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Introduction

Importance of the topic

The desire for an integrated information system serving the needs of the biodiversity
community dates at least as far back as 1985 when the Taxonomy Database Working
Group (TDWG)—later renamed to Biodiversity Informatics Standards but retaining
the abbreviation TDWG—was established!. In 1999, the Global Biodiversity Infor-
mation Facility (GBIF) was created after the Organization for Economic Cooperation
and Development (OECD) had arrived at the conclusion that “an international mecha-
nism is needed to make biodiversity data and information accessible worldwide” (What
is GBIF?). The Bouchout declaration (Bouchout Declaration 2014) crowned the re-
sults of the European Union—funded project pro-iBiosphere that lasted from 2012 to
2014 and was dedicated to the task of creating an integrated biodiversity information
system. The Bouchout declaration proposes to make scholarly biodiversity knowl-
edge freely available as Linked Open Data (LOD). A parallel process in the U.S.A.
started even earlier with the establishment of the Global Names Architecture, GNA
(Patterson et al., 2010; Pyle, 2016b).

In 2014, the Horizon 2020 BIG4 consortium was formed between academia and
industry dedicated to advancing biodiversity science. The project’s mission statement
reads “BIG4—Biosystematics, Informatics and Genetics of the big 4 insect groups:
training tomorrow’s researchers and entrepreneurs” (University of Copenhagen et al.,
2014). An important member of the consortium is the academic publishing house and
software company, Pensoft Publishers. Pensoft publishes several dozen well-known
open access taxonomic journals’ and, as a signatory of the Bouchout declaration,
was a prime candidate to push the vision for an Open Biodiversity Knowledge Man-
agement System (OBKMS) forward. The presented Ph.D. project is based at Pensoft
Publishers and at the Institute of Information and Communication Technology (IICT)
of the Bulgarian Academy of Sciences with the goal to follow through pro-iBiosphere’s
vision.

Previous work

Due to the interdisciplinary nature of the thesis, this section will focus on two areas:
(a) knowledge bases and Linked Open Data and (b) biodiversity publishing.

LA webpage with the history of TDWG dating back to 1985 can be viewed under http://old.
tdwg.org/past-meetings/; however, a lot of the links are unfortunately broken and the page needs
some maintenance.

2For example, ZooKeys, PhytoKeys, MycoKeys, and Biodiversity Data Journal (BDJ).
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Introduction

Knowledge bases and Linked Open Data

We shall start by first introducing knowledge bases and knowledge-based systems. We
use the two terms interchangeably but tend to write the longer variant, knowledge-
based system, when we want to emphasize aspects of the knowledge base that are not
related to the underlying facts store (database).

It is useful to form one’s concept of knowledge-based systems both by looking at
explicit definitions and by looking at several examples of knowledge bases in practice.
The term was already being widely discussed by the 1980’s (Jarke et al., 1989) and
early nineties (Harris et al., 1993) and was understood to mean the utilization of ideas
from both database management systems (DBMS) and artificial intelligence (AI) to
create a type of computer system called knowledge base management system (KBMS).
Harris et al., 1993 writes that the characteristics of a knowledge base management
system are that it contains “prestored rules and facts from which useful inferences
and conclusions may be drawn by an inference engine.” We should note that the
phrase “prestored rules” comes from the time of first-generation Al systems that were
rule-based. Recently, there has been progress in incorporating statistical techniques
into databases (Mansinghka et al., 2015); however, in this project we are working
with the classical rule-based definition. In other words, a knowledge base is, in our
understanding, a suitable database tightly integrated with a logic layer.

Another relatively more recent development in knowledge-based systems has been
the application of the Linked Data principles (Heath and Bizer, 2011). In fact, most
existing knowledge bases emphasize the community aspects of making data more inter-
connected and reusable. Examples include Freebase (Bollacker et al., 2008), which was
recently incorporated in WikiData (Vrandeci¢ and Kroétzsch, 2014; Pellissier Tanon
et al., 2016), DBPedia (Auer et al., 2007), as well as Wolfram|Alpha ( Wolfram/Alpha,
Making the wolrd’s knowledge computable) and the Google Knowledge Graph (Sing-
hal, 2012). What these systems have in common is that an emphasis is placed not
only on the logic layer allowing inference but on a unified information space: these
systems act as nexus integrating information from multiple places and they follow to
various degrees the principles of Linked Open Data (LOD).

Linked Open Data (Heath and Bizer, 2011) is a concept of the Semantic Web
(Berners-Lee et al., 2001), which, when applied properly, ensures that data published
on the Web is reusable, discoverable, and most importantly ensures that pieces of data
published by different entities can work together. We will discuss the Linked Data
principles and their application to OpenBiodiv in detail in Chapter 3.

Leveraging these developments modern knowledge bases place a bigger emphasis
on interlinking data rather than on developing a complex inference machinery. There
has been critique of the idea of bundling logic in the database layer as such bundling
leads to increased complexity (Barrasa, 2017). The critique can be summarized with
two points. First, bundling the logic near the data (especially when it is excessive for
the task at hand) can lead to drastic performance decreases®. Second, the developing
of new techniques (e.g. machine learning) can make the existing deep logic layer
obsolete. Our view is that data is the commodity which is much more valuable, and
the inference strategy (be it a rule-based logic layer, or a statistical machine learning
technique) can be replaced as computational science moves forward. These ideas lead
to an interesting conundrum in the choice of a database technology discussed in the
subsequent sections.

3 We will compare the performance of the stronger Web Ontology Language (OWL) logic layer
with a weaker RDF Schema (RDFS) logic layer in Chapter 3. Resource Description Format (RDF)
is a data model for storing statements about things discussed later.
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Finally, a knowledge-based system ultimately needs to include user-interface com-
ponents (UI's) and application programming interfaces (API’s) or an application layer.
These serve as the point-of-contact between human and machine, or machine and ma-
chine and are crucial to the success of any such system.

Biodiversity publishing

In the biomedical domain there are well-established efforts to extract information and
discover knowledge from literature (e.g. Rebholz-Schuhmann et al., 2005; Momtchev
et al., 2009; Williams et al., 2012). The biodiversity domain, and in particular biolog-
ical systematics and taxonomy (from here on in this thesis referred to as tazonomy),
is also moving in the direction of semantization of its research outputs (Agosti, 2006;
Patterson et al., 2006; Kennedy et al., 2005; Penev et al., 2010a; Tzitzikas et al.,
2013). The publishing domain has been modeled through the Semantic Publishing
and Referencing Ontologies, SPAR Ontologies (Peroni, 2014). The SPAR Ontologies
are a collection of ontologies incorporating, amongst others, FaBiO, the FRBR~aligned
Bibliographic Ontology (Peroni and Shotton, 2012), and DoCO, the Document Com-
ponent Ontology (Constantin et al., 2016). The SPAR Ontologies provide a set of
classes and properties for the description of general-purpose journal articles, their
components, and related publishing resources. Taxonomic articles and their compo-
nents, on the other hand, have been modeled through the TaxPub XML Document
Type Definition (DTD)—also referred to loosely as XML schema—and the Treatment
Ontologies (Catapano, 2010). While TaxPub is the XML-schema of taxonomic pub-
lishing for several important taxonomic journals (e.g. ZooKeys, PhytoKeys, Biodiver-
sity Data Journal), the Treatment Ontologies are still in development and have served
as a conceptual template for OpenBiodiv-O (discussed in Chapter 2).

Taxonomic nomenclature is a discipline with a very long tradition. It transitioned
to its modern form with the publication of the Linnaean System (Linnaeus, 1758). Al-
ready by the beginning of the last century, there were hundreds of taxonomic terms in
usage (Witteveen, 2015). At present the naming of organismal groups is governed by
by the International Code of Zoological Nomenclature, ICZN (International Commis-
sion on Zoological Nomenclature, 1999) and by the International Code of Nomencla-
ture for algae, fungi, and plants, Melbourne Code (mcneill _international 2012).
Due to their complexity (e.g. ICZN has 18 chapters and 3 appendices), it proved chal-
lenging to create a top-down ontology of biological nomenclature. Example attempts
include the relatively complete NOMEN ontology (Dmitriev and Yoder, 2017) and
the somewhat less complete Taxonomic Nomenclatural Status Terms, TNSS?.

There are several projects that are aimed at modeling the broader biodiversity
domain conceptually. Darwin Semantic Web, Darwin-SW (Baskauf and Webb, 2016)
adapts the previously existing Darwin Core (DwC) terms (Wieczorek et al., 2012) as
Resource Description Framework (RDF). These models deal primarily with organismal
occurrence data.

Modeling and formalization of the strictly taxonomic domain has been discussed
by Berendsohn (Berendsohn, 1995) and later, e.g., in (Franz and Peet, 2009; Sterner
and Franz, 2017). Noteworthy efforts are the XML-based Taxonomic Concept Trans-
fer Schema (Taxonomic Names and Concepts Interest Group, 2006) and a now defunct
Taxon Concept ontology. Very recently, the TDWG community has attempted to res-
urrect the Taxon Concept ontology with the Taxonomic Names and Concepts Interest

4Even though it is unknown to the authors whether TNSS was published in peer-reviewed lit-
erature, remnants of it can still be found on GitHub, e.g. under https://github.com/pensoft/
OpenBiodiv/blob/master/ontology/contrib/taxonomic_nomenclatural_status_terms.owl.
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Group. The group discussions can be accessed under https://github.com/tdwg/tnc.
Interestingly the very first GitHub issue discussed OpenBiodiv-O and the possibility
of its adoption as a TDWG standard.

By the time the OpenBiodiv project started in June 2015, a number of articles
had been previously published on the topics of linking data and sharing identifiers in
the biodiversity knowledge space (Page, 2008), unifying phylogenetic knowledge (Parr
et al., 2012), taxonomic names and their relation to the Semantic Web (Page, 2006;
Patterson et al., 2010), and aggregating and tagging biodiversity research (Mindell
et al., 2011). Some partial discussion of OBKMS was to be found in the science blog
iPhylo (Page, 2014, 2015). The legal aspects of the OBKMS had been discussed by
Egloff et al., 2014.

Furthermore, several tools and systems that deal with the integration of biodiver-
sity and biodiversity data had been developed by different groups. Some of the most
important ones are UBio, Global Names, BioGuid, BioNames, Pensoft Taxon Profile,
and the Plazi Treatment Repository®.

Key findings

The key findings from the papers cited in the previous paragraphs can be summarized
as follows:

1. Biodiversity science deals with disparate types of data: taxonomic, biogeo-
graphic, phylogenetic, visual, descriptive, and others. These data are siloed
in unlinked data repositories.

2. Biodiversity databases need a universal system of naming concepts due to the in-
efficiencies of Linnaean names for modern taxonomy. Taxonomic concept labels
have been proposed as a human-readable solution and stable globally unique
identifiers of taxonomic concepts had been proposed as a machine-readable so-
lution.

3. There is a base of digitized semi-structured biodiversity information online with
appropriate licenses waiting to be integrated as a knowledge base.

Goal and objectives

Given the huge international interest in OBKMS, this dissertation started the Open-
Biodiv project, the goal of which is to contribute to OBKMS by creating an open
knowledge-based system of biodiversity information extracted from scholarly litera-
ture. In order to complete the system, the following objectives need to be achieved:

Objective 1: Architecture. Formally define OpenBiodiv as a knowledge-based
system and create its integrated software architecture.

Objective 2: Ontology. Study the domain of biodiversity informatics and bio-
diversity publishing and develop an ontology allowing data integration from diverse
sources.

SUBio: http://ubio.org/; Global Names: http://globalnames.org/; BioGuid: http://bioguid.org/;

BioNames: http://bionames.org/; Pensoft Taxon Profile: http://ptp.pensoft.eu/; Plazi Treatment
Repository: http://plazi.org/wiki/.

Abstracts of Dissertations 2 (2020) 3-59


https://github.com/tdwg/tnc
https://github.com/tdwg/tnc/issues/1
http://iphylo.blogspot.bg
http://ubio.org/
http://globalnames.org/
http://bioguid.org/
http://bionames.org/
http://ptp.pensoft.eu/
http://plazi.org/wiki/
Vostro3550
Rectangle


Introduction

Objective 3: Linked open dataset. Create a Linked Open Dataset (LOD) on
the basis of published taxonomic articles using the ontology defined in Objective 2.

Objective 4: Library. Develop methods for converting taxonomic publications
into the semantic model of the ontology in order to support Objective 3.

Objective 5: Workflows. Develop practical workflows for continuously converting
taxonomic data into taxonomic publications and thus updating the LOD dataset.

Objective 6: Web portal. Create a web-portal and example applications on top
of the knowledge base.

Methodology

This dissertation has a methods and tools orientation: i.e. its goal is not the testing
of particular scientific hypothesis but rather the theoretical design and practical im-
plementation of a knowledge-management system. In this section I shall outline the
"meta-choices" that I have made—such as what programming and database paradigms
to use—before the design and implementation phase.

Choice of database paradigm for OpenBiodiv

We specify OpenBiodiv as a knowledge-based system with a focus on structuring and
interlinking biodiversity data. Two of the possible database technologies that fit this
requirement are semantic graph databases (triple stores) such as GraphDB (Ontotext,
2018) and labeled property graphs such as Neo4J (Neo4J Developers, 2012). Semantic
graph databases offer a very simple data model: every fact stored in such a database
is composed as a triple of subject, predicate, and object. Subjects of triples are always
resource identifiers, whereas objects can be other resource identifiers or literal values
(e.g. strings, numbers, etc.). Links between resources or between resources and literals
are given by the predicates (also specified as identifiers). These links are sometimes
referred to as properties. Thus, one can visualize a graph whose vertices are the objects
or subjects given by resource identifiers or literals and whose edges are predicates.

Semantic graph databases have the unique feature that the logic layer is also
expressed as triples stored in the database. This logic layer, known as ontology, is not
only responsible for drawing conclusions from the data (inference), but also specifies
the semantics of how knowledge should be expressed.

Labeled property graphs, on the other hand, offer a freer data model by allowing
the edges of the knowledge graph to have properties as well. For example, in a labeled
property graph whose vertices are two cities A and B and are connected by a property-
predicate connected by road, it is possible to additionally attach the value “500 km”
to that property. Thus, we indicate that the length of the road connecting the cities
is 500 km.

Note that labeled property graphs are not any more expressive than what can be
achieved by triples alone. In fact, complex relationships in a simple triple store can
be expressed by making relationships into nodes that have properties on their own.
This process is known as reification. For example, the two cities A and B can connect
to a further vertex, R indicating the road. R will then have three properties: start,
end, and length. The value (object) of start will be A, of end will be B, and of length
will be the literal “500 km.”
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TABLE 1:

Differences between semantic graph databases (e.g.

GraphDB) and labeled property graphs (e.g. Neo4j).

Criterion Semantic database Labeled property graph
Stored in the database
itself as OWL or RDFS Formal semantics
statements. Provides a usually are missing.
Semantics uniform data space. Quick deployment.
Requires expert Uniform data space
ontologists to extract harder to achieve.
knowledge.
Provided by the External to the
database itself from its database. Needs to be
Inference ontology or expressed as | written for every specific
SPARQL queries. task. Special purpose.
General purpose, slower. Faster.
Has a rich and mature Data models are created
community of ontologists | ad-hoc by data scientists
and knowledge or programmers for a
. engineers. Lots of particular task.
Community . . e .
domain ontologies. Inter-operability requires
Designed for effort and not of primary
inter-operability. concern.
Standards-driven. Applications-driven.

We have summarized the differences between labeled property graphs and seman-
tic graph databases in Table 1. After careful considerations, we settled on the triple
store, i.e. semantic graph database as a choice of database technology. This decision
was informed by the wide availability of high-quality ontologies and Resource Descrip-
tion Framework (RDF) data models in our domain (Baskauf and Webb, 2016; Peroni,
2014) and the popularity of the Semantic Web (Berners-Lee et al., 2001) in the com-
munity. Furthermore, our base at a publisher was more suited to a standards-driven
foundational project as opposed to a particular application.

However, we believe that labeled property graphs are a freer and a more natural
data model and are perfectly suited for biodiversity informatics. In particular they
provide a much more natural formalism for relationships between taxonomic concepts
(discussed in Chapter 2). Also, non-RDF semantic databases such as WikiData are
gaining in popularity. Therefore, we believe that the applicability of RDF triple stores
for OpenBiodiv should constantly be reévaluated.

Choice of information sources

According to pro-iBiosphere project final report 2014, biodiversity and biodiversity-
related data have two different “life-cycles.” In the past, after an observation of a living
organism had been made, it was recorded on paper and then the observation record
was published in paper-based form. In order for biodiversity data to be available to the
modern scientist, efforts are made nowadays to digitize those paper-based publications
by Plazi Agosti et al., 2007 and the Biodiversity Heritage Library (Miller et al., 2012).
For this purpose, several dedicated XML schemas have been developed (see Penev et
al., 2011 for a review), of which TaxPub (Catapano, 2010) and TaxonX seem to be
the most widely used (Penev et al., 2012). The digitization of publications contains
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several steps. After scanning and optical character recognition (OCR), text mining is
combined with searching for particular kinds of data. This procedure leaves a trace
in the form of marked-up (tagged) elements that can then be extracted and made
available for future use and reuse (Miller et al., 2015).

In present day, biodiversity data and publications are mostly “born digital” as
semantically Enhanced Publications (EP’s, Claerbout and Karrenbach, 1992; Godt-
senhoven et al., 2009; Shotton, 2009). According to Claerbout and Karrenbach, 1992,
“an EP is a publication that is enhanced with research data, extra materials, post
publication data and database records. It has an object-based structure with explicit
links between the objects. An object can be (part of) an article, a data set, an image,
a movie, a comment, a module or a link to information in a database.” Semantically
enhanced publications are thus natives of the Web and the Semantic Web unlike their
paper-based predecessors.

The act of publishing in a digital, enhanced format, differs from the ground up from
a paper-based publication. The main difference is that a digitally-published document
can be structured in such a format as to be suitable both for machine processing and
to the human eye. In the sphere of biodiversity science, Pensoft journals such as
ZooKeys, PhytoKeys, and the Biodiversity Data Journal (BDJ) already function by
providing EP’s (Penev et al., 2010b).

Given the fact that Pensoft Publishers’ and Plazi’s publications cover a large part
of taxonomic literature both in volume and also in temporal span, and the fact that
the publications of those two publishers are available as semantic EP’s, we’ve chosen
Pensoft’s journals and Plazi’s treatments as our main sources of information.

Furthermore, we incorporate the taxonomic backbone of GBIF GBIF Secretariat,
2017a as a source for data integration. This is further discussed in Chapter 3.

Choice of development methodology and programming environment

In 2016, based on the outcomes of pro-iBiosphere and on the previous work in the area
of biodiversity informatics, we published the Ph.D. plan for this research (Senderov
and Penev, 2016). This publication can be considered as the first design specification
of OpenBiodiv. However, in the course of developing the system, its design was
changed iteratively through a feedback loop from collaborators from the BIG4 project®
and various international collaborators. We view this positively and in the spirit of
both open science and agile software development (Beck et al., 2001). This iterative
approach differs from the waterfall approach where after a through design phase, the
specifications "are frozen" and a lengthy implementation phase.

In recent years, the R programming language has been used widely in the field of
data science (R Core Team, 2016). R has a rich library of software packages including
such for processing XML (Wickham et al., 2018), for accessing rest API’s (Wickham,
2017), and focuses on open science (Boettiger et al., 2015). The capabilities of R as
function-oriented and interpreted language allow the iterative software development
approach outlined in the previous paragraph to proceed rapidly. Furthermore, R is
widely adopted in the biodiversity informatics community. For this reason, the R
software environment was chosen as the main programming environment.

5The Ph.D. candidate, Viktor Senderov, is part of the Marie Sklodowska-Curie BIG4 International

Training Network: Biosystematics, informatics and genomics of the big 4 insect groups: training
tomorrow’s researchers and entrepreneurs.
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Open Science and The Semantic Web

After having specified the desired design and given the programming language, R, I
would like to discuss some methodologies and frameworks that have been adopted to
be more efficient, open, and reproducible.

I believe that OpenBiodiv needs to be addressed from the point of view of Open
Science. According to Kraker et al., 2011 and to Was ist Open Science?, the six
principles of open science are: open methodology, open source, open data, open access,
open peer review, and open educational resources. It is my belief that the aim of
open science is to ensure access to the whole research product: data, discoveries,
hypotheses, and so on. This opening-up will ensure that the scientific product is
reproducible and verifiable by other scientists (Mietchen, 2014). There is a very high
interest in development of processes and instruments enabling reproducibility and
verifiability, as can be evidenced for example by a special issue in Nature dedicated
to reproducible research (Challenges in irreproducible research 2010). Therefore, the
source code, data, and publications of OpenBiodiv will be published openly.

Moreover, OpenBiodiv should be thought of as integral part of the Semantic Web
(Berners-Lee et al., 2001). The Semantic Web is a vision for the future of the web
where not only documents but also data are connected.

Structure of the thesis

So far the raison d’étre of the system and this thesis and an outline of its goal and ob-
jectives have been given in this Introduction. In Chapter 1, a formal specification and
design of the desired system as well as an outline of its architecture will be presented;
this chapter forms Objective 1. The subsequent chapters discuss the implementation
of OpenBiodiv. Chapter 2 gives a conceptualization of the domain of scientific tax-
onomic publishing formalizes it by introducing the central result of this thesis, the
ontology of OpenBiodiv (OpenBiodiv-O) and thus forms Objective 2. Chapter 3 de-
scribes the Linked Open Dataset that has been generated based on OpenBiodiv-O
and forms Objective 3. Chapter 4 describes in detail the RDF4R software package
(an R package for working with RDF), which was used to create the Linked Open
Data (OpenBiodiv-LOD) and forms Objective 4. In Chapter 5, two case-studies for
importing data into OpenBiodiv from important international repositories are dis-
cussed and thus it forms Objective 5. Chapter 6 discusses the website that has being
prepared to serve on top of OpenBiodiv-LOD and its applications (Objective 6). In
the Conclusion, I will explain how the results have been published and summarize the
main results.
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Chapter 1

Summary of Chapter 1:
Architecture of OpenBiodiv

In this chapter, we provide the architectural blueprint, i.e. the specification and
design of OpenBiodiv. We break up OpenBiodiv into components that will be treated
in detail in subsequent chapters. We describe how these components inter-operate in
order to form the OpenBiodiv knowledge-based system.

1.1 What is OpenBiodiv?

The understanding of OpenBiodiv as a knowledge-based system can be summarized
as follows: OpenBiodiv is a database of interconnected biodiversity information to-
gether with logic and application layers allowing users to not only query the data but
also discover additional facts of relevance implied by the data. The primary sources
of information in OpenBiodiv are the journals of the academic publisher Pensoft, tax-
onomic information from Plazi, and the taxonomic backbone of Global Biodiversity
Information Facility (GBIF).

The research problem of OpenBiodiv’s architecture can be postulated as designing
an open-access semantic RDF graph database, incorporating information stored in
Pensoft, Plazi, and GBIF, and allowing the users of the system to ask complicated
queries.

OpenBiodiv consists of (1) a semantic graph database, (2) a back-end code base,
and (3) a front-end in the form of a web-portal facilitating the access to the underly-
ing knowledge base (Fig. 1.1). OpenBiodiv enables the flow of information between
international repositories for biodiversity data to Biodiversity Data Journal (BDJ)
and other journals that use the ARPHA-BioDiv toolkit (Penev et al., 2017). As a
second step, knowledge is extracted from such journals taking advantage of the Tax-
Pub Document Type Definition (DTD)! introduced by Catapano, 2010. Example
journals include ZooKeys, Biodiversity Data Journal (BDJ), PhytoKeys, MycoKeys,
and so on?. At the same time, knowledge is extracted from Plazi TreatmentBank, an
archive of legacy biodiversity literature containing over 200 thousand treatments® and
updated every day. Last but not least, these sources are interlinked via GBIF’s taxo-
nomic backbone (GBIF Secretariat, 2017a). The extracted knowledge is then stored
in a semantic graph database (Fig. 1.2).

We will take the liberty and refer to TaxPub as an XML schema in the rest of the chapter.

2The journals can be accessed under https://pensoft.net/browse_journals.

3A treatment is a special section in a biological publication describing and discussion a species
or a higher taxon. TreatmentBank is accessible under https://http://plazi.org/resources/
treatmentbank/.
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FIGURE 1.1: The components of OpenBiodiv.
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FIGURE 1.2: Flow of information in the biodiversity data space un-
til it reaches the OpenBiodiv semantic database. Dashed lines are
components that have not been implemented yet.
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1.2 Semantic graph database

A primary output of the OpenBiodiv effort is the creation of a semantic database based
on knowledge extracted from the archives of Pensoft and Plazi and GBIF’s taxonomic
backbone and accessible under http://graph.openbiodiv.net/. A discussion of the
components of the database follows.

1.2.1 OpenBiodiv ontology (OpenBiodiv-O)

The central result of the OpenBiodiv effort is the creation of a formal domain model
of biodiversity publishing, the ontology OpenBiodiv-O (Senderov et al., 2017). The
source code of the ontology and accompanying documentation can be accessed under
https://github.com/vsenderov/openbiodiv-o. A detailed discussion is presented
in Chapter 2.

1.2.2 OpenBiodiv Linked Open Dataset (OpenBiodiv-LOD)

Using OpenBiodiv-O and the infrastructure described later in this chapter a dataset
incorporating approximately 200 thousand Plazi treatments, five thousand Pensoft
articles, as well as GBIF’s taxonomic backbone (over a million names) has been cre-
ated. The dataset is available online through the workbench of the semantic database
http://graph.openbiodiv.net. It is discussed in detail in Chapter 3.

1.3 Backend

In order to populate a semantic database it is necessary to create the infrastructure
that converts raw data (text, images, data tables, etc.) into a structured semantic
format allowing the interlinking of resource identifiers and the answering of complex
queries. OpenBiodiv creates new infrastructure and extends existing infrastructure
for transforming biodiversity scholarly publications into Resource Description Format
(RDF) statements with the help of the components described in this section.

1.3.1 RDF4R: R package for working with RDF

One of the greater technical challenges for OpenBiodiv is the transformation of bio-
diversity information (e.g. taxonomic names, paper metadata, figures, etc.) stored as
semi-structured XML into fully-structured semantic knowledge in the form of RDF.
In order to solve this challenge, an R package has been developed that enables the cre-
ation, manipulation, and submission and retrieval to and from a semantic database of
RDF statements. This package is accessible under an open source license on GitHub
under https://github.com/vsenderov/rdf4r. We describe the package in Chap-
ter 4.

1.3.2 OpenBiodiv Base and ROpenBio

In combination with the RDF4R, package, the code-base is completed by one more
R package, ropenbio and a code-base (OpenBiodiv Base) of scripts and documen-
tation necessary to bootstrap the database. ropenbio utilizes the RDF4R pack-
age to convert semi-structured XML to RDF. It contains the "mappings" necessary
for that conversion. It is available under https://github.com/pensoft/ropenbio.
OpenBiodiv Base coordinates the invocation of ropenbio, contains scripts for the
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Chapter 1. Summary of Chapter 1: Architecture of OpenBiodiv

automatic import of new resources, and other housekeeping details. It is avail-
able under https://github.com/pensoft/openbiodiv. Their usage to generate the
OpenBiodiv-LOD is discussed in Chapter 3.

1.3.3 Workflow for converting ecological metadata to a manuscript

Ecological Metadata Language (EML) is a popular format for describing ecological
datasets (Michener et al., 1997). Biodiversity repositories such as GBIF and DataOne
make use of this format to describe the datasets that they store. An import pipeline for
importing an EML file as a BDJ data paper? has been developed as part of OpenBiodiv
(Senderov et al., 2016). We describe this workflow in detail in Chapter 5. To access
the pipeline interactively, go to https://arpha.pensoft.net, login to the system
(registration is free), select “Start a new manuscript,” scroll all the way down to
“Import a manuscript,” and follow the necessary steps to upload an EML and use it
as a template for your new manuscript.

1.3.4 Workflow for importing specimen data into Biodiversity Data
Journal

One of the important types of biodiversity data is occurrence data—data that docu-
ments the presence of a properly taxonomically identified organism at a given location
and time. Such data is stored at international repositories such as BOLD, GBIF,
PlutoF, and iDigBio. In order to facilitate data publishing, as well as to act as an
entry point into OpenBiodiv, a pipeline for importing any occurrence record from
these databases into a BDJ taxonomic paper has been developed (Senderov et al.,
2016). We describe this workflow in detail in Chapter 5. To access the workflow
interactively, go to https://arpha.pensoft.net, login to the system (registration is
free), select "Start a new manuscript," select "Biodiversity Data Journal" as a journal
and "Taxonomic Paper" as paper-type and "Create a manuscript." Then, in your new
manuscript, expand the "Taxon treatments" section by clicking on the + sign next to
it, give a test classification to your treatment (e.g. Animalia), click “Save” and you
will be presented with a choice of subsections. Click the “Materials” section on the
left to visualize the workflow. Look at the lower-part of the dialog, where “You may
place multiple ID’s...”—this is the part where you select external resource identifiers
to be imported to your article.

1.4 Frontend

In addition to providing a searchable database endpoint, a website allowing semantic
search and containing specific tasks packaged as apps is being developed (http://
openbiodiv.net). The development of the site extends beyond the scope of the
dissertation thesis and is driven by the Pensoft development team. A beta version is
already operational Fig. 1.3. A limited discussion is found in Chapter 77.

1A data paper (Chavan and Penev, 2011) is a paper in a scholarly (peer-reviewed) journal dis-
cussing a scientific dataset.
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.'D)F')enBiodiv

The Open Biodiversity Knowledge Management System

SPARGL Endpoint Facetted Search Nanopubs New Names Alerts

FIGURE 1.3: Beta version of the OpenBiodiv website together with
sample app icons.

1.5 IT

The system is deployed on a Debian GNU+Linux virtual machine. GraphDB runs
with a 20 GB heap file and with the RDFS-Plus Optimized rule set’. Continuous
operation is ensured by the automatic execution of scripts from the run directory of

OpenBiodiv Base.

This is necessitated by the fact that we reached a performance bottleneck the OWL inference.
Discussed in Chapter 3
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Chapter 2

Summary of Chapter 2: The
OpenBiodiv Ontology

OpenBiodiv lifts biodiversity information from scholarly publications and academic
databases into a computable semantic form. In this chapter, we introduce OpenBiodiv-
O (Senderov et al., 2018), the ontology forming the knowledge and inferencing model
of OpenBiodiv. OpenBiodiv-O provides a conceptual model of the structure of a bio-
diversity publication and the development of related taxonomic concepts. We first
introduce the modeled domain in Domain Conceptualization and then formalize it in
Results.

By developing an ontology focusing on biological taxonomy, our intent is to provide
an ontology that fills in the gaps between ontologies for biodiversity resources such as
Darwin-SW and semantic publishing ontologies such as the ontologies comprising the
SPAR Ontologies. We take the view that it is advantageous to model the taxonomic
process itself rather than any particular state of knowledge.

The source code and documentation are available under the CC BY license' from
GitHub?. We start by introducing the domain of biological taxonomy and the related
biodiversity sciences.

2.1 Domain Conceptualization

We give an introduction of the history of modern biological taxonomy starting with
Carl Linnaeus (1707-1778) who proposed the modern organism grouping of kingdoms,
classes, orders, genera and the usage of Latin binomial names in Systema Naturae
(Linnaeus, 1758). We emphasize that the work of taxonomists to describe and organize
biodiversity is far from complete. This informs the creation of our ontology not as
a static formalization of the existing biological taxonomy in computer-readable form,
but as a formalization of the scientific process of biological taxonomy.

We then describe in the detail what the scientific process of biological taxonomy
entails. We start by introducing taxonomic concepts and how they are formed. A
taxonomic concept is a scientific hypothesis (Deans et al., 2012) that a certain well-
defined group of organisms exists in Nature. It is formed by examining specimens and
necessarily entails a scientific grouping criterion, often called a species concept (Mallet,
2001; not to be confused with taxonomic concept!). Historically, organisms have been
grouped by their appearance (morphological species concept) or reproductive behavior
(biological species concept), but recently the focus has shifted towards grouping based
on genetic relatedness (phylogenetic and genomic species concepts).

LCreative Commons Attribution 4.0 International Public License.
“https://github.com/vsenderov/openbiodiv-o/blob/master/LICENSE.md
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Chapter 2. Summary of Chapter 2: The OpenBiodiv Ontology

We then describe the ranks of biological taxonomy and how they are regulated
by International Codes mcneill international 2012; International Commission
on Zoological Nomenclature, 1999). The codes govern lower ranks: species, genus,
family, order; higher ranks (e.g. phylum, kingdom, domain, etc.) are however free to
be used by researchers as they view fit. This leads to multiple competing viewpoints.

Publishing taxonomic concepts is an integral step in the scientific workflow of
every taxonomist. We describe the structure and types of taxonomic publications
with a particular emphasis on the Treatment section. A Treatment is the section in a
taxonomic publication where a taxonomic concept is circumscribed.

Previous work

We discuss previous efforts made to ontologize scientific publications and biological
information. Particularly important are the Semantic Publishing and Referencing On-
tologies (SPAR Ontologies, Peroni, 2014) and the TaxPub XML Document Type Def-
inition ((Catapano, 2010) referred to loosely as XML schema). The modeling of biodi-

versity information is primarily influenced by the Codes (mcneill _international 2012;

International Commission on Zoological Nomenclature, 1999), that were mentioned
in the previous section, and by a variety of standards (e.g. Darwin Core, DwC, Wiec-
zorek et al., 2012), published by the TDWG community.

Finally, we discuss the emerging field of concept taxonomy (Berendsohn, 1995;
Franz and Peet, 2009; Sterner and Franz, 2017)—a re-imagination of how the circum-
scription process in biological taxonomy ought to work.

2.2 Methods

OpenBiodiv-O is expressed in Resource Description Framework (RDF). At the onset
of the project, a consideration was made to use RDF in favor of a more complex data
model such as Neo4J’s (Senderov and Penev, 2016). The choice of RDF was made in
order to be able to incorporate the multitude of existing domain ontologies into the
overall model.

To develop the conceptualization of the taxonomic process and then the ontology
we utilized the following process: (1) domain analysis and identification of important
resources and their relationships; (2) analysis of existing data models and ontologies
and identification of missing classes and properties for the successful formalization of
the domain.

The formal structure of the ontology is specified by employing the RDF Schema
(RDFS) and the Web Ontology Language (OWL). It is encoded as a part of a lit-
erate programming (Knuth, 1984) document in RMarkdown format titled “OpenBio-
div Ontology and Guide”®. The statements have been extracted from the RMark-
down file via knitr and are provided here as an appendix. It is also possible to
request the ontology via Curl from its endpoint with the indication of content-type:
application/rdf+xml. The vocabularies can be found as additional appendices, Tax-
onomic Statuses and RCC-5, and on the GitHub page®.

A dataset (OpenBiodiv-LOD, will be described in detail in the next Chapter)
from Pensoft’s journals, Plazi’s treatments, and GBIF’s taxonomic backbone has been
generated with OpenBiodiv-O and can be found at the SPARQL Endpoint °. The

Shttp://openbiodiv.net/ontology
“https://github.com/vsenderov/openbiodiv-o
Shttp://graph.openbiodiv.net/
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Chapter 2. Summary of Chapter 2: The OpenBiodiv Ontology

endpoint is also accessible from the website®, under “SPARQL Endpoint.” Demos are
available as “Saved Queries” from the workbench.

2.3 Results

We understand OpenBiodiv-O to be the shared formal specification of the conceptual-
ization (Gruber, 1993; Obitko, 2007; Staab and Studer, 2009) that we have introduced
in Background. OpenBiodiv-O describes the structure of this conceptualization, not
any particular state of it.

There are several domains in which the modeled resources fall. The first one is
the scholarly biodiversity publishing domain. The second domain is that of taxonomic
nomenclature. The third domain is that of broader taxonomic (biodiversity) resources
(e.g. taxonomic concepts and their relationships, species occurrences, traits). To com-
bine such disparate resources together we rely on SKOS Miles and Bechofer. Unless
otherwise noted, the default namespace of the classes and properties for this paper is
<http://openbiodiv.net/>. The prefixes discussed here are listed at the beginning
of the ontology source code.

2.3.1 Semantic Modeling of the Biodiversity Publishing Domain

We extend the framework of the SPAR Ontologies by introducing a new class for
taxonomic articles, its subsections, as well as a new class for the mentioning of a
taxonomic name (see next subsection) in an article. These new classes are summarized
in Table 2.1.

TABLE 2.1: New biodiversity publishing classes introduced.

Class QName Comment
:Treatment section of a taxonomic article
:NomenclatureSection subsection of Treatment
:NomenclatureHeading contains a nomenclatural act
:NomenclatureCitationList list of citations of related concepts
:MaterialsExamined list of examined specimens
:BiologySection subsection of Treatment
:DescriptionSection subsection of Treatment
:TaxonomicKey section with an identification key
:TaxonomicChecklist section with a list of taxa for a region
:TaxonomicNameUsage mention of a taxonomic name

The classes from this subsection are based on the TaxPub XML Document Type
Definition (DTD, also referred to loosely as XML schema, Catapano, 2010), on the
structure of Biodiversity Data Journal’s taxonomic paper (Smith et al., 2013), and
and on the Treatment Ontologies (Catapano and Morris, 2016).

Furthermore, we introduce two properties: contains (:contains) and mentions
(:mentions). contains is used to link parts of the article together and mentions links
parts of the article to other concepts.

A graphical representation of the relationships between instances of the publishing-
related classes that OpenBiodiv introduces is to be found in the diagram in Fig. 2.1.

Shttp://openbiodiv.net/
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"sp. n.") Li & Chen, 2017)

FIGURE 2.1: A graphical representation of the relationships between
instances of the publishing-related classes that OpenBiodiv introduces.

Semantics, alignment, and usage

In this section we discuss how the classes and properties that we have introduced
align to the Functional Requirements for Bibliographic Records (FRBR) model used
by SPAR. In a nutshell taxonomic articles are considered FRBR Expressions of the
more abstract FRBR Work that is the intellectual content of the article. Treatments
are SPAR discourse elements akin to Introduction, Methods, etc. are also FRBR
Expressions. Taxonomic Concepts are their corresponding FRBR Work’s.

Figs. 2.2 and 2.3 give example usage in Turtle illustrating these ideas.

2.3.2 Semantic modeling of biological nomenclature

Biological nomenclature is a legacy system with over 200 years of accumulation from
before the time of informatics and even from before the time of Darwininan Evolution!
It is very hard to model due to complexity and has only partially been covered by
the ontologies NOMEN and TNSS (introduced in subsection “Previous work”). With
OpenBiodiv-0O, I take a bottom-up approach of modeling the use of taxonomic names
in articles. Where possible we align OpenBiodiv-O classes to NOMEN.

We have defined the class hierarchy of taxonomic names found in Fig. 2.4. Further-
more, we have introduced the class Taxonomic Name Usage (:TaxonomicNameUsage).
Taxonomic name usages have been discussed widely in the community (e.g. in Pyle,
2016a); however, the meaning of term remains vague. The abbreviation TNU is
used interchangeably for “taxon name usage” and for “taxonomic name usage.” In
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:biodiversity-data-journal rdf:type fabio:Journal ;
skos:preflLabel "Biodiversity Data Journal“@en ;
skos:altLabel "BD]"@en ;

fabio:issn "1314-2836" ;
fabio:elIssn "1314-2828" ;
fror:part :b9ef6933-ab5e-4cel-9379-12deSefdeaab .

<http://dx.doi.org/108.3897/BD].1.e953> rdf:type fabio:TaxonomicArticle ;

skos:preflabel "18.3897/BDJ.1.e953" ;

dec:title "Casuarinicola australis Taylor, 2018
(Hemiptera: Triozidae), newly recorded from New Zealand"@en ;
prism:doi "10.3897/BDJ.1.e953" ;
dcelements:publisher "Pensoft Publishers"@gen ;
fabio:hasPublicationyYear "2813"~"xsd:gYear ;
prism:publicationDate "2813-9-16"""xsd:date ;
dcterms:publisher :pensoft-publishers ;
frbr:realizationOf :thorpe-20813 .

:thorpe-2013 rdf:type :ResearchPaper ;

skos:preflLabel “Thorpe 2813"

skos:altLabel "paperl®.3897/BDJ].1.e953" ;
dcterms:creator :stephen-e-thorpe ;
prism:keywords "Casuarinicola australis"@en ;

fabio:hasSubjectTerm :a2ee4929-98dd-4a7a-aaSc-88836149d549 .

:pensoft-publishers rdf:type :Publisher ;
skos:prefLabel "Pensoft Publishers”@en .

:stephen-e-thorpe rdf:type foaf:Person ;
skos:preflabel "Stephen E. Thorpe" ;
foaf:firstName "Stephen E." ;

foaf:surname "Thorpe" ;
foaf:mbox "stephen_thorpef@yahoo.co.nz" ;
raffiliation "School of Biological Sciences (Tamaki Campus),

University of Auckland, Auckland, New Zealand"f@en .

:a2ee4020-00dd-4a7a-aa5c-08836T40d549 rdf:type fabio:SubjectTerm ;
rdfs:label "Casuarinicola australis"@en ;
skos:inScheme :openbiodiv-subject-terms .

FIGURE 2.2: This example shows how to express the metadata of a
taxonomic article with the SPAR Ontologies’” model and the classes
that OpenBiodiv defines. The code is in Turtle.

OpenBiodiv-O, a taxonomic name usage is the mentioning of a taxonomic name in
the text, optionally followed by a taxonomic status.

For example, “Heser stoevi Deltschev 2016, sp. n.” is a taxonomic name usage.
The cursive text followed by the author and year of the original species description is
the latinized scientific name. The abbreviation “sp. n.” stands for the Latin species
novum, indicating the discovery of a new taxon.

We also introduce the class Taxonomic Concept Label (: TaxonomicConceptLabel).
A taxonomic concept label (TCL) is a Linnaean name plus a reference to a publication,
where the discussed taxon is circumscribed. The link is via the keyword “sec.” (Latin
for (secundum, Berendsohn, 1995). An example would be " Andropogon virginicus var.
tenuispatheus sec. Blomquist, 1948". Here, Blomquist, 1948 is a valid bibliographic
reference to the publication where the concept is circumscribed.

We extracted taxonomic status abbreviations from about 4,000 articles across four
taxonomic journals (ZooKeys, Biodiversity Data Journal, PhytoKeys, and MycoKeys)
in order to create a taxonomic status vocabulary (see appendices) that covers the eight
most common cases (Table 2.2). The Latin abbreviations that have been classified
into these classes can be found on the OpenBiodiv-O GitHub page. (See Methods for
more details).
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<http://dx.doi.org/10.3897/BD].1.e953>
:contains :abstract, :casuarinicola-australis-treatment .

:introduction rdf:type deo:Introduction, doco:Section ;
cdo:hasContent "Casuarinicola australis Taylor, 2010 was described from
Australia, where it is the most common and widespread member of its
genus, being widely distributed in New South Wales, Queensland,
South Australia, Victoria and Western Australia. "

:casuarinicola-australis-treatment rdf:type doco:Section, :Treatment ;
:contains :casuarinicola-australis-nomenclature ,
:casuarinicola-australis-materials ,
:casuarinicola-australis-description ,
:figure-box-1 ,
:figure-box-2 .

:casuarinicola-australis-nomenclature rdf:type :NomenclatureSection ;
:contains :casuarinicola-australis-nomenclature-heading .

:casuarinicola-australis-nomenclature-heading a :MomenclatureHeading ;
cnt:chars "Casuarinicola australis Taylor, 2018" .

:casuarinicola-australis-materials rdf:type :MaterialsExamined ;
cdo:hasContent "country: New Zealand;
verbatimLocality: Mechanics Bay, Auckland City;
verbatimElevation: 8-5 m;
verbatimLatitude: 36.8474938105S ;
verbatimLongitude: 174.7869624545E ;
eventDate: & January 2013;
sex: 1 male, 1 female;
recordedBy: Stephen Thorpe;
institutionCode: Auckland Museum” .

:casuarinicola-australis-description rdf:type :DescriptionSection ;
cdo:hasContent "On 6 Jan 2013, I examined some Casuarina glauca trees growing
in the vicinity of Ports of Auckland at Mechanics Bay." .

FI1GURE 2.3: This examples shows how to express the article structure
with the help of :contains. The code is in Turtle.

TABLE 2.2: OpenBiodiv Taxonomic Status Vocabulary.

Vocabulary Instance QName Example Abbrev Comment
:TaxonomicUncertainty incertae sedis Taxonomic Uncertainty
:TaxonDiscovery sp. M. Taxonomic Discovery
:ReplacementName comb. n. Replacement Name
:UnavailableName nomen dubium Unavailable Name
:AvailableName stat. rev. Available Name
:TypeSpecimenDesignation lectotype designation Type Specimen Designation
:TypeSpeciesDesignation type species Type Species Designation
:NewOccurrenceRecord new country record ~ New Occurrence Record (for region)

Based on our analysis of taxonomic statuses, we have identified two Code-compliant
patterns of relationship between latinized scientific names (Fig. 2.5). The pattern re-
placement name, implemented via the property :replacementName, indicates that a
certain Linnaean name should be used instead of another Linnaecan name. It covers a
wide variety of cases in the Codes, such as, for example, the placement of one species
taxon in a new genus ("comb. n."), the correction of a name for nomenclatural reasons
("nomen novum"), or the application of the Principle of Priority for the discovery of
synonyms ("syn. nov.", International Commission on Zoological Nomenclature, 2017).

The other pattern is that of related names (:relatedName). It is a broader pattern,
indicating that two names are somehow related. For example, they may be synonyms,
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§ :rdfs:subClassOf- §

:0TU_Id
An identifier of an operational
taxonomic unit (e.g. BOLD
BIN, Unite SH ID).

:LatinName
A Latinized scientific
(Linnaean) name.

A
rdfs:subClassOf

:TaxonomicConceptLabel
A taxonomic concept label is a Linnaean
name accompanied by a reference to
literature containing the expression of a
taxonomic concept.

FIGURE 2.4: We created this class hierarchy to accommodate both
traditional taxonomic name usages and the usage of taxonomic concept
labels and operational taxonomic units.

Linnaen name A has related name

Linnean name C

has replacement name
| as related name
Linnean name B

FIGURE 2.5: Chains of replacement names can be followed to find
the currently used name. Related name indicates that two names are
related somehow, but not which one is preferable.

with one replacing the other, or they may point to taxonomically related taxonomic
concepts. For example, Harmonia manillana (Mulsant, 1866) is related to Caria
manillana Mulsant, 1866 since, as per Poorani and Booth, 2016, a name-bearing type
(lectotype) of Harmonia manillana (Mulsant, 1866) sec. Poorani Poorani and Booth,
2016 is named Caria manillana Mulsant, 1866.
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Semantics, alignment and usage

As evident from Fig. 2.4, OpenBiodiv-O taxonomic names are aligned to NOMEN
names.

The linking between text and taxonomic names must pass through the interme-
diary class Taxonomic Name Usage. As parts of the manuscript, taxonomic name
usages link document components to taxonomic names. Taxonomic name usages are
contained in sections such as Treatment, and mention a taxonomic name as illustrated
in the example in Fig. 2.6.

:casuarinicola-australis-nomenclature-heading
po:contains :casuarinicola-australis-TNU .

:casuarinicola-australis-TNU a :TaxonomicNameUsage ;
dc:date "2013-9-16"~":xsd:date ;
cnt:chars "Casuarinicola australis Taylor, 201" ;
dwc:genus "Casuarinicola” ;
dwc:specificEpithet "australis" ;
dwc:scientificMameAuthorship "Taylor, 2018" ;
# we can infer the following because we are in the treatment heading
dwc:nameAccordingTold “"doi: 10.3897/BDJ.1.e953" ;
pkm:mentions :casuarinicola-australis-taylor,
:casuarinicola-australis-taylor-sec-thorpe-2013 .

:casuarinicola-australis-taylor a :ScientificName ;
rdfs:label "Casuarinicola australis Taylor, 2018" ;
dwc:genus "Casuarinicola” ;
dwc:specificEpithet "australis" ;
dwec:scientificMameAuthorship "Taylor, 2@810" .

:casuarinicola-australis-taylor-sec-thorpe-2013 a :TaxonomicConceptlLabel ;
rdfs:label "Casuarinicola australis Taylor, 2010 sec. Thorpe 2013" ;
dwc:genus "Casuarinicola” ;
dwc:specificEpithet "australis" ;
dwc:scientificNameAuthorship "Taylor, 2010" .
dwc:nameAccordingTold “"doi: 10.3897/BDJ.1.e953" ;

:nameAccordingTo <http://dx.doi.org/10.3897/BDJ.1.e953> .

FIGURE 2.6: This examples shows how taxonomic name usages link
document components to taxonomic names. The code is in Turtle.

2.3.3 Semantic Modeling of the Taxonomic Concepts

In OpenBiodiv-O taxonomic names are not the carriers of semantic information about

taxa. This task is accomplished by a new class, Taxonomic Concept (: TaxonomicConcept).

A taxonomic concept is the theory that a taxonomist forms about a taxon in a
scholarly biological taxonomic publication and thus always has a taxonomic con-
cept label. We also introduce a more general class, Operational Taxonomic Unit
(:OperationalTaxonomicUnit) that can be used for all kinds of taxonomic hypothe-
ses, including ones that don’t have a proper taxonomic concept label. The class
hierarchy has been illustrated in Fig. 2.7.

Taxonomic concepts are related to taxonomic names—including taxonomic concept
labels—via the property has tazonomic name (:taxonomicName) and its sub-properties
mimicking in their range the hierarchy of taxonomic names that we introduced earlier.
We have defined a property specifically to link taxonomic concepts to taxonomic con-
cept labels, has taxonomic concept label (:taxonomicConceptLabel). The property
hierarchy diagram is shown in Fig. 2.8.
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skos:Concept frbr:Work

4—rdfs:subCIassOf—‘
1

:OperationalTaxonomicUnit
A superclass for all kinds of
taxonomic hypothesis

rdfs:subClassOf
]

:TaxonomicConcept
A taxonomic concept in the sense of Berendsohn.

leowl:equivalentClassw dwc:Taxon

I
rdfs:subClassOf

v

The class of all instances
that have at least one
taxonomic concept label.

FIGURE 2.7: A taxonomic concept is a skos:Concept, a frbr:Work,
a dwc:Taxon and has at least one taxonomic concept label.

has taxonomic hame
domain:
:OperationalTaxonomicUnit
range: :TaxonomicName

A
rdfs:subPropertyOf
I
has vernacular name has scientific name
domain: domain: . e
:OperationalTaxonomicUnit :OperationaITaxonomicUnit'rdfs'subPrOperty()f"dwc'"'sc'em'f'cName
range: :VernacularName range: :SientificName
rdfs:subPropertyOf
]
has OTU Id has taxonomic concept label
domain: (inverse functional property)
:OperationalTaxonomicUnit domain: :TaxonomicConcept
range: :OTU_id range: :TaxonomicConceptLabel

FIGURE 2.8: Property hierarchy is aligned with the taxonomic name
class hierarchy and with DarwinCore.

There are two ways to relate taxonomic concepts to each other (Fig. 2.9). As
we pointed out earlier, historically taxonomic concepts form the hierarchy known as
biological taxonomy. To express such simple semantic relations, it is fully sufficient
to use the SKOS semantic vocabulary Miles and Bechofer.

However, these simple relationships are not well suited for machine reasoning.
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a fabio:Expression

... further :rcc5AccordingTo
Darwin-SW |
occurrence
a dsw:ldentification | related an :RCC5Statement
instances
‘\taxon of ID . ) traits
:rcc5fromRegion :rcc5toRegion

‘rcc5RelationType

a :TaxonomicConcept a :TaxonomicConcept

o a :RCC5Relation
frbr:realization e.g. :ProperPart_INT frbr:realization

SKOS semantic relation, e.g. skos:broader

/ v

a :Treatment a :Treatment

... further
publishing
instances

FIGURE 2.9: In order to express an RCC-5 relationship between con-

cepts, create an :RCC5Sgtatement and use the corresponding proper-

ties to link two taxonomic concepts via it. Further, taxonomic con-

cepts are linked to traits (e.g. ecology in ENVO), occurrences (e.g.
Darwin-SW) and realize treatments.

This is why Franz and Peet Franz and Peet, 2009 suggested, building on previous
work by e.g. Koperski et al., 2000, to use the RCC-5 language to express relationships
between taxonomic concepts. Furthermore, the Euler (Chen et al., 2014) program
was developed, which uses Answer Set Programming (ASP) to reason over RCC-5
taxonomic relationships. An answer set reasoner is not part of OpenBiodiv as this task
can be accomplished by Euler; however, we have provided an RCC-5 dictionary class
(:RCCBDictionary), an RCC-5 relation term class (:RCC5Relation), a vocabulary of
such terms to express the RCC-5 relationships in RDF (see appendices), as well as a
class and properties to express RCC-5 statements (:RCC5Statement, :rccbProperty,
and subproperties).

Semantics and alignment

In this section taxonomic concepts are aligned to DarwinCore (DwC) and a discussion
of how taxonomic concepts related to each either via simple relations (SKOS) and fine-
grained (RCC-5) is presented. Also the relationships between biological names and
scieintific concepts are discussed. We treat instances of our class Taxonomic Concept
as functionally equivalent to DwC Taxa. We can now list what types of relationships
between names and taxonomic concepts are allowed: (1) The relationship between
a taxonomic concept and a name that is not a taxonomic concept label is many-to-
many—i.e. one Linnaean name can be a mention of multiple taxonomic concepts,
and one taxonomic concept may have multiple Linnaean names. (2) The relationship

Abstracts of Dissertations 2 (2020) 3-59

26


Vostro3550
Rectangle


Chapter 2. Summary of Chapter 2: The OpenBiodiv Ontology

between a taxonomic concept and a taxonomic concept label is one-to-many: while
a taxonomic concept may have more than one (at least one is needed) labels, every
label uniquely identifies a concept. These logical restrictions make taxonomic concept
labels into unique identifiers to taxonomic concepts, something that Linnaean names
are not.

Usage
In Fig. 2.10, Fig. 2.11, and Fig. 2.12, and Fig 2.13) we provide some useful examples.
:concept-casuarinicola-australis-thorpe rdf:type :TaxonomicConcept ;
:taxonomicConceptlabel :casuarinicola-australis-taylor-sec-thorpe-2013 .

:concept-casuarinicola-taylor rdf:type :TaxonomicConcept ;
skos:broader concept-thorpe .

FIGURE 2.10: We can use SKOS semantic properties to illustrate
simple relationships between taxonomic concepts.

:statement rdf:type :RCC5Statement ;
:rccSFromRegion :concept-casuarinicola-australis-thorpe ;
:rccSToRegion :concept-casuarinicola-taylor ;
:rccSAccordingTo <http://dx.doi.org/18.3807/BDJ.1.e853> ;

:rccSRelationType :ProperPart_INT .

FIGURE 2.11: In order to express an RCC-5 relationship between con-

cepts, create an :RCC5Sgtatement and use the corresponding prop-

erties to link two taxonomic concepts via it. SKOS relations relate
concepts directly.

raustralian-casuarina-forest rdf:type <http://purl.cbolibrary.org/obo/ENVO_810860174> .
:hasHabitat owl:sameAs <http://purl.obolibrary.org/cbo/RO_660623083> .
:concept-casuarinicola-australis-thorpe :hasHabitat :australian-casuarina-forest .

FIGURE 2.12: We create a shortcut for has habitat and instance of

the "forest biome" and link them to our taxonomic concept in order

to express the fact that specimens of it have been found to live in
Casuarina trees.

:casuarinicola-australis-treatment frbr:realizationOf :concept-casuarinicola-australis-thorpe.

FIGURE 2.13: A treatment is the realization of a taxonomic concept.

2.4 Discussion

OpenBiodiv-O is—together with the Treatment Ontologies (Catapano and Morris,
2016)—the first effort to model taxonomic articles as RDF. It introduces classes and
properties in the domains of biodiversity publishing and biological taxonomy and
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aligns them with the SPAR Ontologies, the Treatment Ontologies, the Open Biomed-
ical Ontologies (OBO), TaxPub, NOMEN, and DarwinCore. We believe this intro-
duction bridges the ontological gap that we had outlined in our aims and allows for
the creation of a Linked Open Dataset (LOD) of biodiversity information (biodiversity
knowledge graph, Senderov and Penev, 2016; Page, 2016).

Furthermore, this biodiversity knowledge graph, together with this ontology, addi-
tional semantic rules, and user software forms the OpenBiodiv system. OpenBiodiv,
as any taxonomic information system should, has taxonomic names as a key building
block. For any given taxonomic name, the user will be able to rely on two patterns—
replacement name and related name—to get answers to two questions of high impor-
tance to the working taxonomist. First: what is the current and historical usage
of any given Linnaean name? Second: given a particular name, what other related
names ought to be considered in a taxonomic discussion?

In this section we carry out a discussion how the model of OpenBiodiv can be used
to store multiplicity of opinion about taxonomic relationships and thus democratize
the taxonomic process. We further discuss the usefulness of OpenBiodiv to answer
competency questions from biological taxonomy. These will be touched upon more in
the next chapter.

2.5 Conclusions

The chapter provides an informal conceptualization of the taxonomic process and a
formalization in OpenBiodiv-O. It introduces classes and properties in the domains of
biodiversity publishing and biological systematics and aligns them with the important
domain-specific ontologies. By bridging the ontological gap between the publishing
and the biodiversity domains, it will enable the creation of Open Biodiversity Knowl-
edge Management System, consisting of (1) the ontology itself; (2) a Linked Open
Dataset (LOD) of biodiversity information (biodiversity knowledge graph); and (3)
user interface components aimed at searching, browsing and discovering knowledge in
big corpora of previously dispersed scholarly publications. Through the usage of tax-
onomic concepts, we have included mechanisms for democratization of the scholarly
process and not forcing a taxonomic opinion on the users.
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Chapter 3

Summary of Chapter 3:
OpenBiodiv Linked Open Dataset

In Chapter 3 I explore in detail the data sources and their data models.

I, with the help of my support team—see the Acknowledgements in the back—have
created a Linked Open Dataset, OpenBiodiv LOD, comprising biodiversity informa-
tion extracted from Pensoft journals and from Plazi Treatment Bank, and which
was integrated with the GBIF Taxonomic Backbone. As ontology, I use the new
OpenBiodiv-O developed through the course of the dissertation. I propose to the
biodiversity informatics community to use OpenBiodiv LOD as the central point for
a biodiversity knowledge graph. OpenBiodiv LOD is an RDF dataset adhering to the
principles of Linked Open Data. It is available under http://graph.openbiodiv.net,
which provides a SPARQL endpoint for it.

OpenBiodiv LOD is a synthetic dataset. It does not contain previously unpub-
lished data. Instead it integrates information previously found in academic journals
and databases into one dataset. It also contains extracted, previously inaccessible
information from the original datasets in the form of relations. In the next few para-
graphs we discuss the sources of information that were combined to from OpenBiodiv
LOD and the types of resources that have been extracted, as well as the overall data
model. We also discuss the principles of Linked Open Data that tie everything to-
gether. The chapter ends with many examples of queries on the dataset and with a
technical discussion of how it was generated.

3.1 Data Sources

The data in OpenBiodiv at the time of writing this thesis comes from three major
sources: the GBIF Backbone Taxonomy (GBIF Secretariat, 2017b), journal articles
published by Pensoft, and Plazi Treatment Bank (Fig. 3.1).

3.1.1 GBIF Backbone Taxonomy

GBIF is the largest international repository of occurrence data, i.e. data about the
presence of an organism of a given taxon at a given place and time. GBIF allows
its users to do searches on its occurrence data utilizing a taxonomic hierarchy. For
example, it is possible to query the database for occurrences of organisms belonging
to a specific genus: a search for the beetle genus Harmonia sec. GBIF Secretariat,
2017b on 30 June 2018 returned 575,376 results. This search is possible thanks to
the GBIF Backbone Taxonomy also known as Nub (GBIF Secretariat, 2017b). Nub
is a database organizing taxonomic concepts in a hierarchy covering all names used
in occurrence records harvested by GBIF. It is a single synthetic (algorithmically
generated) management classification with the goal of covering all names present in
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. Legacy
T PIfZI i Biodiversity
eaimen Literature
Bank

Other sources of
biodiveristy .
information (e.g. GraphDB Triple HOP dloud
GBIF) Store
individual ¢ rurning on top of
SPARQL queries http://openbiodiv.net/ GraphDB

FIGURE 3.1: A simplified version of the OpenBiodiv architecture pre-
sented in Chapter 1 focusing on the sources of information.
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FiGURE 3.2: Illustration of the representation of hierarchical infor-
mation imported from the GBIF Backbone Taxonomy as two taxo-
nomic concepts, Harmonia halii sec. GBIF Secretariat, 2017a and
Harmonia sec. GBIF Secretariat, 2017a. Each concept has an as-
sociated scientific name via has scientific name; however, the hier-
archical information is not encoded in the names. The hierarchical
relationship between Harmonia halii sec. GBIF Secretariat, 2017a
and Harmonia sec. GBIF Secretariat, 2017a is encoded both as
SKOS has broader and reified via the RCC-5 relationship encoded
in £28527d6-25d3-490f-820d-952228ec0abl.

GBIF’s datasets. Thus, the GBIF backbone does not represent an expert consensus
on how taxa are hierarchically arranged according to evolutionary criteria in Nature.

Keeping in mind this critique, it is evident how the backbone taxonomy allows
GBIF to integrate name based information from diverse sources such as Encyclopedia
of Life (EOL), Genbank, or the International Union for Conservation of Nature, and
provides a facility for taxonomic searching and browsing.

In order to grant the same capabilities to OpenBiodiv, we have imported Nub as
instances of openbiodiv:TaxonomicConcept according to OpenBiodiv-O (Fig. 3.2).

3.1.2 Pensoft and Plazi

All valid articles from the journals published by Pensoft listed in Table 3.1 have been
converted to RDF and stored in the biodiversity knowledge graph. Additionally, all
valid taxonomic treatments from Plazi Treatment Bank have been converted to RDF
and stored in the graph as well. Furthermore, the RDF-ization procedure is triggered
automatically on a weekly basis and thus the semantic database is always updated with
the newest articles published by Pensoft and newest taxonomic treatments extracted
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by Plazi. The RDF-ization is made possible by the fact that all Pensoft journals
are published as XML according to TaxPub, an extension of the NLM /NCBI journal
publishing DTD for taxonomic description (Catapano, 2010) and, similarly, all Plazi
treatments follow the TaxonX XML Schema (Penev et al., 2011) (Fig. 3.3).

LisTiNG 3.1: Taxonomic name usage of the name P. emarginaticeps

in Taxpub. Name parts are tagged with tp:taxon-name-part and

the expansion of abbreviations (regularization) is marked up with the
attribute reg

<tp:taxon-name>
<tp:taxon-name-part taxon-name-part-type="genus" reg="Pristaulacus">
P.
</tp:taxon-name-part>
<tp:taxon-name-part taxon-name-part-type="species" reg="emarginaticeps">
emarginaticeps
</tp:taxon-name-part>
<tp:taxon-name-part taxon-name-part-type="authority">
Turner 1922
</tp:taxon-name-part>
</tp:taxon-name>

TABLE 3.1: RDF-ized biodiversity journals published by Pensoft.

Journal Name Submission Style Number of Articles
ZooKeys Word document 3829
PhytoKeys Word document 537
MycoKeys Word document 127
Biodiversity Data Journal Web based (ARPHA) 490
Journal of Orthoptera Research Word document 32

TABLE 3.2: Datatypes marked up in TaxPub and TaxonX articles

and the corresponding RDF types of the generated RDF resources.

The TaxPub and TaxonX columns contain boolean values indicating

whether the information about the datatype is retrieved from files
encoded in the corresponding schema.

Datatype TaxPub TaxonX RDF Type

Article metadata fabio:JournalArticle and related
Keyword group openbiodiv:KeywordGroup
Abstract sro:Abstract
Title doco:Title
Author foaf :Person

Introduction section deo:Introduction
Discussion section
Treatment section

Nomenclature section
Materials examined
Diagnosis section
Distribution section
Taxonomic key
Figure
Taxonomic name usage

orb:Discussion
openbiodiv:Treatment

openbiodiv:NomenclatureSection

openbiodiv:MaterialsExamined

openbiodiv:DiagnosisSection
openbiodiv:DistributionSection
openbiodiv:TaxonomicKey
doco:Figure
openbiodiv:TaxonomicNameUsage

G
i i
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I openbiodiv-TaxonomicNamelUsage
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FIGURE 3.3: The taxonomic name usage

(openbiodiv:eb9a029b-99c4-4b90-825¢c-£670£b88900d) is linked
to the scientific name it mentions, Ascomycota and to the part of the
article (abstract) that it is contained in.

3.2 Linked Open Data

Linked Open Data (LOD, Heath and Bizer, 2011) is a concept of the Semantic Web
(Berners-Lee et al., 2001) applied to ensure that data published on the Web is reusable,
discoverable and most importantly to ensure that pieces of data published by different

entities can work together. The principles of LOD are the following (Heath and Bizer,
2011)

1. Use URIs as names for things.
2. Use HTTP URIs so people can lookup these things.

3. When someone looks up a URI, provide useful information, using the standards
(RDF, SPARQL).

4. Include links to other URIs so they can discover more things.

We have followed these guidelines when creating the OpenBiodiv LOD. We will
now discuss each of these points separately.

3.2.1 Usage of URI’s as resource identifiers

Every instance in OpenBiodiv LOD is uniquely identifiable by a HT'TP URI of the
following form: http://openbiodiv.net/uuid- (suffix). All instance identifiers in
OpenBiodiv LOD follow this schema. The optional suffix field is assigned only to
resources extracted from GBIF.

In this subsection we further discuss how identifiers are assigned to resources ex-
tracted from Pensoft and Plazi as well as to the GBIF taxonomic concepts.
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|D: http://openbiodiv.net/35af6a8a-2817-44%e-86dc-dddc81bce09c-4239-ScientificName

Taxonomic name information spargl

Curculionidae

Usage statistics spargl

Mentionedin: journal article 1062 abstract 42 title 23

Related names

Omus thoracicus

Harpalus lewisii

Amara aenea (DeGeer, 1774)
(Morphnosoma) Lutshnik, 1915
(Lithochlaenius) Kryzhanovskij, 1976
Ozaena

Arctelaphrus

Bembidium flavicaudus
Harpalini Bonelli, 1610
Harpalusillectus
Phloeozetaeus

FIGURE 3.4: Visualization.

3.2.2 Usage of HTTP URI’s and dereferencing

As per the Linked Data Principles, we use dereferenceable HT'TP URIs for our re-
sources. For example, if a web-browser opens
http://openbiodiv.net/35af6a8a-9817-449e-86dc-dddc81bce09c-4239-ScientificName
a web-page is displayed (Fig. 3.4) providing useful information for the name such as

where it used and other names are related to it. Also it is possible to request Open-

Biodiv resources via Curl with the header Content-Type: application/rdf+xml

and an RDF representation of the resources is returned.

3.2.3 Linking to other resources

First, all resources in OpenBiodiv form a graph (there are no disconnected parts). The
data model is discussed in the next section. Second, taxonomic names are linked to ex-
ternal databases via dwc:taxonID. These are strings containing GBIF ID’s, ZooBank
ID’s, LSID’s, etc. Unfortunately as HI'TP URI’s have not gained popularity in the
biodiversity informatics community, the only true resource-id-to-resource-id links are
within OpenBiodiv itself. However, we hope that the introduction of OpenBiodiv
LOD contributes to the amelioration of this situation.

3.3 Data Model

When creating the RDF graph we have conformed to the OpenBiodiv Ontology de-
scribed in Chapter 2 and well-established community ontologies (Fig. 3.5). In partic-
ular, (1) we use the Semantic Publishing and Referencing Ontologies (SPAR, Peroni,
2014) to model entities from publishing such as Journal, Article, Section, Figure,
Table, and so on; and (2) we use the DarwinCore (DwC, Wieczorek et al., 2012)

Abstracts of Dissertations 2 (2020) 3-59


http://openbiodiv.net/35af6a8a-9817-449e-86dc-dddc81bce09c-4239-ScientificName
dwc:taxonID
Vostro3550
Rectangle


Chapter 3. Summary of Chapter 3: OpenBiodiv Linked Open Dataset

SPAR Ontologies

Work Treatment Identificiation
Expression Nomenclature Organism
Journal Nomenclature Heading Token
Journal Article Taxonomic Name QOccurrence

Research Paper Latin Name Event
FrontMatter Taxonomic Concept Label Agent
Body Matter Taxonomic Concept Location
Back Matter Taxonomic Status

Section Vocabulary
Table RCCS5 Vocabulary
Figure

F1GURE 3.5: OpenBiodiv-O is an ontology that links the publishing
domain with the biodiversity domain. Major resource types covered
by each of the ontology families are given in the box below the Venn
diagram. Important resources from the publishing domain are listed in
the leftmost column and from biodiversity informatics in the rightmost
column. The middle one covers important OpenBiodiv-O resources.

community standard and its extension, the Darwin-SW (Baskauf and Webb, 2016)
ontology, to model entities the biodiversity domain.

SPAR provides facilities to deal with the dichotomy between the abstract represen-
tation of knowledge through the class Work and its concrete representation through
the class Expression. For example, a fabio:JournalArticle can be the realization
of a fabio:ResearchPaper. On the other hand, the DwC community standard gives
a standard way to express properties from taxonomy and biodiversity science and its
extension Darwin-SW a way to reify elements of an occurrence instance such as Iden-
tification, Organism, Token, and so on. A caveat: the current version of OpenBiodiv-
LOD does not store yet occurrence information but all necessary infrastructure is in
place to include them in the next release.

3.4 Examples of SPARQL queries
As SPAR, DwC, and OpenBiodiv-O have already been explained elsewhere, we shall

illustrate the data model by issuing sample SPARQL queries illuminating aspects of
it.
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3.4.1 Simple queries

In this section, we give some simple queries. For example, how to search for an author,
for a scientific name, etc.

Query the article structure

A unique feature of OpenBiodiv LOD is that articles are broken down into their
components (see e.g. Table 3.2 later in this Chapter) and mentions (e.g. taxonomic
name usages) connected to the specific part of the article and not just to the article
in general. We illustrate how to build queries utilizing this structure.

Query for taxonomic concepts

A key feature of OpenBiodiv-O is that it allows for the separation of taxonomic
concepts from scientific names. Scientific names are linked both to the components of
an article that mentions them and to taxonomic concepts. To illustrate this, we can
create a query uniting information from concepts from the GBIF Backbone Taxonomy
with semantics coming from the article structure.

Fuzzy Queries via Lucene

The SPARQL endpoint of OpenBiodiv LOD supports fuzzy matching via a Lucene
connector (Ontotext, 2018). In taxonomy, this can be a very useful as due to mul-
tiplicity of taxonomic names and the complexities of Latin grammar, one often does
not remember the correct spelling of a name. This can lead to no matches in an
exact search even though the system may contain information about that name. We
illustrate how to do Lucene queries in OpenBiodiv via SPARQL.

3.4.2 Competency question answering via SPARQL

At the end of Chapter 2 I suggested some competency questions that may be answered
by OpenBiodiv. In this subsection I show how these can be answered with the help
of OpenBiodiv.

Validity of a taxonomic name

Of central importance is the question of whether a given taxonomic name is valid or
not. We give the formal criteria on judging the validity of a taxonomic name and
translate these into SPARQL.

Investigation of the impact of the lost collections of Museu Nacional

We conclude the discussion of SPARQL queries by showing how OpenBiodiv can be
used to assess the impact of the tragically lost collection of the Museu Nacional de
Rio de Janeiro (MNRJ).

3.5 Dataset Generation

In the previous section on sources we examined the data formats that each source
provides. The inputs are either XML (Pensoft and Plazi) or CSV (GBIF). Thus,
the raw data-streams are semi-structured and the dataset generation problem can
be thought of as an information retrieval and transformation problem. The input
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is encoded in three different data models—DarwinCore CSV (GBIF), TaxPub XML
(Pensoft), and TaxonX XML (Plazi). The output of the transformation pipeline is
knowledge represented in a fully-structured way according to the ontology.

3.5.1 Obtaining the data

The first step before running any transformation is to obtain the raw inputs. GBIF’s
taxonomic backbone is available under
<https://www.gbif.org/dataset/d7dddbf4-2cf0-4£39-9b2a-bb099caae36c>.
There is an RSS feed from which Plazi’s treatments can be downloaded on a daily ba-
sis under <http://tb.plazi.org/GgServer/xml.rss.xml>. Each of Pensoft’s jour-
nals has a public API endpoint under <http://[journal_name] .pensoft.net/1lib/
journal_archive.php>, where [journal_name] ought to be replaced with the name
of the Pensoft journal. E.g. bdj to make <http://bdj.pensoft.net/1lib/journal_
archive.php>.

3.5.2 Tools

In order to carry out the dataset generation we made use of the following tools:

1. RDF4R R package', which is described in Chapter 4 and deals with all RDF-
related issues such as accessing a triple store, serializing the in-memory resource
representations to Turtle files, etc.

2. ROpenBio R package?, which implements the data retrieval and transformations
described in this chapter.

3. TSV4RDF, which is a PHP library for mapping CSV to RDF developed by
Pensoft. It is closed-source and developed outside of the scope of the dissertation
and is not discussed in detail.

4. The OpenBiodiv base®, which contains scripts needed for the initialization and
updating of the database.

In the rest of the section we describe the transformation from XML as it is imple-
mented in ROpenBio. We do not describe the TSV4ARDF transformation of GBIF to
RDF as it is a closed source product.

3.5.3 XML to RDF transformation

In order to transform an article represented as an XML document to RDF, we make
use of the hierarchical nature of XML and solve the problem recursively with the
following Extractor procedure in Algorithm 1. The extractor’s procedure input is an
XML node and its output is the RDF corresponding to the XML node. The extractor
procedure has three essential steps: atoms extraction, RDF constructions from the
extracted atoms, a divide-and-conquer step that recursively calls itself and unites the
results. Extraction of a whole article is achieved by calling the Extractor on the root
node of the article.

'RDF4R. package on GitHub <https://github.com/vsenderov/rdf4r>

2ROpenBio R package on GitHub <https://github.com/pensoft/ropenbio>
30penBiodiv Base <https://github.com/vsenderov/0OpenBiodiv>
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Algorithm 1 The Extractor procedure

1. procedure EXTRACTOR(XML Node X)

2 a < extract atoms of X > Atoms extraction
3: r < construct RDF from a > RDF construction
4: C « find relevant sub-nodes of X > Recursively applies itself
5 R + apply Extractor on each C; € C

6 return r J R

7: end procedure

Atoms extraction

In this subsection we elaborate on the text-fields of the XML (atoms) are extracted
in our framework utilizing the XPATH query language.

RDF Generation

Once the atoms have been extracted they can be put together as RDF. Conceptually,
this is straightforward as for each atom we know its type and therefore we know which
RDF property to use. The author example is given in Listing 3.2.

LisTiNG 3.2: RDF snippet of an author. This is a somewhat idealized
situation in which the language of the address was available from the
article.

@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
O@prefix foaf: <http://xmlns.com/foaf/0.1/> .

:a a foaf:Person ;
rdfs:label "Aijaz,Ahmad, Wachkoo".
raffiliation "CentralyInstituteyof Temperate_ Horticulture,_ Srinagar, Jammu_ & Kashmir, India"@en ;

foaf:familyName "Wachkoo" ;
foaf:givenName "Aijaz, Ahmad" .

LISTING 3.3:
:2b836ad5 -db56 -4093-9752-33c9£7892de6 rdf :type fabio:JournalArticle ;
rdfs:label "Changesytoypublication requirements made at the XVIII Internation\
al,Botanical Congress in Melbourney-ywhatydoes e-publicationymean,foryyou?" ;
dc:title "Changesy toypublication requirements_ madeyat the XVIII International\
uBotanical Congress, in Melbourne,-ywhat does e-publication mean, for you?" ;
prism:doi "10.3897/mycokeys.1.1961" ;
dc:publisher "Pensoft ,Publishers" ;
prism:publicationDate "2011-9-14"~"xsd:date ;
dcterms:publisher openbiodiv:0df76aab-1fcf-4118-8e50-198e830a7bed .
openbiodiv:151a37ba-a337-4855-8e01-200f5ec0251b rdf :type deo:Introduction ;
po:isContainedBy openbiodiv:2b836ad5-db56 -4093-9752-33c9f7892de6 .

Divide and conquer

After we have successfully converted the current XML node to RDF, a recursive call
to Extractor is made for all nodes that are hierarchically dependent on the current
node. For example, the article node contains all the other other nodes such as sections,
figures, etc.

Transformation specification

In order for the Extractor to work, therefore, we need to specify an XML schema.
The specification includes what XML nodes we are looking for and their location. It
then recursively specifies for each node, what sub-nodes we are looking for and their
XPATH location relative to their parent node. Finally, for every node we need to
give the atom locations and write a constructor. The transformation specification is
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done with R6 framework in R. We have specified two schemata that share the same
constructors—TaxPub* and TaxonX?’.

3.5.4 Submission to graph database and post-processing

In the previous section we described how we transform XML documents in TaxPub and
TaxonX to RDF statements according to OpenBiodiv-O. In addition, we transform
the GBIF backbone taxonomy to RDF according to OpenBiodiv-O with the help of
TSV4RDF, a proprietary Pensoft tool. The generated RDF statements are submitted
to a repository in a GraphDB instance residing on http://graph.openbiodiv.net/.
The repository has been initialized with OpenBiodiv-O and the ontologies on which
it depends®. Finally, after the data has been submitted, update scripts are run to
generate further statements from our ontology that have not been encoded in OWL
for the updating of scientific name relations.

Update rule for replacement name

We state that a scientific name A replaces a scientific name B, if there exists a taxo-
nomic name usage of A with taxonomic status :ReplacementName and B is mentioned
by a taxonomic name usage in the nomenclatural citations of the treatment, where
the discussed taxonomic name usage of A is in the nomenclature section (Listing 3.4).

LisTING 3.4: Update rule for replacement name.

PREFIX dwciri: <http://rs.tdwg.org/dwc/iri/>

PREFIX openbiodiv: <http://openbiodiv.net/>

PREFIX po: <http://www.essepuntato.it/2008/12/pattern#>
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf -syntax-ns#>
PREFIX pkm: <http://proton.semanticweb.org/protonkm#>
PREFIX rdfs: <http://www.w3.o0org/2000/01/rdf-schema#>

INSERT

GRAPH <http://openbiodiv.net/Updates>
{
?name2 openbiodiv:replacementName ?name .
}
}

WHERE {
?tnul dwciri:taxonomicStatus openbiodiv:ReplacementName ;
pkm:mentions ?name.
?name dwciri:taxonRank 7?rank;
rdfs:label ?vname .

?s po:contains ?tnu .
?s po:contains ?citations.
?citations rdf:type openbiodiv:NomenclatureCitationsList;
po:contains ?tnu2 .
?tnu2 rdf:type openbiodiv:TaxonomicNameUsage ;
pkm:mentions 7name2.
?name2 rdfs:label 7vname?2;
dwciri:taxonRank ?rank.

Update rule for related name

The related names update-rule is similar to the replacement name: two scientific
names A and B are considered related if they both mentioned in the nomenclature
section of a treatment (Listing 3.5).

LisTING 3.5: Update rule for related name.

PREFIX dwciri: <http://rs.tdwg.org/dwc/iri/>
PREFIX : <http://openbiodiv.net/>
PREFIX po: <http://www.essepuntato.it/2008/12/pattern#>

“https://github.com/pensoft/ropenbio/blob/redesign/R/taxpub.R

Shttps://github.com/pensoft/ropenbio/blob/redesign/R/taxonx.R
®https://github.com/vsenderov/openbiodiv-o/tree/master/imports
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FIGURE 3.6: Statements report from the GraphDB workbench.

PREFIX rdf: <http://www.w3.o0rg/1999/02/22-rdf-syntax-ns#>
PREFIX pkm: <http://proton.semanticweb.org/protonkm#>
PREFIX rdfs: <http://www.w3.o0org/2000/01/rdf -schema#>
INSERT
{
GRAPH <http://openbiodiv.net/Updates>
{
?name2 :relatedName ?name .
}
¥
WHERE {
?nom_sec rdf:type :NomenclatureSection ;
:contains ?tnul .

7tnul rdf:type :TaxonomicNameUsage ;
pkm:mentions ?name.

?nom_sec :contains ?tnu2 .

?tnu2 rdf:type :TaxonomicNameUsage ;
pkm:mentions 7name2.

FILTER (?name != ?name2)

3.6 Performance degradation analysis

The current iteration of the database holds over 600 million triples (Fig. 3.6). The ex-
pansion ratio under the RDFS-Plus (Optimized) ruleset is 2.35, i.e. for each asserted
statements we materialize on average 2.35 implicit statements. Under the OWL2-RL
ruleset (which contains a full implementation of OWL logic rules), the expansion ratio
is about 3.7; however, we encountered significant performance issues using it (Fig. 3.7).
Even with the lighter ruleset (RDFS-Plus Optimized), we still see performance degra-
dation with increasing database size. Importing the GBIF backbone taxonomy from
file takes about two days under the easier scenario. The subsequent importing of the
Pensoft archives takes about two weeks as it is a slower operation requiring not only
the time for submission but the time for converting the XML’s to RDF.
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Time in seconds for the import of 150 MBytes

Performance degradation as a function of database size in MBytes
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FIGURE 3.7: The graph visualizes the time in seconds needed to im-

port a 150 MB big Turtle data file as a function of the database size.

The database size is measured by the adding up the size of the data
files that have already been imported.
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Chapter 4

Summary of Chapter 4: An R
Library for Working with RDF

RDF4R (rdf4r) is an R package for working with Resource Description Framework
(RDF Working Group, 2014) data. It was developed as part of the OpenBiodiv project
but is completely free of any OpenBiodiv-specific code and can be used for generic
purposes requiring tools to work with RDF data in the R programming environment
(R Core Team, 2016).

4.1 Installation

In this section we describe how to install the RDF4R package. Installation is straigh-
forward and consists of two steps: (1) resolve dependencies and (2) build the package
from source using devtools::install_github.

4.2 Specification

In this section we present the specifications of RDF4R by detailing the features of the
package. Each feature has a dedicated subsection.

4.2.1 Connection to a triple-store

It is possible to establish both basic connections (requiring no password or requiring
basic HTTP user-pass authentication) or connection secured with an API access token.
4.2.2 Work with repositories on a triple-store

Once a connection to a triple-store has been established, it is possible to inspect the
talk protocol version, view the list of repositories on the database, execute SPARQL
Read (SELECT keyword and related) and SPARQL Update (INSERT and related)
queries on the database, as well as submit serialized RDF data directly to the database.

4.2.3 Function factories to convert SPARQL queries to R functions

An important feature of RDF4R, are its facilities for converting SPARQL queries and
the like to R functions.

4.2.4 Work with literals and identifiers

The building blocks of RDF are literals (e.g. strings, numbers, dates, etc.) and
resource identifiers. RDF4R provides classes for literals and resource identifiers that
are tightly integrated with the other facilities of the package.
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4.2.5 Prefix management

Prefixes are managed automatically during serialization by being extracted from the
resource identifiers.

4.2.6 Creation and serialization of RDF

The serialization function supports Turtle (and its variant Trig, Bizer and Cyganiak,
2014) and adding new triples.

LisTiNnG 4.1: Using brackets to express RDF blank nodes in
Turtle/TriG.

@prefix foaf: <http://xmlns.com/foaf/0.1/> .

# :someone knows someone else, who has the name "Bob".
:someone foaf:knows [ foaf:name "Bob" ] .

4.2.7 A basic vocabulary of semantic elements

RDF4R has some basic resource identifiers for widely used classes and predicates
predefined (e.g. for rdf:type, rdfs:label, etc.).

4.3 Usage

Here, we explain how to use the package RDF4R by means of examples. In order
to fully utilize the package capabilities, one needs to have access to an RDF graph
database. We have made available a public endpoint (see next paragraph) to allow the
users of the package to experiment. Since write access is enabled, please be considerate
and don’t issue catastrophic commands.

4.4 Discussion

4.4.1 Related Packages

The closest match to RDF4R is the rdf1ib (Boettiger, 2018). The development of the
two packages was simultaneous and independent until rdf1ib’s first official release on
Dec 10, 2017. This explains why two closely related R packages for working with RDF
exist. After the release of rdf1ib work was started to make both packages compatible
with each other. In our opinion, the packages have different design philosophies and
are thus complementary.

rdflib is a high-level wrapper to redland (Jones et al., 2016), which is a low-
level wrapper to the C librdf (Beckett, 2014), a powerful C library that provides
support for RDF. librdf provides an in-memory storage model for RDF beyond
what is available in RDF4R and also persistent storage working with a number of
databases. It enables the user to query RDF objects with SPARQL. Thus, librdf
can be considered a complete graph database implementation in C.

In our opinion, redland is more complex than needed for the purposes of Open-
Biodiv. By the onset of the OpenBiodiv project it was available'; however, we decided
not to use it as a decision was made to rely on GraphDB for our storage and querying.
Note that RDF4R’s main purpose is to provide a convenient R interface for users of
GraphDB and similar RDF4J compatible graph databases.

'But not rdflib!
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A feature that differentiates rdf1lib from RDF4R is the design philosophy. RDF4R
was designed primarily with the Turtle and TriG serializations in mind. This means
that RDF4R can work with named graphs, whereas their usage is discouraged or
perhaps impossible with rdf1ib?, even though rdflib’s default format is N-Quads.

Another differentiating feature between RDF4R and rdflib is that RDF4R pro-
vides facilities for converting SPARQL and related statements to native R functions!

In a future release of RDF4R (2.0) we would like to replace or extend its in-memory
model with rdf1ib’s. This is why we would like to make the packages fully compatible
and have contributed several patches to rdflib®). Thus, it will be possible for the
user of RDF4R to retain its syntax and high-level features— constructor factories,
functors, etc., and the ability to use named graphs—but benefit from performance
increases, stability, and scalability with the redland/rdf1ib/1librdf backend.

This will enable the users of the R programming environment to use whichever
syntax they prefer and benefit from an efficient storage engine.

4.4.2 Elements of Functional Programming (FP)

In this subsection we discuss how patterns from functional programming were used to
create RDF4R.

4.4.3 Elements of Object-Oriented Programming (OOP)

In this subsection we discuss how patterns from object-oriented programming were
used to create RDF4R.

2The issue was discussed on the librdf GitHub page, https://github.com/ropensci/rdflib/
issues/23.
3Please, consult the commit history under https://github.com/ropensci/rdflib.
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Chapter 5

Summary of Chapter 5: Workflows
for Biodiversity Data

In this chapter we discuss two automated workflows for exchange of biodiversity data
developed as part of OpenBiodiv: (1) automatic import of specimen records into
manuscripts, and (2) automatic generation of data paper manuscripts from Ecological
Metadata Language (EML) metadata. The workflows were presented at a webinar for
the orgnization iDigBio® and published as a paper (Senderov et al., 2016).

The slides from the presentation as well as a PDF of the paper are available from
the webinar GitHub page under https://github.com/vsenderov/idigbio-webinar.

5.1 Introduction

Information on occurrences of species and information on the specimens that are
evidence for these occurrences (specimen records) is stored in different biodiversity
databases. These databases expose the information via public REST API’s. I focused
on the Global Biodiversity Information Facility (GBIF), Barcode of Life Data Sys-
tems (BOLD), iDigBio, and PlutoF, and utilized their API’s to import occurrence
or specimen records directly into a manuscript edited in the ARPHA Writing Tool
(AWT).

Furthermore, major ecological and biological databases around the world provide
information about their datasets in the form of EML. A workflow was developed for
creating data paper manuscripts in AWT from EML files. Such files could be down-
loaded, for example, from GBIF, DataONE, or the Long-Term Ecological Research
Network (LTER Network).

The development of these workflows focuses on two areas: optimizing the workflow
of specimen data and optimizing the workflow of dataset metadata. These efforts
resulted in the functionality that it is now possible, via a record identifier, to directly
import specimen record information from the Global Biodiversity Information Facility
(GBIF), Barcode of Life Data Systems (BOLD), iDigBio, or PlutoF into manuscripts
in the ARPHA Writing Tool (AWT). No manual copying or retyping is required.

'ntegrated Digitized Biocollections (iDigBio) is a US-based aggregator of biocollections data.
They hold regular webinars and workshops aimed at improving biodiversity informatics knowledge,
which are attended by collection managers, scientists, and IT personnel. Thus, doing a presentation
for iDigBio was an excellent way of making the research and tools-development efforts of OpenBiodiv
widely known and getting feedback from the community.
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Please select what best describes you

Other
IT specialist, database admin
Data or computer scientist

Student or scientistin biology N

Librarian or data manager

FIGURE 5.1: Poll results about composition of audience during live
participation..

5.2 Presentation

A video recording of the presentation is available?. More information can be found
in the webinar information page®. The slides of the presentation are attached as
supplementary files and are deposited in Slideshare®.

During the presentation we conducted a poll about the occupation of the attendees,
the results of which are summarized in Fig. 5.1. Of the participants who voted, about
a half were scientists, mostly biologists, while the remainder were distributed across
IT specialists and librarians, with 20% "Other." The other categories might have
been administrators, decision-makers, non-biology scientists, collections personnel,
educators, etc.

At the end of the presentation, very interesting questions were raised and discussed.
For details, see the “Results and discussion” section of this paper.

5.3 Methods

Both workflows discussed rely on three key standards: RESTful API’s for the web
(Kurtz, 2013), Darwin Core (Wieczorek et al., 2012), and EML (Fegraus et al., 2005).

5.3.1 Development of workflow 1: Automated specimen record im-
port

In this subsection we discuss the development of Workflow 1: Automated specimen
record import.

2http://idigbio.adobeconnect . com/p7sgOaym3e3/
3http ://www.idigbio.org/content/online-direct-import-specimen-records-idigbio-infrastructure-taxonomic-ma
4http ://www.slideshare.net/ViktorSenderov/online-direct-import-of-specimen-records-from-idigbio-infrastru
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5.3.2 Development of workflow 2: Automated data paper generation

In this subsection we discuss the development of Workflow 1: Automated specimen
record import.

5.4 Results and Discussion

5.4.1 Workflow 1: Automated specimen record import into manuscripts
developed in the ARPHA Writing Tool

It is now possible to directly import a specimen record as a material citation in an
ARPHA Taxonomic Paper from GBIF, BOLD, iDigBio, and PlutoF (Slide 5, as well
as Fig. 5.2). The workflow from the user’s perspective has been thoroughly described
in a blog post; concise stepwise instructions are available via ARPHA’s Tips and tricks
guidelines. In a nutshell, the process works as follows:

1. At one of the supported data portals (BOLD, GBIF, iDigBio, PlutoF), the
author locates the specimen record he/she wants to import into the Materials
section of a Taxon treatment (available in the Taxonomic Paper manuscript
template).

2. Depending on the portal, the user finds either the occurrence identfier of the
specimen, or a database record identifier of the specimen record, and copies that
into the respective upload field of the ARPHA system (Fig. 5.3).

3. After the user clicks on “Add,” a progress bar is displayed, while the specimens
are being uploaded as material citations.

4. The new material citations are rendered in both human- and machine-readable
DwC format in the Materials section of the respective Taxon treatment and can
be further edited in AWT, or downloaded from there as a CSV file.

Discussion

We discuss the availability, or more correctly the lack of persistent unique identifiers
(PID’s) in the biodiversity informatics space. I furthermore discuss the challenges of
importing from our different sources: GBIF, PlutoF, iDigBio, and BOLD. I emphasize
how our workflow can be serve as a curation filter for increasing the quality of specimen
data via the scientific peer review process.

5.4.2 Workflow 2: Automated data paper manuscript generation
from EML metadata in the ARPHA Writing Tool

We have created a workflow that allows authors to automatically create data paper
manuscripts from the metadata stored in EML (Fig. 5.4, Fig. 5.5, Fig. 5.6).
Discussion

I discuss the history of data papers and how our implementation greatly improves
the availability of data papers to science practicioners. The two workflows presented
generated a lively discussion at the end of the presentation, which is summarized in
the Chapter.
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Online import of occurrence records directly into a manuscript!

GBIF BOLD SYSTEMS IDigBio PlutoF

Q BcoL LD P L

Occurrence 2

Occurrence n Occurrence N

ARPHA WRITING TOOL

Edit Materials

You may place multiple ID's separeted by " |" here

) BOLD record ID

(example: ACR|P618-11|ACRJP619-11)

) BOLDBIN (example: BOLD:AAA5125 | BOLD:AAA5126)
) GBIF via Occurrence ID (example: urn:catalog:HYO:ENT:B1367540 | 4b7b4bb4-0db7-4592-b3f9-1b15b6235360)
D) GBIFID (example: 1061574007 | 240843113)

) iDigBio UUID  (example: 1db58713-1c7f-4838-802d-be784e444c4a | d957ac64-ce51-4d40-801e-670b345aa7b6)
) PlutoF record ID (example: FM178343| EU343855)
) PlutoF SHID (example: 10.15156/CH487435.07FU | SH487425.07FU)

Taxonomic manuscript

submission

Biodiversity
Data IOU.I' nal http://bdj.pensoft.net

F1GURE 5.2: This fictionalized workflow presents the flow of infor-
mation content of biodiversity specimens or biodiversity occurrences
from the data portals GBIF, BOLD Systems, iDigBio, and PlutoF,
through user-interface elements in AWT to textualized content in a
Taxonomic Paper manuscript template intended for publication in the

Biodi ity Dat 1,
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You may place multiple ID's separeted by "|" here
Add

® BOLD record ID (example: ACRIP618-11 | ACRIP619-11)

) BOLDBIN (example: BOLD:AAAS125| BOLD:AAAS126)
GBIF via Occurrence ID  (example: urn:catalog:HYO:ENT:B1367540 | 4b7b4bb4-0db7-4592-b3f9-1b15b6235360)
GBIFID (example: 1061574007 | 240843113)

() iDigBio UUID  (example: 1db58713-1c7{-4838-802d-be784e444c4a |d957ac64-ce51-4d40-801e-670b345aa7b6)

PlutoF Specimen 1D (example:AT2000123 | TAMO000007)

F1GURE 5.3: User interface of the ARPHA Writing Tool controlling
the import of specimen records from external databases.

¥ PENSOFT. |PT DATA HOSTING CENTER Logest i 2 dsecience@percok et Aceou Lo ENGLISH
- Iree and open access 10 biodiversity dala
T
i© Edit
summary A checklist to the wasps of Peru (Hymenoptera, Aculeata)
Downloads Latest version published by ZooKeys on Feb 17, 2011
Versions The first checklist to the 225 genera anc 1169 reported species-group taxa of aculeate wasps of Peru is
Rights presented. The list is based on a literature survey and examination of Peruvian entomological collections and

g z include locality references for each taxon. Bibliographic references for the identification of families, genera, and
GBIF Registration species are provided when available, The occurrence data are published in addition as a downloadable file (doi:
Keywords 10.3897/zockeys. 15.196.app.2.ds, doi: 10.3897/zookeys. 15,196.app.3.ds. and 10.3897/zo0keys.15.196.app.4.ds)
and were uploaded onto GBIF infrastructure simultaneously with the publication process. The following new
combinations are proposed: Ancistroceroides cirrifer (Zavattari, 1912), Ancistrocerus epicus (Zavattari, 1912), and

Geographic Coverage Stenodynerus corallineipes (Zavattari, 1912)

Taxonomic Coverage

Contacts

JGEIF BDwC-A B EML/ B RTF @ Versions @ Rights

o
ad

Temporal Coverage

FIGURE 5.4: Download of an EML from the GBIF Integarted Pub-
lishuing Toolkit (IPT).
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Biodiversity Data Journal

BioDiscovery

Article type

® Data Paper (Biosciences) B
Forum Paper (Free Text) B
Methods (Free Text) B
QOpinion Article (Free Text) B
Software Description B

Alien Species Profile
Interactive Key 2]
Editorial B
Research Article 2]
Research Article (Free Text)
Single Taxon Treatment ]
Species Conservation Profile
Taxonomic Paper i)

O Reset selection

Create a manuscript

FIGURE 5.5: Selection of the journal and “Data Paper (Biosciences)”
template in the ARPHA Writing Tool.

Abstracts of Dissertations 2 (2020) 3-59


Vostro3550
Rectangle


Chapter 5. Summary of Chapter 5: Workflows for Biodiversity Data

Import a manuscript

Import data paper from EML

‘ Browse

Supported EML versions: 2.1.1, 2.1.0 (e.g. generated from GBIF IPT, DataONE and LTER)

OR

Import any other manuscript via our

FIGURE 5.6: The user interface field for uploading EML files into
ARPHA.
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Chapter 6

Summary of Chapter 6: Web
portal

Under openbiodiv.net one can reach the main portal giving access to OpenBiodiv
resources. This portal was developed by Pensoft to support OpenBiodiv. OpenBio-
div.net presents two visual elements to the user: the search bar and list of application
icons in the bottom. Furthermore, under graph.openbiodiv.net (also accessible from
the icon SPARQL endpoint) one can reach the OpenBiodiv workbench, a feature of
GraphDB that gives web access to the SPARQL endpoint.

These User Interface (UI) features are designed to facilitate the three user types
of the system that we envisage:

1. Basic level: uses search bar.
2. Specialist level: uses apps.

3. Power user: uses the work-bench of the system or R.

6.1 Functionality of the system

In this section we discuss how every user-type can use the system.

6.1.1 Basic usage

The basic level of interaction is for users who want a quick look into the system’s
database; they can be beginners without knowledge of the Semantic Web or of tax-
onomy, or advanced users with little time or a very basic query. An example of such
a user will simply look for an entity (e.g. taxonomic name, person) and would like to
retrieve some information about it.

6.1.2 Specialist level

A specialist is someone who has a question of particular taxonomic importance that
cannot be answered by a simple name-based look-up. For example, a collection man-
ager at a museum may want to periodically check for articles that make use of their
collection in order to justify additional funding to prevent natural disasters. Or a tax-
onomist interested in a particular region or group may want to stay up to date with
published literature fitting those criteria—let’s say weevils (Curculionidae) of Arizona,
U.S.A.

Abstracts of Dissertations 2 (2020) 3-59

52


http://openbiodiv.net
openbiodiv.net
http://openbiodiv.net
http://openbiodiv.net
http://graph.openbiodiv.net
graph.openbiodiv.net
Vostro3550
Rectangle


Chapter 6. Summary of Chapter 6: Web portal

.'If:enBiDdiv

The Open Biodiversity Hru;':\rtlaadge Management System

daniel mietchen =
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1IDx: bt openbiodre net/ 2c 52 54 59-4701-42 7h- 94 20-84407 0cd 1§03

Personinfo sare]
Mzmee Dl Mistchen

Affiliations:

*® Mussum e Maburdounds, Berln, Germany

Articles _—
] Articles: par Wear
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204
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shoeay all ariacles
Collaborators <are

GuidoSautter 1 KevinRichards 1  PawelStoey 1 AlehmandraPawlik 1  BachirBaledh 1 DovidEades 1
Doratligeeti 1 ‘Walter G Berendobn 1 AdamiBronke 1 HamcesHettling 1 RobertHoehmdorf 1 RodPage 1
Mesripzfkkari 1 TomvanDoorem 1 MarkoGhtieen 1 OuentinbobnGroom 1 MAraireasPlank 1

ThomazD Mamars 1 AlanP. Willlams 1 SorayaSierra 1 ThemaszPape 1 BokbertA Moz 1 GregorHagedorm 1
LysbomirPerey 1 ClhsWeiland 1 Patricalelbert 1 Micolabbcolsom 1 ApcoMolleman 1 DosaldMoberm 1
Conbirkey 1 2 TeodorGeorgiey 1 DavidMing 1 Yewilammers 1 MallBzard 1 CarmaMaradeSouza 1
Matthewliszeit 1 PeterMovenbamp 1 2 GeorpeGosline 1 Thibawt DeMeulemesster 1 Jeremy B Miller 1
TerryErwim 1 ChrstianBreppickmeijer 1 LamsMHendricdh 1 DowidPeter Shortbomse 1 ReoszMommce 1

HeprikEnghoff 1 DovidBoceBong Chewng 1 MidaelBalke 1 SerrapcPereira 1

FIGURE 6.1: Illustration of basic usage of OpenBiodiv to look infor-
mation about a person.
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6.1.3 Power user

The power user is someone with knowledge of the Semantic Web and its technologies
(SPARQL, ontologies, etc.). The power user goes to the workbench and executes
their queries there, or uses the functionality of the RDF4R package described in
Chapter 4 to execute SPARQL directly on the OpenBiodiv endpoint directly from the
R environemnt.

6.2 Implementation

The Ul-components of the web portal are developed in the ReactJS JavaScript frame-
work written by Facebook. Server-side processing is done in PHP. This part of Open-
Biodiv is not open source and cannot be discussed in detail in the present dissertation
effort.
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Conclusion

Results

We believe that the presented scientific work fulfills the stated objective and tasks.

Result 1. The central result of the thesis is the creation of a domain conceptual-
ization of biodiversity publishing and a formal ontology OpenBiodiv-O enabling the
linking of biodiversity knowledge on the basis of scholarly publications. This result
has been described in Chapter 2 and in Senderov et al., 2018 and fulfills Objective 1.
The source code of the ontology is available under github.com /pensoft /openbiodiv-o.

Result 2. The second result of the thesis is the creation of the software architecture
of the OpenBiodiv system outlined in Chapter 1 and Senderov and Penev, 2016. This
result fulfills Objective 2.

Result 3. The third result of the thesis has been the creation of a Linked Open
Dataset, OpenBiodiv-LOD, consisting of a transformation to RDF-triples and inte-
gration in a single store of information from three major repositories of biodiversity
data: the XML sources of biological journals published by Pensoft Publishers, the
XML sources of treatments freed by Plazi, and a CSV dump of GBIF’s taxonomic
backbone. OpenBiodiv-LOD is available under graph.openbiodiv.net and has been
described in Chapter 3. This result fulfills Objective 3.

Result 4. In order to create the Linked Open Data, a software package for the R
programming environment, RDF4R, was developed. RDF4R enables the manipulation
of RDF data within R and facilities the transformation of scientific publications from
a semi-structured XML format to structured semantic RDF. This result has been
discussed in Chapter 4 and fulfills Objective 4. The package is available online as free
software under github.com/pensoft/rdf4r. Furthermore, additional source code
(unoptimized) describing XML schemata of Pensoft and Plazi and working in tandem
with RDF4R to convert XML to RDF can be found under github.com/pensoft/
ropenbio.

Result 5. The mechanisms to convert semi-structured XML into RDF-triples are
complemented by workflows enabling the enrichment of the XML sources of Pensoft
journals by data automatically imported from the major international biodiversity
data repositories: BOLD, GBIF, iDigBio, as well as PlutoF. Furthermore, it is now
possible, thanks to this dissertation effort to automatically create manuscripts from
metadata encoded in the Ecological Metadata Language (EML). The discussion of
these automated workflows—automatic data paper generation and automatic occur-
rence record import—is carried out in Chapter 5. It fulfills Objective 5.
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Chapter 6. Summary of Chapter 6: Web portal

Result 6. To complement the creation of OpenBiodiv-LOD, we have developed a
website running on top of the knowledge graph openbiodiv.net, containing a semantic
search engine and apps. The website is discussed in Chapter 6 and fulfills Objective
6.

Discussion, conclusion, and outlook

OpenBiodiv-O serves as the basis of the Linked Open Data OpenBiodiv-LOD. By
developing an ontology focusing on biological taxonomy, we provided an ontology that
fills in the gaps between ontologies for biodiversity resources such as Darwin-SW and
semantic publishing ontologies such as the ontologies comprising the SPAR Ontologies.
Moreover, we take the view that it is advantageous to model the taxonomic process
itself rather than any particular state of knowledge. At this stage, the coverage of the
ontology of the different types of resources is sufficient to be the basis for creating the
LOD. In this sense, it is completed. On the other hand, adding classes and properties
for new types of biodiversity data is possible and desirable.

The LOD, similar to the ontology, are already a solid resource for biologists, as
they include information from most articles published by Pensoft and Plazi and count
over 600 million triplets. Like the ontology, they should be expanded.

Since the RDF4R package was successfully used to create an LOD, it can be
considered complete. Like any software package, however, it should be maintained
and developed.

The website is still in beta. The functionality that works great is the semantic
search engine. For some basic data types there are templates for visualization. How-
ever, the site can not be considered complete and most users use the SPARQL search
language.

An important conclusion that can be drawn from the work is that it is possible
to use a semantic graph for the integration of a large volume of data on biodiversity.
We were unexpectedly given the opportunity to illustrate the power of the knowledge
graph by analyzing the damage from the tragic fire at the Museu Nacional in Rio de
Janeiro. In addition, we have illustrated that it is possible to write relatively simple
logical conclusions to check the validity of a taxonomic name.

Due to the large amount of data, we found that although the use of a semantic
graph was possible, some of the initially chosen technologies proved to be inapplicable
or difficult to apply. We have observed (see Chapter 3) that the practical application
of the full logical OWL model is difficult due to performance problems. Instead in
the end, we utilized RDFS that is less powerful but faster. Another observation of
ours is that although the R programming environment has given us some advantages
in rapidly creating the prototype of the system, by increasing the complexity of the
program code needed in the real-life system to cover all private cases, a language with
dynamic types such as R creates headaches in debugging. At the same time, we were
impressed by the powerful functional programming toolkit R provided.

A big difficulty was the disambiguation of resources such as author names or tax-
onomic names. In the functional design of the RDF4R package we have put modules
that allow us to insert a list of functions/rules for disambiguation when searching for
an identifier for a given resource. However, we had only limited success with the rule-
based disambiguation and for this reason in the production system it was discontinued
at the moment.

Considering these and other “lessons,” the future development of the OpenBiodiv
project can be outlined in the following not necessarily comprehensive way:
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Chapter 6. Summary of Chapter 6: Web portal

1. As an immediate goal, to expand the LOD and ontology with new data types
and new data sources using the existing framework. Such data are e.g. genomic
data, occurrence data, (bio-)geographic data, visual data, descriptive data, etc.

2. Look for even closer integration with other existing biodiversity data repositories
than GBIF. For example, Biolmages, iNaturalist, BOLD, and so on.

3. As alonger-term task to study the transition from a semantic graph to a technol-
ogy where the inference engine is separated from the data base layer as WikiData
or Neo4j. In addition to increased performance, this will give extra flexibility to
the project, such as allowing the use of non-RDF-based inference engines such
as Euler.

4. Continue developing system software with an even wider application of func-

tional programming and porting it into a functional language like, for example,
Haskell or O’'CAML.

5. To investigate the problem of disambiguation and related problems for named
entity recognition of interesting resources from biodiversity, as well various image
recognition tasks, from the point of view of machine learning.

6. Expanding the website with more templates and new applications.

Key scientific and applied contributions

The results discussed in the previous two sections determine the following scientific
and applied contributions:

1. Scientific contribution: creating an ontology and a formal model of the field of
biodiversity knowledge publication.

2. Applied scientific contribution: analyzing information sources and Creating
OpenBiodiv-LOD.

3. Applied scientific Contribution: the implementation of OpenBiodiv software
modules.

Our ontology fills the unique niche between bibliographic ontologies such as SPAR
and ontologies for biodiversity such as Darwin-SW and as such is undoubtedly of great
scientific interest to the biodiversity informatics community. The work has a serious
scientific and applied character by providing both a Linked Open Dataset on top of
the ontology and software for its users and system developers.

Evaluation of publications

Articles have been published without exception in four international scientific journals:
five articles in Research Ideas and Outcomes, one article in ZooKeys (WoS IF 1.079,
Q3 SCOPUS, SJR 0.533), one article in Biodiversity Data Journal (WoS SCOPUS,
SJR 0.465) and one article in Journal of Biomedical Semantics (WoS IF 1.6, Q3
SCOPUS, SJR 0.952). The total number of citations that have been accumulated
for the candidate excluding self-citations (cross-citations) is at least 20. The citing
articles are given in the list above. The total number of citations that have been
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Featured Article: OpenBiodiv-O: ontology of the OpenBicdiv
knowledge management system

Extracting information and knowledge discovery from research in the fields of

biodiversity and biological taxonomy is a semantic challenge with important

applications. In this article, the authors introduce OpenBiodiv-O, an ontology that

bridges the gap between scholarly biodiversity publishing and biological taxonomy -

enabling the creation of the OpenBiodiv Knowledge Management System.

FI1GURE 6.2: The OpenBiodiv-O article is featured on the main web-
page of the Journal of Biomedical Semantics..

accumulated including cross-citations and citations of work outside of the scope of
the dissertation is at least 48 (Google Scholar).

[1] is an early version of the Introduction as well Chapter 1 and contains work
towards Objective 2 (Architecture). The text of publications |2, 3, 5, 6, 7] are not
a part of the text of the dissertation one-to-one but contain work towards Objective
5 (Workflows). The ideas presented in these publications have to large degree been
incorporated in Chapter 5 whose backbone is formed by [4]; thus Objective 5 (Work-
flows) is achieved. [7] is published in the peer-reviewed journal ZooKeys with impact
factor 1.031 (early 2018). [8] is the most important publication under this dissertation
and was published in the high-impact Journal of Biomedical Semantics with impact
factor 2.413 (early 2018). [8] makes up the content of Chapter 2 and is the main body
of work fulfilling Objective 1 (Ontology). It was a featured article on the home-page
of JBS (Fig. 6.2). Chapter 3 and Chapter 4 that form Objectives 3, 4, respectively
are currently being prepared as manuscripts in international journals. Furthermore,
the software library RDF4R described in Chapter 4 is being submitted to the open
source repository rOpenSci'.

MWe build software with a community of users and developers, and educate scientists about
transparent research practices.” https://ropensci.org/
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YBoOXI

AKTyaJIHOCT n 3HAYMMOCT Ha TeMaTa

HeobxomumocTrTa 0T ch3maBaHe Ha WHTerpupaHa HHOOPMAIIMOHHA CHCTEMa, 00XBa-
malla 3HaHue 3a OMOJIOrMYHO pasznoobpasue, garupa ot 1985 r. Torasa e yupene-
na PaBorna rpyna no takconomuunu 6a3u jgannu (TDWG), kosito B mocse/icrBue e
npenMenyBana Ha CtangapTu 3a HHOOPMAIMOHHN TEXHOJIOTUH 33 OHOJIOTUYHOTO Pa3-
HOOGpasue, Ho 3amassa cbkpamernero TDWG!. TIpes 1999 r. e cu3nazen [obanen
HHCTUTYT 3a nHbopManus 3a ouosornanoro pasnoobpasue (GBIF), ciaen kato Opra-
HU3AIHSTA 38 KKOHOMUYECKO C¢hTpyaaudecTBo u pazsurue (OECD) crura 10 ussoja,
4Je e HeoOXOJUM MEXKJIyHApPOJEH MEXaHU3bM 3a JOCTbII JI0 JAaHHU U HHMOpMAIus 3a
6uopasnoobpasuero B cerosen mamabd (What is GBIF?). Hexnaparusita Bouchout
(Bouchout Declaration 2014) o3HameHyBa pesyJjraTuTe OT (hDUHAHCHPaHUs OT EBpO-
neiickust Cbio3 1poekT pro-iBiosphere, xoitto npoabimxkasa ot 2012 r. 1o 2014 r. u
e TIOCBeTEH Ha 3aJatdaTa 3a Cbh3/aBaHe Ha HHTerpupana HHGOPMAIMOHHA CUCTEMA 33
6uosiornaHOTO pasnoobpasue. ekapamusra “ByxayTr’ npuzoBaBa KbM CBOOOIHOTO
[peJIoCTaBsiHe Ha HAYTHU 3HAHUS 3a OMOJIOTMIHOTO pasHoobpasue KaTo Linked Open
Data (LOD). ¥Ycnopenen mpornec B CAILL 3amouBa orre mo-paHo ¢bC Cb3IaBAHETO Ha
Apxurekrypa 3a rnobasnu umena, GNA (Patterson et al., 2010; Pyle, 2016).

ITpes 2014 r., B pamkuTe Ha eBponeiickara mporpama “Xopusont 20207, Mexk 1y aka-
JEeMUYHA MHCTUTYIIUA U 9acTHU PUPMHU € c¢b3aaieH KoncoprmyMbT BIG4. BIG4 nean
Jla TOTIPUHECE 33 HAIIPEIbKa Ha HAyKaTa 3a OMOJIOrHIHOTO pasdnoodbpasue. Mucusita Ha
upoekTa e: “BIG4 - Buocucremaruka, nadopMaTuKa 1 "eHETUKA HA TOJIEMUTe 4 IpyIu
HACEKOMN: OOydeHne Ha ydeHuTe u npeanpuemadure or yrpermmnns jger” (University
of Copenhagen et al., 2014). BaxkeH 4jeH Ha KOHCOPIUYMA € aKaJIEeMUIHOTO U3JIa-
TescTtBO u codryepua kommanus ‘Tlerncodr”. TlencodT mybuKyBa HIKOIKO J1€CETKU
N06pe HO3HATH TAKCOHOMHYHH CIIHCAHUS C OTBOPEH J0cThi>. KaTo nomnucsara crpa-
Ha Ha jekjaparuaTa “‘Byxayr’, [lencodt e ecrecTBeH KaHIuIaT 38 U3IPANKIAHETO HA
OTBopena cucrema 3a yrIpasjeHue Ha 3HaHusATa 3a 6uopasnoobpasuero (OBKMS).

[Topajin Te3n TPUIMHU HACTOSIIIATA JIMCEPTAIUS 3a MPUI0OUBaHE Ha JIOKTOPCKA
crereH e Ga3mpaHa B akaaeMuIHOTO mamaresicTBo “‘Tlencodr” m B UucTuTyT mo uH-
dOpMAITMOHHN U KOMYHUKAIMOHHA TEXHOJIOTMY Ha Bbjrapcka akajemusi Ha HAyKUATe

(MMKT-BAH).

IIpersen Ha aureparypara mo npobdJjemMa

[Topanu wHTEPAUCTUILIMHAPHUST XapAKTEP HA JIUCEPTAIUsITa, B pPAMKUTE Ha JINTEpa-
TypHaTa CIpaBKa Ie ce npersejar jse obsiactu: (a) “6a3u OoT 3HAHUS W CBbP3AHU
OTBOpEHHU JaHHU", & CbIIo Taka u (0) “mybJnKyBaHe HA 3HAHUS U JaHHU B cepaTa Ha
brmopaszHooOpasneTo’.

Mcropusita sa TDWG craprupa mnpes 1985 r. u Moxe ja ce Buu Ha http://old.tdwg.org/
past-meetings/. MHoro or upemnparkure Ha Ta3u yeb CTpaHWIA 3a CbXKAJEHWe Ca HEeBAaJWIHU U
CTPAHMIIATA CE HYXKJlae OT U3BECTHA MOIPbIKKA.

?Hamp. ZooKeys, PhytoKeys, MycoKeys, Biodiversity Data Journal (BDJ).
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VBoxg

Bazu or 3Hanug u CBbpP3aHu OTBOPEHHU JaHHUA

Bbeexar ce Ha TepmunnTe “6asa or 3nanus (knowledge base)” u “cucrema, u3moss-
Bama 3Haune (knowledge-based system)”. B nucepranusita npara repMuHa ce U3I10JI3-
BaT B3anMozaMeHsieMo. [IoHsIKora ce U3IucBa Mo-IbJTAIT BAPUAHT — CUCTEMA, H3II0JI-
3Ballla 3HAHUsI/ CHCTEMa OT 3HAHWs — KOraTO Ce MOIYePTaBaT ACIEeKTH Ha HazaTa OT
3HAHWSI, KOUTO HE Ca CBbP3aHU C TEXHOJOIMYHUTE ACIIEKTH Ha Oasara JaHHW — HAIIP.
oTpeburesicku uuarepdelic, n3TOIHUIN Ha nHGOpManud u T.H. [lonaruero ce medu-
HUPA IMOCPEJICTBOM U3PUIHE JIe(ODUHUINH, & CBINO U 9pe3 Pa3ryIexk IaHe Ha Peau3alIi
HA HAKOJKO CUCTEMH OT 3HAHUs HA [PAKTUKA. 1ePMHUHDBT € IIMPOKO 0OCHIKIAH OIe
npe3 ocemzecerre rojunu Ha 20 Bek (Jarke et al., 1989) u Hauasoro Ha jeBeTIeCETTE
rounu (Harris et al., 1993). 3nauenuero, BjiaraHo My Torasa, e “UsIioJj3BaHe Ha HJIeN,
KaKTO OT cucreMuTe 3a yupasjenue Ha Oasu gannu (DBMS), raka u or mskycrse-
uust unrenekt (1) 3a cbh3gaBane Ha TUII KOMIIIOTbPHA cUCTeMa, HapedeHa knowledge
management system (KBMS)”. Harris et al., 1993 nuime, 4e XapaKTepHUCTUKHUTE HA
KBMS ca, 1e Ts cbhrbpaKa “IpeIIncann MpaBuia U (PakTH, OT KOUTO [TOJIE3HU U3BO-
Ju MoraT Jia ObJaT W3BJIEYEHH OT MAallliHa 33 npaBeHe Ha u3Boj, (inference engine)”.
Tpabsa ma ce orbesexku, de TOBa ThJIKYBAaHE UIBA OT BPEMETO HA IIbPBOTO OKOJICHUE
WU (rule-based systems). B mo-noBo Bpeme 6e mocTUrHAT HAIIPEbK BbB BKIIOUBAHETO
Ha crTaTucTHYecKu TexHuku B Gasure ganuu (Mansinghka et al., 2015). Hesasucumo
OT TOBa, B TO3U IPOEKT ce paboTH C KJIaCHIecKoTo pasdupane 3a KBMS, ocHoBaHo
Ha Jjiorndecku npasuia. C apyru jyMu 1noj 6a3a om 3HaHuA ce pa3dbupa “nojxomsina
6a3a JIaHHU, TSICHO MHTErpUpaHa C JIOTMYECKU CJIOH, KOHTO 103BOJISABA IIPABEHETO Ha
JIOTMYIECKU U3BOJIA U IPHUIABA CEMAHTUKA HA JIAHHUTE .

Jlpyro OTHOCHUTETHO ITO-HOBO PA3BUTHE € IPUJIOKEHNETO Ha, PUHIIAIIATE HA CBbP-
sanure orBopenn jganau (Heath and Bizer, 2011). IToedero chinecrByBammu 6a3u o1
3HAHWS HADJISATAT HA COIUAJIHM ACIEKTU, KOUTO IPABSAT JaHHUTE B3aUMOCBbD3aHU U
rOJIHY 3a TOBTOPHO m3noJi3Bane. [Ipumepn ca Freebase (Bollacker et al., 2008), kosi-
To HeotyaBHa Gere Bkiodena B WikiData (Vrandeti¢ and Krotzsch, 2014; Pellissier

Tanon et al., 2016), DBPedia (Auer et al., 2007), kakro u Wolfram|Alpha ( Wolfram/Alpha,

Making the wolrd’s knowledge computable), a cbuio taka u Google Knowledge Graph
(Singhal, 2012). O61m10TO MEXK Iy TE3M CUCTEMH €, U AKIIEHTHT CE TIOCTaBsI HE CAMO BbP-
Xy JIOTUYIECKUSI CJION, KOWTO MO3BOJIsiBA U3BOJIM, 8 U BbPXY €IUHHOTO HH(MOPMAITMOHHO
[IPOCTPAHCTBO: T€3M CUCTEMHU JefiCTBAT KaTO MHTerpupaT nudoOpMaIus OT MHOXKECT-
BO M3TOYHUIIA U CJIEJIBAT IPUHIIUIIATE HA CBbp3aHuTe oTBopenu januu, Linked Open
Data (LOD). Cemanruunara mpexa (Semantic Web, Berners-Lee et al., 2001) npes-
nara peauta npernopbku 3a LOD (Heath and Bizer, 2011), kouro, KoraTo ce npuiarart
[IPABUJIHO, TAPAHTUPAT, Ye MyOyinKyBaHuTe B Mperkara JaHHE ca NOJIHU 38 U3II0JI3BaHe
oT Bcuuky norpeburesin Ha Mpexkata. [Ipuniunure Ha cBbp3aHuTe TAHHU U TSIXHOTO
nputoxkenue KbM OpenBiodiv ce pasriiexxar B TiraBa 3.

Bonenu ot Te3u TenjeHImu, MojiepHuTe 6a3u OT 3HAHUS HAOJIATAT MOBEYE BHPXY
CBBbP3BAHETO HA JAHHU, OTKOJIKOTO BbPXY PazpabOTBAHETO HA CJIOXKHYM MEXAHU3MU 34
JIOTMYecKn n3Bo/iu. KpuTnka Ha njiesta 3a nHTerpupate Ha JOIHYECKH CJIOi B Oa3ara
JIAHHU Ce ChCTOU B HAOJIIOJIEHUETO, Ye MHTEIPUPAHETO BOIY IO MOBUIIEHA CJIOXKHOCT
(Barrasa, 2017). Kpurukara Moxe ja 6b/1e 0606111eHa ¢ aBe Touku. [IbpBo, nmocrasste-
TO Ha JIOrHKa 671130 710 JaHHuTe (0CO6EHO, KOraTo € MPEKOMEPHO MOIIHA 34 3a/1a49aTa)
MOZKe 13 JIOBEJIe JIO JIPACTHYHO HaMaJlsiBaHe Ha HPOM3BOAMTENHOCTTa . Bropo, HOBH
TEeXHUKU (HAIPUMED MAIIMHHO OOyYeHHe) MPABIT ChIIECTBYBAIMs JOIMIECKH CJION
U3JIUIIEH.

3Edextusnocrra na jormdeckus cioit OWL ce cpasusBa ¢ no-ciabara RDF cxema (RDFS) B
raaBsa 3.
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Or Hama riejgHa TOYKa, JAHHUTE Ca OOEKTHT, KOHTO € MHOTO MO-I€HEH, JIOKATO
cTpaTerusita 3a BaJleHe Ha U3BOJAU (/U € JIOPMIECKH CJIOl, OCHOBAH Ha IIPABUJIA, U/
TEXHUKA 38 CTATHCTUYIECKO MAIMHHO 0OyUdeHne) MOXKe J1a ObJe MoJMEHsHA ¢ HAIIPEI-
BAHETO HA KOMIIOTHPHUTE HayKH. Te3u ujen BOJAAT JI0 MHTEPECHA IJIaBOOIbLCKAHUIA
B n360pa Ha TEXHOJIOIH 3a 0a3a JaHHM, PaslyIeJaHa B CJICABAIINTE PA3Ie/IN.

U nakpasi, Besika cucreMa, ba3upaHa Ha 3HAHUS, TPAOBA J1a BKIIOUBA 38 UbJIZKUTEI-
HO U KOMIIOHEHTH Ha TOTpebuTe/IcKust nHTepdeiic u/umm narepdeiic 3a mporpaMupane
Ha npunoxkennst (API), kakro u npuioxkenusi (apps). Te ciykar kaTo TOUKa Ha KOH-
TaKT MEXKJy YOBEKa M MAalllMHATa W ca OT PEIIaBalllo 3HAYEHUE 3a ycliexa Ha BCsKa
TakaBa CHCTEMA.

IlybnnkyBaHe Ha 3HaHUS JIJAHHU 3a OMopa3HoobOpa3ueTo

B 6momemunuackaTa obyiacT oTIaBHA ce paboTH 110 M3BJIMYAHETO Ha WHMOPMAIUS U
OTKPHMBAHETO Ha 3HAHUS OT IIbpBUYHA JuTeparypa (Hamp. Rebholz-Schuhmann et al.,
2005; Momtchev et al., 2009; Williams et al., 2012). Obsacrra Ha 6HOpazHOOOPa3U-
€TO, ¥ IO-CHENUAIHO OMOJIOrMIHATA CUCTEMATHKA W TAKCOHOMEs (OT TYK HATATHK B
JIICEPTAIUATA ChKPATEHO HApUIAHA MAKCOHOMUSA), CHIIO Ce JBUXKHU B TIOCOKA K'bM Ce-
manTusaius (Hanp. Agosti, 2006; Patterson et al., 2006; Kennedy et al., 2005; Penev
et al., 2010a; Tzitzikas et al., 2013). AkajemuuHaTa M37aTEJICKA JEHHOCT € MOJIEIH-
pana upe3 OHTOJIOrHIHUTE U3gaTesicku u pedepertan onrosiorun, SPAR Ontologies
(Peroni, 2014). Ouronorunre na SPAR ca Kojekiust OT OHTOJIOTHY, BKJIIOYBAIIH, Ha-
pes ¢ apyroro, 6ubsmorpadcekara onrosorust FaBiO (Peroni and Shotton, 2012) u
DoCO, onrosorus 3a kommonenTure Ha najaex qokyment (Constantin et al., 2016). On-
rojiorunte Ha SPAR ocurypsiBar KjacoBe u CBOMCTBa 3a OMMCAHUETO HA AKaJeMUIHU
cTaTuu ¢ o0INO Ipe/Ha3HaYeHne. TAKCOHOMUYIHUTE CTATHH U TEXHUTE KOMIIOHEHTH, OT
Jpyra crpata, ca Mojeaupanu upe3 TaxPub XML Document Type Definition (DTD)
u Hedopmaino ce sapnda “XML cxema” (Catapano, 2010). TaxPub e XML cxemara Ha
HSIKOJIKO BayKHU TakcoHOMU4HE crmcanusi (Hanp. ZooKeys, PhytoKeys, Biodiversity
Data Journal) u ciyku karto KonienryaseH mabuoH 3a ontosorus OpenBiodiv-O
(raBa 2), paspaboTeHa B X0/la HA JIUCEPTAIUSITA.

TakcoHOMUYHATa HOMEHKJIATYpa € JUCIUILINHA C MHOTO JIbJjira Tpaauius. Ts
ce Tpancdopmupa B MojepHaTa cu dopMa ¢ myOJIMKyBaHETO Ha JIMHEeBaTa CUCTEMa
(Linnaeus, 1758). Bede kbM HAYAIOTO HA MUHAJINS BEK Ca GUIIM M3MIOJI3BAHU CTOTHILH
rakconommann Tepmunn (Witteveen, 2015). I[Tonacrositem uMeHyBaHETO HA TPYIH OT
OpraHM3Mu ce peryjmupa oT MexKIyHapoHUs KOJIEKC 3a 300JI0TMYHA HOMEHKJIATYypa
(ICZN, International Commission on Zoological Nomenclature, 2017) u MexayHa-
POJIHUST KOJIEKC 3a HOMEHKJIATypa Ha BOJOPAC/U, I'bOM U PACTEHWS, U3BECTEH KaTo
Konekc na Menbwpu (International code of nomenclature for algae, fungi and plants
(Melbourne code) 2012). Tlopamn raxuara ciaoxkuoct (Hamp. ICZN mva 18 riasu u
3 IpUJIOXKEHHMs), Ce OKAa3Ba HEIPEOJI0JINMO JI0 TO3M MOMEHT IIPE/M3BUKATEJICTBO JIa
ce Cb3/ajle HeIPOTUBOPEUNBa OHTOJIOTUs Oa3upaHa Ha KOJEKCUTE 3a OMOJIOTMYHa, HO-
MeHKJ1aTypa. OIUTH 3a IPeoI0/IIBAHETO Ha TOBA MIPEIN3BUKATEICTBO Ca CPABHUTE/THO
mbymara onrosiorust Ha NOMEN (Dmitriev and Yoder, 2017) u He 10 TaM 3aBbpiie-
Hure TepMuHu 3a craryTa Ha TAKCOHOMUIHHUTE HOMeHK/aTypu, TNSS.

CbIiecTBYBAT HAKOJIKO MIPOEKTA, MEJIAIN MOJCTHPAHETO Ha, MO-TUPOKATa 00JIaCT
Ha GuosiormuHoTo pasHoobpasue. Darwin-SW (Baskauf and Webb, 2016) aganrupa

upeauranTe Tepmuan “DarwinCore” (Wieczorek et al., 2012) karo Resource Description

Framework (RDF). /Iara mo/ie/ia ce 3aHNMaBaT OCHOBHO C JIAHHU 3a HAJIMYHE Ha Op-
raam3mu. MomennpaneTo u (hopMaIU3nPAHeTO Ha CTPOTO TAKCOHOMUYIHUST TOMEH e
obcbreno or Berendsohn, 1995 u mo-kbecuo B Hamp. Franz and Peet, 2009; Sterner
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and Franz, 2017. 3a orbenssBane e u XML-6asupaHnara cxema 3a MPeXBbPJIsSHE Ha
rakconomuunu Kouneniuu (Taxonomic Names and Concepts Interest Group, 2006)
u Bede HeBasmaHaTa Taxon Concept Ontology. Hackopo B obraocrTa Ha TDWG ce
[IOJIHOBU MHTEPECHT K'bM TAKCOHOMUYHUTE KOHIIEIINH, Ype3 Cb3/aBaHeTo Ha ['pyra
3a UMEHa W TAaKCOHOMHUYHU KOHIenmuu. ['pyrnoBuTe IucKycum MOTAT Jjia ObjaT J0CTb-
nenu nox https://github. com/tdwg/tnc. MuTepecHoTo €, Ye B IbpBaTa JUCKYCUs B
GitHub ce 06cbau OpenBiodiv-O u Bb3MOXKHOCTTA 32 IPUEMAHETO My KATO CTAHIAPT
na TDWG.

ITpes roum 2015 1. ce craprupa npoekTsbT OpenBiodiv. lo crapra Ha mpoekTa ca
yOJIMKYBaHU PEJIAIA BayKHU CTATUH [0 TEMUTE 38 CBbP3BaHe HA JIAHHU U CHOJIEJISTHE
Ha uzeHTHdUKATOPH B 00/1acTTa GuojornuHoTo pasnoobpasue (Page, 2008), orHocHO
obemusiBaneTo Ha durorenernyanu 3nanus (Parr et al., 2012), u no Temara Ha Takco-
HOMMYHHTE MMEHa U BPb3KaTa UM CbC cemanTudHaTa Mpexka (Page, 2006; Patterson
et al., 2010), KaKTO ¥ OTHOCHO ODOOINABAHETO HA WM3CJECABAHUSATA HA OHOJIOTHIHOTO
pasnoobpasue (Mindell et al., 2011). duckycusi orrocao OBKMS ce namupa B Hayu-
uust 6s0or iPhylo (Page, 2014, 2015). Ilpasaure acuektu na OBKMS ca o6cbaern ot
Egloff et al., 2014. OcBen ToBa HIKOJIKO CUCTEMU 38 HHTEIPUPAHE HA TAHHU 3a Ouopas-
HOOOpa3meTo ca paszpaboreHu oT paziaudnu rpymu. Hakou ot mait-Bakaute ca UBio,
I'no6asnun umena, BioGuid, BioNames, IIpodur na takconu na Ilencodr u Ilnanu’.

OcHOBHU M3BOJM OT JIMTEpPATypHATa CITPABKAa

OcCHOBHHUTE U3BOIU OT Pa3ryIeJaHUTE U3TOYHUIN Ca OOOOIIEHN KaKTO CJIeBa:

1. Buopa3noobpasuero ce 3aHMMAaBa C PA3JUYHHU BUJOBE JTAHHU: TAKCOHOMUYHM,
6roreorpadcku, (PUTOTEHETHIHN, BU3YAJHN, OMUCATETHN U ApyTu. Te3u mannu
ca TPYIHO JOCTBIHU B HE B3aUMHO-CBbP3aHN XPAHWINIIA 3a JAHHMU.

2. Baszure manHu 3a GHOJIOrMYHOTO pasHOOOpasne ce HYKIAsAT OT YHUBEPCAJHA
cruCTeMa 3a MMEHyBaHe Ha TAKCOHOMUYHM KOHIEIIMH IOPaJy HEIO0CTATbIUTE
Ha JIMHEEBUTE MMEHa 3a MOJepHaTa TaKCOHOMHsI. ETuKeTuTe 38 TAKCOHOMHIHU
KOHIIEIIIAN Ca, [IPEJJIOKEHN KaTO PelleHne, pa3bupaeMo oT YoBeKa. A riobajiHo-
crabusan yuukasnu uaentudukaropu (GUID) Ha TaKCOHOMUYIHU KOHIEIIIUH —
KaTo pelrenne, yao0Ho 3a 00paboTKa B MAITMHEH BHU/I.

3. Haumrie e ocaoBa oT nmudpoBu3upana mojy-cTpyKTypupana nadopMalus 3a 6u-
OJIOTMYIHOTO pas3Hoobpasue B MperkaTa ¢ MOAXOISIIH JUIEH3U, YaKaIlH 13 Obaar
MHTErpUpatu Karo 6a3a OT 3HAHUS.

ILen u 3agaun

[Ipenpun orpoMHHUST MEXKIyHAPOJAEH HAyYeH HHTEPeC K'bM OTBOPEHATa CHCTEMA 38, yII-
paBJIEHHSI Ha 3HAHUS U JAHHH 3a OMOpPa3HOOOPa3MeTO, Tas3H IUCEPTalldsl CTapTUPa
npoekT OpenBiodiv, Ko#iTo a JoIpHHECE 3a Ch3JaBAHETO Ha CUCTEMAaTa, KaTo Ce
KOHIIEHTPHUPa BbPXy 3HAHNE, U3BJICYEHO OT HaydHATa JIUTEPATYPA.

[lenra HaA TPOEKTa € ¢b3aBaHETO Ha POPMAJIEH CEMAHTUIEH MOIE] Ha 001aCTTa Ha
nyOJIMKYBaHETO HA 3HAHUE 38 OHMOJIOTMYHOTO Pa3sHOOOpasue M IPUJIOKEHIETO Ha TO3H
MOJIEJT 38 C'b3/IaBaHe Ha CUCTEMa 33 CBbP3aHU OTBOPEHU JAHHU 33 OMOPA3HOOOPA3UETO.

3a 1a ce 3aBbPIIA CHCTEMaTa, ca (DOPMYJIMPAHH CJICIHUTE 3a1a9M:

4UBio: http://ubio.org/; Tnobasau UMeHa: http://globalnames.org/; BioGuid:

http://bioguid.org/; BioNames: http://bionames.org/; Ilpobmn ma rtakcon mua Ilencodr:
http://ptp.pensoft.eu/; Ilnanu: http://plazi.org/wiki/.
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Samaua 1: Onrosiorusa. lzyuaBane Ha nndopMaTukaTa Ha OHOPA3HOOOPA3UETO U
nyO/JIMKyBaHeTO Ha JAHHU ¥ pa3paboTBaHe Ha OHTOJIOIHSA, KOSITO IO3BOJIABA UHTEI'PU-
paHeTO Ha JAHHU 32 OMOJIOTHYIHOTO PA3HOOOpa3ne OT PA3JIUIHU M3TOTHUIIM.

3amaya 2: Codryepua apxurektypa. Dopmanmsanus sa OpenBiodiv karo oc-
HOBaHA Ha 3HAHUSI CHCTEMa W Ch3aBAHETO Ha WHTerpupaHaTa W copTyepHa apXuTeK-

Typa.

3amaua 3: Cebp3anuu orBopeHu manHu. (Cb3raBaie Ha CBbP3aHU OTBOPEHU JAH-
au (LOD) Bb3 ocHOBa Ha IyOJIMKYBAHM TAKCOHOMUYHU CTATUH, M3IOJI3BAIINA OHTOJIO-
rusgTa orT 3agada 1.

3anaya 4: Codpryepua oubimoreka. PaspaboTBane HA WHCTPYMEHTH 3a MPeod-
pasyBaHe Ha TaKCOHOMUYHUTE IIyOJUKALMKE B CEMAHTHIHUST MOIEI Ha OHTOJIOIHSTA, C
IeJ1 mojroMarane Ha 3ajada 3.

3agaua 5: Meroau 3a pabGora. PaspaborBane Ha TpPaKTUYECKW METOJIN 3a pPa-
0oTa 3a HEIPEKHCHATO MMpeodpa3yBaHe HA TAKCOHOMUIHHUTE JaHHU B TAKCOHOMUTHHU
nyOJIMKAIMY U 110 TO3W HAYMH aKTyaju3upane Ha nabopa or manuu LOD.

3amadya 6: Yeb mopras. Cb3gaBane Ha yed mopTaj ¢ IPUMEPHU IIPUJIOXKEHUST B
JIOI'bJIHEHNE K'bM 0a3ara OT 3HAHUS.

MeTtonoJsiorusa

B To3u pa3jgesi ce odepTraBaT I/1360pI/IT€, HallpaB€HHU IIPpEeInu 3all0YBaHE€ Ha (ba3aTa Ha
IpOoEKTHUpaHe M MIII'bJIHEHNE Ha CHucTeMaTta. Te BKJIIOYBaT, HO HEe Ce OorpaHm4YaBaT I0
HaIIp. IIapa/JurMuTe 3a IIporpaMmupaHe u 3a basa JaHHUA.

N360p Ha mapaagurma Ha 6a3a ganHu 3a OpenBiodiv

OpenBiodiv e dopMmynupana karo cucrema, OCHOBaHAa Ha 3HAHUE, ¢ (DOKYC BBPXY
CTPYKTYPUPAHETO U B3aNMOBPbB3KATa Ha JAHHU 3a Omopasnoobpasmero. e oT Bb3-
MOXKHHUTE TEXHOJIOTUN 33 0a3u JAHHU, ¢ KOUTO CUCTEMATa MOYKE Jla Ce Peajin3upa, ca
cemanTnuHa 6a3u ganuu (triple stores), karo manp. GraphDB (Ontotext, 2018) u rpa-
dbuana’ 6asn nanmn (labeled property graphs), karo namp. Neo4J (Neo4J Developers,
2012). 1 nBara Tuma 6a3u JAHHA BCHITHOCT Ce OCHOBABAT HA MOJEJIA HA MaTEeMaTHIEC
kusi rpad 1 Morar g 6baar Hapudanu “rpaduann’. Cemantuanure (rpadudnn) 6a3u
JaHHU MIpeJjlaraT MHOTO IPOCT MOJEN 3a JaHHU: BCeKH (PAaKT, CbXPaHsSBaH B TaKaBa
baza JaHHM, ce IPeACTaBs KaTo TPOiiKa oT moijor subject, ckazyemo predicate U IPSIKO
JnorrbyiHeHne object. Subjects ca Bunaru naeHTH(UKATOPH HA PECYPCH, JOKATO objects
Morar j1a ObJaT ApYru WAeHTH(GUKATOPU Wi OYKBAJIHU CTOWHOCTH (JINTEPAJIH, HAIID.
HU30Be, YKUCjIa U T.H.). Bpb3kure ce nasar or predicates (II0COYEHU CbINO KATO WJIEH-
tudukaropn). Tesn Bpb3KN ce HapW4aT IpeuKaTH WiIn CBoiicTBa (properties). Ilo
TO3U HAUMH MOXKE JIa Ce BU3yasu3upa rpad, YUUTO BbPXOBE ca UICHTU(PUKATOPH WU
OyKBaJIHUA CTOIHOCTH M, YUUTO pebpa ca coiicrBa. CeMaHTUUHNATE Oa3u JAHHU MMAT
YHUKAJIHATa YepTa, Ue JOTHMUECKUIT CJIOH CbINO ce M3pa3sdBa KaTo TPOMKHU, ChXpame-
i B 6asara ganHu. To3u Jlornvecku cJjoi, u3BecTeH Karo oHTosorust (ontology), He

STyk rpsabsa ma ce BHEMaBa: rpadbudHa B CIydas O3HadaBa Gasupana Ha rpad (T.e. CHbBKYIHOCT
oT pebpa u BbPXOBe), a He: Ha rpaduka.
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caMO OTTOBapsl 33 M3BJINYIAHETO Ha HOBH (baKTH OT JAaHHUTE (M3BOJ), HO CHINO TaKa
dbopmasmsupa u cemanTukara (CMUCIOBUsI MOJIET) HA 3HAHUETO.

He-cemanTuunure rpadwyann 6a3m JaHHN, HAPUIAHA IPOCTO IpadUTHH, Ipeia-
raT mo-cBoOOJIeH MOJIesI 3a JaHHU, KaTO I03BOJISIBAT W pebpara Ha rpada OoT 3HAHUS
Ja uMar erukeTd. Hampumep, B rpad, 9uuTo BbpXoBe ca JBa rpajga A u B, Kouto
ca CBLP3aHHU IOCPEJICTBOM CBOMCTBOTO €688P3aHU C MEM, € BH3MOXKHO IOIIbLIHUTETHO
na ce mpmitoxku crovinoctTa ‘D00 KM’ KbM TOBa cBoiicTBO. [0 TO3M HavWH MOCOUYBAME,
Je IbJRKUHATA Ha BT, CBbp3Ball rpanosere, € 500 kM. To3m pasmmpeHn mMomes He
e To-U3pa3uTe/IeH OT IIPOCTUsI CEMAHTHUYEH, pasrjiead B npeauinaus maparpad. T.e.
HsIMa TBbP/IEHNE, KOETO MOXKe J1a ObJe N3Ka3aHO ¢ PA3IINPEHNT MOJIE, & JIa He MOXKe
Jta O'bJIe U3KA3aHO MOCPEJCTBOM ceMaHTUIHUS Mojesa. CJI0KHU B3aUMOOTHOIIEHUST B
obukHOBeH triple store morar ja ObgaT W3paseHn Upe3 MPeodPa3yBAHETO HA CJIOXKHHU
CBOMCTBa B HOBU PECypPCH, KOUTO UMaT cOOCTBEHH cBoiicTBa. To3u mpoliec e u3BecTeH
kato pendukanus (reification). Hanpumep, nBara rpaga A u B mMorat ga ce CBbpKaT
KbM JIpyr BpbX, R, mocousarn mbrsi. R me mma Tpu cBoiicrBa: start, end u length.
Croitrocrra (object) Ha start me 6bue A, Ha end me 6bae B, a length me Gbue
smrepasT “500 kM’ mwim aucioro 500.

Paznukure mexny rpacdudnuTe u ceManTuaHUTe 6a3u JaHHU ca 0606menu B Tab-
sguia 1. Cjen BHUMAaTEHI pa3CbXKACHUsI, CEMaHTUYIHa Oa3a JaHHU € n3bpaHa Ha TeX-
HOJIOTHSI 3a 0a3a JaHHW. 1oBa pelleHne e NHMOPMUPAHO OT IIMPOKATa HAJTUIHOCT HA
BrucokokadecTsenu onrosioruun u RDF mojenu B obsiacrra Ha OHOJIOITIHOTO Pa3HOOO-
pasue (Baskauf and Webb, 2016; Peroni, 2014) u oT nomny/isipHOCTTa Ha CeMaHTUIHATA,
mpexka (Berners-Lee et al., 2001) B nayunaTa oOIIHOCT.

Bbupeku ToBa cMATaMe, ye HeCeMaHTUIHUTE I'Padu ca II0-CBOOOIEH 1 I10-eCTECTBEH
MOJIEJI Ha JaHHM U Ca HAIIbJIHO MOAXOISINN 3a WHAOPMaTUKATA 3a OMOpasHOOOpasm-
ero. Ilo-cenuaJHo, Te oCUrypsiBAT MHOI'O IIO-€CTECTBEH (pOpMaIn3bM 3a U3pa3siBaHe
Ha B3aMMOOTHOIIEHUSITA MEXK/[y TAKCOHOMUIHUTE KOHIENIMU (00Ch/IeHH B IilaBa 2).
CbImo Taka HAIIOC/IEIbK ceManTHIHn 6a3u mannu, paziandan or RDF, karo WikiData,
craBar monyJsipan. Ko 3amo caurame, de npuiioxkumoctTa Ha RDF 3a OpenBiodiv
TpsiOBa MMOCTOSTHHO Jia O'bJie MPeolleHsIBaHa.

N360p Ha m3TOYHUIIM Ha MHMOpMaIus

Bropaznoobpasznero n cBbp3aHUTE ¢ OMOPA3HOOOPA3UETO JTAHHU WMAT JIBa PA3INI-
HU “TUKbIa HA KUBOT  (pro-iBiosphere project final report 2014). B kinacudeckus
BapHUAaHT, CJIeJl KATO € HAIPABEHO HAOJIIOJIEHNe Ha YKWB OPraHU3bM, TO € 3AIMCBAHO
B TeTpajKa W CJie]] TOBa OejlerkKKa 3a Hab/IIofeHne e myOJMKyBaHa B HAYIHA CTATHUS
wim mouorpadus. He-npasurencrsenara opranusanug “Ilnamu”, kakto u Biodiversity
Heritage Library (Miller et al., 2012), monarar ycnians 3a AUTHTAIX3UpaHe Ha IyO-
JIMKAIWH, MyOJIMKYBaHU [0 TO3U HAUYMH Ha xaprueH Hocures (Agosti et al., 2007). 3a
Tasu 1es ca paspaboreHn HAKOJIKO crermanan XML cxemn (Bxk. Penev et al., 2011
3a npervies), or kouro TaxPub (Catapano, 2010) u TaxonX ca Hal-IIMPOKO U3I10JI3-
Bauu (Penev et al., 2012). Iururanusupanero Ha MyOIMKAIUUTE CbIbPKA HSKOJIKO
crbiku. Crell ckanupane u onTuaHo pasnosnasane Ha cumposm (OCR), ce uspbpiBa
text-mining. Tasu nporeypa mapkupa ejgemenTH (semantic markup), Kouro morar
J1a O'bJIaT U3BJIEUYEHN U IIPEIOCTABEHN 33 O'bJIEINO0 M3IIO3BAHE U TIOBTOPHO U3IIOJI3BAHE
(Miller et al., 2015).

B nmemno Bpeme 3HaHue 1 JaHHEW 38 OMOPA3HOOOpA3UETO U ce MyOanKyBaT B 1ud-
poB opMaT Karo ceMaHTUIHO 1mojobpenu mybsukanuu, enhanced publications (EP,
Claerbout and Karrenbach, 1992; Godtsenhoven et al., 2009; Shotton, 2009). Cnopes
Claerbout and Karrenbach, 1992, “EP e nybukaiusi, KogTo € pa3lllUpeHa ¢ JaHHA
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TABIUIA 1: Paznuku Mexky 6a3u JaHHU BbPXY CEMaHTHIHU I'padu
(manp. GraphDB) u ne-cemanruunu rpacdu (aanp. Neodj).

Kpurepuit Cemantuuen rpad He-cemanTtuyen rpad
CobxpaHsiBa ce B camMara
baza ganan karo OWL PopmaTHa CeMaHTHKA
win RDFS-uspa3zu. OOMKHOBEHO JIUIICBA.
Ocurypsia €JIMHHO Bbpso BHEApsiBaHe.
CemanTnka yP p p
IIPOCTPAHCTBO 38, JAHHHU. Yauduimpano
Wswucksa [IPOCTPAHCTBO 3a JaHHU
€KCIIEPTU-OHTOJIO3U I [TO-TPYAHO MOCTUZKIMO.
N3BJINYAT 3HAHUA.
Ocurypen ot camara
yp . Brbumen 3a 6azara
6as3a maHHM OT HelHaTa
napHu. TpsibBa j1a ce
OHTOJIOT'US NJIN
bo N HaIIUIIEe 33 BCSIKA
MyJIUpaH
WsBon PMyIHD KOHKpeTHa 3a1a49a. Cbe
nocpesicreom SPARQL
CIEIUAJTHO
sageku. C 06110
[pegHas3HadeHne.
[pe/IHa3HAYEHHE,
[To-6nbps3.
mo-6aBem.
Monenure ce ch3naBar
ad-hoc o mporpamucT
Wma 6orara u 3psiia borp
3a JIaJIeHa 3a/1a4a.
OOIIIHOCT OT OHTOJIO3U U
ITocTturanero Ha
NH2KEHEePpU 110 SHaHUA.
MHTEPOIEPATUBHOCT HA
O6muocT Muoro onToJioruu 3a
JAHHATE U3UCKBA yCHUJIUSI
pa3ndHUTE
n HE € OT II'bPBOCTEIIEHHO
mucruiinan. CTpeMsrna
snagenne. CTpeMsdiia ce
ce K'bM CTaHIApPTH.
KbM paboTerniu
MIPUIOKEHUS.
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OT WM3CJIEJ[BAHUS, JIOI'bJIHUTETHT MATEPUAIU U JOIbJIHATEHE JJAHHU. 15 MMa CTPYK-
Typa, 6a3upaHa Ha 0OEKTH, ¢ U3PUIHU BPB3KU Mexky obekture. Enma 00eKT MOXKe
na Obje (dact or) crarus, HAGOP OT JaHHU, n300parkenue, UM, KOMEHTAD, MOJLYJI
Win Bpb3Ka KbM nHpopMalus B 6aza manuu’. [lo To3u HAYMH ceMaHTUYIHO 10100pe-
Hute mybsmkanun ca “‘poneru B HTEpHET U B ceMaHTHYIHATA MPexKa~ 3a Pa3JImKa OT
TeXHUTE XaPTUEHU HPEIIIECTBEHUIIN.

AkTbT 3a myb/iKyBaHe B U(POB, HOI00peH (hopMat, ce pa3jaindaBa OCHOBHO OT
nybJinKyBaHeTo B medareH n3TouHuk. OCHOBHATA pas3iinka e, 4e 1MudpoBo IyOJuKy-
BAHUSIT JOKYMEHT MOXKe Ja ObJie CTPYKTYPUPAH B TaKbB opMaT, de 14 € MOIXOISIIL
KaKTO 3a MalluHHa o0paboTKa, TakKa W 3a YOBEIIKOTO OKO. B cdepara ma Haykara
3a OmojIoruYHOTO paszHoobpasue, ciucanus Ha llencodpt xaro ZooKeys, PhytoKeys u
Biodiversity Data Journal (BDJ) or rogumn npemiarar nybimkysane na EP (Penev
et al., 2010D).

[Tpensun dpaxra, de mybaukamuure Ha Ilencodr n [lnanm mokpusar rojsiMa gacT
OT TAKCOHOMHUYHATA JINTEPATypPa KAKTO 110 00eM, TaKa U 110 XPOHOJIOTHs, U 49e IIy0JIu-
KaIlMATe Ha Te3W Be U3IaTeJICTBa Ca JOCTBIIHU KATO ceMaHTuYHN EP, nepmomuaanTe
uzganns va [lencodr u [ramu 6sixa n3bpann KaTo OCHOBHU M3TOYHUIM HA WHMOpPMa-
nus 3a OpenBiodiv.

OcBen TOBa B cucreMara € BKJIOUYEH TakcoHOMuYHUAT rpboHak Ha GBIF GBIF
Secretariat, 2017 KaTo W3TOYHUK 3a UHTErpamys Ha JaHHEU. JlOIbJIHUTE/HA Pa3siCHU-
TeJIHU JIeTailin ca JIaJieHn B ryiaBa 3.

N360p Ha mMeTogosiorus m cpeja 3a IIporpaMmupaHe

IIpes 2016 1., BB3 OocHOBa Ha pe3yiaTaTuTe OT pro-iBiosphere m Ha cbinmecTByBaIn
pa3paboTku B obJracTTa Ha MHMOPMATHKATA 38 OHOJIOTMIHOTO pa3Hoobpaswne, e 1myo-
JIMKyBaH IJiaH 3a jokropantypara (Senderov and Penev, 2016). Tasu my6ukarust
MOXKe J[a Ce CUMTa 3a II'bpeara crenudukaus Ha npoekra Ha OpenBiodiv. Bbupekn
TOBAa, B X0JIa Ha pa3paboTBaHETO Ha CHCTeMaTa, IN3ailHbT Ha cHcTeMaTa 6e IpoMeHeH
UTEpATHBHO Upe3 obpaTHa BPbH3Ka OT ChTpy’auuIm or mnpoekta BIG4 project® Tesu
IPOMEHM Ca B JlyXa Ha OTBOpeHaTa HaykKa (open science) u Ha agile paspabomxama
na copmyep (Beck et al., 2001). Tosu mrepaTuBeH MOAXOM ce PasaHdaBa OT IMIOIXO-
na waterfall, kbaero cien dazara Ha mpoekTUpaHe, crerudukanuuTe ‘ca 3aMpa3eHun’”
[pe3 JIbJIra U3IIbJIHUTEHA (Pasa.

[Ipe3 mocremanTE TOAVHE IPOTPAMHEST €3UK R ce M3I10/13Ba IMIMPOKO B 06/1aCTTa
Ha Haykara 3a janau data science (R Core Team, 2016). R uma 6Gorara 6ubamoreka
oT codTyepHH IAKeTH, BKJIOYBaIla nakern 3a obpadborka Ha XML (Wickham et al.,
2018), 3a mocrbu g0 API (Wickham, 2017) u ce dokycupa BbpXy OTBOpeHa HayKa
(Boettiger et al., 2015). Bbamoxknocture Ha R Karto QyHKIMOHATIHO-OPHEHTHPAH 1
MHTEPIPETHPaH €3UK 00JIEKIaBaT MOAX0/1a 338 UTEPATUBHO pa3paboTBaHe Ha coPTyep,
odepTaH B npeaxonaus maparpad. Ocsen ToBa R ce n3mosssa MMpoKo B ODIIHOCTTA
Ha nHMOpMaTHKaTa 38 OHOJIOrHIHOTO pasHoobpasue. [lopaau Tasu npudnHa cpemara
Ha codryepa R e nsbpana 3a 0CHOBHA IIpOrpaMHa Cpea.

OrBopena Hayka u CemanTnyna Mpexka

CremanTe METOIOJIOTUH IIPABST PE3YATATUTE OT U3CJIEABAHETO OTBOPEHU M Bb3IPON3-
BOJIUMU.

SKammunarsr Bukrop Cenyiepos e wacr or MeskyHapoHara Mpexa 3a oGydenne Ha “Mapust
Ckaonoscka-Kropn” BIG4: Buocncremaruka, nudgopMaruka ¥ FreHOMUKa Ha rojemure 4 rpynu Hace-
KOMM: O0ydeHne Ha yTPENIHUTE U3CJICTOBATEHN U IPEIIPAEMATIH.
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OpenBiodiv TpsibBa ga Obie pasrieaH oT ryeaHa Touka Ha Open Science. Cbr-
sacao Kraker et al., 2011 u Was ist Open Science?, mectre npunnuia #a OTBOpeHaTA
HayKa Ca: OTBOPEHA METOJIOJIOTUs, OTBOPEH KOJ, OTBOPEHU JIAHHH, OTBOPEH JIOCT'BII,
OTBOPEHU DEIEH3UN U OTBOpeHHU obpazoBaresinu pecypcu. Llenra wa OrBopenara Ha-
yKa € Jia OCUT'YPH JOCT'BII JI0 BCUIKHU M3CJIEIOBATEJICKA [TPOIYKTH: JaHHN, OTKPUTHSI,
XUIOTE3M, KO, U T.H. TOBa oTBapsiHne rapaHTUpa, 9e HAYIHUAT IPOJYKT MOXKeE J1a Oblie
BB3IPOM3BOIUM U 1poBepuM oT japyru ydenu (Mietchen, 2014). CoinecrByBa rojsiv
HHTEpeC KbM pa3pabOTBAHETO HA TPOIECH U WHCTPYMEHTHU, KOWTO JABAT Bb3MOXK-
HOCT 32 BB3MPOU3BOJIUMOCT U IIpoBepKa. Te3u mpobjeMu ca pasryieJaHu HaIp. B CIe-
masien 6poit B Nature, mocserena Ha Bb3npousBogumu usciaensanus (Challenges in
irreproducible research 2010). [Topaju ToBa U3XOJAHUAT KO/, JJAHHUTE U MyOJIMKAIIUUTE
na OpenBiodiv e 6b1aT TyOIMKyBaHN OTKPUTO.

Ocgen ToBa OpenBiodiv ce pasriexja kato Hepasmueina dactT oT CeMaHTHIHATA
Mpexa (Berners-Lee et al., 2001). CemanTtudynara Mpeka € Bu3us 3a ObIENIETO Ha
Mpexkara, KbJETO Ca CBbP3aHU HE CAMO JOKYMEHTH, HO U JAHHU.

CrpyKTypa Ha AucCepTauATa

Bbe Bbeezenue e n1agena MOTHBIPOBKA 3a ChIIECTBYBaHeTo Ha cucreMaTa OpenBiodiv,
KaKTO 1 0000IIeHre Ha HETHUTE [IeJIH U 33 1a4U.

B rnapa 1 e mpencraBena dopmanaHaTa cuennduKanusaTa U IU3aifHbT Ha CHCTe-
MaTa, KaKTO U HefHaTa apXUTeKTypa; Tasu Iiiasa GpopMupa 3aaada 2, HO B JOTHIEC-
KHsl XOJI Ha JucepranusTa e XybaBo Ja Oble pasrienaHa mbpBo. Creapaliure riaBu
obcbxkaar usnbiaHennero Ha OpenBiodiv. Imasa 2 npezjara ¢gpopMaJiHa KOHIEITY-
ajmmsalys Ha obslacTTa Ha IIyOJMKYyBAaHETO Ha JIAHHU 33 OMOJIOTMYHOTO PasHoobpa-
sue. BbBexka ce IeHTPaJHUAT HaydeH pe3yJITaT Ha AUCepTalUsTa — OHTOJIOTUSTA
OpenBiodiv (OpenBiodiv-O) u ce nokpusa 3amada 1. taBa 3 omnncsa orBOpeHuTE
JIAHHU, KOUTO ca renepupanu Bb3 ocnoBa na OpenBiodiv-O u dopmupa 3anaqga 3.
naBa 4 nogapo6uo onucsa codryepuust naker RDF4R (R naker 3a pabora ¢ RDF),
KoiiTo Ge m3mossBan 3a cb3gasane Ha Linked Open Data (OpenBiodiv-LOD) u dop-
Mupa 3azga4da 4. B rinaBa b ce ob6cbikIaT iBa Kadyca 3a BHacsHe Ha gaHHn B OpenBiodiv
OT BayXKHHU MeXKJIYHapOJIHU XpaHWIUINa, 3amada 5. [1aBa 6 obcbxka yeb-caiita, KOii-
TO ce moAroTssa Ha ciyxku Ha Ha OpenBiodiv-LOD u npuoxkenusTa My U IIOKPUBa
Bagaua 6. B 3akirodenne pesyararuTe Ha JUCEpTAIUITa ca 0DODINEHN U HAyJHUTE W
U HayYHO-IIPUJIOXKHH [IPUHOCH Ca M3TbKHATU. Pasucksa ce mybJIMKyBaHETO U IIOILYJIs-
PUBUPAHETO Ha PE3YJITATHUTE.
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Apxurektypa Ha OpenBiodiv

Bbeexkgar ce kommonentute Ha OpenBiodiv, kouTo 1me 6bIaT pas3riielanu o IpoOHO
B ciaeaBamuTe riaasu. OnucBa ce, Kak B3amMMOJEicTBAT Te3W KOMITOHEHTH, 34 Ja Ce
dopmupa b6azupanarta Ha 3HaHUETO cucrema OpenBiodiv.

1.1 Kakso e OpenBiodiv?

Pasbupanero 3a OpenBiodiv kaTo cucrema, basupaHa Ha 3HaAHUE, MOXKE 8 ce 0000IIH
o ciaemqaust HaunH: OpenBiodiv e 6a3a gaHHM OT B3amMOCBbp3aHa MHMOPMAIUS 3a
OMOJIOTMIHOTO PaszHOOOpa3ue, 3aeHO C JIOIUKA U IIPUJIOXKEHUsI, TIO3BOJISIBAIIN Ha, [TOT-
pebuTesmTe HE CAMO Jia Ce JIOMMUTBAT JI0 JAHHUTE, HO U JIa OTKPUBAT JOIbJIHATETHH
daxTu, cebp3anu ¢ gapaure. OcHoBHUTE U3TOYHMIM Ha wHopManus B OpenBiodiv
ca CclMcaHugaATa Ha akagemudnnsa usgares ‘Tlemcodr”’, TakcoHOMMYIHATA NHOOPMAIIS
or Ilnamu u takconomuunusit rpbbHak Ha Global Information Biodiversity Facility
(GBIF).

Nscnenosarenckusit mpobieM Ha apxurekrypara Ha OpenBiodiv moxke na ce dop-
MyJIIpa KaTO IPOEKTHpaHe Ha ceMaHTH4YHa rpadudHa 0a3a JaHHU HAa OCHOBaTa Ha
RDF, kosiT0 € ¢ 0TBOpEH JIOCTBI U BKJIIOUBa HHMOpMAIsi, IpejgocTapstaa or [lercodr,
ILnamu u GBIF 1 nossoJisiBa Ha norpebuTenTe Ha CUCTEMAaTa JIa 3a,/1aBaT CJA0KHU 3a-
SIBKH.

OpenBiodiv ce c¢beron or (1) cemanTnuna rpadudna 6a3a jJannu, (2) nporpamen
KO/, ocurypsiBaill (byHKIIMOHUPaHeTo Ha 6a3ara u (3) nunamuyna yeb crpanuna (front-
end), ysecHsiBaIa J0CTbIA 10 OCHOBHaTa 6a3a or 3Hanus (Pur. 1.1). OpenBiodiv mos-
BOJISIBA JIMHAMUYHOTO BMbKBaHE Ha JJAHHYM OT XPAHWIUINA 33 JAHHU 38 OMOJIOTMYIHOTO
pasnoobpasue karo BOLD uyiim GBIF. OpenBiodiv usBinda oT TaKCOHOMUTHE CITHCA-
uus 3Hanue (Hanp. ZooKeys, Biodiversity Data Journal (BDJ), PhytoKeys, MycoKeys
u T.u.'). B chimoro Bpeme snanue o popmaTa Ha dakTi (triples) ce uspmmuaa or Plazi
TreatmentBank, apxus Ha juTeparypa 3a OHOJIOIHMIHOTO Pa3HOOOPA3WE, CbIbPIKAIL
ua,1 200 XMIS/11 TAKCOHOMIYHY JUCKYCHI U aKTyaJIM3MpaH BceKn jeH. He Ha moces-
HO MSICTO, Te3H (haKTH €& B3aUMOCBbP3aHU Upe3 TaKCOHOMUUYHUsT rpbOHaK Ha GBIF
(GBIF Secretariat, 2017). Cue/; ToBa H3BJIEYCHOTO 3HAHUE CE CbXPAHSBA B HAIIATA
cemanTn4Ha 6aza nannn (Pur. 1.2).

!ConcanusTa Morar na GbIAT JOCTBIECHA IIOL https://pensoft.net/browse_journals

2TaKCOHOMMYHATA [MCKYCHsl € CIIEIMajIeH pa3iel B OHOJOIMYHA IIyOJIMKaLys, KOATO ONNCBA U
IUCKyTHpa BHJ WX II0-BUCOK TakcoH. TreatmentBank e mocrbmen mox https:////plazi.org/
resources/treatmentbank/
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I'maBa 1. Apxwurekrtypa Ha OpenBiodiv

Backend
Codebase

RDF4R

ropenbio

OpenBiodiv base

package

Graph Database

Y
N

OpenBiodiv-O

Lucene Search

Indices

inked Open Data
set (LOD

N~

Frontend
Website

duryprA 1.1: Kommonerntn va OpenBiodiv.

Pensoft journals

Journals with
pre-publication
markup and
tagging (e.g.
ZooKeys)

N

Other JATS XML
based journals
(PubMed Central)

N

Legacy published

. ' Non-RDF H Pensoft
withonline | apy databases i Nanopublication
semantic (e.g. BOLD, I Writing Tool
authoring GBIF, PlutoF, e
(e.g. BDJ) iDigBio)

RDF-ization

Semantically
enriched
articles (XML)

IRDF-izatiol OpenBiodiv
GraphDB RDF

Store

A
SPARQL

Semantic Apps

Plazi

GoldenGate Imagine
literature -
(e.g. ZooTaxa)

Treatment
Bank

Linked Open Data
(e.g. ZooBank, DBPedia,
GeoNames, Bioimages,
etc.)

T
linking
and
import

export

OurypA 1.2: Ilotox na wHpOpMAINa B TPOCTPAHCTBOTO 32 JTAHHU 33
OMOJIOTUIHOTO pa3HooOpasue. IIyHKTUpaHuTe JUHUKM Ca KOMITOHEHTH,
KOUTO BCE OIIe HE Ca C'b3/aI€HH.
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1.2 CemanTunuyHa 6a3a JaHHU

Ocuogen pesynrar or ycusiusTta Ha OpenBiodiv e cb3maBaneTo Ha cemanTudHa 6a3a
naHHU, OasupaHa Ha 3HAHWS, U3BJeUeHN OT apxuBure Ha llerncodrt n [lmamm um Tak-
conomuunus rpoouaxk Ha GBIF u mocrbuam mon http://graph.openbiodiv.net/.
Crenpa 00CbhXKIaHe Ha KOMIIOHEHTHTE Ha Da3aTa JaHHU.

Henrpanuuar pesyarar ot yemausara 1o OpenBiodiv e cb3maBanero nHa dpopMasieH
Mozes1 Ha obJracTTa 3a IMyOJMKyBaHeTO HA 3HaHUE 3a ObuopazHoobpasmero. Tozu dop-
maJsieH Mojest e onrtosorusita OpenBiodiv-O (Senderov et al., 2017). UsxomuusT Ko,
HA OHTOJIOTHSITA U IIPUJIPY>KABAIATa, JIOKYMEHTAIIUsT MOTAT Jia O'blIaT JOCTHIEHU IO
https://github.com/pensoft/openbiodiv-o. [leraiiana auckycus e mpejcraBeHa B
rjaaBa 2.

Nznomssaiikn OpenBiodiv-O u uHdpacTpyKTypara, onrcaHa MO-HATATHK B Ta3W
rJ1aBa, Ca Ch3JaJIEHU CBbP3aHU OTBOPEHM JIAHHU, BKJOUBAIM Hpubsmsuresro 200
xuastan 3amnuca ot Ilmamm, mer xXmasaun crarun or IleHcodT, KAKTO M TaKCOHOMMY-
uust rpborak Ha GBIF (majg mmawmon Gmosormunn mmvena). laHHuTe ca JOCTBIHU
OHJIAfiH 4Ype3 pabOTHUs MHCTPYMEHT Ha ceMaHTH4YHaTa 06a3a jannu http://graph.
openbiodiv.net. PagsicuaBar ce nmogpobHO B IyiaBa 3.

1.3 Backend

3a Jia ce HnomrbjiBa ceMaHTHYHaTa 0a3a JIaHHU, € HeOOXOJUMO Ja ce Cb3AaJe nHdpac-
TPYKTYPa, KOsTO IpeobpasyBa HeoOpaboTeHn JgaHHU (TeKCT, n300pazkeHust, Tab/Iuim
¢ JIAHHU ¥ T.H.) B cTpyKTypupan cemanruden ¢dopmar. OpenBiodiv npesgocrasst un-
dpacTpykTypa 3a TpanchopMupaHe Ha HAYIHH TyOJUKAInd 3a OMOPA3HOOOPA3UETO
B TBbpaenus mox ¢popmata Ha RDF ¢ momorra Ha WHCTPpYMEHTUTE, ONMUCAHU B TO3U
paseJ.

Enso or mo-rojiemMuTe TeXHUYECKH INpeau3BHKaTesicTBa 3a OpenBiodiv e Tpanc-
dopmupanero na mHGOpMAaNUs 38 GHOJIOTHIHOTO pa3HOOOpa3ue (HAMp. TAKCOHOMUY-
HU UMEHA, MeTaJJaHHU, (DUI'YPH U T.H.), CbXPAHSIBAHU KATO MOJIY-CTpyKTypupan XML,
B HaII'bJIHO CTPYKTYPHUPAHM CeMaHTHUIHN 3HaHus 1o dpopmara na RDF. 3a ma ce pe-
T TOBA MPEJIN3BUKATEICTBO, € pa3paboreH R maker, KONTO 1MO3BOJIsiBa Ch3aBAHETO,
MaHUITYJIMPAHETO U 3aIliCa B CeMaHTUYIHa Oa3a manuu Ha cb3gaaenns RDF. Tosu ma-
KeT € JOCTbIEH ToJ JuleH3 ¢ orBoped Kox Ha GitHub mom https://github.com/
vsenderov/rdf4r u e onucan B ryiasa 4.

B xombunammsa ¢ makera RDF4R, nporpamuusT Ko cbiabp:ka oie eaud R maker,
ropenbio M 0Oa3MCEH MPOrpaMeH KO OT CKPUIITOBE U JOKYMEHTAIIWs, HEOOXOIUMU 3a
crapTupane Ha 6a3aTa JaHHU. ropenbio n3nos3Ba nakera RDF4R 3a npeobpasysane na
nony-crpykrypupan XML B RDF. Toit cbabpaka mpeobpasyBaHusTa, HEOOXOIUME 32
Ta3u peanusanus. Toil e qocrbien mox https://github. com/pensoft/ropenbio. Ba-
3UCHUST COMTYyEPeH KOJI KOOP/MHUPA W3BUKBAHETO HA ropenbio, CbIbPXKA CKPUITOBE
3a aBTOMATHYHO MMIOPTUPAHE Ha HOBU PecypcHu u Apyru nojapobuoctu. Toit e gocTb-
nen oyt https://github. com/pensoft/openbiodiv. I'enepupanero na OpenBiodiv-
LOD ¢ nomomra Ha Te3:u HakeTn € 0O0CHICHO B IVIaBa 3.

1.4 PabGoTHu mporecu

Esuk 3a ekosornunu meraynanau (EML) e nmonynsipen dhopmar 3a onucsane Ha €KOJIO-
ruaan gauau (Michener et al., 1997). Xpanuauiia Ha JaHHA 32 OGHOpa3HOOOpa3UETO,
karo GBIF u DataOne, uznoszsar To3u dhopMar 3a MeTaJaHHUTE, KOUTO ChXPAHSIBAT.

Asmopegpepamu Ha ducepmavuu 2 (2020) 61-154

73


http://graph.openbiodiv.net/
https://github.com/pensoft/openbiodiv-o
http://graph.openbiodiv.net
http://graph.openbiodiv.net
https://github.com/vsenderov/rdf4r
https://github.com/vsenderov/rdf4r
https://github.com/pensoft/ropenbio
https://github.com/pensoft/openbiodiv
Vostro3550
Rectangle

Vostro3550
Rectangle

Vostro3550
Rectangle


I'maBa 1. Apxwurekrtypa Ha OpenBiodiv

penBiodiv

The Open Biodiversity Knowledge Management System

SPARGL Endpoint Facetted Search Nanopubs New Names Alerts

duryprA 1.3: Bera Bepcusi Ha noTpeduTeICKHs HHTEPQEC.

Asromarmanoro npeobpasysane na EML daitn B data paper pbromuc ot Biodiversity
Data Journal® e Bb3MoykHO ¢ ToMomTa Ha cuctemata OpenBiodiv (Senderov et al.,
2016). Tosu paboTen mporec e orucan noJApooHO B IyiaBa b.

Eaur or BakHMTEe BHAOBE MAHHU 3a OMOJIOTMIHOTO pasHOoOOpasme ca JaHHU 3a
HAOJTIO/IeHNsT Ha opraHu3Mmu, occurrence data. ToBa ca JaHHU, KOUTO JOKYMEHTHPAT
HaJIMIUETO Ha IIPaBUJIHO TAKCOHOMHNYIHO I/IrILeHTI/I(i)I/IH‘I/IpaH OpraHmu3bM Ha JaJeHO MACTO
u Bpeme. TakuBa JaHHU ce ChbXpaHsBaT B MeXKIyHapoJHu xpanwuiuiia karo BOLD,
GBIF, PlutoF u iDigBio. 3a na ce ysecHu nybjnkKyBaHETO HA TaK'bB THUIl JAHHU, €
paspaboTeH paboTeH MPOoIleC 38 UMIOPTHPAHEe Ha TAKNUBa 3aIlICH OT Te3W 0a3W JaHHN
B TaKCOHOMUYHa craTus (taxonomic paper) B cumcannero Biodiversity Data Journal
(Senderov et al., 2016). Tosu paboren 1porec e onucal HoApoGHO B riasa 5.

1.5 MHnarepdeiic

B monbanenune kbM mpegoctaBerusi endpoint 3a 6a3a JaHHU C Bb3MOXKHOCT 33 ThbP-
ceHe, ce pa3paboTBa yeb cailT, MO3BOJIABAIL CEMAHTUIHO ThPCEHE U KAIICYIUPAIII CITe-
muduaHn 33aun, nakerupanu Karo npuiaoxkenus (http://openbiodiv.net). Bera
BepcusaTa Bede e B neiictBue. @ur. 1.3. Jluckycus e npejcrasera B raasa 0.

3Data paper (Chavan and Penev, 2011) e naydma crarus, 06CHKIAMA HayTHH JTAHHA.
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1.6 JIuckycus

[IpoekTupaneTo Ha cuCcTeMaTa € CTapTUPaHO IIpe3 BropaTa moJjoBuHa Ha 2015 1., cier,
pasriie/laHe Ha pasjudHu ajrepHaTuBu 3a 6a3a ganuu (NeodJ, GraphDB, WikiBase)
u pazjnaan Texrosioruu 3a RDF-uzanusa na snanme. OcBeHn ToBa € HalpaBeH u360p
Ha M3TOYHUIN 3a nHpopMalus u Tunose jannn. Ciiesl aHaJIM3 Ha OCHOBHUTE MOJIE/IN
JaHHA U OHTOJIOTHH, € IIyOJuKyBaHa creluduKannaTa Ha cucreMara B Senderov and
Penev, 2016 karo orBopen npoexr 3a jucepranusi (PhD project plan). ITo Bpeme Ha
UMILJIEMEHTAIIAATA Ce OKa3Ba, Ue I'bPBOHAYAJHUAT IJIAH Ce HY:KJae OT JOopa3BUBAaHE,
3a Ja OTroBaps Ha U3MEHANINTE Ce M3UCKBaHHA Ha CUCTeMaTa W Ha HOBUTE IIPEINU3-
BUKaTrescTBa. 1lo Tasw mpuvunHa 1pe3 BTOpaTa M TpeTara T'OJNHA Ce MPEMUHABA KbM
Mojiesta agile, KbjeTo crernupukanusiTa € pasduTa Ha MO-MajKH User-stories, KOUTO
buBar peanusupanu ad-hoc B pamMkuTe Ha €IHO- WU JBYMECEYHHU CIPUHTOBE. Busus
3a 6bJenerTo Ha cucreMara e paborara IO Hesd Jia ce mmoeme oT agile team, KoilTo ma
ce BB3I0J/I3BA OT IIbJHAA apCeHAJ Ha METOIOJIOTUITA.
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I'maBa 2

Onrtosiorusgs OpenBiodiv-O

OpenBiodiv Tparchopmupa nadopMmalms 3a 6HOPA3HOOOPA3UETO OT HAYIHU IIyOJIU-
Kallnd W akaJeMUYHM 0a3W JIaHHU B CeMaHTHWYeH BUJ. B Tasy rjapa e Inpeicrabe-
Ha OpenBiodiv-O (Senderov et al., 2018) — onrosorusira, dpopmuparia Mojeaa Ha
OpenBiodiv 3a zuanus u uzsox. OpenBiodiv-O mpemocTaBst KOHIIENTYAJIEH MOJIE] HA
CTPYKTypaTa Ha akaJeMuvHa nyosukannsa B cdhepara Ha OHOPA3HOOOPA3HETO W Ha
CbIbPYKAHUTE B HEsl TAKCOHOMUYHU KOHIIEIIUH. 3a I'bPBU II'bT (DOPMAJIHO € KOHIIEI-
TyaJau3upaHa ob/iacTTa Ha MyOJUKYyBaHEeTO Ha 3HAHUE 3a OMOPa3HOOOPA3UETO.

Ypes paszpaboTBaHeTO HA OHTOJIOIUS, HACOUEHA KbM OHMOJIOIHIHATA TAKCOHOMUS
ca 3albJIHEHU IPA3HUHUTE MKy oHToJiormu Karo Darwin-SW u omTosiornurte 3a
ceMaHTUYHO IIyOuKyBaHe Karo onrtosioruute “SPAR”. Cuura ce, de e mpemMcTBO J1a
ce MOJeINpa CAMHUSIT TAKCOHOMUYEH MPOTIEC, & He HIKAKBO KOHKPETHO ChCTOSHUE Ha
3HAHUETO.

M3XOHUAT KOJT 1 JIOKYMEeHTAIATa ca focTbian 1o urenza CC BY! or GitHub?.
Crena yBog, B 06j1acTTa Ha OHOJIOrMIHATA TAKCOHOMUsI U OMOPa3sHOOOpa3ueTo.

2.1 KonnenryaJan3alusa Ha obJjacTTa

[IpenacraBena e ucropusita Ha MOJEpHATA OMOJOIUYIHA TAKCOHOMUSI, KATO CE 3aIll0UHe
¢ Kapa Jluneit (1707-1778), koiiTo mpemjara MOJEPHOTO I'DyHHpaHe Ha OpraHu3Ma
Ha yapcmea, Kaacose, padpedu, podoge W U3MOJI3BAHETO HA JIATUHCKUTE OMHOMUAJHU
umena B Systema Naturae (Linnaeus, 1758). I[Togueprasa ce, ue paborara Ha yIeHUTE-
TAKCOHOMHM 3a OIMCBaHEe W OpraHu3upane Ha OMOpPa3sHOOOpaA3UETO Majied He € II'bJIHA.
Tosa nrdopMupa cb3maBaHeTo Ha HOBATa OHTOJIOTHSA HE KATO CTATUIHO (hopMaIn3u-
paHe Ha CLINECTBYBAIaTa OMOJIOrUYHA TAKCOHOMUSA B KOMIIOTHLPHO-YeTUMa (popMa, a
KaTo (POPMATM3UPAHE HA HAYUHUA NPOUEC HaA OUOA0UNHANG TNAKCOHOMUSA.

Cnem ToBa ce onmcBa MoApoOHO, KAK IMPOTUYA HAYUIHUSIT IIPOIEC B OHOJIOrTIHATA
TAKCOHOMMS. 3AII0YBa C€ C BbBEXKJIAHETO Ha TAKCOHOMUYHU KOHIIENITMN ¥ HAYUHA, 110
KoiiTo ce dpopmupar. TakcoHoMuuHaTa KoHIeNus e HaydHa xunoreda (Deans et al.,
2012), ge ompe/iesieHa IpyTia OT OPraHU3ME CHIECTBYBa B npupojgara. Ts ce dopmu-
pa upe3 m3cjeliBaHe Ha, €K3EeMIUISIPU U 33/ bJIKUTETHO BKJIOYBA HAaydYeH KPHUTEPHit,
0 KOMHTO Te Jia ce Tpynmpar, decto Hapudad Bujosa konienmus (Mallet, 2001). Uec-
TOPUYECKH IIOTJIEIHATO, OPraHU3MHUTE MOraT Ja ObJAaT I'PYyHUpPAHU 10 BHHINEH BHUI U
BBTPEIHO YCTPOiCTBO (KOHIENIHs 3a MOPMOJIOrHYHE BUJIOBE) WU PEHPOIYKTUBHO
nosejierne (GUOJIOrYIHA BUJIOBA KOHIIEIIINS ), HO HAIIOCJIEAbK (POKYCHT ce € HACOUNII
KbM I'DyIHPaHE Bb3 OCHOBA HA MEHETUYIHA CBBHP3AHOCT ((DUIOreHeTUYHN U eHOMHU
BUJIOBH KOHIICIIIINN).

!Creative Commons Attribution 4.0 International Public License
’https://github.com/vsenderov/openbiodiv-o/blob/master/LICENSE.md
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I'masa 2. Omnrosoruss OpenBiodiv-O

Cnen ToBa ce ONUCBAT €JUHUIUTE Ha OMOJIOIMYHATA TAKCOHOMHUS M HAYUHA, 110
KOWTO Te ca peryiaMeHTUPaHU OT MeXKIyHapoaHuTe Kogekcu International Commission
on Zoological Nomenclature, 1999; International code of nomenclature for algae, fung:
and plants (Melbourne code) 2012). Kojekcure ypexKaT no-HUCKUTE PAHIOBE: BUJIOBE,
PO/, ceMeficTBO, paspejt; O-BUCOKHUTE PAHIOBe (HAIP. OT/e, APCTBO, JOMeiH 1 T.H.)
Morat ja O'bJaT U3MOJI3BAHU OT U3CJIEI0BATE/INTE, KAKTO CMETHAT 32 MOIXOSIN0. ToBa
BOJIH JIO0 MHOYKECTBO KOHKYPHUPAIIN Ce IJIeHU TOUKH.

[Iy6mkyBaneTo Ha TAKCOHOMWYHU KOHIIEIIINU € HEPA3JEJIHA CThIKA B HAYJIHUS
paboTeH TOTOK Ha BCEKU TakCOHOM. ONHMCBa ce CTPYKTypaTa U TUIOBETE TAKCOHO-
MUYHU IyOJIMKAIMK, KATO Ce aKIEHTUPa CIIEUAIHO BbPXY ceKnuATa ‘‘TakconHomuyuna
JMUCKycus’, pa3jea B TAKCOHOMUYIHATA IYOJIUKAIUSI, K'bJIETO TAKCOHOMUIHATA KOH-
neniust e gedpnHIpaHA.

Hanpagena e ureparypHa CIipaBKa, KATO Ce PA3IJIeXK AT OIMUTUTE 00IacTTa Ha OU-
OJIOTIIHATA TAKCOHOMHES J1a Obie (hopMaJIHO KOoHIenTyaan3pana. Marepecan ca SPAR
Ontologies, Peroni, 2014) u TaxPub XML Document Type Definition (Catapano,
2010).

Konnenryanuzanusita OCHOBHO € MOBJIUSTHA OCBEH OT IMPAKTUKATA U OT KOJECKCUTE
(International Commission on Zoological Nomenclature, 1999; International code of
nomenclature for algae, fungi and plants (Melbourne code) 2012), a Taka u OT CTaH-
naprure, cb3najgenn or TDWG (wanp. Darwin Core, DwC, Wieczorek et al., 2012).

Hanpasen e u 0630p Ha obsiacTTa Ha KOHIENTyas Harta TakcoHomus (Berendsohn,
1995; Franz and Peet, 2009; Sterner and Franz, 2017), kosTo npejcrabisiBa HOBa
rJIeJIHa, TOYKA 3a TOBA, KaK TPpsOBa Jla IPOTUYA MPOIECHT Ha OIKMCBAHE Ha BUJIOBE B
6uroJIOrnYHATA TAKCOHOMUSI, C OIJIE T Ha HAIIPEIbKa HA HH(MOPMAITHOHHUATE TEXHOJIOTHH.

2.2 Metoan

OpenBiodiv-O e uzpasena nocpegcrsom RDF upes nznonssane na RDF Schema (RDFS)
u Web Ontology Language (OWL).

3a 7a ce pazpaboTH OHTOJIOTHSATA, € M3IMOI3BaH CJIeTHUAT mporec: (1) anamns Ha
obJsracTTa 1 ujaeHTuUIUpPaHe Ha BaXKHUTE KJIACOBE OOEKTU M TEXHUTE B3aUMOOTHOIIIE-
Husl (HapUJIaHu CBOiiCTBA); (2) aHAIM3 HA CHIIECTBYBAIUTe HHMOPMAIMOHHN MOJIEJIH
U OHTOJIOTMU ¥ UJAeHTU(UIUpPaHe Ha JIMICBAIIUTE KJIACOBE M CBONCTBA 3a yCIHENIHO
dopMann3upane Ha 00JIaCTTA.

2.3 Pe3yaratu

OpenBiodiv-O e cnodeaena popmanna cneyudurayus Ha KOHUENMYAAUGUUL Ha, 00-
JlacTTa Ha bnopasHoobpasuero 1o cMmuchia Ha Gruber, 1993; Obitko, 2007; Staab and
Studer, 2009. TaxuoTo pasbupaHne 3a OHTOJIOTHUS € BbBeJeHO B Background.

Nma HAKOIKO JOMEHA, B KOUTO MOJEJIUPaHuTe pecypcd majgar. IIbpBusT e Ha-
yuHaTa objacT 3a nybJIMKyBaHe Ha JaHHU 3a O6uopasHoobpasmero. Bropara obsiact
e Ta3W Ha TAaKCOHOMHUYHATa HOMEHKJaTypa. Tperara o0jacT e Ha MO-NIHPOKATA TaK-
COHOMUSI (HAIIPHMED TAKCOHOMUYHU TOHSITHS U TEXHUTE B3ANMOOTHOIIECHUS, BUJOBH
cbOUTHUSI, YepTH).

Ily6aukyBane Ha manHu. Pawmkara #a onrosorunte “SPAR” e pazmupena rnocpe/-
CTBOM KaTO BBBEXKIAHETO Ha HOBAa KATEropusl 3a TAKCOHOMUYHUTE CTATHH, TEXHUTE
0/[pa3/iesin, KAKTO U HOB KJIaC 3a CIIOMEHABaHe Ha TAKCOHOMUYIHO uMe (BIK. CJIeJBall|
nozpaszesn). Tesu noBu kaacose ca obobmenn B Tabmuma 2.1.
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Tab/nIIA 2.1: HoBu kitacoBe B 06/1aCTTa Ha TyOJIUKYBAHETO Ha, JTAHHN
3a OMOpPa3HooOpPaA3UETO.

Class QName Comment
:Treatment section of a taxonomic article
:NomenclatureSection subsection of Treatment
:NomenclatureHeading contains a nomenclatural act
:NomenclatureCitationList list of citations of related concepts
:MaterialsExamined list of examined specimens
:BiologySection subsection of Treatment
:DescriptionSection subsection of Treatment
:TaxonomicKey section with an identification key
:TaxonomicChecklist section with a list of taxa for a region
:TaxonomicNameUsage mention of a taxonomic name

I'pacduanoro mpeacraBsine Ha B3aXMOOTHOIIEHUATA MEXKIY PECYpPCH Ha KJIacoBe-
Te, CBbp3aHu ¢ nybsmkyBanero, kouro OpenBiodiv BbBexKIa, MOXKe J1a ce HAMEPU B
nuarpamara Ha ¢ur. 2.1.

a fabio:ReasearchPaper
—— dcterms:creator
A frbr:realization X
frbr:realizationOf \ afoaf:Agent
(author)
a :TaxonomicArticle
{ -
:contains. >
A J v [
a deo:Introduction a :Treatment a :TaxonomicKey instelllr;c_es of
— other DoCO|
‘contains classes
A J
a :NomenclatureSection
T tai
‘contains.
h ] ] Y
a :NomenclatureHeading a :NomenclatureCitationL.ist = instances of otlher
:Treatment subsections
T o
:contains :contains.
v \ 2 I |
a :TaxonomicNameUsage a :TaxonomicNameUsage a :TaxonomicNameUsage
7
dwciri:taxonomicStatus \:mentions
a :TaxonomicStatus (e.g. a a :ScientificName
predifined vocabulary term for (e.g. Pteroptrix pedicellata
"sp. n.") Li & Chen, 2017)

OurypeA 2.1: I'padwuana mpeicTaBstHe Ha B3AMMOOTHOITEHUATA MEKTY
pecypcute, kouto OpenBiodiv BbBexK 1a 3a nyOIuKyBaHe Ha JIaHHU 33
buopaszHooOpa3ueTo.

Kacosere u cBoiicTBaTa, KOUTO CE BLBEXKJIAT, Ca B ChOTBETCTBHUE C MOeIa Ha PYyH-
KIIMOHAJTHUTE W3nuCKBaHus 3a 6ubsmorpadceku 3anucu (FRBR), usnonssan or SPAR.
TakcoHOMUYIHATA CTATHS Ce TPETUPA KATO KOHKpeTeH n3pa3/3ammc, FRBR Expression,
Ha abcrpakTHOTO TIoHsiTHE pabora, FRBR Work, mpejicrapisiBaiio nHTeIeKTYaTHOTO
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CbIbPXKaHNE Ha CTATUATA. TaKCOHOMHUYHATA JUCKYCHUsI Ce TpeThupa moao0HO Ha Bb-
Benenue, Meroau, Pesynraru u 1.H., T.e. cbio e FRBR Expression u DEO discourse
element. TakcoHoMuYHa KOHIIEIIIHS € CHOTBETHUAT a0CTpaKkTeH pecypc oT kiaac FRBR
Work na gajiena TaKCOHOMUYIHA, JTUCKYCHSI.

Buosiornuynata HoMeHKJaTypa. buojormanara HOMEHKJIATYpa € CUCTEMa C HaJ
200 roauinHa TPAIUINS JaTUpalla O IPeId BpeMeTo Ha HH(OPMAaTHKATa U IOPU
no mnpemau BpeMero Ha Teopusita 3a eBosonugaTa Ha Jlapsua. Muoro e Tpyano mna
ce MOJEIUpa MMOPaIn CA0XKHOCTTA CH U CAMO YACTHIHO € 00XBaHATa OT OHTOJIOTHUTE
NOMEN u TNSS (sbBesenu B nompaszen “Previous Work”). C OpenBiodiv-O ce
U3I0JI3Ba oAxo "oTmosy-Harope "3a MoJeIupane Ha U3II0JI3BAHETO HA TAKCOHOMUIHM
uMena B crarunTe. Kbaero e Bb3MoxkHO, nouatuaTa or OpenBiodiv-O ca mogpasaenn
koM NOMEN.

epapxust oT KiacoBeTe Ha TAKCOHOMUYHHTE HMEHA € IOMeCTeHa ByB dur. 2.2.
Ocsen ToBa ce BbBeXK/Ia taxonomic name usage (TaxonomicNameUsage).

:TaxonomicName
A superclass class for all kinds of biological
names used to denote groups of organisms
in nature

A
:rdfs:subClassOf-
[ ]

:ScientificName :VernacularName
A taxonomic name used in A taxonomic name used in
science as opposed to pre-Linnaean science or in
folk-taxonomy folk-taxonomy.

:rdfs:subCIassOf—I

:0TU_Id
An identifier of an operational
taxonomic unit (e.g. BOLD
BIN, Unite SH ID).

NOMEN_0000030 |
‘biological name’

sse|DlusjeNnba:mo

NOMEN_0000036
‘biological name’

NOMEN_0000037
‘vernacular name’

»

sse|DuaRAINba: MO
sse|Dua[@AINba: Mo

:LatinName
A Latinized scientific
(Linnaean) name.

A
rdfs:subClassOf

:TaxonomicConceptLabel
A taxonomic concept label is a Linnaean
name accompanied by a reference to
literature containing the expression of a
taxonomic concept.

OUrypA 2.2: lepapxusTa, BKIOYBAIIA KAKTO TPAIATIMOHHUTE TaK-
COHOMUWYHHN HAMMEHOBaHNA, TaKa 1 TAKCOHOMUYIHNU KOHIEIITYyaJTHU €TU-
KETU ¥ OIEePATHUBHU TAKCOHOMUYHU €IMHUIIN.

Bueexa ce Taxonomic Concept Label (TaxonomicConceptLabel). ETukernT Ha Tak-
conomuuna Kourenius (TCL) e iuneeBo nme 1wI0C 11030BaBaHe Ha Iy OIMKAIMS, K'b/le-
TO JINCKYyTUPAHUAT TAKCOH e jeduHupan. Bpb3kaTra ce oCbIecTBsIBa Ype3 KII0YoBaTa
ayma “sec.” (Jlaruncku 3a (secundum Berendsohn, 1995). Hanp. Andropogon virginicus
var. tenuispatheus Blomquist, 1948. Ty Blomquist, 1948 e Banuana 6ubiunorpadcka
CIpaBKa 3a MyOJIMKAIUATa, B KOSTO KOHIIEIIINATA € JeduHupaHa.

N3Bagenu ca cbKpallieHus OT TaKCOHOMHUYHU TepMmunu oT okojio 4000 cratuu B
yerupu TakcoHommunu crucanus (ZooKeys, Biodiversity Data Journal, PhytoKeys
n MycoKeys) u e cb3ajieH TAKCOHOMUYEH DEYHUK Ha TEPMUHUTE, KOHTO OOXBala
oceMTe Haji-uecTo cpemann ciaydas Tabmuna 2.2). JlaruHckuTe ChbKpameHus, KOUTOo
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ca KiacuduIupaHI B Te3M KJIACOBE, MOrar Ja ObJaT HaMePeHN Ha CTPAHUIATa Ha
OpenBiodiv-O GitHub. (Bx. Meroau 3a nosede 1opobHoCcTR).

TAB/IULA 2.2: Peqnuk ¢ TAKCOHOMUYHU TEPMUHU.

Vocabulary Instance QName Example Abbrev Comment
:TaxonomicUncertainty incertae sedis Taxonomic Uncertainty
:TaxonDiscovery sp. M. Taxonomic Discovery
:ReplacementName comb. n. Replacement Name
:UnavailableName nomen dubium Unavailable Name
:AvailableName stat. rev. Available Name
:TypeSpecimenDesignation lectotype designation Type Specimen Designation
:TypeSpeciesDesignation type species Type Species Designation
:NewOccurrenceRecord new country record ~ New Occurrence Record (for region)

Bb3 ocHoBa Ha aHaau3 HA TEPMUHHUTE 38 TAKCOHOMHUYHHU CTATYCH, Ca HICHTHQU-
UPAHU J[Ba MOJEJIA 38 ChOTBETCTBHE MEXK]Iy KOJIUPAHETO Ha JIATHHU3WPAHUTE Ha-
yuanu umena (Qur. 2.3). Momensr samecmseauso ume, N3MHIHIBAH 9pe3 CBOHCTBOTO
replacementName, [TOKa3Ba, Y€ BMECTO €J/IHO JIATUHU3UPAHO UMe, TPsIOBa Jla Ce U3IO0JI3Ba
npyro. To3u Mmomesr 06xBala ro/isiMO pa3Hoobpas3ne OT CJIydan B KOIEKCUTEe, KATO Hall-
pHMeD TIOCTABSIHETO HA €JIMH BUJI TAKCOH B HOB POJI (HOBA KOMOMHAIIMS ), TIOIPABKATA,
Ha HaMMEHOBaHHUE IIOpaJd HOMEHKJIATYPHU IIPpUYUHU (HOBO I/IMe), nmim mpujaraneTo
na Ilpunnuna wa npuopurer 3a oTkpubaneTo Ha cuHoHuME ("syn nov. International
Commission on Zoological Nomenclature, 2017).

Linnaen name A has related name

Linnean name C

has replacement name
| as related name
Linnean name B

PUryrA 2.3: Bepurure Ha 3amecmeawsu umera MOTraT ga ObaaT Ipoc-

JIeJIeHN, 3a Jla ce HaMepH U3I0JI3BaHOTO noHacrosmeM ume. Cesp3ano

uMme TI0Ka3Ba, 4e JIBe UMEeHa Ca CBbP3aHM 110 HAKAKbB HA4YMH, HO He
KOIl € IPeJIOYnTaH.

Jpyrusar Momest e To3u Ha ¢65p3aHU umena (relatedName). ToBa e mo-mupok Mosed,
KOWTO TOKa3Ba, Ue J[Be UMEHa ca HIKaK cu CBbp3aHu. Hampumep, Te morar ga Obiar
CUHOHUMMU, €JHOTO JIa 3aMECTBa JIPYTOTO, WK Ja COYaT KbM TAKCOHOMUYHO CBbP3aHU
rakcoHoMuuHY noHsitust. Hanpumep, Harmonia manillana (Mulsant, 1866) e cBbp3ano
¢ Caria manillana Mulsant, 1866 Harmonia manillana (cnopes Poorani and Booth,
2016 nexrorunyc Ha Harmonia manillana (Mulsant, 1866) sec. Poorani and Booth,
2016 mocu nmero Caria manillana Mulsant, 1866).

Kakro ce Bmxkma or dur. 2.2, takconomuunure nmena #Ha OpenBiodiv-O ca npu-
pasuern KbM NOMEN mmena.
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B OpenBiodiv, TakcoHOMUYHUTE UMEHA HE €& HOCUTEJN Ha CeMaHTHIHA UHGOP-
Malns 3a TakcoHurTe. Tasm 3ajada ce M3IILJIHABA OT HOB Kiac, Taxonomic Concept
(TaxonomicConcept). TaKCOHOMUYIHA KOHIIEIIIHS € TEOPHUTA, KOATO TAKCOHOMBT (hOPMU-
pa OKOJIO TAaKCOH IIOCPEICTBOM HaydHa TAKCOHOMHUYHA ITyOJIUKAIMsA. 11 BUHAIU HMa
€TUKET, ChCTOSII C& OT TAKCOHOMHYHOTO MMe 1 OmbymorpadCcKo mo3oBaBaHe Ha CTa-
THUsITa, B KOSITO MMETO € OIMCAaHO. BbBexKJaa ce m mo-o0In Kjac, OMepaTUBHO TaKCO-
HOMHYHO 3BE€HO (UperationalTaxonomicUnit), KOETO MOXKe J1a C€ H3IIOJI3Ba 3a BCHUYKU
BHUJI0BE TAKCOHOMWIHU XUIIOTE3M, BKIIOYUTETHO TAKUBA, KOUTO HIMAT IIPABUJIEH TaK-
coHoMmMYeH eTuKeT. KiacoBara ilepapxus e wimocrpupana #a @ur. 2.4. CpoiicTBara Ha
TAKCOHOMUIHUTE UMeHa ca miaocTpupanu B Pur. 2.5. JIBara HaunHa ca u3pa3sBaHe
Ha B3aMMOOTHOIIIEHUST MEK Ly TAKCOHOMHUYHY KOHIIENINN ca JiajileHn BbB Pur. 2.6).

skos:Concept frbr:Work

‘—rdfs:subCIassOf—*
1

:OperationalTaxonomicUnit
A superclass for all kinds of
taxonomic hypothesis

rdfs:subClassOf
]

:TaxonomicConcept

A taxonomic concept in the sense of Berendsohn. eowl-equivalentClasss  dwe:Taxon

[
rdfs:subClassOf

v

The class of all instances
that have at least one
taxonomic concept label.

OurypA 2.4: TakcoHoMUYHATA KOHIENINUSA € OT KJac skos:Concept,
frbr: Work, dwc:Taxon U MMa IIOHE €JIUH €TUKET.

IIpocTuTre OTHOIIEHUSI MEXK/Iy TAKCOHU HE €& IOAXONAINN 38 MAIIUHEH M3BoL. ETo
samo Franz and Peet, 2009, nmosoBaaitku ce Ha Koperski et al., 2000 npemmarar ga
ce usnoJssa e3aukbT RCC-5, 3a uspassgBane Ha B3aUMOOTHOLIEHUSITA MEXKIY TAKCOHO-
muuHuTe ToHsTHsA. OT TexHU Kojieru e paspaborena nporpamara Euler (Chen et al.,
2014), xogro m3nossBa Answer Set Programming (ASP) 3a pascbixaenns u u3Boj
[0 TAKCOHOMUYHUTE B3aMMOOTHOIeHusi, crbiBaiiku Ha RCC-5. M3Bomnara mamuHa
3a RCC-5 me e gact or OpenBiodiv, Tbil KaTo Tasu 3aa49a MOXKe Jia ObJie U3IIbJIHE-
Ha ot euler; Bbipeku ToBa, HHe OpenBiodiv-O npemgocrass RCC-5 Tepmunoiornden
PEUHUK.

TakconoMuunuTe OHATUS ca npuBesiern B chorBercrBue ¢ DarwinCore (DwC) u
e IIpOBeJIEHa JIMCKYCHS 38 TOBA KaK Ca MPEICTABEHN TAKCOHOMUIHUTE MTOHSATHSI, CBbP-
3aHM KakTo ¢ poctu orHomenus (SKOS), taka u B moxozsi 3a ussoz sug (RCC-5).
ChI1o Taka ce 00ChKJIAT B3aUMOOTHOIIIEHUSATA MEXK Ly OHOJIOTMIHUTE UMEHa U TaKCO-
momuaauTe KoHnenmuu. O6cbxkaa ce Kak OpenBiodiv-O e mbpBuAT 110 poja OHTOJIO-
PUYeH MOJIeJI Ha TaKCOHOMHWYHA IryOJmkaius. T mpomnpaBst I'bTsl KbM Ch3JaBaHe Ha
rpad oT 3HaHUS 33 OMOJIOTMIHOTO pa3HOOOpasue.
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I'masa 2. Omnrosoruss OpenBiodiv-O

has taxonomic name
domain:
:OperationalTaxonomicUnit
range: :TaxonomicName

A
rdfs:subPropertyOf

has vernacular name has scientific name
domain: domain: . P |
:OperationalTaxonomicUnit :OperationaITaxonomicUnit'rdfs'SUmeperWOf_’dwm"'sc'em'f'CName
range: :VernacularName range: :SientificName
rdfs:subPropertyOf
l
has OTU Id has taxonomic concept label
domain: (inverse functional property)
:OperationalTaxonomicUnit domain: :TaxonomicConcept
range: :OTU_id range: :TaxonomicConceptLabel

PUryprA 2.5: Uepapxusra Ha CBOCTBATA CHBIAJA C epapXusita Ha
TaKCOHOMWYHUTE MMeHa U e npupasHena kbM DarwinCore.

2.4 3akJrodeHue

['nmapara mpemgocTaBst KOHIENTYAIN3aIisd Ha TAKCOHOMUYHUS IPOLeC U (hOPMAJIH3aIHsT
B OpenBiodiv-O. BbBexxjar ce KjaacoBe u cBoiicTBa B obJiacTTa Ha IIyOJIMKYBaHETO
Ha 6ropa3Hoobpasue U OHOJOTHIHATA CHCTEMATUKA U I' IIPUBEXK 14 B CbOTBETCTBHE C
BasKHUTE OHTOJIOTMH, CIIEIM(DUIHE 38 TO3U JIOMEIH.
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I'masa 2. Omnrosoruss OpenBiodiv-O

a fabio:Expression

:rcc5AccordingTo

an :RCC5Statement

... further
Darwin-SW
occurrence
a dsw:ldentification | related
instances
\taxon of ID

a :TaxonomicConcept

:rcc5fromRegion

:rcc5toRegion

traits

:rcc5RelationType

a :TaxonomicConcept

frbr:realization

a :RCC5Relation
e.g. :ProperPart_INT

frbr:realization

/

a :Treatment

SKOS semantic relation, e.g. skos:broader

a :Treatment

... further
publishing
instances

OUryprA 2.6: 3a ga uspasure RCC-5 Bpb3Ka MexKly KOHIIEIIUUTE,

cb3/1aiiTe RCC5Statement M U3NOJI3BaiiTe CHOTBETHUTE CBOMCTBA, 3a Jia

CBbp2KeTe JABe TAKCOHOMUYHM KOHIeNy upe3 Hero. OCBeH ToBa, TaK-

COHOMUYIHUTE IOHATUS Ca CBbDP3AHU ChC KadecTBa (HAIPUMED €KOJIO-

rust 8 ENVO), cu6urusa (manpumvep Darwin-SW) u ca abGerpakTausT
kJiac Ha TaKCOHOMUYHUTE JUCKYCHUU.
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I'maBa 3

CBbp3aHu OTBOPEHU JaHHU

Coananenn ca cebp3anu oropenn jganau OpenBiodiv-LOD, c¢babpxkaru nadopma-
st 3a OMOJIOTMYHOTO PasHOOOpasme, M3BJeUeHa OT cuucaHusaTa Ha [lemcodT n Oa-
3ara ganau Ha Ilmamu. JamHuTe ca MHTErpwpaHd C IOMOIINTA HA TAKCOHOMUTHHSI
rpboHak Ha GBIF. Karo onrosorust ce usnonssa Hoarta OpenBiodiv-O, paspabo-
TeH B XOoja Ha aucepramusaTa. IIpermjara ce Ha obmuocTTa Ha WHAOPMATHKATA 34
buopasznoobpasuero ga usnoJssa OpenBiodiv-LOD karo nenTpasiHa ToYKa Ha CeMaH-
TuvHus rpad 3a 3HaHus 3a 6uopazHoodbpasuero. OpenBiodiv-LOD ca mocrbimau mos
http://graph.openbiodiv.net.

OpenBiodiv-LOD e cunrermyen Habop oT maHHH. Toil He CbhbIbprKa IpeIBapu-
TeJTHO HelmyOJIMKYyBaHU JaHHU. BMecTo TOBa TO#l MHTErpupa B eHa 6a3a OT 3HAHUS
nHMOPMAIIsI, KOSITO IPEIu TOBa € OMiIa OMOBECTeHA B aKaJIeMUTHU CIINCAHUS U Oa3n
nannn. MHTerpanusaTa M03BOISIBa MATEPUAIU3AIMSI HA CKPUTH B3aMMOOTHOIIEHNA. B
cJIeBAIATE HSIKOJIKO maparpada Ime o0ChbINM H3TOUYHUIINTE Ha MHMOOPMAIWs, KOU-
1o ca kombuaupanu B OpenBiodiv-LOD u BumoBere pecypcu, KOUTO Ca U3BJIEYEHH,
KakTo 1 0bmus Mozen Ha jganHure. CbIo Taka ce obcbhxkaar npuHinunure Ha Linked
Open Data, kouTo cBbp3BaT BCUYKO 3aeJHO. [J1aBara 3aBbPIIBa C MHOIO IPUMEDPH
3a 3adBKU B Ha6opa OT JaHHU M C TEXHUYCCKa JUCKYCHIA 3a HaYMUHa, II0 KOHTO T4 €
reHeprupaHa.

3.1 IUz3TouHuIM Ha JaHHUI

Janaure B OpenBiodiv KbM BpeMero Ha IIHMCAHETO Ha JUCEPTAIMSTA UIBAT OT TPHU
OCHOBHH M3TOYHHKa: TakcoHoMmunus rpbonak na GBIF (GBIF Secretariat, 2017), u
HayuHu crarun nyosaukysanu ot [lencodr u [liamu (Fig. 3.1).

GBIF e Hail-roassMoTo MeXKIyHAPOIHO XPAHWIUINE Ha JAHHU 3a HAOJIOJEHUA Ha
opranusmu (occurrence data). GBIF nossosisiBa Ha norpeburesnre Ja ThpCAT B TAX-
HATA CHCTEMa, KaTo M3Io/3BaT TakcoHommuaHara iepapxusi, Nub (GBIF Secretariat,
2017). Nub e 6a3a maHHH, KOSTO OPraHU3Upa TAKCOHOMUYIHU KOHIIENIMH B Hepap-
Xusi, oOXBallalna BCHIKKM OuojorndHn uMmeHa, cbopanun or GBIF. Ta e cuaTeTnuHa,
T.e. aJITOPUTMUIHO TeHepupana Kiaacudurarus. [lo To3u vHaunn rpwoHaksr GBIF He
npedcmasansa eKCliepTeH KOHCEHCYC 3a TOBa KaK TAKCOHUTE Ca HepapXUIHO Oopee-
HU CIIOPE]] eBOJIIOIMOHHUTE KPUTEPUH B IIPUPOJIATA, HO BBIIPEKU TOBA € MHOTO TI0JI€3eH
Ha [PAKTUKA.

3a na 1ce npeaocTaBaT cbiuTe Bb3MokHocTH HAa OpenBiodiv, konnemniuure or
Nub ca uMmmopTupanu KaTo openbiodiv:TaxonomicConcept IT0 OpenBiOdiV—O ((bHI‘ 3.2).

Bcenuky BasmaHn craThM OT TAKCOHOMUYIHNTE CHOUCAHUS, MybsukyBaHu orT [len-
codprt u ynomenatu B Tabmuna 3.1 6saxa xouseprupanu B RDF u chxpanenu B rpada
OT 3HaHWs HAa OMOJIOTMYHOTO pa3HooOpasme. B nombiiHeHWe, BCUYIKU BaJIMIHU TaK-
coHomMu4HM Juckycuu (treatments) ma Ilmanm 6sixa xomeprupann B RDF u cbio
coxpanenn B rpada. IIponenypara mo RDF-uzupane ce moBrapsi Bcsika cemamuiia u
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I'maBa 3. CpbpszaHu OTBOPEHH JIAHHU

Legacy
Biodiversity
Literature

Plazi
Treatment
Bank

Other sources of
biodiveristy .
information (e.g. GraphDB Triple HOP dloud
GBIF) Store
individual ¢ rurning on top of
SPARQL queries http://openbiodiv.net/ GraphDB

DduryprA 3.1: Ompocren mozen Ha apxurekrypara Ha OpenBiodiv or
riaBa 1 okycupaina BbpXy U3TOYHUIMTE HA WHMOPMAIIUS.
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OuryvpaA 3.2: NnrocTpanus Ha MPeJCTABIHETO HA WepapXWUvHA WH-
B OpenBiodiv.

dopmanust, umnoprupada or GBIF kaTo TaKCOHOMUYHN KOHIIEIIIINI
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I'maBa 3. CpbpszaHu OTBOPEHH JIAHHU

[0 TO3M HAYMH CEMaHTUIHATa 6a3a JAHHU BUHATH ChJIbpPKa Hall-HOBUTE CTATHH W
rakcoHoMuunu jauckycun. RDF-uzanusita e sb3mokna Onarojapenue Ha akra, de
cimcanusita Ha [lencodr nybaukysar crarun B TaxPub XML (Catapano, 2010), mo-
karo [lnanu ny6smkysa auckycunre cu B TaxonX (Penev et al., 2011) (Fig. 3.3).
JIBETE CXEMHU Ca CTAHJAPTHHA ¥ OOMIO-TOCTbITHM.

TAbUIA 3.1: Crucanus ma [lencodT, kouro ca npesbpuarn B RDF.

Journal Name Submission Style Number of Articles
ZooKeys Word document 3829
PhytoKeys Word document 537
MycoKeys Word document 127
Biodiversity Data Journal Web based (ARPHA) 490
Journal of Orthoptera Research Word document 32

TapmuyA 3.2: Tunose gannu, mapkupann B TaxPub and TaxonX u
TaxHaTa KopecmouaeHms kbM RDF Tumosere, konTo ce m3moa3sar B

OpenBiodiv.
Datatype TaxPub TaxonX RDF Type
Article metadata T T fabio:JournalArticle and related
Keyword group T F openbiodiv:KeywordGroup
Abstract T T sro:Abstract
Title T F doco:Title
Author T T foaf :Person
Introduction section T F deo:Introduction
Discussion section T T orb:Discussion
Treatment section T T openbiodiv:Treatment
Nomenclature section T T openbiodiv:NomenclatureSection
Materials examined T T openbiodiv:MaterialsExamined
Diagnosis section T T openbiodiv:DiagnosisSection
Distribution section T T openbiodiv:DistributionSection
Taxonomic key T T openbiodiv:TaxonomicKey
Figure T T doco:Figure
Taxonomic name usage T T openbiodiv:TaxonomicNameUsage

3.2 CBbp3aHU OTBOPEHU JAaHHU

Linked Open Data (LOD, Heath and Bizer, 2011) e umes na Cemantuunara Mpexka
(Berners-Lee et al., 2001), messiia ja rapaHTUpa HOJIE3HOCTTA HA JIAHHHU, I1yOJIIKY-
BaHu B MpexKarTa, KaTo yJIeCHsBa TSIXHOTO IIOBTOPHO HaMHUpaHe U yIoTpeda OT TPeTH
smnia. B Tazu ceknust ca passicienn npunnunure Ha Cbp3anure OTBoperu JlanHu u
raxnoro npuioxkenue B OpenBiodiv (Heath and Bizer, 2011).

Bpmbska Mmexiay mozena OpenBiodiv-O, moapobHo passicHeH B riiaBa 2, U JOI'bJI-
HHUTEJTHUTE OHTOJIOTUN € JiajieHa BbB Fig. 3.5.

3.3 IIpumepen SPARQL

B Taszm cexius e maocTpupaHo, KaK MPEICTABCHUAT MOJE/] 3a JaHHU, 3a€/IHO C UH-
KopIiopupanaTa B 6asara JaHHN HHMOOPMAIIUs € JOCTATHIEH 32 Ja C€ U3IIbJIHAT HAKOU
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Ascomycota

duryvpa 3.3: Ymorpeba ma rtakcomomumdanun mmena B OpenBiodiv
(taxonomic name usage).

|D: http://openbiodiv.net/35af6a8a-9817-449e-86dc-dddc81bce09c-4239-ScientificName

Taxonomic name information spargl

Curculionidae

Usage statistics sparql

Mentioned in: journal article 1062 abstract 42 title 23

Related names

Omus thoracicus

Harpalus lewisii

Amara aenea (DeGeer, 1774)
(Morphnosoma) Lutshnik, 1915
(Lithochlaenius) Kryzhanovskij, 1976
Ozaena

Arctelaphrus

Bembidium flavicaudus
Harpalini Bonelli, 1610
Harpalusillectus
Phloeozetaeus

OUrveA 3.4: Busyasnzarusi.
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I'maBa 3. CBbp3aHu OTBOpEHH JAHHH

SPAR Ontologies

Work
Expression
Journal
Journal Article
Research Paper
FrontMatter
Body Matter
Back Matter
Section
Table
Figure

Treatment
Nomenclature
Nomenclature Heading
Taxonomic Name
Latin Name

Taxonomic Concept Label

Taxonomic Concept
Taxonomic Status
WVocabulary
RCCS Vocabulary

|dentificiation
Organism
Taken
Occurrence
Event

Agent

Location

®durvpa 3.5: Bpbska mexay OpenBiodiv-O u apyru mybamano-

JOCT'BITHA OHTOJIOTI'UH.
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I'maBa 3. CpbpszaHu OTBOPEHH JIAHHU

MHOT'O WHTE€PECHU 3aABKN BbpPXy rpada 3a 3HAHUSI.

Ero KpaThbK CIIMCBbK C TUIIOBETE 3adBKH, KOUTO Ca UJIIOCTPpUPaHU!:

1.

3asiBKa BbpXY CTPYKTypaTa Ha crarusita: T'wit kKaro 8 OpenBiodiv LOD crarun-
Te ca pa3buTH 1Mo TexHuTe KOMIOHeHTH (BK Hanp. Tabsmia 3.2) u cnoMmeHaBaHu-
siTa Ha TakcoHM (taxonomic name usages) BUHATH Ca CBbDP3aHU CbC CrenuduIHa
YacT Ha, CTATUSITA, MOTAT Ja Ce MPAaBsT 3alMUTBAHUS, U3MOJ3BAIIN TA3U CTPYK-

Typa.
3anuTBaHe 38 TAKCOHOMUYIHU KOHIIETIIUT

Pasmuro Tbpcene ¢ Lucene: nsnomnssan e Lucene connector (Ontotext, 2018) na
GraphDB, 3a pasMuTu ThbpceHUsi, K'bJI€TO Ce JOMYyCKAT ITPABOIUCHU TPEIIKH.

OrroBapsiHe Ha eKCIIEPTHU BbIIPOCH: TIOPAIM MalimHaTa cu 3a u3soj, OpenBiodiv
MO2Ke Jia GYHKIIMOHUPA KATo eKCllepTHa cucTteMa. Hamp. 3a olnenka Ha HaydHATA
zaryba cien noxkapa B Museu Nacional B Bpasunusi, cucremara Moxe na 0b-
Jie 3alMTaHa OTHOCHO CIIMCHK C BUJIOBETE, YNUTO €K3eMILISApH Osixa 3arybenu B
noxkapa B Puo jie 2Kaneiipo.

IIpoBepka Ha BaJNIHOCTTa HAa TAKCOHOMHYHO MMeE: IIPOBEPK, JIaJIH JIaJICHO TaK-
COHOMMYHO HMe€ € BajUJHO, T.€. JaJll € YMECTHO Ja ce yIoTpebsiBa B HaydeH
KOHTEKCT, W € OUJI0 IPeMaxHATO WM 3aMEHEHO OT JIPYI'O HME.

3.4 T'enepmpare Ha JaHHUTE

B rasu CeKI14d Ce pa3KpUuBaAT TEXHUYIECCKUTE HO,ZLpO6HOCTI/I 3a TOBa, KaK JaHHUTE 0s1Xa,

cb3aaenu. V3moa3sar ce ciaeqHuTe NHCTPYMEHTH

1.

ITaker RDF4R

2. TTaker ROpenBio

3. ITaker TSV4RDF pazpaboren ot Ilencodt

4. Bazucen kox Ha OpenBiodiv

3.4.1 Tpauchopmamua or XML B RDF

3a Tpancdopmarus or XML 8 RDF e usnonssana itepapxudnara crpykrypa Ha XML,
3a Jia ce pern mpobJaeMbT peKypCeuBHO. PerteHneTo e peainsnpano mocpeacTsoM AJt-

ropuTbM 1.

Algorithm 1 EkcrpakTop

1:
2
3:
4:
5
6
7

procedure EXTRACTOR(XML Node X)

a < extract atoms of X > Atoms extraction
r < construct RDF from a > RDF construction
C' < find relevant sub-nodes of X > Recursively applies itself
R « apply Extractor on each C; € C

return r J R

end procedure

Tekcrosute nosera B XML ca nHapudenn aromu. TSXHOTO U3BIUYUAHE CE OCHINECT-
BsaBa ¢ nomornra Ha e3uka XPATH. Caen ussindane Ha aToMuTe, T€ MOrar jia ObaaT
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I'maBa 3. CpbpszaHu OTBOPEHH JIAHHU

Local
. > 2 A
depl2018-lite - Deployment 2... & TG

total statements 255,216,616 explicit
600,455,818 345,239,202 inferred

2.35 expansion ratio

Import RDF data
Import tabular data with OntoRefine

Export RDF data

OurveA 3.6: Bpoit TBbpaeHus.

cpOpanu obparHo BbB popmara Ha RDF. ITpobaemsbr 3a RDF-usnpanero ua msaa XML
daiis e peasim3upaH MOCPEICTBOM Pa3bUBAHETO MY Ha MAaJIKU [POOJIEMH, 38 KOUTO pe-
[IEHUETO € TPUBUAJIHO.

3a ma paboru Extractor, TpsioBa na ce nedpunupa cxemara, B kogto XML e kosu-
pan. Crenudukanusra BKIIOUYBa, KakB XML Bb3/H ce ThpCAT U Kbjle Ce HAMUPAT.
Cresr TOBa pEeKypPCHUBHO Ce YKa3Ba 3a BCEKHU Bb3eJI, KOU IO/I-Bb3JI C€ ThPCIT U TIXHOTO
Mecromnojoxkenne 10 XPATH crupsimo TexHust pomuresicku Bb3ejl. I Hakpasi, 3a Bce-
KI Bb3eJI TPsAOBa Jla ce yKaykKaT aJIpecuTe Ha aTOMHUTE U Ja Ce HAITHUIIe KOHCTPYKTOP,
KOUTO TH CIJIODsiBA.

Cuernudukanusita ce m3pbpiea B R6 kiac #a R. Jledbunupame u cxemure Ha Ilen-
codr u Inamu: TaxPub!' u TaxonX?.

Nssneuennre RDF Tebprenus ce usnpamar B GraphDB, koiito ce mamupa Ha
azpec http://graph.openbiodiv.net/. OpenBiodiv-O aBromarnyuno mMarepuaansu-
pa JIOI'bJIHUTETHN TBBPJCHUS TOCPEICTBOM MAIUHATA, 33 U3BO/. JlOmbaHUTETHO ce
U3IILJIHABAT CJIETHOTO JOIIbJIHATEIHO IIPABUIIO:

'brijieiiT Ha 3aMecTBaIUTE UMEHA: U3rPaXKJa BPB3KUTE OT THI replacementName
Me)K,[[y BMbKHATUTE NMEHA.

3.5 Jluckycus

YcraHOBEHO €, Ye 00eMbT JIaHHU, KOUTO ce 0OpaborBa, B KomOuHarus ¢ mwbiaaa OWL
JIOTUKA BOJY JI0 HEIIPUEMJIMBA MPOM3BOIUTEHOCT. B Tasm cexnust ce pasriexkia To3n
npobiiem (Pur. 3.6).

Hamnpasenn ca HsIKOM OCHOBHU U3BOIN U €& OYEpTaBAME HACOKU 3a ObIEIN0 Pa3Bu-
THE.

"https://github.com/pensoft/ropenbio/blob/redesign/R/taxpub.R
“https://github.com/pensoft/ropenbio/blob/redesign/R/taxonx.R
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Performance degradation as a function of database size in MBytes
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DOUryprA 3.7: Buzyanusarus ua gerpajgannsita Ha TPOU3BOIUTETHOCT-
Ta.
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I'maBa 4

bubsmoreka 3a R 3a pabora ¢ RDF

RDF4R (rafar) e R naker 3a pabora ¢ RDF. Ts e pazpaborena KaTo 4acT OT IpOEKTa
OpenBiodiv, Ho e HambaHO cBobGOaHA oT cruenupuden 3a OpenBiodiv kox u Moxe
Jla, ce M3I0JI3Ba 3a OOIIM IeJId, W3UCKBAI HHCTpyMeHTH 3a pabora ¢ RDF nannu B
cpenara 3a nporpamupane R (R Core Team, 2016).

B Ta3u rnaBa ce passicHsiBa (DYHKITMOHAJHOCTTA HA, ITAKETA.

OcHoBHUTE (DYHKIINK HA MAKETA CA:

1.

6.

Bpsaka cbe cemanTmuHa 6a3a TaHHN

Oyukiun 3a npeobpasysane Ha SPARQL 3assku B R dyHKINMN

. Pabora ¢ simrepasu u upeHTrdUKaATOPU

. Pabora ¢ npedpukcu

Co3naBane un cepuanusarus za RDF

OcnoBHa TEPMHUHOJIOTHUA Ha CEMAaHTHUYIHN ITOHATHUA

Huckyrupanu ca upwinkure u paziaukure Ha RDF4R ¢ momobuu makeru karo
rdflib. OOCBKIAT Cce, KaK ca U3IOJJI3BaAHU MOJIEIN OT (DYHKITMOHAJHOTO IIPOrPAMIPAHE
3a cb3maBane Ha RDF4R. Ocsen ToBa ce ob6CbhKIaT, KaK Ce U3IOJ3BAT MOIEIU OT
00EKTHO-OPUEHTUPAHO IIporpaMupane 3a cbhb3gapane Ha RDF4R.
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I'maBa 5

PaborHu nponecn

B Tazu ritaBa ce 06ChKIAT qBa aBTOMATU3UpaH pabOTHU Ipolieca 3a 0OMEH Ha JAHHU
3a GHOJIONMIHOTO pazHOOOpa3ue, pazpaborern karo dact or OpenBiodiv: (1) aBroma-
TUYHO BHACSHE HA 3aIMCH 33 HaOJIIO/eHnst Ha BujoBe (occurrence data) B pbKOIUCH 1
(2) aBroMaTHYHO reHeprpaHe Ha PHKOIMCHA MATEPHAJIN OT €KOJIOTHYHUTE METaIaHHN
(EML). Pa6oruure nororu ca npejcraBenu Ha webinar 3a opranmsanusita iDigBio u
nyGauKyBaHu Karo HayuHa cratus (Senderov et al., 2016). CnaiijoBere or npesenTa-
musita, o, github.com /vsenderov /idigbhio-webinar.

Paboren mporiec 1: ABTomMmaTu3upan nMOOpPT HA occurrence data B pbKoru-
cu, pazpaboresu B ARPHA Writing Tool Pa3spaboren e aBToMaTndeH uMIopT
Ha occurrence data B Takconommuna ctatusi B cucrematra ARPHA ot mexmynapos-
aure 6asu nanau GBIF, BOLD, iDigBio u PlutoF (®ur. 5.1).

Pa6oren mporiec 2: ABromaTrusnpaHo reHepupane Ha pbkonuc or EML me-
taganau B ARPHA Writing Tool Cwb3mazen e paboren mporec, KONTO MO3BO-
JIsiBa, HA aBTOPHUTE J[a Cb3/IaBaT ABTOMATUIHO PBKOIUCHU MATEPUAIN OT METaIaHHH,
cbxpansBanun B EML (dur. 5.2).
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I'maBa 5. PaboTHn mporiecu

Online import of occurrence records directly into a manuscript!

GBIF BOLD SYSTEMS IDigBio PlutoF

P L =N

BCOOL DD

S r—W

Occurrence 2

Occurrence n Occurrence N

ARPHA WRITING TOOL

Edit Materials

You may place multiple ID's separeted by " |" here

BOLD record ID  (example: ACRJP618-11|ACRJP619-11)

BOLD BIN  (example: BOLD:AAA5125 | BOLD:AAA5126)
) GBIF via Occurrence ID (example: urn:catalog:HYO:ENT:B1367540 | 4b7b4bb4-0db7-4592-b3f9-1b15b6235360)
) GBIFID (example: 1061574007 | 240843113)
") iDigBio UUID  (example: 1db58713-1c7f-4838-802d-be784e444c4a | d957ac64-ce51-4d40-801e-670b345aa7b6)

) PlutoF record ID  (example: FM178343 | EU343855)
PlutoF SHID (example: 10.15156/CH487435.07FU | SH487425.07FU)

Taxonomic manuscript

submission
Biodiversity
Data ]Ournal http://bdj.pensoft.net

OurypA 5.1: PaboTHugaT mHOTOK OT WHMOPMAIMOHHUTE TMOPTAJIN
GBIF, BOLD Systems, iDigBio u PlutoF upe3 enementn Ha morpe-
ouresicku unrepdeiic B AWT.
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I'maBa 5. PaboTHn mporiecu

Import a manuscript

Import data paper from EML

‘ Browse

Supported EML versions: 2.1.1, 2.1.0 (e.g. generated from GBIF IPT, DataONE and LTER)

OR

Import any other manuscript via our

OurypA 5.2: Ilosmero 3a morpeburescku uHTepdeiic 3a KaupaHe Ha
EML daitnose 8 ARPHA.
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Yeb nopraJa

[Tox openbiodiv.net mMoxe Jia ce CTUTHE JO OCHOBHHS MOPTaJ, KOWTO JaBa JOCTbHII
1o pecypeure Ha OpenBiodiv. Tosu mopran e paspaboren or Ilencodr B momkpe-
na Ha OpenBiodiv u mpejcraBs aBa BU3yaJHU eJIeMEHTa HA TMOTPEOUTENIST: JIEHTATA
3a TbpCEHE U CIINCBK C MKOHU Ha MNPUJIO2KECHHUA B JOJHaTa YacT. OCBeH TOBa, IIO/
graph.openbiodiv.net (cbuto mocrbien or ukonkara SPARQL) moxke ma ce jmocrurhe
paboruus mwior OpenBiodiv 3a na SPARQL.

Tesu dbyuknun va norpeburesckus narepdeiic (Ul) ca npegnasnadenn na yiecHsT
TPUTE TUIA OTPEOUTEIN HA CUCTEMATA:

1. OCHOBHO HUBO: U3IOJI3Ba JIEHTATA 38 T'hPCEHE.
2. Hupo Ha crmernmaancT: U3MOI3Ba TPUIOKEHUSI.

3. Power user: uznossea paboraara miot 3a SPARQL umn R.

Asmopegpepamu Ha ducepmavuu 2 (2020) 61-154
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I'maBa 6. Yeb mopraut

.'If:enBiDdiv
Beta

The Open Biodiversity Knowledge Management System

daniel mietchen =

™ — oy ——

Person
1IDx: bt openbiodre net/ 2c 52 54 59-4701-42 7h- 94 20-84407 0cd 1§03

Personinfo sare]
Mzmee Dl Mistchen

Affiliations:

*® Mussum e Maburdounds, Berln, Germany

Articles _—
] Articles: par Wear
201
204
o 2 X il 5 L] T E a b 1 12 3 1 15 11 T E 18 o
shoeay all ariacles
Collaborators <are

GuidoSautter 1 KevinRichards 1  PawelStoey 1 AlehmandraPawlik 1  BachirBaledh 1 DovidEades 1
Doratligeeti 1 ‘Walter G Berendobn 1 AdamiBronke 1 HamcesHettling 1 RobertHoehmdorf 1 RodPage 1
Mesripzfkkari 1 TomvanDoorem 1 MarkoGhtieen 1 OuentinbobnGroom 1 MAraireasPlank 1

ThomazD Mamars 1 AlanP. Willlams 1 SorayaSierra 1 ThemaszPape 1 BokbertA Moz 1 GregorHagedorm 1
LysbomirPerey 1 ClhsWeiland 1 Patricalelbert 1 Micolabbcolsom 1 ApcoMolleman 1 DosaldMoberm 1
Conbirkey 1 2 TeodorGeorgiey 1 DavidMing 1 Yewilammers 1 MallBzard 1 CarmaMaradeSouza 1
Matthewliszeit 1 PeterMovenbamp 1 2 GeorpeGosline 1 Thibawt DeMeulemesster 1 Jeremy B Miller 1
TerryErwim 1 ChrstianBreppickmeijer 1 LamsMHendricdh 1 DowidPeter Shortbomse 1 ReoszMommce 1

HeprikEnghoff 1 DovidBoceBong Chewng 1 MidaelBalke 1 SerrapcPereira 1

DPUryprA 6.1: Witocrparust Ha ocHoBHaTa yriorpedba Ha OpenBiodiv 3a
TbpCceHe Ha MHMOOPMAIUS 33 IOBEK.
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SaKJII0OUYeHIe

PezyaraTu

C‘II/IT&MG, qe npeacTaBeHUAT Hay4dIeH TPY/A U3II'bJIHABaA IIOCTaBEHaTa IeJI U 3aJa9U.

Pesynrar 1. OcHOBHUAT pe3y/TaT Ha JIUCEPTAIMATA € Ch3IABAHETO HA KOHIIEI-
TyajleH MOesl Ha obJjiacTTa Ha IyOJUKyBaHETO Ha 3HAHUE 3a OUOJIOTHYHOTO pas-
HOOOpa3me M JIOTHYIECKOTO My (opMajm3upaHe My Ioj ¢opMmara Ha OHTOJOTHSITA
OpenBiodiv-O. Tosu pesynrar e nonpobHo nuckytupaH B 1iaBa 2 u B Senderov et
al., 2018 u msnbiaHgBa 3amada 1. VIBXOIHUAT KO, HA OHTOJIOMATA € JIOCTbIIEH IO
github.com /pensoft /openbiodiv-o.

Pesynrar 2. Cwb3naBanero Ha codTyepraTa apxurekTypa Ha OpenBiodiv, oueprana
B rtaBa 1 u Senderov and Penev, 2016. Tosu pesysarar orropapsi Ha 3agada 2.

Pesynrar 3. Cnaumasanero Ha cBbps3anu orBopenn ganau, OpenBiodiv-LOD, cbe-
Tostiu ce ot Tpanchopmupanun B RDF u uaTerpupanu B 6a3a jJaHHU TBBDJCHUS 3a
buopazunoobpasuero. TBbpaenusaTa ca u3sjiedenu or XML na Hayunu craruu, 1my6-
sukyBaau ot Ilemcodpr, XML TakcoHoMumuHN auckycuu, nybsukyBanu ot Ilmamu, n
CSV-gbMmn Ha TakcoHommunust rpbOHaK Ha GBIF. OpenBiodiv-LOD ca gocrbian
mox graph.openbiodiv.net m ca ommcanu B TwiaBa 3. To3m pesynaraT oTroBaps Ha
Sanaga 3.

Pesyanrar 4. Codryepen naker 3a cpejara 3a uporpamupane R, RDF4R. RDF4R
JaBa Bb3MOXKHOCT 3a Manumyaupane na RDF B R. C merosa momorr e oCbIecTBEHO
TpancdopMUpaHeTO Ha HAy4YHM ITyOJUKAIuu OT mojy-cTpykrypupan XML dbopmar
B crpykrypupan cemanTnded RDF. Tosu pesynrar e obcbiaen B ritaBa 4 u Senderov
et al., 2016 u msmbiaagBa 3amada 4. [lakeTbT € JHOCTbIIEH OHJIAWH KaTO CBOOOIEH
codryep nox github.com/pensoft /rdf4r. Ocsen ToBa momrbIHETEICH U3XOAEH KO (He-
onTumusupa ), ormcsart XML cxemure Ha [lencodr u [lianu u padorerr B Tanmzem ¢
RDF4R 3a kouBeprupane sa XML B RDF moxke ma 6b1e Hamepen o github.com /pensoft /ropenbio.

Pesynrar 5. Ilpormecu 3a pabora, konTo mo3BosigBaT oborarsiBanero na XML cra-
Tin, mybaukysanu ot [lencodT, Ype3 aBTOMATHIHO UMIIOPTUPAHE HA JIAHHUA OT OCHOB-
HUTE MEeXK/IYHAPOIHU XPaHUJIUINA 32 JaHHU 33 OHOJIOIMIHOTO pasnoobpasue: BOLD,
GBIF, iDigBio , kakTo u PlutoF. Ocsen ToBa, Gyiaromapenue Ha pe3yaTaTUTE HA Ta-
31U gucepTanusd € Bb3MOXKHO aBTOMAaTHUYIHO Jla C€ Cbhb3/1a/JaT PBKOIINCU OT MeTaJlaHHU,
koupanu B Ecological Metadata Language (EML). O6¢brkmaneTo Ha T€31 aBTOMATH-
3upaHu pabOTHH MPOIECH — aBTOMATUYIHO IeHepupaHe Ha data papers u aBTOMaTHYIeH
UMIIOPT Ha occurrence records - ce W3BBLPIMBA B TiiaBa 5. 1031W pe3yarar W3MIbIHIBA
Samgaga 5.

Pesynrar 6. Veb-caiiT openbiodiv.net, cbabpKall] ceMAaHTUIHA ThPCAYUKA U PUIO-
KeHust. Yeb-cafiTbT e 06chbaeH B IitaBa 6 M M3IIbJIHSIBA 3amata 6.
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I'maBa 6. Yeb mopraut

Jnckycns, n3Boau n O'baenin HACOKH

OpenBiodiv-LOD ca cebp3anu oTBOpeHU JaHHU 3a OHOpPa3HOOOpA3UETO HA OCHOBA-
Ta Ha HayuHu nyoaukanun. OpenBiodiv-O e 6Ga3zara Ha CBbp3aHUTE OTBOPEHU JTaHHU
OpenBiodiv-LOD. Ypes paspaboTrBanero Ha OHTOJIOIUsI, HACOUEHA K'bM OMOJIOTTIHATA
TaKCOHOMMSI, Ca 3allbJIHEHU MPA3HUHUTE MEXKJy OHTOJIOTUUTE 38 PeCcypcHu OT OUOJIo-
TUYIHOTO paszHoobpasue kKaro Darwin-SW u oHTOJIOTHETE 38 CEMAHTUYHO IyOJINKYBaHe
kaTo SPAR. Cunra ce, 4e € mpaBUJIHO JIa Ce MOJIE/IMPa CAMUAT TAKCOHOMUYEH IIPOIIEC,
a He HIKAKBO KOHKDPETHO CbCTOSIHUE HA 3HAHUETO, T'bil KATO IPOIECHT MO ONUCBAHETO
Ha 6ropa3HOOOpaA3NETO Ha 3eMsATa Jlajed He e 3apbpiui. Ha najgenus erar, MOKpUTH-
€TO Ha OHTOJIOTHSATA € JOCTATHIHO, 38 JIa MOXKe T Ja ObJle OCHOBaTa 3a C'b3/1aBaHETO
Ha LOD. B To3u cmucha orrosorusaTa € 3apbpiieHa. Or apyra crpaHa go00aBsHe Ha
KJIACOBE U CBOMCTBa 3a HOBM THIIOBE JIAHHU 33 OMOPA3HOOOPA3METO € BH3MOXKHO U
JKeJIATeTHO.

Cebp3aHnTe OTBOPEHN JAHHU, OI00HO Ha OHTOJIOTHUSTA, BEUe MPECTABISIBAT CO-
JINJIEH PECypc 3a OMOJI03UTe, T'hbil KATO BKJIFOUBAT MH(pOPMAIAs OT IOBEYETO CTATHH,
nyoiukysanu ot [lercodt u Ilnamu n nabposisat nag 600 muanona TBbpaeHus. [lo-
JIOOHO HA OHTOJIOTHSATA, Te Cjie/Ba fHa Obaar pasmupsaBann. CTarTusi, OTHOCHO T€HEPU-
PaHETO Ha JaHHHU II0 OHTOJIOTUA € IIOATOTBEHa U Ipe/JCcTaBa IIPEI HayIHOTO CIIMCaHUEe
Cybernetics and Information Technologies.

Codryepuusar naker RDF4R 6ertte usnosnssan yciento 3a cbhb3gasanero Ha LOD, u
KaTO TaK'bB, TOI MOXKe Jia ce CUuTa 3a 3aBbpiieH. KakTo Bceku eina copTyepeH Maker,
obawe, Toit Ou cesBaso fga ObJe Mo Ibp:KaH 1 paspuBaH. OuakBa ce myOJIMKyBaHETO
My mox, popmaTta Ha Software Description Paper.

Veb-caitTbT e Bee omne B bera-Bepcusi. OyHKIMOHATHOCTTA, KOSITO PAOOTH OTJIMTHO
€ CeMAHTUIHATA ThPCadKa. 3a HIKOW OCHOBHU THUIIOBE JIAHHW UMa Ch3/IaJeHN MAKETH
(templates) 3a Busyasnusarusi. Bblpeku BCUYKO, CAlTHT ThPIK PA3IIMPEHUE U [OBE-
9eTO MOTPebUTEIN Ha cucTeMaTra n3nossBar e3uka 3a SPARQL 3a Tbpcene.

Bazken n3Boj, KOTO MOXKe Jla ce HAIPABU KATO 0DOOOIEHNE HA TTOCTUTHATUTE pe-
3yJITAaTA €, Y€ € Bb3MOXKHO H3IMOJI3BAHETO Ha CEeMAHTHYeH rpad 3a WHTEIPUPAHETO
Ha rojisiM 0beM OT JaHHH 3a OMOJOrmIHOTO pasHoobpasue. HeouakBaHOo HU ce oTmaze
BB3MOXKHOCT JIa UJIFOCTpUpaMe MOITa Ha Tpada IIpHu aHaIn3a Ha IeTUTe OT TParnd-
uust moxkap B Museu Nacional 8 Puo ne ZKaneiipo. OcBen ToBa miocTpupaxme, de
€ Bb3MOXKHO J[a C€ HAIUIIAT CPABHUTEHO ITPOCTU JIOTUIECKU W3BOIH, MTO3BOJIsIBAIIN
[IPOBEPKA Ha BAJIMJIHOCTTA HA JIAJIEHO TAKCOHOMUYIHO HME.

[Mopajin 3HAUNTE/THAST pa3Mep Ha JAHHUTE € YCTAHOBEHO, Y€ MAKAP U U3I0JI3BAHETO
Ha ceMaHTU4eH rpad Jj1a € Bb3MOKHO, HIKOU OT II'bPBOHAYAJIHO U30PAHUTE TEXHOJIOT I
ca HENPUJIOKUME UM TPYIHO NPUIoKuMU. VI3BbpineHo e Hab/roeHnero (BxK. riia-
Ba 3), Ue NPAKTUYECKOTO IPUJIOXKEHNEe Ha [rbiaHus jorudecku Mogesn OWL e rpysHo,
opa/tu pobsiemu ¢ 6bp3oeiicTBreTo. BMecTo Hero ce cripsgxme Ha [0-MaJOMOIHATA,
HO 1m0-0bp3a RDFS. [Ipyro Hab/roneHe, KOETO HAIpABUXMe €, 1e MaKap U Iporpam-
HaTa cpejga R 1a jaBa m3BeCcTHU HPEIUMCTBA [IPU ObP30TO C'h3/IaBAHE HA IIPOTOTUIIA
Ha cHCTeMaTa, IPU yBEJUYaBAHETO Ha CJIOYKHOCTTA HA MPOrPaMHUS KOJI, HeOOXOIu-
MO TIPH PEAJHO-C'bINECTBYBAIATA CUCTEMA 33 MOKPHUBAHE HA BCUYKU YACTHH CJIyYaH,
€3UK C JUHAMUYHM THUIIOBE Karo R c¢b3masa rinaBobosust npu jgedbrur. CobineBpe-
MEHHO OCTaHaXMe BIEYATJIEHU OT MOIIHUS UHCTPYMEHTApUyM Ha (DYHKIIMOHAJIHOTO
nporpamupane, koiiro R mpejocrassi.

OcHOBHA TPYIHOCT Ce OKa3a IU3aMOUTyaIIsaTa HA PECYPCH KATO UMEHA Ha aBTOPU
WJIM TAKCOHOMUYIHU UMeHa. BbB dyHKImoHaHus ju3aitd Ha makera RDF4R 3amoxux-
M€ MOJYJ/IH, KOUTO ITO3BOJISIBAT IIPU T'hbPCEHETO Ha MIEHTHMUKATOD 3a JaJIeH pecypc
Jla BMbKHEM CIIMCHK OT (DYHKIUH,/ TpaBuia 3a HeroparTa jausamOuryaius. Bbupekn
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I'maBa 6. Yeb mopraut

TOBa UMaxMe CaMO OrpaHUYEeH yCIIEX C ,ZLH3aM6HFyaHHHTa Ha 0Oa3aTra Ha opaBujia 1 110
Ta3u NpUIrHa B IIPOU3BOJICTBCHaTa CHUCTEMa Td € U3KJ/II0OY€eHa K'bM MOMEHTA.

Nmaiiku mpeaBu Te3n U Apyru “noyku’ Obaernero passuTue Ha mpoekta OpenBiodiv

MOKe JTa ce odepTae 110 CJAeJHHsA HEe HEIIPEMEHHO n3vdepliaTe/JIeH HaYUuH:

Karo nenocpeacrsenn nesn ja pasmupsar LOD u oHTOIOTMSITa ¢ HOBU THUIIOBE
JaHHA U HOBM W3TOYHUIM HA IAHHU, U3IOJI3BARKU CbHIIECTBYBALIUs (ppeimMy-
bpK. TakuBa JTaHHM ca HAIIP. PEHOMHUTE JIaHHU, JAHHUTE 38 MECTO-HAXOJIMIIA,
Ha BHJI0BE, (610-)reorpadcKu JaHH, BU3yaJHU JTAHHN, OIIMCATETHI JTAHHN 1 TID.

. la ce Tbpcu ore mo-TICHA WHTErPAIUs C APYTU CbHIIECTBYBAINA XPaHUJIUIILA

3a jlaHHU 3a Omopasnoobpasuero ocBen GBIF. Hamp. Biolmages, iNaturalist,
BOLD, u T.H.

Kato mo-mbarocpouna 3ajada Jla ce M3Cye/[Ba IIPEMUHABAHETO OT CEMAHTHIEH
rpad KbM TEXHOJIOTHS, K'bJETO MAIIMHATA 33 U3BOJI € Pa3rpaHuydeHa OT CeMaH-
tuaaus rpad karo WikiData wim Neodj. OcBen ypesmdaeHOTO Obp30JIeiicTBIE,
TOBa IIE JiaJle JOIIbJIHNUTENHA "bBKABOCT Ha IIPOEKTA KATO HAIPUMED IT03BOJIH
M3I0/I3BAHETO HA MAINMUHU 3a u3Boj pasyiuaan or RDF-6a3zupanero kaTo Harp.
Euler.

. Jla Obae npoabiKeHa paspaboTKaTa Ha CHCTEMHUSA COPTYEp C OIIe MO-IIPOKO

puiozKeHne Ha GPyHKIMOHAJHOTO IPOrPAMUPAHE U IOPTUPAHETO MY KbM (DyH-
kimoHaJsieH e3nk karo Hamp. Haskell mimm O’Caml.

. Ha 0bse uscsensan npobaeMbT 3a AU3aMOUTyalldsiTa U CPOJHUTE podJeMu 3a

named entity recognition mHa mHTEpecHH pecypcu OT OMOPa3HOOOPA3UETO, KAK-
TO W Pa3JIMYHU 3aJa9d OT Pa3lO3HABAHETO Ha 00pa3w, OT IJIeJHATa TOYKA Ha
MAIIIUHHOTO O0ydJeHue.

Pa3m1/1pﬂBaHe Ha ye6-ca171Ta Ha cuUCcTeMaTa C IoBede TEMILJIEUTU U HOBU IpuJIo-
KeHM4d.

OcHoBHI HAyY49YHHU N HAYYHO-IIPUJIOZ2KHHA IIPMHOCHA

Pezynrarure, muckyTupanu B IPEAUIITHUTE JIBA Pas/iea, 00yCJIaBsIT CJICIHUTE Hay THU
7 HAy4YHO-IIPUJIOKHU HPUHOCH:

3.

Hayden npumnoc: cbhajaBane Ha OHTOJIOrUsS U (DOpMaJieH Mo/Jesl Ha 0bJlacTTa Ha
nybJIMKyBaHe Ha 3HaHUE 33 OMOJIOTMYHOTO pa3HooOpasue.

Hay‘lHO-HpI/LHO)KeH IIPUHOC: aHaJIN3 Ha U3TOYHUIIUTE Ha I/IHCbOpMa,I_[I/IH n Cb31a-
Bane #Ha OpenBiodiv-LOD.

101

HayuHo-niprioKeH IpuHOC: UMILJIeMeHTaIns Ha codpryepruTe Moayin Ha OpenBiodiv.

OpenBiodiv-O 3anbiBa yHuKagHATA HAIIA MEXK/Ty OubmorpadCcKu OHTOJIOTUT Ka-
10 SPAR u onToslorun 3a 6mopasnoobpaszuero karo Darwin-SW u kato TakaBa 6e3
CbMHEHHE € OT TOJIIM HaydeH WHTepec 3a ODIMHOCTTa Ha wH(OpMaThKaTa Ha OMO-
paznoobpasuero. Paborara nMa u Cepuo3eH HAYTHO-IIPUIIOXKEH XapaKTep, KaTo B J0-
IbJIHEHUE Ha OHTOJIOTHSATA TPEIOCTaBs W CBbP3AHN OTBOPEHU JAHHU, U3TMOJI3BAIIH
OHTOJIOTHSTA, KAKTO U IPOTPAMHO 0be3IedueHne 3a noTpedure/inre u pa3paboTduinTe

Ha cucremMarTa.
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CrmicbK ¢ myOoJamKaImm

HyGJII/IKaI_[I/II/I B Me2KJIlYHaApOAHU HAayYHHU CIIMCaHUnA

1.

Viktor Senderov and Lyubomir Penev. 2016. “The Open Biodiversity Knowledge
Management System in Scholarly Publishing”. Research Ideas and Outcomes
2, no. 7757 (). I1SSN: 2367-7163. doi:10.3897 /rio.2.e7757. http://rio.
pensoft.net/articles.php?id=7757. Hamepenu 3 yuukasnu nurata or Franz
and Sterner, 2018, Ordynets et al., 2017 u Burt and Mengual, 2017.

. Sarah Faulwetter, Evangelos Pafilis, Lucia Fanini, Nicolas Bailly, Donat Agosti,

Christos Arvanitidis, Laura Boicenco, Terry Catapano, Simon Claus, Stefanie
Dekeyzer, Teodor Georgiev, Aglaia Legaki, Dimitra Mavraki, Anastasis Oulas,
Gabriella Papastefanou, Lyubomir Penev, Guido Sautter, Dmitry Schigel, Viktor
Senderov, Adrian Teaca, and Marilena Tsompanou. 2016. “EMODnet Workshop
on mechanisms and guidelines to mobilise historical data into biogeographic
databases”. Research Ideas and Outcomes 2, no. el0445 (). 1SSN: 2367-7163.
doi:10.3897/rio.2.e10445. http://rio.pensoft.net/articles.php?id=
10445. Hamepen yuukajen murat ot Pyron, 2018.

. Pedro Cardoso, Pavel Stoev, Teodor Georgiev, Viktor Senderov, and Lyubomir

Penev. 2016. “Species Conservation Profiles compliant with the IUCN Red List
of Threatened Species”. Biodiversity Data Journal 4 (): €10356. 1SSN: 1314-2828,
1314-2836. d0i:10.3897/BDJ.4.e10356. http://bdj.pensoft.net/articles.
php?id=10356. Nunexcarus 8 WoS SCOPUS, kakto u B SJR 0.465. 4 yaukaHu
nuTaTa or Bachman et al., 2018, Lin et al., 2017, Li et al., 2017 u Milano et al.,
2017.

. Viktor Senderov, Teodor Georgiev, and Lyubomir Penev. 2016. “Online direct

import of specimen records into manuscripts and automatic creation of data
papers from biological databases”. Research Ideas and Outcomes 2 (): e10617.
ISSN: 2367-7163. doi:10.3897 /rio.2.e10617. http://rio.pensoft .net/
articles.php?id=10617. Hamepen yuukajen murar ot Ordynets et al., 2017.

. Lyubomir Penev, Daniel Mietchen, Vishwas Chavan, Gregor Hagedorn, Vincent

Smith, David Shotton, Eamonn O Tuama, Viktor Senderov, Teodor Georgiev,
Pavel Stoev, Quentin Groom, David Remsen, and Scott Edmunds. 2017b. “Strategies
and guidelines for scholarly publishing of biodiversity data”. Research Ideas and
Outcomes 3, no. €12431 (). 1SSN: 2367-7163. doi:10.3897/rio.3.e12431. http:
//riojournal.com/articles.php?id=12431 Hamepenu 8 yHUKa/JIHE IUTaTa OT
Tennant et al., 2017, Marwick and Birch, 2017, Kissling et al., 2018, Mathieu,
2018, IMMamkos and Msanosa, 2018, lamkos et al., 2017, Filippova et al., 2017

n @ununmosa et al., 2017.

. Lyubomir Penev, Teodor Georgiev, Peter Geshev, Seyhan Demirov, Viktor Senderov,

Iliyana Kuzmova, Iva Kostadinova, Slavena Peneva, and Pavel Stoev. 2017a.
“ARPHA-BioDiv: A toolbox for scholarly publication and dissemination of biodiversity
data based on the ARPHA Publishing Platform”. Research Ideas and Outcomes

3, no. 13088 (). 1SSN: 2367-7163. doi:10 . 3897 /rio .3 .e13088. http: //
riojournal.com/articles.php?id=13088

Emmanuel Arriaga-Varela, Matthias Seidel, Albert Deler-Hernandez, Viktor
Senderov, and Martin Fikdcek. 2017. “A review of the Cercyon Leach (Coleoptera,
Hydrophilidae, Sphaeridiinae) of the Greater Antilles”. ZooKeys 681 (): 39—
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93. 1SSN: 1313-2970, 1313-2989. doi:10 . 3897 / zookeys . 681 . 12522. https :
//zookeys . pensoft .net/articles.php?id=12522. Unnekcarusa 8 WoS IF
1.079, Q3 SCOPUS, SJR 0.533.

8. Viktor Senderov, Kiril Simov, Nico Franz, Pavel Stoev, Terry Catapano, Donat
Agosti, Guido Sautter, Robert A. Morris, and Lyubomir Penev. 2018. “OpenBiodiv-
O: ontology of the OpenBiodiv knowledge management system”. Journal of
Biomedical Semantics 9, no. 5 (). 1SSN: 2041-1480. doi:10.1186/s13326-017-
0174 -5. https:// jbiomedsem . biomedcentral . com/articles/10. 1186/
$13326-017-0174-5 Unnekcamus 8 WoS IF 1.6, Q3 SCOPUS, SJR 0.952. Ha-
mepenu 3 yaukasau nurara ot Michel et al., 2018, Page, 2018b u Page, 2018a.

9. OpenBiodiv-LOD: Populating the OpenBiodiv Ontology. HenybinkyBana cra-
Tus, npejcrasera B crucanuetro Cybernetics and Information Technologies.

[Tpencrasen e ciuCcbK € MyOJIUKAITMT, CBbP3aHU C aucepTamnusaTa. Vzbpoenure cra-
THH ca MyOIUKYBaHN 6e3 U3KJTIOYEHNE B YeTHPU MEKTyHAPOTHY HAYYHU CIIUCAHUST: TIET
craruu B Research Ideas and Outcomes, exna crarus B ZooKeys (WoS IF 1.079, Q3
SCOPUS, SJR 0.533), eana crarus B8 Biodiversity Data Journal (WoS SCOPUS, SJR
0.465) u exnna crarust B Journal of Biomedical Semantics (WoS IF 1.6, Q3 SCOPUS,
SJR 0.952). O6musir 6poit HaMepeHH MUTATH, KOUTO KAHIUJATHT € HATPYIAJ, N3K-
JodBaiiku camo-tiuTaTu € 20, KaTo KOHKPETHUTE IMUTUPAIIU CTATHU Ca ITOCOYEHU B
crcbKa o rope. OOmuaT 6poit HaMepeHn MUTATH, BKIIOUYNTETHO CAMO-TIUTATH U iU~
TaTu Ha paboTa W3BbH 0OXBara Ha jucepranusTa, e 48 (Google Hayka).

[1] e panna Bepcusi Ha BbBEJEHHETO, KAKTO M Ha IVilaBa | U ChIbpiKa TPY/L 110
Bagaua 2 (Apxurekrypa). Tekcrosere na nybuukamuure [2, 3, 5, 6, 7| e ca gacr
OT TeKCTa Ha JIUcepTaIysiTa JOCJIOBHO, HO ChibpKaT TPy 1o 3ajgada 5 (Meromu 3a
pabora). IlpescraBenure B Te3u MyOJUKAIME UJEU CA B POJISIMA CTEIEH BKJIIOYEHU B
rjaBa b, YMUTO TEKCTOBH IPbOHAK ce popmupa o mybsmkarust [4]. [8] e naii-Baxkuara
nyOuKanysl B paMKUTe Ha Ta3W JUCEPTAIsa U e MyOJnKyBaHa BbHB PEHOMUPAHOTO
crucanne Journal of Biomedical Semantics. [8] cberaBiisiBa ¢bbpKaHIETO HA T1aBa 2
I € OCHOBHAaTa IacT OT paborara, m3mbiHgBama 3agada 1 (Oxrosnorus). Crarusara
Geme Ha 3aryiaBHarta crpaHuria Ha JBS B 1pojbizkeHne Ha HIKOJKO Mecera (dur.
6.2). ['maBa 3 u ruaBa 4, kouro dopmupar 3agaqu 3, 4, ce MOJATOTBAT KATO PbKOIMCH
B MexKyHaporauu cuucanus. Ocsen ToBa codryepHara bubiamoreka RDF4R, onmcana
B IJ1aBa 4, ce MOAroTBs Jia Gbjie M3IIPaTeHa B XPAHIINIIETO ¢ oTBopeH Ko rOpenScil.

Armrpobariust Ha pe3yJTaTuTe

Hoknanm npea Hayden cemuHap Ha ITH3

1. Hoxman npen nayden cemuuap sa UBEW na BAH ma 26.10.2015 1. (“IIy6sn-
KyBaHe, BU3yaJu3allisl U pa3lpocTpaHeHNe Ha II'bPBUYHU U T'€HOMHHU JIAHHU 3a
OMOJIOTMIHOTO PasHoOOpa3ne Ha, OCHOBATA HA OTKPUTA CHCTEMA 34 YIPaBJICHUE
Ha uHbopManuaTa’).

2. Hoknan npen nayden cemunap B MMKT wa BAH na 31.03.2016 r. (Open Biodiversity
Knowledge Management System)

3. Hokman npen nayden cemunap Ha UMKT na BAH 3a 23.03.2018 r. (OpenBiodiv:
a knowledge-based system of biodiversity information)

We build software with a community of users and developers, and educate scientists about
transparent research practices.” https://ropensci.org/
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Featured Article: OpenBiodiv-O: ontology of the OpenBicdiv
knowledge management system

Extracting information and knowledge discovery from research in the fields of

biodiversity and biological taxonomy is a semantic challenge with important

applications. In this article, the authors introduce OpenBiodiv-O, an ontology that

bridges the gap between scholarly biodiversity publishing and biological taxonomy -

enabling the creation of the OpenBiodiv Knowledge Management System.

@UryprA 6.2: Crarusra oraocao OpenBiodiv-O e Ha HagamHaTa cTpa-
nuria Ha Journal of Biomedical Semantics.

Hokiaam npes HayYHO MepPOIPUSTHE B Uy>KOWHA WM Hped MeXKIy-
HapO/ITHO HAY4YHO MeponpusiTue y Hac

1.

10.

Hoxnan npen, mexkayHapoauus: cuminosuyM EU BON B Codust na 23.03.2016 r.
(The Data Publishing Toolkit at EU BON: Automated creation of data papers,
data and text integrated publishing via the ARPHA Publishing Platform.)

. Hoknan mo Bpeme Ha paborHara cpemia nHa BIG4 B XaBpanuku, Yexus nHa

03.06.2016 1. (Project Progress Report (OBKMS))

. Hokman 1o Bpeme Ha paborHara cpema Ha BIG4 B XaBpanuku, Yexusi Ha

03.06.2016 r. (Modern Methods of Systematic Research and the BOLD Algorithm)

. Yeb-6azupan jokia (yebuHap) mpej MexkyHapojHa ayJAuTOPUsl B PAMKHUTE Ha

cemunap na iDigBio ma 16.07.2016 r. (Online direct import of specimen records
from iDigBio instrastructure into taxonomic manuscripts)

. Hoxkuaz mo BpeMe Ha pabornara cperia Ha BIG4 B Konenxaren na 14.10.2016 r.

(Midterm Progress Report)

. Hoknan wa mexayraponuaust cummnosuym TDWG 2016 B Canra Kiapa me Can

Kapioc or 5. 10 9.12.2016 r. (Streamlining the Flow of Taxon Occurrence Data
Between a Manuscript and Biological Databases)

Hoxan Ha Mmexaynapomgaust cummoszuyM TDWG 2016 8 Canra Kiapa ne Can
KapJioc or 5. 10 9.12.2016 1. (The Open Biodiversity Knowledge Management
System: A Semantic Suite Running on top of the Biodiversity Knowledge Graph)

. Hoknan na mexaynapoauust cumnosuym TDWG 2016 B Canra Kiapa jge Can

KapJioc o1 5. 10 9.12.2016 . (Demonstrating the Prototype of the Open Biodiversity
Knowledge Management System)

. Hoknan na mexaynapontust cummnosuym TDWG 2016 B Canra Kiapa ge Can

Kapioc or 5. 10 9.12.2016 1. (Creation of Data Paper Manuscripts from Ecological
Metadata Language (EML))

Veb-6a3upan [oKJa Ipesl MEXKIYHAPOISHUS CeMUHAD Ha paboTHATa I'pylia 10
CEMaHTHUYIHU TexXHoJorust kbM Yuusepcurera Bammepbunr (Tenecu, CAILL) ma
20.02.2017 1. (Open Biodiversity Knowledge Management System )
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11.

12.

13.

14.

15.

16.

Joxkna Ha eBporeiickaTa KondepeHius na buocucremarunnte, BioSyst.eu 2016
Ha 15.08.2017 r. (The OpenBiodiv Knowledge System: The Future of Access to
Biodiversity Knowledge)

Hoxuran Ha MexayHapoaaust cummosuym TDWG 2017 B Orasa, Kanama ot 1.
110 6.10.2017 r. (OpenBiodiv Computer Demo: an Implementation of a Semantic
System Running on top of the Biodiversity Knowledge Graph)

Hoxnan na mexkaynaponaus cumnosuym TDWG 2017 8 Orasa, Kanana or 1.
110 6.10.2017 r. (OpenBiodiv: an Implementation of a Semantic System Running
on top of the Biodiversity Knowledge Graph)

[Tocrep na mexkaynaposuus cummnosuyM TDWG 2017 B Orasa, Kanasa ot 1. 10
6.10.2017 r. (OpenBiodiv: an Implementation of a Semantic System Running on
top of the Biodiversity Knowledge Graph)

Joxnas 1o BpeMe Ha pabornara cpemia xHa BIG4 B Jla ITaima, Ucnanus or 30.
okT. 7o 3 HoeM. 2017 r. (Midterm Progress Report)

Hokma mpes HaydeH ceMuHap Ha rpymnata 1o ononndopmaTuka (rpymna Ponky-
ucr) B Kpasckus npupojo-uayden myseit B Crokxonm Ha 29.11.2017 .
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