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Abstract

We present a method for integrating visual schema diagrams and visual queries within a single interactive
environment for knowledge graph exploration. This approach addresses the gap between schema visualization
tools and visual query interfaces, thereby enabling users, including domain experts, to seamlessly perform
schema-based queries without the need for switching between different tools. We implement the method in the
ViziQuer tool, which provides also means for full visual queries alongside a schema-based querying. The option
for a transition from schema-based queries to the full visual query environment is provided as well.
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1. Introduction

The visual presentation of data schemas is commonly believed to help to engage the end users in
the work with the data. There are tools for visually presenting schemas of knowledge graphs (KG),
involving visualizers of KG schema descriptions created in SHACL/ShEx (cf. [1, 2]) or OWL (cf. [3, 4]).
These tools can be used if the schema of the data set has been made available in the respective notation.
There are tools for visualizing the actual data schema, as well, working either on-the-fly, as [5, 6], or
via the intermediate schema storage (cf. [7], for schema visualization inside ViziQuer[8, 9]). SHACL
data shape visualization tools can also be used in combination with data shape retrieval from the data
set (cf. [10]) to obtain a pipeline of visualization of the actual data set structure.

The schema visualization provides a high-level perspective of the data set from a schema-centric
viewpoint, with the possibility to visualize either the full schema or just the relevant schema fragments
(to obtain a schema presentation of legible size). Beyond naive methods for the computation of data
schema fragments, some more advanced approaches are described in [11]. Collections of schema
visualizations for Linked Open Data datasets are described in [12, 7].

A limitation of the schema visual presentation approach is that it allows getting insight just into the
schema aspect of the data, and the information about the actual data behind the schema classes and
properties is very limited (e.g., the instance or triple counts can be provided on the schema level). Still,
it might be important for the data set users to access this information as well.

Writing textual SPARQL queries for the data access is generally believed to be too hard for a typical
data set user. So, various approaches for query creation assistance have been developed, including
facet-based environments such as PepeSearch [13] and Sampo UI [14] (cf. also [15]), visual query tools
such as OptiqueVQS [16], RDF Explorer [17] and ViziQuer[8], as well as recent natural language-based
approaches involving neural network and/or LLM usage (cf., e.g. [18, 19]).

Each of the considered approaches, however, involves setting up and using an external environment
besides the schema diagram, to create the data queries.
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Figure 1: Data schema diagram of the Nobel Prize dataset [7]

In this paper, we demonstrate the options for the creation of simple data queries directly from the
visual schema diagram environment (expected to be easy for the end user) involving just a few clicks.
There is a possibility of simultaneous gradual growing of the expressive power of the queries and the
user interface complexity.

We demonstrate the options of diagram-based queries within the context of open source ViziQuer tool!
that provides means for both visual schema diagrams and visual schema-backed query creation. For a
professional or advanced casual user, there are means for transiting from diagram-based queries into
the full visual query environment [8], where more advanced queries (coming close to the full expressive
power of SPARQL) can be created, as well.

ViziQuer has both the playground and local setup options described on its website?. The pipeline for
local running ViziQuer over the user’s data uses tools for schema extraction® and storing?, as well as a
(docker) container system® for local running of the visual tool itself.

2. Schema Diagrams

Intuitively, a KG schema (cf. [7]) is an abstract structure involving the vocabularies of KG classes
and properties, as well as the class and property connections (including the subclass relation and the
class-to-property and property-to-class connections, as well as class-property-class connections, where
possible, together with their appearance statistics). The schema can also involve additional information
such as cardinalities, property domain and range classes, and connections among properties®.

We note that most of the core schema aspects can be serialized into an RDF data shape language
such as SHACL, however, within this demonstration, the abstract schema concept is sufficient.

Following [7], the schema diagram is a visual presentation of the schema where the data classes
are generally depicted as graph nodes and the properties are shown in attribute and/or link form, as
appropriate. This diagram can represent either the complete schema or its targeted fragment, enabling
also a clear visual presentation of schemas that would be incomprehensible if displayed in their entirety
(cf. [11]). Figure 1 shows an illustration of a simple schema diagram for the Nobel Prize data set’.

The ViziQuer implementation [7] of the schema diagram presentation also takes into account the
class importance as a source or target class for a property (not to ascribe the property to both a subclass

!Code on GitHub: https://github.com/LUMII-Syslab/viziquer

2ViziQuer website: https://viziquer.lumii.lv

SOBIS Schema Extractor: https://github.com/LUMII-Syslab/OBIS-SchemaExtractor
*https://github.com/LUMII-Syslab/data-shape-server/tree/main/import-generic

*ViziQuer Tools: https://github.com/LUMII-Syslab/viziquer-tools

Sone property following the other, two properties sharing the same subject, or the same object
"Nobel Prize data set: https://data.nobelprize.org/sparql
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Figure 2: Property selection window

Only 50 rows shown. Total number of rows: 1024,

# Laureate name gender dateOfBirth dateOfDeath label

1 http://data.nobelprize.org/resource/laureate/18  Heike Kamerlingh Onnes male  1853-09-21 1926-02-21  Heike Kamerlingh Onnes

2 http://data.nobelprize.org/resource/laureate/1 Wilhelm Conrad Rontgen male  1845-03-27 1923-02-10  Wilhelm Conrad Rontgen
3 http://data.nobelprize.org/resource/laureate/10  ].J. Thomson male  1856-12-18 1940-08-30  Joseph John Thomson

4 httpi//data.nobelprize.org/resource/laureate/100 Martin Ryle male  1918-09-27 1984-10-14  Sir Martin Ryle

5  http://data.nobelprize.org/resource/laureate/101 Antony Hewish male  1924-05-11 2021-09-13  Antony Hewish

6  http://data.nobelprize.org/resource/laureate/102 Aage N. Bohr male  1922-06-19 2009-09-08  Aage Niels Bohr

7 http://data.nobelprize.org/resource/laureate/103 Ben R. Mottelson male  1926-07-09 2022-05-13  Ben Roy Mottelson

Figure 3: The example result of custom query from the schema

and a superclass®, thus reducing the schema overload with property links). A compact presentation of
the schema in the diagram is obtained by grouping together similar classes into single graph nodes, as
well as grouping together the links connecting the same nodes [7].

3. Queries from Schema Diagrams

Since a node in a data schema diagram represents a data class (or a set of classes in the case of
compacting), a SPARQL query retrieving the URIs of the class instances, as well as a certain amount of
presumably typical data properties, can be naturally generated from the context of the diagram node
(’Generate SPARQL’), as well as executed ('Show Data’), presenting the results to the user.

We propose by default to show, along with the class instance IRI, up to 7 most populated data
properties for the entities of the class. To change the properties that are included in the result set for a
class, the ’Custom Data’ command can be activated to open a form where the properties to be shown in
the query result can be adjusted. Figure 2 provides a screenshot of a sample window of the selection of
properties to be displayed in the context of the Nobel Prize data set (Fig 1) Laureate class, and Figure 3 -
the corresponding data result presentation.

8For instance, the property dct:isPartOf in Fig. 1 is ascribed to :LaureateAward only, and not to :Award since all dct:isPartOf
subjects fall into the subclass :LaureateAward, see [7] for details
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Figure 4: A schema-based query example: select a link; generated SPARQL query; the query in the full visual
query environment

We also offer a possibility to create and execute queries based on links between two nodes and from
larger selected schema fragments (both the nodes and their connecting links need to be selected).

Further modifications to the generated SPARQL queries are available in a dedicated SPARQL query
window, which offers schema-based autocompletion for relevant entity names’.

Since the visual query creation options over the schema diagram backbone are limited, the generated
SPARQL query can be transferred to the dedicated visual query diagram, available in ViziQuer (cf. [8]),
where it can be further edited and enriched with data filters and more advanced constructs such as
aggregations and subqueries, as well as custom data field expressions.

Figure 4 provides an illustration of a link-based query creation in the schema diagram, the corre-
sponding SPARQL expression, and the visual query in the query diagram.

We provide an online demo'” that walks through the steps of the entire process of creating and using
queries from schema diagrams in ViziQuer.

4. Conclusions

We have demonstrated the feasibility of constructing queries over KG data directly from the visual
presentation of the KG schema, implemented in ViziQuer tool. We expect this to help the users that can
view the schema diagrams to seamlessly access also the underlying KG data.

We note that our approach of providing data access from schema diagrams generalizes easily to other
eventual diagrammatic environments, where the individual nodes can be selected and have connection
anchors in the data (e.g., a node has the URI of a data class); these can also be visual SHACL shape
diagrams or even visual OWL ontology presentations from which the data connections can be made.

Further work on schema diagram queries shall involve enrichment of options and user experience of
the schema diagram-based query creation, automation of migrating a query to the full visual query
environment and performing an evaluation of the approach.
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