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Executive Summary

This document contains details about learning material developed as one of the specific objectives
of LAMBDA (Learning, Applying, Multiplying Big Data Analytics) project. The reporting period is
(M1-M12). The project partners developed a series of learning material during this period which is
made available for BDA school participants. The learning material will be presented as
OpenCourseWare (OCW) on a shared platform. In this deliverable, we report about one of the
fundamental topics of the BIG Data hype namely Enterprise Knowledge Graphs. This deliverable
will have two further follow up deliverables D3.3 Semantic BD Architectures and D3.4 Smart Data

Analytics.
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1. Introduction

Learning is considered as one of the main building blocks for the LAMBDA (Learning, Applying,
Multiplying Big Data Analytics, http://www.project-lambda.org/) project. Aligned with the overall
objectives of the project to stimulate scientific excellence and innovation capacity, initial
consideration of the consortium goes in providing high quality and up to date material related to Big
Data. Therefore, a set of lectures and online material has been produced for the Belgrade Big Data
Analytics Summer School 2019 and 2020. The 1st Summer school was held in the PUPIN
premises (part of the University of Belgrade) from the 17+ to the 20" of June 2019. The website of
the summer school, https://project-lambda.org/Summer-School-2019 , provides more details
about the organization and topics discussed at the school, while Deliverable 3.5 briefly documents
the event.

1.1 Relation to Other Deliverables

Deliverable 3.2 Enterprise Knowledge Graphs is the first of three reports associated with Task
3.2 'Train the Trainer' Lectures. The whole set of LAMBDA lectures contain:

1. Deliverable 3.2 Enterprise Knowledge Graphs: lectures that include formal conceptual
frameworks for designing and maintaining knowledge graphs; such as strategies for the
semi-automatic construction of such graphs from the combination of proprietary enterprise
data and relevant public domain knowledge; opportunities and implications in terms of
performance and access control.

2. Deliverable 3.3 Semantic BD Architecture: lectures that include approaches for better
supporting the variety dimension of Big Data comprising RDF, RDF-Schema and OWL
knowledge representation formalisms, mapping standards such as R2RML, JSON-LD and
CSVW, the SPARQL query language, etc. Integrating semantic and Big Data technologies
can help to make Big Data architectures and applications more flexible, adaptive and their
implementation more efficient.

3. Deliverable 3.4 Smart Data Analytics: lectures that include different algorithms and tools
related to Distributed Semantic Analytics, Semantic Question Answering, Structured
Machine Learning, Deep Learning, Software Engineering for Data Science, Semantic Data
Management, Knowledge Extraction and Validation.

This document corresponds to deliverable 3.2, while the other two deliverables will be developed
accordingly in the future. Lectures that were presented at the Big Data Analytics Summer School
2019 refer to the three selected topics Enterprise Knowledge Graphs (D3.2), Semantic BD
Architecture (D3.3) and Smart Data Analytics (D3.4). The slides have been uploaded to the
LAMBDA portal (see Figure 1 or hitps://project-lambda.org/Knowledge-repository/Lectures)
and to the SlideWiki.org OpenCourseWare platform, https://slidewiki.org/deck/128440-1/big-
data-analytics-lectures (total 468 slides).
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Figure 1. Lectures from the LAMBDA consortium presented at the Summer school 2019
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1.2 Structure of the Deliverable

This deliverable contains the following sections:
1. Definitions of Knowledge Graphs - definitions are given based on keynote and lecture
content of BDA. (section 2)
2. Enterprise Knowledge Graphs - an overview of lectures related to the VADALOG system™?
, developed by the University of Oxford. (Section 3)

2. Definitions of Knowledge Graphs

Although different communities tried to define KGs from different perspectives, there is no unigue
definition for that. The first definition of knowledge graphs to the BDA school participants was
presented by the first keynote speaker, Séren Auer, the director of the German National Library for
Science and Technology. The following figure shows the corresponding slide about KG definition
which is taken from his presentation®.
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= Fabric of concept, class, property, relationships, entity desc.
= Uses a knowledge representation formalism (RDF, OWL)
= Holistic knowledge (multi-domain, source, granularity):

= instance data (ground truth),

= open (e.g. DBpedia, WikiData), private (e.g. supply chain data), closed dafta (product models),

= derived, aggregated data,

= schema data (vocabularies, ontologies)

= meta-data (e.g. provenance, versioning, documentation licensing)

= comprehensive taxonomies to categorize entities it

Description

= links between internal and external data of the Data

= mappings to data stored in other systems and databases

3
DBpedia

Vocabularies

Structure of the
Data

Figure 2. KG Definition in TIB Hannover Presentation

! Georg Gottlob, Andreas Pieris, Emanuel Sallinger (2019) Vadalog: Recent Advances and
Applications, European Conference on Logics in Artificial Intelligence, Springer, 21-37.

2 |_uigi Bellomarini, Georg Gottlob, Andreas Pieris, Emanuel Sallinger (2018)

Vadalog: A Language and System for Knowledge Graphs, International Joint Conference on Rules
and Reasoning, Springer, 3-8.

% Séren Auer (2019) Towards Knowledge Graph based Representation, Augmentation and
Exploration of Scholarly Communications, Keynote at the 1st LAMBDA Big Data Analytics Summer
School (18-20.06.2019, Belgrade, Serbia)
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Atanas Kiryakov, CEO of OntoText was the second keynote and presented another definition of
KG from their perspective®.

What 1s a Knowledge Graph?
00000

Knowledge
Palo Ao - Graph

France

Matthew
MeConaughey]

Figure 3. KG Definition from OntoTex Website (2)

* Atanas Kiryakov (2019) How Analytics on Big Knowledge Graphs Help Data Linking: Company
Importance and Similarity Demo, Keynote at the 1st LAMBDA Big Data Analytics Summer School
(18-20.06.2019, Belgrade, Serbia), see also
https://www.ontotext.com/knowledgehub/fundamentals/what-is-a-knowledge-graph/
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The Knowledge Graph represents a collection of interlinked descriptions of entities
— real-world objects, events, situations or abstract concepts — where:

¢ Descriptions have a formal structure that allows both people and computers
to process them in an efficient and unambiguous manner;

« Entity descriptions contribute to one another, forming a network, where each
entity represents part of the description of the entities, related to it.

Knowledge Graphs combine characteristics of several data management
paradigms. The Knowledge Graph can be seen as a specific type of:

o Database, because it can be queried via structured queries;

* Graph, because it can be analyzed as any other network data structure;

¢ Knowledge base, because the data in it bears formal semantics, which can be
used to interpret the data and infer new facts.

TIB
What is a knowledge graph? ‘

Knowledge Graphs

A Knowledge Graph is a graph KG=(O,V,E):
e O is an ontology
e Vs a set of entities representing data, information, or knowledge. Types of
the entities in V are defined in O
e E is a set of edges between entities in V. Edges are labeled with predicates in

Figure 4. KG Definition in TIB Hannover Presentation
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3. Enterprise Knowledge Graphs

The LAMBDA consortium members and representatives from the University of Oxford were:
e Emanuel Sallinger, University of Oxford, TU Wien and DeepReason.ai
e Luigi Bellomarini, Banca d'ltalia and University of Oxford
e Tim Furche, Meltwater and University of Oxford

The UOXF lectures about

e Knowledge Graphs

e Reasoning in Knowledge Graphs

e Extraction for Knowledge Graphs

are based on the experience gained in the project VADA®, see research objectives® and
publications’, as well as commercial projects conducted by UOXF spin-off companies Wrapidity
(acquired by Meltwater) and DeepReason.ai. In addition, the work done at the Banca d'ltalia was
presented by Luigi Bellomarini, see Figure 5.

University of Oxford - Knowledge Graphs Reasoning in Knowledge Graphs at Banca

Definition d'ltalia

5 http://www.cs.ox.ac.uk/projects/vada/
% http://vada.org.uk/research-objectives/
" http://vada.org.uk/publications-by-topic/
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Figure 5. Lectures by the University of Oxford

3.1 Knowledge Graphs:

The first lecture, see https://project-lambda.org/EKGs-Lecture-1, includes a comprehensive
introduction to Knowledge Graphs (KGs). The start of this lecture was designed to clarify these
perspectives and leave the participants with a broad view of KGs and their application in Big Data
challenges. The aim was to harness various natures of KGs, which emerge from literature and
practice.
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Knowledge Graphs

“A knowledge graph acquires and integrates
information into an ontology and
applies a reasoner to derive new knowledge.” i

scalable

[1] “Towards a Definition of Knowledge Graphs”. Lisa Ehrlinger and Wolfram WoR. SEMANTICS 2016.

Figure 5. KG Definition in Oxford presentation

The lecture was followed by motivating applications on knowledge representation, interpretation,
inference, and reasoning. Considering Big Data applications in modern IT scenarios, a KG-based
IT architecture with knowledge graph management systems (KGMS) was introduced.
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Figure 6. IT architecture based on Enterprise Knowledge Graphs

Requirements for such a management system would be to provide reasoning services via a rich
set of APIs. This depends on the knowledge representation language which should be simple and
modular. It should also be of high expressive power, so to be suitable to represent problems of real
interest applications. Another requirement would be to handle Big data sources properly, in the
sense that processing different data formats e.g., relational, RDF. A good yardstick is Datalog, a
formalism or query language based on logic programming initiated from databases and logic
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programming communities from the 80s. Therefore the lecture was followed by an introduction to
syntax and semantics of Datalog®.

3.2 Reasoning in Knowledge Graphs:

Beyond the specific requirements which were motivated in lecture one, in lecture two
https://project-lambda.ora/EKGs-Lecture-2 the participants have been introduced to the core
challenge for an effective KGMS which lies in providing efficient reasoning solutions. The second
lecture focuses on reasoning using VADALOG® - A Core System which is a KG management
system developed by Oxford University is introduced. Motivated by deductive database systems,
Datalog has been successfully used in academia and industry for several reasoning tasks. It fulfills
the requirements for KGMS handling Big Data. It turned out to be a key factor and many
companies and research projects directed their attention to logic-based KGMS.
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Figure 7. VADALOG System

Reasoning is essential to gain value from Knowledge Graphs by deriving insights and making
available new implicit data from existing data. The VADALOG system is using an extended version
of Datalog which was introduced with different examples mainly from the commercial domain.

Figue 9 shows an example of a simple database, a query, and results in Datalog. The lecture had
a number of easily accessible examples based on Oxford’s Vadalog system using the Datalog
language was shown. In this lecture, the theory and practice of reasoning in Knowledge Graphs
were shown.

8 https://www.cs.ox.ac.uk/publications/publication6640-abstract.html

° Luigi Bellomarini, Emanuel Sallinger, Georg Gottlob (2018) The Vadalog system: datalog-based
reasoning for knowledge graphs, Proceedings of the VLDB Endowment - Proceedings of the 44th
International Conference on Very Large Data Bases (VLDB), Rio de Janeiro, Brazil, Volume 11
Issue 9, May 2018, Pages 975-987.
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Database: {A(1),C(1,2)}
Rules: {vx,y A(x) AC(x,y) = B(y,x)}
Query: B(y, x)

a(l).
c(1,2).

b(Y,X) :- a(X), c(X,Y).

@output("b").

Figure 8. Datalog Example 1

o
Qﬂ n, = Messi
ofe

- No.  Name Event
ARG 10 Messi Start
ARG 3 Veron Start
ENG 2 Rooney Start
ARG 10 n, Goal
ENG 2 n,
ENG 2 ng

N\ — e
! b
Vt,i,n,e z (Report(t,i,n,e z) AReport(t,i,n’,e’,z') > n=n')

Figure 9. Datalog Example 2
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3.3 Extraction for Knowledge Graphs:

The third lecture, see https://project-lambda.org/EKGs-Lecture-3 focuses on data extraction
problems from the Web and in-use approaches with regard to Big Data. Data-driven websites are
mostly accessed through search interfaces. Such sites follow a common publishing pattern that,
surprisingly, has not been fully exploited for unsupervised data extraction yet: the result of a search
is presented as a paginated list of result records. Each result record contains the main attributes
about one single object, and links to a page dedicated to the details of that object. Several
examples and challenges in data extraction are introduced in this lecture. Figure 11 illustrates an
example of a visual wrapper used for extracting details of car dealerships. The numbers indicate
the steps for user interaction.

,user input

type s
Search by ® Postcode or Town/City O Retailer name 1 Prest G Map view

® Retallers (25)
] p Preston (Gloucestershire
(of [[o] 4 ! : ; Swindol
A Lanehouse Service Station 5.9 mi Preston (Gloucestershire) [ M4

* * * % . Preston (Greater London) Ba_ﬁ);outp ut

1 Avon Close

Granby Industrial Estate

Weymouth DT4 9UX Lanehouse Service Station Get In contact
Phone: 01305 236516 Phone: 01305 236516

Fax: 01305 760092 staple iR I R S . Fax: 01305 760092

Email: sales@lanehousegroup.co.uk Email
1 Avon Close

oot 2= * sales@lanehousegroup.co.
-u--ama..aé Granby Industrial Estate © ogop
Weymouth DT4 9UX Mon - Sat: 08:00 - 17:30

B Lanehouse St Andrews 20.5 mi Al Q08
* * * * * i Plan route to Retailer Go to Retaller website
@ user action

Figure 10. Web Data Extraction

One of the main challenges in the Big Data domain and KGs has been addressed in this lecture.
Despite the large volume of data in such KGs, one of the main issues is their incompleteness. This
limits the inference of knowledge and influences the performance of systems utilizing such
KGs. An elegant solution to solve incompleteness of KGs is Knowledge Graph Embeddings
(KGE).
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4. Conclusion

This deliverable provides a summary of the work carried out in the WP3 Task 3. We provided a
comprehensive discussion on KGs as the enabling technology for enterprise Al applications.
Considering the flow of Big Data (Variety, Velocity, Variety) from different sources, recently,
knowledge graphs (KGs) have been announced as one of the most important technologies for the
next wave of artificial intelligence and knowledge management solutions across research and
industries. Experts of the future require a deep understanding of the principles together with the
advanced in-used technologies as well as the challenges. The lectures by Oxford has been
developed to prepare the participants of BDA with a strong introduction to Big Data challenges and
definition of Knowledge Graphs and how different phenomena and key phrases (e.g., Semantic
Web, Link Data) appearing different in technology can, in fact, come together under the umbrella of
Big Data. This provides necessary base camps as well as advanced technologies.
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