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Econophysics 
   - using physical models in financial analysis    

 

Physics and economy are both based: 

• on the theory of random walks 

• on the collective behavior of large numbers of 

correlated variables   
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Parameters of model 
       - quantity of traders in the market; 

         - probability of traders’ activity;  

       - probability of traders decision to buy 

   - count of cluster,  which includes  s     

    traders; 

          - probability of percolation threshold    

    appearance; 

          - price change for one iteration 
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Parameters of model 
      -measure of time interval to which one 

iteration corresponds 

 

Cluster of traders 
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Parameters of model 
   Trader  

• buy with probability  

• Sell with probability 

  

Cluster of traders 

 

 

 sell 
   “sleep” 

buyp

     buy  

2 buyap

1sell buyp p 

2 sellap
1 2a



Parameters of model 
   price change =  

   different between demand and supply 

 

 

   

   distribution of       near the percolation 

threshold follows the scaling low 
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Appearance of percolation threshold 

 = market crash  
(we have an infinite cluster in our lattice) 

 

 p - average strength and number of interaction  

 

when  cp p
The main part of 

traders have the 

same opinion 



Analyze   

results      

Monte Carlo simulation of percolation model 

Find the value    

Generate  

lattice: every 

lattice has 

random number 

[0, 1] 

Choose р 

lattices are 

occupied or 

empty with 

probability p  

Form clusters 

Checking the 

percolation 

threshold 

Find the 

percolation 

threshold 

cp

c p 

К 

iterations 

 cp

Find the value cp



0,5p 

Example 



Influence of parameters 
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Model calibration 



Algorithm of model calibration  

Processing  

market data 

  

The sample of real  price 

changes for some time 

period   

 Optimization part 

Monte Carlo 

simulation of 

percolation model 

The sample  of   

model price 

changes  

Calculation of the distance 

between the model and the 

actual distribution of price 

changes   



Calculation of the distance between the 
model and the actual distribution of price 

changes   
  Kullback-Leibler divergence: 

 

• Base on information theory 

• Non-symmetric 

• Always nonnegative 

• Possible to use in case, when you don’t 

know the form of distribution (non-

parametric) 

 

 

 

 



Optimization algorithm 



Optimization algorithm 
Realization in R    

 DEoptim  

• global optimization algorithm 

• class of genetic algorithms, which use 

biology-inspired operations 

• possible to use for discontinuous and 

nondifferentiable functions 

 



Results 
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Conclusions 
• Empirical function of percolation 

threshold and price change for 

one iteration  

 

• Creating real market model 

 

• Possibility of model development 



Thank you for your attention! 



Example 
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Results  
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Average 0,594 

Mode 0,595 

Median  0,583 

SD 0,03 

Kurtosis 0,11 

Asymmetry 0,186 
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N – quantity of traders in the market 

Pc dependence  from  agents quantity 
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Another ways of  calculation of the distance between the 

model and the actual distribution of price changes 

• Fisher information metric   

• Jensen–Shannon divergence 

 


