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Abstract
The Sampo model and its Sampo-UI framework have become an established approach for publishing Cultural
Heritage and Digital Humanities data on the Semantic Web. Sampo-UI enables exploration of data originating
from SPARQL endpoints through faceted search across multiple views with seamlessly integrated visualization
and data analytic tools. Here, we present two contributions to the Sampo-UI ecosystem: (i) a separation of
Sampo-UI core from application-specific configuration; decoupling core and application simplifies updates and
facilitates reuse of efforts, and (ii) the use of Ontop — a virtual knowledge graph system — to expose relational
databases through a SPARQL endpoint and Sampo-UI. The use of relational databases and reuse of tooling and
expertise around relational databases lower the operational burden of publishing small-to-medium-sized datasets
typical of digital humanities projects. These contributions originated outside the original Sampo-UI team but were
developed in collaboration with it, and are being prepared for upstream integration. We illustrate the approach
with two projects at Ghent University: one on Roman coin finds in Belgium (NuMAD) and one on historic Belgian
company data (BelHisFirm). Both portals run the same Sampo-UI core with a different configuration, and operate
on existing institutional relational database infrastructure without a dedicated graph database.
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1. Introduction

Sampo-UI1 [1, 2] is an open-source framework for creating web applications or “semantic portals” on
top of SPARQL [3] endpoints following the principles of the Sampo Model [4]. The framework is built
around application perspectives which determine how to filter — using facets — and view RDF 2 data.
Views on the data can take the form of maps, timelines, networks, and tables for semantic exploration.
In Finland, Sampo-UI has been used in more than twenty “Sampo portals” (see [5, 6, 7]). In recent years,
it has also been used in multiple international projects [8, 9, 10, 11].

Operating Sampo-UI portals over the long term remains challenging in a project-funded research
landscape, where infrastructure must survive well beyond active development. We argue that two
architectural choices in the current Sampo-UI ecosystem — the entanglement of core framework
and application-specific configuration, and the reliance on SPARQL-native graph databases — raise
operational costs and skill requirements in ways that are increasingly untenable. This paper presents
two contributions to the Sampo-UI system. The first contribution is an architectural change to split
core and application-specific code. The second is an operational change: presenting data originating
from relational databases via a virtual knowledge graph. This avoids the need to run graph databases
and the specialist knowledge needed to run these systems efficiently. To evaluate the feasibility of the
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changes, two new Sampo portals are presented: BelHisFirm, a project around Belgian company data,
and NuMAD, a project on historic coin finds.

2. Sampo-UI contributions

In close collaboration with the original Sampo-UI development team, we at Ghent University contributed
to Sampo-UI 3 with the aim of increasing the sustainability of the project in two ways. One deals with
software architecture and the other is on the operational side.

1. Splitting Sampo-UI core and application-specific configuration. The previous Sampo-UI
design made it difficult to decouple application-specific configuration or components from the core
Sampo-UI system. Until recently, starting a new Sampo-UI project meant forking the GitHub repository
4 and editing the fork to fit project-specific requirements. This makes maintenance difficult, since
updating needs to be done across parallel versions.

The previous workflow also posed a hurdle to contributing reusable components, or other work that
could be shared across Sampo projects. Thanks to a serious refactor effort, a strict separation between
application and core system has been established. Now, a new project means using the Sampo-UI core
system and configuring application specifics. A new plug-in system lets developers register custom
application-specific view components (maps, timelines). In practice this meant introducing a component
registry and a way to register and configure reusable React components with, for example, a specific
map visualization. Additionally, versioned releases of Sampo-UI core in the form of OCI containers
now also make deployment and upgrades straightforward.

2. Exposing relational databases via a Virtual Knowledge Graph. Current Sampo-UI projects
are backed by SPARQL-native graph/RDF databases such as QLever [12], Jena [13], Virtuoso, Apache
AGE, or similar systems. The expertise on how to run, optimize, back up, restore, migrate, and upgrade
these systems is not always readily available and requires experience. The software and support
ecosystem around graph databases is still relatively limited and of variable quality. For example, a
centrally hosted Virtuoso instance at Ghent University lost university-wide support due to limited
demand, and commercial RDF hosts such as TriplyDB are unaffordable for projects without long-term
funding.

The operational costs for running relational databases are much lower. Low-cost, supported ways
to run — and keep running — relational databases are readily available. Within universities and
other contexts, there is typically more expertise and knowledge on relational databases. The software
ecosystem around relational databases is richer; it simply has a longer history. Relational databases
are, however, not directly compatible with Sampo-UI as its backend is built around constructing and
executing SPARQL queries. A mapping layer is needed.

The Ontop project [14, 15] exposes data in a relational database through a SPARQL endpoint. The
relational database is mapped to a virtual knowledge graph using R2RML5 or Ontop6 mappings. This
makes a curated subset of the data typically locked in a database accessible in a standardized way, and
it is an ideal fit to combine with Sampo-UI: Ontop handles translating Sampo-UI’s SPARQL queries
into SQL for the relational database and returns translated data from the database as SPARQL bindings
compatible with Sampo-UI. The Ontop setup preserves tooling around relational databases while having
the advantages of data published on the semantic web.

On the performance of the Ontop mapping layer: previous benchmarks of Ontop [16, 17] have
also shown that it can provide competitive query performance with triple stores using materialized
knowledge graphs, although complex mappings and ontologies can result in slower query speeds due to
the required query translation step in the querying process. A layer to cache common SPARQL queries
can reduce the load on Ontop and improve page load times. Note that digital humanities datasets are

3The GhentCDH Sampo-UI fork to be mainlined: https://github.com/GhentCDH/Sampo-ui
4Sampo-UI GitHub repository: https://github.com/SemanticComputing/sampo-ui
5R2RML: RDB to RDF Mapping Language: https://www.w3.org/TR/r2rml/
6Ontop Mapping Language: https://ontop-vkg.org/guide/advanced/mapping-language.html
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Figure 1: Architectures of the two case studies. Both systems have tooling and workflows around a relational
database. (a) BelHisFirm: Belgian historic company data exposed via an Ontop SPARQL endpoint and a Sampo-UI
front-end, with additional tooling to manage and deduplicate data. (b) NuMAD: Roman coin finds database
exposed via an Ontop SPARQL endpoint and a Sampo-UI front-end. The data is managed through a generic
data management environment operating on the relational DB.

typically human-sized: several thousand records manually compiled by a small group of researchers,
which makes such datasets a good fit for Ontop. For workloads involving much larger datasets, complex
data models, or where there is no legacy tooling around relational databases or strict latency and
performance requirements, investing in a native graph database remains warranted.

3. BelHisFirm, two centuries of Belgian corporate history

BelHisFirm [11] is a large-scale, inter-university infrastructure project that converts two centuries of
Belgian corporate records — all published in the Annexes of the Belgian Official Gazette since 1873
— into structured, firm-level linked data integrated with an already established database. The project



Figure 2: Links between mints and a filtered set of coin finds in Belgium. To situate finds, the map features a
layer with Roman roads [18].

combines high-resolution digitization, OCR and multi-level record linkage to reconstruct corporate
trajectories across decades.

The database — an Oracle system hosted at Antwerp University — goes back many years and has
custom tooling and ingrained workflows and expertise around it (see Figure 1). A new service around
the relational database maps and publishes data according to the EURHISFIRM RDF schema using the
Ontop Virtual Knowledge Graph system. The R2RML mappings from SQL to RDF are specified in a
Turtle file included as part of the configuration files for Ontop. The mapping step makes it possible to
configure which parts of the data become public via a SPARQL endpoint.

Sampo-UI is used to make the company data explorable 7. With the Ontop system running at Antwerp
University — close to the database — and Sampo-UI hosted at Ghent University, an NGINX caching layer
helps to keep the Sampo-UI interface snappy. By using the Sampo-UI core with only application-specific
configuration, development time is limited to a minimum and involves mainly configuration8.

The architecture makes it possible to keep existing tooling, workflows and operational knowledge
around the database; it avoids the need to run a parallel graph database infrastructure. Additionally,
it provides a data publication endpoint based on an established schema (EURHISFIRM) and — with
Sampo-UI — the data is accessible in a user-friendly way without much custom development.

4. NuMAD, a Belgian coin find database

NuMAD is a project shared between the Royal Library of Belgium (KBR) and Ghent University around
Roman coin finds in Belgium and their archaeological context. Over many decades, information on
coin finds was collected in various databases, notebooks and archives. These are now concentrated in a
single relational database. A web environment allows project contributors to add, update and maintain
coin find data in a modern web interface. The public Sampo-UI platform 9 lets users explore and map
the finds, see Figure 2 for a faceted exploration of coin finds together with the mints that produced
them, overlaid on a Roman-roads map layer [18].

To publish the data in a reusable form, the data is mapped to the Nomisma ontology [19] using the
Ontop Virtual Knowledge Graph. The mapping step allows us to configure which parts of the data
become public. For example, the open endpoint does not include precise find locations: in Belgium, exact

7BelHisFirm portal: https://belhisfirm.be
8BelHisFirm source code: https://github.com/GhentCDH/BelHISFirm-Frontend
9NuMAD platform: https://numad.ugent.be
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coordinates of coin finds are not made public to prevent enthusiasts from unintentionally disturbing
archaeological sites.

Again, by using the Sampo-UI core with only application-specific configuration, development time is
limited and involves mainly configuration10. This project has the additional advantage that it could
build upon a similar platform for coin data: CoinSampo [20].

As in the previous project, the architecture (see Figure 1) facilitates the (re)use of generic tooling to
manage data in relational databases. Additionally, it provides a data publication endpoint based on an
established schema (Nomisma) and with Sampo-UI the data is accessible in a user-friendly way with
only limited custom development efforts.

5. Conclusion

We presented two contributions to Sampo-UI aimed at lowering the operational cost of running semantic
portals in project-funded digital humanities settings: a decoupling of core framework and application
configuration, and an Ontop-based path from existing relational databases to a Sampo-UI portal. The
BelHisFirm and NuMAD portals show that both contributions are practical: each runs the same Sampo-
UI core with only configuration-level changes, on top of pre-existing institutional Oracle and PostgreSQL
infrastructure. Both contributions are being prepared for upstream integration with the original Sampo-
UI team. We expect this combination to lower the barrier for digital humanities projects that already
maintain relational data and lack the resources to operate a dedicated graph database.
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