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Cooperative behavior among selfish individuals



Evolutionary games
Prisoner’s dilemma game (PDG) 
Snowdrift game (SG)
Repeated games on lattices

Complex networks
Review of games on complex networks 
Our works 

Evolutionary games on complex networks
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Introduction of PD and SG game

Prisoner’s Dilemma game Snowdrift game

T > R > P > S T > R > S > P《Prison Break》
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Review of some fundamental works

1 Spatial structure

2 Repeated game

3 Strategy updating

4 Cooperation can emerges

Prisoner’s dilemma game



Model rules
Each pair of connected individuals play the 
game simultaneously.
Each node will be occupied by the highest-
score individual among its neighbors and 
itself.
Repeat above steps.



Results of evolutionary patterns



Spatial patterns from specific initial state: 
a central defector in the cooperator sea







Complex networks

Degree: the number of neighbors of a node.

Average distance:

Clustering coefficient:  density of triangular structures
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Common properties of complex networks
Small-world property
1 Short average distance
2 High clustering coefficient

Scale-free property
Power-law degree distribution

Real networks
Small-world networks
Many collaboration networks, power grid networks, train 
networks…

Scale-free networks
The Internet, WWW, airport networks, citation networks, protein-
protein interaction networks, brain function networks…

P(k) ~k-3

Barabási-Albert model



Public goods game

Updating rule

Individual X randomly selects a neighbor
Y, then calculates the probability W

Small-world networks

Adding links Rewiring links

Games on complex networks







Our works on evolutionary games

Effects of average degree on cooperation in 
networked evolutionary game

Memory-based snowdrift on networks

Randomness enhances cooperation: a 
resonance type phenomenon in evolutionary 
games



Scale-free networks Small-world networks Random networks

There exist optimal values of <k>, leading to the highest cooperation level



The average payoff <M> as a function of the average degree <k>





Cooperation on lattices with 4 and 8 neighbors

8/7,,8/2,8/1:8
,4/3,4/2,4/1:4
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m:  C neighbors of 
a given node 

K-m: D neighbors of 
a given node

Local stability analyses



Spatial patterns on lattices with 4 neighbors
For the first two cooperation levels



Spatial patterns on lattices with 8 neighbors
For the third and fourth cooperation levels



Oscillation of cooperation
In the case of M=1 (memory lenght)



Cooperation on scale-free networks
Average degree is 4 Average degree is 8



Strategy occupation distribution for scale-free networks

r = 0.2 r = 0.49

<k>= 4

<k>= 8



Generalize memory-based snowdrift game to 
public goods game

Payoff Matrix

C: cooperator
D: defector
L:  loner
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Phase diagram for the memory-based public goods game



Sigma=0.9, r=0.15,M=7

Sigma=0.6, r=0.45,M=7
Sigma=0.7, r=035,M=5 

Sigma=0.85, r=0.15,M=5
Sigma=0.9, r=0.1,M=11



PHYSICAL REVIEW E (In press)

Topological and dynamical randomness
A resonance type phenomenon



Topological randomness  P

Dynamical randomness  T

where T characterizes the stochastic uncertainties, in-
cluding errors in decision, individual trials, etc. T = 0
denotes the complete rationality, where the individual
always adopts the best strategy determinately. 



Cooperation depends on parameters b and P

b: parameter in payoff matrix of the prisoner’s dilemma game
P: the probability of swapping links



Cooperation depends on both topological and   
dynamical randomness

The existence of the optimal island resembles a resonance type phenomenon.



The spreading pattern of  the cooperative 
action
Evolutionary games on weighted adaptive 
networks
Apply game theory to other dynamics
Study the strategy evolution by using 
series analysis

More  information can be seen in
http://www.univie.ac.at/virtuallabs/

Future works



Recent publications
W.-X. Wang, B.-H. Wang, B. Hu, G. Yan, and Q. Ou, Phys. Rev. Lett. 94,188702 (2005).
W.-X. Wang, B. hu, T. Zhou, B.-H. Wang, and Y.-B. Xie, Phys. Rev. E 72,046140 (2005).
M. Zhao, T. Zhou, B.-H. Wang, and W .-X. Wang, Phys. Rev. E 72, 057102 (2005). 
W.-X. Wang, B.-H. Wang, W.-C. Zheng, et al., Phys. Rev. E 72, 066702 (2005). 
W.-X. Wang, B. Hu, B.-H. Wang, and G. Yan, Phys. Rev. E 73, 016133 (2006). 
W.-X. Wang, B.-H. Wang, C.-Y. Yin, Y.-B. Xie, T. Zhou, Phys. Rev. E 73, 026111 (2006).
C.-Y. Yin, W.-X. Wang,  G. Chen, and B.-H. Wang, Phys. Rev. E 74, 047102 (2006). 
W.-X. Wang, J. Ren, G. Chen, and B.-H. Wang, Phys. Rev. E 74, 056113 (2006). 
W.-X. Wang, C.-Y. Yin, G. Yan, and B.-H. Wang, Phys. Rev. E 74, 016101 (2006). 
M.-B. Hu, W.-X. Wang, R. Jiang, Q.-S. Wu, Y.-H. Wu, Phys. Rev. E 75, 036102 (2007). 
Y.-B.Xie, W.-X. Wang, and B.-H.Wang, Phys. Rev. E 75, 026111 (2007). 
G. Yan, Z.-Q. Fu, J. Ren, and W.-X. Wang, Phys. Rev. E 75, 016108 (2007).
J.Ren, W.-X. Wang, and F. Qi, Phys. Rev. E (2007 In press).
C.-L. Tang, B.-Y. Lin, W.-X. Wang, M.-B. Hu, and B.-H. Wang, Phys. Rev. E 75, 027101 (2007). 
C.-Y. Yin, B.-H. Wang, W.-X. Wang, G. Yan, H.-j. Yang, Eur. Phys. J. B 49, 205 (2006).
C.-L. Tang, W.-X. Wang, X. Wu, B.-H.Wang, Eur. Phys. J. B 53, 411 (2006). 
M.-B. Hu, W.X.Wang,  R. Jiang, Q.-S. Wu, B.-H. Wang, and Y.-H. Wu, Eur. Phys. J. B 53, 273 

(2006).


