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		Abstract

		In the first part of this paper (Antonov-Bianchetti, 2013) we developed the theoretical framework for pricing financial instruments  under multiple sources of funding, leading to a non-linear pricing PDE and to Funding Value Adjustment (FVA).  

In this second part we develop the numerical framework for computing FVA for general financial instruments including callable features.  Our main technical result is an efficient approximation of the FVA in a fully universal way. Usage of non-linear effective discounting rates permits an exact handling of all solvable special cases  (the collateral as linear function of the value) by a single formula. Furthermore, the formula delivers a very accurate approximation for general instruments (barriers, Bermudans, etc.). The proof is based on our second technical result: exact calculation of prices of automatically exercisable instruments (e.g. European-style or Barrier) having different stochastic discount rates before and after exercise.  

We also address the implementation workflow of the FVA calculation, allowing parallel deal-by-deal computation, and we provide a concrete example of FVA calculation for a Bermudan Swaption with partial collateralization, proving that the quality of the numerical approximation is excellent. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: crisis, crunch, funding, collateral, CSA, derivative, repo, no arbitrage, pricing, hedging, replication, PDE, non-linear PDE, SDE, Swap, Bermudan, Swaption, callabl,e Feynman-Kac, OIS, discounting, funding value adjustment, FVA

	
	

	
    

    
	

	
	
		JEL Classification: C1, C3, C5, C6, E43, G12, G13

	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	















	











    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Antonov,  Alexandre and Bianchetti,  Marco and Mihai,  Ion, Funding Value Adjustment for General Financial Instruments: Theory and Practice (May 28, 2013). A version of this paper was published in Risk, Nov. 2015,  Available at SSRN: https://ssrn.com/abstract=2290987 or http://dx.doi.org/10.2139/ssrn.2290987 
		
	

	

	
	
	

	
		
	

	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Alexandre Antonov (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Abu Dhabi Investment Authority  ( email )

			

			
			
				
				
				
					211 Corniche Road
Abu Dhabi, Abu Dhabi PO Box3600
United Arab Emirates

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				ADIA  ( email )

			

			
			
				
				
				
					211 Corniche
abu Dhabi
United Arab Emirates

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Marco Bianchetti

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				Intesa Sanpaolo - Financial and Market Risk Management  ( email )

			

			
			
				
				
				
					Piazza P. Ferrari 10
Milan, 20121
Italy

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				University of Bologna  ( email )

			

			
			
				
				
				
					Piazza Scaravilli 2
Bologna, 40100
Italy

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				AIFIRM - Associazione Italiana Financial Industry Risk Manager  ( email )

			

			
			
				
				
				
					www.aifirm.it
Italy

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Ion Mihai

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Numerix  ( email )

			

			
			
				
				
				
					99 Park Avenue, 5th Floor
New York, NY  10016
United States

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Do you have negative results from your research youâ€™d like to share?

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Submit Negative Results
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				    1,484

			

		
		
		
			Abstract Views

			    9,368

		

		
		 
		
			Rank

			   23,853

		

		
	


	
		
            
            	        6 Citations
		

	

	
		
			
				       14 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
				
					

    
        
            Related eJournals

        	
                    Risk Management eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Risk Management eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                            4,665

                                    

                                    
                                        PAPERS

                                           15,551

                                    

                                

                                
                                    
                                        This Journal is curated by:

                                        Robert Sales at Global Association of Risk Professionals

                                    

                                
                            

                        

                    

                
	
                    Derivatives eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Derivatives eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                            1,946

                                    

                                    
                                        PAPERS

                                           12,500

                                    

                                

                                
                                    
                                        This Journal is curated by:

                                        Stephen Figlewski at New York University - Stern School of Business

                                    

                                
                            

                        

                    

                


            

            
                
                

                	
                    Econometric Modeling: Capital Markets - Asset Pricing eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Econometric Modeling: Capital Markets - Asset Pricing eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              637

                                    

                                    
                                        PAPERS

                                           10,150

                                    

                                

                                
                            

                        

                    

                
	
                    Econometric Modeling: Theoretical Issues in Microeconometrics eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Econometric Modeling: Theoretical Issues in Microeconometrics eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              598

                                    

                                    
                                        PAPERS

                                              557

                                    

                                

                                
                            

                        

                    

                
	
                    Econometric Modeling: Derivatives eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Econometric Modeling: Derivatives eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              596

                                    

                                    
                                        PAPERS

                                            5,678

                                    

                                

                                
                            

                        

                    

                



                
            

            
        
        
        
                 
        
        

    


				


				
					
					

















    
        
            Recommended Papers

            	
                        
                        

                        
                        
                        Interest-Rate Modelling in Collateralized Markets: Multiple Curves, Credit-Liquidity Effects, CCPs

                        
                            By
                                
                                
                                    
                                    Andrea Pallavicini
                                     and 
                                
                                    
                                    Damiano Brigo
                                    
                                
                            

                        
                        
                    
	
                        
                        

                        
                        
                        Central Clearing of Interest Rate Swaps: A Comparison of Offerings

                        
                            By
                                
                                
                                    
                                    Rama Cont, 
                                    
                                
                                    
                                    Radu Paul Mondescu, ...
                                    
                                
                            

                        
                        
                    
	
                        
                        

                        
                        
                        VAR and ES/CVAR Dependence on Data Cleaning and Data Models: Analysis and Resolution

                        
                            By
                                
                                
                                    
                                    Chris Kenyon
                                     and 
                                
                                    
                                    Andrew David Green
                                    
                                
                            

                        
                        
                    


                    
                        	
                            
                            

                            
                            
                            MVA: Initial Margin Valuation Adjustment by Replication and Regression

                            
                                By
                                    
                                    
                                        
                                        Andrew David Green
                                         and 
                                    
                                        
                                        Chris Kenyon
                                        
                                    
                                

                            

                            
                            
                        



            
            
                 
            
        

    

				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
	
		
	
		
	
		
	
		
			
				
			
			
		
	
		
	
		
	
		
	
		
	
		
			
				
			
			
		
	


	
	
	






		
		














	
		
			
				
                    

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Submit a Paper
                    
                        
                    
                
            

        
    
        
    
					Section 508 Text Only Pages
				

			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright Â© 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l100 in   0.109 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	
