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ABSTRACT
Deep Learning has shown remarkable success during the last decade
for essential tasks in computer vision and natural language processing. Yet, challenges remain in the development and deployment
of artificial intelligence (AI) models in real-world cases, such as
dependence on extensive data and trust, explainability, traceability,
and interactivity. These challenges are amplified in high-risk fields,
including healthcare, cyber threats, crisis response, autonomous
driving, and future manufacturing. On the other hand, symbolic
computing with knowledge graphs has shown significant growth
in specific tasks with reliable performance. This tutorial (a) discusses the novel paradigm of knowledge-infused deep learning
to synthesize neural computing with symbolic computing (b) describes different forms of knowledge and infusion methods in deep
learning, and (c) discusses application-specific evaluation methods
to assure explainability and reasoning using benchmark datasets
and knowledge-resources. The resulting paradigm of “knowledgeinfused learning” combines knowledge from both domain expertise
and physical models. A wide variety of techniques involving shallow, semi-deep, and deep infusion will be discussed along with the
corresponding intuitions, limitations, use cases, and applications.
More details can be found http://kidl2020.aiisc.ai/.
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TUTORIAL INFORMATION

Recent advances in statistical and data-driven deep learning demonstrate significant success in natural language understanding (NLU)
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without using prior knowledge, especially in generic unstructured
domains, where data is abundant (e.g., BERT, GPT-3). On the other
hand, in problems concerning text mining that are dynamic and
impact society at large, existing data-dependent, state-of-the-art
deep learning methods remain vulnerable to veracity considerations, especially when high-volume masks small, emergent signals
[10]. Statistical natural language processing (NLP) techniques have
shown poor performance in capturing: (1) Human well being online
especially in evolving events (e.g., mental health communications
on Reddit [2, 3]), (2) Culture and context-specific discussion on
the web (e.g., sarcasm and humor detection, extremism on social
media [6]), (3) Social Network Analysis during pandemic or disaster
scenarios [7], and (4) Explainable methods of learning that drive
technological innovations and inventions for social good [8, 9, 11].
In such multimodal, social content, leveraging the semantic-web
concept of knowledge graphs is a promising approach to enhancing
deep learning and NLP [5]. Examples of the desiderata include compensating for data limitations, improving inductive bias, generating
explainable outcomes, and enabling trust. These are particularly
useful for data-limited but evolving problems in domains such as
mental healthcare, online social threats, and pandemics. Despite
the general agreement that structured prior knowledge and tacit
knowledge resulting from deep learning should be combined, there
has been limited progress. Recent debates on neuro-symbolic AI1 ,
inclusion of innate priors in deep learning2 , and AI fireside chat3
have discussed incorporating knowledge as a promising approach
to improve explainability, interpretability, and trust in AI systems.
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DESCRIPTION OF THE TUTORIAL

This tutorial includes three broad modules:
Knowledge-infused Deep Learning (KiDL): First, we explain
the fundamental role of a relation-preserving knowledge representation in learning from social media, scientific articles, blog posts
and scene graphs. Second, we describe Neural, Symbolic, and Semantic computing as the foundational piece for knowledge-infusion.
Lastly, we explain the KiDL paradigm that models prior knowledge
and cognitive theories, which constitute our understanding of context and relations in the social good domain. We will present a use
case driven exposition of the modern aspect of hypertext using
Knowledge Graphs (KGs) [4]. Key use cases include social good
applications (Mental Health [2], Radicalization [6]) and multimodal
aspects of social media (e.g. scene understanding from images, video
and text (hypermedia/hypertext) [9]) often found in documentation
of critical events. Subsequently, we describe the utility of KiDL for
interpretable and explainable, multi-modal learning for text, video,
images, and graph data on the web.4 5
1 https://www.zdnet.com/article/devils-in-the-details-in-bengio-marcus-ai-debate/
2 https://bit.ly/Manning_LeCun
3 https://vimeo.com/390814190

4 http://bit.ly/iSEMANTICS2020,

http://bit.ly/k-CCKS
https://bit.ly/OK_talk

5 https://bit.ly/KnowledgeGraphs,

All about Knowledge Graphs: We elaborate on different forms
of external knowledge and explain: (1) What is a Knowledge Graph,
(2) Knowledge Graphs and Domain-Specific Search Problems, (3)
Knowledge Graph Construction and Evolution, (4) Knowledge
Graph Completion and Sub-graph Creation. Further, we introduce
KG-driven unsupervised, semi-supervised, and supervised methods
of representation learning over unstructured multimodal content.
Forms of Knowledge-Infusion and its Applications: We describe three approaches to knowledge-infusion [10]:
(a) Shallow Infusion: Both the external knowledge and the method
of knowledge infusion is shallow, utilizing syntactic and lexical
knowledge in the form of word embedding models. (b) Semi-Deep
Infusion: External knowledge is involved through attention mechanisms or learnable knowledge constraints acting as a sentinel
to guide model learning. (c) Deep Infusion: Employs a stratified
representation of knowledge representing different levels of abstractions in different layers of a deep learning model, to transfer
knowledge that aligns with the corresponding layer in the layered
learning process. (d) Domain-specific Applications: Considering problems in the real-world applications (e.g., epidemic (e.g.,
COVID-19 and Ebola), disaster (e.g., Hurricanes) scenarios [1]),
Mental Health (e.g. Depression), we explain the utility of KiDL,
highlighting key problems:(i)Context understanding: Understanding
current context with respect to observable objects and events, given
learned experience (from past behavior) and external knowledge.
(ii)Abstraction: A technique with utilizes domain-specific KG to map
and associates raw data to action-related information for high-order
stakeholders (e.g., Psychiatric clinicians, Emergency responders).
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TARGET AUDIENCE AND PREREQUISITES

This tutorial will bring researchers in academic, industry, humanitarian organizations, and healthcare practitioners at the confluence
of knowledge representation, reasoning, semantic linking, NLP, and
deep learning. There are no prerequisites for attending the tutorial.
We will cover basics and advanced techniques with sufficient examples. Newcomers in the area will learn the basic principles of data
science and fundamentals of the semantic web. Expert attendees
will appreciate KiDL options as promising, reliable, and practical
approaches to overcoming familiar technical obstacles in social
good domains.
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7 https://bit.ly/PyDataSal
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