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Abstract

The dynamics principles, which describe the actors’ behaviors in complex
self-adaptive systems, should include some characters similar to what are shown by the
living systems, such as forecasting, choice, learning, and evolution. Each actor and his
behavior are different. Also, a system consisting of actors is not a simple combination
of them. It cannot be treated by reduction theory, and cannot be described by the
conventional mathematics, which serve for determinism and reductionism. We must
develop some new methods and tools to describe self-adaptive systems. The latest
~ development in the complex network gives us a possible way for searching the
possibility.

The complex network can describe variety different practical systems. We have
carried out empirical studies on quite some practical systems; wish to classify the
systems based on the results and find out the common statistical properties of every kind
of them. The next step could be setting up suitable models so that we could understand
their common dynamical characteristics and mechanism. In this way we can reach, step
by step, to a more universal understanding on complex systems. Among the very wide
scope of complex network studying, our interests are concentrated on the so-called
“generalized collaboration networks”. In such networks the nodes (actors) are
participating a lot of collaborative acts. In the study we shall only consider actor's
cooperation, and ignore the competition, confrontation or other type of relations
between them. We propose define actor's cooperation in the acts as edges. In this way,
one act can be described by a complete graph composed by the actors where every pair
of them are connected with edges. Such a network may not be a social network, it can
belong to many other kinds of networks too, but because the topological structure has
common characteristics, their statistics properties have common characteristics. Among
the practical networks we empirically studied, we found that the Chinese tourist line

network, the urban public traffic network, the traditional Chinese medicine prescription
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network, and Huai-Yang recipe network can be described by the generalized
collaboration networks. After the analysis on the empirical data, we have obtained some
common statistical properties: First of all, the act is a leading factor in this kind of
networks, The act degree distribution (the distribution of the number of the acts, in
which the actors are participating) should be, very possibly, the most important property
in such kinds of networks. It, in a great extent, determines the node strength degree and
degree distribution. Secondly, the assortativity of the actors shows a monotonic change
with the change of such distribution law. We propose a simplified model based on these
ideas so as to show the common dynamical mechanisms of the two common properties.
The analytic and numerical investigation results of the model show very good
agreement with the empirical results. Finally, according to the common topological
characteristics of the so-called generalized collaboration networks, we propose a
quantitative definition and corresponding division method for community and hierarchy.
A new network statistical property, the degree of interweavement, has been proposed by
this consideration that may have practical importance.

Since urban public traffic systems are practically important, they have been
extensively and intensively studied. We have studied urban public traffic networks
from the viewpoint of complex networks and game theory. From that, we have
suggested three manipulator game models of urban public traffic networks
continuously. We try to construct a simplest model with the idea that hits the nail on
the head. In this paper, we mainly present the last model of the three. We suggest a
very simplified viewpoint in which the evolution of urban public traffic network can be
considered as a game process between the two network manipulators, and the
equilibrium solution of the game determines the last evolution tendency of the network.
We have performed analytical discussion on some extreme and the equilibrium
situations and numerical discussion on the general evolution, the obtained statistical

properties are in a good agreement with the empirical ones obtained by the



¥ B XSRS SRR 3

investigations on the urban public traffic systems in Beijing, Shanghai, Nanjing and
Hangzhou. This shows that the model grasps the most fundamental characteristic of the
system. The idea, very possibly, can be extended and used in many other systems.
Generalized collaboration networks ignore the factor of competition. If
competition joins in network, what characteristic may appear? As for it, we introduce
three systems which take competition into account. The research is rough. However,
we expect as a beginning, the work could inspire people to research the collaboration
and competition network deeply.
[Keywords]: Complex network, collaboration, generalized collaboration networks, act

degree, assortativity, hierarchy, community, manipulator game, competition
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FHE 5 R B o B 2 (M —AMBIE, 15 87 P 48 7V A A E A8 3: U R B L i
BRI ES. BUE, MhIRERETIE— Mg, R TN
PABEZE p Cospst) BEVLIERIETAL, CUBIE (1-p) ZBEAMREENERE

TR, 4 p=08F, MRMERRILK BA R, 1T p=1 HEIBMHA BA FEHUER.

o i, BEAEN THREMBRZBMBTAEIMM . FTMERESH,

MRcomRig i, R T X TUEMENERZPHYHIR A TRE, ERZH
B, MRSt RE 5 MR EF, ERTENERAEE “REIAER"
F RS, BN BMETEENH SRR MENEMRKEKLFSHFAN. B
BRI A — B e R 5K, DAREARMRRNEER. E2PRER T PIA TR
A=A, (BR M REEN R T REHUE I — 620 T Al R



W OB NSRS LKA 19

RN, BFREFEE M (EETHTRE0 ET n (BMFHAECHSE
B A PERNFENEE) B, FANEREFFAENTARER, ERET

B, FHHEELENN BA BHER., Bar=m+e Cmy BYIBTHAE, mo+r ¢ 1Y
HMTARD, REHRRRENINE, ERETREBMEEEIE, FHK
HERGEA R BA BBl Lm<M <myro B, BB T HIREAEELEFIH A
i

EWIHET BT XA ERS R, EHSMEHATERERT
WAMGIERE (25E2MEDAMHE) B HEXURKT j HEN “HEE

TAK” T, 02X B, EHSE5E0MTAERES, SMA—RE K
5 5% W2 AL S — R FRREIR A A EX R0, REHR— %48,
WiEA 522 FRKH, TIFNE—ATARTAEBETT 1. 54, Bt (i
FHEM) BHMZLERTELA—FETF LAY, BNEIRLKE,

AT R, EEERIENBENT, -1 QRN EE—H T2 08

gﬁﬁ 5,0

RDP (Ramasco, Dorogavisev and Pastor-Satorras) #7335 3547 57 4013 v
— i EEMNEFIMEE 24 (act degree distribution) FE 247 (degree
distribution) 2 /A X REMEE . XAMER ARG LM EREAEETAE—/ ST
AMSE5ENTE (GHSTHAEA D). TUREER, HrREHEATETTA
B POWIENE. KPP m ARFB5 A, AR Tm MRS A HEIE
FEMIEE b OBERE, RDP #VIER TESEENREEEAEF,
BN PORIREE S PHHATROTRY, TEFKETHR, B%T

2+miT~m) o

TAME b3k S b7 P& PR BN X T USRI AG Po)FUIR B 74 Py GE it
ZR0E T % ROP KEAZIN AR —EBE LR SER, BERARRT —ik



20 MR TFEFR S

ESL. AULBRAIME K BA R, XRMT, ZERMA RDP R, Bil—/ Al
PR TR B LA RN 800 %l SR MRS H B AR B R LA A,
B RS RN XA RS KBRS REMAE. T RATIES 755 KA
BB A TR AR,
2.3 MK miE R

WA 1 =0 WA m, NS, ELBERETA LSBT, EIHTEE by

ZHN hoo BHERRIFALE M —AFTUE, R, BB REUER 11 4
(T HEBOIATS, HUX 71 MATUS XA F A GE TATE) hEm
REEMGHME L, MR—AFHELETE,
231 mEHERMLIEEZER

% ERET -1 BTR AR R SIS TN/ % IE L T8
WERE R, OF HEEEAEEEND, W5 BA MR MASELE RS, RA15
T ) B I, IR 030 AL 72

h, %y

2.3.1

T KRR, Y h=Te-nehsr, BEHBETLUELY

%4Ul%- (2.3.2)

HILHE: no=-c?, BEFp-c-ir, c=11f EBEHr=1he)=1). HEAR
Plh<ky=Pt;>t1h"?) o B IR B Puy=timp+r) » AT MRB: 1< HIHE R K
R Vigmg 40y o BBE, PG =0P 1) <hyan, TTTBIETE B R

1
=(=+1)
B (2.3.3)

t

Bium B B AEE, R =1sn=0r-y4T-1. THE ST A5 T HE

Ph)=



# OB TSRS RIRXTTR A

WA, 35 1=2, y=3; T=3; y=2.5, T=5; y=2.25, T=7, y=2.17; T=9, y=2.12;
TEATEFN, yBF 2. W22 WhFE, BHAREs, =£(T-1), diTH
IR AT A

P(s)cs™V (2.3.4)
Hv=y, Bl RDOP A MR, ACREES A PFIE E 34 Py A ™
PR RS, TIEARBERTAR. REERISR SR SRR A &R,
232 EiECEEBMENEERR

£ FRII T-1 BT MR RGN, WIZShUH(iRE BA BRI p
ESIE DS,

o 1
-0 l)mo+t—1 (2.3.5)
KR =g n =1, FE:
-1
h,(r)=(T—1)1n%+1 (2.3.6)

AT IF P(, < h) = PGy > (mg 41— Dexpl(L- AT =D} -mq -1y o G IBEI P() = 1/my + 1), T
%

1-h

P(h) = Be™! (2.3.7)

& InP(h)=(T “l)mBH"T_’iT (2.3.8)

HA B=(t4mo-1)IT-1)mg+1)) « TR EH M HREAE, BEERFHRHy=-17-1.

TSI B WA TR, TERTESN, rBTF 0. XU, £
s, =h(T-1), AKTBEEESHN:

In P(s) < —s (T ~1)? (2.3.9)

X R RDP A K i1 1 B —MESHE 6L X0 2388 54 P(s)F1IR H E 24 P(h)
BATRARERE, EEMERFAR. PETHRRMERTR P(h) SHhi#



2 N i s AR

ERTHF) . BEEUSRSE EMIT4 R tRTnEe.
233 EEWARERE S MIEER. BoREIEERER

R ERER -1 AR RAR RN R L —E R p HLER. LAHARKHT
F 1-p REERE, WRLHBME BA ﬁiﬁ@fﬁ@%ﬁﬂﬁ?&im,

ah (T -1,
Pm (2.3.10)
AT LA
B = (14 I T s Mo yr-txi-pyvp . TP .3.11)
my +4, l-p
B w15
g  h+a
P(h)= —(1+a)(l+a) o (2.3.12)
-, pe— L po gl KHOREEABRY “BHRE
=P (I-H1-p)

(Shifted Power Law, %} SPL)”. B513E, Yp=0F, a=0, (23.12) A%

ARBEFR; M po>1, a—>wo, (23.12) AFARBMHBEERK. Eit,

SPL R R REHE 2 MO H5. % p M0 2] | LA ns, T H A
VS HD N TEHE A T R
R, A AR, =h (T-1), FiAATEE.

B, (T-DS,

iy = PO -+ (- p) =t (23.13)
_Tq-hp ,_ T _ .
Ba= = 'y B T n=p8+1, TH:
p)=—B (51 ) 23.14)

T-1+a T-1+«

it FHBI, Y p=0tf, 2 =0, QIIORATEAAEMBHE: ML po1
B, a—w, (23.14) ABHRYOBRBER. R, SBEIAH SPL 24



W OB XAERS REARCTR 2l

FIXEE o RIBESR SPL AT IR BE e Mr-117. FUEEUER
5 EidEr &R R A G . FRERT, BRMRENEEINEREZFEN
K, TEAZRMERARE LY, BETUMELERERNAREIHHHEE
FE AT EEA L ER AT LAR] SPL K #4ik.
24 FAVERBEIETLEFER

721 VPE T RERH SRR T —BBRT TIHARHE, kL
GRREAD, B SRS TH5MEH POEET ML XER
SRR Ps)FIR B AT PR ZBIIX R ERRITE AR S . BV S
HEMBMTA, FERRERRRERT SREIM PORIREE 24 PO)Z
et AR ETM-—BRR, TREETREE S0 POX IR D,

24.1 RikEERR

v=1586+003 [~

B &4 |
\ i .
8 * o 1874003 51 v=0.0104+0.0001 |
r ! = = - |
% <. ™ i i .
i L= L" - 3 [
— = . L \
\h - i | g
[ p . S‘R

8 10 0 W0 200 300 400 SO0 400

In s

W 241 MBS AR ALHORAENE B 24.2 BH SR8 L0 2 AL
MeEEa T, BFABSRTHEBESR EBEMARELIH, BAEERTHBES A
RIS REIAH BB, & TAUSHAR R p,(D=1 Lo
R RPENIA (R A GRXBIA KR 8.5) hREMEE, THKTHET
G 1 MM, 1A BE—RET), REEEIATEA RN MLk (B 5304
TR S E I I 11 MIB— A AEIRE KRR A Y 85 WRENT
) A A (B SRR S B BRI, 1 24,1
RTRE M PRI S 15 PORBERIIAE R, 4R BRI H



pal M KFR AP

A P(h)y FSSRRESMA P(s) B R, T ERA S AR 7. KA
S FEER 4 R AR

2.4.2 FEHLERER

B 242 BRT RATE TR Db FE0R0M 40, BEFUER 71 MAT AN F
ARG R o 4 R B OX BT I E BESAR P(h)ARIRAL MR P(s)ER R 5 4 ek J 1

(BRFAFS 4 KA EE T AERAEER Y ~72).

243 BoHE. SAREHEEER

AR T LR E R oA, DA p RENLERL, CAREE 1-p 4tk T1
AATRANHBERBERETREEST PORSBEN PRRTMN
SPL %4, (ARFEMSANEREH o FHF. REME, XEREERERED
AT UL B E SRR AE L T 5 B M PRI B3R IE 534 Prs) Z SR E i B )
M—BOKR, TORESTAROS4 PORIXBEMAA BN, Ritar Ul
£ L RAEE (R 55 T ST 45 R A B MR I SR, ENSKBR R AR 5
FUTR B F 4y A3 A L #5 R BAF SPL kAt
2.5 it

I N AERIXERES, HFRMEMRELREE, TN RS
AELRME, THSXEMSEPHESHEE, B HOAHARENSEL %R
. 5 5% E AR T A RIXE MR MR BN R, BAEEE
EATEBES . MTRIMIERSLEOERALNTIR, KEREFEA
SE5HNEREARTERT M, EHEIRES AR AP WREN X
B, MELXEREEER, RAREXENGER, RS 50 ER.

BAT LS RS Rt LR E YIS, R LRI T R
MM ERERAEE, TP AMIREERAMEHS, HKRKE. A
£, Y%, XHERAMERNOHNZGY, RELWAE. MBE. BEMERN
HEIZIM . EIVEFERARFRIRI ZHMA, RAME 2B RS X
R RZ, BEERMIGHEEROREN. BEERIS D E, B2,
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BnAEE . AR%. FHHFRTESEEEN 921, iR THE REHZ
MBE 9 ANFHREA . Gittss BT P26 A AR BT O AR P 093 1 2 L)
B LEME R, NAMINEE, MEarnnEyERsmnng, XeR
EMARMAAEE GROME. R BARE, SHE) RESHHHM, B
FRABEEAS, DA LEE, HATFHIEN. X000, & E ki
EW R BT MR SN S KRR E (0L EmNRIR), XHE
H% (ERAHARANLGRERERI A, BEAE, MATHIED.
WL RMARZE HRIMEL. 130 R AR Mg % Rt R PR
o, AR SR A RN R R N R A E, R
REMER, HETEHROER FREREDLENFA. KERENIH LR,
B SPL 4} 348 2 5 AT B M 0 I BAFE AR (U R IR o, BRI 5
ST, ERIER AU A HE ML LR - '
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F=E T XESEMBRIERNE

3.1 [EFEMHERN
3.1.1 FEEHENX

fE b, RANATI XAER RS ST T WA A 5 &
PO 5 A . T 1 Rk, RS L AERTIAME, Bk =Y, , K,

1<,

AT ERHPE T (MEREELa, A1, BEELR O, T HHR i MYRE
. A i AEEs, = Yo, Ko, Sk, BT KA | 04 ERE
J€l, .

XEEMS, BT AT E)LNTEPFFEEENID, TATIA S8 5
5.

Newman 7E 2002 F4RH THRE RN ASS—PEELTTEH, BT “RA
tE Cassortativity)” ¥, FIRVEA—AEE-1 F 1 ZAZLNS B r KIE, KFFE
PNRETEEL B MM SMERTILER. 5 KTEN, TRtS
BEMB M —RTEERE, WA “F2RILA (assortative mixing)” #; 2
t ATEN, WARASEAEL AW LW R0EE, MEHL “dERELER

(disassortative mixing)” ). WRFF RN FTEA ARIER T S 2 WAERE, «
AKTERAGETAEREMRX, BESNYARESESHT RERE: T
TERRBETARM AR, AR SME SEEFAYY RE#E. Newman
FUA T ) P P 2 (e] R 24 i 24 3 5P,

M-lz (HIEF(Q) Z (zreF(O)
= (3.1.1)

M
“"""Z (zreF(tb) Z (zreF(m)

Ko F(0) RoRE OMHERMABS AT, M BRpRMEP S,

E-ERRIEL T AT a AEEBT AT AR A LR GETN T A&
BEMRENIE, R RSB MR, LATEME N
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i, BAVRTRRF B (708 R AT CATEARIRY 22 () K <8 ST M 48, W1 P 2 i,
L &M K 2 @S, tin, 7P 2H, EXG—MARMANNA, EOH—
FUBRUEHEMEXR RHELE) ORISR RUNEKR. B2,
SR B A A T R R A R ELRRIE R E, A BN Z A ERAHEED.
AR XME ISR M BB TREET XaEN. KB SIENE,
AR RES 5%, —&4&B LM ARREAELEE—MIETREE. W
L ZhY, BAEREEXATR, MRFMHREDE—FLH ERIELEN
LA, AAXB A . XAERE AR I S DB R R R
- XAEM. EXE, P FRERSE LTS XGEREHUNE X EEXE
— &, BARERMSZMAZIE TXERIBTEENAE. EERHTHNPE
R T, ONERT AR EEEN AR, OB ML NS RN
ERBAHM N “AERE” MR 0, SR, EHHEREEFEN A

ERMESA, MABBEET LBRSREs MEX. TR, &IOXEME IR
Rt A R TP

H'Y (@], p0k,) ZJ% er@yk))
r® = (3.1.2)

H_
mZo(a}‘P fé""(“') Z (wcb .-e.t-(cb)k ))2

K o, "o O MAMIIN, H RRAMES BARE. MRMZTHERIUR
% 1 1038, NABUS 52 X s Fre SR 0 AU T 1sE Xk A r ),

3.1.2 Newman % A% E 181918

Newman SCiF R T RS EMN. HASEN. AAEESRHBAZE
BIE1EM. FEEMBMAREM. email MELSEEMN, UXKESRHM, H
M., WWW M, KRR, ZARMEERM. KBERM. MEm,
BEAYEM., B KEPENSELSMEN r 258, RAFAREHSE
B r BHEHE. MFTE XL SMEN ¢ AR R, X8R4
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SR XRARMHAME? WER, FR HE) £1F4?

Newman HI Park £F 2003 R F L X Hib TR DE. 118 —MEm
HIEAT R T — R TR AEMSFHA “2EH GIRAT 17, UHE
B—EREMHKN. XHRH, MEEAEXLTERERN, B MEBRFEA
B ER ST MERBFOT AR TETRE (WSS A ESE, T
AR T B, XM E BT FATR), AR E—EAE
FREEMEE, BT AN AR UBENTREREX, HRXY
RIRAT R SR TN WS EL, UM EUHREH—FKARHR T ER%M,
SR, LR Newman SUEFFAMH L AENEUHRLERLED, SHAENN »
PIHATES? XA, BWRAKLY, BT E2EL2, —EELEE RN
—AEEEE. Newman H Park 7F 2003 R E T H— B XNHibxA HE.
A IR T AN AR T REVEAAL, B TR TR R SR NG 1,
EEAERSEINS TR ETROEN R FHAE A%, Bk, Wit
LFBEE S HEEEN CXURIFEHD, TSR R hEE Xkl
— AR, AR B2 PRI & PR X B M (BRI A4
FECRIF M RANE) 3R AR— MR ERIEE, BBESH.

%74y Newman Fil Park iX B 510 CII£4 18, FLAIREZIA e IS PE 0 (E SR S0
WARE RN AT REIEI G, TRAME, NRTRERTAGREEH
ML EH. X, F—EFEHER%N r ZBENT, THEEESMER r
BRI RS, BRETHEMBHMEN WBEN, WMARASIE-ENERSH
B, PTLHSRSN r BECHIFMT ALK, THIEREL ML r S5O0 f
(o] BetE LUK T . 2003 4E 25, BAEARUABIEH L MEH r BHATE,
KT 6 P8 T B R RE AT TR A SR B — M FE 707, 3AT, XS UF R 5t
Z 5 MBIRIMEHBER I — ST, BRI AR SR Y LA (9 Newman F1
Park [543 §7 4 10 3R LIE ST .

32 LEFIHER
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321 MEBESH. RRERH. ESHTHNDIEER
BEC2BRTPAHANR, pERFEEMN, TEHEGXEMN. ¥
WRASHEMENR XS EMEHETER, SRR TIXELERN X EHM
SREIR H B A A SR A RT3, FFEEATLLA SPL RECRIR T M4
&, SPL BB KBS e Ay TUERRENERANGEE, B -HhiF

WA T RATR RS TS hRm, FORRAT RIS L 46 BRI
it 4 R RIFHONA .

BN B ARBTF KR EEN— AR, AR
RAE BT, BAVLIELH T L PIARL L R A AT P 4 A%
RPN TG, SRR T I S ATEM M A RT3 A TR e
2 I6lf, ATRLFE SPL RAURIFMIRGE, BIP() « (k+a)” CaRn#AEHD).

B 3.2.1 M 3.2.2 A5 RR T S 2575 PR B ik il 2Bk PR Rt A Ak 25
R, #MEMEFH SPL #447, ErPELKRFEIMMORDRITUSER,

shope=-5.88

InP(kzk,)

ol I IO I~ I -
InP{kzk_}

4]
[¢]

[+

46 48 50 52 54 56 58 30 40 41 42 43 44 45 48 47 48
ik +00) n(k 450)

B 3.2.1 L AMEE R it 46 M322 EikEASNIERT S AE
3.2.2 REMERIRE LM

BAVIAEAET B LEEMS I E— E AR LR I A 2. &
[T BT A AR AR A RS, TR T SRR XA M4 IR
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FIRESM s mRRE S AR A4 i) SPL BIA BB K EH o Fly. EKER

ZEFEHMATLBEM (Bus Route Network of Yangzhou, fEiFE BY). #iM AL
M (Bus Route Network of Hangzhou, f&iFK BH). B§{ 3T M (Bus Route

Network of Nanjing, %% BN). JtEAZ LM (Bus Route Network of Beijing,

f3i#% BB). _E#E AT M (Bus Route Network of Shanghai, ffi#% BS), F&4

7P (Traditional Chinese Herb Prescription Formulation Network, faj#i TC). &

HRiE 2% ¥ P (Travel Route Network of China, fAi#f TR). IF¥EHE R S1EM
(Collaboration Network of Hollywood Actors, fai#f HA) Fi EiEiHEEM
(Huai-Yang recipes of Chinese cooked food, f&#% HY).

RIFHEGERERT I XAHEREPATHIMHHRXBREEERH, H
WAUBRUGH R R B ENTE. BAMRIERBUN, RRBETEHRLEF
MEERNE, FURMNEFERHMAGIAURERREEREEFRATEATT X
FVER SRR AT AR R 45 RIE AT RE UL T 5350 — M558,
BN SRAIR K, IOA RSP E R EGEK, A I RIEHE AR . AW
BT 22 MR ALY, A 18 LRI (B 5 EDT 500)

F 1 WAL AERSRTER. X, r fr® 20ERTREREREN N
WRRMFRE: SEEY . BAAHSRESHN SPL WEAS K a Mg 4 5H

a-ha-ka-s,n—-h, n—k,n-s¥k&n: MBTENBE: NERATSH.

svstem| M N r ™™ a—s|p—sla—h|\y—hia-knp=-"Fk

BY 36 352 | 0.11 0.04 [infinite|0.01%3infinite| 0238 | 100 |5.01
7

BH 150 82 0.019 | 0.114 | 1000 | 185 30 0.9 | 1000 | 30.3
BN | 252 | 1764 | O.047 | 0.160 100 3.1 10 1.6 100 | 1.3
BB 572 [ 4199 | 0.034 | 0,171 | 10000 | 37.8 | TOOO {127.1) 10000 [ 77.9

BS 063 | 4374 | 0.05 | 0.202 200 | 3.3 30 6.0 200 153

TC 1536 631 | -0.12 (| 0.17 20 1.5 G 1.7 100 2.7

TR | 240 171 015 | 036 20 2.2 10 3.4 50 6.6

HA [s0000) 21044802653 0.00046] -0 2.1 30 5.4 0 2.3

HY | 320 | 242 |-0.206] — 10 1.2 1.6 20 2.4

L5 ]




¥ OB XA ERS REA R 3

M AR AN ERFARERRRAE, TTASE C5EEKT 500) f03%
AR ABN TR R BEE. & | PRI B K (55
FEGRRAT 500) M ARAM bR DR EMTAALLE, HMATLH
WA BT 500, EERAMEAFRE, RITMEANERM BAER MK
LT ARKBRAMAREDA N, KRR RIEBE N SPL RIS
Moo M AEAERTIIAEE, SRS EISTE T A4 e,

33 FEINREGREMEZEME

BB, DAANIE T RIHLH XTI AR R R,
 RAPSERE T AR RIS R R B ML R A TR AR B PR 1R 90
L 7 A AR P 2 R T R e R R AR e TR, AL BT P P 2
JIHER K 3] 5000 M, TEATAKREREA 6, H—PHHERY, Ltk
B S L B4 R ERFA S RIEB L RRKA, SRME IHT.

KM BRI F AR (1) BRI WS 2 AR EM B R E
BIRZH: (2) BRFERIA RA R TR AL T T A R T 12t
SRR (3) MACRIZEHE R TEAR F 264k 7 SO0 #FMIE BOBLi%E 52 16 7L 5
B p MMINTT AN, 438 (1D A1 () 5F | MEiEL Ry 4 M3ER 1T
Gip (3) TTHRAESS TAF BB B TEOAR % | PR AMSEiE A6 B, KM T — T
e

r¥ r

z 0.0008 + 0.003| 027 + 0.0010 |  RI: BERAERRMIERFRE
0.2| 0.050 + 0.003 | -0.10 + 0.0010 | FHAMRFRERR. X+, p ARHH
0.4] 0.13 + 0,004 |-0.014 & 0.0027| EFATIHME CllBELERERTR
0.5 0.18 + 0.005 | 0.060 + 0.003 | MEEN 1), r RERTMFARERE,

0.6] 0.20 4 0.005 | 0.10 + 0.0035 |, fEEINFAREREL.
0.8 0.2% £ 0.005 | 0.22 £ 0.004

1.01 0.31 £ 0.0045 | 0.29 & 0.004
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3.4 it

ARG T AR XA ERMEHRET B8R, XELERGAED
MATEME . ZFBAMEE (PEAFIMN, FEEFGEEM. - HEKFZEMN)
F—AMHEME (FESEASER, ZEREHEHRARMRIMIE B8
BWANEERMIE, A “TIH”, BN ERY ‘258" EZ5FR%
Mg, DiERERR - OEFE2E, TEPHNERIZ25ETARR
ENFRREREPHEELR.

LWL RETUEERMLER. B8, WEEM. AN LRE A —
AT LU SPL BREOR #5k . SPL B 35 m] LUEAEH A — N RAR R A IR SR L B
—ANERETEHEE, Ha=00, SPL R REHMENFRELN. Za > o,
SPL ERE kIS M TEEMBEERL. H—124n 2 SPL REMFLER, Rrl

BERMOPISIEE . K, EROMFTHEMKIERSET, R R B E
14 MARFENRETREREERGAE: F=AERRARATEERSE
HRKE, BIINAR FIRHE RECRI P AE IUEE IR RBIC R . Dl EREER AR
T, (B AR o 1 0 NI BB S B b B i SPL IR B R ki B (e
Mn) SFRMERBOXFR. AT, ZHEZARRBDESHRENTHEX

.

ORI, CERTHERTE MR, BERREABER
AR M IS A ZE LA ERE, Hahh2sUE T Ao b A
AR RVLEFMEMHIEERREN. BTXAEH, ERHLEEBTA A
R p, MBERERTAMBE 1p WHRT, BROSHTHELHLITRE, #
Hri 3B T TE 4 A A0 s SR S A & SPL 40, R EAIL T RENLIE S IB T M
% p A SPL BB KBS Mo Flg FEWHRER (LRB_F). BIA

REMIERI P AT R BRI 26 M REM BT RIAT, B UBETEBIFARNLR
¥. BERESRELTLERTINE - G1R, FELRELHRARERIGE
R IR AR RO SREHLE B IATH S M2 p R AREBIRC R, BATAEH



TR XSRS REAXTE 3

— AN R R B ) SPL BB B H (o My EHEILIERERTA
W p FEEMEHRR. HTEANHIE, BHTREMER T 2] SPL & AKX
BEHETNRAEEREE —ENKEXE. BT a. g r B OREEFRIR
BETHAK (T) FXER, RIGREXRIIPAHFEISLEREALETHE S
W ES P EEM T, UETAEE.

R AWHEFERNEARE SHAMSMGET,, .

[BY|BH;BN|BB|BS|TC|TR|HA{HY

Tl 14]16]21 20050 3] 2|44

AL, ST P AT AR 2 A BT A. T B & T SO R — 4 (L
BT AR B ML), TH S T DR EE A —A. & TR AR
BRI E S TR BEMNE (T=6), FEXMTRE A XGERS, KL

HERT FEM R F o I SPL BB R S M o RpH RREOKERFR, BT
h T A R B A R, RATE T —AMEIE, BIBIRAE — R
LSBT AR 5HB A PR KBS H e MnHXRE (5

M a-hflg -k 87, WA 331 Bir.

B 331 KRBT REGESHERF A, BERERAERNELIEERE—ET
BRAGCHEEREMYEN, BNUREZMIRERT UMY, BEARIFRAN
THETAKRNEYR, TEFEMETRIRNE ST AN TRERE, oM
BRZHEANI A ZAEA R A URKRE L LPHENAFHIME
B (Rt R 50 SPL BB BE0 ZMMRA. MH, HEFFRENX
AERSE RS TR T RS XA EME T, MR RE S SPL
B RS HOA SR HUAIEREE p R KEIC R, TREVLEEMRE p ELEM
GREHEL. AEFETE I FRENERRE, RO RZHENIEANA



3 FM NET AR

[EfEME S, PEEGEEMEETOMILEZER N (BRAREPH
FMH S MR 8D PH T HIM B AREHLE R KDY BT REF R
MR BE RIFREERAEEN (RS PIRATSMND), HEYIERLE
B KA.

B0 -
¥ g-himodel)

50 4 o whimodel)
, 404 K a-hireal)
] Q0 n-hirealy
E-
£ 30
£ %0
[1] J
[~ %
g 20
[74]

10 4

1.X
i '
T hl T Bl L 1

B 3.3.1: BOUAISIE R G T WA 20 r STE B PO BZE o Fin KR
. AR @ - h L5 r AR, EO0R B R RRMEER 8K - A
Sr kR XTARENEERRER AN a - h 5 r MBS, ZOHERARHEE
FRRABSMy —h 5 r HEIRE, EPLIEBASRSRLFRENEZOLRKKETERE
HEAEW. PEHFW, FERHREM. FEBRA O EM.

ALK, BATEHAMET AT RER B AL SHE (AR T)
ECHEY . BRRWERRLERAEEeEYe, BRRERLET X&ERA
MBI R, HRERATHRS. EuREN TN THE TR R
g%, REEXETEMS, ERFER DB IERATHAHBIERATIERE
MR,



OB T XAERE RIARETA ¥

FOE I XAEMBHEE. RASXER

41 &

EHLMEHAPARENRE (EHFIHAP, BRTHISS), S5k
HRIER. RRABEEENMS, XEMSEHTHERNE (BFERKEMNIE
HEMB) AT FAFZZEM. HE, &5 KL, MRZBEBRANNEA
MR THEMBRMEREN. HEMEPBEHNENXE “BFERHELmT R4
H—N25&FE, HPS5F8ZRAFHEMENR. BEE. REE. BE¥.
ﬁﬁﬂw‘]%%[ﬁ"“ ”o B4 EANREBSE R G CEPI R A T B T XA T M
TR EMAH. SLPFH3AMRITP, BRHBEANTHEEY Newman €4 f
Palla Z AR . Newman HI—HIRXFRE T YD BEN - RFIEESE,
HEXFHENEXIBER “ER-HEPTRNERRS, MAEZENE
ER XEMEREN. £ Newman 25, H—SREF/MERE T —SH%H
EEE XA BRI BRI i, SORRETar g g — MR RBIF . AT,
KEFERRE . EAARMGEEP RN U LR E T IEERE LED, #
RBHEENE “G” A—MESRET RS HTEN “FER B (dendrogram) 7. X
FEZ-MRE, MHRENA, IWEEERXEYE, REETEEMNERL,
BRI B MRARRIIH, oL RIS, BRI 2
WM EANBE, RN R RS E 2 RGN, B 4.1.1 Fir.

(b)
(31 8 F. Radicchi %, PNAS 101 (9) (2004) 2658).

4.1 —PREBHMHEGR), MHENPERBD)



36 M N E A E A

XEE, WS BRI R ERMEREE . AXBERITRRXHELSARD
(6568, B R KM IR R D RETUE R B TSR,
BESMERNE L. OHEE T B CEREE A R fsom. gig
MR REX T g “BIRERT”, “BRE", FEEET —LHFM
BORKESINE. FEHKGMERARER, N “@d” & Tk ‘B
g 2Er) (7)) WMERERALE, BXT “BRER”, HEAHET —BLEF
MM R, FEEFUE—-eRE L REMENZREH, URBERK
MR, EERZ FRAKEKTFENSH S HENKR, WH, URIMKZR,
PRZAEA—MEREDETRNE L, MEREHEE. ZW. Sl R,
WA ERIET LA EMhEWRI S RERRR AT E, -

BATE 2R G JUR SRR B I A T AR IS, DUER Bk 4 BEE
BRSSO 4R R Rk E R R 7R B EE R KA LA By
I XSRS A BENER, HEMRBEAEE. 2dFH000r, BIOK
i) LA eSS RBEZEN, HEL K NirE s B EELAE
AR, WTEFFEFHLBAEMOREREREHRHNE (BIfEEENE
KRR A Y i, BEALRRESHNME, UEE2EMERDEAT A, K&
BRI LAEME. MR Netdraw @ H ML E RS NIRFHA BTSN E
AR Y, W& TP L AR A3 A0 T LA H B sSe B AR, SERBFA R
KEVRIGr: T FRATX EREEN LEEME, WRA Netdraw #H ) 045
#, sEeATRARNRFANTERRREN (B 4.1.2 SR THIESHTIEEER
F Netdraw BB S AHRA%E. 58 212 BREREERML, B 4121
FRABAHTLETE, FIkA 550 A e 4 B 0 B A83E 5T A2 Yo
BET). EXMERT, SMFERARGESOEREEEZNRK, TEHS
KBRS XAERATFEEIT M4 M b — MR BT BN AT A p &
WEM, AR, REMCAMEE—E e h—MERE? Bk, JI71E
AL F TSI B

Palla AL XA AL B2 4 (L — A BE BT AE, DT



# O T XEEREREARI 3

4.1.2 MBS UELARH Nerdraw il £ 7P 24777 71 M 45
FHEEMNMAERMIRIL. MNEBUXEIERSMETAT R —MegME
—R RS, RREK BOEBEATEMBARETE” Y, BXE “H#ME
AEER EOME” B, HHRRERADIERENERZEHR “Hx (Y
B 1, T BIRRZARFE RS FAPEERIRR YIRS 5807 3. B,
EHARN—BETRN “ELBEMAE ", EREFREMNTAMAT 2HELHE
AT LAMRRE TR E, TRRZRBELPERA—F . BRIOFENTE
LETERALGFEEXN, B2EREZEEFRBHAERTEANHAEN
£ 5%, FIULEREIRR. Palla AP X —AE kAW RBIREN - HRER.
MBFHA FRRLA 1 AA, BEMN “AE87. MR- FREATUELET
MHEE IR REVER A HIRR, RFFHEEZHAD HRRABLEER. Palla
% \BEBOEFTHBEE M k— IR RS B X —A k—IRR B . TEILE
XA L, Palla FABINT FRIRER, REWE HIRRBANTL, FHARS
TAARIAG, A4k C-Finder MAEFEE, ZRANMGMIRERE D, XRULRESH
I — A BAT P B GT A — MR B R 5 BEE BT V%

Palla Z A\ BACIE T RATBINE K, R0, BRERANNIERRE,



38 B KA

FERATF R LR LR SRR XA TEM 4R R 4 B8 P R AN S 5 SohrR i
FH6 . TATA KX AT RER di T Palla % ARIEHE & 30T 38 BATELIFHIRH MR
B 2EmE GRFR) HANVAMBERE XS, ERLH k1 AR R
RiED. X8, H Palla FARMEXKISHE FREAFELALEAN LAERN
K 2EE BMRD 8L, BITALERREHFATE LR BRITAA, €
PTEEERE GRAR) W LBMEEAREEREE, THsbERETHRNTF
B, EHE— MBS REN “BEAN (EEHEARFF T BK. -
NMEER XA RS S, FERNTL2ETE 2 EAAUELE A4
TR AR 4RI B FAHEEE, BTUAE] AR IR AN NE 2 L — B IRERE A,
HTEHZDHEMT MR EEN TS BT ENES T e oy = BIKE
% LUK — AT A ERSH h BIRBE BT XAZ DR h AN A
HEENELEMENES. WREH, T XESERBPHERERLEMER
ERRREENmE X, ZENPEEBK GERNY A8E), Brrigds; 12
K LR 2 EEH MESRENARZNERARE. B8, XHEXRESTF
XAEERS, eflxedse2BmE GRF) MESHAE, TAKIEEINELHA
LT R TN e 2 B E . XA E X INE R E BRI, HERYE
SRR AT EAGR S ARR R PR RO RRAE, M S RO 77 ) 53 R AN 2 TR B
%, W HEAE RICR A — MR E ) 5 HE R R E M
BEREX.
42 BEMRINEXRHEESLES

R ZFIIE, RATREER T A ER 4 A R G =5 B ik DL R A4 3
S5 E LM F2 B (act complete subgraph, fEjFRK ACSGYESHIE XL,
ZH, BRIERRTREEEGHT LAEMSEE X LA R THANXTI X4
RS RERRRE X, A TERABIENRERERNRRNE X, KR
BHEXRET XEEMEM 2B RERZ LM,
42.1 BRIEEEN



¥R JXAERSREARTIR 39

BRITENHET 2 BENHERRXNZEE W T:

M) BX: X={x,x, x| REBEE@tonEd, xRFBiP2EH,
T={T,.T,,-T,} ®RPHAE FR2BES, T ZRHMABTFRELE; x €T,
RRBINBEEREjATEFREEPHNE: x, ¢ T, RRBINTBEERN
RE jMRET 2B A

@ X A=lo,) AHERRERE, K, ={(‘)§ BT

‘ 7

) %Y aya, =0, WI,5T, 4, BL,OT, 20.
1=l

2) #Y aga, =h>0, WT, 5T, MU0 h 18 5%,
1=]

3) %ﬁ&“éﬁﬂi%ﬁt”l‘z,“'f,’ 1ﬁ1’%(ia,‘paa,)'(iau,an,)"'(iau,a:q):’tO’
1=l i=1 t=l
WT, 57, i, BT, FisE5EToETETRREST, hNs 55,

3 1) BXT, ={(.i,k)

zn:aljatk =h>07k >j,j=1,2,---m}?-] h E?‘é"]‘inﬁ%(lndexing
set), hHRABEIKEL

2) E)‘(Th. =Ta UT‘y% hﬁykﬁ‘ﬁ‘! ﬁﬁP (a,ﬂ)eI‘ka

3) HERHMNERELT,, T, (TURFRBKRMEL), MRFET, €T, ,
T eT,, BT, 5T, %8, WEXHENERELT,, T, RERN,

@ 1) EAMBRERERAT b GHE 4B REOIIHES=T] % h BRE

&, BfEC, :U’;:Tz » XPh,, =n}gx{2aya,k}o
1=l

2) MEEMT, eC,, MEHEE—T, «C,, £HB7, 571, %@, WeXT, 5



40 MR F AT X

h ERREC, ZIEEH .

422 XA BXRIBEEMEL

HFRAVALIT REHE, RIF LR X KFRER S B WRBE. K
BRI T
Stepl: #H act. actor B X FRLIBIE XM, BRI S BRIBXREHE A= (,),., -

Step2: Mk > j,j=12m. Bh=Y aa,» A AHFTERFEREER

ﬁ%:nmememwnm.ﬁ@mmmm%m%i%%}*,W
BARKE. b BRRAIERE. b BRRKRERE.

Step3: M (a, B el » WAL, PHHETLE, BHLBEBERELT, .
FRBANBR R OEERNE X, TIPS SR SRR T, JHE
A, HEBERROBEEC, -

Stept: W (a,B)el,, , (KEEHE), BEKEREETHNRERE, B
BIRERERALT, | . FIHBEEENREREGD, RILEREO SR
AT MRS C,, BANETREZREL, HENS
o EHFHE, BEREBRRMBEEC, | -

StepS; EH stepdo. BEH (@, B) ey » BT, FHFTELE. BIREER
B T o B T B AR ML, AT 5 LB KB C,
ERNETREEREL. BENS LRRBEAE, BRRERKNY
BEEC, -

5 BER 4.2.1 R4k 35 ik A A2



OB AR BRI M

K 421 —HEEREBBHRE
M. Ehrati fiRsrI2me 11,
T2 M T3,1 39 WEBEA ARRS
H5&ENR.

Step1: WH act.actor RIEXRHEF I, BE - HERBREEMEA=(q),.p-

W h

1
L
i
!
Bl 4,,=|0
0
0
0

\0

0

[ B e B B e Y

0
0
0
0
0
1
1
1
1

/

9 9
Step2: Hj=1k=2, Y a,a,=3; ¥j=Lk=3, Y a,a,=0; Hj=2,k=3,
=]

=]

ia,,afl, BRRBEREREN: [,={02) [, =4 T ={23)}.

1=}

Step3: Bl (e, B) el = {12}, BEIBKRELT, =T,UT,, 3 BEREEC,.

Stepd: AL, =¢, FLl2 BRBLRZE. NI UL, BE 2 BRBEC,.

StepS: Bl (e, B e, ={23)}, BE 1 BRELT =T,UT,. BR, 1 BikBOR

F2RRBEC,EEBN, U@ UTHUTUL)=T,UT,UT,E1 BKk

B%C, .



82 PN E AR 3T

43 —ELER-YEERERNBEINE R

BA TR TR STR SRR LA B 20T T BEE R IR IR %, T4 3L
PRI, 4 2 5 i RS 340 36 2 A 1 190 4 91 1 L AR 1 3.
43.1 PHAEFIMBEEREX

BN HRIMG, ph—ighHH GE2BEHE) BELaE 15y (&
5#), EEXHNZLEARERARN: BOAE—MAY, XHEMELEHE
H 168 M. —IEHFIE 3 MM AR At RoK, X2 I H A 306 4,
TS DERTE £ M2 b AL I RT BE B HT I  o R 4.3.1 B T &N B &5 10 A 500
(55 2 BT E . ;

#4310 PHHHRFAGE AT A BN 4 B H

TH AT A
#

1l203lals|6|7l8i9({t0t]12l1a]1s

5B % 168 1254|306 238186 115(90|61 (2910|5121 (2

BT R TR AR R, BT LUK T H S TR A B0 15 AR RE XA
TWiH &L AR 14 MR (RSB SERA 15 M A, T w7
ifie), U EREEERE TR 14 515, MEERRMBEE R faERE
A2 EIE. SR, XHENEREREHR. LF L IBEMRAELESHA
HR AR ETEHTHMD, TLETBRATEEEZHELRE 104, &
BAEV LN EZ ISR 10, LEENERERNBEE AR 2N £ BT B (h
BRERETARKTHET 10, B 10T ANZ2ERTERE 24, B
ZHF—ANR10TLEE, F— MR 1R2E2E, 10 Z2EMNFERATESESE
He. 8431 BT RIZE EHFTE & B H XA 10 BB E,
BETEABRKEHRE 10 BREL.

B 432 8R T PAFHMNE 9 ZREFEE. EERBUACEE 4.3.1 iR
B 10 R RR L. BRAM—A 9 BEL BN E 9 e S HRAZH, BREFR
AR FIERR AR, R%EERA 9 e BB E ML D o M




w B XSRS RAMRTA 43

Fif 9 BIkH, ERRFHRAEDR.

10 BiBEEE, A2 MZLEEE, — T2
EaE 10 DT A (R 10 MRAZORIED, 5
—AEREEAE 124 A, BIEAMN 10 M RA
Bl TP i) 10 A 2K 66 18 B 4R
B 431 PHHAMNE 10 BRHHE TREGE
KRR 10 BIREL).

f 'V"‘ =i
AN g B

i

VOB i
%:éf tigg‘ﬁ%;','-g T 0 EIKRET (LA Bl B AR 9 RKEAD

e ,u:,l
S8 lipamager
ISRINRR ARl momses sty 0 R

432 THFTHIRE 9 BIKEEE

B 433 BRTHEFHNE 8 BXEHER. EIRMBHET 10 BXZD
M9 RREO. HAMEERA 8 BB L. HFAEANELBEHAN 8 5%
LEH 10 T2EH S ATMOAR 8 MAKFHA 9 e B,

- 8 BB S B A I = 1 SR 10 B
o CELEEA IING, o, HUMERS AR ARKED. £
N Wi s A

N s b RAAFR—A 8 BB LR LR

‘ Yt
AL -,g’///l‘, oLy
iy % iltns B RN 8 RRA
B 433 PR 8 R,

A LSy
<AL ]
A



(B

B KA 8 3

B, HFTAHFRME—NEERE, | BREE—E68ETHANREHE
WH, —3E3E 1536 EHL A (WH) #1681 Fzhit (B 54). ATLAHAE4.1.2
HRERTEMBREE. HPE M Z2ETUHE I C2RERNBEERY
B, SEW AR RS,

432 HMAREBEMAIRENER

ER=Fd, CEUHTEP TN LATERENE X, BEMTEETE

AT, ENZEIREDE X AN EEER —&AXABTPHNEREEXR
(FEFHRRERRENSEXR), WEELBEEI A M E2ETE. &
A2 EE Z @A TR AR THE, N T MR M. Bk,
AR SCRAT T HMTE 2003 EM AR LB ML . K 43.1. K 43245
FIH T — G _
#4301 M 2003 AACEIEFH — Lt 25 T

#2003 T4 TiH% | BESHSB0EH | TASEEH

AR ERFE M 289 26 6—40 1—13

#4.3.2 M 2003 A30 LM PN B S T 306 I ) 58 4 B 0 H #%

HE &

6{11 12|14 1518192021 2224|2526 (27|29 |34 |40
T = 3

WEHEH (1t |214|1 )22 (1231|111 {101}1

Bl 4.3.1 B2 BM 2003 A8 MBNAKLE. NEFTLEY, BR
M 2003 AZTLEFE Wi 28 A LD, (I E 56 4 B 2 20 B B M A0
HIF XA ML BAMEER, BB XHME STHAHE 40, XERENMRAR
B (—=MF 40T, B—ANE ML B2 WHH 34 ATE, &R
KRBT REE T 34, MEABRMIERTREER LB, 3k, XiHp
BASEEEAT 24 M A, R PREREMT A, FTUMEHREZK
HAR 24, B 432 BRR 24 BIREBEE, STEERREHRE 24 BIRT L.
EHAMEEEME (AREE) SN, XREZBERE BN KES




#F B T XEERERIAXITR 45

RE, EfI@RNEENTXRY. STEHRMML, HMATLBEMNITE

Bl 43.1 AL Netdraw B AFERTHM A K &2 M4 H
ERBHESRE, HERRBEREABE, HHTENEEARE. XERLN
EREHFOTE, WAETRKENXBEM2EE., A—BTHRE LARREG
MAREERRAE2ENE REZERNLIFER. 5P HMFERE MY
NG

24 BIRBIEE (M TREREK
B 24 BB, G852 el
BH, —AReEag 40 41 AE
R 24 NRETOEE N EAW
16 MEBTHY, B ralE
SR 24 A IRE S0 n_EAE
M 10 MEBR=HEE 344 .

B 432 FHMALXBFN 24
BRBERE (K TREE KR 24
BIKIZA)

B 433 ERTHMNAKEBEME 15 B0 E . KA AT B MR




46 B AP IR

BERKIE L. EHEM AT 200 M EM 2SS M AN ESET EHE. B
434 EFRTHMATLERME 15 BRBEEE. cS5RWEETHE 10 278 24
BERELTE 11 BRE) 15 BB,

15 BHBORKE 2 MeelmE, —4
RS 20 M AP R ISARBE
LB I _E A S A BT H), B—A5E
2Vl Hel o e 15 NI 5500 B PRk 2
f 10 MRETHIHEF 25 M H.

B4.33  FMASEERR 1S BB

15 BRBEE A8 BT £ LA R I
15 R RGORA ERATURE 24 FEIRED.
AR 24 B OGHHA TR
15 BIKBLHFH 6 M .
I 4.3.4 BN AL 15 Bk

4.3.5 878 T M AR LB ML BH TR R L S 6 BIRBOE Bl
PRI 6 M AR (BREPOR) 6 BRI, B4 6 ZRHFHHA
KA 6T d (BFPLONA) M eBM. dTFRBRILER, XENELE
AT MM 6 EREERBTET 6 BIXBOMIE, Wk 43.6 Fim. hE
ATILMZ T 6 BEXATE B4 BIn R AT IE M 4% 3 T H A IR 2 HHEr % 45 1 %
it

B8R, HTHMATRBEMNE— P EERE, 1| BREE e GBI ChEm
SEEmE, —HaE 26 M aEHEM 289 M5, WLEE43.1 RETR
TEAN 1 EKEHE,



wOE DU EEMS R EAXCTR 4

B 4.3.5 HMAa3ce MM S POt s B 436 HMATEBMN 6 Z
6 EUHEL UBE '
132 FRIGRABERBENRR
FEATHTHA T, T T8 302,304 BRI 181,455 55 A 047 S 19350
AR R BRI H AT S0 HRERAT 1500 FRH UM, BT EARATH IR
AR, B A AR,

43.7 FFRGEAAERBIR S S0 R HRERE
BRATHE 43.7 BRT BRI L RS R S EMEIE DA 50 33 ) SHE SR
H Netdraw 5OFE M4 B . £, HHT S0 MR A NI RYEA SERNAIR—4
EEE, 84 TeEMBTERBH, £METENMLE. XA 4.3.1 f1E



48 B REBLEAIR

4.1.2 BN AR MR 25T 7 M 0 2 e RS HE . (B2 I RAEiE 5 9
HIEES B L B T HE s (AT 6 6 =R Br M4 5007 (1 S 4 4H
%), H Netdraw 54 tH £ 7~ 9 BB W 4R 230 IE 2 R LL I 4.3.7 BRI M 48
MR EEE TS, W T 87 50 MEH M RISEASEMNTERE AR BT
FEI i T A 1R 1) BB AE

B4R, HTEBGBAE R G FLE R SER, AR ALY
SEERNZRR. JMoRERA LARFRMERL, AL,
44 RiEE

EIR LA SRR A L B B BA TR L. BEATIE Fe
BEMERFLG TEUNNR. HE, XEFRARERTHEFOHIHIHE
TREENERWEL AMTBRRMEE, NBIFLRE, BHMEOERK
ERGER? ik, & BENPSRZFEFER - M RARHZ T 8K AE, R
PRz % “A5 B (interweavement)”, I 1R FR. BNBMOEEEBERERR
ER) XA EREPARSE. REXAEEEMAZENRREZRE, i
NAEEI=h, IMT, , XPMBEREHFH T, RRMENSHETES
BT EHERY S E (R 42,1 EWE XTI TEENIEB F2E, LURRE
XA, hy, RARFEPHIRBEREAEDISMETS, A TBHENATE K,

DAIRER X By (BEEE R M H b, RATRIE AN E XAERAFE L EEHAGER.
Bk, WRMEHMERKCUHERS), MEMKOERER, KR2EH—
MBI TE: BE, by AT, T BEHEDSRE 48 138 (RS IR B F 4 1E .
Bk, TAIRIT —/MF A B 1 52 SOR BB A R skbr M4 B0 B T 52 ]
(FEREEARFE o

Bk, XK = TE FELEACSGFIERE, B—AME FR2Bm
ZHNHELONBEREEXBSRERE FR2BtARLZHTAEE), KE
MHAT O i “ & B KM overlapping size)” §i5E Xo WASEEE LM F:



E 2 XSRS RICA R i

14 ’

_En) _ (m, Pog +my By +oeetmy, B +my ko) M

TE(T) (g Ty 4y Ty # by T+, T )IM
! !
Py, Py "'Ph;mhmm +ee-t Ph;mhmi, +Pu_ P
Pr Toin + Pre Toiat ¥+ P Tt + P T ’

EXRF, EWREDABRRF AT CAEETRAED) BN, 1, -k

M EFREERRE: m, REB/NERERTE NG o, REBRADREK
BETEAM G BIE B A, RRKHTE TE2EERY: b, &R
WKBE e 2 BB A, RABARIRE P2 BERE. HEBREL.

EERXFMNEEMNE, CESMANETEEE, §MIE FEeBAEH
FBER AT =1, }EMAGHHE FE2EBS5HNRE FEefLET

FET, ATEEATEEETRAE M ARE), Wgmy =m;, =M,
I=(MT, ) (MT,, )=1. ZRESHERN—FRHER.

BikmEas MATE T2, SM0E FEEBERETE —HIT %
T=T,., BS5HH0EFEEBREAXLEY SENMARSN-1ER), MF

m,=my=M, I=(Mx0)/(MT,,)=1. ZEEBEFHH—MILHHER,
BEMELETMANH TR, 8MRE FEERRAESE AT K
T=T,., SMAEBTFEEBHBHGTETFELBARZ AN AE S HE S

RE-AMHEZETRIE—ATH), Wmy =m =M, [=(Mx)[(ML,)=UT, e
RENTFREEBNEHEBZ AN —FTREEL.

ek, BRFEO<ILI,

ROV E T —BERREMTERE, FHERTRMSEETHITRNLRE
Mo REHE 440 FERFLEFNOTEERR, B, RAMRBL KE.
105 WIS BRE 2, HAERS T RKAARARRIERE, FrAmeRi



50 E PN 2 s AR

KNEVEABHAT S &ML BNREER, METEEKEREERZHT.
T X AR 2 B PR T A2 2003 SEJE R TIX 65 44, 760 it BRIV,
FHE 4.4.1 ERRRLMZIER LR AT RE AR & X

s b M £ T EX
o B Ffe e % B 1 0.746 | ZRifle| I EE R S B RIRI
H 2 7 30 P 0.640 TSRt A BT
HIN A STLR 25 2003 0.435 LR BR B L

T X AAZE Y 2003 0.401 LLE IR o AR

U Fe i AR AT 1500882170 | 0.444 ¥R LR A —K

S IRIBIE RATER (A 50 S h) | 0.204 B R 0 3RS R a5

S, KRN KRHZHHT, S5 THEEEE, BEHTERLEM
EERE N, ZEHPBERAINT LR BT EROEEZ FE, E—4
T I RIS RS EM ST SO ME R NS RMEE, HEWERTERR, mitH
BRI EE LB ERE kG BB,

45 INERITHE

EREW, BATENT M XAEME R RMERA—MHnEge .
HTYIEHE, RESHRERRAFER LRSS MAMREE, TEKER
WREHTH Fre M ESECR e Y. FRERZ LR EHETER,
HELERMHER DT RESNIE FEABMAMMA, BTLAESIRIOBE R
B R,

—HH PR gD, AEES BT, PR R IR R R
EHTEER, XA XEENSNBREAAK, Ek, BEEEFESNERF
MR G~ M KB . 8 T IRPUX A, Newman M Girvan Bl T — /M &
P 28 1) 93 5T B AR HE — 5B (modularity)®, Bl Q RER. HEXRA N
Q=Z[eﬂ—(Zj:e,j)z]=TrE—HE2||. Hobe, RIEWE E TS, RRPILSPERE

PIAAREE @ 0 7 @35 SR L SRt O R RIEEATH




WO XSRS R AR 3

S A BB, RHAEE RIS, Newman A1 Girvan 350 SLAHE 30
BHEN, BEGRENAXS FRREEEHRROBEYN . BT HBRA]
RAT XA RS BB 2 RS R T 5, RATHE — M MR
KBS

BR~A W EE MATEFRAR, SAHEFRARSAEHRANT A
KT=T,,. HABIERBEBAE—RIIELALEH ML OHEEGH
E—ABER RGOS ROES). XEIFEATATRARES h A ATIA
BB, T aE Ix T, ~h A BRI T, (T ~1) RGN E B, 25X
SRS, EERNERLER AT, FIUE BRI ERBE AP A,
Mz MEAFEL, $E2, MREREEY, FRELBIN. BOmRSk
BRET, (T -1/ N, NERASHEIK. MRERAFARE FHARE

B h-1 M ETHRNEL, BEE2xT,, ~h+ I ERT,, (T, - D%AGH
ANERD), BREBFHREHT, BEEMONERETRE T,y T —D/N o
XA AR R MR H R ESE N A EERGRER FIFAE S &ML
TR, ENBNT A8, MZARSHEEFHLER". HEX:
D=N,(I)IN, ()
Hop, N, (DERRGOEBENTGAEB, N, RRBOEEHERBET A
¥EH. LRIBREMN n BRABLBEEFYHLEREND
Dy =TTy ~ V(T ~H) » T bl BERBALOBEEFHWAEE AR
D, =
e
B h BRBEELARIEBA MR AR OEE T MK, FEEEm, A h

Lol =V ~h 41, BIR, FIEXRTEH, WEBERHEEN D HE



32 BMAF B FRY

BRI, m AR BIREAL, oo s my,, N htn Bk KLU, bl R
KEEERBET my, A b1 FIRBE A, oo v my, N htn BREL. TR, A

rons oo =D,
QL =W, ) - (2";;1,(: ~hym,)- 6( " om=1+m,)’
o § RAMMIERZ O AR A8 ATEETH, RITWGERRS K
—HEH. R, FH

D, =

h+n

canst( const 1)(2 i=h+l I
QT - m )= ((=BmY=6C m~1)"

/%A = Zf:hnﬂ d Zhjl::l(l h)m (S

Dh+l =

D B+l T D h -
Tcomt (Tcomt - 1)
A (A+m,)
(2];on.r )A B 5(A 1) (ZT;DM h)(A+mh) B 5(A 1+mh)

m,(B-6)
[(ZTM, —h)A-B-8(A-DJ[2T,,,. —hNA+m,)~B-56(A-1+m,)]

ERARDFFP, AA-RBERATERE B>, WA FRT 0. XEAADFER
MO AR, ERAT 0 MARSHERBRAT 085 BrLlaLd

%8I D,,-D, >0, FERATEHEERT, A+l BREEHL n RRBENTE
£, MBAVEFRREENE CHEEERIEL T HESER.




O AN AR 3

¥LE BHAXRLHRMENEERASEEER
51 f&fr
HAABENRANEAR TR AE2Y. REMR, KNASGEHER
BN e, ENSEAR, &EZRAERBRNR, AR NIE S
BLHE. RAMERITBRERIZERZNSEHETR, EM5IETSZH
NE, BEHREENRANGE M EFRTBER D TR E S MR, DMEW
HOMFAEEAN. EHREMFEALRETREES MR R AT RN
2. BM 1998 FEE RMSE MR A AN ECR, M LHBE—HREHANE
2. RENFE, KEFHREFFREE—LELMHHEE MR, THRE
Yy RO IBTLAASERALER (K4 B (prisoner dilemma)Fi{= T HE R
(snowdrify®) BT RH LV, ENEFEEMNERE XRTQME, AT, X
B g E AR RRAR EHLRE R, HEERA 2" BT EHE
Bt uld i, BB EES M TR L RE, WEXBEARRTL(H
M 2R T AR BB 2 . — 4 WL B AR A S R AR AT e 45 SR Btk
HVBERERED., Bk, BEA LGP LEZEEE. RIMERR7ER &L
WER4, REEARTHFRARELA “RRE”, B3EBRREGLHANAE
%, BRETHEKREIFZEMZERLMNETRR, RMEATUEAE “TR” HHAR
. FEXFBOT, WA RN ERIZEP RAREZMKESE, RREE
A PEE I AL AR AR AT 9, MTIBBNE A R A% . RWTAT, XEHE
& ITTHIRS AR BB AT CARRAE “PRBAE”. XA “MERAFEE” HER
HFTUNATEEEFRE. EAET, FERREBRTATREL.
BFEFEMEES, MHTATXRE—BRFRARAZ Y, BEX, W
T A ST RE I LS HR DA K L B BB tE L B B M RS, BT T
KR IEEH—BHEWHER (M. HEHS) MLERAE 28, mHa
ZHIATERANKYILRARMATIR T £ 5 765 A A RIUE30, 300k b 700538 24
FEER, ETER, HRETVHBZBERME A, HILEREFLIIMNE LM




34 PN ST 04 8°8

BTN, SEVMMTAT RGN RO AR, XA R i
o LLAF BRI, KR TS OB, A LI —
HESE SCH AT, B2 B BT EM . IR A HRE LREFISR
FE, BN—AMSRHEHBEEE, 3 EEBHEHEER LRSS
BRGATEESER, BEIATEWHEE. Fak, mLRMBEREE
LA THE RS

W AR HRE NG TEEE SR, —FERRY L 25k,
RSN, R GARRE AL LA, EIREEL B
FR PR AE, BEE ST, B RAEERELE, AT
MBAEEY: BE—FEKZRFE, SEHETEREE, BB AN
8, HFE AR RAREN, EIISEEL. K &R SR
L 2SR R ) T U4, T L 25 (a7 vk MO I P48 SR P 2% ) 5 ik M s
BT,

RMNAR T AR R BREOPREERE P ZIME LERZ B8, T
R, AR T AN AR P A AT NG . HAlT
B AT AR s P2 — LA T = M AR, X =AM — Wb —
WL, BB, B R TR TSR N, XA
— A B E B R A O,

52 HIRTRERNEEITEETE

520 ZHMBIRNEH TR

EARMSG A, WRZREFSRERE, aTLUARARTAT.
FE. TEEHHINTREELAELEREER. MINZEFETE, B
RESXA, ANATTEREEERAANEFAN, REREBRHTHHE
VR A, TAORE A M S 8 0T 8 i B R, RIRT,
T B EER—ATH, WRE—FRAZS, ACLFAMHILEY, &
BRDASENRR, MBRRSHEHTESESENNRTEXECHENER



OB AR RIEXIA 3

Kb, WAATEBMEMRCTETRETUEFE—AZFEE, BREEI =)
AT LR R A IR, AR ZE B MO AT MR, HEUE ST,
() BRE n MR, nBEREEERK. S8MTS BN RRa() (RIEF

LR ERD, SEEA, RRE RS ARARNERES, %5 A EHS %
BT

Q) SEHEAITA i j ARG b() (RICEHFHFER), UNEX, %E
ER R .

(3) BHR R —FFATLE, BRELBEX » MIATUIBRERE
— AR RGN R Sl— e MR RIE R T —3 R, ENE=EN.
1) LA A RIFZ H R KA BIRAERGEWH £ 3k SR TR o() BRAH
EALMT M S, BAARARASRFE LENREHE ML, BT
LAZKB T & Ml
2) ARE A IR IEN: BRI kA R PIER TR () &K

FIfER LB T — M. WAREAT HITHE, BRERFMETD RIS
BHREL L.
3) PIAZEESITR A A IR S IRTEBOT AR ET & b L b() I B

B o() M TMBADABMER T~ BARERITERA S i FEE

BRGEBREL L, FHS DB &RED, REBRMFEE,

@) B2 HERNE, THEZFTRIENNE.
1) ARG WA TPIREAE X TFHERREFHRBKE. 2
RARFEURTREMRBARTTRENRE, FARERERTES
% 22 DU IR % (9
2) TEMHE: FHHBE CEORRKED. REFEESARELRT
LR, EMARELRKEE, TANEMERHE.
3) REHMNOME: U CPYREEXFHERD. TEBNFERRE



36 BN A FBRA AR X

EBAT AT E LR, H A& U OB R e D B RE «

B EE, W=, TRERRNS =736 MR LR E 5k
& B AN, BRAN, B-REMBERE, T-RIEBUERSSE
BRI R K,

N
6) BREBBLE, WAL, Bae()=a)*(1.0~dG)/ ) d0),
=1

NN
b(i, /)=b(i, ) *(LO+1G, )/ Y 1G, ) «

1=1,1=1

(6) kit t 1, BALARTHER.
522 ETFEZEPrImgiedEiEEEn |
WEBR— MM ESMAETHNERT R, &4 EERR GRS
MM T “ RN PRMEREE “OH %7 Raala A,
MFALERL, 75 E— NSRBI ERITANRASFEHEN— g R A
RARFRE. FR, BB ST,
(1) M1 ng N5, 7E n AN UERTBENUESE T (TR MBI SRS 4) A
AH— R, VIR IR mo %55
Q) MBEHE, IHBINF R ATAT. TE. BRE (L ZHE0 TH
Brmnal, FHRNERKECHC, BUBBERI RN s, Bk
TR BB SR BN s
L REEFEREBARE, FHBRRAEND, UREED Y.

p=sxl+s,xel), ARATRENK: b =s,xc(l).

YREXERMHRRE, PHERY O, IRERES N,

Py =85 xl(c)+s,xc, AR REW A b, =s,xc.



OB T XAERE RIAERITTH 3

% o R B -
Fex -
wERR B/
NAAT
%ﬁ%’ffé b;; ]/p1 b[; I/pz
B/NGER bz, Upr by, 1/p2

FREILT —R&HE, HHNEE.
(3) HUEX AR, KAEEAHIERILRE, B

X b>by (V> (/p)0, BRER (b lp):

2 by<by (I/p)<(/p)it, BRI (b3 1/p2d;

Y b>by (Up)<(Uip)it, miR#ER (byl/p:)s

2 by<by (Vp > (Up)W, BAEA (byl/p1)e
@) T—%B&EH SINENLR:

WRBRMFRLZ (b, lp), RECERLIEE ShERRL .

WREMMER (by,1/py), FEIEISLEL pAPIEREN ST

mREBRME (b,l/p) BRER (by,1/p1), BELEL bi(b+by) BB ETE B4 B

WG R, B by/(br b)) BE R A PINL o i PR
) BREHETRE, EEFERABERIR, FAFT-&FE2&MEN. W

WHEE ¢, PEEX.

A LR PR EREAT T BUEED, SRANBANNLERTE— WA
BREHEDIE. RRXHMAEEER —HHEENENN, RAEHFNER
HEFTHD., ERAFMIMNAF -LHEHRBINE. B MEAPIRE
FIEHERNRNB N TEHRARRERBE—PMERXBNEE, RAFZBIHEN
BE, MEZBXETARNEE, TEREARABLH; FEEHFRT=AK
ERAESE, FEBEEANMAERRMIREEEEINE. B/
MM RETERRMAHEH AR, X NEEANTERGREE %
AR 5 %35 R BB RE P AR AR WA BT IR BRI R AR mEE,
HEHERARE I TN BEEPAER L. HE, XAMENEREEP



38 HM KFET PR

FARE—ASIAFERE, AfF LiERRINES. T2, HIELHRD
HAERE L, BT —MREUCPSRYE HERT, See i, BERut
5 LUER 45 Rt
53 mENFRHEBHEEUTENES
BB NBAEHRIEA R A RMREEENEHH N ERRIE. B0
FISEREME X LR EEFER. AT AGMRE EFKL B T2,
BRAJHE: TR R 560 G 1540 S B e 25 B B K. AR ZHE X BK,
HkFE o (B X AP PR Rl Z 75 B s A3 B T ) R e ik
¥ TRERNA AR —FBEE, REPRT. BR-KRLVUE—R R
W@ E R SED, BlBFRERA, ARATRORABRE, MREHIEREK
SERANERE, GRRMEEN. KT, WTHFEXRMENRRZX T, #F
RARHITH, BES—FHRERD, DEFIRERN, A—TFEsitd.
T B K BT A BATEAH 25 il /5 190 2% BT A0 IA B0 7 #09 LB S2 B PR . 1K
i B ey AR U R AT LA o — AN TR AT RO, T BB K 4518 M5 i 4 R A
&, BREFIEN,
BREATURENT kB LR P ZHELMALRIEEMNE, FrENA
ARLEW, —HATEBIEROBNESZ SR —FFRHEXRMNIL):
(1) EMHERZCEFERT AL A RLENERI AL b & R
KRG, ARSI T ABER 2. LG IR 2 — e ik
MR — R, FKBEI%, 1TKT b
Q) EXHENMMEGAEHWUARY: AXLATANLO=celd: REH

b(O=c, ety BF, cOAFEMNZHEBIIMARLMERIRTEE, c()AHH

SO I I P S5 A R U I B IR A AR R et e e X SR T 1Y
FRHFM BT IEMBERBI. A cOHREATREN T LENGHm, UME
EARRER/D, AT DA A B R MR, TR AR A 1.

() ARATNRELAF ACEHENBLEN, WRFELHIER, BT



WO XGRS REEXTTR 2

A B DNRAIN KR RE MAREK. BT RAREAE SRS

(BTRE), AXATMBEENR: BEFARS E—KBEHT—A (R

At — N ERRR— KB4, RENEEENE: BAFL5E 4IRS

A (TURERRAE—£IA%).,

() BABUHA DB MR~ MRRTENRRF L. EVHAEAA
BUE A R X0 MM, MR, T IR DA
%. XABHAREBHNE 2 RS L AENXR. —HHORED, 126
BEREKR, B—H RS, Bl TRESR LRI BT
B KFHR LA RERRE—AH AN FRMNERUTORN, ERTH
BT, TSR ESK, BRAKSEN, JAMLNE
ERRABITE S X E SRR — B4 .

(5) LB BRI £

5.4 B fai MBIRNEEEERBRHTHE
BN LA TS o SR BN T AR AL, BRI ERMBR A IS4

BRI B T AN R R BRSSO IR MR NI ), B TR

Wonts AR FRATRATTE, B Ten CE3D.

B A RATR BT T8 AT/ 7 BB KT AR AR R A S 4 e 5
%, WRE—FHARBREATNRAEVERE, BERS E—&ASHET
A O T B, MR SRR BB R A DB AN ). KA
RFA LRI AS NS RRE, Bk, BARRIECY 0 KIS ARECY
CIC?y BAMITRKACK x WENE AN CL, CLCL, (12, 0D, TR

HEEOR: ixn-0-1, BTEL BRENR (BERREY B R

=1 -1
0xC,C? + leC,'_,C,:_,C,',_l le(l—x)(n—l)z
c= x= = x=

_{+D{-)n-1) )
C:"(’“” Cliin - 3(Uxn—I+1) - X2

()5 e R e g T LA A4 30 24 B B K AT RER AR o



60 BMAF B 7R

HRBATR AT TR T2 (4 R A RT e 2 o AAR Y 2 ) A S 48 e 2.
MR F—FHFEBHLEBRENELENER, WRRSE—FHEHEM—F
M CATEL, AEXLSBIRES, DARERCLEMFHL AER
REERZ ). XFER T BTG R MR AR E .. BT EH AL
R—m HRHZ— R, FTUBRADEBRIKECAREB O R 1. EX o A—PHEREE
P BE e B/ IREOh 1 B3 RALR SN B, oo A— AR R ERTR B E R/
PR HCh 1 W AR s, W RNERIRIRECH 0 A AECh
Cﬂﬁ;%¢ﬁ%&ﬁ%l&mﬁﬁﬁﬁ%ﬁ%3,ﬁ¢

-1y

€= Cyy o1 3Crpy = (=1 + Ml === =) »
-0, Ki-1. N
e CChgam= o=y o MM R B N
oo JZD
2
142 cl+¢2
BbL, BRER: o n T ata _ ate it
e P AT I
n-C} ﬂ,_# (nl - Wnl - 5 -1

TR B e e ety LUSE I e () B oKW HE it o

o LURAREE W KT M LUR, A MRS — 1, XRRTHEE
MY HEE (HEET 1. UemRETFEFRNE, —HHREEZN TK#
SRR ESIE N R — R &, M SRR R, Bl E srig i
FEp 7 % — e RS M B RS, R e SngaElgk—%
Fék. AILAR—RUEBERRELDERFEFARER GG FIDLIHELT—
A, BERAERE % BEAR—&, LITEENE.

MTHEAIE A& (k=12....), FHPEIRN MR AC): il

Bh | B A CCl s BMAH R 2 MR, O HF

-@2n-1°

FEMF U155 (h=12,....), BIMOBTEN: O ooCluopmuprynr €=

WO M BOER N y=dilonrd2oD+2q20 . H oF o



B2 TSNS RIAE AR ol

c(l-)0)=(~2—'g%_i=(k—l)2 ,
FRBRBRFE—IR, BERXEZFLEEEIETRFR.
(Zk -2y

22 >0)=(CE 1, - yx2=2Ak-2)k~1)5 o2->1)=4 Zz(n k+:’)--(k Nk-Dk-3), B
XAl BTEL, BRI Acy, =(n-2k +2)2nk -2k +1)~ch o B

4nl !

A
2 (Czk +eyaq) DH1BE

Eh iR
HIES S 2 ‘*V g , B R il 2[ F ) s ATEASKR
z%+f%4&ﬁﬁ T K
[ 4
S
Hf TR = » Hnl-li}g o FHICRIE AR AT LA {5 Mo} i 1k B FE e %1
Ley+ Loy,
el M DhEH
C(4m' 2-1+3) /

HIFAZ% (535 lﬂafﬂ%ﬂi’-’rﬁﬂﬂﬁﬁ.) SRAR 5% (1 e e 2R LA R AR I O T 2R U7 A 2k o
RATRITAATHR BT THETE, HERMBNERE 3. i

T BT & F R0 o

5] B 5.4.1 BERTRIIE=FREN

0y [3-ompa /./' R BB R E R TR

on| mei| AR R A TR AR A0
a5 ,/”ﬁ/,x,» TR, =l AR E LR R
ﬁi /qu.xﬂdw BRI BABDINTHRRE, BB A

oof » REMRYEREBE M THRRE.

A S SR SR S S —tET 4%, BEK 10 M.

B ErEH, ERAZAFANGDE

K541 BEBAN=AREZXHRT & TRHRRREELHELHEAKEK,
T B B L Mid BB R REMN B EE,
MNB=LTHR, FHHRREMELBR MRS, RahREkEH, BEL
HARB LT HERKMHRREZE AN RRTEYN. #hirsEE



62 Py KA A 13T

LA T RATIK T MBI BRI R T LA 1,
5.5 EREIMERNE ETAREBERUS KIRx

5.5.1 HEEIKERNER

HERIAP, ATRE EOAREEE Trn A NGRS
pany= et (a0t THE 10 B 50 24, BIFRMMAREHYL
1=150, B 5.5.1 B THBEABEEUAIIMNNRRLEE. TR0 &
Sk BB AR EEENEREN, LRI T N A THREHEA TR
FH. —ENEE, WARMGEHFES 1 ENMEERS, RABERKERLS

BATHE T W EE LB EREM AL LB W EN 7 (—NERHES
~—MNESRIBE D FRES A (A EWNTHER P ESNEE R R
WEEMZN). BHESM (—NEGRERENARTEREM 4, TESTA
A (AN ARLERE T ERBE A URFENESZ MR/ RTRE 54, B
552 BRI R BT E AR BN B 5.5.3 Bt Bt gm0 i B 2% .
Bl 554 BRI R BAE iR Ehg. 555 ERMERHTE ST AH
AR . B 5.5.6 B IR B RARTRIXE S AR L .

In(p(kzk, )
— =] - ~ w3 £ W [=.] - o

T h R % % T e T e “T4s 48 50 52 54 56 68
fime Infk +100)
Bl 551 MR HE R B 5.52 ARG B B 9A ek

BRABHBENE S . sOBESH. MEEAAHBREE - EHARENA



WO USRS R XPTA &3

8
7 o
-~ 6 74
PAS ] 3
Al
b 4 5
a 3
3 =2
“ N
2 =
£
1 EY
14
0 0 0
oy - T T T T UL | . T T T T 1
48 48 50 52 54 58 58 60 24 28 28 30 12 a4
In(s, +100) in(h +10)

B 5.5.3 MG R ARt B 5.5.4 BALE S BIR) Rt BUE L5 A th 4%

E’m- 800000
g ] :;“ 800000 4
& w4 g -
10 % T:ﬁ -] £ X 10 15 20 :Z w £ 40
B 5.5.5 HAERIGRIRGH W% Bl5.5.6 HTERIA SRR DI TRIXE
Fvt oM % Rit i £

FTREARHSHEBRBZ AN SPL R, WPE) < (k+a)”. LXESHa

J1 0, SPL BEBEUNBHEL: HoamTEH AR, SPL RIMELATE
HEH. ERRERFEURGTTHEMNGR, WmHNTREKNEE, SN
F—IHBRER, SPL A7 EMTHERSMMET . RINBHNES .

RURIE AT B B f AV el A SPL IR BURIF RIS, TRBFHREN A, HE
ERVEMRHRHI . B FTMAH o RMER A, RRERRIE LR
TRM. BMMERAMSHERARRTENEAEL, BRI R 2 5
GKkE, HABEAARMIAIA (HEHI. XEFEUNTELITERL.
BAMEHE T —ETRASHETHREKUBINSG R, B LARELENER.



o PN 2 e 2 A 'S

I — /N TCRHRE BT — B0 20 1 SEAE 45 R ARIRE R AR 45 B LL AR

552 ERBH AR LEMGITER

BATEEST T AT AT B W (G METTAASETD, B2
RHEM, FEREATEHEM. FIMATLEN, HBATEBMAILRATLYE
M. BEEEEZBPHRET A METHALERRPH AL ER. T
AXEBEM A ERHENEHER S4B S B RRS RIEL . B
5.57 BT Bt A, B 558 BRT RBitRBEMGE, BS559BRTE
WIRE BB, B 5510 BRT BWMAAN BN wE, BS550 8RTER

R E A

In(p(kzk ))
e A L - L

46 48 50 52 54 56 58 80 62 84
Infk +100)

B 557 BIATSHMNRITES M

In¢p(h=h,))
- D = N W R o~ @

22 24 26 28 30 32 34 36 38 40
In(h +10)

Pl 5.5.9 FEOR A& RN R0 B A

iif=4

R W D o B~
Palralr wl

In(p(szs,))

0
0 [«

45 50 55 B0 65 70
Infs +100)

Bl 558 BRAKLBRPIN R BN

Bl 5.5.10 RRIAZELHMA RiTHE
EY=E 6 il 5



B O XEERSRERXA 63

B 5.5.11 B AL MR/ Hk
KRB E 470 2%

LRI R AAEFTR, ERATREMOESA . SREME. TH
FEAGHRAT LU SPL R EURIFAINIE, MR TEFREH N, B EK
G340 B F T A o A RO /D TR I B0 5 A A AR T B AR VAL 20 A (BRI A6
AR BRI E B E— MR EERR RS REENYS. HEEMITAR
S P SO R R AT KB LIS R EHMYE, BT RRS
B R,

56 hi

RERITHE T RAR UG M =F PR AE IR WM IR T 1,
A HRENT AMKSEAEFIERELMBHRE. FRNEFER, WRkE
HEMTEEE, FREFEHFAREN, REEZNRUEATMESTEER
RTETAZRIMEE. BERMMAE-ERREST, MENEEHFEETW
M2 EEZE, MEET BMERAEZRMER, XTREREENS THE
. AERMNESRET —MEREHLATMEEAEEFED, HEINET
MEEEGS R SRR SRR 0AE. INHEHANBERTRRNEEE
ZIEBR AT MG FEI AR ? 2N RS ENRNEAR, F2
RMMRELERTA.



66 B NFT 208 3

FAE ZOMLERREHRITHET R HEER

6.1 &

FEFENMANEFEREN KRR LA, X8I AERIME R
I, MFBEE—-SRAFR,

BANMBREPENERFRASZ. NERFRLMEREREAFBEE
WRTHATRIRRATIES), & EFREE L5 WS iR ExT AR ks %8
BT R IE R — B, BRATEFEPE RN 31 M. B, AR AT
K, BR 13 AEEREE, UPEAEREEFREAAFASZE, 4
T 1995 G2 2004 FRIAEIIFEIE. WE RS H B HBTHIR.

HANMBNRRESFERZRLE. BRETEREALE L LATHEHEE
RSy, R BARIC T 3 P A M — M IR K 285, RiESE
BEGHBRZEMERME. ShEdE, NS, BERINAERAMENHAE
MEITEARGA R BAIGH T 128 i RSN IR, areltbgu
T R RiE & TR R RIER

BEMBKEEBERRL. HPERGAEE. BB, £, WI54E
IO, WMATETZH T RE BB RS VONAERE, AT EHIESES
WHRAMESNERES KB HENEES. ARMEEREL, RIENT
AR EBEMELEBERNREEATAR R, St iHiEs B3 mEn
B, 3303207 MEAE RS MERER, BEABRET 227 AR EE R
i F-00,

6.2 FENEIRFRE

6.2.1 KiEFit
EEETROLSHMONE T ZHEM R . A g% B

RO, AR E HHE U E (act), BB EEE X HB 54T 2i(actor),

MRFNEE R EHER Mg H i, WEh. k=2ENs5EREREN



WO AR REHXITR 67

PR EEEMEE.

B 621 BT E2EAEREASNEERLEL. KRR THRERKNER
(2003 5 “FEH” WPdsh, BABBEFEBKE, HER B REREIRE.
6.2.2 B T XA AT T 2EARRFARZERUBRNRTE, ( RTH
JAES, kRTFAE. B 622 ATLMBIG RN KR, WRASRIFANZ
ETREEKN. ASREALNSERK, TENERTTERHRIFRMK
o

26004

2400

5 2200
20004
5 1800
3 1800
S 18004
o
v 1400
[
2 1200
$ 1000
8.

800 ]

10.0+

b
[+
H

o
o

Intk(t 5t ))

=~
=]
h

o
o
3

bod
L~-1
Py

=~
tn
x

slope=1.201

L
@

1904 1908 1098 2000 2002 2004 00 05 10 15 20 25
year In(t)

B 62.1 2EASMRHASNEFEELE 622 2EAEKFAKEI HEETILE
BABEGT &4 (K) PANEREABIEEZUBRMAL R BE
TR ZHERER, EXFESE L, HERIFMHEEXRE, HEFEY
¥, HEE (X)) HRFHERSAMR. FREGHE 0.96~1.97 Z2E. B 623
ERHREFEILMREE (K) HASREARRITHEETLAE.

MEHREKRE, TG EE MTHNKES &R s RR
BW. EEVN—AEE RakptaEss enf@h), sraammn
RIAERHEQ, (o, B, » Wit X F) AT R ik e T 7 04 A B 5. 41147,
SETTH TR H M, A MT 0, (2, B,) T4 TN R,

BNGEH T EANERRREETIHIEFEHERL, B 624 BRT 2000 EHIAEIRHE
W ESAE. B6.23 ME6.24 MM TARFEANE (K) MNERIH S



68 M A ER AR R X

RARRY, MigHEENERBRKRRIRIETS.

8.0+ — 07 |
75 . u l',.. slope=1.10 Y )
7204 | » a 06 0 YEGS B2 tidy
657 L a0s] O
8.0+ (b o
—~ 5.5 slope=1.30 ¥ 84, 8
" : 00
501 L 030 0. b
v 45 A AN 0
= 4.01 slope=1.18 £ 02 (%%oo o
c 3.5 014 0
3.04 slope=0.96 -ﬁoo- O ofifrlish Fadiin
2.54 ="
204 : 014 0
e T s v 15 2o 25 0020000020046 06.0.08 0100120 14 0.16 0 18
nt) . b4 B %a
B 6.2.3 PIAME (KD ABElk A SR BRI (LE 1 6.2.4 2000 (RSN 1T %
6.2.2 t&H
FERIEE SR,

() NP ERM, MAZEM, 8@ TR EXEMEHE R (NED B, 7]
{H7E 0~10000 AWEEALRME: & NREEANNERRETFL, YHEE 0~1
WBEHUEE: & X & WA H (I INBEREF D, 7 0~1 ABEHURAE.

() EXEMHRREIETF 4, RIEESNEEARIIER. B5FHAKMEF
A FMET A () RBEFRF A (w), W4 =, xAD+c,x A()+e; x4 (W)
Hrbe,c,,e; NATRBEIE A, +e, +¢, =1, BEHURES|HFHIE 0~1.

® eXERIRET, WomnT="1000T aammE KR
2]

DHEANEHR I TLFHEEPREEZHND. WEREREH AR
B 8 -%4%: FRE=FHEA/PXrand0.6~1) X HHHK5]HF;
BTHY: BERE=FFEKX/ Xrand(0.4~0.6) X HHHE 5[ HF;
B=%Y. FRE=FEX/ Xrand(0~04) X B K3 HEF.
(4) X BRI, WE=-FHEXHEET,



BB USERERAMAXTIN 24

(5) BIEKA, HREF. W5IEFHE B,
BEKRD: B+)=B Ox(1+&), BRETF: Pe+)=P@)x1+&), B’
5IHF: LA BRI A— SRS EAKIBE T WD, SRR FIH

FBA, LRSS ERA—FRE A SRR T R R FEFREIURE.
AT FILERRE, BAMER T

155 30 MERM T, 13 AFEE,
1501 ] 10 R ERELMER B 6.2.5
2 s R0 R A B B
Zoss MR, B 626 SRR
- 10 A 8170 B B3 M A R T B R
i AR, AR RRRK

00 05 s 20 25

10 . 1
o) 9, I R EE M. B 627
B 6.2.5 MU & A SR iR 3R B RS 8 Bk
R E S AR, MXSEPTLIE S, EREEERALGE TR EH

RS .

13.04 0.4, a,
1254(° B
120]|: ¢ 0.3 ’ Sy HE
~1i{* D slope=1.13 '
115{° € @ g2
=110 slope=1.61 % - H
105 AR T
5 100 £ n . (A
£ 22 siope=1.4¢ % 00 . . .
A »
851 =04 gom | &1 it
8.0 -
7.54 .24
7.0 e Tr—p—— Ty T T——— T T T ——T—
00 05 10 15 20 25 000 002 004 006 008 010
in(t ) Wl & 4 %o

M626 BRI HKMIREABRT W6.2.7 B3 25K 8 i MRl AL A AR
Bl 1) 38 4 L0 B

63 BAESRHEEZES



10 i R T

6.3.1 kst

RERRBRGEY, EXEANEHHEATH @cr), BNMEREENSEE
T (actor), WANMEXSERFRA—ITERED. HEIDPRIERG, LI,
U228 5F25-A0E, SRIMSEHEZRNBERRERNIL: KRG, #F
BT CGRBO, RET=EA25% (&, #. SEEE). £8mNgittE, &
HE. B, FRU—ERLBSERA RS (B, BRTFI

= America _
* China slope=0.156

+  Greece

slope=0.194

B 631 =ZAMEEIwRERHKIRG

BN TEBREER
JEEESRHERTUER, K
RE=MELLEUHER. B
63.1 ERMERR=MERH
LB R R A e AR 3R
AEH, B« RAREBELE
8B, DA p() R 1 BRIES K
. WEPELLGT, RERT
RPN—HBRHERER,

HEF-THARSFNBEREF IFHELANERELY, IHFERTESI—H

HAF R E R RE.

Y
slope=0.198
.
. slope=0.170
a

0 5 10 15 20 25 30
{

In(h(t))

A 6.3.2 TSI 200 B R A R 324k 1

In(Pc)

B 633 KMREIMRTIMH



W OB XSRS REMXTR 7

RO RIZLEHMSLERPFHEBHE EAT TR LR, RHFHHE
TRE BE A BRI B R S REXLMNER, SFENETE KRB HH
BHEREMHEFEHNREB 632 BT HERES EMETFHENESTE
BEXt,  RABRBEEH, )R- BRESMEMBE. dETUEN, &
%05 I BT H BERER R RS T AR KR, JFRREN OB ENNEEZR
#It, RUSRMEFREREES, MREOERENRGERABERELT, £
MEWES HBRNERXZHMSHES. B 633 B7 T RESKMARSHRITHR
E, P.RABRIES, NPIRTBEESA P ENH(ERE), EER
RSB AR TS, BN R TR

632 &

BRERWNT:

(1) BREESENIMERSE, F MAMUREGNH. e X&HERBRAERERF
u, E0~1 JEEH W BEHLE.

Q) EXEBREMNESFETF j, LHRKBPETF jO). GAWET jeoHBEET
jw) s B j=exjhtexje)+exiw o FE H oe,ee, ATRHZ A

e tetey=lo BRI 5| K7 9I{E 0~1.

() BFRTAKBDHR . G0 MEER TREESRMER), EX n MEXRF
BEHLIEIN 3 AMEFR, X 3 MEROESEFHTHE, BROGEE, K
REVREM, BNMBEE. KL — R B AR S

(4) WHiRNGEAL: THEEN, M@+D)=M@Ex(1+4);

AHALEREGER, n(+)=n)x(1+¢&,): BRSHEEHU L~ RAKE

BEAKMPEF, BRI/, &JER RS, BIELE

KRN BB — G BT S AR T, REE TREILRE.

HEERD, RNMKE K305, B634 BRTRRZMNANKSEE
FE R GbhnT AR ER. B 6.3.5 BT 35 IS ILE BRER a3 LiE .



72 P RFBU 7R

o Oom

Y e
AAAAAA
st
el

AAAAAAAA
.5 - slope=0 030
o
0.0 (] 3: ......... M

v T y T T -
0 5 10 t15 20 25 30

slope=0.140

in(h{t))

6.5+
8.0
T —rr 1 + 1 - 1 ¥ T

0 5 10 15 20 25 3
t

B16.3.5 MBI BT E SR AL
6.4 ¥IREHIBENRS

6.4.1 EIEGit

6.3.6 ZRT RSN R HE
. HERgERte, TLE
i, BAKMERMLIEE R —
.

B 634 HAlZ L ERLHMSI
(324,

. slope=-0,103

24
£ %

1 -+
B4

%‘B

104

T T T T 1

0 20 40 80 80 100

N(P>Pc)

Bl 6.3.6 HHIR RGN R A

YEEBEEMS, B XE—-XKYREEBEEAE AT (act), F—F
YIEE B4 45 55 % W s (actor), WRBMYIEEBHET R —LHWEFEETE
H, Mg, WEBFR—MRATHTIARKREL WE—TRE FEel. 2

B XCh B BHs R E.

BTG T Y B BE P A, SOREME . TR A TE &
TS T E B A R E AT AU RER TR ES,
RERMNZFES5TSOMNE). EHRECT AR AL RED )
IR I E FHEA, FHRHA. BEERKERFNTANREREL



OB AR RIHERR 73

faB0 M. FHREERAC. R (B, AR, BERER. AR,
AR ARE SR EH EHENE. HERBHNETENEXSIEZ. =.
&, REFEHKR.

B 641 BRTHAERI MG, KAMEERS G WAES . RRED
fi. MESTAH . ZHAMEESGRFETLIEHS . FHRRAK
%0.92, FHBFEBKS 3.24, RERMPMERR. Bl 642 ERTHRERK
BETR B B AL, BAMERENL. FH R SRR RIS SR H AR
TR El. BOEE BB NI .

84 O
8{ 00
6 [0}
lope=-0. ]
. stope=-0.41 6 % slope=-0.014
£, coo
o 4 o]
o
T E 0 o
24 £29
0 o
04 o
......... 2 s o e
D 2 4 8 shw 12 14 16 18 2 0 2 4 8 ha 10 12 14 18 18

B 6.4.1 Hysm 150 R M TS T B Bt A K 6.4.2 EHABEEH ST EENTL

84 1.0
i, 10.51
€ . slope=-1.33 0.0
_ ° =~ 85;
§4- £ 90
£ 85-
24 8.0
751
0+ ¢ 7.0
— 85
1 3 4 5 6 1
In{w+5)
B 6.4.3 YREASHEM AR R Bl 644 mNRTHABHERRLE

BAGA BEIME RS 083, ARERLMER 0.73. SRFREEPHE
(P 18 R R AR AR R MR IL A . R BHHNERAEZXE 93, &K



I M RFE AR

BXElL RENMAFEEEERESEE B MNA ROESR 1M, K643
SR T LA A A R s R A, BAMREF B SPL A6 (R = 404
B 6.4.4 B8 T SAUBETR AT B K HR KR, BEMIEEEEN . ABBEARE
AL RS TR AUR H R R AAG LR — B,

6.4.2 EE!

BB E ST EmEE):
(1) BEE-FRUMER, BITFEHE. SMAMXR.

1) P16 =0 B, F N,=50 DT, ¥ 10 MBE. RIESTAKEES

 A(SIE—ED). -

2) WA K, AOUE. FEN—TA, BEBRTEPEILES T-1 4
WA, MFTR—BEAENEE. B8 8RR,

3) BT =500 6. PGB, BSH 550, BMEHN 5100

(2) CAZREFI R4 S SRR LS AR TR AL

1) WHEANTAMBERE, B/ EEEARNTANDGETESEFOOE
FEN ST EEMXREAMK, FHitntz ).

2) BAGHED, MAREESER, DESHETLOEREERN. BEFMT
BT B3 E PR TORE ST %0 MAER, IR H PR A8
HITAEPIE. EHREMSBEIRMAN ESEFRIETL.

3) BRMEFESE, BNTEEKSENHHE PG5BTS0 H ),
HHEEANT AR FEIE BUE D BT R T FER 2 E.

4) BHENEN, SREFHU L —RESBIRTTERNESRT. EEZLH
B T FE, FAEHE. ¥ PEETEHEINI AR INENRET
EBBIN ARG LR ).

BATBEBBLT =1500 SHKEE, BEAME MG ERSLHEAHHER

REEHEEYE. B 645 BT ARt A, BENEFHESMM. B646 2RT
RERBITEERIER, siBELRIEEXAR.



B OE ITAAHERBRIARTA B

7 - 15-
:E 144
51 131 siope=-0.08
4] 12
2 £
£,
14 :: @
0+ 74 o
A s 7o 75 50 85 90 95 100 D S
In(w) h
H 64.5 BRIBEHMANRIT2H P 6.4.6 MAIBIIMALEMIME ETLE
6.5 Mg

D REAA T SRh RAM TR MR, R TR LR
WG, EAET. =, MENR, RIEEFRNLS LA ERS, SHEF
BT, R, AR, AR PR T ESEE, ARTIA,
BN A BB ERE D IMAEFOEE, LT BRI MRS 1.
BT IRE T 7S, KGR, MR REHIA IR S R — MRS M
ERBARIAS, BIRRR RN, RIRTTLIA TR 4
KA RS FLR? BAMER, BURE T LA RER BT
BTE=ARG, RAMEIEZAIERIT LS RAHNESERNRL,
KFRWE T — G R B RERF R . WEE =/ RS HE
LA — 31T, BRI B TR A e 5 I RS E TR A TR,



18 MK FE 20003

2 £ X M

[1] Erdés P, Rényi A. On the evolution of random graphs, Publ, Math. Inst. Hung, Acad.
Sci., 1960,5:17~60
[2] Barabasi A L. Linked: The New Science of Networks. Massachuseits: Persus
Publishing, 2002
[3] Watts D J. The ‘new’ science of network. Annual Review of Sociology, 2004,
30:243~270
{4] Watts D J, Strogatz S H. Collective dynamics of *small-world” networks. Nature,
1998, 393(6684): 440~442 N
[5] Barabasi A L, Albert R. Emergence of scaling in random networks. Science, 1999,
286(5439): 509~512
[6] Wasserman S. and Faust K., Social Network Analysis: Methods and Applications.
Cambridge University Press, Cambridge 1994
[7] BHE, oA, LREERDIRA, JER 2005
[81 X%, #&MArFie, HEPEE ML, b5 2004
[9] Newman M. E. J., Scientific collaboration networks. I, Network construction and
fundamental resuits, Phys. Rev. E 64, 2001, 016131; Scientific collaboration
networks. 11. Shortest paths, weighted networks, and centrality, Phys. Rev. E 64,
2001, 016132
[10] Barabasi A. L., Jeong H., Neda Z. et al., Evolution of the social network of
scientific collaboration, Physica A 311, 2002, 590
[11] Bilke 8. and Peterson C., Topological properties of citation and metabolic
networks, Phys. Rev. £ 64, 2001, 036106
{12] Battiston S. and Catanzaro M., Statistical properties of corporate board and
director networks, Eur. Phys. J. B 38,2004, 345; Caldarellia G and Catanzaro M.,
The corporate boards networks, Physica A 338, 2004, 98



¥ B AR REAKEI L

[13] Kou Z. and Zhang C., Reply networks on a bulletin board system, Phys. Rev. E 67,
2003, 036117

[14] Newman M. E. J., Forrest S. and Balthrop J., Email networks and the spread of
computer viruses, Phys. Rev. E 66, 2002, 035101(R); Ebel H., Mielsch L-I. and
Bornholdt S., Scale-free topology of e-mail networks, Phys. Rev. E 66, 2002,
035103(R)

[15] Fan Y., Li M., Chen J, Gao L., Di Z, Wu J, NETWORK OF
ECONOPHYSICISTS: A WEIGHTED NETWORK TO INVESTIGATE THE
DEVELOPMENT OF ECONOPHYSICS, Int. J Mod. Phys. B 18 17-19, 2004,
2505; Li M., Fan Y., Chen J., Gao L., Di Z., Wu J., Weighted networks of scientific
communication: the measurement and topological role of weight, Physica 4 350,
2005, 643; Li M., Wu J., Wang D., Zhou T., Di Z. and Fan Y., Evolving Model of
Weighted Networks Inspired by Scientific Collaboration Networks, arXiv:
cond-mat/0501655

[16] Han D-D,, Liu J-G, Ma Y-G, Cai X-Z. and Shen W-Q., Scale-free download
network for publication, Chin, Phys. Lett. 21, 2004, 1855

[17]1 Xu T., Chen J., He Y. and He D.-R., Complex network properties of Chinese power
grid, Inter. J. Modern Physics B, 18, 17-19, 2004, 2599; ¥i&, ¥WH, @X#,
o ) PR B kM s S, BAEFAR, 4,2004,11-14

[18] He Y., Zhu X., He D.-R., STATISTICS AND DEVELOPING MODEL OF
CHINESE SKYWAY NETWORK, Int. J. Mod. Phys. B 18, 17-19, 2004, 2595

{19] Zhu X., He Y., He D.-R., An investigation on Chinese skyway network, Bulletin of
APS, 49, 1, 2004, 1007; HeY,, ZhangP., SuB., He D., Search for function
coefficient distribution in traditional Chinese medicine network, Bulletin of APS,
49, 1, 2004, 1006; Zhang Y., He Y., He D.-R., A network description on touristy
in China Bulletin of APS, 49, 1, 2004, 1007; Sun A., Zhang P., He Y., Su B., He D,
A complex network description on traditional Chinese medicine system, Bulletin of
APS, 49, 1, 2004, 1006-1007; Hu J., Zhang P,, Qiu R., Tang J., He D., Railway
network in China, Bulletin of APS, 49, 1, 2004, 1008; Chen J., Xu T., He Y., He
D.-R., Network description on Chinese power grid, Bulletin of APS, 49, 1, 2004,



78 M KPR A AR X

1008; Wang B., Xu T., He D., A network description on geometry and economics
of Yangtze drainage area, Bulletin of APS, 49, 1, 2004, 1007.

[20] VFE, 3KHEHE, REM, MER. (TAW, WITREHIREL SARS, A4F
& 26,2004, 20-25

[21) SKIESE, R, (IR, FIRT, G ARNREHE, BFFASEFHHS
2,2005,49; a7, skigEsE, B4R, WHEFER, HLE BAF HE
TR, P AT RIS EM B R, FA-FM 23,2005, 36

[22] Zhang P., Chen K., He Y., Zhou T., Su B., Jin Y., Chang H., Zhou Y.-P., Sun L.-C.,
Wang B.-H., He D.-R., Model and empirical study on some collaboration networks,
Physica A 360, 2006, 599-616

{23] Jiang Y., Xu T. and He D.-R., A self-adaptive model of actor-collaboration network,
Inter. J. Modern Physics B, 18, 17-19, 2004, 2604; fi[ld, ik, ¥rm, E£E
1, FRH], —RIFE1E R X0 F B B SN E R, #E#HK, 53,2004,
1710-1715

[24] k&GS, FIIR, AW, HERE, &8, BAY, ERE, WA, —MubS1E

P8 T i RE 0 AT RE R, 827K, 55,2006, 60-67

(25] A, XFEENEHA#RSHRNERL, PERESHELRPL,
CCAST ——WIL workshop series: Vol. 170 (I), Second National Forum on
Complex Dynamical Networks, 205-212

[26) VE/MR,EH BRKR ERME IS KN, HEK%EHhEE2006

[27) KEFH, PELTEME, FHEHEETR), L, 199%

[28] XAERE, PEFERAFMFN, AREEHBML, L5, 1996

[29]) LR RERERKIEREH, HEHKE, PE MRS

[30] J. Laherrere and D. Sornette, Eur. Phys. J, B, 1998, 2: 525.

[31) Liu Z., Lai Y.-C. et al., Connectivity distribution and attack tolerance of general
networks with both preferential and random attachments, Phys. Lett. 4 303, 2002,
337-344

[32] Li X. and Chen G, A local-world evolving network model, Physica 4 328, 2003,



w O XSRS REAXR »

274-286
[33] Ramasco J. J., Dorogavtsev S. N. and Pastor-Satorras R., Self-organization of

collaboration networks, Phys. Rev. E 70, 2004, 036106
[34) BKIE3E, M1, Ak, BEE B8 RAY, EFE WA, — M HEEE

P 288 T o FEE S A MR RS, B EE 4R, 55, 2006, 60-67

[35] Newman M. E. )., Assortative mixing in networks, Phys. Rev. Lett. 89, 2002,
208701; Mixing patterns in networks, Phys. Rev. E 67, 2003, 0261126

[36] Kurant M. and Thiran P., Extracting the traffic flows and the physical graphs from
time tables. Arxiv. org. preprint physicst/0510151.2005a

[37] Kurant M. and Thiran P., Layered complex networks. arxiv. org preprint

physicst/0510194. 2006b o

[38] Sienkiewicz J. and Holyst J.A., Public transport systems in Poland: from
Bialystok to Zielona Gora by bus and ream using universal statistics of complex
networks, physics/0503099, 2005a

[39] Sienkiewicz J. and Holyst J.A., Statistical analysis of 22 public transport networks
in Poland. arxiv. org preprint physicst/0506074.2005b

[40]C.V.Ferber, T. Holovatch, Yu. Holovatch and V.Palchykov. arXiv: physics/0608125

[41] X Xu, J. Hu, F. Liu and L. Liu, Physica A 374(2007)441

[42] Y-Z. Chen, N.Li and D-R. He, Physica A 376(2007)747

[43]B-B.Su,HChang,Y-Z.Chen and D-R.He,Physica A(2007)doi:10.1016/j.physa.2006.
12.049

[44] W.Li and X.Cai, Phy. Rev. E. 69(2004)046106

[45] M. E. J. Newman, Phys. Rev. E. 70(2004)056131

[46] Z.Pan, X.Li and X. Wang, Phys.Rev. E. 73(2006)056109

[47]M.Bathélemy,A.Barrat,R.Pastor-Satorras,andA. Vespignani,Physica A 346(2005)34

[48] M.Li, Y.Fan, J.Chen, L.Gan, Z.Di and J. Wu, Physica A 350(2005)643

[49]W-X.Wang, B-H. Wang, B.Hu, G. Yan and Q.Ou, Phys. Rev. Lett. 94(2005)188702



&0 MNP ERA P8 X

[50]A.DeMontis,M Barthélemy, A. Chessa. And A. Vespignani, arXiv:physics/0507106
[51] C.C.Leung and H.F.Chau, arXiv:physics/0607134
[52] ].Laherrere and D.Sornette, Eur. Phys. J. B2(1998)525

[53]Hangzhou:http://www.hzbus.com.cn/;Nanjing:http://www.njkge.cn/; Beijing:http.//

www.bjbus.com/;Shanghai:http:/www.jt.sh.cn/. Yangzhou:http://www.yzren.com/li

fe-bussetation.asp
[54] Z.Liu, Y-C Lai et al., Phys.Lett. A 303(2002)337
[55] X.Li and G.Chen,Physica A328(2003)274

[56] Newman M. E. J. and Park J., Why social networks are different from other types
of networks, Phys. Rev. E 68, 2003, 036122

[57] Egw'luz V. M., Chialvo D. R., Cecchi G. A., Baliki M. and Apkarian A. V.,
Scale-free brain functional networks, Phys. Rev. Lett. 94,2005, 018102

[58] Park J. and Newman M. E. J., Origin of degree correlation in the Internet and
other networks, Phys. Rev. E 68, 2003, 026112

[59] R4S, TENR, HAM e L5, EFFRS5EFHFE, 2,2005,1-12

[60] Newman M. E, J., Girvan M.. Finding and evaluating community structure in
networks, Phys. Rev. E, 69,2004, 026113

[61] Newman M. E. J., Fast algorithm for detecting community structure in networks,
Phys. Rev. E, 69,2004, 066133

[62] Clauset A., Newman M. E. J., Moore C., Finding community structure in very
large networks, Phys. Rev. E, 70,2004, 066111

[63] Palla G., Derényi 1., Farkas 1., Vicsek T., Uncovering the overlapping community

structure of complex networks in nature and society, Nature, 435, 2005, 814-818

[64] Radicchi F., Castellano C., Cecconi F., Loreto V., and Parisi D., Defining and
identifying communities in networks, PNAS, 101, 2004, 2658-2663

[65] Ravasz E. and Baraba'si A-L, Hierarchical organization in complex networks,

Phys. Rev. E, 67,2003, 026112



w O AR EEARTR 81

[66] Holme P., Huss M. and Jeong H., Subnetwork hierarchies of biochemical
pathways, Bioinformatics, 19, 2003, 532-538

[67] Costa L. F., The hierarchical backbone of complex networks, Phys. Rev. Lett., 93,
2004, 098702

[68] Trusina A., Maslov S., Minnhagen P. and Sneppen K., Hierarchy measures in
complex networks, Phys. Rev. Lert., 92, 2004, 178702

[69] Guimera R., Uzzi B., Spiro J,, Amaral L, A. N., Team assembly mechanisms
determine collaboration network structure and team performance, SCIENCE, 308,
2005, 697 , .

[70] $E%, HARM%, LEMEEFEHRML, L 2006

{71] S-Y. Huang, X-W. Zou, Z-J. Tan and Z-Z. Jin, Network-induced non-equilibrium
phase transition in the “game of life”, Phys. Rev. E 67, 026107 (2003)

[72] M. Anghel, Z. Torozkai, K. E. Bassler and G. Korniss, Competition-driven
network dynamics: emergence of a scale-free leadership structure and collective
efficiency, Phys. Rev. Lett. 92, 058701 (2004)

[73] H. Fort and N. Perez, Economic demography in fuzzy spatial dilemmas and power laws, Eur.

Phys. J. B 44, 109-113 (2005)

[74] M. G, Zimmermann and V. M. Eguiluz, Cooperation, social networks, and the
emergence of leadership in a prisoner’s dilemma with adaptive local interactions,
Phys. Rev. E 72, 056118 (2005)

[75] K. Gao, W-X. Wang and B-H. Wang, Self-questioning games and ping-pong effect
in the BA network, to appear in Physica A.

[76] W-X. Wang, J. Ren, G-R. Chen and B-H. Wang, Memory-based snowdrift game
on networks, to appear in Phys. Rev. E

[77] C-L Tan, W-X. Wang, X. Wu and B-H. Wang, Effects of average degree on
cooperation in networked evolution games, to appear in Eur. Phys. J. B

[78] L. Zubieta, A network equilibrium mode! for oligopolistic competition in city bus



82 LN 2T e S TAS'S

services, Transpn. Res. -B 32, 413-422 (1998)

[79] 1. S. Chang and R. L. Mackett, A bi-level model of the relationship between
transport and residential location, Transpn. Res. -B  (2005)

[80] Y. Kidokoro, Benefit estimation of transport projects—a representative consumer
approach, Transpn. Res. —B 40, 521-542 (2006)

[81] M. Rosvall, A. Trusina, P. Minnhagen, K. Sneppen. Networks and Cities: An
Information Perspective. Phys. Rev. Lett. 94, 028701 (2005)

[82] C. von Ferber, Yu. Holovatch, V. Palchykov, Scaling in public transport networks,
arXiv:cond-mat/0501296 v1 12 Jan 2005

[83] J. Sienkiewicz, J. A. Hoyst, Statistical analysis of 22 public transport networks in
Poland, Phys. Rev. E 72, 046127 (2005)

(84] P. P. Zhang, K. Chen. Y. He et al. Model and empirical study on some
collaboration networks. Physica A 360, 599-616 (2006)

[85] Y. Chen, N. Li and D-R. He, A study on some urban bus transport networks.
Physica A 376(2007)747

[86] B.B. Su, H. Chang, Y-Z. Chen, D.R. He, A game theory model of urban public
traffic networks, Physica A 379(2007)291-297

[87] T ERIFES 1996, 1997, 1999, 2000, 2002, FHiEHFEMEERE
% T E RIS HEL 1998, 2001, 2003, EFRiKEFR: o E iR

[88] EMILw HER42FEM http://olympicnets.db66.com/list/jay.asp

[89] PHEBEDRE, (PHERHESEE) HES, LREHE MR, 1999

[90] CPEED 4 IRNZEIRRIRTTIE, Ghal, BBEFF, 2002(1)




B OB AR RN 83
WizFMAaZRMFARIBELER
1. " XEEMSE, 58, X, B&MEENE, LERBEFEERH, 2006.11

2. Assortativity and act degree distribution of some collaboration networks, Hui
Chang, Bei-Bei Su, Yue-Ping Zhou, and Da-Ren He, PhysicaA(2007)doi: 10.1016/
j.physa.2007.04.045

3. FERBEERNAEMSEHR, B8, W, KXF%, B,
24(9)(2006)84-87

4, A game theory model of urban public traffic networks, B.B.Su, H.Chang, Y-Z.Chen,
D.R.He, Physica A , 379(2007)291-297

5. Model and empirical study on some collaBorétion networks, Pei-pei Zhang, Kan
Chen, Yue He, Tao Zhou, Bei-bei Su, Yingdi Jin, Hui Chang, Yue-Ping Zhou,
Li-Cheng Sun, Bing-Hong Wang, Da-Ren He, Physica A, 360(2006)599-616

6. — MR AEMBTAEMGER, ki, MR, BE % R
RRY¥, EFRE, AW, WEER, 55(1)(2006)60—67

7. PHFFIMEEMSEER, W, K, BHE, BFH, B, KHLE,
ARY, B8, @MX¥, #HESKR, 23(11)2005)36-39

8. Empirical study on dyad act-degree distribution in some collaboration networks,

Hui Chang, Pei-Pei Zhang, YueHe, Da-RenHe, Bulletin of APS,(2006)

9, Generalized collaboration networks, H.Chang, B.B.Su and D.R.He, RIUPEEEC
2006 IE M B X ERTRTFIESINE

10, PHFHMNEHETFREARGER, B8, AH, fAXY, FELEH
Z N MR ARIRIER CH(2005)

11, W AT EREH—MEEED, BE, 2HERMEFZRZINIRIL(2006)

12, Community and hierarchy in generalized collaboration networks, Hui_Chang,
Bei-bei Su, Da-Ren He, Bulletin of APS(2007)



LI 0 o LA

13,

14,

15,

16

17,

18.

19,

20+

21,

22,

23,

A game theory model of urben public traffic networks, B.B.Su, H.Chang and
DR He, RIUPEEEC 2006(¥% [ 18 14 f& X2 i T H 7 THE S WLE)

A model study on dyad act-degree distribution in some collaboration networks,

Yue-Ping Zhou, Hui Chang, Da-Ren He, Bulletin of APS (2006)

Empirical study on assortativity in some collaboration networks, Bei-Bei Su, Hui

Chang, Da-Ren He, Bulletin of APS(2006)

Empirical study on a publisher questionnaire network, Lei Yuan, Hui Chang,
Da-Ren He, Bulletin of APS(2007)

Empirical study on course selection network of Yangzhou University, Chun-Hua Fu,

Hui Chang, Da-Ren He, Bulletin of APS(2007)

Empirical study on Yangzhou University library borrowing network, Jian-ru Tao,

Hui Chang, Da-ren He, Bulletin of APS(2007)

Empirical study on competition in audience rating of China Central Television
programe, Lingling Wu, Yue-ping Zhou, Hui Chang, Da-ren He, Bulletin of
APS(2007)

Empirical study on tourism network in China, Yu Wang, Dan Shen, Hui Chang,
Da-ren He, Bulletin of APS(2007)

Empirical study on human acupuncture point network, Jian Li, Dan Shen, Hui

Chang, Da-ren He, Bulletin of APS(2007)

Emiptrical and model study on Travel-entering China, Xue-Fang Han, Qi-Juan
Chen, Hui Chang, Da-Ren He, Bulletin of APS(2006)

Sale network of the top electronic companies in China, Yue-ping Zhou, Hui Chang

and Da-ren He, Dynamics of continuous,Discrete and Impulsive systems ({&1#

2007 ET7 BRER)



WO AP R TR 85

24. Bipartite network description on collaboration-competition systems, Yue-Ping
Zhou, Hui Chang and Da-ren He, FHERI=HEFS UG CE (Bl RA) 4
HIELE 2007 42 7 R R %



36 I PN e w7

2 it

5, B M IE SN KR BER FE B E R SRR . B
IS S IR BB R R ), RO RANERI A TUB, M A BRI . Kk,
B I AR AR R AN S R B AR FBf A R s R T R DA . YR 1

& TETEFE IR  BUARUER R s & — BB B IR SE R I N R
Fip XHEB—EHEIECRFIEE, BEEET MZINARARKTES, Fin
A GE AR LUBIR 58

RIS B b5 R R 2 B i & O 43 5 IR X LA 5 T R A Bh

TR AR R JLF IR S H B R =R A

R AT A KPR 26— B LN 22 b (R 3 5 FE il -

BRI M R E 2R AT A T O SR R, B T &
JrOTTE MO B . G SOREWFIR AN AEC S TIEF RN TR, Rk
B T JUSTI AR D) A R3S RINEE R . AETRE AL HIRNEIZ hAY
B A IR SET . BRHE. MEMERRARZTEKN, MRS EENLRF
AR B HEAT T R R TR AL TR AR . MRS R U R AR KA
BRk gt ABARME T IO T A S R G Bm A BAME UL /T . AR L
ferb, L TIMTKEESE . IREARERE. BT MR, MR REFEA
M= 35 MR, R ITED, REITRGKAIARG T I H I HISCRERIER]
E It — I 2 ISR B

o L KT I L S K 2R B AE 3 — RE R B TR M= 835730

4 IR X 3 TE B VU EEARIE 9 T AR R 805530

i ) B 22 A 2 N TE 1 H AL P e T RO B .

BeJe, WERBOXER RN — B IMERALY,

HmRES

M

FFEHRES «

BB ZM—RAMNER T, FHETREKRKOH.

AT A SR T FHIFIL RN I

LT



	封面
	中文摘要
	英文摘要
	第一章引言
	第二章广义合作网络的项目度分布与点强度分布
	2.1实证统计调研
	2.2一些模型的简介
	2.3我们的最简化模型
	2.4我们模型的更近于实际情况
	2.5讨论

	第三章广义合作网络的同类性
	3.1同类性简介
	3.2实证统计结果
	3.3我们最简模型的同类性
	3.4讨论

	第四章广义合作网络的群落、层次与交连度
	4.1简介
	4.2群落和层次的定义及其简单算法
	4.3一些实际广义合作网络的群路和层次
	4.4交连度
	4.5小结及讨论

	第五章城市公交线路网络的最简操纵者博弈模型
	5.1简介
	5.2前两个网络操纵者博弈模型介绍
	5.3最简网络操纵者博弈模型思想和要点
	5.4最简网络操纵者博弈模型解析讨论
	5.5最简网络操纵者博弈模型数值模拟与实际对比
	5.6小结

	第六章三个实际系统的统计调研及其模型
	6.1简介
	6.2中国入境旅游系统
	6.3奥运会竞技系统
	6.4物理图书借阅系统
	6.5小结

	参考文献
	攻读学位期间发表的学术论文目录
	致谢



