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                     Abstract
The talks are devoted to the most important examples of boundary conditions in evolutionary equations that model biological phenomena. The first notable one is the boundary condition in the so-called McKendrick equation, modeling births in an age-structured population. Currently, the McKendrick equation and its generalizations are often used as a building block of more complicated models, for example those involving quiescence or several linked populations. Analytically, the related boundary condition is still of importance, being at the same time of interesting form and having a clear biological meaning. Other boundary conditions of interest describe behavior of diffusion processes at the boundaries. As developed by W. Feller in the 1950, stochastic processes in population genetics, including the famous Wright’s diffusion being an approximation of the Wright–Fisher model of genetic drift, suggest boundary conditions that were not known before. The seminal works of W. Feller, A.D. Wentzell and P. Lévy have led mathematicians and biologists to the general form of such boundary conditions, and to a thorough understanding of their probabilistic and analytical meaning.
Keywords
	Banach Space
	Markov Chain
	Brownian Motion
	Cauchy Problem
	Permeability Coefficient

These keywords were added by machine and not by the authors. This process is experimental and the keywords may be updated as the learning algorithm improves.




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

                            

                        

                        
                            
                                
                                    Access this chapter

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
  
   
    
     	
       
        Chapter
      
	
       
        USD 29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter 
       
       
     

    

    
     	
       
        eBook
      
	
       USD 39.99
      
	
       Price excludes VAT (USA)
      


        
      	Available as EPUB and PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook 
       
       
     

    

    
     	
       
        Softcover Book
      
	
       USD 54.99
      
	
       Price excludes VAT (USA)
      


        
      	Compact, lightweight edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Softcover Book 
       
       
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only

  

 

 
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        
                    

                    

                    
                        
                    

                    

                    

                     References
	O. Arino, E. Sanchez, R. Bravo de la Parra, P. Auger, A singular perturbation in an age-structured population. SIAM J. Appl. Math. 60(2), 408–436 (1999–2000)
MathSciNet 
    
                    Google Scholar 
                

	F. Aristizabal, M.I. Glavinovic, Simulation and parameter estimation of dynamics of synaptic depression. Biol. Cybern. 90, 3–18 (2004)
Article 
    MATH 
    
                    Google Scholar 
                

	J. Banasiak, L. Arlotti, Perturbations of Positive Semigroups with Applications (Springer, London, 2006)
MATH 
    
                    Google Scholar 
                

	J. Banasiak, A. Bobrowski, A semigroup related to a convex combination of boundary conditions obtained as a result of averaging other semigroups. J. Evol. Equ. (2014). doi: 10.1007/s00028-014-0257-z

                    Google Scholar 
                

	J. Banasiak, A. Goswami, Singularly perturbed population models with reducible migration matrix. 1. Sova-Kurtz theorem and the convergence to the aggregated model. DCDS-A 35, 617–635 (2015)

                        Google Scholar 
                

	J. Banasiak, A. Goswami, S. Shindin, Aggregation in age and space structured population models: an asymptotic analysis approach. J. Evol. Equ. 11, 121–154 (2011)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	A. Bielecki, P. Kalita, Model of neurotransmitter fast transport in axon terminal of presynaptic neuron. J. Math. Biol 56, 559–576 (2008)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	A. Bobrowski, Functional Analysis for Probability and Stochastic Processes (Cambridge University Press, Cambridge, 2005)
Book 
    MATH 
    
                    Google Scholar 
                

	A. Bobrowski, On a semigroup generated by a convex combination of two Feller generators. J. Evol. Equ. 7(3), 555–565 (2007)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	A. Bobrowski, Generation of cosine families via Lord Kelvin’s method of images. J. Evol. Equ. 10(3), 663–675 (2010)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	A. Bobrowski, Lord Kelvin’s method of images in the semigroup theory. Semigroup Forum 81, 435–445 (2010)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	A. Bobrowski, From diffusions on graphs to Markov chains via asymptotic state lumping. Ann. Henri Poincare 13, 1501–1510 (2012)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	A. Bobrowski, R. Bogucki, Semigroups generated by convex combinations of several Feller generators in models of mathematical biology. Stud. Math. 189, 287–300 (2008)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	A. Bobrowski, R. Bogucki, Two theorems on singularly perturbed semigroups with applications to models of applied mathematics. Discrete Continuous Dyn. Syst. B 17(3), 735–757 (2012)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	A. Bobrowski, K. Morawska, From a PDE model to an ODE model of dynamics of synaptic depression. Discrete Continuous Dyn. Syst. B 17(7), 2313–2327 (2012)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	R. Chill, V. Keyantuo, M. Warma, Generation of cosine families on L
                p(0, 1) by elliptic operators with Robin boundary conditions, in Functional Analysis and Evolution Equations. The Günter Lumer Volume, ed. by H. Amann (Birkhauser, Basel, 2007), pp. 113–130
Chapter 
    
                    Google Scholar 
                

	R. Dautray, J.-L. Lions, Mathematical Analysis and Numerical Methods for Science and Technology, vol. 3 (Springer, Berlin, 1990). Spectral theory and applications, With the collaboration of Michel Artola and Michel Cessenat, Translated from the French by John C. Amson

                        Google Scholar 
                

	N. Deo, Graph Theory with Applications to Engineering and Computer Science (Prentice-Hall, Englewood Cliffs, 1974)
MATH 
    
                    Google Scholar 
                

	E.B. Dynkin, A.A. Yushkevich, Markov Processes. Theorems and Problems (Plenum Press, New York, 1969)

                        Google Scholar 
                

	R.E. Edwards, Functional Analysis. Theory and Applications (Dover Publications, New York, 1995)

                        Google Scholar 
                

	K.-J. Engel, R. Nagel, One-Parameter Semigroups for Linear Evolution Equations (Springer, New York, 2000)
MATH 
    
                    Google Scholar 
                

	K.-J. Engel, R. Nagel, A Short Course on Operator Semigroups (Springer, New York, 2006)
MATH 
    
                    Google Scholar 
                

	W.J. Ewens, Mathematical Population Genetics, 2nd edn. (Springer, New York, 2004)
Book 
    MATH 
    
                    Google Scholar 
                

	W. Feller, An Introduction to Probability Theory and Its Applications, vol. 1 (Wiley, New York, 1950) [3rd edn., 1970]
MATH 
    
                    Google Scholar 
                

	W. Feller, Diffusion processes in genetics, in Proceedings of the Second Berkeley Symposium on Mathematical Statistics and Probability, 1950 (University of California Press, Berkeley/ Los Angeles, 1951), pp. 227–246

                    Google Scholar 
                

	W. Feller, Diffusion processes in one dimension. Trans. Am. Math. Soc. 77(1), 468–519 (1952)

                    Google Scholar 
                

	W. Feller, The parabolic differential equations and the associated semi-groups of transformations. Ann. Math. 55, 468–519 (1952)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	W. Feller, An Introduction to Probability Theory and Its Applications, vol. 2 (Wiley, New York, 1966) [2nd edn., 1971]
MATH 
    
                    Google Scholar 
                

	J.A. Goldstein, Semigroups of Linear Operators and Applications (Oxford University Press, New York, 1985)
MATH 
    
                    Google Scholar 
                

	G.R. Goldstein, Derivation and physical interpretation of general boundary conditions. Adv. Differ. Equ. 11(4), 457–480 (2006)
MATH 
    
                    Google Scholar 
                

	G. Greiner, Perturbing the boundary conditions of a generator. Houston J. Math. 13(2), 213–229 (1987)
MATH 
    MathSciNet 
    
                    Google Scholar 
                

	E. Hille, R.S. Phillips, Functional Analysis and Semi-Groups. American Mathematical Society Colloquium Publications, vol. 31 (American Mathematical Society, Providence, 1957)

                        Google Scholar 
                

	M. Iannelli, Mathematical Theory of Age-Structured Population Dynamics. Applied Mathematical Monographs, vol. 7 (Giardini Editori E Stampatori, Pisa, 1995)

                        Google Scholar 
                

	K. Itô, H.P. McKean Jr., Diffusion Processes and Their Sample Paths (Springer, Berlin, 1996). Repr. of the 1974 ed.

                        Google Scholar 
                

	I. Karatzas, S.E. Shreve, Brownian Motion and Stochastic Calculus (Springer, New York, 1991)
MATH 
    
                    Google Scholar 
                

	S. Karlin, H.M. Taylor, A Second Course in Stochastic Processes (Academic [Harcourt Brace Jovanovich Publishers], New York, 1981)

                        Google Scholar 
                

	A. Lasota, M.C. Mackey, Chaos, Fractals, and Noise. Stochastic Aspects of Dynamics (Springer, Berlin, 1994)

                        Google Scholar 
                

	A. Lejay, The snapping out Brownian motion. hal-00781447, December 2012

                        Google Scholar 
                

	T.M. Liggett, Continuous Time Markov Processes. An Introduction (American Mathematical Society, Providence, 2010)

                        Google Scholar 
                

	P. Mandl, Analytical Treatment of One-Dimensional Markov Processes (Springer, New York, 1968)
MATH 
    
                    Google Scholar 
                

	A. Pazy, Semigroups of Linear Operators and Applications to Partial Differential Equations (Springer, New York, 1983)
Book 
    MATH 
    
                    Google Scholar 
                

	D. Revuz, M. Yor, Continuous Martingales and Brownian Motion, 3rd edn. (Springer, Berlin, 1999)
Book 
    MATH 
    
                    Google Scholar 
                

	W. Rudin, Real and Complex Analysis, 3rd edn. (McGraw-Hill Book, New York, 1987)
MATH 
    
                    Google Scholar 
                

	R. Rudnicki (ed.), Mathematical Modelling of Population Dynamics. Banach Center Publications, vol. 63 (Polish Academy of Sciences Institute of Mathematics, Warsaw, 2004). Papers from the conference held in Bȩdlewo, June 24–28, 2002

                    Google Scholar 
                

	E. Sanchez, R. Bravo de la Parra, P. Auger, P. Gomez-Mourelo, Time scales in linear delayed differential equations. J. Math. Anal. Appl. 323, 680–699 (2006)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	K. Taira, Semigroups, Boundary Value Problems and Markov Processes. Springer Monographs in Mathematics (Springer, Berlin, 2004)

                        Google Scholar 
                

	G.F. Webb, Theory of Nonlinear Age-Dependent Population Dynamics. Monographs and Textbooks in Pure and Applied Mathematics, vol. 89 (Marcel Dekker, New York, 1985)

                        Google Scholar 
                

	A.D. Wentzell, On lateral conditions for multidimensional diffusion processes. Teor. Veroyatnost. i Primenen. 4, 172–185 (1959). English translation: Theory Prob. Appl. 4, 164–177 (1959)

                        Google Scholar 
                


Download references




 Acknowledgements
This research was partially supported by the Polish Government under grant 6081/B/H03/2011/40.


 Author information
Authors and Affiliations
	Lublin University of Technology, Nadbystrzycka 18, 20-618, Lublin, Poland
Adam Bobrowski


Authors	Adam BobrowskiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Adam Bobrowski .


 Editor information
Editors and Affiliations
	School of Mathematics, Statistics and Computer Science, University of KwaZulu-Natal, Durban, South Africa
Jacek Banasiak 

	Département de Mathématiques, UFR des Sciences et Techniques, Besançon, France
Mustapha Mokhtar-Kharroubi 




 Rights and permissions
Reprints and permissions


 Copyright information
© 2015 Springer International Publishing Switzerland


 About this chapter
Cite this chapter
Bobrowski, A. (2015).  Boundary Conditions in Evolutionary Equations in Biology.

                     In: Banasiak, J., Mokhtar-Kharroubi, M. (eds) Evolutionary Equations with Applications in Natural Sciences. Lecture Notes in Mathematics, vol 2126. Springer, Cham. https://doi.org/10.1007/978-3-319-11322-7_2
Download citation
	.RIS
	.ENW
	.BIB

	DOI: https://doi.org/10.1007/978-3-319-11322-7_2

	Published: 15 October 2014

	
                            Publisher Name: Springer, Cham

	
                                Print ISBN: 978-3-319-11321-0

	
                                Online ISBN: 978-3-319-11322-7

	eBook Packages: Mathematics and StatisticsMathematics and Statistics (R0)


Share this chapter
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
                            







 Publish with us
Policies and ethics



                    
    

                    
                

            
        

        
            
                
                    
                


                
                    
                        

                        
                            
                                
                                    Access this chapter

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
  
   
    
     	
       
        Chapter
      
	
       
        USD 29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter 
       
       
     

    

    
     	
       
        eBook
      
	
       USD 39.99
      
	
       Price excludes VAT (USA)
      


        
      	Available as EPUB and PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook 
       
       
     

    

    
     	
       
        Softcover Book
      
	
       USD 54.99
      
	
       Price excludes VAT (USA)
      


        
      	Compact, lightweight edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Softcover Book 
       
       
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only

  

 

 
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        
                    

                    

                    

                    

                


            
        

    

    
        
    


    
        
            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
						
						
					


		
	
	
		
			
				
					
					3.82.145.95
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	





    

    
    



