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Abstract

:

In order to unify access to multiple heterogeneous sources of cultural heritage data, many datasets were mapped to the CIDOC-CRM ontology. CIDOC-CRM provides a formal structure and definitions for most cultural heritage concepts and their relationships. The COURAGE project includes historic data concerning people, organizations, cultural heritage collections, and collection items covering the period between 1950 and 1990. Therefore, CIDOC-CRM seemed the optimal choice for describing COURAGE entities, improving knowledge sharing, and facilitating the COURAGE dataset unification with other datasets. This paper introduces the results of translating the COURAGE dataset to CIDOC-CRM semantically. This mapping was implemented automatically according to predefined mapping rules. Several SPARQL queries were applied to validate the migration process manually. In addition, multiple SHACL shapes were conducted to validate the data and mapping models.
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1. Introduction


The COURAGE (Cultural Opposition: Understanding the Cultural Heritage of Dissent in the Former Socialist Countries) project aims to highlight the variety of alternative cultural scenes that flourished in Eastern Europe under strict government regulations prior to 1989. It was established to investigate the methods of cultural opposition during the socialist era from 1950 to 1990 [1]. The COURAGE project has an online resource description framework (RDF) store represented by high-quality linked data on cultural heritage (see Figure 1). The collection entity, the main focus of the project, is one of the primary entities in the COURAGE registry. Each collection has one or more linked featured items. All the following entities are connected to one or more collection(s) via one or more role(s). Some of these entities are historic people, groups, and organizations that played significant roles in the collection’s history. Furthermore, the store included events that were significant in the history of collections [2].



Entity types and properties of COURAGE are organized into an ontology structure [2]. The base type in the schema is the historical item, which is used for describing entities from a historical viewpoint (see Figure 2). The main properties of this type are name, location, short description, and website. Subclasses of historical items focusing on content include collections, featured items, and publications. The second type at this level is the interview, which is considered a source of information. The third type is an event that has a start and end date and is linked to collections and agents. Agents are the most complex types in the schema; they can be people, groups, organizations, or networks. Agents may have various, time-limited roles in the lives of collections including creator, funder, operator, etc.



CIDOC-CRM (CIDOC Conceptual Reference Model) is a formal ISO standard ontology that aims to integrate heterogeneous sources of cultural heritage information. This model can be used by cultural heritage institutions to describe their entities and improve knowledge sharing [3]. CIDOC-CRM provides definitions and a formal structure for the concepts and their relationships in cultural heritage documentation. CIDOC-CRM starts at the top level, with the classes of persistent and temporal entities. As a result, it can be regarded as a universal ontological model capable of describing people, objects, events, and activities alike [4]. It was developed for museums by the International Committee for Documentation (CIDOC) of the International Council of Museums (ICOM) to formalize the historical data in the cultural heritage field. CIDOC-CRM acts as a mediation between diverse cultural heritage concepts by providing the needed semantic glue to translate the heterogeneous datasets into cohesive sources (in Figure 3).



The CIDOC-CRM was selected for this research as it is the dominant schema in the cultural heritage field [6,7,8]. Using CIDOC-CRM also improves semantic integration and interoperability, as it is a standard and many datasets and research tools are using that representation. It already has many necessary concepts for archival descriptions, such as people, collections, events, and others [9].



This paper aims to prove the possibility of semantically mapping and aligning the COURAGE dataset, which represents an important part of recent European history that is hard to find in other datasets, to the CIDOC-CRM ontology [10]. By this mapping, the interoperability of this valuable data will be improved, and the COURAGE dataset may be linked and integrated with other populated CIDOC-CRM ontologies. Therefore, this paper introduces a mapping methodology and a validation technique to check the generated model. We semantically transferred the COURAGE dataset to the CIDOC-CRM ontology according to predefined mapping rules. These rules were created based on a consolidated set of principles and a console-based application. Several SPARQL queries were applied to check the mapped data and data model. However, the validation process was implemented not only through SPARQL queries to check the retrieved information through the Protégé and TopBraid Composer programs, but also via Shapes Constraint Language (SHACL) shapes. These shapes validated the generated RDF graph against a set of conditions. Thus, it is effective to ensure reliable links between various datasets without losing the specificity of the data’s meaning. SHACL utilization supports checking the mapping model as well as the COURAGE data.



The remainder of this paper is divided into the following sections: Section 2 provides a brief resume of the current related work with CIDOC-CRM representation and the translation processes. Section 3 elucidates the alignment steps and the migration process. A discussion about the mapping rules is presented to ensure the final populated ontology’s efficacy and coherence. Section 4 demonstrates the evaluation of the results of the migration process. A set of SPARQL queries and shapes were implemented to prove that the CIDOC-CRM representation was performed successfully. In Section 5, we discussed the migration process and its limitations and the final results that we achieved. We also demonstrated the challenges and faced problems. Finally, Section 6 concludes the whole research, as well as introduces further work and future evaluation.




2. Related Work


Many recent studies have worked on mapping their cultural heritage datasets to CIDOC-CRM. Several archival studies used ISAD (G) (General International Standard Archival Description) and ISAAR (CPF) (International Standard Archival Authority Record for Corporate Bodies, Persons, and Families) in their mapping process to CIDOC-CRM. The Portuguese National Archives were automatically migrated to the CIDOC-CRM standard [11]. The semantic migration process was applied according to both a predefined set of rules called “Mapping Description Rules” and both ISAD (G) and ISAAR recommendations. Other studies went with CIDOC-CRM after adding new classes and properties to its ontology to cover the source ontologies’ entities, such as the level of description [12]. Another research [13] utilized CIDOC CRM and its extensions (CRMarchaeo, and CRMsci) to represent archaeological excavation activities and the archaeologists’ observations. The proposed data model could serve as the foundation for developing an automated system for archaeological documentation and data integration. Another research introduced two CIDOC-CRM extension proposals [14]. The innovative concepts of the multiple interpretation data model (MIDM) were mapped into the CIDOC CRM. The extension to CIDOC-CRM is required due to the fact that some MIDM concepts do not correspond to current CRM entities and properties. The mapping manuscript migrations (MMM) system aims to model and publish three heterogeneous manuscript databases (Bibale, Schoenberg Database, and Medieval Manuscripts in Oxford Libraries) [15]. The MMM data model is based on FRRBoo and CIDOC CRM [16]. SILKNOW is a research project that presents European silk heritage from the 15th to the 19th centuries in a semantic manner [17]. The used data model in SILKNOW is based on CIDOC-CRM. The Corago repository has historical data related to opera during the 16th–20th century [18]. This repository was translated into the Corago Semantic Model according to the CIDOC-CRM and FRBRoo ontologies. On the other hand, some studies preferred mapping to the Europeana Data Model (EDM) over CIDOC-CRM. EDM is easier to use for museums [19], although there is Linked Art, which follows CIDOC-CRM [20]. Linked Art is a linked open data-based model that provides patterns to publish data on art. The authors of the paper [19] investigated RDFization, which transforms raw data into RDF format, from the museums’ viewpoint.



The evaluation of the above mentioned mappings was limited to generating questions for researchers [11,15], evaluating a sample set of archival records [12], submitting a questionnaire to several categories of users [18], or checking inferred properties and SPARQL queries [14].



The introduced approach in this research shares common aspects and follows comparable steps to the papers [14,18] in aligning with the CIDOC-CRM and adding additional classes and properties. However, the other approaches had quite different representations of historical facts and missed using SHACL constraint checking and rule inferencing for model validation. Consequently, this paper maps valuable data collection to CIDOC-CRM in order to be more formalized and accessible. It also demonstrates the applied mapping process in detail due to COURAGE characteristics which are different from the previously mentioned knowledge graphs. Due to this mapping, a validation process has to be implemented to check the COURAGE data and the mapping model. The paper shows the significant role of SHACL in validating both the mapping model and the data model. In conclusion, this paper has a novel approach by mapping the COURAGE dataset to CIDOC-CRM and validating the mapping and data models with both SHACL and SPARQL queries.




3. Aligning COURAGE Entities to the CIDOC CRM Ontology


This section presents how the CIDOC CRM data was generated for the COURAGE dataset, starting with the process of mapping COURAGE ontology classes and properties to CRM classes and properties, and ending with the generation of triples.



3.1. Mapping of Classes


This section explains the preliminary investigations and decisions for the mapping. The first step was to decide upon which data needed to be converted into CIDOC CRM. We had to filter out private and personal data such as e-mail addresses or institutional budget numbers. Data for statistical purposes (e.g., approximated numbers and types of items in collections) and data very specific about collection operators (e.g., number of online visitors, type of catalogue) were also omitted. Finally, we decided to include facts into the mapping process, which may be useful for historical research and fall into the scope of CIDOC CRM. The selected main classes include person, organization, collection, and featured item. Additionally, the auxiliary classes describing the roles of persons and organizations in the history of collections (e.g., founder, owner, etc.) should be mapped as well.



The second step was to select the target CRM classes for mapping. The selected COURAGE main classes had straightforward equivalents in CRM: E21 Person, E74 Group, E78 Collection, and E22 Man-Made Object. During the mapping of the rest of the classes, some extensions were necessary. In general, we tried to avoid the creation of new classes as much as possible. It occurred only if there was no equivalent class in CIDOC-CRM and it was a major concept for the context.



The first question was how to represent our specific type categories in CIDOC-CRM. As the E55 Type class is used to classify CIDOC-CRM instances, it was used extensively in our diagrams. For clarity, we decided to create different subtypes of E55 Type, namely E55.1 Profession, E55.2 Educational Background, E55.3 Operational Type, E55.4 Organisational Type, E55.5 Geographical Scope, E55.6 Topic, E55.7 Item Type, E55.8 Gender, E55.9 Name Type. These classes helped us to create each entity type once and use it later with other instances. This way, we could use the vocabularies developed in COURAGE in the CRM descriptions.



The second extension was initiated by the fact that certain roles had a single candidate class in CIDOC CRM: E87 Curation Activity. COURAGE differentiated between content creator, operator, collector, stakeholder, and supporter roles regarding collections. In order not to lose this important information, subclasses of E87 curation activity were created and used for the mapping, including E87a content creation activity, E87b operator activity, E87c collection activity, E87d stakeholder activity, E87e support activity.




3.2. Mapping of Properties to CIDOC-CRM


As the third step of the mapping process is the mapping of properties, the equivalent properties have been defined. These properties are listed in Table 1, Table 2, Table 3, and Table 4. Although mapping COURAGE properties to the CIDOC-CRM ontology was straightforward for some properties, in other cases it required analytical study to decide the best representation in CIDOC-CRM.



The first decision happened regarding the expression of primitives, especially the time intervals of E52 time-span instances. In CIDOC CRM versions prior to 6 [21], there were P82a and P82b properties to denote the beginning and end of a time span. Contrary to paper [12], where they used the “P78_is_identified_by” property for time spans. We have chosen the use of P82a and P82b properties, so these two properties were added to the used version of the CIDOC CRM ontology. The benefit of applying these properties is that they can be used uniformly with both curation activities and birth and death events.



Entities of the COURAGE knowledge base have URIs ending in a unique and opaque identifier in the form of nxxxxx (where x stands for numbers). These URIs can be seen in the following figures, such as courage:n1014.



Another representation question was about names. The simplest and often used solution is to use the rdfs:label property to assign a name to an entity. The E41_Appellation class may be utilized instead of rdfs:label when there is a need to assign properties to the E41_Appellation [22]. As exemplified in Figure 4, E82_Actor_Appellation was used to represent the names of person and organization entities in order to prevent repeated names.



CreatorOf is a property in COURAGE that connects people and organizations with their own featured items. It is represented through the E12 production class (see Figure 5), which includes all activities that create one or more new items.



The owner role is represented by the E8 Acquisition class in contrast to other roles. Ownership of an item in COURAGE can be transferred to multiple people and organizations during that time (see Figure 6).



The founder role, which refers to the founder of a collection in COURAGE, was represented in CIDOC-CRM using the E66 formation. Then we found that the purpose of the E66 formation is to form a group of people and its properties are inappropriate to our needs. Therefore, the E63 beginning of existence class was used instead (see Figure 7) as it includes all necessary connections involved in a foundation event.



Roles in COURAGE (founder, owner, operator, collector, stakeholder, and supporter) link persons/organizations with collections/featured items. For example, a national library can have an operator role connected to several collections, and/or can be the owner of them. Figure 8 is an example of stakeholder role representation in CIDOC-CRM.



Several properties in COURAGE, which are mentioned below in the tables, were mapped to the E55 Type class and linked to the entity via the P2_has_type property in CIDOC-CRM. For instance, the created type E55.4 organizational type was used to represent the types of organizations via the P2_has_type property. For each type, an instance of E55.4 organizational type was created once and linked to several organizations (in Figure 9).




3.3. Mapping Tables


Mapping tables establish the basis for the automated migration process. These tables were developed in accordance with the previously mentioned principles.



People. The following steps were applied in order to translate a COURAGE person entity to the E21 Person entity in the CIDOC-CRM ontology. First, a list of essential COURAGE properties with their equivalent classes and properties had to be determined (see Table 1)



Structural diagrams that clarify the mapping process were also created. For instance, Figure 10 demonstrates how the birthdate and birthplace properties in COURAGE were represented by the E67 Birth entity in CIDOC-CRM. In contrast to [12], we did not create an instance of E41_Appellation as there was no other property we needed to assign to it. Figure 10 exemplifies the representation mechanism utilized for all entity properties.



Organizations. The organization entity and the person entity in COURAGE share common properties. Organization entities were translated into the E74 Group entity type in CIDOC-CRM. Table 2 displays all the organization’s particular properties.



Collections. A collection entity in COURAGE was mapped to the E78 collection type in CIDOC-CRM. The mapping rules for each collection’s properties are as in Table 3.



Featured Items. A featured item entity (earlier named masterpiece) in COURAGE was represented by E22 man-made object, the most relevant class in CIDOC-CRM. The mapping rules for the featured item’s properties are as in Table 4.



A creator role representation is shown as an example in Figure 11. The basis is E87 curation activity in CIDOC-CRM, here its subclass E87a content creation activity can be seen.




3.4. Generation of CIDOC CRM Facts


Based on the previously described mapping tables, a console application was built to generate an RDF file containing the selected COURAGE facts translated to CIDOC CRM.



Regarding fact generation, the first decision was to use the original COURAGE entities instead of creating their pairs for CIDOC-CRM representation. In this way, an entity has properties from both COURAGE and CIDOC-CRM ontologies and can be used in both ‘ontological worlds’ for inferencing or querying. This solution also makes validation and error detection easier.



As seen previously in the mapping tables and diagrams, a fact in COURAGE often requires the creation of several CRM facts, including new entities. These entities may be connected either with the described entity (e.g., collection names) or with a general ‘entity pool’ such as first names of persons (as appellation instances). In the first case, the entity id is based on the id of the described entity, with some discriminators appended to it. When the property may have several objects for the same subject, a number is also added to the URI. For example, if we have multiple names of an organization in multiple languages, we would use URIs like courage:n490770-1-Title, courage:n490770-2-Title for the new E35_Title instances, or just n49246-Birth for the new E67 Birth instance. In the second case, the new entities are identified by their type and content, for example, courage: TimeSpan-1956 denoting the year 1956.



First, we experimented with CONSTRUCT SPARQL queries to generate CIDOC CRM facts, which would have been a more interoperable solution. However, the creation of several new URIs within a CONSTRUCT query made this approach too difficultly, and a more manageable programmatic approach (using C#) was selected.





4. Analysis and Validation


For the purpose of validating and checking the generated knowledge graph, both SHACL and OWL-based techniques were selected. SHACL is a language for checking whether an RDF graph satisfies certain conditions given as “shapes” [23]. Using SHACL permits investigating string-matching patterns, value types, and other constraints. Moreover, the framework of SHACL supports high-level validation by expressing more complex conditions in the SPARQL query language. Validation of data and mapping were also performed based on OWL by running reasoner Pellet and SPARQL queries. This latter was performed via Protégé and TopBraid Composer to verify the consistency and correctness of mapped data manually based on inferred properties.



Protégé, a free open-source ontology editor, was used to validate the mapped data using Pellet. Pellet is a Java-based open-source OWL-DL reasoner. For instance, by running reasoner Pellet, an error was raised because the “P23 transferred title from” property was used to link E8 Acquisition to E78 Collection rather than E39 Actor.



After cleaning the generated RDF file from all syntax errors and bugs and running the reasoner Pellet, the inferred properties were displayed with a yellow background. In Figure 12, the inferred properties (p11i_participated_in, p12i_was_present_at…) of the person “n16143” are outputs of this reasoning based on the hierarchies.



It was challenging to run SPARQL queries in Protégé due to performance issues. For instance, in Figure 13, we ran a SPARQL query to retrieve all collectors who collected a collection between 1988/01/01 and 2003/01/01.



We chose TopBraid Composer over Protégé due to the fact that it permits generating SHACL shapes using a user-friendly interface. In Figure 14, for example, we executed the SHACL shape, which was expressed with more complex conditions in a SPARQL query, to check whether there were duplicated places with different URIs. The error messages with detailed information (focus node, value) are displayed in the SHACL Validation tab.



The overall validation can be classified into several categories:




	1.

	
Ontology-based validation: here the constraints defined using OWL can be validated, for example:




	
Type validation: checking whether the source data is mapped to the appropriate data type, and only to that. The validation of restrictions and cardinality constraints (if any) falls into this category as well;



	
Property validation includes the checking of the domain and range types and the cardinality of functional properties. For example, a painting is denied the birthdate property;



	
Data validation: the format of data for data properties can be checked. For example, incorrect dates, incorrect language tags, or characters outside of UTF-8 may be detected.









	2.

	
Contextual validation is based on common sense and domain knowledge, and it includes constraints that are hard or impossible to represent in OWL or were simply forgotten during ontology implementation:




	
Temporal validation: the events should be in a logical order, e.g., birth, marriage, death. For example, events in a collection must follow its creation. Table 5 is an example of using SHACL to conduct temporal validation via TopBraid. The below shape inspects whether a person’s birthdate occurred before the dates of all his/her activities;



	
Spatial validation: the locations must adhere to logical containment. For example, featured item I of collection C must be in the same location as C;



	
Uniqueness validation: there should be one URI and RDF representation for each entity. For example, we detected and merged multiple RDF individuals for cities and people;









	3.

	
Validation of mapping is used to check if properties and classes are translated in the right way.




	
For example, if the COURAGE P1 property should be translated into CRM P2, then for all facts using the P1 property, the existence of corresponding facts using the P2 property can be checked. In certain cases, the non-existence of other facts using P2 can also be checked. For example, if a collection is located in Budapest only according to COURAGE data, then in its CIDOC CRM translation the same collection should not have other locations either.















5. Discussion


The purpose of this work was to translate COURAGE into CIDOC-CRM. The COURAGE dataset is a valuable historical dataset created by historians with thorough quality control. At the beginning of the COURAGE project, the application of CIDOC CRM was not an option for several reasons; complete control was necessary over the ontology, as its structure was evolving in an agile way, and also the input of facts had to be supported with a historian-friendly user interface. There was no time to educate historians and explain to them the rationale behind the complexity of CIDOC CRM concepts. Therefore, the project decided to develop its own ontology for driving data input. Although simpler than CRM, the COURAGE ontology also embraced a temporal approach in the representation of human roles in the life of collections. As each role had a start and end year, these were easy to translate into CIDOC CRM timespans. Overall, we can claim that the transfer of the main relation graph (the essence of the COURAGE dataset) to CIDOC CRM was easy to accomplish. Some new subclasses for curation task had to be created for the representation of the finer task typology in COURAGE.



However, the description of simple data properties in CIDOC CRM was found to be cumbersome. The description of collection topics, webpages, and answers to yes-no or numeric questions in the CRM schema becomes more complex than in a ‘traditional’ ontology.



Although CIDOC-CRM was designed to represent cultural heritage data [24], it was a serious mental task to find the right classes and properties for collection and artifact data. The cause may be that the naming of concepts we often found very abstract (for example, appellation or man-made feature is not easy to get familiar with or to explain to a layman).



The CIDOC-CRM version of our data has a more complex representation. In our example, the utilized COURAGE dataset includes approximately 31,500 triples, but it is represented in CIDOC-CRM by roughly 70,664 triples (21,426 instances). Moreover, the complexity of a SPARQL query in CIDOC-CRM is higher than its comparable query in COURAGE (in Supplementary Materials). For example, the queries in Figure 15 and Figure 16 are retrieving the same data which is about selecting the creator of featured items belonging to a collection X (e.g., the Mimesis Collection (n26059)).



The complexity of SPARQL queries demonstrated in the Figure 16 above may have the advantage of higher expressiveness, and the ability to formulate queries not possible otherwise. However, no expressivity problems were encountered with the original COURAGE ontology. On the other hand, it is useful if queries are easy to read and easy to compose. In the case of a simpler schema, even a scholar in the humanities may be able to create or customize SPARQL for its needs.



Overall, we expect that mapping to CIDOC CRM will improve the interoperability of this valuable data, and the COURAGE dataset may be linked and integrated with other CIDOC-CRM datasets. Unfortunately, we have not found any public data using CIDOC CRM which could be relevant to connecting with our dataset.




6. Conclusions and Future Work


Providing a formal data structure and increasing the interlinks between different heterogeneous datasets results in the need to build a shared federated ontology. Through this ontology, we will be able to efficiently access a wide range of datasets on a large scale. The use of the CIDOC-CRM model is a guarantee that, on the one hand, there is already information available in the area of cultural patrimony that can be used to integrate and link with it. On the other hand, there are also many platforms available that can be used to explore the information migrated.



We presented the end-to-end mapping process by translating the COURAGE entities into CIDOC-CRM entities based on mapping rules. These rules established the basis for the automatic migration process. The evaluation of the results of the migration process was conducted manually through SPARQL queries and reasoners. Furthermore, SHACL was also used as a validation tool for ontology mapping. In contrast to OWL, SHACL is capable of a wide range of constraint validations, which comes in very useful when checking the results of a schema translation for datasets. Establishing a comprehensive validation model and generating SHACL shapes automatically is set as future work.
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The following files are available online at https://github.com/dsd-sztaki-hu/courage-crm, generated CIDOC-CRM data: MappedData.ttl, a sample of SPARQL queries and SHACL shapes: Sample of Validation Queries.txt. The SPARQL endpoint to test the mapped data is available here: http://cultural-opposition.eu:3030/dataset.html (accessed on 26 October 2021). The original COURAGE dataset and ontology are available at Zenodo. https://doi.org/10.5281/zenodo.3333540 (accessed on 26 October 2021).
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Figure 1. COURAGE registry. 
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Figure 2. The main types of the COURAGE ontology. 
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Figure 3. CIDOC-CRM is the semantic glue for cultural heritage datasets [5]. 
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Figure 4. An example of a person first name representation in CIDOC-CRM. 
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Figure 5. CreatorOf representation in CIDOC-CRM. 
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Figure 6. An example of owner role representation in CIDOC-CRM. 
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Figure 7. Founder role representation in CIDOC-CRM. 
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Figure 8. Stakeholder role representation in CIDOC-CRM. 
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Figure 9. An example of an organizational type representation in CIDOC-CRM. 
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Figure 10. Birth event diagram in CIDOC-CRM ontology. 
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Figure 11. Creator role representation in CIDOC-CRM. 
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Figure 12. An example of inferred properties for a person n16143. 
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Figure 13. SPARQL query about collectors between 1988 and 2003. 
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Figure 14. Validating same places with different URIs. 
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Figure 15. Sample query in COURAGE. 
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Figure 16. Sample query in CIDOC-CRM. 
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Table 1. COURAGE person entity representation in CIDOC-CRM.
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	Courage
	CIDOC-CRM Entity
	CIDOC-CRM Property





	Given name
	E82 Actor Appellation
	P131 is identified by



	Family name
	E82 Actor Appellation
	P131 is identified by



	Label
	E35 Title
	P1 is identified by



	Leader of
	E85 Joining
	P143 joined



	Birthplace
	E67 Birth
	P7 took place at



	Birthdate
	E67 Birth
	P98 brought into life



	Profession
	E55.1 Profession
	P2 has type



	Educational background
	E55.2 Educational Background
	P2 has type



	Main member of
	E74 Group
	P107 has current/former member



	Creator of
	E12 Production
	P14 carried out by



	Main actor of
	E5 Event
	P11 had participant



	Founder
	E63 Beginning of Existence
	P11.had participant



	Owner roles
	E8 Acquisition
	P22 transferred title to



	Creator roles
	E87 Curation Activity
	P14 carried out by



	Operator roles
	E87 Curation Activity
	P14 carried out by



	Collectorships
	E87 Curation Activity
	P14 carried out by



	Stakeholder roles
	E87 Curation Activity
	P14 carried out by



	Supporter roles
	E87 Curation Activity
	P14 carried out by
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Table 2. COURAGE organization entity representation in CIDOC-CRM.
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	Courage
	CIDOC-CRM Entity
	CIDOC-CRM Property





	hasOperationalType
	E55.3 Operational Type
	P2 has type



	yearOfFunding
	E66 Formation
	P95 has formed



	instType
	E55.4 Organisational Type
	P2 has type
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Table 3. COURAGE collection entity representation in CIDOC-CRM.
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	Courage
	CIDOC-CRM Entity
	CIDOC-CRM Property





	Official name
	E35 Title
	P102 has title



	contentLanguage
	E56 Language
	P2 has type



	dateOfFounding
	E63 Beginning of Existence
	P4 has time-span



	placeOfFounding
	E63 Beginning of Existence
	P7 took place at



	collectionGeoScope
	E55.5 Geographical Scope
	P2 has type



	hasTopic
	E55.6 Topic
	P2 has type



	hasMasterpiece
	E79 Part Addition
	P110 augmented



	Creators of content
	E87a Content Creation Activity
	P147 curated



	Founders
	E63 Beginning of Existence
	P92 brought into existence



	Operators
	E87b Operator Activity
	P147 curated



	Collectors
	E87c Collection Activity
	P147 curated



	Owners
	E8 Acquisition
	P24 transferred title of



	Stakeholders
	E87d Stakeholder Activity
	P147 curated



	Supporters
	E87e Support Activity
	P147 curated
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Table 4. COURAGE featured item entity representation in CIDOC-CRM.
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	Courage
	CIDOC-CRM Entity
	CIDOC-CRM Property





	masterpieceOf
	E79 Part Addition
	P111 added



	masterpiece_type
	E55.7 Item Type
	P2 has type



	hasItemTopic
	E55.6 Topic
	P2 has type
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Table 5. Semantic validation using SHACL shape.
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	SHACL Validation





	PersonShape rdf:type sh:NodeShape;

rdfs:label “ Validation of birthdate for E21 Person “@en;

sh:sparql [sh:message “birthDate happened after createDate”;

sh:prefixes <http://courage.btk.mta.hu/courage/individual>;

sh:select “““prefix ecrm: <http://erlangen-crm.org/200717/>

    SELECT DISTINCT $this ?birthDate ?createDate WHERE {

$this ecrm:P98i_was_born ?birth.

      ?birth ecrm:P4_has_time-span ?birthIRI.

      ?birthIRI ecrm:P82a_begin_of_the_begin ?birthDate.

      $this ecrm:P14i_performed ?performed.

      ?performed ecrm:P4_has_time-span ?endIRI.

      ?endIRI ecrm:P82a_begin_of_the_begin ?createDate.

      FILTER (?createDate < ?birthDate ). }”““ ; ] ;.
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
_———{cowagnro7sstomans }—wtime—s{scm €81 Bopern_ o Exsincs |

ecm Pt has Fancon

e
]
e

7ok saea ot

TP ‘ocm <t fetangen-cm 02007171
couage: <t lcourage ik nta ucouragefndicual>
16t <btp e /1999102122 1 yntax s>






media/file4.png
Informal group o

Organization FeLoan
g esearched
Interviewee

Researcher
Interviewer

Agent

Historical entity

Featured item

Publication





media/file30.png
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX cn: <http://cultural-opposition.eu/rdf/courage.owl#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

SELECT DISTINCT ?person ?2GivenName ?FamilyName ?birthDate ?featured ?2collection

WHERE {
?2person
2person
2person
?2person
?2person

rdf:type cn:Person.
cn:hasGivenName ?2GivenName.
cn:hasFamilyName ?FamilyName.
cn:birthDate ?birthDate.
cn:creatorOf ?featured.

?featured cn:masterpieceOf ?2collection.

Filter(

2collection=<http://courage.btk.mta.hu/courage/individual/n26059>)





media/file18.png
owl:Class
ecrm:E55_Type ]

ecrm:E74_Group r{dfs:subClassOf
[ courage:n10166 ]

[ecrm:555.4_0rganisational_Type] owl:Class

ecrm:<http://erlangen-crm.org/200717/>

ecm:PZ_has_typeYrdf:typej

courage: <http://courage.btk.mta.hu/c findivid

[ ctype:museum ] ctype: <http://cultural-opposition.eu/rdf/courage.owk#>
rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

owl: <http:/imww.w3.0rg/2002/07/owi#>






media/file21.jpg





media/file26.png
SPARQL query

PREFIX rdf: <http://iwww.w3.0rg/1999/02/22-rdf-syntax-ns#=
PREFIX owl: p I#

PREFIX rdfs: <http:/ivww.w3.0rg/2000/01/rdf-schema#=
PREFIX xsd: <http:/imww.w3.0rg/2001/XMLSchema#>
PREFIX ecrm: <http://ferlangen-crm.org/200717/=

SELECT DISTINCT ?person ?hasCreationDate
WHERE {

?collectorRole rdfitype ecrm:E87c_Collection_Activity.
?collectorRole ecrm:P14_carried_out_by ?person.
?collectorRole ecrm:P4_has_time-span ?tspan.

?tspan ecrm:P82a_begin_of_the_begin ?hasCreationDate.

Filter(?hasCreationDate = "1988-01-01T00:00:00"xsd:dateTime && ?hasCreationDate < "2003-01-01T00:00:00"""xsd:dateTime).

}
person hasCreationDate

n10872 "1989-01-01T00:00:00 p 0rg/2001/XMLSchema#dateTime=
n9448 "1999-01-01T00:00:00 p org/2001/XMLSchema#dateTime=
n11537 "1991-01-01T00:00:00 P org/2001/XMLSchema#dateTime=
n15031 "1999-01-01T00:00:00"*<http:/iwvww.w3.0rg/2001/XMLSchema#dateTime=
n14001 "2000-01-01T00:00:00™*<http:/iww.w3.0rg/2001/XMLSchema#dateTime=
n2674 “1994-01-01T00:00:00™ " <http:/iwww.w3.0rg/2001/XMLSchema#dateTime=
n25202 "1992-01-01T00:00:00 P org/2001/XMLSchema#dateTime=
n26048 "1989-01-01T00:00:00 P 0rg/2001/XMLSchema#dateTime=
n42855 “1989-01-01T00:00:00 P 0rg/2001/XMLSchema#dateTime=
n37719 "2000-01-01T00:00:00 p org/2001/XMLSchema#dateTime=
n24148 "1989-01-01T00:00:00 p org/2001/XMLSchema#dateTime=
n13653 "2000-01-01T00:00:00 P 0rg/2001/XMLSchema#dateTime=
n1404 "2000-01-01T00:00:00"<http:/iwww.w3.0rg/2001/XMLSchema#dateTime=

n39930 "1999-01-01T00:00:00™<http:/ivww.w3.0rg/2001/XMLSchema#dateTime=





media/file27.jpg





media/file3.jpg





media/file22.png
ecrm:E74 Group

ecrm:P14_carried_out_by—->[ courage:n17132

ecrm:E87a Content Creation Activity

[courage:n17132-creator-0

ecrm:E78 Collection P82a_bogin_of_the_beg! St unime
| —— eeey ecrm:P82a_begin_of_the_begin
:P147 _curated courage:ng8594 1987-01-01
ecrm:P4_has_time-span )
\b[courage:ﬁmeSpaMQs? | SR PE. ohd ot I ond » 1987-12-31
ecrm:E52 Time-Span IRiNE e

ecrm:<http://erlangen-crm.org/200717/>
courage: <http://courage.btk.mta.hu/ o

rdf. <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
xsd: <http:/Awww.w3.0rg/2001/XMLSchema#>






media/file19.jpg
—

D e R Tl

sempe2iTage o e g

i et o e TR

‘ocm <otp angen-cm 192007 7>
cousge: <t couage bk Rucourage AV
10 < 19990222 ek ik

158 g I w3 0192001 XML Schema>





media/file7.jpg
s Ty

courage Name-Gyorgy f—————

ecmP2_has_t
ccmP131 s, dentied_by 1apel

ecm
m

iy,

‘ecm:<hitperiangen-cim.0rg 200717/
(semez1 ponon ) courage: <httpicourage bik mta hulcourage/indviduall>
ot <nit:/nwnew3 019/1999/02/22-10ksyntaxns#>

ctype: <httpiicultural-opposition eulrdticourage ows>





media/file28.png
rdfslabel ™

3 E53 Place (@en)

skos:notation ©
Bles3

~ Constraints
sh:property *
sicsparal

&;SSmgplace with different finks

shiselect ~

-

prefix ecrm: <http://erlangen-crm.org/200717/>
SELECT Sthis
WHERE |
$this rdf-type ecrm:ES3 Place,
$this rdfs:label ?labell.
?place2 rdftype ecrm:ES3 Place,
Tplace? rdfslabel ?label2.

FILTER($this != ?place2)
FILTER(?Iabel1="label2)
}

rdfs:comment ~

shimessage ©

B/ same place with different links

shprefixes =

| *3 ecrm:

~ Targets
shitargetClass

shitargetObjectsOf ©
shiiargetSubjectsOf 7

-

shitargetiode =
shtarget ¥

Form ‘Browser DiagramTGraph? Form Layout[Source Code!

@ Imports # Instances | m Domain| @) Error Log % SPARQL +' Text Search| @ Targets & SHACL Validation &

[Shape] Component  Message Focus Node

PT e T

® ecrm:E53_Place shisparg| @ Same place with different links € <http:// ge.btk.mta hu/ ge/

® ecrm:E53_Place shispargl @ Same place with different links 4 <http:// ge.btk mta.hu/i ge/

1 In10D03

Path

. [rresayy) Sad it B o F Srmdiviirds sal In1NI0CE

. 11 ey vk i eal Fn 10302
. b ta.hu/c \/






media/file10.png
ecrm:E21 _Person
courage:n10254

ecrm:P14_carried_out_by

ecrm:E12 _Production ecrm:E12_Production

courage:n10254-creator0f-0] courage:n10254-creatorOf-1 ] ecrm:E12_Production
[courage:n10254-creator0f-2
ecrm:P4_has_time-span
ecrm:P103_has_produced ecrmP108_has_produced ecrm:P4_has_time-span

ecrm:P108_has_produced

[courage:TimeSpan—1975]

[ courage:n25165 ] [courage:TlmeSpan-1989]

ecrm:E52_Time-Span

ecrm:E22_Man-Made_Object
ecrm:P4_has_time-span courage:n405

ecrm:E22_Man-Made_Object

[courage:n21459] ecrm:E52_Time-Span

ecrm:E22_Man-Made_Object

[courage:TimeSpan-1972]

ecrm:E52_Time-Span ecrm:<http://erlangen-crm.org/200717/>
courage: <http://courage.btk.mta.hu/c

Ran o83 2300

rdf. <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>





media/file32.png
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

PREFIX ecrm: <http://erlangen-crm.org/200717/>

PREFIX ctype: <http://cultural-opposition.eu/rdf/courage.owl#>

SELECT DISTINCT ?person ?GivenName ?FamilyName ?birthDate ?featured 2collection
WHERE {

?person rdf:type ecrm:E21 Person.

?person ecrm:P131.is identified by ?fname.

?fname ecrm:P2 has type ctype:firstName.

?fname rdfs:label ?2GivenName.

?person ecrm:P131.is identified by ?lname.

?1lname ecrm:P2 has type ctype:lastName.

?1lname rdfs:label ?FamilyName.

?birth ecrm:P98 brought into life ?person.

?birth ecrm:P4 has time-span ?birthIRI.

?birthIRI ecrm:P82a begin of the begin ?birthDate.

?2creator ecrm:P14 carried out by ?person.

?creator ecrm:P108 has produced ?featured.

?part ecrm:P111 added ?featured.

?part ecrm:P110 augmented 2collection.

Filter( 2collection=<http://courage.btk.mta.hu/courage/individual/n26059>)





media/file14.png
/———{ courage:n3759-founder-0 ]—rdf:type—b[ ecrm:E63_Beginning_of_Existence ]

ecrm:P11.had_participant

ecrm:P4_has_time-span

\b[courage:ﬁmeSpan-1973-201 4]

ecrm:E52_Time-Span

courage:n3759
ecrm:E21_Person

ecrm:P92_brought_into_existence

ecrm:P7_took_place_at

courage:n8039
courage:n218 ] ecrm:E78_Collection
ecrm:E53_Place ecrm:<http://erlangen-crm.org/200717/>
courage: <http://courage.btk.mta.hu/( ge/individual/>

rdf. <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>





media/file11.jpg
- ] (o]

AW e
ot moron
e o e s e

[ ——





media/file6.png
haeology /

c





media/file15.jpg
g

wcmpe e sz
ecim <ntpeingen-<im org2007171>
(v messmmaons ) coutage <t courage bk mia hucourageinGvdLal>
R ot <t w3 19199910222 0yt

oA~ wa Evu:m






nav.xhtml


  futureinternet-13-00277


  
    		
      futureinternet-13-00277
    


  




  





media/file16.png
ecrm E87d_Stakeholder Activity ecrm:E74_Group
courage n103937-stakehold ::.-.-.-.:P14_camed_out_by—>[courage:n103937]

Aecrm P147 cﬁd

ecrm:P4_has tnme-span

ecrm:<http://erlangen-crm.org/200717/>

o2 2220

courage: <http://courage.btk.mta.hu/c ge/i

[ courage:'l”lmeSpan-2012 ] [courage:n12971]
rdf. <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

ecrm:E52_Time-Span ecrm:E78_Collection





media/file2.png
—

[ Collection { Organization/Group ]

Event \/ Person

[ Featured item






media/file20.png
ecrm:P98 brought into Iifr—b[eCfm1E21 person ]

> sdsting

L ecrm:EB7 Birth ecrm:P7 took place a‘—b[ ecrm:E53 place

xsd:dateTime
/ec:m:PSZa begin of the begin
ecrm:P4 has time-span )
\b[ecrm.E52 Time-Span ]—m;pszb end of the end xsd:dateTime

ecrm:<http://erlangen-crm.org/200717/>
courage: <http://courage.btk. mta.hu/ findivid

rdf. <http//www.w3.0rg/1999/02/22-rdf-syntax-ns#>
xsd: <http://www.w3.0rg/2001/XMLSchema#>





media/file23.jpg
e © [E——
Ounuen OO0 mpistis enied by Namewost 0000
52 s tyoe 05530 0000
P—" 52 nas_tpn w1126 0000
P dented_y to1430 0 0000
[Rm— P72 s current.orJorme.esidenc 132667 0000
52_1as_pe masterovl 0000
T 0000
P11 pacpstedin n16143Event2 00
P11 panopsted_in 116143 stakenoider) 00
PiLsancosten n1613Eent) 00|
P12 s st et Eank2 29





media/file5.jpg





media/file24.png
Description: n16143 1= m] %] § Property assertions: n16143

Types | Object property assertions |
@ E21_Person 000 ™ P131.is_identified_by Name-Jarosz
BN P2 _has_type n5580 2@l :
Same Individual As § 2 BN P2 _has_type n7786 &P ( ) J o
mm P1_js_identified_by n161430-title 2]@
Different Individuals § BN P74 _has_current_or_former_residence n32667

BN P2 _has_type masterLevel
B P131.is_identified_by Name-Robert

™= P11i_participated_in n16143-Event-2 T 90
mm P11i_participated_in n16143-stakeholder-0 Q0
™= P11i_participated_in n16143-Event-0 0
BN P12i_was_present_at n16143-Event-2 /\, ( 3

BN P12i was nresent at n1f143-stakehalder-0 &





media/file29.jpg
PREFIX rdf: <http://ws.u3.org/1999/02/22-rdf-syntax-nsé>
FPREFIX cn: <hitp://cultural-opposition.eu/rdf/courage.owle>
PREFIX rdfa: <http://wed.w3.orq/2000/01/5de-schemat>

SELECT DISTINCT 7person 7GivenName 2FamilyName 7birthDate 2featured 2collection
wHERE (

2person rdf:type cn:Person.

2person cn:hasGivenName 7Giventame.

2person

2person cn:birthbate 7birthDate.

2person cnicreatorof 2featured.

2featured cn:masterpieceof 7collection.

Filter( 7collection=<http://courage.bk.nta. hu/courage/ individual /n26059>)






media/file1.jpg
Collection Organization/Group

Event Person

Featured item





media/file31.jpg
BREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-nst>
PREFIX /v 43.0£9/2000/01/ rdf - schemat>

PREFIX /erlangen-crm.org/200717/>

PREFIX ctype: <http://cultural-opposition.eu/rdt/courage.oult>

SELECT DISTINCT 7person 2GivenName ?FamilyName 7hirthbate 2featured
WHERE {

“person rdfitype ecm:E2l_Person.

2person ecrm:?131.is_identified by ?fname.

“person ecrm:P131.is_identified by ?lname.
?Inane ecrm:P2 has_type ctype:lastName.

?Iname rdfs:label 7FamilyName.

“bizth ecrm:P98_brought_into_life ?person.

birth ecrm:P4_has tins-span 7birthIRI.

birthIRI ecmiB2a_begin of the begin Tbirthate.
2creator ecrm:Pl4_carried out_by 7person.

2creator ecrm:P108_has_produced ?featured.

7part ecrm:P111_added ?featured.

2part ecrm:P110_augmented ?collection.

Filter( 7collection=<http://courage btk ata.hu/courage/inds

2collection

dual/n260595)





media/file25.jpg





media/file12.png
ecrm:E78_Collection
ecnn:P24_transfened_,tiﬂe_of_.‘ courage:n3387 I

ecrm:E8_Acquisition

| courage:n11537-OwnerRoles-3 ]

ecrm:P4_has_time-span

ecrm:P24_transferred_title_of

ecrm:P22_transferred_title_to .
ecrm:E8_Acquisition

[ courage:n1158-OwnerRoles-3

[courage:TumeSpan-1991 -2001]
ecrm:E52_Time-Span

[ courage:n11537 ]

ecrm:E74_Group , ecrm:P4_has_time-span
ecrm:P22_transferred_title_to

ecrm:E8_Acaquisition [courage:n13385-OwnerRoles-3]

[ courage:n1158 ] [courage:TumeSpan-zom]

ecrm:P22_transferred_title_to

ecrmP4_ has _time-span ecrm:E74_Group ecrm:ﬁz_'ﬁme-Span
courage:n13385
oG T4 Group courage: TlmeSpan 1974- 1990] ecrm:<http://erlangen-crm.org/200717/>
- 2 Time-Span courage: <hnp:lll‘nllfﬂgﬁ btk mta hu/c g findivid

rdf. <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>





media/file9.jpg





media/file0.png





media/file8.png
/rm:typo——b[ ecrm:E82_Actor_Appeliation ]

[courage:Name—Gybrgy ] — P2_has_ty
ecrm:P2_has_type

ecrm:P131.is_identified_by rdfs:label
ecrm'P131.is_identified_by [ Ctype:firstName ]
[ courage:n1014 ]
[courage:n14595] @
rdf type P
rdf-type
ecrm:<http://erlangen-crm.org/200717/>

courage: <http://courage.btk.mta.hu/c ge/individual/

rdf. <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
ctype: <http://cultural-opposition.eu/rdf/courage.owk>

[ ecrm:E21_Person ]






media/file17.jpg
owt Class
ecmss_Type

P4

‘ecm £55.4_Organisational_Type | owt Class

‘ecr<ntpertangen-cm 01912007 171>
cowage:<ntp icourage btk ma hulcourage/ndvidual
cype.<ntp cuturaopposton ewrdticourage owi>
0t <t 3 0/ 199902722 d-ytaxcns>

rfs: <hitp /i w3, 01g/2000/01/rdt-schemas>

owt: <Nttp w3 0rg/2002/07/owie>






