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Abstract

The transformation of society towards a digital economy and government austerity creates
a new context leading to changing roles for both government and private sector. Boundaries
between public and private services are blurring, enabling government and private sector to
collaborate and share responsibilities. In Belgium, the regional Government of Flanders
embedded the re-use of public sector information in its legislation and published a data
portal containing well over 4000 Open Datasets. Due to a lack of interoperability,
interconnecting and interpreting these sources of information remain challenges for public
administrations, businesses and citizens. To dissolve the boundaries between the data silos,
the Flemish government applied Linked Data design principles in an operational public
sector context. This paper discusses the trends we have identified while ‘rewiring’ the
Authentic Source for addresses to a Linked Base Registry. We observed the impact on
multiple interoperability levels; namely on the legal, organisational, semantic and technical
level. In conclusion Linked Data can increase semantic and technical interoperability and
lead to a better adoption of government information in the public and private sector. We
strongly believe that the insights from the past thirteen years in the region of Flanders could
speed up processes in other countries that are facing the complexity of raising technical and
semantic interoperability.

Keywords: Semantic web; Ontology; e-government; Address registry; Linked Open Data;
Semantic interoperability

1. Introduction

The transformation of society towards a digital economy created a new context leading to
changing roles where boundaries between public and private services are blurring [1]. This
enables the government and the private sector to collaborate and share responsibilities [2].
In Belgium, the Flemish Government is undertaking ambitious reforms to further transform
public services. Flanders is the northern federated state of Belgium?® and has over 6 million
inhabitants, or about 60% of the population of Belgium. The policy letter of the Vice
Minister President states that Open Data is ‘the norm’ and that the government should



focus on economic added value and close collaboration with the private sector [3]. The
Flemish Government is already working with the private sector to co-create and co-finance
the development and maintenance of open data sources. The Large-scale Reference
Database (LRD) is an official Flemish data source with precise and detailed location
information on buildings, parcels, roads, watercourses and railroads, identifying millions of
objects in Flanders and providing a source for address positions. The LRD is the result of a
public—private partnership between the Flemish Government and the utility sector, with a
substantial setup cost of EUR 93 Mio and an annual maintenance budget of EUR 7 Mio [4].

Since the LRD became Open Data in November 2015, more than 2500 bulk downloads
(Fig. 1) and over 2.9 Mio requests were successfully processed each month.
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Fig. 1. The impact of opening LRD data (in terms of downloads), showing the increase of downloads due to
opening-up the dataset (L. De Wolf, Flanders Information Agency).

Re-use of government data is considered to be an enabler of Open Government [5]. The
problem statement of this article is: even though the Government of Flanders embedded
the re-use of public sector information (PSI) in legislation [6], [7] and published a data
portal® containing over 40003 Open Datasets, interconnecting and interpreting these
sources of information remains challenging for businesses, citizens and public
administrations alike.

Public administrations struggle to deliver interconnected and cross-sectoral services due to
sectoral specialisation or “departmentalisation” [5]. Due to interoperability problems,
including adequate semantic standards and scarcity of web-oriented architecture, private
partners struggle to reuse Public Sector Information (PSI). Interoperability is the ability of
organisations to share information and knowledge, through the business processes they
support, by means of the exchange of data between their ICT systems [8]. Public Sector
Information is often modelled from a single perspective and therefore cannot be integrated
with other information sources, applications and business processes [9]. The lack of
standards causes high costs due to data transformations and mapping [5]. To overcome
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these hurdles, we need to address multiple interoperability levels; namely the legal,
organisational, semantic and technical level [10].

This has led to a demand for stable, governed data standards [11], [12], which are “technical
documents designed to be used as a rule, guideline or definition. They are consensus-built,
repeatable ways of doing something”.* The Flemish Government launched an
interoperability programme: Open Standards for Linked Organisations (OSLO) [10] which
builds upon the principles of the European Interoperability Framework (EIF) [13].
Interoperability Frameworks assume a hierarchy in terms of maturity with regard to layers
of interoperability [11]. This means organisational and legal interoperability can only be
achieved when standards for semantic and technical interoperability have successfully been
implemented. Therefore OSLO addresses both semantic and technical interoperability.

Incompatibilities between legislation in different policy domains and legal frameworks make
working together more complex. Legal Interoperability refers to aligned legislation between
different organisations. Organisational interoperability refers to aligned business processes
between public administrations. This implies integrating business processes and related
data exchange[10], [13].

Semantic interoperability focusses on the meaning of data elements. As inter-organisational
information systems only work when they communicate with other systems and interact
with people, it includes developing vocabularies to describe data exchanges and ensures
that data elements are understood in the same way by different parties when
communicating [10], [14]. According to EIF, semantic interoperability also covers the
syntactic aspect which refers to the grammar and format, such as HTML or XML.

Technical Interoperability is often centred on (communication) protocols and the
infrastructure needed for those protocols to operate [13]. OSLO builds upon the design
principles of Linked Data. The term ‘Linked Data’ refers to data which is published on the
Web and, apart from being machine-readable, it is also linked to other external

datasets [15], using the Resource Description Framework® (RDF) as a flexible and extendable
data model.

The main goal of this article is to unfold the process of reaching semantic and technical
interoperability among base registries based on the principles of Linked Data. The address
registry is presented as a case study of a base registry. The European Commission defines a
base registry (BR) as a trusted and authoritative source of information which can and should
be digitally re-used by others, where a single organisation is responsible and accountable for
the collection, use, updating and preservation of information. ‘Authoritative’ here means
that a base registry is considered to be the ‘source’ of information, i.e. it shows the correct
status, is up-to-date and is of the highest possible quality and integrity [13].

The Flemish Government administration aligns its base registries with this definition but
introduces three additional requirements:

— The base registries are part of a semantic coherent system of uniform identified base-
objects and relations, which are in line with the OSLO-standards.



— A base registry reuses the identifiers of the base-objects in other base registries.
— The base registries are obliged to maintain the Life-cycle and History of the base objects.

Public data often has a location-based component. According to Garson and Biggs [16] “It is
estimated that 80% of the informational needs of local government policymakers are
related to geographic location” (p. 87). The central address registry is one of the Flemish
base registries and of significant value to the public and private sector. The address registry
includes geographical coordinates [17] and is released under the Flemish Open Data licence®
which enables re-use, including commercial re-use, for free. Examples of re-use of this
authoritative source in the private sector are a more accurate address-position in navigation
applications than commercially available data and a better address quality in administrative
processes than locally managed datasets resulting in a lower mail bounce and lower costs.

In 2013, a pilot project ‘Interconnecting Belgian National and Regional Address Data’ was
carried out in the context of the ISA Programme of the European Commission. The pilot
published data from the Belgian federal level and the three Belgian regions as Linked Data.
Results of this pilot indicated that the public sector had not yet tapped into the full potential
of its address registries. The obstacles: (i) address data fragmentation (ii) heterogeneous
address data formats and (iii) a lack of common identifiers. The research reported in this
paper reveals how these obstacles can be overcome so that the full potential of address
registries and other base registries can be realised [18]. Interoperability in the public sector
is influenced by internal as well as external politics. Internal, organisational politics includes
dealing with issues involving organisational members. External organisational politics is
about how public administrations relates to their council, board, or other organisations [19].
With the majority of the government data having a location-based component, it is
important for Government that all government administrations and partners link to the
‘authoritative’ addresses avoiding redundant and incomplete shadow-databases.

Information management specialists often lack knowledge about how to deal with political
aspects of information management, and consequently are ineffective. The outcome of this
paper is valuable for researchers, public administrations and public sector ICT service
suppliers that aim to raise interoperability in complex data ecosystems.

Our research questions consider the problem statement from an, semantical, technical, and
organisational point of view:

— How can public administrations raise semantic interoperability to ensure data from Base
Registries can be interpreted by all communicating parties?

— How to maintain the agreed semantics on a technical level and design a programmable
interface that can be well interpreted by both humans and machines?

— How to rewire existing processes and data products to become interoperable within an
operational public sector context?



The contributions of this paper, which build upon the principles of the semantic web, are
valuable for semantic web researchers and organisations that aim to publish interoperable
authoritative data sources.

The remainder of this article is organised as follows: Section 2 discusses relevant related
work: we discuss the nature of the Flemish, Dutch and Danish address registries. We
illustrate the Linked Data strategy in Flanders and outline a comparative study between the
current Universal Resource Identifiers (URIs) strategies in Europe. Section 3 gives an
overview of the address vocabulary and discusses the ‘fitness for use’ of the prevailing
European address vocabularies for modelling the address registry in Flanders. Section 4
outlines the key success factors of a real-time Linked Data architecture. We will point out
how the addresses, mined from the municipalities, are published at the SPARQL-endpoint in
‘nearly real-time’. Finally, we will elaborate on the deployment strategy which should allow
other agencies to reuse some of the technical components when refactoring their own base
registries. Section 5 discusses how the Linked Address Base Registry facilitates the adoption
of Addresses as Linked Data in the public and private sector. Section 6 provides an
evaluation of the Linked Data approach in the address registry. Section 7 presents
conclusions on how to raise interoperability in the public sector and an outline for future
work.

2. Background and related work

This section discusses the nature of the Flemish, Dutch and Danish address registries. By
providing an insight into the events that influenced the evolution of these address registries,
we can untangle the different interoperability levels. Next, we outline the Linked Data
strategy in Flanders and describe the process and methodology we have used to create a
reusable vocabulary for addresses. Finally, we provide an evaluation of the current Universal
Resource Identifiers strategies in Europe which lead to the Flemish URI-strategy.

2.1. The Central Reference Address DataBase in Flanders (CRAB)

In 2011, the Flemish government and the Flemish Geographical Information Agency (now
Flanders Information Agency), developed an authentic source for addresses, referred to as
‘Central Reference Address DataBase’ (CRAB), containing well over 4.5 million addresses as
well as address positions (xy-coordinates). According to the European INSPIRE directive, the
overall concept of an address data specification is that it has a “locator”, e.g. a house
number that enables a user to distinguish it from neighbouring addresses; and a geographic
position, which enables an application to locate the address spatially. To identify an address
in Flanders, it must be associated with a number of “address components” represented by a
spatial identifier. These components are defined in the CRAB decree as streetname, house
number and box number, postal code and municipality [20], [21].

Key influences
— The municipalities are responsible for the creation of addresses and management of the

address components.
— Governments in Flanders are obliged to use the address registry and to provide feedback



in case they detect an error.

— At the European level, the INSPIRE Directive aims to create a data infrastructure for the
purposes of EU environmental policies and policies or activities which may have an impact
on the environment [22]. By the end of 20177 member states are obliged to provide
harmonised address information by means of compatible services.

In the past two decades, many events influenced the development of the Central Reference
Address Registry (CRAB) in Flanders. Fig. 2 depicts the milestones evaluated using the
European Interoperability Framework (EIF) [23], [9]. EIF is a set of recommendations which
specify how administrations, businesses and citizens can communicate with each other
across borders and within the EU. These interoperability levels are defined as legal,
organisational, semantic and technical within a political context.

Release address positions register
Release address webservice

. Authoritative source

i Open Data
' Linked Base Registry

]
I
1
1
1
I |
I |
| I
| I
1 |
] 1 I
| | i
| | |

1
|

:

I

: —
2003 2006 2011 2013 2016

‘TR B O
O
_ror
o o Jlow N

Fig. 2. Key influences on the address registry showing the impact on all interoperability levels, evaluated using
the European Interoperability Framework [10] and inspired by an ISA evaluation framework in “How Linked
Data is transforming eGovernment” [5].
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When the Flemish GIS administration (Ondersteunend Centrum GIS Vlaanderen, now
Flanders Information Agency) was founded in 1995, there was no authoritative source for
addresses. Although local governments have been responsible for the creation and
maintenance of street names since 1977 [24], the lack of formal rules for addressing
resulted in duplicate street names within the same municipality, misspelling of street names
and many flavours of house numbers and box numbers to identify individual apartments in
a building. The first initiatives towards a harmonised data model at regional and Federal
level were initiated in 1999 (Geocodi). An important milestone was the release of the
‘address positions database’ in 2003, distributed to administrations in Flanders using a CD-
rom as carrier, accompanied by a formal data specification in UML [25] ratified by a decision
of the Flemish Government. In 2006 the address database became available via the Internet,
by means of SOAP-webservices. A shared strategy for managing the lifecycle of addresses
among the regional and local administrations (VLAR-address, 2008) paved the way towards
an authoritative data source. The following year the INSPIRE directive from the European



Commission [22] was converted into Flemish legislation [26]. The regulations are embedded
into the CRAB [20], [21] and SDI [27] Decree, which are laws of the Flanders Region and the
Flemish Community and set the scene for the legal interoperability level. The same year, an
important hurdle on semantic interoperability was taken: a formal agreement on shared
semantics was reached which eventually lead to shared semantics at Federal and regional
levels in 2015. These events that intervened on all interoperability levels eventually lead to
the formal approval of the address registry as the first authentic data source in the region of
Flanders.
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Fig. 3. Design principles of Linked Data and the specific implementation in the Core Locations Pilot, using the
design principles as asserted by Tim Berners-Lee as a framework and mentioned in by ISA in “How Linked Data
is transforming eGovernment” [5].

Driven by the Once Only principle embedded in Flemish registration [28] an authoritative
source (also referred to as an ‘authentic’ source) builds upon following principles (i)
administrations are obliged to use the authentic source, to avoid requesting information
from citizens more than once, raise data consistency and reduce administrative burden, (ii)
the source is recognised by the Flemish government and (iii) administrations are obliged to
report errors to the administrator of the source. In 2013, under an impulse of the European
Directive on the re-use of public sector information [29] the CRAB Address registry became
available as free Open Data. In 2014 The Flemish Government decided to focus on
interoperable base registries [3], as defined in Section 1.

The Flemish government is managing the address registry conformant to best practices in all
European InteroperabilityFramework-domains [30], more specific at the level of technical,
semantic and organisational interoperability and conformant to legal requirements. At the
organisational level, an important step was taken in 2015 by merging the GIS and e-Gov
administrations into a new Information Agency. At the legal level, Flanders Information
Agency has the ambition to embed the concept of Base Registries in a decree. The new
agency launched the programme “OSLO” that focuses on the semantic interoperability level
and extends the ISA CORE and INSPIRE Vocabularies in order to facilitate the integration of
base registries with one another and their implementation in business processes of both the



public and private sector. Finally, in 2016 the Flanders Information Agency rewired the
Authentic Source for addresses and published it as Linked Open Data. The next step shall be
taken in 2018, when the Federal and Regional administrations are obliged to use regional
address registries (BeSt-Add?® ) in all their processes. The European Commission wanted to
overcome the fragmentation of the address data. The aim was to tackle following hurdles:
(i) address data fragmentation caused by the different isolated databases at the various
government levels and the lack of a single access point, (ii) heterogeneous address
specifications and standards, (iii) and a lack of common well-formed identifiers which are
the cornerstone to link the different addresses (Colas et al., 2013). In 2011, the European
Commission initiated a pilot project in Belgium, a federal state with three communities,
three regions, and four language areas. The goal of the project was to interconnect the
Belgian and Regional Address Data. The pilot was built upon the principles of Linked Data
(Fig. 3) to make addresses more interoperable and lovable in Belgium. “The term Linked
Data refers to a set of best practices for publishing and connecting structured data on the
Web using international standards of the World Wide Web Consortium” [31]. The design
principles® as asserted by Tim Berners-Lee in 2006 (Fig. 3) were adopted by the address pilot
project [18].

The first principle states “Use URIs as names for things”. All addresses and streets were
given a universally unique identifier which can be looked up via the web.

The second principle points to the “use HTTP URIs so that people can look up those names”.
To create these stable identifiers best practices from the ISA programme for creating
persistent URIs [32] were applied: including avoiding stating ownership in the URI, avoiding
version numbers and implementing HTTP response code 303 to redirect from the real object
to a document which describes the address or street.

The third principle: “When someone looks up a URI, provide useful information, using the
standards RDF and SPARQL” is all about interoperability. RDF is the data model for Linked
Data. According to W3C, “RDF extends the linking structure of the Web to use URIs to name
the relationship between things as well as the two ends of the link (this is usually referred to
as a “triple”). Using this simple model allows structured and semi-structured data to be
mixed, exposed, and shared across different applications”.1° This pilot is using RDF as data
model, the ISA core location vocabulary!! provides the schema. The Core Location
vocabulary is a context neutral, extensible data model derived from the INSPIRE address
representation. We will discuss the differences between both vocabularies in Section 3. This
vocabulary was set up as a canonical data format, to bridge between the different non-
interoperable address data models at the federal level and the three Belgian regions. The
pilot implemented a SPARQL endpoint, which allowed querying the RDF data sources via the
web. SPARQL is a recursive acronym for SPARQL Protocol and RDF Query Language.

The last principle “Include links to other URIs so that they can discover more things”. A
dataset becomes more useful when it links to other resources, which allows humans and
machines to discover more information following the links. Other parties on the web can
link to the addresses, making their data more useful. The addresses core dataset itself does
not link to other resources but enables other parties on the web to link to the addresses,



making their data more useful. In Flanders, the domicile of a citizen and the Energy
Performance Certificate (EPC) are both linked to an address.
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Fig. 4. Overview of the number of updates in the CRAB Address Registry each week (J. Laporte, Flanders
Information Agency).

Because both resources are linked to the same URI, the government administration is able
to give citizens insight in the energy efficiency of their domicile by following the links.

This pilot demonstrated the viability of a Linked Data infrastructure for addresses in
Flanders, which can provide interoperability across the regions in Belgium. Despite this
proof-of-concept paved the way towards a sustainable implementation for addresses in
Flanders, some important complexities towards addresses still needed to be tackled,
including the different numbering conventions.

As the CRAB Address registry is embedded into the core processes of government
administrations and administrations are obliged to report errors, the number of updates is
growing over 30% per year (Fig. 4). Fig. 5 depicts the increasing use of the address registry,
based on the transactions on the address Web Feature Service? (WFS).
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Fig. 5. The increasing use of the product based on registered users (J. Laporte, Flanders Information Agency).
2.2. The address registry in the Netherlands

The Netherlands are going through a similar process. The‘Cadastre, the Dutch Land Registry
and Mapping Agency’ (Kadaster) is at the helm of administrative and spatial data on
addresses and buildings. The municipalities are responsible for the creation of addresses
and management of the addresses components and have to register updates within four
days [33] in the ‘Basic registry of Addresses and Buildings’ (BAG). The ‘Cadastre’ has shifted
the focus from the address object to the physical objects that are addressable. These
addressable objects can be ‘residence objects’ (dwellings or offices), mooring places or
places for the permanent placement of mobile homes. The residence objects refer to
buildings, individual apartments or offices within a large complex. These objects are
registered in the base registry for addresses and buildings. The address is a property of a
physical object and consists of following components as defined in the BAG object-
catalogue [34]: address locator name, the thoroughfare name (street name, “naam
openbare ruimte”) and the municipality. Since 2012, the address registry is published as
Open Data. The Dutch Cadastre published the base registry with cadastral information as
Linked Open Data in 2016. The address registry was published as Linked Open Data in
2017.13

Together with Geonovum, responsible for developing andmaintaining standards for
geographical information, administrations in the Netherlands joined forces to develop an
Open Data strategy [35]. They have brought together experts from the public and private
sector in the steering committee ‘Platform Linked Data Netherlands’** (PILOD). The PILOD-
platform has published an experimental version of the Dutch Building and Address registry
as Linked Open Data. A crucial step in the development was that all addresses and streets
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were given a persistent universally unique identifier which can be looked up via the web.
They developed a similar URI strategy, both building upon best practices of ISA and
INSPIRE [36]. Whereas the pilot in Flanders is extending the RDF using the ISA core location
vocabulary as a basis, the Dutch pilot on addresses has developed an extension'® which is
more in line with the existing BAG data model.

2.3. The Danish Address Registry

The Danish Address Programme is a sub-programme of the Basic Data Programme?’ which is
a collaboration between a number of National governmental bodies, the associations of
Local and Regional Governments. The Danish Agency for Data Supply and Efficiency®® is the
responsible authority for addresses in Denmark as well as for the Danish address registry,
which was a part of Building and Dwelling Registry [37] but is now an independent registry.*®
The Danish administrations have focused on eliminating shadow databases by identifying
base registries’ which they refer to as ‘GRUNDDATA'.

The Danish government has a long history in the standardisation of addresses which goes
back to 1978 when a standard address structure was introduced [38] followed by the first
address registry in 1980. The first address-structure consisted of a municipal code, street
code, address number, floor and door identifiers. In 1990 the addresses were rewired from
‘Address as an Attribute’ in the different registers (such as the central person register and
central business register), to an ‘Address as a common asset’ where the address becomes a
fully-fledged object [38] which allows other registries to link to the Address Registry. These
addresses were georeferenced and harmonised voluntarily by the local municipalities. This
included a harmonisation of the ‘property data registers’ and the ‘municipality technical
base maps’ towards a building and dwelling registry.

The 98 municipalities have the practical authority for the assignment of addresses (Danish
Enterprise and Construction Authority, 2010). In 2000 the Danish Government appointed
the building and dwelling register as a base register which was published in 2002 as Open
Data. Although registries, data models and ministerial initiatives existed, there were no
official guidelines for the infrastructure model [39]. In 2004, the report “Basisdata,
forstaelsesramme og analysemodel til kategorisering af basisdata” [40] was published,
which focused on data quality and the unambiguous connections between the

registries. [39], [40]. Additional requirements were introduced [39], [38]:

— The base registries are part of a semantic coherent system of uniformly identified base
objects and relations. The data model has similarities with the conceptual data models
behind INSPIRE.

— Core Objects contain provenance information, which defines when the information was
registered and for which period of time it is valid, often referred to as bitemporal data.

— A base registry should reuse the identifiers of the base objects of other base registries. The
addresses have persistent identifiers, which are a globally unique identifier (GUID).

— The base registries are obliged to maintain the Life-cycle and History of the base objects. A
telling example is the data about a building that is under construction or has been
demolished.
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2.4. The Linked Data strategy in Flanders

The Flemish government is focusing on a sustainable strategy for linked base registries. In
the previous section, we have learned that it is essential to focus on all interoperability
levels. In this section, we will focus on the semantic interoperability strategy and how it
influenced the development of the Central Reference Address Registry (CRAB) in Flanders.

The OSLO-program, which started as a grassroots initiative at the level of the local
governments,?® increased awareness on the need for semantic interoperability. OSLO
created an ontology in three main domains of interest: (i) persons and organisations [9], (ii)
locations, and (iii) public services,?! in a setting where stakeholders are focusing on their
similarities rather than on their differences [41]. This was achieved by implementing a
process and methodology for developing semantic agreements, based on the ISA
methodology [42]. In 2015 the ownership of OSLO and the responsibility for the governance
and life-cycle management of the ontology was transferred to the regional government,??
which started the follow-up project OSLO?.

OSLO? provides a policy framework for technical topics, including the URI-strategy (Fig. 6),
and domain-specific topics including a context neutral model for addresses.
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Fig. 6. Overview the OSLO working groups [43].



The steering committee (represents the ‘authority’) agreed upon the specification process
and the selection of the different working groups. Each thematic working group develops a
context neutral vocabulary, by extending EU standards (ISA and INSPIRE) with specific local
concepts that support the processes of the different governmental levels in Flanders.
Working groups discuss relevant entities, relations and attributes, which are iteratively
refined and formalised. At the end of the process the steering committee validates the
specifications and the vocabulary. The working group consists of over 70 experts
representing local governments, Flemish administrations, telecom providers, utility
companies (water, energy), the real estate sector and non-profit organisations. To derive
the requirement for the high-level domain model, the participants start by specifying use-
cases. In a next step the working group or a subgroup defines the attributes. The umbrella
working group integrates the results into the global domain model. Finally, a conformance
statement is created.

2.5. Overview of the Danish, Dutch and Flemish Address Registries

Comparing the strategy and development in Denmark with the Netherlands and Flanders
Table 1. Overview of the Danish, Dutch and Flemish Address Registries shows that all
initiatives focus on a semantic coherent system of uniform identified base objects and
relations and that all the registries are available as Open Data. The Danish Government is
adopting the principles of Linked Data?? to raise semantic interoperability. At the time of
writing, the Danish address registry was not published as Linked Data.

Table 1. Overview of the Danish, Dutch and Flemish Address Registries.

Danish Dutch Flemish
Open Data Yes Yes Yes
Reuse of vocabularies INSPIRE - ISA and INSPIRE
Unique Identifier GUID URI URI
Linked Data No Yes Yes

2.6. URI strategy in Flanders in relation to W3C, ISA and other EU member states

In this section, we will compare the different prevailing URI standards which influenced the
Flemish strategy (Fig. 7). The OSLO URI working group has developed a URI standard for
persistent identifiers that supports government administrations in Flanders by providing
guidance that ensures that HTTP URIs are future proof. By providing a standard, an
accompanied guidelines document and individual guidance on request, Flanders
Information Agency ensures a consistent URI structure for all publishers.

The URI strategy is based on principles from W3C documents?* ISA guidelines? and a
comparison of the URI strategy in the Netherlands [44], the latter being inspired by the UK
recommendation ‘Designing URI Sets for the UK Public Sector’ [45], [46].

The W3C group ‘Cool URIs for the Semantic Web’ discusses the 303-redirect (a way to

redirect web applications to a new URI) and hash-URI approach to identify real-world
objects and the use of content negotiation but does not suggest or impose any kind of URI
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Interoperability Solutions for

European Public Administrations

(1)

United Kingdom (I1)

The Netherlands (111)

Flanders, OSLO? (IV)

http://{domain}/{type}/
{concept}/{reference}

Domain: the combination of the
host and the relevant sector.

Type: id or item for real world;
doc for documents; def for
concept definitions; set for

datasets;

a string specific to the context

Concept: collectionlD, the type of
real world object or the name of
the concept scheme.

Reference: refers to a specific
item, term or concept.

http://{domain}/{type}/
{concept}/{reference}

Domain: based around the
data.gov.uk domain, split by
sectors as sub-domains.

Type: URI type (id for Identifier
URI, doc for Document URI),
Representation URI (def for

Ontology URI, set for Set URI)

Concept: A word or string to
capture the essence of the real-
world ‘Thing’ that the set names.

Reference: A string that is used by
the set publisher to identify an
individual instance of concept.

The reference should match the
way that it is used in normal use.

http://{domain}/{type}/
{concept}/{reference}

Domain: a combination of an
internet domain and a path.

Type: id for identifier of a real
world; doc for documents; def for
definition of a termin an
ontology

Concept: indicates the kind of
thing the URI identifies. Usually it
is a class name.

Reference: usually a string which
is used in the existing register
already.

http://{domain}/{type}/
{concept}(/{reference})*

Domain: a thematic subdomain is
optional

Type: describes the nature of the
referenced resource; id: non-
information resource; doc:
document describing a non-
information resource; nir: used
instead of id and doc when using
hash-based ids; list; raw; ns; meta

Concept: specifies the type of the

resource. This can be interpreted

using a simple trick: {resource} is a
{category} {class}

Reference: a repeating pattern
that allows for hierarchical
structure. Each element follows
one of the following structures:
{base-reference}; {base-
reference}/{version}

Fig. 7. Comparing the URI strategy of ISA, United Kingdom, the Netherlands and Flanders. The recommended pattern is (a variation on)
‘http://domain/type/concept/reference’. The domain is the combination of the host and the relevant sector. It is a matter of choice whether the sector is defined as a sub-
domain of the host or as the first component of the path.
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structure. Some examples do include ‘id’ and ‘doc’ that are also used in other URI strategies
that are evaluated in the paper. The document does not suggest a specific approach
regarding redirect versus hash-URIs, as the best approach is case dependent. Three
approaches are described: (1) when using redirects: http://www.example.com/id/alice 303-
redirects to http://www.example.com/doc/alice, (2) in case using fragment identifiers:
http://www.example.com/about#alice is automatically truncated to
http://www.example.com/about, the last approach (3) is combining both approaches, so
that there is a 1 to 1 mapping between a real-life object and its describing page:
http://www.example.com/bob#this.

As Fig. 7 shows, the compared strategies mostly share the same approach. The most
important differences are related to the interpretation of ‘type’ and ‘concept’. The ISA type
can be one of following values: id or item for real-world objects; doc for documents that
describe those objects; def for concept definitions; set for datasets; or a string specific to
the context, such as ‘authority’?® or ‘dcterms’.?” The Dutch ‘type’ indicates the kind of the
URI: id: identifier of a real-life object in a registry; doc: documentation about the real-life
object by this registry and def: definition of a term in an ontology. The Dutch type is in line
with the UK strategy, also using id, doc and def [45]. The OSLO type describes the nature of
the referenced resource. It has to be chosen from the following list: id: when referencing a
non-information resource; doc: document (that describes a non-information resource and,
the target of a 303-redirect after resolving an id resource); ns: taxonomies, ontologies or
vocabularies. Additionally, the “id” class does not demand the described resource to
originate from a registry. Finally, the Flemish OSLO standard recommends that the 303-
redirect approach is used (as is recommended by ISA). Resources in the “ns” class are
allowed to use fragment identifiers. The UK URI strategy refers to the W3C Cool URI rules
when it comes to resolving URI’s and considers both options: fragment identifiers and 303-
redirects.

The ISA concept is a collectionID, the type of real-world object identified (e.g. a road), the
name of the concept scheme (e.g. ‘language’). Finally, the reference refers to a specific item,
term or concept. The Dutch concept indicates the kind of thing the URI identifies, usually
being a class name. Lastly, the {reference} is usually a string which is used in the existing
registry already. When using dates to refer to versions, they advise using the W3C DateTime
format. The OSLO concept specifies the category of the resource. This becomes part of the
identifier as follows: {resource} is a {conceptHtype}. For example
‘https://data.vlaanderen.be/doc/adres/3706808’28 can be read as: ‘.../id/adres/3706808’ is
an identifier for an address.

ISA allows a collectionID to be used as well, while this is not allowed in the Flemish rules. We
have detected no conflict with the standard in the Netherlands. The new part is referred to
as the ‘reference’, a repeating pattern that allows for a hierarchical structure. Each single
reference element follows either one of the following structures: (1) {base-reference} or (2)
{base-reference}/{version}. The base reference allows for specification of a resource. It
should be interpreted in the context of all preceding references. Finally, the version can
represent a specific absolute date (in W3C format), a relative date (e.g., “latest”) or a
version (e.g., 1.2). Versions are only allowed where different versions of resources are
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allowed to co-exist. ISA provides little details about the specific format of the reference.
There are no conflicts between ISA and the Flemish rules.

3. Core vocabularies for addresses

This section discusses the prevailing European ISA and INSPIRE address vocabularies and
evaluate their fitness for use’ for modelling the CRAB address registry. This “rewiring” of
the CRAB happened as part of the development of a Building Registry which required an
important revision of the address registry. Finally, we discuss the rewiring of the address
model in depth. The resulting model bridges to other administrative domains like Persons,
Businesses and Public Services.

3.1. INSPIRE Data Specification for the spatial data theme Addresses

Driven by ‘the Directive 2007/2/EC of the European Parliament and of the Council of 14
March 2007’ to establish an Infrastructure for Spatial Information in the European
Community (INSPIRE), the ‘INSPIRE Data Specification for the spatial data theme Addresses’
was released in 2009. The data specification was developed by the Thematic Working Group
on Addresses, in which the Flemish Agency for geographical information (now Flanders
Information Agency) participated.

INSPIRE [47] defines an address as the “Location of properties based on address identifiers,
usually by road name, house number, postal code” INSPIRE and serve different purposes
including location, identification, jurisdiction, sorting and ordering and emergency response
(e.g. CRAB is used by the emergency services). The INSPIRE address defines following
address components [47]: administrative unit name (the name of a country, municipality or
district), address area name (a non-administrative area or the name of a natural feature like
a lake), thoroughfare name (a street name, the name of waterway) and postal descriptor.
The vocabulary is documented using the Unified Modelling Language? and the structure
and constrains of the XML representation are described using the XML Schema Definition
Language.3®

3.2. ISA core location vocabulary

The ISA core location vocabulary was developed following ‘the Directive Decision
‘COM/2008/0583 final - COD 2008/0185’ of the European Parliament and the Council on
interoperability solutions for European public administrations (ISA)’.

According the European Commission in 2011, there were two main principles which defined
the Core vocabularies [30]: (i) highly reusable: the specification is simple and captures basic
and generic characteristics of an information entity, regardless of the context this entity is
used and (ii) extensible: domain specific specialisations can be drafted on top of the core
representation.

The Core Vocabularies Working Group (Location Task Force) defined the Core Location

Vocabulary in 2012 as a minimum set of classes and properties for describing a location
represented as an address, a geographic name, or a geometry [48]. A set of commonly
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agreed Core Vocabularies supported by the EU Member States provides a concrete starting
point for promoting semantic interoperability among European public administrations. The
Core location vocabulary refers to the INSPIRE Data Specification for Addresses: the granular
address properties (PO Box through to Post Code) are taken from the INSPIRE address
guidelines. The vocabulary is documented both in a HTML3! and a Turtle3? specification that
describes an RDF graph in a compact and natural text form.33 An address that is provided
using these properties will be INSPIRE conformant. The additional property of full address is
not part of the “INSPIRE Address guidelines” [48].

3.3. A comparative survey of the ISA3* and INSPIRE>® address models

Although the ISA Core Location Vocabulary is driven by work on the INSPIRE directive [48], a
mapping exercise revealed that INSPIRE and ISA have some significant differences. The ISA
Core Location Vocabulary (Fig. 8) models its definition of “Address” on
AddressRepresentation from INSPIRE. AddressRepresentation (Fig. 8) is a composite
datatype and not an entity as the ISA-model suggests.

5 Address
o Address
% Representation

Fig. 8. Comparing the ISA and INSPIRE address model: Address and AddressRepresentation.

The fully-fledged INSPIRE address is intended to integrate the address life-cycle information
with master-data management systems such as geographic information in support of
Environmental Policy. The INSPIRE address-representation and the ISA address are light-
weight representations of an address. They are intended to be used in situations where the
address is no more than an attribute of another entity, e.g., a Person. In the ISA Core
Location Vocabulary, an Address is intended to be used as an attribute of Person:
http://data.vlaanderen.be/ns/persoon#tgezinsadres. Moreover, it has no identifier of its
own; there is only a pointer to the original structured address from which it was derived.
Another problem is that ISA calls this entity/datatype “Address” and not
“AddressRepresentation”. In doing so it created a schema-conflict with INSPIRE of the type
“homonym” [49]. The impact of using the same name for different concepts is that user
could expect the ISA-address to be a fully-fledged address instead of merely a lean
representation without a unique identifier.
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ISA added some attributes to INSPIRE’s AddressRepresentation. FullAddress is one of them
and appears to be an implementation of the “ordered” constraint on INSPIRE:
AddressRepresentation. Other attributes (PO-Box, AdminUnitL1-2) are specialisations of
corresponding INSPIRE properties. As ISA limits itself to an address-as-an-attribute, certain
properties of structured addresses are missing in the Core Location Vocabulary. Most
noteworthy is address position. It can be argued that this property is also lacking in the
INSPIRE:AddressRepresentation and that it is, therefore, permissible for ISA to leave it out of
their definition. But as ISA renamed AddressRepresentation to Address one could ask if such
an important aspect of structured addresses can be ignored. On the other hand ISA sports a
Location entity/datatype which can have a geometry and address at the same time (if
needed) and in that way an ISA:Address can be loosely coupled to a position. A relation with
the parcel/building/building unit to which the address was assigned by the registering
authority also lacks but is understandable as these addressable objects are currently not
part of the Core Vocabularies.

On a more generic level, there are some additional differences to be mentioned, most
important one being the definition of “identifier”. In the ISA Core an identifier is a
composite datatype comprised of four attributes: the actual identifier or key and some
metadata about the key, more specifically source, date and type. INSPIRE however leaves
out the metadata and splits the key into its parts: a namespace, a localid and an optional
versionid. Although namespace and source are somewhat overlapping concepts it seems
that we have two different approaches to represent the identifier: one with metadata and
an undivided key and one without metadata and a subdivided key.

The INSPIRE program is working on an RDF specification of the address data model. At the
time of writing this article, the specification was still experimental.3®

3.4. OSLO address model

Based on the insights of Section 3.3, we conclude that the INSPIRE Address specification is
better adapted to the needs in the fields of all EIF levels, while the ISA Core vocabularies
provide a crucial integration with other administrative domains like Persons, Businesses and
Public Services. In order to achieve a feasible model, and to benefit from the best of both
worlds, the Flemish Government has adapted the ISA address towards INSPIRE. The
vocabulary is documented both in a HTML https://data.vlaanderen.be/ns/adres and a Turtle
specification https://data.vlaanderen.be/ns/adres.ttl Most distinguishing feature of this
rewiring was the instantiating of addresses as objects like BAG and OSLO, as discussed in
Section 2.2. In the past only the address components were registered as separate objects.
Part of this effort was a tighter alignment of the conceptual model to the INSPIRE:Address
specification. The INSPIRE model is very generic, designed to be applicable to all address
definitions that can possibly exist in Europe. So part of the alignment actually boiled down
to mapping the more generic INSPIRE terms to existing terms in the Belgian context:
http://data.vlaanderen.be/ns/adres#Adres (e.g. a Belgian housenumber is actually a
LocatorDesignator). Eventually, the resulting model was not only adopted on a regional level
but also on a national level where it was published as Best-Add3’ as a result of a joint effort
between the three regions and important federal institutions like the National Registry (of
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Persons), the postal services, the cadastral agency, the National Geographical Institute
amongst others.

Apart from making the generic aspects from the INSPIRE specification more concrete, the
most difficult part of deriving a Core Vocabulary for addresses was modelling the clear
distinction between the official or registered elements of an address and other more
optional properties like sitenames or flooridentifiers. These were moved to a subclass
AddressExtension: http://data.vlaanderen.be/ns/adres#Adresuitbreiding.

Since the OSLO Address Vocabulary (Fig. 9) is to be considered as a local implementation of
the ISA and INSPIRE specification we aligned on the Belgian definition of Address: BeSt-Add.

Building Addressable Postal
Unit Object Descriptor

Buildin Address
€ Representation

Address

Thoroughfare
Name

Cadastral
Parcel

AdminUnitName

Administrative
Unit

.|

Fig. 9. OSLO Conceptual address model.

However, to accommodate for foreign addresses we reused and extended the Address
definition of http://www.w3.org/ns/locn#Address to denote an AddressRepresentation. The
locn vocabulary was designed for capturing all kinds of addresses within the world. To keep
the link with the Belgian addresses in structured form, a relationship from the
adressrepresentation to the BelgianAddress is included.

As we mentioned before we discovered that ISA and INSPIRE support different definitions of
“identifier”. To accommodate both approaches we defined two subclasses for the key:
simple key and composite key. We then added the metadata attributes from ISA. The
concept of alternative identifier was incorporated since more than one identifier can be
exchanged. For other generic elements like “geometry”
http://data.vlaanderen.be/ns/adres#positie we aligned the OSLO Address Vocabulary to
INSPIRE, although the requirement to use GML to serialise the geometry was replaced with
a more generic construct also allowing well-known text representation of coordinate
reference systems3® (WKT) and such. The ISA Core vocabularies nor the INSPIRE
specifications mention much about metadata on an object-level. ISA explicitly leaves out
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metadata properties and INSPIRE mentions it only on a dataset-level although the available
lifecycleInfo properties are in fact metadata.

The OSLO Address Base Registry Vocabulary® is intended to exchange addresses. The
application profile is a more elaborated vocabulary with additional restrictions (such as
cardinality and code lists to be used) intended for a specific application. There is one
application profile for addresses defined: namely the one for address registries. Examples of
additional restrictions to the vocabulary are: the municipality name and street name are
obliged, and all code lists must be aligned on INSPIRE.
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Fig. 10. Crossroads Database Flanders architecture.

The address representation, which is an Address defined in https://www.w3.org/ns/locn, is
extended with properties that are specific for Belgian Addresses, such as a ‘busnummer’,
which is Dutch for ‘letterbox’, that identifies a dwelling and is identified by
http://data.vlaanderen.be/ns/adres#Adresvoorstelling.busnummer. The ‘busnummer’ is a
specialisation of the W3C locator designator http://www.w3.org/ns/locn#locatorDesignator
that consists of number or a sequence of characters that uniquely identifies the locator
within the relevant scope. We define the ‘busnummer’ property to have a domain of
http://www.w3.org/ns/locn#Address and a range of
http://www.w3.0rg/2001/XMLSchematstring. This can be compared to object-oriented
programming which commonly defines a class address with an attribute called ‘busnummer’
of the type String. The Range defines that the value of a “busnummer” must be a String as
defined by http://www.w3.0rg/2001/XMLSchema#tstring.

The Model of the Flemish Address Register (https://data.vlaanderen.be/ns/generiek) applies

the W3C PROV (https://www.w3.org/TR/prov-o/) ontology for modelling provenance. This
structured metadata records the origin of addresses including when, why, and who created
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or modified the information. This allows users of the address register to evaluate if the
information can be trusted and to integrate the provenance information with other
information sources.

4. Design principles of Linked Data applied to the Address Base Registry

In 2008, the regional Government of Flanders initiated the: “MAGDA” data platform, which
supports organisations to publish and access public sector information. Due to the need of
providing more integrated, interconnected and cross-sectoral services [5], Flanders
Information Agency started-up a pilot project and applied the principles of Linked Data
because they expected them to increase interoperability. In 2018, the MAGDA-platform was
rebranded to Crossroads Database Flanders (CDF).

This section explains how the “CDF-platform” (Fig. 10) was enabled to publish Linked Data
on the web. We will discuss the reference components: the proxy server serving as the entry
point of the Linked Data Infrastructure, the renderer which serialises the RDF or creates a
human-readable HTML subject page and the RDF store. We will outline how the addresses,
mined from the local communities, are published at the SPARQL-endpoint and HTTP services
in ‘nearly real-time’. Finally we will elaborate on the deployment strategy which allows
other agencies to either reuse the complete setup as is, or recombine the components to
another setup with minimal effort.

4.1. Crossroads Database Flanders-platform

In Flanders, the administration responsible for the ‘base registries’ hosts a single point of
service delivery via the data portal “CDF” which allows citizens and businesses to access all
government supplied services, regardless of which authority or channel provides them. At
this moment 308 local governments, 978 public partners, over 2000 private partners and 1
out of 3 citizens are connected to the secure platform performing millions of requests on
information objects about citizens, businesses, addresses, buildings and their locations [50].
The first product released on the “CDF-platform” according to the Linked Data principles is
the Central Reference Address Database, containing over 3 million addresses and their
geographical coordinates. The addresses are synchronised in real time between 308 local
governments and the Linked Base registry.

The realised Linked Data Infrastructure for CRAB applies traditional, known, Linked Data
publishing techniques. The spillover effect is the adoption of the URIs and vocabularies in
traditional services including geographical Web Feature Services and SOAP Services, which
facilitate interoperability between the different endpoints.
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label adres 3706808

versie http://datavlaanderen.be/doc/adres/3706808/v14
huisnummer 70

busnummer

officieel toegekend v

straatnaam Koningin Maria Hendrikaplein
gemeentenaam Gent

postinfo 9000

geometrie geografische positie adres 3706808
status InGebruik

Fig. 11. Human readable representation of an address subject page:
http://data.vlaanderen.be/id/adres/3706808/.

The solution is not dedicated towards solely publishing CRAB, but it is conceived with the
ambition to support further exploitation beyond the owners of the CRAB registry. Other
governmental bodies within the Flanders region are welcomed to reuse the complete
solution or components from the solution. By embracing this ambition in the design phase
the future buy-in can be achieved. This ambition reflects in the chosen technologies that
instantiate the solution. For each component commercial as well as open-source options are
possible. An overview of the implementation details is published on the GitHub of the
Flemish Government Administration:
https://github.com/Informatievlaanderen/Data.Vlaanderen.be/tree/master/documentation

4.2. Proxy-server

The proxy server is the entry point of the Linked Data Infrastructure. It implements the
desired content negotiation. Information Flanders created a reference implementation that
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satisfies the URI strategy and the implementation guidelines of Information Flanders as a
reusable component.

In addition to the effort gain, more coherency on the supported content negotiation is
achieved. It is clear which headers are to be supported with which values. For instance the
reference implementation supports the content types ‘application/rdf+xml’, ‘text/turtle’
and ‘text/html’. The implementation of the HTML subject page renderer is based on the
mu.semte.ch®® ecosystem. The reference implementation will provide answers to a special
situation such as when the accept header is empty. Using content negotiation, the proxy will
forward each valid URI to a subject page in human readable format (HTML) or to a machine-
readable document (RDF in different serialisations). Human readable subject pages exist to
provide useful information about the resource and to build a trust relationship with the user
of the URI. The existence of a page that contains human interpretable data is key for the
adoption of the URI as a trustworthy identifier, in particular for users who are less familiar
with Linked Data. It is intended that the contents of the human readable and the machine-
readable formats are the same. But for reasons of easing the online exploration of the data,
there might be slight differences to support better exploration of the data. For instance,
data sources usually physically store relationships only in one direction.

For instance, a streetname belongs to a municipality. When exploring, the data users should
not be restricted to follow only the directionality stored in the data source, but any direction
should be offered. The provided reusable component for creating human-readable subject
pages generates HTML (Fig. 11) according to the Flemish government style guide*! and is
easy configurable to create alternative views based on the provided RDF data. For the
machine-readable subject pages two alternative solutions are being provided: users can
perform direct queries on the RDF SPARQL endpoint or they can retrieve stored content on
disk often referred to as a caching.

4.3. The SPARQL endpoint and API

Public and private partners can query the Base registry using a service which accepts
SPARQL queries. SPARQL*? is a query language for the RDF, similar to the Structured Query
Language (SQL) for relational data. We use the HTTP message header

(e.g. ‘application/rdf+xml’ or ‘text/html’) which indicates the request format by the client
application to provide the matching representation, often referred to as content
negotiation. The renderer serialises the RDF or creates a human-readable HTML subject
page. The RDF store is implemented as a virtual triple store: the Virtuoso*® transformation
engine transforms the data from the ‘Base Registry Cache’ (SQL) on the fly to RDF triples.
The advantage is that the address updates from the municipalities, are published at the
SPARQL-endpoint in ‘nearly real-time’, accessible via http://data.vlaanderen.be/spargl.**

The API* of the Address Registry,*® which provides programmatic read and write access to
Base Registries for Flanders is a classical XML-implementation for reasons of backwards
compatibility, the semantics are in line with the RDF data model, and the service is using
dereferenceable URIs as primary identifiers.
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Fig. 12. Postbuzz lets citizens and businesses discover what is buzzing in their neighbourhood, including
hyperlocal news.

4.4. Deployment strategy

The Address Registry is deployed on a cloud infrastructure: Microsoft Azure.*” All the
components are available as runnable services using Docker. Docker is “... an open-source
engine that automates the deployment of applications into containers” [51]. This
deployment strategy fits exactly the ambitions to provide a setup that is reusable by other
governmental agencies. The infrastructure is set up using Terraform.*® The Terraform
configuration describes the Docker Swarm?* setup, that is responsible for executing and
monitoring of the services. One can opt to run the complete setup as is, but one can also
recombine the components to another setup with minimal effort. For instance, replacing
the ONTOP component with a commercial edition simply means replacing the docker
reference of the ONTOP solution with the docker providing the commercial edition. The
Docker layer creates a transparent system architecture with well-documented flexibility
points. In addition the Docker layer makes the provided solution independent of the
hardware used: it can be run on a Container As A Service solution offered by a cloud
provider such as Azure, but it can also be run on a single machine or a developer machine.
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5. Applications of the Linked Address Base Registry
5.1. Adoption of Addresses as linked data in the private sector

An example of linked addresses as an interoperability facilitator is the case of Postbuzz*° and
Tenforce. This private initiative lets citizens and businesses discover what is buzzing in their
neighbourhood including hyperlocal news. The location of the citizen, the businesses, the
news and events play a crucial role in the location-based services. Tenforce has developed a
new service which builds upon the Generic Information Platform for the Public Domain°!
(GIPOD) and gathers all information concerning works or manifestations in the public
domain. The GIPOD dataset contains URIs which identify addresses impacted by roadworks
or manifestations (ongoing). Postbuzz provides personalised services by notifying businesses
if their location cannot be reached, including detailed status information such as the start
and end date of the manifestation. The personalised notifications are visualised as tiles

(Fig. 12).

Linked Address Data has the ability to combine data from the businesses and their
addresses in the Postbuzz knowledge graph using the SPARQL endpoint with the impacted
locations in GIPOD. When re-using public sector information, until now Postbuzz had to
look-up the coordinates of the provided addresses. In the past, the city of Ghent in Belgium
annotated their news with the local address identifier of the Flemish government. Because
of a lack of context, the developers of Postbuzz missed out this valuable clue. Linked address
data provides context information via the dereferenceable address identifiers (URIs)
including a reference to the vocabulary and links to other useful information such as other
addresses in the same street.

5.2. Better adoption of Addresses within the public sector

The Flemish government administration applied the Address Registry in a high impact
project “citizens portal” that will allow 6.4 Million citizens to access public services. The
citizens profile enables local and regional government administrations to integrate different
public services, regardless of the channel they use. The starting point is the citizen that has a
secure login on the portal, identified by its electronic identity. The address identifier is key
for several administrative processes: birth, domicile, place of residence, the death of the
citizen and its relatives. Location-based information has rarely been used in transactional
public services in Flanders because a lack of vocabularies that bridge between alphanumeric
and geographical information. The RDF data model for addresses may facilitate the
integration of addresses in several business domain services on a semantic level. While
developing the citizens-portal, we noticed that developers are familiar with JSON, which has
a very simple syntax but no inherent tied semantics. Developers want a simple, extensible
way to create an API that gets the job done and does not design them into a corner.>? JSON-
LD bridges between JSON and the formal OSLO data specification. The semantics of the
address properties in this business-oriented services are a subset of the address in the base
registry. By adding a dereferenceable URI, the analyst or developer can discover and use
additional data which is not provided in the API. The data can be retrieved by dereferencing
the URI and selecting a representation through content negotiation. The semantic
agreements reached at the business level of the ‘citizens portal’ project, are modelled in the
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Unified Modelling Language (UML). The UML is automatically transformed into an RDF
model and linked to other vocabularies including addresses. The formal specification is then
published at data.vlaanderen.be, including a JSON-LD context which allows embedding the
semantic agreements in business-oriented services. To preserve the “context” within these
services, the shortcut terms in the service are mapped to the terms in the
data.vlaanderen.be®® RDF-vocabularies. This principle is known as “expanded term
definition” and is accomplished by using a JSON-LD context.>* The term ‘verblijfsadres’
(place of residence) is mapped to the vocabulary
‘http://data.vlaanderen.be/ns/persoon#Verblijfplaats’ (Fig. 13). These JSON documents can
then be interpreted®® as Linked Data.

“@id": “"https://data.vlaanderen.be/id/persoon/00000014182",
“@type”: [ “GeregistreerdPersoon”, “Inwoner” ],
“heeftVerblijfpaats”: [
{
“@type”: “"Domicilie”,
“verblijfsadres”: {
“straatnaam”: {
“@id": ‘http://data.vlaanderen.be/id/straatnaam/7003",
“naam”: “Lubbeekstraat”
}!

“huisnummer”: “20",

“gemeentenaam”: {
“@id”: “http://data.vlaanderen.be/id/gemeentenaam/3210",
“naam”: “Lubbeek”

by

“Tand”: {
“@id”: “"http://publications.europa.eu/resource/authority/country/BEL",
“naam”: “Belgié”

Fig. 13. JSON-LD example used in the ‘citizens portal’ which links the citizens domicile to an address in the
central reference address database.

6. Discussion

By focusing on Linked Data, the Flemish Information Agency aims to increase adoption of
base registries by private and public partners via the presence on the web. As a spillover,
this architectural approach has important benefits for the internal organisation. In this
section, we will reflect on the added value of Linked Data on addresses and on how OSLO
fosters semantic interoperability. We use the design principles as asserted by Tim Berners-
Lee (Fig. 3) and an evaluation framework from the European Commission [52] to reflect on
the implementation of Linked Data on addresses in Flanders.

6.1. Understandability

We have learned that the formal structure of addresses is difficult to understand. A telling
case is Postbuzz, that missed out the context of addresses due to a lack of context. Linked
address data provides context information via the dereferenceable address identifiers (URIs)
including a reference to the vocabulary and links to other useful information such as other
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addresses in the same street. In addition, it is crucial that the vocabulary is supported by the
community of stakeholders. OSLO created a setting where the stakeholders from the
thematic working group ‘addresses and buildings’ focused on their commonalities rather
than on their differences. In an early stage, consensus building and a meet-in-the-middle
approach are essential for a broad support of a semantic standard [9]. A strong focus on
linked data and on reusable ontologies has important benefits for the internal information
household.

6.2. Scattered information

As 80% of the informational needs are related to geographic location [16] and spatial data
often uses domain specific standards, address information is scattered on different
information systems. By invoking the URI-standard, we have created universally unique and
stable identifiers for addresses (first design principle). This allows linking addresses more
easily with other datasets. Until now, the CRAB identifier was only unique on a system level,
and implicit at the Flemish level. According to W3C Library Linked Data Incubator Group,
working towards a Linked Data architecture, “can help organisations improve their internal
data curation processes and maintain better links between, for instance, digitised objects
and their descriptions... even where data is not entirely open” [53]. Where an address in
relation to a person to date used a different definition than the authentic source for
addresses, extending and adopting the ISA Core vocabularies enabled the Flemish
Government to create a link between ‘persons’ and ‘addresses’ in an unambiguous

way [48]. On top of the reuse of the vocabulary, persons can be linked to the authoritative
address via a URI instead of duplicating the data.

6.3. Usability and interoperability

Because it is difficult to link or integrate location based information, the Flemish
government has created a architecture (second principle) which allows retrieving the
address information via the web. This will allow users to link directly to an address using a
lightweight HTTP service instead of duplicating the data in their information system. We
expect this will avoid shadow databases, containing redundant and outdated information.
OSLO is aligning the vocabularies of the different base registries, which are part of a
semantic coherent system. This allows integrating address information more easily in the
various business processes.

6.4. Different user needs

By using content negotiation mechanisms it becomes possible to serve different
representations of a resource from the same URI. This allows clients to specify which version
best fits their needs . The renderer serialises the RDF and creates both a human-readable
HTML subject page and various machine-readable formats, including ‘application/rdf+xml’
and ‘text/turtle’.

28



6.5. Machine readability and reasoning

When looking up an address via the web, we provide useful machine-readable information
(third principle), using RDF as a data model. We have extended the RDF using the European
ISA and CORE vocabularies. This enables addresses to become ‘self-describing’, which allows
applications that are not familiar with the Flemish context to dereference the URI and find
the definition [23]. Reuse of vocabularies can also lower the integration cost, particularly in
case of reference data [54]. In addition, we have included links (fourth principle) to other
URIs, so users can follow the links from the address to the street. Other parties on the web
can link to the addresses, making their data more useful. By adding a dereferenceable URI,
we provide context to analysts or developers who can discover and use additional data
which is not provided in the API.

6.6. Future work

The Flemish government has invested in different Linked Data distribution strategies that
are aligned with the needs of their clients. A single-file data dump has a low server-side
complexity but does not allow live querying on the web. This introduces high costs for the
clients. The SPARQL endpoint allows flexible live querying, but its availability is

problematic [55]. Therefore the Flemish Government administration will explore the
possibilities of Linked Data Fragments,>® a REST(ful) publishing strategy that allows efficient
offloading of query execution from servers to clients through a lightweight partitioning
strategy [55]. Representational State Transfer (REST) style, outlines how to construct
network-based software applications having the same characteristics as the Web: simplicity,
evolvability, and performance [56]. Fig. 14 offers a uniform view®” on the different HTTP
interfaces for Linked Data in relation to the server and client effort based on the vision
Linked Data Fragments [56].
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Fig. 14. An overview of the different HTTP interfaces for Linked Data in relation to the server and client effort
[56].
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Another obvious extension to this research is the publication of Linked Open Data which is
linked to information under privacy regulations. Examples include questions such as: “is the
Uniform Resource Locator referring to an object under privacy regulations also privacy
sensitive information and how to cope with these challenges within an operational
context?”.

7. Conclusions

In this paper, we presented insights on the implementation of a Linked Base Registry for
addresses by unfolding the process followed towards raising semantic interoperability based
on Linked Data principles. The Flemish Government administration aligned the base registry
for Addresses with the design principles of Linked Data, because they expected this to
increase interoperability. The approach goes beyond Linked Data initiatives which often take
abstraction of the interoperability levels: namely on the legal, organisational, semantic and
technical level [10]. The private sector “Postbuzz” initiative and the high impact project
“citizens profile” were the first to adopt the Linked Base Registry for addresses. They
indicate that Linked Data can indeed increase semantic and technical interoperability and
can lead to the adoption of addresses in the public and private sector. For reasons of
backward compatibility, the classical XML-webservices will be maintained. A spill-over effect
of the Linked Data distribution is that the semantics of the XML-services were brought in
line with the RDF data model and now have dereferenceable URIs as primary identifiers.
While implementing the address vocabulary, we stumbled on competing international
semantic standards and difficult choices on how to extend them to fit the local context.
Therefore it is crucial to have a governance structure for making and institutionalising
pivotal decisions. This can be realised through a policy framework for technical as well as
domain-specific topics, comparable to the OSLO programme in Flanders. This paper
identifies significant benefits in adopting the principles of Linked Data regarding base
registries, not only by providing interoperability towards external stakeholders but also by
fostering a more open architecture within the administration. A good example is the ability
to unequivocally link ‘addresses’ to other business objects, averting the creation of ‘shadow
databases’. We expect the insights from the linked address registry reported in this article to
speed-up the process in other administrations that face the same complexity of publishing
linked base registries.
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