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Abstract. Archives preserve materials that allow us to understand and
interpret the past and think about the future. With the evolution of
the information society, archives must take advantage of technological
innovations and adapt to changes in the kind and volume of the infor-
mation created. Semantic Web representations are appropriate for struc-
turing archival data and linking them to external sources, allowing ver-
satile access by multiple applications. ArchOnto is a new Linked Data
Model based on CIDOC CRM to describe archival objects. ArchOnto
combines specific aspects of archiving with the CIDOC CRM standard.
In this work, we analyze the ArchOnto representation of a set of archival
records from the Portuguese National Archives and compare it to their
CIDOC CRM representation. As a result of ArchOnto’s representation,
we observe an increase in the number of classes used, from 20 in CIDOC
CRM to 28 in ArchOnto, and in the number of properties, from 25 in
CIDOC CRM to 28 in ArchOnto. This growth stems from the refinement
of object types and their relationships, favouring the use of controlled
vocabularies. ArchOnto provides higher readability for the information
in archival records, keeping it in line with current standards.
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1 Introduction

®
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Archives play a central role in understanding and interpreting the past. They
are a resource from which we reflect and attempt to revisit what has already
transpired [11]. The content of public archives is part of humanity’s knowledge
heritage for present and future generations. It is essential to safeguard and ensure
the continued accessibility of archives [10]. As the information society moves
forward, archives face new challenges, among which is the increase in the amount
of information produced, specifically information from the digital world. Most

documents today are created electronically [7].

The change in information access habits increased the need for digitally avail-
able archives. However, access is only one requirement when people explore an
extensive collection, such as public archives. Archives should also follow the other
FAIR Principles [15], which include findability, interoperability, and reusability.
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This work aims to analyze the representation of existing archival records
in the Portuguese National Archives using ArchOnto. ArchOnto is a modular
ontology developed within the scope of the EPISA Project that introduces a set
of specific classes and properties.

To understand the impact of using a Linked Data Model to represent archival
records, we compare the representations of a sample of documents in CIDOC
CRM and ArchOnto. The impact is measured in terms of applicability in
archives.

2 Background

The Portuguese National Archives curate a unique collection of historical and
contemporary objects accumulated since the 9" century, distributed among the
various institutions that compose the archives. The National Archives comprise
two national archives and 16 regional archives at the district level. It curates over
3,5 million records described through a combination of the various standards for
archival description developed by the International Council on Archives (ICA),
namely the ISAD(G) — General International Standard Archival Description [3],
and the ISAAR(CPF) — International Standard Archival Authority Record for
Corporate Bodies, Persons and Families [4].

Among the assets held by this institution are a large number of Fonds,
which are organized in groups, namely Central and Local Administration; Col-
lections; Companies; Judicial; Monastics; Notaries; Parish; and Personal. Col-
lections include records from previous political systems; records from contempo-
rary, ecclesiastical, monastic, and conventual institutions; records of archives of
individuals, families, associations, companies, commissions, and congresses; and
records of photographic archives [§].

In the archival domain, efforts have been made to develop a data model to
represent the archival assets. ICA is developing the RiC-CM (Records in Context
Conceptual Model) and RiC-O (RiC-Ontology) to illustrate archival concepts,
considering the main descriptive entities [5]. As this model was still preliminary
when this work started, CIDOC CRM emerged as the model to use.

The CIDOC Conceptual Reference Model (CRM) is a formal ontology devel-
oped in the scope of museums by the International Committee for Documen-
tation (CIDOC) of the International Council of Museums (ICOM). It intends
to facilitate the integration, mediation and interchange of heterogeneous cul-
tural heritage information and similar information from other domains [2]. It
is under active development by the CIDOC CRM Special Interest Group. It is
the only ontology in the Cultural Heritage domain accepted as an ISO standard
(ISO 21127:2014) [6]. It has events as a central concept and provides a detailed
description of people, places, and periods [1].

ArchOnto [8,9] is a modular ontology developed in the scope of the EPISA
Project. Its classes and properties capture concepts that contribute to specific
aspects of an archival organization. The ontology also specializes CIDOC CRM
to include controlled vocabularies used in the archives. It comprises five ontolo-
gies that can be imported whenever needed — CIDOC CRM, N-ary, DataObject,
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Link2DataObject, and ISAD Ontology. A prefix identifies each ontology accord-
ing to Semantic Web best practices.

The CIDOC CRM is the base ontology of ArchOnto and provides the con-
cepts and properties to capture archival records’ essential features, e.g., event,
date, location, person, and group. N-ary systematically represents non-binary
associations, i.e., those that connect more than two individuals. This ontology
is based on the CIDOC’s early proposal for representing tuples with an arity
higher than two. DataObject is an ontology created to handle literal values and
their validation. The goal is that each individual with a representation as a
simple type, such as a date or a string, is validated against the corresponding
DataObject class. Link2DataObject connects DataObject to CIDOC CRM.

Finally, to ensure the integrity of information when migrating data from the
legacy description to ArchOnto, the ISAD Ontology was created to represent the
entire description expressed with the elements of the ISAD(G) standard. This
allows the structured contents in the Linked Data to be validated against the
information in the original ISAD(G) record.

3 Linked Data Representation

A sample of archival documents from the Portuguese National Archives was
selected to understand and discuss the applicability of ArchOnto and CIDOC
CRM in the archival context. The selected sample [13] contains 1,318 records,
including Groups of Fonds that stand out among those existing in this National
Archive. Among the records represented, 102 relate to the Decentralized Central
Administration ( “Registo de Passaportes Deferidos” about passports from 1914
to 1918), and 1,216 are related to parish records ( “Registos de Baptismo” about
baptisms from 1644 to 1911). This sample considers one series, 16 installation
units, and 1,301 items.

The Baptismo and Passaportes datasets [13] were automatically represented
in CIDOC CRM from their ISAD(G) description. The translation is based on
rules that map the archival descriptive information to the CIDOC CRM repre-
sentation semantically [12]. Additionally, the translated information was subject
to some refinements to correspond to the same CIDOC CRM version used in
ArchOnto. The migration from CIDOC CRM to ArchOnto also followed an
automatic approach. The two data models were aligned based on the ontolo-
gies, identifying the differences and developing SPARQL Update queries for the
required transformations. The result is a valid ArchOnto representation [14].

4 Results and Discussion

We could identify and quantify the classes and properties used in each represen-
tation of the selected archival records in CIDOC CRM and ArchOnto. Table 1
show an excerpt! of the results obtained when representing all the documents

! Due to space limitations, we could only place the Top-5 from 2 of the 4 tables. The
remaining tables are available in the Statistics folder of the dataset in [14].
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that are part of the series Registos de Baptismo and Registo de Passaportes
Deferidos in CIDOC CRM and ArchOnto. For each class, we include the num-
ber of individuals and, for each property, the number of assertions that use it.

Table 1. Top 5 Classes and Properties in Registos de Baptismo.

‘ Ontology | Class CIDOC | ArchOnto ‘ Ontology Property CIDOC | ArchOnto ‘
|CIDOC | E52 Time-Span 4,927 4,927 | | CIDOC P1 is identified by 12,404 16,134 |
|CIDOC | E21 Person 3,782 3,782 | | CIDOC P2 has type 11,035 10,878 |
|CIDOC | E67 Birth 3,367 3,367 | | Link2DataObject | L2DO has value 0 5,236 |
|CIDOC | E41 Appellation | 1,203 2,801 | CIDOC P4 has time-span 3,730 3,730 |
‘ CIDOC E53 Place 2,539 2,539 ‘ CIDOC P98 brought into life 3,367 3,367 ‘

By CIDOC we mean CIDOC CRM. Full Tables are available in the Statistics folder of the dataset in [14].

An automatic and systematic method was used to obtain the results pre-
sented in the tables. The results were obtained using a 2-step script. The first
step consists of importing the baptism dataset using Apache Jena?, namely its
RDF API, to load the dataset file into a model. In the second step, we count the
occurrences of classes and properties and export them to a file in tabular form.

The Registo de Baptismo and Registo de Passaportes Deferidos represen-
tations offer similar results, and the same conclusions can be drawn. As the
Passaportes dataset is smaller when compared to the Baptismo dataset, the
results discussed are based on the latter (see Table1).

Taking into account their specificity, we verified that the ArchOnto repre-
sentation uses, in total, eight more classes and three more properties than the
representation in CIDOC CRM. From a more general perspective, regarding the
number of statements in each representation, CIDOC CRM has 151,950 state-
ments, whereas ArchOnto has 160,611 statements, an increase of 6%. Observing
the representation of records in the sample, it was possible to see an increase in
the number of classes (+16%) and properties (+13%) used in ArchOnto, relative
to CIDOC CRM.

Considering the data in the tables, we can see that several classes were used
the same number of times. This is the case with generic classes such as F52
Time-Span, E21 Person, and E67 Birth. However, when archival records are
represented using ArchOnto, there is a 40% increase in the number of classes
used: from 20 classes in CIDOC CRM to 28 in ArchOnto.

Due to its more specific nature, ArchOnto allows a more detailed catego-
rization of concepts related to the archival domain. These concepts consider
the existing controlled vocabularies in this area of cultural heritage. Thus, the
use of the E55 Type class decreased by 21%, going from 24 in the CIDOC
CRM representation to 19 in ArchOnto. This results from using eight classes
in ArchOnto that allow types specific to archival concepts rather than the more
generic CIDOC CRM classes. This is the case with ARE1 Level of Description
(for the archival hierarchical structure), ARE2 Formal Title and ARES3 Sup-
plied Title (for titles), and ARE5 Identifier Type, ARE6 Date Type, ARES8 Role

2 https://jena.apache.org.
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Type, ARE9 Date Certainty and ARFE14 Place Type (for more specific types).
Most of these classes are subclasses of E55 Type, making them a specialization.
Among these are the ARE1 Level of Description, ARES5 Identifier Type, AREG
Date Type, ARES Role Type, ARE9 Date Certainty and ARFE1/ Place Type. On
the other hand, the classes ARE2 Formal Title and ARES Supplied Title are
subclasses of E35 Title, as the concept of Title is also present in CIDOC CRM.

Considering these classes, there is a decrease in the use of classes and prop-
erties used to represent the type of a title through a ternary relationship, which
happens in the CIDOC CRM representation. With this, in the ArchOnto repre-
sentation, the E35 Title class is no longer used, as well as the PC102 has title.
Instead, the ARE2 Formal Title and ARES Supplied Title classes appear. Asso-
ciated with these classes, properties used also differ, with a decrease in the use
of P01 has domain, P02 has range, and P102.1 has type. Although these prop-
erties are present in CIDOC CRM, they are organized in the N-ary ontology in
ArchOnto. They are therefore used in the same circumstances but taken from a
different ontology.

In CIDOC CRM, the classes E59 Primitive Value and E61 Time Primitive
represent time primitives, but information regarding their temporal extent is
missing. In ArchOnto, on the other hand, it is possible to distinguish between
an instant and a time interval with DOFE10 Instant and DOFE11 Interval classes,
respectively. This means that the way dates are represented differs, and the
classes and properties used are no longer those used in the CIDOC CRM rep-
resentation. As a result, there is a decrease in the use of these classes and an
increase in the expression through the DataObject ontology.

Furthermore, CIDOC CRM does not establish a sufficient distinction between
literal values, whereas, in ArchOnto, it is also possible to differentiate strings with
the help of DataObject. This is visible in the complete comparison of the left
side of Table 1 with the DOES String and DOFE17 Person Name classes, where
people’s names are separate from other strings.

The class that stood out the most was E41 Appellation, with an increase of
33%, from 1,203 occurrences in CIDOC CRM to 2,801 in ArchOnto. This hap-
pened since, in CIDOC CRM, the literal values were not considered an appella-
tion, contrary to ArchOnto, particularly with DataObject.

As the number of classes increases, there is a subsequent increase in the
number of properties used, as seen in the complete comparison of the right-side
Table 1. There was an increase of approximately 12% in the present sample when
represented in ArchOnto.

With the previously mentioned ArchOnto’s temporal extent capabilities, it is
possible to define a start and end date time for a time interval (DOFE11 Interval)
with DOP6 start date value and DOP2 end date value properties, respectively,
and, for a time instant, to determine the timestamp associated with the DOP8
timestamp property.

The validation of all existing literal values in the ArchOnto representation
resulted in an increase (+30%) in the use of the properties P1 is identified by
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and the emergence of the use of the L2DO has value, a property that makes the
connection of CIDOC CRM to the DataObject ontology.

To preserve the integrity of the original descriptions, the ISAD Ontology
contains the property ISADI18 has note, where the description referring to the
ISAD(G) notes is present. This property corresponds to the CIDOC CRM prop-
erty P38 has note, used for informal notes. It is used in ArchOnto to make sure
existing information from archival descriptions is kept throughout the migration.

5 Conclusions

CIDOC CRM is one of the most mature ontologies regarding the representation
of cultural objects in Linked Data. Based on events, this model can represent
several concepts essential to heritage, such as people, places, and dates. However,
the model showed limitations in representing critical elements in archival records.
With the use of CIDOC CRM in the archives, it was possible to observe that
very distinct concepts had to be mapped to the same class. The most obvious
case was F55 Type. The examples made it clear that, in ArchOnto, it is possible
to distinguish the various “types” with classes that enable the use of specific
controlled vocabularies. Therefore, ArchOnto provides a more straightforward
application of Linked Data in the archival domain.

With the migration of a collection of real-world records to CIDOC CRM and
ArchOnto, it was possible to verify that the more specific “types” provide an
appropriate range of classes and properties to be used. ArchOnto also added the
validation of simple types using the DataObject ontology.

Representations in ArchOnto provide easier access to individuals associated
with the specific types. In CIDOC CRM, this would require following extra
relationships. For example, to retrieve all people’s names, in ArchOnto, it is only
necessary to search for individuals of type DOFE17 Person Name. In contrast, in
CIDOC CRM, we need to search for individuals whose type is £E21 Person and
then follow the respective link to arrive at that person’s name.

We found that the records migrated from ISAD(G) considered in this work
had a very similar structure, making the results less expressive than expected.
However, the values obtained allowed us to conclude that ArchOnto provides
greater granularity than CIDOC CRM alone. We conclude that ArchOnto is
more expressive than CIDOC CRM, as it supersets the latter and generally
favours the use of more specific classes and properties.

In the future, we plan to expand this study by considering a more diverse set
of archival records to verify whether other description elements can be extracted
at a more specific level. It will be interesting, for example, to extract statistics
related to a single document or documents according to their description level.
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