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Linked Open Data—based Knowledge Management Process
for Biodiversity
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Summary of thesis contents

Thanks to the advancement of Linked Open Data (LOD) technology, it enables data
around the world to become explicitly and implicitly exchangeable through the
Internet, so the motivation to empower the capability of Knowledge Management (KM)
for global accessibility comes to be achievable. However, the shift is not just simply
replacing a legacy storage with a graph database. There are challenging issues about
how to deal with the change in knowledge, how to have human-/machine-readable
knowledge graphs, how to realize that the structure of a knowledge graph is suitable
for finding new knowledge, and how to have learners learn knowledge from a
knowledge graph conveniently. Thus, this thesis takes this opportunity to study the
role of LOD in any KM process through some key KM activities by using biodiversity
as domain knowledge. For the Ph.D. course, knowledge capture, knowledge exchange,
knowledge discovery, and knowledge presentation are studied; because they are
common KM activities of and primarily found in any KM processes. To inform how
importance the LOD in KM process is, three projects are introduced for the according
activities.

Linked Taxonomic Knowledge (LTK) takes responsibility of capturing and exchanging
of the knowledge by initiating an RDF data model to capture the change in biological
taxonomy with appropriate context and publish the data with a simple and
lightweight structure. This project introduces three types of taxonomic identifiers for
light-weight representation. There are the nominal entity, the simple nominal entity,
and the contextual nominal entity. The nominal entity includes taxon concepts and
taxonomic names; the simple nominal entity is used for encapsulating a taxon concept
and a scientific name within a single URI; and the contextual nominal entity
represents a taxon concept, a scientific name, and an aspect of time within a single
URI. This project also initiates three types of knowledge graphs that are the
Event-Centric model, the Transition model, and the Snapshot model. The
Event-Centric model is firstly created for capturing the change in taxonomy. It
includes operations of change, relations between background knowledge of the
changes, aspects of time, and references. Next, the Transition model is used to
present the chronological change between taxa. Last, the Snapshot model presents
temporal information of a taxon. The Event-Centric model is designed for presenting
the change in taxonomy, so the model is complex by design but flexible for any other
applications. Thus, the Transition model and the Snapshot model is designed to be
light-weight representation for exchanging data with LOD cloud.

Link Prediction on Interspecies Interaction (LPII) is accounted for the knowledge
discovery. By analyzing the knowledge graph of fungus-host interactions and then
gives biologists a recommended list to discover more interspecies interactions. LPII
uses three different knowledge graphs for making prediction, that are a bipartite

graph, a projection network, and a taxonomy. This project introduces a hybrid
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recommender system including scoring functions based on Collaborative Filtering,
Community Structure, and Biological Classification. These scoring functions work
with the bipartite graph, the projection network, and taxonomy getting from LOD
respectively. It has been found that the linear combination of three scoring functions
is more accurate than other combinations, and some missing relation have been found
from the new discovery of the National Museum of Nature and Science in Tokyo and
some literatures from external publications.

Biodiversity Knowledge Graph Visualization (BViz) is in charge of the knowledge
presentation by simplifying and rearranging a knowledge graph for delivering a
human-friendly node-link diagram to users. BViz introduces three modules that are
the Graph Simplification, the Triple Ranking, and the Property Selection. First, the
Graph Simplification uses Semantic Web rules to merge some same-as nodes,
removing inferred transitive links, and removing inferred type-hierarchy. Second, the
Triple Ranking helps to rank all triples in the query graph from common information
to topic-specific information. Last, the Property Selection allows users to display or
hide some triples containing specific URIs or namespaces. A web application is
implemented based on these methods in which all of them can be controlled by users
with the interactive user interface. Thus learners can query a knowledge graph,
simplify the graph, rearrange the graph from common information to topic-specific
information, and select some parts of the graph based on user preference.

The results of these projects demonstrate that the combination of LOD and KM can
address the issues and provides contributions to biodiversity domain by both
publications and applications. Moreover, the knowledge and experience gained from
this study are intended to be a guideline for creating LOD-based KM systems to any

other domains.



ARk 3)
(Separate Form 3)
WEimXoEEEROEE
Summary of the results of the doctoral thesis screening
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