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m Business Intelligence: anything that aims at providing actionable
information that can be used to support business decision making
(February and March)

m Process Modelling (April and May)
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Network science (recap)
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Context

Data

Data Analysis
Data Mining
Data Analytics
Data Science
Big Data
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Context R

Data

Data Analysis
Data Mining
Data Analytics
Data Science
Big Data

Network Data
Social Network Analysis

Network Science

Graph Mining

BIPM — Lecture 11 — Applications and Case Studies



i, Universiteit

Network science N e

m Network science: understanding data by investigating interactions
and relationships between individual data objects as a network

m Networks are the central model of computation
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Network science

m Network science: understanding data by investigating interactions
and relationships between individual data objects as a network

Networks are the central model of computation
Branch of data science focusing on network data

Method in complexity research

Complex systems approach: the behavior emerging from the network
reveals patterns not visible when studying the individuals
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Networks .
m Network (graph) G=(V,E)
m Objects (nodes/vertices) %4
m Relations (links/edges) E
m Number of nodes — |V/| n
m Number of edges — |E]| m
m Examples:

m Online social networks

Scientific citation and collaboration networks
Webgraphs

Biological networks

Communication networks

Financial networks

Corporate networks
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Social network K

friend
co-worker

Peter

brothers Tom

Albert

Source: http://web.stanford.edu/class/cs224w
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Large network data
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Lecture 11

Figure : Yeast protein interaction network with 1458 nodes and 1948 edges

BIPM




Types of graphs

m Directed vs undirected graphs
m Reciprocity/Symmetry: extend to which directed links are mutual
m Weighted vs. unweighted graphs

m Unweighted: weight of 1 for computational reasons
m Signed networks: positive and negative weights

m Labeled (annotated) vs. unlabeled graphs
m Labels on nodes and/or edges
m One-mode (homogenic) vs. two-mode networks
Or: multi-mode (heterogenic) networks
m Static vs. dynamic (temporal) networks
m Timestamps on nodes and/or edges
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Community detection

m Community: set of nodes connected more strongly with eachother
than with the rest of the network
m Community detection algorithms:

m Clique-based methods

m Hierarchical clustering

m Divisive algorithms (centrality-based)
® Modularity maximization algorithms

BIPM — Lecture 11 — Applications and Case Studies 13 / 60



I L. Universiteit
|  Leiden

Community detection

Figure : Communities: node subsets connected more strongly with each other
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Modularity

m Modularity: numerical value indicating the quality of a division of a
network into communities

m Community: subset of nodes for which the fraction of links inside
the community is higher than expected in a random network

m Modularity Q € [0,1]

m Resolution parameter r indicating how “tough” the algorithm should
look for communities

m Algorithms optimize the modularity score Q given some r (using hill
climbing, heuristics, genetic algorithms and many more optimization
techniques)

V.D. Blondel, J-L. Guillaume, R. Lambiotte and E. Lefebvre, Fast unfolding of communities in large networks in Journal of

Statistical Mechanics: Theory and Experiment 10: P10008, 2008.
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Related: clustering
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Partitions vs. communities

J. Leskovec, Affiliation Network Models for Densely Overlapping Communities, MMDS 2012.
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Evaluating communities and partitions

m Communities: groups of nodes that are more connected amongst
each other than with the other nodes of the network

m Partitions: non-overlapping communities
m Compare with groups of nodes based on common attributes

m Human interpretation by hand can suffer from subjective bias
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Corporate networks

m Nodes are organizations/firms/companies/corporations
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Corporate networks

m Nodes are organizations/firms/companies/corporations

m Links represent:
m Trade
m Loans
m Ownership
m Social ties
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Corporate networks

m Nodes are organizations/firms/companies/corporations

m Links represent:
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Figure : Board interlock network of 30 firms
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Board interlocks bl

m Board interlock: there is a relationship between
firms because they share a board member or director
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Board interlocks

m Board interlock: there is a relationship between
firms because they share a board member or director

m Vladimir I. Lenin, Imperialism, The Highest Stage of
Capitalism, 1916.

m “... a personal union, so to speak, is established between
the banks and the biggest industrial and commercial
enterprises, the merging of one with another through the
acquisition of shares, through the appointment of bank
directors to the Supervisory Boards (or Boards of
Directors) of industrial and commercial enterprises, and
vice versa.”
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Board interlocks

m Causes of interlocks:

Collusion

Cooptation and monitoring
Legitimacy

Career advancement

Social cohesion

m Consequences of interlocks:

m Corporate control
m Economic performance
m Access to resources
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Board interlocks

m Causes of interlocks:
Collusion

Cooptation and monitoring
Legitimacy

Career advancement

Social cohesion

m Consequences of interlocks:

m Corporate control
m Economic performance
m Access to resources

M. Mizruchi, What do interlocks do? An analysis, critique, and assessment of research on interlocking directorates, Annual

review of Sociology 22: 271-298, 1996.
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Corporate board interlock networks S et

Nodes are firms, edges represent shared board members
Power and control

Globalization

Influence of countries

Local or global business groups?

Community detection in networks
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Corporate board interlock networks

m Nodes are firms (world-wide)

m Links are social ties between firms (board interlocks)

m Board interlock: two firms share a senior level director
m 1,068,409 firms

m 3,262,413 interlocks

m 80 countries

[

National subgraphs based on country attribute
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Corporate cou ntry network o ciden

Aggregation of corporate network

Nodes are countries

Edges represent social interaction between firms
Layout on geographic Mercator map

Communities represent social ties between countries
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Corporate network communities
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Communities, resolution = 2.0
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Communities, resolution = 1.75
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Communities, resolution = 1.55
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Communities, resolution = 1.5
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Communities, resolution = 1.0
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Communities, resolution = 0.75
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Communities, resolution = 0.5
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Appearing communities

Eastern Asia cluster

Baltic cluster

Former French colonies

Spanish /Portugese LatAm ties
Western /Eastern Europe

@A UK/US ties with NL, financial world

i, Universiteit

 Leiden
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Network flow
Uncovering Offshore Financial Centers in the Global
Corporate Ownership Network

BIPM — Lecture 11 — Applications and Case Studies 37 / 60



). Universiteit

Corporate networks o

m Nodes are organizations/firms/companies/corporations

m Links represent:
m Trade
m Loans
m Ownership
m Board interlocks
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Ownership network

IN-Tendrils OUT-Tendrils
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Offshore financial centers e

m Offshore Financial Center (OFC): jurisdiction (country) that
attracts financial activities from abroad through low taxation and
lenient regulation.
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Offshore financial centers e

m Offshore Financial Center (OFC): jurisdiction (country) that
attracts financial activities from abroad through low taxation and
lenient regulation.

m OFCs “process” around $6 000 000 000 000 yearly
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Offshore financial centers

m Offshore Financial Center (OFC): jurisdiction (country) that
attracts financial activities from abroad through low taxation and
lenient regulation.

m OFCs “process” around $6 000 000 000 000 yearly

m Problematic because:
m Unnecessary system complexity
m Accountability
m Tax avoidance
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Characterizing OFCs

m So, which countries are OFCs?
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Characterizing OFCs

m So, which countries are OFCs?

m Heavily debated
m Definitions differ
m Highly contested and politicized
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Characterizing OFCs R Leiden

m So, which countries are OFCs?
m Heavily debated
m Definitions differ
m Highly contested and politicized
m FDI/GDP ratio approach:
substantially more Foreign Direct Investment than expected based
on GDP? — OFC
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Characterizing OFCs

m So, which countries are OFCs?

m Heavily debated
m Definitions differ
m Highly contested and politicized

m FDI/GDP ratio approach:
substantially more Foreign Direct Investment than expected based
on GDP? — OFC...
Problematic because:
m FDI systematically underreported and subject to politics
m No exact money flows, just A to B
m OFC homogeinity assumption
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Characterizing OFCs

m So, which countries are OFCs?

m Heavily debated
m Definitions differ
m Highly contested and politicized

m FDI/GDP ratio approach:
substantially more Foreign Direct Investment than expected based

on GDP? — OFC...

Problematic because:
m FDI systematically underreported and subject to politics
m No exact money flows, just A to B
m OFC homogeinity assumption

m Solution: Networks!
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Orbis database

Based on data at Chambers of Commerce

Better coverage for high-income countries

n
[
m 71,201,304 ownership links between firms
n
m Poor data quality — fiscal secrecy

n

Findings likely represent lower bound

BIPM — Lecture 11 — Applications and Case Studies 42 / 60



niversiteit

Ownership network

m Ownership network N=(V,E)
m Nodes are firms ieV
m Have value associated to them R;
m Are based in a particular country 10
m Directed links indicate ownership relation / value flow  (i,j) € E
m Have an associated weight in [0; 1] w(i,Jj)
m w(i,j)=0.7, R; = 4000 gives:

4000 . 0.7 .
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Ownership paths and value

Ownership path

p=(v1,va,...,v) with (vj,viy1) € Efor1 <i</¢

m Multiplicative ownership
-1
Wp = H w(Vi, Vit1)
i=1
m Path value
Vo =R, -wp
m p=(a,b,c,d)and w, =0.35 and V, = 1400

4000 0.7 1.0 0.5
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Ownership paths — OFCs

Franziskaner
y10%
AB Germany Holding
AB Western European Holding B.V

Anheuser-Busch InBev
35%

Stichting AB InBev

+ Jointly-owned

EPS Participations SARL
BRC Luxembourg SA

BR Global Bahamas
2%
S-BR Global Investments Limited
Santa Erika LTD
Inpar investment fund
Stichting Enable
Inpar V.O.F.

Mr Jorge Paulo Lemann
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Ownership paths — OFCs @ niversic

Germany ™™ Franziskaner
10%
B AB Germany Holding
Netherlands mmm AB Western European Holding B.V

Belgium | ll Anheuser-Busch InBev
35%

== Stichting AB InBev
+ Jointly-owned

L b —— EPS Participations SARL
UXEMOOUG s g Luxembourg SA

Bahamas B BR %Iéobal Bahamas
= S-Bl: °flobal Investments Limited
E= Santa Erika LTD
== Inpar investment fund
== Stichting Enable
== Inpar V.O.F.

Brazil/Switzerland  E83/r4 Mr Jorge Paulo Lemann
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Ownership paths — OFCs

Germany ™™ Franziskaner -
y10%
B AB Germany Holding *
—
—
Netherlands === AB Western European Holding B.V v
A n
Belgium [| ll Anheuser-Busch InBev Ps%
35% A
B —
== Stichting AB InBev -
+ Jointly-owned *
Lixembourq == EPS Participations SARL —
UXEMDOUG s g Luxembourg SA P"%
=
Bahamas BE= BR Global Bahamas yis%
2% —
—

= S-BFs( °flobal Investments Limited
E= Santa Erika LTD

== Inpar investment fund

== Stichting Enable
== Inpar V.O.F.

Brazil/Switzerland  E83/r4 Mr Jorge Paulo Lemann
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Ownership chains

m An ownership chain of a firm v is an ownership path p which:
starts at node v,
is a simple path (has no repeated nodes),
has multiplicative ownership value greater than 0, i.e., w, > 6 and
is maximal in length, i.e., cannot be extended by adding another node.
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Ownership chains

m An ownership chain of a firm v is an ownership path p which:

starts at node v,

is a simple path (has no repeated nodes),

has multiplicative ownership value greater than 0, i.e., w, > 6 and

is maximal in length, i.e., cannot be extended by adding another node.

m Set of all ownership chains starting at v is denoted C,

m Enumeration is possible using a DFS search for each node
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Ownership chains

m An ownership chain of a firm v is an ownership path p which:

starts at node v,

is a simple path (has no repeated nodes),

has multiplicative ownership value greater than 0, i.e., w, > 6 and

is maximal in length, i.e., cannot be extended by adding another node.

m Set of all ownership chains starting at v is denoted C,
m Enumeration is possible using a DFS search for each node

m Ultimately, C = {J ¢y Cy is the set of all ownership chains

BIPM — Lecture 11 — Applications and Case Studies 48 / 60
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Ownership chunks

m Ownership chunk: subpath of length 2,3,...,¢ (generated from a
chain of length /)

m From all chains C, generate all ownership chunks, forming set H
m Ownership chunks of length x: H*.
m Chunk g € H has an associated value VP(q) or in short V.
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Ownership chunks

m Ownership chunk: subpath of length 2,3,...,¢ (generated from a
chain of length /)

m From all chains C, generate all ownership chunks, forming set H
m Ownership chunks of length x: H*.
m Chunk g € H has an associated value VP(q) or in short V.

4000 0.7 1.0 1.0 0.5
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Ownership chunks

Ownership chunk: subpath of length 2,3,... ¢ (generated from a
chain of length /)

From all chains C, generate all ownership chunks, forming set H

Ownership chunks of length x: H*.

Chunk g € H has an associated value VP(q) or in short V{.

4000 07 ,~ 10 ,~ 10 ,~ 05
O——O—————0O
m Chunks of length 3 of p = (a, b, c,d,e):
m q; = (a, b, c) with V) = 2800
m ¢ = (b, c,d) with V2 = 2800
m g = (c,d,e) with VP = 1400
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\. Universiteit

Country chains

m Map each node v in a chunk g to its country ¢(v)
m Merge subsequent same country nodes into country chain g

m New valuation function V?(g) for country chains, aggregating value
through chunks with different value origins to the country level

BIPM — Lecture 11 — Applications and Case Studies 51 / 60



\ Universiteit

Country chains

m Map each node v in a chunk g to its country ¢(v)
m Merge subsequent same country nodes into country chain g

m New valuation function V¢(g) for country chains, aggregating value
through chunks with different value origins to the country level

qg:
4000 1.0 0.7 1.0 0.5
NL NL LU LU VG
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Country chains

m Map each node v in a chunk g to its country ¢(v)
m Merge subsequent same country nodes into country chain g

m New valuation function V¢(g) for country chains, aggregating value
through chunks with different value origins to the country level

qg:
4000 1.0 0.7 1.0 0.5
NL NL LU LU VG
g

4000 0.7 0.5
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Country chains

Germany ™™ Franziskaner -
y10%
B AB Germany Holding *
—
—
Netherlands === AB Western European Holding B.V v
A n
Belgium [| ll Anheuser-Busch InBev Ps%
35% A
B —
== Stichting AB InBev -
+ Jointly-owned *
Lixembourq == EPS Participations SARL —
UXEMDOUG s g Luxembourg SA P"%
=
Bahamas BE= BR Global Bahamas yis%
2% —
—

= S-BFs( °flobal Investments Limited
E= Santa Erika LTD

== Inpar investment fund

== Stichting Enable
== Inpar V.O.F.

Brazil/Switzerland  E83/r4 Mr Jorge Paulo Lemann
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Results on our data e e

71,201,304 ownership links between firms
m 11,404,819 transnational ownership chains
m threshold § = 103
m chain value > 1
108,159,506 chunks
m 377,098 country chains
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Results on our data G Len

71,201,304 ownership links between firms
m 11,404,819 transnational ownership chains
m threshold § = 103
m chain value > 1
108,159,506 chunks
m 377,098 country chains

m 7,172 chains of size two
m 52,655 chains of size three
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Sink countries R

m A country is a sink if less value leaves the country than enters the
country. Measured using G2: country chains of length 2.

m Sink-OFC centrality of a country c is defined as

Zg€G2/\g[1]:c Vd)(g) B Zg€G2/\g[0]:c V¢(g)
Zg€G2 V¢(g)

Csink ( C) =
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Sink countries

m A country is a sink if less value leaves the country than enters the
country. Measured using G2: country chains of length 2.

m Sink-OFC centrality of a country c is defined as

Zg€G2/\g[1]:c Vd)(g) B deGz/\g[O]:c V¢(g)
ZgEG2 V¢(g)

m Problem: metric depends on size of country.

Csink ( C) =

m Solution: normalize based on value GDP. of the country, obtaining:

Csink—normalized(c) = Csink(c) . GDP
c
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Sink countries

ISO | Country name | G || 1SO | Countryname | Cs || ISO | Country name | G
VG British Virgin Islands 5235 MH Marshall Islands 100 Bz Belize 38
T™W Taiwan 2278 MT Malta 100 Gl Gibraltar 34
JE Jersey 397 MU Mauritius 75 Al Anguilla 27
BM Bermuda 374 LU Luxembourg 71 LR Liberia 17
KY Cayman Islands 331 NR Nauru 67 vC St. Vincent & Gran. 14
WS Samoa 277 cYy Cyprus 62 GY Guyana 14
LI Lichtenstein 225 SC Seychelles 60 HK Hong Kong 14
cw Curacao 115 BS Bahamas 40 MC Monaco 11

Table : List of sink-OFCs, ordered by sink centrality value C;.




Conduits

m The extent to which a country is conduit is measured using G3:
country chains of length 3.

m Inward conduit-OFC centrality measures the value flowing from a
sink-OFC, into the conduit country ¢, out to any country:

Zg€G3/\g[1]:sink/\g[2]:c V¢(g )
deG3 V¢(g)

Here, g[i] = sink denotes that the i-th node in the chain is a sink.

m Outward conduit-OFC centrality measures the value flowing from
any country, into conduit ¢, out to a sink-OFC:

Cconduit,-,, ( C) =

de G3Ag[3]=sinkAg[2]=c V¢(g)
Zg€G3 V¢(g)

Cconduitout ( C) -

m Normalize by GDP
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Conduits @ .

ISO | Country name | Non-normalized Cc,,; | Non-normalized Cc, | Cepyr | Cep
NL The Netherlands | 7.4 - 101! 3.8 - 107 18.6 22.5
GB | United Kingdom | 3.8-10'! 1.3 - 101! 3.1 2.4
CH | Switzerland 2.2. 10 2.7 .10 6.9 2.0
SG | Singapore 7.2.101° 2.2.1010 5.1 38
IE Ireland 6.4 - 1010 3.3-10%0 5.9 7.2

Table : List of conduit-OFCs, ordered by non-normalized C.,,.




Country chains

Germany ™™ Franziskaner -
y10%
B AB Germany Holding *
—
-—
Netherlands mmm AB Western European Holding B.V {
A n
Belgium [| ll Anheuser-Busch InBev Ps%
35% A
—_—
== Stichting AB InBev -
+ Jointly-owned *
L b —— EPS Participations SARL —
UXEMDOUG s g Luxembourg SA PO%
=
Bahamas BE= BR Global Bahamas yis%
2% —
E= S-BR Global Investments Limited -
5%
E= Santa Erika LTD
== Inpar investment fund
== Stichting Enable Conduit Sink
= 135% ] W%
== Inpar V.O.F. BE3s%  =m175%
—175% P 9.5%
Brazil/Switzerland  E83/r4 Mr Jorge Paulo Lemann Eoo =g
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Conduit country specialization
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Conduit sector specialization G e
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Findings

m The Netherlands is the conduit between European companies and
Luxembourg

m Hong Kong (for China) and Luxembourg (for EU countries) serve as
the main countries in the route to typical tax havens

m The United Kingdom is the conduit between European countries and
former members of the British Empire, such as Hong Kong, Jersey,
Guernsey and Bermuda

Cyprus is the conduit for Russian firms
Ireland is prominent in financial leasing and head offices

Luxembourg specializes in support activities

Hong Kong and Switzerland are dominant in financial intermediation
and derivatives dealing
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Questions in parliament

Tweede Kamer der Staten-Generaal 2

Vergaderjaar 2016-2017 Vragen gesteld door de leden der Kamer

2017210585

Vragen van het lid Leijten (SP) aan de Staatssecretaris van Financién over het
bericht dat i rijkste knooppur
belastingconstructies is (ingezonden 26 juli 2017).

Vraag 1
Bentu verat door hat bariht sNederiand wereuid belanrikste
nooppunt voor belastingeonstructsss? Zo . wearom aarom

ag 2
W het o bedoaling gewestvan het «finances! gunstige vesigingsbeled
te be

Tadien s

Vraag 3
Erkent u dat door het op vele manieren en op grote schaal mogelijk maken
om belsting t ontiken,Nederand andero landen omstg benadest omdat

de benodigds inkomsten genereren voor diensten voor hun bevol
g7 Kt S0 tocican?

andn worden et messts benadesld door de bolasingontwiking via
Nederland? Bont u bereid it e (laten) brengen? Zo nee,
Het? 0l wannasr verwacht U dsarvan Fesulast

raag 5
Erent u tevens dt het antwiken van blastingen door grote ntsmationsle
bedrjen, maskt datinwoners van een and sen seeds groer gedeaite van
ingen moston apprengen on dat it o onguliinesd vergroot

Vraag 6
Was het een verrassing dat onderzoeksgroep Corpnet concludeert dat de
erosie van belastinggrondslag over winst mogelijk maaki, onder andere door
de bepalingen over informeerkapitaal en de innovatiebox, waardoor
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Answer by Wiebes

Tweede Kamer der Staten-Generaal

Vergaderjaar 2016-2017 Aanh | van de Handeli

Vragen gesteld door de leden der Kamer, met de daarop door de
regering gegeven antwoorden

2540

Vragen van het lid Leijten (SP) aan de Staatssecretaris van Financién over het
bericht dat Nederland wereldwijd het belangrijkste knooppunt voor
belastingconstructies is (ingezonden 26 juli 2017).

Antwoord van etaris Wiebes (Fi ién) (ontvangen 25
2017).

Vraag 1,2

Bent u verrast door het bericht «Nederland wereldwijd belangrijkste
knooppunt voor belastingconstructies»? Zo ja, waarom? Zo nee, waarom
niet? 2
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Tax havens

Netherlands and UK are biggest channels for
corporate tax avoidance

The two countries are conduits for 37% of money heading to tax havens, most of which
have strong links to Britain
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Conclusions

m Corporate networks explicitly and implicitly contain rich
information on corporations and jurisdictions

m Offshore financial centers (OFCs) come in two flavors: conduits and
sinks

m OFCs can be detected using corporate ownership chains

m Conduits are highly specialized in serving particular countries and
industrial sectors
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