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Fig. 1 Casual diagram of multi-cities” government game in the context of social networks
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Fig. 2 Diagrammatic sketch of network topological structure
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Table 3 Weight allocation of influence factors in linking probabilities between nodes
1 2
1.1 1.2 1.3 2.1 2.2
1.1.1 1.2.1 1.2.2 1.3.1 1.3.2 2.1.1 2.2.1
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1.6 =50 2.5 =100 3.6=150
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Fig. 3 Evolution diagrams of group game situation ( number of cooperator and betrayer) of plan =50 100 150 during O ~ 100
£ 0~100 ( )
4 ( b)
Table 4 Statistics ofsimulation experiment results ( benefit b)
b
50 5.672 5.468 20.363 5.468 -10.459 33.946 9.871 15.963 5.384 4.557
100 13.292 8.229 12.708 8.229 60.677 17.391 48.875 116. 624 53.869 52.462
150 17.252 7.178 8.748 7.178 117. 662 23.348 102. 140 313.59%4 110.986 79.422
3x10 R
(3 10 ) b 0.964.0. 995.0. 998
5 b
3
3




3 — — 197 —
1( b =50)
« »
5 b N
Table 5 Regression analysis of benefit b on mean of number of cooperator mean of revenue of cooperator
and mean of revenue of whole group
t Sig.
B Beta £
( ) -0.492 0.448 1.097 0.280
b 0.116 0.004 0.982 27.899 0.000
( ) -72.161 1.731 -41.693 0.000
b 1.281 0.016 0.998 79.957 0.000
( ) -48.856 1.055 -46.306 0.000
b 1.056 0.010 0.999 108.111 0.000
) 12 . 6
: d 0.10.20.30.40.50
3 10
10 10
5 ( 3x5 4
) (3x5)® “ N
( )
6 1
)’ Pearson 6
0.997 0. 000 Pear—
son 1. 000 0. 000
Pearson 1. 000
0.000
( 1 2)
( 2 5)
2.1.2 d ( 5 6)
17 18
2
b5y 1~5 6 ~10
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1) d=0 2) d=10 3) d=20
1) d=30 2) d=40 3) d=50
4 1~ 6 ( )
Fig. 4 Evolution diagrams of group game situation ( number of cooperator and betrayer) of plan 1 ~ plan 6
6 ( d)
Table 6 Statistics ofsimulation experiment results ( punishment d)
d
0 12.560 9.584 13.440 9.584 58.198 21.541 50.892 161.52 53.123 65.531
10 13.292 8.229 12.708 8.229 60.677 17.391 48.875 116. 624 53.869 52.462
20 15.175 7.271 10. 825 7.271 62.481 14.948 50.746 88.861 56.867 37.677
30 17.746 6.330 8.254 6.330 64.949 10.294 53.673 71.787 60. 847 25.325
40 19. 659 5.762 6.341 5.762 66.551 8.314 54.612 106.214 63. 146 18.996
50 20.479 4.477 5.521 4.477 68.312 5.752 48. 668 83.929 63.816 14.700
2) ( )
( 1 2)
( 2 5)
( 5 6) d=40 d=50
5 1~ 6 .

Fig. 5 Comparison of cooperator betrayer and whole revenue

among plan 1 ~ plan 6

5
. :3) (
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( 1 2) 1
( 5 6) ( 2 “ . ”
2 5) 5
( )
) « ”
6 x10
12 RZ
0.970.0. 954.0. 938
7
<0.01
( 3
7 N
Table 7 Regression analysis of punishment d on mean of number of cooperator mean of revenue
of cooperator and mean of revenue of whole group
3 Sig.
B Beta
( ) 12.761 0.122 99.018 0.000
0.175 0.004 0.985 43.338 0. 000
( ) 58.481 0.174 336.739 0.000
0.202 0. 006 0.977 35.195 0. 000
( ) 52.520 0.247 212.392 0.000
0.244 0.008 0.969 29.831 0.009
(6 x5 6 x5) “ ”
0.995 0. 000; “ ",
0.961 0. 000; N N
0.984 0. 000

2.2
2.2.1

1-36
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Table 8 Statistics of simulation experiment results ( proportion of global interaction)

5/20 13.452 8.109 12.548 8.109 60.531 17. 440 49.547 116. 585 54.235 51.713

10/20 13.292 8.229 12.708 8.229 60.677 17.391 48.875 116. 624 53.869 52.462

15/20 13.369 8.418 12.631 8.418 60.226 19.266 49.295 116. 827 53.935 54.929

3x10
6
F N
1.174.0. 624.0. 725
0.324.0.543.0.493
(3x5 3x5)
0.014 0. 960 N
0.015 0.957 N 20 .
- 0.120 N
0.670 3x3
PoQ . Low
(0.05) Middle( 0. 15) High( 0. 25)
2.2.2 10
7
)
( 9
)
(0.3)
(
)
2
PoQ)
) 7
( )

113
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1) (100 80 0) - L 2) (100 80 0) - M 3) (100 80 0) - H
4) (100 80 20) - L 5) (100 80 20) - M 6) (100 80 20) - H
7) (100 80 40) - L 8) (100 80 40) - M 9) (100 80 40) - H

7 1~ 9 ( )

Fig. 7 Evolution diagrams of group game situation ( number of cooperator and betrayer) of plan 1 ~ plan 9

9 ( )

Table 9 Statistics of simulation experiment results ( probability of local linking)

100 L 12.481 9.620 13.519 9.620 57.981 21.812 | 50.621 | 161.036 | 52.870 | 66.801
80 12.560 9.584 13.440 9.584 58.198 | 21.541 50.892 161.52 | 53.123 | 65.531
0 H 12.482 8.721 13.518 8.721 58.250 | 22.706 | 50.466 | 144.225 | 53.048 | 61.644
100 L 15.105 6.132 10. 895 6.132 [62.3962 | 13.464 | 50.486 | 71.455 | 56.807 | 31.670
80 M 15.175 7.271 10. 825 7.271 62.481 14.948 | 50.746 | 88.861 56.867 | 37.677
20 H 15.220 6.303 10.780 6.303 62.701 13.123 | 50.674 | 75.195 | 57.100 | 32.130
100 L 19.465 5.575 6.535 5.575 65.965 9.258 54.840 | 101.911 | 62.733 19.433
80 M 19. 659 5.762 6.341 5.762 66.551 8.314 54.612 | 106.214 | 63.146 18.996
40 H 19.643 5.177 6.357 5.177 66.214 8.895 55.155 | 96.402 | 63.095 17.220
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0.995 0. 000;
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10 ( )
Table 10 Statistics of simulation experiment results ( decision-making personality)
Pr
1/2 1/3 1/6 | 13.340 10.208 12. 660 10.208 61.251 17.808 48.845 141.966 | 53.910 63.625
1/3 1/3 1/3 | 13.292 8.229 12.708 8.229 60.677 17.391 48.875 116.624 | 53.869 52.462
1/6 1/3 1/2| 13.410 6.556 12.590 6.556 60. 005 18.985 49.521 92.804 54.180 43.067

3x10
F
5.388 0.011
F 32. 777
16. 330 0. 000.0. 000
1)
(3 x5 3x5)
0.261 0.347
0.733 0. 002
0.612
0.015
( )
3 2)
( )

113
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Modeling and simulation of multi—cities’ government collaboration based on
MAS: Embedded in and feedbacking on heterogeneous social networks

MENG Qing—guo' LUO Hang®
1. School of Public Policy and Management Tsinghua University Beijing 100084 China;
2. School of International Studies Peking University Beijing 100871 China

Abstract: To analyze the evolutionary game process of multi-cities” government collaboration in the context of
social networks through an integral modeling procedure of conceptual model mathematical model and com-—
puter model a multi-agent simulation system integrating evolutionary game theory and social networks model
is built. An asymmetrical evolutionary game system considering the individual differences on cost and benefit is
constructed for the micro level of agent interaction ( considering the interaction between entire game and partial
game) and a heterogeneous social network evolving system considering the linking probability differences
between nodes is built for the macro level of social structure ( considering the interchange between global in—
formation exchange and local information exchange) to achieve the bidirectional feedback and dynamic inter—
action between micro game interaction and macro social network based on multi-agent system ( particularly by
introducing the interacting willingness) . The simulation experiments investigate the dynamic effect of network
structure variables such as global interacting proportion and local interlinking probability game coefficient var—
iables such as governance benefit and punishment measure and agent property variable such as decision-mak—
ing personality composition on the evolving process and revenue outcome of multi-cities” continuous game.
Policy suggestions are given for multi-cities” coordination and regional integration. Besides through multiple
simulation experiments of each of the experiment plan samples of data are built for the reliability test of the
simulation model and results and for the statistical analysis of experiment results and findings. This research
provides new thoughts in computational simulation experiment research in the field of politics and public ad-
ministration.

Key words: multicities” government collaboration; multi-agent system; asymmetrical evolutionary game;

heterogeneous social networks; bidirectional feedbacks and interactions



