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Abstract

A concept of strong-ties and weak-ties played an important role in
complex network studies. However, different researcher would face following
problem in defining strong or weak of links: (1) Ambiguous definition
between strong and weak; and (2) Clear definition of limit between strong
and weak but link is either strong-tie or weak tie (dichotomy method). We
considered that characteristic of links varies in different network layers
(hierarchy property). Some links have obvious influence on information
transmission in local area, but have no effect on information transmission in
global scale; and some link have significant influence on information

transmission from local to global scale.

To avoid ambiguous definition and dichotomy method when quantifying
links, we applied characteristic of links to propose the concept of bridge link
and bond link, and designed an algorism which can detect varies
characteristic of links in the different network layers according to topology

properties and statistically significant, then classify links into four types :

1ii



Global bridge link, N degree bridge link, Bond link, and Sink bridge link. In
this paper, we observed the characteristic of links in different layers under
three real networks, and realized variation in properties of every links from
local to global view, then classified links into different types according to the
algorism. We can describe the topology structure and specific dynamic

properties of networks by means of the proportion of different link types.

Ultimately, we proposed three applications based on hierarchy property
of links and the proportion of different link types: (1) find community
structure in complex network; (2) complex network clustering; (3) analyzing
the correlation between real-world network and theoretic network on
topology structure. The results demonstrated that the concept we proposed
not only led to decent results on these applications, but also resolved different
problems with the consistent methodology. By analyzing and realizing
hierarchy property of links, researchers in many fields of science will have a
better understanding of design principle or evolution principle beyond

complex network.

Keywords : strong-ties and weak-ties, complex network, clustering,

community structure.
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o ARV UL LA BRE 2EFERRECREER Gk -

Z & A50p 3

IEEE Gk Wassermann & Faust, 1994) ;
i e éi;%%@%&( )

i = & & ¢ (connected triplets of vertices) # /mde it ? T = B o ghe > H

IR

-

i

Voo SRR Y b A S ERApal o BB S N R R L RRE R Y

PARRE DL IER o

T 5 3R kB8 1998 & Watts - Strogatz #74& &1 * &z~ B Bl(graph)

AF L e Rppapl iy - 0 AEAT D RERAEE - S8 o ER

27(v,) o T s g et e g
, = : B T) s g 13 Wi vienz £33 8
deg(v,)(deg(v,)—1) (09 " f ) &
deg(vi) 5 hvide} i Sl o BB R AHEHRAR S C=— ZC noi

i=l1
PRAGEBH o P XES N A RRY FBEBIRFEE > UREER
PRE R R R A IR G BT R A U A A g fe e i R
BAoRRPEOTE SR OEPRR DS TRRP B g 1375 o ER N

SRR E TR B 2 o 4 G T R 5 3 L e g

\m\
\44

R o
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3. & 2LR (degree)#ic & M=k F & 1

BR SR I A G 3N p(k) 27 5 EBEF- SLp > 2 5
BMch ke S i R hT 08 IR ol <k> o TRANES R R S IR di
W G- IR B p(<k>) o FI S AR E Y il g R RS B kb
TAE IR FIp R IRA na BhyE G ApiT ol S o 4 i}{l g <k> o
R0 FABSEE G ) IR G Aug SRR R D& BER Bios A0 E A S A

U RE S R oA ERE RRRL S L AR R R

D
=1
o
ot
fs
\‘*/
“r\r
)
Tl

i’—:!ﬁ:‘f%:’rfffséf’?\ plky=p™" > H? rE - B ¥Hce ot o

Bes g3 fhi ¢ R g #:(Goheetal, 2002) o ff 8 k0 BpE AR A R
PoARA G ERIR R G et R o B B S e By 0 IR eng ghin g
B kR o H R GRS o gt R Bl S SR R R Y T L EAE

(hubs) » @ A %EBE T el ¢ Gpit & BT A e T E T o

AR R R A SR RER TR DS e 7T 5 i A o X

R g apery BHEFE IAP SRR ER e LR TS
(performance) s ff 47 e o &t F 5 ¢ 0 Dekker & $Hip i F s e 7 5 2 FF
aff k1 iF » a7 7 (Dekker, 2007) © i i% :x 7 Kawachi rewiring process #
4 ML e e 5N 0 42 F Dekker #-ipat i g (6T A2 B 5 - E 07
7 45 74 | Assignment problem » Kuramoto model 14 2 Lagrange’s model :
FEPAEE - BFEEACRNL P IERRARAE RS M SN R
FRT O R RMOTHRELE R HEAREared L5 e ¥ o
Dekker # Lagrange’smodel 17§ % @ # MY - B R ReR (7 A pEEF M it
Vg ELh T 100 L R (degree)dk B N A & BE2 BBy 4 ARG o AT & ITfEAL
¥ AR erd 5 fj"ﬁﬁrﬁ% o Flpv o i Y Adp AP AF RR R DT 5 B R

N o
Ll
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AR RE 2 o AF R R DR TR R S (pattern) s £ G B EEAE R
4 oMilo 5 VB fEAFFERERATER S N BT 5 o b BREFH D4FeeR S 2
7 B ¥ M enie g A B (building block) 0 # fﬁ,{“r;ﬁ e 3 (motif)(Milo et al.,

2002) - Milo # & 17 = $BenR B £ G 13487558 > 4ol 3 #57 ¢

sz s
b EE

B 3:13 464 ] 5 = & Bhengk 3 (Milo et al., 2002) -

-
Jm)

B  Milok& Bl F- 3B M=t BFeELE
F R ATH R SR8 B B2 (randomized network) ke 58] 3 ¢ & - fAF Bl R
FHORBELF - BB ALF RO E0 AH R TS R OIS
Pt Bl s R RS T REF R 5 B

i

G B 0 R T B R L B

Bl 4: A2 HREagEs e Miloetal, 2002) - A, 2% i > B, $HahEis ek

gt eb > Milo & 2 95 R R R P %’Kﬂfr;i? Lz ARFED D

o

(n-1)node + @] » #* & & B3X (null hypothesis)si®;% #_5 7 & 43 &'t & 3-node
§

3 FINRAIEE > TR ERINF BT T REER T F LT R



BUOPEGELOAN > BRI AR TR SRS O SRRIVE G

feed-forward loop 3 » @ &% A7 s e it fR AR & #ofeid ok L @2 5] P
» F]t ¥ 242 p) feed-forward loop FA 3 #3030 4 @il AR L 5 X A

Mg 8 o Milo ehh 33 9 % i HLUFE B e N A S e D

B b ER NI A RAE T ARG 2R R

Huang % % -4+ Milo #74% &1 enfe g 2833 4o > 7 52 33 1 B onp & (Huang et

al., 2007) « # P35 ¥ 4 BAF SRR N B BN T

*\'2\'—
N
ok
=
"
f
Rt
&
i
ah

W RRaO® L TR EF NG FASORR g RER T

ERAS GBI RS T ARG Y O AREL N E RS B
A o ptob s Milo #rfk 2 ef] B A BB L F B SugF R LT &

2B T 6 el e 53 (LR Ae » A2 154 3 4 47 ¢ bridge
motif §= brick motif iz # SPE L 12 i 53 BT E %R Sip Bl i

By [
LR AR ETS S S S L Y SRR I SRR

ok RE AT SRR W5 55 [EE O SN (LR A) o BF G PR A

12

- E g IR AN Ei‘bf]u’_ i* bridge motif ; % Z_A#H ¥
97 A o RE e s PRAE L A ,i*wfﬁ- i brick motif > # 4 3 bridge motifs

AR P A 49 tE MR R DA TR R S brick motifs &R Y R € 2 2 A F R IR

motifs {r brick motifs - $#** brick motifs k3 > v @ ¥ 5 - S FeF 7 5
b2

g aid R el iERE - § K ﬂ/ﬁ%ﬂ%ﬂ%’gf@;%%
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motifs £r3 BA4p K = s sk > F B frH 3 ?{mﬁe,é % A % 250 Hg U Gl
pREIE DR TR F L RS 'fﬁﬁ“ﬁr’ BEEY SRS F L A §en
AR e Fb o P AT F R RRERE Y 0 R R bridge motifs » @ i F brick
motifs o iz & Fli AR T FRROFGE > I RF/RIF IR FLTTE T
PAEENEE GRS a2 LR R SiEARS &L F‘Jﬁf@mﬂ%/‘ﬁf g A%D
Fot i B B iR BN A 53 o F]pt bridge motifs $ it e B D e B pF
B R TRRE R 22 o Bts s PR BT A5 RRFRE T i
o T ’F’K ¢ £ 3 bridge motifs e e £ % & & < brick motifs #icg ¢ bridge
motifs EcE § 1 F c BRI ALE Y 0 A frﬂ“’grigﬂfrg e R B
PAMRIEIERT TUFLIEIFERRE A RAFL DA B A E T

FERRE o XL i B Fl AL € B ¢ o0 brick motifs 9

Bshst AL A R R LA B R T L R T 2

53 ez AR o F)pt A R / H A Sa el B ehh 55 1T R B el AR 4
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N
N
43
w
i
fise
i1

AR e A0 BHZFATE G OB T BHZF DI me i
WS R ET] o RA O F IR H PR R i e Y g SO M e
PR FELTFAPR R O E R R B R BRE F AT e B
K @ e g LR (degree)fd ST IR G B b B A LR B
Ml B R HEMRER L 3 FE Y o Granovetter 45 ¥4 ¢ ¥ hE
d@E AT and ¢ 0 JF ~ 97 7 (Granovetter, 1973) » & $30 A WERE G et ¢

ST A RS BBk L LG e R S R 4

Foh- A Sk GRS a3 SR LA B VB2 T ap R
o BEfR w3l a4 2 {8 > Granovetter B & 53w R 1’??‘{%%?2;{%"

E L M AEM PR e dr B 5 AR AP BE Afr C2 BFani & 555 %
TR BAr C 2 B ¥ A SAHER Mg A s e Rl R
Bl A AR R P70 ﬁ“"#;gﬂ XF A TP £ AR o S /T;b
Lo enz 4 P LRI WG AFEF P VFA BB AE T AfrCH L
B AR T 5 BB C# Tt g A 4F b o St ap i 353 il (52550 ¢
ENLFTEERRB2Z P gy LS PAAPERT D @ L BT X
eRF SR EAARADR T F 20 Bl BEEMEROSIERILT S LD
B T Rl AT 7 E G AR ek L BihenRi 4k 4 > )L ¥ sl

EHAFE LAV IED YA F TS 5 R BET P g o

Strong link
Strong ]_m_k\ .6



FRGBASH A Fuigerr st i 0w i i &8 hmid 5 1
5%@%ﬁiﬂ%?fﬂﬂiﬁﬁﬁﬁﬁwmki%gﬁﬁﬁ#w@¢WL$4#@‘F%J
(bridge) s ic » B B KREE 3 4p Pl e0md B i 53 d ﬁ%m &7 o
Granovetter ch " 451 (¥f 2% | M4 B A2 Fen@ SR A S 5% L (-

1

AN

BAALE - d) BEAG(-ERLG - AU )UE RS RG (- £3
- H) e RAREEET A HFF 16% D4 I (T Kol S = e R
AR bl A I RBerF s i m 2 973 84% A P olena iFLG5d BE L
AP BER AN B S AR KT AP - BER L LA
PREEBEEBALLL GO ERALTF BE07 58 Ra > F&B
A Bypsnet Tebegz 2 PF o frag et 4 @R T { i e 3 o Granovetter
Bois el 5 1B RO R R Rl St MO IR R PR R 2 el
F & o33 HE N FAFjepre? BB Mong 2 { FAFfe e L HA

2 FF e o

4 1§ f Csermely # ¥ 350 B ¥ >0 R T 807 4 oE i

¢

(Csermely, 2006) © i 335 F & PR DItk 2 (o > 5 A0 B A5 5 add R
Kz i 2 207 50 N A S R-E TR D B M es o PR A R T R PIAXRE o
Fozoo Jh R enfE TR RIART o F AR Fe R Rl DAL PR IR > 33 B J e

(relaxation) sl Hk e g% §_i8 {7 R

33’93

323 (noise) st Fa - HT 2 EF T &
RERLE Y oo TPt s 33 Bay A J9k B A SRR G T - Onnela & 4 g7
1 % * B m (Onnela et al. 2007) - % & B @ iz g AR50 > 70 L 1%
%%géiw%jf%@g%&&%iﬁﬁﬁﬁ%{i%$%ﬁﬁﬁ@%ﬁ%’
PRELR] G BOBCICHEAT A g R R A B ek e it P53 Y AR S e

B AE AL B 4 ML R o
“g‘_r_} F 3i“ g/ ;i: IV %}2@ “é‘: ‘ffjji-_ -Q 't:l;lf‘ * &Fﬁi@ “é,—: o Hansen 4 — ?'\—': ‘jtll
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3

TAABELTY 4] BE CFIARREROFE T H Y BRI E 2 B
WS A F RN AT A SR ris & gl 85 (Hansen, 1999) - 2 A 7 £ B
el 4o~ 1 H AR T SR cnE A S AR R > ¥ ¥ 4% T A 2 | (codification)
¢ Tjp >+ | (independent)sifz & k€ 1 T avig fefe it » Bol ki § 5 7
AR LI G R SRR TR RAR R JRE 5 TS Y 2 2 b
DR R TR RRAR R R o B B 2 T AP LR N ILARAR R TR
;]\;ug;;;gfg@g PR B F AL % BEPEITAE SR G ’f]ﬁ"\’w‘ﬁﬁﬁl
LHE2 B TieF  Fag Tl e § REF TR § s F o
MR T R P ERTIIFTOT AL TR A EAFF IR DT
TG MAEEEF  E 2 P i ¥ LR Al 5a nid
B2 Bl mAp 3 i 6 4 g bl d B BYE T cnpR g o 30l B 4
FEAFRARRE DT B R AT R E P hE o T R 6 Lk
TR A JR AR R foid B ensg 35 R (R @] o

TIE STRENGTH

Strong Weak

KNOWLEDGE
Low search Search benefits,
benefits, moderate severe transfer
Non-codified, transfer problems problems
Dependent
< \
\
Codified,

Low search Search benefits,

Independent benefits, few
transfer problems

few transfer
problems

SALAE 32 & nRf % Bl (Hansen, 1999) -

=
(@)
s
i
4

=
s
\an
&
=
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dFETEE PR AL BE 2 Bl B R %I 50 433 i 34
BAZFR -2 BHGLrRd ST F AL BET R &5 2 B e F
BiemZBANEALBE R EOT N RAAR BB BHRIET PR L
iz Feng RAPM M FIP A BRI AFROT NN G RAF oy o § F
WA F AR R P PE iE > 333 BT T BT Bl § et KA Bor S

=

Onnela % 4% 7 S48 s bt g (T L & 0 FeRSHFEH D SRS
v gep oA 2 o P (Onnelaetal., 2007) » (T35 £ 85 Bk * ¥ el
RS RAEA R E AL FRED VARG BB s FLRAM G LR
FHOG R FEAABRY F2L R E o2 Bams ) B AL RRR ]
AR RN SR o TN R VR AR G R R R TP LA P e
Wpefrend B 2 B @8 5E P S ) e R LT

mobile call graph (MCG) »3%3 N =46x10° # &8> L ="7.0x 1060

e

TR FRERFES SRR LT AN AT § B0 28 T Ty
R0 - P R R A LR T g ( L HERB) T B %
FRIAGSBESLREE  FREHNTADBEE S F LR Y DILag e 1153
BRE ] B RRY HRRE TR A RE R (HREET R R)
BTG DR RS B S G WA R LB T B R -
AL L P A TPt 2 BN R R B RRIIATOT R ko T iR
Gl her? L3 EPOESN O RPETES LI R A NFHI R

P SRR AT ELR o

B350 55 el P A S GAk § B AT Y UG <AL § F F Putnam 3%

Y
N
1~
R
“~m
P
\-0-
R
|
K
3

& F it (Putnam, 2000) » Hl4e G 2 ~ Rde ~ AL g
B SR AROER S VR ABEEMN R | - AT T A PR O A
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g ¢ PR RIS R R B R A g T A

&= »

59 P A LR LR TR
A%{gg\%%\ﬁgﬁﬁﬁ%?%@gﬁﬁﬁﬁ %;ﬁﬂh%—ﬂ’vi
H

s Ku e np RomE s A H T e e

Putnam #-it ¢ T A& 4 = & B #5554 A4 ¢ ° 4 (bonding social capital)
vk’)}% %34k ¢ F A (bridging social capital) o 524234 ¢ 7 A dp e B R K e
fregule » ¥ 2 afER T By et P BRI B ahT A GRE Y o AL R
Bg?  SRAFHAET AT AEMI ) g EF R AR “peRRE L
R ITEE D EAT AR R R R 4TI € T A TR i“lmaf %5 o A
2L T A AR B EARE T Y AR A G DA ¥ AF R AR DR
i 23St BRI BHEN L MO ER LORLe BT B o Ad
§ iy Y ARG A AR B R TR AT S eh 4 ) B
BE o Ae o SN R R RS BTG T A BB Rl ko g

A g T A LFE A 9;& it i C

Putnam # ! 0 féik € F A 4f B g% 4 2 Granovetter # ) £053 35 i & eh
PEF Badpine waddit ¢ T Afriad sy A0 R FHl2Z N 8 ifRT

31

N

b

TAfrs i SR Aot e WM - Ra > Granovetter 5 % ¢h 8 33

s .

MBI RERY TR OBRHIF T £ R 4§ Putnam 3% 3 chE_7 e B gk
v A

EFAREAERRPAS A TREE 73 AT AH AL PR ARIRE
g & o
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2.3 i N ELEL T L

Npp? S RAIEREL - B AP EFRERAFHLERFAY
RAL ¥ R R A Y - A4 J (Freeman, 1979) - 1 # 2 8 g v &
BEEapH? CRABAPRAKEE LAY CRIPA > BHReD 24 FETE
LY SR o HRm oo ¥ e Rk SRS FENF SRRl 2 AR L
B Bt PRELEEE LA oo F A BEEEL RN S B dph e B
B 5 B RAPD OB F - BRI B gy e AR
PRAORHES B RE P ER DY o  BHRE o R 7 R Ag-CE
SERRACE RS 0 R AR AR BEEHREE inE o T A e
CELi hine g BEL: AP wghoFreeman #% 17 h%Y w BB FRHY
B eipl £ > 3% (Freeman, 1979) » 3t A/ 3% aw g i 4k 1) 11 & BEens L B (degree)
mRIEAH S T2

Freeman % & 7 & Bk 30 B 5 S Ehan L BBV Bk § o8 Bl

TR RIBIE 2 N F SRR o i S U

ET

oo SN Y SR BRI A R B SRR AF G E N LR 7
hieiT 1 (clossness) » F A - B & BE AR Y frdl © & BLoNEEHE AR LT 0 70
Belfiic i & 8h 5 R Y o Bh o B0fS > Freeman & 417 A7eh? s R A 0 flLz

¢ IER

% ¢ [ & (betweenness) (Freeman, 1979) » % & - B & 8LE 3 e d H @ < 204
T &

' ﬂ%\ﬁ&mﬁy\frﬁx,{m Foo PR L & B4R T

A

A J e g B H Y
oo ghBRY B R P A4k Girvan 2 2z = 7 i B¢ R (edge-betweenness) 0 Ak
* ORI B AT Bk 4 (Girvan & Newman, 2002) o % 25 8¢ @
LIRS BS R T TR hR T R

2
FF Bk g E g BRARE 5 RS .
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B 7:FE#Y <RTLE -
P BERE T B R S EBEL R TG - BRERY oYV - 35

s Fosd R R RIS RIE - BRELS ARAY LG P i g
(Freeman, 1979) « % /& fe < Htspe £ i 59 0 e B 4 326 4B o % R 4 e
- BB TR E SRR E g AR RS Ao FAER B e
B EHA R FNRAEY H LA BEL T TH DRI L IR LF - B
PR B R - Booa AR LA AREE Y RAERE S SRR R

IR SR e SR e Fpt > A FRER- BRRITGFY
He oo o BT TR E - BEBRS LSRR LU L RRSEORE
Ttk P L & Stokman 87 3 ¢ @ g4 g #40) & (Stokman, Ziegler & Scott,
1985) » T W8 AL T R W WIS R L L L b E R
B B G R H Y S SRR L P L S oY B8 S B S
BAEM B R BT NS BERA S S AR 7 AT 0 BT

=N g (R B

L

N M%wmw;rs BT R R L

s
ﬁm
E-D

A h IR R R A R o 3R e e o0 IR 4 fﬁﬁ@»o?ﬁ’

BNt >3t = _\ PO
EONE - I AL B TRl N

BHFALERFE D 2B B kR

=l

FE R ATRE PR AR 2 B A PR oy S B SR R AR
& i e 55 5t WAF SRR S F 1 K 12 (Clauset, Moore &

Newman, 2008) > 24 P32 2 &2 PlFA2Z T > 3% R eEF 72 P REES o Fpt o

Lt AR Y nE R A PF Y =

NPT A FEL 2RSS cE RN AR A N RERY 1

A g TR LA SRR R OB R R R P R RREL R G LA



s 3 N

LY
L4

XY (R N3

B8 gk tedt ik g R B AR -

LS

2.4 Edge-betweenness £2if % 33 & 8hink | JF %

MR AE T E Y 5 RS RE R gk - Girvan & )

F_k

AR AIEEEFME LY - BER ML I AER 1‘# Community structure)

IS ==
(Girvan & Newman, 2002) o % f i3 2 ¢ il BB R VR F > $ 2§ 7w
ML A A AAFZ B BRIV R AT R Y o B PR T - B RR

s ¢ AL Jf#m,ﬁﬂ SN RIS “’)I} 43+ 8 edge-betweenness °

\

Ag e

L

¥+ betweenness #£ &% 7> B 5 & Freeman #7# ! chinode

-betweenness > Girvan #-betweenness ¢ 1#% & 2t # 3:g % + > & 1) edge

-betweenness - 3+ 5 % i#if & e c7vbetweenness B & - R P TR A SRR

B R e DD BB TR ERAGER S - Bl R TR

BFenE B o AT R iF o pARE 2 i % b betweenness B - 2R

HE > F 53 FAEZ B g ghind @i R € TiRTE A
AT AR AR 2 B i L @i RS chiE R o

Onnela & % & 2007 # 1% 7 Sy (T 7 # o FirRSHhy

5% 33 ¥t 3§ o0 ¥ (Onnela, 2007) - &z B~ T % 7 - N AR L A woR

4%
- W%%*ﬁ@a%ﬁ=i%’#%%&iﬁﬁﬁa@&xﬁ%i%%ﬁi@

Sh3 BT P AL § RGP o R F T4 P {1* edge-betweenness ~ ¥

MU ERT 2 R R RS RSB P A B (R D) E BREA A

PR RBPRR D Z 57 Rt N B R 5 R R R
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FLREEETIZATRFE NGOG APTILd B9 P ahiEd FIEAT
BAd W47 3 FREFEAZEIEL R AP G APF gR

<O>w § "LF Paum(w) 2 =7 1 = > B2 45 SRl Z AL wAE 2 fh
AN A L AR P Ml R AS EARS RO Y T FAser
S ehd @4 T edge-betweenness £2 & e JF & 2o B B (0 AP U IR

<O>y ¢ %% Peum(b) t 2 @ T % > F] 5 ¥ i % eh edge-betweenness (i 4% o
f%/“QAWm&{ﬁ’w%m 3SR A e BRI A A2
By > ST Pl A GARRARS > <O>y S EFT T o A H 9
frd dEArE Al MR TS LS SR kiR T UE R Poum(W) 22

<O>, & B o

|

¥t edge-betweenness ki F3 B i $én72 7 BN 4% § BER T

P
§

@w@%%%?ﬂﬁﬁﬁﬁﬁﬂ’ﬁﬁﬁz PRE e $10 B A oy B P
Ak ERE By E A MG s ) A BAR S o A7 B

i A aprig > TR Y B RS R BT By ,Tuﬁ

FE o
0.2 &
) °
7
V0.5 o 5
= O OO E .‘rlull.lul’lﬂ
A 04
[ )
v = 0900, %
<@
0.05F o %00,
o
] 02 04 06 08 1
Cum(w’l %Um(b)

BlO: X B edge -betweenness & F %3l 7= & 2 & k¢ % (Onnela, 2007) -
Pcum( )2{ 7T 3 —é ‘—L’}E VAT W okt f)”] <O> 2{ 7T l__j ‘J’Jﬁfi » W F EEN ) 1/)” Pcum(b)

ERT s"ﬁedge-betweenness @] 3 b et 5
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B RRMFR Y AP e GE B R R ORI g e AR AR S

—n

R E G AP E < B4 > f & _Granovetter # 155 35 @ B a4 2 18
(Granovetter, 1973) » ¥t pe? @ SR R 7 = 5 T RAFHF T B
B2 - oG T R{EMORERRORIMAE AP RIE S ARERY DipE
Fesf B hoehst o> AT AT r#@«h—t;\j , (bridge link) s T 554 5¢
i % ) (bond link) » AF S e B ¥ Mt @A SRl LA BEMB T ¥ - B

HH o R L A bRk ek oo Sagd Nl Ban sk LR T AEa ¢
AL AFEMY 2 IS A e AR S LR G 7 Rl A

PR T T IR h R AT B BARASA B 4 o e B UL

=y
oo
E-)
W
et
i
T
Al

RS ST L R HE Y S e R

ALPAT D Rl sk R B R RS R A RRY ST

ks
=
T
Sy
3

E R ST S AR B R A I m@é—%’&%&?

\

B FFRST AR LA R RS B g AR F o 2l B
S

LEHEFATHE T AP TERP L s RIFHE R § @
LA SR ) A BARS T P N AR 3 ond B2 Y 7R
Brdt il it VO EMZ B LRIRGE A S gk ) S i
By v TR T ANERY B EMF O RAMRET A ER Y RS Bf
g ‘é—oﬂ,!fﬁtiﬂ PR R RBHENE G ek A2 AP R

el JePRA A PR AT PR P B G il o
BEOEFSFET P A a0 T 2RS4 % (global bridge link)

"N r# Mzt s (N degree of bridge link) £ M P Af#s @ 5% | (sink bridge
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link) » & ¥ 345 7 Fe e g A pE ] T

IS

1. a4t

L
fii
4
!
f‘ﬂ
b
e
ETIRS
4
\:8.»
i
Ay
L
i
it

N

i

3

Bhit 5905 d B E R G O) e i s kgt

EEal L NIRRT

’¥EW”$“$°¢ﬁ%% il 5

L

2. Nfpf#st i 3 Lo Nifpata s ““W%ﬁﬁi-ﬁﬁﬁﬁ’
P A S E B S d B R R S O(m) e A RSk B L (m ;

TR RS EA PN OB ) -

3. 2EpHRSEE P AL 2BHRNLS

P A B S0 BT R R S O(n) e Ak i

L

A5 B R BT (n B R e BL D& EE TR )

4. RS RS F LSS RS e B,

v

”f@%%&ﬁ%ﬁﬁ%ﬁ’

SO v L SRR

A rREs G P - SR AR G0

S BE bl AT S  Rp T  f

PR VTR ORES R ASRBLE AR OR T

LEF B and BB fR i i B A 4

[EN

£ f;‘iér\fx ’ Z\

F RS IR RSP A AL

P

-

EIRESRIE EE A 2 ER e
_%gwg,i&ﬁﬂ' o

1% bifapms o AT ket FEY APL LR (A

(hierarchy) - 5 TRBRRELT BT OTE GO

el UENCEE - FALh

P R A RE DA R E TR R AN G R P R S T Bt A

F_

Frsg Tl 3 a8 > BOlRE > § RS ERHAET R R HlAXF >

L6 pC AR A R 2 150 Bt PR R W 4045 PIRL R R BUR AR SR PRA

=
S
L.—J}L Flébé] "'TE' F ‘;””Eﬁ{i.ﬂzg’g Jv] $’,( /J o
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3.1.1 & e TFE K | (Hierarchy)

[
>Z

Pl AP B R R RAI e R A TS - BRAPBG=(V,E) 27
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AL TR R B S e B e B S8l B e ] ] 1 AF R e R
PR B anRE 22 e e F § 1 (domain knowledge) 0 #4447 B BRI B dp
R RLIEE 8 KR P ERE S S e S R A ks CYU
I P EF LR S L T FAFRERR Y BRI 2 i fg - Reh
BT P inielt o T P B R L AR AR A7 AT RRRRL Y ATIEG a0l B 2
FF RE R I ARET RA SRR B R AT blend BB A R

B S SRR EAT T e B nip it TR

o B R dp 2 sk e g R OK 2 AR R e BT R AL T 0B AT R
ELETI el A AR E R B BN L & B hE o R
BALLETE 2RSS S AR e kg RS

Baepd g g AT FE R LaddA bt ’F’T;f%"ff%};’ PR Y R

36



Yyri FIRRE¥ER

EMAFET E Y RSPT - EAFTASERRE LT L DER T
e i pit S LRl s A T EMRIR A SRR S 4 _’rﬁg;g’;&,ﬁ?m o BE AR E — fEAR B g
PRt h G R B R an SN e AV I ERG Sy A 4R HOOE R ER S
PP AF e 2 B Al Tho AR R AR LD B 2 R 9 T AT e B e R
BRI R SR A 2 4t B (Bond link) ~ 2 5 445 3¢ i 5 (Global
bridge link) ~ N Ff #fi 4% 3% i ' (N degree of bridge link) £ i i 4ff 4% 5° & % (Sink
bridge link) o %4 i Bend S EBEE BP0 FEERMF 0 F LA E
B G 3 b EML N S 2RFERS BRI B ERL R AR TR
oo i 49 MR DA TR R L W A RGN R R N R RN g 5 e
PoiR ot ai A B AR R B AP T AR I B2 R LR
oA fe el P 9Tz chd A Al B R I 57 g Al BT R G g

Bk A 494 SR L 5 ep B

AR EE ASE P FERRRIFATER I AR DR E 2
SLEIES SR F 1L L AR NIE B aak S O R

2t W T A PR AR R A GEH B AR RER OB TS RA S

411WS--| & } i

Flw her g (TP FREoKRED RS S P TR ReN R
foffaest 2 Benh) (7 £ & B GE P il g F > APk
NP 28 2B RS BRI FRIB R LBk AP

37



MRS SR RN R IRRNER A LT FRRT GUlh e b

FWend 4 L im oo

41 * Walls f- Strogatz #7#& 4! & 4 /| & J e e cn™ 2 (Watts & Strogatz,
1998) > #— B & gL Hc s 100~ T30 L R 5 <k>LplEis o @ % 7 e

WHpAd -l g ) v ReE@=1% 2% 4% - 8% ~16% ~ 32% ~ 64%)

1. &gtipdc: 100~ S B 200~ T30 R R<k> 14 -

£ 100%
=
S 80% - -
=
£ 60% F- .
2 a0
Z a0% o ~ -
/gQ
S 20% B S i -
&n
T 00
E 0% -
0.01 0 6 0.32 0.
Rewire Rate, p
[ sinkbridge% e bridge% /C(p=0) _—o—S(p)/S(p=0) |

B 17 : 5 <k>=4 -

2. GEbipdc: 100~ S Ba 400~ THEoER<k> 18-
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bridge (BOND) links / Edges

0.01 0.02 0.04 0.08 0.16 0.32 0.64

Rewire Rate, p

| © sinkbridge% ©nbridge% EmmmBONDY% —8—C(p)/C(p=0) —e—S(p)/S(p=0) |
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3. & 2L #1000~ % BHc: 800 TisfgpAa<k> 160
100%

bridge (BOND) links / Edges

0.01 0.02 0.04 0.08 0.16 0.32 0.64

Rewire Rate, p

| = sink bridge% nbridge% i BOND% —=—C(p)/C(p=0) —6—S(p)/S(p=0) |
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40%
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bridge (BOND) links / Edges

Rewire Rate, p
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2005; Berlow, 1999); # fi et ¥ g SR % 5 @& 7§ % & % (trophic cascades)
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e F

Dunne & 4 3p 8} e % 305 e0Q frpa e G 4 000 ) £ R DM IR R
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Zi length(path(a,b);)

weight(a, b) =

H ¥ path(a, b); £ 28 a D] $ 2 b % 1 157 au LT o
path(a, b)i # edge(a, b)* length(path(a, b)) < Network_average_dimeter

Yab,azb ShortestPath(a,b)
c2

Network_average_dimeter =
2. 33T
AP RER R T SE SRR ST IHEL

Yabazb Weight(a,b)
c;

(RandNetwork_average_weight)i=

Yi(RanNetwork_average weight)i
100

A4 100 2ug s et 8 " &  threshold =
(4 2] weight LF « 708 ) L PHER R 8 a5 0 4 e
weight(a, b) > threshold | edge(a, b) >+ 5 1%

weight(a, b) < threshold P edge(a, b) >33 1 &
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4.

WS /| & B g

% 5 H F %% 5% ¥R > 41 Walls fr Strogatz #74& J1en= 3V & 4 [ Jt

BB o @B 1000 FRT 0N X R<k> > RBERP S p g HHES

Bfesi bt Nl B P 2 M G(p=1 -2~ 48~ 1632 - 64) -
2513 PHERPFTHWS |2 R i

Category | Edges | ") | cycp=0) | seisp=0) | Pse | ond | Tine

1% 0.0% 64.7% 21.0% | 41.0% | 38.0%

Small-World 2% 0.0% 100% 280% | 37.0% | 35.0%

1 4% 0.0% 31.3% 40% 39.0% | 57.0%

100 8% 0.0% 44.4% 6.0% 410% | 53.0%

Degree<k>=2 16% 0.0% 40.47% 59.0% 80% | 33.0%

Nodes=100 329% 0.0% 2432% 430% | 11.0% | 46.0%

64% 0.0% 28.43% 400% | 180% | 42.0%

% B87% 58.8% 35% 9%5% | 00%

Small-World 2% 94.07% 47:36% 35% 965% | 00%

4 4% 79.67% 36.24% 115% | 885% | 00%

200 8% 64.47% 28.84% 245% | 755% | 00%

Degree<k>=4 16% 46.18% 25.0% 40.0% 60.0% | 0.0%

Nodes=100 32% 20.13% 22.38% 67.5% 315% | 00%

64% 11.46% 21.78% 820% | 160% | 00%

% 90.56% 50.85% 375% | 9056% | 0.0%

Small-World 2% 94.05% 52.31% 275% | 94.05% | 00%

#3 4% 88.41% 4285% 475% | 8841% | 00%

~ 400 8% 70.44% 34.62% 150% | 70.44% | 00%

Degree<k>=8 16% 46.67% 30.46% 37.5% | 46.67% | 00%

Nodes=100 32% 26.19% 29.31% 645% | 2916% | 0.0%

64% 14.22% 27.23% 885% | 1422% | 00%

% 97.42% 70.86% 075% | 99.25% | 00%

Small-World 2% 90.5% 5471 338% | 96.62% | 0.0%

41 4% 84.03% 50.43 588% | 9412% | 00%

800 8% 65.19% 4286 195% | 805% | 00%

Degree<k>=16 16% 53.20% 4286 3388% | 6612% | 0.0%

Nodes=100 329% 35.83% 4286 7025% | 2975% | 0.0%

64% 25.49% 027 9088% | 912% | 00%

% 96.83% 75.0% 225% | 97.75% | 00%

Small-World 2% 95.49% 74.5% 281% | 9719% | 0.0%

a5 4% 89.12% 72.5% 769% | 9231% | 00%

Degree<k»=32 1600 8% 77.88% 63.75% 1813% | 81.87% | 0.0%

16% 64.52% 55.0% 31.0% | 69.0% | 00%

Nodes=100 329% 53.38% 50.0% 6838% | 31.63% | 00%

64% 45.78% 50.0% 93.5% 65% | 00%

% 9923 100.0% 3.72% | 6628% | 00%

2% 98.82 100.0% 3353% | 6647% | 00%

Small-World 4% 97.32 100.0% 36.69% | 6331% | 00%

Degrefgk>= oa | 320 8% 95.17 100.0% 435% | 565% | 00%

X 16% 9257 100.0% 5516% | 44.84% | 0.0%

Nodes=100 32% 89.27 100.0% 84.47% | 1553% | 0.0%

64% 87.85 100.0% 96.19% | 381% | 00%
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%61 2 FERABFTONW 2 R it

Category | Edges | "*V"8®) | ciycp=0) | s@ysp=0) | Bridse | Bond | Sink
1% 0.0% 92.64% 91.0% 9% 0.0%
Small-World 2% 0.0% 64.88% 50.98% | 49.02% | 0.0%
1 4% 0.0% 56.70% 4135% | 58.65% | 0.0%
100 8% 0.0% 50.56% 4537% | 5463% | 0.0%
Degree<k>=2 16% 0.0% 26.38% 58.62% | 4138% | 0.0%
Nodes=100 32% 0.0% 19.92% 7955% | 2045% | 0.0%
64% 0.0% 12.8% 87.20% | 12.8% | 0.0%
% 99.2% 80.16% 05% 995% | 00%
Small-World 2% 98.4% 65.08% 099% | 99.01% | 0.0%
4 4% 97.0% 58.28% 2% 98% 0.0%
200 8% 95.13% 50.36% 337% | 96.63% | 0.0%
Degree<k>=4 16% 88.2% 35.16% 694% | 93.06% | 00%
Nodes=100 32% 78.98% 27.32% 2069% | 7931% | 0.0%
64% 65.62% 20.68% 4991% | 59.09% | 0.0%
% 99.55% 80.92% 02% 998% | 0.0%
Small-World 2% 99.11% 68.31% 0.5% 995% | 0.0%
43 4% 98.22% 62.0% 099% | 99.01% | 0.0%
Degree<k>=8 400 8% 96.51% 49.69% 1.96% | 98.04% | 0.0%
16% 93.73% 41.85% 385% | 9615% | 0.0%
Nodes=100 32% 87.77% 38.0% 718% | 9282% | 0.0%
64% 77.41% 31.0% 797% | 92.08% | 0.0%
% 99.76% 89.14% 01% 999% | 00%
Small-World 2% 99.60% 84.43% 025% | 9975% | 0.0%
44 4% 99.06% 74.71% 0.5% 995% | 0.0%
800 8% 98.27% 67'57% 099% | 99.01% | 0.0%
Degree<k>=16 16% 96:39% 54.29% 1.96% | 98.04% | 0.0%
Nodes=100 32% 94.74% 52.43% 313% | 96.87% | 00%
64% 88.86% 43.71% 648% | 9352% | 0.0%
% 99.88% 87.5% 006% | 99.94% | 0.0%
Small-World 2% 99.76% 83.0% 012% | 99.88% | 0.0%
45 4% 99.70% 81:0% 025% | 99.75% | 0.0%
Degree<k>=32 1600 8% 99.24% 75.0% 0.5% 99.05% | 0.0%
16% 98.51% 74.5% 093% | 99.07% | 0.0%
Nodes=100 32% 97.71% 74.25% 1.65% 98.35% | 0.0%
64% 95.51% 72.0% 427% | 95.73% | 0.0%
% 100.0% 100.0% 3411% | 6589% | 0.0%
2% 100.0% 100.0% 33.98% | 66.02% | 0.0%
Small-World 4% 100.0% 100.0% 3355% | 66.45% | 0.0%
#6 ~ 3200 8% 100.0% 100.0% 3354% | 6646% | 0.0%
Degree<1c>—64 16% 100.0% 100.0% 32.87% 67.13% 0.0%
Nodes=100 32% 100.0% 100.0% 32.02% | 67.98% | 0.0%
64% 100.0% 100.0% 3487% | 6513% | 0.0%
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2RI R MGRRER 14 28 . .
" — (Kilduff & Tsai, 2003)
AR S E MR 18 35
ERASS IR il R L =8 18 50 (Freeman, 2004)
A g R . 1 v :
Zachary 7z =+ g $ i 34 78 (Girvan & Newman, 2002)
FII PP > e fe 67 182
- ) (Milo et al., 2004)
AR R AR B 32 96
Little Rock 92 984
Ythan 83 391
5 H4h St. Martin 42 205
PRy Chesapeake 31 67 (Huang et al., 2007)
Coachella 29 243
Skipwith 25 189
B. Brook 25 104
P RE 5208 122 189
S 5420 252 399 (Huang et al., 2007)
5838 512 819
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