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Summary  
 

This User Guide describes the use of the NetworGame 2.0 program package, which is freely 

downloadable from the web-site: www.linkgroup.hu/NetworGame.php. 
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1. Specification of the NetworGame 2.0 program 

1.1. NetworGame 2.0 core functionality 

The 2.0 version of the NetworGame program is an updated version of the NetworGame 1.0 

version published in a preliminary conference report [1] also available in our web-site 

(www.linkgroup.hu/NetworGame.php). The 2.0 version utilizes our experiences gained with the 

1.0 version. The 2.0 version of the NetworGame program is a console application for simulating 

repeated spatial 2-player games based on a configuration file. NetworGame 2.0 allows the 

adaptive choice of the simulation length and the number of simulations by using its built-in 

statistics module, as well as the manual specification of these parameters (see Section 1.4.: 

“Simulation termination conditions and number of simulations”). A configuration file contains 

the following simulation settings: 

- network description, 

- payoff matrix, 

- simulation termination conditions and number of simulations, 

- strategy update rule, 

- initial strategies, 

- payoff schema, 

- settings of semi-synchronicity, 

- settings for edge weights, 

- initial seed for random number generator, 

- printing commands. 

1.2. Network description 

The network description is the name of an external Pajek [2] file containing the network of 

nodes. NetworGame 2.0 handles all networks as undirected graphs, even if the original Pajek 

network was directed. Determination of edge weights will be described in Section 1.9. 

1.3. Payoff matrix 

The payoff is a 2x2 matrix defining the payoff values for the strategy combinations.  

1.4. Simulation termination conditions and number of simulations 

Let    denote the proportion of cooperating nodes at time  , and    denote an averaging 

window over the cooperation levels in a simulation with           (this window size proved 

to be a good compromise between the accuracy of the results and the speed of convergence). For 

example,      denotes the average of         . 
Then, two types of termination conditions are supported: 

1. termination at a fixed time step, 

2. termination at time step  , such that |        |            , i.e.    changed less 

than a specified threshold (        ) in the last 50 steps. 

 

Let   [ ] stand for the    of the     simulation in a number of parallel simulations, where the 

simulations are indexed    . 

The number of parallel simulations n can be: 

1. set to a fixed value of simulations, 

http://www.linkgroup.hu/NetworGame.php
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2. increased until the standard error for the sample mean over   [ ]   [ ] is below a 

specified threshold (          ). Thus, the     confidence interval is within 

                      . 

1.5. Strategies and strategy update rules 

The NetworGame 2.0 version allows two strategies, cooperation or defection. Strategy update 

rules determine how players choose their strategy in the next round of the game. Strategy update 

rules are implemented as plug-ins making the development of custom strategy update rules 

possible. The NetworGame 2.0 program package comes with three standard strategy update rules 

as described in the following sections in detail. 

 

Proportional strategy update rule plug-in 

Player   copies the strategy of its neighbor   with probability:

      
  
∑    

        { ( )   } 

 

where    is the average payoff received by player   in the previous round of the game. It is the 

user’s responsibility not to use negative payoff values with this strategy update rule, because that 

would result in negative probabilities [3]. 

 

Best takes over strategy update rule plug-in 

In the best takes over strategy update rule player   adopts the strategy of the agent selected from   
and its neighbors, who had the highest payoff in the last round of the game. 

 

Fermi-rule (logit replicator dynamics) plug-in 

Player   randomly selects one of its neighbor  , and copies the previous strategy of   with a 

probability  , where 

  
 

    
(       )

 

 

 
and    and    are the payoffs received by player   and   in the last round, and   is the 

noise (irrationality) in the system [4]. At     players are completely rational, at     

players are completely irrational. In our built-in implementation,       is fixed, but it is 

straightforward to modify this value in the source code. 

 

The NetworGame 2.0 program allows the insertion of custom written strategy update rule plug-

ins. For their description see Section 2. 

1.6. Initial strategies 

Initial strategies are generated according to their distribution specified in the simulation settings, 

where the user specifies only the probability of being a cooperator or defector in the initial 

round, and NetworGame generates the initial strategies for the nodes accordingly. Moreover, 

NetworGame 2.0 supports the manual specification of individual initial strategies for any nodes. 

This setting becomes the initial strategy of the specified node in the first step. Note, that in any 

round, the nodes play the same strategy against all their neighbors, and update their strategy only 
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at the end of the round. Therefore, it is not possible to set different initial strategies against 

different neighbors. 

1.7. Payoff schema 

Three types of payoff schema are supported: 

1. “intact” schema, the commonly used accumulated payoff schema, 

2. “degree” (also called “averaging”) schema, where the accumulated payoff is divided by 

the degree of the given node [5,6], 

3. “Luthi” schema, having results of replicator dynamics invariant to affine transformations 

of the payoff matrix as described in [7]. 

1.8. Settings of semi-synchronicity 

In the program both synchronous update and semi-synchronous update [8] are supported. The 

probability   of semi-synchronous update gives the probability of updating the strategy of a node 

at the end of a round. We get the asynchronous update in the limit     and synchronous 

update by    , respectively. 

1.9. Settings of edge weights 

If the network has edge weights, the software can use them to determine the probabilities of 

games between neighboring nodes connected by the given edge. NetworGame 2.0 uses a linear 

interpolation to calculate the game probabilities, where edge weights corresponding to 

probability     and     should be set initially. Game probabilities within this edge weight 

region are linear interpolations between 0 and 1 set by the actual edge weight. Smaller edge 

weights than the pre-set minimum, or larger edge weights than the pre-set maximum have a 

game probability of 0 or 1, respectively. 

1.10. Initial seed for random number generator 

For random number generation, NetworGame 2.0 uses the Xorshift 128bit algorithm [9] with a 

period of 2
128

-1. Xorshift is a powerful and verified pseudorandom number generator, which 

passes the Diehard Battery of Tests. The sequence of random numbers depends on a user-defined 

initial seed value. Importantly, the simulations produce the same results, if the seed value is 

unchanged. 

1.11. Printing commands 

Settings affecting the output of the program:  

1. print the cooperation levels / standard deviances step-by-step 

2. print the last strategy of the nodes 

3. test nodes one-by-one for a given initial strategy (for example in calculating Game 

Centrality) 

4. test edges one-by-one for a given initial strategy. 

2. Strategy update rule plug-ins 

The NetworGame 2.0 program allows the insertion of custom written strategy update rule plug-

ins, but the construction of these plug-ins obviously needs programmer expertise. 
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Strategy update rules are stored in dynamic libraries (.dll in Windows, and .so in Linux) that are 

activated through their interfaces. All plug-ins must provide an init() method for initialization, 

and an update() method that returns the next strategy of a node. Optionally, plug-ins may contain 

a deinit() method that can be used for de-initialization. 
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