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                    Abstract
New classes of continuous two-step Runge-Kutta methods for the numerical solution of ordinary differential equations are derived. These methods are developed imposing some interpolation and collocation conditions, in order to obtain desirable stability properties such as A-stability and L-stability. Particular structures of the stability polynomial are also investigated.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]

                                
                                
                                    
                                        Hybrid Runge–Kutta methods for ordinary differential equations
                                        
                                    

                                    
                                        Article
                                        
                                         09 June 2020
                                    

                                

                                Zhongli Liu, Jintao Hu & Hongjiong Tian

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A new family of A-stable Runge-Kutta methods with equation-dependent coefficients for stiff problems
                                        
                                    

                                    
                                        Article
                                        
                                         30 October 2018
                                    

                                

                                Yonglei Fang, Yanping Yang, … Bin Wang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Nested Second Derivative Two-Step Runge–Kutta Methods
                                        
                                    

                                    
                                        Article
                                        
                                         22 November 2021
                                    

                                

                                P. O. Olatunji, M. N. O. Ikhile & R. I. Okuonghae

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Bartoszewski, Z., Jackiewicz, Z.: Construction of two-step Runge-Kutta methods of high order for ordinary differential equations. Numer. Algorithms 18, 51–70 (1998)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Bartoszewski, Z., Jackiewicz, Z.: Stability analysis of two-step Runge-Kutta methods for delay differential equations. Comput. Math. Appl. 44, 83–93 (2002)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Bartoszewski, Z., Jackiewicz, Z.: Nordsieck representation of two-step Runge-Kutta methods for ordinary differential equations. Appl. Numer. Math. 53, 149–163 (2005)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Bartoszewski, Z., Jackiewicz, Z.: Derivation of continuous explicit two-step Runge-Kutta methods of order three. J. Comput. Appl. Math. 205, 764–776 (2007)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Bartoszewski, Z., Jackiewicz, Z.: Construction of highly stable parallel two-step Runge-Kutta methods for delay differential equations. J. Comput. Appl. Math. 1–2(220), 257–270 (2008)
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Butcher, J.C.: The Numerical Analysis of Ordinary Differential Equations. Runge-Kutta and General Linear Methods, xvi+512 pp. Wiley, Chichester (1987)
MATH 
    
                    Google Scholar 
                

	Butcher, J.C.: Numerical Methods for Ordinary Differential Equations, 2nd edn., xx+463 pp. Wiley, Chichester (2008)
MATH 
    
                    Google Scholar 
                

	Butcher, J.C., Tracogna, S.: Order conditions for two-step Runge-Kutta methods. Appl. Numer. Math. 24, 351–364 (1997)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Chollom J., Jackiewicz Z.: Construction of two-step Runge-Kutta methods with large regions of absolute stability. J. Comput. Appl. Math. 157, 125–137 (2003)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Conte, D., Jackiewicz, Z., Paternoster, B.: Two-step almost collocation methods for Volterra integral equations. Appl. Math. Comput. 204, 839–853 (2008)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	D’Ambrosio, R.: Two-step collocation methods for ordinary differential equations. Ph.D. thesis, University of Salerno (2009)

	D’Ambrosio, R., Ferro, M., Jackiewicz, Z., Paternoster, B.: Two-step almost collocation methods for ordinary differential equations. Numer. Algorithms. doi:10.1007/s11075-009-9280-5
                        

	D’Ambrosio, R., Ferro, M., Paternoster, B.: Collocation based two step Runge–Kutta methods for ordinary differential equations. In: Gervasi, O., et al. (eds.) ICCSA 2008. Lecture Notes in Comput. Sci., Part II, vol. 5073, pp. 736–751, Springer, New York (2008)

                    Google Scholar 
                

	Guillou, A., Soulé, F.L.: La résolution numérique des problèmes differentiels aux conditions par des méthodes de collocation. RAIRO Anal. Numér. Ser. Rouge v. R-3, 17–44 (1969)

                    Google Scholar 
                

	Hairer, E., Wanner, G.: Order conditions for general two-step Runge-Kutta methods. SIAM J. Numer. Anal. 34, 2087–2089 (1997)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Hairer, E., Wanner, G.: Solving Ordinary Differential Equations II—Stiff and Differential-Algebraic Problems. Springer Series in Computational Mathematics, vol. 14. Springer, Berlin (2002)

                    Google Scholar 
                

	Jackiewicz, Z.: General Linear Methods for Ordinary Differential Equations. Wiley, New York (2009)
Book 
    
                    Google Scholar 
                

	Jackiewicz, Z., Tracogna, S.: A general class of two-step Runge-Kutta methods for ordinary differential equations. SIAM J. Numer. Anal. 32, 1390–1427 (1995)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Jackiewicz, Z., Tracogna, S.: Variable stepsize continuous two-step Runge-Kutta methods for ordinary differential equations. Numer. Algorithms 12, 347–368 (1996)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Jackiewicz, Z., Verner, J.H.: Derivation and implementation of two-step Runge-Kutta pairs. Jpn. J. Ind. Appl. Math. 19, 227–248 (2002)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Lambert, J.D.: Computational Methods in Ordinary Differential Equations, xv+278 pp. Wiley, Chichester (1973)
MATH 
    
                    Google Scholar 
                

	Lie, I., Norsett, S.P.: Superconvergence for multistep collocation. Math. Comput. 52(185), 65–79 (1989)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                

	Prothero, A., Robinson, A.: On the stability and the accuracy of one-step methods for solving stiff systems of ordinary differential equations. Math. Comput. 28, 145–162 (1974)
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Schur, J.: Über Potenzreihen die im Innern des Einheitskreises beschränkt sind. J. Reine Angew. Math. 147, 205–232 (1916)

                    Google Scholar 
                

	Tracogna, S.: Implementation of two-step Runge-Kutta methods for ordinary differential equations. J. Comput. Appl. Math. 76, 113–136 (1997)
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Tracogna, S., Welfert, B.: Two-step Runge-Kutta: theory and practice. BIT 40, 775–799 (2000)
Article 
    MATH 
    MathSciNet 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Dipartimento di Matematica e Informatica, Universitá degli Studi di Salerno, Fisciano (SA), 84084, Italy
Raffaele D’Ambrosio

	Department of Mathematics and Statistics, Arizona State University, Tempe, AZ, 85287, USA
Zdzislaw Jackiewicz

	AGH University of Science and Technology, Kraków, Poland
Zdzislaw Jackiewicz


Authors	Raffaele D’AmbrosioView author publications
You can also search for this author in
                        PubMed Google Scholar



	Zdzislaw JackiewiczView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Raffaele D’Ambrosio.


About this article
Cite this article
D’Ambrosio, R., Jackiewicz, Z. Continuous two-step Runge–Kutta methods for ordinary differential equations.
                    Numer Algor 54, 169–193 (2010). https://doi.org/10.1007/s11075-009-9329-5
Download citation
	Received: 05 June 2009

	Accepted: 24 August 2009

	Published: 03 September 2009

	Issue Date: June 2010

	DOI: https://doi.org/10.1007/s11075-009-9329-5


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
	Two-step collocation methods
	A-stability
	L-stability
	Quadratic stability functions
	Runge-Kutta stability








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.203.175.219
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    