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Abstract

Knowledge graphs (KGs) have emerged as powerful tools for representing structured
knowledge in a machine-readable format. Constructing KGs from unstructured text data is a
challenging yet crucial task, as it enables machines to understand and reason over vast
amounts of information. This paper provides an overview of techniques and approaches for
constructing knowledge graphs from text, focusing on methods that extract entities,
relationships, and concepts from textual data. We discuss various aspects of KG construction,
including entity recognition, relationship extraction, and knowledge fusion. Additionally, we
explore the applications and challenges of using knowledge graphs constructed from text

data.
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1. Introduction

Knowledge graphs (KGs) have become integral to many artificial intelligence (AI)
applications, enabling machines to understand and reason over complex relationships in
structured data. Constructing knowledge graphs from unstructured text data is a challenging
yet essential task for unlocking the vast amounts of knowledge contained in textual sources.
This paper provides an overview of techniques for constructing knowledge graphs from text,

focusing on methods that extract entities, relationships, and concepts.
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The construction of knowledge graphs from text involves several key steps, including text
preprocessing, entity recognition, relationship extraction, and knowledge fusion. Text
preprocessing involves tokenization, sentence splitting, stopword removal, and
lemmatization or stemming to prepare the text for further analysis. Entity recognition
identifies and classifies entities mentioned in the text, such as persons, organizations, and
locations. Relationship extraction aims to identify the relationships between entities
mentioned in the text, while knowledge fusion involves integrating the extracted information

into a coherent knowledge graph.

Various approaches can be used for knowledge graph construction from text, including rule-
based, machine learning, and deep learning approaches. Rule-based approaches use
handcrafted rules or regular expressions to extract entities and relationships from text.
Machine learning approaches employ supervised, unsupervised, or semi-supervised learning
techniques to train models for entity and relationship extraction. Deep learning approaches,
such as neural embeddings and graph convolutional networks (GCNs), can also be used to

extract and represent entities and relationships in a knowledge graph.

The applications of knowledge graphs constructed from text are diverse and impactful. They
can be used in question answering systems to provide precise and relevant answers to user
queries. They can also be used in information retrieval to improve the accuracy and relevance
of search results. Semantic search engines can leverage knowledge graphs to understand the
context of user queries and provide more meaningful search results. Additionally, knowledge
graphs can be used in recommendation systems to suggest relevant content to users based on

their interests and preferences.

Despite the progress in knowledge graph construction from text, several challenges remain.
Scalability is a major challenge, as constructing knowledge graphs from large volumes of text
data can be computationally intensive. Multilinguality is another challenge, as different
languages may have different grammatical structures and entity types. Ensuring the
completeness and accuracy of knowledge graphs is also challenging, as errors in entity

recognition or relationship extraction can propagate throughout the graph.

2. Basics of Knowledge Graphs
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Knowledge graphs (KGs) are structured representations of knowledge that capture
relationships between entities in a graph format. Each entity is represented as a node in the
graph, and relationships between entities are represented as edges. KGs are used to model

complex relationships in a variety of domains, including biology, medicine, and finance.

One of the key advantages of knowledge graphs is their ability to represent rich,
interconnected knowledge in a way that is easily understandable by machines. This makes
them useful for a wide range of applications, including question answering, information
retrieval, and recommendation systems. KGs can also be used to perform complex reasoning

tasks, such as inferring new relationships based on existing knowledge.

In the context of text-based knowledge graph construction, the first step is to preprocess the
text data to extract relevant information. This involves tokenization, which breaks the text into
individual words or tokens, and sentence splitting, which divides the text into sentences.
Stopword removal is then performed to remove common words that do not carry much
meaning, such as "the" or "and." Finally, lemmatization or stemming is used to reduce words

to their base or root form, such as converting "running" to "run."

Once the text has been preprocessed, the next step is entity recognition, which involves
identifying and classifying entities mentioned in the text. This is typically done using named
entity recognition (NER) systems, which can identify entities such as persons, organizations,
and locations. Entity linking is then used to disambiguate entities by linking them to a unique

identifier in a knowledge base.

Relationship extraction is the next step in knowledge graph construction, which involves
identifying relationships between entities mentioned in the text. This can be done using
dependency parsing, which analyzes the grammatical structure of sentences to identify
relationships between words. Relation extraction models can also be used to extract

relationships between entities based on patterns in the text.

Finally, knowledge fusion is used to integrate the extracted entities and relationships into a
coherent knowledge graph. This involves resolving any conflicts or inconsistencies in the

extracted information and ensuring that the knowledge graph is accurate and complete.

Overall, knowledge graphs are powerful tools for representing and reasoning over complex

relationships in text data. By understanding the basics of knowledge graphs and the
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techniques for constructing them from text, researchers and practitioners can leverage this

technology to extract and represent knowledge from textual sources in a meaningful way.

3. Knowledge Graph Construction Pipeline

Constructing a knowledge graph from text involves several distinct steps, each crucial for
extracting and organizing information in a meaningful way. This section provides an
overview of the typical pipeline for knowledge graph construction from unstructured text

data.

A. Text Preprocessing Text preprocessing is the initial step in the pipeline, aimed at preparing

the text for further analysis. This includes several sub-steps:
1. Tokenization: Breaking the text into individual words or tokens.
2. Sentence Splitting: Dividing the text into sentences.

3. Stopword Removal: Removing common words that do not carry much meaning, such

as "the," "and," etc.

4. Lemmatization or Stemming: Reducing words to their base or root form, e.g.,

converting "running" to "run."

These steps help in reducing the complexity of the text data and making it more amenable to

further analysis.

B. Entity Recognition Entity recognition is the process of identifying and classifying entities
mentioned in the text. This step is crucial for extracting key information from the text. Named
Entity Recognition (NER) systems are commonly used for this purpose, which can identify
entities such as persons, organizations, locations, etc. Entity linking is then used to

disambiguate entities by linking them to unique identifiers in a knowledge base.

C. Relationship Extraction Relationship extraction aims to identify the relationships between
entities mentioned in the text. This step is crucial for building the structure of the knowledge

graph. Dependency parsing is often used for relationship extraction, which analyzes the
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grammatical structure of sentences to identify relationships between words. Relation

extraction models can also be used to extract relationships based on patterns in the text.

D. Knowledge Fusion Knowledge fusion involves integrating the extracted entities and
relationships into a coherent knowledge graph. This step includes resolving any conflicts or
inconsistencies in the extracted information and ensuring that the knowledge graph is
accurate and complete. It also involves linking the entities and relationships to existing

knowledge bases or ontologies to enrich the graph further.

By following this pipeline, researchers and practitioners can construct knowledge graphs
from text data, enabling machines to understand and reason over complex relationships in

textual sources.

4. Techniques for Knowledge Graph Construction from Text

There are several techniques and approaches for constructing knowledge graphs from text
data, ranging from rule-based methods to advanced machine learning and deep learning
approaches. This section provides an overview of these techniques and their applications in

knowledge graph construction.

A. Rule-based Approaches Rule-based approaches use handcrafted rules or regular
expressions to extract entities and relationships from text. These rules are based on linguistic
patterns and domain knowledge and are used to identify entities and relationships in text
data. While rule-based approaches can be effective for simple tasks, they are often limited in
their ability to handle complex relationships and may require manual intervention to update

or modify the rules.

B. Machine Learning Approaches Machine learning approaches use algorithms to
automatically learn patterns and relationships from data. Supervised learning techniques can
be used to train models on annotated data to extract entities and relationships from text.
Unsupervised learning techniques, such as clustering and topic modeling, can also be used to
identify patterns in text data. Semi-supervised learning techniques can be used to leverage

both labeled and unlabeled data for knowledge graph construction.

Journal of Bioinformatics and Artificial Intelligence
Volume 3 Issue 2
Semi Annual Edition | Jul - Dec, 2023
This work is licensed under CC BY-NC-SA 4.0.



https://biotechjournal.org/index.php/jbai
https://biotechjournal.org/index.php/jbai

Journal of Bioinformatics and Artificial Intelligence
By BioTech Journal Group, Singapore 154

C. Deep Learning Approaches Deep learning approaches, such as neural networks, can be
used to automatically learn representations of entities and relationships from text data. Neural
embeddings, such as Word2Vec and GloVe, can be used to represent words and entities in a
continuous vector space. Graph Convolutional Networks (GCNs) can be used to extract
information from the graph structure of text data and learn representations of entities and

relationships.

Overall, these techniques offer a range of approaches for constructing knowledge graphs from
text data, each with its strengths and limitations. By combining these techniques, researchers
and practitioners can construct rich and comprehensive knowledge graphs from textual

sources, enabling machines to understand and reason over complex relationships in text data.

5. Applications of Knowledge Graphs Constructed from Text

Knowledge graphs constructed from text data have a wide range of applications across
various domains. This section explores some of the key applications of knowledge graphs and

their impact on Al and NLP.

A. Question Answering Systems Knowledge graphs are used in question answering systems
to provide precise and relevant answers to user queries. By leveraging the rich semantic
information captured in knowledge graphs, question answering systems can understand the

context of a question and provide more accurate answers.

B. Information Retrieval Knowledge graphs can improve the accuracy and relevance of
information retrieval systems by providing a structured representation of knowledge. This
allows information retrieval systems to better understand the intent behind user queries and

retrieve more relevant information.

C. Semantic Search Semantic search engines use knowledge graphs to understand the context
of user queries and provide more meaningful search results. By leveraging the relationships
between entities in a knowledge graph, semantic search engines can return more relevant

results to users.

D. Recommendation Systems Knowledge graphs can be used in recommendation systems to

suggest relevant content to users based on their interests and preferences. By analyzing the
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relationships between entities in a knowledge graph, recommendation systems can provide

personalized recommendations to users.

E. Other Applications Knowledge graphs have applications in various other areas, including
natural language generation, data integration, and semantic annotation. They can also be used
to power chatbots and virtual assistants, enabling more natural and intelligent interactions

with users.

Overall, the applications of knowledge graphs constructed from text data are diverse and
impactful, offering significant potential to improve the performance of Al and NLP systems

across a wide range of domains.

6. Challenges and Future Directions

While knowledge graphs constructed from text data offer significant benefits, they also face
several challenges that need to be addressed. This section discusses some of the key challenges

and outlines future directions for research in this area.

A. Scalability One of the major challenges in constructing knowledge graphs from text is
scalability. As the size of the text data increases, the computational resources required to
process and analyze the data also increase. Future research should focus on developing
scalable algorithms and techniques for constructing knowledge graphs from large volumes of

text data.

B. Multilinguality Another challenge is the multilinguality of text data. Different languages
may have different grammatical structures and entity types, making it challenging to develop
language-independent methods for knowledge graph construction. Future research should
focus on developing multilingual approaches for knowledge graph construction to enable the

construction of knowledge graphs from text data in multiple languages.

C. Knowledge Graph Completeness Ensuring the completeness of knowledge graphs
constructed from text data is also a challenge. Errors in entity recognition or relationship
extraction can propagate throughout the graph, leading to incomplete or inaccurate
knowledge graphs. Future research should focus on developing techniques for ensuring the

completeness and accuracy of knowledge graphs constructed from text data.
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D. Ethical Considerations There are also ethical considerations related to the construction of
knowledge graphs from text data. Privacy concerns arise when extracting information from
text data, especially when the data contains sensitive information. Future research should
focus on developing ethical guidelines and frameworks for the construction of knowledge

graphs from text data to ensure that privacy and confidentiality are maintained.

E. Future Directions Future research directions in knowledge graph construction from text
data could include exploring new techniques for entity recognition and relationship
extraction, developing more advanced machine learning and deep learning models for
knowledge graph construction, and investigating the use of knowledge graphs in emerging

Al applications, such as explainable Al and Al ethics.

Overall, addressing these challenges and exploring these future directions will be crucial for
advancing the field of knowledge graph construction from text data and unlocking the full

potential of knowledge graphs in Al and NLP applications.

7. Conclusion

Knowledge graph construction from text data is a challenging yet promising area of research
with numerous applications in Al and NLP. In this paper, we have discussed the techniques
and approaches for constructing knowledge graphs from text, including text preprocessing,
entity recognition, relationship extraction, and knowledge fusion. We have also explored the
applications of knowledge graphs constructed from text data, including question answering

systems, information retrieval, semantic search, and recommendation systems.

Despite the progress in this field, several challenges remain, including scalability,
multilinguality, knowledge graph completeness, and ethical considerations. Addressing these
challenges and exploring future research directions will be crucial for advancing the field of

knowledge graph construction from text data.

Overall, knowledge graphs offer a powerful way to represent and reason over complex
relationships in text data. By advancing the techniques for constructing knowledge graphs
from text data, we can unlock the vast amounts of knowledge contained in textual sources

and improve the performance of various Al applications.
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