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Abstract

For this deliverable node CR5 (ENS, Paris), responsible for WP4, has worked in close
collaboration with CO1 (Rome) and CR3 (Barcelona) focusing on the study of two kind
of firm networks: the network of corporate boards and directors and the network of firm
ownership in the stock market. The first network is involved in strategic decision making
while the second one concerns the capital control structure. We have worked both at the
level of characterizing the topological properties of such networks and at the level of
developing models of dynamical processes taking place on them. The structure of
corporate board network has also an impact on the internal dynamics within firms, a topic
which belongs to deliverable D15. For the convenience of the reader the description of
this topic in D15 and D16 have some overlap.

Other directions of research developed by node CRS5 in deliverable D16 include
exploring the effect of network externality in a simple monopolistic market model and

the dynamics of continuous opinion propagation in networks of economic agents.



e Introduction
Graph Theory has provided during the last decades an excellent characterization of
random graphs (Bollobas '85). Issues of centrality (which individuals are best connected
to others or have most influence) and connectivity (whether and how individuals are
connected to one another through the network) have also been addressed in the social
sciences (for a general theory of social networks see [Friedkin 2001], for an example see
the study of the network of ties of the De Medici family, [Padgett '93]).
However, real socio-economical networks are often poorly described by means of
random graphs and many dynamical processes display on realistic graphs a behavior
dramatically different than on random graphs (ad example the spread of viruses and the
Ising model). Moreover, the process of organization of human activities in global world-
wide interwoven structures, results in networks the size of which goes beyond the
descriptive power of traditional network analysis tools. For instance, the network of
cross-country capital control includes some 10° firms. Given the enormous impact of firm
networks on the welfare of individuals and institutions (see ad ex. the failure cascade in
the East Asia in 1997, Stiglizt 2002), it is crucial to address the issues of efficiency and
robustness of such systems. From a policy making point of view, we may also want to
know whether it is possible to guide somehow the evolution of such systems in order to

meet some requirements of safety or social utility.

Node CR5 (ENS), responsible for WP4, has worked in close collaboration with CO1
(Rome) and CR3 (Barcelona) in order to produce deliverable D16. Such collaboration
has focussed on the study of two firm networks with a major impact: the network of
corporate boards and directors and the network of firm ownership in the stock market.
The first network is involved in strategic decision making while the second one concerns
the capital control structure. We have worked both at the level of characterizing the
topological properties of such networks and at the level of developing models of
dynamical processes taking place on them. We explain in the following what contribution

this study has brought to the deliverables.

In the context of choices in market networks, some of us have also studied a model of a
simple market with a single homogeneous product and a single seller (the monopoly

case) exploring the effect localized network externality.



Another direction of study taken by CRS5 team concerns the dynamics of continuous
opinion propagation in networks of socio-economic agent. This research line relies on a
collaboration with a CEMAGREF team engaged in the sociology of agricultural practices
(CEMAGREEF is a French national research institution for management of agricultural

and environmental resources.

e Networks of interlocked firm boards of directors
The boards of directors of the largest corporations of a country form a highly interwoven
bipartite network (A link represents the fact that a director serves on a board. When a
director serves on several boards there is a so called "interlock"). After recent cases of
bankruptcy in the western countries (Enron, Vivendi, Parmalat), the role of boards is
widely under discussion in the public opinion. It is clear that two issues need to be
addressed:
1. on one side we need to provide a characterization of the topological properties of such
networks and to compare such properties across time and countries.
2. on the other side we need to know how the structure of these networks influences the
decision making process in which directors are involved.
Davis and collaborators have shown (Davis et al. 2003) that the director network and the
board network of the Fortune 1000 corporations has Small World properties in the sense
of Watts and Strogatz (Watts and Strogatz 1998). Newman, Watts and Strogatz (Newman
et al. 2001) have applied on the same data set a generalized random graph model,
reproducing very accurately the degree distribution of the director network, but failing in
predicting the degree distribution of the board network. Newman and Park (2003) have
recently argued that the presence of groups or communities in a social network is able to
produce alone both assortativity and clustering. However such model explains only about
40% of the observed assortativity in the Fortune 1000 network and this means that the
sociological mechanisms which are at work in shaping the topology of the network can
not be neglected.
Battiston (CR5) and Catanzaro (CR3) (Battiston and Catanzaro 2004) have performed an
extensive and comparative analysis of both a novel data set (the boards and directors of
the companies in the Italian Stock Market) and the data set previously analyzed by Davis

and Newman.
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Figure 1. Boards of directors of firms in the Italian Stock Market: the network of boards

that share two (gray links) or more (black links) directors.

They show that several statistical properties are common to the different data sets despite
the fact that they refer to different years and countries. Moreover some of these
properties they deviate from the properties that the network would have if links were
drawn at random in a network with the same constraints (number of board, number of
directors, number of directors in each boards, number of boards per director). These facts
suggest that some universal formation mechanism is at work for this kind of networks, a
mechanism which is not captured in a satisfactory way by the existent models of social

network formation.



e Interlock structure and Spread of Decisions

Most models about opinion dynamics are based on binary choices that social actors
update as a result of social influence, often with update mechanisms that are formally
equivalent to variants of the Ising model. In such class of models the topology is known
to play a crucial role (Leone et al. 2002).

In this context, unlike previous works, CR5 has worked on models in which the opinion
dynamics takes place on an empirical heterogeneous network organized in interconnected
groups. In [5, 6] CRS have studied a decision making dynamics taking place on the
network of corporate directors, both at a single firm level and at a firm network level.
Several social sciences approaches on decision making assume that decisions are binary
and that agents influence each other to an extent proportional to the strength of their
professional relationship. CRS contribution to the field consists in pushing these
assumptions to their full consequences and to choose the "right" quantities to study. We
distinguish two cases whether boards make decisions independently or not from other
boards and we assume an Ising-like dynamics on the variables representing directors'
opinions. We are then in a position to address two fundamental questions:

1. can a minority of well connected directors (a "lobby") drive the decision of the
majority of a board and can we predict the impact of the minority based on its
topological structure?

2. under which conditions a large majority of boards making the same decision can
emerge in the network?

Answering to the first question is part of another deliverable D15 (Modelling interaction
and dynamics within firms). Results are published in (Battiston et al. 2003 [5]). The
prominence of questions such the ones above is witnessed by the fact that the article has

attracted the interest of the general public press [8].
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Figure 2. The network of the boards of directors one degree of separation away from the

board of Chase Manhattan Bank. A link represents one or more directors in common.

This work also contribute to D7 (Centrality and Groups in Social Networks) because it
introduces a new notion of centrality of actors related to the role of the lobby.

As for the second question, it is quite intuitive to think that the interlock can be
responsible for the diffusion of decisions through boards. But how do we measure and
predict this effect?

We design a model [6] with two scenarios: in the first one the information about other
boards' decisions only affects the opinions of directors who serve on multiple boards
when they go from a board meeting to another one. In the second scenario such
information is taken into account by all directors during the whole board meeting. The
decision making process within a board is modelled as in the previous work [5]. Agents
feel a field which takes into account the opinions of other agents and (only in the second

scenario) the decisions taken in connected boards.
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Figure 3. The model introduced in [6] simulates a propagation of decisions across the
network of boards of directors. The color of the nodes represents the probability that a

board adopt the same decision as Chase Manhattan (in the center).

It turns out that only in the second scenario there is an avalanche of boards making the
same decision. The most interesting point here is maybe the counterintuitive result that
interlock alone does not produce any avalanche of decisions. One has to suppose some
form of information transfer in order to have an avalanche. This is neither a trivial nor an

expected result. (Battiston et al. 2003b [6]).

e Continuous opinion dynamics
A model of opinion formation that cannot be described in terms of an Ising-like
dynamics is the model introduced by some of us (Weisbuch) and our collaborators at
CEMAGREF (Deffuant et al. 2000). This new consensus model is based on continuous
opinions and bounded confidence. The motivations of this model stems from situations
often encountered in economic and social science: for instance in the case of
technological changes, firms have to compare the utility of a new technology with

respect to the old one. See Weisbuch (2004) for a bibliography on this topics). In the



model of Deffuant et al., a tolerance threshold d is defined, such that agents whose
opinion differ more than d cannot interact. Several variants of the model have been
proposed in (Weisbuch et al. 2002) and in (Deffuant et al. 2002). In these models, the
only restriction for interaction is the threshold condition and interactions among any pair
of agents can occur.

The attractor of the dynamics consists of a number of clusters in the opinion distribution.
In each cluster agents have the same value x € [0 1] of the opinion. The number of
clusters increases discontinuously when the tolerance threshold is decreased.

A main issue in this class of models is to understand whether the properties observed in
the all-to-all interaction case changes when the same dynamics takes place on a scale-free
network. We presented at the Mid-Term COSIN conference in Rome (9/2003) the results
of simulations made on scale-free networks [35]. It turns out that the network topology
does not induce any dramatic change in the behavior of these models as compared to the
well mixed case:

e One does observe clustering effects, and the number of observed main clusters
does not largely differ for what is observed for equivalent tolerance thresholds in
the well mixed case.

e Well connected nodes are influenced by other nodes and are themselves
influential.

e Most of them belong to the big cluster(s) after the clustering process.

e Larger connectivity values bring scale-free network dynamic behaviour closer to

the well mixed case.

e Network externality in a monopolist market
We explore the effects of localised externality in the simplest market model: the discrete
choice model with a single homogeneous product and a single seller (the monopoly
case). The market is viewed as a complex interactive system with a communication
network between entities. We use an ACE (Agent based Computational Economics)
approach to investigate corresponding market mechanisms and underline in what way the
knowledge of generic properties of complex adaptive system dynamics can enhance our
perception of the market mechanism in the numerous cases where individual decisions

are inter-related. More specifically, we discuss analogies between simulated market



mechanisms and classical phenomena in the physics of disordered systems such as phase
transition, symmetry breaking, avalanches and long range dependence. Various network
structures are taken into account: as regular network (lattices) and random networks
represent two limiting cases of localized interaction structures, the so-called small-world

networks are an intermediate form between these two extremes.

e Capital control networks
In collaboration with CO1(Rome), we apply the statistical physics approach to the study
of the structure of capital ownership in stock markets and we unveil some unexpected
properties. This is a contribution to deliverable D16 but as we will see below it also

contributes to deliverable D7.

_~ BANCACARIGE

ITOVALTELLI G SOGEF]
CREW T e SAFEM
ERG ® GRANITIFIANDRE # IR SHEBE
TRESFI
/7 Supormica TMEDIDLANLIM LARINASCENTE

, FIAT MONTEDISON
ROLOBANCA GRANDINAVIVELOCISPA s .,
A POP VER D RaER -4 ! FINARTECASAD S TE CASSADIRISPARMIODIFIRENZE
MAFFEI R4S, STEF‘”“E CREOITOEMILIAND gt oy AEROPORTODIFIRENZE
BANCALOMBARDA lliNTEHBANI:A mm GIACOMELLI
CATTOLICAASS, PIRELLI '/ \DF\APHESSE LADORIA™ T PREMAFINFINANZ.
BANCATOSCANA
EMINA g or
BANCAAGRICOLAMANTOVAN; {UNICREDITOITALIAND: “*‘”’ LAGAIANA AROUATI
CRTRLANDT <A - ZIHEQIOBENCA ®GILDEMEISTER
e Y, PIRELLIC
BANCOBILBADMIZCAYAARGENTARIASA o,

CAMPARI

MILANDASS
/"-— = LAVORWASH
== 7 LAFONDIARIAASS ‘.___k PY
. ““BANCADIROMA R —— OLCESE

NCASA'4E 541 -
EANmMps\./.BARBDLI -CONICDS ‘\ A AP HOTELS GIUGIARO \/ Tvmmmvuﬂl
OLIVETTISPA HDF - : \__f

BANCAANTONVENETA MELIORBANCA

ITALMOBILIARE VIANINIIND.

GEFRAN AUTOSTRADATO-MI
1?:\\\. ® ey GEMSE\CQ-;AEIRDNESPA
M FIN.PART. CREDITOBERGAMASCO ITALCEMENTI
=R MONRIF
AEDES TELECOMITALIASI = PS
BANCODISARDEGNA m\‘smpmw i EFDEUREM ABS.BENERAL POLIGRAFICIED. CAMFIN
? BANCAINTERMOBILIARE SIASAUTOSTRADE o
PREMUDA CEMENTIRSPA
IND.ZIGNAGO EMEL
BANCOSANTANDER 7 —_— P acauepoTaBiLl
e ALLEANZAASS —®|y i e _ ACOUEDOTTODEFERRARI
SEATPAGINEGIALLE I » ACOUEDOTTONICOLAYSPA
RISANAMENTONAPOLI /‘ DEMEDICIRENDSPA (oo HONDADOR /ossw,sm,u
DELBENESAVINOSPA @ B ONIFICHEFERRARES!
BONAPARTE.” / bitni auzzmmcsm
DANIELI ALSM
Y BANCAPOP BERGAMOECREDITEVARESIND UNlMED
'LOTTOMATICA > BULGARAI
MarzoTTOSP: iR M BANCAPOF LODI ® NECcH!

2uccH UNIPOL

Figure 4 The Network of Stock participation in the Italian Stock Market. Only quoted
companies are represented. A link represents the fact that a company holds shares of

another company.



Despite the obvious importance in economics of issues like the robustness of such
networks against failure avalanches, surprisingly, systematic studies of the topological
properties of such networks had not been previously carried out. Jackson has introduced
several model of formation of socio-economic networks (see for instance [18]),
addressing the issue of the stability of such networks based on a game theoretical
approach. No real networks are analyzed though. The group of R. Mantegna (see for
instance [22]) and the group of J. Kertsz (see for instance [26]) have studied the network
produced by the correlation among price return time series in the stock market, revealing
interesting relationships between the topology of such network and phases of the market

(ad example during crashes correlation increases and the network shrinks).

We focus instead the network of capital control. An interesting related work is the one by
Kogut and Walker in 1999 [20] But the socio-economic literature seems still quite poor
in this direction. The central question we address is whether it is possible to classify
stock markets based on structural properties of the capital control network. We find that
the portfolio diversification and the invested volume display power law distributions with
different exponents across data sets. Moreover the portfolio diversification scales as a
power-law function of the invested volume. These findings seem in contradiction with
classical portfolio theory and suggest some universal properties of stock markets. In other
words one can introduce a simple mechanism of network formation in which investors,
as observed empirically, diversify their portfolio to an extent that depends on the wealth
they are endowed with. Assuming the empirical distribution of invested wealth among
the agents, one recovers quite neatly the scale free distribution for the portfolio
diversification. While this is not a surprising result because the portfolio diversification
and the invested volume are empirically found to be correlated variables, the model
offers a novel mechanism of formation of a scale free network which does not require
growth or preferential attachment as in most current models of scale free networks. Such
results contribute to D16 in that they concern a firm-firm link formation.

Weighted networks are still rarely investigated. We introduce two indices analogous to
in-degree and out-degree for graphs, quantities that take into account the relative
importance of shareholders. It is important to stress that without those quantities one
simply cannot answer the following questions:

1. how small is the subset of "investors" that controls the major part of a market.



2. how such "super-investors" share out the market among themselves (whether
each one controls different companies or if instead they control the same

companies).

NYSE superholder network

Figure 5. The network of the top investors (green) in the New York Stock Exchange
Market and the stocks (in red) they control.

The results are quite neat: the Italian market splits up in groups of interest, while the US
markets do not. Our indices allow to measure the centrality of actors in a way specific to
economical networks, thus contributing not only to D16 but also to D7). The method we
introduce provides also a tool to measure the concentration of power in a market and to
extract its backbone. It contribute to D7 also in the sense that allow to detect
socioeconomical "groups". The idea of defining a "participation index" is certainly not
new in economics (for instance to measure the effective number of firms who share a
market, the "Herrfindale index"), but the idea of using this kind of index for both in-
degree and out degree in order to extract the backbone of the network is completely new

at our knowledge and stems genuinely from thinking at the market in terms of a network.



With respect to the now traditional topic of scaling laws in complex networks [25], the
important lesson we learn from these results is also that under the veil of common scaling
laws for the connectivity distribution, deep structural differences can hide in the weights

of financial networks.
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