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LANGUAGE

Data Wrangling for Big Data: 
Towards a Lingua Franca for Data 

Wrangling

LOGIC

Swift Logic for Big Data and 
Knowledge Graphs

PROJECT

The VADA Architecture for Cost-
Effective Data Wrangling

SYSTEM

The Vadalog System: Datalog-
based Reasoning for Knowledge 

Graphs

SPACE EFFICIENCY

The Space-Efficient
Core of Vadalog

ENTERPRISE AI

Knowledge Graphs and Enterprise 
AI: The Promise of an Enabling 

Technology

DATA SCIENCE

Data Science with Vadalog: 
Bridging Machine Learning and 

Reasoning

RECOMMENDER SYSTEMS

Feature Engineering and 
Explainability with Vadalog: A 

Recommender Systems Application

PROJECT ARCHITECTURE

VADA: an architecture for end 
user informed data preparation

2016- 2019     Selected Highlights
Knowledge Graphs



2020     Selected Highlights

BOOK

Knowledge Graphs and
Big Data Processing

KNOWLEDGE GRAPHS

Knowledge Graphs:
The Layered Perspective

KG EMBEDDINGS

Reasoning in Knowledge Graphs: 
An Embeddings Spotlight

COVID-19: TAKEOVERS

Reasoning on Company 
Takeovers during the COVID-19 
Crisis with Knowledge Graphs

PROBABILISTIC

Reasoning Under Uncertainty in 
Knowledge Graphs

MONEY LAUNDERING

Rule-based Anti-Money Laundering 
in Financial Intelligence Units: 

Experience and Vision

ENTERPRISE AI IN PRACTICE

Weaving Enterprise Knowledge 
Graphs: The Case of Company 

Ownership Graphs

COVID-19: LOCKDOWN

COVID-19 and Company Knowledge 
Graphs: Assessing Golden Powers 
and Economic Impact of Selective 

Lockdown via AI Reasoning

EMERGENCY RESPONSE
(not peer- reviewed)

+
+

+ +
+
+

+ +

+
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2021      Selected Highlights

HYBRID AI

Augmenting Logic-based 
Knowledge Graphs: The Case of 

Company Graphs

JOINS

Traversing Knowledge Graphs 
with Good Old (and New) Joins

BLOCKCHAIN VISION

Blockchains as Knowledge Graphs 
- Blockchains for Knowledge 

Graphs

HARMFUL JOINS

Eliminating Harmful Joins in 
Warded Datalog+/-.

INDUSTRIAL BLOCKCHAIN

Rule-based Blockchain Knowledge 
Graphs: Declarative AI for Solving 
Industrial Blockchain Challenges

COMPANY CONTROL

Distributed Company Control in 
Company Shareholding Graphs

TEMPORAL

Monotonic Aggregation for 
Temporal Datalog

+
+

+ +
+
+

+ +

+
CONFIDENTIALITY

Financial Data Exchange with 
Statistical Confidentiality: A 
Reasoning-based Approach

Knowledge Graphs
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Graph Lab

Prof. Dr.
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University of

Oxford



Knowledge

Graph Lab

Formally:

Vienna Science and Technology Fund (WWTF)

Vienna Research Group (VRG) on

Scalable Reasoning in Knowledge Graphs (VRG18-013)

Knowledge Graphs

Institute of

Logic and

Computation



Center for AI and ML

SIG Knowledge Graphs
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Joint Knowledge 
Graph Labs
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VADA
Value-Added Data
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Banking and Finance Manufacturing

Logistics é and more

Knowledge Graphs
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1. The technology used by Google and others

2. A meeting place of databases, data science

and Artificial Intelligence research

3. A skillset to solve fascinating problems

Motivation
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òWhat is the faculty of

informatics at TU Wienó?
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"Is my organization compliant with

anti money-laundering (AML) policies?"

Knowledge Graphs



1. The technology used by Google and others

2. A meeting place of databases, data science

and artificial intelligence research

3. A skillset to solve fascinating problems

Motivation
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1. The technology used by Google and others

2. A meeting place of databases, data science

and artificial intelligence research

3. A skillset to solve fascinating problems

Motivation
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òIntegrated Ownershipó
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Facebook KG Social graph with people, places, things

Factual Businesses & places

Wolfram KB World facts + mathematics

RITPeople, skills, recruiting

Commercial Banks Customers, Companies, Risks, ê

Rating Agencies Companies, Evaluations, Risks, ê

Amazon PG knowledge graph of all products

Knowledge Graphs



òMaking Sense of a Field of Researchó

Chaomei Chen, Drexel University, 2020
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1. The technology used by Google and others

2. A meeting place of databases, data science

and artificial intelligence research

3. A skillset to solve fascinating problems

Motivation
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Representations
With Financial KGs as a Running Example
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KG Embeddings
Widely-applied, large
family of ML models

Data Models
Overview of data models
in different communities

•
Logical Knowledge in KGs
Highly expressive, diverse
family of logical models.

Graph Neural Networks
Using the KG structure
as a neural network.

Knowledge Graphs

Representations
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Data Models
Overview of data models
in different communities
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Architectures
The big picture of building
IT architectures for KGs

KG Evolution
How to update, correct
and complete a KG?

Scalable Reasoning
Making use of the
knowledge in the KG

KG Creation
How to create a KG from
heterogeneous data?

Knowledge Graphs

Systems
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Scalable Reasoning
Making use of the
knowledge in the KG
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and complete a KG?
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Architectures
The big picture of building
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KG Evolution
How to update, correct
and complete a KG?

Scalable Reasoning
Making use of the
knowledge in the KG

KG Creation
How to create a KG from
heterogeneous data?
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Real-World Applications
Overview of diverse
applications

Connections
.. between KGs, AI, ML
and Data Science.

Financial KGs
Concrete applications in
finance and economics

Services
Which service to provide
based on KGs?

Knowledge Graphs

Applications



Real-World Applications
Overview of diverse
applications

Connections
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Data Science

Machine Learning

Neural Networks

Deep Learning

Artificial Intelligence
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KG Embeddings
Widely-applied, large
family of ML models

Data Models
Overview of data models
in different communities

•
Logical Knowledge in KGs
Highly expressive, diverse
family of logical models.

Graph Neural Networks
Using the KG structure
as a neural network.
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control(X,Y) : - own(X,Y,W), W > 0.5.

ὼcontrolsώif 
ὼdirectly holds over 50% of ώ

Datalog

Knowledge Graphs



SELECT x,y INTO control
FROM company
WHERE w > 0.5

ὼcontrolsώif 
ὼdirectly holds over 50% of ώ

SQL

Knowledge Graphs
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ὼcontrolsώif 
ὼdirectly holds over 50% of ώ

Relational Algebra

Knowledge Graphs



MATCH  (x:Company) Ƶ[ o:OWN] - > ( y:Company)]
WHERE o.w > 0.5
CREATE (x) Ƶ[:CONTROL]- > (y)

ὼcontrolsώif 
ὼdirectly holds over 50% of ώ

Cypher (Graph DBs)

Knowledge Graphs



First-order Logic

Datalog

Cypher

SQL

SPARQL

Relational Algebra

ê
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1. Recursion

unlimited graph exploration

2. Object Creation

exploring unknown parts of the KG

Main Challenges
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control(X,Y) : - own(X,Y,W), W > 0.5.
control(X,Z) : - control(X,Y), own(Y,Z,W),    

V=msum(W,<Y>), V > 0.5.

ὼcontrolsώif 
ὼdirectly holds over 50% of ώ, or 
ὼcontrols a setὛof companies that jointly control ώ
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Query answeringunder

recursive Datalog with object creation

(existential quantification) is undecidable .
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WITH RECURSIVE temp AS (
SELECT * FROM flight

UNION ALL
SELECT t.Origin , f.Destination
FROM temp t, flight f
WHERE t.Destination = f.Origin

)
SELECT * INTO connection FROM temp

connection(X,Y) : - flight(X,Y,_).
connection(X,Z) : - connection(Y,Z), flight(X,Y,_).

SQL

Datalog

Knowledge Graphs
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SELECT City INTO city FROM airport

SQL

IATA City

VIE Vienna

LHR London

SFO San Francisco

airport

City

Vienna

London

San Francisco

city
Knowledge Graphs



city(City) : - airport( IATA,City ).

SELECT City INTO city FROM airport

SQL

Datalog

IATA City

VIE Vienna

LHR London

SFO San Francisco

airport

City

Vienna

London

San Francisco

city
Knowledge Graphs
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city(City) : - airport( IATA,City ).

head body
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city(City) : - airport( IATA,City ).

head body

then if

Knowledge Graphs



city(City) : - airport( IATA,City ).

head body

SELECT FROM
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table (or relation, edge, node, ML, etc.)
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table (or relation, edge, node, ML, etc.)
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city(City) : - airport( IATA,City ).

variable (not necessarily attribute name)

table (or relation, edge, node, ML, etc.)

SELECT City INTO city FROM airport
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variable (not necessarily attribute name)

table (or relation, edge, node, ML, etc.)
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dest (D) : - flight(L,D,A), airport( L,"London ").

join

SELECT f.Destination INTO dest
FROM flight f, airport a
WHERE f.Origin = a.IATA AND a.City = "London"
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dest (D) : - flight(L,D,A), airport( L,City ),
City = "London".

join

SELECT f.Destination INTO dest
FROM flight f, airport a
WHERE f.Origin = a.IATA AND a.City = "London"
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WITH RECURSIVE temp AS (
SELECT * FROM flight

UNION ALL
SELECT t.Origin , f.Destination
FROM temp t, flight f
WHERE t.Destination = f.Origin

)
SELECT * INTO connection FROM temp

connection(X,Y) : - flight(X,Y,_).
connection(X,Z) : - connection(Y,Z), flight(X,Y,_).

SQL

Datalog
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Syntax of Datalog

ÅEach variable in ὼmust occur in at least one of ὼȟȣȟὼ.

ÅA datalogprogramme is a finite set of datalogrules.

A datalog rule is an expression of the form

Ὑ ὼ ƙ Ὑ˪ ὼ ȟȣȟὙ ὼ Ȣ

where Ὑ are relation names and ὼare lists of variable names.

See Abitebeoul, Hull and Vianuõs

òFoundations of Databasesó for more details
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Semantics of Datalog

ÅVarious semantics are possible:
ÅModel-theoretic semantics

ÅFixpoint semantics

ÅProof-theoretic semantics

ÅLƳǇƻǊǘŀƴǘ ǘƻƻƭΥ ¢ƘŜ άŎƘŀǎŜέ ǇǊƻŎŜŘǳǊŜ
ÅInformally, starting with a database and applying rules to generate new 

tuples.

ÅMore than we can cover here. For the interested:
See Abitebeoul, Hull and Vianuõs

òFoundations of Databasesó for more details
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connection(X,Y) : - flight(X,Y,_).
connection(X,Z) : - connection(Y,Z), flight(X,Y,_).

Datalog

ὢᶅȟὣȟὟ ὧέὲὲὩὧὸὭέὲὢȟὣ ᴺὪὰὭὫὬὸὢȟὣȟὟ
ὢᶅȟὣȟὤȟὟὧέὲὲὩὧὸὭέὲὢȟὤ ᴺὧέὲὲὩὧὸὭέὲὣȟὤ Ὢ᷈ὰὭὫὬὸὢȟὣȟὟ

First-order Logic
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Emanuel Sallinger

Logical Knowledge in KGs

Recursion in Datalog

•

Primer
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Emanuel Sallinger

Logical Knowledge in KGs

Recursion in the Real World

×•
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Source: https://arxiv.org/abs/2004.10119



Source: https://arxiv.org/abs/2004.10119
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Source: https://arxiv.org/abs/2004.10119
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Ownership and Control



Ownership
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