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Background 
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Where are the problems? 
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User  empowerment 

Machine empowerment 
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What we advocate for 

Knowledge Graph Approach 



What is Knowledge Graph? 
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What is a Graph? 

[Bender et al., 2010; Graph, 2002]

Graph G = (V, E) 

where V is a set whose elements are called vertices (or, nodes), and E is a 

set of  two-sets of  vertices, whose elements are called edges (or, links)
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A typical example of  composition and decomposition technique. 



[Idehen, Kingsley U., 2020]

It is a manifestation of  an 

intelligent Web of  Data

informed by an ontology. 
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What is Knowledge Graph? 



What is Knowledge Graph? 

[Blumauer and Kiryakov, 2020]

KG can be seen as a

Database: that can be queried

Graph: that can be analyzed as

a network of data

Knowledge base: new facts can

be inferred
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What is Knowledge Graph? 

KG is a graph-structured 
representation of  the world 

of  human knowledge 
consisting of  definitions and 

inter-relationships of  the 
concepts and entities. 
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Why Knowledge Graph? 
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Why Knowledge Graph? 

KG Enables the search 
of  Things (e.g., people, 

organization, place, 
event, artifacts). 

Enables the retrieval of  
related information 
relevant to a query 
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Why Knowledge Graph? 

Enables the capture and explicit 
expression of  human knowledge by 
connecting(linking) the objects and 

their relationships. 

A tool for connecting various pieces 
of  data scattered across the silos of  

databases, text documents, etc. 

Enables easy fusion and development 
of  context
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Why Knowledge Graph? 

Facilitate easy linking with the 
other external resources 

Implications: 
Enriched knowledge

Creates a collaborative space towards 
building a comprehensive knowledge 
base (graphs are by nature composable) 

Linking of  all relevant information 
about the objects (e.g., enterprise 

knowledge space, education, health) 

[https://lod-cloud.net/] 
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A data model for learning heterogeneous knowledge 

Why Knowledge Graph? 
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Why Knowledge Graph? 

A tool to extract insight from 
data by interlinking and 

analyzing 
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Why Knowledge Graph? 

Multi-faceted and all side views 
of  objects 

A tool to visualize the 
organizational strengths and 

weaknesses 
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Why Knowledge Graph? 

Simplified queries 

[Aasman (2020)]  

21
Dept. of Comp.Sc. & Eng., UVCE, Bangalore University 

(27Aug2020)



Why Knowledge Graph? 

Forms a backbone for AI 
and analytics platforms 

[Blumauer and Kiryakov (2020)]  
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A ML algorithm can say "person X has a Y% 

chance of  their tumor being cancer" but most 

ML algorithms can't explain why. 

Integrating ML and KG is a way forward in 

addressing this issue. 



KG usage: a quick review 

• Web search 

• Question answering 

• Data integration 

• Data collection and analysis 

• Data visualization 

• Machine learning and advanced analytics 
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KG Technology 
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Semantic Web 
“A web of data that can be processed

directly and indirectly by machines” –

Tim Berners-Lee

An extension, not a replacement

of the current web

A metadata based infrastructure for

reasoning on the Web

Goal: provide a common framework

to share data on the Web across

application boundaries
25
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Technologies 

[W3C Standards]

• International Resource Identifier (IRI) 

• Resource Description Framework 
(RDF/RDF Schema)

• Web Ontology Language (OWL)

• SPARQL Protocol and RDF Query 
Language (SPARQL) 

• Semantic Web Rule Language (SWRL) 

• Reasoner
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IRI 

An IRI looks very much 
like a URL. 

IRI’s are more general than 
URLs and can describe 

resources to a finer level of  
granularity than an HTML 

page. 

An IRI can be any resource 
such as a class, a property, 

an individual, etc. 

[DuCharme, 2011]
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RDF 

An abstract metadata data 
model. 

It is the foundation language 
for describing IRI data as a 

graph. 

[W3C, 2014] 28
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Statement 



RDF Schema 

RDFS is layered on top 
of  RDF and provides 
basic concepts such as 

classes, properties, 
collections, etc. 

[W3Ca, 2014]
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OWL   

• OWL is layered on top of RDFS and provides the semantics for knowledge
graphs.

• An implementation of Description Logics, a decidable subset of First Order
Logic (W3C 2012).

• OWL enables the definition of reasoners which are automated theorem provers.

[W3Ca, 2014]
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Ontology 

A formal model that
represents knowledge as a
set of concepts within a
domain and the
relationship between these
concepts

“A formal explicit 
specification of  a shared 

conceptualization” 
[Gruber, 1993]
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SPARQL 

A SPARQL query defines a graph
pattern that is matched against the
available data sources and returns the
data that matches the pattern.

Allows federated queries across
heterogeneous sources of data.

[DuCharme, 2011]
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SWRL 

A rule-based language that extends 
OWL reasoners with additional 
constructs beyond what can be 

described with OWL’s Description 
Logic language. 

[W3C, 2014]
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Reasoner 

• Reasoners are automated theorem
provers.

• Reasoners first ensure that an
ontology model is consistent.
• If the model is not consistent the

reasoner will highlight the probable
source of the inconsistency.

• If the model is consistent reasoners can
then deduce additional information based
on concepts described, such as
transitivity, inverses, value restrictions,
etc.

[W3Ca, 2014]
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CODO 
(1) CODO Ontology 

(2) CODO Knowledge Graph 
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CODO: An Ontology 
for Collection and 

Analysis of  Covid-19 
Data 

CODO v1.3 consists of

# of classes: 84

# of object property: 73

# of data property: 52

Available from https://isibang.ac.in/ns/codo/index.html
https://github.com/biswanathdutta/CODODutta, B. and DeBellis, M.(2020). CODO: an ontology for collection and analysis of COVID-19 

data. In Proc. of 12th Int. Conf. on Knowledge Engineering and Ontology Development (KEOD), 
2-4 November 2020 (accepted)
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CODO Ontology Goals 

• To serve as an explicit ontology for use by data and service
providers to publish COVID-19 data using FAIR principles

• To develop and offer distributed, heterogeneous, semantic services
and applications
• E.g., decision support system, advanced analytics, such as behavior analysis

of the disease, factors of disease transmission, etc.

• To provide a standards-based reusable vocabulary for the use of
various organizations (e.g., government agencies, hospitals) to
annotate and describe COVID-19 information
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CODO Ontology Use cases 

• Knowledge Graph creation 

• Annotation of  COVID-19 literature 

• Application design (e.g., COVID-19 risk detection system) 
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CODO Ontology success stories, so far 

• COVID-19 risk detection system for older people in residential aged
care using ontology and machine learning technology
(http://bioportal.bioontology.org/projects/Ping)

• Research community/ academicians expressed their interest to use
CODO for building KGs
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CODO Ontology Design Approach 

S2: Competency questions

i. Find all People p who are related to someone r 

who has been diagnosed with COVID-19 and who 

has not yet been tested.

ii. Give me the primary reasons i for the maximum 

number of  COVID-19 patients p. 

iii. Give me the most prevalent symptoms s of  

Severe COVID-19 d. 
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CODO Ontology block diagram  

Showing CODO v 1.0
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CODO Knowledge Graph 

Primarily with the following two goals: 

1. Transforming COVID-19 data as FAIR Semantic data 

2. CODO ontology evaluation 
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CODO Knowledge Graph 
#Show the patients with the possible 
reasons of  catching COVID-19. Also, 
display the relationships between the 
patients, if  any. 

SELECT ?p ?r ?l

WHERE {

?p rdf:type schema:Patient. 

?p 

codo:suspectedReasonOfCatchingCovid

-19 ?r. 

OPTIONAL{?p codo:hasRelationship

?l.} 

} LIMIT 150 
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SELECT ?p ?tf ?tt

WHERE {

?p rdf:type schema:Patient.

?p codo:travelledFrom ?tf.

OPTIONAL{?p codo:travelledTo ?tt.}

} LIMIT 2000
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CODO Knowledge Graph consists of … 

• # of axioms: 338977 

• # of individuals: 25996 

• # of classes: 84 

• # of object properties: 73 

• # of data properties: 52 

CODO KG Data source 

https://www.isibang.ac.in/~athreya/incovid19/data.html
https://covid19.karnataka.gov.in/govt_bulletin/en
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Experience/ challenges  

• Data availability (e.g., clinical data)

• Standard format for data capture and communication

• Most of the datasets are not directly consumable, not suitable to the graph

• This made the data transformation complicated, time consuming

• Inconsistent data (e.g., sometimes P1342, sometimes 1342. Sometimes P132-
P134 and sometimes "P132 and P133 and P134”)

• Typo errors
• Data misplacement

• Spelling errors (mostly the place names and this complicates the linkage with the external
resources)
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• Both CODO Ontology and CODO Knowledge Graph can be 
accessed/downloaded from: 
• GitHub (https://github.com/biswanathdutta/CODO) 

• Browse CODO Ontology (https://isibang.ac.in/ns/codo/index.html) 

• Persistent URI for CODO 

Access to CODO 
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Take home message 

• Graph data is inevitable 

• KG is a powerful way of representing data 

• KG can solve many present day data integration and other related 
tasks 

• KG and ML are not technologies that compete with each other but 
rather solve different problems 
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