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Table 3 The statistical of the cooperation network with 11 authors
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ABD &1E) B3O pe: 3 BT B B4
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2001 58 78 2.69 98 0 35 2.619 2.5108 0.283
2002 95 136 2.863 178 0 58 2.506 8 2.490 1 0.275
2003 125 185 2.96 275 3 46 2.5151 2.348 2 0.29
2004 165 253 3.067 409 3 65 2.460 8 2.2702 0.299
2005 201 319 3.174 534 1 65 2.413 2.218 7 0.33
2006 262 445 3.397 749 6 120 2.3541 2.200 4 0.339
2007 318 568 3.572 1004 8 115 2.344 7 2.1775 0.35
2008 391 709 3.627 1 300 7 134 2.296 3 2.1533 0. 349
2009 425 793 0.732 1 498 16 68 2.296 5 2.1349 0.344
2010 488 946 3.877 1 835 19 234 2.304 5 2.124 6 0.344
2011 573 1175 4.101 2 281 35 194 2.298 3 2.119 4 0.351
2012 668 1422 4.257 2 765 22 225 2.3156 2.1123 0.365
2013 761 1702 4.473 3324 51 229 2.3107 2.117 5 0.369
2014 844 1954 4.63 3950 37 215 2.3225 2.1171 0.375
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2016 1033 2 554 4,945 51371 34 233 2.3239 2.1122 0.384
0.35 o TR FR RE FE R TR B 2.1
osd .. RO B AL 52 SRR IR, 535014
_ L a A1 - o WS m MRRIE S TTREYL

P Y I SEMEEE RIS F, (- o)/t

2 20t i SRR 5 BB

50.15' 107 s mm—.——. N ! ' ' '

é The lg-1g plots of degrees and weights distribution 0.9+ \‘ E
0.107 T 10! 102 10° ] o N e E;Zﬁi}ﬁ e 2?23‘;22 i yoar
0.05g » The weights distribution in the 2016 with the exponent ~2.112 2 in equation (7). 1 07 "\

3 o Thedegrees distribution in the 2016 with the exponent ~2.323 9 in equation (7). o 06 |
0.00 g o5l .
0 100 200 , 300' 400 .500 6,00 709 . 800 900 ‘g \‘
The node’ s weight distribution or node’ s degree distribution k 04t Y
4 1 GO ERA RE 2016 SHANA RSN 03 VA
HARES BT XEH T 02| R
Fig. 4 The node degrees and weights distribution 0.1l ol 3 ele
with 11 key councilors in 2016 0.0 } ) N . ) ) ) N
?ﬂTEﬁi‘i&Tﬁiﬁ%jﬁ,@ﬂﬂ/\m%*ﬁﬁﬁcﬁ 2000 2002 2004 2006 2Y0£a81's 2010 2012 2014 2016
BEABENL R B /N B S i sl &t B5 AERLE e AT R
—“/,LE‘éH]'ﬂS ,ﬁ%ﬂ%{ﬁ%?*ﬁ;ﬁﬂl]/\ WJ?%HTJ' y iﬁﬁﬁ& Fig. 5 The growth trends of nodes/edges




R R BT EER 0. 20 1 0.217 9, Xf M)

— 92 — g ®m OB % % R 2018 £ 8 A
12 . BERIHEZR 4 R & 0. 155 8.0. 844 2 1 0. 143 1,
Hr » 0.856 9. EPfER HAEB AR T, tit 2 3pEslL

The raitos

— N w & h N~ 00 D
T T T Y T T T
—

W
'\ o’ -
y

| —u— the ratios of preferentlal to random attachments coming
out of new nodes with old in cooperation network
—ethe ratios of preferential to random attachments coming
out of new nodes with old in weighted cooperation network

2000 2002 2004 2006 2008 2010 2012 2014 2016

6 ﬁﬁ%ﬁ*ﬂ B SR L R
Fig. 6 The ratios of preferential to random attachments
HWAHE, B 6 PRI FI RN EER
EMBHMBGEERRME S (1 - a)/a HILL
(B, BT S50 A B B0 R R B AL 42

2005 FREE. XFTEUHE T, AEFH T SIMAR
st USSR BRI B R B Y AT I
AT EEMARERSEM SR EA ST
BEBITHREIMEN, B, € XT 55
—ANEUE A TRBRER, BD, B SN 4R B BT R
FHTV T G R TTER R, BT AT E X
HEFTRZEFEEMFEER 52V SB T
. FHHEANEREEF T A SETAZE™4
HIFTEBRB S H T SR HE. FIAR3 P
WATEZN SNBSS TERE, 5
mE 7 HEEMAEEBUR. B35 S TTERERR K
7E 2014 4EF1 2015 4E R 2 8%, THT 19 s %t I 4%
TERFEILFRZEH KR, 2l 2016 S 6T,

BEHE. FEAMBHTEYESFRS. 4275, EFREEE300%. dils, #—PRUMEE
99. WA, AFHE LT, MARMREE  AREFVAOERITANERPW, N S 0®E
R 4 T "—‘iil[l/\ﬁ]‘ Fﬁﬂﬁ?ﬁﬂ‘]ﬁﬁ*ﬂﬁﬁﬁﬁé AT R MBS K A3 .
3.0 0'08 rauosof the number of new edges comingoutof’
** old nodesto the number of oldnodeseavhymr *
0.07 = [
257 : P ::
0.06 LI
20t [ A T
0.05} F * :
* S :
g 004 LA
: . 0.03 * -
E 10} 18 Cy f
ratios of the number of new edges coming out of new 0.02} / *
05L nodes and old nodes to the number of new nodes each year | B
0.01
*
02000 2003 2004 2006 2005 2610 3012 2014 2016

The year

0.00k 4 ‘ A . ,
2000 2002 2004 2006 2008 2010 2012 2014 2016
The year

B7 EREFTANRNEMNARE, FERETANRNANRRE

Fig. 7 The ratios of new edges to the number of nodes

ERIE

A8 P4 TR BN A N B AR B = ] B
BTN RESMZE, SIAWNEH o
5 B HEEX GR-QC MEZEEITAMME, LI K
N A R B B R 5 TR 2 E AR

WICBIRIE R SE, W& T ETERITANEE
PR AR, I IR R B B2 YA AT AT 1,
X ST R EAT T A5, FUAER S
GR-QC M #t47 T L. AR EEEMEST
PRI S 2 &2 B 2000 45 2016 £E(H] 17 4E4Y
WIXEEREE, a2 T EE SRS it
¥ e aEaRKe sty s, KAHPEE



H8

DA% ETERTNENGIENBEE S TIE T

HME S TRIREEE SEMSRTFHE &
BAT AR BESES GR-QC M EMHEM. B4
ARFERRLEESERGUE, B5 T &1E
W% P Bl BT N B B E MR B R .

38R, A PE AR, M4
ARG MU LR R BT 5 8 B i A 3
IR (5 R 418 R EE R R ; M4 B0 LR
ZEREEBA AR A Z [ B “ AR R
— I HRTERM G P H A BT R RERE.
IR RN F A REEME, BT
MBI EER I — A, MERE RS kR
H—AEREEE I

BESREE S i 8 IEE BB R, M4
R BEEIT N S G S ER RN E
BARSE. RIZ R AR BB R A M8 B 58
TREEILFERREFMERTALEER. M
BB S AR S 0 45 38 4 0 57 Bk AR i A
ML ET R Z I HFER. MY E KESE

2 % X W

I S RITE AN P 48 7P AR 0 B 2 I EE R , T
R TMERRH T RSB AE L ENET
RSB0 BUR Z [BIER ST BB 4 , FF O T 64 65 2 3
B XERRER. TR, IR T MEF K/
ISR XA W E I, WL A5 ) 4% 7 18 B
R KM R T E RE# D3 X
AR GRLHERRZPHENERE” A R
Bl L2240 3 A A A A R 8 B T B e
B SME PR EN SRR, T“E
F7 o2 R Z (6] DL RE L B BRI R AT
HEMARIKER, EEAIEFAH KR —
E 25 PN D

BRI R T35 BN M4 L
BRI S SR, M MIZE45M 77 T i 18 P b B pL i 5
FOEEA BEHEAT A 0oF I 2% B T AL RO S M, B0 5 1R
WREET NN NTERSI A R T AR LR
8 RS RBTERRREAHSEEMER. #t—
BT LIS & LR FEHT ERARR.

(1151, B, BRFE, & KEETRTRSEEMTE TRFREJ]. FEBEFHR, 2013, 16(1): 1-9.

Feng Zhiyan, Guo Xunhua, Zeng Dajun, et al. On the research frontiers of business management in the context of Big Data
[J]. Journal of Management Sciences in China, 2013, 16(1);: 1 -9. (in Chinese)
(2]EM, AFE. KBEFWERRE. ETABERNFERWT]. EHB2EEMR, 2015, 18(5): 1-8.

Yang Shanlin, Zhou Kaile. Management issues in Big Data; The resource-based view of Big Datal J]. Journal of Manage-

ment Sciences in China, 2015, 18(5); 1 —8. (in Chinese)

(318, LTS MEREH .. BLESHFERRII]. RETHEFER, 2014, 29(3): 3 -10.
Hu Haibo. Preferential linking in the growth of online social networks[J]. Journal of Systems Engineering, 2014, 29(3):

3 -10. (in Chinese)

[4]Barabasi A, Albert R. Emergence of scaling in random networks[ J]. Science, 1999, 286 509 —512.
[5]Newman M E J. The structure and function of complex networks| J]. SIAM Review, 2003, 45 167 —256.
le]1z=msa, kA, RER, % ALRNEFHERETR: SORHENER[T]. FHASEEM, 2009, 12(4): 42 -

50.

Li Pengxiang, Zhang Mengwu, Xi Youmin, et al. Scale-free behavior in organizational networks; Consequences in extreme

situations{ J]. Journal of Management Sciences in China, 2009, 12(4): 42 -50. (in Chinese)

[7]Kleinberg ] M. The small-world phenomenon: An algorithmic perspective[ C]. Proceedings of the 32nd ACM Symposium on

Theory of Computing Annual ACM Symposium on Theory of Computing archive, Portland, Oregon, 2006, 163 —170.

[ 8 ]Dorogovtsev S N, Mendes J F F. Scaling properties of scale-free evolving networks: Continuous approach[J]. Physical Re-

view Letters, 2007, 63. 56 — 125.



— 94 — T H B ¥ %2 ® 2018 4E 8 H

[9]Jackson M O, Rogers B W. Meeting strangers and friends of friends; How random are social networks[J]. American Eco-
nomic Review, 2007, 5207 —5211.

[10]David M, Brent S. Strong ties promote the evolution of cooperation in dynamic networks[ J]. Social Networks, 2016, 45
32 -44.

[11]Newman M E J. Co-authorship networks and patterns of scientific collaboration[ J]. PNAS, 2004, 101(1) : 5200 - 5205.

(12]FEXRE, T F, A/ Rl EREERZUSRSREEARRICEEME R EEASHT]. BEIRSHR, 2013,
27(4): 126 -135.
Li Zhihong, Ma Qian, Zhou Guanggang. Analysis on the time evolution of cross-university academic papers co-author net-
work in the filed of management science[J]. Journal of Industrial Engineering and Engineering Management, 2013, 27
(4): 126 - 135. (in Chinese)

[13]ZME1ME, BER. AFTHESIMERLZTMERIE]]. RETR¥R, 2015, 30(1): 9-15.
Li Qiangian, Gu Jifa. Activity driven modelling of online social network{ J]. Journal of Systems Engineering, 2015, 30
(1): 9 ~15. (in Chinese)

{14 ]Leskovec J, Kleinberg J, Faloutsos C. Graphs over time: Densification laws, shrinking diameters and possible explanations
[C]. Proceeding of the ACM SIGKDD International Conference on Knowledge Discovery and Data Mining, 2005, 5: 21 -
24.

[15]Erdos P, Renyi A. On the evolution of random graphs[J]. Publications of the Mathematical Institute of the Hungarian
Academy of Sciences, 1960, 5. 17 -61.

Cooperation network driven by attachment behaviors: Model and empirical
analysis

MA Ying-hong, LIU Zhi-yuan, WANG Wen-qian

School of Management Science and Engineering, Shandong Normal University, Jinan 250014, China

Abstract. Cooperation networks are social networks consisting of a lot of collaborators to achieve better resear-
ches in science, engineering or other related fields. In cooperation networks, there are three probable attach-
ments; random, preferential, and the mixed attachments. This paper analyzes the data of GR-QC network,
and evaluates the attachment probability of the random, the preferential and the mixed. A novel collaborative
network model driven by the attachment behaviors is presented. Compared with data of GR-QC, the attach-
ment behaviors of scientists of management science and engineering in China have similar trends. Numerical
simulations show that the attachment behaviors are affected by the average degree of the network, and the at-
tachment behaviors evolves with the structure of the network. Discussing the numerical simulations and real
data, the paper finds that the diversity and the homobium of attachment behaviors may cause the giant compo-
nent to emerge or the distinct communities’ to become cooperation networks.

Key words: cooperation network ; attachment behavior; preferential mechanism; random attachment
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