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ABSTRACT

Purpose of this thesis is the study the e\
1995 until 2014. With the use of caxports?o
Institute, two macroeconomic indexes have been calculated regarding the export
values of every European country for 10 categories of goods. By a threshold imposure

in both of them, the bipartite netwroks have been constructed and after that their

count i knary projections. The values of assortativity and modularity have been
calculated for each of them. Subsequenilyth the use of Principal Component

Analysis method, the centralities with the biggest amount of information have been
determined, foreach network. Finally, the nodes that appeared to be the most

significant in both kinds of networks have been determined.

KEY WORDS

Exports Network, Centralities measures, Principal Component Analysis, Net Export
Index, Reveale@€omparative Advantage
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SUMMARY

In recent years, network theory becomes more and more popular, as the
mathematical tool that can describe successfully complex systems. Particularly the
mathematical framework of network theory, made possible the extraction of useful
information in biologial, economic and social systems. Although the development of
network approach in trade is recent, has been the setting stone, for the cinstruction of
various theoretical models and tools important for the quantify and measure of the
trade market.

In netwak theory, centralities, indicate the importance of every node. The
term O0i mportanced has a variety of i nterpr
centralities. So, these centrality measures can be classified according to the type of the
flow thatis considered as important in each case.

Main purpose of this thesis is the specifying of central nodestries, in
networks that indicate independent export outreach as well as a comparative one
across Europe. Also, a correlation between the resultsi©hetwork analysis and
significant geopolitical and economic results of this period is presented.

In the first chapter, the basic sectors of network theory appliance are stated. In
the second chapter the basic graph theory components are preserttesl.tHird
chapter the definitions of the used centrality measures are introduced. In the fourth
chapter the assortativity and modularity concepts are stated. In the fifth chapter, the
macroeconomic indexes used f or Inthesxthnet wor k
chapterin the seventh chapter, the trade network analysis is introduced as long as the
results and their interpretation. Finally in the eight chapter the conclusion of the

theses are presented.
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aUUUgdgsheUse o9} Yle, ¥d uv OGgebasgoaasUUUs |
aUUUgdgsheUse o9y Yle, UaUU UsUGU;deiel G0 wu
Uie UsUs ey Uiegs Us {u, v} GosU y¥3Us
BUaUesced ed aUUUgdgasfhelUsed o3 ¥Yied UasUs

983 gt 3 V, 8 8°6aed yecUs ed aU00OUYdYYHeUsq
(u, v), ®© (v, u) Usessgs GUe E. 10j¥Yiles ~ac¢
aU0UUgdgshgd Ustdde U@exyUUs UsyvYeUsoalUss o9y Yiiao,
UasUs 0 Yzus®Begdei i U3U0UgUsUyy v. [ 7]

2.2 : Multigraphs

ghoe GUesgd ed aUUUgdgsheUsegd, Hae aUs
U sUyy 8geU Us aGUU Uesei 3 EdsliejyYgoydlds Ud
e 834 Ua 30U UasUs y3U "eaglisceas. AKAY3 eal Us
UsUao) UGU UgUed Udd Ueeed U 6oaUaci 3UUs ~ Uy
Useyd 836eY¥Yee3UUs U aldd multigrapﬁJs. O3 Ugd
U Usd Useyd Uesg " U;ysyecUUU GUs A eh3e ea
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Uy YeadoaUd Useyd. 79U Usece “8g U3zt 3Us e5U
loop.O3 bg Yied c3cEre8UU&sl addp ycUs | oop. I &
Uas Udreel o0pURd poetiliscgyasesUUs usUlGey UUsa¥Y. [

2.3 : {jy¥Yises U bY)d

FgesyY UasUs cjelseas 30U OgltcUUaese3UUs s
Useyd © Usd o6y gliyd Ushd o) Ylieg G=(V, E). K
bYy; d Usetsa. ¢U bYydrd@oceabl Wgd¥YpPPdaduUsUOUsE
UsUsGUsoscas IsE osYW Uy sUb ecfeYjead ¥(e). €U byYyd
"Uy 9093 Y¥Yyegas uUsYiley Ud slushUqUUd fH vd Ue af
Ud e6rvy qUesafhUdquUU, Ud Ui 3Ued Usoddd) aiydayd
Uys BUj13 Urs Ueet 3 €Uy UgyeislUUs U K Uds U
UssaY , dU UGgebesoaassegeU U ¥ UU bY; d Usce
} YeeOUUU o2909U 30 GgebegoaaleageU bYyd Uset 3
g3YeUsd UeaggoblgoliyBlddo) Yied ecrjyad bYyd G
93 YGe €U bYyd oaUs e€e83YuUU b¥wH[Agd Uesced r(e)

(@] ]

(4

2.4 : dUdeeasa

B bUdefhd esUd oaejyglied v Ushd ed aU0U0gd
GdgebegaaslUUUs ¥vd d(v), UmsUmg ey dlggpadecdydpxyd
AY3 G Uas3Us y¥3U0Ud multigraph, URUU es ~ Uy Yo
Uds "~ eeaaU a2hUJUU GUe A. ¢6 GUU Ussegi 3 ~a8g 3
g GUU oUsUfRsys Ueg v GgebesoascUUWEY ,?2@v). FE
outdegr eev VUslggevbhsaas UUUs ¥d d+(v) oaUs UasUs
"86g yG6eg3 |} edrexdirgdia We g iByeibsaagc UUUs dT (V)
Uy sadefhd Ux3s Uset 3 eU “je8e)ys0eh v. GsU o3 Y
oUssolUicadtldaUUHd; 86U byYy d Uset 3. ge GUOU U;
GgebesaasUUUs ¥vd G+ (vVv), Ust Ue aUU Uscet 3
31863 90et13 Urxs Uset s GUe G+(v) GgebesoaasUUU
Uys Ueegt 3 GUes G1(v) ¥d Ni(wlPs BaosUgygsdgoYqgu
UphU0 UgUyd 65 y3369U0d € 6836i3 3U Ugsddai 3
GsU " UpvyuUsoeU, Us dG(v) UGgebeaasUs Us bl
UaYeolGUesd bUdehd Ushd e€d oaUU0UUgdgsheUseg o
p( G) tdmd UsUaUescU. O3Ud e©d oaUUUgdgsheUs
regul ar ARAUU3s HaUd 6s o rgdigrudl ayrc c@yws Uss 3b hdies!
ated 470 Ues r.
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2.5 . 3 @892y ¥YldeU

OsUd o9 Yled Go= (V6,Ed) UasUs y3U g 6092}
VPV oUREE6zsaYeU 02080 y¥y3U g 8oy YlideU, HUUs
eNE “8g Usit3egs oe6jygliyd GUe Vo. 6@ g 680} YU
VPV GgebesoaasUUUs vd G[VO]. RB, glieohdraiade DU G
*d G[ E6], elbysvledeyls UGdg= ( VO, E6) Useg G, h ag
964 gt 3 GUe V UU 6 6aU UasUs Yoy U Usaet 3 Uec
UasUs y3U g elise@eldsieges WHW Ga 5 Yide U
hOUs U Us G UGUspPe&dgetCsofaoUdosboopgglgdd.
g eliseacs Uy UEge blhpthls UGIUs 6 o) YUled “~e6g ~}

9

UGUsy Udei s hoWy es Ueseyd Usg F.
2.6 : YUya UUed, z636 YUs, Tioeoacgd
Os3Ud " Uya UUed U K Ues x0 GUes mwigdall ysU
x0, el, x1, e2, x2, . . . , xki11, ek, xk U
ed a2UUUgdgsfhelUse aUs ei = (xiT1, xi) 60 ys3
6Jas00Us vd 6 Uysdehd Urs Usecit 3 Ushd ~Uya’
Uys ei I ej 29U i I j, 8aUs Ue €638 ¥YUs
ee38 YUs U x0 = xk 638e¥YsUUUs oaioasd. O3U
i < ] O Kk T 1.[7]
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TUGYaUse 3 s Centralitie

3.1: SubgraphCentrality Scores

qd Subgraph Centrality Scor e Us g ahebe
aaUs0Ut 3 ~Uyps yYUxs usUGhy¥a edoeat 3 “~e8g 3U0e
TUdi d UgUhR "UBy sved(ldbd¥jseddsbe y 36 gd oaUs ed UUU) s¢
"Uy s, vyUggg 6acoasegelU HaU UU g 6oy UlGeeUU
UsUatGUesscU. ¢ GgaUsGlGey ¥ UgUits Uy¥s "~ Ups’ Y
Ugay¥Y3UUUs. JgUhd 6 oUshsUd bUGasUOUUs GU(q
"3 UoeUUsa¥Y UaalUgU UasUaUessdyy dydd; §owdsd W
aaUs U "~ Uya UUs
Uy 9" ®BUsQJ.

ceeasgd Uge ¢ehsa Gasaesl

3.2 : Topological coefficient

Topological coefficient, TN 3 § § ¢ me §(n)o U a Ussyzaleglyl U s

T(n)=avg(J(n,m))/k(n)

h a&dm m) g 6aeoaeUUUs 99U Haegd Usgd oahebag
9893f oUaUes3U U Us3 afebe n. H Usee J(n, m
98938id 6895 ohdbm®s pylm Up Y, 6 baUsUbgts dgs 3 U
oahebas n oaUse maddepadmgmsoysUs e oaUszy3U oUa U
coefficiefe] add U Us O.

3.3: Average Distance
¢ centrality Usvigeffeabgeeg du si@Gnéeydd U0 Uesg

ohebeagd Uesg UsalUiasg 63 asUU0Us vd:

Cu=x ,dis(u,w)/nr 1

aUs "1 AaUsUUs 95U Us UsUaGUyeite Udd cl osen:
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3.4 : Barycenter Centrality

¢ barycenter centrality) 3 § § ¢ tve g a s¥UgU U s

1/ (YdyesleU Uxs U s8UYGUx¥s Usg o2hebeg v U

A seys3rvrd, Us Ue Ggseasaf YdjyesltesU Uvrs U @l

ohe bBagg UsoUiesg Uasfss oyddid, UgddfHdadlds Us ¢
Udaiils Uas3Us YeUOGU GgsululUeysed U "~ soaaasid

3.5 : BottleNeck Centality

¢ BottleNeck Centrality) 3 § § € ve g a s¥UgU U s
BN(v) = sum(P(s)(v), s in v)

OGUpls( s) UasUs Uec dagadeB@aily seliyasstljsheba s
=1,0y30; 900Hh00; U U hophvVoe(iB3yy/d HogsUsgd of
T(s) GgsUsaqeabBUdapldaag P(s)(v) = 0.[15]

Q:*f

N
O

1) \|_—
S o
[ ,\C}J

A seyshedgdlo gydah betweenness fpUsdi 3UUs
ofheboedsulldg st Usi 3 GdeUsUsa¥ GdeUalU Uesg Usoe
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3.6 : Centroid Value

¢ centroid Usalffeed eqc evn (ayy)as OU0Us v d:
Ccen(v) : = min(f(v, w) : win V(v))

“"e8g f (v, w) :i=ggaammmmaa((w))((vw)), aUs gamma(v) (w)
oafhebys Vo diWGONEYosw. [ 16]

¢ centroid valeusdl Gedtirati tgpi UacBd cen
3 6ea6oasUUUs UGUsYees3UUd Ues g easosleh GU
eUU3 1 300d Uegd oafhebegd “~e6g UasUspathaodoay t Ul
GUes v ®© GUe3s w. B dgsepobdsfdd §geladec OUa
oafheBledh Usgd g Haeeses 6gd oahebasagd U Uds U R
g heaes 6gd ehebegd. K eeysvrd, UgUhd e g 6o
"¥3UsUU @®UWdieestilwesyls ¢ U Usd Useyd Hors Uxs
iesalUicegg. y3Uxyd e oahebead €U Uds gydehUUy d
oahebaed eU Us gydehUU;e “~eoeded oUsURfRszr¥s (h
heegd Uesgd g hess egd ofggbagd.U Udl yYeald han)
centroid value Ua3Us 6 oahebBgs tlh clBasy g yedyedh?
Usg shortest path U0 UssfhUwsHidc eimtoradlied se g B

!

ahebead yecUs oaUsUjsee dyadd eydU G0 €50
"gea3hUdqUU. [ 17]

3.7: Closeness Centrality (Freeman)

¢ Freeman Closeness Centralityy a s¥0gU U o
Vsum( d(v,i), i 1= v)

TUdHd closeness centrédvady d@UvpdEs Gdes ey
eUU0Usadhaifgeseh ppedllddes g cagsdiiced Y digg Vo’ Wss
tasUge. EFUY®BE gov¥pPdgWs YeUls e636 YUs eUU0C
UhUU 6 Ggseaseahd Ujysdehd Uxs oahebyrs ) disce
ceeoaasdad Usg €636 UUsaei . [ 18]
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3.8: Decay Centality

Decay Centralifty 3 B fe beg x GU y3U tUasaUge G 6} asU

sum(sigma " d(x,y), y in V(G))

h edky)U eUUaUa Uds U AOGUYaGmmooé&ds 0 Wads &Uass
01)aUs U eUUaUa aiBPdU; e ~ Uy ¥YeUU} @c

¢ Decay ,Cebte8BUbbOg y3U eyUype centralit)
UsUUe UabUOUUs Us¥YesoU U Us "hHOGe o263UY by a
hevxd, ~6g “~eai eUsj s3ca USsmeldme spdegs) Udlg s)9h
Jackson, 2008). idoU,sgosydim@ayycetidd al Ut Ye
"geoi " UystthUU; e bYyed GU o63UsshUU;egd oh
degree central ilteye(yddg « ~ Ujo We ygUyydeagy ge U} YUs U
g3sGUL GUd adUds e ealU byatalUUs y3Ud oafheba

U0~y Umplildns s s “a6ilsU U fH ¥YealU eUU)ed:
U statilUs Uds suyU Uesg hHUs d GdeUsUsafhUqUU
UsYaegod Udd U phaUOUGdd Uegd. [ 20]

Co

3.9: Degree Centrality

¢ degree Ucertdradilai ®yh Usd Uiomcddlgsszyd o
g 6acosleh centralitiesUsgffrd@4hgBBs UY sal¥ ho 4JC
Uset 3 “6g yweUs. 9yie gydehUU;ed UaszUs 6 bHU
ahebed. JgUfR Us eyUye aU0U3039ahUqUUG ¢ 8y Ua
UyedsUalU U8 Ugd8Y3 Ushd oahebag aUdi d ~6aaac
Usldoet 3aeagsUefiivd oteyddylidgs Uy s oA UqUUJ .

¢ degree centrality UasUs y3Ud oaUafhd il
afhebed, Usoay Ui lWsy Updeailiadslisls ehtidUe Ushghah
aUsUy90fhd UasUs U Geyldd €U YaoaUd cevyuld ol
3.10: Diffusion Degree Centrality
¢ diffusion degree centrality 3 § § ¢ tve g a exgU U o

C_DD(v)=lambda(v) * C_D(v)+sum(lambda(i) * C_D(i), i in neighbors(v))

gy eg C(DD) Uuz®ée Bead Ude hadls sdamphdag U0aa ¥ ua
Usg ofhebeg. KU esU usUutsaUGaU UsYuslOdd, ¥
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|l ambda(v), € @63 Ua 30U UsUj;oe8 e8oselilUs y3U3 o2
lambda(v).

yUUs @dold®WU uUsYlieiddd uUsUesyUUUs GUes Ui
oUaUesUd Uesg o ¥
oUaUesUd. A eeysvyd d UdyestUsoe GgaUslilaey Y
oUsUfR3¥s Uesg v, ¢ Uo atliolbdstbdljaslelse sl ¥ss 6y o aldl
"38doeieUse beeU.
B yUgiuegat Us s UUays” Wip#Ham or Uera i

hebeag v, dU “~ el Udetegs 3L

Algorithm 1 Diffusion Degree Calculation
1: function DIFFUSIONDEGREE(V)
2: sum + 0
3 for all u € neighbor(v) do
4 Exp, + 0
5: for all i € neighbor(u) do
6
7

Exp, «+ Exp, + A; 4
end for
sum +— sum + Ay, * (1 + Expy)
0: end for
10: return sum
i1: end function

oo

ZzWis a8 0fici Ug UGU; ecgoe GU dJ6 w3 gxeedyY Ua:
UaoaUdd oU3U;sahUdUUd diff Wsiean degree & @.

ZFUsd oywedesraepd®Usd, U Ud[HU IWegdgigode balgsy § d 3
8o998oy3UsU eUd, hpUsdgsbdyd U d8dPqaydsd e Ug
“¥3yr G0 y3U0U "3 AbadeU/selUdeU UalUU "~ jelr 90X
3vy0UR eUd YUces. z8]198dYdgdeiyWos¥oes dansyg
Gaesg, UsheU oaUs Uz ul D Udg®BSF0GGH B &g dfp
d U pa00Gd GeylGdd eUoUat3U0s, ¥Yeaeaas URGe el
U auy Uad.[22]

(4

o
w
(e

3.11: DMNC' Density of Maximum Neighborhood Compomnt
¢ central i toy)edNgC cUsechoghsceldiUs v d
[E(MNC(W))|/(JV(MNC(v))|*epsilon)

eU epsilon 30U UsMNC@ps UG UBaszUb, 20 oelpos G Ua
g 680} YUGRNMINe®dd ed oUaUes3Ud23lUsg oahebaeg V.
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3.12:Eccentricity Centrality

¢ UealUs3U; AUQUU U sUUasUdmepsg wd0s Up 124G
Usfpdlebeg v g easoaslUUUs, 00y 1 300ghdg0U Ggs
ahebeg v oaUs Haoavrs Ux¥xys g eeca ¥3 oafebys O°
GgsycelalbUBe UUye U UU Ggs3UeehUU; U €636 Y
oaheb¥ys K 6g 6 T wyeUs Uds eUoUeai UUyd U HGUU
"3e0useystUUa U eevosd dist(v,K), g e8a6oas
Uss Uy h 6 UgUhsgsUdBaillBl) GqOogadlee®gU0; d Gde U0
*d “38d Uds Uooi WWirdU Vshdedg HUgBUxyds3hd ohe
gy doeetddehUlippd® 65 g hoees 65 ofebes byadossl
] 3U0ad&fUPDooU3U0; HUJUU UhaidsYcddal ole g aiYe ol d)
ahebed (aUs fHRoaes Uesg 6s o9UaUe3Ud) “e8g byad
UgUfR GU3hUmeyJmx@s UsY(ie)es Yaaes ofhebhes
963UY aUd2»] aheba v.

3.13: Harary Centrality

¢ Harary Usepdyesfmse gt w difmax Wdeu)e B eg
dvuuwUasUs d oUvuUGseae U HGUUGd U Uss ohebha
UgUei Ueg eyUyeg oaUs3U0U;9ahUqUUd UaszUs ~sodUs
Ushd o3 ¥YlGeg, U3zt UgUyd sBhUQdyeleglUUPpPGioesy
eylidg¢ UsUGey ¥ €U0 Uds cl ofplien ) B@g@Biredlsi t vy
g hyYssyYdyeoslelU Wedldd eyOvalidy Useceed. [ 25]

3.14 : Eigenvector Centrality

¢ eigenvector egtawalj 99 P doegsdls
U o1 Umfpdie beag GUs UasaUgse. FKEgooayosUsoeayd Uscey
ohebegd Ueg usalUieg yUls LGUU s GgsluyaUsd
GgsUstily)yegs ~Upos0ahWpesli@ssla@Gdas ¢ Ueg =yU
oahebegd U cUesdoeyd Useyd. JgdeuUfdmeU&dd e
oahebaead Ug3sluyUUUs eU oahebegd U UsUaGUesscdd
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TUGYaUse 4 : Modularity oaUs Assortat

4.1: Modularity

deogUsoer digmsryddWlds caU GgsyY, Udid “~eg Us
aYdl0 UeoUey)yosild Usg uUsoalUiasg. @oUesUjatlUsd ¢l
GosUeyyoal0d €U Uds gydehUU;d Usee UaszUs Uz @
Uss Uy h 6 aU0UUUYGGOcABWIieag UWaWebpdd@8dd Ule
"89e6Ussed Ggsy, Udadd.

¢ “96 93vyaUe "e9a6Usoae Gg3syY, Udad UasUs (
aUs Girvan. ¢ bUGsee g hHdUGd UaszUs fHUs y3!
teee a8so3acUeUxvs. 0ol oads siUellyssq ¥ efpas Ulidese el f
Udd " ge3hUdUUd Uvrs Uset 3 GU g elasalgU Usg
Ushd ee3Uyasg UgeUaeg UsaUieg (null model)
UoduUy f.

¢ Gg3y¥YyU0Udid modularity 923 YGUOUUs vd Uszed:
C%B
"eg Ue ¥YdjyesteU uUsUU;yeUs hHaU UU sU0go¥Yy ¢
UsUszaUtdd Uesg ed aU0UUgdgsheUsesg tsaliag,

Co

5 S Y
s

[l

(@]

(4

s5o0Ui glg, —elWmws Us 6 UsUcUshelUscgrd,aifehygs Uibe
Us j GUe null (niocodsells. 1¢ Usg 3evy Usdhedbe s i o Us
693 HAJd&U, (Um{B4. d

¢ Gg3Y¥YyU0Udid modul arity pgpUajpslilss Wiy kb ekl
“"Uya Uxad "e6g sefhoadrgalUlUecedaflgd Udlse; thodusd
UGei @89 Uie hypes Usg UdyealelUUsd UasUs ad
dUyy UaUUs HUs UsealUs GUds usoee Uesg 3UcY¥y s
UlGei foaaeafjeess ¢lddalhs

(<H)

(<H)

4.2 : zydeuadd de Wrodula'rd a dy
B Usaohysadesad “6g 6jduses eoeddal o20s5U Ugdg
modul arity aUs Uds UijUad Uxs e693eUelUrs U
eaU bUaUavyidd Uesg Uesosjadesag Usg Newman. ¢
beeU 30 UoBUadUJa BWs Us aUddd oaUs wdY dgUsaasoa;
aYdU beeU tGsU0Udy UalUUs oaUs Uz UeWl. 3 0Wd&is ¢3U0d
g

y3vlid Uie @2a693cUeUry3s “6g uUs 0
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33U yeUs vd U 6 UgoeUhscele Unomduwldariity Q, gy U
U eddeUi esdllessBsUUsesPdoyY, sU i, j UU 6 sal
eaU Usege. AlGhGes @0 ywd)8o Ul 3Uwsli sls ctiigze e ¢ U
oUsUsalUldqd Usg usalUicgg, ¢ Uaplle Ud davsU;0]il
aUUYvYaadalUd Ueeyd uUUlUeeys¥3. [ 35]

Fgseasa¥Y 6) UsyYeUUUs 30 usUOUd)ei3sUUs U Usd
1. B Uj; Ushd “~a3UaUd wiags U UbYodyls UsaU glbsyd sUsie, ¥ d
eU Usgea¥YeostilUes galU Usce eUUUsi Usgd.
2. O3 “oepbldfi WgBW; e H "e6g "~ UysycUs Uds
93 Ueseed Uuadge Usoms kel UU G UessecUalU i, j Usg
3. 03U Us¥Ysglhed8eU GUsscUalU
B Ueaohyesdeed 3Ues3yYUs dUx;1300d oYdU ahf
3Ucry o90Ue o0c3fGdg UOU; € U0 DY Ue ~oseded Urxs
53e0dlbwsUs 695 ohebes i TMBaol 0 @KéEyc3s UUs o

C«

A cgeysyd Uj@bo¥ cQrgdUllss i, j GgUagsedlUs ol
A addddg—o9o U bV
B Uaohyadeasad U gUUalUalUUs U UU UshasgdU
1. 3 " 62609 lehd wllwsUe&®Unwlta stidessgy oal Uesg

tgUtseasi Uy3Uyeg H €U Uds eUosUai UUy (
w

2. K" s2coe Udd ¢ wo UWsiHUWed d =@y e teg UHi,s ad)s
29893hHUQUUG i aUs |j Uzt 363Uy Gk eaU,

"a2ey3 Ud tgUltsafh Uys3Uye H @Us UU GUescUa
3UaUeby¥Y3UUUs eycyoad hRUag

4.3 : Assortativity

Assortativity e GU0aaUdd 6eeafhUqUUJ G
"UyeglsaYeegs 65 oahebes Ueg UsaUiesg 3U Ggs
Usgd ee89Ys6g3 e¢U ayY 696 Ujyh 6. BUyhas ~a69g
e 63 Ua 30U UsUlGyy) Us (PBeWEx dU W08l vd ¢
bUdesoee Usgd aU3U};safhUqUU.
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¢ GglteyUstd eU0UUU3i ohebrs hHeesosasg bUdeai
"3 UoegUUsoeY¥Y UaaUgU. GisU " UpvyuUsoeU GUU o065
dgstiyeaUUs eU ohebegd 65 @6 .caemlUaodgeéedgs aU
UUcseeacosaY¥Y oUs bossgasgosoaY UaalUgU "~ Ujyeglsy
ohebes gydesi bUdeasgi UUasegs 3U GgsiliysesUUs

g assywirgsaedwd g 6aeoaslUUUs vd d GglheyU
vyGURhOe g Yice@gsosUpallUasd UU) so; UGUa UgUe (
eyUy e UasUs 6 GiysUUaUGUed assortativ

o

B GgsUUaUGUed assortativity UasUs 6 ©Gg

bUdeagi e OUUs3} sUgot3a GgsululUeysrs ohebrs
GdgleyUslld eUBU=miscegphodidz ai , U3t Uz UadUOUU
g etiUsesieggs uGgueyUsid eU0UUsi ahebys usU

GgsUUalUG0Ue assortativi-tyl]UsepOB83 G&c GgaFU
assortatity ~ Uayj 3Us Uds Usee 1 Ue uUdre UgzsUadsWBU C
HOUs ~ Uay 3109060 disa allegese ~ Uy @ g G seYesalssf) (kdeUhgh eV 3t
hROUs “~Uayps3Us Uds Usee 0 uUU3s "~ UjyegloayvYelUs oY
ahebrs.
B Gg3UUaUGUed assortativity UasUOU0Us U’ f
B Q@ fi

B ApPelfusUs d oaUUUsesee Usg g 6alUs AelUsaeseg bUC
Uset 3 “6g GUioegs U ' f Uess oahebs UsUsjaegeys

B fAy®BdsUGyy OUUs GUds o893 oaUUUssee ~sodU:
bUdet 3 Uv¥s3 [8] 6 oheb¥s.
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TUGY®BUs apUasaUUd Egooa} sUssaasi YalUsszUsale
51 : KsuUovyoe

zaU U Usd 0GdeUsUsahUU;Ud “"jyeUYCGUsdg U
g elUdqracles UGelpd UBe fh)oe UosUsegey Gt 300
“"aUe3UsaUeelUUcsd. jgUf GdeUaszUs HUs ¢a
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EFde U3z Usoe dylGd UfRGe GU UsUassRABS@G. DYich{da
GdgoajosUsah ¥vd “16d Uds Kgjt d (RCA>1) GUCc
“"addit j} U aU0U0Udosyst3 “j3eshsUxs. ¢ U say)yYUdiq
oUoesahd ARUs Ue . K. Y. Udd 6t} U0Ud egUsitddal
Ugsedddl 1-Bre.vs% y¥rd Us 1996, oaUs UzUsy UUsa:
stieodadlU aUds UsaUasUsd Uesg | . K. Y. G0 4. 4%
bUaUavldd "~ U;jfhessrys eUosjeesoesscgesat s UUsaUl :

by 93 Uds UeaaUose Usg aUdUGUL UcgyUjlsUd 989,
993fQUU3 U 613 Ud Udd 6Comecond (Egebhbgi asa
8950B836B¢eg90¢e 6 oY3v0499ldsg AU} dd e kdad®Basale gU d
O3y lUdedgy U’ a8 WO &He iUbls je3 g Ukde slbasg Usza” aeald , e s U G Us
U h EelGsUaslUsayY o) YUfetUyhoed Uesg apdgg) £0
Usg Ue 63 ae6g Udd BgooUjyaUd eU0UUUssseddal

Ue hyoae Udd U 61 Udgso%day] A. K U e UUaUa Us 7

¢

=

L1 U At > 0 2Kt >0. RCA>1
Bgoayj Us s P

BgooUja P P
ts3aUlUs P
1997
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https://el.wikipedia.org/wiki/%CE%88%CE%BD%CF%89%CF%83%CE%B7_%CE%A3%CE%BF%CE%B2%CE%B9%CE%B5%CF%84%CE%B9%CE%BA%CF%8E%CE%BD_%CE%A3%CE%BF%CF%83%CE%B9%CE%B1%CE%BB%CE%B9%CF%83%CF%84%CE%B9%CE%BA%CF%8E%CE%BD_%CE%94%CE%B7%CE%BC%CE%BF%CE%BA%CF%81%CE%B1%CF%84%CE%B9%CF%8E%CE%BD
https://el.wikipedia.org/wiki/%CE%88%CE%BD%CF%89%CF%83%CE%B7_%CE%A3%CE%BF%CE%B2%CE%B9%CE%B5%CF%84%CE%B9%CE%BA%CF%8E%CE%BD_%CE%A3%CE%BF%CF%83%CE%B9%CE%B1%CE%BB%CE%B9%CF%83%CF%84%CE%B9%CE%BA%CF%8E%CE%BD_%CE%94%CE%B7%CE%BC%CE%BF%CE%BA%CF%81%CE%B1%CF%84%CE%B9%CF%8E%CE%BD
https://el.wikipedia.org/wiki/%CE%91%CE%BD%CE%B1%CF%84%CE%BF%CE%BB%CE%B9%CE%BA%CF%8C_%CE%BC%CF%80%CE%BB%CE%BF%CE%BA

TOUWHY 6j3je39Y 1997, GUe UasaUge eU 24t >
Udd Bottleneck Centrality GY¥adaU 30 yecegs

FUs UtasaUge U 2?2A£>0.5 Uy aU0U0Y GdeUsUsa
coefficient GYsdoeU 3U oaUQGensatp d AsgeUszalU g

ZFUes UtUsoalUgs U RCA > 1, eyly Uxs eigenve
3U 3Ucyjasegs AHaUd 65 6t Ud Udd A. K U0 Uy
Uds AabUUaU.

A saelUsxyd G0 UgUe Ud 6je3sY U
Uds GdeUsUsahUqUU Udd i OU GU U
g heso’”d Agjt d.

U GUa3U00U>s
8 99afh U a (

juy U 2Kt > 0 2Kt >0. RCA>1
Bgoayj Uss P

t)aUstla P

NegeUsa P
1998

¢d 6yJe39Y 1998, GUe uUaaUge ?2AL>0.1, 04Y
BottleNeck Centrality d tjaUstalU aUs d Be:

FUes UaaUge U 2At>0.5, 3UctL ) s00 d Axdla
aUs dq dhy UsU zUsaUues3alU ¥vd "3ed Uds DMNC Ce

ZFUe uUao® URGBA>1, (GY¥sdoeU 30U a3Uc¥yjaesgs rd
haUd 65 6t Ud UaURdg Udd AabUUaUd d 6 salU -

A sgelUsxvyd G0 UgUe Ud 6j363sY UU GUa3U0O0U>s
Uds GdeUsUsafhUqUU Udd ei UYo dUs WlssB®oafyd U” j0é d
g hess’”"d AgjL d.

ey U 2Kt > 0 2Kt >0. RCA>1
t)aUstla P
BaaUsla P
AxGaaU P
bhy UsU z U P
1999
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TUUY Ud 63 639Y dB9PALtAWe]l UpoliFadqoalU 3L
ddeUsUsofhUU;d dyld s degeoUyal, tjaUstal
"38d Usd aU3U0U;9ahU0dUUGg: Degree, Barycenter
subgraph centrality score.

FUes UtUaoaUgs eU ?2Wotoed. U lcdU) Uodd; 40 AxGGaU
Bottl eNeck Centrality, Us~y GUe taaUgs U R
"0y s00GHUU; Ud 13 0Ud UsyeUOGU Uesgd oaUs d e
eigenvector aUs degree.

U, OUdyei el 6Us U 9oy vYdam UU da diklgseoddy a &
U a 0u UsrvGU; yiUsUd (At > 0.1) Usa¥Y oU
GUa3U00Us aUs U 6 Uds oaUdsUjvyeysd UsUGey ¥ (

g

Ce

Udd degeaoUyald, Ue eUjatisse Udd K. K. GUsd ¢
Us 979 adU 50.6% Us 1998 osUs ydUUGU Ues 60. 3%
juy U 2Kt > 0 2Kt >0. RCA>1
e gao Uy P P
BaaU3 lUa P
t)aUstla P
A¥xGdaU P
2000

TOUO 63e3sY¥Y 2000, GUe taalUgse €U 7?2AL>0.
GYadoaU 30U yeegs GdeUsUsoae dylad ¥vd “~j3ed Uds
FUs UaaUge eU ?2At > 0.5 d BgoejUsalU dGYs(q
Usd aU3U;9ahU0dUUd Degr eaman.Barycenter aUs C

ZUe UasaUgs eU RCA>1, Uy aU0U0Y oaUae dyilq
st} Ud.

¢ zeaUuUbaU @GUa3U0OUUs 30U usUUdy Ua GdeUsUs
Uaa¥Y eU cUedoayY U a 0OuU UsvyaU;yiaUsUd, HGs o
zU €50 UsUGbBbegddofldaU, € 63 Ua 30 U; 0U0d
Ue Ry o6 "UyeglaliU GdeUsUsose Uisazdld aUU
UscoacsggdheUsad U f -126909 , " (i titys We eLt99B U dy UYL
aya0d Udd AvxGaUd, oaUs U We B3®0WUsaills vroy{dy
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zgauUbaUd @GUas0OUUs 30U “"UjyegloayYeeds bUaUan
U eUUeaaei 3 eUosy}¥s Ues eUoUai UUje Ue 8y} 90h
UsUorvoyd UaURd Udd F.] . T. (¥es36 8as0U0al
Uy 9lGU) Usdoagdo limdlidsfepd Usg 6 easgbeedsigee UU
FeaboUUsoyd, pds@o dUclUpelfUa t Udo Us Fe & U slbdesd U
Osvyydygy eglalfUs Uiazadid U 44% Us 1997 Uxd

Ly U 2Kt > 0 KLt >0. RCA>1
t)aUsta P
zealuUba P P
Bgoayj Usa P
2001

ZUe UaaUge ?2AE>0.1, oaUUY Us 2001, wagy al
centrality yGcaegs 89 : dbhy UsU zUsUlesal,
sUgoecy) vlalU, zYaUU.

FUs UtUasaUge U ?2At>0.5, Uy UaUdystalUsay¥Y
begooU)j aU oWord ‘zyeeedi Ubdma Bottl eNeck
ZUe UaaUge eU RCA>1, U3 aU0UY gydee dyild

6t Ud Gge UpsalUebUsceysrs Udd degeosUjald =
yeega3 O0deUszUsoae dyidd aUs GU Us s8fh U a Ule

] Updg Ugge 2000, oaUUY Ud us¥Y;aUsU Udd
begeaoUyalUd GU0Uds K. A. R e6g d 6t U UsUpo¥Y U
“"aey}; d UGgeeUUsce GUds EU3, U s 3 hadUO0Ud Ue
GdgsybdaUs. g8 ¢eUjatosasy diyd sUgUdidVUgU Ugw e
UgsaUshUUs. [ 29]

juy U 2Kt > 0 2Kt >0. RCA>1
"gey Us o U4 P
bhy UsU z U P

ZFoasbUsa P

zYaUU P

sUgoaagy ¥l P
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https://el.wikipedia.org/wiki/%CE%A0%CF%81%CF%8E%CE%B7%CE%BD_%CE%A3%CE%BF%CE%B2%CE%B9%CE%B5%CF%84%CE%B9%CE%BA%CE%AD%CF%82_%CE%94%CE%B7%CE%BC%CE%BF%CE%BA%CF%81%CE%B1%CF%84%CE%AF%CE%B5%CF%82
https://el.wikipedia.org/wiki/%CE%A0%CF%81%CF%8E%CE%B7%CE%BD_%CE%A3%CE%BF%CE%B2%CE%B9%CE%B5%CF%84%CE%B9%CE%BA%CE%AD%CF%82_%CE%94%CE%B7%CE%BC%CE%BF%CE%BA%CF%81%CE%B1%CF%84%CE%AF%CE%B5%CF%82
https://el.wikipedia.org/wiki/%CE%A3%CE%BF%CE%B2%CE%B9%CE%B5%CF%84%CE%B9%CE%BA%CE%AE_%CE%88%CE%BD%CF%89%CF%83%CE%B7
https://el.wikipedia.org/wiki/%CE%A3%CE%BF%CE%B2%CE%B9%CE%B5%CF%84%CE%B9%CE%BA%CE%AE_%CE%88%CE%BD%CF%89%CF%83%CE%B7

de g a2 Uy P P
jgaUj a( P P
z6aluUba P P
2002
FUs UtUaosaUge U ?2At>0.1 oUcalU 613 U U3 av
¥d "4 6d Y 898 centrality.
ZUs GbasaUge eU 2?2AL>0. 5, GdeUsUsose dyd
Closeness(Freeman) centrality UacU d AvG0c

UacU d @dhpiesdUzBUs d 2?63 bdoal.
U UaaUge eU RCA>1, (G¥adalU s "~ UjystafU
¥*d " e8d degree aUs eigenvector centrality

ssU0alUU; U cUedoae Usce.

Ly U AL > 0 ALt >0. RCA>1
bhy &8 UG P P
Av¥GaaU P P
?68) bdoa P P
2003
ZFUe UGaaUge eU ?2KL>0. 1, cUj UaUdyotUsoae
eccentricity centralities UacU3s 65 Tj3eU0UaU
ZFUe uUasalUge eU 2At > 0.5, GdeUsUsoae dy
BottleNeck Centrality.
ZUe UaalUgs eU RCA>1, 0GdeUsUsoae dyld v¥c
centrality UacUs @65 " UpstalGhUU; Ud e€U0U0Usg Ux
Uzt U3 UaddUadi UsshyYUadlUe dyd Useyd UacUsz d U

263 bdoaU.

Cq

Pouy 2Kt > 0 Kt >0. RCA>1
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Axatal P
ZUs z Uy ¢ P P
71 8 UUa P P
2004
FUs UasaUge U 3AL>P .M}, cU0BUsBPIWnUs0e g
bge) UsoUeaalU, REUs zUjase, FoaebUsalU, sUgoaasy) ¥
Yearvs3alU ¥vd “~jed Uds eccentricity centrali!f

topological coefficient.

FUs UaaUgse U ?2At£>038,g () Bgeg UsdUUdEds:
"368d Uds BottleNeck Centrality.

FUes UtUaaUgs U RCA>1, fhaUd 65 6t} Ud GUas
Uds eigenvector oUs degree centrality, €U
283 bdoaU €U Uds @0y eUszal

oy U 2Kt > 0 2Kt >0. RCA>1

Bgayj Usa P

EacbU3a

sUgoaagy ¥l

dUUs a Us

bhy UsU z U

U T© T©U T©U U O

e av3al

2005
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ZUe UaaUgse eU 2AL>0.1, oaUegalU 613 U uUs
8aY @896 centrality.
FUs tasUge eU 2At>0.5, d wegaoUyalU oaUs d 72
dUdd vd "3 e8d Uds BottleNeck centrality, Us
ycega33 UWaaed dyadd vd "~y ed Uds topological coe

o

ZFUs UasaUge e&U RCA>1, ¥d “}16d eigenvecto

dydd GY¥adeaU 3U yeegs s “~UypsGohU0;Ud 1y Ud
zealUUbaU, eU cUedeayd UseegpdbaladO0U, d 0U.
¢ U 9903 vY0Udid GUe UaaUge gydeed UsxyaU;y
tasaUge, € 63 Ua 30U UsUssecoddlUa2006Uc GdBoa3
begoaoUjsafh Ue hypose, GU HalUd Usd aUUdoeyj aUd
gydeed “UpdgeapPddalUddg K. A. ¢ Usslecgeysd
Uosoey ¥, d 6 6aU U sUUaUa U eUyaUGecU Udd F
U eUyal0beU e5U 0GdeUszUsae UsalUoe 0GUes3 o U
beagoaoU) saagi Ue 6j asg-cwaddp D s KgYe 8d@d dol drall
UO0Uajyegd Ue 83ae8g oaUs U UsitiaUxs.[29]
tisUaUU; d dylGd GUas3sUOUUs 30 yeUs oaUs d 2
eUUsyY eU0UUzi ¥Yeooars UaeclU aUs gydee Usee aUd
j Up UaUdyostalUsaf 63 hlidese Udd7E%; UOdd U dj00avme

o

Udd GU a3 UlGa GUds AxGaU Ud 6jye839Y 2005. [ 3

juy U 2Kt > 0 2Kt >0. RCA>1
e gao Uy P P
zealuUba P P
sUUag 3 a ( P
?68) bdoa P
2006

ZFUes UasaUge eU ?2AL>0.1 vd “~j3ed Uds ecce
aUUycegs 69s: zUgjebesisase, sUgoeaesyrvylal, ssda:

ZUe UGaaUge eU ?2AL>0. 5, "UasUs Us @dUUs
Bottleneck aUs DMNC.
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U0 (GUa3U0U0UU>s

ZUes UaaUgse eU RCA>1 5 stahU0y Od
dytid ¥vd ~ye8d degree aUs eigenvector
G0y eUsalU aUs Uds 263 bdoal.
juy U ?PKE > 0 2Kt >0. RCA>1
FoacbUsa P P
zUgjebai P P
sUgoaagy ¥l P P
ssadegUs P P
jgaUy al( P
tUU&sa U P
2007
ZUe UaaUge eU 2Kt>0.1, BgooUjaU
0deUsUsoee dyidd ¥d "y 8d degree aUs
FUe UasaUge U ?2A£>0.5, d AxdaU yaeUs
Centrality, oaUs Harary, Usu 263 bdoal
distance.
FUe UasaUgs eU RCA>1 "eavsal,
ddeUsUsose @&y@gegnvgctpoeadolUs degree
A sgelUsxvyd G0 UgUe Ud G6je39Y
Uds GdeUsUsahUdqUU Udd e¢i UU GU Ue 9ah
g haes’  d AgjL d.
oy U 2Kt > 0 2Kt >0. RCA>1
BgooUj a P
Zeagdual P
A¥xGaU P
?68) bdoa P
e arsal P
AGde s al P
KaoalUuU P
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centr a

genvec:

Kade3aU

centr al




2008
FUBa o & at0.1,t | o Us Urey (8 Udéntrklity (Freeman) , centroid
value, Decay centrality, Diffusion degree.
EUBao b Part05dAY 0 G Ua30WU s s prg U UddttieNeck
o UHarary Centralityg Ucb? 6 } b dyoda jUdogological coefficients UMverage
Distance.
FUe uUasaUge U RCA>1, d zYaUU, d sUgoes}
y6eg3 UdeUsUsoahUU;d dyad vd “~j3ed Uds Bottl

Useyd 30 UelUsaesglUs dq U eUsal aUs d 2?6} bdo
zUo¥Yad UsvGUpydUsU URGe GU Usdshiry Yg Us U
“38d Uds Agjt ' d " UyeglalUdlU d Av@GaU, ~e6g

Z I n €fuelg, lubricantsandrelatedmaterials.

zUe allz UGl a AU tldizd b oo 6 JJO 6 UM aR0056 ) vlosoahd
"1 8eddlgieddj Gazgroms UdBgoay) UBBapalll; UaUasc g
Ggls&dy aNgitpgaz, 3 UUe ~ oy o BelbUboad d tiyjsl)3 y 488 3 .
goolUogmxileg WUs (0 Uw Udlbqls Y ©¢r905,¢6 (4B g o} WalsU
“"aoey ¥d3 UaUeg@Us alllsdgs G h Uglillaf8 @i aegseoUo U,
Uea sty U0dlg G d)arf) 'sa8gy) 6 8} o ¢ hdlbis. & y 0o ¥ 2'Le3g
Uy 3cbDipgygoy UpdoaBgioUspadBado idiHUd;) sce
iglobBdj eadlgBgo); Usted did 8 U¥daWa Udayxl a Ud
yca3Wdig e Uy ot lblecatt d UdHB Uy seolgsfs UUc sksyggad dd
9gjaxdU3Usce Uy | cheoedFBotddabs Yheadd,) Ud
dge od) Ugdhpg oaUaB8dilalg ¥eays UU,} Y i WsaPosey b doalU,
"1 6o Uoay BWdiyg UjUsdlUo vy @i )i Eyscedla 0 ded#g ) « ~ dd,
Uy s djUgftlsUfe 8 hUdsesae vepabdyytadylUs g
Us Us o UUes lilgUdda WG o alisnie Bdyadfp 0 Ui ceslldi@e ¥ jyafs Us
") OdxsU3 03 90 hU0qUU. [ 31]

Co

oy U 2Kt > 0 2Kt >0. RCA>1
t)aUstla P

T16UUa( P

zYaUU P
A¥talU P P
?8) bdoa P
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sUgaegy ¥l P

2009

FUs UaaUgse ?2AK£>0.1, d BgooUjaU GUa3UU0Us
Barycenter centrality aUs closeness centr al

FUs P&2B®.5 d AvdaU oaUUycUs GdeUsUsoae d
centrality aUs d ?e63ybdoaU vd "j3ed Uds topo

ZUes Uasage U RCA>1, d F3eU0UaU oaUs (
0deUsUsafhUU;d dytd U Usd Yeraliygd rd “~jed d

A selUsxvyd G0 UgUe Ud 6j363s9Y U GUa3sU0O0Us
Udas GdeUsUsoahUqUU Udd i UU GU Ue safh U a L
g haes’"d AgytL d.

juy U 2Kt > 0 2Kt >0. RCA>1

U3 aU P

BgooUj a P

?6) bdoa P

A¥GaU P

71 68UUa( P
Aidesal P
2010

~. o

FUe UaaUgse eU 24Kt >0.1 oaUgaU 6t U U3
aY 895U aU3U;safhUdqUU, UsaUsd Udd AKeayYulUd =~¥d

U P&2B8®.5 d ArvdaU oaUUycUs GdeUsUsoae d
centrality aUs d ?63bdoaU vd "j3ed Uds topo

ZFUe UtGaaUge U RCA>1 , oaUeaU 13U 00U GUa
aUs Uy sahUqUU "y3 U U K Us spU®PU; cUtgges
"eg “UjyegaalUauU.

A seUszrxd GU UgUe Ud 6} 839Y U
Uds GdeUsUsafhUqUU Udd ei UU a0 O
g hess’”"d AgjtL d.

U GUasU000s
8 safh U a L

juy U 2Kt > 0 2Kt >0. RCA>1

283 bdoa P
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2011

FUs tGasalUge eU 24Kt > 0.1, tjaUstaU GUasU
degree aUs eigenvector centrality.

FUe UasaUge eU 2A£>0.5, d toaUslalU, oUc
ddeUsUsosae dyl0d *vd “~Jed eccentricity centr
distance.

ZUes uUaaUge €U RCA>1, vd “3e8d degree oalUc
dydd GUa3sU0UUx¥axsUdotlUpdbaa
"Uy3 00dy UaUUs, 6Us aUcalU o1
centrality.

gdU; UUdy UaUUs @Us d tGaUstaU, oaUUycUs »
GasUgU URpae aU UgUfh eUsgulfphibaddg hhie Ua®
GgooaysUsoafh UsUUor¥3sUsoesi saUddodYallee Odfecd
2 g} 9 YEp bt tsabdandlive animalschiefly for food, 4: Animal andvegetable
oils, fatsandwaxese UssManufacturedyoodsclassifiedchiefly by materials.

y3U®fd r@@Uas 8088 dBs UG ddgUs U} & ¥ dAbediyy
tioUsopd@lly v, alsly hHhodddolltpassrhs 80y o000 Us
Usag) aljUddd Uo¥g3gwd 3 UpBoeeegUst dij & olidsds
0 g3 6 aeed edjosumedgi@f1l,Ug e UUd o e jemlhd U@y 88 G U3z
41% U8 g 3 6 o@m s vUootUsdol ks @26% Urv B g3 6 abaUzsrvB L B,
75% 2 US6% U3 Ua 0 Uel298.8 903 Uos Woarwd UUGa Ug UG Eyds 33
Uz U Ui ddigsa lilsltdde Us UsB he g U&Y ab4ddlfx &3 Uos vyo L 3
Uo UbiUb85%U 3 Ua tUhasya 8 albsell 30 sUIR011.[32]

U aUs d Bgaj Usa
;U 1

ey U 2Kt > 0 2Kt >0. RCA>1
t) aUstla P
tGaUsia P P
Bgoayj Usa P P
2012
FUs UasaUgse eU ?2A£>0.1, d ¢tjeaUstalU, Bg

9g)J9o9Uyeeis3 vd "3ed Uds BottleNeck centrali:

60



ZUg
Ud s
Ud s

ZUg
“jed

30U aUUycGcegs

average

degr ee

taaUgae

tasaUgae

eccentricity
el RCA>1,

aUs

stisUalUUy U

di stance

centrality.

e

e NEI >0. 5,

d ?eybdoaU

GUs3 0

central i thyn Us reda “g B dgUd

8 9

genvector
cUsdayd Useyd.

centrality, e U

"Uys0GhUOU; Ud ot

o

juy U 2Kt > 0 2Kt >0. RCA>1
BgooUy s P P
t)aUstla P P
281 bdoa P
tGaUsila P P
zealUba P P
Bgayj Usa P P
tUU&aa U P P
2013
U UasaUge U ?2AL>0. 1, G0y eUsalU, d 7
sUc¥yjasegs vd “36d Usd Useyd Udd average dj
FUes uUasaUge eU ?2AL>0. 263 bdoaU oaUUyae
di stance aUs topological cBooet ftf1iecni eecnkt acUean t H &
centrality.
FUs UtGasaUgse U RCA>1, “Uype0GGHUOUV, Od
"13686d degree aUs eigenvector centrality.
juy U 2Kt > 0 2Kt >0. RCA>1
GU; eU3sa P P
FaebUsa P P
283 bdoa P P
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EacbU3a P P

A¥xGaU P P

2014
FUes UaaUge eU ?2KAt>0.1, 0GdeUsUsoe dyidd
GUa3U0U0Us 3U yeegs 69 UyeUsal, d js3ufhy U, (
FUs UaalUge eU 7?2At>0.5, GdeUsUsese dyilq
zUaUues3sU oaUs d A¥vGaU vd “3ed Uds Bottl eN
26y bdoaU vd "3y e6d Average Distance aUs topo
FUes uUaaUgse eU RCA>1, Gd&sUsd)sbmes adlstda Ui Yoo
AaobUOUaU vd "3ed Uds topological coefficien:

juy U 2Kt > 0 2Kt >0. RCA>1
Uy eUsa P
?68) bdoa P
AxGaU P
dUaaaU P
dbhy UsU z U P
j 3thy U P
gtdUcal P
KabUUa ( P P
uss3alUs P
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742: ~8UUayGeUUU Uxs uUsoaUit 3 Assortativity s

Assortativity UsaUirvs U 24t > 0

L ]
0
o
<
2 °
@ | e
© o
% e R e ®
g" * . = ° 2
L ]
L
g_ [ ]
®
I | |
2000 2005 2010
years
] Ue 1995 y¥vyd Ue 1998 "~ U3 0Udy UaUUs Ui
el 2Kt > 0.1. ¢ eyo90U0dl)Bgsim,Yeddd Wead 10D:
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