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Abstract. Ontology Alignment, intended in its broadest meaning of alignment
between datasets of different nature — thesauri, ontologies, and even mere in-
stance data — is a well-known practice aiming at realizing semantic links between
datasets on the (Semantic) Web. Considerable investigation has been carried on
the automatic computation of alignments and on how to assess the quality of such
process. This is indeed a critical aspect, considering the non-trivial size of many
datasets. However, since human intervention is in any case essential, no less care
should be paid on scalability both in terms of distribution of work and of mainte-
nance of achieved results within the lifecycle of the aligned resources. In this
paper we guide the reader through the diverse solutions that have been imple-
mented in VVocBench, a collaborative editing platform for RDF datasets, under a
holistic approach to collaborative alignment development and maintenance.

1 Introduction

The Semantic Web [1] has offered a powerful stack of standard languages and protocols
for modeling, sharing and reuse of knowledge on the Web. However, the advantages
brought by metadata standards and infrastructures for shareability of information can-
not avoid (but can support) the reconciliation work needed on the information content.
Different, domain-overlapping, redundant to different extents, ontologies, thesauri, vo-
cabularies, datasets etc. are expected to emerge on the Web to satisfy specific needs
and exigencies and, at different points in time, are expected as well to be — somehow —
“reconciled” out of their heterogeneities, for interoperability’s sake.

This “reconciliation” takes the form of alignments, that is, sets of correspondences
between the different entities that populate lexical and semantic resources on the Web.
The expression “ontology alignment” is often used in a broader sense than the one that
the first word of the term would suggest. “Ontology” is in this case a synecdoche for
ontologies, thesauri, lexicons and any sorts of knowledge resources modeled according
to core knowledge modeling languages for the Semantic Web, which were shared and
made available on the Web itself. The expression ontology alignment thus defines the
task of discovering and assessing alignments between ontologies and other data models
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of the RDF family; alternative expressions are ontology mapping or ontology matching
(as the produced alignments are also referred to as matches). In the RDF jargon, and
following the terminology adopted in the VolD metadata vocabulary [2], a set of align-
ments is also called a Linkset.

The production of alignments is an intensive and error prone-task; for this reason,
several approaches for automating the task have been devised [3] since the early years
of the Semantic Web. An Ontology Alignment Evaluation Initiative® [4] is also held
every year since 2004 with the intent of evaluating available tools against benchmarks
consisting in well-assessed alignments between notable semantic resources (mostly on-
tologies, and some thesauri). The task are also divided into T-Box/Schema matching,
dealing — as the name suggests — with the alignment of ontology vocabularies (i.e. world
models including classes and properties), and instance matching, involving the creation
of links between domain objects represented in different datasets.

In this work we present our approach for holistic management of alignments within
our collaboration platform called VocBench [5]. The proposed solution is characterized
by a multitude of tools, features and functionalities, all interconnected within a more
general platform for collaborative management of RDF vocabularies and datasets.

2 Related Work

Even if shadowed for the most by research on automatic computation of alignments,
the importance of alignment maintenance and of collaboration on their evolution has
not been underestimated.

Limiting our overview to ontologies (as there is a large literature on database schema
matching), one of the first, if not the first, collaborative platforms for alignment mainte-
nance is probably Chimaera [6], a web based tool for merging ontologies and checking
the correctness of ontologies. Chimera mixes automatic procedures (integrated with the
platform) with interfaces for displaying the knowledge content and allowing for users
to validate the produced mappings.

Another relevant work is represented by the MAFRA toolkit [7], a mapping frame-
work for distributed ontologies that introduced the concept of transformation. In
MAFRA, the objective is not just to find correspondences, rather being able to trans-
form content objects that are specified in one dataset into their corresponding version
(which may vary in the structure) on the aligned dataset. MAFRA is antecedent to the
release of SPARQL as a query and update language for the Semantic Web, hence the
need for expressing these transformations through a dedicated language.

The Alignment API [8] provided several contributions to the community, as other
than representing, as their name suggest, a reusable set of APl for managing alignments,
they come together with an Alignment Server — an online service for alignment manip-
ulation (creation, modification, display) — and a dedicated language, EDOAL, which
has become a standard de-facto interchange format for representing alignments as first-
class citizens i.e. they are not just triples using alignment predicates from OWL and

! http://oaei.ontologymatching.org/
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SKOS to map resources from a source and a target dataset, rather resources themselves
containing links and providing further information such as the strength of the align-
ment. Thanks to the reification of the alignments, it is possible to attach to them further
metadata. VocBench adopts EDOAL and indeed extends it with a vocabulary of further
information for both storing the progress in the validation of alignments and, con-
versely, exploiting the data for evaluating the quality of automatic alignment tools.

More recently, the Agreement Maker [9] platform capitalized the experiences of past
approaches, specifically in the geospatial domain, with a visual software tool for creat-
ing mappings between two ontologies, generating an agreement document.

Nowadays, support, at different levels, for collaborative alignments is also provided
by most collaborative editing platforms, such as Semantic Web Company’s PoolParty
[10] and TopQuadrant’s TopBraid Enterprise Data Governance (EDG)?

3 The VocBench Collaborative Editing Platform

VocBench 3 is a free and open-source advanced collaboration environment for creating
and maintaining ontologies, thesauri, code lists, authority tables, lexicons, link sets and
datasets, in compliance with Semantic Web standards recommended by the W3C.

VocBench 3 (from now on, VocBench or simply VB) is used to maintain vocabular-
ies and ontologies in a wide number of domains, including the agrifood sector (e.g.
[11,12], see also [13] for a more thorough overview), government data, thesauri, ontol-
ogies (e.g. the Teseo thesaurus® of the Italian Senate of the Republic or EU’s multilin-
gual thesaurus EuroVoc* and many other semantic resources managed by the European
Commission, such as the Common Metadata Model [14] ontology, thus exploiting the
widened support of VB3 for OWL ontologies) and several others.

The user community’s main point of interaction and support is the VocBench dis-
cussion group®. The group (as of 20" January 2021) counts 213 members.

The VocBench 3 project is funded by Action 1.1 of the ISA2 Programme of the
European Commission for “Interoperability solutions for public administrations, busi-
nesses and citizens”. The VocBench site® contains documentation, download links and
other references. VocBench supports different user profiles in fulfilling their job by
providing different functionalities tailored for their roles. As a software suite, many of
the tools offered by VocBench are available as separate components that can be inte-
grated in other software. Depending on the standard being adopted and the type of user,
the system provides several user-tailored facilities for easily modeling the needed re-
source and toggles or makes optional (with properly conceived default settings) various
features. Quality checking is provided by dedicated Integrated Constraint Validation
tools (ICVs) and by support for SHACL shapes.

2https://www.topquadrant.com/products/topbraid—enterprise—data—governance/
Shttp://www.senato.it/tesauro/teseo.html
4https://data.europa.eu/euodp/data/dataset/eurovoc

5 nttp://groups.google.com/group/vocbench-user
6http://vocbench.uniroma?2. it
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» philosophy of law (en), filosofia del dirto ()

Figure 1. on-the-fly manual alignment of concepts from the TESEO thesaurus to concepts from
EuroVoc

4 Alignment Support in VocBench at Large

VocBench does not provide a single entry point for addressing alignment development,
rather alignment support is a pervasive aspect appearing in diverse points of the user
experience. Roughly, we can identify the following entry points for performing/main-
taining alignments:

¢ Alignment from within the resource-view

— Manual alignment (search based)

— Semi-automatic (search keywords based on available labels)
e Alignment Validation

— Input coming from a static EDOAL file

— Input coming from the invocation of an automatic alignment system
e EDOAL projects

4.1  Alignment from within the Resource View

The first possibility represents the quickest and most flexible choice, as it is embodied
by an action that can be performed from within any kind of project (i.e. for any nature
of the dataset, be it an ontology, thesaurus, lexicon or mere data), linking to both inter-
nally managed datasets (i.e. other projects within the same VocBench installation) and
datasets on the Web (by exploiting well known practices for discovering them and ex-
ploiting available metadata for knowing how to inspect the content and what to look
for), without any prior preparation/setup. From within the resource view, the panel that
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Figure 2. alignment through assisted search of concepts from the TESEO thesaurus to concepts
from EuroVoc directly from the SPARQL endpoint of the original dataset on the Web

shows all the details of a selected resource, it is possible to select an option for aligning
it to an external resource from another dataset, then the user is prompted for three pos-
sible choices:

¢ Aligning to a resource from a project, by browsing the content of the project

¢ Aligning by means of assisted search; this option is available for both projects and
external datasets hosted on the Web

e Manually enter the value of an aligned resource

In the first option, a list of projects generated by filtering those that can be accessed by
the project being managed (depending on the ACL, see later) is shown to the user: the
selected one will be the “target project” for choosing the aligned resource. After the
user selects the target project, a dialog such as the one in Figure 1 is prompted to the
user, who can then explore the resources through convenient browsing panels (i.e.
class/property/concept/collection trees for owl classes, SKOS concepts/collections or
RDF properties in general, lists for concept schemes and class tree and related lists of
instances for each class in the case of owl individuals). The ACL (Access Control List)
is an access matrix in VocBench telling which projects can access the content of other
projects. This access is indeed a delegation to users, so that if project A grants access
to project B, this means that any user that has been granted access to project B, no
matter their relationship with project A, may access the content of this latter by means
of the permission from A to B and the delegation of all users of B.
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Figure 3. User interface of the Metadata Repository inside VocBench 3

The second option for alignment exploits dataset’s metadata in order to automati-
cally select the search keywords for the target dataset. The keywords basically come
from the labels of the resource to be aligned (the one from the source dataset). What is
interesting is the choice of the language of the labels (Figure 2). To reduce the com-
plexity of the query, which would imply (in case the source is characterized by lexical-
izations in many languages) an OR clause of several terms, the system presents the
lexicalization languages that are common to both the datasets and ranks them according
to an average of the quality of their related lexicalizations for both datasets. This quality
is mainly measured in terms of coverage of the dataset (the percentage of resources that
are lexicalized in that given language) and, on a second order, on the lexical richness
in that language (the overall number of lexicalizations, thus revealing the presence of
alternative expressions, synonyms etc..).

Finally, dealing with the trivial case of already assessed alignments only needing to
be added to a dataset, it is possible to manually add a link to a resource by explicitly
expressing that resource through its IRI.

4.2  The Metadata Registry

The way the lexicalization metadata (used to power the semi-automatic alignment) is
obtained is another peculiar characteristic of the VVocBench platform, which tries to
exploit Semantic Web principles to their full potential. VocBench features, among its
diverse components, a metadata registry [15]. This registry contains metadata related
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Figure 4. The Alignment Validation interface of VocBench 3

to both the datasets edited within the platform and other datasets on the Web, and sup-
ports different strategies to acquire it.

The dataset metadata’s model is a combination of different vocabularies (among
these: DCAT [16], VoID [2] and LIME [17]), enriched with some system-specific in-
formation. In particular, LIME (LInguistic MEtadata vocabulary), developed by these
same authors in the context of the OntoLex community group, and based on previous
research on automatic coordination for alignments [18,19], provides rich statistical and
qualitative information about the lexical asset of datasets and drives the coordination
of resources and algorithms for performing alignments between heterogeneous sources.

The description of local projects combines information found in some configuration
files with metadata generated through a profiler provided by our LIME API [20], while
the description of remote projects may come directly from their metadata files exposed
on the web or can be profiled as well (at least for the statistical part). A discovery mech-
anism allows for finding metadata files on the Web starting from just the IRI of any
single resource belonging to the dataset, by following well known principles for pub-
lishing datasets’. An editor for the registry (Figure 3) allows for the modification of the
metadata gathered through the above different way and for grouping diverse datasets
as different versions and/or distributions of a same one.

4.3  Alignment Validation

VocBench features an Alignment Validation page, providing several instruments (in-
deed, due to the later evolutions, this page is soon to be renamed “Alignment Manage-
ment”) for building and validating alignments.

"http://linkeddatabook.com/editions/1.0/
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Figure 5. Defining an alignment scenario through the MAPLE Ul of VB3

Once the page has been accessed, the first option being prompted is whether to load
an already available alignment document — i.e. a set of mappings between two datasets
expressed according to the EDOAL [8] vocabulary — or to produce one by means of an
external alignment system.

In the first case, a set of alignments (also referred as linkset) to another dataset is
loaded in the validation interface (see Figure 4). The alignment interface shows a list
of aligned resources. For each alignment, a resource from the source dataset (the one
being managed within the active project) and one from the target dataset are linked to
each other. A “relation” expressed, according to the EDOAL vocabulary, the nature of
this link. EDOAL provides an (extensible) set of relations providing shallow semantics
for the concept of broader/narrower/equivalent. The “strength” of the relation is ex-
pressed by a quantity (in the range of 0..1) representing how reliable the link is. Each
link can be accepted or rejected; in the former case, it is possible to define a mapping
property from the OWL or SKOS vocabulary that will instantiate the relation. We have
extended the EDOAL standard by allowing for storing both the progress in the valida-
tion and the mapping property that has been selected. The use of stored alignments is
twofold: it can be simply used to restore an incomplete validation process in order to
finish the job or, even when completed, could be used as an oracle for evaluating the
quality of automatically produced alignments.

4.4  External Alignment Systems

A second option for alignment validation enables communication with external align-
ment systems in order to produce fresh new alignments to be validated. This
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communication is managed by a dedicated component in VocBench called MAPLE.
Given a matching task, MAPLE first analyzes the context of the alignment by inspect-
ing the metadata of the two datasets (if the metadata is missing, dedicated profilers can
produce this metadata on the fly and store it in the metadata registry of VocBench) and
establishing the best matching lexicalizations from the two involved datasets, the re-
quirements for their analysis (e.g. being able to read a certain lexical model, such as
SKOS-XL or OntoLex) and other boundary conditions. MAPLE can also produce in-
formation about known lexical datasets (e.g. wordnets) that can be used as supporting
resources for expanding the available lexical knowledge and provide a better bridge
between the lexical description of the two datasets to be aligned. The result of this anal-
ysis is then compiled into a task report that is communicated to a downstream matching
system, which executes the matching process. It is worth noticing that, as such, the
system has no specific performance but completely demands the computation of the
alignments to the external, connected, alignment systems.

The principle of communication with MAPLE is realized through an open API for
alignment® [21] that external systems may comply with. Currently, there are two sys-
tems adopting this API: Genoma [22], a simple yet highly configurable alignment sys-
tem developed by part of the same team that developed VocBench, and NAISC® [23],
an alignment tool created by the SFI Insight Centre for Data Analytics in the context of
the Horizon 2020 ELEXIS project (grant agreement No 731015).

45 EDOAL Projects

The last (also in temporal terms, as it has been introduced in version 7 of VocBench,
released on the first quarter of 2020) addition to VVocBench for supporting development
of alignments is the introduction of EDOAL projects. EDOAL projects have alignment

8 https://bitbucket.org/art-uniroma2/maple/src/master/maple-alignment-

services-api/src/main/openapi/alignment-services.yaml
ghttps://elex.is/new—out—now—naisc—1—0/
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as their first-class citizens. The typical scenario for this kind of project is collaborative
development of alignments, independent from the maintenance of the aligned datasets.
For instance, two organizations maintaining their own datasets may decide to collabo-
rate on the development of a common linkset among their datasets. Obviously, neither
of the two organizations want to give the other access to their maintained copy of the
dataset, they thus setup an independent project, linked in read-only mode to a copy of
the (or even the originally maintained) datasets. There data can be created, evolved, in
an alignment-centric way: there is no source/target dataset; alignments are reified and
equally maintained by both parties and observed by comparing the two datasets side-
by-side (Figure 6), who can then export them as simple mapping triples, placing their
own resources as subject.

5 Hosting an Open Data Portal [PMKI]

PMKI is a project funded by the ISA2 programme of the EU, aimed at the development
of open data portals focusing on terminological and linguistic content. The software
powering the portal is a sort of read-only VocBench, including the resource view and
much of the browsing views, with a focus on efficiency and streamlined fruition of
content. Besides the browsing-oriented user experience, the system features dedicated
capabilities mostly based on the possibility to explore all of the hosted datasets as a
single, large, resource, while still keeping provenance information about which data
comes from which project. These features include, among others, a global free-text
search over all datasets and machine translation API (benefiting from cross-lingual
links provided by multilingual lexical resources). Another relevant feature lies in the
possibility to browse linksets between datasets through a dedicated graph (see Figure
7) exploration where each node represents a dataset as a whole and the arcs represent
the linksets. For each linkset, it is then possible to list its mapping statements and
browse the involved aligned resources.
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6 Conclusions

In this paper we have detailed, through the example of the VocBench platform, several
supporting features that we consider of primary importance for the maintenance of
alignments during their whole lifetime. The described features have been developed
through a few years, across different iterations of the platform, however they all were
part of a single design that aims at conceiving alignments as fundamental building
blocks of the Semantic Web architecture, needing not only to be discovered and devel-
oped, but also maintained in a continuous lifecycle, kept alive by the same resources
they link. Future work will focus even more on this latter aspect, improving the coor-
dination between projects in order to keep alignments up-to-date with the evolution of
the aligned datasets. There are still some functionalities for reporting broken links, but
we plan to go further in exploring and exploiting the available alignments and the
aligned content in order to automatically provide suggested actions to perform.
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