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Abstract. Many governments made commitments to publish data col-
lected and created by taxpayers as Open Government Data (OGD). Yet,
a common challenge is that data producers are not always end-users,
leading to inefficiencies, gaps, and inconsistencies in how data is used
and interpreted. OGD can originate from various sources and can some-
times be noisy. For instance, smart cities can produce fine-grained and
precise data via sensor networks such as power grids or transportation
networks, whereas data automatically extracted from government docu-
ments can be highly noisy. A common pattern, however, is that this data
often describes spatiotemporal phenomena with multidimensional facets
pertaining to real-world entities. Having a common ontology for such
observations can help standardize their downstream usage. This paper
describes the effort made by the Swiss Government to create an ecosys-
tem that allows to publish open government data in a pragmatic and
efficient manner while maintaining the goal of publishing high-quality
data that are integrated and interoperable. The paper introduces the
domain-independent ontology Cube Schema (https://cube.link]), which
is supported by open-source tools to publish, integrate, and validate di-
verse data sources, as well as multiple end-user tools for providing and
visualizing data. With underlying statistics, we show the usage of these
tools by both data providers and data consumers with several deploy-
ment use-cases.

Keywords: Open Government Data - Linked Open Data - Open Source
- Data Cube - Publishing - Visualization.

1 Introduction

While the commitment to publish open data has been made by many govern-
ments [1], publishing the data in a cost-effective and efficient manner remains a


https://cube.link
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common challenge [2]. Furthermore, one often needs to strike a balance between
fulfilling the basic task of publishing the data (as 1-3 star dataEl) and enhancing
the data to be self-descriptive and well-integrated across various governmental
domains.

Ideally, each branch of the government could spend resources to identify,
create, and then adapt a domain-specific ontology to their own needs [3]. At the
same time, a substantial share of available governmental data is structured in a
form that resembles or is close to a structure known as tidy data [4], i.e., data that
are easy to manipulate, model, and visualize, and have a specific structure: each
variable is a column, each observation is a row, and each type of observational
unit is a tabld?]

In this paper, we introduce the Cube Schemam (cube.link), a generic ontol-
ogy that allows publishing tidy data in a structure similar to OLAP cubes [5].
The ontology not only facilitates structuring multidimensional data but also al-
lows describing the data through cube metadata, providing context (metadata
on units, scale naming, and aggregations) for the various dimensions (columns
in tidy data), and supplying context related to the concepts used in the ob-
servations (rows in tidy data). A crucial feature of cube.link is its ability to
reuse and share concepts across multiple cubes. Additionally, cube.link pro-
vides metadata designated as hints for downstream software, enhancing the User
Experience (UX) when directly consuming the data.

Building on this foundation, the newly proposed cube.link ontology has
been rigorously tested for performance and usability. The core ontology supports
a wide range of use-cases, from straightforward data management to complex
visualization tasks. Its adaptability to various scenarios is achieved through ex-
tensions to the core ontology. Furthermore, we describe multiple open-source
tools developed to support the ecosystem around this ontology, tools actively
in use and development at the Swiss Confederation and adopted by other or-
ganizations, as described below. Additionally, we provide data transformation
pipelines (code-based), a GUI named Cube-Creator for transforming inputs from
tidy (CSV) data, a technical viewing and verification tool ( Cube- Viewer), as well
as an end-user visualization tool (visualize.admin.ch) that enables non-technical
users, guided by metadata, to create complex visualizations.

In the following sections, we start by describing some related work in Sec-
tion [2] highlighting how cube.link differs from previous initiatives. Section [3]
introduces the conceptual foundations, explaining the philosophy guiding our on-
tology development. Section [4] details the structure of cube.link and discusses
some of its extensions. We outline applications and tools supporting the cube
ecosystem along with usage statistics in Section [5] Finally, Section [6] describes
the future roadmap for our ontology.

® https://www.w3.org/2011 /gld /wiki/5_Star_Linked_Data
5 |https://data.europa.eu/apps/data-visualisation-guide/intro-to-tidy-data
7 https://cube.link

Preprint version.


https://www.w3.org/2011/gld/wiki/5_Star_Linked_Data
https://data.europa.eu/apps/data-visualisation-guide/intro-to-tidy-data
https://cube.link

Open Government Data as Multi-dimensional 5 Star Data: cube.link 3

2 Related Work

The RDF Data Cube Vocabulary (QB) [6, |7] is one of the earliest vocabular-
ies developed in the RDF domain for representing data cubes. It was heavily
influenced by the Statistical Data and Metadata eXchange standard (SDMX)@
While QB has the advantage of being very close to SDMX, it was also mainly
designed to publish statistical data (8| [9]. This is not (anymore) aligned with
the wide breadth of data domains that are today processed and published in
governments. Before our work on cube.link started, we actively worked with
QB and identified a number of issues that were at the root of our decision to
develop a new ontology.

One primary challenge arises from the vocabulary’s alignment with SDMX,
which, while beneficial for statistical use-cases, imposes design constraints that
complicate broader applicability. The model exhibits a non-uniform linking strat-
egy, combining both forward and backward references within its structure. This
inconsistency disrupts the “follow-your-nose” principle commonly embraced in
linked data paradigms, thus reducing the utility of RDF-native traversal and
discovery mechanisms. Another fundamental issue lies in the open-ended nature
of the specification. While designed to be flexible, this openness has resulted in
divergent interpretations among implementers. There is frequently more than
one way to model a given dataset leveraging the vocabulary, leading to a lack
of interoperability across RDF Data Cube applications [10]. As a consequence,
software libraries intended to consume generic RDF Data Cubes must account
for a wide range of modeling styles, which is both resource-intensive and error-
prone. Additionally, the reuse of dimension definitions, which is a key aspect
for enabling data comparability and harmonization across sources, is uncommon
within the RDF Data Cube vocabulary [11]. The absence of standardized di-
mension reuse practices poses interoperability challenges, making cross-provider
data alignment more difficult.

The increased availability of multidimensional data on the Semantic Web
highlighted QB’s limited support for advanced analytical capabilities, specifically
Online Analytical Processing (OLAP). To address these limitations, QB4OLAP
was proposed as a semantic extension of QB, explicitly supporting structured di-
mension hierarchies, levels, and aggregate functions for measures |5]. QB4OLAP
enables traditional OLAP operations (roll-up, slice, dice) directly via standard
SPARQL queries.

Other efforts, such as schema.org, introduced statistical observation support
(schema:0Observation) for representing data cubes. In the context of Open Gov-
ernment Data, this construct suffers from similar downsides as QB, since it was
primarily designed to represent statistical values and because the schema.org
ontology is notoriously open in terms of how ranges and domains can be applied
to specific use-cases.

8 lhttps:/ /sdmx.org/

Preprint version.


https://sdmx.org/

4 Luggen et al.

3 Conceptual Design Choices

Based on the observations made above in the Related Work section , we took
a series of conceptual design choices to develop cube.link. In the following, we
highlight the most important ones, starting with the possibility of adding meta-
data and descriptions within the data of the cube, continuing with compatibility
with external linked datasets (e.g., for controlled vocabularies), and concluding
with the assurance that cube.link can be further extended while ensuring it
remains queryable in real-life scenarios.

Enabling Data-Providers to Provide Context on their Data A fair
amount of data in organizations is kept in tables with multiple columns, typically
in the form of Excel or CSV files. This data often includes a time dimension,
along with additional dimensions for classification and columns representing ob-
served values or counts. Although these tables hold data in a structured format,
they often lack the necessary information to interpret the columns correctly.
Metadata required to create meaningful charts and visualizations is missing. In
many cases, this context is only available through non-machine-readable doc-
uments, such as PDFs or descriptions on separate websites. With cube.link,
data providers and domain specialists can augment and annotate data directly
within the published dataset. This makes the data more transparent and usable.
Fully annotated cubes can also be used immediately to generate interactive vi-
sualizations, improving accessibility and understandability.

Reuse of Controlled Vocabularies and Ontologies The cube.link on-
tology was designed to enable heavy reuse of available Controlled Vocabularies
inside the cubes. For example, if a column holds the municipalities that a series
of data points belongs to, it is possible and advised to use the unique resources of
such municipalities inside the knowledge graph of the data provider. In concrete
use-cases of the Swiss Government, the authority defining the identifiers of such
communities is the Federal Statistics Office. The geographical boundaries are
provided by the Federal Office of Topography, called Swisstopo, while the official
translations are provided by the Swiss Federal Chancellery. Each organization
inside the Swiss Government provide parts of the data which together define a
full-featured representation of a municipality. (See Figure [I| for an example on
cantonal level, extended with data from the Federal Office for Energy.)

This allows to profit from additional, well-defined and maintained informa-
tion, e.g., from higher-level administrative units such as cantons or the federal
state, allowing one to filter and sort the data by these units without any fur-
ther effort by the data provider. Another dimension of integrated information
is use-case specific geographical boundaries provided by Swisstopo, which im-
mediately allow to create spatial maps such as choropleth maps. Finally and
most importantly, the use of shared concepts allows to compare datasets from
different domains implicitly and without coordination from the data providers.

Preprint version.
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Fig. 1: Example visualization based on a domain-specific cube about remunera-
tions of photovoltaic systems in Switzerland. Various data sources are integrated
from several data providers including: FSO (the Federal Statistics Office), FCh
(the Federal Chancellery), SFOE (the Federal Office of Energy), and Swisstopo
(the Federal Office of Topography). The depicted chart is accessible live and is
based on the cube that can be dereferenced as follows: |https://energy.ld.admin.
ch/sfoe/bfe_ogd84_einmalverguetung_fuer_photovoltaikanlagen/10.

Supporting Once-Only Data Publication While not mandatory, we sup-
port a strict once-only principle of data publication as demanded by the Tallinn
Declaration?”] on eGovernment. Different use-cases often need different mixes and
unions of data points, which can be provided in a once-only fashion. This allows
to have a single point of correction in case of errors, as well as a single point for
general annotations. Therefore, cube.link is nudging data providers to publish
multiple smaller cubes that are providing unique data points. Through the con-
nections to shared resources, it is naturally possible to query multiple cubes in
union for a multitude of different use-cases.

Covering Statistical Data and Scientific Observations The ontologies
covered in the Related Work section are targeting statistical data, which of-
ten boil down to counts and percentages that can be aggregated along various
dimensions. Aggregation is also important for scientific observations, such as wa-
ter quality data or noise measurement, which also raises the need for additional
metadata like units or scales of measurement for proper visualization. Our goal

9 |https:/ /ec.europa.eu/newsroom/dae/redirection /document /47559
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was to provide one ontology for both use-cases and even allow mixed settings,
where statistical data can be combined with scientific observations.

Extensibility Based on a concise and powerful core ontology, our cube.link
was built for extensibility. For instance, we already provide an extension to de-
scribe the extent of a dimension based on SHACL. Furthermore, a User eXperi-
ence Extension focuses on the description of metadata to automatically consume
and visualize the cubes. Finally, we also provide extensions for advanced top-
ics such as versioning of cubes, the relation between dimensions (e.g., standard
deviation annotations), as well as concepts for declaring hierarchies within a
dimension as a basis for expressing possible aggregations. Further planned ex-
tensions are mentioned in the Future Development section below.

Optimized for Fast Query Access Finally, the best data structure defeats
its purpose if it cannot be accessed and queried with acceptable performance.
cube.link imposes strict limitations on handling missing values and defining
constraints on dimensions, which ensures fast querying of large datasets—up to
multiple gigabytes.

4 The cube.link Ontology

4.1 Observations at the Core

The core of the cube.link ontology'V| consists of a set of observations, each
of which links all the dimensions (or variables) associated with a particular
observation. In other words, a cube:Observation represents a row in a tidy data
format. The collection of observations is connected to the cube:Cube through
the cube:0ObservationSet container. This setup allows to navigate from the
cube forward to each individual observation. (See also Figure [2])

For each dimension, one can point (i.e., integrate) to already published con-
cepts (see also Section and add numeric data points. The predicates used to
connect an observation to a value can reuse pre-existing ontologies or can be cre-
ated ad hoc. With this simple core, there is a deterministic way to transform all
data that is provided in the form of tidy data into cube.link, while remaining
flexible on the reuse of already published concepts. The use of cube:observedBy
is mandatory to connect each individual observation to an observer. This ensures
the possibility to combine, query and compare identically structured cubes from
different publishers.

4.2 The Closed World Cube

Linked Data and, more generally, RDF is based on the Open World assump-
tion, which provides flexibility for extending datasets and their models. But

0 lhttps: //cube.link/#core-schema
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data without any specific constraints is notoriously difficult to be used for visu-
alizations and front-end applications [12]. With cube.link, our approach was
to keep the attributes of the core ontology as described above open, and even
allow the reuse of already published data when structured sufficiently close to

an cube:0bservation.

To enable end-user applications
to understand what can be expected
from a cube in regard to its struc-
ture, the different dimensions and
metadata of the cubes can lever-
age the cube:Constraint concepdﬂ
Constraints are added in a separate
structure to the cube and are de-
scribed as SHACIE shapes.

With this approach, it is possible
to express and constrain the data that
is expected in a cube. At the same
time, the same description of the data
as described in the SHACL shape can
be used to validate the concrete data
inside the cube (see section . For
each dimension (or column in tidy
data), the necessary attribute to be
provided for a valid constraint is the
predicate (with shacl:path) connect-
ing an observation to its value. This
allows to use a subset of the informa-
tion attached to an observation.

Finally, it is optionally possible to
attach with shacl:in the list of all
distinct values to be expected in a di-
mension. While this can always be in-
trospected in the data, this addition
allows end-user tools to quickly query
the possible values to populate user
interface components.

4.3 Shared Dimensions a.k.a.
Controlled Vocabularies

cube:Cube
[dcat:Dataset]
[void:Dataset]

schema:name
schema:creator
schema:version
void:sparglEndpoint
dcat:contactPoint
dcat:theme

K .

schema:hasPart

T schema:CreativeWork
Version History

1
cube:ObservationSet

1
cube:observation
1.0

cube:Observation

ontot:value1
onto1:value2
onto2:value3

ontoX:valueX
11
1 f—
ntoX:valueX-
R

schema:DefinedTerm
e.g. Canton Bern

schemainame
schema:description

cube:observedBy- 1

foaf:Agent
e.g. FOEN

foaf:name

shack:path

shacl:in

}W.r\

cube:Constraint
shacl:NodeShape

shacl:closed: true
[
shacl:property
1.n

cube:MeasurementDimension
I cube:KeyDimension

e.g. Cantons

7 schema:name

schema:description
shacl:dataType
shacl:order
shacl:maxCount
shacl:minCount
shacl:maxInclusive
shacl:mininclusive
qudt:unit
qudt:scaleType
cubemeta:dataKind

Fig.2: An overview of the core classes
of cube.link. Orange represents the
observations (a row) itself. Yellow are
the connected concepts (CV) to a row.
Green represents the metadata on di-
mensions (a column).

We identified two main reasons to introduce Shared Dimensions (a term adapted
from controlled vocabularies to be more intuitive for data providers).

" https: //cube.link/#constraints
12 https://www.w3.org/TR/shacl/
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First, Shared Dimensions promote the reuse of predefined, consistent dimen-
sion values across datasets. When multiple data cubes use the same Shared
Dimensions, end-user tools can recognize the similarities and enable combined
visualizations across datasets. (See for an example the screenshot in Figure )

Select dataset with shared dimensions

@ The linking of different datasets carries risks such as data inconsistencies, scalability issues, and unexpected correlations. Be sure to use to merge
datasets only when you are confident that data should be merged together.
Understood, I'll proceed cautiously.

You can only combine datasets that share dimensions with the same unit and resolution. By default, dimensions matching the current chart are selected.

a ¥ [ahrder Vergttung | | Kanton v

107 datasets } Include draft datasets  Sort by Relevance v

01.01.2021

Electricity tariff per provider

Electricity tariff per provider and municipality in Switzerland

Federal Electricity Commission EICom

Shared dimensions: ~ Period Add dataset

01.01.2021

Median electricity tariff per canton

Median electricity tariff per region & consumption profiles

Federal Electricity Commission EICom

Shared dimensions: Canton  Period Add dataset

Fig. 3: In visualize.admin.ch, it is possible to combine other datasets on the same
chart, based on the common usage of Shared Dimensions (yellow highlight).

Second, in the multilingual context of Switzerland, the possibility to properly
translate concepts in multiple languages for later use in a visualization provides
ample motivation to use concepts instead of strings in the data itself. Instead
of having a string “Summer”, the cube might hence have concepts that have
the labels “Summer”, “Eté”, “Estate” and “Sommer” attached. In addition, a
description, other attributes or even links to further concepts can be attached
to such a concept. Finally, concepts can represent spatial regions, which in turn
allows to create arbitrary choropleth maps (as shown in Fig. [1]) for diverse use-
cases.

4.4 User Experience Extension

Often, the information necessary to interpret a published dataset is provided in a
secondary source like a website or a PDF document. Additional information on
the content, or detailed descriptions are often necessary to consume the data
and create sensible charts and visualizations. In that case, information that
improves the user experience (UX) of the data consumer provided as machine-
readable semantically defined data can be added through the User Ezperience

Preprint version.
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E:ctensionE First and foremost, this extension helps distinguishing between two
types of dimension (columns).

The cube:KeyDimensions are part of the combined key uniquely identifying
one observation (these dimensions are also often used to be part of the URI
template identifying one observation — for example Year and Canton in Figure|4]).

The cube:MeasurementDimensions are the columns providing the observed
values that are attached to one observation. This distinction allows to automati-
cally create a graphical user interface to choose the dimensions shown and filtered
for a given end-user application like visualize.admin.ch (see Section . Finally,
the User Experience Extension allows to provide multilingual naming and de-
scriptions of the dimensions, the unit (count, percentage, KG, CHF /month and
other) and scale (nominal, ordinal, interval, rational) of a dimension based on
QUDTE the data kind (i.e. type of data), and the order between the dimen-
sions. The data kind is a concept we introduced in cube.link that provides
higher level hints on the data types for spatial dimensions (e.g. if there are co-
ordinates or shapes provided) and temporal dimensions (e.g. the time resolution
to be shown).

Further extensions of cube.link define advanced concepts and features, such
as handling multiple versions of cubes, publishing the state of a cube, defining
relations between measurement dimensions, and the expression of hierarchies
inside a dimension2}

5 In-Use: Producers, Tools and Consumers in the
cube.link ecosystem

This section provides a detailed overview of the tools that form the ecosystem
surrounding cube.link, along with usage statistics on published cubes and their
views.

5.1 Adoption from Data publishers and Publication Tools

Many organizations, mostly offices of the Swiss Confederation, independently
publish cubes covering many different domains. Table [I| shows the number of
cubes per organization as of May 2025.

5.2 Publication Tools

While developing cube.link, we could identify two major target groups of data
providers: 1) Data providers who manage data using files — for example spread-
sheets close to a tidy data format. For this group, the specialized GUI application
Cube-Creator was built; 2) Data providers who manage their data in a database.

13 |https: //cube.link /#ux
1 https://qudt.org/
15 see https://cube.link/#advanced
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Publishing Organisation Draft Published
(Not attributed) 49 95
Federal Electricity Commission ElICom 0 3
Federal Food Safety and Veterinary Office FSVO 39 143
Federal Office for Agriculture FOAG 0 42
Federal Office for the Environment FOEN 19 188
Federal Office of Civil Aviation FOCA 1 4
Federal Office of Communications OFCOM 0 18
Federal Office of Public Health FOPH 3 0
Federal Statistical Office FSO 1 2
Financial Statistic FFA 1 1
Swiss Federal Archives SFA 0 41
Swiss Federal Office of Energy SFOE 34 44
Statistics Office of the City of Zurich 0 440

Table 1: The count of published cubes by creator and status (Draft vs Published)
as of May 2025.

Two further sub-groups can be identified in this context: a) Organizations that
have the necessary know-how to directly transform their data into a cube.link
format and b) Organizations that outsource this task to specialized companies.

While the first target group might probably reuse an existing pipeline for its
needs, the second one often has the tendency to create its own technology stack.

The Graphical User Interface Application Cube-Creator The goal of
the C’ube—Creatoﬂ is to support the transformation of tabular CSV data into
RDF data that fulfill the requirements of the cube.link ontology. Experience
shows that people tasked with such a transformation seldom have the necessary
technical background in data science. Therefore, the Cube-Creator assists this
transformation in a step-by-step manner.

An important aspect of the Cube-Creator is to help re-using existing vocab-
ulary from well-known sources (e.g., schema.org, SKOS, etc.) and enriching the
data with shared dimensions and hierarchies as well as allowing to localize the
data in different languages.

A shared dimension in cube.link is a column in the tabular input data
that also exists in other datasets and can be reused with all existing meta-
data. A shared dimension could for example be all the different spatial divi-
sions of Switzerland - like municipalities, districts and cantons. Another exam-
ple would be arbitrary classification schemes like ICD-10 codes from medicine
or NACE/NOGA codes from economics. The Cube-Creator helps with mapping
input data onto existing shared dimensions, or with the creation of new shared
dimensions.

16 https://github.com /zazuko/cube-creator
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Cube Creator  Cube Projects  Shared Dimensions  Hierarchies © Help Michael Luggen (O
BFE_OGD84_Einmalverguetung_fuer_Photovoltaikanlagen 1. CSV Mapping 2. Transformation 3. Cube Designer 4. Publication

Input CSVs  + > Output tables +

0gd84_ei guetung_fuer_ph i csv Cube: 0gd84_ei _fuer_|

+ Create table from selected columns

Identifier template: {Jahr}/{Kanton}
O Jahr (2015, 2014, 2016)

Jahr (xsd:gYear’ I
(O Kanton (AG, Al, AR) (xsd:gvear)
[ Anzahl_anlagen (15, 12, 52) Kanton (xsd:string) |
D Installierte_leistung_kW (400.25, 80.78, 101.28) AnzahlAnlagen (xsd:integer) |

Ve 1l HF (620373.5, 124164.5, 152294

D erguetung_C ( ' ' ) InstallierteLeistungkW (xsd:decimal) P |
D Anzahl_anlagen_pro_100000_einwohner (8, 28, 76)

VerguetungCHF (xsd:decimal) |

C] Installierte_leistung_kW_pro_100000_einwohner (62, 510, 187)
AnzahlAnlagenPro100000Einwohner (xsd:integer -
)

Fig.4: The first step after creating a Cube Project encompasses the mapping
from the input CSV to a properly defined cube. The Cube-Creator also proposes
an identifier template based on the input. The data type of the different dimen-
sions (columns) is specified.

Cube Creator Cube Projects Shared Dimensions  Hierarchies Edit dimension metadata
BFE_OGD84_Einmalverguetung_fuer_Photovoltaikanlagen & 1.CSVMapping 2. Transformation 3. Cube Designer 4. Publication Dimension property
Kanton
Einmalvergiitung fiir Photovoltaikanlagen (de) Hierarchy
Jahr der ,  Kanton Anzahl geférderter EIV-  Leistungin  EIV-Gesamtvergiitungin ,  Anzahl geférderter EIV-Ar
Vergiitung (de) (de) Anlagen (de) KW (de) CHF (de) 100000 Einwohner (de) "™
= 0 = & ES ES a . anton wv] _

A There are observation values missing for some dimensions

Canton v -
2014 ua
2014 Ticino 27 169.02 255805.5 +
2014 valis 20 140.71 189642 Description
2014 vaud 28 152.35 234532.5

Kanton, in welchem die de v | —

2014 Solothun 28 197.08 306915 geforderten Anlagen stehen
2014 schaffhausen
2014 Thurgau +

2014 13 89.41 150802.5

Dimension type

2014 52 357.46 567663

See the documentation for details

2014 z2ug Key dimension voo—

< > Page 1 of 26 (260 observations) Scale of measure

See the documentation for details.

Nominal vo—

Unit

Fig.5: After an initial transformation (step 2 — not shown), the imported data is
presented in the Cube Designer. In step 3, the data providers annotate the cube
with the necessary metadata as described above. The visible side-panel in this
example depicts the Dimension Properties of the Region of the Cantons. The
final step (step 4 — not shown) publishes the data online.
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Publishing Pipelines and Frameworks To accommodate the data products
of the second target group, several frameworks have been designed to help publish
data held in databases.

barnard59 A pipeline componen@ that is part of barnard59 allows one to
add metadata to a dataset and publish it in a cube.1link compliant manner. This
framework written in JavaScript, usually run on Node.js, is optimized to process
the data as streams. Therefore, it is also possible to transform large datasets,
up to multiple gigabytes, with a low memory footprint. This component is also
used in the backend of Cube-Creator.

pylindas Based on the Python Pandas Dataframe, the pylindaﬁ framework
built by the Federal Office for the Environment facilitate the process of merging
the data prepared in a DataFrame with the necessary metadata to create a
cube.link compliant cube.

5.3 End-User Applications and Dashboards
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Fig. 6: Monthly number of charts created with visualize.admin.ch from 2020 until
April 2025.

visualize.admin.ch One main advantage of standardizing data is the ability
to build data-consuming tools that can rely on having the data in a specific
form. One such tool is the visualization tool (https://visualize.admin.ch) that
allows to visualize cube.link-compliant data through an easy-to-use graphical
user interface.

As cube.link compliant data is enriched with specific metadata, visual-
ization tools can be restricted to allow only sensible options when visualizing
the data. For example, targeting only data that is enriched with the neces-
sary spatial information (mostly by connecting to the corresponding shared di-
mensions), map-based visualizations can be offered as an option. Once a chart

' lhttps://github.com /zazuko/barnard59 /tree /master /packages,/cube
18 https://github.com/Kronmar-Bafu/lindas-pylindas

Preprint version.


https://visualize.admin.ch
https://github.com/zazuko/barnard59/tree/master/packages/cube
https://github.com/Kronmar-Bafu/lindas-pylindas

Open Government Data as Multi-dimensional 5 Star Data: cube.link 13

(or a table) is configured in wisualize.admin.ch, the chart can be embedded in
social media, documents or websites. In Figure [f] we report the number of
charts created by end-users over time. Since August 2024 also, the views on
charts are tracked as reported in Figure [7] Up-to-date statistics are available at
https://visualize.admin.ch/statistics.

Visualize is actively developed by the Swiss Government and is available as

an open source packagd™]

Count of Chart Views
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0 L | | il | il | il |
wsb w@ 4 4 ¥ 4 4 4 « s @& o > <o°’» @Ob
o 9 Y Vv & o 93 93 9 9
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by Month

Fig. 7: Monthly Charts Views on visualize.admin.ch

Domain-Specific Dashboards Leveraging the core ontology, domain-specific
dashboards have been built for different offices of the Swiss federal administra-
tion:

— https://www.strompreis.elcom.admin.ch| A dashboard providing the cur-

rent and historical electricity prices from the Federal Electricity Commission
for all Swiss municipalities. This dashboard is built independently of visual-
ize.admin.ch to cater to the specific use-case of a fine-grained overview down
to the municipalities. Figure [§ shows the monthly traffic on the dashboard.
https://www.dashboard.blv.admin.ch/overview| A dashboard showing key
up-to-date indicators of the Federal Food Safety and Veterinary Office. This
dashboard is based on multiple components created with visualize.admin.ch
https://www.agrarmarktdaten.ch/daten A data download portal contain-
ing agricultural data collected by the Federal Office for Agriculture. This
interface allows to select and download specific parts of the data based on
cube.link

5.4 Lessons Learned

Co-creation and Agile Development As one of the major success factors of
the overall effort described in this paper, we identify the iterative and interac-

19 https: //github.com /visualize-admin /visualization-tool
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Fig.8: Website Traffic on https://www.strompreis.elcom.admin.ch over time:
unique visitors and visits as measured by a Matomo| instance. The peaks oc-
curring in September show increased interest in the data when the prices for
the following year are announced. (In 2022 there was a bigger than usual price
increase announced.)

tive process between the definition of the cube.link ontology and the design of
end-to-end tools that occurred over the same period of time. After a solid basis
on how to write and consume the main structure of a cube was established, the
necessary metadata and extensions were built iteratively across several teams.
On one hand, end-user tools like visualize.admin.ch brought requirements to the
table to optimize the automatic generation of graphs. These often triggered ad-
ditions to the cube.link ontology, which were discussed and finally tested with
Cube-Creator. Once stable and working end-to-end, the final additions were of-
ten retroactively documented in the cube.link ontology. This allowed to put a
spotlight on specific challenges from all involved experts, which was crucial, es-
pecially with technical intricacies such as the description of hierarchies or related
dimensions.

The Attraction Field Surrounding GUI Tools Even though the Cube-
Creator was originally designed for transforming and annotating data in CSV
and other tabular formats, the tool is not well-suited for direct use with rela-
tional databases. While some data providers choose to export their databases to
CSV and process them with Cube-Creator, this approach can be inefficient and
is generally not recommended for handling complex relational data structures.
Although this is of course technically possible, the Cube-Creator was optimized
for manual use-cases and was not intended to be integrated into automated data
pipelines. Therefore, it became necessary to clarify in such cases that using Cube-
Creator as an intermediate step is unnecessary — and that data publishers are
better off exporting their data directly as Linked Data using the frameworks
mentioned in Section
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Validation and Introspection As organizations started to develop their own
data pipelines, questions on how to create cubes were directed to the devel-
opment teams around Cube-Creator and visualize.admin.ch. While supporting
more developers was a goal of the overall project, repeated questions and requests
took resources from extensions and further developments. Therefore, projects on
validation and technical tools to introspect data structures were launched. We
describe below the Cube-Viewer, which was designed to introspect data on a
technical level. We also describe some further tools that were provided through
a GUI application called Cube—Validatorm

Cube- Viewer The Cube—VieweIE is a Web application that displays cube.link-
compliant data as tabular data drawing on the possibilities of localization, e.g.,
to show the column headers in different languages. Furthermore, the metadata
of the cube itself as well as all its different dimensions can also be visualized. The
Cube-Viewer allows for some basic data analysis by means of filtering the data.
For example, the dataset from Figure [I| can be introspected in the Cube-Viewer
directly.

Cube Validator The Cube-Validator is another Web application that allows
to select a cube and a validation profile, and provides a detailed report targeted
to developers creating cubes through their own software. The aforementioned
cube can be preselected and validated within the Cube-Validator.

6 Future Developments and Summary

The overall project and funding framework for the LINDAS pro jecﬂ which en-
abled the work around the cube.link ecosystem, was renewed in early 2025 with
a timeframe of an additional ten years. This ensures that the gained experience
and the built ecosystem around cube.link will be further developed.

As many datasets at the Swiss Confederation are handled in a C# .NET
programming context, a dedicated library providing support to publish valid
cube.link data is in the works also, and will be published in the future as open
source. The Cube-Creator provides, apart from the jopen issues on GitHub, a
roadmap for long-term development. In addition, visualize.admin.ch is in active
development| on GitHub.

To summarize, we introduced in this paper cube.link, a generic ontology
designed to efficiently publish government data in tidy, multidimensional for-
mats as cubes. Our approach supports rich metadata descriptions and concept
reuse across datasets, thereby enhancing usability and enabling advanced visu-
alizations.

The ecosystem built around cube.link demonstrates its ability to address
key limitations of existing approaches and confirms its suitability for practical
applications.

20 https://cube.link /#validating-cubes
2! https://github.com/zazuko/cube-viewer
22 https://lindas.admin.ch/
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