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Abstract

We demonstrate the concept of presenting a data schema of a knowledge graph, used to support visual schema
presentation and visual queries over the data, as a knowledge graph itself. We demonstrate, how the visual
schema analysis methods (visual schema presentation and visual query creation) can be applied to the meta-level
schema, as well, including creation of queries involving both the data and its schema levels.
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1. Introduction

Visual methods of data analysis, including visual data schema presentation and visual queries over the
data hold a promise of enabling direct work with the data for a wider group of custom domain experts,
as well as they can ease the work of data professionals by allowing to exploit their visual perception
capabilities in their work.

Various methods and tools for visual data structure presentation exist, including OWL ontology
visualization tools, as VOWL [1], OntoDia [2] and OWLGrEd [3], as well as RDFShape [4] for RDF data
shape presentation. The visual data structure presentation methods exist in commercial knowledge
graph management environments, such as Metaphactory and TopBraid Composer, as well. There are
also early tools for on-the-fly extracting and visualizing the actual data schema, such as LD-VOWL [5]
and LODSight [6].

The tools for visual data exploration and queries involve OptiqueVQs [7], RDF Explorer [8],
QueryVOWL [9], LinDA [10] and ViziQuer [11].

Out of these tools, ViziQuer provides an option to combine the data schema presentation and visual
query facilities into a single visual environment [12]. Its existing technological pipeline for visual schema
presentation and schema-backed query creation is based on a dedicated structure of a data schema
that involves the description of the schema entities (classes and properties) and their connections (e.g.,
what properties can apply to instances of what classes, or what class-to-class and property-to-property
relations are possible). The frequencies of entity and their connection appearance and other factors,
like property domain/range information and property cardinalities can be relevant elements in the data
schema structure, as well.

The current solution enabling the shared visual data schema and visual query experience in the
ViziQuer tool context foresees storing the data schema in a relational database (RDB). This solves the
performance issues, even when the schemas of large data sets, such as DBpedia and Wikidata are stored.
However, RDB storage is little helpful when it comes to explaining what data actually are stored in the
database. The RDB format also makes it difficult to share the data schemas among the different users
and to integrate their data into larger data ecosystems, typically offered by the knowledge graphs.

In this work we outline the concept of creating a knowledge graph out of the visual data schemas
themselves to enable them to be acted upon by various KG and semantic technology tools, including
but not limited to the visual schema presentation and visual queries in the ViziQuer tool itself. We
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Figure 1: An example Nobel Prizes data schema

demonstrate the possibility of creating distributed visual queries in ViziQuer simultaneously over the
original data and the data schema, as well.
In what follows, Section 2 reviews the visual schemas and queries in the ViziQuer environment
context. Section 3 presents the data schemas as Knowledge graphs and Section 4 concludes the paper.
The material supporting the demonstration is available at https://github.com/LUMII-Syslab/
viziquer-tools-kg .

2. Visual Schemas and Queries

Figure 1 provides an example data set schema for a snapshot of the Nobel Prizes data set'. The schema
lists the data classes as nodes and the properties available at each of them as attributes, or as links
connecting the property source and target classes. There is frequency information for classes, attributes
(in the context of their ascription class) and links (in the context of link source and target classes), as
well as attribute and link cardinalities in their respective contexts. Note that the properties :hasPart
and :isPartOf connect just the nobel:nobelPrize and nobel:LaureateAward classes, their applicability to
the instances of the dbo:Award classes is covered by their ascription its subclasses (the schema provides
the information about the “essential” ascription points of the properties). The D and R markers at
the attributes and links depicting a property inform that the particular property visualization context
corresponds to its domain (D) or range (R).

The data schema, as stored in the visual tool, allows creating visual queries for inspecting the data set
contents, for instance, by asking for statistics of Nobel Prizes received by organizations across different
prize categories, as shown in Figure 2.

A visual query is a rooted directed graph with data nodes corresponding to query variables (with an
option to assign class information, as well), the data links establishing their connections and attributes
building up the selection list. There are means for further query structuring as control nodes (unit or
union) and non-data edges (non-link edges and same-data edges). The reader may consult [13] for a
more detailed visual query notation explanation.

!Originally at http://data.nobelprize.org; a snapshot has been created created and stored locally (see the supporting resources
page for details).
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order by n_count DESC

:laureate

WHERE{

?NobelPrize

}

?NobelPrize rdf:type :

SELECT ?category (COUNT(?NobelPrize) AS ?n_count) #

NobelPrize.
:laureate ?Person.

?Person rdf:type foaf:Person.
OPTIONAL{?NobelPrize

GROUP BY ?category
ORDER BY DESC(?n_count)

:category ?category.}

category

n_count

1 http://data.nobelprize.org/terms/Physiology_or_Medicine 225

2 http://data.nobelprize.org/terms/Physics 219
3  http://data.nobelprize.org/terms/Chemistry 191
4 http://data.nobelprize.org/terms/Literature 118
5 http://data.nobelprize.org/terms/Peace 110
6 http://data.nobelprize.org/terms/Economic_Sciences 89

Figure 2: An example visual query, its translation into SPARQL and results
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Figure 3: A visual presentation of meta-data schema (with Nobel Prizes schema statistics)

3. Data Schemas as Knowledge Graphs

The data schemas (used for visual schema presentation and visual query support) in the ViziQuer
environment? are handled by a dedicated open-source Data Shape Server® that can be adapted also
to serve the data schema information to other clients (e.g., if the context-sensitive auto-completion of
class and property names were to be implemented in a textual SPARQL editor). The Data shape server
stores the data schemas in a relational PostgreSQL database, ensuring their technical availability, paying
less attention to the ease of explainability of the schema structure.
For the data schema explanation and their integration into the knowledge graph landscape, the data
schemas can be mapped into the Knowledge graph (KG) format. We propose an initial data schema
conceptualization structure and manually create custom mappings for generating KG resources (together
with their class assignment) from database records of different tables, as well as creating of the data
triples in KG from the contents of these records. The mappings are then interpreted by a custom code
that creates the actual data triples®.
Figure 3 contains the visualization of the meta-schema obtained from the analysis of the KG containing
the Nobel Prizes data endpoint (the classes in the data schema would be shared for schemas of different
endpoints; the entity frequency statistics would be different, though).
The central concepts of the data schema are :Classifier for presenting the data classes (and values in

*https://github.com/LUMII-Syslab/viziquer, see also https://viziquer.app
*https://github.com/LUMII-Syslab/data-shape-server
#Should a more standardized approach be required, a R2RRML [14] mapping for the data schema KG generation can be created.
The ad hoc mapping creation approach has been, however, the easiest approach to solve the practical data mapping task.
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PREFIX np: <http://schema.vq.app/> ] ]
{GRAPH http://nobel_prizes.vg.app [nobel_prizes_schemal]}

np:URI
T
rdf:type c

\

Trdf:type {GRAPH http://nobel_prizes.vq.app [nobel_prizes_schema]}

{not} np:URI c1 np:sub
T

© np:super

Figure 4: An example of a query over the data and schema instances

other classifiers, if used) and :Property for describing the properties. The :ClassPropertyPair describes
the connections of classes and properties, including what classes can be sources and what classes can
be targets for a property. Further on, the class :CPC_Rel describes the target classes for a property
in a source class context and source classes for a property in a target class context (including the
respective frequency/triple counts). The :ClassClassRel accounts for subclass relation encoding (other
class-to-class relations, as equivalent classes or overlapping classes can be encoded here, as well). The
:PropertyPropertyRel class describes the patterns of different properties appearing together, either as
one property following the other, or two properties having a common subject or common object;
these patterns are essential for query auto-completion in a situation when the class information is not
available within the query fragment built so far.

We note also the :importancelndex attribute in the :ClassPropertyPair and :ClassProperty Class_Rel
classes. It informs (if the value is above 0) about when the class is important in the context of a property
(or in the context of the property in the context of the “other end” class), so that the attribute or link
holding the property name is to be ascribed in the schema diagram at the respective class.

Although the queries involving the meta-data level are available also on the data-level schemas and
the ViziQuer visual notation has means to support these (using, e.g., the explicit variables in the class
and property name positions in a schema diagram, cf. [13], the availability of explicit metadata makes
the meta-level queries more convenient. Figure 4 presents an involved multi-graph query asking for
the statistics of the instances in the class dbo:Award in the nobel_prizes data schema, according to their
“most specific” classes.

The "most specific” class for an instance ?A is looked up in the named graph nobel_prizes_schema
holding the schema information as an instance ?C of the class np:Classifier. The negation condition
states that there is no other type ?T1 of the instance ?A such that it would be a subclass of the classifier
instance ?C in the nobel_prizes_schema named graph”.

The availability of the data schema as a knowledge graph allows creating a wide range of meta-
analysis queries over the data. The queries working over meta-schemas of different data sets are possible,
as well.

4. Conclusions and Future Work

This work has demonstrated the natural concept of presenting a knowledge graph data schema, as
stored in a visual schema and query tool, itself as a data schema. Such a presentation has provided basis
of the explanation of the data schema concepts, making it easier re-usable, as well as it allows using the
knowledge graph analysis tools over the data schema representation.

The visual query environment allows building queries consuming data from different named graphs,
corresponding to different schemas; we have shown an example of creating a query looking simultane-
ously both into the level of the data themselves, and the data schema.

>The global subquery construct is used in the visual notation to enforce the usage of the SPARQL MINUS construct.



A further work would be to expand the visual data schema visualization and visual query software
to allow it to work directly with the schema stored as a knowledge graph, as well (without the need
to store the schema in a relational database). Such an extension would ease re-using and sharing of
schemas of data sets among different users (as the schema would be just a knowledge graph itself).
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