra system (CAS...

SINGULAR Referenced in 882 articles [sw00866]
SINGULAR is a Computer Algebra system (CAS) for polynomial computations in commutative algebra, algebraic
geometry...

SageMath Referenced in 696 articles [sw00825]
Mathematica, Magma, and MATLAB. Computer algebra system (CAS...

MACSYMA Referenced in 662 articles [sw01209]
graphical mathematics software product. Computer algebra system (CAS). You can use it to solve simple...

REDUCE Referenced in 625 articles [sw00789]
mathematicians, scientists and engineers. Computer algebra system (CAS). It has been produced by a
collaborative...

CoCoA Referenced In 468 articles [sw00143]
common to most platforms. Computer algebra system (CAS...

PARI/GP Referenced In 295 articles [sw00680]
widely used Computer Algebra System (CAS) designed for fast computations in number theory, but also...

GeoGebra Referenced in 257 articles [sw04203]

open source software. Computer algebra system (CAS...

Figure 5: A snippet of the swMATH list for computer
algebra systems.



“SW MATH  search  Advancedsearch  Browse

SINGULAR

SINGULAR is a Computer Algebra system (CAS) for polynomial computations in commutative algebra, algebraic
geometry, and singularity theory. SINGULAR's main computational objects are ideals and modules over a large variety of
baserings. The baserings are polynomial rings over a field (e.qg., finite fields, the rationals, floats, algebraic extensions,
transcendental extensions), or localizations thereof, or quotient rings with respect to an ideal. SINGULAR features fast
and general implementations for computing Groebner and standard bases, including e.g. Buchberger’s algorithm and
Mora'’s Tangent Cone algorithm. Furthermore, it provides polynomial factorizations, resultant, characteristic set and gcd
computations, syzygy and free-resolution computations, and many more related functionalities. Based on an
easy-to-use interactive shell and a C-like programming language, SINGULAR's internal functionality is augmented and
user-extendible by libraries written in the SINGULAR programming language. A general and efficient implementation of

URL: www.singular.uni-kl.de
InternetArchive

Manual: www.singular.uni-kl.de...
Authors: Wolfram Decker;
Gert-Martin Greuel; Gerhard
Pfister; Hans Schénemann
Platforms: ix86-Linux, SunOS-5,
IRIX-6, ixB6-Win (runs on
Windows 95/8B/NT4/2000/XP
Mista), FreeBSD, MacOS X,
X%86_64-Linux (AMDB4/Opteron

communication links allows SINGULAR to make its functionality available to other programs.

(D This software is also referenced in ORMS,

B Keywords for this software

/EMB4T), 1AB4-Linux

Licence: free and open-source
under the GNU General Public
Licence.

Add information on this software.

algebraic _gg?%r}uﬁwlizammer algebra :j::::;mm:
decomposition CoCoA
S ieS Magma
A complexity Maple
SageMath
polynomial system Sres
Plural
SINGULAR - pur
singularities Eob
" o g
Milnor number athematica
Show more...
. numerical algebraic geometry.. .
GrobAET (&g ersevtiopon numoers

References in zbMATH (referenced in 882 articles , 4 standard articles )

Showing results 1 to 20 of 882.

123 ... 43 44 45 next

-

local rings with rational singularities (2016)

. Alberich-Carramifiana, Maria; Dachs-Cadefau, Ferran; Alvarez Montaner, Josep: Multiplier ideals in two-dimensional

Article statistics & filter:

Sorted by year (citations) 20 j Search for articles

Clear

MSC classification / top

= T Top MSC classes

2. Bivia-Ausina, Carles; Fukui, Toshizumi: Mixed \Lojasiewiczexponents and log canonical thresholds of ideals (2016) i | 13 Commutative algebra
3. Bobowik, Justyna; Szafraniec, Zbigniew: Counting signed swallowtails of polynomial selfmaps of R* (2016) : | 14 Algebraic geometry
4. Boels, Rutger H.; Kniehl, Bernd A.; Yang, Gang: Master integrals for the four-loop Sudakov form factor (2016) : 32 Functions f’f 39‘-‘3_"34---
5. Bdhm, Janko; Decker, Wolfram; Fieker, Claus; Laplagne, Santiago; Pfister, Gerhard: Bad primes in computational L 34 Ordinary d'ﬁs_"e”"al'"
algebraic geometry (2016) i - I+ 68 Computer science
[ w Other MSC classes

6. Bohm, Janko; Decker, Wolfram; Keicher, Siman; Ren, Yue: Current challenges in developing open source computer

algebra systems (2016)

Figure 6: A snippet of the swMATH webpage for the software Singular.

The Computer Algebra Social Network

Software information is an important part of the scien-
tific digital information and communication infrastruc-
ture. The scientific digital infrastructure is widely dis-
tributed and must be able to process and link hetero-
geneous resources, e.g., information about researchers,
publications, software, conferences and workshop, etc.
and data formats in a semantic way. This requires an
active goal-oriented conceptual and technical coopera-
tion between different players. All relevant data must
be digitized, semantically enriched, and encoded in a

machine-understandable way. The idea of the Com-
puter Algebra Social Network (CASN), for an overview
on CASN see H.-G. Gribe [7], is an advancement and
continuation of the Symbolic Data concept. Established
Web technologies, especially RDF, should be used for
the semantic annotation of resources. Each resource,
e.g., the servers of the German CA Fachgruppe or
SIGSAM, can become a node in this network. The RDF
files of the metadata which are created by the provider
of a node guarantee that the information can be automat-
ically linked and is accessible via CASN. The swMATH
service is integrated in CASN.
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Summary and outlook —
what we can and should do

A powerful and sustainable infrastructure for mathemat-
ical software information is in the interest of developers
and users. It is also important for the positioning and
the role of this research subject in the sciences and in
society. The infrastructure must be oriented towards the
interests of the developers and users. The mathematical
community should actively take part and influence the
development.

Specifically, the information about software is in-
consistent, is distributed, not standardized, and not
machine-processable, which hampers the combination
of heterogeneous resources of mathematical software
and related information. A better citation practice, stan-
dardization, enrichment of the semantic information, co-
ordination, and a better integration of software as de-
sired in the Open DreamKit project [19] opens new per-
spectives for this research subject.

We need a broad dialogue and a communication fo-
rum which brings the developers, the user communities,
information experts, and service providers together for
a discussion of all aspects. The symbolic computation
community could play a pioneering role to establish a
sophisticated infrastructure for a mathematical subject
which covers all relevant resources. These include

e definition of the overall goals and principles of an
infrastructure for mathematical software

standardization

for the authors: The authors should cite the soft-
ware corresponding to the recommendations of
the SCPs, especially marking up the type and give
information about the versions, releases, etc,

for the developers and service providers: There
should be developed a standardized metadata
scheme for mathematical software (analyzing the
different facets of software information),

for service providers: The information should be
provided in a machine-understandable way which
supports a semantically sensible combination of
information,

for service providers: Development of intuitive
tools to support the standardized description of ci-
tations

a better linking of the information resources of
software for service providers: This requires a co-
operation between the providers of the different
services for software and its context and the de-
velopment of user interfaces.
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