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Knowledge Graphs as | Large "World" KBs

Thomas Jefferson

@ Cyc [Lenat & Guha 1989]
comprehensive ontology and knowledge base of
everyday common sense knowledge. —

~ HLOOR
~ Freebase [Bollacker et al. 2007] o
online collection of structured data harvested from many
sources, including user-submitted wiki contributions.
G Google KG [Singhal 2012] + K.Vault [Dong et al. 2014]

KB used by Google to enhance its search engine's search
results with semantic-search information gathered from a

wide variety of sources.



Knowledge Graphs as | Large "World" KBs

o DBpedia [Auer et al. 2007] Yago [Suchanek et al
2007] both generate structured ontologies from Wikipedia.

W wikidata [Vrandeci¢ 2012, Krétzsch+V. 2014]
open Knowledge Bases that can be read and edited by
both humans and machines.

More Specialized | Knowledge Graphs

n Facebook KG Social graph with people, places, things

-
-product

4% Amazon PG knowledge graph of all products

=" Factual Businesses & places

factual

3% Wolfram KB World facts + mathematics

Wolfram

(kecruir  RIT People, skills, recruiting

BANK

{11l Commercial Banks Customers, Companies, Risks, ...

****%, Rating Agencies Companies, Evaluations, Risks, ..



Knowledge Graphs in the world: an innovation trigger
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change in market cap

2009-2018 ($bn)

& Apple 757

amazon 670

ogle 609

& Microsoft 540

Tencent f#ifl 483
facebook 383

Berksnire Hatnaway 358
2 Alibaba 302
JPMORGAN CHASE & Co. 275
BANK OF AMERICAZ 243

Thousands of medium to large size companies now want their own

corporate knowledge graph.

This not just for semantic indexing and search, but for advanced

reasoning tasks on top of machine learning.



Knowledge Graph by Example ‘
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So what is a | Knowledge Graph?

The Knowledge Graph is a knowledge
base used by Google to enhance its
search engine's search results with
semantic-search information gathered
from a wide variety of sources.

W Knowledge Graph

"Knowledge graph" redirects here. For the s i i
Google knowledge base, see Knowledge

Get updates about Thomas Jefferson Keep ma sprated

Graph. For other uses, see Knowledge
People also search for

engine (disambiguation). " -
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W Ontology (information science)




So what is a | Knowledge Graph?

A possible (buzzwordy) definition
KG = Knowledge Base + Reasoning

So, what is a Knowledge Base (KB)?
KB = DB + Ontology

So, what is an Ontology?

Formal representation of the entities, naming, definition of
the properties, categories and relations between such
entities, for one, many or all domains

Reasoning on KGs
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Traditional technologies (graph databases, description logics,
relational databases) do not suffice.

Reasoning tasks are required that cannot be expressed by description
logics, and cannot be reasonably managed by relational DBMS,
nor by graph DBMS.

Knowledge Graph Management Systems

KGMS combine the power of rule-based reasoning with machine learning over Big Data:

KGMS = KBMS + Big Data + Analytics

Yikes, a
fly agaric!

£

Slow
thinking

Grandma: “Fly agarics are
poisonous mushrooms,

If you eat a poisonous | self-learned
mushroom, you may die”.

ovolaccio




Vadalog KGMS
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Scientific Innovation

Publishing at top Al and database conferences and journals: | .
The Vadalog System
Swilk Logic for Big Data and Keowledge Graphs Datalog-based Reasoning for Knowledge Graphs
e e o

Data Science with Vadalog:
Bridging Machine Learning and Reasoning

Luigi Bellomarini®', Ruslan R. Fayzrakhmanov', rg Gottlob'*, Andrey Kravchenko',
Eleonora Laurenza?, Yavor Nenov', Stéphane Rel der', Emanuel Sallinger*, Evgeny
Sherkhonov', Lianlong Wu'
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VADA: an architecture for end user informed data
preparation

Nikolaos Konstantinou, Edward Abel, Luigi Bellomarini, Alex Bogaty, Cristina Civili, Endri Irfanie, Martin
Koehler, Lacramioara Mazily, Emanuel Sallinger, Alvaro A, A, Fernandes, Georg Gottlob, John A, Keane
& Norman W. Paton &

1 Introduction

Journal of Big Data 6, Article number: 74 (2019) | Cite this article

Enterprises increasingly depend o intelligent informat

Rvl [cs.DB] 23 Jul 2018

It's not a fantasy!!

*In many many sectors: commercial banks (current projects), Big Social Networks (recent
project), Health (current project), Energy & Utilities (current projects), Telco, Security Companies
(current project), ...

* Fintech: financial intelligence decisions, anti-money laundering, company network analysis,
support for creditworthiness decisions, know your customer, customer profiling, data quality
enhancement, intelligent business processes (e.g., intelligent BPM), statistical metadata
dictionary, register data matching, micro-data data lakes (e.g., research data centers), data
confidentiality, payment network analytics, financial shock propagation, P2P lending network
analysis, market stability, risk assessment, regtech, suptech, ...and many many more.

Many KGs in the
J ﬁ L financial realm!!



Company graphs

We build graphs of company networks, to:

—_

. reveal power

finding controllers

studying the structure of Italian market
studying dispersion of control

global shareholding analysis

i

2. detect collusion and do forensics
1. support AML
2. detecting ultimate beneficial owners

evaluate risks

model propagations (e.g., of shocks)

guarantee compliance

perform enhanced due diligence

understand complex foreign shareholder structures
know real cash flows
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The setting

30%
40%

- 40/"/ il w |« o Who takes decisions?
s - * Who's the ultimate beneficial owner?
v\w_%/ é_'”% ,Q ¢ |s there collusion?
* How does risk propagate?

¢ \What are the real cash flows?




The setting

[ Mr Johns }

Ownership and Control

e Integrated ownership is about direct and indirect,
owners of a company
® it can be seen in terms of cash flow rights

e Control is about voting power
e of any direct and indirect owner of a company




Ownership vs Control ‘

Companies Aand B have both Ownership
direct {  (shares) and indirect )
ownership of company C.

Ahas51%(  of C
B has 49%( ) of C

A has 100% decision power
A controls C

Ahas10%(  and 1% ( ) of C
B has 49%(  ofC

Ownership of C is comparable A has 10% decision power
A does not control C

Integrated Ownership ‘

e Traditional systems only store the first-level (the closest)
shareholders for a specific company
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Integrated Ownership: the basic math ‘ e Indirect ownership
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' 0.2 X 0.3 = 0.06
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. 0.06 X 0.9 = 0.054
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Integrated Ownership: the basic math ‘ * Parallel ownership

Mr Johns ] (/ 0.3
0%

_ ” ’

0.2 X 0.95 =0.19 0.3X1.0=0.3

&

0.19 + 0.3 = 0.49



Integrated Ownership: the basic math ‘ * Cycles (direct)

Mr Johns
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Integrated Ownership: the basic math ‘ * Cycles (indirect)
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Integrated Ownership: the basic math ‘ * Cycles (nested)

{ Mr Johns ] { Mr Ben ]
9 20 €
6.3 € a2¢
1.89 € 0.88 €
. € 30 % 30 % 0% €

30¢< 70 % 100 €

6.3¢ " s0e

1.32¢€ Nh e

.€ 105 €

4.41 €

2.2¢

Integrated Ownership: real cases ‘ * Cycles (nested)

100 %
Felder

[ Mr Cedric




Integrated Ownership: | computation methods

e Problem complexity

Computing “all-to-all” integrated (Baldone) ownerships can be solved
in polynomial time in the number of companies. Conjecture: n”,y € [2,3]

e Our approaches:

* Closed-form expression (exact solution, but unfeasible with large —real— graphs)

* Pure KG reasoning (approximate solution, efficient results)

e Ad-hoc algorithm (exact solution, top-level performance, ad-hoc projects)

* Closed-form + KG reasoning (exact and efficient results, reusable and explainable)

In summary

« Ownership problem characterization

* Theoretical study (e.g., complexity analysis)
 Novel techniques to compute all-to-all (Baldone) ownerships

« Efficient and fully transparent ownership model
 Construction of the Italian company graph
« all Italian companies, all links, all shareholders
* ~6.9M nodes, ~6.2M edges, ~6.9M SCC, ~1.3M WCC
o family links between shareholders

» Data + Al tools for many applications ...
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