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Knowledge Graph Population from Natural Language Text
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Summary (Abstract) of doctoral thesis contents

Knowledge Graph (KG), which is a knowledge base storing knowledge in the form of
real-world entities and their relationships, plays a crucial role in many modern
applications, e.g. question answering, browsing knowledge, structured search, and
data visualization, as prior knowledge. In recent years, there are many existing KGs
such as DBpedia, Freebase, YAGO and etc. Nevertheless, it is well-known that a KG
is incomplete. In addition, new knowledge regularly emerges every day. Consequently,
the current KG gradually becomes more and more incomplete over time. It is
therefore necessary to discover and populate new knowledge to the KG in order to fill
such missing knowledge. Considering the growth of the data, we found that the
volumes of unstructured data, especially natural language text, are massively
exploding from various data resources. Nevertheless, natural language text has been
traditionally treated as string, which cannot interpret any semantics due to the
schemaless problem. Moreover, due to the complex structure of natural language text,
it is not feasible for a machine to understand knowledge in natural language text.
Furthermore, publishers usually publish natural language text by using their own
vocabulary. It leads to the heterogeneous problem, where an identical real-world
thing could be represented by many representations. Still, a large amount of
knowledge in natural language text cannot be straightforwardly populated to KGs

and so is left as natural language text.

Recently, there are many approaches for constructing a KG from natural language
text in order to transfer knowledge to the KG. However, constructing the KG from
natural language text usually builds its KG separately without integrating extracted
knowledge to other existing KGs. Integrating extracted knowledge is an essential
procedure because it reduces the heterogeneous problem and increases searchability
over KGs. In this dissertation, we therefore aim to propose T2KG: the framework for
automatically constructing/populating a KG from natural language text, where
extracted knowledge is integrated to an existing KG. To integrate extracted
knowledge to the existing KG, two major tasks, 1) entity linking and 2) predicate
linking, are taken into account. In the framework, two sub-frameworks, namely
HMiLDs and HRSim, are also proposed for dealing with the entity linking task and
the predicate linking task respectively.

Linking entities to KGs becomes a challenge problem because of the continuous
growth of KGs. Due to a large number of KGs, we could not know which KG contains
an identical entity. As a result, some entities could not be linked to KGs. To the best

of our knowledge, linking entity to multiple KGs is not addressed yet. In the entity
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linking task, we therefore proposed a Heuristic expansion framework for Mapping
Instances to KG data sets (HMiLDs). The main idea of HMiLDs is to directly map
entities to one particular KG and then gradually expand a search space to other KGs
for discovering identical entities. Due to a large amount of entities in KGs, an
expansion strategy and a heuristic function for limiting the expanding search space
are designed into the framework. In experiments, HMiLDs could successfully map
entities to the KGs by increasing the coverage up to 90%. Moreover, experimental
results also indicated that the heuristic function of HMiLDs could efficiently limit
the expansion space to a reasonable space by reducing the number of candidate pairs

without affecting any performances.

Predicate linking is used to identify the predicate in a KG that exactly corresponds to
an extracted predicate; this is to avoid the heterogeneity problem when populating a
KG. Although there have been a few studies that considered linking predicates, most
of them have relied on statistical knowledge patterns, which are not able to generate
the possible patterns. In the predicate linking task, we therefore proposed a Hybrid
combination of Rule-based approach and Similarity-based approach (HRSim). In
HRSim, we also proposed a novel distributed representation of the elements in triples
and show how this can be used to compute the similarity between predicates in order
to find links that would not appear in statistical patterns. The experimental results
show that our distributed representation-based similarity metric outperforms other
traditional similarity metrics. Also, leveraging distributed representation-based
similarity metric could help to discover and identify identical KG predicates for text
predicates. As a result, our approach could alleviate the problem caused by the
limitation of statistical knowledge patterns due to the sparsity of text and improve

the discoverability for the predicate linking task.

Finally, we introduced T2KG: the framework for populating knowledge from natural
text to existing KGs. In T2KG, entity linking and predicate linking are considered
when populating knowledge to existing KGs. The intuition of T2KG is to extract
knowledge as triples by an open information extraction system and then integrate the
knowledge into the existing KGs by performing entity linking and predicate linking
in order. The experimental results show that T2KG outperforms the traditional KG
construction. Although the KG population is conducted in open domains, in which any
prior knowledge is not given, T2KG still achieves approximately 50% of F1 score for
generating triples in the KG population task. In addition, the empirical study on the
knowledge population using various text sources is conducted. The experimental
results indicate T2KG could succeed to discover new knowledge that does not exist in

DBpedia.
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