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Abstract
We present a new approach in which users can turn data schema views into detailed data queries without requiring
users to write their own SPARQL queries. This work proposes multicardinal table whose implementation is
showcased in ViziQuer, thus providing smooth user experience from schema diagrams into data table examples.
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1. Introduction

There are various ways of exploring RDF graphs and schema diagram visualization is one of the options.
Schema diagrams provide users a quick and easy-to-understand overview of a knowledge graph by
displaying classes, attributes and relationships between classes.

Once a general overview is established, the user most likely will wish to obtain a deeper understanding
by fetching specific data. Perhaps there is one class to be queried. Perhaps there are multiple classes
that are linked through several attributes.

Data access is possible through SPARQL queries, either by typing raw requests or by using SPARQL
editors like YASGUI [1]. Writing SPARQL by hand demands knowledge from the user that many might
not possess.

In order to aid the querying process, there are facet-based environments such as SampoUI [2] [3],
S-Paths [4], FERASAT [5], LD-Reactor [6], PepeSearch [7] and visual query tools such as ViziQuer
[8, 9], OptiqueVQS [10], RDF Explorer [11]. Another distinct approach of querying is by using natural
language snippets as seen in Sparklis [12]. Recent advances in LLM technology accelerate natural
language querying [13] even further.

Many of the aforementioned tools require preliminary configuration in order to obtain an easy-to-use
interface. For example, even though SampoUI [2] provides dashboards that present rich tables, charts
and maps, SampoUI currently requires manual JSON configuration that includes writing SPARQL
queries and describing dashboard layout.

One noteworthy exception to configurable experiences is S-Paths which only requires defining
SPARQL endpoint and a graph. Once that is set, S-Paths automatically fetches potentially useful data
paths that are then displayed to user. In order to obtain the best user experience, new solutions should
aim to reduce configuration needed before they can be used.

In this paper we present a novel approach in data query creation and result presentation. This
includes two components – multicardinal table (Figure 1) and property selector. Property selector
provides a simple user interface to select properties to be returned by a SPARQL query (on the basis of
the schema of the data that is to be queried). Whereas multicardinal table adds ability to show grouped
results given any valid SPARQL query as a reference. Multicardinal table is able to use multiple columns
as keys. It avoids the cartesian product problem which generates duplicate information in query results
in the case of multi-valued attributes.
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(a) Multicardinal table

(b) Base query used in focused fragment

Figure 1: Multicardinal table displaying data from Academy Sampo dataset1

In order to present the solution within a meaningful context, it will be demonstrated within ViziQuer
which provides a foundation for schema diagram navigation and interaction. Nonetheless, the table
component is independent and can be integrated within various contexts.

2. Multicardinal table

Multicardinal table shows grouped rows in which value cells can have multiple values. Given a SPARQL
query the user can select one or more keys and in return get grouped results, as well as grouped row
count information.

One of the key issues that the multicardinal table solves is the cartesian product which results from
selecting properties whose cardinality exceeds 1. The issue is demonstrated within Figure 2. A query
generates 3x3 cartesian product where the specified award has 3 labels and 3 laureates. The resulting
redundancy is highly unfavorable because it makes unique information harder to notice and requires
more data to be fetched.

Multicardinal table solves this problem by dynamically rewriting the SPARQL query. Instead of
requesting results in a table where every selected SPARQL variable gets its own column, the new query
1https://ldf.fi/yoma/sparql



(a) Query

(b) Raw results

(c) Deduplicated results within multicardinal table

Figure 2: Cartesian product problem comparison against raw and deduplicated results

makes a selection that follows the structure key-property-value. The query result is then reshaped and
is presented in the table component.

In addition to data deduplication, multicardinal table provides grouped row pagination. By selecting
key columns and page size, multicardinal table fetches only those rows that will be shown. Since each
grouped row can have varying amount of cells, special care must be taken during query transformation.

For improved user experience, several additional features are added. Key columns are noticeably
different from value columns. Column size can be dynamically adjusted to fit the resulting data better.

Multicardinal table is provided by multicardinal-table2 repository.

3. From Schema Diagrams to Results

Schema diagrams serve as a general introduction to an RDF graph that is to be examined. One option
to obtain workable data schema diagrams in the ViziQuer tool4 [9].

Once the user has found one or more classes that they wish to receive more information about, they
can invoke selection dialog. Within ViziQuer this can be achieved by right-clicking a class node or
object property link and selecting ”Custom Data”.

On selection invocation user receives a pre-filled selection with the most popular properties for

2multicardinal-table: https://github.com/LUMII-Syslab/multicardinal-table
3https://data.nobelprize.org/store/sparql
4https://github.com/LUMII-Syslab/viziquer

https://github.com/LUMII-Syslab/multicardinal-table


(a) Focused fragment (b) Simplified selection

(c) Table result fragment

Figure 3: From schema fragment to multicardinal table result fragment in Nobel Prize dataset3

the specific diagram element. ViziQuer relies on a data shape server5 (DSS) that contains extended
information about multiple SPARQL endpoints (consider [14] for schema description preparation and
storing in DSS). This server is then used to fetch top 5 data and top 2 object properties for the selection.

When selection is initiated through property link, the pre-filling process is done to both connected
classes which are then connected through the object property that the clicked property link represents.
The top property data is provided by DSS that is integrated within ViziQuer. This default selection
serves as a sensible default and a starting point for forming more advanced selections.

The created property selection interface allows introducing new properties into the query selection
list, including the properties of the pivot class instances, as well as the instances from the linked classes.

The selection component supports arbitrary nesting depth. This ability lets users chain several classes
through object properties, allowing more advanced queries to be built, without sacrificing the selector’s

5https://github.com/LUMII-Syslab/data-shape-server



ease of use.
In order to aid the discovery and selection of the properties to examine, selector component accepts

custom suggestion functions which receive selection context and return a promise of suggestions. While
the promise is unresolved a loading spinner is displayed. In ViziQuer, the suggestion functions call DSS.

Once selection is done, its JSON representation is returned which is then converted into a SPARQL
query. The JSON representation allows easy manipulation and serialization of the selection. This
representation can be used to provide selection templates or history so that the user does not need to
make a selection from scratch on every invocation.

Once the query is generated it can be executed as is or it can be passed to multicardinal table
component. Since multicardinal table allows wrapping any SPARQL query and the property selector is
not directly related to the table component, the concerns are clearly separated.

Example selection flow can be seen in Figure 3. First a desired fragment of the schema is selected.
Then the selection is simplified to only contain labeled award and its laureates that are also labeled. As
a result, a multicardinal table with four columns is obtained.

4. Conclusions

We have demonstrated the viability of integrating the multicardinal table and property selector within
the rich foundation of RDF-related tools within ViziQuer. The clean integration between ViziQuer and
implemented functionality provides a seamless experience for navigating from general overview of an
RDF graph to obtaining specific data.

Despite the focus on interoperation with ViziQuer, the implemented functionality is independent.
Multicardinal table and property selector can easily be integrated in various contexts, and ViziQuer
serves as a prime example of integration ability.

Further work on multicardinal table utilities would naturally involve enrichment of the table UI and a
more granular row-level selection. A richer table UI would include such elements as hyperlinks, images
and charts which can aid users’ understanding of data.

Whereas more granular row-level selection is required to handle edge cases in which a single row
can contain hundreds or even thousands of values. Not only these edge cases can make UI bloated, the
resulting SPARQL queries can quickly hit the query limit. Reaching the limit is unfavorable because the
data is incomplete and there is no certainty in which cells the data is missing.

Additionally, query generation and execution must be evaluated in a wide array of situations in order
to ensure desirable execution time. Performance characteristics must be evaluated not only on different
queries but also on different query engines, since each engine has quirks that could dramatically impact
the execution time.
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