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                    Abstract
In this article we study a class of randomly grown graphs that includes some preferential attachment and uniform attachment models, as well as some evolving graph models that have been discussed previously in the literature. The degree distribution is assumed to form a Markov chain; this gives a particularly simple form for a stochastic recursion of the degree distribution. We show that for this class of models the empirical degree distribution tends almost surely and in norm to the expected degree distribution as the size of the graph grows to infinity and we provide a simple asymptotic expression for the expected degree distribution. Convergence of the empirical degree distribution has consequences for statistical analysis of network data in that it allows the full data to be summarized by the degree distribution of the nodes without losing the ability to obtain consistent estimates of parameters describing the network.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Limits of Random Trees. II
                                        
                                    

                                    
                                        Article
                                        
                                         16 November 2014
                                    

                                

                                A. Deák

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Rate of Convergence to the Poisson Law of the Numbers of Cycles in the Generalized Random Graphs
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2021
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        On the stability of the independence number of a random subgraph
                                        
                                    

                                    
                                        Article
                                        
                                         01 November 2017
                                    

                                

                                A. M. Raigorodskii

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Barabási, A.L., Albert, R., 1999. Emergence of scaling in random networks. Science, 286 509–512.
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Barabási, A.L., Oltvai, Z.N., 2004. Network biology: Understanding the cell's functional organization. Nat. Rev. Genet. 5, 101–113.

                    Google Scholar 
                

	Bollobás, B., Janson, S., Riordan, O., 2004. The phase transition in the uniformly grown random graph has infinite order. Random Struct. Algorithms 26(1–2), 1–36.

                    Google Scholar 
                

	Bollobás, B., Riordan, O., Spencer, J., Tusnady, G., 2001. The degree sequence of a scale-free random graph process. Random Struct. Algorithms 18(3), 279–290.
Article 
    MATH 
    
                    Google Scholar 
                

	Broder, A., Kumar, R., Maghoul, F., Raghavan, P., Rajagopalan, S., Stata, R., Tomkins, A., Wiener, J., 2000. Graph structure in the web. Random Comput. Netw. 33(3), 309–320.
Article 
    
                    Google Scholar 
                

	Burda, Z., Diaz-Correia, J., Krzywicki, A., 2001. Statistical ensemble of scale-free random graphs. Phys. Rev. E 64, 046118.

                    Google Scholar 
                

	Cooper, C., Frieze, A., 2003. A general model of web Graphs. Random Struct. Algorithms 22(3), 311–335.
Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	Dorogovtsev, S.N., Mendes, J.F.F., 2003. Evolution of Networks: From Biological Nets to the Internet and WWW. Oxford University Press, Oxford.

	Fellegi, I.P., 1963. Sampling with varying probabilities without replacement: Rotating and non-rotating samples. J. Am. Stat. Assoc. 58, 183–201.
Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	Grimmet, G.R., Stirzaker, D.R., 1992. Probability and Random Processes. 2nd edn. Oxford University Press, Oxford.

                    Google Scholar 
                

	Kumar, S.R., Raghavan, P., Rajagopalan, S., Sivakumar, D., Tomkins, A., Upfal, E., 2000. Stochastic models for the web graph. Proc. 41st Ann. Symp. Found. Comput. Sci. 57–65.

	Kumar, S.R., Raghavan, P., Rajagopalan, S., Tomkins, A., 1999. Trawling the web for emerging cyber-communities. Proc. Intl. Conf. Comb. Comput., 1–18.

	Milo, R., Itzkovitz, S., Kashtan, N., Levitt, R., Shen-Orr, S., Ayzenshtat, I., Sheffer, M., Alon, U., 2004. Superfamilies of evolved and designed networks. Science 303, 1538–1542.
Article 
    
                    Google Scholar 
                

	Rice, J.J, Kershenbaum, A., Stolovitzky, G., 2005. Lasting impressions: Motifs in protein–protein maps may provide footprints of evolutionary events. Proc. Natl. Acad. Sci., 102(9), 3173–3174.
Article 
    
                    Google Scholar 
                

	Shiryaev, A.N., 1996. Probability, 2nd edn. Spinger-Verlag, Berlin.

                    Google Scholar 
                

	Stumpf, M.P.H., Ingram, P.J., Nouvel, I., Wiuf, C., 2005. Statistical model selection methods applied to biological network data. Trans. Comput. Sys. Biol. 3, 65–77.

                    Google Scholar 
                

	Wiuf, C., Brameier, M., Hagberg, O., Stumpf, M.P.H., 2005. A likelihood approch to analysis of network data, PNAS, to appear.


Download references




Author information
Authors and Affiliations
	Bioinformatics Research Center, University of Aarhus, Høegh Guldbergsgade 10, Building 90, 8000, Aarhus C, Denmark
Oskar Hagberg & Carsten Wiuf

	Molecular Diagnostic Laboratory, Aarhus University Hospital, Skejby, Brendstrupgaardsvej 100, 8200, Aarhus N, Denmark
Carsten Wiuf


Authors	Oskar HagbergView author publications
You can also search for this author in
                        PubMed Google Scholar



	Carsten WiufView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Carsten Wiuf.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Hagberg, O., Wiuf, C. Convergence properties of the degree distribution of some growing network models.
                    Bull. Math. Biol. 68, 1275–1291 (2006). https://doi.org/10.1007/s11538-006-9085-9
Download citation
	Received: 04 July 2005

	Accepted: 27 January 2006

	Published: 22 April 2006

	Issue Date: August 2006

	DOI: https://doi.org/10.1007/s11538-006-9085-9


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	biological network
	network model
	Markov chain
	randomly grown grapsh








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.231.207.239
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    