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Abstract

In classical mechanics and classical electromagnetics, the investigation object,
motorial matter, considered as been divided into infinitude parts, which tend to be
infinitesimal and are consecutive distributed. Motorial matter is regarded as a collection
of such parts. These basic parts supposed to be put on regular grid points in the regular
space. Therefore, coordinate system, created by mathematician many years ago, can be
used to describe the position and position change of all basic parts perfectly. Although
every basic part’s position in the space is different, generally changing with time, their
mutual actions obey simple and universal recognized basic principles. So we can use
calculous theory, founded hundreds of years ago, to show universal dynamic laws
dominated these external systems.

However, are external systems regular or irregular, even distributed or uneven
distributed? Are they composed of uniform basic cells or abundant disparate basic cells?
Does the position distribution of basic cells affect system’s dynamic behavior? This may
be the first chief question to be answer when physics extend to complex systems.
Complex network emerges as the times require and becomes a powerful tool to
investigate complex systems. Netwok description based on simply described models.
It’s predigestion and abstract of complex world. Such kind of description regarded basic
cells as “nodes” in the network and their mutual actions as “edges” between nodes.
Then put forward a series of network properties, such as degree distribution, act degree
distribution, clustering coefficient, assortativity and so on.

There is a very notable character in complex networks, especially social networks.
That is this kind of networks have obvious community and clique structure. We mostly
investigated clique structures of social and quasi-social networks in chapter three of this
paper. A new statistical network property is proposed here. We called it k-clique act
degree distribution. Then proposed a simplified network evolvement model and
presented detailed analysis of this model. Finally, we did a lot of empirical statistical
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work. Two-clique act degree distribution and three-clique act degree distribution of
many real networks were presented in chapter two. Amazingly, nearly all the
distributions we got followed shifted power law (i.e. SPL) distribution, which accorded
with the model conclusion. We confered this conclusion maybe universal in a certain
extent.

As we know, mutual actions between basic cells in real systems are very
complicated and various. If we just consider their collaboration and neglect all the other
mutual actions, for example the competion relations, the networks are called
collaboration networks in this way. And statistical network properties which mainly
show collaboration relations between nodes in the network are called collaboration
properties, such as act size, act degree and so forth. We have studied four real systems
and their special collaboration properties in chapter four.

In fact, there is not only collaboration but also competion between basic cells in
real systems. It should be more universal that collaboration and competion coexists.
Such networks are called collaboration-competion networks in this paper. Since
collaboration-competion networks exists universally, how should we describe this kind
of collaboration and competion actions? Therefor, we proposed a new property called
node weight, which reflects the competion result. Then we calculated total node weight
distributions of more than ten real world networks. Surprisingly, all the gained
distributions followed SPL distribution. This may be a universal law too. Chapter three
and five mainly investigated collaboration-competion networks and the statistical law of
node weight in ollaboration-competion networks.

[Keywords]: collaboration networks, clique, special collaboration properties,

collaboration-competition networks, SPL distribution, discrepancy, node weight
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E-EF SEZFNENVTHR
3.1 5|1%

TR R E, RHRERSMEGTE, SER—BERIANR—AE
BEMHAEE. XENZ—REEWENL, HE (TLLREMES). F4. 4
21%) ms5E (RERS5E3). 4. A8%0/M0), RXEMMEURE=
SEIRIFRHEAR. EZ0EF, RKERNRARAXTRZBMEL, BFUBFRR
T—ARKBXR BVRZSETHH. E6ENZKHIAS, EEE-2BE—
RKWR (—RESEFENR) B, BIREANS. XNSEHIMHENTE
ZEEVRZAHER R E PEEXROY, TARTURRTNHE
HipkFR (mFES. BWE. ARACEAKEES). B0, B8RRI E
iy B USSR R AERCSId, GHANERASE SRR LA EEZ
BRI & EXRAMERRFLENN. BT, BT ERERANAHEMBTHEH
EELEBERTRAEBRKEANN, B, WHERZEIHEERBHEE Z 6K
BRI ERN MBI R 28 2.

EREENET, FESNRA—AMRENS 55 2 AHER T HRRER
4, RN EBER—ANRETETHE (ACSG). EREERAKRAMLSF,
B hE2EHTUBRS A m T2 TE (m<h), FIUERERNMNS, —1
TETHURAR—ANHETETHE. EHEMAST, RKAZBELE=AHES
FAH—AMBANELETFEY. BR, KEYAETLTRERKER, BR, B
LUEAREMNER, —LHEEETHITRNNEEHIEE—NSEENA.
pltn, —BABHEXKEETRRFE— . — I METETRBTRESTED
MM B TE, IXMEEENRETETREATRBAMATETHE. W
—RAFRXNBIEEBTREES TR —RRX. BHit, MEEETEAS
FTFIkER.

E=B+F, M REZETRESTHESNR— AN HENSEET A,
XRBEEEN. FTEHRCLASTHAZLTFENGR, BB MHETET
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B&HEASTHESEENR. WHE 31, EAXEE_SREABREZRN—AR
BE, 9T 12, TBERAE, ARF1ZIRCHRTR. EZ4EF, R
EEAAEY A (WHEVRNSE5EW ) ZRMED, BN, XEihksk
BEHEAT —RINRAE LT E, BRI A[1-4). [2-6]. [6-91FTHIR K
TBxeTHE.
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BRI FIS I B A RN
PE RN, —EI3RT AT,
P R AR E R
MEF R SME . EBEIIR

31 —HERLEBE REVRZEBEERR, WA
RIMAMMBT —BIAF . S RAAS—LRHEEE. B AAR 2K
SBBEE, ROTUERECXLEMEMTE FHR. AR, PAHEH. ik
R, BUEM) RIE (B, ATRE. B, KiFRE. XB), Fibx
BRgizE 3.1 8%, REENERRE—RFIHHTETEMNES. Eit, RIS
AT LARRIX L3 S PILR S A E ST,

EFRERT, EERRGEY, BREAEBRETLEEFRBETOHMBRER.
REBHELT, BEATZ AFRNEFESENRES. DAEHEES, X3ET
KFBAHNBN, X)L, BEENFE—T, ROFTHO—LHEROTE. &
TIAATIR TR 0 B R A B ERHR XK EERENE, EREEAD, —
AHERETERE-EENRE, AREZE2TEY, FAVRZEARET
. WRZEKEAMNER T EMNZANEHERR, X T #RT KA &R
FHEM, BASIA “FR” (S, X FERARKLHEMNS, RREREXAT
femm BN iZRAHRK. Flim, EEEHRASEND, §MNRATBINTREN
R LUE XA AN, KRBT NER—REZPHARMIREREE. 4
R, BT HEABRTEBITZOMM, Bk, FANRE®RE IS, R
Rz ARSFRE. Ril, FEMEABHEREXREEHEEARBEBR
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5, TP, SEREARN. LRTHTREKEE S ERERKMMNERN SR,
TooR e IR T 3 & 1EAR, MHRLKES SEARZETTER, Wtk
BT RPN RAHAM—ERHMER. ROTHGBE T XEMEE LR K%t
W, RHEBEWNERGIHER.

3.2 MEMFEIHER

3.2.1 FEMGTHR
MRS, B2 degree distribution)—EHEFEZEM, HAT KRB TH
KPEENHIMER, FRETREBELNER. P, THENPESMERE

B, A B RBIRALN RIRIFERR . KA i B K RO AR
Wink: k= Ya,, BHTG) BRI WBEE, o RFPEEET. £a,=1

Jer (i)
TR A RELN, e, =0 TRTE 1A § RAELN. TS
fEmg e, FIkHAT AR EHEMAE NS REHEE, XEgHBREH
2—RREESTEASMTR—AREREFE, BAKLAIE K Mact size),
FITHRR: T,=Yb,. 5%b, £ HEMSEEET, £45i SMTRA j,

Wbo,=1; RZFR. A—AERLEAEBURT SHHE B (act degree), KRBT
—MHRISMTEZOATE, HhR%: b =Zb"’ o X)L, BATH pRMIER

MERRED k BTSN, DRER—ATRKMES k HEE, ph). pD
R Wik, ,

ENLFHEEHALHEENES, WRZRMABRRENENERNIL,
FR T EMNZ A EEXRRE, e R RE S A2 6 AR E R
mskhr L, WAMZENGETRES, BAFRKN. —XMYRAEXRSNT £0
ABH, WLMEAGBCR R EMNZ B &AMERBREDS, fim, HHI LR
HASKRIHE T 20 M, W20 a7 HENENZ MELRUR w, . BTl EE

AL, R 1 KRN ARBER TR s, RER, EXH: s,= D w0

Jer ()
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K w, RSB OB BEERT, MBREMURSRT SRR KHE
YR
3.2.2 EWSIHER

BATBINT R ACRB TR —EMBHESER, Fw, 5, p(w, WRFH K
AU, SRITHA pk). p)ZsE XK. A AN THER B T N4
AEESOEEER. Fll, EW RN p(w, REEME, MERENRS
EROM B, ZBARRRT ARNESRBHTING, TEEFHLER
EBTAANS IS, Bk, RELKNYASETESFHARAIER, AR
I AT B RS RRR/G. B A ANS A p(w, RIESM, WHKE

FEMGEL G, XRUTBRKRT WEAZANRFRREN, FARPFHNERAR
RENABEHFREN, MEKBTEMHEE, FIURKSATSHEFLERE
TP EIE

Mo, TRARREWRNMBEEREEAENKR? BEWRMHEEBEX
(MM E L) TR AR EEK? ZHE—MERKRAKNRE. Fu,
MRESHHEZREANT, WAARETANMNEEREMXE, XEKREF
BIRE, ~MHEARNBEYESIRNRMEEL. BT ARESHAERENE
EoARREE AR MEM M SHEEF B REAARR) , BLRIHEE,
AL RGREE G IR — A AL S T B g M R — B,

3.2.3 EBRESH

HEEERST, RONREESA. FHEEMGHRABREMERRREBR
2 43477(Shifted Power Law), %% SPL 4. RAILAE AR5, WIEE
SPL BERERNEN: pk)xc(k+a)”, HPaMnHBRER. ZHa=0 H,
pk)c k", XRRERESM: MHa->off, pk)cx(k+a) " BN HERBH
4, BiLL SPL 44 RATHRES HNFRAMZ BN —F16, BEoHHE
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EFHKE, SPL At BEEN MEHBUAEE I . THFELT, Yo HEE
KT 100 6F, SPL AAgtEATHRE A Za BEEDT 1 B, SPL Sk
ETERME. Bk, SEH SPL 424 a KMEUENTF 1 F 100 Z[EHE 5.

3.3 EiEWt R

XEB, RITUAADNLENBZ—IMREAERMAGMNKEYELEBE
R P A 1 BB 7, RUERE AP AR R S 1E RS MK 7 R IX B AN L FR
Y48 AH N K S IE G 45 R
3.3.1 HMRFEMEFEM

BMKER 1992 EHLHEREHE, BRESHDPENHEAK, HEE
JUERRRBRER. SRMBRERKMER, GMRELTES G, EREERT %
J—EBRAFROLERE, EFLEBERE -FRO—EAHELR. &
2002-2006 SEZ16), FRILFRT 121 [TaHEBR, XLEBREET BARE
FMAHEBEANFE, W% UE. X%, 2R, 5%, 8M2ELTNF
EBZEDIITRE. BRINOEIERETHMNKREASL, LEET 65536 £id%,
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BN KELAERP .
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.
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NREFHFENREURTIEZH¥E. R0, ATFERENNEANEHE
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TALF 108 187 0.0045 0.842 255 0.242
K] 1 100 0.006 0.600 2.53 0.734
RATE M 7804 1501  0.0011 1.651 2.34 0.348
YIBEEERN 227 3207 0.00011  0.333 2.19 0.582
L/ ¢ A 128 3562 0.000061 0217  1.983 0.662
h EF NP 398 2674  0.000065  0.174 2.1 0.308
LR EEMN 688 3337 0.0000365 0.122  2.118 0.512
e GRS 1 100 0.00065 0.065 2.11 0.860
p iR AT 920 3084 0.0000161  0.050 1663 0418
HAESTH 236 6142 0.0000014  0.009 1.631  0.862
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FIE, BIMNBRAY (@) MY BEBRERR, HHMAEES D VAo XH
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WEEH B RTIH, RPREHFE-SNENE, XHR—MEBRAITHE—
SHRRIIFIE.

2% 3R
[1] Wasserman S and Faust K. Social Network Analysis: Methods and Applications
(Cambridge: Cambridge Univ. Press) (1994)

[2] Xuan Qi, Li Yan-Jun and Wu Tie-Jun. Does the Compelled Cooperation Determine
the Structure of a Complex Network? Chin. Phys. Lett. 25 (2) 363 (2008)

[3] Watts D J and Strogatz S H. Collective dynamics of 'small-world' networks. Nature
393 440 (1998)

[4] Albert-Laszl6 Barabasi, Réka Albert. Emergence of Scaling in Random Networks.
Science Vol. 286. No. 5439, 509 - 512 (1999)

[S] Newman, M.E.J. Scientific collaboration networks. 1. Network construction and
fundamental results. Phys. Rev. E 64, 016131 (2001); Newman, M.E.J. Scientific
collaboration networks. II. Shortest paths. weighted networks and Centrality.
Phys.Rev. E 64, 016132 (2001)

[6] Barabasi A-L, Jeong H, Neda Z et al. Evolution of the social network of scientific
collaboration. Physica A 311: 590-614 (2002)

[7] Zhang, P.P., Chen, K., He, Y., et al. Model and empirical study on some
collabo-ration networks. Physica A 360, 599616 (2006)

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

[9] Chang, H., Su, B-B., Zhou, Y-P., He, D-R. Assortativity and act degree distributionof



BEE: SERERAERFMENAXRTIR 59

some collaboration networks. Physica A 383, 687-702 (2007)

[10] Fu, C-H., Zhang, Z-P.,, Chang, H., et al. A kind of collaboration-competition
net-works. Physica A 387, 1411-1420 (2008)

[11] XEF, FFE, KEF, & PEAMBEERNENLERTHRI]. BRR
ZE5R R, 2007, 4(3): 10-16.



60 HIMKER L FEA R

B

B, RERIBRERNOPIIARDER, BAHbR OGRS ARIHHR
B, BE=FRERRER EERZED LA TTRESMXZMTED. £,
MAEMRAHENEHNHE. TEAY=FEN, FEESENE, FEHE
ERRBRES . BRERENTIRNOAESEREMBRT &, HBERE
BRI EER.

RS RMLE, RMEMFEFTR. BETR, BiHRII—ELDORN R
SCFFREAD .

REMERZSHEARAEROEMUAT . ZIMEXLEFHRESHHTNE
Bl

BB FR - EELXLVERFS ANRERRRN, RUMEREZET
RAEREE

BT MK ZE BRI EF AT LSRR, BiiRi18FR75 77 e
KEMFR ., ARIMENAANFTCTTHEERNLAER, 28 TUETHAE
MAERAEFHRRNRREABESROBR . BHITHEER. IWHEKE. JoiE
M ZEERCHRTAEPS FRIRAEL, FrRlEIm LA A, JiUBHK 5t
REFEETHHED. XRXMITES, BETHRFEZLM. MEKEE. ML
RRA¥E. kM. ARE. FUIE. BHEF. BEE. MEKNEFTFANFEHY
AR, FEU, —HBUBRRERHE!

R REREEEMERRTEMBFEFFE T TRESNWBXHE.

Fe BB K 2 MERFREPE TR NED.

&5, EUXRIRXEN—HHERALY,

ERES -

BN —RMNTHERNRFETEK;
RS2 —REMMNA BCNERZE, BRTR!



HEE: SENEREERFFZNEXIA 61

BURF A 8 & REF AL

1. Akind of collaboration-competition networks, Chun-Hua Fu, Zeng-ping Zhang, Hui
Chang, Jian-Ru Tao, Zhuo-Hui Chen, Yun-Long Dai, Wei Zhang, Da-Ren He,
Physica A 387 (2008) 1411-1420

2. Node Weight Distribution and Disparity of Some Collaboration-Competition
Networks, FU Chun-Hua ({$#7), XU Xiu-Lian (R% %), LIU Ai-Fen (X|%3%),
WU Yong-Ping (R7k#), SHEN Dan ({£f}), LIU Shui-Jing (X7K #&), QIAN Xia
(%), FENG Ya-Chao ({B%#f), WEI Cheng-Liang (¥ 5%%), HE Da-Ren (fi K
#1), Chinese Physics Letters, Vol.25, No.11 (2008) 4181

- BE-RFFMKA s BRI, SFEE. NEF. KEE . X, FE

X NFYEFBHRBERLXARELRE 12 JE¥ERER, BEHRAELHKR

4. Recognition of important subgraphs in collaboration networks, Chun-Hua Fu,
Yue-Ping Zhou, Xiu-Lian Xu, Hui Chang, Ai-Xia Feng, Jian-Jun Shi, and Da-Ren
He, Proceedings of the FIRST INTERNATIONAL CONFERENCE ON COMPLEX
SCIENCES: THEORY AND APPLICATIONS, 23-25 February 2009, Shanghai,
China, paper No. 5264. Published by: Springer in the series of ICST Lecture Notes,
ISBN: 978-963-9799-46-2 (EI).

5. Connectivity correlations in three topological spaces of urban bus-transport
networks in China, Chen Yong-Zhou (7K #i), Fu Chun-Hua ({f##£), Chang Hui
(% %), Li Nan (£5), He Da-Ren (fJ K#/), Chinese Physics B, Vol.17 No.10
(2008) 3580-08

6. PEAKBEYMANLERHHAR, XNEF, {FE, KEF, B8, @K,
BHRARGE5E UM%, B4EBF3W, 1016

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



62 M KFB L2403

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

8. INMESHRFREMSHEESR, XKk, &E, BHE, FRE, HEE,
RFBE, XFF, RAHE, @FXE, BEPHR, 2008, 26 (21)

9. WHAXKIMBEAEEFIEL, ¥, LFE, (&L TERSHEER
FULRFILE CCAST-06-12



	封面
	文摘
	英文文摘
	声明
	第一章引言
	第二章合作网络中的派系结构
	2.1群落与派系
	2.2 k-方组项目度
	2.3模型
	2.4实证统计
	2.5结论与讨论
	参考文献

	第三章合作竞争网络的初步研究
	3.1引言
	3.2网络的统计性质
	3.3实证研究
	3.4小结与讨论
	参考文献

	第四章四个合作竞争系统的特殊合作性质
	4.1实证研究的系统
	4.2项目大小分布
	4.3度分布与项目度分布
	4.4讨论
	参考文献

	第五章点权与合作竞争网
	5.1基本概念
	5.2实证结果
	5.3差异性与SPL分布参数α、γ
	5.4讨论
	参考文献

	致  谢
	攻读学位期间发表的学术论文



