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Complex networks 

The parts  Nodes 

The interaction  Links 

 

System-level perspective  



Citation Dynamics  
Evolution of science 

Spreading of scientific knowledge 
 Relationship between papers, scientists, and fields 

 



Motivation 

 Evolution of citation network 

2006 2012 



Large scale data 
+   

Statistical analysis 
+  

Descriptive model 

With what? 



Large scale data 

All papers published in journals 
of the American Physical Society 

(APS) from 1893 to 2008.  
414947 papers and  

3992736 citations among them. 

http://pre.aps.org/
http://prl.aps.org/


Evolution of 
citation 

distribution 



Fitting analysis with 
goodness of fit test with 

Kolmogorov-Smirnov static 

Which function describe 
empirical distribution best? 



Komogorov-Smirnov Static 

Distance between empirical 
cdf and cdf of fit function 



Goodness of fit test : 
compare with artificial 

samples from best fit fn. 



Candidate distributions 

Log normal 

Power law 

Shifted power law 



Fitting results 



What can makes 
shifted power law? 



Evolution 
mechanism 



PA with attractiveness 

P(k) ~ [k + A] 



Other dynamics? 

Citation burst 



Citation burst 



Citation bursts emerge 
among only young paper 



The model 

PA with attractiveness 

Time decaying attractiveness 

Broad attractiveness dist. 



The model 



The model 



Conclusion 

• Citation distribution is best 
described by shifted power law 
• Big bursts emerged only from 
“young” papers 
• Preferential attachment with 
time-decaying initial attractiveness  


