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"This study documents that the abnormal stock returns are negative before 2
unscheduled executive option awards and positive afterward. The return pattern
has intensified over time, suggesting that executives have gradually become more
effective at timing awards to their advantage, and possibly explaining why the results
in this study differ from those in past studies. Moreover, I document that the predicted
returns are abnormally low before the awards and abnormally high afterward. Unless
executives possess an extraordinary ability to forecast the future market—wide
movements that drive these predicted returns, the results suggest that at least some
of the awards are timed retroactively." Erik Lie, On the Timing of CEO Stock Option
Awards, 51 MANAGEMENT ScIENCE 802 (2005)

Erik Lie & Randall A. Heron, What Fraction of Stock Option Grants to Top Executives 3
Have Been Backdated or Manipulated? (working paper, 2006) www.biz.uiowa.edu/
Jfaculty/elie/Grants—11-01-2006.pdf
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Jeffrey Travers & Stanley Milgram, An Experimental Study of the Small World 4
Problem, 32 SocioMETRY 424 (1969)
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"We have addressed these issues by conducting a global, Internet-based
social search experiment. Participants registered online and were randomly
allocated one of 18 target persons from 13 countries. Targets included a
professor at an Ivy League university, an archival inspector in Estonia, a
technology consultant in India, a policeman in Australia, and a veterinarian
in the Norwegian army. Participants were informed that their task was
to help relay a message to their allocated target by passing the message
to a social acquaintance whom they considered 'closer' than themselves
to the target. Of the 98,847 individuals who registered, about 25%
provided their personal information and initiated message chains. Because
subsequent senders were effectively recruited by their own acquaintances,
the participation rate after the first step increased to an average of 37%.
Including initial and subsequent senders, data were recorded on 61,168
individuals from 166 countries, constituting 24,163 distinct message
chains. More than half of all participants resided in North America and
were middle class, professional, college educated, and Christian, reflecting
commonly held notions of the Internet-using population."®

MIPNTM PR PN NIRRT

"We report on a global social-search experiment in which more than 60,000
e—mail users attempted to reach one of 18 target persons in 13 countries
by forwarding messages to acquaintances. We find that successful social
search is conducted primarily through intermediate to weak strength ties,
does not require highly connected 'hubs' to succeed, and, in contrast to
unsuccessful social search, disproportionately relies on professional
relationships. By accounting for the attrition of message chains, we
estimate that social searches can reach their targets in a median of five to
seven steps, depending on the separation of source and target, although
small variations in chain lengths and participation rates generate large
differences in target reachability. We conclude that although global social
networks are, in principle, searchable, actual success depends sensitively
on individual incentives."®

V"OVUNN N> PO LIVYN

Peter S. Dodds, Roby Muhamad & Duncan J. Watts, An Experimental Study of Search

Jin Global Social Networks, 301 Science 827, 827 (2003)
L1207 MWATH) v

255

5

6



V'OYNN N> DPOYI LAYN PLIVONP NPY PINID PNY ,PNND H1N

07327 Pw 0oMEna M0 NMIPOR DR WYRM AW IR 0°17 11707
NP 2IRY DTN P2 77BN MATT WW YXmna v 12w “op 021y” 19X X7 09WR
MNwA2 0»vIN% owpn on (Gwn® ,07nnown 0wp X2 07YIRPR 0wR 791
QnIX2 13777 73772 WIRR 207 1R N°NTAN N2 Y wI2en 191 ,nnnan
0P MI0PR” 0P WOW ,7IN1N DWIPR” WX DOWIR

71w MATANT 5Y 031 @Wwpn NP By 03 0°Tebn qpnna 100NIW 0%
2°w1 5w NMeopn NTRD qwnta 0Nl T Mwpa2) NPnNan nwaa 0w 00733 bw
XY 7000 0vwp” Bw omavwn By an Mt K21 ,(PRIw 2 0°1I0p T nwna
w7 ow °,Granovetter 2w 12WAT N2V ANwRT? 70y “owbn prwp” bw
XPNT 7127 77°R2 090 MY PN NwN2 wIBeh YT NEDA NI 03
0°7277 19w ,0°217P0 11°20 QPR O°WIR Oy 0°Iwpa 107 000N 0Pl
SR DR 20%7 91 1IN IR PO 533 TR0 27 737 772 0NN 00PN

N137% 037113 ,N1PNIAN NINY DY APRnY TR T2WNT NIIYR T1P0n 71027
711317 N1372 P71 MEANAY 7212° IR 7720 YWY 73287 NIAAW X7, 000 Nen
3777 00PN W MPIWEM BY8IANT X O3 2077 P B0 LNwnT Pw 2a1h1o0r

"When passing messages, senders typically used friendships in preference to business 7
or family ties; however, almost half of these friendships were formed through either
work or school affiliations. Furthermore, successful chains in comparison with
incomplete chains disproportionately involved professional ties (33.9 versus 13.2%)
rather than friendship and familial relationships (59.8 versus 83.4%). Successful
chains were also more likely to entail links that originated through work or higher
education (65.1 versus 39.6%). Men passed messages more frequently to other men
(57%), and women to other women (61%), and this tendency to pass to a same—
sex contact was strengthened by about 3% if the target was the same gender as the
sender and similarly weakened in the opposite case. Individuals in both successful
and unsuccessful chains typically used ties to acquaintances they deemed to be 'fairly
close.' However, in successful chains 'casual' and 'not close' ties were chosen 15.7 and
5.9% more frequently than in unsuccessful chains, thus adding support, and some
resolution, to the longstanding claim that 'weak' ties are disproportionately responsible
.8 X7 .for social connectivity"
Mark S. Granovetter, The Strength of Weak Ties, 78 Am. J. Soc. 1360 (1973)
"Our results therefore suggest that if individuals searching for remote :9pn27 woa
targets do not have sufficient incentives to proceed, the small-world hypothesis will
not appear to hold, but that even a slight increase in incentives can render social
searches successful under broad conditions. More generally, the experimental
approach adopted here suggests that empirically observed network structure can only
be meaningfully interpreted in light of the actions, strategies, and even perceptions of
sthe individuals embedded in the network: Network structure alone is not everything"
.829-828 'nya ,5 W71 2°¥% ,Dodds, Muhamad & Watts X7
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"How can we tell if an Al Qaeda cell :2N12 X7 1787 N8N Farley *Xp vnanni
has been broken? That enough members have been captured or killed so that there is
a high likelihood they will be unable to carry out a new attack, and military resources
can be redirected away from them and toward more immediate threats? This article
uses order theory to quantify the degree to which a terrorist network is still able to
function. This tool will help law enforcement know when a battle against Al Qaeda
has been won, thus saving the public's money without unduly risking the public's
safety." Jonathan D. Farley, Breaking Al Qaeda Cells: A Mathematical Analysis of
Counterterrorism Operations (A Guide for Risk Assessment and Decision Making),
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"A methodology for converting terrorist networks from 7287 n°%2n02 2N21 991 35
undirected graphs to simplified directed graphs (or digraphs), and mapping the flow
of influence in them, is described. It is based on an 'influence assumption' — that
important persons with more links influence less important persons with fewer links.
This methodology, which was previously used to analyze the structure of influence
relationships in Communist-bloc countries and the international system, is illustrated
by its application to two terrorist networks constructed after 9/11. In the second more
complex network, the hierarchy sheds light on the leadership and likely terrorist cells
embedded in the network. Refined data and alternative assumptions about influence
could provide additional insights into the structure of terrorist networks." Steven J.
Brams, Hande Mutlus & Shawn L. Ramirez, Influence in Terrorist Networks: From
Undirected to Directed Graphs, 29 STUDIES IN CONFLICTS & TERRORISM 703 (2006),
~www.nyu.edu/gsas/dept/politics/faculty/brams/networks.pdf

264



INIVI DINVPPT DY NN V"OVUNN N> PO LIVYN

MR *,”37203°3p 5w 02WAT YW N°°Y2” NAWRI 12 ANwKRIT YT, NINIRT
TPPLP 0PI NONMAT TPOTIDIY 320°IP PYI PR DINTT OKPANDT AND
"2 120 03 YA 5302 3 Y 0ophn yaaR® npPinm anvn (1012w
93 X MEAY WBRTR ;1PEYW 71720 ANNANT YA 2N P2 TV PO nyaR
LR OYEn N wa NI 5Y mays oban abnnan nTpl® amn?1 0w nyaw
5w X RN 197° LanPRA XPD N T A7y 70727 R 1732 10°1 Y C2wn

$3720373p Y7

MNEY MYIM ,31203°1p N°Ya By 99X TINRY OXPUuANRA YyRw 1736 N1va

931 ,7y1 Bw pon A% TPTIP 93 Dnod 191X 7PYAT DR IXON RIT NN LINN

R ,MyDE 5w o370K 1001 KXY TIPTIP 290w 1117on 2D XTI RIT LW 7a8> ¥R
MY537 93 777 12w 30 M%on 1on

NP2 MNPy NIRXIN 97 7T LIWD 710 OA IR ,0ITR MO MR RN 773
1°2 M2anmT (edges) myox) (vertices) 0°TPTIP +0°2°27m1 210 23w 207 A7

NormaAN L. Bigas, KertH E. LLoYD & RoBINJ. WILsON, GRaPH THEORY 1736-1936 (1976), 36
books.google.com/books?hl=iw&lr=&id=XqY TkOsXmpoC&oi=fnd&pg=PR9&dq=
the+seven+bridge&ots=BHeS5iFOLDR &sig=q7q8P9EeWMfi_hpq59WiXv2Sxf8

265



VOYNN N> DPOYI LAYN PLILONP PP PIND PNY> ,PNND HPN

DOTIPTIP 23w 9 Ofaw 0573 1107 000w 0°9732 1UIYNI IR LOTPTIPIR PO
TIPTIP INZYD 2R 11K TIPTIP 0P 7292 AR YPX My3nxa 5922 ox ,0°12imn
PPOPIRCAT 7Y PR W PI IR NP NIMoR YO 1KY TIPS 1100 7732
99011 77737 YW (Order) 77977 XIPI 7732 QUTPTIPT 7001 (1YY Mawn

I3 PW (Size) DT XIp1 NMYSRn

0002 D2IVWN DN M7 .1

P (1977 187 ,2173 ©) 7AMAR” PNwT NPYUIITY Mpnt N = Jup 82w
nPNwT NPLUINY Oy Nwa T wpna (TR IR T3P L) TpTeT 12 e
939 921 TPTP OR 107 = 0D 0°0W CIw w0 TPTIPR ORY Aynwn T2
J2oma OnRy 127 01°2 03 027217 P APK 03 P20 IR - DUTPTIP CIwn TR
%P A DOYAP TR0 P OIpR Tw YD 1n NIRDM P e DYR 0N
D ARMWI N30T, o)

1D°WI7T 0210 113 1o° K21

(D7VPTTT T20R) NYI2 DPPTIPR Tpon = N

QU2 DTPTIP P 02w N pon = N(N-1)/2 =P

LDTPTIPT 12 PYI1D2 oonwi 00120 Jon = M

AN TPV 1R P )) § TIPTIRY ww 0w @R 190 - TRTpn natT - K
TIPTIP 999 whw 0210wn 190n 130T

M7 95 0100 X YXIAAT 032 DTPTPR 99 Maya K v yxmnn - Z
OPTIPTIPR T20n2 PRI OTIPTIPR

Y372 NINTOY WITT 22wrnn DOMYpR 180n — DY TPTIR 1Y 12 prnT - d
QY21 ,NNX 77T NP2 TPTIR? TPTIPR YOATY 1001 ovaye® Lj TIRTIPR i TpTpn
TP 7772 12T TR RIT IITIYD W, NRT QY LR TIZP T1TR 0 AR N
N2

D>7TA7 DR 2wn1 PRTLYY (1IN NTY) AN Yy MR TPTP 93 Maya
9330 7172 X TPTIP DR TR IX2T IDIND NI X TPTIP 22 7Y DR LOP0IND
TPTIPR AR 770 5w pAna 19731 P 191X OTYR 120 X TRPTIPY 2P TR TP
PN 021307 D TPTIPT 93 DR R¥A1 17272 DTPTIPAR TR 93 M2y31 (1 727 x
79152 M2 17T PR = 177272 IR 0 1072 17T XD WRY 1nn DNX 7T Yw
JIN2T NP XD

1w 93 12 opnnn 93 0130 10T L, TIPTIR 1w P2 yXIMnT pnomn - L
«(P) DIWERT MAMT 190102 PR MY DITPTIP

5w P10V 72w ATRT DR IPTT L, DNWAR NP0 DR T1TA 1 OXR 70D
PIAN 72w ATHT X DNYIT NPLIINLA ,TAPING 2070172 “001annn” TpTIp
PPN 03 X DONwTT NPUYUTILT 0Ny 1P2% 032 0°720 03 077 OIR ST 000w

266



SN DNOLPPT NYI NN V"OVUNN N> PO LIVYN

AT NIATT WY 0IwR DUWIR CIw P2 w0 1213 02WAw YN IR YT 120770
197 (72772 23 "NPART TDORT NI 43 W0 1IN3 DIRDW 1731 ,71IRDD LRI
Yoam71 9173 7907 1T .6 131TA DWW AR 4371 ,77°10 1377 DUWIR 43%43 7700 K
72077 82X 1913 02w NP9 DX APPAY 792 W M ,DOWIR TN 6,573
QoyNn R 190 77BN MATT WYY NYDING 0N NYTT DX 030 10K 7T C10ws
IR AP AXPYIN 197 .07°2°2 DPMWR 0XR DY 12N Jon , NNwaT D100
J12972 D°PINY 07307 DUwIT LT TIPRa 11103

0°37y 0°7%7n 0TI PN NPLIIN0T 011 0°02pn 0TI CIw 0P
>23% 7T ,WHANwI 13X 12 ,TIR T TR0 0°PY OPR 07 X ,172 0 172 0°*100n
MWONRT 2T 0° NN 701D 02 1PI0W 172 PYID2 0OV 7901 DR MPTIP 93
S URNYI R? 12w AR TTAT TP TP 22% 002 00y yivonen Dapnn TTa7 .00
9D0nY OM°2 0PI DPNWPT DTIPTIPR MWL 100n DR 1121 1910 AT By 1112nn
JIWRIT TTAT DR 0D N2 12201 127 132 9137 D wwnn

DMV 1801 PAM j TPTIP P (1 7M7) POV P2 DMBAT N00m -
07BN

10317

K1 m) j "HP'HP'? Y 12IR2 D°2INAT DPTIPTIP AW W 12W ,0 X7 ¢ 7 77723172
411 0¥ 77 0°7210% DR 03N
$2 7nRAT

»

am ,j 71?71?5 MPw° 0°7210 2°TPTP 3 w° 2% ,1 R ¢ 17730 113172
0IWBRT 0PN NP TN 0°M2n T1Pwa 077302 02NN

267



VOYNN N> DPOYI LAYN PLILONP PP PIND PNY> ,PNND HPN

13 AT

oM ,j TPTIP? NI 02T DTPTIP 3 @ 190 ,1/3 RIT ¢, NPwown Ml
LOWERT 02 YYD m ) IR MBN2 P 072 0nn

NPVTIT? YR 12 TIT W AR CTRTIP 93 21279y ¢ yymn - C
95 12w ,0%w A732 %D IR LStrogatz™l Watts 2w onrw-by 1P XIM NN
AR C, 5w WA 0 TPTIPA 92 0y 0vmR TP TR

5w N1YENT NP TPTIP 93 Maya = 8v0m TIPTIP M2V 2OPRIRT NabenT
o7, m1P2) 1 RIT NP IIPR PIIRT OPORY DPTIPTIPT TD0R P 0PN
2 XW7 N2 RPA PRI OTPRY 0TIPTIP 190R ,(@°97an NRYIM TNIRI 0OXXNAI
,@°2711 NXYIM TNIX 0720 DR 87 IR TR ANIWR M0PIT MY o2 02p)
JIRDI 19

NASENT DY yRIMnT RIT (IR2P M2y W) A7 PO M2y o°pnnn nabani
(IX1222) 7732 OTIPTIPT 9 M2y oopnn

NIVOPT Y DNYININD .2

0»13¥p 0°21%0m Pw 7°yan nX N9 “(Dijkstra's algorithm) 7I00P*"T 2w QN 139N
M2ya ,MPPwn NIRYI PMYDRY 1397 732,101 TPTIPR 11707, 70 prn N2
awx ,BFS ,an>1a%x71 5w nowion 70732 1wnanwi 1R 7272 0795wk mbpen
JIREIN MRS 79217, N1Ppwn XDPY 0011100 7K? 0°73% novnn
¥ap1 1323 07MYaw DUTPTIP P X12p (PXIR) 25w $331 77517 anvaeN:T
DTPTIPIR IR 7X12PY 0°137% M PRSPPI A%pn P1P0n7 nPoo
73122 107y 09195 DIRY DOTIPTIPT 1720 PRI TIPTIPR N2 3P 91900 2oyl
TIPTIP 3 %237 O MAPRA P172° ,A%13PT TIN PR wINT TIPTIPT N0 KD LIINKT
1230 90w 1001 OX ,IX12P2 PUIY RERI PR WX 0T MPTPT S 10w 1w
7197 71 PRAN WwINT TPTIPT MIVEAR2 MPRTTTIPTIPA N2 %P 51%0m0 nX

Donald B. Johnson, A Note on Dijkstra's Shortest Path Algorithm, 20 J. ACM 385 37
(1973)

268



SN DNOLPPT NYI NN V"OVUNN N> PO LIVYN

X311 - 7¥12p2 195017 00w DTIPTP M1 - N2 DTPTIP v Ty 90 0Ty
DTIPTIPA NXI2P? IMR 2011, MPRTTTIRTIPR o0 PNt Y TpTP InT R
505 omPa “7137y” YA ,AN12 0°IXPR OPRTRN DX 71907 QRTEDRT OTasbw

JIR12P3 OIR PR 110

NT — DPNVPT Y P2 PNIND NNINN L3

qXPT PRI DR RIZA? NITDY 0027 0°91%0m WPPRY TWER DPTPTIR *3w 90 12
11 ,ARNT2 (@93YR 00 A3 R YY) 0027 oO¥Y 732 Xixnb by anea
D P (M=7) 0711173717 DN P 771 (N=6) D*10PI*T 6 W A0S Nw Nvpw
1 MVPIPT ORY QIR ,(NID*DD 0M> 237 11K 11197 1K 7737 ,11°77) 0»110717 07
NEYINI 727 2 NVPIT IR MR IR ,2 MVPIPT Y NEMYA 0971 NXYINA AN
(D793 DRV NN 1 MLPTT OY NENWwR 029N

nwwn TR 0P 7Y 23 X112 00Xy OwUw Nwa2 XXM 7I00p°7 Pw onvaoN:
M2 QREORT SPYANA PInn NYD L0370 07 YV 0P LRI
DR WD TV IR 1701 MOPIT2 N2 R 7013 737 .00 02010 NopIT
AOPR TV TN DONOPTI N 32,0 W N0 T MOPTT? (2 19012 1YY
R¥N1 07 19K PTI DONWOPT NYAwn TR 93 DY W anabRa awn 253
Pw MRT TR DORINY DNVPTTT LLPT TR CIwn TR 1 '0n MopT
25w 25w (371 2 700 DOVPTT 19X 11DW ANA1T) 1770 DX 0°93pn NP
IR 1702 07 19K PTIAY OOMWPR NYawn IR P2 DY NYAw 921y onvIntRi
DOIVPTT 01K 19 NVPIT R¥AI MRT IR 175 DR D1PY 10PIT REA3
Y2377 25w 671 5701 DPMLPTYT STPR MOW AnRATa - 2 WA DX 0°9apn 0K
RXMI IR 17°%2 00 19°K2 PTIAY DNWPT NYAwR TR 93 Py 21w 121 anvItR:
T9R DOVPIYT 01K 1DTYR MVPIT RINI MR 10X 2 T DR P1pw MopT
22 QnPAPRA CwUNT 25231 .4 700 MBPTYT 1T 135w AnA1T2 ~ 3 77 DX 0°92pn
5P MLPIT XXM TR 1R 0IA 12°K2 PTIA 0P Nyawn TR 93 by 2w
MNP PR 1P TRATIR 111791 SPO1K 12TYR MVPIT R¥AI NI 1R 3 W DX
TM2Y2 2O DX PODN QNTNAPRT D10 W @0 723 0PI 235w own LMD
¥,1 01 NPT

6715 ,4 ,3 ,2 DPMOPT N2V DT DR TV DNPNAORT 1DIR 1NN

722 P2 NP2 PR PR R MoPpT 900 TRxn annbRIw Wi

.2 19032 713172 NwA S R XY 38

MR XXM T RD R IR AIOIR T OY QPNOPIT 1R 19K O3 PO 7P aNDRT 39
TP 0K T OY MOPTT NI 1T 3 W O NYPT XIRD TIRT 1R
RINI MOPTD 0P 11X D10 T PP XKW MupT P20 100 MupTT 12 pronn M
SBIDIPRD INIR TTAN (1701 TVPTT Pw I MR MTWP 2372

269



VOYNN N> DPOYI LAYN PLILONP PP PIND PNY> ,PNND HPN

D10 PR 0°1°2 O¥PY DXNVPTYT 1w 93 12 LW DR D23MY 1OV NPT
7772 4 'on MLPITY YOAA? N1 1700 MVPITA ,IRAT? 02977 IR RIXND 1N
)3 TP WR) 1N ANPMAPRAY 020777 NWR AR W U7 4<546<241 (IR
R 72 >72-5Y 1 777 Y30 ONORT (XD NYRINA T172 P2pnnw 4 prann nmys
[2ynT DR YN 792D °DI0 W VPR DPMOPTT 1w P2 DNWPR X P2 IR
(5 70R MWPITY 6 'On NYPITA

TXO0NT ©.(6x6) TX7WN ONPNIDRA DY NIRIINT DX 2°X72 1N°1 703177 019707
017 0N P oW 0wn NP3pNn T ARXIN LJI037KT 2°30 NM0R0 12°7 NPApnnw
TI77 03 X7 2 MWPITP R MoPTTR YA AN 7I%PT 7070 199,070
LR MOPIT? 2 MOPTTA YOATD NP2 TP

% M2own v 01 IR3T2 Do) PRIw2 0MvpTI N v 9T bwa
M1 19w ,NP0R0 AXTIORAY STV 191 nNORT DY TTIaATRRI Maonn
Oy N2 . 2awnni At NP 7I0n? 921,002 NN NP P y¥ab 101 70n00n
3,000 OY NW12 02X ,*MYRwR 1K 1190°17 72°091 ,0°20°0 36 D°WITI DX WVPIT 6
.0°212°1 4,500,000"2 XVIN® 1120°77W 72 ,0°21°N 9,000,000 O°W1TI D VPT

1DPMVPPTIN NYI 2NN D P9

My3nRa ,2170% NPIWER Pw 7MW 7YX 00737 NTIN2 NPOIYI NPTPRT MNDo7
yox 732 TPTIPD NPT 95 MIRTD X7 DR 17 .0°MOPIPTI 0D Yw A8
MY 11PNLRPTT DPYIN OVPITIY OPR NRYP AN DPTPTIP 1w P2 NN
WR MOPIT 19 DX RIT TPTIP 23,0 AW 2970y ,00M0PITT NYI2 (NI TN
93 RO .07 NXYI ANIN2 NOR 0°2WTT DPM0PpTTT 9D oy (Wwpn) 12mn
MIZYIN "NW3 797 MVPIPT A732 DTIPTIP P (0N T2 117207 932 0PI
yox2 (WIPR) 1R X IR ,7292 TR TPTIP CTUDY 331 N R NN 0°9n
71an2 257 DXV NN PR DOREAIT (@RI DTIPTIPIR IR 93 oy
% nnx

XWT TPTP 23 12w 773 MyEneR2 0PMwpTeTI 02w Py Ponoa X% nanR 77
OX ¥Y9X 7300 ,0°97I NIZYIA Y 0°%TnT ,00TPTIP 1w 172 .0°00an DRy
AR TR NPT NINEY 22PN 1950 023 wpTTa

o2y Sy onoi? o7, MNWRIT Q23777 PN DR A0 1001 Taanw ,nowbw 117
:DPTPTIP Pw N1PO1PIIXR Nw w1 7T 7032 LBipartite XIw 773 MYIRRI 0°0p7T

.1 11901 1R XM NIXAY 40
21 D01 1X7 1213 AT MY TPTIPT M2 DPATRN NMAYENA NAxTP 41

270



SN DNOLPPT NYI NN V"OVUNN N> PO LIVYN

MYP2T 71 7732 .00IP0RPTT QAR DTPTIPY DPN0PTT 23RN DTIPTIP
JPPOPIIR TMIRD DOTIPTIP IR P2 MR (X IR NPOYIIRT CNw 12 MIann
73R JPMOPTT AT MVPTI OX PPNVPITY MOPTT P2 AN YOX 1007
DOTIPTIP CIw DY Mnn obYyNaY wew 1337 TN ,0°NRT %9737 DR P2p5 101 m
JIX WP N NIyEnRa

32 TIPTIP R MOPIT DD 1RYY ANWRIT AP0 DR LXK T ITY2
ME% AR 1PMVPIT 0PN 0w QPR 0P DTIPTIP CIw 12 MM

T9RWT 5w 719722 03 X7 ,0°RTIP 0°P122 727772 97210 L7 KR b 11y
0°7VRMD 07 7Yp 0217 YW 0°17ERN IR 027 RIT PRIWA 00RO OX
TAI 19 T PROAT YR LPRORA 0 (0w TPTIPR P2 piann b 0w
PR DY MNw NYRPRD Ny

X1 71730 AMRY QPNOPIT CIW P2 PAIRT 0D PTAI 00PN NI 1NN
AN IR DPNOPTTT P2 NOWORT TR0 DT R TR 01 PRI ,GITT DY prn) yiap
077120 11X “2.0°MWPT7TI 03191 07 172w MM 0°971n0 MEYIn Yw 11901 11
nID°D3 0M°? WV 2 1N 07w N 0°207IM 0°973 YY 112NAY TNy PR T %D
0072NAY 1917 19X NPIPANT N1ND0) DXNVPIT P2 WP NRRIYDY (@1301 0°57)
(TnR2 XY = 9% NonTnm MY

nwAT 5 XY 12w 2¥n X1 0D MY 0 ,0PNVPTTT NPT DR XD WK
2101 02 012 002N PP XD WR NRN2 0ONVRPTYT P 10T ,072Imn
DM IR PO WX 0PI wIPw 0°1759m 7aw 7720 NP9 nwan ox anaTe
NNX 770 DY pran2 12mn 0PI N PR TR 93 1R 7 77203 P IR 1100
MYPIT 53 12 PAIRT DONMVRPTTT D D9 9218 IR IR 77209 1020 v oy
DX 111 Y2372 TWORTORY Q1R ,°D101°KD 7731 NYI2 MK NPT P20 1A 77202
(Q7TYX 5w D10 72012 MRT WVPIT

(1) :0°KRIN *3w 0Pn KT OX (0INDAP = 1Y22) "MTPwp 2°37” XIP> 7732 Pon
TR TIPTIP PR (2) 507°1°2 720nw 027y Pw 0910 21501 0P 12 OTIPTIR CIw 9%
A2 DTIPTIPR TIRD 02TV P 0910 190m2 1POR YUATR 101w 7732 PR INND

"3 °20 12 DOR¥NIT QWA DNVPTTT 1900 K17 MYR 2297 5w 717977
IR ANTTNT ORYR L, NITPRR 2007 D LNIPYR 2207 D P DPM0pT T Nwa 0D
MI572 DA MTPWR 22237 CIWD 0°OPNwnT DPMOPTT AN ,ImB ,00nRD 2
P2 91TA7 MnR qDon Swa LO0YTIn NIV INMIN2 AMwnl 0°370n OPR
EIRR N 9% 9T3 T MIwRR 2007 IR D MY P20 ,00N0pTT
man 5w o wpaeT 19927 59377172 001vp P NIPYRT 22007 N7 (@pTTa
07N IR NNXR

9173 9N2 D177 MITPwR 2037 PRI 0PI N2 ,TwniR IRNIY 093

1T 070 T3 MIYD NPT 9 A Pt 42

271



LOYNN N> DPOYI LAYN POLILONP PP PINID PNY> ,PNND HPN

N°DYXD0 NWT2) 0°I0P7 NIRRT 2237 TN2 MNP LOPNRT NIPWR 022971 12772
9072 51737 MPwRT 22979 P75 PR 07201 1991 ,171n IR (115w

PRIPRN DNVTPTA DY 9T 1 799

IPRWA NPXRWI ,”10p 0279” P N1115N NIN»pNn Nuvon NwIaw 0°ImIR 13X WK
207 ARMYR2 “10p oY

,DPI277MIZIR PW UM TI0P DRI DONDPTTT Nw D P 9120 nyTTIa 9
N17277 9207 03TIN3) DRIWC2 D MLPTTI 1207 19W ,Nwpann T 1pon JHwn?
PR T IRNWA? 11779 ODIR LN NIRIND 010071 TNIYRTR 191X VP (NP3
J7I91 Mynwn 93

WX ,NPVIRIN PN B N2 1T AOIRD X1 NPT LINDT 11101 RN
9DORY 7932 XLIANM T IPAT PRI DPNVPITT DYDY Sw NP T IR DR 9O
,JPDPRRA WA 79X2 00T NPLTNCNT NwR2 05907 0Pwopn 120m 0P
N7PX°% N1M2N07T NRYD ,ORIPR TDIND DUWYI QMR P2 ORRy 0w X
JUMIRCRNT NN 5w 7732 MATTT NabanT v9thY oUyap oOTPTIP I 12 R
09977 0°0PID7 NX NP2PR K7 190 2037 NPXIPR TR DPDIINRCNT DY 10 OX
>DOPVYD 1BIXI LN L, TIT2 NI MNP 9D PAn 15T NIRRT DT bw
PRI NRYPI DONPART DMVPTTI WA MwIN T NwT ,NyRImnT nwan nR
STop 0219”2 72177 OX 11725 %73 OMYRRRIY 0°0naDa

5w NIPD 1M2Y2 2wn? WwEX ,NPLIINRNT MNYIT MPIpnaY R Swn?
JUDPRRA NI 0NART 09T DR NNWAY XY, NNwN NPYIINY YY) y3mn pnan
PVT3 TR DPNWIA NPVIIILA TIT™ MDY JOP N PRI NIRRT NwRa oX
NwAR P2 W ANNWT L1903 717 M19%an 7R 027 110195 03 P D11 ,71nxn
MP?IN IR ORIPR 1DIRD NIXPA TR NPLIXRN MNP ST A0 PP NIRRT
TTM VW TN - IMYEARAY NN NN NNMRT DWW 0¥ 02w 00unae
PXIL°2 DMVPIT DY AR TY 1R P11 = YXIMNT PRI NNwaT D100
DOVPITI P2 LN WY 12°R PP 0ODXN 11w W NmyY Top 01y I
DOMOPT MNP BV 1AN31w 01T 0pnnd O3 MY MIRINT OXIPR 1DIXD
71719733 177207723, 077277 N3N

19 OR XPX) NP2 D173 MIPOPT 2037 Pw 30 “DOM0RTTIT 737 AW 01N ANy 43
DR R

X2 = 7D°PY 7772 12w 7P 02”3 T217A OXR AveapY 0°2wnd ovhTaT PYIny 44

nPID 5w 1o1yn ©902 Wi i XYX ,07RIPR 07973 W 9173 1900 NRY 1775y

272



SN DNOLPPT NYI NN V"OVUNN N> PO VIVYN

BMNHND — HNIWIL DINOPPTIN NV D P9

TMPA ANBI MLPTT oY “.00MLPTTI MTIRTPY 0°1IN1 100X Pnm MR
7Don 2P MLPTT 93 .Nawn X 172w M1AnT 9007 2275y N a3 X NNX
191 1791 MVPTTI 7AW N2 0w M@ AT 9O ,0007Y I NN ARON]
70M27 IR MAIT *D7DY 727 190 NP3 TINTIN 7727 DX 3R 7001
(T

XP9) NPT M2 02307 DMVPTTI DR P NP1 ONYRTT e
Mwan 0°1N17 NP3p OP% 151 (50 MTWN 5w M1ana oNwpaTe nionenn
M2y ARNWTT NN LMY 3,972 2731 YAPT (2006 TWPIRA 1) TN
7.553pm TPnnn IR 7R IV ,N°27 7 NIRIR

0»v°02N0 02NN .1

MYPIT PPN D3N DWW DPMLPTT 3,011 MTIRDY 073101 100X Pnna
01111 120X OPOYW DONVPTTA 190MN NOWIAND) N1PIRIT NN 54671 NNRA
(577107321 77307722, 007277 NIXIRD OOM1T 0Ypnna

7DOnn VP T 7907 LOPMVPTPT 5.51 T3 DRI NYRINNT 029717 NRYIN
IR (6.51) 7307122 ,(9.97) NPT NIXINI NYRIAM DO277IM NEYINI DNVPITI
YXMNIN JoP 02011 MEYING M0PTT SY YRR N1°11a07 1907 PRI (6.33)
1,3272 YXIMMI IR MLPTT DRI T2 LTINTAD °I0122 0277 MEING
5w 1P IR 7292 NOXR 0297 NEYIND 023791 DNDRTT 21 °0man MRy
JYXIMNI 09I MEYIN 1,8473 70 MYPTT DI I (NPNWP XY N
©,0°5711 NIXYIN 14572 = 77127321 ;0°0030 MEYIA 1.6372 = N°I277NIXIN

(732 N2 P17 PRRT NP2 DITAT MW 29372 Tpnnn pnn 113w B
X2 (TP 99° TP Pon oMwp Sw °D10 D01 NIV YUATR 1%l 1nnw

Martin J. Conyon & Mark M. Muldoon, The Small 7R 3217 19I1R2 D198
World Network Structure of Boards of Directors (Working Paper, 2004), ssrn.com/
X 17901 O3 X7 .abstract=546963

J3 11901 X7 122PNAW MIXXINT NR 020017 0°07A01 MYav> 45

anRn PRI Opm WM MwA Bw 7277 AM2INRD 1ML TRy o2NIT 46
22X-5N2 Y- NI Jo0Man

WA 119033 177730 X7 NP7 NIZIRY P30 TR0 1PAR DRI 1A RN b 47

av - 48

av o 49

273



VOYNN N> DPOYI LAYN PLILONP PP PIND PNY> ,PNND HPN

IV>722 T2 ©.N1N20 44771 NNR 0237907 DXNVPIT 2,391 991 7T NIPWR 200
PRI ,0NOPITIN 64%761% 3 2301 N DITAT MITWRT 227 N7 NIZIND
IN32 (MM 82%70N DPMVPITIN 79%7 °IM NP PITXT NIWPR 201
28%"2 @’ N DTN MIPWRI 293721 ,0°7173 NP 02037 1wb 0opbn 00T
27252 D MOPTIN
NPTIET MNanT 5902 0MopTTT 217 00 oTRbn SR MTIRTPY 023137
@M 21%3) Q*NVPIT SW N0 OXMIXA DO MY 71 WD 172 0P TN
QOMOPTT L NRT NMYP ,TPA0°922) NP13TTMRIRA LN N 0Mwpn oK
yXN Y17 Twnna 2072 73 29I 0 1T 1012 01300 priwn’ 0wp 0K 0021
AWRY NP D173 NP2 DITAT NIPWR 2037 0975y TR, ORI w2 DOpnn
7277 NI3X2
93 ,MIPTAN YIIRI MIRXINT 12 NN 1T ARDY D MTebn IR MIREIN
MATINTA MIDXY TWHR W 717 OP 1K 7T 02,072 .7Jup 09 MR MY
217 (URIPR XD “NONARY DMVPTT NWNw 0Wwn NPApNR T RN KPR
DIR 79X O°WPY ,0°27I NEYIN NIRD DPNIWRA DP0PTT P2 00PN 0PWwRs
MZP *3wn D NOPTT *3W P2 ORIPR TR ,NRT NAYD AW DR NN 101X 0°100pn
QONOPTTA MY PRAAT DX 0°37 DPNVPTT MY CNYRwn 19X OXR¥N DU
2,nwA3
7T DR VYR 2N
TP DRI P2 ADIEAT (L) praan 1971 5173 MIYPRT D0n mINTAY e
792pN7 0IMIR DYI92 40.622) 123 121X (C) NN NPLIINOM 4(3.504)
XTI (6,398) D173 DONVPITT P2 PAIAT IR ,(0.719) M2 NNTT NP1V
P21mn ;125 AN “Clubby” NP2 VI3 7239732 D WVRPTA 02 °3 1970y
727 0°271 2P v AX12p 232w 73 ,(1PWYN2 01w 0°AINN °B% 2IX) NIX1pR
727 DPEMWA DPNLPTT PR MX1IPT 217 P2 IR (I3 DRI NPYOIY T3
(MR NIXI2PI 0IVPITT P2 1971 MXIAPT 12 21T PR R
DOMOPTA P2 D173 PR RO IDIRNAT ARXINT 1991 ,0°27 DPNWP PR W22 e
IV>722 DMVPITI 23 IR ,PYIDA MIRXINT °D-DY L1313 NPNYA N1PYTIY)
JPT2IR NNRT MIPTAT wIPwS oM T Oy T MR 02wpn
D75y X ,(11,057 = N@IT PT? N°0M°) 0°271 DPMWP PR NON2TTNISIN2 03 e

2272 ORXNIT O>NVPTPTT 230 0°°0°02 03N XA LA 12012 2 79IV 03 X1 LAY 50
S1TAT MTwRn

WX DPNOPIIIR 21% DMRD TPYNI PRI TURAT2 D OX NIYOwI PAyn T N 51
DM WX D2IVP MITYR 02037 Bw D1TA M0 021X NP1 nwa? 02 orR
(7272 NN 77207 02207

D°213M7T 0°3 N30 2% SY192 0PN 12 PRI DX APENT LA 179012 3 nYav WY 52
2373w Mnwn B 023 nwann

274



SN DNOLPPT NYI NN V"OVUNN N> PO LIVYN

,1m192) N1nan bw Maw NMIX12P2 O°KRX21 0°27 D°NVPTT °D mxa® 10°1 NMIRXINA
AN %101 ,5Wn° ,PYTn N1ana oa 1”'?'1‘3 NAam2a a3 179n MLPIPIY AyaINI
1°2 WIBRT O3) NP2 uP RN 2PMVPITI P2 Pnann 92 Swa (N°7277NMI%IR2
N1P20°13707 A%12P TNIX TN IR (N2 ORI RIT 721300 1T ]’15 5193 XX
SN 7IVP DNYAn

Y10 Pranaa 172 wIean 5y 0°95n0nm OX JYEAR2 20 DPn”2 NRXN1 XMW e
A1°A72Y 7730772 1°2 NRXM SR ,TDI¥N PN '[’1'? 0*MvPITI 1°2 5y192
DNP2V°1I0N 7722 YR WIRAN 1AV 07207 MSR '[’2'? ,0°9173 DOwIDIT il
1°2 w57 5y 0°9onon OX AW ,7DIRATA VYN 7712 IRYIN n'?:zpnn D nwan
1132w ,7°312721 71°31°72 1°2 DRI SR 1213 T 1’2’? 5y192 N1VUTIT T
SN WARAN 1AV N2 MXOXR '[’:2'? »M2X WIRAN

51730 MPYPN 25992 DINVPT HY D239WN 9901 NNYaNN .2

DOMVPTTT N D3 Oy WPn PITAT MTYRR 20372 DPMRTTA 2,391 AR TR 9
022w M3 (d=D) P> MY P2 010N DMVPITIN PEN = MTwR 237 1IR3
(d'D PPy NN 0WIPR DVPITI PO (B°30W) 0297 NIV NN I
N7 XPI PR NP OPOR MR NI MOPIIY QPRI 180R M
TM2Y2 NP T3 NP N7 BY Ay R MopaT Dw MRk 7377 (K) opaTa
4 12 X7 (85%72) D MWPTT 211 Dw ONATT PRI 0PNOPITI DY DR
DOMVPTT 1474 DY D727 NIZYINI 0°AWT DO NVPTTT 217, 9m00 0N0pT 147
022w WX 027317 9,71 RIT P1TXT MIPWPT 2972 M0PIPT 112y YRImnT 208na
1571 NP 0¥ T 02w DPNOPTTIN 13.5% 0 OPIN LO°90I MEYIA TNIRD R
M2V3M3 0ONYPTT 3071 N OY AR 02T DPNVPTIN 1,6% 71 ,12VINI DPNOVPIT
,0°2773 MEYIN 97575 022" Nwn 0217 WK ,A9R DPIWVPTT L0971 NIRYIR TNIN
B5RW°2 0NVPITT N DY 7Rt 027 DR 077X WX 021I0PT°T ONIR 07

0°27 X D°LYR DPNOPITY LS 1PN D°IAMR DRI OMVPTT Dyina
5w 12 Mna% P 191X 0°I2NAT 0ONVPIYTT I00R JPRIPRT DAY nhom?
nwAT 30T SUPRIPRAT NYN2 01201 MORIWST w2 YR (1879 1°2) DMLPTT
*0% IDIXMA M DONVPTTT NIATT DY NN 1DIR2 AN NADENT PR MINCINI
JORPRI DO

Sy Tyn ¥% nNubanaa 12 oW WX X ,NI1901 MP°Ta2 NXT 1M XD
Oy 0°%7In NMIZYINI 002w 0°WPR 0NDRPTYT Taw ,MNwIT 023 N9 Ayen
MEYINI T NALH DOV DWIPRTRY DPNVPTT 1KY ,0MIR QWP DPNDRTT
LR DPWPR TR 00pTT Oy 000

001 NIRYINg 0w 0°7VPTT 67 OY TAVXN 1701 AWK TIR NVPIT P 53
A 19012 2 D°WAN XY 54

275



LOYNN N> DPOYI LAYN POLILONP PP PINID PNY> ,PNND HPN

2,391 DMPPY 9 By 00aNT WM (NPKIPRT NALENTT 2wn 1207 2R
OOTIPTIP 2,391) DWER DON2N 2,857,245 ¥ 1991 (21747 MTWRR 2°72) PP
0°712°17 7907 (NIX OYD 1903 27 93 = 2 °P5n M0 MpTIPP 02120 2,390 P12
QOIVPTPT 22w P2 Y N2 NIN2N0TT 1991 ,11,608 KT 0P VPTTT NWI2 11700W
Oy 1P IR OPWART DN N2 0P PON PO 37T .0.406% RO OPRIPR
9om NIINA YONT? WERRY 77757 MATT DY up T90n XD 1P 79X T ,NXT
D75y NN nwba K A3772 TPTP XIXn? N1anonn JvpaT 935 MopaT
7 NITRX777 9901 X7 K 0D 71205 Mavos 2,390 © wRD N300 Maban
N1M2N0TM ,0.406% X157 TN AADEA? N17200T S MaPwa” 9e0n K17 K—2,3907
199,594% X1 T 119w 07

IN WIND DM IN ,NVPIT D3 Naya DPNIND Y NndUN MIbannn .3
51HWAN 1991 N DNNNND NYIND

N3772 0P 0WVPIPT 7192 TP 121D P2R0n T PR LTI A1ANT DX AR Y13
M2y OPIIAN Pw InPwn MaPENTa POy T PI2°NN L0100 MupITY TwRT 127
19115 .3 ,2 ,1 20 PRma x MYPIYTR DRI QUMVPTYT AR 1P ,MpT 9D
*91737 NIPYPR 20372 DPMBPTTT 2,39171 TR 93 1122 INwY AP 720 SN

TR T2 WP MOPTT 77972 1R (G173 K) 77123 77377 oY 001 MopaT
O%2PR DNVPTPT PR OPPR PR RITY 0I0PTT OX

MOPTT Yom PR AN WIPRT MLPITT 2D T9ANT 71917 N¥IT O MKRD
DR DAW) N@I2 T@IPRTNINDT MOPITA 03 ,YRIMNA M 3,547 nwn2 NN
9.8573 NWI2 MR MLPTT 20 PMIR (XD TY WA D°RMPY 1231 KD 1Pw own
M 547732 MR MVPIT 237 ¥OaT° 2130 MYPIT DO yRIMNa LyRImn mTm
ARXINT 777D MATT ww” N1ND02 11151 1 RN (NI 09673 YW 1PN NYD0)
QYMVPTTA W2 77D MATT 207 23 11X (5.5 X7 073971 D INTI2Y NpATRn
,(1212 091¥71 Pw N°n72m7 nwa® N°om?) Tavp MY 112y 1730 090°° P15y PR
M%7 AT M2 PA DY DPNOPTT AW P ONWPAY 9N YA 7277 09X
NXINT PR3 02971 NXYIN ANIND 0°2wT DPN0PTT 21w OX P ,1n193 ,nnon
12wR2 AX°2R ,NRT DAY 2077 0207 823 77D AT ww” YY NO0IIRD
7T oW 07 ,000PR 12w 2 OTRY R OIRY 70 ,192) NI A0 PO NX

MW7 NN Sw nPYIZpan MI202 2P median 1315 0N NR YRR 190”7 TART 55
J(center™i1 AWMAY *D3 ,min-max >T°-2¥ X1 ,min-sum -2y 2wINN)

M2PANR” MARNT Y 77007 W ane 3P DR 77X 710N ST U0y XM P 56
(22 PI97NN YY) 7 1P

TR 505 MR DPAIRN YRR WX MOPTTI TTAR NP WP NPT 57
smedian = N2 TOPT XIT PITAT NITWRT 20372 OOIART DONOPTIR

276



SN DNOLPPT NYI NN V"OVUNN N> PO VIVYN

JWT2 MIATTT 1201 DR OXREAT 927 = (CPRID 0°02 ONR PR OX AR 7T DR
2,390 Sw) DPNIAT MIAPBNT DX D73 1DIX2 XAY CwWYR T PR PO
1°2 0°273777 PR 2°¥77 11712 , 771932 DPNVRTTIN TR 93 M2V (@RI 0PI
MNP (3,54 P QPN YR OY) NP2 WIPAT NOPPTA (DPN0RPT IwPw
95 NXR Sopwnm Ty MPTTIM (9,85 YU 0PN YRR OY) WIpR-NIeT
8 PN N2 WIPRA MOPTTI (5,47 KT 1127 DOPRIRT YXIMN WK ,00P T
MR 15 PR WIPRTNINRT NPT 12K 1181 NP2 PITIT MOPITIR M

®,1300 NP2 PIIT NPT

AN1a DXIVIPNRD MHIANT DPNVLPPTN NNPYI 4

N2 DWIPRN OPVPTA 5w nyxmmi DPMw P DR DR M m%ava 17713
M3 477 71911 oY Ny XN DPTWORI NNRAY 0°7LPI°T 407D DR D oy
OKX 03 °2 1IR3 1337 QW02 DYMWOPn DRy Py 7TYn W NPAAYN 772 .3.570

LR YARoN XD DPNWPT N7 1291 MLPTT P'?OJ

IMVPITN DY NPNYIPN NN I N .5

YN NA37M MLPITI ST NP DAY LN DPMRCR nn v MopaT 9ab

107P°Y 02URID

37 79012 J79R MYPPTIAY P33 = 5N MYPIITI AW 20NN NIV Do) e
W NPT DR AN 0°37 0MOPITY WIPR X7 12 0°9an MIZyIn by ane
IR NVPTT P72 YW NAR 09031 NIYIN 720 X MOPITY 0713 ,703172 a9
YX1ANT PR T 2313 .6 RIT DPNVRTT N 10w YXIMNT PIIRT WK (2) 7013
NEYINI 1799 738N X MOPTTY 1211 YD .7 KT DN0RTT 0 X M0pTT Y
N 6 P YRIMN PR YA () 7011 TR 1WPIPT P w1 72 0w ,NDoN1 079N
X MPIPT 3% ¥OA° 7IRPR T DR 707 9190 R NYPIT YD 00N0pII
MOPT? X MOPPT P2 P IR L2 MYPTT AT N TIRP I OR (Nwa
OX X 77300 09707 NXYIND X MWPTT YW INInRnT 2107 Y DD WY X
932) 72PN’ x MOPITY R NPT P P IR 3 NMOPIYT 7T NP TIXP T
19 23850 T2 ,1 70y T 3 MVPITY PR 19w ,YXINT pRomn %pn Tpn
(177 D173 77 RIT

.4 19012 4 D°WAN X7 58

a0 5X 177303 1218057 MVPITAR YXMNAT Pﬂﬂ?ﬁ'? 0n> N YX1an 0°MLRPITH nbawa 59
MR 90 5w DoyRIMaT sk=rlah] 5w yxmnd onrnn 11037 MAana nbava LOPNVRPTI
WA 119032 671 5 M2V N7 L7720 TNIR PY 0" vPITAR

277



VOYNN N> DPOYI LAYN PLILONP PP PIND PNY> ,PNND HPN

71277 ¥*Ewn T 0nID = 175R MUPIYI "AWw 290N NIV YW mmoR” e
0120 72w 0°973n NXYIN2 RINIT NPT NVPIT P2 DPIepT N by N
NIXR 0°9717 NXYINA 2w RIT OK O3 TIRD WPR 70 NwN2 0197 0N0pT
VW NYXIMNT NPT N M0PTYT 2w 2291 NEYINA OX ,IR3T0 1292
D°973n NIV AMIXI DPNOPTTT N D2 Sw nyRmng NP e 4 X7
DOIOP AY2IR TV 4 7272 TWIPRA MWVPIPT? TR NYP) 571 71vp 171372 770
(NI 0 5% yxmma

111119290 NN NR D279 IN DOYN DINYNN DINVPPTN ONN .6

ORI = DNV DIMVPTT OX KT DPNYPITT MW 2230 NN 7ORY
DAY N°7 72WNT OX 2NWT2 NPT N DR 207N IR 0°PYn = 020N
M3I21 7R 77 237 OR 2PpwD M09 PY 7770 IR, NwN2 NPT Nea DR 0°oyn
“.0P° N7 YN PRInnT 1%

,07VPIT 2,391 AR B° DRIWC2 DPNVPTTT DY DY 21TAT MY 20372
O3 wRwRa ORI 0PN DNVPTT 66971 "R DPMLPIYT 1,722 0NN
112w°n (@R QPNVPITT NN PA D01 NN MVPIT 0N YR NPT
2,390 TR 93% DPNXMA DMVPITI 66971 TIR D3 Dw DOpnIAT XN DX
93 DR 1M MOPTTIA YRIMRI PRI DR ,MIP) NwN2 0NRT NPT
Y2737 DPMORTT 1,72270 TR 23 M2V 1Y 71T W00 L(R3Y 725 P
DRI MY ,5.446 KX DPNXMN DNVPPTT 669 MY DOYRIMNT YRIAN
PP IR NIRSING 772 WIDAT (5,470 = DPNOPTTI 93 MAYI) 5476 = DX
DPNRMT DMVPPIT YW APTWIPT N MR WHRTR YD, NWDNLe
2%%9397 2YMLRPT YW s 7R

17N IN 9N MIVIPN 1D OXD — NPNVPIT .7

40071 0123 D MVPTT 1,991 ¥ (190 2177 NIPWRT 2°972) PRI 0PM0pTT N
95 b1 nwIa w3 40071 DX 93 YW 0P yXmn DX 133w0 00w 0NopT
YR AW 0MIART 2PNVPTIT 2,390 TR 99D 07237 DOMOPTIT 1,991°) TR
DOVPTTT D0 MY 5,454 = 077237 MY ,5.534 KX® D°WIT 400 112V DOYRIANT
NPT NPT WASAT LRN2 0O12AT TWRH NIND MAIPR 0T, 100 (5,470 -
TPMOPTT 932 vYRIW NPOM IR ,TIPR T3 XTI PR (0,08 2w 02N P2
AWK 12 NP NRT P2 WIS DR TR NINDR ©° (IR 0P N A30)

mya ,15 w7 D% 0173 PER XD NRT 22570 7awnw MIanT P nyEae nioneng 60
,409-385

278



SN DNOLPPT NYI NN V"OVUNN N> PO LIVYN

DWIT NRYIN 12 WD .1 I0Pn-99% N1 200 7720 NN 027237 2R 1R
01237 1°2 1R 0°%72777 °3 M 171,193, MPoPHYD P2 1377 077237 NRYIND
DOIPMOPTTT 2172w R M ARG DX NPT N0 ATAW LOpR OPR DUwlR
T2 TPXMDMDAN 73772 MAX MYOWI) 723 MYPIIL 21TR 7272 TR NPT 072 vOw
197°075Y AR ,0°1247 Pw NP N0 DX TONeN W 7T (Nwna 0wl 00733

J1DODYO PN WIBT2 DOWATA N 0P 07247 IXERI

YN Y (center) 19999 NNI8M ) P99

TOPA RIT DY MR TPTIP 237 1310 22917 pranaw nwaa TRTIR XN DY e 1511
X7 D2VPTT N D90 13n 227 PRI 1 RIT 1M XA NPT AN
SN

A2 139227 POYW “197M771 T2 .center YW 121M2 19747 NRYXAY Mdwn v
MOPITA YR NV W nYRINT MIART °23° AwInn 1M1 (median) 0°pa27
AQ*TYR 3,54 NP0 NYXMANT “N1AR7T 1300 MVPITT PXR) 02PN TR
YOT2 NInthy w111 (52137 7117 02TYRT 9901 NX 1N center 2w 12123 137171
NIXNT YRR ,AwNT TP L0011 .00NRT D0PTTI PO PR 1IN Mop TN
Pom x MLPIT DY 277 pranT .avw 01 NR? PIDw 90D Ay x MopaT DI
93 BR an My yTRIw Ty 195mw 0w 100n DX 11 1N 0PI N
711 1907 ,center PW 12113 NWI2 °137M MVPTT RIT x MWVPIT OR NPT DMV
JIIR MR AN 9199 9137 center Pw 12102 1970 03 2% R w1 OO0 T

931 DOPNIMT NXVRA DR NP IR center PW 2112 71T NYPIT RI1XND 1D
,I172) 22717 IO DR RIIND PR AXWN2 N 992 MopT P35 wpaT
IR PR 237 MYPIPTT PR DXD0N MVPTIA IYNT? 2277 0°TYET 790m DX
TOPA RWT T PAIAT 1MV @NVPITT N MR DR MNP PR (907N
N2

5w 121M3 137M7R MND 2WN center YW 2112 197 DYMOPTT MWW 120
N1927 wISw NY213 NwT 0D M3 J(NIXPIN) TnA1T X021 5T vawn NAT? Jmedian
,”199” D720 32 MYPTT R MVPTT = DPNVPTT 2w 0720 7w ,7PRPY” N1
100 0°727 73w PR’ NI 33 MOPPT 2 NMVPPT = TPNYPIT 2w 021N 1AW
DOMVPTTA W NPT .2 IR X DIRY 02X D2N0PTT 99 T A TP = 00pTT
1377 X7 3 MOPTTY P2pNn median W 12192 ,NRT QY (2 PIIR) center1 87 3712
WY ARXINT 1R T .2 MPITA INT 701107 YPRY NNANw OImpIIIYY)
QORI D3 DR YYD P 7R N2 MYPIT 1OV 1T Nw 112y P2ph 0oxn
27292 2 M1N3°7 N2 02IVPTTT 217 DR PN 2 MOPTT 1KY ,1 M Nn2

279



VOYNN N> DPOYI LAYN PLILONP PP PIND PNY> ,PNND HPN

MNP N2 wan 123p0T TN TPTIP IR 19700 PRI 0P T N
IR (1D0M2 38) 0137 DPNVPTT 07 DPNVPTTI P PR MIATN NI 1M
QXMVPTTI 0°1797 OPR WK 02VPTT 7 0P OPPY A0 smedian i1 O 17 O
15773 QNIX O3 OpHR Q23197 07 72w MN2T NP IR ,NWIT 19912 NI NN
277 PR ,IM1P3 ,8 X center™1 M PAPNAW PROMA .center 2w 1213 N
yXMN JMT 8 RIT N2 1A PRI TPTIPR PR DPTIPTIP 45 ONIRA TR 9on
YN PR M3 I M 4,26 X7 center™2w D TPTIP 45 112y DOpnn
(median=71 117772 10077 NVPITT SY

NPVIYN MIOYN DY NPIHYNI MAYNNI DIV :t PID
27990 HY NPIVON

QOMOPTT MY YY TARIDIWT DR MDA ORI PRI L1P0% AUy T Ty
NX ,NWIT 5w 01377 DPIPERT DX JINER 1T 075013 PRI N1P2°%T Nnana
JIXN XY NUNYIT NP2PVITIA DRI 72 QPR DR DY 100

APIn OIN2 NPIYRR TPRYR A2wn nnP ,nPwXI ,100°1 T 12 NIYEINNa
N7 ,QOREART QORMY DI 270 0P TR PRIY°2 0PMLPTT DY ORT T
Q%P 112 D NYPTT 1P 2270V AR 19V ,70P 02 19K 2% PRI 0ON0pT T
5% MLPTT Pon YURIY N1 ,@PIWERT 0MWPn AP JInm) 0P 11,000
IPO7T IDRAN TI0P IR KO ,NNT OV L7272 00TV 6-5 Dw yXIMAn 770na 1P
P NWII N1PLIIT0M VXM PRIAT (@017 ONIX Y NoD1anT) MURIPR Nwaa
(N1 07211 AR XX 07 TWYRPN) N 075 1% KD

,N712777NIZIND 02IVPTPT MNWI 237 DR¥HN DY TIX 732 0°2W 79K DR300
JI2 LIPIT PTARNT SwRnT DTN 1w AR TR0 170N

naws o°vI1 0P OPMVPYT OX APRWY NPMIA 72WN 7307 XD 71 nRna
oy 77 179% DO OWIPRTRY OPNVPTPT OXY ,0°INR 0WIPR 82RPIYT Oy T
QYVPTT NYI2 2317 7T 23 DMYINN 13X ,NNT QY 07K DPWIpRTRD 0pT
03 XPX ,NWI7 D2 D017 2¥%77N1MN2 P KD PRy 1Y 197781 17 19RY ORI
J10°022W *211°X1P12RA AT RN

YR 2YA° MMM oPMvpTT Sw 0°%Inna MwTEn poy XD MRRIY AN
o217 5w M1DN 72%n 0PI MWW 77T DX 3 AR ,CPI 19IRD) 170102
1IN PN NIN2AT PIN2 MIYANT MPRW2 Pawna X020 v "R

@R D17 13311 AN2R OIPR w1 OR RO T WRN2 1127 IR MR noX
yaD> K2 X ,X0%3 TN ,NPTN2X M0 DAINVPIT DY NPT MR DR NoT
TR L0V MIRTD DPNVPTT NIRY NN 9Ya Sw Mg 7R by ane

280



SN DNOLPPT NYI NN V"OVUNN N> PO LIVYN

MPPYPID W IR N2yn X7 070IPD 0°1Awn? DORNT TMRY WWD IN°1 .KXO%X
%y MpE? 0TPENY 0221333 OORPP MIANT PN AR ,PITY 417200 Tann My
072N PR APX D3RR AR NP8 77202 1PN0PTT DY PR 1mPyD
10°1 9% RN LMIIWA NN P W YTRN 72w T917AT MTInY paon mayn
DOVPTT TR MDY TARM 7T 1AM CLORIWD CNRONT NPT NIAIN NIRI?
72 727 MPPopaR PayaR 0091y, 00 MOPTYT 7252 Dapna 0031 0NN
OPIIX°M DNVPTT N KPNT 2D NYLY 1%, NRT MWD L0371 O 173w N1ans
TINR L, NRT L MPINY NIPPLPIR PW IRIOK 101 7XI2” YT N2V 7R TOpn”
5w 01w MY MINN O ApRYRn M W 7IwIpnT C1R0nT MR Tew 1125
JTPR MY2°YD MINN 12 71980 W NAXR XPW 1N1°72 1700 XY 72w N1NanT
T2 YTRT MayR DR ONOMDY Nad® WERR PTW XTI YD MnRA noub
712°wWR NPN%2 ,N1PIWER MDIPA CNY N1 PPN 19IN 191,001 D21IpT T
¥ap n 7aw a1 77707 X7 DAR MAWRR LY NNy 0oxenna by wInn
DT MRDY W PR DIV °DTDY MR DY 0°1vMLpTTa P18 NPYPR N
D1 0°37y 0078 NITM’X NNAN 20 X7 ,NIMD NWRID L, NANR MIwER
AT TANWR WR A7) 1PR 1PMVPITN DPN0RPTT Y NPT nea 01y
PIDR 9317 99 .0V pwnRT MXY IN°Iw YR PN @R Sw A bwa qars
W NP 7DWIPR” IRENOY D2PN0PTT DV PYRa v oy mxa v2% ,pnnb
ST 9T 097y 0% NInD “oowpn”
2137 1279w TwRaTPnn oY 0 3P 007120 1R ,9YD R By qo1
77707 = "1WRT 12IX2 D OX 7T TRRRI XN 120 JPPNAY ~ NN k2 ¥h0b
;TN PIM N2MT PN IR NPT NYCap Sw M2wn YR Sw noon
Hy1abAl B i}
730 ,NAR X122 DIRW) DAIPNLPITT WOR DR DANT? OPR v OXA .1
IMBYa3 APR XN OX AR ,N277730 5w (PM0pTT OXCTAN Yw pnpT
TP 9271 901 ORI~ 19 OXY ,0772 1799 D130 DIRW (@RI Sw ARDan
SV, TNANT CDIN) DO 0°0RIR2 PN T RIT RAW IR MOpT 9% A
209131 OAPw NPT DT ,0NYRTTA TD0n
?20°11°710P7T M2 7193 17197 NEOM MVPITY IO MYIT NIYRTRT I .2
5w a1737 qwn nyUap by yoRwnt PIX “DwpTnTn nwa” Swon1ant oxg o .3
20707
Dpwn on*D N>R TR TIRYI MY 0XNVPTYT NNV MY NNAN ORI 4
2700 MVPTTT MY 137
M5 92297 (MManT PN 239 APY0) D IPVPITY DO M1 TIYHT PINT ORI L5
2NWI2 NPT DY AMKI NP
NI NP YPID P INIow INXIBN Y “02I0PI T DY DY IYawnT in .6

M2 PP (D212 70T 61

281



VOYNN N> DPOYI LAYN PLILONP PP PIND PNY> ,PNND HPN

QXYY 5w NPwcpn 10 oPMupTT Sw nPIopn 1P 51123 ORNn 0P ORI L7
217217 TNIX 220 DW
VIV7Y 720390V TIANY” DINOWITNAM BY 1Y NwTIN 72°wn? opn wO Oxg .8
20N AR MRD WX
=022 MoPI*7” Pw 1MPN-OKRD IR 1MPND *Mnd TV 1R waRD 2130 TN ORI .9
229277 P2 8 1PPN2 WD NINRAY B ,”MPn
M7y WY TMIPYa CD 01NPR R LINPRT D0 TTA2 X077 INTay
JPTITIOMY N R PAWATTR Nw 003910 DY 130 ,NI0R NINwI2 Mya
79X MINWI 5w N1 7277 1129717 ART5Y 120970 21w MICIYR 1P 19K M7y
MIN°1 %3 07120 11X L(022M1D Q211N Sw aM1RTOR Dw3) 0PN0RT T NwaR RN
OMIX2 YIwa DomIPAT 02371 MM NA2T2 Y102 1907 PR MNwa Sw 117ER)
71507 NIN2ANT DY U377 NYATA2 IR @VIWR DX N2WN TR 1A0) DRy
A213 137 P2 07vawn 01RIWA 00177 Nvwani bw
”0°0Rn” 5w N 72077 30T DR 17272 NI1P01 WY 732 72 °D 0P 1R
1210 TR ,0PNWAY DONNIENA 03,070 WX - MPPEIY NInTDY ,00TARN P2
JTT 297 021y OXNY = 7R 71203

,150 2092 MR MVPTT MIWI) (8 ‘O PPN M2 PN 1P NR PN NYET R 62
1296 11”71 ,2008"11”OWN’T

282



INIVI DINVPPT DY NN V"OVUNN N> PO LIVYN

SIPRIPRD DNVPPTN DY HY 2IYINT 19IN :X NOD)

The degree distribution associates a probability P, with each possible value of
the degree K, where K is any non—negative integer. Such distributions permit one
to construct a probability generating function, G(x), which is a function of one
variable defined by the infinite sum

© Gx)=) px*
k=0

and it is a general property of generating functions that G(1) = 1. For generating
functions arising from degree distributions the mean degree is given by

a z=(k)=Sk-p, =G (1)

Here the angle brackets are the expectation operator. Formulae for higher moments
of the distribution, as well for the generating functions for sums of independent
samples from distribution are also simply related to G(x). Generating functions
arising from empirical degree distributions are, of necessity, finite polynomials as
any real data set has a node of highest degree and thus a maximal nonzero p, .

A bipartite graph of the corporate world has two empirical degree distributions
and so gives rise to two generating functions. One, which we shall call f;(X)
, generates the degree distribution for the directors. That is, it generates the
distribution of the number of boards on which a director sits. For concreteness,
say that the frequency with which one finds a director serving on j boards is p i
Then f,(X) is given by

® f,(x)= ijxj
j

We shall refer to the other empirical distribution, the one for the degree of boards
(that is, the number of directors per board) as g,(X) . So if the empirical frequency
for boards made up of K directors is q, then g,(X)is

.44 "1 9°¥% ,Conyon & Muldoon 63
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©) g,(x)= quxk
K

Our real objects of interest are the two projections of the bipartite graph: one
whose nodes are boards and whose edges represent shared directors (the graph
showing board interlocks) and another whose nodes are directors and whose
edges connect directors that sit on one (or more) board in common. The charm of
the generating function approach is that it permits one to start with the empirical
generating functions f,(X)and g,(X) and derive expressions for the generating
functions for the degree distributions in the projections. We will refer to these
derived distributions as the theoretical degree distributions to emphasize that they
are not measured directly from the data. Instead, they describe the distribution
of degrees one would find in random corporate worlds constructed by applying
the methods of the previous section to the empirical degree distributions. These
theoretical degree distributions are the device by which we obtain expected values
of the small-world statistics without having to generate and analyze random
graphs.

Suppose now that we are investigating a corporate world in which N directors sit
on M boards. Suppose further that the mean number of seats on a board is v and
that the mean number of directorships held is u. The bipartite graph representing
this community has one edge for each seat on a board and so

VM = (number of seats on boards) = yN.

We will refer to the generating function for theoretical degree distribution of the
projection onto directors as g, (X). Newman et al. (2001) show that it is given
by

10 G,(x)= f, go—(x) = /o lg(')(x)
go(D) v

where g(; (I) = v is the mean board size. As the empirical generating functions
f,(x) and g,(x) are finite polynomials, g,(X) is too. By examining its
coefficients one can obtain predictions for the frequencies with which vertices of
various degrees will appear in the projection: that is, one can obtain the probabilities
that define the theoretical degree distribution. But one can predict other things as
well; the expected degree of a vertex in the projection (that is, the expected total
number of codirectors for a randomly selected director) is

an z=g,(1)
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and the expected mean path length in the projection is

In(N/G,(1)

£ | g

(12) <L> =1+

Note that the quantity in the denominator involves ratios of the first and second
derivatives of the empirical generating functions. Additionally, one can predict the
value of one of the two clustering coefficients:

Mg,

a3 (C,)= N GO

The corresponding expressions for the projection whose vertices are boards may
be obtained similarly and are

fo()

F,(x)= ,
o(X)=g, )

z=F,()

(L)=1+ In(M / F,(1)
&M Y (M)
g | £M)

N- 0 1
s <CA>:#O"8

In our empirical work below we use equations 10, 12, and 13 for the projection
whose vertices are directors and equations 14 for the projection whose vertices are
boards. We then calculate the actual path lengths and clustering coefficients from
the data on the US, Britain and Germany. We compare these to the afore mentioned
random graph measures, constructed on the observed degree distribution. Our
approach differs from such prior small-world research in the social science
literature as that of Kogut & Walker (2001), Davis et al. (2003), Baum et al. (2003)
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and Schilling & Phelps (2004). These researchers compare actual small-world
measures to those arising from an unstructured (i.e. Poisson) random graph.
However, the degree distribution of their networks is likely to be measurably
different from a Poisson distribution. In consequence, such an approach can lead
to the possibility of concluding that the world is "small" when in fact it is not much
different from what one would expect by chance, given the degree structure — the
distributions of board size and number of directorships held — observed in the
social network of corporate governance.
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V"OYNN N> DYPOYI LOYN POLIVONP PP PINID PNNY PO DO

DYDY DINLPPT N 12 PNIND XD D1VLODIVLVON DIHNMIN :4 NHAL

5.467570166 (Mean) y31n
5.298619824 (Median) 11°317
5.503554998 (Mode) 10w
0.955823488 (Standard Deviation) ¥¥1ni1 5w 1pni-n>vo
0.91359854 (Sample Variance) ¥¥mmni1 N3w
6.30823923 (Range) D°27yi1 M0
3.541614387 (Minimum) *22°3°n71 Wi
9.849853618 (Maximum) *2727 7771
2,391 (Count) D°710P7>T7 71200
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INIVI DINVPPT DY NN V"OVUNN N> PO VIVYN
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YEVONM MORIITIN W MIADT MORITI NP WP NPT
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V"OYNN N> DYPOYI LOYN POLIVONP PP PINID PNNY PO DO
M1 ©29VIPNRN MIND DINVPPTIN NNIPYH .3

NP2 DWIPRA RIMNMVPIYTA NI 15 moaw

v¥Imn VPITA DR v¥Imn MNOPITI DR
3.955 27 3.542 1
3.957 28 3.563 2
3.961 29 3.570 3
3.966 30 3.584 4
3.970 31 3.650 5
3.977 32 3.704 6
3.978 33 3.731 7
3.980 34 3.789 8
3.983 35 3.815 9
3,993 36 3.820 10
3.994 37 3.829 11
4,009 38 3.832 12
4,016 39 3.835 13
4,031 40 3.835 14
4,032 41 3.852 15
4,037 42 3.859 16
4,054 43 3.869 17
4,072 44 3.879 18
4,072 45 3.893 19
4,077 46 3.905 20
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INIVI DINVPPT DY NN V"OVUNN N> PO VIVYN

vy ORI BIP vy MR D
4,088 47 3.906 21
4.093 48 3.910 22
4,097 49 3.931 23
4,097 50 3.932 24
4,097 51 3.940 25

3.944 26

NP2 MWPRT NNANT DRI 6 moaw

v¥Imn mI2ann oyon v¥mn 79200 oyoR
4,108 14 3.801 1
4.115 15 3.811 2
4.116 16 3.852 3
4,130 17 3.872 4
4,157 18 3.879 5
4,195 19 3,932 6
4,213 20 3.969 7
4.213 21 3.993 8
4,224 22 4,015 9
4,227 23 4,039 10
4,264 24 4,047 11
4,285 25 4,082 12
4,105 13
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