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Abstract:

A crucial question at the center of corporate goaece theories and of the literature on social oetsvalike is
the sense of empower of prestige, or influencehenactors of a social network. This paper appraathe
possibility of measuring this influence by detegtkey individuals who support network dynamics.Bgans of
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necessarily the best placed at the beginning. @onto all expectations, a dynamics of influencdased on
criteria of indispensability to the network thatlvaie presented as an example.
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INTRODUCTION

The recent bankruptcy of the great flagships of Aca@ capitalism (Enron, Lehman
Brothers, AIG), indeed the present financial cris@nnot be considered as mere deviations,
or accidents of history; they all question govermannder all its guises. In a broader sense,
these dysfunctions shed new light upon modes oégance, notably on the Anglo-Saxon
model and itshareholderapproach at the very moment when it seemed to imapesed its
supremacy in Europe to the detriment of stekeholdermodel (Cohen (2005), Peyrelevade
(2005), Streeck and Hopner (2003)). If one is tosider corporate governance (CG) as a set
of regulatory practices which govern the relatibeswveen directors (the management power)
and company shareholders (those who own the cpmalwell as other stakeholders of the
company (employees, creditors, suppliers, clief@gstré 1994), it will be immediately
apparent that there is no single CG model. Thioobetles is in fact rooted in and evolves
within traditions, within legal and institutionataimeworks that vary from one country to
another, from one geographical and cultural areentther (OECD 2004). Nevertheless, it is
commonly admitted that a director would not be dbleeally fulfill his/her role beyond a
certain number of directorshipsThus, the AFG-ASFFI report on “corporate gover®n
(2012) advocates the limit of three directorshigkereas the French law on New Economic
Regulations (NRE) authorizes up to 5 directorships.

Nevertheless, this quantitative approach should awotceal the difficulty of choosing a
director: should one prefer a director with onlyeatirectorship, who consequently has little
influence, in the sense of traditional measuremfidfience within a network (as it will be
shown, he would potentially be weak link in the sense of Granovetter (1973)), or an

influential director already holding a directorskdlsewhere (potentially strong link). This

2 This limitation of directorships is placed withenbroader political and historical context, unfarable

to the accumulation of directorships.



issue arises regardless of the qualitative natitieeodirector, whether he/she is declared to be
independent or ndtIn fact, the appointment of a director cannotminbe made at random.
Behind this promoted candidate lies possible actteasnetwork, to information/expertise, to
mutual influences, which takes us back to the maitethe importance of maintaining a
director or of his/her appointment for the influenaf a particular director, a network of
directors (a community) or even a company. Theditege on partner selection is an important
one, and many factors that affect partner seledtae been identified. Most of them assume
that the main motivation is to enforce some of fine’s network characteristics: market
uncertainty, alliance, learning of new practices] the diffusion of new management strategy
(see Burt (1993), Gulati (1995), Powet al. (1996), Beckmaret al. (2002, 2004) and
Connellyet al. (2011)).

This article seeks to explore the dynamics of nétwmuilding in the specific case of the
appointment to the boards of directors. Unlessajigointment of a certain individual in the
position of director of a particular company, pairia corporate network, can be reduced to a
single motivatiof}, it would grant that person a qualityinflispensability a criterion which is
yet to be detailed. Our essentially theoretical wtadeks to define thigndispensability
criterion on the basis of a special motivationt thlastrengthening the power of influence of
the co-opting members, or of the business, withé@irtrespective networks. This is part of the
literature on the analysis of business networks amate specifically, of director interlocks.
For Dudouetet al. (2009), the choice of a specific director aimssteengthen the national

influence of the company, while from an internatioperspective, the choice of a director

3 This is because nothing prevents a director hgldieveral directorships to be declared independent

within certain boards and non-independent withireos.

4 A traditional approach, inspired by the works Bhau, is based on the assumption of the replicaifan elite
that shares a common denominator, be it cultudhicational (major schools), economic or simply dasa
“filiation” (Dudouet et al. (2007), Kramarzt al. (2006), Massolet al. (2009b)). But motivations can be much
more pragmatic, as it is emphasized by MizruchiO@O0 having been recruited by someone who could be
friend, can scarcely lead to asking difficult quess$ or result in confrontations.
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aims to fill structural gaps In the French case, Pichard-Stanford (2000) exesnhow
leaders leverage these relationships to acquire diezectorships and thus gain access to
sources of information allowing them to specializéhe management of the company while
strengthening their specific capital. Accordingthies author, business growth and, therefore,
the compensation of managing staff, can hypothétiba related positively to the company’s
capacity to exert influence: for instance, usingiterion of centrality degree (the number of
links established between the company and the atbepanies via its directors holding
several directorships); Hence the temptation to egpptirectors with several directorships
who already have a high degree of centrality witthme board. We do not deny that such a
strategy can exist (namely an objective to incréhsdevel of influence of the company), but
the individual interests of different board membensain to be analyzed. The assumption is
that the more indispensable or desirable an indalidhe more he/she enhances the influence
of appointed directors within their respective natkg (i.e. egocentric network), which can
result in an increase in the income of the leatfggliGno (2009), but also in a relaxation in
his/her discipline (Charreaux 2003).

Our research is divided into three sections. That fection provides a critical survey of the
concepts of centrality and introduces the concépiey Player The second section discusses
the dynamics of building a network around theséonstof centrality and&ey Playerand the
impact of this dynamics on the existence of comimesmiwithin a network. Section 3
empirically illustrates the need to develop a robngispensability criterion using a CAC 40
network of directors. This criterion measures thanges induced by the introduction of an
individual or by his/her removal on the power-shgrwithin the network. Finally, we reach

our conclusions.

5According to Vigliano (2009), structural holes pide “business opportunities” to position oneselédbridge”
or middle-man and thus, would bring a competitidgesto those who have a bridge position.
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1. Who is central to whom?

Since the publication of Freeman’s article (197Bgse notions of power or influence have
traditionally been observed through the prism of tise of centrality measures such as
betweenness or closeness. Betweenness measuresither of times a node is placed in the
path between two other nodes that are not intéeeklaAn individual may be weakly
connected to the others and yet prove to be amtasimtermediary for exchanges, or else, a
mandatory path. Obviously, a high degree of betwess is synonymous with the ability to
influence and/or coordinate the network. Closemesasures the ability to reach all the other
nodes in the network via the shortest paths (iemdgtic distances). In other words, it
indicates the possibility of accessing the soufdaformation in the social network. Needless
to say, this indicator cannot be calculated unkdksiodes are interconnected (i.e. there is
always a way to reach everyone). Although thesesnrea are widely accepted, they are
nevertheless subject of criticism. Undoubtedly, itien objection is that of Borgatti (2005):
betweenness or closeness measures assume thabatéor flows only pass through the
shortest paths, and that these flows cannot bdetivi

The use of the shortest paths to transmit informnatbetween two individuals for example,
presupposes that the sender knows the entire netwadvance, that is his/her network, but
also the network of his/her direct friends, thenrnbévork of the networks of his/her friends,
etc. However, in the absence of such informatioa@siall-worldeffect tells a different story.
The sender will choose the person whose networkti@shighest probability to connect
indirectly to the recipient. Then, how does onead®the best person? Assuming that each
sender knows their network perfectly and thereforplicitly knows if the members of the
network have a network close to him/her or not,n@vetter (1973) has demonstrated that

they often needed to focus on weak links. If oreuaees that the strength of the relationship



between two individuals is proportional to the emlence of their relationship, that is, to the

“structural equivalence” (Lorraine and White (19ahd Burt (1976)), the search of the weak
link will favor the choice of a person whose netlw sufficiently different from his/her own

in the hope that this person has an acquaintancehab an acquaintance, etc., who is in a
better position to share the information. In th&treection, it will be shown that to challenge

the assumption of perfect and, above all, complgtamation amounts to questioning the

very dynamics of networking. As far as the divisadrflows is concerned and in the context

of influence, a person may be interested in inéngathe number of transmission channels for
the same information (i.e. this is the buzz strgte®r else, the betweenness meaSdaes

not allow an increased number of paths. In facs, teasure is defined by:

# of shortespathdromnodeu tonodex thatpasshrough v
# of shortespathsrom nodeu tonodex '

bet(V) = Z YV,0u XV, vz x£u

The calculation of this measure for network nodearl C, described in Figure 1, gives

bet(B) =bet(C) :%. Taking the B node as reference node, B is foendet a mandatory

path only between A and D. However, C is also asibdgy of linking A and D. So the
intermediacy value is 1/2 because it implicitlyigas a 50% probability that the information

passes through B rather than C between A dnd B

O‘//////////* *HRRRM\MHHH*C)

Figure 1 — B and C mandatory paths between A and D
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®see Appendix A.3 for a definition.
Proportionally, we havdet(B)=1/§ with the rescaled formula (should we considethpab and AD as
bet(B)

equivalent):bet(B) = (n=D(n-2)/2"




It is likely that if A wanted to influence D, hekshvould seek to do so through B and C. Why
deprive oneself of a means of influence?

In reality, the choice of the optimal path to reacparticular director is complex. In fact, the
link created by such a choice can only be temporidug network of CAC 40 directors is
constantly changing. Directors are generally apgditfior only 4 or 5 years and each of them
may terminate their mandate when they see fit.nHeamore, choosing one new director over
another, can lead to two opposing strategies. A deector can strengthen the corporate
network (providing resources, market knowledge,vkimw) and thus improve the overall
performance of the company. But the choice to natiega new director can also stem from an
opportunistic strategy employed to strengthen tiadf £gocentric network of prescribers,
even at the expense of the company. Hence, we rgdithethe construction of a network,
including that of an egocentric network, is gernlgrabt a coincidence.

The traditional approach based on the graph thewmlyses this kind of construction
dynamics by means of the correct setting and use @ndom network (Newman 2003).
Because this approach does not allow a considarafithe “small-world” characteristics of
social networks, a more recent, alternative appro@as proposed by Jackson and Rogers
(2007), one based on the use of tools from steaispihysics. Even if this approach can track
the small-world characteristics, it fails however to provide aml@yenous understanding of
the network’s dynamics. Deng, Heping and Dejun @2&@udied the impact of the removal of
a link within the dynamics of building a network @dsfined by Barabasi and Albert (1999).
They show that certain structural properties suchha small-world effect may be modified
by the removal of an individual. There are thuspieavho areessentialto the network and

others that are not, in the sense of the existeh@small-world effect. But the matter of



identifying these indispensable individuals remawmhout a satisfactory (or complete)
solution.

Borgatti (2003, 2006) suggested an alternative e tise of too simple measures of
betweenness and closeness to identify such indilsduThis alternative relies on the
definition of aKey Player Two readings of the Key Player Problem are possibl

a) The “Key Player Problem PositiveKPP-Pog, which means to select a subnet for the
rapid dissemination of information/practice throughtihne network.

b) The “Key Player Problem NegativeKPP-Neg, which determines the essential subnet
to the functioning of the system. It is self-evitémat if this subnet is removed, the network
loses its fundamental properties.

Within a social network, and in order to optimize individual network, thes€PP-Posand
KPP-Neg notions are directly related to the research okeg individual: adding this
individual means reaching new people quiclyP-Pog and their removal destabilizes the

network KPP-Neg.

2. Network Dynamics

2.1. Adding Friends and KPP-Pos

The notion ofKPP-Posquestions the choice of the individual to add te’s network. We
know, using the shortest paths requires a perfeciwledge of the network. If such
knowledge is not available, how could someone $§nch path? By groping around, through a
process of trial and error? If we accept the imjmil#y of knowing the network to perfection,
notably from an egocentric point of view, then greferred choice of individuals to form or,
especially, to reconstruct one’s network is proldgm It can be easily admitted that an

individual knows his/her closest friends/acquaint (to one link) and even friends of



friends (two links). Whenever an individual is bgbt into one’s inner circle of
friends/acquaintances (one link), this friend’'swmk gets to be known too. Based on
Borgatti (2003,2006), the figure 2 below illusesitthis problem. If A can integrate E or F
into his network, depending on his purpose he hale to prioritize the individual F, if he
seeks to increase the size of his indirect netwamkl, the individual E, assuming that he is a

friend, if he seeks to strengthen his influencdp& and D.
O
5 \
O
liy} F
&)
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/ ©
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O « » O
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Figure 2 - Adding a link starting with A: E or F

The quest for an important individual within theaneng of theKPP-Poscan be operated by
the notion of “structural equivalence” (Lorraine awhite (1971) and Burt (1976)): two
individuals are structurally equivalent if they lawhe same relations (overlapping
neighborhoods). The pair of individuals {A, F} wille preferred to the pair {A, E} if it is less
structurally equivalent. Indeed, if A and E aretealn particularly with regard to the closeness
centrality’, but have exactly the same neighborhoods/relatipasthen linking A individuals
to an F individual will render the whole more eiict (particularly in terms of number of

nodes connected to A's network).

2.2. Deleting Friends and KPP-Neg

8 This indicator measures the ability of joining @fllithe other nodes of the network using the slsbpaths (i.e.
geodetic distances).



A social network of the directors of large compartigoe is by definition constantly evolving.
One director is appointed, another one is let fthd networks of these two directors are not
structurally equivalent, then these changes car l@agignificant impact on the structural
properties of the network as a whole and/or thevori efficiency of a particular director. The
KPP-Negnotion is directly related to the structural impata dismissal.

According to Borgatti (2006), the measure that woeld naturally think of for studying the
KPP-Negwould be that of Freeman’'s betweenness centréli®79) which measure the
number of times a node is positioned in the pattwéen two other nodes that are not
interrelated. An individual may be weakly connectedthe others and yet prove to be an
indispensable intermediary during the exchangeshdory, a high degree of betweenness is
synonymous with the ability to influence and/or cboate the network.

As previously stated, the notion KPP-Negindicates who is important in relation to a given
network characteristic. However, as Borgatti (20@@&nonstrates, this characteristic can only
be slightly affected by the disappearance of araémtdividual in the sense of betweenness.

Consider the network describes below.

Figure 3 - Example of a network wherein the deletio of a central node (1) is not a
source of discontinuity (Source: Borgatti 2006)

10



Within this network, according to different tradmial measures of centrality, node 1 appears
to be each time as the most central. Or, if theontigmt notion is that of network cohesion in
the sense of continuity (and not fragmentationgntihlemoving node 1 is inconsequential,
whereas removing node 8, which is situated on &tmentrality level, regardless of what the
measure of centrality is, would trigger a genuirseahtinuity.

Thus, measuring the effectiveness of a network igsph clearly defined criterion of
underlying efficiency. However, efficiency can beetwork’s outera priori aspect, such as
the network’s ability to generate pricing agreerseitighlighting the “efficiency-structure”
correlation raises empirical difficulties. Thusaditionally, we aim to test whether a more
connected network has an impact on the distribubbndividends, on the income of
executives, and on the performance of the comp&ighérd-Stanford (2000), Vigliano
(2009)). Naturally, it follows that an individua éssentialf effective, and, if the contrary, he
is useless. But does one need to be influentitdlersense of a classification and according to

a given network criterion in order to be indispdriea

2.3. Communities, Weak Links and Egocentric Networks
The network described in Figure 3 clearly shows t@mmunities. As it was pinpointed by
Pons (2005) and Pons and Latapy (2006), the comdegammunity within graph theory is
not clearly defined. However, it is possible toidefa community as a set of vertices whose
density of internal connections is greater thanddesity of connections to the outside (Pons,
2005). Assuming a network whose number of commesitiecreases is a more cohesive
network, we can therefore define an individual fgpknsable” to the network as an
individual for whom:

- the disappearance of links within the network iases the number of communities;

- conversely, his/her presence in the network redtieeaumber of communities.

11



The first definition refers to &PP-Negtype of reading, the second toK&P-Posone. In
Figure 3, node 8 is essential; without it, the camity formed of nodes {9;10;11;12} is
isolated from the rest of the netwdrlOr, as previously stated, node 8 is not the roestral,
and therefore, according to this criterion, the tmodluential. Furthermore, it seems
legitimate to redefine the {9, 10, 11, 12} commuyrgis 8's community. This brings us to an
egocentric reading of the network. But thEP notions use a global reading of the network.
This becomes a matter of reconsidering these comé@ph an egocentric perspective. Within
a closed social network, where admission is madegpointment, for instance, it is not
uncommon for someone’s inclusion to only be theltesf someone else’s choice. The latter
can include the candidate for a macro reason orfaricro reason. The macro reason is
based on the assumption that the candidate wilefiitethe whole network or the entire
community. When defining an efficiency criteriomjet notion of KPP-Neg shows its
relevance. More selfish, the micro reason postsilatdy that a candidate will strengthen a
feature of the sponsor’s network/community. It e tsponsor’s opportunism against the
potential efficiency of the network.

An individual may seek to strengthen his weak limksle ignoring whether this will or will
not improve the cohesion of the entire networkfalet, within an egocentric network there is
a possible relationship between the conceptsRi? and that of Granovetter’s (1973) strength
of weak links. The impact of these weak links oa dtommunities they originated in or on
any other term of comparison has yet to be seedised or identified. Based on the
criterion of betweenness centrality and on a ¢ateof network cohesion measured using the
number and size of communities, the following sectof the paper will emphasize the

distinction betweemfluential andindispensablevithin a network of directors.

® Node 8 can also be interpreted as a cut-pointr{ode of an initial component without which thangponent
would break into several elements).
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3. Empirical Analyses and Robustness within CAC 40

From all the mechanisms of corporate governance alm to “delineate the powers and
influence the decisions of leaders” of large manageompanies (Charreaux, 1997), the
Board of Directors (BOD) occupies a central plaegardless of the outlook adopted. Within
the disciplinary or financial approach of corporajevernance, the Board is primarily
designed as the main instrument for monitoring rgaraso that they maximize shareholder
value. From this point of view, the directors ahamcterized by their independence in what
concerns the management, their expertise, thdityatm control and implement mechanisms
that encourage managers to be effective and lepsrinmistic. Within the partnership
approach, and even more so in the case of thegitadr cognitive approaches of governance
(Charreaux 2000, Gomez 1996), there is an empbadise ability of the Board to participate
in the creation of sustainable value by contributifty example, to the choice of optimal
strategies, helping management to identify anddoaéw opportunities for development, or
even by promoting innovation (Prahalad 1994). A a® the aforementioned oversight role
of directors, there are other functions and skdis;h as the ability to provide resources, that
enrich the human capital, build relationships wather companies. It is the cognitive and
interpersonal contribution of directors that is gauafter, the objective being to increase the
competitiveness of the company.

Choosing a director is without doubt strategicathportant. According to Guieu and Meschi
(2008), “between 2000 and 2003, there have beerifismnt changes in the number and
composition of network administrators in Europe.] [many networks have disappeared:;
entirely new ones have been created. Subsequanitlyy replacement of directors could be
observed during this period: two thirds of direstéwelonging to a network in 2003 did not

belong to a network in 2000. Out of the 95 thabhgkd to a network in 2000, only 45 are
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still within a network three years later.” Thuscampany, a director or board of directors,
needs to constantly consider the renewal of a ntaraighe appointment of a new member.
For the remainder of the analysis we contend thatapppointment of an X individual must
have the effect of increasing the Board’s efficienc from a more egocentric perspective, of
strengthening the network of the individual Z, arent member of the Board. But that leaves
us again with the delicate question of measuring ithportance or indispensability of
appointing X or getting Y to stay. To this end, weopose the use of a criterion of
indispensability, closely related after all to thetions of KPP-Pos and KPP-Neg The
empirical application of our approach relies on tablase which consists of the directors of
CAC 40 companies in 2084 By definition, there is a link (within the Boardhenever two
directors have the same BOD in common and ther@ sk (between Boards) between
companies whenever a director holds multiple dinesttips. In our database, the average size
of boards is of 14.205 directors and the averagebau of direct links between companies
(through a director holding several directorships)of 9.025. Similarly, out of the 429
directors listed in the database, the average numbéirectorships is of 1.2913, with a
maximum of 5 directorships and 349 with only oneediorship (about 79.6% of directors).

This creates an average number of 18.1305 dirdct between directors.

3.1. Foreword: What Makes a Good Criterion?

We made reference to a certain critique of thesgatof centrality according to Freeman
(1979). These criticisms belong to network analgsisa whole. By focusing on individual
networks (egocentric), we can formulate criticisirectly inspired from decision theory. By
analogy to theow adjunctioncriterion used by Milnor (1954), a robust classifion criterion

should be such that the result of ranking 2 indigid would not have to be changed by

Orhe methodology of putting together the databasessribed in Appendix A.1.
14



adding an individual who ranks lower than the figswithin the network. Or, centrality
criteria are generally not robust. Certainly, tmeasurement of the centrality degree is
certainly too rough to fulfill this robustness caiah. Nevertheless, it serves to illustrate that
the influence of directors is not homogeneous. Sdragee more influence than others.
Therefore, within a network of CAC 40 directorsert is in fact no causal link between the
size of boards (i.e. the number of directors) dredatbility of the company to create links with
other companies (see Figure A.1., Appendix A).

An analysis based on the criterion of betweennesgality (see Appendix A.3), demonstrates
that the disappearance of F. Riboud's links briggsat “benefits” to Marc Ladreit de
Lacharriere and, to a lesser degree, to ThierryoBrewhereas it “harms” the positions of

Lindsay Owen-Jones and Didier Lombard.

Proposition 1: The individuals indispensable to tiegwork are not the same for all.

Proposition 1 is obvious. If keeping director Fb®&id proves to be indispensable to keeping
the dominant position of Lindsay Owen-Jones (in skase of a KPP-Neg criterion where
efficiency is the ranking according to betweenne$s3 eviction (or his non-inclusion)
appears as indispensable to Marc Ladreit de LaénarrDepending on the point of view
adopted, we note here a contradiction.

How can this result be interpreted? Remember thiat hetweenness centrality somewhat
measures the likelihood of a director or a companlye on a geodetic path (i.e. the smallest
of path lengths connecting two nodes within a nelyvof different directors or companies of
the network and therefore to be a mandatory patledonecting two directors or companies.

The dismissal of F. Riboud will force some direstarho used to pass by him, to turn towards

15



other directors (Marc Ladreit de Lacharriere) andiriectly not to go through to a close
connection of F. Riboud’s any longer (Lindsay Owemes).

Noting that there are changes in the relative ragskiof a centrality criterion, such as that of
betweenness, following the inclusion or dismissateflinks of a given director, we propose

to define the notion of indispensability.

3.2. Where Arethe Strong Weak Links?

If we delete F. Riboud’s links (initially 2Din terms of betweenness), Lindsay Owen-Jones
drops one place. Let us assume that deletingrnke bf director who ranked 48@from 429)

led to the same result. Can we give the same pofvefluence or indispensability to these
two directors within Lindsay Owen-Jones’s network?

Clearly, influential individuals are more likely thange relative rankings than individuals
with little influence. But if this were not the &ggscan we deduce that these individuals are
indispensable weak links? Weak because they haleififluence according to the centrality
criterion applied, but indispensable to a givereclor because they are a means of deeply
changing his influence. Thus, if we take Lindsayegbwiones as a reference point, who is the
most central in terms of betweenness and if weiedite Edouard de Royere’s links (initially
6™ Lindsay Owen-Jones drops 4 places. Similarlyhait René Carron (initially i) he
drops 3 places. There are many directors who, tdes$piving little or no influence in the
sense of the betweenness criterion, make LindsagnQlenes drop 2 places if their links are
deleted from the network. Nevertheless, at a dyoaeading, their deletion could be easily
replaced by the appearance of a director with ameiharacteristics.

In order to highlight this relationship betweenlueince and indispensability, we use a
calculus algorithm that measures the influence ofli@ctor j on a director i taking

betweenness centrality as a reference criterioa.stéges of the algorithm are as follows:
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o Calculation of the measures of betweenness cdytfatithe overall network
o For each i reference director:
= deletion of the links of director |;
= calculation of the measures of betweenness cemgirali
= calculation of the matrix of positional variationsieasure of the director’s
impact j for i in absolute (change of the placetlie general ranking), in
relative (change of the weighted place by the distafrom j compared to its
initial ranking).
If it can be assumed that the absolute place vamngtin a given classification allow for the
measurement of the impact of an individual on a@oth is more difficult to deduce from it a
link with an indispensability criterion in the sen®f Granovetter's weak links (1973).
Admittedly imperfect, due to the methodologicalfidiilty of measuring the “strength of
weak links”, the relative measure calculated by #hgorithm is based on the following
methodological hypotheses:
- Hypothesis 1. an individual more influential thaggalf in the overall network cannot
be a weak link for me ;
- Hypothesis 2: an individual with little influence the overall network is a weak link
the “strength” of which is directly proportional tikee gap between me and him/her.
The indicators of j on i are calculated as follows:
- If Bet(j,total) > Bet(i,total) :
- In absolute: Inf(i,j) = Place variation = Bet(i &bt Bet(i,total-{j}).
- Inrelative: InfR(i,j) = Inf(i,j)*Log[Bet(j,total)- Bet(i,total)]

- If Bet(j,total) > Bet(i,total) : Inf(i,j)=0 and IiR(i,j)=0.

llAdmittedIy, this hypothesis is flawed. Nothing all® for the exclusion in the sense of the strendtivamak

links of individuals better positioned than mysaticording to a given criterion. However, to be dstesit with
Milnor’s criterion of “row adjunction”, we wish ttest to what measure the addition or the deletioa lower

placed individual can change my ranking.
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With Bet(i,total) the ranking of director i withithe overall network with regard to the
criterion of betweenness centrality, and with Bdtftal-{j}) that is this very ranking, but in
the network without the links of director j, thdatve value balances the absolute value in
relation to the log deviation of the initial poseiti between the two directors.

We limited the calculations to the first 100 dist of the initial ranking (i.e. i such as
Bet(i,total)<101). In fact, we are looking for diters who are potentially indispensable to the
initially influential directors.

It should be mentioned that the deletion of a ¢clior’s links can have two types of influence
oni:

- apositive influence if Inf(i,j)>0: i.e. deletinge links of j will improve the position of
i. For instance, the path from a"Lplace to a % place will give the value Inf(i,j)=7.

In the same way, we will have InfR(i,j) >0. Consenqtly, i will do anything to keep j
out, or, if the latter is already within the netkoto exclude him.

- a negative influence if Inf(i,j)<0 (and in fact Ri,j)<0): the deletion of j's links will
make i drop places within the rankings. Example: plath from a 8 place to a 7
place gives Inf(i,j)=-7. In this case, i will doyhing to keep j within the network or
to have him join it.

We suggest that the influences be calculated separas well as overdfl. The following
tables (table 1 and 2) provide us with the top 2ZBtninfluential/indispensable (the first 100

are provided in Appendix A, section A.4).

Proposition 2: An influential individual is not ilgpensable unless he has an overall negative

influence. If not, he is undesirable.

12 The overall indicator is calculated for each j $guaring the sum of Inf(i,j) in relation to i. The

“positive” (“negative”) only takes into account thgositive” (“negative”) sums of Inf(i,j). The same
methodology applies to the relative indicators.
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Starting with Table 1, before anything it is appa@rthat Francois Henrot or even Ernest-
Antoine Seilliere are influential, but not indispable. In fact, their absence benefits a certain

number of directors, who recover places in the irag&

Bet(j,Total) Name Inf(pos) | Bet(j,Total) Name Inf (neg)
70 Henrot Francois 30 44 Ferrero Dominique -38
Seilliere Ernest-
79 Potier Benoit 30 28 Antoine -37
71 de Rudder Thierry 28 70 Henrot Francois -30
59 Pinault Francois 28 79 Potier Benoit -30
62 David Francois 26 71 de Rudder Thierry -28
52 Lebegue Daniel 26 72 Desmarais Paul Jr -28
53 Ricard Patrick 26 73 Lauvergeon Anne -28
64 Arnault Bernard 25 59 Pinault Frangois -28
Seilliere Ernest-
28 Antoine 25 17 Dumas Jean-Louis -27
96 Badin Jacques 24 52 Lebégue Daniel -27
44 Ferrero Dominique 24 45 Seydoux Jérdome -27
253 Halley Robert 24 62 David Francois -26
Leal-Maldonado José
299 Luis 24 53 Ricard Patrick -26
313 March Carlos 24 64 Arnault Bernard -25
Chodron de Courcel
45 Seydoux Jérdome 24 a7 Georges -25
412 Vandelvede Luc 24 65 Rohatyn Félix G. -25
54 Douroux Lucien 23 96 Badin Jacques -24
de La Martiniere
58 Gérard 20 253 Halley Robert -24
Leal-Maldonado José
75 Gallois Louis 20 299 Luis -24
80 Rodocanachi Pierre 20 313 March Carlos -24

Table 1 - The 20 most influential according to the @sitive or negative absolute criterion

Starting with Table 1, before anything it is apparthat Francois Henrot or even Ernest-
Antoine Seilliére are influential, but not indispaible. In fact, their absence benefits a certain
number of directors, who recover places in the iray Thus, Sylvia Jay (initially 89 just
ahead Francois Henrot "0 would recover 9 places without Francois Henrdirs.

Obviously, in relative terms, Francois Henrot wibht be the most easily influenced (in the
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sense of weak links) as he is too close to Sylaia As far as Jacques Badin is concerned,
who initially had the 98 place, hence further away from Sylvia Jay than Fesndenrot, he
would drop 8 places in the rankings to Sylvia Jalge were not there. From this, one can
deduce that: a) Francois Henrot is the most infiaéat the overall network level and that, b)
Jacques Badin is indispensable to Sylvia Jay, velsefeancois Henrot is undesirable.
Relatively speaking, it is Jacques Badin who appaartheveaklink that is most influential
and indispensable to Sylvia Jay. However, whilegdas Badin is first from the point of view
of his relative positive influence (table 2), hissance is relatively weak. At most, he makes
Jean-Louis Beffa (initially 77) drop 2 places, and the same to Robert Halletigllyi 253").
Note that the Ilatter makes Francois Henrot climb ptces; he is his most

influential/indispensable weak link.

Bet(j,Total) | Name InfR(pos) | Bet(j,Total) | Name InfR(neg)
96 Badin Jacques 143 96 Badin Jacques -142.25
253 Halley Robert 130.51 253 Halley Robert -129.23

Leal-Maldonado Leal-Maldonado José
299 José Luis 125.16 299 Luis -123.54
313 March Carlos 123.26 313 March Carlos -121.5
79 Potier Benoit 114.86 123 Bisschoff Manfred -110.13
123 Bisschoff Manfred 111.19 28 Seilliere Ernest-Antoine -108.94
70 Henrot Francois 108.33 79 Potier Benoit -105.79
245 Grube Rudiger 102.99 44 Ferrero Dominique -105.36
412 Vandelvede Luc 102.3 245 Grube Rudiger -101.32
92 Arnault Jean 101.47 92 Arnault Jean -100.06
93 Arnault Delphine 101.42 93 Arnault Delphine -100.02
107 Bazire Nicolas 100.8 107 Bazire Nicolas -99.34

Belloni Lazard
114 Antonio 100.48 114 Belloni Lazard Antonio -98.992
117 Bernheim Antoine 100.34 117 Bernheim Antoine -98.84
193 Della Valle Diego 96.388 412 Vandelvede Luc -97.861
59 Pinault Francois 96.152 70 Henrot Francois -96.566
99 Barberis Pierre 94.222 193 Della Valle Diego -94.466
71 de Rudder Thierry 93.302 99 Barberis Pierre -93.909
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243 Godé Pierre 93.171 133 Bouygues Madame -92.293

133 Bouygues Madame 92.639 243 Godé Pierre -90.82

Table 2 - The 20 most influential according to theelative criterion

If we make the same calculations for all of theediors, we find that only 18 directors have
no impact (positively or negatively) on the rankiafj other directors. These directors all
belong to the Arcelor Company. In fact, as showfigure 4 below, this company is initially
isolated within the network by the fact that noriét® directors has any links with a director

of another company from CAC 40.

Figure - Network of the companies within CAC 40 200

3.3. Where Are the Strong Links?
We undertake to find thetrong links according to two criteria. First of all, lysing the

previous algorithm and giving up hypothesis 1. Vlleva the taking into account of the
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influence of individuals better placed than me adowy to a given criterion. Thereafter, we
will use a community cohesion criterion.
Starting with Table 3 (also see Appendix A.5), wrally notice very few changes to the initial

betweenness centrality rankings with regard topibstive impact and no change with regard

to the surf?’.
Bet(j,Tota
Bet(j,Total) | Inf(Pos) ) Inf(Neg) Bet(j, Total) Inf(Pos)+Inf(Neg)

Owen-Jones Owen-Jones

1 Lindsay 1 Lindsay 1 Owen-Jones Lindsay

2 Breton Thierry 21 Barbizet Patricia 2 Breton Thierry

21 Barbizet Patricia 2 Breton Thierry 3 Mestrallet Gérard

3 Mestrallet Gérard 10 Friedmann jacques 4 Proglio Henri
Friedmann

10 jacques 3 Mestrallet Gérard 5 Bouton Daniel
de Royere

6 Edouard 6 de Royere Edouard 6 de Royere Edouard

9 Roger Bruno 22 Lagardére Arnaud 7 Pébereau Michel

4 Proglio Henri 9 Roger Bruno 8 Lombard Didier

5 Bouton Daniel 35 Gandois Jean 9 Roger Bruno

Jeancourt-

7 Pébereau Michel 13 Galignani Antoine 10 Friedmann jacques
Jeancourt-

13 Galignani Antoine 17 Dumas Jean-Louis 11 Carron René
Lagardére

22 Arnaud 5 Bouton Daniel 12 Mayer Francis
Dumas Jean- Jeancourt-Galignani

17 Louis 7 Pébereau Michel 13 Antoine

11 Carron René 4 Proglio Henri 14 Fourtou Jean-René

Pineau- Ladreit de

8 Lombard Didier 29 Valencienne Didier 15 Lacharriere Marc
Barbier de la Barbier de la Serre

19 Serre René 19 René 16 Desmarest Thierry
Desmarest

16 Thierry 11 Carron René 17 Dumas Jean-Louis

35 Gandois Jean 44 Ferrero Dominique 18 De Croisset Charles
Pineau-
Valencienne Barbier de la Serre

29 Didier 8 Lombard Didier 19 René

24 Minc Alain 16 Desmarest Thierry 20 Riboud Franck

Table 3 - The 20 most influential directors
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The measure of the betweenness centrality ahifigct the sum over j of Inf(i,j), whatever j is.




We can see that Lindsay Owen-Jones is influeriiiglnot indispensable to the other directors
who, as it is case for almost half of them, wodldya up one place if he left the network. The
presence of Patricia Barbizet iff Blace and ¥ place is worth mentioning. Moreover, she is
the strongest non indispensable individual infleene the network. Without her links,
Francois Henri Pinault would climb 35 places in biedweenness rankings. On the other hand,
the strongest indispensable individual influencéni of Edouard de Royére"{&vithin the
network). Without his links, Gérard de la Martirgdinitially 58") would drop 19 places.

Of course, these results pertain to the appliettieficy criterion (here, the changes of
position in the rankings of betweenness degree)wilsbecome apparent, using a different
criterion yields different results. Using the nosomf cohesion and of communities,

proposition 3 redefines the notion of indispensgbil

Proposition 3: The individuals indispensable to thetwork are those whose dismissal

(respectively appointment) increases (diminishies)tumber of communities.

Proposition 3 succeeds remarks in connection taréi§ and td&KPP-Neg When deleting a
director’s links takes away some cohesion via angain additional community, then, indeed,

that director was indispensable to the network.

We are using the community research algorithm giweiBlondelet al. (2008) to search for
individuals. This algorithf provides us the size of communities (163; 118; &F; 18}°

after 2 cycles of clustering and (411; 18) aftecyBles of clustering. We then reuse the

14 See Appendix B for a presentation. There are alké&ction algorithms, such as Pons's WALKTRAP &00
and Pons and Latapy (2006).

Brhe size 18 community consists of the directorargelor.

18 After a first round, the algorithm provides 26 aommities of respective sizes (31; 30; 30; 26; Z%;19; 18;
18;17;17; 17, 16; 15; 14, 14; 14, 13; 11; 11,818; 8; 8; 7).
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algorithm deleting all the links of a given indivial each time. An individual non
indispensable to the community, and therefore uret@e, needs to manage to lowerbthe
size of an existing community and to add to it ohsizel (himself in relation with himself
alone), for examplelg2 118; 67; 63; 181) and @10 18;1). Focusing on the communities
after 2 cycles of clustering, we note that deletthg links of 5 directors leads to the
disappearance of the community. We are talking hbout Gerhard Cromme, Yves Cannac,
Michael Blakenham, Michel Bon et Francois PinHulit can be deduced that the 5
individuals are indispensable to the non inclusiértheir community in the network within
another community. From the point of view of overaktwork cohesion, they are
undesirabl&. It should be noted that the deletion of the limkshese individuals not only
changes the number of communities and their relsesizes, but it also changes the internal
makeup of the remaining communities. Thus, in thgecof deleting Michel Bon’s links the
third (i.e. his) community in size (67) is complgteedistributed between the first 2
communities (see Appendix B.5.). Similarly, 8 dimgs initially belonging to community 1
switch to community 2. However, these changes aectd the fact that directors belong to ST
Microelectronics, a company whose directors aratinadly isolated within the network,
excluding Didier Lombard.

It should also be noted that deleting René Carrtinlss strongly increases the second
community, which goes from 118 to 143. Its conrmewi switch from the penultimate
community (initially size 63, size 37 afterwards)the second. It should be noted as well that
there are 97 directors who are more or less hidinigispensable”, in the sense of our

proposition 3, to define communities after two tdusg cycles (around 22.6 %). Finally,

7' See Appendix B.2.

18 A more selfish dynamic reading could tell us sdriteg different. They are indispensable, they aeettlyger
elements of a potential new dynamics in the conitm of a community having as sole aim to compéta the
old ones.
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many directors influence the size of communitiethaiit, however, their being indispensable
to the existence of the communities.

After 3 cycles, communities are influenced by oBldirectors: Edouard de Royére Edouard
and Didier Lombard. Without these, a certain nunddedirectors (10, including Edouard de
Royere, and 8, including Didier Lombard) find thetes isolated within a separate
community from the main one. It will be noted thhe two directors are not the most
indispensable to the communities after two cycldsese potentially isolated directors are
those of Sodexho-Alliance whose link with the refsthe network is Edouard de Royere and

those of St Microelectronics who depend on Didiembard.

Proposition 4: The individuals who are indispengalib small communities are not

necessarily indispensable to big communities.

Comparing the variations of communities after atelusg cycle, we note that if Edouard de
Royere and Didier Lombard are indispensable to dbkesion of the large community
detected after 3 cycles, their respective impadhencommunities after one cycle is weaker,
even negligible. Likewise, among the 11 directandispensable for the existence of a
community after a cycle, only two remain so afteo tcycles, namely Michel Bon and
Michael Blakenham. Moreover, Frangois Pinault angsy Cannac, indispensable to the
existence of a community after two cycles, haveimpact on the size and number of

communities after one cycle (Gap = 2).

3.4. Comparison with the Network of | ndependent Directors of the CAC 40
We know that within social networks, “power ringafe formed, connected, for instance, to

qualitative criteria such as gender, studies, natity or even occupation. This also applies to
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the network of directors of the CAC 40. How do smknsability measures change when
examined based on a qualitative subnetwork this2im

From a “qualitative” point of view, among all ofdldirectors that make up the Board of
Directors of the CAC 40 companies, those who amtaded independent appear particularly
interesting to us. Historically, this notion of inmdence of directors appeared in the reports
on corporate governance that flourished at thenpégg of the 1990s in numerous countries
following often fraudulent bankruptcies and finaicscandals (Maxell, BCCI Bank) that
certainly blamed company directors, but also tisefficient internal (Board of Directors) and
external (auditors) control (Massol et al. (2009afese reports that were echoed by the
“Principles of good governance” published by the GDE (2004), aimed to formulate
recommendations designed to allow for a betterrobof the managers that were sometimes
found to be more inclined to maximize their pensiatue than to act in the interest of the
company as a legal entity.

Within all “good conduct” preparations, that stigid, amongst other things, the improvement
in terms of transparency of information, the cmatiof special audit, appointment and
remunerations committees, the presence of directectared independent within the BOD
holds a key plac By virtue of their very presence, these directmes supposed to improve
the functioning of the BOD, particularly by meansaobetter management of conflicts of
interest between management and shareholders, Isot lzetween the shareholders
themselves. Through their outsider perspectivar thepertise and lack of links with various

stakeholders within the company, they are meannhfpyove the reliability and the quality of

Pas an example, we can cite: the Cadbury repor®®2lin the United Kingdom one of the first of iisid, and

in France the reports Viénot | in 1995 and Viénan 11999, then the Bouton report in 2002. The asi reports
were then included in a unique document placed wtite aegies of the AFEP (The Association of French
Private Companies) and of the MEDEF (MouvementElgseprises de France — the largest union of eneptoy
in France), in 2003. In France, this document seas“Code of Corporate Governance” and as a refer®
companies.

%276 be considered independent, a director needdfith & certain number of criteria which are dégdi within

the Bouton report or within the document of the RFEMEDEF that we have already cited.
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the information provided to the market (investorboware already present or potential
investors). Despite their shortcomings, analysesexternal controls relying on information
provided ultimately by the management are addedevial terms of their extra reliability and

rationality of policy, accounting or company ressimanagement decisions.

a) Comparative Statistics
Based on the CAC 40 network of directors, we haeated a related network: that of the
directors who were declared independent at least (i) in the sense of the Bouton Report
(2002). It is not easy to create a network of deedandependent directors. In fact, the same
director can be declared independent within onepaom but not be independent within
another. Therefore we have considered the ID né&twora broad sense: all directors who
were declared to be independent at least once bétotigs network. Table 1 compares the

number of directorships.

Number | 1 2 2+ 3 3et+ 4 5 Total

of Number

director of

ships Directo

rs

CAC 40| 108 37 62 16 25 8 1

2004 ID | (63.53%)| (21.76%)| (36.47%)| (9.41%)| (14.71%)| (4.71% | (0.59%)| 170
)

CAC 40 | 343 58 86 18 28 9 1

2004 (79.95%)| (13.52%)| (20.05%)| (4.20%)| (6.53%) | (2.10% | (0.23%)| 429
)

Table - Distribution of the number of directorshpges director (in France, this number is
limited to 5)

Table 1 allows highlighting the following obsenats:
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- There are only a few persons who hold several wirgkips (one or two as the
case might be). Nevertheless, there continues ta ksgnificant number of
directors with three or more directorships (clasé% for the CAC 40).

- The network of so called “independent” directorserese to be more
“concentrated”: the number of directors with selatimectorships is far more
important than in the associated CAC40 network:entban 36% of the ID hold at
least two directorships as opposed to 20% of direah general. .

Obviously, an ID type of network can be createchimithe CAC 40, a network that includes
the most influential members of the CAC 40. Théelatan always find at least one company
within which they stand and which will provide thewith an ID status. If we were to
compare the directors declared independent at teast to those that were only declared
independent, we will be able to conclude that erage number of directorships goes from
1.55 to 1.14. In fact, the percentage of singledaorships within the network of strict ID is

more important than the “greater” ID network.

b) Difference of Communities
To return to the approach developed in section #:8.have measured the levels of influence
of independent directors in their specific networks expected, this network engenders
several small size communities. Thus, after a elugy cycle, the ID network consists of 24
communities (of respective sizes: 9; 18; 17; 13;111 10; 9; 8; 8; 8; 7; 7; 5; 5; 4; 3; 1; 1; 1,
1;1; 1; 1), after two cycles another 12 remain @&&, 33; 20; 5; 1; 1; 1; 1; 1; 1; 1) and after 3
cycles another 9 remain (158; 5; 1; 1; 1; 1; 1; 1).; The first conclusion is that only 7
directors have no link to other independent dinectdhis converges with the analysis

detailed in the previous subsection.
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Based on the table described in Appendix C.1., cae find that: the most influential
independent directors of the network are not necggthose who are the most influential in
the network of independent directors. Whereas MiBloa goes from 8 place to the 68 and
Gerhard Cromme from®place to the 1¥, Jacques Lagarde goes from the™ggace to the

6" at the same time. Naturally resulting from thithis following proposition.

Proposition 5: An individual indispensable withlretoverall network is not necessarily so

within his own qualitative network

Conclusion

All'in all, resorting to different instruments ihd analysis of a network’s centrality engenders
two types of difficulties: the need for almost if information and the possibility of an
overall reading of a network. But, within a sociatwork, each individual seeks, by
definition, to establish his relative authority. tlie appointment or the non renewal of a
director does not escape this realization, theoreasf the co-opting member can be nuanced
by the fact that his relative authority (micro pegstive) depends on the ranking of his
company/community within the overall network (map@rspective). Our micro perspective
analyses lead us to the conclusion that a centdwvidual is ultimately the one who most
destabilizes the relative authority of others. \Wastsuggested an indicator of this influence
and its possible variation in terms of indispenksgior of non desirability. It was shown how
this indicator, in relative terms, allows us to pde/a measure of the strength of weak links.
Moreover, this modified indicator (giving up on thgpothesis of a lower initial ranking) also
provides a measure of indispensability from a mamospective, as well as a community

based approach. The limitations of this work areia@ls; as illustrated by the difficulties of
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the transition towards a qualitative network. Whatethe criterion applied, the notion of

indispensability is in itself a function of the easched network and of the efficiency criterion
applied; not to mention that efficiency can be atemala priori aspect of the network, such

as the network’s ability to generate pricing agresets.

Finally, an ongoing research endeavors to tespémgnence of an indispensability measure
defined, for instance, on the basis of the betwessictriterion in order to understand the

changes observed throughout a given period witloiarés of Directors.
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APPENDIX A — The Network of CAC 40 Directors

A.1l. Methodology and Descripe Statistics Concerning the Network of Direc

We conducted an analysis of: network of directors within CAC 40 for the ar 2004. The data tr

were used came directly frodocuments published by the companies (gely annual reports ¢

reporting documents). We habuilt two networks within CACO: one consisng of the directors ¢

boards of directors or superviy boards (be they independent or not); and ther, consisting of th

companies that they manageside these networks, belonging to the samepany generates a lii

between two di&ctors and hezing a common director is the source for cing a link (network

between two companies. Bason this, it would untimely to extrapolate the othesis that there is

causal link between the size coards (i.e. the number of directors) the comjany’s ability to creat

links with other companies. Inict, such a relationship does not exist (figure.).
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Figure A. 1 - Number of directors and direct links within CAC40

It is to be noted that AXA, e:n if it has only 14 directors, manages to e 23 links with othe

companies (sometimes links vards the same companies) via the presenits directors in othe

boards of directors of compas from within CAC 40. Thiremark leads to ie conclusion that tr
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directors do not have the same importance, sonmggbwaore influential than others. The centrality

criteria seek to emphasize such types of “influéngeortance” within the network.

A.2. Degree Centrality Criterion

This criterion consists of measuring the centradityn individual by his number of connectionshe t
others. An individual is central if he is connectedther members of the network, he is considased
marginal if he is only loosely connected to therhehigher the number of links attached to a node,
the more central it will be considered. The ceitiras thus an indicator of the implication andtbé
engagement of a node within the network. For otwaosks, this indicator corresponds to the number
of links of a director within his network. The kaling table provides the first 10 directors actogd

to this criterion.

1 | Mestrallet Gérard 61
2 | Pébereau Michel 61
3 | Breton Thierry 58
4 | Proglio Henri 58
5 | Bouton Daniel 55
6 | Mayer Francis 54
7 | Owen-Jones Lindsay 53
8 | Carron René 51
9 | De Croisset Charles 50
10 | Fourtou Jean-René a7

Table A. 2- Ranking of the first 10 premiers accorthg to the criterion of degree centrality

A.3. Betweenness Centrality Criterion

This measuring unit, more precise than degree aégirdraws on the faculty of betweenness of an
individual: it is the number of individuals/compasito which an individual/a company is indirectly
connected, via his direct links. More specificathis entails measuring the number of times a riede
placed on the path between two other nodes thahatrénterlinked. An individual can be loosely
connected to others and yet prove to be an indssi@ intermediary for the exchanges. It is obvious
that a high degree of betweenness is synonym wehability to influence/co-ordinate the network.
Within our networks, this indicator is also a measof the likelihood of a director or of a company

be placed on a geodetic path (i.e. the smallepaitif lengths connecting two nodes within a network)
of different directors or companies of the netward so to be a mandatory path for connecting two

directors or companies.
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Name (Entire Newtork) B. score | Name (without F. Riboud’s links) | B. score
Owen-Jones Lindsay 6584.3 Breton Thierry 6638.1
Breton Thierry 6552.6 Owen-Jones Lindsay 6457.3
Mestrallet Gérard 5360 Mestrallet Gérard 5477.5
Proglio Henri 5190.7 Proglio Henri 5310.7
Bouton Daniel 5180.5 Bouton Daniel 5215.8
de Royere Edouard 4517.4 de Royere Edouard 4542.4
Pébereau Michel 4368.7 Pébereau Michel 4458.1
Lombard Didier 4127.8 Ladreit de Lacharriere Marc 4290.5
Roger Bruno 4047.8 Roger Bruno 4243
Friedmann jacques 3772 Lombard Didier 4145.5
Carron René 3710.7 Mayer Francis 3806.3
Mayer Francis 3646.9 Friedmann jacques 3788.7
Jeancourt-Galignani Antoine | 3142.1 Carron René 3778.5
Fourtou Jean-René 3121 Jeancourt-Galignani Antoine 3157.6
Ladreit de Lacharriere Marc | 3043.3 Fourtou Jean-René 3144.3
Desmarest Thierry 2999.9 Desmarest Thierry 3042.4
Dumas Jean-Louis 2902.6 Barbier de la Serre René 29185
De Croisset Charles 2842.8 De Croisset Charles 2768
Barbier de la Serre René 2796.7 Lagardére Arnaud 2678.1
Riboud Franck 2788.3 Dumas Jean-Louis 2666

Table A. 3 - Changes in the betweenness centralitgnking without Franck Riboud’s links

APPENDIX B — Evolution of Communities

B.1. The Algorithm of Blondel, Guillaume, Lambiatel Lefebvre (2008)

This algorithm uses a cluster approach. Initialhgle node (director) forms a community by
itself. Then, according to a maximization of the dularity gain criterion, a node is
potentially attached to the community of ngd&hese grouping cycles can be reiterated until
a final criterion is reached, natural or to be wedi (there is only one community left). Within
our CAC 40 2004 database, after a grouping cybkretwere 26 communities left. After two
cycles 5 communities remained, and after 3 cyclés dnemained.

B.2. Communities after 2 Cycles

The table below classifies directors according e tmportance of their impact on the

communities. This importance is measured by the ¥@aiable, which is the squared sum of
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the size gap between the communities without tileslof that particular and the communities
of the entire network (sizes in red)

NAME 163 | 118 | 67 | 63 | 18 | 0 | GAP
Cromme Gerhard 211 | 104 | 95|18 | 1 | 0| 5309
Cannac Yves 214 |1 133 |63 | 18 | 1 | O | 4867
Blakenham Michael 207 | 141 |62 |18 | 1 | O | 4515
Bon Michel 207 | 141 |62 |18 | 1 | 0| 4515
Pinault Francois 180 | 163 | 67 |18 | 1 | 0 | 4339
Blanc Christian 125 | 123 |99 | 63 | 18 | 1 | 2493
Henrot Francgois 125 | 123 199 | 63 | 18 | 1 | 2493
Leal-Maldonado José Luis 126 | 122 | 99 | 63 | 18 | 1 | 2409
March Carlos 126 | 122 | 99 | 63 | 18 | 1 | 2409
Rodocanachi Pierre 126 | 122 | 99 | 63 | 18 | 1 | 2409
Vandelvede Luc 126 | 122 | 99 | 63 | 18 | 1 | 2409
Breton Thierry 134 | 115 |98 | 63 |18 | 1 | 1811
Azéma Jean 163 | 110 |99 |38 |18 | 1| 1713
Bouton Daniel 163 | 110 |99 |38 |18 | 1| 1713
Carron René 163 | 143 | 67 | 37 |18 | 1 | 1301
Ranqgue Denis 169 | 89 |8 |67 |18 | 1] 1217
Lagardére Arnaud 162 | 91 |87 |70 |18 | 1| 1179
Bisschoff Manfred 163 | 91 |87 |69 |18 | 1| 1165
Arnault Bernard 163 | 92 |87 |68 18| 1| 1101
Rohatyn Félix G. 163 | 92 |87 (68|18 |1 | 1101
Mestrallet Gérard 168 | 93 |87 |62 |18 | 1| 1051
Chodron de Courcel Georges | 163 | 94 |86 | 67 | 18 | 1 | 953
Douroux Lucien 163 | 94 |86 |67 |18 | 1| 953
Fontanet Xavier 163 | 94 |86 |67 |18 | 1| 953
Peyrelevade Jean 163 | 94 |86 |67 |18 | 1| 953

Table B. 1 - First 20 directors based on the GAP derion.

B.3. Communities after 3 Cycles

NAME 411 |18 | 0 | O | GAP

de Royere Edouard | 400 | 18 |10 | 1 | 121

Lombard Didier 402 1 18| 8|1 81
Table B. 3- Communities after 3 cycles

in theory, it should be 2: (-1)72 + (1)"2.
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We present here only the most “indispensable” 26ctlirs and 4 particular directors. 125
directors out of 429 (29.13%) have a stronger ihpadhe structure of communities than the

mere creation of an individual community.

B.4. Communities after 1 Cycle

cl.lelslsle]s lH].. FlsL sblan]a fa s e e el ]ezlse]ar oefeslig] ¢ 51018147 “EL
cl.]olels]afs H{H].. Polsl SH{a|e |20 fb|3b g (6l |%2|se|3T e[| le| ¢ <344 6L 1B
cl.]:|elg]a]s W|w|.. O e A T P S A N T O T A vl S e ol J8IE C 2B
CI.T:T8[8[3]3 OF[ W] Wk #.Jo0 SR[a[e Jib Ah]3r B JhE[R0]sc[ae oSce]ie] €1 QEICpTelghc: ap
STeT8l83]3 MW b b o RRTSH]ACTAL HTBF 8 JRL[R] k[0 BCJCE[IE] ¥ scluEl-jo.BH
IHEBBBEEINE AR AP RN R EE AR R LEJSLLT OLE J
clolsla[8]3]3 Hlu]., Bk lsl BE]sH[3 ]l f[3b B fen[a|sE e oc|ce]le] 98 ALpIATESAGE]
clefefs8]3]3 HlW]., Pobo[sl b [eb o fil ab]ar 6 oz el occz el ok Jeer joicg
clelefafafa]s Wlw|.. Pobo[sl ab[eb e ] a e B oz selae ocez el oF 3,181 42LE]
Aslelelalz]s Wlw].. I B A A AR R R BI4AS 3
clefelelalals Wi Fbobofal Gl ab | sl (30 B 6T (B[ SE (92 0S| CE]Ig] 95 sloln lemrdlne]
clefelelalals Wi A I NP A A ER A KR 2L g Jeuteg
Clefelelalala Wl AN A A A R ARG o B4Ianc g
Clephlafala]s W] NN ETRRETN TN N TR TN 5 A A T N B BT TS =
Clo[2[8]9]2]3 2[4 b T RSS9 Gh|ab S BL|ET[SE[06 06| B8] 0L PEWEG LD
ANAEIEI ] E R RIS Fbobo{7h Sh| 3 (3.2 b[ 3 8|81 0| 8T |50 92 |CE)LE ALeJ Unncg
ANAEIEI ] E R RIS Fbobo{7h Sh| 3 (3.2 b[ 3 8|81 0| 8T |50 92 |CE)LE e E LTy
AREEEIE EA Fbobo7h Sh 3 [eo | 2E[30 8. |61 0T| 27|50 922 % 91 3= AEJoy
IREEBEBEEENINEE A I NP A I T EEA RE LBlsgredy
IANREBBEEIINE A A B ER AR 0T U2 B3
CLolR[a]8]33 & [ W Ler o w3 [ 2 e el ]s]s]oe og] 2[2 L8} JUELLEZT
Clolblal8[33 & [ W WLk & |50 wh|3h][5. {9 s 6. |cz]s|s(oe 0g] .2[c €018 2 5G]
Clefblalglals e (oo W b 2] B[S 000 B |eb 861 20 50]0¢ O8] .25 ALpIR Ueg
Clolelalel33 & [a ] Wb & |50 k| 3h[3. {9 Qb [eb 8|65 |50[08 0F] 5[50 80F 82y LI2LUSE 3
olof2fafalsle WKW elr pilor SHlOMTZb{LL Lb]8L gh[6b[ez]ge oz oe]oe]be ] dve 3NN

37



B.5. Community Changes

The table below highlights the way how communigeslved after Michel Bon'’s links were
deleted (each director is represented by a numéveen 1 and 429; Michel BON = 50).
Initially, Michel Bon belonged to the 163 size coomity. In red, the community with Michel
Bon in the network, in black the community without.

163207 [118 141 67 ][0 63] 62] 18] 18[0] 1
4] 1] 6] 5] 1 2] 2] 3] 3]o h"i
5| 4] 7] el 1 40| 40| 80| 80

10] 10] 8] 7] 13 41| 41112 ] 112
12] 1| of 8] 22 43| 43| 113 ] 113
14] 12| 15[ o 24 47 | 47 116 | 116
17] 13] 16| 15] 26 51| 51152152
21| 14| 18] 16| 39 50 | 59 | 162 | 162
23| 17| 19| 18] 48 66 | 66 | 201 | 201
27| 21| 20] 19| 56 68 | 68 | 207 | 207
28| 22| 25| 20| 61 77| 77| 210 [ 210
29| 23] 33| 25| 62 79 | 79 | 240 | 240
30| 24| 34| 26| 72 o1 | o1 277277
31| 27| 37| 33| 76 93 | 93285 | 285
32| 28] 38] 34| 85 95 | 95 | 286 | 286
35| 29| 42| 37] 86 96 | 96 | 293 | 293
36| 30| 44| 38| 89 98 | 99 | 318318
45| 31| 57| 42103 99 | 105 | 374 | 374
46 | 32| 58] 44106 | |105 107|418 418
49| 35| 69| 57 |108| |107]119

0N 36] 70[ 58[124 ] [119]123
52| 39| 82] 69 |125| |123]130
53| 45| 83| 70 |128 | |130 134
54| 46| 84| 82138 | 134139
55| 48| 88| 83|140| 139151
60| 49| 92| 84 |154| |151 161
63| 52| 97| 88|155| |16l 174
64| 53]101] 92157 | |174 180
65| 54102 97 |159 | |180 | 188
67| 55110101 | 176 | | 188192
71| 56| 111[102 | 183 | 192|103
73| 60] 114 [ 103|187 | [193] 108
74| 61] 118 [106 | 209 | [ 198 | 202
75| 62| 121 ] 110 | 212 | | 202 | 204
78| 63[131[ 111 | 221 | | 204 | 216
81| 64132114 | 222 | | 216|237
87| 65133 ] 118|226 | | 237|251
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APPENDIX C — Communities of Independent Directors

Amongst the directors, we examine the network oédors that declared themselves as
independent at least once. This network is comp&rethe network of non-independent
directors. The following table gives the first 2@dependent directors in terms of the GAP

criterion defined in appendix B.2., and using comities after two cycles.

Bet(l,Total) | Bet(l,Total) | NAME 57148 |33 |20(5(1(1|1|1|1|1|1|[0(0]| GAP
Entire Independent
network director
network
12 1 Breton 8613833 5(1(1(1|1|1|1|1|1|0|0] 1182
Thierry
21 2 Mestrallet 7833|2620 |5(1(1|1|1|1|1|1|1(0]| 716
Gérard
126 3 Bernheim 76 | 48 | 33 5(1|1|1{1|1{12{12(2|0|0]| 602
Antoine
146 4 Brufau 76 148|133 5(1(1(1|1|1|1|1|1|0|0| 602
Antonio
192 5 Della Valle 76 | 48 | 33 5(1|1|1{1|1|{12{12(12|0|0]| 602
Diego
282 6 Lagarde 76 148|133 5(1f(1(1|1|1|1|1|1|0|0| 602
Jacques
298 7 Lord Simon | 76 | 48 | 33 5(1|1|1|1|1|1({1(1|0|0]| 602
of Highbury
179 8 de La 7314935 5(1f(1(1|1|1|1|1|1|0|0| 502
Garanderie
Dominique
67 9 Friedmann 59 | 49 | 49 5(1|1|1{1(1|12f{1(1|0]|O0 502
jacques
304 10 Martre Henri | 73 | 49 | 35 5(1|1|1{1|1|1({1({12|0|0]| 502
379 11 Studer 7314935 5(1f(1(1|1|1|1|1|1|0|0| 502
Robert
79 12 Joly Alain 71 | 48 | 38 5(1|1|1|1|1|12({12(12|0|0]| 462
87 13 Ploix 7114838 5(1(1(1|1|1|1|1|1|0|0| 462
Héléene
135 14 Bouillot 721333220 |5(1(1|1|1|1|1|1|1|0| 452
Isabelle
84 15 Mayer 72148 |33 5(4(1(1|1|1|1|1|1|1|0]| 452
Francis
23 16 Douroux 64|48 |45| 5(1(1(1|1|1|1|1|1|0|0| 434
Lucien
25 17 Peyrelevade | 64 | 48 | 45 51111111212 ({212|0|0]| 434
Jean
102 18 Alphandéry | 66 | 48 | 43 5(1|1|1|1|1|1({1(12|0|0]| 422
Edmond
108 19 Barberis 66 | 48 | 43 5(1|1|1|1(|1|1({1(12|0|0]| 422
Pierre
280 20 Lachmann 66 | 58 | 33 5(1|1|1(1|1(1(12|1|0{0O 422
Henri
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