BTEE
FEELERZESEELR

skl
X% %‘a_
R

Wl 5 e R GENIE P S S
gl sl g

HitlE &




EIR=FA2FHHINGES
R RIS

wHE F

@ G o8 K o
Zlel 1



m & & &

AP RXTEFAEFRENH NSRBI LT EE 7k, N
B R LS 5k, 8 B T I BB T S R RS THE
4o Hk, SUEARBHTESILE], AR ERIFE RS R
AU K HAR MMM B e S RIE R IIA T, 15 B 2 B QI S L 45
B, NF=RESRH BRSmAN 2, AR HISE S RS RHERN
EALRUEL, SCHIERLIRAR /AT 7 B A BRI ST 45 1R O R k.

ALEMATF RGERY: . BHAFFEROBCERTA R KA, BiES
KEZ5ME. ik, 441, KBXERRERMREE | R R L
MOl A BB, AR B2 R G450 AR AT ER B oA HESR, 7T LAFE
Bt 238 S8 Al SR SUDLR O TR IR, A BT (T e A1 204 o T
I 4T 5 R IO EE R FIRLAR , JE B AN I T2 40 SRS, EEFRAA 52507 5K

EHEMYE (CIP) i

[ 35 S R NS H AR T /R . — bRt . BhoF L RRAE,
2016.4

A7 SC%)

ISBN 978-7-03-048037-8

L OF:- I O M. OFHE LREY—R V. DC3-05

o RS A5 CIP BHEAZ T (2016) 55 072890 5

FiEhE: RER HRR/ TiERA: ¥ #
FraEfp 4l sk 4R/ #H@iOH RO

PN W W
JEIR AR AR AL 16 5
WBELRTG: 100717
http://www. sciencep. com
g A RS K IR 8 BRI
Bl AT R AT A HUBT A TG 24
*
201644 A% — KR FF4: 720 x 1000 BS
2016 4F 4 A% AR B3k 14 5/8
R 273 000
Effr: 88.00 7T
(A ENZE R R (Al R, FRAt 0 50



(BERXE) RE=BE

1
Al EAE:
WK
9 &=

it
ik
5 A

F W

Rtk IRPUEDFEHEF)

(LRIZEN
% E 4
B AE
K
7K XA

/%
x| %
R
= %
®O%

P
FRiE
FE%E
o8 %
Rt



(BERXE) F&

WHEHECA —a2E0HE. R SR, BEEMREHAMUEEL
THEBUS 2205 R B AR TAERTA BB B, 1T H R SR AR SRR 2 R B A
PER LB HE R BT B, I A T 5 B R SR A B, H LT A LA (8 R A XA ST
FEHIAAREFFAERIL, SO EKEAAWEERRE, EELIPRIREE
e E R BOE S A2 5T R R R RO e B A .

PEELERELSEZY, BRI THELERERS, L1 1%RiELER
ANRFFRAFIRER. SHMES FEERY “mE” KFH, BLEREEL0%E Bz
2 N7, Wl ES I LRI R A RAIFRE A TSR, BLER¥ES
FXHELEHR ARG TR “EEn” MRKR S, Eidseg g, i
MRS, HHLEHRARRSIAEAEL, Mm-S RMEAR. 253 30 4R E,
BE 2015 K, MEEREESIEHY 26.5 /L AR, BEELEHRAR
57 3 TARAN, ALEHEREASW 13. 8% 2014 4K, eREESELEL
MIBE b, MLRRERE SRR L 72.5%. HLERSERESCENERELE
HRAGRAB—B “&FfF" .

L EREESNEI T, MEEMRARBUS T ARSI HRERR. #iX
SRR AT, BEEXTE LR O A RAIFRE I, el I A EvhE 1+
JEMR AT RAIF R AE, Fattunl LIS R RS B T B L3R,
EErH AR R, S REE L RREE S TR RS,

PEELERFRESSM 2013 FRELMIELFERFFRELE BT T/E £
BRWH, WEBIELEREEAREE, PEELEREESSRIMBRSH. %
HRE A AR, GE—irgh (EHRSUE) .

GEIH R TAER PR L ERERESS R WS TR A B M — I
HERE, BANRNGEY, HERIMEF FER HEESXT 1/E, #ELE
TG GH R R T i Al 55 T R R AH IR sh & R AR, IR TRIH R MR aa
W, AR EEZHELEHREAREIXE SR R N E R T ER AR

AR, RERR A
Eih

FRELER S LIREK



s

Al

BAEE, REABHEHOER, LRAALG@RY.
— MG

RERBRANMSIEPNELISR, ERTSF, A 3R T BRWA L
MARHLHHEE, AR THERR. BEHENRWHT. BARFRAREN
SEAE SRR IR, ER NS A A\ . SRR EEES
FEETFPHHNAIRES . LFFTRTHES . FEEPNALARSN=
AT, ERERATEEBRRINFEST . HEHT (BEEFELT) MLIES
B, ERENBEAEBREMERZEFRANAREHNZSFR, HREEER
AL T R ARG AEACAT A B R0 17 .

A2 A M R MK EIR CRAEARFA RN — DR, HFF Z N
FTIRER. &, BUA. BEZ. &5 EEEELSHASEZh. SRMEHER
AR T ARZ L ARG EMHAERENILS, EEENRABITANR— RGN
FRUET —AFFHTERT G, ERINEBRAZIRENE, AT REKTE R
PUBIAT, T RAER S . RS EAIER.

A2 AR RN B ERPTRE NS TITE, MRS RAEAR R IR
PLEIEF, AN EE2RFRENATLTE SRR N E S HEURBETRABIR,
T I B S B IR AR BR AR AT BB U LR F R A MR I SN, 455
o, WA IR EF R ARSI SR, REBHERIRE S MRS R
REBRAGHBIREH, MANEEEFRANFERL N FEERREZNEX.
FHAKAANRAMEFIHEZ A/ DOHHERT TR IBESFREGH . &
MRS . EFIFEANEAAT A ERKHIES:, B “HUBIRE S, XRMESLR
AARHEANR “GHGENRE FRIENERERNZEIHE, R T AU
R —BRFAENENTRERE TRIH-RASH LT A.

AP ERNAELE:

8 1~3 B, MR RAGRRER £, B T — 28K . AAERENANE
KBTI IR R TEF ARG B AL G5 A AR AGAT 4 BT HESR, A BRATTX 32
FRANHFIMRT HHNA, FETHATER, REEENTEREREX.

B 4~6 B, MI\EAFKRA KU ZFHE], 2HRAFRT BE2ZEF N5
ERFMAANERFREF="REFRARYKRINEN . EFFENRLHR



hilllg

iy - Hil

7, B THLEENMAES MK

BT E, MEFRHT A ETRMHRERRE LG SRR SR
BRAL, SHEHMIT SR S IEMT R ERT AR 4 RN R, B3] T REFH—2
P, BEEA T BATH ™ S R AT 2 TR R (0 AH SR B 7 31

%8 E, BREREABRALR, e T X — TS s AL ALK
AT SR, X RRIOFTRTAERITRE.

HEABRBIRET| X, H T RRN BT F RGN AR KR
ABHA. R, WEE BRI MTERENSG R, TURBHSE5EREREETFN
ANV B LUK R IEE RABRRIESCREN R, A By T AT TERARAN 24 B L I AR 3
FRAEM G AR, HIEFRA K TEF RIS = 52 FT7 K.

ETEFRERKFER, BPARZAERER, BRIFEEMITRIE.

R4
2015 £ 9 H



Abstract

Competition is the basical pheomena in our world, whether in nature or in soci-
ety. The species’ evolution and the human social progress are due to the competition.
However, we know a little toward the competitive system’s structure and property.The
existing researches mostly focus on the species competition in ecology, market compe-
tition in economics and organizational competence in management field. Their study
means mostly are dynamics analyse, equilibrium analyse (include the game analyse)
and demonstation analyse.But, all of them have not explained the competitive sys-
tem structure and property, and not answered the question that how the system’s
mechanism influence the system structure and its evolution.

Complex networks have seen much interest from all research circles and have
found many potential applications in a variety of fields including engineering tech-
nology, society, politics, communications, medicine, neural networks, economics and
management. This theory not only could explain the non-stochastic phenomenon in
many real-life systems’ structure, but also the more important thing is that it could
provide us a new methodology platform to study a system object. So we can discuss
the systems’ structure, character and their evolving law now by studying the systems’
evolving mechanism in their interior.

In this book, we start our exploration from the differ evolving mechanisms of the
Homogenous Competitive System(HCS),go deep into a good many evolving models of
competitive system, resovle or simulate these competitive systems’ major topological
structure and properties through constructing evolving models. Especially, evolving
models can not only capture correctly the processes that assembled the competitive
systems that we see today, but also help to know how various microscopic processes
influence the competitive systems’ topology and properties, and it is very impor-
tant to our understanding to competitive systems’ characteristics and their dynamics
behavior.

(1) An analytical frame to the HCS’s evolving mechanism, structure property
and dynamics behavior is proposed. Firstly, the HCS is been defined and classified,
its inscapes and general characters are discussed, and its mathermatics describing is

presented. Secondly, HCS’s measurement and score system to its individual char-
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acteristic, structure characteristic and evolving characteristic are discussed in detail.
Finally, a analyzing frame to the HCS is proposed, and its precondition and theoretical
hypothesis are pointed out.

(2) A class of competitive models based on completete competition is proposed and
analytical studied. Because of the universality of competition in competitive systems,
the concept of Complete Competitve System (CCS) is proposed, and a class of com-
petitive models is created and analyzed which have the same character—compelete
competition,and the different mechanism difference. Firstly, Opening Complete Com-
petitive System (OCCS) is proposed which includes Alterable Weight Model of OCCS
(AWOCS) and Fixed Weight Model of OCCS (FWOCS) and their arithmetics. Sec-
ondly, Closing Complete Competitive System (CCCS) is proposed which includes
Independent Increase Model of CCCS (IIMCS), Random Increase Model of CCCS
(RIMCS), Preferential Increase Model of CCCS (PIMCS) and Generic Random Model
of CCCS (GRMCS) and their arithmetics. Based on these creating arithmetics, the
main measurements, such as the degree distribution, cluster coefficient, life, system
size, and their relations are exactly analyzed and compared between thses models,
the long-term actions and stabilization are discussed, too.

(3) A class of incompetitive models based on incompletete competition is proposed
and analytical studied. Because of the incompeleteness of competition in real-life
competitive systems, the concept of Incomplete Competitve System (ICS) is pro-
posed, and a class of competitive models is created and analyzed which have the
same character—incompelete competition, and the different mechanism difference.
Firstly, Fixed Weight Incomplete Competitive System (FWICS) is studied which in-
cludes Random Increase Model of FWICS (RIMFS), Degree Preferential Model of
FWICS (DPMFS), Competence Preferential Model of FWICS (CPMFS), Compe-
tence & Dgree Preferential Model of FWICS (CDPMFS) and their arithmetics. Sec-
ondly, Alterable Weight Incomplete Competitve System (AWICS) is proposed which
includes Random Model of AWICS (RMAS), Competence Preferential Model of AW-
ICS (CPMAS), Reverse Competence Preferential Model of AWICS (RCPMAS) and
their arithmetics. Based on these creating arithmetics, using the combinatorics and
graph theory, the main measurements, such as the degree distribution, clustering
coefficient, ife, system size, and their relations are exactly analyzed and compared
between these models, the long-term actions and stabilization are discussed, too.

(4) A random competitive model of variational coefficient is proposed. To increase

the explaination to the real-life competitive system, Variational Coefficient Compet-
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itive System (VCCS) based on the random competitive mechanism is studied. We
discussed the relation between the variety of the system competitive coefficient and
the system measurements thorough. Especially, the differ cases of competitive coef-
ficient is proportioned with the system size are researched in deep. Based on these
creating arithmetics, using the analytical method, the main measurement parame-
ters, such as the degree distribution, clustering coefficient,life, system size, and their
relations with the power function of system size are exactly analyzed and compared
between these models, the long-term actions and stabilization are discussed, too.

(5) A class of market product competitive system model is conducted and studied
based on the demonstration. Firstly, the characters and statistical properties of a
multi-product market are analysed, and thus a Multi-Product Market Competitive
System (MPMCS) is presented. Secondly, by a Static Model of MPMCS (SMPMCS),
we have analyzed and computed the mainly topological structure and properties, such
as product life, price trend, degree distribution, degree correlation, cluster coefficient,
diameter, etc. We have also discussed the clique competition and its structure. Fi-
nally, based on a dynamical analytical model, using system simulation method, we
have emulationally computed the system dynamical actions, summarized the rela-
tion between the system pararmeters and system evolution. At the same time, we
have compared these theoretical and simulational results with the datum of practical
product competitive system, proved the validity of these models and analytical frame.

Accoding to our large numbers of hard work, we have gradually arrived at a log-
ical conclusion that diverse competitive mechanism, even a tiny difference, can lead
to an enormous difference between the system structure, macroscopical nature, com-
petition characteristic and long behavior of these system. So, we can say, competi-
tive mechanism determines system structure, system structure determines
system’s behavior and function. This is an integrated logical chain possessing

contextual consequence.
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1.1.1 ERMER R A

A 21 4, RARE, FAHRERRGLAHNKE MR Z R ERAH R
Rt EREHBERARBEZNERNEL —, EREHFTE 21 HLREHFRH
B E A SRR ERRE, EREU U RARBEN— A HE: SERS
SRAERTH: ERAGZHEMNIEHD.

20 K —IMEXKIRHE R R IR EIS AR RAE R H
AERERRE, EB/RRT —MIELRAXRIAE —RIVEIATH: BIRBN. 4577
gk IRAEILE. B, YrF B EATRT FF B Logistic HHE: zpy1 = o, (1—xz, ) (BP
PEERRBHMYLTE) KR, HEFERILEZHRER FHHK, 1993). &
FEFMRNFU—FIEH TEBRSHERAT LR ER, MRET RS
Bl, B =K WREIFERL. 34T h . ARKBESE. W UAZES . B
MERERHRR R RSE, BT IRRMETRILH ERAT ARG Z AN 4
R, FREFHEER T ARBRLNRN—NEEFE.

L2 A —TNE KRR IR 25 F R LASZ 6] B (3R 5
1999 4, Albert I Barabdsi SF7ERF ST 7 4E R i M TGRS, RIVER—ATARE W
4% (scale-free networks), BIFGERE /M REREER, PEMTHE KB EE,
MERZHEM TR B LBKM IS ZAE; MITERATEMEE <MER” (small
world) ZM, BIFE P2 FPAEIERI AN M T, A—ANPI TR R 19 Rk T L3R 2N 5
— MM (Albert and Barabési, 1999; Barabasi and Albert, 1999). TjiX— M7 LA
T 17 R AR R S A T A, X SRR WY CAREE b - BEALAE . SRR e, BY
R & B REERR OB RE. XRARNA BN —REERS, EAKHMEE
TEFAHEENARE (EEHE, 2005).

BejE, EAATRIFEIE B ER B, ARBREEEX KB IS R &
BRI, MBIARMEE (Faloutsos et al., 1999; Albert et al., 2004; Guimera and
Amaral, 2004) ZERIEHEM L (Pastor-Satorras and Vespignani, 2002; Meyers et al.,

@ HEE. 2004 ML —— FEREMMEWOTRER//ARET, HB%, FHEL, EEREH TLN
% —— RGEWTIFRIE, $ 3 8 97~102.
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2005), IWEHIMZE (Jeong et al., 2000; Jeong et al., 2001; Roopnarine, 2006) E4t4 M
#% (Porter et al., 2005; Schneider and Hirtreiter, 2005), MIBMEMZE (Newman, 2001;
Verspagen and Duysters, 2004) BT F ML (Bianconi and Barabasi, 2001; Wang and
Zhang, 2004; Berger et al., 2005), MFTBRICEHPIZE (Jeong et al., 2000). & H M4
(Jeong et al., 2001) B ABRKERMELE (Liljeros et al., 2001; Battiston and Catanzaro,
2004; Caldarellia and Catanzarob, 2004), ##EAT T XEHISLIERIFIST . BE 5 Hr A
FRAE R, AR T AL S50, BIIX LR 53 R P 4% #R AT DL p ] B AR SR 2B B,
I HEA H5HEGR AN R 25 M BEAL R 48 AN R )3 $h M F3h ) 24T R E, Xk
W48 RATIGERR o B P2 4R (complex networks). XL RAIURMERA TN & B %5
HRFERRLCH R E BT ABAKNELERBE, MEARMNITHERETIHA
MBERRERE T M EFRREN—BEFHET RELEWITHTE (KA,
2005; 5 5E4,2005).

B 1999 ELIR, FEHHBRBRE K B 24 M 4% BAH X B K EAR R IKR
FFE Nature. Science, {PEELHMN) FEEFFHETIY L, B IEZ] 2006 5E 6 H, X
SCI R HIRTH AN BT R R XHEMOLHIT 2273 5 (R, 2006), TTH
IEZE ML PR FR R SR 2R 0 SRR SIS, XEMARE T —NMEF R
P —— BRMEREIRER. 4R, BRMNERFREL BN ERERDTIH
POSHRTHE B2 —; MU, BEEHSIMSEL, £ RREFER, MEDBE
R ZHRMER B —ANERT 1, Bk, BHRMEKHEHRBEBRRBREE.

1.1.2 MESRGEHEN

FriB M4 2 fT RAERAR, KB RRERE XK, HATRERRES
RITTER, BN RIERR TR Z AR EER. 8 e ORI R, HEMZ R
SuHeEwREER. Flw, B 1.1 BrTREFEEZRKNEXR, T RAR
2 R RELRHREFEKE (Moody, 2001). BAR, ZMLE EBEKHE S
BE WTERT). MK (BA. BASE) HARHRT 4 MEEREREXREF
%, R T RE S EEHSTHERILRE.

Rk, AREREH T RALENELRFER, PSSR A K B B AL
LRGMFELAFERMER. FTLL, RATE RS AT i B ARG B AL 5 Bk
TS RE I SR AR R BN L AR SR TR, AT A P00 2% S5 4 o FR A o 2R
3R FMEH (topological structure). XAF, BUAT LAz F$ 2 B8 A 48 T )
#Hig, FENTRBITRASGHRHIMS DA

H T, T LARR#R B R AL TIRP R L RRRPI IR &4, 70 AN
W%, BN B IM & =K, ANHNT.
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1.1 EEP2EREMNEZRRIPEM (Moody, 2001)

FLN B 4% (regular network) H1, MR RHILRE T REREHA, LGN
REGEAHER FRATTRE, degree) #H%E. CMNRMTEERLRELZTELZ
AR AT LA — RN K LR R, i, BiasHmN (B 1.2(a) L, 840N A
RISEEA B R 4 4, BIZER B — M R4, RN SRR EH 4%
SETE _ERIRR LR MAE . =428 E T g4,

5N A, BEHLM L% (random network) FAER T RIS EHE () N
RAZR, B8N RRERE—NPEME (B 1.2(c). MM KR H
THEERMN R AR BHFEELHEMMEEKIF TR ENRERE. 7
DA H, 00 P& B i ARER, T REATL o9 4% U VR L I AR B, e AT IE 2 b Y 4%
A KL B B R

.

N
,,,,,,

(a) p=0 (b) p=0.075 (e) p=1

B 1.2 MMAML., MMEFRRERBEYLMNS (Watts and Strogatz,1998)

B b, R W 4 AT A AR R p BiE, B e — TR, T
BB — 0 A, TR Y 48 FOBE AL 48 IE R IX —HUHIZE p = 0 71 p = 1 KI4EH
p H3 0 < p <1 B, MR EEKKBER RS (clustering coefficient, 7 f ]
FIREREE) MK IS (average path length, F mIEIKEHBREKE), XF
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T AR P45 1 R AR R B R - T2, A 7 TRENLM % FKEER REME T
WBRRR, BFR AVt FEMER (small-world network; Watts and Strogatz, 1998), 4% 5L,
LR RGHEFEEXMPRAAR, WARKHESKRNES.

B, AMI—EINARNMERREN LS. AT, BFE Erdés M Rényi
(1960) $#H T FENL AR, ZERLJE AL 40 F B, ANTERA K FBEL M 48 R H#ik
L RERIRINGEHIE N2 (Bollobss, 1985). B F| 1998 /MR (Watts
and Strogatz, 1998) 1 1999 FETAREISR (Albert and Barabdsi, 1999; Barabési and
Albert, 1999) SE/F 8RN, FHEEFMTRAKXBKELMEREA RN ML, AR
FEHLMZ%, TI R BA SEIAE B AR ER NS, XFM 4% BAH RLRE
SEEIRRAE, HRHPESIAT (degree distributition) EIANR W1 BEAL I 48 70 /)M i 57 19 48 7R
FERIXTRRICVEAA A (Poisson distribution), TIRHE ERESHKERSM (power
law), BIEAERDS SR T E—HL (B 1.3). XHEN—EESMEERFTERER
MEBAIR A TARE M. X, FrA T B R NRER, 3+ ERF £
e HIRR I M 28 A BE AL 28 AN R ISR $h S A3 1 FAT AR IERI P48, AR IR S
MAERME. FELE, XENEHERERE TRALRENSHERME ., EEE
etk WALE M N HRMERATE (Strogatz, 2001).

10°

102 \

p(k)

1074}

1 —6 i n
010" 10 % 107 108

(a) (b) (c)

B 1.3 BEYLRSE & TChnBE M 4R 1 BE ST
(a) FENLMSENERASMAE: (b) TARERMGHITRIAM; () ISR T HRELS A

ik, BRMERLERFERBINEHRABI T AR KRS, EREXE
YRGB A A BRI AR B, BARME R AT LR ER RA R Esh N
s BRI REREA AL, MANRRREERBLZ FRXREEKR. KR
HMISEHERFFUR I, BUSEHER TR RZERARERRI ST RE RN, i, F
¥ (Faloutsos et al., 1999; Broida and Claffy, 2001; Chen et al., 2002), J74EM
(Adamic, 1999; Albert and Barabési, 1999; Huberman, 2001), ®#1#M%& (Jordano
et al., 2003; Roopnarine, 2006.), MATHIEHEM L (Pastor-Satorras and Vespignani,
2002; Keeling and Eames, 2005; Meyers et al., 2005), E#IM & (Jeong et al., 2000;




