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Introduction
A powerful digital research infrastructure becomes in-
creasingly important in today’s networked and inter-
linked world. This includes digital support for dissem-
ination of new papers, the refereeing process, confer-
ence submissions, and scientific communication within
communities. Services such as MathSciNet, arXiv.org,
EasyChair.org, or bibsonomy.org have been established
and their usefulness is acknowledged by the larger sci-
entific community.

Smaller academic communities, e.g. the Computer
Algebra (CA) community, are challenged to organize
their intracommunity communication infrastructure in a
similar way. Infrastructural efforts are rarely acknowl-
edged by the reputational processes of science, however,
and are hence left to the casual engagement of volun-
teers unless led by leading-edge scientists of the com-
munity.

Open Source culture offers plenty of experience of
how to substitute centrally organized projects by decen-
tralized networked structures and indeed the new focus
of SYMBOLICDATA version 3 is that of an intercommu-
nity project, providing not only reliable access to data
for testing and benchmarking purposes but also techni-
cal support for interlinking between different CA sub-
communities.

Evolution
SYMBOLICDATA has been part of CA infrastructural ef-
forts for almost 15 years. It grew out of a Special Ses-
sion on Benchmarking at the 1998 ISSAC conference,
where the participants were faced with a typical situa-
tion: Volunteers compiled a large database of Polyno-
mial Systems with the goal to make it publicly avail-
able for testing and benchmarking of algorithms. At the
end of the project people switched to other tasks and it
became more and more problematic to access the data.
Even worse, badly cloned copies of the data were dis-
seminated and after a while it was hard to decide e.g.
what exactly ‘Katsura-5’ means – is it about the example
from the well-known series with 5 variables y1, . . . , y5
or with 6 variables x0, . . . , x5?

The SYMBOLICDATA Project started in 1999 on that
basis to build a reliable and sustainably available refer-

ence of Polynomial Systems data, to extend and update
it, to collect metainformation about the records, and also
to develop tools to manage the data and to set up and
run testing and benchmarking computations on the data.
A first implementation with data from Polynomial Sys-
tems Solving and Geometry Theorem Proving was real-
ized by Olaf Bachmann and Hans-Gert Gräbe in 1999
and 2000. Data from other fields, by CoCoA, Singular,
V. Levandovskyy, and R. Hemmecke, were added later
and the Web site symbolicdata.org sponsored by
Fachgruppe Computeralgebra went online in 2005. The
project joined forces with the Agile Knowledge Engi-
neering and Semantic Web (AKSW) Group at Leipzig
University [1] in 2009 to strongly refactor the data along
standard Semantic Web concepts based on the Resource
Description Framework (RDF). These efforts were en-
dorsed in 2012 by a Saxonian E-Science Initiative grant
for A. Nareike. The new SYMBOLICDATA data and
tools were released as version 3 in September 2013.

Resources
The SYMBOLICDATA data collection currently con-
tains resources from Polynomial Systems Solving
(390 records, 633 configurations), Free Algebras (83
records), G-Algebras (8 records), GeoProofSchemes
(297 records), and Test Sets from Integer Program-
ming (28 records). These resources are stored in a
flat XSchema based XML syntax using well-established
syntaxes for the internal data.

The move to RDF within the E-Science Project ac-
tually strengthened the part of SYMBOLICDATA not in-
volved with Polynomial Systems Solving through a con-
sequent distinction between data (owned and maintained
by different CA subcommunities) and metadata.

RDF Basics
One of the main advances with version 3 of SYMBOLIC-
DATA is the overall introduction of Linked Data con-
cepts and RDF notations for the metadata. RDF [2] is a
data model which stores information as triples

s p o .

which are considered a sentence with subject s, predi-
cate p and object o. Subjects and predicates are URIs
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(Uniform Resource Identifiers) while objects (or ‘val-
ues’) can be a URI or a literal (a string in quotes). There
are shortcut notations of RDF, e.g. RDF-XML, JSON, or
Turtle, and plenty of tools and parsers for the different
formats.

As an example assume there is a resource at

http://symbolicdata.org/XMLResources/IntPS/
Czapor-86c.xml

that represents the XML record about the polynomial
system

x2 + y z a + xd + g ,
y2 + xz b + y e + h ,
z2 + xy c + z f + k

known as Czapor-86c. Such a polynomial system can
be interpreted differently as polynomial ideal in differ-
ent polynomial rings (see below).

We are going to store properties of the interpretation
of that polynomial system as ideal

I ⊂ Q[x, y, z, a, b, c, d, e, f, g, h, k]

(an ideal configuration, associated with that record) as
new RDF subject. First, a new URI has to be assigned to
such a new subject (using a sound naming scheme, not
discussed here):

<http://symbolicdata.org/Data/Ideal/
Czapor-86c.Flat>

or sdideal:Czapor-86c.Flat for short.
Now we can assign metainformation to that subject.

Some of these properties can be extracted directly from
the XML resource, others have to be calculated. Here is
the record in Turtle notation:

sdideal:Czapor-86c.Flat a sd:Ideal ;
rdfs:comment "Flat variant of Czapor-86c" ;
sd:createdAt "1999-08-27" ;
sd:createdBy sdp:Bachmann O ;
sd:hasDegreeList "3,3,3" ;
sd:hasLengthsList "4,4,4" ;
sd:relatedPolynomialSystem sdpol:Czapor-86c ;
sd:hasVariables "x,y,z,a,b,c,d,e,f,g,h,k" .

This record contains 8 triples in Turtle shortcut notation.
Since all triples share the same subject (the first line),
Turtle compacts the notation by separating property–
value pairs to the same subject with a semicolon. The
sd:, sdp:, sdideal: and sdpol: prefixes are ab-
breviations for name-space prefixes.

The configuration above refers to Polynomial Sys-
tem sdpol:Czapor-86c, described by the RDF
record

sdpol:Czapor-86c a sd:IntegerPolynomialSystem ;
sd:createdAt "1999-03-26" ;
sd:createdBy sdp:Graebe HG ;
sd:relatedXMLResource <http://symbolicdata.org/

XMLResources/IntPS/Czapor-86c.xml> .

In other words, the Czapor-86c.Flat configuration is de-
rived from the ‘true’ Czapor-86c example, that is, it is
the ideal

I ′ ⊂ S′ = Q(a, b, c, d, e, f, g, h, k)[x, y, z]
generated by the same polynomials. Geometrically
it represents a complete intersection of three (generic
affine) quadrics over the field of rational functions in the
given parameters. There is also a record on that config-
uration:
sdideal:Czapor-86c a sd:Ideal ;

sd:createdAt "1999-03-26" ;
sd:createdBy sdp:Graebe HG ;
sd:hasDegreeList "2,2,2" ;
sd:hasLengthsList "4,4,4" ;
sd:hasDegree "8"ˆˆxsd:integer ;
sd:hasDimension "0"ˆˆxsd:integer ;
sd:hasParameters "a,b,c,d,e,f,g,h,k" ;
sd:parameterize <http://symbolicdata.org/Data/

Ideal/Czapor-86c.Flat> ;
sd:hasVariables "x,y,z" .

It is derived from the Czapor-86c.Flat configuration
by parameterization with respect to the given parame-
ters (see below for details). Note that the degree lists
of Czapor-86c.Flat and Czapor-86c are different. The
record contains some more metainformation: S′/I ′ is
zero-dimensional and has degree 8.

Using RDF
To operate on RDF data the knowledge bases (called
RDF Graphs) have to be uploaded into an RDF triple
store. SYMBOLICDATA uses the Virtuoso triple store
[3] that provides also a SPARQL endpoint [4] to query
the data. SPARQL is an RDF query language with syn-
tax and expressive power similar to SQL for classical
relational databases. The following example query shall
suffice here; it lists all sd:Ideal entries with precom-
piled dimension, degree and lengths:
PREFIX sd: <http://symbolicdata.org/Data/Model#>
SELECT ?a ?dim ?deg ?ll WHERE {

?a a sd:Ideal .
?a sd:hasDimension ?dim .
?a sd:hasDegree ?deg .
?a sd:hasLengthsList ?ll

}

Modelling Polynomial Systems
RDF provides metainformation in an interoperably
searchable way but still has to be applied in a domain-
specific way to model topics from CA subcommuni-
ties. We explain such aspects of SYMBOLICDATA mod-
elling again on the topic of Polynomial Systems. Sim-
ilar considerations are required to model any other part
of the SYMBOLICDATA database and the SYMBOLIC-
DATA wiki [5] gives details about modelling other data
(Free Algebras, G-Algebras, Geometry Proof Schemes
etc.).

Polynomial Systems XML resources store lists of
polynomials in distributive normal form with integer
coefficients together with a complete list of variables
(and, for modular systems, the modular base domain
GF (p)). Hence even modular polynomial systems can
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be semantically considered as set F = {f1, . . . , fs} of
polynomials in S = Z[x1, . . . , xn] in the indeterminates
x1, . . . , xn listed in the record.

Polynomial Systems Solving considers polynomial
systems in different contexts. We have already shown
how to construct the Czapor-86c ideal from the Czapor-
86c.Flat resource. This is an example for a stan-
dard kind of interpretation where we divide indeter-
minates x1, . . . , xn into disjoint subsets u1, . . . , uk and
z1, . . . , zm and consider the ideal

I ′ ⊆ S′ = R(u1, . . . , uk)[z1, . . . , zm]

generated by the images of f1, . . . , fs in S′ over the base
coefficient field R. Here u1, . . . , uk are considered as
parameters and z1, . . . , zm as variables. R is usually the
field Q of rationals or a modular field GF (p) (other set-
tings are possible). S has the universal property that
the canonical map on the indeterminates extends to a
ring homomorphism S → S′ in a unique way. We call
such an interpretation of a Polynomial System resource
as ideal generators in a polynomial rings S′ (ideal) con-
figuration. (Such configurations can be derived not only
from Polynomial System resources but from other con-
figurations as well.)

While SYMBOLICDATA version 2 would store each
configuration as a new resource, version 3 foresees
(polynomial-time) transformations to express their re-
lation to the basic resource.

The sd:homogenize transformation derives a
new configuration by homogenization (with respect to
standard grading). Given the configuration F in S′ and
a new variable h we generate the homogenized polyno-
mials F h = {fh1 , . . . , fhs } in

S′′ = R(u1, . . . , uk)[z1, . . . , zm, h]

and the ideal I ′′ generated by F h in S′′. There is a nat-
ural ring homomorphism φ ∶ S′′ → S′ mapping h → 1
and the polynomials fh1 , . . . , f

h
s are called the pull-back

polynomials of f1, . . . , fs with respect to φ. Note that
the pull-back ideal φ−1(I ′) contains the pull-back poly-
nomials but is not necessarily generated by them.

The sd:flatten transformation constructs new
configurations by flattening. In particular polynomial
systems coming from Geometry Theorem Proving have
a natural interpretation as generators of ideals

I ′ ⊆ S′ = Q(u1, . . . , uk)[z1, . . . , zm]

since the indeterminates can be divided into independent
and dependent ones [6]. If f1, . . . , fs are denominator-
free there is a natural interpretation

F = {f1, . . . , fs} ⊂ S = R[u1, . . . , uk, z1, . . . , zm]

and another pull-back homomorphism S → S′ that re-
lates the ideal I ′ generated by F in S′ to the ideal I
generated by the pull-back images of F in S. The con-
figuration F in S is obtained by flattening from the con-
figuration F in S′. Also in this case the pull-back poly-
nomial images do not necessarily generate the full pull-
back ideal φ−1(I ′) in S.

The sd:parameterize transformation does the
opposite: it derives F in S′ from F in S with respect to
a given subset {u1, . . . , uk} ⊂ {x1, . . . , xn} of the inde-
terminates considered as parameters. This corresponds
to a ring push-forward operation φ ∶ S → S′. By defini-
tion the push-forward polynomials generate the (possi-
bly trivial) push-forward ideal I ′ = φ(I)S′.

In the future we plan to add an sd:substitute
mode that creates a new configuration by substituting
some of the variables by integer values.

A complete list of transformation modes can be ob-
tained by the SPARQL query

PREFIX sd: <http://symbolicdata.org/Data/Model#>
select distinct ?p
from <http://symbolicdata.org/Data/

PolynomialSystems/>
where {

?a a sd:Ideal .
?b a sd:Ideal .
?a ?p ?b .

}

Compared with former SYMBOLICDATA versions
the only restriction is that semantic-aware tools (which
‘know’ what a polynomial is) are required to generate
configurations from given basic ones. We believe this is
not a real restriction since for serious computations on
Polynomial Systems semantic-aware tools are required
in any case. Such tools also have to provide a Polyno-
mial Systems parser to input the basic XML examples.
With your favorite CA software being aware of polyno-
mial semantics it should be easy to implement the trans-
formation modes required to obtain the different config-
urations. As a proof-of-concept, A. Nareike compiled
the sdsage package [7] to be integrated with the Sage-
math system [8].

Navigation within the
Polynomial Systems Data

Special semantic knowledge is also required for naviga-
tion and identification of data. This topic is particularly
important for intercommunity communication since one
cannot expect researchers to be familiar with common
practices of the different subcommunity. For a case-in-
point let us again turn to Polynomial Systems Solving.

It is one of the challenges to check whether a Poly-
nomial System configuration obtained from an external
source is contained in the database, since the ‘same’
configuration may be given by polynomials with differ-
ent variable sets and in different term orders. Thus for
navigational purposes fingerprints of Polynomial Sys-
tem configurations are required that are independent
of variable names and term orders. For a polynomial
0 ≠ f ∈ S′ = R(u1, . . . , uk)[z1, . . . , zm], invariants may
be derived from the set T (f) of terms. Every such poly-
nomial has a distributive normal representation

f = ∑
α∈Nm

cα ⋅ zα,
cα ∈ R(u1, . . . , uk),
zα = zα1

1 ⋅ . . . ⋅ zαm
m ,
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and T (f) = {zα ∶ cα ≠ 0} is independent of the term
order (but not of the variable names). There are two in-
variants that are well-defined for f regardless of vari-
able names and orders – the number ∣T (f)∣ of terms
(the length of the polynomial f ) and the pattern of
the total degrees (deg(zα) ∶ cα ≠ 0) of the terms in
T (f). In particular, for 0 ≠ f the maximum degree
deg(f) = max(deg(zα) ∶ cα ≠ 0) is well-defined.

We use ordered lists of polynomial lengths and of
maximum degrees as fingerprints of configurations and
provide them precompiled as part of the metadata for
a given configuration. Such a fingerprint can easily be
computed by almost all semantic-aware tools. While
configurations with different fingerprints are definitely
distinct, there can be different examples with the same
fingerprint. Although the fingerprint method could be
refined there was no need so far, since the examples with
equal fingerprints are rare and can easily be inspected by
hand. The SPARQL query

PREFIX sd: <http://symbolicdata.org/Data/Model#>
select distinct ?ll ?dl count(?a)
from <http://symbolicdata.org/Data/

PolynomialSystems/>
where {

?a a sd:Ideal .
?a sd:hasLengthsList ?ll .
?a sd:hasDegreeList ?dl .

} order by desc(count(?a))

returns a complete list of the number of configurations
in the database with given fingerprints.

Background Information –
SYMBOLICDATA meets Linked Data

One of the visions of the SYMBOLICDATA Project was
to collect not only benchmark and testing data but also
valuable background information about the records in
the database, e.g. information about papers, people, his-
tory, systems, concerned with the examples in our col-
lection. RDF is particularly suited for this, for it pro-
vides both the concept of typeless URIs within a typed
world to point to resources of different types in a uni-
form way and it allows linking to foreign URIs in other
databases to build up a semantic network with many
nodes where the node at symbolicdata.org is only
one in the multitude of nodes of such a (distributed)
Computer Algebra Social Network.

Whereas the second possibility remains a challenge
for future extensions we use the former concept to rep-
resent background information as RDF records of type
sd:Annotation with predicates

• rdfs:label – a label for the annotation,

• rdfs:comment – a text field for the annotation,

• sd:relatesTo – (multiple) URIs pointing to
interrelated records.

For example, the SPARQL query

select ?a
from <http://symbolicdata.org/Data/

Annotations/>
where {

?a a sd:Annotation .
?a sd:relatesTo

<http://symbolicdata.org/Data/
Ideal/Sym1 211> .

}

finds all annotations related to the ideal Sym1 211.
For historical reasons there are presently two kinds

of annotations, but the new concept is not restricted to
that. The first kind with namespace prefix
http://symbolicdata.org/Data/Annotation/BIB.

(including the period) relates bibliographical entries
of type sd:Reference from the SYMBOLICDATA
knowledge base Bibliography to different data records.
We provide links to (at the moment) three providers of
bibliographical information:

• CiteSeer at
http://citeseer.ist.psu.edu,

• the Groebner Bases Bibliography at
http://www.risc.jku.at, and

• the Zentralblatt at
http://www.zentralblatt-math.org.

A typical record of a bibliographical reference has the
following structure:
sdb:Canny 93a a sd:Reference;

dct:creator sdp:Canny JF,
sdp:Manocha D ;

dct:issued "1993"ˆˆdct:W3CDTF ;
dct:title "MultiPolynomial

Resultant Algorithms" ;
sd:hasCSentry

<http://citeseer.ist.psu.edu/viewdoc/
summary?doi=10.1.1.38.1735> ;

sd:hasGBBentry
<http://www.risc.jku.at/

Groebner-Bases-Bibliography/
details.php?details id=465> ;

sd:hasZBentry
<http://www.zentralblatt-math.org/

zmath/en/search/?q=an:0778.13023
&format=complete> ;

sd:lastModified "2004-08-28" .

In particular we provide author information (field
dct:creator) as references into our People knowl-
edge base. It is thus easy to find the papers of a given
person that refer to a particular record. We started an
alignment of our people knowledge base with the author
URIs provided by the Zentralblatt to offer even more
search flexibility in the future. The same applies to our
collection of references to CAS descriptions that is com-
pletely aligned with swmath [9].

The second kind of annotations provides back-
ground information in a stronger sense, see the
rdfs:comment fields of the records shown so far for
examples. We provide also a first experimental version
of tags and keywords of annotations, but this requires
further elaboration.

To be complete we mention that there is a third
kind of annotation not yet incorporated into the new
generic system of annotations, the Geometry Problems
Formulations knowledge base relating records of type
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sd:GeometryProblemFormulation and of type
sd:GeoProofScheme.

Towards a
Computer Algebra Social Network

From the five stars to be assigned to a Linked Data
project according to Tim Berners-Lee’s classification
[10] SYMBOLICDATA earned four stars so far (for of-
fering data in interoperable RDF format on the web and
providing a SPARQL-queryable triple store). To earn
the fifth star one has to build up stable semantic rela-
tions to foreign knowledge bases and thus become part
of the Linked Open Data Cloud [11].

Much of such interrelation, e.g. a list of inter-
operability references for people and bibliographical
data with the Zentralblatt, is on the way as indicated
in the last section. Second, we joined forces with the
efforts of the board of the Fachgruppe to store and pro-
vide information about people and groups working on
CA topics in Germany at their new Wordpress-driven
web site [12]. We developed a first prototype to store
this information in RDF format as another knowledge
base in the SYMBOLICDATA database, to extract it by
means of SPARQL queries and to include it into the
web site by the Wordpress shortcode mechanism via a
special Wordpress plugin. The same technique is used
to maintain informations about upcoming conferences
at this site.

The vision of a Computer Algebra Social Network
goes far beyond that:

• Maintain at your local site up-to-date information
about your working group and its people in a con-
sistent RDF format as e.g. the AKSW team does
at http://aksw.org/Team.html.

• Maintain a ‘foaf:ProfileDocument’ at a personal
page containing all important public up-to-date
information about your activities in a consistent
RDF format as e.g. the AKSW team member
Natanael Arndt does at http://aksw.org/
NatanaelArndt.html.

• Organize a regular harvesting process within the
CA community for such information to feed
common pages at sites as e.g. http://www.
computeralgebra.de, and to substitute part
of the information centrally stored at SYMBOLIC-
DATA today by decentrally managed one.

• Set up and run within the CA community a
semantic-aware Facebook-like Social Network
and contribute to it about all topics around Com-
puter Algebra using tools that express your con-
tributions in an RDF-based syntax.

The last point sounds quite visionary but it is in no way
utopic. The AKSW team provides a first prototype of
a tool that realizes the challenging concept of a Dis-
tributed Semantic Social Network [13] running, in con-
trast to Facebook, on a multitude of nodes all over the
world. Since the concept works also with a single node
and can be extended later on, we set up such a node at
symbolicdata.org for testing, see our CASN wiki
page for more information. Even if all this is very pre-
alpha yet, the future is already on the way. Don’t miss
the train.
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